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Sarcoidosis. Chloroquine and hydroxychloroquine have 
been tried in the management oí sarcoidosis (p. 1612.2) as 
altematíves or adjuncts to corticosteroid therapy. For 
reíerences to the use of hydro3tychloroquine, see under 
Chloroquine, p. 651.1.

skin disorders. For reíerence to the use of hydroxychloro- 
quine in a variety of skin disorders. see under Chlort- 
quỉne, p. 651.2.

Systemic lupus erythematosus. Andmalarịals have been 
widely used in the treatment of lupus erythematosus 
(p. 1613.3), partìcularly its cutaneous mandestations, 
although much of the evidence is based on case series and 
reports.1 Hydroxychloroquine is most vvidely used,1-2 as it 
is thought to have fewer adverse eííects than chloroquine. 
although any beneht with chloroquine generally stans to 
become evident within several vveeks of starting treat- 
ment, wheTeas it may take up to 2 months for any effea 
of hydroxychloroquine to be seen. For extracutaneous dis- 
ease, antimalarials are often combined with other drugs; 
ơeatment may be continued for many years. For reíerence 
to precautions to reduce the risk of retiropathy see Eííects 
on the Eyes, under Adverse Eííects õf Chloroquine, 
p. 651.2. There is evidence from a case-control study’ that 
lohg-teim hydroxychloroquine treatment is assodated 
with improved survival in patientỉ with SLE, and some 
consider it'to be underused.2 It has been suggested that 
hydroxychloroquine may also have a role in redudng the 
thrombotic symptoms of SLE, induding in patients VYith 
antíphospholipid syndrome.4
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Venoos thromboemboiism. Standard prophylaxis for sur- 
gical patients at high rìsk of venous thromboembolisra 
(p. 1274.1) is usually with an anticoagulant. Hydroxy- 
chỉoroquine has been described by some as an antiplatelet 
agent1 and although its mechanism of action ũ  uncertain 
the inddence of ỉatal pulmonary embolism has been 
reduced in patients given hydroxychloroquine prophylac- 
tícaỉly aỉter total híp replacement;2- the usual daily divided 
oraỉ dose was about 800 mg hom the day beỉorẽ surgery 
untỉl disdiarge; larger doses had been used.

See also Systemic Lupus Erythematosus, above.
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Adverse Effeds, Treaừnent, and Precautions
As ỉor Chloroquine, p. 651.2.

Breast íeeding. Hydroxychloroquine has been deteaed in 
human breast milku  but no adverse e i í e c t s  have been 
seen in breast-ỉed inỉants and the American Academy of 
Pediatrics conãders3 that it is thereíore usually compatible 
with breast íeeding.
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Sfeds on the eyes. The main adverse effects of chloro- 
quine and hydroxychloroquine on the eye are keratopathy 
and retinopathy. VVith respect to retinopathy, precautìons 
shouỉd be taken in patients undergoing long-term treat- 
ment, as desaibed under Chloroquine on p. 651.2.
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Effeds on giucose metabolism. For the elỉects of hydroxy- 
chloroquine on glucose metabolism, see under chloro- 
quine, p. 651.3.

Overdosoge. References1_4 to the management of 
hydroxychloroquine overdose. Management has largely 
been based on that used for overdoses of chloroquine 
(p. 652.2).
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Porphyría. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Porphyria Cenưe (NAPOS) and 
the Porphyria Cencre Svveden, dassiỉies hydroxychloro- 
quine as possibly porphyrinogenic; it should be used only 
when no safer altemative is avaỉlable and precautions 
should be considered in vulnerable patients.1

For a dlscussion o! ihe use oỉ other antimalarials in 
patients with porphyria. see under Precautions íor 
Chloroquine, p. 653.1.
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Pregnancy. In a study1 of 133 pregnandes in 90 vvomen 
treated with hydroxychloroquứie, no statistical difference 
in pregnancy outcome was íound compaređ with a conữol 
group consisting of 70 pregnandes in 53 women. It was 
conduded that the Bndings supported preliminary evi- 
dence for the saíety oỉ hydroxychloroquine treatment in 
pregnancy, and that treatment should probably thereíore 
be maintained during pregnancy in patients with SLE. A 
later systematic re^evv2 also conduded that there vvas no 
increased risk of congenital deỉects, spontaneous abortion, 
íetal death or prematurity assodated with use of hydroxy- 
chloroquine for auto-immune diseases during pregnancy.
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interactions
A s  for Chloroquine, p. 653.2.

Pharmacokinetics
The pharmacokinetics of hydroxychloroqulne are similar to 
those of chloroquine (see p. 653.3).
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Preparations
Proprietary Preparations (details are given in Volume B)

Single-ingrecEent Prepanrtions. A r g Axokine; Evoquin; Metứel; 
Narbon; Plaquenil; Polirreumin; A u s tra l.:  Plaquenil; B elg .:  
Plaquenil; B ra z .: plaquinol; Reuquinol: C atuuL : Apo-Hydroxy- 
quúie; Plaquenii; Pro-Hydroxyquinc; C hữc. ninol; Ptaquinol; 
C hintr. Fen Le Plaquenil Cz.: Plaquenil; D e n m .:
Ercoquin; Plaquenil; F itu :  OxUdorin; F r.: plaquenil; G er.: 
Quensyl; Gr.: Plaquenil; H o n g  K o n g : Plaquenil; I n d ia : HCQS; 
HQTon Hydrocad; Hydroquin; Oxcq; Oxy-Q; IrL : Plaquenil; 
Israel: Plaquenil; Iia L : Plaquenil; M a la y s ia : Plaquenil; M ex .:  
PiaqueniL N e th .:  Piaquenil' N o r w .:  plaquenil; N Z : Plaquenil; 
P h il ip p .: Plaquenil: P o rt.: Plaquinol; R u s.: Iưimard (ỈỈMMapA); 
Ptaquenil (ILiaxBeKnn); S in g a p o re . PlaqueniL S p a in :  Dolquine; 
S w e í :  Plaquenil; S v n t ỉ . :  Plaquenil; T h a L : HCQS; Hydroquin; 
Ptaquenil; T u r k .:  Plaquenil; U K : Plaquenil; U kr.: Immard 
(ỈỈMMapA); Plaquenil (IXnaKBeHHJi); U S A : Plaquenil; V enez.: Pla- 
quinol.

Phormacopoeial Preparationỉ
BP 2014: Hydroxychloroquine Tablets;
USP 36: Hydroxychloroquine Sulíate Tablets.

Lumefantrine (BAN, USAN, rìNNi
Beniflumeloli Benílumetol; Lumeíantrin; Lumefantrina; 
Lurnéfahtríne; Lumeíantrinum; Lumefentiyna; /lyMe<ị>aH-
TpHH. .••;■■■ . ■ ■   :■

■‘2,7-Dichlorò-9-[(4<hlorophenyl)methylene]-a-t(dibutylami- 
no)methyQ-9H-fiuorenfr4-methanol. ■■■■'■.-

;C3oH3ANO=528.9 
CAS —  82 ĩ86-77-4.
UNÌI—F38R0JR741
Pharmocopoeias. In O iin .

Uses and Administration
Lumelantrỉne is a dichlorobenzylidine derivative given 
orally with artemether (p. 648.1) for the ưeatment oi 
uncomplicated laldparum malaria (p. 644.1). In some 
countries, the combination ís also used for the treatment oỉ 
chloroquine-resistant non-íaldparum malarìa. Lumeían- 
trine is a blood schỉzontodde vvith a relatively slow onset oí 
actìon but it has a longer duration of aaion than 
anemether. The combination is given as a six-dose regimen, 
with cach dose containing lumelantrine 480 mg and 
artemether 80 mg. The íírst dose is gi ven at initial diagnosis. 
vvith subsequent doses given aíter 8, 24, 36, 48, and 60 
hours; it has been suggested that doses be given aíter a mllky 
drink or ĩat-containing food to ensure adequate absorption.

For details oí dosing in children, see belovv.
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Administration in children. Lumeíantrine may be given 
orally to iníants and children, with artemether, íor the 
treatment of uncomplicated ĩaldparum  malaria. In 
some countríes, the combination is also used for the treat- 
ment of chloroquine-resistant non-falciparum mal- 
aria. A total of 6 doses are given, starting at diagnosis and 
repeated aher 8, 24, 36, 48, and 60 hours; recommended 
doses according to body-weight are as íollovvs:
• 5 to 14kg: lumeíantrine 120mg with artemether 20mg
• 15 to 24 kg: lumeĩanaine 240 mg with artemether 40 mg
• 2 5 to 34 kg: lumelantTĨne 360 mg with artemether 60 mg
• over 35 kg: as for adults (see abõve)
Íthasbeen suggested thatdosesbegivenahera milky drink 
or fat-containing ỉood to ensure adequate absorption.

Adverse Effects and Precautions
Adverse effeas assodated with the combination of 
lumeíantrine vvith artemether commonly indude head- 
ache, dizziness. sleep disturbance, palpitaùons, gastro- 
intesúnal distuibances, anorcxia, prurítus, rash, cough, 
anhralgia, myalgia, and ĩatigue.

Lumeíantrine-artemether may cause prolongatỉon of the 
QT Interval, and thereíore should be avoided in patients 
with serum-potassium or magnesium diỉturbances, any 
dinical condition knovvn to prolong the QT interval (such as 
congenital long QT syndrome, symptomatic cardiac 
arrhythmia, or severe heart tailure), or a íamily history of 
sudden cardiac death.

Lumefanưine-artemether should be given vvith caution 
in severe hepatic or renal impairment and ECG and blood 
potassium monitored.

Effects on the blood. Severe haemolytic anaemia necessi- 
tating corticosteroid treatment, blood transíusion, and 
haemodialysis occurred in a patient aỉter taking 8 lume- 
íantrine-artemether tablets aher a malarial attack.1 It was 
considered that, given its molecular similarity to other 
antimalarialỉ known to cause haemolysis, the causative 
drug was probably lumetantrine.

1. M é ra t s .  e l a i. C a s t r ep o r t: c o m b ln ad o n  a n c m c ứ ic r- ỉu m c ía n tr in c  and  
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2003; 97 : 4 3 3 -4 .

Porphyría. The Drug Database íor Acute Porphyria, com- 
piỉed by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyria c en tre Svveden, dassiíies the combination 
of lumeíantrine plus artemether as probably porphyrino- 
genic; it should be prescribed only íor compelling reasons 
and precautions should be considered in all patients.1

All cross-reíerences reíer to ehtries in Volume A
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Lumefantrine/Mefloquine Hydrochloride 657

For a discussion of the use of other antimalarials in 
patients with porphyria, see under Precautions for 
chloroquine, p. 653.1.
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Interactìons
Use of lumefantrine-artemether should be avoided in 
patìents who are using other drugs known to prolong the QT 
interval (such as haloỉantrine. quinine, and meíloquine). 
For patients previously tteated with haloíantiine, lỉcensed 
product inỉormatiọn recommenđs that at least a month 
should pass beíore starting lumẽỉantrine-artemether. The 
combination is also considered contra-indicated in patients 
taking any drugs that are metabolised by the cytochrome 
enzyme CYP2D6, particularly those with cardiac eữects 
(ìnduding amitriptylme, domipramine, Oecaìnide, imipra- 
xnine, and metoprolol). Given the long eliminatiọn half-life 
of lumetantrine (see Pharmacokỉnetics, below), care must 
also be taken when starting potentịally interạcting 
medications soon aíter lumelantrine has been stopped.

Pharmacokinetics
The bioavailability of lumeỉántrìne after oral đoses is 
variable; absorption begins aíter a lag-time of up to 2 hours 
and bioavailability is substantially increased when given 
vvith íood, particularly meals high in ỉat. Peak plasma 
concentrations occur aiter about 6 to 8 hours. Lumeíãntrine 
is almost cõmpletely protein bound. It is considered to be 
metabolised mainly in the liver and is excreted in the íaeces. 
The elũnination half-life is reported to be betvveen 4 to 6 
days in patients with malaria.
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Preparatíons
Propnetary Preparations (details are given in Volume B)

Muhi-ingredient Preporotions. A u s tra L :  Riamet A u s tr ia : Riamet; 
Belg.: Co-Artesianẽ; Riamét; Cz.: Riamett; F r.: Riamet; G er.: 
Riamet; C r.: Riamet Ind iar. Alỉthen Arh-L.' Arluíe; Arsumet-L; 
Arte Plus; Coartrin; Combither; Falcũnax Plus; Faldrid; 
Lumeart' Lumecap-A; Lumerax; Lumethen Malatrit-EL; 
ìn d o n .:  Coartem; N e th .:  Riamet; p h ữ ip p .:  Coartem; Port: Ria- 
met; S .A fr .:  Coartem; s in g a p o r e :  Rlaraet; Sv/eíL: Riamet; 
S w itz .:  Riamet* T h a i.:  Coartem; U K: Riamet; U S A : Coartem.

Mefloquine Hydrochloride
IBANM, USAN, rlNNMI
Hidrodoruro de mefloquina;,Meflochina Cloridrato; Mefio- 
chin-hydrochlorid; MeAokiinihydrokloridi;. MeAokin-hidrok- 
lorld; MeflokịnhydrokìọrỊd;^ẹflọkyifiọ hidrochloridas; Meílo- 
quina, hidrodoruro de; MéAoquine,- Chlorhydratẹ de; 
MeAoquinhydrochlòrid,- MeAòquíni Rydròchloridum; Ro-21- 
5998 (meíloquine); Ro-21-5998/001 (meíloquine hydro- 
chlorlde); WR-T42490 í(meffoquine); ..Meộ/ioxMHa 
IViflpoxnopMfl. -'V •• '•■•••.’
(fl5)-[2,8-Bis(trifluoromethyl)-4-quinolyl]-(5/?)-(2-piperidyl) 
methanol hydrochloride/ " V-:V • ' •
Ci7H,sF6N2Ó,HCI=414.8
015 r— .. 53230-10-7 (meAoquine); 51773-92-3 (rpe/loquiộe 
hydrochloride) ,. , , ,
ÁTC —  P01BC02. . '
UNII —  5Y9L363603 ' I  - . .  ,

Pharmacopoeias. In Eur. (see p. vii), Int., Jpn, and us.
Ph. Eur. 8: (Meíloquine Hydrochloride). Ạ white or slightly 
yellow, crystaỉline powder. It shovvs polymorphism. Very 
slightly soluble in waten soỊuble in ạlcộhoĩ; ừeély soluble in 
mẽthyi alcohol. Protect hom light 
ƯSP 36: (Meũoquine Hydrochloride). A white or slightly 
yellow, crystalline powder. It exhibits polymoiphism. Very 
slightly soluble in water; soluble in alcohol; íreely soluble in 
methyl alcohoỉ. Store in airtight containers at a temperature 
benveen 15 degrees and 30 degrees. Protea from light.

Sorption. For reíerence to loss of meAoquũie hydro- 
chloride from Solutions during membrane hltration, see 
Chloroquine, p. 650.2.

StabiGty. A report of the photolytic degradation of meflo- 
quine hydrochloride in water.1

1. T an n e se n  HH. G rỉsỉỉngaas A -L  P ho tochem ỉcal s tab illty  o f  bioỉogicalỈỴ 
activ e  c o m pounds n :  pho to c h em ica i decom positỉon  o ỉ m e ilo q u ln e  in  
w a te r . ỉn t J  P h arm aceu từ s 1990; 60 : 157-62.

Uses and Administratìon
Meíloquine is a 4-methanolquinoline antimalarial celated to 
quinine. It is a blood schizontodde eữective against all íonns 
of malaria inđuding chloroquine- or multidnig-resistant 
strains of P la sm o d iu m  Ịa ld p a r u m , although some strains are 
naturally resistant to meQoquỉne. ỉt is used for the treatment 
of uncomplicated taldparum malaria and chloroquine- 
resistant vivax malaria, and alsọ for malaria prophylaxis (see 
below). MeAoquine is also used aíter treatment with an 
artemisinin derivative for acute uncomplicated malaria, to 
reduce the risk of recmdescence.

Meũoquỉne ís given orally as the hydrochloride but 
variation in the way doses are expressed couỉd lead to 
conhision. In the UK and elsewhere, doses are expressed in 
terms of the base and a dose of 250 mg base is equivalent to 
about 274 mg of meĐoquine hydrochloride. In the USA. 
doses are expressed in terms of the hydrochloride and a dose 
of 250 mg ỉs thereíore equivalent to only about 228 mg of 
meũoquine base. Doses in the USA could thereíore be about 
10% less than elsevvhere.

For the tr e a tm e n t o f  un co m p lica ted  m a ĩa r ia  in  n m - ỉ m m u n t  
tra ve lỉe rs , WH0 recommends 25mg/kg of meũoquine base 
gi ven in a split-dose regimen of 15 mg/kg initíally, !ollowed 
by lOmg/kg 6 to 24 hours later. Hovvever, the B N F  notes 
that meũoquine is rarely used ĩ o r  treatment o i  faldpanim 
malaria or chloroquine-resistant non-íaldparum malarìas 
due to concem about resistance and, in the case of the 
non-íaldparum malarias, the availability oỉ better tolerated 
tteatments.

For the tr e a tm e n t o f  un co m p lica ted  Ị a là p a r u m  m a la r ia  ù t  
e n d e m ic  areas, WHO reconunends that meAoquine 25 mg/kg 
be given with a 3-day course of artesunate (see p. 648.2); 
the meíloquine dose may be given as the split-dose regimen 
above, or ãs 8.3 mg/kg õnce daily ỉor 3 days.

For the p ro p h y la x is  of malaria, a once-weekiy dose of 
250 mg meíloquine base has been recommended; prophy- 
laxis should start at least 1 week. but preíerably 2 to 3 weeks 
beíore entering the malarious area and continue ỉor 4 vveeks 
aíter leavùig.

For turther iníonnation, and for details of dosing in 
children, see below.

Administration in chiklren. Meũoquine may be given 
orally to inỉants and chiỉdren tor malaria prophylaxis, as 
well as for the treatment of uncomplicated íaldparum 
malaria and chloroquine-resistant vivax malaria, although 
it is not licensed ỉor use in chilđren under 3 months of age 
or weỉghing less than 5 kg.

For the treatm ent of uncomplicated malaria in 
non-ùxunune travellers, WHO* recommends 25 mg/kg of 
meQoquine base given ÚI a split-dose regimen of 15 mg/kg 
initially, íollovved by 10 mg/kg 6 to 24 houis later.

For the treatm ent of uncomplicated ía ldparam  
m alaria in endemỉc areas, WHƠ2 recommends that 
metloquine 25mg/kg be given with a 3-day course of 
artesunate (see p. 648.2); the meíloquine dose may be given 
as the split-dose regimen above, or as 8.3mg/kg once daily 
for 3 days.

Recommended doses for prophylaxis are generally 
based on 5 mg/kg ol meũoquine base as a single weekly dose 
in children vveighing over 5 kg.1 Typical once-weekly doses 
used in the UK3 for inỉants and children from 5 kg body- 
weight and over 3 months of age are as follows:
• 5 to 15.9kg (3 months to 3 ỹeats 11 months): 62.5mg
• 16 to 24.9kg (4 years to 7 yẽars 11 raonths): 125 mg
• 25 to 44.9 kg (8 ỳears to 12 yeais 11 months): 187.5 mg
• 45 kg and oven the adult dose (see above)

1. W H O . ỉn tcm a tỉo n a l tra ve l a n d  h eah h . 20  ỉ  ỉ  e d . A vaỉlable ãU  h t tp : / /w w w . 
w h o .ỉn ư Ì th /c n /  (accessed 17 /06 /11 )

2. W H O . G u id tlin a  Ịo r  the trea tm en t o f m a ia ria . 2 od  ed . G eneva: W HO , 
2010 . A vaỉỉab ỉe  a c  h trp ://w h q lib đ o c .w h o .in t /p u b ilc a tio n s /2 0 101 
9 7 8 9 2 4 1 547925_.cng.pdl (accesseđ 0 9 /0 7 /1 0 )  U pdate  ( ỉssued  A prũ  
2011) avaiỉab le  a c  h ttp : //w w w .w h o .in t /m a  la ria /p u b lica tío n s /a to z /m a L  
trea td ìỉỉd _ re v ise d .p d í (accessed 20 /05 /11 )

3. P u b lic  H ea lth  E ngỉand . G u ỉde ỉỉnes  fo r m a ỉa r ia  p rev e n tỉo n  ỉn  trav e lle rs  
ừ o m  th e  UK (ỉssueđ A u g u s t 2013). A vailab le  a t  h ttp : / /w w w iip a .o rg . 
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Mataría. The overall treatment and prophylaxis of malaria 
apd the place of meũoquine in cuiTent rẽcommendations 
are discussed on p. 644.1.

T R E A T M E N T . Clinical studies have shown meUoquine to 
be eữectìve in the treatment of chloroquine- or niultidrug- 
resistant íaldparum malarìa. It is also eííective in 
non-faldparum malarias, but is not noimally required 
since theỹ usually respond to chloroquine.

Meũoquine has been widely used as an altematìve to 
regimens using quinine for the treatment of diloroquine- 
resistant or multidrug-resistant sơains of P la sm o d iư m  
fid lr íp a ru m . It is now also used with an artexnisinin deiivative 
in multidnig resistance (see p. 649.1).

As there is no parenteral íormulation oỉ meũoquine 
currently available it can only be used in patients who can 
take oral medication and is thereíore unsuitable ỉor sole 
ơeatment in severe iníections. MeHoquine has produced 
adequate bỉood concentrations by the nasogastric route, but 
this route cannot be relied upon in seriously Ỉ1X patìents.1 Iỉ 
meỉloquine is gỉven to patients after parenteral doses of 
quinine, it is recommended that a period of 12 hours should 
be allowed after the last dose o{ quinine to avoid toxidty.

WH02 considers that dmgs used ỉor the treatment of 
uncomplicated íaldparum malaria may in prindple be 
carríed as a s ta n d b y  ỉor use in similar doses íor the 
emergency seU-treatment of malaria, although meũoquine 
is not recommended by WHO as a ũrst-linẹ regimen.

PROPHYLAX1S. It had been hoped that meũoquine could 
be reserved for the treatment oỉ malaria, but increasing drug 
resistance to chemoprophylactic regimens has led to it being 
vvidely used for malaria p H ^ y ^ ^ .1 VVHO recommends2 
that meũoquine should be used where there is a high risk oỉ 
ỉaldparum malaria and drug resistance or a moderate to low 
risk but vvith high drug resistance. The equivaỉent o l  250 mg 
of meũoquine base is given every week, starting 1 to 3 
vveeks beíore departure, and continuing throughout the 
period of exposure and for 4 vveeks after leaving the 
malaríous area. Starting meũoquine prophylaxỉs 2 to 3 
weeks beỉore exposure allows ỈOT detection of possible 
adverse eííects beíore travelling (see EHects on the Nervous 
System, p. 658.1, for concems about neurotoxidty). It is 
now considered that meAoquine prophylaxis can be given 
for periods of up to One year instead oỉ the previous limit of 
3 months.

In the event oỉ breakthrough malaria during malaria 
prophylaxis there may be a delăy of up to severãi months 
beíore the onset o ỉ  symptoms in contrast to that seen with 
other torms of prophỹlaxis.* MeÁoquine should not be used 
for treatment ữ it has been úsed for prophylaxls.

1. C h a m h a v a n ỉd ỉ Ỹ , á  a l. ỉn tra g a sn ic  m eS o q id n e  ỉs absoxbed rap ỉd ly  ỉn  
pa tien ts  w ith  cerebraỉ m aỉarỉa . A m  J  Trop M ed R y s  1985; 34 : 1028-36 .

2 . W HO. ừ ttem a tío n a l tra ve ỉ an d  heatứu  2012 ed. A vaiỉab ỉe  a t: h trp ://w w w . 
w h o .ỉn t/i th /e n  (accessed 29 /10 /12 )

3. S d ỉU g e n h a u ỉ p , t í  a i T he  positíon  o í m e tio q u ỉn e  aa  a  21st cen tu ry  
m aỉarỉa  chem oprophylax is. M a la r J  2010; 9 i 357.

4 . Day JH . B e h rèn s  RH. D eỉay in  cmset o i m aỉaxia w ỉth  m e íloqu ỉne  
prôphy lax ỉs. La n a tí 1995; 343: 398.

Schistosomiasis. A combination oỉ meũoquine plus arte- 
sunate (p. 648.2) has been investigated ỉor use in the 
treatment of schistosomiasis (p. 148.1). In a randomised, 
open-label study,1 meũoquine 250 mg plus artesunate 
lOOmg both given orally once daily for 3 days resulted in 
a cu re rate of 61% ạmong schoolchỉỉdren inỉected with 
Sch isto som a  h a em a to b iu m : high cure rates and egg reduction 
rates were also seen in children coinỉected with s. m a n so -  
n i.

1. K õ se r  J , t t  a l. EỈQcacy a n d  sa ỉety  o í m e ũ o q u ỉn c  a rte su n a te , m eS oqu ine - 
a rte su n a te , a n d  p raz iquan tel agaỉn st Sàtù tosom a h aem atobium : rando - 
m ỉxed. e xp ỉo ra to ry  o pen -labeỉ o ia ỉ. ơ ừ t ỉr tfrứ  D ừ  2 0 1 0 ; 3Ỉh 1205-13 .

Adverse Effeờs
Since meỉloquine has a long elimination half-life, adverse 
eữects may occur or persist up to several weeks after the last 
dose.

The most hequent adverse eílects of meũoquine are 
nausea, diarrhoea, vomitỉng, abdominal pain, anorexia, 
headache, somnolence, and sleep disorders, notably 
insomnia and abnormal dreams. Dizziness, vertigo, and 
loss oỉ balance may also occur, and in rare cases have 
continued for months after the drug was stopped.

Neurological or psychiatric disturbances have also been 
reported vvith meíloquine and indude sensory and motor 
neuropathies, ưemor. ataxia, visual disturbances, tinnitus 
and bearing impairment, convulsions, anxiety, depression, 
conhision, halludnations, panic attacks, emotional instabil' 
ity, aggression and agitatíon, and acute psychosis. There 
have been rare reports of suiddal ideatíon.

Other adverse eíỉects indude rashes, pruritus and 
urticaría, hair loss, musde vveakness, myalgia, liver hmctìon 
disturbances, and very rarely thrombocytopenia and 
leucopenia. There have been rare occurrences of erythema 
multìíorme and Stevens-Johnson syndrome. Anaphylaxis 
has occurred rarely. Cardiovascular eHects have induded 
hypotension, hypertension, tachycardia or palpitations, 
bradycardia, QT prolongation, and other minor ECG 
changes. There have been isolated cases oí atríoventricular 
block.

Incidence o f  a d v e r s e  effects. The írequendes 'o l  ađverse 
eữects reported1 in 134 soldlers given meũoquine hydro- 
chloride 250 mg vveekly ỉor malaria chemoprophylaxis 
were: diarrhoea (48%), nausea (13%), vomiting (2%), 
headache (13%), and dizziness (7%). All of 7 healthy sub-

The Symbol t  denotes a preparation no longer actively marketed
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jects who received a dose of meUoquine hydrochioride 
15mg/kg had symptoms that indudeđ vertígo, nausea, 
dizziness, and Ughtheadedness.2 The manuíacturers 
reported that dizziness occuưed in 24% o{ patìents with 
malaria trcated with 750 mg of meũoquine, in 38% ttea- 
ted with lg, and in 96% tteated with 1.5 g; spUtóng a 
dose into two doses given 8 hours apart can reduce the 
inddence of diz7Ĩness.3 A prospective study involving 
3673 patients ỉound that anoreáa, nausea, vomiting, diz- 
ziness, and sleep disorders were 1.1 to 1.4 túnes more ửe- 
quent in patients receiving meíloquine 25mg/kg for ưeat- 
ment oỉ malaria than in those receiving 15mg/kg. and 
that vomiting could be reduced by 40% if the higher dose 
vvas split and given as 15mg/kg ỉollovved by a turther 
lOmg/kg after 16 to 24 hours. The írequencỹ of adverse 
effects is reporteđ to be higher in subjects vvho become 
dehydrated.5

There has been concem that the adverse ettects of 
meUoquine, espedally neurùpsychiatric reactions, mlght 
limit its use for the prophylaxis of malaria but, as discussed 
under Eííects on the Nervous System. below, the inddence 
of adverse effeas does not appear to be greater than vvith 
other prophylactic schedules.

1. A rihur JD, t í  a l. M e tỉo q u ỉn e  prophylaxỉs. L a n c tí 1990; 335: 972.
2. P a tc h en  LC. tí ai. N euro log ic  reactions a ỉte r  i  th e ra p e u õ c  dosc o í 

m e ĩlo q u in e . N  Engĩ J Med 1939; 3 2 Ỉ : 1415.
3. S tũ rc h le r  D, tl al. N eu ropsych ia iric  side clíec ts o r m e n o q u in e . N  ErìjIJ 

Med 1 9 9 0 :3 2 2 : 1 752 -3 .
4. t e r  K u lle  FO, tí al. M e ũ o q u ỉn e  t r e a u n e m  o ỉ a cu le  ta lc ỉparum  m alaria : a 

p ro sp ec d v e  s tu d y  ol n o n -se r io u s  adverse  e ttec is in 3673  p a iien ts . Bull 
W H Ò  1995; 73: 6 3 1 -4 2 .

5. P c n y  IC. M alaria  p ro p h y lax ữ . BMJ 1995; 310: 1673.

Effects on the blood. Agranulocytosis was reported* In a 
patient with malaria 48 hours after treatment with a 
1250-mg course of meAoquine. The patient had previously 
taken 250 mg of meĐoquine weekly for 7 weeks vvithout 
adverse eííects. Thrombotic thrombocytopenic purpura 
has been reported2 in a patient aíter taking two Standard 
vveekly doses of meũoquine for malaria prophylaxis. 
Symptoms improved after plasmapheresis.

1. H e n n e q u in  c, tí  al. A granu locy to sis  d u r ú g  u e a tm e n t  w iih  m cA oquinc. 
Lanctí 1991; 33 7 : 984.

2. Pỉaccado ri E. t í  ai. T hrom bo tỉc -E h rom bocy topen ỉc  p u rp u ra  follow ỉng  
m a la r ia  p ro p h y lax is  w iih  m cA oqu inc . J  Anlimicrob Óưmotker 2006: 57: 
1 6 0 -1 .

Effects on the liyer. Acute íatty liver was reported1 in a 
patient who had recently received meíloquine 250mg 
weekly for 5 weeks for malaria prophylaxis. Symptoms 
resolved with fluid, electrolyte, and albumin replacement, 
aíter stopping meĐoquine. In another report,2 acute eleva- 
tion of liver ơansaminases, assodated with severe acute 
hepatitis. occurred in a patient with pre-existing mild 
hepatic impainnem after a 6-week course of meUoquine 
250 mg weẽkly.

1. G rỉeco  A. t í  a i A cute  ía tty  lív e r  a ỉ te r  m a la ria  p ro p h y lax ỉs  w ith  
m e ũ o q u in e . L a n a t 1999; 3 5 3 :2 9 5 - 6 . "

2. G o tsm a n  i  t í  a i M e ũ o q u ỉn e - in d u c e d  a cu te  h e p a tỉt ís . P h arm acơ th tra py  
2 0 0 0 ; 20 : 151 7 -1 9 .

Effects on the lungs. Acute pneumonitis requiring hospita- 
lisation1 was reported in a patìent after a single dose of 
oral meUoquine 250mg íor malaria prophylaxis. The con- 
dition slowly resolved after the drug was stopped but 
recurred wlth meUoquine rechallenge 4 months later, 
leading to intensive care unit admission. A subsequent 
case of eosinophilic pneumonia associated with meílo- 
quine prophylaxỉs has also been reported.2

Betvveên May 1989 and January 2008. the u s  FDA 
received 13 reports of pneumonitis assodated with 
me&oquine use at either treatment or prophylactic doses.3 
Although most of these patìents recovered tully aíter the 
drug was stopped. one death, in a 4-year old, occurred. 
Antibactetial treatment was not of beneíit in many cases, 
although one-thịrd of patientỉ improved after treatment 
with corticosteroids, suggesting a possible allergic aetiology.

1. S o c n Ị ỉen s  p . tí  aỉ. M cũOíỊuine-induced p n e u m o n itỉs . J  Travd Mtd 2006; 
13 : 1 7 2 -4 .

2. .K a tse n o s  s. t í  al. M e ilo q u ĩn c -in d u c e d  e o sin o p h ìlic  p n e u m o n ỉa . 
Pharmxodurapy 2007 ; 2 7 : 1 767 -71 .

3. FD A . M d lo q u ln e  H ydroch lo ride  (m ark e ted  as L ariam  an d  generics ); 
p n e u m o n itB . FDA Druj Saftty N M ltttr r 2008; 1: 4 1 -3 . A vailab le  at: 
h t t p : / / w w w . t d a . g o v /D r ú g s /D r u g S a t e ty / D r u g S a te ty N e w $ lẽ u e r /  
u c m  120613 .h tm # m eflo q u in e _ h y d ro c h Jo rid e  (accessed  0 8 /0 9 /0 9 )

Effecte on the nervous System. Neuropsychiatric reactions 
have been assodated with the use of metloquine1 
although various Ẽgures have been reported for their fre- 
quency. The UK CSM has quoted2 ũgures of 1 in 10000 to 
1 in 20000 for severe reactìons to p ro p h y la c tìc  doses and 
similarly the manuỉacturers report that 1 in 10 000 
patients given meũoquine prophylaxis will have serious 
problems. Others consider that the inddence of serious 
reactions is extremely low,J with a hequency of about 1 in 
80 000. The manuỉacturers have also reported that most 
reactions in patíents taking meUoquine íor prophylaxis 
appear to occur aíter the fứst dose and have suggested 
that monitoring aíter the first dose could identiíy 40% of

those at risk of neuropsychiatric eítects.'* Some authorities 
consider that over 75% ol such reactions to meHoquine 
are apparent by the third dose.5 Thls may aIlow for toler- 
ability problems vvith meAoquine prophylaxis to be identi- 
fied beỉore travel. There has been much discussion on the 
comparative tolerability oỉ antimalarials used {or chemo- 
prophylaxis. The inddence of adverse events, induding 
neuropsychiatric events, was comparable for meAoquine 
and chloroquine in 2 uncontrolled questionnaire studies, 
one in tourists4 and one in us Peace Corps volunteers.7 
However, in a more recent questionnaire ỉn ưavellers,’ 
although the inddence oí reported adverse events was 
súnữar íor meĐoquine and chloroquine plus proguanil, 
neuropsychiatric adverse events vvere signincantly more 
common in meAoquine redpients. In two randomised 
controlled smdies,910 both in military personnel, there 
was no dưterence between CNS symptoms in those given 
weekly meíloquine and those receiving chloroquine (with 
or vvithout proguanil). In one of these studies,10 a sub- 
group receiving a loadỉng dose of mefIoquine daily íor 3 
days initially had a higher inddence of CNS events. A 
revievv" of 10 controlled studies found no signilicant dit- 
íerence in the rates of vvithdravval and overall inddence of 
adverse effects íor medoquine and altemative prophylactic 
regimens, but mefloquine vvas more likely than other 
dmgs to cause insomnia and íatigue. Women (particularly 
first-time users of meOoquine, or those with a low BMI)12 
may be at greater risk of adverse eílects than men, and 
WHO has cõmmented that the occurrence of such adverse 
effens may mean that only highly motivated occupational 
subgroups or individuals at high risk of iníection with 
chloroquine-resistant malaria will be willing to continue 
with menoquine prophylaxis.13

Neuropsychiatric reactions are more ữequent after the 
higher doses oỉ medoquine used ỉor tr e a tm m t  than thosc 
used lor prophylaxis. Some vvorkers have estimated that 
overall 1 in 8000 medoquine users have such reactions. 
vvith the inddence 60 times higher aíter ưeatment than 
aíter prophylaxis.M Other vvorkers vvho have used meílo- 
quine in nearly 14 000 ưeatments calculated that the overall 
ừequency of serious neuropsychiatric reaaions was 1 per 
1754 treatments; it therefore appeared that seríous 
neuropsychiatric reactions were 10 times more probable 
after ưeatment than vvith prophylactic use of medoquine.15

A severe neurological syndrome assodated vvith meílo- 
quine treatment, with agitation, delirìum, stupor, hyper- 
pyrexia, mydriasis, and generalised rigors responded rapidly 
to tteatment with physostigmine, suggesting a Central 
anúcholinergic aetiology.14

A discrete post-malaria neurological syndrome (indud- 
ing an acute coníusional State or acute psychosis, 
convulsions, and ưemor) has been seen on recovery from 
ỉaldparum malaría and there appeared to be a strong 
assodation vvith medoquine although ỉt vvas not the only 
risk íaaor.17 Nevertheless the risk was considered 
unacceptable and the recommendation made17 that, 
where there was an eHective altemative drug, meQoquine 
should not be used aíter inỉtial ưeaunent of severe malaria.

Emergence delirium during recovery from general 
anaesthesia aỉter meQoquine prophylaxis has been reported 
in 3 cases.1*

There is evidence hom a small study19 in healthy 
subjects, and írom similar results in a n im a ls , that 
meQoquine may induce defidts in motor learning skills.
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Effects on the oesophagus. Oesophageal ulceration in om 
patient and discomỉort in another 4 was attributed ti 
svvalỉovvỉng meẼoquine tablets with insuhicient íluid.1
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Effects on the slcin. Isolated cases of Stevens-Johnsor 
syndrome,1 severe tádal lcsions,2-3 exíoliative dermatitis, 
toxic epidermal necrolysis,5 psoriasis exacerbation,4 anc 
cutaneous vasculitis7 have been associated with qse o 
meíloquine for malaria prophylaxis.

For a comparison of the incidence of pruritus induced b> 
various antỉmalarìals, including mefloquine, see undei 
Chloroquine, p. 652.2.
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Overdosage. Cardiac, hepatic and neurological symptoms 
have been reported in a patient who inadvenently 
received 5.25g of meAoquine over 6 days.1 AU symptoms 
disappeared rapidly vvhen meUoquine was stopped.
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Precautìons
Tasks requiring fine coordination such as driving should not 
be undertaken during ưeaunent with meDoquìne or íor ai 
least 3 vveeks afterwards; in the case of prophylactic use, 
care should be exerdsed vvhile taking meũoquine and íor at 
least 3 weeks aỉter stopping it. The use of mcUoquine for 
malaria prophylaxis is comra-indicated in patients with a 
history of psychiatric (induding depression) or convulsive 
disorders. InCTeased plasma concentrations may occur in 
patients with hepatic ứnpairment. MeUoquine should be 
stopped should symptoms suggestive of psychiatric 
disturbance' occur during prophylaxis, and an altemative 
antimalarial substituted.

MeAoquine is teratogenic in a n im a ìs  and its use durứig 
pregnancy is best avoided; however, in areas of chloro- 
quine-resistant P la sm o d iu m  Ị a là p a r u m .' ' WHO States that 
meUoquine may normaUy be taken for malaria prophylaxis 
during the second and third trimesters of pregnancy. It is 
recommended that vvomen sbould also avoid becoming 
pregnant during, and tor 3 months atter, tneAoquine use 
and that mothers shouỉd not breast íeed while taking 
meUoquine.

Meũoquine should be used vvith caution in patients with 
renal impairment and in those with cardiac conduction 
disorders.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Potphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, dassiũes meUoquine as pos- 
sibly porphyrmogenic it should be used only vvhen no 
saỉer altemative is available and precautions shoulđ be 
considered in vulnerable patients.1

For a discussion of the use of other antimalarials in 
patients with potphyria, see under Precautions for 
Chloroquine, p. 653.1.
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Pregnancy. Licensed produa iníormation for meUoquine 
reports that it is terãtogenic in ro d en ts . There is limited 
iníotmatíon on its eHects in humans. One study in Thai- 
land cited by WHO' ỉound no diữerence between meflo- 
quine and quinine in pregnancy outcome, but the num- 
bers of ơeated patients who were in their &rst trimester 
were very smaU and its use should be kept to a minỉmum 
in that stage of prẽgnancy. Purther spontaneous reports of 
exposure to meSoquine durtng the íirst trimester oi 
prẽgnancy colleaed by the manũíacturer revealed 24 íetal 
abnormaUties and 17 spontaneous or missed abortìons in 
358 pregnandes, although a causal relationship was not 
established,2 and a later study by the manuíacturer invol- 
ving 1627 reports of exposure during pregnancy appeared 
to show a similar inddence of congenital malỉormation to
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t h a t  in  o ữ sp r in g  o f  u n e x p o s e d  w o m e n .3 In  53 a rm y  Service 
vvo m en  w h o  in a d v e r te n t ly  u s e d  m e Q o q u in e  in  p reg n a n c y , 
a n d  fo r  vvhom  p re g n a n c y  o u tc o m e  w a s  k n o w n ,  th e re  
w e re  17  e le c tív e  a b o r t ìo n s ,  12 sp o n ta n e o u s  a b o rtìo n s , One 
m o la r  p r e g n a n c y . a n d  2 3  h e a ỉth y  liv e  b irth s , w i th  n o  
m a jo r  c o n g e n ita l  m aU o rm a tío n s .4 T h e  ra te  o ỉ sp o n ta n e o u s  
a b o rtìo n s  w a s  c o n s id e re d  h ig h .4 A  p ro sp e c tìv e  c o h o rt  
s tu d y  in v o lv in g  2 3 6  p r e g n a n t  w o m e n  w h o  re c e iv e d  a n  
a n tim a la rìa l  in  t h e  h r s t  t r im e s te r  d id  n o t  f in d  a n  in c re a se d  
risk  o f s p o n ta n e o u s  a b o r t io n  o r  a n o m a ly  in  v vom en  w h o  
to o k  m e í lo q u in e  c o m p a re d  w ith  o th e r  a n tim ala ria ls , a n d  
th e  r a te  o f s p o n ta n e o u s  a b o r t io n  w a s  c o m p a ra b le  w i th  
b a c k g ro u n d  r ă te s .5

C o n b d e n c e  in  t h e  s a íe ty  o f  m e ũ o q u in e  h a s  in c re a se d , 
a n d  W H O  n o w  c o n s id e rs  m e S o q u in e  su ita b le  fo r  m a la ria  
p ro p h y la x is  in  t h e  s e c o n d  a n d  th ird  trim e s te rs ;6 W H O  h a s  
s ta te d  its  u s e  is n o t  re c o m m e n d e d  i n  th e  firs t t r im e s te r  
b e c a u s e  o f l im ite d  i n ío n n a t io n  o n  ỉts  sa íe ty . A u th o r it ie s  in  
t h e  U K  c o n s id e r  t h a t  u se  m a y  so m e tũ n e s  b e  ju s tif ie d  in  th e  
firs t tr im e s te r  i n  a re a s  of h ig h  risk  o f  a c q u ir in g  ía ld p a ru m  
m a la ria ;  i n a d v e r te n r u s e  is n o t  a n  in d ic a tio n  to  te r tn in a te  
p re g n a n c y .7

P re g n a n c y  s h o u ld  b e  a v o id e d  d u r in g  a n d  fo r  3  m o n th s  
a f te r  p r o p h y la c tìc  u se .
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Interactions
H a lo ỉa n tr in e  s h o u ld  n o t  b e  g iv e n  w ith .  o r  vv ith in  15 vveeks 
o f  th e  la s t d o s e  of, m e ũ o q u in e  b e c a u s e  o f t h e  in c re a se d  
p o te n t ia l  to  in d u c e  h a z a rd o u s  a n d  p o te n tia l ly  fa ta l c a rd iac  
a rrh y th m ia s ,  a s  d iscu ssed  u n d e r  E ữ e c ts  o n  th e  H e a r t  o n  
p . 6 5 4 .3 . S im ila r ly , k e to c o n a z o le  g iv e n  w ith  o r  a fte r  
m e ũ o q u in e  m a y  In c re a se  s e ru m  c o n c e n tra t ío n s  a n d  th e  
e l im in a tio n  h a lf-lU e  o f  m eA o q u in e , p o te n t ia l ly  in c re a sin g  
th e  risk  o f Q T -ln te rv a l  p ro lo n g a t io n  a n d  a rrh y th m ia .  T h e re  
is a n  in c re a se d  r is k  o í  c o n v u ls io n s  w h e n  m e ũ o q u in e  is u se d  
w i th  c h lo ro q u in e ,  q u in id in e ,  o r  q u in in e .

Alcohol. T h e re  h a s  b e e n  a  case  r e p o r t1 o f  a  p a tie n t  w h o  
h a d  n e u ro p s y c h ia t r ic  d is tu rb a n c e s  a t te r  c o n su m ỉn g  a  la rg e  
q u a n ti ty  o f a lc o h o l  w i th  m e ữ o q u in e ;  su b s e q u e n t  absti-  
n e n c e  ĩro m  a lc o h o l le d  to  c o m p le te  rev e rsa l o f  th e  reac- 
tio n s .
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Antibacterials. S tu d ie s  in  h e a lth y  su b je c ts  h a v e  in d ic a te d  
th a t  ampiđỉlin1 o r  íetracydine2 c o u ld  in c re a se  b lo o d  c o n c en - 
tra t io n s  o f m e B o q u in e . A lte m a tiv e ly ,  c o n c u ư e n t  u se  w ith  
rifampiãn m a y  d e c re a se  b lo o d  c o n c e n tra tio n s  a n d  red u c e  
th e  e lim in a tio n  h a lỉ-lU e  of m e f lo q u in e .3 C o n v u ls io n s  h a v e  
b e e n  p r e d p i ta te d  in  3 n o n -e p i le p t ic  patìents who w e re  
g iv en  m e í lo q u in e  a n d  th e  q u in o lo n e  a n tib a c te r ia ls  dpro- 
Ịloxadn, oỊloxadn, o r  sparfloxadn.*
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Aniidepressants. L ic en se d  p r o d u c t  in ío rm a t io n  fo r m e ílo -  
q u in e  States t h a t  in  p a tie n ts  ta k in g  t r ic y d ic  a n tid e p re s sa n ts  
u s e  o f m e ũ o q u in e  m a y  th e o re tic a lly  c o n tr ib u te  to  p ro lo n -  
g a tio n  o f t h e  Q T  in te rv a l .

Antíepileptícs. L ic en se d  p r o d u c t  in ío r m a t io n  S tates th a t  
m e ũ o q u in e  m a y  re d u c e  s e m ir e  c o n u o l  b y  lovvering  th e  
p la sm a  c o n c e n tr a t io n  o f  a n ú e p ile p tic s , in d u d ỉn g  c a ib a -  
m a z e p in e , p h e n o b a r b i ta l  a n d  p h e n y to in .  F o r  t h e  e ffec t of 
m e ũ o q u in e  o n  valproate, s e e  p . 5 5 7 .3 . F o r  i ts  e ffec t o n  
carbamazepine, s e e  p .  5 17 .2 .

Antihistamines. G iv in g  m e ũ o q u in e  w ith  a n tìh is ta m in e s  
m a y  th e o re tic a lly  c o n tr ib u te  to  t h e  p ro lo n g a tio n  o f  QT 
in te rv a ls ; h o v v e v e r. th is  is n o t  c o n s id e re d  to  b e  a n  a b so lu te  
c o n tra - in d ic a t io n .

Antimalarials. I t  is vvell e s ta b llsh e d  th a t  t h e  u s e  o f halo- 
f'antrine w i th  o r  a f te r  m e S o q u in e  is c o n ư a - in d ic a te d  
becau se  o f th e  r isk  o f  h a z a rd o u s  c a rd iac  a r rh y th m ia s .  
M eA oqu ine  a n d  o th e r  r e la te d  c o m p o u n d s  su  c h  as  quinine. 
quừúdine, a n d  chloroquine m a y  b e  g iv en  to g e th e r  o n ly  
u n d e r  d o s e  m ed ic a l s u p e rv is io n  b e c a u se  o f  p o ssib le  a d d i-  
tiv e  c a rd io to x id ty ; t h e r e  is a lso  a n  in c re a se d  r isk  o f c o n -  
vulsions.

A s tu đ y  in  h e a l th y  su b je c ts  in d ic a te d  th a t  u se  o f 
primaquine c o u ld  in c re a se  b lo o d  c o n c e n tra t io n s  o f m eflo -  
q u in e  a n d  m ig h t in c re a se  t h e  in d d e n c e  o f a d v e rs e  e tíe c ts  
d u e  to  m e ũ o q u i n e ,1 b u t  o th e r s  r e p o r t e d  n o  s u c h  
in te rac tio n .2

1. MacLeod CM, tí a ì . ĩnteracdon oỉ primaquine wỉth meũoquine ỉn 
heaỉthy males. J  O in  ĩh a rm a e o l 1990; 30: 841.

2. Karbwang J, tí aL Pharmacoỉdnetỉcs oí meSoquine ỉn the presence oí 
primaqulne. E u r  J  CUn P h arm aco ỉ 1992; 42: 559-60.

AntipsyehoHcs. T he  u s e  o f m e A o q u in e  vvith phenotíùtmnes 
o r  pimoĩide m a y  th e o re tíc a lly  c o n tr ib u te  to  p ro lo n g e d  Q T 
in tervals, a lth o u g h  th is  is n o t  c o n s id e re d  to  b e  a n  a b s o lu te  
c o n tra -in d ica tio n .

Gtrdiovascular drugs. I t h a s  b e e n  r e c o m m e n d e d  th a t  
m eĐ o q u in e  s h o u ld  b e  u s e d  vvith  e x tre m e  c a u tio n  in  
p a tie n ts  a lso  tak in g  antiarrhythmies, beta blockers, caldum- 
channel blockers, o r  digitalừ, u n t i l  m o re  w a s  k n o v v n  a b o u t  
th e  risks o f c a rd io to x id ty ,  s in ce  th e o re tìc a lly  th e s e  d ru g s  
m ig h t c o n tr ib u te  to  p ro lo n g a t ìo n  o f  th e  Q T in te rv a l .  A n  
in creased  l is k  o f  v e n tr íc u la r  a r rh y th m ia s  h a s  b e e n  
re p o rted  w h e n  m e A o q u ú ie  is g iv e n  w ith  amiodarone.

C a rd io p u lm o n a ry  a r re s t  h a s  o c c u n e d  a ỉ te r  a  sin g le  d o se  
o f m eA o q u in e  in  a  p a t ie n t  vvho w a s  tak in g  propranolol.1

1. Anonymous. MeSoquine for malaria. M t d  Lữt D ru gs T h e r  1990; 32: 13- 
14.

Gostrointestínal drugs. U se w i th  metodopramide m a y  
ũ icrease  p lasm a  c o n c e n ơ a n o n s  o f m e ũ o q u in e .1

1. Na B a n g ch a n g  K. t ỉ  a l . T h e  e ỉtec t o f  rne toc lop ram ide  o n  m e ũ o q u ỉn e  
p h a n n a c o k in e tia .  B r  J  O m  ĩh a r m a a l  1991; 3 2 :6 4 0 - 1 .

Vacdnes. U n ío r tu n a te ly ,  c o n ũ ic tin g  a d v ic e  h a s  b e e n  
issued  c o n c e m in g  th e  u s e  o f  m e í lo q u in e  a f te r  ty p h o id  
v a c d n a tio n , fo r  d e ta iỉs  see  p .  2 4 2 3 .1 .

Pharmacokinetìcs
T he  p h a rm a c o k in e tic s  o f  m e ũ o q u in e  m a y  b e  a lte re d  b y  
m aỉa rta  in íe c tío n  in  a  m a n n e r  s im ila r  to  th o s e  o f q u in in e ,  
th e  m a in  e ííec ts  b e in g  re d u c tio n s  in  b o th  i ts  v o lu m e  o f 
d is tr ib u tio n  a n d  its  o v e ra ll  d e a ra n c e .

M e ũ o q u in e  is w e l l  a b so rb e d  t o m  th e  g a s tro in te s tin a ỉ  
tra c t b u t  th e r e  is m a r k e d  in te r in d iv id u a l v a r ia tio n  in  t h e  
tim e  r e q u ữ e d  to  a c h ie v e  p e a k  p la sm a  c o n c e n tra tìo n s .  
M e ũ o q u in e  is a b o u t  9 8 %  b o u n d  to  p la sm a  p ro te m s  a n d  
h ĩg h  c o n c e n tra tio n s  h a  v e  b e e n  r e p o r te d  in  r e d  b lo o d  cells . I t  
is w idely  d is tr ib u te d  th r o u g h o u t  t h e  b o d y . M e Q o q u in e  h a s  a  
lo n g  e lim in a tio n  h a lĩ-lU e; m e a n  v a lu e s  o ỉ  a b o u t  21 d a y s  
h a v e  b e e n  r e p o r te d  fo r  so m e  p a tie n ts ,  a l th o u g h  like  o th e r  
p h a rm a c o k in e tic  d a ta  o n  m e Đ o q u in e  th e r e  is  c o n s id e ra b le  
v a ria tio n  in  r e p o r te d  ữ g u re s . S u b th e ra p e u tic  c o n c e n tra t io n s  
o f m eH o q u in e  m a y  p e rs is t  in  th e  b lo o d  fo r  s e v e ra l  m o n th s .  
M e ũ o q u in e  is  m e ta b o lis e d  in  t h e  liv e r. L ittle  o f  a  d o se  is 
e x a e te d  in  th e  u r in e  a n d  animal s tu d ỉe s  su g g e st e x c re d o n  of 
m e ũ o q u in e  a n d  i ts  m e ta b o li te s  is m a in ly  i n  t h e  b ile  a n d  
íaeces.

M eQ oqu ine  is d is tr ib u te d  in to  b re a s t  m iỉk  in  sm a ll 
a m o u n ts .

R ev iew s o f  p h a n n a c o k in e tic  s tu d ie s  o f  m e Đ o q u in e  re v e a l  
c o n sid e rab le  in te r in d iv id u a l v a r ia tio n  fo r s e v e ra l  p h a rm a -  
c o k in e tic  p a ra m e te r s  a n d  so m e  e v id e n c e  th a t  th e r e  m ig h t b e  
p h a rm a c o k in e tic  d i í íe re n c e s  b e tv v e e n  e th n i c  g r o u p s .1'2 
M eA oqu ine  is w e ll a b so rb e d  b y  h e a ỉth y  su b je c ts  a n d  b y  
p a tie n ts  w i th  u n c o m p lic a tc d  m a la ria  a fte r  o ra l  d o se s .5-4 In  
p a tie n ts  w i th  c o m p lic a te d  m a la ria  a d e q u a te  b lo o d  c o n -  
c e n ư a tio n s  h a v e  b e e n  o b ta in e d  b y  th e  n a so g as tríc  r o u te  b u t  
th is  ro u te  c a n n o t  b e  re l ie d  u p o n  fo r  se rio u s ly  ill p a tie n ts 5 as 
a b so rp tio n  m a y  b e  in c o m p le te .1 M e ũ o q u in e  h a s  a  la rg e  
a p p a re n t v o lu m e  o f  d is tr ib u tio n  b u t  th is  is re d u c e d  in  th e  
p resen ce  o f  m a la ria .4-7 I n  c h ild re n  g iv en  m e H o q u in e  w i th  
su lía d o x in e  a n d  p y r im e th a m in e  a s  ta b le ts  c ru s h e d  a n d  
m ix ed  w ith  a  g ỉu co se  sy ru p . m a x im u m  b lo o d -m e ũ o q u ừ ie  
c o n c e n tra tio n s  w e re  h ig h e r  a n d  re a c h e d  in  a  sh o r te r  t im e  
c o m p a re d  w ith  e q u iv a le n t  d o se s  in  a d u lts .8 In  p r e g n a n t  
w o m e n  w i th  im c o m p lic a te d  m a la ria , b lo o d  c o n c e n tra t io n s  
w e re  lovver t h a n  in  n o n - p re g n a n t  vvom en a n d  th e  a p p a re n t  
v o lu m e  oi d is t r ib u t ío n  w a s  la rg e r .9 O n c e -w e e k ly  p r o p h y -  
lac tic  d o s e s  o f m e A o q iũ n e  r e s u l te d  i n  s te a d y - s ta te  
c o n d itio n s  a t  a b o u t  10 d o se s  w ith  n o  e v id e n c e  o ỉ  
su b s e q u e n t a c c u m u la t ío n .10 .

M e ũ o q u in e  ỉs m e ta b o lis e d  in  th e  liv e r11 la rg e ly  i n to  2 ,8 -  
b is ( tr if lu o ro m e th y l) -4 -q u in o lin e  c a rb o x y lic  a d d  [R o -2 1 - 
5 1 0 4 ]12 b u t  th is  m e ta b o li te  a p p e a rs  to  b e  in a c tiv e  a g a in s t  
Plasmodium ỊalàparumP O n ly  a  sm a ll p e rc e n ta g e  o f a  d o se  is 
e x c re ted  in  t h e  u i i n e 14 a n d  animal s tu d ies  su g g e st e x c re tio n  
o f m eA o q u in e  a n d  i ts  m e ta b o li te s  is  m a in ỉy  i n  th e  b ile  a n d

ía e c e s .1 M e ỉlo q u in e  h a s  a n  e x tr e m e ly  lo n g  p la s m a  
e lim in a tio n  hal£-liíe; a g a in  t h e r e  is co n s id e rab le  in te r -  
in d iv id u a l v a ria tio n  a n d  m e a n  v a lu e s  ra n g in g  b o m  13.9 to
27 .5  days h a v e  b e e n  q u o ted , t h e  lo w e r  e n d  0í  th e  ra n g e  
re íe rr in g  to  a  ío rm u la tio n  th a t  w a s  less w e ll  ab so rb e d  th a n  
th e  p re p a ra d o n  n o w  ìn  u s e .1

M eQ oquine is d is tr ib u te d  in to  b re a s t  m ilk , b u t  a  sing le  
dose  s tu d y  in  2 w o m e n 15 in d ic a te d  th a t  th e  c o n c e n ư a tio n  of 
m eA oqu ine  in  m ilk  w as o n ly  a sm a ll p r o p o r t io n  of th a t  se en  
in  p lasm a .

ỉ . K arbw ang J, W h ite  NJ. Clinical p h a n n a c o k in e tìc s  o f m eA oquine. G ìn  
Pharm acoidntí 1990; 19: 2 64 -79 .

2. Pa im er K J .  t í  a ỉ . M eA oquine: a  rc v ic w  o f  ỉts a n tím a ỉan a ỉ acdvỉty , 
phannacokỉnecỉc  properries an d  th e ra p e u d c  efficacy. D rugt 1993; 45 : 
4 30 -75 .

3. K arbw ang J, t í  a i. T he p h a rm a co k m etics  o ỉ  m e ũ o q u in c  w h e n  givcn  
a lo n e  or in com b ỉnatíon  w ith  su lp h a d o x in e  a n d  p y r im e th am ỉn e  ỉn  T hai 
m a le  and  ỉem ale  subjects. E u r J  C lin  P h a m a c o l  1987 ; 32 : 173-7 .

4. Looareesuvvan s, t í  a ỉ . S tudỉes o ỉ m e ũ o q u in e  b ioavailab ilỉty  a n d  ỉdnetics 
u sing  a stabỉe iso tope  techn ỉque : a  c o m p ariso n  o f  T hai p a tìen ts  w ỉth  
ía ld p a ru ra  m a laiỉa  a n d  he a ỉth y  ca u c as ỉa n  v o ỉu n te e rs . B r J  ơ in  Pharm aca l 
1 9 8 7 ;2 4 :3 7 -4 2 .

5. C han thavan ỉch  p. t í  a l. In trag a sư ic  m eA o q u ỉn e  ỉs  ab so ibed  rap ỉd ỉy  ỉn  
pa tíen ts  w ith c ereb ra l m a ỉa iỉa . A m  J  T ro p  M e d  H yg  1985; 34: 1028 -36 .

6. Ju m a  FD, O geto JO . M eíloquinc  d ỉspositìon  in  n o rm aỉs  a n d  ỉn  p a d en ỉs  
w ỉth  severe P lasm od ỉum  ỉa ld p a ru m  m a ỉa rỉa . E u r  J  D ru g  M etab  
P h a m a a k in t í  1989; 1 4 :1 5 -1 7 .

7. K arbw ang J. t í  a l. A com parison  of th e  p h a rm a co k in etícs  of m eS o q u in e  
i n  h eaithy  T hai v o ỉu n te e n  a n d  ỉn  T hai p a tíe n ts  w ỉth  Ỉa lt íp a ru ỉn  m aiaria . 
E ư r  J  G in  Pharm acol 1988; 35: 6 7 7 -8 0 .

8. S ỉnghasỉvanon  V, t í  a l. P h a rm ac o k in e tíc  s tu d y  o ỉ  m eA oquỉne  in  T hai 
d iiỉd re n  aged  5-12  years su ỉỉe rỉn g  f ro m  unc o m p lỉc a te d  ỉa ỉd p a ru m  
m alarỉa  trea ted  w ith  M SP o r  M SP p ỉu s  p rừ n a q u in e . E u r  J  D ru g  M etab  
P h a rm a a k à ư t  1994; 1 9 :2 7 -3 2 .

9. N a B angchang K.  t í  a ỉ . M eQ oquỉne  p h a rm a co ld n eũ c s  ỉn  p reg n a n t 
w o m e n  vvith a cu te  ỉa ld p a m m  m a ỉa rỉa . T ra n s  R  Soc Trop  M ed  H yg  1994; 
88 : 321-3.

10. P enn ỉe  RA, t í  a l . S teady State p h a rm a co k m etic s  o f m eA oquỉne  in  long- 
te rm  travellers. Tra n s R  Sơc Trá p  M ed  H ỵg  1993; 87 : 4 59 -62 .

ỉ  ỉ . W HO. Severe a n d  compU cated m a ỉaria . 2 n d  e d . T ra n s  R  Soc Trop  M ed  H yg  
1990; 84  (suppl 2); 1-65.

12. Panisko DM, K eystone  JS . T rea tm en t o f  m a ỉaria— 1990. D rugs  1990; 39*. 
160-89.

13. H ắkansonA . t í a l .  C om pariỉon  of th e  ac tỉv ỉty  In  v ỉtro  o ỉ m e ũ o q u ỉn e  a n d  
tw o  m etaboỉỉtes agaỉn sĩ P lasm od ỉum  ía ld p a n u n .  Tra n s  R  Soc Trơp M ed  
H yg  1990; 84: 5 0 3 -4 .

14. Schw artz DE, t í  a l  U rinary^excretion  QÍ m e ã o q u ỉn e  a n d  som e  o f its 
meuboỉỉtes in  A ỉrican  vo ỉu n teers .a t s te ad y  State. Ckem otherapy  1987; 33: 
305-8 .

15. E dsreỉn MD, t í  đ l . E xcrerion o f m e ỉỉỡ q u in e  ỉn  b u m a n  b reast m ilk. 
ơ tem oứư rap y  1988; 3 4 :1 6 5 -9 .

Preparations
Proprietory Preparatíons (details are g iven  in  V olum e B)

Single-ingrecfient PreparaHons. Arg.: T ropicun Austral.: Lariam; 
Austria: Lariam; Betg.: Lariam; Braz.: M ephaquin; Canad,- 
Ladam : chile: Lariam; Cz.: Lariam; Denrn.: Lariam; Fin.: 
Lariam; Fr.: Lariam; Ger.: Lariam ; Gr.: Lariam; M ephaquin; 
Hữrtg Kong: Lariam; M ephaquin; Hung.: Lariam; India: Coníal; 
F ađ tal; Faldtal; Larìmcí; M eíact; M eíax; Metcy; MeHiam; 
M eQ oc Meũotas; M eíque; M epalex; MQF; IrL: Lariam; Israel: 
Lariam; M ephaquin t; Ital: Lariam; Malaysia: Lariam; M epha- 
quin ; Neth.: Lariam; Norw.: Lariam ; NZ: Lariam; phũipp.: 
Lariam; Port.: M e£loniaxf; M e p h aq u ú r Rus.: Lariam (HapHaM); 
SAfr.: Lariam; Meíliain; singapore: Lariain; M ephaquin; 
Swe<L: Lariam; Sivitz.: Lariam; M ephaqu inẹ; Thai.: M equin; 
VAE: M elophar: UK: Lariam; Ukr.: Lariam  (HapiaM); M epha- 
qu in  (MeệaxHH)t; USA: Larlam+.

Multí-ingredient PreporoHons. India: Faldgo Plus; Larinate-MF; 
PorL: Faldtrim.
Pharmacopoeial Preparations
USP 36: Meíloquine Hydrochloride Tablets.

Piperaquine Phosphate
Plperaquiria, fosfato 'de; 'Piperaquinr: PhòspHas; 132'28-RP; 
nnnepaxMHa OocộaT. ■
13-Bis[l-(7-chíoro-4-quinolyl)-4'-piperazinyl]propane. 
C29H32a2N6,4H3PO*4H20=999.6 7
CAS — 85547-56-4. :
UNI! — 854D7K8LX8. .. ,

P h a rm a c o p o e ia s . In  Chín.

Uses and Administratỉon
P ip e ra q u in e  p h o sp h a te  is a  b isq u in o lin e  a n tim a la ria l  th a t  
h a s  tra d itio n a ỉly  b e e n  u se d  in  c h in a  fo r  th e  ư e a tm e n t  a n d  
prop .hylax is o ỉ  l a ld p a ru m  m a la r ia  (p. 6 4 4 .1 ). I t  is  a 
s tru c tu ra ỉ  a n a lo g u e  o f c h lo ro q u in e  (p. 6 5 0 .2 )  a n d  is th o u g h t 
to  h a v e  a  s im ila r m e c h a n ism  o f  a c tio n .

A  f ix e d -d o se  c o m b in a tio n  p r o d u c t  o f  p ip e ra q u in e  
p h o s p h a te  a n d  a rte n im o l (see  A r te m is in in  D erivatives, 
p . 648 .1 ) h a s  b e e n  d e v e lo p e d  to  im p ro v e  p a d e n t  a d h e re n c e  
a n d  a v o id  m o n o th e ra p y , a n d  th e r e b y  d e c re a se  t h e  risk  of 
a c q u ire d  d ru g  res is tan ce . T h is c o m b in a tio n  p ro d u c t  is u se d  
fo r  th e  t re a tm e n t  o f a c u te  u n c o m p lic a te d  m ala ria  c a u sé d  by  
Plasmodium ị,'aldparum■ i t  s h o u ld  n o t  b e  u s e d  to  t r e a t  severe  
m ala rìa . T h e  ra t ìo  of p ip e ra q u in e  p h o s p h a te  to  a r te n im o l of 
8  to  1 h as  b e e n  se lec ted  to  p ro v id e  a  ta rg e t  d a ily  d o se  of 
18 m g /k g  for p ip e ra q u in e . T h e  c o m b in a tio n  m a y  b e  g iv e n  to  
p a tie n ts  b o m  6  m o n th s  of age  a n d  vveighing  5 kg  o r  m o re . It

The Symbol t  denotes a preparation no longer actively marketed
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is  g iv e n  o ra lly  o n c e  d a ily  fo r  3 d ay s; n o  fo o d  s h o u ỉd  b e  ta k e n  
w i th in  3 h o u r s  o f  e a c h  d o se . F o r  th o s e  w h o  h a v e  d iííĩc u ltìe s  
sw a lló w in g , t h e  ta b le ts  m a y  b e  c ru s h e d  a n d  m ix e d  vvith  
w a te r .  R e c o m m e n d e d  d o ses  a c co rd in g  to  b o d y -w e ig h t a re  as  
fo llow s:
•  5' t o  less t h a n  7 k g :  8 0  m g  p ip e ra q u in e  p h o s p h a te  w i th  

lO m g  a r te n ỉm o l
•  7  to  less t h a n  13 kg : 1 60  m g  p ip e r a q u in e  p h o s p h a te  vvith 

2 0  m g  a r te n ỉm o l
•  13 to  less t h a n  2 4  kg: 3 2 0  m g  p ip e ra q u in e  p h o s p h a te  vvith 

4 0  m g  a r te n im o l
•  2 4  to  less t h a n  36  kg: 6 4 0  m g  p ip e ra q u in e  p h o s p h a te  vvith 

8 0  m g  a r te n im o l
•  3 6  to  less t h a n  7 5  kg : 9 6 0  m g  p ip e ra q u in e  p h o s p h a te  w i th  

1 2 0 m g  a rte n im o l
•  7 5  to  100 kg : 1 2 8 0 m g  p ip e ra q u in e  p h o s p h a te  w i th  

1 6 0 m g  a n e n im o l
•  lO O kg  o r  m o re :  n o  d a ta  a v a ila b le  o n  vvhich to  m a k e  a 

d o s e  re c o m m e n d a t io n
D u e  to  th e  lo n g  e lim in a tio n  h a ỉí- li íe  o í  p ip e ra q u in e  
p h o s p h a te  a  s e c o n d , 3 -d a y  c o u rse  s h o u ld  n o t  b e  g iv en  
vvith in  2  m o n th s  o f  th e  firs t c o u rse ; n o  m o re  th a n  2 co u rse s  
s h o u ld  b e  g iv e n  w i th in  a  12 m o n th  p e rio d .

C o m b in a tio n s  o f  p ỉp e ra q u in e ,  a n e n im o l,  a n d  tr im e th o -  
p r im  (Artecom) a n d  p ip e ra q u in e  w ú h  a rte m is in in  a n d  
p r im a q u in e  (Artcquick) a re  a v a ila b le  in  so m e c o u n tr ie s . 
P ip e ra q u in e  is  a lso  u n d e r  in v e s tig a tio n  fo r u se  vvith a 
s y n th e t ic  a r te m is in in  d e riv a tiv e  a r te lo la n e  m ale a te .

R e íe re n c e s .
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chUdreo treated w ith dihydroartemisinin-piperaquine corapared with 
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12. Yavo w , et a i  M ultỉcentrỉc assessment ol the eSỉcacy and ỉolerability of 
dỉhydroanem ỉsỉnln-pỉpenquine corapared to  artem ether-lumeỉantrine 
ỉn  the  treatm ent of una>mpỉicated Pỉasĩnodium/alàparum malaria in sub- 
Saharan Aírica. M alarJ2ỏì 1; 10:198.

13. Keatỉng GM. D íhydroanemisinin/Piperaquine: a revỉew oỉ its use in the 
treatm ent of uncomplỉcated Plasmodium /aỉàparum malarỉa. Dtuịị 2012; 
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14. Valecha N. et aỉ. A nerolane m aỉeate plus pịperaquỉne phosphate for 
trea tm en t o ỉ  uncom plìcated Pỉasmodium / ‘alàparum m aỉaria: a 
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Administration in children. T h e  f ix e d -d o se  c o m b in a tio n  
p r o d u c t  o f  p ip e r a q u ũ ie  p h o s p h a te  a n d  a r te n im o l m a y  b e  
g iv e n  to  c h ild re n  h o m  6  m o n th s  o í  a g e  a n d  vveighing 5 kg  
o r  m o re  ío r  t h e  ư e a tm e n t  o f  a c u te  u n c o m p lic a te d  in íe c -  
t io n s  c a u se d  b y  Plasmodium Ịalàparum. F o ĩ  dose  rec o m - 
m e n d a t io n s  in  th e s e  c h ỉlđ re n , see  p . 6 5 9 .3 .

Adverse Effects and Precautions
P ip e ra q u in e  p h o s p h a te  g iv e n  a s  m o n o th e ra p y  o r  w i th  
a i te n im o l  is  g e n e ra l ly  w eU  to le ra te d .  T h e  m o s t c o m m o n ly  
r e p o r te d  a d v e rs e  e ỉfe c ts  w i th  p ip e ra q u in e  p h o s p h a te  a lo n e  
a re  d i n ã n ess, h e a d a c h e ,  a n d  g a s tro in te s tin a l  e ííec ts  su  c h  as  
n a u s e a ,  v o m itin g , a n d  a b d o m in a l p a ỉn .

C o m m o n ly  r e p o i te d  a d v e rs e  e iíe c ts  re p o r te d  w ith  th e  
u se  o f  t h e  S x e d -d o se  c o m b in a tio n  p ro d u c t  o f p ip e ra q u in e  
p h o s p h a te  a n d  a i te n im o l  a re  a n a e m ia ,  a s th e n ia , h e a d a c h e , 
a n d  p y re x ia .  P r o lo n g a t ío n  o f t h e  QTc in te rv a l  a n d  
tac h y c a x d ia  a r e  a lso  h e q u e n t  a n d  th e  c o m b in a tio n  is 
c o n tra - in d ic a te d  in  th o se  w i th  a  ỉa m ily  h is to ry  o f s u d d e n  
d e a th  o r  c a rd io v a sc u la r  d iso rd e rs  su c h  as c o n g e n ita l 
p r o lo n g a t io n  o f  t h e  Q T c in te rv a l ,  sy m p to m a tic  c a rd ia c  
a ir h y th m ia s ,  s e v e re  h y p e i t e n s io a  le f t  v e n u ic u la r  h y p e r-  
t ro p h y ,  c o n g e s tiv e  h e a r t  {a ỉlu re . a n d  in  th o se  w ith  
e le c tro ly te  d is tu rb a n c e s .  I t  is a lso  c o n tra - in d ic a te d  in  th o se  
w h o  h a v e  re c e n t ly  ta k e n  o r  a re  ta k in g  o th e r  d ru g ỉ  k n o w n  to  
p ro lo n g  th e  Q T c in te rv a l .  E C G  a n d  b lo o d  p o ta s s iu m  
m o n ito r in g  a re  re c o m m e n d e d . C a u ò o n  is a d v ised  w h e n

g iv in g  th e  c o m b in a t io n p r o d u a  to  th o se  w ith  ja u n d ic e ,  a n d /  
o r  m o d e ra te  o r  s e v e re  r e n a l  o r  h e p a tic  im p a irm e n t.

Interactions
P ip e ra q u in e  is m e ta b o lis e d  b y  th e  c y to c h ro m e  P 4 5 0  
iso e n z y m e  C Y P3A 4 a n d  to  a  le s se r  e x te n t  b y  CY P2C19 a n d  
CY P2C9. I t  is a n  in h ib i to r  o f  th e  CY P3A4 a n d  CY P2C19 
iso e n z y m e s  a n d  m a y  in h ib i t  th e  m eta b o lism  o f  o th e r  d ru g s 
th a t  a re  m e ta b o lis e d  b y  t h ú  ro u te ;  i t  a lso  h a s  th e  p o te n t ia l  to  
in c re a se  th e  r a te  o ỉ  m e ta b o lism  ío r  CYP2E1 s u b s ư a te s  su c h  
as p a ra c e ta m o l  a n d  th e o p h y l l in e .  D ru g s t h a t  in h ib i t  
CY P3A 4 m a y  in c re a se  p lasm a  c o n c e n ư a tio n s  o f p ip e ra q u in e  
a n d  e x a c e rb a te  t h e  e ffec t o f  Q T c p ro lo n g a tio n . E n z y m e  
in d u c e rs  m a y  d e c re a se  p lasm a  c o n c e n tra tio n s  o f  p ip e r-  
a q u in e .  P ip e ra q u in e  s h o u ld  b e  a v o id e d  in  p a tie n ts  tak in g  
p o te n t ia l ly  a r rh y th in o g e n ỉc  d ru g s  in c lu d in g  th o se  th a t  
p ro lo n g  th e  Q T in te rv a l .

Pharmacokinetics
P ip e ra q u in e  is slovvly a b so rb e d  a n d  p e a k  p lasm a  c o n c e n tra -  
tio n s  a re  g e n e ra lly  re a c h e d  5 h o u rs  a íte r  a n  o ra l dose . It h as  
a la rg e  v o lu m e  o f  d is tr ib u tio n  a n d  is m o re  t h a n  9 9 %  b o u n d  
to  p lasm a  p ro te in .  ỉn vitro s tu d ie s  sh o w  ih a t  p ip e ra q u in e  is 

! m a in ly  m e ta b o lis e d  b y  th e  c y to c h ro m e  P 4 5 0  iso e n z y m es  
CYP3A4. I t is e l im in a te d  s lo w ly  vvlth a n  e lú n in a tio n  half-life  
of a b o u t  22  d a y s  in  a d u lts  a n d  2 0  day s in  c h ild re n .

R e íe re n c e s .
ỉ . T am in g  J , et a l. P op u la tio n  p h a rm a c o k in e t ia  an d  ph a rm a co d y n a m ic s of 

p ỉp e ra q u in e  ỉn  c h ỉlđ ren  M ith u n c o m p ỉic a te đ  /a ỉd p a ru m  m alarỉa . C lin  
Pharm acot T h e r  2 012 ; 9 1 :4 9 7 -5 0 5 .

2. T arn in g  J . et a ì . P o p u la tio n  p h a rm a co k in e tic s  o ỉ d ih y d ro a rte m is in in  and  
p ip e ra q u in e  in  p re g n a n t a n d  n o n p re g n a n t w o m e n  w ith  uncom plica ted  
m a laría . A n tim ic ro b  A g m ts  Chem other 2012; 56: 1997 -2007 .

Preparatíons
Proprietary Preparorions (details a re  given in V oium e B)

Mubi-ingredient Preporationí. china: A n Lì Kang ($ÍLSH); Duo- 
Cotecxin; Ke Tai Fu  ( Í4 S ® ) ;  Irỉ.: Eurartesừn; Neth.: Eurarte- 
sim; UK: Eurartesim .

Primaquine Phosphate (BANM, rtNNMi

Difosfato de Primaquina; Fosfato de primaquina; Primachin 
difosfảt; Primachina Fosfato; Primachini Phosphas; Primakii- 
nidifosfaatti; Primakindifosfat; Primakin-difoszfat; Primakvino 
difosfatas; Primaquina, fosfato de; Primaquinbisdihydrbgen- 
phosphat; Primaquine Diphosphate; Primaquine, dipho- 
sphate dè; Prịmaquine, Phòsphate de; Primaquini dipho- 
sphas; Primaquini Phosphas; Primaquinum Phosphoricum; 
SN-13,272; npMMaxMHa (Docộaĩ.
(/?S)-8-(4-Amino-l-methylbutylamino)-6-methoxyquinoline
diphosphạte.
C15H31 N3O^HjPO.=455J
C A S  —  9 0 -34-6  (p r ìm a q u in e ); 6 3 -4 5 -6  (p rim a q u in e  p h o ip h a te ) . 
A T C  —  P 0 IB A 0 3 .
UN II —  H 0 98 2 H F7 8 B . •

P h a rm a c o p o e ia s .  I n  Chin., Eur. (see  p .  vii), Iní., us, a n d  Vìit. 
P h . E u r .  8 : ( P r im a q u in e  D ip h o s p h a te ) .  A n  o ra n g e  
c ry s ta ll in e  p o w d e r .  S o lu b le  i n  w a te i;  p rac tic a lly  in so lu b le  
in  a lc o h o l. P ro te c t  h o m  lig h t.

U S P  3 6 : (P r im a q u in e  P h o sp h a te ) .  A n  o ra n g e -re d , o d o u r-  
less, c ry s ta ll in e  povvder. S o lu b le  1 in  15 o f w a te r;  in so lu b le  
in  c h lo ro lo rm  a n d  in  e th e r .  I ts  So lu tions a re  a đ d  to  litm u s . 
P r o t e a  h o m  lig h t.

Uses and Administration
P rú n a q u in e  is  a n  8 -a m ỉn o q u in o l in e  a n tim a la ria l  t h a t  is 
e íle c tiv e  as  a  t is s u e  s c h h o n to d d e  a g a in s t in ư a h e p a tic  ío rm s  
o f a ll ty p e s  o f  Plaĩmodium. I t  is m a in ly  u s e d  to  p ro d u c e  
rad ic a l c u re  o f  v ỉv a x  a n d  o v a le  m ala rias , b u t  m a y  a lso  be  
g iv en  to  r e d u c e  tra n sm is s io n  of ía l t íp a m m  m ala ria . Í t  a lso  
h a s  so m e  a c tio n  a g a in s t Pneumocystừ a n d  is u se d  vvith 
d ì n d a m y d n  in  t h e  m a n a g e m e n t  of p n e u m o c y sd s  p n e u -  
m o n ia .  F o r  h i r t h e r  in lo rm a t io n , see  belovv a n d  p . 6 61 .1 .

P r im a q u in e  p h o s p h a te  is g iv e n  o ra lly  a n d  d o ses  m a y  b e  
e x p re s se d  in  te r m s  o f  th e  b a se ; p r im a q u in e  p h o s p h a te  
2 6 .4  m g  is e q u iv a le n t  to  a b o u t  15 m g  o í  p r ím a q u in e  base.

W h e n  u s e d  fo r  radical curt o f v iv a x  o r  o v a le  m ala ria , a  
c o u rse  o f ơ e a tm e n t  w i th  a  b lo o d  s c h iz o n to d d e  m u s t  b e  
g iv e n  fư s t  to  k ill a n y  e ry th ro c y tic  p a rasite s . P r im a q u in e  
p h o s p h a te  is t h e n  g iv e n  o ra lly , u s u a lly  in  a  do se  e q u iv a le n t 
to  1 5 m g  ( o r  2 5 0 m ic ro g ra m s /k g )  o f  th e  b a se  d a ily  fo r  14 
d a y s  b u t  h ig h e r  d o se s  o r  lo n g e r  c o u ise s  m a y  b e  r e q u ire d  to  
o v e rc o m e  re s is ta n c e  in  so m e  s ư a in s  o f p. vivax (see  b e lo w ); 
W H O  h a s  a d v ise d  th a t  ỉo r  u n c o m p lic a te d  m a la ria  a c q u ire d  
in  S o u th -E a s t  A sia  (p a it ic u la r ly  In d o n es ia )  a n d  O c ean ia , th e  
d o se  s h o u ld  b e  in c re a se d  to  5 00  m ic ro g ra m s/k g  daUy. In  th e  
UK, t h e  BNF su g g ests  t h a t  w h ile  1 5 m g  (o r  2 5 0 m ic ro -  
g ra m s /k g )  d a ily  is a p p ro p r ia te  ío r  u se  in  p . ovale m a la ria .

3 0  m g  ( o r  5 0 0  m ic ro g ra m s/k g )  d a ily  is n e c e s s a ry  o r  
in íe c tio n s  c a u se d  b y  p . vivax.

F o r  p a tie n ts  w i th  G 6PD  d e H d e n c y  th e  u se  o f  u p  to  4 5 1 I g  
(o r  7 5 Õ m ic ro g ra m s /k g )  o n c e  e v e ry  7  day s fo r  8  w e e k s  1 a s  
b e e n  su g g e s te d  to  m in im ise  h a e m o ly s is  ( b u t  s e e  u n c  e r  
A d v e rse  E ữ e c ts , p . 6 6 1 .2 ) .

P o r  d e ta ils  o f  d o se s  in  c h ild ren , s e e  b e lo w .

General review s.
1. Vaỉe N . et a ỉ . P r im aq u ỉn e  rev ỉs ỉted  slx d e ca d es a ỉte r  h s  đ ỉscovery . E i r  J  

M e d  C h a n  2009; 4 4 : 9 3 7 -5 3 .
z  P c m a n d o  D . et ai P rim a q u in e  ỉn  v ỉvax  m a ỉa r ỉa : a n  updace  a n d  rev ieH  o n  

m a n a g e m e m  issues. M a ỉa r  J  2011 ; 10: 3 5 1 -6 2 .

Administrotion in ehildren. P r im a q u in e  m a y  b e  u se d  o r  il- 
ly  in  c h ild re n  ío r  r a d i c a l  c u r e  o i  m a l a r l a  c a u s e d  b y  p. 
ovale o r  p. vivax. D oses a re  e x p re s se d  in  te r m s  o f  p r iư  a -  
q u in e  b a se , a n d  W H O l,J h a s  su g g e ste d  a  d o se  o f 
2 5 0 m ic ro g ra m s /k g  ( to  a  m a x im u m  o ỉ  1 5 m g )  o n c e  da  ly  
f o r  14 d a y s ; in  S o u th -E a s t  A sia a n d  O c e a n ia , th e  d( se  
s h o u ld  b e  in c re a se d  to  500m iC T ogram s/kg  ( m a x im i m  
3 0  m g) d a ily . In  t h e  UK, t h e  BNFC h a s  r e c o m m e n d e d  th  It, 
a l th o u g h  th e  lo w e r  d o se  is a p p ro p r ia te  fo r t r e a tm e n t  o f p. 
ovale m a la ría ,  th e  h íg h e r  dose  re g im e n  sh o u ld  b e  u se d  o r 
a ll in le c tio n s  c a u se d  b y  p. vivax.

A lth o u g h  a lo w e r  ag e  lim it fo r th e  u se  o f p r im a q u in e  1 as 
n o t  b e e n  ío rm a lly  e s ta b lish e d .2 th e  BNFC s u g g e s ts  th a i  it 
m a y  b e  u se d  in  c h ild re n  o v e r  6 m o n th s  o f  a g e , b u t  t l  a t  
s p e d a l is t  a d v ic e  s h o u ld  b e  so u g h t ío r  y o u n g c r  c h i ld r ín .  
P r im a q u in e  sh o u ld  b e  a v o id e d  in  p a tie n ts  vvith s e v e re  G61 ’D 
d e h d e n c y ,  h o w e v e r  in  m ild e r  d e íid e n c y , a d o s e  o f 500  to  
7 5 0 m ic ro g ra m s /k g  o n c e  e v e ry  7 d a y s  ío r  8 w e e k s  h a s  b e  .‘n 
ío u n d  to  b e  vv ithou t h a rm íu l  e ữ e c ts .3 (T he BNFC a so 
c o m m e n ts  th a t  th is  re g im e n  is safe b u t  su g g e sts  t h a t  t  ì e  
to ta l  d a ily  d o se  s h o u ld  n o t  e x ceed  4 5  m g.)

F o r a  d isc u ss io n  o n  th e  u se  o f  p r im a q u in e  to  r e d u c e  
ư a n s m is s io n  o f í a ld p a r u m  m ala ría , se e  b e lo w .

1. W HO . Guidelines Ịo r  the treatmeni ữf m aỉaria. 2 n d  e d . G en e v a: W ỉ o .
2 0 10 . A vaiỉab ỉe  a t: h trp ;//w h q ]ỉb d o c .w h o .in i/p u b lica ú o n 5 /2 0  0 /
9 7 8 9 2 4 1 5 4 7 9 2 5 .e n g .p d l (accessed 2 7 /0 7 /!  0) U pdate  (issued  A tril 
2011) a vaỉlab le  a t: h u p : / /w w w .w h o .im /m a la r ia /p u b lic a t io n s /a to z /m  *1. 
ư e a ic h ỉld .re v is e d .p d í (accessed 2 0 /0 5 /1 1)

2 . VVHO. In u m a t io n a ì tra v e ỉa n d  heaìth . 2011 e d . A vailable a t;  h u p :/ /w v  w . 
w h o .im /i th /e n  (accessed 17 /06 /11 )

3. W HO . W H 0  m odeì /o rm u la ry  Ịo t  ch iỉd ren : b a u d  on the secon d  m o d e lỉù  o Ị  
esten tia ỉ m e ấ ià n a  Ị o r  eh iỉd ren  2009 . G eneva: W HO. 2 0 1 0 . A vailab le  a f  
h u p ; / / w w w . w h o . i n t / s e l c c i i o o _ m e d i c i n e s / l i s t / W M F c .2 0 1 0 . 'd í  
(accessed 2 7 /0 7 /1 0 )

Malario. T h e  o v e ra ll t r e a tm e n t  a n d  p ro p h y la x is  o f m a la  ia  
a n d  th e  p la c e  o f p r im a q u in e  in  c u r r e n t  re c o m m e n d a t io  ns 
a re  đ e sc rib ed  o n  p . 6 4 4 .1 .

D e sp ite  th e  g e n e ra lly  successíu l u se  o f o ra l  p r im a q u i  ì e  
ỉo r  r a d l c a l  c u r e  o f b e n ig n  ( n o n -(a lc ip a ru m )  m ala ria s , 
re s is ta n c e  o f  v iv a x  (b u t  n o t  o v a le )  m a la ria  is  a  k n o v m  
p ro b le m  in  so m e  a re a s  o f  th e  vvorlđ ,1-2 a n d  ĩa i lu re s  h a / e  
o c c u ư e d . T h e  su g g e stio n  h a s  b e e n  m a d e  th a t  h i g h e r  doses  o f 
p r ũ n a q u in e  (1 5 m g  tvvice daily  for 1 4  days, to  g iv e  a to  a l 
d o se  o f 6  m g /k g  a s su m in g  a  b o d y -w e ig h t of 7 0  k g )  s h o u ld  >e 
c o n s id e re d  w h e r e v e r  t h e  v iv ax  m a la ria  w as a c q u ir e d ,1'4 a: id  
th is  is t h e  S ta n d ard  r e c o m m e n d a t io n  in  th e  U K  (se e  a b o v i:). 
A sy s te m a tic  revteTO5 c o n d u d e d  th ằ t  w h e n  u s e d  w i:h  
c h lo ro q u in e ,  a  I4 -d a y  c o u rse  o f  p r im a q u in e  15 m g  d a ily  w as 
m o re  e ííe c tiv e  th a n  a 5 -d ay  co u rse  in  p r e v e n t in g  re la p ses  of 
v iv a x  m a la ria .  T h e  5 -d ay  c o u rse  o f  p r im a q u in e  p la s  
c h lo ro q u in e  a p p e a re d  to  b e  n o  b e t t e r  t h a n  c h lo ro q u i  te  
a lo n e .

V a ria b le  re sp o n se s  to  p r im a q u in e  in  t h e  A m a z o n i in 
re g io n  w e re  a t t r ib u te d  to  c o n s id e ra b le  v a r ia t io n  in  t te  
c o n te n t  o f p r im a q u in e  b o th  bervveen  a n d  v v ith in  b a tc h e s  DÍ 
tab le ts ;  p r im a q u in e  c o n te n t  r a n g e d  í ro m  19 to  1 6 8 %  o f t  le  
Iab e lle d  c o n te n t .6

In  t h e  USA , th e  CD C7 h a v e  s u g g e s te d  p re s u m p ti  ^e 
a n tữ e la p s e  th e r a p y  (o r  te rm in a l p ro p h y la x is )  w i th  p r im a -  
q u in e  a t  th e  e n d  o f  p ro p h y la x is  to  p r e v e n t  r e la p s e s  d u e  to 
Plasmodium vivax o r  p. ovale in  p e rs o n s  r e tu m in g  írc  m  
p ro lo n g e d  e x p o s u re  in  a re a s  w h e r e  r e la p s in g  m a la ria  is 
e n d e m ic .  I n  t h o s e  w h o  h a v e  ta k e n  c h lo r o q u i r  e, 
d o x y c y d in e ,  o r  m e O o q u in e  as  p ro p h y la x is , p r im a q u in e  is 
u s u a lly  g iv e n  d u r in g  th e  las t 2  vveeks o f p ro p h y la x is ,  b i t, 
vvh en  n e c essa ry , m a y  a lso  b e  ta k e n  im m e d ia te ly  a f t : r  
p ro p h y la x is  is  c o m p le te d . W h e n  a to v a q u o n e  p lu s  p ro g u a i lil 
is  t a k e n  a s  p ro p h y la x is , p r im a q u in e  is p r e íe ra b ly  g iv :n 
d u r in g  th e  la s t  7 d a y s  a n d  th e n  ío r  a n  a d d it io n a l  7  days, b  J t  
m a y  a lso  b e  g iv e n  fo r  14 days a í te r  a to v a q u o n e  p l 1S 
p ro g u a n i l  p ro p h y la x is  is c o m p le te d . T h e  re c o m m e n d  :d 
d a ily  o ra l  d o sc  o í  p r ím a q u in e  for te rm in a l p ro p h y la x is  is 
3 0  m g  fo r  a d u lts  a n d  5 0 0 m ic ro g ra m s /k g  ío r  c h ild re n .

P r im a q u in e  h a s  a lso  b e e n  ơ ie d  ío r  p r o p h y l a x i s  DÍ 
{ a ld p a ru m  a n d  v iv a x  m ala ría ; u s e  fo r  a  y e a r  p ro d u c  :d 
e ffe c d v e  c o v e r  a n d  w a s  w e ll to le ra te d  b y  J a v a n e s e  m  n  
w i th o u t  G 6PD  d e íid e n c y .*  I t w a s  a lso  e í íe c tiv e  i ì T  
p ro p h y la x is  in  C o lo m b ia n  m ilita ry  p e n o n n e l ;  i t  w a s  n o t  :d 
t h a t  p r im a q u in e  p ro p h y la x is  c o u ld  b e  s to p p e d  1 w e e k  afi : r  
d e p a r t ín g  th e  e n d e m ic  a re a .’

T h e  u s c  o f p r im a q u in e  as  a  g a m e to c y to d d e  h a s  t  ie 
p o te n d a l  t o  r e d u c e  t h e  t r a n s m i s s i o n  o f  í a ld p a n .  m  
m a la ría  in  lo w  ư a n s m ỉs s io n  a re a s  a n d  to  h e lp  c o n ta in  t  le

All cross-reíerences refer to entries ìn Volume A
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s p re a d  o t  a r te m is in in - re s is ta n t  ỉ a ld p a r u m  m a la ria .10-11 
W H O  th e r e ío r e  in lt ia l ly  su g g e ste d  th a t  p r im a q u in e  b e  
g iv e n  a s  a  sin g le  d o se  o f  7 5 0  m ic ro g ra m s/k g  (to  a  m ax im u m  
o f  4 5  m g ) w i th  a n  a r te m is in in  d e riv a tiv e -b a se d  c o m b in a tio n  
re g im e n  t o r  th e  t r e a tm e n t  o i  u n c o m p lic a te d  p .  ỹ a k i p a r u m  
m a la ria ,  p r o v id e d  th e  r isk  fo r  G 6PD  d e Ễ d e n c y  w a s  
c o n s id e re d  lo w  o r  te s t in g  fo r  d e ũ đ e n c y  w a s  ava ilab le .10 
H o w e v e r, te s t in g  fo r  G 6P D  is n o t  w id e ly  av a ila b le  in  m ala rìa  
e n d e m ic  a re a s  a n d  c o n c e m s  o v e r  p r ỉm a q u in e 's  p o ten tia l for 
h a e m o ly s is  h a v e  l im ite d  i ts  u se . F o llo w ừ ig  a  revieỵv of safety  
a n d  e ff ica c y  d a ta , W H O  h a s  su b s e q u e n t ìý  suggested  th a t  ã  
lovver d o s e  o f 2 5 0  m ic ro g ra m s/k g  w o u ld  b e  sa ỉe r a n d  
e q u a lly  e ffe c tìv e  a n d  s h o u ld  b e  g iv e n  o n  th e  first d a y  of 
ơ e a tm e n t  (ex c e p t in  p r e g n a n t  w o m e n  a n d  in ía n ts  less t h a n  
1 y e a r  o f  a g e)  v v ith o u t t h e  n e e d  fo r  G 6PD  tes tín g .10,12

1. A jđ u k ic w icz  K M  O n g  EL. M a n a g e m e n t o f v ivax  m alarỉa  w íth  low  
se n s itỉv ỉty  to  p r ỉm a q u in e . J ỉ n f t a  2 007; 54 : 2 0 9 -1 1 .

2. B e cc h in g  NJ, t í  a ỉ . M a n a g e m e n t o í  v ỉv a x  m a ỉaria  w ith  p rỉm aqu ine . J  
ĩn Ịe t í  2 0 0 7 ; 5 5 :2 8 2 .

3. D o h e r ty  JF , t í  a i  T re a tm e n t o f  P lasm o d iu m  v ỉvax  m aỉaria— tỉm e for a 
c h a n g e ?  Tra n s  R  Soc T rơ p  M e d  H yg  1997; 9 l ỉ  76 .

4 . B a ỉrd  JK , H nffm an SL. P r ỉm aq u in e  th e ra p y  ío r  m a ỉarỉa . ơ ừ t  In fe đ  D à  
2004; 39 : 1336 -45 .

s .  G a la p p a th th y  GNU t í  a l . P r ỉm aq u in e  ío r  p rev e n tin g  relapses in  peopỉe  
w ỉth  P ỉasm o d ỉu m  v ivax  m a la r ỉa . A vaH able ỉn  T he  C och rane  D atabase o í 
S y s tem atíc  R eview s; Issue  1. C h ỉch e s ten  io h n  W ỉley; 2007  (accesseđ 
1 4 /0 3 /0 8 ) .

6 . P e tra ỉa n d a  ỉ.  Q uaỉỉty  o f  a n tim a la ría ỉ.d ru g s  a n d  resistance  to  Pỉasm odỉiun  
v iv a x  ỉn  A m azon ian  rẹg io n . Lumcet 199$ ; 349 : 1433.

7. CDC. M a la i ỉa . In : Th e Yellữvv B o o h  C D C H ea lth  b ự ó rm a tion Ịớ r ỉrứ tm a ù o n a ỉ
T ra ve l; 2012 . Also a v a i ỉ a b l e v a c  h ttp : //w w w n c .cd c .g o v /tra v d /
y d Io w b o o k /2 0 1 2 /c h a p te r-3 - in fc c t io u s-d lse a se s-rc la te d - to - tra v e I /ra a l-  
a r ia .h tm  (accessed 1 2 /0 9 /1 1 )

8. F ry a u ff DX et aỉ. R a n d o in ỉse d  p lace b o -c o n tro lle d  tr ỉa ỉ o f p rim aqu ine  ỉo r  
p ro p h y lax is  o ỉ ỉa ld p a r u m  a n d  v ỉvax  m a ỉa r ỉa . L a r ư t í  1995; 3 4 6 :1 1 9 0 -3 .

9. So to  X  t í  a i  P n m a q u in e  p ro p h y ĩax is  ag a ỉn s t m a lạ rỉa  in  n o n ỉm m u n e  
C o lo m b ia n  soldỉers: efficacy  a n d  to x ỉd ty . A m l n t e m  M e d  1998; 1 2 9 :2 4 1 -
4.

10. W h ite  N J, t í  a ỉ. R a tìo n a le  f o r  rec o m m e n d in g  a  ỉo w e r  đose  o f p iím aq u ỉn e  
a$ a  P ỉũsm od ium  /a ỉà p a ru m  g a m e to c y to tíd e  ỉn  p o p u ỉa ú o n s  w h ere  G6PD 
d e S d e n c y  Ỉỉ com m oi^. M a la r  J 2012; 11: 418 .

u .  S u ta n to  i  t í  a L  T he  e ffec t o f p r ỉm a q u ỉn e  o n  g a m etocy te  developm en t 
a n d  d e a r a n c e  ỉn  th e  tre a tm e n t  o f u n c o m p ỉlc a te đ  ía ỉr ìparum  m aỉa tỉa  
w ith  đ ih y d ro a r te m is in in -p tp e raq u ln e  ỉn  S o u th  S um atra , W estem  
In d o n e s ia : a n  o p e n - la b e t  ran d o m ize d , c o n tro ỉỉed  tría ỉ. Q in  Ịttfeơ  D à  
2013 ; 5 6 : 6 85 -93 .

12. W H O . Sỉngle  dose  P r im aq u in e  a s a  g a m e to c y to d d e  ỉn  Piasm odium  
Ịa lá p a r u m  m a ỉaria : u p d a te d  W HO p o ỉỉcy  recom m endatỉon  (issued 
O c to b er  2012). A vailab le  a t: h trp ://w w w .w h o .in t/m a la ria /p q _ u p d a ted _  
p o llc y _ re c o m m e n d a tio n _ e n _ l0 2 0 12 .p d f (accessed 06 /0 6 /1 3 )

P n e u m o c y s tìs  p n e u m o n ia .  P r im a q u in e  vvith d in d a m y d n  
ũ  u se d  in  th e  t r e a tm e n t  o f p n e u m o c y s tis  p n e u m ọ n ia  as a n  
a l te m a d v e  to  c o -trứ n o x a z o le 1 (se e  p . 5 6 7 .2 ). T re a tm en t 
h a s  u s u a lly  las ted  3 vveeks, a n d  u s  e x p e rts  suggest p r im a- 
q u in e  b e  g iv en  o ra lly  in  d a ily  d o se s  e q u iv a ie n t to  15 to  
30  m g  o f  t h e  b ase , a n d  d ỉ n d a m y d n  b e  g iv e n  in  doses o f 
6 0 0  to  9 0 0  m g  in tra v e n o u s ly  o r  3 0 0  to  4 5 0  m g  orally  e v ery  
6  to  8  h o u r s .2-5 I n  t h e  U K , th e  BNF suggests  d in d a m y d n  
6 0 0  m g  o ra lly  e v e ry  8 h o u r s  w i th  o ra l p r ỉm a q u in e  30  m g  
d a ily  f o r  m ild  to  m o d e r a te  d isease , b u t  n o te s  th a t  th e  com - 
b in a t io n  m a y  c a u se  c o n s id e ra b le  to x id ty .

A  ra n d o m ise d  m u lt ic e n tre  s tu d y *  c o m p a re d  th is  la t te r  
re g im e n  ( p rim a q u ỉn e  3 0  m g  d a ily  a n d  d in d a m y d n  6 0 0  m g  
th re e  t im e s  d a ily )  w i th  c o -tr im o x a z o le  a n d  w ith  a  
c o m b in a tio n  of d a p s o n e  a n d  t r im e th o p r im  in  181 AIDS 
p a tíe n ts  w h o  h a d  c o n ã rm e d  m ild  t o  m o d e ra te  p n eu m o cy stis  
p n e u m o n ia .  P r im a q u in e - d in d a m y d n  w a s  as  eữective  as th e  
o th e r  tw o  leg im en s , a l th o u g h  th e  a u th o r s  suggested  th a t  
t h e  c o m b in a tio n  n ũ g h t  b e  b e s t  a v o id e d  in  p a tie n ts  w ith  
s e v ere  m y e lo su p p re s s io n .

P r im a q u in e  w ith  d i n d a m y d n  is n o t  n o rm a lly  rec o m - 
m e n d e d  f o r  p ro p h y la x is  a l th o u g h  th e r e  a re  reports  o f it 
b e ỉn g  t r i e d .5 A re tro sp e c tiv e  e x a m in a tio n 6 o f  th e  reco rds of 
p a tie n ts  w h o  h a d  re c e iv e d  p ro p h y la x is  fo u n d  th a t  c linda- 
m y d n  w i th  p r im a q u ln e  w a s  less  e ííe c tiv e  th a n  co- 
t r im o x a z o le  o r  d a p so n e , a l th o u g h  th is  c o u ld  h a v e  b e e n  
d u e  in  p a r t  to  u n d e rd o s in g .

1. B e n íie ld  T, et a i. S econd-U ne sa lvage  tre a tm e n t o f A ỈD S-assodated 
P n e u  m ocystis jỉrovecỉỉ p n e u m o n ia : a  case  serỉes a n d  system atic rev ỉew . J  
A c q u ir  Im m un e  D e fừ  S yrtd r  2008; 48 : 6 3 -7 .

2 . A b ra m o w ic z  M, e d . D ru gs f o r  pa ra s it ìc  in feơ iú n s . 2 n d  ed. Nevv R ocheỉle 
NY: T h e  M edical Lecter 2 0 10 .

3. CD C. G u ide lỉnes  ỉo r  p re v e n tỉo n  a n d  tre a tm e n t  o f o p p onun istỉc  
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£rom  CD C, th e  N a tio n a l ỉn s t ỉtu te s  o f  H ea lth , a n d  th e  HIY M ed irìne  
A ssoc ỉa tỉon  o ỉ th e  ỉn ỉe c t ỉo u s  D ỉseases S o d e ty  o f A m erica. M M W R  2009; 
58  (R R -4 ); 1 -207 . A ỉso avaO able a t  h ttp : //w w w .c d c .g o v /m m w r/p d f/rr / 
rr5 8 0 4 .p d f  (accessed 0 9 /0 9 /0 9 )

4 . S a ír in  s. t í  a ỉ . C o m p a iỉso n  o (  th re e  reg ỉm en s  fo r t re a tm e n t o ỉ m ỉỉd  to  
m o d e ra te  P neum ocystís  earin ii p n e u m o n ia  in  p a tỉe n ts  w ith  AỈDS: a 
d o u b le -b ỉ in d , ran d o m ỉze d  tr ia ỉ o ỉ o ra ỉ trim e thop rỉm -su ìía rae thoxazo le , 
d a p so n e - tr im e tb o p rim , a n d  d ỉn d a m y d n -p r im a q u ỉn e . A m  ỉrtíem  M ed  
1 9 9 6 ;1 2 4 :7 9 2 - 8 0 2 .

5 . K ay  R , D uBois RE. C l in d a m y d n /p rim a q u ln e  th e ra p y  a n d  secondary  
p ro p h y la x ỉs  a gain st P n e u m ó c y s tis  caxỉnỉỉ p n e u m o n ia  ỉn  patíen ts w ith  
AEDS. South  M e d  J  1990; 8 3 : 4 0 3 -4 .

6 . B a rb e r  BA. t í  a l . C ĩ ln d a m y d n /p iỉm a q u ỉn e  as p rophy ỉax ỉs  for P n eum o- 
c ystis c arỉn ỉỉ p n e u m o n ỉa . ơ ừ i  In Ịèc t D ờ  1996; 2 3 :7 1 8 -2 2 .

Adverse Effects
A d v e rse  e f fe d s  w i th  th e r a p e u t ic  d o ses  o !  p r im a q u in e  a re  
u s u a lly  m in im a l  b u t  a b d o m in a l p a in  a n d  gas tr ic  d isttess a re  
m o re  c o m m o n  if t a k e n  o n  a n  e m p ty  s to m a c h . L arger doses 
m a y  c a u s e  n a u s e a  a n d  v o m itin g . M e th a e m o g lo b m ae m ia

m a y  o c c u r  occasiona lly . H a e m o ly tic  a n a e m ia  c an  o c c u r in  
p e r s o n s  w i th  G 6PD  d e íic ie n c y  (se e  b e lo w ) .  O th e r  
u n c o m m o n  e ữ e c ts  in d u d e  m iỉd  a n a e m ia  a n d  leu co cy to sis . 
H y p e r te n s io n  a n d  ca rd iac  a ĩT h y th m ia s  h a v e  b e e n  re p o r te d  
o n  r a r e  o c c as io n s . P r im a q u in e  m a y  r a r e ly  p r o d u c e  
le u c o p e n ia  o r  ag ra n u lo c y to s is , u su a lly  a f te r  o v e rd o sag e . 
O th e r  e ữ e c ts  a s so d a te d  w i th  o v e rd o sag e  i n d u d e  g astro - 
in te s tin a l  sy m p to m s, h a e m o ly tic  a n a e m ia , a n d  m e th a e m o -  
g lo b in a e m ỉa  w ith  cyanosis.

M a n y  a d v e rse  e ítec ts  h a v e  b e e n  r e p o n e d  a f te r  u se  o f 
p r ím a q u in e 1 b u t  som e , i n d u d in g  p r u ii tu s  a n d  d is tu ib a n c e s  
of v isu a l  a c co m m o d atio n , a re  c o n s id e red  to  b e  in a d e q u a te ly  
d o c u m e n te d  o r  d o u b ứ u lly  a t t r íb u te d  to  th e  d ru g .

A c u te  in tra v a sc u la r  h a e m o ly s is  is th e  m o s t  se rio u s  tox ic  
h a z a rd  o f  p rim a q u in e ,  e s p e d a l ly  in  p e o p le  w i th  G6PD 
d e h d e n c y ,  o th e r  de íe c ts  o f  t h e  e ry th ro c y tic  p e n to s e  
p h o s p h a te  p a th w a y  of g lu co se  m eta b o lism , o r  so m e  ty p es  
o f  h a e m o g lo b in o p a th y . I n  in d iv id u a ls  w i th  G6PD d e Đ d e n c y  
th e  s e v e r i ty  o f h a e m o ly s is  is d ire c tly  r e la te d  to  th e  d e g re e  o f 
d e A d e n c y  a n d  to  th e  q u a n tí ty  o f  p r im a q u in e  g iv en . In  
p a tie n ts  w ith  t h e  A ỉrican  v a r ia n t  th e  S ta n d ard  c o u rse  o f 
p r im a q u in e  g e n e ra lly  p ro d u c e s  a  m o d e ra te  a n d  se ư -lim itin g  
a n a e m ia ,  w h ile  in  th o se  w i th  th e  M e d ỉte n a n e a n  a n d  re la te d  
A s ia n  v a ria n ts ,  h a e m o ly s is  c a n  re s u l t  in  P ro g ressiv e  
h a e m o g lo b in a e m ia  a n d  h a e m o g lo b in u r ia  vvhich c a n  b e  
ía ta l. W h e n e v e r  possib le, th e r a p y  w ith  p r im a q u in e  s h o u ld  
b e  d e la y e d  u n tiỉ  th e  a c u te  s ta g e  oí m a la ria  h a s  b e e n  b ro u g h t  
u n d e r  c o n tro l  b y  a  b lo o d  s c h ỉz o n to d d e  b e c a u s e  of th e  risk  o f  
in d u c in g  h a e m o ly s is  a n d  c o m p ro m is in g  th e  g a s tro in te s tin a l  
to le ra n c e  o f th e ra p y .

1. C lyde DP. C ỉinỉcal p rob ỉem s a sso d a te d  vvith th e  u se  o í p r ỉm a q u ỉn e  as a  
tỉs su e  sc h izo o to d d a ỉ an d  g am etocy toc ỉdaỉ d rug . Buỉl WHO 1981; 59: 
3 9 1 -5 .

Precautions
P r im a q u in e  s h o u ld  b e  u se d  c a u tio u s ly  in  a c u te ly  ill p a tie n ts  
w i th  a n y  se rio u s  sy stem ic  d isease  c h a ra c te r ise d  b y  a  
te n d e n c y  to  g ra n u lo c y to p e n ia  su c h  as  r h e u m a to id  a r th r it is  
o r  lu p u s  e ry th e m a to su s . I t  s h o u ld  a lso  b e  u s e d  w i th  ca re  i n  
p a tie n ts  w i th  G6PD  d e B d e n c y . P r im a q u in e  s h o u ld  b e  
w ith d ra w n  if s ig n s  of h a e m o ly s is  o r  m e th a e m o g lo b in a e m ia  
o c c u r  a n d  t h e  b lo o d  c o u n t  s h o u ld  b e  m o n i to r e d  
p e rio d ica lly .

Breast ỉeeding. P rim a q u in e  s h o u ld  n o t  b e  u se d  ìn  n u rs in g  
vvom en, u n le s s  t h e  b re a s t-fe d  in la n t  h a s  b e e n  d e te rm in e d  
n o t  to  b e  G 6 P D -d e fid e n t.

Pregnancy. P rim a q u in e  s h o u ỉd  n o t  b e  g iv e n  d u r in g  
p re g n a n c y ; rad ic a l c u re  o f  v iv ax  o r  o v a le  m ala ria s  w i th  
p r im a q u in e  s h o u ld  b e  d e la y e d  in  p r e g n a n t  vvom en  u n t i l  
a f te r  d e liv e ry .1

1. P an ỉsk o  DM. K eystone  JS . T re a tm e n t o f m a laiia— 1990. Drugs 1990; 39: 
16 0 -8 9 .

Interactions
P rim a q u in e  s h o u ld  n o t b e  u s e d  w ith  d ru g s  lỉab le  to  in d u c e  
h a e m o ly s is  o r  b o n e  m arro v v  d e p re ss io n . T h e o re tica lly , 
m e p a c r in e  m a y  in c re a se  th e  p lasm a  c o n c e n tra tio n s  o f 
p r im a q u in e  re su ltin g  in  a  h ig h e r  risk  o f to x id ty ,  a n d  i t  h a s  
b e e n  r e c o m m e n d e d  th a t  th e s e  d ru g s s h o u ld  n o t  b e  u se d  
to g e th e r .

Antimalarìals. T h e  p h a rm a c o k in e tic s  o f  p r im a q u in e  w e re  
n o t  a lte re d  b y  meỊỉoquinc in  h e a lth y  s u b je c ts , ' a lth o u g h  
th e  e ữ e c t  o f p r im a q u in e  o n  m e llo q u in e  p h a rm a c o k in e tic s  
is  u n c e r ta in  (se e  u n d e r  M eA o q u in e , p . 6 5 9 .2 ). I n  a  s tu d y  
in  p a tíe n ts  w i th  m ala ria , quinine r e d u c e d  th e  p lasm a  co n - 
c e n tra tio n s  o f p r im a q u in e ,  a lth o u g h  th e  d in ic a l  im p o r-  
ta n c e  o f  th e  in te ra c tio n  w a s  u n d e a r .1

ỉ . E dw arđs G, t í  a l . ỉn te rac tio n s  am o n g  p rỉm aqu ine . m a laría  In ícc tion  a n d
o th e r  a n tim a la ria ls  In T hai sub jects. B r J  C ỉirt P harm aeo ỉ 1993; 35: 193-8 .

Pharmacokinetics
P rim a q u in e  is rea d ily  a b so rb e d  fro m  th e  g a sư o in te s tin a l  
t r a d .  P e a k  p la sm a  c o n c e n ơ a t io n s  o c c u r a b o u t  1 t o  2  h o u rs  
a f te r  a  d o se  a n d  th e n  ra p id ly  d im in ish  w ith  a  r e p o r te d  
e lim in a tio n  h a lỉ- li ỉe  of 3 to  6  h o u rs . I t  is vvidely d is tr ib u te d  
in to  b o d y  tissu es.

P r im a q u in e  is  rap id ly  m e ta b o lise d  in  t h e  liv e r. I ts  m a jo r  
m e ta b o li te  c a rb o x y p r im a q u in e  a c c u m u la te s  in  th e  p lasm a  
o n  re p e a te d  d o sag e . L ittle  u n c h a n g e d  d ru g  is  e x c re te d  in  th e  
u r in e .  .

R e íe re n c e s .
1. F Ie tch e r KA. «  a i . S tu đ lts  o n  th e  pha rm a co ld n etics  o f p r ím a q u in e . B u ll  

WH0 1981; 59 ; 4 0 7 -1 2 .
2 . v v h ite  K l. C lln ical p h a n n ac o ld n e tic s  o f  a n ú m a b i i a l  d ru g ỉ. ũ i i ì  

Pharmacokìntí 1985; 1 0 :1 8 7 -2 1 5 .
3. M ỉh a ly  GW , t í  a i  Pha rm acok ine tíc s  o f  p r im a q u in e  in  m a n . L srud ỉes of 

tb e  abso lu te  bỉoavaỉlabiU ty a n d  e ỉíec ts  o f  dose  size. Br J ctin Pharmacoỉ 
1985; 1 9 :7 4 5 -5 0 .

4 . W ard  SA, tí aỉ. P ha n n a co ỉd n e tỉc s  of p r im a q u b ie  in  m a n , n :  com parison  
oi a c u te  v s c h ro n ic  dosage ỉn  T hai sub jects. BrJ ơin Pharmacoỉ 1985; 19: 
7 5 1 -5 .

5. B h a tỉa  s c ,  t í  ứ l. P ba n n a co k ỉn e tỉc s  o f p r im a q u in e  ỉn  p a tỉe n ts  w ỉth  p. 
v ỉv a x  m a larỉa . E u r  J  ơ in  P h a rm a a l  1986; 31: 2 0 5 -1 0 .

6. R onn  A, Bygbjerg L U n e x p e a e d  hỉgh  p rim aq u ỉn e  c o n ce n tra tỉo n s  ỉn  
acu te ly  iu m alarỉa p a tíe n ts . L a n c t í 1993; 341: 305.

PreparaHons
Proprietary ftspcirotions (details a re  given in  V olum e B)

Single-ingretGent Prepararionỉ. AustraL: P rim adn; Braz.: Prim a- 
k in d ert; India: MaliriH; M alquine; PMQ-INGA; P rim adp.

Pbcmnocopoeiol Preparalions
U SP 36: Prim aquine P hosphate  Tablets.

Proguanil Hydrochloríde
IBANM, rlNNMI

Bigumalum; Chloriguane Hydrcíhloride; Chloroguanide 
Hydrochloride; Chlorowodorek Protcwanilư, Hidroeloruro de 
proguanil; Proguanide Hydrochloride; Proguariiilĩhydroklor- 
idi; Proguanil, chlorhydrate de; Prõgliarill, hídrodbrurõ'de; 
Proguanil hyd^ochlo^d, Proguanil-hldròWõriđ;, prdgũamlhy- 
drochlond, Proguanilhyđroklorid,' Progúắòili hydrochlori- 
dum; Proguamlo htdróchlorìdas;'’'RP-3339; SN-12,837; 
riporyaHnna rnflpoxnopnfl " ■ ’ . ^
1 -(4^hlorôphenyl)-5-lsopropylbiguanide hydrochloride 

.C11H)6CINs,Ha=2902 1
CAS —  500-92-5 (proguarul);' 637-32-1 (proguami hydro- 
chloride). , r y \ „
ATC —  P01B80I 
UNII —  R7ỈY86M0m

P h a rm a c o p o e ia s . I n  Eur. (see  p . v ii), ĩnt, a n d  us.
P h . E u r . 8: (P ro g u an il H y d ro ch lo rid e). A  w h i te  o r  a lm o s t 
w h ite , c rysta lline  povvder. S ligh tly  so lu b le  in  w a te r;  
sp a rin g ly  so lu b le  in  d e h y d ra te d  a lc o h o l;  p r a a i c a l l y  
in so lu b le  in  d ic h ỉo ro m e th a n e . P ro te c t fro m  lig h t.

U S P  36: (P ro g u an il H y d ro c h lo iid e ) . A  w h ite ,  c ry s ta llin e  
p o w d e r. su.gh.tly s o lu b le  in  w a te r;  sp a rin g ly  so lu b le  in  
a lc o h o l’ p rac tìca lly  in so lu b le  in  d ic h lo ro m e th a n e . P ro te c t  
fro m  l ig h t  -  •

S tobỉliiy . A lth o u g h  th e  P h . E u r. 8  d ỉrec ts  t h a t  p ro g u a n il  
h y d ro ch lo rid e  s h o u ld  b e  p r o te a e d  h o m  lig h t, s ta b ility  s tu -  
d ies1-2 suggest th a t  i t  is a  v e ry  stab le  c o m p o u n d  w ith  o n ly  
sm all a m o u n ts  o f  i ts  m a jo r  d e co m p o sitio n  p r o d u a  4 -ch lo r-  
o a n il in e  being  fo rm e d  d u r in g  th e rm a ỉ a n d  p h o to c h e m ic a l  
sn e ss .

ỉ . O w oyale JA. E lm arakby  zs. E ffe a  of sun ỉỉgh t, u ltra v io ỉe t u ra d ỉa tỉo n  a n d  
h e a t o n  proguaniL  In t  J  P h arm aeeutía  1989; 50: 2 1 9 -2 1 .

2. T ayỉor RB, t í  a i  A C hem ical stabỉlity s tudy  o ỉ p ro g u an il hydroch lo ride . 
ỉn t  J  Pharm aceu tìa  1990; 60 : 185-90.

Uses and Administration
P ro g u a n iỉ  is a  b ig u a n id e  c o m p o u n d  t h a t  h a s  l i t t ỉe  
a n tim ala ria l a c tiv ity  u n t i l  m eta b o lise d  in  t h e  b o d y  to  th e  
a c tiv e  a n tim ala ria l d ru g  c y d o g u a n il . C y d o g u a n il, like  
p y r im e th a m in e , in h ib i ts  p lasm o d ia l d ih y d ro ío la te  red u c ta se  
a n d  th u s  d isrup ts sy n th e s is  o ! n u d e ic  a d d s  in  t h e  p a ra s ite . 
C y d o g u a n il is a c tiv e  a g a in s t  p re -e ry th ro c y tic  ío rm s  a n d  is a 
s lo w -a c tin g  b lo o d  s c h iz o n to d d e .  I t  a ls o  h a s  s o m e  
s p o ro n to c id a l  a c t i v i t y ,  r e n d e r in g  t h e  g a m e to c y te s  
n o n -in fe c tiv e  to  t h e  m o sq u ito  vecto r.

T h e  v a lu e  o !  p ro g u a n i l  is l im ite d  b y  th e  r a p id  
d e v e lo p m e n t o f re s is ta n c e .

P roguan il is u s e d  o ra lly  as  th e  h y d ro c h lo r id e  fo r  th e  
c h e m o p ro p h y la x is  o f  m a la ria ,  w i th  c h lo r o q u in e  o r  
a to v a q u o n e . T h e  s c h iz o n to d d a l ac tiv ity  of c y d o g u a n il  o n  
e ry th ro cy tỉc  ỉo rm s  is to o  s low  for c y d o g u a n il  o r  p ro g u a n iỉ  to  
b e  u se d  a lone  fo r  t h e  tre a tm e n t  of m ala ria , b u t  p ro g u a n il  
h y d ro ch lo rid e  is g iv e n  w ith  a to v a q u o n e  for th e  ư e a tm e n t  o f 
u n co m p lica ted  fa ỉd p a ru m  m ala ría  (p. 6 4 4 .ỉ ) .

F o r prophylaxừ o f  m a la ria  ỉn  c o m b in a tio n  w ith  c h lo ro -  
q u in e , th e  u su a l a d u l t  da ily  dose of p ro g u an il h y d ro c h lo r id e  
is 2 0 0  m g  ta k e n  a ỉ te r  ỉo o d . F o r  p ro p h y lax is  in  c o m b in a tio n  
vvith a to v a q u o n e  2 5 0  m g, th e  d a ily  dose  o f  p ro g u a n il  
h y d ro ch lo rid e  is 100  m g . I t is g e n e ra lly  r e c o m m e n d e d  th a t  
ch em o p ro p h y la x is  ío r  tra v e lle rs  sh o u ld  s ta r t  1 w e e k  b e ỉo re  
e x p o su re  to  m a la ria , b u t  if th is  is n o t  p ossib le  i t  c a n  b e  
s ta r te d  1 to  2 d a y s  b e ỉo re  trav e l. U se s h o u ld  c o n tin u e  
th ro u g h o u t  e x p o s u re  a n d  fo r a t  lea s t 4  w e e k s  (1 w e e k  vvhen 
p ro g u a n il  is g iv e n  w i th  a to v a q u o n e )  a í te r  lea v in g  a 
m a la rìo u s  a rea .

I n  th e  treatment o f  u n c o m p lic a te d  í a lá p a ru m  m ala ria , 
a d u lt  doses a re  p ro g u a n i l  h y d ro c h lo r id e  4 0 0  m g  vvith 
a to v a q u o n e  l g ,  e a c h  o ra lly  as a  s ing le  do se  ío r  3 
c o n secu tiv e  days.

F o r  c h ild ren 's  d o se s  in  th e  p ro p h y la x is  a n d  ư e a tm e n t  of 
m a la ria , see p . 6 6 2 .1 .

C y d o g u a n il w a s  a lso  ío n n e r ly  g iv en  b y  in tra m u s c u la r  
in je c tio n  as a n  o ily  su sp e n s io n  o !  th e  e m b o n a te .

R evievvs.
1. M cKeage K. S cott u .  A ro v a quone/p roguaail: a  rev lew  o (  ỉts use  lo r  th e  

p rophylax is o i  P la sm o d iu m  ỉa ỉá p a ru m  m aỉarỉa . D ru ỹ s  2003; 63 : 5 9 7 -  
623.

2. M arra  F, t í  a t. A to v a q u o n e-p ro g u a n il ỉo r  p rophy lax is a n d  ư e a u n e n t  o ỉ 
m a  la ria. A m  Ph arm aco ther 2003; 37: 1266-75 .

The Symbol t  denotes a preparation no longer actively marketed

http://wwwnc.cdc.gov/travd/
http://www.who.int/malaria/pq_updated_
http://www.cdc.gov/mmwr/pdf/rr/
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3. N ak a to  H. t í  a i . A  sy ste m a tíc  revievv a n d  m e ta -a n a ly s ỉs  o ỉ  tb c  
e ữ e c tiv e n e t t a n d  sa ỉe ty  o f a to v a q u o n e  p ro g u a n il (M alarone) fo r 
c h em o p ro p h y ỉâ x ỉs  ag a in s t m a la ria . J  A n íim ừ ro b  Chem other 200 7 ; 60: 
9 2 9 -3 6 .

A d m in is tr a t io n  in  c h ild re n . D o sag e  re c o m m e n d a t ío n s  fo r 
p ro g u a n ỉ l  w i th  c h l o r o q u i n e  f o r  m a l a r i a  p r o p h y l a x i s  in  
c h ild r e n  h a v e  v a rie d . U K  m a la ria  e x p e r ts 1 h a v e  su g g e ste d  
th e  fo llo w in g  p ro p h y la c tic  o ra l  d o se s  o ỉ  p ro g u a n il  h y d ro -  
c h lo r id e  fo r c h ild re n  b a se d  o n  íra c tio n s  o f  th e  a d u lt  d o se  
o f  2 0 0  m g  daily :
•  u n d e r  6 .0  k g  (u p  to  12 w e e k s  o f  a g e ): o n e -e ig h th  th e  

a d u l t  dose
•  6  to  9 .9  kg (3 to  11 m o n th s ) :  o n e - q u a r te r  th e  a d u lt  d o se
•  l O t o  1 5 .9 k g  (1 y e a r t o 3 y e a r s  11 m o n th s ) : th re e - e ig h th s  

t h e  a d u ỉt  d o se
•  16  to  2 4 .9  k g  (4  y e a rs  to  7  y e a rs  11 m o n th s ) :  h aU  th e  

a d u l t  dose
•  2 5  to  4 4 .9 k g  (8 y e a rs  to  12 y e a rs  11 m o n th s ) :  th re e -  

q u a r te r s  t h e  a d u lt  do se
•  4 5  k g  a n d  o v e r  (13  y e a rs  o r  m o re ) :  t h e  a d u lt  dose  
T h e y  n o te d  th a t  b o d y -w e ig h t w a s  a  b e t te r  g u id e  to  d o sa g e  
t h a n  a g e  fo r c h ild re n  o v e r  6 m o n th s .

C h ild re n  m a y  b e  g iv en  p ro g u a n i l  w i th  a t o v a q u o n e  for 
th e  p r o p h y l a x i s  o f m a la ria .1 A  d a ily  do se  b a sed  o n  e ith e r  a 
p a e d ia tr ic  ta b le t  c o n ta in in g  25  m g  o f  p ro g u a n il  h y d ro -  
c h lo r íd e  p lu s  6 2 .5  m g  o f a to v a q u o n e  or a n  a d u lt  ta b le t  
c o n ta in in g  100  m g  o f p ro g u a n il  h y d r o c h lo r id e  p lu s  2 5 0  m g  
o f a to v a q u o n e  is a s  íollovvs:
•  c h ild re n  w e ig h in g  5 to  8  kg: h a lf  o f  a  p a e d ia tr ic  tab le t
•  >  8  to  lO k g : th re e -q u a n e r s  o f  a  p a e d ia tr ic  tab le t
•  >  10  to  2 0  kg: o n e  p a e d ia tr ic  ta b le t  o r  o n e -q u a r te r  o f th e  

a d u l t  ta b le t
•  >  2 0  to  30  kg : tw o  p a e d ia tr íc  ta b le ts  o r  h a l ỉ  oi th e  a d u lt  

t a b le t
•  >  3 0  tò  4 0  kg : th re e  p a e d ia tr íc  ta b le ts  o r  th re e -q u a r te r s  of 

t h e  a d u lt  ta b le t
•  >  4 0  kg: fo u r  p a e d ia tr ic  ta b le tỉ  o r  o n e  a d u lt  tab le t 
D oses o f  p ro g u a n il  w i th  a to v a q u o n e  fo r th e  t r e a t m e n t  of 
m a la ria , b a se d  o n  th e  a d u lt  d o se  o ỉ  4 0 0  m g  of p ro g u a n il  
h y d ro c h lo r id e  da ily , a re :
.  c h ild r e n  tv e ig h in g  5 to  8 k g :  o n e -e ig h th  th e  a d u lt  d o se
•  9  to  10 kg: th re e -s ix te e n th s  t h e  a d u lt  do se
•  11 to  2 0  kg: o n e -q u a r te r  th e  a d u lt  d o se
•  21  to  3 0  kg: h a l ỉ  th e  a d u lt  d o se
•  31 to  4 0  kg: th re e -q u a r te r s  th e  a d u lt  do se
•  4 0  k g  a n d  o v e n  th e  a d u ỉt  d o sc

1. P u b lic  H ea lth  E ng la n d . G u ide lines ÍOT n u l u t a  p re v e n ù o n  in  traveH ers 
f ro m  th e  UK (ĩssued  A u g u ỉt 2013). A v iỉla b le  á c  h ttp : //w w w .h p a .o rg . 
u k /w ebc/H P A w ebF U e/H P A w eb_C /1203496943323  ( a a x n e d  2 4 /1 0 /1 3 )

A d n ũ n is tr a t io n  in  r e n a l  im p a in n e n t .  P ro g u a n il  is e x c re te d  
b y  th e  ỉd d n e y s  a n d  s h o u ld  b e  g iv e n  in  re d u c e d  d o sa g e  o r  
a v o id e d  in  p a tie n ts  w i th  r e n ạ l  im p a in n e n t .  T h e  íollovving 
o ra l  d o se s  h a v e  b e e n  re c o m ín e n d e d  b a se d  o n  c re a tin in e  
d e a r a n c e  (CC): -
•  c c  2 0  to  5 9 m L /m in u te :  lO O m g  d a ily
•  c c  10 to  1 9 m L /m in u te :  5 0 m g  e v e ry  o th e r  d ay
•  c c  less t h a n  lO m L /m in u te :  5 0  m g  o n c e  w e e k ly

Adverse Effects and Precautíons
A p a r t  b o m  m ild  g astric  in to le ra n c e ,  d ia r rh o e a ,  a n d  so m e  
re p o r ts  o f a p h th o u s  u lc e ra tio n  th e r e  a p p e a r  to  b e  few  
a d v e rs e  effec ts  a s s o d a te d  w ith  u s u a l  d o ses  o f p ro g u a n ỉl  
h y d ro c h lo r id e .  T h e re  h a v e  b e e n  r a r e  re p o r ts  o f  h y p e rse n s i-  
tiv i ty  r e a c t io n s  in d u d in g  u r tic a r ia  a n d  a n g io e d e m a . R a re  
cases  o f  s e iz u res  a n d  p sy c h o tic  e v e n ts  h a v e  a lso  b e e n  
re p o r te d .  H a e m ato lo g ic a l c h a n g e s  h a v e  b e e n  re p o r te d  in  
p a tie n ts  w i th  s e v e re  r e n a l  I m p a ũ m e n t .  O v erd o sag e  m a y  
p r o d u c e  ep ig a s tric  d isc o m ío rt, v o m itin g , a n d  re n a l  ir r ita tio n  
Ie a d in g  to  h a e m a tu r ia .

P ro g u a n il  s h o ti ld  b e  u s e d  vvith  c a u tio n  in  p a tie n ts  w i th  
r e n a l  im p a in n e n t ;  do sag e  s h o u ld  b e  re d u c e d  a c co rd in g ly  
(se e  u n d e r  U ses a n d  A d m in is tra t io n , a b o v e ).

P ro g u a n il  m a y  b e  ta k e n  d u r ín g  p re g n a n c y , b u t  UK  
g u id e lỉn e s  re c o m m e n d  th a t  ío la te  s u p p le m e n ts  (lo lic  a d d  
5 m g  d a ily )  s h o u ld  a lso  b e  g iv e n ; h o w e v e r ,  t h e  c o m b in a tio n  
o f  p ro g u a n i l  w i th  a to v a q u o n e  s h o u ld  b e  a v o id e d  as d a ta  
r e g a rd in g  th e  s a ỉe ty  o f a to v a q u o n e  a re  l a d ô n g .

F o r  in ỉo n n a t io n  o n  th e  a d v e rse  e ữ e c ts  a n d  p re c a u tio n s  
a s s o d a te d  vrâth t h e  u se  o f p ro g u a n i l  w i th  a to v a q u o n e , see 
u n d e r  p .  9 2 9 .1 .

U n til  1985 p ro g u a n i l  w a s  g e n e ra lly  ta k e n  in  a  d o se  of 
lO O m g d a ily  fo r  m a la ria  p r o p h y la x is  w i th  few  a d v e rse  
e fie c ts . A l th o u g h  th e r e  vvas n o  in c re a se  in  se rio u s  a d v e rse  
e ổ e c ts  w h e n  th e  d o se  w a s  in c re a se d  to  2 0 0  m g  daily , a n d  it 
b e g a n  to .b e  u s e d  w i th  c h lo ro q u in e ,  th e r e  w e re  a n  in c re a s in g  
n u m b e r  o f  r e p o r ts  o f  re v e r s ib le  a p h th o u s  u lc e r a t io n .1 
C h lo ro q u in e  m a y  e x a c e tb a te  th is  e f f e a .2 T h e re  h a s  a lso  
b e e n  a  r e p o r t  o f  rev e rs ib le  a lo p e d a  in  w o m e n  a n d  sca lin g  of 
t h e  s k in  in  b o th  m e n  a n d  w o m e n  u s in g  p r o g u a n il .3 M o re  
s e v e re  s k in  r e a c t io n s  h a v e  b c e n  c o u p le d  vvith sy m p to m s 
s u c h  a s  a c u te  e o s in o p h ih c  p n e u m o n ia  a s  p a rt  o f a 
h y p e rs e n s it iv ity  re a c t io n .4

M e g a lo b las tic  a n a e m ia  a n d  p a n c y to p e n ia  h a v e  b e e n  
a s s o d a te d  w ỉ th  p ro g u a n il  a c c u m u la t io n  in  p a tie n ts  w i th  
r e n ạ l  im p a in n e n t .5-6

1. P c to  IS A . T o x id ty  o í ao ttana la tia l d rugs. J  R  S o cM e d  1909; 8 2  (suppl 17): 
30 —4.

2 . D rysdale  SF, í t  a l . P roguanU . ch lo ro q u in e . a n d  m o u th  u lcers . L a n a t  
1990; 335: 164.

3. H an so n  SN, t t  a l  H a lrlo t t an d  scallng  w ith  p ro g ú an il . l a n a t  1989; 1:225 .
4 . J u s t  N , et a t  S eve re  h y p e rsc n s iư v ỉty  re a c tỉo n  a s  a c u te  e o sinoph ilic  

p n e u itu m ỉa  a n d  sk ỉn  e ru p tỉo n  in d u c ed  by  p ro g u an ỉl . H ur R ts p i r  J  2011 ; 
37 : 1 526 -8 .

5. B oots M . t i  a i  M egalob lastlc  a n em ia  a n d  p a n cy to p c n ia  d u e  to  p ro g u an ỉl 
ỉn  p a d e n ts  w ỉth  d ư o n ỉc  ren a l ĩa ílu re . O m  N ep h ro ỉ 1982; 18: 106-8 .

6. Jo lìn k  R. t t  a ì . P an c y to p en ỉa  d u e  to  p ro g u an ỉl to x id ty  ỉn  a  r e tu m ỉn g  
tra v e lle r  w ỉth  lever. E u r J  ơ ir t  ph arm a co l 2 01 0 ; 66 : 8 1 1 -1 2 .

Porphyria. T h e  D ru g  D a tab ase  fo r  A c u te  P o rp h y ria , c o m - 
p ile d  b y  th e  N o n v e g ia n  P o rp h y ria  C e n ư e  (N A PO S) a n d  
th e  P o rp h y ria  C e n ơ e  Svveden, d a s s ih e s  p y r im e th a m in e  as 
po ssib ly  p o rp h y rin o g e n ic ;  i t  sh o u ld  b e  u se d  o n ly  vvhen n o  
s a íe r  a l te m a t iv e  is a v a ila b le  a n d  p re c a u t io n s  s h o u ld  b e  
c o n s id e re d  in  v u ln e ra b le  p a tie n ts .1

F o r  a  d ỉscu ss io n  o f th e  use  o f  o th e r  a n tim a la ría ls  in  
p a t ie n ts  w i th  p o r p h y r ia ,  see  u n d e r  P r e c a u t io n s  lo r  
C h lo ro q u in e , p . 6 5 3 .1 .

1. T he D rug D aiabase  ío r A cuic  P o rphy ria . A vailđblc ai: h itp : //w w w . 
d ru g s-p o rp h y ria .o rg  (accesscd 12 /10 /11 )

Interactions

Antidepressants. Fluvoxamine c an  v ir tu a lly  a b o lis h ' th e  
m e ta b o lism  o f  p ro g u a n il  to  its  a a iv e  m e ta b o li te  c y đ o g u a -  
n il Via a n  in h ib i to ry  effecr o n  th e  c y to c h ro m e  P 4 5 0  iso e n -  
z y m e  CYP2C19.

1. Je p p ese n  u .  t í  a l . T he CYP2C19 cata lyzed  b ỉo a a iv a tỉo n  o f p ro g u an il is 
abo lished  d u r in g  r iu voxam ỉne  in ta k e . E u r  J  C ĩin  P h an n aco l 1997; 52 
(supp l): A I 34.

Warfarin. F o r  a  r e p o r t  of h a e m a tu iia  a n d  h ig h  p r o th ro m -  
b ih  ra t io  in  a  p a tie n t  s tab ilised  o n  v v aría rin  vvho to o k  p ro -  
g u a n il  fo r  m a la rỉa  p ro p h y la x is , see  p. 15 3 2 .2 .

Pharmacokinetics
P ro g u a n il  is re a d ily  a b so rb e d  fro m  th e  g a s tro in te s tin a l  tra c t 
a ỉ te r  o ra l  d o ses  a n d  p e a k  p lasm a  c o n c e n tra t io n s  o c c u r 
w i th in  a b o u t  4  h o u r s .  Ít is a b o u t  7 5 %  b o u n d  to  p lasm a  
p ro te in s . P ro g u a n il  is m e ta b o lise d  in  th e  liv e r  to  th e  a c tiv e  
m eta b o li te  c y c lo g u a n il. P e a k  p lasm a  c o n c e n tra t io n s  o f 
c y d o g u a n il  o c c u r  a b o u t  1 h o u r  a í te r  th o se  o f  th e  p a re n t  
d ru g . T h e  e lim in a tio n  h a lỉ- liv e s  o f  b o th  p ro g u a n i l  a n d  
c y d o g u a n il  a re  a b o u t  2 0  h o u rs .  A b o u t 4 0  to  6 0 %  of 
p ro g u a n il  is e lim in a te d  in  th e  u r in e ,  o f w h ic h  6 0 %  is 
u n c h a n g e d  a n d  3 0 %  c y d o g u a n il .  T h e re  is a lso  so m e  
e lim ỉn a tio n  Via th e  íaeces . P ro g u a n il  is d is tr ib u te d  in to  
b re a s t  m ilk  in  sm a ll a m o u n ts  (w h ic h  a re  n o t  a d e q u a te  to  
p ro v id e  c h e m o p ro p h y la x is  fo r th e  in ỉa n t) .

E a rly  s tu d ie s  ío u n d  p ro g u a n il  to  b e  w e ll a b so rb e d  íro m  
th e  g a s tro in te s tin a l  t r a d  vvith p e a k  p la s m a  c o n c e m ra t io n s  
o c c u rr in g  a h e r  a b o u t  4  h o u r s .1 In  m o re  re c e n t  s tu d ie s , p e a k  
p lasm a  c o n c e n ư a tio n s  o f p ro g u a n il  h a v e  b e e n  a c h ie v e d  
vvith ln  2  to  4  h o u r s .2"4 P lasm a  p r o te in  b in đ in g  fo r  p ro g u a n il  
is 7 5 % .5 P ro g u a n il  is m e ta b o lis e d  in  t h e  l iv e r1 to  th e  a c tiv e  
m e ta b o li te  c y d o g u a n il  a n d  to  p - c h lo ro p h e n y lb ig u a n id e  
v v h ich  is  in a c t iv e .  P e a k  p la s m a  c o n c e n t r a t i o n s  o f  
c y d o g u a n il  o c c u r  a b o u t  5 .3  h o u rs  a í te r  doses  o f p r o g u a n il .4 
U n lik e  p ro g u a n i l  a n d  p -c h lo ro p h e n y lb ig u a n id e ,  c y d o g u a n il  
is n o t  c o n c e n tra te d  in  e ry th ro c y te s  a n d  th u s  c o n c e n tra tio n s  
o f c y d o g u a n iỉ  i n  p lasm a  a n d  w h o le  b lo o d  a re  s im ila r .4 T h e  
e lim in a tio n  h a ư - liv e s  fo r p ro g u a n i l  a n d  c y d o g u a n il  a re  
a b o u t  2 0  h o u r s .5 4 A  re v ie w  oí e a rly  s tu d ie s  States th a t  4 0  to  
6 0 %  of a  d o se  o f  p ro g u a n il  is e x c re te d  in  t h e  u r in e ,  6 0 %  of 
th is  as th e  u n c h a n g e d  d ru g . 3 0 %  as  c y d o g u a n il ,  a n d  8 %  as 
p -c h lo ro p h e n y lb ig u a n id e .1 A b o u t 10 %  o f a  do se  is e x c re te d  
in  t h e  ía e c e s .1 H ovvever, th e se  v a lu e s  c a n  v a ry  gTeatly a n d  
v d d e  in te i in d iv id u a l  v a ria tio n s  in  t h e  a b ility  to  m eta b o lis e  
p ro g u a n i l  to  c y d o g u a n ii  h a v e  b e e n  r e p o r te d .3'6'7 M a la ria  
p ro p h y la x is  w i th  p ro g u a n il  m ig h t b e  less  e íle c tiv e  in  p o o r  
m e ta b o lis e rs  a l th o u g h  th is  h a s  n o t  b e e n  p ro v e d  c o n d u -  
sively* a n d , anyvvay , o th e r  íac to rs  s u c h  as  la c k  o f  p ro te c tio n  
a g a in s t  m o sq u ito e s  a n d  se n sitiv ity  o f  th e  m a la ría  p a ra s ỉte  
m ig h t b e  m o re  im p o r ta n t . ,

P la sm a  c o n c e n tra t io n s  o í  c y d o g u a n il  m a y  b e  re d u c e d  in  
th e  t h ứ d  t r im e s te r  o f  p re g n a n c y .10

1. W h ỉte  N J. C lỉn ỉcaỉ pha rm acok lnec ics  o f a n tìm a la r ia l d rvgs. C lĩn  
P h a rm cco h n e t  1985; 10: 187-215 .

2. K elly  JA . t í  a l . T he  k ine tic s of p ro g u an il d u r in g  p rophy lax is . Tra n s R  Soc 
T ro p M e đ  H y s  1986; 80: 338.

3 . W atk ỉn s  W M . t í  a i  V ariabillry  in  th e  m e tabo ỉU m  o ỉ p ro g u am ỉ to  th e  
a c tive  m e tab o liie  cycloguanil in  b e a lth y  K en y a n  ad u lts . T ra n s  R  Sữc Trơ p  
M e d  H yg  1990; 84 : 4 9 2 -5 .

4 . W atta n ag o o n  Y. t t  a i  S ingle dose p h a rm a co k ỉn e tỉc s  o f p ro g u an il a n d  ỉts 
m e u b o lỉ te s  in  h e a ltb y  sub jects. B r  J  ơ h t  P h arm aco l 1987; 2 4 : 7 7 5 -8 0 .

5. Ja eg e r  A. et a l. C lỉnỉcaỉ ỉe a tu re s  a n d  m a n a g e m e n t o f  po iso n ln g  d u e  to  
a n tim a la r ía ỉ d rugs. M e d  Toxicửl 1987; 2 ỉ 2 4 2 -7 3 .

6. VVard SA. et a i . I n te r - s u b je a  v a riab ỉlity  In  th e  m e tab o ỉữ ra  o í p ro g u an iỉ to  
th e  active  m e tab o lite  c y d o g u a n il ỉn  m a n . B r  J  ơ in  P h arm aco ỉ 1989: 27 : 
7 8 1 -7 .

7. H elsby NA. t i  a l . T he  m u ltíp le  dose  p h a n n a c o k in e tic s  o f p rỡ g u an il. B r J  
cĩùi P hanrtữco l 1 993; 35 : 6 5 3 -6 .

8. M b e ru E K .tr a / .J a p a R e s e p o o r m e ta b o ỉ Ìz e r 5 o fp r o g u a n ỉỉd o n o th a v i  a n  
in ơ e a s e d .r is k  o í  m a ỉa r ỉa  c h em o p ro p h y la x is  b re a k th ro u g h . T ra n s  R  Soe  
ĨỶ o p  ú t d  H y$  1995; 8 9 :6 5 8 - 9 .

9. Skjclbo E, e t a ỉ. C h ỉo ro g u a n ỉd e  m e tabo ỉism  in  r e ỉa tỉo n  to  t h e  e ỉficac  ' ỉn  
m a ỉarỉa  p ro p h y lax is  a n d  th e  S -m e p h en y to in  o x ỉd a tỉo n  in  T a n z a n i n s . 
Q in  P h am utco Ị T H tr  1996; 59: 3 04 -11

10. W an g b o o n sk u ỉ J .  t t a ỉ .  S ỉng ỉe  dose p h a n n ac o lrin e tỉc s  o ỉp r o g u a n i ỉ  a n  its 
m e tab o ỉỉte s  in  p reg n a n cy . B u r J ơ i n  P h arm aco ỉ 1993; 4 4 : 2 4 7 -5 1 .

Preparahons
Proprietary Preparations (details a re  g ìven  in  V olum e B)

Sinqle-ingredìent preparations. AustraL: P a lu d rin e t;  Austi ia: 
P aludrine f; Belg.: P a ludrine; Fr.: palud rlne; Ger.: Pa lud ri le; 
Gr.: Paludrine; ỉndùr. Laveran; IrL: P a lu d rin e t; /to /.:  Pa u- 
drineỷ; Neth.: Pah id ilne ; Singapore: P a ludrine; Swed.: Pa u- 
d r in e t;  UK: Paludrine.

M uhi-ingredient Preporations. Austral.: M alarone; Austi ia: 
M alarone; Belg.: M aĩarone; Canad.M alarone; chile: M alaro  le; 
Cz.: M alarone; Denm.: M alarone; Fin.: M alarone; Fr.: M al ir- 
one; Nopalu; Savarine; Ger.: M alarone; Cr.: M alarone; Sav ir- 
ine; Hong Kongr. M alarone; Hung.: M aiarone; Irỉ.: M aiaro  le; 
Israet: M alarone; /to /.: M alarone; Jpn: M alarone; Malayi 'ta: 
M alarone; Neth.: M alarone; Norw.: M alarone; NZ: M alarone; 
Pol.: M alarone; Fort.: M alarone: S.Afr.: M alanil; singapc re: 
M alarone; Spain: M alarone; Swed.: M alarone; Switz.: M al ir- 
one; Thai.: M alanil; UK: M alarone; Reprapog; USA: M alaron :.

pharmocopoeiol Preporotioni
BP 2014: Proguaníl Tablets.

Pyrimethamine (SAN, riNNi

BW-50-63; Pirimetamin; Pirimetamina; Pirimetaminas; p r- 
ymetamina; Pyrímetamiini; Pyrimetamin; Pyrimethami ì; 
Pyriméthamine; Pyrimethaminum; RP-4753; nnpMMeTaMMh. 
5-(4-Chlorophenyl)-6-ethylpyrimidine-2,4-diyldiamine. 
C)2H,3CIN4=248.7 
CAS — 58-14-0.
ATC —  P01BD01.
UNII —  Z3614QOX8W.

P h a rm a c o p o e ia s .  In  Chin., Eur. (see  p . v ii) , Int.. us. a n d  V;ef. 

P h . E u r .  8: (P y rim e th a m in e ) .  A n  a lm o s t w h i te  c ry s ta ll ii ie  
povvder o r  co lo u rless  cry sta ls . P ra c tica lly  in so lu b le  in  vvatcr; 
s lig h tly  so lu b le  in  a lc o h o l. P r o te a  h o m  lig h t.

U S P  36: (P y r im e th a m in e ) .  A w h i te ,  o d o u r le s s ,  c ry s ta ll in e  
povvder. P rac tica lly  in so lu b le  in  vvater; so lu b le  1 in  2 0 0  of 
a lc o h o l a n d  1 in  125 o f  c h lo ro ío rm ; s lig h tly  so lu b le  in  
a c e to n e . S to re  in  a ir t ig h t  c o n ta in e rs . P r o t e a  f ro m  lig h t.

Uses and Administratíon
P y r im e th a m in e  is  a  d ia m in o p y r im id in e  a n tim a la r ía l  u sc d  
w ith  a  su lío n a m id e  in  th e  t r e a tm e n t  o f  m a la r ia  (s^e 
p .  6 4 4 .1 )  a n d  to x o p la sm o s is  (see  p . 6 6 3 .1 ) .  P y r im e th a m in e  
w ith  su U ad o x in e  h a s  a lso  b e e n  u se d  in  t h e  t r e a tm e n t  of 
a c tin o m y c e to m a  (p . 6 6 3 .1 ), f o r  p ro p h y la x is  o f  p n e u m o -  
cystis  p n e u m o n ia  (p . 6 6 3 .1 ), a n d  in  t h e  t r e a tm e n t  3f 
isosporias is  (p . 6 6 3 .1 ).

P y r im e th a m in e  e x e r t s  its  a n t im a la r ia l  a c t iv i ty  l y  
in h ib i tin g  p la sm o d ia l  d ih y d ro ío la te  re d u c ta se ,  t h u s  in d ir -  
ec tly  b lo d d n g  th e  s y n th e s is  o f n u c le ic  a d d s  i n  t h e  m a la i  ia 
p a ra s ite . I t  ứ  a c tiv e  a g a in s t  p r e - e r y th r o c y tic  fo rm s  a n d  is 
a lso  a  s lovv-acting  b lo o d  sc h iz o n to c id e . I t  a lso  h a s  so n .e  
sp o ro n to c id a l  ac tiv ity ; i t  do es  n o t  p r e v e n t  t h e  ío rm a t io n  )f 
g a m e to c y te s  b u t  r e n d e r s  t h e m  no n -in fectiv e  to  tl  e 
m o sq u ito  v e c to r . I t  is m a in ly  e ííe c tiv e  a g a in s t  Plasmodiu n 
Ịalãparum b u t  h a s  so m e  a c tiv ity  a g a in s t  p. vivax.

T h e  d e v e lo p m e n t  o f  p la sm o d ia l  re s is ta n c e  h a s  r e n d e r r  d 
o b so le te  t h e  u se  oi p y r im e th a m in e  o n  i ts  o w n  in  m a la r i  1. 
C o m b in a tio n s  o( p y r im e th a m in e  w ith  lo n g -a c tin g  suU on , 1- 
m id es , su c h  as  su U a d o x in e  o r  su lfa m e to p y ra z in e ,  a re  n o  V 
u se d , a l th o u g h  re s is ta n c e  h a s  a lso  d e v e lo p e d  to  th e m .

F o r  th e  treatment o f  u n c o m p lic a te d  ía lc ip a r u m  m a l a r i  1, 
p y r im e th a m ìn e  is g iv e n  o ra lly  vvith s u lỉa d o x in e  in  a  fix t d 
d o se  ra t io  o f  1 to  2 0  (Fansidar). W H O  r e c o m m e n d s  t h a t  a 
sin g le  d o se  o f p y r im e th a m in e  1 .2 5 m g /k g  p lu s  s u l ía d o x ir e  
25  m g /k g  b e  u se d  w i th  a  3 -d ay  c o u rse  o f  a r te s u n a te .

F o r  d e ta ils  o f  d o se s  i n  c h ild re n , see  belovv.
A  c o m b in a tio n  o f  p y r im e th a m in e  w i th  s u lía m e to p y  - 

a z in e  h a s  a lso  b e e n  u s e d  in  th e  t te a tm e n t  o f m a la ria .
P y r im e th a m in e  a n d  p y r im e th a m in e  c o m b in a tio n s  a re  r  3 

lo n g e r  re c o m m e n d e d  fo r  prophylaxis oí m a la r ía .  C o m b in e  i  
p re p a ra tio n s  o f p y r ú n e th a m in e  w i th  su U a d o x in e  (Faníidar , 
a n d  vvith d a p so n e  in  a  íix e d  ra t io  o f 1 to  8  (Maloprím), h a \  e 
b e e n  u s e d  in  a re a s  o f  c h lo ro q u in e  o r  m u l t id r u g  re s is ta n c i •, 
a l th o u g h  o th e r  a n tim a la r ia ls  a re  n o w  p re íe r re d .

P y r im e th a m in e  g iv e n  vvith a  s u lío n a m id e  s u c h  í s 
su lia d ia z in e  is u se d  in  t h e  ữ e a tm e n t  o f  t o x o p l a s m o s i :. 
A lte m a tiv e ly , p y r im e th a m in e  m a y  b e  g iv e n  w i th  c l in d í -  
m y d n  in  A ID S p a tie n ts  w i th  to x o p la sm o s is  u n a b le  t3  
to le ra te  a  s u lío n a m id e . F o r  de ta ils  o f d o sa g e  r e g im e n s  u se d , 
see  p . 6 6 3 .1 .

Adminiỉtration in children. P y r im e th a m in e  m a y  b e  u se d  
o ra lly  w i th  su ư a d o x in e  (as t h e  f ix e d -d o se  c o m b in a tio a
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p ro d u c t  ĩansidar) i n  in ía n ts  a n d  c h ild re n  2  m o n th s  o f a g e  
a n d  o ld e r  fo r th e  ư e a tm e n t  o f  u n c o m p l ỉ c a t e d  í a l d p a r -  
u m  m a l a r í a .  W H O ' re c o m m e n d s  a  s in g le  o ra l  dose o f  
p y r im e th a m in e  1 .2 5 m g /k g  (w ith  su lía đ o x in e  2 5 m g /k g )  
b e  g iv en  w ith  a  3 - d a y  r e g ữ n e n  o f a r te s u n a te .

A lte m a tìv e ly , us lic e n s e d  p r o đ u c t í n fo n n a t io n  p ro v id es  
t h e  ỉollovving d o s in g  r e c o m m e n d a tío n s  b a sed  o n  b o d y - 
vveight fo r  c h ild re n  2  m o n th s  o f  age a n d  o ld er:
•  5 to  lO k g : 1 2 .5 m g  w ì th  su U ad o x in e  2 5 0 m g
•  11 to  2 0  kg: 25  m g  w i th  su lỉa d o x in e  5 00  m g
•  21  to  3 0 k g : 3 7 .5 m g  w ith  su lỉa đ o x in e  7 5 0 m g
•  31 to  4 5  kg: 50  m g  w i th  su lỉa d o x in e  1 g
•  o v e r  4 5  kg: a s  ỉo r  a d u lts
I n  in ỉa n ts  a n d  c h ilđ re n , p y r im e th a m in e  m a y  a lso  b e  u se d  
w ith  su lfa d ia z in e  ỉ o r  t h e  m a n a g e m e n t  o f  to x o p lasm o sis. F o r  
h x r th e r  de ta ils  a n d  d o ses, s e e  u n d e r  U ses a n d  À d m in is tra -  
t io n  o ỉ  S u l ỉa d ia â n e , p . 3 6 2 .1 .

1. W H O . G uide ỉines f o r  the  treatm ent o f  m a ia ria . 2 n d  ed . G eneva: W HO, 
2010 . A vailab le  a t:  h c tp ://w h q U b d o cw h o .ỉm /p u b lỉc a t ỉo n s /2 0 ỉ0 /
9 7 8 9 2 4 1 5 4 7 9 2 5 .e n g .p d f  (accessed  0 9 /0 7 /1 0 )  U pdate  (issucd A pril 
2011) avaỉỉab le  a u  h ttp : //w w w .w h o .m ư ra aU n a /p u b lic a t io n s /a co z /m a l_  
CTeatchild_revised.pdf (accessed  2 0 /05 /11 )

Isosporíasis. Iso sp o rias is  (p . 921 .3 ) u s u a lỉy  resp o n d s  weU 
to  t r e a tm e n t  w i th  c o -tr im o x a z o le , b u t  th e r e  is a  h ig h  i n d -  
d e n c e  o f r e m r r e n c e  in  im m u n o c o m p ro m is e d  p a tíen ts , 
s u c h  as  th o se  w i th  A ID S, a n d  so m e fo rm  o f m a in te n a n c e  
th e r a p y  is g e n e ra lly  r e q u ire d .-O ra l  t h e r a p y  w i th  co -tr im - 
o x a z o le  9 6 0  m g  g iv e n  th re e  tim e s  vveekly  o r  p y r im e th -  
a m in e  25  m g  vvith su lfa d o x in é -5 0 0 m g  g iv e n  w e e k ly  w e re  
í o u n d  to  b e  e q u a lly  e ííe c tiv e  m a in te n a n c e  reg im e n s .1 Pyri- 
m e th a m in e  g iv en  a lo n e  in  d a ily  doses o f 50  to  7 5  m g  w ith  
ío ỉa te  th e r a p y  m a y  b e  o f  u s e  in  th e  t r e a tm e n t  o f  p a tie n ts  
s e n s id v e  to  su U o n a m id e s .2

1. P ape  JW , et a l. T re a tm e n t a n d  p rophy ỉax ỉs  o ỉ Isospora  bc lli in íec tỉon  ỉn  
p a tíe n ts  w ith  che a c q u ire d  ừ n m u n o d c S d e n c y  sy n d ro m e . N  E n g ỉ J  M e d  
1989; 320: 1044 -7 . s

2 . W eiss LM, et a ỉ . I so spo ra  b e ỉỉi in íectỉoD : ữ e a tm e n t  w ỉth  p y rim e th am m e. 
A n n  In te m  M e d  ỉ  98 8 ; 1 0 9 :4 7 4 -5 .

Malaria. T h e  o v e ra ll  t r e a tm e n t  a n d  p ro p h y la x is  o f m ala ria  
a n d  th e  p lac e  o ỉ  p y rứ n e th a m in e -s u lía d o x m e  (Fansidar) in  
c u n re n t re c o m m e n d a t io n s  a re  d iscussed  o n  p . 6 44 .1 .

Mycetoma. F o r  re fe re n c e  to  t h e  u se  o f  p y r im e th a m in e  as  
p a r t  o f th e  t te a tm e n t  o f  a c tin o m y c e to m a , see  u n d e r  M yce- 
to m a , p . 193 .1 .

Pneumocystis pneumonia. F o r  a  m e n t io n  o ỉ  p y r im e th -  
a m in e  w ith  e i th e r  d a p s o n e  o r  su lỉa d o x in e  fo r  th e  p ro p h y -  
lax is  o f p n e u m o c y s tis  p n e u m o n ia ,  a n d  a  d iscu ssio n  of c o n -  
v e n tio n a l  p ro p h y la x is  a n d  t re a tm e n t,  se e  p . 567 .2 . F o r  
d e ta ils  o ỉ  doses u se d , see  u n d e r  Uses a n d  A d m in is tra tỉo n  
o f  D a p so n e , p . 2 8 2 .1 .

Ibxoplasmoỉũ. P y r im e th a m in e  is g iv en , u su a lly  w ith  su l-  
fa d ia z in e  o r  a n o th e r  a p p ro p r ía te  su lp h o n a m id e , in  th e  
t r e a tm e n t  o f to x o p la sm o sis  (p . 924 .2 ), in d u d in g  th e  m a n -  
a g e m e n t  o f  c o n g e n ita l  to x o p lasm o sis  in  n e o n a te s  (see  
A d m in is tra t io n  in  C h ild re n , u n d e r  S u l ía d ia ã n e , p . 3 62 .1 , 
fo r  doses), a l th o u g h  th e  m a n a g e m e n t  o f  m a te m a ỉ  a n d  
íe ta l  in íe c tio n  m a y  v a ty  co n s id e rab ly  f ro m  c o u n try  to  
c o u n try . F o lin ic  a d d  is a lso  g iv en  to  c o u n te r a d  th e  
m eg a lo b la s tic  a n a e m ia  a s s o d a te d  tv ith  th e s e  reg im ens.

I n  th e  us, g u id e l in e s  fo r  t h e  tre a tm e n t  of o p p o ttu n is t ic  
in íe c tio n s  in  H T V -infected  a d u lts  a n d  a d o le sc e n ts1 co n s id e r  
p y r ìm e th a m in e  p lu s  s u l ỉa d ia á n e  to  b e  t h e  in it ia l  th e ra p y  o ỉ  
c h o ic e  fo r  Toxoplasma gottdii e n c e p h a litis  a n d  re c o m m e n d  
th e  ío llo w in g  doses, b a se d  o n  b o d y -w e ig h t, b e  g iven  fo r a t  
le a s t  6 w eek s:
•  less t h a n  60  kg: p y r im e th a m in e  2 0 0  m g  orally , fo llow ed  

b y  50  m g  d a ily  p lu s  s u lỉa d ia d n e  1 g  o ra lly  e v e ry  6 h o u rs
•  6 0  kg  o r  m o re :  p y r ũ n e th a m in e  2 0 0  m g  o ra lly , fo llo w ed  

b y  75  m g  d a ily  p lu s  su lfa d ia z in e  1.5 g  o ra lly  e v e ry  6  h o u rs
P y r im e th a m in e  w i th  d i n d a m y d n  is a n  a lte m a tiv e  in  
p a tie n ts  u n a b le  t o  t o le r a te  a  su U o n am id e , ío r  h i r th e r  
in ío rm a t io n  see  u n d e r  C lin d a m y d n , p . 2 7 1 .1 .

O th e r  d ru g s t h a t  h a v e  b e e n  trie d  w ith  p y r im e th a m in e  
i n d u d e  a á t h r o m y d n ,2 d a r i t h r o m y d n ,3 a n d  d o x y c y d in e .4-5 

F o r  long-term maintenance th e r a p y ,  us g u id e l in e s 1 
r e c o m m e n d  th a t  p y r im e th a m in e  25  to  50  m g  be  g iv e n  
o ra lly  o n c e  d a ily  vvith  s u U a d ia á n e  2 to  4  g  d a ily  d iv id ed  in  2  
o r  4  o ra l doses; d in d a m y d n  m a y  b e  u se d  as  a n  a lte m a tív e  to  
su lfa d ia z in e  if n e c e s sa ry . A lte m a tiv e ly , p y rim e th a m in e  
2 5 m g  d a ily  h a s  b e e n  u se d  w i th  a to v a q u o n e  7 5 0  m g  o ra lly  
e v e ry  6 to  12 h o u r s .

A lth o u g h  n o t  ty p ic a lly  c o n s id e red  f lrs t- lin e  th e ra p y , 
p y r im e th a m in e  m a y  a lso  b e  u se d  fo r  primary prevmtion o f 
to x o p la sm o sis  w i th  e i th e r  a to v a q u o n e  o r  d a p so n e  ỉn  t h e  
íollovvdng re g im e n s :1
•  2 5 m g  d a ily  v r ith  a to v a q u o n e  1 .5 g  d a ily
•  50  m g  o n c ẽ  w e e k ly  w i th  d a p so n e  50  m g  d a ily
•  7 5  m g  o n c e  w e e k ly  vvith  .d ap so n e  2 0 0  m g  o n c e  vveekly 

(a l th o u g h  th is  r e g im e n  m a y  b e  p o o r ly  to le ra te d 6)

P y r im e th a m in e  w ith  su lía d o x in e , a lso  g iv e n  o n c e  vveekly, 
w a s  of b e n e h t  in  b o n e  m arrovv ư a n s p la n t  r e d p ie n ts .7

1. CDC. G uide lines  ío r  p rev e n tìo n  a n d  t r e a u n e n t  o í opp o rtu n istíc  
in íecũons in  H IV -lnfected adu lts a n d  adoỉescen ts : ree o m m e n d a tio n s  
from  CDC. th e  N atio n al In s tìtu te s  o f H ealth , a n d  th e  HIY M e d ỉd n e  
A ssoda tíon  of th e  In íec tío u s  D ỉseases S o d e ty  o ỉ A m erica . M M W R  2009; 
38: (RR-4): 1 -207 . A lso a vailab le  a u  h ttp ://w w w .c d c .g o v /rn m w r /p d l /ư /  
Ir5804 .pd f (accessed 15 /09 /09 )

2 . Saba J, t ỉ  a i  p y r ỉm e th am in e  p lu s a r i th ro m y đ n  ỉo r  tr e a tm e n t o f  a cu te  
xoxopỉasm ic e nce p h aỉỉtis  in  p a tỉen ts  w ith  AỈDS. E u r  J  C lin  M ừ ro b io i ỉn Ịc ữ  
D ừ  1993; 12: 853 -4 .

3. F e m a n d ez -M artỉn  J, et a i. p y r im e th a m in e -d a r ith ro m y c ìn  co m b in atỉo n  
ĩh e ra p y  o f  a c u te  T oxopỉasm a e n c e p h a ỉitú  ỉn  p a tie n ts  w ỉth  AIDS. 
A n tìm ừrob  Agents C hem ather 1991; 35 : 2 0 4 9 -5 2 .

'4 .  M orris JT , K elly  JW . E ữective  t r e a tm e n t o ỉ cereb ra ỉ toxopỉasm osis w ỉth  
do x y c y d in e . A m J M e d  1992; 93 : 107 -8 .

5. H agberg L  t í  a i  D o x y cy d in e  a n d  p y r ỉm e th am ỉn e  fo r  toxopỉasm ic  
encephalitỉs . Scand J  In fe ứ  D ừ  1993; 25 : 1 57 -60 .

6. O pravtl M .  t í  a l . O nce-w eek ỉy  a d m ln is tra tỉo n  o ỉ d a p s o n e /p y r im e th ' 
am in e  vs. aero so ỉỉzeđ  p e n ta m ỉd ỉn e  a ỉ  co m b in ed  p ro p h y ỉax ìs  fo r 
Pneum ocystís cartn iỉ p n e u m o n ia  a n d  toxop ỉasm ỉc  e n ce p h a lỉt íỉ in  
h u m a n  im ra u n o d ef id en c y  v iru s -ỉn ỉe c te d  p a tỉen ts . C ỉin  ĩn fe đ  D ừ  1995; 
2 0 :5 3 1 -4 1 .

7. F oo t A BM , t í  a ỉ . P rophy lax ỉs  o ỉ  to x o p ỉa sm o sis  ỉn íe c t ỉo n  w ith  
p y rỉm e th am in e / ỉu lía d o x in e  (F ansida r) in  b o n e  m a rro w  tra n s p U n t 
re típ ien ts . B c n t  M o t t ơ w  Tra n sp hm t 1994; 14: 2 4 1 -5 .

Adverse Effeds and Treatment
U se of p y r im e th a m in e  fo r  p ro lo n g e d  p e rio d s , as  u se d  to  b e  
t h e  case w h e n  it w a s  g l v e n  a ỉ o n e  fo r  th e  p ro p h y la x is  of 
m ala ria , c a n  c a u se  d e p re ss io n  o f h a e m a to p o ie s is  d u e  to  
in te r íe re n c e  w ith  fo lic  a d d  m e ta b o lism . R ash es  a n d  
h y p e rse n s it iv ity  r e a c tio n s  also  o c c u rre d .

L arger doses, s u c h  as th o se  u se d  in  th e  t r e a tm e n t  o f 
to x o p lasm o sis, m a y  c a u se  g a s tro in te s tin a l  sy m p to m s s u c h  as 
a tro p h ic  g lossitiỉ, a b d o m in a l p a in ,  a n d  v o m itin g ; h a e m a to -  
logical e ữ e c ts  su c h  as  m eg a lo b la sú c  a n a e m ia ,  leu c o p e n ia , 
th ro m b o c y to p e n ia , a n d  p a n c y to p e n ia  a re  a lso  m o re  lik e ly  to  
occu r. CNS eữ e c ts  i n d u d in g  h e a d a c h e , d izz iness, a n d  
in so m n ia  h a v e  a lso  b e e n  re p o r te d .

P u lm o n a ry  e o s in o p h ilia  h a s  b e e n  r e p o r te d  in  p a tie n ts  
tak in g  p y r ũ n e th a m in e  w i t h  o t h e r  a n t í m a l a r i a l s .  S e v e re  
a n d  so m e tim e s  fa ta l  r e a c tìo n s  h a v e  o c c u rre d  w h e n  
p y r im e th a m in e  h a s  b e e n  u se d  w ith  su lía d o x in e  (ỉansidaT), 
in d u d in g  e ry th e m a  m u lt iío rm e  a n d  th e  S te v e n s - J o h n so n  
sy n d ro m e , a n d  to x ic  e p id e rm a l nec ro ly sis ; th e r e  h a v e  aỉso  
b e e n  iso la te d  re p o r ts  o f h e p a to to x íd ty .  A g ra n u lo c y to s is  
o c c u n  m o re  ừ e q u e n t ly  w h e n  p y r im e th a m in e  is u se d  vvith 
d ap so n e  (Maloprim) a n d  ỉa ta litie s  h a v e  b e e n  rep o r te d .

A cu te  o v e rd o sa g e  w i th  p y r im e th a m in e  c a n  c a u se  
g a s tro in te s tỉn a l e ã e c ts  a n d  CNS s tũ n u la tio n  w i th  v o m itú ig , 
e x c itab ility , a n d  c o n v u ls io n s . T a c h y c ard ia , re sp ira to ry  
đ ep ressio n , d r c u la to r y  co llapse, a n d  d e a th  m a y  fo ltow . 
T re a tm e n t o f  o v e rd o sa g e  is sy m p to m a tic .

A d v e rse  e ffe c ts  w i th  d a p s o n e .  B e tw e e n  1972 a n d  1988 , 
th e  UK C S M  re c e lv ed  76  re p o r ts  o f  r e a c tio n s  th a t  w e re  
a ttr ib u te d  to  th e  u se  of p y r im e th a m in e  w i th  d a p so n e  
(Maloprim), oỉ vvhich 4 0  (5 3 % ) w e re  c o n s id e re d  to  b e  se r-  
ious, in c ỉu d in g  6  d e a th s .1 T h e  in d d e n c e  w a s  e s tim a te d  to  
b e  1 in  9 1 0 0  for s e r io u s  rea c tio n s  a n d  1 in  6 0 2 0 0  fo r  ía ta l-  
ities. S e rio u s  b lo o d  d iso rd e rs  in d u d in g  ag ra n u lo c y to s is , 
g ran u lo c y to p e n ia , o r  le u c o p e n ia  o ccu n red  in  15 p a tie n ts  

-(e s tim a te d  in d d e n c e  o f  1 in  2 0 0 0 0 ) ,  five  o f  w h o m  d ied . 
T h e  o th e r  d e a th  w a s  in  a  p a t ie n t  w i th  m y o ca n iltìs . T h re e  
p a tie n ts  h a d  c y an o sis  d u e  to  m eth a e m o g lo b in a e m ia . R esp - 
ữ a to ry  d iso rd ers  s u c h  as  p u lm o n a r y  e o s in o p h ilia , f lu - lik e  
sy n d ro m e , a n d  d y sp n o e a  o c c u rre d  in  6  p a tie n ts . I n  4  
p a tie n ts  s k in  d iso rd e rs  w e re  th e  p r in đ p a l  e f fe n  a n d  
in d u d e d  e p id e rm a l nec ro ly sis , a n g io e d e m a, a n d  b u llo u s  
e ru p tio n s . H e p a tic  d iso rd e rs  w e re  a lso  re p o r te d  in  4  
p a tie n ts . T h re e  vvom en  u s in g  p y r im e th a m in e -d a p s o n e  
d u r in g  p re g n a n c y  d e liv e re d  m a lío rm e d  bab ies , o n e  o f 
th e m  b e in g  s tillb o m . O th e r  e f f e a s  in  4  p a tie n ts  i n d u d e d  
co n v u ls io n s , e x a c e rb a te d  epQ epsy, p a n c re a ti t is , o r  a  g e n e r-  
alised  a lle rg ic  rea c tio n .

A revievv2 o f 21 cases o f a g ra n u lo c y to s is  a s s o â a te d  w ith  
p y r im e th a m in e - d a p s o n e  c o n c lu d e d  t h a t ,  a l t h o u g h  
ag ran u lo c y to s is  c a n  o c c u r v e ry  ra re ly  in  p a tie n ts  ta k in g  
p y r im e th a m in e  o r  d a p so n e  a lo n e , a g ra n u lo c y to s is  d u e  to  
th e  c o m b in a tio n  a p p e a rs  to  b e  c a u se d  b v  a n  id io sy n c ra tic  
re a c tio n  to  d a p so n e  e x a c e rb a te d  b y  p y r im e th a m in e . O f th e  
18 in d iv id u a ls  fo r w h o m  do sag e  w a s  c e rta in , 12 h a d  b e e n  
tak in g  o n e  ta b le t  o f  p y r im e th a m in e -d a p s o n e  tw ice  w e e k ly , 
tw ice  th e  r e c o m m e n d e d  dose  o f  o n e  ta b le t  o n c e  w e e k ly . O f 
th e  9  p a tie n ts  w h o  d ied , 6 h a d  b e e n  ta k in g  One ta b le t  tvvice 
vveekly a n d  o n e  p a t ie n t  h a d  t a k e n  One ta b le t  o n c e  w e e k ly ; 
th e  do sag e  w a s  u n c e r ta in  in  th e  . re m a in in g  p a tie n ts .  T h e  
t im e  of o n s e t  o f  sy m p to m s  h a d  b e e n  7  to  9 w e e k s  a fte r  
s ta r tin g  th e r a p y  in  16 o f  19 o f  t h e  p a tìe n ts .

Som e c o n s iđ e r  t h a t  p y r im e th a m in e  w ith  d a p so n e  m a y  
p ro d u ce  so m e  d e g re e  o f im m u n o s u p p r e s ã o n  a n d  r e n d e r  
u se rs  m o re  su sc e p đ b le  to  c ò m m o n  in íe c tio n s ; A  h ig h e r  
in d d e n c e  o f  n o n -s p e d f lc  u p p e r  r c s p ữ a to ry - tr a c t  in íe c tio n s  
o c c u rre d  in  m ilita ry  re c ru its  t a k in g  t h e  c o m b in a tio n  th a n  in  
th o se  n o t  g lv e n  a n tim a la ria l  p ro p h y la x is .3

P u lm o n a ry  e o s in o p h ilia  h a s  a lso  o c c u rre d  in  p a tie n ts  
tak in g  p y r im e th a m in e  w ith  d a p so n e  b u t ,  as th e r e  h a v e  also  
b e e n  s ũ n ila r  rep o r ts  o f p u lm o n a ry  to x id ty  in  p a tie n ts  ta k in g

p y rim e th a m in e  w ith  su lía d o x in e  (see b e lo w )  o r  p y r im e th -  
a m in e  vvith c h lo ro q u in e , i t  h a s  b e e n  su g g e ste d  th a t  
p y r im e th a n ú n e  is p ro b ab ly  t h e  c a u sa tiv e  a g e n t.4

1. Phillips-H ow árd PA. W est L ỉ. S erỉous a d verse  d rug  rea c tỉo n s  to  
py rim e th am in e-su lp h ad o x in e . p y r im e tỉu u n in e -d a p so n e  a n d  to  am o- 
d íaqu ine  in  B riia in . J R S o c  M e d  1990; 8 3 :8 2 - 5 .

2. H u tch ỉnson  DBA, t í  a i  A g ra n u lo c y to ãs  a s so d a te d  w ỉth  M aloprira : 
rev ỉew  o ỉ cases. H um  Taxieol 1986; 5 : 2 21 -7 .

3. L ee PS. L au EYL. Risic o ỉ a cu te  n o n -sp ed f ic  u p p e r  re sp ỉra to ry  trac t 
In ỉecúons ỉn  h e a ỉth y  m e n  ta k in g  d a p so n e-p y riro e th a m in e  ỉo r  p rophy - 
Ỉax iỉ agaỉnst m aỉaria . B M J  1988; 29 6 : 893-5 .

4 . D avidson AC. t í  a l  P u lm onary  to x id ty  of m a ỉa r ìa  p ro p h y ỉax is . B M J  
1988; 297: 1 2 4 0 -1 .

Adverse effech with suKonamides. S e v e re  a n d  p o te n tia l ỉy  
ía ta l  c u ta n e o u s  rea c tio n s  s u c h  as  e ry th e m a  m u ltìío rm e , 
S te v e n s -Jo h n so n  sy n d ro m e , a n d  to x ic  e p id e rm a l n e c ro ly -  
sis h a v e  b e e n  a s so d a te d  w i th  t h e  c o m b in e d  u s e  o f  p y ri- 
m e th a m in e  w ith  su lía d o x in e  (Fansidar) ỉo r  m a la ria  
p ro p h y la x is . T he  re p o r te d  i n d d e n c e  o f th e s e  r e a c tio n s  h as  
v a r ie d  w ith  su rv e y s  in  th e  U K ,1 USA,2 a n d  S w e d e n 3 y ield - 
in g  s im ilar re su lts  a n d  a s u rv e y  h o m  S w itz e r la n d 4 Ẽ n d in g  
a  m u c h  lo w e r in d d e n c e . T h e  ò v era ll r a t e  o f s e r io u s  reac - 
tio n a  to  p y r im e th a m m e -su U a d o x m e  in  t h e  UK  h a s  b e e n  
e s tim a te d  to  b e  1 in  2 100 . T h e  e s tim a te s  fo r  s e v e re  c u ta -  
n e o u s  reac tlo n s  w e re  1 in  4 9 0 0  in  th e  U K , 1 in  5 0 0 0  to  1 
in  8 0 0 0  in  th e  USA, 1 in  10 0 00  in  Svveden, a n d  1 in  
1 5 0 0 0 0  in  S w itzerlan d , a n d  th e  d e a th  ra te s  vvere 1 in  
1 1 1 0 0  in  th e  UK, 1 in  1 1 0 0 0  to  1 in  2 5  0 0 0  in  t h e  USA, 
a n d  1 in  35 0 00  in  S w ed e n ; n o  ía ta litie s  w e re  r e p o r te d  in  
Svv iưerland . W o ik e rs  o n  th e  Sw iss su rv e y  h a d  su g g e ste d  
th a t  th e  h ig h  in d d e n c e  o ỉ  c u ta n e o u s  re a c tio n s  r e p o r te d  in  
t h e  USA m ig h t h a v e  b e e n  d u e  to  c o n c u rre n t  th e r a p y  w ith  
c h ỉo ro q u in e  b u t  th is  h a s  b e e n  d isp u te d .5 T h e  a u t h o n  o f 
t h e  UK su rv e y 1 su g g ested  th a t  th e  lo w e r  I n d d e n c e  
re p o r te d  in  S w itz e rlan d  m a y  h a v e  b e e n  d u e  to  t h e  differ- 
e n t  m eth o d s  u se d  to  e s tim a te  th e  a m o u n t  o f  d ru g  usage. 
W h e th e r  th is  to x id ty  is d u e  to  th e  c o m b in e d  u se  o f  py ri- 
m e th a m in e  a n d  su lỉa d o x in e  is  u n d e a r  a s  th e  e s tim a te d  
h e q u e n c y  o ỉ  ía ta l  rea c tio n s  a s sọ d a te d  w ith  t h e  u s è  o l 
su lía d o x in e  a ỉo n e  in  M o ía m b iq u e 4 w a s  1 i n  5 0 0 0 0 .

T h e re  h a v e  b e e n  iso la te d  x ep o rts  of o th e r  se v e re  o r  lUe- 
th re a te n ìn g  re a c tío n s  a s so d a te d  vvith t h e  u se  of p y i im e th -  
a m in e -su lía d o x in e  w h e n  u se d  a lo n e  o r  tv ith  c h lo ro q u in e , 
in d u d in g  h e p a to to x id ty 7'9 (esứ m a te d  in d d e n c e  o f  1 in  
1 1 1 0 0  in  th e  U K 1), ía ta l  m u ltisy s te m  to x id ty ,10 d ru g  ỉe v e r  
a n d  p h o to d e rm a titls ,11 a g ra n u lo c y to s is ,11 a n d  e ry th ro d e rm a  
rese m b lin g  Sézary  sy n d ro m e .12 S evere  p u lm o n a ry  re a c tio n s  
h a v e  also o c c u rre d 3-13 b u t, as  s im ila r re a c tio n s  h a v e  also 
b e e n  rep o rted  w h e n  p y r im e th a m in e  h a s  b e e n  u s e d  w ith  
o t h e r  a n tim ala ria ls , i n d u d in g  d a p s o n e , i t  h a s  b e e n  
su g g e ste d  th a t  p y r im e th a m in e  is th e  c a u sa tiv e  a g e n t  (see 
A d v erse  E Sects w ith  D a p so n e , ab o v e ). H y p e ra m m o n a e m ia  
a n d  c a m itin e  d e ũ d e n c y  vvith d e te r io ra tío n  in  m e n ta l  s ta tus  
h a s  b e e n  re p o r te d  in  a  p a tie n t  g iv en  p y r im e th a m in e  a n d  
su lfad iaz in e  fo r  th e  ư e a tm e n t  o f  to x o p la sm o sls .14

Severe  m eg a lo b lastic  a n a e m ia  in  a  p a tie n t  tak in g  
p y r im e th a m in e  a n d  su lỉa d ia z in e  for to x o p la sm o sis  o f  th e  
C N S 15 w as ư e a te d  b y  w ith d ra w in g  p y r im e th a m in e  a n d  
g iv in g  ío lin ic  a d d  o ra lly  w i th  a  s ing le p la te le t  in h is io n .

F o r  a co m p a riso n  o f  th e  in d d e n c e  o f  p r u r i tu s  in d u c e d  by  
v a rio u s  a n d m a la ria ls  in d u d in g  p y r im e th a m in e  w i th  suUa- 
d o x ỉn e , see E ííec ts  o n  th e  S k in  u n d e r  C h lo ro q u in e , p .  652 .2 .

1. PhỉlUps-Howard PA. W est L ỉ. Serious a d v erse  d rug  rea cù o o s  to  
py rỉm e tb am in e-su lp h a d o x ỉn e , p y r ỉm e th am ỉn e-d ap so n e  a n d  to  am o- 
d iaqu ine  ỉn  B rỉta ỉn . ]  R S o c  M ed  ỉ 990; 8 3 :8 2 - 5 .

2 . MỈIier KD. t í  a i  Severe  c u tan e o u s  reactions a m o n g  A m erican  ưaveỉers 
using p y r im e tb am in e-su ỉĩad o x ỉn e  (Fansỉdar) ỉo r  m alaria  p rophy lax is. 
A m  J  Trop b ieẩ  H yg  1986; 35: 4 5 1 -8 .

3. H etlgren u, t í  a i. A dverse  reactions to  su lp h a d o x in e -p y r im c th a m in c  in  
Sw edỉsh traveO ers: ỉm plỉca tions fo r p rophyỉax ỉs. B M J 1987; 29 5 : 365-6 .

4 . S te ílen  R, S om ain i B. S e v e re  c u ta n e o u s  ad v erse  re a c tỉo n s  to  
su lỉad o x in e -p y rỉm eth am ỉn e  ỉn  S w itzerland . La rte tí 1986; I: 61 0 .

5. Rom bo L  t í  a i  D oes ch lo ro q u ỉn e  c on trib u te  to  th e  risk of se rỉo u s adverse 
reactỉons to  Fansidar?  La n c t í 1985; U: 1298-9.

6. H em borg  A. S tcv c n s-Jo h n so n  synd rom e  a ỉte r  m ass p rophy lax is  w ith  
suỉfadoxỉne  for cholera  in  M ozam bique. Lancet 1985; li: 10 7 2 -3 .

7 . Lazar HP, t í  a ỉ . Fansida r a n d  h e p a tic  g ran u lo tn as. A n n  ỉrttem  M e d  1985; 
102 :722 .

8 . W ejstal R, t í  a i  L ỉver dam age  a sso á a te d  w ith  Fansidar. Lan eet 1986; i: 
854-5 .

9 . Zỉtelli BJ, t í  a l . Fatal h e p a tic  necro sis  đ u e  to  py rim e th am ỉn e-su U áđ o x in e  
(Pansidar). A m  In tem  M e d  1987; 106: 393 -5 .

10 . Selby CD, t í  a i . Fa ta l m u ỉtỉsy stem ỉc  toxxdty  assocỉated  w ỉth  p rophy lax ỉs 
w ith  p y rim e th am in e  a n d  su lỉad o x ỉn e  (Pansidar). B M J  1985; 290 : 113- 
14.

11 . O ỉsen w ,  t í  ấ i . S crious rea c tío n s  đ u ring  m a la r ia  p ro p h y ỉax is  w ith  
py rim e tham ine-suU adox ine . L a n a t  1982; ỉỉ: 9 94 .

12. L angtry JAA, t í  a ỉ . E ry th ro d e rm a  resem b ling  s é za ry  sy n d ro m e  a íter  
trea tm e n t w ith  F ansida r a n d  d iỉo ro q u ỉn e . B M J  1986; 292: 1107 -8 .

13. Svanbom  M , t í  a ĩ . U n u su a l p u ỉm o n a ry  re a c tio n  d u rin g  s h o r t te rm  
prophyỉax ỉs w ith  py rỉm e th am in e-su U ađ o x ỉn e  (Fansidar). B M J  1984; 
2 8 8 :1 8 7 6 .

14. Sekas G , H arb h ajan  PS. H yp en u m n o n em ia  a n d  c a m it ỉn e  d e ã d e n c y  la  a 
p a tỉen t receiv ỉng  su lỉad ỉazine  a n d  p y r im e th am ỉn e . A m  J  M e d  1993; 95: 
112-13.

15 . c h u te  JP, èt a l. Severe  m egaỉob lastỉc  a n em ia  com pỉỉcatm g py rim e th - 
am in e  th e ra p y . A n n  ĩn tem  M e d  1995; 122: 8 8 4 -5 .

Overdosoge. R ep o rts  o f o v erd o sa g e  w i th  p y i im e th a m in e  
in  in ỉa n ts .

1. A ỉđnyan ju  O f t í  a i . p y r im e th am in e  po isoning . B M J  1973; 4 :1 4 7 - 8 .

The Symbol t  denotes a preparation no longer actively marketed
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2 . E lm a le ra  J , t í  a l . Les a c d d e n ts  g rav e s  lo n  đe  u  p re s o ỉp t ío n  de  
p y r im é th a m ỉn e  c h ez  les n o u rrtsso n s  tra ỉ té s  p o u r  u n e  toxopU sm ose . 
V te ra p it  1985; 40: 3 5 7 -9 .

3 . D u v e a u  E, t í  a i . C o nvu lsỉon  Uée ì  u n  su rdosage  e n  p y r im é th a m ỉn e . A reh  
P td ia t r  1996; 3 : 2 8 6 -7 .

Precautions
P y r im e th a m in e  m a y  a g g ra v a te  su b c lin ic a l  fo lic  a d d  
d e f id e n c y  a n d  i t  s h o u ỉd  n o t  b e  g iv en  to  p a tie n ts  w i th  
c o n d it io n s  a s s o d a te d  w ith  ỉo la te  d e h d e n c y  su c h  as 
m e g a ỉo b la s r ic  a n a e m ia .  B lo o d  c o u n ts  a re  r e q u ữ e d  w ith  
p ro lo n g e d  t r e a tm e n t,  a n d  w h e n  la rg e  doses o f  p y r im e th -  
a m in e  a re  u s e d , a s  in  th e  t r e a tm e n t  o f  to x o p la sm o sis , b lo o d  
c o u n ts  s h o u ld  b e  c h e c k e d  tw ic e  vveekly . F o lin ic  a d d ,  vvhich 
d o e s  n o t  in te r ie r e  w i th  th e  a c tio n  o f  p y r im e th a m in e  a g a in s t  
m a la r ia  o r  to x o p la sm o sis , h a s  b e e n  g iv en  to  p r e v e n t  
h a e m a to lo g ic a ]  to x id ty  d u e  to  p y r im e th a m in e  a n d  its  u s e  is 
e s p e d a l ly  r e c o m m e n d e d  ư p y r ìm e th a m in e  is g iv e n  d u r ín g  
p re g n a n c y . (Fo lic  a d d  m a y  b e  u s e d  as a n  a lte m a t iv e  to  
fo lin ic  a d d  in  m a la ria ,  b u t  it  in te r íe re s  w ith  th e  a c tio n  of 
p y r im e th a m in e  a g a in s t  to x o p la sm o sis) . F o r tu r th e r  in to r -  
m a t io n  c o n c e m in g  u se  d u r in g  p re g n a n c y , see  b e lo w .

P y r im e th a m in e  s h o u ld  b e  g iv e n  w ith  c a u tio n  to  p a tie n ts  
w i th  r e n a l  o r  h e p a tìc  im p a irm e n t.  W h e n  p a tie n ts  w ith  
c o n v u ls iv e  d iso rd e rs  n e e d  to  r e c e iv e  large  doses, as  in  th e  
ư e a tm e n t  o f  to x o p la sm o sis , i t  is rec o m m e n d e d  th a t  sm all 
s ta r tin g  d o ses  s h o ũ ld  b e  u se d .

W h e n  p y i tm e th a m in e  is u se d  vvith s u lío n a m id e s  o r  
d a p so n e , t h e  g e n e ra l  p re c a u ú o n s  app licab le  to  th o se  d ru g s  
s h o u ld  a lso  b e  ta k e n  (see  u n d e r  S u lỉa m e th o x a x o le , p . 3 667l 
a n d  u n d e r  D a p so n e , p . 2 8 3 .2 )  a n d  t re a tm e n t  s h o u ld  be 
s to p p e d  ũ n m e d ia te ly  if a n y  sk in  re a c tio n s , so re  th ro a t ,  o r 
sh o r tn e s s  o f  b r e a th  occurs .

Breast feẹding. P y r im e th a m in e  is  d is t iib u te d  in to  b re a s t  
m ilk 1 b u t  a s  n o  a d v e rse  e ffec ts  h a v e  b e e n  re p o t te d  in  
b re a s t - ỉe d  in ỉa n ts ,  th e  m o s t  r e c e n t  g u id a n c e  (ro m  th e  
A m e ric a n  A c a d e m y  o f P e d ia tr ic s  c o n s id e red  b re a s t  (ee d in g  
to  b e  c o m p a tib le  w i th  th e  u se  o f  p y r im e th a m in e  fo r  m a l-  
a ria  p ro p h y la x is .2 H o w e v e r, e x p o s u re  of th e  in ĩa n t  to  
o th e r  ỉo la te  a n ta g o n is ts  s h o u ld  b e  av o id e d . T h e  la rg e  doses  
o f  p y r im e th a m in e  u s e d  fo r  t r e a tin g  to x o p lasm o sis  m a y  d is- 
t r ib u te  ỉ n to  b r e a s t  m ilk  in  s u ỉh d e n t  q u a n ti t ie s  to  in te r ie re  
vvith  ĩo lic  a d d  m e ta b o lis m  in  n u r s in g  in ía n ts .

1. H dste in  M D , t í  a i . E xcre tỉon  of ch lo ro q u ìn e , dapsone  a n d  p y r im e th -  
a m ỉn e  in  b u m a n  m ỉlk . B r J  Q in  P h a rm a co l 1986; 22: 7 3 3 -5 .

2 . A m e ric a n  A ca d em y  o f  P td iaơ ics . T h e  tran s íe r o í d rugs a n d  o th e r  
Chem icals ỉn to  h u ro a n  m ilk . P td iđ t r ia  20 0 1 ; 108:7 7 6 -8 9 . [R erired M ay 
20 1 0 ] C o rrec tio n . ib id . : 1029. A ỉso  availab le  a t: h rtp ://aa p p o lÌe y . 
a a p p ũ b lic a t ío n s .o rg /c g i /c o n te m /fu ll /p e d ia tt ia %  3b 108/ 3 /776  (áccessed 
1 9 /0 4 /0 4 )

Porphyria. F o r  a  d isc u ss io n  o f  t h e  u se  o f a n tim a la ria ls  in  
p a t ie n ts  w i th  p o ip h y r ia ,  se e  u n d e r  P re c a u tio n s  ío r  C h lo ro -  
q u in e ,  p . 6 5 3 .1 .

Pregnancy. T h e re  h a v e  b e ẽ n  c g n c e m s  o v e r  th e  u se  of 
p y r im e th a m in e  d u r in g  p r e g n a n c y  a s  it  h a s  b e e n  shovvn to  
b e  te r a to g e n ic  i n  animal s tu d ie s .1 In  One re p o r t , s e v ere  
c o n g e n ỉta l  d e ỉe c ts  ỉn  a  s tiU b o m  in la n t  vvere a t t r ib u te d  to  
th e  u s e  o f  p y r im e th a m in e  in  e a r iy  p re g n a n c y ,2 b u t  th e  
a s s o d a t io n  w a s  c o n s id e re d  to  b e  q u e s tio n a b le .3 O th e r  
in s ta n c e s  o f  c o n g e n ita l  m a l ío rm a tiô n s  w ith  p y r im e th -  
a m in e  a n d  d a p s o n e  a re  g iv e n  u n d e r  A dverse  E ííe c ts  w ith  
D a p so n e , p .  6 6 3 .2 .

O th e rs4 s u g g e s t  t h a t  in te r m i t te n t  p re v e n tiv e  th e r a p y  fo r  
m a la r ia  w i th  p y i im e th a m in e -s u U a d o x in e  h a s  a  ỉav o u ra b le  
s a íe ty  p r o ũ le  in  p r e g n a n c y . W H O  co n sid e rs  t h a t  p y r im e th -  
a m in e  c o m b in a tio n s  m a y  b e  u s e d  a ỉ te r  t h e  first tr im e s te r  oi 
p r e g n a n c y  in  t h e  t r e a tm e n t  o f  to x o p la sm o sis ,’ b u t  th a t  
p y r im e th a m in e - s u l ía d o x in e  a l th o u g h  c o n s id e red  sa íe  fo r 
m a la r ia  ư e a tm e n t  in  th e  s e c o n d  o r  th i r d  tr im e s te rs , is like ly  
t o  b e  in e S e c t ív e  b e c a u s e  o f  in c re a s in g  res is ta n c e .6

1- A n o n y m o u s . P y r ỉm e th a m ỉn e  c o m b in a t ío n s  ỉn  p reg n an cy . Lancet 1983; 
i ỉ :  1 0 0 5 -7 . C o r r e a io n . ib id . ; 1378.

2 - H arp ey  J -P , et a l . T e ra to g e n id ty  o f  p y r im e th a m in e . L a n c t í  1983; ỉi:  399.
3 . S m ỉth e lls  RW , s h e p p a rd  s. T exa togen idcy  of D ebendox  a n d  p y r im e th -  

a m in e . L a n c t í  1983; IL* 6 2 3 -4 .
4 . P e te n  PJ , t í  a í . S a íe ty  a n d  to x id ty  o ỉ su U ad ox ỉne/py rim e iham ine : 

im p lica tia n s  ĩo r  m a la r ia  p re v e n tìo n  ỉn  p reg n a n cy  u sỉn g  ỉn te rm itre n t 
p rẽ v e n tív e  t re a tm e n L  D rù g  5 a ft íy  2 0 0 7 ; 3 0 :4 8 1 -5 0 1 .

5 . W H O . W H O  m oắ el Ịo rm ũ la ry . G en e v á : W HO ,200S . A lso  avalỉab lc  at: 
h ttp : //w w w .w h o .ỉn ứ se lec tỉo n _ m e d id n e $ /U st/W M F 2 0 0 8 .p d í (accessed 
1 9 /1 0 /0 9 )

6 . W H O . G u id t t ìn a  Ịà r  t h i  ừ ta tm a ứ  o Ị  m a la r iề . 2 nd  e d . G eneva: W HO.
2 0 1 0 . A vaỉỉab ỉe  a t:  h t tp : //w h q U b d o c w h o .iM /p u b U c a tio iu /2 0 10/
9 7 8 9 2 4 1 5 4 7 9 2 5 _ e n g .p d f  (accessed 0 9 /0 7 /1 0 )  ũ p d a te  U sueđ  Ã pril 2011 
av aiỉa b ỉe  a t:  h ttp ://w w w .w h o .in ư m a ]á ria /p a b l[c a tio n s /â to z /m a J_
trea tc h ild _ rev i5 e d .p d f (accessed 2 0 /0 5 /1 1 )

Interađions
U se o f  p y r im e th a m in e  w ith  o th e r  ỉo la te  a n ta g o n is tỉ  su c h  as 
c o -ữ im o x a z o le ,  t r im e th o p r im , m e th o tre x a te ,  p ro g u a n il , 
p h e n y to in ,  o r  z id o v u d in e  m a y  e x a c e rb a te  b o n e  m arrovv 
d e p re s s io n . T h e  a b s o rp tio n  o f  p y r im e th a m in e  m a y  b e  
re d u c e d  b y  u s e  w i th  a n ta d d  sa lts  o r  k a o lin .

P y r im e th a m in e  m a y  d isp la c e  o th e r  d ru g s fro m  p ro te in -  
b ỉn d in g  sites, c a u s in g  e le v a te d  c o n c e n tra tio n s  o f u n b o u n d  
d ru g ; th is  m a y  b e  o f p a r t ic u la r  d in ic a l  c o n c e m  fo r  d ru g s  I

(su c h  as  q u in in e  a n d  w a rfa r in )  th a t  a re  b o th  h ig h ly  p ro te in  
b o u n d  a n d  h a v e  a  n a rro v v  th e ra p e u tic  in d e x .

Lorazepam. Signs o f  m ild  l ív e r  to x id ty  in  2  o f 5 su b je c ts  
w h o  re c e iv e d  lo ra z e p a m  a n d  p y r ìm e th a m in e  a p p e a re d  to  
c o n f i im  e a rl ie r  s u s p id o n s  t b a t  g iv in g  th e s e  d ru g s  to g e th e r  
c o u ld  c a u se  h e p a to to x id ty .  B o th  p a d e n ts  to le ra te d  e a ch  
d ru g  w h e n  gi v e n  s e p a ra te lỹ .1 

I .  B rỉggs M , Bríggs M . P y r im e th a m ỉn e  to x id ty . B M J  1974; 1: 40 .

Zidovudine. S tu d ie s  in vitro a n d  in  animals ỉu g g e s t  th a t  
r id o v u d in e  c o u ld  re d u c e  th e  efficacy  o f p y r im e th a m in e  in  
th e  ữ e a tm e n t  o f  to x o p la sm ic  e n c e p h a lit is .1 F u r th e rm o re ,  
t h e  d o se  o f  á d o v u d in e  m a y  n e e d  to  b e  a lte re d  ư th e se  
d ru g s  a re  u s e d  to g e th e r  a s  th e r e  h a s  b e e n  a  r e p o r t  th a t  
p y r im e th a m in e  w i th  su lỉa d o x in e  (ĩansidar) p ro lo n g e d  th e  
s e ru m  h a lf- life  o f  r id o v u d in e .2

1. Israeỉsk ỉ D M . t í  a i  Z idovud ine  a m ag o n iz cs  th e  a c tỉo n  o i p y r ín ie th am ỉn e
in  e x p er im e n ỉa l in íe cù o n  w ỉth  T oxoplasm a gondỉi. A n tim ic ro b  A gcnts  
O tem oth er 1989; 3 3 : 3 0 -4 . _

2. K le in  RS. P rophy lax is  of o p p o n u n is i ic  ỉn íec tỉons ỉn  ind tv íduals  in íected  
vvith HĨV. A ỈD S  1989; 3 (supp l 1): S 161-S 173 .

Pharmacokinetics
P y r im e th a m in e  is a lm o s t c o m p ie te ly  ab so rb e d  fro m  th e  
g a s ư o in te s tin a l  tra c t. P e a k -p la sm a  c o n c e n tra tio n s  g e n e ra lly  
o c c u r  2  to  4  h o u r s  a f te r  a d o se  a n d  ca n  v a ry  w id e ly  b e tw e e n  
in d iv id u a ìs ; c o n c e n ư a tio n s  ran g in g  fro m  2 6 0  to  1411 n a n o -  
g ra m s /m L  m a y  o c c u r  a í te r  d a ily  o ra l d o ses  o f 25  m g . I t is 
m a in ly  c o n c e n ư a te d  in  th e  k id n ey s , lu n g s, liv e r , a n d  sp le e n ; 
in  A ỈD S p a tìe n ts  g iv e n  d a ily  do se  o f p y r im e th a m in e , 
c o n c e n ơ a t io n s  o f  a b o u t  o n e -f if th  o f th o se  in  th e  se ru m  
o c c u r  in  th e  CSF. A b o u t 8 0  to  9 0 %  is b o u n d  to  p lasm a  
p ro te in s .

I t is m e ta b o lis e d  in  t h e  liv e r  a n d  slovvly e x c re te d  Via th e  
k ìd n e y , th e  a v e ra g e  h a lf-life  in  p lasm a  b e in g  a b o u t  4  days. 
S ev e ra l m e ta b o li te s  h a v e  b e e n  d e te c te d  in  th e  u r in e .  
P y r im e th a m in e  crosses  th e  p lac e n ta . It is d is tr ib u te d  in to  
b re a s t  m ilk  (see  u n d e r  B reast F e e d in g  in  P re ca u tio n s , 
a b o v e ).

R e íe re n c e s .
1. W h ite  N J. C lỉn ical p h a rm a c o k in e t ia  o í a n tim a la r ia l d rugs. c t in  

P h a rm a co k in tí 1985; 10: 187 -215 .
2. C ook  IF, t í  a i  R ace -linked  d iíỉe rences in  sc ru m  c o n c e n ư a tỉo n s  oỉ 

da p so n e . m o n o a ce rỵ ld ap so n e  a n d  p y n m e ih a m in e  d u r ìn g  m alaria  
p ró p h y lax is . T ra m  R  Soc Trop M e d  H ys  1986; 80 : 8 9 7 -9 0 1 .

3. VVeiss LM. t í  a i . p y r im e ib a m ỉn e  c o n c e n tra tỉo n s  in  s e ru m  and  
ce reb ro sp in a l Duld d u r in g  ư e a tm e m  o í  acu te  loxop lasm a  ence p h alitỉs  
in  p a t ỉe n u  w ith  AIDS. J  ìn Ịe a  ữ ừ  1988; 157: 580 -3 .

4. H ellg ren  u .  t í  ứ ị. P lasm a c o n c e m ra ú o n s  o ỉ su ỉíad o x in e -p y n m eth a m in e , 
m tA o q u ỉn e  a n d  its m a in  m e u b o ỉỉ te  a íte r  reg u ỉa r m a la ria  p ro p h y ỉax ỉ ỉ ío r 
tw o  y êars . Tra n s  R  Soc Trop  M ed  H y s  1991; 85: 35 6 -7 .

5. W ỉz isu o ley  PA. t í  a i  T he d ỉsposidon  o í oral a n d  ỉm ra m u scu ỉa r  
p y r im e tb a m ữ ie /su lp h a d o x in e  Ln K enyan  c h ỉld ren  w ỉth  h ig h  para* 
sỉtaem ia  b u t  d ỉn ic a l ly  n o n -sc v c re  ía ld p a ru m  m alarỉa . B r  J  C ỉin  
P h a m u ư o ỉ 1992; 33 : 143-8 .

6. N e m o n  CRJC. t í  a i  A  sỉng ỉe  dose  o f ín tra m u sc u ỉa r  su lỉad o x ỉn e - 
p y r ỉm e ih a m in e  as a n  a d ju n a  to  q u in in e  in  th e  ư e a tm e n t  o í  severe  
m a laria : p h a rm a co ld n cn c s  a n d  e ỉĩicacy . Tra n s R  Soc T ro p  M ed  H y$  1993; 
8 7 : 2 0 7 -1 0 .

7. Ja co b so n  JM , t í  a L  p y r im e tb am ỉn e  p h a rm a co k in etỉcs  in  h u m a n  
im m u n o d e f íd e n c y  v ím s -p o siú v e  p a tíen ts  se roposiỉivc  ío r T oxoplasm a 
go n d iỉ. A n ú m iơ v b  A gents C h tm o ihe r  1996; 40: 1360 -5 .

8. K ỉinke r H. t í  a ỉ . P ĩasm a p yT Ỉm etham ine c o n c e m m ỉo n s  d u rin g  lo n g - te rm  
tre a tm e n t  ío r  c e reb ra l toxopiasm osis in  p a tìen ts  w ith  AIDS. A n rim ữ ro b  
A ý e n a  ơ ư m o ứ te r  ì  996; 4 0 : 16 2 3 -7 .

9. T ren q u e  T, t í  a L  H u m a n  m a te m o ío e ta l d ỉs tribu tion  o ỉ p y r im e th am in e-  
su lp h a d o x ỉn e . B r  J  C ỉin  P h arm aco l 1998; 45: 179 -80 .

10. T ren q u e  T, t í  a l . P o p u la tỉo n  p h a rm a co ld n etics  o f p y n m e th a ra ỉn e  and 
su llad o x ỉn e  ìn  ch iỉd ren  w iíh  congen ìta l tcrxoplasm osìs. B r  J  ơ in  
P h arm aco ỉ 2 0 0 4 ; 37 : 7 3 5 -4 1 .

Ỉ Ỉ .B a m e s  Kl. t í  a l . S u l ỉad o x in e -p y rim e th am ln c  p h a im ac o k ỉn e tic s  in 
m a ỉa r ìa : ped ỉacrỉc  do sin g  im p lica tions . Clin  Pharm aeo! T h e r  2006 ; 80: 
58 2 -9 6 .

12. K a n in a je e w a  HA. t í  a i . P h a rm ac o k ỉn e tỉc  p ro p e n ie s  o í su líadoxỉne*  
p yT Ìm etham ỉne  in  p re g n a n t tv o m e n . A n tim ìerob  A gents ơ ư m o th e r  2009; 
53 : 4 3 6 8 -7 6 .

13. N y u n i M M . t í  a ỉ . P h a rm ac o k ỉn e tic s  o í su ỉĩad o x ỉn e  a n d  p y tim e th a m in e  
in  In te rm U te n t p re v e n tìv e  tr e a tm e n t o í m a larìa  ỉn  p reg n a n cy . ơ i ỉ t  
P ka rm a co l T h e r  2 010 ; 87 : 2 2 6 -3 4 .

14. S a lm a n  s. t í  a t . P h a rm ac o k ỉn e tic  p ro p ertỉe s  o í c o n v eo iìo n a l a n d  double - 
d o se  su lía d o x in e -p y r in ie th a m in e  g iven  as im e n n it te n t  p rev e m iv e  
ư e a tm e n t  in  ỉn ta n c y . A ỉtt ím iơ o b  A g tít ís  Chem oiher 2011 ; 55: 1693 -1700 .

Preparations
Proprietaiy  Preparations (details a re  given in  V olum e B)

Single-ingredient Preparutions. Arg.\ D araprim ; Austral: 
D araprim ; Belg.: Daraprim ; Braỉ.: D araprim ; Canad.: D araprim ; 
Chile: D araprim ; F r.: M alodde; Ger.: D araprim ; Gr.: D araprim ; 
Hong Kong: D arap rim t; Malaysiar. Fansidan  Mex.: D araprim ; 
Neth.: Daraprim ; PoL: D araprim ; S-A/r.: D araprim ; Spain: 
D araprim ; Switz.: D araprim ; UK: Daraprim; USA: D araprim .

M uhi-ingredient Preparalỉons. AusiraL: Fansidarf; M aloprim t; 
Belg.: Co-A rinate; D afrafm f; Braz.: Fansidar; Fr.: Fansidar, Gr.: 
Fansidar; ỉndỉa: A m alan  Croydoxin-FM ; D om ine: Laridox; Lar- 
inate  Kít; M alarvvin; M alasu lt' M alddal; M alocide; M asim ate; 
M e u k e lă n ; M etasulC n; O nli-2; PyralGn; Pyram et; R im odan 
Indon.: Fansidar; Plasm ođin; Suldox; Irỉ.: F a n á d a rf ;  Israel: 
P an s id a rt; ItaL: M etakelC n; Malaysia- M adom ine; M alaíon; 
Phữipp.: Fansidan  Rus.: Fansidar (<l>aHCHflap); S.Afr.: Fansidar; 
Singapore. Pyrisone; Switz-: F an sid a rt: Thai.: Vinsilar; UK: 
F a n s id a r  ukr.: F ansidar (<J)aHcnaap)t; USA: F ansidart.

Pharmocopoeial Preparatiom
B P 2014: P y iỉm eth am in e  Tablets;
U SP 36: P y rim eth am in e  Oral Suspension; Pyrim etham  ne 
Tablets; S ulíadoxỉne  a n d  Pyrim etham m e Tablets.

Pyronaridine Phosphate ỊriNNMi

Fosfato de pironaridina; Malaridine Phosphate;'Piroriarid|r a, 
fosfato de; Pyronaridine, Phosphate de; Pyronaridni 
Phosphas; nnpoHapMflMHa dtocộaT. 
4-[(7-Chloro-2-methoxỵbenzo[ti]: 1,5-naphthyridin-10-' I) 
amino]-2,6,-bis[(pýrro!idin-1 -yi)méthyl]phenol phosphare. 
CmH32GIN A,4H3PO,=910.0 . ; ' ,  ,
CAS 74847-35-1 (pyronaridine); 76748-86-2 (pyronaridi, ie 
phosphate).
UNII —  2T289F9ACO. ■ -

P h a rm a c o p o e ia s .  In  Chin.

Uses and Administration
P y ro n a r id in e  is a  n a p h th y r id in e  d e r iv a tiv e  th a t  b a s  
ư a d i t io n a l ly  b e e n  u se d  in  C h in a  in th e  t r e a tm e n t  o f  m a la  ia  
(p. 6 4 4 .1 ). I ts  u se  h a s  a lso  b e e n  in v es tig a te d  in  A írica a n d  in 
T h a ila n d . I t is a  b lo o d  s c h iz o n to c id e  a c tiv e  a g a ii st 
Plasmodium vivax a n d  a g a in s t  b o th  c h lo ro q u in e -se n s it i  /e  
a n d  c h lo ro q u in e - re s is ta n t  s tra in s  o f p. ]'aìdparum. T he  d r  Ìg 
p ro d u c e d  in  C h in a  h a s  b e e n  g iv en  as t h e  p h o s p h a te  o rally  Dr 
b y  in tra m u s c u la r  o r  in tr a v e n o u s  in je c tio n .

A  ũ x e d -d o s e  c o m b in a tio n  p r o d u a  of p y ro n a r id i  le  
p h o s p h a te  a n d  a r te s u n a te  h a s  b e e n  d e v e lo p e d  to  im p ro  /e 
p a tie n t  a d h e re n c e  a n d  a v o id  m o n o th e ra p y , a n d  th e re  )y 
d e c re a se  t h e  r is k  o f  a c q u ire d  d r u g  re s is ta n c e .  T ỉ i s  
c o m b in a rio n  p r o d u c t  is u se d  ío r  th e  ư e a tm e n t  o f a c t t e  
u n c o m p lic a te d  in íe c tio n s  c a u se d  b y  p. vivax a n d  p. 
/aláparum in  a re a s  o f  lo w  ư a n s m is s io n  w ith  e v id e n c e  of 
a r te m is in in  re s is ta n c e ; i t  s h o u ld  n o t  b e  u se d  to  t re a t  seve re 
m a la ria . T h e  r a tio  o f p y ro n a r id ìn e  p h o s p h a te  to  a r te s u n :  te  
o f 3 to  1 h a s  b e e n  se le c te d  to  p ro v id e  th e  c u rr e n t  d c se  
r e c o m m e n d a á o n s  fo r e a c h  of th e  in d iv id u a l d ru g s  w h : n  
g iv e n  as m o n o th e r a p y . T h e  c o m b ín a tio n  is g iv e n  o ra lly , a  a 
sing le . 3 -d a y  ư e a tm e n t  c o u rse , to  c h ild re n  a n d  a d u .ts  
w e ig h in g  2 0  k g  o r  m o re .  R e c o m m e n d e d  d o ses  a re  g iv en  
o n c e  d a ily  ío r  3 d a y s  a c co rd in g  to  b o d y -w e ig h t  a s  lollovvs:
•  2 0  to  less t h a n  2 4  kg: 1 8 0 m g  p y r o n a r id in e  p h o s p h a te  

vvith 6 0  m g  a r te s u n a te
•  2 4  to  less  t h a n  4 5  kg: 3 60  m g  p y ro n a r id in e  p h o s p h a te  

w ith  120  m g  a r te s u n a te
•  4 5  to  less  t h a n  6 5 kg : 5 4 0 m g  p y ro n a r iđ in e  p h o s p h a te  

w ith  1 8 0 m g  a r te s u n a te
•  65  kg  o r  m o re :  7 2 0  m g  p y ro n a r id in e  p h o s p h a te  vvith 

24 0  m g  a n e s u n a te

R e íe re n c e s .
1. A n o n y m o u s . P y ro iM rid in e : y e t a n o ih e r  p r o m is in g  a n d n u U r ia l  

substance  f ro m  C h ỉna . W tìO  D n tý  Ị n f  1996; 10: 9 -1 0 .
2. L o o are esu w an  s, e ta ỉ . C linỉcaỉ 5 tudy  o í p y ro n a r id ỉn c  ỉo r  th e  t r e a u n e n i o ỉ 

a cu te  u n c o m p lic a tc d  ía ỉd p a r u m  m alaria  ỉn  T h a ỉỉan d . A m  J  T rop  M e d  H y$  
1996; 54: 2 0 5 -9 .

3. R ingw ald  p, t í  a i . Efficacy o f  ora l p y ronaridữ ie^ ío r th e  ư e a ư n e n t  o í acu te  
u n c o m p lic a te d  ỉa ld p a n im  m a ìa ria  ìn  A irỉca n  c h ỉld ren . C iin  ìn Ị t ứ  7 ứ  
1998; 2 6 : 9 4 6 -5 3 .

4. Vivas L  t í  a ỉ . A n n -m aỉa r ía l eR icacy o í p y ro n a r íd in e  a n d  a n e s u n a te  ỉn  
c o m b in aò o n  ỉn  v ỉư o  a n d  in  vivo. A ữ a  T ro p  2008 ; 105: 2 2 2 -8 .

5. R a m h a rte r  M , t í  a i . Fbced-dose  p y ro n a r íd in e -a n e s u n a te  c o m b in a tio n  o r  
ư e a tm e n t  o f  u n c o m p lic a te d  ỉa lđ p a ru m  m a la ria  in  pe d ỉa tric  p a tien ts  in  
G abon. J  In fe a  D ừ  2008; 198: 9 1 1 -9 .

6. T she ỉu  AK. et a l . p y ro n a r ìd m e -a n e s tu ia te  S tudy  T eam . EỈCcacy a  id 
sa íe ty  o ỉ a  Ibced-dose  o ra l c o m b in a tio n  o f  p y ro n ar id in e -a r te su n . te  
co m p ared  iv ỉth  a n e m e th e r - lu ra e ỉa n t r in e  ỉ n  c h ỉỉd ren  a n d  a dũ lts  w  th 
u n c o m p lic a te d  P la s m o d iu m  ỉ a ld p a r u m  m a la r ia : a  ra n d o m is  :d  
n o n - in íe n o r ỉty  tr ia l. L a r ư t í  2010 ; 375 : 1 4 5 7 -6 7 .

7 . P o m v u th  Y. t í  a l  P y ro n a rid in e -a r te su n a te  v e rsu s c h ỉo ro q u ỉn e  in 
p a tỉen ts  w ỉth  a c u te  Plasm od iu m  v iva x  m a la r ỉa : a  x a n d o m h e d , d o u b  c- 
b ỉỉnd . n o n - in fe r io r ity  tr ia l. P L o S  One 201 ỉ ;  6 : e !4 5 0 1 .

8 . K u rth  F, t í  a i  P y ro n a ríd ỉn e : a n e w  'o ld ' d ru g  o n  th e  ve rge  o f  e n te r ìn g  11C 
a iitim a ỉa iia ỉ a rm a m e n ta r iu m . E xp e rt Rev  A n t ì  In fect T h e r  2011; 9 :3 9 3 -  6.

9 . R u e a n g w e e ra y u t R. t í  a ì . P y ro n a rid in e -a rresu n a te  v e rsu s  m eA oqul ìe 
p iu s  a r te su n a te  lo r  m a  ỉa r ia . N  E n ỹ ỉ  J  M ed  2012 ; 3 6 6 :1 2 9 8 -1 3 0 9 .

ỉ  0. C ro h  S L  t í  a ỉ . R e v ỉe w  o í p y ro n ar íd in e  a n ủ -m a la ria ]  p ro p ertíe s  a  id 
p ro d u c t c harac terỉs tỉcs . M a ỉa r  J  2012; 11: 270 .

A d m in is tr a t io n  in  c h ild re n . T h e  ỉ ix e d -d o se  c o m b in a tic n  
p r o d u c t  o f  p y r o n a r id in e  p h o s p h a te  a n d  a r te s u n a te  m a y  1 e 
g iv e n  to  c h ild re n  vveighing  2 0  kg  o r  m o re  ío r  t h e  t te a : -  
m e n t  o f a c u te  u n c o m p lic a te d  in íe c tio n s  c a u se d  b y  Plasm y- 
dium vìvax a n d  p. /'aldparum in  a re a s  o f  lo w  tran sm issic  n  
w i th  e v id e n c e  o f  a r te m is in in  r e s is ta n c e . F o r  d o se  r e c o r  
m e n d a t io n s  in  th e s e  c h ild re n , see  ab o v e .

Adverse Effects and Precautions
A d v e rse  e tíe c ts  o f  p y r o n a r id in e  a re  u s u a lly  m ild  a n d  re so h  e 
w i th in  2 d a y s  o f  s ta r tin g  tre a tm e n t.  T h e  m o s t  c o m m o n  y  
re p o r te d  a d v e rs e  e ỉíe c ts  a re  d izz iness , h e a d a c h e , p ru r i tu  5, 
a n d  g a s tro in te s tin a l  e íỉe c ts  su c h  a s  d ia ư h o e a ,  n a u s e  1, 
v o m iú n g , a n d  a b d o m in a l  p a in .  T h e re  h a v e  a lso  b e e n  s o n  e 
re p o r ts  o f  a lle rg ic  sk in  re a c tio n s , p a lp ita t io n s ,  a n d  t ra n s ie n t  
E C G  c h a n g e s  vvith  th e  u s e  o f  h ig h e r  do ses.

T h e  m o s t c o m m o n  a d v e rs e  e íle c ts  a s s o d a te d  w ú h  th e  u: e  
o f  a f ix e d -d o se  c o m b in a rio n  p r o d u c t  o f p y ro n a r id ir .e

All cross-references refer tcrentries in Volume A

http://www.who.%e1%bb%89n%e1%bb%a9select%e1%bb%89on_medidne$/Ust/WMF2008.pd%c3%ad
http://whqUbdocwho.iM/pubUcatioiu/2010/
http://www.who.in%c6%b0ma%5d%c3%a1ria/pabl%5bcations/%c3%a2toz/maJ_
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p h o s p h a te  a n d  a r te s u n a te  a re  a b d o m in a l p a in , b rad y c a rd ia , 
h e a d a c h e , h y p o g ly c a e m ia , v o m iú n g , a n d  h a e m a to lo g ic a l  
c h a n g e s  s u c h  as  e o s in o p h ilia , n e u tro p e n ia ,  a n a e m ia ,  a n d  a n  
in c re ă se d  p la te le t  c o u n t;  a b n o rm a i  la b o ra to ry  te s t  re su lts  
i n d u d e  ư a n s i e n t  ra ise s  o f  s e ru m  tra n s a m in a se s  (m o stly  
ALT). S y n c o p e , iso la te d  p r o lo n g a tío n  o f th e  QTc in te rv a l , 
a n d  h y p e rs e n s it iv ity  re a c tío n s  o c c u r  ra re ly .

P y ro n a r id in e  p h o s p h a te - a r te s u n a te  s h o u ld  n o t  b e  u s e d  
fo r  m a la r ia  p ro p h y la x is .  I t  is a lso  c o n tra - in d ic a te d  in  ứ io se  
w i th  u n d e r ly in g  h e p a tic  i n ju r y  o r  s ig n iâ c a n t  h e p a tic  
a b n o rm a lit ie s ;  l iv e r  h in c t io n  te s ts  s h o u ld  b e  c a rr ie d  o u t  
b e ỉo re  a n d  aíter a  tr e a n n e n t  c o u rse . T h e  c o m b in a tio n  
s h o u ld  b e  u s e d  w i th  c a u tio n  in  th o se  w ith  c a td io v a sc u la r  
d iso rd e rs  s u c h  a s  c o n g e n ita l  p r o lo n g a ú o n  o ỉ  QTc in te rv a l, 
c a rd ỉa c  a r r h y th m ia ,  a n d  h e a r t  ỉà i lu re . C a u tío n  is a lso  
a d v ise d  in  p a tie n ts  w i th  h y p o k a la e m ia , in  th o se  b e in g  
t te ả te d  w i th  o th e r  d ru g s  th a t  b lo c k  p o ta s á u m  c h a n n e ls , a n d  
in  th o se  vvho h a v e  re c e n tly  ta k e n  m e d id n e s  knovvn  to  
p ro lo n g  th e  Q T c in te rv a l .

Pregnanc/. D a ta  o n  th e  u se  o f  p y ro n a r id in e  p h o s p h a te  in  
p r e g n a n t  w o m e n  a r e  n o t  a v a ilab le , a l th o u g h  animal s tu -  
d ies  h a v e  n o t  r e p o r te d  a n y  te ra to g e n ic  e ííe c ts . T h e  s a ỉe ty  
o f p y r o n a r id in e  p h o s p h a te - a r te s u n a te  in  p re g n a n c y  h a s  
a lso  n o t  b e e n  e s ta b lish e đ  a n d  th e  p o te n t ia l  risk  is 
u n k n o w n .  F o r  h i r t h e r  in ỉo rm ạ t io n  o n  th e  u se  o f  a r te su -  
n a te  i n  p r e g n a n c y  see  u r id è r  A rte m is in in  D e riv a tiv es , 
p .  6 4 9 .2 .

Interactỉons
In vitro s tu d ie s  h a v e  s h o w n  th a t  p y ro n a r ìd ìn e  p h o s p h a te  is 
a n  i n h ib i to r  o f  t h e  c y to c h ro m e  P 4 5 0  iso e n z y m e  CYP2D6 
a n d  o f  P -g ly c o p ro te in . It s h o u ld  th e re ío re  b e  u se d  w i th  
c a u tio n  in  p a tie n ts  tak in g  d ru g s  th a t  a re  m e ta b o lise d  b y  th e  
c y to c h r o m e  P 4 5 0  iso e n z y m e  CY P2D 6 a n d  th a t  a re  
su b s tra te s  fo r  P -g ly c sp ro te in .

Pharmacokinetìcs
P e a k  p la s m a  c o n c e n ư a d o n s  fo r  p y ro n a r id in e  a re  g e n e ra lly  
r e a c h e d  b e tw e e n  2  a n d  8  h o ũ rs  a f te r  a n  o ra l dosẽ . 
P y ro n a r id in e  a n d  its  m e ta b o lite s  a re  e x te n s iv e ly  d ỉs tr ib u te d  
in to  tis su e s . I t  is  a b o u t  92 to  9 5 %  b o u n d  to  p la s m a  p r o te in  
a n d  m a y  a lso  b in d  to  m e la n in  i n  t h e  ey e . In vitro s tu d ie s  
sh o w  t h a t  th e  c y to c h ro m e  P 4 5 0  iso è n z y m es  CYP1A2, 
CY P2D6, a n d  C Y P3A 4 c ou ld  b e  in v o lv e d  in  th e  m e ta b o lỉsm  
o í  p y ro n a r id in e  a n d  th a t  i t  in h ib its  t h e  a c tiv ity  o f  CYP2D6. 
P y ro n a r id in e  is e lim in a te d  slovvly vvith a n  e lim in a tio n  h a lf-  
Uíe o f be tv v een  14 a n d  18 days.

Preparations
Proprietary Preporcdions (details a re  given in  V olum e 6 )  

MuhHngredient PreporoHons. Kor.: Pyram ax.

Quinine ỈBANI
Chĩnin; Chinina; Chininurn; Kihiiní;Kiriin; Kinine; Kuiniria; 
Quinína; Xmhhh.

. (85,9fl)-6'-Methoxycinchonan-9-ol; (a/7)-a-(6-Methoxy-4-qui- 
nolyj)-q-[(25,4S,5flH5-vinylquinudidin-2-yl)]methanòl. 
C2oH * ,N A = 3 2 4 .4
CAS—  130-95-0 (anhydrous quinine).
ATC —  P0IBC01. .
ỤNtt —  A7V27PHC7A
D e s c r ip t i o n .  Q u in in e  is th e  c h ie f  a lk a lo id  o f  v a rio u s  
s p e d e s  o f  Cinchona (R u b iaceae). I t  is a n  op tic a l i so m e r  o f 
q u in id in e .

Quinine Bisulfate IBANMÌ 
Chininum Bisulturicum; Neutral Quìnine Sulphate; Quinina, 
bisulfato .de; Quininẹ Acid Sulphate; Quininé 'Bisjlphate; 
Quịnini Bisulías;. .ẠBycepHOKỊiic/ibiii Xmhmh; XiỈHHHa 
Bucy/ibệaT..
C20H24NjO 2,H2SO<.7H 2O =548.6
CAS —  549-56-4 (anhydrous quinine bisultote).
ATC —  P01BC01.
UNII ■—  M20ĨHC068W (anhydrọus quinine bisulíate); 
CNS01V2R3N (quinine bisulíate heptahỵdrate).

P h a r m a c o p o e ía s .  I n  Br„ Int., a n d  Vĩíí.

B P  2 0 1 4 : ( Q u in in e  B isu lp h a te ). C o lo u rless  cry sta ls  o r  a  
w h i te  c ry s ta ll in e  p o w d e r . I t  e fflo resces  in  d ry  a ir. F re e ly  
s o lu b le  i n  v v a ten  sp a rin g ly  so ỉu b le  in  a lc o h o l. A  1 %  so lu t io n  
in  vvater h a s  a  p H  o f  2 .8  to  3 .4 . P ro te c t  b o m  lig h t.

Quinine Dihydrochioríde IBANMÌ
."éhtpìni .Dihydrochĩoridum; Neutral Quìnỉne Hydrochloride; 
Quinina, dihidrocíoruro de; Quiríiné Add Hydrochloride; 

iQ uinini Dihydrochloridum; iflByxnopnaoBOflopoflHbiỉí 
Xmhmh; XMHiạHa flnrnflpoxnopi)ifl. ; >■■■': ■■■r--

C2oH24N20:2HƠ=3973 
CAS — 60-93-5 
ATC —  P01BC0Ì.
UNII —  8C3EMH7D9K

P h a rm a c o p o e ia s .  I n  Br., Chin., a n d  Int.
Viet. in d u d e s  t h e  in je c tio n .

B P  2 0 1 4 : (Q u in in e  D ih y d ro ch lo r id e ) . A  w h i te  o r  a lm o s t 
w h i te  povvder. V ery  so lu b le  in  w a te r;  so lub le  in  a lc o h o l. A  
3 %  s o lu tío n  in  w a te r  h a s  a  p H  of 2 .0  to  3 .0 . P ro te c t  h o m  
lig h t.

Quinỉne Etabonate
Euquinina; Euquinine; Quinina, etilcarbonato de; Quinine 
Ethyi Carbonate;.XnHMHa BTaõoHaT.
^ 2 8 ^ 0 4 = 3 9 6 . 5  
CĂS —  83-75-0.
ATC —  P018C0Ì. ■
UNII —  L2V891 1 ĩ57. .

P h o rm a c o p o e ia s .  I n  Jpn.

Quinine Hydrobromide IBANMI

Basic Quinme Hydrobromĩđe; Qiinlrn Bromidum; Quinina,
hidrobromuro :de; Quinine Monohydrobromide; XnHMHa
fMflpo6poMMfl1
C2oH24NA,HBr,H20=423.4
CAS —  549-49-5 (anhydrous quinine hydrobromide).
ẠTC —  P0I8C0Ĩ.
' UNII —  VWF36Q4G6V. . ’ !

P h a rm a c o p o e ia s .  I n  Fr.

Quinine Hydrochloríde IBANMÌ 

Basic Quinine Hydrochloridè; Chinin hyđrochlorid dihydrát; 
Chininhydrọchlorid; Chinini Hydrochloridum; Chininii Chlor- 
idum; Chininium Chloratum; Ghiníno hidrọchíoridas; 
Chininum Hydrochloricunn; Chinmy chlorovvodorek; Kiniịni- 
hydrokloridi; Kmin-hidrokloridr Kinírthydrokloríd; Quinina, 
hidròdoruro de; Quinine, ■ chlorhydrate de; Quiriine 

■Monohydrochlonde; Quininí í  Hydrochloridum; Quinini 
' Hydrochlonđum Dihydricum; XMHMHa fnflpoxnopnfl.
:C2oH24N202,HƠ^H20=396.9
CAS —  ĩ30-89-2 (anhydrous quinine hydrochlonde); 6! ĩ 9-47-7 
(quinine hydrodìlonde dihydrate).
ATC —  P01BC01. _ -  :

lUNII —  711S8Y0T33 (quinme hydrochlorìde dìhydrate); 
7CS0WNO3 ÌM (anhydrous quinine hydrochlorìde).

P h a rm a c o p o e ia s .  I n  Eur. (se e  p . vdi), Int., Jpn, a n d  Viet.
P h .  E u r .  8: (Q u in in e  H y d ro c h lo rid e ) . W h ite  o r  a lm o s t 
w h ite ,  o r  c o lo u rless , fin e , s ilk y  n e e d lc s , o f te n  g ro u p e d  in  
d u s te r s .  So lu b le  i n  w a te r;  h e e ly  so lu b le  in  a lc o h o l. A  1 %  
s ò lu tio n  in  vvater h a s  a  p H  o f  6 .0  to  6 .8 . P ro te c t h o m  lig h t.

Quinine Sulfate ịBANMi

Basic Quinine Suiphate; Chinin sulfát dihydrát; Chinini sulfas; 
Chinino sulíatas; Chininsulíat; Chininum Sulíuricum; Chininy 
siarczan; Kiniinisulíaatti; kininsulíat; Kinin-szulfát; Quinina, 
sulíạto de; QuinỊne, sulfate de; Quinine Sulphate; Quinini 
Sulfes; Quinini Súlías Dlhydrĩcus; XnHHHa CynbộaT. 
(C2oH24N202)2.H2S04,2H20=783.0 

' CAS —  804-63-7 (anhydrous quinine sulíate); 6119-70-6 
(quinine suKate dihydrate).
ATC —  P01BC0Ĩ.
UNII —  KF7Z0E0Q2B.

P h a rm a c o p o e ia s .  In  Chín., Etir. (see  p . vii), Int., Jpn, us. a n d  
Viet.
P h . E u r .  8: (Q u in in e  S u lía te ) . A  w h ite  o r  a lm o s t vvhite, 
c ry s ta llin e  povvder o r  f in e , c o lo u rless  n e e d le s . S lig h tly  
so lu b le  in  vvater; sp a rìn g ly  so lu b le  i n  b o ilìn g  vvater a n d  in  
a lc o h o l. A  1%  su s p e n s io n  in  w a te r  h a s  a  p H  o f  5 .7  to  6 .6 . 
P ro te c t  h o m  lig h t.

U S P  36: (Q u in in e  S u lía te ). I t  is t h e  suU ate o l a n  a lk a lo id  
o b ta in e d  h o m  th e  b a rk  o f  s p e d e s  of Cinchona. W h ite , 
o d o u rle ss , f in e  n e e d le - lik e  cry sta ls , u su a lly  lu ste rle ss , 
m a k in g  a  lig h t a n d  rẹ a d ily  c o m p resslb le  m ass . I t  d a rk e n s  
o n  e x p o su re  to  lighL  S o lu b le  1 in  5 0 0  o f w a te r  a n d  1 in  120  
o f  a lco h o l; sp a rin g ly  so lu b le  i n  w a te r  a t  100 d eg rees; s lig h tly  
so lu b le  in  c h lo ro fo tm ; h e e ly  so lu b le  i n  a ỉco h o l a t  8 0  d e g re e s  
a n d  in  a  m ix tu re  o f 2  p a r t s  o f  c h lo ro ỉo rm  a n d  o n e  p a r t  o f 
d e h y d ra te d  a lc o h o l; v e ry  s lig h tly  so lu b le  i n  e t h e n . I t s  
s a tt ir a tẹ d  s o lu tio n  in  w a te r  is n e u tr a l  o r  a lk a lin e  to  l itm u s . 
P r o t e a  h o m  lig h t.

S o rp H o n . F o r  r e íe re n c e  to  loss o f q u in in e  su lỉa te  h o m  
S o lu tio n s  d u i in g  m e m b ia n e  h ltr a tío m  see  c h lo r o q u in e ,  
p . 6 5 0 .2

Uses and Administration
Q u in in e  is a d n c h o n a  a lk a lo id  a n d  a 4 -m e th a n o lq u in o lin e  
a n tim a la ria l  th a t  is  a  ra p id -a c tin g  b lo o d  s c h iz o n to d d e  w ith  
ac tiv ity  a g a in st Plasmoẩium /akiparum, p. vivax, p. ovaỉe, a n d  
p . malariae. I t  is a c tiv e  a g a in s t t h e  g a m eto cy tes  o ỉ  p . malariae 
a n d  p. vivax, b u t  n o t  a g a in s t m a tu re  g a m e to c y te s  o f  p. 
/alríparum. T h e  p r e d s e  m e c h a n ism  o f a c tio n  o f  q u in in e  is 
u n d e a r  b u t  it  m a y  in te r íe re  w i th  ly so so m e h in c t ỉo n  o r  
n u d e ic  a d d  sy n th e s is  in  th e  m a la ria  p a rasite . S in ce  i t  h a s  n o  
ac tiv ity  ag a in s t e x o e ry th ro c y tìc  ío n n s , q u in in e  do es  n o t  
p ro d u c e  a  rad ica l c u re  in  v iv ax  o r  ova le  m ala ria s . T h e  
in c re a sin g  sp re a d  o f  re s is ta n c e  to  c h lo ro q u ỉn e  h a s  b e e n  
resp o n sib le  fo r th e  r e -e m e rg e n c e  o f q u in in e as  a n  im p o r ta n t  
d ru g  in  th e  ư e a tm e n t  o f l a ỉd p a ru m  m a la ria  (p . 666 .1 ). 
Q u in in e  is n o t  g e n e ra lly  u se d  fo r  m ala ría  p ro p h y la x is .

Q u in in e  is a lso  u s e d  to  t t e a t  th e  p ro to z o a l in fe c tio n  
babesỉosis (p. 6 6 6 .1 )  a n d  ỉo r  th e  re lief  o f  n o c tu m a ỉ  leg  
c ra m p s  (p. 66 6 .2 ).

Q u in in e  h a s  m ild  a n a lg es ic  a n d  a n tip y re tìc  p rọ p ertie s  
a n d  is  so m e ó m e s  ỉ n d u d e d  in  p re p a ra tio n s  u s e d  fo r th e  
sy m p to m a tic  r e l ie í  o f  th e  c o m m o n  co ld  a n d  in ílu e n z a ;  
a d đ itio n a l salts th a t  h a v e  b e e n  u se d  for th is  p u ip o s e  in c lu d e  
th e  cam siỉa te  a n d  th e  g lu c o n a te . .

Q u in in e  is a lso  u s e d  as a  b i t te r  a n d  a Đ av o u r (p . 666 .1 ).
Q u in in e  is u se d  a s  se v era l sa lts  a n d  100  m g  dl a n h y d ro u s  

q u in in e  is e q u iv a le n t to  a b o u t:
•  169 m g  of q u in in e  b isuU ate
•  122 m g  of q u in in e  d ih y d ro c h lo rid e
•  122 m g  of q u in in e  e ta b o n a te
•  130 m g  o f q u in in e  h y d ro b ro m id e
•  122 m g  of q u in in e  h y d ro c h lo iid e
•  121 m g  of q u in in e  su lía te
F o r  th e  tre a tm e n t  o f  m a l a r i a  q u in in e  is g iv e n  o rally , 
u su a lỉy  as th e  su lỉa te , h y d ro ch lo rid e , o r  d ih y d ro c h lo rid e , o r  
p a re n te ra ỉly  a s  t h e  d ih y d ro c h lo rìd e ; q u in in e  e ta b o n a te  is 
so m e tú n e s  u s e d  o ra lỉy  b e c au se  u n lik e  o th e r  q u in in e  salts, 
w h ic h  a re  in te n s e ly  b itte r, i t  is tas te less . T h e y  a ll c o n ta in  
a b o u t  th e  sa m e  a m õ u n t  o ỉ  q u in in e  a n d  a n y  o f t h e m  c a n  b e  
u s e d  w h e n  th e  d o se  is d t e d  in  te rm s  o f 'q u i n i n e  sa lt’ ; th is  is 
n o t  th e  c a se  f o r  t h e  b i s n l ía te ,  vvh ich  c o n ta in s  a  
c o rre sp o n d in g ly  sm a lle r  a m o u n t  o f q u in in e .  Q u in in e  
ỉo rm a te  is so m e tim e s  g iv en  p a re n te ra lly .

A  co u rse  o f ư e a tm e n t  w i th  q u in ỉn è  fo r  ỉ a ld p a ru m  
m ala ria  u su a ỉly  la s ts  7  d ay s a n d  is a c co m p a n ie d  b y  follow- 
o n  t te a tm e n t  w ì th  d in d a m y c in ,  te t r a c y d in e ,  o r  doxycy- 
c lin e ; in  u n c o m p lic a te d  in ỉe c tio n s  ư e a tm e n t  s h o u ld  
p re íe ra b ly  be  g iv e n  b y  th e  o ra l ro u te .  T he  u s u a l  oral dose  
is 6 0 0  m g  of q u in in e  sa lt g iv en  e v e ry  8 h o u r s  fo r  7  days.

I n  sev ere  o r  c o m p lica te d  ía ld p a n im  m ala ria , o r  w h e n  th e  
p a tie n t  is u n a b le  to  ta k e  o ra l m e d ic a tìo n , q u in in e  sh o u ld  b e  
g iv e n  p a re n te ra lly  b y  s low  in tra v e n o u s  in h is io n , b u t  th is  
c a n  b e  h a z a rd o u s  a n d  p a tie n ts  g e n e ra lly  n e e d  m o n ito rin g , 
p a rt icu la rly  fo r  s ig n s  o f  c a rd io to x id ty . T h e ra p y  sh o u ld  b e  
c h a n g e d  to  th e  o ra l  r o u te  as so o n  a s  possib le  to  c o m p le te  th e  
c o u rse . To o b ta in  th e r a p e u tíc  c o n c e n tra tio n s  rap id ly  vvith 
p a re n te ra l  th e ra p y , q u ìn in e  is o h e n  g iv en  in  a n  in itia l 
lo ad in g  dose  fo llo w e d  b y  m a in te n a n c e  doses. A  rec o m - 
m e n d e d  intravenouỉ d osage  re g im e n  su g g ested  b y  W H O  is a n  
in itia l ỉo ad in g  d o se  o f  2 0 m g /k g  o f  q u in in e  d ih y d to c h lo ríd e  
(u p  to  a  m a x im u m  of 1 .4 g ) g iv e n  o v e r  4  h o u rs  w ith  
m a in te n ạ n c e  in íu s io n s  b e ln g  s ta n e d  8  h o u r s  la te r ,  
c a lc u la te d  h o m  t h e  s ta r t  o f  t h e  p re v io u s  in h is io n . 
A ltem a tiv e ly , in  in te n s iv e  ca r e  u n its , a n  in it ia l  lo ad in g  
do se  o f 7  m g /k g  m a y  b e  g iv e n  o v e r  30  m in u te s  fo llow ed  
im m e d ia te ly  b y  th e  h rs t o f  th e  m a in te n a n c e  in fu sio n s. 
M a in te n a n c e  ín fu s io n s  co n sís t o f  lO m g /k g  (up  to  a 
m a x im u m  of 7 0 0  m g) g iv en  o v e r  4  h o u rs  e v e ry  8  h o u rs . A 
lo ad in g  dose  s h o u ld  n o t  b e  g iv en  if  th e  p a tie n t  h a s  received  
q u in in e , q u in id in e , m e ũ o q u in e ,  o r  h a lo ía n tr in e ,  d u r in g  th e  
p rev io u s  12 h o u rs . ư  p a re n te ra l  th e ra p y  is re q u ire d  fo r m o re  
t h a n  4 8  h o u r s  t h e  m a in t e n a n c e  d o se  o f  q u in in e  
d ih y d ro c h lo rid e  s h o u ld  b e  re d u c e d  to  5 to  7  m g /k g .

If  i n t r a v e n o u s  i n tu s io n  is n o t  p o ss ib le , q u in in e  
d ih y d ro c h lo rid e  h a s  b e e n  g iv e n  intramuscularly. Doses, 
in đ u d in g  th e  lo a d in g  dose , a re  th e  sam e  as  th o se  u se d  
in tra v e n o u s ly ;  t h e  d ru g  s h o u ld  b e  d i lu te d  in  so d iu m  
ch lo rid e  0 .9 %  to  a  c o n c e n tra tio n  o f  6 0  to  100 m g  oỉ th e  
d ih y d ro c h lo rid e  p e r  m L  a n d  th e  Ioad in g  d o se  sh o u ld  b e  
d iv id e d  b e tw e e n  tw o  in je c tio n  sites, p re íe ra b ly  e ả ch  
a n te r io r  th ig h  (n o t  t h e  b u tto c k ) . Hovvever, in tr a m u s c u la r  
in je c tio n  c a n  b e  i r r i ta n t  a n d  th e r e  h a  v e  b e e n  c o n c em s  
reg a rd in g  i ts  s a íe ty  a n d  e íh c a c y  (see u n d e r  M alaría , 
p  66 6 .1 ).

F o r  d e ta ils  o f d o se s  in  đ ũ ld r e n  a n d  ad v ic e  o n  do sin g  in  
r e n a l  o r  h e p a tic  ía i lu re , see  belovv a n d  p . 6 6 6 .1 , respec tive ly .

W h e n  u se d  fo r  t h e  r e l ie ỉ  o f  n o c tu m a l  l e g  c r a m p s ,  
q u in in e  is  g iv en  a t  n ig h t  in  a n  o ra l  do se  o f  2 0 0  to  3 0 0  m g  of 
th e  su lỉa te  o r  b isu lía te . Q u in in e  b e n z o a te  h a s  also  b e e n  
u se d .

Adminishation in children. Q u in in e  m a y  b e  u s e d  o ra lly  in  
c h ild re n  ío r  th e  t r e a tm e n t  o í u n c o m p l i c a t e d  í a l d p a r u m  
m a la r i a ,  o r  p a re n te ra lly  w h e n  m ala ria  is s e v e r e .o r  o ra l
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th e r a p y  is n o t  p o ss ib le . D oses a re  e x p re s se d  in  te rm s  of 
q u in in e  sa lt.

F o r  ơ e a tm e n t  o ỉ  u n c o m p lic a te d  m a la ria  a  d o se  of 
lO m g /k g  o ra lly  e v e ry  8  h o u r s 1 fo r  7  d a y s  m a y  b e  u se d , a lo n g  
w iử i  d ỉn d a m y d n  fo r  fo llo w -o n  ơ e a tm e n t .2 v v h e n  p a r-  
e n te tá l  th e r a p y  is r e q u lre d ,  q u in in e  m a y  be  g iv e n  b y  s lo w  
in tr a v e n o u s  in ỉu s io n  a t  a  r a te  n o t  e x c e e đ ỉn g  S m g /k g  p e r  
h o u r ,  b u t  ư ứ ú s  is  n o t  p o ssib le  t h e  in tr a m u s c u ỉa r  r o u te  m a y  
b e  c o n s id e re đ .2 P a re n te ra l  d o se s  a n d  a đ m in is t r a t io n  a re  as 
fo r  a d u lts  (see  p . 6 6 5 .3 ) .

1. W HO . W H O  m odel Ịo r m u la iy  f o r  ch ìld re n : based on  the seam d m odeì iù t  o Ị  
essentìal m ediànes f o r  ch iỉd ren  2 0 0 9 . G eneva: W H O . 2 0 10 . A valỉab le  au  
b t t p : / / w w w .w h o . ln t / s e l e c U o n _ m e d ic Ì n e s / I Ì s t /W M F e _ 2 0 1 0 .p d f  
(accesseđ 1 9 /0 7 /1 0 )

2. W HO . G tà d e ĩin a  f o r  the treatm ent o f  m a ỉa r ìa . 2 n d  ed. G eneva: W HO , 
2010 . A vaiỉab le  a u  h ttp : //w h q lib d o c .w h o .in t/p u b lic a d o n 5 /2 0  ỉ 0 / 
97S 924 1 5 4 7 9 2 5 _ e n g .p d f (accessed 1 9 /0 7 /1 0 )  u p d a ie  (issucd April 
2011 ) a vailab le  a u  h ttp : / /w w w .w h o .in ơ m ala r ia /p u b llc a D o n s /a to i/m a l_  
ơ e a tch ild _ rev ised .p d f (accessed 2 0 /0 5 /1 1 )

A d m in iỉ tr a t io n  in  h e p o tic  im p a irm e n t.  Q u in in e  m a y  
a c c u m u la te  in  p a t ie n ts  w i th  h e p a tic  im p a irm e n t, a n d  
W H 0 ' h a s  th e r e lo r e  su g g e ste d  th a t  q u in in e  doses  fo r ị 
se v e re  m a la ria  b e  re d u c e d  b y  o n e - th i rd  a l te r  th e  first 4 8  í 
h o u r s  o f t r e a tm e n t  in  p a tie n ts  w i th  s e v e re  h e p a ú c  ứ n p a ir -  ; 
m en L  S ừ n ila rly , ú t  t h e  UK th e  BNF su g g ests  th a t  vvhen i 
intravenous q u in in e  is ư se d  in  p a tie n ts  vvith se v e re  h e p a tic  
im p a irm e n t, th e  m a in te n a n c e  d o se  s h o u ld  b e  re d u c e d  to  5 
to  7 m g /k g  oỉ q u in in e  sa lt e v e ry  8 h o u rs .

I .  W HO . G uide lm es f o r  t h i  tn a tm en t o f  m a ỉa r ia . 2 n d  ed. G eneva: W HO, 
2010 . A vaỉỉab le  a u  h itp : //w h q llb d o c w h o .im /p u b lic a tlo n 5 /2 0  ỉ 0 / 
97892 4 1 5 4 7 9 2 5 _ e n g .p d f (accesscđ 0 7 /0 7 /1 1 )  Ư pdate (issucd  April 
2011) avaílab le  a t:  h ttp : //w w w .w h o .im /m a Ia ria /p u b lie a tio n s /a to z /m a l.. 
trea tc h ild _ rev is ed .p d f (accessed  0 7 /0 7 /1 1 )

A d m m is tro tio n  in  r e n o l  im p a i im e n t .  Q u in in e  m a y  a c cu - 
m u ỉa te  i n .  s c v e re  r e n a l  ìm p a irm e n t,  a n d  W H O ' h a s  su g - 
g e s te d  t h a t  q u in in e  d o se s  fo r  s e v e re  m a la ria  s h o u ld  be  
re d u c e d  b y  o n e - th ứ d  in  su c h  p a tíe n ts  if s ev ere  r e n a l  íail-  
u r e  p e rà s t s  a ỉ t e r  4 8  h o u r s  o í  t r e a tm e n t .  S o m e Iicen sed  
p r o d u a  in ío r m a t ío n  a lso  g ives  re c o m m e n d a tio n s :  w h e n  
oral q u in in e  is  r e q u i r e d  ío r  m a la r ía  t ie a tm e n t  in  p a tie n ts  
w i th  c h ro n ic ,  s e v e re  r e n a l  im p a irm e n t,  th e  u s u a l  d o se  
m a y  b e  g iv e n  a s  a n  in it ia l  lo a d in g  d o se , ỉo llo tv e d  a t  12- 
h o u r  in te rv a ls  b y  h a lf  th e  u s u a l  d o se . I n  th e  UK. th e  BNF 
su g g ests  th a t  w h e n  intravenous q u in ín e  is u se d  in  s e v ere  
r e n a l  ỉa i lu re .  t h e  m a in te n a n c e  d o se  s h o u ld  b e  re d u c e d  to  
5 to  7 m g /k g  o f  q u in in e  sa lt e v e ry  8  h o u rs .

N o d o se  a d ju s tm e n t  is r e q u ứ e d  fo r  p a tie n ts  u n d e rg o in g  
h a e m o d ia ly s is  o r  h a e m o ỉil tr a t io n .

1. WHO. G u id e ỉm a  f o r  the trea tm en i of m a ia ria . 2 n d  ed. G eneva: W HO, 
2010 . A vaỉlab ỉe  a u  h ttp ://w h q lib d o c .w h o .im /p u b lica tio n 5 /2 0 1 0 / 
9 7 8 9 2 4 l5 4 7 9 2 5 _ e n g .p d f  (accessed 0 9 /0 7 /1 0 )  U pdate  (issucd  À pril 
2011 ) avaỉlab ỉe  a e  h t tp : / /w w w .w h o . im /m a  la iia /p u b lic a tio n 5 /a tơ z /m a l_  
trea tch ik i_ rev i5ed .pd f (accesscd 2 0 /0 5 /1  ])

B a b e s io s ỉs .  A l th o u g h  th e r e  is J 10 e s ta b lish e d  s p e d íic  tre a t-  
m è n t  fo r  b a b e sio s is  (p . 9 2 0 .2 ), a c o m b in a tio n  o f q u in in e  
a n d  d i n d a m y d n  h a s  b e e n  u se d .'-1  F o r  su g g ested  d o ses  see 
u n d e r  C lin d a m y d n , p . 2 7 0 .3 . Q u in in e w ith  a â th r o m y d n  
w a s  r e p o i te d  to  b e  e ỉfe c tiv e  in  a  p a tie n t  w h o  h a d  n o t  
re s p o n d e d  to  q u in in e  w ith  d i n d a m y á n .3

1. A bram ow icz  M . , e d . D ru gs /orparasỉtK infeaioM. 2nd ed . Ncvv R ochelle  
NY: T he  M ed ica l L ctier . 2010 .

2 . W o n n se r  GP, t t a ỉ .  T h e  d ũ ũ c a i  a ỉses sm em . ư e a tm e m . a n d  p rc v e n ỉìo n  of 
L ym e đ isease, h u m a n  g ran u lo c y tic  anap lasm osls . a n d  b a b á io ỉ i s :  d in ic a l 
p râc d ce  g u lde llnea  b y  th e  In lec d o u s  D iaeases S o d e ty  o f A m erica. O m  
ỉn f t c ỉ  D ừ  2006 ; 4 3 : 1 0 8 9 -1 1 3 4 . A lso avaỉlab le  a t: h t tp : //w w w .jo u m a ỉs . 
u c b ic a g o .e d u /d o i/p d l/1 0 .1 0 8 6 /3 0 8 6 6 7  (acccssed  17 /06 /08 )

3. s h a ỉo  M F, Y ang K D . R esponsc  o f babcsỉosỉa to  a c om b ỉned  reg ú n e n  o i  
q u in in e  a n d  a r i t h ro m y õ n .  Trữĩĩs R  Soc Trop M e d  H y Ị  1997; 91 ; 2 1 4 -1 5 .

F k iv o u rin g . T h e  J o in t  F A O /W H O  E x p e r t  C o m m itte e  o n  
F o o d  A d d itív e s  c o n d u d e d  th a t  q u ìn in e  lev e ls  in  so ft d r in k s  
o f  u p  to  lO O m g /liư e  (as q u in in e  b a se )  w e re  n o t  o f to x ic o -  
log ica l c o n c e m .1 H o w e v e r, b e c a u s e  o f  t h e  p o ssib ility  of 
h y p e rs e n á tiv i ty  r e a c t ìo n s  in  s o m e  in d iv id u a ls , th e  c o m - 
m it te e  r e c o m m e n d e d  th a t  c o n s u m e is  b e  in lo rm e d  o f th e  
p re se n c e  o f  q u in in e  in  fo o d  o r  b e v e ra g e s .

1. PAOAVHO. E v a lu a tio n  o f  c erta ln  ĩoỡ d  ad d ìtiv e s  a n d  c o n tam in an ts : 
fo rty -first rc p o r t o i  th c  jo in t  FA O /W H O  e x p e r t c om m irtee  00 íood  
ấdd itíves. W H O  Tech R e p  S e r  8 3 7  1993 . Also avalỉab le  a u  h ttp ://U b d o c . 
w b o in Ư tn /W H O _ T R S _ 8 3 7 .p d f  (accessed  1 2 /0 9 /1 1 )

M d d r í a .  Q u in in e  h a s  h a d  a n  im p o r ta n t  Tole in  t h e  n e a t -  
m e n t  o ỉ  ỉ a ld p a r u m  m a la ria  (see  p .  6 4 4 .1 ) . Q u in in e  sa lts  
a re  n o rm a U y  g iv e n  o ra lly  ( a n y  q u in ỉn e  Io st th ro u g h  v o m i-  
t in g  w i th in  o n e  h o u r  o f  a n  o ra l d o se  sh o u ld  b e  re p la c ed  
b y  a d d it io n a l  d o s e s )1 o r  in  s e v ere  in íe c tio n  b y  s lo w  in tra -  
v e n o u s  in ỉu s io n  o f  th e  d ih y d ro c h lo rid e .2 If i n ứ a v e n o u s  
ỉo n n u la t io n s  o f  q u in in e  a re  u n a v a ila b le  q u in id in e  m a y  b e  
u se d  a s  a n  a lte m a t iv e ;  fo r  h r n h e r  d e ta ils , see  u n d e r  th e  
U ses a n d  A d m in is tr a t io n  o í  Q u in id in e ,  p .  1 481 .3 .

If fa d li tie s  fo r  in ơ a v c n o u s  in h is io n , in d u d in g  m o n ito r -  
ing , a re  n o t  a v a ila b le  q u ỉn in e  m a y  b e  g iv en  b y  d e e p  
in tra m u s c u la r  ìn je c tio n .2 T h e  u s e  o f  th e  in ư a m u s c u la r  ro u te  
h a s  b e e n  c o n tro v e is ia l  b e c a u se  o f  c o n c e m s  o v e r  s a ỉe ty  a n d  
e í í i c a c y  b u t  t h e r e  is  s o m e  e v i d e n c e  o f  b e n e í i t . 3' 6 
In tr a m u s c u la r  in je c tio n s  o f  q u in in e  c a n  b e  i r r i t a n t  a n d  
h a v e  c a u se d  p a in ,  ío c a l  neCTOsis, a n d  abscess  to im a tio n ;

la ta l  te ta n u s  h a s  d e v e lo p e d  in  so m e  p a tie n ts .7 I t  h a s  b e e n  
su g g e ste d  th a t  s o m e  s u c h  re a c t io n s  m a y  b e  re la te d  to  t h e  u se  
oi p re p a ra tìo n s  lo rm u la te d  in  u r e th a n e  o r  o th e r  irr ita n t  
s u b s ta n c e s . D ilu te d  S o lu tio n s  ot q u ỉn ỉn e  d ih y d ro c h lo ríd e  
6 0  m g /m L  a d ju s te d  to  n e u t r a l  p H  a p p e a r  to  b e  less  p a in íu l  
t h a n  th e  u s u a l  u n d i lu te d  p r e p a i a d o n  o ỉ  30 0  m g /m L .

If ía ó l i t ie s  d o  n o t  e x is t  to  g iv e  q u ỉn in e  p a re n te ra l ly  t h e n  
p a tie n ts  w i th  s e v e re  m a la r ia  s h o u ỉd  rec e iv e  q u in in e  b y  
m o u th  o r  n a so g a s tr ic  tu b e .

Q u in in e  as  ỉo rm e rly  s ta n d a rd is e d  u s e d  to  c o n ta in  a  
h ig h e r  c o n c e n ư a tio n  o f  d n c h o n a  a lk a lo id s  a n d  th e r e  m ỉg h t 
b e  sy n e rg y  b e tv v een  m ix tu re s  o f  th e s e  a lkalo ids.*  In  p rac tic e  
n o  a d v a n ta g e  h a s  b e e n  s h o v rn  b y  su c h  m ỉx tu rẽ s  o v e r  
q u in in e  a lo n e  in  th e  t r e a tm e n t  o f  c h ỉo ro q u in e -re s is ta n t  
ía ld p a r u m  m a la r ia .’

ỉ . W H O . W H 0  m od e ì/o rm u ỉa ry . G en e v â: W HO , 2008 . A vailab le  a u  h t tp : / /  
w w w .w h o . in t / s c l e c t jo n _ m c d lc in c s /U s t /W M F 2 0 0 8 .p d f  (a c c c ssc d
0 7 /0 4 /0 9 )

2. W H O . G u id e ỉỉn a  f o r  the trea tm erứ  o f  m a ĩa r ia . 2 n d  e d . G cneva: W HO , 
2 0 10 . A vaỉỉab le  a u  h tq > ://w h q ỉỉb d o c w h o Jn t/p u b U c a tỉo n s /2 0 1 0 / 
97892 4 1 5 4 7 9 2 5 _ e n g .p d f (acccsscd  0 9 /0 7 /1 0 )  u p d a te  (issued A prll 
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8. D ru ỉlhe  p, et a ì . A a iv iry  o f a  co m b ỉn a t ío n  o í  th re e  d n c h o n a  ba rk  
a lkalo ids ag a in s t P lasm o d iu m  ta ld p a ru m  in  v iiro . A m im icrob  A gen o  
Chem other 1988; 32: 250-^1.

9. B u n n a g  D. e ĩ a i  A c o m b in a t io n  o f  q u in ln e . qu ừ iid ln e  a n d  d n c h o n ỉn e  
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M u sc le  s p o s m . Q u in in e  (u su a tly  as  q u in in e  su lía te  o r  
b isuU ate ) h a s  tra d i t io n a lly  b e e n  u se d  ío r  n o a u m a l  c ra m p s  
(p. 2 0 1 4 .1 )  b u t  t h e r e  h a s  b e e n  c o n c e m  o v e r  its  efficacy 
a n d  p o te n t ia l  fo r  a d v e rse  e líe c ts , e s p e d a l ly  in  th e  e lde rly . 
In  t h e  USA, fo r  e x a m p le , t h e  FD A r u le d  th a t  q u in in e  P ro 
d u c ts  sh o u ld  n o  lo n g e r  b e  u s e d  fo r th e  m a n a g e m e n t  of 
n o c tu m a l  c ra m p s .1'1 A  s im ila r  b a n  h a s  b e e n  im p o se d  in  
A u s tra lia .5 M e ta -a n a ly se s4-5 c o n d u d e d  th a t  a l th o u g h  q u in -  
in e  vvas e ữ e c tiv e  in  th e  ư e a tm e n t  o f  n o c tu m a l  c ra m p s  in  
a m b u la to ry  p a tie n ts  th e  r ís k  o ỉ  se rio u s  a d v e rse  e ỉỉec ts  
s h o u ỉd  b e  b o m e  in  m in d .  I t  w a s  re c o m m e n d e d  th a t  
p a tie n ts  s h o u ld  b e  d o s e ly  m o n ito re d  w h ile  t h e  efficacy of 
q u in in e  is a ssessed  o v e r  a  p e rio d  o f  a t  le a s t 4  vveeks. In  
c o n tra s t, a  l a te r  C o c h ra n e  revievv* fo u n d  m o d e ra te  q u a lity  
e v id e n c e  to  su g g e s t  t h a t  w h e n  q u in in e  w as u se d  to  tre a t  
m u s d e  c ra m p s  ío r  u p  to  6 0  d a y s , t h e  i n d d e n c e  o ỉ  se rio u s  
a d v e rse  effects w a s  n o t  s ig n ih c a n tly  d iífe re n t th a n  vvith 
p lac e b o . S o m e 7 h a v e  re c o m m e n d e d  th a t  t r e a tm e n t  b e  
s to p p e d  e v e ry  3  m o n th s  t o  se e  w h e th e r  it  ã  s till n e e d e d .

H a e m o d ia ly s is - in d u c e d  c ra m p  (p . 1781 .3 ) h a s  b e e n  
r e p o r te d  to  r e s p o n d  to  t r e a tm e n t  w i th  q u in in e * '9 b u t  s im ila r  
c o n c e m s  a p p ly .
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Adverse Effects
Q u in in e  o r  ỉts  sa lts  g iv e n  in  u s u a l  th e ra p e u tic  d o ses  m a y  
g ive  r is e  to  a  t ra ữ i  o f s y m p to m s  k n o w n  a s  d n c h o n is m ,  
c h a ra a e r i s e d  in  its  m ild  fo rm  b y  t in n i tu s ,  im p a ữ e d  h e a rin g , 
h e a d a c h e , n a u s e a ,  a n d  d is tu rb e d  Vision, w ith , in  its  m o re  
se v e re  m a n U e sta tío n s , v o m itin g , a b d o m in a l p a in , d ia rr-  
h o e a ,  a n d  v e rtig o .

C in c h o n ism  m a y  a lso  o c c u r  a í te r  sm a ll doses  in  p a tie n ts  
h y p e rs e n s it iv e  to  q u in in e ,  b u t  u r tic a r ia  a n d  U u sh in g  o f th e  
sk in  w ith  in te n s e  p r u r i tu s  a re  th e  m o s t  í re q u e n t  rea c rio n s  
se e n  in  th e s e  p a tie n ts .  O th e r  e ííe c ts  in d u d e  íe v e r ,  rash e s , 
a n d  d y sp n o e a . A n g io e d e m a  m a y  a lso  o c c u r  a n d  a s th m a  c an  
b e  p r e d p i t a t e d .  T h r o m b o c y to p e n ia  a n d  o th e r  b lo o d

d iso rd e rs  h a v e  b e e n  r e p o n e d .  T h ro m b o c y to p e n ic  p u ip  a ra  
h a s  b e e n  a s s o d a t e d  w i th  q u in in e  h y p e rs e n s i t iv  ty . 
H a e m o g lo b in u ria  o c c u rs  ra re ly .

O th e r  a d v e rse  e ffe c ts  o f  q u in in e  i n d u d e  h y p og lycaetì lia, 
h y p o p r o th r o m b in a e m ia ,  a n d  r e n a ỉ  ta i lu re .

T h e  m a ín  s y m p to m s  o f  o v erd o sa g e , vvhich c a n  b e  fa lal, 
i n d u d e  g a s tro in te s tỉn a l  e ffects, o c u lo to x id ty ,  CNS d is tiir -  
b a n c e s ,  a n d  c a rd io to x ỉd ty .  V isu a l d is tu rb a n c e s  i n d u d  n g  
s u d d e n  b lỉn d n e ss  a re  u s u a lly  slovvly re v e is ib le  b u t  t h : r e  
m a y  b e  r e s id u a l d a m a g e . O v e rđ o sa g e  is  d iscussed  in  d e  a i l  
p .  6 6 7 .2 .  Q u in in e  c a n  p ro d u c e  c a rd io v a sc u la r  to x iú ty  
s im ila r  t o  th a t  s e e n  w i th  q u in id in e ,  i n d u d in g  c o n d u c t  o n  
d is tu rb a n c e s ,  a ir h y th m ia s ,  a n g in a ỉ  sy m p to m s , a n d  h y ]io -  
t e n s io n  le a d ỉn g  to  c a rd ia c  a r re s t  a n d  t ír c u la to ry  ỉ a i l t r e .  
S e v e re  o r  e v e n  ía ta l  c a rd io v a sc u la r  to x id ty  c a n  re s u lt  fri im  
ra p id  i n ư a v e n o u s  d o sa g e  o f  q u ỉn in e .

L a rg e  a m o u n t s  o f  q u in in e  c a n  in d u c e  abortic  n ; 
c o n g e n ita l  m a U o rm a tio n s , p a rt ic u la r ly  o f  th e  o p tic  a n d  
a u d ito r y  n e rv e s , h a v e  b e e n  re p o r te d  a f te r  ía i lu re  to  in d i  ce 
a b o r t io n  w ith  q u in in e .  Hovvever, q u in in e  s h o u ld  n o t  be 
v v ith h e ld  f ro m  p r e g n a n t  w o m e n  w ith  l ife - th re a te n i ng 
m a la r ia  (se e  also  u n d e r  P re g n a n c y  in  P re ca u tio n s . p . 6 6 8 . 1).

In tr a m u s c u la r  in je c tio n s  o f  q u in in e  c a n  b e  irr ita n t  a id  
h a v e  c a u se d  p a in , ío ca l n ec ro sis, a n d  abscess ỉo rm a tii n; 
te ta n u s  h a s  d e v e lo p e d  in  so m e  p a tie n ts  (see  u n d e r  M ala  ia  
in  U ses a n d  A d m in is tra t io n , ab o v e ).

Effects on the blood. B etvveen  1966 a n d  1975 th e  Svvedi ;h  
A d v e rse  D ru g  R e a r tio n  C o m m itte e  rec e iv e d  4 3  re p o r ts  o f 
thrombocytopenia a t t r íb u ta b le  to  q u in in e  o r  q u in id in e ' a  ìd  
th e  B o s to n  C o lla b o ra tiv e  D ru g  S u rv e iU an ce  PTogram  h  >d 
11 s im ila r  r e p o r ts  in  p a tie m s  s tu d ie d  betvveen  1972 a :id  
1 9 8 1 .2 U p to  O c to b e r  2 0 0 4 , th e r e  h a d  a lso  b e e n  2 2 8  ca.«es 
o f th ro m b o c y to p e n ia  re p o r te d  to  th e  A u s tra lia n  A d v e i ie  
D ru g  R e a n io n s  A d v iso ry  C o m m itte e , i n d u d in g  6  fat. 1- 
i tie s .3 In  th e  USA, t h e  FD A h a s  c o n tin u e d  to  rece i /e  
re p o r ts  o f se rio u s  a d v e rse  e v e n ts ,  i n d u d in g  ía ta litie s , 
d e sp ite  e ữ o r ts  to  r e s t r i a  th e  u se  o f  q u in in e  in  r e sp o n se  to  
e x is ũ n g  to x id ty  c o n c e m s . B etvveen  A p ril 2 0 0 5  a n d  O a o -  
b e r  2 0 0 8 , 2 4  d o m e s tic  re p o r ts  o f  se rio u s  h a e m a to lo g ic a l  
a d v e rse  e v e n ts  w e r e  rec e iv ed , o f vvhich 8 7 .5 %  w e re  
th ro m b o c y to p e n ia  r e q u ir in g  h o sp ita ỉis a tio n . T h e  m e d ia n  
tim e  to  o n se t  o f to x id ty ,  a n d  m e d ia n  r e p o r te d  q u in in e  
d o se  w e re  13.5 d a y s  a n d  325  m g  d a ily  re sp e c tiv e ly .4 A 
s im ila r  a n a ly s is  b y  H e a lth  C a n a d a 5 o f  71 rep o r ts  o f se rio u s  
a d v e rse  e ííe c ts  s u sp e c te d  o f  b e in g  a s s o d a te d  w ith  q u in in e  
s u lía te  u p  to  S e p te m b e r  2 0 1 0  in c lu d e d  4 3  c ases  w h e r e  th e  
in d ỉc a tio n  h a d  b e e n  leg  c ra m p s , ío r  w h ic h  th e  d ru g  w a s  
n o t  lic e n sed ; in  2 0  o f  th e s e  th e  a d v e rse  e ơ e c t  h a d  b e e n  
th ro m b o c y to p e n ia ,  o f te n  se v ere , vvhile o th e r  a d v e rse  
e ữ e c ts  h a d  in d u d e d  S te v e n s - J o h n so n  sy n d ro m e , v ascu li-  
tis, a n d  a r rh y th m ia s .  Q u in in e - in d u c e d  th ro m b o c y to p e n ia  
a p p e a rs  to  b e  a h y p e rs e n s it iv ity  r e a c tio n  a n d  b e v e ra g e s  
c o m a in in g  q u ỉn in e  as  a  b i t te r  in  c o n c e n tra t io n s  as lo w  as 
20  m ic ro g ra m s/m L  h a v e  p r e d p i ta te d  th ro m b o c y to p e n ic  
p u r p u ra  in  p re v io u s ly  se n sỉtỉse d  in d iv id u a ls .4

A lth o u g h  q u in in e  c a n  c a u se  haemolysis, th e r e  is so m e  
d o u b t  o v e r  th e  ư a d i t io n a l  v iew  th a t  ir r e g u la r  d o sag e  vvith 
q u in in e  p re d isp o ses  p a tie n ts  vvith m a la ria  to  bỉackwaterfĩver. 
a sy n d ro m e  o f s e v e re  h a e m o ly tíc  a n a e m ia ,  h a e m o g lo b in u r -  
ia, o lig u ria . a n d  re n a l  ía i lu re .7 S o m e  o f  t h e  p a tie n ts  a ữ e c te d  
m a y  h a v e  h a d  G 6PD  d e C d e n c y .7 H a e m o ly tic -u ra c m  c 
s y n d ro m e * '10 a n d  p a n c y to p e n ia  vvith c o a g u lo p a th y  a n i  
r e n a l  im p a i rm e n t1112 h a v e  a lso  b e e n  a s s o d a te d  w ith  th e  u s  e 
o f  q u in in e .

T h e re  h a v e  a lso  b e e n  re p o r ts  of disseminated intravascukr 
coagulation, i n d u d in g  o n e  la ta lity , a í t e r  u s e  o f q u in in e  b ^  
p a n e n ts  w i th  q u in in e  h y p e rs e n s it iv ity .13' 15 In  o n e  c a se 15 th e  
h y p e rse n s it iv ity  re a c t io n  d o s e ly  m im ic k e d  sep tic  sh o ck .

T h e re  h a v e  b e e n  iso la te d  re p o r ts  o f  agranuỉocytosis d u e  t ) 
q u in in e .16
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12 . S c h m ỉt t  SK, T o m ỉo rd  JW . Q u ỉn in e - in d u c e d  p a n c y to p e n ia  a n d  
c o ag u ỉo p a th y . A n n  In te m  M e d  1994; 120: 9 0 - 1 .

13. s p e a r in g  RL, et a ỉ . Q u in in e -ln đ u c e d  d isse m in a te d  in rravascu la r 
c ô a g u ía rio n . La n e t í  1990; 336 : 1535-7.

14. B a rr  E  t í  a i . R e c u rre n t a c u te  h y p e rse n s itiv ity  to q u ỉn in e . B M J 1990; 301: 
323 .

15. S c h a tm e r  A. Q u ỉn ỉn e  h yp e rse n sitìv ity  s im u la à n g  sepsỉs. A m  J  M td  1998; 
104 : 4 8 8 -9 0 .

16. S u th e r ỉa n d  R. t í  a i . Q u ỉn ỉn e -ỉn d u ce d  a g ranu locy to sỉs : tox ỉc  effect of 
q u ỉn ỉn e  b isu lp h a te  o n  b o n e  m a rro w  c u ltu re s  in  v ỉư o . B M J 1977; ỉ :  6 0 5 -

E f f e c t s  o n  t h e  e a r s .  A ỉth o u g h  o to to x id ty  s u c h  as  tin n itu s  
o r  d e a ín e s s  is k n o w n  to  b e  a  p o ss ib le  a d v e rse  effect o ỉ 
q u in in e .  re v e rs ib le  h e a r in g  loss may a lso  o c c u r. W hile  o n e  
g r o u p  o f  vv o rk ers1 ỉ o u n d  th e  r e d u c t io n  in  a u d ito ry  a c u ity  
t o  b e  g r e a te s t  a t  h ig h e r  b e q u e n d e s ,  a n o th e r  g ro u p 2 h a v e  
ío u n d  t h a t  h e a r in g  loss vvas g en e ra U y  e q u a l  across th e  
r a n g e  o f  ừ e q u e n d e s  tẹ s te d  a n d  a p p e a re d  to  b e  re la te d  to  
t h e  p la s m a  c o n c e m r a t io n  o f  q u in in e .

1. R o c h e  R J. t í  a i  Q u ỉn in e  ỉn d u c es rcvc rsib le  h ig h - to n e  h e a r ỉn g  ĩo$s. B r  J  
C ỉin  P h arm aco l 1990: 2 9 : 7 8 0 -2 .

2 . K ar isso n  KK, t í  a i .  A u d lo tn e try  a s a  p o sd b ỉe  in d ỉca to r o (  q u in in e  p lasm a 
c o n c e n tra tỉo n  d u r ỉn g  tr e a tm ẽ n t of m a ỉa ria . Tra n s R  Sỡc Trop  M ed  H yg  
1990 ; 8 4 : 7 6 5 -7

E f f e c t s  o n  t h e  e y e s .  O c u lo to x id ty  a b e r  o v erd o sa g e  vvith 
q u in in e  is w e ll r e c o g n is e d  (see  b e lo w ) , b u t  t h e r e  has  also  
b e e n  a  r e p o r t  o f b l in d n e s s  in  tw o  p a tie n ts  o c c u rr in g  d u r in g  
su p p o s e d ly  r o u t in e  th e r a p y .1

1. W addeQ  K. BU ndness from  q u ỉn in e  as a n  an tím a ỉariaL  T ra n s  R Soc T rop  
M t d  H y s  1996; 90 : 3 3 1 -2 .

E f f e d s  o n  g l u c o s e  m e t a b o l i s m .  H y p o g ly c a em ia  is n o w  
re c o g n is e d  to  b e  a  í r e q u e n t  c o m p lic a tio n  o f  íạ ld p a ru m  
m a la i ia  a n d  i t  is o f te n  a s so d a te d  w i th  a  p o o r  p rognosis. 
C h i ld re n , p r e g n a n t  w o m e n , a n d  p a tie n ts  w i th  severe  dis- 
e a se  a p p e a r  to  b e  p a rt ic u la r ly  a t r isk . I t  is im p o r ta n t  to  
re c o g m s e  th a t  h y p o g ly c a e m ia  r a th e r  t h a n  c e re b ra l  m ala ria  
m a y  b e  t h e  c a u se  o f  c o m a . H y p o g ly c a em ia  m a y  also b e  
in d u c e d  b y  a n tim a la r ia l  th e ra p y ; f i i s t  ep iso d e s  of h y p o -  
g ly c a e m ia  h a v e  b e e n  d e te c te d  a f te r  p a tie n ts  rec e iv ed  q u in -  
i n e 1"3 o r  q u in id in e 4 in tra v e n o u s ly , a l th o u g h  o th e rs  h a v e  
n o t  í o u n d  th a t  q u in in e  le d  to th e  d e v e lo p m e n t  of h y p o - 
g ly c a e m ia .5-4

Q u in in e  h a s  a lso  b e e n  rep o r te d  to  in d u c e  h y p o g ly ca e m ia  
d u r in g  t r e a tm e n t  f o r  leg  cram ps.7

1. YVhite N'J . t í  a i . S c v c c c  hypogỉycem ia  a n d  hyperín su lin em ia  ỉn  
ỉa ld p a r u m  m a ỉa ria . N  E n $ l J  M ed  1983; 3 0 9 : 6 1 -6 .

2 . O k ito lo n d a  w, tí a i . H igh  in d d e n c e  o í h y pog ỉycaem ia  in  Aírican  p a ổ en ts  
tr e a te d  w ith  in ư a v e n o u s  q u ỉn in e  Cor s e v e re  m a larỉa . B M J  1987; 295 : 
7 1 6 -1 8 .

3. L o o are esu w an  s. t í  a i  Q u ỉn in e  a n d  s e v e re  ỉa ỉd p a ru m  m aỉaría in  la te  
p re g n a n c y . Laneet 1985; U: 4 -8 .

4 .  P h illip s  R E  t í  a i . H ypoglycaem la  and  a n tim a ỉa r ìa ỉ d m g s: qu ỉn id ine  a n d  
re le a ic  o í  ỉn su lin . B M J  ì  986; 2 9 2 :1 3 1 9 -2 1 .

5. TayLor T E  t í  a i . B lood  glucose  lcvcls in  M a law ia n  c h ild ren  before a n d  
d u r in g  th e  a d o iỉn is tra tỉo n  o f in tra v en o u s  q u in in e  fo r severe  ỉa ỉd p a ru m  
m a ỉa r ỉa . N E n g U M e d  1988; 3 1 9 :104Ữ-7.

6. K a w o  N G, t í  a i . T h e  m e tab o ỉỉc  eơects o f  q u in in e  in  chH dren  w ith  severe  
a n d  com pỉica ted  P ỉasm o d ỉu m  ỉa ỉd p a ru m  tn a ỉa rỉa  in  D ar  e s Salaam . Tra n s  
R  Sac T rá p  M ed  H yg  1991; 85 : 711 -13 .

7 . L ỉm b u rg  PJ, a  a i . Q u in in e -in d u ce d  hypog ỉycem ia . A n n  In tg rn  M td  1993; 
119 : 2 1 8 -1 9 .

E f f e c t s  o n  t h e  h e a r t .  C a rd io to x id ty  a í te r  o v erd o sa g e  w ith  
q u in in e  is w e ll rec o g n ised , a n d  p r o lo n g a t io n  o f th e  QT 
in te r v a l  h a s  b e e n  n o te d  w ith  th e ra p e u tic  d o se s . T here  h a s  
a lso  b e e n  a  r e p o r t1 o f  ía ta l  v e n tr ic u la r  Đ briU ation w ith  QT 
p ro lo n g a t ío n  in  a n  e ld e r ly  p a tie n t  w h o  re c e iv e d  S tandard  
d o se s  o f  q u in in e  b y  s lo w  in tr a v e n o u s  in ỉu s io n  fo r  ía ld p a r-  
u m  m a la ria .  I t  w a s  n o te d  th a t  th e  p a tie n t  h a d  som e p ro -  
lo n g a t io n  o f th e  Q T in te rv a l  b e ío re  s ta r tin g  q u in in e  a n d  
a lso  t h a t  h e r  fre e  q u in in e  c o n c e n tra tio n s  w e r e  u n u su a ỉly  
h ig h  d e sp ite  to ta l  q u in in e  c o n c e n tra tio n s  c o n s id e red  to  b e  
w i th in  t h e  th e r a p e u tic  ran g e .

1. B o n in g to n  A, t í  a i  Pa ta l q u in in e  c a c d io io x iứ iy  in  ỉh e  t ie a ư n e n t  o t  
ía ỉc ỉp a ru m  m a la rỉa . T ra n s  R  Soe Trop M ed  H yg  1996; 90 : 305-7 .

E K e c t s  o n  t h e  k i d n e y s .  See Effects o n  th e  B lo o d , p. 666 .3 .

E f f e c t s  o n  t h e  l i v e r .  A lth o u g h  h e p a ti t i s  h a s  b e e n  a sso d a te d  
vvith  q u in id in e  t h e r a p y  (see  p . 1 4 8 2 .2 ), th e r e  a p p e a r  to  b e  
fe w  re p o r ts  o f h e p a to to x id ty  d u e  to  q u in in e  usag e . G ra n u - 
lo m a to u s  h e p a ti tis  h a s  b e e n  r e p o n e d  in  2  p a tie n ts  tak in g  
q u in in e ,1-2 b u t  t h e  d iag n o s is  in  t h e  firs t o f th e s e  cases w as 
c h a lle n g e d  as t h e  h isto lo g ica l ã n d in g s  w e re  c o n s id e red  to  
b e  m o re  in d ic a tiv e  o f  n o n - s p e d f lc  r e a c tív e  h ep a titìs .3 
H e p a to to x id ty  d u e  to  q u in in e  h y p e rs e n s it iv ity  has b e e n  
r e p o r te d  in  a n o th e r  p a tie n t .4 S y m p to m s  o f  h e p a to to x id ty  
o c c u rr e d  w i th in  2 4  h o u r s  in  ạ  h i r t h e r  p a tíe n t  tak in g  q u in -  
i n e  fo r  n o c tu m a l  le g  c ra m p s .’

1. K a tz  B , t í  a ỉ . Q u in in e -ln d u c e d  g ra n u ỉo m a to u s  b e p a títís . B M J 1983; 286: 
2 6 4 -5 .

2 . M a th u r  s .  t ì a l .  Q u in ỉn e  ỉn d u c ed  g ra n u ỉo m a to u s  h e p a tìt ỉs  an d  vasculltis. 
B M J  1990; 300 : 6 13 .

3 . N lro d i NS. Q u ỉn ỉn e  in d u c ed  g ra n u ỉo m a to u s  h e p a títis . B M J  1983; 286 : 
647.

4 . P u n u k o l ỉu  RC, t í  a ỉ . Q u ỉn ỉn e  h e p a to to x id ty : a n  u n derrecogn ỉzed  o r  rare  
p h e n o m e n o n ?  A rc h  ỉn te m  M e d  1990; 150 : 1112-13 .

5. P a rv e r  DK, La v in  M N . Q u ỉn ỉn e ^ in d u ce d  h e p a to to x id ty . A n n  Phanrtac- 
o th e r  1999; 33 : 3 2 -4 .

E ffe d s  o n  th e  s k in .  U rtìca ria , c u ta n e o u s  ũ u sh in g , v a r ỉo u s  
rash es , a n d  p r u r i tu s  a re  th e  c o m m o n e s t  sy m p to m s  o f  
h y p e rse n s it iv ity  r e a c tio n s  to  q u ln in e .

T opical c o n ta d  w i th  q u in in e  m a y  c a u se  c o n ta c t  a s  w e l l  as  
p h o to c o n ta c t  a lle rg y , b u t  q u in in e  c a n  a lso  in d u c e  p h o to -  
s e n sitiv ity  re a c tio n s  a f te r  sy stem ic  d o sa g e .1' 3 P h o to s e n s it-  
iv ity  a s s o d a te d  w i th  q u in in e  in ta k e  f ro m  e x c ess iv e  
c o n s u m p tio n  o f to n ic  w a te r  h a s  b e e n  re p o r te d ;4 f ix ed  d ru g  
e ru p t io n s  d u e  to  q u in in e  ỉn  to n ic  w a te r  h a v e  a k o  o c c u rre d .5 
T h e re  h a v e  a k o  b e e n  re p o r ts  o f  e c z e m a to u s  d e rm a tỉ t is ,1 
o e d e m a  a n d  e ry th e m a ,4 h y p e rp ig m e n ta tio n ,7 a n d  l ic h e n  
p la n u s .6 B o th  p h o to to x ỉc 4 a n d  p h o to a lle rg ic 1 m e c h a n ism s  
h a v e  b e e n  su g g e ste d . F a ta l cutaneous v ascu litís  r e la te d  to  
q u in in e  t r e a tm e n t  fo r  n o c tu m a l  c ra m p s  h a s  b e e n  rep o rted .*  

F o r  a  c o m p a r íso n  o f  t h e  in d d e n c e  o f p r u r i tu s  in d u c e d  b y  
v a rio u s  a n tim a la ria ls , se e  u n d e r  C h lo ro q u in e , p .  6 Ỉ 2 .2 .

1. L jungg ren  B. S jõvall p . System ỉc  q u in in e  p h o to sensitív ity . A rch  D erm ato ỉ 
1986; 122: 9 0 9 -1 1 .

2 . L ịungg ren  B. t í  a i . System ỉc  q u in ỉn e  p h o to se n s ittv tty  w ith  p h o to -  
e p icu ta n eo u sc ro ss -re ac tív ỉ ty  co q u ỉn ỉd ỉn e . C ữ rtía đ D tím a tit is  1992; 2 6 : 1 -
4.

3. H ickey J E  t í  a ỉ . P ho toallerg ic  rca ctío n  to  sy stem ic  q u ỉn ỉn e  su ỉp h a te . 
C o n íứ đ  D trm a tỉt ìs  200 7 ; 57 : 384 -6 .

4. VVagner G E  t í  a i  I'B  h a v e  m ỉn e  vvìth a  tvvíst o i  le m o n ':  q u ỉn ỉn e  
pho to se n sỉtỉv ỉty  f ro m  excessỉve  ỉn ta k e  o ỉ  to n ic  w a te r. B r J  D erm ato i 1994; 
131: 7 3 4 -5 .

5. Bel B. t í  0i .  F u ted  e ru p tio n  d u e  to  q u in ỉn e  c o n ta in e d  in  to n ic  w a te n  
p osỉtíve  p a cd i- te s tỉn g . C o n ta đ  D erm a tìíừ  20 0 9 ; 6 2 :2 4 2 - 4 .

6. F e rguson  J , t í  a i . Q u in ỉn e  ỉn d u c ed  pho to sen sỉtỉv ỉty : d ỉn ic a ỉ  a n d  
e x p er ím e n ta ỉ s tu d ỉes . B r J  D erm atol 1987; 117: 6 3 1 -4 0 .

7. R osen  T. A p o n te  c  C u tan e o u s  h y p e rp tg m en ta tỉo n  d u e  to  c h ro n ic  
q u in ỉn e  m gestíon . C u từ  2 005 ; 7 5 : 114-6.

8. P rỉce E J. t í  a i . Q u in ỉn e -in d u c e d  cu  ta n  eo  u s  vasculitỉs. B r J ơ i n P r a a  1992; 
4 6 : 13 8 -9 .

Hypersensilivity. F o r  r e íe re n c e  to  h y p e rse n s it iv ity  re a c -  
tio n s  a s s o d a te d  vvith  q u in in e ,  see  E ííec ts  o n  th e  B lo o d  
(p. 6 6 6 .3 ), EH ects o n  th e  L iver (ab o v e ), a n d  E ííec ts o n  th e  
Sk in  (ab o v e ).

Overdosage. C ín c h o n ism  m a y  o c c u r  w i th  th e r a p e u tìc  
doses o f q u in in e  a n d  sy m p to m s i n d u d e  n a u s e a ,  v o m itin g , 
t in n itu s , d e a ỉn e s s , h e a d a c h e , v a so d ila ta t ìo n , a n d  s lig h tly  
d ỉs tu ib e d  Vision. T h e se  sy m p to m s  m a y  a lso  o c c u r  in  a c u te  
o v e rd o sag e , b u t  t h e  v isu a l d iso rd e rs  m a y  b e  se v e re  a n d  
th e re  m a y  b e  CN S d is tu rb a n c e s  a n d  c a rd io to x id ty .  A 
le th a l d o se  o r  le th a l  p la s m a -q u in in e  c o n c e n ơ a t io n  b a s  n o t  
b e e n  e s ta b lish e d  b u t  ỉa ta litie s  h a v e  b e e n  re p o r te d 1 in  
a d u lts  a f te r  d o ses  o f  2  to  8  g  a n d  in  c h ild re n  a ỉte r  1 g .

A n  a n a ly s is2 o f  165 cases o f a c u te  q u in in e  p o iso n in g  
re v e a le d  th a t :  2 1 %  h a d  n o  sy m p to m s, n a u s e a  vvith  o r  
vv ith o u t v o m itin g  o c c u rre d  in  4 7 % , v lsu a l d is tu rb a n c e s  in  
4 2 % , t in n i tu s  in  3 8 % , o th e r  a u d ito ry  d is tu ib a n c e s  in  2 3 % , 
s in u s  ta c h y c a rd ia  i n  2 3 % , a n d  o th e r  ECG a b n o rm a ỉi t ie ỉ  in  
8 % . M ild  im p a ỉrm e n t  o ỉ  c o n s d o u sn e s s  w a s  r e p o r te d  i n  14 %  
o f th e  p a tíe n ts  w h i le  7  (4 % ) p a tie n ts  h a d  d e e p e r  g ra d e s  o f 
co m a. O f th e  5 p a tíe n ts  w h o  d ied , 4  d e v e lo p e d  in tra c ta b le .  
v e n tr ic u la r  a r r h y th m ia s  a n d  th e  fif th  h a d  a  J a c k s o n ia n  
se iz u re  ỉoU ow ed  b y  ca rd ia c  a rre s t. A n o th e r  a n a ly s is ,3 o f  9 6  
cáses o f  q u in in e  in to x ic a t io n  re p o r te d  in  S c o tla n d  b e tv v een  
1997 a n d  2 0 0 2 , n o te d  th a t  th e re  h a d  b e e n  n o  c h a n g es  i n  th e  
p a t te m  o f  p o iso n in g  h o m  th a t  in  o ld e r  s tu d ies; 6  cases  
in v o lv e d  m o d e ra te  to  se rio u s  to x id ty  a í te r  in g e s tío n  o f  10 g 
o r  m o re .  I n te n t ío n a l  o v e rd o se  w a s  m o s t  c o m m o n  in  p a tie n ts  
ag e d  b e n v e e n  11 a n d  30; c h ild re n  a g e d  10 o r  less w e r e  a t  
g re a te s t  rìsk  o f  a c d d e n ta l  in g e s tio n  b u t  to x id ty  w a s  o h e n  
n o t  s e v e re  b e c a u s e  t h e  q u a n ti t ie s  w e re  sm a ỉle r . B o th  
a u d ito ry  a n d  o c u la r  to x id ty  a p p e a re d  to  b e  d o se -re la te d .

T h e  e ííe c ts  o f o c u lo to x id ty  m a y  i n d u d e  b lu rre d  V ision, 
d e íe c tiv e  c o lo u r  p e rc e p tio n , v isu a l field  c o n s tr ic t io n , a n d  
to ta l b lin d n e s s .2-4 T h e  o n s e t  o f sy m p to m s  m a y  v a ry  f ro m  a 
few  h o u r s  to  a  d a y  o r  m o re  a íte r  in g e s tio n .14 S u g g e s te d  
m e c h a n ism s  fo r  t h e  o c u lo to x id ty  o í q u ỉn in e  in c lu d e  a n  
a c tio n  o n  th e  r e t in a l  v a s c u la tu re  to  p ro d u c e  isc h a e m ỉa  o r  a  
d irec t to x ic  e tte c t  o n  th e  r e t in a .1 V isual loss in  o n e  g r o u p  of 
p a tie n ts 4 w as a s s o d a te d  vvith p la s m a -q u in in e  c o n c e n tra -  
tio n s  in  excess  o f lO m ic ro g ra m s/m L . H o w e v e r, in  a n o th e r  
g ro u p  p la s m a -q u in in e  c o n c e n tra t io n s  vvere c o n s id e re d  to  b e  
a n  im p r e d s e  g u id e  to  p re d ic tin g  v isu a l  d is tu rb a n c e s .2 T h e  
sp e ed  a n d  d e g re e  o f  v isu a l r e c o v e ry  va ries . O f 70  p a tie n ts  
vvith v isu a l  d is tu rb a n c e s  a f te r  q u in in e  p o ìso n in g . 39 
su b se q u e n tly  h a d  a  p e rìo d  o f to ta l  b lin đ n e ss .1 P e r m a n e n t  
v isual d e h d ts  r e m a in e d  in  19 o f th e s e  b u t  n o  p a t i e n t  h a d  
p e rm a n e n t  b i la te ra l  b lin d n e ss . A ll o f  th e  31 p a tie n ts  w h o  
h a d  b lu r r e d  V ision re c o v e re d  fu ll v isu a l a c u ity .

I t is  c o n s id e re d  th a t  th e  a c tio n s  o ỉ  q u ỉn in e  o h  th e  
m y o c a rd iu m  a re  sim ila r  to  th o se  o ỉ  q u in id in e  b u t  t h a t  i t  is 
less p o t e n t .1 S in u s  ta c h y c a rd ia  a n d  m in o r  EC G  c h a n g e s  a re  
th e  m o s t  c o m m o n  c a rd io v a sc u la r  eH ects. C o n d u c tìo n  
a b n o rm a lit ie s  a n d  v e n tr ic u la r  đ y s rh y th m ía s  m a y  o c c u r  
w i th  s e v e re  p o iso n in g . V e n tr ic u la r  ta c h y c a rd ia  is  m o s tly  
a s so d a te d  w i th  c a rd io g e n ic  sh o c k  o r  d r c u la to r y  c o llap se . 
H y p o k a ỉa em ỉa  m a y  a lso  o c c u r.1

1. J a e g e r  K  t í  a i . C lỉn ica ỉ íe a tu re s  a n d  m a n a g e m e n t o í po iso n in g  d u e  to  
a n ó m a la iịa l d ru g s. M e d  Taxico l 1987; 2: 2 4 2 -7 3 .

2. B o ỉan d  M E  t í  ã l .  C om plica tions o f q u ỉn ỉn e  po ison ing . La r te tí 1985; Ỉỉ 
3 8 4 -5 .

3. Langíord NJ, t í  a l  Quinỉne intoxicaúonỉ reported to the Scottish POỈSOQS 
Inỉonnarion Bureau 1997*2002: a condnuing problem. Br J  ơ i n  
P h a rm a a l 2003; 56: 576-8.

4. D y ĩo n  EH. t í  a ỉ . Death a n d  bỉỉudnen duc to overdose of qulnine. B M J  
1985;291:31-3.

Treatment oỉAdverse Effects
In acute overdosage with quinine or its salts multìple doses 
of activated charcoaỉ (p. 1537.3) may be given to adults or 
children who present within one hour of ingesting more 
than  the equivalent of 30mg/kg of quinine base or any 
am ount in a child under 5 years of age; gastric lavage may 
also be considered ỉor use in  adults. Other measures aimed 
at enhandng the elimination of quinine are largely 
ineííective. Treatment is mostly symptomatic with ạttentíon 
being given to maintaining blood pressure, respịradon, and 
renal hmction, and to ưeating arrhythmias (for hu ther 
inỉormadon, see Acute Poisoning, p. 1537.1).

Vasodilators and stellate ganglion block have been used 
to prevent or reverse vỉsuaỉ impainnent but there is littỉe 
evidence to support theữ use.

It has been suggested that, as quinỉne has antimuscarỉnic 
effects, gastric emptying may be delayed and considerable 
amounts of drug might be removed from the stomach 
beyond the usual 4  hours.1 Others consider that gastrìc 
lavage is oỉ doubthil vaỉue as quinine is rapidly absotbed 
and vomiting has often occurred before ađmission.2 
However, studies in  healthy subịects and poisoned patients 
suggest that oraỉ activated charcoal may incrẹase the 
elimination of quinine.3’4 Other methods of inaeasũig 
eliminatíon aie probablyineữective. In a.study involving 16 
padents with quinine poisonìng ỉorced atíd  diuresis, 
haemodialysis, haemoperỉusion, orplasm a exchange were 
all ỉound to be ineííectíve In increasing quin ine 
elimination.’

Stellate ganglion block has been recommended to 
prevent or reveise retinal damage, the tationale being that 
quinine-induced oculotoxidty might aiise bom  rennal 
arteriolar constriction. However, dinical studies have ỉailed 
to  find su ỉb d en t im provem ent to  justify its use.6,7 
Intravenous nitrates produqed benehdal responses in 2 
patients.*

1. BotaodM. VoỉansG. ABC oỉ poisooỉng: mỉsceỉlaĐeous diugs. BAL/1984; 
289:1361-5.

2. Jaeger A, t í  ai. CUnỉcal ỉéatures and management of poisonỉng đue to 
antímaUrỉaỉ drugs. M e d  Toxieoi 1987; 2ỉ 242-73.

3. Lockey D. Bateman DN. Eữect of oraỉ actỉvated charcoal on quinine 
elimiiiatlon. B r  J  CHn P h arm aco i 1989; 27: 92-4.

4. Prescoct LF, t í  ai. Treatment of quỉnỉne overdosage wỉth repeated oraỉ 
charcoal B r  J  ơ in  P h an rta co í 1989; 27: 95-7.

5. Bateman DN. t í  ai. Pharmacokỉnetics and dlnícal toxỉdty of quỉnỉne 
overdosage: ladc oỉ efficacy of technỉques Intended to enbance 
clỉminadoa. Q J  M t d  1985; 54: 125-31.

6. Boland ME, tí a ỉ . Complỉcatỉoas of quinlnc poỉsonỉng. La n c t t  1985; I: 
384-5.

7. Dyson EH, t í  a i . Quỉnỉne amblyopỉa: is currenỉ management 
appropriate? J  Toxico ỉ ơ i n  T o à a t l  1985-6; 23: 571-8.

8. Moore D, t í  a i . Research ỉnto quỉnỉne ocular toxỉcity. B r  J  O phth a lm o ỉ 
1992; 76: 703.

Precơutions
Quinine and its salts are contra-indicated in patients with a 
hístory of hypersensitivity to quinine or qmnldine and in 
patients with tínnitus or optic neutitis. They should not be 
ũsed in the presence of haemolysis. They shoulđ be used 
vvith cautíon in patients w ith atrial ebrillation, cardiac 
conduction deíects, or heart block. Quinine should be 
avoided in patíents vvith myasthenia gravis as it may 
aggravate theừ conditíon.

Pregnancy in a patient with malaria is not generally 
regarded as a contra-indicatỉon to the use oỉ quinine.

As quinine has been implicated in predpitating black- 
water fever it is generally contra-indicated in patients w ho 
have already suữered an attack. Quinine may also cause 
haemolysis in some types of G6PD deũdency and should be 
used vvith care (but see also belovv).

It is important tha t vvhen quinine is given intravenously 
it should be gíven by slow ỉníusíon and the patient observed 
dosely for slgns of cardiotoxỉdty. Blood-glucose concentta- 
tions should also be monitored. Problems that have been 
assodated with intramuscular use are discussed under 
Malaria in Ưses and Administration, p. 666.1.

Breast feeding. Although quinine is distributed into breast 
milk in small amonnts,1 the most recent guidance bom  
the American Academy of Pediatrics considered that the 
use of quinine was probably compatible with breast feed- 
ing.2

1. Phillips RE t í  a i . Quỉnỉne phannacokinetỉcs and toxảdty ỉn  pregnant and 
lactatỉng women wỉth Ỉaldpanỉin malaria. B r  J  ơ ì ĩ t  Pharm aeo l 1986; 21:
677-83.

2. American Academy of Pedỉatrỉa. The transỉer oỉ drugs and other 
chemỉcaỉs into hutnan miỉk. P e d ia tr ia  2001; 108: 776-89. (Retỉred May 
2010] Correcúon. ib iẩ4 1029. Aỉso avaỉỉábỉe at: http://aappoIicy. 
aappubUcations.org/cgi/contenưfullypedÌairics%3bl08/3/776 (accessed 
19/04/04)

Glucose-6-phosphate deficiency. Although lỉcensed pro- 
durt iníormation has noted that quinine may cause hae-

http://aappoIicy
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m o ly s is  In  G 6PD  d e h d e n t  p a tie n ts  (a n d  in  so m e  c o u n tr ies , 
c o n tra - in d ic a te s  its  u s e  b y  su c h  p a tie n ts ) ,  a  r e v ie w 1 n o te d  
th a t  h a e m o ly s is  h a s  n o t  b e e n  s e e n  in  p u b lis h e d  stud ies, 
a n d  re -a f f irm e d  a n  e a r l ie r  c o n d u s io n 2 th a t  fu ll th e ra p e u tic  
d o sc s  m a y  b e  sa ỉe ly  a d m in is te re d  to  G 6 P D -d e fid e n t 
p a tie h ts .

1. Y o ungste r I, t t  al. M e d lc a d o n i a n d  g lu c o se -6 -p h o sp h a te  dehyd rogenase  
d cG dency : a n  ev id en ce-b ased  rev le w . D n t/  S a ft íy  2 010 ; 33: 713 -26 .

2. B e u d e r  Ẽ. G Iu c o se -6 -pbosphate  d eh y d ro g e n ase  d e lìd en c y . N  E n ) l  J  M td  
1991; 32 4 : 169-74 .

Ihrer disease. See u n d e r  P h a rm a c o k in e tic s , b e lo w .

Porphyria. T h e  D ru g  D a ta b a se  f o r  A c u te  P o rp h y ria , com - 
p ile d  b y  th e  N orvveg ian  P o rp h y ria  C e n tre  (NA POS) a n d  
th e  P o tp h y r ia  C e n tre  Svveđen, dassU ies  q u in in e  as  possib ly  
p o tp h y r in o g e n ic  i t  s h o u ld  b e  u s e d  o n ly  w h e n  n o  sa íe r 
a l t e m a t iv e  is av a ila b le  a n d  p re c a u t io n s  sh o u ld  b e  consid - 
e re d  in  v u ln e ra b le  p a t ie n ts .1

P o r  a  d iscu ss io n  o f  t h e  u se  o f  o th e r  a n tũ n a la iia ls  in  
p a t ie n ts  w i th  p o r p h y r ia ,  s e e  u n d e r  P re c a u t io n s  fo r 
C h lo ro q u in e ,  p . 6 53 .1 .

I .  T h e  D n ig  D aiabase  for A cu te  P o rphy rìa . A vailab le  ai: h ttp : //w w w . 
d n jg s-p o rp h y ria .o rg  (acccssed 12 /10 /1  ])

Pregnancy. T h e  u se  o f q u in in e  in  la rg e  doses as  a n  aborti-  
f a d e n t  in  th e  p a s t h a s  le d  to  c o n c e rn  o v e r  its  u se  d u rin g  
p re g n a n c y , b u t  n o  e v id e n c e  o f  a n  o x y to d c  e ííec t w as 
ỉo u n d  w h e n  it w a s  u s e d  to  t re a t  se v e re  ỉa ld p a ru m  m ala ria  
in  w o m e n  in  th e  th ird  t r im e s te r  o (  p re g n a n c y .1

C o n g e n ita l  a b n o rm a lit ie s  in d u d in g  d a m a g e  to  th e  
a u d ito ry  a n d  o p tic  n e rv e s  h a v e  b e e n  se en , u su a lly  a íte r  
a t te m p te d  a b o rtio n s , b u t  VVHO2 c o n s id e rs  q u in in e  to  be safe 
w h e n  u se d  in  n o rm a l  t h e r a p e u tic  d o ses  d u r ìn g  p re g n a n c y  
(a lth o u g h  th e  p ro b le m  o f h y p o g ly c a e m ia  in  th e  se co n d  a n d  
th ir d  t r im e s te rs  m a y  m e a n  th a t  a n e m is in in  d e riv a tiv es  a re  
p r e íe ư e d ) .  J it te r in e s s  a t t r ib u te d  to  q u in in e  w ith d ra w a l h as  
b e e n  re p o r te d  in  a n  i n ía n t  w h o s e  m o th e r  h a d  d ru n k  large  
q u a n ti t ie s  o f  to n ic  w a te r  c o n ta in in g  q u in in e  d u r in g  th e  las t 
17 w e e k s  o f  p re g n a n c y .3

A s m a la ria  is p o te n t ia l ly  se rio u s  d u r ín g  p re g n a n c y  a n d  
p o se s  a  t h re a t  to  th e  m o th ẽ r  a n d  íe tu s , th e r ẽ  a p p e ars  to  be  
l ittle  ju s t if ic a tio n  fo r w i th h o ld in g  ơ e a tm e n t  in  th e  absen ce  
o f  a  s u ita b le  a l te m a t iv e .  H o w e v e r, p re g n a n t  p a tie n ts  t re a te d  
fo r  m a la r ia  a re  a t  s p e d a l  risk  f ro m  h y p o g ly ca e m ia  
e x a c e rb a te đ  o r  c a u se d  b y  q u in in e - in d u c e d  h y p e rin su lin a e -  
m ia  (see  u n d e r  EH ects o n  G lu co se  M e ta b o lism  in  A dverse 
Effects, p . 6 6 7 .1 )  a n d  s h o u ld  b e  m a n a g e d  ap p ro p ria te ly .

1. L o o are esu w an  s, tí a i  Q u in ỉn e  a n d  severe  ía ld p a ru m  m alaria  in ỉate 
p reg n a n cy . Lancet 1985; ìi:  4 -8 .

2 . W H O . Guideỉỉnes fo r  the treatm ent o f  maỉữria, 2 nd  ed. G eneva; W HO, 
2 0 10 . A vailab le  aL* h ttp ://w b q lib d o c .w h o .in i/p u b H c aU o n s /2 0 10/ 
9 7 8 9 2 4 1 547925_eng .pd f (accessed 0 9 /0 7 /1 0 )  ư p d a ĩe  (ĩssued A pril 
2011 ) availab le  at: h ttp ://w w w .w ho .im /ina la i1a/pubH cations/a toz/T na l 
trea tch ild_ rev ised .pd f (accessed  2 0 /0 5 /1 1 )

3. E v an s A NW , et a i  T he in g e s tio n  by  p re g n a m  w o m e n  o í substances tox ic  
to  th e  ỉoe tu s . P ra ơ ition e r  1980; 224: 315 -19 .

Rend impairment. See u n d e r  P h a rm a c o k in e tic s , be low .

Interađions
A s q u in in e  s h a ie s  m a n y  o f th e  a c tio n s  o f  q u in id in e , 
ìn te ra c t io n s  s e e n  b e tw e e n  q u in iđ in e  a n d  o th e r  d rugs (see 
p .  1 4 8 3 .1 ) m ig h t also  o c c u r  w i th  q u in in e .  B o th  h a v e  ac tio n s  
o n  sk e le ta l  m u s d e  a n d  m a y  p o te n d a te  th e  effec ts o f d rugs 
w i th  n e u ro m u s c u la r -b lo d d n g  a c tiv ity  (see  u n d e r  A n tia r-  
rh y th m ic s  o n  p . 2 0 3 1 .3 ) . T h e re  is a n  in c re a se d  risk  of 
inducing ven tricu lar arrhy thm ias ỉf qu in ine is given vvith 
h a lo ỉa n tr in e  (see  p . 6 5 5 .1 )  o r  o th e r  d ru g s  th a t  p ro lo n g  th e  
Q T -in te rv a l  s u c h  as a m io d a ro n e , t h e  a n tih i ỉ t a m in e s  
a s te m iz o le  a n d  te r ỉe n a d in e ,  d s a p riđ e ,  m o x iílo x a d n , a n d  
th e  a n tip sy c h o tic s  p im o á d e  a n d  th io r id a z in e .  T h e re  m a y  b e  
a n  in c re a se d  risk  o f c o n v u ls io n s  w h e n  q u in in e  is g iven  vvith 
m e ũ o q u in e .  Q u in in e  m a y  a lso  p o te n t ia te  th e  e ííec ts  of 
h y p o g ly c a e m ic  d ru g s.

AnHbacterials. E lim ln a tio n  o f  q u in in e  h a s  b e e n  re p o r te d  
t o  in c r e a ỉe  in  p a tie n ts  a lso  re c e iv in g  rifampicin. 1

1. W an w ỉm o ỉru k  s, tí a i. M a rk e d  e n h a n c e m e n t b y  r iía m p iõ n  and  ỉack o í 
eữ ec t o ỉ  ỉson ỉaz ỉd  o n  th e  e ỉỉm ỉn a tio n  o f q u in in e  ìn  m a n . B r  J  ơ in  
P h arm acứ i 1995; 40 : 8 7 -9 1 .

Amantadỉne. F o r  a r e p o r t  o f q u ìn in e  r e d u d n g  re n a l  d e a r -  
a n c e  ó f  a m a n ta d in e ,  sẽe  A n t ìa i r h y th m its ,  p . 8 92 .2 .

AnHcoogulants. Q u in ìn e  c a n  c a u se  h y p o p ro th ro m b in a e -  
m ia  a n d  th e re b y  e n h a n c e  th e  e ffec t o f  a n tic o a g u la n ts . In  
One re p o r t ,  r e d u c tìo n s  in  waĩfarin do sag e  w e re  ne c essa ry  
a f te r  in g e s tío n  o f Iarge  a m o u n ts  o f  to n ic  vvater c o n ta in in g  
q u in in e  ( s e e p .  153 2 .2 ).

Anrimalarials. Q u in in e  a n d  chloroquine m a y  b e  a n ta g o n is -  
t ic  w h e n  u s e d  fo r í a id p a r u m  m a la ria  (see  p . 6 5 3 .2 ). F o r a 
r e p o r t  o f  q u in in e  re d u c ịn g  p lasm a  c o n c e n tra tio n s  o f prima- 
qũiné, see  p . 6 6 1 .2 .

Antivirals. In  a  p h a rm a c o k in e t ic  s tu d y ,1 c o -a d m in is tra tio n  
w i th  ritonavir ( in  a n  o ra l  d o se  o f 2 0 0  m g  tvyice daily ) led to

in c re a se s  o f  a b o u t  ĩo u r ỉo ld  in  t h e  A U C a n d  p e a k -p la sm a  
c o n c e n tra t io n  o f  q u in in e ;  a  m o d e s t , b u t  signU ican t 
in c re a se  in  p lasm a  c o n c e n tra t io n s  o f r i to n a v ữ  w a s  also  
n o tẹ d . T h e  a u th o r s  o f th e  s tu d y  su g g e st th a t  a  d o w n w a rd  
d o se  a d ju s tm e n t  o f  q u in in e  m a y  b e  n e c essa ry , g iv en  th e  
m a g n i tu d e  o ỉ  t h e  p la s m a -c o n c e n tra tio n  in c re a se  p ossib le  
fo r  th e  d ru g , a n d  th e  se rio u sn e ss  o f  its  a d v e rse  effects.

A l th o u g h  th e r e  a p p e a rs  to  b e  n o  e v id e n c e  re g a rd in g  
p o te n t ia l  in te r a c t io n  w ith  o th e r  H T V -protease in h ib ito rs , 
th e y  a ll h a v e  th e  p o te n t ia l  to  a f f e a  c y to c h ro m e  P 450  
i s o e iu y m e  CY P3A 4 (a l th o u g h  to  a  le s se r  e x te rn  th a n  
r ito n a v ir )  a n d  th e r e ío r e  m ig h t b e  e x p e c te d  to  ra ise  s e ru m - 
c o n c e n tr a t io n s  o f  q u in in e  (a  s u b s tr a te  o f  C Y P3A 4); 
th e re ío re ,  su c h  c o m b in a tìo n s  s h o u ld  b e  u se d  yyith c a u tỉo n . 
UK  lic e n sed  p r o d u c t  in ío rm a ú o n  fo r saquinavir suggests  its 
u se  (rito n a v ir-b o o s te d )  w ith  q u in in e  is c o n ơ a -in d ic a te d ,  
d u e  to  a  p o te n t ia l  risk  ỉo r  c a rd ia c  a r rh y th m ia .

1. S oyinka J 0 ,  t í  a l . P ha rm ac o k in e tic  im e rac iio n s  b e iw ee n  r iio n a v ir  and  
q u in in e  in  h e a lth y  v o lu n te e rs  ío llow ing  c o n cu rre n t a d m in is tra tion . B r  J  
C ỉin  P h arm aco ỉ 2010; 69: 262-70.

C a r d io v a s c u la r  d r u g s .  Q u in id in e  h a s  b e e n  re p o r te d  to  
in c re a se  s e ru m -d ig o x in  c o n c e n tra t io n s  (see Q u in id in e  
u n d e r  A n tia r rh y th m ic s , p . 1356 .2 ) a n d  q u in in e  has  
r e d u c e d  to ta l b o d y  c le a ran c e  (>f d ig o x in  (see A n tim alaria ls , 
p . 1 3 57 .1 ). ị

F o r  a r e p o r t  o f q u in in e  in h ib itin g  th e  m eta b o lism  of ; 
Ịlecainide, see  p . 1384 .3 . I

H is ta m in e  H j-o n ta g o n is ts .  Cimetidine h a s  b e e n  r e p o n e d  to  ị 
r e d u c e  th e  c le a ra n c e  o f q u in in e  a n d  p ro lo n g  íts  e lim in a -  Ị 
t io n  ha!f-Iife  in  a  s tu d y  in  h e a lth y  su b jec ts; n o  s ig n ifican t Ị 
e ffec t w a s  se e n  vvith ranitidine.' '

1. W an w im o lru k  s. tí a i. EHects ữỉ r im e iid in e  a n d  ran itid in e  on  ĩhe  
p h a rm a co k in e tic s  o í q u in in e . 8 r J  C ìin  Pharm aco l 1986; 22: 34 6 -5 0 .

Im m u n o s u p p re s s a n h .  F o r a  r e p o n  o f q u in in e  d e c reasin g  
p la sm a  c o n c e n tra tio n s  o f àcỉosporin, see  p . 1957.1.

T o b a c c o  sm o lc in g . A s in g le -d o se  s tu d y  in  h e a lth y  su b jec ts  
h a s  su g g e ste d  th a t  b lo o d  c o n c e n tra t io n s  of q u in in e  are  
lovver in  h e a v y  sm o k e rs  t h a n  in  n o n -sm o k e rs ,  p o te n ú a lly  
im p a irin g  e ỉh c a c y .1

1. W an w im o lru k  s. tí al. C igarerte sm ok ing  e n h a n c e s  th e  e lim ỉn a tio n  of 
q u in in e . B r  J  ơ in  Pharm aco i 1993; 36: 6 1 0 -1 4 .

Pharmacokinetìcs
T h e  p h a rm a c o k in e tic s  of q u in in e  a re  a lte re d  s ig n ih c a n tly  by  
m a la ria  in íe c tio n . th e  m a jo r  e tte c ts  b e in g  re d u c tio n s  in  b o th  
its a p p a re n t  v o lu m e  o f  d is tr ib u tio n  a n d  its  d e a ra n c e .

Q u in in e  is rap id ly  a n d  a lm o s t c o m p le te ly  a b so rb e d  b o m  
th e  g a s ơ o in te s tin a l  t r a n  a n d  p e a k  c o n c e n ư a tio n s  in  th e  
d r c u la t io n  o c c u r  a b o u t  1 to  3 h o u rs  a f te r  o ra l doses o f th e  
suU ate  o r  b isu lía te . P lasm a p ro te in  b in d in g  is a b o u t 7 0 %  in 
h e a lth y  su b je c ts  a n d  rises to  9 0 %  o r  m o re  in  p a tie n ts  w ith  
m ala ria . Q u in ln e  is vvidely d is tr ib u te d  th ro u g h o u t  th e  b ody . 
C o n c e n tra tio n s  a t ta in e d  in  th e  CSF o f  p a tie n ts  w íth  c e reb ra l 
m a la rìa  h a v e  b e e n  re p o r te d  to  b e  a b o u t  2 to  7 %  of th o se  in  
th e  p lasm a .

Q u in in e  is e x te n s iv e ly  m e ta b o lis e đ  in  t h e  l iv e r  a n d  
rap id ly  e x c re te d  m a in ly  in  th e  u r in e .  E s tim a tes  o f th e  
p ro p o r t io n  o f u n c h a n g e d  q u in in e  e x c re te d  in  th e  u r in e  v a ry  
íro m  less t h a n  5 to  2 0 % . E x c re tio n  is in c re a se d  in  a d d  u r in e . 
T h e  e lim in a tio n  haU -life  is a b o u t  11 h o u rs  in  h e a lth y  
su b je c ts  b u t  m a y  b e  p ro lo n g e d  ÚI p a tie n ts  w i th  m ala ria . 
S m all a m o u n ts  o f  q u in in e  a lso  a p p e a r  ìn  th e  b ile  a n d  saliva.

Q u in in e  c ro sses  th e  p la c e n ta  a n d  is d is tr ib u te d  in to  
b re a s t  m ilk  (see  B re a st F e ed in g , p . 6 6 7 .3 ).
R e íe re n c e s .

1. W h ite  N i. CHnical p h a rm a c o k in e d o  o f a n tỉm a la r ia l d rag s . ữ ú I 
P h an n acokin et 1985; 10: 187 -215 .

2 . S u p a n a ra n o n d  w. et a l. D ỉspositìon  o f  o ra l q u ỉn in e  in  a c u te  ía iciparum  
raa ỉaria . E u r  J  C lin  Pharm aeo l 1991; 40 : 4 9 -5 2 .

3. W an w im o lru k  s ,  e t ứ l  P h a rm acok ine tic s  o f q u in in e  ỉn  y o u n g  a n d  e lderỉy  
sub ịccts. T ra n s  R  Soe T ro p  M ed  H y$  1991; 85: 7 1 4 -1 7 .

4 . D y er JR . t í  a i . T he  pha rm a co k in etics  a n d  pharm a co d y n a m ic s o f q u in in e  
ỉn  th e  d iabetie  a n d  no n -d ỉab e ric  e lderly . B r  J  C iin  P herm oco ì 1994; 38: 
205-12.

5. S o w u n m i A. Salako  LA. E ííect o f  dose  size on  th e  p ha rm acok inetics  of 
o ra ỉly  adm iriis te red  q u in in e . E u r  J  C lin  Pharm aco l 1996; 49 : 383 -6 .

6. K rishna  s, W h lte  N J. P h a rm acok ine tỉc s  o i q u in in e , c h lo ro q u in e  and  
a m o d iaq u in e : d in ic a l ìm pH catíons. ơ in  Pharm aeo ídnet 1996; 3 0 :2 6 3 -9 9 .

7 . B oele  v a n  H en sb ro e k  M . t í  a l  Q u in ln e  pha rm a co k in etỉcs  ỉn  young  
ch ild ren  w iih  severe  m a ỉaría . A m  J  Trop  M e d  H y$  1996; 54: 2 3 7 -4 2 .

8. z h a n g  H, t í  a i . E v ỉdence  for in v o lv e m e n t o í h u m a n  CYP3A in  th e  3- 
h y d ro x y la t ỉo n  o f  q u in in e . B r  J  C ỉin  Pharm aco l 1997; 43 : 2 4 5 -5 2 .

9. V ir iy ay u d h a k o m  s , t í  a i . P h a rm a c o k in e ú a  o f q u in in e  in  obesity . Tra rtỉ R  
Soc Trop  M e d  H y s  2000; 94: 4 2 5 -8 .

10. P u k r ỉn a y ak a m e e  s .  t í  a i. Q u in in e  ph a rm a co k m etic-p h arm a co d y n a m ic  
rc la lio n sh ip s in  unc o m p ỉic a te d  ía lc ip an im  m alaria . A n ứ m iơ o b  A$cnts  
C hem other 2 003; 4 7 : 34 5 8 -6 3 .

11. A bdelrah im  n .  t í  a i  Pha rroaco ldnetlc s  o f q u in in e  a n d  iis  m e tabo ỉỉie s  in  
p re g n a n t S u d a n e se  w o m e n  w ith  u n c o m p lic a te d  P lasm odhim  ía ld p a ru m  
m alaría . J  C tin  P h a rm  T T ư r  2 007; 32: 15-9 .

12. M ứ g h a n ỉ RA, t í  a i . E ỉỉects o í P lasm odium  / a ìd p a ru m  ỉn íe c tỉo n  on  the  
p h a rm a co k in e tỉc s  o í q u in ìn e  an d  its  m e tab o lite s  in  p re g n a n t and  
n o n -p re g n a n t S u d a n e se  w o m e n . E u r  J  C lin  P harm ũcoỉ 2010; 66: 1229 -
34.

A d m in is tr a l io n  in  liv e r  d i s e a s e .  R e d u c e d  c le a ra n c e  of 
q u in ỉn e  a n d  p ro lo n g e d  e lim in a tio n  h a lf-life  h a v e  b e e n

re p o r te d  in  p a t ie n ts  w i th  a c u te  h e p a ti t i s  B g iv e n  a  s n g le  
in tr a v e n o u s  d o s e .1 T h e  re s u lts  s u g g e s te d  t h a t  q u i n in  e  
a c c u m u la t ỉo n  a f te r  m u ltip le  d o se s  c o u ỉd  b e  g r e a t e r  in  
p a tie n ts  w i th  h e p a ti ti s ,  e v e n  o n c e  h e p a tic  í u n c t ìo n  h a d  
r e tu m e d  to  n o r m a l .  I n  a n o th e r  s tu d y 2 p a t ie n ts  w i th  I l o d -  
e ra te  c h ro n ic  l iv e r  d ise a se  w e r e  g iv e n  q u in in e  o ra lly  t h e  
h aU -liíe  w a s  p r o lo n g e đ  b u t  t o ta l  d e a r a n c e  w a s  n o t  
a ííe c te d .

1. K arbvvang J .  et a ì . T h e  p h a n n a c o k in e tỉc s  o ỉ q u in in e  in  p a tỉen t: w ith  
hepatìtis . B r J  C ỉin  P h a m a c o l  1993; 35 : 4 4 4 - 6 .

2 . A u p ra y o o n  P, t í  a ĩ . P h a n n a c o ỉủ n e tỉc s  o ỉ q u ln in e  in  c h ro n ỉc  ỉỉv e r  dJ ^ a s e .  
B r  J  c ù n  P h arm aeo ỉ 1995; 4 0 : 4 9 4 -7 .

A d m in ỉỉ tr a t io n  in  r e n a l  im p a i r m e n t .  A s u r ìn a r y  d e a r  in c e  
co m p rise s  o n ly  2 0 %  o f to ta l  c le a ra n c e  o f  q u i n i n i t  
a p p e a rs  th a t  h ig h  p lasm a  c o n c e n tr a t io n s  r e p o r te i  in  
p a tie n ts  w i th  s e v e re  ỉ a ld p a iu m  m a la r ia  a n d  a c u te  t e n a l  
ía i lu re  m a y  b e  r e la te d  m o re  to  t h e  se v e r i ty  o f  t h e  m al ỉr ia , 
a n d  a sso c ia te d  p h a rm a c o k in e t ìc  c h a n g e s , r a t h e r  th a  ỉ  to  
a n y  re d u c t io n  in  t h e  g lo m e ru la r  E ltra tio n  r a t e . 1

C o n tin u o u s  v e n o -v e n o u s  h ig h -v o lu m e  h a e m o í i i t r ;  t io n  
a p p e a re d  to  h a v e  l it tle  e f f e a  o n  th e  p h a rm a c o k in e t i i  s o f 
q u in in e ,2 su g g e stin g  th a t  n o  d o se  s u p p le m e n ta t io n  w  )u ld  
b e  n e e d e d  in  a n u r ic  p a tie n ts  u n đ e rg o in g  th is  p r o c e c u r e .  
T h e re  w e re  s ig n iíic a n t c h a n g e s  in  t h e  p h a rm a c o k in e t i  ĩ  o f 
q u in ín e  in  6 p a tie n ts  vvith c h ro n ic  r e n a l  ía i lu re  a í t e r  a si Ig le  
o ra l d o se .3 T h e  c h a n g e s  in c lu d e d  a  p r o lo n g e d  h a lf - lư e  b u t  
th e r e  w as n o  d e a r  re la tio n s h ip  b e tv v e e n  s e v e r i ty  o f  r ỉn a l  
ía i lu re  a n d  th e  d e g re e  o f im p a i rm e n t  o f  q u in in e  c le a ra  ìc e .

1. YVhite NJ. C lin ical p h a rm a co k in e tic s  o f  a n tim a la r ia l d rugs. C ỉin  
P h arm acok in tí 1985; 10: 1 87 -215 .

2. L iotier J. t í  a ỉ . Q u in in e  d e a r a n c e  d u r in g  c o n tin u o u s  v e n o -v e n o u s  3igh- 
vo lu m e  h e m ỡ flltra tÌo o . In ten sive  Care M e d  200 8 ; 34: 1925—6 .

3. R im chala p, t í  a ỉ . P h a rm ac o k in e tic s  o í q u in in e  ìn p a t ie n is  w ith  c ỉ ro n ic  
re n a l ía ilu re . E u r  J  O in  P h arm aco l 1996; 4 9 : 4 9 7 -5 0 1 .

Preparations
Proprietory Preparalions (details a re  g iven  in  V o lum e B)

Single-ingredient Preparations. Arg.: C irconyl; Austral.: B qui- 
na teỷ ; Q uinate; Q uinbisul; Q u in su lt ;  Braz.: P a lu k in t ;  De im.: 
K inin; Fr.: Q u in o fo n n ef; Su rqu ina; Ger.: L im p ta r  N; Gr.: 
K inin; Hong Kong: Q200Ỷ; Q 3 0 ữ t; Q u in b isu lt; India: C ink 3na; 
Falcim ax-Q; Foquin ; Kvvinil; M algo; M osgard; N ine; Q uina rsol; 
Quininga; Indon.: E uchin in ; Malaysia: M alakin ; NZ: Q100; 
Q300; Philipp.: M alarin: SwetL: K inin: Thai.: A lq u in n : G tn in ; 
USA: Q ualaquin .

Muhi-ingrecRent Preparations. Austria: I ro m in -C h in in -C t;  Sel- 
toc+; Braz.: M o n o tre a n  B6; M o n o trean ; Fin.: C ram p ito n ; ỉ  e la- 
p a m ilt; Fr.: H exaquine; o k im u s; Q uin im ax; Ger.: Togal c las- 
sicf; Hung.: N icobrevin; Irt.: A nad in ; N ic o b re v in t; N:th.: 
A ilukin c t ;  NZ: N icobrevin; Rus.: A n a lg in -C h in in  (AHani.rHH- 
X h h h h ) ; S.Afr.: I lv ico t; Spain: B rota Rectal B a lsam icoỷ; UK: 
Nicobrevin.

Homoeopathic Preporations. CanatL: P e rru d o ro n  l f ;  Fr.: S d e n -  
ium  Com plexe No 99; Ger.: O tio-cyl H o-L en-C om plex; Ot( -cyl 
Ho-Len-Com plex.

Pharm acopoeial P reparotions
BP 2014: Q u in ine  B isu lphate Tablets; Q u in in e  D ihydroch lc  ride 
Iníusion; Q u in ine  S u lphate  Tablets;
U SP 36: Q u in ine  S ulíate  Capsules; Q u in in e  S u lía te  Tablets.

Tafenoquine IBAN, rtNNì

SB-252263; Taíenoquin; Tafenoquina; Taíénoquine; Tafe 10 -
quinum; WR-238605; Ta<t>eHOXMH.
(±)-8-[(4-Am ino-l-m ethylbutyl)am ino]-2,6-dim ethox>-4-
methyl-5-[(aa,Q-trifluoro-m-tolyl)oxy]quinoline; (/?5)-N4-[l!,6-
Dimethoxy-4-methyl-5-(3-trifluoromethylphenoxy)quino in-
8-yl]pentane-1,4-diamine.
C24H28F3N30 3 = 4 6 3 5
C Ã 5 —  106635-80-7.
UNII ■—  262P8GS9L9.

Profịlẹ
T a ỉe n o q u in e  is a n  8 - a m in o q u in o l in e  a n tim a la r ía l  a n d  m o re  
lip o p h ilic  d e r iv a tiv e  o f  p r im a q u in e .  I t a c ts  a s  a  t is su e  
sc h iz o n to d d e  a n d  is u n d e r  in v e s t ig a t io n  as t h e  s u c d n a t e  fo r  
t h e  rad ica l c u re  a n d  p r e v e n t io n  o f r e la p s e  in  v iv a x  m a la r ia .  
I t  m a y  a lso  h a v e  a  ro le  in  t h e  p ro p h y la x is  o f  í a l d p a r u m  
m a la ria . A lth o u g h  i t  h a s  b e e n  s u g g e s te d  to  b e  b e t t e r  
to le ra te d  t h a n  p r ìm a q u in e ,  t a le n o q u in e  still ca iT ies  a  rìs ií  o l 
h a e m o ly s is  in  G 6 P D -d e fid e n t p a tie n ts .

R e íe re n c e s .
1. W alsh DS, et a ỉ . R a n d o m ìz ed  d o se -ran g in g  s tu d y  o í  th e  sa íery  a n d  

etBcacy o f VVR 2 3S 605  ( ta te n o q u in e )  in  th e  p r e v e n d o n  o f  re la p se  o f 
P ỉasn iod ium  v ivax  m a la rỉa  i n  T b a ỉlan d . J  ỉ n f í ữ  D à  19 9 9 ; ISO : 1 2 8 2 -7 .

2. Lelỉ B, Ểt ttl. M a la ria  c h em o p ro p h y la x is  w ith  ta ỉe n o q u ỉn e : a  r a n d o tr  ỉsed  
s tu d y  L a n a t  2000 : 355 : 2 0 4 1 -5 .

3. S h anks GD, et a L  A  n e w  p r im a q u in e  a n a lo g u e , ta le n o q u in e  W R  
238605 ). ĩo r  p ro p h y lax ỉs  a g aữ is t P la sm o d ỉu ra  ía lc ip a ru m  m a la r ỉa . Cỉùt 
In Ị t a  D u  200 1 ; 3 3 : 1 968 -74 .

4 . N asveld p, t í  a l  C o m p ariso n  o f  ta ỉe n o q u ù ie  (W R 2 3 8 6 0 5 )  a n d  
p r ìm a q u in e  ìn  th e  p o n - e x p o su re  ( te rm in a l)  p ro p h y la x ỉs  o ỉ  v .v a x  
m a laria  ìn  A u sư a lia n  D e íen c e  F o rce  p e rso n n c l.  Trtm s R  S o c  T ro p M e e  H y$  
2002; 96: 6 8 3 -4 .

AU cross-reíerences reíer ro' entries in Volume A

http://www
http://wbqlibdoc.who.ini/pubHcaUons/2010/
http://www.who.im/inalai1a/pubHcations/atoz/Tnal


5. H ale  BR, t í  a i  A  ru id o m iz e d , d o ub le -b ỉind , placebo-concro iled , d ose - 
r an g in g  tr ia l o ỉ ta íe n o q u ỉn e  ỉo r  w ee k ly  p ropbylax is ag a in s t P ỉasm od ium  
ía lr ip a ru m . C lin  In /eữ  D ừ  2003 ; 36: 54 1 -9 .

6. W aỉsh  DS, t í  a l . R a n d o m iz cd  tr ia l o ỉ  3-dosc reg ú n c n s o ỉ ta íen o q u ỉn e  
(V /R 238605) v e rsu s lo w -d o se  p r ỉm a q u in e  ỉo r  p rev e m ỉn g  P lasm od ỉum  
v ỉvax  m a ỉaria  re la p se . CUn b i Ị t ữ  D ừ  2004 ; 39: 1095 -1103 .

7. VValsh DS, t í  a ỉ . Ẽ fficacy o ỉ  m o n th ỉy  ta íen o q u in e  ỉo r  p rophy lax ỉs OỈ 
P ỉasm o d ỉu m  v ivax  a n d  m u lt ỉd ru g -res ỉs ta M  p. ( a ld p a m m  m alaria . J  Ịn fe a  
D ừ  2004 ; 19Ọ: 1 456 -63 .

8. C harles  BG, t í  a l  P o p u ỉa d o n  pharm aco ltíne tỉc s  o ! ta ỉen o q u ỉn e  d u r in g  
m a ỉa r ia  p ro p h y ỉax ìs  ỉn  h e a l th y  $ubjects. A n tim ìcrob  Agertís ơ ư m o th e r  
2 0 0 7 :3 1 :2 7 0 9 - 1 5 .

9. B ỉm es K J, t í a l .  T he  efS cacy  a n d  ỉo ỉerab íllcy  o i  th re e  d iííe re m  reg iin en s ỡf 
ca ỉe n o q u ln e  ve rsu s p r im a q u in e  fo r  post-exposuxe prophy lax ỉs o f 
P lasm o d ỉu m  v ỉvax  m ã ỉa r ỉa  in  th e  S o u th w e s t P ad fic . T ra tã  R  Soc T ro p  
M e d H y g  2008; 102: 1 0 9 5 -1 0 1 .

10. L eary  KJ. t í  a i . A  ran d o m ỉze d , doub le^b lind , sa íety  a n d  to lerab ility  s tu d y  
to  assess th e  o p h th a ỉm ỉc  a n d  re n a ỉ e ffec ts o ỉ  ta íen o q u ln e  200  m g  vveekly 
v e rsu s p ỉacebo  for 6  m o n th s  in  b e a l th y  vo lu n te ers . A m  J  Trop  M e d  H yg  
200 9 ; 8 1 : 3 5 6 -6 2 .

11. N asve ỉd  PE, t í  a l . T a ỉe n o q u ỉn e  S tu d y  T eam . R andom ỉxed , d oub le -b lỉnd  
s tu d y  o f  th e  sa fe ty , to le rab ility , a n d  efficacy o f  la ỉen o q u m e  v e isu s  
m eQ o q u in e  for m a ỉa i ỉa  p ro p h y lax is  In  n o n im m u n e  subjects. A n tờ n ia v b  
A g e n ti ơ ư m o ứ u r  2010 ; 54: 7 9 2 -8 .

The Symbol t  denotes a preparation no Ionger actívely marketed
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C lu s te r  h e a d a c h e ,  p .  6 7 0  
M e d ic a tio rv o v e ru s ẽ  h e a d a c h e ,  p .  6 7 0  
M ig r â in e ,  p .  6 7 0 .  ,
P o s t-d u ra l p u n c tu re  h e a d a c h e ,  p .  6 7 1  
T en s io n -ty p e  h e a d a c h e ,  p .  6 7 1

T h is  c h a p te r  rev ie w s  th e  m a n a g e m e n t  o f h e a đ a c h e , in  
p a r t ic u la r  m ig ra in e  a n d  c lu s te r  h e a d a c h e , a n d  th e  d ru g s  
u s e d  m a in ly  fo r  th e i r  tre a tm e n t.  T h e  m e c h a n ism s  o f  h e a d  
p a in  o r  h e a d a c h e  a re  n o t  íu lly  u n d e rs to o d  b u t  m a y  in v o lv e  
n e u r o v a s c u la r  c h a n g e s  (as  in  m ig ra in e  a n d  c lu s te r  
h e a d a c h e ) ,  m u s d e  c o n tra c tio n  ( te n s io n  h e a d a c h e ) , n e rv e  
le s io n s  (n e u ra lg ia s ), d i r e a  h e a d  in ju ry , in le c tio n  (m e n in g -  
itis), o r  r e íe ư e d  p a in  (s in u sitis , to o th a c h e , eye  d iso rd ers). 
H e a d a c h e  is  a h o  a n  a d v e rse  e líe c t of m a n y  d ru g s in d u d in g ,  
p a ra d o x ic a lly , th o se  u se d  to  tre a t  it. T h e  I n te rn a t io n a l  
H e a d a c h e  S o d e ty  h a s  p u b lish e d  g u id e lin es  to  a id  th e  
d iag n o s is  o f th e  v a rio u s  h e a d a c h e  types. P a tie n ts  m ay  h a v e  
m o re  t h a n  o n e  h e a d a c h e  d iso rd e r  s im u lta n e o u s ly  a n d  
r e q u ữ e  se p a ra te  t r e a tm e n t  fo r  e ach .

R e fe re n c e s .
I .  H ea d ac h e  C lassiScaóon  Subcom m ittee  of the  In ie m a tio n a l H eadache  

S o d đ ty . T h e  in te m a tỉo n a l dassiR cation  o ỉ h e ad a ch e  disorders: 2nd  
e d itio n . Cephaỉa lg ia  2004; 2 4  (supp l I); 9 -1 6 0  Also availab le  at: h t tp : / /  
ih s-c la ss ifica tio n .o rg /en /0 1 _ e in le iru n g / (accessed 14 /06 /11)

cluster headache
C lu s te r  h e a d a c h e  (m ig ra in o u s  n e u ra lg ia ,  h i s ta m in ic  
c e p h a la lg ia , H o r to n 's  sy n d ro m e )  is of u n k n o w n  ae tio lo g y  
b u t  m a y  b e  n e u ro v a s c u la r  in  o r ig in .1'5 P a tie n ts  h a v e  o n e  o r 
m o re  s h o rt- liv e đ  a tta c k ỉ  o f  in te n s e  u n ila te ra l  h e a d  p a in . 
u s u a lly  a t  t h e  sa m e  tim e  o f d a y  (o ften  a t  n ig h t) . T h ese  a re  
a s s o d a te d  w ith  a u to n o m ic  sy m p to m s  su c h  as c o n ju n c tiv a l  
in je c tio n  o r  l a c h ry m a tìo n , m iosis  o rp to s is ,  n a sa l co n g e stio n  
o r  r h in o n h o e a ,  ío re h e a d  o r  ía d a l  svveating, a n d  ey e lid  
o e d e m a . R e s tle ssn ess  d u r in g  th e  a ttack s  is ch a ra c te r is tic . 
T h e  p e r io d  d u r in g  w h ic h  a tta c k s  o c c u r is ca lled  a  c lu s te r  
p e rio d ; i t  m a y  la s t s e v era l vveeks o r  m o n th s .  In  th e  ty p ica l 
e p iso d ic  f o n n  o f  d u s te r  h e a d a c h e , d u s te r  p e rio d s  a re  
fo llo w e d  b y  p e rio d s  o f r e m iss io n  la s tin g  fo r m o n th s  o r  y e a rs  
b u t  in  t h e  m o re  ra r e  c h ro n ic  fo rm , p a tie n ts  m a y  h a v e  d u s te r  
p e rio d s  la s t in g  fo r  m o re  t h a n  a y e a r, o r w i th  sh o r t  p e rio d s  of 
r e m is s io n  in  b e tw e e n .  S u b s ta n c e s  su c h  as  a lc o h o l. 
h is ta m in e , o r  g lyce ry l t r in it r a te  q ạ n  p r e d p i ta te  h e a d a c h e  
a tta c k s  d u r in g  d u s te r  p e rio d s , b u t  n o t  d u r in g  p e rio d s  of 
r e m is s io n . T h e re  is sp e c u la tio n  th a t  s le e p -d iso rd e re d  
b r e a th in g 4 a n d  ìn c re a se d  b o d y  h e a t7 m a y  a lso  trig g e r  
d u s t e r  h e a d a c h e s .

T h e  t r e a t m e n t  o ỉ  in d iv id u a l a c u te  a tta c k s  d u r in g  a 
d u s t e r  p e r io d  is d iíỄ c u lt b e c a u se  th e  h e a d a c h e  is sh o rt- li  v e d  
a n d  o ra l  a n a lg e s ic s  a re  u n lik e ly  to  b e  a b so rb e d  fast e n o u g h  
to  p r o d u c e  m u c h  b e n e h t .1’3-4 I n h a la tio n  o f  100%  o x y g e n  
s h o u ld  b e  c o n s id e re d  in  a ll p a tie n ts . , ' II I t  is ra p id  a n d  
e S e c tiv e  in  a b o rtìn g  a tta c k s , b u t  h a s  p rac tic a l d ifficu lties. 
S o m e  c o n s id e r  s u b c u ta n e o u s  sumatTĨptan to  b e  th e  acute 
t h e r a p y  o f  c h o ic e  in  d u s te r  a tta c k s ;4-5-3' 13 in ư a n a s a l  
s u m a t r ip ta n  o r  z o lm itr íp ta n  a re  p o ssib le  a lte m a tiv e s ,  
a l th o u g h  less  eH e c tiv e .1-4-412 O ral z o lm itr ip ta n  m a y  be  
c o n s id e re d  lo r  p a tie n ts  w h o  c a n n o t  to le ra te  s u b c u ta n e o u s  
o r  in tr a n a s a l  tr ip ta n s  a n d  o x y g e n , o r  w h o  p re ỉe r  o ra l 
m e d ic a tio n .4 In tra n a s a l  in s t il la t io n  o f lid o c a in e  m a y  be 
c o n s id e re d  in  p a tie n ts  w h o  h a v e  still n o t  re s p o n d e d .3"11 It 
h a s  b e e n  re p o i te d  to  b e  o f so m e  b e n e S t b u t  m o st p a tie n ts  d o  
n o t  o b ta ỉn  c o m p le te  p a in  re lie f .1,3-4-9 In ư a n a s a l  d ih y d ro -  
e ig o ta m in e 1-4 a n d  in h a le d  e rg o ta m in e  h a v e  also  b e e n  u se d  
to  t r e a t  a c u te  a tta c k s; in je c ta b le  d ih y d ro e rg o ta m in e  h a s  
u s u a lly  b e e n  re s e rv e d  fo r  e m e rg e n c y  se ttín g s .4

S in c e  in d iv id u a l a tta c k s  a re  d iílic u lt to  t re a t  it  is p ro b ab ly  
m o re  e ừ e c t iv e  to  m a n a g e  d u s te r  h e a d a c h e  b y  p r o p h y la x i s  
o n c e  a  d u s te r  p e r io d  h a s  s ta r te d . T h e  c h a n g in g  o r  
c o m b in in g  o f p ro p h y la c tic  ư e a tm e n t  h a s  also  b e e n  a d v ised  
b y  s o m e ,12 ư  p a tie n ts  d o  n o t  re sp o n d  to  th e  m a x im u m  
p o ss ib le  d o se  o f a  d ru g  w ith in  a  w e e k . V erap am il is u su a lly  
c o n s id e r e d  t h e  p r e v e n t iv e  t h e r a p y  o f  c h o ic e ,1’4'3' 13 
p a r t ic u la r ly  in  p a t i e n t ỉ  w ith  c h ro n ic  lo n g -la s tìn g  d u s te r  
p e r io d s .3 L ith iu m  m a y  a lso  b e  u se h il  ío r  th e  ep iso d ic  o r  
c h ro n ic  fo rm  o f t h e  d iso rd e r .9' 13 D esp ite  a lack  o i  s tu d ies , 
o ra l  c o rt ic o s te ro id s  a re  c o n s id e red  b y  so m e  to  b e  e tíe c tiv e  in  
t h e  p ro p h y la x is  o f  d u s te r  h ead ac h e ,* -10-12 in d u d in g  th o se  
w i th  sh o r t - la s tín g  d u s t e r  p e rio d s  (less t h a n  2  m o n th s ) .5 
M e th y s e rg id e ,  p izo tìfe n , a n d  v a lp ro a te  h a v e  a lso  b e e n  
t r i e d .1-3'5-9"  E rg o ta m in e  m a y  b e  u se d  rec ta lly  in  th e  sh o rt-  
t e r m  m a n a g e m e n t  o ! e p iso d ic  d u s te r  h e a d a c h e , if a tta c k s  
a re  p re d ic ta b le ;10,12 it s h o u ld  n o t  be  u se d  ío r  p ro lo n g e d

p e rio d s . O th e r  d ru g s  u n d e r  in v e s tig a tio n  in d u d e  g a b a p e n -  
t in , m e la to n in ,  a n d  to p ira m a te .4-9"11-13

P a ro x y sm a l h e m ic ra n ia  is a  ra re  v a r ia n t  o f  d u s t e r  
h e a d a c h e  a n d  d iữ e rs  m a in ly  in  t h e  h ig h  íre q u e n c y  a n d  
s h o r te r  d u r a t io n  o f  in d iv id u a l a tta c k s . O n e  o f  its  íe a tu re s , 
w h ic h  m a y  b e  d ia g n o sd c , is  its  in v a r ia b le  r e sp o n se  to  
in d o m e ta d n .10
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Medication-overuse headache
O v e ru se  o f d ru g s  su c h  as e rg o ta m in e , u ip ta n s ,  a n d  
a n a lg esics  ( in c lu d in g  o p io id s  a n d  c o m b in a tio n  p re p a ra tio n s  
c o n ta in in g  c a ííe in e  o r  b u ta lb ỉta l)  to  tre a t  h e a d a c h e  o r  
m ig ra in e  c a n  le a d  to  d e p e n d e n c e  a n d  p a ra d o x ic a l c h ro n ic  
d a ily  h e a d a c h e  in  h e a d a c h e - p ro n e  p a t ie n ts .1' 3 S u c h  
h e a d a c h e s  d o  n o t  a p p e a r  to  o c c u r  w ith  r e g u la r  u s e  of 
a n a lg esics  to  t r e a t  o th e r  d iso rd e rs  e x c e p t o c casio n a lly  in  
p a tie n ts  w i th  a  h is to ry  o f m ig ra in e .1 M e d ic a tio n -o v e ru se  
h e a d a c h e s , a lso  re íe r re d  to  as re b o u n d , ana lg e s ic  a b u se , o r  
a n a lg e s ic - in d u c e d  h e a d a c h e s , c an  b e  d ilíic u lt to  tTeat a n d  
a re  re liev e d  b y  w ith d ra w a l  o f th e  o íle n d in g  d ru g , b u t  th e  
p r im a ry  h e a d a c h e  m a y  still p e rs is t a n d  re v e r t  to  its p rev io u s  
p a t te m  of o c c u rre n c e . F u r th e rm o re ,  s to p p in g  a b ru p tly  can  
ẽ x a c e rb a te  h e a d a c h e  a n d  p ro d u c e  o th e r  sy m p to m s  of 
vvithdravval. T h is m a y  th e n  lea d  th e  p a tie n t  to  re s u m e  
t re a tm e n t  to  re l ie v e  t h e  h e a d a c h e  th e re b y  se tt in g  u p  a 
v id o u s  d r d e .

O p tio n s  fo r  o u tp a t ie n t  t r e a t m e n t  in d u d e  e ith e r  a b ru p t  
o r  g ra d u a l w i th d ra w a l  o f t h e  o v e ru se d  d ru g . A b ru p t 
w i th d ra w a l h a s  b e e n  su g g e ste d  if th e  h e a d a c h e  h a s  b e e n  
c a u se d  b y  th e  u se  o f  s im p le  analgesics, e rg o t d e riv a tiv e s , o r  
tr ip ta n s , a n d  g ra d u a l vvithdravval ư it  is d u e  to  o p io id s .4-7 
A g g ra v a tio n  o f sy m p to m s  m a y  be  m a n a g e d  b y  th e  u se  of 
n a p ro x e n . p r e d n is o lo n e , o r  a m itr ip ty lin e .3'7 S u b s titu tio n  
vvith lo n g -a c tin g  N SA ID  o r  in ư a m u sc u la T  d ih y d ro e rg o t-  
a m in e  h a s  b e e n  trie d  in  vvithdravval íro m  e rg o ta m in e  o r  
a n a lg esics ;3-9 H o w e v e r, vvithdravval sy m p to m s m a y  p e rs is t 
fo r  u p  to  2  w e e k s  a n d  d e to x if ic a tio n  íro m  e rg o ta m in e  o r  
an a lg e s ic s  m a y  r e q u ừ e  h o sp ita lisa tio n ; in tr a v e n o u s  m e to -  
d o p r a m id e  a n d  re p e tit iv e  in tra v e n o u s  d ih y d ro e rg o ta m in e  
m a y  b e  re q u ire d  to  c o n tro l  n a u s e a  a n d  v o m itin g  a n d  
in ơ a c ta b le  h e a d a c h e ,  re sp e c tiv e ly .3 W ith d ra w a l íro m  
t i ip ta n s  h a s  b e e n  re p o r te d  to  b e  o f sh o r te r  d u ra t io n  vvith 
n o  in te n s iv e  w ith d ra w a l  sy m p to m s; h o w e v e r , t r ip ta n  
o v e ru s e  p ro d u c e s  h e a d a c h e s  a t  a  ía s te r  ra te  a n d  a t  lo w e r  
d o sag es  c o m p a re d  vvith e rg o ta m in e  a n d  analgesics. a n d  is 
a s so d a te d  w ith  a n  in c re a se  in  m igT aine a tta c k  ír e q u e n c y .1

G e n e ra l a d v ic e  o n  th e  p r e v e n t i o n  o f m e d ic a tio n -  
o v e ru s e  h e a d a c h e  h a s  in c lu d e d  lim itin g  th e  íre q u e n c y  of 
u se  o f su c h  d r u g s ,1-3'4’3 a n d  s ta r tin g  p ro p h y la c tic  th e r a p y  in  
m ig ra in e  p a tie n ts  h a v in g  m o re  t h a n  2 h e a d a c h e  d a y s  a 
vveek.3
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Migraine
M ig ra in e  is c h a ra c te r ise d  b y  r e c u r r e n t  a tta c k s  o í  h e a d a c  l e  
th a t  ty p ic a lly  las t 4  to  72  h o u rs .  A ttack s p e rs is tin g  fo r lo n ị  e r  
t h a n  7 2  h o u rs  a re  re le r re d  to  a s  s ta tu s  m ig ra in o su s . T i e  
h e a d a c h e  is u su a lly  a  u n i la te ra l  p u lsa tin g  p a in  t h a t  is 
a g g ra v a te d  b y  m o v e m e n t  a n d  is u s u a lly  of s u ữ ic ie n t  s e v e r  ty  
10 d is tu rb  o r  p re v e n t  d a ily  ac tiv itie s . I t  is I re q u e n  ly  
a c c o m p a n ie d  by  n a u s e a ,  v o m itin g , o r  o th e r  g a s tro in te s tir  al 
d i s tu r b a n c e s  a n d  t h e r e  m a y  b e  p h o to p h o b ia  a n d  
p h o n o p h o b ia .  M ig ra in e  w ith  a u ra  (classic m ig ra in e )  is 
c h a ra c te r ise d  b y  a n  a u ra  co n s is tin g  o í  v isu a l  o r  s e n s c r y  
sy m p to m s  th a t  las ts  less t h a n  a n  h o u r .  T h e  h e a d a c h e  u s u a  lỹ 
fo llow s th e  a u ra  d i re a ly ,  o r  vv ith in  1 h o u r .  b u t  m a y  b e g in  
s im u lta n e o u s ly  w ilh  th e  a u ra .  I n  a d d itio n . a u r a  c a n  o c c  i r  
w i th o u t  h e a d a c h e . M ig ra in e  v v ith o u t a u r a  ( c o m m o n  
m ig ra ln e )  is th e  m o re  c o m m o n  fo rm  o c c u rr in g  in  a b o i t  
7 5 %  o f p a t ie n t ỉ  vvith m ig ra in e . P re m o n ito ry  sy m p to m s  m .iy  
o c c u r  b e lo re  a  m ig ra in e  a tta c k  (vvith o r  v v ith o u t a u r í ). 
F am ilia l h e m ip le g ic  m ig ra in e  is a  r a re  s y n d ro m e  in  w h i  h  
m ig ra in e  w ith  a u ra  m a y  b e  p re c e d e d  o r  a c c o m p a n ie d  b y  
d y s p h a s ia ,  c o n íu s io n ,  a n d  h e m ip a re s i s .  B a s i la r - ty p e  
m ig ra in e  is a n o th e r  ra re  ío rm  o f  m ig ra in e  w ith  a u r a  n  
w h ic h  th e re  m a y  b e  d is tu rb a n c e s  o f th e  b ra in  s te m  >r 
o cc ip ita l lo b es  a c c o m p a n ie d  b y  sy m p to m s  s u c h  as d e c re a s t  d  
lev e l o f co n sc io u sn e ss , v e rtig o , a tax ia , d y s a r th r ia ,  a r  d  
d ip lo p ia .

M ig ra in e  is d e scrib ed  as  a  n e u ro v a s c u la r  h e a d a c h  ỉ. 
T ra d itio n a lly , in ư a c ra n ia l  v a so c o n s tric tio n  w a s  c o n s id e r td  
re sp o n s ib le  fo r th e  a u ra  a n d  e x tra c ra n ia l  v a s o d ila ta t io n  fi ir 
th e  h e a d a c h e . H o w e v e r, it a p p e a rs  th a t  v a s c u la r  e v e n ts  mí y 
b e  se c o n d a ry  to  n e u ro p a th ic  c h a n g e s  a n d  th e  l ib e ra t io n  < >f 
v a so ac tiv e  su b s ta n c e s  in d u d in g  se ro to n in  (5 -H T ), c a te c h t  - 
la m in e s , h is ta m in e , k in in s , n e u ro p e p t id e s  s u c h  as  c a ld to n i  1 
g e n e -re la te d  p e p tid e  (CGRP), a n d  p ro s ta g la n d in s .

T h e re  a re  s e v era l l a a o r s  th a t  m a y  p r e d p i t a t e  m ig r a ir  e 
a tta c k s . T h e se  i n d u d e  a n x ie ty , p h y sịca l a n d  e m o t io n i l  
sư e ss . a  c h a n g e  in  s le e p  p a tte m ,  b r ig h t lig h ts, ías tin g , s o m : 
lo o d s, a n d  m e n s tru a t io n .  M e n s tru a l  m ig ra in e  is  c h a ra i  - 
te r ise d  b y  a tta c k s  v v ith o u t a u ra  w h ic h  a re  m o s t  I ik e ly  t > 
o c c u r  vvith in  2 day s o f th e  s ta n  o f  m e n s tru a t io n . M ig r a in : 
m a y  a lso  b e  p r e d p i ta te d  b y  d ru g s  in d u d in g  c o m b in e d  o r; 1 
c o n tta c e p tiv e s  a n d  o e s tro g e n s, a n d  g ly ce ry l t r in iư a te .  T h : 
íre q u e n c y  of m ig ra in e  a tta c k s  c a n  b e  re d u c e d  if SUC1 
p re c ip ita tin g  ía r to rs  c a n  b e  id e n t ih e d  a n d  a v o id e d . Q u ie  , 
d a rk n e ss , a n d  s leep  c a n  e a se  a n  a tta c k , w i th  s le e p  h e r a l d i n ; 
rec o v e ry .

T h e  d ru g  t r e a t m e n t  o f  m ig ra in e  m a y  b e  ta i lo re d  to  t h  : 
s e v e r i ty  o f in d iv id u a l d isease  fro m  th e  o u tse t  ( s tr a t ih e d  c a re  I 
o r  m a y  b e g in  w ith  s im p le  a n a lg esics  a n d  b e  s u b s e q u e n t l  ’ 
a d ju s te d  ac co rd in g  to  resp o n se  (s te p  s tra te g y ) ;  in  t h e  UK 
s te p p e d  c a re  se em s to  b e  in c re a sin g ly  p re íe r re d .  A c u tI ' 
ư e a tm e n t  o f m e n s tru a l  m ig ra in e  is th e  sa m e  a s  fo r  m ig ra in e  
hovvever, as m e n s tru a l  m ig ra in e  m a y  b e  o f lo n g e r  d u r a t io n  
ư e a tm e n t  m a y  n e e d  to  b e  re p e a te d  o v e r  s e v e ra l  c o n sec u tiv i 
days.

S ũ n p le  a n a lg e s ic s  (p a ra c e ta m o l o r  NSATDs in c lu d in ;  
a sp ir in )  a re  e ííe c tiv e  ư t a k e n  a t  th e  e a rl ie s t  s igns  o f  a t 
a tta c k ; w e a k  o p io id  a n a lg e s ic s  su c h  a s  c o d e in e  ar« 
s o m e tữ n e s  i n d u d e d  in  o ra l  c o m p o u n d  a n a lg e s ic  p r e p a r a  
tio n s . H o w e v e r, t h e  ỉ re q u e n t  u s e  o f a n a lg e s ic s  is  b e s  
a v o id e d  to  d e c re a se  t h e  risk  o f  m e d ic a tio n -o v e r u s t  
h e a d a c h e s .  O t h e r  d r u g s  u s e d  w i t h  a n a lg e s ic s  ũ  
a n tim ig ra in e  p re p a ra tio n s  h a v e  in d u d e d  c a ỉíe in e  a n d  t h í  
s y m p a tb o m im e tic  v a so c o n s tr ic to r  is o m e th e p te n e .  D isp e r  
s ib le  a n d  e ffe rv esc e n t a n a lg e s ic  p re p a ra tio n s  a r e  p r e le ra b k  
b e c a u s e  o f th e i r  m o re  ra p id  a b so rp tio n .

u  th e  in it ia l  ư e a tx n e n t o f m ig ra in e  is d e la y e d , a b so rp tio ri 
o f  o ra l d ru g s  m a y  b e  c o m p ro m ise d  b y  d e v e lo p m e n t  o! 
g as tr ic  stas is  a n d  n a u s e a  a n d  v o m itin g . T h e  a d d it io n  ol 
a n t i e m e t i c s  su c h  as b u c liz in e  a n d  c y d iz in e ,  a n d  th e  
p r o k ỉ n e t ì c  d ru g s m e to d o p r a m id e  a n d  d o m p e r id o n e  is 
r e c o m m e n d e d  if n e e d e d ;  th e y  a re  o í te n  i n d u d e d  in  
c o m p o u n d  a n tim ig ra in e  p re p a ra tio n s .  P ro k in e t ic  d ru g s  a lso
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h a v e  th e  a d v a n ta g e  o f p ro m o tin g  g a s tr ìc  e m p ty in g  a n d  
n o rm a l  p e ris ta ls is . If n a u s e a  a n d  v o m itin g  a re  p r o m in e n t  
re c ta l  a d m in is t r a t io n  m a y  b e  n e c es sa ry .

A ttack s n o t  re s p o n d in g  to  s im p le  an a lg e s ic s  su c h  as 
NSAIDs m a y  b e  ư e a t e d  w i th  s p e đ f ic  a n tũ n ig ra in e  d ru g s 
su c h  as t h e  s e le c tiv e  s e ro to n in  (5-H T!) ag o n is ts  (e.g. 
su m a tr ip ta n )  o r  t h e  e rg o t d e r iv a d v e s  e rg o ta m in e  a n d  
d ih y d ro e rg o ta m in e ; p o o r  a b s o rp t ío n  a n d  a d v e rse  effects 
lim it  th e  u s e  o f  e rg o t d e riv a tiv e s  a n d  se lec tiv e  s e ro to n in  (5- 
HT[) a g o n is ts  a re  p re íe rre d .

S e ro to n in  (5-H T !) a g o n is ts  a r e  h ig h ly  e ííe c tiv e  in  
re liev in g  th e  p a in  a n d  n a u s e a  ot a  m ig ra in e  a tta c k . T h e re  
a re  a  n u m b e r  o ỉ  t r i p t a n s  a v a iỉa b le ; p a tie n t  c h a ra a e r is n c s  
a n d  p re íe re n c e s  v a ry  in  r e sp o n se  to  u s e  a n d  c a n  so m etim es  
b e  u n p re d ic ta b le .  S o m e  p a tie n ts  e x p e rie n c e  re c u r re n c e  of 
th e  h e a d a c h e  w i th in  2 4  to  4 8  h o u r s  a n d  o f te n  re s p o n d  to  a  
se c o n d  d o se . F in d in g  th e  b e s t  t r ip ta n  to  su it th e  in d iv id u a l 
p a tíe n t  m a y  in v o lv e  tr ia l  a n d  e rro r ;  a  c h a n g e  in  {o rm u la tio n  
s h o u ld  also  b e  c o n s id e re d . T r ip ta n s  s h o u ỉd  n o t  b e  u se d  in  
p a tie n ts  w i th  m a jo r  r is k  ta c to rs  fo r, o r  s u ííe r in g  from , 
c a rd io v a sc u la r  d ise a se . T h e  m a in  c o n c e m  w ith  a ll t r ip ta n s  is 
th e i r  p o te n t ia l  fo r  c o ro n a ry  v a so c o n s tr ic tìo n  a n d  n o  tr ìp ta n  
a p p e a rs  to  b e  sa fe r  t h a n  th e  o th e r s .  M e d ic a tio n -o v e ru se  
h e a d a c h e s  h a v e  a lso  b e e n  n o te d  vvith  t r ip ta n  u se .

E rg o t d e r iv a tìv e s  a re  r a re ly  n e e d e d  n o w  in  th e  t re a tm e n t  
o f m ig ta in e .  ư  e r g o t a m i n e  is u s e d  i t  s h o u ld  b e  g iv e n  a t  th e  
firs t m r n i n g  o f  a n  a tta c k ; th e  e a r l ie r  it  is g iv en , th e  m o re  
e tte c tív e  t h e  t r e a tm e n t .  S ince  its  o ra l  b io av a ila b ility  is p o o r  
a n d  m a y  b e  r e d u c e d  h i r th e r  d u r in g  a  m ig ra in e  a ttack , 
e rg o ta m ỉn e  h a s  s o m e tlm e s  b e e n  g iv e n  in  su b lin g u a l o r  
r e n a l  p re p a ra tio n s .  E rg o ta m in e  c a n  a lso  e x a c e rb a te  n a u s e a  
a n d  v o m itin g ; m e to d o p r a m id e  o r  d o m p ẹ r id o n e , o r  in  
s e v e re  cases  t h e  p h e n o th i a ã n e s  c h lo r p r o m a ã n e  o r  p ro -  
c h lo r p e ra á n e ,  m a y  b e  g iv en . D ih y d ro e rg o ta m in e  m a y  b e  of 
u se  u  p a re n te ra l  ơ e a tm e n t  is r e q u ire d ;  i t  c a n  a lso  b e  g iv en  
in ư a n a s a l ly  b u t  t h e r e  is less e x p e r ie n c e  w ith  th is  ro u te .  
P a tie n ts  w h o  ỉa il to  re s p o n d  to  m o n o th e r a p y  m a y  Đ nd 
c o m b in a tio n  t r e a tm e n t ,  su c h  as  a  s im p le  a n a lg e s ic  w i th  a  
t r ip ta n ,  h e lp íu l  p a r t ìc u la r ly  in  p ro lo n g e d  a tta c k s .

P a tie n ts  w h o  ra p id ly  d e v e lo p  se v e re  m ig ra in e  m a y  b e  
g iv e n  p a r e n t e r a l  d ih y d ro e rg o ta m in e  o r  su m a tr ip ta n .  Som e 
c o n s id e r  p a re n te ra l  m e to c lo p ra m id e  to  b e  su ita b le  ă r s t -h n e  
t r e a tm e n t .  I n t r a m u s c u la r  d ic lo ỉe n a c  h a s  a ls o  b e e n  
re c o m m e n d e d . If th e r e  is n o  re sp o n sc  to  th e s e  d rugs, 
d o p a m in e  a n ta g o n is ts ,  s u c h  as  c h lo rp ro m a z in e  o r  p ro ch lo r-  
p e r a á n e ,  g iv e n  p a re n te ra l ly  m a y  b e  e h e c tív e  in  re liev ln g  
t h e  p a in  o f  a c u te  m ig ra in e  a tta c k s . P ro lo n g e d  a tta c k s  (sta tu s  
m ig ra ín o su s )  m a y  re q iũ re  in ư a v e n o u s  a d m in is t r a t io n  o f 
d ih y d ro e rg o ta m in e  w i th  m e to c lo p ra m id e . T h e  NSAỈDs 
n a p ro x e n  o r  d id o íe n a c  a re  b e tte r  t h a n  s p e d h c  a n tim ỉg ra in e  
d ru g s  for lo n g  d u r a t io n  a tta c k s  t h a t  a re  rea lly  m ig ra in e  w ith  
a  su p e rse d in g  te n s io n - ty p e  h e a d a c h e .

O t h e r  d r u g s  t h a t  m a y  b e  g iv e n  a lo n e  o r  in  c o m b in a tio n  
i n d u d e  c o rt ic o s te ro id s  o r  p e th id in e .  L id o cain e  h a s  b e e n  
g iv e n  in tr a v e n o u s ly  fo r  th e  e m e ig e n c y  t t e a tm e n t  of 
m ig ra in e ; in t r a n a s a l  l id o c a in e  h a s  a lso  b e e n  trie d . T h e  
o p io id  a g o n is t -a n ta g o n is t  b u to rp h a n o l ,  g ỉv e n  b y  n asa l 
sp ra y , h a s  b e e n  a d v o c a te d , b u t  its  p lac e  in  th e ra p y , if an y , 
r e m a in s  to  b e  e s ta b lish e d . O th e r  d ru g s  t h a t  h a v e  b e e n  
in v e s t ig a te d  in c lu d e  C G R P a n ta g o n is ts ;  in t r a v e n o u s  
v a lp ro ic  a d d  h a s  a lso  shovvn p ro m is e  in  a b o rtin g  a c u te  
a tta c k s .

G u ld e lin e s  h a v e  b e e n  issu e đ  fo r  th e  t r e a tm e n t  of 
m ig ra in e  i n  c h i l d r e n  a n d  a d o l e s c e n t s .  F o r  a c u te  
t te a tm e n t,  ib u p ro te n  a n d  p a ra c e ta m o l  w e re  ío u n d  to  b e  
e ffec tiv e  in  c h ild r e n  a g e d  6 y e a rs  a n d  o v e n  su m a tr ip ta n  
n a s a l  sp ray  s h o u ld  b e  c o n s id e re d  ỉn  th o se  a g e d  12 y e a rs  a n d  
o v e r.

P r o p h y l a c t i c  t r e a t m e n t  s h o u ld  b e  c o n s id e re d  for 
p a tie n ts  in  w h o m  a b o rtiv e  m e a s u re s  a re  in effec tiv e  o r  
m ig ra in e  a tta c k s  o c c u r  { re q u e n tly , o r  fo r th o s e  w ith  less 
í re q u e n t  b u t  s e v e re  o r  p ro lo n g e d  ã tta c k s . S o m e  re c o m m e n d  
p ro p h y la x is  if a tta c k s  o c c u r  m o re  o í te n  t h a n  o n c e  o r  tvvice a 
m o n th .  P ro p h y la x is  c a n  re d u c e  th e  s e v e r i ty  a n d /o r  
í r e q u e n c y  o f  a t ta c k s  b u t  d o e s  n o t  e l im in a te  t h e m  
c o m p le te ly  a n d  p a tie n ts  still n e e d  a d d it io n a l  a b o rtiv e  o r  
sy m p to m a tic  t r e a tm e n t .  D ru g s su g g e ste d  fo r  p ro p h y la x is  
h a v e  a  ra n g e  o f  a c tio n s  w h ic h  re ũ e c ts  u n c e r ta in ty  o v e r  th e  
p a th o g e n e s is  o f  m ig r a in e .  I t  is  i m p o r ta n t  to  g iv e  
p ro p h y la c tic  d ru g s  ỉo r  a n  a d e q u a te  p e rio d  b e ío re  assessing  
th e i r  efficacy; a  g e n e ra l  g u id e  o f  6  to  8  vveeks is adv isab le. 
O n c e  a n  o p t im u m  e ííe c t  h a s  b e e n  a c h ie v e d  th e  n e e d  fo r 
c o n tin u in g  p ro p h y la x is  s h o u ld  b e  re v ie w e d  a t  in te rv a ls  o f 
a b o u t  3 to  6  m o n th s .  T r e a tm e n t  is b e s t  vvithdravvn 
g ra d u a lly , o v e r  2  to  3 vveeks.

T h e  main p r o p h y la a ic  d ru g s  a r e  b e t a  b lo c k e r s ,  tricyclic  
a n t i d e p r e s s a n t s ,  a n d  th e  a n t i e p i l e p t ì c s ,  to p ừ a m a te  a n d  
v a lp ro a te .  P r o p ra n o lo l  is  c o n s id e re d  b y  m a n y  to  b e  th e  
p ro p h y la c d c  d r u g  o f  c h o ic e . L e th a rg y  a p p e a is  to  b e  th e  m o st 
c o m m o n  a d v e rs ẽ  e í f e c t  O th e r  b e tă  b lõ ck e rs  r e p o r te d  to  b e  
e ffec tiv e  a re  th o s e  th a t ,  lik e  p ro p ra n o lo l,  possess  n o  in tr in s ic  
sy m p a th o m im e tic  ac tiv ity ; th e s e  in c lu d e  a te n o lo l,  m e to p ro -  
I o l  n a d o lo l , a n d  tím o lo l. T h e  p o te n t ia l  ío r  b e ta  b lo ck ers  to  
in te r a c t  w i th  s o m e  se ro to n in  (5 -H T i) a g o n is ts  a n d  e rg o t-  
a m in e  s h o u ld  b e  b o m e  in  m in d . T r ic y d ic  a n tid e p re s sa n ts .

p a rt icu la rly  a m itr ip ty lin e , g iv en  in  g ra d u a lly  in c re a sin g  
doses a t  n ig h t  a re  u s e íu l  fo r  p re v e n t in g  m ỉg ra in e , e sp e d a lly  
in  p a tie n ts  w h o  a lso  h a v e  d e p re s s io n  o r  te n s io n -ty p e  
h e a d a c h e , a l th o u g h  a n tim u sc a r irú c  a d v e rse  e ííec ts  m a y  
occu r. V a lp ro a te  is a lso  u s e d  ỉo r  p re v e n t in g  m ig ra in e . 
N a u se a  a p p e a i í  to  b e  t h e  m o s t  c o m m o n  a d v e ise  e ííe c t. 
T o p ira m a te  is th e  m a in  a l te m a t iv e  to  v a lp ro a te . W e lg h t loss 
a n d  p a ra e s th e s ia  a re  c o m m o n ly  re p o r te d  a d v e rse  e ííec ts . 
T o p ừ a m a te  o r  v a lp ro a te  a re  p a r t ic u la r ly  u se fu l  in  p a tie n ts  
vvho a lso  h a v e  ep ile p sy  o r  b ip o la r  d iso rd e r. G a b a p e n tín  m a y  
also  b e  u se d  ỉo r  th e  p ro p h y la x is  o f m ỉg ra in e .

O t h e r  d r u g s  h a v e  b e e n  u s e d  fo r  th e  p ro p h y la x is  o ỉ 
m ig ra in e . O f th e  dxugs w ith  c a ld u m -c h a n n e l  b lo d d n g  
ac tiv ity , ũ u n a r iz in e  a p p e a rs  to  b e  e íỉe c tiv e , a n d  h a s  b e e n  
su g g e ste d  fo r  u se  in  c h ild re n , a n d  v e ra p a m il  m a y  b e  u se íu l , 
b u t  e v id e n c e  fo r th e  e ííica c y  o f  o th e r  c a ld u m -c h a n n e l  
b lo ck ers  s u c h  as d iltia z e m , n ile d ip in e ,  o r  n im o d ip in e  is less 
co n v in c in g ; NSAIDs m a y  b e  w o r th  t ry in g . P izo tifen , a n  
a n tỉh is ta m in e  a n d  s e ro to n in  a n ta g o n is t,  h a s  b e e n  w id e ly  
u se d  b u t  e v id e n c e  fo r  i ts  e íh c a c y  is  l im ite d ; it  m a y  b e  tr ie d  in  
c h ild re n . T h e  u se  o f m e th y se rg id e , a  p o te n t  s e ro to n in  
a n ta g o n is t, h a s  d e d in e d  b e c a u se  o f  se rio u s  a d v e rse  eHects, 
in  p a r t ic u la r  r e ư o p e r ito n e a l  B brosis. M A O Is su c h  as 
p h e n e lz in e  h a v e  b e e n  u se d  o c c as io n a lly  b u t  a re  b e s t 
rese rv e d  fo r  se v e re  c a ses  r e h a c to ry  to  o th e r  ío rm s  o f 
p ro p h y la c tic  t re a tm e n t.  C ỵ p ro h e p ta d in e , a n  a n tih is ta m in e  
a n d  se ro to n in  a n ta g o n ỉs t,  h a s  b e e n  u s e d  fo r m ig ra in e  
p ro p h y la x is , p a r t íc u la r ly  in  c h ild re n . B o tu lin u m  A  to x in  is 
u se d  fo r  th e  p ro p h y la x is  o ỉ  h e a d a c h e s  in  a d u ỉts  w ỉth  c h ro n ic  
m ig ra in e . O th e r  d ru g s  u s e d  fo r t h e  p ro p h y la x is  o ỉ  m ig ra in e  
h a v e  in d u d e d  b u t te r b u r ,  d o n id in e ,  c y d a n d e la te ,  in d o r-  
am in , feverfew , a n d  th e  e rg o t d e riv a tiv e  m ete rg o lin e . 
P ositive  resu lts  h a v e  b e e n  s e e n  w ith  m a g n e s iu m  a n d  
riboĐ avin . In v e s tig a te d  d ru g s  v vh ich  h a v e  s h o w n  p o te n tía l  
fo r p r e v e n t io n  o f  m ig ra in e  a tta c k s  in d u d e :  b a d o íe n ,  
c a n d e sa r ta n ,  lis in o p ril.  m o n te lu k a s t ,  a n d  v e n la ía x in e .  
D esp ite  p ro m ú in g  in it ía l  re su lts , th e r e  is lim ite d  e v id e n c e  
to  sũ p p o r t  th e  u s ẽ  o !  SSRIs.
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Post-dural pundure headache
F o r  th e  m a n a g e m e n t o f  h e a d a c h e  a s s o d a te d  w ith  lu m b a r  
p u n c tu r e  o r  sp in a l  a n a e s th e s ia , see  P o s t-d u ra l P u n c tu re  
H e a d a c h e  u n d ẽ r  L ocal A n a e s th e tíc s , p . 1983 .1 .

Tensỉon-lype headache
T e n s io n - ty p e  h e a d a c h e s , a lso  re íe r r e d  to  as m u sc le -  
c o n ơ a c tio n  h e a d a c h e s , a re  p ro b ab ly  th e  c o m m o n e s t  fo rm  
o f  h e a d ac h e . T h e y  a re  c h a ra c te r ise d  b y  b i la te ra l  p a in , w h ic h  
u n l ik e  m ig ra ín e  is c o n tin u o u s  a n d  n o n -p u ls a ti le .  T h e  p a in  is 
o h e n  described  b y  th e  p a tie n t  a s  ỉeeB ng  lik e  a  t ig h t  b a n d  
p re s se d  a ro u n d  th e  h e ã d . H e a d a c h e s  o f th is  ty p e  m a y  b e  
p r e d p i ta te d  b y  m a n y  íac to rs  i n d u d in g  p s y c h o so d a l s tte ss  o r  
m u sc u la r  s tre ss. M a n y  p a tie n ts  a lso  h a v e  a s so d a te đ  
sy m p to m s of a n x ie ty  o r  d e p re s ã o n . T e n s io n - ty p e  h e a d ac h e s  
a n d  m ig ra in e  o f te n  c o -e x is t a n d  m a y  t h e n  b e  re íe r re d  tò  as 
c o m b in a tio n  o r  m ix e d  h e a d a c h e s . S o m e  p a tíe n ts  o n ly  
e x p e rie n c e  iso la te d  a c u te  a tta c k s  o f  te n s io n -ty p e  h e a d a c h e  
(ep isod ic  te n s io n -ty p e  h e a d a c h e ) , b u t  o th e r s  m a y  d ev e lo p  
c h ro n lc  te n s io n -ty p e  h e a d a c h e  w h ic h  is  d ifficu lt to  tre a t.

T r e a t m e n t  is a im e d  a t  rem o v in g  th e  u n d e rly in g  causes  
w h e r e  th ese  c a n  b e  id e n t iã e d . S Ịm ple  m assa g e  m a y  h e lp  ư 
m u sc le  c o n tra c tio n  is a  p r o m in e n t  c o m p o n e n t  o f th e  p a in . 
N o n -o p io id  an a lg esics , s u c h  as a sp lr in  o t  o th e r  NSAIDs a n d  
p a ra c e ta m o ỉ, m a y  b e  tr ie d  ỉo r  in d iv id u a l a c u te  a tta c k s  of 
h e a d a c h e , b u t  a n a lg e s ic  o v e ru s e  m u s t  b e  a v o id e d  as th is  c an  
le a d  to  c h ro n ic  h e a d a c h e  re s is ta n t  to  o th e r  m ea su re s  (see 
M e d ic a tio n -o v e n ise  H e a d a c h e , p . 6 7 0 .2 ). O pio ids a lo n e  o r  
in  c o m b in a tio n  p re p a ra tìo n s  w i th  o th e r  an a lg esics  sh o u ld  
a lso  b e  a v o id ed . H y p n o tics  o r  s e d a d v e s  h a v e  so m etim es  
b e e n  used  in  c o m b in a tio n  p re p a ra tio n s  w ith  analgesics in  
t h e  m a n a g e m e n t of te n s io n - ty p e  h e a d a c h e  th a t  d lsrup ts  
s le e p  b u t, b e c a u s e  of t h e  p o te n t ia l  fo r  a b u se , th e y  sh o u ld  be 
a v o id e d  in  c h ro n ic  h e a d a c h e s . M u s d e  re la x a n ts  a p p e a r  to  
h a v e  littie  p la c e  in  t h e  m a n a g e m e n t  o f t e n à o n - ty p e  
h e a d a c h e ; a l th o u g h  so m e  p a tie n ts  m a y  resp o n d , resu lts  a re  
g e n e ra lly  d isa p p o in tin g . O th e r  d ru g s  t h a t  h a v e  b e e n  tried  
i n d u d e  v a lp ro a te  a n d  b o tu lin u m  A  to x in . P r o p h y la x l s  is 
p re íe ra b le  to  r e g u la r  s h o r t - te rm  u se  o f analgesics in  
c o n tro l l in g  c h ro n ic  t e n s io n - ty p e  h e a d a c h e .  T ricyc lic  
a n tỉd e p re ssa n ts , p a rt ic u la r ly  a m itr ip ty lin e , a re  generaU y 
co n s id e red  a s  firs t ch o ic e , a l th o u g h  b e n e ũ t  is rare ly  
co m p le te . T h e  m o d e  o f  a c tio n  is u n d e a r  a n d  a p p e ars  to  b e  
in d e p e n đ e n t  o f  a n y  a n tid e p re s s a n t a c tio n . I n  m o st cases, 
im p ro v e m e n t is s e e n  w i th  lovv doses, b u t  fu ll a n tid e p re s sa n t 
d o se s  are  n e c e s s a ry  i n  t h e  p re s e n c e  o f  u n d e r ly in g  
d e p ressio n . A d d it io n  o f  a  b e ta  b lo c k e r  su c h  as  p ro p ra n o lo l 
m a y  so m e tim e s  b e  o f  b e n e f i t  fo r  p a tie n ts  w i th  som e 
m ig ra in e  íe a tu re s .  T h e  a n tie p ile p tíc  to p ira m a te  h a s  also 
b e e n  tried  w i th  so m e  success.
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A lm o trỉp tan  M d a te  IBANM, USAN, riNNMi 
A lm òtrip tãn , M a la té d ';  A lm otrip tán , m a la to  d e ; A lm otrip tan i 
Malas; LAS-31416 (alm otrip tan); M a la to d e  a lm o trip tán ; PNU- 
180638E;.'Ạ/ibMÒTpMrỊTaHa MariaTÌ' ‘ .
l ‘-[({3 -[2 -(D ifnẹtny iầm inó)e thy0 indo l-5 -y f}m ethy t)su lfony l] 
py rro lid ine  m a ía té  (1:1).
€ ừ H ầ N 30 2S A f t Ạ = ^ 6 9 .6 r - \
C A S— 1Ỉ4323-57-6 (almoữipton); 181 183-52-8 (almotriptan 
malate).
ATC — NÓ2CC05. .
ATC Vet —  QN02CC05.
UNII — PJP3Ỉ2605E.

Uses and Administration
A lm o tr ip ta n  m a la te  is a  se lec tiv e  s e ro to n in  (5-H T i) a g o n is t 
w i th  a c tio n s  a n d  uses  sú n ila r  t o  th o s e  o f  s u m a tr ip ta n  
(p. 6 7 9 .3 ). I t  is u s e d  for th e  a c u te  t r e a tm e n t  o f  th e  h e a d a c h e  
p h a s e  o f m ig ra in e  a tta c k s . It s h o u ld  n o t  b e  u se d  for 
p ro p h y la x is . A lm o tr ip ta n  is g iv en  o ra lly  as t h e  m a la te , a n d  
d o ses  a re  e x p re s se d  in  te rm s  o f t h e  b a se ;  a lm o tr ip ta n  m a la te  
8 .7 5 m g  is e q u iv a le n t  to  a b o u t  6 .2 5  m g  o f a lm o tr ip ta n .

T h e  r e c o m m e n d e d  d o se  o f a lm o tr ìp ta n  is 12.5 m g  in  th e  
UK  a n d  6 .2 5  o r  12.5 m g  in  th e  U SA . II th is  is in eH ective, a 
s e c o n d  d o se  s h o u ld  n o t  b e  ta k e n  ío r  th e  sa m e  a tta c k . lf  
s y m p to m s  r e c u r  vvithin 2 4  h o u rs  a h e r  a n  in itia l re sp o n se , a  
s e c o n d  d o se  m a y  b e  ta k e n  a f te r  a n  in te rv a l  o f a t lea s t 2 
h o u rs .  N o m o re  t h a n  2 doses  s h o u ld  b e  ta k e n  in  a  2 4 - h o u r  
p e rio d . F o r  d o ses  ú t  h e p a tic  a n d  re n a l  im p a irm e n t  see  
b e lo w .

R e íe re n c e s .
1. H olm  KJ, S p e n c e r  CM . A lm o trip tan . CNS D ru gs  1999; 11; 1 59 -64 .
2 . K eam  SJ, t í  a l . À lm o ư ip ia n : a  rev ie w  o í  ỉts u se  ỉn  m ig ra ìn e . D rugs  2002; 

62 : 3 87 -414 .

Administration in hepatic or renal impairment. In
p a tie n ts  vvith h e p a tic  o r  se v e re  r e n a l  im p a irm e n t,  n o  m o re  
t h a n  12.5 m g  o ỉ  o ra l a lm o tr ip ta n  s h o u ld  b e  ta k e n  in  2 4  
h o u rs ;  a  s ta r tin g  dose  o f 6 .2 5  m g  m a y  b e  u se d . N o  dose  
a d ju s tm e n t  is n e e d e d  in  p a tie n ts  vvith m ild  to  m o d e ra te  
r e n a l  im p a irm e n t.

Migraine. F o r c o m p a r iso n  o f th e  re la tiv e  b e n e S ts  o f d iffer- 
e n t  tr ip ta n s  in  m ig ra in e , see  u n d e r  S u m a tr ip ta n , p . 6 80 .1 . 

P u r th e r  re íe re n c e s .
1. M a th e w  NT. E fficacy and  to le rab ilỉty  o f a lm o tr ip ta n  ỉn  c on tro lled  cỉìnỉeat 

tria ỉs. E u r  N e u ro l 2 005; 53  (suppl ỉ) ;  2 9 -3 3 .
2 . Pascuaỉ J .  E ÍScacy  and  to le rab ỉlity  o ỉ  a lm o tr tp ta n  ỉn  p o s tm ark eũ n g  

s u rv d lỉa n c e  s tu d ỉês . E u r  N eu ro ỉ 2005 ; 53  (suppỉ 1); 34 -40 .
3. D ah ỉo f CG, t í  a i  EÍCcacy, speed  o f  ac tio n  a n d  to ỉe rab iỉity  o í a ỉm o tĩip tan  

in  th e  a c u te  t r e a tm e n t  o f m ig ram er p o o le d  ind tv idual p a tỉe m  d a tâ  írom  
ỉo u r  r an d o m ỉx ed , d o u b le -b l in d , p la ce b o -c o n tro lle d  d in ic a l tria ls. 
C e p h a ìa ÌỊÌa  2006 ; 2 6 :4 0 0 - 8 .

4 .  C h e n  L G  A sh cro ít DM . M eta-anaỊysis  ex am ỉn ỉn g  th e  eíCcacy a n d  sa ỉety
o f  a ỉm o tr ip ta n  in  ỉh e  a cu te  tr e a ã n e n t  o f m ỉg ra ine . Headache  2007; 47: 
1 1 6 9 -7 7 . -

5. A n to n a d  F, t í  a i . A ỉm o tiip ta n  ỉo r  th e  t r e a tm e n t o f  a cu te  m ig ia in e : a 
rev ỉe w  o f  e a r ỉy  ỉm e rv e n d o n  ư ỉa ls . E x p e r t  R ev  N e u ro th e r ĩO lữ . 1 0 :3 5 1 -6 4 .

6. Pascuaỉ J , t í  a ỉ . A ỉm o tiip ta n : a  rev ỉe w  o f 10 y e a n ' d in ỉc a l e xperìence . 
E x p e r t  R r v  N e u rv íh e r  2010; 10: Ỉ 5 0 Ỉ - Ỉ 7 .

7 . Levris D W . A ỉm o tríp tan  ỉo r  th e  a c u te  ư e a tm e n t  o í ad o lesc en t raig ra ine . 
E xp e rt  Opm  P h arm aco th rr 2 0 ) 0 : 1 1 :2 4 3 1 - 6 .

8 . B u sso n e  G, t í  a L  A lxnotríptan ỉo r  m e n s tru a lly  r e ỉa te d  m ig ra ine . E xp ert  
o p in  P h arm aco ther 2011; 12: 1 933 -43 .

Adverse Eỉkcts and Precautìóns
A s fo r  S u m a tr ip ta n ,  p . 6 8 0 .2  a n d  p .  6 8 1 .2 .

A lm o ti ip ta n  s h o u ld  b e  g iv en  w ith  c a u tio n  to  p a tie n ts  
w i th  h e p a tic  im p a in n e n t  o r  s e v e re  r e n a l  im p a irm e n t.

P a tie n ts  w i th  h y p e rse n s it iv ity  to  su U o n a m id e s  m a y  
th e o re tic a lly  s h o w  a s im ila r  r e a c tio n  to  a lm o tr ip ta n .  (For 
d isc u ss io n  o f  c ro ss -re a c tiv ity  in  s u llo n a m id e s  a n d  su lla  
d ru g s  s e e  H y p e rs e n s i t iv i ty  u n d e r  S u lfa m e th o x a z o le ,  
p .  3 6 5 .3 .)

incidence of odverse effects. R e su lts  h o m  s tu d ie s  in v o l-  
v in g  m o re  t h a n  2 5 0 0  p a tie n ts  w i th  m ig ra in e  su g g ested  
th a t  a d v e rse  e ỉíe c ts  of a lm o tr ip ta n  w e re  i n h e q u e n t .1 T he  
c o m m o n e s t  a d v e rs e  e ííec ts  r e p o r te d  w e re  d izz iness, n a u s e a  
a n d  v o m itin g , h e a d a c h e , p a ra e s th e s ia ,  la t ig u e , a n d  d ro w si-  
n e ss , a ll o f  w h ic h  o c c u rre d  in  le ss  t h a n  3 %  o f p a tie n ts . 
T h e  in d d e n c e  o f  c h e s t  sy m p to m s  w a s  0 .2 %  in  2  larg e  
p h a s e  m  s tu d ie s .

1. D odỉck D W . O ra l a lm oorip tan  ỉn  th e  ư e a t in e n t  o ỉ m ỉg ra ine: sa ie ty  a n d  
tolexabU lty. H tũ ầ a d ìt  2001; 4 1 :4 4 9 - 5 5 .

Porphyria. T h e  D ru g  D a ta b a se  f o r  A c u te  P o rp h y ria , c o m - 
p ile d  b y  th e  N o n v e g ia n  P o tp h y r ia  C e n tre  (N A PO S) a n d  
th e  P o rp h y x ia  C e n tre  Svveden, d a s s iỉ ie s  a lm o tr ìp ta n  as 
p ro b a b ly  n o t  p o ip h y T Ìn o g en ic ; it  m a y  b e  u se d  as  a  d ru g  o f 
firs t c h o ic e  a n d  n o  p re c a u t io n s  a re  n e e d e d .1

1. T h e  D rug  D a tabase  for A cu te  P o rp h y ria . A vaỉlab ỉe  a t: h ttp : / /w w w . 
d ru g s-p o rp h y ria .o rg  (accessed 1 1 /0 4 /1 1 )

Intemờions
A s fo r S u m a tr ip ta n ,  p . 6 8 1 .3 .

All cross-reíerences reíer tó' entries in Volume A

Pharmacokinetics
A ỉte r  o ra ỉ  doses, p e a k  p la s m a -a lm o tr ip ta n  c o n c e n tra tio n s  
o c c u r  in  a b o u t  1 to  3 h o u r s ,  tv ith  a  b io av a ila b ility  o f a b o u t  
7 0 % . P ro te in  b in d in g  is  a b o u t  3 5 % . A lm o tr ip ta n  is 
m e ta b o lis e d  m a ỉn ly  b y  m o n o a m in e  o x id a se  ty p e  A  to  t h e  
in a c tiv e  in d o le  a c e tic  a d d  d e riv a tiv e , a n d  to  a  le s se r  e x te rn  
b y  c y to c h io m e  P 4 5 0  iso e n z y m e s  CY P3A 4 a n d  CY P2D6 to  
th e  in a c tiv e  g a m m a -a m in o b u ty iic  a d d  d e riv a tiv e . M o re  
t h a n  7 5 %  o ỉ  a n  o ra l  d o se  is  e x c re te d  in  th e  u r in e  a n d  th e  
r e m a ỉn d e r  in  ỉaeces . A b o u t  4 0 %  of th e  d o se  in  th e  u r in e  is 
e x c re te d  as  u n c h a n g e d  d ru g . T h e  p lasm a  e lim in a tio n  h a lí-  
Ufe is a b o u t  3 .5  h o u r s  in  h e a l th y  su b je c ts , in c re a sin g  to  
a b o u t  7  h o u r s  in  p a tie n ts  w i th  s e v e re  r e n a l  im p a irm e n t.

D is tr íb u tio n  in to  m ilk  h a s  b e e n  fo u n d  in  s tu d ie s  in  rats.

R e íe re n c e s .
1. Ja n sa t JM . t í  a i  A b so lu te  b toavaỉlab tiỉty , p h a rm a co ld n etics , a n d  u r ín a ry  

e x cre tỉo n  o í th e  n o v e ỉ a m ỉm ỉg ra tn e  a g e n t a ỉm o u ip ta n  ỉn  h e a ỉth y  m a le  
v o lu n te e rs . J  ơ m  P h arm aco ỉ 2 0 0 2 : 4 2 : 1303 -10 .

2. M cE nroe  JD , FleishaJcer JC . C ỉin ical p h a n n a c o k ỉn e iỉc s  o f  a ỉm o trip ta n . a  
-  s e ro to n ỉn  5-H T |»/io  re c e p to r  a g o n ỉs t fo r th e  t r e a tm e n t  o f  m ỉg ra ine . c /m

P h arm acokin tt 2005; 4 4 : 2 3 7 -4 6 .

ị Preparatíons
Proprietory Preparations (details are given in Volume B)

Single-ingredient Preparotions. Austriar. A lm ogrant; Belg.: 
Alm ogran; Canad.-. Axert; Denm.: A lm ogran; Fin.: Alm ogran; 
Fr.: Alm ogran; Cer.: A lm ogran; G r Alm ogran; A m ignu lt; IrL: 
Alm ogran; / r a i :  A lm ogran; A lm otrex; Neth.: Alm ogran; Norui.: 
Alm ogran; Port.: A lm ogran; A m ignu lt; Spain: Alm ogràn; 
Am ignul; Sweđ.: A lm ogran; Switz.: A lm ogran; UK: Alm ogran; 
USA. Axert.

Dihydroergotamine ỊBAN, riNNì

Dihidroergotamina; Dihydroergotamiini; Dihydroergotamin; 
Dihydroergotamina; Dihydroergotaminum; Diidroergotami- 
na; flnrnflp03pr0TaMMH.
(5S,8/?)-5-Benzyl-9,10-dihydro-12'-hydroxy-2'-methyl- 
3',6',18-trioxoergotaman.
C33H37N A = 5 8 3 .7  -
CAS — 511-12-6.
ATC —  N02CA01.
ATC Vet —  QN02CA01.
UNII —  436O5HM03C

Dihydroergotamine Mesilate I8ANM, riNNMi

Dihidroergotamina, mesilato de; Dihidroêrgotamin-mezilát; 
Dihidroergotamino mesilatas; Dihydroergotamiìnimesiíaatti; 
Dihydroergotamine, hnésilate de; Dihydroergotamine Mesy- 
late (USAN); Dihydroergotamine Methanesulphonate; 
Dihydroergotamini Mesilas; Dihydroergotaminmesilat; Dihy- 
droergotamin-mesylát; Dihydroergotaminy mezylan; Mesi- 
lato de dihidroergotamina; flnrn flpo3proT3MHHa Me3M/iaT. 
C33H37Ns05.CHẤS=679.8 
CAS —  6190-39-2.
ATC —  N02CA01.
ATC Vet —  QN02CA01. .
UNII —  81ẠXN7R2QT.

P h a rm a c o p o e ia s .  I n  Eur. (see  p . vii), Jpn, a n d  us.
P h . E u r . 8: (D ih y d ro e rg o ta m in e  M e sila te ). C o lo u rless  
crysta ls o r  a  vvhite o r  a lm o s t w h ite  a y s ta l l in e  p o w d e r . 
S ligh tly  so lu b le  in  vvater a n d  in  a lco h o l; sp a rin g ly  so lu b le  in  
m e th y l a lc o h o l. A 0 .1  %  s o lu tio n  in  vvater h a s  a  p H  o f  4 .4  to  
5 .4 . P ro te c t h o m  lig h t.

U S P  3 6 : (D ih y d ro e rg o ta m in e  M e sy la te ) . A  w h i te  to  s ligh tly  
yellovvish p o w d e r , o r  o f f-w h ite  to  ía in t ly  re d  p o w d e r , 
h a v in g  a  ía in t  o d o u r .  S o lu b le  1 in  125 oi vvater, 1 in  9 0  of 
a lco h o l, 1 in  175 o f  c h lo ro lo rm , a n d  1 in  2 6 0 0  of e th e r . p H  of 
a  0 .1 %  s o lu tio n  in  w a te r  is b e tv v e e n  4 .4  a n d  5.4. P ro te c t 
h o m  lig h t.

Dihydroergotamine Tartrate IBANM, riNNMi

Dihidroergotamina, tártrato de; Dihìdroergotamino tartratas; 
Dihidroergotamin-tartarát; Dihydroergptamiinitartraaai; 
Dihydroergotamine, Tartrate de; Dihỵdroergotamini íartras; 
Dihýdroergotarnin-tartarát; Dihydroergotamintartrat; Tartra-- 
to de dihidrổergotamina; £Ịnrnflpd3proTaMHHa TapĩpaT. 
^ . N sO ^ ã h a - i b í ^  :
C45 —  5989-77-5.
ATC —  N02CA01.
ATC Vet —  QN02CA01.

P h a rm a c o p o e io s .  I n  Eur. (se e  p .  v ii).

P h . E u r . 8: ( D ih y d ro e rg o ta m in e  T a r tra te ) . C o lo u rless  
crysta ls  o r  a  w h i te  o r  a lm o s t w h i te  c ry s ta llin e  p o w d e r . 
V ery  s lig h tly  so lu b le  in  vvater; sp a rin g ly  so lu b le  in  a lc o h o l. A 
0 .1 %  su sp e n s io n  in  vvater h a s  a  pH  o f  4 .0  to  5 .5 . P ro te c t 
h o m  ligh t.

Ưses and Administratiòn
D ih y d ro e rg o ta m in e  is a  s e m is y n th e t ic  e rg o t  a lk a lo id  h a t  
h a s  w e a k e r  o x y to d c  a n d  v a s o c o n s tr ic to r  e ííe c ts  t i a n  
e rg o ta m in e  (p. 6 7 4 .1 ) .  I ts  a c tiv ity  a s  a  5 -H T i a g o n i  t  is 
b e lie v e d  to  c o n tr ib u te  t o  i ts  a n tim ig r a in e  a c tỉo n . I t  is u se  ỉ  in  
t h e  t r e a tm e n t  o ỉ  m ig r a in e  a n d  d u s t e r  h e a d a c h e ,  a n d  in  th e  
t r e a tm e n t  o f  o r th o s ta t ic  h y p o te n s io n .  I t  h a s  a lso  b e e n  I sed  
fo r  t h e  p ro p h y la x is  o f  v e n o u s  th ro m b o e m b o lis m  see  
p .  6 7 3 .1 ).

D ih y d ro e rg o ta m in e  is  c o m m o n ly  u s e d  as  t h e  m e s i l a t ; b y  
su b c u ta n e o u s ,  in t r a m u s c u la r ,  o r  i n t i a v e n o u s  in je c t  o n , 
a l th o u g h  it m a y  a lso  b e  g iv e n  a s  a  n a s a l  s p ra y  o r  o ra lly  

F o r  th e  t r e a tm e n t  o f  mỉgralne a n d  to  t e r m ỉn a te  a n  a< u te  
a tta c k  o ỉ  cluster headache, d ih y d ro e r g o ta m in e  m e s ila  e  is 
u s u a lly  g iv e n  b y  s u b c u ta n e o u s  o r  in t r a m u s c u la r  in je c tio  1 in  
d o ses  o f  1 m g  re p e a te d , i ỉ  n e c e s s a ry .  a h e r  3 0  to  6 0  m in  Ites 
u p  to  a  m a x im u m  d a ily  d o s e  o ỉ  3  m g . If  a  m o re  r a p id  e ữ e  ^  is 
d e s ire d  i t  m a y  b e  g iv e n  in tr a v e n o u s ly  in  d o se s  o f  0 .5  o r  1 m g  
u p  to  a  m a x ỉm u m  d a ily  d o s e  o f  2  m g . T h e  to ta l  w e e k ly  c ose 
g iv e n  b y  a n y  r o u te  o f  in je c tio n  s h o u ld  n o t  e x c e e d  6  m g . rh e  
u s u a ỉ  n a sa l d o se  o f  d ih y d ro e r g o ta m in e  m e s i la te  ỉo r  a n  ai u te  
a tta c k  o í  m ig ra ln e  is 5 0 0  m ic ro g ra m s  s p ra y e d  in to  e tc h  
n o s tr i l  a s  a 0 .4 %  s o lu t io n  ío llovveđ  a í t e r  15 m in u te s  b> a n  
a d d it io n a l  5 0 0  m ic ro g ra m s  in  e a c h  n o s tr i l .  A  to ta l  in tr a n  tsal 
d o se  o f  2  m g  p e r  a t ta c k  s h o u ld  n o t  b e  e x c e e d e d . In  t h e  u  SA, 
th e  m a x im u m  l ic c n se d  in tr a n a s a l  đ o s e  in  2 4  h o u r s  is 3 m g  
a n d  in  a  7 -d a y  p e r io d  is 4  m g , w h i le  m a x im u m  d a ily  dose 5 of 
u p  to  4 m g  w i th  a m a x ũ n u m  d o se  o f  1 2 m g  in  a  7 -d a y  p e iio d  
h a v e  b e e n  g iv e n  in  o th e r  c o u n tr ie s .  D ih y d r o e r g o ta ơ  in e  
m a y  a lso  b e  g iv e n  o ra lly ; u p  to  lO m g  d a ily  h a s  b e e n  gi 'e n  
fo r  th e  ư e a tm e n t  o f  a c u te  a tta c k s  o f  m ỉg r a in e  w h i le  lo  ver 
o ra l  d o ses  a re  r e c o m m e n d e d  fo r  m ig ra in e  p ro p h y la x is .

D ih y d ro e rg o ta m in e  m e s i la te  h a s  a ls o  b e e n  u s e d  a lo n i : o r 
w i th  e t i le írũ ie  h y d r o c h lo r id e  (p. 1 3 7 9 .1 )  in  t h e  t r e a tm e r  t of 
orthostatic hypotension, in  u s u a l  o ra l  d o se s  o f up to  
lO m g  d a ily  in  d iv id e d  d o se s . D o ses  o ỉ  u p  to  4 0 10 6 0  m g  h  ive  
b e e n  u s e d  in  s o m e  p a tie n ts .

D ih y d ro e rg o ta m in e  ta r t r a t e  h a s  b e e n  u s e d  fo r  in d lc a ti  )n s 
s im ila r  to  th o s e  o f  th e  m e s ìla te .

Mediccrtion-overuse headache. D ih y d r o e r g o ta m in e  n a y  
b e  u se d  in  th e  t r e a tm e n t  o f  m e d ic a tio n -o v e r u s e  h e a d a  :he 
(p. 6 7 0 .2 ), in d u d in g  sy m p to m s  o f  e rg o ta m in e  w i th d ra v  al.

Migraine and dusier headache. A lth o u g h  s u m a tr ip ta  I is 
o h e n  th e  t r e a tm e n t  o f  c h o ic e  to  a b o r t  a c u te  a tta c k s  o f 
m ig ra in e  t h a t  d o  n o t  r e s p o n d  to  s im p le  a n a lg e s ic  p r e p í  ra- 
tio n s , p a re n te ra l  d ih y d ro e r g o ta m in e , e s p e d a l ly  w ith  a n  
a n tie m e tic ,  is a n  a l t e m a t iv e  fo r  p a t í e n ts  w h o  d e v e  op  
s e v e re  o r  r e h a c to ry  m ig ra in e  (p . 6 7 0 .3 ) .1-3 P re p a ra tio n s  íor 
in tr a n a s a l4 a n d  o ra l  u s e  a re  a lso  a v a ila b le  a n d  o n e  for 
in h a la tio n 3 is u n d e r  d e v e lo p m e n t.  I n  a  c o m p a r a tiv e  stu  iy , 
re l ie t  o f  m ig ra in e  w a s  s lo w e r  a í ie r  s u b c u ta n e o u s  d ih y d  ro- 
e rg o ta m in e  t h a n  a í t e r  s u b c u ta n e o u s  s u m a t r ip ta n ,  m t 
h e a d a c h e  r e c u r r e d  less o f te n .‘  I n  o th e r  s tu d ie s ,  in t r a n í  sal 
d ih y d ro e rg o ta m in e  w a s  n o t  a s  e l í e a iv e  a s  s u b c u ta n e o  JS7 
o r  in ơ a n a sa l*  s u m a t r ip ta n .  v

D ih y d ro e rg o ta m in e  is  a ls o  u s e d  in  t h e  t r e a tm e n t  of 
d u s te r  h e a d a c h e  (p . 6 7 0 .1 ) ,  u s u a lly  i n  e m e r g e n c y  s e tt ìr  gs, 
w h e r e  it  is g iv e n  to  a b o r t  in d iv id u a l  h e a d a c h e  a tta c k s .

1. S co n  AK. D ih y d ro e rg o ta m in e : a  revievv o f  Its u se  ỉn  th e  ư e a tm e r  L of 
m ỉg ra in e  a n d  othCT h c a d a c h c s . ơ in  N cu rv p h a rm a co ỉ 1992; 15: 2 8 9 - 1 6.

2 . S lỉberste ìn  SD, Y oung  W B . S a ỉe ty  a n d  c ỉĩic ac y  o i e rg o ia m in e  ỉa i t r a te  m d 
d ỉh y d ro e rg o u m ỉn e  in  th e  ư e a ư n e n t  o f m ig ra ỉn c  a n d  s ia tu s  m ig ra in c  us. 
N eurology  1995; 45 : 5 7 7 -8 4 .

3. C o ỉm an  L t í  a l . P a re n te ra l d ih y d ro e rg o ta n ũ n e  ío r  a c u te  m ig r ine  
h e ad a ch e : a  sy ste m a tic  re v ie w  o ỉ  ứ ic  ỉ ir e ra m re . A n n  E m e rg  M e d  2005, 45: 
3 9 3 -4 0 1 .4. S ape r JR . S ilberste in  s. P h a n n a c o lo g y  o f  d ỉh y d io e rg o ta m in e  md
e v ỉd en c e  fo r eíO cacy a n d  sa ĩe ry  in  m ig ra in e . H eadache  2 0 0 6 ; 4 6  (supp  4): 
S 171 -S 1 8 1 . ____

5. A u ro ra  SK. t í  a i . M A P 0004 , o ra ỉỉy  in h a le d  D H E: a  random ỉ; ed, 
c o n ư o lle d  s tu d y  ỉn  th e  a c u te  t r e a tm e n t  o f  m ỉg ra ỉn e . H eadache  201 ỉ ;  51: 
50 7 -1 7 .

6. W ỉn n e r  p . t í  a ỉ . A  d o u b le -b ỉ in d  s tu d y  o f s u b c u ta n e o u s  d ih y d ro e r  ot- 
a ra ỉn e  vs s u b c u u n e o u s  s u m a tr ip ta n  in  th e  t r e a tm e n t  o ĩ a c u te  m igra  ae. 
A r d i  N ru ro l  1996; 53 : 1 8 0 -4 .

7 . T o u ch o n  J , t í  a L  A  c o m p a riso n  o í s u b c u ta n e o u s  su m a tr ip ta n  n d  
d ih y d ro e rg o ta m in e  na sa l sp ra y  in  th e  a c m e  t r e a u n e n t  o f  m ig ra  ne. 
N euro ỉogy  1996; 4 7 : 3 6 1 -5 .

8. B o u re au  F, t í  a i . A  c ỉin icaỉ c o m p aríso n  o i su m a tr íp ta n  n a sa ỉ sp ray  nd  
d ih y d ro e rg o ta m in e  n a  sa] sp ra y  in  th e  a c u te  t r e a n n e m  o f  m ỉg ra in e . ì »t J 
ơ i n  P ra đ  2000 ; 54 ; 2 8 1 -6 .

Orihostatic hypotension. D ih y d r o e r g o ta m in e  m a y  b e  o f 
u se  in  p a tie n ts  w i th  r e h a c to r y  o r th o s ta t ic  h y p o te n s im  
(p. 1 6 3 4 .3 ). I t  is  s o m e t im e s  u s e d  in  p r e p a r a tio n s  w  th  
sy m p a th o m im e tic s  s u c h  a s  e t i le í r in e .  A i te r  p a re n te ra l  
d ih y d ro e rg o ta m in e , s ta n d ln g  b lo o d  p r e s s u r e  is  Lncreasi :d. 
b u t  to ta l  p e r ip h e ra l  re s is ta n c e  a n d  s u p in e  b lo o d  p res s i re  
a re  a lso  in c re a se d .1 I t  d o e s  n o t  p r e v e n t  p o s tp r a n d ia l  h y Ị  o- 
te n s io n , p re s u m a b ly  b e c a u s e  it  d o e s  n o t  c o n s tr ic t  t tie  
s p la n c b n ic  v e in s , a l th o u g h  u s e  w i th  c a tte m e  m a y  o v  :r- 
c o m e  th is  p ro b le m . T h e  m a in  đ is a d v a n ta g e  o f  d ih y d  o- 
e rg o ta m in e , h o v v ev er, is  t h a t  i t  is  in e ữ e c tiv e ,  o r  a t  b  :st 
vveakly e ữ e c tiv e , w h e n  g iv e n  o ra lly , a l th o u g h  th e r e  1 as 
b e e n  so m e  e v id e n c e  t h a t  o ra l  e rg o ta m in e  t a r t r a te  m a y  be 
o f v a lu e .
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D ih y d ro e rg o ta m in e  h as  b e e n  s u g g e s te d  ío r  u se  in  th e  
p r e v e n t io n  o f  h y p o te n s io n  a s s o d a te d  vvith e p id u ra l2 o r  
sp in a l a n a e s th e s ia .3 t h e  u s u a l  m a n a g e m e n t  o f w h lc h  is 
d isc u sse d  in  T r e a tm e n t  o f  A d v e rs e  E H ects of L ocal 
A n a e s th e tíc s , p . 1 9 8 3 .1 . I t  h a s  a lso  b e e n  t r ie d  i n  th e  
m a n a g e m e n t  o f h y p o te n s io n  a s s o d a te d  w i th  h a e m o d ia -  
lysis.4

1. A n o n y m o u s . M a n ag e m en t o ỉ o r th o s ta tic  h y p o tc n ã o n . L a n a t  1987; ỉ: 
1 9 7 -8 .

2. M a ttỉỉa  M . t í  a i  D ỉh y d ro e rg o ta m ỉn e  In  che p re v e n d o n  o ỉ  h y p o te n ã o n  
a sso cỉa te d  w ith  c x tra d u ra l ã n ae s th es ỉa . B r  J  A n a ts th  1985; 57: 9 7 6 -8 2 .

ỉ .  C ritc h le y  LAH, W o o đ w a rd  DK. H a e m o d y n a m ỉc  e ỉĩe c u  o f  th rce  doses o f 
d ỉh y d ro e rg o u m in e  d u r ỉn g  sp ina l a n a e s th e s ia . B r  ]  A n aesth  2001 ; 87: 
4 9 9 -5 0 1 .

4. M ỉỉu tín o v ic  s. D íhy d ro erg o ta m in  in  d e r  B e h a n d lu n g  y o n  P a tie n te n  m ỉt 
sy m p to m atỉsch e r  H yp o to n ỉe  w ă h r e n d  D aue rh ẵ m o d ỉa ỉy se . A rm eừn iữe l-  
Ịó n d a m g  1987; 37 : 554-6.

Venous rtiromboembolism. S ta n d a rd  p ro p h y la x is  fo r  s u r-  
g ical p a t ie n ts  a t  h ig h  risk  o f  v e n o u s  th ro m b o e m b o lism  
(p . 1 2 7 4 .1 )  is u s u a lly  w ith  a n tic o a g u la n ts ,  w i th  u n ỉra c -  
t io n e d  o r  lo w -m o le c u la r -w e ig h t  h e p a r in  b e in g  th e  m o st 
vvidely u s e d . D ih y d ro e rg o ta m in e  c a n  re d u c e  v e n o u s  stasis 
b y  v a s o c o n s tr ìc tío n  o f  c a p a d ta n c e  vesse ls a n d  h a s  
e n h a n c e d  p o s to p e ra tiv e  p ro p h y ỉa x is  w h e n  u se d  w ith  h e p -  
a r in .1 T h e  u s e  o f d ih y d ro e rg o ta m in e  w i th  lo w -m o le c u la r-  
vveight h e p a r in  h a s  b e e n  s h o w n  to  b e  o f  s im ỉla r  e íB cacy  to  
d ih y d ro ẹ rg o ta m in e  w ith  h e p a r in .3-3 H o w e v ẹ r, a lth o u g h  
d ih ỹ d ro ẹ rg õ c a m in e  m ig h t  e n h a n c e  t h e  e tte c t  o f  h e p a rin ,  a  
ưs N a tio n a l  In s t i tu te s  o f H e a l th  c o n s e n s u s  c o n íe re n c e  
w a m e d  ol t h e  p o te n t ia l  r isk  a s s o d a te d  vvith  its  v a so co n - 
s tr ic tiv e  e ữ e c ts , a n d  th e  c o n tra - in d ic a t io n s  to  its  u se 4 (see 
a lso  E ífế c ts" o n  th e  C a rd io v a sc u la r  S y s tem , u n d e r  A d v erse  
E ữ ects , b e lo w ) .

ỉ .  ỉ in d b l ã d  B .  P rophy lax ỉs  o f postope rac lve  th ro m b o e ra b o lisn i vvich ìo w  
d o se  h e p a r in  â lo n e  o r  ỉn  c o m b ỉn a d o n  w ith  đ ihyd ro erg o ía m in c : a 
rcv ie w . A eta  O ù r  S ca n d  1988; (supp l 543): 3 1 -4 2 .

2. S a sa h a ra  A A , t í  a l . L ọw  m o le cu la r  w d g h t  h e p a r in  p ỉu s  d ih yd roergo t-  
a m in e  ĨOT  p ro p h y b u d s  o f  p o s to p e n c iv e  d e e p  v e in  th rom bosỉs . B r  J  Su r$  
1986; 73 : 6 9 7 -7 0 0 .

3. H aas s ,  e t a l . P rophyU x is  o f d e ep  v e ỉn  th ro m b o s is  ỉn  h ig h  rỉsk p a tíen ts  
u n d e rg o ỉn g  tocal h ip  rep ỉa ce m e n t w ỉth  lo w  m o le cu ia r  w eỉg h t h e p a r in  
p ỉu s  d ih y d ro e rg o ta m in e . A rzn à m itte lfo rsd a m g  1987; 3 7 :8 3 9 -4 3 .

4 . N IH  C o n se n su s  D evc lopm enL  P re v en tìo o  o f v e n o u s  th rom bosis  a n d  
p u ỉm o n a ry  einboU sm . J A M A  1986; 2 5 6 :7 4 4 - 9 .

Adverse Effeds and Treatment
A s ỉo r  E rg o ta m in e  T a r tra te , p . 6 7 4 .2 , a ỉ th o u g h  v aso co n stric - 
t io n  m a y  b e  less p r o n o u n c e d  a n d  th e  ừ e q u e n c y  o f n a u s e a  
a n d  v o m it in g  lo w e r  w ith  d ih y d ro e rg o ta m in e  m es ila te  t h a n  
w i th  e rg o ta m in e  ta r t ra te .  D ih y d ro e rg o ta m in e  d o e s  n o t  
a p p e a r  to  p ro d u c e  p h y s ic a l d e p e n d e n c e .

Effects on the cardiovoscular System. T h e re  h a v e  b e e n  
c o n ũ ic tin g  re p o r ts  o n  th e  r isk  o f  v a so sp a sm  in  p a tie n ts  
g iv e n  d ih y d ro e rg o ta m in e  w ith  h e p a r in  f o r  th ro m b o e m b o -  
lism  p ro p h y la x is .  V asospastic  o r  n e c ro t ìc  rea c tio n s  h a v e  
b e e n  r e p o r te d  o n  se v e ra l  o cc as io n s  d u r in g  su c h  th e ra p y .1-4 
I n  a n  A u s tr ia n  s tu d y  o f  1 47  2 9 0  p a tỉe n ts  g iv e n  d ru g  
p ro p h y la x is  fo r  th ro m b o e m b o lism , c o m p lica tio n s  a tt r ib u -  
tab le  to  e rg o tism  w e re  se e n  in  142  o f  6 1 0 9 2  (0 .2 3 % ) w h o  
re c e iv e d  d ih y d ro e rg o ta tn in e  a n d  h e p a r in .5 O th e rs ,6 h o w -  
e v e r, s a tv  o n ly  1 ca  se  o f  v a so sp a sm  in  5100  tra u in a  
p a tie n ts  (0 .0 2 % ) g iv e n  th e  c o m b in a tio n . In  1989 th e  
Svvedish A d v e rse  D ru g  R e a c tio n s  A d v iso ry  C o m m itte e  
r e p o r te d 7 t h a t  u p  to  th e  e n d  o f  S e p te m b e r  1987 th e  m a n u -  
í a c tu re r  h a d  rec e iv e d  201 re p o r ts  o f  v aso sp a s tic  rea c tio n s  
a s s o d a te d  w i th  th e  u s e  o f Orstanorm (d ih y d ro e rg o ta m in e  + 
lid o c a in e )  w i th  h e p a r in .  P e r m a n e n t  d a m a g e  o c c u rre d  in  
5 9 %  o f  th e s e  p a tỉe n ts .  V asospastic  r e a c tio n s  h a d  o c c u rre d  
m o re  í r e q u e n t ly  in  p a tie n ts  w h o  h a d  u n d e rg o n e  su rg e ry  
£or ữ a u m a  a n d  th e  p ro g n o sis  fo r  s u c h  p a tie n ts  vvas g e n e r-  
a lly  p o o r e r  t h a n  fo r  o th e rs .  S in ce  t h e  risk  o f p e rm a n e n t  
d a m a g e  a p p e a re d  to  b e  re la te d  to  t r e a tm e n t  le n g th  th e  
C o m m itte e  r e c o m m e n d e d  th a t  th is  p re p a ra tio n  s h o u ld  n o t  
b e  g iv e n  í o r  m o re  t h a n  7  days.

1. v a n d e n  B erg  E. e ta l . E rgoiism  lc a d in g  to  th re a te n e d  U m b a m p u ta t io n o r  
to  d e a th  ỉn  tw o  p a tie n ts  g iven  h c p a r in -d ỉh y đ ro e rg o ta m ỉn e  p ro phy laxữ . 
La n e t í  1982; I: 9 5 5 -6 .

2 . v a n  d e n  B erg  E .  t í  a i  V ascu ỉa r spasm  d u iin g  th rom boem bo llsm  
p ro p h y ỉa x ỉs  w ith  h e p a r in -d ih y đ ro e rg o ta m in e . L a n c t í  1982; Uỉ 2 6 8 -9 .

3. M o n re a ỉ M . t í  a l . S k in  a n d  ro u s d e  n e c ro s is  d u r ín g  h e p a r in -  
d ih y d ro e rg o ta m ỉn e  p ropby lax ỉs . La r tc tí 1984; U: 820.

4 . K ilroy  R A . t í  a l. V ascu lar sp a sm  d u r in g  b e p a r in -d ih y d ro e rg o tam in e  
p ro p h y lax is . ơ in  P h a rm  1987; 6 : 5 7 5 -7 .

5. G a tte re r  R . H rgotism  as com piỉcacỉon  o f th ro m b o e m b o ỉic  p rophy ỉax is  
w ith  h e p a r ỉn  a n d  d ih y d ro e rg o ta m ỉn e . L a n c t í  1986; U: 6 3 8 -9 .

6 . Sch ỉag  G, t í  a l . R isk /b en efii o ỉ  h e p a r in -d ih y d ro e rg o ta m ỉn e  th ro m b o e m - 
bo lỉc  p ro p h y ỉa x b . L a n c t í  1986; ỉ t i  1465.

7 . Sv red ísh  A dverse  D rug  R eac tỉoo  A đv ỉso ry  C o o u n ỉtte e . D ihydrocrgot- 
a m in e  +  ỉỉdocaine  -  vasospasm . B u ì l  S w e d  A d verse  D m g  B ta c t A d v iso ry  
C o m m ittu  1989; (54): 1.

Fibrosis. F o r  r e íe re n c e  to  B brosis a sso c ia te d  w i t h  th e  
a d m in is u a t io n  o f d ih y d ro e rg o ta m in e , se e  M e th y se rg id e  
M a le a te , p .  6 77 .2 .

Precautions
As íor E rg o ta m ỉn e  T a r tra te , p . 6 7 5 .1 .

Cardiovascular disorders. F or s p e d ũ c  c o n n a - ỉn d ic a t io n s  
a n d  p re c a u tio n s  in  c a rd io v a sc u la r  d iso rd ers , s e e  u n d e r  
E rg o ta m in e , p . 675 .1 .

Porphyria. T h e  D ru g  D a tab ase  fo r  A cu te  P o rp h y ria , c o m - 
p ile d  b y  th e  N o rw e g ia n  P o rp h y ria  C e n tre  (N A PO S) a n d  
th e  P o rp h y ria  C e n tre  S w ed en , c lassưies d ih y d x o e rg o t-  
a m in e  as p o r p h y r in o g e n ic  it s h o u ld  b e  p re sc r ib e d  o n ly  fo r  
co m p e llin g  rea so n s  a n d  p re c a u tío n s  s h o u ld  b e  ta k e n  in  a ll 
p a tie n ts .1

1. T he D n ig  D atabase  ỉo r  A cute  P o rp h y ria . A vaiỉable a t:  h t tp : / /w w w . 
d rugs-p o tp h y ria .o rg  (accesscd 1 1 /0 4 /ỉ  ỉ )

Interadions
A s fo r E rg o ta m in e  (p. 6 7 5 .2 ).

U se w i th  o th e r  v a s o c o n s tr ic tiv e  d ru g s , ỉ n d u d in g  
s u p p le m e n ta ry  a n tìm ig ra in e  ư e a tm e n t  w i th  e rg o ta m in e  o r  
s u m a tr ip ta n ,  sh o u ld  b e  av o id ed .

Pharmacokinetics
P e a k  p la s m a -d ih y d ro e r g o ta m in e  c o n c e n ư a t ìo n s  o c c u r  
vvithin a b o u t  1 to  2  h o u rs  a f te r  o ra l  d o ses, a b o u t  3 0  
m in u te s  a l te r  in tr a m u s c u la r  in je c tio n , a b o u t  15 to  4 5  
m ln u te s  a í te r  su b c u ta n e o u s  in je c tío n , a n d  a b o u t  4 5  to  55 
m in u te s  a f te r  in ư a n a s a l  doses. H ovvever, th e  b io a v a ila b ili ty  
o f  d ih y d ro e rg o ta m in e  a f te r  o ra l d o se s  is v e ry  lo w ; v a lu e s  
r a n g in g  h o m  less t h a n  0.1 to  1 .5 %  h a v e  b e e n  re p o r te d .  
A lth o u g h  d ih y d ro e rg o tạ m in e  is in c o m p le te ly  a b s o rb e d  h o m  
th e  g a s tr o in te s tin a l  t ra c t, t h e  lo w  b io a v a i ỉa b i l i ty  is 
c o n s id e red  to  b e  d e te rm ỉn e d  p r ìm a rily  b ý  e x te n s iv e  f irs t-  
pass  h e p a tic  m eta b o lism . B io av a ilab ility  a ỉ te r  in tta n a s a l  
d o ses  is 4 3 % . D ih y d ro e rg o ta m in e  is  90  to  9 5 %  b o u n d  to  
p lasm a  p ro te in s .

D ih y d ro e rg o ta m in e  u n d e rg o e s  e x te n ã v e  m e ta b o lism , 
th e  m a jo r  m e ta b o li te ,  8 '-p - h y d ro x y d ih y d ro e rg o ta m in e , 
b e in g  a a iv e .  P lasm a  c o n c e n tra tío n s  o f th is  m e ta b o li te  a re  
g re a te r  t h a n  th o se  o f  d ih y d ro e rg o ta m in e . A  í u r t h e r  
o á đ a t io n  s te p  p ro d u c e s  8 ',1 0 '-d ih y d ro x Y d ih y d ro e rg o ta -  
m in e , vvhich is a lso  ac tlve . O th e r  m e ta b o li te s  a re  a lso  
{orm ed. M o st of a  d o se  is e x c re ted  as  m eta b o li te s , m a in ỉy  in  
th e  bile ; 5 to  10%  is e x c re te d  in  t h è  u r in e  o f  w h ic h  o n ly  
ư a c e  a m o u n ts  a re  o f  u n c h a n g e d  d ru g . T h e  e lim in a tio n  o ỉ  
d ih y d ro e rg o ta m in e  is  b ip h a s ic  h a lí- liv e s  o f a b o u t  1 to  2  
h o ũ rs  a n d  2 2  to  32  h o ũ rs  h a v e  b e e n  re p o r te d  fo r  th e  2 
p h a ses , re sp ec tìv e ly .

R e íe re n c e s .
1. l i t t ỉ e  PJ, t í  a ỉ . B ioavaỉỉab iỉity  of d ỉh y d ro e rg o ta m in e  in  m a n . B r  J  ơ i ỉ t  

Pharm aco l 1982; 13: 7 8 5 -9 0 .
2 . M 0U er-S đ iw e ỉn ỉtzer E . P harm acoỉỡgica ỉ accỉons o f th e  m a in  m e tab o ỉlte s  

o f d ỉh y d ro erg ữ tam ỉn e . E u r J Q i r t  P h a rm a a l  1984; 26 : 6 9 9 -7 0 5 .
3. de  M arées H. t í  a i . R e ỉa tỉonsh ỉp  betvveen th e  v e n o c o n su ỉc to r  a c tiv ỉty  o f 

d ỉh y d ro e rg o u m in e  a n d  i u  p h a n n a c o ỉr in e tỉa  du ring  a c u te  a n d  d ư o n ỉc  
oral dosỉng . E u r  J  ơ ỉ n  P h arm ato i 1986; 30 : 685 -9 .

4. H um b e rt H. t í  a i . H u m a n  p h a rm a co ld n etícs  oC d íh y d ro e rg o ta m ỉn e  
ad m in istered  by  n a sa l sp ray . ơ ù t  P h a ư n a co ỉ T h e r  1996; 60 : 2 6 5 -7 5 .

Preparations
Proprietary Preparations (details a re  g iven  in  V olum e B)

Single-ingredient Preparolions. AustraL: D ihydergot; Austria: 
Detemes; DHE; D ihydergot: Ergont; Ergovasan; M igranaỉ; Belg.: 
Dịergo; D ihydergot; Dystonal; CaruuL: M igranal; Chữur. Seglor 
( Í Í S ỉk ) ;  Cz.\ D ihydergott; Fin.: O rstanorm ; F r .: Ikaran; 
Seglor; Tam ik; Ger.: Agitỷ; A ng ionorm t; DET M S; DHE+; Ergo- 
tam ; Verladyn; Gr.: Bobinum ; Cozetam in; D ihydergot; H em od- 
nol; Pervone; Tusedon; V erteblan; Yugovasin; Inđia: DHE; 
M igranib Inđon.: D ihydergott; Ital.: Diidergot; Seglon Mex.\ 
Dihydergot; Netk.: M ig ranalt; Port.: Seglon Spairt'. D ihyder- 
g o tf; SwecL: O rstanorm ; Switz.\ Dihydergot; E rg o to n ta e t; 
Thai.: Poligot; USA: DHE; M igranal; Venei.: D ihydergot.

Muhi-ingredient PreparaHom . A r g Polper Vascular,- Austria: 
Agilan; EHortil comp; H ypodynt: Tonopan; V en o to p t; Braz.: 
Ceíalium; Cetaliv; Enxak; M igraliv; Parcel; T onopan; Chile: 
Emagrim; M igra tapsin t; Migrax; F r.: Diergospray; Ger.: 
Dihydergot plus; E ílortil plusỷ; Mex.: Parsel; T onopan; Spain: 
Tonopan; Switỉ.: D ữiydergot p lu sf; Dữiydergot; EHortil p lu s t;  
Veneĩ.: B rudob Dden; Dob Ivagan; Letydob Parsel.

phamiacopoeial Preparalions
U SP 36: D ihydroergotam ine M esylate Injection.

Eletriptan Hydrobromide
(BANM, USAN, riNNMI

• Eleừiptaanihydrobrọmidi; Élétriptan,. Bromhyđrate d'; Ele- 
triptán, hidrobromurode; Eletríptanhydrobromìđ; Eleừiptani 

■ Hydrobromidum,- Hídróbromuro' de eletriptán; UK--TT6044- 
04,3/ieTpMnThHa rnapoõpoMM/Ị. ■ ! ' : ' ; "
;34[(fl);T-Methýl-2-pyrr9 lidiriyllméttiyl)75-f2-(pher^lVulfonyi)v 
ethyl]indole hydrobromide ‘ ’ '
C22H2ỂN20 2S,HBr=463 4 '• -  ' * ; ỵ r  1 , :
CAS —  143322-58-1 (eletrìptan), 177834-92-3 ’ (eletnptan 

.hydrobromide). : ‘ . ' :  ■
ẠTC —  N02CC06.

ATC Vet — QN02CC06.
UNII — M41W832TA3.

Uses and Administratíon
E le tr ip ta n  h y d ro b ro m iđ e  is a  se lec tív e  se ro to n in  (5-H Ti) 
a g o n is t  w ith  ac tio n s  a n d  u se s  s in ù la r  to  th o se  o f s u m a tr ip ta n  
(p. 679 .3 ). I t  is u s e d  f o r  a c u te  t re a tm e n t  o f th e  h e a d a c h e  
p h a s e  of m ig ra in e  a tta c k s . I t  s h o u ld  n o t  b e  u se d  for 
p ro p h y lax is. E le o ip ta n  is g iv e n  o ra lly  as  th e  h y d ro b ro m id e , 
b u t  doses a re  e x p re s se d  in  te rm s  o f  th e  base; e le tr ip ta n  
h y d ro b ro m id e  2 4 .2  m g  is e q u ỉv a le n t  to  a b o u t  2 0  m g  o f 
e le trip ta n .

U K  licensed  p ro d u c t  in ío rm a t ío n  re c o m m e n d s  a  u s u a l  
d o se  o f 4 0  m g; ư  th is  is  in eH ectiv e , a  s e co n d  dose  sh o u ld  n o t  
b e  ta k e n  ÍO T  th e  sa m e  a tta d c . II symptoms T C C U T  w ith ỉn  2 4  
h o u r s  after a n  ỉn itia l resp o n se , a  s e co n d  do se  m a y  b e  ta k e n  
a í te r  a n  in te rv a l of a t  le a s t  2  h o u r s .  D oses o ỉ  80  m g  m a y  b e  
u se d  in  su b se q u e n t a tta c k s , b u t  s h o u ld  n o t  b e  re p e a te d  
v d th in  a  2 4 -h o u r  p e rio d . us l ic e n sed  p ro d u c t in ỉo rm a tio n  
a llo w s  a  lo w e r dose  o f  2 0  m g  w ith  a  m a x im u m  sin g le  do se  of 
4 0  m g  a n d  a  m a x im u m  d a ily  d o se  o í  8 0  m g . F o r  doses  in  
r e n a l  im p a ứ m e n t, see  b e lo w .

A d m in is tra tio n  in  r e n a l  im p a in n e r i t .  UK  lic e n sed  p ro d u c t 
in ío rm a tío n  ỉo r  e le t r ip ta n  recommeads a n  o ra l d o se  oí 
20 m g  in  p a tie n ts  w i th  m ild  to m o d e ra te  re n a l  im p a irm e n t;  
th e  m a x ũ n u m  d a ily  d o se  s h o u ld  n o t  e x c e e d  4 0  m g . E le- 
t r ip ta n  sh o u ld  n o t  b e  u s e d  in  se v e re  im p a irm ẹ n t.

M ig ra in e .  F o r  c o m p a r iso n  o f  th e  re la tiv e  b e n e Ễ ts  o f  dU ỉer- 
e n t  trip ta n s  in  m ig ra in e , see  u n d e r  S u m a tr ip ta n , p . 680 .1 . 

F u r th e r  re íe re n c e s .
ỉ . M a thcw  NT, t í  a l . T ỡỉerab ỉỉity  a n d  sa ỉe ty  o í e ỉe tr ỉp tan  ỉn  th e  tre a tm e n t o ỉ 

m igra ine: a  c o m p rehens ỉve  rev ie w . H e a d a à u  2003; 45 : 96 2 -7 4 .
2. T akiya U t í a L  Sa ỉe ty  a n d  eSScacy o f  e ỉe t ĩ ỉp u n  In th e  tr e a tm e n t of a cu te  

m lgra ỉne. Pharm acotherapy  2006; 26 : ỉ  15 -28 .
3. M cC orm ack n ,  K eadng  G M . E le trỉp tan : a  r ev ỉew  o ỉ its use  in  th e  acu te  

trea tm e n t o í  Q ìỉgraine. D r u p  2006 ; 6 6 :1 1 2 ^ -4 9 .
4. Sam ỉrin ỉ G , t í  a ỉ. E le trỉp tam  a  rev ỉe w  a n d  n c w  penpeccives. E x p t r t  R ev  

N tu ro ứ u r  2006 ; 6 :1 4 1 3 -2 1 .
5. S a ndrin i G, t í  a ỉ . E letrỉpcan . B xp ert O p in  D ru g  M tía b  T ơ xko l 2009; 5: ỉ  5 8 7 -  
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Adverse Eữects and Precautions
As lo r  S u m a trìp ta n , p . 6 8 0 .2  a n d  p . 6 8 1 .2 .

E ỉe tr ip ta n  sh o u ld  n o t  b e  u s e d  in  p a tie n ts  w i th  s ev ere  
h e p a tic  ứ n p a irm e n t; hovvever, th is  is d u e  to  a  lack  o f d a  ta. 
N o  d osage  a d ju s tm e n t is n e e d e d  in  m ild  o r  m o d e ra te  h e p a tic  
im p a irm e n t.  B lo o d  p re s s u re  e ỉỉe c ts  o f e le t r ip ta n  a re  
in c re a se d  in  r e n a ỉ  im p a irm e n t  a n d  th e re ío re  U K  licen sed  
p r o d u a  in ỉo rm a tio n  r e c o tn m e n d s  th a t  it  sh o u ld  b e  u se d  
vvith c a u tio n  in  p a tie n ts  w i th  m ild  to  m o d e ra te  re n a l 
im p a irm e n t; ỉts  u se  in  th o s e  w i th  s e v ere  r e n a l  ím p a ir tn e n t is 
c o n tra -in d ica te d .

B re a s l  le e d in g . E le ti ip ta n  is d is tr ib u te d  in to  b re a s t  m ilk . 
T h e  licensed  p ro d u c t  in ío rm a t io n  S tates th a t  in  a  s tu d y  of 
8  vvom en g iv e n  a  sin g le , 8 0 -m g  d o se  of e ỉe trịp ta n , th e  
m e a n  to ta l a m o u n t  e x c re te d  in to  b re a s t  m ilk  o v e r  2 4  
h o u n  w as 0 .0 2 %  o f t h e  d o se . N o n e th e le ss , c a u tio n  is 
a d v ised  w h e n  e le tr ip ta n  is  u s e d  in  b re a s t- ỉe e d in g  w o m e n ; 
in ỉa n t  e x p o su re  c a n  b e  m in im ise d  b y  av o id in g  b rea s t feed - 
in g  lo r  2 4  h o u r s  a l te r  tre a tm e n t.

P o rp h y ria .  T h e  D ru g  D a ta b a se  ío r  A c u te  P o rp h y ria , com - 
p ile d  by  th e  N orvvegian  P o rp h y ria  C e n tre  (NAPOS) a n d  
th e  P o rp h y ria  C e n tre  Svveden, dassU ies  e le tr ip ta n  as  possi- 
b ly  p o rp h y rin o g e n ic ; i t  s h o u ld  b e  u se d  o n ly  w h e n  n o  sa fe r 
a lte m a t iv e  is a v a ila b le  a n d  p re c a u t io n s  sh o u ld  b e  consid - 
e re d  in  v u ln e ra b le  p a tie n ts .1

1. T he  D rug D atabase  fo r A cu te  P o rphy ria . A vaiỉable at: h ttp : //w w w . 
drugs-po rphy ria .o rg  (accessed 11 /04 /11 )

Interactions
A s ío r  S u m a tr ip ta n , p . 6 81 .3 .

E le tr ip ta n  sh o u ld  n o t  b e  g iv e n  w ith  p o te n t  in h ib ito rs  of 
th e  c y to c h ro m e  P 4 5 0  iso e n z y m e  CY P3A4 su  c h  as e ry th ro -  
m y c ỉn  a n d  k e to c o n a z o le ;  in c re a se d  p la sm a  lev e ls  of 
e le tr ìp ta n  h a v e  b e e n  n o te d  a f te r  su c h  c o m b in a tio n s . I t  is 
re c o tn m e n d e d  th a t  e le t r ip ta n  s h o u ld  n o t  b e  ta k e n  vvdthin a t 
le a s t  7 2  h o u r s  o í  t r e a tm e n t  yvith  s u c h  d rugs.

Phannacokinetìcs
A ỉte r  o ral d o se s  e le t r ip ta n  is ra p id ly  a n d  w e ll ab so rb e d  (at 
lea s t  8 1 % ) a n d  h a s  a  b io a v a ila b ili ty  o f a b o u t  5 0 % . P eak  
p la sm a  c o n c e n tra tio n s  o c c u r  w i th in  1.5 h o u ts .  E le tr ip ta n  is 
a b o u t  85%  p r o te in  b o u n d .  I t  is  m a in ly  m e ta b o lise d  b y  th e  
h e p a tic  c y to c h ro m e  P 4 5 0  iso e n z y m e  CYP3A4. N o n -re n a l 
d e a ta n c e  a c c o u n ts  ío r  a b o u t  9 0 %  o f th e  e lim in a tio n  of 
e le tr ip ta n  a n d  th e  p la sm a  e lim in a tio n  haU -liỉe  is a b o u t  4  
h o u rs .  A  sm all a m o u n t  Is d is tr ib u te d  in to  b re a s t  m ilk .

The Symbol t  denotes a preparation no longer actively marketed

http://www
http://www
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R c fe rẽ n c e s .
1. s h a h  A K . r t  a l . Pha rm acok ỉne tíc s  a n d  sa le ty  o f o ra l e le tr ip tan  d u rín g  

đ if fe re n i p h a sc s  o f  th e  m e n s tn ia ỉ c y d e  in  b e a lth y  v o lu n te e rs . J  C lin  
P h a r m a a i  2001 ; 41 : 1339 -44 .

2 . s h a h  A K  e t a l . The  p ha rm acok ỉnetics  a n d  sa íety  o f  sỉng ỉe  escalating  ỡral 
doses o ỉ  e le tr ip tan . J  ơ m  Pharm aaoỉ 200 2 ; 42 : 520 -7 .

3. -M ilton  X A. et a i . P h a im a c o k m e tỉa , p h a rm a c o d y n a m ia , a n d  sa íe ty  of 
t h e  5-H Ĩ11/I0 agơnist e ỉe tr ip tan  ỉo H o m o g  ỉn tra v e n o u s  a n d  ỡraỉ 
a d m in is tra tio n . J  C ỉin  P h arm aco ỉ 2002 ; 42 : 5 28 -39 .

Preparations
Proprieta ry  Preparatíons (details are given ỉn V olum e B)

Single ingredĩent Pieporolionỉ. Austral.: Relpax; Auslría: 
Reipax; Belg.: Relert; Canad.: Relpax; Chile- Relpax; Cz.: 
Relpax; Denm.: Relert; Relpax; Fin.: Relert; Fr.: Relpax; Ger.: 
Relpax; Gr.: Retpax: Hung.: Relpax; Irl.: Relpax; Israel: Relert; 
ItaL: Relpax; Mex.: Relpax; Neth.: Relpax; Norw.: Relpax; Pol.: 
Relpax; Port.: Relert; Rus.: Relpax (PeimaKc); S.Afr.: Relpax; 
Singapore: Relpax; Spain: R elert; Relpax; Swed.: Reỉpax; 
Switz.: Relpax; Thai.: Relpax; Turk.: Relpax; VK: Rclpax; USA: 
Relpax.

Ergotamine Tartrate IBANM. riNNMi
Ergotamiinitartraatti; Ergotamin Tartarat; Ergotamin Tartrat; 
Ergotamina, tartrato de; Ergotamine, tartrate d'; Ergotaminl 
Tartras; Ergotamino tartratas; Ergotamin-tartarát; Ergotamin- 
tartrat; Ergotaminy vvinian; Tartrato de ergotamina; 
3pr0TBMMHa TapTpaĩ.
(5'S)-12'-Hýdrỏxý-2'-methyl-5'-benzylergotaman-3',6',18- 
trione tartratẽ; (5'S>12'-Hydroxy-2'-methyl-3',6',18-trioxo-5- 
benzylergotaman (+)-tartrate.
(C33H35N50 5)j ,G4H A = 1 3 1 3 .4  ■ - • .
CAS —  113-15-5 (ergotamine); 379-79-3 (ergotamine tartrate). 
ATC— N02CA02. • .
ATC Vet —  QN02CAŨ2.
UNII —  MRU5XH384S:

P h a rm a c o p o e ia s .  In  Chín., Eur. (see  p. vii), lnt., Jpn, an d  us. 
P h .  E u r .  8: (E rg o ta m in e  T a rtra te ) . S lỉgh tly  hygroscop ic , 
c o lo u r le s s  c ry s ta ls  o r  a  vvhite  o r  a lm o s t vvhite  ạ y s ta l l in e  
p o w d e r .  I t  m a y  c o n ta in  2 m o le c u le s  o f m e th a n o l of 
c r y s ta ll is a d o n .  S lig h tly  so lu b le  in  a lc o h o l. A q u e o u s  
S o lu tio n s  s lo w ly  b e c o m e  d o u d y  ovving to  h y d ro ly sis; th is  
m a y  b e  p r e v e n te d  b y  th e  a d d it io n  o f ta r ta r ìc  a d d .  A 0 .2 5 %  
s u s p e n s io n  in  vvater h a s  a  pH  oí 4 .0  to  5 .5 . S to re  in  a ir tig h t 
g lass c o n ta in e is  a t  a  te m p e ia tu re  o f 2 d eg rees  to  8  deg rees . 
P ro te c t  b o m  ligh t.

U S P  3 6 : (E rg o ta m in e  T a r tra te ) . C o lourless  o d o u rle ss  crysta ls 
o r  a  w h i te  o r  y e llo w ish -w h ite  a y s ta l l in e  povvder. So lu b le  1 
in  a b o u t  3 2 0 0  o f w a te r , b u t  so lu b le  1 in  a b o u t  5 00  of w a te r  
in  t h e  p re s e n c e  o f  a  s lig h t excess  o f  ta r ta r ic  a d d ;  so lub le  1 in  
5 0 0  o f  a lc o h o l. S to re  a t  a  te m p e ra tu re  n o t  ex cee d in g  8 
d e g re e s . P ro te c t  b o m  lig h t.

S tab ỉlH y  in  so h it io n . R e fe re n c e s .
1. K re ỉỉgẳ rd  B, K ỉsbye J .  S u b illry  o ỉ e rg o ta m ỉn e  ta rtra te  ỉn  a q u eo u s  

s o lu t ìo n . A rc h  P h arm  C hem i (S á )  1974; 2 : 1 -13  an d  3 8 -4 9 . ;

Uses and Admỉnỉstratìon
E rg o ta m in e  is  a n  a lk a lo id  d e riv e d  íro m  e rg o t (p . 2 1 3 7 .1 ). It 
h a s  m a r k e d  v a so c o n s tric to r  e tiec ts , a n d  a  p a rt ia l  a g o n is t 
a c tio n  a t  s e ro to n in  (5-H T) rec e p to rs ; it  a lso  h a s  a  povveríul 
o x y to d c  a c tio n  o n  th e  u te ru s ,  a lth o u g h  less  so t h a n  
e rg o m e ti in e  (p. 2 1 3 6 .2 ). I t  is u se d  in  m ỉg ra in e  a n d  d u s te r  
h e a d a c h e , a n d  h a s  b e e n  tr ie d  in  o ith o s ta t ic  h y p o te n s io n .

E rg o ta m in e  is c o m m o n ly  u se d  a s  th e  t a n r a te .  I t  is u su a lly  
g iv e n  o ra lly , b u t  h a s  a lso  b e e n  g iv e n  su b lin g u a lly , rec ta lly , 
a n d  b y  o r a l  i n h a la t io n .  I t  w a s  ío rm e r ly  g iv en  b y  
s u b c u ta n e o u s  o r  i n tr a m u s c u la r  in je c tio n . C a ííe in e  ís 
s o m e t im e s  g iv e n  w ith  e rg o ta m in e  ta r t ra te  w ith  th e  
i n te n t io n  o f ũ n p ro v in g  th e  la t te t is  a b so ip tio n , a l th o u g h  
v v h e th e r  i t  d o e s  so  is n o t  d e a r .  A n tiem e tic s  su c h  as  c y d iã n e  
h y d ro c h lo r id e  a re  so m e tim e s  in d u d e d  in  c o m b in a tio n  
p re p a r a tio n s  w ith  e rg o ta m in e  ta r tra te .

E rg o ta m in e  is u s e d  in  m ig r a in e  u n re sp o n s iv e  to  
n o n - o p io id  an a ỉg esics . H o w e v e r, i ts  ad v e rse  e tie c ts  lim it its  
u se  a n d  p r e v e n t  u se  fo r  p ro p h y la x is . It is  m o s t  e tie c tiv e  
w h e n  g iv e n  as e a rly  a s  p o ssib le  in  a  m ig ra in e  a tta c k , 
p r e íe ra b ly  d u t in g  th e  p ro d ro m a l p h a se .

T h e  u s u a l  o ra l  d o se  is 2 m g  o f  e rg o ta m in e  ta r tra te ;  ti  
n e c e s sa ry , d o se s  o ỉ  1 to  2  m g  m a y  be  g iven  a t  h a lí-h o u r ly  
in te rv a ls  th e re a f te r .  U su a lly  n o t  m o re  th a n  6 m g  sh o u ld  b é  i 
g iv e n  in  2 4  h o u rs ;  s o m e  l ic e n sed  p r o d u c t i ĩt io n n a t io n  Ị 
r e c o m m e n d s  n o t  m o re  t h a n  8 tn g  ío r  e a c h  a ttack . T h e  ị 
re c o m m e n d e d  m inim iiT n in te rv a l  be tvveen  successive  2 4 -  
h o u r  c o u rs e s  is  4  d ay s, a n d  th e  t o ta l  w e e k ly  d o se  is  lim ite d  to  
a  m a x im u m  o f 12 m g, a l th o u g h  so m e  r e c o m m e n d  a lo w e r  
w e e k ly  l im it  o f  lO m g . I t  is a lso  rec o m m e n d e d  th a t  p a tie n ts  Ị 
s h o u ld  rè c e iv e  n o  m o re  t h a n  2 c o u rses  i n  e a c h  m o n th .  
S im ỉla r  d o se s  m a y  b e  g iv e n  su b lin g u a lly .

E rg o ta m in e  ta r t ra te  m a y  a lso  b e  g iv en  rec ta lly  as 
s u p p o s ito rie s , e s p e d a lly  ti  t h e  o ra l r o u te  is n o t  eH ectìve o r  
n o t  p ra c tic a b le . T h e  re c ta l  d o se  o f  e rg o ta m in e  ta n r a te  is ■

2 m g  re p e a te d , t i  n e c es sa ry , o n e  h o u r  la te r .  U su a lly , n o t  
m o re  th a n  4 m g  s h o u ld  b e  g iv en  ío r  e a c h  a tta c k  a n d  n o t  
m o re  t h a n  10 m g  in  o n e  w e e k  w ith  a n  in te rv a l  o f  a t  le a s t  4  
d a y s  betvveen  su ccessiv e  2 4 - h o u r  c o u rses .

E rg o ta m in e  is  u se d  in  p a tie n ts  vvith c l u s t e r  h e a d a c h e  to  
t r e a t  in d iv id u a l a tta c k s  o f  h e a d a c h e . D oses u s e d  a re  s im ila r  
t o  th o se  g iv en  to  ơ e a t  m ig ra in e . I t  h a s  a lso  b e e n  u se d  to  
p r e v e n t  h e a d a c h e  a tta c k s  d u r in g  d u s te r  p e rio d s , w h e n  it is 
u s u a lly  g iv en  d a ily  in  lo w  doses  fo r  u p  to  2  w e e k s , e i th e r  
o ra lly  o r  rec ta lly  (see  belovv).

M ig r a in e  a n d  c lu s te r  h e a d a c h e .  E rg o ta m in e  vvas lo rm e tiy  
o n e  o ỉ  th e  m a in  d ru g s  u se d  to  t r e a t  a c u te  a tta c k s  o f 
m ig ra in e  (p. 6 7 0 .3 )  u n re s p o n s iv e  to  n o n -o p io id  ana lgesỉcs . 
b u t  t r ip ta n  se ro to n in  (5 -H T |) a gon is ts  s u c h  a s  s u m a tr ip ta n  
a re  n o w  p re íe rre d .  S ince  e rg o ta m in e  m a y  e x a c e rb a te  th e  
n a u s e a  a n d  v o m ỉtin g  th a t  c o m m o n ly  d e v e lo p s  as  a 
m ig ra in e  a n a c k  p ro g re sse s  i t  is o lte n  n e c e s sa ry  to  g iv e  a n  
a n tie m e t ic  a s  w e ll. P o o r  o ral b io av a ila b ility  m a y  be 
re d u c e d  íu r th e r  d u r in g  a m ig ra in e  a tta c k  a n d  e rg o ta m in e  
h a s  so m e tim e s  b e e n  g iv en  su b lin g u a lly , T e a a lly , o r  b y  oral 

! in h a la tio n . A d v erse  e tie c ts  lim it th e  d o se  th a t  ca n  b e  u se d  
j fo r  a n  in d iv id u a l a tta c k  a n d  p re v e n t t h e  lo n g -te rm  u se  
Ị th a t  w o u \d  b e  re q u ire d  ío r  m ig ra in e  p ro p h y la x is . 
ị E rg o ta m in e  m a y  be u se d  sim ilarly  in  c h is te r  h e a d a c h e  
i (p . 6 7 0 .1 )  to  tre a t  in d iv id u a l h e a d a c h e s  d u r in g  a d u s te r  
Ị p e rio d . E rg o ta m in e  is a lso  used  in  lo w  d o ses  g iv en  o ra lly  o r  
Ị re c ta lly  ío r  l im ite d  p e rio d s  o f u p  to  2  w e e k s  in  th e  

p ro p h y la x is  o i  h e a d a c h e  a ttack s  d u r in g  a d u s te r  p e rio d . 
R e g im e n s  th a t  h a v e  b e e n  tr ie d  lo r  su c h  p ro p h y la x is  in c lu d e  
1 to  2  m g  of e rg o ta m in e  ta r t ra te  g ỉv en  1 to  2 h o u rs  b e ío re  a n  
e x p e c te d  a n a c k  o r  1 to  2 h o u rs  b e ío re  b e d tim e  for n o c tu n ta l  
a tta c k s . T h e  to ta l  m a x im u m  dose  o l e rg o ta m in e  ta r t ra te  th a t  
m a y  b e  g iv en  vveekly lo r  th e  p re v e n t io n  o f d u s te r  h e a d a c h e  
is less vvell e s ta b lish e d  t h a n  ỉo r  th e  t r e a tm e n t  o f  m ig ra in e . 
E rg o ta m in e  is o f te n  g iv en  fo r o n ly  5 to  6 d a y s  in  e a c h  w e e k . 
w h ic h  allovvs th e  p a tie n t  to  assess w h e th e r  th e  c lu s te r  
p e tio d  h a s  e n d e d .
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O rth o s ta tic  h y p o le n s io n . E rg o ta m in e  a n d  d ih y d ro e rg o t-  
a m in e  m a y  b e  o f  u se  in  p a tie n ts  vvith r e í r a a o r y  o r th o s ta tic  
h y p o te n s ío n  (p. 163 4 .3 ). E rg o ta m in e  is b e lie v e d 1 to  b e  less 
s e le c tiv e  th a n  d ih y d ro e rg o ta m in e  (p. 6 7 2 .3 )  in  its  a c tio n s  
a n d  a tie c ts  b o th  v e rio u s  c a p a d ta n c e  a n d  p e r ip h e ra l  resìs- 
t a n c e .2-1 H o w e v e r, th e  o ra l  b io av a ila b ility  o f  e rg o ta m in e  is 
g re a te r2 t h a n  th a t  of d ih y d ro e rg o ta m in e  a n d  th e r e  h a v e  
a lso  b e e n  s o m e  re p o r ts  o f successfu l t r e a tm e n t  w ith  
in h a le d 3-4 o r  r e c ta l’ e rg o ta m in e .
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Adverse Effects
T h e  a d v e is e  e tie c ts  o f e rg o ta m in e  m a y  b e  a tt r ib u te d  e ith e r  
to  its e tie c ts  o n  th e  CNS, o r  to  v a so co n s tric tio n  o f  b lo o d  
vesse ls  a n d  p o ss ib le  th ro m b u s  ỉo rm a tio n .

A ite r  th e ra p e u tic  d o se s  n a u s e a  a n d  v o m itin g  c o m m o n ly  
o c c u r  as  a  r e s u l t  o i  t h e  d irec t e m e to g e n ic  e líe c t  of 
e rg o ta m ln e ; so m e  p a tie n is  m a y  also  h a v e  a b d o m in a l p a in . 
W e a k n e s s  a n d  m u sc le  p a in s  in  th e  e x ư e m it ie s  a n d  
n u m b n e s s  a n d  t in g lin g  o f  th e  lin g e rs  a n d  toes  m a y  o c cu r. 
T h e re  m a y  o cc as io n a lly  b e  localised  o e d e m a  a n d  i tc h in g  in  
h y p e rs e n s it iv e  p a tie n ts .  T re a tm e n t s h o u ld  be  s to p p e d  ti 
s y m p to m s  of v a so c o n s tr ic tio n  d e v e lo p . S u scep tib le  p a tie n ts ,  
e s p e d a l ly  th o se  vvith sepsis, liv e r  d isease , k id n e y  d isease , o r  
o c d u s iv e  p e r ip h e ra l  v a sc u la r  disease , m a y  sh o w  signs of 
a c u te  o r  c h r o n ic  p o is o n in g  w i th  n o r m a l  d o s e s  o f 
e rg o ta m in e .

S y m p to m s o f a c u te  o v e rd o sa g e  i n d u d e  n a u se a , v o m i-  
tin g , d ia n h o e a ,  e x ư e m e  th irs t, c o ld n ess , tin g lin g , an d  
i tc h in g  o f  th e  sk in , a rap id  a n d  w e a k  p u lse , h y p e r te n s io n  o r  
h y p o te n s io n , sh o ck , c o n íu s io n , co n v u ls io n s , a n d  u n c o n -  
s d o u s n e s s ;  ỉa ta li tie s  h a v e  b e e n  re p o r te d . E u r th e r  sy m p to m s  
o f  p e r ip h e r a l  v a s o c o n s t r ic t io n  o r  o f  c a rd io v a s c u la r  
d is tu rb a n c e s , as s e e n  in  c h ro n ic  e rg o ta m in e  p o iso n in g , 
m a y  a lso  o c c u r  b u t  m a y  b e  d elayed .

I n  c h ro n ic  p o iso n in g  o r  e rg o tism , r e s u l tin g  Iro m  
th e r a p e u tic  o v e rd o sa g e  o r  th e  u se  o f  e rg o ta m in e  in  
su sc e p tib le  p a tie n ts ,  s e v e re  d r c u la to r y  d istu rb a n c e s  m a y  
d e v e lo p . T h e  e x tre m itie s , e s p e đ a lly  th e  fee t a n d  legs, i

b e c o m e  n u m b ,  co ld , tin g lin g , a n d  p a le  o r  c y a n o tíc ,  vvith 
m u s d e  p a in ;  t h e r e  m a y  b e  n o  p u lse  in  t h e  á t i e a e d  lim b . 
E v e n tu a l ly  g a n g re n e  d e v e lo p s i n  th e  to e s  a n d  s o m e t im e s  
t h e  tin g e rs . A n g ũ ta l  p a in , ta c h y c a rd ia  o r  b ra d y c a r d ia ,  a n d  
h y p e r te n s io n  o r  h y p o te n s io n  h a v e  b e e n  r e p o r te d .  í l y o -  
c a rd ia l  in ĩa r c t io n  h a s  o c c u rre d  r a r e ly . P le u ra l  a n d  p e r i tc  n e a l  
íib ro s is  m a y  o c c u r  w i th  excessive  u se  a n d  th e r e  h a v e  ỉ >een 
ra r e  c a se s  o f  tib ro s is  o f th e  c a rd ia c  v a lv e s .  c h r -  inic, 
in tr a c ta b le  h e a d a c h e  ( re b o u n d  h e a d a c h e )  m a y  o c c u r  a  ìd  is  
a ls o  a  m a jo r  w i th d ra w a l  s y m p to m  fo llo w in g  th e  d e v t  lo p -  
m e n t  o f  e rg o ta m in e  d e p e n d e n c e  (see  u n d e r  P re c a u ti  ons, 
p .  6 7 5 .1 ) .  O th e r  a d v e rse  e lỉe c ts  i n d u d e  c o n íu s io n  a n d  
c o n v u ls io n s . O n  r a r e  occasions sy m p to m s  o f  v a s o c o n s  tric- 
t io n  o f  b lo o d  v e sse ls  in  th e  b ra in ,  e y e , in te s t in e s .  a n d  
k id n e y s  OCCUI. A n o r e n a l  u lc e ra tio n , s o m e t im e s  l e a d i r  g to  
r e c ta l  n e c ro s is  a n d  s te n o s is  o r  r e a o v a g in a l  f is tu la , h a s  1 e e n  
re p o r te d  a f te r  ex c ess iv e  u s e  o f  s u p p o s ito rie s  c o n ta i  ù n g  
e rg o ta m in e .

E ffec ts o n  th e  c a rd io v a s c u la r  S y stem . R e p o n s 1'- o ỉ  
a d v e rs e  c a rd io v a sc u la r  e tiec ts  a s s o d a te d  vvith  e rg o ta r r  ìn e , 
in d u d ỉn g  m e n t io n  o f  fata lities.
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ischem ia)— a case re p o n  a n d  rev iew  of th e  líte ra tu re . A n g io lo g y  2001 : 52: 
3 4 9 -5 6 .

R b r o s i ỉ .  F o r  re fe re n c e  to  íib ro sis  a s s o d a te d  w i th  t h e  use 
o f e rg o ta m in e  ta r t ra te ,  see  M e th y s e rg id e  M a le  Ite, 
p . 6 7 7 .2 .

Treatment of Adverse Effects
T re a tm e n t  o f a c u te  p o iso n in g  w i th  e rg o ta m in e  is s y m j  to - 
m a t ic  (see  a lso  p . 1 5 3 7 .1 ). A lth o u g h  th e  b e n e ỉ i t  o í  g a s tr ic  
d e c o n ta m in a t io n  is u n c e r ta in ,  a c tiv a te d  c h a rc o a l  m a y  b e  
g iv e n  to  p a tie n ts  w h o  p re s e n t  w i th in  1 h o u r  o f  in g e s t in g  a 
to x ic  d o se  (m o re  t h a n  1 2 5 m ic ro g ra m s /k g  in  a d u lts )  o r  . n y  
a m o u n t  in  a ch ild  o r  in  a d u lts  w i th  p e r ip h e ra i  v a sc i  la r  
d isease , isc h a e m ic  h e a r t  d isease , s e v e re  in íe c tio n , o r h e p . i t í c  
o r  r e n a l  im p a irm e n t.  A lte m a tiv e ly , g a s tr ic  la v a g e  m a y  b e  
c o n s id e re d  in  a d u lts  vvithin 1 h o u r  o f  in g e s tin g  a p o te n t i .  I ly  
ỉ ti e - th re a te n in g  o v e rd o se . In  c h ro n ic  p o iso n in g , v v ith d ra ’ vai 
o f  e rg o ta m in e  m a y  b e  aU th a t  is r e q u ire d  in  s o m e  p a t i e i  ts.

I n  b o th  a c u te  a n d  c h ro n ic  p o iso n in g , a t t e m p ts  m u s t  b e  
m a d e  to  m a in ta in  a n  a d e q u a te  d r c u l a t i o n  to  t h e  ctiỉec .ed 
p a r ts  o f th e  b o d y  in  o rd e r  to  p r e v e n t  th e  o n s e t  o f  g a n g re  te . 
In  s e v e re  a rte ria !  v a so sp a sm  v a so d ila to rs  s u c h  as  so d i im  
n it to p ru s s id e  b y  in tr a v e n o u s  in fu s io n  h a v e  b e e n  g iv  ;n; 
h e p a r in  a n d  d e x ư a n  4 0  h a v e  a lso  b e e n  a d v o c a te d  to  
m in im is e  t h e  r isk  o f  th ro m b o s is . A n a lg esics  m a y  b e  r e q u i  ed  
fo r  s e v e re  isc h a e m ic  p a in .

C a r d io v a s c u lo r  e f fe c ts .  S o đ iu m  n iư o p r u s s id e  h a s  b f  en  
u s e d  in  s e v e re  e rg o ta m in e  p o iso n in g  fo r  i ts  v a s o d t ia tn g  
a n d  h y p o te n s iv e  a c tio n s ; it  s h o u ld ,  h o w e v e r ,  b e  u s e d  w  th  
c a re  if h y p o te n s io n  is  a  s y m p to m  o f p o iso n in g . I t  is  u s u a  [ly 
g iv e n  b y  i n ư a v e n o u s  in íu s io n 1' 4 a l th o u g h  th e r e  h a v e  a so  
b e e n  r ẽ p o r ts  o f  i n ư a - a n e r ia l  in fu s io n  f o r  e rg o ta m ii  e - 
in đ u c e d  isc h a e m ia ;5-6 fo r  d e ta ils  o f  p r e c a u t io n s ,  ! ee 
p . 14 9 8 .1 .

M a n y  o th e r  d ru g s  h a v e  b e e n  u s e d  in  t h e  t r e a tm e n t  o f 
c ữ c u la to ry  d is tu rb a n c e s  in d u c e d  b y  e rg o ta m in e . Th< se 
i n d u d e  o r a l  c a p to p r i l ,7 a lp r o s ta d i l  b y  i n t r a - a r t e r  a i 
in fu s io n ,8'9 a n d  g ly ce ry l t r in i t r a te  b y  in t r a v e n o u s  in: u- 
s io n .10-11
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7. H m ra n  A , t í  a ì . T re a tm e n t w ỉth  c ap to p r íl fo r p e r ip h e ra l  isc h ae r  lia 
in d u c ed  b y  e rg o ta m in e . B M J  ] 984; 2 8 8 : 364 .

8. L evy JM . r í  a i  P ro s ta g la n d in  E | fo r  a ỉỉev ỉa tin g  sy m p to m s  o f  e r  o t 
in to x ica tio n ; a  case  rep o r t. Card iovasc Ịn t r r v m i  R a d io ỉ  1984; 7 : 2 8 - 3 0

9. H o rs tm a n n  R. t t  a i  K ritische  E x trem itac en ỉsch â m ie  d u rc h  E rg o tỉsm  is: 
B e h a n d lu n g  m ít in tr a a r te r ie lle r  P ro s ta g la n d ín -E i-In íu s io n . D tsch  b ' t d  
W ochenschr 1993; 118: 1067-71

10. H u su m  B. e ta ỉ . N itrog lycerin  in íu s ío n  fo r  e rgo tism . L a n a t  1979; l i :  7‘ 4 -

All cross-references reíer to-enưies in Volume A
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11. T ỉe ỉt-H ansen  p, t í  a l. N iư o g ỉy ce rin  ỉo r  e rgo tỉsra : e x p er im e n ta l s tud ỉes in  
vi tro  a n d  ỉn  m ig ra ine  p a tỉen c s  a n d  trea cm en t o f a n  o v e rt case. E u r J  C ĩin  
P harm aca ỉ 1982; 22: 1 0 5 -9 .

Precautions
E rg o ta m in e  ta r t ra te  is c o n tra - in d ic a te d  in  p a tie n ts  w i th  
sev ere  o r  u n c o n ơ o l le d  h y p e r tc n s io n , sh o ck , severe  o r  
p e rs is te n t  sepsis, p e r ip h e ra l  v a s c u la r  d isease , isch aem ic  
h e a r t  d ise a sẽ , te m p o r a l  a r te r i t is ,  h y p e rth y ro id ism , o r  
h e p a d c  o r  r e n a l  im p a irm e n t.  1r is a lso  c o n tra - in d ic a te d  in  
th o se  vvith  b a s ila r  o r  h e m ip le g ic  m lg ra in e . E rg o tam in e  
ta r t ra te  s h o u ld  b e  u se d  w i th  c a re  i n  p a tie n ts  vvith a n a e m ia . 
I t is c o n tta - in d ic a te d  in  p r e g n a n c y  b e c a u se  o f  its  o x y to d c  
effect (see  a lso  b e lo w ).

P a t íe n ts  s h o u ld  b e  w a m e d  to  k e e p  v v ith in  t h e  
r e c o m m e n d e d  d osage. S o m e  sy m p to m s  o f  o v e rd o sag e  m a y  
m im ic  th o s e  o f m ig ra in e .  N u m b n e s s  o r  tin g ỉin g  of th e  
e x tre m itie s  g e n e ra lly  in d ic a te s  t h a t  e rg o ta m in e  sh o u ld  b e  
s to p p e d . A ỉ th o u g h  e rg o ta m in e  is u s e d  fo r l im ite d  p e rio d s in  
th e  p r e v e n t io n  o f  e p iso đ ic  d u s t e r  h e a đ a c h e , i t  sh o u ld  n o t  be 
g iv en  p ro p h y la c tic a U y  i n  o th e r  d rc u m s ta n c e s ,  as p ro lo n g e d  
u se  m a y  g iv e  rise to  g a n g re n e .  D e p e n d e n c e  h a s  o c cu rred  
w ith  r e g u la r  u se  o f  e rg o ta m in e  ta r t ra te  e v e n  u  dosage  
r e c o m m e n d a tio n s  a re  a d h e r e d  to  (se e  b e lo w ).

Dizz in ess a n d  tee lin g s  o f  a n x ie ty  h a v e  b e e n  rep o rted ; ư  
a ííe c te d . p a tie n ts  s h o u ld  a v o id  d r iv in g  o r  o p e ra tin g  
m a c h in e ry .

Breast feeding. A lth o u g h  th e  la s t  a v a ila b le  g u id an c e  b o m  
th e  A m e ric a n  A c a d e m y  o f  P e d ia tr ic s  i n d u d e d  e ig o ta m in e  
a m o n g  th o s e  d ru g s  t h a t  m a y  b e  g iv en  w ith  c a u tio n  to  
b re a s t- íe e d in g  m o th e r s ,1 i t  n o te s  th a t  m a te m a ỉ  u se  in  
doses e q u iv a le n t  to  t h o s e  g iv e n  fo r  t h e  tre a tm e n t  of 
m ig ra ỉn e  h a s  b e e n  a s s o d a te d  w i th  v o m itin g , d iarrh o ea , 
a n d  c o n v u ls io n s  in  n n r s in g  in ía n ts .  U K  lic e n sed  p r o d u d  
in ỉo rm a t ío n  re c o m tp e n d s  th a t  e rg o ta m in e  ta r t ra te  sh o u ld  
b e  a v o id e d  d u i in g  b r e a s t  ỉe e d in g ; th e  d is tr ib u tio n  of 
u n c h a n g e d  d ru g  a n d  m e ta b o li te s  i n to  b re a s t  m ilk  p rese n ts  
a  risk  oi e rg o tism  in  t h e  i n ỉa n t  a n d  re p e a te d  doses  o f 
e rg o ta m in e  m a y  im p a ừ  l a a a t io n .

1. A m e ric an  A cadem y  o! P e d ia trics . T h e  tr a n s íe r  o f drugs a n d  o th e r  
C hem icals in to  h u m a n  m iỉk . P e d ia tr ía  20 0 1 ; 1 0 8 :7 7 6 -8 9 . [Retired M ay 
2010} C o rrec tỉon . i b i d 1 0 29 . A lso  avaỉỉab le  a c  h ttp ://a ap p o lícy . 
a a p p u b U ca tio n s .O rg /c g i/c o n ten i/fu I l/p e d ia tr ic s% 3 b l0 8 /3 /7 7 6  (ãẽcessed 
2 7 /0 1 /0 9 )

Cardiovascular disorders. us l ic e n se d  p ro d u c t  in ío rm a -  
tio n  c o n tra - in d ic a te s  t h e  u se  o f  d ih y d ro e rg o ta m in e  in  
p a tie n ts  w i th  isc h a e m ic  h e a r t  d ise a se  a n d  o th e r  card iovas- 
cu la r  d iso rd e rs  su c h  as  u n c o n tr o l le d  h y p e rte n s io n , p e rip h -  
era l a r te r ia l  d isease , o r  c o ro n a r y  a r te ry  vasospasm ; it  is 
also r e c o m m e n d e d  th a t  d ih y d ro e rg o ta m in e  sh o u ld  n o t  b e  
g iven  to  th o s e  w ith  a  f a m ily  h i s to r y  o f isc h a e m ic  h e a r t  dis- 
ease, to  p o s tm e n o p a u sa l  vv o m en , m e n  a g e d  o v e i 40, o r  to  
th o se  w i th  o th e r  is c h a e m ic  r is k  f a d o r s  su c h  as h y p e r-  
ten s io n , h y p e rc h o le s te ro la e m ia ,  sm o k in g , đ iabetes, o r  
obesity , u n le s s  c a rd ỉo v a sc u la r  e v a lu a t io n  to  e x d u d e  su c h  
d isease  h a s  b e e n  c a r r ie d  o u t .  S im ila r  p re c a u tio n s  a n d  
co n tra -L n d ica tio n s , v v h ich  re s e m b le  th o se  t h a t  a p p ly  to  
s e ro to n in  (5 -H T ,) a g o n is ts  s u c h  a s  su m a tr íp ta n  (p. 681 .2 ), 
m ay  b e  a p p lic a b le  to  o th e r  e rg o t  d e riv a tiv es  u se d  in  
m ig ra in e  s u c h  as  e rg o ta m in e .

In  o th e r  c o u n tr ie s , w a m in g s  c o n c e m ìn g  th e  u se  of e rg o t 
d e riv a tìv e s  in  p a tie n ts  vvith  r is k  íac to rs  fo r  m y o card ia l 
isc h a e m ia  a p p e a r  to  b e  le ss  s tr in g e n t .  a lth o u g h  c a u tio n  is 
d e a r ly  ad v isa b le .

Dependence. D e p e n d e n c e  c a n  d e v e lo p  in sid io u sly  w h e n  
e rg o ta m in e  ta r t ra te  is  u s e d  ío r  m o re  t h a n  2  days e a ch  
w eek , e v e n  if to ta l d a ily  o r  vveekly  d osage  rec o m m e n d a -  
tìo n s  a re  o b s e rv e d .1 I n d ỉv id u a l  re p o r ts  in d ic a te  a  State o f 
a d d ia io n  c h a ra c te r is e d  b y  a p re d ic ta b le  a n d  irresistíb le  
p a tte m  o f  d ru g  u sa g e , t h e  d e v e lo p m e n t  o f  to le ran c e  to  
a d v e rse  e í í e a s ,  a n d  a s y n d ro m e  oí vvithdravval oa s to p p in g  
th e  d ru g . E rg o ta m in e - d e p e n d e n t  p a tie n ts  su ffe r b o m  
daily , o r  a lm o s t daily , m ig ra in e  h e a d a c h e s , o b e n  re íe rre d  
to  as m e d ic a tio n -o v e r u s e  h e a d a c h e s  o r  'r e b o u n d  h e a d -  
a c h es ',  w h ỉc h  a re  o n ly  a lle v ia te d  b y  e rg o ta m in e . In tensU y- 
in g  h e a d a c h e  vvith a u to n o m ic  d is tu rb a n c e s  occurs  vvithin 
2 4  to  4 8  h o u r s  of w i th d ra w a l  o f  e rg o ta m in e  a n d  m ay  c o n -  
t in u e  fo r  7 2  h o u rs  o r  lo n g e r .  A s w ith  o th e r  m ed ic a tìo n -  
o v e ru se  h e a d a c h e s  (p. 6 7 0 .2 ) ,  s u p p o rtiv e  a n d  sy m p to m a tic  
m e a s u re s  s h o u ld  b e  ta k e n  to  t r e a t  t h e  vrithdravval 
sy n d ro m e .

I . S a p e rJR . E rgo tam ine  d e p e n d e n c y — a rcv ie w . H e a d a d ĩt  1987; 27 ; 435—8.

Porphyria. T h e  D ru g  D a ta b a s e  fo r  A cu te  P o rp h y ria , c o m - 
p iled  b y  th e  N o n v e g ia n  P o rp h y r ia  C eh tee  (NAPOS) a n d  
th e  P o tp h y r ia  C e n b e  S vveđen , d o e s  n o t  d a s sb y  th è  p o r-  
p h y r in o g e n ic  r is k  fo r  s m g le - in g re d ie n t  p rep ax a tio n s  c o n -  
ta in in g  e rg o ta m in e  a l t h o u g h  c o m b in a tio n s  c o n ta in in g  th e  
d m g  a r e  d a s s iã e d  a s  p o rp h y iin o g e n ic ;  s u c h  P ro d u c ts  
s h o u ld  b e  p re sc r ib e d  o n ly  fo r  c o m p e llin g  rea so n s  a n d  p re -  
c a u tio n s  s h o u ld  b e  ta k e n  in  a ll p a tie n ts .1

1. T h e  D ru g  D atabase  lo r  A c u te ' P o rp h ý ila .  A vaiU ble  a t:  h tĩp : //w w w . 
d n ;g 3 -p o q )h y ria .o rg  (accessed  1 1 /0 4 /1 1 )

Pregnancy. E rg o ta m in e  is c o n tra - in d ic a te d  in  p re g n a n c y  
b e c au se  o f its  o x y to d c  e ffec t. A c d d e n ta l  do sag e  o f  e rg o t-  
a m in e  in  th e  fo rm  o f a  CaỊergot su p p o s ito ry  (e rg o ta m in e  
ta r t ra te  2 m g  a n d  ca ffe in e  lO O m g) to  a  p a t ie n t  a t  39  w e e k s  
of p re g n a n c y  c a u se d  u te r in e  c o n tra c tio n s  a n d  íe ta l  ta c h y -  
c a rd ia .1 A n  e m e rg e n c y  c a e sa re a n  se c t io n  w a s  u n d e r ta k e n  
b e c a u se  o f su sp e c te d  p la c e n ta l  a b ru p t io n  b u t  n o  d e a r  
signs o f re ư o p la c e n ta l  h a e m o r rh a g e  w e re  ío u n d . T h e  n e o -  
n a te  r e c o v e rc d  q u ick ly  a f te r  d e liv e ry  a n d  h a d  d e v e lo p e d  
n o rm a lly  d u r in g  th e  n e x t  10 y ears.

J e ju n a l  a tr e s ia  h a s  b e e n  re p o r te d 2 in  a n  i n ía n t  b o m  
p re m a tu re ly  to  a  vvom an  w h o  h a d  ta k e n  e rg o ta m in e  ta r t ra te  
6 to  8 m g  da ily , as Cafergot ta b le ts , t h ro u g h o u t  h e r  
p reg n a n c y . T w o  cases o f  M d b iu s  s y n d ro m e  (a  c o n d it io n  
c h a ra c te r ise d  b y  fa d a l  p a ra ly s is  a s  a  r e s u l t  o f  h y p o p la s ia  o f 
c ra n ia l n e rv e  n u d e i)  h a v e  b e e n  a sso c ia te d  w i th  e x p o s u re  to  
e rg o ta m in e  d u r in g  th e  firs t tr im e s te r  o f p re g n a n c y .3,4 I n  th e  
first r e p o r t3 th e  m o th e r  h a d  in a d v e r te n t ly  b e e n  g iv e n  th re e  
Cafergot su p p o s ito rie s  w i th in  a  p e rio d  o ỉ  1 to  2  h o u rs  a n d  a t  
th e  t im e  h a d  u te r ín e  c ra m p in g  a n d  a  b lo o d y  v ag ỉn a l 
d isch arg e . T he  se c o n d  m o th e r*  h a d  u s e d  2 -m g  e rg o ta m in e  
su p p o s ito rie s  o n  a re g u la r  basis d u r in g  t h e  B rst 8  vveeks o f 
p re g n a n c y .

1. de  G rọot ANJA. t í  a ỉ . E rg o tam ỉn e-in d u c ed  ỉe ta ỉ stress: r ev ie w  o f side 
effects o ỉ  ergoc a ikaỉo ỉds d u r in g  p reg n a ac y . E u r  J  O b sttí G ynecoỉ R ep ro d  
B io l  1993; 51: 7 3 -7 .

2. G ra h am  JM . t í  a ỉ . J e ju n a l a tre sia  a s so d a te d  w ith  C a íe rgo t ỉng estỉo n  
d u r ín g  p reg n a n cy . ơ in  P ed iứ tr (Ph iỉứ )  1983; 2 2 : 2 2 6 -8 .

3. G ra í VVD, S h e p a rd  TH. U te rín e  co n tra c t ío n  in  th e  d e v e lo p m e n t o f 
M õb ius sy n d ro m e . J  C h iỉd  N c u rv l 1997; 12: 2 2 5 -7 .

4. S m ets  K, t í  a i . E rgỡ tam ine  a s  ã  p o s s ib ỉe  c a u se  o ỉ  M db ỉus se q u en c e: 
a dd ỉtiona l d ln ic a l o b se rv a tỉo n . J  C k ild  N eu ro l 20 0 4 ; 19: 398.

Interactions
T h e  v a so c o n s tr ic to r  e ữ e c ts  o f e ig o ta m ln e  a re  e n h a n c e d  b y  
sy m p a th o m im e tic s  su c h  a s  a d re n a l in e .  T h e re  is a lso  a n  
in c re a se d  risk  o f  p e r ip h e ra l  v a s o c o n s tr ic tio n  d u r in g  u se  of 
e rg o ta m in e  vvith  b e ta  b lockers .

E rg o ta m in e  is m e ta b o lise d  b y  th e  c y to c h ro m e  P 4 5 0  
iso e n z y m e  CYP3 A 4  a n d  c o n s e q u e n t ly  i t  s h o u ld  n o t  b e  gi v e n  
w i th  p o t e n t  i n h ib i to r s  o f  th is  is o e n z y m e ;  e le v a te d  
e rg o ta m in e  c o n c e n ơ a t io n s  s u f f ld e n t  to  c a u se  e rg o tism  
m a y  o c c u r  w i th  azoIe a n tih m g a ls , ữ ia c ro lid e  a n tib a c te r ia ls  
su c h  a s  e ry th ro m y c in  a n d  d a r i t h r o m y d n ,  a n d  H lV -p ro te a se  
in h ib i to r s  i n d u d in g  in d b ia v b  a n d  r i to n a v ir .  U se  o f  
te tra c y c lin e  w i th  e rg o ta m in e  m a y  a lso  in c re a se  th e  r isk  of 
e rg o tism  a n d  sh o u ld  b e  a v o id ed .

E rg o ta m in e  sh o u ld  n o t  b e  u s e d  w i th  o r  g iv e n  u n t i l  
se v era l h o u rs  afterstoppittg a  s e ro to n in  (5 -H T i) a g o n is t, s in c e  
th e re  is  a n  a d d it io n a l  risk  o f  p ro lo n g e d  v aso sp a s tic  re a c tio n s ; 
a t  le a s t  6 h o u r s  is a d v ise d  for a lm o tr ip ta n .  r iz a tr ip ta n , 
s u m a tr ip ta n ,  a n d  z o lm itr ip ta n , a n d  a t  le a s t  2 4  h o u r s  fo r 
e le tr ip ta n , b o v a tr ip ta n ,  a n d  n a ra t r ip ta n .  C o n v e tse ly , a 
d e la y  is ad v ise d  before starting a  s e ro to n in  a g o n is t  in  p a tie n ts  
w h o  h a v e  b e e n  re c e iv in g  e r g o ta m in e ;  a lm o t r ip ta n ,  
e le tr ip ta n , b o v a tr ip ta n ,  n a ra t r ip ta n ,  r iz a tr ip ta n , su m a tr ip -  
ta n ,  o r  z o lm itr ip ta n  s h o u ld  n o t  b e  g iv e n  u n t i l  a t  le a s t  2 4  
h o u r s  a h e r  s to p p in g  th e  u se  o f p re p a ra tio n s  c o n ta in in g  
é rg o ta m in e .

AnHbacterials. A c u te  re a c tio n s  ra n g in g  b o m  m in o r  e rg o - 
t is m 1 to  s ev ere  v a so sp asm 2 h a  v e  b e e n  re p o r te d  in  p a tie n ts  
g iv e n  eryứxromyán in  a d d it io n  to  e rg o ta m in e . T h e re  a re  
a lso  rep o r ts  o f a c u te  e rg o tism  in  p a t i e n t ỉ  g iv e n  e rg o ta m in e  
ta r t ra te  vvith clarìthromycin3’4 o r  troleandomyán? T h e  th e o -  
re tica l p o ssib ility  ex ists t h a t  th e re  m a y  b e  a  s im ila r  in te ra c -  
t io n  w ith  azithromydn. E rg o tism  h a s  a lso  b e e n  re p o n e d  in  
p a tie n ts  g iv en  e ry th r o m y d n 6 o r  ư o le a n d o m y d n 7 w ith  
d ih y d ro e rg o ta m in e .

1. U g ie r  G. e t a l .V n  cas d 'e rg o tísm e  m in e u r  s e m b la n t e n  ra p p o n  a v ec  u n e  
po ie n tia lisa tỉo n  d e  ỉ 'e rg o ta m in e  p a r r é th y ỉsu c c in a te  d 'é ry th ro m y rìn e . 
Th crap ie  1979; 34 : 5 15 -21 .

2. G hali R, t í  a i . E ry th rom ycin -associa ted  e rg o ia m in e  in tox icacion : 
a rte h o g ra p h ic  a n d  e lea ro p h y s ỉo lo g ic  a n aỉy sis  o f  a ra re  cause  o í severe  
íschem ia  o í  th e  Iow er ex tre m ities  a n d  a sso cía te đ  ischem ic  n e u ro p a th y . 
A n n  Vasc S u r$  1993; 7 : 2 9 1 -6 .

3. H orovvitĩ RS, et a ỉ. C linical e rgo tìsm  w ith  lin g u a l ischem ia  in d u c ed  by  
d a rìth ro m y c ỉn -e rg o ta m in e  in te rac tỉon . A rch  ỉn t tm  M e d  1996; 1 5 6 :4 5 6 -  
8.

4. A usband  sc. G oodm an  PE. A n  u n u su a l case  o ỉ  d a riih ro m y c in  a s so d a te d  
e rgodsm . J  Em e rg  M e d  200 1 ; 2 1 : 41 1 -1 3 .

5. M atth e tv s  NT. Havỉlỉ JH . E rgo tỉsm  w ỉth  th e ra p e u t ỉc  doses o ỉ  e rg o u m in e  
ta rtra te . N  z  M td  J  1979; 89 : 4 7 6 -7 .

6. L eroy  F, t í  a l . D ih y d ro e rg o ta m ỉn e-e ry th ro m y c ỉn - ỉn d u ce d  e rgo tism . A rm  
ỉn tem  M ed  1988; 109: 249 .

7 . F ra n co  A. t í  a l . E rgotism e a igu  p a r  a s s o ó a t ỉo n  d ih y d ro e rg o ta m in e -  
tr ia c é ty lo ié an d ỡ m y đ n e . S o u v  P r a u  M e d  1978 ; 7 :2 0 5 .

Antidepressante. T h e re  h a v e  b e e n  iso la te d  case  r e p o r ts 1 o f 
t h e  s e ro to n in  sy n d ro m e  (p. 4 4 3 .2 )  i n  p a tie n ts  g iv e n  
d ih y d ro e rg o ta m in e  vvith  amiừiptylỉne, ừnipramine, par- 
oxetìne, OI sertraline.

1. M a th e w  NT. t í  ứ ỉ. S e ro to n in  s y n d ro m e  c o m p ỉỉc a tín g  m ỉg ra ỉn e  
p h a rm a co th e rap y . C ephaiaigia  1996; 16: 3 2 3 -7 .

Antỉmigraine drugs. A rte r ia ỉ  o c d u s io n  h a s  b e e n  re p o r te d 1 
in  2  p a tie n ts  g iv e n  methysergide' w i th  a  h ig h  p a re n te ra l  
d o sa g e  o f  e rg o ta m in e  f o r  d u s te r  h e a d a c h e ;  th e  c o m b b ia -  
t io n  s h o u ỉd  b e  av o id e d . U se o f e rg o ta m in e  as  s u p p le m e n -

ta ry  a n tứ n ig ra in e  m e d ic a tio n  in  p a tíe n ts  rec e iv m g  d ih yd ro -  
ergo tam ine  is n o t  rec o m m e n d e d .

F or rep o rts  o f  a r te r ia l  v a so co n s tric tio n  in  p a tie n ts  tak in g  
beta blockers a n d  a n tim ig ra in e  d ru g s, see b e lo w . See a lso  
In te rac tìo n s , a b o v e  fo r  a  c o m m e n t  o n  th e  risk  ò !  v asospastìc  
rea c tío n s  w ith  s e ro to n in  (5-H T!) a gon is ts  s u c h  as  su m a tr ip -  
ta n .

1. Joyce  DA. G u b b ay  s s .  A rterìa l com p lic ad o n s oí m ỉgra ine  t rea tm e n t w ith  
m è thyse rg ide  a n d  p a re n te ra ỉ e ig o tãm ỉn e . BMJ 1982; 285: 260 -1 .

Antivirals. T h e re  h a v e  b e e n  re p o r ts  of e ig o tism  in  p a tie n ts  
g iv en  e rg o ta m in e  w i th  c o m b in a tío n  a n tiv ứ a l ơ e a tm e n t  for 
HIV in íe c tio n . I t  vvas su g g ested  th a t  th e  e rg o tism  m ig h t 
h a v e  b e e n  c a u se d  b y  in h ib itio n  o f  e rg o ta m in e  m e ta b o lism  
b y  r ìto n a v ir  in  4  c a se s ,1"* in d in a v ÍT  in  o n e ,5 a n d  nclfinavÌT i  
in  a n o th e r . O n e  o f  t h e  p a tie n ts  g iv e n  r ito n a v ữ ,4 w h o  h a d  
ta k e n  th re e  1 -m g  tab le ts  o f e rg o ta m in e  t a r ự a te  o v e r  t h e  4  
days b e ío re  p re s e n ta t io n , a lso  d e v e lo p e d  s ig n s  o f  ce re b ro -  
v ascu la r  in v o lv e m e n t  a n d  e v e n tu a lly  w e n t  in to  a n  b re v e r -  
sible com a.

T he m eta b o lism  o f  e rg o t a lk a lo id s  m ay  b e  in h ib ite d  b y  
d eỉa v ird in e  O I e fav irertz.

1. C aballero -G ranado  FJ, a  a l. E rgorisra reU te d  to  c o n c u rre n t adm in istra -  
tỉon  of e rg o ta m ỉn e  ta rtra te  a n d  r ỉ to n a v ừ  ỉn  an  AỈDS p a tíen t . Antimicnb 
Ágents aũmotíưr 1997; 41 : 1207.

2. M on te ro  A  a  í l .  Leg ischem ia  in  a  p a d e n t  rccciv ing  r ìto n a v ir  a n d  
ergo iam lne . Am ĩtaem Mtd 1999; 130: 329 -30 .

3. L laudet L  a ai. S evere  e rg o tứ m  a s so d a te d  nrith  in te rac tlo n  betvveen 
r ito n a v ứ  a n d  e rg o u tn in e . B M J  1999; 318 ; 771.

4. Pardo  Rey c  aí. b rev e rsỉb le  com a, ergo tam ỉne . a n d  ritonav ỉr. clĩn 
lìựca Dá 2003; 37 : e 7 2 -e 7 3 .

5. R osen tha l E. er at. E rgotism  re la te d  to  c o n cu rre m  a d m ỉn ỉs tra tio n  of 
ergo tam ine  ta i t r a t e  a n d  ind inav ir. JAMA 1999; 281: 987 .

6. M ortie r E, It al. E rgo tism  te la ted  to  in te rac tio n  b e tw e e n  n e lS n a v ir  a n d  
ergo tam ine . Am J  Med 2001; 110: 594.

Beta blockers. P e r ip h e ra l  v aso co n s tric tio n  w a s  re p o r te d  in  
a p a tie n t  w i th  m ig ra in e  a fte r  a d d it io n  of p r o p ra n o lo l to  reg - 
u la r  u se  of C afergo t (e rg o tam in e  a n d  cab e in e )  su p p o s ito rie s  
tw ice  d a ily .1 T h is  c o m b in a tio n  h a s  b e e n  u s e d  w ith o u t  
co m p llca tio n  b y  o th e rs , w h o  su g g ested  th a t  excessive  
dosage of e rg o ta m in e  tá r tra te , r a th e r  th a n  a n  in te ra c tío n  
betvveen  e rg o ta m in e  a n d  p ro p ra n o lo l, w a s  resp o n s ib le .2 
H ow ever, a r te r ia l  v a so c o n s tric tio n  h a s  b e e n  r e p o r te d  a ỉte r  
u se  of m e th y se rg id e  w ith  p ro p ra n o lo l  a n d  o xp re n o lo l w ith  
e rg o ta m in e .3 S u c h  c o m b in a n o n s  s h o u ld  th e re ỉo re  b e  u se d  
w ith  cau tio n .

1. B a u m ru d ce r JF . D rug  in te rac tion— prop ra n o lo l a n d  C aỉergo t. N Engl J 
Mtd 1973; 28 8 : 9 1 6 -1 7 .

2. D iam ond s. P ro p ran o lo l an d  e rg o u m in e  tartra te. s  Engỉ J Med 1973; 
2 8 9 :1 3 9 .

3. V en ter CP. t í  tứ . S c v e re  pe rip h e ra l is c h ã e m ia  d u rỉng  c o n co m iiam  u se  o f 
b e u  blockers a n d  e rg o t alkaloỉds. BMJ 1984; 289: 2 8 8 -9 .

Gíyceryl trinitrate. G lycery l t r in it r a te  h as  b e e n  re p o r te d  to  
in a e a s e  th e  o ra l  b io av a ilab ility  a n d  p lasm a  c o n c e n tra tlo n s  
o f  d ih y d ro e rg o ta m in e  in  p a tie n ts  w ith  o r th o s ta tic  h y p o -  
te n s io n .1

1. Bobik A. t t  al. L o n  ocal bioavailab ility  o i  d ibyd roergo tam ine  a n d  fitst- 
pass ex tra c tio n  in  p a d e n tỉ  n i th  o rth o s ta tỉc  hypo ten sio n . ơ in  Pharmacol 
Ther 1981; 30 ; 673^-9.

Tbcrolimus. E rg o ta m in e  m a y  in h ib i t  th e  m etạ b o lism  of 
tac ro lim u s  b y  c y to c h ro m e  P 4 5 0  iso e n z y m es  (see 
p . 1977.3).

Pharmacokinetics
A b so rp tio n  o f e rg o ta m in e  b o m  th e  g a sơ o in te s tin a l  tra c t  is 
p o o r  a n d  m a y  b e  í u r th e r  d e c re a se d  by  th e  o c c u m e n c e  o f 
gastric  stasis d u r in g  m ig ra in e  a tta c k s . B ioavailab ility  is  also  
re d u c e d  b y  a h ig h  H rst-pass h e p a tic  m etab o lism . E rg o ta m in e  
h a s  b e e n  g iv e n  rec ta lly  o r  b y  in h a la tio n  in  a n  a tte m p t to  
o v e rc o m e  th e s e  e íle c ts , w i th  so m e im p ro v e m e n t  in  
ab so rp tio n , b u t  b io av a ila b ility  is still a b o u t  5 %  o r  less. 
A b so rp tio n  o f su b lin g u a l e rg o ta m in e  is v e ry  p o o r. T h e re  is 
c o n s id e rab le  in te r ìn d iv id u a l v a r ia tío n  ín  th e  b io av a ilab ility  
of e rg o ta m in e , reg a rd le ss  of th e  r o u te .  C a b e in e  is so m e tim e s  
in c lu d e d  in  o ra l  a n d  rec ta l p re p a ra tio n s  o f  e rg o ta m in e  to  
im p ro v e  th e  latter^s a b so rp ú o n , a lth o u g h  w h e th e r  i t  d o e s  so 
is n o t d e a r .  D ru g s  su c h  as m e to d o p ra m id e  a re  so m e tim e s  
g iv en  vvith th e  a im  o f a lle v ia tin g  gastríc  stas is  a n d  th u s  
im p ro v e  th e  a b s o rp tio n  o f e rg o ta m in e .

P lasm a p r o te in  b in d in g  is a b o u t  9 3  to  9 8 % . E rg o ta m in e  is 
m e ta b o lise d  e x te n s iv e ly  in  t h e  l iv e r  d a  t h e  c y to c h ro m e  
P 450  iso e n z y m e  CYP3A4; th e  m a jo r ity  of m e ta b o li te s  a re  
e x c re ted  Ũ1 t h e  b ile . A b o u t 4 %  o f a  dose is e x c re te d  in  th e  
u r in e . S om e o{ th e  m e ta b o li te s  a re  p h a rm a c o lo g ic a lly  
ac tive . T h e  e lũ n in a tio n  o f e rg o ta m in e  is b ip h as lc ; haU -lives 
o f a b o u t 2 a n d  21 h o u r s  h a v e  b e e n  rep o r te d  fo r  th e  2  p h a se s , 
re sp ec tiv e ly . E rg o ta m in e  o r  i ts  m e ta b o lite s  h a v e  b e e n  
d e te c te d  in  b re a s t  m ilk .

R e fe re n c e s .
1. S chm id t R. F a n c h am p s  A. E ãe c i o f  c a ỉỉe ỉn e  on  ỉn te s tin a  I 'ab so rp tion  o í 

e rg o ta m ln e  in  m a n . EurJ Cỉin Pharmacoỉ 1974; 7 :2 1 3 - 1 6 .
2. E ad ỉe  M J. E rg o ta m ỉn e  p h a rm a c o k in e tic s  in  m a n :  a n  e d ỉto r ía l . 

CtphalalỊỊÌa. 1983; 3 : 135-8 .
3. Pe rrin  VL. C lin ical pharm acoỉcinetỉcs o f  ergo tam ine  ỉn  m ỉg ra in e  a n d  

d u s te r  b e a d a c h e . ơin Pharmacokàưt 1985; 10: 3 3 4 -5 2 .

The Symbol t  denotes a preparation no longer actively marketed
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Preparations
Proprietary Preparations (details a re  g iven  in  V olum e B)

Single-ingređient Preparotiocu. Austria: E rg o k ap to n t; chile: 
Jaqúedry l; Ger.: Ergo-K ranit M igrane; Hung.: Ergam; Ital.: 
Ergotan; Phữipp.: Avam igran; Thai.: Ergosia; G ynaem ine; 
USA: Ergom ar.

MuhHngredient Preparations. Arg.: C aỉergot; Cetalex Plus; Ibu- 
Tetralgin; Ibupứac Migra; In teg robe PIus; M igra Dioxadol; 
M igra Dorixina; M igral C om positum ; M igral n ;  M igral; M ike- 
san; Solad); Tetralgin Novo; Teưalgìn; Austral.: C a íe rg o t Aus- 
trùr. A vam igran; Secokapton; Synkap ton ; Belg.: Caíergot; 
Braz.: M igrane; N eogrein; O rm igrein; Canad.: Bellergal; 
CaíergoC Ergodryl; G ravergolt; Chile: Ceíadol; Ceíalm in; Cina- 
bel; C lonalgin Com puesto; Ergobelan; E rg o n e t Esamigran; Fre- 
dol; M igra-N eỉersil; M igragesic M igranol; M igratam ; u ltrim in ; 
Denm .: Eigokoỉ&n; Fin.: A n erv an t; F r.: G ynergene Caíeìne; 
Ger.: Caỉergot N f; Gr.: Calergot; M edalidon; Hong Kơng: 
Caỉergot; Hung.: Kefalgin; India: E rgophcn; M igranil; Migril; 
M izecoi./ndữ n.: Bellapheen; Caíergot; Ericaí; / r i :  M ig ranatt; 
Israel: Cafergotf; T em igran t; / t a i :  C aíergot; Virdex; Malaỵsia: 
C afergotf: Mex.: Caíergot: Caftan Ergocaí; O ptium ; Sydolil; Tri- 
nergot; Neth.: Calergot; Nonv.: A n e rv a n t; NZ: Caíẽrgot; Pol: 
Bellergot; Coffecom ; Port.: M igretil; Rus.: Bellatam inal
(EeanaTSMHHan); Coffetam in (KíxịieTaMHH); Synkapton 
(CHHKamoH); S.Afr.: Caíergot; M igril; singapore: Caíergot; Caf- 
fox; Spain: Caíergot; Hem ỉcraneal; Swed.: A nervan; Switz.: 
Cafergot-PBf; Caỉergot; Thai: A vam igran; B en era t; Caíergot; 
Degran; Holergot; M igana; N euram izone; PoIigot-CF; Polygot; 
Toíago; Turk.: A vm igran; Bellergal; Caỉergot; Ergaíein; UK: 
C afergotf; Migril; ưkr.: N om igren (HoMHTpeH); USA: B el-Phen- 
Ergot S f; B e lla n ũ n e t; Bellergal-S; Caỉatine-FB; Caíatine; 
Caíergot; Ercaf; Folergot-DF; M igergot; Phenerbel-S ; Venez.: 
Ervostal; M ỉgradorixina; Traveget.

Phanriocopoeial Preparations
BP 2014: E igo tam ine  Sublingual Tablets;
U SP 36: E rgotam ine  T artrate  and  C aSeine Suppositories; 
E rgotanũne T artrate  a n d  C aSeine Tablets; E rgotam ine Tartrate 
In h ala tìo n  Aerosol; E rgotam ine T artra te  Injection; E rgotam ine 
T artia te  Tablets.

Feverfew
Camomille, grande; Maừem; Matricaria; Máttram; Mutterk- 
raut; Na< kopretiny rimbaby; Partenio; Reunuspaivẩnkakkara; 
Rimbaba Obycajná; SpilcuỊă; Tanacetị Parthenii Herba; 
Tanaceto; VaistĩniLỊ skaisteniq ỉolè; Wermọd Wen; nnperpyM 

ổszi margìtvirág; íleBHMbH Tpása.
ATC Herb —  HN02CVV500S (Tanacetum partheniụm: leaf). 
UNII —  6GE7Z0761K (Tanacètum parthènium.); Z64FK7P2I7 
(Tanạcetum parthenium leaỊ). J

P h a rm a c o p o e ia s .  I n  Eur. (see  p . v ii)  a n d  in  us. us also  
d e sc rib es  P o w d e re d  F e v e rfe w . '

P h .  E u r .  8: (F e v erfe w ). T h e  d rie d , w h o le  o r  íra g m e n te d  
a e rìa l p a r ts  o f Tanacctum parthenium. I t  c o n ta in s  n o t  less  t h a n
0 . 2 %  o f p a r th e n o lid e  (C i 5H2o0 3 =  2 4 8 .3 ) ,  c a lc u la te d  w ith  
r e íe re n c e  to  th e  d r ie d  d ru g . I t  h a s  a  c a m p h o ra c e o u s  o d o u r. 
P r o t e a  b o m  lig h t.

U S P  3 6 : (F e v erfe w ). I t  consis ts  o f  t h e  d r ie d  lea v e s  of 
Tanacetum parthenium (A s te raceae) , c o lle c te d  w h e n  th e  
p la n t  is in  f lo w er. S to re  in  a  d ry  p lac e . P ro te c t  íro m  ligh t.

Uses and Administration
F e v e rfe w  consis ts  o f  th e  d rie d  lea v e s  o f t h e  p la n t  Tanacetum 
parthenium (A s te ra c ea e ) . I t  is  a  t ra d i t io n a l  h e ib a l  re m e d y  
u s e d  in  t h e  p r o p h y la x ũ  o f  m ig ra in e . I ts  e ííe c ts  h a v e  b e e n  
a tt r ib u te d  to  t h e  p la n t 's  c o n te n t  o f  s e sq u i te ip e n e  lac to n e s , 
n o ta b ly  p a r th e n o lid e .  A  p re p a ra tio n  o f  t h e  d r ie d  le a ỉ  
p o w d e r ,  w h ic h  h a s  b e e n  s ta n d a rd is e d  to  p ro v id e  a 
m in ìm u m  of 0 .2 %  p a r th e n o lid e .  is a v a ila b le  in  so m e  
c o u n tr ie s .  A  s u g g e s te d  o ra l d o se  is  2 5 0  m g  daily ; a  lo w e r  
d o se  o ỉ  lO O m g d a iỉy  h a s  also  b e  e n  g iv e n .

E x tra c ts  o f  fev e rfew , p a r t ic u la r ly  p a r th e n o lid e -ừ e e  
e x tra c ts  w h ic h  h a v e  b e e n  p ro m o te d  a s  less  sensitis ing , 
h a v e  b e e n  u s e d  ío r  t h e ứ  su p p o se d  a n ti- in f la m m a to ry  
b e n e h ts  in  c o sm etics  a n d  to p ic a l P ro d u c ts .

P a r th e n o l id e  h a s  a lso  b e e n  in v e s tig a te d  fo r  its  a n tin e o -  
p la s t ic  p o te n tia l .

M ig ra in e .  F e v e rfe w  is a  tra d ỉtio n a l  h e rb a l  r e m e d y  u se d  in  
t h e  p ro p h y la x is  o f  m ig ra in e  (p . 6 7 0 .3 ). S tu d ie s  of s ta n d a r-  
d ise d  p re p a ra tio n s  o í  th e  f re e z e -d rie d  p o w d e re d  le a f  h a v e  
p r o d u c e d  v a ria b le  re su lts  in  p r e v e n t in g  o r  a m e lio ra tin g  
m ig ra in e  a tta c k s , a n d  a  sy s te m atìc  r e v ie w 1 h a s  c o n d u d e d  
th a t  Its  e íh c a c y  in  p r e v e n t in g  m ig ra in e  is u n p ro v e n .

1. P i ttle r  M H. B m st E. F ev e rỉe w  ỉo r  p re v e n tìn g  m ỉg ra ỉn e . A vailab le  Ũ1 T he 
C o c h ran e  D atabase  o f  S ystem atỉc  Revìevrt; Issue  1. C h ich e sten  J o h n  
W Uey; 200 4  (aceessed 2 7 /0 4 /0 5 ) .

Rheumatoid arthritis. F e v e rfe w  h a s  a n ti - in f la n ư n a to ry  
a c tiv ity  in vitro a n d  h a s  b e e n  tr ie d  in  th e  t té a tm e n t  óf 
rh e u m a tic  d iseases. H o w e v e r, a n  e v id e n c e -b a se d  re p o r t  b y  
th e  A r th ri tis  R e se a rc h  C a m p a ig n ' in  t h e  U K  c o n s id e red

th a t  i t  w a s  in e f fe c tiv e  in  r h e u m a to id  a r th r it is  (p . 13 .2 ), 
a l th o u g h  a d v e rse  e ffec ts  w e re  m in o r  w i th  s h o r t - te n n  use .

1. A rth ĩ ỉ t i ỉ  R esearch  C am pa ỉgn . C o m p lem en ta ry  a n d  a lte rn a tív e  m edi- 
d n e s  fo r  th e  tr e a tm e n t  o f  rh e u m a to id  a rth ritỉs, o s te o a r th r itis  an d  
G brom yaỉg ỉa  (ỉssued  P e b m a ry  2 0 0 9 ). A vaiỉab ỉe  a t  h ttp : //w w w . 
a n h r it í$ re se a rd iu k .o rg /p d f /C o m p ỉe m e m a ry % 2 0 a n d % 2 0 a ỉ te m a tỉv e %  
2 0 m e d ỉd n e s _ l ỉ0 ỉ2 0 ỉ0 l5 4 3 3 1 .p d f  (accessed 2 5 /U / I 0 )

Adverse Effecfs and Precautions
M ost a d v e rs e  e fle c ts  n o te d  w ith  fev e rfe w  a re  ra i ld  a n d  
rev e rs ib le . M o u th  u lc e ra tio n  a n d  so re n e ss  h a v e  b e e n  
re p o r te d , a n d  m a y  b e  d u e  to  s e n s itisa tio n ; i í  th e y  o c c u r 
(everíevv s h o u ld  b e  w ith d ra w n . C o n ta c t  d e rm a tit is  h a s  also  
b e e n  r e p o r te d .  G a sư o in te s tin a l  e ữ e c ts  su c h  as  n a u se a , 
c o n s tip a tio n  o r  d ia r rh o e a ,  a n d  h e a r tb u m  o c c u r  ra re ly  a n d  
th e re  h a v e  b e e n  s p o n ta n e o u s  re p o r ts  o f eo sin o p h iỉia , 
a b n o rm a l l iv e r  ỉu n c ũ o n  tes ts , r e n a ỉ  la i lu re , R a y n a u d 's  
p h e n o m e n o n ,  a n d  h y p e r te n s io n . VVithdravval sy m p to m s 
su c h  as  r e b o u n d  h e a d a c h e , a n x ie ty , a n d  in so m n ia  h a v e  
b e e n  s e e n  in  lo n g - te rm  u se rs  o f fe v e rfew  vvho s to p  
ơ e a tm e n t  s u d d e n ly .

F e v e rfe w  is r e p u te d  to  h a v e  a b o rti ía c ie n t  p ro p e r tie s  a n d  
it is r e c o m m e n d e d  th a t  p re p a ra tio n s  sh o u ld  n o t  b e  u se d  in  
p reg n a n c y .

E ffe d s  o n  th e  b lo o d .  T h e re  h a v e  b e e n  su g g e stio n s  th a t  
íeverievv  m a y  in c re a se  th e  risk  o f b lee d in g  d u r in g  su rg e ry  
o r  in  p a tie n ts  ta k in g  a n tic o a g u la n ts .  H o w ev er, a l th o u g h  
in h ib itìo n  o ỉ  p la te le t  a g g re g a rio n  h a s  b e e n  re p o r te d  in  vitro 
o r  in  animals a  rev ỉevv1 o f  d in ic a l  s tu d ie s  n o te d  th a t  íev e r-  
few  d id  n o t  a p p e a r  to  a ffec t h a e m a to lo g ic a l s a le ty  p a ra -  
m ete rs .

ỉ . P ỉttíc r  M H , H m si E. F e v e ríe w  ỉo r  p re v e n d n g  m ig ra ine . A vailab le  in  T he 
C o c h ran e  D atabase  o í  Sys tem atic  R eview s; Issue I .  C h ich e s ien  J o h n  
W Uey; 2 0 0 4  (accessed 2 7 /0 4 /0 5 ) .

Interađions
It h a s  b e e n  su g g e ste d  th a t  fev e rfew  m a y  e n h a n c e  th e  eữ ec ts  
o f a n tic o a g u la n ts  (b u t  see  E ỉíec ts  o n  th e  B lood, a b o v e ).

Preparations
Proprietary Preporolions (details are g iven  in  Volum e B)

Single-ingredìent Preporolions. AustraL: M igraine Aid; Braz.: 
E n xam ed t; Tanaceto-); Tenliv; Canad.: Tanacetỷ; PoL: M ario- 
m ig ran t; UK: DiaFeverfew; DiaM igraine; M igraherb; Tanacet.

Muhi-ingredient Prepcrotions. Austral: Albizia Com plex; Extra- 
Uíe A rth ri-C are t; ExtralƯe M igrai-C aret; R ehm annia Complex; 
ỉtal.: N eu ia lta  M igren.

Homoeopothic Preparations. Fr.: Poconeol n o  43.

Frovatriptan ỊBAN. riNNì 

’ Fravatriptaani; Frovatriptán; Frovatriptanum; SB-209S09AX 
(hovatriptan or írovatriptan sucdnate); VMl-251 (írovatriptan 
or bovatriptan sucdnate); OpoB3TpnfTT3H. 
(6/?)-5,6,7,8-Tetrahydro-6Hnethylaminocarbazole-3<arboxa- 
mide. - , ,
ChH17N30=2433  
CẠS-158747-02-5.
ATC —  N02CC07.
ATCVet —  QN02CC07.
UNII —  H82Q2D5WA7.

Frovatriptan Succinate ỊBANM, USAN, rìNNAA) 

Frovatripfan, Succinate de; Frovatriptán, suctínato de; 
Frovatriptani Succinas; SB-209509AX (írovatriptan or 
írovatriptan sucdnate); Succinato de hovatriptán; VML-251 
(írovatriptan or írovatriptan succinate); (UpOBaTpnrTTaHa 
CyKCMHaT.
CmH17N30,C iH60 <,H20=379.4 
CAS —  158930-17-7.
ATC —  N02CC07.
ATC Vet —  QN02CC07.
UNII —  D28J6W18HY.

Uses and Administration
F ro v a tr ip ta n  is a  se lec tiv e  s e ro to n in  (5-H Tị) a g o n is t  w ith  
ac tio n s  a n d  u se s  s im ila r  to  th o se  o f su m a tr ip ta n  (p. 6 7 9 .3 ). It 
is u se d  fo r  t h e  a c u te  ữ e a tm e n t  o f  th e  h e a d a c h e  p h a s e  o í 
m ig ra in e  a tta c k s . I t  sh o u ld  n o t  b e  u se d  fo r  p ro p h y la x is . 
F ro v a tr ip ta n  is g iv en  o ra lly  as th e  s u c d n a te  a l th o u g h  doses 
a re  e x p re s se d  in  te rm s  o f th e  b ase ; íro v a tr ip ta n  s u c d n a te  
3 .9  m g  is e q u iv a le n t  to  a b o u t  2 .5  m g  o f í ro v a tr ip ta n .

T h e  r e c o m m e n d e d  d o se  is 2 .5  m g; if th is  is in e ííe c tiv e , a 
seco n d  d o se  s h o u ỉd  n o t  b e  ta k e n  fo r th e  s a m e  a tta c k . If 
sy m p to m s r e c u r  a h e r  a n  in itia l re sp o n se , th e  d o se  m a y  b e  
re p e a te d  a ỉ te r  a n  in te rv a l  o f a t  lea s t  2  h o u rs . T h e  m a x im u m  
dose o f  ử o v a t r ip ta n  in  2 4  h o u rs  is 5 m g  in  th e  UK  a lth o u g h , 
in  th e  USA, a m a x im u m  daily  do se  o f 7 .5  m g  is a llo w e d .

R e v ie w s .
1. M a rk u s  p ,  M ikko  K. P ro v a tr lp ta n  rev iew . E x p e rí O p in  Pka rm aco the r  200 7;

8 : 3029-33

M ig r a in e .  F o r  c o m p a r is o n  o f  t h e  re la tiv e  b e n e h ts  o f d iffer- 
e n t  t r ìp ta n s  in  m ig ra in e ,  s e e  u n d e r  S um atrip tcm , p . 680 .1  

F u r th é r  re íe re n c e s .
1. P oo lsup  N. t í  ứ l. E H ịcacy a n d  to le rab ilỉty  o f  ữ o v a tr ỉp ta n  in  a cu  e  

m ig ra ln e  ư e a tm e n t: sy s te m a tic  rev ie tv  o f  ran d o m ỉze d  c o n tro ỉled  tria ỉs J 
C ỉin  P h a rm  T h e r  2 005 ; 3 0 : 5 2 1 -3 2 .

2 . M a rk u s  F, M ỉkko  K . P ro v a tr ip ta n  rev ỉew . E xp e rt o p in  P h arm aco th e r200  
8 : 3 0 2 9 -3 3 .

3. E ỉk ỉn d  A H. M acG rego r HA. F ro v a tr ip tan  ỉo r  th e  a c u te  tr e a tm e n t í  
m ig ra ỉn e  a n d  p re v e n tỉo n  o f p red ỉc ta b le  m e n s tm a ỉ m ig ra ỉne . E xp e rt R  V 
N n tro th e r  2008; 8: 7 2 3 -3 6 .

4. G u ỉdo tti M . Ravasỉo  R. C ỉinỉcal a n d  eco n o ra ỉc  com parison  o f ừovatTipta 1 
v e n u s  o th e r  o ra ỉ tr ip ta n s  ỉn  th e  ư e a tm e n t  o ỉ a c u te  m ig ra ỉn e  in  th e  rea  - 
vvorld se ttíng . ũ in  ữ r u g  Ịn v a t ìg  2009; 2 9 : 693 -7 0 2 .

Adverse Effects and Precautions
A s ío r  S u m a tr ip ta n ,  p .  6 8 0 .2  a n d  p . 6 81 .2 .

U K  ỉic e n sed  p r o d u a  in ío rm a tio n  re c o m m e n d s  th a t  
h o v a tr ip ta n  sh o u ld  n o t  b e  u se d  in  p a tie n ts  vvith s e v e r : 
h e p a tic  im p a irm e n t  (C h ild -P u g h  d a s s  C); h o w e v e r , th is  i : 
d u e  to  a  lac k  o í  d a ta  a n d  n o  do sag e  a d ju s tm e n t is n e e d e d  i: I 
m ild  o r  m o d e ra te  h e p a tỉc  im p a irm e n t.

Interactions
A s ío r  S u m a tr íp ta n , p . 6 8 1 .3 .

F ro v a tr ip ta n  is m e ta b o lis e d  b y  th e  c y to c h ro m e  P 450  
iso e n z y m e  CYP1A2; ũ u v o x a m in e , a p o te n t  in h ib ito r  of t h i : 
i so e n z y m e , h a s  b e e n  shovvn  to  in c re a se  th e  b!oo«: 
c o n c e n tra t io n s  o f í ro v a tr ip ta n  b y  27  to  4 9 % .

Pharmacokinetics
A fte r  o ra l  doses, p e a k  p la s m a -lro v a tr ip ta n  c o n c e n tra tio n  
o c c u r  in  2  to  4  h o u rs ,  a n d  b io av a ila b ility  is a b o u t  2 0 %  ú  
m e n  a n d  3 0 %  in  vvom en . F o o d  m a y  d e la y  th e  t im e  to  pea) 
p la sm a  c o n c e n tra tio n s  b y  a b o u t  1 h o u r .  F ro v a tr ip ta n  is 15°Á 
p r o te in  b o u n d . I t is m a in ly  m eta b o lis e d  b y  th e  h ep a ti. 
c y to c h ro m e  P 4 5 0  is o e iư y m e  CYP1A2. A b o u t 3 2 %  o f a n  o ra  
d o se  is  e x c re te d  in  t h e  u r in e  a n d  6 2 %  in  ỉaeces . T h e  p lasm . 
e lim in a tio n  half-Iife  o f íro v a tr ip ta n  is a b o u t  2 6  h o u rs .

D is tr ib u tìo n  in to  m ỉlk  h a s  b e e n  to u n d  in  s tu d ie s  in  rats. 
R e íe re n c e s .

1. B u c h an  p. tí a i  C ỉinỉca] p h a n n ac o k in e tỉc s  o f ỉro v a trip tan . Headứch  
200 2 ; 42  (suppl 2); S 5 4 - S 6 Ì

2 . EU dnd AH, t í  a ỉ . P h a rm ac o k in e tic s  o ỉ ừ o v a tr ip ta n  in  ado lescen  
m ig ra in eu rs . J  C ỉin  P h arm aeo l 2 004; 44 : 1158-65 .

Preparations
Proprietary PreparaHons (deta ilỉ are given in V olum e B)

Single-ingredient Preparations. Austria: E um itan ; Frovamig 
Betg.: Provatex; M igard; Canaí: Frova; Cz.: F rom en; Recur 
Denm.: M igard; Fin.: M igard; T lgreatt; Fr.: Isimig; l íg re a t  
Ger.: Allegro; Gr.: M igard; M igralin; Pitunal; Irl:  Frovex; Ital 
A uradol; Rilamig; Neth.: F rom ữex; Migard; Port.: Dorlise 
M igard; Spain: Forvey; P e rlic  Swed.: M igard; Switz.: M enam ig  
Turk.: N ew art; UK: M igard; USA: Frova.

I p r a x o c h r o m e  iriNNỊ

Ipratsokromi; lprazochromum; lprazocromo; lprazokrom; 
Hnpa30xpoM.
3-Hydroxy-l-isopropyl-5,6-indolinedione 5-semicarbazone. 
C12H16N Á = 2 6 4 3  '

■ CAS—  7248-21-7.
ATC—  N02CX03.
'ẠTC Vet —  QN02CX03.
UN1Ị —  903A9K181P. ; ■

Proỉile
I p ra z o c h ro m e  is a  s e ro to n in  a n ta g o n is t  u s e d  in  th e  
p ro p h y la x is  o ỉ m ig ra in e  (p . 6 7 0 .3 ) a n d  in  th e  m a n a g e m e n t 
o f  d ia b e tic  re t in o p a th y . I t  h a s  b e e n  g iv en  in  u s u a l  o ra l doses 
o f 2 .5  to  5 m g  th re e  t im e s  daily .

Preparatiọns
Proprietory Preparotionỉ (details are given in  V olum e B) 

sõigle-ingredienl Preparations. Hung.: D ivascan; PoL: Divascan.

Lomerizine Hydrochloride iriNNMi

• Flometizinè Hydrochloride; Hidrcxloruro de lomérizina; KB- 
279Ố;1;'Lomérizine, Chlorhydrate de; Lòmerizịné Dihý- 
'drochloride; Lomerizini HydrochloridùÍTÌ; Jl0MepM3MHa 
fMflpoxnopnfl.
1-[Bis(p-fluorophényl)mèthyl]-4-(23,4-trimethọxybenzýl) 
piperaãne dlhydrochloride.
C27H30F2N2O 3,2HCI=5413 .

AU cross-reíerences reíer to entries in Volume A

http://www


Feverfew/Naratriptan Hydrochloride 677

CAS —  101477-55-8 (ìomeriĩirie); 101477-54-7 (lomerứine 
hydrochlorìde).
UNII —  3W473D5UY.

Profịle
L o m e r iá n e  is  a  c a ld u m -c h a n n e l  b lo c k e r  th a t  is u s e d  o ra lly  
as th e  h y d ro c h lo r id e  Ù1 th e  ơ e a tm e n t  o f  m íg ra in e . It is also  
u n d e r  in v e s t ig a t io n  fo r  its p o te n t ia l  v a lu e  in  g lau co m a. 

R e íe re n c e s .
ỉ .  H ara  H, t ì  a i . C ỉinỉcal p o ie n tỉa l of lo m e riz in e , a  Ca2,  c h a n n e l b lo ck er as 

a n  a n ti-g U u c o m a  d rug : e ữec ts o n  o c u la r  drculacỉoQ  a n d  re tìn a ỉ 
n e u ro n a l d a ra a g e . Cardiơvasc D ru g  R e v  2004; 22 : 199-214.

2. b v i s a ìà  s. t ì a ỉ . M ig ra i/itf*assodated  vertígo : c ỉỉn k a ỉ c h a r a a rr i í t ic s  of 
Ja p an e $ e  p a t ỉe n ts  a n d  effec t o í lo m e rm n e . a  c a lả u m  c h a n n e l antagonỉsL  
A Ờ a O to ỉa ryn go l 2007; (supp l 559): 4 5 -9 .

3. ỉm a i N, t ì  a i . D o  che e ííec ts  o ỉ lo n g - te n n  lo m c rứ in c  adm iọ isna tíoD  d iííe r  
w ith  age?  In te m  M e d  2007 ; 46 : 6 6 3 -4 .

Preparations
Proprietary Preparotiom (detailỉ a re  g iven  in  Volume B)

Single-ingredient Preparạtioiu. china: H ou Pu ( Ể # ) ;  Luo M eị 
E r ( ỹ i t iẺ ) ;  Q ing  Tian Shao  Rong ( S S ) ;  Tesuxin
ữ );  Xi R ui Ũ  ( ă a S A ) ;  XUing (# ■ # ); Ỹã Yi Jia (3EfPÌD); Jpn: 
Migsis; T erranas.

M ethysergide (BAN, USAN, riNNi 

1 -Methỹt-0-lyserglc Acid Butanolamỉde; Methysergid; Méthy- 
sergide; Methysergidum; Metisergida; Metýsergid; Metyser- 
gidi; MeTU3eprn,q.
N -[\-(Hydroxymethyl)propyl]-1 -methyl-Đ-lysergamide; 9;i 0- 
Didehydro-N-D -(hydroxymethyl)propyl]-1,6-diméthylergo- 
line-8P<arboxamide.
C2,H27N A = 3 5 3 .5
CAS —  36 ì -37-5. \  .
ATC —  NQ2CA04.
ATC Vet —  QN02CA04.
UNII —  XZA9HY6Z98.

M ethỵsergide M aleate (BANM, riNNMi

Maleato de metisergida; Méthysergide, Maléate de; 
Methysergidi Maleas; Metisergida, maleato de; MeTH3eprufla 
Maneaĩ.
C21H27N30 2.C,H40 4=469.5 
'CAS—  129-49-7.
ATC —  N02CA04.
ATC Vet —  QN02CA04.
UNII —  2U7H1466GH.

P h a r m a c o p o e ia s .  In  Br. a n d  us.
B P  2 0 1 4 : (M e th y s e rg id e  M a le a te ) . A  w h i te  o r  a lm o s t w h ite  
c ry s ta ỉlin e  p o w d e r  vvhich m a y  h a v e  a  yellovv o r  p in k  tinge ; 
o d o u r le s s  o r  a lm o s t  o d o u rle ss . S lig h tly  so lub le  in  w a te r  a n d  
in  m e th y l  a lc o h o l;  p ra c tìc a lly  in so lu b le  in  c h lo ro ío rm  a n d  in  
e th e r .  A  0 .2 %  s o lu t io n  in  vvater h a s  a  p H  o f 3 .7  to  4 .7 . S to re  
a t  a  t e m p e ra r u re  o f  2  d eg re e s  to  8  deg rees . P ro te c t  fro m  
ligh t.

U S P  3 6 : (M e th y se rg id e  M a ỉe a te ) . A  w h ite  to  yellovvish- 
vvhite o r  r e d d is h -w h ite ,  c ry s ta llin e  p o w d e r . Is o d o u rle s s  o r  
h a s  n o t  m o re  t h a n  a  s lig h t o d o u r . S o lu b le  1 in  2 0 0  o f  w a te r  
a n d  1 in  165  o f  a lc o h o l; so lu b le  1 in  3 4 0 0  o f c h lo ro ío rm ; 
p rac tic a lly  in so lu b le  in  e th e r . p H  o f a  1 in  500  s o lu tio n  is 
b e tw e e n  3 .7  a n d  4 .7 . S to re  i n  a ir t ig h t  c o n ta in e rs  a t  a  
te m p e ra tu re  o f  2  d e g re e s  to  8 d e g re e s . P ro tec t f ro m  ligh t.

Uses and Administration
M e th y se rg id e  m a le a te  is a  se m isy n th e tic  e rg o t a lk a lo id . I t  is 
a  p o te n t  s e ro to n in  a n ta g o n is t  a n d , c o m p a re d  w i th  e rg o t- 
a m in e , h a s  o n ly  vveak v a so c o n s tr ic to r  a n d  ox y to cíc  eữ ec ts. 
I t  m a y  b e  u s e d  to  p re v e n t  s e v e re  r e c u r re n t  m ig ra in e  
(p. 6 7 0 .3 )  a n d  h e a d a c h e  a tta c k s  d u r in g  d u s te r  p e rio d s  
(p. 6 7 0 .1 ), a l th o u g h  its  u se  h a s  d e d in e d  b ec au se  o f ad v e rse  
e ỉíe c ts . I t  is in e f fe c tiv e  in  th e  t r e a tm e n t  o f a c u te  a ttack s.

M e th y s e rg id e  is g iv e n  oraU y as  th e  m a le a te  b u t  d o ses  a re  
o l te n  e x p re s s e d  in  te rm s  o f  t h e  b a se ; 1 .33  m g  o f 
m e th y s e rg id e  m a le a te  is e q u iv a le n t  to  a b o u t  1 m g  of 
m e th y s e rg id e .  A  u s u a l  d osage  is  2  to  6  m g  d a ily  g iv e n  in  
d iv id e d  d o se s  w ith  m ea ls . I t  is  su g g e ste d  th a t  t re a tm e n t  
s h o u ld  b e  s ta r te d  w i th  1 m g  a t  b e d tứ n e  a n d  doses  in c re a se d  
g ra d u a lỉy  o v e r  a b o u t  2  vveeks; t h e  m in im u m  eH ective  dose  
s h o u ld  b e  u s e d .  C a re h il  a n d  r e g u la r  o b se rv a tio n  o f th e  
p a t ie n t  is e s se n t ia l  b e c a u s e  o f t h e  h ig h  in d d e n c e  o f a d v e rse  
eH ects a n d  i t  is  r e c o m m e n d e d  th a t  t t e a tm e n t  s h o u ld  o n ly  b e  
c a rr ie d  o u t  u n d e r  h o s p ita l  su p e rv is io n . I í  t r e a tm e n t  stìll 
p ro v e s  to  b e  in eH e c tiv e  a f te r  3 w e e k s ,  h ư th e r  u se  is u n lik e ly  
to  b e  o f  b e n e f i t .  T re a tm e n t  s h o u ld  n o t  b e  c o n tin u e d  fo r 
m o re  t h a n  6  m o n th s ,  a f te r  w h ic h  i t  sh o u ld  b e  g ra d u a lỉy  
w i th d ra w n  o v e r  2  o r  3 w e e k s  a n d  t h e n  s to p p e d  fo r  a t  lea s t  á  
m o n th  fo r  r e a s se s sm e n t. S o m e  h a v e  c o n s id e re d  th a t  
ư e a tm e n t  c o u rs e s  s h o u ld  n o t  e x c e e d  3 m o n th s  w ith o u t  a  
b re a k .

M e th y se rg id e  m a le a te  h a s  a lso  b e e n  u se d  to  c o n ư o l  
d ia r rh o e a  a s so d a te d  w i th  c a r t in o id  s y n d ro m e  (see  u n d e r  
N e u r o e n d o c r in e  T u m o u rs ,  p . 7 1 6 .3 )  in  h ig h  d o s e s  
e q u iv a le n t  to  12 to  2 0  m g  of m e th y se rg id e  da ily .

As a  s e ro to n in  a n ta g o n ỉs t,  m e th y s e rg id e  m ig h t  b e  
e x p e c te d  to  h e lp  r e v e rse  th e  s e ro to n in  s y n d ro m e  (p. 4 4 3 .2 ) .  

R e v ie w s .
I .  K o ch ler PJ, T ĩe lt-H ansen  PC. H iíto ry  o í  m e ih y se rg id e  to  m ìg ra in c . 

Cephalalgiữ  2008; 28: 1126-3S .

Adverse Effeds
G a s tro ú ite s tin a l e S e c ts  su  c h  as  n a u s e a ,  v o m itin g , h e a r t -  
b u m ,  a n d  a b d o m in a l p a in  a re  c o m m o n  o n  in it ia l  ơ e a tm e n t  
w i th  m e th y se rg id e  m a le a te , as  a re  d izz in ess  a n d  drovvsiness. 
O th e r  CNS effec ts r e p o r te d  i n d u d e  a ta x ia , in so m n ia ,  
vveakness, res tle ssn ess , lig h th e a d e d n e ss , e u p h o r ia ,  a n d  
h a llu t ín a tio n s .  P e r ip h e ra l  o r  lo ca lised  o e d e m a , lcg  c ra m p s , 
a n d  w é ig h t  g a in  h a v e  o c c u rre d  a n d  th e r e  h a v e  b e e n  
o c c as io n a ỉ re p o r ts  o f ra sh e s , loss o f  h a ừ , jo in t  a n d  m u s d e  
p a in ,  n e u ơ o p e n ia ,  a n d  e o s in o p h ilia . O r th o s ta tic  h y p o -  
te n s io n  a n d  tac h y c a rd ia  h a v e  b e e n  n o te d . T h e re  h a v e  b e e n  
iso la te d  rep o r ts  o{ m y o c a rd ia l  in ía rc t io n  p a rt ic u la r ly  in  
p a tie n ts  w i th  isc h a e m ic  h e a x t d ise a se  o r  w h e n  g iv en  w i th  
o t h e r  v a s o c o n s t r i c t i v e  d r u g s ,  b o t h  o f  w h ic h  a r e  
c o n tra - in d ic a tio n s  fo r  m e th y s e ig id e  th e ra p y .

A rte r ia l sp a sm  h a s  o c c u rre d  in  so m e p a d e n ts ,  a n d  m a y  
p r e s e n t  a s  p a ra e s th e s ia  o f  t h e  e x tre m itie s  o r  a n g in a l  p a in ,  as  
w i th  e rg o ta ra in e  (p. 674.2); ư  su c h  sy m p to m s  o c c u r  
m e th y se rg id e  s h o u ld  b e  w ith d ra w n , a l th o u g h  r e b o u n d  
h e a d a c h e s  m a y  o c c u r if i t  is  w i th d ra w n  s u d d e n ly .  V asc u la r  
in su íB d e n c y  o f  t h e  lo w e r  lim b s  m a y  re p r e s e n t  a r te r ia l  
sp a sm  o r  ũ b ro tic  c h a n g e s . T re a tm e n t  s h o u ĩd  b e  s to p p e d  a t  
t h e  firs t s igns  o f im p a ire d  p e rip h e ra l  d rc u la tio n .  R e tro -  
p e r ì to n e a l  Bbrosis, vvith o b s tru c tio n  o ỉ  a b d o m in a l b lo o d  
vesse ls  a n d  u re te is ,  p le u ro p u lm o n a ry  G brosis, a n d  Đ bro tic  
c h a n g e s  in  h e a r t  v a lv es  h a v e  o c c u rre d  In  p a tie n ts  o n  lo n g -  
te r m  t r e a tm e n t .  M e th y s e rg id e  must b e  w i th d r a w n  
im m e d ia te ly  u  h b ro sis  o c c u rs . R e ư o p e r i to n e a l  Đ brosis is 
u su aU y  rev ers ib le , b u t  o th e r  B bro tic  c h a n g e s  a re  less re a d ily  
rev e rse d .

Effeds on the ỉkỉn. S d e ro d e rm a - l ik e  c h a n g e s  to  th e  legs, 
in  a d d it io n  to  a o rt ic  S b ro s is  in  t h e  a b se n c e  ol r e t ro p e r i to -  
n e a l  S b rosis, w a s  a s s o d a te d  w i th  lo n g -te rm  m e th y s e rg id e  
th e r a p y  in  a  6 3 -y e a r  o ld  w o m a n .1 T h e  p a t ie n t  p r e s e n te d  
w i th  a  2 - m o n th  h is to ry  o f  in ũ a m m a to ry  o e d e m a  o !  t h e  
legs a n d  ỉee t.

1. K luger N . t ì  a l . M e th y se rg ld e -ỉn d iic ed  sd e ro d e rm a -lik e  d u n g e $  o f  ứ ie  
l c ỵ s . B r l D a m a t a l 2005; 153 : 2 2 4 -5 .

Rbrosis. Pibrosis h a s  b e e n  a s s o d a te d  w ith  t h e  lo n g - te rm  
u se  o f  m e th y se rg id e  m a le a te .  In  o n e  e a rly  r e p o r t ' in  2 7  
p a tie n ts  re t ro p e r i to n e a l  Ẽ brosis  w a s  a tt r ìb u te d  to  u s e  o f 
m e th y se rg id e  fo r  p e rio d s  o f  9 to  5 4  m o n th s  i n  doses r a n -  
g ú ig  ử o m  2 to 28 m g  d a iỉy . T h e re  was p a rt ìa l  o r  c o m p ỉe te  
reg re s s io n  o f G brosis in  13 o f th e  p a d e n ts  vvhose ư e a tm e n t  
w a s  w ith d ra w n . I m p ro v e m e n t  u su a lly  b e g a n  w ith in  a  f e w  
d ay s, in  so m e  cases w i th  th e  a id  o f  p re d n is o n e . T h e  o th e r  
14  p a tie n ts  w e re  ơ e a te d  b y  su rg e ry ; th o s e  fe w  w h o  c o n -  
t in u e d  ta k in g  m e th y s e rg id e  h a d  d iíG cult p o s to p e ra tiv e  
co u rse s . C ard iac  m u rm u rs  o c c u rre d  in  7 p a tíe n ts , a n d  
re g re ssed  w h o lly  o r  p a rt ia l ly  in  3 a í te r  th e ra p y  w a s  
s to p p e d . F ib ro tic  c h a n g e s  a ííe c tin g  th e  a o rta ,  h e a r t  v a lv e s , 
a n d  p u lm o n a ry  tis su e s  o c c u rre d  in  a  fe w  o f  t h e  p a tie n ts .  
O th e rs  h a v e  re p o r te d  t h e  d e v e lo p m e n t o f e n d o c a rd ia l  
íib ro sis  in d ic a te d  b y  c a rd ia c  m u rm u rs  in  4 8  p a tie n ts  
re c e iv ín g  m eth y se rg id e .2 T h e  m u rm u rs  g ra d u a lly  re g re ssed  
in  2 7  w h e n  m e th y se rg id e  w a s  s to p p e d . R e tro p e r ito n e a l  
G brosis w a s  p re s e n t  in  9  p a tie n ts  a n d  p le u r o p u lm o n a r y  
G brosis in  2 . A p a tie n t  w i th  ĩib rosis o f th e  iliac  v e in  h a s  
b e e n  d e s a ib e d .3

A fe w  cases o f re t ro p e r i to n e a l  Abrosis a s s o d a te d  w i th  
e rg o ta m in e  t a r ư a te  o r  d íh y d ro e rg o ta m in e  h a v e  also  b e e n  
n o te d .1 T hese  2 d ru g s  h a v e  a lso  b e e n  im p lic a te d  in  a  fe w  
o th e r  cases o f  re t ro p e r i to n e a l  h b ro sis  o r  o th e r  G bro tic  
d iso rd e rs  in  p a tie n ts  ta k in g  h ig h  doses  fo r  lo n g  p e rio d s .4'7

1. G ra  h a m  JR . t ì  a l . F ữ tro tíc  d iso rde rs  a s so d a te đ  vvith m c th y sc rg id c  
th c ra p y  ío r  h e ad a ch e . N  E n g l  J  M e d  1966; 274: 3 5 9 -6 8 .

2 . B ana  D S, t ì  a ỉ . C a rđ ỉac  m u rm u rs  a n d  e n d o o rd ía ỉ  fibrosỈ5 a s so đ a te đ  vvith 
m echysexgỉde th e ra p y . A m  H e a r t J  1974; 8S: 6 4 0 -5 5 .

3. B u c d  JA . M a n o h a ra n  A . M e th y se rg id c -ỉn d u cc d  re tro p e rỉto n ea l &brosỈ5: 
successíu ỉ o u tc o m c  a n d  tw o  n e w  la b o ra io ry  le a tu re s . M ayo C lirt P ro c  
1 9 9 7 :7 2 : 1148 -50 .

4 . L cpage-S avary  D, V aũỉères A . E rgo tam ỉne  as a  possib lc  c au se  o f 
rc ơ o p e r ito n e a l fibrosỈ5. Q ù t  P h a rm  1982; Ỉ ỉ  179 -80 .

5. R o b õ t  M , t ì  a l . R b ro tìc  p rocesses  a s so d a te d  w ith  lo n g - tc rm  e rg o ta m ỉn e  
th e ra p y . s  E n $ l J M e d  1984; 31 1 : 601 a n d  602.

6 . D am stru p  L  J c n sc n  TT. R c tro p « rito n ca l ũbrosis a ỉ te r  lo n g - te rm  da iỉy  u se  
o f e rg o ta m ỉn e . Ir ứ  U ro l N cp h ro l 1986; 1 8 :2 9 9 -3 0 1 .

7 . M a láq u ỉn  F ,  ứ  a L  P leu ra l a n d  re tro p e rỉto n ea ỉ S b ro s ỉỉ from  d ih y d ro -  
e ĩg o tam ỉn e . N E n g U M i d  1989; 321 : 1760.

ĩreatment oĩAdverse Effects
A s fo r  E rg o ta m in e  T a r tra te ,  p . 6 7 4 .3 .

M e th y se rg id e  m a le a te  s h o u ld  b e  w ith d ra w n  im m e d i-  
a te ly  ư  ẩ b ro s is  d e v e lo p s. C o rtic o s te ro id s  h a v e  b e e n  u s e d  to  
ư e a t  Ebrosis, a l th o u g h  s u rg e ry  m a y  be  re q u lre d .

Precautions
As fo r  E rg o ta m in e  T artra te , p . 675 .1 .

I n  add ition , m e th y se rg id e  m a ỉe a te  is c o n tra - in d ic a te d  in  
v a lv u la r  h e a r t  d isease, p u lm o n a ry  a n d  c o lla g e n  d iseases, 
d iseases  of th e  u r in a ry  t r a c t  p h leb id s  a n d  c e llu litis  o f th e  
lo w e r  e x trem itie s , a n d  d e b ilita te d  States. I t  s h o u ld  b e  u se d  
w ith  c a u tio n  in  p a tie n ts  vvith p e p tíc  u lc e r  d ise a se  b e c a u se  it  
m a y  in a e a s e  g a sư ic  a d d ity .  P a tie n ts  s h o u ld  b e  d o s d y  
su p erv ised . M eth y se rg id e  sh o u ld  n o t  b e  g iv e n  c o n tin u o u s ly  
fo r  m o re  th a n  6  m o n th s  a n d  sh o u ld  n o rm a lỉy  b e  w ith d ra w n  
g ra d u a lly  (see U ses a n d  A d m in is tra tio n , a b o v e ).  H o w e v e r, it  
s h o u ld  be  w ith d ra w n  im m e d ia te ly  ư  sy m p to m s  o f Đbrosis o r  
a n e r ia l  spasm  develop .

Interađions
In te rac tỉo n s  in v o lv ln g  th o se  e rg o t a lk a lo id s  u s e d  m a in ly  in  
th e  m a n a g e m e n t of m ig ra in e  a re  d isc u sse d  u n d e r  e rg o t-  
a m in e  {p. 6 7 5 .2 ). R e íẹ re n c e s  s p e d h c  to  m e th y s e ig id e  m a y  
b e  ỉo u n d  th e r e  u n d e r  th e  h e a d in g s  A n tũ n ig ra in e  D ru g s 
(p. 675 .2 ) a n d  B e ta  B lockers (p . 67 5 .3 ).

Pharmacokinetics
M e th y se rg id e  m a le a te  is rap id ỉy  a b s o rb e d  h o m  th e  
g a s tro in te s tin a l t ia c t  w i th  p e a k  p lasm a  c o n c e n tra tỉo n s  
o c c u rr in g  w ith in  a b o u t o n e  h o u r  o f ìn g e s tio n . I t  is 6 6 %  
b o u n d  to  p la s m a  p ro te in s .  M e th y s e rg id e  u n d e rg o e s  
e x te n s iv e  first-pass h e p a tic  m eta b o lism  to  m e th y le rg o m e -  
t r in e  (p. 213 7 .3 ). A b o u t 50%  ọf a n  o rạ l  d o se  is  e x c re te d  in  
th e  u i in e  as  u n c h a n g e d  d ru g  a n d  m e ta b o li te s .  T h e  
e lim ỉn a tio n  o f m e th y se rg id e  is b ip h asic ; h a lf - liv e s  o f  a b o u t
2 .7  h o u rs  a n d  10 h o ũ rs  h a v e  b e e n  re p o r te d  f o r  th e  2  p h a se s  
respec tive ly .

R e íe re n c e s .
1. B redberg u, tì a i. Phannacok ine tỉc s o í m e thyse rg ỉde  a n d  ỉts  m e tab o lỉte  

m e thy le rgom ctrine  In m a n . E u r J ơ i t t  Pharm acol 1986; 30 : 7 5 -7 .

Preparatìons ,
Proprietary Preparations (detailỉ are given in  V olum e B)

Single-ingredient Preparorions. AustraL: Oeseiiỉ; Belg.: Deseril; 
Braz.: Deserila; Canad.-. Sansertỷ; Fr.: D esem il; Neth.: Deseril; 
UK-. Deserilt-

Pbarmacopoeial Preporolions
BP 2014: M ethysergide Tablets;
U SP 36: M ethysergĩde M aleate Tablets.

Naratriptan Hydrochlorỉde
(BANM, USAN, rlNNM)

GR-85548Ã; GR-85S48X (naratriptan); Hidrodoruro de 
naratrịptán; Naratriptan, Chlorhydrate de; Náratriptán,’ 
hidrpdõruro de; Narátriptani Hýdrochlòridum; HapảipnnTà- 
H3 fnflpoxnopnfl.
W-Methyl-3-(1 -methyl-4-piperidyl)indole-5-ethanesulfona- 
rhidè hydròchloride.
C ,7H25N3C^S,HCh371.9
ơ ặ  —  121679-13-8 (nạratàptanì; 121679-19-4 ■(,'naratriptơn
hydrochloride); !43388-64-1 (naratnptan hydrochlorìde).......
ATC —  N02CC02.
'ATC Vet —  QN02CC02.
UNIl —  10X8X4P12L

P h a rm a c o p o e ia s . In  us.
U S P  36: (N a ra tr ip tan  H y d ro c h lo d d e ). A  w h i te  to  p a le  
y e llo w  solid. So lub le  in  w a te r. S to re  in  a ir t ig h t  c o n ta in e rs  a t  
a te m p e ra tu re  n o t  e x ceed in g  30 degrees.

Uses and Administration
N a ra tr ip ta n  is a  se lec tive  se ro to n in  (5 -H T i) a g o n is t  w ith  
a c tio n s  a n d  u se s  s im ilar to  th o se  o f s u m a tr ip ta n  (p . 6 7 9 .3 ). It 
is u s e d  fo r t h e  a c u te  tre a tm e n t  o f  th e  h e a d a c h e  p h a s e  of 
m ig ra in e  a ttack s. I t  s h o u ld  n o t  b e  u se d  fo r p ro p h y la x is . I t  is 
g iv e n  o rally  as  th e  h y d ro ch lo rid e , a n d  d o ses  a re  e x p re s se d  in  
te rm s  o f th e  base; n a ra t r ip ta n  h y d ro c h lo r id e  1.1 I m g  is 
e q u iv a le n t to  a b o u t  1 m g  o f n a ra t r ip ta n .

T h e  rec o m m e n d e d  dose  o f n a ra t r ip ta n  i n  th e  U K  is
2 .5  m g; in  th e  U SA  a  d o se  o f 1 o r  2 .5  m g  is allovved. ư  n o  
re sp o n se  is o b ta in e d  w ith  th e  in it ia l  d o se , a  s e c o n d  dose  
s h ó u ld  n o t b e  ta k e n  fo r  t h e  sa m e  a tta c k . If  sy m p to m s  re c u r  
a f te r  a n  in itia l re sp o n se , th e  do se  m a y  b e  r e p e ă te d  a ỉ t e r  a n  
in te rv a l  of 4  h o u rs ,  to  a  m a x im u m  of 5 m g  in  a n y  2 4 - h o u r  
p e rio d . F o r d o ses  in  h e p a tic  o r  r e n a l  im p a in n e n t  see  b e lo w .

A d m in is tra t io n  in  h e p a tic  o r  r e n a l  im p a i rm e n t.  N a ra td p -  
t a n  is c o n tra -in d ic a te d  in  p a tie n ts  vv ith  s e v e re  h é p a tíc  
(C h ild -P u g h  d a s s  C) o r  s ev ere  r e n a l  I m p a irm e n t  ( ơ e a t -  
in in e  d e a ra n c e  less t h a n  1 5 m L /m in u te ) .  I n  p a tìe n ts  vvith 
m ild  to  m o d e ra te  h e p a tic  o r  re n a l  im p a irm e n t,  t h e  rec o m - 
m e n d e d  m a x im u m  o ra l dose  in  2 4  h o u r s  is  2 .5  m g  a n d  a 
lo w e r  s ta r tin g  do se  sh o u ld  b e  c o n sid e red .

The Symbol t  denotes a preparation no longer actively marketed
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M ig r a in e .  F o r  c o m p a r íso n  o ỉ  th e  re la tiv e  b e n e S ts  o f  d iffer- 
e n t  t r ip ta n s  i n  m ig ra in e . s e e  u n d e r  S u m a tr ip ta n ,  p . 6 8 0 .1 . 

F u r th e r  re íe re n c e s .
1. A sh cro ít D M , M ỉlỉson  D. N ara trip tan  ĩo r  th e  t r e a u n e n t  o f a cu tc  

m ỉg ra ỉn e: m e ta -a n a ly ỉ ỉs  o ỉ r an d o m ỉsed  c o m ro lled  tria ỉs. Pkarm acoepide- 
nưól Drug Saỷety 200 4 ; 1 3 :7 3 -8 2 .

2 . T íe lt-H a n se n  P C  Pub lished  a n d  n o t  fu fly  pu b lỉsh ed  d o ub le -b lind , 
ran d o m ỉsed , coDtroU ed tr ia ls  w ỉth  oral n a ra tr ỉp ta n  in  th e  ừ e a tm e n t  o ỉ 
m ỉg ra in e : a  re v ie w  b ased  o n  th e  GSK T riaỉ R egỉỉter. J  H e a d a à ĩe  P a in  
2011 ; 12: 3 9 9 -4 0 3 .

Adverse Effects and Precautions
As fo r  S u m a tr ip ta n .  p . 6 8 0 .2  a n d  p .  6 8 1 .2 .

N a ra tr ip ta n  s h o u ld  n o t  b e  u se d  in  p a tie n ts  w i th  se v ere  
h e p a tic  (C h ild -P u g h  d a s s  C) o r  r e n a l  (c re a tin in e  c le a ra n c e  
less  t h a n  15 m L /m in u te )  im p a irm e n t.  K a ra tr ip ta n  s h o u ld  b e  
u s e d  w i th  c a u tio n  in  m ild  o r  m o d e ra te  re n a l  o r  h e p a tic  
im p a irm e n t.  P a tie n ts  w ith  h y p e rse n s it iv lty  to  su U o n am id es 
m a y  th e o re tic a lly  sh o w  a  sim ila r  re a c tio n  to  n a ra t r ip ta n .  
(F o r d isc u ss io n  o f c ro ss-re a c tiv ity  in  su lỉo n a m id e s  a n d  suUa 
d r u g s  se e  H y p e r s e n s i t iv i ty  u n d e r  S u lfa m e th o x a z o le ,  
p . 3 6 5 .3 .)

M e d ic c rt io n -o v e ru se  h e o d a c h e .  F o r a r e p o r t  o f a n  a s so d a -  
t io n  b e tv v een  n a ra t r íp ta n  a n d  m ed ic a tio n -o v e ru se  h e a d -  
a c h e , s e e  u n d e r  A d v e rse  B ííec ts o f S u m a tr ip ta n , p . 6 8 1 .2 .

P o r p h y r ia .  T h e  D ru g  D a ta b ase  fo r A c u te  P o rp h y ria , c o m - 
p ile d  b y  th e  N orvvegian  P o rp h y ria  C e n ơ e  (N A PO S) a n d  
th e  P o rp h y ria  C e n ơ e  S w ed e n , d assiE e s  n a ra t r ip ta n  as  po s- 
sib ly  p o tp h y r in o g e n ic  i t  sh o u ld  b e  u se d  o n ly  w h e n  n o  
s a íe r  a l t e m a t iv e  is  av a ila b le  a n d  p re c a u tio n s  s h o u ld  b e  
c o n s id e re d  in  v u ln e ra b le  p a tie n ts .1

1. T h e  D rug  D a tabase  ỉo r  A cu te  Porphy ría . A vailable a u  h ttp : //w w w . 
d ru g s-p o rp b y r ia .o rg  (accessed 11/04/11)

Interactions
A s fo r  S u m a tr ip ta n ,  p . 6 8 1 .3 .

Pharmacokinetics
A fte r  o ta l  do ses, p e a k  p la s m a -n a ra tr ip ta n  c o n c e n tra tio n s  
o c c u r  a t  2  to  3 h o u rs ,  a n d  b io av a ila b ílity  is r e p o r te d  to  b e  
6 3 %  in  m e n  a n d  7 4 %  in  w o m e n . P la sm a  p ro te in  b in d in g  is 
a b o u t  2 9 % . N a ra tr íp ta n  u n d e rg o e s  so m ê  h e p a tic  m e tă b -  
o lism  Via a w id e  ra n g e  o f  c y to c h ro m e  P 450  iso en zy m es . I t is 
m a in ly  e x c re te d  in  th e  u r in e  w ith  50 %  of a  d o se  b e in g  
re c o v e re d  a s  u n c h a n g e d  d ru g  a n d  3 0 %  as in a c tiv e  
m e ta b o li te s . T h e  e lim in a tio n  h a lỉ- li ỉe  is 6 h o u rs ,  a n d  is 
s ig n ih c a n tly  p ro lo n g e d  in  p a tie n ts  w i th  re n a l  o r  h e p a tic  
im p a irm e n t.

D is tr ib u tio n  in to  m ilk  h a s  b e e n  ío u n d  in  s tu d ie s  in  rats.

Preparations
Propõetary Prepcrations (details are given in  Volum e B)

Single-ingredient Preparatìons. Arg.: Naramig; Austraì. : Nara- 
mlg; Austria: A n tìm ig rin t; Naramig; Beỉg.: Naramig; Braz.: 
N aramig; N aratrin; Canad.: Amerge; Chile: Bagomigral; M igtal; 
M iragran; N aram ig; Cz.: Naramig; Denm.: Naragran; Naram ig; 
Pin. : Naram ig; Fr.: Naramig; Ger.: Fonnigran; Naramig; Gr.: 
N aram ig; Inđia: N aia trex ; /rỉ .:  NaramergỶ; Naramig; Naraverg; 
Israel: N aram ig; Mex.: N aram igt; Neth.: M igatane; Naramig; 
Norw.: Naram ig; NZ: Naramig; PorL: Naramig; Ria.: Naram ig 
(HapaMHT); S .A /r.: Naram ig; Singapore. Naramig: Spain: Nara- 
mig; Stved.: N aram ig; Switz.: Naramig; Turk.: Naram ig; ƯK. 
N aram lg; USA: A m eĩge.

pharmocopoeial Prepqmtiora
U SP 36: N ara trỉp tan  H ydrochlorìde Oral Suspensỉon; N aratriptan 
Tablets.

Oxetorone Fumarate ỊUSAN, riNNMi

Fumafato de' oxêtớrona; L-6257; Oxetorona, ílimarato de; 
:OxétÓF0ne;.Fumarate' d'; Oxetoroni Fumaras; ŨKceTopoHa 
(DyMapaT.- . v  • •

'3-(6,12-Dihydrọbenzqfuro[3,2<]n]benzoxepin-6-ylidene)- 
W/V^imethyl|^bpylậminẹ hydrògén tiimaráte. ! : ■ ■
•QliHn NỌj,C|H404#4355
CAS -- - . 26020-55-3 Ịoxetorone); 34522-46-8 (oxetorone 
fú m a rơ té -  1 .  s  
ATC —  NỮ2CX06.
‘ATC Vet —  QN02CX06.
UNII —  5SYZ8I05SH.

Piy>fịỊe
O x e to ro n e  fu m a r a te  is a n  a n tih is ta m in e  a n d  se ro to n in  
a n ta g o n ls t  u s e d  o ra lly  in  th e  ơ e a tm e n t  o f  m ig ra in e  
(p. 6 7 0 .3 )  a n d  d u s te r  h e a d a c h e  (p. 6 7 0 .1 ) in  doses  o f  u p  to  
1 8 0 m g  d a ily . O x e to ro n e  w a s  re p o r te d  to  h a v e  in d u c e d  
h y p e rp la s tìc  c h a n g e s  in  b re a s t  tis su e  a n d  th e  u te r in e  
e n d o m e tr iu m  o f  rodents.

Preparatíons
Proprietary Preparations (detailỉ a re  given in  V olum e B)

Single-ingredienỉ Preporoliona. Belg.: N ocerto n e t; Fr.: Nocer- 
to n e; Gr.: N ocertone.

Pizotifen ÍBAN, ỈÌNNI

BC-1Ò5; pitsòtifẹeni; Pizoịifène; Pizotifeno;. Pizotifenum; 
PỊzơtyfen; Pizotyíine (USẠN); riM30TH(|)eH.‘: ‘ 

'.9,TÓ-plhydrọ-4-(l-methyÌpiperldin-4-ylldene)-4H;benzo[43J 
cỵelphepta[Ĩ^Tb]thiophene. . ; . 1 - .  ,

:C19H2,NS=295.4 • '
CAS - :  l5574-96-6.
AĨC —  N02CX01.
' ATC Vet—  QN02CX01.
ỤNII—  0BY8440V3N.

P h a rm a c o p o e ia s .  In  Chin.

Pizotifen Malate IBANM, riNNMi

Malato de pizotifeno; Pizotifen Hydrogen Malate; Pizotifène, 
Malate de; Pizotifeni Malas; Pizotifeno, malatọ de; Pizotyline 
Malate; riM30TM(ị)eHa ManaT.
C19H21NS,C,H60 5 = 4 2 9 5  
CAS — 5189-11-7. .
ATC —  N02CX01.
ATC Vet —  QN02CX01.

P h a rm a c o p o e ia s .  In  Br.
B P  2 0 1 4 : (P izo tifen  M a la te ) . A  w h ite  o r  s lig h tly  yellovvish- 
vvhite, o d o u rle ss  o r  a lm o s t o d o u rle ss , c ry s ta llin e  povvder. 
V ery  s lig h tly  so lu b le  in  w a te n  s lig h tly  so lu b le  in  a lc o h o l a n d  
in  c h lo ro ío tm ; sp a rin g ly  so lu b le  in  m e th y l  a lco h o l. P r o te a  
b o m  lig h t.

Uses and Administation
P iz o tife n  is a  se d a tin g  a n tih is ta m in e  (p. 610 .1 ) th a t  h a s  
s ư o n g  se ro to n in  a n ta g o n is t  a n d  vveak a n tim u sc a r in ic  
p ro p e r tie s . Í t  a lso  a n ta g o n ise s  th e  a c tỉo n  o f t ry p ta m in e . 
P iz o tì íe n  is u sed , u su a lly  as  t h e  m ala te , fo r  th e  p ro p h y la x is  
o f m ig ra in e  a n d  fo r th e  p r e v e n t io n  o ỉ  h e a d a c h e  a tta c k s  
d u r ín g  d u s te r  p e rio d s . I t  is n o t  e ííe c tiv e  in  ư e a t in g  a n  a c u te  
a tta c k . D oses o f  p izo tife n  m a la te  a re  e x p re s se d  in  te rm s  of 
th e  b a se ; p iz o tí íe n  m a la te  1 .45  m g  is e q u iv a le n t to  a b o u t 
1 m g  o f p izo tiíe n . P izo tifen  h y d ro c h lo r id e  h a s  also  b e e n  u se d  
in  th e  m a n a g e m e n t  ol m ig ra in e .

T h e  u s u a l o ra l  d o se  is t h e  e q u iv a le n t  o f 1 .5 m g  of 
p iz o tìfe n  d a ily  e i th e r  in  th re e  d iv id ed  d o se s  o r  as a  s in g le  
d o se  a t  n ig h t.  G ra d u a l in c re a se  b o m  a n  in itia l d o se  of 
5 0 0  m lc ro g ra m s m a y  h e lp  to  a v o id  u n d u e  drovvsiness. D oses 
m a y  v a ry  b o m  5 0 0  m ic ro g ra m s u p  to  a  m a x im u m  o ỉ  4 .5  m g  
d a ily ; n o t  m o re  t h a n  3 m g  s h o u ld  b e  g iv e n  as  a  s ing le  dose . 

F o r  d e ta ils  o f  d o ses  in  c h ild re n , see  b e lo w .

Adminiỉtration in children. F o r  th e  p ro p h y la x is  of 
m ig ra in e  a n d  fo r  th e  p r e v e n t ỉo n  o f h e a d a c h e  a tta c k s  d u r -  
in g  d u s te r  p e rio d s , c h ild re n  a g e d  o v e r  2 y e a rs  m a y  b e  
gi v e n  u p  to  1.5 m g  d a ily  o f  p iz o tí ỉe n  o ra lly , a l th o u g h  th e  
m a x im u m  s in g le  do se  (a t  n ig h t)  sh o u ld  n o t  e x c ee d  1 m g. 
G ra d u a l in c re a se  b o m  a n  in it ia l  do se  o f  5 00  m ic ro g ram s 
m a y  h e lp  to  a v o id  u n d u e  dxow siness.

Abdominal migraine. A b d o m in a l m ig ia in e  is a  r e c u r re n t  
d iso rd e r  s e e n  m a in ly  in  c h ild re n  a n d  c h a r a a e r ũ e d  b y  ep i- 
so d ic  m id lin e  a b d o m in a l p a in  la s tin g  ỉo r  u p  to  72  h o u rs .  
T h e  p a in  is s e v e re  e n o u g h  to  d ism p t  n o r m a l  a c tiv itie s  a n d  
m a y  b e  a s s o d a te d  w ith  p a llo r , a n o re x ia , n a u se a , a n d  
v o m it in g .1-2 S leep , a n d  so m e tim e s  v o m itin g , t e n n in a te  th e  
a tta c k .

In  One sm all s tu d y  p iz o ú fe n  w a s  ỉo u n d  to  b e  e& ective fo r 
t h e  p ro p h y la x is  oi a b d o m in a l p a in  in  c h ild re n  vvith 
a b d o m in a l  m ig r a in e ;3 h o w e v e r ,  a  sy s te m a tic  r e v ie w  
c o n d u d e d  th a t  th e r e  w a s  o n ly  w e a k  e v id e n c e  in  ỉa v o u r  o f 
su  c h  u s e  in  r e c u r r e n t  a b d o m in a l p a in  a n d  su g g ested  th a t  
p iz o tife n  s h o u ld  o n ly  b e  u s e d  in  th e  c o n te x t  o f c lin ical tria ls  
o r  in  c h i ld r e n  w i th  s e v e re  p ro b le m s  r e ừ a c to r y  to  
c o n v e n tio n a l  m a n a g e m e n t .4 P ro p h y la c tic  ư e a tm e n t  w i th  
p ro p ra n o lo l  o r  c y p ro h e p ta d in e  m a y  a lso  b e  o f b e n e íi t.5

1. H ead ach e  C ỉassỉhca tìon  Subcom m ỉttee  o f th e  ỉm e rn a tỉo n a !  H e a d a d ỉẽ  
S o d e ty . T he in te m a tío n a l dassiH catìon  of h e ad a ch e  dỉsorders: 2 nd  
e d itío n . C ephaỉaigia  2004 ; 24  (supp ỉ ỉ ) :  9 -1 6 0 . A lso avaiỉab ỉe  a u  h t tp : / /  
o o U n e l ib ra ry .w i le y .c o m /d o i/1 0 .ỉ 11 l/c h a .2 0 0 4 .2 4 . i s s u e - s l / ls s u e to c  
(accessed  1 2 /08 /10 )

2 . R usseỉỉ G, eí a ỉ . T h e  ch ild  w ỉth  r e c u rre n t a b dom ỉnal p a is ; b  it a b dom inal 
m ig ra in e?  B r  J  H ữ íp  M e d  2007; 68 : M ỉ 1 0 -M Ỉ13.

3. S y m o n  D N K  R usseỉl G . D oub le  b lỉnd  p lacebo  c o n tro lled  u ia l o l p izo tifen  
sy ru p  in  ử ie  ỉr e a tm e m  o i  ab d o m ỉn a ỉ m ỉg ra ine . A rch  D ừ  Ch iĩd  1995; 72: 
4 8 -5 0 .

4. H uerta s-C eba ỉlo s  A. e í a i. Phannaco log ica l im e rv e n tío n s  ỉo r  r e c u rre m  
ab d o m ỉn a l p a ỉn  (RA ?) a n d  ỉrr itab le  bow el sy n d ro m e  (IBS) in  ch ildhood . 
A vailab le  ỉn  T he  C o c h ran e  D atabase  o f Sys tem atỉc  R evỉew s; Issue  1. 
C h ich e sre n  J o h n  W lley; 2008  (accessed 1 4 /12 /10 ).

5. W ữ raw attan a k u ỉ M . et a i. A bd o n ú n al m igra ỉne: p ro p h y lac d c  ư e a tm e n t 
a n d  fo llow -up . J  P e d u t r  G astroentcrol N u tr  1999; 28 : 37 -40 .

M ig r a in e  a n d  d ú s t e r  h e a d a c h e .  P izo tífen  h a s  b e e n  vvide! / 
u s e d  fo r  t h e  p ro p h y la x is  o f  m ig ra ỉn e  (p. 6 7 0 .3 )  b u t  e v -  
d e n c e  ío r  its  e fficacy  is lim ited . I t  h a s  also  b e e n  t r ie d  in  t h : 
m a n a g e m e n t  o f  d u s te r  h e a d a c h e  (p . 6 7 0 .1 )  to  p r e v e r t  
h e a d a c h e  a tta c k s  d u r in g  a  d u s te r  p e rio d .

R e íe re n c e s .
1. C ỉe ỉa n d  PG, e í  a l  S tud ies  to  assess ư  p ixo iiỉen  p ro p h y lax is  ỉmprovx s 

m ỉg ra ỉn e  b e y o n d  th e  b e n e ũ t oữ ered  b y  a cu te  su õ ìa tr ip ta n  the rap  f  
a lo n e . B u r  N a t r o l  1997; 38: 3 1 -8 .

2 . B a m e s  N, M U lm an G. D o p ỉzo tiíen  o r  p rop ran o ỉo ỉ rcd u c e  th e  frequen< f  
o f  m lg ra ln e  h e a d a c h e ?  A n h  D ử  O tỉ ỉđ  2004 ; 8 9 :6 8 4 -5 .

Adverse Effects and Precautions
A s fo r  t h e  s e d a tin g  a n tìh is ta m in e s  in  g e n e ra l, s e e  p . 613 . 
a n d  p . 6 1 3 .3 .

In c re a s e d  a p p e tỉ te  a n d  w e ig h t g a in  m a y  o c c u r vvit' 1 
p iz o tífe n . D rovvsiness m a y  b e  ư o u b le so m e .

Incidence of adverse effeds. A d v erse  eH ects w e re  n o te  I 
in  22  o f  4 7  p a tie n ts  w i th  s e v ere  m ig ra in e  g iv e n  p izo tife n  
to  2 m g  d a ily .1 T h e se  re a c tio n s  in d u d e d  vveigh t increaS ': 
(15  p a tie n ts ) ,  m u sc le  p a in  o r  c ra m p s  (3 p a tie n ts ) ,  h e a v y  o  • 
re s tle ss  legs (3 p a tie n ts ) , Ouid re te n tio n  (3 p a tie n ts ) ,  drovv 
s in ess  (2 p a tie n ts ) ,  m o re  í r e q u e n t  m ild e r  h e a d a c h e s  ( 
p a tie n ts ) , íac ia l A ush ing  (1 p a tie n t) .  re d u c e d  iib ido  ( 
p a tie n t) ,  e x a c e rb a tio n  of ep ilepsy  (1 p a tie n t) ,  a n d  d re a m  
in g  (2 p a tie n ts ) .  A d v erse  e ííec ts  n e c e s s ita t in g  w ith d ra w a  
o c c u rre d  in  11 p a tie n ts .

1. P ee t K M S. Use o ỉ p izo tìíen  in  severe  m ỉg ra ine: a lo n g - te rm  study . C ur ■ 
M e d  R es Opin  1977; 3: 192-9 .

Porphyria. T h e  D ru g  D a ta b ase  fo r  A c u te  P o rp h y ria , co m  
p ile d  b y  th e  N o rw eg ia n  P o rp h y ria  C e n ơ e  (N A PO S) anc 
th e  P o rp h y ria  C e n tre  S w ed e n , c lassiíies p iz o tífe n  as  possi 
b ly  p o rp h y rin o g e n ic ;  it  sh o u ld  b e  u s e d  o n ly  w h e n  n o  safe  
a l te m a t iv e  is a v a ila b le  a n d  p r e c a u tio n s  s h o u ld  b e  co n sid  
e re d  in  v u ln e ra b le  p a tie n ts .1

1. T he  D rug  D aiabase  ío r  A cute  P o rp h y ria . A vaỉlable a u  h ttp : //w w w  
d ru g s-p o ip h y ria .o rg  (accessed 11 /04 /11 )

Interađions
A s ío r  th e  s e d a tln g  a n d h is ta m in e s  in  g en e ra l, se e  p . 614 .3 .

A n t ih y p e r te n s iv e s .  A ỉte r  a r e p o r t1 o f  loss o ỉ b lo o d  pressu rc  
c o n ư o l  w h e n  ư e a tm e n t  w i th  p iz o ti ỉe n  w a s  s ta n e d  in  í  
p a t ie n t  re c e iv in g  debrísoquine th e  m a n u f a c tu r e r  suggestec  
t h a t  s in c e  p iz o tí ỉe n  h a d  a s im iỉa i C hem ical s ư u c tu r e  to  the  
t r ic y d ic  a n tìd e p re s s a n ts  it  m ig h t a n ta g o n ise  t h e  a c tio n s  Oỉ 
a d re n e rg ic  n e u ro n e  b lo d cers  in  a  s im ila r  m a n n e r .

1. B a ilty  RK. A n u g o n is m  o f  d e b ris o q u in e  su lp h a tc  b y  p iz o tlfe r  
(S a n d o m ig ran ). N Z M t d J  1976; 1: 449.

Pharmacokinetics
P izo tifen  is w e ll a b so rb e d  b o m  th e  g a s tro in te s tin a l  ơ a c t  a n d  
p e a k  p la sm a  c o n c e n tra tio n s  o c c u r a b o u t  5 h o u r s  a f te r  a 
s in g le  o ra l d o se . O v e r 90 %  is b o u n d  to  p la s m a  p ro te in s . 
P izo tU en u n d e rg o e s  e x te n s iv e  m e ta b o lism . O v e r  h aU  o f a 
d o se  is e x c re te d  in  th e  u r in e ,  m a in ly  as m eta b o lite s ; a 
s ig n iE c a n t p ro p o r t io n  is e x c re te d  in  t h e  íaeces . T h e  p rim a ry  
m e ta b o li te  o f  p iz o tife n  ( / / -g lu c u ro n id e  c o n ju g a te )  h a s  a 
lo n g  e lim in a tio n  h a lỉ- lỉfe  o f a b o u t 2 3  h o u rs .

D isư ib u t io n  in to  m ilk  h a s  b e e n  ỉo u n d  in  animal s tu d ies .

Preparations
Proprietary P reparatio iu  (details are g iven  in V olum e B)

Single-ingredìent Preparalions. Arg.: Sandom ìgran; AustraL: 
Sandom igran; Belg.: Sandom igran; Braz.: Sandom igran;
Canad.: Sandom igran; Cz.: Sandom igran; Denm.: Sandom igrin; 
Fr.: Sanm igran; Gr.: M osegon Hong Kong: S andom igraa ' 
Indon.: Lysagon ỉrì.: Sanom lgran; Itai.: Sandom igran; Malay- 
sia: Sandom igran; Neứi.: Sandom igran: NZ: Sandom igran; Phi- 
ỉipp.: L ite c  M or-V ĩta; M osegon PoL: Polom igran; S-Afr.: San- 
dom igran; Spain: M osegon Sandom igran; Swed.: Sandom igrin; 
Swìtz.: M osegort; Thai.: Anorsia; Bozo; M anzoỉen; M igrin; 
M osegon M oselan  M oziíen-EF; Pizomed; Zofen; Turk.: Sando- 
m igran; UK: Sanom igran.

MubKngredìenỉ Preporalions. PhOipp.: Appetens; M osegor Vita.

Pharm acopoeial Prep o ro lions
BP 2014: P izod íen  Tablets.

Rixatriptan Benxoate
IBANM, USAN, plNNMI

Benzoato’ de 'rizatriptán; MK-0462; MK-4Ộ2; Ritsatriptaanl- 
■ bentsoaatti; Rizatriptan, Benzoate de; Rizatriptán, benzoato 
de; Rizatriptani Benzoas; PM3aTpyirrraHa 6eH30aT.
3-[2-(Dimethylamino)ethyl]-5-(TH-l,2,4-triazol-l-ylmethyl) 

Ịindole monóbenzoate; DimethyÌ{2-[5-(ÌH-l,2,4-triazol-l- 
ylmethyl)indol-3-yQethyl)amine mõnobenzoate. 
ClsH19N5,C7Hạ02= 3 9 1 i

All cross-reỉerences reíer to entries in Volume A

http://www
http://www


Oxetorone Fumarate/Sumafriptan 6 7 9

CAS —  ì44034-80-0 (rìzaữiptan); Ỉ452Ơ2-66-Ũ (rizafííptan 
bemoate).
ATC —  N02CC04.__
ATC Vet —  QN02CC04.
UNII —  WR978S7QHH.

p h a rm a c o p o e ia s .  I n  Eur. (see  p . v ii)  a n d  us.
P h .  E u r .  8 : (R iz a tr ip ta n  B e n z o a te ) . A  vvhite o r  a lm o st w h ite  
p o w d e r  o r  crysta ls . S o lu b le  in  vvater; sp a rin g ly  so lu b le  ỉn  
a lco h o l; s lig h tly  so lu b le  in  d ic h lo ro m e th a n e . It sh o w s  
p o ly m o rp h isx n .

U S P  36 : (R iz a tr íp ta n  B e n z o a te ) . A  w h i te  to  a lm o s t w h ite  
c ry s ta ll in e  p o w d e r . S o lu b le  in  w a te r ;  sp a rin g ly  so lu b le  Ịn  
a lc o h o l; s lig h tly  s o lu b le  in  d ỉc h lo ro m e th a n e .

Uses and Administration
R iz a tr ìp ta n  is a  se le c tiv e  s e ro to n in  (5-H T() a g o n is t w ith  
a c tio n s  a n d  uses  s im ila r  to  th o se  o f  s u m a tr ip ta n  (belo tv ). I t  is 
u s e d  fo r  t h e  a c u te  t r e a tm e n t  o ! t h e  h e ã d a c h e  p h a se  of 
m ig ra in e  a tta c k s . I t  s h o u ld  n o t  b e  u s e d  fo r p ro p h y lax is. 
R iz a tr ìp ta n  is g iv e n  as  t h e  b e n z o a te , a n d  doses a re  ex p ressed  
in  te rm s  o i  th e  b a se ; r iz a tr ip ta n  b e n z o a te  14.5 m g  .is 
e q u iv a le n t  to  ạ b o u t  10 m g  of r iz a tr ip ta n .

T h e  l ic e n se d  d o se  in  th e  U K  o f r iz a tr ip ta n  is th e  
e q u iv a le n t  ỏ f lO tn g  o ra lly . If th is  is  in e h e c tiv e , a s e co n d  
d õ se  s h o u lđ  n o t  b e  t a k e n  fo r th e  s a m e  a ttack . ư sy m p to m s 
r ẹ c u r  a f te r  a n  in it ia l  resp o n se , a  t u n h e r  dose  o f l õ m g  m a y  
b e  ta k e h  a ỉ te r  a n  in te r v a l  of a t  le a s t  2  h o u rs .  I n  th e  USA 
lic e n se d  d o se s  ó f  5 o r  lO m g  a re  u s e d . T h e  re c o m m e n d e d  
m a x im u m  d o se  in  2 4  h o u r s  ã  2 0  m g  in  th e  UK a n d  30  m g  in  
th e  USA . A  re d u c e d  do se  of 5 m g  is rec o m m e n d e d  in  
p a d e n ts  a lso  re c e iv in g  p r o p ra n o lo l  (see  In te ra c tio n s , 
b e lo w ), w i th  .the  m a x im u m  do se  i n  2 4  h o u rs  r e d u c e d  to  
10 m g  i n  t h e  U K  a n d  1 5 m g  in  th e  USA. I t is also  
r e c o m m e n d e d  th a t  đ o se s  o f  th e  2 d r u g s  sh o u ld  b e  se p ara te d  
b y  a t  l e a s t  2  h o u rs .

F o r  d o s e s  in  c h ild re n  a n d  in  h e p a tic  o r  re n a l  im p a in n e n t,  
see  b e lo w .

A d m in iỉ tr a t io n  in  c h ild re n . In  t h e  U S A  t ũ a t r ip t a n  is 
lic e n se d  f o r  th e  ơ e a tm e n t  o f a c u te  m ig ra in e  in  c h ild re n  
a n d  a d o le sc e n ts  a g e d  6  to  17 y e a rs .  A  sing le  o ra l d o se  of 
5 m g  m a y  b e  g iv e n  to  c h ild re n  v veigh ing  less t h a n  4 0  kg 
a n d  lO m g  to  th o s e  w e ig h in g  4 0  k g  o r  m o re . I n  c h ild re n  
a lso  re c e iv in g  p ro p ra n o lo l  (see In te ra c tio n s ,  b c lo w ), a  s in -  
g le  d o se  o f  r iz a tr ip ta n  5 m g  is re c o m m e n d e d  in  th o se  w h o  
w e ig h  4 0  k g  o r  m o re ;  hovvever, i t  s h o u ld  n o t  b e  g iv e n  to  
th o se  vvho w e ig h  less  th a n  4 0  kg . T h e  sa íe ty  a n d  efficacy 
o ỉ  a  s e c o n d  dose  h a v e  n o t  b e e n  e s ta b lish e d .

A d m in is tr a t io n  in  h e p a t ic  o r  r e n a l  im p a irm e n t.  UK
lic e n s e d  p ro d u c t  in ỉo r m a t io n  re c o m m e n d s  th a t  in  p a tie n ts  
vtdth m ild  to  m o d e r a te  h e p a tic  o r  r e n a l  im p a in n e n t ,  th e  
o ra l  d o se  o f  r iz a tr ip ta n  sh ọ u ld  b e  re d u c e d  to  5 m g . If th e  
h e a d a c h e  re c u rs  a f te r  a n  in it ia l  r e sp o n se , a  íu r th e r  d o se  of 
5 m g  m a y  be  ta k e n  a l t e r  a n  in tc r v a l  o f  a t  le a s t 2  h o u rs . 
T h e  re c o m m e n d e d  m a x im u m  d o se  i n  2 4  h o u rs  i n  th ese  
p a tie n ts  is  lO m g . I t  is a lso  r e c o m m e n d e d  th a t  I iz a tr ip ta n  
s h o u ld  n o t  b e  u s e d  in  p a tie n ts  w í th  se v ere  h e p a tic  o r  re n a l  
im p a i im e n t .

M ig r a in e .  F o r c o m p a r iso n  of th e  r e la tiv e  b e n e íi ts  o f  d iíle r-  
e n t  t r ip ta n s  in  m ig ra in e , see  u n d e r  S u m a tr ip ta n ,  p. 680 .1 . 

F u r th e r  re te re n c e s .
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3. A h o n e n  K. et a i. A ran d o m ỉze d  trìal of r tza tr íp ta n  in m ỉg ra ine  a ttacks in 
c h iỉd re n . N euroỉogy  2006 ; 67 : 1 ỉ  35—40.
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s u m a tr ip ta n  100 m g: a n  ev id en ce-b ased  a naly sỉỉ. E xp e rt Rev  N tu ro th e r  
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Adverse Effects and Precautions
A s fo r  S u m a tr ip ta n ,  p .  6 8 0 .2  a n d  p .  6 8 1 .2 . T ox ic  e p id e n n a l 
n e c ro ly s is  h a s  a lso  b e e n  re p o r te d  vv ith  riz a tr ip ta n .

R iz a tr ip ta n  s h o u ld  b e  g iv ẹn  w i th  c a u tio n  t o p a d e n t ỉ  w ith  
m ild  o r  m o d e r a te  h e p a tic  o r  r e n a ỉ  im p a irm e n t;  UK lic e n sed  
p r o d u c t  in ío r m a t io n  c o n tra - in d ic a te s  its  u se  in  m o re  sev ere  
im p a irm e n t.

P o rp h y r io .  T h e  D n ig  D a ta b ase  ỈOT A c u te  P o tp h y ria , co m - 
p ile d  b y  th e  N orvveg ỉan  P o tp h y r ia  C e m re  (NA POS) a n d  
th e  P o rp h y r ia  C e n t te  S tv e d en , d a s s ih e s  r iz a tr ìp ta n  as po s- 
s ib ly  p o i p h y t in o g e n ic  i t  s h o u ld  b e  u se d  o n ly  w h e n  n o

sa te r  a l te m a t iv e  is a v a ila b le  a n d  p re c a u t io n s  s h o u ld  b e  
c o n s id e re d  in  v u ln e ra b le  p a tie n ts .1

1. T he D rug  D ata  b a  se  fo r A c u te  Porphy ría . A vaỉỉab ỉe  a v  h rtp .7 /w w w . 
d ru g s-p o rp h y r ta .o rg  (accessed 11 /04 /11)

Interactions
As fo r  S u m a tr ip ta n .  p . 6 8 1 .3 .

P ro p ra n o lo l  in c re a se s  p la s m a -r iz a tr ìp ta n  c o n c e n tra t io n s  
a n d  it is re c o m m e n d e d  th a t  lo w e r  doses o f r iz a tr ip ta n  s h o u ld  
b e  u s e d  in  p a tie n ts  rec e iv in g  b o th  d ru g s  (se e  U ses a n d  
A d m in is tra t io n , a b o v e ).

Fharmacokinetics
A fter  o ra l  d o se s , p e a k  p la s m a -r iz a tiip ta n  c o n c e n tra t io n s  
o c c u r in  a b o u t  1 to  2 .5  h o u r s  d e p e n d in g  o n  th e  ỉo rm u la t io n . 
B io av a ila b ility  is  a b o u t  4 0  to  4 5 % . F o o đ  m a y  d e la y  th e  tim e  
to  p e a k  p la sm a  c o n c e n tra t io n s  o f th e  ta b le t  fo rm u la t io n  b y  
a b o u t  1 h o u r .  P la sm a  p r o te in  b in d ỉn g  is lo w  (1 4 % ).

R iz a tr ip ta n  is  m e ta b o lis e d  m a in ly  b y  m o n o a m ỉn e  o x id ase  
ty p e  A  to  t h e  in a c tiv e  in d o le  acetic  a d d  d e riv a tiv e . T h e  
a c tiv e  .m e ta b o lite  JV -m o n o d e sm eth y l-r iz a trip ta n  is ío rm e d  
tó  a  m in o r  d e g re e ;  o th e r  m in o r  m e ta b o li te s  a re  a lso  
p ro d u c e d . A b o u t  14%  o f a n  o ra l d o se  is e x c re te d  in  th e  
u r in e  a s  u n c h a n g e d  r ú a t r ip ta n ,  5 1 %  a s  t h e  in d o le  ac e tic  
a d d  m e ta b o li te , a n d  n o  m o re  t h a n  1%  a s  N -m o n o -  
d e s m e th y l- r iz a tr ip ta n .  T h e  p lasm a  haU -life  is a b o u t  2 to  3 
h o u rs .

D is tr ìb u tio n  in to  m ilk  h a s  b e e n  fo u n d  in  s tu d ie s  in  rats. 
R e íe re n c e s .

t .  Lee Y. t í  a l  P h a rm ac o lú n e tỉc s  a n d  to ỉe rab d ỉty  o f  o ra ỉ r íza tr íp ta n  in  
h e a lth y  m a ỉe  a n d  íem aỉe  v o lu n te e rs . B r  1  C lm  Ph arm aco ỉ ỉ 999; 4 7 :3 7 3 -6 .

2. G oldberg  M R, t í  a i  R iza trip tan . a n ove l 5-H T ib/id ago n ist fo r m lg ra ine: 
íin g le -  a n d  m u]tip ]e-dose  ỉo le rab ility  a n d  p h a rm a co k ỉn e tỉc s  ỉn  h e a lth y  
sub jects. J  ơ i n  Pharm acot 2000 ; 40 : 74 -63 .

3. V yas KP, t í  a i . D U posỉtíon  a n d  p h a n n ac o k ỉn e tỉc s  o t th e  an tím ig ra ln e  
drug . r ỉx a trỉp tan , ỉn  huxnans. D ru g  M etứb D ispos  2000; 2 8 : 8 9 -9 5 .

4. Svvan SK. t í  a i . P h a n n a c o k ỉn e tỉc  profile  o f  r ỉx ao ip tan  10 -m g  tab le t a n d  
10* m g ora ỉly  d ỉs in teg ra tln g  ta b ỉe t a d m in ỉs tered  w ỉth  o r  w ith o u t  w a te r  In 
h c a lth y  sub jec ts : a n  o p e n -ỉa b e ỉ. ia n d o m iz ed . sing le-dose , 3 -period  
c ro sso v e r s tu đ y . J  CUĩt Ph arm aeo ỉ 2006; 46 : 172-6 .

Preparatíons
Proprietary Preparations (details a re  givẽb in  V olum e B)

Single-ingredient Preporations. AustraL: M axalt; Austrũr. M ax- 
aìv.Belg'M axalt; B r k .: M axalt' CatuuL: M axalt; chile. M axalt; 
China: O uliting ShanQ ing (#?S); X in Qu
Denm.: M axalc  Fht.: M axalt; Fr.: M axalt; M axaltlyo; Ger.-. 
M axait; Gr.: M axalt; M odinol; India: R ízacc Israel: Rizaỉt; Ital: 
M axalt; Rizaliv; Trizadol; Mex.: M axaltỷ; Neth.: Latariz; M axalt; 
R izatan; Triptosig; Norw.: M axalt; NZ: M axalt; PoL: M axalt; 
PorL: M axalt: M igroff; S.Afr.: M axaỉt; Spaút: M axalt; SwetL: 
M axalt; Switz.: M axalp  Turk.: M axalt; UK: M axalt; USA: M ax- 
alt; Veneỉ.: M axalt.

Sumatriptcm /BAN, riNNì

GR-43175X; Sumaữiptaani; Sumatriptán; Sumatriptanum; 
Surnatryptan; CyMaTpMirraH.
3-(2-Dimethylaminoeửiyl)indol-5-yl-N-methylmethanesulfo- 

' namide. ;
C,4Hj,N302S=29S.4
CAS —  103628-46-2. :
ATC —  N02CC01.
ATC Vet —  QN02CC01.
UNII —  8R78F6L9VO.

P h a rm a c o p o e ia s .  In  Br. a n d  us.
B P  2 0 1 4 : ( S u m a trip ta n ) .  A  vvhite to  p a le  yellovv p o w d e r . 
V ery  s lig h tly  so lu b le  in  w a te r .  P ro te c t f ro m  lig h t.

U S P  3 6 : ( S u m a trip ta n ) .  A  w h i te  to  p a le  y e llo w  p o w d e r . 
V ery  s lig h tly  s o lu b le  in  vvater. S to re  in  a ir t ig h t  c o n ta in e rs  a t 
b e lo w  30  d e g re e s . D o  n o t  a Iỉo w  to  f reeze . P ro te c t  fro m  lig h t.

Sumatriptan Succinate ỊBANM, USAN, ríNNMì

GR-43Ị75C; SN-308; Sucdhato Ịdẹ sumahiptán; Sumatriptaa- 
nisuksinaaữi; Sumatriptan, succinate de; Sumatriptần, 
súcéinato de; Sumaữiptani Succcinạs; Sumatriptạni súccinạs; 
Sunriátriptano sukcinatas; .Sumảtriptansùcdnat; Sunriàtriptan-

i.sukcinát; Sumaưlptanurp Succinas; Sumatryptanu burszty- 
nian; Szumatriptánszukcinát; CyMaTpnnTaHa CỵKCMHaT.1 . . 
^ 2 , ^ 0 , 5 , ^ 0 4 = 4 1 3 . 5
C45 —  103628-47-3 (sumaơiptan hemisucơnate); 103628-48-
4 (sumatriptan sucànate). ................. L

rATC —  N02CC01. ■ '
'Ấ rc  Vet —  QN02CC01. v . .
u m  —  J8BDZ68989. • • '

P h a r m a c o p o e ia s .  I n  Eur. (se e  p . v ii) a n d  us.
P h .  E u r .  8 : (S u m a tr ip ta n  S u c d n a te ) .  A  w h i te  o r  a lm o s t 
w h i te  p o w d e r .  F re e ly  s o lu b le  in  w a te n  p ra c tic a ily  in so lu b le  
ỉn  d ic h lo ro m e th a n e ;  s p a rin g ly  so lu b le  in  m e th y l  a lc o h o l. A  
1%  so lu t io n  in  w a te r  h a s  a  p H  o f 4 .5  to  5 .3 . P ro te c t  b o m  
lig h t.

U S P  36: (S u m a trip ta n  S u c d n a te ) .  A  w h ite  o r  a lm o s t w h ite  
p o w d e r . F reely  so lu b le  in  w a te r;  sp a rin g ly  s o lu b le  in  m e th y l 
a lco h o l; p rac tica lly  in so lu b le  in  d ic h ỉo ro m e th a n e . S to re  i n  
a ir t ig h t  c o n ta in e rs  a t  a  te m p e ra tu re  n o t  ex c ee d in g  3 0  
d e g rees . Do n o t a llo w  to  fre e z ẽ . P r o te a  b o m  lig h t.

StobitHy. O ral l iq u id  p re p a ra tio n s  of s u m a tr ip ta n  5 m g /m L  
p re p a re d  h o m  c ru s h e d  su m a tr ỉp ta n  s u c d n a te  tab le ts  ìn  3 
d iổ e re n t  sy rups w e r e  s ta b le  fo r  a t  least 21  d ay s w h e n  
s to re d  a t  4  deg rees  a n d  p r o te a e d  b o m  l ỉg h t.1 

ỉ .  H sh  DN, t í  a i  S tab ility  o f  su ìn a tr ỉp ta n  su c d n a te  ỉn  e x tem p o ra n eo u s ỉy  
p repa red  o ra ỉ liqu ids. A m  J  H ea ltk-Syst P h arm  1997; 54: 1619-22 .

Uses and Administration
S u m a tr ip ta n  is a  s e le c d v e  se ro to n in  a g o n is t t h a t  acts a t  5 - 
H T, recep to rs  a n d  p ro d u c e s  v a so c o n s tr ic tio n  o f  c ra n ia l 
a ite r ie s . D rugs s u c h  a s  su m a tr ip ta n ,  w h ic h  a re  c o m m o n ly  
k n o w n  as trip tan s , a re  b e lie v e d  to  a c t  m a ỉn ly  a t  5 -HT ib a n d
5-H T id sub ty p e  r e c e p to rs  a n d  a re  th e r e ío r e  so m e tim e s  
r e íe ư e d  to as  5HTtB, lD- re c e p to r  agon is ts .

S u m a trip ta n  is u s e d  fo r  th e  a c u te  t r e a tm e n t  o ỉ  m ig ra in e  
a tta c k s  an d  o f  d u s te r  h e a đ a c h e . I t  sh o u ld  n o t  b e  u se d  fo r  
p ro p h y la x ũ . I t m a y  b e  g iv e n  o ra ỉly , s u b c u ta n e o u s lỵ , o r  
t ra n sd ẽ n n a lly  as th e  s u c d n a te  a n d  in tra n a s a lỉy  as  th e  b a se . 
D oses a re  ex p re sse d  i n  te rm s  o f  th e  b a se ; su m a tr ip ta n  
s u c d n a te  70  m g is e q u iv a le n t  to  a b o u t  50  m g  o f su m a trip -  
ta n .

F o r th e  a c u te  t r e a tm e n t  o ỉ  m l g r a in e  s u m a tr íp ta n  s h o u ld  
b e  u se d  as so o n  as  p o ss ib le  a í te r  th e  o n se t  o ỉ  th e  h e a d a c h e  
p h a se , b u t  eỉB cacy is  i n d e p e n d e n t  o ỉ  th e  d u r a d o n  of th e  
a t t a d t  b e ío re  s ta r tin g  tre a tm e n t.  If n o  re sp o n se  is o b ta in e d  
w ith  th e  in itia l d o se  b y  a n y  ro u te ,  a  seco n d  d o se  sh o u ld  n o t  
b e  g iv en  for th e  s a m e  a tta c k .
•  I t is g iven  orally to  a d u lts  ag e d  18 y e a rs  a n d  o v e n  th e  

rec o m m e n d e d  d o se  in  th e  U K  is 50 m g , a l th o u g h  so m e  
p a tie n ts  m a y  r e q u ứ e  lO O m g. A  d in ỉc a l  r e sp o n se  c a n  b e  
e x p ected  a f te r  a b o u t  30  m in u te s .  I ỉ  sy m p to m s  re c u r  a ỉ te r  
a n  in itia l re sp o n se , h i r t h e r  doses m a y  b e  g iv e n  p ro v id e d  
th a t  th e re  is a  m in im u m  in te rv a l  o f 2  h o u r s  b e n v e e n  
doses a n d  th a t  n o t  m o re  t h a n  3 0 0  m g  is t a k e n  in  a n y  2 4 -  
h o u r  period . u s  lic e n se d  p ro d u c t  in ío rm a t io n  rec o m - 
m e n d s  th a t  a  lovver d o se  o f 2 5  m g  m a y  b e  u se d , a lth o u g h  
so m e p a tìe n tỉ  r e q u ir e  50  o r  100 m g . T h is m a y  b e  
ỉo lỉo tved  b y  a  s e c o n d  d o se  o f u p  to  lO O m g ư  th e  
h e a d ac h e  re tu m s  o r  t h e  p a tie n t  h a s  a  p a rt ìa l  re sp o n se  
p ro v id ed  th a t  t h e  to ta l  d a ily  do se  d o es  n o t  ex c ee d  th e  
rec o m m e n d e d  m a x ỉm u m  of 2 0 0  m g . A  m in im u m  
in te rv a l o f 2 h o u r s  is r e c o m m e n d e d  b e tw e e n  doses. A  
ta b le t  su p p ly in g  a  d o se  e q u iv a le n t  to  85  m g  o f  
su m a trip tan . as  a  f ix e d -d o se  c o m b in a tio n  vvrith 500  m g  
o f n a p ro x e n  s o d iu m , is a lso  av a ilab le  i n  t h e  U S A  a  s in g le  
do se  m a y  b e  ta k e n ,  re p e a te d  o n c e  v v ith in  2 4  h o u rs  u  
necessary . vvith a  m in im u m  in te rv a l  o f 2  h o u rs .

•  W h e n  u se d  ùitranasally a  d in ic a l  r e sp o n se  c a n  b e  
e x p e a e d  in  15 m in u ĩe s .  UK  lic e n sed  p r o d u c t  in ío rm a t io n  
rec o m m e n d s  th a t  p a tie n ts  a g e d  18 y ea rs  a n d  o v e r  m a y  b e  
g iv en  a sing le  d o s e  o f  2 0  m g  in to  o n e  n o s tr i l ,  a l th o u g h  
10 m g  m a y  b e  e ỉfe c tiv e  in  so m e  p a tie n tỉ .  US lic e n sed  
p ro d u c t in ío rm a t io n  r e c o m m e n d s  th a t  a  d o se  ọ ỉ  5 ,1 0 , o r  
2 0  m g  m a y  b e  u s e d . I£ sy m p to m s rec u r , a  s e co n d  d o se  
m a y  be g iv en  a t  le a s t  2  h o u rs  a fte r  t h e  firs t dose . N o t 
m o re  th a n  4 0  m g  s h o u ld  b e  u se d  in  a  2 4 - h o u r  p e rio d .

•  In  p a d e n ts  a g e d  18 y e a rs  a n d  o v e t  s u m a t iip ta n  m a y  b e  
seU -adm in is teređ  b y  subcutaneous inịtaion in  a  sing le  do se  
o f 6 mg: a  d in ic a l  r e sp o n se  m a y  b e  e x p e c te d  a f te r  10 to  15 
m in u te s . u  sy m p to m s  ré c u r , a  s e co n d  d o se  o f 6 m g  m a y  
b e  in ịec ted  a t  le a s t  o n e  h o u r  a h e r  th e  firs t dose; n o t  m o re  
th a n  12 m g s h o u ld  b e  g iv e n  in  a  2 4 - h o u r  p e rio d . u s  
licensed  p ro d u c t in ỉo tm a t io n  re c o m m e n d s  th a t  it m a y  
also  be u se d  in  s in g le  doses  o f 1 to  5 m g  if a d v e tse  e íỉec ts  
a re  dose -lim itin g . A  needỉe-Ịree subcutaneous delivery System 
is also a v a ílab ỉe  í o r  th e  d e liv e ry  o f  6 -m g  doses.

• A n  iontophoretứ transdermal d e liv e ry  System , su p p ly in g
6.5 m g  o f s u m a tr ip ta n  o v e r  4  h o u rs , m a y  a lso  b e  u se d  b y  
p a tie n ts  ag e d  18 y e a rs  a n d  o v e r. I t  s h o u ld  b e  a p p lie d  to  
d ry , in tac t, a n d  n o n - ir r i t a te d  sk in  o n  t h e  u p p e r  a rm  o r  
th ig h ; it sh o u ld  n o t  b e  a p p lie d  to  a  p re v io u s  a p p ỉic a tio n  
s ite  untU  th e  s k in  re m a in s  e ry th e m a  f re e  ío r  a t  lea s t 3 
days. II sy m p to m s  re c u r ,  a  se c o n d  System  m a y  b e  a p p lie d  
to  a  d iíle re n t s ite  a t  lea s t  2  h o u r s  a ỉ te r  a c tiv a tio n  o f t h e  
firs t System; n o t  m o re  t h a n  2  System s s h o u ld  b e  u se d  in  a 
2 4 -h o u r  p e rio d .

F o r  th e  a c u te  ư e a tm e n t  o í  d u s t e r  h e a d a c h e ,  s u m a tr ip ta n  
s u c d n a te  is g iv e n  b y  s u b c u ta n e o u s  in je c tio n  ỉn  s im ila r  d o se s  
to  th o se  u se d  fo r  m ig ra in e .

F o r  doses in  c h ild r e n  a n d  in  h e p a tic  im p a lrm e n t,  se e  
b e to w  a n d  p . 6 8 0 .1 , re sp e c tiv e ly .

Adminisừatíon in chíidren. S u m a tr ip ta n  m a y  b e  g iv eh  fo r  
th e  ư e a tm e n t  o f  a c u te  m l g r a l n e  in  c h ild re n  a n d  a d o le s -  
ce n ts . A lth o u g h  n o t  lic e n s e d  fo r  o ra l  p a e d ia t r ic  u se  in  t h e  
UK , th e  BNFC su g g e sts  th a t  a  s ing le  oral d o se  o f 25 m g  
m a y  be  g iv en  to  c h iỉd r e n  a g e d  6  to  10 y e a rs , 50  m g  to  
th o se  agèd  10  to  12 y e a ts ,  a n d  5 0  to  100  m g  to  th o se  a g e d

The Symbol t  denotes a preparation no longer actively marketed
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12 to  18  y e a rs . T h e  do se  m a y  b e  r e p e a te d  o n c e  a f te r  a t 
le a s t  2  h o u r s  u  sy m p to m s  r e c u r  a í te r  a n  in it ỉa l  r e sp o n se . 
c h i ld r e n  ag e d  10  to  18 y e a rs  m a y  a lso  b e  g iv e n  th e  u s u a l  
a d u lt  subcuUmeous d o se  (se e  p .  6 7 9 .3 ) .

I n  t h e  UK, intranasaỉ s u m a t r ip ta n  is lic e n se d  fo r  u s e  in  
a d o le sc e n ts  a g e d  12 to  17 y e a rs  in  a  d o se  o í  lO m g  in to  o n e  
n o s tr iỉ;  t h e  d o se  m a y  b e  r e p e a te d  a f te r  a t  l e a s t  2  h o u r s  ư  
sy m p to m s  r e c u r  v v ith in  2 4  h o u r s  a l th o u g h  n o t  m o re  th a n  
2 0  m g  s h o u ld  b e  u s e d  w i t h i n  a  2 4 - h o u r  p e r io d .  
A lte m a tív e ly , t h e  BNFC su g g e sts  t h a t  th e  u s u a l  a d u lt  dose  
o f  10  to  2 0 m g  (see  p . 6 7 9 .3 ) m a y  b e  u s e d  in  th o se  a g e d  12 
y e a rs  a n d  over.

If n o  resp o n se  is o b ta in e d  w i th  th e  in itia l d o se  b y  a n y  
ro u te ,  a  seco n d  d o se  sh o u ld  n o t  b e  g iv e n  fo r t h e  s a m e  a tta c k .

S u m a tr ip ta n  h a s  a lso  b e e n  tr íe d  in  t h e  ữ e a tm e n t  o f a c u te  
c l u s t e r  h e a d a c h e .  T h e  BNFC su g g e sts  t h a t  c h ild re n  a g e d  10 
to  18  y e a rs  m a y  b e  g iv e n  subcutartious doses  s im ila r  to  th o se  
s u g g e s te d in a d u l ts  ( s e e p .  6 7 9 .3 ); a l te m a tiv e ly ,  s u m a tr ip ta n  
m a y  b e  gi v e n  intranasalỉy to  c h ild re n  a g e d  12 to  18 y e a rs  in  
doses  s im ila r  to  th o se  su g g e ste d  fo r  u se  in  a d o le sc e n ts  w ith  
m ig ra in e .

Administratỉon in hepatic impairment. S u m a tr íp ta n  
s h o u ld  b e  u se d  w ith  c a u tio n  in  p a tie n ts  w ith  h e p a tic  
im p a irm e n t.  A n  o ra l  d o se  o f  u p  to  50  m g  is c o n s id e re d  su i- 
tab le . Í t  sh o u ld  n o t  b e  g iv e n  to  p a tie n ts  w ith  s e v ere  
im p a irm e n t.

High-altitude disorders. S u m a tr ip ta n  h a s  b e e n  tríe d  w ith  
so m e  success  in  a  sm all s tu d y 1 fo r  th e  p r e v e n t io n  o f sy m p - 
to m s  o f  a c u te  m o u n ta in  s ic k n ess  (p . 1276 .2 ).

ỉ .  Ja fa rỉan  s. e l a l. S u m atr íp tan  for p re v e n tỉo n  o í a cu te  m o u n ỉa in  sickness: 
r a n d o m ừ e d  d in ic a ỉ tiia l. A n n  N eu ro l 2007; 62: 2 7 3 -7 .

Migraine and duster headache. T h e  u se  o f  s u m a tr ip ta n  
a n d  o th e r  tr ip ta n s  in  t h e  t r e a tm e n t  o f  c lu s te r  h e a d a c h e  
(p. 6 7 0 .1 )  a n d  m ig ra in e  (p . 6 7 0 .3 )  h a s  b e e n  rev iev v ed .1'7

I n  m i g r a ỉ n e  se ro to n in  (5 -H T i) ag o n ỉs ts  a re  p re íe r re d  to  
e rg o ta m in e  fo r  t h e  t r e a tm e n t  o f a c u te  a tta c k s  u n re sp o n s iv e  
to  s im p le  ana lgesics .

T h e re  a re  se v era l diffcrcní triptans d in ic a lly  a v a ilab le . In  a 
m eta -a n a ly s is  oi 53 s tu d ie s  ( in v o lv in g  2 4 0 8 9  p a tie n ts )  a n d  a 
s e p a ra te  an a ly s is  o f  a ll d b e c t  c o m p a ra tiv e  s tu d ie s  o f 5 o th e t  
t r ip ta n s  w ith  s u m a tr ip ta n ,  a ll w e re  ío u n d  to  b e  m o re  
e ữ e c tiv e  t h a n  p la c e b o .2 A t th e  m a rk e te d  doses, a ll o ral 
t r ip ta n s  ( a lm o tr ip ta n , e le t r ip ta n ,  n a ra t r ip ta n ,  r iz a tr ip ta n , 
su m a tr ip ta n ,  a n d  z o lm itr ip ta n )  w e re  eH ective  a n d  w e ll 
to le ia te d .  A lm o tr ip ta n , e le t r ip ta n ,  o r  r iz a tr ip ta n  w e re  
c o n s ld e re d  to  p ro v id e  th e  h ig h e s t  lik e lih o o d  oi c o n s is te n t 
success . A  revievv o f  th e  efficacy  o f  th e  5 tr ip ta n s  a v a ila b le  in  
th e  U SA  a lso  shovved p a in  re l ie í  a t  2  h o u rc  w a s  c o m p a ra b le  
fo r a ll .3 A lm o tr ip ta n  12.5 m g  o í íe re d  h ig h  to le ra b il ity  a n d  
g o o d  efficacy; e le t r ip ta n  8 0  m g  p ro v id e d  h ig h  e b ic a c y  a n d  
lo w  recu x re n c e ; a n d  r iz a ti ip ta n  lO m g  w as a s so d a te d  w ith  
c o n s is te n t  a n d  ra p id  í re e d o m  { rom  p a in .2 F ro v a o rip ta n  w a s  
n o t  i n d u d e d  in  t h e  a n a ly se s , b u t  p u b l id y  av a ila b le  d a ta  
su g g e ste d  lovver cH icacy. O n ly  su m a tr ip ta n ,  th o u g h , h a s  
p a r e n te r a l  a n d  t ra n s d e rm a l  fo rm u la tio n s ;*  th e  6 -m g  
s u b c u ta n e o u s  ỉo rm u la t io n  is c o n s id e re d  to  b e  th e  ỉa s te s t  
a n d  m o s t  e ữ e c tiv e  a c u te  t r e a tm e n t2 b u t  th e r e  is a  lac k  of 
c o m p a ra tiv e  d a  ta  w i th  th e  nev v er io n to p h o re tic  ư a n s d e rm a l  
d e liv e ry  p re p a ra tìo n .*

A b o u t  21 to  5 7 %  of p a tie n ts  w h o  in it ia l ly  r e sp o n d  to  
s u m a tr ip ta n  h a v e  a rccurrcncc o f  th e i r  h e a d a c h e  vvithiri 2 4  to  
4 8  h o u r s ;  th is  m a y  b e  r e la te d  in  p a r t  to  its  s h o r t  h a lf-life . 
S u c h  re c u x re n c es  ú s u a lly  r e s p o n d  to  a  se c o n d  d o se 9-10 b u t  if 
a  flrs t do se  is in e b e c t iv e  s u b s e q u e n t  doses  ío r  th e  s a m e  
a tta c k  a re  o f  n o  b e n e Đ t a n d  sh o u ld  n o t  b e  g iv en . 
S u m a tr ip ta n  is c o n s id e re d 11 to  b e  e ffec tive  w h e n  g iv e n  a t 
a n y  t im e  o n c e  th e  h e a d a c h e  p h a s e  o f  m ig ra in e  h a s  s ta n e d  
b u t  g iv in g  i t  d u r in g  m ig ra in e  a u ra  a p p e a rs  to  b e  o f little  
b e n e f l t  s in ce  i t  d o e s  n o t  a ffec t t h e  a u ra  o r  p re v e n t  o r  d e la y  
th e  d e v e lo p m e n t  o f  h e a d a c h e .12 R e p e a te d  o r  lo n g -te rm  u sé  
d o e s  n o t  a p p e a r  to  b e  a s s o d a te d  w i th  re d u c e d  e fficacy .13-M 
F o r  r e p o r ts  o f  a n  a s s o d a t ío n  b e tv v een  su m a tr ìp ta n  a n d  
m e d ic a tio n -o v e ru s e  h e a d a c h e , s e e  u n d e r  A d v e ise  E ỉỉec ts, 
p .  6 8 1 .2 . O ra l s u m a tr ip ta n  m a y  a lso  b e  c o m b in e d  w ith  
n a p ro x e n  s o d iu m ; '5' 17 th e  c o m b in a tìo n  is r e p o i te d  to  b e  
s lig h tly  m o re  e ffe c tiv e  t h a n  e i th e r  dxug a lo n e .18

S u m a tr ip ta n 's  e íb c a c y  a p p e a rs  to  b e  m a in ta in e d  in  
menstnud migraine, a  c o n d it io n  w h ic h  is c o n s id e red  to  b e  less 
re sp o n s iv e  to  t r e a tm e n t  t h a n  n o n m e n s t ru a l  m ig ra in e ;19 it 
h a s  a lso  b e e n  g iv e n  in  a  f ix e d -d o se  o ra l  c o m b in a tio n  w ith  
n a p ro x e n  so d iu m .20-21 P ro v a tr ip ta n ,22 r iz a tr ip ta n ,23 a n d  
z o lm itr ip ta n 24 h a v e  also  b e é n  ío u n d  to  b e  e ữ e c tiv e  in  
m e n s t ru a l  m ig ra ĩn e .

E x p e r ie n c e  o f s u b c u ta n e o u s  u s e  in  children h a s  b e e n  
r e p o r te d .25 R e su lts  o f a  r a n d o m ise d , p lac e b o -c o n tro lle d  
s tu d y 26 o f  in ơ a n a s a l  s u m a tr ip ta n  i n  a d o le sc e n ts  a g e d  12 to  
17 y e a rs  sh o w e d  e v id e n c e  o f  efficacy , to le rab ility , a n d  sa íe ty  
i n  th is  a g e  g ro u p ; it  w a s  fe lt t h a t  t h e  n a sa l sp ra y  m ig h t b e  
p a rt ic u la r ly  w e ll  s u ite d  fo r  a d o le sc e n t u se . In ư a n a s a l  
s u m a tr ip ta n  h a s  a lso  b e e n  tr ie d  in  y o u n g e r  c h ild re n  (aged  8 
y e a rs  a n d  o v e r)  w i th  so m e  su c ce ss .27 F o r  doses  in  c h ild re n .

see  p . 6 7 9 .3 . T h e  u se  o f  o th e r  t r ip ta n s  i n  c h ild re n  vvith 
m ig ra in e  h a s  a lso  b e e n  re v ie tv e d .2*

S u b c u ta n e o u s  s u m a tr ip ta n  h a s  a ls o  b e e n  s h o tv n  to  b e  
e ữ e c tiv e  i n  re liev in g  a c u te  a tta c k s  o ỉ  h e a d a c h e  in  p a tie n ts  
w i th  c l u s t e r  h e a d a c h e .  In  s tu d ie s  a b o u t  7 5 %  o f  p a tie n ts  
h a v e  o b ta in e d  r e l ie í  v v ith in  15 m in u te s  o f a  6 -m g  
s u b c u ta n e o u s  ữ ỹ e c tio n ;29-30 th e  u s e  o f  h ig h e r  d o se s  w a s  
ỉo tm d  to  b e  oi n o  a d v a n ta g e .  L ong  t e r m  e íS ca c y  a p p e á rs  to  
b e  m a in ta ỉn e d 31 b u t  t h e  signU ĩcance  o f  t h e  t ra n s ie n t  
in c re a se  i n  t h e  ỉre q u e n c y  o f  a tta c k s  s e e n  in  so m e  p a tie n ts  
r e m a in s  to  b e  d e te r m in e d .32 I t  d o e s  n o t  a p p e a r  to  b e  
e h e c tiv e  fo r  th e  p r e v e n t io n  o f h e a d a c h e  d u r ín g  d u s te r  
p e rio d s .33 A n o th e r  t r ip ta n  ỉo u n d  to  b e  e ữ e c tiv e  in  th e  
ơ e a tm e n t  o f  e p iso d ic  d u s t e r  h e a d a c h e  is  z o lm itr ip ta n .34
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Adverse Effeđs
T h e  m o st c o m m o n ly  re p o r te d  a d v e rse  effec ts o f  se ro to n in  
(5-H T i) a g o n is ts  su c h  as  s u m a tr íp ta n  i n d u d e  diTTĨness, 
ũ u sh in g , vveakness, d rovvsiness, a n d  ỉa t ig u e . N a u se a  a n d  
v o m itin g  m a y  o c cu r. D y sp n o e a  a n d  se n so ry  d is tu rb a n c e  
i n d u d in g  p a ra e s th e s ia  a n d  h y p o a e s th e s ia  h a v e  b e e n  
re p o r te d . P a in  o r  s e n sa tio n s  o f  h e a v in e s s , h e a t  o r  cold, 
p re s su re , o r  t ig h tn e ss  h a v e  also  b e e n  c o m m o n ly  r e p o n e d , 
c a n  a iíe c t  a n y  p a rt  o f t h e  b o d y  i n d u d in g  th e  th ro a t  a n d  
ch est, a n d  m a y  b e  in te n s e .  T h ese  s y m p to m s  m a y  b e  d u e  to  
v aso sp asm , w h ic h  o n  ra re  o ccasio n s h a s  re s u l te d  in  s ev ere

c a rd io v a sc u la r  e v e n ts  in d u d in g  ca rd ia c  a rrh y th m ia s ,  ư  yo- 
c a rd ia l isc h a e m ia , o r  m y o c a rd ia l  in fa rc tio n . T h e re  h  ỉv e  
b e e n  iso la te d  r e p o r ts  o f  a s s o d a te d  c e re b ro v a sc u la r  e v e n t s in  
p a tie n ts  re c e iv in g  s u m a tr ip ta n .  T ra n s ie n t  in c re a se s  in  b l >od 
p re s su re  m a y  o c c u r  so o n  a fte r  t re a tm e n t.  R are ly , signifi( a n t  
in c re a se s  i n  b lo o d  p re s su re , in d u d in g  h y p e r te n s iv e  c  isis 
w ith  a c u te  im p a i tm e n t  o f o rg a n  System s, h a v e  o c c u ire d  
e v e n  in  p a tie n ts  v v ith o u t a  h is to ry  o f  h y p e rte n s í on. 
H y p o te n s io n , b r a d y c a rd ỉa  o r  ta c h y c a rd ia , p a lp ita tir  ns, 
p e rip h e ra l  v a s c u la r  d is o r d e n  s u c h  as  R a y n a u d 's  s y n d ro  ne , 
a n d  isc h a e m ic  co litis  h a v e  b e e n  re p o r te d .  V isual iis- 
tu rb a n c e s  h a v e  a lso  o c c u ire d .

M e d ic a tio n -o v e ru s e  h e a d a c h e  h a s  b e e n  re p o r te d  v i t h  
su m a tr íp ta n  a n d  m a y  n e c e s s ita te  vvỉthdravval o f th e  d i ug. 
S u m a tr íp ta n  h a s  o c c as io n a lly  b e e n  a s s o d a te d  w ith  m i ÌOT 
d istu rb a n c e s  in  h e p a tic  íu n c t io n . T h e re  h a v e  also  b e e n  I are 
re p o r ts  o f  s e iz u re s  w i th  s u m a tr ìp ta n .  H y p e rse n siti’ i ty  
re a c tio n s  ra n g in g  fro m  ra sh e s  to , m o re  ra re ly , a n a p h y li  xis 
h a v e  o c c u rre d .

T ra n s ie n t p a in  a t  t h e  in je c tio n  s ite  is c o m m o n  a  te r  
s u b c u ta n e o u s  s u m a tr ìp ta n  in je a io n s ;  s tin g in g , b u m in g , 
e ry th e m a . b ru is in g , a n d  b le e d in g  h a  v e  a lso  b e e n  r e p o n c d . 
I rr ita tio n  o f th e  n a sa l  m u co sa  a n d  th ro a t  a n d  e p is tax is  h  ive 

1 b e e n  re p o n e d  a f te r  in tr a n a s a l  u se . A p p lica tio n  s ite  reac ti )ns 
j su c h  as  p a in , p a ra e s th e s ia ,  p ru r i tu s ,  w a rm th , a n d  d isco m  o n  

h a v e  b e e n  c o m m o n ly  re p o r te d  a f te r  u se  o f  t h e  io n to p h o r  :tic 
tra n s d e rm a l  d e liv e ry  p re p a ra tìo n .

Incidence of adverse ettecti. In  a  D u tc h  p o s tm a rk e tn g  
s u rv e y 1 c o m p le te d  b y  1187 p a tie n ts  th e  m o st c o m n o n  
a d v e rse  re a c tio n s  a t t r ib u te d  to  s u m a tr ip ta n  vvere p a ra e s -  
th es ia  ( r e p o n e d  b y  1 1 .7 %  o f p a tie n ts ) ,  d izz iness (8.1 "o), 
íee lin g  of h e a v in e s s  (8 .0 % ), c h e s t  p a in  (7 .9 % ), n a u  ;ea 
a n d /o r  v o m itin g  (7 .3 % ), d ro w s in e s s /se d a tio n  (7 .0 ‘ ó), 
t lu sh in g  (5 .1 % ), ỉa t ig u e  (4 .6 % ), p re s su re  in  t h r ) a t  
(3 .3 % ), h e a d a c h e  (3 .1 % ), injeCTion s ite  re a c tio n  (3 .0 ‘ ó), 
p a lp ita tio n s  (2 .8 % ), a b d o m in a l p a in  (2 .6 % ), m u s d e  p  lin 
(2 .4 % ), a n d  d y sp n o e a  (2 .2 % ).

T h e  sa íe ty  a n d  to le rab ility  o f th e  t r ip ta n s  h a v e  b í  en  
revievved.2-3

1. O tte rv a o g er  JP , t í  a l . A dverse  r e a a io n s  a ttr ib u te d  to  su m a trip ta i;: a 
p o stm ark e tin g  s tu d y  ìn  genera l p r a a ic e .  E ur J  Clin Pharm aco i 1994; 47: 
3 05 -9 .

2. N appi G. et a ì. T o le rab iỉity  o f th e  tr ip tan s: d in ic a l implicaUoQS. I  TUỊ 
S a ịà y  2003; 26 : 9 3 -1 0 7 .

3. T íe lt-H ansen  p. O ptỉm a l b a lance  o í  e íỉìcacy  a n d  toỉerabilicy of iral 
tr ip ta n s  a n d  te lca g ep a n i: a  rev iew  a n d  a d in ic a l c o m m en t. J  tìta d , cỉte 
P a in  2011; 12: 2 7 5 -8 0 .

Ettects on th e  cardiovascular S y s tem . A b o u t 10 m o n  h s  
a íte r  s u m a tr íp ta n  in je a io n  h a d  b e e n  m a d e  a v a ilab le  co  n -  
m e rd a lly ,  th e  U K  CSM  n o te d  th a t  i t  h a d  rec e iv ed  34 
rep o r ts  o f p a in  o r  t ig h tn e ss  in  th e  c h e s t  a n d  2 rep o r ts  of 
m y o ca rd ia l isc h a e m ia .1 T h e  N e th e rla n đ s  C e n tre  for M o ú -  
to rin g  o f A d v e rse  R e a c tio n s  to  D ru g s  d e d a re d  a b o u t th e  
sam e  tim e  th a t  it  h a d  re c e iv ed  12 re p o r ts  o f ch est o r  a n  ịi- 
n a l  p a in  m o stly  a s s o d a te d  w ith  o ra l  s u m a tr ip ta n .2 A  la er 
p o s tm a rk e tin g  s u rv e y  b a se d  o n  d a ta  f ro m  D u tc h  g e n e  -al 
p ra c tit io n e rs  id e n tif ie d  c h e s t  p a in  in  1 .3%  of 17 27 
p a tie n ts ,3 a  B g u re  c o n s id e re d  to  b e  lo w e r  t h a n  th a t  s e e n  in  
e a rl ie r  s tu d ie s , b u t  in  a  su b s e q u e n t  q u e s tio n n a ire  co  n- 
p le te d  b y  1 187  o f  th e s e  p a tie n ts  7 .9 %  re p o r te d  c h  :st 
p a in .4 T he  A u s tra lia n  A d v e rse  D nag R e a c tio n s  A d v ls try  
C o m m itte e  (A D R A C )5 s ta te d  in  D e c e m b e r  1994 th a t  it h  ỉd  
rec e iv ed  114  re p o r ts  o f c h e s t  p a in  s in c e  s u m a tr ip ta n  h ỉ d  
b e e n  m a r k e te d  in  m id  1992 . M o s t p a tie n ts  h a d  r e c o v e i ỉd  
q u ick ly  b u t  2  h a d  d ie d . T h e  firs t d e v e lo p e d  a ía ta l  m j  0- 
card ia l in ỉa rc tỉo n  a í te r  c o ro n a ry  a r te ry  d issec tio n  b u t  t  le  
c au sa l re la tío n  w i th  s u m a tr ip ta n  vvas u n d e a r .  T he  seco  ìd 
p a tie n t ,  w h o  h a d  h y p e r t ro p h ic  o b s tru c tiv e  ca rd io m y o - 
p a th y , d e v e lo p e d  v e n tr ic u la r  B b rilla tio n  a  ỉ e w  h o u is  aft er 
th e  o n se t  o f  c h e s t  p a in  a n d  th is  le d  to  fa ta l c a rd iac  a rre s t

O n e  g ro u p  o f  vvorkers4 w h o  s tu d ie d  th e  e f f e a  of 
su m a tr ip ta n  16 m g  g iv e n  su b c u ta n e o u s ly  su g g ested  th a t  t  le 
sy m p to m s o f  c h e s t  p a in  m ig h t b e  d u e  to  a n  effec t of 
su m a tr ip ta n  o n  o e so p h a g e a l íu n c t io n , b u t  o th e rs  h a  /e 
a rg u e d  a g a ú is t  th is  su g g e stio n .7 A D R A C 5 c o n s id e red  t l  at 
th e  re a c tio n  in  th e  2 8  re p o r ts  o f t h ro a t  tíg h m e ss  th e y  h  id 
re c e iv ed  b y  D e c e m b e r  1 9 9 4  w a s  a d iữ e re n t  re a c tio n  to  ử  at 
o f c h e st p a in ,  a n d  p ro b a b ly  re s u l te d  b o m  c h a n g e s  ìn 
o e so p h ag e a l m o tility .

Severa l re p o r ts  h a v e  p r o v id e d  d e ta ils  o f in d iv id u a l cases 
o f t h e  a d v e rs e  c a rd io v a sc u la r  e í í e a s  o f s u m a tr ip ta n  
in d u d in g  a ư h y th m ia s  (v e n tr ic u la r  tac h y c a rd ia ,*  v e n tr i -  
c u la r  fibn lla tjon ,* -9 o r  a tr ia l  í ib r i l la t ìo n 1011), a c u te  m y o - 
ca rd ìa l in ía r c t io n ,12' 19 a n d  u n s ta b le  a n g in a .20 M o st o f th e s e  
rep o r ts  c o n c e m e d  s u b c u ta n e o u s  s u m a tr ip ta n ,  b u t  m y o -  
ca rd ia l in ía rc t io n 14’17-19 a n d  c a rd ia c  a r rh y th m ia s 9-11 (so m e- 
tim e s  ía ta l)  m a y  o c c u r  a f te r  o ra l  u se . T h e se  a d v e n e  e ííec ts  
h a v e  a lso  b e e n  r e p o r te d  in  p a tie n ts  vvith  n o  p red isp o s in g  
í a a o r s .9-12' 17' 19

A revievv21 o f p u b l is h e d  re p o r ts  o n  c h e s t  p a in  as vvell as 
re le v a n t d a ta  h e ld  b y  th e  U K  m a n u í a a u r e r  c o n s id e re d  th a t  
th e  risk  o f  m y o c a rd ia l  isc h a e m ia  a í te r  v a so c o n s tric tio n  
in d u c e d  b y  s u m a t r i p t a n  w a s  sm a l l .  H o w e v e r ,  t h e  
c o n tra - in d ic a tio n s  a n d  c a u tio n s  g iv e n  u n d e r  P re ca u tio n s ,
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21 . Hỉỉlis w s ,  M a c ỉn ty re  PD . D ru g  rea c tỉo n s: su m atrỉp can  a n d  đ ie s t pa in . 
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dỉsease, a n d  d e a th  in  p rac tic e . N eu ro log y  2004; 6 2 : 5 6 3 -8 .

E f f e d s  o n  t h e  c e r e b r o v o s c u l o r  S y s t e m .  A d v e r s e  c e r e b r o -  

v a s c u l a r  e í í e c t s  h a v e  b e e n  r e p o r t e d  a f t e r  t h e  u s e  o f  s u b c u -  

t a n e o u s  s u m a t r i p t a n  i n c l u d i n g  h e m i p a r e s i s , 1 s t r o k e , 2-5 a n d  

i n t r a c e r e b r a l  h a e m o r r h a g e . 4 C e r e b r a l  v a s o s p a s m  h a s  a l s o  

b e e n  r e p o r t e d ’  w i t h  t h e  u s e  o i  o r a l  s u m a t r i p t a n .  H o v v e v e r ,  

a  s t u d y 4  o f  o v e r  6 3  5 0 0  m ỉ g r a i n e  p a t i e n t s  i n  t h e  U K  G e n e r 

a l  P r a c t i c e  R e s e a r c h  D a t a b a s e  í a i l e d  t o  f ĩ n d  a n  i n c r e a s e d  

r ỉ s k  o f  s t r o k e  i n  t h o s e  p a t i e n t s  ư e a t e d  w i t h  s e r o t o n i n  a g o -  

n i s t s .

1. L u m a n  w ,  C ray  RS. A dverse  re a c tio n s  a ssocỉated  w ith  sum a trip ta n . 
L a n c tt  1993; 341: 1 0 9 1 -2 .

2 . C a v a ỉo s  J . t í  a i . S u m a tr ip ia n - in d u c e d  s tro k e  in  s a g ỉtu ỉ s in u s  th rom bosỉs . 
L a n a t  1994; 343: 1 1 0 5 -6 .

3. M esch ỉa  S ĩ .  t í  a i . R eversỉb ỉe  s e g m e n ta l c ereb ra ỉ a rte rỉa l Y ề so sọ tsm  a n d  
c e reb ra ỉ in ỉa rc tỉon : possib ỉe  a sso c ỉa tỉo n  w ỉth  excessỉve  u se  o í su m a u ip ' 
u n  a n d  M id iin . A n h  N e u ro l 1998; 55: 7 Ỉ 2 - Ị 4 .

4 . E dw ards KR, t í  a i . In tra c e re b ra l h e m o rrh a g e  a sso d a ted  w ith  sum atrip - 
u n .  H eadaduĩ 1995; 35 : 309 .

5. D ash  s. tí a i . C e reb ra ỉ v a so sp asm  £rom  su m a tr ỉp u n . N curo ìogy  2004; 6 3 : 
2128 .

6. H all GC. t í  a i . T r ỉp u n s  in  m ỉg ra in e : th e  risks o f strolce, card ỉovascu lar 
đisease. a n d  d e a th  in  p rac tỉc e . N eu ro log y  2004; 62 : 5 6 3 -8 .

E f f e c t s  o n  t h e  g a s t r o i n t e s t i n a l  t r a c t .  I s c h a e m l c  c o l i t i s  a n d  

m e s e n t e r i c  i s c h a e m i a  h a v e  b e e n  r e p o r t e d  i n  a  f e w  p a t i e n t s  

r e c e i v i n g  s u m a t r i p t a n . 1' 3 i n c l u d i n g  r e p e a t e d  e p i s o d e s  i n  2  

p a t i e n t s , 2 e a c h  v v i t h i n  h o u r s  o f  a  d o s e ;  s o m e  o f  t h e s e  e p i -  

s o d e s  w e r e  a s s o c i a t e d  v v i t h  d o s e s  a b o v e  t h e  r e c o m m e n d e d  

d a i l y  m a x i m u m . 2
O e s o p h a g e a l  c o n s t r i c t i o n  o r  t h r o a t  t i g h t n e s s  h a s  b e e n  

r e p o r t e d  i n  s o m e  p a t i e n t s  u s i n g  s u m a t r i p t a n  a n d  m a y  b e  

d u e  t o  a  d i r e c t  e f f e c t  o n  t h e  o e s o p h a g u s  ( s e e  E ữ e c t s  o n  t h e  

C a r d i o v a s c u l a r  S y s t e m ,  p .  6 8 0 . 3 ) .

1. K n u d se n  JF, t í  a l . I sch e m ỉc  co litis  a n d  su tn a tr ỉp ta n  use . A n h  In tem  M e d  
1998; 158: 1946 -8 .

2. L ỉu J J ,  A rđo lí J C .  S u m it r ìp t a n - a s s o d a t c d  m e sen te r ỉc  ỉsd i tm U . A n n  
ĩn te m  M e d  2000; 132: 597.

3. N aik M . t í  a i  S u m a tr ip u n * a s s o d a te d  ischem ỉc  colitỉs. D ig D ừ  S à  2002; 
47 : 2 0 1 5 -1 6 .

E f f e c t s  o n  t h e  r e s p i r a t o r y  S y s t e m .  S e e  A s t h m a  u n d e r  P r e -  

c a u t i o n s ,  b e l o w .

H y p e r s e n s i t i v i t y .  R e a c t ỉ o n s  t o  s u m a t r i p t a n  s u c h  a s  r a s h e s  

a n d ,  m o r e  r a r e l y ,  a n a p h y l a x i s  h a v e  b e e n  n o t e d  b y  t h e  

m a n u ỉ a c t u r e r .  P ụ b l i s h e d  r e p o r t s  i n c l u d e  a n g i o e d e m a  

o c c u r r i n g  i n  a  p a t i e n t  5  m i n u t e s  a f t e r  s u b c u t a n e o u s  s u m a -  

t r i p t a n , 1 a n d  u r d c a r i a  o c c u r r i n g  2 0  t o  2 4  h o u r s  a ỉ t e r  o r a l  

o r  s u b c u t a n e o u s  s u m a t r i p t a n  i n  a n o t h e r  p a t ỉ e n t . 1

1. D a c h ỉ  R, V itỉlỉo  J .  A n g ỉo e d e m a  a s s o d a t e d  w i th  su m a tr ip ta n  
a d m ln is tra tỉo n . A m  J  M e d  1995; 9 9 : 6 8 4 -5 .

2. P ra d a ỉỉe r  A. t í  a l . D eỉay e d  u r tíc a r ỉa  w ith  su m a tr íp ta n . Ctphahdg ia  1996; 
16: 2 8 0 -1 .

M e d ic a tỉo n -o v e ru s e  h e a d a c h e .  S u m a tr ip ta n  a n d  o th e r  
tr ip ta n s  m a y  h a v e  a s im ila r r isk  o f m is u s e  to  t h a t  asso - 
d a te d  w ith  an a lg e s ic s  a n d  e rg o ta m in e  c o m p o u n d s  in  
p a tie n ts  vvith m ed ic a tio n -o v e ru se  h e a d a c h e  (p . 6 7 0 .2 ). 
T h e re  h a v e  b e e n  r e p o r ts 1'3 o f p a tie n ts  u s in g  o n e  o r  m o re  
d a ily  d o ses  o f s u m a tr ip ta n  to  c o n tro l  m ig ra in e .. M a n y  of 
th e  p a tìe n ts  h a d  a  h is to ry  o f a b u s e  o f o th e r  a n ó m ig ra in e  
d ru g s  a n d  w e re  u s in g  s u m a tr ip ta n  to  p r e v e n t  r e c u r r e n c e  
of h e a d a c h e . W h e th e r  m isu se  o f  s u m a t r ip ta n  w a s  d u e  to  
a d d ic tio n  o r  r e b o u n d  h e a d a c h e , as  s e e n  w i th  e rg o ta m in e , 
is u n k n o w n .  A  p o s tm a rk e tin g  s tu d y  in  9 5 2  p a tie n ts  rec e iv -  
.ing s u m a tr ip ta n  ỉ o u n d  th a t  3 6  o f  t h e  p a tie n ts  (4 % ) u s ẹ d  
su m a tr ip ta n  d a ily  o r  m o re  t h a n  10 t im e s  e a c h  w e e k . T h is 
o v e ru s e  w as r e lă te d  to  p o o r  e fficacy  a n d  n o t  to  r e b o u n d  
h e a d a c h e .4 O n e  s tu d y 5 a n d  a n  a n ẽ c d o ta l  rep o rt6 su g g e st 
th a t ,  r a th e r  t h a n  p r o d u d n g  e u p h o r ía  o r  o th e r  effec ts  a sso - 
d a te d  w ith  d ru g s  o f a b u se  su  c h  as  m o rp h in e ,  s u m a tr íp ta n  
is m o re  Iikely  to  be  a s s o á a te đ  vvíth  d y sp h o ria  a n d  a p a -  
th e t ỉc  se d a tio n .

T h e  d e v e lo p m e n t o f  m e d ic a tío n -o v e ru s e  h e a d a c h e  h a s  
a lso  b e e n  r e p o r te d  w ith  o th e r  s e ro to n in  (5-H Ti) a g o n is ts  
i n d u d in g  n a r a t r i p t a n  a n d  ĩ o lm i t r i p t a n .7 I n d e e d , u s  
lic e n se d  p r o d u a  in ỉo rm a d o n  fo r  th e  tr ip ta n s  S ta tes th a t  
th e  s a íe ty  o f  ơ e a t in g  a n  a v e ra g e  o f  m o re  t h a n  3 o r  4  
m ig ra in e  a tta c k s  ỉn  a  3 0 -d a y  p e r io d  h a s  n o t  b e e n  
es ta b lish e đ .

1. O sb o m e  M J. t í  a i  Is rh e rc  a  p rob ỉem  w ith  ỉo n g  te rm  use  o í  s u m a t ĩ ỉ p u n  
in a c u te  m ig ra ine?  S A U  1994; 308: ỉ  23.

2 . K au b e  H,  t í a l .  S u m a ư ỉp u n . B M J  1994; 308 : 15 7 3 -4 .
3. G aist D, t í  ai. M isuse  o í su m a c r lp u n . L a n c t í  1994; 3 4 4 :1 0 9 0 .
4 . O n erv an g e r  JP , t í  a ỉ . P a tỉe m  o ỉ s u m a tr lp ta n  u se  a n d  o veruse  ỉn  g e n era ỉ 

p ra a ic e .  E u r  J c t in  Pharm aco ỉ 1996; 50 : 3 5 3 -5 .
5. S u ỉỉỉvan  JT. t í  a í . Psychoactív iry  a n d  a b u se  p o te n tỉa l o ỉ  Ỉu m ac rip ỉan . Clờt 

P lta rm a a i T h e r  1992; 52: 6 35 -42 .
6. B aksh i R. Y an-G o FL. P ro longed  n u r ì)u an a -U k e  đysp h o ria  a fte r  

su b c u u n e o u s  su m a tr íp u n . A n n  P harm acother 1996; 30: 683 .
7. L ỉm m ro ỉh  V, t í  ai. H eadache  a fte r  ừ e q u e n t  u se  o ỉ se ro to n in  agon ists  

z o lỉn ỉỉr ip u n  a n d  naracrìpcan . Lancet ì  9 9 9 ; 35 3 : 378.

Precautions
S u m a tr ip ta n  a n d  o th e r  s e ro to n in  (5 -H T ,) ag o n is ts  s h o u ld  
o n ly  b e  u se d  w h e r e  th e re  is a  d e a r  d iag n o s is  of m ig ra in e  o r  
d u s te r  h e a d a c h e  a n d  c a re  s h o u ld  b e  ta k e n  to  e x d u d e  o th e r  
p o te n t ia l ly  se rio u s  n e u ro lo g ic a l  c o n d ít io n s .  T h e y  s h o u ld  n o t  
b e  u s e d  ío rp ro p h y la x is  a n d  s h o u ld  n o t  b e  g iv en  to  p a tie n ts  
w i th  b asỉla r, h e m ip leg ic , o r  o p h th a lm o p le g ic  m ig ra in e .

S e ro to n in  (5-H T j) ag o n is ts  a re  c o n tra - in d ic a te d  in  
p a tie n ts  w i th  u n c o n tro l le d  h y p e r te n s io n , isc h a e m ic  h e a r t  
d ise a se  (co ro n a ry  a r te ry  d isease ), a  h is to r y  o f m y o c a rd ia l  
in ỉa rc t io n , c o ro n a ry  v a so sp a sm  (P rỉn z m e ta T s  a n g in a ) ,  
p e rip h e ra l  v a sc u la r  d isease . o r  a  p re v io u s  c e re b ro v a sc u la r  
a c d d e n t  o r  ư a n s ie n t  isc h a e m ic  a tta c k . U n re c o g n ise d  
c a rd io v a sc u la r  d isease  sh o u ld  b e  e x d u d e d  b e ío re  t h e  u se  
o f s e ro to n in  (5-H T i) ag o n is ts  in  p o s tm e n o p a u sa l  v vom en , 
m e n  o v e r  4 0  y e a rs  o f  age , a n d  th o se  w i th  risk  ỉa c to rs  ío r  
isc h a e m ic  h e a r t  d ísease . If c h e s t  p a in  a n d  tig h tn e ss  o c c u r  
d u r ìn g  use , a p p ro p r ia te  in v e s tig a tio n s  s h o u ld  b e  p e r ío rm e d . 
S u m a tr ip ta n  s h o u ld  n o t  be  u s e d  in tra v e n o u s ly  b e c a u s e  of 
th e  in c re a se d  r isk  o f p ro d u c in g  c o ro n a ry  vaso sp asm .

D ro w sin ess  m a y  o c c u r  a fte r  t r e a tm e n t  w i th  s e ro to n in  (5- 
■ HTị) a g o n is ts  a n d  p a tie n ts  th u s  a ỉ ỉ e a e d  s h o u ld  n o t  d r iv e  o r  

o p e ra te  m a c h in e ry .
S u m a tr ìp ta n  s h o u ld  b e  u s e d  w ith  c a u tio n  in' p a tíe n ts  

w ith  h e p a tic  o r  r e n a l  im p a irm e n t,  a n d  s h o u ld  g e n e ra l ly  be  
a v o id e d  if h e p a tic  im p a irm e n t is se v ere .

T h e re  h a v e  b e e n  ra re  r e p o n s  o f s e iz u res  a f te r  u s e  of 
su m a tr ip ta n  a n d  it s h o u ld  th e re ío re  b e  u s e d  vvith c a u tỉo n  in  
p a tie n ts  w ith  a  h ỉs to ry  o f e p ile p sy  o r  o th e r  c o n d it io n s  
p red isp o s in g  to  se iz u res . P a tie n ts  w i th  h y p e rse n s it iv ity  to  
su lto n a m id e s  m a y  h a v e  a s im ila r  r e a c t io n  to  s u m a tr íp ta n .  
(F o r d iscu ssio n  o f c ro ss -re a c tiv ity  in  su lfo n a m id e s  a n d  su lía  
d ru g s  see  H y p e rs e n s i tiv i ty  u n d e r  S u l fa m e th o x a z o le ,  
p . 36 5 .3 .)

Asthma. T h e  m a n u í a a u r e n  rev ievved  d a ta  f ro m  m o re  
t h a n  7 5  d in ic a l  s tu d ie s  of s u m a tr ip ta n  in v o lv in g  12 701 
p a tie n ts  a n d  r e p o r te d 1 th a t  th e  i n d d e n c e  o f  a d v e rse  e v e n ts  
r e la te d  to  a s th m a  d id  n o t  d iỉỉe r  b e tv v e e n  p a tie n ts  w i th  o r  
v v ith o u t th e  c o n d it io n . E a r lie r  th e r e  h a d  b e e n  c o n c e m  
o v e r  t h e  sa íe ty  o{ su m a tr ip ta n  In  p a tie n ts  w i th  a s th m a  
a ĩte r  2  rep o r ts  o f b ro n c h o sp a sm  a n d  a r e p o r t  o f  a  p a tie n t  
tv ith  a s th m a  w h o  d ie d  d u r ỉn g  a  s tu d y  of s u m a tr ip ta n  
a lth o u g h  th e  p a tie n t  h a d  n o t  re c e iv e d  su m a tr ip ta n  in  th e  
m o n th  b e ío re  h e r  d e a th .

1. L loyd DK. Pilg rim  A J. T he  Ja fc ty  o( s u m a o ip ta a  In  a sth m a tic  
m ig ra in eu rs . Cephaĩa ỉg ía  1993; 1 3 :2 0 1 —4.

B r e a s t  íe e d in g .  N o  a d v e rse  e ữ e c ts  h a v e  b e e n  s e e n  in  
b re a s t-fe đ  in ía n ts  o í  m o th e r s  g iv e n  s u m a tr ip ta n ,  a n d  th e  
la s t ava íla b le  g u id a n c e  fro m  th e  A m e ric a n  A c a d e m y  o f 
P e d ia tr ic s  c o n s id e re d  th a t  i t  is th e r e ío r e  u s u a lly  c o m p a tib le  
w i th  b re a s t  íe e d in g .1 H o w e v e r, l ic e n se d  p ro d u c t  in ío rm a -  
t io n  su g g ests  t h a t  in ía n t  e x p o s u re  c a n  b e  m ìn im ỉs e d  b y  
a v o id in g  b re a s t  íe e d in g  fo r  12 h o u r s  a í t e r  tre a tm e n L  P ro - 
d u a  in ío rm a t io n  fo r  o th e r  t r ip ta n s  suggests  a v o id in g  
b re a s t  íee d in g  fo r  2 4  h o u rs .

T h e  d is tr ib u tio n  o f su m a tr ip ta n  in to  b re a s t  m ilk  a í te r  a  6- 
m g  su b c u ta n e o u s  do se  h as  b e e n  s tu d ie d  in  5 m o th e r s .2 T he 
m e  a n  to ta l r e c o v e ry  of s u m a tr ip ta n  Ũ1 b re a s t  m ilk  w as 
e s tim a te d  to  b e  1 4 .4 m ic ro g ra m s  o r  0 .2 4 %  o f  t h e  dose . It 
vvas ca lc u la te d  t h a t  o n  a  w e ig h t-a d ju s te d  b a s is  a n  in ỉa n t  
c o u ld  receive  a  m a x ú n u m  of 3 .5 %  o ỉ th e  m a te m a l  dose.

1. A m erican  A cađem y  o{ Ped la trics. T h e  tn n s l e r  o f  d ru g s  a n d  o th e r  
Chemicals in to  h u m a n  m iỉk . P td ia t r ia  2001; 108; 7 7 6 - 8 9 . [Kecired M ay 
20101 C o rrec tio n . ib ỉd . : 1029. A ỉso avaỉlabLe a t; h ttp : //a ap p o lỉcy . 
aap p u b lic aU o n s .O rg /c g i/c o n iem /h ilI /p e d iam c s% 3 b l0 8 /3 /7 7 6  (accessed 
01 /06 /04 )

2. W ojnar-H orton  RE, t t  ã l . D lstr ib u d o n  an d  ex cred o n  o f  s u m a tr ip ta n  in  
h u m a n  m ỉỉk. B r J C l i n  P h a rm a a l  1996; 4 1 :2 1 7 -2 1 .

C e r e b ro v a s c u la r  d is o rd e rs .  A  p a tie n t  w i th  a  su p e rio r  
sa g itta l s in u s  th ro m b o s is  w h o  p re s e n te d  w i th  h e a d a c h e  
a n d  vvas m isd ia g n o se d  as  h a v in g  m ig ra in e  v a r ia n t  dev e l- 
o p e d  a  co rtica l s tro k e  w ith in  m in u te s  o f a  s e c o n d  6 -m g  
s u b c u ta n e o u s  in je c tio n  ot s u m a tr ip ta n .1 T h e  im p o r ta n c e  of 
e s tab lish in g  a  d iag n o s is  of ty p ic a l m ig ra in e  o r  d u s t e r  h e a d - 
a c h e  b e ío re  u s in g  s u m a tr ip ta n  w a s  e m p h a s ise d  ạ n d  cau - 
t lo n  g iven  a g a ỉn s t  its  u se  in  a n y  p a tie n t  w h o  m a y  h a v e  
u n s ta b le  c e re b ro v a sc u la r  d ise a se  o r  r a is e d  in tra c ra n ia l  
p res su re . A d d itìo n a lly , th e re  w a s  n o  d in ic a l  e v id e n c e  th a t  
a  s e co n d  in je c tio n  w o u ld  re l ie v e  a  h e a d a c h e  w h e n  th e  
in it ia l  in je c tio n  h a d  b e e n  in effec tiv e .

ỉ . C ã vazoj S ,ữ ứ L  S ụm aỉrip taỉỉ-ỈD duced  stroke  ỉn  ỉa g ỉrta l 5Ù3U5 ihrom bosis , 
L o n c t í 1994; 343 : 1105-6 .

P o rp h y r ía .  T h e  D ru g  D a tab ase  fo r  A cu te  P o rp h y ria ,  com - 
p ile d  b y  th e  N o rw e g ia n  P o rp h y ria  C e n tre  (N A PO S) a n d  
th e  P o rp h y ria  C e n t te  Svveden, d assiS e s  s u m a t r ip ta n  as 
possib ly  p o r p h y r in o g e n iq  i t  s h o u ld  b e  u s e d  o n ly  w h e n  n o  
s a ỉe r  a lte m a t iv e  is av a ilab le  a n d  p re c a u tio n s  s h o u ld  be  
c o n s id e red  in  v u ln e ra b le  p a tie n ts .1

1. T he  D rug  D a u b a s e  ío r A cute P o rp h y ría . A vailab le  a t: h ttp : / /w w w . 
drugs-pocphy rU .o rg  (accesseđ 1 1 /04 /11 )

P re g n a n c y . S u m a tr ip ta n  c ro sses  th e  p la c e n ta ;  h o w e v e r , 
o n ly  a  v e ry  sm a ll  q u a n ti ty  r e a c h e s  th e  íe tu s .  A  I lte ra tu re  
revievv c o n d u d e d  th a t  e x p o s u re  to  s u m a tr ip ta n  in  
p re g n a n c y  p o s e d  n o  a d d it io n a l  risk  o f  b in h  d e f e a s  com - 
p a re d  w ith  t h a t  in  th e  g ẽ n e ra l  p o p u ỉa d o n ,1 b u t  as ío r 
o th e r  d ru g s s u m a t r íp ta n  s h o u ld  o n ly  be u s e d  in  p re g n a n c y  
w h e n  th e  b e n e f i t  ju s t if ie s  th e  p o te n tia l  risk  to  t h e  ỉe tu s .

1. Hilaire M L, ff  a i. T rea tm en t o f m ig ra in e  headaches w ỉth  su m a tr ip ta n  in  
p regnancy . A n n  P h a m a co th e r  2004; 3 8 :1 7 2 6 -3 0 .

Interađiohs ’
S u m a tr ip ta n  a n d  o th e r  s e ro to n in  (5-HT!) a g o n is ts  sh o u ld  
n o t  b e  g iv e n  w ith  e rg o ta m in e  o r  r e la te d  c o m p o u n d s  
( in d u d in g  m eth y se rg id e )  s in c e  th e r e  is a n  in c re a se d  risk  of 
vasospastic  re a c tio n s . In  a d d it io n , a  d e lay  is a d v is e d  before 
ítartinỊ a  s e ro to n ỉn  (5-H T d a g o n is t  in  p a tie n ts  w h o  h a  ve  
b e e n  rec e iv in g  e rg o ta m in é  o r  re la te d  c o m p o u n d s :  su m a - 
t r ip ta n ,  a lm o tr ip ta n .  ẹ le tr ip ta n ,  ừ o v a tr ip ta n ,  n a ra t r ip ta n ,  
r iz a tr ip ta n , o r  z o lm itr ip ta n  s h o u ld  n o t  b e  g iv e n  u n t i l  a t  least 
2 4  h o u rs  a f te r  s to p p in g  th e  u s e  o f  e rg o ta m in e  p re p a ra tio n s . 
C o n v erse ly , e rg o ta m in e  sh o u ld  n o t  b e  g iv e n  u n t i l  6  h o u rs  
after stopping th e s e  d ru g s  o r  a t  le a s t  2 4  h o u r s  i n  t h e  case of 
e le tr ip ta n , h o v a tr ip ta n ,  a n d  n a ra t r ip ta n .  S e ro to n in  (5 -H T ^ 
ag o n is ts  s h o u ld  n o t  b e  g iven  to g e th e r .

S u m a tr ip ta n  o r  r ỉz a tr ip ta n  s h o u ld  n o t  b e  u s e d  w ith ,  a n d  
fo r  2  w eek s  a f te r  s to p p in g , a n  M A O I. U se w i th  t h e  se lec tive  
m o n o a m in e  o x id a se  ty p e  B in h ib ito r  se le g ilin e  is th o u g h t  
u n lik e ly  to  p ro v o k e  a n  in te ra c tio n , b u t  se e  p . 916 .1 . 
O p in io n  v a rie s  o n  th e  use  of z o lm itr ip ta n  w i th  In h ib ito rs  of 
m o n o a m in e  o x id a se  ty p e  A  s u c h  as m o d o b e m id e . In  th e  UK 
l ic e n s e d  p r o d u c t  i n ío r m a t io n  re c o m m e n d s  th a t  th e  
m a x im u m  do se  o f z o lm itr ip ta n  sh o u ld  b e  re d u c e d  w h e n  
u s e d  w ith  in h ib i to r s  o f m o n o a m in e  o x id ase  ty p e  A  vvhereas 
in  th e  USA it  c o n tra - in d ic a te s  su c h  c o m b in a tio n s .  T h ere  
h a v e  b e e n  ra re  r e p o n s  o f s e ro to n in  sy n d ro m e  a s so d a te d  
w ith  th e  u se  o f  t r ip ta n  s c ro to n in  ( 5 - H T i )  a g o n is ts  w i th  S S R I s  
o r  s e ro to n in  a n d  n o ra d re n a lin e  r e u p ta k e  in h ib i to r s  (SNRIs), 
b u t  see  a lso  u n d e r  A n tid ep re ssa n ts , be low .

O ra l s u m a tr ip ta n  a p p e a re d  to  de lay  g astric  e m p ty in g  a n d  
m ig h t a tte c t t h e  a b so rp tío n  o f  o th e r  drugs, a s  ju d g e d  b y  its 
d e la y in g  e ỉỉe c t  o n  p a ra c e ta m o l a b so rp tio n  in  m ig ra in e  
p a tie n ts .1

I . R anỉ PU. t í  a i . S u m a tr ỉp u n  d e lay s p a ra c e u m o l a b so rp t io o  in  m ig ra ine  
p a d en ts . ơ i n  D ru g  Irtvest 1996; 11: 3 00 -304 .

A n N d e p re s s a n ts .  S u m a tr ip ta n  a n d  r iz a tr ip ta n  a r e  m e ta b o -  
lise d  m a in ly  b y  m o n o a m in e  o x id ase  ty p e  A  a n d  l icen sed  
p ro d u c t  ìn ío r m a t io n  adv ises  t h a t  p a tie n ts  t a k in g  MAOỈS, 
in d u d in g  re v e rs ib le  se lec tiv e  ty p e  A  in h ib i to r s  su c h  as 
m o d o b e m iđ e , s h o u ld  n o t  b e  g iv e n  th e se  t r ip ta n  s e ro to n in  
(5-H T i) a g o n is ts . C le a ra n c e  o f  z o lm itr ip ta n  w a s  d e c reased  
a f te r  m o d o b e m id e  a n d  U K  lic e n sed  p r o d u c t  in ỉo rm a tỉo h  
re c o m m e n d s  a  r e d u c e d  d o se  o f  z o lm itr ip ta n  ư th e  d ru g  is 
u s e d  vvith a n  i n h ib i to r  o f m o n o a m in e  o x id a s e  -type  A; in  
t h e  USA, t h e  u se  oi th e s e  d ru g s  to g e th e r  is 
c o n ơ a - in d ic a te d .

SSRIs s u c h  as  ũ u o x e tin e  m a y  a lso  in te ra c t  vv ith  s e ro to n in  
(5-H T i) a g o n is ts  w i th  a n  in c re a se d  r isk  o f  s e ro to n in

http://www.mhra.gov.uk/home/tdcplg
http://downjoadjounu%e1%bb%89s.e%5bsevierheallh.com/pdfs/
http://aappol%e1%bb%89cy
http://www
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s y n d ro m e  (p . 4 4 3 .2 ) ,  a n d  i t  h a s  b e e n  su g g e ste d  th a t  ìithium 
a n d  s u m a t r ip ta n  m a y  in te ra c t  s im ila rly . H o w e v e r, a  r e v ie w  
o ỉ  t h e  u s e  o f s u m a tr ip ta n  w ith  M A O Is, SSR ls, o r  l i th iu m  
f o u n d  l it tle  e v ỉd e n c e  o f a n  in c re a se d  risk  o f  s e ro to n in  
s y n d ro m e .1 I t w a s  c o n d u d e d  th a t  m o s t p a tíe n ts  to le ra te  th e  
c o m b ỉn a tio n  o f  s u m a tr ip ta n  a n d  a n  SSRI o r  li th i  u m  v tn th o u t 
i n õ d e n t .  H o w e v e r, i t  w a s  su g g e ste d  t h a t  t h e  u s e  of 
s u m a t r ip ta n  w i th  a n  M A O I s h o u ld  c o n tin u e  to  b e  a v o id e d  
u n t i l  ỉ u i t h e r  d a  ta  su p p o rtín g  sa fe ty  b e c o m e  a v a ila b le . A ỉ 
t h e r e  h a v e  sừ ice  b e e n  ra re  r e p o r ts  o f  s e ro to n ỉn  s y n d ro m e  
a s s o d a te d  w i th  t h e  u se  o f  tr ip ta n s  w ith  SSRIs o r  scrotonin 
and rtoradrenaìme reuptake inhìbitOTí (SNKIs), l ic e n se d  p r o d u c t  
in ỉo r m a t io n  fo r  t h e  tr ip ta n s  S tates th a t  w h e n  s u c h  u s e  is 
d in ic a lly  w a r r a n te d ,  a p p ro p r ia te  o b se rv a tio n  o f  t h e  p a t ie n t  
is a d v ise d . p a rt íc u la r ly  w h e n  s ta r tin g  ư e a tm e n t ,  w i th  d o se  
in c re a se s , o r  w i th  a d d itio n  o f a n o th e r  s e ro to n ex g ic  d ru g . 
P r o d u c t  in ỉo r m a t io n  fo r  z o lm itr ip ta n  a lso  a d v ise s  a 
r e d u c t io n  in  d o sa g e  if it  is g iv e n  w ith  Đ u v o x a m in e  a s  th e  
la t t e r  m a y  in h ib i t  z o b n itr ip ta n  m e ta b o lism  th ro u g h  ỉts  
e ữ e c ts  o n  th e  c y to c h ro m e  P 4 5 0  iso e n z y m e  CY P1A2. T h e  
A m e ric a n  H e a d a c h e  Society  h a s  s ta te d 2 th a t  c a u tio n  is 
c e r ta in ly  w a r r a n te d  b u t th a t  oH irial FD A a d v ic e  s h o u ld  be  
re v ie w e d  a s  i t  is n o t  d e a r  w h a t  ro le  tr ip ta n s  m ig h t p la y  in  
c o n tr ib u tin g  to  s e ro to n in  s y n d ro m e  vvith o r  v r ith o u t SSRIs 
o r  SN RIs.

In c re a s e d  se ro to n e rg ic  effec ts w ith  in c re a se d  in d d e n c e  o f 
a d v e rs e  effec ts  h a v e  b e e n  re p o r te d  lo llo tv in g  th e  u s e  o f  St 
John's wort w ĩth  tr ip ta n s .5 P a tìe n ts  s h o u ld b e  a d v ised  to  s to p  
ta k in g  S t J o h n 's  w o r t  if ơ e a tm e n t  vvith a  s e ro to n in  (5-H T ị) 
a g o n is t  is n e c essa ry .

1. G a rd n e r  D M . L ynd  LD. S u n u t r ỉp u n  co n tra in d ic a tio rư  a n d  th e  se ro to n in  
sy n d ro m e . A n n  Pharm acother J998; 32: 3 3 -8 .

2 . E v an s  RW . et a i . T he  PDA a ie r t o o  s e ro ta n m  sy n đ ro m e  w ỉth  u se  oí 
tr ip c an s c o m b in ed  w ith  se lec tỉve  se ro to rún  re u p ta k e  in h ỉb i to rs  o r  
s e ỉec tỉv e  se ro to n ỉn -n o re p in e p h r ỉn e  re u p ta k e  ỉn h ib ỉ to rs : A m e ric an  
H ea d ac h e  S o tíe ty  p o stâ o ô  p a p er. Headache 2010 ; 50: 1089 -99 .

3. C S M /M C A . R e m in d e r  Si J o h n 's  w o rt {H ypericum  p e río ra tu ra )  
ỉn te raccỉons. C u rren t P rob lem s  2000; 26: 6 -7 . A ỉso avaiỉab ie  a c  h t tp : / /  
w w w .m h ra .g o v .u k /h o m e/id cp lg ?Id cS erv ice» G E T _ F IL E & d D o cN âin e= - 
C O N 0 0 7 4 6 2 & R e v is ỉo n S e le c tio n M e th o d * L a te s tR e le a se d  (ac ce ssed  
1 6 /0 6 /0 6 )

Antimigraìne drugs. A lth o u g h  th e  e lticacy  a n d  to le ra b il ity  
o ỉ  s u b c u ta n e o u s  s u m a tr ip ta n  in  th e  a c u te  t r e a tm e n t  o ỉ 
m ig ra in e  d id  n o t  a p p e a r  to  b e  a h e c te d  in  p a tie n ts  a lre a d y  
ta k in g  dữtydroergotamine o ra lly  ío r  m ig ra in e  p ro p h y la x is ,1 
t h e  b io a v a ila b ili ty  o f  o ral d ih y d ro e rg o ta m in e  is lo w  a n d  it 
c o u ỉd  n o t  b e  a s su m e d  th a t  it  w a s  sa ie  to  u s e  p a re n te ra l  
d ih y d ro e rg o ta m in e  w ith  s u m a tr ip ta n .2 L icen sed  p r o d u c t  
in ỉo r m a t io n  ỉo r  s u m a tr ip ta n  c o n tra - in d ic a te s  its  u se  vvith 
ergotanùne o r  o th e r  re la te d  c o m p o u n d s  a n d  a lso  re c o m - 
m e n d  t h a t  it  s h o u ld  n o t  b e  g iv en  u n t i l  a t  lea s t  2 4  h o u rs  
a f te r  s to p p in g  e rg o ta m in e  o r  re ỉa te d  c o m p o u n d s  (see  
In te ra c t io n s ,  p .  6 8 1 .3 ).

A c u te  m y o c a rd ia l  in ỉa rc tio n  h a s  b e e n  r e p o r te d ’ in  a 
p r e m e n o p a u s a l  w o m a n  w i th  c o n tro lle d  h y p e n e n s io n  a n d  
n o  k n o w n  c o ro n a ry  a ite ry  d isease  a f te r  s u b c u ta n e o u s  u s e  of 
s u m a t r ip ta n  w i th in  a  few  h o u r s  o f  ta k ỉn g  methysergide o ra lly .

1. H e n ry  p , a  a i . S u b c u ta n eo u s  su m a tr ip ta n  in  th e  a c u te  tre a tm e n t  of 
m ig ra in e  ỉn  p a tie n ts  u sỉng  d ỉh y d ro erg o ta m ỉn e  as p rophy lax is . H tada ch e  
1993; 3 3 :4 3 2 - 5 .

2 . C am p b e ll JK- E d lto r 's  c o m m em ]. H ta d a đ te  1993; 33 : 435 .
3 . L is ton  H. ứ  a i  T h e  a sso tía d o o  o f th e  c o m b in a tío n  o f  s u m a tr ip u n  a n d  

m e th y se rg ỉd e  in  m yocard ia l in ía rc tio n  in  a p re m e n o p a u s a l w o m a n . A rd ỉ  
Ir t íe m  M t d  1999; 159: 511 -13 .

Aniipsychotics. F o r  re íe re n c e  to  a  p o te n t ìa l  in te ra c t io n  
b e tiv e e n  s u m a t r ip ta n  a n d  loxapine, see  c h lo tp r o m a r in e ,  
p . 10 5 2 .3 .

Pharmacokinetics
S u m a tr ip ta n  is  r a p id ỉy  b u t  in c o m p le te ly  a b so rb e đ  w h e n  
g iv e n  o ra lly  a n d  u n d e rg o e s  h rs t-p ass  m eta b o lism , re su ltin g  
in  a  lo w  a b s o lu te  b ió av a ila b ility  o f a b o u t  1 4 % . P e a k  p la sm a  
c o n c e n tr a t io n s  a f te r  o ra l  dosẽs  o c c u r  in  a b o u t 2  h o u rs .  
B io a v a ila b il ity  i s .m u c h  h ig h e r  (9 6 % ) a f te r  s u b c u ta n e o u s  
d o se s  w i th  p e a k  c o n c e n tra tìo n s  o c c u n in g  w i th in  25  
m in u te s .  B io a v a ila b ility  a ỉ te r  in tr a n a s a l  d o ses  is 16 %  of 
t h a t  a c h ie v e d  su b c u ta n e o u s ly ,  vvith p e a k  c o n c e m ra tio n s  
o c c u rr in g  in  a b o u t  1.5 h o u rs .  P e a k  c o n c e n ơ a t ío n s  a f te r  
i o n to p h o r e tic  tra n s d e rm a l  d e liv e ry  o c c u r  in  a b o u t  1.1 
h o u rs ;  b io a v a ila b ili ty  is lo w e r  t h a n  th a t  a c h ie v e d  a f te r  o ra l 
d o se s . P la sm a  p r o te in  b in d in g  is lo w  a t  a b o u t  14 to  2 1 % .

T h e  e lim in a tio n  h a lf-life  o f  s u m a tr ip ta n  is a b o u t  2 h o u rs .  
S n m a tr ip ta n  is  e x te n s iv e ly  m eta b o lis e d  in  th e  l iv e r  m a in ly  
b y  m o n o a m in e  o x id a se  ty p e  A  a n d  is e x c re te d  m a in ly  in  th e  
u r in e  a s  t h e  ín a c t iv e  in d o le  acetic  a d d  d e riv a tiv e  a n d  its  
g lu c u ro n id e .  S u m a tr ip ta n  a n d  its  m e ta b o li te s  a lso  a p p e a r  in  
t h e  ỉae c e s . S m a ll a m o u n ts  o f  su m a tr ip ta n  a re  d is tr ib u te d  
in to  b r e a s t  m ilk  (se e  B re a s t  F e e d in g , p . 6 8 1 .2 ).
R e v ie w s .

1. S c o tt A K . S u m a ư ip ta n  d in i t a l  p h a n n ac o k in e tic s . c h n  ph arm ủ cok ìn tt  
1994; 2 7 : 3 3 7 -4 4 .

2 . L acey  LF, e í a l . S ing le  dose  p h a rm a co ld n etics  o í s u m a ti ip u n  in  h e a lth y  
v o lu n te e n .  B u r  J  ă m  P t u m u a l  1995; 47 : 5 4 3 -8 .

3 . F u s ea u  E . e t ấ L  C lìnìcal p h a n n ac o ld n e tỉc s  o í  incranasal su m a tr ìp ta n . C ỉin  
P h a rm a a k m tt  2 0 0 2 ; 4 1 : 80 1 -1 1 .

4 . M o e n  M D, K ea tin g  GM. S u p ia tr ip tan  (ast-d ls in teg ra tln g /rap id -re lea se  
ta b le ts . D ru tp  2006 ; 66 : 883- 90.

Preparotions
Propòetory Preparalions (details a rc  g iven  in  V olum e B)

Single ingrodienl Preporations. Arg.: Im igrau ' M icranil; M igra- 
n e ito n  AustraL: Im igran; Sum agran; S u m a u b ; Suvalan; Aus- 
tría: Im igran; Belg.: Finigraine+; Im itrex; Braz.: Im ỉgran; 
Sum ax; Sutrip tan ; Canad.:_Imitrex; Chile: Im ígran; Som atran; 
China: D an  Tong J in g  ( f r B I Í ) ;  Na c h u a n  (ắfi)l|); Y oushu (7 t 
S ) ;  Cz.: Cinie; D olorstad t; Im igran; Rosemig; Sum am igren; 
Sum igra; W ispra; Denm.: Im igran; Im igrane; O riptan; Sum avel; 
Fin.: C in ie t; Im igran; O riptan; Sum aratio; Fr.: Im igrane; Imi- 
jec t; Ger.: Im igran; Sum avel; Gr.: A ltaxa; Forcet; Im igran; Pre- 
d p ita n ; Sutrip tan ; Hong Kong: Im igran; Hung.: Cinie; IIlu- 
m e n t t ;  Im igran; Triptagram ; India: M igratan; Sum inat; ỉndon.: 
C e ta ư e x t;  Im iư e x t; T rip tag ic  IrL: Im igran; Im ita g t; M igrastat; 
S um agrau ' Sum atran ; Suvalan; Israel: Im iưex; Sum atridex; 
ItaL: Ixnigran; Malaysia. Im igran; S um itran ; Mex.: Fermig; 
G esigran; Im igran; S um iaex ; Tebegran; Neth.: Im igran; Sum a- 
lin; Sum arix; Norw.: Im igran; NZ: ĩm igran; M yG ran; Sum a- 
g ra n t;  Philipp.: Im igran; Sum igran; Poi: A m igrenex; Cinie; 
Frúnig; Im igran; Sum am igren; Sum igra; Triplagram ; Port.: 
Im igran; Im igranradis; Rus.: A m igrenin (AMHrpeHHH); Im igran 
(HMHrpaH); M ygrepam  (MHrpenaM); Sum am ỉgren  (CyMaMnrpeH); 
Sum ig (CyMHT); Su m iư an  (CyMHTpaH); Trim igren (TpHMMrpeH); 
S .A /r.; Im igen; Im igran; Migrex; Triptam ; Singapore: Im igran; 
Sum atran ; S um úran; Spain: Im igran; S u m am y lan t; Swed.: 
Im igran; O riptan; Z um of; Switz.: Im igran; Thai.: lm igran; 
Turk.: Im igran; Sum atran ; UK: Im ìgran; Ukr.: A lgom ax 
(AnbroMaxc); A ntứ nig ten  (AttTHMHrpeH); Sum am igren  
(CyMaMHrpeH); USA: Im itrex; Sum avel; Zecuity; Veneĩ.: 
Im igran; M igraval.

M ubi-ingredient Preparorions. USA: Trexim et.

Phannacopoeial Preparotions
BP 2014: Sum alrip tan  Injection; Sum atrip tan  Nasal Spray; 
Sum atrip tan  Tablets;
U SP 36: Sum atrip tan  ỉn je a io n ; Sum atrip tan  Nasal Spray; 
Sum atrip tan  S u cd n a te  Oral Suspension; Sum atrip tan  Tablets.

Zolmitriptan ỊBAN, USAN, rlNNI 

311C90; Tsolmitnptaani; Zolmitriptán; Zolmitriptạno; Zolmi- 
triptanum; Zolmitryptaa' 3o/iMHTpnnT3H. 
(5)'4-{3-[2-(Dimethylamino)ethylÌindol-5-ylmethyl}-l ,3-oxa- 
zolidin-2-óne.
C,6H21N3O j= 287.4  ■
CAS —  139264-17-8.
ATC —  N02CC03.
ATC Vet —  QN02CC03.
UNII —  2FS66TH3YW. ;

Uses and Administration
Z o Im itrip ta n  is a  se lec tiv e  se ro to n in  (5 -H T |) a g o n is t  vvith 
a c tio n s  a n d  u se s  s im ila r  to  th o se  o ỉ  s u m a tr ip ta n  (p. 6 7 9 .3 ). It 
is u se d  fo r  th e  a c u te  ữ e a tm e n t  o f m ig ra in e  a tta c k s . 
Z o ỉm itr ip ta n  s h o u ld  n o t  b e 'u s e d  lo r  p ro p h y la x is .

T h e  l ic e n sed  d o se  in  th e  UK  is 2 .5  m g  o ra lly . A  clin ica l 
r e sp o n se  c a n  b e  e x p e a e d  vvithin 1 h o u r .  I í  sy m p to m s  p e rs is t 
o r  r e tu m  w ith in  2 4  h o u rs ,  a  seco n d  d o se  m a y  b e  ta k e n  n o t  
less  t h a n  2 h o u rs  a f te r  th e  lìrs t d o se . If  a  p a tie n t  d o e s  n o t  
a c h íe v e  s a ú s ía a o r y  l e l ie ỉ  w i th  a  d o se  o l 2 .5  m g , s u b s e q u e n t  
a tta c k s  m a y  be  ư e a te d  w ith  doses  o ỉ  5 m g . T h e  m a x im u m  
d o se  o f z o lm itr ip ta n  in  2 4  h o u rs  is lO m g . L ic en se d  d o ses  in  
th e  U SA  a re  so m e tv h a t lo w e r; th e  d o se  is 1 .25  o r  2 .5  m g  
w i th  a m a x ừ n u m  d o se  o f  10 m g  in  2 4  h o u rs .

W h e n  u s e d  in ư a n a s a l ly  a  c lin ica l r e sp o n se  c a n  b e  
e x p e c te d  in  15 m in u te s .  T h e  u s u a l  do se  is 5 m g  as  a  sin g le  
d o se  in to  o n e  n o s tr i l.  I f  sy m p to m s  p e r â s t  o r  r e tu m  w ith in  
2 4  h o u rs ,  a  se c o n d  d o se  m a y  b e  g iv e n  a h e r  a t  ỉe a s t  2  h o u rs , 
u p  to  a  m a x ũ n u m  o f ỈO m g  daily .

D o se  re d u c t io n s  a re  r e c o m m e n d e d  in  p a tie n ts  ta k in g  
c e r ta in  o th e r  d ru g s  (see  also  In te ra c tio n s ,  b e lo w ). T h e  
m a x im u m  d o se  o ỉ  z o lm itr ip ta n  in  2 4  h o u rs  s h o u ld  b e  5 m g  
in  th o s e  rec e iv in g  d m e t id in e  o r  a n  in h ib i to r  o{ m o n o a m in e  
o x id a se  ty p e  A ( a l th o u g h  u s e  w ith  in h ib ito rs  o f  m o n o a m in e  
o x id a se  ty p e  A is c o n tra - in d ic a te d  in  u s  lic e n se d  p ro d u c t  
in ío rm a t io n ) .  A s im ila r  re d u c t io n  is a lso  re c o m m e n d e d  in  
th o se  ta k in g  d ru g s, s u c h  as  Q u v o x a m in e  a n d  d p r o A o x a d n , 
t h a t  in h ib i t  th e  c y to c h ro m e  P450 iso e n z y m e  CYP1A2.

F o r  d o sa g e  in  c h ild re n  a n d  in  h e p a tic  im p a irm e n t,  see  
belovv.

Adm inislratíon in children. A lth o u g h  u n l ic e n s e d  ỉo r  u se  
in  c h ild re n  in  th e  UK , th e  BNFC su g g ests  th a t  z o lm itr ip ta n  
m a y  b e  u se d  in  th o se  ag e d  12 to  18 y e a rs  fo r  t h e  t re a t-  
m e n t  o f  a c u te  d u s te r  h e a d a c h e  ( in ư a n a s a l  r o u te  o n ly )  o r  
n ũ g ra in e .  D o ses  a re  s im ila r  to  th o se  u s e d  in  a d u lts  (see  
a b o v e ).

Adm iniỉtration in hepalic impairment. A s tu d y ' h a s  in d i-  
c a te d  t h a t  w h ile  th e r e  is  n o  n e e d  to  re d u c e  th e  s ize o f  th e  
in itia l d o se  o f  z o Im itr ip ta n  in  p a tie n ts  w i th  m o d e ra te  o r  
s e v e re  h e p a tíc  im p a irm e n t, a c c u m u la tio n  m a y  o c c u r  w i th  
re p e a te d  d o ses  in  p a tie n ts  w i th  se v ere  im p a irm e n t  a n d  
th e ir  to ta l d a ily  d o sa g e  sh o u ld  b e  red u c e d .

U K  l ic e n s e d  p r o d u c t  i n ío r m a t io n  r e c o m m e n d s  a 
m a x im u m  o ra l  d o se  o f  5 m g  in  2 4  h o u r s  in  p a tie n ts  w i h  
m o d e ra te  to  se v e re  im p a in n e n t .  I n  th e  USA, a  d o se  DÍ 
1 .25 m g  is re c o m m e n d e d  in  th o se  w i th  m o d e ra te  to  se v ere  
im p a lrm e n t,  w i th  a  m a x im u m  to ta l  d a ily  d o se  o f  5 m g  n  
s e v e re  im p a irm e n t.

1 . D ixon  R, t í  a ì . E f fe a  o f  h e p a tỉc  ỉm pairxnent o n  th e  p h a rm a c o k ỉn e tia  of 
z o ỉm ỉtr ip tan . J  ơ ù t  P h arm aeo ì 1998; 38: 6 9 4 -7 0 1 .

Migraine and duster headache. F o r  c o m p a riso n  o ỉ  tl  e  
re la tiv e  b e n e íi ts  o f  d iơ e re n t  t r ip ta n s  in  m ig ra in e , SI e 
u n d e r  S u m a tr ip ta n ,  p .  6 8 0 .1 .

F u r th e r  re íe re n c e s .
1. S p e o c er CM , t t  a l. Z o ỉm ỉirip tan ; a  rev iew  o f iis use in  m ig ra ỉn e . D n  ỊS 

1999; 58: 3 4 7 -7 4
2 . B ah ra  A, et a ỉ . O ral z o !m iư ip tJ n  ỉs cííecxive in  th e  a cu te  t r e a tm e n t )f 

d u s te r  h e ad a ch e . N euro logy  2000; 54: 1 832 -9 .
3. D ow son  A J, Charlesvvorth  B. R evtew  o f z o lm itrìp tan  a n d  ìxs c ìỉn k  lỉ 

a pp líca tions in  m lg ra ine . E xp e rt  o p in  Pharm aco ther 2002; 3 : 993 -1 0 0 5
4. C h a rle s tv o n h  BR, et a i . Speed  o í o nse t a n d  eơ ỉcacy  o f z o lm ũ rỉp ta n  n a : lỉ 

sp ray  Ún th e  a cu te  ư e a im e n t  o ỉ m ỉg ra ỉne: a  T andom ịsed. dou b le -b lin  ỉ. 
p la cebo -con tro lled . d o se -ran g in g  s iudy  v e rsu s zoIm itripw n  tab leL  C ỉ s  
D r u p  2003 ; 17: 6 53 -67 .

5. D o v n o n  AJ. t i  a i  T o le rab ilỉty  a n d  consis tency  o í e f ỉe a  o ỉ  z o tm itr ip u  n 
nasa l sp ray  in  a lon g -te rn i m íg ra in c  t r c a tm e n t trỉa ỉ. C N S D rugs  2 003; 1 
8 3 9 -5 1 .

6. L ew iỉ DW , t t  a i . A do ỉescen t M igra ine  S tee rìn g  C om m ìttee . E íỉicacy if 
zo Im itrìp tan  nasal sp ray  in  ado lescen t m ig ra in e . P td ia t r ia  2007; 12 >: 
39 0 -6 .

7. R a p o p o rt A M , t i  a ỉ . Z ữlm U rỉptan nasat sp ray  in  th e  a cu te  t re a tm e n t ì ỉ  
đ u s tẽ r  head a ch e : a d o u b le -b lin d  s tudỹ . N euroiogy  2007; 69 : 8 2 1 -  . 
C o rrec tíon . ib id . : 2029 .

8. H ed lu n d  c .  et a ỉ. Z o lm itrip tan  nasaỉ sp ray  ìn  th e  a cu te  tr e a tm e n t «f 
d u s ie r  h e a d a c h r  a m e ta -á n a ỉy s ỉs  o í tw o  srud ies. H ta d a ở tt  2009; 4 ' :  
1315-23.

Adverse Effects and Precautions
As fo r  S u m a tr ip ta n , p . 6 8 0 .2  a n d  p . 6 8 1 .2 .

Z o lm itr ip ta n  s h o u ld  a lso  b e  a v o id e d  in  p a tie n ts  vvith 
W o lff-P a rk in so n -W h ite  s y n d ro m e  o r  a r rh y th m ia s  asso- 
d a te d  w ith  ac ce sso iy  c a rd ia c  c o n d u c tio n  p a th w a y s .  1: 
s h o u ld  b e  g iv e n  w ith  c a u tìo n  in  p a tie n ts  w i th  m o d e ra te  ti I 
s e v ere  h e p a tic  ù n p a irm e n t .

Ischaemia. A sp in a l c o rd  les io n  r e la te d  to  th e  u se  o f  zo Im i 
t r ip ta n  h a s  b e e n  re p o r te d  in  a  5 0 -y e a r-o ld  w o m a n ;1 d in i  
cal íe a tu re s  su g g ested  th a t  th e  le s io n  vvas a n  is c h a e m ir  
i n ỉa r a .

1. V ỉjayan N, Peacock JH . Sp ỉnal co rd  ỉn farc tlon  d u rỉn g  use  o f zo ỉm itríp tan  
a case re p o n . M eaẩacht 2000 ; 40 : 57 -60 .

Medicotion-overuse headache. F o r  a  r e p o r t  o f a n  asso tía- 
t io n  b e tv v een  z o lm itr ip ta n  a n d  m e d ic a tio n -o v e m s e  head- 
ac h e , see  u n d e r  A d v erse  Effects o f  S u m a tr ip ta n ,  p . 6 8 1 .2 .

Poq»hyria. T h e  D ru g  D a ta b a se  ỉo r  A c u te  P o rp h y ria , com - 
p iled  b y  th e  N orvvegian  P o ip h y ria  C e n ơ e  (N A PO S) an d  
th e  P o rp h y ria  C e n tre  S w ed e n , d a ssU ies  z o lm itr ip ta n  as 
p o ssib ly  p o r p h y r in o g e n ic  i t  s h o u ld  b e  u se d  o n ly  vvhen  no  
sa ỉe r  a l t e m a t iv e  is a v a ila b le  a n d  p re c a u t io n s  s h o u ld  be 
c o n s id e re d  in  v u ln e ra b le  p a tie n ts .1

1. T he  D rug  D a ta b u e  for A cu te  P o rp h y ría . A vailab le  a e  h t tp : / /w w w . 
d n ig s-p o rp h y ria .o rg  (accessed  11 /04 /11 )

Rena! impairment. A lth o u g h  re n a l  d e a ra n c e  o f zo lm itr ip -  
t a n  a n d  its  m e ta b o li te s  w a s  re d u c e d  in  p a tie n ts  w i th  m o d -  
e ra te  to  se v e re  im p a in n e n t ,1 th e  r e s u l t in g  e ữ e a  w a s  u n li-  
k e ly  to  b e  o f  c lin ica l im p o r ta n c e  a n d  a d ju s tm e n t  ,o f 
z o lm itr ip ta n  d osage  in  p a tie n ts  w i th  r e n a l  im p a i im e n t  w a s  
c o n s id e re d  u n n e c e ssa ry .

1. G illo tin  c , rt al. N o n e e đ  IO a d ju ỉ t  th e  d o se  o f 3 1 1C90 (eo lm itrlp ta n ), a 
□ovel an õ -m ig ra ỉn e  tr e a tm e m  ỉn  p a tie n ts  w ỉth  r e n a ỉ ía ỉỉu re  n o t 
re q u ỉr ln g  d ỉa ly sb . Ịn í  J  ữ i n  P h a m a a t  T h e r  1997; 55: 522 -6 .

Interađions
A s ỉo r  S u m a tr ip ta n , p .  6 8 1 .3 .

Z o lm itr ip ta n  u n d e rg o e s  h e p a tic  m eta b o lism , m a in ly  
m e d ia te d  b y  th e  c y to c h ro m e  P 4 5 0  iso e n z y m e  CYP1A2 a n d  
a ls o  i n v o lv in g  m o n o a m i n e  o x id a s e  ty p e  A . I t  is 
r e c o m m e n d e d  th a t  th e  m a x im u m  d o se  o f z o lm itr ip ta n  in  
2 4  h o u r s  s h o u ld  b e  re d u c e d  in  p a tie n ts  rec e iv ỉn g  d m e t id in e ,  
a  g e n e ra l  P 4 5 0  in h ib i to r  (see  U ses a n d  A d m in is tra t io n , 
a b o v e ). A  s im ila r  r e d u c t io n  ỉn  z o lm itr ip ta n  d o sa g e  is 
a n t id p a te d  u  i t  is  g iv en  w i th  d ru g s, s u c h  as  ũ u v o x a m in e  a n d  
d p r o í lo x a d n .  th a t  in h ib i t  t h e  iso e n z y m e  CY P1A2. O p in io n  
v a ries  o n  th e  u se  o ỉ  z o lm itr ip ta n  tv ith  in h ib ito rs  of 
m o n o a m in e  o x id ase  ty p e  A  su c h  as  m o d o b e m id e . I n  t h e  U K  
lic e n s e d  p r o d u n  in ío n n a t io n  r e c o m m e n d s  t h a t  t h e  
m a x ú n u m  d o se  o f z o lm itr ip ta n  s h o u ld  b e  re d u c e d  w h e n  
u se d  w l th  in h ib ito rs  o f m o n o a m in e  o x id a se  ty p e  A  (see  Uses 
a n d  A d m in is tra t io n . a b o v e ),  w h e re a s  us lic e n se d  p ro d u c t  
i n í o r m a t i o n  S ta te s  t h a t  s u c h  c o m b i n a t i o n s  a r e  
c o n tra - in d ic a te d .

R e íe re n c e s .
1. D ỉxon  R, t ĩ  a i . The m e tab o ỉỉsm  o f z o ỉm itrip tan : effects o ỉ  a n  in d u c e r  and  

a n  in h ib i to r  o f  c y to ch ro m e  P 450  on  its p h a rm a co k in e tic s  in  h ra ỉ th y  
v o ỉu n te e rs . C ỉin  D ru g  In ves t  1998; 15: 5 1 5 -2 2 .

Alỉ cross-reíerences reíer to entries in Volume A

http://www.mhra.gov.uk/home/idcplg?IdcService%c2%bbGET_FILE&dDocN%c3%a2ine=-CON007462&Revis%e1%bb%89onSelectionMethod*LatestReleased
http://www.mhra.gov.uk/home/idcplg?IdcService%c2%bbGET_FILE&dDocN%c3%a2ine=-CON007462&Revis%e1%bb%89onSelectionMethod*LatestReleased
http://www
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Beta blockers. Prơpranolol in cx e a se d  p la s m a -z o lm itr ip ta n  
c o n c e n ư a tio n s  in  a  s tu d y  in  12 h e a lth y  su b je c ts , b u t  th e  
c h a n g e s  w e r e  n o t  t h o u g h t  to  b e  d in ic a lly  im p o r ta n t  
e n o u g h  to  v v arran t d o sa g e  a d ju s tm e n t  d u r ìn g  c o n c o m ita n t  
u s e .1

1. Peck RVV, et a i . T h e  ỉm e ra c tỉo n  b e tw e e n  p ro p ra n o lo l a n d  th e  nove ỉ 
a n tíix iỉg ra lne  a g e n t z o lm ìtr ip tan  (3 1 1C90). B r  J  c ỉ in  Pharmaeol 1997; 4 4 : 
5 9 3 -9 .

Pharmacolânetics
T h e  a b s o lu te  b io a v a ila b ili ty  o f  z o lm itr ip ta n  a f te r  o ra l  a n d  
in t r a n a s a l  d o s e s  is  a b o u t  4 0 % , a n d  p e a k  p la s m a  
c o n c e n tra t io n s  o c c u r  a b o u t  1 .5  to  3 h o u r s  a f te r  o ra l  
doses, d e p e n d in g  o n  th e  to rm u la t io n , a n d  In  a b o u t  3 h o u rs  
w i th  t h e  i n t r a n a s a l  sp ra y . P la sm a  p r o te in  b in d in g  is ạ b o u t  
2 5 % . Z o lm itr ip ta n  u n d e rg o e s  h e p a tic  m e ta b o lism , m a in ly  
to  th e  in d o le  a c e tic  a d d ,  a n d  also  th e  N -o x id e  a n d  N- 
d e s m e th y l  a n a lo g u e s .  T h e  N - d e s m e th y l  m e ta b o l i te  
(183C 91) w a s  m o re  a c tlv e  t h a n  th e  p a r e n t  c o m p o u n d  in  
animal s tu d ie s , a n d  w o u ld  b e  e x p e c te d  to  c o n tt ib u te  to  th e  
t h e r a p e u tic  e ữ e c t  o f  z o lm itr ip ta n .  T h e  p r im a ry  m e ta b o lism

of z o h n itr ip ta n  is m e d ia te d  m a in ly  b y  th e  c y to c h ro m e  P 4 5 0  
iso e n z y m e  CYP1A2 vvhile  m o n o a m in e  o x id ase  ty p e  A  is 
re sp o n s ib le  fo r í u r t h e r  m e ta b o lism  o{ th e  N -d e sm e th y l 
m e ta b o lite . O v e r  6 0 %  o f a  d o se  is e x c re te d  in  th e  u r in e ,  
m a in ly  as  th e  in d o le  a c e tic  a c iđ , a n d  a b o u t  3 0 %  a p p e a rs  in  
th e  íaeces , m a in ly  a s  u n c h a n g e d  d ru g . T h e  e lũ n in a tio n  
h a lf- iư e  is 2 .5  to  3 h o u r s ,  a n d  is p ro lo n g e d  in  p a tíe n ts  w i th  
liv e r  d isease .

D is tr ib u tio n  in to  m ilk  h a s  b e e n  ỉo u n d  in  s tu d ie s  in  Tữts. 

R e íe re n c e s .
.1 . D ixon  R, et a i. T h e  p h a rm a c o ld n e t i a  a n d  e ữ e c tỉ o o  b ỉo o d  p ressu re  of 

m u itíp ỉe  doses o f  th e  n o v e í a n tí-m ỉg ra ỉn e  đ ru g  xoỉxn ítrip tan  (311C 90) ỉn  
h e a ỉth y  v o lu n te e rs . B r J O i ỉ t  P h arm aco l 1997; 43 : 2 7 3 -8 1 .

2 . S eaber E . e t a ỉ .  T he  a b so iu te  b ioavailab ility  a n d  m e tab o ỉic  d ỉsposỉtion  o f 
th e  n o v e ỉ a n d m ỉg ra ỉn e  c o m p o u n d  lo lm icrip tan  (311C 90). B r  J  O m  
P h a rm a a l  1997; 43 : 5 7 9 -8 7 .

3. Peck  RW , e í a L  T h e  p h a rm a co đ y n a m ic s  a n d  p h a n n ac o ld n e tỉc s  o f th e  
5H T i*>D*agonist z o lm ỉtr ip tan  ỉn  h e a ỉ th y  y o u n g  a n d  e ld eriy  m e n  a n d  
w om etL  ơ i n  P h arm aco l T h e r  1998; 43 : 3 4 2 -5 3 .

4 . Dbcon R, a  a i . Á  oom p a rỉso n  o ỉ th e  p h a rm a co ltín e tíc s  a n d  to le rab ỉlỉty  o ỉ 
th e  n o v e ỉ a n rim ig ra in e  c o m p o u n đ  a o lm ỉtrỉp tan  ỉn  a do ỉescen ts  a n d  
ad u lts . J  O ù ìd  A d o ỉa c  P syd to p h a m a o o l 1999; 9: 3 5 -4 2 .

5. Y ates R. et a ỉ . Pha rm acok ine tic s , dose  p ropo rtíonality . a n d  ĩo le rab ỉlỉty  of 
sỉng le  a n d  re p e a t doses o f  a  nasal sp rây  io n n u ỉa tỉo n  o f ro lm ítríp tan  in  
h e a ỉth y  v o lu n te e rs . J  O m  Pharm aco l 2002; 4 2 : 1244 -50 .

PreparaHons
Propõetory Preparatìons (details are given in  Volum e B)

Single-ingrcdient Praparations. Arg.: Zomigon; AustraL: Zomig; 
Austrũr. Zomig; Beìg.: Zomig; Braz.: Zọmig; Canađ.: Zomig; 
ơiina: D ining ( ĩS ‘j I ); H eng Li A n K a Q u ( + t ì ) ;  Lin
K e S h u  N ao Rui A n (8 Ịầ $ );  s h u  Fu Lai í ® * * ) ;
Tian Shu (5&S); T uo Fu Ning (ÍEIK '?); Zomig Ci:
Zolmiles; Zomig; Denm.: Zolmiles; Zomig; Fin.: Zolmistad; 
Zomig; Fr.: Zomig; Zom igoro; Ger.: AseoTop; Gr.: Zomigon; 
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The Symbol t  denotes a preparation no longer actively marketed
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Antimyasthenics

T his c h a p te r  in d u d e s  th o se  d ru g s  u se d  fo r  t h e ữ  a n tic -  
h o lin e s te ra se  a c tìo n  in  th e  t r e a tm e n t  o f  m y a s th e n ia  g rav is  
a n d  r e la te d  n e u ro m u s c u la r  d iso rd e rs . O th e r  g ro u p s  o ỉ  d ru g s  
p la y in g  a n  i m p o r ta n t  ro le  in  t h e  m a n a g e m e n t  of 
m y a s th e n ia  a re  t h e  c o rtico s te ro id s  (p . 1 5 9 7 .1 ) a n d  so m e  
d ru g s  w i th  im m u n o su p p re s s a n t  a c tio n s  d ìsc u sse d  in  th e  
c h a p te rs  o n  A n tin eo p la s tic s  (p . 6 9 1 .1 ) a n d  I n u n u n o -  
s u p p re s sa n ts  (p. 1 9 3 6 .1 ).

Eaton-Lambert myasthenic syndrome
E a to n -L a m b e rt  m y a s th e n ic  s y n d ro m e  is a  r a r e  a u to -  
im m u n e  d isease  o f  t h e  n e u ro m u s c u la r  ỉu n c t io n .  U n lik e  
m y a s th e n ia  g rav is  (belovv), in  vvhich  a u tõ a n t ib õ d ie s  affec t 1 
a c e ty lc h o l in e  re c e p to rs ,  a n tib o d ie s  in  E a to n -L a m b e r t  I 
s y n d ro m e  ac t p re sy n a p tic a lly  to  re d u c e  re le a se  o f a c e ty l-  ! 
c h o lin e . W e ak n e ss  m o stly  a ííe c ts  th e  p ro x im a l m u sc les, Ị 
p a rt ic u la r ly  th o se  o f th e  lim bs; re sp ira to ry  a n d  o c u la r  ị 
m u s d e s  a re  u su a lỉy  sp a re d . A u to n o m ic  sy m p to m s  in d u d in g  I 
d ry  m o u th ,  c o n s tip a tio n , a n d  im p o te n c e  a re  c o m m o n . O v e r  1 
h a lf  o f p a tie n ts  a lso  h a v e  u n d e rly in g  sm all cell c a rd n o m a  of 1 
th e  lu n g . Su ccessíu l t re a tm e n t  o f t h e  tu m o u r  o f te n  leads  to  
so m e  im p ro v e m e n t  in  sy m p to m s.

T h e  sy m p to m a tic  t r e a tm e n t  o í  E a to n -L a m b e rt  sy n d ro m e  
in v o lv e s  t h e  u se  o f  d ru g s  th a t  in c re a se  th e  a v a ila b ility  of 
a c e ty lc h o lin e  a t  th e  n e u ro m u s c u la r  ju n c t io n . ' '*  R esp o n se  to  
t r e a tm e n t  w i th  anticholinesterascs a lo n e  is p o o r  a n d  
t r e a tm e n t  w i th  .amifampridinc, w h ic h  in c re a se s  a c e ty lc h o -  
lin e  re le a se , a p p e a rs  to  b e  m o re  e ííe c tiv e , p a rt ic u la r ly  w h e n  Ị 
g iv e n  vvith a n  a n tic h o lin e s te ra s e  su c h  as pyridostigmĩnt. T h e  : 
u s e  o f  đ ru g s  vvith a  s im ila r  a c tio n  su c h  as guanidint a n d  
fampridine h a s  b e e n  l im ite d  by  s e v e re  a d v e rse  e ííe c ts . Low - 
d o se  g u a n id in e  h a s  b e e n  trie d  w i th  p y r id o s tig m in e  w h e re  
a m U a m p rìd in e  is n o t  re a d ily  a v a ila b le ;9 a lth o u g h  th e r e  h a s  
b e e n  so m e  ú n p r o v e m e n t  vvith th e  c o m b in a tio n , th e  
i n d d e n c e  o f a d v e rse  e ííec ts , e s p e d a l ly  g a s tro in te s tin a l  
rea c tio n s , w a s  s till h ig h . I m m u n o s u p p re s s a n ts  ì n d u d in g  
azathioprine a n d  corticosteroids a re  a lso  u s e d  in  p a tie n ts  w h o  
h a v e  a n  in a d e q u a te  resp o n se  to  sy m p to m a tic  ư e a u n e n t ,  
a n d  u n l ik e  in  t r e a tm e n t  fo r m y a s th e n ia  g rav is, co rtico s te r-  
o ids  d o  n o t  a p p e a r  to  in d u c e  a n  in it ia l  e x a c e rb a tio n  of 
sy m p to m s. P lasm a e x c h a n g e  o r  h ig h -d o se  in tra v e n o u s  
normal ừnmunoglobulin h a v e  b e e n  trie d  in  p a ó e n ts  vvith 
se v e re  w e a k n e ss .
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P o s íg ra d M e d  J  1999; 75 : 516 -20 .

2 . Pascuzzí R M . M y a s th e n ia  gravỉs a n d  L am b ert-E a io n  sy n d ro m e . Th er  
A p h e r  2 0 0 2 ; 6 : 5 7 -6 8 .
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ư e atm eD L  A m  N  Y  A ca d  S à  2003; 9 9 8 Ĩ  5 00 -6 .
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A vailab le  ỉn  The C o c h ran e  D atabase  o f  S ystem atỉc  R eview s; Isrue  2. 
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9 . O h SJ, t í  ữ l. L ow -dose  g u a n ỉd in e  a n d  py ridostig in ine: rcla tíve ly  safe a n d  
eữ ec tìv e  lo n g - te rm  sy m p to tn atic  th e ra p y  in  L am bert-E a ton  m y a s th e n ic  
sy n d ro m e . M u scừ  N en *  1997; 20: ỉ  1 46 -52 .

Myaslkenia gravis
M y a s th e n ia  g rav is  is a n  a u to - im n m n e  d iso rd e r  c h a ra c -  
te r is e d  b y  d e íe c tiv e  n e u ro m u s c u la r  ư a n s m is s io n  a n d  
c o n s e q u e n t  m u s c u la r  vveakness. I t  is  c a u se d  b y  th e  
ío rm a tìo n  o f  a u to a n tib o d ie s  to  e le m e n ts  o f  th e  n e u ro -  
m u sc u la r  ju n c t io n .  I n  m o s t p a tie n ts ,  a n tib o d ie s  to  th e  
p o s ts y n a p tìc  n ic o tin ỉc  a c e ty lc h o lin e  r e c e p to r  a re  p re s e n t  
(d esc rib e d  as  's e ro p o s it iv e  m y a s th e n ia ’). Hovvever, a b o u t  10 
to  1 5 %  o f  p a tìe n ts  h a v e  so -c a lle d  's e ro n e g a tiv e  m y as-  
t h e n ia ’, i n  vvhom  a n tib o d ie s  to  o th e r  e le m e n ts  su c h  as 
m u s d e - s p e d h c  ty ro s ứ ie  k in a se  (M uS K ) m a y  b e  p re s e n t  
in s te a d ; t h e  p r o p o r t io n  o f su c h  p a tie n ts  is m u c h  h ỉg h e r  
a m o n g  th o se  w ith  o c u la r  m y a s th e n ia  (w h e re  th e  d isease  is 
in it ìa l ly  c o n h n e d  to  th e  e x tra -o c u la r  m u s d e s  b u t  m a y  
p ro g re ss  to  g e n e ra lis e d  m y a s th e n ia ) .  T h e  th y m u s  a p p e ars  to  
b e  in v o lv e d  in  m a n y  p a tie n ts  a n d  so m e  h a v e  a th y m o m a . 
C la s sih c a tio n s  o f  t h e  d isease  m a y  b e  b a se d  o n  th e  
d is tr ib u tio n  a n d  se v e r i ty  o f sy m p to m s, o n  th e  a g e  o f o n se t, 
a n d  o n  th e  p re s e n c e  o r  ã b sen c e  õ f th y m o m a . O th e r  ty p es  of 
m y a s th e n ia  i n d u d e  ơ a n s ie n t  n e o n a ta l  m y a s th e n ia  d u e  to  
tra n s p la c e n ta l  p a s sa g e  o f r e c e p to r  a n tib o d ies , vvhich m a y  
p e rs is t  ÍO T1 to  6  w e e k s  i n  t h e  in f a n ts  o f m y a s th e n ic  m o th e rs , 
p e n id l la m in e - in d u c e d  m y a s th e n ia ,  a n d  c o n g e n ita l  m y as-  
th e n ia  (see  u n d e r  A m iía m p rid in e , p . 6 8 5 .1 ). ỉ

Diagnosừ oỊ myasthenia gravừ.1'7
A n tib o d y  te s t in g  re m a in s  t h e  go ld  S ta n d ard  fo r  d iag n o s is  

o f m y a s th e n ia  grav is . P a t ie n ts  m a y  o f te n  b e  te s te d  firs t fo r  
th e i r  re a c tìo n  to  a n  a n tic h o lln e s te ra s e .  Im r a v e n o u s  e d ro -  
p h o n iu m  p re c e d e d  b y  a ư o p ín e  (T en silo n  te s t)  is t h e  m o st 
c o m m o n ly  u s e d  a n tìc h o lin e s te ra s e  te s t  b e c a u s e  of its  rap id  
o n s e t  a n d  s h o r t  d u ra t io n  o f  a c tìo n . S e v e re  a d v e rse  effec ts 
c a n  o ccas io n a lly  o c c u r  so  te s t in g  s h o u ld  o n ly  b e  u n d e r ta k e n  
w h e n  la d li tìe s  fo r  e n d o tra c h e a l  in tu b a t io n  a n d  c o n ư o lle d  
v e n ti la t io n  a re  ứ n m e d ia te ly  a v a ila b le . A  p o s id v e  re s u l t  is 
c o n s id e re d  to  b e  a  rap id  b u t  te m p o ra ry  in c re a se  in  m u sc le  
s ư e n g th .  R e p e titiv e  n e rv e  s tim u la tio n  a n d /o r  s in g le -f ib re  
e le c tro m y o g ra p h y  a re  a iso  u se d  as  a  d ia g n o sd c  te s t  b u t ,  like  
th e  a n tic h o lin e s te ra se  tes t, a re  n o t  sp eciíic  for m y a s th e n ia  
grav is . C o m p u te d  to m o g ra p h y  o r  m a g n e tic  r e so n a n c e  
im a g in g  m a y  b e  u se d  to  d e te c t  th y m o m a .
Treatment of myasthenia gravis.'-'7
• S y m p to m a tic  t r e a tm e n t  is vvith a n  anúcholintĩterase; 

p y r id o s t ig m in e  a n d  n e o s t ig m in e  a re  th o s e  m o s t  
c o m m o n ly  u se d . M o st p a tie n ts  p re fe r  p y r id o s tig m in e  as 
it p ro d u c e s  less m u sc a r ín ic  a d v e rse  effec ts a n d  h a s  a 
lo n g e r  d u ra t io n  of ac tio n , a l th o u g h  th e  q u ic k e r  o n s e t  of 
a c tio n  of n e o s tig m in e  m a y  o ffe r  a n  a d v a n ta g e  a t  th e  
b e g in n in g  o f th e  day . T h e  d o se  m u s t  b e  a d ju s te d  to  gi ve 
th e  o p tim u m  th e ra p e u tic  r e sp o n se  b u t  m u sc le  s tre n g th  
m a y  n o t  b e  r e s to re d  to  n o r m a l  a n d  so m e  p a tie n ts  m u s t  
live w ith  a  d e g re e  o f d isa b ility . T h e  e ííe c t m a y  v a ry  fo r 
d iH e re n t m u s d e s  a n d  th e  d o sag e  s h o u ld  b e  a d ju s ie d  so  
th a t  th e  b u lb a r  a n d  re sp ira to ry  m u sc le s  rec e iv e  o p t im u m  
tre a tm e n t.  G e n e ra lly , a n tic h o lin e s te ra s e s  o n ly  p ro v id e  
p a rt ia l  rem iss io n  a n d  th e i r  e f f e a s  t e n d  to  d im in ish  w ith  
c o n tin u e d  t r e a tm e n t .  O v e rd o sa g e  m a y  le a d  to  a  
'c h o lin e rg ic  crisis ' (see  A d v e rse  E ttec ts  o f N eo stig m in e , 
p . 6 8 8 .2 ). E d ro p h o n iu m  m a y  b e  u se d  to  es ta b lish  
v v h e th e r  th e  p a tie n t  is u n d e rd o s e d  o r  o v e rd o se d .

•  Corticosteroids a re  th e  m a in  im m u n o su p p re s s iv e  d ru g s 
u se d  fo r  ơ e a tm e n t.  T h e y  a re  a lso  u se íu l  in  p a tie n ts  w ith  
o c u la r  m y a s th e n ia ,  w h o  as  a  g ro u p  re sp o n d  p o o r ly  to  
a n tic h o lin e s te ra se s  a n d  to  th y m e c to m y , p ro v id e d  th a t  
th e ir  d isa b ility  is se v e re  e n o u g h  to  vvarran t lo n g -te rm  
co rtico s te ro íd  ư e a tm e n t  w i th  its  a t t e n d a n t  a d v e rse  
e ữ ec ts. M a n y  s ta r t  vvith lo w  doses  su c h  as  5 to  2 0  m g  of 
p re d n iso lo n e  d a ily  o r  o n  a l te m a te  days, to  re d u c e  th e  risk  
of s te ro id - in d u c e d  e x a c e rb a tio n s  of vveakness, a n d  
in c re a se  th e  d o se  s low ly  th e r e a í te r  a c co rd in g  to  resp o n se ; 
a n  im p ro v e m e n t is u s u a lly  s e e n  a í te r  a  fe w  vveeks. O th e rs  
u se  m o re  aggressive  re g im e n s  to  o b ta in  a  m o re  rap id  
re sp o n se  a n d  s ta r t  w i th  la rg e  doses  su c h  as 6 0  to  8 0  m g  of 
p re d n is o lo n e  dally . W h ic h e v e r  m e th o d  is u se d , o n c e  
d in ic a l  b e n e h t  h a s  b e e n  o b ta in e d  th e  re g im e n  s h o u ld  b e  
m od iC ed  to  a l te m a te -d a y  d o sag e . w i th  th e  do se  b e in g  
slovvly ta p e re d  w h e n  th e  p a tie n t  is in  rem iss io n . P a tie n ts  
takáng co rtico s te ro id s  r e q u ir e  less a n tic h o lin e s te ra se  
th e ra p y  a n d , if th e  d o sa g e  o f  th e  a n tic h o lin e s te ra s e  is n o t  
red u c e d , a n  in itia l d e te r io ra tio n  in  th e  m y a s th e n ia  m a y  
o c c u r in  th e  firs t few  w e e k s  o f ơ e a tm e n t  (see  a lso  u n d e r  
In te ra c tio n s  o f N e o s tig m in e , p . 6 8 9 .1 ). I t  is ra re ly  p ossib le  
to  vvithdravv co rtico s te ro id s  c o m p le te ly  b u t  so m e  p a tie n ts  
m ay  b e  m a in ta in e đ  sa tís ta c to rily  o n  a ỉ  little  as ỈO m g  o n  
a l te m a te  day s. I í  re m iss io n  c a n n o t  b e  m a in ta in e d  o n  
lo w -d o se  p re d n iso lo n e , a d d it io n  o f  a z a th io p rin e  a t  a 
d osage  of 2 to  3 m g /k g  d a ily  m a y  b e  co n s id e red .

• A d d itio n  o í  azathioprine to  t r e a tm e n t  m a y  allovv a 
r e d u c tio n  in  th e  d o se  o f  b o th  co rtico s te ro id s  a n d  
a n tic h o lin e s te rase s . A z a th io p r in e  m a y  a lso  b e  oí u se  
w h e n  c o rtico s te ro id s  a re  c o n tra - in d ic a te d  o r  w h e n  
resp o n se  to  co rtico s te ro id s  a lo n e  is in s u ữ id e n t ,  b u t  i t  h as  
a  m u c h  slovver o n s e t  o f  a c tio n  t h a n  c o rtico s te ro id s  a n d  is 
n o t  u su a lly  u se d  a lo n e . Cicloiporín is  e ữ e c tiv e  in  so m e  
p a tie n ts  u n re sp o n s iv e  to  S ta n d ard  c o m b in a tio n s  b u t  
se rio u s  a d v e rse  e íle r ts  in c lu d in g  n e p h ro to x ic ity  m ay  
lim it its  u se ; th e  tú n e  to  r e sp o n se  is s im ila r  to  th a t  w i th  
c o rtico ste ro id s . O th e r  d ru g s  su c h  as  cydophosphamide, 
mycophcnolate mofetil, a n d  methotrexate h a v e  a lso  b e e n  
trie d  a n d  b e n e ũ t  h a s  b e e n  re p o r te d  w ith  tacrolimus. 
H ovvever, a  sy s te m atic  rev iev v 14 h a s  ío u n d  th a t  o n ly  a 
sm all n u m b e r  o f r a n d o m ise d  c o n ư o l le d  s tu d ie s  h a v e  
b e e n  c o n d u c te d  o n  th e  u se  o f  im m u n o su p p re s s iv e  d ru g s 
for m y a s th e n ia  g rav is a n d  m o s t  h a v e  b e e n  s h o rt- te rm . 
T he  revievv o f th is  l im ite d  e v id e n c e  c o n c lu d e d  th a t ,  a p a r t  
ừ o m  c y đ o p h o s p h a m id e  u s e d  a lo n e  o r  d d o s p o r in  u se d  
a lo n e  o r  w ith  co rtico s te ro id s , th e re  w a s  n o  d e a r  e v id e n c e  
o f b e n e li t  f ro m  u se  o f o th e r  im m u n o su p p re s s a n ts .

•  P lasm a e x c h a n g e  p ro v id e s  a  d ra m a tic  b u t  sh o rt- liv e d  
im p ro v e m e n t  a n d  is u s e tu l  as a s h o r t - te rm  m e a s u re  in  
m y a s th e n ic  crisis to  im p ro v e  ill p a tie n ts  vvhile o th e r  
th e ra p ie s  ta k e  e f f e a ,  b u t  th e r e  is n o  e v id e n c e  th a t  
re p e a te d  p lasm a  e x c h a n g e  c o m b in e d  vvith im m u n o su p -

p re s s io n  is su p e r io r  to  im m u n o s u p p r e s s io n  a lo n e . A  
s im ila r  s h o r t - te r m  b e n e h t  h a s  b e e n  se e n  f r o m  th e  us e o f  
h ig h -d o s e  in tr a v e n o u s  normal immunoglobulins; h o w e  /e r ,  
a  sy s te m a tic  rev ievv15 c o n s id e re d  í u r t h e r  s tu d y  tc  b e  
v v arran ted .

•  T h y m e c to m y  m a y  b e  o ffe re d  to  a ll p a t ìe n ts  s u ỉh d e n t l  ỉ fit 
to  ũ n d e rg o  s u rg e ry  u n le s s  t h e y  h a v e  m in im a l  sy m p tc  m s, 
p u re ly  o c u la r  d ise a se , o r  la te  o n s e t  o r  se ro n e g a  :ive 
d isease . T h y m e a o m y  is u s u a lly  a v o id e d  in  p re p u b e  rta l 
c h ild re n  b e c a u s e  o f  c o n c e m  o v e r  th e  e í íe c t  o n  g ro  v th  
a n d  th e  d e v e lo p in g  im m u n e  System ; i t  h a s  b  :e n  
su g g e ste d  th a t  sy m p to m a tic  t r e a tm e n t  w i th  a n tic h o  in -  
e s te ra se s  s h o u ld  b e  c o n t in u e d  u n t i l  a d o le s c e n c e ,  w  le n  
t h e  d ise a s e  o í te n  im p r o v c s  s p o n ta n e o u s ly .  A t e r  
t h y m e a o m y ,  r e m is s io n  o r  i m p r o v e m e n t  m a y  b e  
e x p e c te d  in  a b o u t  8 0 %  o f  p a tie n ts  v v ith o u t th y m o n ia s ,  
a l th o u g h  th is  m a y  ta k e  so n ie  y e a rs ; t h e  respons< is 
p o o re r  in  th o se  w ith  th y m o m a s .

1. V incent A. t í  a i . M y a u h e n ia  g rav is . L iin ce t  2 0 0 Ỉ : 35 7 : 2 1 2 2 -8 .
2 . Pascuzzi RM . M y a sth e n ia  g rav is a n d  ỉ .a m b e n -E a to n  sy n d ro m e . rh e r  

A p h e r  2002; 6: 5 7 -68 .
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Ambenonium Chloride (BAN. riNNi

Ambenonii Chloridum; Ambenonio, cloruro de; Amben )- 
nium Chlorid; Ambénonium, Chlorure d'; Ambenonlumklc r- 
id; Ambenoniumkloridi; Ambestigmini Chloridum; Chloru e 
d'Ambénonìum; Cloruro de ambenonĩo; Win-8077; Am6 ỉ- 
HOHHH Xnopnp.
A//W'-Oxalylbis(A/-2-aminoethyl-W-2-ch!orobenzyldiethylar \- 
monium) dichloride.
CMH42CI4N40r=608.5 .
CAS —  7648-98-8 (ambenonium); ì 15-79-7 (anhydro '5 
ambenonium chloride); 52022-31-3 (ambenonium chlorh e 
tetrahydrơte).
ATC— N07AA30.
ATC Vet —  QN07AA30.
UNII —  51FOB87G3l (ambenonium chloride); 9T1OT0ỈKV- ; 
(ambenọnium chloride tetrahydrate).

P h a rm a c o p o e ia s .  In  Jpn.

Uses and Administration
A m b e n o n iu m  is a q u a te m a ry  a m m o n iu m  c o m p o u n d  th a t  is 
a  r e v e n ib le  in h ib i to r  o f c h o lin e s te ra s e  a c tiv ity  vvith  a c tio  1S 
s im ila r  to  th o se  oi n e o s tig m in e  (p . 6 8 7 .2 ), b u t  o f  lo n g  ĩ r  
d u ra t io n . A m b e n o n iu m  c h lo r id e  is  g iv e n  o ra l ly  in  t h e  
ơ e a tm e n t  of m y a s th e n ia  g rav is  ( a b o v e )  in  u s u a l  d o se s  o i 5 
to  2 5  m g  th re e  o r  fo u r  t im e s  d a ily , a d ju s te d  a c c o rđ in g  ;o 
re sp o n se . I t m a y  b e  of v a lu e  in  p a t ie n ts  w h o  c a n n o t  to le ra  :e 
n e o s tig m in e  o r  p y r id o s tig m in e .

Adverse Effects, Treatment, and Precautions
A s fo r  N e o s tig m in e , p . 6 8 8 .2 .

A m b e n o n iu m  p ro d u c e s  fe w e r  m u sc a r in ic  a d v e rs e  effec ts 
t h a n  n e o s tig m in e . As th e r e  is o n ly  s lig h t v v a m in g  )f 
o v e rd o sa g e , ro u tin e  u se  of a tr o p in e  w i th  a m b e n o n iu m  is 
c o n ư a - in d ic a te d  b e c a u s e  th e  m u sc a r in ic  sy m p to m s  )f 
o v e rd o sa g e  m a y  b e  su p p re s s e d  le a v in g  o n ly  t h e  m o  e
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s e r io u s  n ic o tin ic  e ííec ts  ( ía s d c u ia t ío n  a n d  p a ra ly sis  o f 
v o lu n ta r y  m u s d e ) .

P o r p h y r í a .  T h e  D rug  D a ta b ase  fo r  A c u te  P o rp h y ria , co m - 
p i ỉe d  b y  th e  N orvvegian P o rp h y ria  C e n tre  (NA POS) a n d  
t h e  P o rp h y r ia  C e n tre  S w ed e n , d a s s ih e s  a m b e n o n iu m  as 
p r o b a b ly  n o t  p o ip h y i in o g e n ic  i t  m a y  b e  u se d  a s  a  d ru g  o f 
Ã rst c h õ ic e  a n d  n o  p re c a u tio n s  a re  n ẽ e d e d .1

1. T h e  D ru g  D atabase  fo r A cute  P o rp h y r ỉa . A vaỉỉab le  a t: h t tp : //w w w . 
d ru g s-p o rp h y r ia .o rg  (accessed 2 7 /0 7 /1 1 )

Pharmacokinetics
A m b e n o n iu m  c h lo r id e  is p o o r ly  a b s o rb e d  fro m  th e  
g a s ư o in te s t in a l  tta c t.  I t  d o e s  n o t  a p p e a r  to  b e  h y d ro ly se d  
b y  c h o lin e s te ra se s .

Preparations
Propnetary Preparations (details a re  g iv en  in  V olum e B) .

Single-ingredient Preporotions. Cz.: M ytelase; F r.: M ytelase; Gr.: 
M ytelasẽ; Hung.: M ytelase; PoL: M ytelase; Swed.: M ytelase; 
USA: M ytelase.

Amịfampridỉne (BAN, HNNI

Amifompridin; Arnifompridìna; Amifampridinum; 3,4-Diami- 
nopiridịna; 3,4-Diaminopyridine; AMM<ị>aMnpMflMH. 
Pyridine-3,4-diamine.
CsH7N3=109.l 
CAS —  54-96-6.
ATC —  N07XX05.
ATC Vet —  QN07XX05.
UNII —  RU4S6E2G0J.

Amifampridine Phosphate (riNNMi 

Amifampridine, Phosphate de; Amilãmpridini Phosphas; 
Fosfato de amịfampridina; AMuộaMnpuflHHa OocộaT. 
CịH7Nị,H3PO4=207.ỉ 
ATC —  N07XX05.
ATC Vet —  QN07XX05.

Uses and Administation
A m iía m p rid in e  e n h a n c e s  th e  re le a se  oi a c e ty lch o lin e  ừ o m  
n e r v e  te rm in a ls ;  its a c tio n s  a n d  u se s  a re  s im ila r  to  th o se  of 
í a m p r id in e  (p . 686 .2 ) b u t  it  is r e p o r te d  to  b e  m o re  p o te n t.  I t  
is  u s e d  in  t h e  E a to n -L a m b e rt  m y a s th e n ic  sy n d ro m e  (b elo w ) 
a n d  o t h e r  m y a s th e n ic  c o n d it io n s . I t  h a s  b e e n  trie d  in  
m u lt ip le  s d e ro s ís  a n d  in  b o tu lism . A m ư a m p rid in e  is g iv e n  
a s  th e  p h o s p h a te  b u t  doses  a re  e x p re s se d  a s  th e  b ase ; 
18 .9 8  m g  o f  a n ũ ía m p rid in e  p h o s p h a te  is e q u iv a le n t  to  a b o u t  
lO m g  o f  a m lía m p rid in e . T h e  r e c o m m e h d e d  o ra l  s ta r tin g  
d o s e  in  a d u l t s  w ith  E a to n -L a m b e rt  m y a s th e n ỉc  sy n d ro m e  is 
t h e  e q u iv a le n t  of 15 m g  d a ily  g iv e n  in  3 o r  4  d iv id e d  doses; 
t h e  d o se  m a y  b e  In c re a sed  in  s tep s  o f  5 m g  e v e ry  4  o r 5 d a y s  
t o  a  m a x im u m  of 6 0  m g  da ily . F o r  d o se s  in  p a tie n ts  w i th  
h e p a tic  o r  r e n a l  im p a irm e n t see  b e lo w .

Administration in hepatk or renol impairmenl. A n  o ra l 
s ta r t in g  d o s e  th e  e q u iv a le n t o f  a m iía m p r id in e  5 m g  d a ily  is 
r e c o m m e n d e d  in  p a tie n ts  w i th  m o d e r a te  to  s e v ere  h e p a tic  
o r  r e n a ỉ  im p a irm e n t;  th o se  vvith m ild  im p a irm e n t m a y  b e  
g iv e n  a s ta r tin g  do se  o f  10 m g  d a ily . T h e  d o se  m a y  b e  
in c r e a s e d  in  s tep s  o l 5 m g  e v e ry  7  d a y s .

Congenital myaỉthenia. C o n g e n ita l  o r  h e re d i ta ty  m y as-  
t h e n i a 1' 3 is a  h e te ro g e n e o u s  g ro u p  o f  ra re  d iso rd e rs  a sso - 
d a te d  vvith  v a rio u s  d e le c ts  in  n e u ro m u s c u la r  tra n sm iss io n  
in c lu d in g  p re sy n a p tic  im p a irm e n t  o f  a c e ty lch o lin es te ra se  
re le a se ,  p o s tsy n a p tic  a b n o rm a lity  o f  a c e ty lch o lin e  rec e p - 
to rs , o r  a  d e í id e n c y  ot a c e ty lc h o lin e s te ra se . C o n se q u e n tly , 
f o r  a n y  g iv e n  c o n g e n ita l m y a s th e n ic  s y n d ro m e , th e  sy n a p -  
t ic  r e s p o n s e  to  a c e ty lc h o lin e  is  e i th e r  inCTeased o r  
d e c re a s e d . S y m p to m s m a y  b e  s im ila r  to  th o se  of m y as-  
th e n ia  g rav is  (p. 6 8 4 .1 ) b u t  th e r e  a re  n o  im m u n o lo g ic a l 
a b n o rm a li t ie s .  T re a tm e n t13 is sy m p to m a tic  a n d  d e p e n d s  
o n  b o th  t h e  sư u c tu ra l  d e f e a  o f  t h e  n e u ro m u s c u la r  j u n c -  
t io n  a n d  t h e  u n d e rly in g  g e n e tic  d e íe c t .  D ru g s th a t  a re  b e n -  
e íic ia l  fo r  O ne ty p e  o ỉ  c o n g e n ita ỉ  m y a s th e n ia  c a n  b e  h a rm -  
f u ỉ  fo r  a n o th e n  h e n c e , a  p r e d s e  d iag n o s is  in d u d in g  
g e n e tic  te s t in g  is r e c o m m e n d e d  f o r  ra t io n a l  th e ra p y . 
A n tic h o l in e s te ra s e s  a n d  a m iỉa m p r id in e  m a y  b e  u se d  w h e n  
t h e r e  is a  d e c re a se d  s y n a p tic  r ẹ s p o n s e  to  a c e ty lch o lin e ; u p  
to  1 m g /k g  d a ily  o f a m iỉa m p r id in e  h a s  b e e n  g iv en  in  
d iv id e d  d o se s . Q u in id in e  su lỉa te  a n d  ílu o x e tin e , b o th  
o p e n - c h a n n e l  b lo ck ers  o f  a c e ty lc h o lin e  rec e p to rs , h a v e  
b e e n  u s e d  w h e n  th e  s y n a p tic  r e s p o n s e  is in c re a se d , su c h  
a s  i n  t h e  s lo w -c h a n n e l  sy n d ro m e s . In it ia l ly , q u in id in e  su l-  
f a te  2 0 0  m g  m a y  b e  g iv e n  ỉ  t ũ n e s  đ a iỉy  ío r  a  w e e k , 
a d ju s te d  a c c o rd in g  to  s e ru m  Ievels t h e r e a h e r ;  w h e n  q u in i-  
d in e  is  n o t  to le ra te d , Đ u o x e tin e  m a y  b e  g iv e n  in  g ra d u a l 
ín c r e m e n ts  u n t i l  a  to ta l  d a ily  d o se  o f 8 0  to  100 m g  is 
r e a c h e d .  E p h e d r in e ,  g iv en  in  d o se s  o f  2 5  to  5 0  m g  2  o r  3

tim e s  d a ily , h a s  a lso  b e e n  shovvn to  b e  o ỉ  b e n e H t ỉn  c e r ta in  
ty p es  o f  c o n g e n ita l  m y a s th e n ia  a l th o u g h  Its m o d e  o f 
a c tio n  is u n d e a r .

1. E ngel AG. C ongen ita ỉ m y asthen ic  synd rom es. N eu ro l ơ ir t  N o rth  A m  
1 9 9 4 :1 2 :  4 0 1 -3 7 .

2 . Ẹ n g e ỉ Ạ G . T h e  th e ra p y  o f  c o n g e n ira l m y a s th e rủ c  sy n đ ro m e s . 
N eu ro th cra p cu tia  2007; 4 :2 3 2 - 7 .

3. S c h a ra  u ,  L ochm O ỉỉer H . T hera p eu c ỉc  s r ra te g ỉes  ỈQ c o n g e n ỉta l  
m y a s th e n ỉc  synd rom es. N eurotherapeu tia  2008; 5: 3 4 2 -7 .

E a to n -L a m b e rt  m y a s th e n ic  s y n d ro m e . O ral d a ily  d o se s  o f 
u p  to  lO O m g o f a m ư a m p rid in e  h a v e  b e e n  ío u n d 1'2 to  b e  
e tte c tív e  in  th e  t r e a tm e n t  o l b o th  th e  m o to r  a n d  a u to -  
n o m ic  d e B d ts  o f  p a tie n ts  w i th  E a to n - ỉa m b e r t  s y n d ro m e  
(p. 6 8 4 .1 ) . H ovvever, so m e  w o rk e rs  h a v e  re c o m m e n d e d  
l im itin g  th e  d o se  to  8 0  m g  d a ily  b e c a u se  o f  t h e  in cx e a se d  
rísk  o f  s e iz u res  w i th  h ig h e r  d o ses.3-* (UK lic e n se d  p r o d u c t  
in ỉo im a t ío n  re c o m m e n d s  a  m a x im u m  d a iỉy  d o se  of 
60  m g .) A m iía m p rid in e  c a n  p ro d u c e  m ild  e x t í t a to r y  eSects 
a n d  s o m e  p a tie n ts  m a y  h a v e  d iíũ c u lty  in  s leep in g .

1. M cE voy  K M . t í  aỉ. 3 ,4 -D ỉam ỉnopy rỉd ỉne  ỉn  th e  ơ e a n ụ e m  o ỉ L am b ert-  
E a to n  m y a s th e n ic  synd rom e . N  E n g l J  M e d  Ỉ989 ; 321 : 1 567 -71 .

2 . N ew som -D avỉs J .  M y asỉhen ia  grav is a n d  th e  L am b ert-E a to n  m y a s ih e n ỉc  
sy n d ro m e . P m a i b t n '  J  Ỉ993 ; 33: 2 0 3 -2 1 2 .

3 . S a n d e rs  DB, t í a l .  A  ra n d o m à e d  ư ỉa ỉ  o í 3 ,4 -d iam in o p y riđ in e  ỉn  L am b crt-  
E a to n  m y a s th e n ic  synd rom e . N eurology  2000; 54: 6 0 3 -7 .

4 . O h  SJ. t í  a ỉ . 3 ,4 -D iara inopy ríd ine  ỉs m ore  eổec tìv e  th a n  p la ce b o  ỉn  a 
ran d o m ize d . d o ub le -b lind . Õ oss-over d ru g  s tu d y  in  LEM S. M u s d t  S e rv e  
20 0 9 ; 40 : 7 9 5 -8 0 0 .

M u h ỉp le  s d e r o s i s .  A m ư am p rid in e  h a s  b e e n  trie d  in  t h e  
m a n a g e m e n t  o f m u ltip le  sd e ro s is  (p. 9 9 6 .3 ). I n  a  c ro s so v e r  
study* in v o lv in g  36 p a tie n ts  w i th  m td tip le  s d e ro s is , a m i-  
ỉa m p r id in e  g iv e n  in  a  d o sag e  o ỉ  u p  to  100  m g  d a ily  
im p ro v e d  sy m p to m s  o{ leg  w e a k n e ss  to  a  g re a te r  e x te r n  
t h a n  p lac e b o  b u t  p a ra e s th e s ia  a n d  a b d o m in a l p a in , vvh ich  
o c c u rre d  in  m o s t  p a tie n ts , w e re  d o se -lim itin g  in  s o m e . A  
sy s te m a tic  revievv2 ol th e  u se  o f  a m in o p y r id in e s  fo r  s y m p -  
to m a t ic  m a n a g e m e n t  o ( m u ltip le  sd e ro s is  w a s  u n a b le  to  
c o m e  to  a n y  c o n d u s io n , a n d  c o m m e n te d  o n  th e  p r o b le m  
o f p u b l ic a tio n  b ias  in  th is  a re a .

1. B e v er  CT. t í  a i . T rea tm en t w ỉth  o ra ỉ 3 ,4 -d iara inopy rid ine  ỉm p ro v e s  leg 
s tr e n g th  in  m u ltìp le  sde ro sỉs  p a tỉen ts : resu lts  o ỉ a  random ỉze< i d o u b le -  
b ỉỉn d . pU cebo-conoroU ed. c ro ssover tria l. N rtro lo g y  1996; 4 7 :1 4 5 7 - 6 2 .

2 . So lari A. t í  a ỉ . A m ỉnopy rid ines t o r  sy m p tom atíc  tr e a tm e n t in  m u lr ip le  
sd e ro s is . A vailab le  in  T he  C o c h ran e  D atabase  of S ys tem atỉc  R ev iew s; 
Issu e  4 . C h ỉch e s ten  J o h n  VViley; 2002  (accessed 15 /0 2 /0 6 ).

Adverse Effects and Precautions
T h e  m o s t  c o m m o n  ad v e rse  e ííec ts  w i th  a n ũ ía m p rìd in e  a re  
p a ra e s th e s ia s  a n d  g a s tro in te s tin a l d is tu rb a n c e s  su  c h  as  
e p ig as tra lg ia , d ia r rh o e a , n a u s e a .  a n d  a b d o m in a l p a in . S le ep  
d iso rd e rs , a n x ie ty , w e a k n é ss , ỉa tìg u e , h e a d a c h e , c h o re a ,  
m y o d o n u s ,  R a y n a u d 's  sy n d ro m e , co u g h , b ro n c h ia l  h y p e r -  
s e c re tio n , a n d  e le v a te d  l iv e r  e n z y m e  v a lu e s  h a v e  a lso  b e e n  
re p o r te d .  T h e  se v e r i ty  a n d  in d d e n c e  of m o s t a d v e rse  e ữ e c ts  
a re  d o s e -d e p e n d e n t.

A r rh y th m ia s  h a v e  b e e n  re p o r te d  w ith  a m ư a m p r id in e  
a n d  EC G  m o n ito rin g  sh o u ld  b e  p e rỉo rm e d  a t  th e  s ta r t  o f 
t r e a tm e n t  a n d  y e a rly  th e re a íte r ;  a m iía m p rid in e  ỉ h o u ld  n o t  
b e  u s e d  in  p a tie n ts  w ith  c o n g e n ita l  QT in te rv a l  p ro lo n g a -  
tio n . T h e re  h a v e  a lso  b e e n  iso la te d  rep o r ts  o f  se iz u re s  a n d  
a m iía m p r id in e  is th e re ío re  c o n tra - in d ic a te d  in  p a tie n ts  w i th  
ep ile p sy . A s th m a  a ttack s  h a v e  o c c u rre d  in  p a tie n ts  w i th  
a s th m a  o r  a  h i s to iy  of th e  d isease ; a m iía m p h d in e  s h o u ld  n o t  
b e  u s e d  in  th o se  w ith  u n c o n ư o l le d  a s th m a .

B lu r re d  Vision, d row siness , a n d  d izz ìness  h a v e  b e e n  
re p o r te d  w ith  a m ita m p rid in e  a n d  m ay  a í í e d  th e  a b il i ty  o f a 
p a t ie n t  to  d rìv e  o r  o p e ra te  m ẵ c h ín e ry .

R e íe re n c e s .
1. F le t L  t í  a i . 3 ,4 -D iam inopy rid ine  sa íe ty  in  c lin ical p rac tỉce : a n  

o b se rva tiona l. re tro sp e a iv c  co h o rt study . J  N euro l 2010; 257: 9 3 7 -4 6 .

O v e r d o s a g e .  A  6 5 -y ea r-o ld  w o m a n  vvith E a to n -L a m b e n  
m y a s th e n ic  sy n d ro m e  su ííe re đ  a ca rd ia c  a rre s t  11 d a y s  
a l te r  h e r  d o se  o f a m ila m p rid in e  h a d  b e e n  m is ta k e n ly  
a lte re d  to  6 0  m g  6 tim es d a ily  in s te a d  of h e r  u s u a l  d o se  o f 
10 m g  6  tim e s  d a ily ;1 sh e  h a d  a lso  c o m p la in e d  o f p a ra e s -  
th e s ia , n a u s e a ,  v o m itin g , a n d  p a lp lta t io n s  a n d  h a d  su f-  
fe re d  g e n e ra lls e d  c o n v u ls io n s  in  th e  d ay s p re c e d in g  th e  
c a rd ia c  a rre s t. S h e  re c o v e re d  c o m p le te ly  a í te r  a n n ía m p ri-  
d ín e  w a s  s to p p e d .

1. B o e rm i CE. t l  a t. C ard iac  a rcest ĩollovvtng a n  la ư o g e n ie  3 ,4- 
d ỉa m in o p y r id ỉn e  iD io x ic a t io u  ỉn  a  p a t íe n t  w íth  l a m b e n - E a ỉo n  
m y a s th e n ic  sy n d ro m e . J  Toxicol C lin  Toxicol 1995; 33 : 2 4 9 -5 1 .

P re g n a n c y . L icen sed  p ro d u c t in ío n n a t io n  S tates t h a t  th e r e  
a re  n o  a d é q u a te  c lin ical d a  ta  o n  th e  u s e o f  a m ifa m p rid in e  
d u r in g  p re g n a n c y ; i t  is  r e c o m m e n d e d  t h a t  m e n  a n d  
w o m e n  o !  c h ild -b e a r in g  p o te n t ia l  u s e  eH ec tiv e  
c o n ư a c e p tío n  d u r ín g  a m iía m p rid ín e  ơ e a tm e n t .

' A  h e ã l th y  in ía n t  w as b o m  to  a  vvom an w i th  c o n g e n ita ỉ  
m y a s th e n ia  w h o  to o k  p y r id o s tíg m in e  a n d  a m iía m p r id ứ ie  
t h r o u g h o u t  h e r  p re g n a n c y .1 H e r  do se  o f p y r id o s tíg m in e  w a s  
m a in ta in e d  a t  h e r  p re -c o n c e p tìo n  d o se  o f  1 8 0 m g  d a ily  
w h ile  h e r  a rm ía m p rid in e  do se  w a s  p ro g re ss iv e ly  r e d u c e d  to  
a b o u t  2 0  m g  d a ily  w h ic h  a llo w e d  a n  a c c e p ta b le  le v e l  of

ía tig u e . T he in fa n t 's  w e ig h t  a n d  h e ig h t w e re  vvith in  n o rm a l  
lim its  w h e n  se e n  ag ed  5 m o n th s .

1. Peluío-Peỉlỉcer A. t í  a i . P e u ỉ  e xposu re  to  3 ,4-d ỉam ỉnopy rid ine  ỉn  a 
p reg n a n t w o m a n  w ith  c o n g e n ỉta ỉ  m y a s th e n ia  sy n d ro m e . A n n  
Pharm aeother 2 006; 4 0 : 7 6 2 -6 .

Interadions
U se  of a n ú ỉa m p rid in e  w i th  su lto p r id e  is c o n tra - in d ic a te d  
d u e  to  th e  in c re a se d  risk  o f  v e n tr ic u la r  ta c h y c a rd ía , 
p a rticu la rly  to rsa d e  d e  p o in te s .  T h e  risk  o f  s e ú u re s  is 
in creased  ư a m ư a m p r id in e  is  u se d  w ith  o th e r  d ru g s  th a t  a re  
knovvn to  lo w e r  th e  s e ữ u r e  th re sh o ld .

Pharmacokinetỉcs
A m U am prid ine  is rap id ly  a b so rb e d  a ỉte r  o ia l  u s e  a n d  p e a k  
p lasm a  c o n c e n tra tìo n s  o c c u r  a ỉ te r  2 0  to  6 0  m in u te s .  Its  
e lú n in a tio n  halí-U íe  is a b o u t  2  h o u rs .

Preparations
Proprietary Preparcrtions (details are given in  V olum e B)

Singb-ingredient Preparotions. Cz.: Fưdapse; Denm.: Firdapse; 
Fr.: Pirdapse; Ger.: H rdapse; IrL: Firdapse; Israel: Firdapse; 
Neth.: Firdapse; PoL: Fừdapse; PorL: Hrdapse; SwáL: R rdapse; 
Switz.: R rdàpse; UK: P iidapse.

D i s H g m i n e  B r o m i d e  (BAN, riNNi 
8C-51; Bispyridostigmine Bromide; Bromure de Distigmine; 
Bromuro de distigmina; Distigmiinibromidi; ‘ Distigmln 
Bromid; Distigmina. bromuro de; Distigminbromid; Distig- 
mine, Bromure de; Distigmini Bromidum; .Hexamarium 
Bramide; flncrnrMMHa 5p0MHfl.
B^-tN^-Hexamethylenebisím ethylcarbam oyloxy^bisíl- 
methylpyridinium bromide). , ' ;
Cj2H32BrjNA=576.3 
CAS —  15876-67-2 
ATC —  N07AA03.
ATC Vet—  QN07AA03.
UNII — 750F360P6J.

P h a rm a c o p o e ia s .  In  Jpn.

Uses and Administration
D istigm ine  is  a  q u a te m a ry  a m m o n ỉu m  c o m p o u n d  th a t  is a 
revers ib le  in h ib i to r  o f c h o lin e s te ra se  ac tiv ity  vvith a c tio n s  
s im ila r to  th o se  o f  n e o s tig m in e  (p. 687 .2 ) b u t  m o re  
p ro lo n g e d . M a x im u m  in h ib i tio n  o f p lasm a c h o lin e s te ra se  
o ccu rs  9 h o u rs  a fte r  a  s in g le  in tra m u sc u la r  dose , a n d  p e rs is ts  
fo r  a b o u t 2 4  h o u rs .

A lth o u g h  i t  is ra re ly  u se d , d istig m in e  b ro m id e  m a y  b e  
g iv en  o ra lỉy  vvith o th e r  sh o rt-a c tin g  p a ra sy m p a th o m im e tic s  
fo r  th e  t r e a tm e n t  o f m y a s t h e n i a  g r a v is  (p. 6 8 4 .1 ); p a tie n ts  
b e in g  t re a te d  vvith p a ra sy m p a th o m im e tic s  t e n d  to preíer 
p y rid o s tig m in e . T h e  in it ia l  d o se  Is 5 m g  d a ily  3 0  m in u te s  
b e ío re  b r e a k ỉa s t  in c re a se d  a t  in te rv a ls  o ỉ  3  to  4  d a y s  ư  
n ecessa ry  to  a  m a x ũ n u m  o ỉ  2 0  m g  daily . F o r  d e tà ils  o ỉ  d o ses  
in  c h ild ren , see  b e lo w .

D istigm ine  is o n e  o f  s e v e ra l  d ru g s th a t  h ạ v e  b e e n  u s e d  in  
th e  p re v e n t io n  a n d  t r e a tm e n t  o f p o s t o p e r a t i v e  g a s t r o -  
i n t e s t i n a l  a t o n y  (see D e c re ase d  G a sư o in te s tin a l  M o tility , 
p . 1808.2). I t  h a s  also  b e e n  u s e d  in  p o s t o p e r a t i v e  u r ỉ n a r y  
r e t e n t i o n  (p. 2 3 4 9 .2 ), a l th o u g h  ỉ t  h a s  b e e n  su p e rse d e d  b y  
c a th e te r ísa tio n . A n  o ra l  d o se  o f 5 m g  d a ily  3 0  m in u te s  
b e ío re  b rea k ía s t  m ay  b e  g iv en . A  s im ila r o ra l  dose , g iv en  
d a ily  o r  o n  a l te m a te  d ay s. h a s  b e e n  u s e d  in  th e  
m a n a g e m e n t o f  n e u r o g e n i c  b l a d d e r .

D istigm ine  h a s  b e e n  g iv e n  by  in tra m u sc u la r  in je c tio n .

Administration in children. A lth o u g h  i t  is ra re ly  u se d , 
d istig m in e  b ro m id e  m a y  b e  g iv en  to  c h ild ren  fo r  th e  t re a t-  
m e n t  o l m y a s th e n ia  g rav is  in  o ra l  doses o f u p  to  lO m g  
d aỉly  a c co rd in g  to  age .

Adverse Effeờs, Treatment, and Precautions
A s ío r  N eo s tig m in e , p . 6 8 8 .2 . T h e  a n tic h o lin e s te ra se  a c tio n  
o f  d istig m in e , a n d  h e n c e  its  ad v e rse  e ííe c ts , m a y  b e  
p ro lo n g e d , a n d  ư  ư e a tm e n t  w i th  a ư o p in e  is r e q u ire d  it  
sh o u ld  b e  m a in ta in e d  ỉo r  a t  lea s t 2 4  h o u rs . D is tig m in e  m a y  
s tim u la te  u te r in e  c o n tr a c tio n s  a n d  l ic e n s e d  p r o d u c t  
in ío rm a tìo n  adv ises  th a t  i t  s h o u ld  b e  av o id e d  in  p re g n a n c y .

Interađions
A s for N e o s tig m in e , p . 6 8 8 .3 .

Phamnacokinetìcs
D isd g m in e  is p o o r ly  a b s o tb e d  b o m  th e  g a s tro in te s tin a l  
trac t7

The Symbol t  denotes a preparation no longer actively marketed
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Preparations
Proprietary Preporations (detaũs a re  g iven  in  V olum e B)

Singie-tngredient P reparotkxu. Cz.: U bretid; Ger.: U bretid ' Gr.: 
ubretid ; Hong Kong: Ubretid; Neth.: U bretid; Pol.: Ubretid; 
Rus.: U bretìd  (y6peuw ); Singapore: u b re tid ; Switz.: ubretid ; 
UK: U b re tìd t.

Edrophonium Chloride IBAN, riNNì
Cloruro dé édroíoriió; Edroíónìo chióridas; Edrofonio, doruro 
de; Edròfonìum-chlọrld; Edroíoniumklorid; Edroíoniumklor- 
idi; Ẹdrofonyum Klorũr; Edrophonii Chlorldum; Edrophon- 

"lura ÓỊlòrid; Édrỏpịhpnium, chlorure d’; Edrdphoniumcblọr- 
id, 9flpoộoHMfl XnópnÂ
Ethyl(3-hydroxyphenyl)dimethyiạmmonium chloride. 
Cl0H16ỚNO=201.7
CAS —  312-48-1 (edrophonium); 116-38-1 (edrophonium 
chlorìde).
UNII —  Q0611KSM5P.

P h a rm a c o p o e ia s .  I n  Eur. (see  p . v ii). Int., Jpn. a n d  us.
P h . E u r .  8: (E d ro p h o n iu m  c h lo r id e ) .  A w h i te  o r  a lm o st 
w h i te  c ry s la llin e  povvder. V ery  so lu b le  in  w a te r;  íree ly  
so lu b le  i n  a lco h o l; p rac tic a lly  in so lu b le  in  d ic h lo ro m e th a n e . 
A  10%  s o lu tìo n  in  vvater h a s  a  pH  o f  4 .0  to  5 .0 . P r o te a  from  
ligh t.

U S P  3 6 : (E d ro p h o n iu m  c h lo r id e ) .  A  vvhite  o d o u rless  
c ry s ta llin e  povvđer. S o lu b le  1 in  0 .5  o !  w a te r  a n d  1 in  5 of 
a lcoho l; in so lu b le  in  c h lo r o ío n n  a n d  in  e th e r .  A 10%  
so lu tio n  in  vvater is p ra c tìc a lly  c o lo u rless  a n d  th e  pH  is 
be tvveen  4 .0  a n d  5.0 .

Uses and Admỉnistration
E d ro p h o n ỉu m  is a  q u a te m a ry  a m m o n ỉu m  c o m p o u n d  th a t  is 
a  re v e rs ib le  i n h ib i to r  o f c h o lin e s te ra s e  a c tiv ity . I t  h a s  ac tio n s  
s im ila r  to  th o se  o f n e o s tig m in e  (p. 6 8 7 .2 )  b u t  its  effect o n  
sk e le ta ỉ m u s d e  is  d a im e d  to  b e  p a rt ic u la r ly  p ro m in e n t.  I t  
h a s  a  ra p id  o n s e t  b u t  s h o r t  d u r a t ìo n  o f a c tìo n . In  p a tie n ts  
w i th  m y a s th e n ia  g rav is, t h e r e  is im m e d ia te  sub jec tiv e  
im p ro v e m e n t  a n d  m u s d e  s t r e n g th  in c re a se s . T h is  e líec t 
u su a ỉly  las ts  o n ly  fo r a b o u t  5 to  15 m in u te s ,  a l t e r  vvhich 
t ím e  th e  ty p ica l s igns a n d  s y m p to m s  r e tu m ;  b e c a u se  o f its  
b r ie í  a c tio n  th e  d ru g  is n o t  s u ỉta b le  fo r  th e  r o u t in e  ơ e a tm e n t  
o ỉ  m y a s th e n ia  g rav is.

E d ro p h o n iu m  c h lo rid e  is  u s e d  in  m y a s t h e n ỉ a  g r a v is  
(p. 6 8 4 .1 )  b o th  d iag n o s tic a lly  a n d  to  d is t in g u ỉsh  betvveen 
u n d e r -  a n d  o v e r - ư e a tm e n t  vvith o th e r  a n tic h o lin e s te ra se s .
•  T h e  u s u a l  diagnostic procedure is  to  in je c t  2 m g  

in tra v e n o u s ly  a n d , ư  n o  a d v e rs e  re a c tio n  o c c u rs  vvithin 
3 0  to  4 5  se co n d s, to  c o n tìn u e  w i th  t h e  in je c tio n  o ỉ a 
h ư th e r  8  m g ; t h e  te s t  m a y  b e  re p e a te d  a f te r  3 0  m in u te s  if 
n e c essa ry .
W h e n  in tr a v e n o u s  in je c tio n  is  d i íh c u l t  e d ro p h o n iu m  
c h lo r id e  m a y  b e  g iv e n  b y  in tr a m u s c u la r  in je c tìo n  in  a 
u s u a l  d o se  o í  lO m g . A ư o p in e  s h o u ld  a ltv a y s  b e  avaiỉab le  
w h e n  th e  te s t  is c a rr ie d  o u t  in  o r d e r  to  t r e a t  a n y  sev ere  
m u sc a r in ic  r e a c t io n ỉ  t h a t  m a y  o c c u r.

•  To detect under- OT ữver-trcatment, te s t  d o se s  o f  1 to  2  m g  of 
e d ro p h o n iu m  c h lo r id e  a r e  g iv e n  in tr a v e n o u s ly  to  
d is t in g u ish  se v e re  sy m p to m s  o f  m y a s th e n ia  grav is d u e

■ to  in a d e q u a te  th e r a p y  f ro m  th e  eH ects o f  ov erd o sag e  
w ith  a n tic h o lin e s te ra s e  dxugs. If  t r e a tm e n t  h a s  b e e n  
in a d e q ú a te ,  e d ro p h o n iu m  c h lo r id e  w ill p ro d u c e  a n  

. im m e d ia te  a m e l ío ra tio n  o f  s y m p to m s , v v h e re a ỉ in  
c h o lin e rg ic  crises d u e  to  o v e r - ơ e a tm e n t  th e  sy m p to m s 
vvill b e  te m p o ia r i ly  a g g ra v a te d .  L ic e n s e d  p r o d u c t  
in ỉo im a t io n  suggests  te s t in g  O ne h o u r  a h e r  th e  Iast 
d o se  o f  t r e a tm e n t  b u t  th e  BNF r e c o m m e n d s  te s t in g  ju s t  
b e ío re  t h e  n e x t  do se  ũ  d u e . T e s tin g  s h o u ld  o n ly  b e  
u n d e r ta k e n  w h e n 'í a d l i t i e s  fo r  e n d o tra c h e a l  in tu b a t io n  

. a n d  c o m ro lle d  v e n ti la t io n  a re  im m e d ia te ly  a v a ilab le . 
E d ro p h o n iu m  c h lo r id e  w a s  o r íg in a lly  in tr o d u c e d  for th e  
r e v e r s a l  o f  n e u r o m u s c u l a r  b l o c k a d e  in  a n a e s th e s ia . In  
th e  ƯK, t h e  r e c o m m e n d e d  d o se  ío r  t h e  r e v e rsa l  o f  th e  e ííec ts  
o f c o m p e tit iv e  n e u ro m u s c u la r  b lo c k e rs  is 5 0 0  to  7 0 0 m ic ro -  
g ra m s /k g  g iv e n  b y  in tr a v e n o u s  i n je c ú o n  o v e r  sev era l 
m in u te s  e i th e r  w i th  o r  a h e r  a t ro p in e  s u lỉa te  7  m icro - 
g ram s/k g . I t  h a s  b e e n  su g g e ste d  t h a t  in  t h e  p rese n c e  of 
b ra d y c a rd ia  a tro p in e  s u lỉa te  s h o u ld  b e  g iv en  severa l 
m in u te s  b e fo re  e d ro p h o n iu m . In  t h e  USA, a d o se  o f lO m g  
o f e d ro p h o n iu m  c h lo rid e  is g iv e n  o v e r  3 0  to  4 5  seco n d s  a n d  
re p e a te d  a s  r e q u ire d  u p  to  a  m a x im u m  o f 4 0  m g . T h e  b re  v ity  
o f its  a c tio n  lim its  its  v a lu e . P ro lo n g e d  a p n o e a  m a y  o c c u r in  
p a tie n ts  t r e a te d  vvith a  d e p o la r is in g  n e u ro m u s c u la r  b locker, 
su  ch  a s  su x a m e th o n iu m ; to  d e te r m in e  i ỉ  th is  is  c a u se d  by  a 
p h a s e  n  b lo c k  {see p . 2 0 3 7 .2 ), e d ro p h o n ìu m  c h lo r id e  lO m g  
m a y  b e  g iv e n  in tia v e n o u s ly  w ith  a tro p in e .

F o r  d e ta ils  o f  d o ses  in  c h ild re n , s e e  b e lo w .
E d r o p h o n lu m  b v o m id e  h a s  b e e n  u s e d  s im ila rly  to  

e d ro p h o n iu m  c h lo rid e .

A d m in iỉ ir a t io n  in  c h ild re n . T h e  u s e  o ỉ  e d ro p h o n iu m  
c h lo r id e  i n  c h ild re n  w ith  m y a s t h e n i a  g r a v l s  is s im ila r  to  
th a t  in  a d u lts  (see  U ses a n d  A d m ỉn is tra t io n , ab o v e ).
•  T h e  u su a l diagnostic procedure in  t h e  U K  is to  in je c t  

2 0  m ic ro g ra m s/k g  in ư a v e n o u s ly  a n d , i ỉ  n o  a d v e rse  
re a c tio n  o c c u rs  w i th in  3 0  se c o n d s , to  c o n tin u e  w ith  th e  
in je c tio n  o f  a  h i r t h e r  8 0  m ic ro g ra m s/k g . T h e  BNFC 
su g g ests  th a t  th ỉs  d o se  m a y  b e  g iv e n  to  th o se  a g e d  b o m  1 
m o n th  to  12 y e a rs . O ld e r  c h ild re n  m a y  b e  g iv e n  th e  u s u a i  
a d u lt  dose . I n  t h e  U SA  a  to ta l  in tr a v e n o u s  d o se  o ỉ  5 m g  
fo r  c h ild re n  w e ig h in g  less t h a n  3 4  k g  a n d  lO m g  ỉo r  
h e a v ie r  d ũ ld r e n  is r e c o m m e n d e d , w i th  o n e -f if th  o f  th e  
d o se  b e in g  g iv e n  in itia lly  ío llovved  b y  in c re m e n ts  o f 1 m g  
e v e ry  3 0  to  4 5  s e c o n d ỉ. A lte m a tiv e ly ,  a  to ta l  o f 
2 0 0  m ic ro g ra m s/k g  m a y  b e  g iv en , vvith o n e -f if th  o f  th e  
do se  b e in g  g iv e n  in it ia l ly  o v e r  1 m in u te  íollovved b y  th e  
re m a in d e r  if n o  a d v e rse  r e a c tio n s  o c c u r  v rith in  4 5  
se co n d s. T h e  r e c o m m e n d e d  to ta l  do se  ío r  in ỉa n ts  is 
5 0 0 m ia o g r a m s .  W h e n  in tr a v e n o u s  in je c tio n  is d iílicu lt 
e d ro p h o n iu m  c h lo rid e  m a y  b e  g lv e n  b y  in tr a m u s c u lị r  
in je c tio n ; c h ild re n  vveighing u n d e r  3 4  k g  m a y  b e  g iv e n  
2  m g  a n d  h e a v ie r  c h ild re n  5 m g . T h e  re c o m m e n d e d  dose  
fo r  in ta n ts  is 0 .5  to  1 m g  g iv e n  in tra m u s c u la r ly  o r  
su b c u ta n e o u s ly .

• To detect under- or over-trcatmcnt, t h e  BNFC rec o m m e n d s  
th a t  c h ild re n  ag e d  ỉro m  1 m o n th  to  12 y e a rs  b e  g iv en  a 
do se  o f 2 0 m ic ro g ra m s /k g  b y  in tr a v e n o u s  in je c tio n  ju s t  
b e lo re  th e  n e x t  d o se  o f  a n tic h o lin e s te ra s e .  O ld er c h ild ren  
m a y  b e  g ìv e n  th e  u s u a l  a d u lt  d o se .

F o r  t h e  r e v e r s a l  o f  n e u r o m u s c u l a r  b l o c k a d e  in  
a n a e s th e s ia , u s u a l  d o ses  in  th e  U K  fo r  c h ild re n  a re  as  fo r 
a d u lts ; t h e  BNFC su g g ests  th a t  th e s e  d o ses  m a y  b e  g iv en  to  
c h ild re n  as  y o u n g  as  1 m o n th  o f  age .

R e v e rsa l  o f  n e u r o m u s c u b r  b lo c k a d e .  F o r  a  d iscu ss io n  of 
w h e th e r  e d ro p h o n iu m  m ig h t b e  m o re  su ita b le  th a n  n e o -  
s tig m in e  ỉo r  re v e rsa l  o f re s id u a l b lo c k  a f te r  th e  u se  o ỉ  th e  
s h o rte r-a c tin g  c o m p e tit iv e  n e u ro m u s c u la r  b lockers , see  
u n d e r  Uses a n d  A d m in isư a r io n  o f  N c o s tig m in e , p . 6 88 .1 .

S n a k e  b ite . F o r  t h e  u se  o f  a n tic h o lin e s te ra s e s  in  th e  t te a t-  
m e n t  of sn a k e  b ite , see  u n d e r  U ses a n d  A d m in is tra t io n  of 
N eo stig m in e , p . 6 8 8 .1 .

leh ro d o lo x in  p o is o n in g . M a n a g e m e n t  o f p o iso n in g  d u e  to  
te tro d o to x in , a  h e a t  s ta b le  n e u ro m u s c u la r  b lo ck in g  to x in  
fo u n d  in  v a rio u s  m a r ín e  a n im a ls , s u c h  as  p u l le r  Csh, is 
m a in ly  s y m p to m a tic  a n d  su p p o rtiv e . R e p o r ts 1"4 o n  th e  effi- 
cacy  o í  i n ư a v e n o u s  a n tic h o lin e s te ra s e s  su  c h  as  e d ro p h o n -  
iu m  o r  n e o s tig m in e  in  re v e rs in g  m u s d e  vveakness in  te tro -  
d o to x in  p o iso n in g  h a v e  b e e n  c o n ũ ic tin g . A lth o u g h  it 
a p p e a rs  th a t  a n tic h o lin e s te ra se s  m a y  o n ly  b e  e íle c tỉv e  d u r-  
in g  p a it ia l  b lo ck  p ro d u c e d  b y  te t r o d o to x in ,  so m e  c o n s id e r5 
th a t , as th e re  is n o  s p e d E c  a n tid o te ,  a n y  m e a s u re  th a t  
b r in g s  a b o u t im p ro v e m e n t  m a y  b e  tr íe d .

F o r  a  d isc u ss io n  o f  th e  g e n e ra l  p r in d p le s  o f  th e  
m a n a g e m e n t  o f  a c u te  p o iso n in g , s e e  p .  1 537 .1 .

1. C hew  SK. et ứ L  A n tỉc h o ỉin e s ie n sc  d ru g s  ỉn  th e  t r e a tm e m  o i te tro d o to id n  
po ison ỉng . La ru e t  1984; U: 108.

2 . T ibballs J .  Severe  te ư o d o to x ỉc  fish polsonỈD g. A n a n th  ỉn tensive  C a n  1988; 
l é :  2 15 -17 .

3. Isb ỉster GK. K ỉe m a n  M C  N eu ro to x ic  r a a iin e  po iso n in g . la n c t t  N tu ro l  
2 0 0 5 ;4 :2 1 9 - 2 8 .

4 . H w ang  D-F, N oguch i T. T e ư o d o to x in  p o ison ỉng . A d * F o o d N u t r  R a  2007; 
5 2 :1 4 1 -2 3 6 .

5. K aralỉỉedde  L. M a n ag e m en t o í puH er E sh  po iso n ỉn g . B r  3  Anaesth  1995; 
73 : 500.

Adverse Effeđs, Treatment, and Precautions
As fo r N e o s tig m in e , p . 6 8 8 .2 .

Interađions
As fo r  N e o s tig m in e , p . 6 8 8 .3 .

P r e p a r a t i o n s

Proprietory Prepqm tiom  (details are g iven  in  V olum e B)

Single-ingredien l Preparatìons. Canad.: Tensilon; Cr.: A ndcude; 
Singaporc. Tensilon; Spain: A nticude; USA: Enlon-P lus; Enlon; 
R everso lt; TensUon.

Pharm aeopoeial P reparations
BP 2014: E drophon ium  Injection;
U SP 36: E drophon ium  Chloride InỊection.

F a m p r i d i n e  ỊriNNi

Dalíampridíné (USAN); EL-970; Eampridin; Fampridina; 
Eampridinum; OaMnpnAHH. \  "
4-Aminopyndine;'4-Pyridinamine.
CsHeNi=94.12
CÃS —  504-24-5...........
ATC —  N07XX07.:
ATC Vet —  QN07XX07.
UNII —  BH38640KL9.

Uses and Administatìoh
F a m p r id in e  i s  a n  a m in o p y r id in e  th a t, l ik e  i t s  d e r iv a t iv e  
a m ila m p r id in e  (p . 6 8 5 .1 ) ,  e n h a n c e s  t h e  r e l e a s e  o f  a c e t y l -  
c h o l in è  h o m  n e r v e  t e im in a ls .  It i s  u se d  t o  i m p r o v e  v v a lk  n g  
i n  p a t ie n t s  w i t h  m u lt ip le  s d e r o s is  (b e lo w );  t h e  l i c e n s e d  d o s e  
is  1 0  m g  t w ic e  d a i ly  a s  a n  o r a l m o d ỉE e d -r e le a s e  p r e p a r a t ío n .  
F a m p t ỉd in e  h a s  a ỉ s o  b e e n  tr ied  in  t h e  m a n a g e m e n t  o f  
G u illa in -B a r r é  s y n d io m e  (p .  2 4 0 6 .1 )  a n d  s p in a l  c o r d  in ju  ry; 
o r a l d o s e s  u s e d  i n  p a t ie n t s  w i t h  sp in a l c o r d  ừ ỹ u r i e s  b ỉ  v e  
r a n g e d  b o m  3 0  t o  5 0  m g  d a ily .  O th e r  u s e s  o f  ỉ a m p r i d ỉ n e  t ỉ  lat 
h a v e  b e e n  m v e s t ig a t e d  in d u d e  t h e  n e u r o lo g ic a l  d is o r d  :rs 
E a to n -L a m b e r t  m y a s t h e n ic  s y n d r o m e  (p . 6 8 4 . 1 )  a i d  
Ạ ]z h e im e r , s d is e a s e  ( s e e  D e m e n t ia ,  p . 3 8 8 . 1 ) ,  a n d  t i e  
r e v e n a l  o f  n e u r o m u s c u la r  b lo c k a d e  in  p a t i e n t s  v v th  
b o tu l is m  (p . 2 3 8 0 .2 )  o r  a f te r  th e  u s e  o f  c o m p e t i t i / e  
n e u r o m u s c ũ la r  b lo c k e r s .

F a m p rid in e  h a s  a lso  b e e n  co n s id e red  a s  a  s p e d ĩ c  
a n tid o te  i n  p o iso n in g  w i th  c a ld u m -c h a n n e l  b lo c k e r s  (s :e  
O v e rd o sa g e  u n d e r  T r e a tm e n t  o f A d v e rse  E t íe c t s  of 
N U edip ine , p . 1 4 5 2 .3 ).

R e íe r e n c e s .
1. Soni N, Kam p. 4-Aminopyridine: a revỉew. Anaesth  ĩn te n s iv e  C a n  19 i2; 

10: 120- 6 .
2. Ter Wee PM, et a i  4-Aminopyridưie and haemodiaỉysis in th e  ireaunt m  

oí verapamU intoùcanon. H u m  Toxừ ữ ỉ 1985; 4: 327-9.
3. Davidson M, t i  a l . 4-Aminopyrỉdíne in the trcatment o f Aỉxheímt r*s 

disease. B io ỉ  P sych ia ơ y  1988; 23:485-90.
4. Hansebout RR. ei ai. 4-Aminopyridine in đưonic spinaỉ cord ỉnjury a 

coQttoUed. double-bỉỉnd, crossover Sỉudy In cight patients. J  
N eurotraum a  1993; 10: Ỉ-Ỉ8 .

5. Halter JA. et a l . Intratheca! admỉnlstratíon of 4-amÌnopyrídine in chroi ic 
splnaỉ injured paúentỉ. S p ừ ta l Cord  2000; 38: 728-32.

6. DePorge D. tí a l . Effect oỉ 4-amỉnopyridine on gaỉt in ambuỉatory spiĩ >ỉ 
cord injuries: a double-blỉnd, placebo-controỉỉed, CTOssover trUl. s p i ĩ  a i 
Co tì 2004; 42:674-85.

7. Cardenas DD. t t  a i . Phase 2 ưỉaỉ of sustained-release ỉamprìdỉne n 
chronic spinaỉ cord iniúry. S p in a ỉ C ard  2007; 45: L58-68.

M u b ip le  s d e r o s i s .  F a m p rid in e  has p o ta s s iu m - c h a n n  :1 
b lo ck in g  a c tìv ity  a n d  h a s  b e e n  trie d  in  th e  t r e a tm e n t  lí 
m u ltíp le  s d e ro s is  (p . 9 9 6 .3 )  to  im p ro v e  c o n d u c t io n  in  
d e m y e lin a te d  fib res. Im p ro v e m e n ts  h a v e  b e e n  r e p o r t e d  i n 
vvalking, d e x te r ìty , a n d  Vision, b u t  o n ly  sm a ll n u m b e r s  I >i 
p a tie n ts  h a v e  b e e n  s tu d ie d . A n  ea rly  s y s te m a t ic  re v ie v  1 
w as u n a b le  to  c o m e  to  a  c o n d u s io n  a b o u t  i t s  s a ỉe ty  a n d  
eíBcacy, n o t in g  th a t  p u b lic a tio n  b ias p o se d  a  p r o b le m  1 ]  
th is  a re a . H ovvever, t u r th e r  m u ỉt ic e n ư e  r a n d o m is e d  COI - 
tro lle d  s tu d ie s ,2"* a n d  re v ie w s 5'7 o f th ese  s tu d ie s ,  s u g g e s te  i  
th a t  fa m p rid in e  im p ro v e d  vvalking ab ility  in  s o m e  p a t ie n t  . 
A n y  b en e& t is g e n e ra lly  n o te d  w ith in  2  w e e k s  o f  s ta r tin  ỉ  
ư e ã tm e n t .

1. Solarỉ A, tí ú i Amỉnopyridines íor symptomatỉc treatment in multip i 
sderosỉs. Avaỉỉable ỉn The Codưane Database of Systematíc Revievv ; 
Issue 4. Chicbester John VVìỉey; 2002 (accesseđ ĩ 5 /02/06).

2. Goodman AD, tí al. Pampridỉne M5-P202 Study Group. Do: i 
compatỉson tiiaỉ oi sustaỉned-reỉease ỉamprídỉne in m ultỉple sderosi . 
N euro logy  2008; 7L* 1134-41.

3. Goodman AD, tí a i . Famprùfine MS-F203 litvestígators. Sustainet - 
reỉease oraỉ ỉamprỉdỉne in muỉtỉple sderosỉs: a randomised. đoubit ■ 
bUnd. controQeđ trỉaỉ. Lan ce t  2009; 373: 732-8.

4. Goodman AD, tí a l . MSF204 ỉnvestỉgators. A phase 3 trial o ỉ extende Ị 
reỉease oraỉ dattampridỉne in muỉdpỉe sderosls. A n n  N e u r o ì  2010; 6Ỉ : 
494-502.

5. Korenke AK tí ai. Sustaỉned^reỉease íamprỉdine íor symptomati: 
treatmeiu o ỉ muỉxípỉe sderosiỉ. A m  Pharm acother 2008; 42: 1458-65.

6. Blight AR. Tréatment of walkỉng ỉsnpaỉnnem in mulứple sderosis w i t . 
daUampridine. T h e r  A d v  N e u ro ỉ D á  2011; 4: 99-109.

7. McDonald s, Cỉements JN. Daỉ&mpriđine: a nevv agenỉ for syraptomatỉ: 
management o í muỉúpỉc sderosỉs. A m  J  H calth -Syst P h a rm  2011; 6£ 
2335-40.

Adỵerse Effects and Precaụtịons
T h e  m o s t  c o m m o n  a d v e r s e  e h e c t  w i t h  ỉẽ u n p r id in e  i 
u r in a iy - t r a c t  in í e c t lo n .  O th e r  a d v e r se  e f f e c t s  in d u d t  
in s o m n ia ,  d iz z in e s s ,  h e a d a c h e ,  g a s n o in te s t in a l  d is tu r b a n c e :  
s u c h  a s  c o n s t ip a t io n ,  d y s p e p s ia ,  a n d  n a u s e a ,  a s t h e n i a ,  b a d  
p a in , p a r a e s th e s ia ,  a n d  n a so p h a r y n g it is .

A  d o s e - d e p e n d e n t  in c r e a s e  in  t h e  i n d d e n c e  o f  s e iz u r e :  
h a s  b e e n  n o t e d  vv ith  ỉa m p r id in e  t t e a tm e n t  a n d  t h e r e f o r e  Ít! 
u s e  is  c o n tr a - in d ic a te d  in  p a t ie n t s  w ith  a h is t o r y  o í  s e iz u r e s  

F a m p r id in e  i s  m a in ly  e l im in a te d  u n c h a n g e d  b y  th e  
k id n e y s  a n d  p a t ie n t s  w i t h  r e n a l  im p a iim e n t  t h e r e í o r e  h a v e  
a n  in c r e a s e d  r isk  o f  a d v e r s e  e f fe c ts ,  p a r tic u la r ly  n e u r o lo g ic a :  
r e a c t io n s . C o n s e q u e n t ly ,  i t s  u s e  is  c o n t ia - in d ỉc a t e d  in  
p a t ie n t s  w i t h  m o d e r a t e  t o  s e v e r e  r e n a l  im p a ir m e n l  
(c r e a t ìn in e  d e a r a n c e  o f  5 0 m L /m in  o r  le s s ) .  I n  p a t ìe n ts  
w ith  n ũ ld  r e n a l  im p a ữ m e n t  ( c r e a t in in e  d e a r a n c e  o f  8 0  m L / 
m in  o r  le s s ) ,  t h e  r isk  o f  se iz u n e s  is  u n k n o v v n  a l t h o u g h  
p la s m a  le v e l s  o f  ỉa m p n d in e  m a y  a p p ro a ch  t h o s e  a s s o d a t e d  
w it h  a n  ir ic r e a se d  r isk ; U K  l ic e n s e d  p r o d u c t  i n ío r m a t io n  a lso  
c o n t ta - in d ic a te s  ỉa m p r iđ in e  u s e  in  th is  p a t ie n t  g r o u p .

O v e r d o s o g e .  A n  8 - m o n t h - o ld  b o y  h a d  d r a m a t ic  o p is th o -  
t o n ic  p o s tu r in g  a n d  v e m ũ ío r m  t o n g u e  í a s d c u l a t i o n s  a fter  
in g e s t io n 'o f  u p  t o  2 0  m g  o f  ỉa m p r id in e ;1 t h e  c h i l d  w a s  a lso  
n o te d  t o  b e  ta c h y c a r d ic  a n d  ta c h y p n o e ic .  H is  s y m p t o m s  
r e s o lv e d  a f te r  t t e a t m e n t  w i t h  b e n z o d ia z e p in e s .  C h o r -  
e o a t h e t o iđ  m o v e m e n t s  in  a l l  l ỉm b s  w e r e  a ls o  r e p o r t e d  in  a 
4 5 -y e a r -o ld  w o m a n  w it h  m u lt ip le  s d e r o s is  w h o  a c d d e n -  
ta lly  o v e r d o s e d  w i t h  fa m p r id in e ,J  w h e n  r e c h a l l e n g e d .

All cross-reíerences reíer to entries in Volume A
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sy m p to m s  in c lu d in g  c o n íu s io n , o p is th o to n u s ,  risu s  sa rd o - 
n icu s , m o to r  d isư e ss , a n d  h e a d  ư e m o r  w e re  n o te d  
in s ta n tly .

T h re e  a d u lt  p a tie n ts 3 w i th  m u ltìp le  sd e ro s is  d e v e lo p e d  
s ta tu s  e p ile p tic u s  v v ithm  m in u te s  t o  h o u rs  o í  tak in g  
in c o r re c tly -c o m p o u n d e d  ta b le ts  t h a t  c o n ta in e d  b e tw e e n
90.1 a n d  1 25 .6  m g  o f  ía m p r id in e  p e r  ta b le t  in s te a d  of th e  
p re sc r ib e d  10 m g. A l th o u g h  a c u te  re c o v e ry  w a s  se e n  ÚI a ll 3 
p a tie n ts  a f te r  ư e a tm e n t  w i th  b e n z o d ia z e p in e s  a n d  p h e n y -  
to in , c h ro n ic  n e u ro lo g ic a l  d lsab ilitie s  re m a in e d .

I n  a n o th e r  case, a  5 6 -y e a r-o ld  m a n  d e v e lo p e d  a lte re d  
m e n ta l  s ta tu s , h y p o th e rm ia ,  a n d  a tr ia l  B brilla tion  a lte r  
ta k in g  a n  u n k n o v ra  q u a n t i ty  o f  ía m p r id in e  fo r  to o th a c h e .4 
H e h a d  ru b b e d  a la rg e  'ro c k ' o ỉ  ía m p r id in e  a g a to s t h is  to o th  
in  a n  a tte m p t  to  r e l ie v e  t h e  p a to ,  in a d v e r te n d y  sw allovving 
so m e  ũ a k e s  of d ru g , w h ic h  re s u l te d  i n  th e  o v erd o se .

1. V elez L. t í  a l . O p is th o to n ic  p o s tu r ỉn g  w ith  n e u ro m u scu la r  ìrritabU ity 
a t tr ỉb u ta b ỉe  to  4 -a m in o p y rid m e  ỉn g e s tỉo a  by  a  h e a ith y  p ed ỉa tric  patienc. 
A bstrac t: P td ia tr ia  20 0 3 ; 111: L 92-3. FuU  v c rã o n : h ttp : //p e d ia tric s . 
a a p p u b lic a t ío n s .o r g /c g i /c o n tc m / fu l l /n i / i /e 8 2  (accesseđ 15/02 /06)

2. D e C a u w e r  H. t í  ã l . A n  u n u s u a ỉ  ca se  o ỉ  4 -am ín o p y riđ ỉn e  tcn á d ty  ỉn  a  
m u ln p le  sd e ro sis  p a d e n r  ep ilep tic  d lso rd e r  o r  t o ù c  e n cephaỉopa thy?  
A cta  N e u ro ỉ S t ỉg  2009; 1 0 9 :4 0 - 1 .

3. B u r to n  JM . t í ã ỉ .  4 -A m in o p y rid in e  t o x id t y  iv ỉtb  uQ ỉm en tíona ỉ ơverdose  
ỉn  ỉo u r  p a tíen ts  w ith  m u lt ip le  sd e ro sis . N cu ro b g y  2008; 71 : 1833-4 .

4. J o h n s o n  NC, M o rg an  M W . A n  u n u su a ỉ cãse  o f 4 -am ỉnopy rid ỉne  
ro x id ry . J  Em erg  M t d  20 0 6 ; 30 : 175 -7 .

Pharmacokỉnetics
F a m p rid in e  is rap id ly  a n d  e x te n s iv e ly  a b so rb e d  fro m  th e  
g a s tro in te s tin a l  tra c t  a f te r  o ra l  u se . P la sm a  p ro te in  b in d in g  is 
m in im a l (1 to  3 % ). F a m p rid in e  is  e lim in a te d  m o sd y  
u n c h a n g e d  in  t h e  u r in e :  lẽss  t h a n  1 0 %  o f t h e  d ru g  1S 
m etab o U sed , so m e  Via t h e  c y to c h ro m e  P 4 5 0  iso e n z y m e  
CY P2E1. T w o  m a jo r  m e ta b o li te s  h a v e  b e e n  id en tiS ed ; 3- 
h y d ro x y -4 -a m in o p y r id in e  a n d  3 -h y d ro x y -4 -a m in o p y r id in e  
sú ỉía te .

R e íe re n c e s .  s
1. H aycs KC. a  a i. P h a rm ac o ỉã n e r ic s  o t  JH  Im m e d ia te - ie le a x  o ra l  

ío rm u la tio n  ũ ỉ ỉa m p iid in e  (4 -a m in o p y rỉd in e ) in  nocm al Subjcct5 a n d  
p a t ie n t t  w ith  sp ina l co rd  in iu ry . J  ơ ú t  P h arm aco l 2003; 4 3 : 379 -85 .

2. Sm ich w .  í t  o l . S ing le-dose  p h a n n a c o k ỉn c t ìc s  o l  su s ta in e d -rd e ase  
ta m p r ỉd in e  (Ĩam prìd ine -S R ) in  h e a lth y  v o lu n te e is  a n d  adu ỉĩs  w ith  r en a ỉ 
im p a trm c m . J  c t in  P h arm aco l 2 010 ; 50: 1 5 1 -9 .

Preparations
Proprietary Preparaiions (details are gi v e n  in  Volum e B)

Single-ingredien! Preparatians. Canad.: Fam pyra; Denrn.1 Fam - 
pyra; Fr.: Fam pyia, Ger.: Fam pyra; IsraeL pam pyra; Neth.: 
Fam pyra; Norw.: Fam pyra; Stved.: Fam pyra; UK: Fam pyia; 
USA: A m pyra.

Ipidacrine ỊriNNi

'Ảmirídiri (base or hýdrõchlorĩde); Ipidacrina; Ipidacrinum; 
NIK-247 (hydrochlonde); MnnqaxpnH. 
9'-Amino-2,3,5,6,7,8-hexahydroìH-cyclopenta[&]quinoline. 
C,2H i6N2=Í883 . . , :
CẠS —  62732-44-9 (ipidacríne); 90043-86-0 (ipidacrìne 
hydrochloriơe); 118499-70-0 opidạcrine hydrochlóride mono- 
hydrate).
UNII —  G/7ÌVTP0VN. ■

P ro fi* /e

Ip íd a c rin e ,  a n  a n a lo g u e  o f  ta c r in e  (p. 3 9 6 .1 ), is a  
c h o lin e s te ra se  in h ib i to r .  I t  is u se d  in  th e  m a n a g e m e n t  o f 
v a rio u s  n e u ro lo g ic a l  d iso rd e rs  i n đ u đ in g  CNS a n d  p e rip h e ra l  
n e rv o u s  System  d iso rd e rs . d e m y e lin a tin g  d isease , m y as-  
th e n ia  g rav is  (p. 6 8 4 .1 )  a n d  o th e r  m y a s th e n ic  sy n d ro m e s , 
A Iz h e im e r 's  d ĩse a s e  (se e  D e m e n tia ,  p . 3 8 8 .1 ), a n d  
g a s tro in te s tin a l  a to n y . F o r  m y a s th e n ic  sy n d ro m e s  an  o ra l  
do se  o f  2 0  to  4 0  m g  h a s  b e e n  g iv en  u p  to  5 tim e s  daily . A 
u su a l d o sa g e  in  A lz h e im e r’s đ isease  is 10 to  20  m g  g iv en  2 o r  
3 t im e s  d a ily  b u t  th is  m a y  b e  in c re a se d  g ra d u a lly  u p  to  
2 0 0  m g  d a ily  gi v e n  in  d iv id e d  doses.

Ip id a c rin e  h a s  a lso  b e e n  g iv e n  b y  in je c tio n  as t h e  
h y d ro c h lo r id e .

Preparations
Proprietary Preparations (đetails ã re  g ivcn  Ũ1 Volum e B)

Single-ingredient p reparations. Rus.: A m iridine (A m h p h a h h ) ;  
A xam on (AxcaMOH); N eirom idin  (HeiipoMHOTH); ukr.: N eirom i- 
d ỉn u m  (HeBpoMHnan).

N e o s t i g m i n e  (BANI

'Neostigmiinl; ;Neóstígmin; Neostigmina; 'Neoàĩgrninum;. 
' Neostygmina, Neoszngmin 1 ■"
3-{Đinnethylcarbamoyioxy)tnnnethyraniliniurn l on' -ịV ;..‘ỳ
‘cùh^n a =2233 \ ,  ,
CAS —  59-99-4 J '  ,
ATC—  N07AẤ01, S01EB06

ATC Vet —  QA03AB93; QN07AA01; QSOìEBOá 
m  —  3982ĨW096G.

Neostigmine Bromide IBANM, piNN)

Bromuro de neostigmina; Bromuro de Sinstigmina; Neostig. 
Brom,- Neostìgmiinìbromidi; Neostigmina, bromuro de; 
Neostígminbromid; Néostigmine, Bromure de; Néostigmìni 
Bromidum; Neostigmiiịịí Bramidum; Neóstigminium-bro- 
mid; Neostigmino bronnidas; Neostignìinum Bromatum; 
Neosạigmin-bromid; Syristigminium Bromatum; Heocrvir-’ 
MMH3 ẼpOMM,q.
Cl2H„BrNA=3033 
CÃS—  ì 14-80-7. :
ATC —  N07AA01; S01EB06.
ATC Vet —  QN07AA01; QS01EB06.
UNU— 00SSYPSỌG5.

P h a rm a c o p o e ia s . I n  Chín., Eur. (se e  p . v ii) , Int., a n d  us.
P h . E u r .  8: (N eo stig m in e  B ro m id e ) . H ygroscop ic , co lo u rless  
crysta ls o r  a  w h ite  o r  a lm o s t w h i te ,  c ry s ta ll in e  p o w d e r . V ery  
so lu b le  in  vvater; f re e ly  so lub le  in  a lc o h o l. P r o te n  f ro m  lig h t. 

U S P  36: (N eostìgm ine  B ro m id e ) . S to re  in  a ird g h t  c o n ta in -  
ers.

StabilHy. R e íe re n c e s .
I . Porst H, K ny  L  K ỉnetics ó t  th e  d c g ra d a tío n  o ỉ  n e o s tig m in e  b ro m ỉd e  ỉn  

a q u eo u s  sd u tío n . B h a m ta à t  1985; 4 0 :  7 1 3 -1 7 .

Neosrigmine Merilsulíate IBANMÌ

Neostig. Methylsulph, NeostigmiinimetilsuKaatti; Neostig- 
mina, metilsuHato de; Neostigmine Methylsulíate; ■ Neo- 
stìgmine Methylsulphate;: Néostigmine, -métilsulfate de; 
Neostigminị métilsulías; Neostigminii MetilsuHầs; Neostig- 
mìnium-methyỉsulíát; Neostigminmetilsulíat; Neostigmln- 
metylsulíat; Neostigmino metilsulfatas; Neostygminy mety- 
losịạrczan; Neọsztigmin-iTietilszulfát; Proserinum. 
C,3Ha N20 6S=334.4 :
CAS — 51-60-5.
ATC —  N07AA01; S01EB06.
ATC Vet —  QN07AA01; Q501E806.
UNII —  98IMH7M386.

P h a rm a c o p o e ia s . In  Chin.. Eur. (se e  p . v ii) , ỉnt, Jpn. a n d  us. 
P h . E u r .  8 : (N eo s tig in in e  M e ti ls u lfa te ) .  H y g ro sco p ic , 
co lou rless  crysta ls o r  a  w h ite  o r  a k n o s t  w h ite , c ry s ta llin e  
p o w d e r. V ery  so lu b le  in  w a te r;  í re e ly  so lu b le  in  a lc o h o l. 
S tore  ỉn  a ir tig h t c o n ta in e rs . P ro te c t  h o m  lig h t.

U S P  36: (N eo stig m in e  M e th y lsu lía te ) . S to re  in  a ir t ig h t  
co n ta in e rs .

Uses and Administratìon
N eostigm ine  is a  q u a te m a ry  a m m o n iu m  c o m p o u n d  th a t  
in h ib its  c h o lin e s te rase  ac tiv ity  a n d  th u s  p ro lo n g s  a n d  
in te n s ií ie s  t h e  • p h y s io lo g ic a l a c tio n s  o i a c e ty lc h o l in e  
(p. 2 0 0 3 .2 ). I t  p ro b ab ly  also  h a s  d ire c t  eữ e c ts  o n  sk e le ta l  
m u sc le  Bbres. T h e  a n tic h o lin e s te ra ỉe  a c tio n s  o ! n e o s tìg m in e  
a re  revers ib le .

N eo stig m in e  is u s e d  in  t h e  ư e a tm e n t  o f m y a s th e n ia  
gravis. a n d  h a s  b e e n  u se d  as  a n  a lte m a t iv e  to  e d ro p h o n iu m  

‘ in  th e  d iagnosis o f m y a s th e n ia  g rav is  (p . 6 8 4 .1 ). I t i s  u s e d in  
a n a e s th e s ia  to  r e v e r s e  th e  n e u r o m u s c u la r  b lo c k a d e  
p ro d u c e d  b y  c o m p e titiv e  n e u ro m u s c u la r  b lo ck e rs  (see  
p. 6 8 8 .1 ). I t  is also  u se d  in  t h e  m a n a g e m e n t  o f p a ra ly tic  
ỉỉeus. N eo stig m in e  h a s  b e e n  u s e d  in  t h e  m a n a g e m e n t  oi 
p o s to p e ra tiv e  u r in a r y  r e te n t io n  (p . 2 3 4 9 .2 )  b u t  h a s  
g e n era lly  b e e n  su p e rse d e d  b y  c a th e te r is a tio n . I t h a s  a lso  
b e e n  u se d  to  lo w e r  in tra -o c u la r  p re s s u re  in  th e  m a n a g e -  
m e n t o f g lau c o m a  a n d  to  r e d u c e  rise s  in  in tra -o c u la r  
p ressu re  a sso d a te d  w ith  o p h th a lm ic  su rg e ry , a l th o u g h  
o th e r  p a ra sy m p a th o m ũ n c tic s  a re  u su a lỉy  u se d  w h e n  su c h  
m iotics a re  req u ire d .

N eo stỉg m in e  is g iv en  as  t h e  b ro m id e  a n d  a s  th e  
m etilsu lía te . N eo stig m in e  b ro m id e  is g iv e n  o ra lly  a n d  h a s  
b e e n  u se d  top ica ỉly  as  ey e  d rops; t h e  m e ti ls u lía te  is g iv e n  b y  
in tra m u sc u la r , in tra v e n o u s ,  o r  s u b c u ta n e o u s  in je c tio n .

L icensed  p r o d u a  in ío rm a t io n  S tates t h a t  300  m ic ro g ra m s 
o f n e o s tig m ỉn e  m eti ỉsu ư a te  b y  in tr a v e n o u s  in je c tio n  is 
e q u iv a le n t in  e f f e a  to  a b o u t 1 to  1 .5  m g  o f n e o s tìg m in e  
m etilsu lỉa te  b y  in tta m u s c u la r  o r  s u b c u ta n e o u s  in je c tio n , o r  
15 m g  o f  n e o s tíg m in e  b ro m id e  o ra lly .

In  th e  D e a tm e n t o f  m y a s t h e n ĩ a  g r a v ls ,  n é o s tig m in e  
b ro m iđ e  is g iv e n  o ra lly  in  a  to ta l  d a ily  d o s e  th a t  r a n g e s  bom  
75 to  3 0 0  m g , d iv id e d  th ro u g h o u t  th e  d a y , a n d  ư  n e c e s sa ry  
th e  n ig h t, acco rd in g  to  resp o n se ; ỉa rg e r  p o r tio n s  o f t h e  to ta l  
dose  m a y  b e  g iv en  a t  tim e s  o f g r e a te r  ỉa t ìg u e .  T he  BNF S tates 
th a t  th e  m a x im u m  d a ily  dose  t h a t  m o s t  p a tie n ts  c a n  to le ra te  
is 180 m g . ỉ n  p a tie n ts  in  w h o m  o ra ỉ  th e r a p y  is ỉm p ra c tíca ỉ 
n e o s tig m in e  m e ti lsu lía te  m a y  b e  g iv e n  in  doses  o f  0 .5  to
2.5 m g  b y  in tra m u s c u la r  o r  s u b c u ta n e o u s  in je c tío n  a t  
in te rv als , g iv m g  a  to ta l  daily  d o s e  u s u a lly  in  th e  r a n g e  5 to  
20  m g.

T o r e v e r s e  n e u r o m u s c u l a r  b l o c k a d e  p ro d u c e d  b y  
c o m p etitiv e  n e u ro m u s c u la r  b lo ck ers , t h e  u s u a l  l icen sed  
đose  in  th e  U K  is 50 to  7 0  m ic ro g ra m s/k g  g iv e n  by  
in tra v e n o u s  in je c tio n  o v e r  a  p e rio d  o ! 6 0  seconds; t h e  BNF 
suggests  giv ing  a  d o se  o{ 2 .5  m g . I n  th e  U SA  lic e n se d  doses  o í
0.5 to  2 m g a re  r e c o m m e n d e đ . A d đ itio n a l n e o s tíg m in e  m ay  
b e  g iv e n  u n til  t h e  m u sc le  p o w e r  is n o r m a lb u t  a  to ta l  o f  5 m g 
s h o u ỉd  n o t be e x c ee d e d . T h e  p a tie n t  s h o u ỉđ  b e  v e n d la te d  
u n t il  com ple te  rec o v e ry  o f  n o rm a l  re sp ira tìo n  is a s su re d . To 
c o u n te ra c t  a n y  m u sc a iin ic  e ã e c ts  0 .6  to  1.2 m g  (20  to  
30 m ic ro g ram s/k g ) of a ư o p in e  su líá te  is g iv en  b y  in tra -  
v e n o u s  in je c tio n  w ith  o r  b e ío re  th e  d o se  o f n e o s tig m in e . It 
h a s  b e e n  su g g e ste d  th a t  in  th e  p re se n c e  oí b rad y c a rd ia  
a ư o p in e  su lía te  sh o u ld  b e  g iv e n  se v e ta l  m in u te s  b e ío re  
n eo s tìg m in e . G ly c o p y n o n iu m  b ro m id e  h a s  b e e n  u s e d  as a n  
a lte m a d v e  to  a tro p in e  suU ate.

I n  th e  ư e a tm ẽ n t  of p a ra ly tic  i l e u s  a n d  p o s to p è ia tiv e  
u r in a r y  r e t e n t i o n ,  o rã l d o ses  oi l ĩ  to  3 0 m g  oi th e  
b ro tn id e , o r m o re  u su a lly  0 .5  to  2 .5  m g  o ỉ  t h e  m etỉlsu U a te  by  
su b c u ta n e o u s  o r  in tr a m u s c u la r  in je c tio n . h a  v e  b e e n  used .

F o r  details o ỉ  doses in  c h ỉld re n , se e  b e lo w .

A d m in isừ a tío o  in  c h ild re n . T h e  u se  oi n e o s tíg n ũ n e  ừ i 
c h ild re n  is s im ila r  to  th a t  i n  a d u lts  (see  U ses a n d  A d m in is- 
tra t io n  above).

P o r  th e  ữ e a tm e n t  o f m y a s t h e n i a  g r a v i s  U K  lic e n sed  
p ro d u c t in ỉo n n a t io n  States th a t  n e o s tig m in e  b ro m id e  m ay  
b e  g iv en  o ra ỉly  in  a n  in itia l d o se  o f 7 .5  m g  to  c h ild re n  aged  
u n d e r  6  y ears, o r  15 m g  to  th o se  ag e d  6 to  12 y e a rs . T his is 
a d ju s te d  acco rd in g  to  resp o n se  to  a  u s u a l  to ta l  d a ily  do se  of 
15 to  90  m g, d iv id e d  th ro u g h o u t  t h e  d a y .

W h e ii  o ra l th e ra p y  is im p ra c tica l, c b ild re n  ag e d  u n đ e r  12 
y e a rs  tn ay  b e  g lv en  ũ i tr a m u s c u la r  o r  s u b c u ta n e o u s  
in jec tio n s  o f n e o s tìg m in e  m e tì lsu ỉỉa te  in  doses  o f  2 0 0  to  
500  miCTOgrams, rep e a te d  a t ' su ita b ỉe  in te rv a ỉs  th ro u g h o u t  
th e  day .

F o r  all ro u te s  of a d m in is tra t io n , c h ild re n  a g e d  o v e r  12 
y e a rs  m ay  b e  g iv e n  th e  u s u á l  a d u lt  d o se .

I n  th e  t r e a tm e n t  o ỉ  n e o n a ta l  m y a s th e n ia  g rav is , UK 
lic e n sed  p r o d u c t  in ío rở ia t io n  States t h a t  n e o s tig m in e  
m etílsuU ate  m a y  b e  g iv en  t o  a n  to itia l m tr a m u s c u la r  dose 
of lO O m icrogram s fo llo w ed  b y  a  u s u a l  d o s e  o f  50 to  
2 50  m ic rogram s. o r  30 m ic ro g ra m s/k g , e v e ry  2  to  4  h o u rs . 
T h e  BNFC re c o m m e n d s  h ig h e r  doses: a n  h ĩit ia l  in t ta m u s -  
c u la r  o r  su b c u ta n e o u s  d o se  o f 150 m ic ro g ia m s/k g  e v e ry  6 to  
8  h o u rs , in c re a se d  to  a  m a x ỉm u m  o f 3 0 0 m ic ro g ra m s/k g  
e v e ry  4  h o u rs  ư  n ecessa ry . A ltem a tìv e ly , t h e  BNFC suggests 
th a t  n e o s tíg n ũ n e  b to m ỉd e  m a y  b e  g iv e n  to  a n  to it ia l  o ral 
do se  o f 1 to  2  m g  ỉollovved b y  1 to  5 m g  e v e ry  4  h o u r s .  F o r a ll 
ro u te s  of a d m in is tra tio n , d o se s  s h o u ld  b e  g iv e n  3 0  m to u te s  
b e ío re  ỉeed ing . T re a tm e n t is ra re ly  n e e d e d  b e y o n d  8  w eeks 
o f age .

To r e v e r s e  n e u r o m u s c u l a r  b l o c k a d e  p ro d u c e d  b y  
c o m p etitiv e  n e u ro m u s c u la rb lo c k e rs ,  c h ild re n  m a y  b e  g iven  
doses  sim ilar to  th o se  u se d  to  a d u lts ; th e  BNFC re c o m m e n d s  
a n  in tra v en o iis  do se  o f 50  m ic ro g ra in s/k g  ( to  a  m a sd m u m  of
2 .5  m g) in  n e o n a te s  a n d  th o se  ag ed  u p  to  18 y ea rs ; á  to r th e r  
d o se  o f 25  m ic ro g ra m s/k g  m a y  b e  g iv e n  ư  re q u irc d .  To 
c o u n te ra c t  a n y  m u sc a rto ỉc  e ỉíec ts , n e o rìa te s  a n d  đ ũ ld re n  
m a y  b ẹ  g iv e n  a ư o p to e  s u lỉa te  2 0  m icrogT am s/kg  (to  a  
m a x ũ n u m  of l ,2 m g )  b y  to tra v e n o u s  in je c tio n  w ith  o r  
b e ío re  th e  d o se  o f n e o s tìg m in e . G ly c o p y rro n iu m  m a y  b e  
u se d  as  a n  a lte m a t ỉv e  to  à tro p to e .

F o r  th e  ư e a tm e n t  o f  p a ra ly tic  i l e u s  o r  p o s to p e ra tiv e  
u r in a r y  r e t e n t i o n  in  c h ild re n , o ra l  doses  o f  2 .5  t o  15 m g  of 
th e  b ro m id e , ò r  m o re  u su a lly  0 .1 2 5  to  I m g  o f th e  
m etilsu lia te  b y  su b c u ta n e o u s  o r  in tr a m u s c u la r  in jec tio n , 
h a v e  b e e n  u sed .

D e c re a s e d  g a s tro in te s tin a l  m o tìlity . P a ra sy m p a th o -  
m im etics  e n h a n c e  gastríc  c o n tra c tio n s  a n d  in c re a se  in tes- 
tin a l  m o tility  a n d  h a v e  b e e n  u se d  in  c o n d it io n s  a sso d a te d  
w ith  d ec reased  g a s tro in te s tin a l m o tíli ty  (p . 1 8 0 8 .2 ). G ood 
resu lts  h a v e  b e e n  re p o r te d  w ith  in tra v e n o u s  n e o s tig m ìn e  
in  t h e  t te a tm e n t  of a c u te  c o lo n ic  p se u d o -o b s tru c t io n ,u  a 
c o n d itio n  th a t  a p p e ars  to  b e  d u e  to  p a ra sy m p a th o m im e tic  
d y sh m c tio n . T h ẽ se  re su lts  h a v e  b e e n  c o n ũ rm e d  to  a  ran -  
d o m ise d  d o u b le -b lto d  s tu d y .5 I t  h a s  th e re ío re  b e e n  sug- 
g e s te d  th a t  p a ra sy m p a th o m im e tic s  s h o u ld  b e  t r i e d  b e ío re  
co lo n ic  d eco m p re ss io n  o r  su rg e ry  w h e n  c o n se rv a tiv e  m an - 
a g e m e n t h a s  ĩa i le d  o r  a  r a p id  re s o lu tio n  is r e q u ir e d .3 N eo- 
s tig m to e  h a s  a lso  b e e n  n s e d  to  t h e  t r e a tm e n t  o f  severe  
c o n s tip a tio n  d u e  to  d is ru p te d  in te s tto a l  m o tili ty .4"4

I .  H u tch ỉn son  R , Grỉffiths c . A cu te  c o lo n ic  p se u d o -o b sơ u c tio n : a 
p h a m u co lo g ica ỉ a p p ro a d ỉ. Ả m  X C o ỉl S u ty  E n g l  1992; 74 : 364 -7 .

2 . .  S tephensoo  B M , t í  a i. P a rasy m p ath o m ỉrn e tíc  de co m p res sio n  o f  acu te  
co lôo ic  p se u d o -o b s tm c tỉo n . La rũ x t  1993; 342 : 1 181 -2 .

3. P on e c  ì ũ ,  t í  a L  N eostỉgm lne  ío r  th e  tr e a tm e m  o f  acu te  co lo n ỉc  pseudo* 
o ỉỉs iruc tion . H E n g U Ĩ ừ d  19 9 9 ; 3 4 1 :1 3 7 -4 1 .

4 . M iller LS. N eostígm ine  ío r  s ev ere  constỉpatỉoĐ  w ith  sp lna l oorđ  lesỉons. 
A m  ỉn icm  M t d  1984; 101: 279 .

5. T hu rtlc  OA* t í  ai. In tn c ta b ỉe  c o n s típ a d o n  ỉn  m iì ig n ề n t  p h ã e o d ư o m o -  
cytom a: co ra b in ed  tre a tm e n t w ith  ạd re n erg ic  b lockade  a n d  cholinergic  
drugs. J  R  S o cM e d  1984; 7 7 : 3 2 7 -8 .

6. R o s ứ u n  A S .  t í  a i . In u a m u s c u ỉa r  neo stig m in e  a n d  g ỉycopy rro la te  saỉeỉy 
acceỉera ted  b o w el evac u a tỉo n  in  p a tíe n ts  w ỉth  spũúd  c o rd  ỉn ju ry  a n d  
deíecato ry  d ỉso rd e n . Dig D ừ  Sá 2008; 53 : 27 1 0 -1 3 .

The Symbol t  denotes a preparation no longer actively marketed
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Loca) anaeslhesia. In tra th e c a l  n e o s tíg m in e  h a s  b e e n  
a d d e d  to  sp in a l lo ca l a n a e s th e tic s  o r  o p io id s  a s  a n  a d ju n c t  
t o  p r o lo n g  rc g io n a l a n a lg e s ia  a n d  im p ro v e  h a e m o d y n a m ic  
s ta b ili ty . A sy s te m a tlc  r e v ie w 1 o f s tu d ie s  o í  s u c h  u s e  ío u n d  
t h a t  a l th o u g h  n e o s tỉg m in e  in  doses  u p  to  S O O m iarogram s 
p r o đ u c e d  a  v e ry  m o d e s t  in c re a se  in  a n a lg e s ia  in  t h e  p e rio -  
p e ra t ív e  a n d  p e r ip a r tu m  se tt in g , i t  d id  n o t  a p p e a r  to  
im p ro v e  h a e m o d y n a m ic  s ta b ìlity  a n d  th e  in d d e n c e  o f 
a d v e rs e  e ữ e c ts  w a s  g re a tly  in c re a se d , e v e n  a t  lo w  do ses. 
T h e  đ lsa d v a n ta g e s  w e re  fe lt to  o u m e ig h  w h a te v e r  beneH ts  
s u  c h  th e r a p y  m ig h t  h a v e .

N e o s tìg m in e  h a s  a lso  b e e n  g iv e n  b y  th e  e p id u ra l  r o u te  as 
a n  a d ju n c t  to  a n a lg e s ia ;1 so m e  a d v e rse  e ííe c ts  su c h  as 
n a u s e a  m a y  b e  less w i th  th is  ro u te .

1. H o K M , t í a l .  Use o í in tra th ec a l neo stig m ỉn e  as a n  a d ju n c t to  o th e r  sp ina l 
m e d ỉca tío n s  ỉn  pe rio p e ra tív e  a n d  p e ríp a r tu m  a n alg esia : a m e ta-a n aỉy sis . 
A n a c ĩth  ỉttíe n s iv t C a n  2 005 ; 33 : 4 1 -5 3 .

2 . R oss VH, r t  a i. N costigm ine  decreascs  b u p iv a ca in e  use  b y  p a tỉcm - 
c o n ơ o tte d  e p id u ra l analgesia  d u rin g  la b o n  a  r a n d o m i ie d  controU eđ 
s tu đ y . A ĩta ú t  A n ấ Ì Ị  2009; 109: 52 4 -3 1 .

Reversal of neuromuscular blockade. A n tic h o lin e s te ra s e s  
h a v e  o h e n  b e e n  u se d  a h e r  su rg e ry  to a n ta g o n is e  res id u a l 
n e u ro m u s c u la r  b lo ck  in d u c e d  b y  lo n g -a c tin g  c o m p e tit iv e  
n e u ro m u s c u la r  b lo ck ers . H o w e v e r, th e re  h a s  b e e n  c o n ti-  
n u in g  d e b a te 1'3 o n  v v h e th e r  a n tic h o lin e s te ra se s  c a n  b e  ' 
u se d  in  re d u c e d  doses  o r  e v e n  o m itte d  ío r  in te rm e d ia te -  
a c tin g  b lo ck e rs  su c h  a s  a tr a c u r iu m  a n d  v e c u ro n iu m  a n d  
s h o r te r -a c tin g  b lo ck ers  s u c h  as  m iv a c u riu m .

D e c re a s in g  th e  a n tic h o lln e s te ra s e  d o se  m a y  re d u c e  
a d v e rs e  e ííe c ts . A l th o u g h  i t  is  n o t  d e a r  v v h e th e r  o m ittin g  
n e o s tig m in e  te v e rs a l  r e d u c e s  n a u s e a  a n d  v o m itin g ,3'4 it 
a v o id s  a n y  a d v e rse  effec ts  n e o s tig m in e  m a y  h a v e  o n  g u t  
a n a s to m o se s .  O n e  c o m m e n ta to r 1 c o n s id e re d  th a t  th e  w id e  
v a r ia t io n  in  r e c o v e ry  t im e  vvith a m in o s te ro id  b lo ck e rs  su c h  
a s  ro c u r o n i iu n  w a s  a n  in d ic a tio n  fo r  a lw a y s  u s in g  a t  lea s t a 
sm a ll d o se  o f  a n tic h o lin e s te ra s e  w h e n  th e se  d ru g s  vvere 
u se d . H ovvever, i t  w a s  su g g e ste d  th a t ,  if th e  b lo ck  w a s  b e in g  
c a re íu lly  m o n ito re d  a n d  re c o v e ry  vvas e s ta b lish e d , a 
r e d u c e d  d o se  o{ 1 .25 m g  o ỉ  n d o s tíg m in e  m ig h t  b e  p re le ra b le  
a f te r  a  b e n z y lis o q u in o l in iu m  b lo d c e r  s u c h  a s  a tr a c u r íu m  o r  
m iv a c u r iu m . I n  c h ild re n , s m a lle r  d o se s  o f  a n  a n tic -  
h o l in e s te ra se  c o u ld  b e  u se d , e v e n  a ỉ te r  a n  a m in o s te ro id  
b lo c k e r , a n d  a ỉte r  a  b lo c k e r  su  c h  as  m iv a c u riu m . t h e y  m ig h t 
n o t  b e  n e e d e d  a t  all.

O t h e n  h a v e  p r e íe r r e d  to  r e se rv e  n e o s tig m in e  rev e rsa l  fo r 
cases  v vhere  i t  w a s  d e e m e d  d in ic a lly  n e c essa ry : in  a  s tu d y 4 
u s in g  s u c h  a p ro to c o l, 6 8 %  o f th o se  re c e iv in g  ro c u ro n iu m  
w e r e  g iv e n  n e o s tig m in e , a g a in s t  10%  o f th o se  re c e iv in g  
m iv a c u r ìu m .

I t  h a s  b e e n  su g g e ste d  t h a t  b e c a u s e  o ỉ i t ỉ  s h o r te r  d u ra t io n  
o ỉ  a c tio n  e d ro p h o n iu m  m ig h t b e  m o re  su ita b le  t h a n  
n e o s tig m in e  to  a n ta g o n is e  re s id u a l b lo ck  for n e u ro m u s c u la r  
b lo c k e is  w i th  s h o r te r  a c tìo n s  a n d  i n  p a rt ic u la r .  t h a t  
e d r o p h o n iu m  m ig h t  b e  m o re  a p p ro p r ia te  t h a n  n e o s tig m in e  
ío r  u s e  vvith m iv a c u riu m . N e o s tíg m in e  in h ib its  t h e  p lasm a  
c h o Ịin e s te ra s e  re sp o n s ib le  fo r  th e~ m e ta b o lism  o f m iv a c u r-  
i u m  a n d  i ts  u s e  c a n  in  t h e o r y  d e la y  r a th e r  t h a n  sp eed  
rẹ c o v e ry , a l th o u g h  in  p ra c tic e  th e r e  is  c o n s id e re d  to  b e  l it tle  
e v id e n c e  fo r  s u c h  a n  e ỉỉe c t .1 E d ro p h o n iu m  a lso  h a s le s s e r  
e ữ e c ts  o n  th e  vag u s, a  m o re  rap id  o n s e t  o ỉ  a c tío n . a n d  m a y  
b e  a s s o d a te d  w i th  a  lo w e r  i n d d e n c e  o f n a u s e a  a n d  v o m itin g  
t h a n  n e o s tig m in e .5 N e o s tig m in e  c a n  c a u se  d in ic a lly  
s ig n iũ c a n t  n e u ro m u s c u la r  b lo d c a d e  ư  it  is  g iv e n  to  a  p a tie n t  
w h o  h a s  a lie a d y  re c o v e ie d  a  la rg e  d e g re e  of n e u ro m ũ s c u ỉa r  
í u n c t ìo n 6-7 b u t  e d ro p h o n iu m  a p p e a rs  n o t  to  h a v e  th is  
effect-* H ovvever, th e  a n ta g o n is m  p r o d u c e d  b y  e d ro p h o n -  
iu m  is n o t  a d e q u a te ly  a n d  re lia b ly  s u s ta in e d  e s p e d a l ly  a h e r  
p r o lo u n d  b lo ck .’-10

1. H u n te r  JM . ỉs  it a lw ays n e ce ssa ry  t o  a n tagon ixe  resid u al n e u ro m u s c u la r  
b lock7  D o c h ũ d rc n  d íữ er ỉ ro m  adu lts?  B r J  A n a a th  1996; 77 : 7 0 7 -9 .

2 . F a w ce tt W J. N eư ro m u scu la r b lock  ỉn  c h ỉỉd ren . B r  J  A n oestit  1997; 78: 
627 .

3. P u c h s-B u d e r  T. M encke  T . u $ e  of rev e rsa l a g em s in  da y  ca r e  p ro ce d u re s 
(w ltb  s p ẽ á a ỉ  r e íe ren c e  to  p o s to p e n tỉv e  n a u se a  a n d  vo m ítỉn g ). E u r  J  
A n a t íO Ỉa to l  2001 ; 18 (supp l 23 ): 5 3 -9 .

4 . Jo sh ỉ GP, í t  ttỉ. T h e  e ỉỉec ts  o f an tag o n íz ỉn g  re s id u a l n e u ro m u s c u la r  
b lo d c ad e  b y  n e o s tig m in e  a n d  g ỉycopy rro la te  o n  n a u se a  a n d  vo  m i ú n g  
a fte r  a m b u la to ry  su ig e ry . A n es tk  A n à ỉ$  1999; 8 9 : 6 2 8 -3 1 .

5. W a tc h a  M F , t í  a i  E ỈTea o í  a n tag o n ism  o í  m iv a cu r iu m -in d u c ed  
n e u ro m u s c u la r  b lock  OD p o s to p e ra tív e  em esis in  ch ild ren . A n esth  A n a lg  
1 9 9 5 ;8 0 :7 1 3 - 1 7 .

6. H u g h es  R. et a i  N eu ro m u sc u la r  b lockade  by  n e o s tíg m ỉn e . B r  J  An aeslh  
1979; 5 1 : 568P.

7 . P a y n e  Jp , r í  đ i .  N e u ro m u s c u ỉa r  b lo c k a d e  b y  n e o s tỉg m ỉn e  in  
a n ãe s th e t íx eđ  m a n . B r  J A n a ts th  1980; 52 : 6 9 -7 5 .

8. A stỉey  BA, et a i . E lectrỉcal a n d  m echan ỉca l re sponses a í te r  n e u ro -  
m u sc u la r  bỉo c k ad e  w ỉth  v e c u ro n íu m . a n d  su b se q u en t a n tag o n ỉsm  w ú h  
n e o s tíg m in e  o r  e d ro p h o n iu m . B r  J  Anaesth  1967; 59: 9 8 3 -8 .

9. C aỉdw eU  JB, €t a i . A n ta g o n ỉsm  o ỉ  p ro to u n đ  neuTOTnuscular b lockade 
ỉn d u c e d  b y  v e c u ro n ỉu m  o r  a ư a c u r iu m : co m p ariso n  o f  ne o s tỉg m ỉn e  vvith 
e d ro p h o n lu in . B r  J A n aesíh  1986; 58: 1285 -9 .

10. M ira k h u r  RK. t í  a ỉ . A n ta g o n ism  of v e c u ro n iu ra - ỉn d u c e d  n e u ro m u s c u la r  
b lo d e ad e  w ỉth  e đ ro p h o n iu m  o r  n e o s tíg m in c . B rd A n a e s th  1987; 5 9 :4 7 3 -
7.

Snake bHe. T h e  g e n e ra l  m a n a g e m e n t  o f  s n a k e  b ite s  is d is- 
c u s se d  o n  p .  2 4 1 9 .2 . M a n y  re p o i ts  h o m  I n d ia  h a v e  
d a im e d  b e n e h t  fo r  a n tic h o lin e s te ra s e s  in  t h e  t r e a tm e n t  of 
n e u ro to x ic  sn a k e  b ite s  b u t  ỉa i lu re  to  d is t in g u is h  b e tw e e n  
c o b ra  a n d  k ra it  b ite s , la c k  o f  c o n ư o ls ,  a n d  in a d e q u a te  1

in ío rm a t ío n  a b o u t  o th e r  t h e r a p y  v v e ak en  th e  d a im s .1 
H o w e v e r, e d ro p h o n iu m  h a s  b e e n  s h o w n  in  2  d o u b le -b lìn d  
s tu d ie s  to  b e  m o re  e ữ e c tiv e  t h a n  p la c e b o 2 a n d  a n tiv e n o m 3 
in  t h e  ư e a tm e n t  o f  s n a k e  b i te  d u e  to  t h e  P h ilip p in e  c o b ra  
(Naja naja philippirưnsừ). N e o s tig m in e  h a s  a lso  b e e n  
re p o r te d 4 to  h a v e  b e e n  e h e c tiv e  in  r e v e r s in g  p a ra ly s is  in  2 
p a tie n ts  b i t te n  b y  Micrurus ỷrontalù (a  c o ra l sn a k e ) .  S im i- 
la ily , a n o th e r  p a ù e n t  m a d e  a  r e m a rk a b le  re c o v e ry  w h e n  
D e a ted  w ith  n e o s tig m in e  a íte r  b e in g  b i t t e n  b y  a n  A sia tic  
c o b ra  (Naja naịa kaouthia)? A n tíc h o lin e s te ra s e s  vvould  b e  
e x p e c te d  to  b e  o f  l i td e  v a lu e  fo r  b ite s  h o m  sn a k e s  w h o s e  
v e n o m  c o n ta in s  n e u ro to x in s  vvhich a c t  p re sy n a p tic a lly , 
i n d u d in g  th e  A s ia n  k ra it,  th e  A u s tra lia n  t ig e r  s n a k e , a n d  
th e  ta ip a n ‘ a n d , a l th o u g h  b e n e h d a l  re s u lts  h a v e  b e e n  
re p o r te d  in  in d iv ìd u a l p a tie n ts ,7 o v e ra ll r e s u lts  a re  c o n s id -  
e re d  to  b e  in c o n s is te n t .2-* H o w e v e r, i t  is r e c o m m e n d e d  
th a t  a  te s t d o se  o f  e d r o p h o n iu m  p re c e d e d  b y  a ư o p in e  
s h o u ld  b e  g iv e n  to  p a tie n ts  vvith  n e u ro lo g ic a l  signs  a h e t  a  
sn a k e  b ite  b y  a n y  s p e d e s  a n d  if I m p ro v e m e n t o c c u rs , a 
lo n g e r  a c tin g  a n tic h o lin e s te ra s e  su c h  as  n e o s tig m in e  c an  
b e  g iv en .2-3

1. Reid HA. V enom s a n d  a n tiv en o m s. Trop  D ừ  Bull 1983; 80: 23.
2. W att G. t ỉ  a i  P osỉdve  re sp o n se  to  e d ro p h o n iu m  in  p a tie n ts  w ith  

n e u ro io x ic  e n v c n o m in g  by  cobras (N aja naja  p h ilip p in en s íỉ) . N  E n $ t  J  
Med 1986; 315: 1444-8 .

3. W a u  G. r í a l. C om parison  ol T ens ilon  a n d  a m iv e n o m  ĩo r  th e  ire a tm e n t  
o í cob ra -b ite  para lysis. T ra n s  R  Soc Trop  M td  H y$  1989; 83: 5 7 0 -3 .

4. V ital Brazi) o .  V ieira RJ. N eostigm ine  in  th e  t r e a tm e n to ís n a k e a c d d e n ts  
c aused  by  M ic ru ru s  ừ o n u l is :  rep o r t o f tw o  cases. R e v  In s t M ed  T ro p  Sao  
P au lo  1996; 38: 6 1 -7 .

5. G old BS. N eostỉgm ỉne  ío r  th e  t r e a tm e n t o f n e u ro to x ỉc ity  fo llow ing  
e n v en o m a tio n  by  th e  A siatỉc cob ra . A n n  Em erg  M e d  1996; 28 : 8 7 -9 .

6. B rophy  T, S u th e r ỉa n d  SK. Use o ( n e o n ig m ỉn e  a h e r  sn ake  b iie . B r  J  
A n aesth  1979; 51: 2 6 4 -5 .

7. W arrr lỉ DA. r ỉ  a i . S eve re  n e u ro to x ic  e n v e n o m in g  b y  th e  M a lay a n  kraỉt 
B u n g a ru s c an d ỉd u s  (L ỉnnaeus): re sp o n se  to  a n tiv e n o m  a n d  antíc* 
hoU nesierase . B M J  1983; 286 : 6 7 8 -8 0 .

8. T rev e tt AJ, r ỉ  a i . P a ỉlu re  o í 3 ,4 * d ia m in o p y n d in e  a n d  e d ro p h o n ỉu m  to  
p ro d u cc  sig n ư ỉca n t d in ic a l  b e n eO t in  n eu ro io x ic ity  fo llow ing  th e  b ite  o ỉ 
P a p u a n  ta ỉp an  (O x y t in n u s  scu teU atus carín ỉ) . T ra n s  R  Soe T ro p  M e d  H yg  
1 9 9 5 ;8 9 :4 4 4 - 6 .

T e tro d o lo x in  p o is o n in g .  F o r r e ỉe re n c e  t o  t h e  u se  o ỉ  n e o -  
s tig m in e  in  th e  t r e a tm e n t  o f t e ư o d o to x in  p o iso n in g  c a u se d  
b y  e a rin g  p u í íe r  fish , see  u n d e r  U ses a n d  A d m in is tra t io n  
o f E d ro p h o n iu m  C h lo rid e , p . 6 8 6 .2 .

Adverse Effects
T h e  a d v e rse  eH ects o f  n e o s tig m in e  a re  chieQ y d ụ e  to  
excessive  c h o lin e rg ic  s t ím u la tio n  a n d  m o s t  c o m m o n ly  
in c lu d e  in c re a se d  sa liv a rio n , n a u s e a  a n d  v o m itin g , a b d o - 
m in a l c ra m p s . a n d  d ỉa r rh o e a .  A llerg ic  r e a c tio n s  h a v e  b e e n  
rep o r te d ;  r a sh e s  h a v e  b e e n  a s s o d a te d  w i th  th e  u s e  o f  th e  
b ro m id e  sa lt. N e o s tig m ín e  p e n e tr a te s  t h e  b lo o d -b ra in  
b a rr ie r  p o o r ly  a n d  CNS e ữ e c ts  a re  u s u a lly  o n ly  s e e n  w ith  
h ig h  doses.

O v erd o sag e  m a y  le a d  to  a  'c h o lin e rg ic  crisis ', c h a r-  
a a e r í s e d  b y  b o th  m u sc a r in ic  a n d  n ic o t in ic  effects. T h ese  
eH ects m a y  i n d u d e  e x cess iv e  svveating, la c h ry m a tio n , 
in c re a se d  p e ris ta ls is , in v o lu n ta ry  d e ía e c a tio n  a n d  u r in a t io n  
o r  d e s ứ e  to  u r in a te ,  m iosis, d l ia r y  sp asm , n y s ta g m u s , 
b ra d y c a rd ia  a n d  o th e r  a r rh y th m ia s ,  h y p o te n s io n , m u s d e  
c ra m p s , la s t íc u la tio n s ,  w e a k n e s s  a n d  p a ra ly s is , t ig h t  ch e st, 
w h e e z in g . a n d  in c re a se d  b ro n c h ia l  s e ơ e t io n  c o m b in e d  w ith  
b ro n c h o c o n s tr ic tio n . CN S e líe c ts  i n d u d e  a ta x ia , c o n - 
v u lsio n s , co m a , s lu r re d  sp e ec h , res tle ssn e ss , a g ita tio n , a n d  
fear. D e a th  m a y  re s u l t  h o m  re sp ira to ry  ía i lu re , d u e  to  a 
com binatdon  o f  t h e  m u sc a r in ic , n ic o tin ic , a n d  C entral 
eữects, o r  c a rd ia c  a rre s t.

I t  h a s  b e e n  re p o r te d  th a t  a  p a r a d o á c a l  in c re a se  i n  b lo o d  
p re s s u re  a n d  h e a r t  r a te  m a y  r e s u l t  h o m  n ic o t ỉn ic  
s tim u la tio n  o f sy m p a th e r ic  g a n g lia , e sp e c ia ỉly  vvhere  
a t to p in e  h a s  b e e n  g iv e n  to  re v e rs e  th e  m u sc a r in ic  eH ects 
(see T re a tm e n t  o í A d v e rse  E íle c ts , b e lo w ).

In  p a tie n ts  w i th  m y a s th e n ia  g rav is, in  w h o m  o th e r  
sy m p to m s o f  o v e rd o sa g e  m a y  b e  m ild  o r  a b se n t, t h e  m a jo r  
sy m p to m  o f c h o lin e rg ic  cris is  is in c re a se d  m u s c u la r  
w e a k n e ss , w h ic h  m u s t  b e  d ih e r e n tia te d  h o m  th e  m u sc u la r  
w e a k n e ss  c a u se d  b y  a n  e x a c e rb a tio n  o f  t h e  d isease  itse ll 
(m y a s th e n ic  crisis).

T h e  a d v e rse  e ííe c ts  o í  p a ra s y m p a th o m im e tic s  a p p lìe d  
to p ica lly  fo r th e i r  m io tic  a c tio n  a re  d iscu ssed  u n d e r  
P ilo ca rp in e  o n  p . 2 0 1 1 .2 .

Treatment oỉAdverse Effects
ĩỉ a  l i íe - th re a te n in g  a m o u n t  o f  n e o s tíg m in e  h a s  b e e n  ta k e n  
orally  a n d  th e  p a t ie n t  p re s e n ts  w i th in  1 h o u r ,  th e  s to m a c h  
m a y  b e  e m p tie d  b y  lav a g e ; g iv ỉn g  a c tiv a te d  c h a rc o a l to  
d ec re a se  a b s o rp t io n  s h o u ld  a lso  b e  c o n s id e re d . W h e n  
n e c essa ry  m a ìn te n a n c e  o f  re s p ira t io n  s h o u ld  ta k e  p r io r ity . 
A tro p in e  s u lỉa te  s h o u ld  b e  g iv e n  in  u s u a l  d o ses  of 1 to  2  m g, 
p re íe ra b ly  in tra v e n o u s ly ,  o r  e lse  in tra m u s c u la r ly  a n d  
re p e a te d  as n e c e s sa ry  to  c o n tro l  th e  m u sc a r in ic  e ííec ts ; 
s ing le  d o ses  oi u p  t o  4 m g  h a v e  a lso  b e e n  su g g e ste d . 
N ico tin ic  eH ects. in c lu d in g  m u sc le  vveakness a n d  p a ra ly sis , 
a re  n o t  a n ta g o n is e d  b y  a tro p in e ;  s m a ll  d o ses  o f  a 
c o m p e titiv e  n e u ro m u s c u la r  b lo c k e r  h a v e  b e e n  su g g ested

ío r  t h e  c o n tro l  o f  m u sc le  tvv itch ing . U se o f  t h e  c h o lin e s te  
a se  r e a c tiv a to r  p ra l id o x im e  as  a n  a d ju n c t  t o  a t r o p in e  h  IS 
a lso  b e e n  su g g e ste d  (se e  p .  1 5 7 1 .2 ). F u r th e r  s u p p o r t i ' e  
t r e a tm e n t  s h o u ỉd  b e  g iv e n  a s  r e q u ữ e d .

F o r  a  d ỉsc u ss io n  o f  t h e  g e n e ra l  p r in d p le s  o ỉ  ứ  e  
m a n a g e m e n t  o f  a c u te  p o iso n ỉn g , s e e  p . 1 5 3 7 .1 .

Precautions
T h e  p re c a u t ìo n s  a n d  c o n tra -m d ic a t io n s  to  b e  o b s e rv e d  w it 1 
n e o s tig m in e  u s e  r e la te  m a in ly  to  i ts  c h o lin e rg ic  e ữ e c ts .

N e o s t ig m in e  is  c o n t r a - in d i c a t e d  in  p a t i e n t s  w i t  1 
m e c h a n ic a l  g a s tro in te s tỉn a l  o r  u r i n a r y - ơ a a  o b s tr u c tio n .  ( r  
p e ri to n it is .  I t  s h o u ld  b e  u se d  w i th  e x ư e m e  c a u t io n  i i  
p a tie n ts  w h o  h a v e  u n d e rg o n e  r e c e n t  in te s t in a l  o r  b la d d t  r  
s u ig e ry  a n d  in  p a tie n ts  w i th  b r o n c h ia l  a s th m a . I t  s h o u ld  b : 
u s e d  w ith  c a u tio n  in  p a t ie n ts  w i th  c a rd io v a sc u la r  d iso rd e :  s 
i n d u d in g  a r r h y th m ỉa s ,  b ra d y c a rd ia ,  r e c e n t  m y o c a r d i í l  
in ỉa rc tio n , a n d  h y p o te n s io n , a s  w e l l  as in  p a t ie n ts  w i t  1 
v a g o to n ia , e p ilep sy , h y p e r th y ro id is m , p a rk in s o n ỉs m , r e n ;  1 
im p a irm e n t,  o r  p e p tíc  u lc e r  d ise a se . v v h e n  n e o s tig m in e  s 
g iv e n  b y  in je c tìo n , a tr o p ìn e  s h o u ld  a lw a y s  b e  a v a ila b le  t ) 
c o u n te ra c t  a n y  e x cess iv e  m u s c a i in ic  re a c t io n s ;  a t r o p i n : 
m a y  a lso  b e  g iv e n  b e ío re , o r  w ith , n e o s tig m in e  to  p r e v e n t  c r 
m in im ise  m u sc a r ìn ic  a d v e rs e  eH ects  b u t  th is  m a y  m a s k  t h : 
in it ia í  sy m p to m s  o f o v e rd o sa g e  a n d  le a d  to  c h o lin e rg ic  c r is i : .

UK  lic e n se d  p ro d u c t  in ío r m a t io n  S ta tes t h a t  a s  t h ; 
se v e r i ty  o f m y a s th e n ia  g rav is  o h e n  í l u a u a t e s  c o n s id e ra b l  r 
d u r in g  p re g n a n c y , p a r t ic u la r  c a re  is n e e d e d  to  a v o i ì 
c h o lin e rg ic  crisis  c a u se d  b y  o v e rd o sa g e ; it  h a s  a ls o  b e e j[  
r e p o r te d  th a t  n e o n a ta l  m y a s th e n ia  m a y  ío llo w  la rg e  d o s e  i 
d u r in g  p re g n a n c y . T h e  a m o u n t  o í  n e o s tig m in e  d is tr ib u te i  1 
in to  b re a s t  m ilk  is v e ry  sm a ll b u t  b re a s t - f e d  i n fa n ts  n e e d  ti I 
b e  m o n ito re d .

L arge  o ra l  d o ses  o í  n e o s tig m in e  s h o u ld  b e  a v o id e d  ÍI 
c o n d it io n s  w h e r e  th e r e  m a y  b e  in c re a se d  a b s o rp t io n  h o n : 
th e  g a s ư o in te s tin a l  ư a a .  I t  s h o u ld  b e  a v o id e d  in  p a t i e n t ; 
k n o w n  to  b e  h y p e rs e n s it iv e  to  n e o s tig m in e ; t h e  b r o m id e  io i 
h o m  n e o s tig m ỉn e  b ro m id e  m a y  c o n tr ib u te  t o  a n y  a lle rg i  • 
r e a c tio n .

T h e  p r e c a u t io n s  o f  p a ra s y m p a th o m im e tic s  a p p lie i  
to p ic a lly  fo r th e i r  m io t ic  a c tio n  a re  d isc u sse d  u n d e  
P ilo c a rp in e  o n  p .  2 0 1 1 .2 .

Neuromuỉcular disorders. R e s id u a l n o n -d e p o la ris in >  
n e u ro m u s c u la r  b lo ck  in  a  p a tie n t  w i th  d y s ư o p h ia  m y o to  
n ic a  w as o n ly  p a rt ly  r e v e r s e d  b y  n e o s tig m in e  a n d  a tr o  
p in e , a n d  ỉo llovving  a  s e c o n d  d o se  o f  b o th  d ru g s  co m p le tc  
n e u ro m u s c u la r  b lo ck  d e v e lo p e d .1 I n  a  s e c o n d  p a t i e n t  
w i th  a  h is to ry  o f P ro g re ss iv e  m u s d e  d y s tro p h y , t h e  u s e  o; 
n e o s tig m in e  to  re v e rs e  re s id u a l n o n - d e p o la r is in g  b lo c k a d í  
g a v e  rise  to  a  to n ic  r e s p o n s e  in  t h e  in d ire c t ly  s tim u la te c  
m u s d e .  T h e  ty p e  a n d  d e g re e  o f  t h e  r e s p o n s e  to  n e o - 
s tig m in e , a n d  p r o b a b ly  o th e r  a n tic h o lin e s te ra s e s ,  c a n n o t  
b e  p r e d i a e d  in  p a tie n ts  w i th  n e u ro m u s c u la r  d ise a se .

A  p a t íe n t  w i th  s e ro -n e g a tiv e  o c u la r  m y a s th e n ìa  g rav is  
h a d  e x a g g e ra te d  re s p o n s e s  to  b o th  v e c u r o n iu m  a n d  
n e o s tig m in e .3 T h e  d o se  o f  n e u r o m u s c u la r  b lo c k e rs  a n d  
t h e ữ  a n ta g o n is ts  u se d  in  p a tie n ts  w i th  m y a s th e n ia  g rav is  
s h o u ld  b e  t i t ra te d  c a re íu lly  re g a rd le s s  o f  t h e  s e v e r i ty  o f  th e  
c o n d it ío n .

ỉ . B uxelỉo  w ,  t í  a i . H azards o f  n e o s tíg m ỉn e  ÍD p a tìe n ts  w ith  n e u ro m u s c u la i
dỉsorders: r e p o r i o f rw o  cases. B r J  A n a e sth  1982; 54 : 5 2 9 -3 4 .

2 . K im  J-M* M a a g o ld  J .  Sensiùv icy  IQ b o ứ i v e c u r o a iu m  a a d  a e o s iig m in c  in
a  se ro -n eg a tiv e  m y a s ih e n ic  p a tỉe n i . B r J  A n a e sth  1989; 63 : 4 9 7 -5 0 0 .

Porphyria. T h e  D ru g  D a ta b a se  f o r  A c u te  P o r p h y r ia ,  c o m - 
p ile d  b y  th e  N o rvveg ian  P o rp h y r ia  C e n u e  (N A PO S) a n d  
th e  P o rp h y ria  C e n ư e  Svveden , d a s s ữ ie s  n e o s t ig m in e  as 
p ro b a b ly  n o t  p o r p h y r in o g e n ic  i t  m a y  b e  u s e d  a s  a  d r u g  of 
firs t c h o ic e  a n d  n o  p re c a u t io n s  a re  n e e d e d .1

1. T h e  D rug  D a tabase  ío r  A cu te  P o rp h y r ia . A vaiỉab le  a u  h r tp : / /w w w .
d n ig j-p o rp h y iia .o rg  (accessed  2 7 /0 7 /1 1 )

Renal itnpairment. T h e  d o sa g e  o f n e o s tig m in e  m a y  n e e d  
to  b e  a d ju s te d  in  p a t ie n ts  w i th  r e n a l  im p a i rm e n t .  T h e  
m e a n  s e ru m  e lim in a tio n  haU -U íe o f  7 9 .8  m in u te s  o b ta in e d  
in  p a ú e n ts  w i th  n o rm a l  r e n a l  f u n c t io n  w a s  í o u n d  to  b e  
p ro lo n g e d  to  181 .1  m in u te s  in  a n e p h r íc  p a ũ e n ts .1

1. C ronneQ y R, t í  a t. R e n a l íu n c tio n  a n d  th e  p h a rm a c o k ỉn e tlc s  o í
n e o s tig m ỉn e  in  a n es tb e tíx e d  m a n . A n ts ứ ư s io ĩo s y  1979; 51: 2 2 2 -4 .

Interadions
D ru g s  w i th  n e u ro m u s c u la r  b lo c k in g  a c tiv ity , s u c h  a s  th e  
am in o g ly co s id e s , d in d a m y ó n ,  c o lis tin , c y d o p ro p a n e ,  a n d  
th e  h a lo g e n a te d  in h a la tio n a l  a n a e s th e tic s ,  m a y  a n ta g o n is e  
t h e  e ííe c ts  o f  n e o s d g m in e .  T h o s e  s u c h  a s  q u in in e ,  
c h lo r o q u in e ,  h y d r o x y c h lo r o q u in e ,  q u in id in e ,  p r o c a in -  
a m id e , p r o p a ỉe n o n e ,  l i th iu m , a n d  t h e  b e ta  b lo c k e rs , t h a t  
h a v e  th e  p o te n t ia l  to  a g g ra v a te  m y a s th e n ia  g rav is , c a n  
re d u c e  th e  e íB cacy  o f  ữ e a tm e n t  w i th  p a ra s y m p a th o -  
m im e tíc s . P ro lo n g e d  b ra d y c a rd ia  h a s  a lso  o c c u r r e d  in  
p a tie n ts  r e c e iv in g  b e ta  b lo c k e rs  w h e n  g iv e n  n e o s tig m in e .  
A n tic h o lin e s te ra se s , s u  c h  a s  n e o s tig m in e , c a n  in h ib i t  th e  
m e ta b o lism  o f  s u x a m e th o n iu m , a  d e p o la r is in g  n e u r o -

All cross-references refer to entries in Volume A
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m u sc u la r  b lo ck e r , a n d  e n h a n c e  a n d  p ro lo n g  its a c tio n ; 
c o m b in e d  u s e  is n o t  r e c o m m e n d e d .

O p h th a lm ic  u se  o f  a n tic h o lin e s te ra se s , s u c h  as e c o th io -  
p a te , s h o u ld  b e  u n d e r ta k e n  w ith  c a re  in  p a tìe n ts  rec e iv in g  
n e o s tíg m in e  sy ste m ic a lly  fo r m y a s th e n ia  g rav is, b e c a u se  of 
possib le a d d it iv e  to x ic ity .

A n t im u s c a r in ic s  s u c h  as  a t r o p in e  a n ta g o n is e  t h e  
m u sc a r in ic  e ííe c ts  o f n e o s tig m in e .

Beta blockers. T h e re  h a v e  b e e n  se v era l re p o r ts  of b ra d y -  
carđ ía  a n d  h y p o te n s io n  w h e n  n e o s tig m in e  o r  p h y s o -  
s tíg m in e  w e r e  g iv e n  to  p a d e n ts  rec e iv in g  b e ta  b lo c k e rs1-4 
b u t  n o  s ig n iũ c a n t  c h a n g e s  in  h e a i t  ra te  w e re  n o te d  in  a  
s tu d y  o f  p y T id o s tìg m in e  g iv e n  to  8  p a tie n ts  tak in g  b e ta  
b lo ck ers .5 B e ta  b lo ck e rs  h a v e  th e  p o te n t ia l  to  ag g ra v a te  
th e  sy m p to m s  o f m y a s th e n ia  g rav is  a n d  m a y  th e re ỉo re  
red u c e  th e  efficacy  o f  p a ra s y m p a th o m im e tic  tre a tm e n t.

1. S p rague  D H . Severe  b rađ y c a rd ia  a fte r  neo stig m in e  in  a  p a tỉe n t ta ỉdng  
p ro p ra n o lo l to  c o n tro l paro x y sm aỉ a tr ia l ta chycard ia . A ĩU S th a io logy  
1975; 4 2 :  2 0 8 -1 0 .

2. Seidl D C , M a rt in  D E. P ro longcd  b rad y c ard ia  a fte r  neo stig m in e  
a d m in is tra tío n  in  a  p a t ỉe n t  tak ing  n ado lo i. A n a th  A n a ỉg  1984; 6 3 : 3 6 5 -7 .

3. B araka  A . D ajan ỉ A. S e v e re  bradycard ỉa  fo ỉỉow ỉng  physostìgm ỉne  ỉn  th e  
p rese n ce  o ỉ  b e ta -ad re n e rg ic  bỉodcade: a  case rep o r t. M id d ìe  E a s t  J  
A n c th e s io l  1984; 7 : 2 9 1 -3 .

4. E ldor J ,  t í a L  P ro ỉonged  b radycard ỉa  a n d  h y p o te n s ỉo n  a ỉte r  a eo stíg m ỉn e  
ạ d m ỉn ỉs tra tỉo n  ỉn  a  p a t ỉe n t  r ec tív ỉn g  a ten o lo ỉ. A n a a th e m  1987; 42: 
1 294 -7 .

5. A rad M . t í  a ỉ . Sa ỉe tý  o f  py ridostígm ine  in  h y p e rte n s ív e  p a tỉen ts  receiv ỉng  
b c ta  b lo c k ers . A m  J  Q x rd ia ỉ 1992; 69 : 5 1 8 -2 2 .

Caknim-channei blockers. U se o f  c a lđ u m -c h a n n e l  b lo ck - 
ers su c h  a s  verapamil w i th  n e u ro m u s c u la r  b lo ck ers  m a y  
p ro d u ce  a n  e n h a n c e d  m u s d e  b lo c k  w h ic h  is  re s is ta n t  to  
reversa l v v ith  n e o s tig m in e 1 b u t  w h ic h  c a n  b e  re v e rse d  b y  
e d ro p h o n iu m .2

1. van  P o o n e n  JF , 'et a l . V erapam il a n d  reve rsa ỉ o t  v e cu ro n ỉu m  
n e u ro m u s c u la r  b ỉockade . A n esth  A n a lg  1984; 63: 1 55 -7 .

2. lo n e s  R M . t í  a ỉ . V erapam il p o te n tỉa iỉo n  o ỉ n e u ro m u scu la r  b lodcade : 
ía ilu re  o f  reve rsa l vvith n e o s tig m in e  b u t  p ro m p t rev e rsa ỉ w ith  
e d rp p h o n iu m . A n esth  A n a ỉg  1985; 64: 1 0 2 1 -5 .

Corìícosteroids. A ỉth o u g h  u se  o f g luco co rtíco id s  a lo n e  
m ay  im p r o v e  s tr e n g th  in  m y a s th e n ic  p a tie n ts , u s e  of 
nưthylprednisolone i n  p a tie n ts  rec e iv in g  n e o s tig m in e  o r  
p y r id o s tig m in e  h a s  e x a c e ib a te d  s y m p to m s  a n d  p rọ d u c e d  
p ro ío u n d  vveakness n e e d in g  ass is te d  v e n ti la ú o n .1 S ince  
th e  a d v e rs e  e£fects o f  c o m b in e d  th e ra p y  u su a lly  o c c u r  
b e ỉo re  a n y  e x p e c te d  b e n e h ts  it  h a s  b e e n  su g g e ste d  th a i  
th e  g lu c o c o r tic o id  s h o u ld  b e  g iv e n  o n  a lte m a te  d a y s  in  
sm all d o se s  w h ic h  a re  in c re a se d  g ra d u a lly  u n t i l  t h e  o p ti-  
m a l e fie c t is  a c h ie v e d .2

ỉ . B ru n n e r  NG, t í  đ/. C o rtỉcoste ro ỉds In m a n a g e m e n t o f severe, genera ỉized  
m y a s th e n ỉa  gravis: eữ ec tỉv e n ess  a n d  com parison  vvith c o n ỉco tro p h ỉn  
th e ra p y . N euro lagy  1972; 22 : 603 -10 .

2. Ju b ỉz  w ,  M eik le  A W . A ỉte ra tio n s of gỉucocorticoid actions by o th e r  drugs 
and d ise a s e  States. D ru gs  1979; 18: 1 13 -21 .

Pharmacokinetícs
N e o stỉg m in e  is a  q u a te m a r y  a m m o n iu m  c o m p o u n d  a n d , as 
th e  b ro m id e , is p o o r ly  ab so rb e d  b o m  th e  g a s tro in te s tin a l  
trac t. A í te r p a r e n te r a l  doses  as th e  m etilsu K ate , n e o s tig m in e  
is rap id ly  e lim in a te d  a n d  ứ  e x c re te d  in  th e  u r in e  b o th  as 
u n c h a n g e d  d n tg  a n d  m e ta b o lite s . N eo s tig m in e  u n d e rg o e s  
h y d ro ly s is  b y  c h o lin e s te ra se s  a n d  is  also  m e ta b o lise d  in  th e  
liver. P r o te in  b in d in g  to  h u m a n  se ru m  a lb u m in  is re p o r te d  
to  ra n g e  { ro m  15 to  2 5 % . P e n ẹ ư a t io n  in to  th e  CNS is p o o r. 
N e o s tig m in e  crosses th e  p la c e n ta  a n d  v e ry  sm all a m o u n ts  
a re  d is tr ib u te d  in to  b re a s t  m ilk .

N e o s tig m in e  a p p e a rs  to  b e  p o o r ly  a n d  v a riab ly  a b so rb e d  
vvhen g iv e n  o ra lly . In  3 m y a s th e n ic  p a tie n ts  p e a k  p lasm a  
c o n c e n tra tio n s  w e re  o b ta in e d  1 to  2 h o u rs  a íte r  a  s in g le  30- 
m g o ra l d o s e  a n d  th e  m e a n  p lasm a  h a lf- life  w a s  0 .8 7  h o u rs;  
b io av a ila b ility  w a s  e s tim a te d  to  b e  1 to  2 % .‘ M e a n  p la sm a  
h a h -I iv es  o f  0 .8 9  a n d  1 .20  h o u rs  h a v e  b e e n  o b ta in e d  a f te r  
i n ư a v e n o u s 1 a n d  in ư a m u s c u la r 2 in je c tio n s  o f  n e o s tíg m in e  
m e ti ỉs u ư a te ,  re sp e c tiv e ly , a l th o u g h  a g a in  o n iy  a  few  
p a tie n ts  vvere  s tu d ie d . M e ta b o lism  a n d  b ilia ry  e x c re tio n  
m ay  p la y  s ig n ih c a n t ro les  in  t h e  e lim in a tio n  o f  n e o -  
s tig m in e .2 A b o u t 8 0 %  o f a  d o se  m a y  b e  e x c re te d  in  th e  
u r in e  w i th in  2 4  h o u rs :  a b o u t 5 0 %  o f a  do se  as u n c h a n g e d  
d ru g  a n d  15 %  as  3 -h y d ro x y p h e n y l tr im e th y la m m o n iu m .2 
M e a n  p la s m a  e lim ỉn a tio n  hal{ -lives fo r n e o s tig m in e  havev, 
b e e n  ío u n d  to  b e  s h o r te r  in  in ía n t ỉ  (0 .65  h o u rs )  a n d  
c h ild re n  (0.80 h o u r s )  c o m p a re d  w ith  a d u l t ỉ  (1 .12  h o u rs )  
b u t  th is  d o e s  n o t  a p p e a r  to  b e  r e la te d  to  its  d u ra t io n  o f effec t 
ỉn  a n ta g o n is in g  n e u ro m u s c u la r  b lo c k a d e .3 F o r  th e  haU -iư e  
in  a n e p h r ic  p a tie n ts , s e e  R e n a l Im p a irm e n t,  p . 6 88 .3 .

1. A q u ỉỉo n ỉu s  S-M , t í  a i  A  p h a rm a co ld n e tỉc  stu d y  o ỉ n eostigm ine  ỉn  m a n  
u sỉn g  g a s  c h ro m a to g rap h y -m a ss  spectrom etry . E u r  J  ơ in  P k a rm a a ỉ
1979; 13 : 36 7 -7 1 .

2. S o m an ỉ S M , t í  a l . K ỉn e d cs  a n d  tn e tab o lism  o í ỉn tra n ìu scu U ĩ neo stỉg m ỉn e  
in  m y a s th e n ia  grav ỉs . C iin  Pharm aeol T h e r  1980; 28 : 6 4 -8 .

3. R s h e r  D M , t í  a i . T h e  n e u ro m ù s c u la r  p h a n n ac o lo g y  o ỉ  n e o sd g m in e  in  
ỉn ía n ts  a n d  cb ỉỉd ren . A n tsthcs io ỉogy  1983; 59 ; 2 2 0 -5 ,

Preparations
Proprietory Preporolions (details a re  given in  V olum e B)

Single-ingredient Preparatíons. Arg.: Fadastigm ína; Prosdgnũn; 
AuslraL: P rostigm int; Austria: N orm astigm in; P rostigm in t; 
Belg.: Prostigmine; Robinul-N eostìgm ine; Braz.: N onnastig; 
Prostígmíne; Canad.: Proỉtigm in; China: Yi Ding ( IS S ) ;  Cz.: 
Syntostigm in; Denrn.: Robinul-N eostigm in; F ũ l : G lycostìgmin; 
Robinul-N eostígm in; Fr.: Prostignúne; Ger.: Neostìg; Gr.: Nor- 
m astìgm in; Prostigm ine; Hung.: Stigm osan; India: Beem ine; 
M yostigmứi; Tilstigmin; Indon.: Prostigmin; ItaL: In trastigm ina; 
Prostigmina; Maiaysũi: Sedsin; Mex.: P rostígm ine; Neth.: Pro- 
stigm in; Norw.: Robm ul-N eostigm in; Phữipp.: Prostig; Pro- 
stigmm ; PoL: Polstigm inum ; PorL: Intrastígm ina; Singapore. 
Prostigmm; Setism; Spain: Prostigmine-ị-, SwaL: Robinul-N eos- 
tigm in; Switz.: Prostìgnún; R obinul-N eostigm ine; Thaù: Pro- 
stígm in; Turk.: P lantigm in; UK: R obinul-N eostigm inet; USA: 
Bloxiverx N eostigm ine M in-I-M ix; Prostigmìn.

Muhi-ũtgrecỄent Preparatiom. Aụstrìa: N orm astìgm in m ít Pilo- 
carpin; China: lũ n  Le D un (SríSÍC); India. M yo-Pyrolate.

Pharmacopoeial P reparotioni
BP 2014: N eostìgm ine ửýection; N eostigm ine Tablets;
U SP 36: N eostìgm ine Brom ide Tablets; N eosứgm ine M ethylsu l- 
ỉa te  Injectìon.

Pyridostigmine Bromide (SAN, riNNi

Bromure de Pyridostigmine; Bromuro de pirịdostigmina; 
Piridostigmin Bromũr; Piridostigmina, bromuro de; Plridos- 
tígmino brdmidas; Piridosztígmin-bromjd; Pyridostig. Bram.; 
Pyridostigmiinibromidi; Pyridostigmin Bròmiđ; Pyridostig- 
minbronrtid; Pyridostigmine, Bromure de; Pyridostigmini 
bromỉdum; Pyridostigminii Bromidum; Pyridostigminium- 
bromid; nnpnAOCTMrMMHa 6poMMfl.
3-Dimethylcarbamoyloxy-l-methy)pyridfnium bromície. 
C,H,3BrNÁ=261.1
CAS —  155-97-5 (pýridostigmine); 101-26-8 (pyridostigmine 
bromide).
ATC —  N07AA02. ■
ATC Vet —  QN07M02.
UNII — KV1301NAS3.

Pharmacopoeias. In  Chũi., Eur. (see p . v u ) , Int., Jpn, a n d  us. 
P h . E u r . 8: (P y rid o stig m in e  B ro m id e ) . A  w h i te  o r  a lm o s t 
w h i te  d eB q u e sc en t c ry s ta llin e  p o w d e r .  V ery  so lu b le  in  
w a te r  a n d  in  a lc o h o l. S to re  in  a ir t ig h t  c o n ta in e rs .  P ro te c t  
b o m  ligh t.

U S P  36: (P y rid o stig m in e  B ro m id e ) . A  w h i te  o r  p rac tic a lly  
w h ite , hygroscop ic , c ry sta llin e  p o w d e r , h a v ũ tg  a n  a g re e a b le  
c h a ra c te r is tíc  o d o u r .  F ree ly  so lu b le  in  vvater, in  a lc o h o l, a n d  
in  ch lo ro ío rm ; p rac tic a lly  in so lu b le  in  e th e n  s lig h d y  so lu b le  
in  p e ơ o le u m  sp irit. S to re  in  a ir t ig h t  c o n ta in e rs .

Uses and Administration
P y rid o s tig m in e  is a  q u a te m a ry  a m m o n iu m  c o m p o u n d  th a t  
is ạ  rev ers ib le  in h ib i to r  o f  c h o lin e s te ra se  a c tiv ity  vvith 
a c tio n s  s ỉm ila r  to  th o se  o f n e o s tig m ỉn e  (p . 6 8 7 .2 ) ,  b u t  is 
s lo w e r  in  o n se t  a n d  o f lo n g e r  d u ra t io n . I t  is g iv e n  as t h e  
b ro m id e .

P y rid o s tig m in e  is m a in ly  u s e d  in  t h e  t te a tm e n t  o f 
m y a s th e n ia  g rav is  (p . 6 8 4 .1 )  a l th o u g h  its  u se  in  n e o n a ta l  
m y a s th e n ia  h a s  d e d in e d  in  la v o u r  o f  n e o s tig m in e . I t h a s  
a lso  b e e n  u s e d  in  th e  t r e a tm e n t  o f  p a ra ly tic  ile u s . 
P y rid o stig m in e  is so m e tim e s  u se d  to  rev e rse  t h e  n e u ro -  
m u sc u la r  b lo ck a d e  p ro d u c e d  b y  c o m p e tit lv e  n e u ro m u s c u la r  
b lo ck ers  b u t  is g e n e ra lly  c o n s id e re d  less s a tis ía c to ry  t h a n  
n e o s tig m in e . It h a s  a lso  b e e n  u se d  as p ro p h y la x is  a g a in s t th e  
n e u ro m u s c u la r  e ííe c ts  o f n e rv e  gas p o iso n in g  (b e lo w ). 
P y rid o stig m in e  h a s  b e e n  u se d  in  th e  m a n a g e m e n t  of 
p o s to p e ra tiv e  u r in a r y  r e te n t io n  (p. 2 3 4 9 .2 )  b u t  h a s  
g e n e ra lly  b e e n  su p e rse d e d  b y  c a th e te r isa tio n .

F o r m y a s t h e n i a  g ra v is ,  UK  lic e n sed  p ro d u c t  in ío rm a -  
t io n  States th a t  to ta l  da ily  o ra l  d oses  m a y  r a n g e  í ro m  3 00  m g  
to  1.2 g; hovvever, th e  BNF States th a t  d a ily  d o ses  o f  4 5 0  m g  
sh o u ld  n o t  b e  e x c ee d e d  in  o rd e r  to  a v o íd  re c e p to r  
dovv n reg u la tio n . I t  a lso  n o te d  th a t  p a tíe n ts  re c e iv in g  
p y rid o s tig m in é  in  doses  o v e r  3 6 0  m g  d a ily  m a y  n e e d  m o re  
a g g ressiv e  th e r a p y .  In  th e  USA, lic e n s e d  d o ses  a re  
som evvhat h ig h e r , ran g ỉn g  u p  to  1.5 g  daily .

T he  d o se  s h o u ld  b e  d iv id e d  th ro u g h o u t  t h e  d a y  a n d , if 
n ecessa ry , th e  n ig h t, ac co rd in g  to  re sp o n se ; la rg e r  p o r tio n s  
o{ th e  to ta l  d a ily  dose  m a y  b e  g iv e n  a t  t im e s  o f  g re a te r  
ía tig u e .

P y rid o s tíg m in e  h a s  a lso  b e e n  g iv e n  a s  m o d iS e d -re le a se  
tab le ts , u su a lly  o n c e  o r  tw ic e  d a ily  b u t  th e s e  o H er less  
H exibility  o f d o sag e . If  n e c e s sa ry  i t  h a s  a lso  b e e n  g iv e n  b y  
in tra m u s c u la r  in je c tio n  o r  in  se v e re  cases  b y  v e ry  s lo w  
in tra v e n o u s  in je c d o n . Hovyever, th e  in tr a v e n o u s  r o u te  is 
h a z a rd o u s  a n d , i ỉ  u se d , a tro p in e  m u s t  b e  a v a ỉla b le  to  
c o u n te r a a  a n y  se v ere  m u sc a r in ic  re a c tio n s . P a re n te ra l  
doses  a re  a b o u t  o n e - th ir t ie th  o f  th e  u s u a l  o ra l  d o se .

To r e v e r s e  n e u r o m u s c u l a r  b l o c k a d e  p r o d u c e d  b y  
competitive neuromuscuỉar bĩockm, d o se s  o f  10 0  to  2 5 0

m icro g ram s/k g  (ab o u t 10 to  2 0  m g) h a v e  b e e n  g iv en  
in ư a v e n o u s ly , w ith  o r  p rec e d e d  b y  in tra v e n o u s  a tro p in e  
su lỉa te  0 .6  to  1.2 m g  to  c o u n te ra c t  a n y  m u sc a r in ic  effects. 
G ly co p y rro n iu m  b ro m id e  has  b e e n  u se d  as  a n  a lte m a t iv e  to  
a tro p in e .

P y iidostigm ine  is a lso  u se d  f o r  p ro p h y la x is  a g a in s t  th e  
n e u ro m u sc u la r  eữ e c ts  o ỉ  n e rv e  gas  p o iso n in g , in d u d in g  
soman, in  m ilita ry  c o m b a t u se  o n ly ;  th e  r e c o m m e n d e d  o ra l 
d o se  is 30 m g  e v ery  8  h o u rs  s ta r te d  a t  le a s t  s e v era l h o u rs  
b e fo re  exposure . If n e rv e  gas p o iso n in g  occurs , p y r id o -  
s tig m ỉn e  sh o u ld  b e  s to p p ed  a n d  th e  p a t ie n t  s h o u ỉd  b e  
tre a te d  iv ith  a tro p in e  a n d  p ra lid o x ỉm e  im m e d ỉa te ly .

In  th e  t re a tm e n t o ỉ  p a ra ly tic  I l e u s  a n d  p o s to p e ra tiv e  
u r ỉn a r y  r e t e n t í o n  p y r id o s tig m in e  b ro m id e  h a s  b e e n  g iv en  
in  o ra l doses of 60 to  2 4 0  m g.

F o r details ol doses in  c h ild re n , see  belovv.

Administration in children. T h e  u se  o f  p y r id o s tíg m in e  in  
d n ld re n  is s im ilar to  t h a t  in  a d u lt s  (see  U ses a n d  A d m in is -  
tra t io n , ỉb o v e ) .

UK licensed  p ro d u c t in ỉo n n a t io n  States t h a t  c h ild re n  m a y  
b e  g iven  py rid o stig m in e , as th e  b ro m id e , fo r  th e  t r e a tm e n t  
o f m y a s t h e n ia  g r a v is  in  a n  i n ió a l  o ra l d o se  o f 30  m g  for 
th o se  aged  u n d e r  6  y e a rs  o r  6 0  m g  fo r  th o se  a g e d  6  to  12 
y ears, rep e a ted  th ro u g h o u t  t h e  day . T h is  is in c re a se d  
g rad u a ỉly  b y  I n a e m e n ts  o f 15 to  30  m g  d a ily  u n t ì l  a  
sa tisỉac tõ ry  resp o n se  is o b ta in e d , w h ic h  is u s u a lly  yvith in  th e  
d osage  range  o f 30 to  3 60  m g  d a ily . A lte m a tiv e ly , t h e  BNFC 
suggests th a t  c h ild re n  ag ed  1 m o n th  to  12 y e a rs  m a y  b e  
g iv e n  a n  in itia l o ra l d o se  o l 1 to  1.5 m g /k g  daỉly , in c re a se d  
g rad u a lly  to  7  m g /k g  d a ily  in  6  d ỉv id e d  doses, to  a  u s u a l  to ta l 
do se  of 30 to  360  m g  daily . O ld e r  c h ild re n  m a y  b e  g iv e n  th e  
u su a l  a d u lt dose . In  th e  USA, a n  o r a l  do se  o f 7  m g /k g  d a ily  in  
5 o r  6  d iv ided  doses h a s  also  b e e n  su g g e ste d . T h o se  p a tie n ts  
w h o  req u ire  p a re n te ra l  th e r a p y  h a v e  b e e n  g iv e n  a n  
in ữ a m u sc u la r  o r  in tra v e n o u s  d o se  o f 50  to  1 5 0 m ic ro -  
g ram s/k g  (u p  to  a  m a x ũ n u m  o ỉ  10  m g) e v e ry  4  to  6  h o u rs .

In  th e  ư ẽ a tm e n t  o f  n e o n a ta l  m y a s th e n ia  doses  in  th e  
r a n g e  of 50 to  1 5 0 m ia o g r a m s /k g  b y  in tta m u s c u la r  
in je c tio n  o r  5 m g  o r a l l y  h a v e  b e e n  g iv e n  e v e ry  4  to  6 
h o u rs .  A ltem ativ e ly , th e  BNFC re c o m m e n d s  a n  o ra l  dose  
b a se d  o n  n e o n a ta l  vveight: in it ia l ỉy  1 to  1 .5  m g /k g , in c re a se d  
g rad u a lly  to  a  m a x im u m  of 10 m g , re p e a te d  th ro u g h o u t  th e  
day , a n d  g iv en  30 to  6 0  m in u te s  b e ỉo re  íee d s . T re a tm e n t  is 
ra re ly  n e ẽ d ed  b e y o n d  8  w eek s  o f  age .

F or th e  ư e a tm e n t  o f p a ra ly tic  l l e u s  a n d  p o s to p e ra tiv e  
u r in a r y  r e t e n t i o n ,  c h íld ren  h a v e  b e e n  g iv e n  o ra l d o ses  o f 
15 to  60 m g.

D e c re a se d  g a s tro in te s iin a l  m otìB ty. P a ra sy m p a th o -  
m im etics su c h  as p y r id o s tìg n ù n e  e n h a n c e  g astric  c o n tra c -  
tío n s  an d  in crease  in te s tin a l m o tility ; th e y  h a v e  b e e n  u se d  
in  con d itio n s  a s so d a te d  w ith  d e c re a se d  g a sơ o in te s tin a l  
m o tílity  (p. 1808.2).

Pyridostigm ine , g e n e ra lly  in  d o ses  o f 6 0  m g  u p  to  3 tim es 
daily , has b e e n  u se d  to  r e l ie v e  se v ere  c o n s tip a tio n  in  
p a tie n ts  vvith im p a ire d  in te s tin a l  m o tili ty  d u e  to  P a rk ln s o n ’s 
d isease .1 I t h a s  also b e e n  trie d  in  p a tie n ts  vvith c o n s tìp a tio n  
d u e  to  a u to n o m ic  n e u ro p a th y ;2 h o w e v e r ,  re su lts  h a v e  b e e n  
equ ivocal.

1. Sadịadpour K. py ridostỉgm ỉne  b ro m ỉd e  a n d  co n stip a tío n  in  P a rid n so n 's  
dỉsease. J A M A  1983; 249 : 1148.

2. B harucha A £. t í  a i  P ỉlo t s tudy  o í p ý r ỉdostigm ine  in  co n stỉp a ted  p a d en ts  
w ith  a u tonom íc  lie u ro p ath y . Q in  A u to n  R a  2008; 18: 194 -202 .

Growth hormone deỉìciency. A lth o u g h  th e  v a lu e  o f sti- 
m u la te d  grovvth h o rm o n e  s e c re tio n  tes ts  in  c h ild re n  has 
b e e n  q u e s tio n e d  (see  G rovvth R e ta rd a tio n , p . 1921 .3 ), 
p y rid o stig m in e  w ith  so m a to re lin  h a s  b e e n  fo u n d  to  b e  a 
p o te n t  and  re p ro d u d b le  tes t fo r  d is tin g u ish in g  a d u lts  w ith  
s ev ere  grovvth h o rm o n e  d e íid e n c y  fro m  n o rm a l su b je c ts .‘ 
H ow ever. th e  c o m b in a tio n  is n o t  effec tive  in  p a tie n ts  o v e r  
55 years o f age,2 a n d  so m a to re lin  w ith  a rg in in e  is g e n e r-  
a lly  p refe rred  vvhere a n  a lte m a t iv e  to  th e  gold  S tan d ard  of 
th e  in su lin -to le ra n ce  tes t is r e q u i r e d .1

1. Chigo E, a  a l. D iagnostlc and  th e ra p e u tỉc  uscs o f grovvứi h o rm o n e-  
rclcasing substances ỉn  adu ỉt a n d  e ỉderiy  subjeccs. B aiỉlicra  Q in  
Enấocùnol M tíab  1998; 1 2 :3 4 1 -5 8 .

2. V icrhappcr H, t í  a t. T h e  use  o ỉ th e  py rídostigm ỉne  grovvth h o rm o n e-  
reỉeasing ho rm o n e  stim uU tíon  te s t to  d e tec t grovvứi ho rm o n e  d e fid e n cy  
in  patien ts w ith  p itu ỉta ry  a d en o m a s. M etabolism  2002; 51: 3 4 -7 .

Nerve gos poisoning. P y r id o sn g m in e  h a s  b e e n  u s e d  p ro -  
p h y la a ic a lly  to  p ro te c t  so ld ie rs  in  th e  e v e n t  o f  a n  a tta c k  
vvith n e rv e  gas a g e n ts  (p . 2 5 6 8 .3 )  th a t  in h ib i t  ace ty lch o li- 
n e s te rase .1 P y rid o stíg m ln e  b in d s  rev e rs ib ly  to  acety lch o li-  
n es te rase  a n d  p ro v id e s  a  p ro te c te d  s to re  I ro m  w h ic h  a cet- 
y lch o lin es te ra se  is l a te r  r e le a s e d .1'3 P ro p h y la x is  w ith  
p y rid o s tig m in e  g re a tly  e n h a n c e s  th e  e fficacy  o !  t te a tm e n t  
w i th  a tro p in e  a n d  p ra lid o x im e  a g a in s t e x p o s u re  to  soman 
b u t  i t  is n o t  e S e c tiv e  a lo n e  a n d  m a y  n o t  b e  u n iío rm ly  
e llec tiv e  a g a in s t o th e r  n e rv e  a g e n ts .1 G iv ln g  3 0  m g  of 
p y rid o stig m in e  e v e ry  8 h o u rs  p ro v id e s  t h e  o p t ím u m  level 
õ f  p ro te c tio n 2 an d , ã lth o u g h  ã d v e rs e  effec ts  a re  c o m m o n  
a t  th is  dosage, th e  p e r ío rm a n c e  o f  m ilita ry  d u tíe s  is  n o t 
im p a ired .4 Hovvever, n e u ro lo g ic a l  sy m p to m s in  v e te ra n s  
su ffering  th e  so -ca lled  G ulf W a r  S y n d ro m e  a p p e a r  to  b e

The Symbol t  denotes a preparation no longer actively marketed
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m o re  c o n u n o n  in  th o se  w h o  r e p o i te d  e x p o s u re  to  a  r a n g e  
o f  p o tc n t ìa l ly  to x ic  s u b s ta n c e s  vvhich i n d u d e  p y r id o -  
s tìg m in e .5 I t  h a s  b e e n  su g g e ste d  t h a t  th e s e  s y m p to m s  m a y  
b c  ev id e iỊc e  o f  o rg a n o p h o s p h a te - in d u c e d  p o ly n e u r o p a th y  
re s u l tin g  f ro m  e x p o s u re  to  a  c o m b in a tio n  o f o rg a n o p h o s -  
p h o m s  c o m p o u n d s  a n d  o t h e r  c h o lin e s te ra s e  in h ib i to r s  
su  c h  as  p y r id o s tig m in e .4 A s tu d y  in  hens’ (a s p e d e s  su sce p - 
tib le  to  a n tic h o lin e s te ra se s )  h a s  a lso  (o u n d  sy m p to m s  o f 
e n h a n c e d  n e u r o to x id ty  w h e n  p y r id o s tíg m in e , t h e  in se c t  
r e p e l le n t  d ie th y lto lu a m id e , a n d  th e  p y r e th ro id  in se c tìc id e  
p e n n e th r in  w e re  u s e d  to g e th e r .

1. U n ite d  S tate s A rm y . M ed ica l m anagem ertí o f  ehem ica! ca su a ltìa  h an db oek , 
3 rd  ed . A b crd ee n . M âry U n d : M ed ica ỉ R esearch  I n n ỉtu te  o f C hem ical 
D efen se ;I9 9 9 . A lso  ãvailab le  a t:  h ttp : //w w w .b ro o k s id e p ress .o rg / 
P ro d u c u /O p e ra t ío n a lM e d ỉd n e /D A T A /o p e ra iio n a lm e d /M a n u a ỉs /R e d -  
H andboỡ k /O O lT ltleP age.h tm  (accessed  15 /0 2 /0 6 )

2 . M in istry  o i  D eíen c e . M ed ica ỉ m a n u a l ữ / defence agam st Chem ical agents. 
L o ndon : H M SO , ỉ  9 87 . (JS P 312).

3. A o o n y m o u ỉ. P re v en tỉo n  a n d  tr e a u n e n t  o í in ju ry  from  C hem ical w a r ía re  
a g e n ú . M e d  Le tt D r u p  T h e r  2 002; 44 : 1 -4 .

4 . K ee le r JR , et a l. Py ridosrigm ine  u se d  as a n e rv e  ag en t p r e tre a tm e n t 
u n d e r  w ar tim e  c o n d ltỉo n s . J A M A  1991; 266: 6 9 3 -5 .

5. T h e  Iow a  P ersian  G u lí S rudy  G ro u p . S e ư -rep o rte d  ilỉness a n d  H ealth  
s ta tu s  a m o n g  g u lí w a r  ve terans : a  p o p u la ú o n -b a se d  ỉ tu d y . J A M A  1997; 
27 7 : 238 -457

6 . H aley RW , K urt TL. S e lí-rep o rte d  e x p o su re  to  n e u ro to x ỉc  Chem ical 
com b ín ario n s in th e  gu lf w a r  a c ro s s -s e a io n a l cp idem iologic  s tu d y . 
J A M A  1 9 9 7 ;2 7 7 :2 3 1 - 7 .

7 . A bou-D on ia  MB, t í  a ĩ . N e u ro to x ic ity  rcsu lting  ừ o m  c o cx p o su re  10 
py rid o stig m tn e  b ro m id e . DEET. a n d  p e rm e th r in : im p lica tions o í  g u lí w ar 
Chem ical e x p o su re . J  Toxico l E n v iro n  H ea lth  1996; 48 : 3 5 -5 6 .

O rth o s to t ic  h y p o te n s io n .  P y r id o s tig m in e  h a s  b e e n  in v e s ti-  
g a te d  in  th e  ơ e a tm e n t  o f  o r th o s ta t ic  h y p o te n s io n  
(p. 1 6 3 4 .3 ). A  rev ie sv 1 o f 4  s in g le -d o se  s tu d ie s  a n d  a  fol- 
lovv-up  s u rv e y  ( in v o lv ũ ig  a  to ta l  o f  106 p a tie n ts  a n d  g e n -  
e ra lly  r e p o r t in g  a n  im p r o v e m e n t  in  h a e m o d y n a m ic  m e a -  
su re m e n ts )  c o n d u d e d  th a t  t h e r e  w a s  i n s u í í id e n t  lo n g - 
t e i m  d a ta  to  s u p p o r t  th e  r o u t in e  u se  o f  p y r id o s tig m in e  in  
t h e  t r e a tm e n t  o f  o r th o s ta t ic  h y p o te n s io n .

1. G ales B J, G ales M A . Pyrídostlgm ỉne  ỉn  th e  t r e a u n e n t  o í o rth o s ta tic  
in to le ran c e . A n n  Ph arm ãco the r  2 007 ; 4 1 : 3 1 4 -1 8 .

P o sh p o lio m y elH is  s y n d ro m e .  A ỉth o u g h  p y r id o s tig m in e  
h a s  b e e n  r e p o r te d ' in  so m e  p a t ie n ts  to  r e d u c e  ỉa t ig u e  a sso - 
d a t e d  w i th  p o s t-p o lio m y e li tis  s y n d ro m e . a  sy s te m a tic  
r e v ie w  ỉa i le d  to  A nd  a n y  b e n e H t.2 D o ses  u se d J h a v e  
ỉn d u d e d  30  m g  d a ily  in c re a se d  g ra d u a lly  to  a b o u t  6 0  m g  
th r e e  tũ n e s  d a ily  b u t  a d v e rse  e ííe c ts  a re  c o m m o n .

1. T ro jan  DA, C a sh m a n  NR. A n tỉc h o lin e s te ra ses  in  p ost-po iiom yelitỉs  
sy n d ro m e . A n n  N  Y A c a d S à  1995; 75 3 : 2 8 5 -9 5 .

2 . K o o p m a n  FS, t í  a l . T reacm en t ío r  po stp o lio  sy n d ro m e . A vaiỉab le  ỉn  T he  
C o c h ran e  D a tabase  o f  Sys tem atic  R eview s; Issue  2. C h ỉc h e s te r  Jo h n  
W lley ; 201 ỉ (accessed  1 2 /0 4 /1 1 ).

3 . T h o rste in sso n  G. M a n a g e m e n t o ỉ po stp o ỉio  sy n d ro m e . M ayo ơ i n  P roc  
1997; 72 : 6 2 7 -3 8 .

Adverse Effects, Treatment, and Precautions
A s fo r  N e o s tig m in e , p . 6 8 8 .2 . I t  h a s  b e e n  s ta te d  th a t  
m u sc a r in ic  a d v e rs e  eH ects o c c u r  less h e q u e n t ly  w ith  
p y r id o s tìg m ỉn e  ư e a tm e n t  t h a n  w i th  n e o s tig m in e .

Breast feeding. P y r id o s tìg m in e  w a s  p r e s e n t  in  th e  b re a s t  
m ilk  o f 2  n u rs in g  m o th e r s ,  re c e iv in g  m a in te n a n c e  th e r a p y

fo r  m y a s th e n ia  grav is , in  a  c o n c e n tra t ìo n  b e tw e e n  36 a n d  
1 13%  o f th a t  in  m a te rn a l  p la s m a ,1 b u t  i n  b o th  cases  th e  
d o se  in g e s te d  p e r  k g  b o d y - w e ig h t  b y  th e  n u r s in g  in ía n t  
vvas 0 .1 %  o r  less o í  t h a t  in g e s te d  b y  th e  m o th e r .  M a te m a l  
m e d ic a tio n  vvỉth p y r id o s tig m in e  s h o u ld  b e  n o  o b s ta d e  to  
b re a s t  íe e d in g , a t  lea s t  w i th  d o se s  in  th e  r a n g e  o ỉ  180  to  
3 0 0  m g  da ily .

O n  th e  b a s is  o f th is  s tu d y , th e  las t a v a ila b le  g u id a n c e  
f ro m  th e  A m e ric a n  A c a d e m y  o f P e d ia tr íc s  c o n s id e re d 2 th a t  
p y r id o s tíg m in e  is u s u a lly  c o m p a tib le  vvith b re a s t  ỉee d in g .

1. H ardell L-I, t í  a i . P y ridostỉgm ỉne  ỉn  h u m a n  b re a s t m ilk . B r  J  C ỉin  
Pharm aeo l 1982; 14; 5 6 5 -7 .

2. A m erican  A cadem y o f  P ed ia trics. T h e  tra n s íe r  o í d rugs a n d  o th e r  
Chem icals ỉn to  b u m a n  m iỉk . P td iũ tr ía  2001 ; 108: 7 7 6 -8 9 . [R e tỉred  M ay 
2010] C o rrec tỉo n . ib id . ; 1029 . A ỉso  availab le  a t:  b n p ://aa p p o llc y . 
a ap p u b lic a U ons.org /cg i/c o m e n t/fu l l/p e d ia ư ỉc s%  3b 1 0 8 /3 /7 7 6  (accessed 
15 /02 /06 )

E ffectỉ o n  lh e  ịo in ts . S e v e ra l y e a rs  a f te r  s ta r tin g  o ral 
p y r id o s tig m in c  b ro m id e  6 0  m g  Ave tim es d a ily , a  m id d le -  
aged  w o m a n  h a d  e p iso d e s  o f b ỉla te ra l a r th ra lg ia  a n d  
h y p e ra lg e sia  o f h e r  h ip s , k n e e s , toes, a n d  s h o u ld e r s .1 
S y m p to m s reso lv e d  w h e n  p y rid o s tig m in e  w a s  s to p p e d  a n d  
re c h a lle n g e  w a s  p o s itiv e  o n  se v era l occasions.

1. R osied t A. S tálberg  E. Jo im  p a in  a n d  hypera lgesla  d u e  to  py rídosiigm ine  
b ro m id e  in  a p a tiem  w ith  m y a s th e n ia  g ravis. Neuroiogy  2004 ; 6 2 :8 3 5 -6 .

Ị P o r p h y r ia .  T h e  D ru g  D a ta b a se  fo r  A cu te  P o rp h y ria ,  com - 
p ile d  b y  th e  N o n v e g ia n  P o rp h y ria  C e n tre  (N A PO S) a n d  
th e  P o rp h y ria  C e n tre  S w e d e n , dassiA es p y r id o s tig m in e  as 
p ro b a b ly  n o t  p o rp h y rin o g e n ic ;  it m a y  b e  u s e d  as  a  d ru g  of 
fư s t c h o ic e  a n d  n o  p re c a u t io n s  a re  n e e d e d . '

1. T he  D rug  D atabase  ỉo r  A cu te  P o rp h y ria . A vaiỉabỉe a t:  h ttp : //w w w . 
d ru g s-p o iv h y ria .o rg  (accessed  2 7 /0 7 /1 1 )

P sy c h o s is . P o s to p e ra tiv e  p sy c h o sis  in  a  p a tie n t  w i th  m y as- 
th e n ia  g rav is  w h o  re c e iv e d  la rg e  doses o f p y r id o s tig m in e  
b ro m id e  w a s  a tt r ib u te d  to  b ro m id e  in to x ic a t io n ,1 b u t  th is  
d iag n o sis  h a s  b e e n  c h a lle n g e d .2

ỉ . R o th en b e rg  D M . t í  a l . B ro m id e  in to x ica tio n  secondary  10 py ridosrigm ine  
b ro m id e  th e ra p y . J A M A  1990; 263 : 1121 -2 .

2. Seneca l P-E, O ste rioh  J .  C o n íu à o n  f ro m  py ridostỉgm ine  b rom ỉde : w as 
th e re  b ro m id e  in to x ica tio n ?  J A M A  1990: 264: 4 5 4 -5 .

R e n a l im p a irm e n t.  D u r in g  u se  o f p y r id o s tig m in e  fo r th e  
rev e rsa l o f n e u ro m u s c u la r  b lo c k a d e  p ro d u c e d  b y  co m p e ti-  
tiv e  n e u ro m u s c u la r  b lo ck e rs , p y r id o s tig m in e  k in e tic s  w e re  
n o t  s ig n iA can tly  d iA e re n t a f te r  r e n a l  tra n s p la n ta ó o n  in  5 
p a tie n ts  c o m p a re d  vvith th o se  in  5 p a tie n ts  w i th  n o rm a l 
r e n a l  h m c t io n . H o w e v e r, in  4  a n e p h r ic  p a tie n ts  t h e  elim i- 
n a tio n  h a lí - li ỉe  w a s  s ig n iỉic a n tly  in c re a se d  a n d  th e  p lasm a  
d e a ra n c e  sig n iA can tly  d e c re a s e d .1 I t a p p e a re d  th a t  a b o u t 
7 5 %  o f th e  p lasm a  d e a r a n c e  o f p y r id o s tig m in e  d e p e n d e d  
o n  re n a l  fu n c tio n .

1. C ronne lỉy  R. t í  a ỉ . P y rid o sũ g m in e  k ỉn e ú cs  w ith  a n d  w iih o u t ren a ỉ 
h in c tio n . C lin  P h a n ru xo l T h e r  1980; 2 8 : 7 8 -8 1 .

Interadions
As ỉo r  N e o s tig m in e , p . 6 8 8 .3 .

Pharmacokinetics
P y r id o s tìg m in e  b r o m id e  is  p o o r ly  a b s o rb e d  f r o m  th e  
g a s tro in te s tin a l  tra c L  I t  u n d e rg o e s  h y d r o ly s is  b y  c h o lin .:s -  
te ra se s  a n d  is a lso  m e ta b o lis e d  in  t h e  l iv e r .  P y r id o s t ig m in e  is 
e x c re te d  m a in ly  i n  t h e  u r in e  a s  u n c h a n g e d  d r u g  a i d  
m e ta b o li te s .  P y r id o s t íg m in e  c ro s se s  t h e  p la c e n ta  a n d  is 
d is t r ib u te d  in to  b r e a s t  m ilk  (se e  B r e a s t  F e e d in g , a b o v ỉ ) .  
P e n e tr a tìo n  in to  t h e  CN S is p o o r .

I t  h a s  b e e n  s u g g e s te d 1 Ạ a t  d a  ta  í ro m  p h a r m a c o k in e  dc 
s tu d ie s  o f  p y r id o s t ig m in e  m ig h t  h a v e  v a r ie d  b e c a u s e  o f  t  l e  
a n a ly tic a l  m e th o d s  u s e d  o r  in a p p r o p r ia te  s to ra g e  c o n d it io  ns 
o f  p lasm a  sa m p le s ;  i t  w a s  r e c o m m e n d e d  t h a t  s a m p le s  s h o i  Id  
b e  a d d iA e d  a n d  s to r e d  a t  -7 5  d e g re e s .  M e a n  t e r m ữ a l  
e lim in a tio n  h a lM iíe  w a s  2 0 0  m in u te s  in  11 h e a l t h y  s u b je  t s  
g iv e n  6 0  m g  o f  p y r id o s t ig m in e  o raU y ; p e a k  p l a s n a  
c o n c e n tra t io n s  w e r e  o b ta in e d  1 to  5 h o u r s  a f te r  d o s ir g .  
T h e  m e a n  te r m in a l  e l im in a t io n  h a lf - life  a í t e r  a  4 - n g  
in ư a v e n o u s  in íu s io n  in  10 o f  t h e s e  su b je c ts  w a s  »7 
m in u te s .1 O ra l b io a v a ila b ili ty  w a s  c a lc u la te d  to  v a r y  f rc m
11 .5  to  1 8 .9 % . I n  a n  e a r l ie r  s tu d y  fo o d  d id  n o t  a p p e a r  '0 
a ffec t b io a v a ila b ili ty  b u t  d id  d e la y  th e  t im e  tc ik en  to  a c h ie  'e  

Ị p e a k  p lasm a  c o n c e n t r a t io n s .2 I t  a p p e a r s  t h a t  7 5 %  o f t le 
I p lasm a  c le a ra n c e  o f  p y r id o s t ig m in e  d e p e n d s  o n  r e r a l  

fu n c t io n .J 3 -H y d ro x y -lV -m e th y lp y r id in iu m  h a s  b e e n  id e  1- 
t iíie d  as  o n e  o f t h e  3 m e ta b o li te s  iso la te d  í r o m  th e  u r in e  Dl 
p a tie n ts  ta k ỉn g  p y r id o s t ig m in e .4

1. B reyer-P ía ff  u ,  t t  a l . P y r id o s tig m in e  k in e ú c s  in  h e a l ih y  sub jeccs a i d  
p a t ỉe n u  w iih  m y a s th e n ia  g rav is . c t in  P h a rm a co l Ther ỉ  985 ; 37 : 495-51 ỉ .

2 . A qu llo n iu s S-M , t í  a l . P h a rm a c o k ỉn e tỉc s  a n d  o ra l b io a v a ỉla b il ity  o í 
py rid o stig m ỉn e  in  m a n . E u r J  ơ i n  P h a rm a co l 1980; 18 : 4 2 3 - 8 .

3. C ro n n e ỉly  R .  t í  a L  P y rỉd o stig m ỉn e  k in e tic s  w ith  a n d  w i th o u t  re : al 
ỉu n c tio n . C ỉin  P h a rm a co l T h e r  Ỉ9 S 0 : 2 8 : 7 8 -8 1 .

4. S om an i SM . t í  a l . P y r id o s tig m ỉn e  in  m a n . C lin  P h a rm a co l T h e r  1972; 3: 
3 9 3 -9 .

Preparations
Proprietary Preparo tions (d eta ilỉ a re  g iven  in  V o lum e B)

Single-ingredient Pre p o rotions. A r g M estin o n : P irid o s t; Au ỉ- 
traL: M esúnon ; Austria: M estinon ; Belg.: M estin o n ; Bra .: 
M esdnon ; Canad.: M e ỉtin o n ; chũe: M estin o n ; Cz.\ M e s tin o i;  
Denm.: M estinon ; Fin .: M estinon ; Fr.: M estin o n ; G e r Kal 
m in ; M estinon; G r.: M estinon ; Hong Kong: M estin o n ; Hutti .: 
M estinon; India: D istinon; G ravitor; M esilon; M u sto n e ; M ye :- 
tin ; Indon.: M estinon ; IrL: M estinon ; Israel: M e stin o n ; Ita’.: 
M estinon; Malaysia: M estinon ; Mex.: M estin o n ; Neũ
M estinon; Norw.: M esrinon ; NZ: M estin o n ; Phũipp.: A stino  1; 
M estinon; P yrinon; Pol: M e s tin o a ' PorL: M estìn o n ; Rus.: Kal 
m in  (KanHMMH); S.Afr.: M e s tin o n t;  Singapore: M estin o  t; 
Spain: M estinon ; SwetL: M estin o n ; Switz.: M estm o n ; Tha.: 
M estinon; P yrim ine; Turk.: M estin o n ; UK: M estín o n ; N e r  e 
A gent P re -T rea tm en t T ablet Set L1A1; USA: M estin o n ; Vene..: 
M estinon .

Pharmqcopoekd Preparcrtions
B P 2014: P yrídostigm ine  Tablets;
U SP 36: P yridostigm ine  B rom ide In jec tion ; P y ridostigm ú e 
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Antineoplastic drugs are used in thẹ treatment of malignant 
neoplasms
• as the primary treatment in responsive neoplasms
• when surgery or radiotherapy is not possible or has 

proved ineữective
• combined in  đifferent ways w ith surgery or radiotherapy 

such as concurrently, sequentỉally, neoadịuvant (pre- 
operative), or adjuvant (postoperative)

Therapy vvith antineoplastics is notably successíul in a few 
malignant conditions and may be used to palliate symptoms 
and prolong life in others.

Factors that are taken into account when prescribing 
chemotherapy indude the type of cancer and its primary 
location, the general health of the patient (patíent status), 
and the extern, or stage, of the disease. There are ditíerent 
staging Systems; one commonly used System, the TNM 
staging System, describes the extern of solid cancers by 
numbers:
• T (tumour) reíers to the size of the cancer: from 1 (small) 

to 4 (large)
• N (node) reíers to vvhether the cancer has spread to the 

lymph nodes: írom 0 (no positive nodes) to 3 (many 
positive nodes)

• M (metastases) reíers to whether the cancer has 
metastasised; 0 (no metastases) or 1 (metastases)

Haematological cancers are classiíied diHerently and depend 
on the particular malignancy, but the extent of the disease is 
oíten described by the number and spread of affected lymph 
nodes and the symptoms of the patient.

The two main groups of dassical cytotoxic drugs used in 
the treatment of malignant disease are the alkylating agents 
and the antimetabolites. Nitrogen mustards, ethyleneimine 
compounds, and alkyl sulíonates are the mảin a lkylatỉng  
agen ts. Other compounds with an alkyiating aaion are the 
various nitrosoureas. Dacarbazine and the p la tinum - 
con ta in ing  com plex  dsplatin appear to act similarly.

The an tim e tab o lites  may be subdivided into ỉolic add, 
purine, or pyrimidine antagonists.

Severaỉ natural Products, or their derivatives, are used 
for their actions as m ito tlc  inh ỉb ito rs; they indude the 
vinca alkaloids and the taxanes. Other drugs act as 
to p o iso m erase  inh ỉb ito rs, interỉeríng with the coiling 
and uncoiling of DNA during replication. Drugs thought to 
act in  this way indude the podophyllotoxin deiivatives su ch 
as etoposide, and cam ptothedn derivatives such as 
irinotecan and topotecan. ;

Some an tib io tics  su ch as the anthracydines, bleomydn, 
and  m itom ydn c, also interíere with nudeic adds and are 
effective as antineoplastics.

Further described in this section are o th e r drugs that a a  
by various routes to aỉíect the grovvth and proliỉeration of 
malignant cells. Better understanding of the biology of 
tum our cells has Ied to the development of new dassẽs of 
these, induding ty rosine  k in a se  inhib itors such as 
imatinib and related drugs. Some neoplasms express 
receptors to endogenous sex hormones, and various
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h o n n o n e  antagonlsts, induding, notably, the a rom atase  
inh lb ito rs  are. used in theừ management. P hotosensi- 
tise rs  such as porBmer sodium are.used in  photodynamic 
therapy.

In recent years considerable interest has ỉocused on 
immunological approaches to the tteatment of malignant 
disease and many m o n o d o n a l an tibod ỉes have been, or 
are being, developed. The use of bỉologỉcal response 
m odư ie rs  such as interleukins continues to be the subject 
of investigation and attempts to develop vacdnes against 
individual neoplasms also continue.

Glucocorticoids (see Corticosteroids, p. 1597.3) are used 
vvith antineoplastics in the treatment of maỉignant disease, 
espedally in acute leukaemias and lymphomas. Other 
agents used in antineoplastic therapy indude sex hormones 
(p. 2231.1) and radiopharmaceuticals (p. 2222.1). Haema- 
tọpoietic stem cell transplantation (p. 1937.1) is used for 
haematological malignandes.

The ĩollovving section describes the treatment of some of the 
major malignant neoplasms, and in particular the role of 
combination chemotherapy with antineoplastics.

Table 1 (p. 719) lists published iniúal doses for some well- 
known combination chemotherapy regimens. Doses may be 
modiíied (particulariy in subsequent cydes) to allow for 
patient status and toxic eííects, although in some cases this 
may be at the expense of eííicacy. Regimens can also vary 
slightly betvveen institutions, or may be modified as part of 
the ongoing evolution of cancer chemotherapy; such 
therapy should preíerably take place only in expert centres. 
The same acronym has sometimes been used for regimens 
containing diữerent drugs, or using the same drugs in 
dilíerent doses or in different ways, and the reader should 
consult the literature for íurther details.

Management oỉmalignant disease

Gestational trophoblastk tumours. The gestational tro- 
phoblastic diseases arise from the trophoblast, the first tis- 
sue to  diHerentiate in the early embryo: they are asso- 
dated with conception and pregnancy and aHect vvomen 
of reproductive age. They may be divided into premalig- 
nant ỉorms such as molar pregnancy (complete or partial 
hydatidiíorm mole) and màlignant íorms (gestatíonal tto- 
phoblastic tumours) which include invasive mole (chor- 
ioadenoma destruens), choriocarcinoma, and placental site 
trophoblastic tum our.1'4 Hydatìdiíorm moles are abnormal 
conceptions vvith excessive placental and some or no íetal 
development. Complete and partial hydatidiíorm moles 
have distinctive histologicai and genetic íeatures, but both 
overexpress patemal genes.1-2-7 Gestational trophoblastic 
neoplasia can develop aíter any type of pregnancy,1-16 
although the inddence is greater after premalignant com- 
plete or partial molar pregnandes;3 the risk of malignancy
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Malignant neoplasms of the pahcreás, p. 712 
Malignant neoplasms of the prostate, p. 712 .
Malignant neoplasms oí the skin, p. 714
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Neuróblastoma, p. 716 
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SòrMissue sarcoma, p. 718 
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Ínteractions, p. 733 
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Antiresistance agents, p. 734

after a complete or partial hydatìdUorm mole is about 
15% and 0.5%, respectiveỊy.1'5’7

All these tumours secrete human chorionic gonadotro- 
phin (hCG), and measurement of the urinary or serum 
concentrations is important in diagnosis oỉ disease and 
monitoring of ơeatm enL1-4,5-7

The trophoblastỉc tumours vary in  aggressiveness but 
some, such as choriocardnoma, are highly invasive; 
however, appropriate tre a tm en t, based on the perceived 
risk category, can result in an excellent prognosis. 
Prognostic íactors for íncreased lisk indude high titres of 
hCG, liver or brain metastases, and {ailure oỉ previous 
single-agent chemotherapy as well as greater age.5' , a With 
current treatment, induding local irradỉation ỉor metastases, 
virtually 100% oỉ patients vvith localised disease should be 
cured, as are over 80% oí patients vvith more advanced 
stages.

Prophylactic chemotherapy has been used in vvomen 
considered at particular risk of persistent gestational 
trophoblastic tum our aher evacuation oỉ a complete molar 
pregnancy, but the practice is controversial, with anecdotal 
reports oỉ latalities; most consider the risk to be too high, 
espedally given the lovv morbidity and mortality achieved 
with monitoring.1’'4

In patients vvith ĩtnv-risk dừeast, the tteatment of choice 
is súigle-agent therapy with methotrexate or daaino- 
m ydn.1■5•5•6•,  The choice of regứnen usually depends on 
geographical location and local experience,’-10 as compara- 
tive data are lacking.5 Inữamuscular methotrexate is oíten 
given on altemate days, or vveekly, with or vvithout íolinic 
acid rescue.3'4'9’10 Several intravenous dactinomyrin 
schedules have been used; there is some suggestion that a 
daily regimen may be more eííective than  pulsed 
treatm ent.3-5 A systematic revtew that included 4 
randomised studies concluded that pulsed dactinomydn 
was superior to vveekly methoưexate.10 However. while 
dạctinomydn may provide slightly higher remission rates, 
toxidty may be grea te r/ and since methottexate is easier to 
give some tavour methotrexate with ỉolinic add as first-line 
treatment.5 Altemating cydes or sequential use of both 
drugs have also been tried.4-9

Irrespective oỉ w hich drug is used first-line, a svvitch to 
the altemate drug is considered appropriate in cases of 
resistance.3'5 If thỉs also íails, then combination chemother- 
apy is indicated; regimens are similar to those used in high- 
risk disease.4

The combination EMA-CO (etoposide, methotrexate, 
dactinomydn, cydophosphamide, and vincristine) is the 
preíerrẽd treatm ent in high-risk patients.2'4-8-11 Metho- 
trexate, dactinom ydn, and etoposide is also used.13’5 Triple 
therapy vvith methottexate, dactinomydn, and' eithei 
cyclophosphamide or chlorambudl was the Standard 
regimen íor many years in the USA,1-4 but was assodated 
vvith toxidty and poor survival.2-4 However, comparative 
data are laddng, and the superiority of any individual 
combination regimen remains to be established.1-4-4 In

The Symbol t  denotes a preparation no longer actively marketed
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retractory dỉsease, the  salvage reg im en  EMA-EP uses 
etoposidẽ and  tísplatin  in  placẽ of cyclophospham ide and 
vincristme in  EMA-CO.1'5-1112 O ther regim ens have used 
etoposide. and cisplatin w ith  e ith e r bleom ycin (BEP) or 
iĩosỉamide (VIP).3-1112

B rain  m etastases  a re  g en e ra lly  tre a ted  by local 
irradiation, given w ith  systemic chem otherapy. M odiũed 
EMA-CO, usỉng a h ỉgher dose of system ic m ethoưexate and 
adding intrathecal m ethotrexate , is also used .1-2-4-’ "  Liver 
metastases have been  trea ted  w ith  irradiation, local 
chemoembolisadon, o r surgical resectìon .2-4-11

Patìents w ith  placental site trophoblastic ttunour, w hich 
is relatively insensitíve to  chem otherapy , m ay be best 
trcated by hysterectom y in  th e  early  stages.2-5 In  patìcnts 
w ith  metastatic or recurrent disease, EMA-EP m ay be m ore 
eữectìve than  EMA-CO.13 For íu r th e r  in íorm ation  on these 
and o ther com m on chem otherapy regim ens, see Table 1, 
p. 7 1 9 .
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Histiocytic syndromes. Histiocytic syndromes cover a 
broad range of prolUeradve disorders of histiocytes (such 
as macrophages and dendritíc cells).1 Langerhans-cell his- 
tiocytosis is one such disorder characterised by proliíera- 
tion of CDla-positíve Langerhans cells (a form of dendritic 
cell).2 Tenns tha t vvere íorm erly used for different dinical 
m anilestatíons of Langerhans-céll histiocytosis indude his- 
tiocytosis X, type n  histìocytosis. eosinophilic granuloma, 
H and-Schũller-Chiistian syndroĩne, and Letterer-Sivve dis- 
easé, b u t these are considered obsolete.3 Langerhans-cell 
histíocytosứ m aínly presents in  childhood, and is of uncer- 
ta in  aetỉology: it is not d ea r w he the r it should be consid- 
ered a malignancy.2-4-5

The dinical prẽsentation of Langerhans-cell histiocytosis 
is highly variable and can in d u d e  bone pain, vveight loss. 
fever, skin rash, dyspnoea o r tachypnoea, polydipsia and 
polyuria, lym phadẽnopathy, gingivaí hypertrophy, ataxia, 
and m em ory problems.2-5 D epending on the organs 
involveđ, ít has been categorised in to  localised or single- 
system disease, and disseminated or multisystem disease.1 0  
Sỉngle-system đỉsease can be h rn h e r  categorised based o n  
th e  num ber of sites involved (uniỉocal or multiíocal).1 
Muỉtisystem disease m ay be fu rther subdivided into low- 
risk and  high-risk groups depending upon which organs are 
involved; risk OTgans in d u d e  th e  haematopoietic System, 
iungs, liver, and  spleen.1-3-4 Sequelae to  the disease indude 
dỉabetes insipidus, grow th retardation, cognitive dyshinc- 
tìon, and orthopaedic handicap.1-2-4 The morbidity and 
prognosis depends upon the  n um ber oi organ Systems 
involved, and w hether nonnal íunctìon of these organs is 
aổected.1 Patients w ith s in g le -sy s te m  d isea se  have a 
generaUy benign course, and single lesions often regress 
spontaneously. Hovvever, if a  bone lesion does not resolve, 
or risks causing ừacture or deíormity beíore it resolves, or is 
causing disabling symptoms, it m ay be treated with 
curettage, intralesional cortìcosteroids, or radiotherapy.1-4-3 
Systemic chemotherapy m ay be suitable in  some patients 
w ith multiỉocal bone disease; vinblastine with prednisone 
o r prednisolone is a suggested regimen,2-4-4 and may also be 
used for high-risk single lesions.4 Similarly, single skin 
lesions may be aUowed to  resolve ivithout ơeatm ent or 
treated with surgery, topical corticosteroids, methoxsalen 
plus u v  Iight (PUVA), or topícal chlormethine.1’4-3-7

Treatment íor m u ltãsy s tem  d isea se  is conưoversial. 
Some advocate high-dose prednisone or single-agent 
chemotberapy as first-line options. Combination chemo- 
therapy regimens may give gTeater response rates with 
few er recurrences.1 Corticosteroids and vinblastine for

about 6 to 12 months are the most commonly used drugs; 
mercaptopurine and methoưexate have also been used with 
reports of efficacy.4 A comparative study in  children with 
multisystem disease ỉound ưeatm ent w ith vinblastine or 
etoposide íor 6 m onths to be equally eííectìve.* Subsequent 
stuđy showed that vinblastine with etoposide was not 
superior to vinblastine alone (when combined vvith 
cordcosteroids and mercaptopurine).2,4'4 Systemic corticos- 
teroids ha ve aỉso been used for recaldtrant skin disease or 
multisystem disease in children7 and for pulmonary 
Langerhans-cell hìstiocytosis in  adults.* In  patients who 
have not responded to combination chemotherapy, a 
num ber of treatm ents may be considered includỉng 
ddosporin,4''7 thaỉiđomide,7 and high-dose chcmotherapy 
w ith  haematopoietic stem cell transplantation.2-4-’ Cladri- 
bine has been used for multisystem disease wỉth varying 
results;3,7 an intensive regimen of dadribine and high-dose 
cytarabine may be eHective for recuirent or reừactory 
disease.2 Anti-CDl monodonal antibodies1-5 may oííer 
improved therapeutic or diagnostic options in the íuture.
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Leukaemias, ocute. The acute leukaemias are malignan- 
des alíectíng haematopoietic precursor cells. They are rela- 
tìvely rare (about 1 to  3 cases per 100000 of population), 
and of uncertain cause in the majoríty of cases, although 
radiatíon, cardnogenic substances, or oncogenic retro- 
viruses have been implicated in some types, and certain 
individualỉ appear to have a genetic ptedisposition to 
these diseases.

Aíter the initiating event or events the progeny of the 
affected cell do not differentiate notmalỉy but proliỉerate in 
an unconưoUed (ashion. The tesult is the accumulation in 
the blood and bone marrow of immature cell types (blasts) 
at the expense oí normal ỉunctỉonal blood cells.

The acute leukaemias may be broadly divided into ac u te  
lym p h o b las tic  leu k aem la  (ALL), in which the neoplastic 
proliíeraúon alỊects lymphoid cell lines, and the ac u te  
m y e lo id  leukaem ias  (AML), variously knovvn as acute 
myelogenous leukaemias or acute non-lymphoblastic 
leukaemias. which allect myeloid cell lines. These broad 
groups can be divided in various ways. ALL is subdivided by 
an immunophenotypic dassiíication that distinguisbes 
disease of B- and T-cell lineage; it was íormerly divided 
morphologically into Ll, L2, and L3 subtypes. For AML the 
French-American-British (FAB) dassification has been 
vvidely used. This dlstinguishes, by lineage and estimated 
degree oí diherentiatìon:
• MO, undiHerentiated AML
• M l, AML with minimal maturatìon
• M2, AML vvith maturation
• M3, acute promyelocytic leukaemia
• M4, acute myelomonocytic leukaemìa
• M5, acute monocytic leukaemia
• M6, erythroid Ieukaemia
• M7, megakaryocytic leukaemia.
However, knovvledge of the genotype, Via cytogenetic or 
molecular analysis, is becoming increasingly important in 
the ưeatm ent of leukaemia. Consequently, a revised 
dassiíication System has been proposed under the auspices 
oi WHO, which uses a combination o ỉ morphology, 
immunophenotype, genetìc biological, and dinical fea- 
tures. In this dassihcation,1'2 AML is divided into 4 main 
groups:
• AML with recurrent cytogenic translocations
• AML vvith myelodysplasia-related íeatures
• AML, therapỹ-related
• AML not othenvise spedíied.
The terms de novo and secondary AML are vvidely used but 
are w ithout standardised deũnitions. It has been proposed 
that de rtovo AML should reỉer to AML in patients vvith no 
dinical history of myelodysplastic syndrome, myeloproli- 
íerative disorder, or exposure to potentially leukaemogenic 
agents; secondary AML should refer to patients with AML 
secondary to these disorders or proven leukaemogenic 
exposure.3

In the WHO dassilication of lymphoid neoplasms, the 
Revised European-American Lymphoma (REAL) dassiRca-

tion has been adopted, in vvhich acute lymphi iblastic 
leukaemias and lymphoblastic lymphomas are consid ered to 
be a single disease with diữerent presentations.1

Acute leukaemia usuaỉly presents vvith íatigue, an aemia, 
iníection (due to granulocỹtôpenia), and easy bruisal ility or 
bleeding (mainly due to thrombocytopenia). Ouset is 
usually rapid with ALL, although AML may be prece ied  by 
myelodysplasia lasting months or years. Bone p«ũ 1, and 
enlargement of lỉver” spleen and lymph nodẽs I [ue to 
inSltration of leukaemic cells may occur. Other orgai IS may 
also be aííected, and various metabolic disturi ances, 
induding hypcruricaemia, hyponatraemia, and hypokal- 
aemia may be present.

II untreated the acute leukaemias are noimall} ỉa ta l 
usually within m onths. Hovvever, these m alignances are 
among those in  vvhich medical ưeatm ent can n a k e  a 
substantial diHerence to  Uỉe expectancy, and in  some ases a 
perm anent remission may be elỉected.
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ACƯTE LYMPHOBíASTiC LEUKAEMIA. Trcatm ent of acute 
lymphoblastic leukaemia (ALL) is usually stratíRed a :cord- 
ing to risk, with the intensity of therapy tailored o the 
predicted risk of relapse. Factois associated w ith c poor 
prognosis o t high risk include age (inỉant or age greater 
than 10 years), high vvhite cell count at diagnosis. poor 
response to induction therapy, and  some genetic ab iorm- 
alities such as the Philadelphia chrom osom e.1'5

Standard chemotherapy ưeatm ent regimens íor T-cell 
and precursor B-cell ALL generaUy consist of 2 to 3 y< ars of 
therapy divided into several phases:
• R em issíon induction

Induction regimens are typicalỉy based around a re;pmen 
that includes vincristine, a corticosteroid ( dexa- 
methasone, prednisolone, or prednisone), an  anthracy- 
d ine (doxorubidn o r daunorubidn), vvith or w ithout 
asparaginase or pegaspargase, and/or cydophospham ide.

• Consolidation (intensiA catlon)
Although the importance of this phase is rarely disputed, 
consensus is lacking on the best regimens and duiat ion of 
tteatment. Drugs used indude high-dose cytar.ibine, 
high-dose methotrexate, mercaptopurine, vincristine, 
and other antỉneoplastics used in induction reginens; 
oíten 4- to 5-drug combinations are used. Re-indi ction 
can íurther improve outcomes.

• M aintenance (contỉnuation)
M aintenance therapy is generally given for some to 3 
years alter remission. The Standard com bination of irugs 
consists of daily mercaptopurine and vveekly m :th o - 
trexate.

In order to dear leukaemic cells from harbour sites, IINS- 
directed therapy is given throughout the course o ALL 
treatment, and may indude:
• intrathecal chemotherapy (methotrexate either alo le  or 

as pan  of triple therapy with cytarabine and 
corticosteroids)

• systemic chemotherapy (high-dose m ethotrexate)
• cranial irradiation (usually reserved íor high-risk idult 

patients)
Targeted drug therapy may be used in patients with 
speciRc genetic abnormalities in addỉtion to chemothi rapy 
regimens and CNS prophylaxis. In padents with Phil ỉdel- 
phia chromosome-positive ALL, the addition of a tyr >sine 
kinase inhibitor, such as imatìnib or dasatinlb, to stat dard 
chemotherapy regimens has greatly enhanced remision- 
induction rates and duration of disease-free survivíl. In 
Phlladelphia chromosome-negative disease that is c 320- 
positive, the monodonal antibody rituximab cai be 
induded in the ưeatment regimen.

In relapsed/reíractory Philadelphỉa cbromosi ime- 
negative ALL, second-line therapy with an indu tion  
regimen not previously used, or salvage regimens con ain- 
ing dofarabine or cytarabine, alkylator combinanon;, or 
liposomal vincristine may be considered; nelarabine mi y be 
used in T-cell A1X. In Philadelphia chromosome-po! itive 
disease, targeted therapy vvith dasatinib, nilotìnit, or 
ponatinib can be considered, with or vvithout chemothe rapy 
or a corticosteroid.

Aỉlogeneic h aem atop oietic  s tem  cell transpla nta- 
tíon  may be a treatment opdon in adults w ho are in 
remission aíter initial inductíon therapy, or ÍOT relapsi d or 
reíractory disease.

Treatments that are und er in vestigation  indude r ovel 
monodonal antíbodies, the proteasome inhibitor bon ezo- 
mib, and inhibitors of the mammalian target of rapam 'CÚI, 
such as sữolimus and temsirolimus.
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ACUTE MYĨLOIDIEUKAEMIAS. Treatment of acute myeloid Ieu- 
kaemias (AML) is problematíc because normaỉ stem-cell 
precursors are sensitíve to the drugs used, and therapy 
aimed at myeloid leukaemic dones results in destruction 
of part of the nonnal stem-cell pool. VVherever possible, 
treatment of AML should be in the context of dinical stu- 
dies.1'3 Treatment consists of induction and consolidadon 
chemotherapy. Candidates for haematopoietic stem cell 
transplantation should be identified as early as possible.3

Induction  o f rem iss io n  is usually possible with 
intensive chemotherapy. Complete remission has been 
stated to be achievable in  up to 80 % of younger patíents and 
about 50% of older patỉents (vvho ỉorm the majority oỉ those 
with AML), but patients suffer severe neuơopenia during 
induction and remission rate is to some extern dependent 
upon the Standard of supportive care. Remission rates are 
lõwer in thõse vvith adverse prognostic {actors such as poor 
períormance, status, AML secondary to myelodysplasia or 
antineoplastics. high vvhite cell count, ỉeatures oỉ multidrug 
resistance, and uiưavourable cytogenetics.4,5 Established 
regimens are based on cytarabine with an  anthracydine, 
usually daunorubidn.1"4,4"9 Although idarubidn may be 
preíerred to daunorubidn ,10 espedally in  younger adult 
patients,8 in children it is no more eổective but may be 
assodated with m oíe toxid ty .11,12 Mĩtoxantrone is another 
altem ative to d au n o ru b td n ,8,10 and  there is little 
evidence1,4,10,12 tha t one anthracydine is better than 
another for induction protocols. Addition oí etoposide or 
tioguanine to induction protocols oí cytarabine and 
daunorubidn appears to be equally ehectíve in younger 
adults and children,13,14 bu t in  older patients an induction 
regimen vvhich added tíoguanine was íound to be more 
eHecdve than one w ith etoposide.15

As in acute lymphoblastic leukaemia (see p. 692.3) there 
is a trend towards the use of more intensive inductìon 
regimens.4,14 Use of high-dose cytarabine compared with 
Standard doses potentially improves survival in younger 
patíents vvith íavourable cytogenetics, but in the elderty 
neurotoxidty ourvveighs any beneht;10 a combination of 
cytarabíne vvith Qudarabine may be an altemative in these 
patients.5 Some guidelines indude low-intensity (with 
subcutaneous cytarabine, azadtídine, or dedtabine) or 
intermediate-intensity inductlon therapy (with dofarabine) 
as ưeatment opúons íor patients older than 60 years.8 The 
use oỉ haematopoienc grovyth íactors is controversial; some 
allovv ỉor their use as an  optional adjunct to intensive 
chemotherapy,3,8 whlle others recommend against their 
routine use in AML.1

Once remission is induced. consolidation or postrem is- 
sion  th e rap y  is essential in preventing relapse.1,6,10 Optỉons 
indude íurther chemotherapy, or allogeneic or autologous 
bone marrovv transplantation (see Haematopoietic Stem 
Cell Transplantation, p. 1937.1).1-5-7'9 There is no consensus 
on the best postremission therapy.3,7,8 Some advocate the 
use of high-dose cytarabine in those with íavourable or 
intermediate risk; others are candidates for allogeneic stem 
cell transplantation.3,7,8 Non-myeloablative chemotherapy 
vvith allogeneic transplantation may be an altemative in 
older patients.3,5,7'9,16

Patients who relapse or who fail to achieve complete 
remission vvill require salvage therapy. Standard salvage 
regimens can include high-dose cytarabine or Đudarabíne 
plus cytarabine.7,8 Allogeneic stem cell transplantation can 
also be used for salvage therapy or for those in second or 
subsequent remission.3,7,8 Dedtabine may be an altemative 
ỉor elderly patients vvho are not cándidates ÍOI Standard 
remission induction chemotherapy.17Investigational ther- 
apy is also an option.7-8 Gemtuzumab ozogamidn has been 
used in elderly patients,1,9 but is now withdrawn hom  the 
u s  market. Lovv-dose m a in te n an ce  chemotherapy (vvith 
cytarabine and tioguanine) may improve disease-free 
survival but no t overall survival,4 and prolonged 
maintenance therapy is generally considered unnecessary 
in patients vvith AML.1,6,12,14 w here debility or other 
medical conditíons make Standard or investigational 
therapy impossible in  the .elderly, pa llla tive  treatment 
w ith oral hydroxycarbamide is often given; low-dose 
cytarabine may also be of benefit1J-7'9 Good results have 
been reported with a combination of idarubidn and 
etoposide in elderly patients.5

Other experừnental therapies under investigation for 
AML indude doíarabine, azadtidine, and imatinib.2-7'9,12,14 
The ddosporin analogue valspodar, an  inhibitor of

multidrug resistance, has been investigated, but was 
assodated with excessive early mortality.18

A cu te  p ro m yelo c ytic  leu k a em ia  (APL) is a  subtype of 
AML accounting for 10% of AML cases in  adults.19 It is 
important to distinguish APL hom  other íorms since 
appropriate treatment is curative in  most patients.10 Most 
patíents with APL can achieve complete remission aher 
treatment with ưetinoin alone, but remission durations are 
short and most patients relapse.20 Induction therapy with 
ưetinoin and chemotherapy (an anthracydine and 
cytarabine) improved event-ừee survival compared with 
chemotherapy alone.19,21 It was also shovra that cytarabine 
could be omitted for most patients,20,22 and Standard 
induction for low- and intennediate risk disease consists of 
concomitant tretinoin and an anthracydine.8,10,23 There are 
few data to suggest that one anthracycline is vastly superior 
to another.2IU3 The addition of cytarabine can still be 
considered for high-risk patients.8

Consolidatìon therapy is given after complete remis- 
sion,8,20,21 and is usually anthracycline-based. Again, 
although most studies have induded cytarabine, its role 
has been questioned,19,20,22 and Standard consolidation 
consists of concomitant tretinoin and an anthracycline.8 As 
with induction, cytarabine may be added for high-risk 
disease.8,23 Arsenic trioxide has been successíuUy combined 
with tretinoin for induction and consoUdation,8,10 and this 
combinatíon is an altemative for those vvho cannot tolerate 
anthracydines.8,23 Arsenic trioxide has also been used alone 
as first-line therapy, bút such use tends to be restricted to 
patỉents for whom chemotherapy is contra-ỉndicated.21

For those in molecular remỉssion aỉter consoliđadon 
therapy, m am tenancí therapy with up to 2 years of tretinoin, 
with or vvithout continuous low-dose chemotherapy 
(m ercap topu rine  p lus m e th o tre x a te ), is recom - 
mended.8,21,22 Maintenance therapy is particularly bene- 
Ucial for those at high risk of recurrence, such .as those with 
a high leucocyte count and older adults.20,22 Arsenỉc trioxìde 
is recomménded for those who remain molecularly positive 
at the end of consolidation.8-21 It is also the ưeatm ent ọf 
choice for patìents who relapse,8,19-23 particularly those 
treated with tretinoin vvithin the previous year. Patients 
who then achieve a second remission may be considered íọr 
autologous or allogeneic haematopoietic stem cell trans- 
plantation.8,19,20,22,24 Gemtuzumab ozogamỉdn may also be 
an optỉon ỉor relapsed patìents, although its predse role has 
not been determined,21,24 and it should be used vvith caution 
in potendaỉ transplant candidates.8 The synthetic rednoid, 
tamibarotene (AM-80), has been used to inđuce remission 
in  patients who relapsed after successful remission 
induction with tretinoin.25

The e£ficacy of tretinoin appears to be achievable only 
because the characteristic chromosomal abnormalities in 
APL result in an abnormal retinoic add receptor. The 
development of drugs that can effea diííerentiation in other 
íorms of AML, and indeed in other neoplasms. seems likely 
to be a long and diỉhcult task.
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Leukaemias, chronic The chronic leukaemias may be 
broadly divided into those in which the neoplastỉc prolii- 
eratìon aíỉects lymphoid cell lines, and those aSecting the 
myeloid cell lines.

Chronic leukaemias aỉỉecting the ỉymphoid a ll tines 
indude chronic lymphocytic leukaemia (CLL), which is B- 
cell in about 95 % of cases and T-cell in about 5 %, and hairy- 
cell leukaemia, which affects B-cells. The revised European- 
American lymphoma dassihcatíon,1 and a proposed WHO 
dassiĐcation of haematologic malignandes,2 consider 
lymphoid leukaemias and lymphomas of the same cell 
type to be one disease with dUỉerent clinical presentations. 
Thus B-cell CLL is the same disease as B-celỉ small 
lymphocytic lymphoma.

Chronic neopỉasms aữectmg the myeìoid ctll lìna m duăe  
the myeloproliíeratìve disorders chronic myeloid leukaemia 
(CML), polycythaemia vera, and primary (essential) 
thrombocythaemia, and the myelodysplastic syndromes. 
AU of these may undergo transíormatíon to acute myeloid 
leukaemia.
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CHROMC LYMPHOCimC LEUKAEMIA Chronỉc lymphocytỉc lcuk- 
aemia (CXX) typicaUy occurs ỉn' people over 60 years of 
age, and accounts ỉor about 30% oỉ leukaemias in the 
West aithough it is rarer in the Far East. CLL and smaú 
lymphocytic lymphoma (SLL) have bẽen descríbed as the 
sãme diséase manUesting in dUỉerent ways.' Stages of CLL 
are deSned according to the American Rai System or the 
European Binet System, with both having prognostic 
value.1'8 The dinical course is variable: Iow-risk parients 
(Rai stage O; Binet stage A) have a  median survival of 
about 10 years, while high-rìsk patients (Rai stage UI/IV; 
Binet stage C) have a median survival of about 1.5 years; 
median survival in the hitermediate stages is about 6 
years.13-9 The mutational status of the immunoglobulm 
IGHV gene also aãects prognosis; attempts to use surrogate 
markers of this status induded CD38 and ZÁP-70, and 
these have assisted in h irther risk stratíhcation.7-10' 13

In patients at low risk and those at intermediate risk with 
indolent disease cytotoxic chemotherapy is usuaUy deíerred 
untíl signs and symptoms of disease progression occur.2-3-5- 
10,13 In these patient groups, smdies of immediate versus 
deíerred chemotherapy for early-stage CLL have shown no 
signiRcant advantage, or disađvantage, for immediate 
chemotherapy in terms of 10-year survival.14 Patients with 
high-risk or Progressive disease are usually treated with 
immediate chemotherapy.

When tre a tm e n t is required, several options exist. For 
many years, chỉorambucil, given either continuously or 
intermittently, and with or vvithout prednisone, was the 
mainstay of chemotherapy for CLL, vvith response rates 
ranging bom  about 40 tọ 70%.10,12,15 Alkylator-based 
combination regimens such as COP or CVP (cydophosph- 
amide, vincristine, and prednisone or prednisolone), CAP 
(cydophosphamide, doxorubidn, and prednisone or pred- 
nisolone), or CHOP (cydophosphamide, doxorubidn, 
vincristine, and prednisone or prednisolone) were íound 
to have no advantage over chlorambudl alone.44,15

Subsequent study with Sudarabine íound response rates 
to be higher than vvith aUcylator-based therapy, although no 
overall survival advantage was shotvn.4’8,10'12,13 Fludarabine 
has been studied in  combination with other agents. Use 
with chlorambucil showed excessive toxidty.1,7,15 Fludar- 
abine plus cydophosphamide was íound to have higher 
remission rates and lõnger progression-free súrvịval than 
either chlorambudl or Đudarabíne monotherapy,8,11,13,15 
and as such this combination is often recommended as the 
initial treatment of choice,10 espedaUy in fitter patients. 
Chlorambucil or Qudarabine m onotherapy are still 
considered appropriate first-line options1•,,12•13 in  those 
vvith comorbidities or poorer períormance status, and CVP
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or CHOP regũnens are still altematives for those unable to 
tolerate Audarabine-based therapy.1

Bendamusóne, au alkylating agent, produced better 
response rates and progression-free survival compared with 
chlorambudl, and is approved in some countries as initial 
monotherapy; eỉBcacy compared with other first-line 
therapìeshas no tbeen  established.1 O therpurine analogues 
have been investigated for CLL. Cladribine, vvith or without 
corticosteroids, achieved comparable results to those with 
Sudarabine monotherapy.11 Cladribine plus cydophosph- 
amide vvas found to have sũnilar results to dadiibine 
alone.11 Howcver, some do not recomtnend dadribine as a 
routine altem ative to ỉludarabine for initial therapy.4

The m onodonal antibodies alemtuzumab and rítuxũnab 
have been studied with other drugs for the ưeatment of 
CLL.5'6-10'11-16 The use of rítuxũnab with Oudarabine (FR 
regimen) espedally has shovvn marked dinical effi- 
cacy,7-10-12-15 and the FCR regimen (ũudarabine, cydo- 
phosphamide, and rìtuxũnab) has ỉhovvn high overall 
response rates;UU7 some consider FCR to be a suitable first- 
Iinc option.1-912-13 However, others have stated that the use 
oi rituximab with Audarabine (with or without cydo- 
phosphamide) requires íurther evaluaúon.6 The use of the 
purine analogue pentostatin with cydophosphamide and 
rituximab (PCR regimen) has also been shovvn to have high 
response rates and is also an option lor inirial therapy for 
CLL.1'*’9’1213 Although some consider rỉtuximab mono- 
therapy to be suitable initial therapy íor older patients or for 
those w ith comorbidities,1-12 others do not recommend it for 
untreated CLL.‘ Similarly, alemtuzumab may be used as 
ũrst-line therapy in  patìents vvith cenain cytogenetic 
abnonnalities associated with a poor prognosis,1-7’10 or as 
consolidation therapy after Đudarabine-based induction 
the rapy .10-11-17 Hovvever, some do not recommend 
alemtuzumab for untreated CLL‘ and others advìse against 
its use in the consolidative setting given the lisks of 
iniectious complications and possible CMV reactivation.15

There is no deíinitive evidence that consolidation or 
maintenance therapy is better than ưeatment at the time o( 
relapse, although investigation is ongoing and partidpation 
in dinical studies is encouraged.* Treatment of relapses 
depends upon response to initial therapy.4-7'"  After long 
remissions, patients vvill usually respond again to induction 
ơeatm ent.7-9 Altemative agents, or combination chemo- 
therapy with or vvithout monodonal antibodies may then 
be tried.1-7-9'11 M onodonal antibody monotherapy is an 
option,1-’ espedally in patients reừactory to chemotherapy; 
alemtuzumab, oỉatumumab. or dose-dense rítuxũnab may 
be used. A lem nmim ab with rinndmab is also an option.' 
For tu rther iníorm ation on common chemotherapy 
regimens, see Table 1, p. 719.

Haematopoietic stem cell ữansplantation (HSCT) has 
been invesứgated íor CLL.7 Autologous HSCT is unlikely to 
provide a cure1UM’ and relapse is inevitable.10 The 
prindples of allogeneic HSCIV vvhich is potentially 
curative,6-13 indude the graít-versus-leukaemia eHea and 
the absence of stem cell contamination.11 Hovvever, 
transplant-related mortality has been high. Non-myeloa- 
blativẹ conditioning protocols are under investiga- 
tion.‘-7il<UU5 Allogeneic HSCT is suggested íor younger 
patients with non-response or early relapse aíter puiine 
analogues, or those who relapse vvithin 2 years of an initial 
response with puiine-analogue based thexapy or autologous 
HSCT, or in  patients w ith certain cytogenetic abnormalities 
with a poor prognosis.10

Other drugs that have been investígated for CLL indude 
bortezomib,10 denileukin diítitox,10 Ienalidomide,7J(U* 
lumiliximab,7'10 obllmersen sodium.10 and thalidomide.1*
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CHRONIC MYELOĐ UEUKAEM1A. Chronic myeloid (myelogen- 
ous) or chronic granulocytic leukaemia (CML) is a rare 
disease, occurring usually in older patients. and represent- 
ing about 15% oỉ all adult leukaemias. It is assodated in 
over 90% of cases vvith the presence in blood cells of an 
abnormal chromosome, the Philadelphia chromosome 
(Ph), which results from a redprocal translocation 
betvveen the long arms of chromosomes 9 and 22, with 
the fusion of the BCR gene and the ABL gene. The pro- 
duct of this gene, the protein BCR-ABL, is leukaemogenic. 
Ph-negative disease (atypical CML) carries a vvorse prog- 
nosis, and some dassifìcation Systems consider it to be a 
separate disease.

CML occurs in 3 diherent phases. It is usually diagnosed 
in the chronic phase, vvhich may last for several years, 
vvhich when unưeated, progresses to an advanced phase; 
this consists of an oíten rapidly latal blastic phase (blast 
crisis), which is often preceded by a transition period, the 
accelerated phase.

The development of imatinib, an inhibitor of the BCR- 
ABL protein tyrosine kinase. constituted a revolutionary 
change in the management of CML.1'7 The International 
Randomized Study of Interleron and STI571 (IRIS), (ound 
imatinib to be better than interieron alfa vvith lovv-dose 
cytarabine lor newly diagnosed CML in chronic phase.*-’ 
Follow-up study (ound rcsponses to be durable in a high 
proportion of patients,10 and a tyrosine kinase inhibitor such 
as imatinib has become established as Standard inicial 
therapy íor chronic phase CML.1-5-11 Since relapse is 
common aỉter stopping ứnatinib, therapy should be 
continued indehnitely in responsive patìents.1'*’7 Resistance 
may also be a problem.2"*-12' 15 For patients who do not 
respond to first-line therapy or who relapse, the prelerred 
second-line treatm ent is an altemative tyrosine kánase 
inhibitor such as dasatinib, nilotinib, bosutinib, or 
ponatínib. Omacetaxine mepesucdnate, allogeneic haema- 
topoietic stem cell transplantadon (HSCT), or investiga- 
tional therapies (see below) are íurther options in patients 
who are resistant to or have íailed treatment vvith tyrosine 
kinase inhibitors. These therapies or an alfa interíeron such 
as peginterỉeron alỉa may also be trled in patients who are 
unable to tolerate tyrosine kinase inhibitors.For patients 
who only partially respond or who relapse after first-line 
imatinib and vvho are not able to take an altemative 
tyrosine kinase inhibitor or omacetaxine mepesucdnate, 
high-dose imatinib may be considered.1

Earìy allogeneic HSCT (p. 1937.1) has the potential to 
cure CML due to a graít-versus-leukaemia effect, but it ls 
still assodated vvith appredable morbidlty and mortality, 
induding graft-versus-host disease.6 and results with 
imatìnib have challenged the role of HSCT as first-line 
therapy for chronic phase CML.111 w hile HSCT is stìll an 
option in suitable patients su ch as younger patients \vith 
HLA-identical sibling donors.4-7 or those with high-risk 
disease and lovv transplantation risk,2 most recommend an 
initial period of therapy with imatinib since the response 
can either reinlorce or vveaken the indication for HSCT.5'7-16 
Ongoing advances in altemative donor sources (such as the 
use of HLA-matched unrelated donors and cord blood), 
im proved HLA typing techniques, and less toxic 
non-myeloablaứve regimens are broadening the use of 
HSCT.1-4 Optìons in patients who relapse after HSCT indude 
the use of donor lymphocyte iníusions, tyrosine kinase 
ínhibitors, or interieron alía.1-2-7

Tyrosine kỉnase inhibitors induce ỉavourable response 
rates in  those with advanced  phase  CML. In those vvhose 
disease has progressed after initia! tyrosine kinase inhibitor 
therapy, an altemative tyrosine kinase inhibitor is used, and 
then allogeneic HSCT can be considered. Post-transplant 
tyrosine kinase tteatm ent is contínued for at least 1 year. 
Omacetaxine mepesucdnate is an option íorpatients whose 
disease has progressed to advanced phase due to resistance. 
and/or intolerance to 2 or more tyrosine kinase inhibitors. 
For those vvhose disease has progressed to blast-phase, 
ưeatm ent indudes a tyrosine kinase inhibitor, either alone 
or vvith chemotherapy, followed by allogeneic HSCT.1

Novel therapíes for CM1 indude íamesyl transỉerase 
inhibitors such as lonatam ib and tipìíamìb, hypomethylat- 
ing agents such as azadtidine and dedtabine, hỉstone 
deacetylase inhibitors, and vacdnes.415-17 Combinations of 
imatinib with other drugs are also under investigation.2
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HAIRY-CEll IEUKAEMIA Hairy-ceU leukaemia is a rari, 
chronic, B-cell lymphoproliíerative disorder marked b ị 
the presence of white blood cells with prominent cytopla; • 
mic villi, pancytopenia, and splenomegaly. Many patiems 
are asymptomatic and there is no dear advantage to earl Ị 
treatment beíore symptoms appear.1-2 Splenectomy Wẽ s 
íormerly used as inỉtiaỉ therapy, but response duratio 1 
tended to be short. interíeron alía-2a or -2b given for o n : 
year produced at least a partial response in most cases bt 1 
patìents had a tendency to relapse once therapy was 
stopped.1-3-4

Better results were obtained vvith the purine analogut s 
dadribine and pentostatin, and these are now considere 1 
Hrst-line ưeatments for this disease.1-3'* Durable completĩ 
remission rates oí 50% or more are seen aher relativel I 
short courses of therapy.3-4’7'10 Toxidty is generall ì 
acceptable.3 These drugs do not appear to show cros:- 
resistance; dadribine has been used successíully in patíem s 
resistant to, or intolerant of, pentostatin,1’3 and others6 hav : 
used pentostatin in patients who do not respond t ì 
dadribine. Despite long disease-íree survival rates asso- 
dated with purine analogue therapy, they are not curative, 
and relapses occur in many patients, which suggests th : 
presence of residual disease.7-10 For patients who relapse, re • 
treatment with initial therapy is advocated.1-7 Interỉeron alf I 
is an option in those patìents relapsing aiter, or reừactory tc . 
treatment vvith a purine analogue.1-4 There are reports ct 
remỉssion aíter use of rituximab in patients with relapsed 0 r 
reíractory disease,1’3'4-7'810-11 or for residual disease,10 and t 
has been suggested for use in those who fail dadribine an l 
pentostatin.4-7 Other immunotherapy under invesúgatio: 1 
ỉor hairy-cell leukaemia indudes alemtuzumab, and t h ' 
recombinant immunotoxins LMB-2 and BL22.4-7-*-10
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MYĨLODYSPLASTK SYNDROMES. Myelodysplastic syndromei 
are low-grade neoplasms of haematopoietic stem cell; 
characterised by ineữective haematopoiesis that results i) I 
anaemia, neutropenia, or thrombocytopenia in variou; 
combinations. They have been described as smoulderin: ; 
leukaemia or preleukaemia, and ưansíormation to acut>: 
myeloid leukaemìa (AML) occurs in some patients.

The dinical course o{ myelodysplastic syndromes i ; 
variable, and a precise individual determination o í 
prognostic score is tmportant in planning treatm ent.1-2 In 
the few younger patients vvith suitable HLA-matcheil
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donors, allogeneic haematopoietic stem cell transplantatìon 
(HSCT) has curative potential.1-3"* As most patients are 
older, w ith medical condỉtions preduding the use of 
Standard conditíoning regỉmens, novel transplant condi- 
tioning regimens of reduced intensity are being investi- 
gated.5'7'9 Autologous HSCT may be an oprion for those 
vvithout a suitable donor.7

Patients who are íikely to have an  inđolent course are 
best treated conservatively with observation and supportive 
care {transỉusions, antibaccerials, or cpoctìns plus colony- 
stỉmulating íactors).1’4-7'9 Iron chelation therapy may be 
neeđed in patients who develop ữon overload (p. 1545.2) 
bom  blood ưansfusions.17'9 Azadtidine, dedtabine, or 
lenalidomide may be consiđered vvhere a low serum- 
erythropoietin concenưation does not respond to epoetins 
(with or vvithout colony-stimulatíng faaon). Lenalidomide 
is eííective for patìents with chromosome 5q dele- 
tions,4-*’10-13 and is recommended as fữst-line therapy in 
these patients.2-9 Patients w ith serum-erythropoietin above 
500 milliunits/mL and a good probability of response to 
immunosuppressive therapy should be given antilympho- 
cyte iimnunoglobulins with or vvithout ddosporin, or 
possibly ddospo tln  alone.2-9 Those likdy to have a poor 
response to immunosuppressants should be given ữeatment 
vvith azadtidine. dedtabine, lenalidomide, investigational 
agents, or conđdered for allogeneic HSCT.2 Azadtidine or 
dedtabine are also treatm ent options ỉor patients vvith 
serious cytopenias; ư  not respònsive, immunosuppressíve 
therapy, investigatìonal agents, or allogeneic HSCT can be 
trìed.2

The treatm ent of Progressive or advanced myelodysplas- 
tic syndromes or those that have transíormed to  AML may 
involve intensive chemotherapy simỉlar to that for AML (see 
p. 693.1), bu t remission rates are lovver,1-3-4 and relapse 
common.9 However, m any patients are elderly with poor 
periormance status,s and are unable to tolerate intensive 
chemotherapy. They may be ưeated with supporđve care 
and haematopoietic growth tactors alone.9 Low-intensity 
chemotherapy such as azadtídine or dedtabine may be tried 
in such padents,2 but has had limited success.1-3 Other 
antineoplastics and immunomodulating agents investigated 
for use in  myelodysplastic syndromes indude histone 
deacetylase inhibitors such as valproic add  and vorinostat, 
íamesyl transỉerase inhibiton, amiỉostine, arsenic trioxide, 
thalidomide, and topotecan.1-3'5'7-9’14-15 Attempts to induce 
cellular diííerentiation have generally been disappointing.3
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MYELOFIBROSIS. MyeloEbrosis is a chronic Philađelphia- 
negative myeloproiưeratĩve disorder, associated with a 
mutation in  the Janus kinase 2 (JAK2) genẹ in over 50% 
of patients. Bone marrow is replaced by collagen íìbrosis. 
The dỉsease may present as idiopathic or primary, or as 
translormation of an antecedent polycythaemia vera 
(below) or essential thrombocythaemia (below). Median 
survival after diagnosis is about 5 years, although thls may 
be longer in  younger patients w ith good prognostỉc fea- 
tures. Older agc, anaemia, leucocytosis, perìpheral blasts, 
and the presence of constitutional symptoms are the 
major risk lactors. Symptoms indude ỉatigue, night sweats, 
pruritus, bone pain, weight loss, and íever; patients typi- 
cally develop cỹtopenia and splenomegaly.1-4

Allogeneic stem cell transplantation is the only 
potentially curative t r e a tm e n t approach. However, many 
padents are ineligible.1-2-5 Hydroxycarbamide is used to treat 
splenomegaly; splenectomy may be períoimed íor painíul 
splenomegaly in those with good períormance status.5 Anti- 
angiogenic therapy with thalidomide or lenalidomiđe, 
usually given with corticosteroids, has shovvn response rates

of between 20 and 30%.lA5 Pomalidomide is under 
investigation.2-4 JAK2-inhibitors such as ruxolitinib are 
under development.1"3
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POLYCYĩHAEMIA VESA Polycythaemia vera (polycythaemia 
rubra vera) is a Philadelphia-negatíve chronic myeioprolì- 
íerative disorder,1 assodated in about 95% oi patients 
with a mutation in the Janus kinase 2 (JAK2) gene.1"3 It is 
characterised by an  increased red cell mass and packed cell 
volume, and is oỉten assodated with inaeases in whỉte 
cell and platelet counts and splenomegaly.1-4 It is a disease 
oỉ later life, with a median age at presentation of about 60 
years.4 The symptoms are related to hyperviscosity due to 
the increased num ber of cells in the blood; padents often 
present with either arterial or venous thrombosis (cerebro- 
vascular acddent, myocardial iníarction, pulmonary 
embollsm) or occasionaUy, with haemorrhage, particulariy 
involvũig the skin and gastrointestinal tract.1-4

Unưeated, the disease is assodated wỉth a high risk of 
morbidity and mortality, and patients can undergo 
myeloũbrotic ttansíormation into blast crisis and acute 
myeloid leukaemia.1,4 The aims of tre a tm e n t are therefore 
to reduce the risk of thrombosis and haemorrhage, 
minimlse transỉormation rlsk, and manage complications, 
or pregnancy.4

The mainstay o{ ơeatm ent ỉs periođic phlebotomy to 
maintain the háematocrit within nonnal values,5-4 along 
with aspirin In low doses (40 to  100 mg daily)1,7 suíũdent to 
reduce thrombosis w ithout increasing the risk oi major 
bleeding.* This may be all that is requữed in younger 
patients at low risk of thrombosis. Inj)atíents at high risk of 
thrombosis, induding those who have a high phlebotomy 
requữem ent some íorm of myelosuppressive therapy may 
also be considered. Chlorambudl, which was ỉormerly used 
for this purpose. has laigely been stopped because of a high 
inddence of leukaemia in patients so ưeated.44 In patients 
vvith a life expectancy oí 1ess than 10 years, radioactive 
phosphorus-32 is probably appropriate, and produces good 
results vvith few immediate advene eổects.5 Hotvever, lỉke 
the alkyỉating agents it is associated with an increased risk of 
secondary maiignandes.4 In younger patìents hydroxycar- 
bamide,1-4-6 busulían,5-6 or in some countries pipobroman,5 
have been preíerred because they were considered to ha ve 
lower risk of indudng leukaemia. However, there is some 
evidence9 that they too may have leukaemogenic potential, 
espedally when used in  combination,7-10 and some 
recommend that busulían and pipobroman be reserved íor 
eldeíly patients.1-4 Non-cytotoxic therapies that have been 
■shovvn to be elíective indude interieron aUa.1-4"7-9 This may 
be prelerred in younger patients requiríng tteatment.4-5 
Anagrelide, another antíplateỉet drug, has also been trieđ in 
polycythaemia vera. It is effective in controlling the platelet 
count, but does not control progressíon of polycythaemia 
vera. and its adverse effects may make it diíũcult ỉor some 
patients to tolerate.4
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PRIMARY THROMBOCYĨHAEMÍA. Primary thrombocythaemia 
(essential thrombocythaemia) is a rare Philadelphia-nega- 
tive myeloprohíerative disorder in which abnormal plate- 
let production results ín elevated platelet counts.1 The

Janus kinase 2 (JAK2) genetic mutation occurs in about 
50 to 60% of patients.2 The disorder occiưs mainly during 
later Ufe3 and unỉike other myeloproliíerative disorders, is 
assodated with generaUy near-normal life expectancy.3,4 
However, microvascular ocdusion marked by conditions 
such as erythromelalgia (buming pain and erythema of 
the hands and feet), paraesthesia, or migraine. and arterial 
or venous thrombosis (e.g. cerebrovascular acddent, myo- 
cardlaỉ inlarction, pulmonary embolism) may occur. The 
risk for thrombosis is highest in patients with a history of 
thrombosis and in those aged over 60 years. In less than 
10% of patients the diseăse eventuaũy enters a spent 
phase marked by Abrosis and marrovv hypoplasia, or trans- 
ĩorms to acute lẽukaemia.

Asymptomatic patients and those at low risk of 
thrombosis are generally not treated,5 but when to begin 
tre a tm e n t is conưoversial.4 Some consider that primary 
antithrom botic prophylaxỉỉ seems rational even in 
asymptomatỉc patients if there are no contra-indications to 
this therapy. Lovv-dose aspirin (40 to lOOmg đaily) is 
considered to be eHective, vvithout increasing the risk of 
major bleeding. Acute microvascular symptoms may be 
managed with higher doses of aspirin (100 to 300 mg 
daily).1 ỉn  patíents at risk oí thrombosis, drugs that lovver 
platelet counts are used, induding cytotoxics.1-4-7 Phos- 
phorus-32 and alkylating agents such as busulỉan or 
pipobroman are little used now because of their knovvn 
potendal to mduce leukaemia.1-3’7 Hydroxycarbamide can 
reduce thrombotic events,3,7’* and has tended to be 
preíerred because it was thought to have lower risk of 
in d udng  leukaem ia, bu t it too appears to have 
Ieukaemogenic potentíaỉ.3-4-4'9 The increased risk of Ieuk- 
aemia from therapy is partìcularly relevant in younger 
patients, for whom non-cytotoxic drugs may be preferred. 
Some non-cytotoxic therapies have also be en shown to 
reduce platelet counts. Anagrelide3,4 ís often substimted for 
hy droxycarbamide, I5‘* but its value has been questioned by 
a comparison10 o! 2 regỉmens using aspirin with either 
anagrelide or hydroxycarbamide: Ảlthough the reductions 
in platelet count were súniỊar for both groups, patients 
taking anagrelide were íouná to be at greater risk of arterial 
thrombosis, serìous haemorrhage, and transíormation to 
myeloEbrosis (but the rate of venous thromboembolism was 
lovver). Interíeron alfa can also eííectively reduce plateỉet 
counts;4"7 it is a good altemative for younger patients who 
face litelong tteatment,1 and is the neatment of choice in 
pregnant wom en.u 'u ‘ Haematopoietic stem cell trans- 
plantation may be considered in younger patíents who have 
advanced. complicated disease.4
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Lymphomas. The malignant lymphomas are neoplastic 
disorders of the lymphoreticular cells. These cells are pri- 
marily located in the lymph nodes, but because of their 
wide distribution in the body lymphomas may arise in 
extranodal and extralymphatic tissues such as lung, gas- 
trointestinal tract. and skin.

The tenn covers a heterogeneous group of diseases, 
comprising two ma in subgroups: Hodgkin's disease, and the 
non-Hodgkin's lymphomas (NHL). The cellular orìgin of 
Hodgldn's disease is uncertain; the NHL are monodonal 
malignancies arising bom  B cells in about 80% of cases, 
vvith the remainder bom  cells of T lineage and from 
undifferentiated cells.

Management oi patients tvith malignant lymphoma is 
largely determined by interpretation oi histological íeatures, 
and, espeđaDy for NHL, by an allocation of subtype and 
grade. Various classiBcation Systems have been proposed ỉor 
NHL of vvliich the National Cancer Institute Working 
Formulation has been widely used.1 Under the Working 
Fonnulation, NHL are divỉded into:
• Iơw grade, induding smalỉ lymphocytic, ỉollicular small 

cleaveđ cell, and ỉollicuỉar mixeđ small cleaved and large 
cell lymphoma

• intermediate gradí, induding lollicular Iarge cell, dUỉuse 
large cell, diííuse small deaved cell, and diỉỉuse mixed 
types

http://www.nccn.org/proicssionals/physiclan_gls/PDF/mds.pdf
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696 Antineoplastics

• high gradc, induding large cell immunoblastic, lympho- 
blastic, and smalỉ non-deaved ceỉl (induding Burkitt’s) 
lymphomas

The International Lymphoma Study Group has proposed a 
revised European-American lymphoma (REAL) dassiSca- 
tion,* and this has subsequendy also been published under 
the auspices of WHO.J Ít is based on a dì Vision into B-cell, T- 
cell and natural killer cell, and Hodgkin's neoplasras. In thỉs 
dasstiication, B-ceU lymphomas Indude B-cell small 
Iymphocytic lymphoma, MALT lymphoma, ỉollicular 
lymphoma (35% of adult NHL, rare in children), diííuse 
large B-cell lymphoma (30% of aduh NHL 5% of NHL ìn 
children), and Burkjtt's lymphoma (rare in adults; 30% of 
NHL in điildren) and Waldenstrõm's maCTOglobulinaemia 
(lymphoplasmacytic lymphoma). Plasma-cell myeloma 
(multiple myeloma) is also a B-cell neoplasm. T-cell 
lymphomas indude precursor T-cell lymphoblastic lyraph- 
oma (rare in adults; 45% of NHL in children) and mycosis 
{ungoides; and Hodgkin's lymphoma is subdivided into 
nodular lymphocyte-predominant and dassical (nodular 
sclerosis and mixed cellularity) (orms.
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HODGKMS ữSEASE. Hodgkin's disease (Hodgkin's lymph- 
oma) is charaaerised histologically in most cases by the 
presence of a particular type of giant cell, the Reed-Stem- 
berg cell. It ís more conunon in males than in íemales, 
and in  the West is seen particularly in young adults and in 
the elderly, although the age distribution ditiers else- 
where.

It usually presents as painless enlargement of one or 
more lymph nodes, particularly in the neck or axillae. 
About a third of all patients also have constitutionaỉ 
symptoms of íever, weight loss, and night svveats, which 
indicate poorer prognosis. In advanced disease, signs oí 
organ intiỉnation may occur, as may iníectious complica- 
tions. The mass of the tum our may result in compression of 
vital organs.

Hodgkin's disease can be ưeated by radiotherapy or 
chemotherapy orboth, and the choice of treatment depends 
on the volume and histological subtype of the tumour, the 
age of the patient, and, particularly, the stage of the disease.1 
The Ann Arbor dassiíĩcaúon (vvith Cotsvvold modiíicatìons) 
recognỉses 4 stages:
• Stage L with involvement of a single lymph node region 

or extralymphatic sũe
• Stage n, in vvhich spread is restricted to lymph nodes and 

sites on one side oỉ the dìaphragm only
• Stage m , involving spread on both sides of the diaphragm 

with possible splenic and extralýmphatic involvement
• Stage IV, where the patient has diữuse or disseminated 

disease in One or more extralymphatic organs or tissues.
Stages are subdassihed A or B according to tbe absence or 
presence respectively of the aíorementioned constitutional 
symptom s.1'3 X indicates bulky disease and E the 
involvement of single extranodal sites.2-3. Survival rates 
after treatm ent for Hodgkin's disease are generally 
excellent, and there is increasing emphasis on tailoring 
therapy to decrease early and late ơeatment-related 
morbidity while not compromising survival.1 For prognostic 
and therapeutic considerations, paóents are grouped into 
eariy-stage íavourable (limited) disease (IA or HA, no bulky 
disease); early-stage uníavourable (intermediate) disease 
(IB or HB, bulky disease); and advanced disease (stages m  
and rv).

In the tteatm ent of stages L n, and HIA disease, 
radiotherapy alone was Standard therapy for adult 
patients with limited disease, espedally in those with good 
prognosis. Hovvever, there have been concems about 
relapse rates and an  increased risk of secondary malignancy 
aher radiotherapy. Adding chemotherapy to radiotherapy 
was íound to redũce recurrence rates, althôugh thù does not 
translate to an  increase in  overall survival.4 Nonetheless, 
com bined m odality treatment is now the preíerred 
ữeatm ent for íavourable early stage disease.1' 35'10 Although 
the optimal chemotherapy regimen and radiation dose have 
yet to be determined, the ABVD or Staníord V regimens (see 
below) are conunonly used.1-7 Chemotherapy with ABVD 
alone is also usedl í  u and radiotherapy alone is still an 
option for highly selected patients unable to tolerate 
chemotherapy due to comorbidities.1 Combined modality 
ơeatm ent is also generally accepted as the treatment of 
choice in  those w ith unỉavourable early stage disease, again 
using the ABVD1-2-5'10 or Stanỉord V regimens.1

Chemotherapy alone is generally considered to be the 
treatm ent of choice in advanced disease although 
radiotherapy may be added for consolidation with some 
regimens.1-7 Meta-analyses or systematic revievvs of 
combined modality therapy in advanced disease have

íound no surviva] beneíit from additional radiotherapy, 
although it may have a role in initial bulky or residual 
disease.4-7,12

There are several 4-drug Standard reg im ens available 
and the choice lies betvveen one of these, altemating cydes 
of 2 different regừnens, or a hybrid cyde that involves giving 
7 or 8 drugs in the same course of treatment. However, the 
sỉngle most important íactor goveming the outcome of 
chemotherapy is thought to be dose intensity of the drugs 
given.

The earliest of the successíul 4-drug regữnens was MOPP 
combination chemotherapy (chlormethine, vincristine, 
procarbaũne, and prednisone or prednisolone). There are 
several MOPP-variant regimens that may be as eííective and 
less toxic; these indude substitution of chlorambudl or 
cyclophosphamide for chlormethine (LOPP or COPP, 
respectively), vinblastine for vincristine (MVPP), and both 
chlorambudl and vinblastine substituted in one regimen 
(ChlVPP). Hoivever, an altemative to the MOPP-based 
regimens. a non-cross resistant combination of doxorubidn, ’ 
bleomycin, vinblastine. and dacarbazine (ABVD) was íound 
to be as eííective as MOPP with a reduced risk of indudng 
sterility or secondary leukaemia. Better results vvere later 
reported with ABVD alone, or with MOPP/ABVD, than with 
MOPP alone, and ABVD has become the basis o( Standard 
treatment íor advanced stage Hodgkin's disease.1-3-7"111314 
The Staníord V regimen (đoxorubicin, vinblastine, 
chlormethine, vincristine. bleomydn, etoposide and pred- 
nisone, with consolidative radìotherapy) ìs also used as 
primary Ưeatment for advanced disease.1

Auempts to improve the results o( ABVD ot MOPP have 
centred on dose intensilied hybrid regimens. The German 
Hodgkin's Lymphoma study group íound improved results 
with a hybrid regimen of bleomydn, etoposide, doxorubi- 
dn , cydophosphamide, vincdstine, procarbazine, and 
prednisone (BEACOPP) compared with COPP/ABVD; 
overall survival was highest with an increased dose of 
BEACOPP, although toxidty was increased.15 Escalated- 
dose BEACOPP may be considered for patients vvith high- 
risk disease.1-711

Salvage tre a tm e n t options for patients who relapse 
depend on the initial treatment and the interval betvveen 
ưeatm ent and relapse. Patients who are candidates íor 
salvage therapy can be divided into 4 groups:
• those initially treated with radiotherapy who have a 

recurrence, in whom Standard chemotherapy regimens 
are eííective

• those vvho never achieve complete remission vvith 
Standard chemotherapy, in w hom prognosis is very poor, 
and who are candidates for an intensive salvage 
chemotherapy regimen with autologous haematopoietic 
stem cell ưansplantation (HSCT)

• those whose orìginal remission lasted for over a year. of 
whom some vvill respond to re-treatment vvith Standard 
therapy, but in whom intensive salvage chemotherapy 
regimens with HSCT may be considered

• and those vvhose remission is short, less than one year, in 
whom Standard chemotherapy may be used to reduce 
mrnour volume beíore intensive salvage chemotherapy 
and HSCT.2-14

Common salvage regimens include BEAM or mini-BEAM 
(carmustine, etoposide, cytarabine, and melphalan), DHAP 
(dexamethasone, high-dose cytarabine, and dsplatin), 
ESHAP (etoposide, m ethylpredniso lone, high-dose 
cytarabine, and dsplatin), ICE (ilosỉamide, carboplatin, 
and etoposìde), or gemdtabine-based regimens.1’7-11-17 For 
hirther iníormation on common chemotherapy regimens, 
see Table 1, p. 719. Although intensive chemotherapy and 
autologous HSCT is considered by some17-11'14'17 to be the 
ưeatment of choice in relapsed patients, others4 note that 
beneCt on overall survival remains to be established.

Im m u n o th e ra p y  vvith brentuxim ab vedotin (a 
antibody-drug conjugate consisting of a CD30-spedfic 
monodonal antibody and a microtubule disrupting agent) 
may be an option when autologous haematopoietic stem 
cell transplantation has ĩailed, or vvhen other therapies have 
íailed in those deemed unsuitable for transplantation. Other 
immunotherapìes under investigation for Hodgkin's disease 
indude the anti-CD20 monodonal antibody rituxúnab, and 
other monodonal antibodies, some radiolabelled, to CD25 
and CD30.5-5-7 ’1-17
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NON-HODGKltSS LYMPHOMAS. The non-Hodgkin's lymphci- 
mas are a heterogeneous group of malignancies that v a r ' 
considerably in their behaviour, prognosis, and manage • 
ment. ClassiCcations have grouped them  by grade (lovt. 
intermediate, or high) or cellular origin (B-cell, T-cell, o : 
NK-cell), and histology (see Lymphomas, p. 695.3). Th • 
most recent WHO cIassification, vvhile still considering cel I 
of origin, does not group the non-Hodgkin's lymphoma i 
into a distinct dỉnical framework.‘ The non-H odgkin '; 
lymphomas include Burkitt's lymphoma, MALT lymph 
oma, and mycosis íungoides, aU o( which are discussed 
separately.

The usual presentation of lymphomas is lymphadeno 
pathy, which in low-grade lymphoma may develop 
insidiously over a long period. There may be constitutiona 
symptoms of íever, night svveats. and vveight loss 
Extranodal involvement may occur, as may symptoms dut 
to organ compression by the tumour mass. Lymphomas o 
T-cell origin have a worse prognosis than B-cell lymphoma 
of the same type, and excess tumour bulk, involvement o 
bone marrovv or gasưointestinal traa , and elevated serum 
laaic dehydrogenase concentrations are also adverse 
prognostic íaaors. Staging is of somewhat less importance 
as a determinant of treatment and prognosis than ir 
HodgkũTs dỉsease.

Follicular lym phom a is the commonest form o: 
indoỉent non-Hodgkin's lymphoma.2'3 FollicuIar Iymphomaí 
may be subdassilied hìstologically into 3 grades according tc 
the number of centroblasts, and grade 3, which is more 
aggressive, should be treated as (or diữuse large B-cell 
lymphoma1,4'5 (see below). The approach to therapy of 
other lollicular lymphoma ditiers dramatically in patients 
with localised or disseminated (advanced) disease.1

In the few patients with limited disease at presentation, 
radiotherapy is potentially curative.2-5'10 w ith most patients 
achieving long-term ừeedom from disease, and low rates of 
relapse.3 The addition of chemotherapy to radiotherapy has 
not thus far convindngly prolonged remission or improved 
overall survival.1-7 Patients vvho do not respond aíter 
therapy should be treated as those vvith more disseminated 
disease.1 Even in more advanced disease, vvhich is rarely 
curable,2-4’’ 10 íollicular lymphoma may follow a íairly 
chronic course, with a median survival of 8 or more 
years4-4-’ although transíormation to more aggressive íorms 
may occur.2

Treatment in advanced disease has not been shovvn to 
atiect survival, and a conservative approach of withholding 
treatm ent until symptoms require it is considered 
viable.1-3'6'7 ’-11 The addition of rituxlmab to combũiation 
chemotherapy has increased overall response rate, response 
duration, and progression-free survival and hence someU0 
recommend rituximab vvith chemotherapy (chemoimmu- 
notherapy) for Srst-line ơeatment; caution is advised in 
patients vvith hepatitis B.1

Rituximab may be combined vvith either bendamustine 
or Dudarabine.1 Establisbed regimens to which rituximab 
may be added indude CHOP (cydophosphamide, doxo- 
rubidn, vincristine, and prednisone), CVP (cydophosph- 
amide, vincristine, and prednisone), or Đudarabine-based 
regimens such as FCM (Uudarabine, cydophosphamide, 
and mitoxantrone) orFND (ũudarabine, mitoxantrone, and 
dexamethasone).1-3-5'10 Rituximab monotherapy is also an 
option íor patients with a low-risk proíile or who cannot 
tolerate more intensive chemoimmunotherapy or for the 
elderly and iníinn.1-10 Single-agent alkylators such as 
chlorambudl or cydophosphamide are an option for these 
patients.1 Rituximab maintenance therapy is under 
investigation; although benehts have been reported, the 
optimal dose and duration have not been established.12

The use of interieron alfa vvith chemotherapy for íirst- 
line treatment has produced conílicting results. Hovvever, 
when interíeron alía was used with an th raq ’dine-contain- 
ing regimens, improvements in response rate and prolonged 
remission were reported;6-11 prolonged survival has not
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been proven.7 Interíeron alfa as maintenance therapy 
appears to improve disease-free survival, but only if 
complete remission has been obtained with initial chemo- 
therapy.2-6 Overall, a meta-analysis13 oí 10 studies íound 
that the ability of interíeron alfa to prolong remission 
duration and survlval may depend on it being used vvith 
relatively intensive chemotherapy and given in unit doses of 
at least 5 million units (at least 36millionunits/month).

Radioimmunotherapy with radiolabelled monodonal 
antibodies such as tositumomab and ibritumomab may also 
be considered ũrst-line,1'5 although myelosuppression may 
be a problem9-14 and there may be practical diíBculties 
assodated with their use. Some consider radioimmunother- 
apy as an initial optíon for the elderly or inflrm.1

Relapse oi indolent lymphomas is generally inevitable. 
Selection of salvage therapy depends on the efficacy of 
initial regimens.10 Options indude chemoimmunotherapy 
with a diherent chemotherapy option to that used first'line, 
radioimmunotherapy (as discussed above), rituximab alone, 
or alkylator monotherapy.1-3-5-10 High-dose chemotherapy 
followed by autologous or allogeneic haematopoietic stem 
cell transplantation (HSCT) may be an appropríate option 
for relapsed patients.1'3'4'7'10 In the case of allogeneic HSCT, 
nonmyeloablative approaches may be considered.1-3-10

Intermediate- to high-grade lymphomas, of which 
d iííu se  la rgẽ B-cell ly m p h o m a (DLCL) is the most 
common ỉorm,1 are aggressive. About One thữd of patients 
with DLCL ha ve localised disease at presentation,15 and 
ưeatm ent with CHOP (see above) and rituxũnab with or 
w ithout radiotherapy is the treatm ent of choice.1-4-16'17 
Many also consider CHOP plus rituximab (R-CHOP) to be 
the Standard of care in advanced disease,1’4,14 although 
other, generally anthracycline-based, regimens are also 
considered acceptable, such ’as dose-adjusted R-EPOCH 
(rituximab, etoposide, prednisone, vincristine, cydo- 
phosphamide, anddoxorubidn).1 High-dose chemotherapy 
with autologous HSGT has been tried íor initial therapy in 
patíents vvith diíhise aggressive non-Hodgkin's lymphoma, 
but remains investigational.UU5-1*

On relapse, patients are treated with salvạge chemo- 
therapy regimens such as DHAP (dexam ethasone, 
cytarabine, and dsplatin), ICE (ifosfamide, carboplatin, 
etoposide), ESHP or ESHAP (etoposide, methylpredniso- 
lone, cytarabine, dsplatin), GDP (gemdtabine, dexa- 
methasone, and dsplatin), GemOx (gemdtabine and 
oxaliplatin), or MINE (mitoxantrone, Uosỉamiđe. mesna, 
etoposide); all these regimens may be given with or vvithout 
rituxúnab.1 Monotherapy vvith pixanưone may also be 
considered in patients with B-cell lymphomas. Patients are 
then evaluated for high-dose chemotherapy and autologous 
HSCT, which is considered the treatment of choice in 
suitable patients who respond to the salvage regi- 
m ens.1,11719 However, in disease resistant to saỉvage 
chemotherapy, its role has not been established,19 and 
patients whose disease progresses are considered not likely 
to beneht [rom cuưeritly available Standard therapy.1 In an 
eííort to improve outcomes after autologous HSCT, the 
addition of radioìmmunotherapy (as above) to conditioníng 
regimens is being investìgated. Allogeneic HSCT is also 
under investigatíon.

There is no Standard approach for those patients 
ineligible for transplant;19 options indude rituximab 
monotherapy, second-line chemotherapy regimens such 
as R-EPOCH or EPOCH. CEPP (cydophosphamide, etopo- 
side, prednisone, procarbaáne) vvith or vvithout rituximab, 
lenalidomide, palliative radiotherapy, or investigational 
ưeatm ent.1

For íurther iníormation on common chemotherapy 
regimens, see Table 1. p. 719.

High-grade lymphomas such as p recu rso r T-lym pho- 
b lastic  lym phom a (T-LBL) and Burkitt's lymphoma (see 
below) are highly aggressive and untreated patients survive 
only vveeks. They ọccur mainly in children and young 
adults. and are oíten vvddely disseminated vvith bone 
marrovv, peripheral blood, and CNS involvement. Lympho- 
blastic lymphoma is generally ưeated with protocols based 
on those used for acute lymphoblastic leukaemia (see 
p. 692.3), induding the use of CNS prophylaxis.1

Vacdnes for B-cell lymphomas are under investigation.
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AIDSrrelalecl lymphomas. Non-Hodgkin's lymphoma is often 
a late complication of AIDS and its inddence in HTV- 
iníected individuals is about 60 tỉmes greater than in the 
general population.1 Histologically, it is usually diỉhise 
large cell lymphoma (see Non-Hodgkin's Lymphomas, 
p. 696.3) or small non-deaved lymphoma (Burkitt's 
ìymphoma—see bdow).*'3 About 50% of these are asso- 
dated with the presenee of Epstein-Barr vừus.4 The other 
common HlV-assodated lymphoma is primary CNS 
lymphoma (p. 698.1), vvhich is invariably assodated with 
Epstein-Barr virus.1-2 More receady, primary eHusion 
iymphoma or body cavity-based lymphoma has been iden- 
tìhed.1'1 which is assodated with hum an herpes vlrus 8. 
Aỉthough Hodgkin's dỉsease (see p. 696.ỉ)  is not consid- 
ered an AIDS-defining illness, epidemiological studies 
have shovvn it to be assodated with HTV iníection.3

It was undear if the introduction of HAART for HIV 
infection (p. 957.2) wouId reducethe risk of lymphomas by 
improving immune íụnction,5 or, conversely, increase the 
inddence by allovving patients to survive long enough for 
lymphoma to develop.1 However, it has become apparent 
that the inđdence of AIDS-related lymphoma has decreased 
with the advent oí HAART.1-3-5 There is some evidence of 
tumour response when antiretroviral therapy is started in a 
patient who already has a lymphoma.4

Most patients with AIDS-related non-Hodgkin's lym- 
phomas have disseminated disease, oỉten extranodal, at 
presentation.1-2 Optimal management is not establisheđ.3 
Combination chemotherapy regimens used indude CHOP 
(cydophosphamide, doxorubidn, vincristine, and pred- 
nisone), CDE (qídophosphamide, doxorubidn, and etopo- 
side) and a dose-adjusted EPOCH regimen (etoposide, 
prednisone, vincristine, cydophosphamide, and doxorubi- 
d n ) .1-3,5'6 M-BACOD (methoưexate, bleomycln, doxorubi- 
dn , cydophosphamide, vincristine, and dexamethasone) 
has also been used;1 a low-dose modihcation of this regimen 
produced responses comparable to the standard-dose 
regimen.7 There is some controversy about whether 
HAART should be given with or after chemotherapy,16 
although most seem to recommend concomitant treat- 
ment2-6 as it results in a more modest decrease in immune 
íunction than when chemotherapy Is given alone.’ The 
addition of rituximab has been investigated, but results have 
been disappointing and an increased risk of neutropenic 
sepsis and death has been reported.3-5 However, some 
consider the use of rituximab with chemotherapy to be 
more eBective than chemotherapy alone, and safe in these 
patien ts provided appropriate an tib an eria l prophylaxis is 
used.6 The use of colony-stimulating íactors with chemo- 
therapy has reduced neuơopenia and íebrile episodes, but 
there has been no eHect on remission rates or overall 
survival.1 Most studies used granulocyte-macrophage 
colony-stimulating íactor, but this may incxease HIV-1 
replication.1

Patients with relapsed AIDS-related lymphoma who are 
responsive to salvage chemotherapy may be ưeated 
successfully with hlgh-dose chemotherapy and autologous 
haematopoietic stem ceỉl transplantation.6

HtV-positive patìents vvith Hodgkin's disease are more 
likely to present with constitutional symptoms, at an 
advanced stage, with extranodal đisease, and concomitant 
Epstein-Barr virus iníection than HTV-negative indỉviduals. 
Bone marrovv involvement may be ỉound in more than 50% 
of patients. Beíore HAART, patients vvith Hodgkin's disease 
and iníected with HTV had a median survival oỉ 1 to 2 years. 
Outcomes in the HAART era may be improving, aỉthough 
optimal ưeatment is undedded. Regừnens that have been 
tried indude the BEACOPP (bleomydn, etoposide, doxo- 
rubidn, cydophosphamide, vincristine, procarbazme, ànd 
prednisone) and Staníord V regimens.2

For hirther iníormatìon on common chemotherapy 
regimens, see Table 1, p. 719.
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Burkilt's lymphoma. Burkitt's lymphoma is a smalỉ 
non-deaved cell lymphoma (SNCL) õf B-cell origin, which 
is highly aggressive and with a characteristic đưomosomal 
translocation involving the c-myc oncogene. The dỉsease 
ạccounts for up to 50% oí childhoõd non-Hodgkin's 
lymphoma in non-endemic arẹas. Three dinical variants 
have been described. The endemic form OCCUTS most com- 
monly in equatorial Aírica and Papua New . Guinea, in 
young children, and ã  almost ahvays assodated with 
Epstem-Barr virus (EBV) inlection. It ừequently involves 
the jaws and other íadal bones; bone marrow and CNS 
invo.Ivement can occur. In contrast the sporadỉc ỉorm, 
seen most commonly in developed countries, arises in the 
lymphoid tissues of the gut and upper respiratory tract. 
The immunodeBdency subtype is seen in the setting of 
HIV iníection, and to a lesser extern post-transplantation. 
Adult patients with the latter 2 subtypes typícaầy present 
with extranodal disease, and the abdomen is the most 
common site oí involvemenL Symptoms indude abdo- 
minal pain, gastrointestinal bleeding, nausea, and vomi- 
ting, and may mimic appendidtis. Bone marrow and CNS 
involvement can occur. Jaw involvement is rare, and only 
about a thữd of patìeats ạrẹ EBV-positive.

The main tre a tm e n t for Burkitt's lymphoma Is 
chemotherapy. Shorter duratìon, dose-intensive chemo- 
therapy regứnens have resulted in improved survival and in 
children complete remission is common and prognosis 
good: probability of long-tenn disease-free survival is 
usually greater than 80%.* Prognosis has been Iess good in 
adults, but with the increasing use of more intensive 
regimens súnilar to those used út children, is improvmg. 
About halí of all adult cạses are reported to be curable with 
intensive chemotherapy regimens.2,3

Commonly used regimens indude CODOX-M (cydo- 
phosphamide, vincristine, doxorubidn, high-dose metho- 
trexate) for low-risk patients; it is given in an altemating 
regimen vvith IVAC (Uosíamide, etoposide, and high-dose 
cytarabine) in high-risk padents.2' 5 Hyper-CVAD (cydo- 
phosphamide, vincristine, doxorubicin, and  dexa- 
methasone, altemating with methottexate plus cytarabine) 
is also given to adult patients.2'6 A dose-adjusted EPOCH 
regimen (etoposide, prednisone, vincristine, cydophosph- 
amide, and doxorubidn) is also recommended for use in 
low-risk patients or in high-risk patients unable to tolerate 
more aggressive treatment.4 Rituximab has been added to 
these regimens in an attempt to ũnprove response and long- 
term survival;2’7 initial results have been promising. 
Cytarabine and methotrexate are also given inơathecally 
for CNS prophylaxis.2'4

Relopsed or refractory Burkitt's lymphoma has not been 
vvell-studied and the optimaỉ treatment regimen is 
unknovvn.2-3 Dmgs used for salvage chemotherapy include 
high-dose methotrexate and high-dose cytarabine or 
etoposide plus dsplatin;2 combinatíon regimens incorporat- 
ing dsplatin. cytarabine, or ifosfamide may be of beneGt, 
particularly if these were not used Hrst-line.3 Autologous OI 
allogeneic haematopoietic stem cell transplantaúon may be 
considered for relapsed or reừactory disease,2'4 although it£ 
role in Burkitt's lymphoma remains controversial.5-7 There 
are reports of improved survival vvith high-dose chemo- 
therapy tollovved by autologous stem cell transplantatíon 
compared wìth chemotherapy alone. Allogeneic transplan- 
tation has been reporteđ to lower relapse rates wher 
compared vvỉth autologous ưansplantation, but transplant 
related mortality 1S higher.7
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Prímary CNS tymphoma. Primary CNS lymphoma is an 
aggressive Ịonn of non-Hodgkin's lymphoma that develops 
in the brain, spinal cord, leptomenìnges, or the eye.1-2 It 
accounts for some 0.5 to 5% of all primary brain tumours 
(see also Malignant Neoplasms of the Brain, p. 701.2). 
There is a strong assodation with HTV ỉnỉection (see AIDS- 
related Lymphomas, p. 697.2). Padents usually present 
with neurọlogical symptoms su ch as hemiparesiỉ or dys- 
phasia. mentál status changes, symptoms of increased 
intracranial pressure, and behavioural changes.1"2 The ocu- 
lar maniỉestation is tenned primary intra-ocular lymph- 
oma; it is often misdỉagnosed as uveicis, and should be dis- 
tinguished hom  systemic lymphoma with orbital 
involvement.1-3-4

T re a tm e n t options for primary CNS lymphoma ỉnclude 
corticosteroids, radiotherapy, and chemotherapy. Corticos- 
teroids such as dexamethasone, although the ơeatm ent of 
choice íor short-term palLiation, should be avoided beỉore 
tìssue biopsy since they can interíere with the histopathol- 
ogy.1"2 These tumours are radiosensitive. but the timing of 
radiotherapy is conơoversial. Most recommend some form 
of radiation after chemotherapy; drug delivery may be 
optimal betore radiarion, vvhen the blood-brain banier is 
maximally dỉsrupted by the tum our.2 Others advise against 
first-line radiotherapy, based on limited eỉhcacy and 
potentìal delayed neurotoxicỉty; consolidation radiotherapy 
may be beneũdal in younger patients who achieve a 
complete response afteĩ methotĩexate-based chemother- 
apy.2-5

While the optimum chemotherapy combination remains 
u n đ e a r,1"5 chem otherapy has signiỉicantly improved 
disease-free and overall survival.2 High-dose methotrexate 
appears to be the most ehective drug and is recommended 
first-line, vvith o r vvithout o th e r drugs such as 
cytarabine.1-2-5 Regimens based on CHOP (cydophosph- 
amide, doxorubidn, vincristine, and prednisone or pred- 
nisolone) have been assodated vvith increased neurotoxidty 
and ỉound ineổective, probably due to poor penetration 
across the intact blood-brain barrier;1"2 as a consequence, 
CHOP-like chemotherapy is considered to have no role in 
the tteatm ent of primary CNS lymphoma.1

In patients who relapse aher a relatívely long-term 
response (longer than 1 year), then re-treatment with a 
methotrexate-based regimen is considered reasonable. For 
those who do not respond to initial chemotherapy or who 
reỉapse quickly, recommendations indude radiotherapy 
with or Tvỉthout chemotherapy,2 Altemative agents include 
rituximab, temozolomide, topotecan, and the combination 
regimen of dsplatin, cytarabine, and dexamethasone.2 
Eigh-dose chemotherapy íollovved by autologous haema- 
topoietic stem cell txansplantatìon (HSCT) has been 
investigated, but evidence to support its use Brst-line is 
considered to be laddng.1 Hovvever. it has been reported as 
being an effective treatm ent for Telapsed and Tehaaory 
disease.4

Optimaỉ treatm ent íor prìmary ữitra-ocular lymphoma is 
no t known,3 and recommenđations for therapy remain 
controversial.1 Options ỉnd u đ e  ocular radiotherapy, 
intravitTeal methoơexate, combined modality treatment, 
and systemic methotrexate-based chemotherapy.1-3-4 High- 
dose chemotherapy with autologous HSCT has been trìeđ.1"4 
and agents under investigation induđe riruximab and 
troíosíamiđe.1
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MALT lymphoma. Marginal zone B-cell lymphomas of 
mucosa-assodated lymphoid tissue (MALT) occur most 
commonly in  the stomach, but may also occur in the sali- 
vary gland, breast, thyroid, eye, or lung. They tend to be 
indolent and rem ain localised ỉor long periods of túne, but 
can transíonn to  a more aggressive type. Clinical symp- 
toms of gastric MALT lymphoma are vague and varied and 
indude abdominal pain. dyspepsia, vomiting, and gastríc 
bleeding.

Most gastric MALT lymphomas are assodated with 
Hdicobaaer pylori iníection.1"4 The baaerium  stimulates the 
ỉoim ation of MALT in the stomach, vvhich normally lacks

organised lymphoid íìssue, and there is evidence that it 
indữectly stimulates tum our growth. Eradicatíon of H. pyỉorí 
iníection using antibacterial and antisecretoty therapy. as 
described in Peptic ulcer Disease, p. 1816.2, has been shown 
to result in regression of gastric MALT lymphoma in most 
patients.1-2-4-5 Tum our response may be slovv,2 and 
lymphoma regression aher H.pylori eradicatỉon is not 
alvvays complete; eradication suppresses but does not 
necessarily eradicate the neoplastic done. Only lymphomas 
limited to the mucosa o r submucosa regress aher 
eradication and lymphoma can recur.1 Thus, patients who 
are H. pylorì-positíve with early stage primary gastric MALT 
lymphomas may be treated solely vvith H. pylori eradication 
regimens and long-term enđoscopic follow-up.2'4"4"7 The 
best treatm ent for paóents vvithout H. pylorí iníection. those 
vvhose tumours do not responđ to eradication, and those 
vvith more advanced tum our stage at presentation remains 
to be established.

Radiation therapy is the treatment of choice for localised 
disease.2-4-6,7 Rituxứnab monotherapy may be considered for 
early stage disease if radiation therapy is conưa-indicated.2 
Surgical resection is generally limited to specilic clinical 
situations,2 such as the management of complications or for 
cases of locally persistent disrase.34 Single-agent or 
combination chemotherapy is recommended in advanced 
disease.2-7 No Standard chemotherapy regimen has been 
established.4 Regimens that may be tried include alkylating 
agents such as cydophosphamide or chlorambudl, purine 
analogues such as dadribine or Audarabine,3-4-7 and 
occasionally anthracydine-based chemotherapy for young- 
er patients vvith more aggressive disease.3 Rituximab is also 
an option, given either alone or vvith chemotherapy.2"4-7

It has been suggested that screening for and eradication 
of H. pylori is w orth investigating as a means of preventing 
gastric cancer.’

Non-gastrointestinal low-grade MALT lymphomas have 
been treated vvith surgery or radiatỉon therapy if localised, 
and with single-agent or combination chemotherapy 
(similar to that used ỉor other lovv-grade non-Hodgkin's 
lymphomas—see p. 696.3) if advanced.2'4-6
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Manlle cell lymphoma. Mantle cell lymphoma is a rare, 
aggressive lymphoma o( B-cell origin, charaaerised in 
most cases by a chromosomal t( lỉ;14 ) ưanslocaúon. 
Patients are oíten elderly and more often male. Most 
patients present with advanced stage disease. Clinical fea- 
tures indude (ever, vveight loss, drenching night sweats, 
and gastrointestinal symptoms.12

There is no established Standard tre a tm e n t ỉor mantle 
cell lymphoma.3-4 For the few patìents presenting vvith 
localised disease, radiotherapy signiỉicantly improves 
progression-free survival, and is recommended Đrst-line, 
with or vvithout chemotherapy.1-3

System ic com bination  chem otherapy, although  
non-curative, is recommended in advanced disease.1-3 
Rituximab plus chemotherapy is recommended Brst- 
line.1-3-3 Chemotherapy options include CHOP (cydo- 
phosphamide, doxorubidn, vincristine, and prednisone), 
HyperCVAD/MA (cydophosphamide, vincristine, doxo- 
rubidn, and dexamethasone altemating with high-dose 
methotrexate and cytarabine), and EPOCH (etoposide, 
prednisone, vincristine, cyclophosphamide, doxorubidn).1'
3-5 For íurther iníormation on thcse and other common 
chemotherapy regimens, seeTable 1. p. 719. An altemative 
treatm ent in  younger patients, vvithout signiíicant 
comorbidities, is high-dose radiochemotherapy Consoli
dated by autologous haematopoietic stem cell ưansplanta- 
tion (HSCT).1-3-3'4 Allogeneic HSCT may be curative, but 
only a íevv patients are suitable and it is assodated with 
considerable morbidity and mortality.1-2-4 For patients who 
cannot tolerate more intensive therapy, some recommend 
CHOP with or vvithout rituximab3 or anthracydine- or 
Audarabine-containing regimens.1

Patients who retapse aíter initial therapy or with 
Progressive disease may be treated with bendamustine 
(with or vvithout rituximab), bortezomib, lenalidomide, 
purine analogue-containing regimens (vvith or vvithout 
rituximab), temsirolimus, thalidomide (alone or vvith

rituximab),1-3-5-6 or ibrutinib. Radioimmunotherapy, with 
radiolabelled m onodonal antibodies ibritumomab and 
tosirumomab, has also been investigated íor relapsed OỊ 
rehactory disease.1-2-5-4 Allogeneic HSCT may be considered 
in suitable patients w ith relapsed disease aíter íữst-line 
therapy.1-2-4
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/Vlycos/s lungoides. Mycosis íungoides is the most common 
oí the cutaneous T-cell lymphomas. It is considered tc 
have 3 stages vvhich may overlap or occur simultaneously:
• a premycotic erythematous or patch phase, characterised 

by a pruritic rash resembling psoriasis, which may persisi 
for years or even decades

• an iníiltrative or plaque phase, in vvhich some patches 
become thickened, darker plaques with marked T-cel] 
inDltration

• a tumour phase where lesions enlarge and ulcerate 
Ultimately there may be visceral involvement or 
potentially íatal sepsis secondary to skin breakdovvn

A Ieukaemic variant of mycosis hingoides presents as 
vvidespread pruritic erythroderma, accompanied by abnor- 
mal T-cells in the blood, and is knovvn as tbe Sézary 
syndrome.

There are many therapeutic options for mycosis 
(ungoides, but few have been evaluated in controlled 
studies. Treatment depends on disease stage and spread.’"5 
Patients with limited and slowly Progressive patch phast 
dừease bave a good prognosis (median survival similar tc 
age-matched Controls) and may be managed with topical 
and local therapies. Topical therapies indude emollients, 
corticosteroids, chlormethine, carmustine, the retinoids 
bexarotene or tazarotene, and imiquimod.1-2-4'10 Photo- 
therapy, using u v  B light, or a psoralen plus u v  A light 
(PUVA), is a useíul altemative when topical ưeatments are 
ineííeaive or not tolerated.1-2-4 Mycosis íungoides is very 
radiosensitive, and íor dearly localised patcbes, or isolated 
patches that have ỉailed to respond to other treatmcnts, loca] 
x-ray or eledron beam radiotherapy may be used.2-3-4'*

The initial therapy íor patients w ith vvidespread patchj 
plaque phase dữease is also topical, using chlormethine OI 
PUVA.1-4 Topical retinoids are not recommended for 
generalised sldn involvement, as they can cause irritation/ 
Patients who fail to respond to a single drug may be treated 
with combinatíons such as chlormethine with photother- 
apy,1 PUVA vvith interíeron alía,1"3"7 or PUVA with 
rêtmoids.7 Total skứi elecưon beam therapy may be used, 
but ít may not be vvidely available and is usually only given 
once;3 it is generally used for thickened plaques or for 
disease that has not responded to other local therapies.1"3

In the tumcur phase, combination therapy as described 
above is oíten used ứiitíaUy.1"4"7 Altematively, systemic 
retinoids (such as adưetin , bexarotene, isoơetìnoin, OI 
tretinoin), interíerons, vorinostat, romidepsin, denileukừ) 
diítitox, or low-dose methotrexate may be tried.4 Systemic 
chemotherapy may be used for palliation in  recaldơant 
disease and advanced disease with extracutaneous involve- 
ment, but responses are often of short duration.1-2-4 Options 
indude singlẽ-agent liposomal doxorubidn, gemdtabine, 
chlorambudl, pentostatin, etoposide, cydophosphamide, 
and temozolomide.4 Combination regimens indude CHOí 
(cydophosphamide, doxorubidn, vincristine, prednisone), 
CVP (CHOP vvithout doxorubidn), CAVE (cydophosph- 
amide, doxorubidn, vincristine, etoposide),1 or EPOCH 
(etoposide, prednisone, vincristine, doxorubidn, and 
cydophosphamide).* For íurther iníonnation on common 
chemotherapy regimens, see Table 1, p. 719.

Mycosis hmgoides with erythrodermic íeatures ỉs ưeated 
similarly except that skin irradiadon tends to be avoided OI 
used in very low doses as it causes severe desquamatíon.1 
Extracorporeal photopheresis may be useíul for đisease with 
erythrodermic íeaturês.1-3"3'4-10

Therapies íor persừtertí or recurrmt mycosis ỉungoides 
indude denileukứi dưútox. bexarotene, and vorinostat.2-4-5 
Experience with autologous haematopoietic stem cel] 
ưansplantation (HSCT) is limited, but allogeneic HSCT may 
be considered for patients with advanced disease that is 
Progressive or reừactory to multiple tteatm ent options.6"' 
Alemtuzumab has been used in patients vvith advanceđ OT 
reùactory mycosis hingoides or sézary syndrome.4•4•,
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Waldenslrõm's macrogbbulinaemia. Waldensơõm’s macro- 
globulinaemia (primary macroglobulmaemia) is an 
uncom m on Brcell lymphoprọiưeratìve disorder charac- 
terised by lymphoplasmãcýtỉc cells that inũlưate the bone 
marrovv and -by hypersecretion of immunoglob ulin M 
(IgM). Patịents ãre mainly elderly, and more often male. 
À ĩthough ọften asymptomatic, pãtients can present with 
weakness and íatigue, peripheral neuropathy, anaemia, 
hepatosplenomegaly, and lymphadenopathy. Some devel- 
op the hyperviscosity syndrome (characteiised by oronasal 
bleeding, visual disturbances and retinal haemorrhage, 
neurological disturbances such as headache, vertigo, and 
hearing loss, and. rarely, heart íailure).

Asymptomatỉc ỉ>atients requừe no ưeatment and may 
rem ain stable íor some y eais. Where tre a tm e n t is requữed, 
Brst-line opnons indude the use of alkylating agents, 
nucleoside analogues (such as dadribine or Audarabine), or 
the monodonal antibody rituxỉmab, as well as combina- 
tions oỉ these.1'9 Combination regũnens indude nudeoside 
analogues with either rituximab or cydophosphamide, or a 
combinatíon oí all three drugs. Cydophosphamide-based 
therapy wĩth rituxumab may also be an optỉon. such as R- 
CHOP (rituximab, cydophosphamide, doxorubidn, vin- 
cristine, and prednisone) or DRC (dexamethasone, 
rituximab, and cydophosphamide). Rituximab may also 
be used w ith thalidomỉde. and thỉs combination or the DRC 
regimen may be useỉul tor those vvhose main indication ỉor 
treatm ent is cytopenias.

Rituximab-based therapies may be the preíerred initial 
therapy for most patients; cydophosphamide-based regi- 
mens are appropriate iỉ rapid disease comrol is needed.7 
Rituximab monotherapy is discouraged in those patients 
with higher IgM concentrations and at risk of hypetvisc- 
osity,2-3-’ although it is ạn appropríate choice for those 
patients vvith lovv-risk disease and assodated comorbiđities.7 
The use of chlorambudl has decreased in Waldensưồm's 
macroglobulinaemia,* but it may also be considered as 
monotherapy in lovv-risk disease and in older patients with 
comoẠidities.7

High-dose therapy followed by autologous haemato- 
poietic stem cell transplantation (HSCT) has a role in the 
management of selected patients,2-5 and non-myeloablative 
allogeneic HSCT has also been mvestígated.17-’-10 Although 
many patients are too old to toleratc the high-dose 
therapy,5-10 candidacy for autologous HSCT is a íactor in the 
choice of initial therapy;7 it is recommended that exposure 
to alkylating agents and nudeoside analogues be limited if 
HSCT is to be considered.2-3'4-7-9 Altematively, stem cells 
may be collected beíore treatment with these drugs.2 A 
retrospecũve study11 found that use of nucleoside analogues 
vvas associated w ith  an increased risk oỉ disease 
transíormation to high-grade lymphoma.

W hen disease stabilises, ưeatment may be stopped and 
begun again on reìapse} The choice of therapy depends on 
the first-line treatm ent used, the quallty and duratỉon of 
response, and other variables such as patient age, tolerance 
of therapy, and candidacy for HSCT.7 Initial ưeatments that 
produce relatively long responses (6 to 12 monthỉ) may be 
repeated; altemate ũrst-line agents or combination regi- 
mens are recommended for earlier progressions.3-7 Appro- 
príate second- or third-line choices indude bortezomib, 
thalidomide (with or vvithout dexamethasone), HSCT, or 
alemtuzumab,3-7 although some conãder the use oỉ the 
la tter unacceptable in  this context because of high 
treatm ent-related mortality.4 Lenalidomide is under 
investigation for Waldensơõm's macroglobulinaemia3'4-9 
and small studies have reported beneEt with interỉeron 
alfa.i4,1°

Plasmapheresis is indicated for the treatm ent oỉ 
symptomatic hyperviscosỉty,1-3'4-10 and high-dose corticos- 
teroids may be used to treat.systemic vasculitìs arising bom 
deposition of paraproteins.4 Splenectomy, although rarely

indicated, may be used to manage painíul splenomegaly and 
hypersplenic syndromes.1-4
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PLASMA CEU. NEORASMS. Multiple myeloma. Multiple myel- 
oma (myelomatosis) is a lymphoproliíerative disorder of 
B-cell origứi, involving the development oỉ an  abnoimal 
plasma-cell precursor. It occurs mainly in the elderly, and 
accounts for about 1 % o! all malignancies. It is more com- 
mon in black than in white patientỉ and in men than in 
vvomen.

The prohíeration of the abnonnal done tends to suppress 
noimal haematopoiesis, resulting in anaemia and immu- 
nosuppression, with an increased lisk of serious iníection. 
Perhaps the most characteristic complication, however, is 
skeletãl destruction, apparently due to release of an 
osteodast stìmulating íactor, resultìng in osteoporosis, Iytic 
lesions and hactures, and bone pain, as well as consequent 
hypercalcaemia. In additỉon, the plasma cells reỊease large 
quantities oỉ monodonal ỉmmunoglobulins, known as 
paraproteins, which can produce a hyperviscosity syndrome 
and in some cases may interiere with platelet hmction. 
Renal íailure oỉ various causes and neurològical problems 
due to compresslon are also common.

Multiple myeloma is not curable w ith prescntìy- 
available treatment, and th e ra p y  is concemed with 
prolonganon of survival and alleviation of symptoms.1-2 
Those patients vvith stable, indolent or smouldering 
myeloma. orbenign monodonal gammopathy, are íollovved 
careíully but not tteated until overt Progressive disease 
occurs.1'3 Eaiiy treatment may inhibit disease progression, 
but overall survival and response rates are not aHected.4

The treatment of overt disease depends on eligibiỉity for 
haematopoietic stem cell transplantation (HSCT) and risk 
assèssment.5 High-dose chemotherapy combined with 
autologous HSCT improves response rate, event-frèe 
survival, and overall survival compared with Standard 
chemotherapy.6 Evidence for these beneũts is strongest for 
patients younger than 55 years old.7 Although some4 
consider standard-dose chemotherapy to be the preíerred 
initial treatment in patients older than 70 years, other 
revievvs4’’ have concluded that autologous HSCT is safe for 
the majority of patients older than 65 years, and guidelines 
have suggested its consideration in this group2 if they have 
good tunctional status and limited comorbidity. With 
tandem transplantation, patients receive a second planned 
autologous HSCT,U0 since it vvas shown that patients who 
did not enter remission aíter one transplant could achieve 
remission atter another.11 Some recommend tandem 
transplants in those vvho do not have at least a very good 
partial response aíter the first,12 and as such, some centtes 
routinely collect enough stem cells for two trans- 
plants.1-10,13'14 However, the beneíit of a second transplanta- 
tion has been challenged by the high efflcacy of novel 
inductíon agents followed bý one autologous HSCT, vvith 
these agents then  used as consoỉidation the rapy .”  
Allogeneic HSCT has been used for multiple myeloma, 
sometimes after autologous HSCT, but few patients are 
suitable, and transplant-related morbidity and mortaỉỉty are 
high with conventional myeloablative chemotherapy 
regimens; non-myeloablative regimens (minỉallogeneic 
HSCT) are under investigation.’ 10' 13

Although the VAD regimen (vincristine, doxorubidn, 
and dexamethasone) was used for many years as induction 
therapy, new er regimens are now recommended in 
preíerence.3'5,10’15-14 Dexamethasone, which may be used 
alone, íorms part of most recommended regũnens.1'14 
Options indude thalidomide plus dexamethasone, lenali- 
domide plus dexamethasone, and bortezomib-based regi- 
mens.1,3-5-10-1115,14 Although considered by some to be less 
íavourable than the new er regimens,14 the DVD regimen

uses liposomal doxorubidn instead of doxorubidn in the 
VAD regimen.1-16

Peripheral stem cells are collected aừer giving high-dose 
cydophosphamide and granulocyte colony-stimulating 
laaor.6-4 Although some suggest the use of alkylating 
agents and interieron alfa after stem cell collectìon,* earlier 
alkylator or ninosurea therapy interíeres with stem ceU 
mobilisation,1-l l l l , ỉ  and can result in poor engraữment.7'9 
The Standard conditioning regimen before ơansplantatìon is 
considered to be high-dose melphalan.13-6'4' 10-13 Total body 
irradiatíon is no longer recommended, as combined with 
lower dose melphalan, it resulted in higher toxiđty and no 
signiScant survival benefit compared vvith high-dose 
melphalan alone.4,7,9 Similariy, stem cells are not purged 
oí contaminating myeỉoma cẽlls as a randomised smdy17 
showed no beneht.

Where transplantation is iníeasible or inappropriate, 
chemotherapy may be given to induce remỉssion and 
prolong survivaL The Standard fii5t-lỉne regimen has long 
been a combination oỉ oral melphalan and corticosteroids, 
usually prednisolone or prednisone.1'3’9'10’13"14 This MP 
regimen produces an objective response in about haU of all 
patients, and prolongs median survival to between 2 and 3 
years.9 The contribution of corticosteroids to the rẹgimen 
has been controversial although a trend tovvards inaeased 
survival was noted4 compared with melphalan alone, and 
high-dose dexamethasone given alone has been rẹported to 
be eSective in  produdng remissions.9 Cydophosphamide is 
active,6 and has been substituted for melphalan.2 The 
additỉon of thalidomide to meỉphalan and prednỉsone (the 
MPT regimen) has led to better response rates and 
progression-free survival, and it is recommended as 
Standard induction for elderly patients ineligible for 
HSCT;3-5 hovvever, toxicity is higher than with the MP 
regứnen.12-14-14 Similarly, the MPV or MPB regũnen 
(bortezomib added to melphalan and prednisone) was 
íound to have improved response rates and overall survival 
compared with MP alone,1-5-14 and it is also a recommended 
inductíon regỉmen. Lenalidomide added to melphalan plus 
prednisone is another ốption.1 Other inductỉon regimens 
indude bortezomib plus déxámethasone, thalidomide plus 
dexamethasone, lenalidomide plus dexamethasone, the 
VAD or DVD regimens,1 or bendamustine plus prednisone.

Mmntenance chẹmotherapy with thalidomide has been 
used after autologous HSCT,1-19 and may be oỉfered to 
patìents not achieving a complete response after tandem 
HSCT,15’14 although optimal duratỉon of maintenance 
therapy is not knovvn.3-19 Bortezomib and lenalidomỉde can 
also be used íor maintenance,1'12 aỉthough there may be an 
increased risk of secondary cancer with the latter. Other 
options indude thalidomide plus prednisone.1 Cortlcoster- 
oids or interíeron do not appear to provide signihcant 
dinical beneũt,5-10-15'19 although some guidelines suggest 
second-Iine use.1

in patients who fall to respond to initial treatment. or 
who subsequently relapse, various regimens may be tried.1 
If relapse occurs more than 6 months aíter initial inductíon 
therapy, re-use of the initial regimen is recommended. 
Hotvever, a different regimen should be considered if 
disease recurs within 6 months of completing induction 
therapy.1-14 Good responses have been achieved with 
bortezomib,1-2 and it is recommended either as mono- 
therapy, or with dexamethasone, or liposomal doxorubi- 
d n .1’14 Other regimens indude:1’14
• monotherapy with either bendamustine, thalidomide, 

lenalidomide, pomalidomide, high-dose cyđophosph- 
amide, or carfilzomib

• dexamethasone plus either thalidomide, lenalidomide, 
or pomalidomide

• dexamethasone plus bortezomib and either thalidomide 
or lenalidomide

• dexamethasone plus cydophosphamide and either 
bortezomib or Ienalidomide

• dexamethasone plus lenalidomide and bendamustine
• bortezomib plus vorinostat
• cydophosphamide-VAD
• DCEP (dexamethasone, cydophosphamide, etoposide, 

and dsplatin)
• DT-PACE (dexamethasone, thalidomide, dsplatin, doxo- 

rubidn, cydophosphamide, and etoposide)
For íurther iníormation on common chemotherapy 
regimens, see Table 1, p. 719.

Although chemotherapy aimed at the myelomatous 
done will produce symptomatìc rellel as disease is brought 
under conưol, supportíve and symptomatíc care is also 
important. Bisphosphonates such as dodronate, pamidron- 
ate, and zoledronate have been found to be efiective in 
redudng skeletal compllcatìons,20,21 and are recommended 
ỉn  those patients vvith bone disease.1'2’14'22 Some recom- 
mend that bisphosphonate therapy be stopped aíter 2 years 
in  patients with responsive or stable disease.22'23 (Por íurther 
discussion, see Malignant Neoplasms of the Bone, under 
Bisphosphonates, p. 1174.1.) Radíotherapy is used for 
impending fracture or impending spinal cord cbmpresslon, 
and is ohen effective in relieving uncontrolled bone pain.1-9
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Erythropoietin therapy can improve anaemia and reduce 
the need for transfusion.1•6•, •,  A high fluid intake is essentíal 
in patients w ith renal dysíunction or hypercalcaenũa (for 
the apprọpriate management of the latter. see p. 1778.1). 
Vigorous antibacterial treatment may be needed ư iníection 
occurs (see Inỉections in ỉmmunocompromised Patients, 
p. 186.3) and plasma exchange m ay alleviate the 
hyperviscoáty syndrome.1-*-10

Drugs under invesúgaúon ỉor the ữeatm ent of multiple 
myeloma indude oblimersen, vorinostat, and arsenic 
trioxide.13-14
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M alignant effusions. The amount oỉ interstitial fluid is 
normally regulated by a complex equilibrium between 
caplllary hlơatìon, osmotic pressure, and physical hydro- 
static or hydraulic íorces. Malignant neoplasms can disturb 
this equilibiium by obstruction of capillary or Iymphatic 
drainage as well as causlng actíve exudation oỉ additional 
fluid aỉter metastatic implantation. Malignant eííusions are 
assodated most often with lung, breast, and ovarian 
malỉgnanães and lymphomas. Symptoms vary, and the 
fluid build-up may be asymptomatic both pleiual and 
pericardịal eữusions can produce cough, pleuritic chest 
pain, and dyspnoea and pericardial effusions may progress 
to cardiac tamponade. Peritoneal ettusions may lead to 
malignant asdtes.

The maiti aim oỉ tre a tm e n t for malignant eỉỉusions is 
eữective palliation of symptoms, and depends in part on the 
tum our type, patient pertormance statũs, and prôgnosis.1"4 
If the tum our is chemosensitìve, systemic chemotherapy 
may resolve the eữusion.1-4'5 Similarly, radìotherapy can be 
effectjve for pericardial effusions assodated with radio- 
sensitive tmnours.3 Simple fluid drainage (thoracentesis, 
paracentesis, or perícardiocenteás) will relieve symptoms 
until fluid build-up recurs,2-3 and in patients with verỹ poor 
prognosis and a limited lUe expectancy, may suíhce for 
palliation.4 Use of an  indvvelling pleuĩal catheter al)ows 
convenient and minimalỉy invasive fluid drainage in 
patients vvith pleural eííusions, and may resũit in 
spontaneous pleurodesis.4 In malignant asdtes, paracentesis 
is usuaỉỉy effective temporarily; evidence for the value oỉ 
diuretics is weak, but spứonolaaone may be of beneht in 
some patientỉ, either alone or with a loop diuretic.6 In other

patíents vvith reừactory tumours, íluid drainage íoUovved by 
sderotherapy is likely to be prcíerred.

The prindple of sclerotherapy is the instỉllation o! an 
irritant agent into the pleural or pericardial cavity to 
promote inũammatory and íibrotic changes w hich result in 
the membranes adheríng together and abolition of the space 
betvveen the membranes in which fluid accumulates. Whcn 
this is done to ưeat pleural eỉhtsions (pleurodesis) success is 
depcndent on adequate ũuid drainage beíorehand and full 
re-expansion of the lung to bríng the pleural surỉaces 
together. Inưapleural thrombolytics such as streptokinase 
have been used to ímprove íluid drainage in cases of 
loculatíon of the eííusion.1-7

Many drugs have been used for sderotherapy, and the 
most common are a tetracydine (doxycydine or teưacy- 
dine), bleomydn, or talc. The choice between these three 
remains conơoversial, and opinions on the prderred option 
dưíer.1-14-7-’ Hovvever, a systematic review’ íound talc to be 
the sclerosant of choice íor malignant pleural effusions. 
Other sderosants that have been used, vvith varying 
reported rates of success, include ùiterteron alía, mepacrine, 
mitoxantrone, pidbanil, povidone-iodine, silver nỉtrate, 
C oryntbaatrìum  parvum , and Staphylococcus aurius  super- 
antigen.* Alter drainage of the eííusions the sderosant is 

j instilled in a small volume (50 to lOOmL) of liquid through 
the drainage tube.’ Talc may also be given as a povvder 
insulỉladon (rather than slurry), but this involves a surgical 
procedure under general anaesthesia. Sderotherapy results 
in paìnhil inílammation, and local anaestheúcs or analgesics 
should be given.3-7 For patients who íail sderotherapy, or for 
whom this is not considered suitable, there are varíous 
surgical opđons to manage ehusions.1'5’6
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MaCgnant neoplasm ỉ of the bladder. Cancer of the 
bladder ũ  the ỉourth or fiỉth most common cancer in Eur- 
ope and the USA, where over 90% of bladder cancers are 
ưansiúonal cell in type. About two-thứds of all cases 
occur in men. and the median age at diagnosis is 65 yean. 
Knovvn rìsk lactors indude tobacco smoking, exposure to 
Chemicals such as aniline dyes, and previous radiotherapy; 
in countrìes where it ứ endemic, schistosomiasis is also an 
impoitant cause oỉ squamous cell bladder canccr. Most 
patients present vvith haematuria; there may also be 
urinary írequency or dysuria.

U rothelial tum ours ỉa ll in to  3 m ajor groups. 
non-invasive, invasive, and metastatic, vvhich dUíer in 
prognosis and management.1 About 70% of cases are 
non-muscle-invasive (superíidal). 25% are musde-inva- 
sive, and 5% are metastatic.3

The n o n -m u s d e  invasive tumours are divided into 
low-grade cardnomas orpapillomas conỉineđ to the mucosa 
(Ta), those that have invãded the submucosa (Tl), and 
high-grade cardnom a in situ  (CIS).1'3 The Standard initial 
treatment for primary or recurrent disease is surgery, in the 
form of ưansurethral resection (TUR). In an attempt to 
prolong remission and reduce the recurrence rate antineo- 
plastics are instílled into the bladder soon after TUR 
(prophylactìc or adjuvant inưavesical therapy).1'1 Eữective 
agents indude mitomytín, doxorubicin, epirubidn, and 
thiotepa; eíCcacy is similar in teixns of outcome and choice 
depends on adverse eííects.2-4 The immunomodulator BCG 
is aỉso used intravesically, with good results.2 A single dose 
of intravesical chemotherapy is usually gỊven within 24 
hours of TUR, which may be suíãdent for low-grade Ta 
tumours.1-3-4 The need for íurther adjuvant intravesical 
therapy depends on the patient's prognosis and risk of 
tumour recuưence.5'4 The ideal duration and intensity of 
the schedule remains undehned.4

Chemotherapy reduces recurrence, but not progres- 
sion,14 and BCG is considered by some to be the preíerred 
optíon ỉor high-grade nimours or those at high risk of 
progression.1-3 M itom ydn is an altemative.1 BCG is also 
generally preíerred to antineoplastics íor CIS.1,5 and may be 
considered as maintenance therapy in those shovving a 
complete response.1-5 Those with recurrent or persistent 
disease can be given a second course of BCG or mitomydn.

If residual disease is still present, cystectomy should be 
considered; inưavesical therapy with a diHerent agent

(mitomydn, valrubidn , or BCG plus inteiíeron aUa) is a n 
altematíve to  cystectomy. Radical cystectomy is recon - 
mended ư disease progresses.1 Photodynamic therapy usir g 
porũmer sodium or 5-aminolevulinic add  has also b e e i 
investigated.4

M anagement of m u sd e-ln v as iv e  bladder cancer th. :t 
has not yet metastasised is a matter of some controversy, bi t 
conventional therapy  has revolved a round  radic. 1 
surgery.1-2-7 Patìents are usually also given System: c 
chemotherapy beíore (neoadjuvant) or after (adjuvan ) 
complete cystectomy, in  an  attempt to prolong survival.1-3 7 
Neoadjuvant chemothciapy apparently íavours su rv ival3 
there is insuỉhdent evidence for routine use of adjuvai t 
chemotherapy,3,5 and use of the latter usually depends o 1 
prognosis, and w hether or not neoadjuvant chemotherap Ị  

was given.1 Some recommend considering the use ( f 
adjuvant chemotherapy in  node-positive patients.3 Seleae 1 
patients may be considered for bladder-sparing approache s 
such as partial cystectomy followed by radio therap;, 
chemotherapy, or both.1-7

The optimal chemotherapy regimen remains to b: 
detined but reglmens incorporating dsplatin, gemtítabint. 
or methotrexate are usually preíerred. Typical regimeni 
include gemdtabine plus dsplatin, CMV (dsplatin. methc - 
trexate, and vinblastine). or MVAC (methotrexate, vin- 
blastine, doxorubidn, and cisplatin).1’5 For íurther 
iníormation on common chemotherapy regimens, s e : 
Table 1, p. 719.

Patients with unresectable or m etastatic disease, or wh ) 
subsequendy develop metastatic disease, are usually treate 1 
with systemic chemotherapy with or without radio- 
therapy.1-3 For padents vvith good prognosis, a combinatioi 1 
regimen such as MVAC or CMV may be used. Varioui 
combinations of gemdtabine, taxanes, and dsplatin h av : 
shovvn clinical beneíit,1’7 and gemdtabỉne plus dsplatin ha i 
been shown to provide similar survival advantage to MVA<: 
wdth bener tolerabibty: some now consider that it should b<: 
the preleưed regimen in advanced disease.1-* Taxane-based 
regimens may be considered in patỉents unable to receiv • 
dsplatìn.1 No Standard second-line therapy exists and 
partidpation in dinical studies is encouraged; depending OI 
first-line therapy, palliadve options include monotherap 
with bleomydn. íluorouradl, dsplatin, carboplatin, doc 
etaxel, doxorubidn, gemdtabine, ifosfamide, methotrexatc 
paditaxel, pemetrexed, or vinblastine.1 Vinílunine is ai 
optíon for those who progress on first-line platínum-basei 
therapy.3 Nevver drugs under investigation includ. 
epidermal grovvth íaaor receptor inhibitors such a 
cetuximab and inhibitors oí angiogenesis such a 
bevadzumab and sunitinib.’
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9. Agarwaỉ N. Hussaỉn M. Management of bladder cancer: current and 
emergỉng strategỉes. Druys 2009; 69: 1173-87.

M atignant neoplasms of the bo ne. Skeletal complications 
may result bom  primary cancers or bom  bone metastases 
secóndary to other cancers. Primary bone m abgnandes 
are rare, and are usually sarcomas (see Bone Sarcoma, 
p. 717.3). Multíple myeloma (p. 699.2) also produces 
bone involvement. Metastatic bone disease is a common 
problem with cancers oi the breast, prostate, and lung.

skeletal m alignandes cause considerable morbidity, 
induding cancer pain (the general management of which is 
discussed on p. 7.1) and also result Ũ1 immobiUty, bone 
ừactures, bone-marrow inbltration, spinal cord or nerve 
root compression, and hypercalcaem ia.1'3 The most 
common sites of metastasis are the axial skeleton induding 
the spine and ribs, and the proximal ends of the long bones.

The goals of management oí b o n e  m e tas ta ses  are 
essentially palliative: to relieve pain, preserve and restore 
íunctìon, and to reduce the risk of íracture and stabUỉse the

A1I cross-references reíer to entries in Volume A
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skeleton. Treaưnent often requires a multi-disãplinary 
approach thai includes radiation, surgery, and systemic 
therapy.2-4-4

Radiotherapy provides excellent palliation of localised 
metastatic bone pain,2,3 with responses occurring in over 
70% of patients ưeated vvrith extemal beam irradiation. 
Radiation can also be used to prevent or treat ừactures, or to 
prevent spinal cord compression.2 Bone-seeking radio- 
pharmaceuticals such as rheniutn-186, phosphorus-32, 
samarium-153, or strontium-89 may be used as an 
altemative for pain palliadon, or as an adjunct to extemal 
beam radiotherapy.2-4-5-7 Radioừequency abiation has also 
been reported to be eííective for pain, but is contra-mdicated 
in the spine ovving to proxũnity of the spinal cord and nérve 
roots.3

Structural vveakness due to extensive bone loss may 
require structurai support; extemal hxatỉon with cast or 
brace immobilisation is an option. Intemal surgical Sxatíon 
or stabilisation can treat or prevent íractures.2 Surgical 
exdsion and reconstruction with methylmethacrylate bone 
cement m ay also be required. Postoperadve radiotherapy is 
used to prevent ừactures2 and improve mobility.3

Bone metastases cause local osteolysis and varìous bone- 
modUying agents (such as the bisphosphonates and 
denosumab) that inhibit bone resorption have been tried, 
not only to coưect hypercalcaemia of malignancy 
(p. 1167.2), but also to relieve bone pain and reduce the 
risk of ứactures. Bisphosphonates are of benefit in patients 
with severe bone pain that is too vvidespread íorlocal use of 
radiotherapy and does not1 rẽspond to other analgesics.* 
Revievvs9'10 concluded that bisphosphonates signiHcantly 
decrease skeletal morbidity, except for spinal cord 
compression. Beneũts in terms of skeletal events are only 
seen aíter about 6 months o{ treatment.9 Despite the 
integration of bisphosphonate use into dinical practice for 
bone metastases, th^ optimal timing, schedule, or duration 
of treatm ent remains to be determined.3'4-9'11'12 It has been 
suggested that bone-modifying tteatmént should start when 
bone metastases are diagnosed and continue until no longer 
dinically relevant; they do not affect survival.10-13 While 
some continue bisphosphonate treatment despite disease 
progression, others advocate changing to a more potent 
bisphosphonate, or stopping ưeatment altogether.9 There 
are no data about the consequences of stopping bone- 
modiíying treatm ent aíter one or more skeletal-related 
events. Starting bone-modifying agents in women with 
breast cancer vvithout evidence of bone metastases is not 
recommended.13 There is little evidencé supportìng the 
efficacy of one bone-modifying agent over ano then13 
denosumab and the bisphosphonates dodronate, ibandro- 
nate, pam idronate, and zoledronate have all been 
used.1-2-4,9'12-13 Of the bisphosphonates, those given 
intravenously have shown a more signihcant reduction in 
skeletal-related events than those given orally.3,10 Denosu- 
mab has shovvn some benefit over zoledronate at delaying 
or preventing skeletal events in advanced breast cancer,14 
and was noniníerior to zoledronate in other cancers or 
multiple myeloma.15

There is much interest in the use of bisphosphonates to 
prevent the development of bone metastases.11-12 However, 
preliminary evidence oí their efficacy was conílỉcting.

Systemic antineoplastic therapy should also be given if 
the prũnary tum our is chemosensitive. Endocrine ưeatment 
is usually preíerred for patients with breast and prostatìc 
cancers,2 and can produce useíul control of symptoms to m  
bone metastases.

Atrasentan is a new drug under ìnvestigation.1-4
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M alignant neoplasms o f the brain. Metastatic brain can- 
cer is the most common cause of intracranial tumours in 
adults, being up to ten times more common than primary 
brain tumours.1 The cancers that most often metastasise to 
the brain are lung cancer, breast cancer, and melanoma,1 
ạs well as coloreaal cancer, renal cell cardnoma, and ade- 
nocarcinoma.2-3 CNS involvement in patíents with acute 
leukaemia (see Acute Lymphoblastic Leukaemia, p. 692.3) 
or lymphoma (see CNS Lymphomas, p. 698.1) is also quite 
common. The ừequency and natural history of prímary 
brain tumours diííer betvveen children and adults. In 
adults, they are usuaUy glìomas,4 which are dassihed his- 
tologically into astrocytomas, oUgodendrogliomas, and 
oligo-asơocytomas.5 Astrocytomas are deữned by grades: I 
(pilocytic), n (diữuse), in (anaplastic astrocytoma), and IV 
(glioblastoma multìíorme), the latter two of which are the 
most common and are considered malignant.4'4 Low-grade 
astrocytomas7 and maỉignant medulloblastomas are the 
commonest primary brain tumours in children.*

The symptoms of primary and metastatỉc cranial 
neoplasms are those of ĩocal pressure and damage to the 
brain (such as íocal seizures and neurological deíects), of 
displacement of brain structures (like oculomotor paresis 
with tentorial hemiatíon), and oỉ raised intracranial 
pressure (such as impaired consdousness and papilloede- 
ma). Memory loss and personality changes may occur, and 
headache, nausea and vomiting are common symptoms.

The Standard therapy ỉor primary brain tum ours 
involves surgery and radlotherapy.4'5-*’9 General' médical 
management indudes control of seizures vvith antiepilep- 
tics, the use of cortícosteroids such as dexamethasone to 
conuol perỉtumoral oedema, anticoagulatíon to manage 
venous thromboembolism, and tteatm ent for íatỉgue.4,6

Surgery is generaỉly used to relieve compression and 
cerebral oedema, establish diagnosis, decrease the need for 
corticosteroids, and where íeasible- resect as much of the 
tumour as possible.1,4'4,10 Progress in image-guided resection 
has improved saíety, and although some consider it to have 
íncreased the extern of resection,4’8 others note it has not 
been as beneBdal as expeaed for gliomas.10 The value of 
surgery in prolonging survival is controversial;4-10 there is 
some evidence that extensive resection prolongs survivaL1'4 
but this may be biased10 by the selection of younger fitter 
patients for surgery.

Adjuvant radiotherapy Is widely used after surgical 
resection for malignant tumours in  adultỉ and children.1-4- 
6J .10 Xhere is no consensus on the timing of the start of 
radỉotherapy.10 Strategies to increase the dose of radiation 
delivered to the tum our by using brachytherapy (radio- 
active implants) or stereotactic radiosurgery (a technique 
usỉng highly íocused beams of radiatíon) have íailed to 
improve survival.4

Local chemotherapy using biodegradable polymers impreg- 
nated vvith carmustine, placed intraoperatively into the 
surgical cavity, has been shovvn to improve survival in 
patients with either nevvly diagnosed or recurrent malig- 
nant glioma.1-910 While some recommend this aíter 
maximal resection in high-grade disease,1 others consỉder 
it to have only marginal beneíit over adjuvant radiotherapy 
alone.4

The role of adjuvant íystemic chemotherapy for primary 
brain malignandes has been unclear, in part because oỉ the 
difficulty in finding drugs that can cross the blood-brain 
barrier; until the advent of temozolomide, treatment was 
usually based on nitrosoureas such as carmustine and 
lomustine.1'3-11 The PCV regimen (procarbazine, lomustine, 
and vincristine) has been vvidely used in the treatment of 
gliomas after surgical reseaion and radiation therapy.5-10 
The value of this regimen was called into question by a large 
randomised study of adjuvant PCV plus radiotherapy versus 
radiotherapy alone in high-grade astrocytoma, in which 
PCV provided no additional survival beneũt.12 Hovvever, a 
meta-analysis induding this and 11 smaller studies found 
that gíving some form of adjuvant chemotherapy (usually 
basẹd on nitrosoureas) modestly improved survival in adults 
vrith high-grade glioma.13 Temozolomide, an oral alkylatíng 
agent, vvas initially used for the tteatm ent of recurrent 
gliomas.’ Its use during and after radiotherapy in newly 
diagnoseđ glioblastoma, usually aíter debulking surgery, has 
improved survival,14 and this regimen has largely replaced 
the nitrosoureas in the management of gíioma.
For patients who progress aíter chemotheiapy, there is no 
established second-line regimen.4 Second-line agents 
indude irinotecan, dsplatin or carboplatin, and platinum- 
based regimens.1-3 Bevadzumab plus irinotecan may be 
tried íor recuưent disease.1-14

In chũdren, the extern of resection correlates w ith 
survival and maximal safe resection is a major therapeutic 
goal.17-1* The biology of brain tumours in  very young

children appears to differ from that seen in  older 
children.17-19 Chemotherapy is used to delay radiotherapy, 
reduce its dose or írequency, or even eliminate the need for 
it altogether, as it can cause neurodevelopmental 
damage.7’17'21 Generally, in children older than 3 years, 
surgery can be folỉowed by a reduced dose of craniospmaỉ 
irradỉation, vvhile although those younger than 3 years are 
considered high-risk, radiotherapy is avoided ư at all 
possible in this group.14

Common combination chemotherapy regúnens used ỉn 
children have induded dsplatin or carboplaón, cydo- 
phosphamide, etoposide, ưosíamide, Iomustỉne, metho- 
trexate, procarbazine, topotecan, vincristme, ọr vinblast- 
Jjjg i7.i9.20 Xemozolomide and oxaliplatin warrant íurther 
investigation.19 Dưterent tum our types vary in  their 
sensitivity to chemotherapy.

Autologous haematopoietíc stem cẹll trạnsplantation 
(p. 1937.1) is also used for various paediatric brain tum oun 
to limit the adverse eHects of chemotherapy, and to 
maxúnise the dose of chemotherapy that can be used;17-21 
results have been conAicting and appear tó depend on the 
type of tumour Preparative regimens used havẽ been based 
on thiotepa, busulỉan, or melphalan, as well as high-dose 
combination chemotherapy regimens.17-20-21 Intrathecal 
chemotherapy vvith drugs su ch as methotrexate, is also 
used.19

Since present regúnens for primary brain tumours are tar 
to m  optimal, altematives continue to be tried.1 Strategies 
indude optimismg current regimens, investígating diííerent 
combinations oí drugs, as well as methods to improve 
delivery across the biõod-brain barrier.5 Other ơẻatments 
investigated indude single or multitargeted kinase inhi- 
bitors, ligand-toxin conjugates, antisense olỉgonudeotides, 
and gene therapy.

Whole-brain radiation therapy (WBRT) is the common 
choice for most patients w ith b ra in  m e tas ta ses .1-2-22 
Surgery plus WBRT may be suitable for those with a súigle 
brain metastasis, espedally if prognosis is (avourable and 
systemic disease conưọlled.1-2 _ Stereotactìc radiosurgery 
(with or without WBRT) mạỵ be an altemative for patìents 
with ỉsolated metastases and for whom súrgery is not an 
option.1-2'22-23

Chemotherapy has traditíonally had a limited role in the 
treatment of brain metastases.2-23 The blood-brain barrier 
vvas thought to Iimit delivery oỉ drugs to the site of disease, 
espedally those drugs that ãre iargẽ and less Iipid-soluble. 
Hovvever, the blood-brain barrier appears to be partially 
dyshmctional in cerebral metastatic disease, and systemic 
therapy has led to responses in patients, espedaỉly in those 
who are chemotherapy-naive or who have not been heavily 
pre-treated.2'3'22'23 It has been noted that the use of 
corticosteroids should be limited as they may restore an 
othenvise disrupted blood-brain barrier.3 The chemosensi- 
tivity of the primary tumour may also be an important faaor 
in detennining response,2-3-22-23 although many tumours 
that metastasise to the brain are not very chemosensitive.1 
In addition, metastases may progress and be resistant to 
hirther therapy simply due to prior exposure to the drugs 
used.3-22 Thus the choice of drug needỉ to take previous 
ưeatment regimens into consideration.3 Asìde ừom 
common chemotherapy regỉmens used to treat the primary 
tumour (see Table 1, p. 719), other agents used for braln 
metastases include temozolomide (with or vvithout radio- 
therapy), capeãtabine, high-dose methotrexate, geCtinib, 
irinotecan, and topotecan. Radiosensitisets used include the 
platinum analogues and motexaHn gadolinium.1"3-22-23

A brain cancer vaccine (DCVax-Brain) is also being 
investigated.
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M alignant neoplasms of the breast. Cancer of the breast 
is the most common malignant neoplasm in vvomen. The 
disease is rare under the age of 25, and ìncreases ỉn inci- 
dence vvith age, although the rate of increase s!ows aher 
the menopause. Risk íactors indude a tamily history 
(vvomen with inherited BRCA1 or BRCA2 mutations are 
at higher risk), and reproductive hormonal íactors such as 
early menarche, late menopause, nulliparity, and older 
age at b inh  of ỉiist child. Oral conuaceptives and postme- 
nopausal HRT are also assodated with a small excess risk 
(see Cardnogenidty, Breast, on p. 2234.2 and p. 2246.3 
respectively).

Ductal cardnom a in situ (DCIS) is a tumour localised to 
the breast ducts with no evidence of invasion. Invasive 
breast cancer can be divided into three main groups:
• early breast cancer (operable, prữnary, stage I/n)
• locally advanced disease (inoperable local, stage lũ)
• advanced dỉsease (metastatic; stage IV)
Breast cancer ỉs an extremely heterogeneous disorder, and 
the dinical course is consequently very variable; such 
íaaors as patient age and menopausal status. tumour size 
and grade, involvement oỉ axillary lymph nodes or skin, and 
presence of hormone receptors vvithin the tumour may be a 
guide to the extern and aggressiveness of disease, and hence 
have prognostic signiiicance for treatment.1 Early determi- 
natíon of oestrogen-receptor (ER) status and for over- 
expression of HER2 (human epidermal grovvth íactor 
receptor-2) is recommended, since they are of value in 
determining response to certain ưeatments.1'3 Progester- 
one-receptor (PR) status may also be measured, although 
UK guidelines recommend against routine assessment in 
patients with early breast cancer.2

About 20% of all cancers of the breast detected by 
mammographic screenìng are d u c ta l c a rd n o m a ỉn  ỉ i tu  
(DCIS),*'7 the m anagement of w hjch still has some areas of 
controversy. Most patients with D€IS WĨU be oííered breast- 
conserving surgery,1-*-9 although mastectomy, which was 
historically preíerred, is still the treatm ent of choice in high- 
risk patients.1,4'4 Radiotherapy is usually recommended 
after successíul breast-conserving surgery,1-7'9 as it reduces 
the rate of recurrence and the risk of developing invasive 
disease (although it does not affea survival); there may be a 
subgroup of vvomen in  whom  it is unnecessary, but there is 
conưoversy as to how  to define the gróup. Studies 
examinìng the use of adjuvant tamoxUen have produced 
contlicting re p o r ts  oi benetit on recurrence,5-4 and again, 
there is nò proven eừect on survival. UK guidelìnes 
recommend against use of adjuvant tamoxiíen in patients 
with DOS,2 but some recommend it in seleaed patients 
such as those with ER-positive DOS.1,9 in young patients. 
and in those vvithout risk íactors for potential adverse 
eííects.7 Adjuvant use of newer oestrogen modulators such 
as anastrozole ỉs also under investigation.3'7

In patients w ịth ea rly  d isease (stage I or í t  a relatively 
small tum our vvith no or limited nođal involvement) the 
prognosis is íairly good. Primary treatmentìs surgical,'-2-9-10 
using breast-conserving surgery or mastectom y.1'911 
Neoadjuvant chemotherapy should be considered for 
those women with large tumours who are othenvise 
suitable for breast-conserving surgeiy, in order to down- 
stage the tumour, there is no evidence o£ a survival 
benefit.UU2 Chemotherapy regimens are the same as those 
recom m ended for ađ juvan t treatm en t (see below ).‘ 
Adjuvant radiotherapy is recommended aíter breast- 
conserving surgery, as it reduces Iocal recurrence rates. 
Radiotherapy is generally recommended aíter mastectomy 
in women w ith four or more positive lymph nodes, 
considered to be at high risk of recurrence.1-9’11

Further adjuvant therapy with cytotoxic chemotherapy 
or hormonaỉ therapy as well as ovarian ablation or 
suppression has been tried in order to. eradìcate the 
micrometastases which cause relapses. Studies by the Early 
Breast CancerTrialists' Collaborative Group (EBCTCG) ha ve 
conhrmed the benehts of adjuvant therapy and attempted 
to determine which women derive most bẽneht and vvhich

regimens are most elíective. Analyses bom  these13 and the 
National Surgical Adjuvant Breast and Bovvel Project 
(NSABP) B-14 and B-20 studies14 permitting up to 15 years 
of follow-up have shovvn that:
• aU women w ith early-stage breast cancer beneôt from 

adjuvant therapy (although the size oỉ the beneht varies)
• the beneũt continues to increase tvith tỉme, suggestứig 

that adjuvant therapy is curative in  a proportion of 
vvomen who vvould othervvise relapse

• about 6 m onths of anthracycline-based chemotherapy 
reduces the annual death rate due to breast cancer by 
about 38% in vvomen under 50 years oỉ age at diagnosis, 
and about 20% in those aged 50 to 69 at diagnosis (too 
few vvomen over 70 were given chemotherapy to 
estimate benelit in thỉs group)

• this survival advantage occurs largely independent oí 
oesưogen receptor (ER) status, nodaĩ status, or other 
tum our charaaeristics

• adjuvant regimens including an anthracydine are more 
effective than those vvithout a drug of this dass

• in vvomen vvith ER-positive disease, about 5 years of 
ưeatment with adjuvant tamoxilen reduces the annual 
death rate due to breast cancer by around 31%, largely

. independent of age, other tumour charaaeristics, or the 
use of chemotherapy

• combined chemotherapy and tamoxiíen thereíore 
increases the survival beneíit lurther: íor middle-aged 
vvomen with ER-positive disease the breast-cancer 
mortality rate over 15 years vvould be approximately 
halved by 6 m onths of anthracydine-based chemother- 
apy followed by 5 years of adjuvant tamoxiíen

• ovarian ablation (by surgery or irradiation) or ovarian 
suppression with a gonadorelin analogue also appear to 
reduce the mortality due 10 breast cancer, but that the 
advantage only applies vvhere other adjuvant therapies 
are not given

Although these data help in making therapeutic dedsions, 
the size of the beneíit vvill alvvays be less in patientỉ vvith 
good prognosis; in the most lavourable cases (small tumours 
vvith no involved nodes) the incremental beneltt may be too 
small to vvarrant adjuvant ưeatm ent.1 Tailoring systemic 
adjuvant therapy to the patient is important, and age and 
dinical charaaerístics alone are not adequate grounds to 
make the judgement: appropríate prognostic maxkers 
should be considered.14-15 Patients vvith tumours considered 
hormone-responsive (ER-positive or PR-posúive) may 
receive hormonal therapy alone. or vvith chemotherapy. 
Patìents vvith hormone non-responáve tumours (ER- 
negative or PR-negative) derive greater beneht from 
chemotherapy and should not receive hormonal therapy.1’9 
In addition, most patients with HER2 overexpression should 
receive adjuvam trastuzumab as vvell,1-9 as studìes have 
shovvn improvements in both disease-íree and overall 
survival,1417 and the beneíits are independent of ER status.1 
Hovvever, there are concems about cardiotoxicity.18-19 

Anthracydine-based regimens are vvidely used for 
adjuvant chemotherapy, replacing earlier historical regi- 
mens such as CMF (cydophosphamide, methotrexate, and 
Auorouracil) with those such as FAC or CAF (cydophosph- 
amide, doxorubidn, íluorouradl), AC (doxorubidn plus 
cydophosphamide), and their many variants. Anthracy- 
dine-containing regimens appear to be superior to 
non-anthracydine-containing regimens for those with 
HER2-positìve tum ours.1-19 The EBCTCG analysis could 
not shovv any dilíerence in eữicacy betvveen anthracycline 
regimens,13 but regúnens based on epirubidn ha ve gained 
in popularity in many centres, since its lower cardiotoxidty 
compared vvith doxorubidn means that higher doses can be 
given.10 Addition of a taxane (docetaxel or paditaxel) to an 
anthracydine-based regimen appears to improve disease- 
feee and overall survival.19'21 (UK guidelines recommend 
the use o( docetaxel rather than paditaxel.2)

Redudng dose intensity of chemotherapy results in 
poorer survival, and this has led to the hypothesis that 
higher doses may offer more beneũt, particularly in patients 
at high risk of recurrence. However, despite some positive 
reports of high-dose chemotherapy with stem-cell support, 
randomised studies have largely ỉaiỉed to show any benelìt 
of high-dose over standard-dose therapy.22-25

HormonaỊ therapy is only eíỉective in hormone- 
responsive disease and results oỉ the analyses above 
established 5 years oỉ tamoxiíen as the Standard of care in 
ER-positive disease.1-10 Hovvever, in postmenopausal 
vvomen, there is evidence that 5 years oí anasưozole is an 
eííective altemative to tamoxiíen,24 and treatment with 
letrozole was ỉound to íurther reduce the risk of recurrence 
compared vvith tamoxUen aíter 2 years of follow-up.25 
Studies in vvhich 2 to 3 years of tamoxUen were followed by 
an aromatase inhibitor (anastrozole, exemestane, or 
leưozole) compared with continued tamoxỉfen íound that 
disease-ừee survival was improved with sequential therapy; 
overall survival was improved in some studies but 
unaííened in others.1-26 In addition, although extending 
tamoxiíen beyond 5 years is not generally advocated, there 
may be signiỉicant benefits to íollovving a íull course of

tamoxilen w lth extended therapy w ith an arom atase 
inhibitor.27 Thus, aromatase inhibitọrs can be recom- 
mended either as initial, sequential. or extended therap y in 
postm enopáusal yvom en,'-2,9'26-2* and  UK guideli tes2 
suggest tha t tamoxiíen should only be used for initial 
therapy in  those. w ith  contra-indicatìons to  an  aroma tase 
inhibitor, although others have questioned the evidenci: for 
theữ routine initial use.29

The optimum length of extended or sequential thei apy 
has yet to be determined, but us guidelines allovv for 5 y :ars 
oí an aromatase inhibitor aíter a full course of tamoxiỉ ;n .‘ 
Prolonged use of tamoxUen alone is considered an 
acceptable option by some in those vvomen w ho car not 
tolerate an  aromatase inhibitor,30 and there is SI me 
preliminary evỉdence tha t 10 years of tam oxiíen ma) be 
superior to  5 years,19 although vvomen should be do  ;ely 
monitored for endom etrial cancer development.30 A ;ide 
írom some suggestion tha t breast cancer may be sensitiv; to 
steroidal aromatase inhib iton  (such as exemestane) e /en 
after íailure of a nonsteroidal inhibitor (such as anastro ;ole 
or letrozole),27 there is no compelling evidence for 
meaningíul cfflcacy or toxidty ditterences betvveen the 
aromatase inhibitors.1

Aromatase inhibitors are not eííective for hormc nal 
therapy in  prem enopausal vvomen vvith ER-posi ive 
disease;1’919 tamoxilen is either given alone or it may be 
combined with ovarian suppression (using a gonador :lin 
analogue) or ovarian ablation (via oophorectomy or 
iưadiation).1-2-9-31

The optimum sequendng of surgery, radiotherapy, ind 
chemotherapy/hormonal therapy has been investiga ed. 
Concurrent chemoradiotherapy (chemotherapy given v ith 
radiotherapy) is generally considered too toxic, althoiỉgh 
some allovv for its use vvith the CMF regimen. Otherv ise 
sequential therapy is preíerred, vvith adýuvant chemoth er- 
apy gi ven belore radiotherapy.1 w he the r tam oxiỉen sho ild 
be given concurrently or sequentially w ith radiother. ipy 
remains undear, despite several studies addressing .he 
quesũon;32 us guidelines allow for either option.1 w h ;re  
both chemotherapy and horm onal therapy are given, i : is 
recommended thãt chemotherapy should precede h o m o - 
nal therapy.1

In locally  ad v a n ced  breast cancer (stage III) the 1 :w 
patients for whom initiaỉ surgery is íeasible m ay be trea ed 
as those w ith high-risk early breast cancer (see abo^e). 
Hovvever, for inoperable disease, anthracycline-ba ed 
neoadjuvant chemotherapy is Standard, vvhich usuí lly 
results in suffident tum our shrinkage to allovv surg: :al 
management, as vvell as allovving assessment of he 
responsiveness of the tum our to subsequent treatm ent.1-* 
Radiotherapy and adjuvant chemotherapy are used alter 
surgery, íollovved by hormonal therapy ư the disease is ÍR - 
positive. Adjuvant ưastuzum ab is also given for thuse 
patients vvith overexpression of HER2. Adjuvant chen o- 
therapy regimens should u k e  into account w hat was giv en 
neoadjuvantly. For disease that does no t respond to 
neoadjuvant chemotherapy. thus rem aining inoperatle, 
additìonal systemic chemotherapy and/or radiotherapy JT ay 
be tried.1-2

The aims of therapy in a d v a n ced  o r  m e ta s ta  :ic 
d isease (stage TV) are palliation and prolongation of li :e; 
cure is generally not possible with current regimens,1-33 a ìd 
it is often appropriate to  select therapy on the  basis of 
previous therapy and patient íaao rs .19 In w om en vvith E X- 
positive, limited, or asymptomatic disease, horm otal 
therapy is preíerred: US guidelines advocate an  aromat; se 
inhibitor (anastrozole, letrozole, or exemestane). or ưi 
anti-oestrogen (usually tamoxilen) íor íirst-line horm or al 
therapy in postmenopausal patients; second-line thera )y 
options induđe íulvesơant, toremifene, progestogens su :h 
as megestrol, androgens such as Auoxymesterone, ir 
oestrogens such as ethinylesưadiol.1-2* Premenopau; al 
women should undergo ovarian ablation (by surgery jr 
irradiation) or suppression with a gonadorelin analogte, 
and then be ơeated a$ for postmenopausal vvomen. In it al 
hormonal therapy is continued until disease progression jr 
unacceptable adverse effects occur at vvhich point up to 2 
íurther hormonal regimens may be tried. Iỉ these ỉail, >r 
symptomatic visceral disease develops, the patient ís a 
candidate for chemotherapy. UK guidẽlines suggest simil tr 
management. w ith the use of an arom atase inhibitor n  
postmenopausal women, and tamoxUen and ovarun 
suppressiotí in  premenopausal w om en vvho have not 
préviously had tàmoxưen, or ovarian suppression alone .n 
those whõ have.3

Patients w ith ER-negative disease, or tum ours tha t are 
not localised, or tvho have symptomatic visceral metastasis, 
or women w ho have ER-posidve tum ours reừactory to 
honnonal therapy, should receive chemotherapy.l x ìì  The 
taxanes, and in  particular docetaxel (vvhich is considered 
the reíerence drug in metastatic breast cancer34) are 
acknowledged to be elíective,35 and anthracyclines (doxo- 
rubidn, epirubidn, and the related drug m itoxantrone) are 
also widely used,1 although a systematic revievv suggested 
that theừ beneíits in terms of tum our response did not
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extcnd to improved survival.36 The beneíits of platinum- 
based therapy have not been established.37 Capedtabứie, 
gem dtabine, and vinorelbine are also active single 
agents.1-3-33

There is considerable uncertainty as to w hether 
combination regimens offer any substantial benelìt over 
sequential use of single drugs. Although a systematic review 
of older regimens suggested beneíit from combination 
chemotherapy,3* and this is the usual Standard of care 
w here therapy has curative intent,34 some do not consider 
th e  evidence of beneíit írom corabination therapy 
persuasive, since toxicity is likely to be increased.1-33 
Nonetheless, established combinatíon regimens, induding 
CMF and various anthracydũie- and taxane-based regi- 
mens are in use,'-8 along with new er combinations, su ch as 
gem dtabine plus paclitaxel, vinorelbine plus epirubidn, or 
paclitaxel pỉus bevaóíum ab.1-33 Hovvever, while time to 
progression is improved by paditaxel plus bevadzumab,1 no 
signiíicant effect on overall survival has been shown with 
be vadzumab cotnbinadons, and vvhich patients may benefit 
is as yet unclear.33 Ixabepilone w ith or svithout 
capedtabine, is another option.1-39 In patients with HER2- 
overexpressing tumours, trastuzumab may be added to 
chemotherapy:1’33 the combination is markedly more 
eKective in this group than chemotherapy alone,34 although 
use vvith anthracydlnes may be problematic because oí the 
increased risk of cardiotoxiấty.1 Trastuzumab or lapatinib 
may also be added to hòrmọnal therapy in those vvith 
honnone-receptor positive idlsease.1’33 UK guidelines 
recommend stopping ttastuzumab once disease progresses 
outside the CNS, although' it should be continued if 
progression is conbned to the CNS alone.3 Capedtabine p)us 
lapatinib is an  option for tho.se reíractory to trastuzumab 
therapy.1-33

For hirther inỉonnation on common chemotherapy 
regimens, see Table^Ị, p. 719.

Higher response rates have been achieved by intensive 
regimens, combined with autologous bone marrow 
transplants or stem cells in some studies. However, the 
results of randomiseđ studies have been disappointing, and 
a  systematic review ỉound no improvement in overall 
survival w ith the use of stem-cell supported high-dose 
therapy in  metastatic breast cancer.40

The use of bisphosphonates in women with bone 
metastases reduces bone pain and skeletal complications 
such as íracture, spinal cord compression, and hypercal- 
caemia (see Malignant Neoplasms of the Bone, p. 700.3). 
Radiotherapy is also used for bone pain, and for the 
tteatm ent of brain metastases (see Malignant Neoplasms of 
the Brain, p. 701.2).
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PROPHYLAXIS Of BREAST CANCER. The recognitíon of íaaors 
increasing tíie risk of breast cancer (p. 702.1), and partícu- 
larly the identihcation of specihc genes that coníer a high 
risk, has spurred the search for e£fective ways of prevent- 
ing the disease. Current optíons, other than  regular 
screening to detect the cancer at early stages, include sur- 
gery, drug therapy (below), and possibly some liíe-style 
modưicatíons.1'7

Prophylactic bilateral masteaomy and prophylactic 
salpingo-oophoreaomy have both been shovvn to substan- 
•tially decrease the inddence of breast cancer in moderate- 
and high-risk vvomen and in known BRCA1/2 mutation 
carriers.7-4-7 Mastectomy is recommended íor women at 
high risk, such as those tvith genetic íactors, or ỉOI women 
vvith a history of lobular carcinoma in situ, or thoradc 
radiation.2 Bilateral salpingo-oophoreaomy is generally 
limited to vvomen tvith a knovvn or strongly suspeded 
BRCA1/2 mutation.14-7

The assodation between lilestyle modihcations and 
breast cancer risk is not dear-cut,2 and there is no evidence 
that spedíic dietary components can eữeaively reduce 
breast cancer risk.7 Nevertheless. women juđged to be at 
moderate or high risk may be advised to avoid alcohol or to 
decrease alcohol consumption, and postmenopausal 
women may beneũt hom  vveight loss.2,7

Treatment with tamoxiíen as part of the adjuvant 
management of early breast cancer is assodated with a 
reduced risk of developing cancer in the other breast. This 
led to the suggestion that prophylactic tamoxiỉen might 
prevent the development of breast cancer in women at risk, 
and to studies to test this hypothesis. These studies were not 
vvithout conưoversy, since the risk/beneflt for tamoxiíen 
use in healthy women dưiered from that in women with 
breast cancer. The lirst study to be reported was the u s  
National Surgical Adjuvant Breast and Bowel Projea 
(NSABP) P-l study,8 which randomised 13 388 women to 5 
years of teeatment with tamoxưen or placebo. Pártidpants 
were either aged 60 years or older, had a history of lobular 
carcinoma in situ, or had a 5-year predicted risk of 
developing breast cancer of greater than 1.66% (asassessed 
by number of Đrst-degree relatives with breast cancer, 
num ber of previous breast biopsies, presence of atypical 
hyperplasia, and reprodudive íactors). In this study there 
was a highly signiĐcant 49% reduction in the occurrence of 
invasive breast cancer in women given tamoxưen (21.4 
cancers prevented per 1000 women treated). The inddence

of non-invasive breast cancer was reduced to a similar 
extent. TamoxUen reduced the inddence of oestrogen- 
receptor (ER) positive, but not ER-negative, tumours. 
Adverse effects of tamoxifen induded a modest increase in 
the risk oí endometrial cancer and vascular events (stroke 
and pulmonary embolism). Although this study was 
prematurely unblinded, and all women were oHered a 5- 
year course of tamoxưen, follow-up continued for 7 years 
and the ứiddence of breast cancer remained relatively 
constant for the 2 years after tamoxUen therapy was 
stopped.9 Preliminary results from 2 smaber randomised 
European studies did not conbrm the benefit of tamoxilen 
in  breast cancer prevention. The Italian study10 was in 
hỵsterenomised women with no particular risk for breast 
cancer, and because of its size may not have been 
suữidently powered to  detea  an effect of tamoxUen. The 
full follow-up11 of 5 years of treatment in this study íound 
no difference in breast cancer inddence between tamoxUen 
and placebo groups. A subgroup analysis of vvomen at high 
risk of ER-positive breast cancer did íind a protective effect 
bom  tamoxiỉen, and there was an apparent protective effea 
for women in this group who used HRT. Hovvever, this 
group was not identỉỄed at randomisation of the study and 
these results need to be conbrmed. The British stuđy12 of 8 
years of tamoxUen or placebo was in women with a  flrst- 
degree íamily history of breast cancer, and their median age 
was younger than in the us study. Although preliminary 
results showed no benebt from tamoxiỉen, follow-up for a 
median of about 13 years did find a reductìon in the risk of 
ER-positive tumours.13 This reduced risk also appeared to 
improve with Ionger follow-up. Initial rẹsults of a ỉurther 
placebo-conttolled study (IBIS-I)14 of women at increased 
risk of breast cancer found that during 5 years ol tamoxưen 
use, the risk of all breast cancers vvas reducedby 32%. As in 
other studies, the reduction occurred m ER-positìve 
tumours. Similar adverse eữects were íound with tamoxiíen 
use, but there was also an unexpected increase in deaths 
ừom all causes in tamoxưen users. This may be assodated 
vvith the excess ỉn thromboembolic events reported, 
although statistical variability could not be ruled out. 
Extended follow-up15 for a íurther median of 8 years found 
that the beneũdal eífect of tamoxưen was maintained, and 
that reduction in the risk of ER-positive tumours increased 
with longer follow-up. Hovvever, the rate of adverse effects 
of tamoxiíen reduced after treatment stopped. A retro- 
spective analysis16 of the NSABP P-l data for women who 
had developed invasive breast cancer £ound that in carriers 
of the oncogene BRCA2, but not BRCA1 carriers, there was 
a reduction in breast cancer similar to the reduction in  ER- 
positive cancer among all women in the study. The numbers 
avaUàble, 'hovvever, were too small to be statisticaUy 
signiBcant, and it is thereíore stìU not known ư tamoxiíen 
can reduce the risk of breast cancer in patients with these 
mutations.

Another anti-oesưogen, raloxUene, has reportedly 
shown a reduction in breast cancer risk while its eííects on 
osteoporosis tvere beỉng studied.17 A íurther large placebo- 
controlled study1* that induded the inddence of breast 
cancer as a primary outcome also ỉound a reduction with 
about 5 years of raloxiíene use. There vvas a 55 % lower risk 
of invaslve ER-positive cancer (absolute risk reduction of 
1.2 cancers per 1000 women treated for 1 year), but there 
was no effen on ER-negative disease. The effed of 
raloxiíene has also been directly compared with tamoxifen 
in vvomen with a predicted increased risk of breast cancer 
(STAR study).19 After up to 5 years of use, the inddence of 
invasive disease was similar in both groups, suggesting that 
raloxilene is as elíective as tamoxiíen m redudng the risk of 
developing invasive breast cancer in this group of women. 
The aromatase inhibitors, anastrozole and exemestane, are 
also under investigation.2-4-6-20

From these studies, tamoxilen prophylaxis has been 
sh o w n  to  re d u c e  th e  in d d e n c e  of E R -positive b re as t c a n ce r 
in women at increased risk,21 although there are limited 
data for women with BRCA1 and 2 mutations.2 Tamoxifen 
remains the drug of choice for premenopausal women at 
increased risk of breast cancer;2-5'6’22 raloxiíene is not 
recommended for use in  this population. In postmenopausal 
women, ưeatment is inAuenced by age, presence oí uterus, 
and comorbidíties.2 Either tamoxiíen or raloxiỉene is 
recommended for use in vvomen at high risk;2 some5'6 
recommend raloxiíene over tamoxUen due to its more 
íavourable adverse elíect proíile.

Other candidates for the prevention of breast cancer 
indude plant oesưogens (phytoestrogens) such as those in 
soya.6 Epidemiological evidence suggests that diets high in 
these compounds may be protective, but there are many 
coníounđỉng ỉactors and inconsistendes in the data 
available.23 It was thought that retinoids might also be 
protective, but a secondary prevention study of íenretinide 
íailed to show any benefit.24 Regular use of aspirin and other 
NS AIDs has been reported to decrease breast cancer risk, but 
this has not been supported in other studies.4-6-7 Similarly, 
inconsistent assodatỉons have been reported with the use of 
statins; some suggest that additional study of lipophilic
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s ta t in s  is  w a n a n t e d .6 U se o ỉ  lu te in is ln g  h o r m o n e  re le a s in g  
h o r m o n e  (LH RH ) ag o n is ts  is  a lso  u n d e r  in v e s tig a tio n , 
a l th o u g h  a d v e rs e  e ữ e c ts  m a y  p o se  a p ro b le m .6 
■ F o r t h e  su g g e s tio n  th a t  b ìsp h o sp h o n a te s  m a y  r e d u c e  th e  

r isk  o f  b re a s t  c a n c e r , see  M a lig n a n t N e o p la sm s  o f  th e  B re a s t. 
u n d e r  B is p h o s p h o n a te s , p . 1174 .2 .
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M A U G N A N T  N E C M A SM S OF THE M A IE  BREASĨ. B rea s i c a n c c r  
c a n  o c c u r  in  m e n ,  a l th o u g h  i t  h a s  a  m u c h  ]o w e r in d d e n c e  
t h a n  in  w o m e n . R isk  íac to rs  a re  n o t  w e ll u n d e rs to o d , b u t  
i t  m a y  s o m e tim e s  b e  asso c ia ted  w ith  a b n o rm a lid e s  o f  sex  
h o r m o n e  m e ta b o ỉis m , i n d u d in g  th o s e  a c q u ire d  th r o u g h  
l iv e r  d ise a se  o r  te s t ic u la r  tra u m a . I n  a d d it io n . th e  in h e r -  
i t e d  m u ta t io n  B R C A 2, w h ic h  is a s s o d a te d  vvith a n  
in c re a s e d  r isk  o f  b re a s t  c a n c e r  i n  v vom en . a lso  in c re a se s  
t h e  r isk  o f  b re a s t  c a n c e r  in  m e n ;  o cc as io n a lly  BRCA1 
m u ta t io n s  a r e  s e e n . M e n  w ith  K lin d e h e i^ s  sy n d ro m e , a 
s e x  c h ro m o s o m e  a n o m a ly , m a y  b e  p re d isp o se d  to  d e v e lo p - 
m e n t  o f  b re a s t  c a n c e r . P o sá b le  e n v iro n m e n ta l  r isk  ía c to rs  
i n d u d e  tn d u s tr ia l  e x p o s u re  to  c h r o n ic  b e a t .  O th e r  risk  fac- 
to r s  i n d u d e  s m o k in g . o b esity , a n d  a lc o h o l c o n s u m p tio n .

A  p a in le s s  m a ss  is  t h e  m o s t c o m m o n  p re s e n ta tio n ; n ip p le  
d is c h a rg e  m a y  o c c u r . O th e r  less c o m m o n  sy m p to m s  in c lu d e  
b re a s t  t e n d e m e s s ,  n v e ll in g , o r  n ip p le  i tch in g . D ia g n o s iỉ is 
o í t e n  a t  a  la te  s ta g e . B re a s t  c a n c e i  in  m e n  o cc u rs  a t  a  s ỉig h tly  
o ld e r  m e d ia n  a g e  t h a n  in  w o m e n  (6 0  to  7 0  y e a rs ) , a n d  is 
m o r e  l ik e ly  to  b e  o e s tro g e n -re c e p to r  (E R ) p o s itiv e . S u tv iv a l 
b y  s ta g e  a p p e a rs  to  b e  sũ n ila r  to  t h a t  in  vvom en , w i th  a n  
o v e r a l l  5 -y e a r  su rv iv a l  a b o u t  4 0  to  6 5 % .

T r e a t m e n t  is  s im ila r  to  th a t  fo r  w o m e n  (s e e p . 7 0 2 .1 ) .1-4 
P r im a ry  m a n a g e m e n t  fo r  e a r t y  o r  l o c a t i s e d  d ỉsease  is su rg ica l 
a n d  u s u a l ly  in v o lv e s  sb n p le  o r  ra d ic a l m a s te c to m y  vvith 
a x il la ry  ly m p h  n o d e  d issec tio n , a l th o u g h  b re a s t-c o n se rv in g  
s u rg e ry  is  a lso  u s e d . B e c a u se  o f  t h e  ra r i ty  o f th e  d isease  la rg e  
c o n tro l le d  s tu d ie s  a r e  l a d d n g  b u t  s tu d ìe s  ìn  l im ite đ  n u m b e rs  
o f  m e n  a n d  e x tra p o la t io n  b o m  re s u lts  in  w o m e n  su g g es t 
t h a t  n e o a d ju v a n t  a n d  a d ju v a n t  th e r a p y  s h o u ld  b e  
c o n s id e r e d  o n  th e  sa m e  basis a s  fo r  v v o m en . R a d io th e ra p y  
m a y  b e  u s e d  to  r e d u c e  th e  ra  te  o f lo ca l r e c u rr e n c e  in  th o s é

consldered at high risk. As most male breast cancers are ER- 
positive, adjuvant hormonal therapy vsrith tamoxiíen is 
commọnly used.1"4 Ụse of aromatase inhỉbitors such as 
anasữoxole or letroxole is considered controversial, since 
inhibition of oestrogen may be incom plete unless 
ọrchidectomy is also periormed;J■,* use with a gonadorelin 
analogue has been suggested.4 Males with ER-negatỉve 
disease should be oỉỉered chemotherapy. Regimens are 
usualỉy anthracydine- or taxane-based; common combina- 
tion regimens indude CMF (cydophosphamide, metho- 
ưexate, and Ouorouradl) and FAC (ỉluorouradl, doxorubi- 
dn , and cydophosphamide).2"4 Adjuvant trastuzumab 
should be considered for men with high-risk HER2-positjve 
disease.2"4

In advanced metastatic disease tamoxUen is generally the 
first choice treatment for ER-positive disease, altbough 
there is evidence of beneHt bom  aromatase inhibitors such 
as anastrozoIe or leưozole. Again, combination with 
gonadorelin analògues has been suggested because oỉ the 
risk oi incomplete oestrogen inhibition.3 Chemotherapy is 
used for patíents with ER-negative disease, or for those who 
progress on hormonal therapy.2'4 Regimens are usually 
doxorubidn-based, such as FAC.2 '1 For (urther iníormation 
on common chemotherapy regimens, see Table 1, p. 719. 
There are reports of response to trastuzumab in males with 
metastatic HER2-positive disease.2-4 and some conáder its 
use justified in this instance.3 Hormonal ablation by 
adrenaleaomy or orchideaomy is also eííective, but has 
become less popular since the advent of tamoxiíen.
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M alignant neoplasms o f the cervix. Cancer of the uteríne 
cervix is one ot the most common cancers in vvomen, 
accounting for about 12% of all íemale malignandes. It is 
assodated with early sexual activity and a high num ber of 
sextial partners, and the presence of hum an papilloma- 
virus (HPV); high-rúk types of the virus (HPV-16 and 18) 
that produce proteins E6 and E7 inactivate host tum our 
suppressor proteins and thus encourage malignant trans- 
tormation. Smoking and long-term use of oral 
conơaceptives (p. 2235.1) may also be risk taCTors. Wide- 
spread screening has meant that in many vvomen the dis- 
ease has been deteaed  in  the preinvasive Oĩ early stages, 
when the prognosis is excellent to good. An HPV vacdne 
ũ  available in  some countríes ỉor the prímary prevenúon 
of cervical cancer.

P reinvasive cervical lesions (cervical intraepithelial 
neoplasia; CIN) may resolve spontaneously if lovv-grade 
(CIN1), and may be monitored by repeat screening or HPV 
testing.1-2 High-grade CIN (CIN2; cervdcal dysplasia) and 
cervical cardnoma in sim (CIN3) may progress to invasive 
cardnoma and are usually ưeated by ablation or exdsion.1'2 
Conisation of the cervix (cone biopsy) may be used to rule 
out the presence of invasive disease.3-4

Invasive cervical cancers arc mostly squamous cell in 
origin (about 80%), with about 20% being adenocardno- 
ma.3-5 Invasive cervical cancers may be divided into early- 
stage, locally advanced, and metastatic. The earliest stage 
(IA1) may be ơeated by conisation ol the cervix (which 
maỉntains {ertility) or sũnple hysterectomy. Other e a r ìy -  
ỉtage cancers may be treated by surgery (radical hyster- 
ectomy) or by radiotherapy (usually brachytherapy with 
pelvic irradiation).3'7 For patients at this stage who wish to 
preserve fertility, radical tracheleaom y (removal of the 
cervix) with pelvic lymphadenectomy may be an optìon.4'* 
However, those with bulky tumours, poor prognostic 
íaaors, or high-risk íeatures after surgery should be given 
postoperative pelvic radiotherapy with concurrent chemo- 
therapy (chemoradiotherapy), vvhich has been shown to 
improve survival.3'4-’-10 Most regimens use dsplatin, either 
alone or vvith Auorouracil.3-3-4-*'10 Hydroxycarbamide has 
also been used by some centres, but is less eííective than 
dsplatin.5

Parients with locaữy advanced cervical cancer are also 
usually ơeated with primary chemoradiotherapy using 
dsplatin-based reghnens,3'5'7'9 as it improves overall and 
progression-bee survival.11 A meta-analysis of 13 stuđíes 
(induding patients at various stages, bom early through to 
metastatic) conbrmed the survival beneũt of chemor- 
adiotherapy in cervical cancer; there was no signiBcant 
dUíerence benveen platinum- and non-platinum-based 
chemoradiotherapy.12 Neoadjuvant chemotherapy has been 
tried and although there is some indicađon that its use 
beíore surgery might be oí benebt in bulky early-stage or 
locaỉly advanced disease, no survival advantage has been 
shown and this approach remains controverâal; it does not 
appear to be benebdal beíore radiotherapy.10-13

For local recurrence of dỉsease, treatment options include 
radiotherapy if it has not abeady been used, more extensive 
surgery, or dsplatin-based chemoradiotherapy.3'5-14 Patients

with recurrence who are not candidates íor surgery 0 • 
radiotherapy may be olíered palliative chemotherapy o- 
best supporãve cáre; chemotherapy regimens are the sãm< 
as those used for metastatic disease.1

Treatment of metastases is palliative; radiotherapy 
chemotherapy, or chemoradiotherapy can be used.3'5’7’1 
Cisplatin, carboplatin, orpaditaxel may all be considered fo 
first-line monotherapy; ư dsplatin has previously been usec 
as a radiosensitiser a combination regimen of õsplatỉn wiử  
either paclitaxel topotecan, or gemdtabine is preíerred 
carboplatìn plus paditaxeỉ is also an option.,  Drugs thai 
have been tried for second-line treatment incỉudc 
bevadzumab, docetaxel epirubidn, Auorouradl, gemdta- 
bine, iíosíamide, irinotecan, liposomal doxorubicin, mỉto- 
mydn, pemetrexed, topotecan, and vmorelblne.5,14 Many 
combination regimens have shovvn higher response rates 
and improvements in progression-bee survival but not 
overall survival compared with monotherapy; however, thí 
CT regimen (dsplatin plus topotecan) has shown an 
improvement in overall survival.5-15 UK guídelines* 
recommend treatment with dsplatin plus topotecan (fot 
dsplatin-náive patients), or dsplatin plus paclitaxel, for all 
vvomen with stage IVB or recurrent disease. For íurther 
iníormation on common chemotherapy regimens, see Table 
1, p. 719.
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M alignant neoplasm s o f the endom etrium . Cancer of the 
endom etrium IS a disease primarily of postmenopausal 
v vom en , a n d  Is m o r e  c o m m o n  in  d e v e lo p e d  t h a n  d e v e lo p -  
ing countries. Based on aetiology and pathology, endo- 
metrial cancer is generally dassihed into 2 subtypes:
• type I are the most comrnon, tvith an  endometrioid 

histology, and are mosdy Iow-grade, w ith a  background 
of endometrial hyperplasia. They are usually oestrogen- 
receptoT positive, and assodated vvith increased oestro- 
gen exposure. Factors resulting in increased endogenous 
exposure include obesity, anovulatory iníertility, early 
mẽnarche, and late nĩenopause. Exogenous íactore 
indude use of oestrogens vvithout progestogens íor 
hormone replacem ent therapy (p. 2247.3), and tam- 
oxiỉen therapy (see Caxdnogenidty, p. 861.3). Other 
assodated bndings indude nullipaiity, diabetes mellitus, 
and hypertension

• poorlỹ diberentiated or non-endometrioid type n  cancers 
appear, in conưast, to be unreỉated to high oestrogen 
concenưatíons, are oben assodated with endometrial 
atrophy, and oíten develop in non-obese women. They 
indude serous or dear-cell cardnomas which are highly 
aggressíve with a poorer prognosls; eadometrial 
intraepithelial cardnoma is believed to be a precursor

Abnormal uterine bleeđing is the most com m on ág n  of 
endometrial cancer, and all postm enopausal w om en with 
vaginal bleeding and o ther risk íactors should be evaluated 
for the disease. In m enopausai or prem enopausal women, 
diagnosiỉ may be delayed because abnorm al bleeding 
pattem s may not be so obvious. Type I endom etrioid 
cardnom aỉ are surgically staged according to  the Interna
tional Pederation of Gynecology and Obstetrics (FIGO) 
System; type n  are dassed as high-grade by deíinition.
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Surgery is the primary th e rap y  for operable endometrial 
cancer;1'7 total hysterectomy and bilateral salpingo- 
oophoreaomy is usually períormed, with lymph node 
dissection in selected cases. No hirther treatment is required 
in women w ith FIGO stage I disease who are at lovv risk of 
tecurrence. In those vvith stage I disease and a higher risk of 
recurrence, adjuvant vaginaỉ brachytherapy or pelvic 
irrađiation are used. In all other women, adjuvant 
radiotherapy is given, the field being tailored depending 
on the disease stage.2"4 Adjuvant hormonal therapy with a 
progestogen has not been shown to be eữective.® Hovvever, 
progesterone therapy has been used for young women with 
endometrial hypeiplasia who wish to preserve their fertility, 
as welỉ as for women w ho are poor surgical candidates.3 
There are a few studies of adjuvant chemotherapy in 
women with early-stage disease at high risk of recurrence, 
but no signihcant survival beneũt has been seen.1'2-4-4-9-10

For vvomen with advanced, recurrent, or metastatìc 
disease, adjuvant chemotherapy or hormonal therapy may 
be considered as ưeatm ent opáons,2'4' 10’11 although 
response rates are only up to about 30%, and evidence for 
a survival beneũt is questionable.12 Progestogens such as 
međroxyprogesterone acetate are likely to be preterred 
because of their better tolerability.2-4'5,11 TamoxUen also 
produces minor benefit;s altemation with progestogens may 
prolong the response t ạ  hormonal therapyT2 . Well- 
diHerentiated tumours, long disease-free interval, and 
positive hormone receptor status are lactors that suggest 
increased response to progestogens.3-7 When progestogens 
are ineffective, chemotherapy may be tried. Single-agent 
drugs of choice indude dsplatin or carboplatin, doxorubí- 
dn, and paditaxel.2"4’4-9’11 Response rates are slightly higher 
vvith combination regimens;9-13 these indude dspladn plus 
doxorubidn, sometimes with paclitaxel (the TAP regimen), 
or carboplatìn plus paditaxel.1'4'1011-13 TAP has been tound 
to be more effective, but also more toxic than ãsplatin plus 
đoxonibìdn.3'6'10-1*'13 The combination of carboplatin and 
paditaxel has become Standard in  many cenơes in the 
management of advanced or recurrent endometrial 
cancer.2-9'10 For íurther inỉormation on common chemo- 
therapy regimens, see Table I, p. 719. Drugs that are being 
investígated for endometrial cancer indude bevadzumab, 
erlotinib, everolimus, soraíenib, temsirolimus, and trastu- 
zumab.9

For those vvdth medically inoperable disease, radio- 
therapy is well-tolerated and can provide long-term 
progression-free survival.1'3
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Mdlignant neoplasms of the eye. Tumours of the orbit of 
the eye in adults are most commonly metastases from pri- 
mary lesions elsevvhere in the body, usually in the breast 
or lung. Radiotherapy using extemal beam radiation or 
brachytherapy with iodine-125 is given for conưol of 
visual symptoms unresponsive to chemotherapeutic treat- 
m ent of primary disease.1

Primary eye tumours are rare. In children, the most 
common intra-ocular tum our is retinoblastoma (see 
p. 717.2), and the most common orbital tum our is 
rhabdomyosarcoma (see Soft-tissue Sarcomas, p. 718.2). In 
adults, primary CNS lymphoma (see p. 698.1) can originate 
in the eye. Hovvever, the most common primary intra- 
ocular cancer in  adults is uveal melanoma, which 
accounts for 80% o! all primary ocular cancers.2 The 
incidence ỉs greater in  Caucasians, and less common in 
brown-eyed Lndividuals; average age at presentation is in 
the sixth or seventh decade.13 About 40% of patients are 
asymptomatic, while others present w ith blurred or 
distorted Vision, visual field loss, or seeing Đashing lights.3 
Unưeated, uveal melanomas result in  loss of Vision.3 If

metastasis occủts it is usually to the liver, and survival is 
poon2'4 íactors assodated with metastatic spread indude 
large mmour size, dliary body involvement, local tum our 
recurrence aíter conservative ưeatment, and rapid tum our 
regression after radiotherapy.3

The main objective of treatment is to prevent metastatìc 
spread.3 Treatment options for uveal melanomas include 
observation oi indeterminate pigmented lesions, or eye- 
conserving therapies, which include brachytherapy (with 
iodine-125 or ruthenium-106), radiotherapy, local resec- 
tion, or phototherapy such as photocoagulation or laser- 
induced hyperthermia (transpupiỉỉary thennotherapy).2'3 
Enucleation (removal of the eye) does not offer any survival 
advantage over conservatỉve ưeatment, and is inđicated 
only when eye-conserving therapy íails or £or large tumours 
with extensive involvement of all uveal structures, diffuse 
grovvth, extensive retinal invasion or períoration, or bulky 
extra-ocular extension.3

Various ưeatments have been tiied for patients with 
metastatic uveal melanoma. Surgical resection of isolated 
hepatic metastasis oííers a survival advantage, but while 
there is continued interest in adịuvant therapy, metastatic 
disease is highỉy resistant to ơaditional systemic chemo- 
therapy.3-4 Most regimens have included dacarbazine, but 
these are considered to be ineỉíective.4 Hepatic intra-anerial 
chemotherapy using íotemustine, or melphalan has been 
reported to be of beneũt; carboplatin has also been used. 
Responses have been seen using hepatic artery chemoem- 
bolisation with dsplatin or carmustine; vvhile Iocal conơol 
was achieved with the latter drug, progression occurred at 
extra-hepatic sites. Embolisation with granulocyte-macro- 
phage colony-stímulating ỉactor (immunoembolisation) has 
also been reported to be eHective, although data from large- 
scale studies are lacking. Targeted therapy is under 
investigation, using various drụgs such as lenalidomide, 
soraỉenib, sunirinib, and temozolomide, either alone or in 
combination chemotherapy regimens. Implantatíon o{ 
yttrium-90 microspheres is also under investigatìon.4

O cular su ríace neoplasm s (lesions of the conjunctival 
or comeal epithellum) may be benign or precancerous. 
They occur more commonly ỉn sub-Sahaian Aírica, 
Australia, and regions where exposụre to sunlight is more 
ừequent. Exposure to solar u v  ■ radiation is a major 
aetíological faaor, although hum an papiỉlomavirus (HPV) 
and HIV iníection may also have a role in the development 
of these mmours. Ocular suríace neoplasms are usually 
treated vvith local exdsion. Because o! a high recurrence 
rate, cryotherapy or brachytherapy is usually combined 
with surgery. Chemotherapy can be used where surgery is 
not feasible, or it may be used intra-operatively or as 
adjuvant treatmenc some centres use chemotherapy 
initialỉy ỉor treating intra-epithelial ocular surỉace tumours. 
The most commonly used drugs are mitomydn c, applied 
topically ỉn the form o( eye drops (0.02% or 0.04%), 
íluorouradỉ (1%) eye drops, and interíeron alỉa-2b, vvhich 
is used topically, subconjunctivally, or by intralesional 
injection. Patients who fail treatment with one drug may 
respond to another, and combination regimens have also 
led to tumour regression. Other drugs that have been 
reported to be eííective vvhen used topically indude 
dinitrochlorobenzene, urea, tretinoin, and ddotovir.3’4
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Malignant neoplasms of ihe gastrointestinaỉ hract. Con- 
sidered as a whole (and exduding skin cancers, which are 
oíten poorly registered) the gastrointestinal tract is the 
most ừequent site of malignandes worldwide, although 
the ữequendes of the various types of gastrointestinal 
cancer vary greatly bom country to country. Genetic, 
environmental, and dietary íactors may play a role in the 
aetiology of these cancers. Treatment may ỉndude suigery, 
radiotherapy, and chemotherapy, but the prognosis in 
most íorms oi gastrointestinal cancer is generally not 
encouraging.

Gastrointestinal cancers vary in their management 
depending on the site. Discussed in more detail below are:
• oesophageaỉ cancer (belovv)
• stomach cancer (p. 706.1)
• colorectal cancer (p. 706.3) and its prophylaxis (p. 707.2)
• anal cancer (p. 708.1)
Cancers of the oral cavlty are discussed under Malignant 
Neoplasms of the Head and Neck, p. 708.1.

Other cancen may sometimes manìíest in the gastto- 
intestinal ưact, induding the various endocrine neoplasms 
responsible for cardnoid syndrome (see Neuroendocrine 
Tumours, p. 716.3), and MALT lymphomas (p. 698.1). 
Gasưointestinal sơomal tumours (GISTs) are soft-tissue

sarcomas arìsing in the gastrointestinal tract, most 
commonly in the stomach and smalỉ bowel (see Soft-tissue 
Sarcoma, p. 718.2).

MAUGNANT NEOPtASMS OF THE OESOPHAGUS. Oesophageal 
cancer has perhaps the greatest variation in inddence 
benveen diỉfẽrent geographical regions oỉ any cancer, and 
is endemic in many parts of the vvorld. The two major his- 
tological types are squamous cell cardnoma and adenocar- 
dnoma. Squamous cell cardnoma is strongly assodated 
with tobacco and alcohol use, and may occur as a second 
primary tumour in patients vvith tumours oi the upper 
àerodigestive tract (see Malignant Neoplasms of the Head 
and Neck, p. 708.1). Adenocardnoma is more common in 
non-endemic regions, induding many developed coun- 
tries, and is assodated vvith Barrett's oesophagus (see Gas- 
tro-oesophageal Reflux Disease, p. 1810.2). Oesophageal 
cancer usually develops as a grovvth or ulcerative lesion oí 
the oesophagus with extensive inhltration o! the mucosa 
and ìnvasion ol neighbouring structures. Lymphatic and 
blood-bome metastasis occurs at a relatívely early stage. 
Symptoms of pain and dysphagia due to obstructipn occur 
late, and overall, more than halỉ oỉ alỉ patìents have unre- 
sectable or metastatic disease at initial presentation. Meta- 
staric disease ỉs assodated vvith a median surviva] of less 
than 1 year.1 The overexpression of epidennal growth ỉac- 
tor receptor (EGFR), vascular endothelial groveth íactor 
receptor (VEGFR), and hum an epidermal grovvth ỉactor 
receptor-2 (HER2) has been assodated with a poor prog- 
nosis in patients with oesophageaỉ and gastric cancers.

Patíents with iocoregional d lsease are treated with 
surgery u possible, or deĐnitive chemoradiotherapy ư they 
are not surgical candidates.2'* Chemoradiotherapy regimens 
usually indude dsplatin, with a ũuoropyrimỉdine (Huoro- 
u rad l or capedtabine), or irinotecan, or a taxane. 
Altemadvely, a ũuoropyrỉmidine (such as ũuorouradl or 
capeđtabine) may be combined with either oxaliplatin or a 
taxane.2 Hovvever, gi ven the high rate of íallure after 
surgery, in an attempt to improve survival rates, there has 
been great interest iir neoadjuvant (pre-operative) or 
adjuvant (postoperative) .ừierapies, incorporating radio- 
thẽrapy or chemotherapy or both.3-4-6,

Thére is no evidence that neoadịưvant radỉotherapy 
alone improves survival.1-3'4-9-10 The evidence for use of 
neoadjuvant chemotherapy is more conHictìng.1-3,4,11 A 
systematìc review12 íound that it may oữer ă survival 
advantage compared with surgery alone, although the 
evldence was considered to be incondusive. Meta-analysis13 
also suggested some survival benéĐt in those with 
adenocardnoma, but not for those wúh squamous celỉ 
disease. Thus, some guidelines2-*-9 consider neoadịuvant 
chemotherapy as a Standard treatment option for localised 
adenocardnoma. The ECF regimen (epirubidn,. dsplatin, 
and ũuorouradl), or one oỉ its variants, is commonly used.2

Initial studies oỉ neoadjuvant chemoradiotherapy aỉso 
conUĩcted or were ịncondusive due to small samples or 
inađequate dosage.3,4,9-13,‘4 A systematic review14 lound that 
neoadjuvant chemoradiotherapy signiEcantly improved the
3-year mortality rate compared with surgery alone, and a 
later meta-analysis13 íound a signiBcant survival beneht, 
versus surgery alone, in  patients w ith local operable 
oesophageal cardnoma, regardless of histological tumour 
type. Hovvever, the risk for postoperative mortality (vvithin 
90 days of surgery) was also increased by neoadịuvant 
chemoradiotherapy.14 Despite this, many cenưes incorpo- 
rate neoadjuvant chemoradiotherapy regimens for loca- 
lised, resedable disease.1'2-4-7-11 Regimens are largely 
cisplatin- or Đuoropyrimidine-based.2

Studìes of ađịuvant radiotherapy have failed to show a 
survivat ađvantage,2 and, aside from possible beneht in 
certain subgroups, may aaually  increase mortality 
compared with surgery alone.4 Adjuvant chemotherapy is 
generally not recommended,3-9 except in those patients with 
adenocardnoma who also receíved neoadjuvant chemo- 
therapy;2 treatment is usually w ith ECF. Adjuvant 
chemoradiotherapy has shown improved survival rates 
compared with surgery alone, in patients with adenocard- 
noma.2-4 Hovvever, it is not recommended,3 except in 
selected high-rísk adenocardnoma patients who have not 
received neoadjuvant chemoradiotherapy.2-4 Pluoropyrinú- 
dine-based regimens are preíerred.2

Photodynamic therapy is under investigation for early- 
stage disease.15

In halỉ to two-thirds of patients the disease is too 
advanced at presentation íor anythìng but palllation. 
Chemotherapỹ, chemoradiotherapy, or best supportive care 
are atl optìons lorpatients vvith unresectab le , advanced, 
o r  m etas ta tic  disease. Chemoradiotherapy is an option in 
recuưent disease ÚI those who have not had prior 
chemotherapy or radiotherapy; more extensive surgery is 
also an option.2 Those with poor períormance status should 
be oííered supportive care.2 This may indude brachyther- 
apy. laser therapy, stent placement, or photodynamic 
therapy vvith photosensitisers (such as ịioríimer sodium) to 
relieve obstruction.2-3-5-9-14 Brachytherapy may be a better

http://www.nccn.org/professionals/physidan_gls/PDF/nterine.pdi
http://annonc.oxfordjoumal5.org/content/21/suppl_5/v4i
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primary therapy for obstruction than a stent.8-17 In those 
patients tvith good periormance starus, chemotherapy or 
chemoradiotherapy may also oỉỉer some palliatìon of the 
disease. Standard options indude dsplatin-based, Đuor- 
opyrimidine-based, irinotecan-based, oxaliplatứi-based or 
taxane-based combinatíons.2-9 In padents vvith advanced 
disease tha t is HER2-positive, trastum m ab may be added to 
systemic chemotherapy u  chemoradiotherapy is not 
recommended.2 For íurther iníormation on common 
chemotherapy regimens, see Table 1, p. 719.
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MAUCNANĨ NEOPIASMS OF THE STOMAQt Cancer of the sto- 
ma ch is One oí the most common cancers vvorìdvvide. Geo- 
graphical distribution varies greatly, with particularly high 
inddence in  the Far East, eastem Europe, and parts of 
Latìn America, although the inddence is dedining almoỉt 
everyvvbere. (In comrast the inddence of cancers at the 
gasưo-oesophageal junction appears to be increasing.) 
Over 90% of malignant gastric neoplasms are adenocard- 
nomas. Less ừequent gastric neoplasms indude lympho- 
mas (see MALT lymphoma, p. 698.1) and cárdnoid 
tumours (see Neuroendocrine Tumours, p. 716.3). Histolo- 
gically, tumours are divided into intestinal and diỉhise 
íorms; the lattei type may have a genetic basis.

Dietary íactors, such as high consumpúon oi salted or 
smoked íoods, are thought to  play a role ÚI the development 
of gastric cancer. Smoking is also considered to be an 
independent risk íactor. Helicobaữer pỳlorĩinlection, and 
resultant gastritìs, plays a role in gastric lymphomas, and 
appears to  ahnost double the risk for the development of 
gastric cancer.1'5 However, it is not yet dear ư  eliminanon of 
Hetícobader pyìori iníectìon can help prevent the develop- 
m ent of gastric cancer.4 It is possible that some patients will 
have deyeloped úreversible mucosal changes, and thai H. 
pylorì eradicatíon will be ineữective.5-7

Eariy disease is relatively asymptomatic or produces 
non-spedhc gastrointestinal symptoms such as dyspepsia. 
There ã  concem that the use of antisecretory drugs for these 
symptoms may delay the diagnosis of gastric cancer (see 
Gastric Carcinoma, under Omeprazole Precautions, 
p. 1873.2). Gastric epitheliaỉ dysplasia is a premaiignant 
conditìon, and warrants follow-ũp and possible surgical 
intervention. Simiiariy, persistent gastric ulcers may be 
malignanL More advanced disease, which ứ  the norm at 
presentadon in  most vvestem countrìes, may produce 
abdominal discomỉort or pain, anaemia, vveight lõss, and 
anorexia; obstructìon, haemorrhage, and perỉoration may 
develop. Extension to the liver and pancreas. and lymphatic 
and blood-bome (portal) metastases may occur! The 
overexpression of epidermal growth íactor receptor (EGFR), 
vascular endothelial grovvth ía ao r receptor (VEGPR), and 
hum an epidermal grornh ỉactor receptor-2 (HER2) has 
been assodated with a poor prognosis in patients with 
gastric and oesophageal cãncers.

Surgery is the maỉnstay of ưeatm ent ỉor locoregional 
d lsease.2'*-*'10 There is some uncertainty, hovvever, about 
the appropriate extern of surgery and assodated lymph- 
node dissectìon.1-4,11 Typical 5-year survival rates in  westem 
paúents have ranged ừom  about 50 to 80% in those with 
stage I disease to 13% in those with stage nì;11-12 although 
m uch higher survival rates (over 96% in  stage I disease and 
nearly 45% in stage m) ha ve been reponed in  Japan,u 
Japanese and westem patíents may not be equỉvaỉent. a fact 
that has made comparisons diỉScult19

Because of the poorer survival rates in  patientỉ vvith 
more advanced locoregional disease, postopeiative (adju- 
vant) and pre-operative (neoadjuvant) treatments have 
been tried.1,4-*-11-12 Postoperative radiotherapy has not been 
shovvn to produce a survival benefit, and the value of pre- 
operative radiotherapy is uncertain.11-12 However, there has 
been considerable interest in the possible value of 
chemotherapy, alone or w ith radiotherapy (chemora- 
diotherapy).1-11-12 Postoperative chemotherapy has íailed to 
show a signiCcant suívival beneíit, except for results with 
tegaíur (plus gimeradl and oteradl potassium) in a Japanese 
population; it has not become Standard practice in vvestem 
countries.5-110,12 Postoperative intraperitoneal chemother- 
apy (using mitomydn, dsplaún, or íluorouradl) is under 
investigation.2-1-9 Preliminary studies of pre-operative 
chemotherapy suggested improved survival compared 
vvith historical Controls, but randomised evidence is 
lacking.2 Hovvever, perioperative chemotherapy, with 
cydes of ECF (ẹpirubicin. dspỉatin, and fluorouradl) given 
pre- and postoperatively, was íound to improve progres- 
sion-íree and overall survival in patients w ith operable 
adenocardnomas.’4 This sưategy is recommended for 
centtes with a multi-disdplinary approach, where there is 
an opportunity for patients to be considered íor 
perioperative treatment.* Perioperative chemotherapy 
vrith ECF, or modihcations thereof, has become Standard 
practice in the UK and Europe,4’* 10-15 and is considered an 
option for patíents in the USA.9 A large us study16 íound 
that median survival was improved (rom 27 to 36 months in 
patients given postoperative chemoradiotherapy (using a 
duorouradl and ỉolinic add regimen). This strategy ứ 
recommenđed íor cenưes where surgery is used as the 
primary therapy, or where reíerral is made postoperatively.1 
Using a regimen based on a fluoropyrimidine (such as 
duorouradl or capedtabine), postoperative chemora- 
diotherapy has become the Standard of care in the 
USA.9-4-10'11 The value of pre-operative chemoradiotherapy, 
in contrast, remains to be determined,9-4-11 although it may 
be a potentia! optìon in medically fit patients whose dỉsease 
is resectable. The recommended regũnen indudes a taxane 
(paditaxel or docetaxel) with a Duoropyrimidine (duoro- 
uradl or capedtabine).9 For patients vvith inoperable 
locoregional disease, radiotherapy with concurrent (luoro- 
uradl-based radiosensitisation is used. Palỉỉative cbemo- 
therapy with any of the regimens used for metastatic discase 
is also an option ỉn these patients.9

Treatment for advanced  disease is purely palliative, 
and options indude supportive care with or vvithout 
chemotherapy.9 Supportive care indudes the relieí of 
luminal obstruction vrith, for example, stent placement, 
laser surgery, or photodynamic therapy. Chemotherapy 
may have substantial palliative e ííea  and modest survival 
gains, and may be considered in those with good 
periormance status.2-9 There is no gold Standard regimen, 
although combinaúon therapy is prelerred to singlc-agent 
therapy for palliation.17 A systematic revjew1* íound that 
combìnation regimens induding a duoropyrimidine, 
anthracyclines, and dsplatin produced signiỉicant survival 
benedts; ECF was considered the regimen oi choice since it 
was best toỉerated, and it is considered Standard therapy in 
some countries.17 Fluorouraól, doxorubidn. and mito- 
m ydn (FAM) has been vvideỉy used;9 other comblnations 
ỉndude tbe substitution of methoưexate ỉor mitomydn, or 
dsplatìn for doxorubidn, in the FAM regimen (FAMTX. and 
MFC, respectively),917 and the use of docetaxel instead of 
epirubidn in ECF (DCF).9’19 However, ECF has shovvn 
better response and median survival than FAMTX.9-*’19' '7 In 
tum . the use of EOX (epirubidn, oxaliplatin, and 
capedtabine) was ỉound to be as eííective as ECF, but with 
a more íavourable toxidty prohle.4-*-17 ECF, DCF, or theứ 
modiGcaúons are usually prelerred as first-line therapy.9'9' 10 
Other combinations used in advanced or metastatic disease 
indude irinotecan plus dsplatin or a duoropyrimidine (such 
as ũuorourad l or capedtabine). oxaliplatin plus a 
ũuoropyrimidine, and paditaxel-based regimens.9-10 In 
those patients with advanced gastric cancer or gastro- 
oesophageal adenocardnom a that is HER2-positive, 
ưastuzumab may be added to systemic chemotherapy if 
chemoradiotherapy is not recommended.9 Combinatìon 
therapy using nevver agents such as bevadzum ab, 
cetuximab, and gedtứúb are being investigated.4-*’10'1517 
For lurther inlormation on  common chemotherapy 
regimens, see Table 1, p. 719.
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MAUGNANT NEOPIASMS OF THE COLON AND RECĨUM. Colorect li 
cancers are very common in developed areas su ch as the 
USA and w estem Europe, but rare among Aírican a rd  
Asian populatíons. Genetic, environmental, Iiíestyle, ar d 
dietary (actors are thought to contribute 10 developm ent 
o( the disease. Inherited predisposition syndromes induc e 
íamilial adenomatous polyposis and hereditai y 
non-polyposis colorectal cancer. Most large bovvel cance s 
arise vvithin pre-existing Lntesnnal polyps. Over 50‘ ó 
occur in the rectum and about 20% in  the sigmoid coloi [. 
There may be direct invasion of neighbouring structurí s 
and metastatic spread to the lymph nodes, and  to  lung 
bone, and in particular, liver. Over 50% of patients vvi J 
develop metastases, and up to 25% present vvith met£ - 
static disease. Signs and symptoms are non-specific an  ì 
include blood in the stools, altered bovvel habit, anaem ii . 
abdominal pain, and vveigbt loss; there m ay be locíl 
obstruction (depending on  location) or p e río ra tio i. 
Screening is e£fective ỉn reducing mortality, aithougb t h : 
ideal method to  be used is conưoversial.

Pathological stage is an ũnportant prognostic ía ao r. Th : 
Dukes dassification and its modihcaáons and in  particula r 
the tumour-node-metastasis (TNM) stagúig System h a v : 
been widely used. The latter is based on depth of bowel wa! 1 
invasion. extent oí lymph node involvement, and  presenc : 
o( metastases. These are roughly grouped into stages; stage; 
I and n  have no lymph node involvement, stage m  i; 
lymph-node positive, and stage rv  is m etastatic.1'9 Abou: 
40% of colorectal cancers are charaaerised by m utations ứ 
the KRAS gene, and about 5 to 8% show a spedũc m utatiot 
in the BRAF gene. KRAS m utations have been show n t( 
predict for lack o! response to  cemximab and panitum um ab 
mutated BRAF may be a marker of resistance to  therapie: 
that target the epidermal grovvth íactor receptor, althougl 
data remain incondusive.1

The first-line Ueatment for ea rly -stag e  and locally- 
advanced  disease (stages I to  n t  Dukes A to C) is surgery.1-' 
Survival in early-stage disease is good: published 5-yeai 
overall survivaỉ rates are 80 to  95% in patients w ith  stage 'J 
dìsease, but fall to 25 to 60% (depending on prognostic 
íactors such as nodaỉ ìnvolvement and  degree o ỉ tum oui 
invasiveness) in those w ith stage m  disease.4 A djuvant or 
□eoadjuvant therapies have thus been vvidely investigated 
and incorporated into treatm ent.1-2

Adjuvant therapy ỉor stage I colon cancer is considered to 
be unnecessary.1-9 For stage IU disease, ũuoropyrim idine- 
based chemotherapy has been shovra to  have an  overal) 
survival beneflt, and adjuvant therapy has become Standard 
practice íor these patients.1,3-9'10 The evidence in  íavour of 
adịuvant therapy in  stage n  disease is w eaker and  its use has 
been comroversial.9-7-11 w hile  it is n o t routinely recom- 
mended lor all patients,12- most consider tha t its use in  high- 
risk patients w ith poor prognostic íeatures is justi- 
Bed.l-9-‘-, -l°'12’' 9 The FOLFOX regim en (infusìonal Duoro-
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uraál, íolinic add, and oxaliplatin), compared w ith 
Quorouracil plus íolinic acid, has been ỉound to improve 
disease-free and overall survival ÚI stage m  patíents.1-10 The 
FLOX regimen (bolus íluorouradl, tolinic aãd , and 
oxaliplatin) also improves disease-free survival in  patìents 
vvith stage n  and stage m  colon cancer compared with 
Quorouratíl and íolinic atíd .1 Oral Auoropyrừnidines have 
also been shovra to improve survival after resectíon,14 and 
oral capecitabine appears to be as eữectíve as bolus 
ũuorouracil plus íoiinic ad d .10 All the above are thereíore 
options for adjuvant treatm ent.1-10 Results with the IFL 
regimen (ữinotecan, bolus Quorouradl, and ỉolinic add) 
have not proved satisíadory because of its toxidty,4-7’9 and 
FOLFIRI (inỉusỉonal íluorouracil, íoUnic add, and irinote- 
can) has not been shovvn to be superìor to Quorouradl plus 
íolinỉc add  in the adịuvant se túng.1

Neoadjuvant chemotherapy and adịuvant radiotherapy 
seem to play little role in the management oỉ early colon 
cancer, and the latter is not generally recommended.4 In 
conơast, in the management of early stage rectíã cattcer 
radiotherapy or chemoradiotherapy plays an  important 
tole, to decrease the slze of the tum our pre-operatively, and 
to decrease the risk of recurrence.4 Surgery alone may be 
suỉhdent for patients with early, ỉavourable disease.2-15 A 
meta-analysis16 íound that both neoadjuvant and adỊuvant 
radiotherapy reduced the risk of recurrence compared with 
surgery alone, and tha t fewer patien ts w ho had 
neoadịuvant radỉotherapy died from rectal cancer, although 
early deaths from other causes increased. and there was 
little impact on overalỉ survival. Some stìll recommend 
neoadjuvant radiotherapy as a convenient, simple 
treatment with low toxidty for more locally advanced 
disease.15 Hovvever, adjuvant chemoradỉotheiapy was 
shovvn to improve overall survival compared with surgery 
alone, and it was considercd the Standard of care for patients 
with stage ư or sỊage in redal cancer.3-4-8-14 A large 
iandomised study17 subsequently íound tha t neoadjuvant 
chemoradiotherapy signihcantly improved local control and 
was assodated with less toxidty than adjuvant chemor- 
adiotherapy, although there vvas no improvement in oveiall 
survival. As a result, neoadjuvant treatm ent has been 
advocated on the basis of better tum our control, lower 
morbidity,5,4 and enhanced sphinder preservation.4 Regi- 
mens are Suoropyrimidine-based, typically using inlusional 
Ouorouradi alone, or bolus Ouorouradl plus íolinic add, or 
oral capedtabine. Aiter surgery, adjuvant chemotherapy 
with a ũuorouracil pluỉ íolinỉc add regimen, FOLFOX, or 
capedtabine is recommended; the latter 2 options are 
exưapolations hom  results in colon cancer.2 AcỤuvant 
chemoradiotherapy is still used for patients if neoadjuvant 
radiotherapy or chemoradiotherapy has not been given.2-15 

Palliative ơeatm ents for advanced  colorectal cancer 
(stage IV; metastatic disease) indude surgery, radiotherapy, 
chemotherapy, and chemoradiotherapy.1-14-5-7-1* Genetic 
probling may allovv individuallsation of therapy to improve 
efficacy and rẽduce toxỉdty.19-20 Metastasis usualỉy occurs 
first to the liver; ỉor cases that are localised and resectable, 
surgery oííers a chance of prolonged survival.4'5 Systemic 
neoadjuvant chemotherapy can reduce tum our volume and 
render some previously unresedable metastases suitable 
candidates for surgery.1-4-21 Another potential approach is 
the adjuvant use of hepatic arterial (inưaportal) chemo- 
therapy dừeded  a t the liver. Hovvever, it is unclear who 
should be oííered such treatment, and w hat the survival 
beneíits are; given the potential for biliary toxidty and the 
technical expertise required, hepatic arteríal therapy is 
generally reserved for use at spedalist centres.1’2

Conventional palliative chemotherapy is based on the 
use of QuorouradL and has been shovvn to produce modest 
survival benefits.22 Adding tolinic add improves the 
efficacy,19-23 and the combination has long been regarded 
as Standard. Although it has been suggested that regimens 
based on continuous iníusion of Auorouracil are more 
effective than those using bolus dosage.4-24 others consider 
that although response rates are improved, median survival 
is similar, and tha t diííerences in toxidty and convenience 
of administration ate more sỉgniíicant in making the 
choice.1* Oral Auorouradi prodrugs such as capedtabine, or 
tegaíur vvith uracib are considered valid altematives to 
intravenous Auorouradl.4-19-21-25

Several new er drugs have now been shovra to improve 
response rates and survỉval w hen used for chemotheiapy in 
these patients. In  particular, regimens induding irinotecan 
or oxaliplatin. such as FOLFIRI or FOLFOX, are now 
considered optìons ỉor first-line management oí metastatic 
colorectal cancer.1-2-6'8-1*'21 There is also evidence for both 
improved response and surviva] when bevadzumab (an 
antagonist of vascular endothelial grovvth íactor) is added to 
chemotherapy.18'19 Similarly, cetuximab, a  blocker of the 
epidermal grovvth ỉactor receptor, appears to improve 
response rate and decrease the rate of progression ií given 
with irinotecan,* and preliminary results suggest that it is 
eữective w hen combined w ith a FOLFOX regũnen.20 As a 
result, currently recommended regimens combine bevad- 
zumab w ith one of the first-line regimens—FOLFOX,

FOLFIRI, a ũuorouradl plus íolinic add regimen, or CapeOX 
(capedtabine plus oxaỉiplatin)—in patients with metastatic 
disease who are able to tolerate intensive therapy,1-119"21 
although the data to support some of these combinations are 
not yet available. Cetuximab or panitumumab may also be 
combined vvith FOLFIRI or FOLFOX (in those with the 
KRAS-wild type gene).1-2-19 In those who ỉail to respond, an 
altemative flrst-line regimen may be tried (without 
bevadzumab). Other optíons include cetuximab plus 
ừinotecan, or monotherapy with a drug not induded in 
the original regứnen (such as irinotecan, cetuximab, or 
panitumumab). In those ỉn whom intensive therapy is not 
appropriate, options indude capedtabine or ũuorouradl 
plus íolinic add; either of these regimens may be combined 
with bevadzumab.IAW1 In those vvith the KRAS-wild type 
gene, the epidermaỉ growth {actor inhlbitors cetuximab or 
panitumumab are altematives.1'2 The tyrosine kinase 
inhibitor regoraíenib is an option when other tteatments 
have íailed.

For hirther iníormation on cornmon chemotherapy 
regimens, see Table 1. p. 719.

Other drugs and regúnens continue to be investigated.
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Prophylaxis of cancer of the cobn and reơum. Varlous drugs 
and dietary íactors have bcen.shovvn in epỉdemỉologlcal 
studies to be assodated with a reduced risk of colorectaỉ 
cancer, and some of these have been investigated in pro- 
spective randomised studies.1'3
• Aspirin and NSAIDs axe the most vvidely studied.1'10 In 

shorỉ-term ranđomised studies, both sulindac and 
celecoxib have reduced the size and number of coỉonỉc 
polyps in patients with íamilial adenomatous polyposis.4 
Hovvever, prophylactic surgical removal of the colon is 
still considered the Standard of care for these patients.1'11 
Furthermore, despite signiẼcant reductlons in adenoma 
íormation in high-risk patients, cydo-oxygenase-2 
(COX-2) ỉnhibitors have also been assocỉateđ with 
cardiovascular toxicity.12 There is some evidence of a

dose-response effect, sừice the greatest prophylactic 
eỉỉect of aspirin in average-rìsk populations appears to be 
assodated wỉth doses substantially greater than those 
required for prevention of cardiovascular disease.5'6'8'13 
The effea of aspirin may depend on COX-2 expression: it 
appears only to reduce the risk of coỉorectal cancers that 
overexpress COX-2.14

• Caldum supplementatlon has shown a moderate 
reductỉon ỉn the íormation oỉ new  adenomas in patỉents 
with a history of colorectal adenomas,15 and is well 
tolerated, but the evidence is not strong enough to 
recommend general supplementatíon to prevent color- 
ectal cancer.

• Despite the epidemỉologỉcal evidence for dietary fibre, 
several large randomised studies of fíbre suppiements or 
high-fíbre diets have not ỉound any reductíon in the 
íormation of new  adenomas in  patìents with a history of 
colorectal adenomas.1'2*16

• Antoxidant vitamins have also been investigated, but 
evidence for their beneSt is conũictỉng (see Prophylaxis 
of Maiignant Neoplasms, p. 2047.3).

• Ursodeoxychoiic add has been shown to reduce the risk 
o! colorectal cancer in patients w ith ulcerative colitỉs and 
primary sderosing cholangitis, see Inũammatory Bowel 
Disease, p. 1811.3.

• Epidemiologỉcal evidence17 suggests that Iong-term use 
of statíns is assodated with a markeđ reduction ỉn the risk 
of colorectal cancer. Prospective studỉes are required to 
conũrni these results. A meta-analysis1* dld not support 
this hypothesis, although a modest reduction m risk or 
an effea with higher doses of statins could not be ruled 
out.

• Other potential chemopreventỉve agents on the basis of 
epidemiological evidence ỉndude íolic add, seleniưm, 
and menopausal HRT.1*3 For the suggestìon that folate 
may have dual modulatory effects on cardnogenesis, see 
Cardnogenidty, under Folic Add, p. 2065.3.

An hnportant component of the care of padents with 
inherited predisposỉtỉon OEOther risk lactors for colon cancer 
ìs regular soreenỉng.2*11'19'25 Vạrỉous screenỉng methods have 
also been investigated for usein  normal-risk ỉndividuals. u s  
guldelỉnes21 recommend screenỉng for colorectal cancer 
using íaecal occult blood testing, sỉgmoidoscopy, or 
colonoscopy in average-risk adults, starting at 50 years of 
age and contỉnuing untỉl age 75; routine screening is not 
recommended for those older than this.
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MAUCNANT NEOPLASMS OF THE ANUS. Anal cancer is a rela- 
tìvely uncommon malignancy. Tumours arísing within the 
anal canal are most often squamous celỉ carònomas.1'5 
Other types oỉ cancer arising in the anaỉ rcgion ỉnclude 
adenocardnomas, which are managed similarly to rectal 
cancer (see Malignant Neoplasms of the Colon and Rec- 
tum, p. 706.3).1-2-4 Anal intraepithelial neoplasia (AIN) is 
considered to be a precursor of squaxnous cell anal card- 
noma.5-6 Risk ỉactors assodated vvith anal carónoma 
indude immunosuppression, anal or genital human papil- 
Iomavirus (HPV) iníection (espedally HPV-16), a history 
of receptive anaỉ intercourse or sexually transmitted dis- 
ease, multiple sexual partners, and a history of cervica], 
vulvar, or vaginal cancer. HTV iníection, long-term cortico- 
steroid use. and smoking may also be assodated risk fac- 
tors.1_4A7 Clinical maniíestations of anal cardnoma indude 
anal bleeding, pain, or the sensation of a rectal mass; diag- 
nosis may be delayed as bleeding is ohen attributed to 
haemorrhoids.1-4-6

Treatment of anal inưaepithelia) neoplasia indudes 
exdsion for dinically dehnable lesions. Topical creams 
containing Đuorouradl or imiquimod have also been used, 
and there is anecdotal evidence for the use of photodynamic 
therapy.6 A vacdne for HPV-related AIN is under 
development.5

The prímary ưeatm ent for anal canal carcinoma is 
combined modality treatment using chemoiherapy and 
radiotherapy. Chemoradiotherapy with ũuorouracil plus 
m itom ydn is the regimen oí choice, having been íound to 
be superior to iadiation alone.1'* Fluorouradl with dsplatin 
is also used. This regimen, when compared with Đuorouradl 
plus m itom ydn, had comparable survival and less 
haematological toxidty, but higher colostomy rates.2-4-6 
For persistent or Iocally recurrent disease, surgical resection 
with the íormatíon of a colostomy is preíerred.1'4 Salvage 
chemoradiotherapy with a dsplatin-based regimen has also 
been reported to be successíul in the treatment of persistent 
or relapsed disease.1’4 About 12% of patients develop 
metastases, most commonly to the liver and lung.* There is 
no Standard therapy for metastatic disease.1'6-* Treatment 
recommendations indude platínum-based chemotherapy 
or enrolment in dìnical studies.2'4'6'* Local chemotherapy 
for liver metastases using intra-arterial chemotherapy has 
been reported to be successỉul.*

The management of anal cancer in HlV-positive patients 
has improved with the advent of HAART; beíore this, 
Standard chemoradiotherapy was assodated with severe 
acute haematological toxidty.5 HlV-positive patients should 
receive Standard chemoradiotherapy treatment for anal 
squamous cell cardnom a, unỉess they are severely 
immunosuppressed (usually deSned as CD4 cell count 
<  200 cells/mm3), in which ca se monitoring and individua- 
lisation of therapy is advlsed.4-6
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Maligncmt neoplasms of the head  and neck. Cancers of 
the head and neck are dassically de&ned as those of the 
mucosal stưỉaces of the upper aerodigestive tract and 
indude neoplasms of the lip, oral cavity, pharynx, larynx, 
nasal ca vi ty, paranasal sinuses, and salivary glands. Most 
are squamous cell cardnomas, and the highest inddence 
is in m en aged over 50 years. Overall. cancers oí the head 
and neck account for about 6% oỉ all maUgnant neo- 
plasms worldwide. The major risk ỉaao r for these cancers 
is the use oí tobacco (vvhether chevved, inhaled, or 
smoked) and alcohol. Human papillomavirus (HPV) ỉníec- 
tion appears to be a risk ỉaao r for some squamous cancers 
of the oropharynx. HPV-positive tum oun have a better 
prognosis than HPV-negative disease, being more respon- 
sive to therapy. Vacdnation against HPV is of potential use 
for primary prevention. Nasopharyngeal cardnoma is a 
unique type of head and neck cancer. It is endemic in 
Alaska, china, and North Aỉrica and is assodated with 
Epstein-Barr vữus and the consumption of salt-cured fish.
It tends to metastasise early.

Clinỉcal maniỉestations o{ head and neck cancer vary 
according to the location of the primary tumour, and can be 
non-spedfic. Symptoms indude mouth ulceration, tongue I

pain, epistaxis, hoarseness, sore throat, otalgia, dysphagia, 
chronic cough, haemoptysis, and stridor.

Premalỉgnant lesions indude leucoplakia and ery- 
throplakỉa, and these can progress to ữivasive cancer. 
About one-thữd of cancers are diagnosed at early stages (I 
and n), and the rest are usually locaỉly ađvanced (stage n i 
and IVA). Although early-stage disease can be successíully 
ơeated, there is a high inddence of second ptimary cancers 
in the head and neck, lung, or oesophagus. Thereỉore, there 
is interest ỉn the development oỉ chemopreventive drugs to 
reduce this risk. Fewer than 30% of patỉents with locally 
advanced disease are cured. The ơeatment of head and neck 
cancer is complex, and is aỉfeaed by the site and extern of 
disease, pathological hndings, lymph node involvement, the 
patient's hinctional status, and comorbidities; the experi- 
ence and skill of the team carrying out surgery and 
radiotherapy vvill also inũuence treatment recommenda- 
tions.

Patìents with early-stage nasopharyngeal disease are 
treated tvith radiotherapy alone. Those with locally 
advanced disease are treated vvith dsplatin-based chemo- 
therapy given concurrently vvith radiotherapy (chemor- 
adiotherapy) íollovved by adjuvant chemotherapy with 
cisplatin plus íluorourarìl.1'3 For metastaiic disease, Ị 
palliative chemotherapy can be considered; platinum- ị 
based combination regimens are used first-line. Other active I 
drugs, used as monotherapy or in combination, indude I 
paditaxel. docetaxel, gemdtabine, capedtabine, irinotecan, Ị 
vinorelbine, ilosíamiđe, doxorubidn, and oxaliplatin. i 
Treatment is based on previous treatment and toxidty.3

Paúents vvith early-stage resectable squamous cell 
carcinoma of the head and neck (exdudỉng nasophar- 
yngeal carcinoma) are ưeated vvith surgery or radiotherapy, 
vvith curative intent.2-4'7 The two methods have comparable 
eơicacy, and choice depends on the spedíic tumour site, 
resectability, and íunctional outcome aíter therapy.2'5 For 
those with adverse prognostic ỉactors such as nodal 
involvement, positive margins, or exưacapsular spread, 
postoperative radiotherapy or postoperative chemora- 
diotherapy may be used.4-*

Locally advanced dừeast needs combined modality 
therapy,2-4'6 individualised according to resectability, 
tumour site, the need for organ preservation, and ỉunctional 
outcome.2 HistoricaUy, surgery plus radiotherapy was used 
for resectable disease, and radiotherapy alone for 
unresectable disease,’ but combined chemoradiotherapy 
has proved a major advance in ưeatment.5 It is superior to 
radiotherapy alone,2-3'10 although toxidty is increased, and 
to the use of chemotherapy either beíore or after 
radiotherapy.2-’ Resectable disease is thereíore usually 
managed vvith surgery followed by adjuvant treatment with 
radiotherapy alone or chemoradiotherapy to reduce 
locoregional recurrence.2-4-3-7-* In resectable disease where 
organ preservatíon is important, and in unresectable 
disease, deỉinitive chemoradiotherapy is the Standard 
treatment,2’4-5-7 unless the use of chemotherapy is 
conưa-indỉcated due to poor períormance status or 
comorbidities.4-’ Platinum-based regimens ate stan- 
dard.2-4-5’* Use of cetuximab with radiotherapy may be 
considered as an altemative to chemoradiotherapy in those 
patients unable to tolerate chemotherapy.2-4-5-* while 
chemoradiotherapy improves locoregional conơol, its eííect 
on distant recurrence or metastases is inconsistent, and 
induction or neoadjuvant chemotherapy has bcen studied 
in the hope of redudng metastasis. Inteipretation of initial 
studies of inductìon chemotherapy (used beíore surgery or 
radiotherapy) was diữicult given their heterogeneity, 
although a survival bcnelit was shovvn in those studies 
using dsplatin plus Quorouradl. The addition of docetaxel 
hirther improved survival and organ preservation in studies 
of inducnon chemotherapy (used belore radiotherapy or 
chemoradiotherapy).2-5-6 Induction chemotherapy is not 
regarded as Standard treatment for locally advanced 
disease,5 but its use beíore chemoradiotherapy (compared 
with chemoradiotherapy alone) is under investigaúon.2-5

Palliatíve chemotherapy is used in mctastatic or rtcurrent 
disease.4'5’9 Salvage surgery or a repeat course of 
radiotherapy are other options, depending on previous 
ưeatment. Drugs used ỉor single-agent ơeatment include 
đsplatin, carboplatin, paditaxel, docetaxel, ũuorouradl, 
methotrexate, Uosíamide, bleomydn, cetuximab, and 
gemdtabine (for nasopharyngeal cancer). Common combi- 
naứon regimens such as dsplatin and íluorouradl produce 
more responses, but no dear improvement in sumval.4-5’9 
Addition of cetuximab to this Standard platinum plus 
Quorouradl regimen has been lound to improve surviva].11 
Other common combinations include dsplatin or carbo- 
platin plus a taxane.4 Gehtinib and erlotinib have shown 
modest beneht when used as monotherapy, and are under 
investìgation in combination regimens.2-5 The choice of best 
supportive care or single-agent or combination chemother- 
apy should be dictated by the patient's periormance status, 
as the beneũts of chemotherapy are limited.4

A local injection of dsplatin in a gel íormulation 
containing adrenaline has been investigated Ũ1 recuưent

and reíractory head and neck cancer.12 Photodynam ic 
therapy (see tm der Porữmer Sodium, p. 849.1) osing 
tem oporhn is a  inore recent development for pahiative 
management. Head and  neck cancers have high levels of 
p53 gene m u ta tions, and  gene th e rap y  is I n d er 
investigation.13 Chemoprevendon by ưea tm ent oi pre- 
m alignant disease is also u nder investigation  (see 
Leucoplalda, p . 750.3).
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M alignant neoplasm s of the kidney. Cancer o ỉ the k dney 
is relatively uncom mon, accounting for about 2%  DÍ all 
cancers worldwide. About 90% of renal tum ours are renal 
cell carcinoma, of vvhich the majority are cleai cell 
tumours. The disease is about twice as com m on in rr en as 
in women. Several hereditary types of renal cell carci toma 
exist, the most common being von Hippel-Lindau (VHL) 
disease, caused by a m utation in the VHL-gene, t/h ich  
predisposes to  clear cell cardnom a. Aside from gtnetic 
predisposition, risk íaCTors include smoking, o t esity, 
hypertension, use of analgesics such as phenacetin  and 
acquired cystic lddney disease associated w ith end stage 
renal disease. Disease is often dlnically silent; there may 
hovvever be haematuria, ũank and back pain, and a palp- 
able mass in the Đank or abdomen. Fatigue, anaem ia. and 
vveight loss can also occur. About one quarter of pa ients 
present w ith advanced disease. The most com m on sít ĨS íor 
metastases are the lung, liver, and bone, although un DSual 
sites for metastases are a knovvn íeature of renal canc :r.

Radical nephrectom y is the main t r e a tm e n t  íor ĩarly- 
stage (stages I and II) disease although nephron-SỊ aring 
partial nephreaom y may be considered út some patie: [ts.M 
Results achieved w ith nephron-sparing surgery are si rnilar 
to radical nephreaom y, but recurrence rates are h iịh e r.3 
Minimally invasive procedures such as radioíreqi ency 
ablation and cryotherapy are options for ơeatm ent of imall 
tumouis, althoũgh comparisons vvith surgery are lacl ing.2 
Radical nephreaom y is also used in selected patìents with 
locaỉly advancĩd (stage n i) disease. After surgery 20 to  3< % of 
patients w ith locaUsed tum ours vvill relapse, usua ly at 
distant sites.2 However, adjuvant therapy has no establ .shed 
role.2 Radiotherapy is not benehcial, and no  sys emic 
therapy has been shovvn to reduce relapse; in teríeron  a ha or 
interleukin-2 are not eííective.2-3 Standard Céưe theìeíore 
remains dose observation.2

Patients w ith irtvasive OI metastatk (stage TV) disea; e are 
also candidates for surgery.2'5'6 Palliative nephrectom  / can 
be consideréd for alleviation of symptoms.7 Nephrec tomy 
and surgical removal of isolated metastases ma / be 
appropriate in  som e patien ts,2'7 and cytoredu ctive 
nephrectomy betore systemic therapy is recom m endt d for 
patients w ith potentiâlly resectablẽ disease and  m i Itiple 
metastases,2-* since a small survival beneht has been  s; Lovvn 
with nephreaom y betore cytokine therapy com pared vvith 
cytokine therapy alone.9-10

Renal cell cardnom a has been largely res is ta it to 
conventional antineoplastic chemotherapy,1-3-7'11 and  cyto- 
kine therapy with either interleukin-2 or interíeroi: alfa 
became a Standard tteatm ent,2-* despite tox id ty  prol ilems 
and generally poor overall response rates.5 It has u; ually 
been reserved for patients with good prognostic ía a o i i and 
good períormance status.* A systematic review 12 foi nd a 
modest survival beneht íor interíeron alfa. H igher res] lonse 
rates w ere reported with high-dose interleukin-2 than low- 
dose therapy,2-13 but overall survival was n o t im pro' ed.12 
Attempts to improve the tolerability of interleukin-2 have
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included the use of continuous intusion, lower doses given 
subcutaneously,1’1114 and inhalational use.11-14 Attempts 
were made to improve the response rates to interleukin-2 
and interíeron alfa by combining them, or by addition of 
antineoplastics or retinoids. However, response was still 
generally poor and toxicity signihcant.11'15

The majority of patients with dear-cell renal cell 
cardnoma havẽ overexpression of vascular endothelial 
grovvth {actor (VEGF) in tumour tíssues, and newer 
molecular therapies aimed at VEGF or its receptors have 
been developed.5-16-1* The tyrosine kinase inhibitors 
sunitinib and soraíenib have respectively produced better 
and equivalent survival to intetỉeron alfa treatment, and are 
both recommended as first-line options in stage IV disease, 
whether of dear cell or non-dear cell histology.2 Some 
consider brst-line use is appropriate only in íavourable- or 
intetmediate-risk patients, but that they are suitable ín any 
patient vvho has tailed cytokine immunotherapy.6 Temsir- 
olứnus has also shovvn a signiũcant overall survival beneBt 
compared vvith interíeron alía; combinatìọn ưeatment 
using these 2 drugs did not, however, show any benebt over 
interíeron alía monotherapy.2-5 Temsirolimus is recom- 
mended as a Ẽrst-line option in patients with poor 
prognosis.2-4,4 Bevacizumab, a monodonal antibody 
dừected against VEGF, has also shown activity in metastadc 
disease; addỉtion _oí bevacizumab to interieron alía 
signiAcantly increased progression-free survival compared 
Yvĩth interíẽrọn alía, and this combination is also a Ũrst-Iine 
option íor patients vvith mainly dear-celi histology.2-4 
Pazopanib is an altemative first-Iine agent in those with 
mainly dear-cell hịstology, and high-dose interieukin-2 also 
remains an option for selected patients vvith good 
períormance status.2 Sunitinib, soraíenib, pazopanib, and 
temsirolimus are ail options in non-dear cell disease, as is 
chemotherapy with gemdtabine, capedtabine, Soxuridine, 
Đuorourađl, or doxorubidn.2

For Progressive deàir-cell disease, an altemative Crst-line 
may be given; supportive care remains a mainstay of 
therapy £or all patients with metastatlc renal cell 
carcinoma.2 Treatment with everolừnus has been found to 
prolong progression-ừee survival in patíents who had 
disease after ơeatment with sunitinib, soraíenib, orboth.19 
Interieron alfa may be used for Progressive disease in dear 
cell cardnoma;2 some consider its use in metastatic renal 
cardnoma to be inappropriate.6

Evolving therapies ìndude vacdnation therapy wíth 
autologous or allogeneic dendritic cell vacdnes. or peptides, 
and aỉlogeneic haematopoietic stem cell transplanta- 
tion.3-13-20-21
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V/ÍLMS' 7UMOUR. In children most cases of renal tumours are 
due to WiUns' tumour (nephroblastoma). This is one of 
the most ửequent solid tumours in childhood with a peak 
incidence between 1 and 5 years of age and accounts for

about 6% of all childhood malignandes. The usual presen- 
tation is an asymptomatic abdominal mass; abdominal 
pain, haematuria, fever, and hypertension can occur. 
Metastasis in advanced dỉsease is usually to the lungs and 
liver. Most primary tumours occur in  one kidney, but 
some 5% involve both kiđneys.

Unlike other íorms of renal cancer Wilms' tum our 
résponds vvell to chemotherapy. The basis of t r e a tm e n t is 
surgery, combined with chemotherapy, and ư necessary 
radiotherapy. Management varies with disease stage and 
also varies between diữerent study groups.1'7 The us 
National Wilms' Tumour Smdy Group (NWTSG), its 
successor the Children's Oncology Group (COG), and some 
other groups recommend initial surgery (nephreaomy) to 
conỉirm diagnosis and períorm predse stagỉng. Adjuvant 
chemotherapy and radiotherapy are based on stage and 
histology obtained at the time of surgery, vvhich allovvs ỉor 
accurate assessment. Hovvever, tum our spillage at the óme 
of surgery can increase the risk of local abdominal relapse 
and sũbsẽquent poor outcome. In contrast, the Buropẽan 
Sodété Internationale d'Oncologie Pédiatrique (SIOP) and 
some other groups use neoadịuvant chemotherapy to 
reduce the tumour size and make surgery easier. Staging is 
done after surgery, and adjuvant chemotherapy is given ii 
needed. With this method. patients w ithout a conhrmed 
diagnosis may receive tumecessary neoađjuvant ơeatm ent, 
and more intensive chemotherapy regimens are needed to 
ensure any occult disease is treated. Althoúgh there 
continues to be controvérsy about the relative merits of the 
two approaches, overall survival for padents ưeated by 
cither approach is very sixnilar, being more than 90% for 
patients with íavourable histology. The aim of the various 
study protocols has been to identìíy low-risk children who 
require less intensive therapy, and those with poor 
prognosis who require more intensive therapy or 
altemative investigative regimens.1'7 It has been noted 
that the groups have borrovveđ ừeeỉy ừom  each other, with 
SIOP protocols advocating early surgery for iníants, and 
COG protocols using neoadjuvant therapy for very large 
tumours. Neoadịuvant chemotherapy may also allọw ỉor 
treatment of chiỉdren in developing countries in cases 
where surgery is not immediately ỉeasible due to the general 
health status of the patient. The protocol seleaed should 
thereỉore be suited to the inđividual child and the particủlar 
patíent population.7

SIOP neoadịuvant chemotherapy usualỉy consists oỉ 
dactinomydn and vũicristine for clinically localised disease, 
tvith doxorubidn or epirubidn added Í O Ĩ  metastãtìc 
disease.2-5"7 Adjưvant chemotherapy regimens for disease 
with íavourable or Standard histology are broadly similar 
between NWTS and SIOP. In earỉy disease, chemotherapy 
consists of vincristine combined with dactinomydn; in more 
advanced disease radiotherapy, and an anthracydine 
(doxorubicin or epirubidn) are added.2-5-6 The duration of 
adjuvant chemotherapy is dependent on the disease stage 
and w hether or not neoadjuvant treatm ení was given.2 The 
UK Children"s Cancer Study Group íound that adịuvant 
vincristine alone was as eữective as vinaistine plus 
dactiriomydn íor patients with stage I ỉavourable histology, 
although this did not apply to children aged 4 years or 
older.1,4’6 Various regimens have been invesdgated, and the 
NVVTSG found that pulse-intensive dactinom ydn counes 
were as elỉective as Standard courses, but had less 
haematological toxidty.1-4-5 Adjuvant radiotherapy is given 
for lung metastases in both protocols, vvith NVVTSG giving 
whole-lung irradiation in all cases, and SIOP not irradiating 
those patients whose metastases respond to chemotherapy 
(which may be related to the higher dose oí anthracydine 
used in SlOPregimens).1-2-4-7

For patients wdth unỹavourable hừtologies and a poorer 
prognosis such as anaplastic Wilms' tum our or dear-cell 
sarcoma, ưeatment usually consists of three-or four-agent 
chemotherapy with combinations of vincristine, dactíno- 
mydn, doxorubidn, and cydophosphamide,4-6 or vincrist- 
ine, doxorubícin, cyclophosphamide, and etoposide.1 
Radiotherapy is also used.1

For retapsed disease, the use of combination chemother- 
apy regimens has improved survival; drugs such as 
cydophosphamide, Uosfamide, dsplatin, carboplatin, and 
etoposide have shovvn substantial activity.1-2-4 The ICE 
regimen (iíosỉamide, carboplatin, and etoposide) or ICED 
regimen (with the addition of doxorubidn) are commonly 
used.2-’ For other common combination regimens used in 
cancer chemotherapy, see Table 1, p. 719. A small study 
íound that a protracted schedule of topotecan was eííective 
for recurrent disease vvith íavourable histology.* Treatment 
with high-dose chemotherapy and autologous haemato- 
poietic stem-cell rescue has shovvn promising results in 
relapsed disease,1 although intensive chemotherapy aỉone 
has been shown to be equally eữective.5

Bilateral w ũm s' tumour is not usually treated with 
primary bilateral nephrectomy because of the need to retaỉn 
renal ĩunction. It may be biopsied to assess histology and 
stage and then treated with neoadjuvant điem other- 
apy.*'2-4"4 Surgery is then períormed, preserving as much oi

the kidneys as is possible. Survival has been reported to be 
comparable with that in other patients.2 Because of these 
resuĩts, some have suggested the use of partíal nephrectomy 
in patients with small unilateral tumours. However, most 
tumours are too large or too centrally located ỉor partial 
nephrectomy to be routinely indỉcated.1
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MaGgnant neoplasms of the dver. Hepatoceỉlular carci- 
noma (hepatoma) accounts for more than 90% of primary 
liver cancers. It is relatively uncommon ín northem  Eur- 
ope and America but is thê mòst common cancer among 
men in large parts ot sub-Saharan Airica and Asia. The 
inddence in men ranges bom 2 to 8 times that in vvomen. 
Chronic íníection with hepatìtis B or hepatitis c virus is 
by far the most important lactor assodated with develop- 
ment oi liver cancer. Other risk íartors indude ingestion 
oỉ (oodstuHs contaminated wỉth aflatoxins (see p. 2432.2), 
aỉcoholic or non-alcoholic liver disease, haemochromato- 
sis, and the long-term use oi anabolic steroids (see Eỉíects 
on the Liver, under Testosterone, p. 2308.1) and, rarely, 
combined oral contraceptives, (see p. 2235.3). Over 70% 
oỉ patients with hepatocellular cardnoma have drrhosis oí 
the liver.

Clinical manUestations of liver cancer indude increasing 
óbstructive jaundice, upper abdominal pain, malaise, 
vveight loss, and the presẽnce of an epigasttic mass; there 
may be metastasis to the lungs, kidney, bónes, brain or other 
sites, or invasion of local structures. Multiple staging 
Systems are used and there is no universalỉy accepted 
method although most base Iiver hinction assessment on 
the Chiỉd-Pugh classiScation of disẹase severity. It has been 
noted that since the cause of hepatocelluỉar cardnoma may 
vary geographically, diãerent scoríng Systems may apply to 
diííerent populations.1-2

Screening at-risk groups for hepatocellular cardnoma is 
íeasible, although still conơoversial in  terms of cost- 
effectìveness; the recommended surveillance interval is 6 
months,2' 5 although 1 year may be equally eHective.6 
Screening has led to increased detectíon of earíy dừease, 
and mote than halỉ oi these cases will be suitable íor 
potendally curatíve treatments such as resection, liver 
transplantatíon, or ablatìon.5'7 Selectíon of which patients 
are best suited to vvhich method ã  based on tumour lactors 
such as resectability, liver bmction, patient comorbidities. 
candidacy for transplantatíon, and organ availability.4,6'*’’ 
Liver tra n sp lan ta tlo n  (p. 1940.3) may be considered in 
those patients with small tumours and who have ađvanced 
órrhosis and are thereỉore not suitabỉe íor surgical 
resection.ỉ",-7A10 Surgical resection  ís suitable for patients 
vvithout drrhosis, or in drrhotic panents vvlth vveli- 
preserved liver ỉunction who are not candidates {or 
transplantation and whose tum ours are considered 
resectable.3-5’7-9’10 However, recurTence rates after resection 
are high.2,4,5'7,u and 5-year surviva! is about 40%.J-5’12 

As a result, a d ju v an t or neoad ju v an t chem o th erap y  
has been investigated in early-stage disease. Neoadjuvant 
chemotherapy has been used to reduce tum our burden 
beíore transplantation7'11 or to permit resection.13 A meta- 
cưialysis14 of 7 studics conduded that adjuvant transcatheter 
arteríal chemotherapy (drugs injected into the hepatic 
artery aíter curatíve resection, usually with embolisatíon 
vvhich temporarily occỉudes the artery) signUicantly 
improved survival and decreased recurrence. However, a 
systematic reviewn  ỉound no clear evidence that either 
neoadjuvant or adjuvant regimens prolonged òverall or 
disease-ừee survival; some evidence íor benebt on disease- 
bee survival vvas seen with adjuvant immunotherapy or 
iodine-131 w ith iodised oU. In patíents who have smali 
tumours and are not candidates lor surgery or transplanta- 
tion, percutaneous intratumoral alcohol injectỉon is an 
option. Other ablatíve thetapies include radloừequency 
ablation and cryosurgery.3"1#'12-,,,1‘

For disease debned as intermediate or advanced,,‘6 vvhere 
tumours are large or unresectable and not amenable to Iocal 
ablative therapies, transcatheter arterial chemoembolisa- 
tion (TACE) is also used.2'4-4A17 TACE uses substances 'such 
as gelatm foam or iodlsed oil to temporariỉy occlude the 
ấrtery (the sole supply of blood to  the tumour). This 
prolongs the duratíon of contact between drug and tum our 
and also attem pts to  induce tum our necrosis by 
ischaemia.14,í-12 TACE compared with arterial embolisation
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vvithout chemotherapy was íound to improve survival Ũ1 
One study.1* Systematic revievv1’ conSnned a survival 
beneSt with. chemoembolisatlon, using doxorubidn or 
dsplatin,.and suggested this method as Standard therapy for 
selected patients with small unresectable tumours, and 
welí-preserved liver íunction. Patients with severe hepatic 
impairment and portal vein thxombosis should not be 
tteated with TACE as there is a risk of predpitatíng acute 
Iiver íailure.4-5-*-17 Other strategies to ũnprove tumour 
response índude the use o í  drug-eluting beads containing 
doxorubidn,’-16 or transarterial radioembolisation (TARE), 
which ínjects radioactive isotopes such as iodine-131 or 
yttrium-90 into the hepatic artery, using the same prindples 
ás TACE.2'4'6'17

System ic ch em o th erap y  has been tried for the 
treatm ent of a d v a n c e d  o r  m e ta s ta tic  hepatocelluỉar card- 
noma, but has had no impact on survivaL1,5-*-10 The most 
active drug is doxorubiđn, which has been assodated with 
pạrtíal responses in about 10% of cases,1-4-5 and has been 
widely used as the Standard of care in disease not amenable 
or refractory to TACE.17 Combination chemotherapy using a 
regimen of cisplatin, interíeron, doxorubicin. and (luoro- 
uradl (PIAF) doubled the response rates compared with 
doxorubidn monotherapy, but toxidty vvas higher, and 
overall survival unaHected.1'4-5-17 More recently, however, a 
survival beneBt has been shown with the use of soraíenib 
when compared with placebo,5-6-14 and some now consider 
it to be the nevv Standard of care for patients vvith advanced 
dĩsease,5-10 although others consider it Standard only in 
those who are not candidates for curadve or locoregional 
therapies such as TACE, and have noted tha t it has only 
been studied in those vvith good liver íunction.17 Other 
drugs under investìgation for hepatocellular cardnoma 
indude bevadzumab, sunitinib, and erlotinib.1-3-5’4'1014 

In con&ast to the poor response of hepatocellular 
cardnom a to therapy, bener progress has been made in 
strategies íor its p rev en tio n . Neonatal vacdnation against 
hepadtis B has dramatically decreased the inddence of 
chronic iníection in children in Taivvan, and reduced the 
inddence of hepatocellular cardnoma10 aỉthough some 
have noted that more tũne is needed to show the real impact 
of this measure.2 Treatment of chronic hepatátis (p. 952.1) 
can prevent progression to liver drrhosis and subsequent 
hepatocellular cardnom a.20 There is also some suggestion of 
a possible inverse relation between co£fee consumption and 
liver cancer risk.16 Cheraoprevention may also be a uselul 
approadt after surgical resection: use of a synthetic retinoid, 
peretinoin, was íound to reduce the development of second 
primary tumours after resectìon.21-22

The Kver is the most common site of m e ta s ta tic  d ừ e a s e P  
For most malignandes the presence of liver metastases is 
indicative oỉ generalised dissemination, but isolated 
metastatic liver disease is common in colorectal cancer 
(p. 706.3) and rarer cancers such as some neuroendocrine 
tumonrs (p. 716.3).
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M alignant neopbsm s of the lung. Lung cancer is the 
most common non-skin cancer in the developed countries 
and the second most common overall vvorldvviđe. About 
20 to 25% of all lung cancers are small cell lung cancers 
(SCLC) derived bom  endocrine cells in the bronchia! 
mucosa; the remainder, comprising chieũy squamous cell 
cardnomas (40 to 45% of cases). adenocarcinoma (25 to 
30%), and large-cell cardnoma (about 10%), are known Ị 
collectively as non-small cell lung cancer (NSCLC). More 
than 80% of all lung cancers are associated wũh tobacco Ị 
smoking, and there is also evidence tltat exposure to the I 
dgarette smoke of others can increase the risk in 1 
non-smokers. Other risk íactors may include occupational í 
exposure to substances such as asbestos, and the etfects of ; 
environmental toxins such as air pollutants. !

Symptoms due to a lesion in a main bronchus (the most ! 
common site) include persistent cough. dyspnoea, 
haemoptysis. weíght loss and sometimes chest pain. 
Metastatic spread is common, and may attect sites such as 
brain, liver, and bone. It occurs early vvith adenocardnoma 
and SCLC, but late with squamous cell carcinoma.

Disease staging plays an important role in determining 
treatment. The management of SCLC diííers signiỉicantly 
bom that of NSCLC (see belovv and p. 711.1. respeaively).

Given the poor prognosis of lung cancers, and the high 
inddence of second primaries in patients curatively treated 
for early-stage disease. there has been great interest in 
prophylaxỉs. The most important íactor in  primary and 
secondary prevention is cessation of lobacco smoking. lor 
which a number of interventions may be tried (see Smoking 
Cessation, p. 2570.2). Diets rích in íruit and vegetables have 
been assodated vvith a lovver inddence of malignant disease, 
and have prompted the investigation oí antoxidant 
vitamins. However, primary prevention studies in those at 
risk of lung cancer have íailed to show any beneíit íor 
vi ta min supplements, and in the case of betacarotene, an 
increase in lung cancer was seen in those most at risk (sẹe 
Prophylaxis oí Malỉgnant Ncoplasms, p. 2047.3). Other 
drugs under investigation are retinoids and NSAIDs.1

While a meta-analysis2 conduded that screening of 
patients with chest radiography or sputum cytology was 
ineAective, the Early Lung Cancer Action Projen ỉound that 
computed tomography improves the likelihood of detcction 
of nodules suggestive of lung cancer in high-risk patients.3 
Since most of those cancers deteaed were at an early stage, 
resection was possible, and it is theorised that this technique 
may reduce mortality,4 although it remains investigational.

M etasta tìc  lung  disease. The lung is the second most 
ửequent site for metastatic disease, occurring in about 30% 
oi cancer patients. Surgical reseaion may be used to treat 
pulmonary metastases when there are no eílective systemic 
therapies, no extrapulmonary metastases, the pulmonary 
metastasis is completely resectable, and the patient is able to 
undergo surgery.5 Spedíic cancers íor which surgical 
resectíon oi pulmonary metastases is considered indude 
soft-tissue sarcoma, osteosarcoma, and sometúnes breast 
cancer.

1. Goodman GE. Lung cancer 1: prevention of iung cancer. Thorax 2002;
57: 994-9.

2. Manser RL tí ai. Screening for lung cancer. Available in The Cochrane 
Database oỉ Systematíc Revíews; ỉssue 1. Chichesten John Wilcy: 2004 
taccessed 20/02/09).

3. Henschke CL tí aỉ. Early Lung Cancer Action Projea: overalỉ design and 
Qndings írom baseline screenlng. Lanat 1999; 354: 99-105.

4. Caroey DN. Lung cancer—tìme ro move on ĩrom chemotherapy. N Enỹì 
J Med 2002; 346: 126-8.

5. Dovvney Rỉ. Surgỉcal treatmenr of pulmonary metastases. Surg Oĩỉcoỉ Clùt 
N Am 1999; 8: 341-54.

SMAll CEU. LUNG CANCER. The mainstay oí treatment for 
small cell lung cancer (SCLC) is chemotherapy.1'5 In lim- 
iư d  disease (disease limited to One hemithorax with hilar 
and mediastinal lymph node involvement that can be 
encompassed vvithin One tolerable radiotherapy Đeld) the 
combínation of chemotherapy and chest radiotherapy has 
been shown to improve survtval6'7 and is recommended 
therapy.2'5 The most common chemotherapy regimen is 4 
to 6 cydes of etoposide and dsplatin (EP or PE),U‘V7-* 
which otíers a survival advantage over the previouslv used 
regimen oi cydophosphamide, doxorubidn, and vincrist- 
ine (CAV). The optimum scheduling of chemotherapy and 
radiotherapy has been investigated and concurrent ther- 
apy íound to be superior to sequential radiotherapy.1 In 
comparing early and late concurrent therapy, a meta-ana- 
lysis’ oí 7 studỉes íound that a small improvement in over- 
all survival at 2 yean was assodated vvith early radiother- 
apy (begun vváthin 9 weeks of starting chemotherapy, or

beíore the third cycle of chemotherapy) compared w ith 
late radiotherapy. There was also evidence that the rse of 
hyperíractionated radiotherapy (given tvvice dailyi and 
platinum-based regimens contributed to this bene.Tt. In 
general, for limited disease it is recommended2-3-5-' tha t 
concurrent chest radiotherapy should be started vvith the 
first or second chemotherapy cyde. Response rates oí 70 
to 90% are reported, but median survival rates are only 
14 to  20 m onths and the 2-year survival rate is about 
40% .5

Only a few patìents present vvith resectable early stage 
disease. Careíul pre-operative staging is essentíal to ru e out 
nodal involvement, and all patíents should receive adj Iivant 
chemotherapy. ư  nodal metastases are íound, the addition 
of postoperative chest radiotherapy should be consicered. 
Patients vvìth later disease stages do not beneỉìt bom  
surgery.3’5

In extensive SCLC (spread beyond one hemithora.: and 
thus beyond the boundaries of a single radiotherapy íield; 
may include malignant pleural or pericardial effusũm or 
haematogenous spread) chemotherapy alone is uscd to 
palliate symptoms and prolong survival. The combinati 3n of 
etoposide and dsplatin (or carboplatin) is also used in hese 
paticnts3'5-7 but response is poorer than that for linited 
disease, vvìth response rates of 60 to 70% and a 2 year 
survival rate of less than 5%.5 Altemative firs:-line 
recimens indude irinoiecan wũh dsplatin (or carboplatin). 
or the CAV regimen.5 Other strategies that have been ưied, 
but with little consistent evidence oí improved re .ults, 
include the addition of lurther drugs to EP (such as 
iíosíamide, paclitaxel. or cyclophosphamide plu; an  
anthracycline), and the use of tlose-íntense or dose-dense 
regimcns.1-5-8

The use of conso lida tion  o r m a in te n an ce  cht-mo- 
therapy has been studied in both limited and extensive 
disease. Most studies have lound no improvemerit in 
progression-ừee or ovcrall survival, and the general 
recommendation is that such exưa therapy, wiứ its 
assodated toxidty, should not be used.1'5'8 This view has 
been challenged by a meta-analysis10 of 14 sti dies 
suggesting that there is evidence for beneíit írom  
maintenance therapy, although it is unclear which pat cnts 
míght benetit and which regimen would be most effec ive.

Patients who have responded to initial treatment still 
have a more than 50% risk of developing brain metast ĨSỂS. 
Prophylactic cranial irradiation rcduces this risk and 
improves survival in patients in complete remission.4'’ 11 It 
is gcnerally recommended íor all patients with lúTited 
díscase who achieve rcmission, and íor those wlth exter sive 
disease vvho achieve remission and have good prognostic 
ỉaaors and períormance status.2"5-7-*

The value of chemotherapy in relapsed SCLC depenc s in 
part on the duration of remission beíore relapse, ttdth 
grcater responses the longer the remission.3,5-7'* In the 'JK. 
NICE guidelines recommend second-line chemotheiapy 
only in patients whose discase responded to  íirst-ine 
treatment.2 Patients who relapse vvithin 3 monthí of 
achieving remission are considered to have reírac ory 
disease; second-line drugs include iỉoslamide, paditatel, 
docetaxcl, írinotccan, topotecan, andgem dtabine, altho tgh 
response is likely to be poor. Response rates are bettt r  if 
relapse occurs betvveen 3 and 6 months aíter remission. ind 
topotecan has bcen suggested as the best oprion. O taer 
drugs that may be considered include ỉrino tec in , 
gemdtabtne, a taxane. oral etoposide, vinorelbine, or ’-he 
CAV regữnen.5-7 4 Drugs under investigation for S( LC 
indude amrubicin, pemeơexed, and picoplatin.7'5 Patií nts 
may be given a repeat oí initial therapy if they have relap ;ed 
alter more than 6 months. Second-line chemother ipy 
should be given until the patient receives maximal bem fit, 
becomes refractory, or develops unacceptable toxic ty. 
Radiotherapy may also be given for localised symptom :tic 
palliation.5
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NON-SMALL CELL LUNG CANCER. Non-small cell lung cancer 
(NSCLC), like many malignandes, is treated accordỉng to 
thc stage of the disease, for more information íee p. 691.1.

For resectable NSCLC and locally-advanced unrẽsectable 
disease, chemotherapy can be used vvith surgery or 
radiotherapy but, for advanced or metastatic disease, 
chemotherapy is the main treatment.1"* Platinuin-based 
regimens prolong survịval; cisplatin or carboplatin are 
eííective when combined with docetaxel, etoposide, 
gemdtabine, ũinotecan. conventional OI albumin-bound 
paditaxel, pemetrexed, vinblastme, or vinorelbine. Two- 
drug regimens are preíerred aỉthough single-agent treat- 
ment is an option for those with poor perỉonnance status 
and the elderly; a third cytotoxic increases response but not 
survival. Targeted therapy may be added to chemotherapy 
for those whose tumours are a particular histology or have a 
spedíic genetic abnormality.

First-line options for advanced or metastaăc NSCLC 
Ịndude:
• chemotherapy preíerably with platinum-based regimens 

±bevadzum ab
• aỉatỉnib, erlotinib, or geẼtinib in those vvith epidermal 

grovvth lactor rcceptor (EGFR) mutatíons
• cetuximab plus dsplatin and vmorelbine in those with 

EGFR mutations
• crízotinib in those vvho are anaplastic ỉymphoma kinase 

(ALK) positive
• dsplatin plus pemeưexed for those with non-squamous 

histology
• clsplaún plus gèmdtabine ỉor those with squamous 

histology
First-líne, platinum-based chemotherapy regimens are 
usually given for 4 to 6 cydes. For those who tespond, or 
those vvith stable đisease, the ỉoỉlomng options may be 
considered, although their relative beneBts are still 
uncertain:
• continue Íirst-Iine regimen
• continue ưeatment with a drug that was induded in the 

first-line reghnen (continuatìon maintenance). otten, 
targeted drug treatment or gemdtabine is continued after 
the initial 4 to 6 cydes of platinum-based chemotherapy

• change to a diííerent drug that was not induded first-line 
(svvitch maintenance). Second-line options (see belovv) 
are often used

• drug holiday
w hen  disease progresses, a dưíerent regimen is started. 
Second-line options indude:
• single-agent docetaxel
• single-agent alatinib, erlotinib, or geBtinib
• sũigle-agent pemeưexed in those with non-squamous 

histology
• single-agent crizotinib in those vvho are ALK posltive 
Erlotứúb may also be considered as a third-line option.

Emerging treatment options and altemative approaches 
for NSCLC mdude:’'10
• individualising treatment based on genetics or tumour 

charaaerisdcs
• drugs targeting the EGFR pathway
• vascular endothelial growth íactor (VEGF) receptor 

kinase inhibitors
• cancer vacdnes and immunotherapies
• histone deacetylase inhibitors
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MAUGNANỈ PIEURAL MESOTHEUOMA. Malignant pleural 
mesothelioma is a relatively rare tum our of the lining of 
the lung, yet its inddence is increasing. Occủpational 
exposure to asbestos is the causative factor in most cases, 
with a mean latent interval of about 40 years bervveen 
flrst exposure and death. Typical dinical maniíestanons 
indude chest pain or dyspnoea or both. Neurological 
entrapment and pericardial involvement may occur. The 
disease ís Progressive, and median survival is poor. Histo- 
logically, disease may be epithelioid. sarcomatoid, or a 
mixture of the two. The epithelioid type is the most com- 
mon, and may be conỉused with adenocardnoma (see 
Malignant Neoplasms of the lung , p. 710.2).

In patients with potentially resectable disease, surgery 
may be considered. Radical surgery (extrapleural pneumo- 
nectomy, EPP) is suitable only for a few patients, such as 
thọse w ith epithelioid tumours, and mortality and 
motbidity are high, despite the use of adjuvant chemother- 
apy and radiotherapy.1'5 ữ  EPP is planned, platinum-based 
neoadjuvant or adjuvant chem otherapy should be 
considered.4 Pleurectomy is a cytoreductive procedure 
used for Iimited disease, or as palliation. Talc pleurodesis is 
usually the treatment oí choice in the management of 
pleural ehusions assodated with mesothelioma. Palliadve 
radiotherapy may be eữective for pain relieí,1-4-7 but is 
generally of limited value.13

Numerous drugs have been tried in mesotheliọma, but 
responses to monotherapy ha ve been in the region of 10 to 
20%, vvith dsplatin, carboplatin and doxorubidn being the 
most active agents.3-’-10 Combination chemotherapy rẹgi- 
mens, mostly cisplatin- or doxorubidn-based, have shown 
higherresponse,5 but with little eHect on overall survival.9-10 
However, the combination o£ pemetrexed and dsplatín was 
shown to improve survival,1"4-4-* and it is generally 
considered to be Standard first-Iine therapy in patients 
vvith good períormance status and unresectable đisease.2-3'5’7 
The regimen is assodated vvith high toxidty, however, and 
prophylactic use of vitamin Bu and íolate is recom- 
mended.2-4-10 Carboplatin has been súbstituted for dspiatin 
in attempts to reducc toxidty; comparable survival has been 
reported4 and some recommend carboplatin with peme- 
trexed as an altemative Đrst-line treatment.4-7 The use of 
raltitrexed vvith dsplatin has also improved response rates 
and overall survival, with comparaúvely littỉe toxidty, and 
this combination is considered to be an altemative flrst-line 
regimen.4-4'10 Gemcitabine plus dsplatin is also active;2'4’5 
some consider it suitable first-line,7 while others 
recommend it for second-line use.3 Other combinations 
have been investigated; early use of the MVP regimen 
(mitomydn, vinblastine, and dsplatin) has shown a ưend 
tovvards improved survival compared vvith delayed use.4 No 
Standard second-line therapy has been deũned.10 Vinor- 
elbine, alone or with gemdtabine, has also been tried as a 
salvage regimen.5 Multimodality approaches are increas- 
ingly. used; neoadjuvant therapy has shown promising 
.results.4’10 Gene therapy, immunomodulation, angiogenesỉs 
inhibitors, ribonudease inhibitors, and proteasome inhi- 
bitors are also being tried.1'2'4’5'4' 10
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M alìgnant neoplasms of the ovary. Ovarian cancen 
account íor about 5% of all malignandes in  women. The 
most common form (90% of cases) is ep ith e lỉa l ovarlan  
cancer, which ranks as ỉourth in the leađing causes of 
cancer deaths in women. The lethality of this disease is 
related to the absence of symptoms in most women during 
its early stages: in about three-quarters of all patients dls- 
eaise iỉ advanced at diagnosis and has spread to the perito- 
neum or beyond. It is mainly a disease of older women.

the median age at diagnosỉs beỉng 63 years. The risk of 
epithelial ovarian cancer appears to be related to the num- 
ber of ovulatory cydes a vvomen has in her lUetime, thus 
nulliparity increases the risk, whereas multiparity, breast 
íeeding, and combined oral contraceptives (p. 2236.1) 
decrease the risk. Other risk íactors are a ỉamily history 
(particularly when assodated with the BRCA1 and BRCA2 
genes), and possibly íertility drugs (see Clomiíene, 
p. 2259.2), pcrineal talc use (p. 1722.3), and menopausal 
HRT (p. 2243.1).

The main treatment for epithelial ovarian cancer in most 
patients is surgical removal oi womb, ovaries and ỉallopian 
tubes, and omentum, vvith debulking of any remaining 
gross disease.1-2 Por younger patients with íavourable 
histology and disease conũned to one ovary, and who wish 
to conserve íertility, unilateral salpingo-oophorectomy is 
possỉble.M The use of adjuvant chemotherapy depends on 
disease stage. Optimal surgical staging of early disease 
identihes those vvho have little or nothing to gain hom  
adjuvant chemotherapy.5

For patients with earỉy stage (stages IA/IB), well- 
dUíerentiated (grade 1) disease, surgery alone is adequate;1 J  
more than 90% of women vvill havc long-term (> 10 years) 
disease-free survival wlthout turther treatment.4 In patients 
vvith poorỉy diBerentiated (high-grade) disease, or more 
extensive disease (stages IC and ELA), adjuvant chemother- 
apy should be considered.ư  Generally, 3 tc 6 cydes of 
intravenous chemotherapy with carboplatin ịilus a taxane 
are recommended;7’4 some recommend 5 cydes of 
carboplatin monotherapy.1

For patìents vvith advanced disease (stage; nB to IV), 
intravenous adjuvant chemotherapy is also recommended, 
usually with a platinum and a taxane1-2-4 Í O T  6  to 8  cydes.1,2 
No diherence in efficacy has been shovvn betw een dsplatin 
or carboplatin,4 although carboplatin is usual y preíerred.7 
The amount oỉ residual disease is an importa Ít prognostìc 
íaaor*-’ and secondary surgery (interval debul õng surgery) 
can be considered for patients with suboptima] debulking at 
prim ary surgery vvho respond to chemc therapy.1'34 
However, a systematic reyiew’ tound sứnilar Iiurvival rates 
in  patients who did and did.not receive in ten ral debulking 
surgery. Some recommend that this interval debulking 
surgerỹ be períormed after 3 cydes of ct emotherapy, 
followed by a hirther 3 cydes of chemotierapy.1 For 
patients who are considered initially iiot optimally 
reseaable (for patient- or tum our-related íaao rs), 
neoadjuvant chemotherapy followed by debu [king surgery 
may be an option.4-4'10 Some recommend thii approach as 
Standard for stage rv patients.10

Intraperitoneal chemotherapy is an option ior those with 
minimal residnal disease after surgery,2-11-12 and may improve 
progression-ừee and overall survival conpared with 
innavenous use.4’713 Hovvever, it is not universally 
advocated,3’4 because of adverse effects and c amplicatíons, 
and theneed íortechnical expertise;4-11 some lecommend it 
for stage in, optimally debulked patìents.1 The recom- 
mended regimen consists oi inưaperìtoneal dsplatin and 
intraperitoneal paditaxel, aíter an initial intravenous 
paclitaxel inhision.2

In patients with Ttcunttú disease, the choi :e of therapy 
depends on the úme since iniúal therapy and the drugs 
used.1-2-14 Patients with long ơeatment-free intervals (more 
than 2 years) may be considered for secondary surgical 
resection of recurrent disease.1 Relapse occurring more than 
6 months aíter initial therapy is potentially platinum- 
sensitive and may be re-ưeated vvith platinum-based 
combination therapy.1'2-4'15 Carboplatin or dsplatin mono- 
therapy is used if combination therapy cannol be tolerated; 
oxaliplatin is also an option.2 Those whose disease recurs in 
less than 6 months are considered to be platinum-resistant 
or platinum-rehactory.1-2-15 While re-treatrnent with a 
platinum compound is not generally recomniended, some 
data suggest that altering the paclitaxel srhedule may 
produce a secondary response.2 Other drugs with activity 
include topotecan, liposomal doxorubicin, alưetamine, 
capeđtabine, cydophosphamide, docetaxel, e])irubidn, oral 
etoposide, gemdtabine, iỉosíamide, irinotecan. pemettexed, 
and vmorelbine.1-2-7-*’12-24-15 Hormonal therapy is also an 
option; dmgs indude tamoxUen, anastrozole, leưozole. 
leuprorelin acetate, or megestrol acetate.2 However, 
response rates are relatively low, and enrollment in clinical 
studies should be encouraged.1-* There has been consider- 
able interest in the potential use of targeted therapy, but 
results in ovarian cancer with these drugs have generally 
no t been favourable, except for bevadzum ab.4,12,15-14 
Bevadzumab is active in both platinum-sensitive and 
platinum-resistant disease, and may be used in combination 
therapy in relapsed disease.2 The monodonal antìbody 
oregovomab and ovarian cancer vacdnes are under 
investigation.14-17 Some success has been reported Using 
high-dose chemotherapy followed by autologous stem cell 
transplantatìon,14 although an improvement in survival has 
not been shovvn.2-’

Prophyíaxis. The identlBcation of genes coníerring an 
inherited predisposition to ovarian cancer, and the difficuỊty
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in identiĩying the disease and its poor prognosis has Ied to 
increased interest in prevention. Oral contraceptives are 
knóvrai to  be protective in the general population, and there 
is grovving evidence that vvomen wỉth mutation oỉ the 
BRCA1 or BRCA2 gene might beneCt similarly (see Ovary, 
under C arcinogenidty in  Hormonaỉ Contraceptives, 
p. 2236.1). Prophylactic oophorectomy may be considered 
in  women with BRCA1 mutations alter child-bearing or at 
age 35 years.14'20 The risk/benefit ratio of this procedure is 
unknown, and a few women who undergo this procedure 
subsequently develop a primary perìtoneal cancer.

O varian  germ -cell cancers ãccount ior less than 3% of 
ovarỉan cancers and typically occur in vvomen aged 20 to 30 
years. Unlike epithelial ovarian cancer, most patients 
present w ith early disease, and have an excellent prognosis. 
Sutgery is the main therapy (íertility-sparing if appropriate). 
Adjuvant chemotherapy is used except in those with stage I 
disease able to undergo írequent follow-up. Common 
regimens are similar to those used in male germ-cell 
tumours, such as bleomydn, etoposide, and dsplatin (BEP) 
or vinblastine, bleomydn, and dsplatin (VBP).2'21'24

O varian  s tro m a l tu m o u rs  ãccount íor about 7% oí 
ovarian cancers25 and are mainly ưeated with surgery 
(íertility-sparing if appropriate).2 For those with high-risk 
stage I tumours, recommendations indude observation, 
radỉotherapy, or platinum-based chemotherapy. For those 
with tum ourstages n to rv, options indude rađiotherapy for 
limited disease, or platìnum-based regimens such as BEP or 
paditaxel plus carboplatin.2-21-24
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MaEgnant neoplasms of ihe parxreas. Pancreatic adeno- 
cardnoma (cancer of the exocrỉne pancreas) accounts for 
about 95% of panCTcatìc tumours. A very small peicentage 
of pancreatic tumours arise in the endocrìne pancreas, and 
have diííerent dinical íeatures and treatment (see under 
Neuroendocrine Tumours, p. 716.3). Worldwide, pancrea- 
tic adenocardnoma accounts for about 2% of all cancers, 
but is the eỉghth leading cause of cancer deaths. Its ind- 
dence Is higher in developed countries. The risk for pan-

creatic carcừioma increases vvith age, and mean onset is in 
the seventh or eighth decade. Pancreatìc adenocartínoma 
is ductal in origin and metastasises early to the lymph 
nodes, and about 40% oỉ patients present vvith metastatic 
disease. The 5-year survival rate is about 5%, and most 
patients die vvithin the first 2 years. The most ừequent 
symptom at presentation in patients vvith cancer of the 
pancreatic head is jaundice, oỊten with other symptoms 
indicative oí obstruction of the bUe d u a . In lesions of the 
body and tail of the panaeas severe and relentless pain 
may develop. Other symptoms indude weight loss, stea- 
torrhoea, dyspepsia, nausea, and depression. Diabetes 
mellitus is a maniíestation of the disease, but there is also 
some evidence that it may be a predisposing íaaor. About 
30% of panaeatic cancers are probably due to tobacco 
smoking.

Panơeatic adenocardnoma has a veiy poor prognosis 
because of its usually advanced stage at diagnosis and lack of 
eííeoive therapies.'-2 The only curative th e ra p y  is reseoion 
of the tum our and the surrounding panaeatic tissue.2 In the 
few patients who present ,with earty-stage disease (tumour 
coníìned to the panaeas), radical surgery results in a 5-year 
survival of about 20% in optimally staged patients.1 
Adjuvant matmcnt has been shovvn to increase disease-free 
and overall survíval and should be oítered to all curatively 
reseaed patients.4 The choice of the most eííeaive adjuvant 
regữnen has been the subjed of much controversy and no 
definitive Standard exists. Adjuvant chemotherapy with 
either Duorouradl or gemdtabine improves survival5 and 
European guidelines4 recommend 6 qídes of either drug; 
us guidelines State tha t where chemotherapy alone is the 
choice of adjuvant therapy, gemdtabine is preferred over 
Quorouradl or capedtabine for most patients.3 Results with 
adjuvant chemoradiotherapy have been conũiaing.4-5 Early 
evidence showed that adjuvanl fluorouradI-based chemor- 
adiotherapy improved survival.4 Hovvever, the results of a 
large European randomised study7-* suggested that there 
was no beneỉìt from adjuvant ỉluorouradl-based chemor- 
adiotherapy. A subsequent review’ that induded this study 
conduded that chemoradiotherapy should not yet be 
dismissed from hirther study because studỉes to date had 
used radiotherapy regimens that were now considered to be 
suboptimal, and the possibility of beneht could not be ruled 
out. European guidelines6 State that Quorouradl-based 
chemoradiotherapy may be suitable for some patients after 
reseaion and gemdtabine chemotherapy, and us guide- 
lines3 State that, where chemoradiotherapy is the adjuvant 
ưeatment of choice, systemic gemdtabine ỉollovved by 
Đuorouradl-based chemoradiotherapy should be used. 
However, with the emergence of newer drugs, patient 
enrolment into adjuvant dinical studies is encouraged in 
the USA.3 Pre-operative <ntoadịưvant) chemoradiotherapy is 
also under investigation, but a survdval beneht has not been 
proven, and toxidty can be severe.1-10-11 Hovvever. us 
guidelines State that, vvhile da ta are lacking, it has not been 
shovvn to be dearly disadvantageous. and that some patients 
may beneíit: prolonged recovery after resedion may delay 
the use of adjuvant therapy; neoadjuvant treatment may 
also allow for selection of patients responsive to therapy, 
and could convert unresedable disease to reseaable status.3 
For these reasons, patients with borderline resectable 
disease should be considered for neoadjuvant chemor- 
adiotherapy; regimens are usually íluorouradl-based, and 
patients are still candidates for adjuvant therapy aher 
surgery.3-6

In patients vvith symptomatic localised unresectable 
disease, chemoradiotherapy may be used.3 Most studỉes 
have reported a modest survival benefit from the 
combination oí radiotherapy and nuorouracil.1'311 Evidence 
suggests that radỉotherapy with gemdtabine can yield 
similar outcomes.3 A period of chemotherapy followed by 
cbem oradiotherapy may be preíerable to first-line 
chemoradioiherapy. Chemotherapy alone is also an option 
in these patients;3'6 European regimens are similar to those 
for resectable disease. whereas gemdtabine monotherapy or 
gemdtabine-based combination therapy is advocated in the 
USA. Studies of neoadjuvant chemoradiothérapy to 
improve resectability rates in locally advanced dìsease 
shõuld be encouraged.6

For patients w ith advanced (metastatic) disease, 
gem citabine is recom m ended as the Standard of 
care.3’6'11'12 There is also some evidence that its eừectiveness 
may be improved if it is given at a fixed dose rate of 
10mg/m2 per m inute, rather than by conventional 
inhision.313 Other options in metastatic disease indude 
gemdtabine-based combinaúon therapy for those vvith good 
períormance status, or best supportive care.3 A meta- 
analysiỉ14 íound a survival beneũt íor gemdtabine-based 
combination therapy compared with gemdtabine alone. 
Combinations showing beneSt in terms of progression-íree 
survival or overall survival ìndude gemdtabine with 
capedtabine (GEMCAP), cisplatin (GEMCIS). oxaliplatin 
(GEMOX), erlotinib, or albumin-bound paditaxel.3-5'13-15'17 
The combination of dsplatin, epirubidn, Auorouradl, and 
gemdtabine (PEFG) has also shown impressive results.13

There is no consensus on second-line therapy for pat ients 
w ith rcfractơry disease. Gemdtabine may offer palliacon ư  
patients have not previously been tteated vyith this t Irug; 
there is some suggestíon tha t fixed-dose gem dtabine plus 
oxaliplatin m ay be useỉul in  those patients re íraao  y  to  
Standard gemdtabine therapy. For those patients w ho ìave 
had  gem dtabine, en ro lm ent in  clinical studie s is 
encouraged. ư  investỉgational therapy is no t pos ible, 
treatm ent optìons indude capedtabine or Đuorouradl, both 
w ith or vvithout oxaliplatin.3

Pancreatlc cancer vacdnes are under investigatiO] L ío r 
pancreatic cancer.5-1*
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M alìgnant neoplasms of the prostate. Prostatic canc :r  is 
the most commonly diagnosed non-skin m alignanc Ị in 
m en in the tvestem vvorld, and the second most com non 
cause of cancer deaths in men in the UK and USA: a >out 
one in 6 vvhite men can be expeaed to develop clini :ally 
evident caránom a oí the prostate duríng his ỈUetme. 
Black men are at higher risk íor the disease. The in d d  :nce 
rises steaddy with age. There is also a {amilial compo ìent 
to the disease. More than 95% of all prostate canc :r is 
adenocardnoma, which begins as a hard mass in  the per- 
ipheraỉ portion of the gland and inCltrates surroundin} tis- 
sues slowly. Metastasis may occur in advanced dis< ase, 
notably to bone. Presenting symptoms o{ advanced dis :ase 
are usually those oí urinary outflow obstruction, or p  Jvic 
or back pain due to bone metastases. Hovvever, most nen 
are asymptomatìc, and may be diagnosed as a resu t of 
SCTeening.

Conttoversy exists regarding all aspects of the m an ige- 
m ent ol prostate cancer, bom  saeening  to the  best 
ưeatm ent for each stage of the disease. M uch of this is 
because oí the lack of clear data to guide trea trien t 
dedsions. Fattors that guide ưeatm ent dedsions includt the 
extern (stage) of the tum our, tum our grade (Gleason so T e), 
baseline prostate specihc antigen (PSA) levels, the patii n t's  
liíe expectancy (based on age and comorbid conditK ns), 
treatm ent morbidity, and patient prelerence.1"3

There is great controversy over the value of sc ree i in g  
for early disease by detection of PSA. Screening in a e  ases 
the inddence, but may not deaease mortality, and  can 
result in unnecessary ữeatm ent. PSA SCTeening in  the JSA 
did not result in  signiỉicant diííerences in  m ort tlity 
compared vvith the UK, where PSA saeen ing  was not 
widely adopted.4 A large European study íound tha t PSA 
screening reduced the ra te of mortality bom  prostate ca ìcer 
by 20% b u t vvas assodated  vvith a h igh  risl of 
overdiagnosis.3 European guidelines State th a t dedsions 
on population screening avvait longer foUow-up.3 US e> pert 
groups vary in theb  recommendations. A large US s udy 
(ound that screening provided no reduction in  death ] ates 
aíter 7 to 10 years of foUow-up.6 The US Preventive S e r ices 
Task Force deemed the evidence bisuữident to assess the 
balance of beneíit and harm  of screening in m en you Ìger 
than 75 years; men aged 75 years or older should n c t be
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screened.7 Others íavour screening, subject to patient 
preíerence after discussing risks and benehts; the time at 
which they consider screening should start is based on the 
patient's perceived risk, and has varied hrom 40 to 50 years 
oi age.2-8-9

In patients with locallsed  disease, detected inđdentally 
or by screening, the choices are radical prostatectomy, 
radical external beam radiothetapy, brachytherapy, or 
deíerred treatm ent (active surveillance or watchful vvait- 
ing).1'3’.10,11 There is no general consensus as to what 
constitutes best treatm ent.3 M en may be stratữied as Iow-, 
intermediate-, or high-risk, depending on stage, grade, and 
PSA level.2-3 Treatment morbidity and patíent preỉerences 
are particularly únportant. Adverse eHects of surgery 
indude impotence and incondnence, and for radiotherapy, 
radiation proctitis, ũnpotence, urinary retention, or incont- 
inence.2-10-11 In medically flt patients with a IUe expectancy 
of 10 years or more or those vvith poorly diííerentiated 
tumours, many d in idans woulđ consiđer radicaỉ prosta- 
tectomy or radiotherapy with cutative intent.1-2-12 In men 
with a life expectancy of less than 10 years and with low- 
grade tum ours, there is a deSnite role for deíerring 
ưeatm ent.2-10-12 Use of continuous or intermittent androgen 
deprivation therapy (ADT) as primary treatment has 
increased,11 although it does not improve survival, and 
some.gụidelỉnes do not recommend lt.2 Hovvever, its use 
with “Other therapies may be considered. (For íurther 
discussion of ADT, see belovv.) A systematic review13 
conduded that neoadjuvant (given ỉor 3 to 6 months 
belore the primary curaúve therapy) or adjuvant hormonal 
therapies, used with prostatectomy or radiotherapy, were 
assodated w ith clinical beneht ỉn terms of lọcal conưol. Use 
of either w ith prostatectomy did not aữect survival, but 
neoadịuvant horm onal therapy beíore radiotherapy 
signiScantly improved disease-free survỉval, and adjuvant 
hormonal therapy aịter radiotherapy slgnihcantly improved 
disease-free and overall survival. Some us guidelines2 
recommend that where radiotherapy is used for inter- 
mediate-risk localised disease, short-term (4 to 6 months) of 
neoadjuvant, concomitant, or adjuvant ADT can be 
considered; for high-risk disease, long-term use (2 to 3 
years) is recommended.

For patients with locally advanced  disease, options 
indude radiotherapy vvith neoadjuvant, concomitant, or 
adjuvant ADT, ADT alone, or radlcal prostatectomy.2’3 There 
is evidence that the use oi hormonaỉ therapy beíore or attei 
radiotherapy improves disease-free and overall survival.13"15 
Studies of ADT have íound tha t treatment for 3 years16 and 
5 years17 aíter tadiotherapy have improved survival when 
compared w ith ưeatment of shorter duration. us guidelines 
rccommend 2 to 3 years of ADT when radỉotherapy is used 
for locally advanced disease.2

PSA may be used to monitor the eíhcacy of therapy and 
d etea  biochemical relapse.1-2 For those thought at Iow risk 
of metastases, salvage options aỉter surgery include 
radiotherapy with or w ithout ADT, vvhile aíter primary 
radiotherapy options indude observation, salvage prosta- 
teaom y in selected cases, cryotherapy, or brachytherapy.2

For patients vvith m e ta s ta tic  d isease cure is not possible 
and therapy is aimed at prolonging survival and palliating 
symptoms. The basis of therapy is hormonal manipulation: 
about 80% of patients vvill respond to such therapy, but 
resistance eventually develops.1-1* Historically, oestrogens 
such as diethylstilbesưol were used, but these are no longer 
recommended due to cardiotoxidty.1-19 Standard first-line 
therapy is now ADT, using a gonadorelin analogue (such as 
goserelin, leuproreiin, or triptorelin) to produce medical 
castration, or opting for surgical castration (orchidect- 
omy);1'3-18-19 these have been shovvn to be equally eHective.2 
However, medical castration vvith a gonadorelỉn analogue 
causes an immediate increase in testosterone (ílare 
reaction), and a short course of an anti-androgen (such as 
bicalutamide, Hutamide, or nilutamide) is given (either 
beíore or w ith the LHRH agonist) to prevent this surge.2-3'18

Some consider that anti-androgen monotherapy (vvith 
nonsteroidal drugs) may be discussed as an altemative to 
medical • or surgical castration,”  but others2 do not 
recommend it. There is some evidence that survival rates 
may be lower, and treatm ent withdrawais (due to 
gastro in testinal adverse effects) h igher.20 Steroidal 
anti-androgen monotherapy should not be offered.19 The 
gonadorelin antagonist abarelix can also be used íor ADT. It 
has a m ore rapid onset of eữect than the gonadordin 
analogue leuprorelin and does not stimulate tumour 
Đare.21-22 Abarelix may be an altemative for men who are 
not suitable candidates tor orchidectomy or gonadorelin 
analogue therapy.

Combined androgen blockade (longer use of an 
anti-androgen with medical or surgical castratíon) is also 
an acceptable Ễrst-Iine õption;2-19 this blocks the action of 
adrenal androgens as vvelị (total androgen blockade).1 Early 
studies suggested a small survival advantage w ith this 
approach, but adverse eHects are increased,1'19 and some 
guidelines2 State that combined androgen blockade provides 
no  proven benefit over castratìon alone.

The túning of ADT is conưoversial; there is some 
suggestion that eariy ADT may be better than delayed ADT, 
but data are limited.18-19 and tteatm ent should be 
individualised.2 However, in  the presence of symptomatic 
or overt metastases, ưeatm ent should be started immedi- 
ately.2 Intermittent ADT may potentially offer improved 
disease conttol and quality of life; however, data are limited 
and this approach, vvhile íeasible, remains ỉnvestiga- 
tional.1-18-19

In patients who relapse aíter or during hormonal 
therapy, second-line hormonal therapy may be tried, 
although responses are variable. Anti-androgens may be 
used sequentìally, particularly in men who wish to deíer 
more aggressive approaches such as chemotherapy;18 drugs 
used indude bicalutamide, ũutamide, ketoconazole, oestro- 
gens, and corticosteroids.13-18-23

Patients vvith h o rm o n e - re íra c to ry  (c a s tra tio n -  
reíracto ry ) disease should be oííered chemotherapy as an 
optíon.13-1*-24 Personalised ùnmunotherapy with sipuleu- 
cel-T is also an option in some countries; it is recotnmended 
for patients w lth good periormance status, Ufe expectancy of 
more than 6 months, and no visceral disease.2 In those given 
chemotherapy, docetaxel-based regimens are considered 
the Standard of care.25 A schedule In which docetaxel is 
given every 3 weeks is advocated hrst-line.13,24 since this 
has shovvn a survival beneíit.2 Docetaxel is used with 
prednisone or estramustine, although use wíth the latter 
increases adverse eBects and is generally not recommended. 
Altemative regimens Include weekly docetaxel plus 
prednisone, or mitoxanưone every 3 weeks plus pred- 
nisone.2 No consensus exists for secònd-line chemotherapy 
after íailure of docetaxel and enrolment into dinical studies 
is encouraged.2 Comblnations of dọcetaxel are under 
investigation, induding with vinorelbine, capedtabine, or 
hlgh-dose caldtriol.25 Estramustine with etoposide, vin- 
blastine, or vinorelbine has also shown íavourable results.24 
Other drugs that might be used after treatment wỉth 
docetaxel-based therapy indude oral cyclophosphamide, 
alone or with vincristme and dexamethasone;23-2’ intra- 
venous cabaàtaxel with a corticosteroid or oral enzaluta- 
mide may be options in  those with metastatic disease. 
Abiraterone acetate, an  inhibitor òf androgen synthesis, 
may be given to patients with disease progression aíter 
docetaxel-based therapy,27 or where ADT has íailed but 
chemotherapy is not yet indicated.28 Drugs under 
investìgaúon indude satraplatin and ixabepilone.23-25

A herbal combination preparation, PC-SPES, had some 
benehdal results in androgen-dependent and androgcn- 
independent disease and has been used vvidely as a 
complementary medidne, but there have been reports of 
adverse cardiovascular efíects and contamỉnatỉon with 
diethylstilbestroi and warfarin, resulúng in the withdrawal 
of this product bom  most markets.2’-30 Bone metastases are 
usually treated with palliative radiotherapy (see p. 700.3). 
Bone-targeted therapy vvith strontium-89 or samarium-153 
may be beneíidal;2-3 radium-223 is also used. Combinations 
oỊ radiopharmaceuticals with docetaxel are under investi- 
gation.31 Intravenous bisphosphonates such as zoledronic 
.add are recommended íor bone pain and to prevent skeletal 
complications.2-3 Prostate cancer grovvth is thought to be 
stimulated by endothelin-1, a small peptide tha t acts at 
endothelỉn-A receptors; aưasentan is an endothelin-A 
receptor antagonist under investigation, and early studies 
have shown improvements in  time to disease progression 
and markers of bone metastases.2’-24

Prophylaxis.
Because of the diỉhculties involved in managing prostate 

cancer there has been interest in the concept of disease 
prophylaxis. In healthy men, a large controlled study32 
íound that seven years of Rnasteride prophylaxis reduced 
the incidence of prostate cancer by about 25% comparéd 
m th  placebo, but this beneílt was offset by an increased risk 
of high-grade tumours associated with Gnasteride. Hovv- 
ever, later studies íound that íinasteride increased the 
accuracy oí PSA testing,33 and decreased prostate gland 
volume,34 vvhich could have contributed to the greater 
detection oi all grades of cancer vvith íinasteride. Guidelines 
issued by the American Sodety of Clinical Oncology and the 
American Urological Assodation35 conduded that while the 
higher inddence of high-grade cancer se en in the 
Gnasteride group was lỉkely đue to these coníounding 
íactors, an increased inddence of high-grade cancer could 
not be exduded with certainty. However, some men may 
benefit hom  5-o-reductase inhibitor therapy. A systematic 
review3< conduded thát reduction of prostate cancer vvith 5- 
o-reductase inhibitors was lỉmited to  men who had a 
baseline PSA value of less than 4nanograms/mL. Dutaste- 
ride is also under investigation.35-37

Results hom  a case-control study have suggested an 
assodation between warfarin use and a decreased risk of 
prostate cancer.38 Suggestions that selenium (see p. 2087.2) 
or vitamin E (see p. 2047.3) suppiementation, alone or in 
combination, might reduce the risk of prostate cancer have 
not been bome out.39 Hovvever, interest in  compounds such

as vitamin D (see p. 2116.1) and soya isoílavones40 
continues.
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MaEgnant neoplasms of the skin. Basal cell carcinoma is 
the most common form o( skin cancer, accounting ỉor 
aboũt 80% of cases. The second most common skin căncer 
is squamous ceU cardnoma. These 2 types of cardnoma 
(collectively reíerred to as nonmelanoma skin cancers) are 
the most common malignandes among white populations, 
but because many are not recorded the exact inddence is 
uncertaỉn and they are often omitted ừom calculations oi 
the relative ừequency of malignancy. A small but increas- 
ing proportìon of all skin cancers are tnelanomas, arising 
from melanocytes (pỉgment cells). Other cancers that 
maiũỉest in the skin indude cutaneous T-cell lymphomas 
(see Mycosis Fungoides, p. 698.3) and Kaposi's sarcoma 
(see p. 718.1).

Nbnmelanoma and melanoma skin cancers are related to 
solar radiation, and the inddence is greatest in those regions 
where light-skinned populations live dosest to the equator. 
Individuals at particular risk indude those with fair skin, 
blue eyes, red hair, a tendency to íreckle, and to burn rather ! 
than tan. Use of methoxsalen with ultraviolet light (PƯVA) I 
has also been assodated with an increased inddence of skin I 
cancers (see Eííects on the skin. under Methoxsalen, 
p. 1713.1). Other risk tactors for nonmelanoma skincancers 
ìndude various inherited disorders such as xeroderma 
pigmentosum (see Photosensitivity Disorders. p. 1686.2) 
and albinism (see Pigmentation Disorders. p. 1687.2). 
Immunosuppressive therapy, as used after solid organ 
transplantation (see p. 1936.2 et seq.), is assodated vvith a 
very large increase in risk of squamous cell cardnoma.

Prophytaxis. Although nonmelanoma and melanoma 
skin cancers are related to solar radiation, and measures tỡ 
reduce sun exposure are thereíore advocated for prophy- 
laxis, the relationỉhip appears to diíỉer between the types.
• Squamous cell cardnom a and its precursor lesions are 

dearly linked to cumulative chronic sun exposure.u  
These lesions are more common on frequently exposed 
skin (head, neck, and back oỉ hands), and are mote 
common in individuals with outdoor occupations. In 
addition, there is evidence that regular sunscreen use can 
reduce the inddence of new actinic keratoses and 
increase remission o{ existing lesions,3 and reduce 
indden t squamous ceU carđnomas.4-5

• Although basal cell cardnomas are also common on sun- 
exposed skin (head and neck), it appears that they may 
be more related to a history of severe sunbums, 
particularly in childhood and adolescence, rather than to 
cumulative sun exposure.1 In One study,4 there was no 
diữerence in inddence of basal cell carcinomas bettveen 
sunscreen users and non-useis. Long-term follow-up of 
another study5 ỉound no d ea r benefit of regúlar 
sunscreen use in redudng basal cell cardnomas.

• Cutaneous melanoma is more common on skin exposed 
to the sun occasionally (particúlarly the legs in wómen, 
and the back in men), and appears to be more common 
in indoor than outdoor vvorkers.1-2 Cumulative occupa- 
tional exposure seems to be protective in some vvhite 
populations.6 This suggests tha t interm ittent sun 
exposure may be more risky than regular exposure for 
this cancer.1-2 Short, Sharp bursts oỉ acute exposure in 
chỉỉdhood and severe sunburn are also sơongly 
assodated with melanoma risk.4 Although the use of 
sunscreens is advocated fo r protection against 
melanoma, so m e reports have suggested that sunscreen 
use may actually increase the risk.7 Hovvever, systematic 
revievvs*-’ have found no good evidence íor an 
assodation betvveen sunscreens and the increasing 
inddence of melanoma, but did And that studies varied 
in accounting íor conỉoundìng íactors such as patient 
complexion and recall bias. Also, people at higher risk of 
sunbum  and melanoma may alsò be more likely to use 
sunscreens, and some pcople may use sunscreens to 
allow for prolonged sun ẽxposuré, thus receiving a 
Ịúgher cumulatìve am ount of u v  radiation. Sunscreen 
ỉonnulation (see p. 1681.3), sun protection íactor (SPF) 
rating, and protection against UVA (see Light-induced 
Skin Reactions, p . 1685.3), have álso changed 
considerably over the last few decades, making it 
diỉficult to compare study results. Sunscreens are 
thereíore recommended as an adjunct to other measures 
(such as protective dothing) to  prevent over exposure, 
espedally in young children.7

C hem opreven tion  has also been investigated as a means 
of redudng the inddence oỉ squaroous and basal cell 
cancers, particularly in those most at risk. Retinoids such as 
adtretin, etretinate, and isotretinoin have been shovvn to 
reduce the inđdence of new squamous cell cardnomas in 
individuals with xeroderma pigmentosum, and in renal 
transplant redpients.10 Conversely, neither betacarotene 
(p. 2047.3) nor selenium (p. 2087.2) has reduced the 
inddence of squamous or basal cell cardnomas in patients 
prẹviously treated for these disorders. There is some 
evidence that a low-fat diet may reduce the inddence oi

actínỉc keratosis in patỉents vvith a history of nonmelanoma 
skin cancer.11 Certain substances such as Đavonoids, 
curcumin, grape seeds, resveratrol, silymarin, and green tea 
have been proposed as havỉng antíphotocardnogenic 
properties.12

ỉ . Anonymous. Do sunscreens prevent sỉrìn canccr? Drvg Ther Buil 1998; 
36:49-51.

2. Bruce AJ. Brodland DG. Ovcrvìcw ol sldn cancer dctcction and 
prevention for the prímary carc pbysiđan. Mayo ơòtproc2000; 75:491- 
500.

3. Thompson 5C, tt  aỉ. Ređucúon of solar keimtoses by reguUr sunscreen 
use. N Eryl JMcd 1993; 329: 1147-51.

4. Grcen A. et ai. Daily sunscrcen appỉỉcatỉon and betacarotene 
suppỉementation in prevention of basal-ccỉl and squamous-cdl 
cardnomas oỉ thc skỉn: a randomỉscd controHcd trỉa]. Lancet 1999; 
354: 723-9.

5. van der Pols JC. tĩ a i Prolongcd prevention ơf squamous cell carcỉnoma 
of the skin by regular sxmscreen use. Canctr Epidemioỉ Búrmarkm PrtY 
2006; 13: 2546-8?

6. Bataìlle V, de Vríes E. Melanoma—Part I: epídemiology. rtsk ỉactors. and 
prevention. BMJ 2008; 337: a2249.

7. Gaỉlagher RP. Suoscreens in meỉanoma and skin cancer prcventỉon. 
CMAỈ2005; 173: 244-5.

8. Huncharek M, Kupeỉnỉck B. Use of lopicaỉ sunsareens and the rísk oỉ 
maỉỉgnant meỉanoma: a meta-analysỉs of 9067 paiỉents ỉrom 11 case— 
control studies. Am J  Public Health 2002; 92: 1173-7.

9. Dennls LX, et cứ. Sunscrcen use and the rỉsk íor meỉanoma: a 
quantitatỉve revievv. Ann Inttrm Med 2003: 139:966-78.

10. DiGiovanna JJ. Reiinoid chemoprevenúon in patíents at hỉgh risk íor 
skin cancer. Meấ Ptdiatr Oncot 2001; 36: 564-7.

11. Black HS. et aĩ. Effcci of a low-fat dỉet on the inddence of aainìc 
kcntOĩa. N En$lJ Med\ 994; 330: 1272-5.

12. Balỉga MS. Katiyar SK. Chemopreventton oí phoiocardnogcncsi5 by 
seleaed dieury botanicaỉs. Photữchrm Phữtobiol Sà 2006; 5: 243-53.

BASAÍ CELL AND SQUAMOUS CBL CARONOMA. The great 
majoríty oỉ skin cancers are basal cell cardnomas, vvhich 
are completely cutable ií diagnosed early and treated 
appropriately. Although they rarely metastasise, they have 
a tendency to be locally destructive. The remainder are 
mainly squamous cell cardnomas, which, although cur- 
able when treated early, have a greater risk of metastatic 
spread. Common precursor Iesions for squamous cell card- 
noraa are actinic keratosis (solar keratosis) and Bowen's 
disease (squamous cell cardnoma in situ).
• Treatments for actinlc keratosis and Bow en's disease 

indude cryosurgery, curettage, exdsion, radiotherapy. 
laser ơeatment, photodynamic therapy (see Poriĩmer 
Sodium, p. 849.1) using 5-anúnolevulinic add or methyl 
aminolevulinate, and topical Uuorouraril or lopical 
imiquimod.1'5 Topical didoỉenac or topical salicylic add 
may be used for adinic keratosis.2'4 The choice oí 
treatment depends on the site and size of the lesion. 
evidence for efficacy, ease of application, and 
availability.1

• Treatment options for superSdal Iow-risk basal cell 
carcinomas include curettage and elecưodesiccation or 
ayosurgery.6'4 Topical ũuorouradl may be used for 
superíìdal lesions in some instances, as are topical 
imiquimod or photodynamic therapy using 5-aminole- 
vulinic add, methyl aminolevulinate, or poríimer.

• For superRcial tumours at high-risk sites. and for most 
squamous cell carcinomas, exdsion with postopera- 
tively determined margins or Mohs' micrographic 
surgery (tumour margins examined during the proce- 
dure) is more appropriate.4'11 Radiotherapy is an 
altemative in patients ai risk of surgical complications 
or where surgery would be diííicult or extensive.

The prognosis with appropriate ưeatment is good, with 5- 
year disease free survival of over 90%. Hovvever, about 50% 
of patients will subsequently develop another skin cancer, 
and reguỉar monitorỉng to detect thỉs as early as possibỉe is 
desirable.7 In addition, patients should be educated about 
sun protection measures, and chemoprevention with 
retinoids may be appropriate for some high-risk paúents 
(see Prophylaxis, in Malignant Neoplasms of the Skin, 
above).
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MELANOMA Although cútaneous m elanom a is ra re i : is the 
most aggressive skm cancex, accounting for the  maji >rity of 
all skin cancer đeaths. M elanoma m ay arise in  app irently 
normal skin or from an existing naevus. Early slgas of a 
naevus tha t may indicate developm ent oỉ a m elano na are 
change in size, shape, or colour. O ther signs in d u d e  itch- 
ing, ulceration, and bleeding. The most com m on 5ite in 
women is the legs, and  in  m en th e  back. For a dist ussion 
of sun protecdon measures in  the preventi )n of 
melanoma, see Prophylaxis, in  M alignant Neopla ms of 
the Skin, above.

Surgical resection is th e  m ainstay  of c u  a t iv e  
t r e a tm e n t for prim ary melanom as, and the m arịins o( 
exđsion are determ ined by tum our depth  (B eslow 
thickness).1'7 Patients with th in  tum ours (less than  Imm ) 
can be treated vvith wide local exdsion only; patien s vvith 
intermediate (1 to 4m m ) or thick (more than  Imm) 
melanoma are at high risk for nodal disease, and ymph 
node dissection m ay also be períorm ed if node bit psy is 
positive.1-3-8 Because of the high risk of recurrenc: aíter 
surgery in the latter group, theTe is great interest in  ad uvant 
therapies. There is no  accepted Standard adjuvant thei apy in 
the UK,2-7 and it is not recom mended for stage lỊ .índ  m  
disease other than  in the contcxt of a dinica) study.8 In the 
USA, the FDA has approved high-dose interferoi. alía, 
vvhich has shovvn beneĩit in terms of relapse-free su -vival, 
although the effects on overall survival are less apparc ÍU.!-’-6 
As toxidty is a signihcant problem w ith high-dose th  írapy, 
both low-dose and interm ediate dosage regimens hav<: been 
studied, but neither have shown a clear beneíĩt in  te m s of 
overall survival.1-5-6 Some recom m end pegylated intetferon, 
ii tolerated, in  patients w ith low tum our burden.’ Is Dlated 
limb pcrtusion (ILP) vvith m clphalan has been  u: ed as 
adjuvant therapy, but a revietv of four random ised studies 
ỉailed to show any survìval beneh t for this com paređ vvith 
surgery alone10 and it is considered to  have no  role n  the 
adjuvant setting.8 Similarly, systemic chem otherapy has not 
proved useỉul in the adjuvant setting.11 Various melanoma 
vacdnes (e.g. GM2 ganglioside, autologous melanoma- 
assodated antigens) have been invesúgated for adj uvant 
use, but high-dose interleron alfa was shovvn to  p r )duce 
greater dinical benelit than vacdnation  w ith GM2.5-' ■8-12-13 
Other drugs such as bevadzum ab,7 cytokines su :h as 
in te r le u k in -2 ,’-6 a n d  n e w e r  im m u n o th e ra p s u tic  
approaches13 are under investigation in the adj ìvant 
setting.

Local rec u rre n c e s  and in-transit metastases are D eated 
by surgical exdsion where possible.1'3-6-7 O ther o; Itions 
includẽ cryotherapy, carbon dioxỉde laser abl. tion, 
inưalesional injection vvlth BCG or interieron alia, or 
topical im iquim od.1'3,8 Radiotherapy is also indudec as a 
treatm ent option in some centres,3 although others d 3 not 
recommend its use in the íirst instance.2 Adj ivant 
radiotherapy m ay be considered for positìve mírgins 
unsuitablc ío r re -ex d s io n .' ILP vvith m e lphalín  is 
considered the Standard ưeatm ent option for patientí with 
limb invo lvem ent,1’2’8 and  those w ith  đisease tha t 
progresses despite surgery or laser therapy,2 and s an 
option for those w ith unresectable in-transit metasta: es or 
recurrence.3 ILP vvith melphalan plus tissue necrosis lí ctor- 
a may also be used2-8 although this does n o t signifK mtly 
improve response rate. However, there is some evit ence 
thát a second ILP using this com bination m ay be of 'alue 
aíter an initial ILP w ith a poor response.1 The ILP proct dure 
is complex1-4 and shouỉd only be períorm ed in  speũalist 
centres.4 Isolated limb iníusion (ELI) is a simpler alterr ative 
that may produce equivalent results.1-3-4 XLI usually uses 
melphalan w ith or w ithout dactinom ydn. However, il may 
be less cơective than  ILP, etnd some conslder it m ore sui able 
for patients w ith low volume disease or íor those ivith 
comorbidities tha t prevent ILP.2

For patíents w ho present w ith m e ta s ta tic  m e lan  jm a  
the 5-ỹear survival rate is poor.1' M edian survivi.1 in 
disseminated disease is only 6 to  9 m onths.1'7-8 There s no 
evidence to show th a t any systemic treatm ents are b ỉtter 
than best supportive care in  these patients.14 Chem otht rapy 
has been tried in disseminated disease,4-4-15 and  dacíLrba õne, 
with response rates of about 5 to  20% , is the nost 
commonly used single agent. However, the respỉnse 
duration is short, and complete responses are rare .1 The 
orally active analogue temozolomide produces sinilar 
responses,1 an d  is an  a l te m a tiv e  íirs t- lin e  ag<nt.3 
Ipilimumab m ay also be considered for initial theiapy, 
áithough exttem e cautìon is advised in  those vvith se ious 
underlyỉng au to -im m u n e  d isorders because of the 
possibility of im m une-m ediated reactions.3 Niơosot reas 
(such as carm ustine and lom ustine) have response rat :s oí
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around 15% as single agents.15 Fotemustìne appears to be 
more active, particularly in the treatment oỉ brain 
metastases.15 It has been reported to have a higher response 
rate compared with dacarbarine, bu t with only a trend 
towards increased overall survival.1-16 Other drugs with a 
response rate of about 15% indude dsplatin, vinblastine, 
vừidesme, docetaxel, and paditaxel;15 response duration 
has generally been poor. Vemuraíenib has improved overall 
and progression-free survival compared with dacarbaãne in 
those w ith  metastatic melanom a w ith the BRAFV600E 
m utation,17 although its place in therapy is not yet 
established. Dabraíenib and trametinib are other options ỉor 
those with BRAF mutatíons.

Combination regimens have been used. such as CVD 
(dsplatỉn, a vinca alkaloid, and dacarbaãne),15 but they do 
no t im prove survival com pared w ith  m onotherapy.1 
Tamoxilen has also been added to regúnens, on the 
hypothesis that melanoma is oesơogen-dependent; an 
example vvas the CDBT or Dartmouth regimen (dsplatin, 
dacarbaãne. carmustine, and tamoxUen; see Table 1, 
p. 719).15 Hovvever, this regũnen was no more effective than 
dacaibaãne alone,1 and the addition oi tamoxUen to 
chemotherapy is ineHective.1’*

Cytoldnes such as interieron alfa and interleukin-2 have 
similar activity to chemotherapy in metastatìc melanoma;15 
high-dose intravenous interleukin-2 is used in the USA,6 
but not for patients with untreated or active brain 
metastases.3 Cytotoxic chemotherapy has bcen given with 
these. cytolđnes and there have been some reports of 
improved response rates, but overall survival has not been 
improved.1-2-5'7 Second-line therapy may be oữered to 
patients (with good periormánce status) whọ progress or are 
unresponsive to, or intolerant of, first-line therapy. Options 
indude dinical studies, or treatm ent with a diííerent first- 
line agent.3 Surgical resection or radiotherapy may be used 
palliatively or for- symptomatic conưol.1'3-6-9 Melanoma 
vaccines are also being used or investigated in metastatic or 
recurrent disease,12,13 as are gene therapy,5 antiangiogenic 
agents su ch as thalidom ide,1516 and the antisense 
oligonudeotide oblimersen.6,16 Soraíenib monotheiapy ìs 
minimally active, but results of its use vvith carboplatin plus 
paclitaxel were encouraging and combination studies 
continue.6,7,16
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M alignant neoplasms of the testis. Testicular cancer only 
accounts for about 1% of all male malignandes but it is 
the most common cancer in yotmg men. Padents with a 
history of cryptorchidism are at increased lisk. Other risk 
íactors indude íamily history, iníertilitý, and white race. 
About 95% of testicular tumours arise in germ cells, and 
40% or so of these are pure seminomas. The remainder 
are coUectively known as nonseminomatous germ cell 
tumours (NSGCT) in the WHO dassiíication, and are com-

monly of mixed cell types vvith or without a seminoma 
component. Nonseminomatous tumours have been 
reíerred to as teratomas in the British dassification System, 
but this te n n  has a more spedtic meaning in the WHO 
dassiScation.

Metastasis flrst OCCUIS to the lymph nodes, then, in 
advanced disease, to distant sites such as lung, liver, brain, 
and bones. The leadỉng symptom is a hard, painless svvelling 
of the testis, but once metastasis occurs the patient may 
present with back pain (due to enlargement of retro- 
peritoneal lymph nodes), cough, dyspnoea, gynaecomastia 
due to chorionic gonadotrophin production, or vveight loss.

Surgical removal of the testis (orchidectomy) w hen 
diagnosis is conhnned is tundamental to the neatm ent oí all 
types of testicular cancer, but turther therapy depends upon 
the disease type and stage.1-4

In patíents with nonsem inom atous  dỉsease vvith the 
tum our conịỉned to the testù (stage I), options aíter 
orchidectomy indude surveillance, adjuvant chemother- 
apy, or reưoperitoneal lymph-node dissection (RPLND). 
Overall survival rates are good, with a cure rate dose to 
100%.4"6 With surveillance, about 20 to 30% of patìents will 
relapse and it is not appropriate íorpatients who are unable 
to undergo regular follow-up.1,4 Treatment options vary 
slightly between countries. In the USA, RPLND may be 
carried out to hirther stage the disease beỉore making a 
dedsion regarding surveillance or adjuvant chemotherapy.1 
If reseaed  nodes arẹ dear, padents undergo surveìllance, 
but u  they involve tum our the dedsion to give adjuvant 
chemotherapy is based on the degree of nodal involvement 
and the ability of the padent to undergo regular follow-up.' 
In the UK and Europe, stage I patients are dassihed as low- 
risk or high-tisk, based on the absence or presence, 
respecdvely, of vascuỉar (venous or lỵmphatìc) invasion.5'6 
The Standard optíon for low-risk pátíents is surveillance, 
with treatm ent on relapse.5-5-6 High-nsk patìents can also be 
surveyed, but relapse rates are higher, and about 50% of 
patíents will requữe chemotherapy.3-5 The usual regimen 
used for stage I patíents is 2 cydes of BEP (bleomydn, 
etoposide, and cisplatin).1-3 However, there ỉs some 
suggestìon that one cyde of BEP may be suííident.3 
RPLND is considered only u  surveillance or chemotherapy 
is dedined by the patíent for spedũc or personal reasons, as 
it has the highest ơeatm ent burden.3-5

W here metastasis to the lymph nodes (stage QA/B) has 
occurred, options for management are 3 cydes of BEP, 4 
cydes of EP (etoposide and dsplatín), or primary RPLND 
(followeđ by either surveillance or chemotherapy).1*3-6 
Patìents with advanced nonseminoma (stage n c  and m ) 
are aeated  with primary chemotherapy regimens based on 
risk status; extern of disease and serum tum our markers are 
prognostic, and patìents are accordingly dassiũed into 
good-, intermediate-, and poor-tlsk groups.1-3 For patients 
tvith good prognosis, Standard ưeatm ent regỉmens are 3 
cydes of BEP or 4 cydes of EP. ‘’3,4 Standard management for 
patìents w ith intermediate- or poor-risk disease is 4  cydes of 
BEP.1-3’4 For patìents who may not tolerate bleomydn, 
ưosíamide can be subsdtuted (VTP regimen).1-3’4 Less than  
50% of poor-prognosis patíents achieve a durable response, 
and enrolment into dinical studies is encouraged.1 Any 
residual tum our is resectéd after chemotherapy; íurther 
management depends on the results of the primary 
treatm ent and secondary surgery; consolidatíon chemo- 
therapy with 2 cydes of EP, VIP, VelP (vinblastine, 
ưosíamide, and õsplatín) or ĨTP (paditaxel, ifosfamide, and 
dsplatín) may be given.1-3

Patìents vvho fail, or who relapse after, Standard 
chemotherapy, or who have unresectable disease, are 
ưeated with salvage therapy.1 Common salvage regimens 
include dsplatỉn and Iíosíamide with either vinblastine 
(VelP regimen), paclỉtaxel (TIP regimen), or etoposide (VIP 
regimen).1-3-5-7 High-dose chemotherapy with stem cell 
support may also be considered.1-5-6-1’9 Drugs with actívity as 
single agents in relapsed disease indude paditaxel, 
oxalipladn, and gemdtabine.3'7 Combinaúons of these 
have been tried as sccond-line salvage chemotherapy 
regimens for paúents vvith dsplatin-resistant or rehactory 
disease;7-9'10 gemdtabine with either oxaliplatỉn (GEMOX 
regimen)1 or paditaxel3 may be tried.

About 75% of patìents with sem lnom a have stage I 
disease at diagnosis, with a cure rate dose to 100%.15-6 
Treatment optìons after orchidectomy include surveillcmce 
(with ưeatm ent only in the case of relapse), adjuvant 
radiotherapy or ađjuvant carboplatin monotherapy.l ỉ-*-6 
Surveillance oííers the lowest burden of treatment,2 and is 
an option for selected patients vvho are committed to long- 
term follow-up.1-6 The optimum surveillance schedule is stiỉl 
imcertain,4 but should indude measurement of serum 
tum our markers, dinical examinatíon, and imaging oỉ the 
abdomen, pelvis, and thorax.1-4 Seminomas are extremely 
sensltive to radiation,4 and adjuvant radiotherapy is the 
treatm ent of choice after orchidectomy in stages IIA and 
UB,1J'* For those with relative contra-indicatlons to 
radiotherapy, chemotherapy is recommended;1-5 3 cydes 
of BEP, or 4 cydes of EP are used. There is an increasing role

lor chemotherapy in stage EDB’ and some2 distinguish 
slightly between stages in terms of ưeatment, and advocate 
radiotherapy and chemotherapy as Standard for stages HA 
and HB, respectìvely; non-candidates for either therapy may 
be offered the altemadve. Patìents vvith stages n c  to m  
seminoma have a relapse rate of 20 to 30% aỉter adjuvant 
radiotherapy, and adjuvant chemotherapy is preíeưed.3 
Standard regimens are 3 cydes of BEP or 4 cydes of EP for 
good-risk patients, and 4 cycles of BEP ỉor intennediate-tisk 
patients;1'2 using iíosỉamide ìnstead of bleomydn can alsobe 
an opdon in those at intermediate-risk.2 About 90% of 
patients with advanced seminoma are cured with dsplatin- 
containing chemotherapy.1 Salvage regimens íor relapsed or 
unresponsive seminoma are similar to those used for 
nonseminomatous disease.1-2
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Malỉgnant neoplasms of the ihymus. Thymomas are 
tumours of the mediastinum, arising ỉrom thymic tissue. 
They are rare, and most commonly present in patients 
between 40 and 60 years of age. Thymoma originates 
bom  the epithelium oỉ the thymus but may also contain a 
lymphocyte component, which is probably not neoplastic. 
Up to 50% of patients are asymptomatic, and others have 
Iocal syroptoms such as cough, chest pain, dyspnoea, and 
obstruction of the vena cava; assodated systemic disorders 
include myasthenia gravis, red cell aplasia, and hypo- 
gammaglobulinaemia.

Thymomas may be dassihed based on cell type; they are 
also staged as non-invasive (encapsuỉated, stage I), invasive 
(localised, stage I t  extensive, stage m; and disseminated, 
rva), and metastatic (rvb).

The tre a tm e n t of thymoma may involve surgery, 
radiation, and chemotherapy; these may be combined, with 
the combination deteimined by the stage of the tum our.1 
Non-invasive stage I disease can be treatèd solely by surgical 
resection1"4 vvith low recurrence rates and long-term 
survival approaching 100%.’ Use of adjuvant radiation 
therapy for stage n  thymoma has been controversial2 with 
studies shovving conỉlicting results.3 Generally, hovvever, 
routine adjuvant radiotherapy is not recommended ỉor 
stage ư disease;'-4 it may be considered in those patients at 
high risk íor local recurrence,1 or in patients with 
incomplete resection;4 late complications of radiaúon 
therapy may occur.1'2 Patients vvith stage I or n  disease 
who are medically unfit for surgery may be oỉỉered 
chemoradiotherapy or radiotherapy alone.1

For patients vvith potentially reseaable invasive disease 
(stages ra and IVa), surgery is considered either initially or 
aíter neoadjuvant therapy. Chemoradiotherapy is often 
used beíore surgery, although the optimal regimen or 
sequendng has not yet been established.1 Cisplaún-based 
combination regimens are recommended.1-4 Concuưent 
chemoradiotherapy is recommended, but u  the tum our is 
bulky, sequential therapy, with chemotherapy given beíore 
radiaúon, is an optíon.1 Adjuvant radiotherapy is also often 
used in stage III,1 and is recommended to maximise local 
control.4 Adịuvant chemotherapy may be considered, but is 
not routinely recommended.1 For stage IVa, adjuvant 
chemoradiotherapy is an optỉon.1 Patìents with unresect- 
able invasive disease may be ưeated vvith chemotherapy 
alone,1 radiotherapy alone,4 or concunent or sequential 
chemoradiotherapy.1-4 Cispladn plus anthracydine-con- 
taining regũnens slmilar to  those in  metastatic disease 
(below) are used hrst-line, and single agents second-Iine.1

Therapy for recuưent or metastatic disease is not well 
established because of th e  rarity of the condition.1-5 
Radiotherapy may be appropriate ĩn stage IVB, espẽdally 
for Uíe-threatening situations,1 but chemotherapy is often 
used.1-4 Cisplatỉn and anthracydine-containing regimens 
are used Brst-line.1'4 These indude dsplatin, doxorubidn, 
and cydophosphamide (CAP or PAC regimen), and the 
same drugs with vũicristine (ADOC regimen). Cisplatin plus
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etoposide (PE regimen) or these 2 drugs with ưosíamide 
(VIP regimen) are also options.2-4-’ For these and oửier 
commonly used chemotherapy regimens, see Table 1, 
p. 719. Carboplatin and paditaxel can also be used first- 
line.4 Second-line single agents vvith a cú vi ty indude 
etopõside, iíosíamide, pemeưexeđ, Quorouradl. gemdta- 
bine, and paditaxel.4 There is some evidence that 
thymomas possess somatostatin recepton, and octreotide, 
alone or vvith a cortìcosteroid, is also a second-line optìon.1'4

Smgery Is considered for localised recurrence aíter 
apparèntly successíul initìal therapy. For some patíents with 
stage IV disease, resectìon of isolated pleural metastases is 
appropriate. Radiotherapy, alone or with dsplatín-based 
chemotherapy, may be used. Octreotìde vvith or vvithout a 
corticosteroid is also a reasonable option for recurrent 
disease.1
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M alignant neoplasms of the thyroỉd. Thyroid cancer 
accounts for only about 1% of all malignandes. The ind- 
dencc is reportedly higher in women than men, in 
patients who received irradiation of the thyroid during 
childhood, and in populations w here goiưe is endemic. 
The natural history varies vvith the cell type and degree of 
di£ferentiation. Well-differentiated papillary or lollicular 
tumours (vvhich constitute over 80% and about 10% of 
cases, respectively) are very slow to grow and metastasise, 
sometimes persisting for years w ith little change in size 
and extern, although they may prove more aggressive in 
children. In contrast medullary cardnomas (5 to 10% of 
cases), which develop from the cells responsible for calđ- 
tonin secretion, and undiỉỉerentiated (anaplastic) tumoars 
(1%) metastasise early and íoUow a mu ch more rapid and 
aggressive course. About 25% of medullary cancers are 
hereditary, induding those due to multiple endocrine neo- 
plasia type 2.

The well-differentiated types usually present as a thyroid 
nodule, although most nodules are not malignant, while 
with anaplastỉc tumours there is usually invasion ũito the 
ttachea, larynx, or recurrent laryngeal nerve which leads to 
obstructive symptoms, haemoptysis, dysphagia, and 
hoarseness.

In patients with w ell-d iffe ren tia ted  tvunours tota) or 
partial thyroidectomy is the treatment oí choice.1'7 This may 
be íollovved by a course of iođine-131 to destroy any 
residuaỉ tum our (thyroid ablation). although in patients 
who have small tumours with no other high-risk íeatures 
(such as extension beyond the thyroid capsule or lymph 
node metastases) there are no beneíits to such ablation and 
iodine-131 is not usually recommended.1'7 Extemal 
radiatíon therapy may be considered in patients vvith 
evidence of extrathyroid extension at the tìme of surgery.3'4 
There is no role íor routine adjunctive chemotherapy in the 
management of differentiated thyroid cancer.4 Levothyr- 
oxine ưeatm ent is given to all patients to prevent 
hypotbyroidism and to minimise stimulatĩon of tumour 
grow th by thyroid  stim ulating horm one (TSH).2-5-4 
Measurement of serum thyroglobulin concenơations aids 
the detection of residual, recurrent, or metastatic disease. 
After surgery and thyroid ablation, this should be 
undetectable after about 3 months, although occasionally 
it may take up to 2 years; raised concenơations imply the 
presence of hmctional thyroid tissue or tumour. Sensitivity 
of thyroglobulin measurements is enhanced by an increase 
in  TSH. TSH sứmulation can be achieved either by 
levothyroxine withdrawal or by injections oí human 
recombinant thyroưopin alfa.1-4-4

Disease recuirence or metastases are commonly treated 
with hirther surgery, ablative iodine-131 therapy or 
extemal radiatìon therapy.1'4 chemotherapy for metãstatic 
disease has been inadequately studíed.15 It may have a role 
in  reíractory disease.1-3-4 D oxorubidn is often used,s vvith a 
response rate of up to 40%;2 dsplatin is also used.1 Durable 
responses are rare.1'2 Combination chemotherapy is not 
dearly  superior to doxorubìdn m onotherapy.3 Some7 
recommend against chemotherapy due to a lack of eííicacy 
and recommend enrolment into dinical studies. Novel 
agents are under investigation;1-3-3-7-* preliminary results 
w ith tyrosine kinase inhibitors have been promising.7

In patients with m e du lla ry  cancers total thyroid- 
ectomy and Central neck compartment dissection are 
indicated,1'3,7 with levothyroxine treatment if neeđed.2-3 
Serum caldtonin should be measured to detect residual 
disease.2-3 Adjuvant extemal beam radiotherapy may be 
used in patients at high risk of regional recurrence2-3 but

routine use has no t shovvn any survival bene/ĩt.1 There Is no 
role for radioactive iodine in medullary disease,2-3 and 
chemotherapy is generally ineHective.1-3 Further surgery 
with or vvithout adjuvant radiotherapy is recommended for 
recurrent disease. Palliative resection or radioữequency 
ablation can be tried ỉor distant metastases; chemotherapy iỉ 
usually dacaibaãne-based.3 Novel agents such as tyrosine 
kinase inhibitors have been investigated, with promising 
initial results;7 cabozantinib is used for metastatic disease, 
and vandetanỉb ỉor unresectable locally advanced or 
metastatic disease. Prophylactic thyroidectomy may be 
consídered in patients with a hereditary predisposiúon to 
medullaiy cancer.1-2 In patients with anap lastic  tum ours, 
cure is impossible and ưeatm ent is purely palliative, vvith 
survival measured in months.2-3-7 Treatment options indude 
surgery, radiotherapy, and chemotherapy. Muitimodaỉity 
therapy should be considered.2•3■,  Use of hyperíractionated 
radiotherapy vvith doxorubicin can increase response, vvith 
median survival of I year. Paditaxel has also been tried.2-3-7 
Novel agents are under investigation,7', ' l° induding the 
vascular targeting agent (osbretabulìn.3
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N euroblastoma. Neuroblastoma accounts for about 7% of 
all childhood malignandes overall but is the most com- 
mon extra-cranial solid tum our in children. The majority 
of cases present beíore the age of 5 years. The tum our is 
derived ừom cells of the neural crest, and may occur any- 
vvhere vvithin the sympathetìc nervous System, notably 
the sympathetic ganglia and the adrenal medulla. Clinical 
behaviour ranges from spontaneous remission to rapid 
metastatic progression and death. Sites oỉ metastasis 
include lymph nodes, bone marrow, liver, and skin. 
Symptoms depend on the slte of the primary tumour and 
extern of disease. About 50% of children present with 
metastatíc disease. Adverse prognostic íactors indude age 
over 1 year at diagnosis, advanced or metastatic disease, 
and amplUicatỉon of the oncogene MYCN. The Interna
tional Neuroblastoma Staging System (INSS) divides loca- 
lised tumours into stages 1 and 2, based on regional 
lymph node status; unresectable tumoưrs are dassiSed as 
stage 3, and stage 4 reíers to all patients aged 1 year or 
older with distant disease. Stage 4S (4 special) reíers to 
infants less than 1 year of age with small localised primary 
tum our and limited dissemination (conhned to liver, skin, 
or bone marrovv).1-2 Hovvever, the INSS is based on the 
extern of surgical excision, and a nevv staging System has 
also been developed by the International Neuroblastoma 
Risk Group, vvhich is based on tumour imaging and risk 
ỉaaors. Locoregional tumours are staged as LI or L2 based 
on the absence or presence of One or more image-deíĩned 
risk íactors, respectively. Metastatic tumours are dassifled 
as stage M, except íor stage MS, in which metastases are 
conhned to the liver, skin, and/or bone marrow in chil- 
dren younger than 18 months of age.3'4

Treatment protocols are designeđ accordừig to the risk 
stratificatio^:l•,■4
• the ỉơw-risk group consists of stage 1, stage 2, and stage 4S 

non-amplified hyperploid tumours vvith lavourable 
histology

• the intermediate-risk group indudes stage 3, 4, and 4S 
MYCN non-amplified tumours

• the high-risk group consists of stage 2 to 4 MYCN 
ampliSed tumours, induding stage 3 tumours vvith 
uníavourable histology in children older than 18 months

Surgical resection alone is approptiate for those with low - 
risk  tumours; these patients have a good prognosis.1-2-6 
Patients with local recurrence aíter surgery can be salvaged 
with chemotherapy and local radiotherapy. Neoadjuvant 
chemotherapy is also an option for those with paraspinal

tumours and spinal cord compression, in order to avoid t le  
moibidity of lam ineaom y and radiation. Patients w th  
symptomatic stage 4S disease may also require chemoth' :r- 
apy>

In those dassiAed as In te rm ed la te-risk , surgery is 
usually followed by a short couise oi standard-d( se 
combination chemotherapy.1-2-6 Regimens used indude 
dsplatín (or carboplatin), etoposide, cydophosphamii le, 
and doxorubidn.2

H igh-risk  tum ours can be ưeated w ith surge y, 
combination chemotherapy, myeloablative chemotheraoy 
vvith haematopoietíc stem cell transplantation, and lo  :al 
radiaũon.1-2'6 Most remission induction regimens incorỊ o- 
rate some or all of the most active drugs available or 
neuroblastoma, induding the platinum derivatives, cyc o- 
phosphamide, ưosfamide, doxorubidn, etoposide, a id 
topotecan.1'2 One such dose-intensive regimen that v as 
reported to have good response rates in a small s tu iy  
consisted of cyclophosphamide, vincristine, plus doxoru )i- 
dn . aĩtemating with dsplatin and etoposide.

Consolidation vvith myeloablanve chemotherapy is us ỉd  
to eradicate any residual cancer cells. The addition of 
isotretinoin improved event-íree survival and son e  
consider high-dose myeloablation fo!lowed by isoưetim in 
to be the Standard of care for children with high-risk dise; se 
who are older than I year ai diagnosis.2 Stem tell 
transplantation may be autologous or allogeneic,2 althou gh 
autologous peripheral blood stem cells appear to be tae 
preíerred source; tandem transplants are under investiị a- 
tion.2-7

Neuroblastoma is radiosensitive and if complete surgi a l 
resection is noi possible, ađjuvant radiation is indicated. It 
may also be used aíter chemotherapy, and occasionally as 
palỉiation for metastases.1 Hovvever, the role of total bc dy 
irradiation (TBI) in the treatment of high-risk neurobl IS- 

toma has not been established, and most protocols do I ot 
indude TB1.2

M etaiodobenzylguanidine (m-iodobenzylguanidii .e; 
iobenguane; MIBG) is a guanethidine derivative a id  
norepinephrine analogue that concenưates in neural a  ;st 
tissues. vvhen radiolabelled with isotopes of iodine, M I ỈG 
has been shown to be useíul íorboth imaging and ưeatmi nt 
of neuroblastoma. M1BG uptake can be seen at the site of 
primary disease as well as metastatic tumour sites.6 Iodú le- 
123-labelIed MIBG is the radioisotope of choice íor imagi: Ìg, 
whereas Iodine-13I-labeIled MIBG is used for therapeLtic 
purposes.5 6 It has been used as monotherapy or w th 
combination chemotherapy in advanced, relapsed, or 
reíractory disease, and has been investigated for use in 
nevvly diagnosed patients.4-* MIBG with radiosensitiser! is 
also under investigation.4 Multiple inlusions of MIBG h í ve 
also been used.4-4
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Neuroendocrine himours. Neuroendocrine tumours ire 
rare and constitute a heterogeneous group of neoplas ns 
tha t share certain biological íeatures. They origúiate ừ  im 
cells that produce and secrete regulatory hormones, a nd 
írequently present as hypersecretory syndromes. Corrun on 
sites of origin indude the endocrine pancreas, gastto* n- 
teric tissue in the gut, and neuroendocrine cells in he 
respiratory epithelium, as well as the thyroìd, parathyrc id, 
adrenal, or pituitary glands. Examples of syndromes as ;o- 
dated with such secretory neoplasms indude acromeg ily 
(p. 1921.1), Cushing's syndrome (p. 2559.1), hypetp o- 
lactínaemia (p. 2252.2), and phaeochromocyto na
(p. 1278.1). Multiple endocrine neoplasia type 1 (MEI T) 
and type 2 (MEN2) are inherited conditions in w h ch 
many tumours occur in often more than one endocr ne 
organ; tumours in this disorder are oíten secretory.

Gastroenteropancreatic neuroendocrine tumo irs 
indude cardnoid tumours and pancreatic endocr ne 
tumours.

Cardnoiắ syndrome. Carcinoid tumours have ơaditii in- 
ally been dassiSed according to their embryological oriị in, 
namely fore-gut (bronchi, stomach, duodenum), mid- ;ut 
(jejunum, ileum, appenđix, proximal colon), and hind- ;ut 
(distal colon and rectum).1'4 Cardnoid tumours can s e a  :te 
various hormones. The cardnoid syndrome descri )es 
symptoms related to the secretion of serotonin, histami te, 
or tachykinins. Hovvever, symptomatic cardnoid syndro me
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is rare, both because the tum oun vary in their behaviour 
depending on theỉr embryological origin and because the 
liver is cápable o( metabolismg those tum our Products 
vvhich are secreted into the portal drculation; only ư the 
cardnoid tum our secretes into the systemic õrculation, 
notably after metastasis to the liver, do symptotns occur. 
Carcinoid syndrome is thereỉore most oben assodated with 
rumours of the mid-gut, since they are commonest, and 
bequendy metastasise.2-3

The charaCTeristic sym ptom s of cardnoid syndrome 
indude episodic dushing oí the face and upper trunk (which 
may be provoked by ãlcohol food. or sưess), secretory 
diarrhoea. wheezing and dyspnoea, vveight loss, pellagra, 
painhil hepatomegaly, and rỉght-sided valvular heart 
disease. vvhich sometimes progresses to iight heart iailure 
and death.l °

The m anagem ent of cardnoid tumours usually involves 
surgical resection.2"3 For localised disease, surgery may be 
curatíve.1-4 Although many padents present vvith metastatìc 
disease,1 cytoreductive surgery is a mainstay of manage- 
ment>‘ Other cytoreductive procedures can also be used, 
such as radiobequency ablaúon, laser therapy, and hepatic 
regional therapy (arterial embolisation, or trans-arterial 
chemoembolisation).1-14'4 Drugs used for diemoembolisa- 
tion indude doxorubidn. sưeptozodn.5 or a combination 
regimen of dsp ladn . doxorubicin, and m itom ydn.4 
Systemic antỉneoplastic chemotherapy has beea used, but 
is considered to be oỉ limited beneht ỉor cardnoid 
tumours.5-7 However. combinatỉon regimens may be used 
first-line ỉor malignant, highly proiưeradve cardnoid 
tumours.4 A common combinaúon indudes streptotodn, 
Quorouradl. plus doxorubidn;4 dsplaún plus etoposide has 
also been used.7 Despite some initial reports of response to 
interỉeron aUa, its value has not been bome.out in practíce.5 
It has, hovvever, bcen considered to be of value for 
symptomatìc conttol.7

For sym ptom htic r e lie í of cardnoid syndxome 
somatostatin analogues such as octreotide or lanreotide 
are highly ebective4-5-* and are the treatment of choice.1-2 
The availability of depot intramuscular preparations has 
simpliũed treatment. removing the need for multiple daily 
subcutaneous injections.1-7-’ However, vvith prolonged use a 
few patìents develop resistance even to the hỉghest doses; 
the mechanism behind this tachyphylaxis is not yet knovvn, 
although dovvn-reguladon of receptors has bcen sug- 
gested.3-4-7 Octreotide is also used in the perioperative 
management of these patíents to treat or prevent cardnoid 
crisis, when it may be given intravenously.1 Use of 
somatostaún anaỉogues vvith interíeron alía does not appear 
to be supetior to monotherapy with either drug, and most 
do not recommend combination therapy as a Standard 
treatmcnt optìon.7 ’ 10 vvhile some consider the sequential 
use of these drugs. or the use oỉ the combination aber 
progression on monotherapy, to be justifled.10 others rarely 
add ỉnteríeron when somatostatin analogues are no longer 
eííective.3 There is growing Interest in the use of 
radiolabelled somatostatin analogues for the management 
of tumours that express high levels of somatostaón 
receptors;2-4-3-’ promising results have been reported vvith 
palliatìve use in inoperable or metastatic disease.1-11 Newer 
therapies such as geEtinib, everolứnus, sunitinib, and 
bevadzumab are also being tried.2-3-4 Other drugs that 
reduce the ettects of serotonin have been tried. inđuding 
cyproheptadine.3 Patients vvith histamine-producing 
tumours should avoid histaminic drugs; treatment is with 
somatostatin analogues. blockade of hìstamine receptors, 
and possibly cortícosteroids.3

Apart from such speáhc pharmacological therapies, 
antidiarrhoeals such as loperamide are sometimes helpíul in 
controlling diarrhoea. Suppiementation with vitamin B 
substances is advisable to prevent pellagra. It is aiso 
important to avoid provocative {actors such as stress. 
alcohol. and particular foods.J

Pancreatìc endocrine tumours. Neoplasms of the 
pancreatic islet cells (pancreatic endocrine tumours) are 
uncotnmon compared with those of the exocríne pancreas 
(see Malignant Neoplasms of the Pancreas. p. 712.1). 
Pancreatic endocrine tumours. vvhether benign or malig- 
nant, oỉten secrete dinically signihcant atnounts of 
hormone; the hormone secretẽd. and hence the resultant 
dinical syndrome, depends on which of the several types of 
hormone-secreting islet cells is the origin of the tumour.2 
Prímary therapy ỉor solitary pancreatic endocrine tumours 
is surgical resecrion;2 metastatìc tumours may require a 
combination of symptomatic drug therapy, chemotherapy, 
radiotherapy, and surgical debuUdng. As ỉor cardnoid 
tumours, somatostatìn analogues such as octreotíde or 
lanrcotíde are used to conưol symptomatic disease.1-2 For 
those who present with signihcant tumour burden, or with 
disease progression. optỉons indude everolỉmus or 
sunitinib, vvhich have been ỉound to improve progression- 
bee survival, or cytotoxic chemotherapy.2 The most 
írequently used regũnens involve combinations of 
streptozocin, doxorubidn, Auorouradl. and dacarb- 
arine.1-2-7 Capedtabine and temozolomide have also been

used.2 Hepatic regional therapy. indudỉng arterial emboli- 
satỉon or chemoembolisation, is used ỉor patients who  are 
not surgical candidates.2

S ym ptom s of hormonal excess should be treated, beíore 
surgery and/or aỉter resection ií needed; therapies depend 
on the tutnour type,2 and are used in cases rebactory to 
somatostatin analogues. o r in combination with them.3 •
• Up to 90% oỉ in su linom as are benign2-4 and do not 

metastasise. Only about halí o{ these tumours have 
somatostatin type n  receptors and are thus less sensitive 
to treatment vvith somatostatin analogues.1-3 Excessive 
insulin secretion results In hypoglycaemia; glucose 
concentrations can be stabilised by diet and/or diaz- 
oxide.l‘J Glucose inỉusions may be needed.1

• Most gỉucagonom as, vvhich secrete glucagon, are 
malignant, and over 80% have metastases at presenta- 
don.2-3 Comraon symptoms indude a characteristic rash 
(necrolytic migratory erythema). diabetes mellitus. 
weight loss, and diarrhoea. Patients should be stabilised 
wlth intravenous Quids, octreotide, and zinc.2-3

• Another vvell-characterísed syndrome results from 
tumours which release vạsoactive intestinaỉ polypeptìde 
(VTP). Such VTPomas result in  proỉound secretory 
dianhoea, vvith consequent hypokalaemia and ad- 
dosìs;2-3 the syndrome is sometỉmes known as pancreatíc 
cholera. Metabolic imbalances should be coưected by 
ũuid and electrolyte supplementatíon.1-2 Somatostaãn 
analogues such as octreođde are used for chronic control 
of the diarrhoea;1'3 other antìdiarrhoeals are sddom 
eữective, although glucocordcosteroỉds can be used ỉor 
acute exacerbations.3

• Of the other pancreatỉc endocrine tumours gastrinom a 
is> the commonest: it results in Zollinger-Hỉlison 
syndrome, tor vvhich proton pum p inhibitoR are the 
treatment of choice. For íurther iníormation on the 
neatment of Zoilinger-EUison syndrome see p. 1817.3. 
Rarer malignant tum ours indude so m atosta tinom a 
(vvhich secretes somatostatin) and P P om a (vvhich 
secretes pancreatic polypeptìde).2-3

ỉ. Ramage jk, tí al. UK and Ireland Neuroendocrine Tumóur Sotiety. 
Guỉdelỉnes ỉor the management of g astroem eropancreaúc ncuroendo- 
crine (inđuding cardnoid) tumours (NETs). Cui 2012: 61: 6-32.

2. National Comprehensỉve Cancer Network. Clinical pracdce guidelines In 
oncoỉogy: neuroendoaine tumors {version 1.2012). Availabỉe ac hnp:// 
www.nccn.org/pfofessionals/physiciaa_gls/pdI/Deuroendocrine.pdi 
(accessed 03/05/12)

3. Kaltsas GA. a aỉ. The diagnosis and medicaỉ management oĩ advanced 
neuroendocrine tumors. Endocr Rev 2004; 25:458-511.

4. nndiot SN, et ai. Carcinoid cumon. OneoỉoỊiứ 2008; 13: 1255-69.
5. Bende!ow J. et ềi. Cardnoid syndrome. Btữ J Sưrg Onat 2008; 34:269- 

96.
6. ổberg K. et aỉ. ESMO Guỉdelines Working Group. Neuroendocríne 

psưoenteropanaeaiic tumours: ESMO Clỉnical Practỉce GuldeUnes ỉor 
dỉagnosis. treatment and foUow-up. Am Oncol 2010:21 (suppl 5): V223- 
v227. Ai so avaỉlable aL* http://ann4Mic.oxf0rdjoumaU.ocg/contient/21/ 
suppL5/v223.fuU.pdf+html (accessed 04/08/1 í)

7. Plõckinger u. Wledenmann B. Treatment of gastroenteropancreatic 
neuroendocrine tumors. Vỉrchows Arek 2007; 451 (suppl I): S71-S80.

• 8. ổbeig K, tí aỉ. Consensus report on the use of somatostaún anaỉogs for
the management of aeuroendocrine tumon of the gastroenteropan- 
creaúc System. Ann Oncol 2004; 15: 966—73.

9. Delaunoit T, tí aỉ. Somatosutin anaỉogues in the treacment of 
gastroenreropancreaúc neuroendociỉne mmon. Mayo ơỉn Proc 2005; 80:

'502-6.
10. Fazio N. a  ai. Inccríeron-âlpha and somatostatin analog in patients with 

gascroemeropancreatic neuroenđoaỉne cardnoma: single agent or 
cocnbination? Ann Ortcaị 2007; ỈS: 13-19.

1 ỉ . Kaltsas GA. tí at. Treatment of advanced neuroendocrine tumoun wỉth 
radiolabeỉỉed somatostatỉn analogues. Endacr Rtlat Goncrr2005; 12:683- 
99.

Retinobldstoma. Retinoblastoma is the most common eye 
tumour in children and accountỉ for about 3% of all child- 
hood malignandes in the UK (for other malignant neo- 
plasms of the eye, see p. 705.1). In about 60% of cases the 
tumour is sporadic and n'on-hereditary, produdng a uni- 
lateral, uniíocal lesion. In other cases thcre is an inherited 
abnormal tumour suppressor gene (RB1 gene mutation): 
these tumours are typically bilateral and are sometimes 
assodated with an intracranial neuroblastic tumour or 
pinealoblastoma (trilateral retinoblastoma). In addition, 
patients wũh the hereditary form are at very high risk of 
secondary primary malignancies, partìcularly osteosarco- 
ma and soft tissue sarcomas. Onset alter age 5 is rare, but 
retinoblastomas are occasionally reported ỉn adults. The 
most common maniíestations of retinoblastoma are leuko- 
cotia (white pupil) and strabismus (squint). In inữa-ocular 
disease, the tumour is conTined to the eye; the majorịty of 
patientỉ with unilateral disease present vvith ađvanced 
intra-ocular disease. Nevertheless, 5-year disease-free sur- 
vival after ơeatment in these patients ‘ỉs over 90% in 
developed countries. Extra-ocular retìnoblastoma is an 
advanced stage of the ■ disease where the tum our haĩ 
spread into the tissues around the eye (orbital invasion) or 
beyond the opdc nerve w ith metastatic spread to the CNS 
and beyond. Extra-ocular disease ậ  more prevalent in 
developing countries due to delayed diagnosis. The 5-year 
survival rate is less than 10% despite treatment. Manage
ment oi retinoblastoma is individualised with considera- 
tion of the size and location of the tumour. laterality of 
the disease, age, risk of metastases. and stage.

The aim of treatm ent for in tra -o cu la r retinoblastoma is 
to cure the đìsease, and  to preserve as much Vision as 
possible.1-2 In patients vvith unilateral tumours, enudeation 
(removal of the eye) is the Standard pdmary treatment 
when there is no expectation of useỉul Vision (e.g. extensive 
disease vvithin the eye).3 The role of ữdịưvant treatment is 
conttoversial; adjuvant chemotherapy regimens indude 
carboplatin plus etoposide, or vincrtstine, cydophosph- 
amide. and doxorubidn. Radiotherapy has also been used ìn 
cases of incomplete resection.4 In bilateral retinoblastoma, 
Standard treatment w as enudeation of the advanced eye 
and extemal beam radiatíon therapy in  the less advanced 
eye. However, there iỉ increasũig use of therapies to 
preserve the eye and to reduce the use of extemai beam 
radiotherapy vvhỉch h irther íncreases the risk of secondary 
malignandes.1-4-3 These indude local treatments such as 
laser therapy, cryotherapy, thennotherapy, and plaque 
radiotherapy (brachytherapy).1-3'4 Intravenous ruoadịiivant 
chemotherapy may be given beỉore locaỉ treannent to 
reduce tumour size (chcmoreductíon); regimens usuaỉly 
indude carboplatin, etoposide (or teniposỉde), and vincrist- 
Ine.1-3"1 Cidosporin has also been induded to overcome 
multidrug resistance due to P-glycoprotein.3-3

Chemothomotherapy (chemotherãpy and thermotherapy 
used vvithin hours of each other) may be useỉul for larger 
tumours, ot for small tum ours adjacent to the ỉovea or optic 
nerve.3 Local deltvery o í diemotherapy directly into the 
petiorbital tissues (focal chemotherapy) has also been 
invesdgated;1'4-3 subconjunctival carboplatin may be usehil 
in cases of vineous seeding,4 but local toxiãty may be a 
problem and some reserve peiiocular injecúon for advanced 
intra-ocular disease th a t has not responded to multiple 
cydeí of systemic chemotherapy.5

Thete is no Standard treatm ent ỉor extra-ocular 
retlnoblastoma.1-4 Patients with regional disease vvithout 
overt metastases (micrometastatìc rednoblastoma) may 
beneBt frora conventional systemic chemotherapy and 
extemal beam radiotherapy.3-4 Patients vvith orbital 
extension may be ơeated  with enudeation. radiotherapy, 
and intensive chemotherapy.1 Regúnens typically indude 
cydophosphamide, doxorubidn, and vincristine, and may 
indude carboplatin an d  etoposide.3-4 Intrathecal metho- 
trexate and cranial ữradiation may be added ỉor CNS 
involvement or trỉlateral retinoblastoma.4 Metastatíc 
disease may be ưeated sũnilarly,4 but although conven- 
tional combinađon chemotherapy may produce a response 
it is rarely curative in su ch advanced disease.1-3 High-dose 
chemotherapy with autologous stem cell rescue may be 
benehcial in metastatic disease, but it has notbeen eãectíve 
for disease involving th e  CNS.1-3
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Sarcomas. The sarcomas are tumours arising bom meso- 
dermaỉ cellỉ, vvhich locm  the bone and connective tissue 
(as opposed to cardnom as, which arise bom  ectodermal 
and endodermal cells, and leukaemias and lymphomas, 
vvhich arise bom the bone marrow and immune System).

Sarcomas are uncommon. and vary considerably in theư 
sites. presentation, and prognosis. The primary malignan- 
des of bone indude osteosarcoma and Ewing's sarcoma, 
which most oíten occur In older children and adolescents. 
and chondrosarcoma vvhich is most common in later life. 
Soft tissue sarcomas indude those of Rbrous tissue 
(tibrosarcoma). skeletal musde (rhabdomyosarcoma), 
smooth musde (leiomyosarcoma). adipose tissue (liposar- 
coma), and blood vessels (a group which indudes Kaposi's 
sarcoma).
BONỈ SARCOMA. The commonest primary malignant 
tumour of bone is o s teosarcom a (osteogenic sarcoma). It 
is composed of tnalignant osteoblasts, vvhich ỉorm an 
osteoid matrix vvithin which new bone {ormation may 
occur. Most osteosarcomas. are aggressive high-grade 
malignandes that destroy overlying cortical bone and 
invade adjacent soft tissue, as vvell as spreading along the 
meduUa. Metastasis, almost exdusively Via the vascular 
System to the lungs a n d  other distant sites, is usual and 
occun early. Most patients present between 15 and 25 
years oí agẽ.

Therapy is multũnodal. Compiete surgical resection is 
primarily used, vvith an  increasing trend to more 
conservative. limb-sparing operatìons rather than amputa- 
tion. Adju vant chem oth erapy is an important compodent of 
therapy, as m eustas is  oí the tum our is coramon.1'3 
Neoadjuvant chemotherapy is also oben given beỉore 
surgery to attack micrometaỉtases, shrink the primary 
tumour and enable evaluation of the tum our response.3-4-3 
Combinadons of dsplatin . doxorubidn (or epirubiđn).

http://www.nccn.org/pfofessionals/physiciaa_gls/pdI/Deuroendocrine.pdi
http://ann4Mic.oxf0rdjoumaU.ocg/contient/21/
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iỉosỉamide, and high-dose methotrexate are recom- 
mended.1'4 Aggressive treatment regừnens can result ìn 
long-term relapse-free survival rates of 70%, although 
patients vvith overt metastadc disease at presentatìon have a 
poorer prognosis.1-7 Osteosarcomas are reladvely resistant to 
ladiaỉion therapy;1-3 however, for unresectable high-grade 
osteosarcoma, rađiotherapy followed by adjuvant chemo- 
therapy is recommended.4 Recurrent disease is treated 
surgically where possible. The role of second-line chemo- 
therapy remains to be de&ied.3-4-* Regũnens may indude 
combinations of cydophosphamide or iíosíamide, carbo- 
platìn, and etoposide. Gemdtabine, alone OT with docetaxel, 
may also be trieđ. Progressive disease aỉter second-Iine 
therapy can be ữeated with resecdon, palliatìve radio- 
therapy, or best supportive care.4 Osteodast-targeted 
therapy (such as bisphosphonates)7 and the additíon of 
miíamurtide to convendonal chemotherapy2-4 are under 
investigation.

Like osteosarcoma, Ewing's sarcoma is seen mainly in 
adolescents and older children. li  is a round cel^nimour that 
most often arises in the pelvis or the long bones of the limbs. 
There may be dưfuse erosion of the bone and marked 
períosteal reaction. It spreads through the meduUary cavity. 
and metastases to lung and other bones are cõmmon. 
Treatment is also multimodal.’-10

Initíal treatment is neoadjuvant chemotherapy for 
several months.1-4-* Combinatìons of cydophosphamide, 
iíosíamiđe, etoposide, doxorubicin, dactínomytín, and 
vincristine are ^ecommended,1•2•4•4•,  although the use oí 
dactinomydn for localised disease is conưoversial.1 
Typically, patìents are then given local therapy (surgery, 
radiatíon, or both), vvith additíonal adjuvant chemother- 
apy_i.t.9.io EỊving’5 sarcoma ìs relatìvely radiosensidve,1 and 
unresponsive or Progressive disease is best managed with 
radiatìon therapy vvith or without surgery, loUovved by 
chemotherapy or best supportìve care.4 The prognosis of 
recurrent Ewing's sarcoma is p c ^ ^ 4,7 Salvage chemother- 
apy regimens are not standardised.4-’ Combinađons indude 
iỉosỉamiđe plus etoposide with or vvithout carboplarin, 
cydophosphamide plus topotecan, temozolomide plus 
irinotecan, and gemdtabine plus docetạxel.4 High-doss 
chemotherapy with stem cell rescue has been investì- 
gated15-4 but its role has yet to be deteimined.4 Targeted 
therapy with antí-angỉogenicagents may represent a future 
theiapeutìc approach.4

Chemotherapy appears to have litde place in the 
treatment oỉ othẽr bõne sarcomas su ch as chondrosarco- 
tna1’4 (despite some reports of eHỉcacy4) or osteoclastoma  
(giant ceỉl tumours of bone);1 it has been used in high-grade 
Bbrosarcomas and in histìocytoma but its value is 
uncertain.
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KAPOSTS SARCOMA. Kaposi's sarcoma is a tumour of 
endothelíal or spinđle cell origin. In its dassical íorm it 
maniíests as red or violet cutaneous lesions oi the limbs in 
eldeily men, usuaUy oỉ Jewish or Mediterranean ancestry. 
An endemic form is also seen in certain areas of Airica.1-1 
Lesions may eventually aHect the vvhole of the sldn, upper 
alnvays, gastrointestìnal tract, lungs, and lymph nodes, 
but in general disease Is only very slowly Progressive, and 
may require no tteatment. Padents given inưnunosuppres- 
sive therapy may be at greater risk of developing Kaposi's 
sarcoma, partìcularly ií they are from ethnic groups that 
are susceptible to the dassic or endemic ĩonns of the dis- 
ease.1 In recent years an epidemic íorm of the disease has 
appeared in patíents with disease due to HTV inỉecdon 
(p. 957J ) .2 HlV-assodated Kaposi's sarcoma is more 
aggressive, with a greater tendency to dissemỉnated and 
metastatìc disease.

A novel herpesvữus (human hetpesvirus 8, HHV8) has 
been implicated in the pathogenesis of Kaposi's sarcoma. 
HHV8 induces changes in endothdial cells that make them 
more susceptìble to inllammatory cytokines and angiogen- 
esis.J Some antívirals, such as ddõíovứand to a lesser enent

íoscarnet and ganddovữ, have shovra actívity against 
HHV8 in vitro, but they have not been equally successỉul in 
treatìng Kaposi's sarcóma in vỉvo. Treatment with HAART 
has gready ređuced the occurrence of Káposi’s sarcoma in 
ABDS patíẽnú, and may cause regression õỉ milder íorms of 
the disease, but this is thought to be due to improvements in 
immune luncdon rather than  a direa e ííe a  on KaposTs 
sarcoma.4 The development of Kaposi's sarcoma is likely to 
be multiỉactorial, and as iníectíon with HHV8 alone does not 
produce disease, and the replicatìon oi HHV8 in sarcoma 
cells is lovv, antìviral therapy alone is unlikely to be 
suỉhdent to control symptoms 4

Padents with dassic or endem ic  Kaposi's sarcoma are 
often ưeated vvith surgery or radiotherapy of individual 
lesions.1 Extensive or recurrent disease may be treated with 
vinca alkaloids, bleomydn, doxorubidn, and dacarbazine, 
alone or in combinatíoii.1 Etoposide and interỉeron alfa 
have also been tried.1 Patients with immunosuppressỉon- 
assodated Kaposi's sarcoma may be treated similarly to 
those vvith the dassic íorm, or preferably by alteration of the 
immunosuppressive regimen ư this can be done vvithout 
graft loss.1 Clinical and histological regression of cutaneous 
Kaposi’s sarcoma has been described in a small number of 
renal transplant redpients when cidosporin and mycophe- 
nolate mofetil were replaced vvith sirolimus.5

The ep ỉdem ic  lorm of Kaposi's sarcoma is assodated 
vvith HTV inĩection, and seen particularly in homosexual 
patients. HAART may control Kaposi's sarcoma, and is 
considered first-line therapy.4'* but the response is 
unpredỉctable, so spedíic therapy is olten needed.1 Lotalhtd 
disease may be managed with cryotherapy or radiotherapy, 
but intralesional vinblastine, interỉeron alfa, and topical 
aỉiưetiiioin are also used.2•J•4' ,  Photodynamic therapy is also 
used.17-*

Systemic chemotherapy is generally reserved £or patìents 
vvith more extensivt 'disease or mucosal or visceral 
involvement.4-* In patients with a 054 cell count of 200 
cells/mm3 or above, treatment with interĩcron alía plus 
tỉdovudine, has been advocated by some, but systemic 
chemotherapy is the ơeatm ent of choice.1-3-4'6-7 The main 
combinatỉon regimens use a vinca alkaloid and bleomydn, 
vvith or ivithout doxonibidn.1'4 Liposomal íormulations of 
doxorubidn and daunorubidn have produced response 
rates of 40 to 85%, and may be less toxic than convendonal 
chemotherapy;3-4-9 it has been suggesteđ that a liposomal 
anthracydine is the drug of choice in extensive disease.1-3’4'4 
Paditaxel is also used as a single agent in advanced 
disease.3-4-*-’ Hovvever. although highly effectìve. doses may 
need to be reduced ư given to patients taldng HAART 
because of the risk of drug interactions.4-* Although data are 
limited, docetaxel may be a reasonable altematíve.* Some 
response has also been reported íor oral etoposide.1

Control of Kaposi's sarcoma has been reported in a few 
patìents gỉven high-dose intramuscular chorionic gonado- 
trophin, but tum our regression ceased and regrom h 
occurred vvhen dosage vvas reduced or w ithdrawn.l° 
Punher reports of inữàlesional or systemic use have 
induded partìal remissions and disease stabilisatíon, as vvell 
as no effect or disease progression. The reasons íor these 
conơadictory results are undear, but they may be due to 
variability in chorionic gonadottophin preparations, which 
contaỉn a mixture of biological contaminants. A cytotoxic 
ribonudease and the degradation product of the p-hCG 
subunit have been proposed as active contaminants against 
Kaposi s sarcoma, but other contaminants may stimulate 
the tum our." O therlines of ỉnvestigatìon indude the use oỉ 
sulỉated polysaccharide peptiđoglycans, imadnib, the 
tyrosine kinase inhibitors soraíenib and sunitinib, other 
inhibitors oỉ angiogenesis induding thaỉidomide, and the 
retmoids.1114"’
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SOFT-VSSUE SARCOMA. Soh-tissue sarcomas are a varied 
group of malignant tumours that orìginate from mesench- 
ymal stem cells resỉding in musde, lat, or connectìve ns-

sue,1J and vvhose subtypes vary in term s of prognosi: and  
response to  dUĩerent ưeatments.3 The majority of sof :-tis- 
sue sarcomas occur in  the limh or limb ghrdle; som e c ccur 
within th e  abdomen (retropeiitoneal), in  the hea l or 
neck, or in  the gastrointestỉnal trao .4-5 Patíents have a  5- 
year survival rate of about 50 to 60%;4 survival in  t ìose 
with extremity sarcomas is better than  tha t in  p a t ents 
with retroperitoneal sarcomas.2 Tumours often m etast tsise 
to  the lu n g  those arising in  the abdom en m etastasũe to  
the liver and peritoneum.4

Rhabdomyosarcoma is the commonest soft-ti ssue 
saicoma in childhood, and is thought to  arise ỉ rom 
progenitor cells for skeletal m usde. The most írequent iites 
are the head and neck, genito-urinary  tract, and  
extremides. Some genetìc disorders are assodated vith 
rhabdomyosarcoma.4-7 All patients are presumed to l a  ve 
micrometastatìc disease at diagnosis; histologically the n o s t  
common types are embryonal, vvhich occurs a t an  ea rlier 
age, and alveolar, which is more common in adolescen ts.7

Surgery is the primary therapy íor solt-iissue sa-eo- 
mas i.i4.j.9 and Jje curative íor localistd disease.ỉ l0At 
Radiotherapy, as extemal-beam therapy or brachyther ipy, 
may be given vvíth surgery. or alone ư  surgery is 
inappropriate or dedined by the patient.5 Radiation inay 
be given pre-operatively, during surgery, o r postoptra- 
tívely;1-’ optimal timing is unclear.5 * Similar rates of 1 )cal 
control and progression-free survival have been reportec tor 
pre- and postoperative radiotherapy, although  pre- 
operadve treatment has been assodated vvith a gre Iter 
intídence o( vvound complications, especially in  lo ver 
exưemity tum outs.4 Postoperative rađiarion can cause ac ute 
and delayed bovvel toxiđty in those vvith retroperitoi eal 
tumours, and signiỉicam toxidty has occurred w ith the use 
of brachytherapy, especially w hen used in  the  upper 
abdomen.2

Surgery and/or radiotherapy may be combỉned v ìth  
chemotherapy. Pre-operative chemotherapy m ay al!ow for 
more eHident resection of the tum our.1-* The use of 
postoperadve chemotherapy is controversial,5-*-’ except íor 
some tumours su ch as extraosseous Ewing’s sarcoma or 
rhabdomyosarcoma. For these tum ours, combinadons o( 
vinaistíne, dactínomydn, doxorubidn, cydophosphamide, 
Uosỉamide, or etoposide form the basis o{ most regimens.1' 
1.11

For those with únracaable or mctastatứ disease, chemo- 
therapy may be used: iíosíamide and doxorubidn ìre 
routínely used in this setting.,•,  Tbese may be used as single 
agents ot in combinatíon; other acceptabỉe singỉe agent 
choices are dacarbaãne, epirubidn, gem dtabine, temo io- 
lomide, or liposomal doxorubidn.4 Data support the use of 
adjuvant doxorubidn-based chemotherapy to  improve 
disease-free survival;12 hovvever, overall survival is not 
improved. For pallỉatìve ưeatm ent in  advanced soft-tíssue 
sarcoma, a systematíc review13 conduded that combination 
chemotherapy did not signiCcandy increase survival rates 
compared with slngle-agent doxorubidn. A reưospective 
analỹsis14 lound that, in patíents vvith high-risk disease, 
dinical benehts of doxorubidn-based chem otherapy vvere 
not sustained beyond 1 year. There is no  consensus on the 
best second-line chemotherapy regimen ỉor patients sv th  
metastatìc disease rebaao ry  to  doxorubidn-or Uosỉamide- 
based regimens.2-3 Dose-intensified combinatíon regimens, 
w ith colony-stimulating ỉactor support, have be en 
investígated as adjuvant therapy15 and in  advanced 
disease;14 although both these studies íound a delay in 
disease progression, a benehdal eữect on overall survival 
was only lound in  the íormer. Intensive combinatíon 
chemotherapy beneỉĩted a subgroup of children w ith 
metastatíc rhabdomyosarcoma and levver than 2 unỉavour- 
able risk ỉactors, in terms of event-free sutvival and overall 
survival. However, most patìents have more than  2 risk 
íaaors; these patìents shoũld be considered for novel ílrst- 
line tberapies. No evỉdence was íound ío r improved 
outcome aher consolidadon therapy w ith high-dose 
melphalan and autologous bone marrovv or peripheral- 
bloôd stcm cell rescue.'7 Response to  topotecan hăs been 
reponed in a study oi metastatic rhabdomyosarcoma,14 and 
trabeaedin has shovvn some acrivity in advanced soft-tìssue 
sarcomas.3'3 Tasoneimin and melphalan can be useđ 
together for isolated limb petỉusion o ỉ unresectable soit- 
tissue sarcomas, but severe toxidty m ay limit use of thls 
iegimen. Potendal salvage therapy optìons after ỉailure of 
Crst-line therapy indude paditaxel, docetaxel, gem dtabine, 
ữớíosỉamide, temozolomide, and various combinatìons 
thereot3

The gastrointestinal strom al tum ours (GISTs) are 
soỉt-tissue sarcomas arising in  the gastrointestinal tract, 
most commonly in  the stomach and small boweI.<*'1* 
Symptoms may indude abdominal pain, anorexia, vveight 
loss, haemorrhage, changes in  bowel m ovements, bowel 
obstructìon. or perĩoratìon. Patìents w ith liver metastases 
may have oedema of the lovver extremity, asdtes, or 
jaundice.20 Spread to the lungs and o ther locations is seen 
only in advanced cases.4

Contìnued on p. 726.

AH cross-reíerences refer to entries in Volume A
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Table 1. Common chemotherapy regimens for malignant disease.

Regimen Drugs and Administration Cycle Typically used for Reíerences

ABCM

Doxorubicin 30 mg/m2 iv day 1; 
carmustine 30 mg/m2 iv day 1; 
cyclophosphamide 100 mg/m2 oral days 22—25; and 
melphalan 6 mg/m2 oral days 22-25.

42 days Multiple myeloma 1

ABVD

Doxorubicỉn 25 mg/m2 iv days 1,15; 
bleomycin 10 000 IU/m2 iv ^  days 1,15; 
vinblastine 6 mg/m2 iv days 1,15; and 
dacarbazine 375 mg/m2 iv days 1,15.

28 days Lymphomas 2,3

AC
Doxorubicin 60 mg/m2 iv day 1 and 
cyclophosphamide 600 mg/m2 iv day 1.

21 days (for4 
cycles; some 
studies used up 
to 8 cycles)

Breast cancer 4-6

AC + paclitaxel
As above, then followed by 
paclitaxel 175 mg/m2 iv day 1.

21 days (íurther 
4 cycles)

Breast cancer 7

AC + trastuzumab
Doxorubicin 60 mg/m2 iv day 1; 
cyclophosphamide 600 mg/m2 iv day 1; and
trashmunab 4 mg/kg iv loading dose on day 1 then 2 mg/kg once each week.

21 days(for6 
cycles)

Breast cancer (HER2 
overexpressing) 8

ACE
Doxorubicin 45 mg/m2 iv day 1; 
cyclophosphamỉde ỉ g/m2 iv day 1; and 
etoposide 50 mg/m2 iv days 1—5.

21 days Small cell lung cancer 9

AT
Doxorubicin 60 mg/m2 iv day 1 and 
paclitaxel 200 mg/m2 iv day 1.

21 days (for4 
cycles)

Breast cancer 4

AT
Doxorubicin 50 mg/m2 iv day 1 and 
docetaxel 75 mg/m2 iv day 1.

21 days (forup 
to 8 cycles)

Breast cancer (metastatic) 5

BE AM (Mini- 
BEAM)

Carmustine 60 mg/m2 iv day 1;
etoposide 75 mg/m2 iv days 2—5;
cytarabine 100 mg/m2 twice daily iv days 2—5; and
metphalan 30 mg/m2 iv day 6.

usually 28 to 42 
days

Lymphomas (salvage) 10

BEP
Bleomycin 30 000 IU iv® days 2, 9,16; 
etoposide 100 mg/m2 iv days 1—5; and 
cisplatin 20 mg/m2 iv days 1—5.

21 days(for4 
cycles)

Testìcular cancer 11

CAF
Cyclophosphamide 500 mg/m2 iv day 1; 
doxorubicin 50 mg/m2 iv day 1; and 
{luorouracil 500 mg/m2 iv day 1.

21 days Đreast cancer 12

CAP
Cyclophosphamide 750 mg/m2 iv day 1; 
doxorubicin 50 mg/m2 iv day 1; and 
prednisone 40 mg/m2 oral days 1-5.

28 days Chronic lymphocytic leukaemia 13

CAP

Cyclophosphamide 500 mg/m2 iv day 1; 
doxorubicin 50 mg/m2 iv day 1; and
cisplatin 50 mg/m2 iv day 1 (these doses are optimised from the oríginal 

600 mg/m2, 45 mg/m2, and 50 mg/m2 respectively).

21 days (for6 
cycles)

Ovarian cancer 14, 15

CAV
Cyclophosphamide 900 mg/ra2 iv day 1; 
doxorubicin 45 mg/m2 ivday 1; and 
vincristine 2 mg iv day 1.

21 days (for 6
cycles)

Small cell lung cancer 16

CHOP

Cyclophosphamide 750 mg/m2 iv day 1; 
doxorubicin 50 mg/m2 iv day 1; 
vincristine 1.4 mg/m2 (max. 2 mg) iv day I; and 
prednisone 100 mg oral days 1-5.

21 days (for6 to 
8 cycles)

Lymphomas, chronic lymphocytic 
leukaemỉa 17, 18

CMF
Cyclophosphamide 100 mg/m2 oral days 1—14; 
methotrexate 40 mg/m2 iv days 1, 8; and 
íluorouracil 600 mg/m2 iv days 1, 8.

28 days Breast cancer 6, 19

Key to abbreviations: hrs -  hours; im -  intramuscular, iv -  intravenous
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Table 1. Common chemoứierapy regimens for malignant disease. (Contỉnued)

Regimen Drugs and Administration Cycle Typically used for References

CMF
Cyclopbosphamide 600 mg/m2 iv day 1; 
methotrexate 40 mg/m2 iv day 1; and 
íluorouracil 600 mg/m2 iv day 1.

21 days Breast cancer 20

CMF
Cyclophosphamide 750 mg/m2 iv day 1; 
methotrexate 40 mg/m2 iv days 1,8; and 
íluorouracỉl 600 mg/m2 iv days 1, 8.

28 days Breast cancer 6

CMV
Cisplatin 100 mg/m2 iv day 2; 
methotrexate 30 mg/m2 iv days 1, 8; and 
vinblastine 4 mg/m2 iv days 1, 8.

21 days Bladder cancer 21

COP (CVP)
Cyclophosphamide 800 mg/m2 iv day 1; 
vincrístine 2 mg iv day 1; and
prednisone 60 mg/m2 oral days 1-5, then tapered over days 6-8.

21 days(for6 
cycles)

Lymphomas (the original report of 
this regimen used a 14-day cycle)

22

CP

Cisplatin 100 mg/m2 iv day 1 and 
cyclophosphamide 600 mg/m2 iv day 1 

or
carboplatin 300 mg/m2 iv dayl and 
cyclopbosphamide 600 mg/m2 iv day 1.

28 days (for 6 
cycles)

Ovarian cancer 23

CT
Cisplatin 50 mg/m2 iv day 1; 
topotecan 750 micrograms/m2 iv days 1—3.

21 days Cervical cancer 72

CYVADIC

Cyclophospbamide 500 mg/m2 ỉv day 1; 
vincristine 1.5 mg/m2 í'/*) days 1,5; 
doxorubicin 50 mg/m2 ỉv day 1; and 
dacarbazine 250 mg/m2 iv days 1-5.

21 days

Sarcoma (altemative versions of 
this regimen using vincrìstỉne on 
day 1 only have also been 
repoited)

24

Dartmouth regimen

Dacarbazine 220 mg/m2 iv days 1-3,22-24; 
cisplatin 25 mg/m2 iv days 1—3, 22-24; 
carmustine 150 mg/m2 iv day 1; and 
tamoxiĩen 10 mg oral twice daily.

42 days Melanoma (metastatic) 25,26

DCF
Docetaxel 75 mg/m2 iv day 1;
cisplatin 75 mg/m2 iv day 1;
ỉỉuorouracil 750 mg/m2 continuous iv days 1—5.

21 days Gastric cancer 75

DHAP
Dexamethasone 40 mg oral or iv days 1—4;
cytarabine 2 g/m2 iv over 3 hrs, repeated after 12 hrs, day 2; and
cisplatin 100 mg/m2 iv over 24 hrs, day 1.

21—28 days Lymphomas (salvage) 27

EAP
Etoposide 120 mg/m2 iv days 4—6; 
doxorubicin 20 mg/m2 iv days 1,7; and 
cisplatỉn 40 mg/m2 iv days 2, 8.

21-28 days Stomach cancer 28, 29

EC Etoposide 100 mg/m2 iv days 1—3 and 
carboplatin 450 mg/m2 iv day 1.

28 days Small cell lung cancer 30

EC Etoposide 100 mg/m2 iv days 1—3 and 
carboplatin 325 mg/m2 iv day 1.

21 days Non-small cell lung cancer 31

ECF
Epirubicin 50 mg/m2 iv day 1; 
cisplatin 60 mg/m2 iv day 1; and 
íluorouracil 200 mg/m2 daily continuous iv.

21 days (for up 
to 8 cycles)

Stomach cancer 32

EDAP

Etoposide 100-200 mg/m2 continuous iv, days 1-4; 
dexamethasone 40 mg oral or iv days 1—5; 
cytarabine 1 g/m2 iv day 5; and 
cisplatin 20 mg/m2 continuous iv, days 1—4.

21-28 days
Multìple myeloma (salvage), 
lymphomas

33

Key to abbreviations: hrs -  hours; im -  intramuscular, iv -  intravenous
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Table 1. Common chemotherapy regimens for malignant disease. (Contirtued)

Regimen Drugs and Administration Cycle Typically used for Re&rences

EMA-CO
(orEMA-EP)

Etoposide 100 mg/m2 iv days 1,2; 
methotrexate 300 mg/m2 iv over 12 hrs, day 1; 
íolinic acid 13 mg oral or im, twice daily for 4 doses, starting day 2; and 
dactinomycin 300 micrograms iv days 1,2. 

with
cyclophosphamide 600 mg/m2 iv day .8 and 
vincristine 1 mg/m2 iv̂ 1* day 8. 

or
etoposide 130 mg/m2 iv day 8 and 
cisplatin 75 mg/m2 iv day 8.

14days Gestational trophoblastic tumouĩs 34

EOX
Epirubiđn 50 mg/m2 iv day 1; 
oxaliplatin 130 mg/m2 iv day 1; 
capecitabine 1.25 g/m2 oral days 1-21.

21 days Oesophagogastrìc cancer 74

EP (PE)
Etoposide 80 mg/m2 iv days 1—3 and 
cisplatỉn 80 mg/m2 iv day 1. 21 days

Stnall cell lung cancer (Standard 
dose -  other versions exist) 35

EP (PE)
Etoposide 80 mg/m2 iv days 1-5 and 
cisplatin 27 mg/m2 iv days 1—5. 21 days Small cell lung cancer (high dose) 35

EP (PE)
Etoposide 100 mg/m2 iv day 1, then 200 mg/m2 otàl days 2-4 and 
cisplatin 75 mg/m2 iv day 1. 21 days Small cell lung cancer 36

\

EPOCH

Etoposide 50 mg/m2 continuous iv days 1-4; 
vincristine 400 micrograms/m2 continuous iv® days 1—4; 
doxorubicin 10 mg/m2 continuous ỉv days 1—4; 
cyclophosphamide 750 mg/m2 iv day 5; and 
prednisone 60 mg/m2 oral days 1-5.

21 days Lymphomas (salvage) 37

ESHAP

Etoposide 40 mg/m2 iv days 1—4; 
methylprednisolone 250-500 mg iv days 1—5; 
cisplatin 25 mg/m2 contìnuous iv days 1-4; and 
cytarabine 2 g/m2 iv day 5.

21-28 days(for 
up to 8 cycles)

Lymphomas (salvage) 38

FAM
Fluorouracil 600 mg/m2 iv days 1, 8,29,36; 
doxorubicin 30 mg/m2 iv days 1,29; and 
mitomycin 10 mg/m2 iv day 1.

56 days Stomach cancer, pancieatic cancer 39-41

FAMTX

Fluorouracil 1.5 g/m2 iv day 1; 
doxorubicin 30 mg/m2 iv day 15;
methotrexate 1.5 g/m2 ivday 1,1 hourbeíbre íluorouracil; and
íolinic acid 15 mg/m2 oral every 6 hrs for 3 days, starting 24 hrs after methotrexate.

28days Stomach cancer 29,32

FOLFERI

ỉrìnotecan i 80 mg/m2 iv day 1; 
folinic acid 200 mg/m2 iv day 1;
íluorouracil 400 mg/m2 iv bolus day 1, then 2.4 g/m2 continuous iv intusion 

(increased to 3 g/m2 ữom cycle 3 if tolerated) over 46 hours.

14 days Colorcctal cancer 69

FOLFOX4
Oxaliplatin 85 mg/m2 iv day l; 
folinic acid 200 mg/m2 iv days 1,2;
fluorouracil 400 mg/m2 iv bolus then 600 mg/m2 continuous iv intùsion, days 1,2.

14 days

Colorectal cancer (in addition to 
FOLFOX6, below, other variants 
of the FOLFOX regimen exist; 
combination with bevacizumab or 
cetuximab is aỉso being tried)

70

FOLFOX6

Oxaliplatin 100 mg/m2 iv day 1; 
íolinic acid 200 mg/m2 iv day 1;
íluorouracil 400 mg/m2 iv bolus day 1, then 2.4 g/m2 continuous iv inhision 

(increased to 3 g/m2 from cycle 3 if tolerated) over 46 hours.

14 days Colorectal cancer 69

5FU/Folinic acid Fluorouracil 370 mg/m2 iv days 1-5 and 
íolinic acid 200 mg/m2 iv days 1—5. 28-35 days Colorectal cancer 42

Key to abbreviations: hrs -  hours; im -  intramuscular, iv -  intravenous
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Table 1. Common chemotherapy regimens for malignant disease. (Continued)

Regimen Drugs and Administration Cycle Typically used for Reíerences

5FƯ/Folinic acid 
(Mayo regimen, 
Poon regimen)

Fluorouracil 425 mg/m2 iv days 1-5 and 
folinỉc acid 20 mg/m2 iv day 1—5.

28-35 days Stomach cancer, colorectal cancer 42,43

5FU/Folinic acid 
(de Gramont 
regimen)

Fluorouracil 400 mg/m2 iv bolus then 600 mg/m2 continuous iv intũsỉon, days 1, 2 
and

íolinic acid 200 mg/m2 iv days 1,2.
14 days Colorectal cancer 44

Gemcitabine + 
cisplatin

Gemcitabine 1 g/m2 iv days 1, 8,15 and 
cisplatin 70 mg/m2 iv day 2.

28 days Bladder cancer (metastatic) 45

Hyper-CVAD

Course A:
Cyclophosphamide 300 rag/m2 iv every 12 hrs, days 1-3; 
doxorubicin 50 mg/m2 iv day 4; 
vincristine 2 mg iv days 4, 11; and 
dexamethasone 40 mg iv or oral, days 1—4, 11-14.

CNS prophyìaxis
Methotrexate 12 mg ỉntrathecal, day 2 and 
cytarabine 100 mg intrathecal, day 8.

Course B:
Methotrexate 200 mg/m2 iv over 2 hrs, then 800 mg/m2 iv over 24 hrs, day 1; 
íolinỉc acid 15 mg iv evety 6 hrs for 8 doses, from 24 hrs after methotrexate 

(increased to 50 mg iv every 6 hrs if methotrexate levels are high); 
methylprednisolone 50 mg iv every 12 hrs, days 1-3; and 
cytarabine 3 g/m2 every 12 hrs, days 2, 3.

4 cycles of A 
altemated with 4 
cycles of B, 
given over as 
short a period as 
possible; the 
number of A 
cycles in which 
CNS
prophylaxis is 
given varies 
with expected 
risk of CNS 
disease

Lymphomas, adult acute 
lymphoblastic Ieukaemia (some 
variants of this regiinen exist, 
including the substitution of 
daunorubicin 60 mg/m2 for 
doxorubicin in course A, the 
omission of methylprednisolone 
and addition of oral bicarbonate in 
course B, and simplificatỉon of 
methotrexate and íolinic acid 
dosing; mesna, which was given 
in course A of the original 
regimen, is usually omitted)

48

1CE (ICbE)
Ifosfamide 5 g/m2 iv over 24 hrs, day 1 (with mesna); 
carboplatin 400 rag/m2 iv day 1; and 
etoposide 100 mg/m2 iv days 1-3.

28 days (for 6 
cycles) Small cell lung cancer 46

IFL
(Douillard l-week 

regimen)

Irínotecan 80 mg/m2 iv, day 1;
íluorouracỉl 2.3 g/m2 continuous iv infusĩon, day 1;
folinic acid 500 mg/m2 iv, day 1.

7 days Colorectal cancer 71

IFL
(Douillard 2-week 

regimen)

Irinotecan 180 mg/m2 iv, day I;
Auorouracil 400 mg/m2 iv bolus then 600 mg/m2 continuous iv iníusion, days 1, 2; 
íolinic acid 200 mg/m2 iv, days 1,2.

14 days Colorectal cancer 71

IFL
(Saltz regimen)

Irínotecan 125 mg/m2 iv; 
íluorouracil 500 mg/m2 iv; and 
íblỉnic acid 20 mg/m2 iv 
all once a week for 4 weeks.

42 days Colorectal cancer 47

M2

Vĩncristine 30 micrograms/kg iv*a) day 1; 
carmustine 500 micrograms/kg iv day 1; 
cyclophosphamide 10 mg/kg iv day 1;
melpbalan 250 micrograms/kg oral days 1—4 or 100 micrograms/kg oral days 1—7 

or 1—10; and
prednisone 1 mg/kg oral, days 1—7, then taper and discontinue by day 21 unless 

hypercalcaemia or bone disease persist.

35 days Multiple myeloma 49

MACOP-B

Methotrexate 400 mg/m2 iv days 8, 36,64 (as 100 mg/m2 iv bolus, then 300 mg/m2 
iv over 4 hrs);

íolinic acid 15 mg oral every 6 his for 6 doses, from 24 hrs after methotrexate;
doxorubicin 50 mg/m2 iv days 1, 15,29,43, 57, 71;
cyclophosphamide 350 mg/m2 iv days 1, 15, 29,43, 57, 71;
vincristine 1.4 mg/m2 iv ^  days 8, 22, 36, 50, 64, 78;
bleomycin 10 000 IU/m2 iv® days 22,50,78; and
prednisone 75 mg oral, daily for 10 weeks then tapered over 15 days.

12 weeks Lympbomas 50

MCF
Mitomycin 7 mg/m2 (max 14 mg) iv day 1; 
cisplatin 60 mg/m2 iv days 1, 22; 
íluorouracil 300 mg/m2 daily continuous iv.

42 days Oesopbagogastric cancer 76

Key to abbrevỉations: hrs -  hours; im -  intramuscular; iv -  ỉntravenous
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Table 1. Common chemotherapy regimens formalignant disease. (Continued)

Regimen Drngs and Administration Cycle Typically used for References

MIC
Mitomycin 6 mg/m2 iv day 2; 
ìfosfamide 3 g/m2 ìv day 2; and 
cisplatin 120 mg/m2 iv day 1.

21 days Non-small cell lung cancer 51

MIC
Mitomycin 6 mg/m2 iv day 1; 
ifosfamide 3 g/m2 iv day 1; and 
cisplatin 50 mg/m2 iv day 1.

21 days Non-small cell lung cancer 52

MOPP

Chlormethine 6 mg/m2 iv days 1, 8; 
vincristine 1.4 mg/m2 (max.2 mg), days 1, 8; 
procaibaãne 100 mg/m2 oral days 1-14; and 
prednisone 40 mg/m2 oral days 1-14, cycles 1,4.

28 days (for 6 
cycles)

Lymphomas, Hodgkin’s disease 3, 53

M-VAC

Methoừexate 30 mg/m2 rv days 1,15,22; 
vinblastine 3 mg/m2 iv days 2,15,22; 
doxorubicin 30 mg/m2 iv day 2; and 
cisplatin 70 mg/m2 iv day 2.

usually 28 days Bladder cancer 45, 54, 55

MVP

Mitomycin 8 mg/m2 iv day 1, cycles 1 and 2, day 15 cycle 3; 
vinblastine 4 mg/m2 iv day 1, cycle 1 

2 mg/m2 iv day 8, cycle 1
4.5 mg/m2 iv days 15,22, cycle 1
4.5 mg/m2 iv days 1,15, cycle 2 and later; and 

cisplatin 120 mg/m2 ỉv day 1

28 days Non-small cell lung cancer 
(neoadjuvant)

56

\

MVP

Mitomycin 8 mg/m2 iv day 1, cycles 1 and 2, day 15 cycle 3; 
vindesine 3 mg/m2 iv days 1,8, 15,22, day 1 of cycle 2, then every 2 weeks until 

the 15* week; and
cisplatin 120 mg/m2 iv day 1, for 3 cycles.

28 days
Non-small cell lung cancer 
(neoadjuvant) „

56, 57

MVP
Mitomycin 8 mg/m2 iv day 1, cycles 1 and 2, day 15 cycle 3; 
vinorelbine 25 mg/m2 ív once a week for 16 weeks; and 
cisplatin 120 mg/m2 iv day 1, for 3 cycles.

28 days
Non-small cell lung cancer 
(neoadjuvant)

57

PAC
Cisplatin 50 mg/m2 iv day 1; 
doxorubicin 50 mg/m2 iv day 1; and 
cyclophosphamide 500 mg/m2 iv day 1.

21 days (forup 
to 8 cycles)

Thymoma 58

Paclitaxel and 
carboplatín

Paclitaxel 175 mg/m2 iv day 1 and
carboplatin -  adjust dose to AUC of 7.5 mg/mL/minute by Calvert íormula, iv day 

1.

21 days(for6 
cycles) Ovarian cancer 59

Paclitaxel and 
cisplatín

Paclitaxel 135 mg/m2 continuous iv over 24 hrs, day 1 and 
cisplatin 75 mg/m2 iv day 1.

21 days(for6 
cycles)

Ovarỉan cancer 60

Paclitaxel (Standard) 
and trastuzumab

Paclitaxel 175 mg/m2 iv on day 1 and
trastuzumab 4 mg/kg iv loading dose on day 1 then 2 mg/kg once each week.

21 days
Breast cancer (HER2 
overexpressing)

8

Paclitaxel (weekly) 
and trastuzumab

Paclitaxel 90 rag/m2 iv on day 1 and
trastuzumab 4 mg/kg iv loading dose on day 1 then 2 mg/kg once each week. 7 days Breast cancer (HER2 

overexpressing)
61

PCV
Procarbazine 60 mg/m2 oral days 8—21; 
lomustine 110 mg/m2 oral day 1; and 
vincristine 1.4 mg/m2 iv*a* days 8,29.

42—56 days Gliomas (adjuvant) 62

PE SeeEP

Key to abbreviations: hrs -  hoưrs; im -  intramuscular, iv -  intravenous
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Table 1. Common chemotherapy regimens for malignant disease. (Continued')

Regimen Drugs and Administration Cycle Typically used for References

ProMACE-
CytaBOM

Prednisone 60 mg/m2 oral days 1—14; 
doxorubicin 25 mg/m2 iv day 1; 
cyclophosphamide 650 mg/m2 iv day 1; 
etoposide 120 mg/m2 iv day 1; 
cytarabine 300 mg/m2 iv day 8; 
bleomycin 5000 IU/m2 iv® day 8; 
vincristine 1.4 mg/m2 iv® day 8; 
methotrexate 120 mg/m2 iv day 8; and
ỉblinic acid 25 mg/m2 oral eveiy 6 hrs for 4 doses, from 24 hrs after methotrexate.

21 days Lymphomas 63

PVB SeeVBP

SMF
Streptozocin 1 g/m2 iv days 1,8,29, 36; 
mitomycin 10 mg/m2 iv day 1; and 
íluorouracil 600 mg/m2 iv days 1, 8,29, 36.

56 days Pancreatic cancer 41

Stanford V regimen

Doxorubicin 25 mg/m2 iv days 1,15; 
vinblastine 6 mg/m2 iv days 1,15; 
chlormethine 6 mg/m2 iv day 1; 
vincristine 1.4 mg/m2 iv (max 2mg) days 8, 22; 
bleomycin 5000 IU/m2 iv® days 8, 22; 
etoposide 60 mg/m2 iv days 15, 16;
prednisone 40 mg/m2 oral on altemate days for 10 weeks then tapered by 10 mg on 

altemate days.

28 days (for 3 
cycles)

Hodgkin’s disease 64

TAP
Doxombicin 45 mg/m2 iv day 1; 
cisplatin 50 mg/m2 iv day 1; 
paclitaxel 160 mg/m2 iv day 2.

21 days^c* (up to 
7 cycles)

Endometríal cancer 73

VAX)
Vincristine 400 micrograms iv days 1-4; 
doxorubicin 9 mg/m2 iv days 1—4; and 
dexamethasone 40 mg oral days 1-4, 9-12, 17-20.

28 days (usually 
for 4 cycles)

Multiple myeloma 65

VBAP

Vmcristine 1 mg iv day 1; 
caimustine 30 mg/m2 iv day 1; 
doxorubicin 30 mg/m2 iv day 1; and
prednisone 60 mg/m2 oral orparenteral (may be rounded to 100 mg oral) days 1—4.

21 or 28 days Multiple myeloma 66, 67

VBP
Vmblastine 150 micrograms/kg iv days 1,2; 
bleomycin 30 000 IU iv® days 2,9,16; and 
cisplatih 20 mg/m2 iv days 1-5.

21 days
Germ-celi (ovarian, testicular) 
cancer

11

VCMP

Vincristine 1 mg iv day I; 
melphalan 9 mg/m2 oral days 1-4; 
cyclophosphamide 500 mg/m2 iv day 1; and 
prednỉsone 60 mg/m2 oral or parenteral, days 1—4.

28 days Multiple myeloma 67

VelP
Vmblastine 110 micrograms/kg iv days 1, 2; 
ifosfamide 1.2 g/m2 iv days 1—5 (with mesna); and 
cisplatin 20 mg/m2 iv days 1—5.

21 days (for4 
cycles)

Germ-cell (especially testicular) 
cancer

68

VIP
Etoposide 75mg/m2 iv days 1-5;
ifosfamide 1.2 g/m2 iv days 1—5 (with mesna); and
cisplatỉn 20 mg/m2 iv days 1—5.

21 days(for4 
cycles)

Germ-cell (especially testicular) 
cancer

68

Key to abbreviaỉions: hrs -  hours; im -  intramuscular; iv -  intravenous

(a) Although not always reũecteđ in the origina] papers it is now generally accepted that the total dose of vincristine should not exceed 2 mg, in order to minimise 
neurotoxicity

(b) Doses o f bleomycin have been given in intemational units (IU) in this table, but doses in the original papers may be quoted in mg-potency or USP units.
One mg-potency or one USP unit is equivalent to 1000 intemational units

(c) This regimen is invariably given with haematological support using subcutaneous filgrastim on days 3-12

AU cross-reíerences reíer to entries in Volume A
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S u ig er y  is u sed  for  localised , resectable d isease arisỉng ÚI 
th e  g a sư o in testin a l tract, a lth o u g h  th is does n o t routinely  
cure GISTs; m e d ia n  tim e to  r e c u ite n c e  after resection  is 
ab out 2  years. Im atin ib  produces d urabỉe d in ica l b en eh t and  
ob jective respon ses in  m ost p a tien ts  w ith  GISTS, in d u d in g  
those' w ith  m etastatic  or u nresec tab le  disease. ỵ  th e  tum our  
responds to  im aứ nib , surgical re sectio n  m ay b e ind icated . In 
p atien ts  w ith  im atin ib-resistan t GIST, or w h o  exp erien ce  
ũ ỉe -th re a ten ỉn g  adverse e ỉĩec ts  su ch  as hep ato tox irìty  and  
ũ uỉd  re ten tio n  w ỉth  im atin ib, su n itin ỉb  m a y  b e consid- 
eređ .4'*'11'19*21'22 R egoraíen íb  ĩs a n  option  w h e n  both  
im atin ib  and  su n ỉtin ib  h a v e  ĩa iled .
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Adverse Effects
The acute ehects of antineoplastic drugs oỉten include 
nausea and vomitmg, sometỉmes extremely severe. In 
additìon, many of these compounds aie irritant or vesicant, 
and produce local pain, ữrìtatìon, and inũammatìon at the 
administration site; extravasation may lead to ulceratìon 
and necrosứ. Hypersenãtivity reactiom may also occur.

Many of the adveise effects of antineoplastics are an 
extension of their therapeutíc action, which is generally not 
selective for malignant cells but affects all rapidly-dividing 
cells: antineoplastic therapy is then  made possible only by 
increased sensitivity or less eHective recovery of malignant 
cells compared with nonnal cells, and dosage iỉ carehilty 
controlled and tỉmed, and, where possible, localised, to 
maximise the diHerences.

In consequence, adverse eííects may be expected hom 
most antineoplastics in tissues where normal cell division is 
íaữly rapid, e.g. the bone marrow, lymphoretìcular tissue, 
gastrointestìnal mucosa, skin. and gonads, as well as in the 
íetus. The eỉíects may not maniíest for days or weeks, 
depending both on the drugs used and the rate of division in 
the tissue concemed, and may sometimes be cumulative. 
Perhaps the most common serious effea, and one vvhich has 
often limited the doses that can be given, is bone-marrow 
depression. Because of theứ eHects on the various types of 
white blood cell many antineoplastics also cause prõĩound 
suppression of normal immunity, and patients may be at 
greatly increased risk of severe and disseminated infection.

The rapid destniction of laige numbers of cells during 
antineoplastic therapy of certain highly sensitive tumours, 
and th ê  consequent release of breakdown Products, may 
also lead to problems with hyperuricaemia and acute renal 
íailure due to uric aá d  nephropathy (the 'tum our lysis 
syndrome').

Additíonally, some drugs may have spedfic toxidties that 
are not necessarily related to  their therapeutic action, such 
as cardiotoxidty due to anthracydine antibiotics, nephro- 
toxidty tvith cisplatin, or the eítects of bleomydn on the 
lung. Again these can be cumulative, and may limit the totaỉ 
lUetime dose that can be given.

In the very long teim, patients who have undergone 
successlul antineõplastic chemotherapy may develop 
secondary maỉignandes, suggesting that antmeoplastics 
may themselves be C2rdnogenic. In addition, most are 
potentially mutagenic and teratogenic, and use in 
pregnancy, particularly in the ũrst trímester. may lead to 
ỉetal abortion, stunting, or malíormation.

CarcinogenicHy. There is dear evidence that some 
antineoplastic drugs may themselves be cardnogenic, 
although it is difficult to control for the possible effects of 
primary disease, combination chemoiherapy, and com- 
bined treaunent with radiotherapy.1

Most convindngly assodated with secondary malignan- 
des are the varíous a lky la ting  agents2'’ induding the 
niưosoureas, the topoisomcrase n  inhibitor podophy llo - 
to x in  derivatives such as etoposide and teniposide,2-3-5-6 
and the an th racyclỉnes.7 Leukaemias, particularly acute 
myeloid leukaemia, are the most common íorms ol 
secondary dlsease.1'5 Leukaemia assodated vvith alkylating 
agents usually occurs about 5 to 7 years aíter ueatment, and 
is olten preceded by a preleukaemic myelodysplasia.2-3 The 
niưosoureas are assodated vvith a relaũvely high írequency 
of secondary leukaemia, and busullan and melphalan are 
considered to be more leukaemogenic than cydophosph- 
amide.3 Another drug that has been assodated with the 
development of secondary leukaemia is p H ^ ^ n ^ . 3-*-*-’ 
Leukaemia assodated vvith the podophyllotoxỉn derívatives 
has a shorter latency period of 2 to 3 years, with sudden 
onset and no myelodysplastic phase.2-3 There is little 
evidence of cardnogenidry assodated with an tim e tab - 
o lites such as methoưexate, although it has been suggested 
that they may act as co-carcinogens.10 Fludarabine therapy 
has been reported to be assodated with the development of 
myelodysplasia and acute myeloid leukaemias,11 although a 
review of the purine nudeoside analogues, dadríbine and 
Qudarabine, conduded that no signiGcant inaease in the 
risk of secondary malignancy had been shovm, but also that 
long-term follow-up oí patients was needed.12 Immuno- 
suppression caused by antimetabolites induding metho- 
trexate, dadríbine, and Qudarabine, may also allovv the 
development of Epstein-Barr virus-related lymphoma.12-13

Solid tumours can also occur as secondary malignandes 
and indude bladder cancer assodated vvith cydophospb- 
amide used to ơeat non-Hodgkin’s lymphoma,4-14 andhone 
sarcomas, and breast and lung cancers aíter the use of 
various alkylating agents.4-7-13 Higher doses of anthracy- 
dines also increase the risk of sarcoma. Podophyllotoxin 
derivatives are assotíated vvith a greater risk of lung 
cardnoma, while the risk of subsequent colorectal and 
kidney cancer increases with p la tin u m  therapy.7 Platinum 
derivatives such as carboplatin and dsplatin have also been 
íound in large cohort studies16-17 to have a dose-response 
relationship with the development of secondary leukaemia. 
C o m b ỉn a tio n s  th a t may also be associated with 
leukaemias indude dsplatin vvith doxorubidn," and other 
anthracydine-based regúnens.1’

Estúnates of risk  have varied very vvidely betvveen 
studies. and have been calculated in various ways, making 
direct comparison impossible. Faaors iníluendng the 
inddence oỉ secondary malignancy indude the use of 
combination chemotherapy regimens, combined ưeatment 
modalities, exposure to ẹnvironmental cardnogens, predis- 
posing genetic rísk ỉactors, ethnidty, age at time of diagnosis 
and ơeatm ent, gender, and spontaneous occurrence.2,3,20

The risk of secondary acute myeloid leukaemia appears 
to be assodated mainly with the cu m ulatìve  dose of 
antineoplastics.2 OI patients at risk for secondary 
leukaemias, those vvith Hodgkin's disease have been most 
extenslvely studied. The cumulatìve 10-year inddence of 
secondary myeloid leukaemia has been reponed to rangé 
hom  less than 1% up to 10%.13 The highest risk is 
assodated with the use of MOPP (chloimethine, vincristine, 
procarbazine, prednisone) and relative risk increases with 
cumulative dose of chlormethine.2’3 Splenectomy or 
radiation of the spleen doubles the risk of leukaemia, as 
does an age of more than 45 years at the time of ơeatm ent.2 
Secondary solid tumours, such as lung cancer, in patients 
vvith Hodgkin's disease have also been attributed to the use 
of regimens such as MOPP.4 The risk of secondary acute 
myeloid leukaemia, in patients treated vvith adjuvant 
chemotherapy for breast cancer, increases with cumulative 
doses oí melphalan and cydophosphamide, and high-dose

regimens of doxorubidn with cydophosphamide.2 3 In 
patients ưeated for multiple myeloma, the increased ri sk of 
secondary leukaemia has been attiibuted to the proloiged 
use of melphalan.2-3 Patỉents treated for testicular cancer 
appear to be a t increased risk of secondary leukaemia 
assodated vvith cumulative doses of podophyllotoxin 
derivatives (more than  2 g/m2 etoposide), and the addition 
of high dsplatin doses may increase this risk.2-3 Another 
revietv21 of studies using etoposide or teniposide for various 
cancers ỉound no relationship berween the cumulative dose 
of these and seconđary leukaemỉa, and suggested that other 
drugs used in  tteatm ent regimens had a greater effect on the 
development of secondary malignancy. There is grovving 
evidence that the use of high-dose therapy vvith alkylating 
agents and/or anthracydines, lollovved by autologous stem 
cell tiansplantation, is assodated vvith an increased riỉk  of 
secondary myelodysplasias and leukaemias, and a cumu- 
lative inddence of about 9% at 5 years.2 Hovvever, it is 
undear w hether this is due to the high-dose therapy or to 
previous chemotherapy that has caúsed bone-marrow 
damage.2-3

Radiotherapy is an  established cause of seconđary 
malignancy. It remains undear, however, to what extent 
the use of chemotherapy combined w ith  rad io th e ra p y  
could have an additive e líea  on the risk oí secondary 
Ieukaemias, and hovv dose and treatment regímen inỉluence 
this eữ ea .3 Similarly, the role of combined modality 
treatment in the development of secondary solid tumours 
has not been deRned, even though the radiation-enhancing 
eííect oỉ some antineoplasúcs is known and used in 
chemoradiation regimens íor this reason.4

In many cases the risk of secondary malignancy is la ■ less 
than that of undertreating, or of ỉailing to ưeat, the primary 
disease.2-4 However, secondary malignandes may be rnore 
resistant to treatm ent and more aggressive than primary 
disease,3'22 and the rìsk oi inducing malignant neopla iìa is 
certainly a considerarion in the use of alkylating agents and 
podophyllotoxin derívatives to treat non-malignant dis- 
ease,3 and is an increasing challenge in the design o( sui .able 
treatment regimens for primary neoplastic disease.
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EFFECĨ5 ON CHROMOSOMES. Visible chromosome gaps, 
breaks, and stmctural rearrangements are ỉound in blood 
lymphoqrtes from patients who havc reccivcd substantial 
doscs oí combination chemotherapy, and the changes per- 
sist for years after the end of ưeatment. A more sensitive, 
if ơansient, measure of genetìc damage is the increased 
rate of sister chromatid exchange (SCE) that occurs with 
even quite small doses of qaotoxic drugs.1 Evidence írom

AU cross-references reĩer to entries in Volume A

http://www.nccn.org/professionals/physidan_gli/PDF/sarcoma.pdf
http://annonc.oxlordjoumals.org/
http://annonc


Antineoplastics 727

a study2 ỉn patients given chlorambudl suggests that as 
the dose increases so the capadty of the ceỉls to cope with 
induced genetic damage is progressively exceeded, and 
thus SCE ừequency reữects cumulative to ã d ty  through- 
out the course oỉ trẽatment.

In patients who develop acute myeỉoid leukaemia aỉter 
alkylating agent therapy, the most common chromosomal 
losses invoive deletíons o í chromosome 13, loss of the entìre 
chromosomes 3 and 7, or deletions of part or the whole long 
arm of chromosomes 3 and 7. Molecuỉar alterations of the 
suppressor gene p53 have also bcen found.3 Balanced 
translocatíons, usually involving chromosomes 11 and 21, 
aie assodated vvith treatm ent using topoisomerase n  
inhibitors.3-4

See also under EHects on Reproducdve Potential, 
p. 729.2.
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Effects on the bkidder. Cydophosphamide (p. 772.3) and 
iíoslamidẹ (p. 806.2) are the antineoplastics most fre- 
quently ãssociated with adverse eứects on the bladder, but 
sêe also Busulían, p. 735.2, chỉoram budl, p. 764.3, 
Dacarbazihe, p. 776.2, and M itomydn, p. 831.3.
EHeds on the blood. BONE-MAKROW DEPRESSION. Bone- 
marrow depression, or myelosuppression, is common to 
the majority of cytotoxic antineoplastics, and is probably 
the single most ũnportant dose-limiting adverse eííect, 
although its signihcance has been somewhat reduced in 
recent yean by improvements in  supportive care, indud- 
ing the availability of colony-stùnulating íactors and the 
development of techniques such as peripheial blood stem 
cell transhision.

Aỉỉ the cellular elements ol blood (see Haematopoiesis, 
p. 1121.1) may be aííected by antineoplastic therapy, 
resulting in pancytopenia, but in  many cases the toxidty 
appean to be greater for particular cell types. In  addition, 
vvhite blood cells and platelets tend to have ỉhorter haỉỉ- 
lives in drculation than erythrocytes. Hence the most usual 
maniíestatìon of bone-marrovv depression is leucopenia, 
leading to an increased risk of iníection; thrombocytopenia 
is also íaiiiy common. Anaemia ỉs somewhat less hequent, 
and may be assodated vvith megaloblastic changes ìn the 
bone mărrovv.

The onset, duration, and severỉty of bone-marrow 
depression vary considetably vvith diAerent antìncoplastics. 
For details, see under the individual monographs. For the 
management of bone-marrovv depression, induding 
discussion of the appropriate thresholds Eor treatment, see 
under Treatment oĩ Adverse Effects, p. 730.3.

See also EHects on Immune Respõnse, p. 728.3.
Effeds on body-weight. The eỉíects of antineoplastics on 
the gastrointesủnal tract’ (p. 728.1) may lead to anorexia, 
malabsorption, and malnutrition, and hence to weight 
loss. A large cohort study1 in survivors of childhood cancer 
íound that ưeatm ent wlth total body irradiatìon, alkyl- 
ating agents, or anthracydines was assodated vvith being 
underweight in ỉemales; in males, being undenveight was 
assodated vvith abdominal radiotherapy, younger age at 
treatment, and treatm ent with alkylating agents or anthra- 
cydines. Antineoplastìc therapy for breast cancer has hovv- 
ever also been assodated w ith weight gain, sometimes 
dramatic.2 Weight gain appeared to be more llkely in pre- 
menopausa! women, in those receíving multidrug regi- 
mens, and in those ưeated íor longer periods of time. A 
study of premenopausal vvomen found that reduced physi- 
cal activity may be a contributing íactor to the develop- 
ment of this íonn o! vveight gain.3 A subsequent small 
study has suggested that adjuvant regimens based on 
doxorubidn and cydophosphamide, with or vrỉthout a 
taxane, may not be assodated with signilicant weight 
gain, although patients. may undergo uníavourable 
changes in body-mass composition.4 Weight gain has also 
been noted after long-term follow-up oỉ paediatric leuk- 
aemia patìents.1,5,6 Causes indude cranial irradiation1-7 
and corticosteroid therapy,7 although some have suggested 
that weight gain depends more on inherent charaderistics 
of the patients than the treatm ent given.*
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Effeds on bones and joints. Osteoporosis occurs as both 
an acute1 and late2 complication of chemotherapy, bu t as 
niulticomponent regitnens are used and because the 
pathogenesís oỉ osteoporosis is likely to  be multiíactorial, 
ít is dưhcult to assess the impact of individuaỉ drugs.3 A 
main cause of bone loss is hypogonadism induced by irra- 
diation, surgical gonadal ablation, hormonaỉ therapy, or 
chemotherapy.2 These íonn part of tteatm ent regimens for 
a variety of neoplasms, induding breast, prostate and testi' 
cular cancers, lymphomas, and haematological malignan- 
des. In particular, regimens containing cydophosphamide, 
dtlormethine, chlorambudl, busulían, mitomydn, or pro- 
carbazine may cause ovarìan insuffidency and thereỉore 
have the potential to  lead to osteoporosis in íemales.2-3 
Males may be somewhat proteaed from the eãectỉ of 
chemotherapy-induced hypogonadism. ds the cells that 
produce testosterone only replicate slowly.J Endocrine 
therapies for breast cancer such as selective oestrogen- 
receptor m odulaton and aromatase inhibitors, and andro- 
gen deprivation therapy for prostate cancer can also cause 
bone loss.2-4-5

In addition, several drugs may exert dỉrect eílects on the 
bone. Methotrexate has been found to increase bone 
resorptíon and inhibit bone íormatíon to produce a massive 
uncoupling of bone tum over.2-3 Repeated doses of 
methoơexate, given as monotherapy to children with 
acute lymphoblastic leukaemia in remission, have been 
assodated with pain, osteoporosis, and hactures.4 Other 
drugs, incỉuding doxorubidn, have been shõvvn to be toxic 
to bone in animaìs? Hígh-dose conditioning regimens used 
íor bone marrovv transplantation may have a direct dose- 
dependent toxidty on bone marrow osteoprọgenitor cells, 
contributing to osteopenia.7

Corticosteroids are believed to cause bone loss by 
decreasing osteoblast activity, an eHect which may be 
allevỉated by chlorambudl. Surprisingly, corticosteroids 
have not been implicated in  bone los.s.fot most chemother- 
apy regimens, perhaps because the duration of tteatm ent is 
short.1 Nevertheless, osteoporosis and ỉractures have 
occurred in young patíents with acute lymphoblastic 
leukaemia, treated with regimens containing high total 
doses of corticosteroids.6-8-9 However, the disease itselt 
other chemotherapy, and radiotherapy are also likely to be 
contributory ỉactors  in the development of osteopenia in 
these patients. Osteonecrosis has also been repoited with 
hlgh doses of corticosteroids used in the treatment of 
leukaemias and solid tumours in adults and children.‘-10'12 
Adolescent patients may be at increased risk because their 
bones are in  the process of maturatìon.*-10 

■ Indirect eổects of cancer therapies may also affea bone 
health. These ettects indude hyperpara thyroidism, hypovi- 
taminosiỉ D, hypophosphataemia, gastrointestinal compli- 
cations, and hyperprolactìnaemia.2 A study in children with 
leukáemia has suggested that the eííects oi chemotherapy 
on gasưointestinal and renal handling of nutrients may lead 
to alteratíons in caldum  and magnesium homoeostasis and 
hence to abnormal tum over of bone mineral.13 Renal 
phosphate loss tollovving damage to the renaỉ tubule caused 
by iỉosíamide can lead to osteomalađa.13 Hypopho- 
sphataemia, with assodated changes in bone and mineral 
metabolism. has been seén with tyrosĩne kinase inhibitors 
such as imatinib, soralenib, and sunitinib.2
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Effech on <he cardiovascular System. THRQMBOÊMBOUSM. 
Patìents vvith cancet are a t inaeased risk of thromboem- 
bolic disease, and thrombosis can be the earliest dinical 
sign of malignancy.1-2 Clinical risk tactors for cancer-asso-

ciated venous thromboembolism indude type oí cancer. 
stage of disease, presence of comorbidities, and treatment- 
related íactors such as hospitalisation, and use of systemic 
chemotherapy.3 Deep-vein thrombosiỉ and pulmonary 
embolism have been reported with a variety of che- 
motherapeutic regimens. Studies in padentỉ with breast 
cancer have ỉound tha t adjuvant chemotherapy can signií- 
icantly increase the risk oí venous thromboembolism.4 An 
increase ìn venous thromboembolism, induding CNS 
thromboses, has also been ỉound vdth the use oi aspar- 
aginase in the aeatm ent oỉ acute lymphoblastic leuk- 
aemỉa4 (see also Eiíeas on the Blood. under Aspaiaginase, 
p. 744.2). Regimens that indude bevadzumab, lenalido- 
mide, or thalidomide have also reported high rates ọf 
venous thromboembolism.3-’ Arteiial thrombosis, indud- 
íng acute myocardỉal iníarction, angina, stroke, and per- 
ipheral artery thrombosis, has also been repoited with var- 
ious regimens.4-5 Mechanisms proposed íor the possibỉe 
role of antineoplastics in these eãects indude actívation oỉ 
coaguladon, suppression of anticoaguỉant protdns and 
íibrinolysis, and a direct toxic eỉỉect on vascular endothe- 
lium.1-4

Severaỉ reports of aiterìal and venous thromboembolỉsm 
have ìmplicated combinations oí bleomydn with dsplatin 
and another drug such as a  vinca alkaloid or etoposide.4"* 
Such combỉnations, tvidely used for testicular cancer, have 
also been implicated in produdng vasospasúc reactions 
induding angina9 and Raynaud's syndrome,10-11 although 
there is no evidence of a  relationship betvveen thromboem- 
bolism and vasospasm.4

In men with germ cell cancer there is some evỉdence that 
those with liver metastases, or receiving high-dose 
dexamethasone as antìemetic therapy, are at increased 
risk ot thromboembolic complications.12

Various organisations have addressed the problems oỉ 
prevention and ưeatm ent of cancer-assodated venous 
thromboembolism. Generally, unless contra-indìcated, 
most recommend prophylactic anticoagulation ỉor hospita- 
lised or surgical cancer patients; low-molecular-weight or 
uníractionated heparin ó r  londaparinux may be used. 
Prophylaxis is no t recommehded for the ambulatory cancer 
patient, with the exception oỉ patients with multiple 
myeloma given thalidomide- or lenaỉidomiđe-based regi- 
mens.13 Treatment oí venous thrombosis usually consists of 
low-molecular-weight or unỉractìonated heparin therapy 
and long-term secondary prophylaxis with warfáiin,14 but a 
multicentre, randomised stuđy íound that a low-molecular- 
vveight heparin was more eỉỉective than an oral anticoa- 
gulant in re d u d n g  the rísk of recurrent venous 
thromboembollsm vráhout increasing the risk of bleeding,15 
and many now  recommend low-molecular-weight heparin 
therapy ỉor both initial and contìnuing treatment of cancer 
patíents with venous thromboemboíism.1314 Patỉents with 
arteiỉal thrombosis may require heparin and warfarin, or 
anti-piatelet therapy.14

Thromboembolic complications may also be assodated 
with the indvvelling catheters used to provide vascular 
access íor antineoplastic therapy.17,1* Prophylaxis with low- 
dose vvaríarin or a tow-molecular-weight heparin may 
reduce the iisk.1*

1. Faỉanga A, Dooati MB. Pathogenesis oỉ thrombosỉs ỉa patỉents vvith 
nuHgnancy. Int J Hematol 2001; 73: 137-44.

2. Lymăn GH, Khoraoa AA. Cancer, dots and conseoaus: new 
understaiuhng of an old problem. 2 ơỉn Oncoỉ 2009; 27:4821-6.

3. Khorana AA, Connolly GC. Aỉsessing rísk oỉ venoui thromboembolỉsm 
in the patỉent with cancer. J ơbt Orữoỉ 2009; 27:4839-47.

4. Lee AYY, Levine MN. The thrombophiỉic State ỉnduced by therapeutic 
agents in the cancer patlenL Semin Tkromb Hemost 1999; 25: 137-45.

5. Zangari M. tí at. Thrombotk events ỉn patientỉ with cancer receỉving 
antíangiogenesb agenỉỉ. J ơin Oneoỉ 2009; 27:4865-73.

6. CantweU BMJ, tí ai. Thromboemboĩỉc events during combỉnatỉon 
chemotherapy ỉor genn ceỉl maỉignancy. Lanctí 1988; U: 1086-7.

7. Hall MR. a  a i  Thromboemboỉỉc events during combinatỉon chemo- 
therapy íor germ ceQ malignanqr. Lartctí 1988; U: 1259.

8. Garstin ĨWH. tí at. Arteríaỉ thrombosỉs aher treacment with bỉeomycin 
and dsplatin. BMJ 1990; 300:1018.

9. Rodríguez J, tí  ai. Angỉna pectorls ỉoỉlowing tíspỉatỉn. etopoàde, and 
bỉeomycỉn ỉn a patíent wlth advanced testìcular cancer. Aĩtrt 
Pharmâcother 1995; 29: 138-9.

10. Vogelxang NJ. tí  aL Raynaud's phenomenon: i  common toxlcỉry aher 
combinatỉon dieraotherapy for testicuUr cancer. Am ỉntem Meã 1981; 
95: 288-92.

11. Pechère M, tí  ai. Hngextỉp necrosỉs durỉng chemotherapy with 
bleomydn. víncristine and methotrexate for HTV-related KaposVs 
sarcoma. Br J Dermatoỉ 1996; 134: 378-9.

12. Weỉjl NL tí aỉ. Thromboembotic evcnts durỉng dìemotheĩapy for genn 
ceỉl cancen a cobort stuđy and revlevv of the Uterature. J ơin Oncaỉ 2000; 
18: 2169-78.

ỉ 3. Khorana AA, tí aỉ. Venous tỉùomboemboUsm prophyUxis and treannent 
ỉn cancer. a consensus statement of mạịor guỉdeỉỉnes paneỉỉ and caũ to 
acdon. J ơin Qneol 2009; 27:4919-26.

14. Lee A. Levỉne M. Treatment dí venous thromboexnboỉỉsm in cancer 
padents. Canctr Cortírol 2005; 12 (suppỉ 1): 17-21.

15. Lee AYY, tí  aL Randomỉxed Comparỉson of Low-Molecuỉar*Weỉght 
Heparin versus Oraỉ Anúcoaguỉant Therapy íor the Preventỉon of 
Recurrent Venous Thromboexnboỉỉsm in Patíẽnts with cãncer (CLOT) 
htvesdgacois. Lovr-maiecuỉar-weỉght hcparin versus ã coumarỉa íor the 
prevention of recuirent venous thromboemboỉỉỉm ỉn patientỉ vvith 
cancer. N Engỉ J Mai 2003; 349:146-53.
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17. Monreal M, Davant E. Thrombotic compỉỉcations oí Central venous 
catheters in cancer patients. Aữa Haanatoỉ (Bcicl) 2001; 106: 69-72.

18. Verso M, Agneliỉ G. Venous thromboembolism assodated wỉlh long- 
term use of Central vcnoos catheters in cancer patìents. J ơùt ồncoì 2003; 
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Effects on eiedrolytes. Fluid and elcctrolyte disturbances 
are common in patientỉ with cancer.1"4 These can be 
caused by the disease process. or adverse eífects of treat- 
m ent such as surgety, chemotherapy, antibacterials and 
dỉuretics. Mechanisms of chemotherapy-induced electro- 
lyte disturbances indude loss oỉ appetite, gastrointestinal 
electrolyte loss due to vomiting and diatrhoea, ũnpaited 
intestinal absorption due to  mucosal damage. dỉrect 
nephrotoxidty causing renal electrolyte loss, and a 
syndrome of inappropriate antidiuretic hotm one seaeúon 
or a condition resembling it. Hypoparathyroidism, which 
may be a complication of neck surgery, also affects electro- 
lyte balance and is assodated vvith hypeiphosphataemia 
and hypocalcaemia. As well as the acute signs and symp- 
toms of electrolyte disturbances, changes in electrolyte 
homoeostasís may result In abnormal bone tum over (see 
Effects on Bones and Joints, p. 727.2). Release of the con- 
tents of cells desưoyed by chemotherapy is wel!-known to 
be assodated vvith hyperuricaemia, hyperphosphataemia, 
hyperkalaemìa, and hypocalcaemia (see Tumour Lysis 
Syndrome, p. 730.2).

Disturbances of electrolyte homoeostasis have been 
reported particularly with dsplatin (p. 767.2), cydophosph- 
amide (p. 772.3), and iíosỉamide (see Eữects on theKidneys, 
p. 806.3). Hypomagnesaemia has been seen with cetuximab 
(p. 763.3).

1. Kapoor M. Chan G2. Fluỉd and electrolyte abnormalitỉes. Crit Care Cỉin 
2001; 17: 503-29.

2. Filippatos TD, tí ai. Aỉteratíons in electroiyte equỉlibrium ỉn patíems wỉth 
acuté leukemỉa. Eur J Haanaioỉ 2005; 75: 449-60.

3. Miltỉadotts G, tí aỉ. Causes and mechanismỉ of add‘base and elecưolyTe 
abnoxmalỉtíes in cancer patients. Eur J ĨTtíem Mai 2008; 19: 1-7.

4. Lameỉre N, tí ai. Acute renaỉ probienu in the aincaUy Hỉ cancer patient 
Cun Opin Crit Can 2008; 14: 635-46.

Effecfe on the gastrointestinal tract. Apart ừom anorexia, 
and nausea and vomiting (see below). many antineo- 
plastics produce gasnointestìnal disturbances, sometimes 
severe. Mucosal inũammatìon (mucositis), notably as 
stomatitis and sometimes proctiós, i$ quite common, as 
are mucosal celỉulai changes, xerostomia, impaired 
absorption, and diarrhoea. In some cases gastrointestinal 
damage may progress to ulceration. haemorrhage, and 
peiỉoration. Constipation may be a problem with the 
vinca alkaloidỉ.

Use with radiotherapy may increase the toxidty of some 
drugs on the gastrointestinal ư ac t The neutropenia induced 
by many antineoplastic regimens can also lead to secondary 
gastrointestinal eííects, such as stomatitis and gastrointest- 
inal inílanimaúon, assodated vvith inlectỉon.
Reíerences.

1. Gỉbson RJ, Keeỉe DMK. Cancer chemotherapy-induced dỉarrhoea and 
con$úpatỉon: medianisms of damage and preventỉon strategies. Suppori 
Can Qatar 2006; 14: 890-900.

2. Richardson G. Dobỉsh R. Chemotherapy induced diarrhea. J Oncol Pharm 
Pract 2007; U: 181-98.

3. Cheray NL Evaiuadon and management oí treatment-reUted diarrbea 
in patients wỉtb advanced cancen a revỉcw. J Pain Sympiom Mứnage 2008; 
36:413-23.

4. Sonis ST. Regimen*rclaied gasưoiiuesõnaỉ loxiáties in cancer patients. 
Cun Opứỉ Support Paỉiiat Can 2010; 4:26-30.

CLOSTRỈDỈUM DtFFfOLB ỊNFECĨ)ON. Antineoplastìc therapy has 
occasionaỉỉy been assodated with the development oí Clos- 
tridium digitik-indìiced gasttointestinal disease, even ỉn 
the absence of concomitant antibacteria) therapy.1 Most 
patients had received multiple drug regimens. Metho- 
ưexate, Uuorouradl, cydophosphamide. and doxorubidn 
have all been assodated vvith a num ber of cases but this 
may simply reũect the trequency of their use. A reưospec- 
tive analysis2 of a group of patients treated for acute leuk- 
áemia or receiving bone marrovv ơansplantation ỉound 
tha t predictìve variables for c. di/pãk diarrhoea ìnduded 
the use of low intensity chemotherapy, but speculated 
that patients receiving high intensity chemotherapy may 
be subjected to more strict isolation and inỉection control 
procedures, thereby redudng the risk of nosocomial trans- 
mission. Another revievv3 of 875 courses of myelosuppres- 
sive chemotherapy ỉound 61 episodes of c. diỊpált diarr- 
hoea, and that in 36% of those episodes the patientỉ had 
received high-dose cytarabine. In 35 of the 61 episodes, 
patients had also received prior inưavenous antibactetials.

For discussion of the treatm ent of such disease, see 
Antibiotic-assodated Colitís. p. 183.1 

ỉ .  Arunđ A. Glítl A£. clostrìdỉum difficile tnỉectìon assodated with 
antíncopludc điemotherapy: a rcview. clin ỉn[ea Dú 1993; 17:109-13.

2. Horabụdde K etãL  Detenniỉution and valỉdatỉon oí a predỉcdve modd 
lor Qosưidỉum dỉỉĐdle dỉaưhea ỉn bospỉuỉized oncology patìenu. Am  
Omữĩ 1998; 9: 307-11.

3. Gonchỉũter M. rt aí. Closoỉdỉum dỉffidle ỉnícctỉon ỉn patienu vvith 
neutiopenia. ơin Iiựta Dà 2001: 33: 786-91.

Mucosms. The suữering assodated with oral mucositis is 
by far the worst part of tteatm ent for many patients 
undergoing curative chemotherapy or bone marrovv trans- 
plantadon, and for those undergoing oral radiotherapy.1'3 
Apart ừom  pain and dysphagia the ulcerated mucosa pro- 1

vides a pbrtal oi entry for iníection; loss of weight and 
malnutritíon can hirther impair immune function, and u 
symptoms are severe enough the ưeatment cyde may 
have to be interrupted. Belore the patient starts any inten- 
sive chemotherapy or local or systemic radiotherapy the 
oral cavity must be assessed vvith a view to elỉminating 
sources of inỉection and chronic irritation. Established rísk 
faaors ỉor mucotoxỉdty indude smoking, poor oral 
hygiene. age, ỉemale gender, and previous antineoplastic 
therapy. However, the most signííicant risk íactor is the 
treatment itseU. Drugs such as Auorouradl, methotrexate, 
and etoposide are assodated vvith an increased risk ỉor 
mucositiỉ. as are the more aggressive, dose-intense regi- 
mens such as TAC (docetaxel. doxorubidn, and cydo- 
pbosphamide). Iníusional Ouorouradl-based regimens 
appear to have less risk than standard-dose CHOP (cydo- 
phosphamide. doxonibidn, vincristine, and prednisone) or 
bolus ũuorouradl regimens. Drug dosing and scheduling 
are im ponant in modulating the risk for mucositis.4 For 
further comment on the prophylaxis and tTeatment of 
mucosỉtis, see under Treatment of Adverse Elíeas, 
p. 732.1.

1. Caỉrrun FMB, Langdon J. Oral complicaiions oí cancer. B M J  1991; 302: 
485-6.

2. Sonis ST. Mucositis as a bioloỵical proccss: a ncw hypoihoh fnr thc 
đevelopment oí chcmnihcrapy-induccđ stommotoxicity. Oral Ortcoỉ 
1998;34:39-43.

3. Sonis ST, tí al. The Mucositiỉ Siudy Section oí ihe Multinaiional 
Assocỉation oí Supportivc Ca re in Cancer and the Imematỉonal Society 
íor Oral Oncology. Per&pecòves on cancer ửierapy-induced mucosal 
injury: pathogenesii, measurement. epldemiology. and consequences 
forparientí. Canar2004: 100 (suppl): 1995-2025.

4. Jones JA, tí ai. Epidemỉoỉogy oỉ treatment-associated mucosaỉ ỉnjury 
alter ưeatment wìth ne>ver regimens ỉor lymphoma, brcast lung, or 
coỉorectal cancei. Support Can Cancer 2006; 14: 505-15.

NAUSEA AND VOMÍĨÌNG. Nausea and vomiting are common 
adverse effects of antineoplastic therapy, and íor many 
parients, represent a m ajor dravvback lo treatment. Once 
experienced. antidpatory vomiting may occur at the sight 
of medical staff, or a needle. The problem may be severe 
enough in some cases to hinder or completely prevent 
{urther treatment.

Antineoplastic or cytotoxic drugs may induce vomiting 
by both a Central action on the chemoreceptor trigger zone 
and a peripheral aa ion  on the gastrointestinal tran . Several 
neurotransmitters have been implicated over the years 
induding acetylcholine. histamine, enkephalins, dopamine, 
and serotonin or 5-hydroxytryptamine (5-HT). The ceTebral 
cortex ú  probably responsible for antidpatory vomiting. 
Antineoplastics may not all induce emesis by a com mon 
pathway, but 5-HTj-receptor mechanisms are dearly 
imponant in the pathogenesiỉ of acute cisplatin-assodated 
vomỉting. This was suspeaed when the antiemetic 
metodopramide, a dopamine antagonist, wa$ ỉound to 
have serotonin (5-HT) antagonist activity at the high doses 
used against dsplatìn emesis and conhrmed when spedhc 5- 
HT3 antagonists such as ondansetron proved to be eííective. 
Different mechanisms are probably involved in delayed 
emesis since 5-HTj antagonists are less effective.

Some paóents are more susceptible to emesis than 
others. The emetic potential of antineoplastics also varies in 
terms of severity and inddence, and may depend to some 
extern on the dose, route, and schedule of administration. 
Some combinatìon therapy has resulted in a higher 
inddence of vomiting than wouId be expected írom the 
constituents.
• Vomiting may be vrry sevtrt vvith dsplatin. dacarbazine. 

dactinomydn, chlormethine, high-dose cydophosph- 
amide. and sưeptozodn. and occurs in most patients.

• Moderate vomiting is likely vvith the taxanes, doxorubi- 
dn , more modest doses of cyclophosphamide, and high- 
dose methotrexaie.

• Vinca alkaloids, Ouorouradl, lower doses of metho- 
ơexate, chlorambudl, bleomycin. and etoposide have 
Iow emetogenic potential.

The onset and duration o( vomiting also varies from drug to 
drug. With cisplatin the onset may be betvveen 4 and 8 
hours aỉter a dose. vvhile the duration may be up to 48 hours 
or occasionally even longen a persistent feeling of nausea, 
and sometimes vomiting, lasting fot several days may also 
occur. Aíter chlormethine, vomiting may begin within a 
haU to 2 hours, whereas alter cydophosphamide there may 
be a latent interval of 9 to 18 hours, but in both cases 
vomitìng is generally less prolonged than with dsplatin. 
Acute emesis (that occurring within 24 hours) has generally 
been easier to  conơol than  delayed emesis (that occurring 
more than 24 hours after chemotherapy) or antidpatory 
emesis.

The management of chemotherapy-induced nausea and 
vomiting is discussed on p. 1814.3.

Effectỉ on the heart. The cardiotoxìdty oỉ antíneoplastics 
has been reviewed.''‘ Common cardiovascular complica- 
tìons indude left ventricular dysíunction, heart íailure, 
myocardial ischaemia or inlam ion, QT interval prolonga- 
tion, arrhythmias, or bradycardia; thromboembolism (see 
EHeas on the Cardiovascular System, p. 727.2) and hyper-

tension are also common. Gardiotoxidty is the majcr 
dose-limiting toxidty ,with anthracydines such as doxc - 
rubidn and daunorubidn (see Ettects on the Heart, unde r 
Doxorubidn, p. 784.1). Cardiotoxidty has also been assc- 
dated with other antũieoplastics, such as the alkylatin ị 
agents cydophosphamide and Uosíamide, antimetabolite s 
such as capedtablne and fluorouradl, taxanes, tyrosin: 
kinase inhibitors, and the monodonal antíbodies bevad- 
zumab and ưastuznmab. Amsacrine has been assodate i 
vvith arrhythmlas, sometimes ỉatal. As well as cardia: 
elíects assodateđ vvith a capdlary leak syndrome, aưhyth • 
mias can occur w ith interleukin-2. Occasional reports cí 
cardiotoxidty assodated with busulỉan, carmustine, ds ■ 
platìn, cytarabine, etoposide, mitomydn, pentostatin, and 
vincristine also exist.

1. Pai VB, Nahata MC. Cardỉotoxỉcỉty of chemotherapcutỉc agent: 
inddence. treatment and preventỉon. Drug Saftíy 2000; 22: 263-302.

2. Fỉoyd JD, t í  ai. Cardiotoxỉcỉty of cancer therapy. J  Cỉin Ortcol 2005; 2 ] : 
7685-96.

3. Símbrc vc. tí a i Cardỉotoxidty of cancer chemotherapy: implications fc • 
children. Paediaư Drugs 2005; 7: 187-202.

4. Sereno M. tí aỉ. Cardỉac loxidty: old and new issitcs ỉn amỉ-cancer drug: 
ơ in  Transl Oncoì 2008; 10: 35-46.

5. Anderson B, Sawyer DB. Pređictỉng and prevtniing the cardỉoioxỉdty c 
canccr iherapy. Expcìt Re\ CardiữVii*c Thtr 2008; 6: 1023-33.
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2009; 53: 2231-47.

Effects on immune response. Lvmphocytes are producei 
by stem cells in the bone marrow and at other sites 
induding the thymus, and are involved in humoral anc 
cell-mediated immunity. Most antineoplastics ha ve í 
depressant ettect on bõne marrovv (see Eữects on thf 
Blood, p. 727.1) and many havc immunosuppressan 
properties although the degree oí suppression varies con 
siderably and may depend on the dose and scbedule used 
ỉmmunosuppression decreases the patient's resistance tc 
iníection and has been implicated in the development ol 
malignancies. Response 10 vaccỉnes may aỉso be reduced 
and there is a possibility of gcneralised inlections with live 
viral vacdnes (see Interactions, p. 2375.3).

For a discussion on the eííects o( immunosuppressam 
therapy on the immune response and the inlections 
assodated with it, see Corticosteroids. p. 1617.2.
Effects on the kidneys. Nephrotoxidty is well-recognised 
as an adverse e tíed  of dsplatin (p. 767.2), iíosíamide 
(p. 806.3). and m ethoưexate (p. 825.2), but renal toxidty 
may occur with other antineoplastics includìng the nitro- 
soureas (such as carmustine and screptozodn), m itomydn 
(due to haemolytic-uraemic syndrome. see p. 831.3), aza- 
dtidine, gemdtabine, and pentostatin.1 See also under 
individual monographs—other antineoplastics with vvhich 
nephrotoxidty has been reported include aldesleukin 
(p. 811.3), bevadzumab (p. 748.2), and imatinib 
(p. 808.3).

1. Kimzel PE. Antìcanccr drug-induccd kidncy disorders: intídence. 
prcveniion and managemeni. Drug Safay 2001; 24: 19-38.

Effects on the liver. The range of hepatotoxic reaaions 
that can occur w ith antineoplastics is wide. Toxic hepatitis 
(hepatocellular injury) can range írom asymptomatic ele- 
vations of amỉnotranslerases 10 signs of overt liver failure 
with hepatocellular necrosis. Other maniíestations of 
hepatotoxidty include cholestatic injury, steatosis, hepatic 
veno-ocdusive disease (VOD), and hepatic tumours. The 
important indicator of toxidty is liver biopsy rather than 
liver hinction tests as the latter may be normal in this set- 
ting.1 The hepatotoxidty of various chemotherapy drugs 
has been revievved.1"4 Occasional reports of hepatotoxidty 
exist íor many amineoplastics inciuding anastrozole 
(p. 743.1), aminoglutethimide (p. 739.3), bicalutamide 
(p. 749.2), busulỉan (p. 755.2), dacarbazine (p. 776.2), 
dactinom ydn (p. 777.2), doxorubidn (p. 784.3), erlotinib 
(p. 789.2), íloxuridine (p. 793.3), Dutamide (p. 798.3), 
gemtuzumab, (p. 802.3), hydroxycarbamide (p. 804.2), 
imatinib (p. 808.2), methotrexate (p. 825.3), mitomycin 
(p. 832.1), mitoxantrone (p. 833.3), oxaliplatin (p. 838.3), 
tamoxiỉcn (p. 862.3), noguanine (p. 872.1), and trastuzu- 
mab (p. 877.1). Hovvever, the relationship of the drug to 
the advcrse ellect is not always easy to establish. The tem- 
poral relationship bettveen drug use and the apnearance 
of symptoms is important; rechallenge in most cases is not 
recommended as liver toxidty may be more severe on re- 
exposure.1 Use wìth radìotherapy may increase the risk of 
hepatotoxidty.,•, Liver toxidty may not he contĩned to 
patients: one repon described 3 cases of liver damage in 
nurses vvorking on an oncology vvard.6

VOD has occurred alter the use of high doses of 
chemotherapy for conditioning regimens beíore haemato- 
poietic stem ceU transplantation.*'5 Other antineoplastic 
drugs involved in the development of VOD indude the 
alkylating agents, antimetaboiites. and combination chemo- 
therapy, typically vvith drugs that undergo hepatic 
metabolism.4

1. Rodriguez-Frias EA, Lee VVM. Cancer chemotherapy l: hepatocellular 
injury. Cỉtrt Livtr Dis 2007; 11: 641-62.

2. Ménard DB, tí al. Antineoplasũc agents and the liver. Gastroenterơlogy 
1980; 78: 142-64.
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3. Field KM. «  ai. Part I: Livcr (uncrion in oncology: bíochemistry and 
beyond. Lancet Oncoi 2008; 9: 1092-1101.

4. Floyd J, tí al. Hepatotoxicìty of chemotherapy. Semin Oncot 2Ữ06; 33: 50- 
67.

5. King PD, Pcrry MC. Hepatotoxỉcity oỉ chemotherapy. Qncaỉegist 2001; 6: 
162-76.

6. Socaniemi EA. et ai. Livcr damage in nurses handling cytosiatic agents. 
Aữa Med Scand 1983; 214: 181-9.

Effecfs on the lungs. Lung injury leading to pulmonary 
Ễbrosis occurs ìn about 10% of all patients who receive 
blcomydn, being fatal in 1 to 2%. Clinically, the reaction 
usually presents several months aíter completion of ther- 
apy as non-productive cough and dyspnoea. The reactíon 
is dose-related, being more likely at total doses over 
400 000 intemationaỉ units (400USPunits), although it has 
occurred at much lower doses, and is more common in 
elderly patients. Injury may be exacerbated by the use of 
combination chemotherapy regimens and radiotherapy, 
and supplemental oxygen given even yean after the ùse 
of bleomydn may pređpitate pulmonary oedema.1 Hyper- 
sensitivity pneumonitis, vvhich is more amenable to treat- 
ment, has ălso been reported.2

Pulmonary damage has also been reported with an 
increasing number of antineoplastics apart £rom bleo- 
m ydn .u -4 Among the alkylating agentỉ cydophosphamide 
has been reported to produce lung injury in less than 1% of 
cases, although this may be increased where it is a 
comppnent of combination regimens or given with 
radiõthcrapy. Busulỉan may produce lung toxicity induding 
insidious pulmonary Sbrosis in as many as 4% of patients, 
usually developing several years after initiation of therapy, 
and with increased risk the longer that therapy lasts. A few 
reports exist of interstitíal pneumonitis .and íibrosis 
assodated with chlorambudl and melphàlan. but these 
appear to be extremely rare. The prognosis in patients with 
alkylating-agent-induced íibrosis ís oíten poor, with 
mortality rates of 50% or more.

The antimetabolíle methọttexate can produce symptoms 
similar to hypersensitivity pneumonitis in up to 7% of 
panents, sometimes vvith pleuritis and acute respiratory 
íailure due to pulmonary oedema, but it is not dear whether 
a true hypersensitivity mechanism is involved, and 
symptoms are usually reversible even vvithout stopping 
therapy. High-dose cytarabine has also been assodated with 
pulmonary oedema. Gemdtabine (p. 801.3) has been 
assodated with interstitial pneumonitis and potentially lUe- 
threatening symptoms have occurred when given with 
thoradc radiotherapy.

Other antineoplastics known to be assodated vvith 
pulmonary toxidty indude mitomydn (usually in less than 
10% of patients though the inddencẹ may be much higher 
in comblnation regimens); the vinca alkaloids (generally in 
combination, and usually producing acute respừatory 
lailure); chlorozotodn; procarbazine; and possibly tenipo- 
side. The nitrosoureas, and particularly cannustine, have 
also emerged as pulmonary toxins. Carmustine has been 
assodated with an insidious chronic pulmonary Đbrosis, 
which in some early studies occurred in  as many as 30% of 
patients and had a high mortality. Symptoms are assodated 
particularly with cumulative doses in excess oi about
1.4 g/m2, aỉthough toxidty has occurred at cumulative doses 
as low as 240 mg/m2. The onset of symptoms may be very 
delayed: some workers repotted íibrosis occurring up to 17 
years aíter treatm ent in patients who received carmustine as 
children.5 Pneumonia and íibrosis have also been reported 
in patients receiving rituximab (p. 854.2), and íatal lung 
disease has ocCunred in patients given erlotinib (p. 789.2).

1. Abid SH, et ữí. Radìatỉon-induced and chemotherapy-induced pulm- 
onary lnjury. Curr Opiìt Oncoĩ 2001: 13: 242-8.

2. Holoye PY. et ữl. Bleomycin hypcrsensítivity pneumonỉtis. Ann Iníem 
Med 1978; 88: 47-9.

3. Tvrohig iơ, Manhay RA. Pulmonaty etteecs ot cytotoxic agents oeher 
than bleomycỉn. ơin ơtest Med 1990; 11: 31-54.

4. Fcnnell DA. Rudd RM. Pulmonary toxicity and cancer trtatment. Hosp 
Mtd 2004: 65: 462-5.

5. 0'Drỉscoll BR. eí oi Acũve lung ỉỉbrosis up to 17 ycars atter 
chcmotherapy with carmustinc (BCNU1 ỉn chiỉdhood. N Engl J Med 
1990; 323: 378-82.

Effects on mental hindion. Combination chemotherapy 
has been assodated with psychiatric morbidity (anxiety, 
depression, behavioural changes) in both adultỉ1 and chil- 
dren.2 It has been pointed out that patients receiving can- 
cer chemotherapy inevitably suffer emotional disơess, 
assodated in pan  with the adverse effects of tteatment. 
Patients should be íully intormed of aims and likely out- 
comes ol treatment, and adverse eííects minĩmised, in 
order to keep emotional disttess to a minimum.3 Chemo- 
therapy can also cause cognitive impairment,4-7 aSecting 
íunctions such as memory, reasoning, concentration, and 
language skills. Drugs may have d irea  Central neurological 
toxic eHects, or may indirectly affed brain íunction 
through adverse effects such as anaemia. Most studies 
have examined cognitive impairment in women being 
treated with chemotherapy for breast cancer, but many 
other cancer patients develop cognitive impairment, 
which has been described as 'chemo-brain' or 'chemo- 
fog'.

Some antineoplastics have been assodated with mental 
symptoms, including methotrexate (p. 826.2), mitotane 
(p. 832.3), and the vinca alkaloids (see Vinblastine, 
p. 882.1). In many cases such symptoms can be attributed to 
direct Central neurotoxidty (see also under EHects on the 
Nervous System, belovv).

1. Maguire GPa tí ai Psychiatric morbidity and physỉcal toxidty associated 
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3. Brinkỉey o. Emorional dỉstress duỉing cancer chemotherapy. BMJ 1983; 
286: 663-4.
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Neurotoxicology 2008; 29: 891-8.

Effech on the nervous System. The neurotoxicity of var- 
ious antineoplastic drugs has been reviewed.1'5 Eữects can 
be cenưal or peripheral, and can be dose-limiting.3-5 For 
íurther details see under the individual monographs.

CNS toxicity is usually marúíested as encephalopathy of 
various severities.5-6 Drugs tha t can cause CNS toxicity 
include methotrexate, vincristìne, ưosíamide, cytarabine, 
ỉludarabine, íluorouracil, dsplatin, and the taxanes.5 Some 
drugs cause mental status changes, see Ettects on Mental 
Function, above. Drugs that commonly cause peripheral 
neuropathy include the platinum compounds, the vinca 
alkaloids, taxanes, and other agents such as bortezomib.3A7 
Peripheral neuropathy can maniỉest as sensory, motor, or 
sensorimotor (combination) neuropathies.8 Two pattem s 
are common; a painỉuỉ sensory neuropathy (seen with 
platinum compounds) and a mixed sensorimotor neuro- 
pathy with or vvithout autonomic involvement (such as that 
seen with vincristme and taxanes).5-8

In some cases these cBects may be associated with 
particular routes such as the intrathecal.4 Radiotherapy can 
also cause damage to the nervous System so its use with 
chemotherapy may lead to additive tí tècts.4

For discussion on managemẹnt, see Neurotoxidty, 
p. 732.2.
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EFFECIS ON THE EARS. Several antíneoplastics have been 
assodated with ototoxidty,1 induding vincristine and vin- 
blastine, but dsplatin in particular is assodated vvith high- 
írequency hearing loss and tinnitus. In addition, agents 
such as the nitrogen mustards and bleomydn are poten- 
tially ototoxic.

1. Seligmann H, tí al. Dnig-induced tìnnỉtus and other heaiíng dísorders. 
ữnìg SứỊtíy 1996; 14: 198-212.

Effeds on reproductive potentíal. CHROMOSOMES. If 
patients are íertile aíter treatment vvith antineoplastics, no 
significant increase has been seen in íetal chromosome 
damage. tetal abnormality, or the miscarriage rate. A 
review‘ of reports of survivors of childhood cancerĩ íound 
that adverse pregnancy outcomes vvere limited to particu- 
lar groups of survivors. Female survivors of Wilms' 
tumours who had been treated vvith abdominal radiation, 
with or vvithout chemotherapy, appeared to be at 
increased risk of complications induding miscarriage, low 
birth-vyeight neonates, and neonatal death. Aiter ưeat- 
ment of childhood Hodgkin's disease using both radiother- 
apy and chemotherapy, íemale survivors and parmers of 
male survivors might be at ỉncreased risk of miscarriage; 
however, treatment vvith radiotherapy or chemotherapy 
alone did not increase this risk. For o ther cancers, data 
were more limited, but suggested that the risk of adverse 
pregnancy outcomes was not increased in survivors. The 
Childhood Cancer Survivor study2 ỉound that the oữspring 
of vvomen whose treatment induded pelvic itTadiation 
were more likely to be premature, to be of low birth- 
weight, and small for gestatìonal age. Treatment with 
doxorubidn or daunorubidn increased the risk of lovv 
birth-weight independently of radiotherapy. The risk of 
miscarriage was increased in those vvomen ưeated with 
high-dose cranial or craniospinal radiotherapy. In general, 
the pregnancy outcome of the partners of male survivon

vvas unaffected by the men's previous ưeatment; however, 
non-alkylating agent chemotherapy increased the risk of 
low birth-weight neonates.

Regarding the rìsk of congenital abnormalities in the 
oHspring of survivon of childhood cancers, most studies 
have shovvn no excess of major or minor malíormations.1 '3 
There was also no evidence that the risk of cancer is 
increased in the offspring. However, because of the small 
numbers in many studies and heterogeneity regarding 
treatments used, it is possible that ettects of individual drugs 
could have been masked. Long-term follow-up is needed as 
increasing numbers of children survive to adulthood aíter 
sủccesshil chemotherapy.

For adult patìents, there is also a lack of evidence oí 
adverse pregnancy outcomes and congenital abnormaliúes 
in oỉíspnng after chemotherapy. In a large series4 of vvomen 
treated vvith methoưexate, alone or in combination, íor 
gestatíonal trophoblastrc tumours, there was no evidence of 
an increase in adverse outcomes or abnormalitìes, although 
vvomen who had received three or more drugs in 
combination were less likely to have a live birth. A large 
case-control study carried out in  Canada, and involving 
over 85 000 parents of chlldren with congenital anomaỉies, 
also ỉailed to confirm a higher inddence of congenital 
abnormality in the oSspring of patients tteated with 
radiotherapy or alkylating agents.5 However, despite these 
generally rẽassuring results, it has been suggẽsted that 
women should delay conception for a yéar after cessatìon of 
chemotherapy to allovv mãture ova tha t might have been 
damaged to be eliminated,6 and that monitoring outcomes 
in patients who become pregnant shortly áfter exposure to 
cytotoxic drugs is desirable.3

See also Effeas on Chromosomes under Cardnogenidty, 
p. 726.3.
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CONADS. The effects of cytotoxic drugs on the gonads have 
been reviesved.1"7 In male patients, antineoplastic drugs 
may damage the seminiferous tubules, resulting in testicu- 
lar atrophy vvith decreased sperm count and motility. 
Testosterone secretion may also be reduced after damage 
to Leydig cells. In vvomen. cytotoxic drugs 'act on the 
ovary to produce loss of primordial íollicles ývith lailure of 
ovulation, oligomenorrhoea or amenorrhoea, and íailure 
of endocrine ỉunction resultíng in loss of libido and meno- 
pausal symptoms. The degree of damage and its reversibil- 
ity depend on the drug and its dose and the age and sex oỉ 
the patient. Age is particularly important for women at 
the time of treatment, with õlder women (35 to 40 or 
over) being more sensitive, probably a reHecúon of the 
decrease in oocyte numbers with age.

Although dose also plays a role, estimates of the toxiđty 
of various antineoplastics (as single agents) have been 
published.4-6 The risk of gonadal dysíunction is high with 
alkylating agents (busulían, chlorambudl, chlormethine, 
cyclophosphamide, Uosíamide, melphalan), nitrosoureas 
(carmustine, lomustine), and procarbazine. Medium risk 
drugs indude carboplatin, dsplatin, and doxorubidn. Low 
rísk drugs indude bleomydn, dactinomydn, Suorouracil, 
mercaptopurine, methotrexate. vinblastinc, and vincristine.

Severe gonadal dysíunction in both men and vvomen has 
been associateđ vvith combination chemotherapy regiinens 
for Hodgkin's disease. chlormethine and procarbazine are 
thought to be maỉnly responsible ỉor the iníertility 
produced. There is some evidence that currently íavoured 
regimens such as ABVD (doxorubidn, bleomydn, vmblast- 
ine, and dacarbazine) result in less damage to gonadal cells 
than the earlier MOPP regimen (chlotmethine, vincristine, 
procarbazine, and prednisone). Prolonged gonadal dysíunc- 
tion has also been seen in patients given combination 
chemotherapy for acute lymphoblastic leukaemia; girls 
appear to be at less risk than boys, espedally i{ ưeated in the 
prepubertal period.

Techniques for íertiỉity preservation have been 
reviewed.3'6iS EstabỊished methods with the highest 
likelihood of success are sperm cryopreservatìon (sperm 
banking) for men and IVF with embryo cryopreservatìon for 
women. Other methods for women, for which there is less 
experience and investigation is undervvay, indụde oocyte 
cryopreservation for íuture IVF, gonadal tissue cryopre- 
servation for autologous transplantation, and ovarian 
suppression using oral contraceptives or gonadottophin- 
releasing hormone analogues. Such techniques arẹ of little
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benefit for the preservation of íertílity in patients treated as 
young children, however, because of gonadal immaturity.

ỉ . Goldman s, iohason FL. Eỉíects of diemothenpy and irrađiadon on che 
gonads. EtuỊocrinoi Metab ơin Norỉh AM 1995:22: 617-29.

2. Kovacs GT, Stem K. Reproducctve aspecis of cancer treatment: an 
update.Med.Musr 1999; 170:495-7.

3. Thomson AB, tí  al. Late reproductỉve sequeỉae loỉỉowỉng treaonenỉ oỉ 
chilđhood cancer and options for íertỉliry preservadon. Bat Praứ /to ơỉn 
Bndocrinoỉ Metab 2002; 16: 311-34.

4. WaIIace WHB, tí  ai. Pertỉlỉty preservatíoo ỉor young patỉents with 
cancer. wbo Is at risk and what can be oỉĩeređ? Lanctí Onéoỉ 200Ỉ; 6:209- 
18. Correctíon. ibùiĩ 922.

5. Mageỉssen H, tí  ai. The eSects of cancer and cancer treatments on male 
reproductíve iunction. Nai ơin fraă ưroi 2006; 3: 312-22.

6. Lee SJ, tí ai. American Soòery oĩ Cỉỉnlcaỉ Oncoìogy recommendations 
on fertihty preservatìon in cancer patỉents. J Qin Oncoỉ 2006; 24; 29 ỉ 7-
31. Correcdon. ibiấ.: 5790.

7. Waỉsbe JM, tí al. Amenonhea ỉn premenopausat women after adjuvant 
chemotherapy ỈOT breast cancer. J Cỉin Oncoi 2006; 24: 5769-79.

8. Patỉat ME, Hutter J. American Academy oí Pedỉatrics Committee on 
Bỉoethỉcs. American Academy of Pedỉaìria Section on Hcmatology/ 
Oncology. American Academy oí Pediatrics Seccion on Surgerỹ. 
Preservatìon of íertílity in pedỉatric and adolescent patiems wiih cancer. 
Ptđiatria 2008; Ỉ2Ỉ: eỉ46ỉ-eỉ469. Aiso avaỉỉable au hup://pediatrícs. 
aappublicaiions.org/cp/reprint/l2W5/eI461 (accessed 23/02/10)

SEXUAL RINCĨÌON. Loss of libido and dedine in sexual per- 
íormance seem to be relatively common in men receiving 
combination chemotherapy,1-2 and may persist after 
chemotherapy has ended.1 However, it may sometimes be 
difficult to distinguish the eííects of chemotherapy from 
those oỉ the disease and the patient's reaction to it: at least 
one study has shovvn that gonadal íunction is disturbed in 
patients with Hodgkin's disease beíore ưeatment.2 Erectile 
dysỉunction can also result from local damage caused by 
pelvic surgery or irradiation.3 Evidence for decreased libi- 
do in vvomen is harder to find, but lailure of endocrine 
hinction after chemotherapy may lead to loss of libido and 
menopausal symptoms.*
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Effeds on the slđn, hair, and naili. Alopeda occurs wiứi 
many antineoplastics, and may be severe with doxorubidn 
and other anthracydũies, cydophosphamide, iíosỉamide, 
etoposide, or teniposide, the taxanes docetaxe! and padi- 
taxel, and topotecan. The alkylating agents and some 
antibiotic antineoplastìcs are often assotiated with hyper- 
pigmentatíon, most commonly of skin, although pigmen- 
tation oỉ nails, haữ, and teeth has occurred. Some drugs, 
su ch as the taxanes, cause dysưophic changes in the nails. 
Certain diugs m ay interact with u v  Bght or x-ray radi- 
ation to  enhance its effects on the skin and may cause 
radiation recall, photosensitivity, or, in the case of metho- 
trexate, reactivation of u v  light bums. Hypersensitivity to 
antmeopỉastics may produce cutaneous reactions induding 
ahergic rashes, angỉoedema, and pruiitus. In additíon to 
the above there may be local reactions to irritant and vesi- 
cant drugs after extravasation. Pinally, certain drugs are 
assodated with spedhc dermatological reactions: acneíorm 
íollicular rashes have been reported with cetuximab, bleo- ’ 
m ydn may produce hyperkeratotic and sderotìc lesions, 
dactinomydn is assodated vvith an  erythematous papular 
or pustular rash mimiddng septic emboli, Duorouradl may 
produce intlanimation oi solar keratoses, and plicamydn is 
assodated with a distinctive ũushing phenomenon. A pal- 
mar-plantar erythrodysesthesia syndrome has been seen 
with some antineoplastics (see below).

See also Local Toxidty. below. Reíerences may also be 
found under individual monographs.

PAlMAR-PtANTAR ERYĨHROOYSESTHESIA SYNDROME. Palmar- 
plantar erythrodysestbesia (PPE; hand-íoot syndrome) 
assodated with chemotherapy1J  usually presents as a tin- 
gling sensation in  the palms and soles, which progresses in 
a few days to  bum ing pain and wêll-defined SYvelling and 
erythema. In severe cases there is desquamation. ulcer- 
ation, blistering, and severe pain. The reaction appears to 
be caused by a diiect toxic effea and seems to be dose- 
dependent, aSected by both peak drug concenơatìon and 
to tai cumulative dose. The drugs most often assodated 
w ith PPE or simiỉar syndromes are capedtabine (p. 758.3), 
cytarabine (p. 775.2), docetaxel (p. 782.1), doxòrubicin— 
particularly liposomal doxorubidn (p. 785.1), and íluoro- 
urad l (p. 797.2). PPE also occurs vvith the tyrosine kinase 
inhibitors, such as lapatinib (p. 815.2), soraỉenib 
(p. 858.1), and sunỉtinib (p. 859.2). It has also been 
reported for bevadziunab (p. 747.3), dsplatín (see under 
Hypersenãtivity, p. 768.1), cydophosphamide (p. 773.1), 
ixabepilone (p. 815.1), and methotrexate (p. 826.2). PPE 
is usually managed by reduõng the drug dose, increasing 
the dosage interval, or withdrawing the drug, along with 
symptomatic ưeatm ent and w ound care. Systemic corti- 
costeroids and pyridoxine have been used in prophylaxis

and ưeatment. Topical dimethyl sulíoxide has been used 
for PPE caused by liposomal doxorubicin.

1. Nagore E, tí ai. Antỉneoplastìc thcrapy-Induced paỉraar pỉantar 
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literature revỉévv wỉth commenurỹ on expcrience in a cancer centre. 
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Hyperurícoemio. Overproduction oỉ purines is a knovm 
complication of antineoplastic therapy and may result in 
hyperuricaemia (p. 600.1). Hyperuricaemia is also an 
important part of the tum our lysis syndrome—see below. 
Locol toxkátỵ. Locaỉ toxidty due to intravenous cancer 
chemotherapy may indude local irritation, extravasation 
necrosis, and hypersensitivity. V enous irrita tio n , pre- 
senting as vasospasm and pain or endotbelial Chemical 
bum  oỉ the vessel, resulting in a painíul, streaky, long- 
Iasting sterìle phlebitis, may be due to the drug, or. as 
vvith cannustlne, due to the diluent (alcohol). Irritation 
and phlebiãs have been reported partìcularly with tluoro- 
uradl, carmustine, vinorelbine. and chlormeihine.

Some patients treated witb peripheral intravenous 
chemotherapy experience ex travasation  (see p. 731.3). 
usually vvith pain, erythema, and SYvelling at the site of 
injection. Severe necrosis requiring surgical intervention 
can develop, particularly with antibioũc atnineoplastics 
such as doxorubidn.

Local h y p ersensltiv ity  reactions, usually sell-limiting, 
must be distinguished írom extravasation. In hypersensi- 
tivity reactions there is no swelling at the injection site, and 
pain is felt as a dull ache along the course of the vein, as 
opposed to the stinging commonly noted alter extravasa- 
tion.
Tumour lysis syndrome. The tumour lysis syndrome 
represents a biochemical disturbance due to massive 
reiease of cellular breakdovvn Products from tum our cells 
sensitive to therapy. The am ount of breakdown Products 
ỉs sufftdent to ovenvhelm normal excretory and metabolic 
mechanisms for theír dearance. and the Cardinal leatures 
of the syndrome are hyperkalaemia, hyperurícaemia, and 
hyperphosphataemia accompanied by hypocalcaemia. 
Clinical symptoms may indude urate nephropathy or 
nephrocalcinosis leadỉng to renal impairment. and cardiac 
aưhythmias assodated with the potassium abnormalities. 
The syndrome is seen particularly when bulky chemosen- 
sitive disease is present, and may be more likely in 
patients vvith pre-existing renal impairment or hyperuric- 
aemia. It 15 most ữequent in patients with Burkitt's or 
lymphoblastic lymphoma, or an acute leukaemia. Of 
patients with solíd tumours, reports have implicated those 
vvith gemn-cell tumours, small-cell lung cancer, or neuro- 
blastoma ahhough, surprisingly, the syndrome has also 
been reported in paũents with breast cancer, which is nor- 
mally less rapidly responsive to chemotherapy. For com- 
ment on prevention and ưeatment, see under Treatmem 
of Adverse Eữects, p. 732.2.
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Intensive supportive care may be necessar)’ to prevent or 
conưol the adverse ettects of antineoplastic therapy. 
Anúemetic therapy should be given to reduce. and if 
possible prevent, nausea and vomiting. since once 
experienced it may become a conditioned response, and 
may not respond to antiemetics. Intensive oral care is 
desirable to minimise the eííects of stomatìtis (see also 
Mucositis, p. 732.1), while corticosteroids, and if necessary 
nutritional supplements, may be ol some help in patients 
vvith anorexia. Chemotherapy-induced diarrhoea may also 
require ưeatm ent (see p. 731.3).

Techniques attempúng to  prevent the occurrence of 
alopeda have met with varying success (see below). Scalp 
toumiquets and ỉocaỉ hypothermia have been used to 
minimise concenưations of antineoplastĩcs in the scalp aber 
inưavenous injection. Hovvever, such methods may allovv 
the development oỉ a cancer-cell sanctuary and should noi 
be useđ in patients with leukaemia or other condiúons vvith 
drculatúig malignant cells.

Oí particular importance is the management of bone- 
m a m w  depression. Colony-stimulating ỉactors and epoe- 
tins can be used to promote the formation of replacement 
blood elements (see Anaemia, p. 731.1). Active measures 
may be necessary to combat inlectìon and bleeding. 
Transỉusions of blood Products may be required; granulo- 
cyte translusions have been given for infections unrespon- 
sive to  antìbiotícs, altbough their vaỉue is a matter of debate, 
while transfusion of blood platelets or use of growth factors 
such as oprelvekin (interleukin-11) may be of value in 
preventing thrombocytopenia-induced bleeding.

Extravasation of antíneoplastics can pose seriou: 
problems. Iníusion should be stopped immediately onct 
extravasatìon is noticed and any drug remaining a t the sitt 
aspirated ư possible bu t the detaiỉs oỉ treatm ent art 
conưoversial (see p. 731.3). ư ulceration occurs plastii 
surgery may be requỉred.

Hyperuricaemia secondary to tum our lysis in  patient: 
vvlth leukaemỉas or lymphomas can be prevented by the 
addition of aUopurinol o r rasburicase to ưeatm em  
schedules, and by adequate hydratìon and, if necessary, 
alkalinỉsation oi the urine (see Tumour Lysis Syndrome, 
p. 732.2). Good hydration is also important to minimise the 
nephrotoxic eữects of drugs su ch as dsp latin  and 
mẽthotrexate.

SpedẼc ưeatments exist for the toxidty of certairi 
antineoplastics (ỉor example the use oi caldum ỉolinate tc 
reduce methotrexate toxidty, or mesna to control the 
bladder toxidty of cydophosphamide or iíosỉamide). For 
íurther details of the ơeatm ent of speciíic adverse eííects see 
under the individual monographs.

Alopecia. Attempts to prevent OI reduce chemotherapy- 
induced alopeda have relied on either restriction of scalp 
blood flow with a toum iquet or the use of local hypo- 
therm ia.1 Both of these techniques ha ve been based on 

; the rationale that a temporary decrease in blood flow to 
i the scalp will deaease the exposure of hair íollides to the 

antineoplastic. Thereíore. most benefìt would be expeaed 
for alopeda caused by drugs w!th a short half-life and for 
which both active drug and metabolites are rapidly deared 
from the drculation.

Studies of scalp toumiquets carried out in the 1970s 
íound head discomfort to be the main adverse eílect. They 
used diííerent chemotherapy regimens, definitions for 
success, and toum iquet techniques. making condusions 
diỉScult, and toumiquets vvere largely replaced by local 
hypothermia techniques.

Regimens vary in their propensir)' to cause alopeda: 
drugs that normally produce hair loss include the 
antbracydines. cydophosphamide and ifosfamide, etopo- 
side and topotecan, irinotecan, the taxanes, and vindesine 
or vinorelbine.2 Most studies of local hypothermia have 
attempted to prevent doxorubicin-induced alopeda.1 Again, 
chemotherapy regimens, devices used, and exposure times 
have varied between studies. Varying degrees of elHcacy 
have been reported, but hypothermia has generally been of 
beneHt particularly vvith single-agent chemotherapy. The 
dose of chemotherapy may be relevant. with hypothermia 
being less eHective at doxorubidn doses above 50 mg.1 
Better results have also been reported when cooling is 
continued for 90 minutes or more; theoretically, cooling 
time sbould be related to the halMilc of the drugs used and 
any active metabolites.2 Headache and cold intolerance may 
occur, but scalp hypothermia is generally well tolerated.

Pespite the successes there is concem that this technique 
may provide a sanctuary for drculating malìgnant cells, 
w ith the potential risk of metastasis, and there are reports of 
scalp metastases aber the use of hvpothermia.1'3 The 
technique is considered conưa-indicated in patients with 
haematologicai mabgnandes and use is conưoversial where 
curative chemotherapy can be given.2 It has been suggested 
thai the use of scalp hypothermia might therefore be 
restricted to patients receiving single-agent chemotherapy 
w ith a palliative intent, or those with solid tum ours that 
rarely metastasise to the scalp.1

In the USA commercial distribution of cooling caps 
designed to produce localised scalp hypothermia was halted 
by the FDA in 1990 because of concems about their efficacy 
and their potential to create sanctũary sites and interíere 
w ith drug distribution elsewhere in the head. Hovvever, 
they continue to be available in manv countries.

There has been Iimited investigation of pharmacological 
management.2 For reference to the use of minoxidil to 
decrease the duration of alopeda aíter doxorubidn- 
containing chemotherapy, see p. 1439.1.

1. Don VJ. A practitíoner's guide to cancer-reỉđted alopeda. Scmin Oncol 
1998; 25: 562-70.

2. Trữcb RM. Chcmotherapy-induced alopecỉa. Scmm Cutan Med Sury 2009: 
28: 11-14.

3. Forsbcrg SA. Scaip cooỉỉng UicrapY and cytotoxic ơcatment. Lanat2001; 
357: 1134.

Bone-marrow depression. Bone-maưow depression in 
patients receiving chemotherapy may require a modiíica- 
tion of the dose regimen in subsequent cydes, either by 
delaying or redudng doses, although it is recognised that 
this m ay sometimes reduce efficacy.

Licensed product information for several myelosuppres- 
sive antineoplastìcs recommends that if neuttopenia or 
thrombocytopenìa occurs subsequent doses should be 
vvithheld until white cell counts have retum ed to 3000 to 
3500cells/mm3 or more, and blood platelets to  about 
100 000cells/mm3. In practice, however, improved suppor- 
tive care means that many eXpert centres routinely give 
ơeatm ent at lower blood counts than these. The values at 
w hich it is acceptable to ưeat will be inũuenced by whether 
the regimen is likely to result in íurther signiBcant íalls, and

All cross-relerences refer to entries in Volume A
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w hether the intent is curative (in which case maintaining 
tteatm ent intensity is particularly important) or palliatíve 
(when avoiding toxidty becomes a prime consideration); 
local protocols may contain furthcr guidance and should be 
consulted vvhere available. However, it has been suggested1 
that with appropriate management treatment ũ  usually 
possible a t neutrophil counts of 1500 cells/mm3 and platelet 
counts above 100 000 cells/mm*.

For guidelines on the use of haematopoietic grovvth 
factors in  the management oỉ anaemia, neutropenia, and 
ửưombocytopenia. see beIow.

1. Summerhayes M. Danỉeỉs s. Practicaỉ dtemotherapy: a mulứiìsdpỉỉttary 
ỊUỈde. Oxỉord: Raddifỉe Mcdical Press, 2003.

ANAEMIA. Chemotherapy-induced anaemia can be mana- 
ged with translusion of red cells (p. 1162.1), or treatment 
vvith epoetin (p. 1141.1) or darbepoetin (p. 1137.1).1-4 
Iron supplementation may be of beneSt in anaemic cancer 
patients receiving erythropoietic therapy, even in those 
who are iron-replete.3

Guidelines for the use of epoetins and darbepoetin have 
been issued jointly by the American Sodety of CỊinical 
Oncology and the American Society of Hematology,5 and 
guidelines have also been issued by the u s . National 
Comprehensive Cancer Network.4 In  the treaunent of 
chemọtherapy-induced anaemia, the use oi epoetins or 
darbepoetín can improve haemoglobin concenưation and 
reducẽ the need for transỉusion of red cells, but vvhether this 
improves symptọms and quality of Uíe requires lurther 
study. th e  use oị ẹpoetins or darbepoetin is recommended 
as an option when haemoglobin has ỉallen to less than 10 g 
per lOOmL. Forpatients with a concentration between 10 
and 12 g per 100 mL, the dedsion to use epoetins depends 
on dinical drcumstances and padent preíerence.5 In the 
UK, the use of epoetins or theb  analogues is not generally 
recommended3 íor chemotherapy-related ạnaemla except, 
in combination w itbintravenous iron, in patients in whom 
anaemia is proíound and likely to aííect survival, and who 
cannot be given blood transíusions, or in women given 
platinum-based chemotherapy for ovarian cancer in vvhom 
haemoglobin has íallen to 8g per lOOmL or less.

ỉ . Littlewood TJ. Management opcions íor cancer therapy-reUtcd anaemia. 
Drug Safety 2002; 25: 525-35.

2. Bohỉỉus J, et ai. Erythropoỉetỉn or darbepoetỉn ỉor patíents with cancer. 
Available ỉn The Cochrane Database of Systematíc Reviews; Issue 3. 
Chỉchesten John Wiley; 2006 (accessed 26/01/10).

3. NICE. Gpoetín aỉĩa, epoctin beta and darbcpoedn aỉfa íor cancer 
treatment-ỉnduced anaemỉa (TA Ỉ42, issued May 2006). Available at: 
http://www.nice.org.utc/nicemedia/pdf/TA142Guidanee.pdi (accessed 
26/01/10)

4. National Comprehensive Cancer Network. Clỉnical practíce guideỉines in 
oncology: canccr- and chemothcrapy-mduced anemia (versỉon 1.2011). 
Avaiỉable at: hcrp://www.nccn.org/professioQals/physidan_gls/PDF/ 
anemla.pdf (accessed 12/07/10) ■

3. Rizzo ID, tí ai. American Sodety of Hematology/American Sodety of 
Cỉinical Oncology dỉnỉcal practice guỉdeline update on the use of epoetỉn 
and darbepoetỉn in aduỉt patỉents with cancer. Blood2010; ỉ  16:4045-59. 
Also pubỉisbed ỉn J ctin ồtteoỉ 2010; 28: 4996-5010. Aỉso available au 
http://bloodjoumal.hematologyUbrary.Org/cgi/reprim/l 16/20/4045 
(accessed 16/12/10)

NEUTROPENIA Use of granulocyte or granulocyte-macro- 
phage colony-stứnulaóng lactors (G'CSF or GM-CSF), 
alone or vvith autolpgous bpne marrpvv transplancs or per- 
ipheral blood stem-cells, can markedly reduce the period 
of neutropenia after high-dose chemptherapy regimens 
(see Kilgrastim, p. 1152.1, and Molgramostim, p. 1156.2). 
The use of ũígrastim and pegriígrastim has been 
revievved;1-2 it was considered that prophylactic use of 
these agents has enabled the use pf mpre aggressive 
chemptherapy regimens, including dose-dense regimens 
(but see bẽlòw), and ưeatment of a broader range of 
patients.

The American Society of Clinical Oncology has issued 
detailed guidelines for the use of cplony-stimulating íactors 
(CSFs) in patients receiving chemotherapy.3 These ppint 
out that in current practice iníectious mortality resulting 
frpm íebrile neuưopenia is rare, and that the inridence 
with cpmmon chemotherapy regimens seldom exceeds 
20% in previously untreated patients; hovvever, epỉsodes oí 
íebrile neutropenia prolong hospital stay, expose the 
patỉent to hirther ữiterventipns, and may result in delay or 
dose-reduction pf íurther chemotherapy cydes. Uníortu- 
nately, although CSFs can markedly reduce the ỉnddence 
of íebrile neuưppenia, there was little evidence of 
improved dinical outcomes from the use of CSFs in most 
situations.
• Vse o i CSFs for p rũ n a ry  p ro phy lax ls  in previously 

untreated patients should not nonnally be considered 
except where the risk of íebrile neutropenia was 20% or 
more, or where the risk was less than 20% but bone- 
marrovv compromise or comorbidity indicated a paticnt 
a t high risk (and even here the evidence íor imprpved 
dinical outcome vvas modest).

• There was np evidence of dinical beneht ửom  the use pf 
CSFs in secondary  prophy lax ls. ỉn  patients with a 
previous episode pf íebrile neutropenia the usual option 
(except where it wouid compromise the chances of cure) 
was dose reduction of the chemotherapy regimen.

• For adjunctive tre a tm e n t of episodes of neutropenia, it 
was recommended that CSFs should not be routinely 
used for patients who were tựebrilr, there was also sưong 
and consistent eviđence against routine use for 
uncomplicated íever and neuưopenia in febriỉe patients. 
Use might be considered in high-risk patients w ith íebrile 
neuttopenia.

• Although CSFs could pennit Increased dose-density  
or dose-intensity oỉ chemotherapy, this vvas consìd- 
ered only justified vvithin the cpntext of a dinical study, 
since the limited data suggest survival beneĐt bom  dose- 
dense regimens tvith CSF support in pnly a few spedhc 
settings. Use in patients receiving combined chemor- 
adiotherapy was not recommended.

• In patients with haem atological malignancỉes, CSFs 
should be considered aíter inductipn chemotherapy in 
patients with acute myeloid leukaemias (patients aged 
pver 55 may be most Iikely to beneíit), aíter 
consolidation chemotherapy, and aíter initlal inductipn 
or postremission chemotherapy in patients w ith acute 
lymphoblastic leukaemia; a subset of pa tien ts ' with 
myelpdysplastic syndrome, severe ncutropenia, and 
recurrent iníectipn, might also beneũt, bu t use in 
patients with reửactory or relapsed myeloid leukaemia 
was not thought to be õf beneảt.

• CSFs were recommended as adjuncts to progenltor ceU 
transplantation to help mobilise peripheral blood stem 
cells and to speed autolõgous engrãbm ent

• As older patients treated w ith curative chemotherapy 
for diífuse aggressive lymphoma are at increased risk of 
íebrile neuưopenia and iníections, and dose reduction 
sưategies have been assođated with a reduCed response 
rate and survival, prophylactic CSF was recommended 
for such patients aged 65 and older.

• Although the guidelines in adults were held to be 
generally applicable to children, it was noted that the 
potential for secondary myeloid leukaemia or myelo- 
dys^lastỉc syndrome associated wlth CSFs was of concem 
in children with acute lymphoblastic leukaemia.

Guidelines issued by the u s  National Comprehensive 
Cancer Netvvork4 adopt a similar attitude to the use of CSFs, 
and suggest that they should be used for prophylaxis in all 
patients with a more than 20% risk ÕI lebrile neutropenia or 
neutropenia suíỄdent to compromise treatment, and may 
be considered in patients in whom this risk is judged to be 
betvveen 10 and 20%. Factors that contribute to risk 
categorisation indude the type of chemotherapy regimen 
and patỉent risk íactors su ch as age, type of disease, disease 
stage, previous chemotherapy or irradiation, general health, 
and perỉormanCe status.

For details on the management of iníections in 
neutropenic patients, see Iníections in Immunocompro- 
mised Patients, p. 186.3.

ỉ. Marangolo M. tí aỉ. Dose and outcome: the hurdle of aeuưopenỉa 
(Revicw). Oncol Rep 2006; 16: 233-48.

2. Renvvick w, tí al. Use of Slgrastỉm and peghỉgrastim to support delivery 
of diemotherapy: twenty years of dỉnicaỉ experience. BioDrup 2009; 23: 
175-86.

3. Smith TJ, tí ai. American Sodety oỉ CUoỉcaỉ Oncology. 2006 update of 
recommendatìons for the use òf whỉte blood cell grovvth ỉactors: an 
evỉdence-based dinical praaice guideỉỉne. J Clin Oncol 2006; 24: 3187- 
3205. Also availabỉe at: Http://www.jco.org/cgÌ/reprinƯ24/ỉ9/3ỉ87 
(accessed 18/01/10)

4. National Comprehensive Cancer Netivork. Clinicaỉ practice guidelines ỉn 
oncoỉogy: myeloỉd grovnh ỉaaors (versỉon 1.2010). Avaỉỉable au http:// 
w ww. nccn .org/professlonals/physidan_gis/PDF/myeIoi<Lgrowth.pdf 
(accessẽd 18/01/10)

THROMBOCYTOPENIA Chemotherapy-induced thrombocyto- 
penia can be managed by chemotherapy dose reductions 
or delaying the next cyde of chemotherapy; treatment 
modihcations depend on the drug used and the severity of 
the thrombocytopenia.1 Severe thrombocytopenia can be 
rapidly treated with ưansíusion of platelets (p. 1159.3). 
Recombinant thrombopoietin-2 (p. 1164,1), interleukin-3 
(p. 1155.2), and interleukin-6 have been evaluated for 
their ability to increase platelet numbers in vivo. Interieu- 
kin-11 has also been studied and is now available as oprel- 
vekin (p. 1157.2), yvhich can reduce chemotherapy- 
induced thrombocytopenia.1-3-4 Interleukin-1 (p. 2533.3) 
has also been investigated in the prevention or treatment 
of thrombòcytopenia. Elưombopag (p. 1140.1) and romi- 
plostim (p. 1162.2) are also under ìnvestigation.1

The American Sodety of Clinical Oncology has issued 
■guidelines for the use of platelet transfusion.5 They 
recommend that prophylactic platelet transfusion be given 
ỉor thrombocytopenia resulting from impaired bone- 
marrovv íunction to reduce the risk of haem onhage when 
the platelet count lalls below a prede&ned threshold. This 
threshold vvỉll vary depending on the patienris diagnosis, 
dinical condition, and treatment modality. A threshold of 
10 000 cells/mm3 has been recommended for patients being 
treated for acute leukaemia, w ith haematopoietic stem cell 
transplantation, or for solid tumours. A higher threshold of 
20 000 cells/mm3 may need to be considered íor patients 
vvith signs of haemorrhage, high íever, rapid íall of platelet 
count, coagulation abnonnalities, patients receiving 
aggiessive therapy for bladder tumours, or those with

necrotic solid tumours who are at increaseđ risk oí bleeding 
hom  these sites.

1. Vadhan-Raj s. Management oỉ chemotherapy-induced throrabocyto- 
penỉa: current status of thrombopoietỉc agents. Semin Hematoỉ 2009; 46 
(suppỉ 2): S26-S32.

2. Vadhan-Raj s, tí ai. Recombinant hụman thrombopoỉetỉn attenuates 
caiboplatỉn-induced severe thrombocytopenỉa and the need for plateỉet 
transỉusions in patìents with gynecologỉc cancer. Am  ừtíem Med 2000; 
132: 364-8.

ỉ.  Gordon MS, tí a i A phase I triaỉ of recombinam human ỉnterieuỉdn-ỉ 1 
(Neumega rhư.-ll growth ỉactor) ỉn vvoraen wỉth breast cancer 
receỉvỉng chemotherapy. Bỉood 1996; 87: 3615-24.

4. Isaacs c  tí al. Randòmteed placebo-controlled study of recombinant 
human imerleukin-11 to prevent dtemotherapy-induced throrabocy- 
topenia ỉn patíents with breast cancer receỉvíng dose-ỉntensỉve 
cydophospharaide and doxorubicin. J ơin Oncol 1997; 15: 3368-77.

5. Schiữer CA. t í  al. Platelet ỉranshiỉion for patìents wỉth cancer gttritcal 
practice guidelines of the American Society of Clinỉcal Oncology. J ơin 
Oneol 2001; 19: 1519-38. Also available au http://www.jco.org/cgi/ 
reprinƯ19/5/1519.pdỉ (accessed 18/01/10)

Diarrhoea. Patients receiving chemotherapy should be 
monitored for onset, duration, and severity of diarrhoea. 
Ưncomplicated mild to moderate dianhoea may bẹ mana- 
ged conservatively with dietary modiẼcation and loper- 
amide. Severe diarrhoea, and mild to moderate cases that 
are complicated by moderate to severe cramping, nausea 
and vomiting, deaeased peiíormance status, íever, sepsis, 
neutropenia, frank bleeding. or dehydration, may require 
more aggressive management induding intravenous Đuids, 
octreotide, and antibacterials.1"3

1. Benson AB. tí ai. Recommended guidellnes for the treatment of cáncer 
treatment-induced dỉarxhea. J ơin ồncoỉ 2004; 22:2918-26.

2. Richardson G. Dobish R. Cbemotherapy induced dỉarrhea. J Oneol Pharm 
Prađ 2007; 13:181-98.

3. Chemy NL Evaluatíon and management oỉ treatment-related dìarrhea 
ỉn patỉents with advanced cancen a revỉew. J Pairt Symptom Manage 2008; 
3& 413-23.

Exhrovasation. Extravasation is the leakage oỉ a drug into 
subcutaneous tissue during parenteral dosage. Exơavasa- 
tion injuries can range bom mild erythema to uỉceratỉon, 
and severe necrosis in some cases ư not dealt with 
promptly. Antineoplastics vary in  theư propensity to cause 
extravasation injury:’
• vesicant anăneoplastia caụse pain. intlammation and 

blistering of the local skin,' tissue death and necrosis; they 
indude amsacrine, the anthracydỉnes (doxorubidn and 
its derivatives), carmustine, dacarbaáne, dactinomydn, 
mitomycin, chlormethlne, paditaxel, plicamydn, strêp- 
tozoón, and the vinca alkaloids

• exỊolùmtỉ can cause inũammation and exỉoliation, but are 
less likely to cause tìssue death, and indude dsplatin, 
docetaxel, mitoxannone, oxaliplatin, and topotecan

• carboplatin, irinotecan, and the podophyllotoxin 
derivatives (etoposide and teniposide) are examples of 
irritant drugs tvhich may cause inĐammation and 
irritation, but rarely cause breakdown oỉ tissue. 
Fluorouracil, methoữexate, and raltitrexed can cause 
mild to moderate ỉnAammation of locaĩ tissue.

Measures to prevent the occurrence of exttavasation 
include gỉvỉng vesicant OT initant drugs Via a Central line, or 
peripherally Via a recently sited cannula; vesicants are 
generally given by intravenous injection into a last-running 
iníusion. Glyceryl trinitrate patches applied distally to the 
cannula may be used to dilate veỉns where venouí access is a 
problem. The site oỉ administration should be regularly 
checked, and the patient asked to report any untovvard 
sensations.

If extravasation should occur the inỉusion should be 
stopped immediately and as much as possible of the 
inũltrating drug removed by aspiration. Beyond this, 
hovvever, the management oi extravasation is not tvell 
standardised and there has been disagreement as to the most 
appropriate course; there is llttle data bom  controlled 
studies and much practice is based on anecdotal reports and 
individual experience. Intravenous and subcutaneous 
injeaion of a corticosteroid (usually hydrocortisone) has 
been suggested, although some consider it ineffective or 
possibly even disadvantageous. Topical application oi a 1% 
hydrocortisone cream to inAamed skin has also been 
suggested, and antihistamines and, if necessary, analgesics, 
may be given 'orally. In most cases application of a cold 
dressing or ice pack is appropriate. However, aber 
extravasation of the taxanes, vinca alkaloids, or risplatúi, 
the use of vvarm packs with hyaluronidase to enhance 
uptake bom the skừi has been recommended; a sỉmilar 
procedure has been suggested for large volume extravasa- 
tions of the podophyllotoxin derivatives.

The use oi spedbc antidotes is a particularly contentìous 
area, since few are dũũcally validated and some (such as the 
use of sodium bicarbonate 8.4% for anthracycline 
extravasations) may do more harm than good. Brief 
inbltration of a less concentrated (2.1%) sodỉum bicarb- 
onate solution, followed aber a few minutes by aspữation, is 
stìll, however, advocated by some bỉ the management of 
extravasations oỉ the anthracydines, carmustine, and 
plicamydn. Better accepted in the m anagement of 
anthracydine and mitomydn extiavasation is the topical 
application of dimethyl sulíoxide about every 6 houn.

http://www.nice.org.utc/nicemedia/pdf/TA142Guidanee.pdi
http://www.nccn.org/professioQals/physidan_gls/PDF/
http://bloodjoumal.hematologyUbrary.Org/cgi/reprim/l
Http://www.jco.org/cg%c3%8c/reprin%c6%af24/%e1%bb%899/3%e1%bb%8987
http://www.jco.org/cgi/
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sometũhes altem ated with hydrocortisone 1% cream. 
Dexrazoxane is also used ỉor the m anagem ent of 
anthracydine exưavasatíon. Sodium thiosulỉate 3 or 4% 
has been used to inhlưate the site of extravasations of 
dsplatin, 'dactinomydn, or chlormethine.

The role of surgery is also Lmportant. It is unequivocally 
necessary in cases vvhere other methodỉ have lailed to 
prevent evolving tìssue damage, but there 15 some dispute as 
to the role of early surgery to remove drug-laden tlssue and 
prevent the development of more serìous ulceration and 
necrosis. Techniques of saline Qushout and liposuction have 
been developed for removing drug and non-viable tissue 
while preserving overlying skin.

Some reíerences to the m anageinent oí extravasation are 
given belovv.1'4

1. Stanley A. Managing complicarions of chemotherapy admỉnistratỉon. In: 
Allwòod M, eí ai., eds. The Cytotoxia Hanđbook. 4lh éd. Oxíord: RadcliíTe 
Medical Press, 2002: 119-93-

2. Dorr RT. Antidotes to vesicani chemoiherapy exưavasaũons. Bỉoođ Rev 
1990: 4: 41-60.

3. Gault DT. Exữavasation injuries. Br J  Plasí Surg 1993; 46: 91-6.
» 4. BerteiU G. Prevention and management of extravasaiion of cytmoxic 

dnigs. Dru0  Safety 1995; 12: 245-55.
5. Kassner E. Evaluation and ưeatmcm of chemotherapỵ cxtravasation 

ỉnjuries. J Pediatr Oncol Nun 2000; 17: 135-48.
6. Ener RA, et ai. Extravasation oí systemic hemaiu-oncological therapies. 

Ann Oncot 2004; 13: 858-62.

Hypersensiriviiy. Desensitisation protocols have been 
described for cancer patients vvith hypersensitivity reac- 
tions to chemotherapy, including taxanes, platinum 
agents, and monodonal antibodies.1

1. Castells M. Rapỉd desensitỉxatỉon íor hypersensỉtivỉty reaaions to 
cbemotherapy agents. Cun Opin Aỉiergy Cĩin ỉmmunoỉ 2006; 6: 271-7.

Mucositis. Many drugs have been tried (or the praphytaxừ 
of mucositis caused by antineoplastic therapy, by modiíy- 
ing exposure oí the oral mucosa to chemotherapy, modily- 
ing epithelial proUíeratíon, or reducing the potential for 
iníection and inílainmatory complications oí mucositis.1 
Some drugs showed límited evidence of benelĩt in small 
studies, m duding benrydamine, betacarotene, granulo- 
cyte-macrophage colony-stimulating faaor, povidone-iod- 
ine, propantheline bromide, vitamin E, and tretinoin. 
There are conAicting reports of beneht from studies of 
sucralíate and chlorhexidine. Other options that havc 
been tried vvith Iess success indude addovir, allopurinol, 
dinoprostone, glutainine, misoprostol, pentoxilylline, and 
bacterial and fungal decontaminatlon.

A laxge systemanc revievv2 considered many of these and 
ỉound tha t some drugs showed evidence oí beneht. albeit 
vveak, induding amUostine. benzydamine, caldum phos- 
phate, honey, hydrolytic enzymes, iseganan, and zinc 
sulỉate; local cooling vvith ice điỉps and Chinese mediánal 
herb mixtures also showed some benelit. Practice guide- 
lines* also suggested that local cooling may prevent oral 
mucosỉtis assodated with bolus ũuorouradl or edatrexate 
and that ranitidine OT omeprazole may prevent epigastrìc 
pain aíter ưeatm ent with cydophosphamide, methoưexate, 
and ũuorouradl, or aíter ũuorouradl vvith or vvithout íolinic 
add. Paiưermin may prevent ora] mucositìs in patients vvith 
haematọlogical neoplasms given high-dose chemotherapy 
and total body irradiation beíore autologous stem ceil 
transplantation. Local cooling may be used in patients given 
high-dose melphalan. Anũíostine may prevent radiation ; 
proctitis in  those receiving standard-dose radiotherapy for Ị 
rectal cancer, and although it has been suggested that it may ị 
reduce oesophagitis assodated w ith chemoradiotherapy for 
non-small cell lung cancer,3 others feel that data are 
insuffident to recommend routine use in such patients.4

There will be some overlap between measures íor 
prophylaxlỉ and treatm ent oỉ mucositis, and another 
systematic review5 of treatment strategìes íound that there 
was some evidence that topical allopurinol or granulocyte- Ị 
macrophage colony-stúnulating íactor might improve ị 
chemotherapy-induced oral mucositis, but the evidence 1 
was weak and unreliable. Given the number of variables 
involved in the development of mucositis it is unlikely that 
any one prophylactic or treatm ent regimen vvill prove 
suitable for aỉỉ patients.

1. Knox JJ, (I aỉ. Chemotherapy-induced oral mucositis: preventỉon and 
nurugement. Dntp Asm} 2000; 17:257-67.

2. Worthington HV, tí tứ. lnterventions for preventing oral mucositir íor 
patìeno with cancer receiving ơeatmem. Available in The Cochrane 
Database oí Synenutic Reviem; Issue 4. Chichener John Wlley: 2007 
(accessed 16/07/0«).

3. Keeíe DM. tí at. The Mukmalional Assoôaiion of Supportive Care in 
Cancer and the International Socicty for Oral Oncology. Updated dinical 
ptactice guidelines for the prevention and treaunent of mucositis. Cancrr 
2007; 109: 820-31. AJso avaiỉable at: http://www3Jntendenee.wiley. 
com/cgi-bin/hiUiext/114078093/PDFSTART (aicessed 16/07/0«)

4. Hensley ML. a  al. American Sodety of Clinlcal Oncology 2008 clinical 
pracdce guldeline update: ure of chemotherapy and tadiation therapy 
protectantr. J  CIÓI Oncol 2009; 27: 127-45.

ỉ .  Clarkson JE, tí al. Interventions ỉor ữeaiìng oral mucosids íor patíentr 
wỉth cancer receiving treatmem. Available in The Cochrane Daubase of 
Synemadc Reviews: Issue 2. Chichester John Wiley: 2007 (accessed Ị
26/01/10). ị

N ausea an d  vomiting. For a detailed discussion of the I 
management of chemotherapy-induced nausea and vomi- I 
ting, see p. 1814.3. Ị

Neurotoxicity. Overall m anagement of neurotoxidty com- 
prises prevention, restoration ot ỉunction, and sympto- 
matic treatm ent.1 Many agents have been tried for neuro- 
protection, induding amiỉostìne, carnitine, erythropoietin, 
glutamine, glutathione, and vitamin E.1'4 Drug regimes 
have also been modiĐed in an attempt to prevent neuro- 
toxidty.’ Treatment is supportive and symptomatic pain 
management is similar to the management of other types 
of neuropathic pain.1 Non-pharmacological interventions 
have also been investigated.*

1. Windebank AJ, Grtsoỉd w . Chemotherapy-lnduced neuropathy. J 
Perìpher Nerv Syỉí 2008; 13: 27-46.

2. Vỉsovsky c  eĩ ai. Putúng evidencc into practice: evìdence-based 
ỉmerventions íor cheniotherapy-induced peripheral neuropathy. Cĩin J 
Oncoì Sun 2007; 11: 901-13.

3. VValker M, Ni o . Neuroprotection durlng chemotherapy: a systematic 
review. Am J Clin Oncoỉ 2007; 30: 82-92.

4. Cavaỉetti G, Manniroli ?. The role of gromh ỉaaors ta the prevention 
and treaunem oí chcmotherapy-induced perìpheral neurotoxicỉty. Curr 
Druý Sứ/2006; 1: 35-42.

Osteoporoỉis. Bone loss that occurỉ with cancer therapy 
is generally more rapid and severe than postmenopausal 

! bone loss in vvomen or normal age-related osteoporosis in 
1 men. Howevi;r, ireatment prindples are generally the 
I same. For a detailed discussion on ihe management of 
; osieoporosis. see p. 1168.1.

Eunher reíerences.
i 1. Micluud LB. Goodin s. Cềncer-ưcaimcni-mduced bone loss. part l. Am 
j J HỉứỊth-Syst Pharm 2006; 63: 419-30.
! 2. Michaud LB, Goodỉn s. Cancer-trcatmem-induced bone ìoss, pan 2. Aỉn
I 1 Health-Syrt Pharm 2006: 63: 534-46.
' 3. Guỉse TA. Bone loỉS and Iraaure lisk auociated wtth cancer therapy.
I OrKOlọgỉst 2006; 11:1121-31.

\ Thromboembolism. For discussỉon on the management of 
i venous or arterial thrombosis. sce Eííects on the Cardio- 
: vascular System, p. 727.2.
j Tumour lyỉiỉ ỉyndrom e. Management of tumour lysĩs 
: syndrome is based on hydration, correction of mctabolic 
I abnormaliries, and supportive treatment of renal íailure.1'1 
ị Aggressive hydration vvith isotonic sodium chloride 

reduces concentrations of uric add, phosphate, and potas- 
ị sium, and should be considered in all patients at risk oí 
; the syndrome, except those at risk ol volume overload.
I Management of acute hyperkalaemia may indude cardiac 
; membrane stabilisation with calcium gluconate, intracellu- 

lar shilt o( potassium using insulin (svith glucose) or 
inhaled beta2 agonỉsts, and increased excretion of potas- 
sium by diuretics or dialysis. In the management of hyper- 
uricaemia1’-4 allopurinol may be given prophylactically to 
reduce the íormation of uríc add, and rasburícase may be 
used íor both prophylaxis and ưeatm ent by increasing 
uric add oxidaáon. Adequate hydration, sometimes with 
urínary alkalinisation usỉng sodium bicarbonate. also 
improves the solubility and hence renal excretion of uric 
add.

1. Davidson MB, et al. Pathophysiology, clinỉcsl consequences. and 
treatment of tumor lysis syndrome. Am J Med 2004; 116: 546-54.

2. CairoMS,BishopM-Tumourlysissyndrome:newtherapeutìcscrategỉes 
and dassification. Br J Haematoỉ 2004; 127: 3-11.

3. Coiffier B, et at. Guỉdelines íor the aunageniem of pediatrìc and aduJ[ 
tumor ỉysis syndrome: an evidence-based revicw. J Qin Qncoì 2008; 26: 
2767-78.

4. Holdsworth MT, Nguyên p. Role oí i.v. allopurínoỉ and rasburicasc ỉn 
ỉumor ỉysís s^Tidrome. Am J Heaỉth-Syĩt Pharm 2003; 60: 2213-24.

Precautions
In view oi their severe toxidty and possible carcinogenidty 
these đrugs should generally be reserved for severe or life- 
threatening disease, and it is vvidely suggested that theữ use 
should be conhned to experienced staỉí in specialisẹd 
centtes.

Immunosuppression and bone-marrow depression are 
teatures oi many of these drugs and their use is assotíated 
vvith an increased risk of inlenions caused by pathogenic or 
opportunistic micro-organisms, and a reduced capađty to 
cope vvith them. Where possible, immunosuppressant diugs 
should not be given to patients vvíth acute iníections, and 
dosage reduction or vvithdravval should be considered if 
inleetion develops, until the in íeaion  has been conưoDed. 
For cautions regarding the use oỉ vacdnes in patientỉ 
receiving these drugs see Interactions, p. 733.3. For 
discussion of the ưeatm ent of iníections in immunosup- 
pressed patients, see p. 186.3. Spedal care is necessary in 
debilitated patients.

Blood counts and m easurem ent of haemoglobin 
concentrations should be carried out routinely to help 
predict the onset of bone-marrow depression. Great caution 
is needed when the marrovv is already depressed ừom 
radiotherapy or therapy with other antineoplastics, and 
modiíication of dosage regimens may be required. The blood 
countỉ below which treatm ent is conữa-indicated will vary 
depending on the regũnen to be used and the therapeutic 
intent o{ that ưeatm ent (see Bone-M aưow Depression, 
p. 730.3); local protocols, induding those for the use of 
colony-stimulaúng íaaors, should alvvays be consulted.

Although positive evidence ol teratogenidty in humans 
is not available for all antineoplastics, pregnancy should be

avoided in  w o m en  receiving them : in  p articu la r th ey  sh( u ld  
n o t be given, ư possible, d u tin g  th e  íirst trim ester. M oti iers 
receiving an tineop lasdc  therapy  should  n o t  b reast f<:ed. 
Because som c regim ens m ay  resu lt in  p e rm a n e n t in le r ti  ity , 
th e  s torage of sem en  sam ples for m ale  p a tien ts, a nd  em bi yos 
for ỉem ales beíore  su ch  th erap y  m ay  be desirable.

M any  antineoplastics a re  vesicant o r irr itan t. Care n  u st 
be tak en  to  avoid ex travasation  since severe p a in  a n d  tis sue 
dam age m ay  en su e. They m u st be h and led  w ith  g rea t < a re  
an d  contact w ith  sk in  and  eyes avoided; th ey  shou ld  n o  be 
inhaled . In  m an y  coun tríes o lb d a l  o r pro íessional gui de- 
lines o n  p recau tions ío r  th e  safe h and ling  of cytotoxic d r Ligs 
have b e e n  issued.

For precau tions spedBc to  particu la r drugs, see u n d e r  the 
individual m onographs.

Admỉnistration. Oral antineoplastic  drugs h a v e  th e  sa me 
potential for ư ea tm en t-re la ted  to x id ty  an d  serious m i di- 
cation errors as in travenous an tineop lastic  d ru g s.1 " h e  
N ational Patien t Salety Agency (NPSA) in th e  UK recei 'ed  
3 reports of latalities and  400 satety in d d e n ts  vvith íT a l 

I an tineoplastic drugs betw een N ovem ber 2003 an d  J  j ly  
I 2007. Errors in d u d ed  the incorrect dose, Irequency, q u  m - 

tity, o r  d u ratio n  of m edication.2 The NPSA has reccm - 
Ị m ended th at th e  prescribing, dispensing, a n d  use of c ral 
ị antineoplastics (ex d u d in g  horm o n al therapy) sh o u ld  be 
i carried o u t and  monitoTed to  th e  sam e Standard as thai of 
1 paren teral therapy, requiring  th e  in d u sio n  of som e o f h e  
ị íollovving procedures:
ị • trea tm en t shou ld  be  started by  a cancer spedalist 
Ị • prescription in th e  coniext of a vvritten protocol í n d  
j trea tm en t plan, in d u d in g  gu idance on  m o n ito rin g  and  
ị trea tm en t of to x id ry
1 • access to  th e  vvritten prolocol an d  ư e a tm e n t p lan , a nd 
ị access to advice Irom  an  experienced  can cer p h a rm a c  st, 
ỉ for non-specialist prescribers an d  dìspensers

• patien ts should  be provided vvith vvritten inform ati( 'n, 
in d u d in g  details of tlie original regim en a n d  trearm t n t 
p lan  and  a rrangem ents for m o nito ring  

R ecom m endations ío r  th e  dispensing and  supply  of o-al 
chem otherapy  in th e  prim ary  care setting  h a v e  b een  m a de 
by spedalist o rganisations.1

Doses o i anrineoplastics are d e te rm ined  using  d ilíe rt n t 
m ethods, ín d u d in g  body-surface area  o r  b ody-w eig  Ít; 
a ltem atively, doses m ay  be lixed. Doses a re  h ir th e r  ad ju st ỉd 
a íte r consideration of a p a tien t's  ind iv idual h ea lth  statì IS. 
Dose regim ens m ay be com plex and  m ay d iííe r d ep en d i Ìg 
on  its indication. or on vvhether a d ru g  is used  as 
m ono therapy  o r as p a rt of a com bination  reg im en. T he B ! 1F 
om ỉts some dose s ta tem en ts of an tineop lastic  drugs fo r tỉ is 
reason, vvhile stating that, even  w here  dose s ta tem en ts  a re 
given, spcdalist literature , chem otherapy  protocols, o r lo< al 
cancer netw orks should  b e  consu lted  be ío re  prescrib ir g, 
dispensing. and  giving these  drugs; íu rth e rm o re , th  ;y 
advocate th a t prescriptions Iơr th ese  drugs shou ld  n o t  >e 
repeated  w ith o u t spedalist in struction .

1. Winiamson s. Briiirh Oncology P h,m ucy AssocỉaCion, Royal Pharn a- 
ceuiical Sociciy. National Pharmacy Assodation. A repon on 11C 
dispenring and supply oỉ oral chemotherapy and systetnìc anúcan cr 
mcdĩcine; in prìmary carc (issued January 2011). Availablc at: http // 
www.rpharms.com/5uppon-pdís/providỉng-oraI’Chcmoihcrapy-in-ư c- 
cotnmunity.pdí {accesscd 07/07/11)

2. NHS National Patient Saỉety Agency. Rapid Response Repon NPS w 
2008/RRR001 (issucd 22nd January, 2008): risks oí incorrect dosing oỉ 
oral and-canccr medidner. Availablc aL- «vww.nrls.npsa.nhs.uk/Ea; f- 
SỉteWeb/getresource.axd?AsseiID-60278&type*full6-servỉcetype»/ t- 
tachmcnt (accesscd 07/07/11)

AdminisiraHon in the elderly. The use of an tin eo p las ti :s 
in  th e  elderly  shou ld  take in to  consideration  age-rela ted  
physiological changes in d u d in g  d e d in e  in  rena l a r d  
hepatic íunction , reduccd  haem atopo ie tic  reserve, a r  d 
reduced gastrointestinal an d  cardiac lu n ctio n . O th e r la  - 
tors to  consider a re  com orbid conditions and  p o ten ti  d 
drug in te ra a io n s  vvdth assoda ted  m ed ica tio n s .1'9 N eopla - 
tic dlsorders ìn  th e  elderly h av e  b een  u n d e rtrea te  d 
because of a n  im pression th a t  these diseases a re  le s 
aggressive,10 an d  th e  eữects of ch em o th erap y  m ore llkely 
to  be severe .1’2-10'11 Elderly p a tỉen ts h a v e  often b ee  1 
ex d u d e d  Irom  d in ica l studies for reasons th a t in d u d e i  
p h y s id an  bias, protocol eligibility criteria w ith  restric tior s 
on  com orbidities, an d  po o r p a tien t íu n ctio n al sta tu s . 2 
There is evidence, how ever, th a t  hea lth y  o lder p a tie n  s 
can to lerate ch em o th erap y  as vvell as y o u n g er p a tie n ts .1 2 
How ever. th ere  h ave  been  few  studies of c h em o th e rap  / 
speàíically  in  elderly  patién ts,4-10 and  selection of a su ita • 
ble dosage reg im en is m ore  difficult as a c o n seq u e n c t, 
a lthough  th ere  is increasing  e íỉo rt to  address this lack  cf 
d a ta .2-10-11 Old people  vary as m u ch  as any  o th e r  g ro u p  tu 
th e ir  response to  drugs, a n d  th e  consensus is th a t  th e  ' 
should n o t be e x d u d ẽ d  from  a n y  lo rm  of ư e a tm e n t OII 
th e  grounds of age alone.

1. Kỉmmick GG, rỉ aĩ. Cancer chemoihcrapy in older adults: a lolerabilií r 
pcrspcctive. DntgiA$ms 1997; 10: 34-49.

2. Lichtman SM, Skirvin JA. Phamutcoỉogy of amỉneoplastỉc agcnts ị I 
oldcr cancer paticnts. Oncoỉogy (Huntingt) 2000; 14: 1743-55.

3. Wildìcrb H. et aì, Pharmacology of antícancer drugs in thc eldrrl' 
population. Clin Pharmacokinet 2003; 42: 1213-42.
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4. Llcluman SM, tí ai. Intemationaỉ Socỉecy oí Gcriaưic Oncology 
Chemotherapy Taskíorce: evaluatỉon of chcmotherapy In oldcr 
patỉents—an analysis oỉ the medical ỉỉterature. J ơin Oncol 2007; 25: 
1832-43.

5. Hurria A, Lichtman SM. Pharmacokinetỉcs oỉ chemotherapy in the older 
patỉent. Cancer Control 2007; 14: 32-43.

6. Llchtman SM, Boparai MK. Antỉcancer drug therapy in the older cancer 
patỉent: pharmacoỉogy and poỈỴpharmacy. Curr Treat Options Oncal 2008; 
9: 191-203.

7. Balducd L. Pharroacology of antíneopỉastic medỉcatíons in older cancer 
patients. Oncoỉogy (WiUừtím Park) 2009; 23: 78-83.

8. Balducd L Supportỉve ca re in elderỉy cancer paỉỉents. Curr Opin Oncol 
2009; 21: 310-17.

9. GUIỈson TL, chatta GS. Cancer chemotherapy in the eỉderly patient. 
Oncology (Williston Park) 2010; 24: 76-85.

10. Baỉducci L Beghe' c. Cancer and age ỉn the USA. Crít Rev Otừol Hematoi 
2001; 37: 137-45.

ỉ 1. Muss HB. Older age—not a barrier to cancer treannent. N Engi J Med 
2001;345:1128-9.

12. Townsley CA. tí ai. Systemadc review of barriers to the recniitment of 
older patients with cancer onto dỉnỉcaỉ trials. /  ơin Oncol 2005; 23: 
3112-24.

Adminìstration a t  ho me. Outpatients taking oral anúneo- 
plastic therapy (such as capedtabine or tegaỉur wlth ura- 
dl) at home do not receive the same level of monitoring 
as inpatients, and should be cautioned to report any 
adverse eữects, since such treatm ents may still produce 
severe toxidty. Problems with home admmistration 
indude non-compliance, interactíons with other drugs 
and food, and međication errors. However, many patients 
preỉer oral therapy to intravenous ađministration, and 
such probleras can-be managed vvith better communica- 
tion and patient education. For wamings and recommen- 
dations regarding the saỉe prescribing, dispensing, and use 
of oral antíneoplasric drugs, see Administration, p. 732.3. 
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Contraception. The BNF recommends that intra-uterine 
devices for conưaception be used vvith caution in patients 
with drug- or disease-induced immunosuppression, 
because of the risk of infection; such devices are 
contra-indicated in marked immunosuppression.
Handling and  disposal. Antineoplastics are usually potent 
and potentially highly toxic drugs that must be handled 
with due care. In many countries offidal or proíessional 
guidelines are available for the handling, reconstitution, 
and disposal of andneoplastics, and most centres or insti- 
tutions in which these drugs are used will have individual 
handling polides based on these.1 

Recommendations generally indude:
• that these drugs be reconstituted by trained personnel;
• that reconstitution take place in designated areas. 

designed to protect personnel and the environment—for 
example, the use of saíety cabinets;

• that protedive clothing be wom, including gloves, eye 
protection, and masks if necessary (it should be noted 
that gloves may vary in their resistance to penetration, 
depending upon theừ thickness. the material of which 
they are made, and the drug in question1-2);

• that vvaste should be disposed of careíully in suitable 
separate containers, dearly labelled as to their contents 
(it should be noted that the patient's body Huids and 
excreta may contain appredable amounts of antineo- 
plastic  agen ts and it has b e e n  suggested  that they and  
materials such as bed Iinen contaminated with them 
should also be treated as hazardous vvaste5-4);

• that adequate procedures should be in place for 
accidental contamination due to spillages;

• that staff exposure to antineoplastỉc agents be recorded 
and monitored;

• that pregnant staff should avoid handling these drugs ư 
possible.

ỉ . Alỉwood M. tí ai. eds. The Cytotoxia Hanđbook. 4th ed. Oxỉord: RađdƯỉe 
Medỉcal Press.2002.

2. Connor TH. Permeabiỉity of nỉtriỉe rubber, latex. polyureỉhane, and 
neoprene gỉoves to 18 antineopỉastỉc drugs. Am J Htalth-Syit Pharm ỉ 999; 
56: 2450-3.

3. Harrls J, Dodds u .  Handling waste from patlents receiving cytotoxỉc 
drugs. Pharm J 1985; 235:289-91.

4. Cass Y, Musgrave CF. Guỉdeỉỉnes for the safe handỉỉng of excreta 
contamỉnated by cytotoxỉc agents. Am J Hosp Pharm 1992; 49:1957-8.

Pregnancy. Antineoplastics may be used duxing pregnancy 
for theứ immunosuppressant properties in auto-immune 
disease, and for the treatm ent of cancer, which can com- 
plicate 1 in 1000 pregnandes.1'3 Although the use of 
potentially teratogenic drugs would notmally be avoided 
during pregnancy, the risk to the mother of inadequate

ưeatment may outvveigh whatever risks exist of abnormal- 
ity in the íetus.1

The highest inddence o£ adverse eííects appears to occur 
aíter exposure duting the ũrst ưimester:1"4 about 10 to 20% 
of fetuses exposed to cytotoxics during this period have 
major malíormatìons, compared with 3% in the general 
population.1 Maưormations reũect the gestatìonal age at 
exposure. The íetus is particularly vulnerable when exposed 
during organogenesis (weeks 2 to 8 aíter conceptìon), and 
the heart, neural tube, and limbs are aíỉected earlier than 
the palate and ean after organogenesis. the eyes, genitalia. 
haematopoietic System, and CNS remain vulnerable to 
continued exposure.3

The risk of fetal malíormations aỉter exposure during the 
second and third trimesteis is probably no higher than the 
background rate, but there may still be an  increased risk of 
still-birth, íetal grovrth restriction, premature birth, and 
matemal or íetal myelosuppression.1 ‘3

The delayed eỉỉects of antineoplastics on development 
have not been weU-documented. Despite concems that 
premature birth and low birth-weight could contribute to 
retardation of growth, development, and intellect,3 long- 
term follow-up of a limited number of children has not 
shovvn any evidence of abnormalities.3' 5 Sũnilarly, although 
maternal antineoplastic therapy has been implicated in a 
case of childhood neuroblastoma and papillary thyroid 
cancer, the chikTs íratemal tvvin, exposed to the same drugs 
in utero, vvas healthy.3 There have been no reports of 
secondary leukaemias Ũ1 exposed oKspring, but the longer 
term risk is unknovvn.3

The teratogenidty o! any drug depends on the timing of 
exposure, the dose, and the characteristics affecdng 
placental transíer,3 as well as the actíons of the drug. Of 
the antineoplastics, the greatest risk seems to be assodated 
vvith alkylatíng agents and antimetabolites, in particular 
aminopterin, Huorouradl, and m ethottexate.1-16 The vinca 
alkaloids and doxorubidn (but not epirubidn or idarubidn) 
may entail less risk,2-3 although the íormer have produced 
maỉíormatíons in animalỉ.l Other drugs reported to be 
teratogenic or potentially teratogenic indude bustilían,1 
chloram bucil,1'6 ch lonneth ine ,1 cyclophospham ide,1,4 
cytarabine,1 and the podophyllỏtóxin derivatives.1 The 
problems with thalidomide and its congeners are well 
knovvn.

There are no spedfic dosage recommendations for the 
use of antineoplastics during pregnancy, but physiological 
changes occuning m the mother can alter the pharmaco- 
kinetics of drugs.1'3 This could potentially increase the 
toxidty of the antineoplastic or decrease its efficacy.2 
Anecdotal evidence suggests that adverse eííects may be 
less marked during pregnancy, perhaps reAecting reduced 
peak or íree-drug concentrations in the blood.3 Myelosup- 
pressive chemotherapy should be avoided 3 weeks beíore 
the antidpated delivery so that the mother ỉs neither 
neuơopenic nor thrombocytopenic.1'3 For the same reason, 
chemotherapy should be avoided after 35 weeks of 
gestation, when spontaneous delivery is more likely to 
occur.3 The tũning of delivery is also critical for the neonate, 
as chemotherapy given shortly betore delivery may not be 
eliminated through the placenta, prolonging exposure in 
the nevvbom.1-3

There has also been concem that long-term occupational 
exposure to antineoplastics might have an adverse effea on 
the fetus of pregnant healthcare vvorkers: a study in 650 
Finnish nurses found that women who experienced íetal 
loss were more than twice as likely to have had íirst 
trimester exposure to antineoplastic drugs as vvomen vvho 
successíully gave birth.7 These results have been critidsed 
on the grounds that such results are not generally seen in 
cancer patients,8'9 who presumably are exposed to much 
higher doses of antineoplastics. However, súnilar results 
vvere seen in a cross-sectional analysis of 7094 pregnancies 
involving 2815 nursing and pharmacy staíí.10 Another 
study11 has suggested that the rate of ectopic pregnancy may 
be increased in nurses occupationally exposed to antineo- 
plastics, but the small number of ertopic pregnandes 
involved (15 in 734 pregnandes) means that the assodation 
vvith antineoplastlcs may be due to chance. A lurther, larger, 
case-control study12 by the same investigators lound no 
evidence of an increased rate of ectopic pregnancy, and 
suggested that occupational exposure to higher levels of 
antineoplastics in the past possibly explaíned the earlier 
hndings. Again, such an effect does not appear to have been 
reported in women treated vvith antineoplastics.

See also Effects on Reproductive Potential, p. 729.2.
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Interactions
Because of their eữects on the gasnointestinaỉ mucosa 
antineoplastics have the potential to interíere with the 
absorption oỉ drugs given orally. Antineoplastics that have 
an immunosuppressant effect may reduce the response to 
vacdnes, and there is a possibility of generalỉsed inỉection 
vvith live vactìnes. Use with live vacdnes should generally 
be avoided.

Many antineoplastìcs are inhibitors oỉ certain isoen- 
zymes oỉ cytochrome P450 and some antineoplastics are 
also metabolỉsed by these enzymes, and in consequence the 
possibility of interactions between antineoplastics, or 
betvveen antineoplastics and other medication, cannot be 
discounted.

Interactìons aữecting spedhc drugs are covered under 
the individual monographs.
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Antiepỉleptics. Reưospectìve review of outcomes in chil- 
dxen treated for acute lymphoblastic leukaemia indicated 
that long-term antiepileptic therapy increased the dear- 
ance of several antileukaemic drugs and reduced the eỉfi- 
cacy of therapy.1 Management of patients with brain 
tumours or metastases, which may predispose patients to 
convulsions, thus poses particular problems in the choice 
of anúepileptic ưeatment ií interactions are to be avoided; 
the topic has been revievved.2-3

1. Reỉlỉng MV, tí al. Advene eữect o( antíconvuỉsants on efficacy of 
chemotherapy ỉor acute iymphoblastic leukaemia. Lanat 2000; 356: 
285-90.
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Oncol 2003; 30 ($uppỉ 19): 49-52.

3. Ruggiero A. tí  ai. ỉnteractíons between antiepỉỉeptỉc and chemother- 
apeutic drugs in children with brain tumors: is it tìme to change 
treatment? Pedỉatr Blood Cancer 2010; 54: Ỉ93-8.

Antivirals. The potential for interaction between antiretTO- 
virals and antineoplastics has been revievved.1 Although 
dinical evidence of interactions is scanty, various HTV-pro- 
tease inhibitors and NNRTIs can inhibit or induce cyto- 
chrome P450 isoenĩymes, and thus have the potential to 
interact with some antineoplastics including taxanes, 
vinca alkaloids. and cyclophosphamide.

1. Antoniou T. Tseng AL. Interactions between antìretrovirals and 
antineoplastic dmg therapy. ơin Pharmaeokintí 2005; 44: 111-45.

Antoxidanh. The potential íor interaaions between 
antoxidants and antineoplastics has been reyiewed.1 Theo- 
retically, antoxidants might reduce the efficacy of andneo- 
plastic chemotherapy. The authors raised three concems 
regarding this etteCT:
• acetylcystrìne should not be used w ith àsplatin or 

doxorubián;
• tangíretin. a Ha vonoid, should not be used vvith tamoxifen; 

and
• betacarotene should not be used with Ịĩuorouracil.
Aside from these possible interactíons, no in-vivo evidence 
was found to suggẽst that natural antoxidants inteiỉere vvith 
conventional cancer chemotherapy.

1. Lamson DW, Brignall MS. Antioxỉdants ln cancer therapy; theứ actíons 
and interactíons vvith oncologỉc therapies. Alỉem Med Rev 1999; 4: 304-
29.

Effects on other drugs. Antineoplastics have been 
reported to affect several drugs induding:
• digoxin (reduced absotption, see p. 1357.1)
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• oral ànticoagulants (increased or decreased eíícct, see 
VVaríarin, p. 1532.2)

• phenytoin (increased or decreased eữect, see p. 544.1)
• suxamethonium (prolonged effect see p. 2039.3)
• vacõnẽs (decreased response, see p. 2375.3).

Herbàl medicines. The potential for interactíons between 
antineoplastics and herbal medidnes has been revievved.1’2 
There is a general lack of iníonnation and reports, and 
wamings are largely based on thcory and extiapolation 
írom herbal interactìons with oửier drugs. 

ỉ .  Spaneboom A, et aL Herbaỉ remedỉes in (he United States: potentíaỉ 
adverse inieractìonỉ with antỉcancer agents. J ơin  Orteoi 2004; 22:2489- 
2503.

2. Yeung KS, Gubỉli J. Clinỉcaỉ guìde to hcrb-drug interactỉons in oncology. 
J Soc  Integr Oneol 2007; 5: l ì  3-17.

Pharmacokinetics
Many antineoplastics have intra- and interindividual 
pharmacokinetic variabiỉity that can be iníluenced by 
various lactors. Patient age. disease State, and drug 
Lnteractions can aỉỉect drug absorption. distríbution, 
metabolism, and excretion. Genetic polymorphisms also 
aỉlect drug disposiúon and are under investigation, but the 
clinical use of such iníormation is currently limited. Various 
methods have been tried or are being investigated as vvays o( 
tailoring initial drug dosage and therapeutic drug 
monitoring ỉor individual patients in order to improve 
ưeatm ent efficacy and minimise toxidty. Such methods 
indude population phatmacokinetíc modelling and indivi- 
dual pharmacogenetic typing; examples indude carboplatin 
dosing based on glomerular Bltration rate (see Administra- 
tíon, p. 759.2) and genotyping of patients thought to be at 
increased risk of irinotecan toxidty (see Genetic Factors, 
p. 813.3).
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Action
M uch of the development of cancer chemotherapy has been 
based on  an understanding oỉ the vvay in which tumour 
cells grow, and the way in which the drugs affea this 
growth.

Aíter cell division the daughter cells enter a period of 
grosvth, Gi, which lasts íor diíferent lengths of time in 
different tissues. This is followed by a period of DNA 
synthesis, s, in  vvhich the am ount of chxomosomal material 
is doubled, then a  postsynthetic. or premitotic. phase, Gj, 
then Snalỉy by mitotic cell division, M. As an altemative to 
re-entexing the cyde, the Products of cell division may enter 
a kmetícally-dormant, nonproUỉerative stage, Go, although 
it is no t exactly dear w hat recruits su ch 'resting' cells back 
into the cell cyde.

The rate of cell division varies íor diữerent tumours; the 
doubỊing time for Burkitt's lymphoma and acute lympho- 
blastic léukaemia is less than 5 days, vvhereas the mean 
doublỉng time for seminoma iỉ about 20 days, that ỉor small- 
cell lung cancer about 50 days, and those for colon cancer 
and advanced breast cancẽr about 100 and 150 days 
respectively. The range of reported doubling tỉmes may also 
vary widely ÌOĨ a particular tumour type. Most common 
cancers increase very slowly in sứe in comparison with 
sensitive normal tissues, induding those bom  vvhich they 
derive, and the rate may decrease íurther in large tumours. 
This diữerence allows normal cells to recover more quickly 
than  malignant ones bom  chemotherapy, and is the 
rationale behind cydic dosage schedules. The lethal body 
tum our burden is reached when the tum our cell mass 
approaches or exceeds 1X 1012 cells, equivalent to about 
1 kg o ỉ tissue, and representing about 40 doublings.

Cell killmg by cytotoxic agents is generally a first order 
process, so a given dose or course of antineoplastic kills a 
Ẽxed percentage of tum our cells rather than a Áxed number.

Thus a drug tha t killed 99% oí tum our cells would leave 
behind 10‘“ cells bom  a tum our containing 1012 cells, but 
only 102 cells bom  one containing lơ 4, reiníordng the 
importance of ưeating maỉignant neoplasms as early as 
possible.

Cytotoxic drugs act to damage the reproductive integrity 
oi ceUs. Some are active at a particular stage of the cell cyde. 
The antimetabolites interíere with DNA synthesis, as does 
hydroxycarbamide, and are thus active against cells in  s 
phase, tvhile the vinca alkaloids inhibit microtubular 
hinction and act on cells in phase M. Other drugs such as the 
alkylating agents, the anthracydines, and dsplatin are not 
phase-spedíic, but since theìr acúons are dependent at least 
in part on damaging DNA they are more eííective against 
proliỉerating cells, particularly in s  phase. It is now thought 
that many antineoplastics exert their ultimate elíect by 
indudng cellular apoptosis (programmed cell death). Some 
drugs, such as bleomydn or vinblastìne also have the 
property o{ arresting the cyde in a particular phase, and 
attempts have been made to synchronise tum our cell 
division in this way, to maximise the number of cells in a 
scnsitive phase when a particular drug is used. Hovvever, in 
practice this approach has been less successíul than early 
experimenial results suggested.

Some drugs used in the treatment of neoplasms do not 
ỉttack the tum our cells direaly but are given in order IO 
increase cell vulnerability to other modalities: these indude 
radiosensitisers (which have proved of only limited beneíit 
to date), and photosensitisers such as poríimer sodium, used 
in photodynamic therapy (PDT).

Apart írom anacking cell division, increased under- 
standing of the molecular biology of tumour cells has begun 
to open the possibility of other approaches to the trcatment 
of malignant neoplasms. Some monoclonal antibodies are 
designed to bind to spediic cell-suriace proteins or 
receptors, enabling the ũrunune System to recognise and 
attack tum our cells (targeted therapy); an ti-tum our 
vacdnes have also been developed. Control of tum our 
growth through inhibition of angiogenesis is also being 
used. Other areas oỉ investigation include indudng tum our 
cells to diỉíerentiate into non-malignant forms, manipula- 
tion of cellular apoptosis and signal transduaion, inhỉbiting 
the expression of abnormal grovvth íactors, telomerases and 
other oncogene produas (induding the use of ribozymes or 
of 'an tisense' compounds which inhibit oncogenic 
messenger RNA), and prevention or inhibition of 
metastasis. Gene therapy (p. 2511.2) is another form of 
ơeatm ent under consideration.
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F^sistance
Resistance to antineoplastics is one of the greatest 
limitaúons to the use of chemotherapy in malignant 
disease. Resistance may be intrinsic to the tum our or may be 
acquired duríng chemotherapy, which effectively ans to 
select resistant cells bom  a heterogeneous population; the

latter is o ne  reason  th a t relapses, o r m alig n an d es  in  heavỉly- 
p retreated  patients, m ay  be particu larly  diíhcult to  treat.

The m echanism s of résistànce in  cancer cells a re  com plex 
an d  im peiíectly  understood, b u t appear to  in d u d e :
•  hypoxia  and  im p e iỉe a  drug  pen e tra tio n  in  th e  c e n ư e  of 

large, solid tum õurs
• th e  sm all p roportion  of cells actively dividing a n d  thus 

vulnerable  to  antineoplastics (particularly  in  slovv- 
grow ing tum ours)

• decreased cellular up take  o r increased efflux of an tin eo - 
plastic

• increased m etabolic breakdovvn o r decreased activation  
of an tineoplastic

• increased expression of target enzym es
•  m etabolism  Via a ltem ativ e  biochem ical pathvvays to  

those blocked by th e  antineoplastic
• m ore e ữ ĩd e n t repair of dam aged DNA
• possibly th e  expression of genes w hich  in h ib it  drug- 

induced  apoptosis.
Several o{ these m echanism s m ay be in  op cra tio n  a t one 
tim e. M uch in terest has been  expressed in the  p o ten tia l use 
of drugs w hich  can m odulate  o r in h ib it m echan ism s of 
resisiance, and  in  particu lar in  com pounds su ch  as 
valspodar, verapam il, qu in id ine, and  dclosporin , vvhich 
have the ability to block th e  action of P-glycoprotein, a 
m em brane glycoprotein vvhich acts as an  eíílux  p u m p  for a 
range o í cytotoxic substances and  w hich  is o ne  o{ a g roup ot 
so-called ATP-binding cassette (ABC) drug transporte rs 
responsible for th e  m ultid rug  resistan t (M 0R) p h eno type . 
Hovvever, for sustained bene íit it seem s likely th a t several 
drugs vvould be required, each  to  overcom e a d iílerent 
m echanỉsm  of resistance. an d  it w ou ld  be necessary  to 
ensure  th a t to x id ty  of antineoplastics to  norm al cells was 
no t also enhanced .

ư  the em ergence of heritab le  resistan t p h e n o ty p es  is a 
na tu ra l p a rt of tum our-cell biology (the G oldie-Coldm an 
hypothesis) it implies th a t th e  larger and  older th e  tu m o u r, 
th e  m ore likely is resistance to  occur. This w o u ld  coníirm  
th e  beneíits of surgery and  rad io therapy  10 sh rin k  th e  
prim ary tu m o u r, and  of starting chem o th erap y  as soon as 
possible a íte r  (a preíerably early) dỉagnosis.

A ntíresistonce a g e n ts . Som e drugs h ave  been  rep o rted  to 
partially abolish m ultìdrug  resistance to  an tineop lastics in 
vitro.u These in d u d e:
• verapam il, its enantiom ers and  analogues such  as R o -11 - 

2933
• o th er ca ld u m -ch an n el blockers including  prenylaxnine, 

diltiazem, nUedipine analogues such  as n icard ip ine  and  
beprìdil

• various pheno th iazines a n d  th io x an th en es  in d u d in g  
trifluoperazine and  th e  Íran í-isom er of ílupen tixo l

• s tru a u ra l  analogues of th e  an th racyclines a n d  vinca 
alkaloids

• progesterone and  o th er steroid horm ones, as w ell as, to 
som e extent, anti-oestrogens such as tam oxiíen

• d d o sp o rin  and  various of its non im m unosuppressive  
analogucs (such as valspodar)

• m iscellaneous drugs in d u d in g  am iodarone, qu in id ine, 
p ro p ran o lo l, rese rp in e , y o h im b in e , d ip y rid am o le , 
erythrom ycin , cefoperazone, an d  ceítriaxone

However, despite rep o n ed  eỉíects o n  resisiance in vừro 
din ical results m ay  be less im pressive: studies in  w hich 
verapam il vvas added to  th erap y  ío r  sm all cell lung  cancer5 
o r m ultip le  m yelom a4 ỉailed to  show  an y  benefit, and  
seco n d -g en e ra tio n  p -g ly co p ro te in  in h ib ito rs  su c h  as 
valspodar have unpredictable p harm acok inetic  in te rac tions 
w ith  cytotoxics.5 Nevertheless, th ere  is ongoing develop- 
m en t of inhibitors of P -glycoprotein an d  o th er A TP-binding 
cassette drug  ơansporte rs.6 an d  drugs such  as ta riq ụ id a r are 
undergoing  d in ica l studies.5 It has b een  suggested that 
tu m o u r grow th  m ay rely on  a m alignan t eq u iv a len t o í stem  
cells, w ith  innate  m ultidrug  resistance, and  th a t  th is  m ay 
m ake overcom ing resistance w ith o u t dam aging norm al 
stem  cells particularly  difficult.7
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Abỉraterone Acetate ÍBAN M , USAN , dN N M i

Abírateron-áỉetat; Abrratẻítohev-Acétate d"; Abirateroni 
Acetas; Acetato de abiraterona; CB-7630; AõnpaTepoHa 
AueTaT. :
17-(Pyndin-3-yl)androsra-5,l 6-dien-3(3-yl acecate 
G26Hb NOj=391.6 ; . r  ,  ; ‘ '
CAS — ĩ 5 4 2 2 9 -19 -3  (a b íra te ro n e ); ì 54229-18-2 (a b ira ĩe ro n e  

acerate).
UNII — EM50C89YJ6. . -

Uses and Admỉnisừation
Abiraterone acetate suppresses testosteroae production by 
tnhibiting the enzyme CYP17, which plays a key role in X X  
hormone synthesis, and is given oralỉy with prcctnisone or 
predaisolone for the ưeatment ot m etastaủc castration- 
resistant prostate cancer (p. 712.3). It is used in patients 
given previous docetaxel-bascd chcmotherapy, and in those 
where androgen depcivation therapy has íailed but 
chemotherapy is not yet indỉcated. Medical Cãsữatìon 
theiapy with a gonadorelin (LHRH) analogue should be 
condnued. Fơr wamings and recommendatìans ngarding the 
safe presaibing, dừpensing, and use o f ơral antìneoplastk drugt, 
see Adminừtratian, p. ,7323. ;•

The recommended doseis 1 g daily as a single dose, plus 
prednisone.or prednỉsolone Smg twice daiỉy (or 10 mg 
daiiy). Abứaterone should be taken on an empty stomach, 
at lẽast 2 hours aỉter and one hour beỉore any íood. For 
doses in pạtients who develop hepatotoxidty or with pre- 
existing hepatic impairment, see below.

Reíerences.
ỉ. Salem M. Garda JA- Abỉraterone acecate, a novd adrenaỉ ĩnhỉbitor ỉn 

metastatíc casưatíon-reãsunt prostate cancer. Curr Ortaỉ Rrp 2011; 13: 
92-6.

2. de Bono JS, a  a i COU-AÀ-301 Investỉgacors. Abỉnterone and ỉncreased 
survỉvaỉ ỉn metastatíc prosiaỉe cancer. N Engỉ J Mtd 2011; 364; 1995- 
2003.

3. Yang tPH. Abiraterone acetace: In metastadc casơation-resỉstam 
prostate cancer. Drugs 2011; 71:2067-77. Correaioa. ữid. 2012; 72:192.

4. Beckea RD, tí  tã. Ãbiiaterone lor che ưeacment of metasttdc castrate* 
resútam prosrate cancer. Ann ĩhanrtacatkcr 2012: 46: 1016-24.

3. Ryan CJ, tí a i C0U-AA-302 lhvestỉgatorỉ. Abincerone ỉn meiastatic 
pròstate cancer mthout prevỉous chemotherapy. N Engỉ ĩ  Med 2013; 
368: 138-48. CorrectíotL ũrừU 584.

Adminiỉtraiion in heparic impairment. No dose adjust- 
ment of abiraterone is necessary for paóents with pre- 
existing mild hepatic impalrment (Child-Pugh dass A). In 
paúentỉ with baseỉine moderate hepatic ỉmpainnent 
(Child-Pugh dass B), u s  licensed product iníormanon 
recommends that the oral dose of abũaterone acetate be 
reduced to 250 mg daily. Use in patients with severe 
hepatíc impainnent (Child-Pugh dass C) should be 
avoided since data are ladđng.

For patients who develop ứicreases ỉn Iiver enzymes 
above 5 times the upper limit oi normal (ULN) or total 
bỉỉinibin > 3  tìm es ULN.during treatment, u s  licensed 
product Iníormation States that therapy should be 
interrupted. and only restarted (at a reduced dose oỉ 
750 mg daily) once these values ha ve ỉallen to acceptable 
levels (baseỉine or no more than baU the increased values 
above). ư hepatotoxidty recurs at the lower dose, a dose of 
500 mg daily is recommended once values ha ve ỉallen to 
acceptable levels, but iỉ it recurs again, treatment should be 
stopped.

UK licensed product iníormation States that, íor patients 
who develop incrẹases in liver eiưymes above 5 times the 
ULN, therapy should be stopped. and advocates restartìng at 
500 mg daily once values retum to baseline ievels; if 
hepatotoxidty recurs at this reduced dose. treatment should 
be stopped. ử patìents develop increases in enrymes 20 
times the ULN at any time while on therapy, abiraterone 
should be stopped pennanently and patỉents should not be 
re-treated.

Adverse Eỉỉects, Treahnent, and Precautỉons
Abiraterone acetate inhibits the enzyme CYP17, which can 
result in mineralocorticoid excess, very often leading to 
hypertension, hypokalaemia, and Đuid retention OT 
oedema; patìents should be monitored at Ieast monthly for 
these ettects. and treated appropriateỉy. Use with a 
glucocortìcoid can reduce the inddence and severity o{ 
these adverse eHects. Hovvever, adrenocortical insuíhdency 
has been reported in those treated with abiiaterone acetate 
plus prednisone or prednisolone, and patỉents should be 
monitored ior manưestatìons of this, particulady aỉter 
vvithdravval hom the cortícosteroid.

Caution is needed when treating patients with heait 
{ailure, iecent myocardial inỉarction, ventricular anhyth- 
mia, or any underỉying medical condidon likely to be 
ađversely aSected by mmeralocortìcoìd eSects. Cardiac 
disorders are common with abìraterone acetate, and ỉndude 
cardiac íailuré, chest pain. angina pectoris, arrhythmias, 
atrial Bbrillation, and tachycardia.

Hepatotoxidty can occur, and ưeatment may need to be 
stopped, or the dose adjusted (see Administrarion in Hepadc 
Impaixment. above). Semm transaminases and bilỉrubin 
levels should be measured beíore starting treatment, then 
every two vveeks íor the first thxee months, and monthly 
thereaher.

Joint swelling or discomíort, musde discomỉott, hot 
Oushes, dyspepsia. dianhoea, cough. urinary-tract inỉec- 
tion, utỉnary hequency, nocturia, and upper respiratory- 
traa inỉection are common, as is hypeitriglyceridaemia.

i n t e r a d i o n s

Abìraterone inhibits the cytochxome P450 isoenzyme 
CYP2D6; caution is advised when abừaterone ácetate is 
used with drugs acdvated or metabolised by CYP2D6, 
espedaỉly those with a narrow therapeutic index. bi-vitro 
stũdies have ỉhovvn that abiraterone is also an ỉnhibitor oí 
CYP2C8.

Abữaterone is metabolised by the cytochrome P450 
isoenzyme CYP3A4. Strong Inhìbitors or inducets o! 
CYP3A4 shouỉd be avoided, or tiseđ wỉth cautíon. during 
treatment wỉth abiraterone acetate.

Pharmacokinetics
Abiraterone acetate is hydrolysed to abiraterone, which is 
active. Peak plasma concenỡatìons of abừaterpne occur 
about 2 hours after an oral dose oỉ abừaterone acétaté. 
Systemic exposure to abứaterone ỉs ỉncreased when 
abiraterone acetate is given with food. Abữaterone is over 
99% bound to plasma proteins. Abiraterone is metabolised 
Via suUation, hydroxylation. and oxidation. mainly in the 
liver. The two tnain metabolites are abiraterone suỉfate and 
N-oxide abiraterone sulỉate, vvhich are inactive; these are 
íonned by the enzymes SULT2A1, and cytodưome P450 
isoenzyme CYP3A4  and SULT2A 1, respectỉvely. The mean 
terminal plasma hạU-Uỉe of abiraterone is reported to. be 
about 15 hours in healthy subjects. and about 12 houis in 
patients wỉth metastatic cãstratìon-resistant prostate cancer. 
About 88% of a dose is excreted in the ỉãeces, of which 
about 55% is unchanged abiraterone acetate and about 
22% is abiraterone; about 5% of a dose is excretẹd in the 
urìne.

Preparations
Proprielory Preporotioos (details are given in Volume B)

Síngỉe4ngi«đent Pteporalions. Betg.: zytỉga; Canad,: Zytiga; 
Denm.: Zytiga; Fr.: Zytỉga; Ger.: Zytìga; IrL: Zytiga; ĩsraék Zyti- 
ga; Neth.: Zytiga; Norw.-. Zytiga; SpaùK Zytìga; Swed.: Zytìga; 
Switz.: Zytìga; UK: Zytiga; USA: Zytiga.

Aceglatone I/INNI

Acềglatona; Acégìatone; Aceglatonum; AneraaTOH. -V
0-Qucaric acid l,4:63-dilactone diacetate.
CiÕH,oOí =258.2 -
■CAS —64243-1:
ÙNH — 3 4 7 0 3 0 0 /1 3 . ■

ProfiỊe
Acegỉatone inhibits the activity t>{ B-glucuronidase and has 
an anri-inílanunatoty action. It has been given orally to 
prevent relapse aíter surgery ỉor cardnoma of the bladder. 
Adverse eSects ha ve induded anorexia, gastric discomỉort, 
and diarrhoea.

Preparations
Proprietary Preparatíons (details are given in Volume B) 

Single-ỉnsradỉent Prepqrolions. Jpn: Glucaron.

Aclarubicin ÍBAN, USAN, rlNNI
Àdacinómydn A; Aclarubidna; Adàrubiằne; Ẳdàrubicinum; 

lAklacubicin; ■ AỊdarubisiỉni; AkỊaạiblsln; .NSC-208734; Awiap-. 
yÔMHMH. • '• -. -ị

■Methyl (lfl^ft,43^ 7{0 {2,6-dideoxy-4TO:t(2/ỉ,6Shtetrahydro :̂ 
;‘6-methyl-5-ọxopyran-2 -yl]-ci-L-/yxó-hexopyranosylHlV.4)-, 
2r3A-trideoxy-3-dirnethyíamincHi-/y5ro-hexopyranosyloxy)-2-? 
ethy l-l ,23 ,4,6,1 l-hexahydro-2 3 ,7-trihydroxy-6,11 -đioxo- 

! naphthacene-1 -carbòxylátej\ ;t" -■ *Ị r  i

; ọ ồ —;5757ổ ^ , v;;;-^ f
ÃTC-  [ ò i p t ì ờ Ị M ^ : 7ý ; :  ^ • ■'
ATCVef— QL01DBÕ4.
'ÙNII — 74KỈFà‘5ÒÍ ,r̂ : ' ■_ .■
Description. Adambidn is an anthracydine antineoplastỉc 
antibiotíc isolated bom Streptomyces gatiỉaeus.

Aclarubicin Hydrochloride ỊBANM, riNNM/
. Adarubidna, hidrodoruro de; Adarubicine, Chlorhydrate d'; 
Adarubicini Hydrochloridum; Hidrocloruro de. adarubidna; 
AKnapy6KiịMHa rMflpoxnopMfl. . . -i '
Q2H53NÓ,iHƠ=8483 -- - -cís — 75443-99-1. - -
ATC —  LỌ ỊỦ m  . ■ - . •
ATC-Vet — QL01D804.
U N li—  5Ọ1948RI66. ■ _ _ J •
Pharmacopoeias. I n  Jpn.
Prọfile _

Adarubiđn is an anthracyclihe antibiotíc with actions 
similar to those of other anthracydines such as doxombidn 
(p. 782.3), although it inhibits RNA synthesis more strongly 
than DNA synthesis. It has been given by intravenous 
inỉusion as the hydrochloride in  the treatment of málignan t 
blood đisorders, such as acutemyeloid leukaemia. Alopeda 
and cardiotoxiáty may be less pronounced than with 
doxorubidn, and extravasation of adam bidn  causes less 
local dssue inỉlanunation.

StabiGiy. In a study of the stability o i aiưhracydme 
antineoplastìc agents in  4 iníusion ổuids—glucose 5%, 
sodium chloride 0.9%, lactated Ringe^s Inịectíon, and a 
commerdal inỉusion íluid—stability appeared to be partly 
related to pH; aclarubidn was most stable in  sođium chlor- 
ide injectìon, with a pH oí 6.2, and any increase or 
decrease in pH appeared to affect stability ađvendy.1
1. Poochilđan GK. «í a/. SubiBtyoíanthracydine anđtumoraienBln tour 

ỉnhisỉoa ũuiđs. Am J Hơĩp piuxrm 1981; 38:483-6.

Adverse effeds. An early revievv1 notéd that a strikingly 
high inddence of ECG changes had been seen vrith ada- 
rubidn, but that although acute cardiotoxidty occurred, 
the chronic cardiomyopathy dassically assodated with the 
anthracydines (see p. 784.1) appeared to  be rare. Alopeda 
was also rare, althougỉTgastroihtestínal distuibances and 
mucositis were as common or more common than with 
doxombidn.
1. Warrril RP. Adadnomydn A: cỉtnÌGầl development ot a aovcỉ 

aathracydine anribiodc ìn du baematologiạl cancen. Drugs Exp CUn 
Sa  198«; li 275-82.

Uses. An eaiỉy revievv of smdies in patients with telapsed 
acute myeloid leukaemia conhrmed the activity oỉ ada- 
rubidn. vvith repotted complete rem iỉãon rates o( the 
order of 12 to 24% .' Doses varied hom  10 to 30mg/m2 
đaily to higher doses o( 75 to 120mg/m3 for 2 to 4 days; 
In general a total dose of about 300mg/m2 appeared to be 
necessary to inđuce remission. Less iníonnatỉon was avail- 
able conceming actìvity in acute lymphoblastỉc leukaemia, 
but response rates vvere lower than  those in  acute myeloid 
leukaemia. Results in  the malignant lymphomas were 
generally disappointing.

Longer-teim follow-up has conSrmed that remỉssion 
rates and survival are similar íor indúction regỉmens in 
acute myeloid leukáemia using either adam bidn or 
daunorubidn.13 A regimen of adarubidn  with low-dose 
cytarabine and granulocyte colony-stimulatmg íactor 
(CAG) has been used, induding in elderỉy patíents and 
those vvith rebactory disease.4̂
1. Warrrỉỉ Rp. Adadnomydn A; clỉnical deveỉopmem of i noveỉ 

aathracydlae antíbiotic in the haematoỉogical cancers. Drutp Exp ơin 
Ra 1986; 12: 275-82.

2. de Nuỉly Brovvn p, tí al. Long-term survỉvaỉ and dcvelopment oỉ 
secondary malỉgnancỉes in patienu with acute myeỉoid leukemỉa treated 
Hảth adarubỉdo oe daunorubỉdn pỉuỉ cytosỉne arabinosỉde loỉlowed by 
intenâve consoỉidation chemocherapy ỉn a Danish natíonal phase m  
trỉal. Uukemia 1997; 11: 37-41.

3. õberg G.tía ỉ. Long-term íoDow-up oỉ patỉems ̂ 60 yr old wiứi acuie 
myeloid leukaemia treated wiih iniensỉve điemotherapy. Eur ỉ  Haemaĩoỉ
2 0 0 2 ; 4 8 : 3 7 6 S Ĩ .

4. ỉi JM. tí đl. Adarubidn and lovr-dosc cytosine arabinosỉde in 
combỉnadon with granulocyie coỉony-stlmulacing ỉaaor in veating 
acute mydoỉd teukemỉa patíents with rdapsed or reCractory dỉsease and 
myelodyspỉasổc syndrome: a muhkemer stuđy of 112 Chineae patỉents. 
ỉnt J Hmatai 2005; 82:48-54.

s. Qỉan sx tí aỉ. Hífect of low-dose cytarablnc and adarubidn in 
combỉnatỉon with granulocyte colony-sdmuỉacỉng ỉaaor prixning (CAG 
regúnen) on the outcome òf eldcrly patíents wỉth ãcute mỷeloỉd 
kttkemia. Ltíik Ra 2007:31:1383-8.

6. Xue SU tí aL CAG regỉiDen e o ab ỉe s  rrỉapsed or refcaCLOĨỴ T-cell acute 
ỉymphocytỉc ỉeukexnU patíena to achieve compỉece remission: a report 
ó{ shc casês. Am J Hematoỉ 2008; 83: 167-70.

Preparations
Proprietary Preparations (details aie given in Volume B)

Sngle ‘aigredient Prepunilions. Indùr. Klasỉnomydn; Jprr. Ada- 
dnon. • ■

AE-941 ._
ĨA S — 305838-77-1'

NOTE. The name Neovastat has been used as a trade mark for 
AE-941.

The Symbol t  denotes a preparatíon no longer actively marketed
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Proỉile
AE-941 is an angiogenesis inhibitor deiived bom  shark 
cartilage extract. It hás been investìgated ỉor the tteatm ent 
of renal 'cell cardnoma, non-small cell lung cancer, and 
some other neoplasms.

Reíerences.
1. Sauđer DN, a  aL Neovanat (AE-941). an Inhỉbitor of anỊỈogcncíis: 

nndomỉzed phase I/Q dỉnicaỉ trial resuỉts in patiẽnu wtth plaque 
psotíasis. J Am Acaắ Dtrmaui 2002; 47: 535-41.

2. Gingnỉ D. gt ai. Neovasut—a novel antùngỉogenỉc đrug for cancer 
therapy. Antìcanưr Dtuịs 2003; 14:91-6.

3. Lu c  đi Chemoradiotherapy with or w1thout AE-941 in stage in 
non-smaU cell lung an cer * ràndomixed phase m  triaL J Hatí Canar Inữ 
2010; 102: «59-45.

Atatinib ỊUSAN, liNN)
Ằ ^tini^m ; BÌBVV-2992; AộaĩMHMố. :
(2£)rW-[4-(3-QilofO-4-fluoroanilino)-7-{[(3S)-oxolan-3-y0oxyl
quinazolín-6-yf]-4-(dimethylamino}but-2-enamide.
CMHỵCIFNsÒ3=4S5.9
CÃS —  850140-72-6.
ATC —  L0ỊXE13.
ATC ỵẽt —  QL01XE13:
UNIỊ — 41ỤD74L59M.

NOTE The name Tomtovok has been used as a trade mark for 
aỉatinib.

Afdtinib M aleate IHNNAAÌ
ÁíạtỊnib Dimaleate (ỦSAN); Aíatinìb, Malẻatẹ de; Aíatinibi 
Maleas; BIBVV-2992 MA2; Maleato de aíatìnib; AộaTMHMốa 
.Ma/iếáT. '
C24Ha aFN5Ọj,2QHẠ=718.í ■
CÃS — 850140-73-7.- 
UNỊI — VÍT5K7RZ0B.

Uses and Administration
Aiatínib is a tyrosine kinase inhibitor directed against the 
epidennal g rom h lactor receptor (EGFR) íamily; it is used in 
the treatment of metastatic non-small cell lung cancer 
(p. 711.1) that has EGFR exon 19 deletions or exon 21 
(L858R) substitudons. It is given as the maleate but doses 
ate expressed in  terras oí the base; 59.12mg of alatinib 
maleate is equivalent to about 40 mg of aíatinib. A usual oral 
dose of 40 mg once daily ií taken on an empry stomach. A 
missed dose shouỉd not be taken vvithin 12 hòũn  of the next 
dose. Treatment may need to be modiíied if toxidty occurs. 
see Administration in Subsequent Cycles, belovv. Aíaõnib 
therapy is continued until disease progression or 
unacceptable toxidty occurs. Vor v/amingí and recommenda- 
tions rcgarding the safe prescríbing, diỉpenâng, and use of oral 
antineoplastic druỊỊỉ, see Adminừtration. p. 7323.

u aíaúnib is poorly tolerated when given with a P- 
glycoprotein inhibitor. the daily dose oỉ afatìnib ỉhould be 
reduced by ỈOmg; aíatimb may be increased back to the 
previous dose on stopping treatm ent with the inhibitor. Ií 
chronic treatment vvith a P-glycoprotein inđucer is requữed. 
the daily dose oỉ aíaónib should be increased by 10 mg as 
tolerated; aíatínib should be đecreased back to the previous 
dose 2 to 3 days aíter stopping the inducer..

Aiatinib is also u n d c r investigation in  vatious o ther 
m alignandes.

Refeiences.
1. Chen X. tí al. Clinìcal percpecứve of alatìnỉb in non-small ceỉỉ lung 

cancer. Lung Canetr 2013; 81: 155-41.
2. Nelsoa V, et ai. Aỉadnib: einergỉng D€Xi-gcĩier#ỉion tyrosine kỉnase 

ỉnhíbitor íor NSCLC. Ona Targcts Thtr 2013; 6ỉ 135-43.

Admỉnistration in subsequenl cycles. Treatment with afa- 
tũũb may need to be modihed for toxidty. Doses should 
be tvithheld ư  any of the íollovving adverse ehects occur
• grade 3 or worse adverse eỉíects
•  grade 2 o r w otse  diarrhoea th a t  pereists ĩo r m ore th an  2 

consecutive days despite antì-d iarrhoeal m edication
• grade 2 cutaneous reactìons that are intolerable or 

prolonged (lasóng more than 7 days)
• grade 2 or worse renal dysíunction
When the adverse effect has resolved. returned to baseline. 
or improved to grade 1, alatinib can be restarted at a reduced 
oral dose of lOmg less than that at which the effect 
occuired. Aíatinỉb should be permanently stopped ư  severe 
adverse eỉíects occur at a dose of 20 mg daily, ór ư any o{ the 
following reactíons occur:
• life-threatening bullous, blistering, or exíoliative skin 

lesions
• interstitial lung disease
• severe drug-induced hepatìc impairment
• perâstent ulceratíve keratitìs
• symptomatic left ventricular dysfunction

Adverse Effects and Precautions
For general discusỉions see Antíneoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

Commonly reported adverse eữects Tvith aỉatinỉb are 
dìarrhoea, stomatìtis, cheilitis, rash. pruritus, dry skin, 
conjunctivitiỉ, epistaxis, rhinorrhoea, paronychia. cystítiỉ, 
decreased appetite and body weight, and pyrexia. Skin 
reacdons can be severe and indude bullouỉ, bhỉtermg, or 
exíoliating lesions. Pulmonary toxldty has been reported 
induding interstitíal lung disease. Hepatotoxidty vvith 
increased liver enzyme values, hypokalaemia, and ventri- 
cular dysíuncrion have also occurred. Treatment may need 
to be stopped or m odiũed íor severe toxidty, see 
Admứústration in Subsequent Cydes, above.

Based on its mechanism o( action and data ỉrom animal 
studies, aíatinib Ĩ5 not recommended during pregnancy. 
Women oí reproductive potential should use eỉỉective 
conưaception duríng and for at least 2 vveeks after 
ưeaonenL 
Reíerences.

I. Lacoucure ME et ai. Dermatologic ađvene events assorìated wiih 
aíaiinib: an oral ErbB íamily bỉocker. Expert Rev Arttkanar Thtr 2013; 13: 
721-«.

Interactíons
Aỉatinib is a substtate oí P-glycoprotein and use with P- 
glycoprotein inhibitors or inducers could alíect exposure to 
aíatimb; dose adjustments may be required, see Uses and 
Administration, above. ỉn vitro data suggest tha t aíadnib is 
also an inhibitor of P-glycoprotein, and a substrate and an 
inhỉbitor of the breast cancer resistance protein (BCRP) 
transponer.

PharmacokineHcs
Peak concenưationỉ of aíatinib occur 2 to ĩ  hours aíter oral 
dosing. Exposure is reduced when aíarinib is taken vvith a 
high-lat meal. It iỉ 95% bound 10 plasma proteins. Aỉadnib 
is excreted. mainly as unchanged drug. ìn the íaeces (85%) 
vvith a ỉmall amount in the urine (4%). The elimination 
halí-liíe is 37 hourá aíter repeated dosing, and steady State 
concenưations occur within 8 days.

Exposure to aratìnib is increased in padents vvith renal 
impainnent.
Reíerences.

1. VVỉnd s. gí at. P h arnu cok in ciics o í aíaùníb. a se lecũve ỉrreversible ErbB 
íam ily  blocker. in p a iie m s w iih  advan ced  solid  tu m o u n . c/in  
Pharmaeokintí 2013;.

Preparatícxìs
Propõekiry Preporotions (details are given in Volume B) 

Single-ingredient Preparotíora. USA: Gilotrií.

A f l i b e r c e p t  IUSAN. riNNi

Adiberceptum; AVE-0005; VEGF Trap; VEGF Trap-Eye; VEGF 
Trapmtò Aộ/inốepuenĩ.
Des-432-ly5ine-(human vascular endothelial grovvth íactor 
receptor H103-204)-peptide (containing Ig-like C2-type 2 
domain) fusion protein with human vascular endothelial 
grovvth faaor receptor 2-(206-308)-peptide (containing Ig- 
like C2-type 3 domaln iragment) fusion protéin with human 
immunoglobulin G I-(227 C-terminal residues)-peptide (Fc 
fragment)]. (211-2H'214-214')-bisdisulfide dimer.
CAS —  862111-32-8.
ATC—  S011A05.
ATC Vet —  QS01LA05.
UNIl —  15C2VL427D.

NOTE. There are signiRcant diỉỉerenceỉ ìn the Processing and 
(ormulaúon of preparations containing the active ingredient 
aỉlibercept and consequently they are not therapeutically 
interchangeable.

To emphasise this in the USA, preparatíons are available
as:
• Eylea (Regentron, USA): desaibed as containing alliber- ■ 

cépt
• ĩaltrap {Regeneron, USA): described as containing riv- 

aílibercept
Hovvever, in Europe and other countries the preparations 
Eyỉea and ĩaltrap are both described as containing 
a&ibetcept, and the nam e áv-aũibercept is not used.

Uses and Adminỉstration
Allibercept is a recombinant human íusion protein that acts 
as a soluble decoy receptor and bindỉ to vascular endothelial 
growth Ỉactor-A (VEGF-A), Íactor-B (VEGF-B), and 
placcntal grom h íactor (P1GF); this inhibits the activation 
of receptor tyrosine kinases, VEGFR-1 and VEGFR-2. The 
inhibition of these grovvth ỉaaors reduces neovascularisa- 
tion and angiogenesis.

AÍIibercept (Eylea) b  uscd tọ treat neovascular (wet) ag 
related macular degencration (p. 880.2). The initiỉl 
recommended dose is 2 mg by inưaviưeal injection on :e 
each m onth for 3 doses, fo2owed by 2m g every 2 m onử s. 
Aiter 12 months oi treatm ent doses may be given le:s 
ửequently, accorđing to response. Aílibercept is also ust d 
ÍOT the treatm ent ò í mactdar oedema íollovnng centril 
retínal vein ocdusion, ỉn  a dose oỉ 2m g by intravitreil 
injection once every month. YVhen visual and anatomic li 
measures are stable for 3 monthly assessments, the interv li 
bettveen doses may be gradually increased and treatmei Ít 
stopped. Monitoring should continue and therapy may 1 e 
restarted u  necessary. However, if there is no  improvemei ;t 
ừom the first 3 dosẽs, treatm ent shouid be stopped.

AAibcrcept, or as riv-aílibercept in the USA, (ĩaltrap) s 
used with Ouorouracil, íolinic add, and irínotecan in th e 
treatm ent of metastatic colorectal cancer (p. 706.3) that s 
resistant to or has progressed ah e ran  oxaliplaún-containir. ỉ 
regimen. A dose of aBibercept 4m g/kg is gi ven b|T 
intravenous iníusion over 1 hour every 2 vveeks, an l 
should be given beíore any other component of the regũne 1 
on Chat day o/ ưeatment. The dose should be diluted to 1 
íinal concentration of 0.6 to 8mg/mL in sodium chlorid:
0.9% or glucose 5% and inhised through a 0.2 micrometr í 
polyethersuUone niter; othcr ĩilters made of polyvínyliden ; 
Huoride or nylon should not be used. Doses may need to b : 
ređuced or vvithheld ií severe hypcTtension, proteinuria. 0: 
neutropenia develop (see Administratìon in Subsequert 
Cydes, belovv). Therapy should continue until there i; 
disease progression or unacceptable toxidty.
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Administratíon in subsequent cydes. In the treatment oỉ 
metastatic colorectal cancer, aũibercept, or as ziv-afliber- 
cept in the USA. (Zaltrap) should be vvithheld in patìents 
who develop recurrent or severe hypertension. Treatment 
may be restarted vvhen the blood pressure is under con- 
ưol. at a permanently reduced dose of 2m g/kg by intra- 
venous iníusion every 2 vveeks. Aílibercept should be 
vvithheld in patients who develop proteinuria, until it is 
less than 2g per 24hours. Ií the proteũiuría is recuưenc, 
ưeatm ent should be restarted at a perm anently lower dose 
of 2 mg/kg by intravenous inhision every 2 vveeks. Dose of 
adibercept should also be delayed in patients who ha ve a 
neuưophil count belovv 1500 cells/mmJ.

Adverse Effects, Treatment, and Precautions
The most common adverse eílects of aílibercept in travi- 
tre a l in jec tio n  are conjunctival haemorrhage, eye pain. 
cataract, viưeous detachment, vitreous Aoaters, and 
increased intra-ocular pressure. o th e r adverse eílects 
indude endophthalmitìs, retinal detachment. and retinal 
tear. Hypersensitivity reactions have been reported. There is 
a potentíal risk of thromboembolic events such as stroke, 
myocardiai inỉarction, OI vascular dealh  íoUovving 
ínưaviưeal use of vascular endothelial grovvih lartor 
(VEGF) inhibitors.

Common adverse ehects tha t occur in patients given 
in trav en o u s  aQibercept, or as ãv-aHibercept in the USA. 
indude bleeding, hypertension, proteinuria, leucopenia, 
neutropenỉa, thrombocytopenia. decreases in body-weight 
and appetỉte, diarrhoea, abdominal pain, siomatiris, 
dysphonia, increases in liver lunction tests and serum- 
cxeatinine. fatigue. and headache. Anerial and venous 
thromboembolic eventỉ and severe hypersensitivity reac- 
tions have occurred. Reversible posterior leukoencephalo- 
pathy syndrome has been reporteđ in  patients given 
aũibercepL

Severe and sometũnes íatal haemorrhage and gastro- 
intestìnal perioration have been assoõated w ith the use of 
intravenous aOibercept. Hstula íormatíon can occur and 
vvound healing may be compromised. Aílibercept should be 
stopped at least 4 vveeks beĩore elective surgery. Aíter raajor 
surgery it should not be restarted for a t least 4 vveeks and not

All ơoss-reíertnces refer to entries in Volume A
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untíl the surgical w ound is fully healed; after minor surgery 
it m ay be restarted vvhen the wound is fully healed.

Severe hypertension, including cases of hypenensive 
crisis, has been reported. Blood pressure should be 
monltored every 2 weeks and antihypertensive therapy 
started when necessary. ABibercept may need to be 
vvithheld and the dose reduced after severe or recurrent 
hypertension is under conưol; ụ  should be stopped in 
patients with hypenensive crisis or hypertensive encephalo- 
pathy. Patients should also be monitored for proteinuria 
dúting aílibercept therapy, which may need to be vvithheld 
or the dose reduced; it should be stopped in those who 
develop nephrotìc syndrome or thrombotic microangio- 
pathy.

A complete blood count with differential count should be 
made beíore each dose of intravenous aũibercept; ưeatment 
should be delayed if the neutrophil count is below 
1500ceUs/mm3.

Pharmacokinetics
Systemic absorption occurs after intravitreal adminisưation 
oỉ aHibercept; peak plasma concentrations are low and occur 
within 3 days, and free plasma-aũibercept concentrations 
are undetectable 2 weeks íollovving adminisơaúon. The 
teiminal haỊf-life of free aílibercept in plasma is about 6 days 
ỉollovving intravenous admimstration oỉ doses of 2 to 
4mg/kg. .

Preparations
Proprietary PreparaKons (details are given in Volume B)

Single-ingredient Preparatíons. Fr.: Eylea; Jpn: Eylea; Neth.: Zal- 
trap; Switz.: Eylea; Zaltrap; UK: Eylea; Zalưap; USA: Eylea; Zal- 
trap.

Alemtuxumab IBAN, riNNi

Alemtutsumabi; Alemtuzurnabum; Campàth-1; Campath- 
1H; AneMTy3yMa6.
Immunoglobulin G 1 (human-rat pnonoclonal CAMPATH-1H 
yl-chain antihurhan antigen CD52), disulíìde with human- 
rát monodonal CAMPATH-1H light chaíri, dimer.
CAS —  216503-57-0.
ATC —  L01XC04.
ATCVet '■—  QL01XC04. ..
UNII —  3A189DH42V.

NOTE. The name FIuCam has been used for a regimen of 
alemtuzumab vvith Qudarabine. Distinguish bom  Flucam. 
vvhich is a proprietary name for ampiroxicam (p. 21.1).

Uses and Administration
Aỉemtuzumab is a humanised derivative of campath-lG, a 
rat m onodonal antibody to the CD52 antigen íound on 
lymphocytes. It is used in the treatm ent of B-cell chronic 
Iymphocytic leukaemia (p. 693.3) and is also licensed in the 
EU (under the trade name oí Lantrada) for use in relapsing- 
remitting multiple sderosis (below).

For the treatment of chronic lym phocy tic  leukaem ia 
the dose oỉ alemtuzumab must be increased gradually to 
avoid iníusion-related reactỉons (see Adverse Effects. 
below). Alemmzumab shouldbe diluted in lOOml. sodium 
chloride 0.9% or glucose 5%. The initial dose is 3 mg daily, 
given as an intravenous iníusion over 2 hours (it may be 
increaseđ up to 8 hours in some patients, see Adverse 
Eííects, belovv). This dose ỉhould be repeated daily until it is 
tolerated; the dose should then be increased to lOmg daily. 
W hen this dose is tolerated, the maintenance dose of 30 mg 
can be started; this dose escalation usually takes 3 to 7 days. 
The maintenance dose of 30 mg is given three times weekly 
on alternate days. The total duration of therapy, induding 
dose escalation, is 12 vveeks. Doses should be modiíied 
according to haematological toxidty (see Administration in 
Subsequent Cydes, belovv).

For the ữeatment of m u ltip le  sclerosis alemmzumab 
has been given by intravenous iníusion over 4  hours for 2 
ưeatm ent courses, as follows:
• initial treatm ent course: 12mg daily for 5 consecutive 

days, to a total dose of 60 mg
• second treatment course given 12 months aíter the initial 

course: 12 mg daily for 3 consecutive days, to a total dose 
of 36 mg

Missed doses vvithin a treatment course should not be given 
on the same day as a scheduled dose. Patients should be pre- 
treated with a corticosteroid on each of the first 3 days of 
any course. Oral prophylaxis w ith 200 mg tvvice dailý ot 
a d d o v ứ  (or similar) for herpes iníection should also bè 
started on the first day of each course and continued for a 
minim um  of 1 month tollovvdng tteatment.

Alemtuzumab ís unđei investigation for induction 
therapy  in  transplantatiọn (see Organ and Tissue 
Transpíantation, p. 1936.2, etseq).
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Administration. Subcutaneous use of alemtuzumab has 
been investigated as a means of redudng adverse iníusion 
reactions assodated with inưavenous dosage. Studies have 
íound it to be safe and efíective.u  Similar blood concen- 
trations are achieved to those after intravenous use, 
although accumulation in  the bỉoođ took longer to 
achieve vvith subcutaneous use, and higher cumulative 
doses were required.3 A dose of 30 mg subcutaneously 
three times weekly has been yvidely used; given for 4  to 
12 vveeks it has been shown to be as eííective and saíe as 
intravenous alemtuzumab in  patients vvith Audarabine- 
reíractory disease, and it has been suggested that the con- 
venience of subcutaneous injectíon, which can be given 
on an outpatient basis, makes it the preíeưed route for 
this indlcatìon.4 Although tteatment has normally been 
started with lower doses and gradually increased (e.g. 
3mg on day 1, lOmg on day 2, 30 mg on day 3, and then 
30 mg three times weekly), use w itb th e  higher dose bom  
the outset has been investigated.5 Prolonged treatmcnt 
with subcutaneous low-dose alemtuzumab (ỈOmg three 
times weekly íor 18 weeks) has also been tried and was 
reported to be as ehective as intravenous inhision in 
patients with chronic lymphocytic leukaemia and a poor 
prognosis.6

1. Montillo M, tí đ/. Saíety and efficacy oỉ subcutaneous Campath-IH íor 
treating residuaỉ disease with dironic ỉymphocytỉc leukemỉa responding 
to ũudarabỉne. Haematoỉogica 2002; 87:695-700.

2. Lundin J, tí al. Phase Q trial oi subcutaneous antí‘CD52 monodonai 
antìbody aỉemtuzumab (Campath-IH) as first-iỉne treatment for patíents 
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ỉnưavenous or subcutaneous routes oỉ adminỉsưatìon. Blood 2004; 104:
948-55.

4. Stiỉgenbauer s, tí al. Subcutaneous aỉemtuzumab ỉn Oudarabine* 
relractory chronic ỉymphocytic Ieukemia: dỉnỉcal resuỉts and prognostic 
marker analyses hom the CLL2H study of the Gennan Chronlc 
Lymphocytic Leukemia Smđy Group. J dôì Oncol 2009; 27:3994-4001.
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lymphocytic ỉeukaemia. Br J Haematoỉ 2009; 144: 78-85.
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Administration in subsequent cydes. The dose of alemtu- 
zumab may be modihed from the usual intravenous main- 
tenance dose (see Uses and Administration, above) for 
neutropenia and thrombocytopenia in those being treated 
for chronic lymphocytic leukaemia as foIlows:
In patients with higher baseline values whose absolute 
neutrophil count (ANC) íalls to <250cells/mm3 and/or 
vvhose platelet countíalls to <25 000cells/mm3:
• for first occurrence: vvithhold alemtuzumab. Resume at 

30 mg when ANC 5: 500 cells/mm3 and platelet count 
>  50 000 cells/mm3

• for second occurrence: vvithhold alemtuzumab. Resume 
at 10 mg when ANC >  500 cells/mm3 and platelet count 
^  50 000 cells/mm3

• íor third occurrence: stop alemtuzumab
In patients vvho are stạrted on alemtuzumab with a baseline 
ANC already <250cells/mm3 and/or a baseline platelet 
count <25 000ceUs/mm3, and who have a >50% decrease 
bom  baseline:
• for first occuưence: vvithhold aỉemtuzumab. Resume at 

30 mg upon retum  to baseline value
• for second occurrence: vvithhold aỉemtuzumab. Resume 

at 10 mg upon retum  to baselỉne value
• for thlrd occurrence: stop alemtuzumab
If alemtuzumab is vvithheld, and the time to recovery is >7 
days, then alemtuzumab shouỉd be restarted at the usual 
initial dose and increased gradually (see Uses and 
Administration, above).

Multiple sderosis. Alemtuzumab has been licensed in the 
EU for the ơeatm ent of multiple sderosis (p. 996.3). How- 
ever, an FDA committee has raised concems about its 
adverse eíỉects such as auto-immune cytopenias and auto- 
immune thyroỉd disease which can be fatal and may out- 
weigh its benehts. For turther inỉoimation on the adverse 
ettects of alemtuzumab, see under Adverse EAects, Treat- 
ment, and Precautions, below.

It has been proposed that the secondary Progressive 
phase of the disease might be due to post-inflammatory 
neurodegeneration and  tha t im munotherapy would 
inAuence long-term disability only ư given early Ũ1 the 
disease course. A phase 2 randomised stuđy assigned 
tteatment-naive patients with early, relapsing-remitting 
multiple sderosis to either alemtuzumab or interieron beta. 
Aỉemtuzumab (at a dose of either 12 mg daily or 24 mg 
daily) was given by intravenous iníusion on 5 consecutive 
days during the first month, and on 3 consecutỉve days at 
months 12 and 24; inteiỉeron beta-la at a dose of 
44 micrograms was given subcutaneously 3 times weekly 
aher dose escalation. All patìents received intravenous 
methylprednisolone at the tũne of intusion. There were no 
signihcant diííerences betvveen the groups receivmg eitheT 
dose of alemtuzumab on any outcome measure or ađvene 
event. However, 6 cases of ìmmune thrombocytopenic 
putpura occurređ w ith alemtuzumab ữeatment, induding 
One íatality, prompting suspension of therapy with 
alemtuzumab. Nonetheless, compared with interíeron 
be ta, ạlemtuzumab signihcandy improved mean disabUity 
scores and reduced the rate of relapse; eỄBcacy was 
maintaỉned over 36 months, even thoụgh some 70% of 
alemtuzumab-ưeated patients were not givẹn the planned 
thừd cyde due to saíety concems. Aỉemttmimab also 
increased brain volume on magnetìc resonance imaging, 
whereas brain atrophy advanced among patients receiving 
interieron beta. The authors of the study noted that, while 
alemtuzumab appears to be more eữective than interieron 
beta when given in the earlỉest stages of muỉtipỉe sderosis, 
there is a dilemma as to whether to expose young adults 
with Uttle disability to thepotentiaUy serious adverse eííects 
of alemtuzumab.1

Extended follow-up of patients Ũ1 this study group, for up 
to 5 years bom  the start of therapy, {ound thãt 
alemtuzumab remained signihcantly more eííective than 
interieron beta-la .2 The superiority of alemtimimab 
compared with inteiíeron be ta -la  vvas íurther conbrmed 
in a phase 3 study of previously untreated patients with 
early. relapsing-remitting multiple sclerosis3 and also in 
those with at least one relapse after disease-modUying 
therapy vvith either interieron beta or glatiramer.4

1. Coles AJ. tí ai. CAMMS223 Trial Investỉgators. Aỉemtuzumab vs. 
interíeroo b«ia-la ỉn eariy muỉtỉple sđerosis. N Ertgỉ J Med 2008; 359: 
1786-1801.

2. Coỉes AJ, tí  a i Aỉeoỉỉuzumab mon eSecàvt tboD ừìteiíeroũ 8 'la 3Í 5- 
year foIlovv-up of CAMMS223 cttnical ữiaL Neurology 2012; 73: 1069- 
78.

3. Cohcn JA. tí al. Aỉcmtuzumab vcrsus interíeron bcta la as Bnt-Une 
trcatment for patientỉ wỉih rdapsỉng-remỉning muliiplc sderosỉs: a 
randomiscd controUed phase 3 criaỉ. Laĩtctí 2012: 380: 1819-28.

4. Coles AJ. tí  aỉ.m Aỉemtuzumab fòr patients vviih relapsing muliiplc 
sderosis aftcr discasc-modiíying therapy: a randomỉsed conơollcd phase 
3 thai Lanctí 2012; 380: 1829-39.

Adverse Effeờs, Treatment, and Precautions
For general discussions, see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2. .

Alemtuzumab commonly causes bone marrow depres- 
sion, which may be severe and prolonged; íatalities have 
occurred. A uto-ỉm m une anaemia and auto-immune 
thrombocytopenia and haemolytic anaemia have been 
reported less commonly; however, ỉatahties have been 
reported. Single doses greater than 30 mg, or cumulative 
wẽekly doses greater than 90 mg shouĩd not be used, 
because of the increased inddence of pancytopenia. 
Complete blood and platelet counts should be meâsured 
vveekly during alemtuzumab therapy, and more ừequently 
if anaemia, neuưopenia, or thrombocytopenia occur. 
Treatment should be interrupted ii severe myelosuppression 
or evidence of haematological toxidty are seen and stopped 
permanently if auto-ũnmune anaemia or auto-immune 
thrombocytopenia develops. Lymphopenia may be pro- 
íound vvith alemtuzumab therapy, and opportunistic 
iníections are common, and occasionaUy llfe-threatening. 
Antimicrobial prophylaxis is recommended bom  the start of 
therapy until aíter completion; if serious iníection occurs, 
treatmẽnt should be interrupted. Recovery ol lymphocyte 
counts may take 6 months or longer after stopping 
treatment.

Alemtuzumab commonly causes an acute cytokine 
release syndrome. The reaction usually indudes rigors, 
tever, nausea and voraiting, hypotension, rash, urticaria, 
pruritus, shortness oí bteath, headache, and diarrhoea. 
Rarer, more serious reactions may indude bronchospasm, 
syncope, pulmonary inũltrates, acute respiratory distress 
syndrome, respiratory arrest, myocardial intarctíon, and 
cardiac arrest. Cardiac adverse eHects have been íatal in

The Symbol t  denotes a preparation no longer actively marketed
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some iiistances. These inỉusion-related reactìons are most 
common at the start of therapy: the dose raust be increased 
građually w hen beginning treatment, or ư it is ỉnterrupted 
for 7 days or more. Pre-medication with an oral or 
intravenoủs corticosteroid, oral antihistamỉne, and analge- 
ãc  should also be used, particularly beíore the first dose, and 
with dose increases. If acute iníusion reactìons persist, the 
iníusion time may be extended to  8 hours írom the time of 
reconstitutìon.

Other adveise effects indude íatigue, anorexia, asthenia, 
malaise, arthralgia. myalgia, bone pain, back pain, chest 
pain, hypertension, cyanosis, and bradycardia or tachy- 
cardia. Locaỉised oedema, stomatitis, mucositis, and abdo- 
minal pain have been reported, as have dizziness, 
paraesthesia, ưemor. and taste loss. Coníusion, insomnia 
or somnolence, deprcssion, or anxiety may occur. Electro- 
lyte disturbances indude hyponaưaemia and hypocalc- 
aemia. Coughing, haemoptysis, sinusitis, bronchitis, and 
pharyngitỉs have been reported.

Alemtuzumab is conưa-ữidicated for patients with aaive 
systemic iníection, or underlying immunodelĩdency.

Auto-immune disorders. Aside from auto-immune cyto- 
penias, alemtuzumab has been assodated with the devel- 
opment of auto-immune thyroid disease in 20 to 30% of 
patients, òccurring months to years aíter treatm ent.1 Anti- 
glomerular basement membrãne disease has also been 
reported after alemtuzumab,J as has Guillain-Barré 
syndrome.3 It has been commented2 that B-cell recovery 
tẽnds to precede T-cell recovery after alemtuzumab treat- 
ment, and that the auto-immune diseases seen after ther- 
apy are mainly antibody-mediated, and respond to B-cell 
depletion.

1. Jones JL, rí ai. IL-21 drìves secondary autơimmunity in patỉents with 
multíplc sderosis. foỉ1owing therapeutỉc lymphocytc depletion with 
alemtunnnab {Campath-1H). J Qirt Irtvea 2009; 119:2052-61.

2. Cỉatworthy MR. rí aì. And-glomerular basement membrane discase aíicr 
alemtuzunub. N Engì i  Aừd 2008; 359: 768-9.

3. Abbi KKS, ữ al. GuUlain-Barré syndrome aher use ol alemtuzumab 
(Campath) in a patỉent vviih T-cẽn prolymphocyiỉc ỉeukemia: a ca se 
report and review of the ỉiterature. Leuk Res 2010; 34: e l5 4 -e l56.

Effects on fhe lungs. Diíỉuse alveolar haemorrhage has 
been reported after a single dose of alemtuzumab was 
used during renal transplantation in a patient with X- 
linked Alport syndromc (an inhcrited đisorder involving 
damage to the kiđneys, haematuria. and hearíng loss).1

1. Sachdeva A, Matuschak GM. Dỉỉíuse alveolar heraorrhage íollowing 
alemtuxumab. ơtea 2008; 133: 1476-8.

Iidection. Reactivation of hepatitis B,1 hepatitis c ,2 and 
CMV3 bas been repoited vvith the use of alemtuzumab. 
Patients who have been pretreated vvith purine analogues 
or those vvith advanced disease and not responding to 
alemtuzumab therapy appear to be at highest risk for 
iniectious complicatíons. Recommendations for screening 
and pnophylaxis4 and guidelines5 and revịevvs6 conceming 
management have been published. Six iníection-related 
deaths have been reported7 aíter previously unơeated 
patients w ith B-cell chronic lymphocytìc leukaemia were 
ơeated with Qudarabine and lituximab. followed by alem- 
tuzumab. These deaths may have resulted ừom a pro- 
longed period of immunosuppression due to the sequen- 
dng of these drugs vvithout suffident recovery time. In 
the EU, alemtuzumab is licensed for use in patientỉ íor 
whom Sudarabine combination chemotherapy is not 
appropriate.

1. ỉannỉtto E, rí ai. Hepatỉtỉs B vỉnisreactivationandalcmtuzumabiherapy. 
Bur J Haematol 2005; 74: 254-8.

2. Anoop p, rí a i Severe ỉiver dyshỉnctíon ừom hepatỉtú c vỉrus 
reacứvatìon íóUoTving aỉemtuzumab ơeatment ỉor chronic lymphocytic 
leukaemỉa. Br J  Htưmatũl 2010; 148:484-6.

3. Laurentỉ L rí a i Cytomegaỉovirus reactivation during aỉeratuzumab 
therapy for dironic ìymphocytk ỉeukeinỉa: ỉnddence and ưeatment 
with oral ganddovir. Haematologica 2004; 89: 1248-52.

4. Thuxsky KA. rí al. Spectrum oỉ inỉectỉon. risk and recommendatỉons for 
prophyiaxis and screening am ong patỉenls with lymphoproUỉeratỉve 
disorders treated with alemturumab. Br J Haematol 2006; 132: 3- ỉ 2.

5. OUrien SM, rí ai updatcd guidelines on the management oỉ 
cytomegaỉovirus reactivatíon in patients wỉtb chronic lymphocytic 
leukemỉa treated with alemtuzumab. Cỉin Lymphoma Myeioma 2006; 7: 
125-30.

6. Elter T, rí ai. Management oỉ iníections in patìents with chronic 
lymphocydc ỉeukemỉa treated with aỉemtummãb. Amt Hematoì 2009; 
88:121-32.

7. Bayer. UK; Genzyme, ƯK. Importanỉ saíety ỉnỉonnation: dx íníectỉon- 
relãteđ deaths reported iỉtc i ưeatment wiih MabCampath(aỉemtuzu- 
mab) following F1udarabíne+Rỉtuxỉmab ỉnductỉoo in pềtients with Đ- 
Cell ChronỉeLyraphocytỉcLeukemỉa (CLL) (issued 1 ỉth February 2008). 
Avaũable at: http://www.mhra.gov.uk/home/ldq)ỉg7IdcService*GET 
FTLE6-dDocName=CON014l04&RevisỉonSelectionMethod=Latest 
(accessed 12/05/08)

Porphyna. The Drug Database for Acute Porphyria, com- 
pỉled by the Nonvegian Poxphyria Cenưe (NAPOS) and 
the Porphyria Centre Sweden, dassiBes alemtuzumab as 
not poiphyrinogenic; it may be used as a drug of first 
choice and no precautions are needed.1

1. The Drug Database for Acute Porphyria. Avaìlable at: hnp://mvw. ị 
drugs-potphyria.org (accessed 29/09/11) I

Interađions
There are no formal interaction studies vvith alemtuzumab; 
hovvever, it is recommended that it should not be given 
vvithin 3 vveeks oỉ other chemotherapy drugs, and that 
patients should not receive live viral vacdnes for at least 12 
months after receiving alemtuzumab.

Pharmacokinetics
In patients vvith B-cell chronic Iymphocytic leukaemia, 
distribution of alemtuzumab is mainly to the extracellular 
ũuid and plasma. Over 12 vveekỉ, dearance has been ỉound 
to decrease with repeated dosing, vvith consequent 
accumulatíon in plasma. and the rate oí eiiminatìon to 
approach zero-orderkinetics. The halỉ-liíe is reported to be 8 
hours aíter a Srst dose of 30 mg, and 6 days aíter the Iast 
30 mg dose. Steady-state concentrations are reached after 
about 6 weeks of therapy.
Reíerences.

1. Rcbellp p. n al. Pharmacokinetics ot CAMPATH-1H in BMT paiienu. 
Cytotherapy 2001; 3: 261-7.

2. Mould DR, rí ai Population pharmacokinetics-pharmacodynamics of 
alemtuzumab (Campath*™) in patienrs wiih chronic lymphocyiic 
lcukaemia and its link lo ưeatmeni rtsponse. Br J Cliit Phamiứcol 2007; 
64:278-91.

3. Elier T, rí ai. Pharmacokinetics of aỉemiuzumab and ihe relevance in 
clinica! practice. Leuk Lympltoma 2008; 49: 2256-62.

Preparatíons
Proprietary Preporotions (deuils are given in Volume B)

Single-ingredient Preparalions. Arg.: Campath; Austral.: Mab- 
Campath; Austria: MabCampatht; Beíg.: MabCampatht; Braz.: 
Campatht; C a n a d MabCampath; Cz.: MabCampaứit: Denm.-. 
MabCampathỷ; Fr.: MabCampatht; Ger.: Mabcãmpatht; Gr.: 
MabCampathf; Hong Kortg: MabCampath; Hung.: MabCam- 
pathf; ĩndon.: MabCampath; Iri.: MabCampaứit; Israel. Mab- 
Campatht; Ital.: MabCampatht; Malaysia: MabCampath; Mex.: 
MabCampath; Neth.: MabCampatht; Norw.: MabCampatht; 
NZ: MabCampath; Pol.: MabCampatht: Port: MabCampatht; 
Rus.: Campath (Kanaiac); S.Afr.: MabCampath; singapore: 
MabCampatb; Spain: MabCampaứvỊ-; Swed.: MabCampatht; 
Switz.: MabCampatht; Thai.: MabCampath; Turk.: MabCam- 
path; UK: MabCampathf; Ukr.: MabKampat (Ma6Kaunar); 
USA: Campath.

Alitretinoin IBAN, USAN, rìNNl 
Áddo 9-c/s-retinoico; ẠGN-192013; Alitretinoiini; Alitretinoí: 
ria;'Alitrétinọĩne; Ạlitrẹtinoinum; ÁLRT-1057; BAL-4079; 9-c/s- 
Retinoic Acid; LG-100057; LGD-1057; NSG659772; An^npe-
TMHOMH.
,(2£,4f,6Z,8Ễ)-3,7-Dimethyl-9-(2:6,6-trirnethyl-1-cyclohexen-1- 
yl)-2,4,6,8-nonatetraenoic acid. 
cjoH280 ^ 3 0 0 4  
CAS —  5300-03-8.
ATC —  DI 1AH04; L01XX22.
ATC Vei —  QDI ỊAH04; QL01XX22.
UNII —  WA8E65KDZ

Uses and Administration
Alitretinoin is a retinoid related to isotretinoin (p. 1706.2). It 
is given orally íor severe chronic hand eczema (p. 1684.1) 
that is unresponsive to ưeatment with potent topical 
corticosteroids. Patients vvith mainly hyperkeratotic eczema 
are more likely to respond to tteatment with aliưennoin. It 
is also used topically, in the management oỉ cutaneous 
lesions in  patients w ith AIDS-related Kaposi’s sarcoma 
(p. 718.1).

The recommended starting dose of oral alitretinoin in 
adults Is 30 mg once daily, with reduction to lOmg once 
daily ư  adverse effects occur. The usual dose range is írom 10 
to 30 mg once daily, taken with meals. Treatment may be 
continued for 12 to 24 weeks depending on response. In the 
event of relapse, íurther ơeatm ent courses may be 
considered.

Topical ưeatm ent tvith a 0.1 % alitretinoin gel is applied 
dứectly to the lesions twice daily, increasing to up to 4 times 
daily u  tolerated. Doses should be increased at intervals of at 
least 2 weeks. If local toxidty occurs, application ừequenqt 
should be reduced, or treaunent temporaríly stopped, untíl 
the symptoms subside. EƯ licensed p rodua intormatìon 
States that ií no response is seen aỉter 12 weeks, therapy 
should be stopped; however, u s  licensed product 
inỉormation States that some patients have required over 
14 weeks to respond. Treatment may be continued as long 
as the patíent responds.
Reíerences.

1. Cheer SM. Foster RH. Aliưeùnoin. Am J ơirt Drrmatoỉ 2000; 1: 307-14.
2. Bodsvrorth NJ, rí aỉ. Phase m vehicle-conơoUed. multi-centeređ study of 

lopical aỉiireiinoin gel 0.1% in cutaneous AIDS-relaied Kapo$i's 
satcoma. Am J c/in Dtrmaỉol 2001; 2: 77-87.

3. Mìles SA. rí aì. Amitumor acrivity of oral 9-ds-rerỉnoic acid in HIV- 
associated Kaposi s sarcoma. ÁỈDS 2002; 16: 421-9.

4. Kurỉe JM. rí al. Treaunent of íorrner smokers vvith 9-às-retinoic aó 1 
reverses ỉoss of retỉnoỉc add receptor-beia expresdon in the bronchỉs 1 
epỉtbeỉỉum: results ỉrom a randomlzed placebo-conưolỉeđ trial. J Na ỉ 
Cạnar ĩnst 2003; 95: 206-14.

5. Aboulaũa DM, rí a i 9-ds-Retinoỉc add capsules ỉn the ưeaunent c f 
AIDS-reỉated Kaposỉ sarcoma: resuỉts of a phase 2 muỉtíceoter dinical 
trỉaỉ. Arth Dermatoi 2003; 139: 178-86.

6. Ruricka T, rí a i Oral alỉưetỉnoỉn (9-ds-retỉnoic add) therapy for chronỉ: 
hand dermatỉtỉs ỉn patỉeats reíractory to sundard therapy: results oí 
randomỉzed double-blind, placebo-conưolỉeda muliỉcenter trỉal. Arc 
Dermatol 2004; 140: 1453-9.

7. Ruricka T. et ai. EÍAcacy and saỉety of oraỉ alỉưetỉnoỉn (9-cis retinoĩ 
add) ỉn patỉents wỉth severe chronic hand eczema refnaory to topica 
corrỉcosteroids: results of a randomỉzed, double-bỉind, placebo 
controlledL raulricenơe trial. Br J Dtrmatol 2008; 158: 808-17.

8. Gamock-Jones KP, Perry CM. Aliưetỉnoin: (n severe chronỉc ham 
eczema. Drugs 2009; 69: 1625-34.

9. NICE. AUtretỉnoỉn for the treaỉment of severe chronic band eaem, 
{technoỉogy appraisal guidance 177. ỉssued Augusỉ 2009). Avaỉlable at 
http://www.nice.org.uk/niceinedia/live/12219/4522S/45225.pd 
(accessed 28/06/10)

Adverse Effects
Oral doses of alitretinoin may produce similar adverse 
effeas to those of isotrerinoin (see p. 1707.2). Decreases in 
concentrations of thyroid stimulating hormone and íree T. 
are also often reported with alitretinoin, as are increases in 
platelets and increases in blood concentrations of creatine 
phosphokinase. Ankylosing spondylitis is uncommon.

Local skin toxicity may occur on topical application of 
aliưetinoin, in particular erythema and oedema. and in 
some patients this may be dose-Iimiting. Pain. paraesthesia, 
rashes, pruritus, exfoliative dermatitis, and other skin 
disorders may also occur locally. Lymphadenopathy, 
phlebitis, cellulitis, and baaerial iníections have been 
reported. Alitretinoin may have a weak photosensitising 
e{fert, and patients should minimise exposure of treated 
aneas to sunlight or otber ultraviolet Ught duríng therapy.

Precautions
When alitretinoin is given orally, the precautions described 
u n d e r  i s o tre t in o in  (see p. 1709.2) in c lu d in g  
conữa-índication of use in pregnancy and during breast 
íeeding, should be adopted. Although absorption does not 
seem to occur to any great extent vvith topical use licensed 
produCT iníormation also contra-indicates such use in 
pregnancy and in breast-leeding mothers. Oral aliưetinoin 
is íurther contra-indicated in patients with severe renal 
impairment and unconưolled hypothyroidism. Topical 
treatm ent with alitretínoin should not be used on lesions in 
dose proximity to other skin disorders.

Interactìons
The interactions described under isoưetinoin (see p. 1710.1) 
also apply to oral alitretinoin. Aliưerinoin is metabolised by 
the hepatic cytochrome P450 isoenzyme System, paitìcu- 
larly CYP3A4. Use with CYP3A4 inhibitors such as 
ketoconazole increases the plasma concentration of 
aliaetinoin and dose reduction may be required. Use of 
Products containing diethyltoluamide is not recommended 
during topical alitretinoin therapy, as animal studies indicate 
an increase In diethyltoluamỉde toxicity with concurrent 
use.

Pharmacokinetics
After oral doses aliưetinoin is variably absorbed from the 
gastrointestinal ư a a . When alitretìnoin is taken with food, 
absoiption becomes less variable and the systemic exposure 
is enhanced by a ỉactor oí 4. Aỉiữetínoin is highly bound to 
plasma proteins. It undergoes metabolism by oxidation in 
the liver by the cytochrome P450 isoenzyme System Into the 
major metabolite 4-oxo-alitnetinoin. Alittetinoin and its 
metabolites are excreted mainly in the urine, w ith about 
30% excreted in the laeces. The elimination half-Iife of 
unchanged alittetinoin is about 2 to 10 hours. Alitretinoin 
and 4-oxo-alitretinoin do not accumulate in the body.

Systemic absorption of topical aliưetinoin is not 
considered to be extensive.

Preparatíons
Propnetary Preparations (detaỉls are given in Volume B)
Single-ingredient Preporotions. Arg.: Panretin; Austria: Panretìn; 
Toctino; Canad.: Toctino; Cz.: Panretin; Denm.: Toctino; Fin.: 
Toctino; Fr.: Panretin; Tocrino; Ger.: Paxưeún; Toctino; Gr.: 
Panretin: IrL: Panretin; Israel: Toctino; Neth.: Panretin; Toctí- 
no; Norw.: Toctino; PoL: Panretin; Port.: Panretin; Spain: Pan- 
retin; Switz.: Toaino; UK: Toctino; USA: Panretin.

Altretamine /BAN, USAN, rìNNì
Altretamiini; Altretamin; Altretàmina; Altrẻtamine; Altretami- 
num; Hexamethylmelamine; HMM; N5C-13875; VVR-957Ó4; 
AribTperaMHH.
2,4,6-Tris(dimethỵlamino)-1,3,5-t;iazine; NỈ,N2/ / , N , ,NS,N6- 
Hexamethyl-1,3,5-triazine-2,4,6-triamine.

All cross-reíerences reíer to entries in Volume A

http://www.mhra.gov.uk/home/ldq)%e1%bb%89g7IdcService*GET
http://www.nice.org.uk/niceinedia/live/12219/4522S/45225.pd


Aỉitretinoin/Aminoglutethimide 739

C,IH18NS=21Q3...
CAS —  645-05-6.
ATC —  L0TXX03.
ÁTC Vet —  QL0TXX03.
UN1I —  Q8BIH5907H.

Pharmacopoeias. In Chirt. and us.
USP 36: (Altretamine). A white crystalline powder. 
Insoluble in vvater; soluble in chlorolorm. Store in airtight 
containers.

Uses and Administratíon
Alttetamine is an antineoplastic agent structurally sitnilar to 
the alkylating agent tretam ine (triethylenemelamine) 
although its mode of action may be diỉíerent. It is given 
orally and is licensed for use as a single agent in the 
palliative ưeatm ent of ovarian cardnoma (p. 711.2). 
Altretamine has also been tried in lung cancer. Antineoplostic 
dose regimens may be compíex and doses oỊ a drug may differ 
wideiy. For wamings and recommendations regarding the safe 
prescribing, dừpensing, and use of oral antineoplastic drugs, see 
Adminừtration, p. 732.3.

The usual dose as a single agent in ovarian cancer is 
260mg/m2 daily in four divided doses, for 14 or 21 
consecutive days out of a 28-day cyde. Up to 12 cydes may 
be given. Therapy should be iritem ipted for at least 14 days; 
and subsequently restaited at a lower dose of 200 mg/m2 
daily, ư the vvhite ceỉl count falls beiotv 2000 ceỉỉs/mm1 or 
the platelet count below 75 òoọ cells/mm3 or if neurotoxic 
or intolerable gasưointestinal symptoms occur. Lovver doses 
are also used in combination Tegimens.
Revievvs.

1. Lee CR. Faulds D. Alưetamine: a revtew of its phannacodynamic and 
phannacokinetỉc propenies, and therapeutỉc potentiai in cancer 
chemotherapy. Drugs 1995; 49: 932-53.

2. Manctu A. tí a i HeXamethylmelamine as a ángle second-line agent in 
ovarian canccn follow-up report and review of the literature. Gynecal 
Oncoỉ 1997; 66: 20-6.

Adverse ẸỊkcts, Treatment, and Precautions
For a general outline see Antineoplastics, p. 726.1, p. 730.2, 
and p. 732.2.

Bone-maưow depression is usually moderate. manilest- 
ing as leucopenia, thrombocytopenia, and anaemia, and 
may require dosage reduction; blood counts should be 
monitored regularly. Nausea and vomiting are common and 
usually moderate although thẽy may be dose-limiting. 
Prolonged or high-dose therapy may be assodated with 
neurotoxidty, both peripheral (neuropathies) and Central 
(ataxia, depression, coníusion, drowsiness, and halỉudna- 
tions); neurologỉcal examỉnation should be períormed 
regularly and ưeatment Interrupted or the dose reduced as 
appropríate. Renaỉ toxỉdty may also be dose-limiting. Other 
ra re adverse etíects indude rashes, alopeda, and hepato- 
toxidty.

Handiing. Altretamine is irritant; avoid contact with skin 
and mucous membranes.

Porphyria. The Drug Database íor Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenưe (NAPOS) and 
the Porphyria Centre Svveden, classiũes altretamine as 
probably porphyrinogenic; it should be prescribed only for 
compelling reasons and precautions should be considered 
in aỉl patients.1

1. The Drug Database for Acute Pớrphyria. Available at: hỉĩp://www. 
drugs-porphyria.org (accessed 28/09/11)

Interactìons
For a general outline of antineoplastic drug interactions, see 
p. 7 3 3 .3 . P yridoxine appears to  reduce th e  activity o f  
altretamine.

Antidepressants. Severe and potentially life-threatening 
orthostatic hypotension developed in 3 patìents who took 
amitríptyline or imipramine w ith altretamine and in a fourth 
patient vvho took phenelỉine and altretamine.1 One patient 
was able to tolerate the antineoplastic with nortriptyline.

I. Bruckner HW, Schleiíer SJ. Orthostatic hypotensỉon as a coraplicadon of 
hexamethylmeỉamỉne antídepressant interaaion. Caneer Treat Rep 1983; 
67: 516.

Pharmacokinetics
Akretamine is well absorbed from the gastrointestinạl tract 
alter oral doses, but is rapidly demethylated in the liver 
produdng variation in  plasma-alơetamine concentrations. 
The Principal metabolites are pentamethylmelamine and 
teưamethylmelamine, vvhich are èxcreted in urine. The 
elimination half-life hạs been reported to be 4 to 10 hours.
Reíerences.

1. Damía G. DTncald M. Cỉỉnỉcaỉ phannacoỉdnedcs of aỉtretamine. ơùt 
Pharmaatíntí 1995; 28:439-48.

Preparatìons
Proprietary Preparatiom (details are given in Volume B)

Single-ingredient Preparatìons. A ustral.: Hexalenỷ; Canad.: Hex- 
alen; Fr.: Hexastat; Indìa: Cantrec N eth .: Hexalent; Rus.: Hex- 
alen (reiccarteK); T h a i:  Hexalent; USA: Hexalen.

Pharmocopoeiai Preparatíons
USP 36: Ahretamine Capsules.

Alvocidib ỊBAN, USAN, rlNNỊ 
•Alvocidibum; Avodenib; Flavopiridol; HL-275; HMR-1275; 
L86-S275;- MĐL-107826A; NSC-649890; A^bBQuHfln6. 
(-)-ós-2-(2-Chlorophenyl)-5,7-dihydroxy-8-(3-hydroxy-l - 
methylpĩperidin-4-yl)-4H-1-benzopyran-4-one. 
Q íHmCINOŝ i Ì  
CA5 — 146426-40-6. 
um  — 45AD6XS75G.

Alvocidib Hydrochloride ỊBANM, USAN, riNNMỊ 
Alvocidib, Clííồrhydrate d'; Alvocidibi Hydrochloridum; 
Hiđrốdoruro de álvocidib; HL-275; HMR-1275; 1-868275; 
MDL-107826A; NSC-649890; Anbaounfln6a rnflpox/iopufl. 
(-)-c/s-2-(2-Chlorophènyl)-5,7-dihydroxy-8-(3-;hydràxy-l-. 
m ethylpipendin-4-yl)-4H-l -benzopyran-4-one hydro- 
chloride.
C2,H2oCIN05,HC1=4383 ’
í Ị s . Ị -  131740-09-5.
UNII —  D48MS3A6N9.

Profìle
Alvoddib is an inhibitor of cydin-dependent kinase that is 
under investigation as an antineoplastic for the treatment of 
chronic lymphocytic leukaemia.

Amatuximab ÍUSAN, IÌNNI 
Arpatuximabum- MORAtj-009; AMaiyKCMMàố. 
ỊmỊnúnpglpbuỊỊh G l, anti-{mesothelin) (human-nnouse 
mónodonal MORAb-009 hẹavy Chain), dịsulíide with 
human-mouse monodonal MORAb-009 K-chain, dimer.
CAS — 931402-35-6.

Proỉile
Amatuxứnab is a humanised immunoglobulin GI mono- 
clonal antibody that targets the cell suríace glycoprotein 
mesothelin which is overexpressed in several malignandes. 
It is under investigation in the treatm ent of mesothelioma.

Aminoglutethimide (BAN, liN N / ®  

Aminoglutethimìd;' Áminòglutéthimídè; Aminoglutethimi- 
dum; Ặminoglutetimicl; ÁmỊnogỉùtẻtìmida; Aminõglutetimi- 

■ das; Aminoglutẹtĩmidị; Amihõgiutetỵmid; Aminõglutheti- 
mide; AiTỊmlnpglửtếtìrhide; Bá-Ị 6038; AMMHornyTeTHMHA.
2- (4-Ámìnophenyl)-2-ethylglutarimide; 3-(4-AminophenyD-
3- ẹthỵlpiperidine-Z6-dione.
C13H16N2Ò2=2323 .
CÁS-r ỉ25-84:8.- 
ATC —  L02BG01.
ATC Vet -r- QL02BG01.
UNII —  0O54IQ14I9.

Pharmacopoeias. In Chín., Eur. (see p. vii), and us.
Ph. Eur. 8: (Aminoglutethimide). A white or slightly 
yellovv. crystalline powder. Practically insoluble in water; 
treely soluble in acetone; soluble in methyl alcohol.
USP 36: (Aminogiutethimide). A white or creamy-tvhite, 
fine, crystalline powder. Very slightly soluble Ũ1 water; 
readily soluble in most organic solvents. It íorms water- 
soluble salts vvith Sttong adds. The pH of a 0.1 % solution in 
dilute methyl alcohol (1 in 20) is berween 6.2 and 7.3.

Uses and Administration
Aminoglutethimide is an analogue of glutethỉmide and vvas 
lormerly used lor its weak anticonvuỉsant properties. 
Aminoglutethimide blocks the production of adrenal 
steroids and acts as an aromatase mhibitor to block the 
conversion of androgens to oesttogens (the major source of 
oesưogens in women vvithout ovarian hmction). It was 
used in the treatment of metastatic breast cancer (p. 702.1) 
in postmenopausal or oophorectomised women and as 
palliative treatment in  men vvith advanced prostatic cancer 
(p. 712.3) but has largely been superseded by other drugs.

Amlnoglutethimide has also been used in  the treatment 
of Cushing's syndrome (p. 2559.1). Usual oral doses range 
bom  1 to 2 g daily, in divided doses.

The dextro-isomer oí aminoglutethimide, dexaminoglu- 
tethimide has been investigated.

Adverse Elỉects
The most hequent adveise eííects reported with amino- 
glutethimide include drowsiness, lethargy, and rash 
(sometimes vvith íever); these generalỉy diminiỉh after the 
Srst 6 tyeeks oỉ therapy. Dizziness and nausea occasionally 
occur. Leucopenia, thrombocytopenia, agranulocytosis, or 
severe pancytopenia have occurred rarely. Adrenal 
insuHidency may rarely occur, ánd there have been reports 
of other endocrine disturbances induding hypothyroidism, 
and virilisation. Other rare eữects indude ataxia, headache, 
depression, gasơointestinal disturbances, hypercholesterol- 
aemỉa, and orthostatic hypotension.

Overdosage may lead to CNS depression and impainnent 
oi consdousness, electrolyte disturbances, and respiratory 
depression.

Effects on the liver. Aminoglutethimide has been asso- 
dated vvlth reports of cholestatic jaundice, accompanied 
by rash1-2 and íever,2 and probably due to an idiosỵncratic 
hypersensitivity reaction.1 It has been suggested that liver 
lunction tests should be carried out in paúents receiving 
aminoglutethimide who develop fever and eruptions.2

1. Gerber SB, Miller KB. Cholntatic jaundlcc and aminoglutcthimicỉe. Am 
Intem Miđ 19*2; 97: 13*.

2. Perrault DJ. Domovitch E. Aminoglutethimide and cholestasis. Am 
hưcnI Mtd 19*4; 100; 160.

Effeds on the lungs. Pulmonary inhltrates ỉn a patient 
who developed Progressive dyspnoea on startíng therapy 
with amỉnoglutethimide were ỉound to be due to diỉỉuse 
alveolar damage and haemorrhage; thrombocytopenia was 
present but prothrombin and bleeding times were normal. 
The patient's gas exchange and chest radiographs 
improved on stopping aminoglutethimỉde and giving corti- 
costeroids.1 Blood and^puhnonàry eosinophilia, vvhich 
resolved on stopping aminoglutethimide therapy, has also 
been reported.2

1. Rodman DM. et ai. Amỉnogỉutethỉmỉđc, alveoỉar damage, and 
hemonhage. Ann Intem Mtd 1986; 105:633.

2. Bell sc Anderson EG. Pulmonary eodnophỉlia assodated wỉth 
aminoglutethimide. Aust N ZJ Med 1998; 28: 670-1.

Lupus. SLE occuưed in a patíent who received amino- 
glutethimide, and resolved vvhen the drug was with- 
drawn.' In another report, however, a patìent with a 
lupus-like syndrome had a reduction in  disease activity 
when tamoxiíen therapy vvas changed to aminogluteth- 
imide.2

1. McCraken M, et «/. Systemic lupus erytheraatosus ỉnduced by 
aminoglutethimide. BMJ 1980; 281: 1254.

2. Etherington J, t í  ai. ESect of amỉnogluteứiimide on the actỉvỉty of a case 
oỉ a connectìve tỉssue dỉsorder wiLh ỉeatures oỉ systemic lupus 
erythematosus. Lupus 1993; 2: 387.

Precautions
Aminoglutethimide inhibits adrenal steroid production so 
supplementary glucocorticoid therapy with hydrocortisone 
must normally be given, although supplementation may 
not be necessary in patients with Cushing's syndrome. 
Some patients also require a mineralocorticoid. It has been 
suggested that aminoglutethimíde should be temporarily 
withdrawn in patients who undergo shock or ưauma, or 
develop intercurrent iníection.

Bloõd pressure, blood counts, and serum electrolytes 
should be regularly monitored during aminoglutethimide 
therapy and periodic monitoring of liver and thyroid 
{unction is recommended.

A m in o g lu te th im id e  sh o u ld  n o t be g iv e n  d ur in g  
pregnancy as pseudohermaphroditism may occur in the 
ĩetus.

Aminoglutethimide írequently causes drowsiness: 
patients so afferted should not drive or operate machinery.

Interaờions
The rate of metabolism of some drugs is increased by 
aminoglutethimide; patients also taking warfarin or other 
coum arin anticoagulants, theophylline, tam oxiíen, 
medroxyprogesterone, or oral hypoglycaemics, may require 
increased dosages of these drugs. The metabolism of 
dexamethasone is also accelerated, vvhich lirnits its value for 
cortìcosteroid supplementadon in patients receiving amino- 
glutethimide. Use vvith diuretics may lead to hyponaơ- 
aemia, vvhile alcohol may potentiate the Central eííects of 
aminoglutethỉmide.

For reíerence to aminoglutethimide's interactions with 
digitoxin (see p. 1353.2), theophylỉine (see p. 1235.2), 
progestogenỉ (see p. 2302.2), tamoxifen (see Antineoplastìcs, 
p. 863.3), and anticoagulants (under Warfarin, p. 1532.2).

The Symbol ®  denotes a substance vvhose use may be restricted in certain sports (see p. viii)The Symbol t  denotes a preparation no longer actively marketed
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Pharmacokinetics
Aminoglutethimide is well absorbed aíter oral doses and 
peak plasma concenưations occur after 1 to 4  hours. It ũ  
metabolisíd in  the Uver, mainly to N-hydroxylaminoglu- 
tethimide and N-acetylaminoglutethimide, and appears to 
induce its own metabolism. The halỉ-liíe, which is reportẹd 
to be about 13 hours ạỉter a single dose, is decreased to 
around 9 hours aíter about 2 vveeks of continuous therapy. 
Anũnoglutethimide is excreted in urine, about halỉ a dose 
being excreted unchanged and the 'remainder as metab- 
olites. Only about 20 to 25% of a dose is bound to plasma 
protein.

Half-iife. A study in 17 patients shovved that the plasma 
halỉ-Uỉe of anũnoglutethimide had a mean value oí 15.5 
hours aíter ãngle doses but felỉ to 8.9 hours during multi- 
ple-dose therapy.1 This marked reducnon could largely be 
attrlbuted to a decrease in the volume of distribution; 
auto-induction of metabolism mỉght be of less importance 
in decreaáng halỉ-Uỉe than had been previously suggested. 

1. Lsnninf PH. ct al. Singỉe-dose and stcady-sute pharmacoldnetío oí 
aminogiuteihimide. ơin Pharmaeotínet 1985; 10: 353-64.

Preparatìons
Proprietary PreporoHons (details are given in Volume B)
Single-ìngradMnt Preparoticms. AustraL: Cytađrent; Gr.: Orime- 
tene; Hong Kxntg: Orimetenet; Rus.: Mamomit (MaMOMHT).
Pharmacopoeial PreporoHons
BP 2014: Aminoglutethimide Tablets;
USP 36: Aminoglutethimide Tablets.

5-Aminolevulinic Acid
5-ALẠ' ALA 5-Ămlnolaevulinic Acid; 5-Aminolevulínico, 
ẩcido; 5-Amỉno-4-oxovaleric Add; 5-Aminolaevulinic Acid. ‘ 
5-Amirio-4-oxopentanoic add. ■
C5H9N0j= ]3 Ú  
CÁS —  /06-ỐỢ-5.
ATC — L01XDÓ4.
ATC Vet — QL01XD04. 
um  — 88755TAZ87.,

Aminolevulinic Acid Hydrochloríde IUSANI

Aminolaevulinic Acid Hydrochloride; Aminolevulinico, 
hidrodomro ic ido .

■ 5-Aminolevulinic add hydrochloride.
CsHsNOi HCI= 167.6
CAS-5451-09-2.' - -
ATC — L01XD04. ;
ATC Vet — QL01XD04 
um  — V35KBM8JGH

Hexam inolevulinate Hydrochloríde (USANỊ

P-1026. ' "
Hexyl 5-aminor4-oxopentanoate hydrochloride. 
C,,H2,N03,HC1=2S1 8 
CÀ5—  140893-91-5. .
.ÚNII—:-JỌ4F3295Ì.ĨO.

Methyl Aminolevulinate Hydrochloríde
IUSAN1 '

Methyl Aminolaevulinare Hydrochloride; Metilaminolevuli- 
nato, hidFodoraro de; P-1202..
Methyh S-amino-4-òxopentanoate hydrochloride. 
[C6Hl1N03,H a=18f.6‘
CAS — 79416-27-6. - '
AK—lúVẻa&í
ATC Vet — 'QL01XDÓ3.
UNII — 7S73606O1A .,

Uses and Administratíon
5-Aminolevulinic add  is a naturally occuiring haem 
precursor that ũ  metabolised in the body to protoporphyrin 
IX, a photosensitiser tha t accumulates in malignant cells, 
and then to haem. 5-Aininolevnlinic add  and its deiivatives 
are used in photodynamic diagnosis and therapy (see under 
Porữmer Sodium, p. 849.1). They may be used to treat 
actinic keratoses, Bowen's disease, and basal cell cardnoma. 
Some are used in  the diagnosis of bladder cancer or ỉor 
visualisatìon of malignant tìssue during surgery for glioma 
(see Malignant Neoplasms, below).

AminoUvulittic a d d  hydrochíoride iỉ used to ữeat actinic 
keratoses. It is applied topically as a 20% solution in the 
treatm ent of miid to moderate non-hyperkeratotìc actìnic 
keratoses of the íace or scalp. The solution is applied to the 
suríace of the lesions, allowed to dry, and then applied 
agaỉn. This is íoUovved, 14 to 18 hours later, by illuminatìon

with blue tvavelength light suỉỉident to supply a dose of 
10 J/cm2. Treatment may be repeated once after 8 weeks ư 
necessary. Altematively, a gel containing aminolevulmic 
add  hydrochloride equivalent to aminolevulinic add  7.8% 
may be used. It is applied to the roughened surỉace oỉ the 
lesions and about 5 mm of the suiToundỉng sldn, allowed to 
diy, then covered with an ocdusive lỉght-tight dressing for 3 
hours. After removal of the dressing and any gel, the area is 
iỉluminated w ith red light, hom  either a narrow spedrum  
source supplying a dose of 37J/cm2 or a broader and 
continuous spectrum supplying a dose of 75 to 200J/cm2. 
Residual lesions may be re-ưeated aíter 3 months.

Amỉnolevulinic add  hydrochloiide is given orally ÍOT the 
visualisation oỉ malignant tissue during suigery for glioma. 
A dose of 20mg/kg iỉ given 3 hours belore anaesthesia, and 
blue light illuminatíon is used duríng surgery.

Methyí aminoíevutinate hydrochloridc is a derívative oỉ
5-aminolevulinic add  that is applied topically for the 
treatment of non-hyperkeratotic, non-pigmented actinic 
keratoses of the íace or scalp when other therapies are 
considered inappropriate. In some countries, it is alĩo used 
for the treatm ent of superhdal and/or nodular basal cell 
carcinoma unsuitable (or other therapies or íor the 
treatment of Bowen's disease (squamous cell cardnom a in 
situ) vvhen surgical exdsion is inappropriate. A cream 
containing the equivalent of 16% methyl aminolevulinate 
is applied to the lesions and covered vvith an ocdusive 
dressing. Aíter 3 hours the CTeam is removed and the lesions 
are exposed to red wavelength light; in the UK a dose of 
75J/cm2 is used, whereas 37J/cm 2 has been used in the 
USA. Exposure to the cream íor more than 4 hours should 
be avoided. In the USA, two sessions of photodynamic 
therapy are given íor actinic keratoses, a vveek apart. In the 
UK, One session is given íor actinic keratoses, repeated after 
3 months u  necessary; for basal cell cardnoma or Bowen's 
disease tvvo sessions are given a week apart.

Patients should avoid sunlight or bríght light sources ỉor 
about 2 days aíter topical applicatìon, and íor 24 hours after 
oral administraúon.

HexaminoUvulinate hydrochloride is used for the 
detection of bladder cancer. A 50 mỉ. solution containing 
hexaminolevulinate hydrochloride lOOmg (equivalent to 
about 85 mg oỉ hexaminolevulinate) is instilled into the 
bladder and retained for 1 hour. Aỉter subsequent 
evacuation o! the bladder, Auorescence cystoscopy using 
blue light should be started vvithin 30 to 60 minutes.

M alignant neoplasms. The use of topical aminolevulinic 
add or methyl aminolevulinate in the photodynamic ther- 
apy (PDT) of ac tin lc  k era to s is  and basal ceũ c a rd n o m a  
(p. 714.2) has been reviewed.16 Both aminolevulinic add 
and methyl aminolevulinate are considered to be eííective 
in dearing non-hyperkeratotic aain ic keratoses of the face 
and scalp, with superíor response rates and cosmetic out- 
come compared with cryotherapy.7 More than 80% of 
lesions deared completely aíter 2 ữeatments with amino- 
levulinic add  PDT; a recurrence rate of 19% was reported 
over 12 months.* Single aeatm ent vvith methyl aminole- 
vulinate is eũective ỉor thin lesions but thicker, 
non-responsive lesions may beneht from repeated ưeat- 
ment.’ No signỉhcant dưíerences in efficacy were seen 
betvveen PDT vvith aminolevulĩnic add or methyl aminole- 
vulinate in  the treatm ent of scalp actinic keratosis.10 Topi- 
cal PDT is less effective for acral lesions, although some 
consider that it may still offer therapeutic beneht.7 Topical 
PDT with aminoIevuUnic add  was also ỉound to prevent 
the development of new  malignant lesions in patients 
with recurrent non-melanoma skin cancer.11 A seU-adhe- 
sive patch containing aminolevulinic add  (PD p 506 A) 
has been developed for easier application before therapy;12 
the patch also provides light protection. In one study, the 
majority oí actinic keratosis lesions remained dea r 12 
months aher a single patch-PDT treatment, and recurrence 
rates were superior to those of cryosurgery.13 Topical PDT 
is considered eũective íor superlidal basal cell cardnoma; 
it is less ehectíve for nodular disease.7 Intralesionaỉ use has 
been investigated to  improve penetration of the photosen- 
sitiser, with good preliminary resnlts.14 Methyl aminolevu- 
linate topical PDT may be preferable lor diIficult-to-tteat 
basal cell cardnom a.1516

Topical PDT is eHective in B ow en 's  d lsease (squamous 
cell cardnoma in situ), with equỉvalence to cryotherapy, and 
equivalence or superiority to topical íluorouradl; cosmetic 
outcome is superíor to Standard therapy.7 Topical PDT is not 
recomroended for the treatm ent of invasive squamous cell 
cardnoma.7 Topical methyl aminolevulinate PDT vvas more 
ehective and cosmetícỉtlly acceptable compared vvith topical
5-ũuorouradl ỉor pre-malignant skin disease in a small 
study in organ ưansplant redpients.17

PDT using oral 5-aminolevulinic add  as the photo- 
sensitiser, at doses of 30 or 60mg/kg. has been used to treat 
B arre tt's  oesophagus, which is a major risk ỉactor íor 
oesophageal adenocardnoma (p. 705.3).1*-1* A small study 
íound similar dinical responses with lovv-dose (30mg/kg) 
and high-dose (60mg/kg) oral am inolevulinic add

protocols.20 Good long-term results ha ve been reponed 
with aminolevulinic ad d  PDT in patients vvith early 
neoplasỉa or high-grade intraepithelial neoplasia.21

Aminolevulinic ad d  is given oraỉly for the photodynamic 
detection of malignant tissue during glỉom a resection (see 
Malignant Neoplasms of the Brain, p. 701.2).22-25 It has also 
been used for the Đuorescence detection of p leu ra l 
m a lỉg n a n d es .24

An ùitravtsical solution of hexaminolevulinate is used in 
the cystoscopic detection of non-m usde invasive b lad d er 
cancer (p. 700.2). Detection rates are higher compared with 
the use of Standard vvhite light cystoscopy,25-24 although it 
may be less eHective in  patients previously treated with 
intravesical chemotherapy or immtmotherapy.26 Improve- 
ments in detection and assodated compỉete resection are 
also thought to be related to lovver recurrence rates.25 
Inưavesical Solutions of aminolevulinic add  have been 
studied as vrhole-bladder photodynamic therapy in the 
ưeatm ent of bladder tum oun27-2* and hexaminolevulinate 
is under investigation.

A topical application of 5-aminolevulinic add  3% has 
been tried in the ơeatm ent of cervical in traep ith e lia l 
neoplasia, with poor response.29
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skin disorders. 5-Aminolevulinic add  has been used topi- 
cally in thc photodynamic therapy (PDT) of skin condi-
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tìons such as psoriasis, recaldttant vứal vvarts, acne vul- 
garis, and cutaneous T-cell lymphoma.1'2 Topieal PDT is 
considered eKective for dearing the lesions of cutaneous 
leishmaniasis, although íurther studies are needed. It also 
appears effective in the treatment of photoageing.2 Vari- 
able results have been reported with this therapy in 
patients w ith plaque psoriasis. In one study therapy was 
generally vvell-tolerated,2 but in  another all patients 
reported stinging or bum ing during irradiation,4 and topi- 
cal PDT is not recommendeđ íor use in psoriasis.2 POT 
with 5-aminolevulinic add  has been reported to signiiì- 
cantly improve an iníected Ieg uỉcer resistant to conven- 
tional therapies.5 A topical 10% solution has been used 
with intraurethral PDT to treat conđylomata acuminata.6 
Beneíỉt has also been reported w ith topicaỉ PDT, using 5- 
aminolevulỉnic add  20%, in 10 patíents with actinic chei- 
litis, a common condition oỉ the lower lip, which can 
progress to squamous cell cardnom a.7 Topical PDT may 
potentiaỉly be benehdal in  skin cancer prophylaxis, 
although h rnher investigation is needeđ.2

PDT using topical aminolevulinic add  or methyl 
aminolevulinate can be eữective in the ưeatment of 
inllammatory acne of the face and back.2 However, the 
optimum regimen to achieve a sustained response with 
minimal adverse effea has not been established. A revievv* 
found tha t most studies reported on topical use ọí 
aminolevulinic add  20% or.methyl aminolevulinate 16%, 
but were small and of variable quality. The authors 
suggested tha t ơeatm ent for mođerate to moderately severe 
inhammatory acne could consist of a short contact time of 
15 to 60 minutes under ocdusion, followed by broad 
spectrum yellow and/or red light. A course of therapy could 
consist of 2 to 4 treatments. applied at intervals of 2 to 4  
vveeks.
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4. Radakovíc-Píjan s, tí ai. Topicaỉ amỉnoỉaevuỉinỉc add*based photo- 
dynamỉc therapy as a treatment optíon ỉor psoriasia? Results of a 
rãndomỉzed. obsẽrver-blỉnded study. Br J Demãtoỉ 2005; 152:279-83.

5. Clayton TH. Harrison PV. Photodynamỉc therapy ỉor iníected leg ulcers. 
BrÌDermatol 2007; 156: 384-5.

6. Wang XL ct ai. Tỡpicaỉ 5-aminoIacvuỉinic add-photodynamk therapy 
ỉor the ưeatment oí urethral condylomata acuminata. Br J Dtrmaiol 
2004; 151: 880-5.

7. Sotiriou E, et at. Actỉnic cheilỉtỉs treated with one cyde oí 5- 
aminolaevuliníc add-based photodynamic therapy. repott ữỉ 10 cases. 
Br J Dermatol 2008; 159:261-2

8. Taytor MN. Gonzaỉez ML. The practicaỉỉtie$ oí photodynamic tberapy ỉn 
aaie vulgarỉs. Br J Dermatol 2009; 160: 1140-8.

Adverse Effects and Precautìons
The mechanism of action of topical 5-aminolevulinicaãd or 
its derivatives generally results in  local phototoxidty, 
manifest as a localised buming or stinging sensation, 
erythema, oedema, prurims, scabbing, or pain. Symptoms 
are usually mild to moderate, and transient. During 
treatment, patients should be advised to avoid sunlight or 
prolonged exposure to bright light.

Other cotnmon adverse eííects on the skin include 
scaling or crusting, ulceration, suppuration, blistering, 
bleeding, sensation of heat, erosion or exíoliation, and skin 
iníection. Urticaria, rash, and changes in skìn pigmentation 
may also occur. Application site discharge, eczema, and 
alleigic contact dermatitis have been reported. Systemic 
ettects may occur vvith topical use. Paraesthesia and 
headache have been reported commonly; nausea, tatigue, 
cye swelling or eye pain, and wound haemorrhage have 
aiso occurred.

Bladderpain, cystitis, dysuria, haematuria, andabnormal 
urinalysis may occur with intravesical use. Anaphylactic 
shock has been reported. Widespread bladder inũammation 
should be exduded beíore instillatíon because of the 
potential for increased potphyrin accumulation resulting in 
an increased risk of local toxicity and íalse Huorescence.

Adverse effects associated w ith oral use indude nausea, 
hypotension, and photosensitivìty. Other reported effects 
indude anaemia, thrombocytopenia, leucocytosis, and 
increases in  bilirubin, liver enzyme, and amylase values.

Handling. u s  licensed product inỉormation wams that 
nitrile gloves should be w om  during application and 
removal of m ethyl aminolevulinate hydrochỉoride cream; 
vinyl or latex gloves do not provide adequate protection.

Hypersensitivity. Allergic reactions to aminolevulinic a d d 1 
and methyl aminolevulinate2 have been reported.

1. Gniazdowska B. et tủ. Alỉergỉc contact dermatitiỉ tròm 8 -aminolevulỉnic 
add used for photỡdynamic therapy. Qmtaa Dermatìtis 1998; 38:348-9.

2. Wull HC Philipsen p. AUergic contaa dermatỉtis to 5-amỉnolaevulinic 
add meihylester but not to 5>aaiỉnolaevulỉnic add aỉter photodynamỉc 
therapy. BrJ Dcrmatol 2004; 150: 143-5.

Potphyria. Licensed produa inlonnation States that the 
use ot 5-aminolevulinic add  and its derivatives is 
comra-indicated in patients with porphyria. The Drug 
Database for Acute Potphyria, compiled by the Norvvegian 
Porphyria Centrẹ (NAPOS) and the Porphyria Cenơe Swe- 
den, dassihes aminolevulinic add  gỉven orally as possibly 
poiphyrinogenic; it shouỉd be used only vvhen no saíer 
altemative is avaiỉable and precautions should be consid- 
ered in vulnerable patìents. However, topical methyl ami- 
nolevulinate is dassihed as not porphyiỉnogenic because 
oỉ insignihcant systemic absoiption; it may be used as a 
drug of fint choice and no precautions are needed.1

t. The Dnig Daiabase for Acute Porphyria. Available at: http://mvw. 
diugs-porphyria.org (accessed 28/03/13)

Interactions
Use with other known photosensitisers such as griseohilvin, 
thiadde diuretics, sullonylureas, phenothiazines, sulíona- 
mides, and teơacydines might increase the photosensitivity 
reaction commonly seen with 5-aminolevulinic add  or its 
derivatives.

St John's wort. A patient taking St John's wort had a pro- 
nounced phototoxic reaction consisting of an erythema- 
IOUS rash and swelling oỉ the lace, neck, and hands, 6 
hours aíter receiving oral aminolevulinic add. Although 
both drugs have been assodated with photosensitivity, the 
authors suggested a synergistic effect had occuưed. Tests 
in vitro appeared to coníirm this.1

ỉ . Ladner DP, et al. Synergỉstìc toxidty oí 8 -aminolacvulinic add-induced 
protoporpbynn IX used ỉor photodỉagnoás and hypericum cxtract, a 
herbaỉ antidepressanL Br J Dermatoi 2001; 144:916-8.

Pharmacokinetics
After intravenous and oral doses of aminolevulinic add 
hydrochloride equivalent to lOOmg of aminolevtilinic add, 
the mean half-life of aminolevulinịc add is stated to be 
about 0.83 hours and 0.7 hours, respectively; oral 
bìoavailabUity is about 50 to 60%. In-vitro studies of dermal 
absorption ỉound that the mean cumulative absorption oi 
methyl aminolevulinate through healthy human skin aíter 
24 hours was 0.26% of a dose and a skin depot containing 
4.9% oí the dose vvas íormed.

Reíerences.
1. Juzenỉene A, ti aỉ. Topical applicaóon of 5-aminolaevulinic add. tnethyỉ 

5'aminolaevuỉỉnare and hexyỉ 5-aminolaevulinafe on normaỉ human 
skin. Br J Dermaíoi 2006; 155:791-9.

Preparations
Proprietary Preparations (deuils are given in Volume B)

Single-ingredient Preparaiions. A r g Metvix; Austral: Metvix; 
Austria-. Hexvix; Metvix; Belg.: Gliolan; Hexvix; Metvix; Braz.\ 
Metvix; Canad.-. Levulan Kerastiđc Metvix; Chile: Levulan 
Kerasrick; Metvlx; chintv. ALA (3£fi); Cz.: Gliolan; Hexvix: MC 
506f; Metvix; Dettm.: Ameluz; Gliolan; Hexvix; Mctvix; Pin.: 
Hexvix; Metvix: Fr.: Gliolan; Hexvix; Metvixia; Ger.: Gliolan; 
Hexvix; Metvix; Gr.: Gliolan; Hexvix; Metvix; IrL: Alacare; 
Gliolan; Hexvix; Metvix; Ital.: Hexvix; Metvix; Jpn: Alabẹb 
Alaglio; Netìt.: Ameluz; Gliolan; Hexvix; Metvix; Norw.: Ame- 
luz; Gliolan; Hexvix; Metvlx; NZ: Metvix; PoL: Gliolan; PorL: 
Gliolan; Hexvix; Metvlx; S.Afr.: Metvix; singapore. Metvix; 
Spain: Gliolan; Hexvix; Metvix; SwetL: Gliolan; Hexvix: Met- 
vix; Svritĩ.: Hexvix; Metvix; Thai.: Levulan Kerastick; UK: 
Ameluz: Gliolan; Hexvlx; Metvix; Porphin; USA: Cysview; 
Levulan Kerastick: Metvixia.

Amonatìde iU SA N , r iN N i

Amonâíỉda; Amonafidum; M-FA-142; Nafidimide; NSC- 
308847; AMOHaỘMfl.
3-Amino-/V-[2-(dimethyiamino)ethyl]naphthalimide; 5- 
Amino-2-[2-(dimethylamino)ethyll • 1 H-benz(de)isoquino- 
line-1,3(2>fl-dione. ■■■■■;■
CiíH,jNÁ=283.3 
C A S —  69408-81-7. ■ .

. u m  — 1Q8D39N37L  . . , .

Amonafíde Hydrochloride ỊríN N M i 

Amonafide,; Chlorhýdratế. de; Amonafìde dihydrochlotĩde; 
AmonaRdi ‘Hydrochloridum; Hidrodoruro de amonaíida,- 
AMOHaộnqa rnqpoxnopnfl '
C,ểH17N3Oj;2HCI=356Ì' , - ‘ . '  1
C A S —  150091-68 z
u m  — 2UAV344066. ‘ - ■ , - ‘

NOTE. The name Quinamed has been used as a ơade mark for 
amonahde hydrochloride.

Amonafide Malate ỊríN N M i 

'Amọnaíìde L-Malate (USAN); AmonaAde, Malate d‘; 
ẠmonaÁdi Malas;, AS-1413; Malato de amonaíida; XAN-02; 
AMOHaệnfla ManaT. - .
C,6H,7N30 2, C,H6Os=417.4 
CAS —  618863-54-0.' ' ■
um —  U06Q37ĨĨG. 1 '

NOTE. The name XanaAde has been used as a trade mark for 
amonahde malate

Proỉile
Amonahde is a topoisomerase inhíbitor. Amonaãde malate 
has been investigated for the tteatm ent oí acute myeloid 
leukaemia, but lailed to improve the rate oí complete 
remission. Amonaíide hydrochloríde has also been 
investigated, but some studies were stopped due to seríous 
adverse eílects.

A m r u b ic in  IUSAN, ríNNl

Amrubicina; Am/ubicine; Ámrubicinum; 5M-S887; AÁipy-
ÕMỰMH. .-.Ị/ ...
(+}-(7S,95)-9-Acetyl-9-amino-7-[(2-deóxy-p-i>e/yfh/'0-pento- 
pyranosyl)oxy]-7,8,9,l O-tetrạhydro-6,11 -dihydroxy-5,.12- 
náphthacenedione. r  , .
CysHỵN O ^aSi
CAS —  110267SÌ-7 (amrubiơn); ĨĨQ311-30-3 (amrubicm 
hydrochlonde). —
ÁTC— L01DB10. - 
ATC Vet —  QL01DB10.
UNIỊ — , 93N13LB4Z2.

Proíile
Amrubidn ỉs a synthetic anthỊacydine derivative related to 
compounds such as dỡxorubidn (p. 782.3). Amrubidn 
hydrochlonde is a potent topoisomerase n  inhibitor that is 
used as an antineoplastic in the treatment oỉ lung cancer.

Preparatíons
Proprietary Preporotions (details are given ìn Volume B) 

Single-ingredient Preparations. Jpn: Calsed.

Amsacrine /SAN, USAN, piNNi 

Âcridinyl Anisidide; m-AMSA; Amsacrina; Amsacrinom; 
Amsakriini; Amsakrin; CI-880; NSC-249992; AMcaxpMH. 
4'KAcridin-9-ylamino)methanesulphon-/n-anisidide. 
^2 ,^ ^ 0 3 5 = 3 9 3 5  .
CAS — 51264-14-3.
ATC —  L01XX01.
ATC Vet —  QL01XX01. ..............-
UNII —  00DPD30SOY.

Incompatibility. Amsacrine is incompatíble tvith sodium 
chloride 0.9% injection and with other chloride-contain- 
ing Solutions,ư  apparently because of the poor solubility 
of the hydrochloride salt in aqueous solution.2 Amsacrìne 
reacts vrith certain plastics.1

1. D'Arcy PF. Reactỉons and interactions ỉn handlỉng anticancer drugs. 
Drus irưeỉl ain Pharm 1983; 17: 532-8.

2. Trissel LA. et ai. Visual compatibỉlỉty oỉ amsacríne with selected drugs 
during simuiated Y-sitc injcction. Am J Hosp Pharm 1990; 47: 2525-8.

Uses and Administration
Amsacrine is an antineoplastic agent that appears to act by 
intercalation with DNA and inhibition of nucleic add 
synthesis. It may also exert an action on cell membranes. 
Cells in Gi or s phases may be most sensitive to its actions.

It ís used for the induction and maintenance of remission 
in adult acute leukaemias, particularly acute myelold 
leukaemia.

Amsacrine is prepared as a solutíon in  lactic adđ  and 
đimethylacetamide, and is given, diỉuted in  glucose 5%, by 
intravenous iníusion over 60 to 90 minutes.

For the induction of remission, amsacrine may be given 
at a dose of 90mg/m2 daily íor 5 to 8 days, depending on 
clinical response. Courses may be repeated at 2- to 4-week 
intervals according to response, and the dose may be 
incrcased to  120mg/m2 daily in subsequent courses ư 
tolerated. Maintenance doses of 150 mg/m2 as a single dose 
or divided over 3 consecutive days have been given every 3 
to 4  vveeks. adjusted ư necessary according to response.

Complete blood counts should be períormed regularlý, 
and cardiac, liver, kidney, and CNS hinction should be 
monitored.

. Doses shouỉd be reduced in patients with hepatìc or renal 
impainnent (see p. 742.1).

The Symbol t  denotes a preparation no longer actively marketed

http://www.bad.org.uk/
http://mvw
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Reíereiices.
1. Ghađdar HM. tí  aỉ. Amsacrine and contínuous-ỉníusion high-dose 

cytosỉne arabinosỉde as ỉnductíoo therapy ỉor patiems wíth nevvly- 
dĩagnosed acute royelogenous ỉeukemỉa. Liũk Lymphoma 1996; 22:71-6.

2. Remãn O.et a l Gróupe đ^Ểtude et de Traỉtement de ỉa Leucémỉe AjguS 
Lymphoblastique de 1'Adulte. Rescue thenpy combinỉng lntenneđUte- 
(Ịose cytaiabỉne wỉth asuaaỉne and etoposỉde ỉn relapsed adult acute 
ỉymphobỉastỉc ỉeukemỉe. Hematoỉ J  2004; 5:123-9.

3. Sung WJ, tí ÓL Pbase n  triaỉ oỉ tmsacrine plus ỉntermedỉate-dose Ara-C 
(IDAC) with or without etoposỉde as salvage therapy ỉor reíractory or 
reỉapsed acute leuketnỉa. Jpn J Qin Oncữỉ 2005; 35: 612-16.

4. Horstmann MA. tí aL Amsaaine combỉned wiih etoposỉde and hlgh- 
dose methyỉprednỉsolone 15 salvage therapy in acute lyxnphoblastíc 
leukemỉa in chHdren. Haanatologiea 2005; 90:1701-3.

5. Kessỉer T. tí  ai. Amsaaỉne conuining ỉnduction thcrapy ỉn eỉderly AML 
patíems: comparison to Standard ỉnductỉon regimens in a maiched-pair 
ânalysis. Uuk Ra 2008; 32: 491-4.

Administrotion in hepatic impairment. In moderate to 
severe hepatic impairment, dosage of amsacrine may need 
to bc reduced by up to 50%. Some Iicensed product inlor- 
m ation recommends an initial reductíon of 20 to 30%, to 
a dose betvveen 60 and 75 mg/m2 daily.

Administrolion in renal impairment. In moderate to 
severe renal impairmem, dosage of amsacrine may need 
to be reduced by up to 50%. Some licensed product iníor- 
mation recommends an initial reduction of 20 to 30%, to 
a dose betvveen 60 and 75 mg/m2 daily.

Adverse Effeds, Treatment, and Precautions
For a general outline see Antineoplastics, p. 726.1, p. 730.2, 
and p” 732.2.

Bone-marrotv depression is usually dose-Iimiting and 
may be severe. The nadir of the white cell count has been 
repoited at about 12 days after ưeatment, with recovery 
usualỉy by the 25th day. Pancytopenia and haemorrhage 
may develop. Nausea and vomiting (mild to moderate), 
stomatitis (mild to IUe-threatening), xashes, and alopeda 
may occur. Grand mal seizures, renal dysíunction, 
hepatotoxidty, and cardiotoxidty have also been reported. 
Amsacrine is irritant: there may be phlebitiỉ and local tissue 
necrbsis partỉcularly when given in high concentrations.

Amsacrine should be given with caution to patients with 
liver or kidney disease, w ho may require dosage 
adjustments.

Porphyrìo. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Ssveđen, dassìỉies amsacrine as pos- 
sibly porphyrinogenic it should be used only when no 
safer altemative is available and precautions should be 
considered in vulnerable patìents.1

1. The Drug Database for Acute Porphyria. Availabie at: http://www. 
dmgs-porphyria.org (accessẹd 28/09/11)

Interactíons
For a geneial outline oí antineoplastic drug interactions, see 
p. 733.3. Use w ith diuretics or nephrotoxic drugs such as the 
aminoglycosides may theoretically increase the risk oí 
cardiotoxidty w ith amsacrine by predpitadng hypokal- 
aemia.

Pharmacokinetics
Amsacrine is poorly absorbed after oral doses. When given 
intravenously it has a reported tenninal half-life of about 5 
to 8 houis. It is metabolised in the liver and excreted mainly 
in the bile, mostly as metabolites. It ìs reported to be about 
98% protein bound.

Preparatíons
Proprielary Preparations (detailỉ are given in Volume B)

Singlc ingrcdient Preparolion*. A u stra l.: Amsidylt; Belg.: Amsi- 
dine-b CatuúL: Amsa PD; Fr.: Amsalyo; Ger.: AmsidyU Gr 
Amsidine; Amsidyl; IrL : Amsidine; N eth .: Amsidine; SwetL: 
Amekrin; Sw itz.: Amsidyt UK: Amsidinet.

A n a s t r o z o l e  IBAN, USAN, riNNi ®

.Ạnástrptsoli; Anastrozol; Anastrozolo; Anastrozolum; ICI- 
DỊ033; Z M 033; AHacrpo3on. ■ 
22'-D m eứìỳ\-2 ỉ'-Ị^-[\H -] ,2,4-triazol-l -ylmethyl)-13-pheny- 
lene] bls(prọpionõn ítri le); a.aa^-Tetràm ethyi-S -il H-1,2,4- 
triazol-1 -ylmethyl)-m-benzenediacetonlừile.
C-Ị7H19NS=293.'4
CAS —  1205)1-73-1......  .
ATC —  L02BG03. .
ATCVer—  QL02BG03. "
u m  —  2Z07MYW1AZ. - - -

Pharmacopoeias. In Eur. (see p. vii) and ưs.
Ph. Eur. 8: (Anastrozole). A white or almost white povvder. 
Very slightly soluble in water; freely soluble in dehydrated 
alcohol; practically insoluble in cydohexane. It shows 
polymorphism.

USP 36: (Anasttozole). A w hite to off-white crystalline 
powder. Preely soluble in alcohol, in methyl alcohol, in 
acetone, and in  te trahydro íu ran ; very soluble in 
acetonỉtrile.

Uses and Administratíon
Ana$trozole is a potent and selecrive nonsteroidal inhlbitor 
of the axomatase (oestrogen synthetase) System, which 
converts adrenal androgens to oesưogens in peripheral 
tissue. It is used in the ưeatm ent of advanced or locally 
advanced breast cancer, and as adjuvant treatm ent in 
hormone receptor-positive early breast cancer (p. 702.1), in 
postmenopausal vvomen in an oral dose of 1 mg once daiỉy. 
Responses are unlikely in patiems with oesơogen receptor- 
negative disease, unless they had a previous positìve dinical 
response to tamoxilen. For patients with advanced breast 
cancer, therapy may be continued until tum our progres- 
sion. Adjuvant therapy may be continued for up to 5 years, 
although the optimum duration is uncertain.
Reĩerences.

1. Jonai w, tí al. Eííeciveness of svviiching [rom adịuvant tamoxiíen to 
anastrozole in postmenopausal vvomcn vvith hormone-sensitive early- 
stage breast cancer 9 meta-analysis. Lanctí Oncoỉ 2006: 7: 991-6. 
Correaion. ibiá. 2007; 8: 6.

2. Graham PH. Anastrozole ỉưr malignant and benign conditions: present 
applications and lurure therapeutic integraúons. Expcrt Opin Pharmac• 
other 2007; 8: 2347-57.

3. Sanlord M, Pỉosker GL. Anastrozoỉe: 9 revỉcvv oĩ ỉts use in 
postmenopausal women vvith early-stage brcast cancer. Drugí 2008; 
68: 1319-40.

4. Needleman SJ. Toblas JS. Review oí the ATAC study: tamoxiíen versus 
anasưoiole ín early-siage breast cancer. Exptrt Rev Anticaneer Ther 2008; 
8: 1871-81.

5. NabhoItz JM. tí a i Comparaúve revievv oí anastrozole, letrozoíe and 
exemestane ìn Ihe managemem oí early breast cancer. Expen Opin 
Pharmacother 2009; 10: 1435-47.

6. Kelly CM, Buzdar AU. Anastrozole. ExpertOpm Drug Safíty 2010; 9:995- 
1003.

7. Geisỉer J. Dífferences between the non-ỉteroidal aromatase inhibitors 
anastroiole and ìeưozole—of dlnical importancc? Br J Cancer 2011; 104: 
1059-66.

Admíniỉtralion in hepatic impairment. UK licensed pro- 
d u a  iníormation States that no dosagè adjustment of ana- 
sưozole is requữed íor patients vvith mild hepatìc impair- 
ment, but contra-indicates its use in those vvith moderate 
or severe hepatic disease. us licensed product iníormation 
States that no change in dose is required ỉor those vvỉth 
mỉld to moderate hepatic impainnent and that anastrozole 
has not been studied in those with severe hepatic impair- 
ment; dosage adjustment in pacients vvith stable hepatic 
dưhosis is not considered to be necessary.

Admmistration in renal impairment. us licensed product 
íníonnation al!ows for unchanged doses oí anastrozole in 
renal impairment. However, UK licensed product iníonna- 
tion contra-indicates its use in patients with severe renal 
impairment (those wíth a creatinine dearance less than 
20mL/min).

Endometriosis. In a small, open-Iabel study,1 oral anasưo- 
zole 1 mg, given daily w íth a low-sơength oral 
conưaceptive ỉor 6 months, reduced pelvic pain scores in 
women with reíraaory endometríosis (p. 2264.1). Adverse 
eỉlects vvere mild, although most patients had break- 
through bleeding, which exacerbated pain. The authors 
supposed that a higher dose of oral contraceptive should 
be considered in íuture studies. A randomised. controlled 
study to investigate the eHicacy of oral anasvozole vvith 
subcutaneous goserelin after surgery íor endometriosis 
ỉound the combination increased the pain-free interval 
and decreased recurrence rates compared vvith goserelin 
alone.2

There are also reports of success with oral letrozole
2.5 mg daily, given with caldum and vitamin D,5 and also 
vvith norethisterone in some cases.4 However, use with 
desogestrel in a small study oi women with reíractory 
endometriosis caused the development of íunctional 
ovaiian cysts, necessitating interruption of ưeatm ent.5

In a small pílot study oỉ patients wíth reaovaginal 
endometiiosis,4 anasơozole 250micrograms was given 
vaginally once daily for 6 months. Dysmenorrhoea improved 
signihcantly although dưonic pelvic pain was unchanged. 
Adverse effects were mild.

A revievv* on the use of aromatase inhibitors for 
endometríosis noted that. whi)e they may be useỉul in 
redudng pain, the long-term course of pain symptoms alter 
interruption of therapy remains to be evaluated, and that 
theữ superiority over hormonal therapy has yet to be 
proven. Furthermore, permanent inhibition of aromatase 
activity is conữa-indicated in  vvomcn with endometdosis 
who wish to preserve their íertìỉity, and they should only be 
offered to selected women who have severe pain despite 
previous surgical and hormonal therapy; íurther studies 
were considered necessary beíore routine use could be 
recommended.

1. Amsterdam LL. tí ai. Anastmole (sicl and oraỉ contraceptives: a noveỉ 
ưeatment íor endometriosís. Ffrtil Steríl 2005: 84: 300-4.

2. Soyssl s. tí aỉ. The eỉfects of post-surgỉcal adminỉstration of goserelỉn )lus 
anasưozole compared to gosereỉln alone ỉn patỉents vvỉth se -ere 
endometriosỉs: a prospecdvc randomized ưỉaL Hum Rtprod 2004; 19: 
160-7.

3. Razzỉ s. tí ai. Treatment oỉ severe recurrent endometriosỉs vvith an 
aromatase ỉnhỉbỉtor ỉn a young ovarieciomỉsed woman. BJOG 2004; 11: 
182-4.

4. Perrero s. tí aỉ. Pharmacological ỉreatment of enđometriosiỉ: experic ice  
wlth aromatase inhỉbltors. Drvgs 2009; 69: 943-52.

5. Remorgỉda V, t í a l  Lettozole and desogesttel-only contraceptive pil for 
the treatroent of stage IV enđomecriosũ. Aust N Z J Obsttí Gynaecòl 2í 07; 
47:222-5.

6. HeĐer LA. tí  al. Role út the vagỉnaỉỉy adralnỉstered aromatase inhit tor 
anastrozo!e ỉn vromen wỉth rectovaginaỉ endometrioris: a pỉlot sti đy. 
ĩtrtìĩ Steril 2005; 84: 1033-6.

Growth hormone defiãency. up  to 3 years oí ad juv :n t 
treatm ent with anastrozole in adolescent boys w  th 
growth hormone deAdency (see Growth Retardatíi n, 
p. 1921.3) resulted in signiBcant gains in predicted ad lít 
height compared with placebo; the drug was well tolerat ed 
and nonnal pubertal progression was m aintained.1

1. Mauras N, tí aỉ. Ana$trozoỉe increases predlaed adult heỉght of sh on 
adoỉescem males ueated wtth growth honnone: a randotnixed. place *0 - 
controlỉed, multỉcenter triaỉ ỉor one to three years. J CUn EndocrinoỉMt ab 
2008; 93: 823-31.

GynaecomasKa. Anasưozole has been reported1-2 to 3e 
under investigation for the treatm ent oi gynaecomast a, 
but controlled studies suggest that it may be no bet er 
than placebo—see Gynaecomastia (p. 2264.3) and Gyna e- 
comastía under Adverse Eữects and Precautions of Fli t- 
amide (p. 799.1).

1. Grunưnanis u. Braunsiein GD. Treatment oỉ gynecomasiỉa. Curr 0 Ún 
Irrvatìý Drugs 2001; 2: 643-9.

2. Mauras N, tí al. Pharmacokineties and phaimacodynamics of 
anasơozole ỉn pubertal boys wỉth recent-onset gynecomastỉa. J í Un 
Endơơinoỉ Maab 2009; 94: 2975-8.

Iníertility. Nonsteroidal aromatase inhibitors such as an ỉ- 
sưozole and leơozole have been investigated for tht ir 
ovulaóon-indudng eííects, see Letrozole, p. 817.2.

Precocious puberty. For a report of the eỉíective use )f 
anastrozoIe vvith bicalutamide in the treatm ent of íamil al 
male precodous puberty (testotoxicosis), see Precodo 1S 
Puberty, under Bicalutamide, p. 749.2.

Adverse Effeđs, Treatment, and Precautỉons
The most ừequent adverse e£fects of anasưozoIe a e 
gastrointestinal distuibances (induding anorexia, naus< a 
and vomiting. and diaiThoea), asthenia, hot ílushe;. 
d izãness, drowsiness, headache, and rash. O ther com mon y 
reported eữects indude haữ  thinning. vaginal dryness I ir 
bleeding, myalgia, arthralgia, caipal tunnel syndrome, ar d 
bone pain and/or ừactures. Insomnia, depression, peript - 
eral oedema, lymphoedema. increased cough. pharyngiti >. 
dyspnoea, back pain. and hypertension are also commo [. 
An increaseđ inddence of cardiovascular adverse events hi s 
been seen in women with pre-existing ischaemic hea t  
disease and caution is advỉsed in  these p a tien t . 
Abnormalities in  liver enzyme values, bepatitis, thron  - 
boembolism, and hypercholesterolaemia can occur. Rai s 
cases of erythema muítiíorme, Stevens-Johnson syndrom , 
and allergic reactions (induding angioedema, urdcaria, an ỉ  
anaphylaxis) have been reported. O ther adverse reactìor s 
indude thrombophlebitis, anaemia. leucopenia, anx ie t;. 
cataracts, and urinary-traa iníections; bronchitis, rh in i t i , 
and stnusitìs have been reported.

Reductions in  bone mineral density (BMD) can occu r 
duiing use oỉ anastxozole. Patients with or a t risk ( f 
osteoporosis should thereíore have their BMD assessed í  t 
the start of therapy and at regular intervals the reahe:. 
Treatment or prophylaxis for osteoporosis should be starte 1 
as appropriate and careíully monitored.

The use of aromatase inhibitors such as anasơozole i : 
generally contra-indỉcated in prem enopausal w om e I 
(particularly in  pregnancy).
Reíerences.

1. Fflcs JA. tt aỉ. Managing aromatase inhibiton in brcast cancer survivor : 
not just ỉor oncotogku. Maye ơìn Proc 2010; 85: 560-6.

2. The Arimỉdex. Tamoxlỉen. Aỉone OT ỉn Combination (ATAC) Trìalisn' 
Group. Comprehenrỉve side-eữra protlle of anasưozole and tamoxifej i 
as adjuvant treatment ĩor eaiỉy-stàge breast cancen long-term saỉer ’ 
analỹsỉs of the ATAC trỉal. Lanctt Oncol 2006; 7: 635-43.

Breast feeding. Licensed product iníormation States that i 
is unknơvvn whether anastrozole is distributed inti 
hum an milk; in  the U K  its use during breast íeeding i: 
contra-indicated while in the U SA  a decision to  use ma; 
be made based on diniral judgement. It has been sug 
gested1 that ư only a single dose is given, breast íeedinị 
shouid be withheld íor 10 days.

l.etai. eds. Drugs during prtgnancy and ỉacíđtion: treatment ơptìons and rừ, 
assasmenL 2nd ed. London: Eỉsevỉer, 2007.

Effects on blood lipids. For a compaiison oỉ the eỉíects o 
anastrozole, letrozole, and exemestane on blood lipids set 
under Exemestane, p. 792.3.

All cross-reíerences reíer to entries in Volume A
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Effects on the liver. A case of acute hepatitis was atưibuted 
to anastrozole, 3 vveeks atter starting therapy.1 In another 
case2 there was some evidence of an auto-immune 
mechanism.

1. de la Cmz L, t í  al. Severe acute hepatitis in a patient ưeated vvlth 
anastroioie. Lanat 2007; 369: 23-4.

2. Inno A, tí al. Anastroiole-reỉated ạcute hepatitis wỉth autoimmune 
íeatures: a case report. BMC Gaitroenteroỉ 2011; lỉ:  32.

Effects on the musculoskeletal System. In a series oí 77 
postmenopausal women ơeated with anastrozole for 
metastatic breast cancer. 12 complained of joint pains 
w ithin 2 months of begmning therapy. Based on this 
experìence and the inddence of arthralgia reported during 
dinical studies, the authors estimated that arthralgia 
occurs in 10 to 15% of padents treated with anasưozole, 
possibly as a result o{ the very low oesữogen concentra- 
tions achieved.1 It has been suggested that there may be 
modest diHerences between ethnỉc groups in  the ind- 
dences of jo in t symptoms and bone ừactures,2 vvhich seem 
to be lovver in Japanese patients.

A djuvant anastrozoĩe therapy for postmenopausal 
women w ith early breast cancer was assodated with 
accelerated bone loss, but the risk appeared to be conbned to 
those vvith osteopenia at baseline.3 A retrospective revieyv4 
induding 316 patients treated with aromatase inhibitors 
(anastrozole, leữozole, or exemestane) íound that there was 
a signibcant assodatìon bẹrvveen musculoskeletal symp- 
toms and bone mineral density (BMD) results; those vvith 
severe symptoms had an increased likelihood oỉ having an 
abnormal BMD. Patients wiĩọ were also taking caldum and 
bisphosphonates had levversymptoms and fewer bactures, 
and thõse who had taken tamoxben beíore aromatase 
inhibitors vvere less likely to develop musculoskeletal 
symptoms. Those taking steroidal aromatase inhibitors had 
signiũcantly more arthralgia, generalised bone pain or 
myalgia, and bone íractures than those taking nonsteroidaỉ 
aromatase inhibitors. The need to assess the risk of 
osteoporosis beíore starting therapy has been sưessed.5

1. DonneUan pp. tí ai Aromatase ỉnhỉbitors and arthralgỉa. J Ctin Qncol 
2001; 19: 2767.

2. Okùhiro M. tí ai. Inddenct of joint symptoms and bone ỉractures ỉn 
Japanese postmenopausaỉ breast cancer patíents.treated vvith adjuvant 
anasrroxole. J Canctr Ra ơitt Ottcol 2009; 135: 823-7.

3. Eastell R. tí aỉ. Effect oí anastroxole on bone mineral density: 5-year 
resuỉts ừom the anastrozole, tamoxưen. alone or hì combination txial 
18233230. J Cĩin Oncoỉ 2008; 26: 1051-8.

4. Musllmanỉ AA. tí aỉ. Aromatase ỉnhỉbUor-rdated muscuỉoskeletal 
symptoms: is preventỉng osteoporosỉs the key to elỉmỉnatìng these 
symptoms? Clin Breast Caneer 2009; 9: 34-8.

5. Chien AJ. Goss PE. Aromacase inhibiton and bone heaith ỉn vvomen 
with breast cancer. J Cỉin Oneaỉ 2006; 24: 5305-12.

CARPAL ĨUNNEL SYNDKOME. Carpal tunnel syndrome has 
been reported in posunenopausal women given anastro- 
zole; in one study,' more than 3 times as many women 
taking anastrozole developed carpal tunnel syndrome than 
those taking tamoxiíen, although the inddence was SÚII 
low (2.6%). Most cases were of mild or moderate intensity 
and short duration; risk íactors were an age of 60 years or 
younger, or previous ưéatment with hormone replace- 
m ent therapy or chemotherapy.

1. Sestak t  tí  ai. Aromatase inhibitor-induced carpal tunnel syndrome: 
resulcs from the ATAC trial. Jơừt Oncaỉ 2009; 27:4961-5.

Effects on the skin. A cutaneous eruption, diagnosed as 
subacute cutaneous lupus erythemãtosus, appeared 1 
m onth after starting anastrozole. The patient vvas also tak- 
ing an  ACE inhibitor. The condition improved slighdy 
aíter stopping anastrozole and repladng the ACE inhibitor 
with atenolol, but reappeared with greater intensity when 
anastrozole was restarted. AnastrozoIe was stopped again 
and thè patient was treated with hydroxychioroquine and 
corticosteroids; after 4 months, signs had resolved and no 
recurrence was seen aíter 1 year.1

I. Trancan M, tí al. Anastroxole-induced subacute cutaneous lupus
eryrhematosus. Br J Dtrmatoỉ 2008; 158: 628-9.

Porphyria. The Dmg Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenơe (NAPOS) and 
the Porphyria Centre Sweden, dassihes anastrozole as 
probably not porphyrinogenic; it may be used as a drug of 
fưst choice and no precautions are needed.1

1. The Dnig Database ỉor À cu te Porphyria. Avaiỉabỉe au http://www. 
dmgs-poĩphyila.org (accessed 05/09/11)

Interađions

Tamoxiíen. In a study oỉ postmenopausal vvomen with 
breast cancer, use of daily tamoxiíen with anastrozole 
reduced anasưozole concentiations by 27% compared 
w ith daily anastrozole monotherapy; hovvever, the eHect 
of anastrozole on estradiol suppression was similar 
w hether used alone or with tamoxiíen.1 In another stuđy 
of daily anastrozole, weekỉy tamoxUen, or the combination 
thereoí, there was no diHerence in  anastrozolẹ concemra- 
tion in  the combination atm  compared with the anastro- 
zole monotherapy aim  in the first year.2 The authors

hypothesised that when given at a daily dose, tamoxifen 
has a mainly oestrogenic effect in  an oestrogen-deprived 
environment, whereas a vveekly dose still provides desir- 
able oestrogenic properties when added to anastrozole, but 
w ithout impairing anastrozole bioavailability.2

1. Dow5ctl M. tta i  ATAC Tríaíỉsts’ Group. Pharmacokinetics of anastrozole 
and tamoxiíen alone, and in combination. diuing adjuvant endocrine 
therapy ỉor earỉy breast cancer in posnnenopausaỉ women; a sub> 
protocol of the 'Arimidex,M and tamoxiíen alone or in combination' 
(ATAC) trial Br }  ũmctr 2001; 85: 317-24.

2. Bonannl B. ít a i Randomixed btomarker trial oí anastroaole or Iow-dose 
tamoxỉíen or their corabination in ỉubjecu with breast intraepithelial 
neoplasỉa. ơùt CatKtr Ra 2009; 15:7053-60.

Pharmacokinetics
Anasơozole is rapidly and almost completely absorbed bom  
the gastrointestinal tract aỉter oral doses and peak plasma 
concentratíons occur wiứùn about 2 hours. Food decreases 
the rate oỉ absorption, though this is no t considered 
clinically signihcant. Anastrozole is 40% bound to plasma 
proteins. It is metabolised in the liver by N-dealkylation, 
hydroxylatìon, and glucuronidation; the m ain metabolite is 
triazole, tvhich lacks pharmacological activity (but see also 
Metabolism, below). Anastrozole is exaeted  in the urine, 
chieũy as metabolites. The tenninal plasma elimỉnation 
half-life is about 40 to 50 hours, and  steady-state 
concentrations occur after about 7 days in patients receivũig 
once-daily doses.

Metabolism. Anasưozole is mainly deared  by hepatíc 
metabolism (see Pharmacokinetics, above); it has been 
hypothesised1 that diííerences in  metábolỉsm may contri- 
bute to the ínterindividual variability in the  drug's eHects. 
A study to characterise anasơozoIe metabolism concỉuded 
that hỵdroxylation and N-glucuronidation are the main 
metabolic pathways.' In vitro and in vivo data suggested 
that anasưozole is hydroxylated to hydroxyanasưozole, 
mainly by the cytochrome P450.isoenzyme CYP3A4; there 
may be some involvement of CỴP3A5. Hydroxyanastro- 
zole is then rapidly and extensively conjugated probably 
by uridine diphosphate glucuronosyltiansíerases (UGTs). 
N-Glucuronidation of anastrozole tó anastrozole glucuro- 
nide occurs maũìly by UGT1A4, although the predse con- 
tribution of the enzyme to in vivo metabolism is unknovvn. 
Triazole or any N-dealkylated metabolites could not be 
detected in in vitro stuđies; the role of N-dealkylation in 
anasưozole metabolism could no t be conErmed.

1. Kamdem LK, tí ai. In vitro and ỉn vivo oxỉdaúve metabolism and 
gỉucuronỉdaàon oỉ anasưcaole. BrJơin Pharmacol 2010; 70: 854-69.

Preparations
Proprielary Preporotions (detalls are given in Volume B)

Singie-tngredient PreporoKoni. Arg.: Anaskebứ; Anastraze; Ane- 
bol; Arimidex; Aromenal; Ceíer; Distalene; Gondonar; Lepro- 
fea- Pantestone; Puricap; Trozolite; Austraỉ.: Anastrol; Arimi- 
dex; Austria: Anasnolan; Arìmidex; Belg.: Arimidex; Braz.\ 
Arimidex; Canad.: Arimidex; Chìle. Anebob Arimidex; Made- 
len; Trozolet; Otina: Ai Da (ítiằ); Arimidex (S ti*#); Rui Si Yi 
(S # Ĩ8 ); Rui Ung (Stìí); Cz.\ AcydexỶ; Alozex; Anabrestt; 
Anaprex; Anasoldet; Anastar Anastrad; Anaya; Arimidex; 
Armotraz; Asnea; Betasoldeh Deltasolde; Ebezolid; Egisơozol; 
Epsisòlđe; Gammasolde; Manunozole; Mastoren; OncoFem; 
Trasolettef; Zelotrint; Zenbrest; Zynzol; D e n m Anastelb; Ari- 
midex; Mimasưan; Fũu: Anazol; Arimidex; Fr.: Arimidex; Ger 
Anablock; Anadex; Anasữo; Anasơomin; Arúnidex; Gr.; Ana- 
strogen; Arimidex; Aỉtrazol; Enastros; Londer; Oxeda; Strazal; 
Viastrol; Zolitrat; Htmg Kong: Arimidex; Hung.: Anabrest; Ana- 
mataz; Anaromat: Arilla; Arimidex; Axastrol; Mammozole; 
Mastoren; Nobrec Valmidex; Zynzolf; India: Altraz; Alưol; 
Anabret; Arimidex; Armotraz; Indon.: Arimidex; IrL: Agerdex; 
Amidex; Anastarrow-f-; Arimidex; Israel: Anastrol* Anastrose; 
Arimidex; ItaL: Ankarma; Arimidex; Eristrol; Exttoplex; Rao- 
loz; Renazole; Malaysia: Admidex; Nlex.: Arimidex; Neth.: 
Anoxidil; Arimìdex; Barstra; Biosưot Brestazob EgisưozoI; 
Gensưat; Kiranat; Masơol; Regost; Renazolet; Sơakir; ZoUón 
ZoIzyn; N o r w Arimidex; NZ: Aremed; Arimidex; phữipp.: 
Anzol; Arừnidex; PoL: Anasưalan; AnastroGen; AnastroLek; 
Ansyn; Apo-Nastrol; Arimidex; Arinelt; Aưozol Egistroiob 
Mamosưol; Symanastrol' Zolastrol; PorL: Anacynet; Arimidex; 
Astoz; Remidext; Rus.: Anastera (AHacrepa); Arlmidex 
(ApHMHAexc); Egísuazol (3ntcrpa30Ji); Mammosole (MaMMoaoa); 
S.Afr.: Arimidex; Stradexa; singapore: Aremed; Arimidex; 
Spain: Amenun Anabrestỷ; Arimidex; Curmylt; Swed.: Ana- 
stelb; Arimidex; Switz.: Aiimidex; Thai.: Aremed; Arimidex; 
Femizet; Turk.: Arúnidex; rac  Arimidex; ukr.: Arimidex 
(ApHMHnexc); Axạstrol (Axcacrpon); USA: Arimidex; V«I«Z.: Ari- 
midex; TrozoleL

Antineoplaston A I 0
3-Phenylacetylarninó-2,6-piperidinedione. 
Cu H14N20 3=246.3_' j ' . . ,

ProẠ V e

Antineoplaston A10, one of a group of peptide derivatives 
isolated bom blood and urine, has been investigated ỉor the 
ưeatment of breast cancer, brain stem glioma, and other 
malignant neoplasms aỉthough its value has been 
questioned (see below).

A critical review ol the antineoplastons1 noted that most 
vvork had been done vvith andneoplaston A10, which iỉ 
insoluble 'in  aqueous Solutions, and its derivatives 
antíneoplaston AS2.5 (phenylacetylglutamine), and anti- 
neoplaston AS2.1 (a 4:1 mixture of phenylacetic ad d  and 
phenylacetylglutamine), which had not been indepen- 
dently shovvn to be active against cancer. However, some 
interest in the antineoplastons subsequently continued.2'4

1. Green s. Antmeoplastons: an unproved cancer iherapy. JAMA 1992; 
267: 2924-8.

2. Buckner JC, tí ai. Phase n study oí antíneopỉastons A10 (NSC 648539) 
and AS2-Ỉ (NSC 620261) in paóents with recurrent gỉỉoma. Mayo CUĩt 
Proc 1999; 74: 137-45.

3. Badrỉa F, tí aỉ. Immunc modulatory pocentiaỉs of amineopỉaston À-10 ỉn 
breast cancer patỉents. Carưer Ltít 2000; 157: 57-63.

4. BurzynsJd SK tí aỉ. Targeted therapy with amỉneoplastons AỈ0 and 
AS2-1 o{ high-gradc recurrem. and Progressive braỉnstem glỉoma. ìntegr 
Cancer th à 2006; 5:40-7.

AS-1411
AGRO-IOO. ! ..' '

Profi'/e

AS-1411 is a selective olỉgonudeotìde ligand (aptamer) that 
binds to the protein nudeolin, indudng apoptosis Ũ3 cancer 
cells. It is under investigation for the ưeatment of renal cell 
cardnoma, pancreatìc cancer, and acute myelogenous 
Ieukaemia.

Reíerences.
1. Bates PJ. er al. Discovery and development of the G-rich oligonudeotide

AS1411 as a novel ơeatment ỉor cancer. Exp Moi Pathol 2009; 86: 151- 
64. '

2. Mongelard F. Bouvet p. AS-Ị411, a guanosine-rich oligonudeodde 
aptamet targeting nudeolln 'lot the potential treatment oi cancer, 
induding acule rayeloid leukemia. CurrOpin Mai Ther 2010; 12:107-14.

Ạsparaginase IUSANÌ

Ị^Asparạginaasi; L Ạspáraginas; Ặsparaginạsa; t-Ạsparagiriạ-' 
;sa; L-Asparaginase; L-Asparaginasum; L-Asparaginai L- 
■Ạsparagine Ạmidohydrolase; MK-965; NSC-109229; Re-82- 
TAD-15, AcnaparnHa3a. ,
CAS — 9015-68-3. .
ATC —  ư)ĩXX02. ■
ATC Vet — QL01XX02. ■
u m  — G4PQ3CKY5R.

NOTE. Asparagmase (USAN) is an enzyme isolated bom  
Esckerìchia coli, or obtained bom  other sources. See also 
Colaspase and Crisantaspase, below.

IncompatibiCty. Asparagbiase is incompatíble vvith rubber. 
Licensed product iníonnation recommends that it should 
not be mixed with other drugs.

Siorage. Asparagbiase shouỉd be stored at 2 degrees to 8 
degrees (see also Stability, p. 744.1).

Colaspase IBANI 

CAS — 901568-3.
ATC — L01XX02.
ATCVet — QLÓ1XX02.

NOTE. Colaspase (BAN) is asparaginase obtained from 
selected strains of Eseherìckia coli, such as ATCC 9637. 
Pharmacopoeiaỉ. Chín, indudes Asparaginase obtaỉned 
bom  Esdừrichia coỉi ASI 357.

C r is a n ta s p a s e  (SAN, piNNi 
Asparagmase Envinĩa chrysanthemi (USAN); Crlsantaspasa; 
■Crisantaspasum; Erwinia 'L-aspacaginase; Krisantaspaasi; 
knsantaspas; KpncaHTacna3a. ■■■/ .,■■■

%’CAS — 9015-68-3; 1349719-22-7.
ATC — L01XX02 
ATC Veỉ — QL01XX02

NOTE. Crisantaspase (BAN) is asparaginase obtained bom 
cultures of Ermnia chrysanthemi (E. carotovora).

Pegaspargase (USAN. rtNNi

PEG-L-‘asparaginase;' Pegaspargasa; Pégaspargase; Pegaspar- 
'gasum; naracnapra3a. , : "

The Symbol 0  denotes a substance whose use may be restrided in certain sports (see p. viu)The Symbol t  denotes a preparation no longer actively marketed
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A conjugate o f colaspase with a . polyethylene glỵcộl of 
molecular vvelght 5000; Monomethoxypolyethylene glycol 
succinimidyl L-asparagmase. ■ ; : ■ ; , •
CAS— 130167-69-0. ...............' ’
ATC— L01XX24.
ATC Vet — QL01XX24. ■ ,
um  — 7D96IR0PPM. ; ■

StabilHy. Although asparaginase vvas routinely kept under 
reírigeration,1 iníormation from a m anuỉacturer (Merck 
Sharp & Dohmc) indicated tha t it vvould remain stable íor 
43 hours at 15 degrees to 30 degrees. Licensed product 
iníonnation ỉor pegaspargase States it should not be used iỉ 
stored at room temperature ỉor m ore than 48 hours.

1. Vogenberg FR. Souney PF. Siability guidelỉnes ỉor rouùncly rcírigerated 
drũg Products. Am J Hosp Pharm 1983; 40: 101-2.

Siorage. Pegaspargase should be stored at 2 degrees to 8 
degreẽs.

Unịts
One intemational unit of asparaginase splits 1 micromole of 
ammonia írom L-asparagine in 1 minute under Standard 
conditions.

Uses and Administration
Asparaginase is an enzyme that acts by breaking down the 
amino acid L-asparagine to aspartic acid and ammonia. It 
interíeres with the grovvth of those malignant cells which, 
unlike most healthy cells, are unable to synthesise L- 
asparagine for their metabolism, b u t resistance to ỉts action 
develops íairly rapidly. Its action is reportedly speđíic for the 
G] phase of the cell cyde.

Asparaginase and pegaspargase are used mainly in 
combination regiinens for the induction of retnissions in 
acute lymphoblastìc leukaemia (p. 692.3). Pegaspargase 
may be used in patients who are hypersensitive to 
asparaginase (although hypersensitivity to pegaspargase can 
still occur, see Adverse EHects, below).

Crìsantaspase may be given by  inưamuscular, inưa- 
venous, or subcutaneous ừỹection. Colaspase may be given 
intramuscularly (maximum volume of 2mL per injection), 
or inơavenously over not less than  30 minutes into a 
running inỉusion of sodium chloríde, or glucose 3%. 
Regimens vary, and dosage should íollovv local protocols, 
but a usual dose of asparaginase given as crisantaspase 
6000 units/m2 (200 units/kg) is given three times weekly for 
3 weeks. Altematively, pegaspargase may be given 
inttamuscularly (maximum volume of 2 mL per injection) 
or intravenously diluted in  lOOmL oí sodium chloride, or 
glucose 5% and given over 1 to 2 hours into a running 
infusion, in  a dose of 2500units/m 2 no more ừequently 
than every 14 days.

Asparaginase is not generally used alone as an induction 
agent but doses of 200units/kg dally have been given 
intravenously as colaspase, for 28 days.

Many of the regimens using asparaginase or pegaspar- 
gase are for use in children; for íu rther details see below.

Altbough not entứely reliable, an intradermal test dose 
of about 2 units has been recommended in the USA, to test 
for hypersensitivity betore ueatm ent with asparaginase or 
where more than a week has elapsed bervveen doses. 
Desensitìsation has been advocated in patients at increased 
risk o f  allerg ic reactions. T h e ỉn d d e n c e  o f  h ypersen sitiv ity  is 
lovver in patients given pegaspargase, and a test dose is not 
advocated.
Reíerences.

1. Muller HJ, Boos J. Use of L-asparagỉnase ỉn childhoođ ALL. CrítRevOrtal 
Hematol 1998; 28: 97-t 13.

2. Assclin BL. The three asparagỉnases: comparatỉve pharmacology and 
optỉmal use ỉn diỉldhood leukemỉa. Adv Exp Mĩd Bioĩ 1999; 4S7: 621-9.

3. AbshireTC, etal. Weekly polyelhylenc glycol conjugaied L-asparaginase 
compared wỉth biweek]y dosing Products superior inductíon rcmission 
rates ỉn chỉỉdhood relapsed acute lymphoblastỉc leukemỉa: a Pediatiic 
Oncology Group study. Bloed 2000; 96: 1709-15.

4. Avramỉs. Vĩ. Panosyan EH- Pharmacolđnetỉc/phannacodynamỉc rela- 
tionships of asparagừiase ỉormulations: the past, tbc present and 
reconunendadom ĩor the hiture. Clin phnrmacokỉrưỉ 2005; 44: 367-93.

5. Fu CH. Salcamoto KM. PEG-asparaginase. Expert Opln Pharmacolher 
2007; 8: 1977-84.

6. Douer D. Is asparaginase a criácal component ln the treatment of acute 
lymphobỊastic leukemia? Best Praet ges ơin Haematol 2008; 21: 647-58.

7. laccard A, et ttỉ. L-asparagínase-based ữeatment ol 15 westem paúems 
vmh extranodal NK/T-cell lympboma and leukemỉa and a revỉevv oí the 
literature. Anrt Onooỉ 2009; 20: 110-16. Correction. ibid.: 1612.

8. Zeỉdan A. et aỉ. Pegasparaginase; tvhere do we stand? Expert Opin BÚI 
7her 2009; 9: 111-19.

Adminislration in children. Asparaginase and pegaspar- 
gase are used in children mainly in  combination regimens 
for the induction of remission in acute lymphoblastic leuk- 
aemia. Pegaspargase may be used in children who are 
hypcrsensidve to asparaginase (although hypersensitivity 
to  pegaspargase can still occur, see Adverse Effeas, 
belovv). Regimens vary and dosage should follow local 
protocols, but doses are similar to those used in adults, see 
above. us licensed product iníormation describes combi-

nation regimens using asparaginase with vincristine and 
prednisone for children vvith acute lymphoblastic leuk- 
aemia; typical asparaginase doses (given as colaspase) 
indude:
• intravenous asparaginase 1000 units/kg daily ỉor 10 days
• intramuscular asparaginase 6000units/m 2 given every 

third day for 9 doses
Asparaginase toxidty is reported to aỉỉect children less than 
ađults. A large study in children with acute lymphoblastic 
leukaemia also íound that asparaginase derived from 
Erwinia đnysanthemi (crisantaspase) had a lower toxidty 
than that derived from Escherichia coli (colaspase); however, 
a lovver survival rate was noted with crỉsantaspase over 5 
years of treatm ent.1

1. Moghrabi A, et ai Resuỉts oỉ the Dana-Farber Cancer Institute ALL 
Consortium Protocoỉ 95*01 íor children wỉth acute lymphoblastic 
leukemia. Btood 2007; 109: 896-904.

Adverse Effects
Asparaginasc is a protein and may produce anaphylaxis and 
other hypersensitivity reactions includỉng íever, rashes, 
bronchospasm, urticaria, hypotension, and iaryngeal 
oedema. The risk of anaphylaaic reactions increases with 
continued exposure to asparaginase, and may be increased 
on re-exposure to asparaginase aíter a drug-íree interval. 
Patients who develop hypersensitivity to asparaginase 
derived from Escherichia coli may be able to continue 
treatment vvith that derived from Envinia chrysanthemi as the 
enzymes are immunologically distinct. Hyperscnsitivity to 
pegaspargase is less common, but is still signiíicant; about 
30% of patients hypersensitive to asparaginase vvill be 
hypersensitive to pegaspargase too.

Liver hinction abnormalities occur in many patients, and 
there may be decreased blood concentrations of lĩbrinogen 
and dotting íactors resulting in coagulopathy or thrombotic 
complications. There may also be alterations in blood lipids 
and cholesterol, and hypoalbuminaemia. Hyperammonae- 
mia, due to the production of ammonia from asparagine, 
may occur. Uraemia, and occasionally renal íailure, have 
been reported. Pancreatitis may occur and may be íatal: 
there may also be hyperglycaemia due to decreased insulin 
production, and death from ketoaddosis has occurred.

Gasưointestinal disrurbances, induding nausea and 
vomitlng, and CNS disturbances, induding drovvsiness, 
depression, coma, halludnations, seizures, and a Parkinson- 
like syndrome, have also been reported. Myalgia. reactive 
arthritìs, and transient bone-m aưow  depression have 
occurred rarely, as has marked leucopenia. Fatal hyper- 
thermia has been reported.
General reíerences.

1. Earl M. Inddence and managemem of asparaginase-assoóated adverse 
events ỉn patíents with acute ỉymphobỉastic ỉeukemia. ơin Adv Hematol 
Oncol 2009; 7: 600-6.

Ettects on ihe blood. Central thrombosỉs or intracranial 
haemoưhage as vvell as peripheral thrombosis and 
haemorrhage have been reported after asparaginase ther- 
apy.1'4 Although the predse mechanism for this eHect 
remains undear, asparaginase appears to deplete certain 
dotting ỉactors as vvell as antithrombin m , plasminogen, 
and Bbrinogen.4 These decreases may be dependent on the 
íormulation and resultant asparaginase activity of prepara- 
tions,5 and there is some suggestíon that crisantaspase 
may afíect coagulation íactors less severely than colas- 
pase.‘ A multicentre, retrospective survey’ of paediatric 
patients with acute lymphoblastic leukaemia ỉound that 
use ọf corticosteroids vvith colaspase may be an addỉtional 
risk íactor for thromboembobc evcnts.

1. Priest JR, rf al A syndrome of thrombosis and hemorrhage complicadng 
L-asparagỉnase therapy ỉor chỉldhood acute lymphohlastỉc leukemỉa. J 
Pediair 1982; 100: 984-9.

2. Ott N, et ữl. Sequelae oĩ thrombotỉc or hetnotThagỉc complications 
foũowỉng L-asparagỉnase therapy ỉor chìldhood lymphobỉastỉc ỉeukemỉa. 
Am J PtẩiũtT Hematol Oncol 1988; 10: 191-5.

3. Sutor AH. et aì. Bleedỉng and thrombosỉs ỉn chỉỉđren wỉth acute 
lympboblastic leukaemỉa. ưeated accordỉng to the ALL-BFM-90 
protocol. /am ĩadiatẹ 1999: 211: 201-4.

4. Albens SR, et al. Thrombosìs related to the use oi L-asparaginase in 
adults wỉth acute ỉytnphoblasúc leukemỉa: a need to consỉder 
coaguladoo monitoring and dottìng ĩactor replacement. Uuk Lymphoma 
1999;32:489-96.

5: Nowak-Gõttl u. et al. Inlluence o[ two duierent Escherỉchia coli 
asparaginase preparations on Đbrìnolytic proteỉns ỉn chỉldhood AỈX. 
Haemătoỉosiĩa 1996: 81: 127-31.

6. Carlsson H, et úl. Ellect] of Ervvinia-asparaginaỉe on the coaguladon 
System . Eur J Haemataỉ 1995; 55: 289-93.

Hypersensitiviiy. Reports of a low rate of cross-sensitivity 
to crisantaspase in patients hypersensitive to colaspase.1-2

1. BỈUett AL eí aỉ. Aỉlergic reactìons to Envỉnia asparagỉnase ỉn chỉỉdren 
wỉth acute ỉymphobỉastic ỉeukemia who had prevỉous alỉergỉc reactỉons 
to Hicherichia colỉ asparaginase. CantXT 1992; 70:201-6.

2. Vrooman LM, ti aỉ. Envinỉa asparaginasc aher allergy to E. coĩi 
asparaginase in chỉỉdren wỉth acute lymphobỉastỉc leukemia. Ptdiatr 
Bỉood Canatr 2010; 54: 199-205.

Precautions
Asparaginase is contra-indicated in padents vvith pancreat- 
itis, and should be avoided in pregnancy. It should be given

cautiously to  patients with. hepatic impairment; live ■ 
íunction should be measũred regularly during ưeatmeni 
Treatment should be stopped if an allergic reaction occur i 
and not restarted w ith the same type of asparaginase' 
íadlitíes for the m anagement of anaphylaxis (see p. 1293.2 
should be available during ưeatm ent. Some licensed 
product iníormation recommends an ỉntradeimal test dosi; 
at the start of asparaginase ưeatm ent to check f o ' 
hypersensitivity, as descrỉbed under Uses, above, althougl 
such tẹsts may not always be predictive. Careỉul observatioi 
is needed w hen re-treatirig with asparaginase after a breal 
in therapy, as there may be an inaeased risk oi allergii: 
reactiohs. Desensitisation has been used in  patients a 
increased risk of hypersensitivity, although it may itselí bt 
hazarđous. Serum amylase and lipase concenưations shoult 
be monitored regularly as should blood glucose concentra 
tions. Asparaginase has been reported to interíere with test 
of thyroid hinction by ưansient reduction of concentratìon 
of thyroxine-binding globulin. Routine screening of blooc 
clotting íaao rs should be carried out beíore startinị 
treatment; if coagulopathy OCCUI5, asparaginase should bt 
vvithheld until recovery. Monitoring of blood count anc 
bone marrovv is also recommended. Measures to protec 
against the adverse effeas of hyperuricaemia may bt 
required (see p. 600.1).

Porphyrid. The Drug Database for Acute Porphyria. com 
piled by the Norvvegian Porphyria c  en tre (NAPOS) an< 
the Porphyria Cenưe Svveden, classibes asparaginase a 
not porphyrinogenic; it may be used as a drug of firs 
choice and no precautions are needed.'

1. The Drug Database tor Acute Porphyria. Available at: hup:l/wv»w 
drugs-porphyria.org (accessed 14/11/11)

Interactions
Use of asparaginase with other drugs that affect live; 
ỉunaion  may increase the risk of hepatotoxidty anc 
concomitant corticosteroid therapy may increase the risk o: 
coagulation abnormalities. II asparaginase is given vvith 
methotrexate the activity of the latter may be reduced (see 
below). Vincrisline neurotoxidty may possibly be increasec 
by use with asparaginase (see p. 884.1).

M ethotrexate. Asparaginase inhibits protein synthesis and 
cell replication. and thereíore may interíere with the 
action of drugs such as methotrexate that require cell 
replication for their antineoplastic eHect.1 Licensed pro- 
duct inlormation for asparaginase States that this effect 
persists as long as plasma-asparagine concentraúons are 
suppressed and recommends that methoưexate should not 
be given vvith, or aíter asparaginase, vvhile asparagine con- 
centrations are below normal. It has been suggested tha! 
giving m ethoưexate 24 hours befarc asparaginase permitỉ 
at Ieast an additive therapeutic eíỉect.2

1. Jolivet J. et al. Prevention oí methotrexate cytotoxiàty by asparagỉnase 
iohỉbỉtỉon of methotrexate polyglutamate ỉormation. Canar Ra Ỉ98Ỉ 
45:217-20.

2. Capizzi RL Asparaglnase-methoưexate ỉn combinatỉon chemotherapy 
schedule-dependent diữtrential eữects on Đormaỉ vcrsus neopỉasiit 
ceỉls. Cancer Treai Rep 1981; 65 (suppl 4): 115-21.

Pharmacokinetics
A íterintravenous injection the plasma half-life of the native 
enzyme has varied from about 8 to 30 hours; halí-lives of up 
to 49 hours may be seen after inưamuscular dosage. The 
mean hall-iưe oí pegaspargase is reported to be betvveen 6 
and 14 days. Asparaginase is íound in the lymph at about 
20% of the concenơation in plasma. There is virtually no 
diffusion into the CSF. Little is excreted in the urine. 
Relerences.

1. Panetia JC, tí aí. Comparison of native E. a ĩi and PEG asparaginase 
pharmacokinedcs and pharmacodynamỉcs in pediatrỉc acute lymphỡ- 
blastlc ỉeukemỉa. ơùi Pharmacol Thtr 2009: 86: 651-8.

Preparations
Proprietary Preparotions (details are given in Volume B)
Single-ingredient Preparalions. A r g Kidrolase; Oncaspar; A u s -  
tral.: Leunase; A ustría : Ervvinase; Beìg.: Paronal.vBr<iz.: Elspar; 
C a n a d Ervyinase; Kidrolase; China: Leunase (ỈEÍỀn4F-SKSS); 
Cỉ.: Kidrolase; F r Kldrolase; Ger.: Erwinasef; Oncaspan Gr.: 
Ervvinase; Oncaspar; H ong  Kottg: Leunase; Ind ia : L-Aspase; 
Leucoginase; Leunase; Oncoginase; Onconase; ỉn d o n .: Leunase; 
/ r i : Envinase; Israel: Kidrolase; Jpn: Leunase; Malaysiar. Leu- 
nase; Mex.: Elspar; Leunase; N eth .: Erwinase; Paronal; NZ: 
Ervvlnase; Leunase; P hũipp .: Leunase; P ol: Oncaspar; PorL: 
Ervvinase; R us.: Oncaspar (Omacnap); S~Afr.: Laspar; singapore: 
Ermnase; Leunase; Thai.: Ervvìnase; Leunase; T u rk .: Leunase; 
UK: Ervvinase; USA: Elspar; Erwinaze; Oncaspar.

Atiprimod ỊriNNỊ 
Atiprimodum; ATV4npnMOfl.
2-[3-(D iethylam irio)propyÌ]-8,8-dipropyl-2-azaspiro[4.5]
decane.

AU cross-reíerences refer to entries in Volume A



Atiprimod/Baỉetinib 745

C22H44N2=336.6
CAS —  123018-47-3 (atiprimod); 130065-61-1 (atìprímod 
hydrochlorìde); 183063-72-1 (atiprimod maleate).
UNII —  MG7D3QD743.

P ro fìỊe  .

Atiprimod is an  antỉneoplastic that is under investígatìon for 
the ưeatm ent of carcinoid tumours and multiple mỵeloma.

Atrasentan Hydrochloríde ỊUSAN, HNNMì

A-147627.1; Abbott-147627; ABT-627; Atrasentan, Chlorhy- 
drate d'; Atrasentani Hydrochloridum; Hidrocloruro de 
atrasentán; AĩpaaeHTạHa rnflpoxnopnfl.
(2/?,3/?,45)-1 -[(Dibutylcarbamoyl)mèthyl]-2-(p-methoxyphẹ- 
nyl)-4-[3,4-(methylenedioxy)phenyl]-3-pyrrolidinecarboxylic 
acid hydrochloride. ■
^38^06,1-10=547.1 •
C45 -  173937-91-2 (atrasentan); 195733-43-8 (atrasentan 
hydrochloride).
UNII —  E4G31X93ZA

NOTE. The name Xinlay has been used as a trađemark for 
atrasentan hydrochloride.

Profịle
Atrasentan hydrochloride is a selectíve endothelin-A 
receptor antagonist tha t inhibits the eSect of endothelin-1, 
a prõtein tha t may be involved in cancer progression. It is 
under investigation in  the ưẹatm ent of prostate cancer, and 
has been tried in other malignant neoplasms, as well as for 
complicatlons of diabetes and the metabolic syndrome. 
References.
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6. Michaelson MD. tí a i Randomỉzed phase n study of atrasentan alone or 
ỉn combinatỉon wỉth zoledronic add in men vvith metastatìc prostate 
cancer. Cartcer 2006: 107: 530-3.

7. Carducd MA. tí ai. Atraseman Phase in Study Group Instítutỉons. A 
phase 3 rạndomizcd controlled tri ai of the eỉGcacy and saỉety oí 
atrasentan ỉn men with metastatỉc hormone-reíractory prostate cancer. 
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8. Chiappori AA, tí aỉ. Phase ỉ/n study of atrasentan. an endotheiỉn A 
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9. Phuphanich s, tí ai. New Approaches to Brain Tumor Therapy (NABTt) 
CNS Consordum. Phase I saỉety study of escalatíng doses oỉ atrasentan ỉn 
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A x i t i n ì b  (USAN, riNNÌ

AG-013736; Axitinibum; Akcmtmhmó.
A/-Methyl-2-({3-[(l £)-2-(pyridin-2-yl)ethenyl]-l H-indạzol-6-yl) 
sulfonyl)benzamide.
C22H,aN«OS=386.5 
CAS — 31946085-0. . .
UNII —  C9LVQ0YUXG. ..." ■

Uses and Adminislratìon
Axitinib is an  Inhibitor of vascular endothelial growth íactor 
(VEGF) receptor tyrosine kinases. It is given orally in the 
treatment of advanced renaỉ cell cardnoma (p. 708.3). For 
wamings and recommendatúms regarding the tafe preseribing, 
dừpensing, and use o f oraí antineopỉastic drtigs, see Adminừtra- 
tìon, p. 732.3.

The recommended initial dose is 5 mg twice daily, given 
at 12-hourly intervals. The dose may be increased in 
patients who tolerate axitinib for at least 2 consecutive 
vveeks w ith no adverse eííects above grade 2, are 
nonnotensive, and are not receivmg antihypertensive 
therapy; an  increase to  7 mg twice daily, and then to 10 mg 
tvvice daily may be considered. Ií the dose must be decreased 
because of adverse effeas, it is suggested that 5 mg tvvice 
daily is reduced to 3 mg tvvice daily, and then to 2 mg tvvice 
daily, if necessary.

The use oí strong inhibitors. of the cytochrome P450 
isoenzymes CYP3A4 and CYP3A5 should be avoided in 
patients given axitinib. If the combination must be used 
then the dose of aà tin ib  should be halved, with íurther 
adjustments made according to patient response.

The dose of axitinib should be reduced in patients with 
hepatic impairment (see below).

Axitinib is also under investigation ÍOT the ơeatm ent of 
other cancers, ữiduding thyroid and liver cancers.
Reíerences.

1. Rini Bt tí ai. Phase Q study of axỉtỉntb in sorafenib'refractory metastatỉc 
renal cell carcinotna. J Clm Oncoi 2009; 27: 4462-8.

2. Kelly RJ, Rỉxe 0 . Axiứnib (AG-013736). Recent Resulĩi Canccr Ra 2010; 
184: 33-44

3. Rỉnỉ BL tí a l Comparatíve eãectiveness of axỉtỉnỉb versus soraíenib in 
advanced renal ceỉl cardnoma (AXIS); a randomised phase 3 trỉaL Lanctí 
2011; 378: 1931-9,

Administration in hepatic impairment. The starting dose 
of axitinib should be reduced in patỉents with moderate 
hepatic impainnent (Child-Pugh dass B) to about half the 
usual staiting dose (see Uses and Administration, above). 
Further dose adjustment should be made based on indivi- 
dual response. SpedBc iníormation on its use in  severe 
hepatic impairment (Child-Pugh dass C) is laddng.
References.

ỉ . Tonorid MA. tí al. ỉnduence of mild and moderate hepacỉc ỉmpaỉrment 
on axidnỉb pharmacokỉnetỉcs. ỉnvest Ncw Drugs 2011; 29: 1370-80.

Ạdverse Effeds, Treatment, and Precautịons
The most common adverse effeas of axitinib indude 
gastrointestinal disturbances, reduced appetite, weight loss, 
íatigue, asthenia, dysphonia, and palmar-plantar erythro- 
dysesthesia.

Hypertension is also common and cases of hypertensive 
crisis have been reported. Blood presstưe should be well- 
conưolled before starting axitinib and monitored during 
therapy. Antíhypertensive tteatm ent may be needed but 
the dose of axitinib should be reduced ư hypertension 
persists; axitinib should be stopped ư hypertenãon is severe 
and perástent or there is evidence of hypertensive crisis. 
Arterial and venous thromboemboỊism have occurred in 
patients given axitinib. Reported haemorrhagic events have 
induded cerebral haemorrhage, haematuria, and gastro- 
intestinal bleeding. Gasaointestinal perỉoration and hstula 
lormation have also been reported.

Other adverse effects indude thyroid dysíunetion, 
proteinuria, and elevations of liver enzymes values; patients 
should be assessed for these beíore starting axitinib and 
monitored during therapy. There have also been cases of 
reversible posterior leukoencephalopathy syndrome ÚI 
patients given axitinib.

Axitinlb should be stopped at least 24 hours beíore 
surgery, because of potential impairment of wound heaỉing.

Interactìons
Plasma concenưations of axitinib may be altered by the 
concomitant use oí drugs tha t affect the qrtochrome P450 

•isoenzymes CYP3A4 and CYP3A5. Strong inhibitots oỉ these 
enzymes should be avoided, bu t ư they must be used then 
the dose ọf axìtinib should be reduced (see Uses and 
Ađministration, above). Grapeừuit and grapefruit juice 
should also be avoided. Moderate and strong inducers of 
these enzymes can reduce axitinib concentrations and 
should thereíore be avoided during axitinib therapy.

Phannacokinetics
Axitinib is absorbed from the gastrointestinal traa . It has a 
bioavailability of about 58% and is highly bound to plasma 
proteins. Axitinib is metabolised mainly in the liver by the 
cytochrome P450 isoenxymes CYP3A4 and CYP3A5, and to 
a lesser extern by CYP1A2, CYP2C19, and UGT1A1. Most of 
the dose is excreted as metabolites in the urine and íaeces; 
about 12% is excreted unchanged in the íaeces.

Preparations
Propríetory Preparotioní (details are gỉven in Volume B)

Single-ingredient Preporationi. D e n m .:  Iniyta; Jp n : Inlyta; N e th .:  
Inlyta; N o r w .\ Inlyta; S w itz .:  Inlyu; UK: Inlyta; U SA : Inlyta.

A x a c i t i d i n e  ÍBAN, USAN, rlNNI

'5-Azacitịdina; Azacitidma; Azacitidinum; .5-Azacytidine; 
Ladakamycin; NSC-102816; U-Í8496; A3auMTMflMHl;:
4-Amino-Ị-p-D: ribofuranosyM ,3^-triazin-2(l H)-one: * ■ '
C8H,2N A = 2 4 4 2  4 
CÃS —  32067-2 1
ÃTC —  L01BC07. ' ,
ATC Vet —  QL01BC07 
UNII —  M801HỈ3NRƯ

U se s  a n d  A d m in is t r a t io n

Azacitidine is an antimetabolite antineoplastic vvith general 
properties similar to those of cytarabine (p. 774.1). It also 
inhibits cellular pyrimidine synthesis. Azadtidine is used in 
myelodysplastic syndromes (p. 694.3); it is also used in the 
treatment of acute myeloid leukaemia (p. 693.1) and 
chronic myelomonocytic leukaemia.

Azacitidine is glven subcutaneously or intravenously in a 
dose of 75mg/m2 daily for 7 days, in 4-week cydes. For 
myelodysplastic syndromes, ư there is no beneũt after 2 
cydes, and no toxidty other than nausea and vomiting has 
occurred, the dose may be increased to 100mg/m2 daily.

Treatment for at least 4 to 6 cydes is usually 
recommended; tteatment is contìnued as long as the 
patient benehts, or until disease progressỉon. Dòses may 
need to be adjusted for haematological toxidty. Azacitidlne 
should be used vvith caation in renal impairment and doses 
adjusted accordingly (see below).
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regimens in the treatment of higher-risk myeỉođyspỉastíc syndromes: a 
randomised. open-Iabel. phase m study. Lanctí Oncol 2009; 10: 223-32.

8. Cataỉdo VD. tí al. Azadddine ỉor the treatment oí myelođysplasdc 
syndrome. Expert Rev Atttìeancer Ther 2009; 9: 875-84.

9. Keadng GM. Azadtỉdine: a review oí lts use in hỉgher-risk 
myelody5plastic syndxomes/acuĩe myeloid ỉeukaemia. Drugs 2009;. 69: 
2501-18.

10. Gurlon R. tí ai. 5-azaãũdirti prolongis overaỉl survỉvaỉ ỉn patíents with 
myeỉodysplastíc syndrome—a systematìc revievv and meta-analysis. 
tíamatolosica 2010; 95: 303-10.

Administration in renal hnpairment. Adverse renal eííects 
of azadtidine indude abnormalỉties In renal-hmction tests, 
renal tubular adđosis, renal ỉailure, and death. Licensed 
p rodua iníormation recommends that if serum-bicarb- 
onate concentrations fall to below 20 mmol/litre, the dose 
of azadtidine should be halved íor the next course. If 
there are rises in serum concenttations of urea or creat- 
inine, the next cyde of azadtidine should be delayed until 
these retum to notmal or baseline, and the dose should be 
halved on the next treatment course.

A d v e r s e  E t te ớ s  a n d  P r e c a u tio n s

The adverse ettects of azadtidine are generally similar to 
those seen w ith cytarabine (p. 775.1). Hypokalaemia, 
dyspnoea, and bruising are common.

P h a r m a c o k in e tic s

Azadtidine is rapidly absorbcd after subcutaneous use; the 
bioavailability relative to intravenous use is about 89%. The 
mean plasma half-life aíter subcutaneous injection is about 
40 minutes. Azadtidine and its metabolites are exaeted 
mainly in the urine; about 50% and 85% is recovered after 
subcutaneous and intravenous dosing, respectively. The 
m ean elimination half-life is about 4 hours aíter 
subcutaneous or intravenous use.
Reíerences.

1. Marcucd G. tí a i Bioavailability oí azadtidìne subcutaneous versus 
intravenous in paũcnts vvith the myeỉodysplastỉc syndromes. J Clin 
Pharmacol 200 5; 45: 597-602.

2. Tsao CF, tí ai. Azadtidine pharmacokinetics in an adolescent patient 
with renal compromỉsc. J Ptdiatr Hematoỉ Oncoi 2007; 29: 330-3.

Preparatìons
Proprietory Preparations (details are given in Volume B)

Single-ingredient Preparalionỉ. AustraL: Vidaza; Austrũr. Vidaza; 
Belg.: Vidaza; Bros.: Vidaza; CanatL: Vidaza; Cz.: Vidaza; 
Denm.: Vidaza; Fr.: Vidaza; Ger.: Vidaza; Gr.: Vidaza; Hong 
Kong-. Vidaza; Irỉ.: Vidaza; Israel: Vidaza; ItaL: Vidaza; Jpn: 
Vidaza; Maỉaysia: Vidaza; Neth.: Vidaza; NonV.: Vidaza; NZ: 
Vidaza; Philipp.: Vidaza; Pol.: Vidaza; Port.: Viđaza; S.Afr.: 
Vidaza; singapore: Vidaza; Spaúr. Vidaza; SwetL: Vídaza; 
Switz.: Vidaza; Thai.: Vidaza; Turk.: Vidaza; UK: Vldaza; USA: 
Vidaza.

Baferinib IUSAN, riNNỊ

ĨBaíétinib; Baíetlnibum; INNCM06;' NS^187; 6a<j)eTvtnvi6. 
•N-(3-{[(4,5'-Bipyrimidỉn)-2-yl]ạminò}-4-ĩĩiethýlpher\ýl)-4- 
{[(3S)-3-(dimethylamino)pyrrolidin-l-yDrnethyl}-3-(trifluoro- 
methyl)benzamide. ■ .. J  ’

The Symbol t  denotes a preparation no longer actively marketed
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C3oH3,FlNào=5766
CAS —  859212-16-1; 887650-05-7.
u m  —  NVW4ZỌ3I9B._ ! r ’ '

Profile
Baietinib is an orally actìve tyrosine kinase inhibitor active 
against BCR-ABL and Lyn (part oỉ the SRC íamily) ldnases. 
It is under investígation ior the treatm ent of malignant 
neoplasms such as chronic myeloid leukaemia, chronic 
lymphocytic leukaemia, brain cancer. and prostate cancer.

Reíerences.
1. KanuijUn H, tí ai Phase ỉ study of INNO-406. 9  dual Abl/Lyn kinase 

inhibitor, in Phiỉadelpỉila chromosome-positive leukemỉas aher ứnarinib 
resỉstance or intolerance. Canar 2010; 116: 2665-72.

2. Santos FP, tí ai. Baíeứnỉb, a dual Bcr-Ábl/Lyn tyrosine kỉnase Inhibitor 
ỉor the potendal tteatment of leukemia. Cutt opin Invatig Drugs 20 ỉ 0; 11: 
1450-65.

Becatecarin IUSAN, riNN ì

Bècatecárina; Bécatécarine; Becatecarinum; Betacatecarin; 
Betotecarin; BMS-181176; BMY-27557; DEAẼ-rebeccamycin; 
NSC-655649; XL-119; BexaTeKapuH.
1,11 -Đichlòro-6-[2-(diéthytarriino)ethyỊH 2-(4-0-methyl-p-Đ- 
glucopyranosyl)-12,13-dihydro-5H-indolo[2,3-a]pyrrolo[3,4- 
c]carbazoler5,7(6H)-dione.
C33H34CI2N40 7==669.6 
CAS— .119673-08-4. ■
UNII — A60X6MBU6G.

Proỉile
Becatecaiin is a synthetic analogue of the antineoplastic 
antìbiotic rebeccamyđn. It is an inh ib itor of the enzyme 
topoisomerase I, and is under investigation in  the ưeatment 
of bile-duct and other tumours.

Reíerences.
ỉ. Merchant J, tí aì. Pha se I dinỉcal and pharmacoldnetic smdy oí NSC 

655649, a rebeccamydn analogue, gỉven ỉn both single-dose and 
multipỉe-đose tonnats. ơút Canar Ra 2002; 8:2193-2201.

2. Goel s, tí a i A phase Q stuđy of rebeccarnydD analog NSC 655649 in 
patíents with metastatíc colorectaỉ cancer. Irtvetí New Drugs 2003; 21: 
103-7.

3. Langevin AM. tí tứ. Phase ỉ ơia) of rebeccamydn analog (NSC #655649) 
ỉn chiỉdren with reỄractory soỉỉd tumon: a pediatric oncoỉogy group 
study. J Pediatr Hartãtoi Onaỉ 2003; 25: 526-33.

4. Hussain M  tí ai. Á pbase II study oỉ rebeccamydn anaỉog (NSC-655649) 
in metasudc renaỉ ceỉỉ cancer. ímtat New Drugs 2003; 21: 465-71.

5. Rỉcart AD, tí aL Phase I and phannacoldnedc study oỉ sequences oí the 
rebeccamydn analogue NSC 655649 and dspỉadn in patientỉ with 
advanced solid nimors. Oin Canetr Ra 2005; Ỉ l ỉ  8726-36.

6. Langevỉn AM. tí ai. Chỉldren's Oncology Group. A phase n triaỉ of 
rebeccamytín analogue (NSC #655649) ỉn children wỉth solỉd tumors: a 
Chũdren's Oocoỉogy Group study. PediatT Biood ũmcrr 2008; 50: 577-80.

7. Borthakur G, tí aL Phase ỉ stuđy of XLỈỈ9, a rebeccamydn anaỉog, ỉn 
padents with refraaory hematologỉc malignanaes. Caneer 2008; 113: 
360-6.

8. Dowlati A. tí aỉ. Phase n and pharmacokỉnetíc trỉaỉ of rebeccamyón 
anaỉog ỉn advanced bỉliary cancen. Omcrr Ckcmothtr Pharmacoĩ2009; 65: 
73-8.

Belagenpumatucel-L ỊUSANI
NOTE. The name Lucanix has been used as a ưade mark for 
belagenpumatucel-L

PrọỊĩlẹ
Belagenpumatucel-L is an allogeneic cancer vacdne 
(P- 757.3) that is stated to produce ũnproved antigen 
recognỉtỉon because of its abìlity to block transíonning 
growth ĩactor p-2. It is under investigation for the ưeatment 
of non-small cell lung cancer.

Belinostat ÌUSAN, riNNI 

Bélinostat-Belinõstátum; PXD-101; BenMHOcraT.
A/̂ Hýd rb)y-3'-[3^hénỳfsụtfarnoyl) phenyQprop-2-ena mid e. 
CijH14N Á5Í3183 t' ‘ , ,
,CAS — 41486400-9. -•
UNir— f4H9ỘP1MĨ: ■ " "

Proíile
Belinostat is a histone deacetylase inhibitor that is under 
investigation íor the ưeatm ent of peripheral T-cell 
lymphomas and other malignant neoplasms.

Reíerences.
1. Stccỉc NI. cĩ al. Phannacokincíicand pharmacodynamicpropmies of an 

ora  ̂ tormulatìon of the hỉstone deacetylase ỉnhlbítor belinostat 
(PXD101). Cmcr OumoUưr Pharmncol 20U: <7; 1273-9

2. Gỉaccone G, tt aỉ. Phase n ỉtudy of belỉnostat ỉn padents wìth recmTent 
or icỉractoTy advanced thymic epithelial nunots. 1  ơin Ònal 2011; 29: 
2052-9.

Belotecan ỊrìNNì

'Beíotecán; Belotécan; Belotecanum; CKD-602; BenbOTeKaH. 
(45H-Ethyl.-4-hydroxy-1 l-[2-(isopropylannino)ethyl]-U2-: 
dihydro-14tí-pyrano[3',4';6,7]indolizino{!3-b]quinoline-3,l4 
(4fẬ-dlone.
GjsH27N304=4333’ Õ &  — 25641 ĩ-32-2.
ỤNH —  27Z82M2G1N.

NOTE. The name Camtobell has been used as a trade mark for 
belotecan.

Belotecan Hydrochloride ỊUSAN, piNNM i

Belòtécan, Chlòrhydratè de; Belotecanl Hydrochloridum; 
CKD-602; Hidrocloruro de belotecán; BenbOTeKaHa 
rnApox^opníi.
(4S)-4-Ethyl-4-hydroxy-11 -{2-[(l -methylethyl)amino]ethyl}- 
ĩ.^-dihydro-HH-pyrano^^Ể.TlindoliánoCI^-blquinoline- 
3,14(4H)-dìone hydrochloride.
C25Hy,NA,HCI=470.0
CAS — 213819-48-8.
UNli — 01D24127G7.

Profi/e
Like irínotecan (p. 812.2), belotecan is a topoisomerase I 
inhibitor related to camptothecin. Ít is used for the 
ưeatm ent of ovarian cancet and small cell lung cancer. A 
liposomal lormulation (S-CKO-602)is also under investiga- 
tíon.
Reíerences.

1. Lee DH, tí aĩ. A phase ỉ and pharmacologic study of belotecan in 
combination with dsplatỉn in patỉents vvỉih previously untreated 
extensive>stage disease small cell lung cancer. ctin ũmeer Ra 2007; 13: 
6Ỉ82-6.

2. Lee DH, tí al. Beỉotecan. nevv camptothedn analogue, is active ỉn 
patỉems wỉth smaỉl-ceỉỉ ỉung cancen resulis of a multicenter early phase 
n study. Aim Oneol 2008; 19: 123-7.

3. Kim SJ, tí aì. A multicenter pha se n study oỉ belotecan, new 
cunptothedn analogue, in patients wìth previously untreated exteosỉve 
stagé dẳsease smalỉ ceỉl lung cancer. Lung Canar 2010; 68: 446-9.

4. Kim YM, tí at. The eỉíicacy and loxidty of belotecan (CKD-602), a 
camptotheridn analogue topoisomerase I inhibitor. bi patỉents vviih 
recuiTent or rcừactory epìthelỉal ovarian cancer. J ơiemotker 2010; 22: 
197-200.

5. Kim HS. tí al. Comparũon oỉ the eỉ&cacy between topotecan- and 
belotecan*. a new camptoihedn analog, based chemotherapies for 
recurrent eplthelial ovarían cancer a sỉngle instỉtutíonal experíence. J 
Obtttí GỵnaKol Ra 2010; 36: 86-93.

6. Rhee CK. tí ai. A multícemer phase n study of beỉotecan. a new 
camptothedn anaỉogue. as a secood-line therapy in patỉenu with small 
celỉ iung cancer. Lung Cancer 2011; 72: 64-7.

Bendamustine Hydrochloride
IBANM, USAN, rlNNMI

Bendamustina, hidrocloruro de; Bendamustine, Qilorhy- 
drate de; Bendamustinhydrochlorid; Bendamústini Hydro- 
dilọridụm; Cytostasan; Hidrodoruro de bendamústina; 
IMET-3393; SDX-105; SýB-L-0501; BenflaMycTMHa 
rnapoxnopnQ.
5-[Bis(2-chlorọethyl)amino]-l-methyl-2-benzimida2olebuty- 
ric acid hydrochloride. c 

■C,6H21CỈ2N30 2, HCI=394.7 ■ •
G4S — 16506-27-7 (bendamustine); 3543-75-7 (bendamustine 
hydrochbride).
ATC —  L01AA09. ' ■■■: ■-  
ATC Vet —  QL01M09. 
u m  —  981Y8SX18M.

Stability. u s  licensed p ro d u a  iníormation íor bendamus- 
tine hydrochloríde States that, once reconstituted as direc- 
ted and ỉurther diluted with sodium chloride 0.9%, the 
Qnal inhision solution is stable for 24 hours vvhen reíriger- 
ated (2 degrees to 8 degrees) or íor 3 hours when stored at 
room temperature (15 degrees to 30 degrees) and exposed 
to light.

Uses and Administration
Bendamustine is an antineoplastic alkylatứig agent used (or 
the treatment of chronic lymphocytic leukaemia (p. 693.3) 
as well as íor non-Hodgkin's lymphoma (p. 696.3) that has 
progressed during, or vvithin 6 months ol, ưeatm ent with 
rituxúnab. It may be given with prednisone íor the 
ưeatment of multiple myeloma (p. 699.2) in patients older 
than 65 yean of age who are not eligible for stem-cell 
transplantation and who cannot be ữeated with thalido- 
tnide or bortezomỉb. It may also be used for Hodgkin's 
disease and breast cancer.

Bendamustine is given intravenously as the hydro- 
chloride. After reconstitution, it is usually diluted in 500 mL 
of sodium chloride 0.9%; the final concentration of 
bendamustine hydrochloridẹ should be bervveen 200 and 
600 micrograms/mL. Doses should be modUied or delayed in 
the event of toxiđty until the patíent has recovered, and

until neutrophils and platelets have reached acceptabl: 
concentrations (sce Bone-Marrow Depression, p. 730.3).

For the ưeatm ent of ch ro n ỉc  lym phocy tỉc  le u k aem ia . 
bendam ustine hydrochloride is given in a dose 0 ■ 
100mg/m2, inỉused over 30 'to 60 minutes on days 1 and . 
of a 28-day cycle, for up to 6 cydes. FÕr severr 
haematological or non-haematological toxidty, dose 
should be reduced to SOmg/m1 on days 1 and 2 of ead  
cyde. u  severe haematological toxidty recurs, the dosi 
should be íurther reduced to 25 mg/mJ on days 1 and 2 0 
cach cyde. Dose re-escalation in subsequent cydes may b« 
considered.

The recommended dose for non-H odgkỉn '$  Iym ph 
om a is 120mg/m2, infused over 30 to 60 minutes on days ] 
and 2 of a 21-day cyde, for up to 8 cydes. For severt 
haematological or non-haematological toxidty, do se 
should be reduced to 90m g/m 2 on days 1 and 2 of eacl 
cyde. u  severe toxidty recurs, the dose should be furthe 
rẽduced to 60mg/m2 ôn days 1 and 2 of each cyde.

For the treatment of m u ltip le  m yelom a, bendamustint 
hydrochloride is given in a dose of 120 to 150mg/m2 
infused over 30 to 60 minutes on days 1 and 2 of a 28-da) 
cyde; intravenous or oral prednisone at a dose of 60m g/m : 
is given on days 1 to 4 of the cycle.

Reíerences.
1. Knauỉ w . Bcndamusũne in ihe ưeaiment of chronic lymphocytu 

lcukemia. Expert Rev Anticanctr Ther 2009; 9: 165-74.
2. Cheson BD. Rummel MJ. Bendamustine: rcbirth oỉ an old drug. J  Cliĩì 

Oncol 2009; 27: 1492-1501. Corrcctỉon. ibid.; 2892.
3. Tageja N, Nagỉ J. Bendaraustine: something old, somcthing new. Cancn 

Oxtmother Pharmaeoi 2010; 66: 413-23.
4. Cheson BD, tí aỉ. Optimal use of bendamustỉnr ỉn chronic lymphocytk 

lcukemỉa, non-Hodgkin lymphomas, and mukiplc mycloma: treatmcn 
recommendations ừom an intemariona] consensus panel. Cìin Lymph 
oma Mytloma Leuk 2010; 10: 21-7.

5. Hleíame A. Czuczman MS. Bendamustine íor the treatment oỉ indoleni 
non-Hodgkin's lymphoma and chronic lymphocyiic leukemia. Am J 
Htahh-sỳá Pharm 2010; 67: 713-23.

6. Garnock-Jones KP. Bendaơiustine: a revinv oỉ iu use in the 
management of indolem non-Hodgkỉn*s lymphoma and mantle ceỉ) 
lymphoma. Drugs 2010; 70: 1703-18.

7. NICE. Bendamustine for the Rnt-line ưeaunent of chronic ỉymphocyiic 
leukaemia (Technology Appraisal Guidance 216, issued February 2011). 
Avaỉlable »v http://www.nice.org.uk/nicemedia/live/13343/53 ] 80/ 
53180.pdf (accessed 22/09/11)

8. Hoy SM. Bendamustine: a rcview oỉ its use in the managemem oỉ 
chronic lymphocytỉc ỉeukaemia, rituximab-reíractory indoỉent 
non-Hodgkin's lymphoma and multipỉe myeloma. Drugs 2012; 72: 
1929-50.

Adminiỉtration in hepatic impairment. ƯS licensed pro- 
d u a  information States that, although no meaningĩul 
eữ ea  on the pharmacokinetỉcs of bendamustine was seen 
in mild hepatic impairment, data are limited, and there- 
fore caution should be exerdsed -yvhen using bendamus- 
tine in these patients. Bendamustine shouỉd not be used 
in moderate or severe hepatic impairment due to a lack oí 
da ta.

Adminisiralion in reiral impairment. Although no mean- 
ingỉul e lỉea  on the pharmacokinetics of bendamustine 
was seen in renal impairment, u s  licensed product iníor- 
mation States tha t data are limited, and that caution 
should be exerdsed in patientỉ with mild or moderate 
renal impairment. Bendamustỉne should not be used ìn 
patients vvith creatinine dearance less than 40 mL/minute, 
due to a lack oỉ da ta.

Adverse Effects, Treatment, and Precautions
For general discussions see Antineoplastícs, p. 726.1, 
p. 730.2, and p. 732.2.

Bendamustine commonly causes myelosuppression and 
doses may need to be reduced (see Uses and Adminisưatỉon, 
above); patìents are thereíore susceptible to intection. Other 
common adverse eỉĩects indude gasuointestlnal distur- 
bances, íever, asthenia, íatigue, malaise. dry mouth, 
somnolence, cough, headache, mucosal inOammation, and 
stomatitis. Inhision reactions are common; symptoms 
indude íever, chỉlls, pruritus, and rash. Anaphylactìc 
reactìons have been reported rarely, espedally duríng the 
second and subsequent cydes of therapy. Prophylactic 
antihistamines, antipyretìcs, and corticosteroids should be 
considered. If severe iníusion reactions occur, therapy 
should be stopped. Tumour lysis syndrome has been 
reported, usually vvithin the first ưeatm ent cyde, and may 
lead to acute renal íailure and death. Adequate volume 
status should be maintained and potassium and uric add  
concenưations should be monitored; allopurinol may be 
used in patients at high risk. Skin reactions such as bullous 
exanthema can occur with bendamustine; therapy may 
need to be withheld or stopped. Worsening hypertension, 
induding hypertensive crisis, has also occurred. Increases in 
creatinine concentrations and liver enzyme values have 
been reported; bendamustine should be used with caution 
in patients with renal or hepatic impaữment.

An cross-reíerences reíer to entries in Volume A

http://www.nice.org.uk/nicemedia/live/13343/53
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Interactìons
Bendamustine is extensively metabolised by cytochrome 
P450 isoemyme CYP1A2. Inhibitors oỉ CYP1A2, such as 
fluvoxamine and  dproAoxadn, may increase exposure to 
bendamustine. Conversely, CYP1A2 inducers, such as 
omeprazole, can reduce exposure to bendamustine; tobacco 
smoking also m ay increase exposure to  bendamustme.

Pharmacokinetìcs
Bendamustine is about 95% bound to plasma proteins; data 
suggest it is no t likely to  displace nor to be displaced by 
highly protein-bound drugs. Bendamustine distrìbutes 
íreely ínto hum an red bloođ ceỉls. It is mainly metabolised 
by hydrolysis Via the cytochrome P450 isoenzyme CYP1A2. 
Little or no accumuỉation in plasma is anđdpated for 
inưavenous doses of bendamustine given on days 1 and 2 of 
a 28-day cyde. About 90% of the drug is eỉiminated, mainly 
Via the ỉaeces.

Prẽparations
Proprietory Preparations (details are given in Volume B)
Single-ingretỉíent Preporalions. Betg.: Levact; Canađ.: Treanda; 
Cz.: Ribomustỉn; Denm.: Levact; Fin.: Levact; Fr.\ Levact; Ger.: 
Levact; Ribomustĩnt; Gr.: Levact; Ribomustin; Treanda; Htmg 
Kong: Treanda; / r i :  Levact; ItaL: Levact; Jpn: Treakisym; 
Seth.: Levact; Norw.: Levact; RtiS.: Ribomustine (PHỄovtycTHH); 
Singapore: Symbenda; Spain: Levact' Swed.: Ribovact; Switz.: 
Ribomustin; UK: Levact; Ukr.: Ribomustine (PtrôoKycTHH); 
USA: Treanda.

Bevacizumab ỊriNNi

Bềvacizúrnab; Bevadzurnabum; R-435; rhuMAb-VEGF; Bes- 
áqkByMaõ. ■.. ■ . V ;-
Immunọglobulin G1 (human-mouse monodonal rhuMAb- 
VEGF y-chain anti-human vascular endothelial growth 
fector), disulfide with human-mouse monodonal rhuMAb- 
VÉGP Iight Chain, dimer.
C4S —  216974-75-3.
ATC —  L0ÌXC07.
ATC Vet —  QL0ÌXC07. 
u m  — 2S9ZZM9Q9V.

Stability. UK licensed product iníormation States that bev- 
acũumab is chemically and physically stable for 48 hours 
at 2 degrees to 30 degrees in sodium chloride 0.9%, 
although immediate use is recommended hom  a microbio- 
logical point of view. u  the solution is not used immedi- 
ately, storage for longer than 24 hours at 2 degrees to 8 
degrees cannot be recommended, unỉess dilution has 
taken place in conưolled and validated aseptíc conditions. 
In the USA, licensed product inỉormation States that beva- 
dzum ab Solutions for inỉusion may be stored at 2 degrees 
to  8 degrees for up to 8 hours.

Bevadzumab shouỉd not be mixed vvith glucose.
A study tested the concenưation change in bevadzumab 

vvhen the drug was dravvn up into l -m l latex-hee syringes, 
using a 20-gauge needle, and then capped with a 30-gauge 
needle, and stoted at 4 degrees íor varying túnes; I syringe 
was hozen at -10 degrees. Results were compared with an 
unopened vial of bevadzumab stored at 4 degrees and 
pro tected  h o m  light. Bevacizumab concentrations 
decreased by 1.6% at 1 week, 0% at 3 vveeks, 8.8% at 3 
months, and 15.9% at 6 months; the concentratíon in the 
hozen syringe decreased by 12% at 6 months.*

1. Bakrỉ SJ, tí aỉ. Six-moruh Sttbility oỉ bevarizumab (Avastin) bindlng 10 
vascuỉar endotheỉỉal grovvth íaccor aíter withdrawal into a syrỉnge and 
reírigeratỉon or ỉreezing. Rctina 2006; 26: 519-22.

Uses and Administration
Bevadzumab is a recombinant humanised monodonal 
antibody that binds to vascular endothelial grovvth ỉactor 
(VEGF), thereby inhibiting the angiogenesis that occuxs 
during tum our growth. Bevadzumab is used w ìth 
fluoropyrimidine-based chemotherapy in the treatment of 
metastatic colorectal cancer (p. 706.3). It has also been used 
with a taxane such as pađitaxel, for the first-line ưeatm ent 
of patìents w ith metastatic breast cancer (p. 702.1). 
Bevadzumab may be used with platinum-based chemo- 
therapy in  the first-line treatm ent of patients w ith 
unresectable, locally advanced, recurrent or metastatic, 
non-squamous, non-small ceU lung cancer (p. 710.2). 
Bevadzumab is used with interteron alía íor the Srst-line 
treatm ent of advanced and/or metastatíc renal cell cancer 
(p. 708.3). Bevadzumab is also used íor the treatment of 
Progressive glỉobỉastoma (see Malignant Neoplasms of the 
Brain, p. 701.2).

Bevadzumab is usually given diluted in  100 mL of 
sodium chloride 0.9%; the ũnal concentration should be 
kept tvithln the range of 1.4 to 16.5 mg/mL. The first dose 
should be given as an intravenous inhision over 90 minutes;

u  this is well tolerated the second dose should be given over 
60 mínutes, and if this is weỉl tolerated then subsequent 
doses may be given ovcr 30 minutes.

ỉn the ưeatment of colorectal cancer, bevadzumab is 
given in a dose of 5 or 10 mg/kg once every 2 vveeks, or 7.5 
õr 15mg/kg once every 3 wẽeks; doses depend on th e  
combination o{ drugs used in the regimen.

For b re a s t  can cer, the recom m ended dose of 
bevadziunab is lOmg/kg given once every 2 weeks, or 
15mg/kg given once every 3 vveeks.

For non-sm all cell lũng  cancer. the recommended 
dose of bevadzumab is 7.5 or 15 mg/kg given once every 3 
weeks. In the UK, combination therapy is given for up to 6 
cydes, followed by bevacizumab monotherapy until dísease 
progression.

For ren a l cell carcinom a, bevacizumab is given in .a  
dose o{ lOmg/kg once every 2 weeks.

For g ỉỉoblastom a. the recommended dose of bevadzu- 
mab is 10 mg/kg once every 2 weeks.

There are no recommended dose reduction regimens 
should adverse eííects occur with bevadzumab; therapy 
should either be permanently stopped or temporarily 
suspendeđ.

Bevadzumab is under investígation íor various o ther 
neoplasms, induding gastric ovarian, and prostate cancer. 
A related monodonal antibody, ranibìrumab (p. 2602.1) 
has been developed for the treãtment of neovascular (wet) 
age-related macular degeneration, and it has been suggested 
that bevadzumab might also be of beneht.

Ạ drug-eluting stent containing bevadzumab is under 
investigation.
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AdminislraHon. It has been suggested that bevadzumab 
may be saíely given at an inỉusion rate of 500 micro- 
grams/kg pcr minute; this means a dose of 5 mg/kg could 
be given over 10 minutes.1

1. Seidy DL rt a/. Bmdzumab 5 mg/kg can be intused sately over 10 
minutes. J Oin Oncol 2007; 25; 2691-5.

Eye dóprders. In addition to the condítions discussed 
bẽlovv, bevadzumab is being tried in many eye disordẹrs, 
mostly those assodated with choroidaỉ or retinal neovas- 
cularisation, or with macular oedema. bu t the num ber of 
patíents is mostly small, ,with evidence limited to case 
reports or small căse series,1

1. Gunther JB. Aỉtaweeỉ MM. Bevadaumab (Avastín) for the treatraent 0í  
ocular diaease. Smv Ophthalmol 2009; 54: 572-400.

AGE-RBATED MAOAAH DEGEmRAĨlON. Promising short-term 
results vvith intravenous1-2 or intravitreal3’9 bevadzumab 
to treat age-related macular degeneration (p. 880.2) o r its 
complicadons were reported, and a controlled study10

íound its intraviưeal use to be superìor to pegaptanib or to 
photodynamic therapy wich veneporHn. Hovvever, bevad- 
zumab is unlicensed for this use and has been assodated 
vvith adverse eHects (see Eữects on the Eyes, p. 748.1). 
Ranibizumab (p. 2602.1) is a humanised antibody ừag- 
m ent derived hom  bevacứumab that is licensed for the 
ưeatment of this disease. A multicentre comparatíve 
study" found that ranibizumab and bevadzumab, both 
given according to the same intravitreal schedule, had 
equivalent eííects on visual acuity during 1 year oi follow- 
up. No signiũcant diữerences vvere seen between the 2 
drugs in rates of death or thrombotic events, although the 
rate of serious systemic adverse events (mainly hospitalisa- 
tion) was higher with bevadztunab.

ỉ . Michels s, tí al. Systemỉc bevadzumab (Avastỉn) therapy for neovascuỉar 
age-related macular degeneratỉon: twelve*week results of an 
uncontroỉled open-labeỉ dinkaỉ study. Ophthaỉmaiogy 2Ọ0Ỉ; ỉ 12:1035- 
47.

2. Bolz M.tíaỉ. Effén of SỴStemìc bevadiumab therapy on retinal pỉgment 
epitheUaỉ detachment. Br J Opktkaỉmoỉ 2007; 91:785-9.

3. Ăvery RL, tíal. ỉnmvitreaỉ bevadzunub (Avastỉn) for neovascuỉar age- 
relatẽd macular degenentỉoa Ophthaimoiogy 2006; 113: 363-72.

4. Bashshur ZF, tí ai. ỉmravỉtreaỉ bevadxuinab ỉor the management oỉ 
chorddaỉ neovascularizatỉon In age-reỉated macular degeneratỉon. Am J 
Ophíkalmoỉ 2006; 142: 1-9.

5. Spaỉde RF, tí  a i Intravltreal bevadzunub treatment oỉ choroidaỉ 
neovaxuỉarizatíon secondary to age*reỉated macular degeneratìon. 
Rtíửta 2006; 26: 383-90.

6. Pung AJE. tí ai. The International Inoavitreaỉ Bevađmmab Saỉety 
Survey: u$ừig the ỉmemec to ềssess drug saỉety woridwỉde. Br J 
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10. Tuỉail A. et aL Bevadzumab for neovascular age reỉated macuỉar 
degeneration (ABC Trial); muỉticentre tandomỉsed doubie masked 
study. BMJ 2010; 340: C2459.
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GtAUCOMA. Neovascular glaúcoma is a severe complỉcation 
in patients aHected by proliíeraúve diabetic retínopathy or 
Central retinal vein ocdusion, and can result in compỉete 
loss oỉ Vision; treatment is unsatisíaaory, and early diag- 
nosis with aggressive con tro! oỉ intra-ocular presstưe is 
crudal. In a small study of patìents who had aỉready 
undeigone Standard retinal ablative treatment, a total oỉ 3 
inơaviưeal injections of bevadzumab were given, at inter- 
vals of 4 vveeks. Regression oỉ comeal oeđema vvith signih- 
cant pain reduction was seen after the ărst lnjection, 
vvithout any notable improvement in visual acuity; how- 
ever, after the third injecnon, regression of iris neovẻiscu- 
larisatíon as well as signihcant improvement of visual 
acuity was seen in most cases.1

1. Cosugliola c  tt ai. Intnvitreal bevactaltnab (Avasdn) injection for 
neovascuỉar gỉaucoma: a survey on 23 cases throughout 12-month 
foflow-up. Br J ơht Pharmaal 2008; 66: 667-73.

PTERYGẵM. Bevadzumab has been investigated in the man- 
agement of pterygium.1

1. Mauro J. Foster cs. Pterygia: pathogenesis and '  the role of 
subconjunctivaỉ bevadxumab in treatmenL Sem ỚI Ophthaỉmol 2009; 
24:130-4.

REĨÌNOPAIHY OF PREMATURITY. For reíerence to the investiga- 
tional use of bevadzumab in ỉníants with retinopathy of 
prematurity see p. 2120.3.

Reperíusion and  revascularisation procedures. Resteno- 
sis is a particular problem aíter pẽrcutaneous coronary 
revascularísation procedures (p. 1259.2) and various drugs 
have been tried íor its prevention. Bevadzumab has been 
reportẹd to be eílective.1

1. Steỉanadis c, tí đi Avastin-eỉuting stent: long-term angỉographỉc and 
dinỉcal foỉlow up. H ellen ic  J  C ard io í 2008; 49: 188-90.

Adverse Effects, Treatment, and Precautions
For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

Bevacizumab may impair yvound healing; therapy 
should not be started for at least 28 days after major 
surgery or until the surgicaỉ indsion is fulỉy healed; it should 
also be vvithheld belore elective surgery. Gastrointestinal 
períoration complicated by intra-abdominal abscesses or 
Bstula lormation ís more common in patients receiving 
bevadzumab; latalities have been reported. Serious, and 
sometimes ỉa tai, non-gastrointestmal Sstulas can also occur, 
usually vvithin the first 6 months of therapy. Bevadzumab 
should be stopped pennanently in patients vvho develop 
gasơointestinal períoration, or Sstuỉas, or w ound dehis- 
cence needing medicaỉ interventìọn. Very rare cases of nasal 
septum perỉoratìon have been repotted.

Leucõpenia, anaemỉa, neutropenia, thrombocytopenia, 
and  íebrile neutropenia have also occurred; severe 
neutrópenỉa with inỉection has caused íatalities. Bevadzu- 
mab can cause two distinct pattems of bleeding. Minor

The Symbol t  denotes a preparation no longer actively marketed
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haemorrhage such as epistaxis may occur; severe or ỉataỉ 
bleeding including CNS haemorrhage and pulmonaiy 
haemorrhage presentìng as haemoptysis has been reported. 
There is an increased risk of serious arterial and venous 
thromboembolic events associated with the use of 
bevađzumab including pulm onary embolism, sưoke, 
transient ischaemic attacks, myocardial infarction, angina, 
and death. Bevaôzumab may cause congestive heart íailure; 
the risk is higher in those patients vvho have concurrent or 
previous ơeatm ent vvith anthracydines. Hypertension, 
possibly dose-dependent, has occurred; blood pressure 
should be monitored, and therapy stopped ỉn patients vvho 
develop hypertensive crisis or hypertensive encephalo- 
pathy.

Proteinuría may develop; bevadzumab should be 
stopped in  patients who develop nephrotic syndrome. 
Other adverse eỉỉects indude asthenia, pain, abdominal 
pain, gastrointestỉnal disturbances, stomaútis, headache, 
taste alteration, dyspnoea, lachrymation disorder, and 
exíoliative dermatitis. Peripheral sensory neuropathy, 
syncope, somnolence, supraventricular tachycardia, pal- 
mar-plantar erythrodysesthesia syndrome, myalgia, arthr- 
algia, and muscular weakness have been commonly 
reported. Mucosal inũammation, dry skin. and skin 
discoloration are also common. Laboratory abnormalities 
reported indude hyperglycaemia, decreased haemoglobin, 
hypokalaemia, hyponaưaemia, and increased INR. Iníusion 
reactions, maniỉesting as hypertension, hypoxia, wheezing, 
chest pain, headaches, rigors, and diaphoresis may occur 
rarely with the first dose of bevadzumab; treatment should 
be interrupted.

There have been rare reports of reversible posterior 
leukoencephalopathy syndrome, a neurological disorder; 
this may present as seizures, headache, altered mental 
status, visual disturbance, or cortical blindness, vvith or 
tvithout assodated hypertension. Bevadzumab therapy 
should be stopped, and patients treated symptomatically.
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Effeds on the cardiovascular System. For a discussion of 
the inddence of hypertension assodated with use of beva- 
dzumab, see Eííects on the Kidneys, below.

Effects on the eyes. As of November 2008, the UK manu- 
íacturer of bevadzumab (Rocht. UK) reponed on 25 Cana- 
dian cases of adverse events after the unlicensed inưavi- 
treal use oí the drug; symptoms induded ocular irritation, 
photophobia, bluưed Vision, and ỉloaters assodated with 
tnild to moderate anterior and posterior cellular inũamma- 
tion.1 The u s  manuíacturer (Genentech. USA) reported 
that, as of December 2008, there had been 36 Canadian 
reports of intra-ocular adverse eííects, of which 32 were 
serious intra-ocular inllammatory reacóons, alter intravi- 
ơeal use o i bevadzumab.2 Other adverse reactions 
reported after inưaviưeal use indude retinal pigment 
epithelial tearJ and submacular haemorrhage4 after use íor 
age-related macular degeneration, and macular isđiaemia5 
after use for Central retinal vein ocdusion in patients with 
dỉabetes and vascular disease; retinal detachment has 
occurred after use for proliíerative diabetic retinopathy, 
when used as an  adjunct to vitrectomy4 and when used 
ỉor neovascular glaucoma in One patient,7 where it was 
assodated w lth macular hole.

1. Roche, UK. Reports of severe eyc inílammation and sterile 
eDdophthalmitii íolỉowing oíí-label intravitreal use of AVASTIN 
(bcvadzumab) ỉn Canada (issued 9th February, 2009). Available at: 
http://www.mhra.goỵ.uk/home/ỉdcpIg?IdcService=GÉT_FILE6-dDoc 
Name*CON0412126*RevisionSelectìonMethod*Latest (accessed 
04/09/09)

2. Genetech, USA. Important Dnig Notỉficaúon: reports of ỉntraocular 
ỉnũammatory rcactíons aher iniravitxcal injectiQn wỉth AVASTIN 
(ỉssued 19th December. 2006). Avaiỉable at: http://www.gene.com/ 
gene/produas/mformatIon/pdf/avastin_ocuỉar_letier.pdí (accessed 
04/09/09)

3. Hannan SR. tí ai. Reúnal pigment epithelial tear íollowỉng intravìtreal 
bevadrumab íor choroidal neovascuỉar membrane due to age-related 
macular degeneratỉon. Br J Ophihaìmoỉ 2007: 91: 977-«.
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6. Arevaỉo JF, tí aì. Tractional retinal detachmem foIìowing ỉnưavitreal 
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reónopathy. BrJ Ophthứhnoi 2008: 92: 213-16.

7. Mỉỉamura Y, tí a i Retỉnaỉ detachment with macuỉar hole folỉowing 
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Effects on the kidneys. A systematic revievv and subse- 
quent meta-analysis ot 7 studies in  1850 patients with var- 
ious cancers estimated the inddence and risk of develop- 
ing hypertension and proteinuría wlth bevadzumab 
therapy.1 The relative risk (RR) of developing proteinuria 
was 1.4 w ith low-dose bevadzumab (95% conỉidence 
interval 1.1 to 1.7) and even higher with high-dose ther- 
apy (RR 2.2; 95% conhdence interval 1.6 to 2.9). For 
hypertension, the RR was 3.0 for lovv-dose bevadzumab 
(95% conũdence interval 2.2 to 4.2) and 7.5 for high-dose 
therapy (95% contidence interval 4.2 to 13.4). u s  licensed 
product intormation States that hypertension can persist 
after stopping bevadzumab; therapy should be stopped 
permanently in those with hypertensive crisis or hyper- 
tensive encephalopathy. (For the suggestion that hyper- 
tension is a problem with angiogenesis inhibitors in gener- 
al see Etíects on the Cardiovascular System in Soratenib, 
p. 858.2.) The saíety of continued ưeatm ent in patients 
with moderate to severe proteinuria has not been evalu- 
ated; therapy should be interrupted if proteinuria is equal 
to or greatẽr than 2g per 24 hõurs, and may be resumed 
vvhen it is less than this.

Nephrotic syndrome has also been reported with use of 
bevacizumab;i í  therapy should be stopped in these 
patients. In one case,3 there vvas evidence of a haemolytic- 
uraemic syndrome; renal biopsy revealed a glomerular 
thrombotic microangiopathy. Bevadzumab vvas stopped, 
vvith íavourable response; hovvever, sunitinib therapy was 
started but had to be stopped due to a recurrence of severe 
haemolytic-uraemic syndrome.

A patient vvho received 3 doses of bevadzumab was 
diagnosed with acute renal íailure secondary to interstitial 
nephritis. His renal hmction resolved slowly atter stopping 
therapy; haemodialysis was required.4

1. zhu X. rt í/. Kisks of proieinurú and hypcncmion with bevacúumab. an 
antibody against vascuỉar endothelỉal growth íartor: systematlc revỉevv 
and meta-analyàs. Am J Kidney Dà 2007; 49: 186-93.

2. George BA. tí aỉ. Nephrotic syndrome aíter bevadzumab: ca$e report and 
ỉiterature review. Am J Kidney Dừ 2007; 49: e2ỉ-e29.

3. Frangié c, tí aì. Renal thromboiic microangiopathy caused by 
anú-VEGF-antibodỵ ưeatment ỉor metasutic renal-ccll cardnoma. 
Lanctí Onal 2007; 8: 177-8.

4. Barakat RJC tí al ỉmerstirial nephritìs secondary to bevadzumab 
treatment in metastatic leiomyosarcoma. Am Pharmaeothtr 2007; 41: 
707-10.

Effects on the musculoskeletal System. Osteonecrosis of 
the jaw  (similar to that seen with the bisphosphonates, 
see under Bisphosphonates, p. 1176.3) has been reported 
in 2 patients aíter bevadzumab therapy; neither patient 
had been treated with bisphosphonates.1 Other cases have 
occurred when bevadzumab and bisphosphonates were 
given togethen it has been postulated that antì-angiogenic 
agents such as bevacứumab and sunitinib (see also Eííeas 
on the Musculoskeletal System, under Sunitinib, p. 859.2) 
contribute to oral mucosal breakdovvn and subsequent 
development oí osteonecrosis of the jaw.2

1. Estilo CL. tí aỉ. Osteonecrosis of tbe jaw related to bevacUumab. J Cìin 
õncoỉ 2008; 26: 4037-8

2. Ayllon ỉ. tí al. Osteonecrosis oỉ the jaw under bisphosphonate and 
anúangiogenic therapies: cumuỉative toxidty proGle? A m  Oncoỉ 2009; 
20: 600-1.

Effeds on the nervous System. There are reports of rever- 
sible posterior leukoencephalopathy syndrome (RPLS) 
attributed to bevadzumab.1-2 Piesenting symptoms 
induded lethargy, seizures, hypenension, acute bilateral 
loss oỉ Vision, headache, and contusion. Recovery was 
rapid after symptomatic ưeatment.

The symptoms of RPLS may be diỉlicult 10 distinguish 
from those of uncontrolled bypettension, and patients 
presenting with the above signs and symptoms should be 
examined neurologically.3

1. Gỉusker p, tí al. Reverslble posterior leưkoencephalopathy syndrome 
and bevadzumab. N Ertýl J Med 2006; 354: 980-1.

2. Ozcan c. tí ai. Reversible posterior leukoencephalopaihy syndrome and 
bevacìnimab. N Engl J Med 2006; 354: 981-2.

3. Health Canada. Assodatỉon oí AVASTTN(bevadzuniab) wiih byperten- 
sive encephalopathy and revenỉble posierior leukoencephaỉopathy 
syndrome (RPLS) (ĩssued 24th Oaober 2006). Availableat; http://www. 
hc-scgc.ca/dhp-mps/mede(í/advisories-avữ/pubỉic/_2006/avastỉn-pc- 
cp-eng.php (accessed 30/07/08)

Effects on the spleen. Splenic intaictìon has been reported 
in a patient given bevadzumab, íluorouradl, ỉolinic add, 
and irinotecan. Bevadztimab was stopped. Four íurther 
chemotherapy cydes were given. The splenic iníarcts par- 
tially regressed, although the patient died bom  metastatìc 
progression. The authors attributed the splenic iníarction 
to bevadzumab, vvhich has been assodated with arteríal 
thromboembolic events.1

1. Malka D. tí aỉ. Splcnic ínỉarction and bevaózumab. Lanetí Ortcoỉ 2006; 7: 
1038.

Fistuki hx n a tio n . u s  licensed product inỉormation for 
bevadzumab States that the inddence of gasưointestinal

perioratíon, indudlng fistula íoim ation and /o r intra-. ,bdo- 
minal abscess, in bevadzumab-ơeated patients w ith ( olor- 
ectal cancer or non-small cell lung cancer w as 2.4°/c and 
0.9%, respectively. Reports of o ther types of Sstulas such 
as bronchopleural, urogenital, and biliary Sstulas, ỈCTOSS 
varìous indications and mostly vvithin the first 6 m nnths 
of therapy, are less common; hovvever, reports of tra< heo- 
oesophageal Cstula tormatíon indude some íatalit es.1'2 
Therapy should be permanently stopped in  patíents w ith 
ưacheo-oesophageal or gasưointestinal Sstulas.

1. Roche. Canada. Health Canada endorsed importam saíety inỉon ladon 
on AVASTIN (bevadxumab): assodadon of AVASTĨN (bevadz iroab) 
wỉth tracheo-esophageal Bstuỉa (ỉssued June 2007). Available at Ìttp:// 
www.hc-5c.gc.câ/dhp-mps/altJformats/hpib-dgpsa/p<lI/mede!ỉ avas- 
tin_hpc-cps_2_e.pdf (accessed 13/06/07)

2. Genentech, USA. ìmportant drug vvaming regarding AV kSTlN 
(bevadzumab) (Ỉỉsueđ April 2007). Avaíỉabỉe at: http://www.fd I.gov/ 
downỉoads/Safèty/MedWatch/Safetylnformaiỉon/SaỉeryAỉensỉ )rHu- 
manMedỉcinaỉProducts/ucinl53933.pdĩ (accessed 21/07/10)

Porphyria. The Dmg Database for Acute Porphyria, :om- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Poiphyria Cenưe Sweden, classiíies bevadzum zb as 
not porphyrinogenic; it may be used as a drug of íirst 
choice and no precautions are needed.1

1. The Drug Daiabase for Acute Porphyria. Available at: htlp:// vww. 
dnigs-porphyria.org (accessed 29/09/11)

Interactìons
The US manuíacturer of bevadzumab has recomme.1 ided 
that it should not be used with sunitinib aíter several pat ents 
receiving the combination had developed microangiop. thic 
haemolytic anaemia.1 UK licensed p ro d u a  in ío rm ỉãon  
States that this was reversible upon stopping th e  2 dru. ;s.

1. Genentech. USA. ỉmportant drug waming subject: microangiO) athic 
hemoỉytỉc anemia (MAHA) ỉn patienu treated with A'' astin 
(bevadxumab) and sunỉtỉnỉb malate (ỉssued July 2008). Avaiỉat le at: 
http://www.fda.gov/downloads/Safety/MedWatch/SafetyInionn- tìon/ 
SaỉetyAlertsíorHumanMedicinalProducts/ucml 26434.pdf (acc essed 
21/07/10)

Pharmacokinetìcs
Bevadzumab has a half-life of about 20 days. The predicted 
time to steady State is about 100 days. Male patients and 
those with a higher tum our burden have h igher cleara ìces 
of bevadzumab than íemales and those w ith tum our 
burdens belovv the median, respectively; although no 
evidence of lesser eỉíicacy has been seen due to  this hiịỉher 
clearance, the relationship bervveen exposure to bevac izu- 
mab and dinical outcome is not knovvn.

Preparatíons
Proprietary Preparalions (details are gi ven in Volume B)

Single-ingredienl Preporotions. Arg.: Avastin; Austral.: Ava rtin; 
Austrìa: Avastứi; Beĩg.: Avastin; Braz.: Avastin; Canad-: A vas- 
tin; Chile: Avastin; China: Avastin ($ỈỀfT): Cz.: Ava rtin; 
Denm.: Avastin; Bin.: Avastứi; Fr.: Avastin; Ger.: Avastín; Gr.: 
Avastin; Hong Kong: Avastin; Hung.: Avastin; Indon.: Ava ;tin; 
Irl: Avastin; Israel: Avastin; ltáL: Avastin; 3pn: Ava .tin; 
Malaysia: Avastin; Mex.: Avastin; Neth.: Avastin; Norw.: A /as- 
tin; NZ: Avastúi; Philipp.: Avastin; PoL: Avastin; Port.: Ava tin; 
Rus.: Avastin (ABacTHH); S.A/r.; Avastin; Singapore. Ava tin; 
Spain: Avastín; Sweđ.: Avastin; Switz.: Avastin; Thai.: Ava tin; 
Turk.: Altuzan; UK: Avastin; ukr.: Avastin (ABacTHH); ISA: 
Avastỉn.

Bexarotene ÍBAN, USAN. ríNNi

Beksaroteeni; Beksaroten; Bexaroten; Bexarotène; Bexarc te-
no; Bexarotenum; LG-100069; LGD-1069; BeKcapoTeH.
p-[l-(5,6,7,8-Tetrahydro-3,5,5,8,8-pentamethyl-2-napht) yl)
vinyl]benzoic acid. -
Cj4Hm0 2=348^
õ ư  — 153559-49-0.
ATC —  L01XX25.
ATC Vet —  QL01XX25.
um  —  A61RXM4375. . .

Uses and Administration
Bexarotene is an agonist a t the retinoid X receptor, w hic t  is 
involved in the regulation of ceU differentiation í.nd 
proliíeration. It is used in the ơeatm ent of cutaneous T- :ell 
lymphoma (see Mycosis Fungoides, p. 698.3), in  a usual 
mitìal oral dose of 300mg/m2 daily as a single dose tal;en 
with a meal. Dosage is adjusted according to  toxidty. For 
wamings and recommendations rcgarding the safe prescrib ng, 
dispeming. and use o f oral antineơplastic drugs. see Adminis ra- 
tion, p. 732.3.

For the topical ơeatm ent of reừactory disease a 1 % gel 
may be applỉed on ahem ate days íor th e  first w e:k , 
gradually increased at vveekly intervals to up  to  4 từ ie s  
daily, depending on tolerance.

All cross-reíerences reíer to entries in Volume A

http://www.mhra.go%e1%bb%b5.uk/home/%e1%bb%89dcpIg?IdcService=G%c3%89T_FILE6-dDoc
http://www.gene.com/
http://www
http://www.fd
http://www.fda.gov/downloads/Safety/MedWatch/SafetyInionn-
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R eíerences.
1. Anonymous. Bexarotene (Targretin) íor cutaneous T-cell lymphoma. 

Med Utt Drugs Ther 2000; 42: 31-2.
2. Lovve MN, Ptosker GL. Bexarotene. Am J ơin Ịkrmứtoỉ 2000; 1:243-50.
3. Duvỉc M. tí ai. Bexarotene is effective and saỉe for treatment of reừactory 

advanced-stage cutaneous T-ceD ỉymphoma: muỉũnatíonaỉ pbase n*ưi 
ưial results. ĩciiriOncol 2001; 19: 2456-71.

4. Wong S-F. Oraỉ bexarotene ỉn che creacmcQỉ oi cuuneous T-cell 
lymphoma. AnriPharmacother 2001; 35: 1056-63.

5. Heaid p, tí al. Topical bexarotene therapy for padents with reíractory or 
persistent early-stage cutancous T-ceil iymphoma: results of the phase 
m dỉnỉcaỉ triai. /  Am Acad DtrmatoỊ 2003; 49: 501-13.

6. Haniỉin JM, ttal. Novel treatment oí chronỉc severe hand dennatitis vvith 
bexarotene geỉ. Br J Dcrmatol 2004; 150: 545-53.

7. Farol LT, Hymes KB. Bexarotene: a dlnicaỉ review. Bxptít RevAnticancer 
Thcr 2004; 4; 150-5.

8. Gniadedd R. et aỉ. The optimai use oỉ bexarocene ỉn cutaneous T-ceU 
ỉymphoma. Br J Dcrmatoỉ 2007; 157: 433-40.

9. Lessin SR, tt ai. Treatment of parapsorỉasis wỉth bexarotene 1 % geỉ. Im J
Darmatoi 2008; 47: 1325-7.

10. Abbott RA, et cả. Bexarocene therapy for mycosis hingoides and Sézary 
syndrome. Br J Dermatol 2009; 160: 1299-1307.

1 ỉ . Talpur R, et ai Pha se ƯU randomùed biỉateral halí-head coroparíson of 
topical bexarocene 1 % geỉ íor alopecỉa areau. J Am Acad Dermatol 2009; 
61: 592.el-592.e9.

12. Qu L. Tang X. Bexarotene: a promising antìcancer agent. Cancer 
chemother Èharmacol 2010; 65: 201-5.

Adverse Effects and Precautions
The main adverse eííects noted after oral therapy with 
bexarotenẹ. include hyperlipidaemia, hypothyroiđism, 
leucọpenia, hèadache, oedema, altered liver íunctíon, 
rash, and pruritus. Exíoliative dennatíús, alopeđa, and skin 
disorders maỵoccur. O ther common adverse eifects indude 
anaemia, insonmia, dizziness, eye or ear disorders, 
gasưointestinal disturbances, anhralgia, and myalgia. 
Acute pancreatitis has been assodated w ith hypertriglycer- 
idaemia, and patíents with risk íactors for pancreatitis 
should generally not be given bexarotene. Ư triglyceride 
concenưatìons rise during therapy, dose reductíons are 
recom mended, aqd  lipid-lowering therapy may be 
instituted (with the exception of gemflbrozil, see beIow). 
The most common adverse events assodated with topical 
therapy are rash, prurỉtus, and pain. Bexarotene capsuỉes 
and gel should not be used durìng pregnancy because of the 
risk of íetal maưormation.
References.

1. Assaỉ c . tí ữl. Minimiring adverse side-eflects oi oral bexarotene ỉn 
cutaneous T-ceU ỉymphoma: an expert opinion. BrJ Dermatol 2006; 155: 
261-6.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenưe (NAPOS) and 
the Porphyria Centre Sweden, dassiíỉes bexarotene as 
probably porphyrinogenic it should be prescribed oniy for 
compeliing reasons and precautions should be considered 
in  all patients.1

I. The Drug Database ỉor Acute Porphyria. Available at http://www. 
drugs-poiphyria.org (accessed 28/09/Ỉ U

Interactions

Gemfibrozil. Gemíibroãl inhibits dearance of bexarotene, 
resulting in exưemely high triglycerlde levels and pan- 
creatitis.1

1. Talpur R, tí ai. Optỉmizing bexarotene therapy for cutaneous T-cell 
ỉymphoma. J A m  Àcad D erm ato i 2002; 47: 672-84.

Preparations
Proprietary Preparations (detaUs are given in Volume B)
Single-ingredient Preparalions. Arg.: Targretin; Austria: Targre- 
tin; Belg.: Targretìn; Chile-. Targretin; Cz.: Targretin; Denm.: Tar- 
gretin; Fr.: Targretin; Ger.: Targretin; GrTargretin; Hung.: 
Targretin; Irl.: Targretln; ItaL: Targretìn: Neth.: Targretin; 
Norw.: Targretin; Pol.: Targretin; Port.: Targretin; Spain: Tar- 
gretin; Swed.: Targretin; VK: Targretin; USA: Targretin.

Bicalutamide /BAN, USAN, HNNI 

Bicaiutarhida; Ẹicalutamidum; Bikalutamid; Bikaiutamidi; ICÍ- 
176334; BnKanyraMMA.
(PS)^'-Cỳánò-a'/i',a,-Uifìuàro-3-(4-fluorophenylsulphonyỊ)- 
2-hyd roxy-2-methyl propiono-m-tol u idide. 
C,aHMFaN2O^=430.4 
CAS —  90357-06-5.

ATC —  L02BB03.
ATC Vet —  QL02BB03.
UNII —  A0Ỉ3NAỤ9DP.

Pharmacopoeias. In Eur. (see p. vii) and u s .

Ph. Eur. 8: (Bicalutamide). A whlte or almost vvhite powder. 
It exhibits polymorphism. Practically úisoluble in water; 
slightly soluble in  dehydrated alcohoỉ and in dichloro- 
methane; ừeely soluble in acetone.
USP 36; (Bicalutamide). A fine, w hite to o£f-white povvder. 
Sparingly to slightly soỉuble in alcohok ừeely soluble in 
acetone and in  teưahydroíuran; soluble in acetonitrile. 
Store in  airtight containers.

Uses and Administration
Bicalutamide is a nonsteroidal anti-androgen with actions 
and uses sũnilar to those of Hutamide (p. 798.2). It is used 
orally in the tteatment of prostatic cancer (p. 712.3). When 
used with a  gonadorelin analogue in the palliative 
treatment of advanced prostatic cancer the usual dose is 
50 mg daily. In the UK neatm ent is started a t least 3 days 
beíore starting the gonadorelin analogue to suppress any 
Đare reaction, but ìn the USA treatment is started at the 
same time. A súnilar dose is used with surgical casưation, 
startìng on the same day as surgery.

Bicalutamide in a dose oỉ 150mg daily may be given as 
monotherapy or adjuvant therapy to surgery or radio- 
therapy in  m en with locally ađvanced disease at high risk for 
disease progression. It has been used as monotherapy in 
localised disease, but there is some evidence to suggest that 
in men without high risk oỉ disease progression, vvho vvould 
othervvise be managed w ith watchful waiting, the 
imniedíate use of bicalutamide may increase the rũk  oỉ 
death.

Reíerences.
I. Wlrth M. etaL Bicalutamỉde (Casodex) 150 mg as ỉmmedUte cherapy in 

patỉenis vrỉth localked or locally advanced prosute cancer rignỉhcantỉy 
reduces the risk of dỉsease progressỉon. Uroỉogy 2001; 58: 146-51.

2.. Boccardo F, et aL Bỉcalutamỉde mooocherapy versus ũutamỉde plus 
goserelỉn ỉn prostate cancen updated resuỉts oỉ a multicentnc trỉal. Eur 
Uroỉ 2002; 42:481-90.

3. See WA. e t  a L  Bicaỉưtamỉde a% immediate therapy eỉther aỉone or as 
adjuvant to Standard care of patíents wtth locaỉỉzed or locaũy advanced 
prõsute cancer fint analysỉs õf the eariy prostate cancer pro^am. J Urol 
(Baltimon) 2002; 168:429-35.

4. See vv. ữal. Inuncdỉate treatmem with bỉcaỉutamỉde 150 mg as adjuvant 
therapy rignỉũcandy reduces the rỉsk oỉ PSA progression in earỉy prostate 
cancCT. Eur Uroi 2003; 44: 512-17.

5. Fradet Y. Bkaỉutamide (Casodex) in the treatment ỡỉ prostate cancer. 
Exptrt Rev Antkaneer Ther 2004; 4: 37-48.

6. Scheũhammer PF, Davỉs JW. An evaỉuatíon oí bicaỉutamỉde ỉn the 
treatment o{ prostate cancer. Om Prostate Cđnetr 2004; 2ỉ 213-19.

7. Wữth MP, tí ai. Bỉcalutamide 150 mg in addỉtion to Standard ca re ỉn 
patients whh localixed or ỉocalỉy advanced prostate cancer. resuỉts írom 
the seamd anaỉysis oí the eariy prostate cancer program at median 
íoỉlowup of 5.4 ỹean. /  ưrol (Baitìmort) 2004; 172: 1865-70.

8. Iversen p. tí  ai. Bicaỉutamỉde (150mg) versus plaoebo as tmmedỉate 
therapy akme or as adjuvant to therapy vvith cunthre ỉntent for eariy 
nonmetastatỉc prostate cancen 5.3-yeạr medỉan íollomip from the 
ScaadỉnavUn Prostate Cancer Group SniđyNumbcr 6. J Uroi (Baỉíừnare) 
2004; 172:1871-6.

9. Kỉocz u  ScheUhammer p. Combỉned androgen blockade: the case for 
bỉcaỉutamide. ơin Pmtate CaiKgr 2005; 3: 215-19.

ỉ 0. Wỉrth M,tía L  Bkaỉựcamỉde ('Casodex') 150 mg in addỉtíon to Standard 
care in patíents with nonmetastatic prostate cancer. updated results ỉrom 
a randomlsed doubte-blỉnd phase m study (medỉan follow-up 5.1 y) in 
the eariy prostate cancer programrae. Prostate Qmcer Prostứtk Dừ 2005; 8: 
194-200.

I I .  Tyreỉỉ CJ, tí  ai. Bicaluumỉde ('Casodex') Ỉ50mg as adjuvant to 
ráđiotherapy ỉn patỉems wỉth locaỉỉsed or locaUy advanced proscate 
cancen resuits frõm the randomised Early Prosute Cancer Prognmme. 
Radiứthcr Otvol 2005; 74:4-10.

12. McLeod DG, tí  aL Bkaỉutamide 150 mg pỉus Standard ca re vs Standard 
care aỉone for earty prostate cancer. BJU ỉní 2006; 97:247-54.

.13. VVeilington K, Keam SJ. Bicaỉutamỉde I50mg: a revtew of its use in the 
treatroenc ot ỉocalỉy advanced prostate cancẽr. Drugs 2006; 6 6 : 837-50. 

14. lversen p, Roder MA. The Eariy Prostate Cancer program: bỉcalutamỉde 
ỉn nonmetastatỉc ptostate cancer. Expert Rtv Antiamcer Ther 2008; 8:361-
9.

Precocious puberty. Bicalutamide, with either anastrozoIe 
or Ietrozole, has bẽen reported to be effective in the treat- 
m ent of tamilial male precodous puberty (p. 2254.1); ỉn 2 
boys the combination therapy was well tolerated, stabi- 
lised bone-age advancement while allovving for continued 
normal linear grom h, and prevented progression of virili- 
sation.1

1. Lenz AM, tí ai. Bỉcalutamide and thửd-generation aromatase inhibitors 
in testotoxỉcosỉs. Pedutria 2010; 126: e728-e733.

Adverse Effects and Precautíons
As for Flutamide, p. 798.3. Pruritus. asthenia, aloperìa, hair 
regrovvth, and dry skin occur commonly vvith bicalutamide. 
Hypersensitivity reactỉons, including angioedema and 
urticaria, have been reported inửequently.

Cardiovascular eíỉects including angina, heart íailure, 
arrhythmias, and BCG changes have been reponed rarely. 
ỉnterstitiaỉ pneumonitìs and pulmonary Bbrosis have also 
been reported rarely.

Effects on the gastrointestínal troct. There is some evi- 
dence that bicalutamide is assodated with a lower ind- 
dence of diaưhoea than Qutamide.1

ỉ. ScheBhammer p, tí aL A Cữntroỉỉed trỉal oỉ bicãluumidc versus 
ũutamỉde, eadi ỉn combỉnatíon wỉth ỉuteỉnizỉng hormone-reỉeasịng 
hormone anaỉogue therapy, in patỉents with advanced prostate cancer. 
Uroỉogy 1993; 45: 745-52.

Effects on the Bver. Fulminant hepatotoxỉdty has been 
reported with bicalutamide treatment. Despite stopping 
the drug the patíent develóped secondary multiorgan £ail- 
ure and <fied.1 •
1. O Bryant CL. et aL Bicalutamỉdc-assodatcd tulmỉnam hcpatotoxỉdty, 

PhanrtacữtheraỊry 2008:28í 107Ỉ-5.

Effeds on the lungs. For a revievv of cases oỉ pneumonitis 
assodated with anti-androgens induding bicalutamide, see 
under Flutamide, p. 798.3.

Gynaecomaslia. For a discussion oỉ gynaecomastia, a ừe- 
quent adverse effect of anti-androgen therapy, and its 
management, see under Plutamide, p. 799.1.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norwegian Porphyria Centre (NAPOS) and 
the Poiphyria Cenưe Svveden, dassdies bicalutamỉde as 
possibly porphyrinogenic it should be used only when no 
saíer altemative is available and precautionỉ should be 
consiđered in vulnerable patients.1 

1. The Drug Database íor Acute Porphyria. Avaỉỉabỉe at: http://www. 
drugs-porphyria.org (accessed 05/09/11)

Interaớions
Bicalutamide inhibits various cytochrome P450 isoenzymes, 
particularly CYP3A4, in vitro, and licensed product 
information recommends that terienadine, astemizole, and 
dsapride should not be given vvith bicalutamide, and that 
other drugs with a nanow  therapeutic índex that are 
metabolised by cytochrome P450 isoenzymes should be 
used with cautỉon. In viíro studies have shown that 
bicalutamide can displace wartarin bom  its protein binđing 
sites (see also Antineoplasttes, p. 1532.2).

Pharmacokinetics
Bicalutamide is well absorbed after oral doses. It undergoes 
extensive metabolism in the liver, the active R-enantiomer 
mainly by oxidation, the inactive S-enantiomer mainly by 
glucuronidation. It is excreted as metabolites in urine and 
ỉaeces. The halỉ-liíe of the S-enantiomer is about 6 to 7 days, 
and may be prolonged still íurther Ũ1 severe hepatic 
impairment. Thè s-enandomer is deared more rapidỉy. 
Bicalutamide is about 96% bound to plasma proteins. 
References. -

1. Cockshott ID. Bỉcaỉutamide: dỉnicaỉ pharmacoldnetỉcs and meuboUsm. 
ơin Pharmacoktntí 2004; 43: 855-78.

P reparations
Proprietary Preparations (details are given in Volume B)

Single-ingredient Pieporolions. Arg.: Bidrostat; Biolutam; Bita- 
kebin Bosconan Casodex; Codebup; Dimalan; Kmaband; Gepe- 
prostin; Liberprost; RaHoluúl; Austral: Calutex; Cosamide; 
Cosudex; Austria: Androbloc BicaluPel; Bicamed: Casodex; 
Beỉg.: Casodex; Braz.: Casodex; Gepeprostin; Lutamidal; 
ũuuuL: Casodex; Chile: Biolev; Casodex; Lutamidal; China: 
Casodex (Mdcữ); Yan Lie sbu (£&]$); Cz: Atembin; Bicalu- 
plex; Bicalutagen; Bicalutanonn; Bicalutatam; Bicamal; Bicasil; 
Bikalard; Bikauk; Binabic Calumidt; Casodex; Glanuta; Lanbi- 
ca; Ormandylt; Denm.: Bicalustad; Bicalutatam; Bictamid: 
Casodex: Nycolutamid; ĩin.: Alidext; Bicadext; Bicamidt; 
Bicavan; Bicusan; Bidanilt; Bikalext; Casodex; Kandexỷ; sky- 
lutamide; Fr.: Casodex; Ormandyl; Ger.: Androcal; Bicadex; 
Bicalutin; Bicamed; Casodex; Gr.: Apex; Bicadex; Bicalut; Bica- 
mide; Bicaprol; Bicatin; Bikalen; Bilumide; Casodex; Encalon 
Ormandyl; Procure; Verodex; ZarmoI; Hong Rong: Casodex; 
Hung.: Bication; Bicusan; Blluiamid; Binabic Calumid; Capro; 
Casodex; Grommar; Lanbicamidt; Sanotamid; Inđùr. Biprosta; 
Caludec; Caluran; Calutìde; Casodex; Indon.: Casodex; Irt: 
Bicalinn; Biluta; Casodex; Casomide; Israel: Bicamide; Casodex; 
Medimỉde; Ital: Casoỏex: Lutamìd; Praxis; Saỉedex* Maloysia: 
Casodex; Mex.: Advanpro; Bicalem; Calutol; Casdrogen; Caso- 
dex; Neth.: Bicamedicat: Bilumide; Biluron; Casodex,- Norw.: 
Casodex; NZ: Bicalaccord; Bicalox; Cosudex; Phữipp.: Bicadex; 
Casodex; PoL: Binabic Calubloc; Casodex; Neoprost; Prostìde; 
PorL: Bicasud; Casodex; Onnandyl; Rus.: Bilumid (BHnyMHa); 
Calumid (KaayMHn); Casodex (KacoAeKC); S.Afr.: Bicadex; Bica- 
lox; Caloxa; Casodex; Singapore. Casodex; Spain: Bicamylan; 
Bicaibex; Biobica; Casodex; Ormandylt; Pendal; Probic; Save- 
prost; Wibical; Swe<L: Baculamylt; Bicalustad; Bictamid; Caso- 
dex; Nycolutamidt; Switz.: Bicamcd; Casodex; Thai.: Bypro; 
Calumid; Casodex; Turk.: Casodex; Procalut; UK: Casodex; 
ukr.: Aredok (ApemoK); Calumid (KaayMHA); Casodex
(Kacoaacc); USA: Casodex; Venez.: Calutol; Casodex.

MulK-ingre(fient Preparalions. Arg.: Zo[apack; AustraL: ZoIaCos 
CP; N2: ZoUCos CP.

Pharmacopoeial Preparotions
BP 2014: Bicalutamide Tablets;
USP 36: Bicalutamide Tablets.

Bleomycin Sulfate IBANM, USAN. piNNMi

Breomìcina, sulfato de; Bleómicino sulíatas; Bleomicin-szulfắt; 
'Bíeómydn' Suíphate; Biéómyặné,' 'Sulíate de; Blèomycini 
SÙtfas,8lẻornýcinsùỊfạt; Blẹomyt:in-sụlfẳp BÌẹọmýsiinisũlíaat-, 
ti; Suìfeto de bỉeomicina; 6ne0MM(ÍHHa CyBbệaT. ■ ■:.
CAS , / 1056-06-7 (bleomycm); 67763-87-5 (bleomyan 
hydrochloride); 9041-93-4 Ịbléómỷtín sulfaiej. . . .
ATC —  L01DC01.

The Symbol t  denotes a preparation no longer actively marketed

http://www
http://www
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ATCVet —  ỌLOỈDCOi:
.UNII 7DP3hTTV15T. . . .

Pharmacopoeias. In Eur. (see p. vii), Int., Jpn, and us.
Int. and Jpn also indude Bleomydn Hydrochloride. Chiit. 
indudes Bleomydn A5 Hydrochloride íor Injectìon.
Ph. Eur. 8: (Bleomycin Sulíate). The sulíate of a nũxture o( 
glycopeptìdes obtained by the growth of Streptomyces 
vcrtỉàttus 0 1  by any other means; the two príndpal 
components of the mixture are N-[3-(dimethylsulphonio) 
propyI]bIeomydnaniide (bleomydn A2) and N-[4-(carba- 
nũmidoyIamino)butyl]bleomydnainide (bleomyrin B2). A 
whlte or yellowish-white, very hygroscopic powder. It loses 
not more than 3% of its weight w hen dried. Very soluble in 
water; slightly soluble út dehydrated alcohol; practically 
insoluble in acetone. A 0.5% solution in water has a pH of 
4.5 to 6.0. Store in airtight containen at a temperature of 2 
degrees to 8 degrees.
USP36: (Bleomydn Sulíate). The sulỉate salt oí am ixture of 
basic cytotoxic glycopeptides, produced by the grovvth of 
Strcptomyces vtnicillus or produced by other means. It has a 
potency of not less than 1.5units and not more than 
2.0units/mg. It contains betvrveen 55 and 70% of bleomydn 
A2 and bettveen 25 and 32% of bleom yán B2; the content o( 
bleomydn B« is not more than 1%. The combined 
percentage of bleomydn A2 and B2 is not less than 90%. A 
cream-coloured, amõrphous powder. It loses not more than 
6% of its vveight w hen dried. Very soluble ìn vvatcr. A 
solution in water containing lOunits/mL has a pH of 4.5 to 
6.0. Store in airtíght containers.

Incompalibility. A loss of b leo m y d n  activity was reported 
w h en  b leo m y d n  su lía te  Solutions w ere m ìxed w ìth  Solu
tions of carbenirillìn , cefazolin o r ceỉalotin sodium . naícil- 
lin sodium , b en zy lpen id llin  sodium , m ethoơexate , m ito- 
m y đ n , hydrocortisone sodium  su c tín a te , am inophylline. 
ascorbic ad d , or te rb u talin e.1 The in te rad io n s  of bleo- 
m y d n  have been  sum m arised  as th e  chelation of divalent 
and  trivalen t cations (espedaUy copper), inactìvation by 
com pounds contain ing  suUhydryl groups, and  p red p ita- 
tio n  by hydrophobic anions; Solutions of b leom ydn  should 
n o t be m ixed vvith Solutions of essential am ino adds, ribo- 
Đavin, dexam ethasone, o r íurosem ide.2

1. Don RT, tí a i Bleomyãn compaiỉbUhy w\th seiecied imravenous 
medicatíons. J Mcd 1982; 13: 121-30.

2. D'Arcy PF. Rcactions and imeractions in handling anũcancer drugỉ. 
Dru$ ỉnieỉỉ Cỉin Pharm 1983; 17: 532-4.

StabitHy. Bleomydn sulíate Solutions appear to be equally 
stable in plastic or glass,1'2 despìte some earlier studies sug- 
gesting loss of potency in  plastic.5-4 There is some evi- 
denee1 that bleom ydn is more stable in sodium diloride 
0.9% than glucose 5%, and sođium chloride 0.9% is the 
diluent recommended by the licenseđ product iníonna- 
tion. UK licensed product iníormation States that bleo- 
m ydn  suUate is chemically and physically stable, once 
recọnstituted and diluted as directed, for 10 days when 
reírigerated at 2 degrees to 8 degrees and protected from 
lighL From a microbiological point of view, Solutions 
should be used immediately; storage for longer than 24 
hours at 2 degrees to  8 degrees ỉs not recommended, 
unless prepared under conơolled and validated aseptic 
condỉtions.

1. De Vroe c, tí aỉ. k  study on the stabilỉty oĩ three anùneoplasúc drugs and 
on their sorptioD by iv delivery Systems and end-line Gíters. ỉnt J 
Pharmacattía 1990; 65:49-56.

2. Stajich GV, et ai In vỉưo evaluadon of bleomyán-induced celỉ lethality 
from plastỉc and gỉass contaỉners. DICP Ánn Pharmacũther 1991; 25: 14- 
16.

3. Benvenuto JA. tí aỉ. Stabiliry and compatibílity of antìtumor agems in 
gỉass and pỉastic containers. A m  J Hosp Pharm 1981; 34:1914-18.

4. Adams J, tí aL Insubility oỉ bleomydn In plastỉc Container̂ . A m  J Hosp 
Pharm 1982; 39: 1636.

5. Koberda M, tí ai Stabiỉỉty oí bleomydn sulỉate reconstỉtuied Ln 5% 
dextrose injection or 0.9% sodỉum chlorlde inJection stored in giass vials 
or polyvinyl chloride containen. Am J Hosp Pharm 1990; 47: 2528-9.

Units
8910units of bleotnydn cotnplex A2/B2 are conuined in 
5mg of bleomydn complex in one ampoule of the first 
International Reíerence Preparation (1980). The Ph. Eur. 8 
spedAes a potency of not less than 1500intemationalunits 
perm g, calculated w ith reỉerence to  the dried substance. 
These units diỉíer from those used by the USP: Bleomydn 
Sulíate (USP 36) contaỉns 1.5 to 2.0units of bleomydn in 
each mg. A change in the labelling of preparadons in the 
UK, hom  units equivalent to  those of the ƯSP to 
intemational units in line vvith the Ph. Eur„ resulted in an 
apparent but arteỉactual increase in UK doses by a lactor oí 
1000 .

In some countries doses weieformerfy described in tetms 
oí mg-potency, w here 1 mg-potency corresponded to 1 unit. 
In the original preparation 1 mg-potency tvas-equivalent to 
lm g-weight but ùnprovements in  purìbcation of the 
p rodua led to a situation in vvhich ampoules labelled as 
containing 15mg (i.e. 15units) contained íar fewer mg- 
vveight of bleomydn.

Uses and Admỉnistration
Bleomydn is an antineoplastic antíbiotic that binds to DNA 
and causes strand sdssions, and is probably most eSective in 
the G2 and M phases of the cell cyde. It is wiđely used to 
treat malignant disease; particularly squamous cell 
cardnomas, induding those of the cervix and extemal 
genitalia, oesophagus. skin, and head and neck; Hodgkin's 
disease and other lymphomas; maỉignant neopỉasms of the 
testis, and malignant effusions. It has also been tried ÚI other 
malỉgnandes, induding carcinoma of the bladder, lung, and 
thyroid, and some sarcomas, indudũig Kaposi's sarcoma.

Bleomydn is often used vvith other antineoplastics, 
notably vvith doxorubidn, vinblastine, and dacarbaãne 
(ABVD) for Hodgkin's disease, and with etoposide and 
dsplatin (BEP) in testicular tumours. Bleomydn is given as 
the sulỉate by either the intramusculai, inơavenous, or 
subcutaneous route. It may also be given intra-arterially or 
instilled inưapleurally or intraperitoneally. If intramuscular 
injections are paữứul they may be given in a 1% solution of 
lidocaine.

Dtnes are calculated in lerms of the bast, and aregiven in unils. but the 
units used Ịor preparations in the UK. which were /onnerly equivaìent 
to those of the USP. are now intemational units equivalent to those oỊ 
the Ph. Eur. (see Unití, above). Since 1000 intemational units ií 
equivalent to 1 USP unit, UK doses now appear to be 1000 times ỊỊrcater 
than those previously in use, or than thost in use in the USA. andcare ừ 
recommended in evaluating the literature.
In the UK the licensed dose as a single agent íor 

squam ous cell or te s ticu la r tu m o u rs  is lSOOOinter- 
nationalunits (lSUSPunits) three times a week, or 
30 000 intemational units twice a vveek, by intramuscular 
or intravenous injection, although in  practice treatment of 
malignancy vvill generally be vvith combination regimens. 
This may be repeated, at usual intervals of 3 to 4 vveeks, up 
to a total cumulative dose of 500 000 intemationarunits. 
The dose and total cumulative dose should be reduced in 
those over 60 years of age (see below). Doses should be 
adjusted according to tolerance, and may need to be 
adjusted as part of combination chemotherapy. Continuous 
intravenous iníusion at a rate of 15 000 intemational units 
per 24 hours for up to 10 days or 30 000 International units 
per 24 hours for up to 5 days may also be used. In patients 
vvith lym phom a a dose of 15 000 intemational units once 
or twice weekly by imramuscular \njeaion has been 
suggesied, to a total dose of 225 000intemationalunits. 
Again, dosage should be reduced in older patients and in 
combination regimens if necessary. In the ưeatment of 
m a lignan t effusions a solution oỉ óOOOOintemationalu- 
nits in lOOmL of sodium chloride 0.9% may be instilled into 
the aữected serous cavity. Treatment may be repeated as 
necessary up to a total cumulative dose of 500 000 Inter
national units depending on the patient's age. Local 
anaesthetics or analgesics are given concomitantly.

In the USA licensed doses for lym phom as as well as 
squam ous cell and te s ticu la r neoplasms are 250 to 
500intemationalunits/kg (0.25 to 0.5USPunits/kg), or 
10000 to 20 000 intemational units/m2 (10 to 20USPunits/ 
m2), given once or twice vveekly by slow intravenous. 
intramuscular, or subcutaneous injection. In vievv of the 
risk of an anaphylactoid reactìon it has been suggested that 
patíents with lymphomas should receive two test doses of 
2000 intematìonal units (2USPunits) or less initially (but 
see Administration, below). In patients with Hodgkin's 
disease, once a 50% response has been achieved it may be 
maintaìnẹd w ith lOOOinteniationalunits (lU SPunit) of 
bléomydn daily, or 5000intemationalunits (5USPunits) 
vveekly by slovv intravenous or mtramuscular ũỳection.

In the UK, licensed p rodua úưormation suggests that a 
to ta l dose of 500000intemationalunits (500USPunits) 
should not be exceeded. Total cumulatíve dose should not 
exceed 300000intem ationalunits in those aged 60 to 69 
years, 200 000 International units in those 70 to 79, and 
100 000 intemational units in  those 80 and over; the vveekly 
dose should be no more than 60 000, 30 000 and 
15 000intem ationalunits respectively. In the USA the 
recommended maximum total dose is 400 000 intematio- 
nal units (400 USP units); it is generally agreed that patients 
receivúig 400 000 intem ational units or mọre are at 
increased risk of pulmonary toxidty (see Adverse Effeas, 
p. 751.1).

Dosage should be reduced in patients vvith renal 
impairment (see below).

Bleomydn hydxochloride has also been given parent- 
erally ỉor malìgnant neoplasms, and bleomydn sulíate has 
been applied ropically for the local treatment of skin 
tumours.

Administration. Aỉthough test doses have been suggested 
as a way oỉ avoiding anaphylactoid reactìons in patients 
with lymphoma being ưeated with bleomydn, a revievv' 
of the literature conduded that the evidence did not sup- 
port such a strategy, since the onset of the reaction was 
unprediaable, and not assodated vvith any particular 
dose. It had also been suggested that reacũons were less

írequent vvith ũiưamuscular rather than inơaven DUS 
dosage, bu t evidence lor this was conũicting.

There is som e suggestion th a t giving b leo m y d n  by 
in tra v en o u s  in lu s io n  ra th e r  th an  bolus in jection  in  
com binatíon  regim ens m ay result in  reduced  p u lm o r ary 
to x id ty .2’5

In tralesional b leo m y d n  is generally vvell tolẹrated; its 
uses by  th is  rou te , w hich  in d u d e  m alignandes :n d  
no n -m a lỉg n an t skin condidons such as w an s  (p. 751.1) 
have b een  review ed.4

1. Lam MSH. The need for roudne bleomydn test dosỉng ỉn che : ỉ SI 
century. Ann Pharmacoớưr 2005; 39: 1897-1902.

2. Chisholm RA, tí ai. Bỉeomycin lung: the effeci of di/fe :nt 
chemotherapeuổc regimens. Cancer Oiemother Pharmacoì 1992; 30: 
158-60.

3. Sleỉjfer s. Bỉeomydn-índuced pneumoniiis. Chat 2001; 120: 617-2-.
4. Saỉtu p, tí al. Bieomydn in dermatoỉogy: a revievv of intralesK nai 

applicaiions. Dermatoí SurỊỊ 2008; 34: 1299-1313.

A d m in ìsừ atíon  in re n a l  im painnen t. A signiíicant porti )n 
of a dose of b leom ycin ís excreted largely unchanged in 
the  urine, and  dose reduction should be considered in 
patien ts vvith renal im pairm ent. UK licensed prodt ct 
in ío rm ation  suggests a 50%  dose reduction vvhen t le 
se rum  creatin ine concentration  is betvveen 20 a;id 
40  m icrogram s/m L and  fu n h e r reduction for serum  cre. t- 
in ine above this. US licensed product in íorm ation giv ĩs 
th e  lollovving proposed percentages of the  initial d o ĩí, 
baseđ on  creatin ine d ea ran ce  (CC):
• cc 5 to  lO m L /m inute: 40%
• cc 10 to  20 m L/m inutè: 45%
• cc 20 to  30m L /m inu te: 55%
• cc 30 to 40  m L/m inute: 60%
• cc 40 to  50 m L/m inute: 70%
• cc SO m L/m inute and  above: 100%

Leucoplakia. Leucoplakia is used to  describe a w hite patc 1 

or p laque  in  the m o u th  w hich cannot be o thenvise  cha - 
acterised. Such lesions are  of concem  because they  ma y 
be pre-m alignant, and  patien ts vvith evidence of dysplasi 3 
m ay b e  at h igher risk of translorm ation (see also M aliị - 
n an t N eoplasm s of th e  Head and  Neck, p. 708.1). Leucc- 
plakia m ust bc disringuished Irom o ther conditions such a s 
candidìasis, lichen planus, and  oral hairy leucoplaki ì 
w hich is assodated  vvith HIV in lection .1

Leucoplakia is o lten  associated vvith tobacco sm okinị, 
and sm oking cessation can result in  regression.1 W h e r ' 
a a iv e  trea tm en t is desirable. small and  easily accessibl ■ 
Iesions can be rem oved surgicaUy o r by laser therapy 
a lthough  they  m ay recu r.1 For extensive patches o r those ÍI 
w hich surgery vvould be difficult, th e  treatm en ts describeí 
in d u d e  topica) b leo m y d n  1%, dissolved in dim ethy 
sulloxide and  applied for 5 m inutes daily for 14 consecuúvt 
days. In  a group of 19 patỉen ts vvlth dysplastic leucoplakia 
im provem ent in th e  appearance of lesions and  histologica 
evidence of rem ission of the  dysplasia occurred in th í 
m ajority  of patients. Sustained e líe a s  w ere also íound  on 
long-term  fõllow-up for up  to 10 years.2

There have been  reports o í partial or com plete rem issior 
of leucoplakia in studies of v itam in  A or betacaro tene given 
orally long-te im .’ ' 5 b u t lesions have recurred  w hen 
supplem entation  vvas stopped.4 Topical trea tm en t vvith 
retinoids such as tre tino in  or iso tretinoin has also been  tried, 
w ith  sim ilar results to those o i  oral vitam in A and retinoid 
trea tm en ts.6'7 A small open study has also suggested that 
topỉcal caldpotrio l m ay be effective.8

A system atic review  of treatm ents for leucoplakia íound 
th a t th ere  w ere few conưolled  studies, and th a t a ltbough 
these ttea tm en ts  m igh t be eííective in the  resolution of 
lesions, th e  rate  of relapse was high, and  th ere  was no  
evidence th a t they  p rev en t m alignant transíorm ation .9

1. Scuỉly c Poner s. ABC ỡf oral healứi: $weỉỉings and red. white. and 
pigraented lesions. BMJ 2000; 321: 225-8.

2. Epstein JB. tí aỉ. Topicaỉ bỉeomytin for the ưeacment oí dysplascic oral 
ieukoplakia. Cữnctr 1998: 83: 629-34.

3. Issing WJ. tí  al. Long-term ỉolỉow-up oí larynx leukoplakia under 
treacment wich retìnyl palmitate. titad Nttk 1996; 18*. 560-5.

4. Sankaranarayanan R, tí al. Chemoprevemion of oral ỉeukoplakỉa wịth 
vitamin À and beta caroiene: an assessmenL Oraỉ Oneữỉ 1997; 33:231-6.

5. Garetval HS, tí al. 8 -Carotene produces sustained remissions in paiients 
vviih oraỉ ỉeukoplakia: resuỉts oỉ a muỉtỉcemer prospeciive trial. Arch 
Oĩoỉaryngol tìead Neck Surg ì 999; 125: 1305-10.

6. Epstcm JB, Gorsky M. Topical applỉcation oỉ vitamin A to oral 
Icukoplakia: a dinical case seríes. Canetr 1999; 86: 921-7.

7. Gonky M. Epstein JB. The eííea oí retinoid  ̂ on ptemalignant oral 
lesions: ÍỮCUS on lopicai xherapy. Cancrr 2002; 95: 1258-64.

8. Femỉano F. tí aì. Oral leukoplakia: open oial oỉ topical therapy with 
caldpotríol compared with tretinoin. Int J Oral MaxiUơfae Surý 2001; 30: 
402-6.

9. Lodỉ G, et aỉ. Intervenrions íor treatìng oral leukoplakỉa. Available ỉn The 
Codưane Daiabase of Systematic Revievvs; Issue 4. Chichester. John 
Wiley; 2006 (accessed 21/05/08).

M alignan l effusions. B leo m y án  is used for the  sd e ro th e r-  
apy o f m alignan t pleurai and  pericardial eííusions 
(p. 700.1).

M alignan t n eop lasm s. B leom ydn  is used in  regim ens for 
the  m anagem ent o{ Hodgkjn's disease (p. 696.1),
non-H odgkin 's lym phom as such  as AIDS-related lym pho-
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mas (see p. 697.2), and for germ-cell tumours of the ovary 
and testis (see p. 711.2, and p. 715.1), as wetl as for some 
other malignancies induding those of the head and neck, 
(p. 708.1), and Kaposi's sarcoma (p. 718.1).

Pneumothorax. ỉn  a patient with AIDS and pneumocystis 
pneumonia who developed pneumothorax, instillation of 
bleomydn into each pleural cavity was successíul in  resol- 
ving the pneum othorax after teưacycline sderotherapy 
íailed to do so.1

I. Hnatỉuk OW, tí  al. Bleorayrìn sderotherapy for biỉaceraỉ pneu- 
mothoraces ỉn a patìent with AIDS. Ann Intem Med 1990; 113: 988-90.

Warts. Several studies have examined the local use of 
bleomydn sulíate to treat severe or resistant vvarts 
(p. 1689.3) oi the conunon, plane, plantar, eponychial, 
and mosaic types, usually by inưalesional inịection.1"4 At 
the doses used, adverse eHects, other than pain at the 
injection site,1' 3 do not seem to be common; hovvever, nail 
dỹstrophy and Raynaud’s phenom enon have been 
reported (see under Effects on the Skin, Hair, and Nails 
and EHects on the Vascular System, under Adverse Eííects, 
below). Bleomydn has also been applied as a pressure- 
sensitìve adhesive tape,5 and various techniques for better 
intralesional use have been investigated.6'*

1. Shumack PH. Haddock MJ. Blcomydn: an eHectỉve treaưnent for vvarts. 
Austraỉas J Dermatoỉ 1979; 20: 41-2.

2. Buoney MH. tí d i The treatment of resistant warts vvith inưaỉesỉonaỉ 
bleomycỉn: a comroỉỉed clỉnical trial. Br J Dcrmatol 1984; Ỉ l l ỉ  197-207.

3. Munkvad M. tí ai. Locaỉly injected bleomycin ỉn che treacmenc of warts. 
Dermatoloỹừa 1983; 167: 86-9.

4. Dhar SB, tí ai. buraỉesional bỉeomycin in the treatment of cutaneous 
warts: a randomừed clỉnỉcaỉ criaỉ comparing it vvith cryotherapy. ỉndian J 
Dermatol Venenol Leprol 2009; 75: 262-7.

5. Takigavva M, tí aỉ. Treatment of vỉral vvarts with pressure-sensitíve 
adhesive tape containlng bleomycin sulỉate. Arch Dermatol 1985; 121: 
1108.

6. Munn SE, tí a i A new method oỉ inưalesional bleomydn therapy ỉn the 
ưeatment oỉ recalqtrant vvartỉ. Br J Dtrmatoỉ 1996; 135: 969-71.

7. van der Velden EM, tí a i Dennatography vvith bleotnydn as a new 
treatment for vemicae vuỉgaris. ĩnt J Dermatol 1997; 36: 145-50.

8. Poỉlock B, Sheehan-Dare R. Pulsed dye laser and intralesionaỉ bleomydn 
íor ưeatment of resistanc viol [sicl hand warts. Lasers Surg Med 2002; 30: 
135-40.

Adverse Effects and Treahnent
For a general outline see Antineoplasncs, p. 726.1 and 
p. 730.2.

The most írequent adverse eữects with bleomydn 
involve the sỉdn and mucous membranes and indude rash, 
erythema, pruritus, vesiculation, hyperkeratosis, nail 
changes, alopeda, hyperpigmentation. sttiae, and stomat- 
itis. Fever is also common, and acute anaphylaaoid 
reactions with hyperpyrexia and cardiorespiratory collapse 
have been reported in about 1% of patients with 
lymphoma. There is little depression of the bone marrovv. 
Local reactions and thrombophlebitis may occur at the site 
oỉ parenteral dosage.

The most serious delayed effect is pulmonary toxiàty; 
interstitial pneumonitis occurs ừi about 10 % of patients and 
progresses to ribrosis and death in about 1% oỉ patients 
ưeated vvith bleomyđn. Pulmonary toxicity is more likely in 
elderly patients and those gi ven total doses greater than 
400000 intemational units (400USPunits). It is also more 
likely in  patients who have had previous radiotherapy to the 
chest.

Effects on (he lungs. Pneumonítis induced by bleomycin 
can progress to íatal puhnonary Hbrosis. The presentation 
is otten delayed; clinical manifestations indude 
non-productive cough, dyspnoea, and sometimes íever 
(see Eííects on the Lungs, p. 729.1). Pneumomediastinum 
has also been reported as an initial maniíestation of fatal 
pulmonary toxicity due to bleomycin.1 Risk tactors for 
toxicity indude increased age,2-3 deteríorating renal func- 
tion,2 and concurrent or previous radiotherapy. The reac- 
tion is dose-related, and maximum doses have been set 
(see Uses and Administration, p. 750.2). Other íactors that 
may be implicated indude the regimen used, concomitant 
oxygen supplementation, smoking history, underlying 
lung dìsease, and grovvth íactor support.2-3 For íurther 
details of some of these risk íactors, see under Interactions, 
below. There is no Standard treatm ent for bleomydn- 
induced pneumonitis. Bleomydn therapy is usually 
stopped, and corticosteroids may be given3 although 
strong evidence to support their use is lacking.2 There is 
some suggestion that giving bleom ydn by únravenous 
inỉusion rather than bolus injection may reduce pulm- 
onary toxỉdty.2

1. Keijzer A, Kuenen B. Fítal pulmonarỵ toxiáty in tcstis cancer wtth 
bleomydn-coataining chemotherapy. J clin Onal 2007; 2S: 3543—4.

2. Sleijfer s . Bleomydn-induceti pneumonids. Chat 2001; 120: 617-24.
3. Martin VVG, et ai. Bleomydn pulmonary toxidcy has a negatỉve impaa 

on the outcome of patientt vvith HodgkkTs lymphoma. ]  CUn Omol 2005; 
23: 7614-20.

Effeds on the sldn, hair, and nails. Permanent nail loss 
and nail loss fo!lowed by.regrovvth w ith dystrophy have 
been reported after intraỉesional ũỹection of bleomydn for

periungual vvarts.1'3 In 2 cases this was preceded by blis- 
tering and ulceration,1 or swelling, severe pain, and a 
buming sensation.2 All 3 patients had received injections 
on one or tvvo previous occasions when 2 patíents had 
reported only mlld pain.1,3 Other reported cutaneous 
adverse eíỉects of bleomydn indude Đagellate erythema; 
Raynaud's phenomenon, gangrene, Abrotìc or sderotic 
skin changes, hyperpigmentation, and neuưophilic eccrine 
hidradenitis (an inflammatory dermatosis vvith erythema- 
tous plaques and nodules, neutrophilic inhltrates of 
eccrine glands, and degeneration of eccrine cells). Acute 
generalìsed exanthematous pustulosis and alopeda have 
also been reported.4

1. Czamedd D. Bleomydn and pcriungual warts. Mtd JAusĩ 1984; 141:40.
2. Miller RAW. Nail dvstrophy following intraleúoiul injectionj of 

bleomydn tor a períungual wart. Arch Dtrnaul 1984; 120: 963-4.
3. Urbina González F. tt al. Cutaneous toxidty of intralcsional blcomydn 

administratlon in the treatment o( periungual warts. Arch Drmatol 1986; 
122: 974-5.

4. Yamamoto T. Bleomycỉn and the skỉn. BrJ Damatal 2006; 155: 869-75.

Effects on the vascular System. Although thromboembolic 
disorders and Raynaud's syndrome have been assodated 
with use of bleomycin in combination regimens, particu- 
larly vvith dsplatin and the vinca alkaloids or etoposide 
(see Eííects on the Cardiovascular System, p. 727.2) there 
is some evidence for an  assodation of Raynaud's 
syndrome with the use of bleomydn alone.u

There have also been cases of Raynaud's phenomenon 
reported after inttalesional injection of bleomydn for 
trêatment of warts on the hands and feet.3'6 See also EHects 
on the skin, Hair, and Nails, above.

1. Sundstrup B. Raynaud's phenomenon after blcomydn ơealmcnt. MeắJ 
Aust 1978; 2: 266.

2. Adoue D, Arlet p. Bteomycin and Raynaud's phcnomenon. Arut ĩntem 
Med 1984; 100: 770.

3. Epstein E. ỉntraiesional bleomydn and Raynaud's phenomenon. J  Am 
Àcaắ Dermatol 1991; 24: 785-6.

4. Grcgg u. Incralesional blcomycin and Raynaud's phcnomcnon. J Am 
Acad ồamatol 1992; 26: 279-80.

5. de Pabio Ỹ, ữ aỉ. Raynaud's phenomenon and intralesional bleomydn. 
Aữa tkrm Vaưnol (Stoekh) 1992; 72: 465.

6. Vanhooteghem Oa tí ai. Raynaud phenomenon aỉỉer treaiment oí 
verruca vulgarỉs oỉ the sole with intralesỉonal ỉnjectỉon of bỉeomyđn. 
Pediatr Dtrmatol 200Ỉ; 18:249-51.

Precautions
For reíerence to the precautions necessary with antineo- 
plastics, see p. 732.2.

Bleomydn should be used yvdth caution in the elderly, in 
patients with renal impairment or pulmonary iníection or 
pre-existing impairment o! pulmonary tunction, and in 
those who have received radiotherapy, particularly to the 
thorax. Paticnts should undergo regular chest X-rays. Ií 
these show inĩilưates, or if breathlessness occurs, bleomydn 
should be stopped.

In view of the risk of an anaphylaaoid reaction it has 
been suggested that patients with lymphomas should 
receive two test doses of 2000 International units (2 USP u- 
nits) or less initially (but see Adminisưation, p. 750.2).

AIDS. Cutaneous adverse etíects occurred in 12 of 50 
patients being treated with bleomydn for AIDS-assodated 
Kaposi's sarcoma and increased in severity until bleomycin 
was withdrawn.* Bleomydn should be stopped in people 
with AIDS if cutaneous adverse eííects are seen, and 
rechalỉenge should be avoided. Hovvever, the inddence of 
adverse effeas did not appear to be higher in  these 
patients than in cancer patients, and patients with AJDS 
seem to be less sensitive to bleomydn than to antibac- 
terials such as co-trimoxazole and penidllins.

1. Cautnes E, tí aỉ. Cutaneous side-effectỉ of bleomycin ỉn AỈDS patỉents 
with JCapo5i's sarcotna. Lanctí 1990; 336: 1593.

Diving. Since the partial pressure of oxygen in the inspired 
air of a scuba diver increases vvith increasing depth, a the- 
oretical possibility exists of a toxic [pulmonary] reaction to 
oxygen in bleomydn-ưeated patients who subsequently 
go diving, and such a risk would increase with the depth 
and duration o( each dive.1 Hovvever, the risks assodated 
with diving after uncomplicated bleomydn-based treat- 
ment have been questioned;2 the authors considered that 
resuming diving was acceptable 6 to 12 months after com- 
pleting ưeatment with BEP (bleomydn, etoposide, and 
dsplatin), and recommended caution only in those vvho 
developed pulmonary íuna ion  impairment vvhen given 
bleomydn.

1. Zanettỉ CL. Scuba dỉvỉng and bleomycỉn therapy. JAMA 1990; 264:2869.
2. de Wit R .B í/. Bleomydn and scuba diving: where h the harm? Lartat 

Oncoỉ 2007; 8: 954-5.

Handtng and disposal. Urine produced for up to 72 hours 
after a dose of bleomydn should be handled wearing pro- 
íective dothing.1

I. Harris J, Dodds LI. Handllng waste from padents receiving cyrotoxic 
dnigs. pharm ]  1985; 235: 289-91.

Porphyrio. The Drug Database for Acute Porphyria. com- 
piled by the Nonvegian Poiphyria Centre (NAPOS) and

the Porphyria Cenơe Sweden, classities bleomydn as not 
porphyrinogenic it may be used as a drug of tiist choice 
and no precautions are needed.1

1. The Drug Database ỉor Acute Porphyrỉa. Avaiỉable at: http://www. 
drugs-porphyria.org (accessed 29/09/11)

Pregnancy. For a report of use of a bleomydn-containing 
chemotherapy regimen in a pregnant woman and subse- 
quent adverse eííects on the iníant, see Pregnancy, under 
Cisplatin, p. 768.2. No adverse eííects w ere reported in 
another inỉant whose mother was treated vvith combina- 
tion chemotherapy containing bleomydn, see Pregnancy, 
under Teniposide, p. 867.2.

Interadions
For a general oudine of antineoplastic drug interactíons, see 
p. 733.3. There may be an ỉncreased risk of pulmonary 
toxidty in patients given bleomydn who receỉve oxygen, 
tor example as part oỉ a general anaesthetic procedure; a 
reduction in  inspired oxygen concentration has been 
recommended.

Antineoplastĩcs. Enhanced pulmonary toxidty, in some 
cases fatal, has been reported in patients given bỉeomydn 
and àspíatirt,1-4 presưmably because dsplatín-induced 
renal impairment led to a decrease in bleomydn elỉmina- 
tion. It seems reasonable to assume that similar interac- 
tions might occur ư bleomydn were given with other 
nephrotoxic agents. It has been suggested tha t apart bom  
a decrease in bleomydn dosage u  nephrotoxỉdty occurs 
with such a combination, giving bleom ydn by constant 
inlusion rather than intermittent bolus might be less 
toxic.1-5

A study to investìgate whether substitution of etoposide 
with gcmđtabitư would lead to a less leukaemogenic 
BEACOPP regimen vvas stopped early because of 
unexpectedly common pulmonary toxidty; One patient 
died. This toxidty Yvas considered to be due to the use of 
gemdtabine vvith bleomydn,4

ỉ. Bennett WM. tí ai. Eatal pưỉmonary bỉeomydn toxỉdty ín tísplatìn* 
induced acute renaỉ íailure. Cancer Treat Rep 1980; 64:921-4.

2. van Bameveld PWC, tí aỉ. Inũuence oỉ platỉnum-ỉnduced renaỉ toxldty 
on bleomydn-lnduced pulmonary toddty lo patíems wỉth dbsenìỉnated 
testìcular carcmoma. Qncoỉogy 1984; 41: 4-7.

3. Brodsky A. tí aỉ. Stevens-Johnson syndrome, respỉratory dỉstress and 
acute renal ỉaiỉure due co synergĩc bleomydn-àsplalin coxidty. J ơin 
Pharmacoỉ 1989; 29: 821-3.

4. sleijỉer s, tí ai. Enhanced eíĩects of bleomycỉn on pulmonary hmction 
dỉsturbances in patiencs wỉch decreased renal hinccỉon due co dspỉacỉn. 
Eur J Cancer 1996; 32A: 5 50-2.

5. Chisholm RA. rỉ al. Bleomydn lung: the effea oí dUíerenc 
chemothenpeuric regỉmens. Carteer ơumoứter Pharmaaỉ 1992; 30: 
158-60.

6. Bredeníeỉd H, tí aỉ. Severe puỉmonary toxldty ỉn patíents wỉth 
advanced-stage Hodgldn's dỉsease ưeaced with a modỉBeđ bleomydn. 
doxorubida cydophosphamỉde, vỉncrỉsdne, procaxbadne. prednisone. 
and gemdcabine (BEACOPP) regỉmen is probably relaced to the 
combinadon of gemdtabỉne and bỉeomydn: a report of the Gennan 
Hodgkĩn's Lymphoma Scudy Group. J Clin Onal 2004; 22:2424-9.

Gỉlonystimulating factors. An increased inddence oỉ 
pulmonary toxidty has bcen reported in patients receiving 
bleomydn as part of the ABVD regimen (vvitỉi doxorúbi- 
dn , vinblastine, and dacarbazine) who were given 
granulocyte colony-stimulating íactor to alleviate nẹuưo- 
penia.1 Another case of rapidly developing and fatal pneu- 
monitis in a patient given BEP (bleomydn, etoposide, and 
dsplatin) with granulocyte colony-stimulating íactor has 
beẽn reponed.2

Analyses of study da ta íailed to shovv increased 
pulmonary toxidty when granulocyte colony-stimulating 
faaor was added to bleomydn-containing regimens in 
patients with germ cell tumours or non-Hodgkin's 
lymphomas.3'5 In a retrospective review of patìents vvith 
Hodgkin's lymphoraa, however, use of bleomydn vvith 
granulocyte colony-stimulating íactor was assodated with a 
statistically signiũcant increase of pulmonary toxidty.6

ỉ . Macthews JH. Puỉmonary toxidtyoí ABVD chemotherapy and G-CSF in 
Hodgkin's dỉsease: possỉble synergy. Lanat 1993; 342: 988.

2. Diríx LY, tí ai. Puỉroonarỳ toxidty and bỉeomydxi. Lanctí 1994; 344: 56.
ỉ.  Bastlon Y, tí a i Possỉbỉe toxỉdcy with the assọdation oỉ G-CSP and 

bleomydn. Lanctí 1994; 343: 1221-2.
4. Bastỉon Y, CoỉRier B. Pulmonary toxidty of bleomydn: ỉs G-CSP a rỉsk 

íactor? Lancet ỉ 994; 344: 474.
5. Saxman SB, tí al. Pulmonary toxiđty in patỉents with‘ advanced-stage 

germ celỉ tumors receivỉng bleomydn with and wỉthout granulocyte 
colony stỉmulatỉng ỉactor. ơust 1997; 111: 657-60.

6. Martin WG, tí ai Bỉeomydn pulmonary toxidty has a negadve ỉmpact 
on the outcome oỉ patients wỉth Hodgkỉn's lymphoma. J ơin Oruoí 2005; 
23: 7614-20.

Oxygen. Because bleomydn is thought to cause pulm- 
onary toxldty partly by induction of free radicals, use with 
high concentrations of oxygen could be haxardoưs,1 and 
reductions in inspired oxygen concentration. have been 
recommended by liccnsed product inỉormation yvhere 
oxygen supplementation is unavoidable. Animal studies 
show an increased risk of mortality with use of bleomydn 
and oxygen, although data in humans are lacking. The

http://www
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need for oxygen restriction in bleomydn-treated patients 
has, however, been questioned.1

1. SleỊịỉcr s. Bleomydn-induced pneumoniiis. Choi 2001; 120: 617-24.
2. Donat SM Levy DA. Bleomydn assodated pulmonary toridty: ỉs 

perioperativeoxygenrestriction necessary? J Uroĩ (Baỉtìmore) 1996; 160: 
1347-52.

ĩhạmacokinetics
Bleomyàn is thougbt to be poorly absorbed from the 
gastrointesdnal ưact. Absorption is rapid after parenteral, 
intraperitoneal, or intrapleural use. Bioavailabỉiity is 100% 
and 70% after intramuscular and subcutaneous dosage, 
respecdvely. A bioavailability of 45% has been reported 
after intraperitoneal or inữapleural use. Plasma protein 
binding is low. Enzymic degradation by bleomycãn 
hydrolase occun, mainly in plasma, the liver and other 
organs, and to a much lesser extent in skin and lungs. 
Eliminatìon iỉ biphasic mean inirial and tenninal half-lives 
oỉ 0.5 and 4 hours respectively have been reported alter an 
intiavenous bolus. Elimination may be more prolonged 
after continuous intravenous inhision and mean hall-lives 
of 1.3 and 9 hours respectively have been reported. About 
two-thiids of a dose is excreted unchanged in the urine; the 
rate of excretion is determined by renal íunction. Drug 
concentrations in the CSF are low. Bleomycin crosses the 
placenta.
Reĩerences.

1. Broughtoo A, tí aì. Cỉỉnỉcaỉ pharmacology oỉ bleomycùi íollovving 
ỉnưavenous lnỉusỉon as detenmned by radioimmunoassay. Cartar 1977; 
40: 2772-8.

2. Aỉberts DS, tí a i Bleomytío pharmacokineúcs ỉn man 1: ỉmravenous 
admỉnỉstratỉonu Qmcer Oưmother Pharmacol 1978; 1:177-81.

3. Yee GC, tí ai. Bleomydn dỉsposition in chiỉdren wỉth cancer. ơirt 
Pharmaal Ther 1983; 33: 668-73.

Genetíc íado rs. Bleomydn is inactivated by bleomyõn 
hydrolase (BLMH). Since response to chemotherapy may 
be determined by gene polymorphisms involved in metab- 
olism, a study investigated vvhether the single nudeotide 
polymorphism (SNP) A1450G of the BLMH gene was asso- 
dated with survival in patìents with testicular cancer trea- 
ted vvith bleomycin-containing chemotherapy. The homo- 
zygous variant G/G of this SNP was found to be associated 
with reduced surviva] and a higher prevalence of early 
relapses. The authors cautioned that this hnding was 
hypothesis-generating and not yet dinically applicable.'

ỉ . de Haas EC tí aì. Variatỉon in bleomycỉn hydroỉase gene ìs assocỉated 
with reduced suTvival aíter chemotberapy for testỉcular germ cell cancer. 
J Oin Oỉtcoi 2008; 26: 1817-23.

Preparations
Proprietary Preparolions (details are given in Volume B)
Single-ingredient Preparertions. A rg.: Bileco; Bleocrìs; Blocamid- 
na; CytoRich; A ustraL: Blenamax: Blenoxanet; Belg.: Bleo- 
m in t; B raz.\ Blenoxane; Bonar; Cinaleo; Tecnomìdna; Teva- 
bleo; CatuùL: Blenoxanef; Chile: Blexit; Nikableomicina: 
O ncobleođnt: C i: B leodnt; Bleomedac Ger.: Bleo-cell; Bleo- 
m edaq Gr.: Bleodn; H ững Kơng: Bleodn: H ung.: Bleocint; 
Ind ia : Bledmax; Bleochem; Bleodn; Bleodp; Bleolem; Bleonco; 
Bleostar-S; Bleotex; Naprobleo; o il Bleo; Oncobleo; Indon.: 
Blenamax; Bleodn; Jpn: Bleo; B leodnt; M alaysia: Blenamax; 
Blẹodn; M ex.: Blanoxan; Bleolem; Bleomax; N eth .: Bleomedac 
N Z: Blenoxane; Phữipp.: Bemodn; Blenoxanet; Bloidn-S; 
Pot.: B leodnt; PorL: Bleodn; Rus.: Blenamax (RaeHaMarc); 
Bleodn (EneoitHH); S-A fr.: Blenamax; Blenoxane; Bleolem; s in 
gapore: Blenamax; Bleodn; Thai.: Bleo-S+; Bleodn; Bleolem; 
Turk.: Bleodn; Bleolem; UK: Bleo; USA: Blenoxaneỷ. 
Pharmacopoeial Preparalions 
BP 2014: Bleomydn lnjection;
USP 36: Bleomydn for Injection.

Bovtezomib IBAN, USAN, riNNì

Borteiốimi^BorteẸÒmiburn; LDP-341; MG-341; MLN-341; PS-
34Ĩ; 5 c^ T ế3 Ộ M M 6 ?5 .....

-Be'nzýl-24[( 1 /0-1 -(dihydroxyboranyl)-3-methylbu- 
; tyOamìiYòy^xòetKýOpyraahecarborâmide; {(1 /?)-3-Methyl- 
;-H(25)-3Tphenyl-2-(pyrazin-2-carboxamido)propanamido] 
:bu tỹl]bồrònicaađ-'i _
'C k̂ 2s?N«OÍ53S4.2 ;
CAS —  179324^69-7.'
-A7Ư—~ W XX32^  • •
‘Ằ K V e P A ạ t i ứ & ĩ ’*':
UNII —  69G88D63PP. J

Uses and Administation
Bortezomib is a reversible inhibitor of the 26S proteasome, a 
laige protein complex in  cells that is responsible for breaking 
down regulatory pro tdns of the cell cyde. Such inhibition 
dismpts tum our cell tum over and induces apoptosis. 
Bortezomib is used for the treatm ent of multiple myeloma 
(p. 699.2), either in combination with mélphalán and 
prednisone for previously untreated patients or as 
monotherapy in  relapsed/reừactory multiple myeloma. In

the USA, it is also used for mantle cell lymphoma in patients 
given at least one previous therapy.

In previously untreated multiple myeloma, an initial 
dose of bortezomib 1.3mg/m2 is given intravenously on 
days 1, 4, 8, 11, 22, 25, 29, and 32 oí a 42-day cyde ỉor 4 
cydes. For the next 5 cydes, bortezomib is given at the same 
dose on days 1, 8, 22, and 29. Melphalan (9mg/m2) and 
prednisone (60mg/m2) are given orally on days 1 to 4 of 
ẽach cyde.

For relapsed/reừactory multiple myeloma and mantle 
cell lymphoma, bortezomib is given in  initiaỉ bolus doses of 
1.3 mg/m2 inơavenously on days 1,4, 8, and 11 ofa21-day 
cyde. At least 72 hours should elapse betvveen consecutive 
doses of bortezomib. In the UK, licensed product 
inloimation recommends that patients with a coníĩrmed 
complete response should receive 2 additional q ídes of 
bonezomib, and that those who respond but do not achieve 
complete remission receive a total of 8 cydes. In the USA, 
extended therapy of more than 8 cydes may be given, either 
on the Standard schedule recommended above, or on a 
maintenance schedule of one dose vveekly for 4 weeks (days 
1, 8, 15, and 22 of a 35-day cyde).

Betore combination treatment, the platelet count should 
be >70000cells/mm3 and the absolute neutrophil count 
should be > lOOOcells/mm3. w hether used in combination 
or as monotherapy, the bortezomib dose should be 
withheld, reduccd, or ưeatm ent withdrawn, according to 
toxidty, particularly when peripheral neuropathy, neuro- 
pathic pain, and haematological toxidty occur (see 
Administration in Subsequent Cydes, be!ow).

See also below for use in patients with hepatic 
impairment.

Bortezomib is under investigation lor the treatment of 
other malígnandes induding non-Hodgkin’s lymphoma. A 
subcutaneous ỉormulation is also under investigation.

Reíerences.
1. Orlowsld RZ. Bortexomib and its role in the managemeni of patỉents 

with multìple myeloma. Exptrt Rev Arttkarưer Ther 2004; 4: 171-9.
2. Jagannath s, tí aỉ. Boneiomib in recurrent and/or reừaaory mulnple 

myeloma: iniùal dinical experíence in paiients with impaired renal 
íunctíon. Cancer 2005; 103: 1195-1200.

3. Richardson PG, tí at. Bonezomib or high-dose dexameihasone for 
relapsed muldple myeloma. N Engl J Med 2005; 352: 2487-98.

4. 0 ’Connor OA. Marked cỉinícal aaivity of the proteasome inhỉbitor 
bonezomib in patỉents wìth íollicular and mantle-cell lymphoma. ơin 
lymphoma Myeloma 2005: 6: 191-9.

5. Wang M, tí ai. Use of bortezomib in B-cell non-Hodgkin’s lymphoma. 
Exptrt Rrv AnticanctT Ther 2006; 6: 983-91.

6 . NĨCE. Bortezomib monotherapy for reiapsed muỉtiple myeloma (ỉssued 
October 2007). Avaỉlable at: hnp://www.nice.org.uk/nỉcemedia/pd(/ 
TA129Guidance.pdí (accessed 23/05/08)

7. Texpos E. tí ai. Myeloma bone disease and proteasome inhibition 
therapies. Blood 2007; 110: 1098-1104.

6. Richardson PG. tí ai. Saỉety and ef&cacy oí bonezomib ỉn high-rísk and 
elderỉy patients wỉth relapsed multiple myeloma. Br J Haematol 2007; 
137: 429-35.

9. Uiecht KN, Kolesar J. Bonezomib: a novei chemotherapeutic agent íor 
hematologỉc malìgnancies. Am J Health-Sysi Pharm 2008; 65: 1221-31.

10. Curran MP, McKeage K. Bortezomib: a review of its use ỉn parients wỉth 
multíple myeloma. Drugs 2009; 69: 859-88.

11. Laubach Jp, tí al. CUnicaỉ challenges associatcd with bonezomib iherapy 
in multipỉe myeloma and VVaỉdenstrõms macrữgỉobuỉinemỉa. Leuk 
Lymphoma 2009; 50: 694-702. Correaỉon. ìbiá.; 1235.

12. Einseỉe H. Đortezomỉb. Rccent Resuhs Cancer Res 2010; 184: 173-87.

Administration. Although licensed p rodua iníormation 
recommends no dose reduction of bortezomib for the 
elderly on the basis oí age alone, toxidty often limits its 
use and reduced-intensity regimens have been investi- 
gated.1-3 In combination treatment for elderly patients 
with unưeated multìple myeloma, use of a once-weekly 
bortezomib regimen was vvell-tolerateđ without apparent 
detriment to efficacy (compared with the conventional 
mitial twice-weekly schedule, see Uses and Administra- 
tion, above).1’2 In a retrospective revievv of elderly patients 
vvith relapsed disease, a once-week]y regimen of bortezo- 
mib was given with dexamethasone to patients with a 
medỉan age of 80 years; toxidty and eHicacy were compar- 
able to a control cohort (median age 61 years) who were 
given the Standard initial twice-weekly regimen (see Uses 
and Administration, above).3

1. Mateos M*v, tí aỉ. Bonezomỉb, melphalan. and prednỉsone versus 
borteiomlb, thalidomỉde, and prednisone as ÌDduaion therapy followed 
by maỉmenance treatment with boriezomib and thaỉiđomỉde versus 
bortezomỉb and prednisone in elderly patỉents with unaeated multỉple 
myeloraa: » randomỉseđ uial. Lanetí Qncol 2010; 11: 934-41.

2. Bringben 5, tí  a i EAỈcacyv and saíety oỉ once-vveekly bortexomib in 
multỉple rayeỉoma patients. Blữơd 2010; 116: 4745-53.

3. Panish c, tí ai. Feasibility and eííìcacy oí adminisưation oí bortezomib< 
containing regúnens to padents over the age oỉ 70 years. BrJ Haematoi 
2011; 153:273-5.

ROƯTE. A randomised study in patients with relapsed multi- 
ple myeloma ỉound that subcutaneous bortezomib had 
sũnilar eíhcacy to intravenous use.1 The subcutaneous 
route also seemed to have a better systemic saỉety prohle 
than intravenous bortezomib; peripheral neuropathy (of 
all grades) was signiíicantly less, and overall rates of gas- 
trointestinal disordeis, respiratory, and nervous System 
disorders were also lovver with subcutaneous use. Systemic 
exposure was similar bervveen routes; peak plasma con-

centrations were low ếr b u t m ore sustained w lth  subcut ỉ-  
neous use.

1. Moreau p, tì aỉ. Subcutaneous versuỉ Intravenous adminísuation oỉ 
bortezomỉb ỉn patíents wỉth relapsed muMple myeloma: a randomiS' d. 
phase 3, non-inferiorlty study. Lartcet Orteoỉ 2011; 12: 431-40.

Administration in hepatic im pairm enỉ. Bortezomib exp >• 
sure is increased in  patients w ith m oderate or seve e 
hepatic im painnent and dose  m onitoring is recor I- 
mẽnded. In the UK and USA, spedhc recommendatio] IS 
are made according to the severity of im pairm ent, deũnt d 
by bilirubin and aspartate am ihotransíerase (AST/SGO-’) 
concentratíons:
• mild im painnent, bilirubin ^  the upper lim it of norm d 

(ULN) w ith AST >  the ULN, or bilirubin >  the  ULN up o
1.5 ttmes the ULN vvith any AST concentration: no do; e 
modiíication required.

• moderate and sẽvere im painnent, bilirubin > 1 .5  tímrs 
the ULN w ith any AST cóncentration: reduce dose in  tl e 
first cyde to bôrtezomib 700m icrogram s/m 2 intrav' - 
nously: in subsequent cydes doses can be increased up 10 
1 mg/m2 or reduced to 500 micrograms/m2 depending 01 
tolerance.

See Uses and Administration, above for íu rther details i if 
dosúig regimens.

Administration in subsequent cydes. W hen intravenoi s 
bortezomib is used with meỉphalan and prednisone for pr< - 
viously untreated multíple myeloma patients:
• ư prolonged grade 4 neutropenia o r throm bocytopeni,, 

or thrombocytopenia vvith bleedìng is seen in one cycl<: 
consider reduction of the mtlphalan dose by 25%  in th : 
next cycle

• if the platelet count ^  30 000 cells/m m3 or absolut; 
neutrophil count <  750cells/m m 3 on a bortezom i) 
dosing day (othcr than day 1): vvithhold bortexomib

• if several bortezomib doses in a cycle 3 doses du rin ỉ 
twice weekly dosing, or >  2 doses durỉng vveekly dosing I 
or consecutive cydes are vvithheld: the bortezomib d o s : 
should be reduced by 25%  (1.3m g/m 2 to lm g /m : :
1 mg/m2 to 700m icrogram s/m 2)

For građe 3 or more severe non-haem atological to x id t ' 
(exduding neuropathy), dose modiíications are as /o: 
patients on monotherapy, belovv

W hen used as monotherapy in  re lapsed /re ỉrac to r' 
multiple myeloma and m antle cell lym phoma, bortezomib 
should be vvithheld at th e  onset oi any  grade 1 
non-haematological (exduding neuropathy) or grade 4 
haematological toxidties. Once the tox id ty  has resolved. 
bortezomib may be restarted at a dose reduced by 25% 
(1.3 mg/m2 to 1 m g/m 2; I m g/m 2 to 700m icrograins/m2)

For those vvho have neuropathỉc pain and /o r peripheral 
(sensory or m otor) neuropathy , whether treated with 
bortcĩomib monothcrapy or as part o f a combination Ttgimen 
the íoUovving dose modihcations are recom mended:
• grade 1 with pain, or grade 2: reduce bortezomib dose to 

1 mg/m2
• grade 2 vvdth pain, or grade 3: vvithhold bortezomib unti 

toxicity resolves; restart vvith a reduced dose o: 
700 micrograms/m2 and change ơeatm en t schedule tc 
once vveekly

• grade 4 (disábling sensory neuropathy  or liíe-threateniní 
motor neuropathy or paralysis): stop bortezomib

Adverse Effects, Treatment, and Precautions
Fora general outline see Antineoplastics, p. 726.1, p- 730.2, 
and p7 732.2.

vêry common adverse effects of bortezomib indude 
haematological toxidcies (espedaUy transient'throm bocy- 
topenia, neuưopenia, and anaemia), decreased appetite, 
gastrointestinal disturbances, peripheral neuropathy, ỉati- 
gue, íever, headache, dyspnoea, and rash. Complete blood 
counts induding platelet counts should be monitored and 
therapy vvithheld or given a t reduced doses if necessary. 
Peripheral neuropathy may also be dose-Iimiting.

Other common adverse eữects include hyperglycaemia, 
hypokalaemia, insomnia, anxiety, conhision, depression, 
dry mouth, blurred Vision, eye pain, vertigo, dizziness, 
dysgeusia, ưem or, epistaxis, cough, rhũiorrhoea, pruritus, 
urticaria, erythema, and oedem a. O rthostatic hypotension 
is also common and m ay require treatm ent; caution is 
advised in patients w ith a history of syncope, those who are 
dehydrated. or those w ho take antìbypertẽnsives. Dizziness, 
ortbostatic hypotension, íatigue, or blurred Vision can aííect 
the períormance of tasks such as driving. H ypertenãon is 
also common. M usculoskeletal adverse eíĩects such as 
myalgia, arthralgia, bone pain, and cramps are often 
reportcd.

Tachycardia, arrhythmias, palpitatìons, angina pectons, 
atrial ỉibrillation, and myocardial iníarction have occurred. 
There have been isolated cases of QT-interval prolongation 
but causality has not been conbrm ed. Congestive heart 
íailure may develop or be exaceibated and pulm onary 
oedema hás been reported. There are rare reports of 
pericarditis. Pulmonary disease such as pneum onitis has

All cross-references refer to entries in Volume A
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occurred, and there have been rare reports of acute 
respiratory distress syndrome, some of them  íatal. 
Bortezomib should not be used in patients with acute 
diỉíuse pulm onary or pericardial disease. Renal impairment 
is common in patìents vvith multiple myeloma and acute 
renal íailure has developed in patíents on bortezomib. 
Dysuria is also common; urinary ừequency or incontinence, 
urinary retention, haematuría, proteinuria, and haemor- 
rhagic cystítís have been reported. Hepatotoxidty, which 
may be reversible, has induded increases in líver enzyme 
values, hyperbilirubinaemia, and acute liver íailure; 
bortezomib should be used with caution in hepatic 
impairment.

Tum our lysis syndrome may occur during bortezomib 
treatm ent, and thõse w ith a high tum our burden should be 
monitored dosely. Immune-mediated reactìons su ch as 
anaphylaxis, angioedema, semm-sickness-type reactíons, 
polyaithritìs w ith rash, and proliferative glomerulonephritis 
have been reported; bortezomib should be stopped ư serious 
reactìons occur. Reversible posterior leukoencephalopathy 
syndrome has occuưed rarely and therapy should again be 
stopped; symptoms indude seizures, hypertension, head- 
ache, blindness, and conỉusion. Barterial, vứal, and £ungal 
inỉections have been reported in patients on bortezomib. 
Reactivatìon of latent herpes zoster iníectìon can occur and 
prophylaxis vvith an ti vi ra ls is recommended.

õ tíĩe r  ađverse eflects that have been reported indude 
ỉnjection sitẹ reactions, electrolyte disturbances, paralysis, 
disseminated intravascular coagulation, hearing impair- 
ment, thrombotic or bleeding events, ischaemic colitis, 
paralytic ileus, acute pancreatitis, pulmonary hypertenãon, 
Sweet's syndrome (acute febrile neuttophilic dermatosis), 
Stevens-Johnson syndrome, and toxic epidermal necrolysis. 
Photosensiúvity reactions, alopeda, and erectile dyshmc- 
tion have also been reported.

Effects on the nervous System. Treatment with bortezo- 
mib is often assodated w ith peripheral neuropathy, 
mainly sensory, although cases of motor neuropathy have 
been reported. A review1 identiíied risk lactors for bortezo- 
mib-induced peripheral neuropathy as pre-existing neuro- 
pathy and comorbidities that cause nerve damage such as 
diabetes. The inddence of neuropathy with bortezomib is 
also higher in  patients vvith multiple myeloma compared 
vvith solỉd tumours. Furthermore. high rates oí peripheial 
neuropathy have been reported in newly diagnosed multi- 
ple myeloma patients beíore treatment. Results from an 
analysis2 in relapsed and/or reừactory multiple myeloma 
patientỉ also íound that the períphera] neuropathy asso- 
dated  vvith bonezomib seemed to be cumulative and 
dose-related. and increased in prevalence through the flrst 
5 treatm ent cydes. Prolonged bortezomib exposure 
beyond this time did not seem to increase the inddence or 
severity of neuropathy. Development of neuropathy 
appẹared to be independent of previous neurotoxic ther- 
apỹ. In most patients, neuropathic pain resolved or 
improved after dose modiíication or upon completion o( 
therapy. Recovery is reported to take a median of 3 
months after stopping bortezomjb/1 although some cases 
have taken up to 2 years for neuropathic symptoms to 
resolve.

Analgesics m ay be given symptomatically (see Choice of 
Analgesic, p. 4.2). For reíerence to use of topical menthol to 
relieve bortezom ib-induced neuropath ic  pain, see 
p. 2553.3

1. Argyriou AA. rị ai Bortexomỉb-induced p€riphcral neuropathy in 
multipie myeloma: a comprehensỉvc revie>v oí the Uterature. Blood 
2008; 112: 1593—9 CorTCCtion. ibid.; 113:4478.

2. Richardson PG. eí ai Frequency, characterỉstỉcs, and reversibility of 
peripherai neuropathy during treatment oí advanced mulriple myeloma 
with bortezomỉb. J Clin Oncol 2006; 24: 3113-20.

Effects on the sidn. In 3 studies of bortezomib in patients 
with non-Hođgkin's lymphoma, 26 of 140 patients devcl- 
oped an  erythematous maculopapular rash. Six patients 
undervvent biopsy; all cases revealed a small vessel necro- 
tising vasculitis. Although some patients had dosage 
reductions implemented or therapy interrupted upon 
development of the rash, others vvere treated continuously 
vvithout dose reduction, with no apparent adverse dinical 
consequences. In £act, analysis of the data supported a 
strong relationship between boitezomib-assodated cuta- 
neous vasculitis and a posidve dinicai response in patient 
with non-Hodgkin's lymphoma.1 A macular brown-red 
eruption developed in a patient at the site ol bortezomib 
inlusions; abundant venous Oushing was given Ịrom the 
lourth inhision, and the eruption did not recur, although 
hypetpigmentation persisted for several months.2

1. Gcredtano ỉ , et aỉ. Drug-ỉnđuced cutaneous vasculitìs ỉn patients with 
non-Hodgldn lymphoma treated with the novel proteasome ỉnhỉbỉtor 
bortc2oraib: a possible sutrogate marker of response? Br J Haematol 
2006; 134: 391-8.

2. Macaỉx J, et a i Persỉstent supravenous eruptíon ỉnduced by intravenous 
bortexomỉb therapy. Br ]  Dermatoỉ 2008; 158: 863-4.

Inỉection. A retrospective analysis1 of data from a study in 
relapsed muỉtiple myeloma revealed an increase in herpes

zoster iníections vvith borteiomib ưeatm ent compared 
with dexamethasone. An inddence of 13% was reported 
yvhich was comparable with that reported by other studies 
in relapsed multiple myeloma. Similarly, a herpes zoster 
inddence of 13% was lound in newly diagnosed multiple 
myeloma patients ưeated with bortezomib (plus mel- 
phalan and prednisone),2 compared with 4% in the con- 
'trol group (melphalan and prednisone only). The ind- 
dence o£ herpes zoster was reduced to 3% in the 
bortezomib group when andviral prophylaxis was used. A 
reưospective review3 ỉound that prophylactic use of 
antivirals resulted in no cases o£ herpes zoster in 125 mul- 
tiple myeloma patients ưeated vvith bortezomib. Most 
patients were given addovir 400 mg daily, or a reduced 
dose of 200 mg dàily in renal impairment; fam ddovir 
500 mg daily or valaddovữ 250 to 500 mg daily were also 
used.

1. Chanan-Khan A, a  al. Analysỉs oí herpes zoster cvents among 
bortezomib-ưeated patients in the phase m APEX study. J ơừi Oncoỉ 
2008; 26: 4784-90.

2. San Mỉguel JF. et aì. VISTA Trial lnvestigators. Bonezomib plus 
melphalan and prednlsone for initial treaunent of multípỉe myeỉoma. ti 
EngUMcd 2008; 359: 906-17.

3. Vickrey E tí a i Acydovỉr to prevem Kãcổvaúoa oí varicella zoster vìrus 
(herpes xoster) in muỉtịple myeloma paticms receiving bortezomỉb 
therapy. Caneer 2009; 115: 229-32.

Porphyria. The Drug Database for Acute Porphyria, com- 
pileđ by the Nomegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, dassiũes bortezomib as pos- 
sibly porphyrinogenic it should be used only vvhen no 
sa£er altemative is available and precautions should be 
considered in vulnerable patients.1

1. The Drug Database for Acute Porphyria. Avaiỉable at: http://www. 
drugs-porphyria.org (accessed 28/09/11)

Interactions
Bortezomib is both metabolised by, and a vveak inhibitor of, 
cytochrome P450 isoenzymes, see below. Ketọconazole (a 
potent CYP3A4 inhibitor) increased exposure to bortezo- 
mib, but omeprazole (a potent CYP2C19 inhibitor) did not 
increase exposure to bortezomib. Patlents should be dosely 
monitoređ for toxidties or reduced efficacy w hen 
bortezomib is given vvith inhibitors or inducers of 
CYP3A4. Although melphalan plus prednisone increased 
exposure to bortezomib, the increase is not thought to be 
dỉnically relevant. Hypoglycaemia and hyperglycaemia 
have occuned in  diabetic patients receiving oral antídia- 
betics who were given bortezomib.

Pharmacolànetics
Aíter a single intravenous dose o£ bortezomib, plasma 
concentrations dedine in a biphasic m annen a distribution 
phase o£ less than  10 minutes is íollovved by a longer 

'elimination phase of about 5 to 15 hours. Clearance 
decreases aíter multiple doses. Protein binding has been 
reported to be about 83%. Bortezomib has a large volume o£ 
distribution suggesting it is vvidely distributed to peripheral 
tissues. Peak proteasome inhibition occurs about 1 hour 
a£ter a  dose, with a mean of 61 % inhibition and a hal£-lỉfe o£ 
about 24 hours. ỉn-vitro studies indicate tha t bortezomib is 
mainly oxidatively metabolised Via the cytochrome P450 
isoenzymes CYP3A4, CYP2C19, and CYP1A2; minor 
metabolism Via CYP2D6 and CYP2C9 also occurs. 
Bortezomib is also a weak inhibitor of CYP1A2, CYP2C9, 
CYP2C19, CYP2D6, and CYP3A4. The major metabolic 
pathvvay is deboronation to inactive metabolites. 
References.

1. Pekol T, tí al. Human metabolism of the proteasome inhibitor 
bortexomib: identưication of drcuỉating metaboỉites. Drug Metab Dùpos 
2005; 33:771-7.
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Single-ingredient Preparatìons. Arg.: Velcade; Austral.: Velcade; 
Austria: Velcade; Beìg.\ Velcađe; Braỉ.: Velcade; Canađ.: Vel- 
cade; chile-. Velcade; China: Velcade (7ĨSI); Cz.: Velcade; 
Denm.: Velcade; Fin.-. Velcade; Fr.: Velcade; Ger.: Velcade; Gr.: 
Velcade; Hong Kong-. Velcade; Hung.: Velcade; ỉndũx: Bortenat; 
Mibor; Indon.: Velcade; IrL: Velcade; Israel: Velcade; ItaL: Vel- 
cade; Malaỵsia: Velcade; Mex.: Velcade; Neth.: Velcade; Norv/.: 
Velcade; NZ: Velcade; Phữipp.: Velcade; Pot: Velcade; Port.: 
Velcade; Ruỉ.: Milanỉore (MKnaHỘop); Velcade (BenKeiiA); s. 
A/r.: Velcade; singapore: Velcade; Spain: Velcade; Sweđ.: Vel- 
cade; Switz.: Velcade; Thai.: Velcade; Turk.: Velcade; UK: Vel- 
cade; USA: Velcade; Venez.: Velcade.

Bosutinib (USAN, riNNÌ

'Bosứtinibum; SKI-b06; B03yTMHM6.
'4-[(2,4-Díchloro-5-rnélhoxyphenyl)amino]-6-rnéthoxy'-7-[3-‘ 
(4-methyfpiperazin:J -yi)propoxy]quinoline-3<arbonitriỉe. 
.C26Hj9Ố2N5O3=530.4' .

£45 —  380843-75-4.
UNII —  50I8V4AEZO. • -

Uses and Administration
Bosutinib is an orally active dual SRC íamily and BCR-ABL 
tyrosine kinase inhibitor. It is indicated in patients with 
chronic accelerated. or blast phase Philadeỉphỉa chromo- 
some-poãtive chronic myeloid leukaemia (p. 694.2) that is 
resistant to prior therapy or in those who are intolerant to 
other therapies. An oral dose o£ 500 mg is taken oncé daily 
with food. In the absence of grade 3 adverse eữects, this dose 
may be increased to 600 mg once daily ỉn  patients who have 
an incomplete haematological response by week 8 or an 
incomplete cytogenetic response by week 12. The dose is 
reduced in those with hepatic impaứment, see Adminỉstra- 
tion in Hepatic Impairment below, and may need to be 
modified if toxidties occur, see Adm inisưatỉon in 
Subsequent Cydes belovv. Treatment piay be .continued 
until there is disease progression or intolerance to bosutinib. 
For wamings and recommendations regarding the Ịạfe prescribừig, 
dispensing, and use of oraỉ antineoplastic drugs, see Adminừtra- 
tiơn, p. 732.3.

Bosudnib is also being investigated in solid tumours and 
for polycystic kidney disease.
Reíerences.

1. Kcllcr G. tt al. Bosucỉnĩb: a du*l SRC/ABL ldnasc inhibitor íor the 
treatment ot chroníc myeloid leukemia. Exptrí Rev Htmữíol 2009; 2:489- 
97.

2. KeỉlerG. etal: Bosutínỉb. ReoatíSesultĩCancerSa2 0 1 0 : 194: 1 ỉ 9-27.
3. Boschelli F, tt al. Bosutỉtúb: a rev1ew 0f predinỉcal studies in chronic 

myelogenous leukaemia. Eur J Camer 2010; 46:1781-9.
4. Cones JE, et al. Bosutinỉb venus Imatinih in newìy dỉagnosed chronic- 

phase chronỉc myeloid leukemỉa: results Irom the BEỈA triai J ơin Onal 
2012; 30: 3486-92.

Adminiỉhxitíon in hepaiic impairment. Exposure to bosu- 
tinib is increased In those with hepatíc impairment, and a 
reduced oral dose o£ 200 mg once daily is recommended in 
patients with chronic myeloid leukaemia and any degree 
o£ hepatic impairment.

Dose adjustments are requíred if hepatotoxidty occurs 
durìng ơeatment, see Admiiiistration in Subsequent Cydes, 
belovy,

Administration in subsequent cydes. In chronic myeloid 
leukaemia, oral bosutinib dosage may need to be modihed 
if toxidties occur.

u  myelosuppression occurs, bosutinib should be with- 
held until the absolute neuơophil count is > 1000 cells/mm3 
and the plateletỉ ate >50000ceỉls/mm3. Bosuđnib is 
resumed at the same dose ư recovery occurs vvithin 2 vveeks; 
if recovery takes longer than 2 weeks, the daily dose is 
reduced by 100 mg. ư  cytopenia recurs the daily dose should 
be reduced by a further 100 mg upon recoverỹ.

For an increase in liver transaminases > 5 times the 
upper limit o£ normal (ULN), bosutinib should be vvithheld 
until recovery to <2.5 times the ULN; the dose should be 
resunied at 400 mg once daily therealter. Bosutinib 
treatment should be stopped i£ recovery takes longer than 
4 vveeks or if tiver transaminases increase to > 3 times the 
ULN with a bilimbin increase > 2  times the ULN and 
alkaline phosphatase < 2 times the ULN.

II grade 3 or 4 diarrhoea occurs (> 7 stoolí/day more than 
usual), bosutínib should be withheld undl recovery to grade 
1 or better and the dose restarted at 400 mg once daily.

For other moderate or severe non-haematological 
toxidties, bosutinib should be vvithheld until the toxidty 
has resolved and then resumed at a dose of 400 mg oncẽ 
daily. If appropriate, this may be increased to 500 mg once 
daily if this higher dose was previously used.

Adverse Effeờs, Treatment, and Precautions
For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

The most commonly reported adverse effects with 
bosutinib are diarrhoea, nausea, vomiting, abdominal pain, 
thrombocytopenia, anaemia, rash, pyrexia, and latigue. The 
gastrointestinal toxidty with bosutlnib can be dose-limiting; 
diarrhoea may be severe. Antídiaưhoeals, antiemetics, and 
Huid replacement may be required to manage symptoms. 
Gastritis and gastrointestinal haemorrhage have also been 
reported.

Myelosuppresãon (neutropenia, anaemia, and throm- 
bocytopenlã) can occur and £ull blood counts should be 
undertâken weekly for the £irst month and then monthly 
thereaíter. Inơeased liver enzyme values and hepatotoxi- 
d ty  has been seen vvith bosutìnib and liver hmction tests 
should be canied out monthly for the first three months o£ 
treatment.

FIuid retendon occurs w ith bosudnib and may manhest 
as pericardial or pleural e££usion, pulmonary .oedema, or 
peripheral oedema.

Treatment may need to be modihed for gastrotoxidty, 
myelosuppression, hepatotoxidty, and fluid retention, see 
Adminisưation in Subsequent Cydes, above.

The Symbol t  denotes a preparation no longer actively marketed

http://www
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Hyperéensitivity reactions indude urticarìa and anaphy- 
Iactic shock, and deimatological effects indude pruritus, 
acne, erythema multííorme, exíoliative rash, and drug 
eruptìon. Chest pain, pericarditís, and a prolonged QT 
interval have also been reported, as hàve dyspnoea, 
respiratory íailure, and pulmonary hypertension. Increases 
in blood creatínine levels and acute renal íailure have 
occurred.

Other adverse eữects indude acute pancreatitìs, arthr- 
algia, myalgia, back pain, headache, dizzmess, dysgeusia, 
tìnnitus, cough, and hyperkalaemia.

Exposure to bosutinib is increased ìn patients with 
hepatic impaữment.

Interađions
Bosutinib is metabolised by the  cytochrome P450 
isoenzyme CYP3A4 and is an inhibitor and substrate for P- 
glycoprotein. Potent or moderate inhibitors of CYP3A4 or P- 
glycoprotein should be avoided as an increased plasma 
concentration of bosutinib is expected. Potent or moderate 
inducers of CYP3A4 should also be avoỉded as a reduction in 
the plasma concentration of bosutinib is expected.

Bosutinib may increase exposure to drugs that are P- 
glycoprotein substrates.

The bioavailability of bosutinib is pH-dependent and 
concom itant use w ith the proton pump inhibitor 
lansoprazole reduced exposure to bosutinib. If possible. 
short-acting antadds or H2-antagonistỉ should be used in 
place of proton pump inhibiton, and bosutinib doses should 
be separated from gastric-add suppressants by at least 2 
hours.
Reíerences.

1. Abbai R, tí a i Eííeci of ketoconazole on the pharmacokineùcs oí orai 
bosutỉnỉb ỉn healthy subjects. J Ciin Pharmaeol 2011; 51:1721-7.

Pharmacokinetics
Peak plasma concentratlons of bosutinib occur around 4 to 6 
hours after a single oral dose. Exposure increases when 
taken with a hìgh-ỉat meal. Bosutinib is highly protein 
bound at around 96%, and is a P-glycoprotein inhibitor and 
substtate. Metabolism is mainly Via the cytochrome P450 
isoenzyme CYP3A4 to úiactive metabolites. Over 90% of an 
oral dose is excreted in the ỉaeces and 3% in the urine. The 
terminal elimination half-life is about 22.5 hours after a 
single oral dose.
References.

1. Abbas R, tí al. A phasc I ascenđỉng single-dose study of the saícty, 
toỉerabitity, and pbarraacokinetics oỉ bosudnỉb (SKI-606) in heahhy 
aduh subjects. Canarr Chemotker Pharmacol 2012; 69:221-7.

2. Abbas R, tí al. Evaluatíon of the phannacokỉnetỉcs and saíety oỉ 
bosutinỉb ỉn patients wỉth chronỉc hepatic impaỉnnent and matched 
heahhy subject5. Canar ơưmother Phamacol 2012. Avaiỉable at: doi: 
10.1007/S00280-012-1987-7
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Brentuximab Vedotin (riNNi

Brentuximab Vedotina; Brentuximab Védotíne; Brẹntuxima- 
bum Vedotinum; cACIO-vcMMAE; SGN-35; EpeHTyKCHMaố 
BeflơTMH. ' ■ ■
C A S 9 ì4088-09-8. :
ỤNII —  7XL5ISS668.

Uses and Administratìon
Brentuximab vedotin is an  antỉbody-drug conjugate 
consisting of the chimeric CD30-spedíic monoclonal 
antíbody CAC10 conjugated to monomethyl aurístatin E 
(MMAE), a microtubule disrupting agent. Brentuximab 
vedotin is used for the treatm ent of padents with HoỡgkkTs 
disease (p. 696.1) afterfailure oỉ autõlogous haematopoietic 
stem cell transplantatíon or after {aiỉure of at least tvvo 
treatm ent regimens (in those deemed unsuitable for 
transplantatìon). It is also used for the treatment of padents 
with systemic anaplastìc large cell lymphoma after ỉâilure oí 
at least One combination chemotherapy regimen.

The recotnmended dose is 1.8mg/kg (up to a maximum 
body-weight of lOOkg) given as an intravenous inỉusion 
over 30 minutes every 3 vveeks. Treatment may be 
continued for a maximum of 16 cydes or untìl disease 
progression or unacceptable toxidty occurs. The dose may 
need to be delayed or reduced (see Administration in 
Subsequent Cydes, below). Brentuxúnab vedotin is diluted 
beíore iníusion to obtain a final concentratìon ranging from 
400 micrograms/mL to 1.8mg/mL; appropriate infusion 
Đuids indude sodium ddoride 0.9%, glucose 5%, or 
Lactated Ringebs solution.

Brentuximab vedotin is under investiganon in the 
treatment of cutaneous T-cell lymphoma.

References.
1. Foyil KV, Baitỉett NL Brentuximab vedotỉn for the treatment of CD30+ 

lymphomas. ỉmmunotherapy 2011; 5:475-85.
2. Minich s$. Brentuxtmab vedotin: a neiv age ỉn the treatment of Hodgkỉn 

lyxnphoma and anapỉasdc Urge ceỉl lymphoma. Ann Pharmaeotìưr 2012; 
46: 377^83.

3. Younes K  tí a l  Resuỉts of a pivotal phase n stuđy of brentuximab 
vedotin for patỉents wi th rdapsẽđ or reĩractory Qodgkỉn's ỉymphoma. J 
CHn Onaỉ 2012; 30:2183-9.

4. Gopaỉ AK, tí aL Saỉety and eíDcacy of brentindmab vedotỉn ỉor Hodgỉdn 
lymphoma recurrỉng aĩter allogeneic stem ceU transplamation. Blood 
2012; 120: 560-8. ”

5. van de Donk NW, Dhimolea E. Brentuxlmab vedotín. MAbs 2012; 4; 
458-65.

Adminiỉtralion in subsequent cycles. Brentuximab vedo- 
tìn therapy may need to be delayed or the intravenous 
dose reduced ư toxidty occurs. Licensed product iníorma- 
tíon makes the íoUovving recommendatíons.
In the event of peripheral neuropathy:
• new or worsening grade 2 or 3 toxidty: ơeatm ent should 

be vvithheld untíl neuropathy improves to grade 1 or 
baseline, then  brentuxim ab vedotin restarted at 
1.2mg/kg

• grade 4 toxidty: treatment is stopped 
For neutropenia:
• grade 3 or 4 toxidty: treatment should be withheld until 

neutropenia improves to baseline or grade 2 or lovver; 
grovnh íactor support should be considered (or 
subsequent cydes

• recurrent grade 4 neutropenia despite the use of grotvth 
íactors: ưeatm ent should be stoppẽd or the dose reduced 
to 1.2mg/kg

Adverse Effects, Treatment, and Precautions
Bone maiTovv depression occurs commonly with brentux- 
imab vedotin, especially neutropenia, anaemia, and 
thrombocytopenia. Neutropenia may be severe and 
prolonged and torce doses to be delaỳed or reduced, or 
therapy to be stopped (see Administration in Subsequent 
Cydes, above). Complete blood counts should be monitored 
beíore each dose, and more írequendy ư neuữopenia is 
severe. Iníections occur, and can be serious; opportunistíc 
iníectíons have also been reported. Peripheral neuropathy is 
common and is mainly sensory, although cases of peripheral 
motor neuropathy have also been reponed. Neurõpathy 
may be cumulatìve and patíents should be monitored for 
symptoms such as hypoaesthesia or hyperaesthesia, 
paraesthesia. bum ing sensatíons, or neuropathic pain or 
weakness. Therapy may need to be delayed õr stopped, or a 
dose reducdon may be warranted (see Adminisưation in 
Subsequent Cycles, above).

Other common adverse eííects include ỉatigue, gasưo- 
intestinal disturbances, cough, dyspnoea, fevcr, chills, 
lymphadenopathy, rash, pruritus, alopeda, headache, 
dizziness,insomnia, anxiety, myalgia, arthralgia, muscle 
spasms, peripheral oedema, hyperglycaemia, night sweats, 
and dry skin. Pain in the back, abdomen, or oropharyngeal 
area is also coramon; pain in an extremity can be serious.

Iníusion-related reactíons have occurred; assodated 
symptoms indude chills, nausea, dyspnoea, pruritus, fever, 
and cough. The inhisỉon should be interrupted and the 
padent should be pre-medicated for subsequent inhiãons; 
premedicatìon may include paracetamol an antíbiỉtamine, 
and a cortícosteroid. If anapbylaxis occurs, the iníusion 
should be ũnmediately and pennanentíy stopped. Tumour 
lysis syndrome has been repotted, espedally in those with a 
high tum our burden, or rapidly proliỉerating disease. 
Stevens-Johnson syndrome has occurred; therapy should 
be stopped. There have been reports of íatal Progressive 
multiíocal leukoencephalopathy. Other serious adverse 
effects that have been reported indude pulmonary 
embolism, pneumonitis, pneumothorax, pyelonephritis, 
septic shock. and supraventricular arrhythmia.

Interactions
Brentuximab vedotin contains monometbyl auristatin E 
(MMAE), which is mainly metabolised by cytochrome P450 
isoenzyme CYP3A. Use oí brentuximab vedotin vvith 
ketoconazole increased exposure to MMAE by about 30 to 
70% and patients taking sơong CYP3A4 inhibitors should 
be monitored dosely for adverse reactions. Use with 
riíampidn, a potent CYP3A4 inducer, reduced exposure to 
MMAE by about 30 to 45%.

Pharmacokinetics
Brentuximab vedotin consists oỉ a monodonal antibody 
conjugated vvith monomethyl auristatin E (MMAE); the 
pbarmacoldnetic proble of brentuximab vedotin was similar 
to that of the monodonal antibody. Peak concentrations of 
brentuximab vedotin were seen soon after the end of an 
iníusion; time to peak concentrations of MMAE ranged 
from 1 to 3 days. Steady-state concentrations of 
brentuximab vedotin and MMAE occurred vvithin 21 days 
when the drug was given every 3 weeks. No accumulation

of brentuximab vedotin was seen with multiple dosing, an 1 
MMAE exposure decreased with contỉnued use. Binding ( f 
MMAE to plasma protems m vitro ranged bom  68 to 82%. i 1 

vivo, only a  small fraction of MMAE released froi 1 
brentuximab vedotin is metabolised; this metabolism s 
maỉnly Via oxiđation by cytochrome P450 isoenzym: 
CYP3A4/5. The terminal halí-lUe of brentuximab vedotin s 
about 4  to  6 days. About 24% of MMAE is recovered in bot 1 
urine and ỉaeces over a l-w eek period; of this recovere 1 
MMAE, about 72% is in the íaeces, and the majority of th : 
excreted MMAE is unchanged.

Preparatíons
Proprietary PreparaKons (details are given in Volume B)

Single-ingredieni Preparations. Belg.: Adcetris; Switz.: Adcetri:; 
UK: Adcetris; USA: Ádcetris.

Brostallicin iriNNỊ
Brostalicina; Brostallicine; Brostallicinum; PNU-16619É 
(hydrochloride); Bpocranb/inquH.
4-(2-Brom oacrylam ido)-A/"'-(2-guanidinoethyl)-l,l',l",l"'- 
tetramethyl-W,4'-7/’,4"A/",4'"-quater[pyrrole-2<arboxamide]. 
C30H35BrN,2O5=723.6 
CAS — 203258-60-0.
UNII —  RPC6R4ÌK41.

Profile
Brostallidn is an antineoplastic that binds to DNA. It i 
under investigatỉon for the treatm ent of soft-tissut 
sarcomas.

Reíerences.
1. ten Tlje AJ. tí ữỉ. Phase 1 and pharmacokmetic study oỉ brostaỉỉicỉn (PNL 

166196), a new DNA minor-groove binder, administeređ inưavenousl 
every 3 weeks to adult patíentỉ with metastatỉc cancer. ơ in  Cancrr Re 
2003; 9: 2957-64.

2. Broggúii M, tí al. Brosuỉlidn: a ncw concept in minor groove DNi> 
bỉnder developmeni. Anticancer Dtuịs 2004; 13: 1-6.

3. Leahy M  tí aì. Brostaìliõn, an ageni wìth potential actìvity ỉn metastatii: 
soft nssue sarcoma: a phase n srudy hom the European Organisation fo' 
Research and Treatmẽnt oỉ Cancer Soít Tissue and Bone Sarcoma Group 
Eur J Ctmctr 2007; 43: 308-15.

4. Lorusso D, tí a i BrostalUtín (PNU-Ỉ66Ỉ96), a new mlnor gTOOve DN/ 
binderr predinical and dinical actívity, Expcrt Opin Invesí Dntgs 2009; 18 
1939-46.

Broxurídine iriNNi

Bromodeoxyuridine; Broxuridina; Broxuridinum; BUDR; NSC- 
38297; Bp0KCypnflMH.
5-Bromo-2'-deoxyurldine; 5-Bromo-H2-deoxy-P-o-ribofura- 
nosyDpyrimidine-2,4(l H,3H)-dione.
C9H„BrN205=307.1 
CÁS -  59-14-3.
UNII —  G34N38R2N1.

ProỊịỊe
Broxuridìne iỉ a tbymidine anaỉogue vvhich acts as a 
radiosensitiser to enhance the eữects of radlotherapy. It iỉ 
also reported to possess antiviral activity. A related 
compound brivudine (p. 970.1) is used as an antiviral.

Broxuridine is used as a research tool for measuring DNA 
synthesis. It has been given by imra-arterial infusion, with 
radiotherapy and other antineoplastic agents, in the 
treatment of tumours of the brain, head, and neck; it has 
aỉso been used diagnostically.
References.

1. Freesc A. tí  ai. The appỉicatíon OÍ 5-bromodeoxyuridine in the 
management OỈ CNS tumòrs. J NeuTvoncol 1994; 20: 81-95.

2. Phillips TL, a  al. Results oỉ a zandomỉzed comparison oỉ radiotherapy 
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report of RTOG tríaỉ 89-05. ìrtí J Radiai ữncoĩBiol Phys 1995; 33: 339-48.

3. Prados MD, tí  a i Iníluence oí bromodeoxyuridine radỉosensỉtỉzation on 
maỉỉgnant gỉioma patient survịvaỉ: a retrospective comparỉson oỉ 
survỉvaỉ data hom the Northern Caỉiỉomỉa Oncoiogy Group (NCOG) and 
Radỉatỉon Therapy Oncology Group triaỉs (RTOG) for gỉioblastoma 
mulúíorme and anaplastỉc asơocytoma. Inl J Radiaỉ ữncoì Biol Phys 1998; 
40: 653-9.

4. Prados MD, tí a l Phase m  randomízed study oí radỉotberapy pỉus 
procarbaaỉne, loraustìne, and vucristine wỉtb or wiỉhout BUdR ỉor 
aeatment oỉ anaplastỉc astrocytoma: Snal report of RTOG 9404. ỉnt J 
Radiat Onal Biơỉ Phys 2004; 58: ỉ 147-52.

Busulfan IBAN, riNN!

Bussulíam; Busulíaani; Busutíanas; Busulíano; Bũsulfanum; 
Busulphan; Buszulfán; CB-2041; GT-41; Myelosạn; NSC-750; 
WR-19508; BycynbộaH. ...
Tetramethylene di(methanesulphonate); Butane-1,4-diyl di 
(methanesulphonate). ■ .
CsH ,A S ; ỉ=246.3 :
CAS —  55-98-ỉ.
ATC —  L01AB01

All cross-reíerences reíer to entries in Volume A
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ATCVet —  QLOìABOl.
UNIl —  GILN9045DK.

P h a rm a c o p o e ia s .  I n  Chirt., Eur. (se e  p . VĨĨ), ĩnt., ĩpn, a n d  us. 
P h . E u r .  8 : (B u s u lía n ) .  A  vvhite  o r  a lm o s t  w h ite , c ry sta llin e  
p o w d e r .  V ery  s lig h d y  so lu b le  i n  v v a te r  a n d  in  a lcohol; fre e ly  
s o lu b le  in  a c e to n e  a n d  ìn  a c e to n i tr i le .  S to re  in  a ir tíg h t 
c o n ta in e rs .  P ro te c t f ro m  ligh t.

U S P  36 : (B u su lỉa n ) . A  w h i te ,  c ry s ta ll in e  povvder. V ery  
s lig h tly  so lu b le  In  w a te r ;  sU ghtly s o lu b le  ỉn  a lcoho l; so lub le  
1 in  4 5  o f  a c e to n e . S to re  in  a ir t íg h t  c o n ta in e rs .

Uses and Adminisừation
B u su U an  is a n  a n tin e o p la s t ic  w i th  a  c e ll-c y d e  n o n -sp e d f ic  
a lk y ỉa tin g  a c tìo n  u n l ik e  th a t  o f  t h e  n i tr o g e n  m u sta rd s , a n d  
h a v in g  a se lec tiv e  d e p re s s a n t  a c tio n  o n  b o n e  m arro w . In  
sm all d o ses, i t  d e p re s se s  g ra n u lo c y to p o ie s is  a n d  to  a  lesser 
extent t h r o m b o c y to p o ie s i s  b u t  h a s  l i t t l e  e ffe c t o n  
ly m p h o c y te s . W ith  la rg e r  d o se s , s e v e re  b o n e -m a rro w  
d e p re s s io n  e v e n tu a l ly  e n su e s .

B e c a u se  o f  its s e le c tiv e  action, b u s u l ía n  h a s  b e e n  u s e d  in  
th e  pa lU a tive  ư e a tm e n t  o f c h ro n ic  m y e lo id  leu k a e tn ia  
(p. 6 9 4 .2 ) . I t  p ro v id e s  sy m p to m a tic  r e l ie í  w i th  a  r e d u c tìo n  ữ t 
s p le e n  s ịz e  a n d  a  g e n e ra l  íe e l in g  o f  tv e ll-b e in g . T h e  fall in  
le u c o c y te  c o u n t  is u s u a lỉy  a c c o m p a n ie d  b y  a  rise  in  th e  
h a e m o g lo b m  c o n c e n tra t io n . P e n n a n e n t  rem iss io n  is n o t  
ũ td u c e d  a n d  re s is ta n c e  to  Ỉ tỉ  b e n e S d a ỉ  eữects g rad u a lly  
d e v e lo p s .

B u su U a n  m a y  b e  u s e d  in  p a t i e n ts  vvith  p o ly cy th a e m ia  
v e ta  (p . 6 9 5 .2 )  a n d  in  so tn e  p a t ỉe n ts  vvith m y elo S b ro sis  a n d  
p r im a ry  th ro m b o c y th a e m ia  (p. 6 9 5 .2 ) .  I t  is a lso  u se d  a t  h lg h  
d o ses  as  p a n  of a  c o n d it io n in g  r e g im e n  to  p re p a re  p a tie n ts  
fo r  h a e m a to p o íe t ic  s te m  cell tra n sp la n ta tỉO R , see  p . 1937.1.

B u s u l ỉa n  m a y  b e  g iv e n  o r a l ly  o r  in tr a v e n o u s ly .  
Antineoplastic dose regimens may be complex and doses of a 
drug may differ vridely. For wamingi and recommendatùms 
regarding the ỉafe prescribing, dừpensing, and use of oral 
antineopỉastic drugs, see Adminừtratìon, p. 732.3.

T h e  I icen sed  in it ia l  o ra l d o sa g e  o f  b u s u lỉa n  in  c h r o n ỉc  
m y e l o l d  l e u k a e m i a  is 6 0  m ic ro g ra m s /k g  o r  1 .8 m g /m 2 
da iỉy , w i th  a  u s u a l  m a x ứ n u m  s in g le  d a ily  d o se  o f  4 m g . This 
is c o n tin u e d  u n t il  th e  w h i te  ce ll c õ u n t  h a s  {allen to  betvveen  
1 5 0 0 0  a n d  25 0 0 0  c e lls /m m í (ty p ic a lly  12 'tò  2 0  vveeks). I t  
s h o u ld  b e  s to p p e d  e a r l ie r  if th e  p la tẽ le t  c o u n t  íalls beiovv 
1 0 0 0 0 0  c e lls /m m 3. H ig h e r  d o se s  m a y  b e  g iv en  ư  th e  
r e sp o n se  a ỉ te r  3 vveeks is i n a d e q u a te  b u t  th ỉs  in creases  th e  
risk  o f irre v ers ib le  d a m a g e  to  t h e  b o n e  m arrovv  a n d  ra lls  for 
s p e d a l  v ig ilan ce . C o m p le te  b lo o d  c o u n ts  s h o u ld  b e  m a d e  a t 
le a s t  e v e ry  w e e k  a n d  th e  ơ e n d s  ío llo w e d  d o se ly ;  ư  
h a e m o r rh a g ic  te n d e n d e s  o c c u r  o r  t h e r e  is  a  s te e p  ỉall in  th ẹ  
w h i te  ce ll c o u n t  in d ic a tin g  se v e re  bone-m atT O W  depressio n , 
b u su U a n  s h o u ld  b e  vvithdravvn u n t i l  m a r r o w  h tn c t io n  h a s  
r e tu m e d .

O n c e  a n  in itia l re m iss io n  h a s  b e e n  a tta ũ te d  t re a tm e n t  is 
s to p p c d  a n d  n o t  r e s u m e d  u n  ti!  t h e  vvh ite  ce ll c o u n t r e tu m s  
to  5 0 0 0 0  c e lls /m m 5. ư  th is  o c c u rs  w i th in  3 m o n th s , 
c o n tin u o u s  m a in te n a n c e  t r e a tm e n t  w i th  a  u s u a l  dose  o f 0.5 
to  2  m g  d a ily  m a y  b e  g iv en ; d o se s  e q u a tin g  to  less t h a n  1 
vvholc ta b le t  m a y  b e  a c h ie v e d  b y  in d u d in g  b u su lía n -f re e  
d a y s  b e r n e e n  th e  t r e a tm e n t  d a y s .

In  p a tie n ts  w i th  p o l y c y t h a e m l a  v e r a  th e  u s u a l  o ra l 
d o se  is  4  to  6 m g  d a ily , c o n t in u e d  fo r  4  to  6  w e e k s  w ith  
c a re tu l  m o n ito r in g  o f  b lo o d  c o u n ts .  F u r th e r  cou rses  a re  
g iv e n  w h e n  re la p se  o ccurs ; a l te m a t iv e ly ,  m a in te n a n c e  
th e ra p y  m a y  b e  g iv e n  a t  h a lf  t h e  do se  re q u ire d  for 
in d u c t io n . D oses o ỉ  2  to  4 m g  d a ily  h a v e  b e e n  g iv en  for 
p r i m a r y  t h r o m b o c y t h a e m l a  o r  m y e lo h b ro sis .

In  c o n d it io n in g  re g im e n s  fo r  h a e m a t o p o i e t i c  s t e m  
c e ll  t r a n s p l a n t a t i o n  b u s u lỉa n  is  g iv e n  in  oral doses  o ỉ
1 m g /k g  e v e ry  6  h o u r s  fo r 4  d a y s , s ta r tin g  7 days b e ío re  
tra n s p la n ta tio n ;  c y c lo p h o s p h a m id e  is  u su a lly  g ỉv en  fo r 2 
days, s ta r tin g  2 4  h o u r s  a f te r  t h e  f in a l  d o se  o f  b u su lỉa n . 
W h e n  g iv e n  b y  intravenous in ỉu s io n , t h e  re c o m m e n d e d  dose 
is 8 0 0  m ic ro g ra m s/k g  id e a l  b o d y - w e ig h t  e v e ry  6  h o u rs  fo r 4  
d a y s  s ta r t in g  7  d a y s  b e ío re  t ra n s p la n ta tio n .  C y d o p h o sp h -  
a m id e  is  u su a lly  g iv e n  fo r  2  d a y s :  U K  lic e n sed  p r o d u r t  
in ỉo r m a t ỉo n  States t h a t  c y c lo p h o s p h a m id e  d osing  sh o u ld  
n o t  b e  s ta r te d  fo r  a t  lea s t  2 4  h o u r s  a í te r  th e  last do se  o f 
b u s u lỉa n ,  vvhile u s  in ío r m a á o n  p e rm i ts  e a rl ie r  u se  a lth o u g h  
n o  s o o n e r  t h a n  6  h o u r s  a í te r  t h e  la s t  b u s u lla n  dose . A c tũa l 
b o d y -w e ig h t  is u s e d  fo r  th e  c a lc u la t io n  ữ  i t  is less t h a n  th e  
id e a l  vveight a n d  d o se  c a lc u la tio n s  fo r  o b e se  p a tie n ts  sh o u ỉd  
b e  b a s e d  o n  a d ju s te d  id e a l  b o d y  vveigh t. E a c h  dose  s h o u ld b e  
d i lu te d  in  s o d iu m  c h lo r id e  0 .9 %  o r  g lu co se  5 %  to  a  E nal 
c o n c e n t ia t io n  o f  a b o u t  500  m ic ro g ra m s/m L , a n d  g iv en  o v e r
2  h o u r s  th ro u g h  a c e n ơ a l  v e n o u s  c a th e t e r  u s in g  a n  in ỉu s io n  
p u m p .

F o r  d o se s  in  c h ild re n , see  b e lo w .

R e fe re n c e s .
1. Buggỉa L t í  al. Busulían. Ann Pharmacothcr 1994; 28:1055-62.
2. Sodé G, t í  ai. Busulỉan plus cycỉophosphamỉde compared w ith to tai’ 

bođy ỉrrađỉatỉon pỉus cydophospham idc beíorc marrow trarựpỉanutíon 
ỉo r myeỉoid ỉeukemU: long-tenn folIow-up o! 4  randomized studỉes. 
Blood 2001; 98: 5569-74.

3. Ferry c, Sodé G. Busulían-cydophosphamidc versus total body 
irradlatíoD-cyclophosphamỉde as preparative reýmcn bcíore aỉỉogeneỉc 
hcmatopoictic stem ceỉl transpỉantation ỉor acute myeỉoid leukemia: 
wbat bave vvc ỉearaed? Exp Hematoỉ 2003; 31: 1182-6.

4. Cỉurea so. Andersson BS. Busuỉĩan ỉn hematopoỉetic stem ccll 
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A d m in is tra t io n  in  c h ild re n . B u su U a n  m a y  b e  g iv e n  in  c o n - 
d i t ío n in g  reg im e n s  to  p re p a re  c h ild r e n  fo r  h a e m a t o p o i e -  
t i c  s t e m  c e l l  t r a n s p l a n t a t i o n .  U K  lic e n s e d  p ro d u c t  
in ỉo r m a t io n  States th a t  i t  m a y  b e  g iv e n  oralỉy to  c h ild re n  
less t h a n  18 y e a rs  o f  age , i n  a c c o rd a n c e  w i th  lo ca l p ro to -  
co ls, u p  to  a  m a x im u m  d o se  o f  37 .5  m g /m 2 e v e ry  6  h o u rs  
fo r  4  days, s ta r tin g  7  d a y s  b e ío r e  ư a n s p la n tá t io n ;  c y d o -  
p h o s p h a m id e  is u su a lly  g ỉv e n  ío r  2  d ay s, s ta r tin g  2 4  h o u rs  
a ỉ te r  t h e  fin a l d o se  o f  b u s u lía n .  W h e n  g iv e n  intravenũusly, 
b u s u l ía n  is lic e n se d  fo r  u s e  w i th  c y d o p h o s p h a m id e  o r  
m e lp h a la n . T h e  r e c o m m e n d e d  d o se  o f  b u s u h a n  ío r  ch il-  
d r e n  u p  to  17 y e a rs  o f a g e  is w e ig h t-b a s e d  as  fo llow s:
• less than 9kg: busulían 1 mg/kg
•  9  to  16 kg: b ũ s u lía n  1 .2 m g /k g
•  16 to  23 kg: b u s u lỉa n  1.1 m g /k g
•  2 3  to  3 4 k g : b u s u lỉa n  9 5 0 m ic ro g ra m s /k g
•  g re a te r  t h a n  3 4  kg: b u s u l ía n  8 0 0  m lc ro g ra m s/k g
T his d o se  is g iv e n  e v e ry  6  h o u r s  o v e r  4  d a y s  to  a  to ta l  o f 16 
do ses, d ilu te d  a n d  in h is e d  a s  fo r  a d u lts  (see  U ses a n d  
A d m in is tra t io n . ab o v e ); c y d o p h o s p h a m id e  o r  m e ỉp h a la n  
s h o u ld  n o t  b e  s ta r te d  ío r  a t  ĩ e a s t  2 4  h o u r s  a h e r  t h e  f in a l  do se  
o f b u s u lỉa n .

F o r  th e  n e a tm e n t  o f  c h r o n i c  m y e l o i d  l e u k a e m ỉ a  
b u s u l ỉa n  m a y  b e  g iv en  o ra lly  to  p a e d ia t r ic  p a tie n ts  in  th e  
s a m e  d o se  as  th a t  u s e d  ỉo r  a d u lt s  (se e  U ses a n d  
A d m in is tra t io n , ab o v e ).

Adverse Effects and Treơtment
F o r  a  g e n e ra l  o u t lin e  s e e  A n tin e o p la s tic s , p . 7 2 6 .1  a n d  
p .  7 3 0 .2 .

The major adverse effect of busuUan vvith Standard doses 
is bone-marrow depression, maniíest as leucopenia, 
thrombocytopcnia, and sometimes, anaemia. The nadir of 
the granulocyte count usually occurs aỉter about 10 to 30 
days with recovery occurring over.up to 5 months, but 
busulían has sometimes caused irreversible or extremely- 
prolonged bone-marrow depression.

H y p e tp ig m e n ta tio n  is c o m m o n , a n d  in  a  fe w  cases a l te r  
lo n g - te rm  th e r a p y  m a y  b e  p a r t  o f  a  s y n d ro m e  s im u la tin g  
A d d iso n 's  d ỉsease .

R a re ly , P ro g re s s iv e  i n te r s t ỉ t i a l  p u lm o n a r y  h b ro sis , 
k n o v v n  as  'b u s u ỉỉa n  lu n g ", c a n  o c c u r  o n  p ro lo n g e d  
t r e a tm e n t.  G a s tro in te s tin a l  d is tu rb a n c e s  a re  r a  r e  a t  u s u a l  
th e ra p e u tìc  d o ses  b u t  m a y  b e  d o se -l im itin g  vvhere h ig h  
d o se s  a re  g iv e n  b e ío re  b o n e  m a r r o w  t ra n s p la n ta tio n . O th e r  
r a re  a d v e rse  eH ects i n d u d e  d ry  s k in  a n d . o th e r  sk in  
rea c tio n s , l iv e r  d a m a g e , g y n a e c o m a s tia , c a ta ra c t  ío rm a tio n , 
a n d , a t  h ig h  doses, CNS e ổ e c ts  i n d u d in g  c o n v u ls io n s .

B u s u lía n  m a y  r e s u lt  i n  im p a ire d  le r t il ity  a n d  g o n a d a l 
íu n c t io n . As vvith o th e r  a lk y la tin g  a g e n ts , i t  is p o te n tia l ly  
c a rd n o g e n ic ,  m u ta g e n ic ,  a n d  te ra to g e n ic .

E ffects o n  th e  b ia d d e r .  H a e m o rrh a g ic  c y stítis  o c c u rre d  in  
a  p a ú e n t  w h o  h a d  re c e iv e d  p ro lo n g e đ  th e r a p y  vvith  b u su l-  
ỉ a n .1 H ỉg h -d o se  b u su U a n  u s e d  in  c o n d it ío n in g  re g im e n s  
fo r  h a e m a to p o ie tic  s te m  ce ll t r a n s p la n ta tío n  m a y  in c re a se  
t h e  r isk  o f  la te -o n s e t  h a e m o r rh a g ic  cy s titis .2-3
1. Pode D. et ai. BusuUan-induced hemorrhagỉc cysùtis. J Uraỉ (Baỉtiman) 

1983; 130: 347-8.
2. Konđo M. ít at. Latc-onsct hcmorrhagĩc cysũás atier hematopoietic stem 

cell traiưplantation in children. Bom Manơw TramplttM 1998; 22:995-8.
3. Leung AYH. it al. Clỉnicopathologỉcal ỉeaturcs and rỉsk laaors of 

cỉỉnically overt haemorrhagỉc cyatỉtis complỉcaũng bonc marrovv 
uansplanution. Bom Marrow Tnmspbmt 2002: 29: 509-13.

Effects on the liver. J a u n d ic e  in  t h e  te r m in a l  p h a s e  o f 
c h ro n ic  m y e lo id  le u k a e m ia  in  a  3 1 -y e a r-o ld  m a n  w a s  
a tt r ib u te d  to  b u s u lỉa n  vvhich  h a d  b e e n  ta k e n  fo r  6 y e a rs .1 
B u su U an  to x ic ity  in v o lv in g  th e  l iv e r  w a s  a lso  r e p o r te d  in  a  
p a t ie n t  w h o  h a d  ta k e n  b u s u l ỉ a n  fo r  5 4  m o n th s ,2 vvhile 
h e p a ti tis  p o ssib ly  a s s o d a te d  v r ith  b u su U a n  th e r a p y  h a s  
a lso  b e e n  d e sc rỉb ed .5 D o s e -d e p e n d e n t  v e n o -o c d u s iv e  d is- 
e a se  (VOD) h a s  b e e n  r e p o r te d  in  2 0  to  4 0 %  o f p a tỉe n ts  
re c e iv in g  h ig h -d o se  b u s u l ỉa n  b e ío re  b o n e  m arro v v  t ra n s -  
p la n ta tio n .4 P re v io u s  r a d io th e ra p y , p r o g e n i to r  ce ll t ra n s -  
p la n ta tío n , t h r e e  c y d e s  o f  c h e m o th e ra p y  o r  m o re ,  th e  u s e  
o f  m u ltip le  a lk y la tin g  a g e n ts ,  o r  to ta l  d o se s  o f b u su U a n  in  
ex cess  o f 1 6 m g /k g  c a n  ỉn c re a se  t h e  r is k  o f  h e p a tic  V O D. A 
re d u c e d  in d d e n c e  o f h e p a tíc  V O D  h a s  b e e n  s e e n  ỉn  th o se  
p a tie n ts  g iv e n  h ig h -d o s e  b u s u ỉ ỉa n  a n d  c y d o p h o s p h a m id e  
w h e n  th e  Ê rst d o se  o f c y d o p h o s p h á m ỉd e  h a s  b e e n  d e ỉa y e d  
fo r  m o re  t h a n  2 4  h o u rs  a f te r  t h e  la s t đ o se  o f  b u s u lía n .
1. Undenvood JCE, « ti. Jaundỉce atter treatment oỉ leukaemla with 

busulphin. BMJ 1971; I: 556-7.
2. Fo«di MD, tí aì. Portaỉ hypertensỉon in a padent with chronic myclokl 

ỉenkaemỉa. Postgrad Mid í 1977; 53:267-9.
3. Morris 1* Guthrie T. BuíuUan-induoed bepatỉtỉs. Am J Gastrotrtíeroỉ 1988; 

83: 682-3.
4. Hassan M. The roỉe of busuỉỉan ỉn bone marrovv transplantation. Med 

Oncot 1999; 16: 166-76.

Effeđs on the nervous System. H ig h -d o se  b u s u lía n ,  u se d  
in  c o n d id o n in g  re g im e n s  fo r b o n e  m arrovv  tra n s p la n ta -  
tío n , has  b e e n  a s s o d a te d  vrith  t h e  d e v e lo p m e n t o f  co n - 
vuLsions.M b o th  g e n e ra lis e d 1-3-4 a n d  m y o d o n ic .14 As a 
re su lt, th e  u se  o f  p ro p h y la c tic  a n tie p ile p tíc  t h e r a p y  h a s  
b e e n  suggested  as  a  c o m p o n e n t  o f s u c h  re g im e n s .1-3-4 
Hovvever, so m e  h a v e  n o t  c o n s id e re d  th e  r o u tin e  u s e  o f 
p ro p h y lac tic  a n tie p ile p tic s  ju s tif ie đ .’

If a n  a n tíe p ile p tic  is g iv en , t h e  b e s t d ru g  to  c h o o s e  is 
u n c e rta in . M a n y  s tu d ie s  h a v e  u s e d  p h e n y to ỉn ,  b u t  th e  
p o te n tỉa l  fo r p h e n y to in  to  in c re a se  th e  m e ta b o lis m  o f 
b u su lía n , th e re b y  p o ss ib ly  d e c re a s in g  its  m y e lo a b la tiv e  
eíH cacy, has b e e n  p o in te d  o u t . ‘  In  a d d i t i o n , . p h e n y to in  
p lasm a  c o n c e n tra tio n s  h a v e  b e e n  ío u n d  to  b e  s u b th e r -  
a p e u tic  in  p a tie n ts  w h o  d e v e lo p e d  c o n v u ls io n s  d e sp ite  a  
S ta n d a rd  p r o p h y la c tic  d o se ,4 a n d  t h e  r e g im e n  w a s  
s u b s e q u e n t ly  a d ju s t e d  to  t a k e  a c c o u n t  o f  p la s m a  
c o n c e n tra tio n s . C lo b a z a m  h a s  b e e n  su g g e s te d  as  a n  
a lte m a d v e  to  p h e n y to in  ío r  p ro p h y la x is  o f b u s u lía n -  
in d u c e d  se izu res .7 A  rev iev í4 o n  t h e  o p tim a l p r e v e n t io n  o f 
se izu res  w ith  h ig h -d o s e  b u s u lía n  c o n s id e red  th a t  p h e n y to in  
w a s  n o t  th e  b e s t c h o ic e , g iv en  i ts  ad v e rse  e ữ e c ts  a n d  th e  
ỉn d u c tio n  o f b u s u lía n  m eta b o lism ; it  w a s  s u g g e s te d  th a t  a  
b e n z o d ia z e p in e  s u c h  as  d o n a z e p a m  o r lo ra z e p a m  o u g h t  to  
b e  considered , a n d  th a t  lev e tira c e ta m  a lso  shovved so m e 
p ro m ise .

L icensed p ro d u c t  in io rm a t ío n  f ro m  o n e  m a n u ía c tu r e r  
Otsuka. USA States t h a t  th e  r e c o m m e n d e d  d o se  o f  t h e ữ  
p a re n te ra l  p ro d u c t  is  b a sed  o n  s tu d ie s  ìn  w h ic h  p h e n y to in  
w a s  given; s in ce  p h e n y to in  in c re a se s  t h e  d e a r a n c e  o f 
b u s u lía n  by  15%  o r  m o re ,  e x p o su re  s h o u ld b e  m o n ito re d  ư  
o th e r  a n ú c o n v u ls a n ts  a re  u sed , as  a n  in c re a se  i n  p lasm a - 
b u s u lía n  m ig h t b e  e x p e c te d , w i th  in c re a se d  risk  o f  to x id ty .

1. Marcus RE, Goldman JM. Convuỉsions đue to high-dose busulphan. 
Lanctt 1984; ik 1463.

2. MartcU RW, tí  a i  High-dose busuỉían and myodonic epiỉepsy. Aĩtn Irtíem 
Med 1987; 106: 173.

3. Sureda A. t í  a i  Hỉgh-dose busullao and  seỉzure$. A m  Intem Med 1989; 
111: 543-4.

4. Grìgg AP, t í  ai. Busuỉphan and phcnytoln. A m  Inítm  Med 1989; ỉ l l :  
1049-50. Correction. ibid.;A 12: 313. •

5. Hugh-Joneỉ K. shaw  PJ. No coQvuisỉons in  chiỉdreo on  high-dose 
busuỉphan. Lartai 1985; ỉ: 2 2 0 /

6. Fitzslmmons WE. t í  al. Antỉconvuỉsants and busulỉan. A m  ừitem Med 
1990; 112: 552-3.

7. Schttrarer AP, tí  a i  Clobazam ỉor seỉrure prophylaxis during busuỉían 
chemotherapy. Lanetí 1995; 346: 1238.

8. Eberiy AL, tí  aL op tim aỉ prevention o ỉ seỉxures inđuced by high-dose 
busuỉían. Pharmứcõlherapy 2008; 28:1502-10,

Effeds on the skin and hair. F o r  th e  e ã e c t  o ỉ  r a d io th e ra p y  
in  p r e d p ita t in g  sk ứ i les ions  in  b u s u lía n - t r e a te d  p a tỉe n ts , 
see  u n d e r  P re c a u tio n s , be lo w .

P e rm a n e n t a lo p e d a  h as  b e e n  r e p o r te d  a h e r  u se  o f 
b u s u lía n .1

l.  Tosd K  t í  ai. Perm anent alopeda after busultan chemotherapy. Br J 
Dtrmatoi 2005; 152: 1056-8.

Precautions
F o r re íe re n c e  to  t h e  p re c a u tio n s  n e c e s sa ry  w ith  a n tin e o -  
plastics, see  p . 7 3 2 .2 .  C a re h il a t t e n tio n  s h o u ld  b e  g ỉv e n  to  
m o n ito rin g  b lo o d  c o u n ts  d u r in g  th e ra p y . T his -sh o u ld  b e  
d o n e  a t Ieãst w e e k ly  a t  th e  s ta r t  oi S tan d ard  d o se  th e ra p y . 
W ith  h igh  do se  t h e r a p y  b lo o d  c o u n ts  s h o u ld  b e  m o n ito re d  
daily , as sh o u ld  l iv e r  fu n c tio n . P ro p h y la c d c  a n tic o n v u ls a n ts  
sh o u ld  be u se d  d u r in g  h ig h  d o se  th e ra p y  (see  E ữ ects  o n  th e  
N erv o u s System , a b o v e ).

B usuU an s h o u ld  b e  s to p p e d  íf lu n g  to x id ty  d e v e lo p s . T he  
u se  of o x y g e n  m a y  e x a c e rb a te  p ossib le  lu n g  to x id ty ;  if 
a n a es th e sia  is r e q u ire d  th e  c o n c e n tra t io n  o f  o x y g e n  sh o u ld  
b e  m in im ised .

Handling. B u su U an  is irr ita n t; a v o id  c o n ta r t  w ith  sk in  a n d  
m u co u s  m e m b ra n e s .

Porphyría. T h e  D ru g  D a tab ase  fo r  A c u te  P o rp h y ria , com - 
p ile d  by  th e  N o n v e g ia n  P o rp h y ria  C e n tre  (N A PO S) a n d  
th e  P o rphyria  C e n tre  Svveden, d a s s ih e s  b u s u lía n  as  possi- 
b ly  p o rp h y rin o g e n ic ; i t  sh o u ld  b e  u s e d  o n ly  w h e n  n o  sa íe r  
a lte m a tiv e  is a v a ila b le  a n d  p re c a u t io n s  sh ỡ u ld  b e  c o n sid - 
e re d  in  v u ln e ra b le  p a tie n ts .1

1. The Drug Database ỉor Acute Porphyria. Avaiỉable atỉ h ttp://w w w . 
drugs-porpbyrỉa.org (accessed 28/09/11)

Radiotherapy. S e v e re  c u ta n e o u s  re a c tio n s  o c c u rre d  in  
p a tỉe n ts  g iv en  r a d io th c ra p y  a t  le a s t  3 0  d a y s  a f te r  c o m b in e d  
c h e m o th e ra p y  w i th  h ig h -d o se  b u s u lía n .1

I t  is possib le  t h a t  ra d io th e ra p y  c o u ld  w o rs e n  s u b d in ic a l  
lu n g  in ju ry  c a u se d  b y  b u su U a n .

ỉ . Vassaỉ G, tí a i  Rađỉosensitisatíon aỉte r busuỉphan. Lanctí Ị 987; 1: 371.

Inlerađions
F o r  a g e n e ra l o u t l in e  o f  a n tin e o p la s tic  d ru g  in te ra c t io n s ,  see 
p . 733 .3 . P h e n y to in  in c re a se s  t h e  m e ta b o lism  o f  b u s u lfa n  
(see  E ííec ts o n  t h e  N e rv o u s  S y s tem , a b o v e ).

The Symbol t  denotes a preparation no longer actively marketed

http://www


756 Antineoplastics

Antifungals. G iv ing  i tra c o ru a o lt  vvith  b u s u l ía n  re s u lte d  in  a 
d e c re a s ẽ  in  th e  d e a ra n c e  of b u s u lỉa n ;  Ị l u a m c a o k  h a d  n o  
su c h  e ffe c t.1 B u s u lỉa n  doses m a y  n e e d  to  b e  d e c re a se d  if 
i tra c o n a z o le  is a lso  g iven .

1. Buggia L et ai. Itraconaxòỉe cao increase systemic exposure to busulỉan in 
patients gìvcn bone marrow transpỉantatỉon. Antkanaer R a  1996; 16: 
2083-5.

Antineoplastics. W h e n  tìo g u a n in e  w a s  g iv e n  w i th  b u su U an  
fo r c h ro n ic  m y e lo id  le u k a e m ia , se v era l cases  o f  h e p a tic  
n o d u la r  r e g e n e ra tiv e  h y p e rp la s ia , vvith a b n o rm a l  liv e r  
íu n c t io n  tes ts , p o r ta l  h y p e r te n s io n . a n d  o e so p h a g e a l v a ri- 
ces w e r e  n o te d . T h e re  w e re  n o  cases  in  p a tie n ts  g iv en  
b u s u lỉa n  a lo n e , a n d  th e  m e c h a n is m  o í  th is  p o ssib le  in te r -  
a c tỉo n  ís  u n d e a r .1-2

1. Key NS. tí  «/. Ocsophagca] varices assodaied wiih busuUin-thioguaninc 
com binadon therapy íor chronic m ydoid  leukaemia. Lanaa 1987; ii: 
1050-2.

2. Shcpheid PCA, ti  at. Thỉoguanine used in m ainienance iherapy of 
chronic myeloid leukaemia causes non-cirrhoiic ponal hypenension. Br 
J  Haematol 1991; 79; 185-92.

Antiprotozoals. In  p a tie n ts  w h o  re c e iv ed  e ith e r  h ig h -d o se  
o ral o r  i n ư a v e n o u s  b u s u lía n  a s  p a r t  o f a m y e lo a b la tiv e  
re g im e n  b e ío re  s te m  cell t ra n s p la n ta tio n , th e  u se  o f metro- 
nidazole s ig n if ican tly  in c re a se d  p lasm a  c o n c e n tra tỉo n s  of 
b u s u lỉa n  a n d  th e  d e g re e  of a s s o d a te d  to x id ty .  in d u d in g  
e le v a tio n  o f  liv e r  h m c t io n  tes ts , v e n o -o c d u s iv e  disease, 
a n d /o r  m u c o s itis .1’2

1. N ỉlsson c, ei ai. The eỉíect o í m etronidazole  on  busulían 
pharmacokmetỉcs in pattents undergoing henutopoieúc stem ccU 
transplantation. Btme M am w  Transpỉant 2003; 31: 429-35.

2. Guỉbis AM. eí al. Busulían and metronỉdaxoỉe: an often íorgotten buỉ 
signiỉicam drog interacrion. A m  Pharmaather 2QÌ ỉ; 45: e39.

Pharmacokinetìcs
B u s u lỉa n  is w e ll a b so rb e d  a íte r  o ra l  d osage, a l th o u g h  in tra -  
a n d  in te r p a t ie n t  b io av a ila b ilìty  v a ry  w id e ly . B u su lía n  is 
l ip o p h ilic  a n d  crosses  th e  b lo o d -b ra in  b a n ie r ;  c o n c e n tra -  
tio n s  ỉn  th e  CSF h a  ve  b e e n  re p o r te d  as  b e in g  c o m p a ra b le  to  
th o se  in  p lasm a . A b o u t 3 0 %  of ó r c u la t in g  d ru g  iỉ 
ừ re v e rs ib ly  b o u n d  to  p lasm a  p ro te in s ,  m a in ly  to  a lb u m in : 
th e  le v e l  o f r e v e n ib le  b in d in g  h a s  b e e n  v a ria b ly  re p o r te d  to  
b e  in s ig n iB c a n t a t  a ro u n d  7 % , o r  to  b e  a b o u t  5 5 % . T he 
p la sm a  e lim in a tio n  haU -liíe  is a b o u t  2  to  3 h o u rs .  B u su lla n  
is e x te n s iv e ly  m e ta b o lis e d  in  t h e  l iv e r , m a in ly  by  
c o n ju g a tio n  w ith  g lu ta th io n e , e i th e r  s p o n ta n e o u s ly  o r  
m e d ia te d  b y  th e  e n z y m e  g lu ta th io n e -S -tra n s fe ra s e .  A b o u t 
12 in a c t iv e  m e ta b o li te s  h a v e  b e e n  id e n tih e d , w h ic h  a re  
e x c re te d  in  th e  u r in e .  A b o u t 1 %  o f b u s u lĩa n  is ex c re ted  
u n c h a n g e d . E lim in a tio n  in  t h e  ỉa e c e s  is  c o n s id e re d  to  be 
n eg lig ib le .
R e íe re n c e s .

1. Nath CE, eí ứỉ. Variability in the phannacokỉnetics oỉ intravenous 
busuỉphan given as a singỉe daỉly dose to paedỉatric bỉood or marrovr 
transplant ređpients. Br J Oin Pharmacoi 2008; 66: 50-9.

2. Salinger DH. et al. Development of a populatíon pharmacokinetỉcs-based 
sampling sdieduỉe to target daỉỉy m trávenous busulían ior outpaiient 
d in ic  administratìon. J  Clin Pharmaeot 2010; 50: 1292-1300.

3. Baneỉỉnk XA. et al. Bođy weight-dependent pharmacokinctỉcs of 
busuỉỉan ỉn paedỉacric haematopoỉetỉc n em  celỉ ư ansplantatìon patientr. 
towards individualừed đoảng. ơ in  Pharmacoỉàntt 2012; 51: 331-45.

Genetk fodors. B u s u lỉa n  is m e ta b o lis e d  in  t h e  l iv e r  Via 
c o n ju g a t io n  w ith  g lu ta th io n e ; th is  c a n  b e  m e d ia te d  Via th e  
e n z y m e  g lu ta th io n e -S - t ia n s fe ia s e  (GST). G e n e tic  v a ria n ts  
c an  re s u l t  in  a lte re d  e n z y m a tìc  ac tiv ity , a n d  a ỉíe c t  b u su l-  
fa n  m e ta b o lism . A  p h a rm a c o k ứ ie tic  s tu d y  in  c h ild ren  
g iv e n  im r a v e n o u s  b u s u h a n  ío u n d  th a t  ca rr ie rs  oí 
GSTA1*B alỉe le  h a d  a  h ig h e r  e x p o s u re  to  b u s u lla n  th a n  
n o n -c a r r ie r s ;  b u s u lỉa n  d e a ra n c e  in  c a rr ie rs  w a s  re d u c e d  
b y  a b o u t  3 0 % . v v h ile  g e n e tìc  s ta tu s  m a y  p ro v id e  so m e 
e x p la n a t ìo n  fo r  p h a rm a c o k in e t ic  v a ria b ility , bu su U an  
e x p o s u re  is a lso  d e p e n d e n t  o n  ag e  a n d  b o d y -w e ig h t; 
GSTA1*B c a n ie r s  w e re  a lso  s ig n ih c a n tly  y o u n g e r  a n d  
w e ig h e d  less, c o n h m n d in g  th e  in te r p re ta t io n . N o n e th e le ss , 
g e n o ty p e  m a y  b e  u s e íu l  in  d o s in g  d e d s io n s .1

ỉ .  Johnson La €t al. Glutathione S*transferase AI genetìc variants reduce 
busu lỉan  dearance  ỉn chỉldren undergoing hem atopoỉetỉc celỉ 
transplantatỉon. J  ơ in  Pharmaal 2008; 48: 1052-62.

MetabolUm. In  a  s tu d y  o ỉ  th e  p h a n n a c o k in e tic s  o f h ig h - 
do se  b u s n l ỉa n  in  5 p a tie n ts  rec e iv in g  1 m g /k g  o ra lly  e v e ry  
six  h o u r s  fo r  4  days, th e  m e a n  e lim in a n o n  haU -liíé  
d e c re a se d  £rom  a b o ũ t  3 .4  h o u r s  a f te r  t h e  l irs t do se  to  
a b o u t  2 .3  h o u is  a f te r  th e  fin a l d o se , su g g e stìn g  th a t  b u su l-  
fan  m a y  in d u c e  i ts  o w n  m e ta b o lis m . '

G e n e tic  lac to rs  m a y  also  a ỉíe c t  m e ta b o lism  o i b u su lỉa n , 
see  a b o v e .

1. Hassan M, tí  al. Phaimacoldnetỉc and  roeubolỉc studỉes of hìgh-dữse 
busuỉphan in  adultỉ. Eur ]  a in  Phúrmaal 1989; 36: 525-30.

Therapeuhc drug monrtoring. T h e  v a lu e  o f  th e ra p e u tic  
d ru g  m o n ito r in g  fo r  b u s u lỉa n  in  c o n d it io n in g  reg im en s  for 
h a e m a to p o ie t ic  s te m  cell ư a n s p la n ta t io n  h a s  b e e n  
rev iev v ed ,1-2 a n d  su g g e ste d  to  m a x im is e  e n g ra h m e n t  a n d  
m in im ise  to x id ty  a n d  re la p se . I n  r e g im e n s  u s in g  b u s u lta n  
w ith  c y d o p h o s p h a m id e , s te a d y -s ta te  p ia sm a  c o n c e n tra -  
tio n s  o f  b u s u lỉa n  a b o v e  60 0  m lc ro g ra m s / l iơ e  a p p e a re d  to

ỉ a v o u r  e n g r a h m e n t ' A  p h a rm a c o k in e t ic  a n a ly s is  fo u n d  
th a t  in  p a tíe n ts  vvith g r a h  re je c tio n s , b u s u lỉa n  t ro u g h  c o n - 
c e n tra tio n s  w e r e  belovv 1 5 0 n a n o g ra m s / in l ;  s te a d y -s ta te  
c o n c e n t ta t io n s  a lso  te n d e d  to  b e  lovver in  th is  g ro u p  b u t  
n o t  s ig n ih c a n tly  so .3

T h e  b io a v a i la b i l i ty  oí o r a l  b u s u l l a n  is  v a d a b le ,  
p a rt ic u la r ly  in  c h ild ren ; i n t r a v e n o u s  c o n d it io n in g  reg im en s , 
a d ju s te d  o n  th e  b asis o f  f irs t-d o se  p h a rm a c o k in e tic s  a n d  
th e r a p e u tic  d ru g  m o n ito rin g , h a v e  b e e n  u s e d  to  o v e rc o m e  
th ỉs  p ro b le m .4-5 A  s tu d y  ío u n d  a  s ig n ih c a n t c o rre la t io n  
b e tv v een  b u s u lía n  c o n c e m ra t io n  in  p la sm a  a n d  sa liva  a fte r  
o ra l  do sin g  in  c h ild re n ; b u s u lla n  sa liva  a n a ly s is  m a y  
th e r e ío r e  b e  a  u se h il , n o n - in v a s iv e  a ỉ te m a t iv e  to  p lasm a  
an a ly s is .6

1. McCune JS. t t  ai. Pỉasroa concentration iDOQỈtoring oí busuưan: docs ỉt 
improve dinỉcal outcome? ơ b t Pharmaeokineí 2000; 39: 155-65.

2. Russelỉ JA. Kangarỉoo SB. Therapeutíc drug monitoring oỉ busulỉan ỉn 
ưansplamatỉon. Curr Pharm Dts 2008; 14: 1936—49.

3. Chandy M. et aỉ. Randomized irial o í tw o dưĩerem condítioning 
regimeru for bone marrow transpỉantation in thaỉassem ia--the roie of 
busutían pharmacokỉnetlcs ỉn determỉnỉng outcome. Bone Marrow 
Transpiam Ỉb05; 36: 839-45.

4. Tran H. tỉ ai. Pharm acokineĩỉa and individualized dose adjustmeni of 
im ravenous busulían in chiidren w ith advanced hcmatologic 
malìgnandes undeigoing allogeneỉc stem cell iransplantation. Bioì 
Blood Manow Transpĩant 2004; 10: 805-12.

5. Kletzel M, et al. Phannacokinetics of a test dose oí intravenous busuỉían 
guìde dose modiíicaiions to achieve an optimaỉ area under the curve oí a 
singte daily dose oí intravenous busulían ỉn children undergoing a 
rednced-imensiry conditioning regtmen with hematopoieiìc stem cell 
transpiantatíon. Biol Bỉood Marrow Transpỉant 2006; 12: 472-9.

6. Rauh M, t i  aì. QuamiGcation oi busulỉan ỉn sallva and pUsma in 
haematopoietlc stem cell transpỉam aiion in children: vaỉỉdation of liquid 
chromatography tandem mass spectrometry method. Cỉirt Pharmacokbiet 
2006; 45: 305-16.

Preparaỉions
Proprietary Preporotions (details are given in  Volum e B)

Smgle-ingredient Preparations. Arg.: Busilvex; M yleran; Aus- traL: BusuIIex: M yleran; Austria: Busilvex; M yleran; Beíg.: 
B uỉilvex; M yleran; Braz.: M yleran; Canad.: BusuUex; M yleran: Chile: M yleran; china: B usullex  M yleran
Cz.: Busilvex; M yleran; DenmBusilvex; Fr.: Busilvex; 
M yleran; Ger.: Busilvex; M yleran; Gr.: Busilvex; M yleran; Hong Kong: BusuƯex; M yleran; India: Bucelon; B usuphan; 
M yleíam  M yleran; M yran; M ysuUan; IrL: Busilvex; M yleran: Israel: B usullex; M yleran; Ital: Busilvex; M yleran; Jpn: Busal- 
íex; Malaysút: Busulílex; M yleran; Mex.: M yleran; Neth.: Busi- 
Ivex; M yleran; Norw.: Busilvex: NZ: M yleran; Pol.: Busỉlvex; 
M yleran; Port.: Busilvex; M yleran; Rui.: M yleran (MmiepaH); s. AỊr.: B usiivext; M yleran; Singapore. BusuUex; M yleran; Spain: 
Busilvex; Swed.: Busilvex; M yleran; Switz.: Busilvex; Thai.: 
B usulíex; M yleran; Turk.: Busilvex; BusuUex; M yleran; UK: 
Busilvex; M yleran; USA: Busullex; M yleran.

MuNHngredient Preporationỉ. Singapore. M yran.

Phormacopoeid Preparalions
BP 2014; BusuU an Tablets;
U SP 36: B usullan  Tablets.

Cabaxitaxel IUSAN. riNNi

Cabạzitaxelum, RPR-116258A; XRP-6258; Ka6a3MTaKcen.
1 -Hydroxy-7P,103-dimethoxy-9-oxo-5P,20-epoxytax-l 1 - 
ene-2a,4,13a-triyl 4-acetạte 2-berizoátè 13-((2/?,3S)-3-{[(fơr- 
butoxy)carbonyí]amino}-2-hydròxy-3-phenyỉpropanoate). 
Q 5H 57N O i4= 835 .9  ; •
CAS— 183133-96-2 
UNII —  51F690397J.

Uses and Administratíon
C ab az itax e l is a  se m isy n th e tic  t a x a n e  s im ila r  to  p a d ita x e l  
(see  p . 8 3 9 .3 )  t h a t  is m a n u ía c tu r e d  h o m  a ta x a n e  p re c u rs o r  
d e riv e d  h o m  th e  n e e d le s  o f th e  y e w  t re e .  I t  is u se d  w ith  
p r e d n is o n e  o r  p re d n is o lo n e  in  th e  t r e a tm e n t  o f  h o im o n e -  
r e h a r to r y  m e ta s ta t ic  p ro s ta te  c a n c e r  (p . 7 1 2 .3 ). in  p a tie n ts  
p re v io u s ly  ư e a te d  w ith  a  d o c e ta x e l-c o n ta in in g  reg im en .

C ab az itax e l is g iv en  b y  in tr a v e n o u s  in lu s io n  o v e r  1 h o u r  
d i lu te d  in  a t  le a s t  2 5 0  m L  so d iu m  c h lo r id e  0 .9 %  o r  g lucose  
5 %  to  a  í i n a l  c o n c e n t r a t i o n  o f  b e tv v e e n  1 0 0  to  
2 6 0  m ic ro g ra m s/m L ; in h ts io n  is v ia  a  0 .2 2  m ic ro m e ư e  in -  
l ìn e  h l te r  a n d  PVC c o n ta in e rs  a n d  p o ly u re th a n e  in h is io n  
se ts  s h o u ỉd  n o t  b e  used . C a b a ã ta x e l  2 5  m g /m 3 is g iv e n  e v e ry  
3 vveeks, w i th  o ra l  p r e d n is o n e  o r  p re d n is o lo n e  lO m g  g iv en  
da ily .

A t le a s t 3 0  m in u te s  b e ío re  e a c h  d o se  o f c a b az itax e l, a n  
in tra v e n o u s  d o se  of a n  a n tih is ta m in e  ( d ip h e n h y d ra m in e  
25  m g  o r  e q u iv a le n t) ,  a  c o rt ic o s te ro id  ( d e x a m e th a s o n e  8 m g  
o r  e q u iv a le n t) ,  a n d  a  h is ta m in e  H j- a n ta g o n is t  ( ra n itid in ẹ  
50  m g  o r  e q u iv a le n t)  s h o u ld  b e  g iv e n . P ro p h y la x is  w i th  a n  
a n tie m e t ic  is a lso  r e c o m m e n d e d  a n d  c a n  b e  g iv e n  o ra lly  o r  
i n t r a v e n o u s ly  a s  n e e d e d .  P a t ie n ts  a t  h ig h  r is k  o ỉ  
n e u tr o p e n ia  m a y  n e e d  g ra n u lo c y te  c o lo n y -s tim u la tin g  
ía c to r, see  A d v e rse  EH ects, T re a tm e n t,  a n d  P re c a u tio n s , 
belovv.

T o x id ty  m a y  re q u ire  th e  cab az ita x e l d o se  to  b e  m o d ih e d , 
see  A d m in is tra t io n  in  S u b s e q u e n t  C ycles, b e lo w .

R e í e r e n c e s .
1. de Bono JS, rt aỉ. TROPIC Investigatorỉ. Prednisone plus cabazỉtax 'l or 

m itoxanưone ỉo r m eu sta tíc  cásưatỉon-resỉstant p rosu te  ca icer 
progressing alter docetaxel treaoneQL* a randomỉsed open-label rỉaỉ. 
Lancet 2010; 376:1147-54 . Correctỉon. ãrid. 2011; 377:720.

2. A gam aỉ N. et a i  Cabaxitaxel ỉo r the treatm ent oỉ castration-resií :ant 
prôstate cancer. Fuữat ộneoì 2011; 7: 15-24.

3. Mỉchỉelsen DP, t t  aL o baT ita rg ĩ ỉo r the treatm ent o ỉ prosu te  cai cer. 
Expert ơpin Phamacữther 2011; 12: 977-82.

4. Pailer CJ, Antonarakỉỉ ES. Cabadtaxel: a novel second-line treatr ient 
íor metastatỉc castratỉoĐ-resisunt prostate cancer. Drug D a Deveỉ rhtr 
2011;5 :117-24 .

5. Oudarđ s . TROP1C: phase m  trỉaỉ o í cabazhaxel ỉo r the trcatmer t oỉ 
metasỉatỉc casưatíon-resistant p ro$uỉe cancer. Futurr Oncol 2011; 7: 
497-506.

6. VUlanueva c. et ai. Cabaxỉtaxel: a novel mỉcrotubuỉe inhíbitor. £ -ugs 
2011; 71: 1251-8. Correctiỏn. ibùt.; 1720.

A d m in is tra t io n  in  s u b s e q u e n t  c y d e ỉ .  In tra v e n o u s  d o se  of 
c a b az ita x e l s h o u ld  b e  m o d ih e d  fo r  th e  íollovvm g to x ic iti :s:
•  íe b r i le  n e u tr o p e n ia ,  o r  n e u ư o p e n ia  o f g rad e  3 o r  ab< ive 

fo r m o re  t h a n  1 w e e k  d e sp ite  t r e a tm e n t  i n d u d  n g  
g ra n u lo c y te  c o lo n y -s tim u la tin g  ía c to n  d e la y  cabazita  íe l 
u n t il  n e u ự o p h i l  c o u n t  is a b o v e  1500 c e lls /m m 3 a n d  fe /e r 
h a s  im p ro v e d  o r  reso lv e d , t h e n  re d u c e  d o se  to  2 0  m g / n2. 
S e c o n d a ry  p ro p h y la x is  w i th  a  g ra n u lo c y te  co lo  ly- 
s tim u la tin g  faCTor is  rec o m m e n d e d .

• p e rs is te n t  d ia r rh o e a  (d esp ite  t re a tm e n t) ,  o r  d ia r rh o e i of 
g ra d e  3 o r  a b o v e : d e la y  c a b az ita x e l u n til  im p ro v e m e n  o r 
re s o lu tio n  o f  sy m p to m s, t h e n  re d u c e  d o se  to  2 0  m g /i  I2.

•  p e rip h e ra l  n e u ro p a th y  o f g ra d e  2  o r  ab o v e : de ay  
c a b az ita x e l u n t i l  im p ro v e m e n t  o r  re so lu tio n  o f  s y r  ip- 
to m s , t h e n  re d u c e  d õ se  to  2 0  m g /m 2.

If a  p a t ie n t  c o n  ti n u  es  to  h a v e  a n y  o f th e  a b o v e  a d v erse  
eữ e c ts  vvhile o n  th e  re d u c e d  d o se , cab az ita x e l t re a tm  :nt 
sh o u ld  b e  s to p p e d .

Adverse Effects, Treatment, and Precautions
F o r a  g e n e ra l  o u t l in e  se e  A n tin eo p la s tic s , p . 726 .1 , p . 73 ( .2, 
a n d  pT 7 3 2 .2 .

N e u tro p e n ia  is c o m m o n  d u r in g  c a b az ita x e l t r e a tm ;n t  
a n d  ía ta li tie s  h a v e  b e e n  r e p o r te d .  G ra n u lo c y te  co lo n y - 
s tim u la tin g  l a a o r  m a y  b e  g iv e n  to  r e d u c e  th e  risk , a n d  
p ro p h y la x is  a n d /o r  ư e a tm e n t  s h o u ld  b e  c o n s id e red  in  h i,;h - 
risk  p a tíe n ts  s u c h  as  th o s e  a g e d  65  y e a rs  a n d  o v e r, th  )se 
w i th  p o o r  p e rfo rm a n c e  s ta tu s , th o se  w ith  e x te n s iv e  p i io r 
ra d io th e ra p y , o r  th o se  vvith p re v io u s  ep iso d es  o f feb  i le  
n e u tro p e n ia .  C a b a z ita x e l s h o u ld  n o t  b e  s ta r te d  o r  c o n tin i  ed 
vvhile n e u ơ o p h i l  c o u n ts  a re  1 5 0 0 c e lls /m m 3 o r belovv if 
c o u n ts  in c re a se  a b o v e  th ls  lev e l t h e n  u se  m a y  be c o n tin i  ed 
u s in g  a  m o d ih e d  d o se  (see  U ses a n d  A d m in is tra t io n , a b o \  e). 
B lo o d  c o u n ts  s h o u ld  b e  m o n ito re d  e v e ry  w e e k  d u r in g  h e  
lirs t t r e a tm e n t  c y d e  o f  cab az ita x e l, a n d  b e lo re  e a c h  c> d e  
th e re a h e r .

To p r e v e n t  h y p e rs e n s it iv ity  rea c tio n s , a ll p a tie n ts  s h o  ìld 
b e  g iv en  p r e m e d ic a tio n  vvith a n  a n tih is ta m in e , c o n i  :o- 
s te ro id , a n d  h i s ta m in e  H 2-a n ta g o n is t  (se e  U ses a n d  
A d m in is tra tio n , a b o v e ). If a  se v e re  h y p e rse n s it iv ity  r e a c t  on 
occu rs  c a b a z ita x e l s h o u ld  b e  s to p p e d  im m e d ia te ly  a n d  ] lot 
re s ta rte d ; sy m p to m s  i n d u d e  h y p o te n s io n , b ro n c h o sp a ĩ m, 
a n d  ra sh , th a t  m a y  o c c u r  vvith in  a  few  m in u te s  o f  he 
in lu s io n . C a b a z ita x e l s h o u ld  n o t  b e  u se d  in  p a tie  Ìts 
h y p e rse n s it iv e  to  p o ly so rb a te  80 , w h ic h  is p re s e n t  in  he 
ío rm u la tio n .

P e r ip h e ra l  n e u ro p a th y  a n d  g a s tro in te s tin a l  d is tu rb a n  :es 
a re  c o m m o n ; d ia r rh o e a  m a y  b e  se v ere  a n d  la ta litie s  h i  ve 
b e e n  re p o r te d .  T re a tm e n t  s h o u ld  b e  d e la y e d  o r  th e  dIise 
r e d u c e d  ío r  p e r ip h e ra l  n e u ro p a th y ,  o r  se v e re  o r  p e rs is ti n t 
d ia i rh o e a  (see  U ses a n d  A d m in isư a tio n , a b o v e ). O tl e r 
c o m m o n  a d v e rse  effec ts  in c lu d e  a n a e m ia ,  le u c o p e i ia, 
th ro m b o c y to p e n ia ,  ỉa t ig u e ,  h a e m a tu r ia ,  d y sp n o e a , dysgt u- 
s ia . c o u g h , a r th r a lg ia ,  m y a lg ia ,  a lo p e d a .  a n o re x  ia, 
d e h y d ra t io n ,  h y p e rg ly c a e m ia ,  h y p o k a la e m ia ,  a n x ie  :y, 
c o n ỉu s io n , s d a tic a ,  c o n ju n c tiv itis , in c re a se d  lac h ry m a tii m, 
t in n im s , v e rtig o , ta c h y c a rd ia ,  h y p o te n s io n  o r  h y p e rte n s ii in, 
d e e p -v e in  th ro m b o s is , ílu s h in g , d ry  sk in , a n d  u r in . ry 
d iso rd ers . A rrh y th m ia s .  p e r ip h e ra l  o e d e m a , in c re a se s  in  
liv e r  e n z y m e s , u r in a r y - t r a c t  in ie c tio n . d izz iness, h e a d a c  le. 
p y rex ia , m u s d e  sp a sm s, a n d  p a in  in d u d in g  c h e st p a in  h í  ve 
also  b e e n  re p o r te d .  R e n a l ía i lu re , o ccasio n a lly  ía ta l. 1 as 
o c c u rre d . O th e r  r a r e  a d v e rs e  e ííe c ts  th a t  h a v e  ĩed  to  de . th  
i n d u d e  c a rd ia c  a r r e s t  o r  c a rd ia c  ỉa i ỉu re ,  v e n tr ic u  ar 
hb riU ation , a n d  c e re b ra l  h a e m o r rh a g e .

S o m e  a d v e rs e  e líe c ts  s u c h  as  n e u ư o p e n ia ,  la t ig  le. 
p y rex ia , d izz iness, d e h y d ra ú o n , a n d  u i in a r y - t ra c t  in íectìx  ns 
o c c u rre d  m o re  h e q u e n t ly  in  e ld e r ly  p a tíe n ts  (65 y e a rs  a nd 
o v e r) , w h o  m a y  r e q u ir e  a d d it io n a l  m o n ito rin g .

C a b a r ita x e l  is  m e ta b o lis e d  in  th e  l iv e r  a n d  so sh o u ld  I ot 
b e  u se d  in  p a tie n ts  w i th  b e p a tic  im p a irm e m  (d efin ed  as 
to ta l  b i li ru b in  > t h e  u p p e r  l im it  o f  n o rm a l,  o r  a s p a r t i t e  
a m in o tra n s ỉe ra se  a n d /o r  a la n in e  a m in o ơ a n s íe ra se  >  .5 
tim e s  th e  u p p e r  l im it  o f  n o rm a l) .

Interadions
F o r a g e n e ra l  d isc u ss io n  o f a n tin e o p la s tic  d ru g  in te ra c tio  1S, 
see  p. 7 3 3 .3 .

All cross-references reler to entries in Volume A
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C a b a r ita x e l  is  m a in ly  m e ta b o lis e d  Via th e  c y to c h ro m e  
P 4 5 0  iso e n z y m e  CY P3A 4. P o te n t  in h ib ito rs  o r  in d u c e rs  o f  
th is  e n z y m e  m a y  a ữ e c t  e x p o s u re  to  cabazitaxel, a n d  th e i r  
u se  to g e th e r  s h o u ld  b e  a v o id e d . C a u t io n  is a d v ised  vvhen  
c a b a ã ta x e l  is  u s e d  w i th  m o d e ra te  in h ib ito rs .

Irt vitro s tu d ie s  su g g e st t h a t  th e  p o te n t ia l  for c a b a á ta x e l  to  
in h ib i t  o r  in d u c e  CYP iso e n z y m e s  is  lovv.

pharmacokinetics
C a b a ã ta x e l  is  e q u a lly  d is t r ib u te d  b e tv v een  b lood  a n d  p la sm a  
in vitro; b in d in g  to  p la s m a  p ro te in s  is a b o u t  9 0 % , m a in ly  to  
a lb u m in  a n d  l ip o p r o te in s .  C a b a â ta x e l  is e x te n s iv e ly  
m e ta b o lis e d  in  t h e  l iv e r , m a in ly  b y  th e  c y to c h ro m e  P 4 5 0  
iso e n z y m e  C Y P3A 4 a n d  CYP3A5, a n d  to  a  lesser e x te rn  b y  
CY P2C8. R e n a ỉ  e x c re t io n  o f  c a b a ã ta x e l  a n d  its  m e ta b o li te s  
a c c o u n ts  ỉo r  a  s m a ll  p o r t io n  o f th e  d o se  (ab o u t 4 % ); m o s t  o ỉ  
th e  d o se  (7 6 % )  is e x c re te d  Via th e  íae c e s  as m eta b o lite s . 
A íte r  a  o n e - h o u r  in t r a v e n o u s  in fu s io n , c a b a á ta x e l  íolỉovvs a  
th re e -c o m p a r tm e n t  p h a rm a c o k in e t ic  m o d e l vvith a , p, a n d  y 
haU -lives o f  4  m in u te s ,  2  h o u rs ,  a n d  9 5  h ọ u rs , re sp ec tiv e ly .

C a b a r ita x e l  c ro sse s  t h e  b lo o d -b ra in  b a rr ie r  a n d  th e  
p la c e n ta .

Preparations
Proprietary Prepararionì (details are g iven  in  Volume B)

Single-ingredient Preporations. Austral: Jev tana; Belg.: Jev tana; Brăz.: iẽ v tạ n a ;  Dennu. Jev tan a ; Fr.: Jev tana; Gẹr.: Jev tana; Irl: Jev tana ; Israel: Jev ta n a ; Neth.: Jev tan a ; Norw.: Jev tana; Spain: Jev tan a ; SwetL: Jev ta n a ; Switz.: Jev tana; UK: Jev tan a ; USA: Jev tan a .

Cabozantinib IUSAN, piNNỊ

Cabozantinibum; X(.-184 (cabozantinib or cabozantinib s- 
malate); KaõoaaHTHHnõ.
N-{4-[(6,7-Dimethoxyquinolin-4-yl)oxy]phenyl)-W'-(4-fluoro- 
phenyl)cydopropane-1,1 -dicarboxamide.
C2,H2>N jO s=50Íi : : . : :
CAS —  849217-68-1 
u m  —  1C39JW444G. ;
Cabozantinib S-Malate ỊUSAN.piNNMi 

Cabozantinib, Malate de; (Zabozantinibi Malas; Malato de 
cabozantinlb; XL-Í84 (cabozantinib or cabozantinib s- 
malate); Ka6o3aHTMHM6a ManaT.
C2eH24FN305,C,H605=635.6
CAS—  1140909-48-3.
UNII —  DR7ST46X58. -
Uses and Admỉnistration
C a b o x a n tin ib  is  a  ty ro s in e  k in ase  in h ib ito r  th a t  ta rg e ts  
m u lt ìp le  r e c e p to r  k in a s e s  i n d u d in g  M E T  (m e se n ch y m a l-  
e p ith e lia l  t r a n s i t ìo n  ỉa c to r ,  h e p a to c y te  grovvth ỉa c to r  
re c e p to r/H G F R ), RET ( re a r ra n g e d  d u r ín g  t ra n s íe c tio n ) , 
a n d  VEGF (v a sc u la r  e n d o th e l ia l  g rovvth  ỉac to r) . I t  is u se d  in  
th e  t r e a tm e n t  o f  P ro g re ss iv e , m e ta s ta t ic  m e d u lla ry  th y ro id  
c a n c e r  (p . 7 1 6 .1 ) .  D o se s  a re  g iv e n  as  th e  s -m a la te  b u t  
e x p re s se d  a s  t h e  b ase ; 1 7 7 .4 m g  o f c a b o za n tin ib  s -m a la te  is 
e q u iv a le n t  to  a b o u t  140  m g  c a b o za n tin ib .

T h e  u s u a l  o ra l  d o se  is th e  e q u iv a le n t  o f c a b o z a n tin ib  
140 m g  o n c e  d a ily ; c a p su le s  sh o u ld  b e  ta k e n  o n  a n  e m p ty  
s to m a c h  a n d  svvallovved w h o le .  A m isse d  dose sh o u ld  n o t  b e  
ta k e n  v v ith in  12 h o u r s  o f  th e  n e x t  d o se . Dose a d ju s tm e n ts  
m a y  b e  r e q u ir e d  fo r  tox ic ities, se e  A d m in is tra tio n  in  
S u b s e q u e n t  C ycles, belovv . T re a tm e n t  is c o n tin u e d  u n t il  
d ise a se  p r o g re s s io n  o r  u n a c c e p ta b le  tox ic ity  o ccu rs . For 
wamings and recommtndationỉ regarding the safe prescribing, dừpensing, and use of oral antineoplastic drugs. see Administra- tion. p. 732.3.

F o r  p a tie n ts  w h o  m u s t  a lso  ta k e  a p o te n t  in h ib ito r  of th e  
c y to c h ro m e  P 4 5 0  iso e n z y m e  CY P3A4, th e  d a ily  d o se  o f  
c a b o z a n tin ib  s h o u ld  b e  re d u c e d  b y  4 0  m g . T he  o rig in a l do se  
o f  c a b o z a n t in ib  m a y  b e  re s ta r te d  2  o r  3 day s a f te r  th e  
in h ib i to r  h a s  b e e n  s to p p e d . F o r p a tie n ts  w h o  m u s t  ta k e  a 
p o te n t  C Y P3A 4 in d u c e r ,  th e  d a ily  d o se  o f c a b o z a n tin ib  
s h o u ld  b e  in c re a se d  b y  4 0  m g  to  a  m a x im u m  d o se  o f 180  m g  
d a ily . T h e  o r íg in a l  d o se  o f  c a b o z a n tin ib  m a y  b e  r e s ta r te d  2 
o r  3 d a y s  a í t e r  t h e  in d u c e r  h a s  b e e n  s to p p ed .

C a b o z a n tin ib  is  a ls o  u n d e r  in v e s t ig a t io n  fo r  t h e  
t r e a tm e n t  o f  o th e r  so lid  n e o p la sm s  in d u d in g  p ro s ta te  
c a n c e r  a n d  r e n a l  ce ll c a rd n o m a .

R e fe re n c e s .
1. D u ran teC .e ta l.XL1S4 (cabozandnib)form cdullarythyroidcaictaom a. 

Expert Opin ìnvest Drugs 2011; 20:407-413.
2. K unrodc R. t í  a l  Activỉcy of XLỈ84 (cabozantlnib), an  oral tyrosine 

knuue ỉnhibitor, ỉn  padents w ỉth meduỉỉarý thyroid canccr. J  CUn OrxaA 
2011; 29: 2660-6.

3. Nagỉlỉa Me t í  ai. Cabozantỉnỉb íor the treatm ent oí advanced medullary 
thỹroỉd cancer. Adv Therapy 2012; 29: 925-34.

4. Hart CD, De Boer RH. ProRle oỉ cabozantỉnib and ỉts potentiaỉ ỉn the 
treatm ent of advanced m edullary thyroid cancer. Ona Targtís Tfưr2Ql 3; 
6 :1 -7 .

Administration ỉn subsequenỉ cydes. C a b o z a n tin ib  t te a t-  
m e n t m a y  n e e d  to  b e  m o d ih e d  if to x id t ie s  o c c u r. I t  sh o u ld  
b e  v v ith h e ld  for g ra d e  4  h a e m a to lo g ic a l  a d v e rse  e ữ ec ts, ío r  
g rad e  3 o r  h ig h e r  n o n -h a e m a to lo g ic a l  re a c tio n s , o r  fo r 
in to le ra b le  g ra d e  2  re a c tio n s . w h e n  re a c tio n s  h a v e  
reso lv e d  o r  im p ro v e d  to  g ra d e  1, th e  o ra l  d a ily  d o se  of 
c a b o z a n tin ib  s h o u ld  b e  re d u c e d  as  follow s:
•  in  th o se  p re v io u s ly  ta k in g  140  m g: re s u m e  t re a tm e n t  a t 

100  m g
• in  th o s e  p re v io u s ly  ta k in g  lO O m g: re s u m e  ơ e a tm e n t  a t 

6 0  m g
•  in  th o s e  p re v io u s ly  ta k in g  6 0  m g: re s u m e  t r e a tm e n t  a t  

6 0  m g  if to le ra te d , o thervv ise  s to p  t re a tm e n t

Advẹrsẹ Eữecis and Precaụtịons
T h e  m o s t  c o m m o n ly  r e p o r t e d  a d v e rs e  e ỉíe c ts  w i th  
c a b o z a n tìn ib  a re  d ia r rh o e a  o r  c o n s tìp a tio n , s to m atitis , 
n a u s e a  a n d  v o m ỉtin g , a b d o m in a l p a in , d y sg eu sia , o ra l p a in , 
a n o re x ia  a n d  d e c re a s e d  b o d y  w e ig h t, p a lm a r-p la n ta r  
e ry th ro d y se s th e s ia  s y n d ro m e , la tig u e , h a ỉr  c o lo u r  c h an g es, 
a n d  h y p e r te n s io n . O th e r  less  c o m m o n  a d v e rse  e ííe c ts  
in d u d e  o th e r  g a s tro in te s tin a l  d iso rd e rs  su c h  as  d yspepsia  o r  
d y sp h a g ia , a r th ra lg ia , m u s d e  sp asm s, m u sc u lo sk e le ta l c h e st 
p a in , d izz iness, p e r ip h e ra l  n e u ro p a th y , a n x le ty , d y sp h o n ia , 
rash , d r y  sk in , a lo p e d a ,  a n d  h y p o te n s io n . R eversib le  
p o s te r io r  l e u c o e n c e p h a lo p a th y  s y n d ro m e  h a s  b e e n  
re p o r te d , a n d  a n y  p a tíe n ts  r e p o r t in g  se izu res , h e a d a c h e , 
v ỉsu a l d is tu rb a n c e s , c o n íu s io n , o r  a lte re d  in e n ta l  State 
sh o u ld  b e  e v a lu a te d  fo r th is .  In c re a se d  c o n c e n tra tio n s  of 
th y ro id -s t im u la t in g  h o r m o n e ,  in c re a se d  l iv e r  e n z y m e  
v a lu es , h y p e rb il iru b in a e m ia ,  n e u tro p e n ia ,  th ro m b o c y to p e -  
n ia, ly m p h o p e n ia ,  h y p o c a lc a e m ia , h y p o p h o sp h a ta e m ia , 
h y p o m a g n e s a e m ia ,  h y p o k a la e m ia ,  a n d  h y p o n a ư a e m ia  
h a v e  a lso  b e e n  n o te d .  P r o te in u r ia  h a s  so m e tim e s  o c cu rred ; 
m o n ito rin g  is r e c o m m e n d e d .

G a s tro in te s tin a l  p e r ỉo ra t io n s  a n d  h s tu la s  h a v e  o c c u rre d , 
as h a v e  tra c h e a l  o r  o e so p h a g e a l h s tu las . S e rio u s  h a e m o rr-  
h a g e  h a s  b e e n  re p o r te d  a n d  c a b o z a n tin ib  s h o u ld  n o t  b e  u se d  
in  p a tie n ts  w i th  r e c e n t  h a e m o r rh ạ g e  o r  h a e m o p ty s is . A n  
in c re a se d  in d d e n c e  o f  th ro m b o tic  e v e n ts , In d u d ỉn g  v e n o u s  
a n d  a r te r ìa l  th ro m b o e m b o lis m , h a s  also  b e e n  a s so d a te d  
w ith  c a b o z a n tin ib .

O s te o n ec ro s is  o f  th e  ja w  h a s  o c c u rre d  vvith c a b o za n d m b  
a n d  a n  o ra l  e x a m in a tio n  s h o ú ld  b e  c a rr ie d  o u t  b e ỉo re  
s ta r tin g  ơ e a tm e n t  a n d  p e rio d ica lly  th e re a íte r .  W o u n d  
co m p lica tio n s  h a v e  a lso  b e e n  re p o r te d  a n d  ư e a tm e n t  
sh o u ld  b e  s to p p e d  a t  lea s t 2 8  d a y s  b e ío re  s c h e d u le d  su rg e ry , 
i n d u d in g  in v as iv e  d e n ta l  p ro c e d u re s ;  it  m a y  b e  re s ta r te d  
w h e n  h e a lin g  is  d e e m e d  a d e q u a te .  w h e r e  d e h isc e n c e  o r  
w o u n d  h e a lin g  c o m p lic a tio n s  o c c u r d u r in g  t te a tm e n t,  
c a b o z a n tin ib  s h o u ld  b e  v v ith h e ld .
■ C a b o z a n tìn ib  s h o u ld  b e  p e rm a n e n tly  s to p p e d  fo r v isce ra l 

p e r ío ra t io n  o r  ỉ is tu la  ío rm a tio n , s e v ere  h a e m o ư h a g e , 
se río u s  a r te r ia l  th ro m b o e m b o lis m , n e p h ro t ìc  sy n d ro m e , 
m a l ịg n a n t  h y p e r te n s io n , h y p e rte n s iv e  o is is ,  p e rs is te n t  
u n c b n tro lle d  h y p e r te n s io n  d e sp ite  m ed ic a l m a n a g e m e n t, 

'o s te o n e c ro s is  o f  t h e  ja w , o r  re v e rs ib le  p o s te r io r  le u c o e n c e -  
p h a lo p a th y  sy n d ro m e .

Interactions
C a b o z a n tin ib  is a  s u b s tra te  o f  th e  c y to c h ro m e  P 450  
is o e n z y m e  C Y P 3A 4. H x p o s u re  to  c a b o z a n t in ib  w a s  
in c re a se d  b y  3 8 %  w h e n  i t  w a s  g iv en  w i th  th e  CYP3A4 
in h ib ito r  k e to c o n a z o le , a n d  p o te n t  CY P3A 4 in h ib ito rs  
sh o u ld  b e  a v o id e d  d u r in g  t r e a tm e n t.  C o n v erse ly , e x p o su re  
to  c a b o z a n tin ib  w a s  d e c re a se d  b y  77 %  w h e n  it w a s  g iv en  
w ith  t h e  CY P3A4 in d u c e r  r i í a m p id n  a n d  p ro lo n g e d  u se  of 
p o te n t  C Y P3A 4 in d u c e r s  s h o u ld  a v o id e d . T h e  d o se  
c a b o z a n tin ib  m a y  n e e d  to  b e  a d ju s te d  ư  CY P3A4 in h ib ito rs  
o r  in d u c e rs  m u s t  b e  u se d , s e e  U ses a n d  A d m in is tra tío n , 
above.

Pharmacokỉnetỉcs
P eak  p lasm a  c o n c e n tra t io n s  o f  c a b o z a n tin ib  o c c u r be tvveen  
2  to  5 h o u r s  a ỉ t e r  a n  o r a l  dose , a n d  s te a d y -s ta te  
c o n c e n ư a tio n s  a re  s e e n  b y  d a y  15. E x p o su re  is in c re a se d  
w h e n  i t  is t a k e n  w i th  a  h ig h - ỉa t  m ea l. C a b o z a n tin ib  is 
h ig h ly -b o u n d  to  p la s m a  p r o te in s  (o v e r  9 9 % ). I t  is 
m e ta b o lis e d  b y  t h e  c y to c h ro m e  P 450  iso e n z y m e  CYP3A4; 
CY P2C9 is a  m in o r  ro u te .  I t  is  e x a e t e d  Via th e  ỉaeces  a n d  
u r in e .

Preparations
Proprietory Preparations (details a re  given in  V olum e B) 

Sỉngle-ingredient Prepcratkm s. USA: Com etriq.

Cancer Vaccines
Vạcunas contra el cáncer.

Proỉiie
V a c d n e s  a re  u n d e r  in v e s tig a tio n  ỉo r  m a n y  n e o p la s tíc  
d iseases  i n d u d in g  b re a s t , c o lo rec ta l, h e a d  a n d  n e c k , lu n g , 
o v a ria n , p a n c re a tic , p ro s ta te ,  a n d  r e n a l  c a n ce rs , ly m p h o m a , 
a n d  m e la n o m a . V a c d n e s  c a n  b e  e ith e r  p re v e n ta tiv e  o r  
th e ra p e u tic .  V a c d n e s  fo r  th e  t r e a tm e n t  o f  c a n c e r  a re  
d e s ig n e d  to  s tỉm u la te  a n  a n tib o d y  re sp o n se  a n d  c a n  b e  
a llo g e n e ic  o r  a u to lo g o u s  a n d  b a se d  o n  d e n d rit ic  cells, 
p e p tid e s  o r  p ro te in s , w h o le  tu m o u r  cells, R N A  o r  DNA, 
b a c te r ia l o r  vixal v ec to rs , o r  h e a t  sh o c k  p ro te ỉn s .

BCG v a c d n e  c a n  b e  u se d  a s  im m u n o th e r a p y  to  tre a t  
b la d d e r  c a n c e r  (see p . 2 3 7 8 .2 ) , a n d  a  h u m a n  p a p il lo m a v iru s  
(HPV) v a c d n e  ío r  t h e  p r e v e n t io n  o f c e rv ica l c a n c e r  is 
av a ila b le  in  so m e  c o u n tr ie s  (see  p . 2 3 9 2 .2 ) . A  th e ra p e u tic  
v a c d n e  ta rg e tin g  e p id e rm a l grovvth í a r to r  is u s e d  in  so m e 
c o u n tr ie s  fo r  n o n -sm a ll  ce ll lu n g  c a n ce r . S ip u le u c e l-T  
(p . 857 .1) a n d  v i te s p e n  (p. 8 8 7 .1 )  a re  e x a m p le s  o ỉ  
p e rso n a lise d  c a n c e r  v a c d n e s .
R ev ievvs.
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Capecitabine (SAN. USAN, riNNi 
Qapecitabĩna; Capédtabỉne; Capecitabinum; Kapeđtabin; 
Kaipeitabiini; Kapesitabin; Ro-09-1978/000; KaneiiMiaỗMH.'" 
Pentỵl 1 -(5-dẹoxy-|3-o-ribofuranosyl)-5-fluoro-,1 ̂ -dihydro-2- 
Ỉ3x<ỵ4-pyrimidjnecarbamate. V 

Q sHaFNj06=359.4 ' 
c í s — 154361-50-9; 158798-73-3.
•ATC — L018C06.
A ỷc Vet — QL01BC06.
ÚNII— 6804DJ8Z9U. '

P h a rm a c o p o e ia s .  I n  us.
U S P  36: (C a p e c itab in e ). A  vvhite to  o f f-w h ite  c ry sta llin e  
p o w d e r . S p arin g ly  so lu b le  in  w a te n  so lu b le  in  a lc o h o l a n d  
in  a c e to n itr ile ; ừ e e ly  so lu b le  in  m e th y l  a lc o h o l. S to re  in  
a ir t ig h t  c o n ta in e rs  a t  a  te m p e ra tu re  o f  2 0  d e g re e s  to  25 
deg rees , e x c u rs io n s  p e rm itte d  bervveen  15 d e g re e s  a n d  30 
deg rees .

Uses and Administration
C a p e d ta b in e  is a p ro d ru g  th a t  is c o n v e rte d  to  Đ uo ro u racil 
(p . 795 .3) in  b o d y  tis su e s . I t  is g iv en  o ra lly  fo r t h e  ư e a tm e n t  
o f  m e ta s ta t ic  c o lo re c ta l c a n c e r  (p . 7 0 6 .3 )  a n d  is  a lso  u s e d  for 
t h e  a d ju v a n t  t te a tm e n t  o f  p a tie n ts  a f te r  su rg e ry  fo r  D u k es  c  
c o lo n  c a n ce r . C a p e c ita b in e  is g iv e n  w i th  d o c e ta x e l  fo r  th e  
ư e a tm e n t  o f  loca lly  a d v a n c e d  o r  m e ta s ta t ic  b re a s t  c a n c e r  
(p . 702 .1 ) a f te r  ía i lu re  o f  a n th r a c y d in e - c o n ta ỉn in g  c h e m o -  
th e ra p y . I t  m a y  b e  g iv e n  as m o n o th e ra p y  a f te r  ía i lu re  of 
ta x a n e s  a n d  a n th r a c y d in e - c o n ta in in g  reg im e n s  fo r p a tie n ts  
vvith  b re a s t  c a n c e r  a n d  fo r  w h o m  h i r th e r  a n th r a c y d in e -  
c o n ta in in g  th e r a p y  is  n o t  in d ic a te d . C a p e d ta b in e  w ith  
lap a tìn ib  (p . 8 1 5 .1 ) is u se d  fo r th e  ơ e a tm e n t  o f  p a tie n ts  vvith 
a d v a n c e d  o r  m e ta s ta t ic  b re a s t  c a n c e r  w h o s e  tu m o u rs  
o v e re x p re ss  h u m a n  e p id e rm a l r e c e p to r  ty p e  2  (H ER2). 
C a p e d ta b in e  is also  u s e d  w ith  a  p la t in u m -b a se d  re g im e n  ỉo r  
t h e  firs t- lin e  t te a tm e n t  o f  g as tr ic  c ạ n c e r  (p. 7 0 6 .1 ).

For wamings and Ttammmdàtions regarding the safe 
presaibùig, dừpensing, and use of oral antíneoplastie drugs, see 
Administration, p. 732.3.

F o r monotherapy i n  c o lo n ,  c o lo r e c ta l ,  o r  in  b r e a s t  
c a n ce r , th e  r e c o m m e n d e d  in it ia l  o ra l  d o se  is 1 .25  g /m 2 g iv en  
tvvice d a ily  (fo r  th e  su g g e stio n  th a t  lovver in it ia l  doses  m a y  
b e  ía v o u re d  in  t h e  U S A  se e  A d m in is tra tio n , p . 7 5 8 .1 ). D oses 
a re  g iv en  fo r  14 day s, fo lỉo w ed  b y  a  7 -d a y  re s t  p e rio d .

The Symbol t  denotes a preparation no longer actively marketed
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A d ju v a n t  t r e a tm e n t  fo r  c o lo n  c a n c e r  is  r e c o m m e n d e d  ío r  a  
to tã ỉ  o ỉ  6  m o n th s .

F o r  combination ứ ie ra p y  in  b r e a s t  ca n ce r , w h e n  g iv e n  
w i th  d o c e ta x e l. c a p e r i ta b in e  is g iv e n  in  th e  sa m e  d o se  as 
l is te d  a b o v e ; d o c e ta x e l  i$ g iv e n  a t  7 5 m g /m 2 as  a  1 - h o u r  
im r a v e n o u s  in fu s io n  e v e ry  3 w e e k s . H o w e v e r, w h e n  u se d  
w ith  la p a t in ib  to sila te , a  d ií íe re n t  re g im e n  is u se d , see  U ses 
a n d  A d m in is tr a t io n , u n d e r  L a p a tin ib  T osilate, p .  8 1 5 .1 .

I n  combination th e r a p y  in  colorectal o r  gastric can cer, 
th e  r e c o m m e n đ e d  ú iit ia l  o ra l d o se  o ỉ  c a p e d ta b in e  is 0 .8  to  
1 g /m 2 tw ic e  d a ily  fo r  14  days, ỉo llov red  b y  a 7 -d a y  res t 
p e rio d . A lte m a tiv e ly ,  c a p e đ ta b in e  625  m g /m 2 tw ic e  d a ily  is 
g iv e n  c o n tln u o u s ly .

C a p e d ta b in e  ta b le ts  s h o u ld  b e  sw a llo w ed  w ith  w a te r  
vv ith in  3 0  m in u te s  a f te r  a  m e a l. D oses sh o u ld  b e  m o d ib e d  in  
s u b s e q u e n t  c y d e s  ac co rd in g  to  to x id ty .  C a p e d ta b in e  doses 
s h o u ld  h e  re d u c e d  in  p a tie n ts  w i th  r e n a l  im p a irm e n t  (see 
b e lo w ).

C a p e d ta b in e  is  a lso  u n d e r  in v e s tig a tio n  in  th e  ư e a tm e n t  
o f  o th e r  m a l ig n a n d e s .

R e íe re n c e s .
1. Sun w . Evolution of capediabỉne dosing in colorectal cancer. Cỉin 

Coỉortơaỉ Cancer 2010; 9: 31-9.
2. Naughron M. Evolution of capecitabine dosíng ừi breast cancer. Clìn 

Breàst Cancer 2010; 10; 130-5.
3. Norman G, t í  al. Capecitabine ỉor the ưeatm ent oỉ advanced gastric 

cancer. Health Teehnoi Asseữ 2010; 14 (suppl. 2); 11-17.
4. Ma Y, tí a i Capedtabỉne for the treacmem íor advanced gastric cancen 

eữìcacy, saĩety and ethn iáty . J ơ in  Pharm Ther2012i 37: 266-75.
5. 0 'Shaughnessy JA. et ai Capedtablne monoiherapy: rev iov  oỉ studies 

ỉn ũrst-line HER-2-negative metastatìc breasỉ cancer. Oncobýùt 2012; 17: 
476-84.

6. Femández-M artos c  etal. The role oỉ ape títab ỉne  ỉn locaỉỉy advanced 
rectal cancer treatm ent: an  update. Drup  2012; 72: 1057-73.

7. NICE. Capetítabine ỉor the treatm enỉ of advanced gastríc eancer (issued 
July 2010, reviewed M ay 2013). Avaũable a t  http://w m r.nice.org.uk/ 
nicem eđia/live/l 3049/49875/49875.pdf (accessed 08/10/13)

8. Li Q, t í  ai Cỉỉnỉcal efficacy of induding capecỉtabine in neoadjuvant 
chem otherapy ỉor breast cancer a systemaùc review and meta-anaỉysis 
of randomỉxed controlỉed trials. PLoS One 2013; 8: e53403.

Administrotíon. S e v e re  to x id ty  h a s  b e e n  re p o r te d  w h e n  
c a p e d ta b in e  w a s  g iv e n  a f te r  a  Q u o ro u ra d l a n d  ỉo lin ic  a d d  
re g im e n  to  p a tie n ts  w i th  co lo re c ta l c a n c e n  a c o m p a ra b le  
e ổ e c t  w a s  n o t  s e e n  w h e n  th e  ơ e a tm e n ts  w e re  g iv en  in  
th e  r e v e r s e  o r d e r .1 A l th o u g h  th e  m e c h a n ism  o f th is  
s e q u e n c e -s p e d f ic  t o x id ty  w a s  n o t  d e te rm in e d , th e  a u th o rs  
su g g e s te d  th a t  a n  in te ra c t io n  vvith in tra c e llu la rly  re ta in e d  
ỉo la te  w a s  a  p o ssib le  c a u se .

I n te re s tin g ly ,  it  h a s  b e e n  su g g ested  th a t  aggressive  
d ie ta ry  ío la te  s u p p le m e n ta t io n  p o l id e s  in  th e  USA m a y  also 
e o n tr ib u te  to  th e  in c re a se d  ra te  o f  m a jo r  to x id ty  se e n  w ith  
c a p e d ta b in e  in  p h a s e  m  s tu d ie s  th e re , c o m p a re d  w ith  
E u ro p e  a n d  A sia. I n  c o n tia s t  to  E u ro p e a n  p rac ú c e , 
o n c o lo g is ts  i n  t h e  U SA  th e re ío re  ra re ly  p re sc rib e d  th e  
r e c o m m e n d e d  in it ia l  o ra l  do se  o f  1 .25  g /m J tw ice  daily , 
te n d in g  to  p r e íe r  a  d o se  o f 1 g /m 2 tvvice da ily .1

1. Hennig IM, t í  aỉ. Severe sequence-spedũc loxidty wben capedtabine is 
given ãỉter Ouorouradl and leucovori^, J  ơ in  Ontol 2008; 26: 3411-17.

2. Midgỉey R. Kerr DJ. Capeđtabine: have we got the dose rìght? Hat Cỉin 
Praă Órteoỉ 2009; 6ỉ 17-24.

Administration in the elderty. A rev ie tv  n o te d  th a t  th e  
p h a rm a c o k ỉn e t ic s  o f c a p e d ta b in e  w e re  n o t  aH ecteđ  b y  age 
in  th o s e  p a tìe n ts  w i th  n o rm a l  r e n a l  íu n c tio n . H o w ev er, 
to x id ty  m a y  b e  in c re a se d  in  so m e  e ld e rly  p a tie n ts , a n d  
re d u c e d  d o se s  m a y  b e  u s e d .1

1. lich tm an  SM, t í  a i Interaatỉonaỉ Sodety oí Geriatric Oncology 
Chem otherapy Taslđorce: evaluatíon oí chem otherapy in oỉder 
paùents—an analyás of the medỉcaỉ lỉterature. J  Clin Oncol 2007; 25: 
1832-43.

Administration in renal impairment. R en a l im p a irm e n t 
in c re a se s  s y s te m ic  e x p o s u re  to  5 '-d e o x y -5 -Đ u o ro u rid in e , a 
m e ta b o lỉ te  o f  c a p e d ta b in e .  A n  in c re a se  in  th e  se v erity  of 
a d v e rse  eH ects a p p e a rs  to  c o rre la te  w i th  decxeased  re n a l 
lu n c t io n  a n d  in c re a se d  e x p o s u re  to  th is  m e ta b o li te .1

L ic e n se d  p r o d u c t  i n ío n n a t io n  suggests th e  fo llo w in g  
d o sa g e  a d ju s tm e n t ỉ  b a s e d  o n  c re a tín in e  d e a ra n c e  (CC):
•  m ild  r e n a l  im p a irm e n t,  c c  51 to  8 0 m L /m in u te :  n o  

d o sa g e  a d ju s tm e n t  n e c e s sa ry
•  m o d e r a te  r e n a l  im p a irm e n t,  c c  3 0  to  5 0 m L /m in u te :  

tv h e n  th e  s ta r tỉn g  d o se  is 1 .25 g /m 2 tw ice  daily , a  dose 
re d u c t io n  o f  2 5 % , t o  a b o u t  9 5 0 m g /m 2 tw ice  d a ily  is 
re o o m m e n d e d ;  h o w e v e r ,  w h e n  th e  s ta r tin g  dose  is 
1 g /m 2 tw ic e  daily , n o  d o se  r e d u c tìo n  is re q tú re d

•  s e v e re  r e n a l  im p a in n e n t ,  c c  b e lo w  3 0 m L /m in u te :  
c a p e d ta b in e  is  c o n tra - in d ic a te d

1. Poole c , tt  ttL Hữecl o ỉ renal ỉm painncni on the pharmacalaneúcs and 
tolerability of capedtabine (Xeloda) in cancer padents. Canccr Chtmothcr 
phartrucol 2002; 49; 225-34.

Adverse Eữects, Treatment, and Precautions
A s fo r  R u o r o u r a d l ,  p . 7 9 7 .1 . D ia rrh o e a  (vvhich m a y  be  
se v ere ) , n a u s e a  a n d  v o m itin g , a b d o m in a l p a in , s to m atìtis , 
a n d  p a lm a r - p la n ta r  e ry th ro d ỹ se s th e s ia  s y n d ro m e  (e ry th e -  
m a  a n d  d e s q u a m a tìo n  o f  h a n d s  a n d  fee t) o c c u r  c o m m o n ly  
w ith  c a p e d ta b in e ,  a n d  m a y  b e  d o se -lim itin g . O th e r  
c o m m o n  a d v e rs e  e ffec ts  i n d u d e  ía tig u e , a s th e n ia ,  a n d  
a n o re x ia .  R a sh e s , a lo p e d a ,  e ry th e m a , d ry n ess  o f  th e  sk in ,

All cross-reíerences reíer to entries in Volume A

p r u r i tu s ,  sk in  p ig m e n ta t io n  d iso rd e rs , a n d  n a il  d iso rd ers  c a n  
o c c u r. O th e r  a d v e rs e  e ỉíe c ts  a re  ỉev e r , p a in ,  a rth ra lg ia , 
c o n s tip a tio n , d y sp e p sia , p a ra e s th e s ia ,  h e a d a c h e , d i râ n e s s ,  
in so m n ia , d e p re s s io n , c y e  in ita t lo n ,  h y p o -  o r  h y p e rc a l-  
c a em ia , a n d  d e h y d ra t io n . E n c e p h a lo p a th y , c a rd io to x ld ty ,  
th ro m b o e m b o lism , a n d  b o n e -m a rro w  d e p re s s io n  h a v e  a ll 
b e e n  re p o r te d .  H y p e ib il iru b in a e m ia  h a s  o c c u rre d . S e v e re  
to x id ty  h a s  b e e n  s e e n  in  p a tie n ts  w i th  d ỉh y d ro p y r ím id in e  
d e h y d ro g e n a se  d e ũ d e n c y .

D oses o f c a p e d ta b in e  s h o u ld  b e  re d u c e d  in  p a tie n ts  vvith 
m o d e ra te  r e n a l  im p a irm e n t  a n d  its  u se  is c o n tra - in d ic a te d  
in  th o se  w ith  s e v e re  r e n a l  o r  h e p a tic  im p a irm e n t.

Effects on blood Gpids. S ev e re  h y p e rtr ig ly c e r íd a e m ia  h a s  
b e e n  re p o r te d  w i th  o ra l c a p e d ta b in e ;1 p a tie n ts  h a d  h ig h  
b a se lin e  trig ly c e rid e  c o n c e n tra t io n s  a t th e  s ta r t  o f c a p e d ta -  
b in e .  D esp ite  t h e  in tr o d u c tio n  o f  lip id -lo w e r ln g  th e ra p y , 
tríg ly c e rid e  c o n c e n tra t ìo n s  r e m a in e d  a b o v e  b a se lin e , a n d  
o n ly  d e c re a se d  s e v e ra l  w e e k s  a íte r  s to p p in g  c a p e d ta b in e .  
A p ro sp e c tiv e  s tu d y  su g g e ste d  a n  in d d e n c e  o f h y p e tu ig ly -  
c e rid a em ia  o f 3 .7 %  in  p a tie n ts  ư e a te d  w ith  c a p e d ta b in e ,  
e i th e r  as  m o n o th e r a p y  o r  w i th  o x a lip la tin , fo r c o lo rec ta l 
c a n c e r .2

1. Kurt M. tí ai. Capecitabine-induced severt hypenríglyceridemia: repon 
of two cases. Ann Pharmacother 2006; 40: 328-31.

2. Michie CO. t í  aỉ. The ỉrequency and severity oí capedubỉne-induced 
hypertrigỉyceridaemia in routine dinical practice: a prospectỉve study. Br 
J Canar 2010; 103: 617-21.

Effects on the eyes. A  re p o r t  o f s ev ere  o c u la r  úT Ỉta tion  
w iih  c o m e a l  d e p o s its  a n d  im p a ire d  vdsual a c u ity  in  2 
p a tie n ts  g iv en  c a p e d ta b in e .1 S y m p to m s reso lv e d  vvithin 
se v era l w e e k s  o f s to p p in g  th e  d ru g .

1. W aỉkhom Đe t í  ai. Severe ocuỉar irritation and corneal deposits assodatẻd 
with capedtabine use. N Engỉ J  Med 2000; 343: 740-1. Correction. ibid.; 
1428.

Effects on the heart. A c u te  isc h a e m ic  c h e st p a in  h a s  b e e n  
re p o r te d , u s u a lly  vvith in  a few  day s o f s ta r tin g  c a p e d ta -  
b ứ ie .1"5 S y m p to m s f ro m  case  re p o r ts 1 a n d  in d d e n c e  in  
P h a se  m  s tu d ie s4 w e re  s im ila r  to  th o se  in  p a tie n ts  g iv en  
Q u o ro u racil. W h ile  sy m p to m s h a v e  g e n e ra lly  b e e n  
r e p o r te d  to  b e  rev e rs ib le , la ta l  m y o c a rd ia l  in la rc t io n  h a s  
o c c u ư e d .2 O n e  p a tie n t  h a d  a lso  h a d  c a rd io to x id ty  w ith  
í lu o r o u ra á l  ơ e a tm e n t ,1 b u t  o th e rs  h a d  n o  a p p a re n t  risk  
lac to rs .2 C a p e d ta b in e - in d u c e d  c a rd io to H d ty  vv ith o u t c h e st 
p a in  h a s  a lso  b e e n  re p o r te d ;’ m y o ca rd ia l isc h a e m ia  a n d  a 
s ig n iS can t d e c re a se  in  e je a io n  fra c tio n  w e re  a p p a re n t  o n  
e x e rt io n .

1. Frỉckhoỉen N, tí a i  CapedtabLne can induce acute coronary syndrome 
simỉỉar to 5-ỉluorouradl. Ann Oncol 2002; 13: 797-801.

2. Kuppens OELM. etal. Capedtabine induces severe angỉna-like chest pain. 
Atm ỉntem Med 2004; 140: 494-5.

3. Bertolỉní A. tí al. Acute cardiotoxidty durỉng capedtabỉne treatment: a 
case repon. Tumori 2001; 87: 200-6.

4. van Cutsem E. tí aỉ. lncidence of cardiotoxidty wỉth the oral 
íluoropyrímidỉne capedtabine is typical ữí that reported with 5- 
ũuorouradỉ. Ann Oncoỉ 2002; 13: 484-5.

5. Goỉdsmỉth YB, t í  al. Capedtabine-induced coronary vasospasm. J ơ m  
Oruoĩ200S; 26: 3802-4.

Effects on the nervous System. P e r ip h e ra l  n e u ro p a th y ,1 
e n c e p h a lo p a th y ,2-3 a n d  c e re b e lla r  a ta x ìa 4 h a v e  b e e n  
re p o r te d  w ith  c a p e d ta b in e  u se .

1. SaƯ MW. t í  ai. Peripheral neuropaihy assodated wìih capedtabine. 
Antừancer Drugs 2004; 15: 767-71.

2. Niemann B, t í  ai. Toxic encephaiopathy ỉnduced by capedtabìne. 
Onẽology 2004; 66: 331-5.

3. Videnovk Ae t í  aỉ. Capedtabine-induced muldíocaỉ leukoencephalo- 
pathy: a report oỉ five cases. Neuroìogy 2005; 65: 1792-4.

4. Lam MSH, tí  aỉ. Capedtabine-assoáaced cerebellar ataxia. Am J  Health- 
Syst Phătm  2008; 65: 2032-5.

Effects on the sldn and nails. W h ile  h a n d - ỉo o t  sy n d ro m e  
a p p e a rs  to  b e  c o m m o n  in  p a rie n ts  ữ e a te d  vvith c a p e d ta -  
b in e  (see  P a lm a r -p la n ta r  E ry th ro d y se sth e s ia  S y n d ro m e , 
b e lo w ), o th e r  s k in  e ru p t ío n s  h a v e  b e e n  ra re ly  r e p o r te d .1 
O n y c h o m a d es is  (to ta l se p a ra tio n  of th e  n a il-b e d )  a n d  o n y -  
c h o ly sis  h a v e  o c c u rre d .2-3 P y o g en ic  g r a n u lo m a  h a s  b e e n  
se e n  w ith  t h e  u s e  o f  c a p e c ita b in e ,1 as h a s  r e - p ig m e n ta tio n  
o f c h e m o th e ra p y - in d u c e d  v itiligo .4 S te v e n s - J o h n so n  
sy n d ro m e  h a s  a lso  b e e n  r e p o n e d .5

1. Piguet Ve Borradori L  Pyogenic gTanuloma-ỉỉke lesỉons during 
capedtabỉne therapy. Br J  Dermatoỉ 200Z' 147: 1270-2.

2. Chen G*Ye t í  al. Onychotnadesis and onycholysỉs assodated with 
capeđtabine. Br J  Dermatol 2001; 145: 521-2.

3. Chen G-Y. t í  a i  E rudatìve hyponychial dermatitỉs associated with 
capedtabine and  docetaxel corobinatìon cheraotherapy íor metastatic 
breast cardnom a: rep o n o í three cases. Br3 Dermalol2003; 14 8 :107Ỉ-3.

4. Sđim ỉd-W endtner M-H. t í  aỉ. Leopard-like vitỉỉigo with capedtabine. 
Lancet 2001; 358: 1575.

5. Sendur MA. Kilickap s. Stevens-Johnson syndrome aher ưeatm ent wỉth 
capedtabine. Cỉin Oncol (R Coìỉ Radioỉ) 2008; 20: 202-3.

Hypersensitỉvity. A  p a tie n t  w a s  su ccessh illy  g iv en  í lu o ro -  
u r a d l  b y  c o n tin u o u s  in lu s io n  de sp ite  p re v io u s  h y p e rse n s i-  
t iv i ty  to  c a p e d ta b in e .  T he  a u th o rs  s u p p o se d  th a t  th e  
h y p e rs e n s it iv ity  w a s  lik e ly  to  h a v e  b e e n  c a u se d  b y  c a p e d -  
ta b in e  o r  in te rm e d ia te  m e ta b o lite s , a n d  su g g e ste d  a  lac k  o f 
c ro ss -sen s itiv ity  b e tv v een  c a p e d ta b in e  a n d  f lu o r o u ra d l . '

1. Liu CY. F luorouradl for allergic reactions to capedtahtne. Arm 
Pharmacother 2002; 36: ỉ 897-9.

P a lm a r - p l a n ta r  e r y th r o d y s e s th e s ia  s y n d ro m e . H an d -ỉi >ot 
s y n d ro m e  ( p a lm a r - p la n tá r  e ry th ro d ý sc s th e s ia  s y n d ro r te ,  
p .  7 3 0 .1 )  h a s  b e e n  r e p o r te d  to  b e  c o m m o n  w i th  u se  of 
c a p e d ta b in e  g iv e n  e i th e r  ã s  m o n o th e r a p y 1 o r  a s  p a r t  o f 
c o m b in a tio n  c h e m o th e ra p y  re g im e n s .2-3 T h e  sy n d ro m e  
d e v e lo p e d  v v ith in  t h e  firs t 2  c y d e s  o f  m o n o th e r a p y ,1 l u t  
■vvithin t h e  f irs t 3 c y d e s  b i  c o m b in a tio n  th e ra p y ,3 w b  ch 
w a s  a t t r ib u te d  to  d o se  m o d iG ca tio n s  o f  c a p e d ta b ín e  in  t tie 
la t t e r  ca se . U se  w i th  d o c e ta x e l, a n d  p re v io u s  c h e m o th  ;r- 
a p y - ịn d u c e d  s to m a titis  w e r e  ỉo u n d  to  b e  s ig n ilic a n t r s k  
fac to rs  fo r  i ts  o c c u rre n c e .3 T h e  o n ly  e ữ e c tiv e  m a n a g e m t n t  
is t r e a tm e n t  in te r ru p t io n  a n d  d o se  m o d iũ c a tio n .4 Supp ' ir- 
t iv e  m e a s u re s  to  r e d u c e  p a ln  a n d  d isc o m ío n  a n d  p r e v tn t  
s e c o n d a ry  in íe c tio n  a re  I m p o r ta n t .5 G e n e ra l re c o m m e n d  íd  
s tra te g ie s  i n d u d e  s u b m e rs io n  o f  h a n d s  a n d  fe e t  in  ơ 'ld  
w a te r ,  v v o u n d  ca re , a n d  a v o id a n c e  o f  e x tre m e  te m p e ra t t  re 
c h a n g e s , t ig h t- ỉ ĩ t t in g  d o th in g ,  o r  s k in  ừ ic tio n . E m ollit n t  
c re a m s  m a y  b e  o f  b e n e li t  fo r  b o th  p ro p h y la x is  a n d  ư e  It- 
m e n t .  O th e r  s tra te g ie s  th a t  h a v e  b e e n  p ro p o se d  i n d u i e  
th e  u se  o f  a m iỉo s tin e ,  to p ica l o r  sy stem ic  c o rtico ste ro i ls, 
a n d  n ic o t in e  p a tc h e s ;  h o w e v e r ,  u se  o l  th e se  d ru g s or 
c a p e d ta b ỉn e - in d u c e d  h a n d -fo o t  sy n d ro m e  re m a in s .u n p io -  
v e n . w h i l e  p y r id o x in e  c a n n o t  be  rec o m m e n d e d  or 
p ro p h y la x is . so m e  c o n s id e r  it  a  re a s o n a b le  ch o ic e  fo r tre  It- 
m e n t ,  s in c e  b e n e f it  h a s  b e e n  r e p o n e d  w ith  its  u se  w  th 
to p ic a l e m o llíe n ts .4 C o n c u r re n t  ư e a tm e n t  w ith  celeco; ib 
h a s  b e e n  re p o r te d  to  re d u c e  th e  in d d e n c e  o f h an d -fc  ot 
s y n d ro m e  in d u c e d  b y  c a p e d ta b in e .6-7 F o r r e íe re n c e  to  t le  
u s e  o f v i ta m in  E to  a lle v ia te  p a lm a r-p la n ta r  e ry th ro c y -  
ses th e s ia  s y n d ro m e  c a u se d  b y  c a p e c ita b in e  a n d  d o c e ta x  ỉl, 
s e e  C h e m o th e ra p y - in d u c e d  T o x id ty , u n d e r  U ses o f V t- 
a m in  E, p .  2 1 2 0 .1 .

As a r e s u l t  o f  c a p e c ita b in e -in d u c e d  h a n d -fo o t s y n d ro n  e, 
í in g e rp r in t  m is id e n ũ íic a tio n  h a s  b e e n  reported .*-’

1. Abushuỉỉaih s. et a i  Incỉdence and severity of hand-íoot syndromc In 
colorectal cancer patients ưeated with capedubỉne: a single-institut 
experỉence. Carưer ỉ/tvest 2002; 20: 3-10.

2. Park YH, et ai. Hlgh inddence ot severe hand-íoor syndrome dur ng 
capedtabine-docetaxeỉ combinaiỉon chemotherapy. Ann Oncol 2003; .4: 
1691-2.

3. Heo YS, tí  al. Hand-ĩoot syndrome in parients ưeated wỉth capediabii c- 
containing combination chemotherapy. JClin Pharmacol 2004; 4 4 :11 r 6— 
72.

4. Gresscĩt SMe t í  al. Management of hand-íoot syndrome induced by 
capedtabỉne. J  Oncol Phíxrm Praơ 2006: 12: 131-41.

5. Scheiứiauer w , Blum J. Corning to grips vvith hand-íooi syndror te: 
insights írom  đinical ưials evaỉuatíng capediabine. Otteology (Huntir Ịt) 
2004; 18: 1161-8, 1173.

6. Lin Ee t í  al. Eỉíect of cdecoxíb on capedubine-induced hand-í >01 
syndrom eand antỉtum or aoỉvity. Oncology (HuntirtỹỊ) 2002; 16 (12 su ipl 
14): 31-7.

7. Lỉn EHe tí  al. Reưospective study oỉ capedtabine and ceỉecoxỉb in 
m custatic colorectal cancer potentiaỉ beneâts and COX-2 as be 
common m ediator in pain. toxỉdties and survỉvaỉ? Am J  Clin Oncoỉ 20 16; 
29: 232-9.

8. Garáa-Saénz JAe tí al. Elcmentary, my dear W auon. J ơ in  Oncol 20' 17; 
25: 1815-6.

9. Wong Me et ai. Travel wam ing wìỉh capedtabine. Ann Oncoì 2009; :ữ: 
12817

P o r p h y r ia .  T h e  D ru g  D a ta b ase  fo r A c u te  P o rp h y ria , COI 1 - 
pU ed b y  t h e  N o n v e g ia n  P o tp h y r ia  C e n tre  {NAPOS) a iid  
th e  P o tp h y r ia  C e n ư e  S w ed e n , classU ìes c a p e d ta b in e  ỈS 
n o t  p o rp h y rin o g e m c ; it  m a y  b e  u se d  as a  d ru g  o f fiis t 
ch o ic e  a n d  n o  p r e c a u tio n s  a re  n e e d e d .1

I. The Drug Database íor Acute Porphyria. Availablc at: http://ww <v. 
drugs-poiphyi1a.org (accessed 29/09/11)

Toxicity. S e q u e n c e -s p e d íic  to x ic ity  h a s  b e e n  re p o r t  d 
w h e n  c a p e d ta b b ie  vvas g iv e n  a íte r  Đ u o ro u racil a n d  ío lir  ic 
a d d ,  see  A d m in is ư a t io n , ab o v e .

T u m o u r ly s is  s y n d ro m e .  A  ía ta l case  o ỉ tu m o u r  ly  is 
sy n d ro m e  (p . 7 3 0 .2 )  h a s  b e e n  re p o r te d  a f te r  t h e  u se  if 
c a p e d ta b in e .1

1. Kurt Me et ơL Tumor lysis syndrome foỉlowing a sỉngle dose of 
capedtabine. Ann Pharmacữther 2004; 38: 902.

Interadions
A s ío r  F lu o r o u r a c i l ,  p . 797.3. A l te re d  c o a g u la t i t  n  
p a ra m e te r s  a n d  b le e d in g  h a v e  o c c u rre d  in  p a tie n ts  ( n  
vvaría rin  o r  p h e n p ro c o u m o n  g iv en  c a p e d ta b in e .  Increasi d 
p h e n y to in  p la s m a  c o n c e n tra tio n s  a n d  sy m p to m s o f to x id  y  
d u r in g  u s e  vvith  c a p e d ta b in e  h a v e  b e e n  re p o r te d . A n ta d  Is 
c o n ta in in g  a lu m in iu m  o r  m a g n e s iu m  h y d ro x id e s  c a u se  a 
sm a ll in c re a se  in  c a p e t í ta b in e  p la sm a  c o n c e n tra tío n . TI e 
m a x im u m  to le ra te d  d o se  o f  c a p e d ta b in e  is re d u c e d  w h e n  it 
is g iv en  w i th  e i th e r  ỉo lin ic  a d d  o r  in te r ie ro n  a lfa . U se w i h  
so ra ỉe n ib  ìn c re a se d  e x p o s u re  to  c a p ec itab in e .

A n tiv ira ls . F o r  r e le re n c e  to  a  ía ta l in te ra c t io n  b e tw e tn  
c a p e d ta b in e  a n d  brivudỉnt, see  A n tiv ứ a ls , u n d e r  In te ra  
t io n s  o f F lu o ro u r a d l ,  p . 7 9 7 .3 .

F o la te . F o r  t h e  su g g e stio n  th a t  a n  in te ra c t io n  b e tw e tn  
c a p e d ta b in e  a n d  in tra c e llu la r ly  r e ta in e d  ío la te  led  o 
in c re a se d  t o x i ã t y  in  p a tie n ts  w i th  c o lo r e a a l  c a n c e r , Sre 
A d m in is tr a t io n , a b o v e .

http://wmr.nice.org.uk/
http://ww
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Pharmacokinetics
C a p e c ita b in e  is  re a d ily  a b s o rb e d  f ro m  th e  g a s tro in te s tin a l  
t ra c t  a n d  p e a k  p lasm a  c o n c e n tra t io n s  o c c u r  a t  a b o u t  1.5 
h o u rs .  F o o d  re d u c e s  t h e  r a te  a n d  e x te r n  o f  a b so rp tío n . 
P la sm a  p r o te in  b in d in g  o f c a p e d ta b in e  is  le s s  t h a n  6 0 % . 
C a p e đ ta b in e  is h y d ro ly s e d  in  th e  l iv e r  to  5 '-d e o x y -5 -  
í lu o ro c y tid in e  (5 '-D F C R ), w h ic h  is t h e n  c o n v e rte d  to  5 '-  
d e o x y -5 - f lu o ro u r id in e  (5 '-D FU R ; d o x iA u r id in e —p . 7 8 2 .3 )  
a n d  s u b s e q u e n t ly  to  th e  a c tiv e  5 - f lu o ro u r a d l  in  b o d y  
tis su e s , Via t h e  e n z y m e  th y m id in e  p h o s p h o ry la s e .  5- 
F lu o r o u ta d l  is t u r th e r  m e ta b o lis e d , a s  d isc u sse d  o n  p . 7 9 8 .1 . 
A b o u t  3 %  o f a  d o se  o f  c a p e d ta b in e  is e x c re te d  in  t h e  u r in e  
u n c h a n g e d .

R e íe re n c e s .
1. Reigner B, et nỉ. Elícct oỉ lood on the  phdnrucokineúcs oí capedtabm e 

and  its raeiabolites foỉlowing oral admỉnistration ln canccr patỉents. Clbi 
Cancer R a  1998; 4: 941-«.

2. Reigner B. t í  ai. Clinỉcal pharmacokinetics oỉ capecitabine. Clin 
Pharmacokintí 2001; 40: 85—104.

Preparations
Propríe tary  Preparations (details a re  g iven  in  V olum e B)

Single-m gredient Preparalions. Arg.: A ped tab ; Capebina; Cape- 
cit; C apectan ; Capeías; Categor; Catepen; D erebeb  Xeloda; Aus- trài: 'X e lo d àr  Austrùr. Xeỉođa; Belg.: X eloda; Braí: Xeỉoda; Canaà.:“ Xelođa; Chile: Xeloda; Chincr. Xeloda (ỉềWỈ&); Cz.: 
Xeloda; Denm.: Xeloda; PitL: Xeloda; Fr.: X eloda; Ger.: Xeloda; Gr.: X eloda; Hong Kong: X eloda; Hung.: Xeloda; Indũr. Cape- 
d te ;  C apiibine; Captabin; Capxcel; Caxeta; N aprocap; Indon.: 
Xeioda; ỉrt.: Xeloda; Israel: X eloda: Ital: X eloda; Jpn: Xeloda; Malaysia: Xeloda; Mex.: Xeloda; Neth.: Capecitastad; Coloxet; 
V opeddex: X eloda; Norw.: X eloda; NZ: Xeloda; Phữipp.: Xelo- 
da; PoL: Xeloda; Port: Xeloda; Rus.: X eloda (Kcenoaa); S-Afr.: 
Xeloda; singapore: Xeloda; Spain: Xeloda; SwetL: Xeloda; Switz.: X eloda; Thai: Xeloda; Turk.: Xeloda; UK: Xeloda; Vkr.: 
X eloda (Kcenoạa); USẦ: Xeloda; Venez.: Xeloda.

P h arm acopoóal Preparations
USP 36: C ap ed tab in e  Tablets.

Carboplatin iBAN, USAN. riNNi 

Carboplatine; Carboplatino; Carboplatinum; CBDCA; JM-8; 
Karboplatiini; Karboplatin; Karboplatina; Karbopiatynà; NSC- 
24)240; KapõorunatviH.
ớs-Diammine(cyclobutane-1,1-dicarboxylato)platinum. 
CsHl2N20 4Pt=371 J  
Ớ5 —41575-94-4.
ATC — L01XA02.
ATC Vet — QL0ĨXA02.
UNII —  BG3F620ND5. .

P tia rm o c o p o e ia s .  In  Chín., Eur. (see  p . v it), a n d  us.
P h . E u r .  8: (C a rb o p la tin ) . A  c o lo u rless , c ry s ta ll in e  p o w d e r . 
S p a r in g ly  s o lu b le  in  vvaten- v e ry  s lig h tly  s o ỉu b le  in  a lc o h o l 
a n d  in  a c e to n e . P ro te c t b o m  lig h t.

U S P  3 6 : (C a rb o p la tìn ) . A  1%  s o lu ú o n  in  w a te r  h a s  a  p H  o f
5 .0  to  7 .0 . S to re  in  a ir t ig h t  c o n ta in é rs .  P ro te c t  h o m  Ilght.

IncompatibilHy. C a rb o p la tin  r e a c ts  w i th  a lu m in iu m  c a u s-  
in g  lo ss  o f  p o te n c y  a n d  fo rm in g  a  p r e d p i ta te .  N eed les, sy r- 
in g es , c a th e te r s  o r  g iv in g  se ts  t h a t  c o n ta in  a lu m in iu m  
s h o u ld  n o t  b e  u s e d  ỉo r  p re p a r in g  o r  g iv in g  c a rb o p la tin .

Stability. A b o u t  5%  o f th e  in itia l c a rb o p la tin  c o n c e n ư a -  
t io n  w a s  lo st o v e r  2 4  h o u r s  w h e n  S o lu tio n s  vvere d ỉlu te d  
in  s o d iu m  c h lo r id e  0 .9 %  a n d  s to re d  a t  2 5  deg rees; le sse r  
a m o u n ts  o f  d e g ra d a tio n  w e re  se e n  a t  lo w e r  s o d iu m  c h lo r-  
ide  c o n c e n tr a t io n s ,  b u t  c a rb o p la tin  w a s  a p p a re n t ly  s ta b le  
o v e r  th is  p e r io d  if d ilu te d  w ith  g lu co se  5 % .‘ T he  a u th o r s  
su g g e s te d  th a t  c h lo r id e -c o n ta in in g  in fu s io n  So lu tions a re  
n o t  su ita b le  fo r  c a rb o p la tin , n o t  o n ly  b e c a u s e  o f  th e  loss of 
a c tiv e  d ru g  b u t  b e c a u se  o f  t h e  p o ssib ility  t h a t  c o n v e rs io n  
to  d s p la t in  m a y  b e  o c c u n in g , w i th  a  r isk  o f  in c re a se d  to x i-  
d t y . 1 T h is  h a s  b e e n  c o n te s te d  b y  th e  m a n u f a c tu r e rs  (Bristol-Myers. USA), w h o  ío u n d  th a t  o n ly  0 .5 %  o r  0 .7 % , 
d e p e n d in g  o n  fo rm u la tio n , o !  a  c a rb o p la tin  so lu tio n  in  
s o d iu m  c h lo r id e  0 .9 % , h a d  b e e n  c o n v e i te d  to  d s p la t in  
a f te r  2 4  h o u r s .2 H ovvever, t h e  to ta l d e g ra d a t io n  o f  c a rb o - 
p la t in  w a s  n o t  m e a su re d . I n  a n o th e r  s tu d y ,  th e  a u th o r s  
c a lc u la te d  t h e  t ũ n e  to  5%  d e g ra d a tio n  o f  c a rb o p la tin  a t  25  
d e g re e s  as  2 9 .2  h o u rs  in  s o d iu m  c h lo r id e  0 .9 %  c o m p a re d  
w i th  5 2 .7  h o u r s  in  vvater.3 T h e y  c o n d u d e d  th a t  c a rb o - 
p la t in  s h o u ld  n o t  b e  d i lu te d  in  s o d iu m  c h lo r id e  0 .9 %  
w h e n  in te n d e d  fo r  c o n tin u o u s  in íu s io n  o v e r  a -p ro lo n g e d  
p e r io d .3 C a rb o p la tin  in  g lu c o se  5 %  w a s  re p o r te d  to  b e  
s ta b le  fo r  7  d a y s  a t  25  d e g re e s  in  PVC b a g s  w h e n  p ro te c te d  
h o m  light.'*

1. C heung Y-W, t í  aỉ. Stabilícy of d ỉplatin . Iproplatin. carboplatín. and 
tetraplatỉn  ỉn  commonly used inưavcnous Solutions. Am J  Hotp Pharm 
1987;44: 124-30.

2. Perrone RK, t í  al. Extern o ỉ tíspladn íorm atíon ỉn carboplatin 
adxnixtures. Am J  Hosp Pharm 1989; 46: 258-9.

3. Aỉỉsopp MA. tí  a i  The degradaóon of carboplatin in aqueous Solutions 
containing chloride or other selected nudeophiles. ừư J  Pharmaeeutìa 
1991:69: 197-210.

4. Diaz Amador F, et aĩ. Stabỉỉlty of carboplatín in polyvinyl cblorỉde bags. 
Am J  Htalth-Sytí Pharm 1998; 55: 602. 604.

Uses and Administration
C a rb o p la tin  is a n  a n a lo g u e  o f d s p la t in  w i th  s im ỉla r  a c tio n s  
a n d  uses  (see  p . 7 6 6 .2 ) . I t  is  u s e d  in  th e  t r e a tm e n t  o ỉ  
a d v a n c e d  o v a ria n  c a n c e rs  a n d  o f  sm all-ce ll lu n g  c a n ce r , 
b o th  a lo n e  a n d  c o m b in e d  w ith  o th e r  a n tin e o p la s tic s . I t  h a s  
a lso  b e e n  ư ie d  a s  a n  a l te m a t iv e  to  d s p la t in  in  o th e r  so lid  
tu m o u r s  (see  b e !o w ).

C a rb o p la tin  is gi v e n  b y  in tr a v e n ó u s  in ỉu s io n  o v e r  15 
m in u te s  to  1 h o u r .  In  t h e  U K  a n  in it ia l  d o se  o ỉ  4 0 0  m g /m 2 is 
Iic e n sed  ío r  u s e  as a  sứ ig le  a g e n t  in  p re v io u s ly  u m re a te d  
p a t i e n t ỉ  vvlth n o rm a l r e n a l  íu n c t io n , re d u c e d  b y  2 0  to  2 5 %  
( to  3 0 0  to  3 20  m g /m 2) in  p a tíẹ n ts  w h o  h a v e  p re v io u s ly  b e e n  
ơ c a te d  w ith  m y e lo su p p re s s iv e  t h e r a p y  o r  w h o  h a v e  p o o r  
p e río rm a n c e  s ta tu s . I n  t h e  USA a n  in it ia l  d o se  o f 3 6 0  m g /m 2 
is l ic e n sed  as  a  sin g le  a g e n t  in  p re v io u s ly  t r e a te d  p a tie n ts  
w i th  r e c u t re n t  d isease , a n d  a n  in it ia l  do se  o f 3 0 0 m g /m 2 
w h e n  u se d  w i th  c y d o p h o s p h a m id e  in  p re v ío u s ly  u n t re a te d  
p a tie n ts .

D osage  a d ju s tm e n ts  a re  n e c e s sa ry  in  p a tie n ts  vvith r e n a l  
ím p a irm e n t (see  b e lo w ) a n d  w h e n  c a rb o p la tin  is g iv en  as 
p a r t  o f a  c o m b in a tio n  re g im e n . T h e  do se  in  m g  m a y  b e  
c a lc u la te d  u s in g  th e  C a lv e rt í o rm u la  as d e sc rib ed  u n d e r  
A d m in is tr a t io n , b e lo w . S u b s e q u e n t  d o se s  s h o u ld  b e  
a d ju s te d  ac co rd in g  to  th e  n a d ir  o f  th e  vvhite  ce ll a n d  
p l a t e le t  c o u n ts  (se e  a ls o  B o n e - m a r r o w  D e p re s s io n , 
p . 7 3 0 .3 ) , a n d  s h o u ld  n o t  b e  g iv e n  m o re  h e q u e n t ly  t h a n  
ẽ v e ry  4  w eek s .

A d m in is lr a t ìo n . P h a rm a c o k in e tic  s tu d ie s  b y  C a lv e rt a n d  
c o lle a g u e s1 h a v e  in d ic a te d  th a t  t h e  d o se  o f c a rb o p la tin  to  
p ro d u c e  a de s ire d  a re a  u n d e r  th e  c o n c e n tra t io n - t im e  
c u rv e  (AUC) c o u ld  b e  c a lc u la te d , b a se d  o n  th e  p a tie n t 's  
g lo m e ru la r  ũ l t i a t io n  ra te  (G FR), as:

D o se  in  m g  =  ta rg e t  A U C  X (GFR +  25)

I t  sh o u ld  b e  n o te d  th a t  th e  r e s u l tạ n t  do se  is g ív e n  in  m g  
a n d  n o t  in  m g /m 2. T h is  lo rm u la  w a s  lo u n d  to  b e  u s e h il  in  
p a tie n ts  vvith h ỉg h e r  t h a n  n o r m a l  a s  w e ll as  re d u c e d  GFR. 
S u g g e s te d  ta rg e t  A U C s w e re  5 m g /m L  p e r  m in u te  in  
p re v io u s ly  t re a te d  p a tie n ts  a n d  7 m g /m L  p e r  in in u te  in  
th o s e  w h o  h a d  n o t  p re v ìo u s ly  re c e iv e d  c h e m o th e ra p y . I n  
c o m b in a tio n  th e ra p y  th e  a p p ro p r ia te  AUC v a lu e  d e p e n d e d  
o n  th e  o th e r  d ru g s  u se d : a n  AUC o f  4 .5  m g /m L  p e r  m in u te  
g a v e  a c ce p ta b le  resu lts  w h e n  c a rb o p la tin  w a s  u s e d  w ith  
b le o m y d n  a n d  e to p o s id e  fo r te s t ic u la r  te ra to m a .

H ovvever, d e te rm in a tio n  o f G FR  m a y  b e  a  p ro b le m : 
d e a ra n c e  o f  te c h n e t iu m -9 9 m - la b e lle d  d ie th y le n e tr ia m in e  
p e n ta -a c e t ic  a d d  (DTPA) o r  c h ro m iu m -5 L -la b e lle d  e d e tic  
a d d  is  m o re  a c c u ra te  t h a n  2 4 - h o u r  c re a rin in e  d e a ra n c e ,  
w i th  th e  firs t o f  th e se  m o re  c o n v e n ie n t  t h a n  th e  se c o n d .2 (It 
h a s  b e e n  su g g ested  th a t  c re a t in in e  d e a ra n c e  s h o u ld  n o t  b e  
u s e d  to  e s t im a te  G FR  f o r  t h e  C a lv e r t  e q u a t i o n .3) 
N o n e th e le ss , ra đ io iso to p ic  d e te rm in a tio n  o f  GFR is still a n  
•ela b o ra te  p ro c e d u re , a n d  m a y  b e  less  a c c u ra te  in  c h ild re n  
t h a n  a d u ĩts .4-5 C h a te lu t  a n d  c o lle a g u es  h a  v e  p ro p o se d  
ío rm u la s4,6-7 fo r  d e te rm in in g  d e a r a n c e  of c a rb o p la tin  in  
b o th  a d u lts  a n d  c h ỉld re n .

I t h a s  b e e n  su g g e ste d  th a t  t h e  C a lv e rt a n d  C h a te lu t  
ío rm u la s  a re  n o t  s u lí id e n t ly  a c c u ra te  fo r u se  in  c h ỉ l d r e n ,  o r  
in  a d u lts  w i th  v e ry  se v e re  r e n a l  Im p a in n e n t .  B a y e s ia n  
m e th o d s  a re  t h e  t e c h n iq u e  o f  ch o ic e  vvhere  . s e ru m  
c a rb o p la tin  c o n c e n tra t io n s  c an  b e  m o n ito re d .3 Hovvever, a  
s tu d y  in  c h ild re n  shovved th a t  d o sa g e  b ased  o n  d e te m ũ n a -  
t io n  o f th e  GFR resu lts  in  m o re  c o n s is te n t  c a rb o p la tin  
e x p o s u r e  t h a n  d o s a g e  b a s e d  o n  b o d y -s u r fa c ẽ .*  A 
c o m p a r iso n  o f c a lc u la tio n  m e th o d s  ío r  c a rb o p la tin  d o s in g  
in  c h ild re n  lo u n d  m a rk e d  d iH e re n c e s  w ith  th e  u se  o f 
d i í íe re n t  GFR ío rm u la s .5 GFR c a lc u la tío n s  a c co rd in g  to  
L ég er w ith  t h e  dose  ío rm u la  o f Nevvell, o r  d o se  c a lc u la tio n  
b y  th e  m e th o d  o f  C h a te lu t  w e re  c o n s id e re d  to  h a v e  lo w  b ias  
a n d  o n ly  s m a l l  a g e - d e p e n d e n t  d iK ẹ re n c e s , v v h e re a s  
c a lc u la tio n  m e th o d s  w íth  s e v e ra l  s teps o r  c o n v e rs io n  
p ro c e d u re s  vvere p r o n e  to  c o n s id e ra b le  e ư o r ;  t h e  a u th o r s  
s ta te d  th a t  th e  u s e ỉu ln e ss  o f  d o se  c a lc u la tio n s  b a se d  so le ly  
o n  th e  s e ru m  c re a t in in e  shoulid  b e  c ritica lly  q u e s tio n e d , a n d  
re c o m m e n d e d  th e  u s e  o f  l im ite d  sa m p ỉỉn g  s tta te g ie s , 
th e ra p e u tic  d n ig  m o n ito rìn g , a n d  t h e  p r e d s e  d e te r m in a tio n  
o f G FR .5 T h e re  h a s  a lso  b e e n  a  r e p o r t  ô f  th e  su c ce ss íu l u s e  o f 
t h e  C a lv e rt ỉo rm u la  i n  2  J a p a n e s e  p a tie n ts  u n d e rg o in g  
h a e m o d ia ly s is .’

1. Calvcrt AH. et a i  CaibopUtín dosage: prospective evaluatíon of a simple 
íormula based on renal functíon. ĩ cún Oncoi 1989; 7: 1748-56.

2. MiUvvard MJ, et ai. Carboplatin dosiog based o a  tneasurem eat of rcnal 
hinction—experience at the Pctcr MacCaỉlum Cancer Institute. Aurt N z 
JM ed  1996; 26: 372-9.

3. Duffull SB, Roblnson BA. Cỉỉnical pharm acoỉdnetics and dose 
optỉmisatlon oỉ carboplaÚD. Qin Pharmacokinet 1997; 33: 161-83.

4. Chatelut E  tta l. Popuíatỉoaphannacokỉỉietỉcs ofcarbopỉatỉn ln children. 
Cỉin Phomoeoỉ Ther 1996; 59:436-43.

. 5. W ũ n h w d n  G, et ai. (Uibopỉatỉn dosing In chỉỉđren: caỉculatỉoa by 
diííerenl íocmulae. Onkaloỹie 2011; 34 :1 6 -2 2 ..

6. Chatelut E. tí  ai, Predỉccỉon of carbopiatĩn đearance ữom  Standard 
morphological and biologỉcal patíent characterìstỉcs. J  Natl Cancrr ỉnst 
1995; 87: 573-80.

7. Huỉỉn A. et al. Suivỉ thérapcudque pharmacologỉque de ỉa Sodété 
Fran^aise de Phannacoỉogie e t de Thérapeutíque. Nỉveau đe preuve du 
suỉvỉ thérapeutỉque phannacoỉogique du  carboplatine. Therapu 2010; 
65: 157-62.

8. Thomas H. et aì. Prospective vaỉỉdation of renaỉ-hmctíon-based 
carbopỉatin dosỉng ỉn chỉỉdren w ith  cancen a United Kỉngdom 
Childrcn's Cancer Study Group Trỉaỉ. J  ơ in  Ortai 2000; 18: 3614-21.

9. Oguri T, et ai. Pharmacokỉnetỉc analyâs of carbopỉatỉn in patíents vvith 
cancer who are undergoing hemodỉalysis. Canar ơưmother Pharmacol 
2010; 66:813-17.

A d m in iỉ tra tio n  in  ih e  e M erly . A  re v ie w 1 ỉo u n d  n o  d a ta  to  
su p p o rt  dose  re d u c t ío n  o f  c ã rb o p la tín  b ased  o n  age  a lo n e  
a n d  n o te d  th a t  t h e  u se  o f  t h e  C a lv e rt a n d  C h a te lu t  ỉo rm u -  
las (see A d m in is tra tio n , a b o v e ) allovvs fo r safe a n d  accu - 
ra te  dosing  b y  ta k in g  I n to  a c c o u n t  re n a l  h m c tio n  ch a n g es  
a s so d a te d  w ith  age .

1. Lỉditman SM, t í  aỉ. Intem atỉonaỉ Sodety of Gerỉatric Oncoỉogy 
Chemotherapy Taskíorce: evaluatỉon oỉ chemotherapy ỉn oỉder 
patìents—an anaỉysls of the  medỉcaỉ lỉterature. J  Qin Oncol 2007; 25: 
1832-43.

A d m in is tra tio n  in  r e n o ỉ  im p a irm e n t.  T he  in ỉtia l do se  ol 
carb o p la tin  is u su a lly  d e te r m in e d  u sing  a  ío rm u la  (see 
A d m in is tra tio n , a b o v e ). I f  th is  a p p ro a c h  is n o t  ad o p te d , 
u s  licensed  p r o d u a  in ỉo r m a t ío n  suggests th e  fo llow ing  
in itia l ìn tr a v e n o u s  d o se  o !  c a rb o p la tin , b a se d  o n  c re a tín in e  
c lea ran ce  (CC):
• cc 41 to  59  in L /m in u te :  2 5 0  m g /m 2
• cc 16 to  4 0  m L /m in u te :  2 0 0 m g /m 2
T h e  in d d e n c e  o f  s e v e re  le u c o p e n ia , n e u tro p e n ia ,  o r 
th ro m b o c y to p e n ia  h a s  b e e n  a b o u t  2 5 %  ìn  re n a lly -im p a ire d  
p a tie n ts  vvho re c e iv ed  s in g le -a g e n t ca rb o p la tin  th e ra p y  a t 
th e  abo v e  doses. T he  d a ta  fo r  p a tie n ts  w i th  m o re  severe  
r e n a l  im p a i rm e n t  a re  to o  l im ite d  to  a llo w  d o sa g e  
rec o m m e n d a tio n s .

M a lig n a n t n e o p la s m s .  A  p r e lỉm in a ry  revievv1 o f carbo- 
p la tin , c o n d u d e d  th a t  i t  w a s  a c tiv e  in  o v a ria n  ca n ce r  
(p . 711 .2 ), vvith sim ila r  i e s p o n s e s  to  th o se  s e e n  w ith  d s -  
p laú n ; its a c tiv ity  in  sm a ll-c e ll  lu n g  c a n c e r  (p. 710 .2 ), 
se m in o m a , a n d  sq u a m o u s  ce ll c a rd n o m a s  of th e  h e a d  a n d  
n e c k  se em e d  lik e ĩy  to  b e  c o m p a ra b le , vvhereas re su ỉts  in  
g a sư o in te s tin a l  a n d  b r e a s t  c a n ce rs , ly m p h o m a s  a n d  leu - 
k aem ias, m e la n o m a , m e s o th e lio m a , re n a l c a rd n o m a , a n d  
sa rcom a w e re , g e n e ra lly  u n im p re ss iv e . A  su b se q u e n t 
revievv2 su g g e ste d  th a t  i n  te s t ic u la r  can cer, w h e te  th e re  
w as a  p r o s p e a  o f cu re , d s p la t in ,  vvhich a p p e a re d  to  give 
b e tte r  resu lts  in  so m e s tu d ie s  s h o u ld  b e  p re íe rre d . H ow - 
e v er, in  o v a ria n  ca n ce r , v vhere  t re a tm e n t  w a s  la ig e ly  pal- 
liative, c a rb o p la tin  h a d  th e  a d v a n ta g e  of b e in g  b e tte r  to le r- 
a te d . A  íu r th e r  r e v ie w 3 o f  ra n d o m ise d  s tu d ie s  c o n c u rre d  
th a t  c a rb o p la tin  vvas e q u iv a le n t  to  d s p la t in  in  su b o p tỉ-  
m ally  d e b u lk e d  o v a ria n  c a n c e r  a n d  ex ten s iv e -s ta g e  sm all- 
cell lu n g  c a n c e r , a n d  vvas in íe r ìo r  to  d s p la t in  in  te s tic u la r  
can cer. I t  w a s  a lso  c o n c lu d e d  th a t  ca rb o p la tin  w as in íe r io r  
to  d s p la tin  in  h e a d  a n d  n e c k  a n d  o eso p h ag e a l ca n ce is . 
T h e re  w as in s u f f id e n t  c o m p a ra tiv e  e v id en ce  fo r o th e r  can - 
c e n  for w h ic h  d s p la t in  h a s  a  ro le .

1. W agsufỉ AJ. a  tì .  C arboplaún: a prelím inarr rcvỉcw  of iu  
pharmacodynamỉc and pharmacokỉnetic propertỉes and therapeutic 
ẽffìcacy ỉn the treatm ent of cancer. Drugs 1989; 37: 162-90.

2. Anonymous. Cisplatin o r carboplatin for ovaiian and testỉcular cancer? 
Drug Tha- Bulỉ 1994; 32: 62-3.

3. Go RS, Adjei AA. Review oí the comparative pharmacology and dỈDỈcaỉ 
actỉvity of dsplatin and carbopỉatỉn. J  ơừ t Onal 1999; 17: 409-22.

Adverse Effects, Treatment, and Precautions
T h e  a d v erse  e f f e a s  o f  c a rb o p la tin  a re  s im ila r  to  th o se  of 
d s p la tin  (p . 7 6 7 .1 ); n e p h r o to x id ty  a n d  g as tro in te s tin a l 
to x id ty  a re  less s e v ere  t h a n  vvith d s p la t in  a n d  revers ib le  
m y e lo su p p re ss io n  is t h e  d o se -lim itin g  to x id ty ;  p la te le t 
c o u n ts  rea c h  a  n a d ir  be tv v een  14 a n d  21 days a f te r  a  dose. 
vvith reco v ery  vvithin 35 day s, b u t  reco v ery  fro m  leu c o p e n ia  
m a y  b e  slovver. M y e lo su p p re s s io n  m a y  b e  m o re  se v ere  a n d  
p ro lo n g e d  in  p a tie n ts  vvith im p a ire d  re n a l  fu n c tio n . 
C arb o p la tin  s h o u ld  th e r e ío r e  b e  g iv e n  a t  r e d u c e d  doses  to  
th e se  p a tie n ts  a n d  s h o u ld  b e  a v o id e d  if CTeatìnine d e a ra n c e  
is 2 0 m L /m in u te  o r  less. W e e k ly  b lo o d  c o u n ts  a n d  reg u la r  
re n a l  a n d  h e p a tic  lu n c t io n  te s ts  a re  r e c o m m e n d e d  in  all 
p a tie n ts  d u r ín g  th e ra p y . N e u ro lo g ic a l íu n c t io n  in d u d in g  
a ssessm en t o f h e a r in g  s h o u ld  a lso  b e  m o n ito re d .

In d d e n c e  o f  a d v e r s e  e f fe c ts .  T h e  m a n u ía c tu re rs  an a ỉy se d  
th e  a d v erse  e ííe c ts  o f  c a rb o p la tin  i n  s tu d ỉe s  in v o lv in g  710 
p a tie n ts .1 M y e lo su p p re s s io n  w a s  t h e  d o se -lim itín g  to x id ty :  
le u c o p e n ia  o c c u rre d  in  5 5 %  o f th e  e v a lu a b le  p a tie n ts . 
L eu c o p e n ia  a n d  th io m b o c y to p e n ia  resu lt i n  sy m p to m a tic  
e v e n ts  su c h  a s . in íe c tio n  o r  b le e d in g  in  a  m in o r ity  of 
p a tỉe n ts . A n a e m ia  w a s  ừ e q u e n t  (5 9 % ) a n d  re q u ire d  t ta n s -  
ỉu s io n a l s u p p o r t  i n  a b o u t  o n e -ũ f th  o f th e  p a tie n ts . 
N e p h ro to x id ty  a n d  s e ru m  e le c tro ly te  loss w e re  m u c h  less 
o f a  p ro b le m ; n o  h ig h -v o lu m e  ũ u id  h y d ra tio n  o r  e le c tro -  
Iy te  s u p p le m e n ta tio n  w a s  g iv e n  d u r ín g  ư e a tm e n L  V om i- 
tin g  o c c u rre d  in  a b o u t  h a l í  t h e  p a tie n ts , a n d  a  ỉu i th e r  
2 5 %  h a d  n a u s e a  v v ith o u t v o m itin g . P e r ip h e ra l n e u ro to x i-

The Symbol t  denotes a preparation no longer actively marketed
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d ty  was reporteđ in 6% of evaluable patìents and clinical 
ototoxidty occurréd in only 8 cases or about 1% (but see 
also Eữects on the Ears, beIow). Increases in liver enzyme 
values have also been reported, as well as, more rarely, 
alopeda, rash, a Đu-like syndrome, and local effects at the 
injecủon site.

I . Canetta R, t í  aL Caiboplatin: the dinteal spectrum to da te. Cứnar Treat 
Rev 1985; 12 (supplÃ): 125-36.

Effeds on the eors. Carboplatin is less ototoxic than ds- 
platìn, bu t ototoxidty is still common with carboplatin 
w hen used in  high dọses, for example, as pait of condi- 
tioning regimens for bone marrovv transplantation.3-2 
Long-tenn audiometric follow-up has been advised in 
young children given carboplatin-based chemotherapy, as 
ototoxidty may only be evident some years after ưeat- 
m ent.3 There was some evidence that sodium thiosulỉate 
reduced carboplatin-induced hearing loss, when carbo- 
platin was used for CNS malignancy.4-5

1. Preỉỉich Rỉ, et a i  Hearing ỈOS5 in children with brain tumors treaỉed vvith 
dsplarin and carbopĩaiin-based higb-dose chemoiherapy wi!h auto* 
ỉogous bone marrow rescue. Med Pcdiair O naỉ 1996; 26: 95-100.

2. Parsons SK, tí  ai. Severe ototoxiciiy foỉlowing carbopUtin-conuining 
conđitioning regimen íor autologous marrow transplamation ỉor 
neuroblastoma. Bone Marrow Transplant 1998; 22: 669-74.

3. ieb an n e  M. t í  aỉ. Analysỉs o ĩ  ototoxidry in young chỉldren reeeivíng 
carboplatin ỉn the coniext oí conservatỉve m anagemem of uniỉateral or 
bilateral retỉnoblaỉtoma. Ptdiaư Bìood Canar 2009; 52: 637-43.

4. Neuweỉt EA, tí  a i  First evidence oi otoproteciion agiinst carboplaiin- 
ìnduced hearíng loss w ith a two-com panm eni System in patỉents wỉth 
Central nervous System maiignancy using sođium thíosuỉíate. J  
Pharmacoỉ Exp Ther 1998; 286: 77-84.

5. Doolỉnỉe ND, tí a i  Delayed sodium thiosulíate as an oioprotectam 
against carboplatìn-induceđ hearing loss ỉn patients with mallgnant 
brain tum on . ơin  CancerRes 2001; 7:493-500.

Effect$ on the eyes. Cortical blinđness developed in 2 
patients with impaỉred renal íunction receiving high-dose 
carboplatin;1 although 10 cases of visual disturbances in 
patỉents receiving carboplatin had been reponed to the 
manuỉacturers, none oỉ these had sudden blinđness and it 
was thought that the effect represented CNS toxidty in 
the presence of poor renal exaretion. It was conduded 
tha t it was unvvise to give high-dose carboplatin to 
patients whose glomerular íiltration rate is less than 
50mL/minute.

Severe ocular and oibital toxidty has been reported aher 
intracarotid injection of carboplatin for the ưeatment of 
recurrent glioblastomas.2

1. OTỈrien MER. tí al. BUndness assorìateđ with high-dose carboplatin. 
Lancet 1992; 339: 558.

2. W atanabe w, tí a i  Severe ocuỉar and orbitaỉ toxìdty aher imracarotỉd 
ừỳection oỉ caiboplatin ỉo r recurrent gỉioblastomas. Grae/a Arch ơ in  Exp 
Óphthũìmol 2002; 240: 1033-5.

EHeds on the heart. Atrìal Sutter has been reported fol- 
lowing the first dose of a second course of carboplatin.1 
The patient spontaneously reverted to sinus rhythm after 
24 hours.

1. Zakaiỉa s, tí ai. Aỉrial Qutter assođated with carboplatin adminisưatíon. 
A m  Pharmaeother 201 ỉ ;  45: e59.

Effects on the Iddneys. Although carboplatin is reported 
to be much tess nephrotoxic than dsplatin it is not devoid 
of adverse effects on the kidney.1"® Salt wasting nephropa- 
thy (similar to that seen wìth dsplatin),1 and decreased 
creatinine dearance2 and glomerular Elơation rate5 have 
occurred, as has acute renal íaiìure, inđuding in  2 patients 
given intraperitoneal caiboplatỉn4 (although these patients 
had been heavily preưeated with dsplatin). It has been 
suggested that renal toxidty may be morc Iikely at cumu- 
ỉative carboplatin doses of about 750mg/m2 or more,3 and 
there is some evidence to suggest that intensive hydration 
may ameliorate nephrotoxic effects.2

1. W eIbom J, t í  ai. Renal saỉt wasting and caibopỉatỉnum. Arm Intem Med 
1988; 108: 640.

2. Reed E, Jacob J. Carbopladn and renal dyshmctíon. Ann Inlem Med 1989; 
110: 409.

3. Smit BF, tía l. Carboplacin and renal íunction. Ann Intem Med 1989; 110: 
1034.

4. McDonald B R  tí al. Acute renaỉ ỉailure assodated with the use of 
ỉntraperitoneal caiboplatỉn: a report of two cases and revỉew of the 
Qterâture. A m JM td  1991; 90: 386-91.

5. Prenkel J, t í  al. Acute renal íailure ỉn hỉgh dose carboplatin 
cbem otherapy. Mid Pediatr Otuvl 1995; 25: 473-4.

6. Agraharicar M, tí aL Carboplatin-related hem aturia and acute renal 
ỉaiỉure. Am J  Kidnty Dừ 1998; 32: E5.

7. Butani L, tí aỉ. End-stage renal dỉsease after high-dose Girboplatìnum in 
prepaiation of autologous stem  cell transplantatỉon. Pediatr Transpỉant 
2003; 7: 408-12.

8. Tarrass F, et at. End-stage renal disease íollowing carbopiatin 
chem otherapy íor a nasopharyngeal cardnom a. Rai Faiỉ 2007; 29: 
1049-51.

Hyperseitsitivily. In One series, 12% of 205 patients ơea- 
ted w ith carboplatin developed a hypersenãtivity reaction 
after a median oí 8 courses of platinum therapy.1 Symp- 
toms w ere at least moderately severe in half of the 
patíents. Reactions to  dsplatin míght be antidpated in 
patients who have been previously sensitised to carbo- 
platin although they do not necessarily õccur (see 
p. 768.1). In another study.2 patients receiving more than 
7 courses oi carboplatin therapy were given a skin test

b e ío re  e a c h  c o u rs e  in  a n  a t te m p t  to  id e n t ì íy  p a tie n ts  a t 
risk  fo r  h y p e rse n s it iv ity  re a c tio n s .  T h e  te s t  c o n s ỉs te d  o f 
0 .0 2  m L  o t  a n  u n d i lu te d  a liq u o t  o ỉ  th e i r  p la n n e d  in h is io n , 
in je c te d  in tra d e rm a lly  1 h o u r  b e ío re  th e  d o se . A  n e g a tiv e  
sk in  te s t  a c c u ra te ly  p r e d i a e d  th e  a b se n c e  o í  a  h y p e rs e n ã -  
tiv ity  rea c tio n . I n  a  í u r th e r  e x te n d e d  re p o r t3 b y  th e  sa m e  
g ro ú p , t h e  s k in  te s t  h a d  b e e n  g iv e n  ã b o u t  3 0  m in u te s  
b e ỉo re  c a rb o p la tin  doses in  1 26  w o m e n  w h o  h a d  a lre a d y  
rec e iv e d  a t  le a s t  6  c o u rses  o f  a  p la t in u m -b a se d  r e g im e n  for 
a  g y n aeco lo g ỉca l c a n cer . O f 6 6 8  n e g a tiv e  sk in  te s ts . a 
hypersen sitiv ity . re a c tio n  d e v e lo p e d  o n  10 o c c a s io n s  ( in  7 
p a tie n ts ) , g iv in g  a ía ls e -n e g a tiv e  r a te  o f 1 .5 % . N o n e  o f  th e  
r e a c tio n ỉ w e re  se v ere . Of t h e  3 9  p a tỉe n ts  w h o  h a d  a  posi- 
tiv e  sk in  te s t, 7  e lec ted  to  r e c e iv e  th e  d o se  o f  c a rb o p la tìn ; 
6 o f th e s e  d e v e lo p e d  a h y p e rs e n s it iv ity  re a c t io n  b u t  n o n e  
w e re  severe .

T h e  u se  o í  a  d e se n s iiis a d o n  re g im e n  h a s  b e e n  s u c c e s s h i l  
in  a  sm all n u m b e r  of p a tie n ts ,4-5 a lth o u g h  o th e r s  h a v e  n o t 
ío u n d  it u s e íu l .6

1. Markman M. tí  aì. Clinical íeatures oí hypersensỉtivity reactỉons to 
carboplarin. J  Cỉì/t ữncữỉ 1999: 17: 1141-5.

2. lano tti KM. tí  ai. Carboplatin sicin tcsủng: a skin-testing protocol for 
predicũng hypersensitivity 10 carboplaiin chemoỉherapy. J ơirt Oncol 
2001; 19: 3126-9.

3. Markman M. tí  al. Expandcd experíence vvith an imradermal skin test to 
predict íor the presence or absence oí carbopỉatin hyperscnsitivity. J  Ciin 
Oncoỉ 2003;21:4611-14.

4. Markman M. tí ai. ỉnitial experíence vvúh a novel desensiùzation 
strategy íor carboplatin-associated hypersensitiviry reactỉons: carbo- 
plaún*hypersensiliviry reactions. J Cancer Res Cỉin Oncữl 2004:130:25-8.

5. Genc DB, tí aí. Clinical íearures and m anagement of carboplatín-relatcd 
hypenensitivity reaaioos in pediatric low-grade glioma. Support Can 
càneer 2012; 20: 385-93.

6. Lalay-Cousin L, tí a i  Carboplatin hypersensitivity reactỉon in pediatríc 
patỉents vviih low-grade glioma: a Canadian Pediatric Brain Tumor 
Consonlum experience. Canctr 2008; 112: 892-9.

Porphyria. T h e  D ru g  D a ta b ase  fo r  A c u te  P o rp h y ria , c o m - 
p iled  b y  th e  N o rw eg ia n  P o rp h y ria  C e n tre  (N A PO S) a n d  
th e  P o rp h y ria  C e n tre  S w ed e n , d a s s ih e s  c a rb o p la tin  as  n o t 
p o rp h y rin o g e n ic ;  it  m ay  b e  u s e d  as  a  d ru g  o f h r s t  ch o ice  
a n d  n o  p re c a u t io n s  a re  n e e d e d .1

1. The Dntg Database lor Acute Porphyria. Available at: hnp://www. 
dnjgs-porphyria.org (accessed 26/08/1 ỉ)

Pregnancy. F o r  a r e p o n  o f  t h e  su cce ss íu l u s e  o f  ca rb o - 
p la tin -b a se d  c h e m o th e ra p y  d u r in g  p re g n a n c y , w i th  n o  
a d v e rse  e ííe c ts  o n  th e  in fa n t,  see  P re g n a n c y , u n d e r  Cis- 
p la tin , p . 7 6 8 .2 .

Interactions
As fo r  C isp la tin , p . 7 6 8 .2 . W h e n  u s e d  w i th  d o c e ta x e l, 
d e a ra n c e  o f c a rb o p la tin  h a s  b e e n  r e p o r te d  to  b e  a b o u t  50%  
h ig h e r  t h a n  v a lu e s  r e p o r te d  fo r  c a rb o p la tin  m o n o th e ra p y .

Pharmacokinetics
I n tra v e n o u s  c a rb o p la tin  e x h ib its  a  b ip h a s ic  e lim in a tio n  a n d  
is e x c re te d  m a in ly  in  th e  u r in e ,  a b o u t  7 0 %  of a  d o se  b e in g  
e x c re te d  vvith in  2 4  h o u rs , th e  m a jo r ity  in  th e  Grst 6  h o u rs . 
A b o u t a  th ird  o ỉ  a  dose  is e x c re te d  u n c h a n g e d . T h e  te n n in a l  
h a ỉí- ỉife  (as fre e  p la tin u m )  is r e p o r te d  to  b e  a b o u t  6  h o u rs .  
(For th e  e ííe c t  o f  d o c e ta x e l o n  c a rb o p la tin  d e a ra n c e ,  see 
In te ra c tio n s , a b o v e .)  P la tin u m  fro m  c a rb o p la tin  slow ly  
b e c o m e s  p r o te in  b o u n d , a n d  is su b s e q u e n t ly  e x a re te d  vvith a  
haU-liỉe of 5 d a y s  o r  m o re .

R e íe re n c e s .
I. van der Vỉjgh WJF. Clinical pharm acoklnetỉo  of carboplatỉn. Q in  

Pharmocokinet 1991; 21: 242-61.

Preparations
Proprietory Prepo ro tions (details are givcn in Volume B)

Single-ingredient Preporotions. Arg.\ Carbokebin Carboplat; Car- 
boxtie; Omilipis; TCO-Carbo; Betg.: Carbosin; Broz.: B-Plaún; 
Biocarbo; CitopUtìna; Fauldcarbo; Kemocarb; Oncoplatin; Para- 
platin; Platamine; Tecnocarb; Tevacarbo; Vancel; Chile: Onco- 
carbỷ; Paraplatint; China: Bobei (ì&ỹl); Paraplatìn (ítì/KS.): Cz.: Carbomedac; Carbosol; Cydoplatin; Denm.: Caibomedac 
Fin.: Carbosin; Paraplatint; Fr.: Paraplatinet; Ger.: Axicarb; 
Carbo-cell; Carbomedac Haemato-caib; Neocarbot; Ribocarbo; Gr.: Carboplamin; Carboplan; Carbosin; Emorám; Megaplatúi; 
Paraplatin; Vadeplaún; Hong Kong: Paraplaón; Hung.: Cydo- 
platin; Paraplaónt; India: Biocarb; Blastocarb; Blastoplatin; 
Carbokem; Carbopa; Carboplan; Carboteen; Carbotinab Cyto- 
carb; Ducaib; Kaiplat; Kcmocarb; Naproplat; Neocarb; Neopla- 
tin; Oncocarbin; Paraplatin; Indon.: Actoplatin: Carbosũi: Para- 
platint; Irl.: Paraplatínt; ỉtat.: Paraplatin; Malaỵíia: Catbosint; 
Mex: Acoplasic; Bagotaniloỷ; Blastocarb; Boplatex; Carboplat; 
Caibotec Iíacapt; Kemocarb; Paraplatin; Neth.: Carbosúi; NZ: 
Carbaccord; Paraplatint; philipp.: Biovinate; Bonaplatinf; Car- 
bosin; Caibotinol; Crobextint; Kemocarb; Naproplat; Para- 
platint; Pol.: Cydoplatinf; Paraplatint; Port.: Nealorint; Novo- 
platinum; Rus.: Blastocarb (EnacT0icap6); Carbotera (Kapốorttpa); 
Cydoplaán (IỊHKnonnaTHH); Paract (naparr); Paraplatin 
(IlapaxuiaTHH): S.AỊr.: Carbosin; Parapladnt; Singapore: Carboti- 
nol; Paraplatin; Spain: Paraplatia' Sweđ.: Paraplatint; Switz.: 
Paraplatin; Thai.: Blastocarb; Carbosin; Kemocarb; Neoplatứi: 
Paraplatìn; Turk.: Carbodex; Carbosin; Carmen; Paraplatint;

Platinw as; UK: P araplatin ; USA: Paraplatin; Venez.: Bioplati- 
nex ; Oplat.

PhannacopoekH Preparations
B P 2014: C aibop ladn  In jection ;
U SP 36: C aiboplatin  ío r  Injectíon .

Carfi|zotnib ỊUSAN, riNNi
Carfìlzomibum; PR-171; Kap(|)M/ib30Mt<i6. ‘ : 1 '
(25)-N -{(ÌS )-ị-B enzyÌ-2 -[((1S )-3 -m ethy l-H [(2^2-m ethy lox ir-
an-2-y l]carbony l)bu ty l)am ino]-2 -oxoethy lH -m ethy l-2 -({(25)-
2-[(morpholin-4-ylacetyf)amino]-4-phenylbutạnoyl)amino)
pentanamide. ■ ' '
CbH57N50 7=719.9
CAS — 868540-17-4.
UNII — 72X6E3J5AR

Uses and Administration
C a rfíIzo m ib  is a n  ir r e v e r s ib le  in h ib í to r  o í  th e  20S  
p ro te a so m e . a c o re  u n i t  w i th in  th e  26S p ro te a s o m e  (see 
a lso  B o n e z o m ib , p . 7 5 2 .1 ), th a t  d isru p ts  tu m o u r  celì 
t u m o v e r  a n d  in d u c e s  a p o p to sis . I t  is u sed  fo r  th e  tre a tm e n i 
o f m u ltip le  m y e lo m a  (p. 6 9 9 .2 )  in  p a tie n ts  vvho h a v e  
re c e iv ed  a t  lea s t 2  p r io r  th e ra p ie s  i n d u d in g  b o r te z o m ib  and  
a n  im m u n e  m o d u la to r ,  a n d  vvhose d isease  h a s  p ro g ressed  
o n  o r  vv ith in  6 0  d ay s of c o m p le tin g  th e  la s t  th e ra p y  
C arỉilzo m ib  is g iv e n  in tra v e n o u s ly  o v e r  2 to  10 m in u te s  o n  2 
c o n se c u tiv e  day s e a c h  w e e k  to r  3 w e e k s  (d ay s  1, 2, 8, 9, 15 
a n d  16), fo !lo w e d  b y  a 1 2 -d ay  res t to  g iv e  a  28 -day  
t r e a tm e n t  c y d e . In  c y d e  1, a d o se  o f  c a rfi)zo m ib  2 0  m g /m 2 i: 
g iv en . u  to le ra te d , th e  do se  is in c re a se d  in  s u b s e q u e n t  c y d e : 
to  2 7 m g /m 2. T re a tm e n t  m a y  b e  c o n tin u e d  u n t i l  d iseast 
p rogT ession  o r  u n a c c e p ta b le  to x id ty  o ccu rs .

T h e  d o se  o f c a rC lzo m ib  s h o u ld  b e  c a lc u la te d  u s in g  the  
p a tje n t ’s a d u a l  b o d y -su rfa c e  a t  b a se lin e  u p  to  a  m ax ìm u iT  
o ( 2 .2  m 2. D ose  a d ju s tm e n ts  o n ly  n e e d  to  b e  m a d e  w h e n  the  
p a tie n t 's  w e ig h t sh o w s  g re a te r  t h a n  2 0 %  c h a n g e  fro m  the  
p re v io u s  m e a s u re m e n t.

To re d u c e  t h e  i n d d e n c e  a n d  se v e r i ty  o f  in tu s io r  
r e a c tio n s  p re m e d ic a tio n  w ith  d e x a m e th a s o n e  4  m g  o ra lly  O! 
in ư a v e n o u s ly  s h o u ld  b e  g iv e n  b e ío r e  e a c h  d o se  o  
c a rf ilzo m ỉb  in  c y d e  1, a n d  b e ío re  e a c h  d o s e  d u r in g  the 
íirs t c y d e  o f  d o se  e sc a la tio n . P r e m e d ic a tio n  w ith  d e x a  
m e th a s o n e  s h o u ld  a lso  b e  u se d  if in íu s io n  r e a c tio n s  d ev e lo Ị  
o r  r e a p p e a r  in  s u b s e q u e n t  c y d e s .

D oses s h o u ld  be  m o d iíie d  ư t o x id ty  o c c u rs , set 
A d m in is tra t io n  in  S u b s e q u e n t  C y d e s . b e lo w .

R e íe re n c e s .
1. Khan ML. Siew an AK. Cariiliomib: a novel second-generatioi 

protcasome inhibitor. Futurr Oncol 2011: 7: 607-12.
2. Khan RZ. Badros A. Role of cariìliomib in the n eatm em  of multỉpỉ 

myeloma. Expert Rev Hematol 2012; 5: 361-72.

A d m in is tra t io n  in  s u b s e q u e n t  c y d e s .  In tr a v e n o u s  doses  o  
c a rftlzo m ib  s h o u ld  b e  m ó d iíie d  if m a rk e d  to x id ty  o ccu rs  
D oses c a n  b e  d e c re a se d  í ro m  27  m g /m 2 10  2 0  m g /m 2 (om  
d o se  lev e l), o r  f ro m  2 0 m g /m 2 to  1 5 m g /m 2 (o n e  dost 
lev e l). F o r  s p e d h c  to x id t ie s ,  th e  íollơvving a d ju s tm e n ts  art 
r e c o m m e n d e d :

F o r  haem atobgical toxicity (g rad e  3 o r  4  n e u tr o p e n ia  an( 
g rad e  4  th ro m b o c y to p e n ia ) ,  carfi!zo m ib  s h o u ld  b e  vvithheld  
II th e r e  is fu ll r e c o v e ry  b e ío re  t h e  n e x t  s c h e d u le d  dose  
c a rfilzo m ib  m a y  b e  c o n tin u e d  a t  th e  sa m e  d o se . ư  th e r e  i 
r e c o v e ry  to  g rad e  2  n e u ư o p e n ia  o r  g ra d e  3 th ro m b o c y to  
p e n ia , car£U zom ib s h o u ld  b e  re d u c e d  by  o n e  do se  lev e l. I : 
to le ra te d , th e  r e d u c e d  d o se  m a y  b e  in c re a se d  to  th e p r e v io u  ; 
lev e l.

F o r cardiotoxicity (g rad e  3 o r  4 , n e w -o n s e t  o r  vvorsen ing  c : 
h e a r t  ỉa i lu re ,  d e c re a s e d  le f t  v e n tr ic u la r  íu n c t io n ,  o  • 
m y o ca rd ia l i ỉc h a e m ia ) .  pulmonary complicatìons (g rad e  3  0  • 
4 ) , pulmonary hypertension. hepatotoxiãty (g ra d e  3 o r  • : 
in c re a se s  in  l iv e r  t ra n sa m in a se s , b iliru b in , o r  o th e r  live  • 
a b n o n n a li ty ) ,  o r  p e r ip h e ra l  n e u ro p a th y  (g ra d e  3 o r  4). 
c a rfilzo m ib  s h o u ld  b e  v v ith h e ld  u n õ l  to x íd ty  b a s  reso lv e d  o  • 
o rg a n  tu n c t ìo n  h a s  r e tu m e d  to  b a se lin e . A  r e d u c t io n  of 
ca rỉilz o m ib  b y  o n e  d o se  lev e l  sh o u ld  b e  c o n s id e re d  w h e j I 
r e s ta r t in g  ơ e a tm e n t .  u  to le ra te d , th e  re d u c e d  do se  m a y  b  : 
in c re a se d  to  th e  p re v io u s  level.

F o r  renal toxiáty ( se ru m  c re a t in in e  >  tw ice  b a s e l in e '. 
c a rf ilzo m ib  s h o u ld  b e  v v ith h e ld  u n t ìl  r e n a l  íu n c t io n  h a  ỉ 
r e tu m e d  to  g ra d e  1 o r  b a se lin e . u  to x id ty  is d u e  t )  
ca rũ lz o m ib , t r e a tm e n t  s h o u ld  b e  re d u c e d  by  o n e  do se  leve ỉ 
vvhen re s ta r t in g . H ovvever, u  to x ic ity  is n o t  d u e  t ) 
ca rỉilz o m ib , t r e a tm e n t  m a y  b e  re s ta n e d  a t  t h e  p re v ìo u  > 
d o se . If  to le ra te d , th e  r e d u c e d  d o se  m a y  b e  in c re a se d  to  t h : 
p re v io u s  level.

Adverse Effects and Precautions
F o r a  g e n e ra l  o u t l in e  see  A n tin e o p la s tic s , p . 7 2 6 .1 , p . 7 3 0 . ; ,  
a n d p ”  7 3 2 .2 .

T h e  m o s t c o m m o n  a d v e rse  effec ts o f  c a r! llzo m ib  in d u d  ĩ 
ỉa tig u e , íev e r , g a s tro in te s tin a l  d is tu rb a n c e s , a n d  d y s p n o e ; ; 
ư e a tm e n t  sh o u ld  b e  v v ith h e ld  ư  d y sp n o e a  o c c u rs . A n a e m ía

All cross-reíerences reíer to entries in Volume A
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a n d  th ro m b o c y to p e n ia  a re  a lso  v e ry  c o m m o n . T h e  p la te le t  
c o u n t  s h o u ld  b e  m o n ito re d  I re q u e n tly  d u r in g  tre a tm e n t;  
th e  n a d ir  o f  th e  c o u n t  u s u a lly  o c c u rs  a ro u n d  d a y  8. O th e r  
h a e m a to lo g ic a l  to x id t íe s  s u c h  as n e u tro p e n ia ,  ly m p h o p e -  
n ia , a n d  le u c o p e n ia  a lso  o c c u r  c o m m o n ly . N e u ư o p e n ia  a n d  
th ro m b o c y to p e n ia  m a y  b e  d o se  lim itin g .

O th e r  c o m m o n  a d v e rs e  re a c tio n s  in d u d e  p e rip h e ra l  
n e u ro p a th y ,  h e a d a c h e , c o u g h . p e r ip h e ra l  o e d e tn a , p a ú i, 
in so m n ia .  m u s d e  sp asm s, a s th e n ia ,  e le c ư o ly te  d is tu r -  
b a n c es , re s p ira to ry - t ra c t  in íe c tio n s ,  d izz in ess , h y p o a e s th e -  
sia , a n o re x ia .  h y p e rg ly c a e m ia , a n d  In cre a ses  in  b lo o d  
c re a t ìn in e .  A c u te  r e n a l  ía i lu re  h a s  b e e n  re p o r te d .

C a rd io v a sc u la r  a d v e rs e  e ffe c ts  i n d u d e  h y p e r te n s io n , 
m y o c a rd ia ỉ  isc h a e m ia , a n d  m y o c a rd ia l  in ía rc tio n . P u lm -  
o n a ry  h y p e r te n s io n  a n d  n e w  o n s e t  o r  w o rs e n in g  o f  p re -  
e x is t in g  h e a r t  ía i lu re  h a v e  b e e n  re p o n e d .  C arfilzom ib  
s h o u ld  b e  vvdthheld o r  s to p p e d  if s e r io u s  ca rd ia c  e v e n ts  
o c cu r.

I n íu s io n  re a c tio n s  c a n  o c c u r  im m e d ỉa te ly  íollovving, o r  
u p  to  2 4  h o u r s  a íte r ,  ca rf ilz o m ib  a d n ũ n is ư a tio n . R e a c tỉo n s  
i n d u d e  íe v e r ,  ch ills, a r th ra lg ia ,  m y a lg ia , í a d a l  Q ush ing , 
íac ia l o e d e m a ,  v o m itin g , tv e a k n e ss , d y sp n o e a , h y p o te n s io n , 
sy n c o p e , c h e s t  t ig h tn e ss , o r  a n g in a .  D e x a m e th a s o n e  s h o u ld  
b e  g iv e n  b e to r e  c a rũ lz o m ib  in fu s io n s , see  U ses a n d  
A d m in is ơ a tìo n , p . 7 6 0 .3 .

T u m p u r  ly sis  s y n d r o m e  h a s  b e e n  r e p o r te d  w i th  
c a rf ilz o m ib ; p a tie n ts  vvith m u ltip le  m y e lo m a  a n d  a  h ig h  
tu m o u r  b u r d e n  m a y  b e  a t  in c re a se d  risk . If  tu m o u r  lysis 
s y n d to m e  o cc u rs , ư e a tm e n t  s h o u ld  b e  i n te r ru p te d  u n t i l  
s y m p to m s  h a v e  reso lv ed .

H e p a to to x id ty  m a y  o c c u r  w i th  in c re a se s  in  liv e r  e n z y m e  
v a lu e s  a n d  b iliru b in . H e p a tic  ỉ a i lu re  h a s  .b e e n  re p o r te d . 
L iv e r  e n z y m e s  s h o u ld  b e  m o n ỉ to ie d  f re q u e n tly  a n d  
t r e a tm e n t  v v ith h e ld  fo r  s e v e re  in c re a se s  i n  tra n sa m in a se s , 
b i lừ u b in ,  o r  o th e r  l ỉv e r  a b n o rm a lid e s .

R e a c tiv a tỉo n  o f h e ip e s  z o s te r  h a s  o c c u rre d  a n d  a n tiv ira l  
p ro p h y la x is  s h o u ld  b e  c o n s id e re d  fo r  p a tie n ts  w i th  a  h is to ry  
o f  h e rp e s  z o s te r  in ỉe c tỉo n .

Pharmacokinetícs
C arfllzo m ib  w a s  a b o u t  9 7 %  b o u n d  to  p lasm a  p ro te in s  w h e n  
te s te d  ừi vitro. I t is rap id ly  a n d  e x te n s iv e ly  m eta b o lis e d . T h e  
m a in  m e ta b o lic  pa th v v ay s a re  p e p tid a s e  d e a v a g e  a n d  
e p o x id e  h y d ro ly s is  to  in a c t iv e  m e ta b o li te s .  C y to c h ro m e  
P 4 5 0  iso e n z y m e s  p la y  o n ly  a  m in o r  ro le  ín  th e  o v era ll 
m e ta b o lis m . C arfilzom ib  is ra p id ly  d e a r e d  w ith  a  haU -liỉe  of 
1 h o u r  o r  less  o n  d a y  1 o f  c y c le  1.

Preparatíons
Proprietary Preporations (details are gi v e n  in  V olum e B) 

Single-ingrectient Preporations. USA: Kyprolis.

Carmofur ịriNNi

Carrnoíurum; HCFU; Karrrioíuuri; KapMoộyp.
.5-Fluoro-/ý-hexyl-3,4-dihydro-2,4-dloxo-1-(2H)-pyrimidine-
carboxamide;'ĩ-Hexylcarbámoyt-5-ftuorouracil.
c , ^,4^303=257.3
CAS — 61422-45-5.
ATC —  L01BC04.
ATC Vet — QL01BC04.
UNIÍ-—  HA82M3RA82.

Ptiarmacopoeias. In Chín, and Jpn.
P r o / ĩ / e

Carmotur is an orally active derivative of íluorouracil 
(p. 795.2) and has similar actions. It is used in the adjuvant 
treatm ent of coloreaal and breast cancer, and has alsó been 
used in ovarian cancer. Carmoíur has been associated with 
the development of neurological disorders induding 
leukoencephalopathy. For wamings and recommendations rcgarding the safe prescribing, dispensing, and use of oral 
antineoplastie drugs, see Adminìstration, p. 732.3.
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Preparations
Proprỉetary Preparaiions (detailỉ are given in  V olum e B)

Single-ingredient Preportrtioni. Chừur. M ituro l (H ĨS & ); Fin.: 
M ira íu r t ;  Jpn: M ifuro lf.

Carmustine (BAN, USAN, 4NNI 
BCNll; BiCNU; Carmustin; Carmustina; Carmustinụm; 
Karmustiini; Karmustin; Karmustinas; Karmusztin; NSC- 
409962; WR-139021; KapMyctvtH. 
i3-Bis(2<hloroethyl)-l-nitrosourea. ‘ i ;
( ^ ^ 1 ^ 3 0 2 = 2 1 4 . 0  
CÁS —  154-93-8.
ATC— L01AD01. .
ATC Vet — ÒLoiADOI.
u m  —  U 68W G 3 Ị7 3 Y .

P tia rm a c o p o e ia s .  I n  ơiin., Eur. (see  p .  v ii) , á n d  us.
P h .  E u r .  8: (C a rm u s tin e ). A  yellovvish, g ia n u la r  p o w d e r .  
V e ry  s lig h d y  so lu b le  in  w a te r;  f ree ly  so lu b le  in  d e h y d ra te d  
a lc o h o l;  v e ry  so lu b le  in  d ic h lo ro m e th a n e . I t  m e lts  a t  a b o u t  
31 d e g re e s  w ith  d e c o m p o ã t io n . S to re  a t  a  te m p e ra tu re  o f  2 
d e g re e s  to  8  d e g re e s  in  a ir t ig h t  c o n ta in e rs .  P ro tc c t  f ro m  
lig h t.

U S P  3 6 : (C a rm u stin e ). L ig h t y e l!o w  p o w d e r .  F re e ly  so lu b le  
i n  e th e r .  S to re  i n  a lr t ig h t  c o n ta in e rs  a t  a  te m p e ra tu re  o f  2 
d e g re e s  to  8  d e g re e s . P ro te c t f ro m  lig h t.

Stabilhy. L ic en se d  p r o d u ư  in ỉo n n a t io n  States th a t ,  w h e n  
rc c o n s t itu te d ,  re su ltin g  c a rm u s tin e  S o lu tio n s  ( u n d ilu te d  o r  
h ư th e r  d ilu te d  i n  so d iu m  c h lo rid e  0 .9 %  o r  g lu co se  5 % ) 
a re  s ta b le  fo r 8  h o u r s  a t  r o o m  te m p e ra tu re ,  o r  2 4  h o u r s  a t 
2  d e g re e s  to  8  deg rees , vvh en  p rõ te c te d  f ro m  lig h t. C ar- 
m u s t in e  is a d so rb e d  o n to  PV C g iv ịn g  se ts  a n d  c o n ta in e rs ,  
a n d  p o ly e th y le n e  o r  glass s h o u ld  b è  u se d .

A  s tu d y  h a s  in d ic a te d  th a t  d i lu te d  S o lu tio n s  of 
c a rm u s tỉn e  u n d e rg o  in a e a s e d  d e g ra d a tio n  in  t h e  p re s e n c e  
o (  s o d iu m  b ica rb o n a te , w i th  o n ly  7 3 %  o f t h e  o iig in a l  
c o n c e n tra t io n  o f  c a rm u s tin e  re m a in in g  a í te r  9 0  m in u te s ,  
m u c h  o f  th e  loss b e in g  in  t h e  first 15 m in u te s .1

1. Coỉvỉn M. tí ai. StabUity o( carmustỉne in the presence o ỉ sodỉum 
bicarbonate. Am J  Hosp Pharm 1980; 37: 677-8.

Uses and Administratíon
C a rm u s tin e  is a  c e ll-c y d e  p h a s e  n o n - s p e d f ic  a n tin e o p la s tìc  
b e lo n g in g  to  t h e  n i tro s o u re a  g ro u p  o f  c o m p o u n d s , vvhich  
ấ re  c o n s id e re d  to  f u n c tio n  as  a lk y la tin g  a g e n ts . I t  is b e lie v e d  
to  a lk y la te  D N A  a n d  RNA, a n d  m a y  a lso  in h ib i t  e n z y m a tic  
p ro ce sse s  b y  c a rb a m o y la tio n  of a m in o  ac ids  in  p ro te in s .  
C a rm u s t in e  is u s e d  ìn  th e  t r e a tm e n t  o f  b ra in  tu m o u rs ,  a n d  
in  c o m b in a tio n  c h e m o th e ra p y  fo r  m u ld p le  m y e lo m a . I t 

'm a y  b e  g iv en  a s  s e c o n d - lin e  th e ra p y  in  H o d g k in 's  d isease , 
n o n -H o d g k ứ i's  ly m p h o m a , a n d  so m e  o th e r  m a l ig n a n d e s  
(se e  b e lo w ).

C a rm u s tin e  is  lic e n seđ  ỉo r  u se  as  a  s in g le  a g e n t  e i th e r  a s  a 
s in g le  d o se  o f  1 50  to  2 00  m g /m 2 o r  d iv id e d  in to  doses  o f  75 
to  100  m g /m 2 g iv e n  o n  2 sụ ccessiv e  d a y s . D oses a re  g iv e n  b y  
in t ia v e n o u s  in h is io n  o v e r  1 to  2 h o u rs  in  so d iu m  c h lo r id e  
0 .9 %  o r  g lu co se  5 % . L o w e r  doses  a re  u s u a lly  g iv e n  in  
c o m b in a tío n  th e ra p y . D oses m a y  b e  re p e a te d  e v e ry  6 w e e k s  
p ro v id e d  th a t  b lo o d  c o u n ts  h a v e  r e tu m e d  to  a c c e p ta b le  
lev e ls . S u b s e q u e n t doses m u s t  b e  a d ju s te d  a c c o rd in g  to  th e  
h a e m a to lo g ic a l  re sp o n se  (se e  also  B o n e -m a r ro w  D ep re s-  
s io n , p . 7 3 0 .3 ).

P o ly m e r  im p la n ts  c o n ta in in g  c a rm u s tln e  h a v e  b e e n  
d e v e lo p e d  ío r  im p la n ta tio n  in to  th e  b ra in  ín  th e  lo ca lised  
t r e a tm e n t  o f  h ig h -g ra d e  m a lig n a n t g lio m a  o r  r e c u r r e n t  
g lio b la sto m a  m u lt ì ĩo n n e . E a c h  im p la n t  c o n ta in s  7 .7  m g  o( 
c a rm u s tin e :  u p  to  8  s u c h  im p la n ts  a re  in s e r te d  in to  th e  
c a v ity  le f t  b y  su rg ic a l r e m o v a l o l  th e  tu m o u r .

Atnyloidosis. F o r  m e n d o n  o f  c h e m o th e ra p y  w i th  e p iru b i-  
c in , c y d o p h o s p h a m id e , a n d  c a rm u s tin e  to  su p p re s s  a m y -  
lo id o s is  a íte r  c a rd ia c  t ra n s p la n ta d o n , se e  p . 8 1 9 .3 .

Mdlignant neoplasms. C a n n u s t in e  h a s  b e e n  u s e d  ỉn  c h e -  
m o th e r a p e u t ìc  reg im e n s  f o r  s e v era l m a l ig n a n d e s .  B e c a u se  
o f  its  a b ility  t o  p ass  t h e  b lo o d -b ra in  b a r r ie r  i t  h a s  b e e n  
e x te n s iv d y  u s e d  in  m a l ig n a n t  n e o p la s m s  o f  t h e  b ra in  
(p . 7 0 1 .2 ) .  As a n  e x te n s io n  o í  su c h  u se , c a rm u s tin e -re le a s -  
in g  w a fe rs  h a v e  b e e n  im p la n te d  d ire c d y  in to  t h e  b r a in .1'1 
I n  a  m u lt ìc e n tre  s tu d y 4 i n  p a d e n ts  vvith  r e c u r r e n t  m a lig -  
n a n t  g lio m a , b io d e g ra d a b ỉe  p o ly (c a rb o x y p h e n o x y p ro p a n e /  
s e b a d c  a d d )a n h y d r id e  p o ly m e r  vvaíers c o n ta in in g  c a r-  
m u s t in e  im p la n te d  in to  t h e  b ra in  a ĩ te r  tu m o u r  re s e c tío n  
p r o d u c e d  a  m e d ia n  su rv iv a l  o f  31 vveeks c o m p a re d  w i th  
2 3  w e e k s  fo r  p lac e b o . A  s u b s e q u e n t  sm a ll c o h o r t  s tu d y 5

ỉa ile d  to  fin d  a d e a r  su rv iv a l b e n e h t  a s so d a te d  w i th  w a ỉe r  
im p la n ta tío n  in  r e c u r r e n t  g liom a. a n d  re p o r te d  a  h ỉg h e r  
r a te  o f co m p lica tio n s  in d u d in g  se izu res , c e re b ra l ọ e d e m a , 
CSF leaks, sepsis, a n d  w o u n d  in íe c tío n s . T he  l im ita tío n s  o f 
th is  sm all s tu d y  w e r e  ac k n o w led g e d  b y  th e  a u th o rs ,  a n d  a  
revievv4 th a t  in d u d e d  th e se  s tu d ies  c o n d u d e d  th a t  d e sp ite  
l im ite d  data , c a rm u s tín e  tvaíers d o  p ro v id e  s o m e  su rv ĩv a l 
b e n e ũ t.  A ra n d o m ise d  s tu d y  in  2 4 0  p a tie n ts  t o u n d  th a t  
t te a tm e n t  w i th  c a rm u s tìn e  w afe rs  rẽd u c e d  th e  r isk  o f 
d e a th  b y  2 8 %  c o m p a re d  w ith  p lacebo;7 th is  su rv ỉv a l  
a d v a n ta g e  vvas m a in ta in e d  a t 1, 2, a n d  3 yea rs , v v ith .sta tìs- 
tìca l sign iS cance  a t  3 years.*  T he ad v e rse  e flec t p roĐ le  w a s  
s im ila r  for c a rm u s tin e  a n d  p laceb o  g ro u p s,7 a n d  re tro sp e c -  
t ìv e  rey iew si ’ Eound c a rm u s tin e  w a f e n  to  b e  w e ll  tõ le r -  
a te d  w ith  a  lo w  in d d e n c e  o i  su rg ica l co m p lica tío n s  s u c h  
as  in íe c d o n . H ovvever, i t  w as n o te d  th a t ,  in  so m e  p a tìe n ts ,  
n eu ro lo g ica l sy m p to m s  d ev e lo p ed  d u rin g  a n  a tte m p te d  
ta p e r ín g  o í  d e x a m e th a s o n e  dosage  a íte r  c a rm u s tin e  w i th  
r a d io th e ra p y  a n d  th a t  d o s e  su p e rv is io n  o ỉ  p a tie n ts  is Wíir- 
r a n te d . T re a tm e n t e íte c ts  o r  nec ro sis  ca n  rad io g rap h icaU y  
m im ic  r e c u r re n t  t u m o u r  in  a  p ro p o rtìo n  o f  p a tíe n ts ; ’ 
im p la n ta tío n  o ỉ  vvaíers cau se d  m o rp h o lo g ica l c h a n g e s  o f 
t h e  b ra in  im m e d ia te ly  ad ja c e n t to  th e  im p la n ts .10 T h e re  is 
c o n sid e rab le  in te r e s t  i n  m u ltim o d a l th e ra p y , u s ú ig  a d ju -  
v a n t  tem o z o lo m id e  a n d  rad io th e ra p y  a fte r  s u rg e ty  a n d  
im p la n ta tìo n  of c a rm u s tin e  w afers .1

O th e r  c o n d it ìo n s  m  w h ic h  c a rm u sd n e  h a s  b e e n  u s e d  
i n d u d e  m a l ig n a n t  m e la n o m a  (p. 714 .3 ) a n d  H o d g k m 's  
d isease  (p. 6 9 6 .1 ).

1. Lỉn SH. Iơeỉnberg LR. Cârmustỉne waíers: locaỉlzed deỉỉvery of 
diemoiherapeutỉc agents ỉn CNS maUgnandes. ExpcrtRevAntiamar Ther 
2008; 8: 34Ỉ-59.

2. Aneneỉỉo FJ, tí  a i  Use of Gliadel (BCNU) waỉer in the surgỉcal ữeatm ent 
of maUgnant gỉioma: a 10-year institutìonaỉ experience. A m  Sutịị Ottcoỉ 
2008; 15:2887-93.

3. La Rocca RV. M ehdorn HM. Localized BCNU chemotherapy and  the 
muỉtỉmodal managem ent of maỉỉgnant gỉỉoma. Cun Med R a  opin 2009; 
25: 149-60.

4. Brem H. t í  ai. Pỉacebo-controiled trial oỉ saỉecy and efficacy oí 
ỉntraoperatỉvc controlled delỉvery by biođegradâbỉe poỉymers oỉ 
chemotherapy ỉor recurrent gliomas. Lanctí 1995; 345: 1008-12.

5. Subach BR, tí ai. M orbidỉtyand survivaỉ after l,3-bls(2-chloroethyl)-l- 
nitrosourea wafer impỉantatìon- íbr recurrent glỉobUstoma: a  r e ơ o  
spectỉve case-maiched cohon series. Neurosvrgery 1999; 45: 17-23.

6. Engelhard HH. The role of ỉntemitial BCNU chemotherapy ỉn  the 
treaõnent of m aỉignant glỉoma. Siuy Ntítrol 2000; 53:458-64.

7. Westphal M. t í  tứ. A phase 3 trỉal of locaỉ cheraotherapy with 
bỉodegradable carm ustìne (BCNU) wafers (Gỉladd waỉers) in patỉents 
with primary m alignant glỉoma. Neuro-ứrtal 2003; 5: 79-88.

8. VVestphal M. tí  a i  Gỉiadeỉ w aỉer in initíal surgery ỉor maỉỉgnant gỉỉoma: 
long-tenn foIlow-up of a muldcemer controlled triaỉ. Acta Naavdtir 
(Wỉen) 2006; 148: 269-75.

9. Kleinberg LR. t í  a i  Clinical course and pathologỉc ẵndíngs aher Gỉiadei 
and radỉocherapy ỉor nevvly diagnosed maỉignant glioma: lmplỉcadons 
ỉor patìent manãgement. Canar Im ttí 2004; 22:1-9.

10. Giese A, t í  ai. Pattem  oỉ recurrence foỉỉowỉng locaỉ diem otherapy with 
biodegradable carm usdne (BCNU) impỉants ỉn patíents w ith  glỉoblas- 
toma. J  Neurooncol 2004; 66: 351-60.

Mycosiỉ (ungoides. Topical ap p lic a tio n  of c a rm u s tin e  h a s  
b e e n  used  su ccessh iH y 1' 5 in  e a rly  m ycosis fu n g o id e s  
(p. 698 .3 ). E ry th e m a  a n d  te lan g iec tas ia  w ere  t h e  m o st fre- 
q u e n t  a d v e rsẽ  e íle c ts .

1. Zackheim HS. t í  ai. Topicaỉ carmustíne (BCKU) ỉòr mycosls ỉungoides 
and reiated dỉsorders: a 10-year experỉence. 3 Am Acad Dermatol 1983; 9: 
363-74.

2. Zackheỉm HS. t í  aỉ. Topical carmustine (BCNU) for cutaneous T ceỉl 
lymphoma: a 15-year experlence in 143 padents. J  Am Acad Dcrmatoỉ 
1990; 22: 802-10.

3. Zackheỉm HS. Topỉcal carmusđne (BCNU) ỉor patch/pỉaque mycosỉs 
fungoides. Semin Dermatoi 1994; 13: 202-6.

4. Heald PW, Gỉusac EJ. Unikỉỉonal cutaneous T-cell ỉymphoma: dlnicai 
ỉeatures. therapy, and íollow-up of 10 patíents with a treatm ent- 
responsive mycosỉs ỉungoides varìant. J  Am Acad Dematoi 2000; 42 :283-
5.

5. Zackhóm HS. Topical carmustíne (BCNU) in the treatm ent oí mycosỉs 
íungoídcs. Dtrmatol Tĩưr 2003; 16: 299-302.

Adverse Effeds and Treahnent
F o r  a g e n e ra l  o u t l in e  see A n tlneop lastics, p . 7 26 .1  a n d  
p . 7 30 .2 . D e la y ed  a n d  c u m u la tiv e  b o n e -m a rro w  d e p re s s io n  
ís t h e  m o s t  f r e q u e n t  a n d  se rio u s  a d v e rse  e ffec t of 
in tr a v e n o u s  c a rm u s tin e .  P la te lets  a n d  leu co cy tes  a re  m a in ly  
a tte c te d , vvith p la te le t  n a d in  o c c u rr in g  a t  4  to  5 vveeks a f te r  
a  d o se  a n d  leu c o c y te  n ad irs  a t  5 to  6 w eek s; a l th o u g h  
th ro m b o c y to p e n ia  is u su a lly  m o re  severe , le u c o p e n ia  m a y  
a lso  be  d o s e -l im itin g . O th e r  a d v e rse  e ííe c ts  in c lu d e  
p u lm o n a ry  h b ro s is  (m a in ly  b u t  n o t  e x c lu siv ely  a t  h ig h  
c u m u la tiv e  d o se s— see  also E ữ ects o n  th e  L ungs, p .  7 2 9 .1 ), 
r e n a l  a n d  h e p a d c  d a m a g e , a n d  n e u ro re d n it is .  N a u se a  a n d  
v o m itin g , b e g in n in g  u p  to  2 h o u rs  a f te r  a  dose , is  c o m m o n  
b u t  c an  b e  r e d u c e d  b y  p ro p h y la c tic  a n d e m e tic  th e ra p y . 
V e n o u s  i r r i ta t io n  m a y  fo llow  in tra v e n o u s  in je c tio n  a n d  
trém sien t h y p e rp ig m e n ta tio n  h a s  b e e n  n o te d  a í te r  c o n ta c t  of 
a  so lu tio n  vvith  t h e  sk in . F lu sh in g  o f th e  sk in  a n d  s u ữ ụ s io n  
o f  t h e  c o n ju n c tiv a  m a y  o c c u r o n  ra p id  in tra v e n o u s  in íu s io n . 
H y p o te n s io n , ta c h y c a rd ia ,  c h e s t  p a in , h e a d a c h e ,  a n d  
h y p e rse n s it iv ity  re a c tio n s  h a v e  b e e n  rep o rted .

C o n v u ls io n s , c e re b ra l  o ed em a, a n d  v a rio u s  n e u ro lo g ic a l  
sy m p to m s h a v e  b e e n  re p o r te d  in  p a tie n ts  g iv e n  c a rm u s tin e -  
c o n ta in in g  p o ly m e r  im p la n ts ; a b n o rm a lỉtie s  o f  w o u n d

The Symbol t  denotes a preparation no longer actively marketed
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h e a lin g  a t  t h e  s ite  o f  im p la n ta tio n ,  a n d  a n  in c re a se đ  
in d d e n c e  o í  in tr a c ra n ia l  in ỉe c tio n  h a v e  a lso  b e e n  re p o r te d .

A s w i th  o th e r  a lk y la tín g  a g e n ts ,  c a rm u s tín e  is p o te n tìa l ly  
c a rd n o g e r iic ,  m u ta g e n ic , a n d  te ra to g e n ic .

E f fe d s  o n  th e  e y e s .  O c u la r  t o x id ty  h a s  b e e n  re p o r te d  in  
p a tìe n ts  g iv e n  c á rm u s tin e ,u  a n d  s ẽ e m s  to  b e  m ó rẹ  like ly  
w h ẻ n  g iv e n  in to  th e  c a ro tid  a r t e r y ,u  a l th o u g h  i t  w a s  a lso  
se e n  w i th  h ig h -d o se  in tr a v e n o u s  th e ra p y . T h e re  is so m e  
e v ỉd e n c e  th a t  th e  a lc o h o l d i lu e n t  u s e d  to  p re p a re  c a n n u s t-  
in e  S o lu tio n s  m a y  c o n tr ib u te  to  t h e  r e t in o p a th y .2

1. Shỉngleton BJ, t í  ai. Ocuỉar tox ỉd ty  assodated with high-dose 
caim ustine. Arch Ophíhalmoỉ 1982: 100: 1766-72.

2. Greenberg HS, tí  ai. Imra-*rterial BCNU chemotherapy ỉor treaunent of 
malỉgnam  gỉiomas of the Central nervous System. J Neurtmay 1984: 61: 
423-9.

E ffe d s  o n  th e  lu n g s . S m d ie s  h a v e  ío u n d  a h ig h  in d d e n c e  
o i  ía ta l  p u lm o n a r y  B brosis (see  a lso  E ttec ts o n  th e  L ungs, 
p . 7 2 9 .1 )  in  p a tie n ts  t re a te d  w i th  c a rm u s d n e  fo r  g liom as 
d u r in g  c h ild h o o d ; p a tie n ts  w h o  w e re  tre a te d  b e ío re  5 o r  6 
y e a rs  o f  a g e  w e re  m o re  lik e ly  to  d ie  o f  p u lm o n a ry  tibrosis 
t h a n  th o s e  t re a te d  a t  a  l a te r  a g e .1-2 H ovvever, th e re  a re  
r e p o r ts  o f  p u lm o n a ry  to x id ty  a n d  u p p e r  lo b e  p u lm o n a ry  
íib rosis  o c c u rr in g  in  a d u lts  g iv e n  c a rm u s tin e  a n d  h ig h - 
d o se  c h e m o th e ra p y .3

1. ODrỉscoỉl BR. tí  aỉ. Late carmustỉne lung Rbrosis: age at treaim ent may 
inHuence severỉty and survỉvaỉ. Chest 1995; Ỉ07: 1355-7.

2. Lohanỉ s. tí a i  25-year study of lung Qbrods ĩolỉovving carmustine 
theiapy  íor b n in  rumor in chiỉdtaood. Otest 2004; 126: ỉ 007.

3. Parish JM , tí ai. upper lobe pulraonary Qbrosỉs assodated with hỉgh-dose 
chem otherapy containing BCNU for bone roarrow transplantatỉon. Mayo 
ơ ìn  Proc 2003; 78: 630-4.

E x tra v a s a tio n .  F o r  m e n t io n  o l  th e  u s e  o f so d iu m  b ica rb - 
o n a te  a s  a  s p e d S c  a n ú d o te  a f te r  c a rm u s tin e  e x tra v a sa tio n , 
see  u n d e r  T re a tm e n t  o f  A d v e rse  E ỉíe c ts  o f  A n tin eo p la s tic s , 
p . 7 3 1 .3 .

Precautìons
F o r  r e íe re n c e  to  th e  p re c a u t io n s  n e c e s sa ry  w ith  a n tin e o -  
p las tic s , s e e  p . 7 3 2 .2 . C a n n u s t in e  sh o u ld  b e  u se d  w ith  
e x tre m e  c a u tio n  in  c h íld re n , w h o  a re  a t  p a r t ic u la r  risk  o ( 
se v e re  d e la y e d  p u lm o n a r y  to x id ty .  I t  sh o u ld  a lso  be  u se d  
w ith  c a u tío n  in  p a tie n ts  w ith  r e d u c e d  lu n g  ỉu n c t io n . L u n g  
h in c t ío n  s h o ụ ld  b e  m o n ito re d  b e to r e  a n d  í r e q u e n tly  d u r in g  
th e ra p y . B lo o d  c o u n ts  s h o u ld  b e  m o n ito re d  vveeklý d u r in g  
th e ra p y , a n d  fo r  a t  le a s t 6  w e e k s  a h e r  th e  la s t dose. R en a l 
a n d  h e p a tic  tu n c t ìo n  s h o u ld  a lso  b e  m o n ito re d  pe rio d ica lly .

P a t íe n ts  u n d e rg o in g  c ra n io to m y  ío r  m a lig n a n t g liom a 
a n d  h n p la n ta tio n  o ỉ  c a im u s tin e  w a ỉe rs  sh ọ u ld  b e  m o n ito re d  
d o s e ly  fo r  co m p lica tio n s , i n d u d in g  se iz u res , in ư a c ra n ia l  
in ỉe c tio n s ,  a b n o rm a l w o u n d  h e a lỉn g , a n d  b ra in  o e d e m a . 
B ra in  o e d e m a  a n d  c o m p re s s io n  ( in ư a c e re b ra l  m ass  e ỉíec t)  
d u e  to  t a m o u ỉ  r e c u r re n c e ,  in ỉe c tio n , O I  n e cro sis, m a y  
re q u lre  í u r th e r  su rg e ry  o r  t h e  r e m o v a l  o f  c a rm u s tin e  w afe rs .

H a n d l in g  a n d  d i ỉp o s a l .  C a rm u s t in e  h a s  b e e n  shovvn to  
p e rm e a te  la te x , PVC, a n d  r u b b e r  g lo v es , th e  d e g re e  of p e r-  
m e a t io n  te n d in g  to  in c re a se  w i th  t ỉm e ,1' 5 u p  to  a n  e qu ili-  
b t iu m  v a lu e .2 T h e  p e rm e a tio n  r a t e  a p p e a rs  n o t  to  d e p e n d  
so le ly  o n  g lo v e  th ic k n e ss  a n d  m a te r ia l,  a n d  m a y  b e  d iííe r-  
e n t  fo r  d iữ e r e n t  g loves  m a d e  f ro m  th e  sa m e  m a te ria l.2 T he  
tữ n e  fo r  in it ìa l  p e n e tr a tìo n  w a s  r e p o r te d  to  v a ry  bervveen  
4 .7  a n d  6 6 .0  m in u te s  in  o n e  s tu d y ,2 a n d  g lo v es  c o n ld  be 
c h o s e n  a c co rd in g ly  d e p e n d in g  o n  th e  a n t id p a te d  le n g th  of 
e x p o s u re .  D o u b le -g lo v in g , p a r t ìc u la r ly  w ith  th id c e r  p v c 1 
o r  e th y lm e th a c ry la te 3 g loves , m a y  oH er so m e  ad d itio n a l 
p ro te c tio n .

1. Connor TH, tí  (d. Permeability of latex and  potyvinyl chloride gỉoves to 
cannustine. Am J  tìosp Pharm 1984; 41: 676-9.

2. Thomas PH, Fenton-May V. Protection oữertd  by varỉous gỉoves 10 
cannustỉne exposure. Phãrm J  1987; 238: 775-7.

3. MelỉstrOm GA. t í  aỉ. Barrỉer cỉíect o ỉ gloves agaỉnst cytostatic drugs. Cun  
Probl Dermatol ỉ  996; 25: ỉ  63-9.

Interactions
F o r  a  g e n e ra l  o u tlin e  o f a n tin e o p la s t ic  d ru g  in te ra c tio n s , see  
p . 7 3 3 .3 .

G m e tid in e .  R e d u c tio n s  i n  w h i te  ce ll c o u n ts  a n d  p la te le t 
c o u n ts  w e ll  b e lo w  th o s e  n o rm a l ly  a t t r ib u te d  to  t re a tm e n t  
w i th  c a rm u s tin e  a lo n e  w e re  s e e n  Ù1 6  o f 8  p a tie n ts  rece iv - 
in g  t h e i r  f ii s t  c o u rse  o f  c a rm u s tin e  a n d  c o rtico ste ro id s  
w i th  d m e t id in e  g iv e n  p ro p h y la c tic a lly ,1 a n d  in  9 p a tie n ts  
in  a  í u r t h e r  s tu d y .2 C ứ n e tìd in e  w a s  a lso  re p o r te d  t o '  
e x a c e rb a te  t h e  n e ũ ư o p e n ia  a n d  le u c o p e n ia  in  a  p a tie n t  
r e c e iv in g  lo m u s tin e .3

1. Selker RG, t í  aL Bone-m arrow depresdon with tím etiđỉne plus 
cannustine. N  Engi J  M td  1978: 299: 834.

2. Voỉkỉn R ỉ, tí  a l PoteDÒatioD of carxnustine-cnnial ỉrradiation-induced 
mydosupprcssion by dm etidine. Ardt ỉn trm  M té  1982; 142: 243-5.

3. Hess WA. Komblith PL Combinatỉon oỉ kỉmustỉne and dm etỉdỉne in the 
treatm ent o ỉ a patỉent vvith malỉgnant gUoblastoma: a case reporL Cancer 
Trttữ Rep 1985; 69: 733.

Pharmacokínetícs
I n ơ a v e n o u s  c a n n u s t in e  is rap id ly  m e ta b o lis e d , a n d  n o  
in ta c t  d ru g  is  d e te c ta b le  a ỉ te r  15 m in u te s ;  m e ta b o li te s  h a v e  a  
m u c h  lo n g e r  h a lf - tife  a n d  a re  p re s u m e d  to  b e  re sp o n s ib le  fo r 
its  a c tiv ity . I t  is m a in ly  e x a e t e d  in  t h e  u r in e ;  so m e  is a lso  
e x c re te d  as  c a rb o n  d io x id e , v ỉa  t h e  lu n g s . C a rm u s tín e  
re a d ily  c ro sses  t h e  b lo o d -b ra in  b a rr ie r ,  a p p e a r in g  in  C SF in  
su b s ta n tỉa l  c o n c e n tra t io n s  a lm o s t im m e d ia te ly  a ỉ te r  in ư a -  
v e n o u s  in je c tio n .  C a rm u s t in e  d iffu ses  f ro m  p o ly m e r  
im p la n ts  i n to  s u r r o u n d in g  b ra ln  t issu e ; h o w e v e r ,  tis su e  
a n d  p lasm a  c o n c e n t ta t io n s  a f te r  im p la n ta tio n  h a v e  n o t  b e e n  
d e te n n in e d .

Preparations
Propnetary Preparotiom (details a re  given in  V olum e B)

Single-ingredient PrepomHons. Arg.: BiCNU; Austral.: BiCNU; 
Gliadel; Auítria: Carm ubris; Braz.: B ecenun; Canad.: BiCNU; 
Chile: BiCNU; Cz.: BiCNU; F r.: BiCNU; GUadel; Ger.: C aim u- 
b ris t; Gliadel; G rBiCNU; C arm ubrú ; Gliadeb N itruraon; Hung.: BiCNU; IrL: BiCN Ut; Gliadel; Israel: Gliadel; ĨÍÓL: Glia- 
del; Jpn: G liadel; Malaysừt: Gliadel; Mex.: BiCNU; Neth.: Glia- 
del; NZ: BiCNU; Pháipp.: BÍCNU+; Port.: Gliadel; S.Afr.: 
BiCNUt; Gliadel; singapore. BiCNl); Gliadel; Spain: Gliadel; Thai.: G liadelt; Turk.: N itm m on; UK: Gliadel; USA: BiCNU; 
Gliadel; Venex.: BiCNU.

Pharmocopoetal Preparations
U SP 36: C arm ustine  for In je a io n .

Catumaxomab (riNNi
Catumaxomabum; KaĩyMaKCOMaố.
ImmunogỊobulin G2a, anti-(human antigen 17-1A) (mouse 
monodonal Ho-3/TP-A-Ol/TPBsOl heavy Chain), disulfìde 
with mouse monodonal Ho-3/rP-A-Ò1/TPBs0l light Chain, 
disulfide with immunoglobulin G2b antKhuman CD3 
(antigèn)) (rat monodonấl 26/ll/6-lJ2/JPBs01 heavy Chain), 
bidisuthde vvith rat monodonal 26/11/6-12/TPBsOl light 
Chain.
CAS — 509077-98-9.
ATC—LO1XC09.
ATC Vet —  QL01XC09.

Uses and Administration
C a tu m a x o m a b  is a  r a t -m o u s e  h y b r id  m o n o d o n a l  a n tib o d y  
th a t  is s p e d ũ c a l ly  d i r e a e d  a g a in s t  th e  e p ith e lia l  cell 
a d h e s io n  m o le c u le  E pC A M , w h ic h  is o v e re x p re s se d  in  m o st 
c a rd n o m a s . a n d  th e  CD 3 a n tig e n ; a  th ir d  b in d in g  site  
e n a b le s  in te r a c t io n  vvith accesso ry  im m u n e  cells . T hese  
b in d in g  p ro p e r t ie s  in d u c e  a r e a c tio n  a g a in s t t u m o u r  cells 
w h ic h  in d u d e s  T -cell a c tiv a tio n , a n tib o d y -d e p e n d e n t  cell 
m e d ia te d  c y to to x id ty ,  c o m p le m e n t-d e p e n d e n t  c y to to x i-  
d ty ,  a n d  p h a g o c y to s is .

C a tu m a x o m a b  is u se d  fo r  t h e  in ư a p e r i to n e a l  t r e a tm e n t  
o f m a l ig n a n t  a s d te s  in  p a tie n ts  w i th  E p C A M -positive  
c a rd n o m a s  v vhere  S ta n d ard  th e r a p y  is n o t  a v a ila b le  o r  n o  
lo n g e r  ỉea s ib le . C a ru m a x o m a b  is d ilu te d  vvith so d iu m  
c h lo rid e  0 .9 %  in  p o ly p ro p y le n e  sy rin g e s  b e lo re  in íu s io n  Via 
a  c o n s ta n t  in lu s io n  p u m p  System . F o u r  in tra p e r i to n e a l  
in ỉu s io n s  a re  g iv en :
•  f irs t d o se  (d a y  0): lO m ic ro g ra m s  in  lO m L  so d iu m  

c h lo r id e  ( to ta l  v o lu m e  10.1 m L )
•  s e c o n d  d o se  (d ay  3): 2 0 m ic ro g ra m s  ìn  2 0 m L  so d ỉu m  

c h lo r id e  ( to ta l  v õ lu m e  2 0 .2  m L)
•  t h ừ d  d o se  (d a y  7): 50  m ic ro g ra m s in  4 9 .5  m L  so d iu m  

c h lo r id e  ( to ta l  v o lu m e  50  m L)
•  í o u r th  d o se  (d ay  10): 1 5 0 m ic ro g ra m s  in  4 8 .5  m L  s o d iu m  

c h lo r id e  ( to ta l  v o lu m e  50  m L)
A t lea s t  2  d a y s  m u s t  e la p se  b e tv v een  in íu s io n s ;  th is  in te rv a l  
c a n  b e  p ro lo n g e d  in  t h e  e v e n t o í  a d v e rse  rea c tio n s , b u t  th e  
o v e ra ll ư e a tm e n t  p e rio d  s h o u ld  n o t  e x c e e d  2 0  days.

C a tu m a x o m a b  is a lso  u n d e r  in v e s tìg a tio n  fo r  th e  
t r e a tm e n t  o ỉ  g a s tr ic  c a n ce r .

Adverse Effects, Treatment, and Precautions
F o r  g e n e ra l  d isc u ss io n s  see  A n tin eo p la s tic s , p . 7 2 6 .1 , 
p . 7 3 0 .2 , a n d  p .  7 3 2 .2

I n lu s io n -re la te d  re a c tio n s  c h a ra c te r is t ic  o f  a  c y to k in e  
re le a se  sy n d ro m e  ( in d u d in g  íev e r , n a u s e a ,  v o m itin g , chills, 
d y s p n o e a , a n d  h y p o te n s io n  o r  h y p e r te n s io n )  o c c u r  
c o m m o n ly  w i th  c a tu m a x o m a b . A  sy stem ic  in A a m m a to ry  
resp o n se  s y n d ro m e  (SIRS) m a y  a lso  o c c u r; th is  g e n e ra lly  
d e v e lo p s  v td th in  2 4  h o u n  o f  in íu s io n , a n d  m a iũ ĩe s ts  as 
lev e r , ta c h y c a rd ia , ta c h y p n o e a , a n d  leu c o c y to sis . P re m e d i-  
c a t io n  w i th  a n a lg e s ic s ,  a n t ip y r e t ic s ,  o r  N S A ID s is 
r e c o m m e n d e d  a s  p ro p h y la x is  fo r b o th  sy n d ro m e s .

M y e lo su p p re s s io n  is c o m m o n  vvith c a tu m a x o m a b . O th e r  
c o m m o n  a d v e rs e  e ííe c ts  i n d u d e  ta c h y c a rd ia , v e rtig o , 
g a s tro in te s tin a l  d is tu rb a n c e s , h y p e rb il iru b in a e m ia ,  h e p a t-  
itis, e le c tro ly te  im b a la n c e s  (h y p o n a tra e m ia ,  h y p o c a lc a e m ia , 
h y p o k a la e m ia ) ,  h y p e rg ly c a em ia , a r th ra lg ia , m y a lg ia , h e a d -

a c h e , d ữ á n e ss , a n x ìe ty ,  ũ iso m h ia ,  a n d  re n a l  d iso rd e rs  su c ỉ  : 
a s  p r o te in u r ia  a n d  h a e m a tu r ía .  Ile u s  a n d  a b d o m in a l p a i i ; 
m a y  b e  se rio u s . S k in  a n d  s u b c u ta n e o u s  re a c tio n s  a re  a lsn  
c o m m o n , a n d  m a y  b e  se v ere . U n c o m m o n  a d v e rs e  e f f e a s . 
w h ic h  m a y  b e  se rio u s , i n d u d e  p u lm o n a r y  e m b o lism . 
p le u ra l  e í íu s io n , a c u te  r e n a l  ía i lu re , c o n v u ls io n s , in te s tin a l  
o b s ư u c t ìo n , g a s tr ic  h a e m o r rh a g e , a n d  e x ư a v a s a tio n . In íe c  ■ 
t io n s  a re  c o m m o n , a n d  c a n  b e  sev ere ; u sé  o f c a tu m a x o m a h  
is n o t  r e c o m m e n đ e d  d u r in g  a c u te  in íe c tìo n .

Preparatíons
Proprietary PreporoHons (detailỉ a re  given in  Volum e.B)

Single-ingredient Preparations. Austria: Rem ovab; Cz.: Rem o 
vab; Denm.: Rem ovab; Fr.: Rem ovab; Ger.: R em ovab; Iri. 
Rem ovab; Israel: Removab; Neth.: Rem ovab; Norur.: Rem ovab Pot.: R em ovab; Port.: R em ovab; Swed.: Rem ovab; UK: Rem o 
vab.

Cediranib IBAN, riN N i

AZD-2171; Cédiranib; Cediranibum; LleflMpaHM6. 
4-[(4-Fluoro-2-methyl-1H-indol-5-yl)oxy]-6-methoxy-7-[3- 
(pyrrolidin-1 -yl)propoxy]quinazoline.
CJ5H27FN4O3=4505 
CAS — 288383-20-0.
LÍNH — NỌU9IPY4K9.

NOTE. T h e  n a m e  R e c e n tin  h a s  b e e n  u se d  as a  tra d e  m a rk  fo ■ 
c e d ira n ib .

Cediranib Maleate IBANM, USAN, riNNMỊ 

ÁZD-2171 maleate; Cédiranib, Maléate de; Cediranibi Maleas, 
Maleàto de cediranib; LịeflnpaHn6a Maneaĩ. 
4-[(4-Fluoro-2-methyl-lH-indol-5-yl)oxy]-6-methoxy-7-0 
(pyrrolidin-1-yl)propoxy]quinazoline(22)-but-2-enedioate. 
C2sH27FN40 3,Q H 40 4= 566.6  
CAS —  857036-77-2. 
u m  — 68AYS9A614.

PrọỊile
C e d ữ a n ib  is a n  i n h ib i to r  o f ty ro s in e  k in a se  a s s o d a te d  w itl I 
th e  v a s c u la r  e n d o th e l ia l  g rovvth  í a a o r  (VEGF) re c e p to r .  I t  i ; 
u n d e r  in v e s t ig a t io n  fo r  t h e  t r e a tm e n t  o f  r e c u r r e n :  
g lio b la sto m a . I t  h a s  b e e n  in v e s tig a te d  lo r  m e t a s t a t i ; 
c o lo re n a l  c a n c e r  a n d  n o n -sm a ll  cell lu n g  c a n c e r  b u t  r e s u l t ; 
w e re  d isa p p o in tin g . A d v e rse  eữ e c ts  in d u d e  h y p e n e n s io n  
a n d  p ro te in u r ia .

R e íe re n c e s .
1. Robertson JD, tí  ai. Phase m  crial of FOLPOX plus bevacirumab c r 

cedưanib (AZD2I7Ỉ) as ũn t-line ưeaưnent of patíents w ith m etasỉau : 
colorecul cancer. HORIZON QL Clin Coiơrecỉal Qanarr 2009; 8: 59-60.

2. Langenberg MH. tí  al. Eĩỉective sưategies íor m anagem ent ( ĩ 
hypenensỉon  aíte r vascular eodothelial growth ỉa a o r  s ỉgna lin ; 
ỉnhíbítion therapy: resuỉts from a phase n  randomizcd, factơria . 
doublc-blind study oí cediranib in patìents vvith advanced solid rumors. ĩ 
Clin Ortcol 2009: 27: 6152-9.
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paditaxeỉ w úh either daiiy oraỉ cediranỉb or pUcebo ỉn ảdvance I 
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C e t u x i m a b  IUSAN, (INNI
C-225; Cétuximab; Cetuximabum; IMC-C225; LỊeTyKCMMaõ.
Immunoglobulin Gi (human-mouse monodónal C22S yl-
chain anti-human epidermal grovvth íactor receptor)
disulRde with human-nriouse monodonal C225 K-chain
dimer.
CAS ~ 205923-56-4.
ATC —  L01XC06.
ATC Vet —  QL01XC06. 
um  — PQX0D8J21J.

S ta b ilìty . C e tu x im a b  2  m g /m L  w a s  p h y sica lly  s ta b le  w h e : 1 

s to re d  fo r  14 d a y s  a t  4  d e g re e s  in  e i th e r  PVC in íu s io n  b a g ; 
o r  t h e  o p e n e d  o r ig in a l  glass v ia l .1 

1. Ikesue H. el al. Slabiliiy of crluxim ab and panitum um ab in glass v ú  s 
and polyvinyl chlonde bags. Am J  Htallh-Syu pharm 2010; 67 :223-6 .

Uses and Administration
C e tu x im a b  is a  c h im e ric  m o n o d o n a l  a n tib o d y  th a t  b in d s  t ) 
t h e  e p id e rm a l grovv th  la c to r  r e c e p to r  (EG FR). S ig n il  
n a n s d u c t io n  th r o u g h  th e  E G FR resu lts  in  a c tiv a tio n  o f  t h : 
p ro te in  e x p re s se d  b y  th e  vvild-type KRAS g e n e  (K irs ten  re t  
s a rc o m a  2 v ira l o n c o g e n e  h o m o lo g u e ) , w h ic h  p la y s a  ro le  Li 
cell grovvth  r e g u la tio n  a n d  a n g io g e n e s is . In  p a tie n ts  w i t  1

All cross-reíerences reíer to entries in Volume A
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KRAS g e n e  m u ta t io n s ,  a c tiv a tio n  o f  t h e  KRAS p ro te in  is 
i n d e p e n d e n t  o f  E FG R  r e g u la t io n  a n d  c e tu x im a b  is 
in effec tiv e . I t  is, h o v v e v e r, u se d  in  t h e  t r e a tm e n t  o f  EGFR- 
ex p re ss in g , KRAS w ild - ty p e , m e ta s ta t ic  co lo re c ta l c a n c e r  
(p. 7 0 6 .3 ). C e tu x im a b  m a y  b e  u s e d  £ irs t-lin e  w i th  
Đ u o ro u ra c il-b a se d  c o m b in a tio n s  s u c h  as  t h e  FO LFOX 
(in fu s io n a l A u o ro u ra c il, ỉo lin ic  ac id , a n d  o x a lip la tin )  o r  
FO LFIRI (A u o ro u ra d l ,  ío lin íc  a d d ,  a n d  ir in o te c a n )  reg i- 
m e n s . I t  is a lso  u s e d  vvith  ir in o te c a n  in  p a tie n ts  r e ử a c to ry  to  
i r in o te c a n -b a s e d  c h e m o th e ra p y ,  o r  a s  m o n o th e ra p y  in  
p a tie n ts  i n to le r a n t  to  ir in o te c a n -b a s e d  reg im e n s  o r  a f te r  
ía i lu re  oí b o th  o x a lip la t in -  a n d  ữ ỉn o te c a n -b a se d  re g ú n e n s . 
C e tu x im a b  w i th  r a d io th e r a p y  m a y  b e  u s e d  fo r  th e  
ư e a tm e n t  o f lo c a lỉy  a d v a n c e d  s q u a m õ u s  cell c a n c e i  o( th e  
h e a d  a n d  n e c k  (p . 7 0 8 .1 ) .  It is a lso  u s e d  w ith  p la t in u m -  
b a se d  c h e m o th ie ra p y  fo r  th e  t r e a tm e n t  o f p a tie n ts  w i th  
r e c u r r e n t  o r  m e ta s ta t ic  s q u a m o u s  ce ll c a rd n o m a  o f  th e  h e a d  
a n d  n e c k , a n d  a s  m o n o th e r a p y  in  th o s e  fo r w h o m  p r ío r  
p la t in u m -b a se d  th e r a p y  h a s  Eailed. I t  is u n d e r  in v e s tig a tio n  
ío r  n o n -sm a ll  ce ll lu n g  c a n c e r  a n d  o th e r  solid tu m o u rs .

F o r  a lỉ in d ic a tio n s ,  c e tu x im a b  4 0 0 m g /m 2 is g iv e n  as  a  
lo a d in g  do se  b y  ỉn ư a v e n o u s  in h is io n  o v e r  2 h o u r s .  T his is 
íollovved b y  o n c e  w e e k ly  m a in te n a n c e  doses  o f 2 5 0 m g /m 2 
g iv e n  o v e r  1 h o u r .  T h e  m a x im u m  in tu s io n  ra te  is 
lO m g /m in . P r e m e d ic a t io n  w ith  a  h is ta m in e  H i-a n ta g o n is t  
a n d  c o rtic o s te ro id s  is re c o m m e n d e d , a n d  p a d e n ts  s h o u ld  b e  
d o s e lỵ  m o n ito re d  fo r  a t  le a s t  1 h o u r  a h e r  th e  e n d  o f th e  
c e tu x im a b  in h is io n .  A  lo w - p ro te in -b in d in g  0 .2 2 -m ic ro -  
m e tre - in - l in e  Đ lte r  s h o u ld  b e  u se d , a n d  th e  in h is io n  g iv e n  
v ía  an- in íu s io n  o r  s y r ỉn g e  p u m p .

In  c o m b in e d  t h e r a p y  fo r  c o lo re c ta l ca n ce r , c h e m o th e r-  
a p y  s h o u ld  n o t  b e  g iv e n  fo r  a t  Iea s t 1 h o u r  a í te r  t h e  e n d  o f 
c e tu x im a b  i n ỉu s io n .  I n  h e a d  a n d  n e c k  c a r d n o m a ,  
c e tu x im a b  th e r a p y  is  s ta r te d  O ne vveek b e ío re  ra d ia tío n  
th e r a p y  a n d  c o n t in u e d  u n t i l  t h e  e n d  o f t h e  r a d ia tio n  
th e r a p y  p e r io d . C e tụ x im a b  is u s u a lly  g iv e n  1 h o u r  b e fo re  
r a d ia tío n  th e r a p y .  W h e n  u se d  as  m o n o th e ra p y . c e tu x im a b  
is c o n tin u e d  u n t i l  d ise a se  p ro g re s s io n  o r  u n a c c e p ta b le  
t o x id ty  o c c u rs .

T h e  I n íu s io n  r a t e  s h o u ld  b e  p e rm a n e n tly  r e d u c e d  in  
p a tie n ts  w h o  h a v e  h a d  a  m ild  to  m o d e r a te  in h is io n  re a c tío n , 
a n d  c e tu x im a b  s h o u ld  b e  im m e d la te ly  a n d  p e rm a n e n tly  
s to p p e d  ư  a  s e v e r e  r e a c t io n  h a s  o c c u rre d  (see  A d v erse  
E ííec ts  a n d  P re c a u t io n s ,  b e lo w ). W h e n  a  s e v ere  a c n e ío rm  
ra s h  h a s  o c c u rre d , t h e  n e x t  dose  s h o u ld  b e  d e la y e d  b y  1 to  2 
w e e k s . A fte r  t h e  f irs t o c c u rre n c e , t h e  fu ll m a in te n a n c e  do se  
m a y  b e  g iv e n  ư  t h e r e  h a s  b e e n  im p ro v e m e n t  in  t h e  rash ;  
a fte r  a  s e c o n d  o c c u r r e n c e  t h e  n e x t  d o se  sh o u ld  b e  d e la y e d  
a n d  re d u c e d  to  2 0 0  m g /m 2; a f te r  a  t h lr d  o c c u rre n c e  th e  n e x t  
d o se  s h o u ld  b e  d e la y ẽ d  a n d  re d u c e d  to  1 5 0 m g /m 2. If th e re  
is n o  im p to v e m e n t  in  t h e  ra sh  w h e n  th e ra p y  h a s  b e e n  
d e la y e d , o r  ư  t h e  r a s h  h a s  o c c u rre d  4  tim es, c e tu x im a b  
s h o ũ ld  b e  s to p p e d .
R e íe re n c e s .
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Adverse Effects, Treatment, and Precauỉions
F o r g e n e ra l  d isc u s s io n s  see  A n tin eo p la s tic s , p . 7 2 6 .1 , 
p . 7 3 0 .2 , a n d  p . 7 3 2 .2 .

A d v erse  e ííe c ts  a s s o d a te d  w ith  c e tu x im a b  i n d u d e  sk in  
r e a a io n s ,  a s th e n ia ,  a n d  g a s tro in te s tin a l  d is tu rb an c e s . S k in  
re a c tio n s  p r e s e n t  m a in ly  a s  a n  a c n e ỉo rm  rash , a n d , i í  sev ere , 
r e q u ir e  d o sa g e  a đ ju s tm e n t  (see  U ses  a n d  A d m in is tra tio n , 
p . 7 6 2 .3 ) . S u n  e x p o s u re  s h o u ld  b e  lim ited . In íu s io n  
re a c tio n s  su g g e s tiv e  o f  a  c y to k in e  re le a se  s y n d ro m e  c a n  
o c c u r, u s u a lly  vvith  t h e  firs t d o se . M ild  re a c tio n s  in d u d e  
ch u is , fev er , a n d  d y s p n o e a ;  s e v e re  r e a c tio n s  in d u d e  
b ro n c h o s p a s m , u r d c a i ia ,  h y p o te n s io n  o r  h y p e rte n s io n , 
a n d  lo ss  o f  c o n s d o u s n e s s ,  a n d  fa ta li t ie s  h a v e  o c c u rre d . 
P r e m e d ic a t io n  vv ith  a  h i s t a m ỉn e  H i - a n ta g o n is t  a n d  
c o rt ic o s te ro id s  is  r e c o m m e n d e d , a n d  d o se  a d ju s tm e n t  m a y  
b e  n e c e s s a ry  (se e  U ses  a n d  A d m in ỉs tra t io n , p .  7 6 2 .3 ). 
C a r d io p u lm o n a ry  a r r e s t  a n d /o r  s u d d e n  d e a th  h a s  b e e n  
r e p o r te d  in  p a t ỉ e n ts  ư e a t e d  vvith c e tu x im a b  a n d  r a d ia tio n  
th e r a p y ,  a n d  c e tu x im a b  s h o u ld  b e  g iv e n  w ith  c a u tio n  to  
h e a đ  a n d  n e c k  c a n c e r  p a d e n ts  w i th  c o ro n a ry  a r te ry  disease , 
c o n g e s tiv e  c a rd ỉa c  ỉa i lu re ,  o r  a r r h y th m ia s .  R a d ia tio n  
d e rm a t i t is  h a s  a ls o  b e e n  r e p o r t e d  w i th  c e tu x im a b . 
C a r d io to x id ty  m a y  b e  in c re a se d  w h e n  c e tu x ỉm a b  is u s e d  
vvith  O u o r o u r a d l.  W h e n  u s e d  vvith  p la t in u m  c o m p o u n d s .

th e  tre q u e n c y  o f s ev ere  Ie u c o p e n ia  o r  s e v e re  n e u tr o p e n ia  
m a y  b e  in c re a se d , lea d in g  to  in íe c tio u s  c o m p lic a tìo n s  su c h  
as  leb rile  n e u tro p e n ia ,  p n e u m o n ia ,  a n d  sepsis. H y p o - 
m a g n e sa e m ia  c a n  occur: p a tie n ts  s h o u ld  b e  m o n ito re d  fo r  
th is  a n d  a c c o m p a n y in g  h y p o c a lc a e m ía  a n d  h y p o k a la e m ỉa  
b e ío re , d u r in g , a n d  ỉo r  u p  to  8  vveeks a h e r  s to p p ìn g  th e r a p y . 
In te rs titía l lu n g  d isease , p u h n o n a r y  e m b o ỉism , d e e p -v e in  
th ro m b o s is , a n d  re n a l  í a i lu re  h a v e  b e e n  re p o r te d  ra re ly . 
C o m m o n  ad v e rse  eữ e c ts  in c lu d e  h e a d a c h e ,  in c re a se s  in  
l iv e r  e n z y m e  c o n c e n tra tio n s , a n d  c o n ju n c tiv itis .

Effects on the nervous System. A  5 4 -y e a r -o ld  m a n  h a d  a 
g e n e ra lis e d  se iz u re  v rith in  13 m in u te s  o f  s ta r tin g  h is  Árst 
in h is io n  o f  c e tu x im a b ;1 h e  h a d  b e e n  p r e t te a te d  w ỉth  
o n d a n s e ư o n , ra n it íd in e , d ip h c n h y d r a m in e ,  a n d  d e x a -  
m e th a s o n e . T h e  a u th o rs  c o n s id e re d  th e  s e iz u re  to  b e  a n  
in ỉu s io n  re a c tìo n .

1. McClellan NK Bell VVA. Seízure activtty during cetuximab iníuslon ỉn  a 
patíent wích mecastatíc colorectaỉ cancer. Am J  Hcalth-Syst Pharm 2012; 
69: 1861-4.

Effects on the skin, hair, and nails. A c n e ío rm  ío ll ic u la r  
ra sh e s  h a  v e  b e e n  re p o r te d  w i th  c e tu x im a b  th e r a p y ;1-2 
les ions w e re  p u s tu la r  a n d  p a p u la r ,2"4 a n d  c o m m o n ly  
o c c u rre d  o n  th e  íace , scalp , c h e s t , a n d  u p p e r  b a c k .1' 5 T h e  
re la tiv e  risk  o f  d e v e lo p in g  h ig h -g ra d e  r a s h  vvas e s tim a te d  
to  b e  o v e r  20  t im e s  g re a te r  i n  p a tìe n ts  g iv e n  c e tu x im a b  
th a n  in  Controls; th e  in tid e n c e  w a s  h ig h e r  i n  p a tie n ts  w i th  
c o lo rec ta l c a n c e r  (1 2 .6 % ) t h a n  i n  th o s e  vvith  o th e r  m alig -  
n a n d e s  (6.6%).6 I t  h ã s  b e e n  s u g g e s te d  th a t  th e r e  is a  re la -  
t io n sh ip  b e tw e e n  ra s h  a n d  r e s p o n s e  to  t h e r a p y  o r  su rv iv a l, 
i.e . th a t  ra sh  m ig h t b e  a  s u r r o g a te  m a r k e r  o f  c e tu x im a b  
ac tiv ity ;7-* d o u b lin g  th e  c e tu x im a b  d o se  in  p a tie n ts  
vv ithou t s ev ere  in itia l sk in  r e a c t io n s  is r e p o r te d  to  in c re a se  
t h e h  resp o n se  ra te  to  th e ra p y .’  A  fe w  c a se s  o f  le n g th e n ỉn g  
e y e la sh  a n d  eyebrovv h a ir 10 a n d  a b n o rm a l  grovv th  o f  c h e s t  
h a ir 11 h a  v e  b e e n  d e scrib ed . P a ro n y c h ia  h a s  a lso  b e e n  
re p o r te d ,1-5-12 as  h a v e  in tra o ra l  a p h th o u s  u lc e r s .1

T re a tm e n t  w i th  o ra l  i s o tr e t in o in  SO O m icrogram s/kg  
daily  h a s  b e e n  re p o r te d  to  su c c e s sh il ly  d e a r  a c n e ío rm  sk in  
les io n s  in  2 p a tíe n ts ;  to p ic a l t h e r a p ỵ  w i th  m etro n ỉd a z o le  
0 .7 5 %  g e l  o r  e r y t h r o m y d n  1 %  w a s  a ls o  u s e d . 13 
P ro p h y la c tic  o ra l m in o c y d in e  lO O m g d a ily , s ta r te d  o n  th e  
sa m e  d a y  as c e tu x im a b  a n d  g iv e n  fo r  8  w e e k s , s ig n iS c a n tỉy  
r e d u c e d  to ta l  ỉ a d a l  les io n  c o u n ts  i n  t h e  firs t 4  vveeks w h e n  
c o m p a re d  w ith  p laceb o ; th is  d iffe re n c e  ta p e r e d  b y  th e  e n d  o f 
8  vveeks o f  ơ e a tm e n t.  T op icaĩ t a z a r o te n e  shovved  n o  d in ic a l  
b e n e fít a n d  c a u se d  Iocal i r r í ta t lo n  th a t  ío rc e d  ta z a ro te n e  to  
b e  s to p p e d  in  m a n y  p a tie n ts .14

S o m e h a v e  su g g ested  th a t  t h e  d in ic a l  S n d ỉn g s  o f 
p a p u lo p u s tu la r  ra sh , n a il  a n d  p e r iu n g u a l  a b n o n n a li tie s ,  
a lte ra tio n s  in  h a ir  te x tu r e  a n d  grovv th , a n d  d ry  sk in  a n d  
p m ri tu s ,  c o n s ti tu te  a  sy n d ro m e  u n iq u e  to  t h e  e p id e rm a l 
grovvth t a d o r  re c e p to r  (EGFR) in h ib ito rs ,  b e lie v e d  to  b e  d u e  
to  EG FR in h ib itio n  in  th e  e p id e rm is ,  h a i r  loU ide, a n d  n a fl  
m a tr ix .15 A  re tro sp e c tiv e  s tu d y “  o f  p a tie n ts  U e a ted  w ith  
EGFR in h ib ỉto rs  (e r lo tin ib . c e tu x ũ n a b , o r  p a n itu m u m a b )  fo r  
m o rè  t h a n  6  m o n th s  ío u n d  th a t  a ll p a tie n ts  h a d  c u ta n e o u s  
a d v e rse  e ííec ts . H o w e v e r, t h e  ừ e q u e n c y  o f  sk in  c h a n g e s  
a ris in g  h o m  lo n g -te rm  u se  w a s  d iữ e r e n t  to  e tte c ts  s e e n  so o n  
a fte r  ữ e a tm e n t ;  th e  i n d d e n c e  o f  lo llic u litis  d im in is h e d  o v e r  
t im e , v v h ereas  p a r o n y c h ia ,  s k in  d r y n e s s ,  a n d  h a i r  
m o d iũ c a tio n s  b e c a m e  m o re  p r e d o m in a n t .

E ry th e m a  a n d  ỉo ca l e p id e rm o ly s is , p ro g re s s in g  to  se v ere  
ra d ia tio n  d e rm a titis  w i th  n e c ro s is , h a s  b e e n  re p o r te d  in  
p a tie n ts  g iv e n  ra d ia tio n  th e r a p y  vvith  c e tu x im a b .17
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2. VValon L  t í  ai. Ểrupdons acnéiformes tndulỉeĩ par le cétuximab. Ann  
Dermatol Venerrol 2003; 130: 443-6.

3. Kimyai-Asadi A, Jih MH. Poilicuỉar toxỉc e ííec tỉ of chim eric 
amỉ-epidermal growth lactor receptor antìbody cetuximab used to 
ưeat human solid tum on. Ardĩ Dermatol 2002; 136: 129-31.

4. Jacot w , tí ai. Acneiỉorm eruptlon induced by epidermal growth ỉactor 
receptor inhibitors in patỉents w ỉth solid mmours. Br J  Dermatoỉ 2004; 
151: 238-41.

5. Montí M. tí  ai. Cutaneous toxidty ỉnduced by qrtuximab. J  ơ in  Oruoỉ 
2003;21:4651-3.

6. Su X  tí  aỉ. Rùk of high-gnde skin rash In cancer patỉents treateđ w ith 
cetuxỉmab—an antibody agaỉnst epldermaỉ growth ỉactor recepton 
systemic [sic] review and meta-analysis. Onaỉagỵ 2009; 77: 124-33.

7. Peréi-Soler R. Saỉtz L. C uuneous adverse eííects w ith HERl/EGPR- 
targeted agents: is there a sỉỉver lining? J  Qin Oncol 2005; 23: 5235-46.

8. Gatzemeíer u , tí  a l  F!rst-cyde rash and survỉval ỉn patíents w ỉth 
advanced non-smaH-cell lung cancer receỉvỉng cetuxỉmab ỉn comblna- 
tíon w ỉth Arst-llne chem othenpy: a  subgroup anaỉysỉs of da ta ỉrom  the 
FLEX phase 3 study. Lanat Q nàl 2011; 12: 30-7.

9. Van Cutsem E, t í  ai. Intrapatỉem  cetuxỉmab dose escaỉatỉon in m etasutic 
coỉorectal cancer accordỉng to  the grade of early sldn reactíon*: the 
randoraỉzed EVEREST study. J  ơ in  Oĩtcoỉ 2012; 30: 2861-8.

10. Dueland s, tí aỉ. Epỉdermal grow th ỉa a o r  receptor ỉnhibitỉoa induces 
txichomegaỉy. Aetạ Oncol 2003; 42: 345-6.

1 ỉ . M ontagut c .e ta ỉ. Abnonnaỉ h aứ  grow th ỉn a patíent w ỉth  head and  neck 
cancer treated w ith the  antỉ-eplđerm aỉ grow th ỉactor receptor 
m onodonaỉ antíbody cetuxiinab. J  Q in Oncol 2005; 23: 5273-5.

12. Boucher KW, t í  ai. Paronychia ỉnduced by cetuxỉmab, an  antíepỉdermal 
growth íactor receptor andbody.. J  Am Acad Damatol 2002; 47: 632-3.

13. G uom er R, t í  al. Successful treatm ent w ith oral tsotretìnoin oỉ 
acneỉỉorm sldn lesions assocỉated w ỉth cetuximab therapy. B rJ  Dermatol 
2005; 153:849-51.

14. Scope A, tí aỉ. Ranđomỉzed double-blỉnd ư ỉal of prophylactìc oraỉ 
mỉnocydine and topical tazarotene ỉor cetuxiỉnab-assodated acne-like 
eruptỉón. J Qin Onal 2007; 25: 5390-6.

15. Lacòuture ME. Laỉ SE. The PRIDE (Papulopunules and/or paronychỉa, 
Regulatory abnormaỉỉtỉes of haỉr grovvth. itchỉng, and Dryness due to 
Epidennal growth íacỉor receptor ỉnhibỉton) syndiome. Br J  Dermatữl 
2006; 155: 852-4.

16. Oâo K tía L  Cutaneous side-effects ỉn padents o a  long»term treatm ent 
wỉth epidennaỉ growth ỉactor receptor Inhibỉtors. Br J  Drrmatoi 2009; 
Ỉ6 Ỉ: 515-21.

17. Budach w, tí ai Severe cutaneous reactỉon durtng mdỉatỉon therapy 
wỉth concuRent cetuxỉmab. N  Ertgl J  Mcd 2007; 357: 514-5.

HypersensHiviiy. F o r l im ite d  d a ta  p o in tm g  to  a  la c k  o ỉ  
c ross-sensitiv ity  betvveen  c e tu x im a b  a n d  p a n itu m u m a b , 
s e e  H ypersensitiv ity , u n d e r  P a n i tu m u m a b , p . 8 4 3 .2 .

F o r  a  rep o r t  o f a  g e n e ra lis e d  s e iz u ie  c o n s id e re d  to  b e  a n  
in ỉu s io n  reã c ú o n , seẽ  E S ects o n  th e  N e rv o u s  S ystem , a b o v e .

Hypomagnesaemia. A  p a ú e n t  g iv e n  c e tu x im a b  d e v e lo p e d  
p r o ío u n d  h y p o m ag n e sa e m ia , r e q u ũ in g  in ơ a v e n o u s  su p -  
p le m e n ta tìo n  w ith  u p  to  10 g  m a g n e s iu m  s u ỉỉa te  da ỉỉy , 
th ro u g h o u t  th e  d u r a t ío n  of c ẽ tu x im a b  th e ra p y . T his case  
p ro m p te d  a  rev ie w  o f  1 54  p a tìe n ts  t te a te d  w ith  c e tu x im a b , 
o f  w h o m  34 h a d  th e i r  m a g n e s iu m  c o n c e n tra t io n s  m e a -  
s u re d  a t  least o n ce . A m o n g  th e s e  3 4  p a tie n ts ,  6 h a d  g ra d e  
3  a n d  2 h a d  g rad e  4  h y p o m a g n e sa e m ia ;  th is  e q u á te d  to  a n  
in d d e n c e  o f  2 4 %  o ỉ g ra d e  3 /4  h y p o m a g n e sa e m ia . I n  e a c h  
o l  th e se  cases th e  n e e d  fo r  s u p p le m e n ta t ío n  su b s id e d  à h e r  
s to p p in g  ce tu x im a b , w i th  r e s o lu tio n  o f  t h e  h y p o m a g n e s -  
a e m ia  sv ith in  se v era l w e e k s .1 H o w e v e r, i t  w a s  n o t  d e a r  
v v h e th e r  all p a tie n ts  h a d  a n o rm a l  m a g n e s iu m  c o n c e n ư a -  
t io n  be ío re  t re a tm e n t,  n o r  w a s  th e r e  a n y  in d ic a tío n  o f  th e  
m e d ia n  tim e  to  d e v e lo p m e n t o ỉ  h y p o m a g n e sa e m ia .

A n o th e r  re tto sp e c tiv e  re v ie w  o f  1 14  p a tie n ts  d id  a d d re ss  
th e s e  issues.2 I t fo u n d  4 8  p a tie n ts  h a d  n o rm a ỉ  b a se lin e  
m a g n e s iu m  c o n c e n tra tio n s  b e ío re  s ta r tin g  c e tu x im a b . O í 
th e s e  48 e v a lu ab le  p a tie n ts ,  13 d e v e lo p e d  g ra d e  3 o r  g ra d e  4  
h y p o m a g n e sa e m ia  (2 7 % ); m e d ia n  t im e  to  o n se t  o f  g ra d e  
3 /4  h y p o m ag n e sa e m ia  w as 5 .5  m o n th s .  T h e re  w a s  a  
s ig n iS can t a s so d a t io n  be tvveen  d u r a t io n  o f  c e tu x ỉm a b  
th e r a p y  a n d  g rad e  o ỉ 'h y p o m a g n e s a e m ia .  M a g n e s iu m  
re p la c e m e n t th e ra p y  w a s  g iv e n  to  th o se  p a tie n ts  vvith 
g ra d e  3 /4  to x id ty .  In it ia l  a tte m p ts  a t  o ra l  r e p la c e m e n t vvith 
u p  to  1.6 g  m a g n e s iu m  o x id e  th re e  tim e s  d a ily  w e re  
in e h e c tiv e , a n d  in tra v e n o u s  s u p p le m e n ta t io n  w a s  n e e d e d . 
H ovvever, th e  e h e c ts  o f  in íu s io n  d id  n o t  e x te n d  b e y o n d  4 8  to  
7 2  h o u rs, w i th  so m e  p a tie n ts  r e q u ir in g  d a ily  m a g n e s ỉu m  
s u lía te  in ỉu s io n s  of u p  to  lO g  d a ily . P u r th e rm o re ,  i n  so m e  
p a tíe n ts , m ag n e s iu m  s u p p le m e n ta t io n  b e c a m e  less eH ective  
w i th  c o rư in u ed  c e tu x im a b  u e a tm e n t .  Ol 3 p a tie n ts  
e v a lu a b le  ỉo r  r e c o v e ry  h o m  h y p o m a g n e s a e m ia  a h e r  
s to p p in g  c e tu x im a b , 2  w e re  í o u n d  to  c o r r e d  t h e ữ  
m a g n e s iu m  c o n c e n u a t io n s  v v ith o u t su p p le m e n ta t io n  a h e r  
1 m o n th .  Hovvever, 1 p a tie n t  r e q u ứ e d  p ro lo n g e d  a n d  
o n g o in g  su p p le m e n ta tỉo n  for m o re  t h a n  5 m o n th s , a t  4 g  
i iứ u s e d  3 tím e s  w e e k ly  (h av in g  re c e iv e d  8  g  d a ily  w h ile  o n  
c e tu x im a b ) .2 A  p ro sp e c tiv e  s tu d y 3 ỉo u n d  th a t  a  P ro g ressiv e  
d e c re a se  in  s e ru m  m a g n e ã u m  c o n c e n tra t io n s  w a s  s e e n  in  
9 7 %  of p a t i e n ts  a h e r  t r e a tm e n t  w i th  c e tu x im a b ,  
p a n itu m u m a b , o r  m a n m im a b .  T h e  a u th o r s  c o n d u d e d  
th a t  m ag n e s iu m  tv as tin g  vvas s p e d llc a lly  d u e  to  ỉn h ib i t io n  of 
t h e  e p id e rm al grovvth l a a o r  re c e p to r  (EG FR ), a n d ' su g g e ste d  
h y p o m a g n e sa e m ia  m ig h t b e  a  class e íỉe c t  o f  th e  m o n o d o n a l  
an tib o d ies  d i r e a e d  a g a in s t  EG FR. H ovvever, i n d d e n c e  a n d  
se v e r i ty  m a y  v a ry  b e tw e e n  P ro d u c ts . T h e re  w a s  a lso  h ig h  
in te r in d iv id u a l v a riab ility ; in c re a s in g  a g e  w a s  a s so d a te d  
w i th  m ore  se v ere  h y p o m a g n e sa e m ỉa .

1. sdưag  D. et aỉ. Cenudmab therapy and symptomatỉc hypomagnesemỉa. 
J  Ntal Canctr Imt 2005; 97: 1221-4.

2. Fakih MG. t í  al. Cetuximab-ỉnduced hypomagnesemia in patỉents vvith 
colorectal cancer. ơ in  Cứỉontíal Canerr 2006; 6ỉ ỉ 52-6.

3. Tejpar s. tí al. Magnesỉum wasting assodated with epidennal-growth- 
Íactor receptor-targeting antlbodỉes in colorecta! cancen a prospeaive 
$tudy. Larừet Onaỉ 2007; 8: 387-94.

Porphyria. T he  D rug  D a ta b ase  ío r  A c u te  P o rp h y ria , c o m - 
p i le d  by  th e  N o n v e g ia n  P o tp h y ria  C e n u e  (NA POS) a n d  
t h e  P o rp h y ria  C e n tre  S w ed e n , c ỉa ss ih e s  c e tu x im a b  as  n o t  
p o rp h y rin o g e n ic ; i t  m a y  be  u s e d  as  a  d ru g  o f  f irs t ch o ic e  
a n d  n o  p re c a u tio n s  a re  n e e d e d .1

1. The Drug D au b u e  for Acute Porphyrỉa. Avaílable ar: h ttp ://w w w . 
drugs-porphyria.org (accelsetỉ 29/09/11)

Phannacokinetics
T h e  p h a rm a c o k in e tic s  o f  c e tu x im a b  h a v e  b e e n  re p o r te d  to  
b e  n o n - lin e a r  a n d  d o s e -d e p e n d e n t.  S te a d y -s ta te  c o n c e n tra -  
t ỉo n s  a re  re a c h e d  a h e r  3 tv eek s. C e tu x ũ n a b  h a s  a  lo n g  
e lim in a tio n  haU-lU e o f  a b o u t  7 0  to  1 00  h o u rs .

Preparations
Propriekiry Preparalions (details a re  g iven  In  Volum e B)

Single-mgredĩent Preporalions. Arg.: E rb itux ; AustraL: Erbitux; Austrùr. Erbitux; Belg.: ỉrbitux; Braz.: Erbilux; CanaíL: Erbi- 
tu x ; Chũc. Erbim x; Chitur. E ib itux  ( S £ '5 ) ;  Cr.: Erbim x; Denm.: Erbitux; Pin.: E tbitux; PrE rbitux; Ger.: Erbitux; Gr.i 
E rb innc Hong Kottg: E rbitux; Hung.: E rbitux; Iniiar. E rbitux;

The Symbol t  denotes a preparation no longer actively marketed

http://www.nice.org.uk/n%c3%accemedi%e1%ba%a1/pdf/TA
http://www.nice.org.uk/nicemedia/live/12I79/44644/44644.pdf
http://wwwjiice.org.uk/
http://www
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Indon.: E rb itux ; IrL: E rbitux; Israel: E rbitux; ItaL: Erbitux; Malaysia: E rb itux : Mex.: Erbitux; Neth.: E rbitux; Norw.: Erbi- 
tu x : ÁíZ: E rb itux ; Phữipp.: E rb itux ; PoL: E rbitux; PorL: E rbitux; Rus.: E ib itu x  (3p6m yxc); S.Afr.: Erbitux; Singapore: Erbitux; Spain: E rbitux; Swed.: Erbitux; Switz.: Erbitux; Thai.: E rbitux; UK: E rbitux; ưkr.: E rbituks (3p6m yxc); USA: Erbitux.

Chlorambucil /BAN, riNN)

CB-1348; Chlorambucilis; Chlorambucilum; Chlorambucyl; 
ỮỊloraminophene; Ghlorbutinum; Clorambucilo; Klorambu- 
Gil,- KlórambuGĨI; Klorambusiili; Klorambusil; NSC:3088; WR- 
139013; XnòpaMÔynnn. !
4-[4-Bis(2-chlặroethy0aminopheny1]butyric acid.' 
C14Hl9GI2NO2=304Ì ; • -
CAS — 305-03-3.
ATC —  LỒ1AA02. :
ATC Vet —  QL01M02.
UNII —  18DÕSƯ3Ọ9.

P h a r m a c o p o e ia s .  In  Chín.. Eur. (see  p. vii), Int., a n d  us. 
P h .  E u r .  8: (C h lo ra m b u c il). A vvhite o r  a lm o s t w h ite , 
c ry s ta ll in e  povvder. P ra a ic a lly  in so lu b le  in  w a te r;  íree ly  
s o lu b le  in  a lc o h o l a n d  in  a c e to n e . P ro te c t ừ o m  ligh t.

U S P  36 : (C h ío ra m b u d l) .  A n  o ff-w h ite , s lig h tly  g ra n u la r  
p o w d e r .  M .p . 65  d eg re e s  to  69  d eg rees . V ery s lig h tly  so lub le  
i n  vvater; s o lu b le  1 in  2  o f a c e to n e ; so lu b le  in  d i lu te  alkali. 
S to rc  in  a ir t ìg h t  c o n ta in e rs . P ro te c t  fro m  lig h t.

Storage. L ic e n se d  p r o d u c t in ío rm a t ìo n  re c o m m e n d s  th a t  
ta b le ts  o ỉ  c h lo ra m b u c il  sh o u ld  b e  s to re d  a t 2  d e g re e s  to  8 
d e g re e s  a n d  k e p t  d ry .

Uses and Administratìon
C h lo r a m b u d l  is a n  o ra l  a n tín e o p la s tic  d e r ìv e d  fro m  
c h lo n n e th in e  (p . 7 6 5 .1 )  a n d  h a s  a  s im ila r m o d e  o f  a c tio n . 
I t  a c ts  o n  ly m p h o c y te s  a n d  to  a  le s se r  e x te rn  o n  n e u tro p h ils  
a n d  p la te le ts .  C h lo r a m b u d l  is m o s t v a lu a b le  in  th o se  
c o n d it ìo n s  a s s o d a te d  w ith  th e  p ro li íe ra tio n  o f w h i te  b lo o d  
ce lls , e sp ed a U y  ly m p h o c y te s , a n d  is u se d  in  th e  t r e a tm e n t  of 
c h ro n ic  ly m p h o c y tic  le u k a e m ia  a n d  ly m p h o m a s , in d u d in g  
H o d g k in '$  d ise a se . I t  is a lso  u se d  in  W a ld e n s trồ m 's  
m a c ro g lo b u l in a e m ia  a n d  h a s  b e e n  g iv en  in  g esta tio n a l 
t ro p h o b la s tic  tu m o u rs .  A lth o u g h  ío n n e t iy  tv id e ly  u se d  in  
t h e  m a n a g e m e n t  o f p o ly c y th a e m ia  v e ra  it h a s  la rg e ly  b e  en  
su p e rse d e d .

C h lo r a m b u d l  also  h a s  im m u n o su p p re s s a n t  p ro p e r tie s  
a n d  h a s  b e e n  g iv e n  in  a u to - im m u n e  d iso rd e rs  i n d u d in g  
a m y lo id o ã s ,  B e h q e t 's  sy n d ro m e , g lo m e ru la r  k id n e y  disease , 
p r ũ n a r y  b ilia ry  d r rh o s is ,  p o ly m y o s itis , rh e u m a to id  a rth ritis , 
a n d  sa rco id o sis .

T h e  u s e  o f  c h lo r a m b u d l  t a  th p se  d iso rd e rs  is d iscussed  
u n d e r  t h e  ta d iv id u a l  h e a d in g s  belovv.

Antineoplastic dose regimens may be complex and doses of a 
drug may differ vndcly. For wamings and recommendations 
regarding the safe prescribing. dispensing, and use of oral 
anẩneoplastic drugs, see Adminừtration, p. 732.3.

c h lo r a m b u d l  is  b e t t e r  to le ra te d  th a n  c h lo rm e th in e  
h y d ro c h lo r id e  a n d  se rio u s  b o n e -m a rro w  to x id ty  is  n o t 
u s u a lly  a  p ro b le m  w i th  n o rm a l  doses. W h e n  u se d  as  a 
s ta g le -a g e n t  a n tta e o p la s tic  fo r c h ro n ic  ly m p h o c y t ic  leu k -  
a e m ia  a n d  ly m p h o m a s , c h lo r a m b u d l  is l ic e n se d  ỉo r  o ra l u se  
t a  u s u a l  ta i t ia l  doses  o f 100  to  2 0 0  m ic ro g ra m s/k g  daily  
(u su a lly  4  to  lO m g  o n c e  d a ily ) , fo r  3 to  8 w e e k s . A d o se  of 
100  m ic ro g ra m s/k g  d a ỉly  m a y  b e  a d e q u a te  fo r th e  ư e a tm e n t  
o f  n o n - H o d g k ta ’s ly m p h o m a ; 150  m ic ro g ra m s/k g  d a ily  u n til  
t h e  to ta l  le u c o c y te  c o u n t  falls b e lo w  1 0 0 0 0  c e lls /m m 3 m a y  
b e  u s e d  t a  c h ro n ic  ly m p h o c y tic  le u k a e m ia ;  a n d  t a  H o d g k in 's  
d ỉsease , 2 0 0  m ic ro g ra m s/k g  d a ily  is  u su a lly  r e q u ứ e d . L o w er 
d o se s  m a y  b e  g iv e n  as  p a r t  o f a  c o m b in a tio n  re g im e n . If 
ly m p h o c y tic  ta B lt r a t ìo n  o f  th e  b o n e  m a r ro w  is p r e s e n t  o r  if 
th e  b o n e  m arro v v  is  h y p o p las tic , th e  d a ily  d o se  s h o u ld  n o t  
e x c e e d  lO O m icro g ram s/k g . A lte m a tiv e ly , h ig h -d o s e  c h lo r-  
a m b u d l  m a y  b e  g iv en  ta te rm itte n t ly .  F o r  e x a m p le , in 
c h ro n ic  ly m p h o c y tic  leu k a e m ia  it  m a y  b e  gi v e n  in  a n  ta i t ia l  
s ta g le  d o se  o f  4 0 0 m ic ro g ra m s /k g  in c re a se d  b y  lO O m icro- 
g ra m s /k g  a t  e a c h  2- o r  4 -w e e k  d o se  in te rv a l  u n t il  c o n ơ o l  of 
ly m p h o c y to s is  is  a c h ie v e d  o r  to x id ty  occurs .

O n c e  a  re m iss io n  h a s  b e e n  e s ta b lish e d  th e  p a t ie n t  m ay  
recãve contìnuous m a ta te n a n c e  w ith  3 0  to  lO O m icro - 
g ra m s /k g  d a ily . H o w e v e r, s h o r t  t a t e im it te n t  c o u rse s  a p p e a r  
to  b e  s a te r  a n d  a re  g e n e ra lly  p re fe r re d  fo r m a ta te n a n c e .

I n  p a tie n ts  w i th  W a id e n s trò m 's  m ac ro g lo b u lta a e m ia  
c h lo r a m b u d ỉ  is lic e n se d  t a  a n  ta i t ia l  o ra l do se  o f 6  to  12 m g 
d a ily  u n t i l  le u c o p e n ia  d e v e lo p s. M a in te n a n c e  th e r a p y  w ith  
d o se s  o f  2  to  8 m g  d a ily  m a y  t h e n  b e  g iv e n  ta d e h n i te ly .

T o ta l a n d  d iỉte re n tia ]  w h i te  ce ll c o u n ts  a n d  h a e m o g lo b ta  
a n d  p la te le t  e x a m ta a t io n s  a re  re c o m m e n d e d  e a c h  w e e k  
d u r ta g  t r e a tm e n t  w i th  c h lo ra m b u d l .

A m y io id o s is .  C h lo r a m b u d l  m a y  b e  o f  u se  t a  p re se rv in g  
k id n e y  íu n c t io n  a n d  im p ro v ta g  su rv iv a l t a  p a tie n ts  w ith

AI1 cross-reíerences reíer to entries in Volume A

am y lo id o sis  s e c o n d a ry  to  rh e u m a tic  d ise a se ,1-4 t h e  m a n -  
a g e m e n t  o f w h ic h  is  d iscu ssed  ta  m o re  d e ta il o n  p . 8 1 9 .3 .

1. Berglund K. «  í / .  Alkylating cy tosudc tre itm en t in m u l  amyloldosiỉ 
secondarr to rheuraatic d ixase. Am I SJuwn Dá 1987; 44: 757- 62.

2. Bcrglund K.B a L  R esu lti prindples and pidalls in the m anagem ent oỉ 
renal AA amyloidosis; a 10-21 year [oUoHrup of 16 padẽnts with 
rheum atic dijeaje treated w iih allcylatỉng cytostatics. J  Rhrumatoỉ 199}; 
20: 2051-7.

3. David l . t t e L  Amyloidcttis in juvenile chronic aithriós: a m oibidity and 
moRality study. ơ ỉn  Exp Rhatmatoì 1993; I I :  85-90.

4. Savolainen HA. Chloram budl in severe juvenile chronic arthritis: 
longtenn IoUowup wỉth sperìal relerence to amyloidosỉs. 3 Rheumatoỉ 
1999; 26: 898-903.

B lo o d  d is o r d e r s ,  n o n - m a l ig n a n t .  C h lo ra m b u d l  m a y  p ro -  
d u c e  a  re sp o n se  t a  co ld  a u to - im m u n e  h a e m o ly tic  a n a e m ia
(p. 1 1 2 2 .2 ).

C o n n e c tiv e  t is s u e  a n d  m u sc u la r  d i s o r d e r s .  C h lo r a m b u d l  
h a s  b e e n  u se d  a s  a  c o rtic o s te ro id -sp a r in g  a g e n t in  p a tie n ts  
vvith B e h q e t's  s y n d ro m e  (p. 1 6 0 1 .1 ). I t  h a s  o c casio n a lly  
b e e n  trie d  ta  p o ly m y o s itis  (p. 161 1 .1 ). In  b o th  th e s e  com- 
d itio n s , th e  p o te n t ia l  b e n e h ts  m u s t  b e  w e ig h e d  a g a in s t th e  
p o ssib ility  o f  to x id ty .

Ị K id n e y  d i s o r d e r s ,  n o n - m a l ig n a n t .  C h lo ra m b u d l  h a s  b e e n  
I u se d  in  so m e lo rm s  o f  g lo m e ru la r  k id n e y  d isease  

(p. 1 6 0 4 .3 ). M in im a l c h a n g e  n e p h ro p a th y  o c c u rs  m a in ly  
ta  y o u n g  c h ild re n  a n d  is th e  m o s t c o m m o n  c a u se  o f ch ild -  
h o o d  n e p h ro tic  s y n d ro m e . T re a tm e n t  w ith  c y to to x ics  is 
re se rv e d  fo r  th e  m o s t  s e v ere  cases b ec au se  o f íe a rs  a b o u t  
to x id ty ;  c y d o p h o s p h a m id e  is g e n e ra lly  p r e íe ư e d  to  c h lo r-  
a m b u c il  b e c a u se  it  is p e rc e iv e d  as  e n ta ilta g  s o m e tv h a t less 
risk  a l th o u g h  c h lo r a m b u d l  h a s  b e e n  u se d  su ccesslu lly  ta  
c y d o p h o s p h a m id e - re s is ta n t  d ise a se .1 A lth o u g h  n o t  
lic e n se d  fo r  u se  t a  c h ild re n  vvith re la p s ta g  c o rtico s te ro id -  
se ris itiv e  n e p h ro t ic  sy n d ro m e , t h e  BNFC su g g ests  th a t  ch il-  
d re n  fro m  3 m o n th s  o f a g e  m a y  b e  g iv en  a n  o ra l do se  of 
2 0 0  m ic ro g ra m s/k g  o n c e  d a ily  fo r  8  vveeks. C h lo ra m b u d l  
h a s  b e e n  u se d  w ith  co rtico s te ro id s  t a  p a tie n ts  w i th  m e m -  
b ra n o u s  n e p h ro p a th y ,2'4 b u t  a g a in  c y d o p h o s p h a m id e  m a y  
b e  b e tte r  to ie ra té d .

ỉ . Ueda N, tt  at. B eneíiàal eííeci oí chloram budl ìn sicroỉd-depcndcm and 
cycỉophosphamide-resisiam minĩmal change nephrotic syndrome. J  
Ntphroi 2009; 22: 610-5.

2. Pomỉcelli c  ct aĩ. M eihylprednisolonc pỉus chỉorambucil as corapared 
with methylprednỉsolone aỉone ỉor the treacmem oỉ idiopathic 
membranous nephropathy. /V EtĩịịI J  M td ỉ 992: 327: 599-603.

3. Reìchen LỈM. et ai. Preserving renal íunction in patients vviih 
membranous nephropathy: daiỉy oraỉ chlorambucU cotnpared wíth 
in tennittem  monthly pulses of cydophosphamide. Ann Irttrm Med 1994; 
121: 325-33.

4. Ponúcellỉ c  tt  a l A 10-year folỉow-up of a nndom ỉzed study wúh 
methylprednisoỉone and chloram budl ỉn membranous nephropaihy. 
Kidnêy ỉnt 1995; 48: 1600-4.

Liver d i s o r d e r s ,  n o n - m a l ig n a n t .  N o ơ e a tm e n t  h a s  p ro v e n  
u n e q u iv o c a lly  su c ce ss tu l in  t h e  m a n a g e m e n t  of p r im a ry  
b ilia ry  d r rh o s is  (p . 2 6 3 8 .3 ). c h lo r a m b u d l  is o n e  o f  se v era l 
d ru g s  ío r  w h ic h  re p o r ts  o f b e n e íi t  e x is t .1

ỉ . Hooỉnagle JR  et a i  Randomưed tríaỉ of chlorambucỉỉ for primary biỉỉary 
drrhosis. Gastroenterology 1986; 91: 1327-34.

M a lig n a n t  n e o p la s m s .  C h lo ram b u c il is u se d  ta  t h e  m a n -  
a g e m e n t  o f  h a e m a to lo g ic a l  m a l ig n a n d e s  su c h  as  c h ro n ic  
ly m p h o c y tic  l e u k a e m ia  (p. 6 9 3 .3 ), H o d g k ta 's  d ise a se  
(p. 6 9 6 .1 ), in d o le n t  lo w -g ra d e  n o n - H o d g k ta ’s ly m p h o m a s  
(p. 6 9 6 .3 ), a n d  W a ld e n s trõ m 's  m a c ro g lo b u lin a e m ia
(p. 6 9 9 .1 ). I t  w a s  lo rm e rly  u s e d  t a  p o ly c y th a e m ia  v e ra  
(p . 6 9 5 .2 ) b u t  is n o w  larg e ly  su p e rse d e d .

O c u la r  d is o r d e r s ,  n o n - m a l ig n a n t .  C h lo ram b u c il is o n e  o ỉ  
t h e  im m u n o su p p re s s a n ts  th a t  m a y  b e  c o n s id e re d  £or 
p a tìe n ts  vvith u v e it is  (p . 1 6 1 5 .1 ) u n re sp o n s iv e  to  c o rtico s-  
te ro id s  t a  to le ra b le  d o se s .1'3

1. M udun AB. eí ai. Shon-term  chỉoram buđỉ ỉor refractory uveiỉis in 
Behcct's àiscast. OcuỊ ỉmmunoì inỊìomm 2001; 9: 219-29.

2. Mỉserocchỉ E, et al. EÍHcacy and saỉety of chlorambudl ỉn intractabỉe 
noniníectíous uveitis. Ophthalmoỉogy 2002; 109: 137-42.

3. Goỉdstein DA. t i  ai. Long-term foUow-up oỉ patientỉ ưeateđ w ith short- 
term  high-dose chlorambucil for sight-threaterùng ocular inAammatỉon. 
OphthalmoloỊy 2002; Ỉ09: 370-7.

P e m p h ig u s  a n d  p e m p h ig o id .  C h lo ra m b u d l  w i th  p re d -  
n is o n e  o r  p re d n iso lo n e  h a s  b e e n  re p o i te d 1-2 to  b e  e í í e a iv e  
in  t h e  ư e a tm e n t  o f p e m p h ig u s  a n d  p e m p h ig o id  
(p . 1 6 87 .1 )

ỉ . Shah N, et a i  The use of chlorambudl with prednỉsone in the treatm ent 
of pemphigus. J  Am Acad Dermatol 2000; 42: 85-8.

2. Chave TA. et aì. Chloiambudl as a steroid-sparing agem in bullous 
pemphỉgoíd. B rJ  Dtrmatol 2004; 151: 1107-8.

R h e u m a to id  a r th r i t is .  C h lo ra m b u d l  h a s  b e e n  u se d  fo r  i t ỉ  
t a u n u n o s u p p r e s s a n t  p ro p e r tìe s  t a  a  íevv p a tie n ts  w i th  
s e v e re  rh e u m a to id  a r th r it is  (p. 13 .2 ), e s p e d a l ly  vvith v as-  
cu litis , w h o  h a v e  ía iled  to  r e s p o n d  to  o th e r  d ru g s. H o w - 
e v e r, th e  u s e  o f  c y to to x ic  ta im u n o su p p re s sa n ts  o th e r  t h a n  
m e th o tre x a te  is  c o n s id e re d  d e b a ta b le .

S a rc o id o s is .  v v h e re  d ru g  th e r a p y  is re q u ire d  fo r sa rc o id o - 
sis (p . 1612 .2 ), co rtico s te ro id s  a re  th e  u s u a l  t te a tm e n t .  
C h lo ra m b u d l  is O ne o f se v era l c y to to x ic  ta u n u n o s u p p re s -

s a n ts  t h a t  h a v e  b e e n  tr ie d , w ĩ th  v a ria b le  re s u lts ,  a s  a  í ec- 
o n d - l ta e  th e ra p y .

Adverse Effeđs and Treaừnent
Ĩ O I  a  g e n e r a ỉ  o u t l t a e  s e e  A n t t a e o p la s t i c s ,  p .  7 2 6 .1  í n d  
p .  7 30.2.

A  re v e rs ib le  p ro g re s ã v e  ly m p h o c y to p e n ia  te n d s  to  
d e v e lo p  d u r ta g  t r e a tm e n t  w i th  c h lo ra m b u d l .  N e u tto p e  l ia  
m a y  c o n t ta u e  to  d e v e lo p  u p  to  10 d a y s  a f te r  t h e  la s t  d t se. 
I rrẽ v e rs ib le  bone-m aiT O W  d e p re ss io n  c a n  o c c u r  p a r t ic u h  rly  
v v h e n  th e  to ta l  d o sa g e  fo r  th e  c o u rse  a p p ro a c h e s  6 .5  m gi kg.

O th e r  r e p o r te d  a d v e rse  effects t a d u d e  g a s tro ta te s t i  l a l  
d ls tu rb a n c e s , h e p a to to x id ty ,  sk ta  r a sh e s  (ra re ly  S te v e is -  
J o h n s o n  s y n d r o m e  o r  to x ic  e p id e r m a l  n e c ro ly s  s ), 
p e r ip h e ra l  n e u ro p a th y ,  a n d  C entral n e u r o to x id ty ,  in c lu c  n g  
se iz u re s . I n te r s t i tia l  p n e u m o n ia  a n d  p u lm o n a r y  fib r  isis 
h a v e  o c c u rre d ; th e  la t t e r  is u su a lly  rev e rs ib le  b u t  ía ta li ies  
h a v e  b e e n  re c o rd e d . C h lo ra m b u d l t a  h ig h  d o se s  m a y  
p r o d u c e  a z o o sp e rm ia  a n d  a m e n o r rh o e a ;  s te r il i ty  ìas  
d e v e lo p e d  p a r t ic u la r ly  w h e n  c h lo ra m b u d l  h a s  b e e n  gi e n  
to  b o y s  a t  o r  b e ío re  p ũ b e rty .

O v e rd o s a g e  m a y  re s u l t  in  p a n c y to p e n ia  a n d  in  
n e u ro to x id ty .  in c lu d in g  ag ita tio n , a ta x ia , a n d  g ra n d  inal 
s e iỉu re s .

L ike o th e r  a lk y la tin g  ag e n ts , c h lo r a m b u d l  is p o te n t i  tlly 
ỉ m u ta g e n ic , te ra to g e n ic , a n d  c a rd n o g e n ic ,  a n d  a n  in crea  ;ed 

t a d d e n c e  o f  a c u te  Ie u k a e m ia s  a n d  o th e r  s e co n d  ary 
m a l ig n a n d e s  h as  b e e n  r e p o n e d  t a  p a tie n ts  w h o  h  ive  
re c e iv ed  th e  d ru g .

Effects on the bladder. C h lo ra m b u d l- in d u c e d  cystitis  ’ vas 
r e p o r te d  t a  a  7 3 -y e a r-o ld  vvom an g iv en  2 m g  d a ily  fo r 
o v e r  2  y e a rs  f o r  th e  ư e a tm e n I  o f  ly m p h o c y tic  Iy m p h o n  a . 1

]. Daoud D, tt  al. Sierỉle cystitis assodated with chloram budl. Drug ntelỉ 
Qịn Pharm 1977; 11: 491.

Effects on the eyes. V isual im p a irm e n t  a n d  o p tic  a tro  >hy 
t a  a  p a t ie n t  w h o  h a d  b e e n  rec e iv in g  c h lo ra m b u c il  f c r  5 
y e a rs  to  c o n tro l  n o n -H o d g k in 's  ly m p h o m a  w e r e  th o iig h t  
to  b e  d u e  to  th e  d ru g ,1 a lth o u g h  o c ũ la r  e tte c ts  a re  e x x e -  
m e ly  ra re  w i th  c h lo ra m b u d l .

1. YiannakỉsPH. LamerAJ. V isuaU ailureandopticatrophyassodated vith 
chloram budl therapy. BMJ 1993: 306: 109.

Effects on the nervous System. T h e re  h a v e  b e e n  a e w  
re p o r ts  o f  s e iz u res  in  p a tie n ts  g iv e n  c h lo r a m b u d l  A 
rev ievv1 o f th e s e  su g g ested  th a t  t a  a d u lts , p a t ie n ts  vviib a 
h is to ry  o f se iz u res , o r  th o se  g iv en  h ig h  d o se s  o f  c h lo ra m - 
b u d l  m a y  b e  a t  in c re a se d  risk . T h e  re p o r ts  in  c h ild re n  c m -  
s is ted  m a in ly  of p a tie n ts  b e in g  t re a te d  f o r  n e p h r  3tic 
sy n d ro m e , po ssib ly  b e c au se  th e  c o n d it io n  m a y  a lte r  th e  
p h a rm a c o k ta e tic s  of c h lo ra m b u d l .

1. Saỉloum E. etal. Chloranibudỉ-induced seizures. Cartcer 1997; 79:1 K>9- 
13.

Hypersensitivìty. D ru g  lev er, c h a ra c te r ise d  b y  h lg h  f m -  
p e ra tu re ,  ríg o rs , a n d  m ala ise , m a y  o c c u r  t a  p a tie n ts  w i: h in  
h o u r s  o r  d a y s  o f s ta r tin g  c h lo ra m b u c il, o f te n  a ỉ te r  a  d i ug- 
fre e  ta te rv a l .  I n  3 p a tie n ts  w h o  d e v e lo p e d  s y m p to m  of 
c h lo r a m b u d ỉ- ta d u c e d  d ru g  íev e r , d e se n s itis a tio n , b e  :in- 
n t a g  w ith  a n  o ra l d o se  o f 50 0  m ic ro g ra m s d a ily , in c re ;  sed  
a b o u t  e v e ry  5 d a y s  b y  5 0 0 m iơ o g r a m s  u p  to  2 m g  w a s  : uc- 
c e ss ta l. In  o n e  p a tie n t  th e  dose  w a s  su cce ss íu lly  in c re ;  sed  
to  4 m g  d a ily  b y  c o n tin u in g  to  ta c re a se  b y  5 0 0 m ic ro g r  ims 
e v e ry  7 d a y s .1

1. W eber E. et aỉ. Rapid desensiiizatìon for chloram budl drug i ver. 
Hatmatologica 2007; 92: e77.

Precautions
F o r  r e íe re n c e  to  th e  p r e c a u tio n s  n e c e s sa ry  w i th  a n tb  eo -  
p las tic s , s e e  p . 7 3 2 .2 . c h lo r a m b u d l  s h o u ld  b e  a v o id e d . o r  
g iv e n  w i th  g re a t  ca re  a n d  a t  re d u c e d  doses, fo r  a t  l e a ĩ t  4  
w e e k s  a l te r  t r e a tm e n t  w i th  r a đ io th e ra p y  o r  o th e r  a n ti i  eo -  
p las tic s  (u n le s s  o n ly  lo w  doses o f ra d ia tio n  h a v e  b e e n  gi ven  
to  p a r ts  r e m o te  b o m  th e  b o n e  m a r r o w  a n d  th e  n e u ư o  Dhil 
a n d  p la te le t  c o u n ts  a re  n o t  d e p re sse d ). T he  d o se  sh o u M  b e  
re d u c e d  if  t h e r e  is  ly m p h o c y tic  ta v o lv e m e n t  o f  th e  b a n e  
m a r r o w  o r  if  i t  is  h y p o p las tic . C h lo ra m b u d l  s h o u ld  b e  gi ven  
3Vith . c a re  to  p a tie n ts  w i th  im p a ữ e d  r e n a l  í u n d  o n ; 
c o n s id e ra tio n  s h o u ld  also  b e  g iv e n  to  d o se  r e d u c t io n  t a  
p a ã e n t s  v rith  g ro ss  h e p a tic  d y s ta n c t io n . C h ild re n  3VỈth 
n e p h ro t ic  sy n d ro m e , p a tie n ts  r e c e iv in g  h ig h -d o s e  p i l s e  
th e r a p y  w i th  c h lo ra m b u d l ,  a n d  th o se  w i th  a  h i s t o r '  o f 
se iz u rẽs , m a y  b e  a t  ta c re a s e d  risk  o f  se izu res . R e g u la r  b  o od  
c o u n ts  a re  r e q u íre d  d u r ín g  th e ra p y .

Handling and disposal C h l o r a m b u d l  is  i r r i t a n t ;  a  'O id  
c o n t a c t  v v ith  s k t a  a n d  m u c o u s  m e m b r a n e s .

Uríne p r o d u c e d  fo r u p  to  4 8  h o u r s  a f te r  a  d o s i ' o f 
c h lo r a m b u d l  s h o u ld  b e  h a n d le d  w e a r in g  p r o te c tiv e  
c lo th in g .1

1. Hariií J, Dodds u .  Handling waste irom  patients receiving cyt< IOXÍC 
drugs. Pharm 3 1985; 235: 289-91.
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Porphyria. T h e  D ru g  D a ta b ase  fo r  A c u te  P o rp h y ria , c o m - 
p i le d  b y  th e  N orvvegian  P o rp h y ria  C e n tre  (NAPOS) a n d  
th e  P o rp h y r ia  C e n tre  S w e d e n , d a s s iũ e s  c h lo r a m b u d l  as 
p r o b a b ly  n o t  p o r p h y r in o g e n ic  i t  m a y  b e  u s e d  as a  d ru g  of 
f irs t c h o ic e  a n d  n o  p re c a u t io n s  a re  n e e d e d .1

1. The Drug Database íor Acute Porpbyria. Availabỉc au http://w w w . 
diugs-poiphyria.org (accesed 28/09/11)

Pregnancy. A p a t ie n t  vvith c h ro n ic  ly m p h o c y tic  leu k a e m ia  
w h õ  w a s  ta k in g  lo w -d o se  c h lo r a m b u a l  w a s  ỉo u n d  to  b e  
p r e g n a n t  w i th  a  v iab le  2 0 -w e e k  íe tu s  d u r in g  th e  t h ứ d  
m o n th  o f  c h lo r a m b u d l  tre a tm e n t.  T r e a tm e n t  w as s to p p ed , 
a n d  a  h e a l th y  ch ild  v v ithou t a p p a re n t  c o n g e n ita l  a n o m a ly  
w a s  d e liv e re d  a t  36  w e e k s  b y  c ã e s a re a n  se c ú o n . D eve lop- 
m e n t  a n d  g ro w th  h a d  r e m a in e d  n o r m a l  a t  3 m o n th s  of 
a g e .1

1. Ali R, etai. Pregnancy in dưonic  lymphocytỉc leukemỉa: experience with 
íetal exposure to chỉorambucil. Leuk R a  2009; 33: 567-9.

Interactions
F o r  a  g e n e ra l  o u t l in e  o f  a n tin e o p la s tic  d r u g  in te rac tio its , see 
p . 7 3 3 .3

Pharmacokinetics
C h lo r a m b u d l  is rap id ly  a n d  a lm o s t c o m p le te ly  a b so rb e d  
b o m  t h e  g a s ư o in te s t ìn a l  t r a a  a ỉ t e i  o ra ỉ  doses  a n d  ũ  
r e p o r te d  t o  b a  v e  a  te rm in a l haU -U ỉe in  p la s m a  o f a b o u t  1.5 
h o u r s .  I t  is e x te n s iv e ly  m e ta b o lis e d  in  t h e  liver, m a in ly  to  
a c tiv e  p h e n y la c e tic  a d d  m u s ta rd ,  w h ic h  h a s  a  sligh tly  
lo n g e r  p la s m a  h aU -liĩe  of a b o u t  1 .8  to  2 .5  h o u rs ,  a n d  vvhich 
lik e  c h lo r a m b u d l  a lso  u n d e rg o e s  s o m e  s p o n ta n e o u s  
d e g ra d a t io n  to  í u r th e r  d e riv a tiv e s . C h lo ra m b u d l  a n d  its  
m e ta b o li te s  a re  e x te n s iv e ly  p ro te in  b o u n d . I t is e x c re te d  in  
t h e  u r in e  a lm o s t e n th e ly  as m e ta b o lỉ te s  w i th  less t h a n  1%  
u n c h a n g e d .

Preparations s
Proprietary Preparations (details a re  given in Volum e B)

Single-ingredient Preparations. Arg.: L eukeran; AustraL:
L eukeran ; Austria: L eụkeran; Belg.: L eukeran; Braz.: 
L eukeran ; Canad.: L eukeran; Chile: L eukeran; china: Leukeran  
(S ặ ĩíH Ỉ); Cz.\ L eukeran; Denm.: L eukeran; Fin.: Leukeran; Ger.: L eukeran ; Gr.: L eukeran; Hong Kong-. Leukeran; Indùr. 
C lokeran; L eukeran; Irỉ.: L eukeran, Israel: Leukeran; ItaL: 
L eu k eran ; Malaysia: L eukeran; Mex.: L eukeran; Neth.: 
L eukeran ; Norw.: L eukeran; NZ: L eukeran; PhiHpp.: Leukeran; Pol.: L eukeran ; PorL: L eukeran; Rus.: L eukeran  (JIeiórepaH); s. Afr.: L eukeran; Singapore. L eukeran; spain: Leukeran; SweíL: 
L eukeran ; Switz.: L eukeran; Thai.: L eukeran; Turk.: Leukeran; UK: L eukeran .

Pbarmocopoeiol Preporotions 
B P 2014: C h lo ram b u d l Tablets;
U SP 36 : c h lo ra m b u d l Tablets.

Chlormethỉne Hỵdrochloride
ỊBANM. riNNMI
Chlorethaáne Hydrochlonde; Chlorméthine, Chíorhydrate 
de; Chlorrriethini Hyđrochtbrídurri; OoÌTnetínà, hidradoruro 
de; Hidrodoruro de clormetinar.HN2 Hchrbrmettíine); 
Klormetin Hidroklorũr; Mechlorethamine Hyđrochtoride; 
Međoretamina (chlormethine); Mustiri Hidroklbrũr; Mustine 
Hydrochíóride; Nitrogen Mustard (chlormethine); NSC-762; 
VVR-147650; X/iopMeTMHa í"Mflpox/iopMfl. 
Bis(2<hloroethyl)methylaminẽ hydrochloride; 22'-Dichloro- 
/y-methyldiethylamine hydrochloride.
CSH, ,0 ^ 0 = 1 9 2 5
CAS —  51-75-2 (chlormethine); 55-86-7 (chlormethine 
hydrochloride).
ATC —  L01AA05.
ATC Vet — QL01AA05. 
um  —  L0MR697HHL V

Pharmacopoeias. In  Br.. Chót., Int., a n d  us.
B P  2 0 1 4 : (C h lo rm e th in e  H y d ro c h lo r id e ) . A  w h i te  o r a lm o s t  
w h i te ,  h y g ro sco p ic , v e s ic a n t, c ry s ta ll in e  povvder o r  m ass . 
V ery  so lu b le  in  vvater. S to re  a t  a te m p e ra tu re  o f  8 d e g rees  to  
15 d e g re e s .

U S P  3 6 : ( M e c h lo re th a m in e  H y d ro c h lo r id e ) . A  w h ite ,  
h y g ro sc o p ic , c ry s ta llin e  p o w d e r .  A  0 .2 %  s o lu tio n  in  w a te r  
h a s  a  p H  o f  3 .0  to  5 .0 . S to re  in  a ir t íg h t  c o n ta in e rs . P ro te c t 
b o m  lig h t.

StabilHy. S o lu tio n s  o f  c h lo n n e th in e  h y d ro c h lo r id e  lo se  
t h e ữ  a c tiv ity  v e ry  rap id ly , p a rt ic u la r iy  a t  n e u tr a l  o r  a lk a - 
l in e  pH .

A  s tu d y 1 u s in g  a n  a ssay  s p e d b c  fo r  c h lo rm e th in e  ỉo u n d  
t h a t  a  0 .1 %  so lu t io n  in  W a te r  fo r  In je c tio n s  o r  so d iu m  
c h lo r id e  0 .9 %  in je c tio n  u n d e m e n t  a  lo ss  o f  a b o u t  1 0 %  
w h e n  s to r e d  ío r  6  h o u rs  a t  ro o m  te m p e ra tu ie ,  a n d  o{ a b o u t  
4  t o  6 %  vvh en  s to re d  fo r  t h e  sa m e  p e r ịo d  a t  4  deg rees; 
s lm ila r  r e s u l ts  w e re  o b ta in e d  w h e th e r  t h e  so lu tio n  w a s  
s to r e d  in  g lass v ials o r  p las tic  sy rin g es . S o lu tio n s  in  5 0 0  m L

o f so d iu m  c h lo rid e  o r  g lu co se  5 %  in je c tio n  a n d  s to re d  in  
PVC in íu s io n  bags vvere s till less stab le , w ith  1 5 %  a n d  1 0 %  
d e g ra d a t io n  resp e c tiv e ly  a í te r  6 h o u r s  a t  ro o m  te m p e ra tu re .

C h lo rm e th ỉn e  h y d ro c h lo r id e  h a s  b e e n  u s e d  in  e x te m -  
p o r a n e o u s  o in tm e n t  p re p a ra tio n s  in  th e  t r e a tm e n t  o f 
m y co sis  h in g o id e s .2 O n e  ỉo rm u la t io n  o f c h lo r m e th in e  
h y d ro c h lo r id e ,  d isso lv ed  tn  a c e to n e  a n d  w o rk e d  in to  w h i te  
s o b  p a ra ỉb n ,  w a s  r e p o r te d 3 to  b e  s ta b le  for a t  le a s t  8 4  d a y s  
w h e n  s to re d  a t  4  d e g re e s , a n d  fo r  a t  least 4 0  day s a t  37  
d eg rees .

1. Kirk B. Stability o[ reconstituted M ustine Iniectíon BP during slorage. Br 
]  Partnter Ther 1986; 7: 86-92.

2. Pricc NM. tta l. Ointmem-based mechlorethamine treatm em  for mycosis 
{ungoides. Cữmrr 1983; J2: 2214-19.

3. Cummìngs J, ít a i  The long term  subUlty of mecbỉoretham ine 
hydrochlorìde (nỉtrogen m usurd) oỉnnnent measured by HPLC. J  pharm 
pharmacal 1993; 4 J: 6-9.

Uses and Administration
C h lo rm e th in e  b e lo n g s to  th e  g ro u p  o f a n tin e o p la s tic  d ru g s  
d e sc rib ed  as  a lk y la tin g  ag e n ts . I t  a lso  possesses  w e a k  
im m u n o su p p re s s a n t  p ro p ertie s .

C h lo rm e th in e  h y d ro c h lo r id e  h a s  b e e n  u s e d  in  th e  
t r e a tm e n t  o f  a d v a n c e d  H o d g k in 's  d isease  (p . 6 9 6 .1 ) , 
h is to r ic a lly  w ith  a  v in c a  a lk a lo id . p ro c a rb a z in e , a n d  
p re d n is o n e  o r  p re d n is o lo n e  ( th e  M O PP re g im e n ) . C h lo r-  
m e th in e  h a s  also  b e e n  tr ie d  in  n o n -H o d g k in 's  ly m p h o m a s , 
n o ta b ly  m y co s is  b m g o id e s  (p. 6 9 8 .3 ), a n d  so m e  o th e r  
m a l ig n a n d e s  i n d u d in g  c h ro n ic  le u k a e m ia s , tu m o u r s  o f  th e  
b rea s t, o v a ry , a n d  lu n g , a n d  ín  p o ly c y th a e m ia  v e ra .  
C h lo rm e th in e  h a s  b e e n  u se d  in  th e  m a n a g e m e n t  o f 
m a l ig n a n t  e b u s io n s  b u t  is n o t  th e  a g e n t  o f c h o ic e .

I n  th e  M O PP re g im e n  c h lo rm e th in e  h y d ro c h lo r id e  h a s  
b e e n  g iv e n  in  doses  o f 6  m g /m 2. H ovvever, w h e n  l ic e n se d  fo r 
u s e  as a  s in g le  a g e n t, t h e  u s u a l  d o se  o f c h ỉo im e th in e  
h y d ro c h lo r id e  is  4 0 0  m ic ro g ra m s/k g , p re íe ra b ly  as  a  s in g ỉe  
d o se , a l th o u g h  it m a y  b e  d iv id ed  in to  2 o r  4  e q u a l  d o ses  o n  
su c cessiv e  d aỵ s. I t  is  g iv e n  b y  in tra v e n o u s  in je c tio n  in  a  
s tr e n g th  o f  I m g /m L  in  W a te r  fo r  In je c tio n s  o r  s o d iu m  
c h lo r id e  0 .9 % . In je c tio n  o v e r  2 m ịn u te s  in to  t h e  tu b in g  o f  a  
fa s t r u n n in g  in tra v e n o u s  in íu s io n  o f  so d iu m  c h lo r id e  0 .9 %  
o r  g lu co se  5 %  m a y  re d u c e  th e  in d d e n c e  of th ro m b o p h le b -  
itis  a n d  th e  risk  o f e x tra v a sa tio n .

T h e  re sp o n se  s h o u ld  b e  assessed  b y  th e  ư e n d  o f  th e  b lo o d  
c o u n ts .  T r e a u n e n t  w i th  c h lo rm e th in e  m a y  b e  re p e a te d  
vvhen  th e  b o n e -m a ư o w  fu n c tio n  h a s  re c o v e re d .

I n ơ a c a v i ta ry  in je c tio n s  of 2 0 0  to  4 00  m ic ro g ra m s/k g  
h a v e  b e e n  g iv e n  in  t h e  t re a tm e n t  o f  m a lig n a n t, e s p e d a l ly  
p le u ra l, e ííu s io n s .

F o r to p ic a l ơ e a tm e n t  o f  m ycosis íu n g o id e s , se e  b ẹ lo w .

H isH ocytic  s y n d ro m e s . D ilu te  S o lu tions  o f c h lo im e th in e  
(2 0 0 m ic ro g ra m s /m L ) h a  v e  b e e n  a p p lie d  to p ic a lly  fo r  t h e  
c u ta n e o u s  sy m p to m s o f  L a n g e rh a n s-c e ll h is tio c y to s is  
(p. 6 9 2 .1 ) . '-2 S u c h  th e ra p y  w a s  re p o tte d  to  e ừ e c tiv e lỳ  
d e a r  sk in  les io n s  in  m o s t  p a tie n ts , a n d  b e  w e ll  to le ra te d .  
H ovvever, a l th o u g h  n o  m a lig n a n t sk in  d isease  d e v e lo p e d  
d u r ín g  th e  fo llo w -u p  o f o n e  g ro u p  o f  c h ild re n , th e  lo n g -  
té rm . e ííe c ts  o f  to p ica l c h lo rm e th in e  a re  o f c o n c e m  in  
y o u n g  p a tie n ts .2

1. Sheehan MP, tt ai. Topical nitrogen m usurd : an eữectỉve ưeatmenc for 
cutaneous Langerhans ceỉl histioqrtorií. J Ptdiatr 1991; 119: 317-21.

2. Hoeger PH. t í  al. Long term  ỉollow up o í tỡpicaỉ m ustỉne oeatm ent for 
cutaneous Langerhans ceD histi<xytosis. A nh  Dừ ơtiỉd  2000; 82 :483-7 .

M y c o sis  f u n g o id e $ . C h lo n n e th in e  is u se d  to p ica lly  in  t h e  
m a n a g e m e n t  o f  m ycosis b m g o id e s  (p. 6 9 8 .3 ). A  re ơ o sp e c -  
tiv e  c o h o r t  a n a ly s is1 o f 2 03  p a tie n ts  t re a te d  vvith c h lo r -  
m e th in e  ỉo u n d  a p a rt ia l  re sp o n se  ra te  o f  3 3 %  a n d  a c o m - 
p le te  r e sp o n se  ra te  o f  5 0 % . T he  m e d ia n  tim e  to  a c h ie v e  
c o m p le te  resp o n se  w a s  12 m o n th s  a n d  th e  t im e  to  r e la p se  
w a s  also  12 m o n th s .  M ild  d isease  o f  lim ite d  s k in  in v o lv e -  
m e n t  r e s p o n d e d  b e tte r  th a n  g e n e ra lis e d  p a tc h /p la q u e  d is- 
ea se , a n d  m o re  p a tie n ts  w ith  m ild  d isease  o b ta in e d  lo n g -  
te r m  rem iss io n . M a in te n a n c e  th e r a p y  vvas u s e d  in  s o m e  
p a tie n ts ,  b u t  o n  ce ssa tio n  th e  re la p se  ra te  w a s  s im ila r  to  
p a tỉe n ts  w h o  d id  n o t  rece iv e  m a in te n a n c e  th e ra p y . 
A lth o u g h  u n lic e n s e d  in  th e  UK, g u id e lin e s2 su g g e st c h lo r -  
m e th in e  a s  a  t r e a tm e n t  o p tio n  fo r  e a rly -s ta g e  m y co sis  b in -  
g o id es , a p p lie d  in  a  c o n c e n tra t io n  o ( 0 .0 1 %  o r  0 .0 2 % , 
e i th e r  a s  a n  a q u e o u s  s o lu tio n  in  s o d iu m  c h lo rid e  0 .9 %  o r  
in  a n  o in tm e n t  b a se  s u d i  a s  e m u ls ify in g  o in tm e n t.

1. Kim YH, et al. Topĩcal nioogen m usurd  in the managem cnt oí mycosis 
tungoides: updatẽ oí the  Stanỉord experience. Àrzh ữrrmữtol 2003; 139: 
163-73.

2. W hittaker SJ. ữ  al. Joỉnt British Assodatỉon oí Dermatologỉsts and UK 
Cutaneous Lymphoma Group guidelines tor the m anàgem ent oí 
primary cutaneoiu T-ceD lym phõnus. Br J  Dermatol 2003; 149: 1095- 
1107. Also available ac  http://www.bad.org.uk/Fortals/_Bady 
G u id e lin es/C lln lca l% 2 0 G u ld eU n es/C u tan eo ú s% 2 0 T % 2 0 C eU %  
20Lymphoma.pdf (accessed 22/04/10)

Adverse Effeds, Treatment, and Precautíons
F o r  g e n e ra l  d iscu ssio n s see  A n tin eo p la s tic s , p . 7 2 6 .1 , 
p .  7 3 0 .2 , a n d  p . 7 3 2 .2 .

C h lo rm e th in e  h y d ro c h lo r id e  is  e x tre m e ly  to x ic  a n d  its  
u s e  is in v a r ia b ly  a c c o m p a n ie d  b y  a d v e rse  e ữ e c ts . S e v e re

n a u s e a  a n d  v o m itin g  m a y  b e g in  vvithin a n  h o u r  o í in je c tio n  
o f th e  dhrug a n d  la s t fo r  so m e  h o u rs; a n tie m e tic s  s h o u ld  b e  
g iv e n  b e ío re  t te a tm e n t .  I t  c a u se s  vary ing  degrees  o f  b o n e -  
m arrovv d e p re s s ỉo n  d e p e n d in g  o n  th e  dose . In  h e a v iỉy  
p re tre a te d  p a tíe n ts ,  o r  w h e n  th e  to ta l d o se  fo r a  s in g le  
c o u rse  exceed s 4 0 0  m ic ro g ra m s/k g , th e re  is a  risk  of s e v e re  
a n d  possib ly  ỉa ta l  d e p re s s io n  w ith  a n a e m ia , ly m p h o c y to -  
p e n ia ,  g ra n u lo c y to p e n ia ,  a n d  th ro m b o c y to p e n ia  w i th  
c o n s e q u e n t  h a e m o irh a g e .  D ep ressio n  o f ly m p h o c y tes  m a y  
b e  a p p a re n t vv ith in  2 4  h o u rs  o ỉ  a  do se  a n d  maTimnm 
su p p re ss io n  o ỉ  g ra n u ỉo c y te s  a n d  p la te le ts  o c c u n  v n th in  7  to  
21  days; h a e m a to lo g ie a l  re c o v e ry  m ay  b e  a d e q u a te  a h e r  4  
vveeks.

T in n itu s , v e rtig o , d e a b ie s s , h e a d ac h e , d ro w sin ess , a n d  
o th e r  n e u ro ỉo g ica l sy m p to m s  h a v e  b e e n  re p o rted , a s  h a v e  
e p iso d es  o f  ja u n d ic e .  S k ịn  reac tio n s  to  c h lo rm e th in e  
h y d ro c h lo r id e  i n d u d e  m ac u lo p a p u la r  ra sh e s . H y p e ise n s i-  
tiv i ty  is b e q u e n t  w h e n  to p ica l p rep a ra tìo n s  a re  u se d .

C h lo tm e th in e  h y d ro c h lo r id e  has  a  p o w e rfu l  v e s ic a n t 
a c tio n  o n  th e  s k in  a n d  m u c o u s  m em b ra n e s  a n d  g re a t  c a re  
m u s t  b e  ta k e n  to  a v o id  c o n ta c t  w ith  th e  eyes. T h ro m b o -  
p h le b iá s  is a  p o te n t ia l  h a z a rd  o f c h lo n n e th in e  p a rt ìc u la r ly  ư 
it  is  n o t  s u ỉB d e n tly  d ilu te d . E x txavasation  oi th e  in je c tio n  
c a u se s  s e v ere  i r r i ta t io n  a n d  e v e n  slough ing . I í  e x tra v a sa tio n  
o c c u rs  d u i in g  in je c tio n , it  h a s  b e e n  su g g ested  th a t  t h e  
in v o lv e d  a re a  s h o u ld  b e  in b lữ a te d  w ith  a n  iso to n ic  4 %  
so lu tio n  o f s o d iu m  th io su U a te , fo llow ed  b y  th e  a p p lic a tio n  
o f  a n  ice c o m p re ss  in te r m itte n tly  for 6 to  12 h o u rs , a ỉ th o u g h  
th e  ro le  o f sp e ó G c  a n tid o te s  i n  a n tin e o p la s tic  e x tra v a sa tio n  
is so m e w h a t c o n te n t ío u s  (see p . 731 .3).

C h lo im e th in e  h y d ro c h lo r id e  m ay  p ro d u ce  te m p o ra ry  o r  
p e n n a n e n t  in h ib i t ío n  o f  íe r tility . T here  is so m e  e v id e n c e  o f  
m u ta g e n id ty ,  te r a to g e n id ty ,  a n d  c a rd n o g e n id tỵ .

Effech on the nervous System. Severe im m e d ia te  n e u ro -  
to x id ty  d e v e lo p e d 1 ìn  14  o f  21  e v a lu ab le  p a tie n ts  w h o  
u n d e rv v e n t b o n e  m arro v v  tra n s p la n ta tio n  a b e r  p re p a ra tio n  
w i th  c y to to x ic  r e g im e n s  i n d u d in g  c h lo im e th in e  0 .3  to  
2  m g /k g . S y m p to m s  d e v e lo p e d  a- m ed ia n  o f 4  days a b e r  
ữ e a tm e n t  a n d  i n d u d e d 'h e a đ a c h e ,  h a llu d n a tio n s ,  c o n h i-  
s io n , c o n v u ls io n s , p a ra p le g ia , a n d  n e m o r .  S y m p to m s 
reso lv e d  in  m o st, a l th o u g h  in  so m e th e y  h a d  n o t  d o n e  so  
b e ío re  th e ir  d e a th .  S ix  o f th e  p a tie n ts  w h o  re c o v e re d  b o m  
a c u te  to x id ty  d e v e lo p e d  a d e la y e d  n e u ro to x id ty ,  b e g in -  
n in g  a  m e d ia n  o f 1 69  days a b e r  th e  first c h lo rm e th in e  
in je c tio n  a n d  c h a ra c te r ise d  b y  sy m p to m s in d u đ in g  c o n íu -  
s io n , so m n o le n c e , p e rso n a ỉity  chan g e, d e m e n tia , ỉo ca l 
m o to r  se izu res , a n d  h y d ro c e p h a lu s . P a tíe n ts  o ld e r  t h a n  21 
y e a rs , th o se  w h o  h a d  rec e iv ed  CNS irrad ia tio n , a n d  th o se  
t re a te d  c o n c o m ita n t ly  w ith  o th e r  cy to tox ic  ag en ts  w e re  a t  
in c re a se d  rísk  o f  n e u ro to x id ty .

1. Suỉlivan KM. tí  ai. Immediate and delayed lìcurotoxidty aítcr 
mechỉorethamỉne preparatíon ỉor bone marrow txansplamadoa. Ann 
ỉntem Mtd  1982; 97: 182-9.

Handìng and disposal. C h lo n n e th in e  h y d ro c h lo iid e  ỉs a  
s tro n g  v esican t; a v o id  c o n ta c t  vvith sk in  a n d  m u c o u s  
m e m b ia n e s .

T h e  m a n u ỉa c tu r e rs  State t h a t  unused injectìon S o lu tions o f 
c h lo rm e th ln e  h y d ro c h lo r id e  m a y  be n e u tra lis e d  h y  m ix in g  
w i th  a n  e q u a l v o lu m e  of a  so lu tio n  c o n ta in ỉn g  s o d iu m  
th io su U ate  5 %  a n d  s o d iu m  b ic a rb o n a te  5%  a n d  a llo w in g  to  
s ta n đ  ỉo r  4 5  m in u te s .  E q u ip m e n t u se d  in  th e  p re p a ra tio n  
a n d  a d m in is tr a t io n  o f  su c h  so lu tio h s  m a y  b e  t r e a te d  
s im ila rly . A l te m a tiv e ly  a s o lu tio n  c o n ta in in g  s o d iu m  
c a rb o n a te  2 .5 %  o r  só d iu m  h y d ro x ld e  in  a  m ix tu re  o f 
in d u s tr ìa l  m e th y la te d  sp irit a n d  w a te r  h a s  b e e n  su g g ested  
fo r th e  d e c o n ta m in a t io n  o f e q u ip m e n t.

Urirư p r o d u c e d  f o r  u p  to  4 8  h o u rs  a f te r  a d o se  o f  
c h lo n n e th in e  s h o u ld  b e  h a n d le d  vvearing  p ro te c tiv e  
d o th in g . '

1. Hanis J, Dodds u .  Handỉing vvaste ừom patienư receiving cytotoxic 
drugs. Pharm J  1985; 235: 289-91.

Porphyria. T h e  D ru g  D a tab ase  fo r A cu te  P o rp h y ria , c o m - 
p ile d  b y  th e  N o rvveg ian  P o rp h y ria  C e n tre  (NAPOS) a n d  
th e  P o rp h y ria  C e n t te  Svveden, dassi& es c h lo rm e th in e  as  
n o t  p o rp h y r in o g e n ic  i t  m a y  b e  used  as  a  d ru g  o f  firs t 
c h o ic e  a n d  n o  p re c a u t io n s  a re  n e e d e d .1

1. The Drug Database for Acutc Porphyrỉa. Avaỉlable at: http://w w w . 
drugs-porphyria.org (accessed 28/09/11)

Pharmacokinetìcs
O n  in tra v e n o u s  in je a io n ,  c h lo rm e th ln e  is rap id ly  c o n v e rte d  
to  a  re a c tiv e  e th y le n e im m o n iu m  ion . I t  u su a lly  d isa p p e a rs  
b o m  th e  b lo o d  in  a  f e w  m in u te s .  A  v ery  sm all p ro p o r t io n  is 
excxeted  u n c h a n g e d  in  th e  u r in e .

Preparations
Proprietary Preporotiorn (details a re  given in  Volum e B) .

Single ĩngradient Preparotions. Canad.: M ustargen t; F r.: Caryo- 
ly sin e t: Gr.: C aryolysừie; Israel: M usurgen; Switz.: M ustar- 
g e n f; USA: M ustargẽn ; Valchlor.

The Symbol t  denotes a preparation no longer actively marketed

http://www
http://www.bad.org.uk/Fortals/_Bady
http://www
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Pharmacopoeial Prepanriions
BP 2014: c h lo n n e th in e  Injection;
U SP 36: M ech lo retham ine H ydrochloride for Irýection.

Ciléngitide IUSAN, riNN i 

Q lé n g itlđ a ;C iléh g itid u rn ; EMD-121974; L|M0 eHrMTMfl. 
cỳclo(L-arginỳỉglycyl-L:La-aspartyl-ò-phenylatanyl-W -m ethỳl-t.- 
vályt> '  , r ‘ J
C n H ^ A ^ 8 8 7  ■ - * , ' /
Ỡ S  —  188908-51-6. . .
UNII —  4ẼDF46E4GL

Profi7e
C U engitide is a n  in te g r in  in h ib i to r  w i th  a n ti-a n g io g e n ic  
a c tìo n s , u n d e r  in v e s tìg a tio n  in  t h e  D e a tm e n t  o ! g liom a, 
s q u a m o u s  cell c a rd n o m a  o ỉ  t h e  h e a d  a n d  n e c k , a n d  
n õ n -sm a ll  cell lu n g  ca n ce r .

R e íe re n c e s .
1. Prìess H, tí  ai. A randomỉzed m ulti-ccnier phase □ triai oí the 

angỉogenesis ỉnhibìtor dJengiùde (EMD 121974) and gemdiabine 
compared vvith gemciiabine alone in advanced unresectable pancreatic 
cancer. BMC Canctr 2006; 6: 28Ỉ.

2. Hariharan s, tí  a i  Assesstnent of the biological and pharmacoỉogỉca) 
eAects oỉ the 0 * í j  and « * p j  Imegrin receptor antagoníst, 
álengitide (EMD Ỉ2Ỉ974), in patỉenu  with advanced solid lumors. Aim  
O rtaĩ2007; 18: 1400-7.

3. MacDonald TJ, tí  ai. Pbase I dinỉcal trial of dlengiũde ỉn children wiih 
reỉractory brain tumors: Pediatrỉc Brain Turaor Consortỉum Study PBTC- 
012. 3 cán Oncoỉ 2008; 26: 919-24.

4. Reardon DA, t í  aỉ. Cilengỉtíde: an integrin-iargctỉng arginine-glycứie- 
aspartic a d d  peptide w ith prom ising actỉviry ỉor glioblastoma 
muldĩorme. Expert Optn Ịnvat Drup  2008; 17: 1225-35.

Cintredekin Besudotox ỊUSAN, riNN i 

Qnựedekina bệsudotoic Clntrédếlặne Bésudotox; Cịntrede- 
kinum jỉesudótoxum;, IU3-PE38; ỊU3-PE38QQR; NK-408; 
Pseudomonas Exotoxín (domains. Il/lll)-lnterleukin 13 
Chimeric Protein; Toxin hlL 13-PB8QQR (plasmid phulL. 
13-Tx); Tredekincept Sudotox; LlMHTpefleKMH 5e3yflOTOKC ■ 
CAS —  372075-3&0.
UNII — ZL04JX89M7. ■■■■■■'■ ••
ProỊỊIe
C in tre d e k ĩn  b e s u d o to x  is a  r e c o m b in a n t  ỉu s io n  p ro te in  of 
in te r le u k in -1 3  a n d  a b a c te r ìa l t o x in  d e riv e d  fro m  Pstudo- 
moruts aeruginosa. I t  is u n d e r  in v e s tig a tio n  ỉo r  t h e  ư e a tm e n t  
o í  m a l ig n a n t  g liom as.

Reíerences.
1. K usw ar s, tí aỉ. Direct intracerebraỉ đeỉlvery of dnưedekỉn  besudotox 

(ÍL13-PE38QQR) In recurrent m alỉgnam glioma: a report by the 
Cintredekin Besudotox Inơaparenchyinaỉ Stuđy Group. 3 Cỉin Onal 
2007; 23: 837-44.

2. Vogelbaum MA, tí  ứ l  Convectìon-ẽnhanced deỉỉvery o í ántredekin 
besudotox (interleukin-13-PE38QQR) ỉoũowed by radiation therapy 
with and w iỉhout temozolomide in new ly dỉagnosed malignam gliomas: 
phase 1 study oỉ finaỉ saíety resuỉts. NeuTOĩvrỊCTy 2007; 61: 1031-7.

3. Mut M, t í  aỉ. Cintredekin besudotox in  ơeatm ent oí maỉỉgnant glioma. 
Expert Opừi Bioỉ Ther 200ề; 8: 805-12.

Cisplatin /BAN, USAN, riNN)
CDDP; cữ-DDP; Cisprátina; Cisplatíne; Cisplatino; Cisplatinum; 
Ôs:platinum; Cisplatyría; Ciszplatin; DDP; Diamindidoruro de 
platinò (II); NSC-119875; Peỹrone's Salt; Platinum Diammi- 
nodichloride; Sisplatiini; Sisplatin; UncnnarviH. 

.cis-Diamminedíchloroplatinutn; vìí •
(NH3)2í ,tQ2=300:0,
Ò4S —  15663-27-1.
ATC—  L01XA01- 
ATCVet -ị-QL01XA0U 
LỊNIỊ —  Q20Q210611.

P h a rm a c o p o e ia s .  I n  Ch in., Eur. (se e  p . v ii), Int., Jpn, a n d  us. 
P h .  E t ir .  8 : (C isp la tin ). A  y e llo w  povvder o r  y e llo w  or 
o ra n g e -y e llơ w  crysta ls . S lig h tly  s o lu b le  in  w a te n  p rac tica lly  
in so lu b le  in  a lc o h o l; sp a rin g ly  s o lu b le  in  d im e th y lío rm a -  
m id e . A  0 .1 %  s o lu tio n  in  so d iu m  c h lo r id e  0 .9 %  h a s  a p H  of 
4 .5  to  6 .0  im m e d ỉa te ly  a f te r  p re p a ra tio n . S to re  in  a ir t ig h t  
c o n ta in e rs .  P r o te a  froin lig h t.

U S P  3 6 : (C isp la tin ). S to re  in  a ir t ig h t  c o n ta in e rs .  P ro te c t 
b o n  lig h t.

h ìc o m p a lib il i ty . C isp la tin  is ra p id ly  d e g ra d e d  in  t h e  p re -  
s e n ce  o f  b isu lh te  o r  m e ta b is u l í i te ,1’2 a n d  a d m ix tu re  w ith  
p re p a ia tio n s  c o n ta in in g  th e s e  as  p re se rv a tiv e s  m a y  re su lt  
i n  loss o f  a c tiv ity .2 S o d iu m  b ic a rb o n a te  m a y  a lso  in c re a se  
t h e  lo ss  o f  d s p la t in  b o m  so lu tio n , a n d  in  so m e  cases  m ay  
c a u se  p r e d p i ta t io n .3 T h e  s ta b ili ty  o f  d s p la t in  w h e n  m ix e d  
w ith  A u o ro u ra d l  is r e p o i te d  to  b e  lim ite d , w i th  1 0 %  Ioss 
o f  d s p la t in  in  1.2 to  1.5 h o u r s .4 M ix tu re s  vvith  e to p o s id e 5 
in  s o d iu m  c h lo rid e  0 .9 %  ũ ý e c tio n  ío rm e d  a  p r e d p i t a t e  ư  
m a n n i to l  a n d  p o ta s s iu m  c h lo r id e  w e re  p r e s e n t  a s  add i-

tiv e s , b u t  n o t  w h e n  th e  d i lu e n t  w a s  g lu c o se  5 %  w ith  so d - 
iu m  c h lo rid e  0 .4 5 % . T u rb id ity  h a s  b e e n  rep o r te d *  v r ith in  
4  h o u r s  o f m ix in g  0 .1 %  S o lu tio n s  o{ d s p la t ìn  a n d  th ỉo te p a  
in  g lu co se  5 % . C isp la tín  e x h ib its  v a ria b le  ỉn c o m p a tib il i ty  
vvith p a d ita x e l ,  d c p e n d in g  o n  th e  p a d i t a x e l  c o n c e n tra t io n  
a n d  th e  te m p e ra tu re .7

C isp la tln  rea c ts  w i th  a lu m in iu m  c a u s in g  lo ss  o ỉ  p o te n c y  
a n d  p r e d p i ta te  lo rm a tio n . N eed les , sy rin g e s , c a th e te r s  o r  
g iv in g  se ts  th a t  c o n ta in  a lu m in ìu m  s h o u ld  n o t  b e  u se d  fo r  
p re p a r in g  o r  g iv in g  d s p la t ỉn .

1. Hussaín AA, t í  al. Reacrion of cls-platinum w ỉth sodỉum bisulỉìte. J  
Pharm Sả  1980; 69: 364-5.

2. Garren KW, Repia AJ. Incompatỉbiỉỉty ofdsp ỉatỉn  and Regỉan lnjectable. 
Iní J  phamaceutia 1985; 24: 91-9.

3. Hỉncal AA. et a i  Cis-platin subilỉty  ỉn aqueous parenteral vehicỉes. J  
ParenttT DnỉỊ Assoc 1979; 33: 107-16.

4. Stewart CF. Fleming RA. Compatibilỉiy of dspỉatỉn  and Auorouradl ỉn 
0.9% sodỉum chloride injectỉoa. Am J Hosp Pharm 1990; 47: ỉ  373-7.

5. Stewart CP. Hampton EM. Stabiỉity oí d ỉp la tin  and etoposỉde in 
íntravenous adroixtures. Am J  Hosp Pharm 1989; 46: 1400-4.

6. Trỉsseỉ LA. Martỉnex JF. Compatibility oí thiotepa (lyophilized) with 
sclected drugs duríng simulated Y-siie admỉnistration. Am J  Health-Sysỉ 
Pharm 1996; 53: 1041-5.

7. Zhang Y, tí aỉ. Compaúbility and siability oí padỉtaxel combined with 
dsplatin and with carboplatin in inỉusion Solutions. Ann Pharmacothtr
1997; 31: 1465-70.

StabiG ty . D e co m p o sitio n  o f d s p la t in  in  a q u e o u s  S olu tions 
is m a in ly  d u e  to  re v e rs ib le  s u b s ti tu t io n  o f  w a te r  fo r  c h lo r- 
ide , a n d  its s tab ilìty  is e n h a n c e d  in  s o d iu m  c h io r id e  Solu
t io n s  b e c au se  o f th e  ex cess  o f  c h lo r id e  io n s  a v ĩũ la b le .1-2 A 
so lu t io n  in  s o d iu m  c h lo r id e  0 .9 %  i n je a io n  h a s  b e e n  
re p o r te d  to  lo se  3 %  o f th e  d ru g  in  less t h a n  o n e  h o u r  a n d  
to  r e m a in  s tab le  a t  th is  e q u il ib r ìu m  v a lu e  fo r  2 4  h o u rs  a t 
ro o m  te m p e ra tu re .1 S ta b ility  is d e c re a se d  if e x p o sed  to  
intense ligh t, b u t  th e  eííect ol n o rm a l  l ig h t in g  c o n d itìo n s  
is a p p a re n tly  sm a lle r .1-2 I t  h a s  b e e n  r e c o m m e n d e d  th a t  
a d m ix tu re s  o f d s p la t in  w i th  m a n n ỉ to l  a n d  m a g n e s iu m  su l- 
fa te  ( in  g lu co se  5%  w ith  s o d iu m  c h lo r id e  0 .4 5 % )  s to re d  a t 
ro o m  te m p e ra tu re  in  PVC b a g s  s h o u ld  b e  u se d  vvithin 4 8  
h o u rs ,  b u t  m a y  b e  s to re d  fo r  4  d a y s  a t  4  d e g re e s  o r  f ro zen  
a n d  s to re d  a t  -1 5  d e g re e s  ío r  u p  to  3 0  d a y s .J H o w ev er, 
S o lu tio n s  c o n ta in in g  6 0 0 m iơ o g r a m s /n iL  o r  m o re  of d s -  
p la t in  p r e đ p i ta te  o u t  w h e n  re h ig e ra te d  a n d  a re  slovv to  
re d isso lv e .1

1. Greene RF, tí ai. Stabiiity oỉ cisplatin in aqueous solution. Am 3 Hoíp 
Pharm 1979; 36: 38-43.

2. Hincal AA. tí  aL Cis-plaứn stabìlity in aqueous parenteral vehides. J 
Partnur Drug Assoc 1979; 33: 107-16.

3. LaFoUetie JM. tí al. Siabiỉìty oỉ dsplatỉn admỉxtures in polyvỉnyl chloride 
bags. AmJHoq> Pharm \ 985; 42:2652.

Uses and Administration
T h e  a n tm e o p la s tic  t í s p la t in  is a  p la t in u m - c o n ta in in g  
c o m p le x  th a t  m a y  a c t  sũ n ila r ly  to  th e  a lk y la tin g  a g e n ts . Its  
a n tin e o p la s tic  a c tio n s  a re  c e ll-c y d e  n o n -sp e c iC c  a n d  a re  
d e p e n đ e n t  u p o n  its  c ừ  c o n ũ g u ra t ịo n ;  th e y  a p p e a r  to  b e  
r e la te d  to  its  h y d ro ly s is  in  th e  b o d y  to  ỉo rm  re a c tiv e  a q u a te d  
s p e d e s .  A lth o u g h  i t  c a u se s  im m u n o su p p re s s io n , s tim u la -  
t io n  o f th e  h o s t  im m u n e  re sp o n se  a g a in s t  th e  tu m o u r  h a s  
b e e n  su g g ested  as c o n tr íb u tin g  to  d s p la t in 's  a n tin e o p la s tic  
a c tio n .

C isp la ú n  is o f v a lu e  in  t h e  t r e a tm e n t  o f  tu m o u r s  o f th e  
tes tis , u su a ỉly  a s  a  m a jo r  c o m p o n e n t  o f  c o m b ỉn a tio n  
c h e m o th e ra p y  reg im en s , a n d  p a r t ic u la r ly  w i th  b le o m y c in  
a n d  e to p o s id e  (BEP), o r  w i th  b l e o m y d n  a n d  a  v in ca  
a lk a lo id . I t  is  also  u s e d  in  m e ta s ta t ic  o v a r ìa n  tu m o u rs , 
c e rv lca l tu m o u rs , lu n g  c a n c e r , a d v a n c e d  b la d d e r  c a n cer , 
a n d  s q u a m o u s  ce ll c a rd n o m a  o f th e  h e a d  a n d  n e d c . It h a s  
b e e n  re p o n e d  to  b e  a c tiv e  a g a in s t m a n y  o th e r  so lid  
tu m o u rs ,  as  in d ic a te d  b y  th e  cross r e le re n c e s  g iv e n  u n d e r  
M a lig n a n t N eop lasm s, p . 7 6 7 .1 .

C isp la tin  is g iv en  b y  in tr a v e n o u s  in lu s io n  in  so d iu m  
c h lo r id e  0 .9 %  o r  in  a  m ix tu re  o f  s o d iu m  d i lo i id e  a n d  
g lu co se . In  m o n o th e ra p y . i t  is u su a lly  g iv e n  as  a  sing le  do se  
o f 5 0  to  1 2 0 m g /m 2 e v e ry  3 to  4  w e e k s . A lte m a tiv e ly , 15 to  
2 0 m g /m 2 is g iv en  daily  fo r  5 days, e v e ry  3 to  4  w e e k s . L o w er 
d o se s  a re  g e n e ra lly  u s e d  ỉo r  c o m b in a tio n  c h e m o th e ra p y  
re g im e n s  t h a n  fo r  sing le  a g e n t  th e ra p y ; 2 0  m g /m 2 o r  m o re  is 
gi v e n  o n c e  e v e ry  3 to  4  vveeks. A  d o se  o f  2 0 m g /m 2 daily  fo r 
5 d a y s  e v e ry  3 to  4  vveeks h a s  b e e n  u s e d  in  c o m b in a tio n  
c h e m o th e ra p y  o f  te s t ic u la r  tu m o u rs .

L icen sed  p r o d u c t  i n ío n n a t io n  re c o m m e n d s  th a t  d s p la t in  
is g iv e n  in  2 l iư e s  of c h lo i id e -c o n ta in in g  in h is io n  ũ u id . In  
p ra c tỉc e , v o lu m e s  o f less t h a n  2 l itre s  h a v e  b e e n  u se d  in  
e x p e r t  c e n ơ e s .  T h e  in íu s io n  m a y  b e  gi v e n  o v e r  1 to  2  h o u rs , 
a l th o u g h  l icen sed  p ro d u c t  in ỉo r m a t io n  g e n e ra lly  rec o m - 
m e n d s  a  lo n g e r  in íu s io n  t im e  o ỉ  6  to  8  h o u r s  in  o rd e r  to  
r e d u c e  re n a l  a n d  g a s ư o in te s tin a l  to x id t ie s .

T o  a id  d itư e sis  a n d  p ro te c t  th e  k id n e y s , 37 .5  g o f 
m a n n i to l  (e.g . 3 75  m L  o f  m a n n i to l  1 0 % ) is  u s u a lly  a d d e d  to  
th e  in lu s io n  o r  is in íu s e d  se p a ra te ly  ũ n m e d ia te ly  b e ío re  
d s p la t in .  In  o rd e r  to  b e g in  d iu re s is  t h e  p a t ìe n t  is u su a lly  
h y d ra te d  b y  t h e  in fu s io n  o f  1 to  2  l itre s  o f a  su ita b le  Uuid 
o v e r  se v era l h o u rs  b e ío re  g iv in g  d s p la ú n .  A d e q u a te  
h y d r a t ìo n  m u s t  a lso  b e  m a in ta in e d  ío r  u p  to  2 4  h o u rs  
a í t e r  a  d o se . R e n a l,  h a e m a to lo g ic a l .  a u d ito r y ,  a n d

n e u ro lo g ic a l  íu n c t io n  s h o u ld  b e  m o n ito re d  d u r in g  th e r  ìpy , 
a n d  d o sa g e  a d ju s te d  acco rd in g ly .

C isp la tin  h a s  a lso  b e e n  g iv e n  b y  th e  in tra -a r te r ia l  a n d  
in ư a p e r ì to n e a l  r o u te s ,  a n d  b y  in s til la t io n  in to  t h e  bladd< r. It 
is b e in g  in v e s tìg a te d  a s  a  lip o so m a l ío rm u la t io n , a n d  ỈS a 
c o lỉa g e n -b a se d  ỉn je c ta b le  gel c o n ta in in g  d s p la t in  a n d  
a d re n a l in e  (M P I-5 0 1 0 ) to  lo ca lise  t h e  e f f e a .  A n  oral 
ỉo tm u la t io n  o f  d s p la t in  is  a lso  u n d e r  in v e s tlg a tio n .

V a rio u s  à n a lo g u e s  ọ f  d s p la t ln  h a v e  b e e n  d e v e lo p e  1 o r  
in v e s tig a te d  in d u d in g  th o s e  w ith  f e w e r  a d v e rs e  e ííe c ts  e .g . 
c a rb o p la tin , p .  7 5 9 .1 ;  n e d a p la tin ,  p . 8 3 4 .3 ) , a n  a lt rred 
sp e c tru m  o f a c tiv ity  (o x a lip la tin , p . 8 3 8 .1 ), o r  a c tiv it; o n  
o ra l d o sa g e  ( sa ữ a p la tin ,  p .  8 5 6 .3 ).

Administration. A d ju s tm e n ts  to  th e  w a y  in  w h ic h  d sp l 3tin 
is g iv en  h a v e  b c e n  su g g e ste d  in  a n  a tte m p t  to  im p  o ve 
eỉB cacy vvhile r e đ u d n g  to x id ty .

H y d ra tio n  b e fo re  a n d  a f te r  a  d o se  o f d s p la t in ,  to g e  h e r  
vvith t h e  u s e  o f  m a n n i to l  to  p r o m o te  d iu re s is , is H 0W  
S tandard  (see  U ses a n d  A d m in isư a tio n , a b o v e ).  H ÍỊh e r  
doses o f d s p la t in  (u p  to  2 0 0 m g /m 2 p e r  t r e a tm e n t  o  d e )  
h a v e  b e e n  su c ce ss ỉu lly  g iv en  b y  in íu s io n  in  h y p e rt  )nic 
so d iu m  ch lo rid e , a c c o m p a n ie d  b y  in te n s iv e  h y d ra tio  I . 1,2 
S o d iu m  c h lo r id e  3 %  in íu s io n  s o lu tio n  h a s  b e e n  u : ỉ d .3 
Hovvever, w h ile  su c h  a  r e g im e n  m a y  lim it n e p h ro to x i  i ty ,  
o th e r  to x ic  effects. s u c h  as  p e r ip h e ra l  n e u ro p a th y ,  a re  n o t 
p re v e n te d ;1-2-4-5 m y e lo su p p re s s io n  m a y  b e  less  if th e  lo ta l  
dose  is g iv e n  in  2  d iv id e d  doses  r a th e r  t h a n  d iv id e d  ov er 5 
days.2 H ig h -d o se  d s p la t ín  h a s  b e e n  g iv en  o n c e  vvet kly; 
h a e m a to lo g ic a l t o x id ty  m a y  b e  d o se -I im itin g  w ith  th ỉs  
r e g im e n .3

T o x id ty  h a s  b e e n  r e p o r te d  to  b e  re d u c e d  w h e n  d sp l a tin  
w as g iv e n  b y  c o n tìn u o u s  ih ư a - a r te r ia l ‘  o r  in tr a v e n  )US7 

in fu s io n . I t  h a s  a lso  b e e n  su g g e ste d  th a t  g iv in g  t isp la ti 1  in  
th e  e v e n in g  r a th e r  t h a n  th e  m o m in g  resu lts  in  less d a n  ,age 
to  re n a l  ỉ u n a i o n ,  a p p a re n t ly  b e c a u se  o f d r c a d ia n  v a ría t  o n s  
in  u r in e  p ro d u c tio n .*  H ovvever, a n o th e r  s tu d y 9 fo u n d  that 
m o m in g , r a th e r  t h a n  e v e n in g , d o ses  of d s p la t in  resu lte  d in  
less r e n a l  d a m a g e . N o tin g  th e  in co n s is te n c y  w ith  p re v  o u s  
rep o rts, th e  a u th o rs  c o n d u d e d  th a t  u se  o f  a  p ro lo i  ged  
h y d ra tio n  p ro to c o l a n d  c o n c o m ita n t íu ro s e m id e  m ig h t 1 a v e  
b ẽ e n  re s p o n s ib le  í o r  th e s e  r e s u l ts  (se e  a lso  u i  d e r  
In te ra c tio n s , C a rd io v a sc u la r  D ru g s, p . 7 6 8 .3 ) . I t  w a s  also 
ío u n d  th a t  m o n iin g  do sag e  o f  d s p la t in  m a y  b e  m o re  
e m e to g e n ic  th a n  e v e n in g  d o sag e , a l th o u g h  th e  usi: of 
p ro p h y la c tic  o n d a n s e ư o n  b e ío re  d s p la t in  r e d u c e d  th is  
a p p a re n t d r c a d la n  e ỉ f e a  o n  v o m itin g .

A  su g g e ste d  a lte m a t iv e  w a y  to  in c re a se  t h e  p la tii  u m  
dose  v v ith o u t p r o d u d n g  in c a p a d ta t in g  to x id ty  h a s  b e e r  th e  
c o m b in a tio n  of d s p la t ín  a n d  c a rb o p la tin .10 F o r m u la t io i  as 
lìposom al d s p la t in  is a lso  u n d e r  in v e s tìg a tio n .11

V ario u s d ru g s h a v e  b e e n  in v e s tig a te d  to  r e d u c e  to x i á  ty , 
in d u d in g  a n ũ ỉo s t in e ,  g lu ta th ìo n e , a n d  th lo s u lỉa te .  as  
d iscussed  u n d e r  EH ects o n  th e  E ars, p . 7 6 7 .2  E íỉe c ts  OE th e  
K idneys, p .  7 6 7 .2  a n d  Effects o n  th e  N e rv o u s  Sy stem , 
p. 7 6 7 .3 .

A re tro sp e c tiv e  s tu d y  o f p a tie n ts  w i th  b la d d e r  c a ic e r  
ỉo u n d  th a t  c a lc u la tio n  o f  c re a t in in e  d e a r a n c e  (CC) b y  
m a th e m a tic a l  ío rm u la s  w a s  in a d e q u a te  i n  d e te rm in in g  
re n a l  e lig ib ility  ío r  t r e a tm e n t  vvith  d s p la t in ,  e s p e d a ll  I in  
p a tie n ts  o v e r  65 y e a rs  o f  age; u p  to  4 4 %  o f p a tie n ts  ’ vho 
w e re  t r e a te d  w ith  d s p la d n  b a sed  o n  m e a s u r e d  c c  w< m ld 
h a v e  b e e n  d e e m e d  in e lig ib le  u s in g  m a th e m a tic a l  calc i la -  
t io n s .12 T h e  v a lu e  o í  th e ra p e u tic  d ru g  m o n ito r in g  h a s  t  e e n  
rev ie tv e d .13

1. Ozols RP. tí al. Hỉgh-dose ảspUcin in hypertonic saỉine. Ann ừtíen Med 
1984; 100: 19-24.

2. Ganđara DR, tí aL Cisplatin dose Inicnsiiy in non-small ccỉỉ lung ca 1 ce r 
phase n  resuỉtỉ oỉ a day ỉ and day 8 high-dosc regỉmen. J  Natl Cana r Inst 
1989; 81: 790-4.

3. de Jongh FE, tí  al. W eekỉy higb-dose dsptaiin  ỉs a ỉeasibỉe treat nem  
optìon: anaỉysis on prognostỉc U aors íor loxìdty ỉn 400 patỉents Br 3 
Cancer 2003; 88: 1199-1206.

4. Baglcy CM. tí ai. Hỉgh-dose dsplaiin tberapy for cancer of the 0 'ary. 
neurotoxidty. A m  ìniem  Med 1985; 102: 719.

5. Ozols RP, Young RC. Hỉgh-dose dsplatln therapy íor cancer oỉ the c /ary: 
ceurotoxídty. A m  Ịntem Med 1985; 102: 719.

6. Jacobs s c  tí a i  Intraarterial dsplatỉn inỉusỉon In the  manageme nt oỉ 
transidonal ceỉl cardnom a o í the bỉadder. Cancer 1989; 64: 386-9. .

7. Salem p, t í  a l  Cis-dỉamminedichloroplatỉnum (II) by 5-day contìr uous 
iníusíon; a new dose schedule with minimal toxỉdty. Cancer 198*; 53: 
837-40.

8. Hrushesky WJM, t í  ai. Circadian time dependence o ỉ dspỉatin ur nary 
ỉdnetìcs. Oin Pharmacol Ther 1982; 32: 330-9.

9. Kobayashi M, t í  ai. Cisplatin-índuced vomiting depends on d rc  đỉan 
timing. Qtronobiol h it 2001; 18: 851-63.

10. Piccart MJ, et tứ. Cỉsplatỉn combỉned vvith carbopỉatin: a new w ty oí 
ỉntensỉâcatỉon of platỉnum  dose in the creatment of ađvanced ov irian 
cancer. 3 Natí Canerr ỉnsi 1990; 82: 703-7.

11. Stathopoulos GP. Liposomal dsplatỉn: a new dsp laõn  ỉormuỉ. tion. 
Aníicanctr Drugs 2010; 21: 732-6.

12. Raj GV, t t  al. Pormulas calculating creatỉnỉne dearance are ỉnadei uate 
ỉor determỉnỉng eligibility íor dsplatỉn-based chem otherapy in bl dder 
cancer. 3 Qin Oncoì 2006; 24: 3095-3100.

13. Huỉỉn K  tí a l  Suỉvi thérapeudque Pharmacologique de la S( dété  
Franẹaỉse de Pharmacologte et de Thérapeutique. Nìveau de preu e du 
suivỉ thétapeutique phannacologỉque đu dspỉatine. Therapie 201*: 65: 
151-5.

Administration in the elderiy. D esp ite  rec e iv in g  less 
c h e m o th e ra p y  th a n  th e i r  y o u n g e r  c o u n te rp a rts ,  se le  rted
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e ld e r ly  p a tie n ts  h a v e  b e e n  shovvn  to  b e n e íi t  fro m  a d ju v a n t  
c isp la ó n -b a se d  c h e m o th e ra p y  a n d  s tu d ie s  h a v e  c o n d u d e d  
th a t  c h e m o th e ra p y  s h o u ld  n o t  b e  v v ithhe ld  b o m  p a tie n ts  
o n  th e  basis  o f  a g e .1'2 A  rev ievv3 c o n s id e re d  d s p la t in  to  b e  
a  v iab le  a e a t m e n t  o p t ìo n  in  se le c te d  e ld e rly  p a tie n ts ;  
r e n a ỉ  h in c t io n  a n d  th e  h ig h  in d d e n c e  o f a g e -re la te d  h e a r -  
in g  lo ss  s h o u ld ,  h ovvever, b e  ta k e n  in to  c o n s id e ra d o n . T h e  
a u th o r s  re c o m m e n d e d  th a t  d s p la t in  b e  u se d  a t  th e  lo w e r  
ra n g e  o f d o sag e , a n d  p re fe ra b ly  a t  a  re d u c e d  in tu s io n  ra te  
(ío r  e x a m p le , o v e r  2 4  h o u r s )  to  a v o id  excessive  to x ic ity  in  
th e  e ld e rly ; h y d r a d o n  s h o u ld  b e  m o n ito re d  to  p r e v e n t  
flu id  o v e rỉo a d  a n d  c o n c o m ita n t  u se  o f n e p h ro to x ic  d ru g s  
s h o u ld  b e  a v o id e d .

U se  o ỉ  m a th e m a tic a l  ío rm u la s  to  d e te rm ỉn e  re n a l  
elig ib ility  fo r  d s p la t in  t r e a tm e n t  h a s  b e e n  d e e m e d  to  b e  
in a d e q u a te ,  e s p e d a l ly  in  p a tie n ts  o v e r  65  y e a rs  o f age, se e  
A đ m in is tra t io n , p . 7 6 6 .3 .

1. pepe c, a aí. Adjuvant yinorelbine and d ip ladn  In elderly paticnts: 
National Cancer Insdtute o t Canada and Intcrgroup Study JBR. 10. J  ơ á t 
Oncol 2007; 25: 1555-41.

2. F tũh M. í t a l .  Pooled ana lyá ỉ o( the effect of age on adjuvant dspỉatỉn- 
based chemotherapy ỉo r compỉeteỉy resected non-smaỉl-ceỉl lung cancer. 
JClin Ontol 2008; 24: 3571-31.

3. Lichttnan SM, rt »1. International Sodety of Geriatric Oncology 
Chem otherapy Tasktorce: evaluadon of chem otherapy ỉn older 
padents—an analysỉs o ỉ the medỉcal lherature. J  ơ ĩn  Oticol 2007; 25: 
1832-43.

Administration in renal impainnent. L icen sed  p ro d u c t  
in ío n h ả t io n  g e n e ra l ly  c o n ư a - in d ic a te s  t h e  u s e  o f  d s p la t in  
in  p a d e n ts  w i th  r e n a l  ũ n p a ir m e n t .  H o w e v e r, th e re  a re  
re p o r ts  o f t h e  u se  o f  d s p ỉa t in  w i th  p e r i to n e a l  d ialysis1 o r  
h a e m o d ia ly s is2-3 in  a  f e w  p a tie n ts .

1. Sebestyen J, t í  ai. Cisplatín pham ucotdnetics ỉn a child receivứig 
peritoneal dialyàs. Ptdiatr Nephrol 2010; 25: ỉ 185-9.

2. Matsumoto K. Pharmacokinetics of dspỉatín and methotrexate after M- 
VAC chem otherapy for advanced urothelỉal cancer in hemodialysis 
patients. bu  3 U nĩ 2008; 15: 949-50.

3. Zahra MA, t í  al. Concurrent week]y dsplatin chemotherapy and 
radỉotherapy ỉn a haemodỉalysỉs patỉent with locaỉỉy advanced cervix 
canccr. a in  Oĩtaỉ (R Cõlỉ Radiol) 2008; 20: 6-11.

Malignant neoplasms. C isp la tin  is u se d  in  th e  m an a g e -  
m e n t  o í  m a n y  so lid  m a l ig n a n d e s ,  n o ta b ly  th o se  o f  t h e  
b lad d e r , ce rv ix . lu n g , o v a ry , a n d  tes tis , as  d iscussed  o n  
p . 7 0 0 .2 , p . 7 0 4 .2 , p . 7 1 0 .2 , p . 7 1 1 .2 , a n d  p . 715 .1  resp e c -  
tiv e ly . O th e r  m alig n a n c ie s  w h e r e  c isp la tin  m ay  b e  
e m p lo y e d , as  d iscu ssed  in  th e  in tro d u c tio n  to  th is  c h a p te r , 
in d u d e  n o n - H o d g k ín 's  ly m p h o m a s  (p. 6 9 6 .3 ), tu m o u rs  o f 
b ra in  (p. 7 0 1 .2 ), e n d o m e t r iu m  (p. 7 0 4 .3 ), o eso p h ag u s , s to -  
m ac h , a n d  a n ú s  (p. 7 0 5 .3 , p . 7 0 6 .1 , a n d  p . 708 .1 ), h e a d  
a n d  n e c k  (p . 7 0 8 .1 ), a n d  th y m u s  (p 7 1 5 .3 ), n e u ró b la s to -  
m a  (p . 7 1 6 .2 ) , a n d  s a rc o m a  of b o n e  a n d  soft tis su e  
(p. 7 1 7 .3  a n d  p . 7 1 8 .2 ).

Adverse Effeds and Treatment
F o r a  g e n e ra l  o u t l in e  see  A n tin eo p la s tic s , p . 726.1 a n d  
p . 7 3 0 .2 .

S e v e re  n a u s e a  a n d  v o m it in g  o c c u r  in  m o s t p a tie n ts  
d u r in g  ư e a tm e n t  w i th  d s p la t in ;  n a u s c a  m a y  p e rs is t to r u p  to  
a  w e e k .

S e r io u s  to x ic  e fie c ts  o n  th e  k id n ey s , b o n e  m anovv , a n d  
ea rs  h a v e  b e e n  re p o r te d  in  u p  to  a b o u t  One th ird  o f p a tie n ts  
g iv e n  a  s in g le  d o se  o f  d s p la t in ;  t h e  effec ts a re  g e n e ra lly  
d o s e -re la te d  a n d  c u m u la tiv e .

D a m a g e  to  th e  r e n a l  tu b u le s  m a y  b e  e v id e n t d u r in g  th e  
se c o n d  w e e k  a íte r  a  d o se  o f  d s p la t in  a n d  re n a l  h m c tio n  
m u s t  r e t u m  to  n o r m a l  b e ío re  h i r th e r  d s p la t in  ís g iv en . 
A d e q u a te  h y d ra t io n , a n d  u s e  o f o sm o tic  d iu re tic s  s u c h  as  
m a n n i to l  to  in c re a se  u r in e  v o lu m e  a n d  th u s  dec rease  th e  
u r in a r y  c o n c e n t r a t io n  o f  p la t in u m , c a n  red u c e  th e  
in c id e n c e  o f  n e p h ro to x ic i ty .  E le c ư o ly te  d is tu rb a n c e s , 
p a rt ic u la r ly  h y p o m a g n e s a e m ia  a n d  h y p o ca lcaem ia , m a y  
occur, p o ss ib ly  as  a  r e s u l t  o f  re n a l  tu b u la r  d a m a g e . 
Hyperuricaemia is also seen.

B o n e -m a rro v v  d e p re s s io n  m a y  b e  se v ere  w ith  h ig h e r  
doses o f d s p la t in .  N a d irs  in  p la te le t  a n d  leu co cy te  c o u n ts  
o c c u r  b e tv v e e n  day s 18 a n d  2 3  a n d  m o st p a tie n ts  rec o v e r  b y  
d a y  39; a n a e m ia  is c o m m o n  a n d  m a y  b e  p a r t ly  re la te d  to  
d e c re a se d  p ro d u c t io n  o f  e ry th ro p o ie t in  a í te r  r ẹ n a l  d a m a g e .

O to to x id ty  m a y  b e  m o re  se v e re  in  ch ild ren . I t  c a n  
m a n iíe s t  as  t in n i tu s ,  lo ss  o f  h e a r ìn g  in  th e  h ig h  ử e q u e n c y  
ran g e , a n d  o c c a s io n a lly  d e a ỉn e s s  o r  v e s tib u la r  t o x iã ty .  
O th e r  n e u ro lo g ic a l  e ííe c ts  r e p o r te d  in d u d e  p e rip h e ra l  
n e u ro p a th ie s ,  loss o ỉ  ta s te , se iz u res , a n d  e n c e p h a lo p a th y  
in d u d in g  rev e rs ib le  p o s te r io r  le u k o e n c e p h a lo p a th y . O c u la r  
to x id t ie s  i n d u d e  o p tic  n e u r i t ls ,  p a p illo e d e m a , a n d  c e re b ra l 
b lin d n e ss .

A n a p h y la c to id  r e a c tỉo n s  a n d  c a rd ia c  a b n o rm a litíe s  h a v e  
o c c u rre d . I n je c tio n  s ite  r e a c tio n s ,  i n d u d in g  lo ca lise d  
o e d e m a , p a in ,  e ry th e m a , s k in  u lc e ra tio n  a n d  p h le b i tb  
m a y  o c c u r. E x tra v a s a tìo n  m a y  le a d  to  tís su e  ce lỉu Ịitũ , 
Ebrosis, a n d  n e c ro s is . In tr a -a r te r ia l  u se  o f d s p la t in  h as  b e e n  
a s s o d a te d  vvith  h e p a to b i lia ry  đ iso rd e rs , in d u d in g  c h o lecy s- 
titis, b ilo m a , a n d  l iv e r  abscesses.-

p la t in u m  d e riv a tiv e s  a r e  p o te n t ia l ly  m u ta g e n ỉc  a n d  
te ra to g e n lc , a n d  th e r e  is so m e  e v id e n c e  th e y  m a y  b e

a sso c ia te d  w ith  th e  d e v e lo p m e n t o f s e c o n d a ry  le u k a e m ia s —  
see  C a rd n o g e n id ty ,  p . 726 .2 .

Effects on the blood. C isp la tin - in d u c e d  a n a e m ia  a p p e a rs  
to  b e  d isp ro p o rtio n a te  to  th e  e ỉte c ts  o n  o th e r  b lo o d  cells, 
a n d  to  co rre la te  w ith  re n a l tu b u la r  d y s h m c tio n .1 I t  m a y  
th e r e ío r e  b e  d u e  to  a n  e ry th ro p o ie t in  d e h d e n c y  State 
r e s u ltin g  b o m  d s p la t in - in d u c e d  r e n a l  tu b u ỉa r  d a m a g e . 
H aem olysis  h a s  a lso  b e e n  r e p o r te d .2

1. Wood PA. Hrushesky WJ. Cỉsplatin-assodated anemia: an  erythropoic- 
tin defidency syndrorae. J ơ in  Ittvest 1995; 95: 16SỮ-9.

2. Rothmaon SA, Weick JK. Cỉsplatỉn toxidty ỉor erythroid precursors. N  
Bngl 3 Med 1981; 304: 360.

THROMBOEMBOUSM. F o r  d isc u ss io n  o f  th ro m b o e m b o lic  
e v e n ts  possib ly  a s so d a te d  w ith  d s p la t in -c o n ta in in g  
c h e m o th e ra p y  re g im en s  ,see E ííe c ts  o n  th e  C a rd io v a sc u la r  
S y stem , p . 7 2 7 .2 .

Effeds on the ecrs. O to to x id ty  is a  w e ll-e s ta b lish e d  
a d v e rse  e ữ e c t o f  d s p la t in .1 I t  a p p e a rs  to  b e  d u e  to  g e n e ra -  
t io n  o f  reac tiv e  o x y g e n  s p e d e s  th a t  c a u se  a p o p to s is  o f  h a ir  
cells in  th e  c o c h le a ,1 a n d  r e s u l ts  in  h e a r in g  lo ss, p a rt íc u -  
la r ly  a t  h ig h  h e q u e n đ e s .1-2 R isk  ía c to n  i n d u d e  y o u n g e r  
a g e ,1 la rg e r  c u m u la tiv e  d o ses1 (o n e  s tu d y 2 id e n tiC e d  doses  
a b o v e  6 0 m g /m 2 a s  risk  íac to rs ) , p re -e x is t in g  h e a r in g  loss 
o r  r e n a l  d lse a se ,1 a n d  i r ta d ia t io n  o í  th e  b ra in  o r  b a se  of 
t h e  s k u ll .1'3 V ario u s su b s ta n c e s  in d u d in g  th io ls , a m iío s-  
tin e ,  e b se len , a l lo p u r in o l  a n d  sa lic y la tes  h a v e  b e e n  in v e s -  
tig a te d  in  animaừ fo r th e ir  p ro te c tív e  e ííe c t  a g a in s t  á s -  
p la d n - in d u c e d  n e u ro to x id ty 1 b u t  a l th o u g h  so m e  
p ro m is in g  resu lts  h a v e  b e e n  se en , b e n e H t is  y e t  to  b e  
s h o w n  in  large  d in ic a l  s tu d ies , a n d  th e r e  is so m e  c o n c e m  
a b o u t  th e  risk  o f r e d u d n g  th e  a n d n e o p la s tic  e f f e a  o f  Õ S- 
p la t in  as  w ell. H o w ev er, a  sm a ll s tu d y  c o m p a r in g  d s p la t in  
c h e m o ra d ia tio n  w ith  o r  w i th o u t  s o d ỉu m  th io s u lía te  te n ta -  
tiv e ly  c o n d u d e d  th a t  th io su U a te  d id  se em  to  o f fe r  so m e  
p ro te c đ o n  a g a in s t h e a rin g  lo ss .4 A n o th e r  s tu d y ’ in  y o u n g  
p a tìe n ts  vyith av era g e -risk  m ed u U o b la s to m a  ío u n d  th a t  
a m iỉo stin e , g iv en  b e ỉo re  a n d  d u r in g  d s p la t in  in h is io n , sig- 
n ih c a n t ly  r e d u c e d  th e  risk  o f  se v e re  o to to x id ty .  I t  w a s  
n o te d 6 th a t  th e  d s p la t in  d o se  a n d  s c h e d u le  u s e d  fo r  th is  
s tu d y  w e re  d iH eren t to  th o se  c o m m o n iy  u s e d  in  o th e r  
p a e d ia tr ic  m a lig n a n d e s ,  a n d  th a t  a m iío s tin e  m ig h t  n o t  
n e c essa rily  b e  p ro te c tiv e  in  o th e r  se ttin g s .

1. Rybalc LP, tí  ai. Mechanlỉms of dspỉaíin-Induccd ototoxidty and 
prcvcntíon. Hear Ra 2007; 226: 157-67.

2. Rademaker-Lakhaỉ JM, et ai. Relatíonshỉp between dsplatín  admỉnis- 
ưatíon and the development oỉ ototoxidty. 3 ơ in  Oneol 2006; 24: 9 ỉ 8 -
24.

3. Low WK, t í  a i  Sensoiineuraỉ hearỉng loss afier radỉotherapy and 
chemoradỉotherapy: a single, bỉinded, randomỉxed srndy. 3 Gỉn Oncol 
2006; 24: 1904-9.

4. Zuur CL t í  a i  Ototoxidty in a randomixed phase m  trial o í inữa-aneríal 
compared with intravenous dspỉatỉn  chemoradỉatỉon ỉn patíents with 
ỉocaỉỉy advanced head and neck cancer. 3 Qin Oncol 2007; 25: 3759-65.

5. Fouỉadỉ M. t í  aỉ. Amưosdne protects against dsplatin-induced 
ototoxidty in dỉildren wỉth average-iisk medulỉoblaỉtoma. 3 ơ ỡ t Oncol 
2008; 26: 3749-55.

6. Freyer DR. tí ai. Preventìon oỉ hearing ỉos$ in dúldren receivỉng đsplaún 
chemotherapy. 3 ơừ i Onal 2009; 27: 317-18.

Effects on eledrolytes. R e n a l-m a g n e s iu m  w a s t in g  a n d , 
■less co m m o n ly , sy m p to m a tic  h y p o m a g n e s a e m ia  o cc u rs  
w i th  c isp la tin  th e ra p y .1-2 A d d in g  m a g n e s iu m  to  th e  p re -  
a n d  p o s th y d ra tio n  Auids h a s  b e e n  su g g e ste d .2 W h e n  h y p o -  
ca lc a e m ia  is a lso  p rese n t, t e ta n y  m a y  r e s u l t ,1'3 a l th o u g h  
th is  h a s  r e sp o n d e d  to  e le c tro ly te  in íu s io n  v v ith o u t th e  
n e e d  to  in te m ip t  c h e m o th e ra p y .1 C isp la tin  th e r a p y  m a y  
a lso  b e  a s so d a te d  w ith  s ig n iE c a n t h y p o k a la e m ia ,1 a n d  
sa lt-w a stin g ,4 a n d  h y p o n a tta e m ia .5-6 

S ee  also  EK ects o n  th e  K id n e y s , b e lo w .
1. VVinkỉer CF, tí  ai. Cỉsplatin and renal magnesium wasting. Ann Ịrttem 

Med 1979; 91: 502.
2. Lajcr H, Daugaard G. Cisplatin and hypomagnesemỉa. Canar Treat Rcv 

1999;23:47-58.
3. Stuart-Harris R, tí ai. Tetany assodated with ds-platin. Lanctí 1980; tỉ: 

1303.
4. Hamdi T, t í  ai. Cisplatin-induced renaỉ saỉt vvasting syndrome. South Med 

3  2010;103:793-9.
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6. Mariette X. t í  aỉ. Cỉspỉatín and hyponatremia. A m  ĩntcm Mai 1988; 108:

770-1.

Effects on the heart. Cases o f  c a rd ia c  a r rh y th m ia s  ( in d u d -  
in g  a tr ia l  E b rilla tio n , su p ra v e n tr ic u la r  tac h y c a rd ia , s in u s  
ta c h y c a rd ia , sm u s  b rad y c a rd ia , a n d  th ird -d e g re e  h e a r t  
b lo ck ) h a v e  b e e n  rep o r te d  ío Ilo w in g  th e  u s e  o f  d s p la t in  
a n d  o th e r  p la tin u m -b a se d  a n tin e o p la s t ic  d m g s .1-2 I t  w a s  
p ro p o se d  th a t  th is  m a y  b e  d u e  to  e i th e r  d ữ e c t  a r rh y th m o -  
g e n id ty ,  h y p ersen s itiv ity , o r  e le c tro ly te  im b a la n c e s  (see  
ă lso  E Ẽ ects ô n  E lectro ly tes, a b o v e ).

1. Tassỉnail D, t í  al. Cardiac arrhythm ỉaỉ aher dspỉaửn uưusion: three case 
reports and a revỉew oí the Uterature. A m  Oneoỉ 1997; 8: 1263-7.

2. Zakaxỉa S .tía L  Atrỉaỉ Autter assodated with carbopladn admỉnỉstration. 
A m  Pharmacotíter 201 ỉ;  45: e59.

Effects on the Iddneys. N e p h ro to x ic ity  is a  w e ll-e s ta b -  
l ish e d  ad v e rse  e f f e a  o f d s p la t in ,  m a y  b e  d o se -lim itin g , 
a n d  c a n  m a m íe s t  a s  a c u te  o r  c h ro n ỉc  r e n a ỉ  ta i ỉu re , p o ly u r-  
ia, o r  c h ro n ic  h y p o m a g n e sa e m ia .1 T h e  m e c h a n ism  a p p e a rs

to  involve m a in ly  d a m a g e  to  th e  p ro x im a l r e n a l  tu b u le ; 
se lec tive  m a g n e s iu m  loss m a y  b e  d u e  to  a  s p e õ E c  m e m - 
b r a n e  or tra n s p o r t  System  ab n o rm a lity . S u l íh y d ry l m e ta b -  
o lism  and  o x id a tiv e  stress p lay  a  ro le  in  to x id ty ,  a n d  m ea - 
s u re s  th a t  r e d u c e  g lu ta th io n e  d e p le tio n  a n d  sc av e n g e  
in tra ce llu la r  fre e  o x y g e n  rad ica ls h a v e  b e e n  t r ie d  in  a n  
a tte m p t  to m o d u la te  n e p h ro to x id ty .1' 3 H o w e v e r, th e  p r i-  
m a r y  m ea su res  for r e d u d n g  re n a l  d a m a g e  h a v e  b e e n  
aggressive h y d ra t io n  w ith  c h lo r id e -c o n ta in in g  Solu tions, 
a n d  th e  use  o f  m a n n ito l  (see a lso  P ro p h y la x is , b e lo w ). I t 
h a s  b e e n  su g g e ste d  th a t  d s p la t in  m a y  m o b ilise  le a d  a ccu - 
m ụ la te d  in  b o n e  a n d  c a u se  te m p o ra ry  a c c u m u la t io n  in  
t h e  k idney , w i th  c o n c o m ita n t to x id ty ,4 b u t  th is  h a s  b e e n  
v igo rously  d isp u te d .5'7

See also u n d e r  E ữ ects o n  E lectro ly tes, ab o v e .
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1994;20:201-13.
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PROPHYIAXIS. H y d ra tio n  w ith  1 to  2 litre s  o f f lu id  b e ío re  
tre a tm e n t, a n d  in ỉu s io n  o f d s p la tin  in  a  íu r th e r  2  l it te s  of 
in íu s io n  ũ u id  c o n ta in in g  a n  o sm o tic  d iu re t ìc  s u c h  as 
m a n n ito l  re d u c e s  th e  n e p h to to x id ty  o f d s p la t in ,  b u t  d o e s  
n o t  abolish  it.  M a in ta in in g  a d e q u a te  h y d r a t io n  a n d  
u r in a r y  o u tp u t  p o s t-ư e a tm e n t is also  im p o n a n t .  I t  h a s  
b e e n  re c o m m e n d e d 1 th a t  u r in a ry  o u tp u t  b e  m a in ta in e d  a t  
3 to  41itres d a ily  ío r  2  to  3 days a fte r  a  d o se  p ỉ  d s p la t in .  
G iv ing  c isp la tìn  o v e r  6 to  8 h o u rs  r a th e r  t h a n  1 to  2  h o u rs  
m a y  also d e c re a se  re n a l to x id ty .

S u lfu r-co n ta in in g  n u d e o p h ile s  c a n  in a c tiv a te  d s p la tin ,  
a n d  h av e  th e re ío re  b e e n  in v es tig a te d  fo r  th e i r  c h e m o p ro -  
tec tiv e  p o te n tia l . A m iío stìn e  is a  p ro d ru g  th a t  is  se lec tiv e ly  
a c tiv a te d  b y  n o rm a l tissúẽ , a n d  h a s  b e e n  s h o w n  to  p ro te c t  
n o r m a l  t is s u e  (p r in d p a l lý  t h e  k id n e y )  a g a in s t  t h e  
c y to to x id ty  o f  d s p la t ìn  w i th o u t  a ííe c tin g  a n t i tu m o u r  
a c tiv ity  (fõr re íe re n c e s , see  C y to p ro te c tio n , p . 153 9 .3 ). 
G lu ta th io n e  (p . 1555.2) is a  sũ n ila r  a g e n t, w h ic h  m a y  b e  
se lec tive ly  ta k e n  u p  b y  k id n ey  a n d  n e u ta l  tis su e . S o d iu m  
th io su lta tè  (p . 1576.1) d o e s  n o t sh o w  se lec tiv e  a c tív a tío n  o r  
u p ta k e , a n d  its  u se  is th e re ỉo re  lim ited  to  s itu a tio n s  w h e re  
ó s p la tú i  is g iv e n  locally  (e.g. in tra p e r i to n e a l2-3) o r  d ữ e c tly  
(e .g . in ư a -a n e r ia l4).

ỉ .  Launay-Vacher V. tí al Preventỉon of dspladn nephrotoxỉdty: State of 
the art and recommendatìonỉ írom the European Sodety of Cỉỉnỉcai 
Phannacy speda ỉ ỉnterest Group on Cancer Care. Canàr ơìtmoứưr 
Phamaeoỉ 2008; 61: 903-9.

2. Maỉmstrom H . tí ai. Inưaperitoneaỉ high-dose dspỉatỉn and etoposỉde 
wỉth systemic thỉosuỉíate protectỉon in sccond-líne treatraent of 
advanced ovarian cancer. Gyneaỉ Oncol 1993; 49: 166-71.

3. van Rỉjswỉjk RE, tí al. Experíence wỉth intraperitoneal dsplatin  and 
etoposỉde and ỉ.v. sodỉura thỉosulphate protectỉon in ovarỉan cancer 
patiems w ith eỉther pathoiogỉcalỉy cornplete response or minỉmal 
resỉduaỉ dỉsease. Ann Ortcoỉ 1997; 8:1235-41.

4. Rohde s, t í  a i Intra-anerial high-dose chemotherapy with dspỉatỉn as 
part oỉ a palỉỉatỉve treatment concept ỉn oral cancer. Am 3 Ncuroradìoỉ 
2005;26: 1804-9.

Effects o n  t h e  n e rv o u s  System . T he ỉe a tu re s  o ỉ  d s p la t in -  
in d u c e d  p e rip h e ra l  n e u ro p a th y  a re  c o n s is te n t  w ith  
d a m a g e  m a in ly  to  sen so ry  Ebres, vvith n u m b n e s s ,  t in g lin g , 
a n d  dec re a se d  v ib ra to ry  se n sa tio n  a n d  d e e p  te n d o n  
re ílex es , p ro g ress in g  in  sev ere  cases to  d isa b ỉin g  se n so ry  
a ta x ia .1 T h e  to x id ty  is d o se -d e p e n d e n t, w l th  sy m p to m s  
u su a lly  a p p e a r ìn g  in p a tie n ts  w h o  h a v e  re c e iv e d  c u m u la -  
t iv e  doses o f  3 0 0  to  6 0 0  m g /m 2, a l th o u g h  in d iv id u a ls  v a ry  
in  suscep tib ility . N e u ro p a th y  is rev ers ib le  b u t  rec o v e ry  
m a y  take a  y e a r  o r  m ore . T he p a th o p h y s io lo g y  is 
unknovvn . P e r ip h e ra l  n e u ro p a th y  c an  b e  a d o se -lim itin g  
to x id ty  for c isp la tin  a n d  a g en ts  su c h  as O rg -2 7 6 6  (a co rti-  
c o tro p in  a n a lo g u e )  a n d  a m iío stin e  (p. 1 539 .2 ) h a v e  b e e n  
in v es tig a te d  fo r  th e ir  p o te n tia l  in  p ro te c tin g  p e rip h e ra l  
n e rv e s .1'3 V ita m in  E h a s  b e e n  re p o r te d  to  b e  eK ec tive  in  
r e d u d n g  t ís p la t in - in d u c e d  p e rip h e ra l  n e u ro p a th y .4-5 G lu - 
t a th io n e  is a lso  u n d e r  in v es tig a tio n  fo r th e  p r e v e n t io n  o f 
n e u ro to x id ty  (see  p. 1555 .2 ). O th e r  d ru g s  th a t  h a v e  b e e n  
t r i e d  in d u d e  o x carb a x e p in e  a n d  d itio carb  so d iu m .6 Hovv- 
e v e r ,  a  sy s te m atìc  rev ie w  c o n s id e red  th a t  th e  e v id e n c e  fo r  
m o s t  of th e  in te rv e n tio n s  in te n d e d  to  re d u c e  đ s p la t in  
n e u ro to x id ty  w as ln su f f ld e n t  to  sh o w  b e n e íi t .4 A u to -  
n ò m ic  n e u ro p a th y , vvlth, in  so m e cases, c o n s e q u e n t  o r th o -  
s ta t ic  h y p o ten s io n , h a s  a lso  b e e n  d e scrib ed  a f te r  t r e a tm e n t  
w i th  d s p la tin -c o n ta in in g  reg im en s .7 A p a r t  f ro m  o to to x l-  
d t y  (see a b o v e ), d s p la t in  h as  a lso  b e e n  a s s o õ a te d  w ith  
c e n tta l  n e u ro to x id ty ,  i n d u d in g  le u k o e n c e p h a lo p a th y  o r  
ỉo c a l  e n c e p h a lo p a th y , se izu res , ap h a sia , c o n h is io n , a g ita - 
t io n ,  a n d  c o rt ic a l  b lin d n e ss .5' 12 I t h a s  b e e n  su g g e ste d  th a t  
t h e  m e c h a n ism  o f ío ca l e n c e p h a lo p a th y  m a y  b e  vascu lar,*  
a lth o u g h  th is  is u n c e rta in .
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Antíam cerRa  1996; 16: 3149-59.
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8. Iindem iĐ  G, tí  a/. ClspUtìn neurotoxỉtíty. N ErtỊÌ J  Mcd 1990; 323:64-5.
9. Philip PA, t í  ềĩ. Convulsions and  tn n s ỉe m  conical bỉỉndness aỉter 

dsplatín . BMJ 1991; 302:416.
10. Hlga GM, tí ai. Severe, dỉsabbng neuroỉogk: toxỉdcy ỉolỉowỉng cisplann 

reữeatm eot. Ann Pharmaaiher 1995; 29: 134-7.
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Extrovasation. F o r d iscu ssio n  of t h e  m a n a g e m e n t  o f e x tra -  
v a s a tio n , i n d u d in g  m e th o d s  to  m a n a g e  c isp la tin  e x tra v a -  
s a tio n , se e  u n d e r  T re a tm e n t o f th e  A d v e rse  E ííec ts  of 
A n tin e o p la s tic s , p . 7 31 .3 .

Hypersensitivity. A n a p h y la a o id  re a c tio n s  to  in tra v e n o u s  
ó s p la t in  g e n e ra lly  a p p e a r  vv ith in  a  íe w  m in u te s  o ỉ  dosage  
a n d  h a v e  m a iú íe s te d  a s  í a d a l  o e d e m a , w h e e z in g , tac h y -  
c a rd ia , a n d  h y p o te n s io n .1 A h ig h  i n d d e n c e  o f a n a p h y la c t-  
o id  r e a c t io n  h a s  a lso  b e e n  se e n  a f te r  in tra v e s ic a l  in stilla - 
t io n  i n  p a tie n ts  vvith b la d d e r  c a n c e r ,2 b u t  in tr a p e r í to n e a l  
o r  in tr a p le u r a l  u se  d o e s  n o t  s e e m  to  b e  a sso c ia te d  w ith  a n  
e n h a n c e d  r isk  of h y p e rse n s it iv ity ,5 a l th o u g h  a n a p h y la c to id  
r e a c t ìo n s  h a v e  o c c u rre d  w h e n  d s p la t in  is  g iv e n  in tra p e r i-  
to n e a l ly .4 A n a p h y la c to id  sy m p to m s  a n d  isc h a e m ia  o f th e  
h a n d s  a c c o m p a n ie d  se v e re  e x ío lia t iv e  d e rm a tit is  in  One 
p a t i e n t  o n  th e  se c o n d  c y d e  oi d s p la t in -b a s e d  c h e m o th e r-  
a p y ;5 s h e  h a d  e a ti ie r  h a d  e x ỉo lia t iv e  d e n n a ti t i s  a s so d a te d  
w i th  c a rb o p la tin .  H o w e v e r, it  is u n d e a r  to  vvhat e x te rn  
c ro s s -se n s itìv ity  ex ỉs ts  b e tw e e n  p la t in u m  c o m p o u n d s ;  d s -  
p la t in  h a s  b e e n  su ccessíu lly  u s e d  a f te r  a  h y p e rse n s it iv ity  
r e a c t ìo n  to  o x a lỉp la tin .4 P a lm a r -p la n ta r  e ry th ro d y se s th e s ia  
(p . 7 3 0 .1 )  h a s  a lso  o e c u rre d  w ith  d s p la t in .7
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Nausea and vomiting. F o r  d isc u ss io n  o f  t h e  m a n a g e m e m  
o ỉ  c h e m o th e ra p y - in d u c e d  n a u s e a  a n d  v o m itin g , see  u n d e r  
N a u s e a  a n d  V om iting . p . 1 814 .3 .

Overdosage. P ata lities  h a v e  o c c u rre d  w i th  a  to ta l  in tr a -  
v e n o u s  d s p la t in  do se  o f  6 4 0  m g  g iv e n  o v e r  4  d a y s  a n d  
7 5 0 m g  g iv e n  o v e r  1 day ; o v e rd o se s  ra n g in g  ỉ r o ia  1 80  to  
4 8 0  m g /m 2 h a v e  b e e n  re p o n e d  v v ith o u t ía ta litìe s , a lth o u g h  
s ig n ih r a n t  to x id t ie s  a re  e x p e c te d  to  o c c u r. Im m e d iă te  
eH ec ts , i n  t h e  í i i s t  h o u r s  o r  d a y s  i n d u d e  n a u s e a  a n d  v o m i-  
t in g ,  a n d  ra re ly , d ia r rh o e a . T h e se  m a y  b e  íollovved b y  
a c u te  r e n a l  ỉa i lu re ,  e le c tro ly te  d is tư rb a n c e s , h e p a to to x i-  
d ty ,  a n d  ra re ly , p a n c re a ti t is , r e s p ữ a to r y  ỉa ỉ lu re ,  a n d  se i- 
z u re s .  L a te r  a d v e rse  effec ts  th a t  ó c c u r  a ĩ te r  d a y s  o r  vveeks 
i n d u d e  c h ro n ic  r e n a l  ía i lu re , m y e lo su p p re s s io n , o to to x i-  
d t y ,  p e r ip h e ra l  n e u ro p a th y , a n d  re t in o p a th y . K ey  m a n -  
a g e m e n t  s tra te g ie s  fo r  a  d s p la t in  o v e rd o se  in v o lv e  re n a l  
p r o te c t io n  a n d  e n h a n d n g  d ru g  e lim in a tio n . A ggressive  
i n t r a v e n o u s  h y d ra t io n  vvith a t  le a s t  3 to  ó l i t re s  d a ily  is 
e s s e n t ia l  fo r  r e d u d n g  n e p h r o to x id ty  (fo r  p ro p h y la x is  of 
n e p h r o to x id ty  w ith  th e ra p e u tíc  dosés, se e  p . 7 6 7 .3 ) . T he  
o s m o tic  d iu re t ic  m a n n i to l  (25  to  5 0  g in tra v e n o u s ly ,  
d i lu te d  i n  2 5 0  to  5 0 0  m ỉ.  o í  a  s u ita b le  in íu s io n  ílu id  ỉu id  
g iv e n  o v e r  6 0  m in u te ỉ )  m a y  b e  u s e d  to  a c h ie v e  a  u r in e  
o u t p u t  o f  1 to  3 m L /k g  p e r  h õ u r  ío r  6  to  2 4  h o u is .  S o d iu m  
th io s u l íá te  m a y  b e  c o n s id e red . p a r t ic u la r ly  w ith in  th e  first 
2  h o u r s ,  a l th o u g h  th e  o p t im u m  d o se  re g im e n  h a s  n o t  
b e e n  e s ta b lish e d . I t  is th o u g h t  to  b in d  fre e  p la t ỉn u m  th e re -  
b y  l im it in g  re n a l  tu b u la r  n e c ro s is , a n d  m a y  p ro te c t  a g a in s t 
r e n a ỉ  m a g n e s iu m  vvasting. P la sm a p h e re s ứ  h a s  b e e n  u se d  
su e c e ss fu lly  i n  so m e  cases; h a e m o d ia ly s is , a l th o u g h  u s e h il  
f o r  a c u te  r e n a l  ía i lu re , is n o t  eữecúve ạt r e m o v in g  d s -  
p la t ìn  f ro m  th e  d r c u la tio n .  In v e s tig a tio n a ]  th e ra p ie s  
i n d u d e  a n ũ fo s tìn e , d itìo c a rb  so d iu m . a c e ty lcy s te in e , ío sío - 
m y d n ,  a n d  c o le s tìp o l.1

1. Tsang RY, t í  a i  Cỉspỉatỉn overdose: toxicities and managetnent. Druỹ 
Saftíy 2009; 32: 1109-22.

Precautions
F o r  r e íe re n c e  to  th e  p re c a u t io n s  n e c e s sa ry  vvith a n t in e o -  
plastics, see  p .  7 3 2 .2 . C isp la tin  is g e n e ra lly  c o n ư a - in d ic a te d  
in  p a tie n ts  w i th  r e n a l  o r  h e a i in g  im p a in n e n t ,  o r  b o n e -  
m a r ro w  d e p re s s io n . R e n a l  a n d  n e u ro lo g ic a l  tu n c t io n  a n d  
h e a r in g  s h o u ld  b e  m o n ito re d  d u i in g  ư e a tm e n t ,  a n d  re g u la r  
b lo o d  c o u n ts  p e r ỉo rm e d . E le c tro ly te s  s h o u ld  b e  m e a s u r e d  
b e ỉo re  s ta r tin g  th e ra p y , a n d  b e lo re  e a c h  s u b s e q u e n t  c o u rse . 
A d e q u a te  h y d r a t io n  a n d  u r ín a r y  o u t p u t  m u s t  b e  
m a in ta ỉn e d  b e to re , a n d  f o r  2 4  h o u r s  a íte r, a  do se .

P a t ie n t s  a r e  r e c o m m e n d e d  to  u s e  a p p r o p r i a t e  
c o n ư a c e p tiv e  m e a s u re s  d u r in g  ơ e a tm e n t  a n d  fo r 6  m o n th s  
a f te r  s to p p in g  t re a tm e n t.

B r e a s l  teeding. P la tin u m  concenưaúoas in  a  p a t ie n t  
rec e iv in g  c isp la tin  w e re  9 0 0  n a n o g ra m s /m L  in  b re a s t  m ilk  
a n d  8 00  n a n o g ra m s /m L  in  p la s m a .1 A lth o u g h  m o s t  o f  th e  
p la t in u m  in  b re a s t  m ilk  i ỉ  p ro b a b ly  p ro te in -b o u n d  th e  
a u th o n  c o n s id e re d  th a t  a  m o th e r  s h o u ld  n o t  b r e a s t  ỉe e d  
vvhile re c e iv in g  d s p la t in .  H o w e v e r, in  a n o th e r  r e p o r t .2 d s -  
p la t in  vvas u n d e te c ta b le  in  b re a s t  m ilk  a n d  th e  A m e ric a n  
A c a d e m y  o ( P ed ia tr ic s5 c o n s id e rs  its  u se  to  b e  c o m p a tib le  
w ith  b re a s t  (eed in g .

1. de Vries EGE. t í  a i  Excreiion oí platinum  into breast mtlk. L anư l ỉ 989; i: 
497. Correction. itrid.: 798.

2. Egan PC, t í  ai. Doxorubidn and d ỉp ỉatin  excrecỉon ỉnto hum an miỉk. 
câỉtar Trtat Rep 1985; 69: 1387-9.

3. American Academy oí Pedìatrics. The iransíer o í drugs and  other 
Chemicals into hum an milk. Pcdiatria 2001; 108: 776-89. [Retired May 
2010] Correcứon. ibid.; 1029. Aỉso available ac  htrp://aappolicy. 
aappubỉicartons.org/cgi/content/fulỉ/pediamcs% 3bl08/3/776 (accesscd 
29/06/04)

H a n d lin g  a n d  d is p o s a l .  M e th o d s  ỉo r  th e  d e s tru c tio n  o f  cis- 
platin wastts b y  r ẽ d u c t io n  vvith z in c  povvder u n d e r  ac id ic  
c o n d it io n s  o r  b y  re a c tio n  vvith d itio c a rb  so d iu m  h a v e  b e e n  
d e s a ib e d . '  R es id u e  p ro d u c c d  b y  th e  d e g ra d a iio n  o f  d s -  
p la t in  by  e ith e r  m e th o d  sh o w e d  n o  m u ta g e n id ty  in v itro .

Urint p ro d u c e d  ỉo r  u p  to  7 d a y s  a ĩ te r  a  d o se  o f d s p la t in  
s h o u ld  b e  h a n d le d  w e a r in g  p ro te c tiv e  d o th in g .2

1. Castegnaro M, «  a ỉ.. edỉ. Laboratoiy deconiaminaúỡn and destruction 
oỉ cardnogens in Uboratory vvastes: some anrineoplasiic agents. IARC 
Sãenti/k Pubiừatiom 73. Lyon: VVHO/lmemational Agency ỉor Research 
on Caincer, 1985.

2. Harris J, Dodds u .  Handỉỉng waste ừora patients receiving cytotoxic 
drugs. Pharm 3 1985; 235: 289-91.

P o r p h y r ia .  T h e  D ru g  D a ta b a se  fo r  A c u te  P o rp h y ria , c o m - 
p iled  b y  th e  N orvvegian  P o rp h y ria  C e n tre  (N A PO S) a n d  
th e  P o tp h y ria  C e n tre  S w ed e n , classiíies d s p la t in  as  n o t  
p o rp h y rin o g e n ic ;  i t  m a y  b e  u se d  as  a  d ru g  o f  firs t c h o ic e  
a n d  n o  p r e c a u tio n s  a re  n e e d e d .1 

1. The Dnig Database for Acute Porphyria. Available af: http://vrvvw. 
drugs>porphyrỉa.org (accessed 26/08/ 11 )

P re g n a n c y . C isp la tin  w a s  g iv e n  w i th  e to p o s id e  a n d  b le o -  
m y d n  to  a  p r e g n a n t  vvo m an  a t  2 6  w e e k s  o f  g e s ta d o n  for 
c a rd n o m a  o f u n c e r ta in  p r im a ry  o ríg in . A t 2 7  w e e k s  o f 
g e s ta tio n , sh e  d e v e lo p e d  p r o ỉo u n d  n e u tr o p e n ỉa  fo Ilo w ed  
b y  se p tic ae m ia  a n d  w e n t  i n to  p r e m a tu r e  la b o u r .  T h e  
in ỉa n t  h a d  p r o to u n d  le u c o p e n ia  a n d  n e u ư o p e n ia  b y  d ay  
3, w h ic h  w a s  a tt r ib u te d  to  c h e m o th e ra p y  g iv e n  6  day s 
b e ío re  d e liv e ry ; p r o p h y la c tic  a n tib a c te r ia ls  in d u d in g  
g e n ta m id n  w e re  g iv en . H a ữ  loss a t  th e  ag e  o f 10 d a y s  w a s  
a tt r ib u te d  to  e to p o s id e . A t 1 y e a r  o f age , th e  c h ild  h a d  
m o d e ra te  b ila te ra l  s e n so r in e u ra l  h e a r in g  loss; th is  w a s  
c o n s id e re d  to  b e  e i th e r  d u e  to  d s p la t in  e x p o s u re  i n  u te ro  
o r  to  g e n ta m iõ n  u s e .1 H ovvever, th e r e  a re  o th e r  re p o r ts  of 
d s p la t in  u s e  d u r ín g  th e  s e c o n d  o r  th ird  t r im e s te r  of 
p re g n a n c y  vvith n o  s u b s e q u e n t  a p p a re n t  a d v e rse  e ííe c ts  o n  
th e  in fa n t .2'5 In  m o s t cases. d s p la t in  h a d  b e e n  g iv e n  w ith  
c y d o p h o s p h a m id e ,2'4 a l th o u g h  in  o n e  in ỉ ta n c e  i t  w a s  
g iv e n  vvith p a d i ta x e l .5 I n  o n e  re p o r t , d s p la t in - in d u c e d  
m a te m a l  o to to x id ty  le d  to  it  b e in g  rep la c e d  a í te r  2  c o u rse s  
b y  c a ib o p la d n .4

1. Raffles K t ía l .  Transpỉacemaỉ eỉĩects of m atemal cancer chemotherapy: 
case reporL B rJ  obsití C ynatal 1989; 96: 1099-1100.

2. Maỉíeiano JH, Goỉdkrand JW. Cis-pỉatinum combinadon chemoiherapy 
during pregnancy íor advanced epitheỉỉaỉ ovarian cardnom a. Obstet 
GytưòÓỊ 1990; 75: 545-7.

3. King LA, tí  a i  Treaonent of advanceđ epỉthelial ovarian carcinoma in 
pregnancy with ảsplatín-based d ìem othenpy . Gyrucol Oncol 1991; 4 L  
78-80.

4. Henderson CE, tí  al. PUUnum chem otherapy during pregnancy for 
serous cysudenocardnom a of the ovary. Gỵnrtol Ortaỉ 1993; 49: 92-4.

5. Sood AK. t í  đi. Padỉtaxel and platỉnum  cherootherapy for ovarian 
cardnom a durỉng pregnancy. Gyneeol O naỉ 2001; 83: 599-600.

R o d io th e ra p y . E n h a n c e d  o to to x id ty  h a s  b e e n  re p o r te d  in  
p a tìe n ts  g iv e n  d s p la t ìn  w i th  c ra n ia l  i r r a d ia d o n .1-2

1. Granowener u  tí ủi. Enbanced ds-platỉnum  neurotoxìdty in pediatric 
padems wỉth braỉn ĩum on . 3 Nntroonal 1983; 1: 293-7.

2. M ahoney DR. t í  ai. O totoxidty w ith dspỉatỉn therapy. 3 Ptdiaư 1983; 
103: 1006.

Interadions
F o r  a g e n e ra l  o u t l in e  o f a n tín e o p la s d c  d ru g  in te ra c d o n s ,  s e e  
p . 7 3 3 .3 . U se  w ith  o th e r  m y e lo su p p re s s iv e , n e p h ro to x ic  o r  
o to to x ic  d ru g s  m a y  e x a c e rb a te  t h e  a d v e rse  e ííe c ts  o !

d s p la t ìn .  T h e  e ừ e c ts  o f  d s p la t in  o n  re n a l  h m c t ìo n  m a y  a iso 
a ffec t t h e  p h a rm a c o k in e t íc s  o f o th e r  d ru g s  e x c re te d  b y  h e  
re n a l  ro u tẽ .

A n H b a c ỉe r ía ls . A l th o u g h  th e  u se  o ỉ  á s p la t ín  vvith  o tỉie r  
n e p h ro to x ic  o r  o to to x ic  d ru g s  re q u ire s  g rc a t  c a u tío n , t h  ;re 
is so m e  e v id e n c e  th a t  aminoglycosidcs c a n  b e  u s e d  in  
p a t í e n u  w h o  h a v e  r e c e n d y  re c e iv ed  c ú p la tín  ư  a p p ro Ị  r i-  
a te  su p p o rtív e  c a re  is a v a ila b le .1

1. Cooper BW, t í  ai. Rena! dysỉunctỉon during high-dose dspỉatỉn ther ipy 
and  autologous hematopoietỉc stem celỉ transpỉanutỉon: eỉíecr of 
amỉnoglycodde therapy. Am J Med 1993; 94: 497-504.

A n tin e o p la ỉt ic s .  T h e  o to to x id ty  o f  d s p la t in  w a s  re p o r te  Uy 
e n h a n c e d  b y  ifosfamidea d ru g  th a t  is n o t  o to to x ic  w li en  
g iv e n  a lo n e , a l th o u g h  i t  d o e s  h a v e  n e p h ro to x ic  p o t e n t  al, 
m a k in g  re p o r ts  o f  in c re a se d  n e p h ro to x id ty  In  p a tíe  tts  
w h o  h a v e  rec e iv e d  b o th  u n su rp r is in g .2-’

F o r  a  r e p o r t  o f  in c re a se d  to x id ty  w i th  etoposide, ee  
p . 7 9 2 .1 . C isp la tín  m a y  re d u c e  th e  d e a ra n c e  o f  paclitaxel. ee  
p . 8 4 2 .2 .

1. M eyer WH, tí  al. Iíosíamide and exacerbation of risplatỉn-ỉndt rcd 
hearỉng lưss. Lancet 1993; 341: 754-5.

2. Rossỉ R, Ehrìch JHH. Partial and complete de Toni'Debré’Fan<: Dni 
syndrome aíter Ưosíamide chemotherapy of childhoođ malignancy. ĩur  
J Cỉin Pharmacol 1993; 44 (suppl 1); S43-S45.

3. M artinez F, tí  aí. líosíamide nephrotoxidty: đeleterious effec of 
prevỉous cisplaiin administratỉon. Lanctĩ 1996; 348: 1 ĩ 00-1.

C a r d io v a s c u la r  d rv ig s . A  p a tie n t  w h o se  r e n a l  f u n a  a n  
w as u n a ífe c te d  b y  d s p la t in  a lo n e  d e v e lo p e d  n e p h r o to ũ -  
d t y  w h e n  g iv e n  d s p la t ln  a n d  a n tih y p e ite n s iv e  th e ra p y  
w ith  ỹuTOítmide, hydralaãnt, diaĩoxidc, a n d  propranolol.1 P 'e -  
v io u s  re su lts  in  animals su g g est th a t  h tro s e m id e  n  ay  
a g g ra v a te  c isp la tin  n e p h ro to x ic ity ,  w h ile  th e  o ih e r  a n ti ì  y- 
p e rte n s iv e s  m ig h t  h a v e  c o n tr ib u te d  to  a  t r a n s ie n t  fall in  
re n a l-b lo o d  f lo w  w ith  r e s u l ta n t  in c re a se d  r e n a l - t u b t  lar 
d s p la ó n  c o n c e n ư a tio n .

1. MarVman M. Trump DL. Nephrotoxidry with dsplatỉn and antíhyi <r- 
tensịve medỉcatlons. Ann Intem Med 1982; 96: 257.

G a s tro in te s t in a l  d r u g s .  F o r  m e n t io n  of 2  r e ư o s p e a  ve  
s tu d ie s . o n e  s h o w in g  a  d e c re a se d  a re a  u n d e r  t h e  p lasn  la- 
c o n c e n tra t io n  tim e  c u rv e  of h ig h -d o se  d s p la t in  w  .th  
ondansetron a n d  th e  o th e r  a n  in c re a se , see p. 7 7 3 .3 .

Pharmacokinetics
A íte r in tr a v c n o u s  d o ses  d s p la t in  d isa p p e a rs  í ro m  th e  p las  n a  
in  a  b ip h a s ic m a n n e r  and h a ỉí- liv e s  of 25 10 49 m in u te s  a n d  
3 to  4  d a y s  h a  v e  b e e n  re p o r te d  fo r to ta l  p la t in u m . M o re  ử  a n  
9 0 %  o f th e  p la t in u m  íro m  a  dose  is p ro te in  b o u n d  vvithi 1 2 
to  4  h o u rs ;  o n ly  th e  u n b o u n d  tra c tío n  h a s  s ìg n iíic  m t 
a n tin e o p la s tic  a c tiv ity . C isp la tin  is c o n c e n tra te d  in  th e  liv er, 
k id n ey s , a n d  la rg e  a n d  sm a ll in te s tin e s .  P e n e u a t io n  in to  h e  
CNS a p p e a rs  to  b e  p o o r . E x c re tio n  is m a in ly  i n  th e  u r in e  i 'Ut 
is in c o m p le te  a n d  p ro lo n g e d : u p  to  a b o u t  5 0 %  o f a  đ o se  ] las 
b e e n  re p o r te d  to  b e  e x c re te d  in  u r in e  o v e r  5 day s, a n d  
p la ú n u m  m a y  b e  d e t e a e d  in  tis su e  ío r  se v e ra l  m o n  h s  
a ítervvards. T h e  u n b o u n d  tra c tío n , w h ic h  is m o re  ra p i  lly  
c le a red , m a y  b e  a c tiv e ly  se c re te d  b y  th e  r e n a l  tu b u le s . 
C isp la tin  is vv e ll-ab so rb ed  o n  in ư a p e r í to n e a l  u se . C ispla án  
m a y  b e  d is tr ib u te d  in to  b re a s t  m ilk  (see B re a st  F e e d i Ìg, 
a b o v e ).

R e íe re n c e s .
1. Loh GW, t í  aì. A systcmanc revievv o[ limiied sampling n ra teg in  ỉor 

pUtinum agenu  used in cancer chcmotherapy. Clitt Phamacokàưt 21 07; 
46: 471-94.

2. Jehn  CF, t i  Pbannacokineiia  ol liposomal dsplaiin  (lipoplatin in 
combỉnatìon w ỉth 5-FU ỉn padenu  wiih advanced head and  neck can cr: 
first resuỉts of a pbasc m  study. Atttiuncer R a  2007; 27: 471-5.

ỉ .  Royer B, t í  al. Population pbarmacữkinetícs and dosing recoraraci da- 
dons ĩo r dsplatìn dUTỈng ỉntraperìtoneal peroperatìvc administrat ữn: 
dcvelopment of a lbniicd sampling sưategy for toxlctty risk aasesnn nt. 
ơ ìn  pharmacokmet 2009; 48: ỉ 69-80.

4. Cone E, rt ai. Populatìon phannacokinattcs and pbarmacodynamb . of 
dspladnum  during bypenherm ic intrapcriioncal cbem othcrapy uái g a 
doscd abdombial procedure. ĩ  Clirt Phứrmaal 2011; 51: 9-18.

Preparatìons
Proprietory Preparatíons (deta ilỉ are given in V olum e B)

Sngle-ingredicnl P repara tiom . Arg.: Ciskebirỷ; Elvecis; Plí ta- 
m in e h  p latanovag; P latíno n ;  Sicatem; Belg.: P la to s in t; Br 12.: 
C-Platin; C isp latex t; C itoplax; Fauldcispla; Incel; P latiran; I la- 
tistine; Tecnoplatin; ơtĩỉe: Blastolem ; Chintr. P ang tan  ỢỊ: ì); 
J ln  s h u n  N uo Xin Yi Tiu Bo { £ A t Ì ) ;  Cz.-- PI Iti-
diam ; P la to sin t; Fin.: P la tin o lt; Fr.: CisplatylỶ: Ger.\ Cis-Gr |ff; 
P la tin ex t; G r Cisplam in; Cisplaraol; Cisplasan; Cispla yl; 
O ncoplat: P latam ine; P la tino l’ P latosin; Hung.: p latidi. m; India: B lastolem; Cadiplat; Cisget; Cisplan; Cisplat; C isteen; I iỉ* 
t r i t  Cytoplatin; Duplat; K em oplat; N eoplat; O ncoplatín; Pla in; 
Indon.: P latinox; Platosin; Israel: A biplatin; ItaL: P latam i le; 
P ron to  P latam ine; Jpn: P latosin; Randa; Malaysia: P lato in; Mex.: A ccođt; B lastolem ; Noveldexis; P latinob Tecnopla in; Netk.: P latosin; 1VZ: P la tìn o lt; philipp.: C ip lexalt; C iỉp lagm ; 
Cisteen; Cytosplat; D odstin ; K em oplat; O ncotìn; P lađ tin ; p u  ta- 
m in e t;  P latin; P la tín o lt; P la tin o x a n t; Platosin; PoL: Platidi. m; Port.: F au lp la tin t; Rus.: B lastolem  (BaacroneM)t; K em oplat 
(KeMonnar); Platidiam  (IlnaTKiDiaM); Platinol (UnaTHHon); S.Afr.: 
A biplatin; Platosin; Singapore: A biplatin; Spain: N eoplati i f ;

Ail cross-reíerences reíer to entries in Volume A

http://vrvvw
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Switz.: P la tib las tin -S t; P la tino lt; Thai.-. A b ip latin t; B lastolem t; 
K eraoplatỷ; p lads; P la tin o lt; p latosin; Turk.: O ncop la tin t; Pla- 
ds; Platosin-S; USA: P la d n o lt; Venez.: Cytoplatin.

pharmocopoeial Preparalions
BP 2014: Cisplatin  ĩn jection ;
USP 36: C isplatin  for Injection.

cladribine ÍBAN. USAN, riNNi 

2-Chlorodeoxyadenosine; Cladribin; Cladribina; Cladribinum; 
Kladribiini; Kladribin; Kladrybina; RWJ-26251 -000; RWJ-26251; 
KnaApMÕHH.
2-Chloro-2'-deoxyadenosine.
C,oHuCIN503=285.7 
CAS —  4291-63-8.
ATC— L018B04.
ATC Vet — QL018B04.
UNII — 47M74X9YT5.

P h a r m a c o p o e ia s .  I n  Eur. (se e  p .  v ii) a n d  us.

P h . E u r .  8 : (C la d r ib in e ) . A  w h i te  o r  a lm o s t w h ite  c ry s ta llin e  
p o w d e r . I t  e x h ib its  p o ly m o rp h is m . S ligh tiy  so lu b le  in  w a te r  
a n d  in  m e th y l  a ỉc o h o l;  s o lu b le  i n  d im e th y l su ỉỉo x id e ; 
p ra c tic a lly  in so lu b le  in  a c e to n itr ile .  S to re  a t  a  te m p e ra tu re  
ô f 2 .d eg rẽ e s  to  8  d e g re e s . P ro te c t  b o m  lighL 

U S P  36 : (C la d r íb ỉn e ) .  S to re  a t  a  te m p e ra tu re  o f 2 d e g re e s  to  
8  d e g re e s . P ro te c t  b o m  lig h t.

Stability. C la d r ìb in e  shovvs in c re a se d  d e g ra d a tio n  in  g lu -  
cose  5 % , th e r e f o r e  th is  d i lu e n t  s h o u ld  n o t  b e  u sed . C lad ri- 
b in e  in  s o d iu m  c h lo r íd e  0 .9 %  is s tab le  ỉ o r  a t  le a s t 2 4  
h o u rs  a t  r o o m  te m p e ra tu re  a n d  a m b ie n t lig h tln g  in  PVC 
in fu s io n  c o n ta in e rs .

L ic e n se d  p r o d ụ c t  in ío rm a t io n  States th a t  d a d r ib in e  
s h o u ld  b e  s tó re d  a b  2  d eg re e s  to  8  d e g rees  a n d  p ro te c te d  
fro m  l ig h t.

Uses and Administration
C la d rib in e  is a  c h lo r in a te d  p u r in e  n u d e o s id e  a n a lo g u e  th a t  
in h ib i ts  D N A  s y n th e s i s  a n d  r e p a ir ,  p a r t i c u la r ly  in  
ly m p h o c y te s  a n d  m o n o c y te s . I t  is u se d  as  a n  a n tim e ta b o li te  
a n tin e o p la s t íc  fo r  t h e  t r e a tm e n t  o f ly m p h o id  m a l ig n a n d e s  
in d u d in g  h a iry -c e l l  le u k a e m ia  (p. 694 .3 ) a n d  c h ro n ic  
ly m p h o c y tic  l e u k a e m ia  (p . 6 9 3 .3 ) . I t  h a s  a lso  b e e n  u s e d  in  
h is t io c y tic  s y n d ro m e s  (p. 6 9 2 .1 )  a n d  in  W a ld e n s ư õ m 's  
m a c ro g lo b u l in a e m ia  (p. 6 9 9 .1 ).

T h e  r e c o m m e n d e d  in tra v e n o u s  dose  o f d a d r ib in e  in  
h a i r y - c e l l  l e u k a e m i a  is a  s ing le  c o u rse  of 9 0 m ic ro -  
g ra n ĩs /k g  ( 3 .6 m g /m 2) d a ily  ío r  7  days b y  c o n tin u o u s  
in íu s io n . I f  th e  p a t íe n t  does n o t  re s p o n d  to  th e  in itìa l co u rse , 
th e y  a re  u n l ik e ly  to  r e sp o n d  to  h i r th e r  do ses. C la d rib in e  is 
a lso  g iv e n  s u b c u ta n e o u s ly  in  a  do se  o f 140m iCTO gram s/kg 
( 5 .6 m g /m 2) d a ily  fo r  5 c o n se c u tiv e  days.

F o r  t h e  ư e a tm e n t  o f c h r o n i c  i y m p h o c y t i c  l e u k a e m i a  
th e  r e c o m m e n d e d  in tra v e n o u s  d o se  is 1 2 0 m ic ro g ra m s/k g  
(4 .8  m g /m 2) d a ily  lo r  5 c o n se c u tiv e  days o f a  2 8 -d a y  c y d e ; 
th e  in fu s ỉo n  is g iv e n  o v e r  2  h o u rs .  R esp o n se  s h o u ld  b e  
d e te im in e d  e v e ry  2  cycles, a n d  o n c e  m ax im u m  resp o n se  
h a s  o c c u r r e d  ã  í u r t h e r  2  c y d e s  o f  t r e a tm e n t  a re  
r e c o m m e n d e d , u p  to  a  m a x i in u m  o f 6 c y d e s . P a tie n ts  w h o  
d o  n o t  r e s p o n d  w i th  a ly m p h o c y te  re d u c tio n  o f 5 0 %  o r  
m o re  a í t e r  2  c y c les  s h o u ỉd  n o t  rec e iv e  í u r th e r  th e ra p y . 
C la d rib in e  is a lso  g iv en  s u b c u ta n e o u s ly  in  a  d o se  of 
lO O m ic ro g ra m s /k g  ( 4 m g /m 2) d a ily  fo r  5 c o n sec u tiv e  days. 
T h is d o se  o f  s u b c u ta n e o u s  d a d r ib in e  is also  l icen sed  in  so m e 
c o u n tr ie s  fo r  t h e  t r e a tm e n t  o f  in d o le n t  n o n - H o d g k ỉ n 's  
l y m p h o m a  a n d  W a l d e n s t r õ m 's  m a c r o g lo b u l in a e m ia .  

R e v ie w s .
ỉ. Bclani R, Saven A. Cladribine ỉn haỉry ceỉl leukemia. Hematứỉ Oncol ơ in  

North Am  2006 : 2 0 : 1 109-23 .
2. Sigal DS, Saven A. Cỉadribine In indolent non-Hodgkin's lymphoma. 

Experĩ Rev A ntừanar  77itr2006: 8: 335-43.
3. Huynh E, tí  a i  Cladríbine in the treatm ent of hairy cell leukemia: inỉtial 

and subsequem  resuits. Leuk Lymphoma 2009; 50 (suppỉ l): 12-17.
4. spurgeon  s. tí ai. Cỉadribine: noi ju st another purine anaỉogue? Expen 

opin Invat Drugs 2009; 18: ỉ 169-81.
3. Sỉgaỉ DS, t í  al. Beyond haỉry celỉ: the actívity of dadribine ỉn other 

hem atoỉogịc m alignandes. Bload 2010; 116: 2684-96.

Multỉple sderosis. C la d ríb in e  h a s  b e e n  in v es tig a te d  ío r  th e  
t r e a tm e n t  o f  m u lt ip le  s d e ro s is  (p . 9 9 6 .3 ).

Adverse Effects and Treatment
F o r  a g e n e ra l  o u t l in e  see  A n tin eo p la s tic s , p . 726 .1  a n d  
p . 7 3 0 .2 .

C la d rib in e  p ro d u c e s  s e v e re  m y e lo su p p re ss io n , i n d u d in g  
n e u tr o p e n ia ,  a n a e m ia ,  a n d  th ro m b o c y to p e n ia .  e s p e d a lỉy  a t  
h ig h  d o se s . T ra n s ỉu s io n  o f b lo o d  P ro d u c ts  m a y  b e  re q u ire d .  
P ro lo n g e d  C D 4  ly m p h o p e n ia  vvith ằ  n a d ir  a t  4  to  6  m o n th s  
a lso  d e v e lo p s .  P ro lo n g e d  b o n e -m a rr o w  h y p o c e llu la r ity  m a y  
a lso  o c c u r ,  a l th o u g h  i t  ỉs n o t  d e a r  ư th is  is d u e  to  th e  d ru g  o r  
u n d e r ly in g  d ise a se .  H a e m o ly tic  a n a e m ia  h a s  a lso  b e e n  
r e p o r te d .  S e v e re  in íe c tio n s  c a n  o c c u r, a n d  m a y  b e  ỉa ta l. 
M y e lo d y sp la s tíc  sy n d ro m e  h a s  b e e n  r e p o r te d  rare ly .

O th e r  ad v e rse  effec ts  in d u d e  íev e r , ch ills, d iap h o re s is , 
ía tig u e , m ala ise , m ild  n a u s e a  a n d  g a s tro in te s tin a l  d is-  
tu rb a n c e s , rash es , p ru r i tu s ,  p u rp u ra ,  h e a d a c h e , a n x ie ty ,  
d izziness, a b n o rm a l  b r e a th  a n d /o r  c h e s t  s o u n d s , c o u g h , 
d y sp n o e a , o e d e m a , ta c h y c a rd ia , h y p o te n s io n , a r th ra lg ia , 
a n d  m y alg ia . R ev e rs ib le , m ild  in c re a se s  i n  b iliru b in  a n d  
h e p a tic  tra n sa m in a se s  a re  c o m m o n . R a re  a d v e rse  e v e n ts  
i n d u d e  h e p a tic , r e n a l ,  o r  ca rd iac  ía i lu re , a tr ia l  Đ brilla tion , 
a n d  h y p e re o s in o p h il ia ;  tu m o u r  Iysis sy n d ro m e  c an  o c c u r, 
a n d  m a y  b e  ía ta l.

V ery  h ig h  doses  o f  d a d r ib in e  h a v e  b e e n  a s s o d a te d  w i th  
s ev ere  r e n a l  a n d  n e rv o u s  System  to x ic ity  as w e ll ạs  
m y e lo su p p re ss io n . S e v e re  n e u ro to x id ty  is r a r e  a t  c u rre n tly  
re c o m m e n d e d  doses, b u t  c o n ỉu s io n , n e u ro p a th y , a ta x ia ,  
in so m n ia , a n d  so m n o le n c e  h a v e  o c c u rre d .

Cardnogenióty. A ỉ w i th  so m e  o th e r  a n tim e ta b o li te s  (se e  
p . 7 2 6 .2 ), E p s te in -B a rr  v ữ u s - re la te d  ly m p h o m a  h as  b e e n  
re p o r te d  a íte r  d a d r ib in e  th e r a p y .1 A  s tu d y  ỉo u n d  th a t  in  
p a tie n ts  w ith  c h ro n ic  ly m p h o c y tic  le u k a e m ia ,  ư e a tm e n t  
w i th  d a d r ib in e  d id  n o t  in c re a se  th e  risk  o f  s e c o n d a ry  
m a l ig n a n d e s  vvhen  c o m p a re d  w i th  t r e a tm e n t  w ith  a lk y l-  
a tin g  a g e n ts  a n d  c o m b in a d o n  th e ra p y . H ovvever, l u n g  
can ce rs  o c c u rre d  m o re  h e q u e n t ly  w ith  d a d r ib in e  t t e a t -  
m e n t .2

1. Niesvuky. R, t í  ai. Epstein-Barr vìrus-assodated iymphoma after 
ữeatm ent of macrogỉobuỉỉnemia w ỉth dadríbỉne. N  Engi J  Med 1999; 
341: 55.

2. Robak T. tí al. Second maỉỉgnandes and  Rỉchter's syndrome in patỉents 
with chronỉc ỉymphocytỉc ỉeukaemỉa treated vvith dadribine. Eur J  
Cattcer 2004;40:383-9 .

Precautions
F o r th e  p r e c a u tio n s  n e c e s sa ry  w ith  a n tin e o p la s tic s , s e e  
p . 7 3 2 .2 . C a re h il h a e m a to lo g ic a l  m o n ito r in g  is r e c o m -  
m e n d e d , e s p e d a lly  d u r in g  th e  Brst 4  to  8  w e e k s  o f th e ra p y . 
R e n a l a n d  h e p a tic  íu n c t io n  s h o u ld  a lso  b e  m o n ito re d  
p e riod ica lly .

Porphyria. T h e  D ru g  D a ta b ase  fo r  A c u te  P o rp h y ria , c o m - 
p ile d  b y  th e  N o rw e g ia n  P o rp h y ria  C e n tre  (NA POS) a n d  
th e  P o rp h y ria  C e n tre  S w e d e n , d a s s ỉã e s  d a d r ib in e  as p ro b -  
ab ly  n o t  p o r p h y r in o g e n ic  i t  m a y  b è  i ts e d  as  a  d ru g  o f  firs t 
ch o ice  a n d  n o  p re c a u t io n s  a re  n e e d e d .1

1. The Drug Daiabase for Acute Porphyrỉa. Avaiỉable at: h ttp://w w w . 
drugs-porphyria.org (accessed 29/09/1 ỉ )

Interactions

L am iv u d in e . A  p a tie n t  w i th  c h ro n ic  ly m p h o c y tic  l e u k -  
a e m ia  h a d  n o  d e c re a se  in  ly m p h o c y te  c o u n t  vvhen d a d r i -  
b in e  w a s  g iv en  w ith  la m iv u d in e ,  th e  la t t e r  b e in g  to  p r e -  
v e n t  re a c tiv a tio n  o f  h e p a ti tis  B. L a m iv u d in e  w a s  s to p p e d  
a n d , a f te r  a n o th e r  c o u rse  o f  d a d r ib in e ,  t h e  ly m p h o c y te  
c o u n t re sp o n d e d . S tu d y  in-vitro ío u n d  t h a t  la m iv u d in e  
in h ib ite d  th e  p h o s p h o ry la d o n  o !  d a d r ib in e ,  r e n d e r in g  it 
in a c tiv e .1

1. Chtioui H. t í  ai. Concomitant treatm ent vvith lamỉvudine renders 
'dadrìbỉne ỉnactỉve by inhỉbitíon oỉ its phosphorylaúon. Br J  Haematol 
2009; 144: 136-7.

Pharmacokinetics
P la sm a -d a d r ib in e  c o n c e n ơ a t io n s  a í te r  in tr a v e n o u s  in ỉu s io n  
sh o w  e ith e r  a  b ip h a s ic  o r  tr ip h a s ic  d e c lin e , w i th  te rm in a l  
h a lf-liv es  r a n g in g  b o m  3 to  2 2  h o u rs .  A  b i-e x p o n e n tia l  
de c lin e  h a s  b e e n  r e p o r te d  a ỉte r  s u b c u ta n e o u s  ũ ỹ e c tio n , 
w ith  a n  in itia l a n d  te rm in a l  h a lf-Iife  of a b o u t  2 a n d  11 
h o u rs , resp ec tiv e ly . C la d rib in e  is e x te n s iv e ly  d is tr ib u te d  a n d  
p e n e tra te s  in to  th e  CNS. I t is a b o u t  2 0 %  b o u n d  to  p lasm a  
p ro te in s . C lad rib in e  is p h o s p h o ry la te d  w i th in  cells by  
d e o x y c y tid in e  k in a s e  to  fo rm  2 -c h lo ro d e o x y a d e n o s in e -5 '-  
m o n o p h o sp h a te  w h ic h  is í u r th e r  p h o s p h o ry la te d  to  th e  
d ip h o sp h a te  b y  n u d e o s id e  m o n o p h o sp h a te  k in ase  a n d  to  
th e  a c tiv e  m e ta b o li te  2 - c h lo ro d e o x y a d e n o s in e -5 '- tr ip h o -  
sp h a te  (CdATP) b y  n u d e o s id e  d ip h o sp h a te  k in ase . 
R e íe re n c e s .

1. Lỉỉiemark J. The d ỉn ica l pharm acokinetỉcs of dadribine. Clin 
Phanruưokina 1997; 32: 120-31.

Preparations
Proprietary Preparatioru (details are g iven  in  V olum e B)

Smgle-ingredient Preporatìons. Arg.: H em obine; Intocel: Leustat; Austral.: Leustatứi; Litak; Austria: Leustatin; Litak; Beíg.: Leus- 
tatìn; Braz.: Leustatin; Canad.-. Leústatin; Chirur. Ai Bo Ding 
(3 tw ® ) ; Ct.: L eu s ta tln t: Litak; Dettm.: Litak; Fitu: L eustadn; 
Litak; Fr.: Leustatine; Litak; Ger.-. Leustatỉn; Litak; Gr.: L eusta- 
tin; Litak; Hong Kong-. Leustatin; IrL: Litak; israel: L eu sta tin t; 
Litak; ItaL: Leustatỉn; Neth.: Leustatin; Litak; Norw.: Leustatin; 
Litak; NZ: Leustatin; Philipp.: L eu sta tin t; PoL: Biodribin; Litak; PorL: Leustatin; Litak; Rus.: L eidad ln  (HeihcnaAHH); M ovectro 
(MoBecrpo); S.Afir.: Leustatin; Litak; singapore. L eusta tin f: Spain: Leústatin; Lltak; Swed.: Leustatin; i lta k ;  Switz.: L e u su -  
tin; Litak; UK: Leustat; Litak; USA: Leustatin; Vencỉ.: L eusta- 
tin.

Clofarabine (BAN. USAN, riNNi
CI-RAra-A; Cloíarabina; Clofarabtnum; KnboộapaÓMH. 
2-Chloro-9-(2-deoxy-2-fluoro-3-ũ-arabinofuranosyl)-9H- 
purin-6-amine ‘ - <
t 10H„CIFN5O 3=303.7 - ■
CAS —  123318-82-1. • -
ATC — L01BB06 
ATC Vet — QL01BB06 
UNII —  762RDY0Y2H.

Uses and Administration
C lo larab ine , a  p u r in e  n u d e o s id e  a n a lo g u e , is u s e d  a s  a n  
a n tim e ta b o li te  a n tin e o p la s tk  in  t h e  t r e a tm e n t  of re la p se d  o r  
r e ừ a a o r y  a c u te  ly m p h o b la stic  le u k a e m ia  (p. 6 9 2 .3 )  ỉn  
p a tie n ts  aged  1 to  21 y ears. A  d o se  o f 52 m g /m 2 is g iv e n  daily  
lo r  5 days, b y  in tra v e n o u s  in h is io n  (see  A d m in is tra tio n . 
b e lo w ) o v e r  2  h o u rs . A  lo n g e r  i iứ u s io n  tim e  s h o u ld  b e  
c o n sid e red  in  c h iỉd re n  w e ig h in g  less t h a n  2 0  kg  to  re d u c e  
a n x ie ty  a n d  in ita b il ity , a n d  to  a v o id  h ig h  d o ía r a b in e  
c o n c e n ư a tío n s . T h e  c o u ise  m a y  b e  re p e a te d  e v e ry  2  to  6 
vveeks, d e p e n d in g  o n  th e  p a tie n d s  rec o v e ry  b o m  b o n e -  
m a r r o w  d e p re s s io n  a n d  o t h e r  a d v e rs e  e H e c ts  (se e  
A d m in is tra tio n  in  S u b se q u e n t C y d e s , p . 770 .1 ). T re a tm e n t  
is u su a lly  assessed  a fte r  2  ư e a tm ẽ n t  cycles.

F or doses in  h e p a tic  a n d  re n a l  im p a i im e n t ,  see b e lo w  a n d  
p . 770.1. respec tive ly .

C lo larab ine  ỉs  also  u n d e r  in v e s tìg a tio n  fo r th e  t r e a tm e n t  
o f  a c u te  m y e lo id  leu k a e m ia . A n  o ra l ío rm u la t io n  is  u n d e r  
in v es tig a tio n  fo r th e  tre a tm e n t  o f p a tie n ts  w ith  m y e lo d y s -  
p las tic  sy n d ro m es.

R e íe re n c e s .
ỉ . Haraed TM, Gaynon PS. Treatíng reữactory leukemias ln d iỉldhood  role 

of doỉarabine. Ther ữ in Rừk Martag 2008; 4: 327-36.
2. McGregor BA. tí  ai. The use oỉ hỉgher dose doỉarabine in aduỉts vvith 

reỉapsed acute lymphobỉastíc leukemỉa. Am J  Hanatol 2009; 84:228-30.
3. La non M ỉ. Venugopal p. Cỉoíarabinc a new  tteatm ent optíon for 

patients w ith acuce myeỉoid leukemia. Expert Opbĩ Pharmaather 2009; 
10: 1353-7.

4. Lech-Maranda E, t í  al. Cỉoíarábine as a noveỉ nudeosỉde analogue 
approved to  treat patỉents wỉth haematologỉcaỉ maỉỉgnandes: mechan- 
ism of actỉon and dỉnical actìvtty. Miỉti Rev Med Chem 2009; 9: 805-12.

5. Zhendiuk A. t í  aỉ. Mechanỉsms õí anti-cancer action and pharmacoỉogy 
of doíarabine. Biodum Pharmaeot 2009; 78: 1351-9.

6. Sampat K. t í  ai. Cloỉarabine: emergỉng roỉe ỉn  leukemỉas. Expert opin 
Invât Dtuịịs 2009; 18: ỉ 5 59-64.

7. Jeha s. Recent progress in the treatm ent of acute ỉymphobỉastỉc 
leukemia: doíarabíne. Hematol Oncol Qừt North Am  2009; 23: 1137-44.

8. Thoroas X, tí  aL Goỉarabine ỉor the treatm em  of adult acute myeỉoỉd 
ỉeukemia. Futurt Oncoỉ 2009; 5: ỉ 197-1210.

9. Paderi s. t í  ai. Oraỉ doỉaxabine ỉn the treatm ent oỉ patìenư wỉth hỉgher- 
ríỉk myelodyspỉastỉc syndrome. J  Qin Orteol 2010; 28:2755-60.

10. Tiu RV, t í  ai. Ckríarabine ỉor myelodysplastic syndromes. Expert Opùí 
Invat Drugs 2011; 20:1005-14.

11. Majda K. t í  ai. Goiarabine (2-chloro-2'*fluoro-2'-deoxyarabínosYlade- 
nine)—bỉochemicaỉ aspects of anticancer actỉvity. Aứa Poỉ Pharm 2011; 
68:459-66.

12. 0'CÒnnor D. tí  ai. Earỉy UK expcrience in the use oí dolarabine ỉn the 
treaunent ol relapsed and reỉractory paedỉatrỉc acute lymphoblastỉc 
ỉeukaemỉa. BrJHaanatữ! 2011; 154:482-5.

13. Tran H, Yang D. Cloíarabine ỉn the  treatm ent oí newiy đỉagnosed acute 
raydoid leukemỉa ỉn older adults. Ann Pharmaeother 2012; 46: 89-96.

A d m ìn iỉtra H o n . In stru c tio n s  fo r  d ilu t io n  o f d o ía r a b in e  for 
in tra v e n o u s  u se  m a y  v a ry  ac co rd in g  to  c o u n try .  us 
licensed  p r o d u a  in ío rm a tio n  re c o m m e n d s  to  B lter d o ía r a -  
b in e  th ro u g h  a  0 .2  m ic ro m e ư e  sy rin g e  filter a n d  th e n  
d ilu te  vvith e i th e r  g ỉucose  5 %  o r  s o d iu m  c h lo rid e  0 .9 % , to  
o b ta in  a  B nal c o n c e n tra d o n  b e tw e e n  150 a n d  400mĨCTO- 
g ram s/m L . H o w ev er, UK  lic e n sed  p ro d u c t in ỉo rm a tio n  
States that, a í te r  h lư a tìo n  (as a b o v e ), d o ta ra b in e  sh o u ld  
b e  d ilu ted  vvith so d iu m  c h lo ríd e  0 .9 % ; to ta l v o lu m e s  a re  
b ased  on  b o d y -su r ỉa c e  area  as  íollovvs:
•  sS 1.44 m 2: 100 m L
•  1.45 to  2 .4  m 2: 150 m L
• 2.41 to 2.5 m2: 200mL
U K  lỉcensed  p ro d u c t  in ío rm a tio n  also  States th a t  ư  th e  u se  of 
a  0 .2  m ic ro m e tre  sy ringe  H lter is u n íea s ib le , t h e n  th e  
c o n c e n tra te  m a y  b e  H ltered  w ith  a  5 m ic ro m e tre  h lte r , 
d ilu te d  as ab o v e , a n d  th e n  g iv e n  th ro u g h  a  0 .22 m ic ro m e tre  
in - l in e  B lter.

A d m in ỉs tra tio n  in  c h ild ren . C lo ía ra b in e  is licen sed  fo r  u se  
in  p a tie n ts  ag e d  1 to  21 y e a rs , see  U ses a n d  A d m in is tra -  
t io n ,  above.

A d m in is traH o n  in  h e p o tic  im p a irm e n t.  C lo ía ra b in e  sh o u ld  
b e  used  vvith  c a u tio n  in  h e p a tic  im p a irm e n t. b e c a u s e  d a ta  
a re  lim ited , a n d  th e r e  is a  p o te n tia l  fo r  h e p a to to x id ty  (see 
A dverse  E ữ ects , p . 7 7 0 .1 ). U K  lỉc e n sed  p ro d u c t in ío rm a -  
t io n  States t h a t  u se  in  s e v ere  h e p a tic  im p a irm e n t  ís  th e re -  
fo re  c o n tra -in d ica te d . us l ic e n se d  p ro d u c t i n ío n n a t ío n  
S tates th a t  if  g rad e  3 (o r  h ig h e r)  in c re a se s  in  b ỉ l iru b in  a re  
se e n , d o ta r a b in e  d osage  s h o u ld  b e  v rith h e ld ; i t  m a y  b e  
res ta rte d  a t  a  d o se  re d u c e d  b y  2 5 %  o n c e  o rg a n  h m c tio n  
h a s  rec o v e re d  (see aỉso  A d m in is ơ a tío n  in  S u b se q u e n t 
C y d es, p. 7 7 0  1).

The Symbol t  denotes a preparation no longer actively marketed
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Administration in renal impoirment. C lo ía ra b in e  s h o u ld  
b e  u s e d  w ith  c a u t io n  in  r e n a l  im p a irm e n t,  b e c a u s e  d a ta  
a re  lim ite d , a n d  t h e r e  Is a  p o te n t ía l  fo r  a c c u m u la t ìo n  in  
p a tie n ts  vvith d e c re a s e d  c re a t in in e  đ e a ra n c e .  I n  p a tie n ts  
w i th  m o d e ra te  im p a i rm e n t  ( c re a tin in e  d e a ra n c e  3 0  to  
6 0 m L /m in ) ,  a  d o s e  re d u c t io n  o ỉ  5 0 %  is r e c o m m e n d e d . N o  
d o sa g e  r e c o m m e n d a t io n s  axe m a d e  fo r  p a tie n ts  w i th  
s e v e re  im p a irm e n t  a n d  U K  l ic e n s e d  p ro d u c t  in ỉo r m a t io n  
c o n tra - in d ic a te s  i ts  u s e  in  su c h  p a tie n ts .

If  g ra d e  3 (o r  h ỉg h e r )  in c re a se s  i n  c re a tin in e  a re  se e n , 
d o ía r a b in e  d o sa g e  s h o u ld  b e  v v ith h e ld ; i t  m a y  be  r e s ta r te d  a t 
a  d o se  re d u c e d  b y  2 5 %  o n c e  o rg a n  íu n c t io n  h a s  re c o v e re d  
(see  a ls o  A d m in is ư a t io n  in  S u b s e q u e n t  C y d e s , belovv).

Administration in subsequent cydes. D osage o f  d o ía r a -  
b in e  is  d e te n n in e d  b y  b o d y -su r ia c e  (see  U ses a n d  A d m in - 
i ỉ t r a t io n ,  p . 7 6 9 .3 ) ,  b a s e d  o n  th e  a c tu a l  h e ig h t  a n d  w e ig h t  
b e ío re  t h e  s ta r t  o ỉ  e a c h  c y d e .
•  T re a tm e n t  c y d e s  a re  re p e a te d  a í te r  re c o v e ry  o r  r e tu m  to  

b a s e lin e  o r g a n  íu n c t io n ,  a b o u t  e v e ty  2 to  6 w eek s .
•  S u b s e q u e n t  c y d e s  s h o u ld  n o t  b e  g iv en  s o o n e r  t h a n  14 

d a y s  f ro m  t h e  s ta r t in g  d a y  o f th e  p re v io u s  c y d e .
T h e  a b so lu te  n e u t r o p h i l  c o u n t  (ANC) s h o u ld  b e  
>  7 5 0 c e lls /r rư n 5 b e ío r e  a d o se  is g iv en .
If t h e  ANC h a s  n o t  re c o v e re d  a f te r  6 vveeks fro m  th e  s ta r t 
o f  a  c y d e , a b o n e  m a r r o w  a s p ira te  sh o u ld  be p e rỉo rm e d  
to  d e te im in e  p o ss ib le  r e ừ a c to ry  d isease ; if th is  is n o t  
e v id e n t ,  a n d  o n c e  th e  A N C h a s  rec o v e re d  to  th e  a b o v e  
c o n c e n tra t io n , t h e  d o se  fo r th e  n e x t  cycle s h o u ld  b e  
re d u c e d  b y  2 5 %  (o f  t h e  p re v io u s  d o se  g iv en ).
I ỉ  a  p a tie n t  h a s  s e v e re  n e u tr o p e n ia ,  d e & ie d  as  A N C 
<  5 0 0  c e lls /m m 5, t h a t  la s ts  >  4  vveeks, th e  d o se  fo r  th e  
n e x t  c y d e  s h o u ld  b e  re d u c e d  b y  2 5 % .

• C lo ỉa ra b in e  s h o u ld  b e  w l th h e ld  in  th e  e v e n t  o f  a  
d in ỉc a lly  s ig n iỄ c a n t i n í e c t i o n .  o n c e  c o n ư o lle d ,  ơ e a t -  
m e n t  m a y  b e  r e s ta r te d  a t  t h e  fu ll dose . H ovvever, ư a 
s e c o n d  s ig n iũ c a n t  in ỉe c tio n  o c c u rs , ư e a tm e n t  m a y  b e  
r e s ta i te d  a t  a  d o se  r e d u c e d  b y  2 5 %  o n c e  th e  in íe c tio n  is 
c o n tro lle d .

•  l í  o t h e r  s e v e re  to x id t ie s  o c c u r  (g rad e  3 to x id t ie s  
e x d u d in g  n a u s e a  a n d  v o m ỉtìn g ) ,  t h e n  d o ỉa r a b in e  ỉh o u ld  
b e  w ith h e ld  u n t i l  r e c o v e ry , a n d  re s ta r te d  a t  a  d o se  
r e d u c e đ  b y  2 5 % . I f  t h e  sa m e  to x id ty  r e c u rs  o n  a s e co n d  
o c c as io n , ơ e a tm e n t  is w i th h e ld  u n t il  rec o v e ry  a n d  a 
f 'urther 2 5 %  d o s e  re d u c t io n  is rec o m m e n d e d .

ư  a  se v e re  to x id ty  r e c u r s  o n  a th i r d  occasion , o r  d o es  n o t  
r e so lv e  w ith in  1 4  d a y s , o r  is l i ỉe - th re a te n in g  o r  d isab lin g , 
t h e n  d o ỉa r a b in e  t r e a tm e n t  s h o u ld  b e  sto p p ed .

Adverse Eữeck, Treatment, and Precautìons
A s ỈOT  F lu d a r a b in e  P h o s p h a te ,  p . 7 9 4 .3 , a l t h o u g h  
n e u r o to x id ty  is  le ss  s e v e re . F e b rile  n e u tr o p e n ia  is  v ẽ ry  
c o m m o n  w ith  d o fa ra b in e „  a s  a re  a n x ie ty , h e a d a c h e , 
Q u sh ỉn g , m u c o sa l  in íla m m a tio n ,  p r u ri tu s ,  a n d  p a lm a r-  
p l a n t a r  e ry th r o d y s e s th e s ia  s y n d ro m e . O th e r  c o m m o n  
a d v e rs e  e ỉíec ts  i n d u d e  p a in , m y a lg ia , a r th ra lg ia , h y p e r-  
se n s it iv ity  re a c tio n s , h a e m a tu i ia ,  sk in  e x ỉo lia tio n , a lo p e d a , 
e ry th e m a  (vvhich  c a n  b e  g e n e ra lis e d ) , p e te c h ia e . d ry  sk in . 
h y p e rh id r o ã s ,  d iT ã n e s s ,  tre m o r ,  h e a r in g  loss, a n d  e p is tax is . 
H y p e r te n s ío n  h a s  a lso  b e e n  r e p o r te d .  H e p a to to x id ty  ís a lso  
c o m m o n  a n d  c a n  i n d u d e  h y p e rb il iru b in a e m ia ,  ja u n d ỉc e ,  
a n d  v ẹ n o -o c d u s iv e  d ise a se ; p a t ie n ts  w h o  h a v e  re c e iv e d  a 
h a e m a to p o ie t ic  s te m  ce ll ư a n s p la n t  m a y  b e  a t  h ig h e r  risk  fo r 
h e p a to to x id ty .

P a t ie n ts  s h o u ld  b e  m o n ỉto re d  fo r  s igns a n d  sy m p to m s  of 
c y to k in e  re le a se  ( in d u d in g  ta c h y p n o c a . tac h y c a rd ia , h y p o -  
te n s io n , a n d  p u lm o n a r y  o e d e m a )  th a t  c o u ld  'd e v e lo p  in to  
s y s te m ic  inflammatnry r e s p o n s e  s y n d ro m e  (SIR S) o r  
c a p il la ry  le a k  s y n d ro m e , w h ic h  c a n  b e  ía ta l. Sym ptom s' of 
th e  la t t e r  i n d u d e  r e s p ira to ry  d is tress , h y p o te n s io n , p le u ra l  
a n d  p e ric a rd ia l  e ỉh is io n s ,  a n d  m u lt i-o rg a n  la i lu re . P ro p h y -  
lac tic  c o rtic o s te ro id s  m a y  b e  u s e tu l .  b u t  d o ỉa r a b in e  m u s t  be  
s to p p e d  im m e d ia te ly  ư  s ig n s o r  sy m p to m s  o f  SIRS, cap illa ry  
le a k  sy n d ro m e , o r  h y p o te n s io n  d e v e lo p ; h i r th e r  t te a tm e n t ,  
a t  a  lo w e r  d o se  (se e  U ses  a n d  A d m in is tra t io n , p . 7 6 9 .3 ), c a n  
b e  c o n s id e re d  o n c e  p a tie n ts  a re  s tab ilised  a n d  o rg a n  
h m c t ìo n  h a s  r e t u m e d  to  b a se lin e . P a tie n ts  vvith ca rd ia c  
d ise a se  s h o u ỉd  b e  d o s e ly  m o n ito re d . E n te ro co litis , in d u d in g  
n e u tr o p e n ic  e n te ro c o li t i s  a n d  Clostrìdium dìffiríle c o litiỉ  h a v e  
b e e n  re p o r te d , u s u a lỉy  tv ith in  a  m o n th  o f  t te a tm e n t  w i th  
d o fa ra b in e ,  a n d  u s u a lly  w h e n  g iv e n  w ith  o th e r  c h e m o -  
th e ra p y .

R e n a l a n d  h e p a t íc  fu n c t io n , a n d  c o m p le te  b lo o d  c o u n ts , 
s h o u ld  b e  m o n ito re d  d u r in g  d o ía r a b in e  th e ra p y . H y d ra tìo n  
s h o u ld  b e  m a in ta in e d  d u r in g  t r e a tm e n t  to  m ỉn im ise  th e  risk  
o f  t u m o u r  ỉysis s y n d ro m e  a n d  o t h e r  a d v e rse  e ữ ec ts.

Porphyría. T h e  D ru g  D a ta b a se  f o r  A c u te  P o rp h y ria , c o m - 
p ile d  b y  th e  N o r w e g ia n  P o rp h y r ia  C e n tre  (NA POS) a n d  
th e  P o rp h y ria  C e n ơ e  Svveden, d a s s ih e s  d o fa ra b in e  as n o t  
p o r p h y rin o g e n ic ;  i t  m a y  b e  u se d  a s  a  d ru g  o f í irs t c h o ic e  
a n d  n o  p re c a u t io n s  a re  n e e d e d .1

1. The Drug Database ỉo r Acuie Poiphyria. AvaUable at: http ://w w w . 
dm gs-porphyiia.org (accessed 29/09/11)

Interactìons
P a tie n ts  ta k in g  d ru g s  t h a t  a ữ e c t  b lo o d  p re s s u re  o r  c a rd iac  
íu n c t io n  s h o u lđ  b e  d o s e ly  m o n i to re d  d u t in g  d o ỉa r a b in e  
th e ra p y . D ru g s t h a t  a re  e l im in a te d  b y  re n a l  tu b u la r  
secre tio n . m ig h t in tc r ỉe r e  vvith  th e  e x c re tio n  o ỉ  d o ía r a b in e  
a n d  s h o u ld  b e  a v o iđ e d .

Pharmacokinetics
C lo la ia b in e  is a b o u t  4 7 %  b o u n d  to  p la s m a  p ro te in s , m a in ly  
to  a lb u m in . A b o u t  50  to  6 0 %  o f a  d o se  is e x c re te d  
u n c h a n g e d  in  t h e  u r in e  a n d  it h a s  a  te rm in a l h a lỉ-lU e  o( 
a b o u t  5 h o u rs .
R e íe re n c e s .

1. Bonate PL, et al. Populatỉon pharmacoldnetics of doíarabine and ỉts 
metaboỉỉte 6-keiodofarabỉne ỉn  adult and pedỉatríc patỉents w ith cancer. 
Canar Qumother Pharmacoỉ 2011; 67: 875-90.

2. Long-Boyle J, ei a i  Pharm acokinetia of doỉarabỉne in patíents with 
hỉgh-risk ỉnherỉted m eubolic  disorders undergoing braín-sparỉng 
hematopoỉetỉc cell transplam atỉon. J  ơ ỉn  Ỹharmacol 2011; 51: 679-86.

Preparotions
Propõetary Preporatíons (deta ilỉ are gỉven in Volum e B)

Single-ingredient Preporatiom. Austral.: Evolira; Austria: Evol- 
tia; Beig.: Evoltra; Canad.: Clolar; Cz.: Evoltra: Denm.: Evoltra; 
Fr.: Evoltra; Ger.: Evoltra; Gr.: Evoltra; IrL: Evoltra; Israel: 
Evoltra; Itat.: Evoltra; Jpn: Evoltra; Neth.: Evoltra; Nonv.: 
Evoltra; NZ: Evoltra; Poỉ.: Evolưa; Port.: Evoltra; Spain: Evol- 
tra; Swed.: Evolơa; VK: Evoltra; USA: Clolar.

Corynebacterium parvum
c  parvum, NSC-220537; Propionibacterium acnes.
UNII — TRZ1M9650.

Profils
In a c tiv a te d  Corynebactcrium parvum h a s  b e e n  u s e d  in  th e  
ư e a tm e n t  o f  m a l ig n a n t  e ữ u s io n s . a n d  h a s  b e e n  t r ie d  as a n  
a d ju v a n t  to  c a n c e r  c h e m o th e ra p y  ỉo r  its  im m u n o s t ỉm u la n t  
p ro p e r tie s . I t  h a s  a lso  b e e n  u se d  in  th e  ư e a tm e n t  of 
m u sc u lo sk e le ta l  a n d  jo in t  d iso rd e rs .

F e v e r  a n d  p a in  h a  v e  o c c u rre d  a l te r  in tr a c a v i ta ry  
in je c tio n . T h e re  h a v e  b e e n  re p o r ts  o f  n e p h ro to x id ty  a ỉte r  
in ư a v e n o u s  u se .

C r i z o t i n i b  IU S A N  r iN N i

Crizotinibum; PF-02341066; Kpn30THHn6.
3-[(l fl)-H2,6-Dichloro-3-fluorophenyl)ethoxy]-5-[1-(piperi- 
din-4-yl)-W-pyrazol-4-yl]pyrídine-2-amine. 
Cj,Ha CI2FNsO=4503 
CAS —  877399-52-5.
UNII — 53AH36668S.

Uses and Administration
C rizo tin ib  is a n  in h ib i to r  o f  re c e p to r  ty ro s in e  k in ases , 
i n d u d in g  ALK (a n a p la s tic  ly m p h o m a  k in ase )  a n d  h e p a to -  
cy te  g rovvth  l a a o r  r e c e p to r  (HG FR; C -M et). C iũ o tin ib  is 
u se d  fo r  th e  t r e a tm e n t  o f  p a tie n ts  w i th  locally  a d v a n ce d . 
m e ta s ta t ic  o r  a d v a n c e d  a n d  r e ừ a c to r y  n o n -sm aU  cell lu n g  
c a n c e r  (p . 7 1 1 .1 )  t h a t  is A L K -p o sitiv e . T h e  re c o m m e n d e d  
do se  is  2 5 0  m g  o ra lly  tvvice d a ily ; c a p su les  s h o u ld  b e  
sw a llo w e d  w h o le .  T re a tm e n t  is c o n tỉn u e d  u n t il  p a tie n ts  n o  
Io n g er b e n e h t.  o r  u n a c c e p ta b le  to x id ty  o c c u n . For wamings 
and recommendatìons regarding the safe prescribing. dừpensing, 
and use oỊoraì antineoplastic druỊỊS, see Adminùtration, p. 732.3. 
I ỉ a  d a ily  d o se  o f c rứ o t in ib  is  m isse d , n o  c a tc h -u p  d o se  ỉs 
r e c o m m e n d e d  if  it  is less t h a n  6  h o u r s  b e lo re  th e  n e x t  dose . 
D oses m a y  n e e d  to  b e  r e d u c e d  o r  ư e a tm e n t  i n te r ru p te d  ío r  
to x id ty  (see  A d m in is tr a t io n  in  S u b s e q u e n t  C y d e s , belovv).

C r izo tin ib  is a lso  u n d e r  in v e s tig a tio n  for th e  ơ e a tm e n t  of 
o th e r  so lid  t u m o u n  a n d  n o n - H o d g k in 's  ly m p h o m a . 

R e íe re n c e s .
1. Kwak EL. etal. Anaplasiic lymphoma kinasc inhibitìon ín non-smali-cell 

lung cancer. N  Enỷl J Med 2010: 363: 1693-1703.
2. Rodig SJ. shapiro GL Crứoúrúb. a smaỉl-moỉecuỉe dual inhibitor oí tbe 
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A d m in is tr a t io n  in  s u b s e q u e n t  c y d e s .  T h e  o ra l d o se  o f cri- 
z o tin ib  m a y  n e e d  to  b e  re d u c é d  o r  th e ra p y  v v ith h e ld  if 
t o x id n e s  o c c tư . L icen sed  p r o d u c t  in fo tm a t io n  g iv es  th e  
fo llo w in g  g u id e lin e s :  
fo r h a e m a to lo g ic a l  to x id t ie s
•  g ra d e  3: v v ith h o ld  u n t i l  r e c o v e ry  ^  g ra d e  2, t h e n  re su m e  

ă t  th e  sa m e  d o se  sc h e d u le
• g ra d e  4 : v v ithho ld  u n t i l  r e c o v e ry  <  g rad e  2, t h e n  re su m e  

a t  2 0 0  m g  tw ic e  d a ily ; in  th e  case  o f  r e c u rre n c e , vv ithho ld  
a g a in  u n t i l  r e c o v e ry  ^  g ra d e  2, t h e n  re s u m e  a t  2 5 0 m g  
o n c e  d a ily . F o r  l u n h e r  g ra d e  4  re c u rre n c e ,  p e rm a n e n tly  
s to p  c r iz o tin ib

fo r  n o n - h a e m a to lo g ỉc a l  to x ld t ie s
•  a n y  g ra d e  p n e ũ m ồ n i t is  ( th a t  is  n o t  d u e  to  d ise a se  

p ro g re s s lo n . o th e r  p u lm o n a r y  d isease , in íe c tio n ,  OI 
e ííe c ts  o f  ra d ia tío n ) :  p e rm a n e n t ly  s to p  c riz o tin ib

•  g ra d e  3  o r  4  a ỉa n in e  a m in o t ia n s íe r a s e  (ALT) o r  a sp a r ta te  
a m in o tra n s íe r a s e  (AST) e le v a d o n  w i th  to ta l  b iliru b in  
<  g ra d e  1: w i th h ò ld  ú n t i l  r e c o v e ry  to  <  g ra d e  1 OI 
b a s e lin e ,  t h e n  r e s u m e  a t  2 0 0  m g  tvvice d a ily ;  in  t h e  case 
o f  r e c u r re n c e ,  v v ỉth h o ld  a g a ỉn  u n t i ỉ  r e c o v e r y  <  g r a d e  1, 
t h e n  r e s u m e  a t  2 5 0  m g  o n c e  d a ily . F o r  í u r t h e r  g ra d e  3 OI 
4  r e c u ư e n c e ,  p e im a n e n t ly  s to p  c r iz o d n ib

•  g ra d e  2, 3, o r  4  ALT o r  A ST e le v a t io n  w i th  c o n c u rr e n i  
g ra d e  2 , 3 , o r  4  to ta l  b i l l ru b in  e le v a t ío n  (vv ithou i 
e v id e n c e  o f  c h o le s ta s is  o r  h a e m o ly s is ) ; p e r m a n e n d y  stop  
c rứ o t in ib

• g ra d e  3 Q T c p ro lo n g a t io n :  v v ith h o ld  u n t i l  r e c o v e ry  tc  
^  g ra d e  1, t h e n  r e s u m e  a t  2 0 0  m g  tvvdce d a ily ; In  t h e  case 
o f  r e c u r re n c e ,  v v ith h o ld  a g a in  u n t i l  re c o v e ry  ^  g ra d e  1, 
t h e n  re s u m e  a t  2 5 0 m g  o n c e  d a ily . F o r  f u r t h e r  g ra d e  3 
r e c u r re n c e ,  p e n h a n e n t ly  s to p  c riz o tin ib

•  g ra d e  4  Q T c p ro lo n g a t io n :  p e rm a n e n tly  s to p  c riz o tin ib

Adverse Effeờs, Treatment, and Precautìons
C riz o tin ib  h a s  b e e n  a s s o d a te d  w ith  s e v e re  p n e u m o n i t is  a n c  
fa ta litie s  h a v e  b e e n  r e p o r te d .  P a tie n ts  s h o u ld  b e  m o n ito re c  
fo r  p u lm o n a r y  s y m p to m s  a n d  c r iz o t in ib  s h o u ld  be 
p e rm a n e n tly  s to p p e d  in  th o se  d ia g n o se d  w i th  ư e a tm e n t  
r e la te d  p n e u m o n it is .  O th e r  r e s p ira to ry  a d v e rs e  e t te c c  
a s s o d a te d  w i th  ía ta li tie s  h a v e  in c lu d e d  h y p o x ia .  a c u te  
re s p ira to ry  d isư e ss  sy n d ro m e , d y s p n o e a , e m p y e m a , a n c  
p u lm o n a r y  h a e m o r rh a g e .  P u lm o n a r y  e m b o l ism  c a n  o c c u r  
I n ơ e a s e s  in  l iv e r  t ra n s a m in a se s  h a v e  b e e n  s e e n ,  a n d  live! 
h m c t io n  te s ts  s h o u ld  b e  m o n ito re d  m o n th ly ,  o r  m o re  
ừ e q u e n t ly  if n e e d e d . W h ile  m o s t p a tie n ts  w e r e  a s y m p to  
m a tic , s o m e  m a y  r e q u ir e  d o se  in te ư u p t io n  o r  fo r  t h e r a p y  tc 
b e  p e rm a n e n t ly  s to p p e d . QTc p ro lo n g a t io n  c a n  o c c u r  a n c  
c riz o tin ỉb  s h o u ld  b e  a v o id e d  in  p a tie n ts  w i th  c o n g e n ita l  l o n ị  
Q T s y n d ro m e . M o n ito r in g  (u sin g  EC G s a n d  e le c tro ly tt  
c o n c e n tr a t io n s )  s h o u ld  b e  c o n s id e re d  in  th o s e  w i ứ  
c o n g e stiv e  h e a r t  {a ilu re , b r a d y a r r h y th m ia s ,  e le c tro ly te  
a b n o rm a lit ie s ,  o r  w h o  a re  ta k in g  d ru g s  k n o v v n  to  p ro lo n g  
th e  Q T in te rv a l .  B ra d y c a rd ia  c a n  o c c u r  vvith  c r iz o tin r t  
th e r a p y .  S e v e re  n e u tr o p e n ia ,  th ro m b o c y to p e n ia ,  a n c  
ly m p h o p e n ia  h a v e  b e e n  r e p o r te d  a n d  d o se  m o d iB c a tio n !  
m a y  b e  n e e d e d . F o r  d e ta ils  o f  d o se  d e la y , d o se  re d u c t io n s ,  o r  
ỉ to p p a g e  o f  th e r a p y  fo r  a d v e rse  e t í e a s ,  s e e  A d m in is t r a t io r  
in  S u b s e q u e n t  C y d e s ,  ab o v e .

T h e  m o s t  c o m m o n  a d v e rs e  e tíe c ts  a s s o d a te d  vv iử  
c riz o tin ib  a re  v isu a l  d iso rd e rs , g a s tr o in te s tin a l  d is tu rb a n c e s  
a n d  o e d e m a . V isu a l d iso rd e rs  i n d u d e  v isu a l  im p a i rm e n t  
b lu r r e d  V ision, d ip lo p ia , p h o to p s ia ,  p h o to p h o b ia ,  a n c  
v i tr e o u s  ữ o a te rs ;  e v e n ts  h a v e  g e n e ra l ly  b e e n  re p o r te c  
w i th in  2  vveeks o f  s ta r t in g  c rứ o t in ib .  G a s tro in te s t in a  
d is tu rb a n c e s  i n d u d e  n a u s e a ,  d ia r rh o e a ,  v o m it in g , c o n s tip a  
t io n .  o e s o p h a g e a l d iso rd e rs , a b d o m ỉn a l  p a in ,  a n d  s to m a titis  
O th e r  c o m m o n  a d v e rs e  e ííe c ts  i n d u d e  ỉa t ig u e ,  d e c reasec  
a p p e ti te ,  h y p o p h o s p h a ta e m ia ,  d izz in e ss , h e a d a c h e ,  d y s g e u  
sia, in so m n ia ,  u p p e r  r e s p i r a to r y - t r a a  in íe c tio n , d y s p n o e a  
c o u g h , a r th ra lg ia ,  a n d  ra s h .  N e u r o p a th y  is  a ls o  c o m m o n  
a n d  c a n  in c lu d e  b u m in g  s e n s a t io n s ,  d y s a e s th e s i a  
h y p o a e s th e s ia  o r  h y p e ra e s th e s ia ,  n e u ra lg ia ,  a n d  p a ra e s  
th e s ia ;  p e r ip h e ra l  n e u r o p a th y  c a n  b e  s e n so ry  o r  m o to r .  P a ir  
( in  t h e  c h e s t  o r  b a c k ) a n d  íe v e r  c a n  o c c u r. R e n a l c y s ts  
w i t h o u t  e v id e n c e  o f  a b n o r m a l  u r in a ly s i s  o r  r e n a  
im p a irm e n t,  h a v e  b e e n  re p o r te d .

Interactions
C rizo tin ib  is m e ta b o lis e d  b y  c y to c h ro m e  P 4 5 0  is o e n z y m e  
C Y P3A 4/5 . s t r o n g  CY P3A in h ib i to r s  (su c h  as a ta z a n a v ir  
d a r i t h r o m y d n ,  in d in a v i r ,  iư a c o n a z o le ,  k e to c o n a z o le  
n e ía z o d o n e ,  n e lũ n a v ữ ,  r i to n a v ir ,  s a q u ln a v ir ,  t e l i th r o m y d n  
ơ o l e a n d o m y d n ,  a n d  v o r ic o n a z o le )  c a n  in c r e a s e  c r iz o tin it  
p la sm a  c o n c e n tr a t io n s  a n d  c o n c o m ita n t  u s e  s h o u ld  bi 
a v o id e d ; g r a p e h u i t  iu ic e  s h o u ld  a lso  b e  a v o id e d . C a u t io n  i 
a d v is e d  w d th  c o n c o m i ta n t  u s e  o f  m o d e r a te  C Y P37 
in h ib i to r s .  S ữ o n g  CY P3A in d u c e rs  (su c h  as  c a rb a m a z e p in e  
p h e n o b a rb i ta l ,  p h e n y to in ,  r i la b u tin ,  r i í a m p i t ìn ,  a n d  s 
J o h n 's  W o rt)  c a n  d e c re a s e  c rữ o t in ib  p la sm a  c o n c e n t r a t io n  
a n d  c o n c o m ita n t  u s e  s h o u ld  b e  a v o ld e d . C r iz o tin ib  a ls t 
in h ib i ts  CY P3A a n d  d o se  re d u c t io n  m a y  b e  n e e d e d  fo r  d r u g  
th a t  a re  m a in ly  m e ta b o lỉs e d  b y  CY P3A . U se  o f  c r iz o tin il  
w i th  CY P3A  s u b s ữ a te s  w i th  n a r r o w  th e r a p e u t ic  in d ic e  
(su c h  as  a l le n ta n i l ,  d d o s p o r in ,  d ih y d ro e r g o ta m in e ,  e rg o t  
a m in e ,  l e n ta n y l ,  p im o z id e ,  q u in id in e ,  s ữ o l im u s , a m  
ta c ro lim u s)  s h o u ỉd  b e  a v o id e d .

Pharmacokinetics
P e a k  p la s m a  c o n c e n tr a t io n s  o c c u r  b e tv v e e n  4  to  6  h o u r  
a f te r  ã  s in g le  o ra l  d o se  o f c rũ o t in ib .  M e a n  b io a v a i la b i l i ty  i 
a b o u t  4 3 % . E x p o s u re  is r e d u c e d  b y  a  h ig h - f a t  m e a l  
h o w e v e r ,  c r iz o tin ib  c a n  b e  g iv e n  vvith  o r  vvdthout fo o d  
S te a d y -s ta te  c o n c e n tr a t io n s  a re  r e a c h e d  w i t h in  15 d a y s  
P la sm a  p r o te in  b in d in g  is a b o u t  9 0 % . In-vitro d a  ta  su g g e s :  
t h a t  c r iz o tin ib  is a  s u b s ư a te  fo r  p - g ly c o p ro te in ,  t h a :
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m e ta b o lis m  is m a in ly  Via th e  c y to c h ro m e  P 4 5 0  iso en zy m es 
C Y P3A 4 a n d  C Y P3A 5. T h e  m a in  m e la b o lic  p a th w a y s  a re  
o x id a t ío n  (to  c r iz o tin ib  lac ta m )  a n d  O -dea lky la tion . T h e  
m e a n  a p p a re n t  p la s m a  te r r a in a l  ha lf-U fe  h a s  b e e n  rep o r te d  
to  b e  a b o u t  4 2  h o u r s  a ỉ t e r  a  s ỉn g le  d o se  oi crizo tin ib . A b o u t 
6 3 %  a n d  2 2 %  o í  a  s in g le  d o se  is r e c o v e re d  in  faeces a n d  
u r in e ,  re sp e c tiv e ly  (o f  w h ic h  u n c h a n g e d  d ru g  is a b o u t 53%  
a n d  2 .3 % , re sp e c tiv e ly ) .

Preparations
Proprietary Preparcriions (details a re  g iven  in  Volurr.e B)

Single-ingredient PiepqroHons. Canad. : Xalkori; Denm.: Xalkori; Fr.: Xalkori; Israel: Xalkori; Jpn: Xalkoti; Neth.: Xalkori; Norw.: Xalkori; SiviíT .rX alkori; UK: Xalkori; USA: Xalkori.

Cyclophosphamide IBAN, riNNỊ 

B-518; Oclofosfamida; Cik)ofosfamidas; Ciklofoszfamid; 
Cydophosphamịd; Cyclophosphamidum; Cydophosphami- 
dum Monohydricum; Cydophosphanụnn; Cyklofosfamid; 
Cyklofosfamid monohydrát; NSC-26271; Siklofosfarnid; 
Syklofosfamidi; VVR-138719; LịMKnoộocệaMMA- - 
2-[Bis(2-chloroethyl)amino]perhydro-1,3,2-oxazaphosphori- 
nan 2-oxlde monóhydrate.
C7H,sCI2N202P,H20=279.1
Ó̂S —6055-19-2 (cycìóphosphámide monohydrate); 50-18-0 
(ơnhydrous cydophósphamide).
ATC —  LOlÁAOÌ 
ATC Vet — QLOÌAAOỈ.
UNII — 8N3DW7272P (cydophosphamide); 6UXW23996M 
(anhydrous cydophosphamide).

Pharmaeopoeias. I n  Chín., Eur. (see  p . vii), ỉnt., Jpn, a n d  us. 
P h .  E u r .  8: (C ỵ d o p h o s p h a m id e ) .  A  w h i te  o r  a lm ost w h ite , 
c ry s ta ll in e  p o w d e r .s  S o lu b le  in  v v a ten  ừ e e ly  so lub le  in  
a lc o h o l.  A  t re s h ly  p r e p a r e d  2 %  s o lu t io n  in  w a te r  h as  a  p H  of
4 .0  to  6 .0 .

U S P  3 6 : (C y d o p h o s p h a m id e ) .  A  vvhite , c ry sta llin e  p o w d e r. 
I t  l iq u e h e s  u p o n  loss o£ i ts  w a te r  o f c ry sta llisa tio n . So lub le  in  
w a te r  a n d  in  a lc o h o l. A  1 %  s o lu tío n  in  w a te r  h a s  a  pH  o f  3.9 
to  7 .1  w h e n  d e te r m in e d  3 0  m in u te s  a f te rp re p a ra t io n . S to re  
in  a ir t ig h t  c o n ta in e rs  a t  2  d e g re e s  t o  30  degrees.

Uses and Administration
C y d o p h o s p h a m iđ e  is  a n  a n tin e o p la s t íc  th a t  is c o n v e tte d  in  
th e  b o d y  to  a c tiv e  a lk y la tin g  m e ta b o li te s  vvith p ro p ertíe s  
s im ila r  to  th o se  o f  c h lo r m e th in e  (p . 7 6 5 .2 ). I t  a lso possesses 
m a r k e d  im m u n o s u p p r e s s a n t  p ro p e r tie s .

C y d o p h o s p h a m id e  is w id e ly  u se d , o f te n  vvith o th e r  
a g e n ts ,  in  th e  t r e a tm e n t  o ỉ  m a l ig n a n t  d iseases. I t  is g iv en  ỉo r  
B u r k i t t 's  a n d  o th e r  n o n - H o d g k in 's  ly m p h o m a s, m u ltip le  
m y e lo m a , a n d  m y c o s is  tu n g o id e s . I t  is also u se d  in  
g e s ta t io n a l  t ro p h o b la s tic  tu m o u rs  a n d  m a lig n a n d e s  o f th e  
b ra in ,  b re a s t ,  e n d o m e tr iu m , lu n g , a n d  o v ary ; in  c h ild h o o d  
m a l ig n a n r ie s  s u c h  a s  n e u ro b la s to m a , re t in o b la s to ra a , 
W ilm s ' tu m o u r ;  a n d  in  s a rc o m as  a n d  so m e leukaem ias .

T h e  ũ n m u n o s u p p r e s s a n t  p ro p e r t ie s  o f  c y d o p h o sp h -  
a m id e  h a v e  b e e n  u s e d  in  o rg a n  a n d  tis su e  ư a n sp la n ta tio n . I t 
h a s  a lso  b e e n  u se d  in  t h e  m a n a g e m e n t  of d iso rders  th o u g h t  
to  h a v e  a n  a u to - ũ n m u n e  c o m p o n e n t  i n d u d in g  am yloidosis, 
B e h q e t 's  sy n d ro m e , g lo m e ru la r  k id n e y  d isease , im m u n e  
th ro m b o c y to p e n ia ,  a p la s tic  a n a e n ũ a ,  id io p a th ic  p u lm o n a ry  
íib ro s is , p o ly m y o s itis , s d e ro d e r m a ,  SLE, a n d  vascu litic  
s y n đ ro m e s  in d u d ín g  th e  C h u rg -S ơ a u s s  sy n d ro m e, po ly- 
a r te r i t is  n o d o sa , a n d  V V egeneds g ra n u lo m a to s is .

T h e  u s e  o f c y d p h o s p h a m id e  is th e s e  d iso rd ers  is íu r th e r  
d isc u sse d  u n d e r  th e  h e a d in g s  b e lo w .

C y d o p h o s p h a m id e  is u s u a l ly  g iv e n  o ra lly  o r  b y  
im r a v e n o u s  injeCTion.

In the BP 2014 the content of Cydophosphamide Injection is 
expressed in terms of the equivalent amount of anhydrous 
cydophosphamide vvhereas the content of Cyclophosphamide 
Tablets is given in terms ot the monohydrate; the USP 36 
expresses content in terms of anhydrous cydophosphamide for 
both injection and tablets. Conlusion has arisen vvhen patìents 
vvere changed Irom a preparation in which the content was 
expressed as the monohydrate to one in tvhich it was expressed 
as the anhydrous substance (see Effects on the Bladder, 
p. 772.3). 53.45mg oí cydophosphamide monohydiate is 
equivalent to 50 mg of anhydrous cydophosphamide. Doseí 
beỉaw are givtn in terms oỷanhydrouỉ tydophosphamide.
T h e  d o sa g e  o f  c y d o p h o s p h a m id e  g ỉv e n  m ay  v a ry  

c o n s id e ra b ly  d e p e n d in g  o n  th e  d ise a se  b e in g  trea ted , th e  
c o n d it io n  o f th e  p a t i e n t  in d u d in g  th e  State o i th e  b o n e  
m arro v y , a n d  u se  w i th  r a d io th e r a p y  o r  o th e r  c h e m o th e ra p y . 
T h e  w h i te  ce ll c o u n t  Is u s u a lly  u s e d  to  g u id e  th e  dose. E v ery  
e ffo r t  s h o u ld  b e  m a d e  to  e s ta b lish  th a t  th e  do se  ủ  
a p p ro p r ia te  a c c o rd in g  to  th e  a b o v e  íac to rs . F o r  w a m in g s  
a n d  r e c o m m e n d a t io n s  re g a rd in g  th e  sa íe  p rescrib ing , 
d isp e n s in g , a n d  u s e  o f  o ra l a n tin e o p la s tìc  drugs, see  
A d m in is tr a t io n , p . 7 3 2 .3 .

I n  t h e  UK, e x a m p le s  o !  r e g im e n s  g iv en , g e n e ra lly  
v v ith o u t s p e d fic  in d ic a tio n s ,  in  l ic e n s e d  p ro d u c t  in ío rm a tlo n  
a re :

•  low-dosr. c y c lo p h o s p h a m id e  2 to  6 m g /k g  w e e k ly  as a  
s in g le  im r a v e n o u s  do se  o r  in  d iv id e d  o ra l  doses

• moderate-dose: 10 to  1 5 m g /k g  vveekly as  a  sing le 
im ra v e n o u s  d o se .

•  higk-dose: 2 0  to  4 0 m g /k g  as a  sing le  in tr a v e n o u s  dose 
e v e ry  10 to  2 0  days, a l th o u g h  h ig h e r  d o ses  h ạ v e  b e e n  
u se d

A lte m a tiv e  re g im e n s  in d u d e :
•  100  to  3 00  tn g  d a ily  in  d iv id e d  o ra l doses
•  50 to  2 5 0 m g /m 2 d a ily  o ra lly
•  8 0  to  3 00  m g /m 2 d a ily  as  a  sin g le  in tr a v e n o u s  dose , o r  

d a ily  in  d iv id e d  o ra l  doses
•  30 0  to  6 0 0  m g /m 2 w e e k ly  as  a  sin g le  i n ư a v e n o u s  dose
•  6 0 0  to  1 5 0 0  m g /m 2 a s  a  s in g le  in tr a v e n o u s  d o se  o r  sh o rt 

in íu s io n  a t  1 0 -  to  2 0 -d a y  in te rv a ls
A lte m a tiv e  r e g im e n s  u s e d  in  so m e  o th e r  E u ro p e a n  
c o u n tr ie s  in d u d e :
•  3 to  6 m g /k g  ( a b o u t  1 20  to  2 4 0 m g /m 2) d a ily  

ìn tr a v e n o u s ly
•  10 to  1 5 m g /k g  (a b o u t 4 0 0  to  6 0 0 m g /m 2) e v e ry  2  to  5 

d a y s  in t ia v e n o u s ly
In  th e  UK, t h e  u s e  o f m e s n a  is g e n e ra lly  re c o m m e n d e d  vvith 
sin g le  doses  o f  c y d o p h o s p h a m id e  o v e r  2 g , b u t  i t  is u se d  
w ith  c y d o p h o s p h a m id e  d o ses  as  lo w  as lO m g /k g  ỉn  som e 
c o u n tr ie s .

I n  th e  USA , a n  in it ia ỉ  d o se  o f 4 0  to  50  m g /k g  h a s  b e e n  
l ic e n sed  ío r  s in g le  a g e n t  th e r a p y  o f m a l ig n a n c y , g iv en  
in ư a v e n o u s ly  i n  d iv id e d  d o se s  o v e r  2 to  5 d a y s  a l th o u g h  in  
p rac tìc e  t r e a tm e n t  o f m a lig n a n c y  w ill g e n e ra lly  b e  w ith  
c o m b in a tio n  re g im e n s .  O th e r  ỉ ic e n sed  r e g ũ n e n s  in d u d e :
•  3 to  5 m g /k g  tvvice w e e k ly  in tra v e n o u s ly
•  10 to  1 5 m g /k g  e v e ry  7  to  10 d ay s in tra v e n o u s ly
•  1 to  5 m g /k g  d a ily  o ra lly
In  p a tie n ts  w h o  a re  to  u n d e rg o  h a e m a to p o ie tic  s te m  cell 
t ra n s p la n ta tio n , in tr a v e n o u s  doses  o f 2 0  to  4 0  m g /k g  (ab o u t 
8 00  to  1600 m g /m 2) a n d  h ig h e r  a re  g iv en , a t  in te rv á ls  o f 21 
to  2 8  d ay s. A lte rh a tiv e ly , v e ry  h ig h  d o ses  o f  c y d o p h o s p h -  
a m id e  s u c h  a s  6 0  m g /k g  d a ily  fo r 2 days m a y  b e  g iv e n  as  p a rt  
o f  t h e  c o n d it io n ỉn g  reg im en .

C y d o p h o s p h a m id e  h a s  a lso  b e e n  g iv e n  in tra m u sc u la r ly , 
in tr a p e r i to n e a lly ,  a n d  in tra p le u ra lly , a s  w e ll as  in tr a -  
a r te ria lly , a n d  b y  local p e r íu s io n  (b ụ t p assa g e  th r o u g h  th e  
liv e r  is r e q u ir e d  fo r  its  a c tiv a tio n — see  P h a rm a c o k in e tic s , 
p . 7 7 4 .1 ). A  l iq u id  p re p a ra tio n  o f c y c lo p h o sp h a m id e  Ịo r  o ra l 
u se  m a y  b e  p r e p a r e d  u s in g  t h e  p o w d e r  fo r  in je c tio n .

R e g u la r  b lo o d  c o u n ts  a re  e s se n tia l d u r in g  th e r a p y  w ith  
c y d o p h o s p h a m id e  a n d  t t c a tm e n t  s h o u ld  b e  vvithdrãvvn o r  
d e la y e d  ư  le u c o p e n ia  o r  th ro m b o c y to p e n ia  b e c o m e s  severe  
(see a lso  B o n c - m a r ro w  D ep ressio n , p . 7 3 0 .3 ). P a tie n ts  
s h o u ld  b e  a d e q u a te ly  h y d r a t e d  a n d  u r in e  o u tp u t  
m a in ta in e d .

A d m in is lr a t io n  in  th e  e ld e r ly . D e sp ite  so m e  su g g e stio n  
th a t  c y d o p h o s p h a m id e  m eta b o lism  m a y  b e  s lo w e r  in  th e  
e ld e rly , th e r e  a p p e a r  to  b e  n o  p h a im a c o k in e t ic  d iH erences 
b ased  o n  a g e  a lo n e . A revievv c o n d u d e d  th a t  h e a lth y  
o ld e r  p a tie n ts  s h o u ld  n o t  b e  d e n ie d  a d ju v a n t  c h e m o th e r-  
ap y  o n  a n  a g e  b asis , a n d  th a t  th e re  is n o  so lid  e v id e n c e  for 
do sè  T e d u c tio n  o f  c y d o p h o s p h a m id e  b a se d  o n  a g e  a lo n e .1

1. Lichtmaa SM. t t  cd. International Society of Geriatric Oncology 
C hem otherapy Taskíorce: evaỉuation òf chcm oiherapy ỉn older 
patỉents—an anaỉysis oỉ the međỉcaỉ literature. J  ơ itt Oncol 2007; 29: 
1832-43.

A m y lo id o s is . A l th o u g h  th e r e  is n o  u n e q u iv o c a lly  e S e a iv e  
t re a tm e n t  ío r  am y lo id o sis  (p . 8 1 9 .3 ), c y d o p h o s p h a m id e  
m ay  re d u c e  th e  d e d in e  in  re n a l  h m c t io n  a n d  p ro lo n g  su r-  
v iv a l;1' 3 i t  h a s  a ls o  b e e n  u se d  vvith e p ir u b id n  a n d  c a rm u s t-  
in e  to  su p p re s s  t h e  d ise a se  in  a  p a tie n t  w h o  h a d  u n d e r-  
g o n e  h e a r t  t r a n s p la n ta tio n  fo r ca rd ia c  a m y lo id .4 G ood 
resp o n se s  h a v e  a lso  b e e n  re p o r te d  to  c y d o p h o s p h a m id e  
g iv en  in  a  r e g im e n  w ith  th a lid o m id e  a n d  d e x a m e th a s o n e .5

1. Bergỉund K. tí al. Aỉkylating cytostatỉc treatm ent ỉn renal amyloidosis 
sccondary co rheum atic disease. Artn Rheum Dis 1987; 46: 757-62.

2. Berglund K. t í  ai. Results, prỉndples and piưalỉs in the managemenc of 
renaỉ AA-amyỉoỉdosts; a 10*21 year íolỉom ip of 16 patients vvith 
rheum adc disẽase treaced wiih alkỳlating cytostàtics. J  Rheumatol 1993; 
20 :2051-7.

3. Chevre! G, et aỉ. Renal type AA amyỉoidosỉs assodated vvỉth rheumatoid 
aithrítís: a cohort study showing ỉmproved survivaỉ on treatm ent wỉth 
puỉse cydophosphamide. Rheumatoíõgy (Oxford) 2001; 40: 821-5.

4. Haỉỉ R.e ta L  Cardỉac ưansplantation íor AL amyloldosis. BMJ ỉ 994; 309: 
1135-7.

5. W edialekar AD, et ai. Safety and efficacy of risk-adapteđ cycỉophosph* 
amide, thaỉĩdỡmỉde, and dexamethasone in systemic AL amyloidosis. 
Bloứd 2007; 109: 457-64.

B lood  d i s o r d e r s ,  n o n -m a l ig n a n t .  C y d o p h o s p h a m id e  h a s  
b e e n  u s e d  i n  p a tie n ts  w i th  im m u n e  th ro m b o c y to p e n ia  
(p. 1 6 0 6 .1 ), b u t  c y to to x ic  im m u n o su p p re s s a n ts  t e n d  to  b e  
a  seco n d -U n e  t r e a tm e n t  o p tío n . R esp o n ses  g e n e ra lly  o ccu r 
vvith in  8  w e e k s .1 I n  p a tie n ts  w i th  r e ừ a a o r y  lU e -th re a te n -  
in g  d isease , h ig h -d o s e  c y d o p h o s p h a m id e 1 m a y  b e  tried . 
C o m b ỉn a tio n  c h e m o th e ra p y  ũ td u d in g  c y d o p h o s p h a m id e  
h a s  a lso  p r o d u c e d  resp o n se s  in  a  fe w  p a tie n ts .2

I n  th e  m a n a g e m e n t  o f  w a rm  a u to - im m u n e  h a e m o ly tic  
a n a e m ia  (p . 1 1 2 2 .2 ) lo w -d o se  c y d o p h o s p h a m id e  m a y  b e  
u se d  in  p a tie n ts  re ừ a c to ry  to  co rtico s te ro id s  a n d  'sp lenec-

to m y . A sm all n u m b e r  o f  p a tie n ts  vvith se v ere  r e h a r to r y  
d isease h a v e  b e e n  t r e a te d  w ith  h ig h -d o se  c y d o p h o sp h -  
a m id e  w ith  so m e  su c ce s s .3

C y d o p h o sp h a m id e  is  o f te n  u se d  in  p re p a ra tio n  for b o n e  
m a rro w  tra n s p la n ta tio n  in  p a tie n ts  w ith  a p lastic  a n a e m ia  
(p. 1121.3), a n d  c o m p le te  rem iss io n  h as  a lso  b e e n  r e p o r te d  
vvith h ig h -d o se  c y d o p h o s p h a m id e  a lo n e .4-5 Hovvever, a  
ran d o m ised  s tu d y 4 o f  h ig h -d o se  c y d o p h o sp h a m id e  p lu s  
d d o s p o r in  c o m p a re d  w i th  cc tnven tíonal im m u n o su p p re s -  
s io n  w as s to p p ed  e a rly  w h e n  a  h ig h e r  m o rta li ty  w as se e n  in  
th o se  g iven  c y d o p h o s p h a m id e . F u r th e r  fo llo w -u p 7 a lso  
lo u n d  th a t  re la p se  ra te s  w e re  n o  d iổ e re n t.

C y d o p h o sp h a m id e  w i th  a  co rtìco s te ro id  h a s  b e e n  t r ie d  
in  th e  rare  c o n d it io n  o ỉ  a c q u ire d  h a e m o p h ilia  (p. 1126 .3 ).

1. McMiUan R. Therapy for aduỉts w ỉth reíractory chrooỉc ỉmmune 
thrombcxytopenic purpuia . A m  Intem Mid 1997; 126: 307-14.

2. Fìgueroa M, tí ai. Comblnatỉon chemotherapy in  refractory ỉm m une 
thrombocytopenic purpura. N  Engỉ J  Med 1993; 328: 1226-9.

3. Moyo VM. t í  ai. High-đose cydophospham ide toc reỉractory 
aucoimmưne hemolyóc anemia. Blood 2002; 100: 704-6.

4. Brodsky RA. tí  aỉ. Durabỉe treatment*&ee remỉssỉon aỉter high-đose 
cydophosphamide therapy for previously untreaceđ severe aplastic 
anemỉa. Ànn ĩniem Med 2001; U 9 :477-83.

5. Savage WJ, tí al. T reatm ent o í hepatỉtỉs-assodated apỉasdc anemỉa with 
high-dose cyclophosphamide. Ptdiatr Bỉood Canoer 2007; 49: 947-51.

6. Tlsdale JF. tí  al. aigh-dose cydophosphamide ỉn severe apỉastíc anaemỉa: 
a randomised tr ia ĩ Lanat 2000; 356: 1554-9.

7. Tisdale JF, tí  a i  Late complicatìons folỉowlng treatm ent íor severe 
aplastíc anemia (SAA) w ith  high*dose cydophosphamide (Cy): íollow- 
up oỉ a randomỉzed triaỉ. Biood 2002; 100: 4668-70.

Cogan's syndrome. F o r  re íe re n c e  to  t h e  u s e  of c y d o -  
p h õ sp h a m íd e  w ith  c o rtico s te ro id s  fo r C o g a n 's  sy n d ro m e , 
s e e  p . 1603.2.

Connedive tíssue and muscular disorders. C y d o p h o sp h -  
a m id e  is o n e  o f s e v e ra l  im m u n o su p p re s sa n ts  th a t  h a v e  
b e e n  tried  fo r  d ìse a se  c o n ơ o l  in  B e h q e t 's  sy n d ro m e  
(p. 1601.1); su c h  d ru g s  m a y  p e rm it  a  re d u c tio n  in  th e  u se  
of co rticostero ids, a l th o u g h  th e y  c a rry  th e ị r  o w n  risks of 
to x id ty .  In  p o ly m y o s itis  (p. 1 611 .1 ) c y d o p h o s p h a m id e  
m a y  hav e  a  ro le  w h e r e  2 h e re  is  lu n g  d isease ; th e  ro le  o f 
im m u n o su p p re s sa n ts  o th e r  t h a n  a z a th io p rin e  o r  m e th o -  
tre x a te  is p o o rly  d e h n e d .  I n p a t i e n t s  w ith  SLE (p. 1613 .3 ), 
c y d o p h o sp h a m id e  h a s  b e e n  u se d  w ith  s o m e  success fo r 
s ev ere  d isease o r  d ise a se  r e h a a o r y  to  co rtico ste ro id s  
a lo n e , a n d  a p p e a rs  to  b e  m o re  effec tive  t h a n  c o rtico ste r-  
o ids for lu p u s  n e p h rit is ;  th e  e v id e n c e  fo r its  u se  h as  b e e n  
c ritica lly  assessed .1-2

ỉ . Houssiau F. Thirty years o ỉ cydophosphamỉde: assessỉng the evidence. 
Lupus 2007; 16: 212-16.

2. Bargman JM. How đid cydophosphamide become the drug of dìoice for 
lupus nephricis? Nephroỉ Diai Transpỉant 2009; 24: 381-4.

Kidney disorders, non-malignant. C y d o p h o sp h a m id e  is 
u se d  w ith  c o rt ico s te ro id s  in  th e  t r e a tm e n t  o f  som e  ío rm s  
o f g lo m e ru la r  k id n e y  d ise a se  (p. 1604 .3 ). I n  c h ild ren  w ith  
n e p h ro tic  sy n d ro m e , o ra l  c y d o p h o s p h a m id e  2 to  3 m g /k g  
d a ily  for 8 w e e k s  m a y  b e  a d d e d  to  a  c o u rse  of co rtico -  
s te ro id  th e ra p y  in  r e la p s in g  d isease; in ư a v e n o u s  c y d o -  
p h o sp h a m id e  500  m g /m 2 m o n th ly  ỉor 6 m o n th s  also  su b - 
s tan tia lly  re d u c e s  t h e  risk  o f  r e la p se .1 A d d itio n  of 
c y d o p h o sp h a m id e  to  co rtico s te ro id  th e ra p y  a lso  im p ro v e s  
th e  p ro sp ec t o í  re m iss io n  in  ío ca l g lo m e ru lo sd e ro s is . O ral 
c y d o p h o sp h a m id e  h e lp s  to  stab ilise  P ro g ressiv e  d isease  in  
p a tie n ts  w ith  m e m b r a n o u s  n e p h rò p a th y 2 a lth o u g h  in te r -  
m it te n t  in tr a v e n o u s  p u lse s  a re  re p o r te d  to  b e  in e ữ e c tiv e .3 
S u c h  t re a tm e n t is u s u a lỉy  rese rv e d  fo r  th o se  w h o se  d lsease  
is severe  a n d  P ro g re ss iv e  e n o u g h  to  ju s tify  it, b u t  is p ro b -  
a b ly  b e tte r  to le ra te d  t h a n  o th e r  a lk y la tin g  a g e n ts  su c h  as 
c h lo ra m b u d l.4 C y d o p h o s p h a m id e  h as  b e e n  g iven  w ith  
m eth y lp re d n iso lo n e  f o r  rap id ly  P rogressive  g lo m e ru lo n e -  
p h r it is ,5 a n d  h a s  b e e n  u s e d  as p a r t  o f  th e  aggressive m a n -  
a g e m e n t of re n a l le s io n s  in  G o o d p a s tu re ’s sy n d ro m e . A 
system atic  revievv4 c o n d u d e d  th a t  p u lse  c y d o p h o sp h -  
am id e , w h ic h  a llo w s  f o r  a  red u c e d  dose, resu lts  in  good  
rem ission  ra te s  In  r a p id ly  P rogressive  g lo m e ru lo n e p h ritis , 
b u t  h as  a n  in c re a se d  r is k  o f re la p se  w h e n  c o m p ared  w ith  
c o n tin u o u s  use .

1. Hodson EM tí  al. Non-corticosteroid ưeatm ent for nephrotíc syndrome 
in children. Avaỉlabỉe in The C odm ne Database of Systematìc Revievvs; 
ỉssue 1. Chichester: John  WUey; 2008 (accessed 20/07/10).

2. Falk RJ, tí  al. Treaunent o ỉ Progressive metnbranous glocnerulQpathy. a 
randoraized trỉaỉ comparỉng cydophosphamlde and conỉcosteroids wỉth 
cortỉcosteroids aỉone. Ann ĩntem Med 1992; 116:438-45.

3. Reichen U M , t t  ai. Presendng renaỉ hinctỉon in patỉents with 
membranous nephropathy: daỉly oraỉ chlorambucíl compared wỉth 
ỉntermittenc m onthly puỉses of q^dophosphamide. A m  ỉrttem U td  1994; 
121: 328-33.

4. Schieppatỉ A. tí  ai. Immunosuppressive treatm ent for ỉdiopathic 
membranous nephropatby  ln adulỉs with nephrotic syndxome. 
Avaiỉable ỉn The C ochrane Database of Systematic Reviews; ỉssue 4. 
Chichester; John Wỉley; 2004 {accessed 22/07/09).

5. Bnins FJ, tí  aỉ. L on g-ten n  follow-up of aggressỉveỉy treated ỉdiopathic  
rapldỉy P rogressive gỉomeruỉOQephrĩtis. Am JM ed  1989; 86: 4OO76.

6. Walters G. t í  ai. ỉn terventỉons íỏr reoaỉ vasculỉổỉ ỉn aduhs. Avaỉỉabỉe in 
The Cochrane Database o í Systemadc Revíews; ỉssue 3. Chichester. John 
WUey; 2008 {accessed 22/07/09).

Liver disorders, non-malignanL F o r  m e n t io n  of th e  u s e  of
c ý d o p h o sp h a m id e  in  a u to - im m u n e  h e p a ti tis  in a d e q u a te ly
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c o n tro l le đ  b y  c o rtico s te ro id s  a n d  a z a th io p r in e  see  C h ro n ic  
A c tív c  H e p a tìtis , p .  1602.3 .

Lung disorders, non-malignant. C y d o p h o s p h a m id e  h a s  
b e e n  u s e d  w ith  c o rtico s te ro id s  in  p a tie n ts  w i th  id io p a th ic  
p u lm o n a r y  B brosis as  m e n t io n c d  u n d e r  In te rs t i tia l  L u n g  
D isease , p . 16 0 7 .1 .

M alignant neopiasms. C y d o p h o s p h a m id e  is o n e  o f  th e  
m o s t  w id e ly  u s e d  d ru g ỉ  f o r  t h e  c h e m o th e ra p y  o f  m alig - 
n a n c y , a n d  m e n t io n  o f its  ro le  m a y  b e  í o u n d  in  t h e  d iscu s- 
s io n s  o ỉ  th e  m a n a g e m e n t  o f  g e s ta tío n a l  t ro p h o b la s tic  
t u m o u i s  (p . 6 9 1 .2 );  t h e  n o n - H o d g k in 's  ly m p h o m a s , 
i n d u d in g  A ID S -re la te d  ly m p h o m a , B u rk itt 's  ly m p h o m a . 
a n d  m y c o s is  h m g o id e s  (p . 6 9 6 .3 , p . 6 9 7 .2 , p . 6 9 7 .3 , 
p .  6 9 8 .3 );  m a l ig n a n d e s  o f  t h e  b r a in  (p . 7 0 1 .2 ), b re a s t  
(p . 7 0 2 .1 ) ,  lu n g  (p . 7 1 0 .2 ), o v a ty  (p. 7 1 1 .2 )  a n d  th y m u s  
(p . 7 1 5 .3 );  m u lt ip le  m y e lo m a  (p . 6 9 9 .2 );  YVilms' tu m o u r ,  
n e u ro b la s to m a , a n d  r e tín o b la s to m a  (p 7 0 9 .1 , p . 7 1 6 .2 , 
a n d  p .  7 1 7 .2  resp e c tiv e ly ); a n d  sa rc o m as  o f b o n e  
(p . 7 1 7 .3 )  a n d  rh a b d o m y o s a rc o m a  (see  S o ft- tis su e  S arco - 
m a , p . 7 1 8 .2 ) .  C y d o p h o s p h a m id e  is a lso  u se d  in  th e  m a n -  
a g e m e n t  o f  a c u te  ly m p h o b la s tic  l e u k a e m ia  (p. 6 9 2 .3 )  an d  
c h ro n ic  ly m p h o c y tìc  le u k a e m ia  (p. 6 9 3 .3 ).

Neuromuscular disorders. C y d o p h o s p h a m id e  h a s  b e e n  
tr ie d  in  m y a s th e n ia  g rav is (p . 6 8 4 .1 )  in  p a tie n is  w h o  
r e q u ire  im m u n o su p p re s s a n ts  b u t  a re  in to le ra n t  o f o r  u n re -  
sp o n s iv e  to  co rtico s te ro id s  a n d  a z a th io p rin e .  C y d o p h o s p h -  
a m ỉd e  h a s  a ỉso  b e e n  tr ìe d  in  r e g im e n s  fo r  th e  m a n a g e m e n t  
o f  m u lt ip le  s d e ro s is  (p. 9 9 6 .3 ) , b u t  th e  re p o r te d  b e n e íi ts  
h a v e  g e n e ra l ly  b e e n  s lig h t a n d  ou tv v eig h ed  b y  to x id ty ,  
s u đ t  t h a t  i t  is u s u a lly  r e s e tv e d  fo r  p a tíe n ts  w ith  se v ere  dis- 
e a se  r e s is ta n t  to  S tan d ard  th e ra p ie s .
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O cular disorders, non-maiignant. Im m u n o su p p re s s iv e  
a g e n ts , i n d u d in g  c y d o p h o s p h a m id e , h a v e  b e e n  u se d  in  
s d e i i t i s  a n d  u v e it is  (see  p . 161 2 .3  a n d  p . 1615 .1 ) u n re -  
sp o n s iv e  to  c o rtico s te ro id s  ÚI to le ra b le  doses.

O rgan an d  túsue transplantation. C y d o p h o s p h a m ỉd e  is 
u se d  in  h ig h  d o ses, u su a ỉly  vvith b u s u lía n  o r  irra d ia tio n , in  
c o n d it io n in g  re g im e n s  fo r  b o n e  m a r r o w  tra n s p la n ta tio n  
(se e  H a e m a to p o ie n c  S te m  ”  Cell T ra n sp la n ta tio n , 
p . 1 9 3 7 .1 ). 11 h a s  b e e n  trie d  a s  pax t of im x n u n o su p p ressa n t 
r e g im e n s  a f te r  ư a n s p la n ta t io n  o í  h e a r t  g ra lts  (p . 1938 .2 ).

P oraquat poisoning. F o r  re íe re n c e  to  t h e  u se  o f cyclo- 
p h o s p h a m id e  in  p a ra q u a t  p o iso n in g , see  p . 2 1 5 9 .2 .

Pemphigus and  pemphigoid. Corticosteroids are the main 
ơeatm ent ỉor blisteiing in  pemphigus and pemphỉgoid 
(p. 1687.1). Immunosuppressive therapy, induding cydo- 
phosphamide,1-2 has been used with corticosteroids to per- 
mit a reduction in corticosteroid dosage. Cydophosph- 
amide w ith a corticosteroid is also reported to be of value 
in ocular mucous membrane pemphigoid,3 although tteat- 
m ent may not completely prevent dcatiisation.4 Oral 
cydọphosphamide is consỉdered an  altematìve to azathio- 
prine in  pemphigus vulgaris and pulsed intravenous doses 
might be consỉdeređ in severe or recaldtrant cases.5 There 
is less support íor cydophosphamide in bulỉous pemphi- 
goid and it should only be consìdered ư  other treatments 
have ỉaỉled or are contra-indicated.4 However, oral or 
intravenous cydophosphamide w ith corticosteroids may 
be considered for first-line tteatm ent of severe or rapidly 
Progressive mucous membrane pemphigoid.7
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R e t r o p e r í t o n e a l  í i b r o s i s .  T h e re  a re  r e p o r ts 1-2 o f  súccess  
w i th  c y d o p h o s p h a m id e , w i th  o r  v v ith o u t co rtico s te ro id s , 
in  t h e  t r e a tm e n t  o f r e t ro p e r i to n e a l  Đ brosis (p . 1 6 1 2 .1 ). In  
o n e  s tu đ y ,2 se v e re  o r  r e ừ a a o r y  d ise a se  vvas t r e a te d  w ith  
m o n th ly  in ư a v e n o u s  p u lse s  o f  c y d o p h o s p h a m id e  
1 5 m g /k g , fo r  6  m o n th s ,  fo llo w e d  b y  a z a th ỉo p r in e ;  a ll 
p a tie n ts  w e n t  in to  rem iss io n .

1. Fukuda w , t í  a i  M ultỉỉocaỉ Gbrosderosis: reơopeiitoneaỉ ííbrosis 
assodated wỉth a supraselỉar tu n o r  and  pachymeningitlỉ. ỈTứem Med 
2003; 42: 1006-10.

2. W arnatz K. tía ì. Immunosuppresslve treatm ent of chronỉc pertaortìtís: a 
reưospectỉve study of 20 paúents wịứi chronic periaortitis and  a review 
oỉ the ỉìterature. Ann Rheum Dừ 2005; 64: 828-33.

R h e u m a t o i d  a r t h r i t i s .  C y d o p h o s p h a m id e  h a s  b e e n  u se d  as 
a  d ise a se -m o d iíy in g  a n ti r h e u m a tic  d ru g  in  rh e u m a to id  
a r th r i t is  (p. 1 3 .2 ), u s u a lly  in  p a tie n ts  w i th  s e v e re  d isease  
u n re s p o n s iv e  to  o th e r  d ru g s; its  s e v e re  t o x id ty  lim its  its 
u s e h iln e s s .1 It is o f m o s t  v a lu e  in  c o n tro llin g  a n tib o d y -  
m e d ia te d  sy s te m ic  c o m p lic a tio n s  o f  th e  d ise a se  su c h  as 
v a scu litis1 t h ro u g h  in h ib itio n  o f B-cell t u n a i o n .

1. Suarei-Almazor ME. tí  ai. Cydophosphamide íor treating rheumaioid 
arthrỉiis. Available in The Cochrane Database oí Systemaiic Revicws; 
Issue 4. C híchester John WUey: 2000 (accessed 12/05/05).

2. Choy E, Kingsỉey G. How dosecond-tíne agenis work? BrMedButt 1995: 
51: 472-92.

S a r c o i d o s i s .  W h e re  d ru g  th e ra p y  is r e q u ire d  ỉo r  sa rco id o - 
sis (p . 1 6 1 2 .2 ), c o rtico s te ro id s  a re  th e  u s u a l  t re a tm e n t.  
C y d o p h o s p h a m id e  ỉs o n e  o f se v e ra l  c y to to x ic  im m u n o -  
s u p p re s sa n ts  th a t  h a v e  b e e n  trie d , w i th  v a ria b le  resu lts , as 
a  s e c o n d - lin e  th e ra p y ; its  u se  h a s  b e e n  lim ite d  b y  to x id ty .

S c l e r o d e r m a .  A i  đ iscu ssed  OD p. 19 4 2 .3  th e  ro le  o f  d ru g  
ư e a tm e n t  lo r  s d e ro d e r m a  is n o t  w e ll d e te rm in e d , a n d  it is 
u n d e a r  v v h e th e r  c y d o p h o s p h a m id e  (w ith  o r  v v ith o u t a  
c o rtico s te ro id )  is u se fu l fo r  p a tie n ts  w i th  lu n g  in v o lv e -  
m e n t .

V a s c u l i i k  s y n d r o m e s .  T re a tm e n t  o í  th e  sy s te m ỉc  v ascu li-  
cỉdes h a s  rev o lv e d  a ro u n d  th e  u se  o f c o rtico s te ro id s  a n d  
c y d o p h o s p h a m id e . T h e  b e n e íi ts  a re  u n c e r ta in  in  p o ly -  
a n e r i t i s  n o d o s a  (p. 16 1 0 .2 ) a n d  T a k a y a su 's  a rte ri t is  
(p. 1 6 1 4 .3 ), b u t  t h e b e n e h t s  o f c o m b in e d  th e r a p y  a re  g e n - 
e ra lly  a c c e p te d  in  C h u rg -S tra u ss  sy n d ro m e  (p . 1603 .1 ) 
a n d  m ic ro sc o p ic  p o ly an g iitis  (p. 1 6 1 0 .2 ), a n d  c y d o p h o s p h -  
a m id e  is th e  m a in s ta y  o f  eH ective  ư e a tm e n t  o f  W e g e n e r 's  
g ra n u lo m a to s is  (p . 1 6 1 5 .2 ). S ev era l c y d o p h o s p h a m id e  
re g ím e n s  a re  u se d , vvith  n o  m a jo r  d ilíe re n c e s  r e p o r te d  in  
o u tc o m e .1 A  p u lse d  re g im e n  ( in te rm it te n t  h ig h -d o s e  in tra -  
v e n o u s  th e ra p y )  vvas to u n d  to  b e  as  e íle c tiv e  in  a n tin e u -  
ư o p h il  c y to p la sm ìc  a n tib o d y -a s s o d a te d  v a scu litis  as  a n  
o ra l d a ily  reg im e n ; p u lse d  th e ra p y  a llo w e d  fo r  a  r e d u c e d  
c u m u la tiv e  c y d o p h o s p h a m id e  d o se  a n d  c a u se d  ỉevver 
a d v e rs e  e ííe c ts .2

1. Richmond K  tí ai. OpúmisatioQ oỉ cydophospham ide therapy in 
systemỉc vascuỉitis. Oin Pharmacokừỉct 1998: 34: 79-90.

2. de Groot K. t í  ai. EUVAS (European Vasculiiis Study Group). Pulse 
versuỉ daìỉy oral cydopbosphamide for ỉnductỉon o ỉ remỉssion in 
antineutrophỉl cyioplasmỉcantỉbody-assocỉated vascuỉỉtỉs: a randomized 
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Adverse Effects and Treatment
F o r  a  g e n e ra l  o u t l in e  s e e  A n tin eo p la s tic s , p . 726 .1  a n d  
p . 7 3 0 .2 . T h e  m a jo r  d o se -l im itin g  e ííe c t  is m y e lo su p p re s -  
s io n . A í te r  s in g le  d o ses  th e  n a d ir  o f th e  w h i te  ce ll c o u n t  m a y  
o c c u r  i n  a ro u n d  1 to  2  vveeks w ith  íu ll  re c o v e ry  u s u a lly  in  3 
to  4  w e e k s . T h ro m b o c y to p e n ia  a n d  a n a e m ỉa  m a y  o c c u r  b u t  
t e n d  to  b e  less  c o m m o n  a n d  less sev ere .

H a e m o rrh a g ic  c y s titis  m a y  d e v e lo p  a í t e r  h ig h  o r  
p ro lo n g e d  d o sag e , a n d  c a n  b e  l if e - th re a te n in g . A d e q u a te  
h y d r a t io n  to  m a in ta in  u r in e  o u tp u t  a t  100  m L /h o u r  a n d  u se  
o f m e s n a  (see  p .  1 5 5 7 .2 ) a re  g e n e ra lly  r e c o m m e n d e d  in  a n  
a t te m p t  to  re d u c e  u ro to x id ty .  Ií m e s n a  is  u se d , ừ e q u e n t  
e m p ty in g  o f  th e  b la d d e r  sh o u id  b e  a v o id e d . D oses o f  
c y d o p h o s p h a m ỉd e  s h o u ld  b e  g iv en  e a rly  in  t h e  d a y .

A ỉo p e d a  o c c u rs  in  a b o u t  2 0 %  of p a tie n ts  g iv e n  lovv d oses  
a n d  in  p ra c tic a ỉly  a ll p a t íe n ts  g iv en  h ig h  d o ses. H a ir  loss 
s ta r ts  a í te r  3 vveeks o f  t te a tm e n t  b u t  r e g ro w th  is  u su a lly  
e v id e n t  a í te r  3  m o n th s ,  e v e n  w ith  c o n tìn u e d  ư e a tm e n t .  
H y p e rp ig m e n ta tio n  o f  sk in , e s p e d a l ly  th a t  o f  th e  p a lm s  a n d  
so les, a n d  o f  th e  n a ils , h a s  b e e n  re p o r te d .

N a u se a  a n d  v o m itin g  c o m m o n ly  o c c u r, a n d  m a y  b e  
re d u c e d  b y  p ro p h y la c tic  a n tie m e tic s .  M u c o sit is  m a y  a lso  
o c c u r.

O th e r  a d v e rs e  effec ts  i n d u d e  a sy n d ro rr ie  re se m b lin g  
in a p p ro p r ia te  s e c re tio n  o f a n tìd iu re t ic  h o r m o n e  (vvhich 
m a y  r e q u ữ e  d iu re t ic  th e r a p y ) ,  d is tu rb a n c e s  o f  c a rb o h y d ra te  
m e ta b o lism , g o n a d a l su p p re s s io n  (c o m m o n  a n d  o ccas io n - 
a lly  r e s u ltin g  in  s te r ility ) , in te rs t i tia l  p u lm o n a r y  S brosis, 
a n d , e s p e d a l ly  a t  h ig h  do ses, c a rd io to x id ry .

C y d o p h o s p h a m id e , in  c o m m o n  w i th  o th e r  a lk y la tín g  
a g e n ts ,  h a s  c a rd n o g e n ic ,  m u ta g e n ic ,  a n d  te ra to g e n ic  
p o te n t ia l  a n d  se c o n d a ry  m a l ig n a n d e s  h a v e  o c c u rre d  in

p a tie n ts  g iv e n  p r e v io u s  a n tih e o p la s tic  th e r a p y  in c lu d in g  
c y d o p h o s p h a m id e — se e  p . 7 2 6 .2 .

E f fe d s  o n  t h e  b lo d d e r .  stcrili haemoưhagic cysứtis 
(p . 2 3 4 7 .3 )  c a n  o c c u r  a ỉ te r  h ig h -d o se  in ỉu s io n s  o f  c y d o -  
p h o s p h a m ỉd e  o r  a í t e r  p ro lo n g e d  lo w -d o se  o ra l  u s e .1-4 I t  is 
b e lie v e d  to  b e  s e c o n d a ry  to  r e n a l  e x c re tio n  o f a lk y la tin g  
m e ta b o li te s , p a r t íc u la r iy  t h e  a ơ o le in  m e ta b o li te ,  th a t  
c a u se  s lo u g h in g , th in n in g ,  a n d  in íla m m a tio n  o f  th e  
b la d d e r  w a lL  D a m a g e  ra n g e s  b o m  m in o r  b le e d in g  to  d if- 
fu se  n e c ro t ic  u lc e r a tio n , a n d  c a n  le a d  to  a n a e m ia ,  c o n - 
s tr ic t io n  o ỉ  t h e  b la d d e r ,  b la d d e r  p e rỉo ra t io n , a n d  d e a th .2 
S y m p to m s  m a y  b e  d e la y e d , a n d  h a v e  b e e n  r e p o r te d  to  
o c c u r  u p  to  6  m o n th s  a í te r  s to p p in g  th e  d r u g .5 A n  
i n a e a s e d  i n d d e n c e  o í  c y stitis  w h e n  p a tie n ts  o n  a h ig h -  
d o se  c y d o p h o s p h a m id e  r e g ũ n e n  w e re  tra n s íe r re d  b o m  
o n e  b r a n d  to  a n o th e r  h a s  b e e n  re p o r te d ,4 a p p a re n t ly  
b e c a u se  o n e  w a s  la b e lle d  in  te rm s  o f  th e  a n h y d ro u s  su b - 
s ta n c e  a n d  o n e  a s  t h e  m o n o h y d ra te ,  re su ltin g  in  a  6 .4 %  
d iơ e re n c e  in  t h e  c o n te n t  o f  a c tiv e  s u b s ta n c e .7

M e a su re s  u s e d  to  p r e v e n t  h a e m o r rh a g ic  cystitis  in c lu d e  
in tr a v e n o u s  h y d r a t io n  w ith  d iu resis , ỉ r e q u e n t  v o id in g , o r 
b la đ d e r  c a th e te r is a t iọ n  w i th  irr ig a tío n , to  in c re a se  u r in e  
o u tp u t  a n d  d i lu te  th e  e x c re te d  m e ta b o li te s . M e sn a  m a y  be  
u se d  as  a  u r o p ro te c ta n t  to  re d u c e  e x p o s u re  to  th e  
m e ta b o li te s .2'* II b le e d in g  o cc u rs , v a r io u s  d ru g s  h a v e  b e e n  
in s til le d  in tra v e s ic a lly , in d u d in g  s o d iu m  c h lo r id e  0 .9 % , 
a lu m , o r  p ro s ta g la n d in s .2-’ * '11 S ilv e r n i tr a te ,  ío rm a ld e h y d e , 
o r  p b e n o l  in s til la t io n s  h a v e  b e e n  u se d  b u t  a re  p a in lu l  a n d  
p a tie n ts  r e q u ir e  a n a e s th e s ia .2 T h e re  is l im ite d  in ío r m a ù o n  
to  su g g e st t h a t  c o n ju g a te d  o e s tro g e n s  g iv en  o ra lỉy  o r 
in t r a v e n o u s ly  m a y  b e  e ữ e c tiv e ;2-12 o ra l p e n to s a n  p o ly su lla te  
so d iu m  m a y  a ls o  b e  o f b e n e li t .3 N o n p h a rm a c o lo g ic a l  
te c h n iq u e s  a re  r e s e tv e d  f o r  r e l r a a o r y  cases  a n d  in d u d e  
a r te r ia l  e m b o lisa tio n  o r  su rg e ry .2

In  a d d it io n  to  th e  s h o r te r  te rm  e f fe a s ,  c y d o p h o s p h a m id e  
h a s  b e e n  re p o r te d  to  b e  a s so c ỉa te d  w ith  th e  d e v d o p m e n t  of 
bladdtr carànoma.' *n~'6 A  h is to ry  o f c y c lo p h o sp h a m id e -  
in d u c e d  cystitis  m a y  b e  a s s o d a te d  w ith  a n  in a e a s e d  risk  of 
b la d d e r  c a rc in o m a 1-4’13 b u t  so m e  s tu d ie s  h a v e  n o t  í o u n d  a 
l in k ,1’ a n d  b la d d e r  m a l ig n a n d e s  c a n  d e v e lo p  in  p a tie n ts  
w h o  h a v e  n o t  e x p e r ie n c e d  cystitis  w h ile  rec e iv in g  c y d o -  
p h o s p h a m id e .14 F o r  a  d isc u ss io n  o f th e  c a rc in o g e n ic  e l íe n s  
o f  a n t in e o p la s t ic s ,  in c lu d in g  c y c lo p h o s p h a m id e ,  see  
p . 7 2 6 .2 .
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11. Lasxỉo D, eiaì. P rosuglandin E2 bỉađder instiỉỉation ỉor the ữcaim ent of 
hemorrhagic cystìtis aỉter allogeneic bone maiTow ưansplantation. 
tíatmatoìogica 1995; 80: 421-5.

12. O rdem ann R. t í  aỉ. Encouragỉng results ÚI the trea tm en i o f 
haemorrhagỉc cystitis w iih estrogen -  report of 10 cases and review of 
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receỉvìng cydophospham ide. N  Bngl J  Mcd 1975; 293: 271-3.

14. Plotz PH, tí a i  B ladder compỉỉcations Ũ1 patìents receivìng cydophosph- 
amide for systemỉc ỉupus erythematosus or rheumatoĩd arthritiỉ. A m  
ỉntem  Med 3979; 91: 221-3.

15. Pedersen-Bjergaard J. tí al. C ardnom a ỡf the urừiary bladder aher 
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Effecfs o n  th e  b lo o d .  A m iío s tin e  h a s  b e e n  r e p o r te d  to  p ro -  
te c t  a g a in s t  t h e  m y e lo s u p p re s s iv e  e ữ e c ts  o f  c y d o p h o s p h -  
am id e , a n d  m a y  b e  u s e d  to  r e d u c e  n e u ư o p e n ỉa - r e la te d  
in íe c tio n  a s s o d a te d  vvith  t h e  c o m b in a tio n  o f c y d o p h o s p h -  
a m id e  a n d  d s p la t in  (se e  p . 1 5 3 9 .2 ).

E ffects o n  c a r b o h y d r a te  m e ta b d is m .  A c u te  o n s e t  ty p e  1 
d ia b e te s  o c c u rre d  in  a  p a tie n t  t re a te d  w ith  c y d o p h o s p h -  
a m id e , d o x o r u b id n ,  v in c r is t in e  a n d  p re d n is o n e  (CH O P), 
a n d  vvas th o u g h t  to  b e  d u e  to  t h e  c y d o p h o s p h a m id e .1

I .  Atlan-Gepner c, t í  aì. A  cydophospham ide-induced autoim m une 
diabetes. Lanat 1998; 352: 373-4.

E ffe c h  o n  e le d r o ly t e s .  W a te r  in to x ic a t ìo n  h a s  b e e n  
r e p o r te d  w i th  c y d o p h o s p h a m id e ,1'4 u s u a lly  in  h ig h  doses  
(3 0  to  5 0 m g /k g  o r  m o rê )  a l th o u g h  sy m p to m s  h a v e  b e e n  
re p o r te d  a f te r  a  d o se  o f 2 0 m g /k g  In a p a tie n t  w i th  ren a l 
d ise a se ,5 a n d  in  a n o th e r  p a t ie n t  w ith  SLE b u t  a p p a re n t ly
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n o r m a l  r e n a l  íu n c t io n  w h o  rec e iv ed  1 0 m g /k g .4 O n e  case  
o i se v e re  h y p o n a tr a e m ia  lea d in g  to  c o n v u ls io n s  a n d  d e a th  
h a s  b e e n  r ẽ p o r te d .5 S y m p to m s  rese m b le  th e  sy n d ro m e  o f 
in a p p ro p r ia te  a n tid iu re t ic  h o rm o n e  se c re tío n 5 b u t  p la s m a  
c o n c e n tra t io n s  o f  a n tid iu re t ic  h o rm o n e  d o  n o t  a p p e a r  to  
b e  ra is e d  in  th e s e  p a t ie n ts .3

1. DeFronzo RA. t í  ai. W ater intoúcatìoQ ỉn m an aỉter cydophosphamide 
therapy: tỉme course and  relatỉon to dnig activatỉon. A m  Intem Med
1973; 78: 861-9.

2. Green TP, M ừkin BL. Preventỉon oỉ cydophosphamide-induced 
antidiurcsỉs by hirosem ide Ỉnhỉsion. Clin Pharmacoì V u r  1981; 29: 
634-42.

3. Bressler RB, H uston DP. W ater intoxỉcatíon íollovving modcrate-dose 
ỉnưavcnous cydophospham ide. Anh intem Aừd 1983; 145: 548-9.

4. McCarroo M ỏ. eí ai. W ater intoxication aíter ỉow dose cydophosph- 
amide. BMJ 1995; 311: 292.

5. Harlovv PJ, tí  al. A ỉatal casc of ỉnapproprỉate ADH secretíon ỉnduced by 
cydopbospham ide therapy. Cancer 1979; 44: 896-8.

Effeds on the eyes. R e c u r re n t  ư a n s ie n t  m y o p ia , a p p a r-  
e n tly  d u e  to  in c r e a s e d  h y d r a t io n  o f  th e  le n s  o t  th e  e y e , 
w a s  in d u c e d  b y  a n  in ư a v e n o u s  b o lu s  oi c y d o p h o s p h a m id e  
in  a n  a d o le s c e n t w i th  SLE .1

C M V  re tin it is  h a s  o c c u rre d  in  p a tie n ts  d u r in g  o r  a f te r  
c y d o p h o s p h a m id e  th e ia p y ;  p re se n tin g  sy m p to m s in d u d e d  
ũ o a te t s  a n d  b lu r r e d  o r  d e c re a se d  V ision.2

I. Arranz JA. tí  ai. Cydophosphamide-ỉnduced myopia. Atm ờtíem Med 
1992; 116: 92-3.

2_ ' Agrawal A. t ía ỉ .  Vỉsuai symptoms in patỉents on cydophosphamide may 
. heraỉd sight ứưeatenỉng disease. B rJ  Ophthaĩmoỉ 2003; 87: 122-3.

Effeds on reproductive potential. S ev ere  g o n a d a l ỉa i lu re  
vvith t ra n s ie n t  o r  p e im a n e n t  azo o sp e rm ia  is c o m m o n  in  
m e n  ư e a te d  w i th  c y d o p h o s p h a m id e . S u p p re ss io n  o f  
g e rm -c e ll  íu n c t io n  w i th  in tra m u s c u la r  tẹ s to s te ro n e  in  5 
m e n  d u r in g  c y c lo p h o sp h a m id e  th e ra p y  fo r  n e p h ro t ic  
s y n d ro m e  w a s  a s s o d a te d  w i th  a  m o re  rap id  r e tu m  o f sp e r-  
m a to g e n e s is  c o m p a re d  vvith 10 p a tie n ts  n o t  g iv en  th e  
a n d rõ g e n .1 O th e rs  h a v e  a lso  su g g ẽ ste d  th a t  g o n a d a l su p -  
p re s s io n  u s in g  te s to s te r o n e  in  m e n . a n d  tr ip to ie lin  in  
w o m e n , h a s  s o m e  b e n e f i t  ữ i p ro te c tin g  a g a in s t c y c lo -  
p h o s p h a m id e - in d u c e d  d a m a g e .2

1. Masaỉa A. t í  al. Use oí testosterone to prevent cydophosphamide- 
induced azoospermia. A m  btíem  Med 1997; 126:292-5.

2. Cigni A. t í  a i  Hormonal strategies ỉor ỉertttỉty preservation In patlents 
receiving cydophospham ỉde to ơ eat gĩomerulonephrỉtỉs: a nònrando- 
mỉzed trỉa! and review  of the literature. Am J  Kidney Dừ 2008; 52: 8 87 - 
96.

Effects on the skin. A n  e ry th e m a to u s  p rư ritic  rash , s im ila r  
to  th e  p a lm a r - p la n ta r  e ty th ro d y se s th e s ia  sy n d ro m e  
(p . 7 3 0 .1 )  b u t  o ccu tT in g  o n  th e  do rsa l su rỉa c es  o f  th e  
h a n d s  a n d  {eet, o c c u rre d  6  day s a í te r  th e  first h ig h  d o se  o ỉ  
c y d o p h o s p h a m ld e  in  a  p a d e n t  b e in g  p re p a re d  ỉo r  b o n e  
m arrovv  t r a n s p la n ta tlo h .1 P re v io u s  c y d o p h o s p h a m id e -c o n -  
ta in in g  c h e m o th e ra p y  d id  n o t  p ro d u c e  th ìs  rea c tio n . T h e  
sy m p to m s  im p ro v e d  s o m e w h a t  o n  tre a tm e n t  w i th  t r i -  
a m d n o lo n e  o in tm e n t,  a n d  su b se q u e n tly  d e s q u a m a tio n  o ỉ  
th e  h a n d s  o c c u rre d  w i th  d e c re a se d  p u r p li ỉh  d isc o lo ra tio n  
a n d  o e d e m a  o f th e  fee t. T h e re  h a s  aiso  b e e n  a  r e p o r t  o f  2  
p a tìe n ts  w h o  d e v e lo p e d  S te v e n s - J o h n so n  sy n d ro m e , vv ith  
so m e  íe a tu re s  su g g e stiv e  o f  o v e rla p p in g  to x ic  e p id e rm a l 
n e c ro ly s is .2

F o r  re p o r ts  o f  s u b a c u te  c u ta n e o u s  lu p u s  e ry th e m a to s u s  
a í te r  t r e a tm e n t  vvith  c y d o p h o s p h a m id e  p lu s  d o x o r u b id n ,  
se e  E ffects o n  th e  S k in  a n d  N ails. u n d e r  D o x o ru b id n , 
p . 7 8 4 .3 .

1. Matsuyama JR. Kwok KK. A variant of the chemotherapy-associated 
erythrodysesthesia syndrom e reỉated to high*dose cydophosphamỉde. 
DỈCP Ann Pharmacocher 1989; 23: 776-9.

2. Assier-Bonnet H. t í  ai. Stevens-Johnson syndrome ỉnduced by 
cydophosphamide: report of two cases. B rJ  Dermatữl 1996; 135: 864-6.

Hypersensitivhy. O c c a s io n a l a n a p h y la x is  h a s  b e e n  
re p o r te d  w ith  c y d o p h o s p h a m id e ;1 analysis o f d a ta  b y  th e  
B o s to n  C o lla b o ra tiv e  D ru g  S u rv e illa n c e  P ro g ram  d e te a e d  
o n ly  O ne a lle rg ic  sk in  re a c t io n  a m o n g  21 0  p a tie n ts  g iv e n  
cydophosphamide. resulting in a calculated inddence of
4 .8  r e a a io n s  p e r  1 0 0 0  r e d p ie n ts .2 

ỉ . Jones JB. t í  aỉ. Cydophospham ỉde anaphyỉaxis. DICP Ann Phannacother 
1989; 23: 88-9.

2. Bigby M. t í  al. Drug-induced cutaneous reactions: a report b o m  the 
Boston Coỉỉaboraũve Drug Surveiỉlance Program on 15 438 coosecutíve 
Inpatients, 1975 to 1982. JAMA 1986; 256: 3358-63.

Precautions
F o r  re íe re n c e  to  t h e  p re c a u t io n s  n e c essa ry  w ith  a n tin e o -  
p las tic s , see  p . 7 3 2 .2 .

C y d o p h o s p h a m id e  s h o u ld  n o t  b e  g iv en  to  p a tie n ts  w i th  
b o n e -m a r r o w  a p la s ia , a c u te  in te c tlo n , o r  d ru g - o r  ra d ia tio n -  
in d u c e d  u r o th e l ia l  to x id ty .  I t  s h o u ld  b e  g iv en  vvith c a re  to  
th o se  w i th  d ia b e te s  m e ll itu s .  C are  is a lso  n e e d e d  in  e ld e r ly  
o r  d e b il i ta te d  p a tie n ts .  o r  th o se  w ith  r e n a l  o r  h e p a tic  
im p a irm e n t  o r  w h o  h a v e  u n d e rg o n e  a d re n a lec to m y . L ib e ra l 
f lu id  i n ta k e  a n d  h e q u e n t  m ic tu r i tio n  a re  adv ised  to  r e d u c e  
th e  r is k  o f cys titis  b u t  c a re  m u s t  b e  ta k e n  to  a v o id  v v a te r  
r e te n t io n  a n d  in to x ic a t io n . U r in e  sh o u ld  b e  e x a m in e d  
r e g u la ily  fo r  r e d  ce lls , w h ic h  m a y  p rec e d e  h a e m o r rh a g ic  
c y stitis . T h e  h a e m a to lo g ic a l  p ro h le  sh o u ld  b e  m o n ito re d  
rẽ g u la rly .

T h e  u se  ó f c y d o p h o s p h a m id e  in  p re g n a n c y  s h o u ld  be  
a v o id e d  w h e re  possib le.

Breast teeding. C y d o p h o s p h a m id e  h a s  b e e n  d e te c te d  in  
b r e a s t  m ilk ,1 a n d  th e re  a re  r e p o r ts  o f n e u tr o p e n ia ,2 a n d  
le u c o p e n ia  a n d  th ro m b o c y to p e n ia ,3 i n  in ỉa n ts  w h o  h a v e  
b e e n  b re a s t  fe d  b y  w o m e n  rec e iv in g  c y d o p h o s p h a m id e . 
T h e  A m e ric a n  A c a d e m y  o f P ed ỉa tr ic s  co n s id e rs4 th a t  cyclo- 
p h o s p h a m id e  m a y  in te r te re  w i th  c e llu la r  m eta b o lism , 
c a u s in g  n e u ư o p e n ia  a n d  p o ss ib ly  im m u n e  su p p re s s io n  in  
t h e  in ía n t ,  a n d  h a s  u n k n o v r a  e ỉỉec ts  o n  grovvth, a n d  an  
a s s o d a t io n  w ith  c a rd n o g e n e s is .

1. W iemík PH, Duncan JH. Cydophosphamide in hum an millc Lancct 
1971; 1: 912.

2. Amato D, Niblett JS. Neutropenỉa from cydopbosphamide in breast 
milk. Mtả J Aust 1977; 1: 383-U.

3. Durodoỉa JL Adminỉstradon o ỉ cydophosphamide durỉng late pregnancy 
and  eaiỉy lactatìon: a case reporL J  Natỉ Med Assoc 1979; 71: 165-6.

4 . American Academy of Pedỉatrỉcs. The transỉer o ỉ drugs and other 
Chemicals into hum an mílk. Pediatrừs 2001; 108:776-89. [Retỉred May 
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HandGng and disposal. Residucs o ỉ c y d o p h o s p h a m id e  o r  
i ỉo s ỉa m ld e  d e s tto y e d  u s in g  a lk a lin e  h y d ro ly s is  in  th e  p re -  
s e n c e  o f d im e th y U o rm a m id e  sh o w e d  n o  m u ta g e n id ty  in 
vừro.x A n  a lte m a t iv e  m e th o d , in v o lv in g  reQ u x in g  o f  c y d o -  
p h o s p h a m id e  w ith  h y d ro c h lo r ic  a d d .  n e u tra lis in g . a n d  
t h e n  rea c tin g  w ith  so d iu m  th ỉo su lía te , w a s  cH ective  for 
t h e  d e g ra d a tio n  o ỉ  c y d o p h o s p h a m id e , b u t  re s id u e s  b o m  
ư o s ía m id e  w e re  still h ig h ly  m u ta g e n ic  in vitro a n d  th is  sec- 
o n d  m e th o d  s h o u ld  th e re ío re  n o t  b e  u s e d  to  d e g ra d e  ưosf- 
a m id e .

Urine and Ịaeces p r o d u c e d  ỉo r  u p  to  7 2  h o u r s  a n d  5 day s 
re sp e c tiv e ly  a ỉ te r  a n  o ra l d o se  o ỉ  c y d o p h o s p h a m id e  sh o ụ ld  
b e  h a n d le d  vvearing  p ro te c tív e  d o th ln g .2 A s c y d o p h o s p h -  
a m id e  vvas p re s e n t  in  sw e a t a n d  saliva, p ro te c tiv e  d o th in g  
w a s  a d v ise d  ỉo r  7 2  h o u is  a ỉ te r  a  dose  vvhen  b a th in g  th e  
p a t ie n t  o r  c a n y in g  o u t  o ra l p ro ce d u re s .

1. Castegnaro M, et a i , eds. Laboratory decontamỉnatỉon and destruction 
of caxdnogens ỉn laboratory wastes: some antlaeopUstỉc agents. IARC 
SdentiỊĩc Publicatùms 73. Lyon: W HO/ĩntematỉonal Agency for Research 
on Cancer, 1985.

2. Harrỉs ỉ ,  Dodds u . Handling wastc frơm patients receivữìg cytotoxỉc 
drugs. Pharm J  1985; 235:289-91.

Porphyría. T h e  D ru g  D a ta b ase  ío r  A c u te  P o tp h y ria ,  com - 
p ile d  b y  th e  N o n v e g ia n  P o ip h y r ia  C e n tre  (N A PO S) a n d  
t h e  P o rp h y ria  C e n t te  S w ẹd e n , d a s s ih e s  c y d o p h o s p h a m id e  
a s  po ssib ly  p o rp h y rin o g e n ic ;  i t  sh o u ld  b e  u s e d  o n ly  w h e n  
n o  s a íe r  a l te m a t iv e  is av a ila b le  a n d  p re c a u tio n s  s h o u ld  b e  
c o n s id e re d  in  v u ln e ra b le  p a tie n ts .1

1. The Dnig Database ỉot Acute Porphyrỉa. Avaỉlable at: http://w w w . 
drugs^poĩphyrỉa.org (accessed 28/09/11)

Pregnancy. F o r  a  r e p o r t  o f a  h e a lth y  in ía n t  b o m  to  a 
w o m a n  t re a te d  vvith a  c y d o p h o s p h a m id e -c o n ta in in g  reg i- 
m e n ,  see  P re g n an c y , u n d e r  T en iposide , p . 8 6 7 .2 .

Intẹrađỉons
F o r  a  g e n e ra l  o u t ỉ in e  o ỉ  a n tin e o p la s tic  d ru g  in te ra c tio n s , see 
p . 7 3 3 .3 . S in ce  c y d o p h o s p h a m id e  m u s t  u n d e rg o  h e p a tic  
m e ta b o lis m  b e ỉo re  i t  is ac tiv e , in te ra c tio n s  a re  p o ssib le  w i th  
d ru g s  t h a t  in h ib i t  o r  s tim u la te  t h e  m ix e d  h m c t io n  o x id ase  
e n z y m e s  resp o n s ib le . T h e re  m a y  b e  a n  in c re a se d  r isk  of 
c a rd io to x id ty  i n  p a tie n ts  w h o  h a v e  also re c e iv e d  d o x o ru b i-  
d n  o r  o th e r  c a rd io to x ic  d ru g s.

Allopurinol. A lth o u g h  th e  B o s to n  C o llab o ra tiv e  D ru g  S u r- 
v e il la n c e  P ro g ra m  re p o r te d  a n  in c re a se d  in d d e n c e  of 
b o n e -m a rr o w  d e p re ss io n  in  p a tie n ts  g iv e n  a llo p u r in o l 
vvith c y d o p h o s p h a m id e  t h a n  in  th o se  g iv e n  c y d o p h o s p h -  
a m id e  vv ithou t a llo p u r in o l (15  o f 26 c o m p a re d  vvith o n ly  6 
o f  3 2 ) ,1 a  s u b s e q u e n t  s tu d y  in  p a tỉe n ts  g iv e n  c o m b in a tio n  
c h e m o th e ra p y , in d u d in g  c y d o p h o s p h a m id e , fo r  ly m p h o -  
m a s  ta iled  to  f in d  a n y  d iíỉe re n c e  in  th e  n a d irs  o ỉ  th e  p la te -  
l e t  a n d  w h ite  b lo o d  cell c o u n ts  in  c y d e s  in  w h ic h  a llo - 
p u r in o l  w a s  g iv en .2 A lth o u g h  a llo p u r in o l p r e t te a tm e n t  in  
4  p a tie n ts  re s u l te d  in  a  lo n g e r  c y d o p h o s p h a m id e  half-U íe 
in  a  s tu đ y  in  2 6  p a tie n ts  g iv e n  c y d o p h o sp h a m id e , u r in a ry  
e x c re tio n  o f  c y d o p h o s p h a m id e  w as u n c h a n g e d .3 A  lo n g e r  
c y d o p h o s p h a m id e  haU -U íe w a s  also  se e n  in  a  s tu d y  in  
c h ild re n  g iv e n  a llo p u rin o L 4

1. Boston Collaborativc Dmg Survcilỉancc Program. Allopurỉnol and 
cytocoxỉc drugs: in tenctỉon  ỉn relatỉon to bone m arrow depression. 
JAMA 1974; 227: 1036-40.

2. Stoỉbach L, t í  aỉ. Evaluatíon o ỉ bone rrurrow toxic reactìon in patients 
treated with aŨopurinoL JAMA 1982; 247: 334-6.

3. Bagley CMa et aí Clỉnlcal pharmacology oỉ cydophosphamỉde. CanarRa  
1973;33:226-33.

4. Yuỉe SM. t t  a l  Cydophosphamỉde pharmacokinedcs ỉn chilđren. Br J 
Oin Pharmacoỉ 1996; 41 :13-19.

Antibacterials. Chloramphenicol g iv en  b e ío re  c y d o p h o s p h -  
a m id e  p ro lo n g e d  th e  m e a n  c y d o p h o s p h a m id e  s e ru m  h a lf- 
Uíe b o m  7 .5  to  11 .5  h o u rs  a n d  re d u c e d  th e  p e a k  a c tiv ity  
i n  a ll  o f 5 su b je c ts . ' G iv ing  suỉfaphmazole b e ío re  c y d o -  
p h o s p h a m id e  s ig n iũ c a n tly  in h ib i te d  th e  r a te  o f  b io tra n s -

fo n n a t ío n  o f c y d o p h o sp h a m id e  in  2  o f 7  su b jec ts  a n d  
e n h a n c e d  it in  2; it le m a in e d  u n c h a n g e d  in  3 . A  s tu d y  in  
p a tie n ts  w ith  n o n -H o d g k in 's  ly m p h o m a  to u n d  th a t  g iv ing  
ãpro/loxacin b e ío re  c y d o p h o s p h a m id e  a r i e a e d  p h a rm a c o -  
k in e tic  p a ra m e te rs  of c y d o p h o s p h a m id e . T h e  a re a  u n d e r  
t h e  c o n c e n tta t ìo n -t im e  c u rv e  (AUC) o t  c y d o p h o s p h a m id e  
w a s  in a e a s e d  a n d  d e a ra n c e  w as lovver; AUC o f  th e  ac tiv e  
m e ta b o li te  o f  c y d o p h o sp h a m id e , 4 -h y d ro x y c y d o p h o s p h a -  
m id e , vvas d e c re a se d  a n d  d é a ra n c e  in c re a se d .2

1. Faber OK, t í  aỉ. The eữect of chỉoramphenỉcoỉ and sulphaphenazole OQ 
the biotransỉonnation of cydophosphamide in man. Br J  ơừ t Pharmacoi
1975;2:281-5.

■ 2. Aỉsharìan p. et aỉ. The effea  oỉ dproũoxadn on cydophosphamỉde 
phannacoldnetỉcs in patỉents vvith non-Hodgkỉn lymphoma. Bur J  
Haematol 2005; 75:206-11.

A n lic o a g u la n ts .  F o r  re íe re n c e  to  th e  in te r a c t io n  o f c y d o -  
p h o sp h a m id e  w ith  warfarín, see  p . 15 3 2 .2 .

A n i ih in g a b .  A nalysis o ỉ  c y d o p h o s p h a m ỉd e  m e ta b o lism  in  
p a tie n ts  e n ro lle d  in  a  s tu d y  c o m p a r ìn g  itra c o n a z o le  vvith 
ũ u c o n a z o le  í o u n d  th a t  th o se  g iven  itra c o n a z o le  h a d  h ig h - 
e r  e x p o su re  to  to x ic  m e ta b o lite s  o f  c y d o p h o s p h a m id e . 
B o th  th e  a n tì íu n g a ỉs  a p p e a re d  to  a l te r  c y d o p h o s p h a m id e  
m eta b o lism  a n d  th e  a u th o rs  c a u tio n e d  a g a in s t  u se  o ỉ  azo le  
a n tìh m g a ls  w i th  a n tin e o p la s tỉc s  th a t  a re  m e ta b o lis e d  Via 
c y to c h ro m e  P 4 5 0  iso e iư y m e s .1

1. Mair KA* t í  ai. Cydophosphamlde metabolism ỉs aữected by azoỉe 
anttíungals. Bỉood 2004« 103: 1557-9.

B a rb H u ro te s . A lth o u g h  p a tie n ts  rec e iv in g  c y d o p h o s p h -  
a m id e  d e v e lo p e d  h ig h e r  p e a k  p la s m a  c o n c e n tra tio n s  o f 
a c tiv e  cy c lo p h o sp h a m id e  m eta b o lite s  w h e n  g iv e n  en z y m e - 
in d u r in g  a g e n ts  su c h  as  b a rb itu ra te s , th e  a c tlv e  m eta b -  
o lite s  also d ỉsa p p e a re d  rap id ly .1

1. Bagỉey CM. t í  aỉ. Cllnical pbarmacology of cydophosphamỉde. Cancer Ra  
1973:33: 226-33.

c h lo r p r o m a â n e .  T he  haU-lU e of c y d o p h o s p h a m id e  w a s  
a b o u t  2 0 0 %  g re a te r  in  2 c h ild ren  a lso  ta k in g  c h lo rp ro m - 
a z in e  th a n  in  c h iỉd re n  n o t  g iv én  th e  p h e n o th ia r in e .1

I. Yule SM, t í  al. Cydophospbámỉde pharmacokỉnetỉcs in chỉỉdren. Br J  
Clin Pharmaeoi 1996; 41:13-19.

C ic lo sp o rin . F o r  re ie re n c e  to  th e  eH ect o f c y d o p h o s p h -  
a m id e  o n  d d o s p o r in  c o n c e n ư a tio n s , see  In te rac tio n s , 
A n tin eo p lastic s, p . 1957.2 .

C o lo n y - ỉt im u la tin g  ( a d o r s .  F atal re sp ira to ry  in su ỉB d e n c y  
a s so d a te d  w ith  a lv e o la r  Bbrosis d e v e lo p e d  in  a n  in ía n t  
g iv e n  c y d o p h o sp h a m id e  a n d  d o x o r u b id n  fo llo w e d  b y  Ịil- 
grastim.1 S in ce  p u lm o n a ry  to x id ty  w i th  c y d o p h o s p h a m id e  
is  n o rm a lly  a s so d a te d  w ith  h ig h  c u m u la tiv e  doses  it  w as 
suggested  th a t  in  th is  ca se th e  e& ects m ig h t  h a v e  b e e n  
e x a c e ib a te d  b y  th e  g ra n u lo c y te  c o lo n y -s tim u la tin g  íac to r. 
(T h e  p u lm o n a ry  to x id ty  of b le o m y d n  h a s  a lso  b e e n  sug- 
g e s te d  to  b e  e x a c e rb a te d  b y  c o lo n y -s tim u la tin g  ỉac to rs, as 
d iscussed  o n  p . 75 1 .3 ).

I .  van YVoensel JBM. t í  ai. Acute respỉratory insuffidency durỉng 
doxorubicỉn. cydophosphamide, and G-CSF ± erapy . Lanat 1994; 344: 
759-60

C o rtic o s te ro id s . S ingle  doses o ỉ prednừone h a v e  b e e n  
ĩo u n d  to  in h ib i t  th e  a c tiv a tio n  of c y d o p h o s p h a m id e  b u t  
a f te r  lo n g e r- te m t t re a tm e n t  th e  r a te  o f  a c tiv a tio n  h a s  
in c re a se d .1 A  s tu d y  in  c h ild ren  to u n d  th a t  p re t re a tm e n t  
w i th  dexamethasone w a s  a s so d a te d  vvith in c re a se d  d e a r -  
a n c e  of c y d o p h o s p h a m id e  a n d  a  d e c re a se  in  its  haU-lUe 
re la tiv e  to  c h ild re n  n o t  g iv en  th e  c o rt ic o s te ro id .2

1. Faber OK, M ouridsen KT. C ydophospham ide activalion and 
corttcosreroỉds. N  Engl J  M eđ 1974; 291: 211.

2. Yulc SM. t t  al. Cyclophosphamide pharmacokinctics in chiidren. B r J  
ain P harm aa l 1996; 41: 13-19.

G a s tro in te s t in a l  d r u g s .  In  a retrospectỉve s tu d y  in  patients 
rece iv in g  h ig h -d o se  cy c lo p h o sp h a m id e , c isp la tin , a n d  ca r- 
m u s t in e ,1 th e  a re a  u n d e r  th e  p la sm a -c o n c e n ư a t io n  tim e  
c u rv e  (AUC) fo r  c y d o p h o sp h a m id e  (m e a s u re d  a s  th e  p a r-  
e n t  c o m p o u n d ) w a s  17 %  lo w e r  w h ien  ondansetron r a th e r  
t h a n  p ro c h lo rp e ra r in e  w a s  a d d e d  to  t h e  a n tie m e t ic  reg i- 
m e n .  In  a d d it io n , th e  AUC fo r d s p la t in  w a s  1 0 %  h ig h e r  
w i th  th e  o n d a n s e t to n  reg im en . I n  a  s im ila r  s tu d y ,2 th e  
A U C s for b o th  c y d o p h o s p h a m id e  a n d  d s p la t in  w e re  lo w e r  
i n  p a tie n ts  rec e iv in g  a n  a n tie m e tic  re g im e n  in d u d in g  
o n d a n s e tr o n  r a th e r  t h a n  p ro c h lo tp e ra z in e . T h e  a u th o rs  o f 
b o th  s tu d ies  n o te d  th a t  th e  re le v ã n ce  o f th e s e  B ndings to  
to x id ty  a n d  a n t i tu m o u r  effect o f  th e  a n tin e o p la s tic s  
r e m a in e d  to  b e  d e te rm in e d .

1. Gilbcrĩ CJ. et aỉ. Phannacolíinctic ínrcraction bcrween ondanscrron and 
cydopbospbamide durỉng high-dose chcmothcrapy foc brcast cancer. 
Canâr Chẽmữlhcr Pharmaãi 1998; 42: 497-503.

2. Cagnoni PJ, a  a i  ModiHcaúon o{ tbc pharm acokinctỉa o( high-dose 
cydophosphamide and dspladn by andemettes. Bont Marrav Tnaapĩatư 
1999:24: 1-4.

NSAIDỉ. A c u te  U íe -th rea te n in g  vvater in to x ic a tio n  w a s  
re p o n e d  in  a  p a tie n t  g iv en  lo w -d o se  c y d o p h o s p h a m id e  
w i th  indom etaàn.1 T he  p a tie n t  h a d  p re v io u s ly  re c e iv ed
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ơ e a tm e n t  w i th  c y d o p h o s p h a m ld e  ( lo r  m u lt ip le  m y c lo m a )  
w i th o u t  s ig n iS c a n t a d v e rse  effec t.

1. W ebberley MJ. M urray JA. U le-threatenlng acute hyponatraemia 
ỉnduced bỹ ỉow dose cydophospham ỉde and indom ethadn . Poagrad Med i 1989; 65: 950-2.

Suxameihoniuin. F o r  re íe re n c e  to  a  p o ss ib le  in te ra c tio n  
b e tv v e e n  c y d o p h o s p h a m id e  a n d  s u x a m e th o n iu m . see  
u n đ e r  S u x a m e th o n ỉu m  C b lo rìd e , p . 2 0 3 9 .3 .

Pharmacokinetics
A lte r  o ra l  do ses, c y d o p h o s p h a m id e  is w e ll  a b so rb e d  fro m  
t h e  g a s tro in te s tin a l  t ra c t  w i th  a  b io a v a ila b ili ty  g re a te r  th a n  
7 5 % . I t  is  vvidely d is tr ib u te d  in  th e  tis su e s  a n d  crosses  th e  
b lo o d -b ra in  b a rr ie r .  I t  u n d e rg o e s  a c tiv a tio n  b y  v a rio u s  
c y to c h ro m e  P 4 5 0  iso e n z y m e s  (n o ta b ly  CY P2B6) in  th e  
liv e r . T h e  in it ia l  m e ta b o li te s  a re  4 - h y d ro x y c y c lo p h o -  
sp h a m id e  a n d  i ts  a c y d ic  ta u to m e r ,  a ld o p h o sp h a m id e , 
w h ic h  b o th  u n d e rg o  íu r th e r  m e ta b o lism ; a ld o p h o sp h a m id e  
m a y  u n d e rg o  n o n - e n z y m a tic  c o n v e rs io n  to  a c tiv e  p h o s -  
p h o r a m id e  m u s ta rd .  A c ro le in  is  a lso  p ro d u c e d  a n d  m a y  b e  
re sp o n s ib le  fo r  b la d d e r  to x id ty .  C y c lo p h o sp h a m id e  is 
e x c re te d  p r in á p a l ly  ÚI u r in e ,  as m e ta b o li te s  a n d  so m e 
u n c h a n g e d  d ru g . I t c rosses  t h e  p la c e n ta , a n d  is ío u n d  in  
b re a s t  m ilk .

R ev lev v s.
1. Bođdy AV, Yulc SM- Metabolism and pharmacokineiics of oxauphos- 

phoríncs. ơirt Pharmacokinei 2000; 38: 291-304.
2. de Jonge ME, tí  aỉ. Clinical pharmacokinetỉcs of cyclophosphamide. Cỉirt 

P h a m u c o h n e t  2005; 44: 1135-64.

Absorption. C y d o p h o s p h a m id e  w as d e te n e d  in  th e  u r in e  
o f  5 p a t ie n ts  a f te r  a p p lic a tio n  to  in ta c t  sk in , sh o w in g  th a t  
c y d o p h o s p h a m id e  c a n  b e  a b so rb e d  Via th is  r o u te .1 
A b s o rp tio n  c o n t ín u e d  a f te r  t h e  s ite  o f  a p p lic a tio n  h a d  
b e e n  d e a n e d ,  su g g e stin g  th a t  c y d o p h o s p h a m id e  h a d  
p e n e tr a te d  s u b c u ta n e o u s  lip id  a n d  w a s  s lo w ly  re le a se d  to  
t h e  d r c u l a t ỉ o n  b o m  th is  d e p o t.  C y d o p h o s p h a m id e  w a s  
a lso  id e n t iS e d  in  t h e  u r in e  o f 2  o n c o lo g y  n u rse s  b u t  
a p p e a r e d  m o re  q u ic k ly  t h a n  in  p a tie n ts .  su g g e stú ig  a ía s te r  
r o u te  o f  a b s o rp tio n , p e rh a p s  b y  in h a la tio n  o f  ae ro so ls  g e n -  
e ra te d  d u r ìn g  d isso lu tio n  o f  t h e  d ru g .

1. H irstM . tía l. Occupational exposure to cydophosphamỉde. lanctí 1984; 
ỉ: 186-8.

Preparations
Proprietary  Preporntions (details a re  g iven  in  V olum e B)

Singk-ingradN nt Preporotions. Arg.: C Ịdokebin  Austral.: C ydo- 
b lastin; E ndoxan ; ÀustrũE E ndoxan ; Belg.: E ndoxan; Braz.: 
E v o d d o ; G enuxal; Canad.: C y to x a n t; Piocytox; Chile. Endox- 
an ; L edoxina; China: E n d o x an  ( £ ì t £ ) ;  Cz.: E ndoxan; Denm.: 
S endoxan ; Pin.: S endoxam  Pr.: E ndoxan; Ger.: E ndoxan; Gr.: 
C ydo lest; E ndoxan ; Hang Kong-. Cycram; E ndoxan; Hung.: 
C y to x a n t: E n doxan ; Inđia: C ydoxan ; Cycram e; Cydoxan; 
Cyphos; Eldam ide; E ndoxan; Ledoxan; N eophos; Oncom ỉde; 
O ncophos; O ncoxan; Indon.: C ydovid ; E ndoxan; IrL:
E ndoxana; Israel: E ndoxan; ItaL: Ẽ ndoxan ; Jpn: Endoxan; Mex.: C ryoíaxol; Form ltex ; H idrolosm in; Ledoxina: Neth.: 
E n doxan ; Norw.: Sendoxan ; NZ: C ydoblastin ; Cytoxan; 
E ndoxan ; phữipp.: C ytoxan-h E n d o x a n t; Eedoxan; X ydom ed; PoL: E ndoxan ; PorL: E ndoxan; Rus.: E ndoxan  (3imoKcaH); 5. Afr.: C y d o b la s tin t; E ndoxan ; Singapore. A lkyloxan; Cycram; 
E n doxan ; Spain: G enoxal; Stved.: sẽn d o x an ; Switz.: Endoxan; ThaL: E ndoxan ; L ed o x an t; Turk.: A lkyloxan; E ndoxan, Venez.: B iodoxan.

Phormocópoeiol Preporotions
BP 2014 : C y dophospham ìde  In jecdon: C y dophospham ide Oral 
Solu tion ; C ydop h o sp h am id e  Tabletỉ:
U SP 36: C ydo p h o sp h am id e  ío r  ln jection ; C ydophospham ide 
Tablets.

C y t a r a b i n e  ỊB A N , U S A N . r iN N Ị

: Ara-Q Ạrabinòsyỉcytosĩne; Otarabin; Citarabina; Citarabinas; 
Gtosinà ‘ aVabinỏsido; Gytarabin; ■ Cytarabina; Cytarabine 

■ Liposome; cỷtarabinum; Cytosine' Arabinoside; Liposomal 
Cytarabinè; NSC-Ố3878 (cytarabine hỳdrochloride); Sitarabin; 
Syt3rabiiói;.'ỤrÍ9SỌ0; U-19920A (cytarabine hydrochloride); 
Wp-28453, UMỴapáỏMH.

cl-P-o-Ạràbinoíuranbsylcytosine; 4-Amino-l -p-o-arabinofúra-: 
.nosy)pynmidirh2(1.tí)Tone. .
C9H]3N 3 0 s= 2 4 3 2  ,Ị f . ' ......................
CAS'.'—}, Ị47-94-4 (cytarabine); 69-74-9 (cytarabine hydrọ- 
chtoridẹ}, >••." ;
AK — LữlBCÒl..
ATCVẹt—VLOlBCOl..
UNH —  04Ọ79AỈRỘL'

P b a r rn a c o p o e ia s .  I n  Eur. (see  p . v ii) , Int., Jpn, a n d  us.
C h ử i, i n d u d e s  t h e  h y d ro c h lo r id e .

P h .  B u r .  8: (C y ta ra b in e ) .  A  w h i te  o r  a lm o s t vvhite, 
c ry s ta ll in e  p ovvder. F re e ly  so lu b le  in  v v a te n  v e ry  s lig h tly  
so lu b le  i n  a lc o h o l a n d  in  d ic h lo ro m e th a n e . S to re  in  a ir t ig h t  
c o n ta in e rs .  P ro te c t  b o m  lig h t.

U S P  36 : (C y ta ra b in e ) . A n  o d o u rle s s , w h i te  to  o ff-w h ite , 
c ry sta llin e  povvder. F re e ly  s o lu b le  in  w a te r;  s lig h tly  so lu b le  
in  a lc o h o l a n d  in  c h lo ro ío rm . P r o te r t  íro m  lig h t.

Incompatibility. A ỉ t h o u g h  c y t a r a b i n e  h a s  b e e n  s t a t e d  i n  
t h e  l i t e r a t u r e  t o  b e  i n c o m p a t i b l e  w i t h  S o lu t io n s  o f  ũ u o r o -  
u r a d l 1-2 a n d  m e t h o t t e x a t e 2 s o m e  s tu d i e s  h a v e  r e p o r t e d  i t  
t o  b e  s t a b l e  f o r  s o m e  h o u r s  w h e n  m ix e d  v v ith  t h e  l a t t e r .1

1. McRae MP, Kỉng JC. Compatíbility o í andneoplastỉc. antibỉotic and 
conỉcosteroỉd drugs ỉn ỉnưavenous admỉxtures. Am J  Hosp Pharm 1976; 
33: 1010—13.

2. D’Arcy PF. Rcactions and interactions in handỉing antícancer drugs. 
DntỊ inteiỉ ctin Pharm 1983; 17: 532-8.

3. Chcung Y-W, tí ai. Stability of cyurabine, m ethotrexate sođium, and 
hydroconisone sodium sucrinatc admixtures. Am J  Hosp Pharm 1984; 
41: 1802-6.

Uses and Adminỉstration
C y ta ra b in e , a  p y r ím id in e  n u c le o s id e  a n a lo g u e , is a n  
a n tim e ta b o li te  a n tin e o p la s t ic  th a t  in h ib its  DN A sy n th e s is. 
Its a c tio n s  a re  sp eciíic  fo r th e  s p h a s e  o f th e  cell cycle. It a lso  
h a s  a n t i v i r a l  a n d  im m u n o s u p p r e s s a n t  p r o p e r t ie s .  
C y ta ra b in e  is o n e  o f th e  m a in s ta y s  of th e  trea*tm ent o f 
a c u te  m y elo id  le u k a e m ia  (p. 6 9 3 .1 ). a n d  is u se d  in  reg im en s  
fo r c o n so lld a tio n  in  p a tie n ts  vvith a c u te  ly m p h o b la stic  
le u k a e m ia  (p. 6 9 2 .3 ) . I t  h a s  a lso  b e e n  u se d  ío r  c h ro n ic  
m y e lo id  le u k a e m ia  (p. 6 9 4 .2 )  a n d  th e  m y elo d y sp la s ias  
(p. 6 9 4 .3 )  (see  a lso  L ovv-dose T h e ra p y , u n d e r  A d m in is tra -  
tio n . belovv). I t  m a y  b e  u s e d  in  sa lv ag e  re g im en s  fo r  
H o d g k in 's  d ise a se  (p . 6 9 6 .1 ), as  p a r t  o f  th e  co m p le x  
reg im e n s  s o m e tim e s  e m p lo y e d  in  ag g ressiv e  in te rm e d ia te -  
a n d  h ig h -g ra d e  n o n -H o d g k in 's  ly m p h o m a s  (p. 6 9 6 .3  er seq.). 
a n d  for m e n in g e a l le u k a e m ỉa  o r  ly m p h o m a .

C y ta ra b in e  is u s u a lly  g iv e n  in ư a v e n o u s ly ;  it  is also  u se d  
su b c u ta n e o u s ly .  H ig h e r  d o se s  c a n  b e  to le ra te d  vvhen g iv en  
b y  ra p id  i n tr a v e n o u s  in je c tio n  r a th e r  t h a n  s lo w  in íu s io n , 
b e c a u se  o f  t h e  ra p id  d e a r a n c e  o f c y ta ra b in e , b u t  th e re  is 
l itd e  e v id e n c e  o í  d in ic a l  a d v a n ta g e  e ith e r  vvay. C y ta ra b in e  
(in  a  s u ita b le  ío rm u la t io n )  m a y  b e  g iv e n  in tra th e c a lly  fo r 
leu k a e m ic  o r  ly m p h o m a to u s  m e n in g itis .

F o r  th e  in d u c t io n  o ỉ  rem iss io n  in  a c u t e  l e u k a e m ia s  
m a n y  d osage  re g im e n s  h a v e  b e e n  u sed : 1 0 0 m g /m 2 tw icc  
daily  b y  rap id  i n tr a v e n o u s  in je c tio n , o r  1 0 0 m g /m 2 d a ily  b y  
c o n tin u o u s  in tr a v e n o u s  in íu s io n , b o th  fo r  7  days, a re  u se d  
in  c o m b in a tio n  re g im e n s  fo r  a c u te  m y e lo id  le u k a e m ia . 
C y ta ra b in e  2 0 0  m g /m 2 b y  c o n tin u o u s  i n ư a v e n o u s  in íu s io n  
ío r  5 days, a t  in te rv a ls  o f  a b o u t  2  vveeks, h a s  a lso  b e e n  u se d  
a s  m o n o th e ra p y . O th e r  r e c o m m e n d e d  re g im e n s  i n d u d e  a 
c o n tin u o u s  d o s in g  re g im e n  in  w h ic h  c y ta ra b in e  2 m g /k g  
d a ily  is g iv en  b y  ra p id  i n ư a v e n o u s  i n je a io n  fo r  10 days; 
th e re a íte r ,  th e  d o se  m a y  b e  in c re a se d  if n e c e s sa ry  to  4  m g /k g  
u n t i l  a  t h e r a p e u t ic  r e s p o n s e  o r  t o x id ty  is e v id e n t. 
A lte m a tìv e ly , 0 .5  to  1 m g /k g  m a y  b e  in ỉu s e d  d a ily  (o v e r  1 
to  2 4  h o u rs )  lo r  10 d ay s, in c re a se d  th e r e a íte r  to  2 m g /k g  
d a ily  u n til  t o x id ty  o r  rem iss io n  o c cu rs . I n te r m itte n t  
re g im en s  i n d u d e  in tr a v e n o u s  c y ta ra b in e  3 to  5 m g /k g  
d a ily  fo r 5 c o n s e c u tiv e  d a y s , re p e a te d  a f te r  a n  in te rv a l  o f 2 
to  9  days, u n t i l  th e r a p e u t ic  r e sp o n se  o r  t o x id ty  occurs.

F o r  m a in te n a n c e  1 to  1 .5 m g /k g  o n c e  o r  tw ice  w e e k ly  
m a y  b e  g iv en  in tr a v e n o u s ly  o r  s u b c u ta n e o u s ly .

In  th e  ơ e a tm e n t  o f r e í r a a o r y  n o n - H o d g k in 's  l y tn p h o -  
m a s ,  h ig h -d o se  re g im e n s  h a v e  b e e n  u se d , w i th  c y ta ra b in e  
g iv en  in  d o se s  o í  3 g /m 2 e v e ry  12 h o u rs  fo r  u p  to  12 do ses. 
T h ese  doses  s h o u ld  b e  g iv e n  b y  in tra v e n o u s  in íu s io n  o v e r  1 
to  3 h o u rs .

In  th e  m a n a g e m e n t  o f m e n in g e a l  le u k a e m ia  a n d  o th e r  
m e n i n g e a l  n e o p l a s m s ,  c y ta ra b in e  h a s  b e e n  g iv en  b y  
in ư a th e c a l  in je c tio n  in  d o ses  o f  5 to  7 5  m g /m -, o r  30  to  
lO O m g, o n c e  e v e ry  2  to  7 d a y s  to  o n c e  d a ily  fo r  4  o r  5 days. 
T h e  d o sa g e  sc h e d u le  is u s u a lly  d e te rm in e d  b y  th e  ty p e  a n d  
se v erity  o f CNS m a tũ íe s ta t io n s  a n d  th e  p a t ie n t 's  re sp o n se  to  
p r io r  th e ra p y . A  c o m m o n ly  u s e d  in tra th e c a l  c y ta ra b in e  
re g im e n  is  10  to  3 0  m g /m 2 3 t im e s  w e e k ly , o r  3 0 m g /m 2 
o n c e  e v e ry  4  d ay s, u n t i l  CSF C n d in g s a re  n o r m a b  th e  la t te r  
r e g im e n  is fo llo w e d  b y  o n e  a d d it ìo n a l  d o se . lf  sy s te m ic  
to x id ty  o c c u rs  vvith i n ư a th e c a l  c y ta ra b in e , m od iQ ca tion  o f 
o th e r  th e r a p y  m a y  b e  n e c e s sa ry . A  l ip o so m a l (o rm u la tio n  is 
av a ìla b le  in  s o m e  c o u n tr ie s  fo r  in tr a th e c a l  u se , a n d  p e rm its  
less h e q u e n t  d o s in g  b e c a u s e  o f  i ts  lo n g e r  d u r a t ìo n  o f a c tio n : 
th e  r e c o m m e n d e d  d o se  ío r  ly m p h o m a to u s  m e n in g itis  is 
50  m g  in ư a th e c a l ly  e v e ry  2  w e e k s  fo r  5 d o ses  th e n  e v e ry  4  
vveeks fo r  5 d o ses. O ra l o r  in tr a v e n o u s  d e x a m e th a s o n e  4  m g  
tvvice d a ily  lo r  5 d a y s  s h o u ld  b e  g iv en . s ta r tin g  o n  th e  d a y  o f  
th e  l ip o so m a l c y ta ra b in e  in tra th e c a l  in ịe c tio n . u  n e u ro -  
t o x id ty  d e v e lo p s , th e  d o se  m a y  b e  re d u c e d  10  2 5  m g; ư th is  
pe rs is ts , l ip o so m a l c y ta ra b in e  th e ra p y  s h o u ld  b e  s to p p e d . 
F o r  d isc u ss io n  o f  u s e  o f  th is  lo rm u la t io n  in  c h ild re n , see  
A d m in is ư a t io n  in  C h ild re n , belovv.

W h ite  ce ll a n d  p la te le t  c o u n ts  sh o u ld  b e  d e te n n in e d  
re g u la rly  d u r in g  ư e a tm e n t  w i th  c y ta ra b in e  a n d  th e ra p y  
s h o u ld  b e  s to p p e d  o r  m o d ih e d  ư  p la te le ts  fall b e lo w  
50 0 0 0  c e lls /m m 5 o r  t h e  p o ly m o r p h o n u d e a r  g ra n u lo c y te  
c o u n t  íalls  b e lo w  1 0 0 0 c e lls /m m J.

C y ta ra b in é  o d o s ỉa te  is  a n  o ra lly  a c tiv e  p r o d ru g  o  
c y ta ra b in e  u n d e r  in v e s t ig a t io n  fo r  a c u te  a n d  c h ro n ii  
m y e lo id  le u k a e m ia .

A d m in is tr a t io n . INTKAỈHECAL In tr a th e c a l  c y ta ra b in e  ha: 
b e e n  a s s o d a te d  w ith  n e u r o to x id ty  (se e  a k o  E ỉỉe c ts  o n  the 
N e rv o u s  S y stem , p .  7 7 5 .2 ) , so m e  o f  w h ic h  h a s  b e e n  v a r  
io u s ly  a t t r ib u te d  to  p re se rv a tiv e s , v o lu m e , o sm o la lỉty , anc 
p H  o f  th e  p r e p a r a tio n ;1 c o m m o n  p ra c t íc e  is  to  p rep are  
in tra th e c a l  c h e m o th e ra p y  vvith  p re s e rv a tiv e - í re e  d ilu e n  
a n d  l im it  t h e  v o lu m e  oi t h e  f in a l  s o lu ú o n ,  u s u a lly  t o  5 m L 
A study* e v a lu a te d  p H  a n d  o sm o la li ty  fo r cy ta rab in e  
in tra th e c a l  S o lu tio n s  ( in  v a rio u s  d i lu e n ts )  a t  c ọ n c en tra -  
d o n s  o f  2 , 5, 10, a n d  2 5 m g /m L . O sm o la lity  in c re a se d  w ith 
in c re a se d  c o n c e n ư a tio n s  b u t  w a s  vvith in  1 0 %  o f the 
p h y s io lo g ic a l ra n g e  o f t h e  CSF. H o w e v e r, t h e  pH  01 
c y ta ra b in e  a t  10  a n d  2 5 m g /m L  w a s  m o re  th a n  10 %  h ig h  
e r  t h a n  th e  u p p e r  l im it  ot t h e  p h y s io lo g ic a l pH  o ỉ  CSF.

In tr a th e c a l  d o se s  o f  t h e  lip o so m a l ío rm u la t io n  0 

c y ta ra b in e  r e s u l t  in _  p r o lo n g e d  d r u g  e x p o s u re  w h e r  
c o m p a re d  vvith in tr a th e c a ỉ  doses  o f  th e  c o n v e n tio n a  
( o rm u la t io n  (se e  P h a r m a c o k in e t ic s ,  p . 7 7 5 .3 ) .  In  c 
r a n d o m ise d  s tu d y ,2 th e  lip o so m a l ío rm u la t io n  g iv e n  once 
e v c ry  2 vveeks p r o d u c e d  a  h ig h e r  resp o n se  ra te  anc  
im p ro v e d  K a m o lsk y  sco re  c o m p a re d  vvith  th e  c o n v e n tio n a  
ỉo r m u la t io n  g iv e n  tvvice a  w e e k  in  p a t i e n ts  w itb  
I v m p h o m a to u s  m e n in g itis  s e c o n d a ry  to  ly m p h o m a . The 
u s e  of l ip o so m a l t o rm u la t io n s  in t r a lh e c a l ly  to  trea i 
l e u k a e m ic  o r  l y m p h o m a to u s  m e n in g i t i s  h a s  b e e r  
re v ie w e d .J-4 F o r  d isc u ss io n  o f  u s e  o f  th is  ío rm u la t io n  ir  
c h ild re n , see  A d m in is ơ a n o n  in  C h ild re n , belovv.
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3. Rueda Domínguez A. tí aỉ. Uposomaỉ cytarabinc (DepoCyte) íor th« 
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IOW-DOSE THERAPY. B e c a u se  o f  in it ìa l  su g g e stio n s  t h a t  lovv 
d o se s  o f c y ta ra b in e  m ig h t  in d u c e  d ih e r e n tia t io n  and  
m a tu r a t io n  o f  le u k a e m ic  ce lls , !o w -d o se  th e r a p y  h a s  b e e r  
t i i e d  in  p a tie n ts  w ith  m y e lo d y sp la s tic  sy n d ro m e  a n d  a cu te  
m y e lo id  le u k a e m ia .  A l th o u g h  c o m p le te  re m iss io n  ma> 
o c c u r  in  a b o u t  2 0 %  o f p a tie n ts  vvith m y e lo d y sp la s tic  syn- 
d ro m e s  a s im ila r  p r o p o r t io n  s u c c u m b  to  ư c a ơ n e n t- r e la te d  
m o rta li ty , a n d  rem iss io n s  d o  n o t  a p p e a r  to  b e  p a rt icu la rly  
lo n g -la s t in g . B o n e - m a ư o w  s u p p re s s io n  m a y  b e  m ark e d  
e v e n  a t  th e s e  d o se s .1 L ovv-dose s u b c u ta n e o u s  cy ta ra b in e  
(2 0  m g  tvvice d a ily  fo r 10 days, a t  in te rv a ls  o f  4  to  f 
tv ee k s)  w a s  f o u n d  to  b e  s u p e r io r  t o  h y d ro x y c a rb a m id e  
(w ith  o r  v r i th o u t  a l l - ư a n s  r e t in o ic  a c id )  in  e ld e r ly  p a tie n t:  
w i th  a c u te  m y e lo id  le u k a e m ia .  A l th o u g h  th e  a u th o r s  con- 
s id e re d  th e  p ro g n o sis  fo r  th e s e  p a i ie n ts  to  s till b c  u n sa tis- 
ía d o r y ,  t h e y  su g g e ste d  th a t  t h e r a p y  tv ith  lovv-dose 
c y ta ra b in e  c o u ld  re p re s e n t  a  b a se lin e  a g a in s t w h ic h  o th e i 
p ro m is in g  t r e a tm e n ts  m ig h t  b e  c o m p a re d .2

1. Aul c  Ganerm ann N. The role oí loiv-dosc chem oiherapy ir 
myeỉodysplasúc syndrome. Leuk R tĩ 19lt2; 16: 207-15.

2. B u rn e n  AK, t t  al. T he N ational C ancer Research Institute 
Haematologlcal Oncology study  Group Adult Lcukemia Workìnị 
Paity. A comparison of low-dose cyurab ine and hydroxyurea wiih o: 
vvithout all-trans retỉnoỉc ad d  for acute myeloỉd leukemỉa and high-risk 
myelodysplastic syndrome ỉn patỉents nor conádered ỉh  ỈOT intcnsívt 
tréatm enL Cancer 2007: 109: ỉ  114-24.

A d m in is tr a t io n  in  c h ild re n . U K  lic e n sc d  p ro d u c t  in ío rm a - 
t io n  fo r  c o n v e n tio n a l  ío rm u la t io n s  o f  c y ta ra b in e  ind ica tes  
t h a t  c h ild rc n  a p p e a r  to  to le ra te  p ro p o r t io n a l ly  h ig h e i 
d o se s  b y  vveight o r  s u r ỉa c e  a re a  t h a n  a d u lts , a n d  th a t 
w h e r e  a r a n g e  o f  doses  is g iv en , c h ild r e n  s h o u ld  b e  ư e a te d  
a t  th e  h ig h e r  d o se  (see  U ses a n d  A d m in is tr a t io n , a b o v e ).

ƯK a n d  u s  l ic e n sed  p r o d u c t  in lo r m a t io n  f o r  liposom al 
ỉo rm u la t io n s  o f c y ta ra b in e  S ta te  t h a t  s a le ty  a n d  e ữ icacy  in 
c h ild re n  h a v e  n o t  b e e n  e s ta b lish e d . A do se  o f  in ư a th e c a i  
lip o so m a l c y ta ra b in e  35 m g  (g iv e n  w i th  o ra l  o r  in tra v e n o u s  
d e x a m e th a s o n e  1 5 0 m ic ro g ra m s /k g  tw ic e  d a ily  fo r  5 days) 
h a s  b e e n  re c o m m e n d e d  in  p a tie n ts  b e tw e e n  th e  ag es  of 3 
a n d  21 y e a rs .1 A  p ilo t  s tu d y  to  d e te r m in e  th e  {easibility, 
sa íe ty , a n d  p h a rm a c o k in e t ic s  o f  th is  f o rm u la tio n  in  6 
p a tie n ts  a g e d  less t h a n  3 y e a rs  l o u n d  th a t  it  w a s  safe  an d  
vvell to le ra te d  vvhen g iv e n  w ith  d e x a m e th a s o n e ;  d ru g  
e x p o s u re  a l te r  a  d o se  o f  2 5  m g  in tra th e c a lly  w a s  co m p a ra b le  
to  t h a t  a í t e r  50  m g  in  a d u lts  a n d  35 m g  in  o ld e r  c h ild re n .2

1. Bomgaars L  tí  a i  Pha se ỉ  trial oí intraihecal uposomaỉ cytarabine ỉr 
chiỉdren wiih neoplasiic meningitỉs. J  ơ in  O na ỉ 2004; 22: 3916-21.

2. Peyrỉ A. tí  a i  Pbarmacokinerics and saỉety oí inưathecaỉ lỉposomal 
cytarabine in children aged < 3  years. Qin Pharmacokintí 2009; 48:265-
71.

A d m in is tr a t ỉo n  in  h e p a t ìc  o r  r e n a l  im p a i rm e n t .  F o r  con- 
v e n tio n a l  ío rm u la tio n s ,  U K  l ic e n se d  p r o d u c t  in ỉo rm a tio n  
S tates t h a t  c y ta ra b ứ ie  s h o u ld  b e  u s e d  vvith  c a u tio n  in 
h e p a tìc  im p a irm e n t.  a n d  su g g e sts  a  r e d u c e d  d o se  in 
p a tie n ts  vvhose liv e r  h m c t io n  is p o o r ;  h o v v ev er, n o  sp e d h c
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dose  r e c o m m e n d a t io n s  a re  g iv e n  a n d  n o  d e ỉin i t ío n  o f th e  
d eg re e  o f  h e p a ú c  im p a irm e n t.  D osage re d u c t io n  is n o t  
c o n s id e re d  n e c e s sa ry  in  p a tie n ts  w i th  r e n a l  ữ n p a irm e n t.

us l ic e n se d  p r o d u c t  in ỉo r m a t io n  States t h a t  p a tìe n ts  w ith  
ren a l o r  h e p a tic  in ip a irm e n t  m a y  b e  m o re  like ly  to  h a v e  
CNS to x ic ity  a f te r  h ig h -d o s e  c y ta ra b in e , vvh ich  s h o u ld  b e  
u se d  vvỉth  c a u tio n  a n d  p o ss ib ly  a t  a  r e d u c e d  dose  i n  th ese  
p a tie n ts ; n o  s p e đ íic  d o se  re c o m m e n d a tio n s  a re  g iven .

L e u k o e n c e p h a lo p a th y . T h e re  a re  a n e c d o ta l  r e p o r ts 1' 1 of 
m a rk e d  im p r o v e m e n t  in  p a tie n ts  w i th  P ro g ressiv e  m u ltiío -  
cal le u k o e n c e p h a lo p a th y  se c o n d a ry  to  A ỈD S o r  c h e m o -  
th e ra p y - in d u c e d  im m u n o su p p re s s io n  w h o  vvere g iv en  
in tra v e n o u s  o r  in tr a th e c a l  c y ta ra b in e . H o w e v e r, a  r a n d o -  
m ised  m u lt ic e n t te  s tu d y 4 in d ic a te d  th a t  c y ta ra b in e  w as 
in e ữ e c tiv e  a n d  h a d  n o  ro le  in  t h ứ  c o n d ỉt io n  (see  also 
In íe c tío n s  in  Im m u n o c o m p ro m is e d  P a tie n ts . p . 9 6 0 .2 ). 
O th e rs ’ h a v e  s u g g e s te d  th a t  e v e n  in tra th e c a l  d o sa g e  m a y  
n o t  p ro v ĩd e  a d e q u a te  d e liv e ry  o f  c y ta ra b in e  to  ta rg e t  cells, 
a n d  th a t  d e liv e rin g  th e  d ru g  d ire c tly  in to  t h e  b ra in  u n d e r  
p re s su re  m ig h t  b e  a n  a lte m a t iv e .  C y ta ra b in e  h a s  a lso  b e e n  
u se d  w i th  đ d o to v ir .6
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leukoen deph aỉopath y  assodated w ỉth  hum an im m u n od eũ d en cy  virus 
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6. Terrier B, t í  ai. Leucoencéphaỉỉte multỉỉocaỉe Progressive en dehors du 
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Adverse Effects'  Treơtment, and Precautions
For g e n e ra l  d isc u ss io n s  see  A n tín eo p la s tic s , p . 7 2 6 .1 , 
p . 7 3 0 .2 , a n d  p . 7 3 2 .2

T h e  m a jo r  d o se -lim itin g  a d v e rse  effec t oi c y ta ra b in e  is 
b o n e -m a rr o w  d e p re s s io n , m a n i ỉe s t  a s  le u c o p e n ia  (p a rtic u -  
la rly  g ra n u lo c y to p e n ia ) ,  th ro m b o c y to p e n ia ,  a n d  a n a e m ia ,  
so m e tim e s  w i th  s tr ik in g  m eg a lo b la s tic  c h a n g es . M y e lo su p - 
p re s s io n  a p p e a rs  to  b e  m o re  e v id e n t  a f te r  c o n tin u o u s  
ũ ứ u s io n s . L e u c o p e n ia  is b ip h asic , w i th  a  n a d ir  a t  7  to  9  days 
a h e r a  d o se  a n d  ã n o th e r ,  tn o rẹ  s ev ere , a t  15 to  2 4  d ay s. T he  
n a d ir  o f  t h e  p la te le t  c o u n t  o c c u rs  a t  a b o u t  12 to  15 days. 
R eco v ery  g e n e ra lly  o c c u rs  in  a  h i r th e r  10 days.

G a s tro in te s tin a l  d is t iư b a n c e s  m a y  o c cu r: n a u s e a  a n d  
v o m itin g  m a y  b e  m o re  sev ere  w h e n  d o ses  a re  g iv e n  rap id ly  
(b u t o th e r  a d v e rs e  e ííe c ts  a re  r e p o r te d  to  b e  w o rse  vvhen  th e  
d ru g  is gi v e n  b y  in ỉu s io n ) .  O th e r  a d v e rse  e ííe c ts  re p o r te d  
in d u d e  h e p a tic  d y s íu n c tio n , r e n a l  d y s íu n c tio n , n e u ro to x i-  
d ty ,  b le e d in g  c o m p lic a t io n s ,  r a s h e s ,  o r a l  a n d  a n a l  
u lc e ra tio n , g a s ư o in te s t in a l  h a e m o r rh a g e , o eso p h ag itis , 
a n d  c o n ju n c tiv itis .  A  s y n d ro m e  o f b o n e  a n d  m u s d e  p a in , 
íev e r, m a la ise , c o n ju n c tiv id s , a n d  ra sh , so m e tim e s  d escrib ed  
as H u -lik e , h a s  b e e n  re p o r te d  6  to  12 h o u r s  a f te r  c y ta ra b in e  
doses, a n d  m a y  b e  ư e a te d  o r p r e v e n te d  w ith  c o rtico ste ro id s . 
A n a p h y la a o id  re a c tio n s  a n d  p a n c re a tỉ t is  h a v e  o c c u rre d  
rare ly . T h e re  m a y  b e  local p a in ,  ce llu litis , a n d  th ro m b o -  
p h leb itis  a t  th e  s ite  o f  in je c tio n .

Ịntrathecal u s e  o f  t h e  l ip o so m a l c y ta ra b in e  ío rm u la t io n  
c o m m o n ly  c a u se s  C hem ical a ra c h n o id it is  m an U e stin g  as 
n e c k  s tiữ n e s s  o r  p a in ,  n a u s e a ,  v o m itin g , h e a d a c h e , a n d  
íev er. D e x a m e th a s o n e  s h o u ld  b e  u se d  p ro p h y la c tic a lly  to  
re d u c e  th e  i n d d e n c e  a n d  s e v e r i ty  o f th is  c o m p lica tio n . 
O th e r  r a r e  a d v e rse  e ííe c ts  i n d u d e  e n c e p h a lo p a th y , a n d  
focal se iz u re s . ỉ n tr a th e c a l  u s e  o f  c o n v e n tio n a l c y ta ra b in e  
ío rm u la t io n s  h a s  ra re ly  b e e n  a s so d a te d  w ith  s e v ere  sp in a l 
co rd  t o x id ty ,  n e c ro tis in g  e n c e p h a lo p a th y , b lin d n e ss , a n d
o th e r  n e u ro to x ic iú e s . I I  g iv e n  in tra th e c a lly , p re se rv a tiv e -  
free  d i lu e n ts  m u s t  b e  u sed .

High-dose th e r a p y  h a s  b e e n  a s so d a te d  w i th  p a rt ic u la rly  
s e v ere  g a s tro in te s tin a l  a n d  CN S eữ e c ts , in d u d in g  se v ere  
u lc e r a tio n  o f  t h e  g a s ư o in te s t in a l  t ra c t ,  p n e u m a to s is  
cy sto id es  le a d in g  to  p e ri to n it is , n e c ro tỉs in g  co litỉs  a n d  
b o w e l n e c ro s is , p e r íp h e ra l  n e u ro p a th y , a n d  c e re b ra l  a n d  
c e re b e lla r  d y s h in c t io n , w ith  p e rs o n a lity  c h a n g es , so m n o -  
len c e , a n d  c o m a . T h e re  m a y  a lso  b e  c o m e a l  to x id ty  lea d in g  
to  p u n c ta te  k e ra tit is  a n d  h a e m o r rh a g ic  co n ju n c tiv itis , 
sepsis, l iv e r  abscess, se v ere  s k in  ra s h  lea d in g  to  d e sq u a m a -  
tio n , a lo p e c ia , a n d  c a rd ia c  d iso rd e rs  i n d u d in g  p e iic a rd itis  
a n d  fa ta l c a rd io m y o p a th y . P u lm o n a ry  to x id ty  so m e tim e s  
fata l, h a s  o c c u rre d .

C y ta ra b in e  is  te ra to g e n ic  in  animaỉs ( b u t  see  P re g n an c y , 
b e lo w ).

In  a d d it io n  to  í re q u e n t  vvhite  b lo o đ  ce ll a n d  p la te le t  
c o u n ts , b lo o d -u r ic  a d d  s h o u ld  b e  m o n ito re d  b e c a u se  o f  th e  
risk  o f  h y p e ru r ic a e m ia  se c o n d a ry  to  lysis o ỉ  n e o p la s tic  cells, 
a n d  r e n a l  a n d  h e p a tic  h in c t io n  s h o u ld  b e  p e rio d ica lly  
assessed . C y ta ra b in e  s h o u ld  b e  g iv e n  w i th  c a re  to  p a tie n ts  
w i th  im p a ire d  l iv e r  h in c t io n ;  d o sa g e  r e d u c t io n  m a y  b e  
n e c essa ry .

T h e  to x id ty  o f  c y ta ra b in e  h a s  b e e n  rev ievved .1 T h e  
p r in d p a l  t o x id ty  o f  S tan d ard  do sag e  reg im e n s  is m y e lo su p -  
p ress io n  b u t  b le e d in g  co m p lica rio n s  a n d  g a s tro in te s tin a l  
to x id ty  a re  a lso  m a jo r  p ro b le m s  a t  S tan d ard  doses. W ith  th e  
h ỉg h -d o se  re g im e n s  n e u ro lo g ica l to x id ty  m a y  b e  d o se -  
lim itin g : sev ere  a n d  so m e tim e s  irre v ers ib le  sy m p to m s h a v e  
b e e n  se e n  in  s o m e  6 to  10%  o f p a tie n ts  rec e iv in g  a 
c iim u la tiv e  d o se  o f  3 6  g /m 2. O c u la r  to x id ty  m a y  o c c u r in  u p  
to  8 0 %  o f p a tie n ts  a t  th e  h ig h e s t  do ses. S ince  c y ta ra b in e  
to x id ty  is la rg e ly  d o se -re la ted , lo w -d o se  c y ta ra b in e  is 
g e n e ra lly  w e ll to le ra te d ,  e v e n  in  e ld e r ly  p a tie n ts  (w h o  a re  
m o re  su scep tib le ): i ts  o n ly  s ig n iũ c a n t to x id ty  is m y e lo su p -  
p ress io n .

1. Stentoỉt J. The tox ỉd ty  oỉ cytarabine. Drug Saftíy 1990; 5:7-27.

E ttec ts o n  ih e  n e rv o u s  S y stem . A lth o u g h  p a ra p le g ia  h a s  
b e e n  re p o r te d  w i th  in ư a th e c a l  c y ta ra b in e 1 (see  also  u n d e r  
B e n z y l A lcoho l, p . 1740.3) a n d  p e rip h e ra l  n e u ro p a th y  h a s  
o c c u rre d  in  a  p a t i e n t  w h o  h a d  re c e iv ed  o n ly  c o n v e n tio n a l 
in tr a v e n o u s  d o se s ,2 th e  m a jo r ity  o f  cases o f  n e u ro to x id ty  
a s so d a te d  vvith c y ta ra b in e  a p p e a r  to  b e  in  p a tie n ts  g iv e n  
h ig h -d o se  re g im e n s .3'7 A ỉ th o u g h  so m e  cases h a v e  m a n i-  
íe s te d  as d e m y e lin a tin g  p e rip h e ra l  n e u ro p a th y ,3-4 in d u d -  
in g  a  s y n d ro m e  ọ f  p a in h i l  legs a n d  in v o lu n ta ry  m o v e -  
m e n ts  in  th e  to e s  w h ic h  shovved so m c  re sp o n se  to  
c a rb a m a z e p in e ,3 m o s t  s tu đ ie s  h a v e  re p o r te d  in  p a r t ic u la r  a  
s y n d ro m e  of c e re b e lla r  t o x iá ty , , ‘8 w i th  sy m p to m s su  c h  as 
d y sa rth ria , n y s ta g m u s , a n d  a ta x ia . T o x id ty  a p p e ars  to  b e  
d o se -re la ted : in  o n e  se rie s’ CNS to x id ty  o c c u rre d  in  n o n e  
o f  12 p a tíe n ts  g i v e n  to ta l  doses o f  u p  to  2 4  g /m 2 o ỉ  
c y ta ra b in e , 3 o f  19  p a tie n ts  re c e iv in g  3 6 g /m 2, a n d  1 o f  12 
p a tie n ts  g iv en  4 8  g /m 2, n o n e  o f w h ic h  w e re  l if e - th re a te n -  
in g  o r  irre v ers ib le , vvhereas 4  o f 6 p a tie n ts  g iv en  5 4 g /m 2 
(as 4 .5  g /m 2 e v e ry  12 h o u r s  fo r 12 doses) d e v e lo p e d  n e u -  
ro to x id ty ,  w h ic h  w a s  ía ta l  in  o n e  a n d  irre v e rs ib le  in  
a n o th e r .  H o w e v e r, p e rs is te n t , se v e re  c e re b e lla r  to x id ty  
h a s  also  b e e n  re p o r te d  in  a  p a tie n t  vvho h a d  rec e iv e d  a 
to ta l  d o se  o f o n ly  3 6 g /m 2 (ãs 3 g /m 2 e v e ry  12 h o u r s ) .8 
T h e re  is so m e  e v id e n c e 4 th a t  p a tie n ts  ag e d  o v e r  50 , a n d  
th o se  w h o  h a v e  re c e n tly  rec e iv ed  c o n v e n tio n a l-d o se  
c y ta ra b in e 7 m a y  b e  a t in c re a se d  risk . In tra c ra n ia l  h y p e r-  
te n s io n  (p se u d o tu m o r  c e re b ri)  h a s ' o c c u rre d  ra re ly .’  N e u -  
ro log ical effects p o ssib ly  re la te d  to  c y ta ra b in e  w e re  s c e n  in  
2  o u t  o f 5 h e a v ily  p r e - ư e a te d  c h ild re n  g iv e n  in tra th e c a l  
lip o so m al c y ta ra b in e ;10 in  1 case, a c u te  e n c e p h a lo p a th y  
w a s  p ro b ab ly  c a u se d  b y  h ig h -d o se  m e th o ư e x a te  b u t  
a g g ra v a ted  b y  c y ta ra b in e , a n d  in  th e  o th e r  case, p e rs is te n t  
g e n e ra lise d  s e iz u re s  d e v e lo p e d  a íte r  th e  s ix th  in tra th e c a l  
in je c tio n  of c y ta ra b ín e .
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Exp Tumor R a  1985; 29: 177-82.

8. Dvvorldn LA, tí a i  CexebeUar toxidty foUowing high-dose cytosine 
arabinosỉde. J  ơ in  Oneoỉ 1985; 3: 613-16.

9. Fort iA. Smỉth LD. Pseudotumor eerebri secondary to im ermediate-dose 
cytarabine HC1. Ann ĩharmacother 1999; 33: 576-8.
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Effects o n  fh e  s k in .  A sy n d ro m e  o f  p a in  a n d  e ry th e m a  o f 
th e  p a ỉm s  a n d  so les , p ro g ress in g  to  b u lla e  a n d  d e s q u a m a ' 
tio n , h a s  b e e n  s e e n  in  p a tỉe n ts  Teceiving in te rm e d ia te -  o r  
h ig h -d o se  c y ta ra b in e .1'3 T h e  sy n d ro m e  is s im ila r to  th e  
p a lm a r-p la n ta r  e ry th ro d y se s th e s ia  s y n d ro m e  (p. 7 3 0 .1 )  
re p o r te d  in  p a tie n ts  rec e iv in g  c h e m o th e ra p y  n o t  in d u d in g  
c y ta r a b in e /  a l th o u g h  so m e  c o n s ỉd e red  th e  tw o  ío rm s  o f 
to x id ty  d is tin c t.5 C u ta n e o u s  sm all v esse l n e c ro tis in g  v a s-  
cu litis6 a n d  H e n o c h -S c h ố n le in  p u r p u ra 7 h a v e  b e e n  
re p o r te d  a fte r  t h e r a p y  vvith c y ta ra b in e .

1. Baer MR, t í  a i  Palmar-plantar erythrodysesthesia and cytarabine. Ann 
Irtítm Med 1985; 102: 556.
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A m  Intem Med 1985; 103: 805.

3. Calỉsta D, Landi c . Cytarabine-induced acraỉ erythema: a ỉocaỉized form 
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274-5.
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P o rp h y r ia .  T h e  D ru g  D a ta b ase  fo r A c u te  P o rp h y ria , c o m - 
p ile d  b y  th e  N o n v e g ia n  P o rp h y ria  C e n tre  (N A PO S) a n d  
th e  P o ip h y ria  C e n tre  S w ed e n , d a s s iũ e s  c y ta ra b in e  as

p ro b ab ly  n o t  p o rp h y rin o g e n ỉc ; i t  m a y  b e  u se d  as a  d ru g  o f 
first ch o ice  a n d  n o  p re c a u tio n s  a re  n e e d e d .1

1. The Drug Database for Acute Porphyria. Avaỉỉable at: http://www. 
drugs-porphyria.org (accessed 29/09/11)

P re g n a n c y . A lth o u g h  th e re  h a s  b e e n  a  r e p o r t  o ỉ  lim b  a n d  
e a r  d e ío rm itie s  in  t h e  in ỉa n t  o f  a  w o m a n  g ịy e n  cy ta ra b in e  
a t  th e  e s tim a te d  t im e  o f  c o n c e p tio n  a n d  4  to  8  w eek s  
la te r ,1 n o  c o n g e n ita l a b n o rm a lit ie s  w e re  n o te d  in  17 
in ía n ts ,  5 th e ra p e u tic  a b o rtio n s , a n d  o n e  s tí ll-b tr th  (a ỉ te r  
p re -e d a m p tic  to x a e m la )  re su ltin g  b o m  o v e r  2 0  knovvn 
cases in  w h ic h  c y ta ra b in e  w as g iv e n  d u r ìn g  p reg n a n c y .2

F o r  a  r e p o r t  o f a  íe ta ỉ  á n u s o id a l  h e a r t  r a te  p a tte m  a n d  
n e o n a ta l  p a n c y to p e n ia  a f te r  a  v vom an  vvas g iv e n  co m b in a- 
t io n  c h e m o th e ra p y  in d u d in g  c y ta ra b in e , see  P reg n an cy , 
u n d e r  E toposide , p . 7 9 1 .3 .

1. VVagner VM, t í  al. Congenitaỉ abnormaỉỉtỉes ỉn baby bom  to cytarabỉne 
treated mother. Lartat 1950; 0: 98-9.

2. Morgenstem G. Cytarabine ỉn pregnancy. Lanetí 1980; ỉh  259.

Interađions
F o r a  g e n e ra l o u t l in e  o f a n tin e o p la s tic  d ru g  in te rac tio n s , see 
p . 7 3 3 .3 .

A n tifu n g a ls . C y ta ra b in e  m a y  in h ib i t  th e  a c tio n  of flucyto- 
sine— see p . 5 81 .3 .

A n tin e o p la s tic s . A c u te  p a n c re a ti t is  h a s  b e e n  re p o r te d  in  
p a tie n ts  g iv e n  c y ta ra b in e  w h o  h a d  p re v io u s ly  rec e iv ed  
asparaginase th e r a p y .1 S u b d in ic a l  d a m a g e  to  th e  p a n c re a s  
b y  asp ara g in a se  m a y  h a v e  r e n d e re d  i t  su scep tib le  to  
cy ta ra b ú ie .

F o r  a  r e p o r t  o f  h e p a tic  d y s íu n c tio n  in  p a tie n ts  w h o  h a d  
rec e iv ed  c y ta ra b in e  a n d  daunorubián see  u n d e r  D a u n o r-  
u b id n  H y d ro c h lo rid e , p . 7 7 9 .3 .

G iv ing  c y ta ra b in e  a h e r  Ịludarabine is r e p o r te d  to  re su ỉt  in  
a  h v e lo ld  in c re a se  in  in ơ a c e l lu la r  c y ta ra b in e  c o n c en tra tio n s  
in  le u k a e m ic  c e ll ỉ,2 p r o d u d n g  im p ro v e d  d in ic a l  resp o n se  
ra tes .

1. Aỉtman AJ, t í  ai. Acute pancreadtỉs ỉn  assodatỉon wỉth cytosỉne 
arabinoside therapy. Cancxr 1982; 49: 1384-6.

2. Avramis VL tí  ai. Phannacokinetỉc and phannacodynam k studỉes oỉ 
Qudarabine and cytosỉne arabỉnosỉde admỉnlstered as ỉoadlng boluses 
foỉỉoweđ by contỉnuous ỉnỉurionỉ atter a phase I/n  study ln pedỉatric 
padents with relapsed leukenũas. Gót Canetr Ra 1998; 4:45-52 .

Pharmacokinetics
C y ta ra b in e  is n o t  e h e c tiv e  o ra lly  d u e  to  ra p id  d e a m in a tìo n  
in  th e  g a sữ o ín te s tin a l  trac t; less t h a n  2 0 %  õ ỉ  a n  o ra l d o se  is 
a b so rb ed . A h e r  in tra v e n o u s  in je c tio n  it  d isap p ears  rap id ly  
h o m  th e  p lasm a  vvith a n  in itia l haU -liỉe  o f a b o u t  10 m in u te s; 
th e  te rm in a l e l im in a tio n  h a lf-life  ran g e s  h o m  1 to  3 h o u rs . 
I t  is c o n v e rte d  b y  p h o s p h o ry la tio n  to  a n  ac tiv e  to rm , vvhich 
is rap id ly  d e a m in a te d , m a in ly  i n  th e  liv e r  a n d  th e  k id n ey s, 
to  in ac tiv e  l -p - D -a ra b ín o fu ra n o s y lw a d l ( u ra d l  arab in o sid e , 
a ra -U ). T h e  m ạ jo r ity  o f a n  in tra v e n o u s  d o se  is  e x c re ted  in  
th e  u r in e  w ith in  2 4  h o u is ,  m o s tly  as  t h e  in ac tiv e  m eta b o lite  
w i th  a b o u t  10%  a s  u n c h a n g e d  c y ta ra b in e .

T h ere  is o n ly  m o d e ra te  d i íỉu s io n  o f c y ta ra b in e  a a o s s  th e  
b lo o d -b ra in  b a rr ie r  a h e r  in tr a v e n o u s  in je c tio n , b q t, b ec au se  
o f lo w  d e a m in a se  ac tiv ity  i n  th e  CSF, c o n c e n tra tio n s  
a c h ỉe v e d  a ỉ t e r  c o n t in u o u s  in t r a v e n o u s  in ỉu s io n  o r  
in tra th e c a l  in je c tio n  a re  m a in ta in e d  ỉo r  lo n g e r  in  th e  CSF 
th a n  a re  th o se  in  p lasm a , w ith  a  te rm in a l e lim in a tio n  h a lỉ-  
life o f 3.5 h o u rs .  A h e r  im ra th e c a ỉ  doses o ỉ  th e  liposom al 
{o rm u la tio n , a  t e rm in a l  e lim in a tio n  half-U fe o f  100 to  263  
h o u rs  vvas se en . C y ta ra b ỉn e  a lso  crosses th e  p lacen ta . 

R e íe re n c e s .
1. Slevin ML, tí  ai. The pharmacokinetics of subcutaneous cytosine 

arabinoside ỉn patients with acute myelogenous leukaemia. Br J  ơ in  
Pharmacoỉ 1981; 12: 507-10.

2. DeAngelỉs LM, tí  a i  Pharmacokinetỉcs of ara-C and ara-Ư in pỉasma and 
CSF aíter high-dose administration of cytosine arabinosỉde. CanctT 
Qưmother Pharmacol 1992; 29 :173-7.

3. Hamada A, t í  ai. Clinỉcal pharmacokinetics oí cytarabỉne ỉormulations. 
Clin Pharmacokinet 2002; 41:705-18.

4. Peyrl K  tí  al. Pharmacokinetỉcs and  saỉety oí ỉntrathecal Uposomaỉ 
cytarabine ỉn chỉỉdren aged <3 years. ơ in  Pharmacữkừttí 2009; 48: 265- 
71.

5. Lamba JK. Genetỉc íactors ỉnũuendng cytarabữỉe therapy. Phamaco$e- 
mnràa 2009; 10: 1657-74.

Preparations
Proprietory Preporatíons (details a re  given in  V olum e B)

Single-ingredient Preparcrtions. Arg.: Citagenin; Austria: Alexan; 
ARA-cellt; DepoCyte; Belg.: C ytosac  DepoCyte; Braz.: Aracy- 
tin; Citarax; Darbin; Faulddta ; Tabine; Canad.1 Cytosar; Depo- 
Cyt; Chữe: A Ịexan t; Aracytin; L arad t; Otùta: A lexan (SýlẼ.); 
Cytosar ( Í Í ÍS Í6); S aidew tí ( H n a ỉ ) ;  Cz.: A lexan; Cytosan 
DepoCyte; Dettm.: A rabine; D epoCyte; Pin.: A rabinet; Depo- 
Cyte; F r.: A racytine; DepoCyte; Ger.-. A lẹxan t; ARA-cell; Ọepo- 
Cyte; Gr.: Arace; Aracytin; C itabion; DepoCyte; Hong Kong-. 
A lexan; Cytosar; Hung.: A lexan; Cytosar; DepoCyte; india: 
Arasid; Biobin; Cancyt; Cybin; Cytabin; Cytaraside: Cytaiine; 
Cytrosar; O ncotan  Indon.: A lexan; Cytosar-Uf; IrL: DepôCyte; Israel: A lexan; Cytosah ItaL: A racytin; DepoCyte; Jpn: Cylo- 
d d e ; Starasid; Malaysia: Cytosar-U; Mex.: Cytosar; H arabt; Lar-

The Symbol t  denotes a preparation no longer actìvely marketed

http://www


776 Antineoplastics

a d p  M edsara; M okcell; N o v u m tra x t; Neth.: A le x a n t; D epo- 
Cyte; Sorw.: D epoC yte; Phữipp.: Cancyt; Cytosar-U; Cytox; 
Leucyt; Tabine; PoL: A lexan; c ỹ to sa n  DepoCyte; PorL: ARA- 
celb Citaloxan; C ytosan  D epoC yte; Rus.: A lexan (AnexcaH); 
C ytosar '(IỊim nap); S.Afr.: A lexanỷ; C ytosan L aradt: Spain: 
DepoCyte; Swed.: A rablne; DepoCyte; Swừz.: Cytosar; Depo- 
Cyte; Thai.: A lexan; C ytaiine; C ytosan Turk.: A iexan; ARA- 
cell; Cytonal; UK: DepoCyte; ukr.: Cytosar (lỊỉrroaap); USA: 
DepoCyt; Veruz.: Cytosar.

Pharmocopoeiol Preporotions
BP 2014: C y tarab ine Inịection;
U SP 36: C ytarab ine ỉo r Injectìon .

Dabrafenib IUSAN, piNNỊ
Dabràíén ịb; pabrạfenÌbum;GSk-2118436A; Plcxị)6náaaTv
W -Í3-[5 -(2 -Ã m ih ổ p y rim id in -4 -y l)-2 -(1 ,l-d im eth y le th y l)th ia -
zD l-4-yl]-2-flụorophenyll-2 ,6-difluorobenzenesutfonarT iide.
C a H ^ N A S ^ S ia ó
CAS — u95765-45-7.
ỤNII —  QGP4HA4G1B.

Dabrafenib Mesilate ỊpiNNMi
Dabraíénib, Mésilate de; Dabraíenib Mesylate (USAN); 
Dabrafenibi Mestlas; G5K-21184368; Mesilato de dabrafenib; 
I to ộ o n a c T a ĩa  Me3wiaT.
C a H ^ N  ASsCHAS^615.7 
CAS —  ỉ 195768-06-9. : , 
um ;—  B6DC89I63E. . í, .

Proỉile
D a b ra ỉe n ib  is  a n  in h ib i to r  o ỉ  B R A F k in a se s  th a t  is u s e d  in  th e  
ư e a t m e n t  o f  u n r e s e c ta b l e  o r  m e ta s ta t ic  m e la n o m a  
(p. 7 1 4 .3 )  w i th  B R A F V 600E  m u ta t io n s ;  it  s h o u ỉd  n o t  b e  
u s e d  in  p a tie n ts  w i th  w ild -ty p e  BR A F m e la n o m a . I t  is g iv en  
as t h e  m e s ila te  s a lt b u t  doses  a re  ex p re sse d  as th e  b ase ; 
50 m g  o f d a b ra íe n ib  is e q u iv a le n t  to  a b o u t 5 9 .2 5  m g  
d a b ra íe n ỉb  m e s ila te .  T h e  u s u a l o ra l d o se  is e q u iv a le n t  to  
1 5 0 m g tw ic e d a i ly ,  t a k e n  1 2 b o u r s a p a n ;c a p s u ] e s s h o u ld  be  
sw a llo w e d  w h o le  a n d  ta k e n  o n  a n  e m p ty  s to m a c h . A  m isse d  
d o se  s h o u lđ  n o t  b e  ta k e n  vvith in  6  h o u r s  o f th e  n e x t  dose . 
D o ses  m a y  n e e d  to  b e  w ỉth h e ld  o r  re d u c e d  if to x iá ty  o cc u rs . 
W h e re  d o se  a d ju s tm e n t  is r e q u ire d ,  th e  first dose  re d u c t io n  
is to  lO O m g tw ic e  d a ily , th e  s e c o n d  r e d u c tio n  to  75 m g  tvvice 
d a ily , a n d  th e  th ỉ r d  r e d u c t io n  to  50  m g  tvvice d aily ; 
d a b ra ỉe n ib  s h o u ld  b e  s to p p e d  ư t h e  p a tie n t  is  u n a b le  to  
tò le r a te  50  m g  tw ic e  d a ily . T re a tm e n t  is c o n tin u e d  u n t i l  
d ise a s e  p r o g re s s io n  o r  u n a c c e p ta b le  to x ic ity  o c c u rs . 
Antineoplaític dose Tcgimens may be complix and doses of a 
drug may differ vndely. For wamings and recommcndations 
regardmg the safc prescribing. dừpeming, and use of aral 
antíneopỉaỉtừ drugí, see Admmừtratùm. p. 732.3.

C o m m o n ly  r e p o r te d  a d v e rs e  e ííe c ts  w ith  d a b ra ỉe n ib  
i n d u d e  sk in  re a c tio n s , h e a d a c h e , íe v e r , a rth ra lg ia . c o u g h . 
a n d  n a s o p h a ry n g itìs .  N e w  p r im a ry  c u ta n e o u s  m a lig n a n c ie s  
su  c h  as' s q u a m o u s  ce ll c a rd n o m a .  k e ra to a c a n th o m a , a n d  
m e la n o m a  h a v e  o c c u rre d  d u r in g  tr e a tm e n t.  O th e r  e ữ e c ts  
i n d u d e  h y p e rg ly c a e m ia , u v e it is , a n d  irỉtís . D a b ra fe n ib  
s h o u ld  b e  a v o id e d  d u r in g  p r e g n a n c y  a n d  w o m e n  o f c h ild - 
b e a r in g  p o te n t ìa l  s h o u lđ  u se  c o n ơ a c e p t io n  d u r in g  a n d  fo r  4  
w e e k s  a f te r  ơ e a tm e n t .

R e ĩe re n c e s .
1. BaHantyne AD. Gam ock-ioocs KF. Dabralenỉb: Ũ!5t global approval. 

Drup  2013; 73: 1367-76.

Preparations
P ropòekxy  Preporotions (details a re  given in  Volum e B) 

Single-ỉngredient Preparolians. UK: TaBnlar; USA: TaHnlar.

Dacarbazine IRAN, USAN, riNNỊ
rtĩ-  y r : : - - • ■ ■■ - -

Dacartạán^- Dạcarbaána; Dacarbazinum; Dakarbatsiini;
■ Dakarfcâzin;:ĐtC; ETnC fmidazole Carboxamide; NSC-45388;
WR-Ì39CÍ07/ẬaKáp6a3MH.'

• 5K33:tìnỊỉiỉthỷỊtnazèno)irniđazole-4-carboxamide.

CAS}-r̂ 434Ịp3'-4 ' (dacarbazine); 64038-56-8 (dacarbazine
.dỘHÕấặặịVÍ ■

.. ,
ATC Vet}~ QL01AX04.
U N I l £ ^ 8 W 0 F J Ị ; :  •

P h a r m a c o p o e ia s .  I n  Eur. (see  p . v n ), lnt., a n d  us.

P h .  E u r .  8 : (B a c a ib a z in e ) . A  w h l te  o r  s lig h tly  y e llo tv ish , 
c ry s ta llin e  p o w d e r .  S lig h tly  s o lu b le  in  vvater a n d  in  
a n h y d r o u s  a lc o h o l;  p ra c t ic a l ly  in so lu b le  In  d ic h lo ro -  
m c th a n e .  S to re  a t  2  d e g re e s  to  8  d e g re e s . P ro te c t t o m  Iigh t. 

U S P  36 : (D a c a rb a r in e ) . S to re  i n  a ir t ig h t  c o n ta in e rs  a t  2 ị 
d e g re e s  to  8  d e g re e s . P ro te c t  h o m  lightT  I

In c o m p a tib ili ty . D a c a r b a á n e  h a s  b e e n  r e p o r te d  to  b e  
in c o m p a tib le  vvith  h y d ro c o r tis o n e  s o d iu m  s u c d n a te  b u t  
n o t  w i th  t h e  s o d íu m  p h o s p h a te .1 I t  h a s  b e e n  re p o r te d  to  
b e  in c o m p a tib le  vvith h e p a r ỉn ,2 a l th o u g h  o n ly  w ith  co n - 
c e n ư a te d  d a c a r b a n n e  S o lu tions  (2 5 m g /m L ).

1. D oir RT. Incompatìbílỉties wĩtb parenteral antỉcancer drugs. Am J  
Intravmous Ther 1979; 6: 42-52.

2. Neỉson RW. et ai. Vưual incompatibiỉity oi dacaibazỉne and hcparin. Am  
J  Hosp Pharm 1987; 44: 2028.

S ta b ilỉty . R e ỉe re n c e s  to  th e  p h o to d e g ra d a tio n  o f  d ac arb -  
a á n e  s o lu t io n .1"* D a c a rb a r in e  is m o re  se n s it iv e  to  d ire c t 
s u n lig h t  t h a n  to  a r t i f id a l  l ig h tin g  o r  d iỉỉu se  d a y lig h t.

1. Stevens MFG. Pcatey L  Photodegradaiion oíSolutions of ihc antỉtum our 
dnig DTIC. J  Pharm Pharmacoỉ 1978; 30 (suppl): 47P.

2. Honon JK. Stevens MFG. Search íor dnig imeractions between the 
an titum our agent DTIC and other cytoioxic agents. J  Pharm Pharmacoỉ 
1979; 31 Ííuppl): 64P.

3. Kirk B. The evaluation oỉ a líght-proteaing givlng set. IrtUnsivr Therapy 
ain Monit 1987; 8: 78-86.

4. Eỉ Aatroani M, ti  al. StabUiiy of dacarbaùne in ambcr gỉass viaỉs and 
polyvinyl chlỡríde bags. Am J Health-Syst Pharm 2002; 59: 1351-6.

Uses and Administration
D a c a rb a z in e  is a  cell-cycle  n o n -s p e d f ic  a n tin e o p la s tic  th a t  is 
th o u g h t  to  íu n c t io n  as a n  a lk y la tin g  a g e n t a f te r  it h a s  b e e n  
a a iv a t e d  in  t h e  liver. D a c a rb az in e  is u se d  m a in ly  in th e  
t r e a tm e n to í  m e ta s ta t ic  m a lig n a n t m e la n o m a  (p. 7 1 4 .3 ). I t i s  
a lso  g iv en  to  p a tie n ts  w i th  H o d g k in 's  d isease  (p. 69 6 .1 ). 
n o ta b ly  w i th  d o x o ru b ic in . b le o m y d n , a n d  v in b la s tin e  
(A BV D ). D a c a r b a ã n e  is u sed  w ith  o th e r  d ru g s  in  th e  
ư e a t m e n t  o f  s o ỉt - t i s s u e  s a rc o m a  (p . 7 1 8 .2 ) ,  e x c e p t 
m e s o th e lio m a  a n d  K ap o si's  sa rc o tn a , a n d  m a y  b e  g iv en  in  
n e u ro b la s to m a  (p. 7 1 6 .2 ), a n d  o th e r  tu m o u rs .

D a c a r b a á n e  is g iv en  b y  th e  in tr a v e n o u s  ro u te .  In je c tio n s  
m a y  b e  g iv e n  o v e r  1 m in u te .  T he  re c o n s titu te d  s o lu tio n  c a n  
b e  íu r th e r  d ỉ lu te d  w ith  u p  to  3 0 0 m L  o f g lu co se  5 %  o r 
s o d iu m  c h lo r id e  0 .9 %  a n d  g iv en  b y  in ỉu s io n  o v e r  15 to  30 
m in u te s ;  d o se s  o f  2 0 0 m g /m i  a n d  o v e r  a re  u s u a lly  in íu se d .

D a c a rb a z in e  is lic e n sed  for u s e  as  a  s in g le  a g e n t  for 
m e t a s t a t i c  m e l a n o m a  in  doses  o f  2 to  4 .5  m g /k g  d a ily  for 
10  days, r e p e a te d  a t  in te rv a ls  o f  4  vveeks, o r  2 0 0  to  
2 5 0 m g /m 2 d a ily  fo r  5 days, re p e a te d  a t  in te rv a ls  of 3 vveeks. 
I t  c a n  a lso  b e  gi v en  in  a  d o se  o f  8 5 0 m g /m 2 b y  in tr a v e n o u s  
in h is io n  a t  3 -w e e k  in te rv a ls . In  th e  ơ e a tm e n t  o f H o d g k i n 's  
d i s e a s e  d o se s  o f  1 5 0 m g /m 2 d aily  ío r  5 days r e p e a te d  e v e ry  
4  w e e k s , o r  37 5  m g /m 2 e v e ry  15 d a y s  h a v e  b e e n  g iv en  w ith  
o th e r  a g e n ts . In  th e  t r e a tm e n t  o f s o í t - t i s s u e  s a r c o m a ,  
d a c a rb a z in e  2 5 0 m g /m 2 is g iv en  d a ily  fo r  5 d a y s  re p e a te d  
e v e ry  3 w e e k s ; ũ  is u s u a lly  g iv en  w ith  d o x o r u b id n .  

R e íe re n c e s .
1. D lncan  M. Souteyrand p. Dacarbazine (Détỉcène). Ann Dtrmatol Venercol 

2001; 128: 517-25.
2. Eggcrmont AMM. Kỉrkwood JM. Re-evaluartng the role oí dacarbaũne 

ỉn metastaric melanoma: what have we ỉeamed in 30 years? Eur J Cancer 
2004; 4 ft 1825-36.

Adverse Effects, Treatment, and Precautions
F o r  g e n e ra l  d iscu ssỉo n s see  A n tin eo p la s tic s , p . 7 2 6 .1 . 
p . 7 3 0 .2 , a n d  p . 7 32 .2 .

L e u c o p e n ia  a n d  th ro m b o c y to p e n ia  w ith  d a c a rb a z in e , 
a l th o u g h  u s u a lly  m o d e ra te ,  m a y  b e  se v ere . T h e  n a d ir  o f th e  
vvhlte  cell c o u n t  u su a lly  oc c u rs  21 to  25  days a í te r  a  dose . 
A n o re x ia . n a u s e a ,  a n d  v o m itin g  o c c u r  in  m o re  t h a n  9 0 %  of 
p a tie n ts  in it ia l ly  b u t to le ra n c e  m a y  d ev e lo p  a f te r  re p e a te d  
doses. Less I r e q u e n t  a d v e rse  e líe c ts  in d u d e  d ia r rh o e a ,  sk in
rca c tio n s , a lo p e d a ,  a  Q u-like  sy n d ro m e , ỉac ia l O u sh in g  a n d  
p a ra e s th e s ia .  h e a d a c h e , b lu r re d  Vision, se izu res , a n d  ra re  
b u t  p o te n t ia l ly  ía ta l  h e p a to to x id ty .  T h e re  m a y  b e  local p a in  
a t  th e  in je c tio n  s ite ; e x ư a v a s a d o n  p ro d u c e s  p a in  a n d  t issu e  
d a m a g e . A n a p h y la x is  h a s  o c c u ire d  occasio n a lly .

D a c a rb a z in e  sh o u ld  b e  u se d  w ith  c a u tỉo n  in  h e p a tic  a n d  
re n a l  im p a irm e n t,  a n d  c o n s id e ra tio n  g iv en  to  re d u c in g  th e  
d o se . H a e m a to lo g ic a l  m o n i to r in g  is r e q u ir e d  d u r in g  
th e ra p y . D a c a r b a á n e  is p o te n tia l ly  c a rd n o g e n ic ,  m u ta -  
g en ic , a n d  te ra to g e n ic .

E ffe c tỉ o n  t h e  b la d d e r .  A  re p o r t1 o f  h a e m o r rh a g ic  cystitis  
a s s o d a te d  w i th  d a c a rb a z in e  ư e a tm e n t  ío r  m e la n o m a . T h e  
p a tie n t  d e v e lo p e d  g ross h a e m a tu r ia  w ith  in ũ a m m a tio n  
a n d  o e d e m a  o f  th e  b la d d e r  vvall 2  w e e k s  a h e r  co m p le tứ ig  
3 c y d e s  o f  m o n o th e r a p y  w ith  d a c arb a z in e ; t h e  c o n d it io n  
re s p o n d e d  to  sy m p to m a tic  m a n a g e m e n t  w ith  sa lin e  Iavage 
a n d  o ra l a n d  in ơ a v e n o u s  h y d ra tio n . T w o  s u b s e q u e n t  t ra n -  
s ie n t  e p iso d e s  o f  h a e m a tu r ia  reso lv e d  sp o n ta n e o u s ly .

1. M ohammadianpanah M. tt al. Hemorrhagic cystilis in a patleni receivìng 
conventional doses of dacarbaúne for metastatỉc malignant melanoma; 
case report and review of the litem ure. Ctìn Ther 2007; 29: ỉ 161-5.

E ffecte o n  th e  liver. D a c a rb az in e  h a s  b e e n  a s s o d a te d  vvith 
ía ta l  h e p a tic  v a sc u la r  to x id ty ,  c a u se d  b y  th ro m b o s is  o f th e  
h e p a tic  v e in s , n e c ro s is , a n d  e x te n s iv e  h a e m o r rh a g e .1 As 
th e  re a c tỉo n  u s u a lly  o c c u rs  d u r in g  th e  se c o n d  c o u rse  of 
d a c a rb a z in e  it  is t h o u g h t  to  b e  im m u n e  m e d ia te d .  a n d  
e a rly  c o rt ic o s te ro id  ơ e a tm e n t  h a s  b e e n  tr ie d  w á th  a ỉe w  
r e p o n e d  c a se s  o f p a tie n t  su rv iv a l.2 O th e r  a d v e rs e  h e p a tic  
e ííe c ts  h a v e  in d u d e d 3 n ec ro s is  w i th o u t  in lla m m a tio n ,

g r a n u lo m a to u s  h e p a ti ti s ,  a n d  a c u te  to x ic  h e p a ti t i s  d u r i  ag 
th e  ỉ ir s t  c o u rse  o f  d a c a rb a r in e .  M o rp h o lo g ic a l s tu d ie s  h a  ve 
su g g e ste d  th a t  d a c a rb a z in e  m a y  e x e r t  a  to x ic  e f f e a  o n  t he 
m ic ro ỉi la m e n to u s  c y to s k e le to n  o f th e  h e p a to c y te s .5

1. Ced G, eí tã. P au l hepadc vascuỉar toxidty of DTIC: ỉs ỉt  reaỉỉy a I ire 
event? C arư xr 1988; 61: 1988-91.

2. Heiishanu y . a  ai. The FOỈe o í glucocortỉcoỉđs ỉn the  treatm ent oí 
fuỉm inant hepatỉtỉs ỉnduceđ by dacarbaâne. Antieanưr Drugs 2002; 13: 
177-9.

3. D ancygỉerỉirtđ/.D acarbazine{D TlC )‘ỉn d u cedhum an lỉverỉn ju ry . ỉut 
1982; 23: A447.

Handling. D a c a ib a z in e  is i r r ita n t;  a v o id  c o n t a a  w i th  sỉ in  
a n d  m u c o u s  m e m b ra n e s .

Porphyria. T h e  D ru g  D a ta b ase  fo r A c u tc  P o rp h y ria ,  c o  n - 
p ile d  b y  th e  N o rvveg ian  P o rp h y ria  C e n ư e  (N A PO S) a  id  
th e  P o rp h y ria  C e n tre  Svveden, d a s s ií ie s  d a c a rb a z in e  as  
p ro b a b ly  n o t  p o rp h y rin o g e n ic ;  it  m a y  b e  u s e d  as  a  d ru g  of 
flrst c h o ic e  a n d  n o  p r e c a u tio n s  a re  n e e d e d .1

ỉ. The Drug Database ỉor Acute Porphyria. Available at: h t tp :/ /m  
drugs-porphyrỉa.org (accessed 28/09/11)

Interactions
Ị ......................................................................................................................................
ị F o r  a  g e n e ra l  o u t l in e  o f  a n tin e o p la s tic  d ru g  in te r a c t io n s , : ee

p. 7 3 3 .3 .

Levodopa. F o r  3 r e p o n  o f d a c a rb a z in e  r e d u d n g  th e  effe a s  
o f  le v o d o p a , see  A n tin eo p la s tic s , p . 9 07 .2 .

Pharmacokinetics
D a c a rb az in e  is p o o r ly  ab so rb e d  f ro m  th e  g a s tro in te s ti i  lal 
ư a c t .  O n  in tra v e n o u s  in je c tio n  it  is rap id ly  d is t r ib u te d  w  th  
a n  in it ia l  p lasm a  h a lf - life  o f a b o u t  2 0  m in u te s ;  th e  te rm ii al 
haU -iile  is r e p o r te d  to  be a b o u t  5 h o u rs .  T h e  v o lu m e  o f 
d is tr ib u tio n  is la rg e r  t h a n  b o d y  w a te r  c o n te n t .  suggesti Ig  
lo ca lis a ó o n  in  so m e  b o d y  tissues, p ro b a b ly  m a in ly  th e  liv  :r. 
O n ly  a b o u t  5 %  is b o u n d  to  p lasm a  p ro te in .  I t  c ro sses  t i e  
b lo o d -b ra in  b a r r ie r  to  a l im ite d  ex tern ,• c o n c e n ư a tio n s  in  
CSF a re  a b o u t 1 4 %  o f th o se  in  p lasm a . D a c a rb a z in e  is 
e x te n s iv e ly  m e ta b o lise d  in  th e  liv e r  b y  th e  c y to c h ro m e  P4 50 
iso e n z y m e s  CY P1A2 a n d  CYP2E1 (a n d  p o ss ib ly  in  th e  
tis su e s  b y  CY P1A1) to  its a c tiv e  m e ta b o li te  5 - (3 - m e th /I -  
tr ia z e n o - l- y l) - im id a z o le -4 - c a r b o x a m id e  (M T IC ). w h ìc h  
s p o n ta n e o u s ly  d e c o m p o se s  to  t h e  m a jo r  m e ta b o li te  5- 
a m in o - im id a z o Ie -4 -c a rb o x a m id e  (A IC). A b o u t h a lf  o f  3 d e se  
is e x c re te d  u n c h a n g e d  in  th e  u r in e  b y  tu b u la r  s e c re tio n

Preparations
Proprietary Preparations (deu ils  are given in  V olum e B)

Single-ingredient Preporations. Arg.: Oncocarbil; Austr.ỉl.:
D TlC t; Braz.: Baxcarbasỷ; Dacarb; Evodazin; Fauldacan  Ch le: 
Deticene; Chlna: Ai Li Da (ItiLiỀ.): Fin.: Dacatic; F r.: D etice te; Ger.: D e tim edac Gr.: D acarbion; Deticene; Hong Kong: D ĨI; India: Arzi; Dabaz; Dacarba; Dacarex; Dacarin; D acarzine; D IC- 
zin; Decarb; Oncodac; Israel: D ad n ; D e ticenef; Mex.: Acoca 'b; 
D e tilem t; Ifadacf; Neth.: D eticene; phiỉipp.: D u tid n ; Po t.: 
D eticen e t; Fauldetic; S.AỊr.: DTIC-Dome; singapore. D ic : Switz.: D ad n ; Turk.: Deticene; USA: DTIC-Dome.

Phormacopoekil Preparaiions
BP 2014: D acarbazine Injection; 
u s p  36: Dacarbazine ío r Injectìon.

Dactinomycin ỊBAN, USAN, dNNi 
Aainbmicina D; Actinomycin Ci,- Aainomỵcin D; Dãctin > 
micina; Dadinomycine; Dactinomycinum; Daktinomis a; 
Daktinomycin; Daktinomysiini; Daktynomycyna; Meractin > 
mycin; NSC-3053; flaKTMHOMMLinH.
Ar',N2' 1'-(2-Amino-4l6-dimethyl-3-oxo-3H-phenoxazine-1 5- 
diyldicarbonyl)bis[threonyl-D-valylprolyl(/V-methylglycyl)( ■/- 
methylvaline) 15-3.1 -lactone].
C62HjsNi2Pis=l 255.4 
CAS — 50-7&0.
ATC —  L0IDA01.
ATC Vet —  QL01DA01.
UNII—1CƠM158.

D e s c r ip t io n .  D a c t in o m y d n  is a n  a n tin e o p la s t ic  an tib ic  tic 
p ro d u c e d  b y  Streptomyces parvulus a n d  o t h e r  s p e d e s  o f 
Streptomyces.

C a c tin o m y c in  (a c t in o m y d n  C; H B F -3 8 6 ; N S C -1 8 2 6 8  is 
a  m ix tu re  o f  d a c t in o m y d n  ( a c t in o m y d n  D) ( 1 0 “ )), 
a c t ì n o m y d n  c 2 (4 5 % ) , a n d  a c t in o m y d n  c 3 ( 4 5 '4>) 
p ro d u c e d  b y  Streptomvces chrysomallus.
Pharmacopoeias. In  Chin., lnt.. Jpn, Pol., a n d  us.
U S P  3 6 : ( D a c t in o m y d n ) .  A b r ig h t  r e d ,  s o m e w ) .a t  
h y g ro sco p ic , c ry s ta ll in e  p o w d e r , a í í e a e d  b y  l ig h t  a n d  h e  at. 
I t  h a s  a  p o te n c y  o f n o t  less t h a n  9 5 0  a n d  n o t  m o re  t h a n  
1 0 3 0 m ic ro g ra in s /m g , c a lc u la te d  o n  th e  d r ie d  b a sis . S o lu  >le 
in  w a te r  a t  10 d e g re e s  a n d  s lig h tly  so lu b le  in  vvater a t  37 
d e g rees; íre e ly  so lu b le  in  a lco h o l; v e r)’ s lig h tly  s o lu b le  in
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e th e r .  S to re  a t  a te m p e ra tu re  n o t  e x c e e d ịn g  4 0  deg rees  in  
a ir ũ g h t  c o n ta in e rs . P ro te c t fro m  lig h t.

A d s o rp tio n . D a c t in o m y d n  b in d s  to  c e llu lo se  e s te r  B lte rs ,1 
a n d  s u c h  h l tr a t io n  s h o u ld  b e  a v o id e d .2 A lth o u g h  i t  h a s  
b e e n  su g g e ste d  th a t  s ig n if ic a n t a m o u n ts  o f d ru g  m a y  b e  
a d so rb e d  to  g lass o r  p la s t ìc 5 d a c tin o m y c in  is  rep o rted ly  
c o m p a tib le  w i th  glass a n d  pvc in íu s io n  c o n ta in e rs ,4 a n d  
g iv in g  in to  t h e  tu b in g  o f a  ỉ a s t - r u n n in g  in tra v e n o u s  in fu -  
s io n  is rec o m m e n d e d — see U ses a n d  A d m ỉn is tra tio n , 
belovv.

1. Kanke M. t í  a i  Bindlng oỉ selecied drugs to a *ưeated ' inllne Blter. Ám J  
Hosp Pharm 1983; 40: 1323-8.

2. D'Arcy PF. Reactỉons and interactionỉ ỉn handỉing andcancer drugs. 
Drug ĩntciỉ ơ in  Pharm 1983; 17: 532-8.

3. Rapp Rp, t í  a i  Guidclỉnes ỉor the adm inỉsnadon oỉ commonly-used 
intravenous drugs— 1984 update. Drug ỉníelỉ ơ in  Pharm 1984; 18: 218-
32.

4. Benvenuto JA, tí  aỉ. Stability and compatỉbỉỉỉty of antítum or agents in 
gỉass and pỉasũc coniainers. Am J  Hosp Pharm  1981; 38:1914-18.

Uses and Administratìon
D a c t in o m y d n  is a  h ig h ly  to x ic  a n tlb io ú c  w ith  a n tin e o p la s tic  
p ro p e r tie s . I t  in h ib its  th e  p ro li íe ra tio n  ọ f  cells in  a  ce ll-c y d e  
n o n -sp e c ific  w a y  b y  ío rm in g  a  s ta b le  c o m p le x  w ith  DN A  
a n d  in te r íe r in g  w ith  D N A -d e p e n d e n t R N A  sy n th e s is . I t  m a y  
e n h a n c e  th e  cy to to x ic  eHectS o f  r a d io th e ra p y  (see a lso  
A d v e rse  Effects, b e lo w ). D a c t ìn o tn y d n  a lso  h a s  im m u n o -  
s u p p re s s a n t p ro p ertie s .

I t  h a s  b e e n  u se d , u s u a lly  w i t h  o th e r  d ru g s  o r  
r a d io th e r a p y ,  in  t h e  t r e a tm e n t  o f  W ilm s ' tu m o u r  
(p. 7 0 9 .1 ), g e s ta t io n a l  t ro p h o b la s tic  tu m o u rs  (p . 6 9 1 .2 ), 
n o n s e m in o m a to u s  te s t ic u la r  c a n c e r  (p . 7 1 5 .1 ) ,  a n d  
sa rc o m as  s u c h  as  r h a b d o m y o s a rc o m a  (see  S o tt-tissu e  
S arco m a, p . 7 1 8 .2 ) a n d  E w in g 's  s a rc o m a  (see B o n e  
S arco m a, p . 7 1 7 .3 ).

I n  t h e  t r e a tm e n t  o f  W ilm s ' tu m o u r ,  c h ild h o o d  
rh a b d o m y o sa rc o m a , o r  E w in g ’s s a rc o m a , a n  in tra v e n o u s  
d o se  o f  15 m ic ro g ra m s/k g  d aily  ỉo r  5 d a y s  h a s  b e e n  u se d  in  
c o m b in a tio n  reg im en s . In  a d u lts , g e s ta t ío n a l  ư o p h o b la s tíc  
tu m o u rs  h a v e  b e e n  tre a te d  w ith  12 tn ic ro g ra m s/k g  daily  fo r 
5 d a y s  as a  s in g le  a g e n t, o r  500 m ic ro g ra m s  o n  day s 1 a n d  2 
o f c o m b ln a tio n  reg im e n s . M e ta s ta tic  n o n s e m in o m a to u s  
te s t ic u la r  c a n c e r  h a s  b e e n  tre a te d  vvith  1 m g /m 2 o n  d a y  1 o f 
c o m b in a tio n  reg im en s . T h e  d o se  in te n s ity  fo r  ad u lts  o r  
c h ild re n  s h o u ỉd  n o t  e x c ee d  15 tn ic ro g ra in s /k g  o r  4 0 0  to  
6 0 0  m ic ro g ra m s/m 2 d a ily  for 5 d a y s  p e r  2 -w e e k  cy d e , a n d  
lovver d o ses  m a y  n e e d  to  b e  u s e d  in  so m e  c h e m o th e ra p y  
c o m b in a tio n s  o r  w i th  ra d lo th e ra p y . U sin g  a  reg io n a l 
p e rfu s io n  te c h n iq u e  to  localise  th e  d ru g  h a s  p e rm itte d  th e  
u se  o f h ig h e r  doses, 50 m ic ro g ra m s/k g  b e in g  su g g ested  fo r 
a n  iso la te d  lo w e r  c x tre m ity  o r  p e lv is  a n d  35 m ỉc ro g ra m s/k g  
fo r  a n  u p p e r  e x tre m ity .

G re a t c a re  m u s t  b e  ta k e n  to  a v o id  e x tra v a sa tio n  a n d  it 
s h o u ld  b e  g iv en , fo r p re íe re n c e .  i n to  th e  tu b in g  of a  fast- 
ru n n in g  in tra  v e n o u s  in íu s io n . P la te le t  a n d  vvhite  cell c o u n ts  
s h o u ld  b e  p e r io rm e d  h e q u e n t ly  to  d e te c t  b o n e -m a rro w  
d e p re ss ío n ; if e i th e r  c o u n t  sh o w s  a  m a rk e d  decrease  th e  
d ru g  s h o u ld  b e  vv ithheld  u n til  re c o v e ry  o ccu rs , w h ic h  m a y  
ta k e  u p  to  3 w e e k s  (see  a lso  B o n e -m a r ro w  D epression , 
p . 7 3 0 .3 ).

A d m in is tr a ỉ io n  in  c h ild re n . D a c t in o m y d n  is u se d  Ũ1 ch il-  
d r e n  in  th e  t re a tm e n t  o f  m a l ig n a n t  d iseases  as  o u tlin e d  in  
U ses a n d  A d m in isơ a tio n , a b o v e . F o r  a  d iscussion  o f 
d a c t in o m y d n  p h a rm a c o k in e tic s  in  c h ild re n , see u n d e r  
P h a rm a c o k in e tic s , b e lo w .

Adverse Effects, Treatment, and Precautìons
F o r  g e n e ra l  d iscu ssio n s see A n tin e o p la s tic s , p. 7 2 6 .1 , 
p . 7 3 0 .2 , a n d  p . 7 32 .2 .

A p a r t  f r o m  n a u s e a  a n d  v o m i t in g  a d v e r s e  e íỉe c ts  a re  o f te n  
d e la y e d , b e g in n in g  2 to  4  day s a f te r  th e  c o m p le tio n  o f  a  
c o u rse  o f t r e a tm e n t  a n d  rea c h in g  a  m a x im u m  a fte r  1 to  2 
vveeks. F a ta li tie s  h a v e  o c c u rre d . H aem ato lo g ic a l a n d  
g a s tro in te s tin a l  eữ e c ts  (p a r t ic u la r ly  s to m a titis  a n d  d ia r r - .  
h o e a )  m a y  p ro v e  d o s e -l im itỉn g . M y e lo su p p re s s io n  is 
a p p a re n t  1 to  7  day s a ỉ te r  th e r a p y  a n d  m a y  b e  m a iũ íe s t  
firs t a s  th ro m b o c y to p e n ia ;  th e  n a d ir  o f t h e  p la te le t  a n d  
w h i te  cell c o u n ts  u s u a lly  occu rs  w i th in  14  to  21 days, w i th  
re c o v e ry  in  21 to  25  d a y s . O th e r  a d v e rs e  eH ects i n d u d e  o ra l 
a n d  g a s ư o in te s tin a l  e ừ e c ts  s u c h  a s  c h e ìlitis , oeso p h ag itis , 
g a s tro in te s tin a l  u lc e ra tìo n , a n d  p ro c titis ; íe v e r , m a la iỉé , 
h y p o c a lc a e m ia , m y alg ia . a ỉo p e d a , p n e u m o n it is ,  a n d  k ỉd n e y  
a n d  liv e r  a b n o rm a lit ie s . s k in  r e a c t io n s  i n d u d e  e ru p tio n s , 
a c n e ,  t o x ic  e p id e r m a ỉ  n e c r o ly s is ,  S t e v e n s - J o h n s o n  
s y n d ro m e , a n d  e ry th e m a  m u lt if o r m e .  H e p a to to x id ty ,  
i n d u d in g  ía ta l  h e p a tic  ỉa ilu re , h a s  b e e n  re p o r te d ;  v e n o r  
o c d u s iv e  d ise a se  (m a in ly  h e p a tic )  m a y  b e  ía ta l, e sp e d a lly  in  
c h íld re n  y o u n g e r  t h a n  2  y e a rs . A n a p h y la e to id  rea c tio n s  
h a v e  o c c u r r e d .  D a c t in o m y d n  is  v e ry  i r r ì t a n t  a n d  
e x tra v a sa t io n  resu lts  i n  s e v ere  t is s u e  d a m a g e . R eg io n a l 
p e r íu s io n  th e ra p y  h a s  a lso  re s u l te d  ỉ n  d a m a g e  to  so ít t issu es  
a n d  o e d e m a .

T h e  e ííec ts  oí r a đ io th e ra p y  a re  e n h a n c e d  b y  d a c tin o -  
m y d n  a n d  sev ere  re a c tio n s  m a y  fo llow  t h e  u se  o f  h ig h  
doses. E ry th e m a  a n d  p ig m e n ta tio n  o f th e  s k in  m a y  o c c u r  in  
a re a s  p re v io u s ly  ữ ra d ia te d .  A n  in c re a se d  in d d e n c e  o f 
s e co n d  p r im a ry  tu m o u rs  h a s  b e e n  se en  in  p a tie n ts  ư e a te d  
w ith  r a d ia tio n  a n d  d a c tỉn o m y c in .

D a c t ín o m y d n  s h o u ld  n o t  b e  g iv en  to  p a tie n ts  w i th  
v a rice lỉa  o r  h e rp e s  zo ste r, as se v e re  a n d  e v e n  ía ta l sy s te m ic  
d isease  m a y  o c cu r. Its  u se  ìs b e s t  a v o id e d  in  in ỉa n ts  u n d e r  
a b o u t 1 y e a r  o f age  as t h e y  a re  r e p o r te d  to  b e  h ig h ly  
su scep tib le  to  th e  to x id ty  o f d a c tin o m y d n .  B lo o d  c o u n ts  
a n d  r e n a l  a n d  h e p a tic  h in c t io n  s h o u ld  b e  m o n ito re d  
h e q u e n tly .

Effeds on the liver. A lth o u g h  p u lse d  d o se s  (g iv en  e v e ry  3 
o r  6  w e e k s)  less t h a n  a b o u t  5 0 m ic ro g ra m s /k g  o r  
1 .5 m g /m 2 d o  n o t  se em  to  b e  a s so d a te d  w i th  a n  u n a c c e p -  
tab le  d e g re e  o f  h e p a to to x id ty ,1 g iv in g  d a c t in o m y d n  a s  a  
sing le d o se  o f 60  m ic ro g ra m s/k g  (ab o ú t 1 .8 m g /m 2) e v e ry  
3 vveeks to  c h ild re n  w ith  W ilm s ' t u m o u r  w a s  a s s o d a te d  
vvith a  h ig h  in d d e n c e  o f s e v ere  h e p a to to x id ty ;2 r e d u c t io n  
of th e  d o se  to  45  m ic ro g ra m s/k g  e v e ry  3 w e e k s  re d u c e d  
th is  i n d d e n c e  to  levcls  c o m p a ra b le  w i th  a  S ta n d ard  reg i- 
m e n  o f  l5niiC TO gram s/kg d a ily  fo r  5 su cce ss iv e  d a y s .3 
O th e rs  h a v e  n o t  s e e n  su c h  a h ig h  in d d e n c e  o f  h e p a to to x i-  
d ty  w i th  doses o f 60  m ic ro g ra m s/k g  (d e sp ite  so m e  ra ise d  
liv e r  e n z y m e  v a lu e s) , b u t  in  th is  case t h e  h ig h  d o s e  w as 
g iv en  o n ly  e v e ry  6 wccks.4 In  g e n e ra l , d a c tin o m y d n  
sh o u ld  b e  g iv en  w ith  c a u tio n  to  c h ild re n  w i th  a  h is to ry  of 
a n te c e d e n t  liv e r  d a m a g e , in d u d in g  a b d o m in a l  ir r a d ia t io n  
o r  r e c e n t  h a lo th a n e  a n a e s th e s ia .1

R e v e rs ib le  v e n o -o c d u s iv e  d ise a se  h a s  b e e n  s e e n  
p a r t ic u la r ly  in  c h ild r e n  w i th  W ilm s ' tu m o u r  g iv e n  
d a c tin o m y d n  a n d  v in c ris tin e . A  l lte ra tu re  revievv5 n o te d  a 
s ig n iS c a n t p re d o m in a n c e  in  r ig h t-s id e d  W ilm s ' tu m o u r ,  
p o ssib ly  b e c au se  th e  tn m o u r  m ass  c o u ld  in te r ie r e  w i th  
b lo o d  f lo w  in  th e  h e p a tic  v e in s , w h ic h  m ig h t  m a k e  th e  liv e r  
m o re  su scep tìb le  to  th e  e ííec ts  o f  d a c ứ n o m y c in . O n e  s tu d y 6 
ío u n d  a g e  o í less th a n  1 y e a r  to  b e  a  risk  ỉa c to r  a n d  a  s tu d y  in  
c h ild re n  w ỉth  rh a b d o m y o sa rc o m a  g ịv e n  d a c tin o m y d n ,  
v in a i s t in e ,  a n d  c y d o p h o s p h a m id e  also í o u n d  th a t  y o u n g  
age  ( u n d e r  3 years) w as a sso d a te d -v v ith  a  g re a te r  r isk  oí 
sev ere  h e p a to to x id ty .7 u s  l ic e n sed  p r o d u c t  in ío r m a t io n  
States th a t  v e n o -o c d u s iv e  d isease  (p rim a rily  h e p a tic )  m a y  
be ía ta l, e sp e d a lly  in  c h ild re n  y o u n g e r  th êm  2  y e a rs  o f  age.

1. Pdtchard J. tí al. Hepatotoxỉdty of actinomydn-D. Lanetí 1989; i: 168.
2. D'Angio GJ. Hepatocoxỉdty vvilh actinom yán D. Lancet 1987; ÌÌ2 104.
3. D'Angỉo GJ. Hepatotoxỉdty and acdnom yõn D. Lanetí 1990; 335: 1290.
4. de Camargo B. Hepatotoxỉdty and actínomytín D. Lanctí 1990; 335: 

1290.
5. Tomeseỉlo A. tí  ai. Veno-ocduáve disease oỉ the  Uver in right-sỉded 

Wilms' rumours. EurJCancer 1998; 34: 1220-3.
6. Bỉsogno G. tí aỉ. Veno-ocdusive dlsease of che Uver in chlldren created 

for Wilms tumor. Međ PtdiatT Oncol 1997; 29: 245-51.
7. Arndt c , tí al. Age is a risk tactor for chem otherapy-induced 

hepatopachy wich vincristine, daccỉnomydn. and cydophosphamide. 1 
ơ in  Oneol 2004; 22: 1894-1901. Correctíon [dosage error]. ibừt.: 3434.

Handling. D a a in o m y d n  is ir r ita n t;  a v o id  c o n ta c t  vvith 
s k in .a n d  m u c o u s  m em b ra n e s .

Porphyría. T h e  D ru g  D a tab ase  fo r  A c u te  P o rp h y ria , c o m - 
p iled  b y  th e  N orvvegian P o rp h y ria  C e n tre  (N A PO S) a n d  
th e  P o rp h y ria  C e n tre  Svveden, d a s s ih e s  d a c t in o m y d n  as 
n o t  p o rp h y rin o g e n ic ;  Ít m a y  b e  u se d  a s  a  d ru g  o f  first 
ch o ice  a n d  n o  p re c a u tio n s  a re  n e e d e d .1

1. The Drug Databasc for Acute Porphyria. Available at: h«p://w w w . 
drugs-porphyria.org (accessed 29/09/11)

Interactions
F or a g e n e ra l  o u tlin e  of a n tin e o p la s tic  d ru g  in te ra c tio n s ,  see 
p . 7 3 3 .3 .

Pharmacokinetics
Im ra v e n o u s  doses  o f d a c tin o m y d n  a re  rap id ỉy  d is tr ib u te d  
w ith  h ig h  c o n c e n tra tio n s  in  b o n e  m arrovv  a n d  n u d e a te d  
cells. I t  u n d e rg o e s  o n ly  m in im a l  m e ta b o lism  a n d  is  s lo w ly  
e x c re te d  in  u r in e  a n d  b ile . T h e  te rm in a l p la sm a  h a lf - life  is 
re p o r te d  to  b e  a b o u t  36  h o u rs .  I t  do es  n o t  cross  t h e  b lo o d - 
b ra in  b a rr ie r  b u t  is th o u g h t  to  cross th e  p la c e n ta .

In children. A  s tu d y 1 in v o lv in g  31 p a tie n ts  a g e d  b e tv v e e n  1 
a n d  2 0  y e a rs  g iv e n  d a c tin o m y d n  in  in tr a v e n o u s  d o se s  of 
0 .7  to  1 .5 m g /m 2 ỉo u n d  th a t  th e  p h a rm a c o k in e tic s  o f  th e  
d ru g  w e re  v a riab le , b u t  c o u ld  b e  d e sc rib ed  b y  a  3 -co m - 
p a r tm e n t  m o d e l. P e a k  p lasm a  c o n c e n tra t io n s  v a r ie d  fro m  
3.2 to  9 9 .2 n a n o g ra m s /m L , a n d  b o th  p e a k  p la sm a  c o n c e n -  
tra t ío n  a n d  e x p o su re  w e re  in v e rse ly  r e la tẹ d  t o  b o d y - 
w e ig h t. S ince  th e re  w a s  e v id e n c e  th a t  e x p o s u re  vvas also  
re la te d  to  m o re  se v e re  to x iđ ty ,  y o u n g e r  p a tie n ts  m ig h t  b e  
a t g re a te r  risk  w i th  a  re g im e n  b a se d  o n  s u r ia c e  a re a ;  co n - 
v e rse ly  th e  p rac tic e  o f c a p p in g  th e  d o se . a t  2  m g  in  o ld e r  
p a tie n ts  m ig h t re su lt  in  u n d e rd o sa g e .

F o r  ev idence  th a t  y o u n g e r  p a tie n ts  d o  h a v e  m o re  liv e r  
to x id ty  w ith  d a c tin o m y d n , see  EHects o n  th e  L iver, a b o v e .

1. Veal GJ, tí ai. Pharmacokỉnetỉcs of dacdnomydn in  a pedỉaưỉc patỉent 
populaúon: a United Kỉngdom Chiỉdren's Cancer Study Group Study. 
cùn Cancer R a  2005; 11: 5893-9.

Preparatíons
Proprietary Preparations (details are given ừi Volum e B)

Single-ingredient Preparalions. Arg.: Cosm egen; AustraL:
Cosmegen: Austria: Cosm egen; Belg.: Lyovac Cosm egen; Braz.: 
Cosmegen; Canad.: Cosm egen; Fin.: Cosmeg e n t;  Gr.: 
Cosmegen; Hong Kong: Cosm egen; India: Cosm egen; Dacm o- 
zen; Dactino; IrL: Cosm egen; IíaL: Cosmegen; Mac.: A c-D ef; 
Cosmegen; Neth.: Lyovac C osm egent; Norw.: C osm egent; NZ: 
Cosmegen; phũipp.: Cosm egent; .Trepan Rus.: C osm egen 
(KocuereH); S.Afr.\ Cosm egen; singapore. C osm egent; Swẽd.: 
Cosm egent; Switz.: Cosm egen; Thai.: Lyovac Cosm egen; Turk.: Cosinegen; UK: C osm egent; ƯSA: Cosm egen.

Pharmacopoetd Preparations
U SP 36: Dactinomycin for Injection.

D a s a t i n i b  IBAN, USAN, riNNI 
-8MS-354825; Dasatimbum; Ị\s33mmỉ>: 
A/-(2-Chloro-6-methylphenyl)-2-((6-[4-(2-hydroxyethyl)-lT' 

:pĩperazinyl]-2-methyl-4-pyrimidinyl}annino)-5-tbiazolecar- 
boxamide.
C22H26Ơ N 7O 2S=488.0 .
C Ă S—  302962-49-8
ATC —  L01XE06. y. 1
ATCVet — QLOlXEOỗ.
UNII —  R8ZỈ571X5H (dasátinib); X78UG0A0RN (anhydroùs 
dasatinib). 1

Uses and Administration
D asa tín ib  is a n  o ra l  in h ib ito r  o f  sev era l ty ro s in e  k in ase s  
in d u d in g  BCR-ABL (P h ilad e lp h ia ' c h ro m o sò m e ) a n d  SRC 
fam ily  ty rosine  k in ases . I t  is u s e d  for th e  ơ e ả tm e n t  o f a d u lts  
w i th  all p h a ses  o f c h ro n ic  m y e lo id  le u k a e m ia  (CM L; 
p . 694 .2 ) w h o  h a v e  re s is ta n c e  o r  in to le ra n c e  to  p re v io u s  
th e ra p y , in d u d in g  im a tin ib , a n d  as ũ rs t- lin e  t r e a tm e n t  in  
th o s e  w ith  P h ila d e lp h ia  c h ro m o so m e -p o s it iv e  c h ro n ic  
p h a s e  C M I. It is also  u se d  fo r  th e  tre a tm e n t  o f a d u lts  w i th  
P h ila d e lp h ia  c h ro m o so m e -p o s itív e  a c u te  ly m p h o b la s tlc  
le u k a e m ia  (ALL; p . 692 .3 ) w h o  a re  re s is ta n t  to  o r  in to le ra n t  
o f p r io r  th e ra p y .

For wamings and recommendaticms regarding the safe 
prescribing, dispensing, and use of oral antineoplastic dmgs, set 
Adminừừation, p. 7323.

T h e  re c o m m e n d e d  o ra l  s ta r tin g  do se  o f d a sa tin ib  in  
c h ro n ic  p h a se  CM L is 100  m g  o n c e  daily : tab le ts , vvhlch 
s h o u ld  bẽ sw a llo w ed  w h o le , n o t  c ru sh e d  o r  đ ie w e d ,  s h o u ld  
b e  ta k e n  co n s is ten tly  e i th e r  in  th e  m o m in g  o r  th e  e v e n in g . 
T h e  rec o m m e n d e d  s ta r tin g  d o se  fo r acce le ra te d , m y e lo id , o r  
ly m p h o id  b las t p h a se  CM L o r  P h ila d e lp h ia  c h ro m o so m e -  
p o s itiv e  ALL is 140 m g  o n c e  daily . D osage m a y  b e  a d ju s te d  
a c co rd in g  to  r e sp o n se  a n d  to le rab ility ; doses  o ỉ  u p  to  14 0  m g  
o n c e  daily  h a v ẽ  b e e n  u s e d  in  p a tie n ts  w i th  đ ư o n ic  p h a se  
CM L, a n d  u p  to  1 8 0 m g  o n c e  d aily  in  th o se  w ith  a d v a n c e d  
p h a  se, o r  w ith  ALL. T re a tm e n t is c o n tin u e d  u n t i l  d isease  
p rog ressio n  o r  u n a c c e p ta b ie  to x id ty  o ccu rs . F o r  do se  
a đ ju s tm e n ts  in  to x id ty ,  see  A đ m in is tra tio n  in  S u b se q u e n t 
c ý d e s .p .  778 .1

If  c o n c u rre n t u se  oi p o te n t  in h ib ito rs  o r  in d u c e rs  o f 
cy to c h ro m e  P 450  iso e n z y m e  CYP3A4 c a n n o t  be  av o id e d , 
d o se  a d ju s tm e n ts  a re  c o n s id e red  necessary .
• A n increased d o se  of d a sa tin ib  sh o u ld  be  c o n s id e red  in  

th o se  p a tie n ts  g iv en  s tro n g  CYP3A4 in d u ce rs , a n d  th e  
p a tie n t sh o u ld  b e  m o n ito re d  for to x id ty .

•  Fo r those  g iv en  a s tro n g  CYP3A4 in h ib ito r , th e  d o se  oí 
d asatin ib  s h o u ld  b e  reduced lo 2 0 m g  d a ily  in  th o se  
p a tie n ts  tak in g  lO O m g daily , a n d  to  4 0  m g  d a ily  in  th o se  
tak in g  1 4 0 m g  daily . I f  th is  Is n o t  to le ra te d , t h e n  e ith e r  
d ru g  sh o u ld  b e  s to p p ed ; if th e  in h ib ito r  Is s to p p e d , a  
vvashout p e rio d  o f a b o u t  1 w e e k  s h o u ld  b e  a llo w e d  
b e ío re  th e  dose  of d a sa tin ib  is ín creased .

R e íe re n c e s .
1. Taipaz M. t í  al. Dasaỉinib in imatỉnib-resistant Phỉỉadelphia d irom o- 

sorne-posỉtỉve leukemias. N EngUMed 2006; 354:2531*41.
2. Hochhaus A. t í  ai. Dasatìnỉb lnduces notable hematoiogỉc and 

qnogenetic responses ỉn chronic-phase đironỉc myeioid leukemia after 
laiỉure oỉ imatỉnib therapy. Blood 2007; 109: 2303-9. Correction. ibid 
110: 1438.

3. Cortes J, t í  al. Dasatỉnib bỉduces complete hematoỉogic and cytogenetỉc 
responses in patíents w ith Imatinỉb-resỉstam o r -IntoleTant chronlc 
myeloid leukemỉa in blast aisis. Blood 2007; 109:3207-13.

4. Guilhot F, t í  ai. Dasadnỉb ỉnduces signiỉicam hematoỉogíc and 
cytogenetíc responses In patỉents wỉth imatinib-resistant or -imolerant 
chronỉc myeỉoid leukemỉa tn accelerated phase. Bĩood 2007; 109:4143- 
50.

5. Ottroann 0 , t í  ai. Dasaỉinỉb ỉnduces rapíd hematoỉỡgic and cytogenetỉc 
responses In aduỉt patỉents w ỉth Phỉỉadelphia chromosome positíve acute 
lymphoblastỉc leukemia vvỉth resỉstance or íntolerance to imadnib: 
Intenm results oỉ a phase 2 study. Blood 2007; 110: 2309-15.

6. Anonymotís. Dasatínib (Sprynỉ) íor CML and Ph+ALL. Mtd Ltít Drutp 
Thẽr 2007; 49: 6-7.

The Symbol t  denotes a preparation no longer actìvely marketed
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7. OUvieri A* M aiưỉone L. Dasadnỉb: a  new  step ỉn moỉecular target 
tberapy. A m  Oncol 2007; 18 (suppl): VÌ42-VỈ46.

8. Keam SJ. Dasatinỉb: ỉn  chronic myeloìd ỉeukemỉa and Phiỉadeỉphỉa 
chromosome-positìvc acute ỉymphoblastỉc ỉeukem ii. BioDntỊt 2008; 22: 
59-69-.

9. Tyler T. Oncc-daily dasaiỉnib íor treacment of patients w iih chronic 
myeloid ỉeukcmỉa. Ann Pharmaather 2009; 43: 920-7.

10. côrtes JE, et al. Results oí daearinih therapy ỉn padents w hh early 
chronic-phase chronic royeloid leukem ìa. J  ơ in  Oĩĩtol 2010; 28: 398- 
404.

11. Lỉndauer M, Hochhaus A- Dasadnỉb. Reemt Resuití Canetr R a  2010; 184: 
83-102.

12. K lm LC  ữal. Dasatỉnib ỉn solìd tumors. Expert opin InvatD rup  2010; 19: 
415-25.

Administration in subsequent cycles. L icensed  p ro d u c t  
in fo n n a t io n  ío r  d a sa tìn ib  r e c o m m e n d s  a d ju s tm e n t  of th e  
o ra l  d o se  in  p a tie n ts  vvho d e v e lo p  m a rk e d  h a e m a to lo g ic a l 
o r  o th e r  to x id ty .

F o r  p a t ie n ts  w i th  c h ro n ic  p h a s e  c h ro n ic  m y e lo id  
le u k a e m ia  (CM L) s ta r te d  o n  a d o se  o f  lO O m g d a ily  in  
w h o m  n e u t to p h i l  c o u n ts  a re  b e lo w  5 00  c e lls /m m 3, t h e  d ra g  
s h o u ỉd  b e  s to p p e d  u n t i l  n e u tr o p h i l  c o u n ts  r e c o v e r  to  a t  least 
1 0 0 0 c e lls /m m 3; s im ila r ly  if p la te le t  c o u n ts  a re  less th a n  
5 0 0 0 0 c e l l s /m m 3 th e  d ru g  s h o u ld  b e  s to p p e d  u n t i l  th e y  
e x c e e d  th is  v a lu e .  If th is  r e c o v e ry  in  b lo o d  c o u n ts  o c c u rs  in  7 
d a y s  o r  less, t r e a tm e n t  s h o u ld  b e  re s u m e d  a t th e  p rev io u s  
d o se . If  th e  fall in  n e u tr o p h i l  c o u n ts  r e c u rs  fo r m o re  th a n  7 
d ay s, o r  th e  fall in  p la te le t  c o u n ts  is e x tre m e  (below  
2 5  0 0 0  c e lls /m m 3) ư e a tm e n t  s h o u ld  a g a in  b e  s to p p e d  a n d  
o n ly  b e  r e s u m e d  a t  a  lovver d o se  o í  8 0  m g  da ily . I ỉ  a  seco n d  
r e c u r r e n c e  is s e e n , ư e a tm e n t  s h o u ld  b e  re s u m e d  a t  a  dose  of 
5 0  m g  d a ily  in  th o se  g iv e n  d a s a tìn ib  as  íir s t- lin e  ơ e a tm e n t;  
ư e a tm e n t  s h o u ld  b e  s to p p e d  in  th o se  th a t  a re  r e s is ta n t  to  o r  
in to le ra n t  o f p r io r  th e ra p y .

S ú n ila ily , i n  p a tie n ts  w i th  a c ce le ra te d  p h a s e  CM L, b las t 
p h a s e  CM L, o r  P h ỉla d e lp h ia  c h ro ra o so in e -p o s it iv e  a c u te  
ly m p h o b la s tic  le u k a e m ỉa  s ta r te d  o n  1 40  tn g  daily , in  vvhom  
n e u tr o p h i l  c o u n ts  a re  b e lo w  5 0 0 c e lls /m m J o r  p la te le ts  
b e lo w  10 0 0 0  c e lls /m m 3 (a n d  in  v vhora  t h e  c y to p e n ia  is n o t  
r e la te d  to  t h e  d ise a se ), ư e a tm e n t  s h o u ld  b e  s to p p e d , a n d  
o n ly  re s ta r te d  o n c e  ce ll c o u n ts  a re  a t  least tw ice  th ese  
v a lu e s . T re a tm e n t  is r e s u m e d  a t  t h e  o rig in a l d o se  o n  th e  first 
o c casio n , b u t  ư  c y to p e n ia  rec u rs , it  s h o u ld  b e  re s u m e d  a t 
100  m g  d a ily  o n  t h e  s e c o n d  o c c as io n , a n d  8 0  m g  d a ily  o n  th e  
th ird .

If  s e v e re  n o n -h a e m a to lo g ic a l  t o x i ã t y  o ccu rs , ư e a tm e n t  
s h o u ld  a g a in  b e  s to p p e d , a n d  o n ly  re s u tn e d , a t  a  lovver dose 
ư a p p ro p r ia te , o n c e  to x id ty  h a s  reso lv e d .

A d v e r s e  Effeđs, Treatment, and Precautions
T h e  m o s t  c o m m o n  a d v e rse  e ííe c ts  o f  d a sa tỉn ib  i n d u d e  
Q u id  r e te n tío n , g a s tro in te s tin a l  d is tu rb a n c e s , a n d  b leed ín g . 
P lu id  r e tẹ n t io n  m a y  b e  se v e re , . a n d  c a n  re s u lt  in  p leu ra l 
a n d  p e ríc a rđ ia l  e ữ u s io n , p u lm o n a r y  o e d e m a , a n d  a sd te s . 
M y e Ịọ su p p re ss io n , m a iũ ỉe s t  a s  n e u tr o p e n ia ,  th ro m b o c y to -  
p e n ia ,  o r  ã n a e m ia ,  o c c u rs  m o re  f r e q u e n tly  in  p a tie n ts  w ith  
a d v a n c e d  c h ro n ic  m y e lo id  le u k a ẽ m ia  (CM Í.) o r  a c u te  
ly m p h o b la sd c  le u k a e m ia  t h a n  in  p a tìe n ts  in  c h ro n ic  p h a se  
CM L. R e c o v e ry  g e n e ra lly  o c c u rs  a f te r  d o se  in te r ru p t io n  
a n d /ò r  re d u c t ìo n , a l th o u g h  t r e a tm e n t  m a y  n e e d  to  be  
s to p p e d . F e b rile  n e u ư o p e n ia  a n d , Tarely, r e d  cell ap lasia  
h a v e  b e e n  r e p o r te d .  P u ll b lo o d  c o u n ts  sh o u ld  b e  m e a s u re d  
vveekly  fo r  t h e  firs t 2  m o n th s  a n d  t h e n  m o n th ly  
th e r e a íte r .  S e v e re  b le e d in g  e v e n ts ,  in d u d in g  la ta l  CNS 
a n d  g a s tro in te s tin a ỉ  h a e m o r rh a g e s ,  h a v e  b e e n  rep o r te d , 
m o s t ly  i n  c o n ju n c t io n  w ith  th ro m b o c y to p e n ia  a l th o u g h  
d a sa tin ib  a lso  ca u se s  re v e rs ib le  p la te le t  d y s íu n c tio n  in vivo. 
T re a tm e n t  i n te r ru p t io n  a n d  b lo o d  t ra n s íu s io n  m a y  b e  
r e q u ir e d  fo r  g a s tro in te s tin a l  h a e m o r rh a g e s .  C a u t ío n  is 
r e q u ir e d  w h e n  g iv in g  d a s a tin ib  w i th  o th e r  d ru g s  th a t  
a ífe c t  p la te le t  í u n c t io n  o r  w i th  a n tỉc o a g u la n ts  (see 
In te ra c tio n s ,  b d o w ) .  E m b o lic  e v e n ts  in d u d in g  p u lm o n a ry  
e m b o lism  a n d  d e e p -v e in  th ro m b o s is  h a v e  a lso  b e e n  
re p o r te d .

C a rd ia c  ta i lu re ,  a r r h y th m ia s ,  a n d  h y p e r te n s io n  a re  
c o m m o n ;  h y p o te n s io n ,  a n g in a ,  m y o c a rd ia l  in ía r c t io n  
( in d u d in g  ỉa ta l i t i e s ) ,  p e r ic a id i t i s ,  m y o c a rd it is ,  a c u te  
c o ro n a ry  sy n d ro m e , a n d  c o r  p u lm o n a le  õ c c u r  m o re  rare ly . 
D a sa tin ib  h a s  t h e  p o te n t ia l  to  p ro lo n g  th e  Q T in te rv a l ,  a n d  
s h o u ld  b e  g iv e n  w i th  c a u tio n  to  p a tie n ts  a t  risk  o f  th is , su c h  
a s  th o s e  w ith  h y p o k a la e m ia  o r  h y p o m a g n e s a e m ia ,  th o se  o n  
a n t ia r r h y th m ic  th e r a p y  o r  o th e r  d ru g s  t h a t  p ro lo n g  th e  QT 
in te rv a l ,  o r  th o se  re c e iv in g  c u m u la tiv e  h ig h  d o ses  of 
a n th r a c y d in e s .

O th e r  c o m m o n  a d v e rs e  e ffe c ts  i n d u d e  h e a d a c h e , 
p y re x ia ,  ch ills , m u sc u lo s k e le ta l  p a in ,  a r th ra lg ia , m yalg ia, 
a s th e n ia ,  ỉa t ig u e ,  c h e s t  p a in .  d e c tr o ly te  d is tu rb an c e s , 
a p p e t i te  a n d  v v e ig h t d is tu r b a n c e s ,  m u c o s itis ,  co litis , 
Đ u sh in g , a n d  sk in  d iso rd e rs  su  c h  as  rash , a lo p e d a , 
d e n n a ti t i s ,  p r u r i tu s ,  a c n e , d ry  sk in , a n d  h y p e rh ỉd ro s iỉ .

R e s p ira to ry  a d v e rse  eH ects i n d u d e  d y sp n o e a , c o u g h , 
p u lm o n a r y  h y p e r te n s io n ,  p n e u m o n it is ,  b ro n c h o sp a sm . 
re sp ira to ry  d is tress  s y n d ro m e , a n d  in te rs t i tia l  lu n g  d isease . 
In íe c tio n s , in d u d in g  p n e u m o n ia ,  a re  c o m m o n ; sepsis, 
a l th o u g h  u n c o m m o n , m a y  b e  fa ta l. R e n a l ỉa i lu re , u r in a ry  
ừ e q u e n c y ,  p r o te in u r ia ,  a n d  l iv e r  d iso rd e rs  su  ch  as h ep a titis .

ch o le c y s titis , a n d  ch o les tas is  h a v e  b e e n  re p o r te d .  CNS 
a d v e rs e  effec ts i n d u d e  d e p re s s io n , in so m n ia ,  d izz iness, 
d y sg e u sia , s o m n o le n c e ,  a n d  n e u ro p a th y ,  a n d  less c o m - 
m o n ly ,  a n x ie ty , c o n íu s io n , d e c re a s e d  lib id o , sy n c o p e , 
ư e m o r ,  a n d  a m ite s ia . S ơ o k e , t r a n s ie n t  isc h a e m ic  a tta c k s , 
c o n v u ls io n s , a n d  o p tic  n e u r i t is  h a v e  b e e n  r e p o r te d  ra re ly . 
V isu a l d is tu rb a n c e s , d ry  ey e , t in n i tu s ,  c o n ju n c tiv itis , a n d  
v e rt ig o  h a v e  o c c u rre d .

U n c o m m o n  a d v e rs e  e í íe c ts  i n d u d e  t u m o u r  ly sis  
sy n d ro m e , h y p e ru r ic a e m ia .  h y p o a lb u m in a e m ia ,  p a n c re a t-  
itis, g y n a e c o m a s tia , i r r e g u la r  m e n s tru a t io n , rh a b d o m y o ly -  
sis, h y p e rs e n s it iv ity  i n d u d in g  e ry th e m a  n o d o s u m , a n d  
o th e r  sk in  d iso rd e rs  s u c h  as  a c u te  íe b r i le  n e u tro p h i lic  
d e rm a to s is , p h o to se n s itiv ity . p ig m e n ta t io n  d iso rd e ts . p a n -  
n ic u li tis , sk in  u lce rs , b u llo u s  c o n d it io n s , n a il  d iso rd ers , a n d  
p a lm a r-p la n ta r  e ry th ro d y se s th e s ia  s y n d ro m e . R are  a d v e rse  
e íle c ts  in d u d e  l iv e d o  re tic u la ris  (a  m o tt le d  b lu e  d ứ co lo ra -  
t io n  o f th e  sk in  a s s o d a te d  w ith  p o o r  v e n o u s  r e tu m )  a n d  
p ro te in -lo s in g  g a s tro e n te ro p a th y .

C a u t io n  is a d v ise d  vvhen u s in g  d a sa tin ib  in  p a tie n ts  w ith  
h e p a tic  im p a irm e n t.

Effects on the skin. P a n n icu litis  h a s  b e e n  re p o r te d  w ith  
th e  u s e  o f d a sa tin ib , vvhich reso lv e d  u p o n  s to p p in g  th e r -  
ap y . In  o n e  case, d a sa tin ib  w a s  r e s ta r te d  vvith p re d n iso n e , 
a n d  n o  re c u r re n c e  o f p a n n ic u lit is  w a s  n o te d . In  a n o th e r  
p a tie n t ,  hovvever, a r a sh  re c u r re d  o n  r e s ta r t in g  th e ra p y  
th a i  w a s  n o t  s e n sitiv e  to  c o rtico s te ro id  t r e a tm e n t .1

1. Assouỉinc s. et aỉ. Panniculitis during dasatinib iherapy (or inuúnib- 
resỉsunt chronic myelogenous leukemia. N En$ỉ JMed 2006; 354:2623-
4.

Lupus. A p a t ỉe n t  d e v e lo p e d  a r th ra lg ia  a n d  fa tig u e  ỉ  
m o n th s  a f te r  s ta n in g  d a sa tin ib  fo r  c h ro n ic  m y e lo id  le u k -  
a e m ia .  S y m p to m s w o rse n e d , d ru g - in d u c e d  lu p u s  w a s  sus- 
p e c te d , a n d  d a sa tin ib  w a s  s to p p e d  9  m o n th s  a íte r  s ta r tin g  
th e ra p y . Fev er, a n h ra lg ia ,  (a tỉg u e , h e p a to s p le n o m e g a ly  
a n d  p le u ro -p e r íc a rd ia l  eH u sìo n s a ll re so lv e d  íu lly  vvithin 1 
m o n th .  I t vvas su g g e ste d  th a t  th e  rísk  o f  d e v e lo p in g  da sa ti-  
n ỉb -a s s o d a te d  a u to im m u n i ty  b e  assessed  p ro sp e c tiv e ly  b y  
sc re e n in g  fo r a u to a n t ib o d ie s  b e ío re  s ta r tin g  t re a tm e n t  
vvith d a s a tin ib .1

1. Rea D. et đl. Dasatinìb-induced lupus. Lartcrĩ 2008; 372: 713-14.

PorphyHa. T h e  D ru g  D a ta b ase  fo r A c u te  P o rp h y ria , c o m - 
p ile d  b y  th e  N orvveg ian  P o rp h y ria  C e n tre  (NA POS) a n d  
th e  P o rp h y ria  C e n tre  Svveden, c lass iíies  d a sa tin ib  as  possi- 
b ly  p o r p h y rin o g e n ic ;  it  sh o u ld  b e  u se d  o n ly  w h e n  n o  sa fe r 
a l te m a t iv e  is a v a ila b le  a n d  p re c a u t io n s  s h o u ld  b e  c o n s id -  
e re d  in  v u ln e ra b le  p a tie n ts .1

1. The Drug D aubase ỉor Acute Porphỵría. Avaiỉable at: hrtp://www. 
drugs-porphyria.org (accessed 27/09/11)

Interadions
D a sa tin ib  is m e ta b o lis e d  b y  th e  c y to c h ro m e  P 4 5 0  iso e n z y m e  
CY P3A4, a n d  d ru g s  th a t  in h ib it  th is  e n z y m e , su c h  as a zo le  
a n ti íu n g a ls ,  m a c ro lid e  a n tib a a e r ia ls ,  H ĨV -p ro tease  in h l-  
b ito rs , a n d  n e fa z o d o n e  m a y  in c re a se  b lo o d  c o n c e n ơ a t io n s  
o f  d a sa tin ib . E q u a lly , in d u c e rs  o f C Y P3A 4 (su c h  as 
c a rb a m a z e p in e , d e x a m e th a s o n e , p h e n o b a rb i ta l ,  p h e n y to in ,  
a n d  r i ía m p iú n )  m a y  re d u c e  b lo o d  c o n c e n ư a d o n s  of 
d a sa tin ib . w h e n  u s e  vvith su  ch  d ru g s  c a n n o t  b e  av o id e d , 
d o se  a d ju s tm e n t  o f  d a sa tín ib  m a y  b e  n e c e s s a iy  (see U ses a n d  
A d m in is tra t io n , p . 7 7 7 .3 ). S in ce  S t J o h n ’s vvort m a y  
d e c re a se  d a sa tin ib  c o n c e n tra tio n s  u n p re d ic ta b ly , th e s e  
d ru g s  sh o u ld  n o t  b e  g iv en  to g e th e r .

D a sa tin ib  is  a  s u b s ư a te  o f th e  c y to c h ro m e  P 4 5 0  
iso e n z y m e  CY P3A4, a n d  m a y  a lte r  b lo o d  c o n c e n ư a tio n s  o f 
o th e r  d ru g s  t h a t  a re  su b s tra te s  o f th is  e n z y m e .

S in c e  th e  so lu b ili ty  o f d a sa tin ib  is d e p e n d c n t  o n  pH , u se  
w ith  a n ta d d s  s h o u ld  b e  a v o id e d . u  a n ta d d  tb e ra p y  is 
n e e d e d , it s h o u ld  b e  g iv e n  a t  le a s t  2  h o u r s  b e ío re  o r  2  h o u rs  
a f te r  th e  d o se  o f  d a sa tin ib . S im ila rly , h is ta m in e  H j- re c e p to r  
a n ta g o n is ts  o r  p r o to n  p u m p  in h ib ito rs  s u c h  a s  ỉa m o tid ìn e  OT 
o m e p ra z o le  s h o u ld  n o t  b e  g iv e n  w i th  d a sa tin ib  as  lo n g -te rm  
su p p re s s io n  o f g a s ti ic  a d d  se c re tio n  is lik e ly  to  r e d u c e  
d a s a t in ib  e x p o su re .

D a sa tin ib  p ro lo n g s  th e  QT in te rv a l  a n d  th e  eữ e c t m a y  b e  
a d d it iv e  vvhen  g iv e n  w ith  o th e r  d ru g s  w i th  s im ila r  e ỉlec ts . 
D a sa tìn ib  a lso  c a u se s  th ro m b o c y to p e n ia  a n d  b lee d in g , 
vvhich  m a y  b e  a d d it iv e  w ith  a n tip la te le t  d ru g s, a n tlc o a -  
g u la n ts ,  a n d  N SA ID s.

R e íe re n c e s .
1. Eley T. a  í / .  P haie I Sludy ot the e lle a  of g .sư ic  add  pH m oduU tan on 

the bioavaỉlabỉUty of oral dasaúnib in healthy 5ubjects. J Qirt pharmacoỉ 
2009; 49: 700-9.

Pharmacokinetics
P e a k  p la sm a  c o n c e n tra t io n s  o ỉ  d a s a tin ib  o c c u r  b e u v e e n  0 .5  
a n d  6  h o u rs  a í te r  a n  o ra l d o se . T h e  m e a n  te rm in a l  h a lỉ- life  is 
a b o u t  5 h o u rs .  C o n s u m p tio n  o f  a  h ig h -fa t  m e a l m a y  
inCTease e x p o s u re  to  d a sa tin ỉb , b u t  th is  effect is n o t  
c o n s id e re d  to  b e  o f d in ic a l  s ig n iíic a n c e . D asa tin ib  is

e x te n s iv e ly  d is t r íb u te d  a n d  m e ta b o lis e d . M e ta b o lism  OCCT rs 
m a in ly  Via t h e  c y to c h ro m e  P 4 5 0  iso e n z y m e  CY P3A4, 
ỉo rm in g  a n  a c tiv e  m e ta b o li te .  P la sm a  p ro te in  b in d in g  o f  
d a sa tin ib  a n d  its  a c tiv e  m e ta b o li te  is a b o u t  9 6 %  a n d  9 3 % , 
resp e c tỉv e ly . E lim in a t io n  is  m a in ly  Via t h e  (aeces; a b o u t  4 %  
is re c o v e re d  in  t h e  u r in e .

Preparatìons
Proprietory Preparatiom (details a re  given in  Volum e B)

Smgle-ingradient Preparatỉom. Arg.: Sprycel; AustraL: Sprycel; Austría. Sprycel; Beỉg.: Sprycel; Braz.: Sprycel; Canad.: Spryc ;1; Chttc. Sprycel; Cz.; Sprycel; Denm.: Sprycel; Fr.: SpryceL' Ge r.: 
Sprycel; ór.: Sprycel; Hong Kong: Sprycel; Hung.: Spryc ;1; Indon.: Sp rycelt; / l i :  Sprycel; Israel: Sprycel; lũỉ.: Sprỹc:l; Malaysia-. Sprycel; Neth.: Sprycel; Nơrw.: Sprycel; NZ: Spryc rl; Pol.: Spryceỉ; Port.: Sprycel; Rus.: Sprycel (CnpaSceut); S.A; 
Sprycel; Singapore: Sprycel; Spain: Sprycel; Swed.: Sprycíl; Swìtz.: Sprycel; Thai.: Sprycel; Turk.: Sptycel; UK: Spryc :1; 
USA: Sprýcél.

Daunorubicin (BAN, riNN i

Daunomycin; Daunorubìcina; Daunorubicine; Daunorubici- 
num; Daunorubisiini; R-6339; RP-130S7; Rubidomicir ì; 
Rubidomyđn; ílayHopyỗHUMH.
(1 S3S)-3-Acetyl-l ,2,3,4,5,1 l-hexahydro-3,5,12-trihydroxy-l( I- 
methoxy-6,1 í-dioxonaphthacen-1-yl 3-aminó-2,3,6-ti - 
deoxy-a-L-/yxo-hexopyranoside.
C27H29NO,0=5 2 7 .5  

CAS -20830-81-3.
ATC — L01DB02.
ATC Vet —  OL01DB02.
UNII — • ZS7284E0ZP.

Daunorubicin Citrate ỊBANM, riNNAAl

Citrato de daunorubicina; Daunorubicine, Citrate dí; 
Daunorubicinl Citras; ÍỊayHopyÓMUMHa LỊnTpaT.
ATC —  L01DB02.
UNII — 5L84T2Ĩ6NP.

Daunorubicin Hydrochloride
(BANM, USAN, rlNNỈAI

Cloridrato de Daunorrubicina; Daunomycin Hydrochlorid ỉ; 
Daunonbisin Hidroklorũr; Daunórubicin hydrochlorid; Dau- 
norubiciria, hidrođoruro de; Daunorubỉcine, Chlorhydrate 
de; Dauriorubicin-hidroklorid; Daunorubicinhydrochlori' i; 
Daunorubicinhydroklorid; Daunorubicini Hydrochloridur 1; 
Daunorubicino hidrochloridas; Daunorubisiinihydrokloric i; 
FI-6339 (daunorubicin); Hidrocloruro de daunorubidn 1; 
NDC-0082-4155; NSC-82151; RP-13057 (daunorubicir I; 
R ubidom ycin H ydroch lo ride ; AayHopyÕHLiMHa 
rnflpoxnopnq.
(lS3S)-3-Acetyl-l,2,3,4,6,U-hexahydro-3,5,l2-trihydrọxy-1(- 
methoxy-6,1 ĩ-dioxonaphthacen-1-yl 3-amino-2,3,6-tr - 
deoxy-a-L-/yxo-pyranoside hydrochlõride; (85-ds)-8-Acet> -
10-[(3 a m in o -2 ,3 ,6 -trid e o x y -a -L -/y x o -h e x o p y ra n o sy l)]o x ; -
7,8,9,10-tetrahydro-6,8,l l-trihydroxy-l-m ethoxy-5 ,1 : - 
naphthacenedione hỵdrochloride.
C27H29NO,o,HCI=564.0 
CAS — 23541-50-6.
ATC —  L01DB02.
ATC Vet — QL01DB02.
UNII —  UD984I04L2.

P h o rm o c o p o e ia s .  I n  Chín., Eur. (see  p . v ii), Jpn, a n d  us. 
P h .  E u r .  8 : (D a u n o r u b id n  H y d ro c h lo rid e ) . T h e  h y d i >- 
c h lo rid e  o f  a  s u b s ta n c e  p ro d u c e d  b y  c e ita in  s tra in s  jf  
Streptomyces coeruỉeorubidus or s. peucetius o r  o b ta in e d  b y  a i y  
o th e r  m e a n s .  I t  is  m a n u la c tu r e d  b y  m e th o d s  d e s ig n e d  :o 
m in im ise  o r  e l im in a te  t h e  p re s e n c e  of h is ta m in e . / n  
o ra n g e -re d , h y g ro sc o p ic , c ry s ta ll in e  p o w d e r . I t  c o n ta i ts  
b e tv v een  95  a n d  1 0 2 %  o f th e  h y d r o c h lo r id e  (a n h y d ro u s  ai d  
so lv e n t-f rẹ e  b a s is ) . F re e ly  so lu b le  in  vvater a n d  in  m e th  /1 
a lc o h o l; s lig h tly  s o lu b le  in  a lc o h o l; p rac tic a lly  in so lu b le  n  
a c e to n e . A  0 .5 %  s o lu t io n  in  vvater h a s  a  pH  o f 4 .5  to  6 .5 . 
S to re  in  a ir t ig h t  c o n ta in e rs .  P ro te c t  í ro m  Ught.

U S P  36 : ( D a u n o r u b id n  H y d ro c h lo r id e ) . A n  o r a n g e - r e i ,  
h y g rú sc o p ic  c ry s ta ll in e  povvder. I t  h a s  a  p o te n c y  e q u iv a le  Ít 
to  n o t  less t h a n  8 4 2  a n d  n o t  m o re  t h a n  1 0 3 0 m ic ro g ra m s  >f 
t h e  b a se  p e r  m g . P re e ly  so lu b le  in  w a te r  a n d  in  m e th  yl 
a lc o h o l; s lig h tly  so lu b le  in  a lc o h o l; p rac tic a lly  in so lu b le  n  
a c e to n e ; v e ry  s lig h tly  so lu b le  in  c h lo ro ío rm . A  0 .5  'fa 
s o lu tio n  in  vvater h a s  a  p H  o f  4 .5  to  6 .5 . S to re  a t a 
te m p e ra tu re  n o t  e x c e e d in g  4 0  d e g re e s  in  a ii t ig h t  c o n ta in e  s. 
P ro te c t  h o m  lig h t.

All cross-reíerences refer to entries in Volume A
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IncompatỉbilHy. D a u n o r u b id n  is  in c o m p a tib le  vvith h e p -  
a r in  s o d iu m ,1 a n d  h a s  a lso  b e e n  re p o r te d  to  b e  in co m p a tì-  
b le  w i th  a  s o lu t ìo n  o ỉ  d e x a m e th a s o n e  so d iu m  p h o sp h a te .

1. D'Arcy PF. Rcactions and  interacĩions in handỉing antỉcancer dnigs, 
Drug inưữ ơ in  Pharm 1983; 17: 532-8.

Stability. I n  a  s tu d y 1 o f  t h e  s tab ility  o f a n th ra c y c lin e  
a n tin e o p la s ú c  a g e n ts  in  4  in íu s io n  Đ uids (glucose 5 % , sod- 
iu m  c h lo r id e  0 .9 % , la c ta te d  R inget^s in je c tio n , a n d  a  com - 
m e r d a l  in íu s io n  ỉ lu id )  d a u n o r u b id n  h y d ro ch lo rid e  vvas 
s ta b le  in  a ll 4 , th e  p e rc e n ta g e  re m a in in g  a f te r  2 4  h o u rs  
b e in g  9 8 .5 % , 9 7 .4 % , 9 4 .7 % , a n d  9 5 .4 %  resp ec tiv e ly . S ta- 
b ility  ạ p p e a re d  to  b e  p a r t ly  r e la te d  to  pH ; d a u n o ru b id n  
w a s  m o re  s ta b le  as  t h e  p H  o f  t h e  m ix tu re  b ec am e  m o re  
a d d ic ,  w i th  th e  b e s t  s ta b ili ty  i n  g lucose  5 %  w ith  a  pH  of 
4 .5 . A lth o u g h  d a u n o r u b i d n  S o lu tions  a re  d e g ra d e d  b y  
lig h t, th e  e f f e a  is r e p o i te d  n o t  to  b e  s ign iB can t a t c o n c en - 
tra t ìo n s  o f 5 0 0  m ic ro g ra m s/x h L  o r  ab o v e ; h o w e v e r , b e lo w  
th is  c o n c e n tr a t ìo n  p r e c a u t ìo n s  s h o u ld  b e  ta k e n  to  p ro te c t  
S olu tions b o m  lig h t, a n d  s to ra g e  s h o u ld  b e  in  p o ly e th y -  
le n e  o r  p o ly p ro p y le n e  c o n ta in e r s  to  m in im ìse  a d so ip tiv e  
lo sses.2 I t h a s  b e e n  su g g e s te d  th a t  ỉo rm u la tio n  w i th  th e  
fo o d  c o lo u r in g  S c a rle t  G N , w h ic h  ab so rb s  ligh t o v e r  th e  
sa m e  sp e c tra l r e g io n  a s  d a u n o r u b id n ,  w o u ld  stabilise d a u - 
n o ru b ic in  S o lu tio n s  to  I lg h t.J

L ip o so m al d a u n o r u b id n  d t r a t e  sh o u ld  b e  d ilu te d  w ith  
g lu co se  5 %  s o lu t ío n  a s  a g g re g a tio n  o f th e  liposom es m ay  
re s u lt  v d th  so d iu m  c h lo r id e .  I n  a d d itío n , l ỉcen sed  produCT 
in ío rm a t io n  a d v ise s  t h a t  lip o so m a l d a u n o ru b id n  sh o u ld  n o t  
b e  m ix e d  w i th  s u b s ta n c ẽ s  c o n ta m in g  b e n z y l a lc o h o l o r  
o th e r  d e te r g e n t- l i k e  m o le c u lè s ,  v vh ich  c a n  le a d  to  
p r e m a tu r e  r u p tu r e  o f  t h e  l ip o so m e s .

1. Poochikian GK, a  al. Stabíliiy of am hracvđine anútum or agencs in Cour 
inỉusion ũuids. Am J  Hosp Pharm 1981; 38: 483-6.

2. Wood MJ. t í  a i  Photodegradatỉon of doxorubỉdn, daunorubidn and 
epírubicin m casured by high-períorm ance ỉiquid chromatography. J  ơirt 
Pharm Thtr 1990; i%ỉ 291-300.

3. Thoma K. KUntek R. Photostabiỉizatỉon of đrugs ỉn dosage fonns vvithout 
protecdon from packagỉng materials. Irtt J  Pharmaeeutia 1991; 67: 169- 
75.

Uses and Administration
D a u n o r u b id n  is a n  a n tin e o p la s t ỉc  a n th ra c y c lin e  an tib io tic  
w ith  a c tio n s  s im ila r  to  th o s e  o f  d o x o ru b ic in  (p. 7 8 3 .2 ), to  
vvhich i t  is c lo se ly  r e l a te d .  I t is u s e d  w ith  o th e r  
a n tỉn e o p la s tic s  to  in d u c e  rem iss io n s  in  a c u te  leu k aem ias . 
D a u n o r u b id n  is g iv e n  in  c o m b in a tio n  reg im en s  fo r a c u te  
ly m p h o b la s tic  le u k a e m ia  (se e  p .  692 .3 ) a n d  a c u te  m y elo id  
le u k a e m ia s  (see  p . 6 9 3 .1 ) .  I t  h a s  a lso  b e e n  trie d  in  som e 
o th e r  m a l ig n a n d e s .  A  l ip o s o m a l  ío rm u la tio n  o f d a u n o r-  
u b id n  h a s  b e e n  d e v e lo p e d  f o r  u se  in  th e  m a n a g e m e n t of 
a d v a n c e d  K a p o s i 's  s a rc o m a  in  p a tie n ts  w i th  AIDS (see  also  
p. 7 1 8 .1 ).

In  th e  c o n v e n tìo n a l  ỉo rm u la t io n ,  d a u n o ru b id n  is u su a lly  
g iv en  as th e  h y d ro c h lo r ìd e ,  b u t  doses  a re  e x p ressed  in  term s 
of t h e  b a se .  D a u n o r u b id n  h y d r o c h lo r id e  2 1 .4 m g  is 
e q u iv a le n t  to  a b o u t  2 0  m g  d a u n o ru b id n .  T h e  lỉposom al 
í o im u ỉa t io n  c o n ta in s  d a u n o r u b id n  d t r a te ,  e q u iv a le n t to  
a b o u t  2  m g /m L  o f d a u n o r u b i d n  base.

In  us t r e a tm e n t  r e g im e n s  f o r  a d u lt  a c u te  ly m p h o b lastic  
o r  m y e lo iđ  le u k a e m ia ,  t h e  u s u a l  d o se  o f amventional 
d a u n o r u b id n  h y d ro c h lo r id e  is  th e  e q u iv a le n t of d a u n o r-  
u b ic in  4 5  m g /m 2 d a ily  o n  d a y s  1 to  3 o f  th e  first cou rse ; In  
a c u te  m y e lo id  le u k a e m ia ,  th is  do se  is a lso  g iv en  o n  days 1 
a n d  2  o f s u b s e q u e n t  c o u rs e s .  C o u rses  m a y  b e  re p e a te d  if 
n e e d e d . a f te r  b o n e -m a r r o w  e v a lu a tio n . In  th e  UK, for 
rem iss io n  in d u c t io n  in  a c u te  le u k a e m ia s , a  dose o f  4 0  to  
6 0 m g /m 2 c a n  b e  g iv e n  o n  a l te m a te  days fo r  a  co u rse  of u p  
to  3 in je c tio n s . D a u n o m b id n  h y d ro c h lo r id e  is g iv en  as  a  
so lu tio n  in  s o d iu m  c h lo r id e  0 .9 %  in to  a fas t-ru n n in g  
in tra v e n o u s  in íu s io n  o f  s o d iu m  ch lo rid e  0 .9 %  or g lucose  
5 % .

F o r  d o ses  in  c h ild re n  a n d  th e  elderly , see  below . D osage 
s h o u ld  b e  re d u c e d  in  p a tie n ts  w i th  im p a ire d  he p a tic  o r  ren a l 
íu n c t io n  (se e  b e lo w ).

In  t h e  t r e a tm e n t  o f  K a p o s i 's  s a rc o m a , liposomal 
d a u n o ru b ic in  d t r a t e  Is g iv e n  in tra v e n o u s ly  e v ery  2  w eek s  
s ta r tin g  w i th  a  d o se  o í  4 0  m g /m 2, a n d  c o n tin u e d  ỉo r  as lo n g  
as  d ise a se  c o n tro l  c a n  b e  m a in ta in e d . I t  is d ilu te d  w ith  
g lu co se  5 %  (so d iu m  c h lo r id e  0 .9 %  s h o u ld  n o t  b e  u se d ) to  a  
d a u n o r u b id n  c o n c e n t r a t io n  be tv v een  0 .2  a n d  1 m g/m L , a n d  
g iv e n  o v e r  3 0  to  6 0  m in u te s .

B lo o d  c o u n ts  s h o u ld  b e  d e te rm in e d  b e q u e n tly  d u r in g  
t r e a tm e n t  a s  d a u n o T u b ic in  h a s  a  p o te n t  effec t o n  b o n e r 
m a r ro w  lu n c t io n  (se e  a ls o  B o n e -m a r ro w  D epression , 
p . 7 3 0 .3 ) . C a rd ia c  h in c t io n  s h o u ld  b e  m o n i to r e d a t  reg u la r  
in te rv a ls  to  d e te c t  s ig n s  o f  c a rd io to x iđ ty .  T h e  to ta l  
c u m u la tiv e  d o se  o f  d a u n o r u b i d n  in  a d u lts  sh o ú ld  n o t  
e x c e e d  5 5 0  to  6 0 0  m g /m 2; i n  p a tie n ts  w h o  h a v e  rec e iv ed  
ra d io th e r a p y  to  t h e  c h e s t  i t  m a y  b e  a d v isab le  to  l im it  th e  
to ta l  c u m ũ la t iv e  d o s e  t o  a b o u t  4 0 0 m g /m 2. P ro d u c t 
i n lo r m a t io n  fo r  l ip o s o m a l  d a u n o ru b ic in  re c o m m e n d s  
d e te rm in in g  le f t v e n tr ic u lạ r  e je c tio n  h a c tio n  (LVEF) a t  
b a se lin e  a n d  a f te r  c u m u la t iv e  doses  o f  3 2 0 m g /m 2, a n d

e v e ry  1 6 0 m g /m 2 th e r e a h e r .  I n  p a tìe n ts  w h o  h a v e  rec e iv ed  
p r io r  r a d io th e ra p y  to  th e  ch e st, o r  w h o  h a v e  p re -e x is t in g  
c a rd iac  d isease , o r  w h o  h a v e  h a d  p re v lo u s  a n th r a c y d in e  
th e ra p y  (e q u iv a le n t to  m o re  t h a n  doxorubiàn 3 0 0 m g /m 2) 
LVEF s h o u ld  b e  a ssessed  a t  b a s e l in e  a n d  a f te r  e v e ry  
160 m g /m 2 o f lip o so m a l d a u n o ru b ic in .

A d m in is tra t io n . HICH-DOSE ĨHERAPY. T w o  m u lt ic e n tre  s tu -  
d ies in  p a tíe n ts  w i th  a c u te  m y e lo id  le u k a e m ia  c o m p a re d  
th e  u se  o f  a  S ta n d ard  in d u c t io n  d o se  o f a  c o n v e n tio n a l 
d a u n o ru b id n  ío rm u la t ỉo n  (4 5 m g /m 2), w i th  a n  e sca la ted  
d o se  of 9 0 m g /m 2, g iv e n  fo r  3 d a y s  in  a  re g im e n  w ith  
c y ta ra b in e .1-2 I n  p a tìe n ts  a g e d  6 0  a n d  u n d e r ,  th e  h ig h -d o se  
re g im e n  w a s  a s s o d a te d  w ith  a n  in c re a se d  ra te  o f  c o m p le te  
rem iss io n  (7 0 .6  v e rsu s  5 7 .3 %  in  th e  c o n v e n d o n a l  dose  
g ro u p ), a n d  im p ro v e d  o v e ra ll sụ rv iv a l  (m e d ia n  v a lu es  o f
2 3 .7  v e rsu s  15.7 m o n th s )  o n  fo lío w -u p  fo r  a  m e d ia n  of 25  
m o n th s .2 A ỉth o u g h  th is  s tu d y  su g g e s te d  l it tle  b e n e Ẽ t in  
t h e  su b g ro u p  oi p a tie n ts  o ld e r  t h a n  50, in  th e  o th e r , 
w h ic h  w a s  re s tr ic te d  to  th o se  6 0  a n d  o v e r, c o m p a ra b le  
im p ro v e m e n ts  in  re m iss io n  a n d  o v e ra ll  su rv iv a l vvere s e e n  
w ith  h ig h -d o se  th e r a p y  in  th o se  b e tw e e n  6 0  a n d  65 y ea rs  
o f a g e ,1 b u t  p a tie n ts  o ld e r  t h a n  th is  d id  n o t  shovv a n y  b e n -  
e ũ t.  T he  h ig h e r  doses  o f  a n th ra c y c l in e  w e re  n o t  a sso c ia ted  
vvith  á n  in c re a se  in  m o r ta li ty  o r  m o d e ra te  to  s e v ere  
a d v e rse  e v e n ts , e v e n  in  o ld e r  p a tie n ts .

1. Lõsvenberg B .eta l. Dutch-Belgian Cooperative Trial Group tor Hemato- 
Oncology (HOVOK), Gennan AML Stũdy Group (AMLSG), and Swìss 
Group for Clinical Cancer Research (SAKK) Cotlaboraávc Group. High- 
dose daunorubỉtín ỉn  oỉderpatients wỉch acute myeỉoỉd leukemỉa. N EnỊÌ 
JM td  2009: 341: 1235-43. Correction. ìbid. 2010; 3«2: 1155. [dose]

2. Femandez HF, et al. A nthracydlne dose ỉntensỉScatìon in acute myeloỉd 
leukemia. N  Enjl J  M ti  2009; 341: 1249-59.

A d m in is tra t io n  in  c h ild re n . D a u n o r u b id n  h y d ro c h lo iỉd e  is 
lic e n sed  fo r  t h e  in d u c t io n  o f r e m is s io n  in  c h ild re n  w ith  
a c u te  le u k a e m ia . D o ses  m a y  v a ry  a c c o rd ìn g  to  c o u n try , 
a n d  th e  c o m b in a tio n  r e g im e n  u se d .

In  th e  USA, a  d o se  o f d a u n o r u b id n  2 5 m g /m 2 is g iv en  
in tr a v e n o u s ly  o n c e  à  w e e k , in  c o m b in a tio n  reg im ẹn s , to  
c h ild re n  w ith  a c u te  ly m p h o b la s tíc  le u k a e m ia .  C o m p le te  
re m iss io n  is g e n e ra lly  o b ta in e d  w i th in  4  c o u rses; h o w e v e r, 
if  o n ly  p a rt ia l  re m iss io n  is o b ta in e đ  a f te r  4  c o u tse s , u p  to  2 
í u r th e r  c o u rse s  m a y  b e  g iv en . F o r  e h ild re n  less t h a n  2 y e a rs  
o f  age, o r  w i th  a  b õ d y -su r ía c e  o f  less  t h a n  0 .5  m 2, a  dose  of 
1 m g /k g  is u s e d  in s te a d .

I n  th e  UK, c h ild re n  w ith  a c u te  m y e lo id  o r  ly m p h o b la stic  
leu k a e m ia  w h o  a re  2  y e a rs  a n d  o ld e r  m a y  b e  g iv e n  th e  sa m c  
do se  as a d u lts  (see  U ses a n d  A d m in is tra t io n , ab o v e ). 
C h ild re n  u n d e r  2 y e a rs  o f age , o r  vvith a  b o d y -su r ía c e  o f less 
t h a n  0.5 m 2 m a y  b e  g iv e n  a n  in tr a v e n o u s  d o se  o f  I m g /k g  
daily .

P re c a u tio n s  a n d  m o n ito r ín g  a re  as  fo r  a d u lts ; ca rd io to x i-  
c ity  m a y  o c c u r  m o re  h e q u e n t ly  in  c h ild re n . A  to ta l  
c u m u la tív e  d o se  o f  3 0 0 m g /m 2 s h o u ld  n o t  b e  ex ceed ed ; in  
c h ild re n  u n d e r  2 y e a rs , th e  to ta l  c u m u la tiv e  d o se  sh o u ld  n o t  
e x c ee d  lO m g /k g .

T h e  sa íe ty  a n d  efficacy  o f Uposơmal d a u n o r u b id n  d t r a t e  
in  p a e d ia tric  p a tie n ts  h a s  n o t  b e e n  e s ta b lish e d . H o w e v e r, a 
s tu d y  in  2 4  p a tie n ts  a g e d  b e tw e e n  2  a n d  23  y e a rs , w h o  w e re  
g iv e n  doses  o f 3 0  o r  6 0 m g /m 2, in d ic a te d  th a t  th e  
p h a rm a c o k in e tic s  sh o w e d  less  v a ria b il i ty  t h a n  h a s  b e e n  
r e p o r te d  fo r  c o n v e n tio n a l ío rm u la tio n s ,  a n d  n o  su b s ta n tia l 
d iííe re n c e s  r e la te d  to  a g e .1

I. Hempcl Ga t í  a i  Populatỉon pharmacokinetics of liposomal daunonỉbldn 
in children. Br J  Cỉin Pharmacoỉ 2003; 56: 370-7.

A d m in is lra t io n  in  t h e  e ld e r ly .  D a u n o ru b ic in  h y d ro -  
c h lo rid e  sh o u ld  b e  u se d  w ith  c a re  in  e ld e r ly  p a tie n ts  vvith 
in a d e q u a te  b o n e  m a r r o w  rese rv e s . In  th e  UK , a d osage  
re d u c tio n  o f u p  to  5 0 %  is re c o m m e n d e d . In  t h e  USA, for 
p a tie n ts  w i th  a c u te  m y e lo id  le u k a e m ia  a n d  a g e d  60  y e a rs  
a n d  o v er, a n  in tra v e n o u s  do se  o f  d a u n o r u b id n  3 0 m g /m 2 
d a ily  o n  d ay s 1 to  3 o f  th e  ũ rs t  c o u rse , a n d  d a y s  1 a n d  2  of 
su b s e q u e n t c o u rses , is re c o m m e n d e d  lo r  c o m b in a tio n  
t re a tm e n t  reg im en s . P re c a u tio n s  a n d  m o n ito rin g  a re  as for 
y o u n g e r  a d u lts  (see  U ses a n d  A d m in iỉ tr a tio n , ab o v e); ca r- 
d io to x id ty  m a y  o c c u r  m o re  ữ e q u e n t ly  in  th e  e lde rly . 
H o w e v e r, see  a lso  H ig h -d o se  T h e ra p y , a b o v e .

T h e  sa íe ty  a n d  e fficacy  o f  liposomal d a u n o ru b id n  d t r a t e  
in  e ld e d y  p a tie n ts  h a s  n o t  b e e n  e s ta b lish e d .

A d m in is tra t io n  in  hepcrtic  im p a irm e n t.  D oses o ỉ  d a u n o ru -  
b id n  s h o u ld  b e  re d u c e d  in  h e p a tic  im p a irm e n t.  S o m e 
lic e n sed  p r o d u d  in ío rm a t io n  f o r  d a u n o r u b id n  h y d ro -  
c h lo rid e  re c o m m e n d s  th a t  p a t ie n ts  vvith se ru m -b il ỉru b in  
c o n c e n tra tio n s  o f  12 to  3 0 m ic ro g ra m s /m L  (or 2 0  to  
50  m ic ro m o le s /liư e )  s h o u ld  re c e iv e  7 5 %  o f t h e  u su a l d a ily  
dose , a n d  th o se  w i th  c o n c e n tra t ìo n s  g re a te r  t h a n  
3 0  m ic ro g ra m s/m L  (o r  a b o v e  5 0 m ic ro m o le s /li tre )  sh o u ỉd  
b e  g iv e n  5 0 %  of t h e  u s u a l  d a ily  d o se .

L im ited  d a ta  e x is t  fo r  l ip o so m a l d a u n o r u b id n  d t ra te ;  in  
t h e  USA, s im ila r  d o sa g e  r e d u c t ío n s  to  th o se  g iv e n  fo r  th e  
h y d ro c h lo r id e  a re  r e c o m m e n d e d .

A d m in iỉ tr a tio n  in  r e n a l  im p ú irm e n t.  D oses o f d a u n o ru b i-  
d n  sh o u ld  b e  re d u c e d  in  r e n a l  im p a irm e n t.  S o m e l icen sed

p r o d u a  in lo rm a tio n  fo r  d a u n o ru b ỉd n  h y d ro c h lo r id e  
rec o m m e n d s  th a t  p a tie n ts  w i th  se ru m -c re a tin in e  c o n c e n -  
tra t io n s  of 12 to  30  m ic ro g ra m s/m L  (o r 105 to  2 6 5 m ic ro -  
m o les/litre)  s h o u ld  rec e iv e  7 5 %  of th e  u s u a l  da ily  dose , 
a n d  th o se  vvith c o n c e n tra tio n s  g rea te r  t h a n  30 m ic ro -  
g ram s/m L  (o r  2 65  m ic ro m o le s/litre )  sh o u ld  b e  g iv e n  50 %  
of t h e  usual d a ily  dose .

L im ited  d a ta  e x is t ỉo r  lip o so m a l d a u n o ru b id n  đ t ra te ;  in  
th e  USA, s im ila r  d osage  re d u c tio n s  to  th o se  g iv en  fo r  th e  
h y d ro ch lo rid e  a re  rec o m m e n d e d  ỉn  p a tie n ts  w i th  a  s e ru m - 
c re a tin in e  c o n c e n tra tio n  g re a te r  t h a n  3 0 m ic ro g ra m s/m L .

AdverseEfíec^,Tr^fment,andPrecautions
As fo r  D o x o ru b id n , p . 7 84 .1  a n d  p . 7 85 .1 .

C a rd io to x id ty  is m o re  lik e ly  w h e n  th e  to ta l  c u m u la tìv e  
do se  o f d a u n o ru b id n  ex c ee d s  5 5 0  to  6 0 0 m g /m 2 in  a d u lts , 
300  m g /m 2 in  c h ild ren , o r  in  c h ild re n  a g e d  u n d e r  2  y e a rs , 
lO m g /k g . T h e  to ta l  c u m u la tiv e  dose  s h o u ld  b e  l im ite d  to  
4 0 0  m g /m 2 in  p a tie n ts  w h o  h a v e  h a d  p re v ío u s  r a d ia tìo n  
th e ra p y  to  th e  chesL  us lic e n se d  p r o d u a  in ío rm a t io n  for 
th e  S tandard  {o rm u la tio n  o f  d a u n o ru b id n  re c o m m e n d s  a n  
EC G  a n d /o r  d e te rm in a tio n  o f  left v e n tr ic u la r  e je c tío n  
ừ a c t io n  (LVEF) b e lo re  e a c h  c o u rse . P ro d u c t in ỉo rm a t io n  for 
liposom al d a u n o ru b id n  rec o m m e n d s  c v a lu a tin g  ca rd ỉa c  
í u n a i o n  b e ỉo r e  e a c h  c o u rs e  o f  d a u n o r u b i d n  ạ n d  
d e te rm in in g  LVEF a t  b a se lin e  a n d  a fte r  c u m u la tiv e  d o ses  
o f 3 2 0 m g /m 2, a n d  e v e ry  1 6 0 m g /m 2 th e re a fte r .  In  p a tie n ts  
w h o  h av e  p re -e x is tin g  c a rd ia c  d isease, o r  w h o  h a v e  h a d  
p rev io u s  ra d io th e ra p y  to  th e  c h e s t  o r  a n th r a c y d in e  th e r a p y  
(m o re  th a n  3 0 0 m g /m 2 doxorubián o r  e q u iv a le n t)  LVEF 
s h o u ld  be assessed  a t  b a se lin e  a n d  a fte r e v e ry  160 m g /m 2 of 
liposom al d a u n o ru b id n .  D a u n o r u b id n  s h o u ld  b e  u s e d  in  
r e d u c e d  doses in  h e p a tic  a n d  re n a l  im p a in n e n t.

L ip o so m al to rm u la t io n s  o ỉ  d a u n o r u b i d n  m a y  b e  
a sso d a te d  w ith  a  r e d u c e d  p o te n t ia ỉ  fo r lo ca l tis su e  n e c ro s is  
a l th o u g h  c u rr e n t  d in ic a l  e x p e rie n c e  is l ỉm ite d  a n d  s u c h  
to x id ty  rem a in s  a  possib ility . A n  a c u te  sy n d ro m e  o f b a c k  
p a in , Q ushing, a n d  c h e s t  tig h m e ss  m a y  o c c u r d u r in g  
in ỉu s io n  of su c h  P ro d u c ts , b u t  g e n e ra lly  reso lv e s  o n  slovying 
o r  te m p o ra rily  s to p p in g  th e  in ỉu s io n .

E ffects o n  th e  h e a r t .  F o r  a  d iscu ssio n  o f  t h e  c a rd io to x id ty  
of a n th ra c y d in e s ,  a n d  its  m a n a g e m e n t, s e e  EH ects o n  th e  
H e a rt, u n d e r  D o x o ru b id n , p . 7 8 4 .1 .

E ffects o n  th e  s ld n  a n d  n a ik .  F o r  rep o rts  o ỉ  h y p e ip ig m e n -  
ta t io n  in  p a tie n ts  g iv e n  d a u n o ru b id n ,  see  u n d e r  D o x o - 
ru b ic in , p. 7 8 4 .3 .

H a n d lin g  a n d  d isp o s a l .  D a u n o r u b id n  h y d ro c h lo r id e  is 
i r r ìta n t;  avo id  c o n ta c t vyith sk in  a n d  m u c o u s  m e m b ra n e s .

F o r  a  m e th o d  for t h e  d e s tru c tío n  o f  d a u n o r u b id n  in  
w a s te s  see u n d e r  D o x o ru b id n , p . 785 .1 .

P re g n a n c y . F o r a  re p o r t  o f a  íe ta l  s in u so id a l h e a r t  r a te  p a t-  
t e m  a n d  n e o n a ta l  p a n c y to p e n ia  a h e r  a  vvom an  w as g iv e n  
c o m b in a tio n  c h e m o th e ra p y  in d u d in g  d a u n o ru b id n ,  see 
P reg n an cy , u n d e r  E to p o sid e , p .  791 .3 .

P o rp h y ria .  T h e  D rug  D a ta b ase  fo r A c u te  P o rp h y ria , co m - 
p ile d  bỵ th e  N o rw eg ia n  P orphyx ia  C e n t te  (NAPOS) a n d  
th e  P o rp h y ria  C e n ư e  S w ed e n , d a s sih e s  d a u n o r u b id n  as 
p ro b ab ly  n o t  p o rp h y rin o g e n ic ; i t  m ay  b e  u s e d  as a  d ru g  of 
firs t choice a n d  n o  p re c a u tio n s  a re  n e e d e d .1

1. The Drug Database for Acute Porphyria. Available au http://w w w . 
dnigs-porphỵria.org (accessed 29/09/11)

Interactỉons
As fo r D o x o ru b id n , p . 7 85 .2 .

A n tín eo p la s tic s . H epatic  d y s íu n c tio n  w a s  reported*  in  13 
p a tie n ts  g iv en  c u m u la tiv e  d o se s  of d a u n o ru b ic in  180 to  
4 5 0 m g /m 2. T e n  o f th e m  h a d  also  rec e iv e d  tioỊỊuanine o r  
cytarabinc, or a  c o m b in a tio n  o f th ese . T h e  a u th o rs  also  
n o te d  th a t  o th e r  s tu d ie s  h a d  suggested  th a t  th e  r e la te d  
d r u g  d o x o ru b id n  m ỉg h t e n h a n c e  th e  h e p a to to x id ty  of 
mercaptopurine, a n d  th o u g h t  th a t  a  s im ỉla r  ln te ra c tio n  
c o u ld  occur b e tw e e n  d a u n o r u b id n  a n d  tiò g u a n in e .

1. Penta JS. a  al. Hepatotoxidty o( combinatlon chemoúierapy ỉor acute 
myclocytic lcukemia. Arm btírm  Med 1977; 87: 247-8.

Pharmacokinetícs
A fte r  in tr a v e n o u s  in je c tỉo n , d a u n o r u b id n  is r a p id ly  
d is tr ib u te d  in to  b o d y  tissu es, p a rt ic u la r ly  th e  liver, lu n g s, 
k id n ey s , sp le e n , a n d  h e a r t  vvith  a n  in itia l d is tr ib u tio n  h a lf- 
life  of a b o u t 4 5  m in u te s .  I t  is  rap id ly  m e ta b o lis e d  i n  th e  
liv e r , an d  is e x c re ted  in  b ile  a n d  u r in e  a s  u n c h a n g e d  d ru g  
a n d  m eta b o lite s . T he  m a jo r  m e ta b o li te , d a u n o ru b id n o l ,  h a s  
a n tin e o p la s tic  ac tiv ity . U p  to  2 5 %  of a  d o se  ís ẹ x a e t e d  in  
u r in e  in  a n  a c tiv e  ío rm  o v e r  sev era l d a y s  ( th e  te rm ín a l 
p la sm a  e lim in a tio n  ha lf- liv es  ot d a u n o r u b id n  a n d  its  m a jo r  
m e ta b o li te  a re  re p o r te d  to  b e  18.5 a n d  26 .7  h o u rs  
resp ec tiv e ly ); a n  e s tim a te d  4 0 %  is e x c re te d  in  b ile .

The Symbol t  denotes a preparation no Ionger actively marketed
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4. Lubbcrt M, Minden M. D edtabine ỉn acute myeloid leukem ỉa. Stmin 
tìanatoỉ 2005; 42 (suppl 2): S38-S42.

5. Issa JP, Byrd JC. D ediabine ỉn chronic leukemias. Semin Htmatoi 2005; 
42 (suppl 2): $43-549.

6. Kuykendalỉ JR. 5-Azacytidine and dediab ine m onotherapỉes oỉ 
myeJođyspJastíc disorders. Amt PharmacothĩT 2005; 39 :1700-9 .

7. Momparỉer RL. Epigenetic therapy oí cancer vvith S-aia-y-deoxycyii- 
dine (dedtabỉne). Semin Oncol 2005; 32: 443-51.

8. Kantaijian H. tí  ai. D edtab ine improves pacỉent outcom es ỉn 
myelodyspỉasdc syndroraes: resulu of a phase m randomized study. 
Canctr 2006; Ỉ06: 1794-1803.

9. McKeage K. Croom KF. D edub ine  in myeỉodysplasrỉc syndromes. Drugs 
2006; 66: 951-8.

ỉ 0. Jabbour E, tí  ai. Evolutỉon oí dcdtabine developmenu accompUshmems. 
ongoing investígatìont and íuture sưategỉes. Cartar 2008; 112:2341-51.

11. Stecmma DP, tí  aỉ. M uliiccnter study oỉ dedtabine admlnỉstered daỉly 
ỉor 5 days cvrry 4 vveeks to adults vvíih myelodysplastícsyndromes: the 
altemarive dosỉng for outpatient treatm ent (ADOPT) tríal. J  ơirt Oncoỉ 
2009; 27: 3842-s"

12. Samos FP. t í  al. Dedtabine in the ưeatm ent oí myelodyspỉastic 
syndromes. Exptrt Rev A:ứicaneer Ther 2010; 10: 9-22.

13. Daskalakis M, tí ai. Dedtabine. Reani Results Cancer R a  20\0;  184: 131—
57.

14. Ganetsky A. The role of decitabine íor the treatm ent of acute myeỉoiđ 
leukem ú. Ann Pharmacother 2012; 44: 1511-17.

Adverse Effeđs, Treatment, and Precautions
F or g e n e ra l d iscu ss io n s  see  A n tin co p la s tic s . p . 7 26 .1 , 
p. 7 3 0 .2 , a n d  p . 7 3 2 .2 . T h e  m o s t c o m m õ n  a d v e rse  e ííe c i of 
d e c ita b in e  Í5 m y e lo su p p re s s io n , vvhich m a y  be  se v e re  a n d  
d o se -lim itin g . F a ta litie s  h a v e  b e e n  re p o r te d .  O th e r  c o m m o n  
a d v e rse  e líec ts  in c lu d e  ta tig u e , p y re x ia , g a s ư o in te s ú n a l  
d is tu rb an c e s , p e te c h ia e ,  a n d  h y p e rg ly c a e m ia . C a rd io re -  
sp ira io ry  a rre s t, incT eased  b lo o d  b iliru b in , in tr a c ra n ia l  
h a e m o n h a g e .  a b n o rm a l  l iv e r  íu n c t io n  tests, p u lm o n a r y  
o e d e m a , a tria l í ib r illa tio n . C entral lin e  in íe c tio n . o r  íeb rile  
n e u ơ o p e n ia  m a y  ío rc e  t r e a tm e n t  to  b e  s to p p e d  o r  d e la y e d . 
O th e r  a d v e rse  e ffec ts  w h ic h  m a y  b e  d o se -l im itin g  i n d u d e  
le th a rg y , o e d e m a , tac h y c a rd ia , d e p re ss io n , o r  p h a ry n g it is .

Pharmacokinetícs
O n in ư a v e n o u s  d o sa g e  d e c ita b in e  shovvs b ip h a s ic  d isposi- 
tio n . P lasm a  p r o te in  b in d in g  is n eg lig ib le . T h e  e x a c t  r o u te  o f 
m e ta b o lism  a n d  e x c re t io n  is n o t  k n o w n ;  One p a th w a y  
a p p e a rs  to  b e  d e a m in a tio n  b y  c y tid in e  d e a m in a se , w h ic h  is 
lo u n d  p r in d p a l ly  in  t h e  liver, b u t  a lso  in  g ra n u lo c y te s , th e  
in te s t in a l  e p ith e liu m , a n d  w h o le  b lo o d . A te rm in a l  
e lim in a tio n  h a lf - li ỉe  o /  a b o u t  0 .5  h o u r s  h a s  b e e n  re p o r te d  
a íte r  a  7 2 - h o u r  in íu s io n .

Preparations
Proprietary Preparations (details are given in  Volum e B)

ỉingle-ingredient P repara tiom . Arg.: Dacogen; Detavi; Braz.: 
Dacogen; Chile: Dacõgen; china: Dacogen (dĩ*ly, Israel: Daco- 
gen; Malaysia: Dacogen; Ntth.: Dacogen: Phữipp.: Dacogen; Rus.: Dacogen (flaK0reH); Switz.: Dacogen; Thai.: Dacogen; 
Turk.: Dacogen; UK: Dacogen; USA: Dacogen.

Denileukin Diítitox ỊUSAN. riNNì
DAB389IL2; Denileudna diftitox; Denileukiry Diíitox (BAN); 
Dénileukine Dittitox; Denileukinum Diftitoxum; LY-335348;
AéHnneíãKMH Àn<t>TWTOKC.

CAS —  ỉ 73 ĩ46-27-5.
ATC —  L01XX29. '
ATC Vet —  QL01XX29.
UNII — 25E79BSCTM.

8. M anoukỉan G, Hagemeỉster F. Dẹnileukỉn dỉhỉtox: a novel im m unotox- 
ỉn. Expert opin Biol T h e r  2009; 9: 1445-51.

9. Prỉnce HM. t í  ai. Phasc m  placebo-controlled triaỉ of denỉỉeukin diítitox 
íor patìents vrỉtb cutaneoús T-cell lymphoma. J  ơ in  Oruoỉ 2010; 28: 
1870-7.

Adverse Effeđs and Precautions
D e n ile u k in  d iít ito x  c a n  c a u se  a n  a c u te  h y p e rs e n s it iv ity  
re a c tio n  v v ith in  2 4  h o u r s  o f in íu s io n  vvith  sy m p to m s  
re m in is c e n t  o f  a  c y to k in e  re le a se  sy n d ro m e . A n a p h y la x is  
a n d  d e a th  h a v e  a lso  b e e n  re p o r te d .  A  m o re  d e la y e d  f lu - lik e  
s y n d ro m e  m a y  a lso  o c c u r  u p  to  se v e ra l  day s a í t e r  in íu s io n . 
V ascu la r  le a k  s y n d ro m e , c h a ra c te r ise d  b y  h y p o te n s io n , 
o e d e m a , o r  h y p o a lb u m in a e m ia ,  m a y  also  b e  d e la y e d . 
G a s tro in te s tin a l  d is tu rb a n c e s , chills. fev er , a n d  a s th e n ia  a re  
c o m m o n . O th e r  a d v e rse  e ffec ts  in d u d e  rash , p re d isp o s it io n  
to  c u ta n e o u s  in íe c tio n s , a n d  th ro m b o tic  e v e n ts . V isual loss 
h a s  b e e n  re p o r te d ;  a l th o u g h  re c o v e ry  w a s  re p o r te d  in  so m e  
p a tìe n ts , in  m o s t  cases im p a irm e n t  p e rs is ted .

Preparations
j Proprietory Preparatiom (details are given in Volume B)

Ị Single-ingredient Preparalionỉ. Gr.: Ontak: USA: Ontak.

Diaxiquone ÍUSAN, riNN i

Aziridinylbenzoquinone; AZQ CI-904; Diazicuona; Diaãquo- 
num; NSC-182986; flna3Hx0H.
Diethyl 2,5-bis-(1-aziridinyl)-3,6-dioxo-l,4-cyđohexadiene-
1,4-dicarbamate.
C,6H20N<O6=364.4
CAS —  57998-63-2.
UNII —  FQL5EUPÌ3W.

ProỊịỊe
D ia z iq u o n e  h a s b e e n  ìn v e s tig a te d  as a n  a n tin e o p la s tìc  in  th e  
ư e a tm e n t  o f m a lig n a n t b ra in  tu m o u r s  a n d  a c u te  m y e lo id  
le u k a e m ia .  I t is th o u g h t  to  a a  as a n  a lk y la tin g  a g e n t. 
A d v erse  e ffec ts  in c lu d e  b o n e -m a r r o w  su p p re s s io n , m a n i-  
íe s t in g  c h ie í ly  as  l e u c o p e n ia  a n d  th ro m b o c y to p e n ia ,  
g a s tro in te s tin a l  d is tu rb a n c e s , a n d  a lo p e d a .  A n a p h y la c to id  
rea c tio n s  h a v e  o c cu rred .

Docetaxel (BAN. USAN, riNNI
Docetaksel; Docétaxel; Docetaxelum; Docetaxol; Docetax- 
olum; Dosetaksel; Dosetaksoli; NSC-628503; RP-56976; 
AoqeĩaKcen.
(2flJS)-W-Carboxy-3-phenylisoserine, N-tert-buĩyị ester, 13- 
ester with 5P-20-epoxy-l,2a,4,73,10(ỉ,13a-hexahydroxytax-
11-en-9-one 4-acetate 2-benzoate; terr-Bưtyl {(lS,25)-2- 
[(25,5/?,7S,l 0/?,l 3S)-4-acetoxy-2-benzoyloxy-1,7,10-trihy- 
droxy-9-oxo-5,20-epoxytax-1 l-en-13-yloxycarbonyl]-2- 
hydróxy-1-phenỵlethyllcarbamate.
Q 3H53NO,4=307.9
CAS -—  1(4977-28-5 (anhydrous docetaxel); 148408-66-6 
(docetaxel trihydrate).
ATC —  L01CD02.
ATC Vel —  QL01CD02.
um  — 15H5577CQD (docetaxel); Ó99121PHCA (anhydrous 
docetaxel).

D a u n ợ r ũ b id n  d o e s  n o t  a p p e a r  t o  cross t h e  b lo o d -b ra in  
b a rr ie r ,  b u t  c ro sses  t h e  p la c e n ta .
- T h e  p h a rm a c o k in e t ic s  o f l ip o so m a l d o x o r u b id n  a re  
s ig n iH can tly  d U íe re n t f ro m  th o se  o ỉ  th e  c o n v e n tio n a l  d ru g  
ío rm u la t ió n ,  w i th  a  d e c re a se d  u p ta k e  b y  n o r m a l  tis su e s  
( a l th o u g h  tu m o u r  n e o v a sc u la tu re  is r ẽ p o n e d  to  h a v e  
in c re a se d  p e n n e a b i l i ty  to  th e  l ip o so m e s) , a n d  a  t e rm ỉn a l  
h a lỉ-U ỉe  o f  4  to  5 h o u rs .

Preporations
Proprietory Pnparations (detailỉ a re  given in V olum e B)

Single ingredient Preporotiom. Arg.: D a u n o b lasú n a t; D auno- 
gobbi; M axidauno; Austraỉ.: D aunoX om eỷ; Auslria: D auno- 
b lastin ; DaunoXomeỶ; Belg.: Cerubid ine; Braz.: D aunoblastina; 
D a u n o d n ; D aunoX om et; Canad.: C em bidine; Chile: Cerubi- 
d in ẹ t;  D a u ro d n a t;  O n codauno tec t; China: D aunoblastina  (Hỉ Denm.: Cerubidin; D aunoX om e; Fin.: D aunoX om e; Fr.: Cerubid ine; D aunoX om e; Ger.: D aunoblastin ; DaunoX - 
o m e t;  Gr.: C em bidine; D aunoblastina; D aunoX om e; Hong Kong: D aunoblastìna; Hung.: D aunoblastina; ĩndia: D aunobin; 
D aunocin ; D aunoplus; D a u n o ru b ite c  D aunosỉde; D a u n o te c  
N orubin ; IrL: Cerubidin; D aunoX om e; Israel: C erubidine; Ịtal.: 
D aunoblastina; D aunoX om e; Mex.: Rubilem ; Neth.: C erubidine; 
D aunoX om e; Norw.: C erubidin; D aunoX om e; Port.: DaunoX - 
om e; Rus.: D aunoX om e C 5ayH 0a0M )t; S.AỊr.: D aunoblasrin; Singapore: D aunoblastina; D aunocin; Spain: D aunoblastina; Swed.: C erubidin; D aunoX om et; Switz.: C eru b id in e t; UK: 
D aunoX om e; USA: C erubidine; D aunoX om e; Venez.: D auno- 
b lasdna.

Pbormocopoeid PraporoHons
U SP 36: D au n o ru b ỉtín  H ydrochloride lo r In je r tio n .

Decitabine (BAN, USAN, HNNI
,5-Aza-2'-deoxycytidine; DAC Dedtabina; Décitabine; Deci- 
tabinum; NSG-127716; ÍỊeqnTaõnH.
4-Amino-l -(2-deoxy-ậ-o-erythro-pentofuĩanosyí)-1,3,5-trỉa- 
zin-2(1H)-one. ■
CaH,2N4Ò4=228^
CÃS — 2353-33-5.
ATC— L01BC08.
ATC Vet —  QL01BC08.
UNII — 776B62CQ27.
Uses and Administration
D e d ta b in e  is a n  a n tin e o p la s tic  a n tim e ta b o U te  s t r u a u r a l ly  
r e la te d  to  c y ta ra b in e  (p . 7 7 4 .1 ). I t  is  r e p o r te d  to  c au se  D N A  
h y p o m e th y la t io n  b y  th e  m h ib i tio n  o f  DN A m e th y l tr a n s íe r -  
ase , w h ic h  h a s  t h e  p o te n t ìa l  to  a l te r  g e n e  e x p re s s io n  (re -  
a c tìv a te  s ile n t  g e n e s)  a n d  U m it d ise a se  p ro g re s s io n  a n d  
r e s i s ta n c e .  D e d ta b in e  is  u s e d  in  t h e  t r e a tm e n t  o f  
m y e lo d y sp la s tic  sy n d ro m e s  (p. 6 9 4 .3 ); i t  is a lso  u se d  in  th e  
m a n a g e m e n t  o f  n e w ly  d ia g n o se d  o r  s e c o n d a ry  a c u te  
m y e lo id  Ie u k a e m ia  (p . 6 9 3 .1 )  in  p á tie n ts  65 y e a rs  o f ag e  o r  
o ld e r  w h o  a re  n o t  c a n d id a te s  f o r  S ta n d a rd  in d u c t io n  
c h e m ò th e ra p y .

D e d ta b in e  is g iv e n  b y  in tra v e n o u s  in íu s io n , d ilu te d  to  a 
f in a l  c o n c e n tr a t io n  o f  0.1 to  lm g /m L  in  s o d iu m  c h lo r id e
0 . 9 . ,  g lu c o se  5 % , o r  la c ta te d  R in g e r 's  ữ ỹ e c tio n .

F o r  t h e  t r e a tm e n t  o f  m y e l o d y s p la s t i c  s y n d r o m e s  th e  
r e c o m m e h d e d  d o se  is  15 m g /m 3 in íu s e d  o v e r  3 h o u rs  a n d  
g iv e n  e v e ry  8  h o u r s  f o r  3 dãys; th is  3 -d ay  c y c le  is re p e a te d  
e v e ry  6 w e e k s ,  fo r  a  m in im u m  o f 4  cycles. If h a e m a to lo g ic a l  
r e c o v e ry  h o m  a  c y d e  is in c o m p le te ,  cycle  l e n g th  m a y  b e  
in c re a se d  to  as  m u c h  as  e v e rỹ  1 0  w e e k s  a n d  th e  d o se  
r e d u c e d  to  11 m g /m 2 e v e ry  8  h o ũ rs  u p o n  re s ta r t in g  th e ra p y ; 
th is  d o se  m a y  b e  m a in ta in e d  o r  in c re a se d  in  sũ b s e q u ẽ iit  
c y d e s  a s  d in ic a lly  in d ic a te d . A n  a l te m a d v e  re g im e n  is 
d e d ta b in e  2 0  m g /m 2 in h is e d  o v e r  ỉ  h o u r  a n d  g iv en  o n c e  
d a ily  fo r  5 d ay s; th is  5 -d a y  c y d e  is r e p e a te d  e v e ry  4  w eek s , 
fo r  a t  le a s t  4  c y d e s .  If m y e lo su p p re s s io n  o c cu rs , s u b s e q u e n t  
c y d e s  s h o u lđ  b e  d e la y e d  u n t i l  h a e m a to lo g ic a l  rec o v e ry .

D e d ta b in e  ư e a tm e n t  s h o u ld  b e  d e la y e d  ư se r u m  
c re a t in m e  i ỉ  2 m g  p e r  100 m L  o r  g re a te r , o r  ú  t o u l  b iliru b in  
is 2  o r  m o re  t im e s  th e  u p p e r  l im it  of n o r m a l  o r  ư  th e  p a tie n t  
h a s  a n  a c tiv e  o r  u n c o n ư o l le d  in íe c tío n .

F o r  t h e  t r e a tm e n t  o ỉ  a c u t e  m y e l o i d  l e u k a e m i a  th e  
r e c o m m e n d e d  d o se  o f  d e d ta b ín e  is 2 0  m g /m 1 in ỉu s e d  o v e r  1 
h o u r  a n d  g iv e n  o n c e  d a ily  fo r  5 days; th is  5 -d a y  c y d e  is 
r e p e a t e d  e v e ry  4  w e e k s ,  fo r  a t  le a s t  4  óycles. If 
m y e lo s u p p re s s io n  o c cu rs , s u b s e q u e n t  c y d e s  sh o u ld  b e  
d e la y e d  u n t i l  h a e m a to lo g ic a l  rec o v e ry .

D e d ta b in e  is a lso  u n d e r  in v e s tig a tio n  fo r  t h e  t r e a tm e n t  
o f  c h ro n ic  m y e lo id  le u k a e m ỉa  (p. 6 9 4 .2 ). Ít is a lso  re p o r te d  
to  in c r e a s e  íe ta l  h a e m o g lo b in  in  p a tỉe n ts  vvith  sick le -ce ll 
d ise a sẹ  (p . 1 1 2 3 .2 ).

R e íe re n c e s .
1. DeSimonc J, t í  a i  M aỉmenance oí elevated fetal hemoglobin levels by 

dechabỉnc đuring dose interval treatm ent oỉ sỉckỉe celỉ anemia. Bìoôd 
2002; 99: 3905-8.

2. M om paricr RL. Phannacology o í 5'aza-2'-deoxycytìdine (dcdtabinc).
Strrtín Htmatoi 2005; 42 (suppỉ 2): S9-S16. Ị

3. Kantarjlan HM. Iỉ$a Jp. Dedtabine dosỉng sdiedules. Semin Hỉmaiaỉ 1 
2005; 42 (suppl 2); S17-S22. Correciion. ỈM .; 274.

Uses and Administration
D e n ile u k in  d iít ìto x  is a  re c o m b in a n t  ỉn te r le u k in  tu s io n  
to x ú t c o m p rise d  o f in te r le u k in -2  l in k e d  to  th e  A  a n d  B 
h a g m e n ts  o f  d ip h th e r ía  to x in .  Xt is g iv e n  b y  in tr a v e n o u s  
in íu s io n  fo r t h e  m a n a g e m e n t  o f p e rs is te n t  o r  r e c u r r e n t  
c u ta n e o u s  T -cell ly m p h o m a  (see  M ycosis  F u n g o id e s , 
p. 6 9 8 .3 ) , in  p a tie n ts  vvhose m a l ig n a n t  cells e x p re s s  th e  
C D 25 i n te r le u k in - 2  r e c e p to r .  T h e  c o n c e n t r a t i o n  o f 
d e n ile u k in  d itt ito x  m u s t  b e  a t  le a s t 15 m ic ro g ra m s/m L  
d u r in g  a ll s te p s  in  th e  p re p a ra tio n  o f  th e  s o lu t io n  for 
in íu s io n . T h e  r e c o m m e n d e d  d o se  is 9 o r  1 8 m ic ro g ra m s/k g  
daily , g iv en  o v e r  15 m in u te s  o r  m o re , fo r  5 c o n se c u tiv e  d ay s 
e v e iy  3 w eeks.

R e fe re n c e s .
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P h a rm a c o p o e ia s .  In  Eur. (see  p . vii) a n d  US.
P h . E u r .  8 : (D o ce tax e l, A n h y d ro u s ) .  A w h i te  o r  a lm o s t 
w h ite , c ry s ta ll in e , h y g ro sc o p ic  p o w d e r .  P rac tica lly  in so lu b le  
in  vvater; h e e ly  so lu b le  in  d e h y d ra te d  a lco h o l; so lu b le  in  
d ic h lo ro m e th a n e . S to re  in  a ir t ig h t  c o n ta in e rs . P ro te c t  h o m  
lig h t.

P h .  E u r .  8: (D o c e ta x e l T r ih y d ra te ) . A  w h ite  o r  a lm o s t vvhite , 
c ry s ta llin e  p o w d e r .  P racticaU y in so lu b le  in  w a te r ;  h e e ly  
so lu b le  in  d e h y d ra te d  a lc o h o l;  so lu b le  in  d ic h lo ro m e th a n e . 
P ro te c t h o m  lig h t.

U S P  36: (D o c e ta x e l) . A  w h i te  o r  a lm o s t vvhite , c ry s ta llin e  
p o w d e r . P ra c tica lly  ứ iso lu b le  in  w a te r;  so lu b le  in  m e th y l  
a lco h o l; h e e ly  so lu b le  in  a c e to n e . P ro te c t  h o m  lig h t.

Incompatibility and stability. V arìo u s ío rm u la t io n s  o f  d o c- 
e ta x e l a re  av a ila b le ; so m e  re q u ire  a n  in itia l r e c o n s ú tu tio n  
o f a  c o n c e n t ta te  w ith  a  so lv e n t  (re su lt in g  in  a  p r e m ix  so lu -  
tio n )  b e ío re  í u r th e r  d ilu tio n  ío r  in íu s io n , w h e r e a s  o th e r s  
a re  a v a ila b le  in  v ials as  a  s o lu tio n  r e a d y  ío r  í u r th e r  d ilu -  
t io n  fo r in h ỉs io n .  B o th  t h e  p re m ix  S o lu tions  a n d  th e  v ia ls  
sh o u ld  b e  u s e d  as so o n  as  p o ssib le  a ỉ te r  r e c o n s t i tu tio n  a n d  
o p e n in g , re sp e c tiv e ly . H o w e v e r, l ic e n sed  p r o d u c t  in ío r m a -  
t io n  (Actavừ, UK) S tates t h a t  t h e  p re m ix  s o lu t io n  is c h e m i-  
ca lly  a n d  p h y s ic a lly  s ta b le  ío r  8  h o u r s  w h e n  s to re d  
betvveen  2 d e g re e s  a n d  8  d e g re e s  o r  a t  ro o m  t e m p e ra tu re  
(b e lo w  2 5  d e g re e s ) . T h e  sa m e  c o m p a n y  S tates fo r  its  so lu -  
t io n  ío rm u la t io n  th a t  p h y s ic a l, Chem ical, a n d  m ic ro b io lo -  
g ical s ta b ib ty  h a s  b e e n  shovvn  fo r 2 8  day s a t  2 d e g re e s  to  8
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d e g re e s  a n d  a t  25 d e g re e s  u n d e r  n o rm a l l ig h tin g  c o n d i-  
tio n s  ( a f te r  th e  firs t v ia l o p e n in g ) .

Docetaxel is íurther diluted vvith sodium chloride 0 .9 %  
or glucose 5% to a concentration no t exceeding 
7 4 0  micrograms/mL; Chemical and physical stability, and 
maximum storage time varies between Products:
•  Ađavừ, UK (p re m ix  so lu t io n  ỉo rm u la tio n ) :  4  h o u r s  a t  

a b o u t  2 5  d e g re e s  u n d e r  n o rm a l  lig h tin g ; 4  h o u rs  a t  5 
d e g re e s  ± 3 d e g re e s , p r o te a e d  fro m  lig h t; s to ra g e  n o t  
lo n g e r  t h a n  2 4  h o u r s  ã t  2  d e g re e s  to  8 d eg re e s

•  Aữavis, UK (c o n c e n tra te  so lu tio n ) :  8 h o u rs  a t  a b o u t  25  
d e g re e s  u n d e r  n o rm a l  lig h tin g ; 3 days a t  2  d eg re e s  to  8  
d e g re e s , p r o te c te d  f ro m  lig h t

•  Hospira, UK: 4  h o u rs  w h e n  s to re d  b e lo w  25  degrees; 
s to ra g e  n o t  lo n g e r  t h a n  2 4  h o u rs  a t  2  d e g re e s  to  8  d eg re e s

•  Taxotert, Sanofi-Aventứ, UK: 6 h o u r s  w h e n  s to re d  b e lo w  
25  d e g re e s ; 4 8  h o u r s  a t  2 d eg re e s  to  8  d eg re e s  (in  
n o n -P V C  bags; see  b e lo w  lo r  í u r th e r  in ỉo im a t io n )

P ro d u c t l i te ra tu re  s h o u ld  th e r e ío r e  b e  c o n su lte d .
T h e  C h em ica l a n d  p h y s ic a l s ta b ility  of v a rio u s  đ o c e ta x e l  

i n lu s io n  S o lu tio n s  h a s  b e e n  s tu d ie d .1'3 T h e  TaxoUre 
ío rm u la t io n  w a s  d ilu te d  to  3 00  o r  9 00  in ic ro g ra m s/in L  
w i th  s o d ỉu m  c h lo r id e  0 .9 %  in  p o lyo leH n  c o n ta in e rs  o rg la s s  
b o ttle s , a n d  s to re d  a t  19 d e g re e s  to  21 deg rees  a n d p ro te c te d  
f ro m  l ig h t .1 T h e re  w a s  n o  e v id e n c e  o f p r e d p i ta t io n  in  th e  
Ẽ rst 2 4  h o u r s  o f  s to ra g e . H o w e v e r, a fte r  th is  tim e , HPLC 
a ssa y  re v e ẩ le d  c o n c e n ư a tió h s  vvith large  S ta n d a rd  d e v ia -  
d o n s  f o r  s ò m e  c o n ta in e rs , su g g estin g  th e  e x is te n c e  o f  
m ic r o p re d p i ta te s .  P r e d p ita t ĩo n  w a s  a  g e n e ra lis e d  p h e n o m -  
e n o n  a t  d a y  7, e s p e d a l ly  in  g lass c o n ta in e rs . T h e  re su lts  o f 
th is  s tu d y  s u p p o r te d  th e  u se  o f  d ơ c e ta x e l w i th in  4  h o u r s  o f 
p r e p a r a tio n ,  a n d  th e  a u th o r s  c a u tio n e d  t h a t  d o c e ta x e l  
(Taxotere ío rm u la t io n )  w a s  v e ry  lab ile  a n d  p h y s ic a l s ta b ility  
c o u ld  b e  s tro n g ly  a í í e a e d  b y  sm a ll v a ria tio n s  in  h a n d lin g  
c o n d it io n s .1

M a n y  d o c e ta x e l  ío rm u la tio n s  c o n ta in  p o ly so rb a te  80, 
vvhich h a s  t h e  p o te h t ia l  to  le a c h  th e  p la s t id s e r  d ie th y lh e x y l 
p h th a ỉa te  (D EH P) t o m  PVC bags, a n d  u s e  in  s u c h  
c o n ta in e rs  is to  b e  a v o id e d .3 In  o rd e r  to  m in im ise p a tie n t  
e x p o s u re  t o  D E H P, so m e  m a n u ía c tu re rs  (Hospira, UK) 
r e c o m m e n d  th a t  d o c e ta x e l  b e  s to re d  in  g lass  b o ttle s  o r  
p o ly p ro p y le n e  o r  p o ly o le B n  c o n ta in e rs , a n d  g iv e n  th ro u g h  
p o ly e th y le n e - l in e d  g iv in g  sets. S im ila r r e c o m m e n d a tio n s  
a re  m a d e  fo r  p ac litax e l, see  u n d e r  In co m p a tib ility , p . 8 3 9 .3 .

1. Eroỉes AA. et al. Stabiỉity oỉ docetaxel dilutcd to 0.3 or 0.9 mg/mL with
0.9% sodium chloridc ỉnjection and siored in polyoleãn or glass 
containers. Am J  Health-Syst Pharm 2009; 66: ỉ 565-8.

2. Thlesen J, Krảrncr I. Physico-chcmỉcal stabilỉty o ỉ docetaxel premix 
solution and docetaxel ịnỉusỉon Solutions in PVC bags and polyoleBnc 
contaỉners. Pharm Worỉd Sà  1999; 21: 137-41.

3. Dalle M, et at. Peut-on condítionncr les Solutions đe docétaxeỉ dans des 
poches en PVC? Can Solutions of docetaxel be condỉtỉoned in PVC bags? 
J  Pharm Cĩin 2006; 25: 147-52.

Uses and Administratíon
D o c e ta x e l is a  se m isy n th e tic  t a x a n e  s im ila r  to  p a d ita x e l  (see 
p . 8 3 9 .3 ) .  I t  is m a n u ĩa ạ u r e d  h o m  a t a x a n e  p re c u rs o r  
d e riv e d  f ro m  th e  n e e d le s  o f t h e  E u ro p e a n  y e w  tre e  Taxus 
baccata. D o c e ta x e l  is u se d  ío r  lo ca lly  a d v a n c e d  o r  m e ta s ta d c  
b re a s t  c a n c e r  (p . 7 0 2 .1 ). I t  m a y  b e  u s e d  as  ftrs t- lin e  
t r e a tm e n t  vvith d o x o r u b id n ;  in  th e  ư e a tm e n t  o f  r e d a c to ry  
d ise a se , it  is u s e d  a lo n e  o r  w i th  c a p e d ta b in e .  I n  th e  
t r e a tm e n t  o f  m e ta s ta t ìc  b re a s t  c a n c e r  th a t  o v e re x p re sse s  
H E R2 ( h u m a n  e p id e rm a l grovvth  re c e p to r  2 ), d o c e ta x e l  m a y  
b e  u s e d  w i th  tra s tu z u m a b  as in it ia l  th e ra p y . F o r  a d ju v a n t  
t r e a tm e n t  o f  o p e ra b le ,  n o d e -p o s i t iv e  b r e a s t  c a n c e r ,  
d o c e ta x e l  is g iv e n  w ith  d o x o r u b id n  a n d  c y d o p h o s p h a m id e . 
D o c e ta x e l  is a lso  in d ic a te d  fo r  th e  t r e a tm e n t  o f lo ca lly  
a d v a n c e d  o r  m e ta s ta t ic  n o n - s m a l í  ce ll lu n g  c a n c e r  
(p. 7 1 0 .2 ) ,  e i th e r  w i th  d s p la t in  fo r in itía l t r e a tm e n t  o f 
u n re s e c ta b le  d isease , o r  a l t e r  ía i lu re  of p re v io u s  p la tin u m - 
b a se đ  c h e m o th e ra p y .  It is u s e d  vvith p re d n is o n e  o r  
p re d n is o lo n e  in  h o rm o n e - re í ra c to ry  m e ta s ta t íc  p ro s ta te  
c a n c e r  (p . 7 1 2 .3 ) . D o ce tax e l is g iv en  w ith  d s p la t in  a n d  
U u o ro u ra c il  in  th e  firs t- lin e  t re a tm e n t  o f  p a tìe n ts  w i th  
m e ta s ta t ic  g a s tr ic  a d e n o c a rc ỉn o m a , i n d u d in g  a d e n o c a rd -  
n o m a  o f  t h e  g a s tro -o e so p h a g e a l ju n c t io n  (se e  M a lig n a n t 
N e o p la sm s  o f th e  S to m a c h , p . 7 0 6 .1 ); it is a lso  u se d  in  th is  
c o m b in a tìo n  fo r th e  i n d u d io n  t te a tm e n t  o f  p a tie n ts  w i th  
lo ca lly  a d v a n c e d  s q u a m o u s  cell c a rd n o m a  o f  t h e  h e a d  a n d  
n e c k  (p . 7 0 8 .1 ) .

D o c e ta x e l  is g iv e n  b y  in tra v e n o u s  in lu s io n  in  g lu co se  5%  
o r  s o d iu m  c h lo r id e  0 .9 %  a t  a  c o n c e n tra t ío n  n o t  e x c ee d in g  
7 4 0  m íc ro g ra m s/m L . In lu s io n  is n o rm a lly  o v e r  I  h o u r .  
P r e m e d ic a t io n  w i th  a n  o r a l  c o rt ic o s te ro id ,  s u c h  as  
d e x a m e th a s o n e  1 6 ra g  da ily , fo r  3 day s s ta r tin g  1 d a y  
b e ío re  d o c e ta x e l  is r e c o tn m e n d e d  w ith  m a n y  reg im en s .

T h e  l ic e n s e d  d o se  fo r  d o c e ta x e l  as  a  s in g le  a g e n t in  t h e  
t r e a tm e n t  o f  b r e a s t  c a n c e r  a f te r  ía i lu re  o f  p re v io u s  
c h e m o th e ra p y  is 6 0  to  1 0 0 m g /m 2 o n c e  e v e ry  3 w e e k s . A  
d o se  o f  7 5 m g /m 2 o n c e  e v e ry  3 w ẹ e k s  is gi v e n  in  
c o m b in a tío n  th e r a p y  w ith  d o x o r u b id n , o r  c a p e d ta b ỉn e ,  o r  
w h e n  u s e d  a s  a d ju v a n t  th e r a p y  vvith d o x o r u b id n  a n d  
c y d o p h o s p h a m id e .  W h e n  ụ s e d  w ith  t r a s n m u n a b ,  d o c e ta x -  
e l is gi v e n  a t  a  d o se  o f  1 0 0 m g /m 2 o n c e  e v e ry  3 w eek s .

T h e  dose  Idr n o n - s m a d l  c e l l  l u n g  c a n c e r  is 75  m g /m 2 
o n c e  e v e ry  3 w e e k s , fo r b o th  d rs t- lin e  c o m b in a tìo n  th e r a p y  
a n d  m o n o th e ra p y  a fte r  ía i lu re  o f p re v io u s  c h e m o th e ra p y .

F o r g a s t r ic  a d e n o c a r c i n o m a  d o c e ta x e l 7 5 m g /m 2 is 
g iv en  b e ío re  d s p la t ìn  a n d  d u o r o u r a á l ;  t r e a tm e n t  is 
re p e a te d  every  3 w eek s .

In  t h e  in d u c t ìo n  t re a tm e n t  oi h e a d  a n d  n e c k  c a n c e r ,  
th e  r e c o m m e n d e d  dose  o í  d o c e ta x e l  is  7 5 m g /m 2, g iv en  
b e ío re  d s p la tín  a n d  A u o ro u ra d l;  u e a tm e n t  is g iv e n  e v e ry  3 
w eek s fo r 3 c y d e s , fo llo w ed  b y  c h e m o ra d io th e ra p y , o r  fo r  4  
c y d e s  w h e n  fo llo w e d  b y  ra d io th e ra p y  a lo n e .

F o r  p r o s t a t e  c a n c e r ,  th e  do se  o f d o c e ta x e l  is 75  m g /m 2 
o n c e  e v e ry  3 w e e k s , vvith p re d n is o n e  o r  p re d n is o lo n e  5 m g 
oraU y tvvice d aily  g iv e n  c o n tìn u o u s ly . T h e  u se  o f  p r e d n is o n e  
o r  p re d n iso lo n e  re d u c e s  t h e  n e e d  fo r  a  p r e m e d ic a tío n  
co rtícostero id ; d e x a m e th a s o n e  8 m g  m a y  b e  g iv e n  a t  12 
h o u rs , 3 h o u rs, a n d  1 h o u r  b e ío re  d o c e ta x e l.

R e g u la r  b lo o d  c o u n ts  a re  r e q u ữ e d , a n d  d o sa g e  in  
s u b s e q u e n t c o u rse s  sh o u ld  b e  re d u c e d  in  p a tìe n ts  w h o  
d e v e lo p  sev ere  o r  íeb rile  n e u tr o p e n ia  (see  a lso  B o n e - 
m arro v v  D e p re ssio n , p . 7 3 0 .3 ) , o r  s e v e re  c u ta n e o u s  
rea c tío n s  o r  p e r ip h e ra l  n e u ro p a th y . T h e  d o se  o f  d o c e ta x e l  
s h o u ld  b e  re d u c e d  in  h e p a tíc  im p a irm e n t,  see  b e lo w . A  dose  
re d u c t ío n  is a lso  su g g e ste d  w h e n  d o c e ta x e l  is u s e d  w ith  
S tto n g  c y to c h ro m e  P 4 5 0  iso e n z y m e  CY P3A4 in h ib ito rs ,  see  
A d m in isư a tío n  vvith  O th e r  D rugs, belovv.

N o v e l ío rm u la tìo n s  o f d o c e ta x e l a re  u n d e r  in v e s tìg a tío n , 
ỉ n d u d in g  a p e g y la te d  c o n ju g a te , a  ly o p h il is e d  e m u ls io n , 
a n d  a d o c e ta x e l p ro d ru g  n a n o p a r d d e  ío rm u la tío n .

R e íe re n c e s . F o r  re fe ren c e s  to  ta x a n e s  as  a  d a s s ,  see 
P a d ita x e l, p . 8 4 0 .2 .
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A d m in is tra t io n . D o c e tax e l h a s  b e e n  in v e s tig a te d  as  a  lo w - 
dose  w eeM y in íu s io n , in  p a tie n t  g ro u p s  s u c h  as  th e  
e ld e rly , th o se  w i th  p o o r  p e r ío rm a n c e  s ta tu s , o r  re ử a c to ry  
d ise a se .1'6 VVeekly doses  o f 30  to  4 0 m g /m 2 a re  c o n s id e re d  
to  b e  o f s im ila r  efficacy  to  th e  S ta n d ard  th re e -w e e k ly  
d o sag e  reg im en 7 (see  a lso  u n d e r  P aclitaxel, p . 8 4 0 .2 ) . A 

. p h a rm a c o k in e tic  s tu d y  in  2 0  e ld e r ly  p a tie n ts  su g g é ste d  
th a t  a  su itab le  s ta r tln g  d o se  m ig h t b e  2 6  m g /m 2, in c re a se d  
p ro v id e d  th e re  vvas n o  to x id ty ,  b u t  see  also  below.®

1. Hainsworth JD. et aĩ. VVeekly docetaxeỉ in the treatm ent o ỉ eỉderly 
patients vvith advanced breast cancen a Minnỉe Pearl Cancer Research 
Network phase ư  trial. J  ơ in  Oncoỉ 2001; 19: 3500-5.

2. Mekhaỉl T. et ai. Phase I ĩrìal of weekỉy docetaxeỉ and gemcỉtabine in 
patients with reíractory malignandes. Cancer 2003; 97: 170-8.

3. Petriolỉ R. et aỉ. Weekly lovv-dose docetaxel in advanced non-small ceỉl 
lung cancer previously treated vvith two chemotherapy regỉmens. Lung 
Carỉéer 2003; 39: 85-9.

4. Di Maio M. et at. Individuaỉ patiem data meta-analysis of docetaxel 
administered once every 3 weeks compared with once every week 
sccond-line treatm em  oỉ advanced non-small-ccll lung cancer. J  Clin 
Oncol 2007; 25: 1377-82.

5. Abbrederís K. et al. Weekly docetaxeỉ monotherapy for advanced gastric 
or esophagogastric junction cancer results of a phase II study in eỉderly 
patients or patỉents with impaừed perỉormance stams. Crír Rev Oneol 
Hematoỉ 2008; 66: 84-90.

6. Rỉvera E, et al. Phase 3 study comparing the use oỉ docetaxel on an 
every*3-week versus weekly schcdule ỉn the ưeatm ent of metastatic 
breast cancer. Cancer 2008; 112: 1455-61.

7. Haỉnsworth JD. Praaical aspects of weekỉy docetaxeỉ admỉnistratíon 
schedules. Oncologist 2004; 9: 538-45.

8. Hurria K  et ai. Pharmacokỉnetics and toxitíty of weekỉy docetaxel in 
older padents. CUn Caneer Rtt 2006; 12: 6100-5.

A d m in is tro tio n  in  r tie  e ld e r ly . A rev ievv1 fo u n d  n o  sign iS - 
c a n t  d a ta  to  s u p p o r t  do se  m o d if ic a tio n s  o ỉ  d o c e ta x e l  b ased  
o n  a g e  a lo n e . W h ile  e ld e rly  p a tie n ts  m a y  b e  m o re  v u ln e r -  
ab le  to  ad v e rse  e ílec ts , in te ip a t ie n t  v a ria b ility  a p p é a rs  to  
b e  m o re  im p o rtcm t t h a n  a g e -re la te d  v a riab ility .

S e e  also  A d m in is tta tío n , abo v e .
1. Lichtman SM. t t  al. Intcm ador.al Sodety of Gcriatric Oncology 

Chcmoỉhcrapy Tasktorce: cvaluatíon of chem otherapy in  older 
patitn ts—an analysis ol the medical literature. J  ũ in  Oncol 2007; 2J: 
1832-43.

A d m in is tra t ío n  in  h e p a tic  im p a irm e n ỉ.  UK  l ic e n se d  p ro -  
d u c t  in ío n n a t io n  re c o m m e n d s  th a t  doses oỉ d o c e ta x e l  
m o n o th e ra p y  s h o u ld  b e  re d u c e d  f ro m  1 0 0 m g /m 2 to

7 5 m g /m 2 in  m ild  to  m o d e r a te  h e p a tic  im p a irm e n t,  
d e b n e d  as a la n in e  a m in o ư a n s íe ra s e  (ALT/SGPT) a n d /o r  
a sp arta te  a m in o tra n s íe ra se  (A ST/SG O T) m o re  t h a n  1.5 
tim e s  the  u p p e r  lim it o f n o r m a l  (ULN), a n d  a lk a lin e  p h o s -  
p h a ta se  m o re  t h a n  2.5 tú n e s  t h e  ULN. H e p a tìc  íu n c t ìo n  
sh o u ld  be m o n ito re d ; u se  s h o u ld  b e  a v o id e d  ư p o ssib le  in  
sev ere  he p a tic  im p a irm e n t. us l ic e n sed  in ỉo rm a t ío n  
advises against th e  u se  of d o c e ta x e l  in  p a tie n ts  w i th  b ill- 
ru b in  above ULN, o r  in  th o s e  w i th  m ild  to  m o d e ra te  
h e p a tic  im p a irm e n t (d efin ed  as  fo r  t h e  UK , ab o v e ).

Adminisiration wiih other drugs. U se o f d o c e ta x e l  vvith 
S ttong  c y to ch ro m e P 450  iso e n z y m e  CY P3A4 in h ib ito rs  
m a y  a£fect e x p o su re  to  d o c e ta x e l  (see  In te ra c tio n s , 
p . 782.1). C lin ical d a ta  o n  a p p ro p r ia te  d o se  a đ ju s tm e n t  o ( 
docetaxel a re  lim ited . us lic e n s e d  p ro d u c t  in io rm a t io n  
recom m ends a 50%  dose  re đ u c t io n  o f d o c e ta x e l w h e n  u se  
w lth  strong CỴP3A4 in h ib ito rs  c a n n o t  b e  a v o id ed ; th is  is 
b a sed  on  e x tra p o la tio n  ừ o m  ạ sm all p h a rm a c o k in e tic  
s tu d y  o í th e  u s e  o{ d o c e ta x e l w i th  k e to c o n a z o le  (b u t  see  
A ntU ungals, p . 782 .2 ).

For doses o f doce taxe l v ỵ h e n  g iv e n  as p a r t  o f  lic e n sed  
c h e m o th e ra p y  c o m b in a tio n  re g im e n s ,  se e  U ses a n d  
A dm in is tra tion , above.

I t has b e e n  suggested  th a t  a d m in is t r a t io n  w i th  in h ib ito rs  
o f CYP3A4 o r  P -g ly c o p ro te in  o r  b o th  m ig h t a llo w  oral 
a d m in isữ a tio n  oi d o ce tax e l t o  p r o d u c e  v iab le  e x p o s u re  to  
th e  drug; see  A n tire tro v ira ls  a n d  Im m u n o su p p re s sa n ts , 
p . 782.2.

Adverse Effeđs, Treatment, and Precautions
As for P a d ita x e l, p . 8 41 .1 . N e u ơ o p e n ia ,  a n a e m ia  a n d  sk in  
reactions a re  c o m m o n  w ith  d o c e ta x e l  a n d  m a y  b e  se v ere . 
F lu id  re te n tio n , resu ltin g  in  o e d e m a , a s d te s ,  p le u ra l  a n d  
pericard ial e ữ u s io n , a n d  vveight g a in , is  also  c o m m o n , a n d  
m a y  be cu m u la tiv e ; p re m e d ic a tỉo n  w ith  a  co rtico s te ro id  can  
red u c e  flu id  r e te n tio n  as vvell a s  th e  se v e r i ty  o f h y p e rse n s i-  
tiv ity  reac tio n s . A sth e o ia  a n d  ỉa t ig u e  h a v e  a lso  b e e n  
reported . R are  cases o f o tọ tọ x id ty ,  h e a r in g  im p a irm e n t o r  
loss have o c c u rred . V e ty ' r a r e  cases  o f a c u te  m y e lo id  
leu k aem ia  a n d  m y e lo d ỹ sp la s tic  s y n d ro m e  h á v e  b e e n  
rep o rted  w ith  c o m b in a tìo n  c h e m o th e ra p y  reg im e n s  co n - 
ta in in g  d o c e ta x e l; b a e m a to lo g ic a l  fo llo w -u p  m a y  b e  
requ ired .

D ocetaxel sh o u ld  n o t  b e  u s e d  in  p a tie n ts  h y p e rse n s it iv e  
to  polyso rbate  80, w h ic h  is c o n ta in e d  in  th e  ío rm u la tio n . 
Patien ts w ith  h e p a tic  im p a irm e n t  shovv in c re a se d  sen sitiv ity  
to  toxic effects of d o ce tax e l, a n d  s h o u ld  b e  g iv e n  th e  d ru g  
w ith  great c a re  a n d  in  re d u c e d  doses, if  a t  all.

A  revievv o f 6 a d v erse  e líe c ts  th a t  h a v e  b e e n  se e n  w ỉth  
m o st d o ce taxel-based  re g im e n s  ( íeb rile  n e u tro p e n ia ,  h y p e r-  
sensỉtivity  reac tio n s , íỉu ỉd  r e te n tio n ,  n a il  to x id ty ,  a s th e n ỉa , 
a n d  n e u ro p a th y ) a n d  th e ir  m a n a g e m e n t 1

1. Baker J, et al. Docetaxel-releted side eữects and theừ  management. Eur J 
Onal Nurs 2009: 13: 49-59.

Effeds on the eyes. E xcessive  te a r  f o rm a tio n  (ep ip h o ra)  
severe  e n o u g h  to  in te r íe re  w i th  r e a d in g  a n d  d r iv in g  h a s  
b e e n  rep o rted  in  p a tie n ts  g iv e n  d o c e ta x e l. C a n a lic u la r  s te- 
nosis  has b e e n  described  as  th e  m e c h a n ism  fo r  th is  effect, 
a n d  docetaxel h as  b e e n  m e a s u r e d  in  te a r  ũ u id  suggesting  
th a t  irrita tio n  o f th e  o c u la r  s u ria c e  a n d  ỉib rosis  of t h e  tea r  
drainage  d u c ts  m ay  b e  c a u se d  b y  d ire r t  c o n ta c t  w i th  doce- 
tax e l.1 E p ip h o ra  a n d  c a n a lic u la r  s ten o s is  a re  m o re  sev ere  
a n d  occur m o re  ừ e q u e n t ly  in  p a tie n ts  g iv en  w e e k ly  doce- 
tax e l th an  in  th o se  w h o  re c e iv e  th e  d ru g  e v e ry  3 w e e k s .13 
T h e  m ean c u m u la tiv e  d o se  o f  d o c e ta x e l w a s  ỉo u n d  to  b e  
h ig h er  in  th o se  p a tie n ts  w h o  d e v e lo p e d  s te n o s is .2 M a n a g e 
m e n t of th is  ad v e rse  effec t in c lu d e s  p ro b in g  a n d  irr ig a tio n  
o f th e  lach ry m al d u c ts  a n d  c a n a l ic u la r  s ilico n e  tu b in g  p la- 
cem en t, a lo n e  o r  a íte r  s u rg e ry . T h e  c o n d it io n  is g e n e ra lly  
reversible a n d  tu b in g  ca n  b e  r e m o v e d  4  to  6 vveeks a fte r  
stopping  d o c e ta x e l th e ra p y .4 T h e  u se  o f to p ica l to b ra m y d n  
a n d  d e x a m e th aso n e  o n  a ta p e r in g  re g im e n  c a n  so m e tim e s  
e lim in a te  th e  n e e d  fo r s ilic o n e  in tu b a t io n  o r  s u rg e ry .3

Very ra re  cases o f t ta n s ie n t  v isu a l d istu rb a n c e s  s u c h  as 
flash ing  lig h ts  a n d  sc o to m a ta  h a v e  o c c u rre d  d u r ìn g  
docetaxel in lu s io n , a n d  in  a s s o d a t io n  w ith  h y p e rse n s it iv ity  
reactions. T h e se  w e re  re v e rs ib le  u p o n  s to p p in g  th e  in ỉu s io n . 
F o r  refe rence  to  a r e p o r t  o f  g la u c o m a  p o ssib lỵ  r e la te d  to  
docetaxel, see  P a d ita x e l, p .  8 4 1 .2 .

1. Hsmaeli B, et aí. Docetaxel secretion ìn tem -, assodation with lacrtmal 
drainage obstruaion. Areh Ophthalmol 2002; 120: 1180-2.

2. Esmaeli B, et al. Canâlỉcular stcnosis sccondary to weeỉdy versus cvery- 
3-weeks docetaxeỉ ỉn patỉen ts w ỉth  m etastatỉc breast cancer. 
Ophthalmology 2002; 109: ỉ  ỉ 88-91.

3. Esmaeli B, et aỉ. Prospectỉve study of inddence and severỉty of epỉphora 
and canalicuỉar stenosỉs in patíents w ith metastatìc breast canccr 
recãving doccuxcL J  Clin Oncol 2006; 24: 3619-22.

4. Ahmadỉ MA. Esmaelỉ B. Surýcal treaunent of canaỉicular stenosỉs in 
paỉients receỉving docetaxe! weekly. Arch Ophthalmot200\; 119:1802-4.

Effeđs on the gastrointesiìnal tract. Isc h a e m ic  co litís  h as  
occurred  in  p a tie n ts  t te a te d  w ith  d o c e ta x e l.1'3 5 o m e
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p a tíe n ts  a lso  re c e iv e d  v in o re lb in e ,  w h ic h  m a y  h a v e  e x a-  
c e rb a te d  th is  c o m p lic a tío n . '-2

1. Ibrahim N K .fi «£ Colitỉs assodated with docetaxel-based diem otherapy 
ỉn padents with metastatic brcast cancer. L anaí 2000; 335: 281-3.

2. de Matteis K  tí  a l. Im estinaỉ ride-ellects oỉ docetaxel/vinoreỉbine 
combinatlon. L anat 2000; 355: 1098-9.

3. ííussein MAH. t í  ai. Docetaxeỉ-related ischemỉc cotitis. J  Qin ữncoỉ 2005; 
23: 9424-5.

Effeds on the heart. F o r  c o m m e n t  o n  th e  in c re a se d  r is k  o í 
h e a n  ỉa i ỉu re  w h e n  d o c e ta x e l  is  g iv e n  w ith  tra s tu z u m a b  
a n d  a f te r  a n th r a c y d in e s .  s e e  u n d e r  In te ra c tio n s , b e lo w .

Effeds on the lungs. R evievvs1'2 o f  in te rs t i tỉa l  lu n g  d isease  
a s so d a te d  w i th  d o c e ta x e l.

ỉ . Grandc c, t í  a i. DocetaxcMnduced interstitial pneum onỉiiỉ foIlowing 
nơn-small-cell lung cancer treatm ent. ơ in  Tramỉ Onaỉ 2007; 9: 578-81.

2. Aỉsamaraỉ s, t í  ềl. Pneumonỉtỉs related to docetaxeỉ: case report and 
revieiv of ỉbe ỉỉterature. ỉn  Vhv 2009; 23: 635-7.

Effects on the musculoskeletal System. F o r  re íe re n c e  to  
cases o f  ta x a n e - in d u c e d  a r th x a lg ia  a n d  m y alg ia  success- 
fu lly  tre a te d  w i th  g a b a p e n ú n , se e  P a c li ta x e l  p . 8 4 1 .3 .

EHects on the sldn, hair, and naãs. P a lm a r-p ìa n ta r  e ry -  
th ro d y se s th e s ia  s y n d ro m e  (p. 7 3 0 .1 )  h a s  b e e n  r e p o n e d  
w ith  t h e  u se  o f  d o c e ta x e l .1-2 F o r  r r íe re n c e  to  th e  u s e  of 
v ita m in  E to  a lle v ia te  p a lm a r - p la n ta r  e ry th ro d y se s th es ia  
s y n d ro m e  c a u se d  b y  d o c e ta x e l  a n d  c a p e d ta b in e ,  see 
C h e m o th e ra p y - in d u c e d  T o x id ty ,  u n d e r  U ses o f  V itam in  E, 
p . 2 1 2 0 .1 . C ases o ỉ  ra d ia tio n  rec a ll d e rm a títis  a s so d a te d  
w ith  d o c e ta x e l  h a v e  a lso  b e e n  re p o r te d .3"5 T h e re  is a 
h i r t h e r  r e p o r t  o f  rec a ll d c rm a tit ís  a t  s ite s  p re v io u s ly  tre a -  
te d  w i th  a  la se r .4 A  h y p e rp ig m e n te d  e ru p t io n  d e v e lo p e d  
in  a  p a tie n t  a t  t h e  s ite  o f d o c e ta x e l  in je c tio n  a íte r  in su th -  
d e n t  v e n o u s  Đ u sh in g ; n o  e n ip t io n  o c c u rre d  a f te r  a  s e co n d  
in ỉu s io n  w ith  a b u n d a n t  v e n o u s  Q ush ing .7 L ic en se d  p ro - 
d u c t in ío r m a t io n  S ta tes t h a t  v e ry  ra r e  cases o ỉ  b u llo u s  
e ru p t io n  su  c h  a s  e ry th e m a  m u lt ì ío rm e , S te v e n s - J o h n so n  
sy n d ro m e , a n d  to x ic  e p id e im a l  n ec ro ly s is  h a v e  b e e n  
re p o r te d  w ith  d o c e ta x e l, b u t  t h a t  o th e r  t a d o r s  m a y  h a v e  
c o n tr ib u te d  to  th e  d e v e lo p m e n t  o f th e s e  reac tio n s .

In  a  m u lt ic e n tr e  s tu d y , p a t ie n ts  g iv e n  d o c e ta x e l w o re  a 
fro z e n  g lo v e  o n  t h e  r ig h t  h a n d ,  lea v in g  th e  le f t h a n d  
u n p ro te c te d  to  se rv e  as  a  c o n tro l .  T h e  ũ se  of t h e  g lo v e  
s ig n ih c a n tly  r e d u c e d  sk in  a n d  n a il  to x id ty .*

F o r  r e íe re n c e  tò  re p o r ts  o f s d e ro d e rm a , a lo p e d a .  a n d  
íu r th e r  a d v e rse  e í íe c ts  o n  th e  n a ils  a íte r  th e  u s e  of 
d o c e ta x e l, see  P ac litax eL  p . 8 4 1 .3 .

ỉ .  Eich D. t í  ai. Acraỉ erythrodysesthesU syndrorae cau$ed by intravenous 
ỉnỉusỉon of đocetaxeỉ bi breast cancer. Ám J  CUn Oncol 2002; 25:599-602.

2. Benghiat H, Aj-Niaimỉ A. Palm ar-plantar erythrodysesthesỉa secondary 
to docetaxel d iem otherapy: a  case reporL JMed Caie Reporn 2011: 5:80.

3. Plroth MD, t í  ai. RadiatíOD recaỉỉ dennatỉtis frotn docetaxel. Onkùìogie 
2002; 25 :438-40 .

4. Kandemỉr EG. t í  aL Docetaxeỉ-indu ced radỉadon recaỉỉ dermatítừ. Swừs 
Med Wkfy 2005; 135: 34-5.

5. Borgỉa F, tí  ai. Radladon recall dennatitỉs aíter doceuxeỉ admỈDistratíữn: 
absolute tndicaũoa to  Teplacc the drug? Br J DtrmatoỊ 2005; 153: 674-5.

6. Chu C-Y, Yang C-H. Docetaxcl-inducẽĩi recaỉl dennatitis on prevìous 
ỉaser treatm ent sites. Br J  Dermatoỉ 2005; 153: 441-3.

7. Aydogan ĩ, tí aL Persistent seipentbie supravenouỉ hypeỉpỉgmemed 
eruption assodated with docetaxel. J  Eur Araẩ Dermatol Venereoĩ 2005; 
19: 345-7.

8. Scotté p, tí a i M uỉticenter study oỉ a trozen glove to prevent docetaxel* 
ỉnduced onycholysis and  cuuneous tox ỉd ty  oỉ the hand. J  ơ in  Oncoỉ 
2005; 23 :4424-9.

Hypersensĩtivily. F o r  a  d isc u ss io n  o f  ta x a n e - in d u c e d  
h y p e rse n s it iv ity , i n d u d in g  r e ỉe re n c e s  to  d e se n s itis a tio n  
p rõ to c o ls, see  ũ n d e r  P a d i ta x e l ,  p . 8 4 2 .1 .

Porphyria. T h e  D ru g  D a ta b ase  ío r  A c u te  P o rp h y ria , c o m - 
p ile d  b y  th e  N orvveg ian  P o rp h y r ia  C e n tre  (N A PO S) a n d  
th e  P o ip h y ria  C e n tre  Svveden, d assi& es d o c e ta x e l as  p ro b -  
a b ly  n ọ t  p o r p h y r in o g e n ic  i t  m a y  b e  u s e d  as  a  d ru g  o f Erst 
c h o ic e 'a n d  n o  p r e c a ũ t io n s  a re  n ẽ e d e d .1

1. The Dnig Database for Acute PorphyTia. Avaỉlable at: htrp7 /www 
dmgs-porphyiia.org (accessed 05/09/11)

Pregnancy. F o r  d isc u ss io n  o f  t h e  u s e  o f ta x a n e s  d u r in g  
p re g n a n c ý , s e e  P a d ita x e L  p . 8 4 2 .1 .

Tumour lysis syndrome. F a ta l  c ases  o f t u m o u r  lysis 
sy n d ro m e  (p. 7 3 0 .2 )  h a v e  b e e n  r e p o r te d  a f te r  th e  s e c o n d -  
l in e  u s e  o f  d o c e ta x e l.1-2

ỉ .  Soncher SM. Tum or ỉysù syndrome foQowỉng docetaxel therapy íor 
. extensive m etaỉtatic p rosu te  cancer. Canar Qtanothtr Pharmacoỉ 2004; 
54: 191-2.

2. Ajzensztejn D. t í  ai. Tumor lysis syndrome after treatniem  wiih 
docetaxel fornon-small-ceD lung cancer. J  ơ in  O naỉ2006; 24:2389-91.

Interadìons
F o r  a  g e n e ra ỉ  o u t l in e  o l a n tin e o p la s t ic  d ru g  in te ra c tio n s , see  
p . 7 3 3 .3 . D o c e ta x e l  is m e ta b o lis e d  b y  th e  c y to c h ro m e  P 4 5 0  
iso e n z y m e  C Y P3A 4 a n d  u se  w i th  in d u c e is  o r  in h ib i to r s  o r 
o th e r  su b s tra te s  o f  th is  e n z y m e  m a y  a f fe tt  e x p o s u re  to  
d o c e ta x e l. I t  s h o u ld  b e  g iv e n  w i th  c a u tio n  to  p a tie n ts  ta k in g  
s tro n g  CY P3A 4 in h ib i to ts  i n d u d in g  H T V -protease in h ib ito rs  
s u c h  as r i to n a v ữ , a n d  a z o le  a n ti ỉu n g a ls  lik e  k e to c o n a z o le  o r 
itra c o n a z o le . K c to c o n a z o le  h a s  b e e n  re p o r te d  to  r e d u c e  th e

d e a ra n c e  o f  d o c e ta x e l  (b u t  see  belovv); b a s e d  o n  th is , u s  
l ic e n sed  p r o d u a  i n ío n n a t ío n  re c o m m e n d s  a  d o se  re d u c t io n  
oi d o c e ta x e l  w h e n  i t  Is g iv e n  w ith  s tro n g  C Y P3A 4 in h ib ito rs  
i ỉ  u s e  to g e th e r  c a n n o t  b e  a v o id e d  (see  A d m in is ư a tìo n  w ith  
O th e rD r u g s ,  p .  7 8 1 .3 ).

R e íe re n c e s .
1. Royer ĩ, t í  aỉ. M euboỉỉsm  oỉ docetaxel by hum an cytochromes P450: 

Ỉn tenc tion ỉ wỉth padỉtaxei and o ther antỉneopỉastỉc drugs. Canctr R a  
1996; 56: 58-65.

Antífungals. In  a  p h a rm a c o k m e tic  s tu d y . n o  c o n s is te n t  
e í ỉ e r t s  o n  d o c e ta x e l  c o n c e n ư a tio n s  w e re  s e e n  w i th  th e  
a d d it io n  o ỉ  ktíocoruaole. S ig n iE c a n t in te r -  a n d  in tra p a t ie n t  
v a rỉa b ility  w a s  n o te d  a n d  a p o te n t ia l  in te ra c t io n  c o u ld  n o t  
b e  e x d u d e d .1 I n  a n o th e r  s tu d y  in  7  p a tie n ts ,  h o w e v e r , th e  
d e a ra n c e  o f d o c e ta x e l vvas s ign i& can tly  r e d u c e d  b y  4 9 %  
w h e n  g iv e n  w ith  k e to c o n a z o le .2

1. Van Veldhuizen PJ. t í  aĩ. Docetaxel and ketocona2ole ỉn advanced 
horm one-reỉnciory prosiate caidnom a: a phase ỉ and pharmacokineiỉc 
study. CanctT 2003. 98: 1855-62.

2. Engeỉs FK. tí  ai. Effea oi cytochrome P450 3A4 inhibition on the 
pharmacokỉnerỉcs of doceuxel. ơ in  Pharmacoỉ Ther 2004; 75:448-54.

AntineoplasKcs. T he  d e a r a n c e  o f a  d o se  o í  d o c e ta x e l w as 
m a rk e d ly  r e d u c e d 1 w h e n  it w a s  g iv e n  a íte r  4  d a y s  of tre a t-  
m e n t  w ith  lopotecan, r a th e r  t h a n  o n  d a y  1; th is  r e su lte d  in  
vvorsencd  n e u tro p e n ia .

Sorafenib m a y  in c re a se  sy s te m ic  e x p o s u re  to  d o ce tax e l. 
A n  in c re a se d  in d d e n c e  o ỉ  ỉe b r i ỉe  n e u ư o p e n ia  a n d  

g a s tr o in te s tin a l  d iso rd e rs ,  in c lu d ỉn g  2 ía ta li tie s , w a s  
r e p o r te d  in  p a tie n ts  g iv e n  d o c e ta x e l  w i th  doxorubián,2 
a lth o u g h  o th e r s 3 c o n s id e re d  th is  h ig h  in d d e n c e  u n re p re -  
se n ta tiv e  o f  u su a l  to x i t í ty  r a te s  w i th  th is  c o m b in a tio n .

H e a rt ía i lu re  h a s  b e e n  r e p o r te d  in  p a tie n ts  g iv en  
d o c e ta x e l  vvith o th e r  c y to to x ic  d ru g s, e s p e d a l ly  trastuzumab, 
a n d  p a rt ic u la r ly  a f te r  a n th r a c y d in e - c o n ta in in g  th e ra p y . UK 
lic e n se d  p r o d u a  in ío r m a t io n  th e r e ío r e  re c o m m e n d s  th a t  
p a tie n ts  g iv e n  d o c e ta x e l  w i th  ơ a s tu z u m a b  s h o u ld  u n d e rg o  
b a se lin e  c a rd ia c  a s se s sm e n t a n d  c a rd ìa c  h in c t io n  sh o u ld  b e  
m o n ito re d  d u r ín g  t re a tm e n t.

1. Zambonỉ w c  tí al. Pbarmacokỉneúc and pharmacodynamỉc study oí the 
combỉnatìon of docetaxel and topotecan ìn patients Wĩth soỉỉd tum on. J 
Clin Qncoỉ 2000: 16: 3288-94.

2. Brain EGC. t í  ai. Lỉfe>threatening sepsis assodated with adjuvant 
doxorubidn plus docetaxel íor iniermediate-risk breast cancer. JAMA 
2005; 293: 2367-71.

3. Martin M. tí a i Li(e-threaienỉng complicaiions írom doxorubidn- 
docetaxel chetnotherapy íor breast cancer. JAMA 2005; 294: 2166.

Antiretroviralỉ. Htv-PROĨEASE INHIBITORS. S e v e re  t o x id ty  h as  
b e e n  re p o r te d  a h e r  t h e  u s e  o f in tr a v e n o u s  d o c e ta x e l vvúh 
riừmavir, p ro b a b ty  d u e  to  r i to n a v ir - in d u c e d  in h ib i tio n  of 
c y to c h ro m e  P 4 5 0  iso e n z y m e  CY P3A4, c a u s in g  a s ig n ih c a n t 
in c re a se  in  e x p o s u re  to  d o c e ta x e l .1

S u b se q u e n tly , th e  u s e  o f  r i to n a v ir  to  b o o s t  sy stem ic  
e x p o su re  to  o ra l  d o c e ta x e l  (w h ic h  h a s  a  lo w  b io av a ilab ility ) 
h a s  b e e n  in v e s tig a te d .2-3 U se o f th e s e  tw o  d ru g s  to g e th e r  
w a s  w e ll  to le ra te d ,2 a n d  r e s u l te d  in  e n h a n c e d  o ra l  
a b s o ip tio n  a n d  re d u c e d  e lim in a tio n  o f  d o c e ta x e l.3 A 
p h a rm a c o k in e t ic  m o d e l h a s  b e e n  d e v e lo p c d 3 to  es tab lish  
o p tim a l c o m b in a tio n  reg im e n s .

1. Mir 0 . t í  a i  Severe tox id ty  related to a pbarmacokinetỉc inttraction 
between doceuxeỉ and ritonavir in HTV-inleaed patỉenu. Br J ơin  
Phũrmacoĩ 2010; 69: 99-101.

2. Oostendorp RL, tí al. Coadmỉnỉsưaúon of ritonavỉr strongỉy enhances 
the apparent oral bioavailabiliry oí docetaxeỉ ỉn patìents w ith solỉd 
turaors. ơ in  CanctT R a  2009; 15: 4228-33.

3. Koolen SLW, t í  a i  Population pharmacokinetỉcs of ỉntravenously and 
orally admỉnỉstered docetaxeỉ with or vvỉthout co-administraùon of 
riionavứ in patienư with advanced cancer. B rJQ in  Pharmacol 2010; 69: 
465-74.

Immunosuppressants. O ra l b io a v a ila b ili ty  o ỉ  th e  tax a n e s  
d o c e ta x e l  a n d  p a d ita x e l  is  lo w , p a r t ly  d u e  to  t h e i i  a lh n ity  
ío r  P -g ly c o p ro te in ;1-2 m e ta b o lism  b y  c y to c h ro m e  P 4 5 0  iso- 
e n z y m e  CY P3A 4 a n d  p o o r  so lu b ility  m a y  a lso  c o n tr íb u te . 
S tu đ ie s  h a v e  lo u n d  th a t  e x p o s u re  to  o ra l  d o c e ta x e l1-2 a n d  
p a c li ta x e l2 c a n  b e  in c re a se d  b y  u s e  w i th  àclosporìn. a  P-g ly- 
c o p ro te in  in h ib ito r .  P -g )y c o p ro te in  in h ib ito rs  m ig h t  b e  
u se d  to  b o o s t  t h e  b io a v a ila b ili ty  o ỉ  a n  o ra l ío rm u la tìo n , 
a l th o u g h  d d o s p o r in  is  n o t  a n  id e a l  c a n d id a te  b e c a u se  of 
its  im m u n o su p p re s s iv e  e ffec ts .2

1. Malingré MM, tt  al. Coadminisuation of cydosporine sưongly enlunces 
the oraỉ bỉoavaỉỉabỉỉiiy o ỉ docetaxeỉ. J  Cìin Oncol 2001; 19:1160-6-

2. Kooỉen 5LW, tí a i  ỉntravenous-to-oraỉ switch in antícancer chemo~ 
therapy: a íocus on docetaxel and paditaxeỉ. ơ in  Pharmaal Ther 2010; 
87: 126-9.

Pharmacokìnetics
O n  in tr a v e n o u s  d o sa g e  d o c e ta x e l  is rap id ly  d is tr ib u te d  to  
b o d y  t is su e s . D o c e tax e l is m o re  t h a n  9 5 %  b o u n d  to  p lasm a  
p r o te in s .  I t  is  e x te n s iv e ly  m e ta b o l i s e d  Via h e p a tic  
c y to c h ro m e  P 4 5 0  iso e n z y m e  C Y P3A 4 a n d  ex cx eted  c h ie d y  
in  t h e  ỉae c e s  as  m e ta b o li te s . O n ly  a b o u t  6 %  o ỉ  a  d o se  is 
e x c re te d  in  u r in e .  T h e  te rm in a l  e l im in a tio n  haU-Ufe is a b o u t 
11 h o u r s .  C le a ra n c e  is r e d u c e d  in  h e p a tic  im p a irm e n t.  

R e íe re n c e s .
1. Rudek MA, It ttl. Faaors alíectùig pharmacokinetic variability íollovring 

doxorubidn and docetaxel-based therapy. E urJ Qntcer 2004; 40: 1170- 
8 .

2. Baker SD, t í  a i  Clinicaĩ pharm acokỉnetícs of docetaxeỉ: re :ent 
developments. ơ ử i Pharmacokintí 2006; 45: 235-52.

3. Tran A, t í  áỉ. Phannacokinetỉcs and tox id ty  o í docetaxel: role of CYĨ 3Ae 
MDR1, and GST poỉymoxphỉstns. ơ in  Pharmacoi Ther 2006; 79: 570 >80.

4. Charles KA, t í  aì. Predlcting th e  toxidty of w eekly docetaxel ln  advar ced 
cancer. CUn Pharmacokinet 2006; 45: 611- 22.

5. Baker SD, t í  ai. Pharm acogenetỉc pathw ay analysỉs of docet ixẹỉ 
clỉmlnation. Qòt Pharmacoỉ ĩiter  2009; 85: 155-63.

6. M ỉnam ỉ Ha t í  al. Popuỉatíon pharm acokinetks of docetaxel in  pati n ts  
w ỉth hepatỉc dysíunctíon tréated ỉn  an  oncology practice. Canctt Sà  
2009; 100: 144-9.

7. Franke RM. t í  ữL C astm ion-dependent pharm acokỉnetỉcs of docet xeỉ 
in patỉents w íth prostate cancer. J  ơ in  Oneoỉ 2010; 28 :4562-7 .

8. Gerxỉtsen-van SdUeveen p, Royer B. Sui vi Thérapeutìque Pharm . co* 
ỉogỉque de ỉa Sodété Pran^aỉse de Pharmacoỉogỉe ẽ t de Thérapeutit ue. 
Nlveau de preuve du suỉvỉ thérapeutique phannacoỉogỉque du 
docéuxeL  Therapit 2010; 65: 201-6.

9. Engels FK, tí  ai. Iherapeu tic  drug m onitorỉng for the indivỉdualizatỉỡ 1 of 
doccuxcl dosỉng: a random ỉzed pharm acokỉnetlc study. Cĩỉn Canaĩ R a  
2011; 17: 353-62.

Preparatìons
Proprie tary  Prepor otions  (details  a re  gi v e n  in  V olum e B)

Sngle-ingredien t Preporations. Arg.: A sodocel; D oceke lir; 
D o lectran ; D ona taxel' D oxetal; Eriox; p lu stax an o ; Taxote re; 
Texot; Trazoteva; Austral.: O ncotaxel; T axo tere ; Austrìa: E >e- 
doce; Taxotere; Belg.: T axo tere ; Braz.: Docelibbs; D ocetere; 
O ncodocel; Taxotere; T rixo tene; Canad.: T axotere; Chile: Ta; :o- 
tere; China: Ai Su A o M ing R u n  (J6 jẾ iS ); D uo Pa =ei

Ruilibo Si Q u Di (J5 ĩữ 'r í) ;  T axotere  ( 9 f ĩ
ỉệ); Xỉ C u n  ( í& # );  Yi You R u i K ang (MVttiSM); Cz~: Cetai o- 
cure; D oceừez; T axotere; Denm.: C etadocure ; T axotere; Fi u.: 
T axotere; Fr.: Taxotere; Ger.: Bendadocel; D ocetax in ; Riboc o- 
cel; Taxceus; T axotere; Gr.: Taxotere; Hững Kong: T axotere; Hung.: Taxotere; India: C eltere; D axotel; D etaxl; D ocecad; D IC- 
efrez; D ocet; D ocetax; D ocetec; D ocetere; D oxel; F e rd o t ix; ỉndon.: BrexeL' D ocetere; T axo tere ; IrL: D ocebm ; D ocefr:z ; 
D ocirena; Taxotere; Israel: T axotere; ItaL: C etadocure ; Taxce js ; 
Taxotere; Jpn: T axotere; Malaysiar. T axo tere ; Mex.: T axo tere ; Neth.: C e tad o cu re t; D in d lez a n ; DoceĐm; D ocefrezf; Docire: la; 
DostradLxìnol; Taxceus; T axo tere ; T evadocel; T olnexa; Norv.: 
Taxotere; NZ; Taxotere; Philipp.: D axotel; D o d ; H en taxel; TíX- 
o tere; Pot.: Docefrez; T axo tere ; Port.: D o c e ừ e r  T axotere ; Rus.: 
T au tax  (TayTaKC); T axo tere  (Taxcorep); S.Afr.: D ocetere; T axo- 
tere; Singapore: T axotere; Spain: T axotẹre; Swed.: T axo tere ; Switz.: Taxotere; Thai.: D a x o te l  T axotere; Turk.: D oxel; D o t í -  
tax; T axotere; UK: T axotere; ukr.: T ax o tere  (Ta*corep); USA: 
Taxotere; Vcncĩ.: D axotel; T axotere.

Pharm acopoeial P repara lion ỉ
U SP 36: D ocetaxel In jec tion .

Doxiflurídine ỊriN N ì

5-DFUR; Doxifluridina; Doxiíluridinum; FUDR; Ro-21 -973 ỉ; 
ÍỊoKcnộ/iypnAHH; 5'-Deoxy-5-fluorouridine. 
C9H„FNA=246.2 
CÁS — 3094-09-5.
UNII — VVKĨ6Y2JP.

P tia rm a c o p o e ia s .  I n  Jpn.

Proĩile
D o x iílu r id in e  is a n  a n tin e o p la s t ic  t h a t  p r o b a b ly  ac ts  tb r o u )  b  
its  c o n v e rs io n  in  t h e  b o d y  to  U u o r o u r a d l  (p . 7 9 5 .2 ) .  I t  is 
g iv e n  o ra lly  in  t h e  m a n a g e m e n t  o f  m a l ig n a n t  n e o p la s m s  )f 
th e  b re a s t  (p . 7 0 2 .1 )  a n d  g a s tr o in te s tin a l  t t a c t  (p . 7 0 5 . : ) ,  
a n d  o f  o th e r  so lid  tu m o u r s ,  i n  d o se s  o !  0 .8  to  1 .2  g  d a ily  n  
đ iv id e d  d o se s. For xvamings and recommendatìons regarding í  te 
safe prescribing. dìspensing. and use of oral antineoplastk druíỉ, 
see Adminừtration, p. 732.3. D o x iA u r id in e  h a s  a lso  b e e n  g iv t  n  
b y  th e  in t r a v e n o u s  r o u te .

P h a rm a c o id n e H c s . D o x iA u r id in e  is  m e ta b o b s e d  to  fluor< (- 
u r a d l  a n d  5 ,6 -d ih y d ro f lu o ro u ra c i l .  I t  is  o ra l ly  a c tiv e  w i ih  
a  b io a v a ila b ili ty  o f  3 4  to  4 7 % .

R e fe re n c e s .
1. Som m adossi J*p. et ai. K inetics a n d  m etabo ỉism  o ỉ a  ne kV 

Đuoropyrímỉdine. 5'*deoxy*5-fiuorouhdine, in hum ans. Canter ỉ  tí 
1983;43:930-3 .

2. Van Der Heyden SAM. et aì. Phannacok inetỉo  and  bioavaỉỉability o í 01 lỉ 
5 '-deoxy-5-fluoroundine in  cancer padents. B r J  ơ in  Pharmacol 199 >; 
4 7 :351-6 .

Preparations
Proprietary  PreporoHons (details  are given in  V olum e B)

Sngle-ingredien t Preparcrtions. china: Ai F en g  ( 3 t ^ ) ;  F u r tu lc  a 
K e Fu (Õ J» ) ; K e T u o  ( ặ f t ) ;  Qi N u o  B i Tong ( ặ t ì í i í  

a ) ;  S hu  Qi (® S Í); T an  N u o  ( g i i ) ;  Yi Di A n  ( Ỉ S à íS ) ;  z h i  / ũ  
( & S ) ;  Jpn: F u rtu ío n .

Doxorubicin IBAN, USAN, riNNÌ

.Adnamỵcin; Doksorubisiini; Doxorubicina; Doxorubicinẽ; 
Doxorubicinum; FM06; 3-Hydroxyacetyldaunombicin; 14- 
Hydroxydaunomycin; f l 0KC0p y 6nụMH.

All cross-references reíer to entries in  Volume A
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8 -H y d ro x y ace ty l (8S ,í0S )-10-[(3-am ino-2 ,3 ,6-trideoxy-a-L - 
/y x o -h e x o p y r a n o s y l)o x y ] - 6 ,8 , 1 1 - tr ih y đ r o x y - 1 -m e th o x y -  
7,8,9,10 - te tra h y d ro n a p h th a c e n e -5 ,12 -d ione.
C27H29N O ,,=543.5 
CAS — 23214-92-8.
ATC—  L01DB01.
ATC Vet —  QLOĩDBOĩ.
UNII —  80I68379AG.

NOTE. In many countries the name Adriamydn is a 
trademark.

Doxorubicin Citrate IBANM, riNNMỊ 
C itra to  d e  doxonabicina; Đ o x o ru b iá n  O trã tè  Liposom e; 
D oxorub icine , C itra te  de ; O oxòrubicin i G tras; Liposom at 
D o x o ru b id n  C itrate; /ỊoK copyõnụnH a LịuĩpaT.
C27H29N O 11 a Q H 80 7 
CÃ5 —  1)1266-55-8.
ATC —  L01DB01.
ATC Vet —  QL01D801.
NOTE. Doxorubidn dtrate complex is a constituent of some 
liposomal Products. It is prepared from doxorubidn 
hydrochloride (beiow).

Doxorubicin Hydrochloride (BANM, riNNM) 
C loridra tọ  d e  D oxorrubicina; D ò k so ru b id n o  hldrochlorìdạs; 
D oksorub icyny  ch lo ro w o d o ré fc  Doksoirubisiinihydroldoridi; 
D oksorubisin  H idroklorũr; D o x o ru b id n  H ydrochloride Lipo- 
s o m e ; D o x o ru b id n a , h id ro c ío ru ro  d e ;  D o xòrub icíne , 
C h lo rh y d ra te  d e ; D o x o ru b idn-h id rok lo rid ; D o xorub idn- 
h ydroch lò rid ; D o x o ru b id n h y d rd ch lo rid ; D oxorubicinhydrok- 
lo rid ; D o x o ru b id n i h y d ro ch lo r id u m ; H id ro d o ru ro  d e  

•d o x o ru b id n a ; L iposọm al D o x o ru b iđ n  H ydrochloride; N SG  
123127; floK copy6 ML(MHa rn flpoxnopnfl. 
C27H2,N O „,H Ơ = 5 8 0 .0  
CAS —  25316-40-9.
ATC —  LOìDBOỈ.
ATC Vet —  QL01DB01.
UNII —  82P2G78L4E.

P h a rm a c o p o e ia s .  I n  chiti., Eur. (se e  p .  v ii) , Int., Jpn, a n d  us. 
P h .  E u r .  8 : (D o x o ru b id n  H y d ro c h lo rid e ) . T h e  h y d ro -  
c h lo r id e  o f  a  su b s ta n c e  iso la te d  f ro m  c e rta in  s tra in s  o f 
Streptomyces coerulcorubidus o r  s. pcucetius OI o b ta in e d  b y  a n y  
o th e r  m e a n s .  I t  c o n ta in s  b e tw e e n  9 8  a n d  102%  of th e  
h y d ro c h lo r id e ,  c a lc u la te d  o n  th e  a n h y d ro u s  su b stan ce . A n  
o ra n g e - re d , hyg ro sco p ic , c ry s ta ll in e  p o w d e r , So lu b le  i n  
w a te r ;  s lig h tly  s o lu b le  in  m e th y l  a lc o h o l. A  0 .5 %  so lu tio n  in  
w a te r  h a s  a  p H  o f  4 .0  to  5 .5 . S to re  in  a ir t lg h t  c o n ta in e n . 

U S P  36 : (D o x o r u b id n  H y d ro c h lo r id e ) . A  re d -o ra n g e , 
h y g ro sc o p ic , c ry s ta llin e  o r  a m o rp h o u s  p o w d e r. I t  c o n ta in s  
n o t  less  t h a n  9 8 %  a n d  n o t  tn o re  t h a n  1 0 2 %  of C27H25N O i i , 
HC1, c a lc u la te d  o n  th e  a n h y d ro u s ,  so lv e n t-ỉree  basis. 
S o lu b le  in  vvater, in  so d iu m  c h lo r id e  0 .9 % , a n d  in  m e th y l  
a lc o h o l;  p ra c tic a lly  in so lu b le  in  c h lo ro fo rm , in  e th e r , a n d  Ù1 
o th e r  o rg a n ic  so lv e n ts . A 0 .5 %  s o lu t io n  in  w a te r  h a s  a  p H  o f
4 .0  to  5 .5 . S to re  in  a ir tig h t c o n ta in e rs .  I t  m a y  ex ist in  a n  
a m o r p h o u s  lo rm , w h ic h  s h o u ld  b e  s to re d  a t  -25 deg rees  to  - 
1 0  d e g rees .

In co m p a tib ility . A d m ix tu re  o f  d o x o r u b id n  h y d ro ch lo rid e  
vvith c e la lo tin  so d iu m , d e x a m e th a s o n e , d iazepam , o r  
h y d ro c o r t is o n e  s o d iu m  su c c in a te  is re p o r te d  to  resu lt in  
ũ n m e d ia te  p r e d p i ta t io n ; 1 s im ila r ly  p re d p i ta t io n  h a s  
o c c u rre d  w h e n  d o x o r u b id n  h y d ro c h lo r id e  w a s  m ix e d  
vvith íu ro s e m id e  o r  h e p a rin  s o d iu m .2 A m ix tu re  o f í lu o ro -  
u r a d l  o r  a m in o p h y l l in e  vvdth d o x o r u b id n  h y d ro ch lo rid e  is 
r e p o r te d  to  d a rk e n  in  c o lo u r  f ro m  red  to  p u rp le , in d ic a tin g  
d e g ra d a tio n  o f  d o x o r u b id n . 1 F o r  m e n t io n  of th e  co m p a t-
ib il ity  o f d o x o ru b ic in  vvith p a d ita x e l ,  see  p . 839 .3 .

Liposomal doxorubidn differs in its incompatibilities bom 
conventional íormulations: whereas the latter are report- 
edly incompatible with allopurinol, ceíepime, and gand- 
dovir, there vvas no visual evidence of this with the 
liposomal lormulation. Hovvever, it was incompatible with 
several Solutions induding am photerídn B, docetaxel, 
gallium niưate, hydroxydne hydrochloride, metodo- 
pramide hydrochloride, miconazole, mitoxantrone hydro- 
chloríde, morphine sulíate and some other opioids, 
paclitaxel, sodium bicarbonate, and some antibacterials.3

1. Dorr RT. Incocnpatíbiỉitíes with parcnteraỉ anricancer drugs. Am J  
ỉntravmous Ther 1979; 6ỉ 42-52.

2. Cohen MH. t í  a i  Drug predp iu tìon  VYỈthin IV tubing: i  potentiaỉ haxard 
of chemotherapy administrãtion. Canctr Treat Rep 1985; 69: 1325-6.

3. Trỉssel LA. t í  ai. Compatibility o í doxorubkin hydrochloride uposome 
lnjection wUh selected other drugs durỉng simulated Y-áte administra- 
tíón. Am J  Health-Syst Pharm 1997; 54: 2708-13.

Stability. Although sensitive to light at lovv concentratíons, 
doxorubidn is not subịect to signiTicant photodegradation 
a t dinicaỉ concentrations and spetíal precautions to pro- 
tect Solutions bom  light during use do not appear to be 
necessary.1-2

UK  lic e n se đ  p r o d u c t  in fo rm a tio n  fo r  c o n v e n tío n a l 
ỉo rm u la t io n s  o f  d o x o r u b ỉd n  h y d ro c h lo r id e  S tate th a t , b o m  
a  m ic ro b io lo g ic a l  p e rs p e c tiv e ,  r e c o n s t i tu te d  S o lu tio n s  
sh o u ld  b e  u s e d  im m e d ia te ly , a n d  th a t  s to ra g e  tím e  s h o u ld  
n o t  b e  lo n g e r  t h a n  2 4  h o u r s  a t  2  d e g re e s  to  8  deg rees , u n le s s  
d ilu tio n  h a s  ta k e n  p lac e  u n d e r  c o n tro lle d  a n d  v a lid a te d  
a sep tic  c o n d it ìo n s . C h e m ic a l a n d  p h y s ic a l s ta b ility  v a rìes  
b e n v e e n  P ro d u c ts :
•  Hamebt, UK: 4 8  h o u r s  a t  2 d e g re e s  to  8  d e g re e s  a n d  2 4  

h o u r s  a t  2 5  d e g rees , i n  e i th e r  so d iu m  c h lo r id e  0 .9 %  o r  
g lu c o se  5 % , w h e n  p re p a re d  in  glass c o n ta in e rs  a n d  
p r o te c te d  b o m  lig h t

•  Hospira, UK: 21 d a y s  a t  2  d e g re e s  to  8  d eg rees  a f te r  
r e c o n s ú tu t io n  in  e i t h e r  s o d iu m  ch lo rid e  0 .9 %  o r  w a te r  
fo r  in je c tio n , in  g lass o r  p o ly p ro p y le n e  c o n ta in e rs

•  D o x o r u b i t ín  0 .2 %  so lu tio n , Medac, UK: u n d i lu te d ,  7  d ay s 
a t  15 d e g re e s  to  2 5  d eg rees , in  glass c o n ta in e rs  a n d  
p r o te c te d  b o m  lig h t

•  D o x o r u b id n  p o w d e r  fo r  s o lu t io n  fo r in je c tio n , Medac, 
UK: 2 m g / m l  in  s o d iu m  c h lo r id e  0 .9 % — 7  days a t  15 
d e g re e s  to  2 5  d e g re e s  a n d  1 4  d a y ỉ  a t  2  d eg rẽes  to  8 
d eg re e s ; 5 0 0  m ic ro g ra m slm L  i n  vvater lo r  in je c tio n — 2 4  
h o u r s  b e lo w  25 d eg re e s ; 50  m ic ro g ra m s/m L  to  5 m g /m L  
in  s o d iu m  c h lo rid e  0 .9 % — 7 d a y s  a t  15 d eg rees  to  25  
d ẹ g re e s

S o lu tio n s  o f  d o x o r u b iô n  in  s o d iu m  c h lo rid e  so lu tio n  0 .9 %  
w e re  r e p o r te d 3 to  b e  s ta b le  fo r 2 4  d ay s w h e n  s to re d  in  PVC 
m in ib a g s  a t  2 5  d e g re e s  a n d  fo r  e v e n  lo n g e r  ư  s to re d  in  
m in ib a g s  o r  p o ly p ro p y le n e  sy rin g es  a t  4  d eg re e s . S ụ b i li ty  in  
so lu tio n  se e m s  to  b e  p a r t ly  r e la te d  to  pH, w i th  d o x o r u b id n  
b e c o m ỉn g  m o re  s ta b le 3' 5 a t  a d d  pH . A  fall in  pH  o f th e  
so lu tio n  a lso  s ig n ỉb c a n tly  d e c re a se s  th e  loss o f  d o x o ru b id n  
by  a d s o rp t io n  a n d  p r e d p i ta t io n  o n to  t h e  su ría c e  o f  a  
p o s it iv e ly -c h a rg e d  in - l in e  S lte r .6

P e g y la te d  lip o so m a l d o x o r u b id n  ío rm u la tio n s  (Caelyx, 
UK a n d  Doxil, USA) s h o u ld  b e  d ilu te d  o n ly  vvith g lucose  5 % . 
I í  n o t  u s e d  im m e d ỉa te ly , th e y  m a y  b e  s to re d  fo r  2 4  h o u rs  a t  
2 d e g re e s  to  8  deg rees .
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Uses and Admỉnistration
D o x o r u b id n  is a n  a n th r a c y d in e  a n tin e o p la s tic  a n tíb io tic . I t  
is th o u g h t  to  h a v e  m u ltip le  m o d e s  o f  a c tio n  in d u d in g  
in te rc a la tio n  o f DN A lea d in g  to  a n  in h ib itio n  o f  DN A a n d  
RNA sy n th e s is , in h ib itio n  o f to p o iso m e ra se  n ,  b e e  rad ic a l 
{ o rm atio n , a n d  a lte ra tio n s  in  ce ll m e m b ra n e s . D o x o ru b id n  
is a  c e ll - c y đ e  n o n -s p e d f ic  a g e n t. I t  a lso  h a s  a n tib a c te r ia l a n d  
im m u n o su p p re s s a n t  p ro p ertie s .

D o x o r u b id n  is e ổ e c tiv e  a g a in s t  m a n y  tu m o u rs  as 
in d ic a te d  b y  th e  c ro s s - re íe re n c e s  g iv en  b e lo w . I t  is u sed , 
o f te n  vvith  o th e r  a n tin e o p la s tìc s , in  th e  t re a tm e n t  o f 
H o d g k in 's  d ise a se , n o n - H o đ g k in 's  ly m p h o m a s , a c u te  
le u k a e m ia s , b o n e  a n d  so ft- tis su e  sa rcom as, n e u ro b la s to m a , 
W ilm s ' tu m o u r ,  a n d  m a l ig n a n t  n e o p la sm s  o f  th e  b lad d e r , 
b reast, lu n g , o v a ry , a n d  s to m a c h . I t  h a s  a lso  b e e n  u se d  in  
o th e r  tu m o u r s .  L iposom al d o x o r u b id n  is  u se d  ỉn  th e  
m a n a g e m e n t  o f  K ap o s i 's  s a rc o m a  in  p a tie n ts  w i th  AIDS, ỉo r  
th e  t t e a tm e n t  o f m e ta s ta t ic  b re a s t  a n d  o v a ria n  can cers , a n d  
vvith b o r te z o m ib  fo r th e  t r e a tm e n t  o f m u ltip le  m y e lo m a.

D o x o r u b id n  h y d ro c h lo r id e  is  g iven  b y  in tra v e n o u s  
in je c tio n  in to  a  f a s t-ru n n in g  in íu s io n  o f s o d iu m  c h lo rid e
0 .9 %  o r  g lu co se  5%  o v e r  3 m in u te s  o r  m o re . W h e n  u se d  as 
a  s in g le  a g e n t,  th e  d o se  o f  th e  conventional ío rm u la t io n  is 6 0  
to  7 5 m g /m J o n c e  e v e ry  3 o r  4  w e e k s , o r  1.2 to  2 .4 m g /k g , 
o n c e  e v e ry  3 w eek s. A lte m a tiv e ly , doses o f  2 0  to  25  m g /m 2 
h a v e  b e e n  g iv en  d a iỉy  ío r  3 d a y s  e v e ry  3 o r  4  w eek s, 
a l th o u g h  d iv id in g  th e  d o se  in  th is  w a y  m a y  in c re a se  th e  
in d d e n c e  o f  m u co sitis . A  re g im e n  o i 20  m g /m 2 as  a  sing le  
vveekly d o se  m a y  b e  u se d , a n d  is  r e p o r te d  to  b e  a s so d a te d  
vvith a  lo w e r  in d d e n c e  o f  c a rd io to x id ty .

D o ses  m a y  n e e d  to  b e  re d u c e d  íf d o x o r u b id n  is g iv en  
w ith  o th e r  a n tin e o p ỉa s tìc s : a  d o se  o f 30  to  6 0  m g /m 2 e v e ry  3 
w e e k s  h a s  b e e n  sugg ested . O b e se  p a tie n ts  m a y  n e e d  á 
re d u c e d  d o se , as m a y  c h ild re n , e ld e r ly  p a tie n ts , a n d  p a tie n ts  
w ith  h e p a tic  im p a in n e n t  (see  b e lo w ).

T h e  to ta l  c u m u ỉa tív e  do se  s h o u ld  n o t  e x c e e d  4 5 0  to  
5 5 0 m g /m 2; in  p a tie n ts  w h o  h a  v e  re c e iv ed  r a d io th e ra p y  to  
th e  c h e s t , o r  o th e r  c a rd io to x ic  d ru g s, it  m a y  b e  ad v isab le  to  
h ư th e r  l im it  th e  to ta l  c u m u la tiv e  dose.

I n  t h e  m a n a g e m e n t  o f  A ID S -re la ted  K ap o s i 's  sa rc o m a  
ptgylattd. lỉposomal d o x o r u b id n  h y d ro c h lo r id e  is  g iv en  in  a n  
in tr a v e n o u s  d o se  o f  2 0  m g /m 2 in íu s e d  o v e r  3 0  m in u te s  o n c e  
e v e ry  2  to  3 w e e k s . F o r  th e  ư e a tm e n t  of b re a s t  a n d  o v a ria n  
can ce rs , t h e  su g g e ste d  d o se  o f  th is  lip o so m a l ío rm u la t ìo n  is

50  m g /m 2 in ỉu s e d  o v e r  1 h o u r  o n c e  e v e ry  4  vveeks. I n  th e  
t re a tm e n t  o f m u ỉtip le  m y e lo m a , lip o so m al d o x o r u b id n  
h y d ro ch lo rid e  is g iv e n  a t  a  d o se  of 30 m g /m 2 o n  d ay  4  o f th e  
b o rte z o m ib  re g im e n  (se e  p . 7 5 2 .1 ); it  is g iv e n  as a n  in íu s io n  
o v e r  1 h o u r  im m e d ia te ly  a b e r  th e  b o n e z o m ìb  in íu s io n . In  
a ll  th e se  co n d itio n s , t r e á tm e n t  sh o u ld  b e  c o n tin u e d  ỉo r  as 
lo n g  as th e  p a tíe n t  r e s p o n d s  sa tis ỉac to rily  a n d  to le ra te s  
ư e a tm e n t .  T h e  p e g y la te d  lip o so m al to rm u lâ tìo n  s h o u ld  b e  
d i lu te d  on ly  w i th  g lu c o se  5 % ; ge n e ra lly , doses  b e lo w  9 0  m g  
a re  d ilu te d  in  2 5 0 m L , a n d  d o ses  o v e r  9 0  m g  are d i lu te d  in  
5 00  m L

A  non-pegylaưd liposomal lo rm u la tio n  is  a ỉso  a v a ilab le  a n d  
c o n ta in s  a  d o x o r u b id n  d t r a t ẹ  co m p le x  p ré p a re d  w i th  th e  
a id  o f d o x o r u b id n  h y d ro c h lo r id e . I t  is g iv en  in  th e  
ư e a tm e n t  of m e ta s ta t ic  b re a s t  c a n ce r  in  d o ses  e q u iv a le n t to  
d o x o ru b id n  h y d ro c h lo r id e  6 0  to  7 5 m g /m 2 every  3 vveeks, 
vvith c y d o p h o s p h a m ỉd e  6 0 0 m g /m 2. D o ses  are  g iv e n  b y  
in tra v e n o u s  in h is io n  o v e r  1 h o u r , d ilu te d  in  so d iu m  
ch lo rid e  0 .9 %  o r  g lu c o se  5 %  to  a  fina l c o n c e n tra tìo n  o ỉ 0 .4  
to  1 .2 m g /m L  d o x o r u b id n  h y d ro ch lo rid e .

B lo o d  c o u n ts  s h o u ld  b e  m a d e  ro u d n e ly  d u r in g  b è a tm e n t  
vvith d o x o ru b ic in  (se e  also  B o n e -m ã rro w  D epression , 
p . 730 .3 ) a n d  c a rd ia c  íu n c t io n  sh o u ld  b e  m o n ỉto re d  a t  
r e g u la r  in te rv a ls  fo r  e a r ly  s igns  o f c a rd io to x id ty .

D o x o ru b id n  h y d ro c h lo r id e  h a s  also  b e e n  m stilled  in to  
t h e  b lad d e r  in  t h e  lo ca l t r e a tm e n t  o ỉ  m a lig n a n t n e o p la sm s. 
F o r  th is  p u rp o se  5 0  m L  o f  a  1 m g /m L  so lu tìo n  m a y  be  
in stilled  in to  t h e  b la d d e r  ỉo r  a b o u t o n e  h o u r ;  t re a tm e n t  m a y  
b e  g iv en  a t vveekly to  m o n th ly  in te rv a ls . D o x o ru b id n  h a s  
a iso  b e e n  g iv en  in tra -a r te r ia l lỹ .

V arious n o v e l  ỉ o n n u la t io n s  oi d o x o ru b id n  h a v e  b e e n  
in v estig a ted . D o x o r u b id n  w ith  c a rb o n /b o n  ca rr ie r  p a r t id e s  
(MTC-DOX) is a  m a g n e tic a lly  ta rg e te d  t re a tm e n t,  u s in g  a n  
e x te m a l  m a g n e t to  k e e p  th e  d ru g  a t  t h e  tu m o u r  s ite , t h a t  
h a s  b e e n  in v e s tig a te d  fo r  h e p a to c e lỉu la r  c a rd n o m a . Á  
p o ly m e r  of d o x o r u b id n  a n d  p o ly iso h e x y lc y a n o a c ry la te  in  
n a n o p a r t id e  fo rm  is u n d e r  in v es tig a tío n  fo r  th e  t re a tm e n t  of 
h e p a to c e llu la r  c a rd n o m ã .  D o x o rũ b id n -e lu tin g  b é a d s, fo r 
in ịe c tio n  d b e c tly  in to  t h e  b ra in ,  a n d  g ỉu ta th io n e -p e g y la te d  
lip o so m al d o x o r u b id n  a r e  u n d e r  in v es tig a tío n  ío r  th e  
t re a tm e n t  o f g lio m a . H y d rọ p h iỉic  m ic ro sp h e re s  rec o n s ti-  
t u te d  w ith  a  s o lu t ìo n  o í  d ó x o ru b id n  h y d ro c h ỉo r id e  h a v e  
b e e n  used  fo r  c h e m o e m b o lisa tío n  o f  h e p a d c  tm n o u rs .  
D o x o ru b id n  l in k e d  to  a  g o n a d o tro p h in -re le á s in g  h o rm o n e  
a g o n is t is b e in g  in v e s tig a te d  fo r th e  t re a tm e n t  o f o v a ria n  
can cer.
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its usc in the m anagem ent of solid and haematologỉcaỉ malignandes and 
AIDS-related Kapcx^s sarcoma. Drugs 2002; 62: 2089-2126.

2. Forbes c  t í  ai A systematic revievr and economic evaluation of 
pegylated lỉposomaỉ doxorubidn hydrochỉorỉde íỏr ovarỉan cancer. 
Heàỉth Tcchnol Assas 2002; 6: 1-119.

3. 0'Shaughnessy JA. Pegyỉated Uposomal doxorubidn ỉn the treatm ent oỉ 
breast cancer. CHn Breast Cantxr 2003; 4: 318-28.

4. Ordỉtura M. ữ  a i . Pegyỉated lỉposomaỉ doxữrubidn: phannacologỉc and 
clinical evidence of p o ten t an tỉtum or actívỉty w ỉth reduced 
anthracycline-lnduced cardlotoxicỉty. Onal Rtp 2004; 12: 549-56.

5. Thigpen T ĩ ,  t í  a i. Role of pegylated uposomal doxorubidn ỉn ovarian 
canccr. G yrư e o i Oncoỉ 2005; 96: 10-18.

6. Solooun R, G abium  AA. Clỉnical pharmacology of uposomaỉ 
anthracydlnes: íocus on  pegylated Uposomaỉ doxorubidn. cỉin 
Lymphoma Myeioma 2008; 8 :21-32 .

7. Patíl RR. t í  ai. Engỉneèred nanocarrỉers oỉ doxorubỉdn: a củtrent update. 
Cĩit Rev Ther Drug Cđrrìer Syst 2008; 25:1-61.

8. Pỉosker GL. Pegylated Uposomaỉ doxorubidn: a revỉevr of ỉo  use ỉn the 
treatment of rẽlãpsed o r reừactory muitipỉe myeloma. Drugs 2008; 68: 
2535-51.

9. Leonard RCP. t í  al. ỉmprovỉng the therapeutỉc Index oỉ anthracycỉỉne 
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A d m in is tra t io n  ỉn  c h iM re n . D o x o ru b id n  is u se d  fo r p a e d - 
ia tr ic  m a lig n a n d e s ;  U K  licen sed  p r o d u a  in ío rm a tio n  for 
c o n v e n tỉo n a l ỉo rm u la t io n s  adv ises th a t  a d u lt  d o sag e  reg i- 
m e n s  (see a b o v e )  m a y  b e  su ita b le  fo r  c h ild ren , b u t  dose  
red u c tio n s  m a y  b e  n e e d e d , p a rt ic u la rly  in  y o u n g  c h ild ren .

R e íe re n c e s .
1. Creutzỉg u . t í  úL FavourabIe outcome oỉ patỉenu  with childhood acute 

promyelocytỉc leukacaũa aỉter bxatm ent w ỉth reduced cumulatìve 
ãmhracyclĩnc doseỉ. Br J  Kaematoỉ 2010; 149: 399-409.

A d m in is tro tio n  in  t h e  e ld e r iy . UK lic e n se d  p ro d u c t in ío r -  
m a tio n  fo r d o x o ru b ic in  in  c o n v e n tỉo n a l ío rm u la tio n s  
adv ises th a t  th e  đ o se  m a y  n e e d  to  b e  ređ u c e d  in  th e  
elderly ; in  p a tie n ts  o v e r  7 0  y e a rs  o f age , a  to ta l c u m u la tiv e  
d o se  õf 4 5 0 m g /m 2 h a s  b e e n  re c o m m e n d e d .

A d m in is tra t io n  in  h e p a t k  im p a irm e n t.  D oses o f d o x o ru b i-  
c in  sh o u ld  b e  a d ju s te d  a s  ỉo llo tvs in  p a tie n ts  vvith l iv e r  
d y síu n c tio n :
•  s e ru m -b i l iru b in  c o n c e n tra t io n s  o f  12 to  3 0 m ic ro -  

g ram s/m L : h a l ỉ  t h e  n o r m a l  dose
•  s e ru m -b il iru b in  g r e a te r  t h a n  30  m ic ro g ram s/m L : q u a r te r  

o f  th e  u s u a l  d o se .
S ligh tly  d iB e re n t s c h e d u le s  m a y  a p p ly  t o  liposom al P ro d u c ts  
b u t  m ay  v a ry  b e tv v e e n  p re p a ra tio n s .

The Symbol t  denotes a preparation no longer actively marketed
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Amylóidosis. F o r  m e n t ío n  o f  t h e  u s e  o f d o x o r u b id n  in  
p a t ie n ts  w i th  am y lo id o sis  (a n d  o f  th e  in c re a se d  r isk  th is  
m a y  c a rry  in  c a rd ia c  a m y lo id o sis)  see  p . 8 1 9 .3 .

MaRgnant neoplasms. D o x o r u b id n  p lay s  a  m a jo r  ro le  in  
c o m b in a tio n  re g im e n s  fo r  c h e m o th e ra p y  o f  so lid  m alig -  
n a n d e s ;  i t  is o f te n  e m p lo y e d  ỉo r  tu m o u r s  o f th e  b re a s t  a n d  
lu n g  (se e  p . 7 0 2 .1  a n d  p . 7 1 0 .2 )  a n d  fo r  W ilm s ' tu m o u r  
a n d  n e u ro b la s to m a  o r  r e t in o b la s to m a  in  c h ild re n  (see 
p . 7 0 9 .1 , p . 7 1 6 .2 , a n d  p . 7 1 7 .2 )  a n d  h a s  b e e n  u se d  ÍOI 
m a l ig n a n d e s  o f th e  b la d d e r  (p. 7 0 0 .2 );  fo r  v a rio u s  g y n a e -  
c o ỉo g ỉca l c a n c e rs  in d u d in g  th õ se  o f th e  e n d o m e tr iu m , a n d  
o v a ry  (se e  p . 7 0 4 .3 , a n d  p . 7 1 1 .2 );  fo r  c a n c e r  o f th e  liver, 
S to m ach , a n d  p a n c re a s  (p . 7 0 9 .3 , p . 7 0 6 .1 , p . 7 1 2 .1 ); a n d  
fo r  n e o p la sm s  o f p ro s ta te ,  a n d  th y m u s  (p. 7 1 2 .3  a n d  
p .  7 1 5 .3 ) .  I t  is  a lso  u se d  in  t h e  t r e a tm e n t  o f sa rc o m a s  of 
b o n e  a n d  so ft- tis su e  (see  p . 7 1 7 .3  a n d  p. 7 1 8 .2 )  a n d  lipo - 
s o m a l d o x o r u b id n  is u se d  in  p a tie n ts  w ith  K a p o s i 's  s a rco -  
m a  (see  p . 7 1 8 .1 ).

I n  a d đ it io n . d o x o r u b id n  is a  c o m p o n e n t  o f  th e  ABVD 
re g im e n  u se d  to  t re a t  H o d g k in 's  d ise a se  (see p . 6 9 6 .1 ) a n d  is 
p a r t  o f  t h e  C H O P r e g im e n  u s e d  fo r n o n -H o d g k in 's  
ly m p h o m a  (p. 6 9 6 .3 ). D o x o r u b id n  is also  u se d  in  B u rk i tt 's  
ly m p h o m a  (p. 6 9 7 .3 ), m ycosis ỉu n g o id e s  (p. 6 9 8 .3 ), a n d  th e  
ly m p h o m a s  a s s o d a te d  w ith  AIDS (see  p . 6 9 7 .2 ). I t  h a s  b e e n  
e m p lo y e d  in  a c u te  ly m p h o b la s tic  le u k a e m ia  (p. 6 9 2 .3 ), in 
c h ro n ic  ly m p h o c y tic  leu k a e m ia  as p a rt  o f  th e  C H O P 
re g im e n  ( th o u g h  w ith  u n c e r ta in  b e n e íi t— s e e p .  6 9 3 .3 ), a n d  
in  m u lt ip le  m y e lo m a  (p. 6 9 9 .2 ).

Adverse Elỉects and Treatment
F o r  g e n e ra l  d isc u ss io n s  see  A n tin eo p la s tic s , p . 7 26 .1  a n d  
p .  7 3 0 .2 .

D o x o r u b id n  a n d  o th e r  a n th r a c y d in e s  c a u se  p ro n o u n c e d  
b o n e -m a r r o w  d e p re s s io n , vvh ich  m a y  b e  d o sc -I im itìn g . 
W h ite  ce ll c o u n t  re a c h e s  a  n a d ir  10 to  15 d a y s  a f te r  a  d o se  
a n d  u s u a lly  rec o v e rs  b y  a b o u t  21 days.

T h e  a n th r a c y d in e s  m a y  p ro d u c e  c a rd io to x id ty ,  b o th  as 
a n  a c u te ,  u s u a lly  ư a n s ie n t  d is tu rb a n c e  of c a rd ia c  íu n c t io n  
m a r k e d  b y  EC G  a b n o n n a li t ie s  a n d , so m e tim e s , a r rh y th -  
m ia s ; a n d  as  a  d e la y e d , s o m e tim e s  ía ta l, iire v e rs ib le  
c o n g e s tiv e  h e a r t  ía i lu re ,  w h ic h  m a y  o c c u r su d d e n ly . S e v e re  
c a rd io to x id ty  is m o re  lik e ly  in  a d u l t ỉ  g iv e n  to ta l  c u m u la tiv e  
d o se s  o f  d o x o r u b id n  g re a te r  t h a n  4 5 0  to  5 5 0 m g /m 2, a n d  
m a y  o c c u r  m o n th s  o r  e v e n  y e a rs  a f te r  u se . H o tv ev er, 
c o n g e s tiv e  h e a r t  ỉa i lu re  h a s  b e e n  re p o r te d  e v e n  vvith doses  
o !  2 4 0  to  3 0 0 m g /m 2. C a rd io to x id ty  m a y  o c c u r  a t  lo w e r  
c u m u la d v e  d o se s  i n  th o se  p re v io u s ly  t re a te d  w ith  o th e r  
a n th r a c y d in e s  o r  a n tũ ie o p la s tic s , o r  w i th  r a d io th e ra p y  to  
t h e  c h e st.

G a s t ro in te s t in a l  d is tu r b a n c e s  i n d u d e  m o d ẹ r a te  o r  
s o m e t ím e s  se v e re  n a u s e a  a n d  v o m itin g ; m u c o s itis  ( s to m a t-  
itis  a n d  o e so p h ag itis )  m a y  p ro g re s s  to  u lc e ra tio n . A lo p e d a , 
u s u a lly  r e v e n ib le ,  o c c u rs  i n  th e jm a jo r i ty  o f p a tie n ts .  T h e  
u r in e  m a y  b e  c o lo u re d  re d . O cca s io n a l h y p e rse n s it iv ity  
r e a c t ìo n s  m a y  o c c u r. H y p e ru r ic a e m ia  m a y  o c c u r  d u e  to  
t u m o u r  ly sis sy n d ro m e . O th e r  a d v e rse  e h e c ts  i n d u d e  
c o n ju n c tiv itis , I a c h ry m a tio n , u r tic a r ia l  ra sh e s , h y p e rp ig -  
m e n ta t i o n  o f  t h e  o ra l  m u c o s a  a n d /o r  n a ils , o n y c h o ly s is , 
d ro w s in e s s ,  r e n a l  o r  h e p a tic  d a m a g e , a n d  t r a n s ie n t  
in c re a se s  i n  I iv e r  e n z y m e s .

D o x o r u b id n  a n d  o th e r  a n th r a c y d in e s  a re  v e ry  i i i i t a n t  
a n d  th ro m b o p h le b i tis  c a n  o c c u r; e x tra v a sa tio n  i$ se rio u s  
a n d  m a y p r o d u c e  e x te n s iv e  local n e c ro s is  a n d  u lc e ra tio n . u  
e x tra v a sa t io n  o cc u rs , th e  ữ ỹ e c t io n  sh o u ld  b e  im m e d ia te ly  
s to p p e d  a n d  re s ta r te d  in  a n o th e r  v e in ;  th e  a p p ro p r ia te  
m a n a g e m e n t  o f  su c h  e v e n ts  is c o n te n t io u s  (see  p . 7 3 1 .3 )  b u t  
m a y  in d u d e  ice  p a ck s, tũ s u e  irr íg a tio n , c o rtico ste ro id s , a n d  
ự  n e c e s sa ry , s u rg e ry . L ocal e ry th e m a to u s  s tre a k in g  a lo n g  
th e  v e in  a n d  l a d a l  í lu s h in g  m a y  b e  in d ic a tiv e  o f  to o  ra p id  a n  
in ịe c tỉo n . In tra v e s ic a l  in s t il la t io n  c a n  c a u se  b la d d e r  a n d  
u r e th r a l  ir r ita tio n , h a e m a tu r ia ,  a n d  h a e m o r rh a g ic  cystitis .

C o m b in a t io n  th e r a p y  i n d u d in g  d o x o r u b id n  h a s  r a re ly  
b e e n  a s s o d a te d  w i th  se c o n d a ry  a c u te  m y e lo id  le u k a e m ia  
(se e  a lso  C a r d n o g e n id ty ,  p . 7 2 6 .2 ). Animal d a ta  h a v e  
s h o w n  d o x o r u b id n  to  b e  e m b r y o to x ic  te ra to g e n ic , a n d  
m u ta g e n ic .  D o x o r u b id n  m a y  c a u se  in ỉe r ti ỉi ty .

p o r m u la tio n s  o f l ỉp o so m a l d o x o r u b id n  a p p e a r  to  b e  
a s s o d a te d  w i th  a  r e d u c e d  p o te n t ìa l  fo r  lo ca l tis su e  n e c ro s is, 
a n d  p o s s ib ly  a  r e d u c e d  in d d e n c e  o f  c a rd io to x id ty .  
C o n v e rse ly , p a lm a r - p la n ta r  e ry th ro d y se s th e s ia  (p. 7 3 0 .1 )  
a p p e a rs  to  b e  m o re  c o m m o n , a n d  m a y  b e  d o se -lim itin g . In  
a d d it io n , a n  a c u te  a n a p h y la c to id - lik e  re a c tio n  m a y  b e  se e n  
o n  in it ia l  In íu s io n , b u t  th is  g e n e ra lly  reso lv es  o n  slovving o r 
te m p o ra r i ly  s to p p in g  th e  in ỉu s ỉo n .

Effects on the heart. C a id io to x id ty  h a s  b e e n  a m a jo r  fac- 
t o r  i n  .lim ỉtin g  th e  u s e  o f  t h e  a n th ra c y c lin e s ,  d o x o r u b id n  
a n d  d a u n o r u b id n .  A n th ra c y c l in e  d e riv a tiv e s  h a v e  b e e n  
d e v e lo p e d  w i th  t h e  a im  o f r e d u d n g  th e  i n h e r e n t  c a rd io -  
to x id ty  o f  th is  d a s s  o f c o m p o u n d ỉ ,  in d u d in g  a d a r u b i d n  
(p . 7 3 5 .2 ) ,  e p ir u b id n  (p. 7 8 7 .1 ) , id a r u b id n  (p. 8 0 5 .2 ), 
m ito x a n tr o n e  (p . 8 3 3 .1 ), a n d  p ix a n t r o n e  (p . 8 4 7 .2 ) . Hovv-

e v e r, a ỉ th o u g h  th is  s tra te g y  h a s  m e t  vvith  so m e  success , all 
th e s e  c o m p o u n d ỉ  e x h ib i t  so m e  d e g re e  o f  c a rd io to x id ty .

T o x id ty  ũ  e sse n tia l ly  o ỉ  2  k in d s: a c u te ,  u s u a lly  rev e rs ib le  
EC G  c h a n g e s , in d u d in g  a  w id e  ra n g e  o f  a r r h y th m ia s ,  a n d  a 
d e la y e d , u s u a lly  irre v ers ib le  d o s e -re la te d  c a rd ỉo m y o p a th y , 
r e s u l tin g  in  c o n g e stiv e  h e a n  ía i lu re .1' 3 T h e  l a t te r  m a y  b e  
h i r t h e r  subd ivdded  in to  e a rly -o n se t , o c c u n in g  u p  to  a b o u t  a 
y e a r  a f te rw a rd s , a n d  la te -o n s e t  t o x id ty  o c c u ir ín g  y e a rs  a fte r  
t r e a tm e n t ,2-4-5 vvhich m a y  b e  ía ta l. L a te  c a rd ia c  la i lu re  m a y  
o c c u r  u p  to  18  y e a rs  a f te r  a n th r a c y d in e  th e r a p y .2-6’7 T h e  1- 
y e a r  m o r ta li ty  r a te  fo r p a tie n ts  w ith  d o x o r u b id n - in d u c e d  
N e w  Y ork  H e a r t  A s s o đ a tio n  (NYHA) d a s s  m  to  rv  h e a r t  
ía i lu re  is 4 0 % , a n d  th e  2 -y e a r  m o rta li ty  r a te  is 6 0 % .*
•  T h e  s in g le  m o s t  ìm p o r ta n t  d e te r m in a n t  o ỉ  c a rd io to x id ty  

a p p e a rs  to  b e  th e  total cumulative dost, w i th  t h e  rísk  of 
to x id ty  b e c o m in g  e v e r  g re a te r  a t  to ta l c u m u la tiv e  
d o x o r u b id n  d o ses  o f 5 5 0 m g /m 2 o r  m o re .* '14 Hovvever, 
p a tie n ts  v a ry  w id e ly  in  s e n sitiv ity ,2-10-13 a n d  th e s e  v a lu e s  
r e p r e s e n t  re la tiv e ly  a rb iư a ry  c h o ices  o n  a c o n tin u u m  of 
risk : th e r e  is n o  s in g le  safe  d o s e .1-3-13 E v e n  a t d o ses  th a t  
p ro d u c e  n o  sy m p to m s, su b c ỉin ic a l m y o c a rd ia l  d a m a g e  
m a y  o c cu r, a n d  in  c h ild re n  th is  m ay  re su lt  in  d im in ish e d  
c a rd ia c  re s e rv e  a n d  h e a n  d ise a se  in  la te r  iưe.u ,1 ‘

• T h e  dosage schedule a lso  a p p e a rs  to  b e  im p o r ta n t;  
re la tiv e ly  h ig h  s in g le  doses  o n  a n  in f re q u e n t  sc h e d u le  
a p p e a r  to  b e  m o re  c a rd io to x ic  th a n  lo w e r, m o re  c losely  
sp a c e d  do ses, su g g estin g  th a t  c a rd io to x iđ ty  is r e la te d  to  
p e a k  b lo o d  c o n c e n tra t io n s  o f d o x o r u b id n .10

•  C a rd io to x ịd ty  is also  re p o r te d  to  b e  m o re  lik e ly  in 
children and elderly p a tie n ts ,  a n d  in  th o se  w h o  h a v e  
re c e iv e d  p r io r  radiotherapy to  th e  c h e s t .3’4-9-10’12 P re v io u s  
cardiovascular dừease a lso  in c re a se s  t h e  r isk .1-2-9 Females 
a p p e a r  to  b e  a t  g re a te r  lisk  t h a n  m a le s . '-17 Othir rísk factữn 
i n d u d e  h y p e r te n s io n , l iv e r  d isease , vvhole b o d y  h y p e r-  
th e rm ia ,  A lr ic a n  A m e ric a n  a n c e s try , a n d  t r is o m y -2 1 .3-5-9

• U se  w ith  c y d o p h o s p h a m id e , t r a s tu z u m a b , o r  other 
antineopỉastics w i th  c a rd io to x ỉc  p o te n d a l  m a y  in c re a se  
t h e  U k e lih o o d  o f c a rd io m y o p a th y .9' 10

Prevention. M u c h  e íío r t  h a s  g o n e  in to  vvays o f p re d ic tin g  
a n d  p r e v e n t ln g  a n th r a c y d in e - in d u c e d  c a rd io to x id ty .  
A lth o u g h  EC G  c h a n g e s  a re  c o m m o n ly  m o n ito re d , m o st of 
th e  c h a n g e s  a re  n o t  p re d ic tlv e  o f c a rd io m y o p a th y  a n d  
s e v e re  c a rd io to x id ty  c an  o c c u r  w i th o u t  EC G  c h a n g es . 
H o w e v e r, a  p e rs is te n t  re d u c t io n  in  th e  v o lta g e  o f  t h e  QRS 
w a v e  is  g e n e ra lly  in d ic a tiv e  o f th e  n e e d  to  p e r ío r m  h i r th e r  
te s ts . N o n - in v a s iv e  c a rd ia c  monitoring, b y  m e a n s  of 
e c h o c a rd ỉo g ra p h y  o r  ra d io n u c lid e  a n g io g ra p h y , is u se lu l  
in  p re d ic tin g  th e  d e v e lo p m e n t o í  c a rd io m y o p a th y , b u t  m ay  
g iv e  n o rm a l  re su lts  u n t i l  d a m a g e  ũ  q u i te  a d v a n ce d ; 
s e n s it iv ity  m a y  b e  im p ro v e d  w ith  e x e r d s e  s tre ss  te s ts .1-3 
M e a s u re m e n t  o f  le f t v e n tr ic u la r  e je c tio n  ỉra c tio n  (LVEF) is 
ừ e q u e n t ly  u s e d  ío r  b a se lin e  e v a lu a tio n , a n d  a t  r e g u la r  
in te rv a ls  t h e r e a l te r .9-11 I n d i u m - l ỉ l  a n tim y o s in  im a g in g  
d e te c ts  a b n o rm a l  ca rd ia c  u p ta k e  o f i n d iu m -1 11 a n tím y o s in , 
w h ic h  c a n  b e  se e n  e v e n  in  th e  a b se n c e  o f  a n y  c h a n g e  in  
LVEF, a n d  c a n  b e  p re d ic tiv e  o f  a n  im p e n d in g  fall i n  LVEF; 
th is  te c h n iq u e  is h ig h ly  se n sitiv e  b u t  is t im e -c o n s u m in g  a n d  
n o t  vvidely a v a ila b le .10 E n d o m y o c a rd ia l  b io p sy  is t h e  m o st 
se n s it iv e  in d ic a to r  o f  c a rd io m y o p a th y , b u t  it  is in v a s iv e  a n d  
a g a in  n o t  vvidely a v a ila b le .9-101’ T h e  C h ild re n s  C a n c e r  
S tu d y  G ro u p 19 h a s  issu e d  g u id e lin e s  fo r  m o n ito r ìn g  u s in g  
ECG , e c h o c a rd io g ra p h y , a n d  r a d ỉo n u d id e  a n g io c a rd io g ra -  
p h y  in  p a tie n ts  re c e iv in g  a n th r a c y d in e s .  T h e  ro le  o f  su c h  
te c h n iq u e s  in  p re d ic tin g  la te -o n s e i  c a rd io to x id ty  r e m a in ỉ  to  
b e  d a r ih e d ,2 a n d  th e r e  is d isa g re e m e n t o n  th e  b e s t  m a n n e r  
o ỉ  m o n ito r in g  a n th r a c y d in e - in d u c e d  c a rd io to x ỉd ty .  T his 
re ữ e c ts  c o n ũ ic tin g  d a ta  a n d  th e  s c a r d ty  o f  vvell-designed  
s tu d ie s , b u t  th e  C h ild re n s  C a n c e r  S m d y  G ro u p  g u id e lin e , o r 
o n e  th a t  in c o rp o ra te s  a  b a se lin e  c a rd ia c  e v a lu a t io n  vvith 
fo llo w -u p  as t h e  a n th r a c y d in e  do se  in c re a se s , h a s  b e e n  
a d v o c a te d  as  a  r e a s o n a b le  a p p ro a c h  to  m o n i to r in g  
a n th r a c y d in e - in d u c e d  c a rd io to x id ty .13

T h e re  is so m e  p r e lim in a ry  e v id e n c e  to  su g g e s t  th a t  
c o n c e n tra t io n s  o f  c a rd ia c  ư o p o n in s  a n d  n a tr iu re t ic  p e p tid e s  
c o u ld  b e  u s e d  as p re d ic tiv e  m a rk e rs  o f  m y o c a rd ia l  
d a m a g e .9-101*-20-21

Dexraỉoxane (p . 1 548 .1 ) h a s  shovvn so m e  p ro te c tiv e  e l l e d  
a g a in s t  t h e  c a rd io to x id ty  o f d o x o ru b ic ũ i  a n d  o th e r  
a n th r a c y d in e s ,  a n d  is  u s e d  to  r e d u c e  c a rd io m y o p a th y  in  
w o m e n  re c e iv in g  d o x o r u b id n  fo r  m e ta s ta t ic  b re a s t  c a n cer .

Alteration oỊ the dosage scheduỉe to  vveekly r a th e r  th a n  
th re e -w e e k ly  d o sa g e , o r  th e  u s e  o ỉ  c o n tin u o u s  in lu s io n , 
h a v e  b e e n  a d v o c a te d  as  w a y s  o f r e d u d n g  d o x o ru b ic in  
c a rd io to x id ty ;  a n  a n th r a c y d in e  in lu s io n  t im e  o f  six  h o u rs  
o r  lo n g e r  h a s  b e e n  shovvn to  re d u c e  th e  risk  o f h e a r t  ía i lu re  
a n d  s e e m e d  to  r e d u c e  th e  r isk  o f s u b d in ic a l  ca rd ia c  
d a m a g e .22 A n th ra c y c lin e s  ío rm u la te d  in  liposomes h a v e  also  
b e e n  u s e d  to  r e d u c e  th e  r isk .2-5’*"1U3il‘  T h e  c a rd ia c  s a íe ty  of 
lip o so m a ỉ d a u n o r u b id n  h a s  n o t  b e e n  e s ta b lish e d , b u t 
n o n -p e g y la te d  lip o so m a l d o x o r u b id n  h a s  b e t te r  ca rd ia c  
sa fe ty  t h a n  c o n v e n td o n a l d o x o r u b id n ,11’21’23 w h i le  p egy- 
la te d  lip o so m a l d o x o r u b id n  h a s  a  s ig n ih c a n tly  r e d u c e d  risk 
o f  c a r d i o to x i d t y .11-21 (H ovvever, h a e m a to lo g ic a l  a n d  
m u c o c u ta n e o u s  to x id ty ,  a n d  p a lm a r-p la n ta r  e ry th ro d y -

se s th e s ia  a r e  g r e a te r  w i th  l ip o so m a ỉ ỉo rm u la t ìo n s  a n d  I l a y  
lim it  th e i r  u s e .24)

Treatment. M a n a g e m e n t  is e sse n tia lly  t h a t  o ỉ  s ta n c  a rd  
c a rd ia c  ía i lu re  (p . 1 2 6 2 .3 ) , w i th  d iu re tíc s , b e ta  b lo ck  ;rs , 
A C E in h ib ito rs ,  a n d  u ltim a te ly , ca rd ia c  t r a n s p la n ta iio n  
(p . 1 9 3 8 .2 ).5-*-9-21
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Effech on the liver. H e p a tìt ỉs  a n d  n o n -sp ecU ic  h e p a to c e l  u -  
la r  d a m a g e  h a s  b e e n  re p o r te d  in  p a tie n ts  r e c e iv in g  d o ; o - 
r u b id n  as  p a r t  o f  c o m b in a tio n  th e r a p y .1 A  c h a ra r te r i í t i c  
h e p a to to x id ty  c a n  a lso  b e  p r o d u c e d  b y  th e  c o m b in a tio n  o f 
r a d io th e ra p y  vvith  d o x o r u b id n .2

1. Aviléí A, tí  a l  Hepaòc injury durtng doxom bitín therapy. Arứí Pa ho! 
Lab Med 1984; 108: 912-13.

2. Prỉce LA. Surviving maỉỉgnant dỉsea^e: medicat and oneological aspe ;is. 
Br J  Hosp Med 19B3; 30: 8-12.

Effects on the skin and nails. H y p e rp ig m e n ta tio n  t  as 
o c c u rre d  ,in  p a tie n ts  g iv e n  d a u n o r u b iã n .  d o x o r u b id n ,  o r  
id a r u b id n .1’6 R e p o r ts  d e sc ríb ed  p ig m e n ta t io n  o f  t h e  sỉ in  
a n d  tra n s v e rs e  h y p e rp ig m e n te d  b a n d s  of th e  n a ils . E£fe xs 
o n  th e  sk in  r e so lv e d  o v e r  se v era l w e e k s , a n d  b a n d s  o n  t l e  
n a ils  m o v e d  vvith n o r m a l  n a i] grovvth. D a rk -sk in s  :d  
p a t ie n t ỉ  a p p e a r  to  b e  m o re  su sce p tib le  to  th is  a d v e  se 
e f f e a .  B iopsy  h a s  í o u n d  a n  in c re a se  in  m e la n in  g ra n u  es 
i n  th e  a ỉte c te d  tis su e s . A n  u n u s u a l  b lu e -g re y  p ig m e n ta t i  )n  
o f th e  lac e  w a s  re p o r te d  in  a  p a tie n t  g iv en  d o x o r u b id n .7

T h e re  h a v e  b e e n  re p o r ts  o f su b a c u te  c u ta n e o u s  lu p  us 
e ry th e m a to s u s  a l te r  t r e a tm e n t  w i th  d o x o r u b id n  p lu s  
c y d o p h o s p h a m id e  fo r  b re a s t  cancer.* -9 A  c h a n g e  oỉ 
c h e m o th e ra p y  re g im e n  a n d  c o rtico s te ro id s  su c ce ss íu  ly  
t re a te d  so m e  p a tie n ts ,  b u t  Iesions c o n tin u e d  to  fla re  afi e r  
e a c h  c y d e  in  o n e  p a t ie n t  w i th  S jồ g re n ’s s y n d ro m e  desp iti a  
c h a n g e  to  p a d i ta x e l  a n d  ư a s tu z u m a b ;  s y m p to m s  e v e n tu a  ly  
reso lv e d  vvhen  c h e m o th e ra p y  w a s  c o m p ĩe te .9 I n  a n o ử e r  
case* sk in  le s io n s  k e p t  d e v e lo p in g  e v e n  a í te r  th e  c h e tr  o- 
th e r a p y  r e g im e n  vvas c o m p le te ,  a n d  a l t h o u g h  o  a l 
c o rtico s te ro id s  im p ro v e d  th e  le s io n s , t h e y  r e a p p e a re d  
w h e n  t h e  c o r t ic o s te ro id s  vvere w i th d ra w n ;  c o m p le te  
r e s o lu d o n  w a s  s e e n  vvith  th a lid o m id e .

F o r  sp e c ih c  re íe re n c e  to  t r e a tm e n t  o i  a lo p e c ia  c a u se d  by 
d o x o r u b ió n ,  a n d  f o r  e x tra v a sa t io n , see  p .  7 3 0 .3  a n d  
p . 7 3 1 .3 .
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9. Funkc AA, tí  al. Subacute cutaneous lupus erythematosus exacerbated 
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P a lm a r - p la n ta r  e r y th r o d y s e s th e s ia  s y n d ro m e . P a irn a r-  
p la n ta r  e ry th ro d y sẽ s th e s iã  s y n d ro m e  (p. 7 3 0 .1 )  is a sso - 
c ia te d  w i th  th e  u se  o f  lip o so m a l d o x o r u b id n , a n d  re c o m - 
m e n d a t ío n s  h a v e  b e e n  m a d e  fo r  its  m a n a g e m e n t .1 T h e  
m o s t eH ec tive  w a y  o f  p re v e n t in g  th e  s y n d ro m e  vvas to  
m a in ta in  d o ses  a t  n o t  m o re  t h a n  1 0 m g /m 2 w e e k ly  (tỹ p i-  
ca lly  as  a  s in g le  in íu s io n  of 4 0 m g /m 2 e v e ry  4  w e e k s ) . A t 
su c h  do ses, th e  s y n d ro m e , if it  o c cu ix ed  w a s  ty p ic a ily  m ild  
a n d  e a sily  m a n a g e d . D o se - in te n s ity  m o d ih c a tio n  w a s  also  
t h o u g h t  Ẻ kely  to  b e  b e n e h d a l  in  m a n a g in g  th e  sy n d ro m e  
if i t  d e v e lo p e d , a l th o u g h  e v id e n c e  to  su p p o rt  th is  w a s  
lack in g .

U K  líc e n se d  p r o d u c t  in ío rm a t io n  States th a t  p y r id o x in e  
( in  d a ily  doses  o f 50  to  1 5 0 m g ) a n d  co rtico s te rõ id s  h a v e  
b e e n  u s e d  fo r th e  p ro p h y ia x is  a n d  ư e a tm e n t  o ỉ  th is  
c o n d it io n  a lth o u g h  c lim ca ĩ d a ta  fo r  t h e ữ  efficacý  a re  
lack in g ; o th e r  s tra te g ie s  in c Ịụ d e  k e e p in g  th e  h a n d s  a n d  fee t 
co o l vvith  co ld  w a te r  so ak s o r  b a th s ,  a v o id in g  h e a t  o r  h o t  
w a te r ,  a n d  n o t  vvearing  socks. g loves , o r  t ig h t-ẫ t t in g  sh o e s .

ỉ . von Moos R, tí  al. Pegylaied lỉposomaỉ doxorubidn-assodated hand«foot 
syndrome: recommendations of an imem ationaỉ panel of experts. Eur 3 
Cancer 2008; 44 :781-90 .

Precautìons
F o r  a  g e n e ra l  d isc u ss io n  see  A n tin eo p la s tic s , p . 7 3 2 .2 .

D o x o r u b id n  a n d  o th e r  a n th r a c y d in e s  a re  g e n e ra lly  
c o n ư a - in d ic a te d  in  p a tie n ts  w i th  h e a r t  d isease . T h e  to tạ l  
c u m u la tiv e  do se  s h o u ld  be  lim ite d , a n d  ca rd ia c  h in c tio ri , 
in d u d in g  le f t v e n tr ic u la r  e je c tio n  ừ a c t io n , s h o u ld  b e  
a ssessed  b e ío re  a n d  m o n ito re d  d u r in g  t r e a tm e n t  (see  E ííe c ts  
o n  t h e  H e a rt, p . 7 8 4 .1 ) .  B lo o d  c o u n ts  s h o u ld  b e  m o n ito re d  
a n d  d o ses  sh o u ld  n o t  b e  r e p e a te d  vvhile th e r e  is b o n e -  
m a r r o w  d e p re ss io n  o r  u lc e ra tio n  o f th e  m o u th .  D o x o r ủ b id n  
s h o u ld  b e  g iv e n  w ith  g re a t  ca re  in  r e d u c e d  doses  to  p a tie n ts  
w i th  h e p a tic  im p a irm e n t;  d o sa g e  r e d u c t io n  m a y  a lso  b e  
n e c e s sa ry  in  c h ild re n  a n d  th e  e ld e r ly . E x tra v a sa tio n  re su lts  
in  s e v e re  t issu e  d a m a g e  a n d  d o x o r u b id n  a n d  o th e r  
a n th ra c y c lin e s  s h o u ld  n o t  b e  g iv e n  b y  in tr a m u s c u la r  o r  
s u b c u ta n e o u s  in je c tio n . T h e  a d v e rse  effec ts o f ir r a d ia tio n  
m a y  b e  e n h a n c e d  b y  d o x o r u b id n  a n d  sk in  re a c tío n s  
p re v io u s ly  in d u c e d  b y  r a d io th e ra p y  m a y  rec u r; th e  to ta l  
c u m u la tiv e  do se  s h o u ld  b e  re d u c e d  to  n o  m o re  t h a n  
4 0 0  m g /m 2 in  p a tie n ts  w h o  h a v e  rec e iv e d  r a d io th e ra p y  to  
th e  c h e s t  o r  h e a rt . D if fe re n t l ip o so m a l ío rm u la t io n s  m a y  n o t  
b e  in te rc h a n g e a b le  w i th  c o n v e n tio n a l ío rm u la tio n s , o r  w i th  
e a c h  o th e r .

Breasl feeding. D o x o r u b id n  a n d  its  m e ta b o li te s  h a v e  
b e e n  d e te c te d  in  b r e a s t  m ilk .1 T h e  A m e ric a n  A c a d e m y  of 
P e d ia tr ic s  co n s id e rs2 t h a t  d o x o r u b id n  is c o n c e n tra te d  in  
b re a s t  m ilk . th a t  i t  m a y  possib ly  c a u se  im m u n e  su p p re s -  
s io n  in  th e  in fa n t, h a s  u n k n o w n  eữ e c ts  o n  g ro w th , a n d  a n  
a s s o d a t io n  w ith  c a rd n o g e n e s is .

1. Egan PC, tí  al. Doxorubidn and cỉsplatỉn excretion ừito hum an milk. 
cánar Trtat R ep  1985; 6 9 : 1387-9.

2. American Academy of Pediatrics. The transỉer oí drugs and other 
C hem icals Imo h u m a n  m ilk . Pediatria 2001; 108: 776-89. [Reiíred May 
2010] Correction. ibid.: 1029. Also available at: hỉtpư/aappolicy. 
aappublications.Org/cgi/coment/full/pediatrics%3bl08/3/776 (accessed 
2 9 /0 6 /0 4 )

Handling and disposal. D o x o ru b id n  h y d ro c h lo r id e  is irr i-  
ta n t ;  a v o id  c o n ta c t  w i th  sk in  a n d  m u c o u s  m e m b ra n e s .

A  m e th o d  fo r  t h e  d e s tru c tio n  o f  d o x o ru b ic in  o r  
d a u n o r u b id n  wastes u s in g  s u llu r ic  a d d  a n d  p o ta s s iu m  
p e rm a n g a n a te .1 R e s id u e s  p ro d u c e d  b y  d e g ra d a tỉo n  of 
d a u n o r u b id n  b y  th is  m e th o d  shovved n o  m u ta g e n id ty  in 
vitro: so m e  m u ta g e n id ty  w a s  s e e n  w ith  h ig h  c o n c e n ư a tìo n s  
o f  r e s id u e s  fro m  d o x o r u b id n .

Uríne and Ịaeces p ro d u c e d  fo r  u p  to  7  d a y s  a í te r  a  d o se  o f 
d o x o r u b id n  s h o u ld  b e  h a n d le d  v v e a rin g  p r o te c t iv e  
d o th in g .2

ỉ .  Caỉtegnaro M, t í  a i  , eds. Laboratory decontamỉnation and desưuctỉon 
of cardnogens ỉn ỉaboratory wastes; some antineoplastíc agents. ỈARC 
ScUntìfìc Publicatùms 73. Lyon: WHO /International Agency íor Research 
on Cancer, 1985.

2. Harrìỉ J, Dodds u .  Handllng waste ỉrom  patỉents receivỉng cytotoxỉc 
drugs. Pharm J 1985; 235: 289-91.

Porphyria. T h e  D ru g  D a ta b ase  fo r  A c u te  P o rp h y ria , c o m - 
p i le d  b y  th e  N o rv v eg ian  P o rp h y ria  C e n tre  (N A PO S) a n d  
th e  P o rp h y ria  C e n t re  Svveden, d a s s ih e s  d o x o r u b id n  as

p ro b a b ly  n o t  p o rp h y rin o g e n ic ; it  iíia y  b e  u s e d  as  a  d ru g  of 
firs t ch o ic e  a n d  n o  p re c a u tio n s  a re  n e e d e d .1

1. The Drug Database for Acute Porphyria. Avallabỉe au  http;//www. 
drugs-porphyria.org (accessed 29/09/11)

Pregnancy. A lth o u g h  d o x o r u b id n  h a s  b e e n  re p o r te d  to  be  
u n d e te c ta b le  in  a m n io tic  f lu id u  it h a s  b e e n  ỉo u n d  in  íe ta l 
tis su e  (liver, k id n ey , a n d  lu n g s) a t  c o n c e n tra tio n s  s e v era l 
tim e s  th o se  in  m a te m a l  'p la sm a ,2 in d ic a tin g  th a t  i t  do es  
cross  th e  p la c e n ta . T h e  effec t o f a n th r a c y d in e s  o n  th e  o u t-  
c o m e  o f 160 p r e g n a n d e s  h a s  b e e n  a n a ly s e d .3 M o st 
yvom en  h a d  re c e iv ed  c o m b in a tio n  c h e m o th e ra p y  th ạ t  
i n d u d e d  d o x o m b id n  o r  d a u n o ru b id n .  (o r h a e m a to lo g ic a l  
m a l ig n a n d e s  o r  b re a s t  c a n ce r . M o st o u tc o m e s  (7 3 % ) w e re  
n o rm a l. T h e re  w e re  5 m alío rm a tio n s , m o s t  o f te n  asso - 
d a te d  w ith  re g im en s  th a t  also  in d u d e d  a n tim e ta b o li te s  OT 
a lk y la tin g  ag e n ts ; th e  m a l ío n n a t io n s  w e re  h ig h ly  v a ria b le . 
F e ta l to x id ty  w a s  a s so d a te d  vvith c h e m o th e ra p y  u se  fo r  
so lid  tu m o u rs  d u r ín g  th e  first t rú n e s te r , a n d  th e  risk  of 
s e v ere  íe ta l to x id ty  w a s  sign iA can tly  in c re a se d  w ith  d o x o - 
r u b id n  doses a b o v e  7 0 m g /m 2 p e r  c y d e . F e ta l  c a rd io to x i-  
d t y  o c c u rre d  in  2 cases a n d  w a s  a s so d a te d  w i th  a n th ra c y -  
d in e  u se  d u r in g  th e  se c o n d  a n d  th ir d  t rũ n e s te r s .  I t  h a s  
b e e n  su g g ested  th a t  th e  u s e  o ỉ e p ir u b id n  m a y  re d u c e  th e  
risk  o f íe ta l m y o ca rd io p a th y , b u t  a  b r ie t  r e v ie w  o f th e  lit- 
e ra tu re 4 su g g ested  th a t  Its to x id ty  p roB le  i n  p re g n a n c y  
w a s  v e ry  s im ila r  to  th a t  o f  d o x o ru b id n . F e ta l  d e a th  w a s  
m o re  ừ e q u e n t  ỉn  w o m e n  w ith  a c u te  le u k a e m ia ;  it  w as 
a s s o d a te d  w ith  d isease  p ro g re ss io n  a n d  th e  a u th o rs  
r e c o m m e n d e d  th a t  c h e m ó th ẽ ra p y  s h o u ld  n o t  b e  p o s t-  
p o n e d .

F o r  a  r e p o r t  o f a  h e a lth y  in ía n t  b o m  to  a  vvom an  t re a te d  
vvith a  d o x o ru b id n -c o n ta in in g  c h e m o th e ra p y  re g im e n , see  
P re g n an c y , u n d e r  T en iposide , p . 8 6 7 .2 .

U K  lic e n se d  p r o d u c t  in ío r m a t io n  ỉo r  d o x o m b id n  
c a u tio n s  a g a in s t u se  i n  p re g n a n c y . R e c o rm n e n d a tio n s  
v a ry , b u t  so m e  ad v ise  th a t  m e n  a n d  w o m e n  b o th  ta k e  
e h e c tiv e  c o n tra c ep tiv e  m e a su re s  d u r in g  t r e a tm e n t  a n d  fo r  3 
to  6 m o n th s  a f te r  th e ra p y .

ỉ. Roboz J, tí  al. Does doxorubỉđn cross the pỉacenta? Lanctí 1979; ih 
1382-3.

2. D 'Incaỉd M. t í  a i  Transplacental passagẹ oỉ doxorubỉdn. Lancet 1983; i: 
75.

3. Gennann N, t í  a l . Amhracydines during pregnancy: embryo-ỉetal 
outcome ỉn 160 patỉents. A m  Oncol 2004; 19: 146-50.

4. Mỉr 0 , tí  al. Chemotherapy íor breast cancer during pregnancy: is 
epỉrubidn saỉe? Ann Oncoỉ 2008; 19:1814-15.

Interaờions
F o r  a  g e n e ra l o u t lỉn e  o f a n tin e o p la s tic  d ru g  in te ra c tio n s ,  see  
p . 7 3 3 .3 . T he  to ta l  c u m u la tiv e  d o se  o f d o x o r u b id n  s h o u ld  
b e  re d u c e d  in  p a tie n ts  w h o  h a v e  rec e iv ed  o th e r  c a rd io to x ic  
d ru g s  su c h  as d a u n o r u b id n  o r  c y d o p h o s p h a m id e . D oxo- 
r u b id n  is r e p o r te d  to  in h ỉb i t  th e  in tra c e llu la r  a c tỉv a tio n  of 
s ta v u d in e  a n d  h e n c e  its  a n tiv ứ a l  e ffe d .

Aniibaderíals. H y p ersen sitiv ity  rea c tỉo n s  to  d o x o m b id n  
o r  d a u n o ru b id n  h a v e  b e e n  re p o r te d  in  2  p a tie n ts  w ith  
r e c è n t e x p o su re  to  clindamyãn, o n e  o f w h o m  h a d  e x h ib -  
ite d  h y p e rse n s itiv ity  to  th a t  a n tib io tic .1 T h e  p o ssib ility  of 
cro ss-sen sitiv ity  betvveen  a n th r a c y d in e s  a n d  d in d a m y c in  
s h o u ld  b e  co n sid e red .

1. Arcna FF, Shertock s. Doxorubidn hypcrsensilivity and  d indam ydn. 
A m  ĩnttm  Mtd 1990; 112: 150.

Antineoplastics. G iving  d o x o r u b id n  w ith  o r  a f te r  drugs, 
su c h  as streptozoànl o r  mtthotrexate,2 t h a t  c a n  im p a iĩ  
h e p a tỉc  íu n c tio n , h a s  r e su lte d  in  InCTeased d o x o r u b id n  
to x id ty ,  possib ly  d u e  to  r e d u c e d  h e p a d c  d e a ra n c e .  A  h ig h  
in d d e n c e  of c a rd io to x id ty  (m a n d e s t  a s  c o n g e stiv e  h e a r t  
ía ilu re )  h as  b e e n  re p o r te d  in  p a tie n ts  g iv e n  d o x o ru b ic in  
vvith pacỉitaxel (vvhich a lso  h a s  ca rd io to x ic  e ữ e c ts ) .3 A n y  
in te ra c tio n  m a y  b e  sc h ed u le  d e p e n d e n t.4 S im ila rly  a n  
in cre a se d  in d d e n c e  o f c a rd io to x id ty  h as  b e e n  se e n  vvhen trastuĩumab w a s  g iv en  w ith  o r  a f te r  a n th r a c y d in e s  (see 
EH ects o n  th e  H e ã rt u n d e r  T ra stu z u m a b , p . 8 7 6 .3 ).

Vaỉspodar in h ib its  P -g ly co p ro te in , a n d  a p h a rm a c o k in e tic  
s tu d y 5 ío u n d  th a t  it  d e c re a se d  d e a ra n c e  o{ d o x o r u b id n  a n d  
p ro lo n g e d  th e  te rm in a l h a lỉ- liỉe . in c re a sin g  e x p o s u re  to  
d o x o ru b ic in  a n d  m y e lo su p p re ss iv e  e ííec ts . T h e  a u th o rs  
su g g ested  th a t  th e  d o se  o ( d o x o r u b id n  m ig h t  n e e d  to  be  
re d u c e d  b y  a b o u t  6 0 % .

Sorafenib m a y  in c re a se  sy stem ic  e x p o su re  to  d o x o r u b id n . 
F o r  a  su g g estỉo n  th a t  d o x o r u b id n  m ig h t  e n h a n c e  th e  

h e p a to to x id ty  o f  mercaptopurine, s e e  u n d e r  D a u n o r u b id n  
H y d ro ch lo rid e , p . 7 7 9 .3 .

F o r  a  r e p o r t  o f a n  ỉ n a e a s e d  in d d e n c e  o f  íeb rile  
n e u tr o p e n ỉa  a n d  g a s tro in te s tin a l  c o m p lic a tío n s  w h e n  
d o x o m b id n  is  u se d  w ith  docetaxel, see  A n từ ie o p las tíc s , 
u n d e r  D o c e ta x e l  p . 7 8 2 .2 .

I n  a  p h a rm a c o k in e t ic  s tu d y , b o th  p a d i t a x e l  a n d  
d o c e ta x e l in c re a se d  e x p o su re  to  lip o so m a l d o x o m b id n ,  
a lth o u g h  th e  e f f e d  w a s  less p ro n o u n c e d  w ith  d o c e ta x e l.6

F o r  m e n t io n  o f c h a n g e s  in  e x p o su re  to  p e g y la te d  o r ' 
lip o so m al d o x o r u b id n  a n d  vinỊlunine w h e n  th e s e  d ru g s

w e re  used  to g e th e r , see  In te rac tio n s , u n d e r  V m ílu n in e , 
p . 885 .2

1. Anonymous. Two drugs may not be better than one. JAMA 1976; 236: 
913.

2. Robertson JH. t í  ai. Toxidty of doxorubỉdn and  methotrexate in 
osteogenic sarcoma. BM3 1976; 1: 23.

3. Glanni L. t í  ai. Paditaxel by 3-hour inhisỉon in combinatíon wỉth bolus 
doxorubícin ỉn vvomen with unneated metastatìc breaỉt cancer high 
antỉtumor efficacy and cardỉac eííects in a dose-finding and sequence* 
finding study. J ơ in  Oncoỉ 1995; 13: 2688-99.

4. Danesi R. tí a i  Pharmacokinetỉc optìmỉsatỉon of treatm ent schedules for 
anthracydlnes and padỉtaxel in patỉents with cancer. ơ in  Pharmacokintí 
1999;37: 195-211.

5. Advanì R. t í  ai. A pha se I uỉaỉ oỉ đoxorubidn, pad ỉtaxe l and vaỉspodar 
(PSC833), a modulator oỉ muỉtỉdnig resistance. cún  CanarRa  2001; 7: 
1221-9.

6. Briasouỉỉs E, tí  ai. Interactỉon phannacokỉnetỉcs o ỉ pegylated Uposomaỉ 
doxorubỉcỉn (Caelyx) on coadmỉnỉstration with padỉtaxeỉ or docetaxel 
Cancer Chemothtr Pharmacol 2004; 53:452-7.

General anaesthetics. F o r  re ỉe re n c e  to  Q T -in te rv a l p ro -  
lo n g a tio n  d u r in g  a n a e s th e sia  w i th  ừoỊỉurane in  w o m e n  
w h o  h a d  rec e iv ed  a n th ra c y d in e -b a se d  d ie m o th e r a p y  fo r 
b re a s t  can cer, see  p. 1907.3 .

lmmuno$uppressant5. In c re a sed  p la s m a -d o x o ru b id n  c o n - 
c e n tra tio n s  a n d  m y elo to x ic ity  h a v e  o c c u rre d  w h e n  áclos- 
porin w as u s e d  to  m o d u la te  tu m o u r  re s is ta n c e .1 S ev e re  
n eu ro lo g ica l to x ic ity  o c c u rre d  in  a n o th e r  p a tie n t  g iv en  
d o x o ru b id n  a íte r  lo n g -te rm  ả d o s p o r in  th e ia p y .2 I t  h a s  
b e e n  su g g ested  th a t  th e  u se  of d d o s p o r in  o r  its  a n a lo g u e s  
(see  A n tineop lastìc s, a b o v e  fo r th e  e S e c t o f  v a lsp o d ar) to  
m o d u la te  d o x o r u b id n  res is tan ce  s h o u ỉd  b e  u n d e r ta k e n  
w ith  c a u tio n .3

1. Rushing DA. a i ĩ .  The eSecB of cydosporíne o a  the pharmarokmetics of 
doxarubicin in padents Hdth small cell lung cancer. ũirtar 1994: 74: 
854-41.

2. Barbui T, t í  al. Neurologỉcal symptoms and  coma assodated vvỉth 
doxorubỉcỉn adminỉstxatiữn duiỉng chronic cydospoiỉn thérapy. Larưtí 
1992; 339: 1421. ■

3. Bedc WT. Kuttesđk JF. Neurological symptoms assodated with 
cydospoiln plus doxombỉdn. Lanctí 1992; 340:496.

Thalidomide. In  a  co m g ạ riso n  o f tw o  ơ e a tm e n t  reg im en s  
fo r  m u ltip le  m y e lo m a  ( th a lid o m ịd e , d e x a m e th a so n e , d s -  
p larin , c y d o p h o sp h a m id e , a n d  e to p o s id e , w í th  o r  vv ithou t 
d o x o ru b id n ) ,  th e re  w a s  a n  in c re a se d  risk  o f d e e p -v e in  
th ro m b o s is  in  th o se  p a tie n ts  w h o  re c e iv e d  th e  co m b in a -  
t io n  th a t  in c lu d e d  d o x o r u b id n .1 T h e  a u th o r s  d t e d  a  p re -  
v io u s s tu d y 2 in  vvhich th e  a d d itio n  o f  th a lid o m id e  to  a n  
a n tin e o p la s tic  re g im e n  in creased  t h e  r isk  o f  d e e p -v e in  
th ro m b o sis , a n d  c o n d u d e d  th a t  p a tie n ts  w ith  m u ltip le  
m y elo m a tre a te d  w ith  th e  c o m b in a tio n  o f d o x o ru b id n  
a n d  th a lid o m id e  a re  a t  in cre a se d  risk.

1. Zangaii M. t í  al. Thrombogenic acdvity of doxorubidn in myeloma 
patients receiving thalidomide: implicadonỉ tor therapy. Blood 2002; 
100: 1168-71.

2. Zangari M. a  al. Inaeased  rislt of deep-vein thrombosls in padents with 
multiple myeloma recdvỉng thalỉdomide and  chemothecapy. Blood 
2001; 98: 1614-15.

Pharmacokinetics
A fter  in tr a v e n o u s  in jec tio n . d o x o r u b id n  is  rap id ly  d e a re d  
fro m  th e  b lo o d . a n d  d is tr ib u te d  in to  tís su e s  in d u d in g  lu n g s, 
liver, h e a rt ,  sp leen , a n d  k id n ey s. I t  u n d e rg o e s  ra p id  
m eta b o lism  in  th e  liv e r  to  m eta b o lite s  in d u d in g  th e  a c tiv e  
m eta b o lite  d o x o ru b id n o l (a d r ia m y d n o l) . A b o u t4 0  to  50%  
o f a  dose is s ta te d  to  be  e x c re ted  in  b ile  yv ith in  7  days, of 
w h ic h  a b o u t haU  is a s  u n c h a n g e d  d ru g . O n ly  a b o u t 5 %  of a 
do se  ís e x c re te d  in  u r in e  vvithin 5 days. I t  d o e s  n o t  cross th e  
b lo o d -b ra in  b a ư ie r  b u t  m a y  cross t h e  p la c e n ta  a n d  is 
d is tr ìb u te d  in to  b re a s t  m ilk . T h e  d isa p p e a ra n c e  o f d o x o - 
ru b ic in  fro m  th e  b lood  is triphasic : m e a n  h a lM iv e s  a re  12 
m in u te s , 3 .3  h o u rs  a n d  a b o u t 30 h o u rs .

The p h a rm a c o k in e tic s  o f liposomal ío rm u la d o n s  a re  
som evvhat d ilíe re n t {rom  th e  c o n v e n tio n a l d ru g . T h e  u se  of 
m acrogo ls in  th e  su rỉa c e  la y e r  o f th e  l ip o so m e s  (pegy la tion )
red u ces  re m o v a l o f lip o so m es b y  m a c ro p h a g es . This resu lts  
in  p ro lo n g e d  d rc u la tio n  in  th e  p lasm a , w i th  re la tiv e ly  little  
t issu e  d is tr ib u tio n , b u t  t u m o u r  n e o v a sc u la ru re  is re p o r te d  to 
p e rm it p e n e tra tĩo n  o f l ip o so m es in to  t u m o u r  t issu e . 
P h a rm a c o k in e tic s  a re  r e p o r te d  to  b e  b ip h as ic  w ith  m e  an  
ha lí-lives  o f 5 h o u rs  a n d  55 to  75  h o u r s  resp ec tiv e ly . A  
n o n -p e g y la te d  liposom al ĩo rm u la tio n  a lso  ex ists a n d  is 
rep o r te d  to  p ro d u c e  h ig h e r  p e a k  p lasm a  c o n c e n tra tìo n s  of 
to ta l d o x o r u b id n  th a n  c o n v e n tio n a l ío rm u la tìo n s , b u t  
lo w e r  fre e  (n o t l ip o so m e -e n c ap su la te d )  c o n c e n tra tio n s . 
C lea ran ce  is  red u c e d , a n d  p e a k  p la sm a  c o n c e n tra tío n s  of 
d o x o ru b id n o l  de lay ed .

R e ĩe re n c e s .
1. Speth PAJ. t í  ữ i  Clỉnỉcal pharmacokinetics of doxorubidn. Gin 

Pharmacokintí 1988; 15:15-31.
2. Rushỉng DA, tí  ai. The dỉsposỉtíoa of doxorubỉdn on repeated dosíng. J  

Oin PharmacoỊ 1993; 33: 698-702.
3. Pisdteỉlỉ s c  tí al. Pbarmacoldnetks and  phannacođynapoỉcs (ự 

doxorubidn ỉn patíents wỉth small cell lung cancér. Qừt Pharmaaỉ 
Thtr 1993; 53: 555-61.

4. Amantea MA. tí  al. Populadon phaixnacokỉnetícs and pharmacody- 
namỉcs of pegylated«lỉposMnaI doxorubỉdn ỉn  patìents wỉth AIDS* 
reỉateđ Kaposi's sarcoma. ơ in  Pharmaaỉ Ther 1997; 61: 301-11.

5. Dancsi R/ t ía l .  Pharmacokinetỉc-phannacodynamic rdationshỉps of ứie 
anthracyclỉne anricancer drugs. ơ in  Pharmaeokintí 2002; 41:431-44.
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6. Svvenson CE, t í  a i  Pharmacokỉneiics o ỉ đoxorubicin administcred i.v. 35 
M yocet (TLC D-99: Hposome-encapsulated doxorubicỉn citratc) 
com parcd with convcntỉonai doxorubỉdn w hen givcn in combỉnadon 
>vith cydophosphamide in ■ paúents w ỉth m eustadc breast cancer. 
Anticanar ữrugs 2003; Ỉ4ỉ 239-46.

7. Gabỉzon A. tí  ai. Phannacoldnetìa of pegyỉated lỉposomaỉ doxorubidn: 
review  of animal and hum an studies. Qin Pharmacokintí 200342: 419- 
36.

Preparatíons
Proprietary Preparations (details a re  given in  V olum e B)

Sngie-ingredient Preporolioni. Arg.: A driblastina; Caelyx; Colhi- 
drol; D id ad o x ; Doxocris; Doxokebir; Doxopeg; D oxtie; Nagun; 
O nkostatil; Roxorin; Varidoxo; AustraL: Caelyx; Austrừì: Adri- 
b lastin; Caelyx; DO XO -Cellt; M yocet; Belg.: A driblastina; Cae- 
lyx; D o x o ru b in t; M yocet; Braỉ.: A diiblastina; B iorrub; Caelyx; 
D oxolem ; Doxopeg; E v o ru b id a ' FauIdoxo; O ncodox; Rubex; 
Rubidox; Canad.: C adyx ; M yocet; chile: A drib lastína t; Caelyx; 
D axotel; Doxopeg: China: Caelyx (flS3Ê); Cz.: A driblastina; Cae- 
lyx; D o x o le m t: M yocet; X orudn ; Denm.: Caelyx; M yocet; pin.: 
Caelyx; F r .: A đriblastine; Caelyx; M yocet; Ger.: A driblastint; 
A drúnedac; Axidoxo; Caelyx; DOXO-CelI: M yocet; Ribodoxo; Gr.: A driblastina; Caelyx; Doxiprol; D oxorubin; D oxosan; Dox- 
otil; M yo cec  Rubidox; Hong Kong: Caelyx: S indroxodn; Hung.: A driblastina; Caelyx; M yoccu  Ịndia: A drim; Adrosal; 
Cadria; Caelyx; Cardia; D obidn; Dobixin; D oxobin; Doxolem; 
D oxom ed; Doxorex; D oxorabin; Doxulip; D o x u te c  D uxorin; 
Lyphidox; Naprodox; O ncodox; O ncodria; Indon.: A dridn ; Cae- 
lyx; P a lla g id n t; R ub idox t: Irt.: Caelyx; M yocet; Israel: Adri- 
b lastina; Doxil; M yocet; Ịtal: A driblastìna; Caelyx; M yocet Jpn: A d riad n ; Malaysia-. Caelyx; D oxorubin; Mex.: Adriblasti- 
na; Caelyx; Doxolem; Doxopeg; D o x o te c  D ox tie t; Itadox t; Neth.: Caelyx; D ebdox; D oxorubin; M yocet; Norw.: Caelyx; 
M yocet; N Z: Caelyx; D oxorubin; Philipp.: AD M ydn ; Adriblas- 
tìna ; A drim ; Adrosal; Axibin; Caelyx; D oxorubin; R ubidox t; PoL: A drib lasdna; A d rim ed ac  B iorubina; Caelyx; M yocet; Ras- 
to d n f ;  PorL: Caelyx; DOXO-ceU; Fauldoxo; M yocet; Rus.: Cae- 
lyx (Keroucc); R asto d n  (PacTOuMH); S ind ro x o d n  (CnnnpoxcouHH); S.Afr.: A driblastina; Caelyx: Singapore: A drìblastina; Caelyx; 
Diox; Ebedoxo; Spain: Caelyx; Farm iblastina; M yocet' Swed.: 
C ad y x : M yocet; Switz.: Adriblastin; Caelyx; Thai.: AD M ydn ; 
A driblastìna; Adrim; Caelyx; Doxolem: D oxorubin; Lipo-Dox; Turk.: A driblastm a; Caelyx; Doxo-Teva; UK: Caelyx; M yocet; Ukr.: A dríb lastìna (AApH6nactHH)f; Caelyx (Kejnncc)f; Lipodox 
(JIhiioaokc); USA: Doxil; Lipodox; Venez.: A driblastina; Adrúĩi; 
Caelyx; D oxonolver.

Pbcưmocopoeioi Preparations
B P 2014 : D o x o n ib id n  Injection;
U SP 36: D o x o ru b id n  H ydrochloride for Injectìon; D oxorubidn  
H ydrochlorỉde lnịectìoa.

Edrecolomab IUSAN, riNNỊ

17-1A Antibody; C1; Édrécolomab; Edrecolọmabum; 
Monodonal Antibody 17-1A; 3flpeK0Ti0Ma6. 
Immiinoglobulin G2a (mouse monodonal 17-ÍA y-chain 
anti-human colon cancẻr turnor-assbciated antigen), 
disulíìde with mouse monodonal 17-1A light chàiri, dirner. 
'CAS— 156586-89-9.
ATC—LOìXCOI.
ATCVet—  QL01XC01. -
UNII —  0KYI9U9FSJ.

ProỊile
E d re c o lo m a b  is a  m o n o d o n a l  a n tìb o d y  o f  m u r in e  o rig in  
d i rc r te d  a t  e p ith e lia l  cc ll su ría c e  g ly c o p ro tc in s  th a t  h a s  b e c n  
u s e d  a s  a d ju v a n t  th e ra p y  a íte r  s u rg e ry  i n  p a t ie n t ỉ  w ith  
c o lo re c ta l  c a n c e r  (p. 7 0 6 .3 ), a ỉ th o u g h  re p o r ts  o f im p ro v e d  
su rv lv a l  d o  n o t  se e m  to  h a v e  b e e n  b o m e  OUL 

R e íe re n c e s .
1. R ỉethm ữỉler G. et aì. Randomised ưỉaỉ of m onodonaỉ antỉbody íor 

a^ iuvant thcrapy oỉ reseaed  Dukes' c coỉorectaỉ carónom a. Lanetí 
1994;343: 1177-83.

2. Rỉetbm ũỉler G.etữL  M onodonaỉ antíbody therapy for resected Dukes' c  
colorectal cancér seven -year outcomc of a m uỉtỉcenter randomiaed triaL 
J ơ m  O nat 1996; 16: 1788-94.

3. Ađkinỉ JC. spencer CM. Edrecolomab (m onodonal antíbody 17-ỈA). 
Dtuịs 1996; $6: 619-26.

4. P un t CJA, et a i  Edrecolomab alone or ỉn  combỉnatíon with ỉluorouraól 
an d  ỉollnic add  in  ứie adjuvam treaưnenỉ of stage m  colon cancer a 
xandomỉsed study. la n a ỉ  2002; 360: 671-7.

3. H artung G ,ftaL  Adjuvant tberapy wiih edrecoỉomab vcnus observatỉon 
ỉn stage D coloo cancer a nm ltỉcenter nndom ỉaed phase m  siudy. 
Onkoỉõgừ 2005; 28: 347-50.

6. Fỉeỉds ALA. tí  al. Adjuvaw tberapy wich the m onodonal antibody 
edrecữỉomab pỉus ũuorouradl-based therapy dọes not improvc overaỉl 
survival of padents with suge m  colon cancer. J  ơ in  Ortcol 2009; 27: 
1941-7.

7. Schmoỉỉ H*J, Amold D. w h en  wishful thinỉdng leads to a misry-eyed 
appraisaỉ: the story oí the adjuvant coỉon cancer ơials wltb edrecoiomab. 
J  â m  Oncoì 2009; 27: 1926-9.

Eíaproxiral (USAN, rlNNỊ ®
Ệíaproxiral; Eíaproxiralum; RSR-13; SộanpoKcnpan. 
2-(4-{2-[(3^-Dimeth'ylphenỷ0amino]-2<ixoethyl}phenoxy)-2- 
methyl propanoic add. . : - .
C»H23N04=341.4

CẦS—131 ì79-95-8. .
ATC — L01XD06. . : ■
ATC Vet— QL01XD06.
ỤNII — J8ĨE81G364.

NOTE. T he  n a m e s  E ía p ro x y n  a n d  R e v a p ro x y n  h a v e  b e e n  
u s e d  as ữ a d e  m a rk s  fo r e ỉa p ro x ữ a l.

Efaproxiral Sodium ỊUSAN, riNNMi <2)

Eíaproxìral sódỉco; Éfaproxiral Sodique; Natrii E^proxiralum; 
Haĩpnii 3(j>anpoKCMpan.
C2oH22NN»0,=363.4 
CAS —  170787-99-1 
ATC — L01XD06. . .
ẠTC Vet — QL01XD06.
ÙNIÍ—3L83QP52XI. , ; ,

ProỉiỊe
E ĩap ro x ira l is a n  a llo s te r ic  m o d if ie r  o f h a e m o g lo b in  th a t  
e n h a n c e s  th e  d iffu sio n  o f o x y g e n  to  h y p o x ic  tu m o u r  t issu e , 
m a k in g  it m o re  sen sitiv e  to  r a d io th e ra p y . I t h a s  b e e n  
in v es tig a te d  in  th e  t r e a tm e n t  o f  b ra in  m e ta s ta se s  fro m  so lid  
tu m o u rs .

Elacytarabine IUSAN. riNNỊ
CP-405S; Eladtarabina; Élacytarabine; Elacytarabinum;
3nat4M Tapa6nH .
4-Amino-1-{5-0[(9£)-octadec-9-enoyl]-Ị3-o-arabinofurano- 
syl}pyrimidin-2(1 H)-one.
C27H4sN 3O 6= 5 0 7 .7  
CAS — 188181-42-2 
UNII —  TA7WJG93AR.

NOTE. T he  n a m e  E lacyt h a s  b e e n  u se d  as  a  t ra d e  m a r k  fo r 
e la c y ta ra b in e .

Profile
E la c y ta ra b in e  is  a  l ip id -c o n ju g a te d  d e riv a tiv e  o f  c y ta ra b in e  
(p . 7 7 4 .1 ) t h a t  is u n d e r  in v e s t ig a t io n  fo r  t h e  t r e a tm e n t  of 
a c u te  m y elo id  le u k a e m ia .

Elesdomol IUSAN, rlNNI 

Élesdomol; Besclomolum; STA-4783; 3/iecKPOMOP. 
Propanedioic acid, bis[2-methyl-2-(phenylthioxomethyl) 
hydraáde]; 1 -N'-benzenecarbothioyl-3-(2-benzenecar- 
bothioyl-2-methylhydrazinyl)-A/-methyloxopropanehydrazi- 
dide.
C,9HjoN402S2=400ì  
C4S —  488832-69-5.
UNII —  6UK191M53P.

P r o f i / e

E le sd o m o l is a n  o x id a tiv e  stress  in d u c e r  th a t  is u n d e r  
Lnvestìgatìon  as  a  ư e a tm e n t  fo r  m e ta s ta t ic  m e la n o m a .

R e fe re n c e s .
1. Berkenblit A. et aì. Phase I elinicaỉ ưial o f ST A -4783 in  com bination w ith  

paclitaxel in  patients w ith  r eừ aaory  solid tum ors. Clìn Canar R a  2007; 
13: 584-90.

2. Kirshner JR, t í  aỉ. Elesdomol induces cancer ceH apopiosis through 
oxỉdatỉve stress. Mol Cantxr Ther 2006; 7: 2319-27.

3. O D ay s. t í  aỉ. Phase n. randomỉzed, conưoỉỉed, doubỉe-blỉnded trỉa! of 
vveekiy elescỉomoỉ plus padỉtaxel versus paditaxeỉ aỉone for stage IV 
metastaiỉe melanoma. J Cìin Oneol 2009; 27: 5452-6.

Endostatin
rhEndostatỉo (recombinạnt human endostatin); YH-16 
(recombinant human endostatin).

NOTE. T he  n a m e  E n d u  h a s  b e e n  u se d  as  a tra d e  m a rk  fo r  
r e c o m b in a n t  h u m a n  e n d o s ta ã n .

ProỉịỊe
E n d o s ta rin  is a n  e n d o g e n o u s  h u m a n  p r o te in  ừ a g m e n t  o f 
c o lla g e n  ty p e  x v i n  th a t  h a s  a n ti-a n g io g e n ic  p ro p e r tie s . A  
re c o m b in a n t  h u m a n  forxn h a s  b e e n  u s e d  fo r  n o n -sm a ll  cell 
lu n g  c a n c e r  a n d  is u n d e r  in v e s tig a tio n  fo r  th e  t r e a tm e n t  of 
o th e r  m a l ỉg n a n d e s  s u c h  as  m e ta s ta t ic  m e la n o m a  a n d  
g a s tro m te s tin a l  tu m o u rs .

Preparatìons
Propríeiary Preparatìoru (details axe given in  Volurae B) 

Single-ingredient PreparnHons. china: E ndostar ( S S ) .

Enocitabine ỊriNNỊ
Behenoyl Cytarabinể; Behenoylcytosine Arabinoside; BH ACp 
Enocitabina; Érìootabine; Enocitabinum; NSC-239 Ì36; 
BHOiỊHTaỏMH. • :■■■ , -
A/-(l -3-oArabinofuranosyl-í,2-dihydro-2-oxo-4^pyrimid nyl) 
docosanamide ' :
C3,H5SNj0 6=565.8 '
GÃ5 — 55726-47-1. .. .
um — 9YVR68W306.

Proỉile
E n o d ta b in e  is a n  a n tin e o p la s t ic  th a t  is c o n v e r te d  in  t h e  
b o d y  to  c y ta ra b in e  (p. 7 7 4 .1 ). I t  h a s  b e e n  u s e d  s im ila r  y  in  
th e  t r e a tm e n t  o f a c u te  le u k a e m ia s .

Preparations
Proprietary Preparaiion ỉ (details a re  given in  V o lum e B) 

Single-ingredienl Preparations. Jpn: S unrabin .

Entinostat ÍUSAN, riNNi

Entinostatum; MS-27-275; MS-275; SNDX-275; 3HTMH0CT ÌT. 
Pyridin-3-ylmethyl ({4-[(2-aminophenyl)carbamoyl]phe nyl} 
methyl)carbamate.
C2iH2ÓN40 3=376.4 
ứ s  —  209783-80-2.
UNII — 1ZNY4FKK9H.

Proíile
E n tìn o s ta t  is a n  o ra lly  a c tiv e  h is to n e  d e a c e ty la s e  in h i  )ito r 
th a t  is u n d e r  ìn v e s tig a tio n  ío r  th e  ư e a tm e n t  o f  H o d g  ã n ’s 
d isease .

For wamings and recommendations rcgarding the safe 
prescribing. dừpensing. and use of oral antineoplastic drug , see 
Administration, p. 732.3.
R e íe re n c e s .

1. Knipstein J. Gort L  Hntinostal [or n u im e n t  of solid tum or and 
hemaTologic malignandes. Expert Opỉn Invest Dru$s 2011; 20: ỉ 45! -67.

Enzalutamide ÍUSAN, piNNi
Enzalutamida; Enza)utamidum; MDV-3100; 3H3a/iyraMní... 
4-[3-[4-Cyano-3-(trifluoromethyl)phỉnyl]-5,5-dimeth\ 1-4- 
oxo-2-sulfanylideneimidazolidin-1 -yl>2-fluoro-N-methyll ien- 
zamide.
C21H16F4N40 2S=464.4 
CAS — 915087-33-1.
UNII —  93T0T9GKNU.

Uses and Administration
E n z a lu ta m id e  is a  n o n s te r o id a l  a n t i - a n d r o g e n  th a t  
c o m p e tit iv e ly  in h ib its  b in d in g  to  a n d ro g e n  re c e p to rs .  Í t  is 
u se d  in  t h e  t r e a tm e n t  o f  m e ta s ta t ic  c a s ơ a t io n - r e s i  t a n t  
p ro s ta te  c a n c e r  (p . 7 1 2 .3 )  in  p a tie n ts  w h o  h a v e  p r e v ic u s ly  
b e e n  tr e a te d  vvith d o c e ta x e l. T h e  u s u a l  o ra l  d o s e  is  16 )m g  
o n c e  da ily . T re a tm e n t  s h o u ld  b e  v v ith h e ld  if s e v e r e  tox  id ty  
o c c u rs  a n d  th e n  r e s ta r te d  a í te r  1 w e e k . o r  w h e n  sy m p  om s 
h a v e  im p ro v e d , a t  e i th e r  t h e  u s u a l  d o se  o r  a  r e d u c e d  io se  
(80  o r  1 20  m g  o n c e  daily ) ư  w a r r a n te d .

U se  w i th  s ư o n g  c y to c h ro m e  P 4 5 0  i so e n z y m e  C Y Ỉ2 C 8  
in h ib ito rs  s h o u ld  b e  a v o id e d . If  a  s tro n g  C Y P2C8 in h i  lito r  
m u s t  b e  u se d , th e  d o se  o f e n z a lu ta m id e  s h o u ld  b e  r e d  iced  
to  80  m g  o n c e  da ily . T h e  o rig in a l d o se  m a y  b e  re s u m e d  LÍter 
th e  in h lb i to r  h a s  b e e n  s to p p e d .

R e íe re n c e s .
1. Scher HL «  al. AFFIRM Investigators. Increased survival vvith 

enxaluum ide in prostate cancer a lier chem otherapy. N  Engl . Med 
2012; 367: 1187-97.

2. Golshayan AR. Anionarakia ES. Enialuiam ide: an  evidcnce- >ased 
revlew oỉ iu  use in the ữeattnent oí prostate cancer. Con Bvid 20 .3; 8: 
27-33

3. Pal SK, rt al. Enzaluum ide for the ireaunent of p  ro State cancer. ĩxpcn 
Opin pharmocother 2013; 14: 679-85.

Adverse Effects and Precautions
T h e  m o s t  c o n u n o n ly  r e p o r t e d  a d v e x se  e t te c ts  v i th  
e n z a lu ta m id e  a re  a s th e n ia  o r  la t ig u e , m u s c u la r  w e a la  less, 
a r th ra lg ia ,  m u sc u lo s k e le ta l  a n d  b a c k  p a in ,  d ia r rh  oea, 
p e r ip h e ra l  o e d e m a , h e a d a c h e , Đ u sh in g , h y p e r t e n  io n , 
r e s p ừ a to r y - t t a a  in íe c tio n s , d izz in ess , in s o m n ia ,  cinx e ty , 
p a ra e s th e s ia , a n d  h a e m a tu r ía .  S e ữ u re s  h a v e  o c c u r r e i  in  
p a t ie n t ỉ  ta k in g  e n z a lu ta m id e  a n d  i t  s h o u ld  b e  u s e d  v ith  
c a u tio n  in  th o se  w i th  p re d isp o s in g  í a a o r s .

Interactions
E n z a lu ta m id e  is m e ta b o lis e d  b y  th e  c y to c h r o m e  ] '4 5 0  
iso e n z y m e s  CY P2C8 a n d  CY P3A 4, a n d  u s e  vvith  in h ib  ítors 
o r  in d u c e rs  o f th e s e  iso e n z y m e s  m a y  a ffe c t  e x p o s u ie  to

All cross-reíerences reíer to entries in Volume A
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enzalutamide. The sưong CYP2C8 inhibitor gemfibrozil 
increased exposure to enzalutamide and its active 
metabolite by 2.2-íold; consequently, the use of strong 
CYP2C8 inhibitors with enzalutamide should be avoided, or 
the dose of enzalutamide reduced ư use together is 
necessary (see Uses and Administratíon, p. 786.3). The 
increase in exposure to enzalutamide and its active 
metabolite was less prominent (1.3-fold) with the sưong 
CYP3A4 inhibitor itraconazole. The effects of strong or 
moderate inducers of CYP2C8 or CYP3A4 on enzalutamide 
have not been evaluated and licensed product information 
recommends that theừ use together should be avoided. .

Enzalutamide itselí is a sưong inducer of CYP3A4 and a 
moderate inducer of CYP2C9 and CYP2C19. The exposure 
of drugs that are substrates of thcse isoenzymes may be 
decreased w hen given with enzalutamide; use with 
enzalutamide should be avoided for those that also have a 
narrow therapeutic index.

Pharmacokinetìcs
Peak plasma concentrations of enzalutamide occur about 1 
hour aíter an oral dose and with daily dosing steady State is 
reached after 28 days. Enzalutamide is about 97% bound to 
plasma proteins, m ain ly . albumin; the m ajor active 
metabolite N-desmethyl enzalutamide is about 95% 
bound to plasma proteins. Enzalutamide is metabolised in 
the liver by the cytochrome P450 isoenzymes CYP3A4 and 
CYP2C8, the latter of which is mainly responsible for the 
formation o£ the activc metabolite. Over 70% of a dose is 
excreted as metabolites in  the urine, and 14% in the íaeces. 
The mean terminal half-life aíter a single dose is about 6 
days for erưalutamide and about 8 days for N-desmethyl 
enzalutamide.

Preparatíons \
Proprietary Preparotionỉ (details are given in Volume B) 

Single-ingredient Prepartrtions. UK: Xtandi; USA: Xtandi.

Enzastaurin Hydrochloríde ỊUSAN, HNNMI

Èrựastaurine, Chlorhydràtè d'; Enzạstaurini Hydrochloridum; 
HÌdrpdoruro de erỊzastauriria; CV-317615; 3H3acraypMHa
rvuipoxnopnq.
3-(1-Methyl-l H-indol-3-yl)-4-{1 -[1 -{pyridin-2-ylmethỵl)piperi-
din-4-yO-l H-indof-3-yt}-1 Hpyrrole-23-dione hỵdrochloride.
C32H2ộN5OjJHCI=552.1
CAS —  359017-79*1
UNII — KX7K68Z2UH.

Proỉile
Enzastaurin hydrochloride is a protein kinase c  inhibitor 
that has been investigated for the ưeatment of gliomas and 
is b e ing  tr ied  in o th e r  m alignancies inc lud ing  
non-Hodgkin's lymphoma, and vvith pemetrexed in 
non-small cell lung cancer.

Reíerences.
1. Sorbera LA. tí a i Enzastaurin hydrodiỉoride. Dmgs OfVu Puture 2007; 

32: 297-309. Corrcction. ibiấ.; 75!.
2. Ma s. Rosen ST. Enzastaurỉn. Curr Opin Oncoỉ 2007; 19: 590-5.
ỉ. Chen YB, LaCasce AS. Enzasiaurin. Exptrt opin Invtst Drugs 2008; 17: 

939-44.
4. VVlck w , tí aỉ. Phase m study of enzastaurin compared with lomustine in 

the ưeatment of recurrent intracraniaỉ giiobỉastoma. J ctin Oncoi 20ỉ0; 
28: 1168-74.

5. Gaỉanỉs E. Buckner JC. Enzastaurín in ihe treatmem of recurrent 
gliobỉastoma: a promisc that did not materiallze. J ơirt Oncoỉ 2010; 28: 
1097-8.

6. Giovannetú E. tí ai, Pharmacological aspccts oí the enzastaurin- 
pcmetrexed combination in non-small cel! lung cancer (NSCLC). Curr 
Drug Targets 2010; 11: 12-28.

Epirubicin Hydrochloride
IBANM, USAN, ríNNMI
Epirubiqna, hidrocloruro de; Ểpirúbicihè,' 'chlorHỳdratế d'; 
Epirutìiđn-hidroklorid; Epirubídn-hydrochlorid; Epirubicm- 
hydrõchlorid; Epirubicinhydroklond; Epirubicmi Hydrochlor- 

■idum; Epimbídno hidrochloridas; Epirublsnnihydrokloridi; 
Epirubisin Hidroklorùr; Hidrodoruro de epirubicina; IMI-28; 

i Pidorubicin Hydrochloride; 3 nnpy6 ni4MHa rMflpoxnopwffi4'- 
• Epiadriamycin Hydrochloride; 4'-Epidoxorubidn Hydrò- 
chloride. *
(8S,105)-l 0-(3-Amino-2,3,6-trideoxy-a-i-arab/no-hexopyra- 
nósytoxy)-8-glycolloyl-7,8,9,l O-tetrahydro-6,8,11 -trihydroxy-; 

; l-methoxynãphthacene-5,12-dione hydrochloride. 
'C27H2gNO,,,HCI=5800 ' '
CAS —  56420-45-2 (epirvbicin); 56390-09-1 (epirubicin1 
hydrochloride). ‘ ,
ATC —  L0ID803. :

ATC Vet —  QL01D803. :v 
ỤNII — 22966TX735.

Pharmacopoeias. In Eur. (see p. vii), Jpn, and us.
Ph. Eur. 8: (Epirubidn Hydrochloride). A substance 
obtained by Chemical transíonnatíon oi a substaace 
produced by certain sơains of Streptomyces peucetius. An 
òrange-redpowder. Soluble in water and in methyl alcohol; 
slightly soluble in dehydrated alcohol; practically insoluble 
in acetone. A 0.5% solution in water has a pH of 4.0 to 5.5. 
Store at 2 degrees to 8 degrees ỉn airtỉght containers. Protect 
from light.
USP 36: (Epirubidn Hydrochloride). An orange-red 
powder. Soluble in  water and methyl aỉcohol; slightly 
soluble in anhydrous alcohol; practically insoluble in 
acetone. Store in airtight containers at a temperature of 2 
degrees to 8 degrees. Protect from light.

Incompatibilỉiy. L ic e n s e d  p r o d u a  i n ỉ o n n a t i o n  S ta te s  t h a t  
e p ữ u b i d n  h y d r o c h l o r i d e  is  i n c o m p a t ib l e  w i t h  h e p a r i n  o r  
ũ u o r o u r a d l ,  r e s u l t i n g  i n  p r e d p i t a t i o n ,  a n d  t h a t  i t  i s  h y d r o -  
ly s e d  i n  a lk a l i n e  S o lu t io n s .

Stabilhy. Epirubidn was not subject to signihcant photo- 
degradation at dinical concemrations,1-2 and spedal pre- 
cautions to protect Solutions írom lỉght during use do not 
appear to be necessary. However, photodegradation may 
be signiBcant at lower concentrations (below 500micro- 
grams/mL).1

1. Wood MJ. t í  aL Photodegradadon of đoxortibỉđn, dauoorubicỉn and 
epirubidn measured by hỉgh-periormance iỉquỉd chromatography. ỉ  Om 
Pkarm ĩher 1990; 15: 291-300.

2. Pujol M, tí  al. Stability study oí epirubỉdn in NaCl 0.9% injectỉon. Arm 
Pharmacother 1997; 31: 992-5.

Uses and Admỉnistratíon
Epirubicin is an anthracydine antibiotic vvith antineoplastic 
actions simiỉar to those of doxorubidn (p. 783.2). It is used, 
alone or with other antíneoplastics, in acute leukaemias, 
lymphomas, multiple myeloma, and in solid tumours 
induding Wilms’ tum our (p. 709.lj, cancer of the bladder 
(p. 700.2), breast (p. 702.1), and stoinach (p. 706.1).

Epirubidn hydrochloride Is given by intravenous 
injection oĩ a solution in sodium chloride 0.9% or Water 
for Inịections into a fast-running inỉusion of sodium 
chloride 0.9% or glucose 5% over 3 to 5 minutes, or by 
inhision over up to 30 minutes. It is given as a single agent 
in usual doses of 60 to 90 mg/m2 as a single dose every 3 
weeks; this dose may be divided over 2 or 3 days if desixed. A 
regimen of 20 to 30 mg/m2 once a week has been tried in 
palliative care or in  those who do not tolerate the higher 
dose. High-dose regimens, of 120 mg/m2 or more every 3 
weeks, or 45 mg/m2 for 3 consecutive days every 3 weeks 
have bcen used.

Doses may need to be reduced ư epirubídn is given with 
other antineoplastics. Doses should also be reduced in 
patients with liver impairment (see belovv) and in  those 
whose bone-marrow ỉunction is impaired by age or previous 

• chemotherapy or radiotherapy.
A total cumulative dose of 0.9 to lg /m 2 should not 

generally be exceeded, because of the risk of cardiotoxidty.
Epirubidn has also been given by intravesical instillation 

in the local treatm ent oỉ bladder cancer. Instillation of 50 mg 
weekly as a 0.1% solution (in sodium chloride 0.9% or 
sterile water) for 8 weeks has been suggested, reduced to 
30 mg in 50 mL weekly if Chemical cystitis develops; for 
cardnoma m-situ, the dose may be increased, u  tolerated, to 
80 mg in 50 mL vveekly. For the prophylaxis of recurrence in 
patients who have undergone ưansurethral resection, 
50 mg vveekly £or 4  weeks, followed by 50 mg instilled once 
a m onth for 11 months is the suggested regimcn. The 
solution should be retained in the bladder £or 1 hour.

Blood counts should be made routinely during ưeatment 
with epirubidn (see also Bone-marrow Depression, 
p. 730.3) and cardiac function should be carelully 
monitored. Liver function should be assessed before and ư 
possible duríng therapy.

Reíerences.
1. Pĩosker Gỉ. p.ulds D. Epỉrubidn: ề nvìcw  oí ỈC5 phannacodynaniic and 

phannacokliietỉc propertles, and therapcutíc use ỉn cancer chemoúier- 
ãpy. DruỊi 1993; « :  7S4-856.

2. Coukeỉl AJ. Faulds D. Epỉrubỉcin: an updated revỉew oí ỉts 
pharmacodynamỉc and phamiacoldnetic propertles and therapcuúc 
eEEĩcacy in Ã e managemẽnt of brcast cancer. ÓntỊỊ 1997; 53; 453-32.

3. Onrust sv. tí al. Epimbicỉn: a review oỉ its Ịntravcsỉcal use ỉn superỉỉcial 
blađder cancer. Dntgt AỊirtỊ 1999; 15: 307-33.

4. Onnrod D, tí  a i Epỉrubỉdn: a revỉevr of ỉts eỉScacy as adjuvant therapy 
and in the treatment of metastatlc diseaỉe ỉn breast cancer. Dtuịí Ajbtj 
1999; 15:389-416.

5. Earỉ H. Iddawela M. Epimbidn as adjuvant therapy In breast cancer. 
Exprrt Rrv Aỉtíừanccr Ther 2Q04; 4: 189-95.

Administration in hepatic impairment. Doses o£ epirubidn 
shoulđ be halved in  patients vvith moderate liver dysfunc- 
tion (serum bilỉrubin concentrations of 12 to 30 micro- 
grams/mL), while those with severe liver impairment

(serum bilinibin greater than 30micrograms/mL) should 
be given a quatter o£ the usual dose.

Amyloìdosis. For relerence to a regimen incỉuding epi- 
rubicin used to control disease in a patient with amyloido- 
sis, seep. 819.3.

Adverse Effects, Treatment, and Precautions
As for Doxorubicin, p. 784.1. Cardiotoxícity and 
myelotoxidty may be less than  with doxorubidn. 
Cardlotoxidty is more likely when the total cumulative 
dose exceeds 0.9 to 1 g/m2.

Effects 00 the heart. For lurther discussion o£ the cardio- 
toxidty of anthracydines, see under Adverse Effects'of 
Doxorubidn, p. 784.1.

Porphyría. The Drug Database I o t  Acute Porphyria, com- 
piled by the Norvvegian Porphyria Centte (NAPOS) and 
the Poiphyxia Centte Svveden, dassiSes epirubidn- as prob- 

-ably not porphyrinogenic; it may be used as a drug of first 
choice and no precautions are needed.1

1. The Drug Database ỉor Acute Porphyrìa. Avaỉlabỉe au http://www. 
drugs-porphyria.org (accessed 29/09/11)

Interaởions
As for Doxorubidn, p. 785.2.

Antỉneoplastícs. Increased exposure to epirubidn. and a 
consequent increase in myelotoxidty, has been reported 
in patients given epirubidn immediately after paditaxel, 
compared wlth patients vvho received epirubidn before 
paditaxel.1 Similar interactions have been seen when 
paclitáxel was given before other anthracyclines.2 These 
and other studies3’4 have suggested that paditaxel given in 
this way is assodated vvith a reduced conversion of epi- 
rubidn to the less myelotoxic metabolite, epirubidnol, 
although the interaction is complex, and may involve 
both disposltion and pharmacodynamics.

1. Venturỉnỉ Ma tí al. Sequence eKect oỉ epỉrubỉdn and paclltaxel aeaunent 
on phaimacolrinetỉcs and toxỉdty. J Qin Oncoi 2000; 18:2116-25.

2. Daneà Ra tí aỉ. Pharxnacolânetỉc optỉmỉsation oỉ ưeaanent schedules for 
anthracydínes and pađỉtaxe! ừì patíents wíth cancer. ơm Pharmaakmtí 
1999;37: 195-211.

3. Grasseỉli G. tí aL Clỉmcal and pharmacologlc srndy of the epirubidn and 
paditaxel combination ỉn women wỉth metastatíc breast cancer. J Qht 
Onal 200!; 19: 2222-31.

4. Danesi R, tí aỉ. Pharmacokineiỉcs and pharrnacodynamỉcs of 
combỉnatíon chemotherapy with padítaxel and epirubidn in breast 
cancer patỉents. Br J ơin Pharmứcol 2002; 53: 508-18.

Cmetidinẹ. Cimetidine increased the lonnation o£ the 
active metabolite of epirubidn in a study in 8 patients; 
there was also a substantial increase in systemic exposure 
to  unchanged epirubidn.1 The mechanỉsms and potential 
dinical signihcance of the interaction were undear.

1. Murray LS, a  al. The e&ect of dmetỉdine on the phannacoldneda of 
epirubirin ỉn patìents wìth advanced breast cancen preUminary 
evidence oỉ a poientialỉy comreon drug ỉnteractíon. Clin Oneot 1998; 10: 
35-8.

Pharmacokinetìcs
After intravenous doses epirubidn is rapidly and extensively 
distiibuted into body tissues, and undergoes metabolism in 
the liver, w ith the lormation of epinibidnol (13- 
hydroxyepirubidn) and appredable amounts of glucur- 
onide derivatives. Epirubicin is eliminated mainly in bile, 
vvith a terminal plasma elimination hal£-life of about 30 to 
40 hout5. About 10% of a dose is recovered in urine vvithin 
48 hours. Epirubidn does not cross the blood-brain barrier. 
Reíerences.

1. Morris RG, tí aỉ. Disposiiion oí epirubirin and metabolỉtes wỉth repeated 
courses 10 cancer paricnis. Eur J ctỉn Pharmơcoỉ 1991; 40: 481-7.

2. Robcrt J. Clinicai pharmacukínetics oí epirubicin. ơirt Pharmaatkừưt 
1994; 26: 428-38.

P repara tions
Proprietary Preparalions (details are given in Volume B)
Single-ingredienl Preparolions. Arg.: Crisabon; Cuatroepl; Hpi- 
doxo; Hpiũl; Hpikebirt; Farmorubidn; Robanul; AustraL: 
Pharmorubicin; Austria: Epi-Cellt; Fannorubidn; Beìg.: Fann- 
orubidne; Braz.: Bredla; Fannorubidna; Nuovodox; Rubinat; 
Tecnomax; Canad.: Pharmorubidn; Chite  Farmorrubidna; 
Chintr. Ai Da sheng ( í t iẺ i ) ;  Pharmorubidn (ÍÉEi9 ); Cz: 
Epimedac Farmorubidn; Dam.: Epí-cell; Farmorubidn; Pin.: 
Farmorubicin; Fr.: Farmorubidne; Ger.: Axirubidn-e; Bendae- 
pU Epi Teva; Epl-Cell; Ept-NC+; Epimedaq Eradru Pannorubi- 
dn; Riboepi,- Gr.: Cenebir; Cíazil; Epíbidn; Epibra; Epímedac 
Epirub; Epirudt; Pannorubidn; Megarubidn; Rubiprob Bong 
Rong: Episindan; Pharmorubidn; Hung.: Episindan; Parmoru- 
bidn; ỉndia: Alrubidn; Epirubitec Epithra; Eptidn; Pannorubi- 
dn; IrL: Phannorubidn; Israel: Parmorubidnt; ItaL: Paimoru- 
bidna; Jpn: Farmorubidn; Maiaysia: Phannombidn; Mex.: 
Anthracord; Binarin; Epilem; Farmombidn; Favidn; Neth.: 
Farmorubidne; NonV.: Farmorubidn; NZ: Epiccord;
Phaimorubidn; phũipp.: Anthradn; E.P. Mydn; EP Myđn; 
Neoquabin; pharmorubidn; PoL: Bioepicyna; Episinđan; Fann-

The Symbol 0  denotes a substance vvhose use may be restricted in certain sports (see p. viii)The Symbol t  denotes a preparation no longer actively marketed
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orubidn; PorL: Epi-cdl; Farmorubicma; Rus.: Epilem (3muieM); 
Episindan (3rmcnnnaH); Farmorubidn (OapMopySHUHH); S.Afr.: 
Epicord; Farmorubidn; Singapore-. Eberubú Epiỉindan; 
Pharmorubián; Spain: Paimorubitína; Sendrast; Su k í: Parm- 
onibidn; Switz.: Fannonibidn; Thai.-. Anthradnt; E.P.Mydnt; 
EP Mydn; Epilem; Pharmorubidn; Turk.: Paimonibidn; Piru- 
dn; Rubens; UK: Pharmorubidn; Ukr.: Farmorubidn
(<bapM0py6iĐHH); USA: Ellence; Venez.: Fannorubidn.

Phormocopoeiol Praporotiotn
BP 2014: Epiiubidn Injectìon.

Epratuxumab ỊriNNi

ẠMG4i 2,- Épratụậjmạbị Ẹprạtuzumabumí 3 npaiy3yMa6 . 
Immurioglobũlin G (humãn-mouse monódonal IMMỊJ-hLỊ2 
Y^chairi ặntì-humán antlgèn C022), dĩsuHĩde w ith human- 
mouseÀnonõdonál.lMMU-hLL2 K-chain, dimer.
CẬS —  205923-57-5.
UNIl —  3062P60MH9.

Proỉịle
Epratuzumab is a humanised anti-CD22 monodonal 
antibody under investigation, alone or corỹugated vvith 
yttrium-90 (p. 2230.1), for the ưeatment of non-Hođgkin's 
Iymphoma. It is also under in vesrigation for the ơeatment of 
moderate to severe SLE.

Reíerences.
1. Davỉes SL, Martin L. Epraturomab. Drugs OfTht ĩu tu n  200Ỉ; 3<k 653-7.
2. Lconard JP, tí ai. Combinarỉon antibody thcrapy with epratuzumab and 

rỉnudmab ỉn relapsed or reíractory non-Hodgkỉn's lymphoma. J Cĩitt 
Oncoỉ 2005; 23: 5044-51.

3. Llndén o .  et al. D ose-ỉractỉonated radioirumunotherapy ỉn  
non-Hodglãn's lymphoma using DOTÁ-conJugated, *°Y-radiolabded. 
humanỉzed antỉ-CD22 monodonaỉ antibođy. epratuzumab. ơin  Cancer 
R a  2005; 11: 3215-22.

4. Goỉdenberg DM. Epratuzumab in the therapy of oncological and 
ỈRnnunoỉogicaỉ dLseases. Expert Rev Antíaơưrr Ther 2006; 6; 1341-33.

$. Leonard Jp, Goldenberg DM. Predỉnỉcal and dinicaỉ evaluaúori* oỉ 
epratuxumab (antỉ-CD22 IgG) ỉn B-cell malignandes. ữncoỹene 2007; 26: 
3704-13.

6. Leonarđ JP, t í  aL Durable complete respoDses ữom therapy with 
combỉned epratuzumab and rỉtuxỉinab: ỉỉna] rcsulư ừom an 
International muỉtícenter. phase 2 study in recurrent ỉndolent. 
non-Hodgkin lyraphoma. Canar 2008; 113: 2714-23.

Eptaplatin IHNNI

Eptaplatihe; Eptaplatino; Eptaplatinum; Heptaplatin; SKI- 
20S3R; 3riTarưiaTHH.
c/í-[(4/?,5/ỉ)-2-lsopropyl-13-dioxolane-4,5-bis(methylamine)-
W //][malonatoC->0 ,ơ]platinum .
CnH2oNAPt=471.4 
‘CAS—146665-77-1 
.UNII'—J352HONĨDH:'

Proỉile
Eptaplatm iỉ a platm um  derivatỉve that is used as an 
intxạvenous antineoplastic in the treatment of gastric 
cancer. Nephrotoxidty is the main adverse eílect.

Reíerences.
1. Ahn JH. t í  ai. Nephrotoxỉdty o ỉ heptaplatỉn; a randomized compamon 

with dsplatín in advanced gasưỉc cancer. Caneer ơtemoứter Pharmacoì 
2002; 50: 104-10.

2. Min YJ, t í  đL Combỉnatíon cbemotherapy wiLh 5-ũuorouradỉ and 
heptaplatin as Ẽrst-line tteatment ỉn patỉentỉ with advanced gastric 
cancer. J Korean Med Sà 2004; 19: 369-73.

3. Lee KH, t í  ai. Randomized. multicenter, phase m  tríal o ỉ heptaplatỉn ỉ - 
hourlnỉusion and 5-ũuorouradl combinatỉon chemotherapy comparing 
wíth dspUtỉn and 5'ũuoroundỉ combỉnatíon chemotherapy ỉn patíents 
with advanced gastrte cancer. Cancer Ra Trtứt 2009; 41:12-18.

Preparations
Proprietary Preparations (details are given in Volume B) 

Sãigle-ingredĩent Preparations. Kor.: Sunpla.

EHbulịn ÍHNNI
:B^193ẳ ífV ’Ò86526;v’Èribúlina; Éribuline; Eribulinum; 3pn6y-

(2 '7 ? 7 3 fi;3 'á 'Ịf7 fl,8 a S ,9 S ,1 0 a /? ,1  1 S, 1  2-
'ftl3ạ/?ỉị36Sj5ầtạS^VS,24S,26ff,28/?29aS)-2-[(2Ã-3-Amino-
,2-hydroxỷRròpỹlí-^;:mẹtboxy-26-meửiyl-2027-dimethylide-
ịnẹhe)ựC9Ặấhy8ròkÈ:ÚỊ5:18,2124,28-triepoxy-7,9-ethano-
■12,15-methàno79Ỡ,Ì5H-furo[32-/lfuro[2'3í,6]pyrano[43-fe]
[T,4]diòxàcyGlpj3ẹ'ntãcoãrE5(4W)-one.

'QoHi9NOjj=7299f--^
CẢắ— -253í28^t-5 J 
ATC— LÒ1XX41?'- [
Ằ tc v ả .—  Q Lom Á ì.'-'
UNII —  LR24G63540:..

Eribulin Mesilcrte IHNNMỊ

E-7389; Eribulin Mesylate (USAN); Ẹribulỉne, Mésiíate d'; 
Eribulini Mesilas; Mesilato de eribùiiriạ,- 3pn6yjUiHa Me3wnaT.: 
( 2 / ? , 3 / ? , 3 a 5 ; , 7 f l , 8 a S , 9 S J 1 Oa/? ,  1 1 Sẫ 1 2 -  

-Àl 3a/?,13bS;15S-1 8 5,24S,26Ã,28/?^9aỒ-2-[(Ì25)-3-Aminó-; 
’2-hydroxypropyl]hexacosahỵdro-3-methoxy-26-methyl-' 
2027-bis(methyíère)-l 1,15:18;212428-^triepo)ý-7,9-ethano- 

■ 12,15-methaho-9H,15H-furo[3,2-/]fUrọ[2'3'5.6]pyrano[43-ti]
[1,4]dìoXacyclopent2 cosin-5 (4 H)-one methanesulíonate. 
C40H59NO11 ,CH4Ơ3S=826.0 
CAS — 441045-17-6.
ATC —  U3ĨXX41.
AỴCvet—quoimi 
ÚNỊI — AV9U0660CW.

Uses and Administration
Eribulin is a synthetic analogue of halichondrin B, a 
substance isolated bom  marine sponges. It inhibits tubulin 
polymerisation and is used in the ưeatment of rebactory 
locally advanced or metastatic breast cancer (p. 702.1) in 
patients previously treated with at least 2 chemotherapy 
regimens, induding an anthracydine and a taxane. Eribulin 
is given as the mesilate. although in some countries the dose 
is expressed as the base. The recommended dose is eribulin 
mesilate 1.4mg/m2(equivalent to eributin 1.23 mg/m2) 
given by intravenous injection over 2 to 5 minutes, on days 
1 and 8 of a 21-day cyde. The start of ưeatment should be 
delayed in patients with absolute neutrophil counts less 
than  1000cells/m m 3, or platelet coũnts less than 
75 000cel]s/mm3, or grade 3 or 4 non-haematological 
toxidty, untii recovery occurs, and similar precautions 
apply in subsequent cycles once treatment has started. More 
severe toxidty may also requừe dose reduction (see 
Adminisưation Ũ1 Subsequent Cycles, beIow). For doses in 
hepatic or renal ũnpainnent, see belovv.

Eríbulin is also under investigation for the treatment of 
various other malignantíes inciuding non-sma)I cell lung 
cancer, prostate cancer, and sarcoma.
Reíerences.

1. Tvvelves c  tí ai. Phase n ỉ trỉaís of eríbulin mesyỉate (E7389) in 
extensively preưeated patients with locaỉỉy recurrent or metastatíc 
breasi cancer. ơin  Breast Caneer 2010; 10: 160-3.

2. Cigler T. Vahdat LT. Eríbulin mesyỉate íor the ỉreatment of breast cancer. 
Exprrt Opirt Pharmacother 2010; 11: 1587-93.

3. Cortes J, tí  aĩ. EMBRACE (Eisai Meiastatic Breast Cancer Study 
Assessing Physidan s Choice Venus E7389) investigators. Eríbulin 
monoiherapy vcrsus ưeatmcnt of phy5idan‘s choice in patỉents vvith 
metastatic breast cancer (EMBRACE): a pha se 3 opcn-labe! randomised 
smdy. Lanctí 2011; 377: 914-23.

Adm iniỉÌFation in hepatic im pairm enl. Exposure to eribu- 
lin is increased by hepatic impainnent and lower doses are 
recommended. The intravenous dose of eribulin mesilate 
for mild ũnpainnent (Child-Pugh dass A) is l.lm g /m 2 
(equivalent to enbulin 970 miCTograms/m2), and íor mod- 
erate impairment (Child-Pugh dass B) 700micrograms/m2 
(equivalent to eribulin 620micrograms/m2), given on days 
1 and 8 of a 21-day cyde. Eribulin has not been stuđied in 
those wỉth severe hepatic impairment (Child-Pugh dass 
C).

Adm iniỉtratíon in renal impairment. No dose adjustment 
is considered necessary vvhen eribulin is used in those 
with mild renal impairment, deỉined by u s  licensed pro- 
duct iníormation as creatinine dearance (CC) 50 to 
80mL/min; however, exposure to cribulin is increased by 
modeiate renal impairment (CC 30 to 50mL/min) and a 
lower inaavenous dose oỉ eríbulin mesilate l.lm g /m 2 is 
recommended in the USA. given on days ỉ and 8 oỉ a 21- 
day cyde. The saíety of eribulin has not been studied in 
those with severe renal impairment (CC <30mL/min). 
UK licensed product ùiíormation States that patients wilh 
severe renal impainnent (CC <40m L/m in) may need a 
reduction in dose, but gives no spedhc dose recommenda- 
tion.

Administration in subsequent cycles. If any of the ĩolIow- 
ing occur after an intravenous dose of eribulin mesilate:
• absolute neuữophil count (ANC) <500ceUs/mm3 and 

lasting more than 7 days
• ANC < 1000 cells/mm3 complicated by fever or iníection
• platelet count < 25 000 cells/mm3
• platelet count < 50 000 cclls/mm3 complicated by 

haemorrhage or the need for ưansíusion
• grade 3 or 4 non-haematological toxidty
then subsequent doses should be reduced bom  1.4mg/m2 
eríbulin mesilate (1 .23mg/m 2 eribulin) to l .lm g /m 2 
eríbulin mesilate (970micrograms/m2 eribulin).

If such toxidties recur despite dose reduction, then 
subsequent doses should be hirther reduced to 700micr- 
ograms/m2 eríbulin mesilate (620 micrograms/m2 eribulin); 
if severe toxidty continues at this lovver dose, then 
treatment should be stopped. Doses should not be increased 
again ÚI subsequent cydes once they have been reduced.

Adverse Effects, Treatment, and Precautions
For general discussions .see Antineoplastics, p, 726 1, 
p. 730.2, and p. 732.2.

The most common adveise eữects assodated vvith 
eribulin are neutropenia, anaemỉa, leucopenia, íatigt e, 
íever, alopeda, peripheral neuropathy, headache, artỉ r- 
algia, myalgia. anorexia, and gastrointestinal disturbanc 3 . 
Inỉections, induding uiinary-tract or upper respbatory-ttí ct 
inỉectíons, nasopharyngitis, rhinltís, and oral candidiass, 
are also common, as are pain, espedally in the back, bor e, 
chest, or oropharyngeal area, and electrolyte disturbanc :s 
induding hypokaĩaemia, hypomagnesaemia, and hypoph 3- 
sphataemỉa.

Other adverse eííects indude íebrile neutropen a, 
thrombocytopenia, lymphopenia, tachycardia, hot flush« s, 
cough, dyspnoea, abdpminal pain, stomatitis, mou h  
ulceration, dry mouth, perípheral oedema, m usde spasi 1S 
or vveakness, epistaxis, rhinoưhoea, increased lachryn- 
ation, conjunctivitis, dysgeusia, vertigò, dizziness, inson- 
nia, depression, and ỉncreased liver enzymes. skin disorđt rs 
indude rash, pruritus. hyperhidrosis, dry skin, erythen: a, 
and palmar-plantar erythrodysesthesia; nail disorders ha 'e 
also been reported. Hyperglycaemia and dehydration ha 'e 
occurred, as have chills and flu-like illness.

Less com mon adverse eííects indude  deep-ve n 
thrombosis, pulmonary embolism, interstitial lung disea; 
hyperbilirubinaemia, angioedema, and tinnitus. Ren ỉ! 
disorders tha t have been reported indude dysuri I, 
haematuría, proteinuria. and renal íailure.

Complete blood counts should be measured beíore eai h 
dose of eribulin, and more írequently in those vvho devel< p 
severe cytopenias. Treatment should be delayed or the do ie 
reduced if lebrile neutropenia occurs or if seve e 
neutropenia lasts longer than 7 days, see Uses ai d 
Adminisưation, above. Severe neutropenia may be mo e 
common in patients with elevated liver enzymes >r 
bilirubin.

Patients should be monitored dosely for peripherỉl 
motor and sensory neuropathy. Treatment should he 
vvithheld for severe peripheral neuropathy, see Uses ar d 
Administration, above.

Eríbulỉn may prolong the QT interval and ECG 
monitoring is recommended in patìents at higher rísc, 
induding those with heart íailure, bradyarrhythmií s, 
electrolyte abnormalitìes, or patients also taking other dru !S 
that prolong the QT interval such as some antiarrhythmit s. 
Hypokalaemia and hypomagnesaemia should be correcttd 
beíore starting eribulin, and these elecưolytes monitort d 
periodically during treatment. Eribulin should not be ust d 
in patients w ith congenital long QT syndrome.

Pharmacokinetics
Eribulin ứ  a substrate íor, and a weak inhibitor of, 
glycoprotein. Eribulin is rapidly distributed, and has a larị e 
volume of distribution. Plasma protein binding ranges botn 
49 to 65%. It is eliminated by biliary exaetion, mainly . s 
unchanged drug, vvith 82% of the dose in the faeces and 9‘ 0 
in the urine. The mean elimination haU-liíe is about 4 0 
hours.

Preparations
Proprietory Preparatỉons (details are given in Volume B)

Single-ingredient PreparaKons. Austria: Halaven; Belg.: Halave) ; 
Cz.: Halaven; D e n m Halavcn; F i n Halaven; Fr.: Halavei; 
G e r Halaven; Gr.: Halaven; Hung.: Halaven; Irí.: Halavei ; 
Israel: Halaven; Ital.: Halaven; Jpn: Halaven; Neth.: Halavei: 
Nonv.: Halaven; PoL: Halaven; PorL: Halaven; Singapor -. 
Halaven; Spain: Halaven; Swed.: Halaven; Switz.: Halaven; Ul': 
Halaven; USA: Halaven.

Erlotinib Hydrochloride
IBANM, USAN, riNNMI
CP-358774-01; Erlotinib, Oilorhydrate đ; Érlotinibi Hydro 
chloridum; Hidrodoairo de eriotinib; NSC-718781; OSI-774 
3pnbOTMHM6a rnflpoxnopMfl.
N-(3-Ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4 
amine hydrochloride.
C22Ha NA,HCI=429.9
CAS' —  183321-74-6 (erlotinlb); 183319-69-9 (erlotìnit 
hydrochloride).
ATC —  L01XE03. 
um — DA87705X9K.

Uses and Administration
Erlotinib inhibits the inttacellular phosphorylation c( 
tyrosine kinase assodated with the epidennal growth fanc r 
receptor. It is used íor the management of locally advance 1 
or metastatic non-small cell lung cancer (p. 710.2) either i 1 
disease that is unresponsive to other therapy, or, in som :

All cross-reỉerences reíer to entries in Volume A
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countries, as maintenance monotherapy in  those vvith 
stable disease aíter platinum-based flnt-line chemotherapy. 
It is also used with gem dtabine in the Hrst-line treatment of 
patìents with locally advanced, unresectable, or metastatic 
pancreatic cancer (p. 712.1). It is given orally as the 
hydrochloride but doses are expressed ỉn terms of the base: 
eriotinib hydrochloride 109 mg is equivalent to about 
100 mg of erlodnib. Fot wamin0s and recommendations 
regarding the safe presaibing. dispeming, and me of oral 
antineopỉastic drugs, see Adminừtratìơn. p. 732.3.

The usual dose for non-small cell lung cancer is 150mg 
daily, taken at least 1 hour beỉore OT 2 hours after food. In 
the treatm ent of pancreatic cancer, the recommended dose 
is 100 mg daily, taken at least 1 hour beỉore or 2 hours aỉter 
food. Treatment is continued untìl disease progresáon or 
unacceptable toxicity occurs. YVhere dosage adjustment is 
necessary, reductions are made in 50 mg steps. Cautíon is 
advised in some patients vvith hepaúc or renal impairment 
(see below).

t í  concurrent use of potent inhibitors or inducers ọf 
cytochrome~P450 isoenzyme CYP3A4 cannot be avoided, 
dose adjustments of erlotinib are considered necessary.
• W hen used vvith a potent CYP3A4 inhibitor, the dose of 

erlotinib may need to be reduced, espedally tí severe 
adverse etíects occur.

• w h en  given with a potent CYP3A4 inducer, ùtcreases in 
. the dose of erlotinib should be considercd at 2-week

ihtervals with monitoiing. The maximum dally dose oỉ 
erloúnib when used w ith rtíam pidn is 450 mg. u  the 
inducer is then stopped, the erlotinib dose wìll need to be 
ihuhediately reduced to the indicated starting dose. 

Erlorinib is also under investígadon in the treatment of 
malignạnt glioma.
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Administration in hepatic o r renal impairment. Erlotinib 
is metabolised by the liver. UK licensed product iníorma- 
tion States that although erlotinib exposure was similar in 
patients vvith moderate hepatic impairment (Child-Pugh 
score 7 to 9) compared with those with adequate hepatic 
íunction, caution is advised when using erlotinib in 
hepatic impairment. Dose reduction or interruption of 
therapy should be considered tí adverse etíects occur. Use 
in severe hepatic impairment is not recommended due to 
a lack of datã.

UK licensed produd iníormation also States that no dose 
adjustments appear necessary in patients vvith mild to 
moderate renal impairment, but that use of erlotinib in 
patients w ith severe renal impairment is not recommended. 
There are no data available for patients vvith a cxeatinine 
dearance less than 15mL/minute or those with a seruxn 
creatinine concentration greater than 1.5 times the upper 
nonnal limit.

M alỉgnant neoplasms of the skin. Erlotinỉb has been 
reported to initially cause inflammation at the site of acd- 
nic keratoses. loUovved by partial regression.1 A patient 
w ith nonresectable, reíractory, locally aggressive keratoa- 
canthoma centrihtgum marginatum of the scalp, a squa- 
mous neoplasm knovvn to be abundant in epidennal 
grovvth íactor receptors (EGPR), was treated with erlotìntí). 
No new  lesions developed and an almost complete regres- 
sion of existing lesions was seen aíter 2 months of treat- 
ment. The authors suggested that EGFR inhibitors such as 
erlotinib should be consỉdered for well-dtíferentiated 
EGFR-expressing squamous skin neoplasms, espedally tí 
lesions are recaldtrant, multíple, or sutgically nonresect- 
able.2

1. Hermanns J-F. tí a i  Erlotinib-responsive actinic keratoses. Oncoỉ Rep 
2007; 18: 581-4.

2. Bulj TK. tí ai. Relractory aggressỉve keratoacanthoraa centriỉugum 
margỉnatum oỉ the scalp controlỉed wỉth the epidermal grovvth ỉactor 
receptor inhibitor erìotinỉb. Br J Dtrmatol 2010; 163: 633-7.

Adverse Effects, Treatment, and Precautions
The most common adverse etíects assodated w ith erlotinib 
hydrochloride are rash and dianhoea. Generally, rash 
maniíests as a mild or moderate erythematous and 
papulopustular rash, which may occur or vvorsen in sun- 
exposed areas; protective dothing and/or use of sunscreen is 
advisable, and dose reductỉon may be needed. Bullous, 
bllstering, and exíoliative skin conditions have been 
repoited, induding rare cases suggestive of Stevens- 
iohnson syndrome or toxic epidermaỉ neaolysis, sóme of 
w hich vvere íatal; erlotinib therapy should be intèrrupted or 
stopped tí such bullous symptoms occur. Moderate or severe 
diaưhoea should be treated vvith an  appropríate antidiar- 
rhoeal such as Ioperamide; dose reduction may bẹ needed. 
In more severe or peisistent cases leading to dehydration, 
therapy should be stopped temporarily. Hypokalaemia and 
renal ỉailure (ỉnduding íatalities) have been rcported; some 
cases were secondary to dehydration or concurrent 
chemotherapy. Renaỉ hmction and eledrolytes should be 
monitored in patíents at risk of dehydradon.

Other common adverse etíects indude nausea, vomiting, 
stomatitis, gastrointestinal bleeding, abdomintil pain, ano- 
rexia, alopeda, pruritus, dry skin, paronychia, conjunctiv- 
itis, epistaxis, and ỉatigue. Alterations in  liver hinetion tests 
have occurred. Rare cases of hepatic ỉailurẹ and hepatorenal 
syndrome, including {atalities, ha ve been reported. Liver 
functíon should be periodically monitored, and treatment 
interrupted or stopped tí liyer íunction changes are sevcre. 
Interstitíal lung disease has also been reported; again, deaths 
have occurred. Erlotinib treatment should be interrupted u  
unexplained  pulm onary symptoms occur, such as 
dyspnoea, cough, and fever. Cases oỉ gasơointestinal 
perỉoratỉon, some íatal, have occurred; patients taking 
anti-angiogenic drugs, taxanes, corticosteroids, or NSAIDs 
or w ith a hỉstory ol peptic ulcer or di verticular disease are at 
increased risk. Erlotinib should be permanently stopped ư 
períoration occurs. Ocular disorders induding abnormal 
eyelash grovvth, keratoconjunctivids sicca or keratitis can 
also occur, and are risk lactors for comeal perioration or 
ulceration, which has been reported very rarely; eriotinib 
should be interrupted or stopped in the event of acute or 
vvorsening eye pain.

Effeds on the eors. Bilateral eardrum perioration w ith 
resultant hearing loss has been reponed atíer 1 year of 
therapy with oral eriodnib.1 Dosage was reduced from 
150mg daiỉy to lOOmg daily, and 6 months later the left 
tympanic membrane had healed.

1. Lee SM, tí aỉ. Bilđteral eardrum perỉoratỉon aỉter long-tenn treatment 
wỉth eriotìnib. J ơin ồneol 2008; 26: 2582-4.

Effects on the liver. Acute hepatitis đeveloped jn  an 
elderly man 12 days aíter starting erlotinib; he was also 
taking metíormin for type 2 díabetes mellitus. Lactic ad - 
dosis, which may have been exacerbated by the met- 
íormin, developed rapidly, and the patient died. Liver toxi- 
d ty  may be vvorse in frail elderly patients with 
comorbidities and multiple medications. Careíul monỉtor- 
ing of liver íunction tests and renal ỉunction was advised.1

The manuíacturers reported on íatalities that had 
occurred in patients with advanced solid tumours and 
moderate hepatic impairment as dehned by the Child-Pugh 
criteria; 6 of 10 patients who died had baseline bilirubin 
values more than 3 times the upper normal limit (ULN), 
suggesting severe, rather than moderate, heparic impair- 
m ent. All patients had liver involvem ent such as 
hepatocellular cardnoma, cholangiosarcoma. or liver 
metastases, and the manufactureis wamed that there may 
be limitations to using Chỉld-Pugh critería in an oncology 
population.1 us licensed product intonnation States that 
patients with hepatic impairment should be dosely 
monitoređ and therapy ínterrupted or stopped tí liver 
ỉunction changes are severe, such as doubling of total 
btíỉrubin and/or tripling oỉ transaminases ỉn  padents with 
preưeatm ent values outside the normal range. Therapy 
should also be interrupted or stopped lí total bilirubin is 
more than 3 tứnes the ULN and/or transaminases are greater 
than  5 túnes the ULN ỉn those with normal pretreatment 
values.

1. Pcllegrlnottỉ M. tt al. Eriodnib-inđuccd hepaddỉ complỉcated by tanl 
lacdc addosis ln an elderiy man «rith lung cancer. Ann PharmacữthĩT 
2009; 43: 942-3.

2. Grnemech. OSI. Important saỉcty ỉntonnatỉon (issucd Scptembcr 2008). 
Availablc ac hnp;//«mw.fda.gov/dawnloadi/Saỉẽty/McdWatch/ 
SaIetyIuformatlon/SafetyAlertsforHuinanMedicalPraduct3/ 
UCM133238.pdf (accnscd 22/09/09)

Effeds on the skin, hair, and  naib . ReviewsI'} oi erloti- 
nib-induced skin rash and its management, induding dis- 
cussion of its potential vaỉue as a suưogate marker of dis- 
ease résponse. Isotretinoin plus d indam ydn  has beẹn 
reporteđ to be etíectìve in ưeating erlotinib-induced rash;4

aprepitant has been reported’ to be etíective in treating 
and preventing assodated pruritus (for hnther inỉormation 
about aprepitant for pruritus, see p. 1822.3).

For reíẽrence to other cutaneous adverse eữects of 
epidennal growth faao r receptor inhibitors, induding 
erlotinib, sẽé Etíects on the Skin, Hair, and Nails, under 
Cetuximab, p. 763.2.

1. Saư MW, tí ai. Eriotíníb-ữiduced sldn rash. Pathogenesis, dỉnical 
signiScance and management ỉn pancreatíc cancer patỉents. JOP2008; 9: 
267-74.

2. Tsỉmboulds s, tí aL Erlotínib-induced sỉdn rash ỉn patỉents wỉth 
non-small-cell lung cancen pathogenesỉs. dỉnỉcaỉ yjgnificance, and 
management. ơin Lung Caneer 2009; 10:106-11.

3. Thatcher N, tí ai. UK Bĩỉotínlb Sỉdn Tcuddty Managen^nt Consensus 
Group. Expert consensus oa the managemẻnt of erỉotỉníb-assocỉated 
cutaneous toxidty ỉn the UK ồncữiogừt 2009; 14: 840-7.

4. Bỉdolỉ Ỹ.-tíal. Isotrednoin plus dỉndamydn se em highly eữectỉve agaỉnst 
sevcre exỉotíniỈHinduced sỉđn rash ỉn ađvanced non-smaỉỉ ceỉỉ lung 
cancer. J Thorac Orteol 2ÓỈ0; 5:1662-3.

5. Vincenà B, tí ai. Aprepitant ỉor erlotinib-induced pruritus. N Engi J Med 
2010; 363: 397-8.

Porphyría. The Drug Database ỉor Acute Porphyria, com- 
piled by the Nonvegian Porphyria Centte (NAPOS) and 
the Porphyria Centre Svveden, dassitíes erlotinib as possi- 
bly porphyrinogenic it should be used only when no saỉer 
altematỉve is available and precautỉons should be consid- 
ered in vulnerable patíents.1

1. The Drug Database for Acute Porphyria. Avallable ac htrp://www. 
dnigs-porphyria.org (accessed 27/09/11)

Interactions
Inhibitors of the cytochrome P450 isoenzyme CYP3 A4, such 
as ketoconazole, can increase erlotihib concenữations and 
use with potent inhibitors should be avoided as Increased 
toxidty may occur. Conversely, CYP3A4 inducers, su ch as 
riíampicin, can reduce erlotinib concenttations and may 
reduce its etíicacy. Dose adjustments may be required (see 
Uses and Adminỉstiation, p. 788.3). Caution Is also required 
vvith dproQoxadn or potent inhibitors of CYP1A2, as 
erlotinib exposure may be increased, and dose reductions 
may be needed u  adverse etíects occur. Use w ith P- 
glycoprotein inhibitors such as ddosporin and verapamil 
may cause altered distribution or eliminatíon oỉ erlotinib. 
Drugs that increase the pH oỉ the gastrointestinal tract such 
as antadds, H]-receptor antagonists, or proton pump 
inhibitors may teduce the solubility of erlotinib and hence 
lower its bioavailability. Use of proton pump inhibiton with 
erlotìnib should be avoided. Iỉ the use of antadds or H2- 
receptor antagonists cannot be avoided, dosing should be 
staggered; licensed product iníormatìon recommends that 
antadds should be taken at least 4 houis beíore or 2 ho u n  
aíter erlotinib, and erlotinib at least 2 hours beỉore or 10 
hours aỉter ranitidine. Exposure to erlotinib is reduced in 
smokeis compared vvith non-smokers. Exposure to eiỉotinib 
may be increased by capedtabine.

Erlotinib is a strong inhibitor of glucuronidation by the 
uridine diphosphate glucuronosyltransíerase isoenzyme 
UGT1A1 in vitro and may a tíea  exposure to UGT1A1 
substrates. Increased INR and bleeding events have been 
reported with eriotinib, some assoõated with the use of 
warfarin and some w ith the use of NSAIDs, see p. 1532.2 
andp. 107.3, respectìvely.

Fìbrates. Progression of lung adenocardnoma in a patient 
treated with erlotinib was attributcd to suboptimal expo- 
sure to erlotinib, and the dose was increased. Concomitant 
medicatíons induded esdtalopram, alprazolam, and feno- 
fibrate. Given the potennal Induction of cytochrome P450 
isoenzyme CYP3A4 by ỉenotíbrate, this was withdrawn; a 
reduction in erlotinib dosage vvas subsequently needed.

1. Mỉr 0, tí ai. Dnig-induced effects on erỉotinib metaboỉỉsm. N Engl J Med 
2011; 365: 379-80.

Tobacco smoking. Exposure to erlotinib is reduced in 
smokers (see Interactions, above). A study determined 
that the maximum tolerated dose oỉ oral erlotinib was 
300 mg daUy in lung cancer patients who were also cur- 
rent smokers. Steady-state ữough plasma concenuations 
and inddence of rash and diarrhoea were similar to those 
in other studies of ỉoimer smokers or those w ho had 
never smoked, who were takứig the usual recommended 
dose of 150 mg daily.1

ỉ. Hughes AN. tí aL Overcoming CYP1AỈ/ỈA2 međiated ỉnductỉon o( 
roetaboỉỉsm by escaUtỉng erỉotỉnỉb dose ỉn current smokers. J Qin Oncol 
2009:27: 1220-6.

Pharmacokinetics
Erlotùiib Is absorbed from the gastrointestỉnal tract, wỉth a 
bioavailability of about 60%; this may increase up to  almost 
100% in the presence of íood. Peak plasma concentratìons 
occur about 4  hours aỉter a dose, and it is about 93% bọund 
to plasma proteins. Erlotinib is metabolised mainly by the 
cytochrome P450 isoenzyme CYP3A4, and to a lesser extern 
by CYP1A2. Metabolic pathways indude demethylation, to 
nieubolites OSI-420 and OSI-413, oxidation, and aromatic 
hydroxylatíon. Erlotỉnib has an elimỉnation halí-ltíe of

The Symbol t  denotes a preparatiọn no longer actively marketed
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about 36 hours. More than 80% of a dose is excreted as 
metabolites in the íaeces.

Preparatìons
Proptịetary Preparotionỉ (detailỉ are given in Volume B)
Single-ingredient Preparationi. Arg.: Tarceva; AustraL: Tarccva; 
Austria: Tarceva; Betg.: Tarceva; Braz.: Tarceva; Canad.: Tarce- 
va; Chũe: Tarceva; China: Tarceva (lệỹãl); Cz.\ Tarceva; 
Denm.: Tarceva; Fin.: Tarceva; Fr.: Tarceva; Ger.: Tarceva; Gr.: 
Tarceva; Hong Kong: Tarceva; Hung.: Tarceva; Indon.: Tarceva; 
IrL: Tarceva; Israel: Tarceva; Ital.: Tarceva; Jpn: Tarceva: 
Malaysia: Tarceva; Mex.: Tarceva; Neth.: Tarceva; Norw.: Tarce- 
va; N7: Tarceva; phữipp.: Tarceva; PoL: Tarceva; Port.: Tarceva; 
Rus.: Tarceva (TapueBa); S~Afr.: Tarceva; Singapore: Tarceva; 
Spain: Tarceva; Swed.: Tarceva; Switz.: Tarceva; Thai.: Tarceva; 
Turk.: Tarceva; UK: Tarceva; Ukr.: Tarceva (Tapueaa); USA: 
Tarceva.

Estramustine Sodium Phosphate
IBANM, rlNNM)

Estramustin Fosfat Sodyum; Estramustina, fosfato sódico de; 
Estramustine, Phosphate Sodique de; Estramustine Phos- 
phate Sodium (USAN); Fosfato sódico de estramustina; Natrii 
Estrạmustinị Phosphas;. NSC-89199 (estramustine phos- 
phạte);. Ro-22-2296/000 (estramustlne); Ro-21-8837/001; 
Hatpna 3crpaMycTMHa OocộaT.
Estra-Í 33(10)-triene-3,17P-diol 3-[bis(2-chloroethyl)carba- 
mate] 17-(disòdium phosphate); Disodium .3-[bis(2-chbr- 
oéthyó-carbamòylokyịestra-l33(10)-trlen-ì 7(ì-y! orthopho- 
sphate.
CaH3oCI2NNa2OsP=5643 ,
CAS ■ 2998-57-4. (estramustine); 4891-15-0, (estramustine 
phosphate); 52205-73-9 (estramustine sodium phosphaĩe). 
ATC — L01XX1L .
ATCVet — QLOIXXn.
UNII — 75F375MT2N. .

Pharmacopoeias. In Br.
BP 2014: (Estramustine Sodium Phosphate). A white or 
almost white povvder. Freely soluble in water and in methyl 
alcohob very slightly soluble in dehydrated alcohol and in 
chloroíorm. A 0.5% soỉution in water has a pH of 8.5 to 
10.0. Protect from light.

Uses and Administration
Estramustine is a combinatíon of esưadiol and normustine, 
a homologue of chlormethine. (p. 765.1). It has vveaker 
oestrogenic activity than estradiol and vveaker antineo- 
plastìc activity than  most other alkylating agents. Estra- 
mustine phosphate is given orally as the disodium salt. 
Doses are calculated in terms o( esưamustine phosphate; 
108mg of estrạmustine sodium phosphate is equivalent to 
about lOOmg of estramustine phosphate. For wamings and 
rearmmendations regarding the safe prescribing. dispensing, and 
use of oral antineoplastic drugs, see Administration, p. 732.3. 
Estramustine phosphate vvith meglumine has been gi ven by 
intravenous inịection.

Estramustine sodium phosphate is licensed íor use in the 
treatm ent of advanced prostatic cardnom a (p. 712.3). An 
esơamustìne phosphate dose of about 14mg/kg daily in 
divided doses is used. The usual initial dose is 560 to 840 mg 
daily, which may be adịusted to betvveen 140 mg and 1.4 g 
daily according to the response and gastrointestinal 
tolerance. It should be given not less than 1 hour beíore 
or 2 hours aỉter meals.
Reíerences.
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Adverse Effects, Treatment, and Precautỉons
Oestrogenic adverse eílects with estramustine are íairly 
common, and may indude gynaecomastia, iluid retention, 
and cardiovascuỉar eSects. Gastrointestinal disturbances, 
hepatic dysíunction, loss of libido, hypersensitivity

reactions, and occasìonaUy leucopenia and thrombocyto- 
penia may occur. Esơamustine is contra-indicated in 
patients vvith peptic ulceration and severe hepatic or 
cardiovasctilar disease. Diabetes mellitus may be exacer- 
bated, and the drug should be given with care to patients 
with disorders such as congestive heart lailure. epilepsy, 
hypertension, migraine, and renal impaiiment which may 
be adversely aỉỉected by additional ũuid retention. Care ũ  
also requỉred in patients vvith conditỉons predisposing to 
hypercalcaemia, and se rum caldum should be monitored in 
hypercalcaemic patíents.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, dassiBes estramustine as 
probably not porphyrinogenic it may be used as a drug of 
ỉirst choice and no precautions are needed.1

1. The Drug Databasc ỉor Acute Porphyria. Available at: http://www. 
drugs-porphyria.org (acccsscd 28/09/11)

Interactions
Estramustine sodium phosphate should not be given with 
milk Products or Products high in calcium, vvhich may 
interíere with its absorption. Hypersensitivity reactions 
including angioedema have occurred rarely in patients 
given esưamustine who were also receiving an ACE 
inhibitor.

Pharmacolànetics
Up to 75% of a dose of esưamustine sodium phosphatc is 
absorbed from the gastrointestinal uact and rapidly 
dephosphorylated. Estramusúne is found in the body 
mainly as its oxidised isomer estromustine; both fonns 
accumulate in the prostate. Some hydrolysis of the 
carbamate linkage occurs in the liver, rcleasing estradìol, 
esưone, and the normustine group. Estramustine and 
esữomustine have plasma halỉ-lives oỉ 10 to 20 hours, and 
are excreted with their metabolites mainly in the laeces.

Preparatíons
Propriekiry Preparations (details are given in Volume B)
Single-ingredient Preparations. Arg.: Estracyt; Estranovag; Sulo- 
prost; Tratinat; Austria: Esưacyt; Belg.: Esưacyt; Canad.: 
Emcyt; Chile: Estracyt; China: Estracyt ( j ĩ i j l ) ;  Cr.: Estracyt; 
Denm.: Esưacyt; Fin.: Estracyt; Fr.: Estracyt Ger.: cellmustin; 
Estracyt; Medanint; Multosin; Gr.: Estiacyt; Hong Kong: 
Estracyt; Hung.: Esưacyt; India: Estramin; X-Trant; Irl.: 
Esơacytt; Israel: Esưacyt; ItaL: Estracyt; Jpn: Estracyt; Malay- 
sỉa: Estracyt; Mex.: Emcyt; Neth.: Estracyt; Norw.: Esưacytỷ; 
PoL: Estracyt; Port: Estrãcyt; Rus.: Estracỹt (3cTpaitHT); S.Áfr.: 
Estracyt; Singapore: Estracyt; spain: Estracyt; Svred.: Estracyt; 
Switz.: Esơacyt; Turk.: Esơacyt; UK: Esưacyt; ukr.: Enracyt 
(ScipaoHT); USA: Emcyt; Venei.: Esttacyt.
Pharmocopoeial Preparations
BP 2014: Estramustine Phosphate Capsules.

Etanidazole IUSAN, ciNNi

Etanida2ol;Étanidazole; Etanidazolum; NSC-301467;SR-2508; 
3raHMfla30n.
W-(2-Hydroxyethyl)-2-nitroimidazole-l-acetamide.
C7H10NA=214.2
Ớ s  — 22668-01-5.
UNII —30DKA3Q1HL

Proíile
Etanidazole is a radiosensỉtiser, struaurally related to 
meưonidazole, that is under investigation as an adjunct to 
radiotherapy in the ưeatm ent of cancer. Pedpheral 
neuropathy may be dose-limiting.
Reíerences.

1. L ee  D J, t í  al. R esu ỉts  o í a n  RTOG p h a se  m  tria l {RTOG 8 5 -27 ) com parỉng  
r a d ỉo ih e n p y  p h js  e tan id azo ỉe  w ith  rad io th e rap y  a io n e  ỉo r  localỉy  
a d v an c ed  h e a d  a n d  neck  c a r tín o m a s . Dư J Radiat Oncùỉ Biol Phys 1995; 
32: 5 6 7 -7 6 .

2. Eschwege F, tí aỉ. Resuhs oí a European randomized trial oỉ etanidazoỉe 
combined Tvỉth radiotherapy in head and neck cardnomas. Int J Rứdiat 
Oncoi Bio! Phys 1997; 39: 275-81.

3. M a rc u s  K J, tí ai. A p hase  I tr ỉa l o ỉ e tan id azo ỉe  a n d  h y p e rừ a c tio n a te d  
rad io th e rap y  in  ch iỉd ren  w ith  d iííu se  b ra ln s tem  g lioroa. ìnt J Radiứt Ortcoỉ 
Bỉoĩ Phys 2003; 55: 1 182 -5 .

4. D rzym ala  RB. t í  aỉ. R ad ia tion  T h era p y  O ncology  G roup . A p h a se  I-B tria l 
o ỉ  th e  r ad io sen s ỉt ix e r  e tan id azo le  (SR -2508) w ith  rad io su rg e ry  fo r th e  
u e a u n e n t  o í re c u rre n t p rev io u s ly  írrad ỉa ted  p rim a ry  b ra in  tu m o rs  o r  
b ra in  m e tas tases  (RTOG S tu d y  95 -02). Radiothcr Onaì 2008 ; 87 : 89 -9 2 .

Etoposide (SAN. USAN, rlNNI
EPEG; Ẹtóposid; Étoposide; Etoposidi; Etoposido; Eĩopósido; 
Etopbsidúm; Etopozid; Etopozidas; Etopózỹd; NSC-141540; 
VP-16;VP-16-213;3ron03nfl. . 
4'-Demethydepipcxjophyllotoxin 9-[4,&0(/!)-ethylidene-p-D- 
glucopyranoside]; (5S,5a/?,8aS,9(?)-9-(4,6-0-Ethyíidenẹ-P-D-.

glucopyranosylóxy)-5,8,Sa,9-tetrahydro-5-(4-hydroxy 3.5-. 
dimetho)ộ'phehyl)-isõbenzofuro[5,6-(][1,3]benzodio> ol-6 
(5aH)-one. '. : .
.Cj9H320i3=588.6 ■■ ! *
C4S —  33419-42-0. , .
ATC— .L01C801. ■ •••
ATC Vet —  QL01CB01.
UNil ̂  6PLQ3CP4P3.

NOTE. The trivial nam e epipodophyllotoxin has occasio tally 
been used incorrectly for etoposide.
Pharmacopoeias. In Chiru, Eur. (seep. vii), Int., Jpn. an  1 us. 
Ph. Eur. 8: (Etoposide). A vvhite or almost vvhite, sli ;htly 
hygroscopic, crystalline powder. Practically insolub e in 
vvaten slightly soluble in alcohol and in dichlorometl ane; 
sparingly soluble in methyl alcohol. Store in  aiitight 
containẽrs.
USP 36: (Etoposide). A fine, white to off-white, crystí lline 
povvder. Very slightly soluble in vvater; slightly solub ỉe in 
alcohol, in chlorolorm, in dichloromethane, and in thyl 
acetate: sparingly solublc in methyl alcohol. Store in air ãght 
containers. Protect from light.

Etoposide Phosphate IUSANI

BMY-40481; Etopósido, fosfato de. 
(5/?-[5a5aP3aa,9P(fi*)]}-5-[3,5-Dimethoxy-4-(phosphonc Dxy) 
phenyl]-9-[(4,6-0-ethylidene-p-D-glucopyranosyl)o<yl- 
5,8,8ạ,9-tetrahydrofuro-[3',4':6,7]naphtho[23-dl-1,3-dio> ol-6 
(5aH)-one; 4'-Demetfiylepipodophyllotoxin 9-(4,6-Oenyli- 
dene-p-o-glucopyranóside) 4'-(dihýdrogen phosphảte). 
CmH330 ,6P=668Ì 
CAS— 117091-64-2.
ATC —  L01CB0I.
ATC Vet — QL0ỈCB01.
UNII —  528XYJ8LỈN.

Incompatibility. For relerence to precipitation v/hen 
mannitol or potassium chloride was added to m ixtures oỉ 
etoposide and tísplatin ỉn sodium chloride injection see 
Cisplaún, p. 766.1.

For íncompatibility of etoposide íorm ulations tvith 
various plastics see Administration, p. 791.1.

StabilHy. UK licensed produCT information States tha t 
etoposide (diluted to a concenơation of 200 or 400 m cro- 
grams/mL) has been shown to be physically and ch ím i- 
cally stable íor 24 hours at 15 degrees to 25 degrees For 
microbiological reasons, the diluted solution should be 
used immediately; ư not immediately used, the soh tion 
should not be stored longer than  12 hours at 15 degre :s to 
25 degrees, unless it has been diluted under aseptic cc ndi- 
tions.

u s  licenscd product iníormation States tha t etopo :ide, 
diluted to a concenuation of 200 or 400 micrograms/rr L, is 
stable for 96 and 24 hours, respectively, a t r 30m 
temperature (25 degrees) under normal Auorescent ight 
in either glass or plastic containers.

Etoposide phosphate, alter reconstitution and íu ither 
dilution, can be stored under reírigeration (at 2 degrees to  8 
degrees) or at room temperature (20 degrees to  25 deg] ees) 
for 24 hours.

Uses and Admlnistratìon
Etoposide is a semisynthetic derivative of podophyllot >xin 
with antineoplastic properties; it interíeres vvith the 
ỉunction of topoisomerase n  thus inhibiting DNA synth esis. 
and is most active against cells in the late s  and Gj phas :s of 
the cell cyde.

It is used, usually with other antineoplastics, in  the 
treatm ent of tumours oí the testis, small cell cancer oi the 
lung, and in acute leukaemias. It has also been tríed in  c ther 
solid tumours induding those of the brain, gastrointes inal 
tract, ovary, and thymus, ạnd some childhood neoplasrr s; in 
lymphomas, and in the treatm ent of Kaposi's sarcim a 
assodated with AIDS. For íurther discussion, see the o  oss- 
reỉerences indicated under Maỉignant Neoplasms, p. 7Ĩ 1.2.

Etoposide may be given orally or in travenoi isly. 
Antineoplastic dose regimens may be complex and doses oỊ a 
drug may dịffer widely. For ìvamings and recommenda ions 
regardmg the safe prescribing. dừpensing, and use o f oral 
antineopỉastic drugs, see Adminừtration. p. 7323.

Etoposide is given by slovv intravenous inỉusion ov> :r at 
Ieast 30 minutes, as a solution in  sodium chloride 0 .9“ ó or 
glucose 5% injection. In general, the concentratìon ol the  
inỉusion should be betvveen 200 to 400micrograms;[hL. 
although recom m endations vary depending o n  th e  
preparation; predpitation may occur at higher concei tra- 
tions. Etoposide pbosphate. a prodrug, has im pn ved 
solubility in vvater. 113.6mg of etoposide phosphate is 
equivalent to lOOmg of etoposide. Intravenous doses are 
calculated in terms of etoposide, and are identicai to tho  e  of 
the base, but it may be given in  concenưations up to the

All cross-relerences reíer to entries in Volume A
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equivalent of etoposide 20mg/mL. Etoposide phosphate 
Solutions may be inỉused over 5 minutes to 3.5 hours.

Regimens vary; the usual intravenous dose of etoposlde 
ranges from 50 to 120mg/mz daỉly ỉor 5 days. Somewhat 
lower doses have been  suggested in  lung cancer. 
Altematively, 100m g/m 2 has been given on altemate days 
to a total of 300 m g/m 2. The usual oral dose of etoposide is 
100 to 240 mg/m2 daily for 5 conseeutìve days. Courses may 
be repeated after 3 to 4  weeks. Doses should be reduced in 
renal impairment (sée below).

Administrotion. A lthough precipitatỉon of etoposide may 
occur at high intusion concentrations (see Uses and 
Administratìon, p. 790.3), high doses of etoposide have 
been inhised undiluted to  avoid givỉng laige volumes ol 
fluid to the paden t.1' 3 Etoposide was inỉused through a 
Central line, and this m ethod has been reported to be safe 
and eãective;2 pharm acokinetic studỉes suggested unal- 
tered systemỉc bioavaiỉability w hen compared with diluted 
iníusions.3 Hovvever, cracking of plastic syringes and infu- 
sion cassenes has been reported, possibly due to the poly- 
ethylene glycol com ponent of the formulation. This 
appears particularly problematic when devices containing 
ABS plastic (á polỹm er produced bom  acrylonitrile, buta- 
dỉene, and styrene) are useđ; altem ative devices may be 
preíerable.1 Leaching of the plastídser diethylhexyl phtha- 
late (which is potentỉalỉy toxic and cardnogenỉc) bom  
PVC bags and tubing has beẽn reported with etoposide, 
and it has been suggested tha t these should aĩso not be 
used if possible w hen preparing and giving the drug.4

Etoposide has been injected into the ventrides of the 
b tain  in the trea tm en t of patients with neoplastic 
meningitis.5

1. Schvvỉnghimmer TL tí  al. Cradđng oỉ ABS plastk devices used to Iníuse 
undỉluted etoposỉde injection. Am J Hosp Pharm 1988; 45: 1277.

2. Creger RJ, tí  ai. ỉnfusion of hỉgh doses of unđíỉuted etoposỉde through 
Central venous càtheters dũrỉng preparatỉon tor bone marrow 
tnnspUntatìon. Canar ùtvtst 1990; 8:15-16.

3. Ehninger G, tí al. Unahered phannacokỉnetỉcs aỉỉer the admiaiítration 
oỉ high-dosẹ etoposỉde vvithout prior dỉlutỉon. Ctmcer Chanother 
Phamúuol 1991; 28: 214-16.

4. de Lemos ML, tí  a i Leaching of dỉethylhexyỉ phthaỉate hom polyvinyl 
chloríde materíaỉs ỉnto etoposide Intrãvenous Solutions. J Oncol Pharm 
Praữ 2005; IX: 155-7.

5. Chambertain MC tí al. Phase n trial oỉ ìntracerebrospinaỉ Huid ctopoáde 
ỉn the ưeatment oỉ neoplastỉc meningỉtỉs. Gmtrr 2006; 106:2021-7.

Administratíon in the elderiy. Increasing age was reported 
to correlate w ith higher etoposide concentrations during 
oral therapy; increasing age and higher etoposlde concen- 
trations also correlated vvith lovver vvhite blood ceỉl and 
absolute neuơophil counts.1 A review noted that, cpm- 
pared with inttavenous etoposide, there is more variability 
ỉn the pharmacokinetics and toxicity of oral etoposide, and 
the oral route may appear less eHective and more toxỉc as 
a result. In elderly patients taking etoposide, a small dose 
reduction and careíul monỉtoring has thus been advised, 
even in those vvith norm al renal and hepatic function.2

1. Miỉler AA. tí aL Pharmacology oí 21-day oraỉ etoposide gỉven ỉn 
combinatíon with Ỉ.V. dsplatỉn In paúents with extensỉve-stage smaQ ceỉl 
lung cancen a cancer and leukemỉa group B scudy (CALG8 9062). Qin 
C a m  Ra 1997; 3:719-25.

2. Uchtmanr SM. tí  ai. ĩntematỉonaỉ Sodety of Geriatric Oncology 
Chemotherapy Taslríorce: evaỉuaúon of chemotherapy ỉn older 
patỉents—an anaỉysỉs oi thc međỉcaỉ ỉỉterature. J ơàt Oncol 2007; 25; 
1832-43.

AdministraHon in renal impairmenl. Some licensed pro- 
duct iníormaúon for etoposide or etoposide phosphate 
recommends that patients w ith a creatinine dearance of 
between 15 and 50m L/m inute be given 75% of the 
recommended dose. No recommendatíons are given for 
those patients having a creatinine clearance of belovv 
15mL/minute, although one p ro d u a  (Vepesid; BMS. USA) 
suggests that ỉu rther dose reduction in these patlentỉ be 
considered.

Histiocytic syndrom es. Systemic chemotherapy is olten 
tried in patients w ith extensive Langerhans-cel! histiocyto- 
sis (p. 692.1), although its value is uncertain. Eioposide is 
one of the drugs vtridely used for this purpose.

Hypereosinophilic syndrom e. Etoposide has been 
reported to produce dinical responses in patients with the 
hypereosinophilic syndrom e.1

1. Bourrat E, tí a i Etoposỉde for treating the hypereosinophiỉỉc syndrome. 
Ann ỉntem Med 1994; 121: 899-900.

Influenza. A patien t was diagnosed vvith pandemic 
(H1N1) 2009 iníluenza inỉecdon (p. 960.2). Duiing the 
course of this, he  developed secondary haemophagocytic 
lymphohistiocytosis, and was tteated with etoposide and 
betamethasonẽ. He had  a prompt dinical response w ithin 
one week. It has been  hypothesised that cytotoxic therapy 
m ight be benehdal for severe influenza iníection, and the 
authors suggested th a t h rnher studies ỉn  this area are 
needed.1

1. Henter J-L tt  al. Cytotoxic theiápy for severe mine Du A/H1N1. Lanat 
2010: 376:2116.

Malignant neoplosms. Etoposide has been used ỉor a vari- 
ety of solid tumours: in particular it is part of curatìve regi- 
mens used in the treannent ot testicular cancer and germ- 
cell tumours of the ovary (see p. 715.1 and p. 711.2), and 
is used w ith dsplatin and other drugs in the treatm ent oỉ 
lung cancer (p. 710.2). Other solid neoplasms in vvhich it 
Ịs sometỉmes employed indude those of the brain 
(p. 701.2), stom adi (p. 706.1), and thymus (p. 715.3), as 
we!l as in neuroblastoma (p. 716.2), Wìlm$' tum our 
(p. 709.1), retinoblastoma (p. 717.2), and rhabdomyosar- 
coma (p. 718.2); it has also íormed pan  oí systetnic regi- 
mens ỉor bone sarcomas (p. 717.3), dissemỉnated Kapósi's 
sarcoma (see p. 718.1), and gestadonal trophoblastíc 
tumours (p. 691.2). Etoposide is used Ũ1 regimens for 
Hodgkin's disease (see p. 696.1); it is also sometimes used 
in aggressive intermedỉate- and high-grade non-Hodgkin's 
lymphomas (p. 696.3). and may produce short-term 
responses in mycosis tungoides (p. 698.3). It is also used 
in Burkitt's lymphoma (p. 697.3). Etoponde may have 
beneSts when added to inducdon protocols for acute 
myeloid leukaemia (p. 693.1), and vvhen used as part of 
mtensiBcation therapy in acute lymphoblastíc leukaemia 
(p. 692.3). It has formed part of salvage regimens in  muld- 
ple myeloma (p. 699.2).

Vasculitic syndromes. For m ention of the use of etoposide 
to induce remission in patíents with Wegener's granulo- 
matosís resistant to Standard therapy w ith cydophosph- 
amide and corticosteroids, see p. 1615.2.

Adverse Effects, Treatment, and Precautions
For general discussions see Andneoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

The dose-Iimitíng toxỉdty oỉ etoposide is myelosuppres- 
sion, mainly seen as leucopenỉa, but also thrombocytopenia, 
and sometímes anaemia. The nadir of the granulocyte count 
usually occurs 7 to 14 days aỉter a dose, w ith recovery by 
about 21 days. Nausea and vomiting are common; there 
may also be anorexia, diarrhoea. and mucositỉs. Gasưo- 
Intestinal toxidty may be more common after oral dosage. 
Reversible alopeda occurs in abòut two-thirds of all 
patients. Hypersensitivity o r anaphylactoid reactions can 
occur, characterised by Qushing, chills, fever, tachycardia. 
bronchospasm, dyspnõea, and hypotension. Apnoca and 
íatal reactions assodated with bronchospasm have been 
reported. Petipheral o r Central neuropathỉes, induđing 
transient cortical blindness, have been reported rarely, as 
havé weakness, latigue, somnolence. aỉtertaste, íever. 
tashes, urticaria, skin pigmentatíon, pruritus, and dys- 
phagia. Stevens-Johnson syndrome and toxic epidermal 
necrolysis have occurred rarely. Tumour lysis syndrome, 
sometimes íatal, has been reported after use of etoposide 
vvith other chemotherapeutíc drugs. Disturbances of liver 
lunction have been reported. mainly at high doses. There 
have been occasional reports of cardiotoxiđty. Local 
irritatíon and thrombophỉebitis may occur at the site of 

■ injection. Care should be taken tọ avoid extravasation 
although tissue damage (possibly assodated w ith the 
vehicle) is rare.

Rapid tntravenous doses may cause hypotension; 
etoposide should be given by inỉusion over at least 30 
minutes. Etoposide should not be given to patients with 
severe hepatic impairment nor by the in tra ca vi ta ry route.

Some adverse ettects assodated w ith Inơavenous 
etoposide may be due to the tormulation of the vehide.

There is evidence that etoposide may be assodated with 
the development of secondary leukaemlas—see Cardno- 
genidty, p. 726.2.

Breast íeeding. Some licensed p rodua information States 
that it is unknovvn vvhether etoposide is excreted into 
breast milk. Hovvever, in breast milk samples from a 
vvoman given consolidation therapy, induding etoposide,1 
for acute promyelocytic leukaemia, etoposide conccntra- 
tions w ere maxũnal just aíter a dose, but decreased rapidly 
to undetectable levels vvithin 24 houis on each of three 
days. sh e  started to breast ỉeed her baby 3 vveeks aíter the 
completíon of therapy, and no abnormalities were seen in 
the ĩníant up to 16 months of age. It has been suggested2 
that breast íeeding be vvithheld for 24 to 36 hours aỉter a 
dose.

1. Azuno Y, tí aĩ. Mitoxantronc and ctopo5Ỉde Ln brcast milk. Ám J Hmalol
1995; 48:131-2.

2, rf al., eds. Đrup during prtỊnancy and tacutìơn: tnatmmt optiom tatả rũk
assasmenL 2nd ed. Lnndon: Elsevỉer, 2007.

Effects on the gaslrointestŨKil tract. Pneumatosis intesti- 
nalis (the presence of gas vvithin the bowel wall), a  rare 
condỉtion, has been reported after intravenous1 and oral2 
etoposide. It is supposed tha t myelosuppressive drugs 
might ỉnteríere w ith the mucosal integrity of the intestinal

tract. and that the intestinal mucosa might be highly sen- 
sitive to etoposide.

1. Hisbimolo s, a  ãl. Pneumatosĩs cynoides intestiiuUi alcer chcraoứicr- 
apy lor hcmalological nulignandẽs: report of 4 cases. hutm Mal 1995; 
3*212-15.

2. shih I-L, ít ÓL Pneunutosis colỉ aỉtcr eioposide chcmothcrapy lor breasi 
cancer. 1 CUn Onat 2007; 25: 1623-5.

Effeds on the nervous System. A report of an acute dys- 
tonic reaction in a dúld gỉven etoposide as part ol a com- 
bined maintenance regimen ỉor acute lymphoblastic leuk- 
aemia;1 the patient had been receiving. the samc regimen 
uneventfully for over a  year but symptoms (Vvhỉch 
responded to diphenhydramine) recurred on rechallénge 
w ith etoposide.

1. Ascher DP. DeUney RA. Acute dystonỉa ỉrora etoposide. Drug Initũ ơờỉ 
Pharm 1988; 22:41-2.

HancSing and  disposai. Uĩine and faeces produced for up 
to 4  and 7 days respectively aíter a dòse of etoposide 
should be handled vvearing protective dothing.1

1. Karris J. Dodds u .  HanđUĩỉg waste ỉrom padents recrivdng cytotoxic 
drugs. Pttarm J 1985; 235: 289-91.

Hypersensitìvrty. Hypersensitìvity reactions to intravenous 
etoposide are characterised by one or more ofc hypo- 
tension, bronchospasm, Qushỉng, exanthema, dyspnoea, 
íever, chills, tachycardia, tighmess in the chest, cyanosis, 
and hypertension. Although originally thought rare, some 
investígators1 have reported an  inddence of up to about 
50%, particularly in younger patìents. The mechanism is 
uncertain, but a literature revievv1 supported the hypoth- 
esis that it might not be antíbođy-medỉated, sỉnce redudng 
the rate of iníusion can prévent reactions, as can ređudng 
etoposide concentratíon in  the infusion solutìon. However, 
an immunogenỉc mechanism cannot be exduded as 
hypersensitivity appears to have been reported less fre- 
quently with the oral fonnulatíon, vvhich unlike the infu- 
sion does not contain polysorbate 80. In addition, there 
are reports2-* of successỉul use ọf etoposide phosphate for- 
mulations (which do no t .contaỉn polysorbate 80) after 
hypetsensỉtivity reactions to etoposide, suggestíng that the 
solvent may be tesponsible. Successhd desensitỉsatíon in a 
patient hypersensitìve to etoposide has been reported.5

1. Hoetelmans RMW, tí aL Hypersensỉtỉvỉty reactỉons to etoposide. Aĩin 
Pkarmacother 1996; 30: 367-71.

2. Bernstein BJ. Troner MB. Successhỉỉ rechaAengc tvỉth etoposỉde 
phospbate after an acute hypersensỉtlvỉty ceactíon to ctoposide. 
pharmaatherapy 1999; 19: 989-91.

3. Siderov J, tí  a i Saĩe admỉnisrratỉon of etoposỉde pbosphate aítcr 
hypersensitìvity reactỉon to ỉntravenous etoposide. BrJ Canar 2002; 86: 
12-13.

4. CoUỉer K  tí ai. Suoxsshiỉ ueatment wỉth ctoposỉde phosphate in 
patỉents wỉth prevỉous etoposỉde hypcrscnsidvlcy. J Oncoỉ Pharm Praữ 
2008;14:51-5.

5. Aỉvarex Cardona K  tí ai. Desensịbilỉiación para etopósido: comunỉca* 
đón de un caso. Rnr Aỉerg Mex 2010; 57: 33-6.

Porphyria. The Drug Database for Acute Porphytia, com- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, dassihes etoposide as prob- 
ably not porphyrinogenic; it may be used as a drug of Đrst 
choice and no precautions are needed.1

1. The Drug Database íor Acute Porphyrỉa. Availabỉe a t http://www. 
drugs-poipbyxỉauHg (accesseđ 26/08/ỉ ỉ )

Pregnancy. A 22-year-old woman, who was diagnosed 
with acute myelogenous leukaenũa at 20 vveeks oi gesta- 
tion, was treated w ith combination chemotherapy includ- 
ing cytarabine and daunorubidn at 22 weeks, but the 
response was unsatisíactory. and the regimen vvas altered 
to cytarabine, mitoxanưone, and etoposide at 31 vveeks. 
Aíter the second course of chemotherapy was completed, 
an intermittent sinusoidal fetal heart rate pattem was 
deteaed. along with intra-uterine {etal growth retardation. 
Complete remission was achieved at 35 vvceks and a cae- 
sarean section was perCormed a week later due to fetal dis- 
tress. The neonate was undervveight and had pancytopenia 
requirìng bloođ translusion and antibaaerìaỉ therapy; he 
vvas discharged at 2 tnonths oỉ age in good health. The 
authors conduded that the fetal sinusoidaỉ heart rate pat- 
tem  may ha ve been induced by tissue hypoxia due to 
severe anaemia. and that the leucopenia and thrombocy- 
topenia resulted from bone marrotv suppression caused by 
the transplacental effects of matemal chemotherapy; theỹ 
considered that mitoxantrone and etoposide might be 
responsible for the neonataỉ pancytopenia.1

For a report of hair loss in an  inỉant, attributẽd to 
etoposide given to th e  m other betore delivery, see 
Pregnancy, under Qsplatin, p. 768.2.

1. Hsu K'F, tíaL Sinusoỉdaỉ fetal heirt nte pattem đurìng diemotberapy in 
s pregnant woman with acute myelogenous ỉeukemla. J Ĩormoĩ Med 
Anoc 1995; 94: 562-5,

Interactions
For a general outline oỉ antineoplastíc drug interacnons, see 
p. 733.3. PhenyIbutazone, salicylic ađd, and sodium 
salicylate can aữect th e  protein binding ot etoposide.

The Symbol t  denotes a preparation no longer actively marketed

http://www


792 Antìneopỉostics

Caution is advised vvhen etoposide phosphate is given with 
drugs su ch as lcvamisole hydrochloride that are knovvn to 
inhibit phosphatase activiries.

Antineoplastics. Giving etoposide 2 days after a dose of às- 
platíri was assodated with a m arked decreasc in  etoposide 
dearance and more toxidty. com pared with the same dose 
given 21 days aíter a dose oỉ dsplatín , in  a study involving 
17 children.1 There was no evidence of a persistent 
decrease in etoposide dearance assodated vvith the cumu- 
lative dose of dsplaún. how ever. In a randomised, cross- 
over study,2 dsplatỉn or carboplatín were given altemately 
during 2 courses oỉ etoposide. Although increaseỉ in the 
area under the concenưation-tũne curve of etoposide 
vvere seen In the second course, eữects vvere modest and, 
given the pharmacokinetic variability seen vvith etoposide, 
the authors considered any dinical impact to be small.
1. Relling MV, tí ai. Etoposỉde phannacokinetics and phamucođynimics

aíier acute and chron»c exposure to dspỉaún. ơin Pharmaaỉ Ther 1994; 
56:503-11. •

2. Thomas HD. tí a l Ranđomỉzed ơoss-over dỉnical trỉaỉ to study potential 
pharmacokineiic interactions bcrvvecn dsplatln or carboplatỉn and 
eioposide. Br J Qin Pharmaeol 2002; 53: 83-91.

G dosporin. High-dose cidosporin therapy was íound to 
increase the exposure to etoposide by 80%, and to reduce 
etoposide dearance by 38%. Leucopenia was-increased. 
Etoposide doses should be halved when the drug is given 
vvith high-dose ddosporín.' In a  study2 of children who 
received etoposide and mitoxanưone for acute myeloid 
leukaemia, the addition oỉ ddosporin  with a 40% reduc- 
tion in  the doses oỉ the antỉneoplastics still resulted in a 
71% reductỉon in the dearance of etoposide, and a 42% 
reduction for m itoxanơone. However, there was vvide 
m terpatíent variabiliry, and th e  rates oí stomatitis and 
inỉection were similar betw een the groups, with or 
vvithout ddosporin.
1. Lum BU t í  aỉ. Alteratỉon oỉ etoposỉđe pharmacokinetics and 

phannacodynamks by cydospoiỉne In a phase 1 trỉaỉ to modulate diug 
resìsunce.} ain  Ornôi 1992; 10: 1635-42.

2. Lacayo NJ, tí  ai. Phamucokỉnetỉc interactions oỉ cydosporine wirh 
etopoàde and mhoxantrone hỉ chlldren wỉth acute myelỡỉd leukemỉa. 
Ltukemia 2002; 16: 920-7.

G rapefruit juke. In a randomised crossover study' of 6 
padents, grapeừuit juice appeared to reduce the oral bioa- 
vailability of etoposỉde. Initỉally the authors had expected 
the opposite since etoposide is demethylated by cyto- 
chrome P450 isoenzyme CYP3A4. Although no dehnỉte 
condusions could be mađe due to the small number of 
patíentỉ studied, a possible mechanism might have been 
alteration of P-glycoprotein mediated transport.
1. Rdỉ s, tí ai. Effect oi grapcữuit juice ỉntake OĐ etoposỉde bioavaiỉab3ỉty. 

Eur J Oin Pharmatoĩ 2002; 58: 491-4.

P h a r m a c o k in e t ìc s

Absorptìon aíter oral doses is variable, but on average about 
50% o í th e  dose of etoposide is absorbed. The 
phannaeokinetics of etoposide are subject to considerable 
interindividual variation. It is rapidly diỉtributed, and 
concentratìons in plasma ỉall in  a biphasic manner, vvith a 
teiminal halí-Uỉe of 4 to 11 hours. Etoposide is about'94% 
bound to plasma protein. It is metabolised by the 
cytochrome P450 isoenzyme CYP3A4. Etoposide is excreted 
in  urine and faeces as unchanged drug and metabolites: 
about 45% of a dose is reported to  be excreted in urine over 
72 hours. It crosses the blood-brain banier pooriy; 
concentratíons in  CSF are 1 to 10% of those in plasma. It 
is distributed into breast milk (see Breast Peeding. p. 791.2). 
Reíerences.
1. TottoH G, tt al. pharmacokinetic optỉmỉsatỉon of trcatment wiih oral 

etoposỉde. Clỉn Phãrmacolàntí 2004; 43: 441-66.
2. Schỉeveen PG, et ai. Suỉvỉ thérapeutỉque phannacologỉque de la Sodéié 

Pran̂ aise de Phannacologie et de Théiapeutỉque. Niveau de prevve du 
suivi tbérapeudque pharmacologique de 1’étoposỉde admỉnisưé par voie 
orale. Therapit 2010; 65: 207-12.

M etabolbm. Siudies in vitro suggested that metabolic acti- 
vatỉon of etoposide by oxidation into the O-quinone deri- 
vative might play an essential role in its aaivity  against 
DNA.1
1. van Maanen JMS, tí ai. Metabolỉc activation of antỉ-iumour agent V? 

16-213. Hum Toxừoi 1986; 5: 136.

P rep ara tio n s

Proprielary Preparations (details are gi ven in Volume B)

Singie-ingredỉent Preparotions. Arg.: Citodoxt; Etocris; Euvaxon; 
NeõplaxÔL' PercasỶ; Vepesid; VP-Gen; AustraL: Etopophos; 
Vepesid; Austría  Etopoỉos; Vepeãd; Belg.: Celltop; Eposin; 
Vepeâd; Braz.: Epoádo; Etomorase; Etosint; Eunades; Nexvep; 
Posidon; Tevaetopọ; Vepesid; Canad.: Vẹpesid; Chũc. Epsidoíc 
Otina: Bo Rui (ỈỐSO; Etopophos (/L ^ íĩ) ; Lastet 
Vepesid Wel Ke ( « £ ) ;  c£: Lastet+; Vepesidt; D m ni:
Eposid; Etopofos+; Vepesid; Fin.: Eposin; Etopoíost; Vepesid; 
Fr.: Celltop; Etopophos; Vepesidett Ger.: Eto-cell; Eto-Gry; Eto- 
medac Etopophos; Lastet; Neoposid-ị-; Riboposid; Vepesid; Gr.; 
Celltop; Etobion; Etopolos; Vepesid; Hong Kong: Sintopoád;

Vepesidt; H ung.: Lastet-h Sintopond: Vepesidt; Indũr. Acritop; 
Beposid; Bioposlde; Eside; Ethopub Etolon; Etosid; Fytop; Fyto- 
ãd; Lastet óncosid; Posid; Indon.: Etopub Posyd; ĩ r t :  Etõpo- 
pbos; Vepesid; ItaL: Lastett; Vepesid; Jpn: Lastet; M alaysia: 
Eposin; Lastet; Mac.: Cryosid; Etoncoỷ; Etopost; Kenazoỉtl 
Tosuben; Vepesid; VP-Tec N eth .: Eposin; Etomedac Toposin; 
Vepesid; N o n v .: Eposin; Etopofost; Vepesid; S Z :  Etopophos; 
Vepesid; Phữipp.: Etopoxant; Etõpul; Fytosid; Lastec Posid; 
Topresid; VependỶ; Foí.: La«etf: Sintopoùdt; Vepesid; P ữ rt:  
Eposin; Vepeãdt; Bus.: Cytoposid (IlKT0n03iũ); Fytosid 
(0BTO3HA); Lastet (JIacTCT); Vepesid (Beneana); S-4/r.: Epoỉin; 
Etopophost; Vepesid; singapore: Ebeposide; Lastet; Vepesid; 
Spain: Vepeãd; SwetL: Epoán; Etopoỉos; Vepesid: Sw itz.: Eto- 
pophos; Vepesid; Thai.: Eposin; Etopos; Fytosĩd; Lastet; Topo; 
Vepesldt: T urk .: Eposin; Etoãd; Lastec Vepesid; UK: Eposin; 
Etopophos; Vepesid; USA: Etopophos; Toposar; Vepesid; Vcncỉ.: 
Etonolven Etosid; pytosid.
Pbormocopoekd Preporarions
BP 2014: Etoposide Capsules; Etoposide Inhision;
USP 36: Etoposide Capsules; Etoposide lnjection.

E x e m e s t a n e  IBAN. uSAN, CINNI ®

Eksemestaani; Eksemestan; Exemestan; Exémestane; Exe- 
mestano; Exemestanum; FCE-24304; 3KceMecraH.
6-Methyieneandrosta-1,4-diene-3,l 7-dione.
CjoH240j=296.4
CAS 107868-30-4.
ATC —  LQ2BG06. ■
ATC Vet — QL02BC06.
UNII —  NY22HMQ48X.

U se s  a n d  A d m in i s t r a t io n

Exemestane is a selective inhibitor of the aromatase 
(oestrogen synthetase) System responsible íor the conver- 
sion oí androgens to oesưogens in peripheral tìssues. bui 
unlike anastrozole (p. 742.2) orletrozole (p. 817.2) it has a 
steroidal s truaure. Ít is used in the treatment of advanced 
breast cancer (p. 702.1), in postmenopausal vvomen who 
are no longer responsive to antì-oestrogen therapy. ỉt is also 
used for adjuvant treatmcnt oí postmenopausal vvomen 
vvith oestrogen-receptor positive early breast cancer, aỉter 2 
to 3 years of initial adjuvant tamoxiíen treaunent; a total of 
5 years oi adjuvant hormonai therapy should be given. The 
recommended oral dose is 25 mg once daily, preíerably alter 
a  meal.

In patients recdving potent inducers of the cytochrome 
P450 isoenzyme CYP3A4 (such as riíampidn or phenytoin), 
the recommended oral dose oỉ exemestane is 50 mg once 
daily, after a meaỉ.
Reíerences.
1. Coombes R C  tí al. K randomỉxed ưỉaỉ of cxemesune afier tvvo to threc 

ycars ữỉ umoxiíen tberapy ỉn postmenopausaỉ womeo tviứt primary 
breast oncer. f t  Engỉ J Med 2004; 350: 1081-92. Conrcrions. ibid.; 351: 
2461 and tbid. 2006: 355: 1746.

2. Berteỉỉỉ G. tí  al. Sequcntia! treatment with excmcstane and 
non*steroỉdaỉ aromause inhỉbitors lo advanced breast cancer. Oncoĩogy 
2006;69:471-7.

3. Bundred N. The evolvỉng role oỉ CTteniestane in the managemem oỉ 
breast eancer. Br J Hosp Med 2006; 67:427-30.

4. Coombes R C  tí al. Survỉvaỉ and saỉety of exemestane versus tamoxỉĩen 
aỉter 2-3 years' umoxỉíen treaưnent {Imergroup Bxemestane Study): a 
randomised controlled uiaL lanat 2007; 369:559-70. Conection. ibid.; 
906.

5. Paiỉdaens Rí. tí ai. Phase IU study comparing exemesỉane with 
umoxỉíen as ũrst-tínc hormonaỉ treatmem oC metastaiỉc brea&t cancer in 
postmenopausa! vromen: the European Organỉsatioa íor Research and 
Treatment ữf Cancer Breast Cancer Cooperatìve Group. J ƠÙ1 ữncoì 
2008; 26: 4883-90.

6. Deeks ED. Scott u. Exemestane: a revíew oỉ its U5C in posunenopausal 
women wỉth breaỉt cancer. Drugs 2009; 69:889-918.

7. Kabhola JM. tí ai. Comparative review of anastroxole. ỉeưozoỉe and 
exetnestane in ihe management of earty breast cancer. Expert Opin 
pharmacothrr 2009; 10: 1435-47.

8. Gliick s. Exemestaoe as Crsi-bne therapy ỉn postmenopausaỉ vvomcn 
vvỉth recurrent or metastatic breast cancer. Am J Clin Onat 2010; 33: 
314-19.

9. BerteOỈ G, Gangadbara s. Exemestane in postmenopausal women with 
early or advanced breast cancer a revỉew. Expert opin Phứrmacữĩher 
2010: 11: 1933-42.

10. Goss PE, rr ai. NC1C CTG MAP.3 Study Investlgators. EXemestane for 
breast-cancer preventỉon ìn posunenọpausal ìvoineo. NEn$ỈJMtd 2011; 
364: 2381-91.

A d v e r s e  E f f e d s  a n d  P r e c a u tio n s

The adverse effects of exemestane are similar to those seen 
with other aromatase inhibiton such as anastrozole 
(p. 742.3), and similar precautions should be taken. Fatigue 
and increased svveating are common with exemestane. 
Visual disturbances have been reported. Thrombocytopenia 
and leucopenia have been reported rarely. For the 
suggestion that exemestane may have more pro-athero- 
genic effects on blood lipids than anasưozole or leưozole, 
see below.

Breast ỉeeding. Studies show that exemestane is distribu- 
ted into the milk of rao. Licensed product inỉormation 
States that it is unknow n vvhether exemestane is excreted 
into htunan milk; in the UK use during breast ỉeeding is

conưa-indicated while in  the USA a dedsion may be 
made based on dinical judgement. It has been suggested1 
tha t breast ỉeeding be stopped ư using multíple dc ses oỉ 
exemestane, and tó  withhoĩd breast íeedỉng fõr at ỉeast 5 
days after the last dose

\jtaL . eds. Dmgt đuring prtgrumcy and ỉatíatìoru treaờrưnĩ optiom ìnd rửk 
assasmatí. 2nd ed. Londcm: Elĩevỉer, 2007.

Effeds on biood lipids. A comparison oỉ the adverse 
eHects of leữozoỉe, anastrozole, and exemestane in post- 
menopausal vvomen ỉndicated1 tha t although all I had 
similar eữects on markers of bone tumover, exemi stane 
was assodated vviứt a markedly greater decrease in high- 
density lipoprotein (HDL) cholesterol. This resulted in an 
increase in  the atherogenic ratio of low-density (II L) to 
HDL-cholesteroL Since some studỉes have suggestei that 
low HDL-cholesterol may be a  m ore important risk ‘actor 
for cardiovascular disease in vvomen than men it wa sug- 
gested that íurther study was needed to see if this 1 iffer- 
ence had dinical signiíicance.
1. McCĩoskey EV. a  aỉ. Eíĩects of ứiird generatỉon aromaiase inhib :ors on 

bone heaỉth and other saíety parameters: resultỉ of an open. 
randomised, mulii-cemre siudy of Ietrozoỉe. exemestarr and 
anastr07ole in healthy postmenopausal vvomcn. Eur J Cancer 2C 37; 43: 
2523-31.

Effects on the musculoskeletal System. Exemestane ther- 
apy has been íound to decrease bone mineral d( nsity 
(BMD) in postmenopausal vvomen vvith early breast can- 
cer.,J  In One study, the decrease in BMD was seen v ith in  
6 months of svvitching therapy bom  tamoxiíen, anc was 
signiRcant at the lumbar spine and hip.2 In a Scandin 1 ViaII 
study, BMD loss with exemestane compared with pli cebo 
was modest from the femoral neck, and not signibc; nt at 
the lumbar spine;1 hovvever, it was noted that the ch. nges 
in the placebo group were greater than expected, po sibly 
due to the lack of calcium and vitamin D supplem :nta- 
tìon, and that there is a high inddence o{ hip ừ a a t r e  in 
Scandinavia. Patients starting exemestane therapy sl.ould 
be assessed for baseline BMD;1 w hile those with nc rmal 
BMD are considered to not need íurther assessnent 
beyond liíestyle advice, those with osteopenia should ha ve 
their BMD monitored. and therapeutic interventions ] nade 
as appropriate.3

See also Ellects on the Musculoskeletal System, í  nder 
Anastrozole, p. 743.1.
1. Lonnỉng PE. tí  ai. EUects of exemestane admỉnỉỉtered íor 2 yran 'enus 

pỉacebo on bone mỉneral dcnsỉtv, bo ne biomarkers. and plasma litids in 
padents wỉth surgỉcaỉỉy resected earìy breast cascer. J  Cỉm ồncm 2005; 
23:5126-37.

2. CoỉeinaD RE. tí al. Skdetai eĩỉects of exemestane on bone-rr ineraỉ 
demỉty. bone bỉomarken. and bactiưe inddence ỉn postmeno tausal 
women wìxh eariy breast cancer panicipatỉng ỉn the Intel ĩroup 
Exemesỉane Siudy (IES): a randomised controlled study. Lanaỉ Orưol 
2007; 8: 119-27.

Porphyria. The Drug Database for Acute Porphyria, < om- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, classiĩies exem estan: as 
possibly potphyrinogenic it should be used only whe 1 no 
safer altem ative is available and precautions shoul I be 
considercđ in vulnerable patients.1

1. The Drag Database íor Acute Porphyria. Available at: htip:// AVW 
drugs-porphyria.org (accessed 05/09/1 i )

Inìeractỉons
The metabolism of exemestane ỉs mediated by the 
cytochrome P450 isoenzyme CYP3A4. Rưampidn, a pc tent 
inducer of CYP isoenzymes, can decrcase plaim a 
concentrations of exemestane. Use with other đrugs that 
induce this isoenzyme may reduce the eííicaọ  of 
exemestane; dose adjustments are recommended in t lese 
patients (see Uses and Administratíon, above). Exemes ane 
should alsobe used cautiously with drugs that are substr ates 
for CYP3A4 and that have a narrovv therapeutic iri lex. 
Signưicant eỡects on exemestane elearance by cytocbr ime 
P450 isoenzyme inhibitors are considered unliáirly. 
Exemestane should not be given with oestrogen-contai: ling 
drugs as these vvould negate its pharmacologỉcal actỉon

Pharmacokinetícs
Exemestane is rapidly absorbed bom  the gastrointest nal 
trac t Its bioavaỉlabiỉity is limited by hrst-pass m etabol sm, 
but is increased vvhen taken vvith ỉood. Exemestan: is 
vvidely distributed, and is 90% bound to plasma proteĨE!. It 
is metabolised Via oxidatỉon by the cytochrome f  150 
isoenzyme CYP3A4, and via reduction by aldoketorec uc- 
tase. Metabolites are excreted in the urine and laeces, ỉnd 
less than 1 % of a dose is excreted unchanged in the ur ne. 
Exemestane has a terminal elimination haư-life of abou: 24 
hours.

All cross-relerences reíer to entries in Volume A



Exemestane/Floxuridine 793

Preparations
Propríeiary Preparatiora (details are given in Volume B)
Sngle-ingredient Praparaiions. Arg.: Aromasin; Noxetol; Aus- 
traL: Aromasin; Austria: Aromasin; Belg.: Aromasin; Braz.: 
Aromasin; Canad.: Aromasin; Chile: Aromasin; China: Ao Qi 
ịM$í); Axomasin (P lìĩSr); Ke Yi (ộĩtỀ); Ru Su Mei (ín-SII); 
Su Lai (35SI); Yi Si Tan (flc#?fi); You Ke Yi (í£ãjf£); Cz.: Aro- 
masin; Astexana; Exestea; Funamel; Greca; Mexinat; Netamise; 
Sarivanil; Denm.: Aremedan; Aromasin; Exemasta; Glandex; 
Memelint; Nosteron+; Fin.: Aromasin; Xemestan; Fr.; Aroraa- 
sine; Ger.: Aromasin; Exemed; Exemedac; Exestan; Gr.: Aro- 
masin; Hong Kong: Aromasin; Hung.: Aromasin; Exemin; Mex- 
ezon; ỉndon.: Aromasin; IrL: Aromasin; Israel: Aromasin; ItaL: 
Aromasta; Exegen; Piextane; Malaysia: Aromasín; Mex.: Aro- 
masin; Neth.: Aromasin; Exanidon; Exemedica; Exeregio; 
Memelint; Nateran: Norw.: Aromasin; JVZ; Aromasin; Exac- 
cord; Mestane; Phữipp.: Aromasin; PoL: Aromasin; Nosteron; 
Port.: Aromasin; Rus.: Aromaỉin (ApoMa3HH); Aromeston 
(ApoMecroH); S.A/r.: Aromasin; singapore: Aromasin; Spain: 
Aromasil; Gepex; Swed.: Aromasin; Switz.: Aromasin; Thai.: 
Aromasin; Turk.: Aromasta; UK: Aromasin; Ukr.: Arornasứi 
(ApoMa3HH); USA: Aromasin; Venez.: Aromasin.

Exisulind ÍHNNỊ

• Exisũlindumr FGN-1; Sulíona de sulindac; Sulindac Sulíone; 
3KCM cynnHfl.

5-Fluoro-2-m ethyl-l-[(2)-p-(m ethylsulfonyl)benzylidene] 
■inderie-3-acetic acid.
;Cx,H,7F04S=372.4 
CAS — 59973-80-7. .
UNII —  K619IIG2R9.

NOTE. The names Aptosyn and Prevatec have been used as 
trade marks for exisulind.

Prọfi‘/e
Exisulind is a sulỉone metabolite of sulindac (p. 134.2) that 
is reported to  induce apoptosis in cancerous and 
precancerous cells. It has been studied for the ưeatm ent of 
íamilial adenomatous polyposis, with varìable results. It is 
also being investigated for the prevention and treatment of 
malignant neoplasms, induding those of the breast, 
prostate, and lung.
Reíerences.

1. Goiuboíl ET. Exỉsuỉỉnd, a selective apoptotic aniỉneoplastỉc đrug. Expert 
Opin ỉnvtst Drugs 2001; 10: 1875-82.

2. Websier ws, Lcibovĩch BC. Exỉỉulỉnd ỉn the ưeatroem oỉ prostate 
cancer. Exptrt Rev Antkancer Thtr 2005; 5: 957-82.

3. Arber N, tí ai. Sporadỉc adenomacous poỉyp regression wlth exisullnd is 
effective but toxic a randomỉsed, doubie bUnd, placebo controlled, dose- 
response study. Gut 2006; 55: 367-73.

Exatiostat HydrochloHde IUSAN, riNNMi

Ézatiostat, Chlorhydrate, d'; Ezatiostatl Hydrochlorịdum; 
Hidrocloruro de ezatiostat; TER-199; TLK-i 99; BMTMOcraTạ 
ruupoxnopMA.
Ethyl;(2/?)-[(45)-4-amino-5-ethoxy-5-oxopentanoyl]-S-benzyl- 
L-cysteinyl-2-phenylglycinate hydrochloride. 
C27H35N j06S,HCi=566.1 :
( ^ ^ 2 8 6 9 4 2 - 9 7 - ữ ■: 
um  —  D59N834676.

NOTE. The name Telỉntra has been used as a trade mark for 
ezatíostat.

Pro/iV e

Ezatiostat hydrochloríde is an inhibitor of glutathione S- 
transíerase Pl-1. Itis under investigation in the treatment of 
myelodysplastic syndrome and has been granted orphan 
drug status in the USA. Ezatiostat has been given orally and 
intravenously. Adverse effects following oral use have 
induded nausea, diarrhoea, vomitỉng; chills, back pain, and 
tlushing were seen íollovving intravenous use. Ezatiostat has 
also been tavestigated in the treatment of idiopathic chronic 
neutropenia.
Reíerences.

1. Quddus F, tí at. Oral ezatỉostat HCI (TLK199) and myelodysplastỉc 
syndrome: a case report of sustaỉned hematologỉc response folỉowỉng an 
abbreviated exposure. J Hematoi Onal 2010; 3: 16.

2. Raza A, et al. A phase 2 randomized muỉticenter study of 2 extended 
dosing schedules ol orai exatỉostat In lovv to intermedlate-I risk 
myelodysplastic syndrome. Gmcrr20l2; 118: 2138-47.

3. Lyons RM, tí ai. òral ezatỉosut HC1 (Telintra, TLKỈ99) and ỉdỉopathic 
chronỉc neuữopenỉa (ICN); a case report of complete responsê of a 
patỉent vvỉth G-CSF resistant ICN fotlowing treatment with âatỉostat, a 
glutathione S*ưansferase Pl-1 (GSTPi-1) ỉnhibitor. J Hematoỉ Oneol 
2011; 4:43.

Fadrozole Hydrochloride IUSAN, riNNMỊ ®  

CGS-16949 (fadrozole); CGS-16949Á; Fadro2ol, hidrodoruro 
.de; Fadrozole, Chlorhydratẹ de; Fadrọzoli Hydrochloriduni; 
Hidrodoruro de fadrozol; ®aflp030iia rKflpoxnopufl.

(±)-p-(5,6,7.8-Tetrahydroimidazo[l5-o]pyridin-5-yl)benzoni-
trilemonotíydrochloride.
CMH,jNiHa=2S9.7
045 —  102676-47-1 (fadrozole); 102676-96-0 (fadrozole 
hydmchloride).
UNII — H0Q44H4ECQ.

Profile
FadrozoIe hydrochloride is a selective nonsteroidal inhibitor 
of the aromatase (oesưogen synthetase) System, sũnilar to 
anastrozole (p. 742.1). It has bẽen used ỉor the treatm ent of 
brcast cancer.
Reíerences.

1. Buzdar AU, tí ai. FadrozoleHQ (CGS-I6949A) versus megestroỉ acetate 
ưeatmem oỉ postmenopausal patỉents with metastatìc breast cardnoma: 
resuỉts of two randomized double blind controlỉed multiỉnstìtutional 
trials. Cancer 1996; 77: 2503-13.

2. Miỉler AA, tí  aL Fadrozoỉe hydrochloride ỉn postmenopausal patíents 
vvíth metastatic breast cardnoma. Caneer 1996; 78: 789-93.

3. Palkson c t  Falkson HC. A randomỉsed study of CGS Ỉ6949A (fadrozoỉe) 
versus tamoxỉíen ỉn previouỉly untreated postmenopausaỉ patỉents wỉth 
metastatìc breast cancer. Am Oncol 1996; 7:465-9.

4. Thurlỉmann B. tí ai. Hrst-Une ỉadrozoỉe HCỈ (CGS Ỉ6949A) versus 
tamoxiỉen ỉn postmenopausal women vvith advanced breast cancer 
prospectíve randomỉsed triaỉ of the Svviss Group for riinìral Cancer 
kesâưch SAKK 20/88. Ann Oncol 1996; 7: 471-9.

5. Tominaga T, ứ aỉ. Doubỉe*bllnd randomised triaỉ coraparing the 
non-steroidal aromatase ỉnhibitors ỉetrozole and fadrozole in 
postmenopausaỉ women wiih advanced breast cancer. Am Oncol 2003; 
14: 62-70.

Preparatíons
Proprietary Preparations (details are given in Volume B) 

Sỉngle-ingredtent PreparaEons. Jpn: Aiema.

F a rle tu z u m a b  ỊUSAN, riNNỊ
Farletuzumabum; MỔRAb-003; ®ap/ieiy3ỳMa6.
C4S —  896723-44-7.
UNII — 2O09BG0OWA

ProỊilẹ
Farletuzumab is a humanised monoclonal antibody that 
binds to and blocks the íunction of ỉolate receptor alpha 
(FRA), a cell suríace protein that is over-expressed in 
ovarian and other cancers. Farletuzumab is under 
investigation for the treatment of ovarian cancer.
Reíerences.

1. spannuth WA, tí al. Faríetuzumab In epithellal ovarían cardnoma. 
Expert OpờI Biữl Thtr 2010; 10:431-7.

2. Konner JA. tí ai. FaHetuzumab. a humanỉzed monodonal antỉbody 
agaỉnst folate receptor a , in epitheỉial ovarỉan cancer a phase I study. 
ảm  Canar Ra 2010; 16: 5288-95.

.Fenretinide ỊUSAN, IÌNNI

FenretinÌda; Fenrếtịnlde; Periretinidúm; 4-HPR; 4-Hydroxy- 
phẹnylretịnạmidẹ, McN-R-1967; ®eHpeTMHMfl. 
a//-frany-4'-Hydroxyretinanilide 
CasH33N02=391.6,
G45 —  65646-68-6.
UNII — Ị87EJ7QEXL

ProẠVe

Fenretinide is a retlnoid derivative that is given orally and is 
being studied in the management of haematological 
malignandes such as lymphoma and solid malignancies 
such as brain and bone tumours, Etving's sarcoma, and 
breast, prostate, ovarian, and cervical cancer. For wamings 
and recommendatỉons regarding the saỊe prescribing, dispensỉng, 
and use oỊ oral antíneoplastic drugs, see Adminừtration. p. 732.3.

Fenretinide has also been tried in oral lichen planus and 
leucoplakia. It is also under investigation as an adjunct to 
antipsychotic treatm ent in schizophrenia, for atrophy m 
age-related macular degeneration, and for insulin resistance 
ta obese patients. It has been tried ta  the treatm ent of 
psoriasis, but vvas assoãated with unacceptable adverse 
eííects suđt as night bltadness and severe toxic erythema.

Fenrettaide has been studied for the treatm ent of breast 
cancer and cutaneous malignandes but eariy results were 
disappotattag and night blindness and mucocutaneous 
eííects have been assodated with this use.1 Fenretinide has 
been tavestigated for the prevention of breast catncer 
(p. 7Ó3.2), but a large randomiseđ study of secondary 
prevention ỉaỉled to show any beneũt.2 A follow-up of the 
same studyJ íound tha t patients receivtag ỉenrettaide had a 
lower taddence of ovarian cardnom a durtag the 5-year 
tteatment period, but that this apparently protective effect 
disappeared after ưeatment was stopped. Combinatìons of 
tamoxiten and íenxetìnide, given taterm ittentlỳ (for 
ưeatment or prevention), have been reported to be vvell

tolerated.*'4 Its acúons may be due to and-angiogeinc 
properties.7

1. Modiano MR, tí aL Phase n study of ỉenretỉnide (N-[4-hydroxyphenyI] 
retírumide) ỉn ađvanced breast cancer and meỉanoma. Invest New Drugs 
1990;8:317-19.

2. Veronesỉ u, tí aỉ. Randomỉzed tríal oi ỉenretỉnide to prevent second 
breast malỉgnancy in women with eariy breast cancer. JNatÌ Cancer Iittt 
1999; 91: 1847-56.

3. Đe Paỉo G, tí ai. Eổea oỉ íenretinide on ovarian rarcỉnnn)* occurrence. 
Gynecoỉ Onal 2002; 86: 24-7.

4. Cobleigh MA, tí ai. Phase I/n trỉaỉ oỉ tamoxưen wỉth or wlthout 
ỉenretmide, an anaỉog of viumỉn K  in women wỉth mciastatíc breast 
cancer. J ơin Oneoỉ 1993; 11: 474-7.

5. Conley B, tí ai. Pilot tiiaỉ of tbe saỉety, tolerability, and retỉnoid leveb of 
N-(4-hydroxyphenyi) rednamlde ỉn combinatỉon wtth tamoxỉỉen in 
patíents at bỉgh rísk for developing ỉnvasỉve breast cancer. J ơin Oncol 
2000; 18: 27^-83.

6. Guenierỉ-Gonzaga A. tí ai. Prelỉminary results on saỉety and actỉvity oỉ a 
randooiized, double-blind, 2 x 2  trỉaỉ of Iow-dose tamoxỉíen and 
lenretỉnide ỉor breast cancer prevenúon ỉn premenopausaỉ women. /  
Cỉin Ortcol 2006; 24: 129-35.

7. Sogno L t í  ai. And-angiogenic properties of chemopreventlve drugs: 
{enreùnide as a prototype. Reeent Rauỉts Cancer Ra 2009; 181: 71-6.

Floxuridine IUSAN, HNNI

Floxurĩdina; Floxuridinum; 5-F!uorouracil Đeoxyriboside; 
FUDR; NSC-27640; WR-138720; ®/iỌKcypi/iflMH. ■ - . ■ 
2'-Deoxỵ-5-Ạuorouridine; ■ 5-Fluoro-2,-deoxyuridìne; 1-(2- 
Deoxy-3-o-ríbọfuranosyl)j 5;fluoropyrimidĩne-2,4(lH,3H)- 
dioné.
C,H„FN2Os=246.2
CAS —  50-91-9. ‘
u m  —  039LU44I5M.

Pharmacopoeias. In u s .

USP 36: (Floxuridtae). Store ta airtight containers at a 
temperature of 25 degrees, excursions permitted between 
15 degrees and 30 degrees. Proted ừom  lighL

Uses and Adminỉstratìon
Floxuridine is an aRtineoplástic which acts as an 
antimetabolite, either by conversion to fluorouradl (after 
rapid inịection), or, w hen given by slow tatra-aiterial 
iníusion, partly Via Aoxuridtae monophosphate (F-dUMF), 
which produces greater inhlbitíon of DNA synthesis.

Floxuridtae is used in the palliative Deatment of hepatic 
metastases of colorectal cancẽr (p. 706.3). It has been tried 
in some other solid neoplasms. Doses of 100 to 
600 micrograms/kg daily arc given by conttauous hepatic 
arterial intasion, usually with the aid oi an tatasion pump, 
until toxidty occurs.

White cell and platelet counts should be carried out 
regularly durtag therapy and ưeatm ent should be stopped ư 
the vvhite cell count íalls rapidly or u  the vvhite cell or 
platelet count íalls belovv accẽptable levels (see also Bone- 
marrow Depression, p. 730.3), or ư major adverse eífects 
occur.
Reíerences.

ỉ . Fordy c  tí aỉ. Hepatic arterỉal Ooxurídine as second-Iine ưeatment for 
systemic ũuorouradl-resisunt coỉorectaỉ ỉiver metastases. Br J Cancer 
1998; 78: 1058-60.

2. Kemeny N, tí ai. Hepatỉc arteriaỉ inhisỉon of cheraotherapy after 
resectỉon of hepatỉc metastases Ếrora eoỉorectaỉ cancer. N Engl J Mid 
1999;341:2039-48.

3. Lorerư M. MulỉerHH. Randomixed, multỉcemer trỉaỉ of ũuorouradỉ plus 
ỉeucovorín administered eỉther vỉa hepatỉc arterỉal or ỉntravenous 
ỉnỉusion vereus Auorodeoxyurỉdỉne adminỉỉtered vỉa hepatỉc arterỉaỉ 
Inhidon in padents vvith nonresectable lỉver metastases {rom colorectal 
carònoma. J ơin Onaỉ 2000; 18: 243-54.

4. Rorcntini G. tí aỉ. Locoregỉonaỉ therapy íor lỉver roetastases hom 
colorectal cancer. the possỉbilities oí imraaneríal chemotherapy, and 
new hepatìc-directed modaỉitíes. Hepatogastroenterology 2001; 48: 305- 
12.

5. Kemeny NE. Gonen M. Hepatic arterỉal iníusion after ỉivcr resectỉon. N  
Engl J Meà 2005; 352: 734-5.

6. Pnwer DG. Kemeny NE. The rule of Aoxurídine in metastatỉc tiver 
disease. Moi Canar iher 2009; 8: 1015-25

Adverse Effects, Treatment, and Precautíons
As for Fluorouracil, p. 797.1. Adverse reactions aíter tatra- 
arterial taíusion often indude local reactions, thromboem- 
bolic complications, and iníection or bleedtag at the catheter 
site, or blockage of the catheter. Erythema, stomatitis, and 
gastrointestinal dísturbances are relatively common. There 
have also been signs ol liver dysỉunction.

Effecb on the liver. Serious biliary toxidty has been 
reported ta over halí of all patíents receivtag hepatic arte- 
lial irứụsions of Qoxuridine, usually maniíesting as sderos- 
tag cholangitis or acalculous cholecystítis;1 as a result 
some surgeons routtaely remove the gallbiadder a t the 
time ol intusion pump implantation.2 Extrahepatỉc bỉliary 
stenosis vvith jaundice and cholestasis has also been 
described;1 the authors suggest that this could lead to 
tatrahepatic biliary damage bom bile stasis and taỉectìon, 
recuirent cholangitís, and biliary sderosis. Floxuridine 
taỉusions have also been assodated with a case of ỉatal 
Progressive drrhosis of the liver in  the absence of overt 
cholestasis.4 Pseudoaneurysms of the hepatic artery, lead-

The Symbol ®  denotes a substance vvhose use may be restriaed ta certain sports (see p. viii)The Symbol t  denotes a preparation no longer actively marketed



794 Antineoplastics

ing to serious retroperitoneal or gastrolntestinal bleeding, 
have also been described.5

1. sherìock 5. The spectrum of hepatotoxỉdty due to drugs. Lancet 19S6; II: 
440-4. .

2. Anonymous. An ỉmplamed inỉusiOD pump ỉor chcmotherapy oỉ liver 
metastues. Mtắ Ltít DntỊt Ther 1984; 26: 89-90.

3. Aldiỉghetd L, tí al. Extnhepatic bÌBary stenoses aíter hepadc arteriaỉ 
infusion (HAI) of Soxuridỉxie (FUdR) ỉor Uver metastases from colorectal 
cancer. Hepầtoỹastroentrrology 2001; 48: 1302-7.

4. Petuvel J. tí ai. F»ul ỉiver drrhosis assodited with long-term anerial 
inỉuỉỉon of OoxurỉđlĐe. Lanat 19B6; li: 1162-3.

5. Samaras p. tí  ai. Hemorrbage assocỉated wỉth hepacic artery 
pseudoaneurysms aher regỉonal chemothenpy with ỉỉoxurỉđỉne: ca sê 
repoit ỉnt Stmin Sury Oneol 2008; 5:17.

Interactìons
As for FIuorouradl p. 797.3.

Pharmacokinetics
Floxuridine is poorly absorbed from the gasưointestinal 
tract and it ìs usually given by injection. Floxuridine is 
metabolised mainly in the liver to Huorouradl after rapid 
injection. w hen  given by slow intra-arterial inlusion, more 
of the drug is metabolised to Qoxuridine monophosphate (F- 
dUMP). It is excreted as carbon dioxide vía the lungs; some 
is excreted, as unchanged drug and metabolites, in urine. 
Floxurìdine crosses the blood-brain barrier to some extern 
and is íound ìn CSF.

Preparatìons
Proprietary Preparationỉ (details are given in Volume B)

Single-tngredient Preparationv Gr.: FUDR; T u r k Floxudem; 
USA: FUDRf.

Pharmocopoeiol Preporotions
USP 36: Floxuridine for Injection.

Fíudarabine Phosphate
IBAN, USAN, riNNMI
2-F-ara-AMP; Fludarabiinifosfaatti; Fludarabin Fosfat’ Fludar- 
abina, fosfato de; Fludarabine Monophosphate; Fludarabine, 
phosphate. d‘e; -Fludarabinfòsfat;. Fludarabin-fosfảt Fludar- 
abinĩ Phosphas; Fludarabino fbsfatas; Fludarábinphosphat; 2- 
F!uoro-ara-AMP; Fosfato de íludarabina; NSC-312887; 
®nyflápaỗMHa (PoctịaT.
9-(ì-Ọ;ArabĩnofuranosyF2-fluoroadenine S'-dihydrogenpho- 
sphate.
C,0H,3FNsO7P=365.2 -
CAS .—  21679-14-1 - (Audorabine); 75607-67-9 (tìudarabine
phosphate). .............
ATC —  L01BB05.
ATC Vet —  QL01BB05.
UNII —  ỊX9VK901SC

NOTE. The name PluCam has been used ỉor a regũnen oí 
Dudarabine with alemtuzumab. Dìstinguish from Flucam, 
which is a proprietary name for ampiroxicam (p. 21.1). 
Pbarmacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8: (Fỉudarabine Phosphate). A vvhite or almost 
vvhite, hygroscopic, aystalline pơvvder. Slightly soluble in 
water; very slightly soluble in dehydrated alcohol; freely 
soluble in  dimethyUormamide. Store in airtight containers 
at a temperature of 2 degrees to 8 degrees. Protect írom 
lighL
USP 36: (Pludarabine Phosphate). A white to off-white, 
hygroscopic, crystalline powder. slightly soluble in vvater 
and in  0.1M hydrochloric addb practìcally insoluble in 
dehydrated alcohol; freely soluble in dimethyUormamide. 
Store at 2 degrees to 8 degrees. Protect from light.

Uses and Administration
Pludarabine phosphate is a Đuorinated nudeotide analogue 
of the antivữal vidarabine (p. 1023.1); it is a purine 
analogue that acts as an antimetabollte andneoplastic to 
inhibit DNA synthesis. Fludarabine is used for the ớeatm ent 
of B-cell chronic lymphocytic leukaemia (p. 693.3). 
FIudarabine phosphate is given intravenously or orally. 
Fot wamings and recommendatìom regarding the safe prescribing. 
dừpertsừig, and use of oral antintoplastic drugs, sẽe Adminừữá- 
tion, p. 7323. For intravenous use, ũudarabine phosphate is 
either given by bolus injection, usually in lÔmL sodium 
chloride 0.9%, or by inỉusion over 30 minutes, usually in 
100 mL sodium chloride 0.9%. The usual intravenouí dose is 
25 mg/m2 daily íor 5 consecutive days. Altematively it may 
be given orally in a dose of 40 mg/m2 daily lor 5 consecutive 
days. Courses may be repeated e very 28 days, usually for up 
to 6 cydes.

Haematological hmction should be monitored regularly; 
the dosage may need to be reduced. or further coursés 
delayed, ư blood counts Indicate severe or persistent 
myelosuppression (see Administration in Subsequent

Cydes, below). Doses should be reduced in  renal 
impaỉiment (see below).
General reĩerences.

1. Adkins JC. tí a l Hudarabine: an update oỉ its pharmacoỉogy and use ỉn 
the treaonent oíhaematoỉogỉcal maỉignandeỉ. Drugs 1997; 53:1005-37.

2. Plosker GL Figgía DP. Oral ũudarabìne. ữrup 2003; 63:2317-23.

Adminiỉtration ỉn ihe eiderly. us licensed product iníor- 
matíon States that patients of advanced age are predis- 
posed to increased toxidty ữom  Hudarabine, and that 
such patients should be monitored dosely, and the dose 
modiQed accordỉngly. UK licensed product iníormation 
States that data are limited íor patĩems over the age of 75 
yeais; in patients over the age of 65 years, creatinine 
dearance (CC) should be measured and patients treated 
accordingly, see Adminisơation in Renal Impairment 
below.

A review1 stated that Audarabine may be used saíely and 
effectively in older patients, but that supportive measures 
were im ponant. Response rates tend to  be lower in older 
patients, and dose reductions are recommended In the 
setting of reduced cc in an eííort to minimise treatment- 
related toxidty.

1. Lỉchtman SM. tí (ĩl. International Society of Geriatric Onculogy 
Chemotherapy Taskíorce: evaluation ot chemotherapy in older 
patìents—an analysis o! the medical liierature. J CUn Oncaỉ 2007; 25: 
1832-43.

Administralion in renal impairment. us licensed product 
inlormation for intravenous Audarabine recommends that 
patients vvith moderate renal impairment, defined as creat- 
inine dearance (CC) of 30 to 70mL/min per 1.73m2 
should have a 20% đose reduction of Audarabine. Fludar- 
abine should not be given to those with severe renal 
impairment (CC less than 30mL/min per 1.73 m2).

UK licensed produa intormatìon for inơavenous and 
oral íludarabine States that for those patients with a cc oỉ 
betvveen 30 and 70mL/min, the dose should be reduced by 
up to 50% and dose haematological monỉtoring used to 
assess toxidty; the dnjg is conưa-indicated in those vvlth cc 
less than 30mL/min.

Adminislralion in subsequent cycles. us liccnsed p rodua 
inỉormation for intravenous Hudarabine States that the dose 
may need to be decreased or ơeatm ent delayed based on 
haematological or non-haematological toxỉdty; if neuro- 
toxidty occurs, therapy may need to be delayed, or 
stopped.

UK licensed product iníonnatíon for oraĩ íludarabine 
States that if cell numbers are too low at the start of a 
subsequent cyde and there is evidence of treatment-related 
myelosuppression, the planned ưeatment cyde should be 
postponed until the granulocyte coun t is above 
1000cells/m m 3 and the  p la te le t c o u n t is above 
100000cells/mm3. Treatment should only be postponed 
up to a maximum of 2 tveeks; if the counts have not 
recovered aíter 2 weeks, the daily dose oí ũudarabine 
phosphate should be reduced accordingly to the íollovving:
• gránulocytes 500 to 1000cells/mm3 and/or platelets 

50000 to 100 000cells/mm3: 30mg/m2
• granulocytes less than 500 cells/mm3 and/or platelets less 

than 50 000 cells/mm3: 20 mg/m2
The dose is not reduced ư thrombocytopcnia is disease 
related. u  the patìent does not respond to treatment after 2 
cydes and shovvs little or no haematological toxidty, the 
dose may be increased cautiously ÚI subsequent cydes.

Malignant neoplasms. Fludarabine is the preỉened sec- 
ond-line therapy for chronic lymphocytic leukaemia once 
ínitial alkylating agent therapy fails,‘ and may also be 
used for initial therapy (see p. 693.3). It has also been 
tried in other malignandes. Listed below are some refer- 
ences to the use of Audarabine phosphate íor the ơeat- 
ment of chronic lymphocytic leukaemia,2"4 and its poten- 
tìal activity against a variety of other malignandes, 
induding indolent low-grade non-Hodgkin's lymphoma5'6 
(p. 696.3), mycosis hmgoides,7 heavy Chain disease,' pro- 
lymphocytic leukaemia,,1 ° hairy cell leukaemia,11 and 
Waldensưbm’s maCTOglobulinaemia.12'14

1. N1CE. Guidance on lhc uscoí ũudarabĨDe íorB-cell chronic lymphocytic 
leukaemia (issued September 2001). Avaiỉable aL hup://www.nice.org. 
uk/nicemedỉa/pdí/NỈCEÍiudarabME.29guidance.pdí (accessed 
31/07/08)

2. Zhu Q, tí ci. Fludarabine in comparỉson to aỉkylator-based regimen as 
ỉnductỉon therapy for chronic ỉymphocyiỉc leukemia: a systematic 
revỉew and meta-anaỉysỉs. Leuk Lymphoma 2004; 45: 2239-45.

3. Richards s. Fludarabine inaeases coraplete response but not survival 
compared vvith conventíonal alkylator-based regímens for previously 
unưeated chronic ỉymphocytic leukaemia. Cancrr Treat Rev 2005; 31: 
332-5.

4. Rỉcd F. tí aĩ. Fludarabỉne is the ưeataent oí chronic lymphocyiìc 
leukemia: a revỉew. ĩher ơin Rừk Manũg 2009; 5: 187-207.

5. Hỉddemann w , Pott-Hoeck c. Fludarabine in the management of 
malignant ỉymphomas. Drugs 1994; 47 (suppl 6); 50-6.

6. Anderson VR. Perry CM. Fludarabine: a revỉew of its use in 
non-Hodgldn'5 lymphoma. Drup 2007; 67: 1633-55.

7. Sorisbrick JJ. tí  a i A ưial oi ũudarabine and cycỉophosphamide 
combinaúon chemotherapy in the treatroent oỉ advanced reỉraaory 
prỉmary cuỉaneous T-cell ĩymphoma. Br J Dermatol 2001; 144: 1010-15.

8. Agravvaỉ s, t í  aL Fỉnt repon of Audarabine ỉn ganuna-heavy ch dn 
disease. Br J Haemaíol 1994; ĩ i :  653-5.

9. Sraíth OPr Mehu AB. Fỉudarabỉne monophosphate ỉor prolyinpboọ tic 
ỉeukaeraỉa. Iđnor 1990; 336:820.

10. Kantaijỉan HM tí ai. EỈBcacy of Audanbỉse, a new adenỉnc nudeos de 
analogue, ỉn patỉents wíth prolymphocytỉc ỉeukemia and I be 
proỉymphocytoỉd varỉant of dưonỉc lymphocytic ỉeukemỉa. Am 3 y tả  
1991; 9Ìfc 223-8.

1 ỉ. Kantaijlan HM. tí  ai. ttudarabỉne therapy ỉn haỉry ceU leukemỉa. Car TT 
1991; 67: 1291-3.

12. Dhodapkar MV, tí aí. Prognostỉc ỉactors and rcsponse to Qudarabi ne 
therapy in patỉents whh Waỉdenstrôm macroglobulỉnemia: results of 
United States ỉntergroup trỉaỉ (Southwest Oncology Group S9003). Bỉ od 
2001;98:41-8.

13. Leblond V, tí aì. Muỉticenter, randomized comparatỉve crial o( 
íludarabine and the combỉnatỉon oỉ cydophospharaide-doxorubỉc n- 
prednỉsone in 92 patíentỉ vvỉth Waỉdenstr&m macrogỉobuỉỉnemỉa in £ rst 
relapse or wỉth prìmary refractory dỉsease. Bỉooề 2001; 98: 2640-4.

14. Tedeschỉ A, tí aỉ. Fỉudarabine-based combinatỉon therapies or 
Waldenstrổm's macrogỉobulỉnemỉa. ơin Lynrphoma Mytĩoma 2009; 9i 
67-70.

Organ and tissue transplantaiion. FIudarabine is  C O I1- 
monly used in non-myeloablative or reduced-intensi :y 
conditioning regimens belore haematopoietic stem c 11 
transplantation (p. 1937.1).12 Fludarabine-based cont i- 
tioning appears to be most eữective in slovvly proỉiíerati ig 
malignandes, which give time for a graft-versus-leu c- 
aemia effect to develop. Ahhough toxicity is genera ly 
mild vvith Qudarabine, gralt-versus-host disease is still a 
signiGcant problem and the optimal conditioning regimrn 
remains to be determined.1

1. Carella AM. Trealmem ot hematologtcal malignancics with allogen ‘ic 
nonmyeloablatỉve stem ceU ưansplamaiỉon: conditioning regỉmens w ih 
íludarabine. Hcmatol J  2004; 5 (suppl 1): S68-S75.

2. Blaise D. tí al. Current statuỉ of reduced-intensity-condiùoni 3g 
aỉlogeneic stem ceỉỉ transplamation ĩor acute mycỉoid ỉeukem a. 
Haematologica 2007; 92: 533-4!.

Adverse Effects, Treatment, and Precautions
For general discussỉons see Antineoplastics, p. 726 1, 
p. 730.2, and p. 732.2

Bone-marrow suppression from Gudarabine is ve-y 
common and dose-limiting, manilesúng as neutropema, 
thrombocytopenia, and anaemia; the nadir of the vvhite 0-11 
and platelet counts usually occurs aỉter about 13 and 6 
days, respectively. Myelosuppression can be severe and 
cumulative; prolonged lymphopenia with concomitant ri ;k 
of opportunistic inlections may occur. Bone marrcvv 
hypoplasia or aplasia resulting in pancytopcnia m. y 
sometimes be fatal. Carelul haematological monitoring is 
required. Iníections can be severe and sometimes íat. 1; 
these indude opportunistic inlections and reactivations af 
latent viral iníectíons such as herpes zoster, Epstein-Barr 
virus, and JC virus (causing Progressive multiíocal 
leukoencephalopathy). Hepatitìs B has been reported; n  
hepatitis B virus carriers, aggravarion of hepatitís >r 
íulminant hepatitis can occur.

A uto-im m une disorders (including auto-im m ui e 
haemolytic anaemia, thrombocytopenic purpura, acquirr d 
haemophilia, and Evan's syndrome) have been reportel, 
and may be Iiíe-threatening or íatal. Patients should be 
monitored for signs of haemolysis and therapy stopped if it 
occurs. Use of Qudarabine should be avoided in patiems 
with decompensated haemolytic anaemia.

Peripheral neuropathy is common vvith Dudarabin:. 
Other neurologlcal dísturbances indude agitation, conf I- 
sion, visual disturbances, and seizures; high inưaveno IS 
doses of Oudarabine have been assodated with seve e 
neurological eHects, induding bllndness, coma, and d e a tl.

Other common adverse effects include lever, latigu 
chills, cough, weakness, malaise. anorexia, gastrointestin il 
disturbances, mucositỉs, stomatitis, oedema. and rashei. 
Less commonly, pulmonary toxidty (induding pulmona y 
Fibrosis, pneumonitis, and dyspnoea), gastrointestin li 
haemorrhage, and abnonnalities in hepatic or pancreat c 
enzymes can occur. Tumour lysis syndrome has betn  
reported, espedally in patients with large tum our burder s. 
Rarely reported eííects include heart lailure, arrhythmia 5. 
pemphigus, toxic epidermal necrolvsis, and Steven i- 
iohnson syndrome. Cerebral haemõrrhage, pulm ona y 
haemorrhage, and haemorrhagic cystitis can occur.

Exacerbation oỉ existing skán cancer lesions as well :S 
new onset of skin cancer has been reported in son e 
patients. Transỉusion-assodated grah-versus-host disea e 
has been seen after ttansỉusion of non-inradiated blood n 
patiems treated with íludarabine. and íatatlitíes ha' e 
occurred; patients should only receive iưadiated blood.

Dosage should be reduced in renal impairment ịste  
above).

Carcinogenicity. A study in patients with chronic lymph< 
cytic leukaemia who were treated with Sudarabine íour d 
that there was no signiGcantly increased risk of secondaỉ y 
malignancy aíter therapy, despite the Lmmunosuppressi' e 
properties of this drug.1 A revievv2 of this and other studii 'S 
conduded that no signiỉicant increase in the risk of se 
ondary malignancy had been shovvn, but also that lon,;-

All cross-reíerences refer to entries in Volume A
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term follow-up oi patients treated with Đudarabine was 
needed.

1. Cbeson BD, tí a i Sccond malignancỉes as a coDsequence oí nudeoside 
anaỉog therapy ỉor chronic lymphoỉd ỉeukaexnias. J ơin Oncoỉ 1999; 17: 
2454-60.

2. Van Den Nestc E. tí ai. Seconđ prỉmary tumors and inunune phcnomena 
aftcr Audarabine or 2-chỉoro-2f-deoxyadeno$ine tteatmenL Leuk 
lymphoma 2001; 40: 541-50.

Effeds on the eyes. See EHects on the Nervous System, 
belovv.

Effects on the lungs. Pulmonary toxidty maniíest as dys- 
pnoea, tever, hypoxaemia, and radiographic evidence of 
intersdtial and alveolar inRltrates was diagnosed in 9 
patients of a cohort of 105 treated vvith Hudarabine.1 Lung 
biopsies were pertoimed in 6 patients and showed diỉỉuse 
chronic interstitial inũammation and Đbrosis. Patìents with 
chronic lymphocytic leukaemỉa appeared to be at greater 
risk oỉ developing this complication than those with 
non-Hodgkin's lymphoma.

1. Heỉman DU tí aỉ. Fludarabine-related pulmonary toxidty: a dỉscinct 
dỉnỉcaỉ enticy in dưonỉc lymphoproiưerativt syndromes. Chat 2002; 
122:785-90.

Effects on the nervouỉ System. High doses (of the order oi 
100mg/m2 daily intravénously) õf Qudarabine are asso- 
dateđ with severe, iưe-threatening neurotoxidty. How- 
ever, a  few cases of Progressive multUocal leukoencepha- 
lopathy have also been reported in patients given 
Qudarabine in usuaL doses.1"* The prolonged immunosup- 
pression caused by ũudarabine QŨght increase the risk oỉ 
developing this fatal demyelinating disease, which is 
caused by opponunistic JC virus inỉection. Ocular toxidty, 
indudỉng irreversible loss ot Vision, has also been reported 
occasionalỉy, induding w ith Iow-dose regúnens.5

1. Zabernỉgg À. et al. Late-onsct ỉataỉ neurological toxidty of ữudarabine. 
Lancet 1994; 544:1780.

2. Gonzaỉez H, et aỉ. Progressive muỉtỉỉocaỉ leukoencephaỉỉtís (PML) in 
three patỉents treateđ with standard-dose Sudarabine (FAMP). Hematol 
Ceữ Ther 1999; 41:183-6.

3. Cỉd J, tí a i Progressive multiíocal leukoencephalopathy ỉòũowing oral 
Qudarabỉne ữeaunent of chronỉc lympbocytic ỉeukemỉa. Am Hcmatoỉ 
2000; 79: 392-5.

4. Vỉdarsson B. í t  a i. Progressive muỉtỉfocaJ kukoencepbaỉopathy after 
ũudarabine therapy ỉor lovv-grade lymphoprolỉíeradve dỉsease. Am J 
ttematol 2002; 70: 51-4.

5. Ding X, tí ai. Ocular toxỉdty of ũudarablne: a puiỉne analog. Expert Rev. 
Ophthalmol 2008; 3: 97-109.

Graft-versus-host d isease. Transfuỉion-assodated graft- 
veisus-host disease has been reported when blood Pro
ducts were used in patients treated with tludarabine.1 Flu- 
darabine-ưeated patíents should receive irradiated red 
cells and platelets (to inactivate any viable T-cells) u  they 
require a transíusion.

1. WỈUiamson LM. tí aỉ. Fỉudarablne treatmem and Ỉransỉusỉon-assodated 
grah-versus-host dỉsease. Lanctí 1996; 348: 472-3.

Intedion. A revievv1 oí patients treated with ũudarabine- 
containing regimens shovved tha t therapy vvas assodated 
vvith serious iníections induding listeriosis, pneumocystis 
pneumonia. mycobacterìal iníections, and opportunistìc 
íungal and viral inlections. The risk was exacerbated by 
previous or current corácosteroid therapy. Prophylactìc 
therapy with co-trimoxazole, triazole antiíungals, addo- 
vir, and colony-stimuỉating ỉactors was recommended in 
at-risk patìents. A high inddence of herpesvirus infectíons 
was also tound in another revievv* of patients treated with 
tludarabine. Combination therapy using chlorambudl and 
ũudarabine resulted in more iníections than when either 
was ũsed alone,’ but single-agent tludarabine was asso- 
dated with more major iníections arid herpesvirus ìntec- 
tions than chlorambucil alone. The trequency of serious 
inlection has also been reported4 to be ĩncreased in 
patients after their conditions became refractory to Đudar- 
abine and they tvere being treated with conventional 
chemotherapy.

For reports of Progressive multííocal leukoencephalo- 
pathy caused by opportunistic JC virus iníection in patients 
receiving Qudarabine, seẹ Eííects on the Nervous System, 
above.

1. Aiuỉsste EJ. tí ai. Inícctỉons in patỉcnts with chronỉc lymphocytỉc 
leukemia treateđ vvith Quđarabine. A m  btíem Med 1998; 129: 559-66.

2. Byrd JC. tí đi. Herpes vừus ỉnỉecdons occur ừequently ỉoỉkmỉng 
ưeatment with QudarabUie: resuỉts oỉ a prospectíve natural hlstory 
study. Br J Haematol 1999; 109: 445-7.

3. Monison VA. tí aỉ. Impact of therapy wiih chlotambudl Oudarabine. or 
Audaxabine pỉus chlorambudỉ on inỉections ỉn padents wỉỉh cbrorúc 
lymphocytic leukemỉa: Intergroup Study Cancer and Leukemỉa Group B 
9011. J àin Oneoỉ 2001; 19: 3611-21.

4. Perkins JG, tí ai. Frequency and cype of serỉous inỉectỉons in ũudarabine- 
rdractory B-eell dưonỉc lymphocytic ỉeukemla and smaỉl ỉymphocytỉc 
lymphoma: implỉcatíons íor dỉnỉcaỉ trỉals ỉn thỉs patỉent populatìon. 
Canar 2002; 94: 2033-9.

Porphyria. The Drug Database for Acute Potphyria, com- 
piled by the Norvvegian Porphyria Cenưe (NAPOS) and 
the Porphyria Centre Sweden, dassiũes Dudarabine as

probably not porphyrinogenic; it may be used as a drug of 
first choice and no precautions are needed.1

ỉ. The Drug Database ỉor Acute Porphyria. Avaỉlable at: http://www. 
drugs-pMphyria.org (accessed 29/09/1 ỉ )

Psoriasis. Although inddental resolution of psoríatic 
lesions has been reportedu  in a íew  patíents being ơeated 
vvith ũudarabine, there is also a report} of a patient with 
hilminant exaceibation of psoriatic plaques and general- 
ised erythroderma after starting ũudarabine therapy. 
Symptoms resolved on stopping the drug and treatm ent 
w ith corticosteroids, emollients, and photothetapy.

1. Karadỡịan L et ai. Resolutíon oỉ psorỉatic skỉn lesỉons wỉỉh Oudarabỉne. 
AmJMed 1999; 107: 300-1.

2. SmithOP, rra/. Fludarabineandpsoriads. N& y/iAírt/1994; 330:1540- 
i;

3. Jordan J, tía l  Paradoxỉcaỉ exaceibatíon oỉ psorỉasis during therapy wỉth 
Qudarabine. Eur J Dermatoỉ 2008; 18: 365-6.

Interactions
Increased pulmonary toxidty, sometũnes ỉataỉ, has been 
reported in patients given ũudarabine with pentostatin. 
Pretreatment vvith cytarabine may reduce the metabolic 
activation of Audarabine, but pretreatment with Qudarabine 
results ỉn  increased intracellular concentrations of 
cytarabine—see p. 775.3. The therapeutic efficacy of 
Sudarabine may also be reduced by dipyridamole and other 
inhibitors of adenosỉne uptake.

Amìnoglycosides. Severe ototoxidty occurred w hen a 
short course of gmtamidn vvas given to  a patíent who had 
recently completed a course of Qudarabine.1

1. 0'Brien RK. Sparltng TG. Gentaniidn and nudarabine oiotondty. AmI 
Phamũcother ] 995; 29: 200-1.

Corticosteroids. For a suggestíon tha t use oỉ Qudarabine 
with corticosteroids may increase the risk of iníectìon, see 
Iníection, above.

Pharmacokinetìcs
Intravenous ũudarabine phosphate is rapidly depho- 
sphorylated to Qudarabine w hich is taken up by 
lymphocytes and rephosphorylat.ed Via the enzyme 
deoxycytidine kinase to the active triphosphate nudeotide. 
Peak intracellular concentrations oỉ Qudarabine tripho- 
sphate occur about 4  hours after a dose. Fludarabine has a 
bioavailability of about 50 to 65% after oral doses of the 
phosphate.

Clearance of ũudarabine ừom the plasma is triphasic 
with a terminal haỉf-Ufe of about 20 hõurs. Elimination is 
mostiy Via renal excretion: 40 to 60% ot an intravenous 
dose is excreted in the urine. The pharmacokinetics of 
Oudarabine show considerable interỉnđividuaỉ variation. 
Reíerences.

1. iohnson SA. Cỉỉnỉcaỉ pharmacokỉnetícs of nuđeosíde anaỉogues: ỉocus 
on haematologicaỉ maiỉgnandes. Qin Pharmacokintí 2000; 39: 5-26.

2. Gandhi V, Plunkett w . Cellular and dỉnical pharmacology of 
Đudarabine. ơừt Pharmacokùưt 2002; 41: 93-103.

3. ỉiditman SM. tí aỉ. The pharmaa^dnetics and pharmacodynamỉcs of 
ũudarabine phosphate in patíenỉs witb renal ỉmpaiiment: a prospective

* dose adjustmeiu stuđy. Cancer ủtvat 2002; 20: 904-13.
4. Ogawa Y. tí ai. Phase I and pharmacokỉnetỉc scudy oỉ oral Oudarabine 

phosphate in relapsed indoỉent B-ceỉl non-Hodgkin's lymphoma. Am  
Oneol 2006: 17: 330-3.

5. Salingcr DH. tí a l A lỉmited saroplỉng scheduỉe to estỉmate indỉvỉdual 
pharmaa>kỉnetỉc parameters of ãudarabỉne ỉn hematopoỉetỉc celỉ 
transplant patients. CUn CanctT Ra 2009; 19: 5280-7.

Preparatíons
PropHetaiy Preparations (details are given in Volume B)
Sngle-ingredient Preparotions. Arg.: Fludakebir; Pludara; Flura- 
dosa; Forclina; AustraL: Fludara; Austria: Fludara; NeoOubin: 
B e t g Fludara; Braz.:' Fludalibbs; Fludara; C a n a d Fludara; 
Chile. Fludara; chirta: Hudara (ỈSiẺiặ); Cz.: Fludara; Tazu- 
marat; Denm.: Fludara; Pin.: Fludara; Fr.: FIudara; Ger.: Bend- 
arabừi; Fludara; Neoũubint; Gr.: Hudara; Hotig Kong: Fludara; 
Hung.: FIudara; India: Fludabine; Fludacel; FIudara; Fludarin; 
Naprobin; Indon.: Fludara; IrL: Fludara; Israel: Fludara; ItaL: 
Fludara; Malaysia: Pludara; Mex.: Benetlun Fludaraf: Neth.: 
Fludara; Norw.: Fludara; NZ: Fludara; Phiỉipp.: Fludara; PoL: 
Fludalym; Fludara; PorL: Fludara; Rus.: Fludara (<DjiyAipa); FIu- 
garda ỰPnyrspgĩ); S.Afr.: Fludara; Singapore. Fludara; Spain: 
BeneQun SweíL: Hudara; Switz.: FIudaraf; Thai.: Pludara; 
Turk.: FIudara; Flumen; UK: Pludara; USA: Fludaraf; Otortaỷ; 
Venez.: Fludara.
Pharmocopoeial Preparotions
USP 36: Fludarabine Phospbate tor Injection; FIudarabine 
Phosphate Injection.

Fluorouracil (BAN, USAN, riNNI 
5-Fluorouracil; iPỊuorbùradlási • Fluoroụradle;::Fluor6uracilp;' 
FlOorouradlúhịr rBụoroụracyl;- pluorọuỴasiili; ?S-Flưorouraã't: 
Pluorourasil; Fluởrùrăciỉ;' 5-FU; :NSC-Ì9893; Ro-2-9757; ĨVVR- 
69596, OnyopoypaMMB. r ' r '  
.5-F!uorop^irniýinê-2,ặ(jjJỈ3H)-dione' " 
C4H3FN2Oz=130‘1 _ ^ ỉ v

ẸÁS — 51-21-8.
ẠTC — L01BC02.
Ắ tc  Vet —  QL01BC02.
UNII — U3P0I6I8RT.

Pharmocopoeias. In ơtừi., Eur. (see p. vii), ba., Jpn, and us. 
Ph. Eur. 8: (FIuorouradl). A whlte or almost white, 
crystalline powder. Sparingly soluble in vvater; slightly 
soluble in alcohol. A 1 % solutíon in water has a pH of 4.5 to 
5.0. Protea from light.
USP 36: (Fluorouradl). A white to practically white, 
practícally odourless, crystalline povvder. Sparỉngly solubỉe 
in waten slỉghtly soluble in alcohol; practìcalỉy insoluble in 
chloroỉorm and in ether. Store in airtight containeis. Protect 
bom  lighL

IncompaHbitily. Preparations of ũuorouradl are alkaline. 
and compatibility problems may bẽ expected with arìdic 
drugs and preparations, or those which are unstable ùa the 
presence of alkali. FIuorouradl is reported to be incompa- 
tlble with cytarabine,1 diazepam,2 doxorubidn2 (and pre- 
sumably other anthracyclines that are unstable at alkaline 
pH), and caldum  íolinate.3 Although Ouorouradl has been 
stated to be incompatible with methotrexate1 a study of 
the long-tenn stability o{ an admixture of the 2 drugs in 
sodium chloride 0.9% injection suggests othervvise.4

1. McRae MP, King JC. Compatíbillty cd anttneopỉasúc antíbiotíc and 
cordcosteroíd đrugs ỉn íntravenous admỉxtures. Am J Hosp Pharm ỉ 976; 
33:1010-13.

2. Dorr Rĩ. IncompatíbiUtỉes wỉth parenteral antìcancer drugs. Am J 
btíravaưna Ther 1979; 6:42-52.

3. Ttísseỉ LA, tí al. ỉncompatỉbỉỉỉty oí QuorouracU wỉth leucovorin caldum 
or levoleucovorin caldum. Am J HeaUh-Syst Pharm 1995; 52: 710-15.

4. Vlncké BJ, tí  ai. Extended stabỉỉity oỉ 5-Quorouradỉ and methotrexate 
Solutions ỉn PVC comainers. Int J Pharmacaứia 1989; 94:181-9.

StabĩUỉy. Despite one report1 that ũuorouradl had limited 
stabilitỹ w hen dissolved in glucose 5% at room tempẹra- 
m re (10% loss írom solutíon in 43 hours when storẽd in 
PVC and in  only 7 hours when stored in  glass), others2 
íound such a solution to be stable ỉor at least 16 weeks 
when stored in  PVC at 5 degrees. When stored at room 
temperature in PVC, Solutions oỉ ũuorouradl may lose 
water .by evaporation, which slowly increases theữ  con- 
centration.2-3 Restilts of a study of ũuorouradl and metho- 
ưexate admixtures in sodium chloride 0.9% suggest that 
extended stability (up to 13 weeks) is posãble ỉn tbis dilu- 
en t at 5 degrees in PVC bags.J Commerdal Solutions of 
HuorouracU for ữỹection have been reported to be stable 
for 7 đays at 37 degrees in a portable iníusion pump, 
although a t 25 degrees one brand shovved evidence of pre- 
dpitatíon.4 Pluorouraól Solutions may be incompatible 
vvith synthetic elastomers: microscopic predpitatlõn has 
been reported as soon as 4 hours after placement into 
polyisoprene reservoiis of elastomeric inỉusers and in poly- 
propyiene syringes vvith an elastomerỉc joint.5 Somc have 
questioned the validity of this Ẽnding.6-7

1. Benvenuto JA, tí ai: Stabiỉỉty and compatíbỉỉity oỉ antỉtumor agents in 
giass and plasdc coatainers. Am J Hosp Pharm 1981; 38:1914-18.

2. Quebbeman EJ. tí ai. Stabilỉty oỉ Quorouradl ỉn pỉastíc containen used 
íor contỉnuous inhisỉon at home. Am J Hosp Pharm 1984; 41:1153-6.

3. Vìncié B, tí ai. Hxtended stabilỉty oí 5-ũuorouradỉ and methotrexate 
Solutions ỉn PVC containers. ỉni J Pharmaceutia 1959; 54:181-9.

4. Stìles ML. tí ai. Subiỉity of ũuorouradỉ ađministered through ĩour 
portabỉe ỉníusion pumps. Am J Hosp Pharm 1989; 46:2036-40.

5. Corbrion V, tí aL Predpitatỉon oỉ ũuorouradl in eỉastomerỉc Iníusers 
wỉth a polyisoprene reservoừ and in polypropylene syrỉnges wỉth an 
elastomeric joỉnt. Am J Heaỉth-Syst Pharm 1997; 54: 1845-8.

6. Trissel LA. Fluorouradl predpitate. Am J Health-Syst Pharm 1998; 55:
1314- 15.

7. AỈIwood MC. Pỉuorouradỉ predpitate. Am J Health‘Syst Pkarm 1998; 55;
1315- 16.

Uses and Administatìon
Fluorouradl, an anaiogue of the pyrimidine uradl, is an 
antineoplastic that a a s  as an antimetabolite. After 
intracellular conversion to the active deoxynudeotide it 
interíeres w ith the synthesis of DNA by bloddng the 
conversion of deoxyuridylic add to thymidylic add by the 
ceUular enzyme thymidylate synthetase. It can also Interiere 
with RNA synthesis.

Fluorouradl is used alone or in combination in  the 
adjuvant and palliative treatment oi gasưolntestinal cancer. 
In this setting it may be combined vvith íolinic add  (see 
Administration, p. 796.1). Fluorouradl is often given wíth 
cydophosphamide and methoơexate or doxorubidn in  the 
adịuvant treatm ent of breast cancer. It may also be used in 
the palliation of other malignant neoplasms such as those oỉ 
the head and neck, liver, and panaeas. In addition, it may 
be used topically íor treating malignant or premaỉỉgnant 
lesions of the skin. Its use in these malignandes is turther 
discussed under Choice of Antineoplastic as indicated by the 
cross-reíerences given below.

Many dosage regimens have been used. Although it is 
most oíten given in combination regimens for the ữeatm ent 
oỉ malignancy, many o! the lỉcensed dosage regimens relate 
to single-agent use. Such Ucensed regimens indude:
• by ãưravenous inịection, usual doses of 12 mg/kg daily (to 

a maximum of 0.8 to 1 g daily) for 3 or 4  days. If there is

The Symbol t  denotes a preparation no longer actively marketed
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no evidence of toxidty, this may be followed after 1 day 
by 6 mg/kg on altemãte days íor 3 or 4  íurther doses. 
An altematìve schedule is to give 15mg/kg intrave- 
nously once a week throughout the course. The course 
may be repeated after 4 to 6 weeks or maintenance 
doỉes of 5 to 15 mg/kg to a maximum of 1 g may be 
given weekly.

• by intravenous mỷusion, usual doses of 15 mg/kg daily (to a 
maximum of l g  daily) being infused in 500 mL of 
sodium chloride 0.9% or glucose 5% over 4 hours and 
repeated on successive days until toxidty occurs or a total 
of Í2 to 15 g has been given. Continuous infusion may also 
be used. The course may be repeated after 4 to 6 tveeks.

• by continuous intra-artcriaì infủsion, in doses of 5 to 
7.5mg/kg daily (regional períusion).

• by mouth, although the parenteral route is generally 
preíerred, a dose of 15 mg/kg, to a maximum of 1 g in one 
day, has been given once weekly for maintenance. For 
wamings and recommendations regarding the safe prcscribing, 
dừpensing, and use of oraỉ antineoplastic drugs, see 
Administration, p. 732.3.

Suggested regimens with íolinic add  indude:
• 200 mg/m2 of íolinic add (as caldum  ĩolinate) by slow 

intravenous injection Iollowed immediately by an 
intravenous bolus of íluorouracil 370 mg/m2; the 
treatm ent is given daily for 5 consecutive days, and 
may be repeated every 4 to 5 vveekĩ

• Iower doses of íolinic add (20mg/m2) followed by 
Auorouradl 425 mg/m2 for 5 consecutive days, repeated 
every 4 to 5 weeks (the Mayo regimen)

• an initial dose of 200mg/m2 o( íolinic add, followed by 
Huorouradl 400mg/m2 as an  initial inơavenous bolus 
injection and then 600mg/m2 by continuous intra- 
venous inhtsion. This dosage is given for 2 consecutive 
days every 2 weeks (the de Gramont regimen)

The white ceU count should be determined írequently 
during ữeatment with ũuorouradl and therapy stopped 
immediately ư the count falls rapidly or if the vvhite cell or 
platelet count íalls below acceptable levels (see also Bone- 
marrow Depression, p. 730.3) or if severe adverse effects 
occur. Doses should be reduced by up to half ìn patients 
with poor nutritional status, impaired bone-marrow, 
hepatic, or renal hinction. and within 30 days of major 
surgery.

Fluorouradl is used topically in  the ơeatm ent of solai 
(actmic) keratoses and other superũdal tumours and 
premalignant conditions oỉ the skin indudỉng Bowen's 
disease and superữdal basal cell cardnomas. For actinic 
keratosis it ís usually applied as a 0.5 to 5% cream or as a 1 to 
5% solution in propylene glycol once or twice daily for 2 to 
4  weeks; the higher strength may be applied for at least 3 to 
6 weeks for super&dal basal cell cardnomas.

Administration. For reíerence to sequence-spedhc toxidty 
w hen Đuorouradl and íolinic ad d  were given beíore 
capedtabine, see Administration, under Capedtabine, 
p. 758.1.

MODUlAnON. Modulation of Suorouradl by other drugs has 
been tried in an eHort to enhance its eơects, particularly 
in  the treatment of colorectal cancer (p. 706.3).

Folinic aãd has been extensively used to niodulate the 
eHects of AuorouradL and has become the agent of choice. 
Various regimens have been used, modiíying the íluoro- 
urad l schedule (continuous infusion versus bolus), íolinic 
a á d  dose (low-dose versus high-dose) and the regimen 
hequency (monthly, bimonthly, or weekly). Despite many 
studies, the optimum regimen in  tenns of eíĐcacy and 
toleiability has yet to be deteimined.

In the adjuvant setting, a large-scale randomised study1 
found low-dose folinỉc add was as eííective as high-dose 
w hen added to Auorouradl given either once weekly íor 30 
doses, or for 5 consecutive days per m onth over 6 months.

In the palliatỉon oỉ advanced disease, meta-analyses have 
revealed the value of the addition of íolinic add to 
Đuorouradl,2 and the use of inỉusions rather than bolus 
Auorouradl,3 in terms ol response rates. An updated meta- 
anaỉysis conhnned the beneht of addition of ỉolinic add to 
Auorouradl in tertns of response rate, and ỉound a small but 
statistically signiBcant advantage in  terms of overall 
survival. Survival beneht was restricted to studies using 
the same dose of Duorouradl in  the ưeatment arms 
(Đuorouradl alone versus Auorouradl and íolinlc add), 
suggesting that the beneht of modulation with íolinic add 
could be compensated by an increase of Huorouradl dose in 
the Đuorouradl alone arm. However, increased toxidty 
from hỉgh-dose Đuorourađl might occur.4 The data íor lovv- 
dose íolỉnic add  versus high-dose are less dear.5 In 1 
randomised study,6 a bimonthly iníusion regimen of 
Auorouradl plus high-dose íolinic add  (the de Gramont 
regimen7) was more eữective than a  monthly bolus regimen 
of Đuorouradl plus low-dose ỉolinic add. Further studies 
comparing the eííect of high- and low-dose ỉolinic add 
added to the same schedule of continuous inlusion 
Auorouradl are required.

Interferon alfa also appears to modiíy* the actions of 
íluorouradl (see also under Interactions, p. 797.3), and has 
been investigated with ũuorouradl and folinic add. 
Although some early results were promising, later 
randomised conưolled studies íailed to show any beneht 
for the addition of interíeron alfa to Quorouradl or 
fluorouradl plus lolinic add.* It is not dear vvhether 
interleron beta WÍU prove of any greater benelit.

Based on the results of early adjuvant studies, ĩevamisole 
was used as Standard therapy to modulate Đuorouradl, 
particularly in  the USA. However, more recent studies 
indicate that levamisole is no more eííective than placebo 
vvhen added to Ouorouradl,1 or to Quorouradl plus lolinic 
add.9

Methotrexate has also been used to modulate ũuorouradl. 
Meta-analysis of several studies of Auorouracil preceded by 
methotrexate íound that the combination doubled the 
response rate to Auorouradl in metastatic colorectal cancer 
and produced some survival beneHts.10 (Combination in the 
reverse order, i.e. methotrexate preceded by Duorouradl, 
may reduce methotrexate toxidty—see Other Drugs. under 
Treãtment of Adverse Effects, p. 827.1.)

1. QUASAR Collaborative Group. Comparison of Auorouracil wiih 
addìùonal levamisole. higher-dose íolỉnic acid, or both, as adjuvani 
chemotherapy for coỉoreciaỉ cancen a randomised ưial. Lanat 2000: 
355: ỉ 588-96.

2. Advanced Colorectal Cancer Meia*analysis Projea. Modulation oí 
Auorourarìl by leucovorin in paiỉents vviih advanccd colorecta! cancen 
evidence in terms of response rate. J ơin Onal 1992; 10: 896-903.

3. Meu-analysis Group in Cancer. Ettỉcacy oí intravenous continuous 
inỉusỉon of ũuorouracỉl compared wỉth bolus adminỉstraiion in 
advanced colorectal cancer. J ơirt Oncoỉ 1998; 16: 301-8.

4. The Meta-Analysis Group ìn Cancer. Moduỉation of íluorouradl by 
leucovorỉn in paúents vviih advanced coỉorecia) cancer an updated 
meta-analysỉs. J Cỉin Oneoi 2004; 22:3766-75. Correctíon. ibid. 2005; 23: 
1337-8.

5. Rustum YM, tí ũỉ. Rationale íor treaonem desígn: biochemical 
moduỉation oí 5-Auorouradl by leucovorin. CanarJSàAm 1998; 4:12- 
18.

6. de Gramom A. tí a i Randomỉzed tríal comparing monihly low-dose 
leucovorín and nuorouradl bolus with bímomhly high-dose leucovorin 
and ỉỉuorouracil bolus plus conúnuous iníusion ỉorađvanced coloreaal 
cancer a French ỉntergroup study. J ơin Oncol 1997; 15: 808-Ỉ5.

7. de Gramont A. et ũỉ. A review oỉ GERCOD uỉaỉs of bỉmonthly Ieucovorin 
plus 5-fluorouracil 48'h comỉnuous iníusion in advanced colorectal 
cancer evolutlon oí a regìmen. EurJ Canar 1998; 34: 619-26.

8. Makower D, VVadler s. Interỉerons as biomodulaton of íluoropyr- 
ỉraỉdines ỉn the treatment oí colorectaỉ cancer. Srmin Oruoì 1999; 26: 
663-71.

9. YVolmark N, t i  ai Clinical uial 10 assess the reỉative eíBcacy oỉ 
Đuorouracil and leucovorin. Auorouradỉ and levamisole. and íluoro- 
urarìl leucovorin, and levamỉsole in patients wỉth Dukes' B and c 
cardnoma of the colon: results ỉrom National Surgỉcal Adjuvant Đreast 
and Boweỉ Projea C-04. J Cỉin Onal 1999; 17: 3553-9.

10. Advanced Colorecul Cancer Meta-anaỉysis Proịect. Meta-anaỉysis of 
randomỉzed trials testing the biochemicaỉ moduỉation of Auorouradỉ by 
methotrexate in metastatic coỉorectal cancer. J ơin Onal 1994; 12:960-
9.

ROUTE. Fluorouracil can be given orally, parenterally, or 
topically (see Uses and Administration, p. 795.3); it has 
also been used intralesionally and inưaurethrally in the 
ưeatment of condyloma acuminata, see Warts, below.

Adminiỉtratíon in the elderly. A revietv' conduded that 
there is no pharmacokỉnetic basis ỉor dose modi&cation oí 
Duorouradl based on age alone; data are conílicting as to 
vvhether toxidty is likely to be increased in elderly 
patients.

I. Lichtman SM. n  al. lmenudoiMl Sodcty ol Gcriaữic Oncoìogy 
Chemoiherapy Taskíorce: evaluatton of chemotherapy ỉn older 
patỉents—an analysis of ihe medỉcat lùcraiurc J Oin Oneot 2007: 25: 
1852-43.

Dariet^ỉ disease. Two patients with resistant Darier’s dis- 
ease (p. 1683.2) receiving long-term oral retínoid therapy 
responded to ưeatm ent vvith topical Auorouradl applied as 
a 1% cream once daily.1 There was complete dearance of 
skin lesỉons aíter 3 weeks oỉ treatment. In another case,2 
topical Quorouradl 1% cream applied every second day, 
aỉtemating vvith dobetasol ointment, dramatically 
improved hyperkeratosis aíter 1 month; improvement per- 
sisted lor 2 months after the end of ưeatment. Fluoro- 
uradl 1% ae am  has also been used as monotherapy,3-4 
leading to marked improvement or complete remission 
aỉter about 4 vveeks of therapy.

1. Knulst AC. et al. Topical 5-Duorouradl in the treatment ol Darier'! 
disease. Br J Dtrmaol 1995; 133: 463-6.

2. Velasco s. GuiUet G. Amélioration d'une maladie de Darier trakée par 5- 
Auorouratíl topique. Ann Dermatoỉ VmtTtol 2006; 133: 366-8.

3. Yoon TY, et al. Successhỉỉ ưeatment of Darỉer disease wỉth topical 5- 
ũuorouradỉ. BrJ Dermatol 2006; 154: 1210-12.

4. Schmidt H, rt ai. Topical 5-fluorouradỉ in Darỉer dìsease. Br J Dermatol 
2008; 158: 1393-6.

Eye disorders. Aside from its use in glaucoma surgery 
(belovv), íluorouradl has been used adjunctively in other 
ocular surgery. It has also shown promising results in the 
neatm ent of ocular suríace malignandes.1

1. Abraham LM. tí  aì. The clỉnỉcaỉ appllcatỉonỉ oí Auorouradỉ In 
opbthalmic practỉce. Drugs 2007; 67: 237-55.

Giaucoma. A regimen of subconjunctival injections oỉ 
Đuorouradl is eữcctìve in improving the outcome of 
glaucoma hltering surgery1"3 in seleaed patients when

used as an adjunct to  prevent the íorm ation  of scai tissue 
(see p. 1999.1). Hovvever. in  view of the increased risk of 
late-onset conjunctival w ound leaks cautlon has bet n  sug- 
gested in its use in  eyes w ith a good prognosis.3 Ali hough 
one study4 lound th a t Auorouradl im proved th e  ! uccess 
rate of combined glaucoma hltering surgerý and  c Itaract 
surgery earlier studies had íailed to find anỹ  advan age.3 í 
A systematic revievv7 of these and 2 o ther studies con- 
duded that Quorouradl reduced the rìsk oỉ surgical íailure 
of trabeculectomy in eyes a t high risk of íailure, ind in 
those undergoing surgery for the first time, b u t nott d tha t 
the methodologỉcal quality of the studies w as noi high, 
and that this practice has laigely been superseded jy  the 
use of intra-operative m ỉtom ydn. However, a la ter s Jrvey* 
in  the UK ỉound th a t the  use of antim etabolites in  glauc- 
oma surgery vvas m uch less com mon than  in  th e  T SA or 
Japan, and tha t Ouorouradl was sưongly prefer ed to 
mitomydn.

Intra-operative topical application of nuoroura il has 
been tried as an  altem ative to subconjunctival in ea ion  
with conAicting results.9' 11

1. Ophir A. Tlcho u. A randomieed study of ưabeculecto ny and 
subconjunctỉvaỉ administratìon of Auorouracil ỉn primary gla JC0mas. 
Anh Ophthalmol 1992; 110: 1072-5.

2. Goldenfeỉd M. tí al. 5-FluorouraciI in initial irabecuiec omy: a 
prospeciive, randomized, multỉcenter study. Ophthaỉmology 19 M; 101: 
1024-9.

3. The Fỉuorouraclỉ Fỉỉterỉng Surgery Stuđy Group. Rve-year folk w-up of 
the Huorouradỉ nỉterỉng Surgery Stuđy. Am J Ophthaỉmoỉ 19 >6; Ỉ2Ỉ: 
349-66.

4. Gandoin SA. Vecchỉ M. 5-PluorouracU In combineđ ưabeculect ray and 
dear-cornea phacoemulsiũcatíon wỉth posteríor chamber iot 'aoeular 
lens impỉantatỉon: a one-year randomứed. controiỉed di ni aỉ trỉaL 
Ophthalmology 1997; 104: 181-6.

5. Wong PC. tí ai. 5-Fluorouradl aĩter primary combined íiitratỉon ỉurgcry. 
Am J Ophihaỉmol 1994; 117: 149-54.

6. 0*Grady JM, t í  ai. Trabecuỉectomy. phacoemulsiAcaỉion. and I osteríor 
chamber lens ỉxnpỉantatỉon with and wỉthout 5-íluorourao . Am J 
Ophthaĩmol 1993; 116: 594-9.

7. VVormald R. tí  a i Post-operative 5‘fluorouracỉỉ íor glaucoma ĩurgery. 
Avaỉlabte in The Cochrane Database oí Systemaùc Reviews; Issue 3. 
Chichester John WUey; 2001 (accessed 12/05/05).

8. Sirivvardena D. tí ai. National survcy of antimetabolite use in g aucoma 
surgery in the United Kỉngdom. BrJ Ophíhalmoi 2Ữ04; 88: 873 6.

9. Egbert PR, tí  ai. A prospectìve tríaỉ oỉ ỉntraoperative íluorourac I duríng 
trabecuỉeaomy ỉn a bladc popuỉation. Am J Ophthaìmoì 1993; 1 6: 612- 
16.

10. Lachkar Y. tí  a i  Trabecuỉeaomy with intraoperatỉve sp< <nge 5- 
Auorouradỉ in Aỉro-Carỉbbeans. Br J Ophthalmol 1997; 81: 555- 8.

1 ỉ . Yorston D, Khaw PT. A randomised trỉaỉ oí the eííect oí intraope ative 5- 
FU on the outcome oỉ ưabcculectomy in east Aírica. Br J Op Mhaỉmoì 
2001; 85: 1028-30.

M alignant neoplasm s. Fluorouracil plays an  im portant 
role in the adjuvant ưeatm ent of gastrointestinal cancer, 
as discussed on p. 705.2, and has been vvidely u ;ed in 
adjuvant regimens for early breast cancer (p. 702.1). It 
may also be employed in  the m anagem ent of severa other 
malignandes induding pancreatic endocrine tu n o u rs  
(p. 716.3), cancers of the cervỉx (p. 704.2) and heí d and 
neck (p. 708.1), liver metastases (p. 709.3), and tu  nours 
of the exocrine pancreas (p. 712.1). It is reported t( have 
only modest activity in neoplasms of the 1 idney 
(p. 708.3). In additỉon, it is sometimes applied topic dly as 
part of the m anagem ent of malignant or pre-m al gnant 
lesions oỉ the skán (see Basal Cell and Squam oui Cell 
Cardnoma, p. 714.2), or suríace neoplasia of th :  eye 
(p -705.1)

The role of A uorouraãl in  chemoradiotherapy of V ỉrious 
malignandes has been revievved.1 

1. Rlch TA et cỉ. Four decades of contínumg innovation with Duoi ouracỉl: 
current and ĩuture approaches to ũuorouraõỉ chcmoradiatíon tí ^apy- J 
Ciin ữncoì 2004; 22: 2214-32.

Toxoplasmoỉis. For m ention of the use of íluorc u radl 
with dindamycin to  ư ea t cerebral toxoplasm osi;, see 
p. 271.1.

W arts. Pluorouradl has been used, as a 1% or, more 
usually, a 5% cream or solution in  th e  ơ eatm en t o: geni- 
tal warts (condylomata acum inata).1'3 It has been tiied as 
an adjuvant to laser therapy in severe papiỉloms võrus- 
assodated vulvar disease,4 w ith variable results, and in 
men with subdinicaỉ or dinically  apparent penile le: ions.’ 
A preparation of A uorouradl 3% in a collagen gel basis, 
with adrenaline as a local vasoconstrictor, has beer tried 
by injection into genital warts.* F luorouradl has alsc been 
used intraurethrally to ơ e a t intraurethral warts; p r :para- 
tions have induded  instillation of a 1% solutior, 5% 
cream, or a 5% suppository; urethral instíllation of 2 >0mg 
Duorouradl injection m ixed w ith 0.18%  lidocaine ỉ ydro- 
chloride gel has been reported to  reduce th e  s iz ; and 
num ber of in traurethral condyloma acum inata in 1 
patient, and no  new  grotvth was seen aíter 6 m on its  of 
follow-up.7 A com bination of Đ uorouradl 0.5%  an 1 sali- 
cylic add  10% has also been stated to  be effective n the 
topical ơeatm ent of com m on and p lantar w arts.’ Alt) lough 
the evidence was weak, a systematic revievv tound í  uoro- 
uradl to be better at curing genỉtal waxts th a n  place) 'O, no 
treatment, or podophyllum  resin; use w ith interíeroi I alía- 
2a, or w lth interieron aUa-2a and carbon dioxide laser

All cross-reíerences reíer to entries in Volume A
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treatment may have a better outcome.9 For a discussion of 
the various agents. includlng cytotoxics such as Auoro- 
uracil, used to destroy warts, see p. 1689.3.

1. Kling AR. Genỉuỉ vvarts—therapy. Semin Dermatol 1992; U; 247-55.
2. Stone KM. Human papilỉomavịruỉ iníection and genỉtaỉ warts: update 

on epỉdemỉology and treatment- Clin tnfeứ Dừ 1995; 20 (suppỉ 1); S9Ỉ-7.
3. Beutner KR. Ferenczy A. Therapeutic approaches to genỉtal warts. Am J 

Mái 1997; 102; 28-37.
4. Reid R. etaí. Superũdaỉ lascr vuỉveciomy IV: extended laser vaporùation 

and adjunctlve S-ũuorouradl therapy oí human papillomavỉruS' 
assodatéd vulvar dlsease. Obsttí Gyntcòl 1990; 76:439-46.

5. Bergman A, Nalick R. Gcnital human papỉỉỉomavỉrus iníectloQ in men: 
diagnosỉs and tteatment with a laser and 5-fluorouradl. J Reprod Mtd 
1991; 36: 363-6.

6. Svvinehart JM, tí a i  Inưalesỉonaỉ íluorouracỉl/epinephrinc injectable geỉ 
for treatment of conđyỉomata acuminau: a phase 3 dỉnỉcal smdy. Ardt 
Dermatoĩ 1997; 133; 67-73.

7. Gammon DC tí  ai. ỉncraurethral Quorouradl and Udocaine for 
intraurethral condyloma acumỉnata. Am J Heaỉth-Syst Pharm 2006; 65: 
1830-3.

8. Zschodce L tí ai. Wírksamkeit und Nuưen elnes 5-FU-/SaUcyisãure- 
haltigen Prỉparates ỉn der Therapie vulgărer und pỉantarer Warzen— 
systematỉsche Literaiuriỉbersicht und Metaanaỉyse. /  Dtsch Dermatoỉ Ga 
2004; 2: 187-93.

9. Batista cs, tí ai. S-PU for genital warts ỉn non-immunocorapromứed 
individuals. Avaỉlable in The Cochrane Database oỉ Systematỉc Reviews; 
Issue 4. Chichester John Wiley; 2010 (accessed 21/06/10).

Adverse Effects and Treatment
For generạl-discussions see Antineoplastics, p. 726.1 and 
p. 730.2.-The main adverse eữects of ũuorouradl are on the 
bone marròỊv and the gastrointestinal ttact, and may be 
dose-limitữĩg Toxidty is also schedule dependent: a  5-day 
regimen is commonly assodated with bone tnarrow 
suppression, 'diarrhoea, and mucositis, a vveekly schedule 
vvith neuưopenia. With protracted continuous iníusion or 
high-dose bõluses. the palmar-plantar erythrodysesthesia 
syndrome (erythema and painỉul desquamation of the 
hands and feet) may occur. Gastrointestinal toxidty may be 
exacerbated ư  íluorouradl is given with íolinic add.

Treatment should be stopped at the first sign of oral 
ulceration or if there is evidence of stomatitis, gastro- 
intestinal ulceration and bleeding, diarrhoea, or haemorr- 
hage hom  any site. Leucopenia is common; the nadir of the 
white cell count may occur from 7 to 20 days aỉter a dose, 
and counts usually retum  to normal after ãbout 30 days. 
Thrombocytopenla is usually at a maximum 7 to 17 days 
aíter a dose. It is recommended that ưeatment should also 
be stopped  if ỉa llin g  b lood  co u n ts  go below  
100000cêlls/mmJ for platelets or below 3500cells/mmJ 
for vvhite cells, but see also Bone Marrow Depression, 
p. 730.3. Anaemia may also occur. Nausea and vomidng are 
conunon, and may be treated w ith an  antiemetic. Alopeda 
may be seen espedally in íemales, but is generally 
reversible. Other adverse eỉtects indude dermatitis, changes 
in pigmentation, changes in the nails, ataxia, and ỉever. 
Thrombophlebitis has been reported. Ocular toxidty, 
induding excessive lachiymation, dacryostenosis, visual 
changes, and photophobia can occur. A transient reversible 
cerebellar syndrome has been reported, and a reversible 
coníusional State can occur rarely. Cases of leukoencepha- 
lopathy have also been reported. There have been repoits of 
chest pain, tachycardia. breathlessness, and ECG changes 
aher use of tluorouradl. Anaphylaxis has also occurred.

Local inflammatory reactions such as erythema, pain, 
pruritus, buming, irritation, and photosensitivity rcactions 
have occurred aíter topical use. Telangíectasia, hyperpig- 
mentation, and scarring have also been reported. Dermatitis 
and, rarely, erythema multiíorme have occurred. Ocular 
itTitation has also been reported aher topical use.

Etíecỉs on the eyes. Systemic Auorouracil therapy has 
been assodated with various types of ocular toxidty 
including several cases of excessive lachrymation and 
watering oi the eyes.1 In One patient this was assodated 
with symptoms suggesting tibrosis of the tear d u c t1 and 
possibly representing local ừritation due to the presence of 
Quorouradl in tear fluid,J although symptoms have not 
ahvays resolved on stopping the drug.1 More seriously a 
case of bilateral total corneal epithelial erosion has been 
described.3 Optic neuropathy, culminating in near blind- 
ness, has also occurred in a paúent given ỉluorouradl as 
part of a combination regimen.4 Severe ulceration and 
comeal abscess with hyopyon has tollovved local injectíon 
of Auorouradl into the eye in a diabetic patient vvith idio- 
pathic band keratopathy.5

1. Haidak DJ, tí  ai. Tear-duct Bbrosis (dacryostenosis) due to 5-ÍIuorouratil. 
Antt Iỉtíem Med 1978; 88: 657.

2. Christophidis N, tí ai. Lacrìmatỉon and 5-QuorouracU. Ann Inttíĩt Med 
1978:89: 574

3. Hỉrsh A, tí ai. Bỉlateral totaỉ comeal epithelỉal erosỉon as a sỉde effect oí 
cytotoxỉc therapy. Br J Ophthaỉmol 1990; 74:638.

4. Adams JW, tí a i Recurrent acute toxic opdc neuropathy secocdary to 5' 
FU. C a m  Treat Rep 1984; 68: 565-6.

5. ĩDdtey-Dvvyer M. YVLshart PK. Serious coroeal compỉicatỉon oí 5-
ũuorouradL Br J  Ophthaỉmoi 1993; 77:250-1. ’’

Effects on the heart. Liỉe-threatenỉng cardiotoxidty 
(arrhythmias, ventricular tachycardia, and cardiac aưest, 
secondary to transm ural ischaemia) has been reported to

occur in 0.55% oỉ patients given Đuorouradl,1 although 
the inddence of angina and less severe cardiotoxicity asso- 
dated vvith coronary artery spasm may be higher.1"5 Possi- 
ble risk ỉactors include pre-existing heart disease or med- 
iastìnal radiotherapy, and prolonged infusỉon of the drug, 
but symptoms can also occur in patíents vvithout these 
risk íaaors.2'1 Thereíore, at present, it is not possible to 
ireliably predia patients at risk.4 Some suggest that the use 
ot a ưometamol buííer in  the Duorouradl íormulatìon 
may contribute to the ỉormation of cardiotoxic degrada- 
tion Products.7

1. Keefe DL, tí al. CUnicaỉ cardiotoxidty oí 5*fluorouradl. J Cỉìtt Pharmaeol 
1993; 33: 1060-70.

2. McLachỉan SA* tí ai. The spectmm oỉ 5-QuorouracỉỊ cardỉotoxỉtíty. Med J 
Aust 1994; 161: 207-9.

3. Anand AJ. Fluorouraciỉ cardỉotoxỉdty. Arm PharmacothcT 1994; 28: 374-
8.

4. Hannaỉord R. Sudden death assotíated wỉtb 5*fluorouradl. Med J Aust 
1994; 161: 225.

5. Daỉzeỉl JR. Samuel LM. The spectrum oỉ 5-fluorouradl cardỉotoxỉcỉty. 
Anticancer Drugs 2009; 20: 79-60.

6. Becker K, tí aL Cardiotoxỉdty oi the antỉproỉiíeratíve compound 
Quorouradl. Drup 1999; 57: 475-84.

7. Lukaschek ì, tí ai. CardiotoxỉdtỴ and neurotoxỉdty of hỉgh-dose 
contínuous Huorouradỉ as a result oỉ degradaùon compounds in the 
drug vials. J CUn Orưol 2004; 22: 5022-5.

Effects on the nervous System. Central neurotoxidty, 
induding cerebellar ataxia, coníusion, disorientation, and 
emotional labiỉity is reported to occur rarely in  patients 
receiving ũuorouradl, although the inddence may be 
increased with high-dose or intensive regimens. The dihy- 
dropyrimidine dehydrogenase gene may exist in variant 
torms1 and patients with polymorphisms of this or other 
disorders of pyrimidine metabolism may be at increased 
risk of neurotoxidty.2"* It has also been suggested that 
Đuorouradl may produce neurotoxidty by causỉng thia- 
mine deBdency,’ (Wemicke's encephalopathy has been 
reported6) and that thiamine may be used to treat it., ổ

ỉ. AmstuB u, tí ai. Dỉhydropyrimỉdlne dehydrogenase gene vaiiatíon and 
scvere S-ũuorouradỉ toxỉdty: a haplotype assessment. Pharmacogmomús 
2009; 10: 931-44.

2. Tuchman M, tí ai. Pamỉlỉaỉ pyrỉmỉdỉnemỉa and pyrixnỉdỉnurìa assodated 
wỉth severe Auorouradl toxidty. t ỉ  Bngi J Med 1985; 313:245-9.

ỉ. Stéphan F, tí ai. Depressed hepatic đihydropyrimidlne dehydrogenase 
activity and fluorouradỉ*teỉated tojddd«. Âm J Mtd 1995; 99: 665-8.

4. Takỉmoto c. tí ai. Reversỉble 5-Ũuoroiưadỉ-assodated encephaỉopathy 
ỉn a dỉhydropyrỉmỉdỉne dehydrogenase (DPD) deSdent patient. Clỉn 
Pharmacol Ther 1996; 59:161.

5. Plreada NA. a  ai. Pluorouradl-induced neurotoxidty. Ann Pharmaeother 
2000; 34: 35-8.

6. Cho u , tí aỉ. A case of Wemicke's encephaỉopathy íollovving 
ŨuorouracU-baseđ chemotherapy. J Korean Med Sá 2009; 24: 747-50.

Effeds on the sldn. In addition to reports oí ũuorouradl- 
assodated dermatitis and photosensidvity a syndrome oi 
erythema, pain, and desquamation of the skin oi palms 
and soles has been reported1'4 (the -palmar-plantar ery- 
throdysesthesia syndrome, p. 730.1). Aỉthough particu- 
larly associated with continuous Intusion1'2 the syndrome 
can also occur atter bolus doses.5-4 Symptoms generally 
respond to stopping the drug, but addition oỉ oral pyrid- 
oxine to chemotherapy regimens has been reported to pre- 
vent or resolve symptoms,’ as has application of a nicotine 
patch in One patient.4

Rash and contusion developing in an elderỉy man with 
malabsorption and poor nutritional intake vrho received 
Đuorouracil tor a biliary-tract tum our were diagnosed as 
pellagra.7 Symptoms responded to nicotinic add  therapy.

1. Lữkìcb JJ. Moore c. Chemotherapy-assodated palmar-plantar 
erythrodysesthesia syndromc. Atm ỉntern Mid 1984; 101:798-800.

2. Feldman LD, AJanỉ JA. Huorouradỉ-assodated dennatítis of the hands 
and ỉeet JAMA 1985; 254: 3479.

3. Atkỉns JN. Fluorouradỉ and the palmar*plantar erythrodysesthesỉa 
syndrome. Arm ìntem Mcd 1985; 102: 419.

4. Curran CF. Luce JK. Fluorouradl and paỉmar-plantar erythrodysesthe- 
sia. Ann Itưem Med 1989; 111:858.

5. Vukeija SJ, tí aỉ. Pyrídoxỉne ỉor the paỉmar-pỉantar erythrodysestheáa 
syndrõme. A m  ỉrttêm Med 1989; 111: 688-9.

6. Kingsỉey EC. 5-Fluorouraciỉ dermatỉtis prophylaxis wíth a nicotỉnc 
patch. Ànn ĩntem Med 1994; 120: 813.

7. Stevens HP, tí aỉ. Pelỉagra secondary to 5-íluorouradl. Br J Dermatoỉ 
1993; 128: 578-80.

HypersensitívHy. Although local hypèrsensitívity reactíons 
arc induded in iicensed produa iíừormation as potential 
adverse eữccts of topỉcal ũuorouradl, hypersensitivity 
rcactions to systcmic Đuorouradl havc becn reported very 
rarcly.1*4 For a report of thc successful use of ũuorouradl 
in a patĩent allergic to capedtabinc, suggesting that cross- 
scnsỉtivity docs nõt occur betwccn the two, scc p. 758.2.

1. Reed WP, Morris DM. Maculopapular eniption reiultìng from systemỉc 
administradon oC 5-fluorouradL Cuíừ 1984; 33: 381-2.

2. Sridhar KS. AHergỉc reactíon to 5-ũuorouradỉ ỈĐỈusion. Cancer 1986; 58: 
862-4.

3. Milla Santos A. Sanchỉz Medỉna F. Anaphylactỉc reactỉon ỉoỉỉowỉng ỉv 
administratlon oi 5-fluorouradL Cancer Treat Bep 1986; 70: 1346.

4. Duley JA* NetherseQ AB. Delayed hypersensỉdvỉty to 5'ũuorouradl 
assodaỉed wỉth reduceđ dlhydropyrỉmỉdỉne dehydrogenase (DPD) 
acdvity. Adv Exp Med Bioi 1998; 431:147-50.

5. Eppinger T, Spetber K. Desendtỉzadon to-5-fluorouradI. Alỉergy Asthma 
Proc 1999:20: 189-91.

6. Biswal BM. Anaphyỉaxỉs foỉlowtng continuous 5-fiuorouradJ intusỉon 
chemotherapy. AustNZJM edl999; 29: 743-4.

Precautions
For general discussions see Antineoplastics, p. 732.2. 
Fluorouradl should be given w ỉth care to weak or- 
malnourished patients, to those vvith a hỉstory of heart 
disease, or to those with hepatic or renal insuffidency. 
Patients with a history oỉ high-dose pelvic inadiation or 
ưeatment with alkylating agents, and those with wide- 
spread metastases to the bone marrow should also be treated 
w ith exữeme cautíon. Blood ceỉl counts should be 
determined trequently during therapy. Fluorouradl should 
n o t be used in patients w ith  dihydropyrim idine 
dehydrogenase (DPD) enzyme dehdency as this can Iead 
to increased toxidty.

Topical Auorouradl should not be used on mucous 
membranes. There is a possibility oỉ increased absorptíon ư 
used excessively or on ulcerated or inSamed skin. Ocdusive 
dressings may ĩncrease inũammatory actíons. Bxposure to 
u v  light durmg treatment should bẽ avoided. crêams are 
preterably applied usúig a nonmetal applỉcator or gloved 
hand; ư bare Sngertips are used the hands must be vvashed 
immediately afterwards.

Handlỉng and disposaL Fỉuorouradl is irritant' avoid con- 
tact vvith skin and mucous membranes.

Urine and Ịaeca produced for up to 48 hours and 5 days 
respectlvely after an oral dose of Đuorouradl should he 
handled vrearing protective dothing.1

I. Harcỉs J. Dodds Lỉ. Handling waste from padents recdvirig cytotoxic 
đrugs. Pharm J 1965; 235: 289-91.

MeiaboBc disorders. For reíerence to increased risk of 
neurotoxidty in patients with a deíect of pyTimidine 
metabolism given Auorouradl, see under ESects on the 
Nervous System, above.

Porphyria. The Drug Database ỉor Acute Porphyria, com- 
piled by the Norwegian Porphyria Centre (NAPOS) and 
the Porphyria Centte Svveden. dassiSes Quorouradl as not 
porphyrinõgenic it ma£ be used as a drug of first choice 
and no precautions are needẹd.1

1. The Drug Database for AcuK Potphyria. Available at: http://www. 
drugs-potphyria.org (accessed 29/09/11)

Interadions
For a general discussion of antineoplastic drug interactions, 
see p. 733.3. The actions oỉ Quorouradl may be modiSed by 
other drugs induding aHopurinol, dm etídine, ỉolinic add, 
methotrexate, and metronidaxole (see also under Admin- 
istration, p. 796.1). Fluorouradl and Suorouradl prodrugs 
should not be given vvith brivudine, sorivudine, and 
analogues as these are potent inhibitors oỉ the enzyme 
dihydropyrimỉdine dehydrogenase (DPD) which degrades 
Quorouradl, and increased Auoropyrimidine toxidty can 
occur (see also Precautions, above, and Antivữals, below). 
References.

1. lanstnan FGA. tí ai. Assessỉng the dỉnỉcal sỉgnỉScance of drug 
bìỉeracdons with Quoroundỉ ỉn patìents with coỉorectaỉ cancer. Am J 
Heaỉth‘Syst Pharm 2005; 62: 1788-93.

Antineoplastics. Oxaliplatin, which is given with Quoro- 
urad l and folinic add in the ưeatm ent oỉ colorectal can- 
cer, reduced Quorouradl deatance in  a  study' of 29 
patients with colorectal cancer. The eííect was delayed and 
prolonged, lasting about 15 days, and an increase in toxi- 
d ty  correlated with raised ũuorouradl concentrations. The 
mechanism of this interactỉon is undear. In contrast, hovv- 
ever, another study2 ỉound no eữect of oxaliplatin on 
Đuorouradl pharmacokinetics; the study was not designed 
to investigate a delayed effect and the dose of oxaliplatin 
tvas lower than that used in the íirst study.

SoraỊmib has been reported to have variable effects on 
Quorouradl exposure.

For reíerence to the effect of Auorouradl on the action of 
paclitaxcl, see Antineoplasúcs, p. 842.2. For the increased 
risk of haemolytic-uraemic syndrome that may be seen ư 
{luorouradl is used with mitữmydn, see Effects on the 
Kidneys, p. 831.3.

ỉ . Boứdron-CeUe M* tí ai. InAuence oí oxalipỉatỉn OQ 5-Ũuorouradi plasroa 
dearance and dlnlcal conscquences. Canctr Chmother Pharmacõi 2002; 
49: 235-43.

2. Joel SP, tí ai. Lack oỉ pỉurmacokỉnetìc Interactỉon between 5- 
Quorouradl and oxaliplatin. Ciin Pharmaeoỉ Tfưr 2004; 76:45-54.

A niip rohnoak .. Mtfronidazole increased the toxidty of 
Auorouradl in patients with colorectal cancer, apparẽntly 
by redudng the dearance of the antineoplastic No 
enhanced antineopLastic effect was seen with the combi- 
nation in vitro.1

1. Bardakji 2. tí àl. 5-Fluorouradl-metronìdazole comblnatỉon therapy ỉn 
metastatỉc coỉorectal cxncer. Cartcer ơưmother Pharmaaì 1986; 18:140-
4.

Antívirals. Giving interỊcron alfa-2b w ith Quorouradl hás 
produced a marked inaease in  the inỉtial plasma concen- 
tration of Quorouradl and a decrease in  lluorouradl dear- 
ance.'

http://www
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Severe leucopenia, íatal in some cases, has been reported 
in  paticnts given ỉluorouradl or ũuorouracil prodrugs (such 
as tegahir) vvith sorivudine-13 A metabolite of sorivudine 
appears to.inhibit dihydrơpyrimidine dehydrogenase, the 
prim ary enzyme responsible for the ỉnactivatíon of 
ũuorotiradl.3 A ỉatality has also been reponed in  a- patient 
treated with the oral prodrug capedtabine w ho was also 
given brivudìne.*

1. CzẹỊka MJ, et aỉ. Clỉnỉcal phaTmacoỉđnetỉcs of S-Auorouradỉ: inOuence of 
the biomodulating agents ỉnterỉeron, dlpyridamole and ỉolỉc acỉd aỉone 
and ỉn combinatỉon. ArzTưimỉatífonàumg 1993; 43: 387*90.

2. Yawau M. Deaths duc to drug interaction. Lanat 1993; 342:1166.
3. Dỉaào RB. Sorivudỉne and 5-fluorouracỉL' a cUnỉcalỉy sỉgnỉAcant drug- 

drug ỉnteractton due to ỉnhibttỉOĐ of dỉhydropyrỉmỉdỉne dehydrogenase. 
Br ỉCỉin Pharmacoỉ 1998; 44: 1-4.

4. Rătz Bravo AE, tí a i Fatal drug-drug ínteraction of brivudíne and 
capedtabine. Aữa Oneoì 2009; 48: 631-3.

Gastrointestinal drugỉ. Preơeatm ent with dmetidine for 4 
vveeks increased plasma concentrations of Buorouradl 
after intravenous and oral doses in  6 patients.1 The eữect 
was probably due to a combination of hepatic enzyme 
inhibition and reduced hepatic blood flow. No such effect 
was seen after single doses of rimetidine in 5 patients or 
pretreatment for just 1 week in 6. Care is required in 
patients given both drugs together.

1. Harvey VJ, rt al. The inỉluence oí dmeiidine on the pharmacokinetics oí 
5-fluorouradl. Br J Clin Pharmacoì 1984; 18: 421-30.

Pharmacokinetics
Absorption oỉ Quorouradl from the gasưointestinal tract is 
unpredictable and Auorouradl is usually given inưave- 
nously. Little is absorbed when Quorouradl ỉs applied to 
healthy skỉn.

After inưavenous injection Auorouradl is deared rapidly 
bom  plasma vvith a mean halỉ-liỉe of about 16 minutes. It is 
distributed throughout body tissues and Quids (induding 
Crossing the bỉood-brain barríer to appear in the CSF), and 
dỉsappeais from the plasma vvithin about 3 hours. Within 
the target cell Đuorouradl is converted to 5-fluorouridine 
monophosphate and Đoxuridine monophosphate (5- 
Auorodeoxyuridine monophosphate), the ỉoim er under- 
going conversion to the triphosphate which can be 
incorporated into RNA while the latter inhibits thymidylate 
synthetase. About 15% of an inưavenous dose is excreted 
unchanged in the urine vvithin 6 hours. The remainder is 
inactivated mainly in the liver and is catabolised vía 
dihydropyrimidine dehydrogenase (DPD) similarly to 
endogenous uradl. A Iarge amount is excreted as respừatory 
carbon dioxide; urea and other metabolites are also 
produced.
Reíerences.

I. Ploylearrmatng S-A. a  aí. How may anticancer chemotherapy with 
Huorouradl be ỉnđividualiaed? ctin eharmaakina 2006; 41: 567-92.

Chronopharmacology. Plasma concenơations of tluoro- 
uradl duiing continuous inơavenous inỉusion are 
reported to undergo drcadian variatìons of as much as 
50% of the mean, peak concentrations occurring in the 
middle of the n ig h t1 The variation may be due to a circa- 
dian variatìon in the activity of the enzytne dihydropyri- 
midine dehydrogenase ũt blood,2 but stnking intérpatient 
varíations in  peak concentrations of Duorouradl and peak 
enzyme activity suggest that any adjustment of iníusion 
times vvould need to be individualised.2 It has been sug- 
gested that pharmacokínetic monitoring should be investi- 
gated as a means of individualising Ouorouradl doses with 
the aim of improvmg eỉĐcacy and redudng tojddty.3

1. Pedt E, tí ai. Cữcadian xhythm-varyỉng plasma concentration of 5- 
Auorouradỉ during a five-day contỉnuous venous inhision at a constant 
raie ỉn cancer patíents. Caruxr Ra 1988; 48: ỉ 676-9.

2. Harriỉ BE. tí ai. Reỉationship between dihydropyrimidine dehydrogen- 
ase actỉvỉty and plasma 5-fluorourađl levels with evidence ỉor drcadian 
variation of enryme actỉvỉty and plasxna drug ỉevels in cancer patients 
receỉvỉng 5-nuorouradl by protracied contỉnuous inhision. Caneer Ra 
1990; 50: 197-201.

3. Young AM, tí  aỉ. Can phannacokỉnetỉc raonltoring improve dinical use 
oí ũuorouradl. ơỉn Pharmacokintí 1999; 34: 391-8.

P rep ara tio n s
Proprietary Preparations (details are gi ven in Volume B)

£ngle-ingrec£ent Preparatiom. Arg.: Aden Etudix; Oncoỉut; 
Triosules; AustraL: Efudbc Belg.: Ehidix; Fluracedyl; Huroblas- 
tine; Braz.: Eturix; Fauldlluor; Neugrast; Canad.: Eíudex; 
Fluoroplexf; chữe: Etudix; Fluoradlof; China: An Te Fan ($  

Fu Ke (SW); Fu Mi Te ( * * # ) ;  Fu Ruo Xln ( « # « ) ;  
Fu Shi Ke (ScBÍỘT); Geĩente (& £ # ) ; Hua Kang Da (SặỊìỀ); 
Ning Lan Xin CtẼ.IR); Pu Li Da (1fýjìẳì: Sen Ting (StíT); 
Sinoíuan CtAM Ỉc): Zuo Ding (ft?ê); Cr.: La-Fuf: Denm.: 
Hurablastin; Fin.: Flurablastin; Fr.: Eỉudix; Ger.: Benda; 
Eỉuđbc; Haemato-fuf; Neoíluort; OnkoĐuorf; RiboEuor; Gr.: 
Huracedyb Huroblastin; Uradũor; Hang Kong-. Eỉudix; Hung.: 
Ehidỉx; India: Rveũurot; Fivodl; Fivofhi; Flodl; Flonida; Plor- 
ac  Fludl; Fludin; Fluonco; F!uradl; Flutas; Kudl; Oncolluor; 
Oncourdl; Indon.: Curadl; Fluracedyl; IrL: Éhidix; Israel: 
EfudiX' Malaysia: Pluracedyl; Mex.: Acoílut; Carebin; Eíudbc 
Flurox; TecBu; Netk.: Eỉudix; Fluracedyl; Norw.: F!urablastin; 
NZ: Efudix; Phữỉpp.: Fivoũu; Fluonco; FluoxanỶ; pluracedyl’

Huroblastin; uflahexf; Utoral; PòL: Eíudix; PorL: Cinkef-U; 
Rus.: Plurox (4>nypoKC); S.Afr.: Eíudix; Floracon Fluracedyl; 
Huroblastin; Singapore. Etudixt; Swe<L: Flurablastint; Switz.: 
Eíudix; Thai.: Etídb Fivofluf; Pluroxt; Turk.: Fluro-5; ơncosil; 
Oncouradlt; VK: Eíudix; USA: Adrudl; Carac Eíudex; Fluoro- 
plex; Venez.: Fivoflu; Fluroblastin.

MuhHngnBcBent Preparotiocu. Austria: Verrumab Cz.: Vemimal; 
Ger.: Actikerall; vẽmimal; Gr.: Verruca Hermal Hang Kong: 
Vemmial; Hung.: Verrumab Israel: Vemunal; Malaysia: Vemi- 
mal; Pol: Verrumab Port: Verrucare; Verrumal; singapore. 
Verrumal; Switz.: Actikerall; Vemimal; Thai.: VetTumal; Turk.: 
Verrutol; UK: Actlkerall.

Pharmocopoeial Preporotions
BP 2014: FIuorouradl Cream; Fluorouradl Injection;
USP 36: Fluorouradl Cream; F!uorouradI Injection; F1uorouradl 
Topical Solutỉon.

F l u t a m i d e  IBAN, USAN, rlNNI

Flutamid; Flutamida; Flutamidas; Flutamidi; Flutamidum;
Sch-13521; ©nyraMMfl.
a',a',a'-Trifluoro-4'-nitroisobutyro-m-toluidide; a,a,a-Tri- 
fluoro-2-methyl-4'-nitro-m-propionotoluidide. 
Q,H,,F5N A -27 6 2  
CAS—  133ỈỈ-84-7.
ATC —  L02BB01.
ATCVet —  QL02BB01.
UNI1 —  76W6J0943E

Pharmacopoeias. In Eur. (see p. VÍÍ) and us.
Ph. Eur. 8: (Flutamide). A pale yellow, crystalline povvder. 
Practically insoluble in water; íreely soluble in alcohol and 
in acetone; praaically insoluble in heptane. Protect from 
light.
USP 36: (Flutamide). A pale yellow, crystalline powder. 
Practically insoluble in vvater, in liquid paratíin. and in 
Petroleum spirit; ừeely soluble in acetone, in ethyl acetate, 
and in methyl alcohol; soluble in chloroíorm and in ether. 
Store in airtight containers. P ro tea from light.

Uses and Administration
Flutamide is a nonsteroidal compound vvith anti-androgenic 
properties vvhich appears to act by inhibiting the uptake 
and/or binding of androgens in target tissues. It is used. 
usualỉy with gonadorelin analogues, in the palliaúve 
ưeatment of prostatic carcinoma (p. 712.3). The usual oral 
dose is 250 mg three times daily. When used in combination 
therapy UK licensed product inlormation recommends that 
Qutamide treatment should be started at least 3 days beíore 
the gonadorelin analogue to suppress any 'ílare' reaction; 
however, in some other countries it is recommended that 
ơeatm ent with both agents be begun simultaneously for 
optimum effea.

Congenitd adrenal hyperplasia. For mention oí the use 
of ũutamide with testolactone to block androgenic eííects 
in congenital adrenal hyperplasia, see p. 1603.2.

Hirsutỉsm and  alopecia. Anti-androgens (usually cypro- 
terone or spironolaaone) are vvidely used íor the drug 
ơeatm ent of hirsutism (p. 2262.1). Flutamide has no parti- 
cular ađvantage in this context;1-2 one study has lound 
Sutamide to be more effective than spironolaaone in inhi- 
biting hirsutism,3 but others íound them to be of similar 
elCcacy,4 5 and the risk of hepatotoxidty vvith ílutamide is 
a problem.2 Nonetheless, Autamide has continued to be 
investigated.4'10

Flutamide has also been investígated11 in vvomen with 
íemale-pattem hair loss (female androgenetic alopeda).

1. Rỉttmaster RS. Hyperandrogexmm—wbat Ls normaỉ? N Engl J Med 1992; 
327: 194-6.

2. Rittmasier RS. Hĩnmism. Lartctí 1997; 349: 191-5.
ỉ. Cusan L tí al. Comparìson oỉ ũutamide and spừonolaaone in the 

ưeatmem oỉ hinuũsm: a randomixed conuolled tríal. Ftítiĩ Steril 1994; 
61: 281-7.

4. Erenus M. tí a i Comparỉson of the eĩĩicacy oỉ spironolactone venuỉ 
ũutamỉde ỉn the ưeatment of hirsutism. ĩertiỉ Steriỉ 1994; 61: 613-6.

5. Mogheuỉ p, tí a i Comparison of spironolaaone, Autamỉde, and 
Qsasteríde eíEcacy ỉn the treatment of hinutUm: a randouiỉzed. double 
blỉnd. placebo-controUed nial. J  CVm Endocúnoỉ Mtíab 2000; 85: 89-94.

6. Muderrỉs u  tí aỉ. Treatment oỉ hỉrsutism wỉth ìowesĩ-dose ílutamide 
(62.5 mg/day). Gynecoì Endocrìnol 2000; 14: 38-41.

7. VentuTOỈỈ s, tí aĩ. Lcm-dose Outamỉde {125 mg/day) as maỉntenance 
therapy ỉn the ưeatment of hirsutism. Hom Ra 2001; 56: 25-31.

8. Gambineri A. tí a l Eííect o! Qutamide and metỉonnỉn administered 
alone or ỉn combinatíon ỉn dieting obese wornen with polycystic ovary 
syndrome. Cỉìn Endocrinol (OxỊ) 2004; 60: 24Ỉ-9.

9. Caỉaỉ J. tí al. Spanish VVorking Group ĩor HLrsutỉsm. Long-tenn eỉGcacy 
and tolenbilỉty of Autamide comblned with oral contraceptìon in 
moderate to severe hirsutỉsm: a 12-month. double-bỉind, paraliel dinical 
triaỉ. J  ơin Endoơinal Metab 2007; 92: 3446-52.

10. Unỉuhizarrì K, tí ai. A comparison between fínasterìde, íluumỉde. and 
íỉnasteríde plus Outamide combinadon ín the ưeatment oí hirsutỉsm. J  
Endoơinoỉ Invest 2009; 32; 37-40.

11. Paradisi R, tí ai. Prospectỉve cohort srudy on the eỉíects and tolerability of 
Qutamỉde in patients vvith ỉemale panem haỉr loss. Ann Pharmacather 
2011; 45: 469-75.

Poiycysỉic ovary syndrome. Flutamidc has bcen Itsed. 
usually wiứi metíormin, in the management of polyc ystic 
ovary syndrome (p. 2253.3);1'3 additive effects havẽ )een 
reported vvith this combination.

1. Ibáfiez U tíaL  Addlứve eSeas oỉ insuHn-sensldzlng and antí-anc rogen 
treatment ỉn young nonobese women with hyperinsul. lism, 
hyperandrogenỉsm. dyslỉpidemia, and anovuỉatỉon. J ơin End erinoi 
Mtíab 2002; 87: 2870-4.

2. IbáAez L, tí a l Low-dose Autamide-međormin therapy reverses ỉ tsulứi 
' resistance and reduces ỉat maas in nonobese adolescentỉ with o arỉan

hyperandrogenism. J Qitt Endoainoì Mtíab 2003; 88: 260Ữ-6.
3. Gambỉneri A, tí aì. Eỉỉect oí ũutamide and metíonnln adntinỉ tered 

alone or in combỉnatỉon ỉn dietỉng obese women with ỊXílycystic 3vary 
syndrome. ơin Endoainol (OxỊ) 2004; 60: 241-9.

4. ■ Gambỉnerỉ A, tí a i Treatment with ílutamide. medonnỉn. and their
combinarion added to a hypocaloric dỉet in overweỉght'Obe5e w )men 
wỉrh polycystic ovary syndxome: a randomixed, 12-monih, plẽ :ebo- 
controlled study. J ơin Endoainoỉ Mrtab 2006; 91: 3970-80.

5. IbiAez L  t í  ai. Lovv-dose piog]ítazone, ũutamỉde, meưormin pl 1S an 
estro-progestagen for non-obese young vvomen with polycynic rvary 
syndrome: increasing efficacy and persỉstenc saíety over 30 m* nths. 
Gyneeol Endoainol 2010; 26; 869-73.

Adverse Effects and Precautions
The most írequently reported adverse effeas with ílutar ìide 
are hot ílushes and reversible gynaecornastia or bieast 
tenderness, sometimes accompanied by galactorrh Dea. 
Nausea, vomiting, diarrhoea, increased appetite, anor< xía, 
and sleep disturbances may occur. There have been rej orts 
of skin reactions, induding epidermal necrolysis, an 1 of 
liver damage, sometimes íatal. Other adverse ef ects 
reported in patients receiving Autamide indude anaerúas, 
haemolysis, headache, dizziness, malaise, blurred vií ion, 
anxiety, depression, decreased libido, impotence, and 
hypertension. Abdominal pain, chest pain, dyspnoea, and 
cough have been reported rarely. Discoloration of the u rine 
to amber or yellow-green can be caused by the presenc e of 
nutamide and/or ìts metabolites.

Flutamide should be used vvith care in patients ivith 
cardiovascular disease because of the possibility of lluid 
retentìon. It should also be used with caution in patients 
vvith hepatic impainnent and is conơa-indicated in those 
vvith severe impairment. Regular liver íunctìon testirg is 
recommended in all patients: therapy should be stoppei or 
dosage reduced ư there is evídence of hepatotoxidty.

Effects on the blood. A report1 of methaemoglobinae mía 
in an elđerly man was attributed to Autamide. A stud)2 of 
45 patỉents given ílutamide íound no cases of methae no- 
globinaemia, but the authors noted a hrnher 3 published 
case reports.

1. Schou AM. tí ai. Flutamide*induced meihemogỉobinemia. DỈCP Ann 
Phamoather 1991; 25: 600-1.

2. Schuli M, rỉ ai. Lack oí methemogỉobinemia with Autamide. Am  
Pharmaeother 2001; 35: 21-5.

Etteds on the liver. Hepatitis occuưed in a 79-year old 
man taking ỉlutamỉde 750 mg daily as sole therapy aft :r a 
prostatectomy,1 but a subsequent study2 in 1091 patũnts 
given Uutamide 250mg three times daily as part of a r :gi- 
men for prostate cancer íound marked signs of 1 ver 
damage only in 4, of whom only 2 had clinical evide ice 
of hepatotoxidty. In the USA the FDA had 46 repon of 
patìents with hepatotoTódty assodated with ílutamide up 
to December 1994. Of these patients, 20 died from Ị ro- 
gressive liver disease.3 Further cases have continued tc be 
reported,4'7 induding in women receiving low doses for 
hứsutism.7'* Early tapering of the dose, stopping thera py, 
or svvitching to another anú-androgen may resolve he ?a- 
totoxic eữects.9 Patients vvith chronic viral hepatitis L tay 
be at higher risk of developing hepatotoTddty V ith 
antị-androgen therapy.10

1. Hart w, Stricker BHC. FIutamỉde and hepatítừ. Ann Ịntem Med 1 >89; 
110: 943-4.

2. Gomez J-L. tí a i Incỉdence ữí ỉiver toxidty assodaied with the u:: of 
Autamide in prostate cancer patìentỉ. Am J Mtd ỉ 992; 92:465-70.

3. VVysomld DK. Fourcroy JL. F)utamide bepatotoxidty. J Urol (Baỉúr ort) 
1996; 155: 209-12. Correction ibid: 396.

4. Garda Cones M. tí aì. Flutamide-induced hepatotoxỉdty: report of a ase 
series. Rev Esp Ert/erm Dig 2001; 93:423-32. Correction. ibid.; 634.

5. Lubbert c. tí aì. Bnerus und schwere LeberhinỉciịoĐsstorung bd der 
bormonablaúven Behandlung des Prostaiakaránoms. ìnumừt ( 'tri) 
2004; 45: 333-40.

6. Osculatỉ A, CastỉgUonỉ c. Fataỉ liver complicadons with ỉlutamỉde. L tưtí 
2006; 367: 1Ỉ40-Ỉ.

7. Đrahm J. tí a i Acute and ỉubninant hepatitis ìnduced by Guiamide: ase 
series report and review oí the ỉỉterarure. Ajtn Hepatoỉ 2011; 10: 93- 8.

8. Castelo-Branco c  Del Pino M. Hepatoioxỉdty during low-( ose 
Autamide ưeatment for hirsutism. Gynecoỉ Endacrinol 2009; 25:419 22.

9. Lin ADY. tí ai. Antỉandrogen-assodated hepatotoxidty in the 
management of advanced prostate cancer. J ơtin Med Assoc 2003; 66: 
735-40.

10. Pu Y-S, tí a i Antỉandrogen hepatotoxỉdty ỉn patients wỉth chronic iral 
hepatítis. Eur Vrol 1999; 36: 293-7.

EfFeds on the lungs. In a review' of 78 cases of pneur 10- 
nitis reported to the FDA between 1998 and 2000 t lat 
were assodated with bicalutamide, Autamide, or nihiía- 
mide, it vvas íound that 14 patients had dled of respirati iry 
íailure. It was estimated that the inddence of pneumon tis

All cross-reíerences reíer to entries in Volumc A
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was highest for nilutamide (0.77%), but lower for flut- 
amide (0.04%) and bicalutamide (0.01%).

1. Bennett CL. et al. Pneumonitis assodated wilh noiutaroidal 
amiandrogens: presumptíve cvidcnce of a dass eííect. Ann ỉnUm Mtii 
2002; 137: 625.

Ettects on ihe slđn. Photosensitivicy reactìons have been 
reported in patients receiving Hutamide.1-2 Some consider 
it to be an early maniỉestation of SLE.2

1. Fujimoto M, tí a i Photosensitive dermatỉds induceđ by ílutamỉde. Br J 
Dermatol 1996; 135:496-7.

2. Kaur Ca Tharaí GP. FlutamidC'induced photosensitivity: is it a íormc 
íniSte of ỉupus? Br J Drrmatoi 2003; 148: 603-4.

G ynaecom astia. Gynaecomastia (p. 2264.3) and breast 
pain are írequent adverse effects of nonsteroidal 
ãnti-androgens used to treat prostate cancer. Nearly 90% 
of patients ưeated with bicalutamide in the Early Prostate 
Cancer programme had breast pain, gynaecomastia, or 
bo th .1 Some patíents will accept gynaecomasda as a toler- 
able adverse effect of therapy but others will require sped- 
fic treatm ent. The risk of breast changes can be reduced by 
the use of prophylactic low-dose irradiation of the breast 
area before nonsteroidal anti-androgen therapy is started. 
However, skin irritation can occur, and the long-term risk 
for đevẹlopment of breast cancer is unknovvn. Irradiation 

.is unlikelỹ to be ehectíve once breast enlargement has 
occiìrred but it can help to reduce pain. Empiiical use of 
oral anaỉgesics or topical local anaesthetics may be consid- 
erett íor breast pain. Specữic surgical ưeatm ent to reduce 
breast tissue indudes liposuction and breast tissue exci- 
sion.2,3

Hormonal therapy using tamoxiíen or anastrozole has 
been suggested, largely based on reports of beneSt in 
various patien t groups w ith gynaecomastia.1-2 Two 
randomised controlled studies4-5 oí men who were treated 
w ith  bicalutam ide for prostate cancer found tha t 
prophylactic tam oiưen was eữective for the prevention of 
gynaecomastia and breast pain, but that anastrozole was no 
better than  placebo. One of these studies’ also assessed the 
use oí these drugs as treatm ent and ỉound tha t 
gynaecomastia and breast pain resolved in at least 63% of 
patients ưeated with tamoxifen, but only in about 18% of 
those treated vvith anastrozole. Tamoxifen is considered to 
be m ore eữective than radlotherapy for prevention of 
gynaecomastia.,

1. Sieber PR. Treaunent of bicalutamỉde-induced breast events. Exptrĩ Rev 
Anticanar Ther 2007; 7: 1773-9.

2. Leibovitch I, et aL Management optioos ỉor gynaecomastỉa and breast 
pain assodated witb nonsteroỉdaỉ antỉandrogen therapy: case studies In 
context. ơin Dtuị Invat 2003; 23: 205-15.

3. Dỉ Lorenzo G. et al. Management oí gynaecomastỉa in patients vvith 
prostate cancen a systematỉc revỉevv. Lanctí Oncol 2005; 6: 972-9.

4. Đoccardo F, tt ai. Evaluatỉon of tamoxưen and anastrozoỉe ỉn the 
prevendon oỉ gynecomastỉa and breast pain induced by bỉcalutaraide 
monothenpy oí prostate cancer. J Qin Oncoì 2005; 23: 808-15.

5. Saỉtxsteỉn D, et ai. Prcventỉon and management of bicalutamide-induced 
gynecomastỉa and breast paln: randomùeđ endocrìnoỉogỉc and dinicaỉ 
studỉes wỉth tamoxUen and anastrozole. Prostaít Carĩtxr Prostatứ Dis 2005; 
8: 75-83.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, classiĩies flutamide as prob- 
ably porphyrinogenic; it should be prescribed only for 
compelling reasons and precautions should be considered 
in all padents.1

1. The Drug Database for Acute Porphyría. Availabie at: htrp://www. 
drugS'porphyria.org (accessed 05/09/1 i )

Interactions
Flutamide may increase the effect of warfarin, see 
Antineoplastics, p. 1532.2.

Pharmacokinetics
Flutamide is reported to be rapidly and completely absorbed 
from the gastrolntestinal tract and peak plasma concentra- 
tions occur 1 hour aíter a dose. It is rapidly and extensively 
metabolised; the major metabolite (2-hydroxyflutamide) 
possesses anti-androgenic properties. The half-liỉe of the 
metabolite is about 6 hours. Both ũutamide and 2- 
hydroxyHutamide are more than 90% bound to plasma 
proteins. Excretion is mainly in the urine with on]y minor 
am ounts appearing in the íaeces.
Reíerences.

t. Radwanskỉ E# et aỉ. Single and multipỉe dose pharxnacokỉneỉỉcevaỉuatỉoa 
oỉ ũutaraide in nonnaỉ gerỉatric voỉunteers. J Clin Pharmacoỉ 1989; 29: 
554-8.

Preparatíons
Proprietory PreporoKons (details are given in Volume B)

Single-ingredient Preparotions. Arg.: Asoũut; Dedile; Plutaplex; 
Flutepan; Flutrax; AustraL: Eulexin; Flutamin; Austria: Fluta- 
bene; Flutastad; Pugerel; Belg.: Eulexin; Flutaplex; Braz.: 
Eulexin; TecnoQut; Teũut; Canad.: EuAex; Chũc. Drogenílt: 
Etaconil: Flulemf; Ilidar; Chirta: Fugerel (ÍSM/K); Cz.; Andrax- 
anf; Fluđnom; Flumed; Plutaplex; Prostandrilt; Detim.: Eulex-

inf; Fluprosin; Proíamid; Fitt.: Eulexint: Proíamid; Fr.: Eulex- 
ine; Prostadirex; Ger.: Flumidt; Fluta; Fugerelf; Prosticat; Gr.: 
Adiprostt; Andraxan; Antipros; Elbat; Flucinom; FIutaplex; 
Palistop; Prostamide; Ríkital; Rosiniol; Tremexal; Hong Kortg: 
Codalant; Fugerel; Hung.: Fluprost; Flutam; Flutasin; Fugerel; 
Proszữka; India: Cytomid; Drogenil; Flutam; FIuride; Prostamid; 
Inđon.: Fluuplex; Fugerel; IrL: Androstatỷ; Drogenil; ItaL: 
Eulexin; Fluprost; Ricalide; Maỉaysia: Eumíde; Fluta-Cell; Flu- 
taplex; Mcc: Eulexint; FUmutal; Flulem; Taíenil; Neth.: FIuta- 
plexỷ; Norw.: Eulexin; NZ: Eulexũi; Plutamin; Philipp.: Fuger- 
el; Prostanon; Pol.: Apo-Flutam; Fugerelt; ProstandrUt: PorL: 
Drogenib Eulexỉn; Prosneo; Rus.: Fludnom (<t>jiyi!HHOM); Fluta- 
mid ((PnyraMiut); Flutaplex (<t>Jiỵrannexc); Frugyl (ộpynui); s. 
A f r Eulexin; Flutahexal; Flutaplex; Singapore. Flutan; Fuger- 
el; Spaùr. Eulexin; Grisetin; Oncosalt; Prostacun Swed.: Eulex- 
in; Swìtz.: Fludnomef; Thai.: Andraxan; Flulem; Flutan; Fluta- 
plex; Fugerel; Turk.: Andraxan; Eulexin; UK: chimax; 
Drogenilt; ukr.: Flutafarm (4>Jiyra4iapM); Venez.: Etaconil; 
Eulexin.

Pharmocopoeiai PreporoHons
USP 36: FIutamide Capsules.

Formestane (BAN, riNNi ®
CGP-32349; Formestaani; Fbrmestan; Formestano; Formes- 
tanum; 4-Hydroxyandrostenedione; 4-OHA;,4-OHAD; (Dop- 
MecT3H. .
4-Hydroxyandrost-4-ene-3,17-dione.
C19Hj6Oj=302.4 
_OVs  — 566-48-3.
ATC — L02BG02.
A K  Vet — QL02BG02. 
um  — PUB9T8T355.

ProPle
Formestane, like exemestane (p. 792.2), is a steroidal 
inhibitor of the aromatase (oestrogen synthetase) System 
responsible for the production of oestrogens from andro- 
gens. It has been used for its anti-oestrogenic propenies in 
the endocrine ơeatm ent of advạnced breast cancer in 
postmenopausal women.

Im tation and pain at the site oỉ intramuscular lnjection 
have been reported; injection into or near the sdatic nerve 
has resulted in  pain and ncrve trauma. Hypersensitivity 
reactions have occurred.

Revievvs.
1. Wlseman LR, McTavôsh D. Formestane: a revievv of ỉts pharmacody- 

namỉc and pharmacoidnetíc properties and therapeutỉc potentỉal ỉn the 
xnanagement oí breast cancer and prostatìc cancer. Drugs 1993; 45: 66- 
84.

2. Anonymous. Formestane íor advanced breast cancer in postmenopausal 
vvomen. Drug Ther Btíll 1993; 31: 85-7.

3. Carỉlnỉ p, tt a i  Formestane. a steroidal a ro ma ta se ỉnhỉbitor aher ỉaỉlure 
oí non-steroidaỉ aromatase inhibỉton (anastroaoỉe and ỉetrozoỉe): ỉs a 
dínlcal beneRt stỉỉl achievablc? Arm Oncoỉ 2001; 12: 1539-43.

Etìectỉ on carbohydrate meiabolism. Recurrent hypogly- 
caémic episodes developed in a diabetic patient previously 
vvell maintained on glidazide after addition of ỉormestane 
to ưeatm ent for metastatic breast cancer.1 Episodic hypo- 
glycaemia continued after dosage reduction, and even- 
tually withdrawal, oi glidazide, suggesring that the effect 
vvas not simply an interaction vvith the suưonylurea.

1. Brankin E. eí aì. Hypoglycaemỉa assodaỉed wỉth ĩormestane ưeãuneaL 
BMJ 1997; 314: 869.

Preparations
Proprietary Preparatìons (deuils are given in Volume B)

ị Single-ingredient Preparalions. Gr.: Lentaront; Turk.:
Lentaront-

Forodesine Hydrochloride ỊUSAN, riNNMỊ 
BCX-1777 (forodesine or -íorodesinẻ hydròchloride); 
Foródẻslne, Chlorhydrate de; Forodesini Hydrochlòriduiti;; 
Hiđrođoruíò de íorodesina; (Dopofle3HHa rnãpox/iopMA. 
(-)-7-[(2S,3S,4ff,5fi)-3,4-DÌhydroxy-5-(hydroxymethyl)pyrroll- 
din-2-yl]-1,5-dihỵdro-4H-pyrrólo[3,2-<í|pyrlmidin-4-one 
hydrochloride.
CuH,4N4O4,HCI=302.7
Ớis — 209799-67-7 (íbrodesìne); 284490- ỉ 3-7 (íorodesine 
hydrochloride). ,
ÚNII — 6SN82Y9Ụ73. ' .... ..

P ro/Ị7e

Forodesine is an  inhỉbitor of purine nudeoside phosphor- 
ylase. It is under investigation in  the treatm ent of T-cell 
lymphomas, chronic lymphocytic leukaemia, and acute 
lymphoblastic leukaemia.

Fosbretabuiin íriNNi

CẢ4P; Combretastatin A4 Phosphate; CS-A4 (combretastatin 
A4); Posbretabulina; Fosbrétabullne; Fosbretabulìnum;' NSC- 
348103 (combretastatin); (PocỗpeTaỗynMH.
2-Methoxy-5-Ị( lZ)-2-(3,4,5-trimethoxyphenyl)ethenyl]-phe- 
nyl dihydrbgen phosphate. ' ■■■■'■
ChH2108P=396.3
CAS —  82855-09-2 (combretastatm); '117048r59-6 (combre- 
ỉastatin A4); 222030-63-9 (combretastatm A4 phosphate); 

1368555-664 (combretastatin A4 disodrum phosphate). V  

u m  —  I5590ES2QL

KOTB. The name Zybrestat has been used as a trade mark for 
ỉosbretabulin.

ProỊj'le
Fosbretabulin is a synthetic derivative of combretastatin 
compounds originally isolated bom  the Aỉrỉcan bush- 
willow tree (Cape bush-willow; Combretum eạffrụm). It is 
described as a vascular targeting agent that reduces blood 
Bow to tumours by disrupting the endothelial cells of newly 
totmed blood vessels, and is under investigation íor the 
treatment of thyroid, ovaiian, and non-small cell lùng 
cancer. It is ălso being investigated topically for 
ophthalmological disease, paiticularly age-related macular 
degeneration.

Fotemustine /BAN, r/NNi

Fotemustin; Potemustina;. Fotémustine; Fotemustinum; S- 
10036; OoTeMyanH.
(±)-Qiethyl 0  -[3-(2-chloroethyl)-3-nitrosoureido]ethyl}phos- 
phonate
C9H,9CIN3OsP=31 5 7 

' CÁS - 92 Ú 8-27-9 
ATC— L0ỈAD0S.
ẠTCVet— ÓLOlADOS.
ỤNII — GQ7A9P5I2.

P rofi/e

Fotemustine is a niưosourea derivative and alkylating agent 
vvith actions similar to those of carmustine (p. 761.2). It is 
used in the treatment o{ disseminated malignant melanoma 
(p. 714.3), particularly where cerebral metastases are 
present, and has been tried ỉn primary malignandes of the 
brain (p. 701.2). When used as a single agent it is licensed 
for intravenous or intra-arterial inỉusion in  usual doses of 
100mg/m2 weekly íor 3 weeks to induce remission, 
foUowed after 4 to 5 weeks, ư  blood counts perm it by 
maintenance dosage with 100mg/m2 every 3 weeks. 
Intiavenous inỉusions are given over 1 hour and intra- 
arterìal inỉusions over 4 hours. Liver lunctíon should be 
monitored regularly during inductỉon treatment. Regular 
blood counts should be takẽn and dosage should be reduced 
or vdthheld ư white cell or platelet counts are below 
acceptable levels (see also Bone-m am m  Depression, 
p. 730.3). Bone-marrovv suppression may be delayed, with 
the nadir of the white cell counts 5 or 6 weeks after dosing. 
Solutions for iníusion must be ừeshly prepared and 
proteaed from light.
Reíerences.

1. Manolini c , tíaỉ. Pharmacokỉnetỉa of temoxoỉomide in assodatỉon wỉth 
íotemustỉne in malignant melanoma and malignant gỉỉoma patỉents: 
comparìson of oral intravenous. and hepatỉc inưa-arteríal administra- 
tỉon. Canetr ơưmather Pharmacol 1998; 42:433-40.

2. Fazcny-Domer 8. etai. Second-line chemotherapy with dacarbazice and 
íotemustine in nitrosourea-preơeated padents with recurrent glỉoblas- 
toma muUitorme. Anticanctr Drugs 2003; 14: 437-42.

3. Avril Mỉ, et aỉ. Fotemustỉne compared with dacarbazine in patienis vvith 
disseminated malignant melanoma: a phase 111 study. J Cỉin Oneoỉ 2004; 
22: 1118 -25 .

4. Ozkan M. tĩ ai. Post-operaũY e s e q u e n tỉa l c h em o -rad io th e rap y  ỉn  high- 
grade c ereb ra l g liom as vvith fo tem u stín e . J Chtmother 2 0 0 4 :1 6 :2 9 8 -3 0 2 .

5. Bonenkamp JJ, tí aỉ. ỉsoỉated limb inỉusion with íotemusứne aíter 
dacaibazine chemosensitísation for inoperabỉe loco-regional melanoma 
reourence. Eur J Surg Oncol 2004; 30:1107-12.

6. Peters s. tí aì. Intra-arteriai heparic ỉotemustỉne íor the ơeatment of lỉver 
metastases from uveaỉ meỉanoma: experíence in 101 patỉents. Ann Oncoỉ 
2006; 17: 578-83.

7. GUI s. tí ai. Long-term survỉvaỉ and secondary acute leukemỉa aher 
tocemustỉne therapy for metastatic melanoma. J Clùi Oncoỉ 2007; 25: 
4493-4 .

8. Scocdantỉ s. tí ai. Second-ỉlne chemotherapy whh íotemusdne in 
temozolomỉde-pretreated patỉents wỉth relapsing gUoblastoma: a sỉngỉe 
Inỉdtudon experience. Antkaneer Drugs 2008; 19: 613-20.

'9. Mangiacavaỉỉỉ s, tí ai. Efficacy and saíety oí ỉotemusdne for the 
treatmeiit of reỉapsed and reíractory muỉtiple myeloxna patíents. Eưr J 
Haatutíol 2009; 82: 240-1.

10. Addeo R. tí al. Fotemustìne and recurrent gỉiobỉastoma: poss&le new 
opportunỉtíes íor an oỉd drug. Cartcer Chemoứữr Pharmacoỉ 2009; 64:863- 
6.

Preparations
Proprietary Preparations (details are given in Volume B)

Singls-tngredient PreparaHons. Arg.: Mutoran; AustraL:
Muphoran; Austriar. Muphoran; Belg.: Muphoran; Braz.:

The Symbol ®  denotes a substance whose use may be restricted in certain sports (see p. viii)The Symbol t  denotes a preparation no longer actively marketed
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Muphoran; chìna: Muphoran (SỈSiÈ); Cz.: Mustophoran; Fr.: 
Muphoran; Gr.i Muphorant; Hung.-. Mustophoran; Israel: 
Muphoran; ItaL: Mupboran; NZ: Muphoran; PoL: Mustophor- 
an; PorL: Muphoran; Ruỉ.: Mustophoran (MiocToộopaH); 
Spain: Mustoíoran; Turk.: Muphoran; Ukr.: Mustophoran 
(MucroộopaH).

F u Ị v e s t r a n t  IBAN, USAN, riNNi ®

Fuìvẽstranturn; lơ-182780; ZD-9238l ZM-182780; (Dy/ibBec-
Tp3HT.
7a-[9-(4A5,5Ì5-PentáflũôropentylsulfìnybnònỳlÌestra-13,5 
(10)-ữiene-3,17ị3-dìoL 
C32H47FsO3S=606.8 
CAS —  129453-61-8.
ATC —  L02BA03. ■ - 
ATC Vet —  QL02BA03. '•
ƯN// — 22X328QOC4. . '

Pharmacopoeias. In Eur. (see p. vii) and u s .

Ph. Eur. 8: (Fulvestrant). A white or almost vvhite povvder. 
Practically insoluble in water; íreely soluble in alcohol and 
in dichloromethane. Store at a temperature of 2 degrees to 8 
degrees. Protect írom light. If the substance is sterile, store in 
airtight containers.
USP 36: (Fulvesưant). A mixture oi the dỉastereoisomers A 
and B. A white povvder. Freely soluble in alcohol. Store at a 
temperature of 2 degrees to 8 degrees. Protect from Iight.

Uses and Administration
Fulvestrant is an oesơogen antagonist that dovvnregulates 
the oestrogen receptor and is used for the treatment of 
oestrogen-receptor positive, locally advanced or metastatìc 
breast cancer in postmenopausal women (p. 702.1); it is 
given when disease has relapsed or progressed during or 
aíter ưeatm ent with anti-oesưogens. Fulvestrant is given 
inưamuscularly in a dose of 500 mg every 2 vveeks for the 
first 3 doses, then every m onth thereaíter. Half the dose 
(250 mg) is inịected into each buttock concurrently. For 
doses in hepatic impaừment. see Adminisưation in Hepatic 
Impaiiment, below.
Reíerences.

1. Buzdar AU. Fuỉvestrant: a new type of estrogen receptor antagonỉst íor 
the treatmem of advanced breast cancer. Drugs Today 2004; 40:751-64.

2. Bundred N. Predinicaỉ and dinỉca] experỉence wỉth ỉulvestrant 
(Pasỉodex) ỉn postmenopausal women wiỉh honnone receptor-positỉve 
ađvanced breãst cancer. Cartar Invat 2005; 23: 173-81.

3. Buzdar AU, Robertson JFR. Puỉvestrant: phannacologìc proGỉe versus 
cdsting endoaine agents for the ưeatment oỉ breast cancer. Arut 
Pharmãcotìưr 2006; 40: 1572-83.

4. Fỉemmỉng 3, et ai. Pulvestrant íor systemic therapy oỉ locaỉỉy advanced or 
metastatỉc breast cancer ỉn postmenopausaỉ vvoraen: a systematic 
rcvievT. Breast Caneer Xa Treai 2009; 115: 255-68.

5. de la Haba Rodiíguez JR, tí ai. Fulvestrant in advanced rnale breast 
cancer. Am  Ortai 2009; 20: 1896-7.

6. Argenta PA. tí aỉ. A pbase n  study oĩ foỉvestrant ỉn the ưeatment oỉ 
multiply-recurrent epithelial ovarian eancer. Gytucol Oneoỉ 2009; 113: 
205-9.

7. Vakchỉs A. tí a i Puỉvestrant in the treatment oí advanced breast cancer. 
a systematic revỉew and meta*anaỉysỉs of nndomhed coDtrolỉed triah. 
Crử Rev Onạl Hanatol 2010; 73: 220-7.

8. Kabos p. Borges VF. Puỉvestrant: a unique antỉendocrỉne agent íor 
estrogen-sensitive breast cancer. Expert Opờt Pharmaeother 2010; 11: 
807-16.

9. Johnston SJ, Cheung KL. Fulvestrant—a novel endoaine therapy for 
breast cancer. Qưr Med ơưm 2010; 17: 902-14.

10. Gasent Blesa JM. tí a i Experìence wỉth íuivestram acetate in castration- 
resỉstant prostate eancer padents. Ann Oneoi 2010; 21: 1131-2.

11. Di Leo K  tí aỉ. Resuỉts of the CONFIRM phase m trial corapaiing 
ỉulvestrant 250 mg wỉth hilvestram 500 mg in postmenọpausal women 
with estrogen receptor-positive advanced breast cancer. J ơin Oncol 
2010; 28: 4594-4600.

12. Wann M. t í  ứ. BeneSts of earty and proỉonged hilvestrant ưeatmem in 
848 postmenopatuaỉ advanced breast caneer patỉents. Breasi Canixr Res 
Trtaí 2011; 125: 127-36.

13. Masd G, tí ai. Puỉvesvant ỉor advanced male breast cancer patỉents: a 
case series. Am Onaỉ 2011; 22: 985.

14. Oaỉanan c, tí al. Fuỉvestrant in the management of postmenopausal 
woroen wỉth ađvanceđ, endooine-rcsponsỉve breast cancer. Putuit OnaỊ 
2011;7:173-86.

ỉ 5. Croxtall JD, McKeage K. Fuỉvestrant: a revỉew oi ỉts me ỉn the 
management oỉ honnone receptor-positỉve metasuũc breast cancer in 
postmenopausaỉ women. Drup 2011; 71: 363-80.

Administration in hepaiic impatrment. Exposure to ful- 
vestrant is increased ừi patients vvith moderate hepatic 
impairment (Child-Pugh dass B), and so in the USA a 
reduced dose of 250 mg as a single intramusculai ữỹection 
into one buttock is given every 2 vveeks for the ũrst 3 
doses and monthly thereaíter; however, such dose adjust- 
m ent is not recommended in the UK. Pulvestrant has not 
been studied in those vvith severe hepatic impainnent 
(Child-Pugh dass C).

Adverse Effeds and Precautions
The most commonly reported adverse eỉỉects of íulvestrant 
are gastrointestinal disturbances, headache, musculo- 
skeletal and abdominal pain, hot Oushes, cough, dyspnoea. 
asthenia, and increases in liver enzymes. Injection site 
reactions can occur. Other common adverse effẽcts include

rash, urinary-tract ũiíections, and thromboembolic events. 
Hypersensitivity reactions, induding angioedema and 
urticaria, can occur. Vaginal bleeding or inỉectìon, vertigo 
and leucopenia have been reported rărely.

There iỉ a lack oỉ data on the use of hilvestrant in those 
with severe hepatic impaứment (Child-Pugh class C), and 
use in  these patients is not recommended in  some countríes. 
It should bẹ used with caution in  those with lesser degrees oỉ 
hepatic impairment; a reduction in  dose may be required 
(see Administtation in  Hepatic Impairment, above). 
Fulvestrant shouỉd also be used with caution in those wlth 
severe renal ũnpatrment (creatinine dearance less than 
30mL/niinute). Because it m ust be given by inơamuscular 
injection, hilvestrant should be used with cautỉon in 
patients vvith bleeding tendendes, thrombocytopenia, or 
who are taking anticoagulants.

Porphyrki. The Drug Database for Acute Potphyria, com- 
piled by the Nonvegian Porphyria Cenưe (NAPOS) and 
the Porphyria Centre Svveden, dassiẵes íulvesữant as 
probably not porphyrinogenic it may be used as a drug of 
first choice and no precautíons are needed.1

1. The Drug Database for Acute Porphyria. Avaiỉabie at: hnp://www. 
drugs-porphyria.org (accessed 05/09/11)

Phanmacokinetícs
Fulvestrant is slowly absorbed after inưamuscular injection 
and peak plasma concentrations occur after about 7 days. 
Steady-State concentrations are reached aíter about 3 to 6 
doses (given monthly). Fulvesơant is highly bound to 
plasma proteins. It is metabolised mainly in the liver to 
several metabolites, some of which have oestrogen 
antagonist activity, and is excreted in the íaeces. After 
intramuscular injection íulvesưant has a haU-life of about 
40 to 50 days.
Reíerences.

1. Robertson JFR, tí aỉ. Pharmacoỉdnetic profíle oỉ ỈDtramuscular 
hiỉvestrant In advanced breast cancer. dùi Pharmaakintí 2004; 43: 
529-38.

Preparations
Proprietary Preponrtions (detaiU are given in Volume B)

Single-ingredient Preparalions. Arg.: FasIodex; AustraL: Faslo- 
dex; Austrìa: Faslodex; Beỉg.: Faslodex; Braz.: Paslodex; 
Canađ.: FasIodex; Chile: FasIodex; china: FasIodex 
Cz.: Faslodex; Denm.: FasIodex; Pin.: FasIodex; Fr.: Faslodex; 
Ger.: FasIodex; Gr.: Faslodex; Hong Kong: Paslodex; Hung.: 
Paslodex; India: Faslodex; Irt: Paslodex; Israel: Faslodex; ItaL: 
Paslodex; Jpn: Faslodex; Malaysia: Faslodex; Mex.: Faslodex; 
Neth.: Faslodex; Norw.: FasIodcx; NZ: FasIodexf; Phĩlipp.: Fas- 
lodex; PoL: FasIodex; Port: Paslodex; Rus.: Paslodex
(dManoACKc); SA.fr.: Faslodex; Singapore: FasIodex; Spaũt: Fas- 
iodex; Swed.: Faslodex; Switz.: Faslodex; Thai: Fastodex; 
Turk.: Paslodex; UK: Paslodex; ukr.: Paslodex ((baanoAexc); 
USA: FasIodex; Veneĩ.: Paslodex.

Geíitinib IBAN, USAN, rlNNI 

Géfiti n ib;Gefìti n i b u  m; ZD-1839; reỘMTMHMÕ. 

N-(3-Chlóro-4-fíụorophenyl)-7-methoxy-6-[3-(morpholin-4- 
yl)propoxy]quinazolin-4-amine.
€ ^ ^ ^ 0 3 = 4 4 6 . 9  
CAS -  184475-35-2.
ATC — L01XE02. .
ATC Vet — QL01XE02.
UNII — S65743JHBS. .......

Uses and Administratíon
Geũtinib is a selective inhỉbitor of the tyrosine kinase 
activity of the epidennal grovvth ỉactor receptor (EGFR). 
EGFR is expressed on the suiỉace oỉ cells and i$ implicated ỉn 
the process of cell growth and proliỉeratìon. Gebtinib is used 
ỉor the management oỉ locally advanced or metastatic 
non-small cell lung .cancer (NSCỈ.C; p. 710.2) in  adults. In 
the UK and EU, geStinib is indicated ỉor those patients with 
nunours with activating mutations of the BGFR tyrosine 
kinase. In the USA, use is restricted to those patients who 
are currently receiving and benefiting from gefitìnib, or to 
those who have previously benehted from therapy; it is only 
used aíter ỉailure of both platinum-based and docetaxel 
chemotherapy regúnens.

The recommended dose of gehtinib is 250 mg oraỉly once 
daily. For wamings and reatmmendations regarding the safe 
prescribing, dúpensing, and use o f oraỉ antineoplastic drugs, see 
Adminừtratìon, p. 7323.

For patients with diarrhoea or cutaneous adverse 
reactions, geẼúnib therapy may be interrupted for up to 
14 days, aỉter vvhich it may be re-instated at the same dose; 
ư therapy is not tolerated aỉter such an interruption, 
gehtinib should be stopped, and altemative ơeatment 
considered.

In patients who are given a' potent CYP3A4 inducer. a 
dose increase of geStìnib to 500mg orally once daily should 
be considered; clinical response and advetse eííects shoi ild 
be careíully monltored.

Caution is adviseđ in some patients vvdth hepatic or renal 
impairment (see below).
Reíerences.

1. Culy CB, Fauỉd$ D. Geũtỉnỉb. ùntgt 2002; 62:2237-4S.
2. Krís MG, tí al. Efficacy oí geỉitínỉb, an inhibỉtor oí the epidermal gro^nh 

ỉactor receptor tyxosĩne ỉđnase, ỉn sýmptomatỉc patíents with non-sr talỉ 
cell lung câncen a nndomỉzed trỉaL JAMA 2003; 290: 2149-58.

3. Lỉu CY, Secn s. Geôtìnib therapy íor advanced nQD-small-cell ỈI ing 
cancer. Am Pharmacother 2003; 37: 1644-53.

4. Cersosỉmo RJ. Gefitỉnỉb: a new antineoplastỉc íor advanced non-srr lil- 
ceỉỉ lung cancer. Am J Health'Syữ Pharm 2004; 61: 889-98.

5. Tanovic A. Aỉỉaro V. Geũtỉnỉb: current status in the ưeatment of 
non-smaỉỉ cell lung eancer. Drugs Today 2004; 40: 809-27.

6. Binsbaum A, Ready N. Gefitỉnỉb ỉherapy for non-smaiỉ ceỉỉ lung can er. 
Om Trtat optùms Qruoỉ 2005; 6: 75-81.

7. Shah NT, á  «/. Practícaỉ management of patients with non-smaU- rll 
lung cancer treated wỉth geStỉnib. J ơin Oncoỉ 2005; 23: 165-74.

8. Bladchalỉ F, tí ai. Where next ỉor gefitỉnỉb ỉn patỉents with lung cam :r? 
Lartcet ỡrtcoi 2008: 7: 499-507.

9. Maruyama R. tí ai. Phase m  study. V-15-32. of geStinib versus doceu tel 
in previousỉy treated Japanese patíents wiỉh non-small-cell lung can er. 
J àỉn Oncoỉ 2008; 26: 4244-52.

10. Kim ES. tíal. GeBtỉnỉb versus docetaxel in previously treated non-srr. ill- 
celỉ lung cancer (INTEREST): a randomised phase ni rrial. Lanat 2C )8; 
372: 1809-18.

11. Sanỉord M. Scott LJ. Geỉltỉnib: a review of its use in the treatmen oí 
localỉy advanced/metastatỉc non-smalỉ ceỉỉ lung cancer. ữruỹỉ 2009; Ỉ9: 
2303-28.

Adminístration. Gehtinib tablets may be taken with 0 T 
without food, and are preíerably swallowed whole. Ho V- 
ever, íor those patients who have diHiculty swallowdng a 
whole tablet may be dispersed in halỉ a glass of 
non-carbonated wãten the tablet should not be crushrd, 
and the glass of vvater should be swirled or súưed ur til 
the tablet is íully dispersed (this may take 10 to 20 m: n- 
utes). The dispersion should be consumed immediati ly 
(UK licensed product iníormation spedíies this as being 
within I hour), and the glass rinsed with some mcre 
water, which should also be consumed.

This dispersion is also suitable ỉor use through a 
nasogastric or gasttostomy tube.

Adminishntion in children. For reĩerence to the u$e of
geStínỉb with irínotecan in the treatment of children w  th 
reừactory solid tumours. see Adminisưation, under Irir o- 
tecan, p. 813.1.

Administration in hepatic impairment. UK licensed pio- 
d u a  inỉormation States that, compared vvith healthy cc n- 
ttol subjects, exposure to gehtinib was tripled in patiei Its 
with moderate or severe hepatíc impairment (dassỉ£:d 
according to Chỉld-Pugh criteria) due to ãrrhosis. [n 
paúents with tumours, gehtinib pharmacokinetics in thc se 
with hepatic impairment were similar to those patiei ts 
with normal hepatic íunction.

us lỉcensed product iníormation States that no dosa ;e 
adjustment is needed in patients with moderate to sevt re 
hepatic im paiiment due to liver metastases: in the UK, 
patients with moderate to severe ữnpairment (Child-Pugh B 
or C) due to drrhosis should be dosely monitored :ior 
adverse eííects.

Administration in renal impairment. UK licensed prodi a  
inỉormation States that no dose adjustment oỉ gefitinib is 
needed in patients w ith a creatinine dearance (CC) gre. t- 
er thỉm 20 mL/minute. Caution is advised in those patie! ts 
with a c c  of 20m L/m inute or less, due to limited data in 
these patients.

us licensed product inỉormation States that, vvhile 10 
studies have been conducted in patients with severe rei al 
im pairm ent, geỉitinib and its metabolites are r. Dt 
signiBcantly excreted Via the kidney, and no dc se 
adjustment is requừed on the basis of renal hinction.

Adverse Effects, Treatment, and Precautions
The adverse eỉíects of geCtinib are similar to those oỉ 
erlotinib (p. 789.2), although severe hepatic and reral 
toxidty seems to be rare. Haemorrhage, su ch as epistaxis jr 
haematuria, is common. There are also reports of tum c JT 
haemorrhage, sometimes ỉatal, aíter use of geBtinib in 
patients vvith head and neck cancer.

Other common adverse eỉỉects indude nausea, vomitứ g, 
stomatitís, dry mouth, alopeda, nail disorders, asthen a, 
pyrexia, proteinuria, and elevations in blood creatmine. 
Reíerences.

ỉ. Inoue K  tí ai. Sevcrc acute mteistỉiỉa] pneumonia and geSỉỉníb. ha> at 
2003; 361: 137-9.

2. Forsyihe B, Faulkner K. Overvievv of the tolerabỉỉỉty oí gefiti ữ> 
(IRESSA") monotherapy: dỉnlcal experience In nơn-small-cell h Ig 
Òncer. Dru$ Saftíy 2004; 27:1081-92.

Effeds on survivaL In chemotherapy-naive patients wi li 
advanced non-small Cell lung cancer, gehtmíb, given wi Ji 
gemdtabine plus dsplatin,1 or paditaxel plus carboplatũ 
showed no survival advantage over chemothera )y

All CTOSS-reíerences refer to entries in Volume A
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vvithout gefitinib. In a large stuđy in patients vvith 
non-small cell lung cancer gi ven geũtinỉb 0 1  placebo, aíter 
íailure of one or two previous treatment regimens, no sur- 
vival benefit vvas shovvn w ith gefltinib;J recommendations 
restricting the use of geBtinib to selected patients have 
been made in  the USA (see Uses and Admỉnistratíon, 
p. 800.2).* Hovvever, a subset analysis o{ study data found 
an improvement in survival in a subgroup of patients o£ 
Asian origin.5 In reports of the IMEX study in  patíents 
vvlth head and neck cancer, no survival advantage for gefi- 
tinib was íound when compared with methottexate; an 
increased inddence of tum our haemorrhage vvas seen in 
those treated vvith gehtinib.4 Studies have suggested that 
there are subgroups of patients vvith non-small ceU lung 
cancer who have spedhc biomarkers or mutations in the 
epidermal grovvth fàctor receptor (EGFR) gene whỉch cor- 
relate with clinical response to geBdnib.710 A subsequent 
study established EGFR m utation status as the most 
important independent predictor of survival benefit with 
gehtìnib treatm ent.11

A small retrospective study íound that íurther tieatment 
vvith gehtinib prolonged survival in patíents vvho were 
initíally responsive, but vvho had subsequent dlsease 
progression upon stopping therapy.12
-1. Giaccone G. tí a i GeBđnib in combinadon with gemđiabíne and 

‘tíspíaún ỉn advanced non-small-ceU lung cancen a phase m ttial— 
INTACT Ì.JClin Onai 2004: 22: 777-84.

.2. HerbstRS, tí aỉ. GeŨcUúb in combinatíon wỉth padlcaxeỉ and carboplatín 
. in àdvanced non-smaỉl-cell lung cancen a phase in trỉal—INTACT 2. J 

Oin^ỡncol 2004; 22: 785-94.
' 3. Thatđier N, tí  a i Gedtinỉb plus best supportíve care ỉn prevỉously treated 

patíentỉ with reỉractoiy ađvanced non-small-cell ỉung cancer results 
from a randomỉsed. pỉacebo-controlỉed. multìcentre scudy (Iressa 
Survỉral Evaluaóon ỉn Lung Cancer). Lanctí 2005; 364: 1527-37.

4. PDA Public Health Advisory. New labeỉỉng and dỉstribution program fòr 
gedtinib (Iressa) (ỉssued 17/06/05). Avaỉlabỉe au http://wwwJda.gov/ 
Drug$/DrugSafety/PostmarketDrugSafetyIníonnatíonforPatientsand* 
Providers/ucml63ụ2.btm (accessed 21/07/10)

5. Chang K. tí aỉ. GeAdnib (IRESSA) in patỉents of Asian orỉgỉn wỉth 
retractory advanced non-small ceỉl lung cancer subset anaỉysỉs from the 
ISEL study. J Thorac Oncoì 2006; 1: 847-55.

6. AstraZeneca, Canada. Health Canada endorsed ỉmportant saỉety 
iníormation on ĩressa (gedúnỉb): tack oí survíval beneũt and ỉncreased 
inddence of tumour haetnorrhage ỉn assỡdation wỉth IRESSA ỉn 
patients wỉth squamous ceỉl cardnoma oỉ the head and neck (SCCHN) 
(ỉssued ỉ$t Decèmber 2006). Avaỉlable at: http://www.hc-sc.gc.ca/dhp- 
mps/medeff/advỉsories*avis/prof/_2006/iressa_4_hpc-cps-eng.php 
(accessed 23/09/09)

7. Lynch TJ, tí ai. Actỉvadng mutatỉons ỉn the epỉdermal growth ỉactor 
receptor underlying responsiveness oỉ non-small-cell lung cancer to 
geĐdnib. N Eng! J Med 2004: 350: 2129-39.

8. Paez JG. tí ai. EGFR mutatỉons ỉn lung cancer. conelation wỉth dỉnical 
response to geũdnỉb therapy. Science 2004; 304:1497-1500.

9. Pao w, Miỉỉer VA. Epidermal growth ỉactor receptor mutadons, small- 
molecuỉe kỉnase ỉnhỉbitors, and non-smaỉl-ceỉỉ lung cancen current 
knowỉedge and luture dỉrections. J ơin Oncol 2005; 23: 2556-68.

10. Hỉisch FR. tí a i Moỉecuỉar pređỉctors oí outcome wỉth geũũnib in a 
phase m placebo-controUed study ỉn advanced non-smaỉỉ-ceỉỉ lung 
cancer. J áin Oncol 2006; 24: 5034-42.

ỉ ỉ . Satouchi M, tí ai. Predỉctỉve íactors assodated with prolonged survival in 
patìents wỉth advanced non-small-cell lung cancer (NSCLC) treated 
with geHtinib. Br J Cartar 2007; 96: ỉ 191-6.

12. Yokouchỉ H. et al. Ctinical beneỉit of readministration o( geătínỉb íor 
inỉtỉal geũtỉnib-respondcn with non-smaQ ceU lung cancer. BMC Cancer 
2007; 7: 51.

Interactìons
GeHtinib is metabolised Via the  cytochrome P450 
isoenzymes CYP3A4 and CYP2D6. Inhibitors of CYP3A4, 
such as itraconazole, can decrease the dearance oỉ gefitũũb 
and increase exposure. The ỉncrease in geStinib plasma 
concentration caused by potent CYP3A4 inhibitors may be 
bigher in patients with CYP2D6 poor-metaboliser genotype. 
In CYP2D6 extensive metabolisers, use of gefitinib with 
potent CYP2D6 inhibitors may doubte geữtínib concentra- 
tions. Patients taking gelũinib who are also ưeated vvith 
potent CYP3A4 or CYP2D6 inhibitors should be dosely 
monitored lor adverse reactions.

Conversely, CYP3A4 inducers, such as rifampidn, can 
reduce exposure to geStúúb. Use vvith potent CYP3A4 
inhibitors should be avoided. but if not, dose adjustment iỉ 
recommended (see ưses and Administration, p. 800.2), and 
the patient's response should be carehilly monitored.

Substances that cause a signiíicant and sustaỉned 
elevation in gastric pH may reduce geBtinib bioavailability; 
high doses of short-acting antadds may have a similar eSect 
ư taken regularly and a t the same time as geEtúúb, and 
ranitidine, vvith or vvithout sodium bicarbonate, decreased 
exposure to gefitinib by over 40%.

Elevations in INR or bleeding events havc been reported 
in  patients taking geEónib with vvariarin.

GeBtinib also has limited potential to  inhibit the 
cytochrome P450 isoenzyme CYP2D6; substrates of CYP2D6 
may need dose modiBcation w hen glven with geẫtinib 
(such as metoprolol see p. 1322.1).

References.
1. Svvaiỉỉand HC, tí ai. Pharmacoldnetic drug interacdons oí gefitỉnỉb wỉth 

rUampỉdn, itraconaxole and metoprolol. Clin Pharmacokintí 2005; 44: 
1067-81.

Pharmacokinetics
Geữtinib is slowIy absorbed, and peak plasma concenưa- 
tions occur 3 to 7 hours alter an oral dose. Bioavailabiỉity is 
about 60%, and is not signiũcantly altered by {ood. GeEtinib 
is extensively distributed throughout the bodỵ. Plasma 
protein binding is about 90%. Geũtinib is extensively 
metabolised in the liver, mainỉy by the cytochrome P450 
isoenzymes CYP3A4 and CYP2D6; the mạjor metabolite is 
0-desmethylgefitinib, vvhich is much less potent than 
geStỉnib, and unlikely to contribute to its clinical activity. 
GeStinib is excreted mainly as metabolites Via the ỉaeces; 
renal eliminatỉon of geStinib and ỉts metabolites accounts 
for less than 4% of the dose given. The eliminatỉon halỉ-Uỉe 
is reported to be about 41 to 48 hours.
Reíerences.

ỉ. Swaỉsỉand HC tí  aL Singỉe-dose cỉinical pharmacokinedc studies ơf 
geGtỉnib. ơìn Pharmacokùưt 2005; 44: 1165-77.

Preparations
Proprietory PmporoHons (details are given tn Volume B)
Single-ingradient Preparationi. Arg.: Iressa; AustraL: Iressa; Aus- 
triar. Iressa; Beĩg.-. Iressa; Braz.: Iressa; Canad.: Iressa; Chile: 
Iressa; China: bessa (S S iý ); Cz: Iressa; Denm.: Iressa; Fr.: 
Itessa; Ger.: Iressa; Gr.: Iressa; Hottg Kong: Iressa; Hung.: Iressa; 
India: GeBtero; Geíonib; Geítib; Geítilon; Gebinat; Indon.: Ires- 
sa; IrL: Iressa; Israel: Iressa; Malaysia: Iressa; Mex.: Iressa; 
Neth.: Ireísa; Norw.: Iressa; NZ: Iressa; Phũipp.: Iressa; PoL: 
Iressa; PorL: Iressa; Rus.: Iressa (Hpecca); singapore: Iressa; 
Spain: Iressa; SwecL: Ireỉỉa; Swìtz.: Iressa; Thai: Iressa; UK: 
Iressa; USA: Iressat; Venez.: Iressa.

Gemcitabine Hydrochloride
IBANM, USAN, riNNMỊ
Gemcitabina, hidrodoruro de; Gemcitabine, Chlorhydrate 
de; Gemcitabinhydrochlorid; Gemdtabini Hydrochloridum; 
Hidrodoruro de gemcitabina; LY-Ì88011 (gemcitabine); 
reMmrraÕMHa fnflpox/iopnfl.
4-Amino-l-(2-deoxy-2,2-difluoro-ị3-D-rìbofuranosyl)pyrimi- 
din-2(l/-/)-one hỵdrochloride; 2'-Deoxy-2'̂ /-difluorocytidine 
hydrochloride.
(ýH1IF2N30 4,HCI=299.7
CAS — 95058-81-4 (gemcitabine); 122lì 1-03-9 (gemcitabine 
hydrochloride).
ATC —  L01BC05.
ATC Vẹt —  QL018C05.
UNII — U347PV74IL

Pharmacopoeias. In Eur. (see p. vu) and us.
Ph. Etư. 8: (Gemdtabine Hydrochloride). A white or almost 
white powder. Soluble in vvaten slightly soluble in methyl 
alcohol; practically insoluble in acetone. A 1 % solution in 
tvater has a pH òỉ 2.0 to 3.0.
USP 36: (Gemdtabine Hydrochloride). A white to off-white 
solid. Soluble in waten practically insoluble in alcohol and 
in polar organic solvents; slightly soluble in methyl alcohol. 
pH of a 1 % solution in water is betvveen 2.0 and 3.0. Store in 
airtight containers.

Incomparibiltty. Gcmdtabine hydrochloride was reported 
to be physically incompatìble with addovir sodium, 
am photeridn B, cefoperazone sodium, ceíotaxime sodium, 
hirosemide, ganddovir sodium, imipenem vvith dlastatin 
sodium, irinotecan, methotrexate sodium, methyl- 
prednisolone sodium sucdnate, mezlocillin sodium, mito- 
mydn, piperadllin sodium, piperadllin sodium with tazo- 
bactam, and prochlorperazine edisilate duríng simulated 
Y-site administration.1

1. Trissel LA. «  al. Compatibility of gemritabine hydrociiloride with 107 
selected drugs during simulated Y-site injection. J Am Pharm Assoe 1999: 
39: 514-18.

Uses and Administation
Gemdtabine is an analogue of cytarabine (p. 774.1) that is 
metabolised intracellularly to active diphosphate and 
triphosphate nucleosides, which ìnhibit DNA synthesis 
and induce apoptosis. It is mainly active against cells in s 
phase. It is glven in the management of solid tumours 
indudm g those of the bladder, breast, lung, ovary, and 
pancreas (see p. 700.2, p. 702.1, p. 710.2, p. 711.2, and 
p. 712.1, respectively).

Gemdtabine is given intravenously as the hydrochloride. 
Doses are calculated in terms of the base; gemdtabine 
hydrochloride 1.14g is equivalent to about l g  of 
gemdtabine. Doses are reconstituted in sođium chloride 
0.9%. The concentration of the iníusion solution should not 
exceed the equivalent oí gemdtabine 40m g/m l. Gemdta- 
bine is given by mỉusion over 30 to 60 minutes; doses are 
subsequently adjusted according to response and toxidty.

In the ưeatment of p ancreatlc  cancer, an initial course 
of gemdtabine 1 g/m2 once vveekly for up to 7 weeks may be 
given, íollovved after a one-week recovery period by a

regimen of infusions once weekly for 3 consecutive weeks 
oũt of 4.

In non-sm aỉl cell lung  cancer, gemdtabine may be 
given as a single agent; 1 g/mJ once vveekly for 3 consecutive 
weeks out of 4  is recommended. Altematively, Ít may be 
given beíore cisplatin. Two schedules have been used; 
gemdtabine 1.25 g/m2 is given on days I and 8 of a 21-day 
cyde, or gemdtabine 1 g/m2 is given on days 1, 8 and 15 of a 
28-day cyde.

In the treatm ent of b lad d er cancer, gemdtabine is 
given beíore dsplatỉn . The recom m ended dose of 
gemdtabíne is 1 g/m2 on days 1, 8, and 15 oỉ a 28-day cyde.

In breast cancer, gemdtabine is usually given aíter a 
taxane such as paditaxel. A dose of gemdtabine 1.25 g/m2 is 
given on days 1 and 8 of a 21-day cyde.

In ovarian  cancer, gem dtabine is given beíore 
carboplatin. The reconunended dose of gemdtabine ũ 
1 g/m2 on days 1 and 8 of a 21-day cyde.
Reíerences.

1. Stađler WM. Gcmdtabinc doublets ỉn advanced urotheỉỉaỉ cạscer. Semừt 
Onaỉ 2002; 29 (suppl 3): 15-19.
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5. Natale R. A ten-year revieir oỉ progrèss ỉn the treatment of non-small- 
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recunent ovarỉan cardnoma. Expert Rcv Antkanctr Ther 2006; 6:437-43.

8. Wỉrk B, Perex E. Role of gemdubine ỉn breast cancer managemenu an 
update Semin Oncoỉ 2006; 33 (suppl 2): S6-S14.

9. PBsterer J, tí  ai. Gemdtabỉne plus carboplatỉn compared wỉth 
catboplatỉn in patíents wỉth pLaúnum-sensitive recurrent ovarian 
cancer an ỉntergroup triãỉ oỉ the AGO-OVAR, the NCIC CTG, and the 
EORTC GCG. J Ctín Oncot 2006; 24:4699-4707.

10. Kiba T. tí al. Single-agent gemdtabine ỉor biỉiary tract cancerr. study 
outcomes and systematíc revỉew of the literature. Oncobgy 2006; 70: 
358-65.

11. Mald RG. Gemdtabine Ihd doceúxel ỉn metastadc sarcQma: past. 
present, and future. Onalogừt .2007; 12: 999-1Ọ06.

12. Eỉ Karak ?. Flechon A. Gemdtabine in bỉadder cancer. Expert opin 
Pharmacother 2007; 8:3251-6.

13. Seirano A, Gerson R. Chemotherapy wỉth gemdttbỉne ỉn advanced 
biliary traa caránoma. RevRtaní ơht Trialỉ 2008; 3: 70-8.

ỉ 4. HUbig K  Oettỉe H. Gemdtabỉne ỉn the treatment of metastatk pancrcạtic 
cancer. Expert Rev Antienuer Thtr 2008; 8: 511-23.

15. Dent s, tí al. Gemdtabinc in the management of metastadc breast 
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16. DanesỉK tía L Phacmacogenomksofgemdtabineỉnnoa-SRiaỉl-cdỉlung 
cancer and other sottd tumors. Pharmacogenữmia 2009; 10: 69-80.

17. Wong K  tí ũl. CUnỉcal pharmacology and pharmacogenetics of 
gemdtabine. Dmg Mitab Rev 2009; 41:77-88.

18. Ri ren F, tí ai. Treatment oí ađvanced pancreadc cancer: hom 
gemdtabine sừigle agent to combinatỉons and targeted therapy. Canar 
Treaí Rev 2009; 35: 335-9.

Administration. Gemdtabine is recommended as the Stan
dard of care in patients with advanced pancreatic cancer 
(p. 712.1). There is some suggestion that its eỉBcacy may 
be improved ư it is given at a fixed dose ra te of 10mg/m2 
per minute, rather than by conventional iníusion.1 Hovv- 
ever, while this regimen has been tound to be well toler- 
ated,2 several studies have not shovvn an imprbvement in 
súrvival compared with the Standard gemdtabine iníu- 
sion} and some do not recommend it for routine use.4

1. Tempero M, tí aỉ. Randomkeđ phase n  comparison of dose-intense 
gemdubỉne: thirty-minute iníusion and tlxed dose rate ỉníuáon in 
patíents vvỉth pancreadc adenocsrdnoma. J  ơờt Oncoỉ 2003; 21:3402-8.

2. Ko AH. tí  al. Phase 0  study oí fixed dose rate gemdtabine wỉth dsplatỉn 
ỉor metastatỉc adenocardnoma of the pancreas. J ơin Oncol 2006; 24: 
379-85.

3. Poplin E tí al. Pha se m, randomized study of gemdtabỉne and 
oxaỉipiatin versus gemdtabine (flxed*dose rate ỉnỉusion) compaređ wỉth 
gemdiabine (30*minuỉe Inỉusỉon) in padents wỉth pancreatíc cardnoma 
E6201: a trial oỉ the Eastem Cooperatỉve Oncology Group. J ơin Orưoi 
2009; 27: 3778-85.

4. Kulke MH. tí al. Randomỉzed pha se n study oí gemcỉtabỉne admỉnỉstered 
at a fixed dose rate or ỉn combinatíon with cisplatin. docetaxel, or 
irínotccan in patíents wỉth metastadc pancreatíc cancer. CALGB 89904. 
J Oin Oncol 2009; 27: 5506-12.

Adverse Effects, Treatment, and PreCautions
For general discussions see Andneoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

The major dose-limiting adverse effea of gemtítabine is 
bone-marrow depression, although this is reported to be 
modest and rarely requires stopping therapy. Gastrointest- 
inal disturbances õccur, espeđally nausea and vomiting, but 
these are usually oi mild to moderate severíty. Rashes, often 
assodated w ith pruritus, and flu-like symptoms are 
reladvely common; severe desquamatìon and bullous skin 
eruptìons, toxic epidermal necrolysỉs and Stevens-Johnson 
syndrome have occurred rareĩy. Oedema, dyspnoea, 
myalgia, and alopeda are commonly reported. Pubnonary 
oedema has bẽen reported inừeqũently; . interstìtìal 
pneumonitís, pulmonary Sbrosis, and acute respữatory 
distress syndrome have occurred. Therapy should be 
stopped ư pulmonary toxidty occurs. There are rare cases of 
hypotension and anaphylactoid reactíons. Haẹmaturia,

The Symbol (8) denotes a substance vyhose use may be restricted in certain sports (see p. viii)The Symbol t  denotes a preparadon no longer actively marketed
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Reíerences.
1. Johnson SA. Clinica] pharmacokỉnetics of nudeoside analogues: focu$ 

on baematoỉogỉcal malignandes. ơỉrt Phamacokintí 2000; 39; 5-26.
2. Shamseddỉne A l tí aĩ. Comparatíve pbannacokỉnetics and metabolỉc 

pathway of gemdtabine during ỉntravenous and ỉntra-arteriaỉ deUvery 
ỉn unresecubỉe pancreatic cancer patíents. ơỉn Pharmacokintí 2005; 44: 
957-67.

Preparatìons
Propõetory Preporotions (detaìls are given in Volume B)
Single-ingredient PreporoHons. Arg.: Abine; Antoril; Eriogem; 
Gebina; Gemolas; Gemtto; Gestrẽdos; Gezt; Gramagen; Nabi- 
gem; Oncoplus; AustraL: Gemzan Aiiỉtrùr. Gemzar; Beĩg.: 
Gemzan Braz.: Gemrit; Gemzan Canad.: Gemzar; chile: Gem- 
zan Genuten; china: Genưar (ữ ữ ì;  Yu Jie (VIC); Ze Fei ( #  
3?); Cz.: Citegin; Gemalata; Gemdrena; Gemibane; Gemstad; 
Gemtex; Gemzan Getmỉsi; Gitrabin; Lungera; Naruyd; Detmu: 
Gemabint; Gemdtt; Gemdtelbt; Gemhalt; Gemind; Gemstada; 
Gemtibat; Gemtitìt; Gemzai; Nalliant; Fin.: Genưar; Fr.: Gem- 
drenat; Gemzan Ger.: Axigem; Bendadtabin; Gemd-Cell; 
Gemdtan; Gemedac: Gemzart; Ribozan Gr.: Demoian Gemci- 
pen; Gemdrena; Gemnil; Gemzart; Genvin Medigem; Santa- 
bin; Tamdbin; Hong Kong: Gemzar; Gitrabin; Hung.: Dercin; 
Gemdex; Gemzar; Nallian; Inđia: Abingem; Biogem; Celgem; 
Celzar; Cytogem; Gembin; Gemcite; Gemita; Gempovver; Gem- 
taz; Liíogem; Oncogem; Indon.: Cytogem; Gemzar; Irl.: Gema- 
bin+: Gemzan Israel: Gemnil; Gcmzar; Meditabine; ItaL: Gem- 
zar; Jemta; Maỉaysia: Gemzar; Mex.: Gemzan Neth.: Gemalata; 
Gemzar; Jemta; Norw.: Gemzan NZ: Gemzar; Philipp.: Gemcit; 
Gemita; Gemtabine; Gemzan Oncoril' Zefei; Pot.: Derdn; Gem- 
dteva; Gemzar; Giưabin; Port.: Gemdt; Gemzar; Rus.: Cytogem 
(llHToren): Gemdtare (TeMUHTap); Gemdtera (reumrrepa); Gem- 
dtover (PcMiỊHTOBcp); Gemzar (TeM3ap); Ongedn (Oktcuhh); s. 
Afr.: Cytigem; Gemtaz; Gemzar; Singapore: Gemzar; Spain: 
Gemzan Swed.: Gemzar; Switz.: Gemzar; Thai.: Gemdt; Gemi- 
ta; Gemtaz; Genưar; Gramagen; Turk.: Gemko; Gemzar; UK: 
Gemzan Vkr.: Cytogem (UnTorenc); USA: Gemzan Venez.: 
Gemzar.
Pharmocopoeial Preparalions
USP 36: Gemdtabine íor Injection.

www.download.bham.ac.uk/bau/amll4/trial%20documentatiin/ 
amendment%20january%202004/ProtoeoI%20Jan%202004. >d{ 
(accessed 30/07/08)

12. Medical Research CoundL AML15: Medical Research Council Work ng 
Partìes oa Leukaemỉa ỉn Adults and Chỉỉdren Acute Myelold Leulcac' tỉa 
Ttỉal 15. Avaỉlable au http://www.download.bhain.ac.uk/bctu/AMI .5/ 
Amendment%20Nov%202007/AMLỈ5%20protocol%20versỉo: % 
207%20Final%20200704201%20with%20no%20track%20chantes. 
pdí (accessed 30/07/08)

Adverse Effeđs and Precautìons
For general discussions see Antineoplastics, p. 726.1 a ìd 
p. 732.2.

M yelosuppression is com mon w lth  gem tuàum  ỉb 
ozogamidn, and thrombocytopenia may be prolongrd. 
Iníusion-related reactíons characteristic of a cytoki le 
release syndrome (induding íever, chills, dyspnoea, a ìd 
hypotension) and hypersensitívity may occun prophylac dc 
use oỉ an antihistamine and paracetamol is recommendt d. 
Pulmonary sequelae may be íatal. Hepatotoxidty, includi Ìg 
severe veno-ocdusive disease, has also been reportt d. 
Electrolyte imbalances, espedally hypokalaemia and hyỊ o- 
magnesaemia, and gastrointestinal disturbances may occ ir.

Blood and platelet counts, eleorolytes, and liver functi )n 
tests shouid be regularly monirored.

The drug was withdrawn from the market in the u  1A 
after reports of increased mortality in patients vvith a a  te 
myeloid leukaemia who were given gemtuzumab ozoj a- 
m idn  as part oỉ a combination regimen.

Hypersensìtivity. A 75-year-old man w ith acute myelt id 
leukaemia developed severe respiratory disơess and di:d 
after being given gemtuzumab ozogamidn and platel :ts 
on the same day. He had prevỉously had the drug and p a- 
telets on separate occasions vvith no untoward eííects. It 
was suggested that this combination contributed to a fa al 
hypersensitivity reaction.1

1. Hanbali A. a  úỉ. Fatal hypersensitlvity reaction to gemturun ab 
ozogamicỉn assodaieđ with pỉateỉet ưansíuãon. Am J Heahh-Syst Phi rm 
2007; 64: 1401-2.

proteinuría, transient liver enzyme elevations, and serious 
hepatotoxidty, induding liver íailure and death, have been 
reported. It should thereíoie be used with cautìon in 
patients with impaired renal or hepatíc ỉunction. Haemo- 
ỉytic-uraemic syndrome and/or thrõmbocytopenic puipura 
have ‘been reported and have led to irreversible renal 
ỉailure; gemtítabine should be stopped at the fiist signs of 
mlcxoangiopathic haemolytic anaemia. Congestive heart 
ỉailure, myocardiaỉ inỉarctỉon. or arrhythmias may occur 
rarely. Ischaemic colitis with necrosis (induding íatalities), 
perỉpheral vasculitis and gangrene, and cerebrovascular 
acddent have also been reported.

Gemtítabine may produce somnolence: patients so 
aữected should not drive OI operate machinery. Severe 
toxid ty , in the form of potentìally life-threatening 
oesophagitís and pneumonitis has been seen in patients 
given radical radiotherapy to the thorax concuưently with 
gemdtabine.

Effects on the nervouỉ System. A report of autonomic 
neuropathy assodated with gemdtabine therapy.1 Symp- 
toms resolved 4 weeks aíter stopping therapy.

1. Dormann AJ. et a i Cemàtabine-associated autonomic neuropathy. 
Lancet 1998; 351: 644.

Effects on the skin. A patient who received gemdtabine a 
week aíter phototherapy developed a severe sunbum reac- 
tion in those areas exposed to UVB. The erythema 
resolved spontaneously, but recurred with each subse- 
quent dose of gemdtabine. and became progressively 
more intense. A short course of high-dose prednisone was 
given with topical triamcinolone. and the patient was 
saíely rechallenged with 2 hirther doses of gemdtabine.1

1. Badger J. A í/. Photo therapy recall with gcmcitabinc tollowing 
ulưaviolet B treatmem. 1 Oin Onail 2005; 23: 7224-5.

Perípheral ischaemia. Paừi, coldness. colour changes, and 
distãl daudication in the feet have been reported in 
patients treated with gemdtabine and dsplatin.1 Pain and 
colour changes in the ăngertips have also been reported 
after gemdtablne monotherapy.2

1. Barceló R, tí al. Distal ischemỉc changes related to combination 
điemotherapy wỉth cỉsplatin and ịemtítabỉne: dcscríptíon oí (our cases. 
Am  Oneoì 2000; 11: 1191—4.

2. Yỉỉdiz R, a a l  Digúal ỉscbemic changes aĩter gemdưbinc ứierapy in a 
patient with meustatic non-ỉmalỉ-ceỉl lung canccr. Ann Pharmacother 
2007; 41: 901-2.

Porphyrià. The Dnag Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenơe (NAPOS) and 
the Potphyria Centre Sweden, dassiBes gemdtabine as not 
porphyrinogenic it may be used as a drug of first choice 
and no precautions are needed.1

1. The Drug Database ỉor Acute Porphyria. Available at: bttp://www. 
drugs-porphyria.org (accessed 29/09/11)

Interactions

Antineoplastics. In a study1 of 14 patients with lung can- 
cer, the use oỉ paclitaxel beỉore gemdtabine caused a 
decrease in the systemic dearance, volume of distribution, 
and interpatíent pharmacoklnetic vaiiabiỉity of gemdta- 
bine. This resulted in plasma concenơations of gemdta- 
bine slightly higher than the desữed range. However, 
there was no appaient relationship between pharmacoki- 
netic changes and toxidty, and the dinical signihcance of 
this possible interaction is undear.

A study investigating a modihed chemotherapy regimen 
in  w ỉnch gemdtabine vvas substituted for etopôsldẽ was 
stopped because of unexpected pulmonary toxidty. This 
was considered to be due to the combination of gemdtabine 
and bleomyãn, as the adverse e ííea  was apparent in other 
studies usmg this combination.2

1. Shord ss. et ai. Gemdtabine phannacoldnetics and interactiou with 
paclitaxd in patỉents wiíh advanced non-smaỉl-ceỉỉ ỉung cancer. Cancer 
Chemother Pharmacol 200Ỉ; 51: 328-36.

2. Bredenỉeỉd H. it aí. Severe pulmonary toxidty in padents vviih 
advanceđ-stage Hodg3òn's disease treated vvith a modUỉêd bleomỵtín, 
doxorubidn. cydophosphamide, vỉnatnỉne, procarbazine. prednisone, 
and gemdtabine (BEACOPP) regỉraen ỉs probably related to the 
combination of gemdtabỉne and bleomydn: a report of the German 
Hodgidn'í lymphoma study group. J Clin Onal 2004; 22: 2424-9.

Pharmacokinetics
AJter intravenous doses gemdtabine is rapidly deared írom 
the blood and metabolised by cytidine deaminase in the 
liver, kidney, blood, and other tissues. Clearance is about 
25% lower in women than in men. Aỉmost all of the dose is 
excreted in urine as 2'-deoxy-2',2'-difluorouridine (dFdU), 
only about 1% being ỉound in the ỉaeces. Intracellular 
metabolism produces mono-, di-, and triphosphate metab- 
olites, the latter two active. The hah-iưe of gemdtabine 
ranges hom  42 to 94 minutes depending on age and gender. 
The intracellular half-Ufe of the tríphosphate is stated to 
range from 0.7 to 12 hours.

Gemtuxumab Ozogamicin IUSAN, riNNMi 
CDP-771; CMA-676; Gemtuzumab ozogamicina; Gemtuzu- 
mab Ozogamidne; Gemtuzumab Zogamỉdn; Gemtuzuma- 
bum Ozogamidnum; WAỴ-CMA-676; reMtyàyMaõ Osora-
MHIIMH.
Immunoglobulin G4 (human-mouse monodonal hP67.6 k4- 
chain anti-human antigen CD 33), disu!fide with human- 
mouse monodonal hP67.6 k-chain, dimer conjugate with 
ozogamidn.
CAS —  220578-59-6.
ATC— L01XC05.
ATC Vet —  QLOIXC05.
UNII — 8CZG7S4X6M.

Uses and Administration
Gemtuzumab ozogamirìn is a recombinant humanised 
monodonal antibody conjugated vvith calícheamidn, a 
cytotoxic antibiotic. The antibody binds spedíically to the 
CD33 antigen, which is expressed on leukaemicmyeloblasts 
but not normal haematopoietic stem cells. Gemtuzumab 
ozogamidn has been used íor the second-line treatment of 
CD33-positive acute myeloid leukaemia (p. 693.1) in 
elderly patients who are unable to tolerate conventìonal 
chemotherapy. It is given in 100 mỉ. of sodium chloride 
0.9% Via a low protein-binding in-line hlter. A usual dose 
has been 9m g/m 2 given by inơavenous infusion over 2 
hours, repeated once after 14 days. Lower doses ha ve been 
investigated as part of combined induction or consolidation 
regimens.
Reíerences.

1. McGavỉn JK Spencer CM. Gemtuzumab ozogamỉdn. Drugs 2001; 61: 
1317-22.

2. Dowelỉ JA. et al. Pharmacokinetỉcs oỉ gemtuzutnab Oĩogamidn. an 
amibođy-targeted chemotherapy agent ỉor the treatmem ơf patients 
with acute myeloid leukemia ỉn fírst relapse. J Cỉin Pharmacoỉ 2001; 41: 
1206-14.

3. Sỉevers EL, et ai. EÍHcacy and saỉety of gemtuzumab ozogamỉcỉn ỉn 
patỉents wỉth CD33‘po$ỉửve acute myeloỉd ỉeukemỉa in fim relapse. J 
ain Oncol 2001; 19: 3244-54.

4. Sieven EL, Linenberger M. Mylourg: antíbody-urgeted chemotherapy 
comes oí age. Cuĩt Opin Oncoỉ 2001; 13: 522-7.

5. Larson RA, tí a i Antíbođy-targeted chemotberapy oỉ oỉder patients with 
acute myeloỉd ỉeukemỉa in fint relapse usỉng Myỉocarg (gemtuzumab 
OTOgamidn). Leukemia 2002: 16: ỉ 627-36.

6. Buckwaỉter M. tí al. Pharmacữkinetỉcs of gemtuzumab Oĩogamỉcin as a 
single-agent treatmem of pediatrìc patíentỉ wỉth rèửactory or reiapsed 
acute myeloíd ỉeukemỉa. J clin Pharmaaỉ 2004; 44; 873-80.

7. Lo-Coco F, tí aỉ. Gemnizumab ozogamỉdn (Mylotarg) as a sỉngle agent 
íorraoỉecuỉariy reiapsed acute prorayelocytic leukemia. Blcod2004; 104: 
1995-9.

8. Fenton c, Peiry CM. Gemnmimab ozogamỉdn: a revỉew oỉ its use ỉn 
acme myeỉoỉd leukaemia. Drup 2005; 65: 2405-27.

9. Tsiraberidou AM, tí ai. The role of gemnixumab 020gamidn ỉn acute 
ỉeukaemỉa therapy. BrJ Hatmatol 2006; 132: 398—409.

10. Scasi R, tíaỉ. Gemtuzumab Oĩoganứàn ỉn the ưeaĩmenl oíacute myeloid 
ỉeukemia. Cancrr Treat Rev 2008; 34: 49-60.

11. Leukaemia Research Fund. AML14: Leukaemla Research Fund Acute 
Myeloid Leukaemia and Hỉgh Rỉsk MDS Triai 14. Available at: http://

Preparatíons
Proprietary Prepqrations (details are given in Volume B)

Single ingredient Preporcriions. Arg.: Mỵlotarg; Gr.: Mylota .-g; 
Israel: Mylotarg; singapore: MylotargỶ; USA: Mylotar :t; 
Venez.: Mylotarg.

Gimatecan ỊriNNi

CPT-Ị84; Gimàtécan; Gimatecán; Gimatecanum; LBQ-7C7; 
ST-1481; rnMaTeKan.
(4S)-11 -Í(£)-[0,1 -Dim ethylethoxy)im ino]m ethylM -ethyl-1- 
hydroxy-1,12-dihydro-14f/-pyrano[3',4':6,7]indolizino[1,2- 3] 
quinoline-3,14(4H)-dione.
C25H2sN30 5=447Ì 
CAS —  292618-32-7.
UNli —  7KKS9R ỉ 92F.

Proĩile
Gimatecan is a camptothedn derivative that inhibits t i e  
enzyme topoisomerase 1. Gimatecan is under investigatì >n 
for the aeatm ent oỉ malignant glioma.
Reíerences.

1. Sessa c, tí ai. Concerted escalation oí dose and dosỉng duratỉon L I a 
phase I study of the oraỉ caispiothedn gimatecan (ST1481) in patỉc Its 
with advanced solid tumors. Ann Oncoỉ 2007; 18: 561-8.

2. zhu AX tí a l Phase ! and phaimacokỉnetỉc study oi gúnatecan gi’ en 
orally once a week for 3 oí 4 weeks in patỉents wỉth advanced s< Ud 
tumors. Om Cartcer Ra 2009; 15: 374-81.

3. Pecoreỉỉỉ s, tí ai. Phase n oí oral gưnatecan ỉn patỉents vvith re cun :nt 
epỉtheỉỉaỉ ovarian, ỉallopian tube or perỉtoneal cancer, previously trea ed 
with pỉatínum and taxanes. Ann Oncoi 2010; 21: 759-65.

Girentuxỉmab ỊUSAN, riNNi

: cG-250; Girentuximabum; VVX-G250; TiipeHTyKCMMaõ.
CAS —916138-87-9.
UNII -—  539B57DFJF.

NOTE. The name Rencarex has been used as a ơade mark or 
gứentuximab. The name Redectane has been used as a tra ie  
mark íor gứentuximab labelled w ith iodine-124.

Proíile
Gừentuximab is a chimeric m onodonal antibody tha t bứ ds 
spedhcally to the protein carbonic anhydrase IX (CA X, 
MN, or G250 antigen) expressed on the cell surface in t le  
majority oí dear-cell renal cell cardnomas; the antigen is 
present in various other solid tumours. Gữentuximab is 
under investigatìon for the ơeatm ent of dear-cell renal c :11 
cardnoma.

Girentuximab Iabelled vvith iodine-124 (p. 2225.2) is 
being studied for the imaging of renal tumours.

AU cross-reíerences reíer to entries in Volume A

http://www.download.bham.ac.uk/bau/amll4/trial%20documentatiin/
http://www.download.bhain.ac.uk/bctu/AMI


Gemtuzumab Ozogamicin/Hydroxycarbamide 803

Gỉvinostat ỊriNN)
Giviridstátừm,- rnBHHOCraĩ.
{6-[(Drethylarninọ)methyl]naphthalen-2-yl}methyl [4-(hydro- 
xycarbamoyDphènyncarbamate.
C2<H27N30 4=421.5 
O S — 497833-27-9. 
u m  —  5P60F84FBH.

Prọíịle
Givinostat is an orally active histone deacetylase inhibitor 
th a t is u nder investigation ỉo r the trea tm en t of 
polycythaemia vera and juvenile idiopathic arthritis.

For wamings and recommendations regardùtg the tafe 
prescríbing, dispensing, and use of oral antineoplastíc drugí, see 
Administration, p. 732.3.

Reíerences.
1. Vọịỉnovỉc i, tí ai. Salety and efficacy oỉ an oraỉ hứtone deacetyUse 

Inhíbiỉor ỉn systemic-onset iúvenile idỉopathic arthrỉtỉs. Arthrửừ Ằkeum 
2011; 63: 1452-8.

2. Rambaldỉ A. tí aỉ. A pilot study oỉ the hỉstone-deacetylase iahibiior 
gỉvỉnostat ỉn patỉcms wỉth JAX2V617F posỉtỉve chronic mydoprolỉỉen- 
tive neoplasms. Br J Haematoỉ 2010; 130: 446-55.

Glufosfamide irìNNì

0-19575; P-0 -Glu-IPM; 0-t><jlucosyl-ifosfamide Mustard; 
Glufòsfamida; Glufosfamidum; r/iyệocệaMMfl. 
p-t>Glucopyranose' T-[A/,A/'-bis(2-chloroethýl)phosphoródia- 
midate].
C ,oH 2,ơ 2N 20 7P = 3 3 3 .2  
0 6  —  132682-98-5.

•um  —  ÌWSN8SZD9A.
\

Proỉịle
Gluíosíamide is a conjugate oí glucose and the active part of 
the alkylating antỉneoplastic iíosỉamỉde (p. 806.1). It iỉ 
under investígation for the ưeatm ent of pancreatic cancer 
and other solid tumours.

Reíerences.
1. Chỉorean EG. tí ai. A phase I dose-escaỉation ttial oí gluĩosỉamỉde in 

comblnatỉon wỉth gemdtabine ỉn solid tumors ỉncĩudỉng pancreitic 
adenocardnoma. Caneer ơumotker Pharmacol 2008; 61:1019-26.

2. Cỉuleanu TE tí aỉ. A randomỉsed phasc m trial oí gỉuỉosíamỉde compared 
with best supportỉve care ỉn metastatỉc pancreatíc adenocardnoma 
previously treated vvith gemcitabine. Eur J Caneer 2009; 43: 1589-96.

H y d r o x y c a r b a m i d e  (BAN, riNNi

Hidroksikarbamid; Hidroksilcarbamidas; Hidroxicarbamida; 
Hidrpxikaíbãmid;3:Hydroksikarbhmidi; Hydroksiũre; Hydro- 
xikạrbamid; HydróxyGarbamid; Hydroxycarbamidum; Hydro- 
xymd&Viriằ, Hỳđróxyureả ‘(USAN); Hydroxyurea; NSC-3206S; 
SO-Ị089; WR-83799; rwpÒKỌiKap6aMWi. 
NH2m NHÕ H=76.06;
0 6 -1 2 7 -0 7 :1  
ẠTC —  LỌ1XXỎ5:
ATC Vet —  QL01XX05.
UNII —  X6Q56QN5QC

Phamnacopoeias. In Chín., Eur. (see p. VÍÌ), and us.
Ph. Eur. 8: (Hydroxycarbamide). A white or almost white, 
hygroscopic, crystalline povvder. It exhibits polymorphism. 
Freely soluble in  water; practically insoluble in  alcohol. 
Store in airtight containers. P ro tea írom light.
VSP  36: (Hydroxyurea). A white to off-white povvder. It is 
somewhat hygroscopic and decomposes in the presence of 
moisture. Freely soluble in vvater and in hot alcohol. Store 
in airtight containers in a dry atmosphere.

Stabilily. An oral solution of hydroxycarbamide 
lOOmg/mL was prepared1 by first mixing the contents of 
500-mg capsules (Hydrea; BMS, USA) in sterile water at 
room temperature to produce a concentration of 
200 mg/mL. The m ixture was vigorously stirred for several 
houis and then Hltered to remove insoluble exdpients. 
Flavoured syrup (Syrpalta without colcr; Humco, USA) was 
added to the Bltered solution to produce a Đnal concentra- 
tion of lOOmg/mL.

The resulting solution was íound to have lost 5% of its 
Chemical content of hydroxycarbamide during the first 3- 
months of storage at room temperature in amber plastic 
bottỉes but there tvas no hirther ĩoss up to 9 months later. 
The loss of its in-vitro inhibitory activlty was less than 5% at 
3 m onths, less than  10% at 6 months but activity was about 
80% at 9 m onths. In contrast a solution tha t had been 
prepared by dissolving the contents of the capsules in heated 
w ater had an immediate loss of 40% of its Chemical content 
and over 60% of its inhibitory activity.

1. Heeney MM, tí ai. Chemical and ĩuncdonaỉ analysiỉ oỉ hydroxyurea oral 
Solutions. J Pediatr Hematol Oncol 2004; 26:179-84.

Uses and AdminisẾration
Hydroxycarbamide is an antineoplastic that may cause 
inhibition of DNA synthesis by acting as a ribonudeotìde 
reductase inhibitor. It is S-phase spedfic. Hydroxycarba- 
mide is used in the treatm ent of chronic myeloid leukaemỉa, 
and may be used in the myeloprolUeratíve disorders 
polycythaemia vera and primary (essential) thrombo- 
cythaemia. It has also been tried, oíten combined vvith 
radỉotherapy, in some solid malignandes (see Malignant 
Neoplasms, p. 804.1). Hydroxycaibamide has also produced 
beneũt in the haemoglobinopathies, particularly in sickle- 
cell dứease (see belovv).

Hydroxycarbamide is given orally. Antíneoplastìc dose 
regimens may be compỉex and doses ofa drug may diịỊer vddeỉy. 
Fơr wamings and recommendatìons regarding the tạfe prescribing, 
dừpensing, and use of oral antineoplastic drugs, see Adminừtra- 
túm, p. 7323.

In the ơeatm ent oỉ c h r o n i c  m y e l o i d  l e u k a e m í a  and 
s o l i d  t u m o u r s ,  hydroxycarbamỉde is given typicaỉỉy in  a 
singie dose oi 20 to 30mg/kg daily or in  a single dose of 
80mg/kg every third day. Generally, the continuous 
regimen is used for chtonic myeỉoid ỉeukaemia, and the 
intennittent regimen for solid tumours. When used with 
radiotherapy, hydroxycatbamide is started 7 days belore 
radiotherapy. If a benehdal effect is evident after 6 vveeks, 
therapy may be continued indeGnitely.

In e s s e n t i a i  t h r o m b o c y t h a e m i a .  the initial dose of 
hydroxycarbamide is about 15 mg/kg daily; starting doses of 
15 to 20 mg/kg daily a r e  recommended for p o l y c y t h a e m i a  
v e r a .  Doses are subsequently adjusted according to platelet 
counts.

In sickle-celỉ d isease  initial doses oí 15 mg/kg daily are 
suggested, increased ư  necessary by 2.5 to 5 mg/kg every 12 
vveeks according to response and blood counts; usual doses 
are 15 to 30 mg/kg daily vvith a maximum oí 3 5 mg/kg daily. 
For doses in children. see below.

Blood counts and hepatic and renal ỉunction should be 
monitoređ during therapy; treatment may need to be 
intetTupted ư  ỉeucopenỉa or thrombocytopenla occur (see 
Adverse Eííects, Treatment, and Precautions, p. 804.1).

Adminisiration in children. In the UK hydroxycaibamide 
is licensed for use in children older than 2 years of age for 
the ueatm ent oỉ sickle-cell disease; doses are the same as 
for adults, see Uses and Administration, above. The BNFC 
advises that a slighdy lovver initial oral dose of 10 to 
15mg/kg daily may be used instead. For doses in renal 
impainnent and for more iníormation on hydroxycarba- 
mide use in sickle-cell đisease, see below.

For reíerence to the preparadon and stability of an oral 
solution oí hydroxycaibamide lOOmg/mỉ, see under 
Stability, above.

Administrcition in renal impairment. Results from a sin- 
gle-dose study in patients with ãckle-cell disease indicated 
that systemic exposure to hydroxycarbamide correlates to 
renal íunm on .1 An initial óral dõse of 7.5mg/kg daíly is 
recommended for adults and children over 2 years of age 
with sickle-cell disease and a creatinine dearance of less 
than 60mL/mỉnute. us product inlormation aỉso recom- 
mends this dose adịustment for adults with end-stage 
renal disease; on dialysis days the dose should be given 
aíter haemodialysis.

1. Yan J-H, «  al. The inBuence ot renal {unction on hydroxyurea 
pharmacokinetìcs ỉn aduỉts wỉth sickỉe ceíl disease. J Clin Pharmaeot 
2005; 45: 454-45.

Haemoglobinopathies. Hydroxycarbamide is considered a 
promising treatment for the haemoglobinopathies. It can 
stimulate íetal haemoglobin production, vvhich in tum  can 
reduce haemoglobin polymerìsation and the numbers of 
deformed, dense, and damaged erythrocytes.1 In adult 
patients vvíth sick le-cell d isease (p. 1123.2), a rando- 
mised controlled study produced evidence that initial oral 
doses of 15mg/kg daily, adju$ted according to response 
and tolerance to up to 35mg/kg daily, reduced the rate oỉ 
sickle-cell crisis compared with placebo.2 An observational 
follow-up study3 of this group íound that patients taking 
hydroxycarbamide for hequent sickle-cell episodes 
appeared to have reduced mortality. A report in 2 adults 
has suggested that it might reverse splenic dysíunction.4 A 
systematic review5 has noted that despite the benehts, the 
paudty of long-term stuđies limits condusions on the toxl- 
d ty  oí treatm ent w ith hydroxycarbamide.

Despite some concem s about giving a potential 
cardnogen to  children,* studies in paediatiic populatíons 
have also reported evidence of bẹneht in teims of decreased 
hospitalisatíon7-* and sidde-cell crisis.,•,  Although the 
evidence íor the efficacy of hydroxycarbamide in  children 
with sickle-cell disease 1S not as sưóng as that for adults10 
and is mostly based on observational studies, a systematic 
review11 conduded tha t there was sưong evidence o{ an 
increase in  haeinoglobin and decreased hospitalisatíons, 
moderate evidence of decreased painlul crises, and weak

evidence of decreased neurological events. There was 
insutticient evidence to draw condusions on the effect of 
hydroxycarbamide on the írequency oi transíuãons or 
mortality. Hydroxycarbamide may be considered ỉor 
children with ãckle-cell disease and ữequent complicatíons 
such as painíul crises, priapism, severe anaemia, or acute 
chest syndrome.12 Hydroxycarbamide has also been 
suggested as an altemative to blood transỉusions in chlldren 
who have had a stroke.8-13-14 Although a small study15 has 
suggested benefit in paediatric patients in terms of splenic 
preservation, long-term prevention of organ damage 
remains to be established.14-17

It has been suggested that use of the drug vvith 
erythropoietin might enhance the producdon oí íetal 
haemogỉobin, but results hom  studỉes of the combination 
have bcen conAictmg.1*-19

There appear to have been few studies of hyđroxycarba- 
mide spedũcally in tha lassaem ia (p. 1124.1). Initial oral 
doses of 8.2 to 10.3mg/kg daỉly, increased until toxidty 
occurred, did produce sustained increases in  íetal 
haemoglobin in 3 patients, but did not result in a sustained 
increase in total haemoglobin.20 Others have reported21 that 
tỉses in fetal haemoglobin đid not necessariỉy correlate wỉth 
dinical improvement. Conversely, sustained responses have 
been seen in other studies.22'25 Use w ith sodỉum 
phenylbutyrate has produced conSicting results.26'2*

ỉ . Haỉsey c. Robcrts IAG. The role of hyđroxyurea ỉn sỉdcỉe celỉ dỉsease. Br J 
Haanatol 2005; 120:177-86.

2. Charache s, tí aL Effect of hydroxyurea on ihe ừequency oỉ painỉuỉ 
crỉses ỉn sỉdde ceỉl aneroỉa. N Eĩìgi J Med 1995; 332; 1317-22.

3. Steinberg MH. tí ai. Effect oỉ hydroxyurea on mortaỉỉcy and morbidlty ỉn 
ađult sickỉe cell anemia: rỉsks and beneSts up EO 9 yeais of treatment. 
JAMA 2003; 289: 1645-51. Coưection. ibid.: 290:756.

4. Claster s. Vichỉnsky E. Fim report of revecsaỉ oí organ dysfunction ln 
sickle ceỉl anemia by the use oỉ hydroxyurea: splenỉc regeneradon. Bĩooầ 
1996; 88: 1951-3.

5. Lamkron s, tí aỉ. Systematỉc review: hyđroxyurea for the ưeatment oỉ 
adults with sidde cett disease. Am Inttm Mtd 2008; 148: 939-55.

6. Zlnưncmun SA. tí aL Sustained long-term henutoỉogic efficacy oí 
hydroxyurea at maximum toleraced dose in chỉldren wỉth sỉckle ceỉl 
dỉsease. Blooấ 2004; 103: 2039-45.

7. Scotỉ JP. tí ai. HydroxyureaJherapy Ịn 'children severely aãected with 
sỉckỉe ceỉỉ dỉsease. /  Pedùtr 1996; 128: 820-8.

8. Gulbỉs B, tí ai. Hydroxyurea (ot-sickle celỉ dỉsease ỉn children and ỉor 
preventíon oí cerebrovascular events: the Beỉgian experience. Blood 
2005; 103: 2685-90.

9. iayabose s. tí ai. Cỉỉnicaỉ and hematoỉogic eữectỉ oi hydroxyurea ỉn 
chiỉdren with sỉckle cell anemỉa. J Pedìatr 1996; 129: 559-65.

10. Bravvỉey OW, tí aỉ. National Instỉtutes of Health ConsensusDeveỉopment 
Conlerénce statement: hydroxyurea treatment for skdde cell dìsease. 
Ann Intem Mtd 2008; 148:932-8.

1 ỉ . Strouse JJ. tí  at. Hydroxyurea for sỉckle ceỉỉ dỉsease: a systematỉc revievr 
ỉor eỉỉicacy and toxidcy in chỉldren. pediatria 2008; 122: 1332-42.

12. Mueller BU. When should hydroxyurea be used íor dìiỉdren vvith sickle 
celỉ disease? Ptdiatría 2008; 122: 1365-6.

13. Ware RE. tí ai. Hydroxyurea a$ an altematỉve to bỉood transỉusions íor 
the preventìon of recurrent sưoke ỉn children with sỉdde ceỉỉ dỉsease. 
Bioòd 1999; 94: 3022-6.

14. Ware RE tí ai. Prevendon oỉ secondary scroke and resolutỉon of 
transíusĩonal ừon overỉoad ỉn chỉldren wỉth sỉckle ceỉỉ aoemỉa usỉng 
hydroxyurea and phỉebotomy. J Ptdiatr 2004; 145: 346-52.

15. VVang w c  tí al. A two*year pllot trial of hydroxyurea ỉn very young • 
children wỉth slckle-cell anemỉa. J Pediatr 2001; 139:790-6.

16. Potvars ŨR. Kyđroxyurea ỉn very young chiỉdren ivith ddde ceỉỉ anemia 
is not a curc-all. J Ptdiatr 2001; 139: 763-4.

17. Kỉnney TR, tí aỉ. Saíety oí hydroxyurea in chỉỉdren wỉth sỉckle celỉ
anemiá: results of the HUG-KỈDS study. a pha se Ĩ/Q trỉaL Bỉood 1999; 94: 
1550-4. .

18. Goldberg MA. et al. Treatment of sidde ceỉl anemỉa wỉth hydroxyurea 
and erythropoỉetỉn. N En$ì J Med 1990; 323: 366-72.

19. Rodgets GP, tí ai. Augmentatỉon by erythropoietỉn of the fetaỉ‘ 
hcmoglobín response to hydroxyurea In slclde-cell dỉsease. N EngỊ J Med 
1993; 328: 73-80.

20. Hajjar FM. Pearson HA. Phamucoỉogic treatment oí thalassemia 
ỉntermedia with hydroxyurea. J Pedỉatr 1994; 125: 490-2.

21. de Paula EV, tí a i Long-term hydroxyurea therapy in beta-thalassaemỉa 
patients. Eur J Hacmatot 2003; 70: ỉ 51-5.

22. Loukopoulos D, tí al. Hydroxyurea thcrapy in chalassemia. Ann N  YAcad 
Sã 1998; 30: 120-8.

23. Rigano p, tí aĩ. Clínicaỉ and hematological responses 10 hydroxyurea in 
Sỉciỉỉan patỉents mth Hb S/ ệ -thalaỉsemta. Hemoglobìn 2001; 25: 9-17.

24. Loukopoulos 0. tí ai. Reduction oí the dinical severỉty o( sỉckỉe cell/ 5 ■ 
thalassemia wìth hydroxyurea: the expcrìence of a single center in 
Greece. Blood Celỉs Moi DÚ 2000; 26:453-66.

25. Bradai M, tí aỉ. Hydroxyurea can eliminate transíusion requừements in 
children vvith severe 0 'thalassemia. Blood 2003; 102: 1529-30.

26. Oỉivlerỉ NF, tí ai. Treatment of thalassaemia major vviih phenylbutyrate 
and hydroxyurea. Lanetí 1997; 350:491-2.

27. Hoppe c. tí ai. Hydroxyurea and sodium phenylbutyrate therapy in 
thalassemia intermedia. Am J Htmatol 1999; 62: 221-7.

28. Dover GJ. Hemoglobin rvvitching protocoỉs in thaỉassemia. Anrt N YAcad 
Sá 1998; 850: 80-6

HIV infedion and AIDS. Unlike most drugs used to ưeat 
HIV, which target viral enzymes, hydroxycarbamide inhi- 
bits ribonudeotide reductase, a host cellular enzyme that 
iỉ less prone to mutation and subsequent development of 
resistance.’ The drug acts synergistically with didanosine 
(p. 972.3). Of 25 HlV-poãtìve patients given didanosine 
200 mg twice daily with hydroxycacbamide 15mg/kg daily 
in  2 divided doses, all shovved a drop in  viral load and an 
increase in CD4+ lymphocyte count.2 Viraemia wa$ not 
detectable in 13 of 24 patients evaluated at 6 months and 
10 o í 20 patients evaluated at I year. In 2 of thesis patients 
who subsequently received no antiviral tteatments for 1 
year there was no viral rebound, although some proviral 
DNA wa5 detected.3 In another study in 6 patìents, dida- 
nosine 200 mg tvvice daily with hydroxycarbamide'250mg

The Symbol t  denotes a preparation no longer actively marketed
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four times daily (suggested to be a better régũnen because 
oỉ the short halí-liỉe oỉ the antineoplastic) produced a 
Sharp decrease in viraemia. vvhich was maintained ỉor up 
to 72 vveeks.4 A rebound occurred in 1 patient on inter- 
ruptìng treatm ent but vứal replication was again sup- 
prẽssed w hen treatm ent was restarted.

Combinations with didanosine and other HIV drugs have 
also been tried.1 A controlled study’ oi hydroxycaibamide, 
didanosine, and stavudỉne indicated signiRcanứy enhanced 
activity w hen the antivữals were used with the antineo- 
plastic rather than placebo. However, in a long-tenn foIlow- 
up* there was a high withdrawal rate amongst patients 
receiving this combination, due to virological íailure and 
adverse eỉỉects such as peripheral neuropathy and íatigue. 
Another study7 (ACTG 5025) was terminated due to the 
hỉgh risk of toxiđty, including fatal pancreatitis, in patientỉ 
receiving the hydroxycarbamide regũnens. The authors 
noted tha t the use o( a higher daiỉy dosage oí 1.2 g of 
hydroxycarbamide (rather than the usual 1 g daily) and 
increased exposure to didanosine (itselí associated with 
pancreatitis) may have contributed to toxidty. An analysis 
of 2613 patients* determined tha t the use of hydroxycarba- 
mide with didanosine. or didanosine and stavudine, 
resuhed in a tourỉold increase in the risk for development 
of pancreatitis, compared with didanosine alone. In a study 
of patìents vvho had íailed protease-inhibitor based 
regimens,9 the addition of the antineoplastic to reverse 
transcriptase inhibitor-based therapy signiScantly improved 
virologic response. Despite an increased inddence of 
advene events assodated with its use, hydroxycarbamide 
was considered to be a valuable altemative in these patients. 
A small randomised study10 of patients with chronic HTV 
Iníection given structured ơeatm ent interruptions with 
cydes of HAART, or HAART and hydroxycarbamide, íound 
that use oí the latter decreased vừal load. There is some 
suggestion that a lovver dose of hydroxycarbamide (300 mg 
twice daily) may ha ve better antireơoviral activity, and 
íewer adverse eííects, than higher doses.11 For hirther 
dỉscussion o! the management of HIV iníecrion and AIDS, 
see p. 957.2.

1. Gibbs MA, Sorenseo SJ. Hydroxyurea in the ưeaunent of HIV-I. Artrt 
Pharmacother 2000; 34: 89-93.

2. Vila 3, tí al. 1-year foIIow-up of the use of hydroxycarbamìde and 
dỉdanosine in HTV iníection. Lancrt 1996; 844: 203-4.

3. VƯa 3. ữ ai Absence of vỉral rebound after ừeatment of HTV-iníeaed 
patỉents with dỉdanosỉne and hydroxycarbamỉde. Lanat 1997; 350:635- 
6.

4. Lori F, tí ai. Long-term suppression of HIV-1 by hydroxyurea and 
dỉdanósỈĐe. JAMA 1997; 277: 1437-8.

5. Rutschmann OT, tí ai. A placebo-controỉỉed tríal of dỉdanosine pỉus 
stavudỉne, with and vvithout hydroxyurea, for HĨV inỉectỉon. AWS1998; 
12:F71-7.

6. Rutschniann OT. tí a i  Lcrag-terro hyđroxyurea in combination with 
dỉdanosỉne and stavudine ỉor the treaỉment ol HTV-1 iníectỉon. A1DS 
2000;14:2145-51.

7. Havỉlr DV, tí aì. Eííects oi treatmem IntensiGcatỉon with hydroxyurea ỉn 
HIY-iníected patients wỉth virologic suppression. AWS 2001; 15: ỉ 379- 
88 .

8. Moore RD. tí aĩ. ỉnddence of panốeatitis ỉn HTV-iníected patìems 
Teceiving nudeoside revetsc transcripiase inbĩbiior drugs. A1DS 2001; 
15:617-20.

9. Laỉeuillade A. tí ai. The HYDĨLE trỉa]; eỉScacy and tolerance oí a 
quadrupỉe combỉnation ol reverse transcríptase inhíbiton vcrsus the 
same regỉmen plus hydroxyurea or hydroxyurea and interleukỉn-2 in 
HIV-infected patìents ỉaQỉng protease ỉnhỉbitor-based combinations. HỈV 
ơm T r ìa b  2002; 3: 263-71.

10. Gaida p, tí al. A cytostatíc drug improves controỉ oỉ HIV-1 repầcatìon 
during structured ữeatment imerrupdons: a randomteed study. AIDS 
2003;17:43-51.

1 ỉ . Lỉsàevria 3. tí a i Hydroxyurea in the treatment of HIV iníection: dinical 
eSBcacy and saỉety concems. Drug Safety 2003; 26: 605-24.

M alignant neoplosms. Hydroxycarbamide is used in the 
treatm ent oỉ chronỉc myeỉoid leukaemia (p. 694.2), and 
may be used in  the myeloproliíerative disorders poly- 
cythaemia vera (p. 695.2) and primary (essential) throm- 
bocythaemia (p. 695.2). Hydroxycarbamide has been tried, 
often w ith radiotherapy, ỉn some soỉỉd maỉỉgnandes su ch 
as tum oun  of the cervix (p. 704.2), head and neck 
(p. 708.1), and ovary (p. 711.2).

Psoríosĩs. An immunosuppressant (usually methoưexate 
or đdosporin) may be usehỉỉ in patients with severe 
reíractory psorìasỉs (p. 1688.1). Hydroxycarbamide has 
also been tried, although experience is limited.1'2

1. Layton AM. tí aỉ. Hydroxyurea ỉn the management oí therapy resistant 
psôrỉasỉs. Bt 3 Dcrmatoỉ 1989; 121: 647-53.

2. Smìth CH. tí al. Use oí hydroxyurea in psoriasis. Clin Exp Dtrmatol ỉ 999; 
24:2-6.

Adverse Effects, Treatment, and Precautions
For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

Bone-marrow suppression, induding megaloblastic 
changes, is the main adverse effect of hydroxycaibanùde. 
The erythema caused by iriadiatỉon may be exacerbated. 
Other adverse eữects reported have induded gasưointest- 
inal dỉsturbances, impairment o( renal hinction, pulmonary 
oedema, dermatological reactions, alopeda, and neurologi- 
cal reactions such as headache, dimness, drowsiness, 
disorìentation, haUudnations, and convulsỉons. There are

rare reports of acute pulmonary reactions consistíng of 
pulmonary inhltrates or Cbrosis, dyspnoea and ỉever. 
Symptoms resembling cutaneous vasculids, induding 
vasculitic ulceratíons and gangrene, have occurred in 
padents w ith myeloproliíerative disorders treated with 
hydroxycarbamide, espedaUy in those also given interíeron. 
Thẽre are reports óf hepatotoxidty and pancreatitis, some 
íatal, in  patients w ith HIV inỉecdon, given hydroxycarba- 
mide and andretrovirals (see also HIV Iníeaion and AỈDS, 
p. 803.3); peripheral neuropathy has also occurred.

Pre-existing anaem ia should be corrected beíore 
beginnỉng therapy w ith hydroxycarbamide and the 
haemoglobin concentratíon, vvhite celỉ and platelet counts, 
and hepatíc and renal íunction should be determined 
repeatedly during ưeatment. Treatment should be inter- 
rupted if the vvhite cell or platelet count fall below 
acceptable levels (see also Bone-marrow Depression, 
p. 730.3). If anaemia occurs when hydroxycarbamide is 
used as an antineoplastic, it may be corrected by 
ưansíusions of whole blood without stopping therapy. Ií 
anaemia (haemoglobin less than 4.5 g per 100 mL, or 
reticulocyte count less than 80 000 cal^/ram’ when 
haemoglobin is less than 9g per lOOmL) occurs when the 
drug is used for sickle-cell disease. therapy should be 
interrupted. Megaloblastic changes are usually selí-limiting.

Hydroxycarbamide should be used vvith caution in 
patients with ímpaỉred renal lunction. Uric add concentra- 
tions should be monitored, and a high íluid intake 
maintained during treatment. The elderly may be more 
sensidve to its adverse eííects.

Breast feeding. In breast-milk samples ỉrom a woman 
given hydroxycarbamide 500 mg three times daily, the 
mean concenơation of the drug was tound to be about 
6mg/litre. It was estimated that, had the infant been 
breast-fed. it would have received about 3 to 4m g daily. 
Although this am ount appears to be low, women are 
advised not to breast íeed while taking hydroxycarba- 
mide.1

1. Sylvestcr RK, rỉ ai. Excreũon ot hyđroxyurea into milk. Cmar 1917; 60: 
2177-8.

Carcinogenicity. Secondary leukaemias have occurred in 
patients receiving hydroxycarbamide for myeloprolUera- 
tive disorders, although the extent to which this is due to 
the ơeatm ent or the underỉying disorder is unknovvn.

Skin cancers have also been assodated with its use. These 
are oíten multiple and indude both squamous cell and basal 
cell cardnomas.

Reíerences.
1. Liozon E, tí al.ĩs ơeatraent wỉth hydroxyurea ỉeukemogenic in patients 

wíth essentíal thromboqrthemia? An anaỉysts of three new cases of 
leukaemỉc ưansíormatíon and revlcvv of the literature. Hcmatot Ceìĩ Ther 
1997; 39: 11-18.

2. Pearson TC. tí ai. Leukemỉc ữansỉonnatíon in polycythemia vera. Blooắ 
1998; 92: 1837-8.

3. I>€ Simone c, tí aỉ. Muỉtìple squaxnous cell cardnomas o! the dán đuring 
loag-tcnD ưeaunent with hydroxyurea. Eur J Dermatoi ỉ 998; 8:114-15.

4. Best PJM. Petỉtt RM. Muỉtỉpỉe sỉón cancers assodated wỉth hydroxyurea 
therapy. Mayc Ctín Proc 1998; 73: 961-3.

Effects on the liver. Fever and hepatỉtis have been 
reported1,7 in patients receiving hydroxycarbamide. Symp- 
toms recuưed w hen patientỉ were rechallenged vvith the 
drug.

1. Heddỉe R. Calvert AF. Hydroxyurea induced hcpatìds. Med J  Ausí 1980; 
1: 121.

2. v/esteiman DA, tí al. Hydroxyurea-induced ỉever and hepatỉtỉs. Aust NZ 
J  Med 1998; 28: 657-9,

Effects on the sldn and  nails. Reports oỉ skin reactions 
vvith hydroxycaibamide indude hypeipigmentation of the 
sUn,1 and of nails (melanonychia).2

Hydroxycarbamide therapy has be en assodated with 
scaly erythematous sldn lesions oíten resembling those of 
dermatomyositis.1-5'4 Such lesions usually occur after 
several yeãrs of treaonent and the course is usually benign. 
Hovvever, withdrawal of the drug is usually necessary for 
healing or improvement, in which case resolution may take 
severaĩ months.1-4 Hydroxycarbamide can also cause pãinỉul 
leg ulcers, often on the malleoli, which may requữe 
stopping ưeatm ent.1-5-6 Leg ulcers oỉten coexist with 
dermatomyositis-Iike eruptions and may be caused by the 
same mechanism,7 although mechanical injury may have a 
role in malleolar ulceration.5 Licensed p rodua iníoimatìon 
notes that vasculitic toxidtìes, induding vasculitic ulcer- 
ation and gangrene, have been assodated vvith hydro- 
xycarbamide use in patients vvith myeloproliỉerative 
disorders (particularly ư  also given interieron). However, 
histologically, perìvascular lymphocytìc inSltiation vvithout 
vasculitìs has been reported in both early dermatomyositis- 
like lesions1 and in leg ulcers.5-*

Skin cancers have also occurred, see Cardnogenidty 
above.

1. Vassalỉo c, tí a i Muco-cuuneous changes durỉng long-tcnn therapy 
with hydroxyurea ỉn chronic myeloid leukacmia. Cỉin Exp Dermatoỉ 
2001; 26: 141-8.

2. AsteN. fTđ/.NaUpigmcntatìoncausedbyhydroxyurea;reponc 9case$. 
J Am Acaà Dermatoỉ 2002; 47: 144-7.

3. Senet p, tí ai. Hydroxyurca-induced dermatomyositis-like erupi on. Br J 
Dcrmatoỉ 1995; 133:455-9.

4. Daoud MS, t ía L  Hyđroxyurra dennopathy: a unique ỉỉchenoiđ Tuption 
coraplicating ĩong-tenn therapy wỉth hydroxyurea. 3 Am Aead >rmaíoỉ 
1997; 36:178-82.

5. Best PJ, tí aL Hydroryurea-induced ỉeg uỉceration ỉn 14 patỉe Ìts. Ann 
Iỉttem Med 1998; 128:29-32.

6. Chaỉne B, tí aĩ. Cutaneous advexse reactions to hydroxyurea in patỉents 
with sỉdde cell dỉsease. Anh permatol 2001; 137:467—70.

7. Suehỉro Mt tíaỉ. Hydroxyurea dennopathy vvith a dennatomyo iỉỉs-like 
eruptỉon and a ỉarge Ieg ulcer. Br 3 Dermátoỉ 1998; 139:748-9.

8. Taramoto T. tí  a l A case of bOatera! heel tỉlcers assodat d with 
hydroxyurea thenpy ỉor chronk myelogenous ỉeukemỉa. 3p I 3 Cỉin 
Òncol 2000; 30: 15Ỉ-62.

Handling and disposaL Urìne produced for up to 48 hours 
aíter a dose of hydroxycarbamide should be handled vvear- 
ing protective dothing.1

1. Hants J, Dodds u .  Hanđling waste bom paticntỉ iccciving c 'loioxic 
drugs. Pham ]  1985; 235: 289-91.

Porphyrìa. The Drug Database ỉor Acute Porphyria, com- 
piled by the Norwegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, dassiíies hydroxycarb imide 
as probably not porphyrinogenic; it may be used as , drug 
of first choice and no precautions are needed.1

1. The Drug Database íor Acuíe Porphyría. Avallable at: http: /www. 
drugs-porphyria.org (acccssed 28/09/11)

Interactions
For a general discussion of antineoplastic drug interac tions. 
see p. 733.3.

Pharmacokinetics
Hydroxycarbamide is readily absorbed ừom  the gỉsơo- 
intestinal ư a a  and distributed throughout the body Peak 
plasma concenưations are reached vvithin 2 hours. LJp to 
50% of a dose is metabolised by the liver; hydroxyi arba- 
mide is excreted in urine as metabolites and unchiinged 
drug. Some is excreted as carbon dioxide vía the ungs. 
About 80% of a dose is reported to be excreted in the urine 
vvithin 12 hours. Hydroxycarbamide crosses the blood brain 
barrier and the placenta, and is distributed into breast milk. 
Reíerences.

1. Gwilt PR. Tracevvell WG. Pharraacokinetia and pharmacodyna nics oỉ 
hydroxyurea. Clirt Pharmacokintí 1998; 34: 347—58.

2. Gwỉh PR, // ai Pharmacokineúcs of hydroxyurea in plasc a aod 
cercbrospinal fluid oí HIY-l-infecied patỉents. 3 ơin Pharmacoỉ 2C 03; 43: 
1003-7.

3. Yan J-H, tí aì. The inũuence oỉ renal ỉunctỉon on hydro cyurea 
pharmacokinetlcs ìn adulis vrith sidde ceỉl disease. 3 ơirt Ph ĩrmacol 
2005; 45: 434-45.

Preparatìons
Propríekiry Preparations (details are given in Volume B)
Single-ingredient Preparations. Arg.-. Dacrodilt; Hidrolid; Aus- 
traL: Hydrea; Austria: Litalin Beìg.: Hydrea; Braz.: H drea; 
Canaí: Hydrea; chile: Hydrea; Cz.: Litalír; Siklos; D:nm.: 
Hydrea; Fitt.: Hydrea; F r Hydrea; Siklos; Ger.: Litalir; í iklos; 
Syrea; Gr.: Hydrea; Hydreasyn; Siklos; Hong Kong: Hyi reaf; 
Hung.: Litalin India: Cytodrox; Durea; Hondrea; Bydab; 
Hydran; Hydrea; Leukocel; Myelostat; Neodrea; O: yrea; 
Indon.: Hydrea; IrL: Hydrea; Siklos; IUứ.: Onco-Caibide; Mex.: 
Hydrea; Neth.: Hydrea; Siklos; Norw.: Hydrea; NZ: Hỉ drea; 
PhOipp.: Hydab; Hydrox; Krabinex; Iãtalirt; Pol.: Siklos; aort.: 
Hydreat; Siklos; Rus.: Gidroxyurea (rnapoKCHypea)t; H 'drea 
(rnạpea); S.Afr.: Hydrea; Singapore: Hydrine; Spain: Hjdrea; 
Siklos; Swed.: Hydrea; Switz.: Litalir; Thai.: Hydrea; 1 urk.: 
Hydrea; UK: Hydrea; Siklos; USA: Droxia; Hydrea.
Phannocopoeiol Preporotions
BP 2014: Hydroxycarbamide Capsules;
USP 36: Hydroxyurea Capsnles.

Ibritumomab Tiuxetan IBAN, USAN, < NNÌ 
Ibritumomab tiùxetáa Ibritùmomáb Tìuxétan; ibritumc ma- 
bum Tìuxetanum; IDEC-129; IDEC-Y2B8; HôpmyMC Maõ 
TnyKceĩaH. ■'
Immunoglobulin G l, anti(human CD20 (antigen))(mi use 
monođonal IDEC-Y2B8 yl-chain), 'disutfide with mouse 

: monodonal IDEC-Y2B8 K-chain, dimer tiuxetan cònjugc te. 
G4S —  206181-63-7. -
um  — 4Q52C550XK . .. V .

Uses and Administration
Ibritumomab is a  murine m onodonal antibody to CD20 
antigen, which is conjugated w ith tiuxetan to proviie a 
chelation site íor Tadioactive isotopes. Radiolab>'.Ued 
ibrỉtumomab tiuxetan is used in the treatm ent of rela ạsed 
or reửactoiy, low-grade or íollicular B-cell non-Hodg dn's 
lymphoma (p. 696.3). Patients are pretteated with a low 
dose of riruximab (p. 852.1). In the USA this is followeđ by 
slow intravenous injection of ibritumom ab tiux ĩtan  
chelated with indium-111 (p. 2224.3) for imaging to

All cross-reíerences reíer to entries in Volume A
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coníirm that biodistribution of tum our cells is acceptable, 
but in  some other countries such imaging is considered to 
provide relatively little useíul iníormation, and is omitted. A 
second rituximab ưeatm ent is given 7 to 9 days after the 
Hrst, ỉollovved by ibritumomab tiuxetan chelated with 
yttrium-90 (p. 2230.1) for radio-immunotherapy.

Reíerences.
1. Wỉ$eman GA. tí ai. Biữdỉstrỉbu tíon and dosỉmecry resulcs from a phase m  

prospectỉvely randomỉzed controỉỉeđ orial ot Zevalỉn radỉoỉmmunother* 
ăpy for kỉvỹ-grade. íoỉlỉcuỉar. or transíòrmed B-celI non-Hodgkin's 
lymphoma. Crit Rev Oncol Hematol 2001; 39: 181-94.

2. Wagner HN. tí ai. Admỉnistration guidelines íor rađioimmunotherapy oí 
non-Hodgldn's tymphoma with *®Y-lab€led antỉ-CD20 monodonal 
antibođy../ Nud Međ 2002; 43: 267-72.

3. Wỉtzig TE. tí aL Randomỉzed controlled trtal of ytưíum-90-labcled 
ỉbrỉtumomab tíuxetan radỉoimmunotherapy veisus rituxỉmab immu- 
notherapy ỉor paổents wỉth rriapsed or reừactory low-grade, íòOỉcuIar, 
or transỉonned B-ceỉI non-Hodgjdn'$ Iymphoma. J ơin Oneoỉ 2002; 20: 
2453-63.

4. VVUãg TE. tí ai. Traatment wỉth ỉbrỉcumomab úuxeun radio- 
ỉmmunotherapy ỉn patỉems wỉth rituxỉmab-reíractory ỉotUcuUr 
non-Hodgldn'j lymphoma. }  ơừt Oncol 2002; 20: 3262-9.

5. AnseQ SM. tí a i Subsequcnt chemotherapy regỉmens are welỉ coleratcd 
aíter mđỉoỉmmunocherapy with yttriura-90 ibritumomab duxetan ỉor 
ncm-Hodgkin's lymphoma. /  ctin Oneol 2002; 20: 3885-90.

6. Wỉtzỉg TE. Yttrium-90-ibrítumomab tỉuxetan radloimmunotherapy: a 
new treatment approach for B-cell non-HodgÌdn'j lymphoma. Drugĩ 
Today 2004; 40: 111-19.

7. Hagẽnbcek A, Levrington V. Rcport of a Europcan consensus workshop 
todeveiop-recommendations for the optỉmal use of MY-ỉbrỉtumomab 
dụxetan (Zcvalỉn) in lympboma. Anrt Oneoỉ 2005; 16: 786-92.

8. Meredỉth RF. Logistíã õf therapy with the ỉbritumomab tiuxeun 
regíinen. Irtí J Radiat Oncoỉ Bioi Phyí 2006; 66 (suppl): S35-S38.

9. Cheung MC, tí ai. Yttrỉum 90 ibritumomab tíuxetan in lymphoma. Leuk 
. Lymphoma 2006; 47: 967-77. Correctỉon. ibid.; 1719-20.

10. Gĩsseỉbrecht c tíaL Current starns and funire perspectives for yttrium- 
90 (*°Y)*ibritumomab tíuxetan tn stetn cell tranỉplantation ỉor 
non-Hodgiđn's lymphoma, Bone Marrơw Trartspianí 2007; 40:1007-17.

Adverse Effeds and Precautíons
For general discussiqns, see Antineoplastics, p. 726.1 and 
p. 732.2.

Myelosuppression is common after doses oi ibritumomab 
tiuxetan, and may be prolonged. Patal intracranial 
haemorrhage has occurred. Iníections and hypeisenãtìvity 
reactions may also be severe; As ibritumomab tiuxetan is 
given w ith rituximab, severe infusion reacđons due to the 
cytokine release syndrome m ay occur (see under 
Rituximab, p. 854.3). Severe cutaneous and mucocuta- 
neous reactions, some fatal, have been reported and therapy 
shou ld  be stopped ư they occur. Gastrointestinal 
disturbances are common. Other adverse eữects include 
anorexia, asthenia, íever, cough. dyspnoea, dizziness, 
headache, insorrmia, anxiety, arthralgia, myalgia, and 
peripheral oedema. Patients should be monitored for signs 
of extravasation in order to avoid radiation-assodated tìssue 
damage. u  extravasaúon occurs, the iníusion should be 
stopped immediately and restarted in  another vein.

Complete blood and platelet counts should be monitored 
weekly, or more írequently ư cytopenia is present, until 
haematologicaỉ recovery. Ibrỉtumomab áuxetan should not 
be given to patients w ith extensive marrow involvement, 
im paừed bone marrow reserve, or platelet or neunophil 
counts below acceptable levels (see also Bone-marrow 
Depression, p. 730.3). Care should be taken during and after 
radiolabeỉỉing with indium-111 or yttrium-90 to miniimse 
radiation exposure.

Effects on the sldn. Severe cutaneous and mucocutaneous 
reactions have been reported after use of ibdtumomab 
tiuxetan with rituximab, some of them  with a fatal out- 
come.1-2 Reactions induded erythema multiíorme, Ste- 
vens-Johnson syndrome, toxic epidermal necrolysis, bul- 
lous dermatitis, and exỉoliative dermatitis. Onset was 
reported to vary bom  days to m onths. Treaunent should 
be stopped if any patient has such a reaction.

1. Kooijmans-Couiinho M [Biogen Idec (USA)Ị. Important drug waming 
(issued October 2005). Avaiỉabỉe at: http://www.fda.gov/downloads/ 
Safcty/MedWatch/Safetyinformation/SafctyAlensforHumanMeđÌcinal- 
Products/ucm 164905.pdf (accessed 21/07/10)

2. Berỉex. Canada. Assocỉaiỉon of severe mucocutaneous reactỉons with the 
• ZEVAUN therapeudc regỉmen (issued 7th December 2005). Avaiỉabỉe

ac htq)://www.hc-sc.gc.ca/dhp-mps/a]t_fòrmats/hpíbHdgpsa/pdf/ 
mcdcff/zevalin_nth-aah_e.pdf (accessed 26/04/06)

Preparatìons
Proprirtory Preporotíocu (detailỉ are given in Volume B)

Single ingrtCant PreparaHons. A r g Zevamab; Austrùr. Zevalin; 
Bd0 .: Zevalin; Canad.: Zevalin; Cz.: Zevalin; Fin.: Zevalỉn; Fr.: 
Zevalin; Ger.: Zevalin; Hottg Kong-. Zevalin; Hung.-. Zevalin; 
Itĩ.: Zevalin; Israel: Zevalin; ỊtaL: Zevalln; Nttíu: Zevalin; 
Norw.: Zevalin; NZ: Zevalinf; PoL: Zevalin; Port: Zevalin; s. 
Afr.: Zevalinf; Spaùt: Zevalin; SwetL: Zevalin; Svrítỉ.: Zevalin; 
ThaL: Zevalin; Turk.: Zevalin; VK: Zevalin; USA: Zevalin.

Ibrutinib IUSAN, piNNi
Cf)A-032765; Iboitiniburh; PCI-32765-00; Pa-32765;H6pytn- 
JHMỐ j ‘ ,

1 -t(3fì)-3-[4-Amino-3-{4-phenoxyphenyl)-1 H-pyrazolo[3,4-cfl 
pyrimidin-l-y0piperidin-1-yl}prop-2-en-1-one! 
^ 2 4 ^ 0 2 = 4 4 0 5  
C ứ  — 936563-96-1.

Profíle
Ibrutínib iỉ an inhibitor oi Bruton's tyrosine kinase tha t is 
used in the treatment of relapsed mantle ceU lymphoma 
(p. 698.2). The usual dose ú  560 mg oralỉy once daily; 
capsules should be swallowed whole and not opened. If a 
daily dose is misseđ, the next day's dose should not be 
increased. B severe toxidty occurs. doses should be 
vvithheld until recovery to baseline or gtade 1. For the fiist 
occurrence, treatment is restaned at the usual dose. 
Subsequently, the dose should be reduced to 420 mg daily 
after the second occurrence, and to 280 mg daily after the 
thữd occunence. Ibrutinib should be stopped ư  the patient 
is unable to tolerate 280 mg daily. Treatment is continued 
unól the patient no longer beneăts, or unacceptable toxicity .  
occurs. For wamings and recommendatians regarding the safe 
prescrìbing. dừpensing, and use of orat antineoplastic drugs, see 
Administration, p. 732.3.

Ibrutinib is metabolised in the liver by the cytochrome 
P450 isoenzyme CYP3A íamily and use w ith sơong or 
moderate inhibitors or sơong inducers of these enzymes 
should be avoided. If use together is necessaty, ibrutinlb 
treatment may be interrupted for shon-term therapy w ith a 
strong CYP3A inhibiton the dose of ibrutinib should be 
reduced to 140 mg daily vvhen used vvith a moderate CYP3A 
inhibitor.

The most commonly repoited adverse eữects include 
neuưopenia, thrombocytopenia, anaemia, gastrointestinal 
disturbances, íatigue, musculoskeletal or abdominal pain, 
peripheral oedema, dyspnoea. rash, and decreased appetitie. 
Haemorrhage, renal ỉailure, and second primary malig- 
nanães have occurred. -

Ibrutinib is also under invesúgation for chronic lympho- 
cytíc Ieukaemia.
Reíerences.

1. Butger JA. Buggy JJ. Bruton tyrosinc kinase inhibitor ibruũnib (PCI- 
32765). Leuk Lymphơma 2013; 54: 2385-9r.

2. Chavex JC tí ai. Ibruửnib: an evidence-based revỉew of ỉts potentỉal ỉn 
the treatmenỉ of advanttd chronỉc ỉymphocytỉc ỉeuketnia. Cort Evid 
2013; S: 37-45.

3. Aldnleye K  tí ai. Ibrutinib and noveỉ BTK inhibítors in dlnicaỉ 
deveỉopmenL J Hematữi Oncoỉ 2013; 6: 59.

Preparations
Preprietary Preporatiom  (details are given in Volum e B) 

Smgle-ingredient Prepanitions. USA: Imbruvica.

Idarubicin Hydrochloride
ỊBANM, USAN, dNNMI
4-Demethoxydaunorubicin Hydrochlorịde; Hidrodoruro de 
idartibicina; Idarubicina, hidrodoruro dẹ; Idarubicine, 

.chlorhydrate d'; Idarubidnhydroklorid; Idarubidni Hydro- 
ehỊoridum; Idarubisiinihydrokloridi; Idambisin Hidroklorúr; 
tM I-30; NSC-256439 (id a ru b ic in ); HAapyÕMUMHa 
rnApoxnopMA
(7S,9S)-9-Acetyl-7-(3-amino-2,3,6-trideoxy-a-L-/yro-hexopyra- 
npsy)oxy)-7,8,9,10-tetrahydro-6,9,11 -trihydroxynaphthacene- 
5,ĩ2-dione hydrochloridẽ.
C26H27NOftHCI=534.0
Ỡs'— 58957-92-9 Odarubicìọ); 57852-57-0 (idarubicin 
hydrochloride).
ATC —  L01DB06.
ATC Vet — QL0ỈDB06.UNII — 5W3MDU5IE.
Pharmacopoeias. In Jpn and us.
USP 36: (Idarubidn Hydrochloride). A red-orange to red- 
brown powder. Slightly soluble in water; insoluble in 
acetone and in solvent ethen soluble in methyl alcohol. A 
0.5% solution in water has a pH betvveen 5.0 and 6.5. Store 
in aiitight containers.

IncompatíblTrty. Licensed product iníonnation States that 
predpitation occurs when idambidn hydrochloride is 
mixed vvith heparin, and tha t it will degradẹ in alkaline 
solution.

Uses and Administration
Idarubidn like daunorubidn (p. 778.3), of which it Is an 
analogue, is an anthracydine antibiotic and has antineo- 
plastícactions similar to those of doxorubidn (p. 783.2). It is 
used as the hydrochloride, alone or vvith other drugs, for the 
induction of remission in patients with acute myeloid 
leukaemias (p. 693.1). It is also used as a  second-line 
treatment in acute lymphoblastic Ieukaemia (p. 692.3), and 
advanced breast cancer (p. 702.1).

Idambidn hydrochloride is given by intravenous injection 
into a fast-running iníusion of sodium chloride 0.9% or 
glucose 5% over 5 to 15 minutes. The suggested dose in 
adult acute myeloid leukaemia ứ 12 mg/m1 daỉly for 3 days, 
vvith cytarabine. A similar dose, as a single agent, has been 
given in acute lymphoblastic leukaemỉa. An altematíve 
dosage schedule in acute myeloid leukaemia is 8 mg/m2 
given daily ỉor 5 days, either alone or tn  combinatíon 
therapy. For suggested doses in children with acute 
lymphoblastic leukaemia see Administratìon in  Children, 
belovv.

When the intravenous route cannot be used, idanibión 
hydrochloride may be given oralỉy. For vramìngs and 
recommendations regarding the sạfe prescribing, dừpensing, and 
use of oraỉ antineoplastic drugs. set Adminừtration, p. 7323. A 
suggested oral dose in adult acute myeloid leukaemia as a 
single agent is 30 mg/m2 daily lor 3 days; 15 to 30mg/m2 
may be given daily for 3 days when used with other drugs.

In patients with breast cancer unresponsive to front-line 
chemotherapy not mdudìng antlưaqrdines, idarubidn 
hydrochloride has been given oralỉy in  doses of 45 n ^ /m 2, as 
a single dose or divided over 3 consecutìve days; the 
treatment may be repeated every 3 or 4  weeks depending on 
the haèmatological recovery. A total cumulative oral dose oỉ 
400 mg/m2 should not be exceeded.

Blood counts should be perỉormed ừequently in patients 
receivmg idarubidn, and monitoring oỉ cardiac hepatìc, 
and renal hmction ís recommendẽd. Doses should be 
reduced in patients with hepadc or renal impairment (see 
also belovv). In padents who receive a second course o{ 
idaiubidn, intravenous dosage should be ceđuced by 25% if 
severe mucositis developed with the fiĩst course: therapy 
should be delayed until the patient has recovered hom this 
toxiđty.

The actions and uses of idarubidn have been reviewed.1 
A study in leukaemia cells in vitro suggested that idarubidn 
was more active than a conventional anthracydine, 
daunorubidn, against cells with the multídrug resistance 
(MDR) phenotype.2 • A collaboratíve overvievỹ of rando- 
mised studies íor acute'myeloid leukaemỉa íound that 
idarubidn-based therapy achieved better remission rates 
and overall survival than daunorubidn-based regũnens.5 Its 
oral bioavailability has been suggested to offer an advantage 
in the management oỉ malignandes in older padents.4

1. Cersosimo RJ. Idtrubidn: ao aoỉhncydlne amỉneoplastỉc agenL Clin 
Pharm 1992; 11: 152-67.

2. Berman E. McBrỉde M. Comparative cdỉuỉar phannacoỉogy oỉ 
daunorubỉdn and idarubidn In hum an mulddnig-resỉstam leukaemia 
cells. Blooắ 1992; 79: 3267-73.

3. AML Colỉaboratỉve Group. A syscemadc coQaboratíve overvỉew of 
randomised trtaỉs compartng ỉdarubỉdn wỉth daunorubỉdn (or other 
anthncydỉnes) as ỉnductỉoa thenpy for acute myeloỉd ỉeukaemỉa. Br J 
Haemaul 1998; 103: 100-9.

4. Crỉveỉlari D, tí aL New oraỉ drugs in oỉder patỉeats: a z^vỉew oí ỉdarubidn 
ỉn eỉderiy patỉents. Oi/ Rev Onaỉ Hmatol 2004; 49: 153-63.

Adminislration in children. Idarubidn hydrochloride may 
be given as a second-line ữeatm ent to children with 
relapsed acute lymphoblastic leukaemia. The suggested 
intravenous dose for use as a sỉngle agent is 10mg/m2 
daily for 3 days. Precautioas and monitoring are as ỉor 
adults, see Uses and Admỉnistration, above.

Administration in hepatic únpairtnent. UK licensed pro- 
duct inỉonnation for idambidn hydrochloride recom- 
mends that a dose reduction be considered in padents 
wỉth hepatic impainnent. Although no spedũc doses are 
suggested, it is noted that a 50% reduction in  dosage has 
been used vvith some other anthracydines in patients 
vvhose bilirubin concentratíons were bettveen 12 and 
20 micrograms/mL. Use of idarubidn is contra-indicated in 
patients vvith severe hepatic impairment.

us licensed product iníormation States that in patients 
with moderate or severe hepatic impairment, the metab- 
olism of idarubidn is expccted to be reduced, Ieading to 
highet systemic drug concentrations, and that dose 
reduction should be considered. No spedfic doses are 
recommended; idarubidn should be vvithheld iỉ bilirubin 
concentrations exceed 50 micrograms/mL.

Administration in re n d  impainnent. Both UK and us 
licensed product inỉormation State renal impairment may 
affect the disposition oỉ idambidn and that, in  many stu- 
dies, treatment was contra-indicated u  serum creatinine 
concentrations exceeded 20 micrograins/mL. us licensed 
product ỉnỉonnation suggests that dose leductlon be con- 
sỉdered in renal impairment, but gives no spedhc doses; 
UK licensed product inỉonnatíon States tha t idarubidn 
should not be used in  padents vvith severe renal impair- 
m en t

Adverse Effects, Treaiment, and Precaụtions
As for D oxorubióa p. 784.1. Raised liver enxymes and 
bilirubin can occur vvith idarubidn. Severe enterocoiitis 
vvith pertoratíon has been reported rarely. A cumulative 
total dose limit has not yet been deSned. UK licensed

The Symbol t  denotes a preparation no longer actively marketed

http://www.fda.gov/downloads/
http://www.hc-sc.gc.ca/dhp-mps/a%5dt_f%c3%b2rmats/hp%c3%adbHdgpsa/pdf/
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product inỉormatíon States tha t total cumulative oral doses 
up to 400 mg/m2 have a low probability of cardiotoxicity. 
Cardiomyopathy has been reported in some patients with 
cumulative intravenous doses of 150 to 290 mg/m2. It has 
been suggested that idarubidn may be assodated with less 
cardiotoxiđty than doxorubirìn. Idam bidn should be gỉven 
with caution, and in reduced doses, to patients vvith renal or 
hepatic impairment.

Effects on the heart. Cardiotoxidty is a major íactor in 
limiting the use of anthracyclines (see under Doxorubidn, 
p. 784.1). It has been suggested that idarubidn may be 
assodated with less cardiotoxidty than doxorubicin. How- 
ever, a 34-year-old vvoman w ith no risk íactors for heart 
dìsease developed severe congestive heart íailure after her 
fiist exposure to idarubidn, which was given as pan of an 
induction regimen ỉor acute myeỉoid leukaemia. The 
patient's left ventricular ejection ừacrion improved after 4 
months.- supporting the hypothesis that, while chronic 
anthracydine-induced cardiomyopathy is ừreversible, sub- 
acute congestive heart íailure after short-term anthracy- 
dine use may be partially or totally reversible.1

]. Yang S-C, et al. The development of congesrive hean íailure and 
ventricuiar tachycardia aỉter first exposure to idarubicin in a patient vviih 
acute myeỉoid leukaemia. Br J ctìn Pharmaai 2010; 69: 209-21.

Effeds on the skin and nailỉ. For a report of transverse 
hyperpigmented bands of the nails in a patient vvho 
received idarubidn, see under Doxorubidn, p. 784.3.

Porphyría. The Drug Database for Acute Poiphyria, com- 
piled by the Norvvegian Poiphyria Cemre (NAPOS) and 
the Porphyria Cenợe Svveden. dassiỉies idarubidn as prob- 
ably not porphyrinogenic; it may be used as a drug oí ũrst 
choice and no  precautions are needed.1

1. The Drug Database ĩor Àcute Porphyria. Availabie at: http://wvvw. 
drugs-porphyria.org (accessed 29/09/11)

Pharmacokinetics
On intravenous dosage idarubidn is rapidly distributed into 
body tissues and extensively tlssue bound, w ith a volume of 
distribution which may be in excess oí 2000 litres. It is 
extensivđy metabolised. both in the liver and extrahepa- 
tically; the prindpal metabolite, idarubidnol (13-dihydroi- 
darubidn) has equal antineoplastic activity. Peak concen- 
trations oí idarubidn and idarubidnol in bone marrovv and 
nudeated  blood cells are 400 (idarubidn) and 200 
(idarubidnol) tứnes greater than those in plasma; cellular 
concentrations of drug and metabolite dedine vvith 
apparent tenninal halí-lives of 15 and 72 hours respectively, 
whereas plasma half-lives are reported to be 20 to 22 hours 
and about 45 hours respectively. Idarubidn is excreted in 
bile, and to a lesser extent in urine, as unchanged drug and 
metabolites.

Idarubidn is also absorbed orally, reachíng peak plasma 
concentrations vvithin 4 hours. Estứnates of its oral 
bioavailability vary from about 20 to 40%.
Reíerences.

I. Robert J. Cỉinìcal phannacokỉnetio oỉ idanibiđn. Clin Pharmacokintt 
1993; 24: 275-68.

Preparations
Proprietary Preparatiom (details are given in Volume B)

Single-ingredíent Preparatiora. Arg.: Epiãna; Zavedos; Austral.: 
Zavedos; Aústria: Zavedos; Belg.: Zavedos; Braz.: Evomid; 
ZavedosiCanad.: Idamyán; Otũe: Zavedos; China: Ai Nuo 
Ning Zavedos (#14ÌẺ): CZ-\ Zavedos; Dtnm.: Zavedos;
Pin.: Zavedos; Fr.: Zavedos; Ger.: Zavedos; Gr.: Zavedos; Hong 
Kong-. Zavedos; Hung.: Zavedos; IrL: Zavedos; Israel: Zavedos; 
ItaL: Zavedos; Malaysia: Zavedos; Mex.: Idamyán; Idaralemt; 
Hetíu: Zavedos; Norw.: Zavedos; NZ: Zavedos; philipp.: 
Zavedos; PoL: Zavedos; PorL: Zavedos; Rus.: Rubide (PyốKoa); 
Zavedos (3ascnoc); S.Afr.: Zavedos; Singapore: Zavedos; Spain: 
Zavedos; Surcd.: Zavedos; Switz.: Zavedos; ThaL: Idaralemt; 
Zavedos; Turk.: Idamen; Zavedos; UK: Zavedos; Ukr.: Zaveđós 
(3aBeaoc); USA: Idamydn; Venez.: Zavedos.

Pharmacopoeid Preporotions
USP 36: Idaiubidn Hydrochloride ỉor Injection.

l f o s f a m i d e  ÍBAN, USAN. tiNNI

líóstạmidãs; lfosfamidi; lfosfamidum; 
■|fọ^m ịd;ỊptídspharnÌde; isophosphamide; MJF-9325; NSC- 
.109724; 2-4942; ld<i>occ|)aMHfl. ,
■3K^Ọ tlO fpéa^2-C -ch loroethylamino)pẹrhydro-l ,3,2-oxa- 
zaphosphorinane 2-oxide.
C7Hi5t l 2N202P=261.1-''
Ớ S t~  377S-73-2 - - ~
ATC—'L0)aẦ06. •
ATC Ỹet — QLỠ1AÀ06:
UNII —  UM20QQM95Y:

Pharmocopoeias. In Eur. (see p. vii) and us.
A1I cross-references reíer to entries in Volume A

Ph. Eur. 8: (Hosíamide). A white or almost white, 
hygroscopic, flne aystalline powder. Soluble in vvaten 
íreely solubỉe in dichloromethane. Store in aữtight 
containers.
USP 36: (Ifosfamide). A vvhite, crystalline powder. M.p. 
about 40 degrees. Freely soluble in vvaten very soluble in 
alcohol, in methyl alcohol, in isopropyl alcohol, in 
dichloromethane, and in ethyl acetate; very slightly soluble 
in  hexanes. A 10% solution in water has a pH of betvveen
4.0 and 7.0. Store in airtight containers at a temperature not 
exceeding 25 degrees.

Incompatibility. Iíosíamiđe appears to be compatible when 
mixed in solution with mesna.1-2 However, itosỉamide 
appears to be incompatible with beiuyl alcohol used as a 
preservative in Wa:er for Injections: Solutions made up 
w ith water presetved in this way became turbid, vvith the 
íormation of aqueous and oily phases, at concentrarions of 
ilosỉamide greater than óOmg/mL.3

1. Shatv ỈC, Rosc JW P. Iníusion of líosphamiđe plus mesna. Laneet 1984; ỉ: 
1353—4.

2. Rovvland CG. tì ai. Iníusion oí iíosíamide plus mesna. Lancet 1984; ii: 
468.

3. Bchmc RJ, ct al. Incompiuibiliiy oí iíosíamíde wỉth benzyl-alcohol- 
preserved bacieríosiaric water lw lnject»on. Am J Hosp Pharm 1988; 45: 
627-8.

Stability. Itosíamide undergoes a reversible Chemical re- 
aưangem ent in aqueous solution, which is sensitive to 
changes in pH.1 The ratio of these compounds to one 
another in biologicaỉ Ouids may have a bearing on the 
toxicity and efficacy of iloslamide.

1. Kũpler A, tt al. lmramolecular rcarrangemem ol itoỉtamide in aqueous 
Solutions. Laitaí 1990; 335: 1461.

Uses and Administratíon
Iỉosỉamide is an alkylating agent with properties similar to 
those of cydophosphamide (p. 771.1), of which it is a 
congener. Ít is used in the treatment of solid tumours 
induding those of the cervix, lung, ovary, testís, and 
thymus, as well as in sarcoma and in the treatment of 
lymphomas. For hm her mention of these uses see the cross- 
reỉerences given below.

líoslamide is given intravenously, eitherby injeaion as a 
solution diluted to less than 4%, or by inỉusion. Licensed 
dosage regimens include a total dose of 8 to 12 g/m2 divided 
over 3 to 5 days, with the course repeated at 2 to 4 week 
intervals; a total dose of 6 g/m2 divided over 5 days, repeated 
every 3 weeks; and doses of 5 to 6 g/m2, to a maximum of 
lOg, gi ven as a síngle 24-hour iníusion, repeated at 3 to 4 
week intervals. The interval betvveen courses also depends 
on the blood count (see also Bone-marrovv Depression, 
p. 730.3). Oral iíosĩamide has also been studied but is 
associated with neurotoxicity (see Eííects on the Nervous 
System, below).

Iíosíamide should be given with mesna (see Adminis- 
tration, belovv), and adequate hydration should be 
maintained, to avoid urological toxicity; ũuid intake should 
not be less than 2 litres daily.

Administration. Mesna (p. 1557.2) can combine wỉth uro- 
toxỉc iỉosỉamide metabolites in the kidney to form stable 
and non-toxic compounds. It is therelore given prophylac- 
tically vvith Uosỉamide. It has a shorter halMiíe than Uosỉ- 
amide so repeated doses are needed to provide adequate 
protection of the bladder. A conưnon schedule uses inưa- 
venous mesna at 60% of the ifosfamide dose, divided into
3 doses given vvith, or 15 minutes beíore, iíosíamide, then
4 and 8 hours aíter Uosíamide.1 Mesna may also be given 
orally, but higher doses are required.

1. Siu LL, Moorc MJ. Use of mesna to prevent Ưosíamide-índuced 
urotoxidry. Supporĩ Can Caruer 1998; 6: 144-54.

Malignant neoplasmỉ. Ilosíamide may be used as an aỉter- 
native to cyclophosphamide in lymphomas such as Bur- 
kirt's lympboma (p. 697.3). It is also used in a variety of 
solid neoplasms, including ỉn palliative regimens íor 
advanced cervical cancer (p. 704.2); in the treatment of 
lung cancer (p. 710.2); in ovarian cancer (p. 711.2) and 
second-line and salvage regimens for testicular cancer 
(p. 715.1); in thymoma (p. 715.3); in adjuvant therapy lor 
bone sarcomas (p. 717.3) and rhabdómyosarcomã (see 
Soít-tissue Sarcoma, p. 718.2).

Adverse Effeđs, Treatment, and Precautions
As íor Cydophosphamide, p. 772.2. Toxic eHects on the 
urinary tra a  may be more severe with Uoslamide and may 
involve the kidneys as well as the bladder. CNS adverse 
eííects have been reported, espedally coníusion, drovvsi- 
ness, depressive psychosis, halludnations, and rarely, 
seizures.

Effech on the heart. Severe myocardial depression, with 
heart íailure and ventricular arrhyửimias, has been 
reported in patients given high-dose iíosỉamide.1 Symp-

toms were reversible w ith 'appropriate treatm ent LI1 most 
cases although one patient died of cardiogenic s h o d .

1. Quezado ZMN, et al. Hlgh-dose iỉosỉamide is assodated vvítli severe, 
reversỉbỉe cardlac dysíunction. Ann ỉnttm Mtd 1993; 118: 31-6.

Ettècts on the Iđdneys. In addition to its eữects )n the 
bladder iíosíamide mây be assodated with serious nephro- 
toxldty. A prospective study íound tha t modera .e and 
severe nephrotoxidty are common aíter ỉỉostamide treat- 
ment in dũldren  and adolescents, aHecting 2íỉ% of 
patients.1 Both proximal and distaỉ tubular dam age,2 5 and 
to a lesser extẽnt glomerular effects,J are seen, a id  the 
Fanconi syndrome (with development of hypophosphat- 
aemỉc rickets in  several children),3'7 and nephrogenic dia- 
betes insipidus2-7 may resu lt Progressive chronic renal fail- 
ure aíter high-dose iỉosỉamide has been described.* Life- 
threatening hypokalaemìa possibly due to a renal lesion 
has also occurred.’ Results in rais suggest tha t generation 
of toxic metabolites vvithin the kidney itselí may be 
responsible, and that repairable renal đamage occurs aíter 
the íirst dose, vvhich is aggravated by repeatec toxic 
insults.10 This is in agreement with clinical results. since 
although renal damage has been seen aíter a singk dose, 
perhaps representing an idiosyncratic reaa io n ,11-11 most 
cases have been in children receiving reiatively high doses 
long-term. Renal damage appears to persist after with- 
dravval of ifosfamide in these patients and may be largely 
irreversible.13 Toxidty may also progress over the n o n th s  
or years after treatm ẽnt,1'* or late renal damage may devel- 
op after treatm ent has stopped.13 Proximal tu b u lír  dys- 
íunction was the most common íorm of dam ige in 
patients who had received iỉoslamide at least 5 years pre- 
viously íor childhood malignandes,u -15 and it h a ; been 
suggested that reductions in the glomerular hltration ra te 
are secondary to  this, rather than a d ire a  result of ilosỉ- 
amide toxidty.14 Although the risk of late toxid y was 
considered low, the damage was moderately severe even 
when the cumulative dose vvas small (60g/m 2).15

Possible risk lactors for nephrotoxidty have induded 
younger age (less than 5 years), high cumulative doses, use 
with dsplatin, or unilateral n ep h rea o m y .1-14-16 The 
cumulative dose appears to be the most im portant risk 
íaao r for the development and sevedty of tox id ty .116 The 
m axim um  saỉe dose of ilosíam ide has n o t been 
established;1' 14-16 although signiScant nephrotoxidty is 
relatively inừequent belovv 84g/m 2, doses above U 9 g /m 2 
are assodated w ith a high risk of severe damage. Although 
some íound no assodatíon between age at ưeatm ent and 
renal damage,’ others noted tha t a younger age was 
assodated w ith more severe nephrotoxid ty ,14 i 6 and 
suggested that caution is needed w hen giving cum alative 
doses of 45 g/m2 and above to children aged under 3 /ears14 
or 60g/m 2 and above to those under 5 years.14 Acetylcys- 
teine has been Lnvestigated for its potential protectiv<: effect 
against nephrotoxidty.17

ỉ . Skinner R, et ai. Risk ĩactors for nephroioxidiy aher ií tsỉamỉde 
ưeaonent in chỉldren: a UKCCSG Late Elíects Group stud}. United 
Kingdom Chỉ)dren's Cancer Study Group. BrJ Cancer 2000; 82: 636-45.

2. Skinner R. tt a i Nephrotoxicry aher ỉỉosĩamỉde. Arch Dừ Chiĩd 990; 69: 
732-8.

3. Burk CD. eí đĩ. ỉ/osỉamỉde-induced renaỉ tubuỉar dysíunctìon ãĩ d ridceis 
in cbildren wìth WUms tumor. J Ptdiatr 1990; 117: 331-5.

4. Skinner R. eí al. Hypophosphataemỉc rìckeu aher ưosíamỉde t eaunent 
ỉn chỉldren. BMJ 1989; 298: 1560-1.

5. Nevvbury-Hcob RA, Barbor PRH. Hypopbosphataemỉc rick rts aỉter 
ỉỉosỉamide treatment. BMJ 1989; 299: 258.

6. Newbury-Ecob RA. eí ai ỉỉosỉamide-mduced Fanconi syndroiĩ e. Lattcet 
1989:1: 1328.

7. Skinner R. et ai Nephrotoxỉàty of ưosỉamide in chiỉdren. Lanea 1989; ii: 
159.

8. Krỉraer A. et ai. Progressive renaỉ tailure in cwo breasi canceỉ patients 
after high-dose iĩosỉanũde. Lanctí 1994; 334: 1569.

9. Husband DJ, Watkỉn sw . Fatal hypokalaemia associai :d with 
iíosfamíde/mesna cheraotbcrapy. Laneet ỉ 988; 1; 1116.

10. Graham MI. et aỉ. A proposed mechanism ỉor isophosphamide induced 
Iddney toxidty. Hum Taxtcoỉ 1985; 4ỉ 545-6.

11. Heney D, et al. Acuie Ưosỉamide-induced tubular toxidty. Lanu\ 1989; 11: 
103-4.

12. Devalck c, eí aì. Acute ưosfamide>induced proxiinaỉ tubu ar toxỉc 
reactíon. J Pediatr 1991; 118: 325-6.

ỉ 3. Heney D, ti a i Progressive renal toxỉáry due to Ưoslamide. Areh Dù Child 
1991; 66: 966-70.

14. Loebsiein R. er ai. Rỉsk ỉaaors ỉor long-term outcome oỉ ifc ĩíamide- 
induced nephrotoxidty in chiỉdren. J Clin Pharmacoỉ 1999; 39: 454-61.

15. Oberlin 0, et al. Long-term evaluatỉon of iíosíamidt-related 
nephrotoâdty ỉn diildren. J Cỉin Oneol 2009; 27: 5350-5.

16. Loebstein R. Koren G. Iỉosĩamỉde-índuceđ nephrotoxỉdty ỉn bildren: 
cridcal review oí predlctive rỉsk ỉaaors. Pediatría 1998; 101: ỉ 167. Fuỉl 
version: hnp://pediaơia^appublicaáons.org/cgi/comem/full/ 01/6/e8 
(accessed 30/06/04)

17. Cben N. tt aỉ. Preventỉon of ưosỉamide nephrotoxidty by N- 
aceryỉcysteine: dỉnỉcal pharmacokỉnetíc considerationỉ. Ca ! J Clirt 
Pharmacoỉ 2007:14: e246-e2 50.

Effects on the nervous System. Ưse of ưostamide (1 d th  or 
w ithout mesna for urothelial protection) may b< asso- 
dated with the development of severe encephalí pathy, 
which develops in 10 to 40% oi patients receivir ị  high 
doses. Symptoms indude contusion, stupor, seizuri s, hal- 
ludnations, blurred Vision, and occasionally, coma íatal- 
ities have been reported.1 The effea has been sugge sted to 
be due to a metabolite, chloroacetaldehyde,’ a hyp othesis

http://wvvw
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supported by the increased inãdence of encephalopathy 
after oral rather than  intravenous doses.2 Others suggest 
that the dechloroethylated metabolites may contribute, 
and in particular the R-enantiomer of 3-dechloroethyl- 
iỉosíamide, which is a metabolite oi 5-ưosfatnide.} There is 
some unceitainty about the contributory role of mesna, u  
any: encephalopathy has not been seen w hen mesna is 
given with cydophosphamide,4 and has been seen when 
ưosíamide is given alone,2 but an exacerbatory role for 
mesna cannot be ruled out,’ perhaps Via ỉts chelating 
properties.4

Proposed risk íactors include renal and hepatic 
impairment, pelvic disease, brain metastases, electrolyte 
imbalances, and dmg-drug interactíons.1 A retrospective 
revievv of 237 patients given iỉosỉamide, of whom 38 
developed encephalopathy, found no evidence that age or 
iíosíamide dose inũuenced the development of the 
condition, and serum cxeatinine values were in the 
normal range in the  aổected group, although they vvere 
slightly higher than in  those not aSected; however, low 
serum albumin did seem to be assodated with greater 
risk.‘ It has also been suggested that the drug be given by 
continuous inhision over several days where possible, 
since this route has by far the lovvest inddence oỉ 
encephalopathy (7%, versus 26% with intravenous bolus 
and 43% tvith oral doses).7 Care may aiso be required 
when giving other antineoplastics to  patients who have 
had encephaỉopathy after ifosfamide, since a case oỉ 
encephalopathy vvíth bleom ydn (not noimally assodated 
vvith neurotoxidty) has been reported in  such a patíenL5 
In another case, ưosíamide neurotoxicity developed after 
the addition of aprepitant to a Standard antiemetic regimen 
that induded ondanseưon and dexamethasone; induction 
of ưosíamide metabolism to neurotoxic metabolites may 
have accounted for the symptoms.’ Hypoalbuminaemia 
has been iđentiiiedNas a risk íactpr in other case reports. A 
small cohort study ỉdentitied hypoalbuminaemia, íemale 
sex, low total bilirubin, anaemia, and obesity as being 
associated with the development of ưosíamide-induced 
encephalopathy.1

Methylthioninium chloride has been tried to prevent or 
reverse signs of encephalopathy (see Glutaric Adduria 
under Uses of M ethylthioninium chloride, p. 1559.2).

1. Svveiss Kỉ. et al. Encephalopatby aícer high-dose ỉlosỉamỉđe: a 
retrospecđve cohort study and revỉew oỉ the Ikerature. Dntg SaỊety 
2008; 31: 989-96.

2. Lewis LD, Meanwe!l CA. Iíoslamỉde pharmacoktnetics and neurotoxỉ* 
dty. Lancet 1990; 333: 175-6.

3. Wainer rw, et ai ỉỉosíamide stereoselectỉve dichloroethylatỉon [sic] and 
neurotoxtdry. Lancet 1994; 343: 982-3.

4. Osbome RJ, Slevỉn ML ttosỉamỉde, mesna, and encephalopathy. Lanat 
1985; i: 1398-9.

5. Plnkerton R, et aỉ. ưosỉamỉde, mesna, and encephâỉopathy. Lanat 1985; 
l: 1399.

6. David KA. Picus J. Evaluatỉng risk ỉacrors íor the developmem oỉ 
Ưosíamide encephalopathy. Am J CUn Oncol 2005; 28:277-80.

7. Cemy X et ai. Iíosíamide by continuous iníusỉon to prevent 
«Rcephaỉopathy. Laneet ỉ 990; 335; 175.

8. Atherton p, ít al. Drug-induced encephaỉopathy aíter previous 
tíosíamide treaunent. Lanat 1988; II: 1084.

9. jarkowski A. Possỉble contributỉon oỉ aprepỉunt to ỉfo$famỉde'induced 
neurotoxỉdty. Am J Hcalih-Syst Pharm 2008; 65:2229-31.

Handling and  disposal. A study' íound that iíosíamide 
8% solution peneưated all oỉ 4 brands oí latex glove and 
one PVC glove, although the diffusion rate was 4 or more 
times slovver than through cadaver skin. Permeatíon was 
greater through the PVC glove than the latex gloves, 
partly due to its lesser thickness, although permeation was 
not dependent on thickness alone and varied betvveen 
gloves õf the same brand as well as between brandỉ. They 
recommended that latex gloves of a suitable brand should 
be w om  when handling ifosfamide, and changed at least 
every 2 hours. For relerence to a method for the destruc- 
tion of ifosfamide vvaste, see under Cydophosphamide, 
p. 773.2.

1. Corlctt SA. tt al. Pcrmeation of iíosíamỉde through giovcs and cadaver 
skin. pharm J  1991; 247: R39.

Porphyrio. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Porphyiia Cenưe (NAPOS) and 
the Porphyria Cenưe Svveden, classiíìes ifosfamide as prob- 
ably porphyrinogenic; it should be prescrìbed only for 
compelling reasons and precautions should be considered 
in all patients.1

1. The Drug Database íor Acute Porphyiia. AvaHable ac hnp://www. 
drugs-porphyria.org (accessed 28/09/li)

Interadions
As for Cydophosphamide, p. 773.2. For a general outline of 
antíneoplastic drug interactíons, see p. 733.3. Por reíerence 
to the eSects of iíosíamide on oral antícoagulants, see under 
W arỉarin Sodium, p. 1532.2. For a report oỉ the 
enhancement of dspladn-induced ototoxicity and nephro- 
toxidty, see under Cisplatin, p. 768.3.

Antibacterials. Oral rifampidn given twice dally for 6 days, 
starting 3 days beíore inưavenous ưosỉamỉde (as a 24-

hour iníusion), increased the dearance of iíosíamide by 
over 100%; however, exposure to metaboiites of ưosf- 
amìde was relatively unchanged. The authors considered 
that riíampidn might decrease the therapeutic efficacy of 
Uosíamide.1

1. Kerbusch T, tt a i Modulađon of the cytodirome P4J0-mediated 
metaboUsm oi iíosíamide by lcetoconazole and rilampin. ơát Pharmaal 
7fcr200ỉ; 70: 132-41.

Anhhingals. Ketoconcaole given orally for 4  days, starting 1 
day beíore intravenous iíosỉamide (given as a 24-hour 
iníusion), decreased iỉosỉamide dearance. However, iíosỉ- 
amide metabolism to active metabolites was decreased, 
and urinary exaretion of ưosỉamide was increascd. Keto- 
conazole may decrease the therapeutic efficacy of ữosí- 
amide.1

1. Kerbusch T. a  ai Moduladon ot the cytochrome P450-mediated 
meĩabollsm oí iíosíamidc by ketoconaaoỉe and tỉỉampin. ơìn Pharmacol 
Ther 2001; 70:132-41.

Pharmacokinetics
Iỉosỉamide is nonnally given intravenously, although it is 
well absorbed írom the gastrointestinal tract. The 
pharmacokinetics oí iíosỉamide are reported to exhibit 
considerable interindỉvidual variation. It is a prodrug that is 
extensively metabolised, chieũy by cytochrome P450 
isoenzymes such as CYP3A4 and CYP2B6 in the liver, to 
both active and inactive metabolites; there is some evidence 
that metabolism is saturated at veiy high doses. Although 
licensed product information States that a mean terminal 
elứnination haỉí-Uỉe is about 15 houis aíter a singie high- 
dose intravenous bolus, most studies at lower doses appear 
to have recorded elimination halỉ-Iives of about 4 to 8 
hours. Aiter repeated doses (ữactionated therapy) there is a 
decrease in  the elimination half-life, apparentỉy due to 
autoìnduction of metabolism. Iíosỉamide is distributed into 
the CSF. It is exaeted largely in  urine, as unchanged drug 
and metabolỉtes.

General reíerences.
1. Wagner T. líosíamidc dinical phannacokinetics. ơừt Pharmacokinet 

1994; 26: 439-56.
2. Boddy AV, Yule SM. Metabolism and pharmacokỉnetícs of oxaxaphos- 

phorỉnes. Cỉin Pkarmacokinet 2000; 38:291-304.
3. Kerbuỉdi T, eí aỉ. CUnỉcaỉ pharmacokỉnetỉcs and phannacodynamics of 

ỉíosíamlde and iis metaboỉiies. ơin Pharmaeokùưt 2001; 40: 41-62.
In a study' in 20 patients receiving inưavenous 

iíosỉamỉde over 3 or 5 days, the median elỉmination half- 
lUe of ilostamide was 3.85 hours in patients under 60 years 
of age compared with 6.03 hours in those over age 60; this 
diữerence appeared to be due to an increased volume of 
distributìon in the older age group. The autoinduction of 
metábolism typically sẹen vvith multiple doses of itosỉamide 
was not affeaed by age. The increased dearance seen over 
time during a 5-day cyde of iíosỉamide ưeatm ent2 was not 
sustained over the 21 daỵs betvveen cydes, but vvas 
reprodudbỉe and of similar magnitude in the subsequent 
cyde.

In another study3 the hah-life of the S-enantiomer of 
-iíos{amide was íound to be 5.98 hours aíter an inưavenous 
bolus of the racemate, corapared with 7.12 hours for the R- 
enantiomer.

1. Lind MJ. et ai. The eỉíect oí age on the pharmacokinetỉcs of Uosỉamỉde. Br 
JC1Ù1 Pharmacot 1990; 30: 140-3.

2. Lewis LD. A study of 5 day ỉractỉonated ưosíamide pharmacokỉnetỉcs in 
consecutive oeatment cydes. B rJơin  Phamuưol 1996; 42:179-86.

3. Corlett SA. et ai. Pharmacokỉnetics oí tfosfamide and its enantỉomen 
ỉolỉowỉng a sỉngle ỉh ỉntravenous inhiãon of the racemate in patients 
wíth srnalỉ ceỉl lung carcỉnoma. Br J ũừt Pharmacol 1995; 39: 452-5.

Preparations
Propnetary Preparationi (details are given in Volume B)

Single-ingredient Preparotíons. Arg.-. Cuantil; Fentulf; Iíocris; 
líosmixan; IPX; AustraL: Holoxan; Austria: Holoxan; Belg.: 
Holoxan; Braz.: Evolox; Holoxane; Canađ.: Uex; Chile: Holox- 
an; ííolem; Chitur. Holoxan (íDStẾ); Pi Fu Ping (ESBÍT); Cz.: 
Holoxan; D e n m Holoxan; Fin.: Holoxan: Fr.: Holoxan; Ger.: 
Holoxan; IFO-celI; Gr.: Holoxan; Hong Ktmg: Holoxan; Hung.: 
Holoxan; India: Holoxan; Uoáp; Uos; Ipamide; Indon.: Holox- 
an; /r i :  Mitoxana; Israel: Iíoxant; ItaL: Holoxan; Malaysùr. 
IFO-CeU; Mex.: Alquimid; Criíty; Fosfldexf; Iíadex; Uolem; Uo- 
mida; Neth.: Holoxan; Nom/.: Holoxan; JV2: Holoxan; phữipp.: 
Holoxan; Iphox; PoL: Holoxan; Macdaỉen; PorL: Holoxan; Rus.: 
Holoxan (XonoKcaa); S.Afr.: Holoxan; singapore: Holoxan; 
Spain: Tronoxal; SwaL: Holoxan; Switz.: Holoxan; Thai.: 
Holoxan; LFO-cellf; Uolem; turk.: Haloxan; Holoxan; USA: 
Bex.

Muhi-ingredienl Prepararions. ĩnèHar. Holoxan Uromitexan; ữex- 
M; Iíomid-M; Iíoxan with Mesna; Ipamide yvith Mesnat; Iso- 
xan.

Phanhacopoeiol Préporotiotu
BP 2014: Ifosfamidẽ Injection;
USP 36: Ifo$famide for Injectìon.

I m a t i n i b  M e s i l a t e  ÍBANM, riNNMi

CGP-57-148B; GGP-S/í''®; Imatinib, Mésilate d‘; Imatimb, 
rnesilato đe;' Imatinib Mesylate (USAN); Imatimb Mesylate; 
'Irnabhibi Mesilas; Mesilạtọ de imatimb; STI-571; VỈMaTMHMỗa 
Mè3nnaT. ■■■■■"■. ,
q-ỊặỊ-Methyl-l-piperaányO-BM^-O-pyridylH-pyrimidinyl] 
aminoFp-tolu-p-toluidide methanesulíonate.
C29H3, N A C H .0 3s=589.7
G4S — /52459-95-5 (imatinib); 220ị27-S7rl (imatinib 
rnesilate).
Ằ fc. — L01XE01.
UNII — 8A101M4858.

Uses and Administration
Imatinib is a tyrosine kìnase inhibitor that inhibits the BCR- 
ABL tyrosine kinase created by the Phỉladelphia chromo- 
some ãbnormality in chronic myeloid leukaemia (p. 694.2) 
and acute lymphoblastic leukaemia (p. 692.3). It also 
inhibits the tyrosine kinase for platelet-derived growth 
ỉactor and stem cell íactor, c-kit (CD117), which is 
overexpressed in gastrointestinal stromal tumours (see Soft- 
tissue Sarcoma. p. 718.2). Imadnib is also mdicated for 
patients with myelodysplastic syndromes (p. 694.3), 
hypereosinophilic syndrome, aggressive systemic mastocy- 
tosis (p. 1226.3), and dermato&brosarcoma protuberans. 
Imatinib is given orally as the mesilate but doses are 
expressed as the base. Imatinib mesilate 119.5mg is 
equivalent to about lOOmg of imatinib. For wamings and 
recommendations regarding the safe prescribing. dừpensing, and 
use oforal antineoplastic drugs, see AdminừƯation, p. 732.3.

In the treatment of chronic m yelo id  leukaem ia, 
patients in chronic phase may be given the equivalent of 
400 mg of the base daily, increased to 600 mg daily or 
400 mg twice daily u  reqtũred. Patients in  blast crisis or 
accelerated phase are given 60Ọmg daỉly, inaeased to 
400 mg twice daily ư necessary.-

In the treatment of padents with newly diagnosed acu te 
lym phoblastic leukaem ia, ỉmatinib 600 mg daily may be 
given with induction, consolidation, or maintenance 
chem otherapy. The same dose m ay be given as 
monotherapy for patients with relapsed or refractory 
disease.

In the ữeatment of gastro ỉn testỉna l s tro m a l tum ours
(GIST), 400 mg daily is recommended. In patients with 
unresectable or metastatic disease that progresses at this 
dose, a dose increase up to 400 mg tvvice daily may be 
considered.

For patients vvith m yelodysp lastlc  disease, the 
recotnmended dose of imatinib is 400 mg daily. For 
m astocytosis, 400 mg daily i$ given, unỉess there is 
assodated eosinophilia, in which case a starting dose of 
100 mg daily is recommended, ỉncreased to 400m g ư 
response is inadequate. Similarly, the recommended dose 
for hypereosinoph iỊỉc  synd rom e is 400 mg daily, 
although a subset ôf patients with FIP1L1 -platelet-derivẽd 
grovvth (actor receptor-a hision kinase should be started on 
100 mg daily, incrẽased to 400 mg il response is insuíHdent. 
Padents with derm atoA brosarcom a p ro tu b e ran s  may 
be given 400 mg tvvice daily.

Doses should be taken with food, and accompanied by 
plenty oí vvater, to minimise gastric irritation. Dose 
adjustments may be necessary if myelosuppression or 
hepatotoxidty occurs; blood counts and Iiver íunction 
should be regularly monitored (see Administration in 
Hepatic Impairment, p. 808.1). Doses are also adjusted in 
renal impairment. see p. 808.1.

Doses of imatinib should be increased by 50%, and 
clinical response should be careíully monitored, in patients 
given potent CYP3A4 inducers such as riíampicin or 
phenytoin. For children's doses, see Adminisưation in 
Children, below.

Adminiỉtration in children. In the UK the licensed oral 
dose of imatinib for children vvith chronic myeloid leuk- 
aemia (CML) is 340 mg/m2 daily, £or those in chronic or 
advanced phase; a total dose õf 800 mg should not be 
exceeded. The dose may be increased to 570 mg/m2 daily 
(maximum total dose 800 mg) in chilđren vvith disease 
progression, vvith unsatisỉactory haematological response 
after at least 3 months of tteatment, vvith no cytogenetic 
response after 12 months of treatment, or with loss ot a 
previously achieved haematological or cytogenetic 
response.

In the USA, imatinib is given in  a usual dose of 
340 mg/m2 daily in children with newly dỉagnosed CML or 
w ith chemotherapy in newly diagnosed acute Iympho- 
blastic leukaemia; the dose should not exceed 600 mg.

Treatment can be given as a once-daily dose, or, in  CML, 
split into moming and evening doses. There is no 
experience with the use of únatinib in children tmder 1 
year of age.

The Symbol t  denotes a preparation no longer actively marketeđ



Use in childrcn has been reviewed.1
1. Barr RD. ImatỈĐỈb mesyỉate ỉn chỉldren and adolescents with cancer. 

Pediatr Blood Cartctr 2010; 55; 18-25.

Administrotion in hepotk im painnent. Imatinib is meta- 
bolisẽd in the liver. Licensed product iníormation in the 
UK recommends that patỉents vvith mild, moderate, or 
severe liver ũnpairment should be given the minimum 
recommended oral dose oỉ 400 mg daily. In the USA, 
patíents vvith mild and moderate ứnpainnent should be 
given the reconnnended daily dose, but in those vvith 
severe hepatic impairment, a 25% decrease in dose is 
recommended. In  both counưíes, degrees of hepatíc 
impaimxent are deũned as:
• mild: totaỉ bilirubin equal to 1.5 times the upper lứnit oỉ 

normal (ULN); aspartate aminotransíerase (AST/SGOT) 
greater than ULN. AST/SGOT can be normal or less than 
ULN ư the total bilirubin is greater than ULN

• moderate: totai bilirubin >1.5 and up to 3 times the ULN
• severe: total bilirubin > 3 to 10 times the ULN
u s  licensed product inỉormation also States that if, durìng 
treatm ent, elevations in bilirubin >  3 times the ULN or liver 
transaminases >  5 times the ULN occur, imatinib shouỉd be 
vvithheld until bilirubin levels have retumed to less than 1.5 
tímes the ULN and transaminase levels to less than 2.5 times 
the ULN. Treatment may then be continued at a reduced 
daily dose. In adults the dose is reduced from 800 mg to 
600mg, bom  600 mg to 400 mg, and {rom 400 mg to 
300 mg. In children, the dose should be reduced bom  
340 mg/m2 daily to 260 mg/m2 daily, or from 260mg/m2 
daily to 200m g/m 2 daily.

Administrạtion in renal impairment. UK licensed product 
iníormation ỉor imatínib States tha t patients with mild or 
moderate renal ứnpairment, dehned as creatinine clear- 
ance (CC) of 20 to 59 mL/minute, may be given an inỉtial 
oral dose of 400 mg daily. Padents with severe renal 
im painnent (CC ỉess than 20mL/tninute) or on dialysis 
can also be started at this dose. although caution is recom- 
mended; the dose can be adjusted as needed.

In the USA, patients vvith mild renal impainnent (CC 40 
to 59mL/minute) should not be gi ven a dose greater than 
600 mg. Patients with moderate renal impaìrment (CC 20 to 
39 mL/minute) should have theữ initial dose halved; the 
dose can then be adjusted as needed, although a maximum 
dose of 400 mg is recommended. Caution is advised in those 
w ith severe impairment; doses of lOOmg daily have been 
used.

Hypereosinophilic syndrome. Imatinib has been reported 
to produce clinical responses in patients vvith the hypereo- 
sinophilic syndrome (HES).1-4 Some reports suggest that 
imatinib also has activity in mast-ceU dỉsease, even in the 
absence of assodated eosinophilia.5 Hovvever, not all 
patìents vvith HES respond to imatinib.4 Many patients 
w ith the myelodysplastic variant'of HES express a novel 
kinase derived bom  an abnormal íusion oỉ plaielet-derived 
growth ỉactor receptor-a gene with a neighbouring gene, 
PIPILl. Ahnost aU patients vvith this HIPlLl-platelet- 
derived grovvth íactor receptor-a ỉusion kinase will 
respond to ũnatinib, but a subset of patients with HES 
vvithout knovvn imatinib targets ha ve also been reported 
to respond to the drug.*-7

1. deich GJ, tí a i Treatment of hypereosinophilic syndrome wlth imatinib 
mesỉlate. Lanat 2002; 359: 1577-8.

2. Coois J. tí ũL A ryrosine kỉnase creaied by íusion oí the PDGFRA and 
FIPIL1 genes ai a iherapeudc ttrget oỉ ỉmatỉnỉb in idỉopathic 
hypcreosừiophilic syndrome. N Ertgl J Med 2003; 348: 1201-14.

3. Koury MJ, tí ai. Reversaỉ of hypereosỉnophỉỉic syndrome and 
tymphomatoỉd papuỉosỉs with mepoỉỉxumab and imatióỉb. Am J Med 
2003; 115: 587-9.

4. Payne SM. Kovacs MJ. Imatỉnỉb mesyỉate treaunem ỉn mo patíems with 
idiõpaihic hypereosỉnophỉUc syndróme. Ann Pharmacother 2004; 38: 
1215-1«;

5. Pardanani A. tí al. Imatinỉb for systemic mast-cell disease. Lanetí 2003; 
362: 535-7.

6. Mũller AMS, tí ai. ỉmatỉnỉb mesylate a$ a noveỉ treaunent optìon for 
hypereosỉnophỉlỉc syndrome: mo ca se reports and a comprehensỉve 
rêvỉew of thê ỉỉteratúre. Am Hematữi 2006; 85: 1-16.

7. Antoohi SA. Imadnỉb mesyỉate tor tbe treatmem of hypereosinopbiỉíc 
syndromes. Cun Opin Ịĩrmtíg Drup 2006; 7: 980-4.

M ahgnant neopkum s. Relerences.
1. Peggs K, Madannon s. Imaúnỉb mesylate—the new gold Standard for 

treatment of chronic myeloỉd leukemia. N Engl J Mơi 2003; 348:1048- 
50.

2. ứdnỉnger MW, tí  ai. Practỉcal management oí patỉents with chronic 
myeíoid Ịeukemỉa receivỉng ỉmatiníb. J ơht Oncoỉ 2003; 21: 1637-47.

3. Deminger M. tí aỉ. The deveỉopment of imadnỉb as a therapeutỉc agent 
íor duõnỉc myeloỉd ỉeukemia. Bỉood 2005; 105: 2640-53.

4. Kantajjian HM. tí aL New ỉnsỉgbts ínio the palhopbysiology of chronic 
myeỉoid leukemỉa and imatinib resỉsunce. A m  ínttrn Med 2006,' 145: 
913-23.

5. Moen MD, tí ai. Imitỉnỉb: a review oí ỉts usc ỉn chronic myeloid 
leukaemỉa. Drugs 2007; 67: 299-320.

6. Siddiqui MAA, Scott u . Imatínib: a revỉew of its Uỉe ỈĐ the management 
oí gastrointestỉna! stromal nunours. Drugs 2007; 67: 805-20.

7. Cross SA. Lyseng-Winiamsoo KA. lmatỉnib: ỉn relapsed or reỉraciory 
PhiUddphia chromosome-positrve acute lymphoblastic ỉeukaenùa. 
Drugs 2007; 67: 2645-54.

8. Jabbour E. tí aL Suboptimal response to or taỉlure oỉ ừnatỉnib treaonent 
for chronỉc myeloỉd lẽukemia: what is the optỉmal strategy? Mayo ơin  
Proc 2009; 84: 161-9.
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9. W o U  D , Rumpold H. A beneũt-risk assessment of ỉmatỉnỉb ỉn chronic 
mydoid ỉeukaemia and gastn^ntestỉnal stromaỉ tumours. Dtuị Saftíy 
2009:32: 1001-15.

10. Duffaud p. Le Cesne A. Imadnlb ỉn the treatment o í soỉid tumours. Target 
O n co l 2009; 4:45-56.

ỉl.Adenỉs A. tí ai. Imatỉnib in gastrointestỉnaỉ stromaỉ tumor does 
treatment duratỉon matter? O n co ỉo g y 2009; 77:157-61.

12. Gronchi K  i t  a l  The role of hỉgh-dose imatỉnỉb in the management of 
patiencs wíth gastrointestỉnaỉ stromal tumor. Caneer20ì0ĩ 116:1847-58.

13. Osbom M. Hughes T. Managing ỉnHtlnìb resỉstance ỉn đironic mydoid 
ỉeukaemỉa. Curr opitì tíematữỉ 2010; 17: 97-103.

14. Saníord M. Scott u .  Imatínỉb: as adjuvant therapy for gastroỉntestỉnal 
siromaỉ tumour. D ru g s 2010; 70: 1963-72.

Puimonary Kypertension. Imatinib has produced beneti- 
đal responses in patients vvith pubnonaty arterial hyper- 
tension (p. 1278.2) and may have a role, particularly in 
patients vvho fail to respond to other therapies.1-4

1. Ghoỉrani HA, tí a l  ỉmatinib ỉor the ưeatment of puỉmonary anerỉaỉ 
hypenensĩort. N Engì J Med 2005; 353: 1412-13.

2. Panerson KC. tí a i ỉmatinib mesylate in the treatment of reừactory 
idiopathỉc puhnonary anerial hypenension. Am  Intem Med 2006; 145: 
152-3.

3. Souza R. tí al. Long term imaùnib treatment in pulmonary aneríaỉ 
hypenension. Thorax 2006; 61: 736.

4. Chhỉna MK. tí al. Evaluation of imarinib mesylaie in the treatmem oí 
putmonary aneríal hypertension. Future Cardioì 2010; 6: 19-35.

Adverse Effects and Precautions
For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

The most common adverse eỉỉects oi imatinib mesilate 
indude gastrointestinal disturbances, myelosuppression. 
superGdal oedema, myalgia, arthralgia, m usde cramps, 
rashes, íatigue, and headache. Myelosuppression usually 
maniíests as netiưopenia, thrombocytopenia. anaemia, or 
íebríle neuưopenia; haemolytic anaemia has occuưed 
rarely. Other common adverse eỉíects indude dizziness, 
taste disnubances, anorexia, paraesthesia, insomnia, eye 
disorders or visual disturbances, epistaxỉs, cough, dyspnoea, 
dry skin, prurítus, alopeda, night svveats, pyrexia, 
vveakness, and rigors. Hepatotoxidty may occur; íatal 
cases of hepatic necrosis have been reported. Aseptic 
necrosis of bone, mainly in the (emoral head, has been 
reported rarely. There are reports of serious and severe skin 
disorders, induding erythema multiíorme, Stevens-John- 
son syndrome, acute generalised exanthematous pustulosis, 
exỉoliative dermatitis, and bullous eruptions. Rhabdomyo- 
lysis has also occuưed. Haemoưhages are common; 
gastroíntestinal bleedìng. hovvever, is more ửequent in 
those patíents ưeated for stromal tumours. Ulceration can 
occur; gasưointestinal períoration, fatal in some cases, has 
been reported rarely.

Severe fluid retention commonly occurs, and may result 
in pleural and pericardiai ettusion, puỉmonary oedema, and 
asdtes. Some ỉatalities have been reported, and ưeatment 
may need to be stopped iỉ there is unexpeaed, rapid vveight 
gain. Elderly patients and those vvith a history of cardiac 
disease may be at increased risk. Isolated cases oỉ left 
ventricular dyshmction have been reported; patients with 
cardiac disease or risk ía a o n  for cardiac íailure should be 
monitored. O ther reported cardiac disorders indude 
congestive heart ỉailure, palpitatíons, tachycardia, arrhyth- 
mias, angina pectoris, and myocardial iníarction. There are 
repons, induding ỉatalities, oỉ cerebral oedema, increased 
Inữacranial pressure and papiỉloedema. Hypothyroidism 
has been reponed in  patients on levothyroxine replacement 
therapy; TSH concennatìons should be monitored in these 
patients.

Imatinỉb mesiỉate should be taken vvith ỉood and a large 
glass oỉ vvater to minimise gastrointestinal im tatìon. 
Complete blood counts and liver íunction should be 
monitored regularly.

Effeds on the heart. Ten patients receiving imatúùb 
developed severe congestive heart ỉailure vvithout obvious 
cause; alỉ patients had normal lcft ventiicular hinction 
beíore imatinib vvas started. Mitochondrial abnormalities 
were lound aíter myocardỉal biopsy on 2 oỉ the patients. 
These Bndings were conhnned by studies on mice and in 
vitro. The authors suggested that patíents be dosely fol- 
lovved ỉor dinỉcal matũỉestations of left ventricular dys- 
tunctíon.1

Subsequent evaluation by the manuỉacturer (Nơvartừ) 
established that the hequency of reported cardiac events 
was less than 1%. Hovvever, theỹ recommended that 
patients vvith knovvn cardiac disease or risk íactors ỉor 
cardiac íailure be monitored accordingly, that those 
developing dinical maniỉestatíons suggestive of congestive 
carđiac failure be tboroughly evaluated and ữeated, and 
that elderly patients or those with underlying heart disease 
be evaluated for baseline left ventricular ejection ừaction.2

1. KerkeU % tí aL Cardiotoxidỉy of the cancer therapeuổc agent ỉmatỉnỉb
mesylate. Hat Med 2006; 12: 908-16.

2. Novartis, Canada. Health Canada endorsed ỉmponant salety inỉormanon
on Gỉeevec (imatỉnib mesylate): recem safety inỉormatíon regardỉng
repons oí sỉgnlhcant left ventricular ejection bactỉon reductỉon and
congestỉve hẽan íaỉỉure vvith GLEEVEC (imatinib mesyỉate) (ỉssued 21st
September, 2006). Avaiỉable at: http://www.hc-sc.gcca/dhp-mps/

medeff/advisorles-avis/prof/_2 0 0 6 /gieevec_2- hpc-cps-eng.ph| 
(accessed 01/08/08)

Effects on the kỉdneys. Imatínìb has been assodated vviứ 
the development of acute renal íailure, requiring haemo 
dialysis.1'3

1. Kldyilun c  Addunakam V. Renal taUure issodated with a spedlii 
ỉnhỉbitor of BCR-ABL tyrosine Idnase, STI 571. Nephroỉ Diaỉ Transpỉan 
2002; 17: 685-7.

2. Pou M, tí  al. Acute renal ỉaỉỉure secondary to ỉmatinib mesylatc 
treatment in chronỉc myeỉoỉd ỉeukemỉa. Leuk Lỵmphoma 2003; 44:1239- 
41.

3. Porỉnger JR. tí aL Acute renaỉ íailure secondary to imaUnỉb mesylatc 
treatment ỉn prosute cancer. Ann Phđrmaanher 2005; 39: 2136-8.

Effects on the lungs. Interstitíal pneumonitis has beer 
reported with imatínib;1'* presenting symptoms induded 
dry cough and dyspnoea. Doses of imaúnib ranged from 
lOOmg to 600 mg daily. In most cases, the pneumoniti: 
resolved after stopping imatinib and starting corticosteroid 
therapy. The mechanism vvas undear, and may involve a 
hypersensitivity reaction. In an analysis of 27 cases of 
ỉnterstitial lung dỉsease assodated with imatinib therapy,* 
30% of patients shovved a hypersensitivity reaction radi- 
ological pattem. Pre-existing lung disease may be a risk 
taaor.

1. Bergeron K  tí at. Hypenensitivity pncumonítìs related to imatinỉb 
roe^late. J ơin Oncoỉ 2002; 20: 4271-2.

2. Rosado MF. tí a l Imatỉnỉb mesyỉaie-induced imerstiủal pneumoniiis. J 
ơin Oncoi 2003; 21: 3171-3.

3. Ma cx, ti aỉ. lmatỉnib mesylate-induced interstiiìal pneumoniiis. Mayo 
ơin Proc 2003; 78: ] 578-9.

4. Yokoyama T. tí al. Imerstitlal pneumonta induced by lmaùnib mesylate: 
pathologic study demonstrates aiveolar destruction and Qbrosis with 
eosỉnophilỉc iníỉỉưadon. Leukemia 2004; 18: 645-6.

5. Isshiki L tí aĩ. Intentitial pneumonltis during imaiinib therapy. Br J 
Hacmaiol 2004; 125:420.

6. Rajda J, Phatak PD. Reversỉble dmg-induced interstitỉal pneumonitis 
íollovvỉng imatinib mesylate therapy. Am J Hematol 2005; 79: 80-1.

7. Lin J-T, a at. Fulzninant. but reversibỉe intentỉtiai pneumoniiis 
assoôated wỉth ỉmatỉnĩb mesylate. Leuk Lymphama 2006; 47: 1693-5.

8. Ohnishi K, tí ểl. Twenty-seven cases of dnig-induced interstitỉa! lung 
dỉsease associated wìth ỉmatlnỉb mesyỉate. Ltukemia 2006; 20: 1162-4.

Effects on reproductive potential. Oligospermia' and 
ovarìan lailure2 have been reported after treatment with 
imatỉnib. Patients should be counselled beíore therapy 
about the risk of impaired íertility.

1. Seshadri T, tí al. Oligospermia In a patlent receivỉng imatinib therapy for 
the hypereosỉnophiỉic syndrome. N Engl J Med 2004; 351: 2134-5.

2. Chriỉtopoulos c, tí aỉ. Primary ovaiian insuỉQcỉency assodated with 
ímaúnib Iherapy. N Engl J Med 2008; 358: 1079-80.

Effeds on the skin, hair, and nails. There are reports of 
acute generalised exanthematous pustulosis ỉn patients 
given imatìnib.1-2 The authors noted that severe skin reac- 
tions had been reported in some other patients given the 
drug, and speculated that the effea might be dose-depen- 
dent and related to its pharmacological action. In subse- 
quent reports5'5 of cutaneous adverse effeas, this dose- 
dependency has also been seen, w ith eíỉects espedally at 
doses of 600 mg daily and above. In a report oỉ a livedoid 
pattem  of rash in 3 patients taking imarinib, the authors 
noted that adverse skin reactìons to ũnatinib tend to be 
sưongly dose-dependent, are selMimiting, and do not 
usuaUy aỉíen  the mucous membranes.4 Epidermal necro- 
lysis occurred in a patient who undervvent stem cell ưans- 
plantation aíter Ueatment with ũnatinib.7 The authors 
suggested that prolongcd inhibitíon of platelet-derived 
growth íactor by imatinib may have impaired the repair of 
skin damage caused by the conditioning therapy. In a 
report of 19 patients vvith skin reactions, the authors sug- 
gested that the actions oỉ imatinib on platelet-derived 
grovvth ỉa ao r may have caused an increase in dermal 
interstitial Iluìd pressure, capable of índucing oedema and 
the subsequent erythema and desquamation that was 
seen. Rare reactions induded psoriasis, hyaline cell syrin- 
goma, and malpighian epithelioma. all oỉ vvhich occurred 
after at least 1 year oi therapy.* Follicular muónosis9 and 
panniculitìs10 have also been reported vvỉth use of imatí- 
nib. as has Stevens-Johnson syndrome.11'12 Palmoplantar 
hyperkeratosis and nail dysưophy can occur,u u  as can 
lichenoid eruptions.14 Repigmentaóon of grey hair has 
also been repõned.1’

Oral cortìcosteroids have been used to resolve most cases 
of skin eruptions.*. In other instances, re-inơoduction of 
imatinib at lovv doses, gradually increased to full dosage, has 
been successíully tolerated.*’12-14 In One patient, who 
developed exíoliative dermatiris vvith imatỉnib and had 
recurrent reactions despite decreased doses, a once-weekly 
dose of imatinib vvas assodated vvith a less severe rash that 
evenrually dỉsappeared over a period of 4 months.17

1. Brouard M. Saurat J-H. Cutaneous reactions to STI57Ỉ. N Engl J Med 
2001;345:618-19.

2. Scbwarz M. tí a i Imarinib-induced acute generali2ed exanthemaiỡus 
pusiulosìs (AGEP) in m o patíents with chronỉc myeloìd leukemia. Eur J 
HaaMtoỉ 2002; 69: 254-6.

3. Valeyrie L. tí aì. Adverse cutaneous reactions to ìmatỉnib (STI571) in 
PhOadelphỉa chromosome-positỉve leukemỉas: a prospectỉve study of 54 
patients. J Am Acad Dermatoì 2003; 48: 201-6.
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4. Drummond A. tí aỉ. A spearum of skin reactỉons caused by che tyrosine 
kìnase inhibiior imaórúb mesyiate (STỈ 571, Glỉvec). BrJ Haematoi 2003; 
120:911-13*

5. Ugurel s. tí ai Dose-dependent severe cutaneous reaccỉons to ỉmatinỉb. 
BrJ Cancer 2003; 88: 1157-9.

6. Martmez-González MC. tí a i Lỉvedoid skỉn reactitía probabỉy due to 
imatinib therapy. Ann Pítarmacother 2007; 41: 146-52.

7. Schaich M. tí ai. Severe epidermaỉ necrolysis after tteatmcnt with 
imatỉnỉb and consecutive alỉogeneỉc hematopoỉetíc stera ccll transplan- 
tation. Ann Hematoỉ 2003; 82: 303-4.

8. Brectia M.etai. Early and tardive skỉn adverse events ỉn chronỉc myeỉoid 
leukaemỉa paũents treated with imaùnib. Bur 3 Haematoỉ 2005; 74:121-
3.

9. Yanagi T, et a i FoHicular mucinosis assodated with imatinib (STI571). Br 
J Dermatal 2004; 151: 1276-6.

10. Ugurel s, tí  ai. Pannícuỉỉtiỉ ỉn a patíern vviíh chronic myeỉogenous 
leukaemỉa treated with imaúnib. Br 3 Dermatol 2003; 149: 678-9.

11. HsiaoL-T. tí a i Stevens-Johnson syndrome aherưeatxnent vvith STĨ571: 
a case report. Br J Haematol 2002; 117: 620-2.

ỉ 2. Rule SAJ. a  ai Managing cutaacous Tcacứons to imatỉnib therapy. Blood 
2002; 100: 3434-5.

13. Deguchi N. tí at. Imaònib mesyỉate causes palmoplantar hyperkeratosỉs 
and naỉl dystrophy in three patỉents with chronic myeỉoid ỉeukaemia. Br 
J Dermatol 2006; 154: 1216-18.

14. Kuraishi N. tí  ai. Uchenoỉd drug eruption wỉth paỉmopỉantar 
hyperkeratosỉs due to ỉmatỉnib mesyỉate: a case rcport and a review of 
thê llterature. Aữa Derm Verưreol 2010; 90: 73-6.

ỉ 5. Etienne G, tí aí. Imatinib mesyỉate and gray haỉr. N Engl J Meấ 2002; 347: 
446.

16. Park MA, tí  ai. Successhil Progressive challenge after a cutaneous 
reaction to ỉmatỉnỉb mesylate (Gleevec): a case report and revỉevv of the 

' Uteracure. Ailergy Asthmâ Proc 2004; 25: 345-7.
-lTTTanvetyanon í ,  Nand s. Overcomíng recurrent cutaneous reactỉons 

from imatíníb using once-weekly dosing. Am Pharmacother 2003; 37: 
1818-20.

Effects on the spleen. There are isolated reports of splenic 
rupture in  patients receiving imatinib mesilate.1 

ỉ Elliott MA, tí al. Adverse events after ừnatinỉb mesylate therapy. NEngl 3 
» Med 2002; 346: 712-13.

Gynaecom astia. Gynaecomastia was noted in  7 of 38 
men assessed for honnone concenưations while enroUed 
in studies of imatimb; the authors attributed the disorder 
to reductions in testosterone concentrations due to imatì- 
nib.1

1. Gambaconi-Pasỉerini c. et al. Gynaecomasũa in men tvith chronic 
myeloid ỉeukaemia after ìmatinib. Lanetí 2003; 361: 1954-56.

H ypophosphataem ia. Hypophosphataemia and assodated 
changes In bone and mineral metabolism were reported in 
a study of patients receiving imatinib. Patients with nor- 
mal serum-phosphate concenưations aiso had similar 
changes in bone tumover. Hypophosphataemia vvas 
apparently related to patient age and imatinib dose; it was 
aỉso associated vvith decreased serum concentrations o( 
caltíum and  vitarain D.1 In a revdevv of data, the manuỉac- 
turers (Novartìs) noted an inãdence ot 30% of patients in 
2 studies; overall 1.5% had grade 4 hypophosphataemia. 
However, the reported incidence of hypophosphataemia 
as an adverse effect of ímatinib was only 3%. They sug- 
gested tha t phosphate concentrations be monitored in 
patients taking imatinib until further eluddation of the 
effect oi the drug on bone.ií available.2 While some ha ve 
questioned the assodation betvveen treatment vvith imati- 
nib and hypophosphataemia,1 others have also reported 
hypophosphataemia duríng ưeatm ent with the drug.4 The 
elíect, however, appears to be reversible on stopping úna- 
tinib.

1. Berman E  tí aỉ. Altered bonc and mineral metabolism in patỉents 
receỉvỉng imacinib mcsyỉace. s  Ettgỉ J Med 2006; 354: 2006-13.

2. Owen s, tí at. Imatinib and alicred bonc and mỉneral metabolism. tỉEngl 
3 Međ 2006; 355: 627.

3. Toumis s, Lyriũs GP. Imatinib and aỉtered bone and mineraỉ 
mctabolism. N Engì 3 Međ 2006; 355; 627.

4. Joensuu H, Reichardt p. Imatinib and altered bone and mineral 
mctabolism. N Engĩ 3 Med 2006; 355: 628. Correctỉon. ibid.; 1627.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Potphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, đassilies imatinib as prob- 
ably not porphyrinogenic; it may be used as a drug of first 
choice and no precautions are needed.1 

1. The Drug Database íor Acute Porphyria. Available at: http://www. 
drugs-porphyna.org (accessed 27/09/11)

Pregnancy. Two of 3 pregnancies in 2 patients taking ima- 
tinib w ere successhil; the inĩants were both small for 
vveight, b u t healthy and vvithout congenital abnormalities. 
In the third case, a Đrst trimester miscarriage occurred. 
Both w om en continued imatinib throughout their preg- 
nandes.1

In another report,2 10 tvomen became pregnant vvhile 
being treated with imatinib for chronic myeloid Ieukaemia. 
Imaúnib therapy vvas stopped upon discovery of the 
pregnancy; exposure to imatimb ranged from 4 to 9 weeks. 
Two patients had a spontaneous abortion shortly aíter 
stopping ỉmatinib, and another patient elected to have a 
therapeutic abortion. Seven other pregnandes went to 
term, resulting in 8 babies. One iníant had hypospadias 
which was surgically corrected vvithout complications; all 
other iníants were healthy. The partners of 8 male patients 
also conceived while the men vvere receiving imatinib, one 
of them twice. All male patients continued therapy with

imatinib. One spontaneous abortion occurred. Of the 8 
babies bom, 1 was lound to have a mild rotatíon of the small 
intestine requiring surgery shortly aher birth. The authors 
considered it possible that the brieí exposure to imatinib 
may have slightly increased the risk of spontaneous 
abortíon. While conduding that normal pregnantíes are 
possible during imatínib therapy, the authors of both reports 
emphasised that possible teratogenic eữects cannot be ruled 
out, and that patìents should stìU be advised to use 
appropriate and ehectìve contraception.

A similar waming was issued in a revievv of outcome da ta 
from 125 pregnandes involving exposure to imatinib. The 
authors noted that 63 pregnandes had resulted in the live 
birth of nonnal iníants; a hirther 35 women terminated the 
pregnancy (in 3 cases because íetal abnormalitìes were 
lound), and 18 ended in spontaneous abortion.3 However, 
there were 9 inĩants vvith congenital abnormalitíes, several 
of which were strikingly similar, a fact tha t was considered 
to be oỉ some concem.

1. AlKindỉ s, tí ai. Imatỉnỉb ỈĐ pregnancy. EurJ Haematol 2005; 74: 535-7.
2. Auỉt p, tí al. Pregnancy among patỉents wỉth chronic myeloỉd leukenUa 

treated with ỉmatinib. 3 ơitt Ortcoỉ 2006; 24: ỉ 204-8.
3. Pye SM, tíal. The eữects of ỉmatínỉb on pregnancy outcome. Blood 2008; 

111:5505-8.

Syndrome of inappropriate ADH secrerion. Hyponatr- 
aemia, leading to a syndrome oỉ inappropriate ADH secre- 
ùon (SIADH) has been reported after therapy with imati- 
nib at a dose of 800 mg daily. Fluid restriction and dose 
reduction to 600 mg daily restored sodium concentrations 
to normal.1

1. Lỉapis K. tí ai. Syndrorae of ixuppropriace secretion oỉ anridiurecic 
hormone assodated with imaũỉũb. Am Pharmacother 2008; 42: 1882-6.

Tumour lysis syndrome. Tumour lysis syndrome has been 
reported with imatinib;1-2 patients should be monitored 
dosely. Allopurinol and adequate hydration have been 
suggested as prophylaxis in  patients w ith a high tumour 
burden.2

1. Dann EJ, tí aỉ. Tumor lysỉs syndrome after STI57Ỉ In Phiỉadelphỉa 
dưomosome-positive acute ỉymphobỉastíe leukemia. J ơirt Oneoỉ 2002; 
20: 354-5.

2. Chang H, Shih L-Y. ỉmatínib-induced cumor ỉysỉs syndrome: report of a 
case and review of che lỉterature. Chang Gìtng Med 3 2008; 31: 510-14.

Interaớions
Imatinib mesilate is metabolised by the cytochrome P450 
isoenzyme CYP3A4, and drugs that inhỉbit this enzyme, 
such as azole antíỉungals and macrolide antibaaerials, may 
increase blood concentrations of imatinib. Equally, inducers 
of CYP3A4 (such as caibamazepine, dexamethasone, St 
John's wort, phenobarbital, phenytoin, and rưampidn) 
may reduce blood concenưations of imatinib; imatinib 
dosage may need to be increased in these patients (see Uses 
and Administrátion, p. 807.3).

In vitro studies have indỉcated that imatinib itselí inhibits 
the cytochrome P450 isoenzymes CYP3A4, CYP2C9, and 
CYP2D6, and may ỉncrease blood concentrations oí drugs 
that are substrates of these enzymes.

The dose of levothyroxine may need to be increased 
■beíore imatinib is given to patients with hypothyroidism 
(see Antíneoplastics under Interactions of Levothyroxine, 
p. 2341.3).

Antìíungals. In a small study in healthy subjects, kttocon- 
azole sỉgniíicantỉy increased imatinib exposure; mean max- 
imum plasma concenưation and area under the concen- 
tration-time curve increased, and clearance of imatinib 
deaeased. The half-life of imatinib appeared relatively 
unchanged. To avoỉd overexposure, single subtherapeutic 
doses oi imatinib had been used (200 mg); the authors 
noted that dinical sìgniGcance might aríse with use of 
imatinib in daily doses of 800 mg or more.1

ỉ . Duưeix c, tí al. Pharmacokỉnedc Imeracùon bctween ketocooazoỉe and 
imatinỉb mesylate (Gỉỉvec) in healthy subjects. Cartccr Chemứther 
Pharmaeoi 2004; 54:290-4.

Cakium-channel blockers. For a report of a possible inter-. 
action betvveen imatínib and niftdipine, see Antineoplastics 
under Interactions of Nưedipine, p. 1453.3.

St John'ỉ wort. Exposure to bnatinib was signlũcantly 
reduced when Ít was given after 2 weeks of treatment 
with s t John's wort; area under the concentration-tữne 
curve was deaeãsed, maximum plasma concentration and 
halỉ-Uíe oí ũnatìnib vvere reduccd, and dearance 
inCTeased.1-2

1. Prye RF, tí ai. E&ea of St John's wort on imaúnỉb mesyỉate 
pharmacokmeứa. Oin Pharmacol Ther 2004; 76: 323-9.

2. South PF, tí aỉ. The ínũuence of St John's woct on the pharmacoỉdnẹtỉcs 
and proteỉn bỉndỉng oỉ imatinỉb mesylate. Pharmaâtherapy 2004; 24: 
1506-14.

Pharmacokinetics
Imatinib mesilate is well absorbed after oral doses and peak 
blood concentrations occur after 2 to 4 hours. The mean 
bioavailability is about 98%. Imatinib is reported to be about

95% bound to plasma proteins. Plasma elinứnation half- 
lives of imatinib and its major active métabolite, the N- 
demethylated. piperazine derivatíve, are about 18 and 40 
hours respectively. The major enzyme responslble for the 
metabolism of imatinib is cytochrome P450 isoenzyme 
CYP3A4; ỉsoenzymes CYP1A2, CYP2D6, CYP2C9, and 
CYP2C19 also play a minor role. About 81% of a dose is 
eliminated vvithin 7 days in the íaeces (68%) and urine 
(13%). It is excreted mostly as metabolites, with only 25% 
as unchanged dnig.
References.

1. Peng B, tí at. Absoỉute bíoavaiUbiỉỉty of imatinih (Glỉvec) oraUy versus 
íntraYenous infurion. J ơin Pharmacoỉ 2004; 44: ỉ 58-62.

2. Peng B, tí al. Clinical pharmacokỉnetícs oỉ ỉmatinỉb. Clin Phanruưokớttí 
2005; 44: 879-94.

Preparations
Proprielory Preparations (details aie glven in Volume B)

Single ingtedient Preparoíions. A r g Agacel; Glivec Imatib; 
Mesinib; Tagorúb; Timab; Ziatin AustraL: Glivec Austrùr. Gli- 
vec; Belg.: Glivec Braz.: Glivec Canad.: Gleevec; chũr. Glivec; 
China: Glivec (ftỹ!H); Cz.: Glivec; Denm.: Glivec; Fj«.: Glivec; 
Fr.: Glívec Ger.: Glivec G r Glivec Hong Kong-. Glivec: 
Hung.: Glivec Indùr. Celonĩb; Glivec Imalek; Imatib; Mesylo- 
nib; Mitìnab; Zoletaf; IndoH.: Glivec Irt: Glivec Israel: Glivec; 
ItaL: Gliveq Jpn: Glivec Malaysia: Glivec Mex.: Glivec Neth.: 
Glimatm; Glivec Imakrebin; Tibaldix; Norw.: Gliveq NZ: Gli- 
veq Phữipp.: Gliveq PoL: Gliveq Port: Gliveq Rus.: Glivec 
(DoiBeK); S.Afr.: Gleeveq Singapore: Gliveq Spain: Gliveq 
Sweí: Glivec Switz.: Gliveq Thai.: Gllveq Turk.: Gliveq UK: 
Gliveq ukr.: Glivec (rnHBer); USA: Gleevec Venez.: Glivec

Imexon iriNN)
BM-06002; Imexốn; Imexonum; HMeKC0 H. . ■ . 
(5fí,S)-4-Amino-l,3-diazabìcyclo[3.I.0]heX'3-enL2-one. 
C4H5N3O H I.I 
C45 — 59643-91-3.
UNII — 8F63U28Ĩ2V. . -

NOTE. The name AmplimexonTias been used as a trade mark 
for imexon.

P ro /ị/e

Imexon is a cyanoaziridine compound that appeais to a a  as 
an  antìneoplastic in several ways, one oí which is by causing 
mitòchondrial dismption in the cancer cell, thus indudng 
apoptosis. It is under investỉgation ỉor the treatment of 
malignant neoplasms, induding ovarian cancer, pancreatic 
adenocardnoma, multiple myeloma, and metastatỉc malig- 
nant melanoma.

Ingenol Mebutate (USAN, HNN)
Ingenol Mebutato; Inộenoli Mebutas; 3-lngenyl Angelate; 
Mébutate d'lngénol; PEP-005; HHreHOb MeõyTBT. 
(Ìafl,25^fi,5aS,6S,Ốa5,9fi,10afí)-5,5a-Dihydroxy-4-(hydroxy- 

.methyi)-1,l,7,9-tetramethỵỉ-11 -0X0-1 a,2,s,5a,6 ,9 ,1 óa-octá- 
hydró-lH-23a-methanocydopenta[aIcyclopropa[è]cydode- 
cen-6-yi (2Z)-2-methylbut-2-enoate.
C25H34O6=430i 
CAS -  75567-37-2.
ATC — D068X02 
AJC Vet — QD06BX02.
ÚNIf— 7686S50JAH. '

Uses and Administration
Ingenol mebutate is a protein kinase c  activator isolated 
ừom the plant Euphorbia peplus. It is used in the topical 
treatment of actinic keratosis (see Basal Cell and Squamous 
Ceỉl Cardnoma, p. 714.2). A gel containing 0.015% is 
applied once daUy lor 3 consecutive days to aííected areas on 
the ỉace and scalp. For areas on the tnm k and extremiúes, a
0.05% gel is applied once daily for 2 days. Patients should 
wash their hands immediately alter applying the gel and 
treated areas should not be toũched or vvãshed for 6 hours.

Ingenol mebutate is also under investigation in the 
treatment of non-melanoma skin cancer.
Reĩerences.

1. Anderson L. tí al. Randomhed, double-bUnd, doubie-dummy, vehide- 
controlkd stuđy of ỉngenoỉ mebuute geỉ 0.025% and 0.05% fòr actínic 
kcratosis. 3 Am Acad Dermatol 2009; 60: 934-43.

2. Silỉer G, tí ai. PEP005 (ingenol mebutate) gel a novel agent for the 
treatment oỉ actinỉc keratosis: results of a ranđomỉxed, double-blind. 
vehỉde-concroUed, muldcentre, pha se ũa study. AustraUa J Dcrmatol 
2009; 30: 16-22.

3. Siỉỉer G, tí ạ/. PEP005 {ingenol mebutate) geỉ for the toptcaỉ treatment of 
superũdaỉ basaỉ ceO cardnoma: results ôỉ a randomỉzẽd phase Ha trial. 
Austraỉas J Dermatơ/ 20Ỉ0: 51: 99-105.

Adverse Effeds  and Precautions
The topical application of ingenol mebutate typically causes 
local skin reactions induding erythema, Aaking, crusting.

The Symbol t  denotes a preparation no longer aaively marketed
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ssvelling, blistering, and ulceration. These eỉíects usually 
occur w ithin 1 day of starting treatment, peak up to I week 
aíter ũnishing ưeatm ent, and resolve within 2 weeks for 
aãected areason the íace and scalp and vvithin 4 vveeks íor 
area$ on the trunk and extremỉties. Reactions can 
sometimes be severe. ỉngenol mebutate should not be 
used until the skin is healed hom  any previous drug or 
surglcal treatm ent

Severe eye pain. eyelid oedema, eyelid ptosis, and 
periorbital oedema have occurrcd after inadvenent ocular 
exposure to ingenol mebutate gel. Patients should wash 
their hands well after handling the gel and avoid 
transíerring the drug to the eye during and after application.

Preparations
Proprietary Prsparations (details are given in Volume B)

Single-ingredient Preparnlions. Neth.: Picato; UK: Picato; USA: 
Picato.

Iniparíb ỊriNNi

BSÍ-201; Iniparibum; klHnnapnỗ.
4-lodo-3-nitrobenzamide.
C7H5INA=292.0 
ó ự  —  160003-66-7.

Profile
Iniparib is a poly (ADP-ribose) polymerase-1 (PARP-1) 
inhibitor that is under investigadon for the ưeatm ent of 
several malignant neoplasms induding brain, breast, 
ovarian, uterine, and non-small cell lung cancer. Initial 
studies have had mixed results.

Reíerences.
1. 0'Shaughnessy J. tí ai. Inỉparib plus chemotherapy ỉs metastatỉc triple- 

negatíve breast cancer. N Eng! J Mtd 201 ỉ; 364: 205-14.
2. Lùng H. Tan AR. Iníparib, a PARP1 ỉnhỉbitor for the potemỉaỉ treatment 

oí cancer. ỉnduding criple-negatỉve breast cancer. ỈDtvịs 2010; 13: 646- 
56.

Inotuxumab Ozogamicin IUSAN, riNNi

CMG544; lnotùzúmab ozogamidna; lnotuzumab Ozogam(- 
đne; lnotuzumabum Ozogarhicinum; WAY-207294; HHOTy- 
3yMa6 03oraMMUMH. .

..Immunõglobulin G4, antì-(human CD22 (antigen)) (human- 
mouse monodonal- G544. heavy Chain), disulfìde W(th 
human-mouse mónodona! G544 K-chain, dimer, conjugate 
with ozogamiciạ _ .
CAS —  635715-01-4. ' . •
UNII —  P93RUU1 ỈP7._

Profile
Inotuzumab ozogamidn is a recombinant humanised 
m onodonal antibody conjugated to calicheamidn, a 
cytotoxỉc antibiotíc. It is under tnvestigation for the 
treatm ent oí non-Hodgkin's lymphomas.

lnterleukin-2
BG-8301 (teceleũkin); Epidermal Thymocyte Aaivating 
Factor; ETAF; Factor de ơecimiento de céluias T; IL-2; 
Interleuana 2T-cell Grovvtb Factor;TCGF; HHTepneiÍKMH-2\ 

D escrip tỉon . Interleukin-2 ỉs a naturally-occurring 133- 
am ino-add glycoprotein w ith a molecular vveight of about 
15 000. It is avaỉlable bom  natural sources or as a product of 
recombinant DNA technology (ĩTL-2).

In addition to aldesleukin (below) modiBed íorms of 
interleukin-2 produced by recombinánt DNA technology 
havé ỉnduded celmoleukin and teceleukin.

Aldesleuidn IBAN, USAN, riNN/

'Aldesleukiirtií-Aldesleukina; Aldesleukine; Aldesléukinum; 
Aldeslôkin; Des-alanyl-1, Senne-125-Human lnterleukin-2; 
Recorrìbinantlnterieukin-2; 125-t-Serine-2-133-interleukin-2 
(human reduced); AflhflecnetíKnH. -
CAS —  Í10942-02-4. - 
ATC.— L03ACQ1.
ATC Vet̂ -ựj03AC0l 
UNII — M89N0CỊ7EQR.

D escrip tion . Aldesleukin (modiBed hum an recombinant 
interleukin-2) is produced by recombinant DNA technology 
using an  Escherichia coli straỉn containing an ạnalogue of thê 
hum an  in terleukin-2  gene. It diĩiers from native 
interleukin-2 in  tha t it is not glycosylateđ, it has no N- 
tennỉnal alanine, and it has serine substituted for cysteine at 
position 125. .

Incompatibiiĩty. Aldesleukin 33 800 units/mL ỉn glucose 
5% lost signiEcant biological activity w hen mixeđ vvith 
other drugs induding ganddovữ  sodium, loraxepam, 
peritamidine isetionate, prochlorperaõne edisUate, and 
prom ethaãne hydrochloride.1 Hovvever, the incompatibil- 
ity vvasnot detectable by spectrophotometric methods and 
only lorazepam was visually incompatible. suggesting that 
these methods may be invalid for assesslng the compatibil- 
ity of pròteins.

1. Alex s, á  tứ. Compiúbillty and acdvtty of aldcileuldn (recombinant 
lnierieuHn-2) in prcsence oi selecTed drugs during limuUlcd Y-site 
adminisuation: cvaluadon oí three methodi. Am J HtaUh-Sytt pharm 
1995; 5 1  2423-6.

StabilHy. Aldesleukin lost 75 to 100% o{ activity when 
reconstituted with glucose 5% or sodium chloride 0.9% in 
a plastic syringe and given over 24 hours with a syringe 
driver.u  Loss of activity was not seen if aldesleukin was 
reconstimted with water alone2 or with the addition of 
albumin.1-2 It was suggested that loss of actìvity could be 
suspected because of lack of toxidty,1-2 and that the lack 
of toxidty in  some published studies could be due to 
this.u  However, the authors of these studies indicated 
that they had reconstituted aldesleukin with albumin.4-5 
Reconstitution with low concentrations of albumin has 
been advocated to avoid bioavailability problems,1’4’6 but is 
not recommended for currently licensed preparations. 
Vials of aldesleukin are reconstituted with water for injec- 
tion.

However, UK Iicensed product iníormation allows íor 
hirther dilution of reconstituted aldesleukin with up to 
500mL of glucose 5%, containing hum an albumin 0.1%, 
w hen inlused over a 24-hour period; the albumin should be 
added and mixed with the glucose before addition of the 
reconstituted aldesleukin.

For short inơavenous iníusion, the us licensed product 
iníormation indicates that dilution in glucose 5% outside of 
a spedhed range (belovv 30 micrograms/mL and above 
70 micrograms/mL) results in increased variability in drug 
delivery.

Reconstitution or dilution of aldesleukin preparations 
with sodium chloride 0.9% is not recommended because 
increased aggregation occurs.

1. Mỉỉes DW, et aỉ. Reconstìuition oỉ imeTỈeuldĐ 2 with aỉbumin ỈOT 
inhision. Laneet 1990: 335: 1602-3.

2. VUsveỉd LT, etaỉ. Reconstítuiioo oỉ mteiicukỉn*2. Larteet 1990; 336:446.
3. Miles DW. et ứi. Toxidty and reconstỉtudon oĩ recombinant interìeukỉn* 

2 wỉth albumỉn. Lancrt l 99ì; 338: 1464.
4. Franks CR. Reconstỉtution oỉ interleukin-2. Lantxi 1990: 336: 445-6.
5. Hambttn T. Reconsdrutỉon of ưiteiieukin-2 with albumin ỉor ỉnỉusỉon. 

Lanat 1990; 336: 251.
6. Lamers CHJ, tt  ai. Bioavaỉỉabỉỉỉty of inteiieukin-2 aher reconstirution 

wỉth albumis. Lanaí 1992; 340: 241.

ỊƯ n ib

lOOunits of hum an interleukin-2 are contained in one 
ampoule of the fiist International Standard Preparation 
(1987). The activity oí interleukin-2 has also been expressed 
in Nudey and Cetus units: 100 intemational units is 
reportedỉy equivalent to about 83.3Nutley units and to 
about 16.7Cetus unitỉ. us licensed produd  iníormanon 
States that 18m illỉonintem ationalunits of aldesleukin are 
equivalent to 1.1 mg of protein.

Uses and Adminỉstration
Interỉeukin-2 is a lymphokine which stimulates the 
proliỉeration of T-lymphocytes and thus ampliĐes immune 
response to an antigen; it also has actions on B- 
lymphocytes, and induces the production of interỉeron-T 
and the activatíon oỉ lymphokine-activated killer (LAK) 
cells and natural killer (NK) cells. Interìcukin-2 is used in 
the immunotherapy oí metastatic renal cell cardnoma in 
seleaed patìents (see p. 708.3). It is also used in metastatic 
melanoma (p. 714.3), and has been tried in non-Hodgkin's 
lymphoma and acute myeloid leukaemia (see also below).

Inteiỉeukin-2 is usually given by intravenous inhision or 
subcutaneous injectíon of one of its recombinant ỉorms, 
su ch as aldesleukin.

Many dosage regimens have been tried. ỉn  the UK, the 
recommended dose oí aldesleukin for metastatic renal cell 
cardnoma is 18millionunits given subcutaneously once 
daily lor 5 days, ỉollovved by 2 days rest for the first vveek. 
For the next 3 vveeks, 18milỉionunits are then given on 
days 1 and 2 of each vveek, and 9 million units on days 3 to 5 
of each week, íollovved by 2 days rest. This 4-week cyde 
may be repeated after an interval of 1 vveek. Doses may be 
delayed or reduced ư the regimen is not tolerated.

Inưavenous iníusion of aldesleukin is now rarely used 
because oỉ an  assoãation with capilỉary leak syndrome (see 
Adverse Eữects and Treatment, p. 811.2). u  it is used, 
18millionunits/m2 per 24 hours is given as a continuous 
inữavenous inhision ỉor 5 days, íollovved by 2 to 6 days of 
rest. Then another 5 days of inhision is given, ỉollowed by 3 
vveeks of rest. This constitutes one induction cyde; a second 
cyde máy be given aíter the 3-week rest period of the íín t 
cyde. Aỉter either subcutaneous or inữavenous use, up to 4

maintenance cydes may be glven, at 4-week intervals, n  
patíents who respond or whose disease stabilises. In th : 
USA, aldesleukin is licensed for use by intravenous iníusio 1 
ỉor metastatic renal cell cardnoma or metastatic m elanom .. 
The recommended dose is an iníusion of 600 000 units/k ị 
over 15 minutes, evéry 8 hours for up to 14 doses. This 5 - 
day cyde is repeated after 9 days. Further courses may b : 
given at intervals oỉ at least 7 weeks in patients w h ) 
respond. Doses should be withheld for toãd ty .

Interleukin-2 given by inhalation is being investigated i 1 
the treatm ent of renal céu cardnoma.

Interleukin-2 has also been studied in  adaptiv: 
immunotherapy with LAK cells or tumour-in&ltratin J 
lymphocytes (TIL), which are harvested ừom  the patìen , 
activated ex vivo, and then re-iníused.

Interleukin-2 is aỉso being tried in  patients with HT' 
inỉection and AIDS in an attempt to resỊtore im m un: 
response (see below) and has been given in some other 
iníections or im mune diseases.

Other interleukins are under investìgation (see alsII 
Interleukin-1, p. 2533.3). Conjugates of interleukin-2 wit] I 
macrogol (PEG-H.2; pegaldesleukin) have also beeu 
investígated and liposome-encapsulated interIeukin-2 h a ; 
also been investigated for the treatment of renal. brain am I 
CNS tumours.

A mixture of naturally occurring cytokines, indudin : 
interleukins, interíerons, chemokines, and colony-stimulat 
ing íactors (M ultikỉne) is under investigation ío • 
neoadjuvant therapy in patients vvith squamous cell 
cardnom a of the head and neck.
Reviews.
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Administrotion. A reyiew' oỉ the adminisưation oỉ inter 
leukỉn-2.

1. Shaker MA. Younes HM. lnterleukin-2: cvaluation oi rouies o 
adminisưatìon and current delỉvery Systems in cancer therapy. J pham 
S à  2009; 98: 2268-98.

Acute myeloid leukaem ia. Interleukin-2 is given with 
histamine hydrochloride (p. 2525.2) to patỉents with acute 
myeloid leukaemia in first remission after consolidatior. 
therapy.1-2 The role of histamine hydrochloride is to pro- 
tect lymphocytes, espedalỉy NK and T cells, vvhich are 
responsible for immune-mediated destruction of residua] 
leukaemic cells.

Interleukin-2 is given by subcutaneous injection in a 
dose of 16400units/kg twice daily with a minimum of 6 
hours betvỵeen each dose. These doses of interleukin-2 are 
ỉollovved after 1 to 3 minutes by histamine hydrochloride in 
a dose oí 500micrograms by subcutaneous inịection over 5 
to 15 m inutes (injection ratẽ not to exceed lOÕmicrograms/ 
min). The maximum injection tứne oí 15 minutes ỉor 
histamine hydrochloride may be necessary to reduce severe 
histamine-induced adverse eHects (see p. 2525.3). Patients 
should rest for 20 minutes after the histamine dose. 
Hỉstamine hydrochloríde should not be injected at the same 
time as interleukin-2 nor into the same anatomical region. 
The regỉmen is given over a treatment cyde of 3 weeks and 
repeated for a tõtal of 10 treatm ent cydẽs; the first 3 cydes 
are íollovveđ by a tteatment-free interval of 3 weeks, 
increased to 6 weeks'after subsequent cydes. Doses of either 
drug may be modihed if adverse eHects are severe.

1. Thorén FB, tí ai. Hỉstamỉne dihydrochloride and low-dose lnterleukin-2 
as post-consolidatíon ìmmunotherapy in acute rayeỉoid leukemỉa. Expert 
opin Biol Tha 2009; 9ĩ 1217-23.

2. Romcro AL er ai. Post-consoỉidatỉon ỉmmunoiherapy with hỉstamỉne 
dihydrochloride and interleukin-2 ỉn AMU Scanẩ J ỉmmunoỉ 2009; 70: 
194-205.

HIV iníection an d  AIDS. The immunodehdency oỉ HIV 
inỉection and AIDS (p. 957.2) has been assodated vvitb a 
deíect in  interleukin-2 production. Interleukin-2 stimu- 
lates the proliỉeration of lymphocytes and activates natural 
killer cells and studies have thereíore examined the poten- 
tìal benehts oỉ adding interleukin-2 to the treatment oí 
patíents w ith HTV iníection.1'2 Aíter earlier pilot studies.

All cross-references refer to entries in Volurae A
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trials oí antứeưoviral therapy plus interleukin-2 have 
shown it to produce a much greater increase in CD4 cell 
counts than antireưoviral therapy alone,3'7 even where 
therapy induded HAART. Hovvever, it is not dear that this 
results in any additional dinical benefit. A pooled analysis® 
of earlier results showed a non-significant trend towards 
improved dinical outcome but the ESPRTT and SH.CAAT 
studies’ could not show any dinical beneSt in terms oi 
survival or risk of opportunistic dísease ỉrom adding sub- 
cutaneous interleukin-2 to antireưoviral regúnens, despite 
sustained increases in CD4 cell counts over a median of 7 
years or more.

Although teceleukin has been tried3 most studies of 
interleukin-2 therapy in HIV have used aldesleukin. Doses 
and routes have varied: in  general doses seem to have 
ranged hom  6 to ỉ8m illionunits daily by intravenous 
iníusion, or 3 to 30 million units daily subcutaneously, 
given in most cases for a 5-day cyde every 8 weeks. 
Subcutaneous dosage appears to be as effective as 
inơavenous,4-10 is more convenient/ and may be less 
toxic.u  There is evidence that 5-day dose cydes of 3, 4.5 or 
7.5miUionunits tvvice daily by subcutaneous inịection are 
eSective,,,MaI2' u  whereas cydes with a lower dose of
1.5 million units tvvice daily are not.,  l i u  A meta-analysis15 
of 3 studies fọund tha t subcutaneous doses of 7.5million- 
units tyỵice daịly íor 5 days every 8 weeks resulted in greater 
increas.es in  CĐ4 cell counts aíter 3 cydes of therapy than 
doses of 4.5millionunits or 1.5millionunits. Hovvever, 
others have reported beneũt hom  a dose as low as 
3  miHion units daiỉy when used with HAART ỉn patients 
w ith  advanced disease.16 Continuous low-dose daily 
therapy appears to accelerate the normalisation oỉ T-cell 
and  natutal killer cell concentrations over the course of 
several months.11

Adverse eữects are common. particularly at higher doses 
and  with intravenous iníusion rather than  subcutaneous 
use.7-11 However, concems about a potential stimulant 
effect on viral replication with a consequent increase in vừal 
load do no t seem to have been bom e out.4"7,10 Some studies 
have reported reduced viral loads in  interleukin-treated 
patícnts,4-17 indudỉng decreases in  hepatitis c vúal load in 
those HIV patients co-infected with hepatitis c.1<u*

The macrogol conjugate of interleukin-2, PEG-IL2, has 
also been investigated in this context, but results have been 
disappointing, since it appears markedly less eữectìve than 
aldesleukin in  srimulatìng .CD4 counts.4' 19
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Postherpetic neuralgia. A 46-year-old HTV patient vvith 
chronic, treatment-resistant postherpetic neuralgia 
(p. 10.3) received 1 cyde of subcutaneous interleukin-2 
(7.5millionunits twice daily íor 5 consecutive days) 
vvithin the context oí a dinlcal HIV study. He reported 
immediate resolution oỉ his postherpetìc neuralgia, and no 
recunrence of pain occurred during 3 years of foUow-up.1

1. Rotty J, tíal. ỉnterleukin-2: a potentỉal ưeatment optỉon for postherpetic 
neuraỉgla? Gin ỉnftít Dù 2006; 43: e!09-eỉ 10.

Adverse Eíhcts and Trtttment
Toxicity is related to dose and route and is often severe; 
ỉatalitíes have been recorded. Decreased vascular resistance 
and increased capiUary penneability (the 'capillary leak 
syndrome') is common in patíents given aldesỉeukin, and 
results in hypotensỉon. reduced organ pertusion, and 
oedema. The inddence and severity of this syndrome is 
lovver after subcutaneous than intravenous dosage. Fluld 
replacement may be necessary to ơeat the resultant 
hypovolaemia and dopamine or other pressor agents may be 
needed to help maintain organ perhision. Capilỉary leak 
syndrome may also be assodated with cardiac eữects 
ìnduding tachycardỉa, angina, myocardial inỉarction; resp- 
iratory eữects such as dyspnoea, pulmonary oedema, and 
respiratory ỉailure; renaỉ abnormalitíes induding uraemia 
and oligurìa or anuria; mental status changes induding 
irritability, depression. coníusion, and drowsiness. Therapy 
should be stopped ư patients develop severe lethargy or 
somnolence, as contìnuing may result in coma. Raised liver 
enxymes, gastrointestinal disturbances. íever and Đu-like 
symptoms (malaise, rigors, chills, arthralgia, and myalgia), 
rashes, pruritus, anaemia, leucopenia, and thrombocytope- 
nia, are also relatỉvely common. Paracetamol (but not 
NSAIDs, see Eíỉects on the Kidneys, below) may be used 
prophylactically for íever. Pethiđine may be used to conaol 
rigors. Antiemetỉcs and antídiarrhoeals may also be 
requứed. Antihistamines may beneSt some patíents with 
pruritic rash. Injection site reactions are common after 
subcutaneous doses; necrosis has occurred. Aldesleukin 
therapy is assodated vvith impaired neuưophU íunction, 
and an  increased risk of bactetiaỉ inỉections (see below), 
including sepsis and bacterial endocarditís; this bas been 
reported mainly aíter intravenous use, and antỉbacterial 
prophylaxis may be necessary.
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Bacterial mỉections. The inddence oỉ sepsis and bacterae- 
mia is inaeased in patients receiving mterỉeukin-2 Via 
intravenous catheters,1-1 and possibly subcutaneously,3 
although others have not íound this to be the case.4-1 The 
increased inddence of nonopportunistic baaerìal iníection 
may be a particular problem in patients w ith AIDS who 
are treated with interleukin-2.4 The mechanism is uncer- 
tain, but may be related to impairment o( neutrophil func- 
tion by the cytokine.7

1. Snydman DR. tí at. Nosocomiaỉ sepảs assocỉated with interỉeukỉn-2. Am  
Inúm Med 1990; 112: 102-7.

2. Shiloni E. tí al. Interleukỉn*2 therapy. Central venous catheten. and 
nosocomial sepsis. Am Ịrưerrt Meấ 1990; 112: 882-3.

3. Jones AL tí ai. Iníectious complications oí subcuraneous Ìnterleukin-2 
and interíeron-alpha. Lanctí 1992; 339: 181-2.

4. Buter J, tí ai. Inỉection after subcutaneous ỉnterleuldn-2. Larưtí 1992; 
339: 552.

5. Schỡrnburg AG, tí ai. Cytokmes and mỉcction in eancer patienu. Lanctí 
1992; 339: 1061.

6. Murphy PM, tí ai. Marked disparỉty ln inddence of baaerial ỈĐỈections ỉn 
- padents wỉth the acquired ImmunodeSdency syndrorae receiving

ừuerleuldn->2 or interíeron- Y. Am Intem Med 1988; 108: 36-41.
7. Kỉempner M5, tí ai. An acquỉred chemotactic deíect ỉn neutrophỉỉs Ếrom 

patỉents receiving interleukin-2 immunotherapy. N Engl J Med 1990; 
322: 959-65.

Effects on the cardiovascular System. lnterleukin-2 ưeat- 
ment can cause cardiotoxidty such as arrhythmias and 
acute myocardial iníarctìon. High-dose therapy 
(600 000 unỉts/kg intravenously every 8 hours) has been 
assodated vvith myocarditis, which appears to be reversi- 
ble; haemodynamic instability that can lead to an  acute 
coronary syndrome has also been described. Caretul 
screening o{ patients for cardiopulmonary disease is 
recommended.1

1. Eisncr RM, tí ÓL Case report and brieỉ revievr: n.-2-lnduced rayocarditis. 
Caneer btm t 2004; 22:401-4.

Effects on endocríne ỉundion. It has been suggested that 
patients with adrenal metastases may be particularly sus- 
ceptible to adrenal haemoưhage and consequent ỉailure

during interleukin therapy.1 Results also suggested that 
lack of endogenous steroid production may increase the 
risk of early severe intetieukin-2 toxicity.1

Eííects on thyroid ỉunction have also been reported, w ith 
the development of hypothyroidism2'4 and goitre.3

1. VanderMolcn LA. rt al. Adienal insulBdency and interleukin-2 therapy. 
Am baem Mtấ 1989; 111:18S.

2. Atkins MB, tì a i Hypothyroidism aher treatment vvith intedeultin-2 and 
lympholõne-acdvátcd killer ceUs. N Engl J Mtđ 1988; 318: 1SS7-63.

3. van Uessum PA, ti aL Hypothyroidlsm and goitre duiing interieukin-2 
therapy without LAK ceiũ. Lanat 1989:1:224.

4. Sauter NP, tìaL Tratưiem ihyrotoxỉcosỉs and perástenl hypothyroidúm 
due to acute amoinunune Ihyroidlds iltcr lnterleukin-2 and imeríeron- 
a therapy for metastadc caidnoma: a case report. Am J Međ 1992; 92: 
441-4.

Effects on the kidneys. Inoavenous aldesleukin therapy 
was assodated wỉth varying degrees of acute renal dỹs- 
tunctìon in almost all oỉ 99 adũlt patìents.1 th e  dinical 
syndrome of hypotension. oliguria, fluid retention, and 
associated azotaemia wỉth intensc tubular avidity ỉor fil- 
tered sodium all support prerenal acute renal íailure as the 
cause o( renal dysỉunction. However, tenal function 
values retumed to baseline levels within 7 days in 62% of 
patients and in 95% by 30 days. Patỉents with elevated 
pretreatment serum-creatinine values, particuiarly those 
aged over 60 yeats, and those who had previously under- 
gone a nephrẽctomy, were at rislc of more severe and pro- 
longed changes in renal íunctíon, and might be particu- 
larly vulnerable to the use of indometadn for assoạated 
íever and chills, which could potentiate renal impẽùrment 
through its eỉíects on intrarenaỉ prostaglandin productíon. 
Similar eHects were noted in a study2 of 15 children given 
contínuous inỉusion of aldesleukin. A íuither study3 of the 
renal haemodynamic effects o! aldesleukin inỉusion íound 
it to have a speciãc renal vasoconsưiaor eữect; changes in 
renal prostaglandin synthesis contributed to the decreased 
renal blood £low.

1. Belldegrun A, tt al. Effect5 oỉ imerieuỉán-2 on rcna] íunráon in paũenls 
receỉving immunotheiapy íor advaneed cancei. Am btunt Med 1987; 
106: 817-22.

2. Cochat p, tt al. Renal effefls o( condnuoui tníusion of recombinant 
interleulón-2 in chỉldren. PtáìữĩT Ntphroi 1991; 3: 33-7.

3. Geertsen PF, tt  a/. Renaỉ haemodynamics. sodỉum and water 
reabsorptìon during condnuous Innavenous ỉnhisỉon of recữmbinant 
interieũldn-2. Clin id  1998; 93:73-81.

Effects on ihe skin. Pseudosystemic sderosis has been 
reported aỉter use of aldesieukin; a reducdon in skin thick- 
ening was seen aỉter aldesleukin therapy was stopped and 
corticosteroids staited.1

1. Marìe I. rt al. Pseudosystemic sderosis aa a complication of recombinant 
hutnan ỉnterỉeukỉn 2 (aldesỉeukỉn) therapy. Br J Dermatol 2007; 156: 
182-3.

Precautions
Aỉdesleukin should be given with great care, ư a t all, to 
patients with pre-existing cardiac orpulmonary disease, and 
those vvith severe renaỉ or hepatic impaiiment. It should be 
avoided in patients with CNS metastases or seizure 
disorders.

Risk ỉactors for loxiãtY and poor response indude 
restricted physical activity (Eastem Cooperatíve'Oncology 
Group períormance statũs of 1 or grẽater), 2 or morẽ 
metastatic sites, and a period of less than 24 months 
between diagnosis of primary tumour and consideration for 
aldesleukin therapy. UK licensed p rodua information States 
that aldesleukin should not be used to ưeat metastatic renal 
cell carcinoma in patients vvith all three of these risk íactors.

Aldesleukin may vvorsen auto-immune diseases, and 
should be used with caution in patients wdth these 
conditions. Bacterial iníections should be adequately 
treated beíore beginning therapy. Aldesleukin may increase 
eííusions to m  serosal suriaces, and these should generally 
be treated beíore startíng aldesleukỉn therapy.

Vital signs, blood counts, renal and hepatic hinction, 
serum elearolytes. and pulmonary and cardiac function 
should be monitored beíore starting treatment and then 
regularly during therapy.

ActivHy. For mention oí the loss of activity w hen aldes- 
leukin vvas given by continuous inỉusion vvithout albumin, 
see Stability p. 810.2.

lnflammatory bowel disease. Two patients wìth a history 
of Crohn's disease had a recurrence of the condition when 
given aldesleukin. It was suggested that interleukln-2 
should be contra-ỉndicated in su ch padents.1

1. Sparano tí aL Symptonutỉc exAceibation oỉ Crohn dỉsease after 
treatment with high-đose ỉnterkukỉn-2. Amt ỉntem Meắ 1993; 118:617-
18.

Psoriosis. Exacerbations of psoriasis developed in  3 
patients during therapy with aldesleukãn alone or with 
lymphokine-activated Idller cells. The psoriatic symptoms 
remitted wlth topical therapy.1

1. Lee RE, tí al. Interỉeukin 2 and psoriasiỉ. Arch Dermatoỉ 1988; 124:1811—
15.

The Symbol t  denotes a preparation no longer actively marketed
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interactìons
Corticosteroids (which reduce some oi the adverse eữecu of 
interieukìn-2) may also reduce iu  antlneoplastic propertìes: 
use together should generally be avoided. The use of 
iodinated contiast medìa after aldesleukin therapy may 
result in symptoms resembling the immediate adveise 
effecu of aldesleukin. Although most evenu were reported 
to occur vvithin 2 to 4 weeks of the last dose oỉ aldesleukin, 
some occurred several months afterward.

Antívirals. For the effect of interieukln-2 on plasma con- 
centrations of indinavir, see p. 987.3.

NSAIDs. NSAIDs are effective in preventing or reducing 
fever and myalgia caused by interIeukin-2. Hovvever, 
there is concem that they could exacerbate renal toxicity 
(see also Effecu on the Kidneys, p. 811.3). Use of indometa- 
ân  in patienu receiving interieukin-2 led to more severe 
vveight gain, oliguría, and azotaemia in 1 study.' Hovvever, 
ibuprofm was used successỉully to reduce interleukin-2 
toxidty in another study.2

1. Sosman JA, tí al. RepetUive weekly cydes of ỉmerlcukin-2 II: dinical and 
immunologỉc eíTects oí dose, schedule. and additỉon of indomethadn. J 
Natỉ Canctr Inst 1988; SO: 1451-61.

2. Eberlein TJ, tí ai. Ibuprolen causes reduced toxỉc ettects oí ừuerleukin 2 
admỉnlsỉratỉon in patỉenu wiih meiasiatic cancer. Arch Surg ỉ 989; 124: 
542-7.

Pharmacokinetics
After intravenous bolus, the serum distribution and 
elimination haU-lives of aldesleukin are 13 and 85 minutes, 
respectìvely. After subcutaneous doses. the absorption haU- 
Uỉe is 45 minutes and the elimỉnation halỉ-lUe is 5.3 hours, 
while bioavaỉlability ranges between 35 and 47%.

Aldesleukin is metabolised to amino adds by the kidneys. 
Reíerences.
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Preparations
Proprietary Preparations (detailỉ are given in Volume B)
Singfa ingrađent Preparaiions. Arg.: Dcass; Hgen; Proleukint; 
Austria. Proleukin; Belg.: Proleukin; Braỉ.: Proleukin; Canad.: 
Proleukin; Ọntur. An Jie Suo (SỊtỊỊỊ); Bai Jie Yi (1Ĩ£H£); De 
Lu Sheng Inleusin (3Ỉ& 0); Jin Lu Kang ịát&SK
???); Ju He u  (E*n&); Luo jin  ( » £ ) ;  Ou Nai Te (& » # ) ; 
Quan Qi Sai Di En (IM âS); Te Er Kang (íặ/KH); Xin
De Lu Sheng (S r« # ± ); Xin Ji Er (&■££); Xin Luo Er 
ft); Yin Te Ka n g Ying Te Kang xin (3Ĩ1$ * « ) ;  Ýuan
Ce Xỉn Yue Kang Xian (Ỉ&K#); Cz.: Proleukin;
Denm.: Proleukin; pin.: Proleukin: Fr.: Proleukin; Ger.: Pro- 
leukin; Gr.: Proleukin; Hong Kong-. Proleukint; Hung.: Pro- 
leukin; IrL: Pcoleukin; Israel: Proleuldn; ỊtaL: Proleukin; Jpn: 
Celeuk; Imunace; Mex.: Proleukin; Neth.: Proleukin; NZ: Pro- 
leukin; PoL: Proleuldnt; PorL: Proleukin; Rus.: Proleukin 
(npaneíKHH); Roncoleukin (PoHKoneãKHH); S.Afr.: Chiron IL-2; 
Singapore: Proleukin; Spain: Proleukin; Switz.: Proleukin; 
Turk.: ProleuMn; UK: Proleukin; Ukr.: Bioleukỉn (EHCMieãxHH); 
USA: Proleukin.

I p i l i m u m a b  IUSAN, riNNi

BMS-734016; Ipilimumabum; MDX-010; MDX-CTLA-4; Idnn- 
/iMMyMaõ. ,■
Immunoglobụlín.GI:, anti-Ọiụman CTÍA-4 (arrtigen)) (human 
yi<hain)7disulfide w ith hurnari K<hain, dimen 
JCAS-A77202-ỌQ-9. ’ ' . , : . r
UNÍI — 6T8C155666.

Uses and Administration
Ipilimumab is a recombmant, hum an monodonal antibody 
to the cytotoxic-T-Iymphocyte-assodated antigen 4 (CTLA- 
4), w hich is a cell surỉace receptor involved in the 
dovvnregulatỉon of T-cell activation. Ipỉlimumab is used for 
the ưeatm ent of unresectable or metastatic melanoma 
(p. 714.3). The recommended intravenous dose is 3mg/kg 
every 3 weeks, to a total of 4 doses; the dose is diluted in 
sodium  chloride 0.9%  or glucose 5% to a íinal 
concentration rangứig ỉrom 1 to 2 mg/mL, and the iníusion 
given over 90 minutes, Via a Iow-protein-binding in-line 
ốlter.

Ipỉỉimumab may be withheld or permanentỉy stopped if 
immime-mediated reactions occur, see Adverse Hữects. 
Treatment, and Precautions, below.

Ipilimumab is ako under investigation for the ưeatm ent 
of prostate cancer and various other solid tumours.

References.
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Adverse Effects, Treatment, and Precautions
The most common adverse etteds of ipilỉmumab are íatigue, 
diarrhòèa, pruritus. rash, and colitis. Severe, life-threaten- 
ing, or íátãl immune-mediated reanions, involving any 
organ, can occur. Enterocolitis (inciuding intestinal 
perỉoration), hepatitis, dermatitis (including toxicepidermal 
necrolysis), neuropathy, and endocrinopathy (including 
hypopituitarism and adrenal insuffidency) have been 
reponed most commonly. Rare eííecu considered to be 
im m une-m ediated include pneum oniús, meningitis. 
nephritis, eosinophỉlia, and pericarditis. Myocarditis, 
angiopathy, temporal arterítũ, vasculitis, polymyalgia 
rheumatica, conjunctivitis, blepharitis, episderitis, sđeritis, 
erythema multìtonne, psoriasis, pancreatitis, arthritis, and 
auto-immune thyroiditis have also been reported.

Ipilimumab should be stoppcd permanently if any severe 
immune-mediated reactions occur, and the patient treated 
with high-dose systemic corticosteroids. Ipilimumab 
therapy should be vvithheld in those with moderate 
reactions; the patient may require corticosteroids and 
symptomatic ưeatment. Therapy may be resumed after 
complete or partial resoỉution of the reaction in patients 
who are taking prednisone at less than 7.5 mg daily (or 
equivalent); ipilimumab ỉs restarted at the recommended 
dose, until all 4 doses are given, or until 16 vveeks ha ve 
elapsed bom  the íirst dose, vvhichever occurs earlier. u  
moderate disease persisu, or the corticosteroid dose cannot 
be reduced to prednisone 7.5 mg daily (or equivalent), 
ipilimumab should be stopped permanently. Corticosteroid 
eye drops can be used to treat patienu w ho develop uveitis, 
iritis, or episcleritis; ipilimumab should be stopped 
permanently if immune-mediated ocular disease occurs 
that is unresponsive to local immunosuppressive therapy. 
Patienu should be monitored for any signs and symptoms of 
immune-mediated reactions. Liver function tesu and 
thyroid íunction tesu should be assessed at baseline and 
beìore each dose.
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Pharmacokinetics
Ipilimumab steady-state concenơations occur by the third 
dose. Clearance was íound to increase w ith increasing body- 
vveíght. The mean terminal halỉ-Iỉíe is 14.7 days.

Preparations
Proprietary Preparotioni (details are given in Volume B)

Single-ingredient Praporotions. AustraL: Yervoy; Belg.: Yervoy; 
Canad.: Ỹervoy; Denm.: Yervoy; Pr.: Yervoy; Ger.: Ỹẽrvoy: I/ĩ: 
Yervoy; Israel: Yervoy; Neth.: Yervoy; Norw.: Yervoy; Spain: 
Yervoy: Swed.: Yervoy; Sưitỉ.: Yervoy; UK: Yervoy; USA: Yer- 
voy.

Irinotecan Hydrochloride
ỊBANM, USAN, rlNNMI

Camptothẹcin 11 (irinotecan); CPT-11 Ọnnotecạn); DQ-28Ọ5; 
Hidrocloruro de irinotecận; Irinotécan, Chíòrhydrate d'; 
Irinotecán, hidrodoruro de; IrinotecarỊĨ Hydróchloridum; 
Irinotekaanihydrokloridi; Irinotekan Hidroklorủr; Irinotekan-. 
hydroklorid; Ù-101440E; HpMHOTeKaHa rnflpoxnopnfl. 
(+)-7-Ethyl-10-hydroxycamptotheớne 10 -[í ,4'-bipiperidIne]- 
1'-carboxylate hydróchloride trihydrate; (5H,11-Diethyl- 
S ^^I.M -te trahýdro^-hydroxy-S .I^-d ioxo-IH -pyrano  
[3',4'Ể',7']indolịzino[1,2-6]quinoÌin-9-ỵl [1,4'-dipiperidine]-. 
1'-carboxylate hydrochlcride trihydrate. 
C33H38nA hCIÌH 20=6772

C4S — ■ 97682-44-5 Ợrinotecan); 136572-09-3 (irinotecai 
hydrochloride trihydrate).
ÁTC — LOI XXI9.
ATC Vet —  QL01XXỈ9!
IỤNỊI-— 042LAQ1IIS. -
Pharmacopoeias. In u s.
USP 36: (Irinotecan Hydrochloride). Pale yellovv to yellov, 
crystalline powder. Sparingly soluble in vvater and i i 
organic solvents. Store in airtight containers at I 
temperature of 20 degrees to 25 degrees, excursion: 
permitted between 15 degrees and 30 degrees. Protect fror I 
light.

Uses and Administration
Irinotecan is a semisynthetic derivative of the alkaloi I 
camptothecin, obtained from the shrub Camptothect 
acuminata. The cam ptothedn derivatives are inhibitors cf 
the ẹnzyme topoisomerase I and thus interíere with th • 
coiling and uncoiling of DNA during replication and preven: 
nudeic add synthesis. This action is spedlic for s phase.

Irinotecan is used in the treatment of advanced colorecta! 
cancer (p. 706.3). It may be used vvith Duorouradl and 
ỉolinic add (vvith or vvithout bevacizumab), or wit! 
capedtabine (with or vvithout bevadzumab), as fìrst-Iini’ 
therapy, and is also gi ven as monotherapy in patients whos< 
disease has recurred or progressed aíter initial íluorouradl 
based therapy. It is íurther inđicated for use vvith cetuximal I 
(p. 762.3) in  the treatment oi EGFR-expressing, KRAS wil(; 
type, metastatic coloreaal cancer. either first-line or afte ■ 
the íailure of other regimens containỉng irinotecan. It ha . 
been tried in the management of other solid tum our; 
induding those of the lung (p. 710.2).

It is given as the hydrochloride, by intravenous iníusion 
in at least 250mL of glucose 5%, or sodium chloride 0.9% 
In the treatment of retractory colorectal malignandes one 
suggested single-agent dose regimen is irinotecan hydro- 
chloride 125mg/m2 inhised over 90 minutes once a week 
for 4 weeks, íollovved by a 2-week rest period. Addìtional 
courses may be given if required, with doses modified 
according to toxidty. Another regũnen requires an iniria! 
dose oi 350mg/m2 over 30 to 90 minutes repeated every ; 
weeks and adjusted according to toxidty (for dosage ir 
hepatic impairment, see p. 813.1).

For the suggestion that initíal doses should be modihed tc 
reduce toxidty in those with certain genotypes, see Genetii 
Faaors, p. 813.3.

Irinotecan may also be given as part of a regimen wiứ 
íluorouradl and lolinic add  in the hrst-line ưeatment o 
metastatic colorectal cancer. Many regimens exist. Tht 
irìnotecan hydrochloride component of the course may bf 
given at a dose oi 180 mg/m2 over 30 to 90 minutes eveiy : 
vveeks. Altematively, 125mg/m2 may be given vveekly 
usually on days I, 8, 15, and 22 of á 42-day cycle. (Foi 
relerence to toxidty bom  su ch regimens see undei 
Interactions, p. 814.1.)

Treatment cydes may be continued indeũnitely as long 
as patienu continue to beneĐt.

In the ơeatm ent of EGFR-expressmg metastatic color- 
ectal cancer, in patienu who have íailed previous tteatment 
iiinotecan Í5 given usually at the same dose as was used ir 
the last cydes of the previous irinotecan-containing 
regimen; irinotecan should not be given for at least 1 houi 
after the end of the cetuximab inỉusion. w h en  used Crst- 
Iine with cetuximab, the dose of irinotecan will depend on 
the spedũc regimen used.

A íormulation of irinotecan vvith hyaluronic add  is being 
developed íor colorectal cancer. A stable nanoliposomal 
lonnulation, MM-398, is under investigation lor the 
ữeatment of pancreatic cancer. Also tinder investigation is a 
pegylated íormulatíon of irinotecan (NKTR-102) for various 
malignandes induding ovarían cancer, and itỉnotecan- 
éluting beads, tor injection dữectly into the brain in the 
ữeatment oỉ glioma, or for chemoembolisation in colorectal 
cancer.
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Adminiỉtration. The intravenous formulation of irinotecan 
(Camptosar, Pfizer, USA) has been given orally to children 
vvith reừactory soliđ tum ours.1 The dose (typically 
15 mg/m2) was drawn up in  a plastic oral syringe on the 
day of dosing, although the reconsútuted solution has 
been rẹported to be stable for 21 days at 4  degrees in  thẹse 
syringệs. The dọse was mixed with cranberry-grape juice 
immediately beĩore use. .

Whẹn this single oral đose of irinotecan was given with 
oral Ịjefítinib, m edian irinotecan bioavailability was 
signihcantly higher, and systemic exposure to irinotecan 
and its metabolite SN-38 was greater, than that seen in 
patients not given geíitinib.1

1. Purman WL, tí a i Tyrosine ỉđnase inhibitor enhances the bioavaỉlabiỉỉty 
of oral irinotecan ỉn pediacrỉc patients with reừactory soỉỉd tumors. J ơin 
Oncol 2009; 27: 4599-4604.

AdmiimtraHon in the elderly. UK lỉcensed product inỉor- 
mation States that elderly patients ơeated with irìnotecan 
require tnore intensive monitoring, and that the dose 
should be chosen wdth care. us licensed product inĩorma- 
tion reports that exposure to the active metabolite SN-38 
is increased by about 11 % in patients aged 65 years and 
older compared with younger patients. No change in  the 
initial dose is recommended for elderly patients given 
weekly iiinotecan, but in  those given the 3-weekly sche- 
dule, a lower initial dose is recommended in patients 70 
years and older based on dinical toxidty with this sche- 
dule (although the phannacokinetics of this schedule have 
not been studied in a geriatric population). A revietv1 
íound that delayed diarrhoea was increased in elderly 
patients, although response rates appear unaHected by 
age. Whiie there were no data to support a spedfic dose 
modificaúon. it vvas recommended that those older than 
70 years, those with previous pelvic irradiatioa o r those 
vvith poor periormance status, be treated with reduced 
initial doses.

ỉ. Lichtman SM, tí ai. International Sodety oỉ Geriatric Oncology 
Cheraotherapy Taskíorct: evaluation of chemotherapy ỉn older 
patỉents—an analysis oí the medỉca) Uterature. J ơin Oncol 2007; 25: 
1832-43.

Administration in hepalic impairment. In patients with 
hyperbilirubinaemia, the dearance of irínotecan is 
decreased, exposure to the aa ive metabolite SN-38 is 
increased, and the risk of haematological toxidty is 
increased. us licensed product iníormatỉon recommends a 
reducũon in the initial dose of irinotecan for those patients 
with increased bilirubin concentrations. Hovvever, doses in 
patients vvith bilirubin greater than 2 mg per 100 mL can- 
not be determined due to insuffident data.

In the UK. Iicensed product inlormation recommends the 
following dosage reduction for monotherapy regimens in 
vvhich irinotecan hydrochloride is normally given at 
350mg/m2 every 3 weeks (see Uses and Adrainistration, 
p. 812Ĩ3):
• in patients wiĩh bilirubin up to 1.5 times the upper limit 

of normal range (ULN): no dosage reduction is 
considered necessary and irinotecan hydrochloride 
350mg/m2 is recommended;

• in patients with bilirubin ranging from 1.5 to 3 times the 
ULN: irinotecan hydrochloride 200 mg/m2 may be given;

• in patients with bilirubin over 3 times the ULN: the use of 
ữinotecan is not recommended.

Administration in nenal impairment. UK and u s  licensed 
product intormation State that ũỉnotecan Is not recom- 
mended o r should be used with caution in patients with 
renal impairment due to a lack of data; creatínine dear- 
ance was reported1 to be inversely related to the risk of 
severe neutropenia in  one study. us licensed product 
ỉníonnation States that irinotecan is not recommended for 
use in  dialysis. However, there is a report of its use in a 
colorectal cancer patìent on long-term haemodialysis;2 the 
initial intravenous dose used was ữinotecan 50mg/m2 
vveekly for 3 vveeks, repeatéd after a rest period of 1 week. 
This dose was well tolerated, and irinotecan was increased

to 80mg/m2 aíter 2 cyđes. Pharmacokinetic study showed 
a lower apparent dearance and a higher maxúnum con- 
cemration of the active metabolite SN-38, compared wlth 
patients with normal renal hmction. The authors con- 
duded that an initial dose o! 80 mg/m2 (about Yì of the 
Standard dose) given weekly for 3 weeks foflowed by a 
rest period of 1 week might be ỉeasible in patients with 
end-stage renal íailure.

1. de Jong FA. tí a i Renal tunctíon a$ a predỉctor of ỉrỉnotecan-ìnduced 
neucropeiìia. ơin Pharmacol Ther 2008; 84:254-62.

2. Czock D, tí al. ỉrỉnotecan ỉn cancer patients vvíth enđ-stage renaỉ ỉaiỉure. 
Ann Phamacother 2009; 43: 363-9.

Adverse Eíỉects, Treơtment, and Precautions
•For general discussions, see Antìneoplastícs, p. 726.1, 
p. 730.2, and p. 732.2. Neutropenia and diarrhoea may be 
dose-Iimitíng in patìents given ũinotecan. The nadir of the 
vvhite cell count usually occurs about 8 days aíter a dose, 
with recovery by about day 22. Leucopenia and anaemia 
also occur and, less commonly, thrombocytopenia. 
Complete blood counts should be monitored weekly during 
treatment. Those who are homorygous for the uridine 
dìphosphate glucuronosyltransíerase allele UGT1A1*28 are 
at increased risk of neutropenia (see Genetic Factors, 
below). Radiotherapy also increases the risk of myelosup- 
pression. Treatment should be vvithheld until neuttopenia 
recovers to at least grade 1, and íurther doses reducẽd for 
severe haematological toxidty.

Nausea, vomiting, and diaưhoea are common with 
irỉnotecan, and can be severe. Acute diarrhoea, occurring 
within 24 hours of a dose, may be part of a ữansient 
cholinergic syndrome which can also indude svveatíng, 
hypersalivation, abdominal cramps, lachrymation, miosis, 
conjunctivitis, vasodilatation, hypotension, chills, and 
dizziness. These symptoms can be comrolled with atropine. 
However, a more severe, prolonged diarrhoea may occur, 
beginning more than 24 hours after a dose, and can be liíe- 
threatening; prompt management with high-dose loper- 
amide and fluid replacement is required (see Effects on the 
Gastrointestinal Tract, below), and ữinotecan ưeatment 
should be interrupted and any turther doses reduced. 
Elderly patients, women, those wh'o'have had abdominal or 
pelvic radiotherapy, those w íth pre-existmg hyperleucocy- 
tosis, and those with poor períormance status are at 
increased risk of diaưhoea. There is also an increased risk of 
iníection and haematological toxidty in patìents vvith severe 
diarrhoea. A prophylactic antibacterial should be given ư 
there is diarrhoea and severe neutropenia (neutrophil count 
< 500 cells/mm5) or íever. Dehydration can occur and in 
severe cases has led to acute renal íailure, hypotension, and 
cardio-drculatory íailure. Other gastrointestinal distur- 
bances indude toxic megacolon, colitis induding typhlitis, 
ischaemia, and ulceration, leading to haemorrhage, 
ọbstruction, and perỉoration. Pseudomembraneous colỉtis 
has also been reported. Irinotecan should not be given to 
patients with inũammatory bowel disease or bovvel 
obstruction.

Other adverse e ííeas ind u d e  hiccups, weakness, 
reversible alopeda, skin reactions, pancreatitis, and 
increases in ỉiver enzymes, bilirubin, creatínine, amylase, 
and lipase. Lỉver tunction tests should be carried out at 
baseline and beíore each cycle. Hypertension has occurred 
rarely during or aíter inỊusion. There are rare reports of 
hypersensitivity reactions induding anaphylaxis, mild 
injeaion site reactions, transient speech disordeis (dysar- 
thda), muscular contraction or cramps, and paraesthesia. 
Interstitial lung disease wìth pulmonary inliltrates is 
uncommon during irinotecan ưeatment, but can be íatal; 
patients with risk íactors should be closely monitored. li 
symptoms such as dyspnoea, cough, and fever occur, 
irinotecan and any o ther chemotherapy should be 
vvithheld, and stopped permanently if interstitial lung 
disease is diagnosed.

Thromboembolic events have occurred, induding myo- 
cardial ischaemia and iníarction, cerebral iníarction, 
pulmonary embolism, arterial thrombosis, angina, and 
vascular disorders.

Severe toxidty restilting in an  increased number of 
deaths has been reported when irìnotecan was given with 
Auorouradl and íolinic add  (see under Interactions, 
p. 814.1).

Effeds on the gastroỉntestinal tract. Acute diarrhoea occur- 
ring as part of a cholinergic syndrome with irinotecan is 
rarely severe. The syndrome is usually treated or pre- 
vented with atropine, but pretreatment with hyosdne 
butylbromide has alsọ been tried.u  In cọntrast deUtytd 
diarrhoea .cạn be dose-limiting or even íataỉ in somé 
pạtients. Standard tteatm ent involves ílụid and electtoỊyte 
replacement and a high-dose loperamide regimen consist- 
ing of 4mg Ioperamide immediately after the fint loose 
stool, then 2mg every 2 hours until 12 hours after the last 
liquid stool. Dụnng the night, the patient may take 4mg 
every 4 houn. The high-dose therapy should not be given 
for more than 48 hours and should never be gíven pro-

phylactỉcally. SpedĐc recommendations3 State that u  the 
diaưhoea persists for more than 24 hours despite loper- 
amide therapy, patients should also take an  oral Đuoroqui- 
nolone for 7 days. If the diarrhoea persists for more than 
48 hours, patients should be hospitalised for parenteral 
hydration. Other ơeatments have been tried, mduding 
acetoiphan, activated charcoal, budesonide. glutamine, 
and octreotìde.2-4"9 A regimen of thalidomide with irinote- 
can has been reported to have a striking lack of gasưoin- 
testinal adverse eữects such as diarrhoea and nausea.2-10 
Hovvever, a pharmacokinetíc study ỉound no decrease in 
gastrointestinal toxidty when these 2 drugs were given 
together, see Thalidomide, unđer Interactions, p. 814.2.

Dianhoea may be caused by d irea intestinal damage due 
to SN-38, the active metabolite of irinotecan; reduction of 
intestinal SN-38 concentrations using the poorly absòrbed 
aminoglycoside neom ydn as prophylaxis was reported to 
ameliorate diarrhoea in 6 of 7 patients who had this adverse 
effect.11

1. Zampa G. Magnolã E. Premedỉcatỉon for irỉnocecan. J ơin Oncoỉ 2000; 
18: 237.

2. Yang X, tí ai. Novel agents that potentỉaỉỉy ỉnhibit irinotecan-ỉnduced 
dỉarrhea. CurrMedơum 2005; 12: 1343-58.

3. Rotbeoberg ML. tí al. Mortalỉty assodated with iĩỉnocecaa pỉus boỉus 
Auorouraciỉ/leucovorin: sununarý Snđlngs oỉ an iadependent panel. J 
ơin Qncol 2001; 19: 3801-7.
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CPT-11 ỉnduced diarrbea. ĩnvat NewDrugs 2001; 19: 341-3.

9. Michaeỉ M, tí ai. Phase n snỉdy of ạctivatcd charcoal to prevent 
ứinotecaỉi-induced diarrhca. J ơin OĩKOỈ 2004; 22: 4410-17.

-10. Govỉndarajan R. tí ai. EStct of dulỉdomỉde on gastroỉntestỉnal toxic 
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Genetic íactors. Irinotecan is hydrolysed to SN-38, an 
active metabolite, which is inactìvated by glucuronidation 
by uridine dipbosphate glucuronosyltransíerase (UGT) 
enzymes.' Genetic variation in the UGT ỉamily may affect 
irinotecan pharmacodynamics. Although UGT1A1*28 
polymorphism appears to be only One of several identìũed 
causes of altered SN-38 pharmacokinetlcs,1'2 it has been 
sưongly associated with the development of severe neu- 
tropenia, and genotyping has been proposed as a method 
of identUying patíents at xisk of severe toxidty from irino- 
tecan.5-9 Hovvever, genotyping does not p red ia íor all toxi- 
dties, and a signiBcant assodatỉon between the 
UGT1A1*28 homozygous genotype and diarrhoea has not 
been proven. Furthermorẽ, a nõrmal ƯGT1A1 genotype 
does not ensure lack of toxidty, although the risk is less; 
the possibility of underdọsing in those with the normal 
genotype may need to be considered.5 Despite these lim- 
itations, it has been suggested that every patìent receiving 
irinotecan for the first time be tested for UGT1A1 geno- 
type.5

Licensed produa iníormation ìn the USA States that 
reduced initial doses should be considered for patients 
known to be homozygous for the UGT1A1*28 allele; 
however, the most appropriate dose reduction in the 
homozygous population is unknown. Some have suggested 
an initial 20% dose reduction, with escalation to full dosage 
in subsequent courses in the event of little or no toxidty.’ A 
prospective study6 lound that the UGT1A1*28 genotype 
(homozygous or heterozygous) vvas signiũcantly associated 
vvith haematological toxidty, but only during the first cycle 
of irinotecan-containing chemotherapy. This called into 
question the need for a dose reduction in irinotecan for 
patients vvith this genotype, particularly since homozygous 
patients showed a ưend to improve dinicaỉ response. A 
study in paediatrìc patients7 íound that, íor low-dose, 
proưacted schedules of írinotecan (doses ranged írom 15 to 
75 mg/m2 daily, given either intravenously or orally, for 5 
days, Ior2 consecutìve vveeks), UGT1A1 genotyping vvas not 
a usehil prognostic indicator of severe toxidty. A similar 
lack of inlluence of UGTĨA1 genotype was seẽn in  adults 
given a lovv-dose regimen íor metastatic colon cancer.* A 
mèta-analysis’ íound that the risk of haematological toxidty 
was sừnilar íor all genotypes at lower doses of irinotecan. 
The authors suggested that at Iow doses of irinotecan, 
dedsions about treating individual patients could be. made 
according to  Standard dinical practìce, whereas genotype- 
based dedsions were advisable at higher doses. Many 
srudies on so-called 'irinogenetics' ■ have been con- 
ducted.10-11 One such study11 examined42 common genetic 
variants, as well as some non-genetic variables. UGT1A1*93 
was íound to be a strong predictor for neutropenia, and drug

The Symbol t  denotes a preparation no longer actively marketed
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transporter polymorphisms may also have a signiíicant 
impact on irinotecan phannacokinetics and phannacody- 
namics. Non-genetic ỉactors vvere also found to be 
significant; íemales were more prone to neutropenia, for 
example, and total bilirubin may also be a íactor." Since 
smoking and o ther medications can also inlluence 
irinotecan disposition, it has been asked vvhether the 
diug-elimination phenotype needs to be ascertained, rather 
than genotype aĩone, and vvhether too m any genes are 
involveđ in drug elimination ỉor genotyping to be oí 
practical dinical use. However, hư ther studies might 
eluddate a drug eliminatíon genotype vvith relevance for 
other drugs, not only irinotecan.12

1. Paoluzzỉ u  tí aỉ. InQuence oỉ genetic vartenỉs in UGTiAl and UGT1A9 
on the in vivo glucuronỉdadon of SN-3S. J ơin Pharmacol 2004; 44: 854- 
60.
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ihe sky? J ain ồncoỉ 2009; 27:2578-9.

Porphyría. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Centte (NAPOS) and 
the Porphyria Centte Sweden, dassihes irinotecan as prob- 
ably not porphyrinogeniq it may be used as a drug of first 
choice and no precautions are needed.1

1. The Drog DaLab.se for Acute Porphyria. Av.iUble ac hnp://mvw. 
drugs-porphyria.org (accessed 26/0S/11)

Interactìons
Irinotecan is partly metaboỉised by cytochrome P450 CYP3A 
isoenzymes. Inducers of this System su ch as carbamazepine, 
phenobarbital, or phenytoin reduce exposure to irinotecan 
and itis active metabolỉte SN-38; use with St John's Wort is 
contra-indicated. Conversely, mhibitors of this System such 
as ketoconazoỉe increase exposuré to irinotecan and SN-38; 
ủse with ketoconazo!e is contra-indicated.

Antìdepressants. In a . smaU, CTOssover study1 of cancer 
patients, use oí St Jokn's wort durìng ữinotecan therapy 
was ỉóunđ to decrease plasma concentrations of SN-38, 
the active metabolite of innotecan. Myelosuppression was 
also reduced with this combinatíon. The interaction is 
thdught to be due to the induction oí the cytochrome 
P450 isoenzyme CYP3A4 by St John’s wort.

1. Mathijssen RHJ, a  ttl. EBecls oí SL John's wort on Irinorccan 
metabolỉsm. J Naú Caneer ỉnst 2002; 94:1247-9.

Antineoplastics. Although previously reported to be eữec- 
tive, and not assodated with excessive toxidty,1 a regimen 
of irìnotecan with bolus Ịluorouraãl and ỉolinic add was 
ỉound to be assodated with an excess o{ early deaths in 2 
ĩurther studies, which were consequently terminated.2 
Deaths w ere assodated with a variety of events induding 
dehydration (due to diarrhoea, nausea, and vomitỉng), 
neutropẹnia, and sepsis. It has been suggested that use oí 
irinotecan w ith ũuorouradl by continuous inhision might 
be better tolerated,3’4 and a small study5 ỉound that Ă e 
sequence may be important. Irinotecan ỉoUovred by an 
ỉnfusion of Auorouradl over 48 hours, was assodated vvith 
less dose-Ibnitìng toxidty, and higher roaximum tolerated 
doses, than Huorouradl iníusion ỉollovyed by ũinotecan.

Sorạfenib may increase systemic exposure to  ữinotecan.
Gtfitínib has been used to increase the bioavailability of 

oral irinotecan, see under Administration, p. 813.1.
1. Saỉtz LB, tí  aỉ. Irinotecan pỉus ũuorouradỉ and leucovorỉn ỉor meusutỉc 

còlorectaỉ cancer. N Engl J Mtẩ200Q: 343: 905-14.
2. Sargent DJ. tí ai. Recommendadon ỉor cauĩỉon wỉth irỉnotecan. 

AuõnniradL and leucovorin íor coioreoal cancer. N En$ỉ J Meấ 2001; 
345: 144-5.
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Suorouratíl and leucovorin for colorectal cancer. N En$Ị J Med 2001; 
345: 145-6.

4. Van Cutsero E  tí ai. Toxidty oi irinotecan in patients with colorectaỉ 
cancer. N Ertỹt J  Med 2001; 345: 1351-2.

5. Falcone A, tí ai. Sequence eữect of ỉrùiotecan and Auorouradỉ treatment 
on pharmacokỉnetícs and toxicỉty ỉn diemotherapy-naỉve metastatic 
colorectal cancer patỉents. J ơin Oncol 2001; 19: 3456-62.

Smoking. A study íound that tobacco smokỉng signib- 
cantly aãected the pharmacokinetics and toxidty of irino- 
tecan.1 Clearance oỉ irinotecan was íaster in smokers, and 
systemic exposure to the active metabolite SN-38 (see 
Phannacokinetics, below) was almost 40% lower in smo- 
kers. This eừect prọbably contributed to the signiScantly 
lovver haematological toxidty seen in  smokers; no signiíĩ- 
cant dưíercnce in  diarrhoea was seen between smokers 
and non-smokers. Smoking may induce cytochrome P450 
isoenzymes, or possibly affed carboxylesterase activity. 
The study did not' determbie an effect of smoking on the 
outcome of tteatm ent vvith irinotecan. Hovvever, smokers 
may need a higher dose oỉ irinotecan relative to 
non-smokers, since the lower exposure to irìnotecan and 
SN-38 may indicate a potential risk of ưeatment lailure. •

1. van der Bol J M  tí út. Cỉgarette smokỉng and irỉnotecan ưeaonent: 
phannacokỉnetic interactíon and eỉíects on neuưopcnia. J ơin Oncoỉ 
2007; 25:2719-26.

Thalidomide. A pharmacokinetỉc study found that the 
metabolism of irínotecan to SN-38 was signiíĩcantly 
decreased by thalidomide. Despite reports of reduced gas- 
trointestinal toxidty vvhen these 2 drugs were given 
together (see Elíects on the Gasưointestina) System, 
p. 813.2), 3 out of 19 patients enrolled in the study had 
severe delayed diarrhoea alter being given irinotecan with 
thalidomide.'

1. Allegrini G, tí al. Irinoiecan in combinarion wíth thalidomide ỉn patients 
vviih advanced solid tumors: a dỉnícal study with phannacodynamỉc and 
phannacoldnetỉc evaỉuation. Caneer Chemother Pharmaoỉ 2006:58: 585- 
93.

Pharmacokinetics
Irinotecan exhibits biphasic or triphasic pharmacokinetics, 
w ith a terminal balí-life oỉ about 14 hours. Aíter 
inơavenous doses it is hydrolysed by carboxylesterase in 
body tỉssues to active SN-38 (7-ethyl-10-hydroxycamp- 
tothedn), which has a biphasic elimination proGle vvith a 
tenninal haU-liỉe of about 14 hours. Plasma protein bindỉng 
íor irinotecan and SN-38 is about 65% and 95%, 
respectívely. SN-38 is mainly eliminated by glucuronỉda- 
tion, predominantly by the enzyme uridine diphosphate 
glucuronosyltransferase 1A1 (UGT1A1). Irinotecan is also 
partly metabolised by cytochrome P450 isoenzymes 
CYP3A4 and perhaps CYP3A5. More than 50% ôi an 
intravenous dose o£ ữinotecan is excreted as unchangcd 
drug, vvith about 30% in the íaeces Via the bile and about 
20% in the urine.

Reíerences.
1. Chabot GG. ơinỉcaỉ phannacokỉnetỉa of irinotean. Cỉin Pharmacokintí 

1997; 33: 245-59.
2. Rỉvory LP. Meubotiỉm oí CPT-11: ỉmpact on actỉvity. Am N YAead Sà 

2000;922:205-15.
3. MaihỤsscn RH. tí al. Clỉnical pbaxmacolònetìo and meubỡlism of 

IrỉndteGan (CIT-11). Qin Cancrr Ra 2001; 7: 2182-94.
4. Ma MK. McLeod HL Lessons leamed ừom the Irinotecan metaboỉỉc 

pathway. CurrMed ơưm 2003; 10: 41-9.
5. Smith NF, tí a l  Phaimacogenetỉcs oỉ irìnotecan meuboỉỉsm and 

transport: an update. Taxicoỉ In Vitro 2006; 20: 163-75.
6. Di Paolo A. tí al. Cỉinical phannacokinetics oỉ iiinoiecan-based 

dtemothenpy in colorecul cancer patỉents. Cun ơht Pharmaeơỉ 2006; 1: 
311-23.

7. Fụjiu K. Sparreboom A. Pharmacogenedcs oỉ irinotecan dìspositíon and 
toxỉdty: a review. Cun ơờt Pharmaal 2010; 5: 209-17.

Preparations
Proprietary Preparations (details are given in Volume B)

Stngle-tngrBdìent Preporotiom. Arg.: Biotecan; Camptosar; Elixa- 
no; Irenax: Irinogen; Itoxaril; Kebirtecan; Pipetecan; Satigene; 
Sibudan; Trínotecan; Winol; AustraL: Camptosan Austria: 
Campto; Belg.: Campto; Irinosin; Braz.: Biotecan; Camptosar; 
Irenax; Irinolibbs; Imocam; Ironotel; Proto-Itecan; Tecnotecan; 
Canad.: Camptosan chile. Camptosan Linatecan; Chimr. Ai Li 

Campto (Ĩtn-ỈẼ); Cz.: Campto; Canri; Irinoxin; Rỉemid; 
D e n m Campto; Irinosort; Fin.: Campto; Fr.: Campto; Ger.i 
AxữioteCctn; Campto; Irinomedac Irinotesin; Riboirino; Gr.x 
Biotecan; Campto; Irinocan; Iritec Mizantrone; Santadl; Vĩnte- 
can; Hortg Kong: Campto; Irinotesin; Hung.-. Campto; Tekazol; 
Itutia: IrinoteL- Imocam; Indon.: Campto; Imocam; /r i : Camp- 
to; Israel'. Campto; Irinomed; ItaL: Campto; Jpm  Campto; 
Topotedn; Malaysia: Campto; Imocam; Mex.: Camptolemt; 
Camptosan Daritex A; Iraplax; Itoxaril; Terican; Neth.: Campto; 
Cetomedica; Iricam; Iriteq Jovadolin; Narimed; Xavetta; Norw.: 
Campto; NZ: Camptosan Irinoccord; Phũipp.: Campto; Irican; 
PoL: Campto; Irinotesin; PorL: Campto; Faultenocan; Irkan; 
Rus.: Camptera (Kavurrepa); Campto (KaMnro); Camptotecan 
(KaMmoTexaH); Iriten (HpureH); Imocam (HpBoicaM); S-Afr.: 
Campto; Irinotas; singapore. Campto; Irinotesin; Spain: Camp- 
to; SwetL: Camptot; Switz.i Campto; Thai.: Campto; Irenaxt; 
Irinữt; Irinoll; Irinotel; Iiinotesia* Turk.: Campto; binocam; 
Tekamen; UK: Campto; Ukr.: Campto (Kasurro); Imocam 
(IpHOKau); USA: Camptosar; Veneỉ.: Camptosan Elỉnatecan.

Pbormocopoeiol Prepurolions
USP 36: Irinotecan Hydrochloride Injection.

Ixabepilone IUSAN, riNNi 
!ẤzaepotHiỉone B;"ỂM5-24755&01; Ixábepilona; Ixabépilorĩt; : 
Ixabepllonúm; IdKcaỗennnbOH.

■ (1 S3S,7S;,10Ĩ?,Ì1 S,12S,16R)-7,1 l-Dihydròxy-8,8,10,12,16-per ■ 
1íarneth'yl-3-t{Ì£)-lTmethyl-2-(2-methylthia2ol:4-yl)ethenyC- 
17ri3xa-4-àzàbicýdo[14.1.0]heptadecane5,9-dione. 
C27H«N2O5S=506.7 ■
CAS — h'998944-l.,
ATC — L01DC04. ■ .
ATCVet — QL0ĩDCÒ4. ‘
UNII —  K27005NPOA, ' ;

Uses and Administration
Ixabepilone is an analogue of the epothilone com pounỉ 
patupilone (p. 843.3) that is used ỉor the treatment ( f 
patients vvith metastatic or locally advanced breast cancer. t 
is glven as monotherapy in those vvhose tumouis a r ; 
resistant or reíractory to anthracyclines, taxanes, an 1 
capedtabine. Ixabepilone is also used with capedtabine i 1 
those whose tumours are resistant to anthracydine an 1 
taxanes, or in those with cancer resistant to taxanes, and fc r 
whom further anthracydine therapy is conưa-indicated.

The recommended dose of ixabepilone is 40 mg/m1 (to I 
maximum of 88 mg) given by inưavenous iníusion over I 
hours every 3 weeks. Ixabepilone is diluted vvith a suitabl: 
ínỉusion ílúid (pH 6 to 9), sũch as lactated Ringei^s solutior, • 
to a final concentTation of 200 to 600 mìcrogiams/mL be ío r: 
inỉusion.

Doses are adjusted for toxidty. If moderate or sever: 
neuropathy, or any severe toxidty (other than neuropathy I 
occurs, the dose should be deỡeased by 20%. If sever *. 
neuropathy lasts 7 days or more, or any disabling toxidt r 
occurs, therapy should be stopped. lỉ the neuơophil coun t 
íalls below 500 cells/mm3 for 7 days or more, ư platelets fall 
belovv 25 000cells/mm3 (or below 50 000 cells/mm3 vvitli 
bleeding), or if íebrile neuơopenia occurs, the dose should 
be decreased by 20%. Ií toxidties recur, an addidonal 20% 
dose reductíon should be made. Patìents should not begin a 
new  cyde of treatment unless the neutrophil count is at 
least 1500 cells/mm3, the platelet count is at least 
lOOOOOcells/mm3, and non-haematological toxidties have 
improved to grade 1 (mild) or resolved.

Doses are also adjusted in hepatic impaứment (see 
Admỉnistration in Hepatic Impainnent, belovv).

Use of sưong inhỉbitors of CYP3A4 should be avoided 
with ixabepilone. Ií no altemative is available, a dose 
reduction of ixabepilone to 20m g/m J should be considered 
Once the inhibitor ỉs stopped, a vvashout period of about 1 
week should be allovved beíore the dose of ixabepilone i: 
increased back to the orỉginal dose.

Use of strong CYP3A4 inducers should also be avoidec 
with ixabepilone, but il they must be used, the dose o 
ixabepilone may be gradually increased up to 60mg/m2 
increased doses should be given as an inưavenous inbisior 
over 4 hours. Once the inducer is stoppcd, ixabepilonc 
should be reduced to the original dose.
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Administrotíon in hepatic impairment. Ixabepilone and 
capedtabine combinatìon therapy is contra-indicated in 
patients with aspartate aminoưansỉerase (AST) or alanine 
aminotransíerase (ALT) greater than 2.5 times the upper 
limit of nonnal (ULN), or in those with bilirubin greatei 
than the ULN. Patients with values equal to or belovv 
these Sgures may be given the Standard dose of ixabepi- 
lone.

In monotherapy, the íollovving doses of ixabepilone may 
be given:
• mild; AST and ALT up to 2.5 times the ULN, and normal 

bilirubin: 40 mg/m2 or AST or ALT equal to or less than 
10 times the ULN and bilirubin equal to or Iess than 1.5 
times the ƯLN: 32 mg/m2

• moderate; AST and ALT equal to or less than 10 times the 
ULN and bilirubin greater than 1.5 times the ULN, but 
equaỉ to or less than  3 times the ULN: patients should be 
started at 20m g/m 2, and the dosage in subsequent cydes 
escalated up to, but n ot exeeeding, 30mg/m2 u  tolerated

• severe; AST or ALT greater than 10 times the ULN or 
bilirubin greater than  3 times the ULN: not recom- 
mended

Data are Limited for patients with a baseline AST or ALT 
greater than 5 times the ULN.

All cross-references reíer to entries in Volume A
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Adverse Effects, Treatment, and Precautions
For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2

Peripheral ncuropathy is conunon with ixabepilone, but 
is generally reversible. Dose reduction, or delayỉng or 
stopping treatm ent may be necessary (see Uses and 
Administradon, p. 814.3). Dose-dependẽnt myelosuppres- 
sion can occur, maniíested mainly as neutropenia; íebrile 
neucropenia and fatalỉtíes have been reported. Frequent 
blood counts are recommended. Ixabepilone is ỉormulated 
in polyoxyl castor oil and should be avoided in patients 
hypersensitìve to this substance; patients should be 
premedicated vvith a histamine Hi-and histamine H2- 
antagonist about 1 hour betore iníusion. Therapy should be 
stopped ư a hypersensitivity reaction occurs, and sympto- 
matic ưeatm ent given. Subsequent cydes may be given 
with additional corticosteroid therapy, and extension of the 
iníusion time should be considered.

Cardiac adverse eữects such as hypotension, myocardiaỉ 
ischaemia, myocardial iníarcdon, arrhythmias, ventricular 
dysỉunctíon, and cardiomyopathy have been reported. 
Caution is advtsed in  patients vvith a history of cardiac 
disease and therapy may need to be stopped ư cardiac eữects 
occur. ESects on the respiratory System indude dyspnoea, 
cough, pneụmonitis, pulmonary oedema, and respixatory 
{ailũre. Increases in hepatic enẼymes, jaundice, and acute 
hepadc (ailure have occurred, as has renal íailure.

Other adverse eữects indude gasưointestínal distur- 
bances, anorexia, myalgia, arthralgia, Eatigue, alopeda, 
insomnia, headache, taste disorders, dizziness, increased 
lachrymation, hot ũushes, nail disorders, skin disorđers 
induding rashes, erythema multưorme, palmar-plantar 
erythrodysesthesia syndrome, pruritus, and skin exíoliatíon 
or hyperpigmentation, renal calculi, electrolyte distur- 
bances, coagulopathy, cognitive disorders, syncope, throm- 
botic or haemorrhagic events, and vasculitis.

Interactions
Ixabepilone undergoes extensive metabolism by cyto- 
chrome P450 isoenzyme CYP3A4. Inhibitors of CYP3A4, 
such as ketoconazole, can increase exposure to ixabepilone. 
Conversely, CYP3A4 inducers can reduce exposure to 
ixabepilone. Use of ixabepilone vvith sưong inhibitors or 
inducers oi CYP3A4 should be avoided. ư  sưong inhibitors 
are used, dose adịustments may be required (see Uses and 
Administration, p. 814.3). Grapetruit juice may also 
increase plasma concentiations of ixabepilone and shouỉd 
be avoided. St John 's vvort may decrease plasma 
concentrations of ixabepilone unpredictably and should 
also be avoided.

Pharmacokinetìcs
Ixabepilone is extensively distributed. Plasma protein 
binding is about -67 to 77%. It is extensỉvely metabolised 
in the liver, mainly by óxidation via cytochrome P450 
isoenzyme CYP3A4. It is elũninated mainly as metabolites; 
about 86% of a dose is eliminated vvithin 7 days, 65% in 
ỉaeces, and 21 % in the urine. The terminal elimination half- 
Iiíe is repotted to be about 52 hours.

Preparatíons
Proprietory Preparations (details are given in Volume B)

Sngle-ingredient Preporatíons. Arg.: Ixempra; Chile. Ixempia; 
Fr.: Ixempraỷ; Israel: Ixempra; NZ: Ixempra; singapore. Ixem- 
pra; Switz.: Ixempra; Thai.: Ixempra; USA: Ixempca.

Lapatinib Tosilate IHNNMI 
GW-5720Í6F; Lapatinib Ditosylate (USAN); Lapatiniò, Tosilate 
de; Lapatinibi Tosilas; Tosilato de lapatinib; /lanaTMHMÕa 
T03M/iáTV •
/V-{3-Chloro4-[(3-fluorobenzyl)oxy]phenyl}-6-[5-({[2(methyl- 
sulfonýl)ethyl]amino}methyl)furan-2-yl]quinazolin-4-amine 
bis^methylber^enesulíonate) monohydrate. 
C 2 tó lF r t ío 4S,2C,H80 3S,H20=943.5 ; ■
CAS \— 231277-92-2 (lapatìnib); 388082-78-8 (lapạĩinib 
toềatẻ). ' . . ỉ .
UNII — G873GX646R

Uses and Administration
Lapadnib tosilate is a dual tyrosine kinase inhibitor directed 
against tw o members of the hum an epidermal growth íactor 
receptor tamily, namely epidermal growth {actor receptor 
(EGFR; ErbBl) and human epidennal receptor type 2 
(HER2; EtbB2). Lapatinib is used ỉn the treatment of breast 
cancer (p. 702.1) that overexpresses HER2, either with 
capedtabine (p. 757.3) in patients with advanced or 
metastatic dỉsease who have had previous therapy induding 
an anthracydine, a taxane, and trastuzumab, or, in  some

countries, with an aromatase inhỉbitor in postmenopausal 
women vvith hormone-receptor positive metastatic disease.

Doses oỉ lapatinib tosilate are expressed in tenns of the 
base; lapatinib tosilate 405 mg is equivalent to about 250 mg 
of lapatinib. It is given orally, at least one hour beíore or one 
hour after íood. Antineoplastic dose regimens may be complex 
and doses of a drug may differ widely. For wamings and 
recommendatíons regarding the saỊe prescribing, dừpensing, and 
use oỊoral antineopỉastic drugs, see Adminừtration, p. 732.3.

vvhen given with capedtabine, the recommendeđ dose 
of lapatinib is 1.25 g once daily on days 1 to 21 of a 21-day 
cyde. Capedtabine is given at a dose oỉ 2 g/m2 daily (givẹn 
orally in 2 doses about 12 hours apart, with ỉood or vvithin 
30 minutes after íood) on days 1 to 14 of the cycle. 
Treatment may be continued until disease progression or 
unacceptabỉe toxidty occurs. Iỉ a daily dose is missed, the 
next daVs dose should not be doubled.

W hen given w ith an  arom atase inhibitor, the 
recommended dose of lapatínib is 1.5 g gỉven orally once 
daily.

Dosage shouỉd be reduced in patients with severe hepatic 
impairment (see Adminisưation in Hepatic Impaiiment, 
below). Treatment with lapatinib should be stopped in 
patients who develop a decreased left ventricular ejection 
ừactíon (LVEF); however, patients may be restarted at a 
reduced dose oỉ lapatinib aíter a minimum oỉ 2 weeks iỉ the 
LVEF recovers to normal and if the patlent is asymptomatic. 
w hen  given with capedtabine, lapatìnib is restarted at 1 g 
daily, or when given vvith an aromatase inhibitor, lapatìnib 
1.25 g daily is used. Lapatinib may need to be stopped or 
treatment interrupted u  other severe toxidties dẽvelop. 
Patịents can be restarted at the recommended dose when 
the toxidty improves. However, ư toxidty recurs, lapatinib 
should be restarted at a lower dose; when given with 
capedtabine, lapatínib is restarted at 1 g daily, or vvhen 
given with an aromatase inhibitor, lapadnib 1.25 g daily is 
used.

If use with potent inhibitors or inducers of cytochrome 
P450 isoenzyme CYP3A4 cannot be avoided, u s  licensed 
prođuct iníormation recommends dose adjustments of 
lapatinib based on phannacokinetic studies. Lapatìnib 
should be given at a dose of 500 mgdạily w hen given with a 
potent CYP3A4 inhibitor; ư  the inhibitor is stopped, a 
washout period of about 1 week should be allowed beíore 
the lapadnib dose is increased to the usual recommended 
dose. vvhen given with a potent inducer of this ỉsoenzyme, 
the dose oỉ lapa tinib should be increased gradually, based on 
tolerability. W hen given with capedtabine, lapatinib is 
titrated from 1.25 g daily up to 4.5g đaily; w hen given with 
the aromatase inhibitor letrozole, lapatinib is titrated from
1.5 g daily up to 5.5 g daily. If the inducer is stopped, the 
dose of lapatínib should be reduced to the usual 
recommended dose.

Lapatinib is also under investigation for the treatment of 
gastric cancer and head and neck squamous cell carcinoma.
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Adminislration in hepatic impairment. u s  licensed pro- 
duct iníormatlon States that systemic exposure to lapatinib 
aíter a single 100-mg oral dose inaeased by about 14% 
and 63% in subjects with moderate (Child-Pugh Class B) 
and severe (Child-Pugh Class C) hepatic impairment, 
respectively, w hen compared with healthy control sub- 
jects. Caution ís advised when lapatinib ís given to patỉents 
with severe hepatic impairment. Oral doses should be 
reduced; when given with capedtabine, lapatinib is 
reduced to 750 mg daily, or when given with letrozole, a 
dose of lapatinib 1 g daily is used. However, 'licensed pro- 
duct iníormation wams that there are no dinical data 
with thls dose adjustment in  patients with severe hepatic 
ìmpaữment.

Adverse Effects, Treatment, and Precautiọns
The most common adverse eHects of lapatinib tosilate are 
gastrointestinal disturbances, dermatologỉcal reactions su ch 
as palmar-plantar erythrodysesthesia and rash, and ỉatigue. 
Diarrhoea may be severe and dose-limiting. Deaeases in left 
ventricular ejection ừaction (LVEF) have been repotted 
vvith lapatinib, usually vvithin the flrst 12 weeks of 
treatment. LVEF shouỉd be evaluated in all patients beíore

therapy is staned, and periodically evaluated duxing 
treatment. Prolongation of the QT interval has also been 
reported, and lapatinib should be given with caution to 
those patients with relevant risk ỉactors such as hypokal- 
aemia or hypomagnesaemỉa, congenỉtal QT prolongation, 
use of antiarrhythmics, or cumulative high-dose anthracy- 
d in e  therapy. Other reported adverse eữects indude 
stomatitis, mucosal inũammation, pain in extremities, back 
pain, dyspnoea, insomnia, epistaxis, aỉopeda, nail dlsorders 
such as paronychia, and hypersensitivity reacúoas indud- 
ing anaphylaxiỉ. Lapatinib has been assodated vvith 
interstitial lung disease and pneumonitis, and treatment 
should be stopped if severe pulmonary symptoms develop. 
Hepatotoxidty has occuired and may be severe; deathshave 
been reported. Liver hinction should be monitored beíore, 
and every 4 to 6 weeks during, ữeatment. ư  severe 
hepatotoxidty develops during ữeatment, lapatinib should 
be permanently stopped. Lapadnib should be given with 
caution to those with pre-existing severe hepatic impair- 
ment; doses may need to be reduced.

Effeds on (he heart. A pooled analysũ1 oi da ta hom  44 
studies, involvlng 3689 subjects given lapatimb, íound 
that asymptomatỉc changes in ventricular ejection haction 
occurred in 53 cases and symptomatic events in 7 cases; 
there were no caidiac deaths attributed to the drug. Òf the 
symptomatic cases 5 were receiving monotherápy and 2 
were also taking lettozole or paditaxel. Symptoms, which 
induded dyspnoea, heart íailure, or palpitations, lasted ỉor 
2 and 6 weeks respectively in 2 padents who recovered 
íully, and one of these patients subsequendy restarted 
lapatínib ơeatm ent. Of the remaining 5, 2 dieđ due to dis- 
ease progression (induding one in  whom lapatìiúb was 
not withdrawn as in the other cases), 2 had partial recov- 
ery (one of whom later restarted lapatinib), and one 
remained symptomatìc. The írequency of cardiac events 
was símilar in control patìents who did not take lapadnib, 
and there was no evidence of cumulatìve cardiotoxidty 
with the drug, nor did previous anthracydine or trastuzu- 
mab treatment seem tó increase the risk of a reactìon in 
this relatìvely small group of patìents. Despite these 
results, which suggested a reassuringly low levd of cardio- 
toxidty, the authors considered that cardiac monitoring 
every 3 months during lapatínib ưeatment should stìll be 
recommended untìl more data were available.

I. Perez HA, et út. Cardiac saícry oỉ upadnib: pooied analysis of 3639 
patỉents enroỉled in dtnical olaỉs. Mayo Cỉin Proc 2003; 83: 679-36.

Porphyria. The Drug Database íor Acute Porphyiia, com- 
piled by the Nonvegian Porphyria Cenưe (NAPOS) and 
the Porphyria Centre Sweden, dassides lapatínib as possi- 
bly porphyrinogenic it should be used only when no saíer 
altematíve is available and precautìons should be consid- 
ered in vulnerable patìents.1

1. The Drug Database ỉor Acute Porphyrta. Availabỉe at: http://www. 
drugs-porpbyna.org (accessed 27/09/11)

Interudions
Lapadnib tosilate undergoes extensive metabolism by 
cytochrome P450 isoenzyme CYP3A4. Inhibitors of 
CYP3A4, su ch as ketoconazole, can inaease exposure to 
lapatinib. Conversely, CYP3A4 inducers, such as carba- 
mazepine, can reduce exposure to lapatinib. Use of lapatínib 
with strong inhibitors or inducers of CYP3A4 should be 
avoided; u  they are to be given together, dose adjustments 
may be required (see Uses and Administraúon, above). 
Grapeíniit juice may also increase pỉasma concentratíons of 
lapatinib and should be avoided. In vitro studies indicate thai 
lapatìnib itsell inhibits CYP3A4 and CYP2C8; it should be 
used cautiously with substrates of these isoenzymcs that
h a v e  a n a r ro w  th e ra p e u t ic  in d ex .

Lapatinib is a substrate of P-glycoprotein and P- 
glycoprotein inhibitors can increase plasma concentrations 
of lapatínib. Lapatinib itseU also inhibits human P- 
glycoprotein and may in tum  increase plasma concenưa- 
tíons of drugs that are substrates of P-glycoprotein.

Reíerences.
1. Smith DA, a  al. Eỉỉecu o( tooconazole and carbamaupíne on lapatinib 

phannacoỉdnetỉcs ỉn healthy subjects. BrJ CHn Pharmứcol 2009; 67:421-
6.

Phamacokinelịcs
Absotpdon after an  oral dose of lapatinib tosilate is variable 
and incompĩete. Peak plasma concentrations occur aíter 
about 4 hours. Systemic exposure to lapatinib is increased 
when it is given with food. It is highly p ro tdn  bound. 
Lapatinib undergoes extensive metabolism, mainỊy by 
cytochrome P450 isoenzymes CYP3A4 and CYP3A5; 
CYP2C19 and c  YP2C8 account for some minor metabolism. 
The terminal haU-Ufe after a single dose has been reported to 
be about 14 houn; accumuladon with repeated dosing 
indicates an  eííectìve half-life of 24 hours. About 27% and 
14% of an oral dose is recovered in the íaeces, as parent

The Symbol t  denotes a preparatíon no longer actìvely marketed

http://www
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lapatmib and metabolites, respectively; renal excretíon is 
negỉigỉble.
Reíerences.

1. Koch KKi tí a i Eíĩects oi íood on the reỉatỉve bỉoavaỉỉabiỉity of ỉapatỉnlb 
■ ỉn cancer patients. J ơm  ữncol 2009; 27: 1191-6.

Preparatíons
Proprietary Pieparations (details are given in Volume B)

Singla ingrBdiant Preporolions. Austral.: Tykeib; Austrim
Tyverb; Belg.: Tyverb; Braz.: Tykerb; Canad.: Tykcrb; Chile: 
Tykeib; Cz.: Tyveib; Denm.: Tyveib; Fr.: Tyveib; Ger.: Tyveib; 
Õr.: Tyverb; Hong Ktmg: Tykerb; Hung.: Tyveib; ĩndơn.: 
Tykerb, Irt: Tyvcrb; Israel: Tykeib: ItaL: Tyverb; Jpn: Tykerb; 
Malaysia. Tykẽib; Mex.: Tykerb; Neth.: Tyvẽrb; Nơrw.: Tyverb; 
NZ: Tykerb; phữipp.: Tykerb; Pol.: Tyverb; Port: Tyverb; Rus.: 
TyveÃ (Taltíepỗ); Singapore. TykeÃ; Spaìn: Tyverb; Swed.: 
Tyverb; Switz.: Tyveib; Thai.: Tykerb; Turk.: Tykeib; UK: 
Tyverb; ukr.: Tyveíb (TaSaepỗ); USA: Tykerb.

L a r o m u s t ì n e  IUSAN, riNNỊ

Larómustina; Laromustinum; 101 -M; VNP-40101M; /lapoMyc-
TVÍH.
2'-(2-Chloroethyl)-N-methyl-1',2'-bi5(methylsulfonyl)carba-
'móhydraầde.'
C6HmQN3Ọ5Sì ^307.8
0 *5 — 173424:77-6.
UNIÌ—  Ỉ4J2G0U3NQ. : ; . J ' ’

NOTB. The name Cloretaãne has been used as a trade mark 
ío r larom ustine; it should n o t be coníused w ith 
chlorethazine, which is a synonym for chlotmethine 
(p. 765.1).

ProẠVe

Laromustine is an alkylating agent tha t is under 
investìgatìon íor the treatment of acute myeloid leukaemia, 
myelodysplasric syndromes, and brain cancer.
R e í e r e n c e s .

1. Pỉgneux A. Laromustinc, ề suưonyi hydrolyzỈĐg aỉkyỉatỉng prodrug for 
caõcer therapy. IDrvgs 2009; 12: 39-53.

2. Giles F, tí aỉ. Pbase ỉ  ranđomked. placebo-contrỡlled. double-blind 
scudy oí bigh-dose continuous ioỉusỉon cyurabine alone or wiih 
Uromustỉne (VNP40101M) ỉn patỉems with acute myeloid leukemia in 
fim relapse. Bbod 2009; 114: 4027-33.

3. ScbiUer GJ, tí ai. Siogle-agent ỉaroniustlne. a novd aDcyỉaõng agem. has 
signỉâcani activity in older paũents wìih prevlousìy unưeated poor-risk 
acuie myeloid leukeroia. J ũirt Oncoì 2010; 28; 815-21.

4. Vey N, GUes F. Laroreustỉne (doretarine). Exptn Opin Pharmacother 
2010; 11: 657-67.

Lenalidomỉde IBAN, USAN, HNNI
"CG5013; CDG50Í; CDC-5013; ENMD-0997; IMiD-3; Lenali- 
dọmid; Ị Lenalịdomida; Lénalidòmide; Lenalidomidum; 
JleHannflOMMfl. .
3-(4-Àmìnch1-oxo-l,3-dihydro-2H-isoindol-2-yl)piperidine'
2,6-dione./ • .• : •

■C,jH,3 ^ 3 ^ 2 5 9 3 ' :
CAS — 191732-72%.

'ATC—  LÓ4ẠXÒ4: ỷ  r  
ATC Vet —' QL04AX04."
, UNH — fOP408N6V4. . .  .
NOTB. IMiD-3 has also been used as a synonym for 
pomalidomide (p. 847.3).

Uses and Administration
Lenalidomỉde is an analogue oí thalidomide (p. 867.3) that 
has immunomodulatory and antiangiogenicpropenies. It is 
used for the treatm ent of transíusion-dependent anaemỉa 
due to myelodysplastic syndromes (p. 694.3) assodated 
with certain abnormalitìes of chromõsome 5 (deletion 5q 
abnoimalities), and is given w ith dexametbasone for 
multiple myeloma (p. 699.2) in patients who have received 
at least one prior therapy. Lenalidomide is also used for 
relapsed or reEractory mãntle cell lymphoma (p. 698.2).

Aitíũưoplastừ dose rcgimens may be complex and doses oỊ a 
drug may differ wideỉy. ĨOT wamings and recommendations 
regarding the safe prescríbing. dừpensing, and use of oral 
antíneoplastk drugs, see Adminừtration, p. 7323.

For tramíusion-dependent anaemỉa due to myelodys- 
plastic syndromes the recommended initial oral dose is 
lOmg daỉly; UK licensed product ũưonnatìon reconunends 
that this is given íor 21 days of a 28-day cyde, whereas in 
the USA it is given continuously.

For multiple myeloma or mantle cell lymphoma the 
recommended initial oral dose of lenaỉidomide is 25 mg 
daily, given íor 21 days of a 28-day qrde. In multiple 
myeloma it is given with oral dexamethasone at a dose of 
40 mg dailyon days 1 to 4, days 9 to  12. and days 17 to 20 of 
each 28-dãy cyde, for the first 4 cydes. and then 40 mg daily 
on days 1 tò 4 of each 28-day cyde thereafter.

Lenalidomide is assodated w ith signiScant neutropenia 
and thxombocytopenia, and dosage Is adjusted according to 
haematological toxinty. Doses are also adjusted for some 
other sevère toxidtiês and for renal impainnent (see 
Adminisơation in  Renal Impairment, below).

References.
1. Anderson KC. Lenaỉidomide and thaỉidomỉde: medunisim of actỉon— 

dmỉỉaritíes and difierences. Sanin Hematoĩ 2005; 42 (suppỉ 4)ỉ S3-S8.
2. Zddỉs JB, tí aL Lenaỉỉdomỉde ỉn muỉtípỉe myeỉoma: ciórem TDỈe and 

ỉuture đirectỉoas. Expert Opin Pharmacoíhtr 2010; Ỉlỉ 829-42.
3. Komrol ỉ̂ R5, List AF. Lenaỉỉdomỉde íor ưeaunem oí myelođyspỉastỉc 

syndromes; current stacus and hiture dỉrectíons. Htmatữỉ Oncol ơàt Nơrth 
Am  2010; 24: 377-88.

4. Scon Lỉ. Lyseng-Wỉlỉỉamson KA. Lenaỉidomide: a rrvỉew ữf its use ỉn the 
treatment oí reỉapsed or reừactory multiple myeỉoma. Drugs 201 ỉ; 71; 
625-49.

5. Komrokjỉ RS, List AF. LenaỉidtMnìde for treatvnent of myeỉođyspỉastic 
syndromes. Curr Pharm Da 2012; 18: 3198-203.

6. Syed YY. Scott Lỉ. LenaHdomỉde: a revỉevr oi ỉts use ỉn patỉents with 
transhidon-depenđent anaemla due to low- or ỉntermedỉate-l-rỉsk 
myetodyspUstic syndrome assodated with 5q chromosome deletion. 
Dnip 2013; 73: 1153-96.

Adminiỉtraiion in ranal impairment. Lenalidomide is 
eliminated mainly Via the kidneys as unchanged drug. 
Clearance decreases as renal íunction decreases, prolong- 
ing the halí-liíe and increasing exposure to the drug. A 
study recommended that dose adjustments be made for 
parients vvith creatinine dearance (CC) less than 
50 mL/minute; a 40% reduction to 60% of the starting 
dose was reconunended for these patients. For those with 
cc less than 30 mL/minutc, the reduced dose should be 
given at extended dosing intervals. About 30% of drculat- 
ing lenalidomide was removed by a 4-hour session of 
haemodialysis.1

Licensed product information also recommends that 
doses are adjusted according to the degree oí renal 
impaứment; moderate impairment is de&nẹd as cc from 30 
to less than 50mL/minute in UK produCT iníormatìon or 
from 30 to less than 60mL/minute in us literature, severe 
as cc less than 30 mL/nnnute, and end-stage renal disease 
as cc less than 30mL/minute and requiring dialysis. In 
patients w ith m u ltlp le  m y e lo m a  or m a n tle  cell 
lym phom a, initial oral doses are adjusted as fol!ows:
• moderate renal impalrment: lOmg once daily. In 

multiple myeloma this dose may be increased to 15 mg 
once daily after 2 cydes ư the patient is not responding to 
ưeatment, but is tolerating lenalidomide

• severe renal impairment: 7.5 mg once daily or 15mg 
every other day. In multiple myeloma this dose may be 
inơeased to ỈOmg daily it tolerated

• end-stage renal disease: 5 mg once daily; on dialysis days 
the dose should be given after haemodialysis

In m yelodysp lastíc  syndrom es, initial oral doses are 
adjusted as foỉlows:
• moderate impairment: 5 mg once daily
• severe impairment and end-stage renal disease: 2.5 mg 

once daily; on dialysis days the dose should be given alter 
haemodialysis

ỉ. Chen N, t ía l  Pharmacokinetics of lenalidomỉde in subjects wíth various 
degrees oí renal impairment and in subjectỉ on hemodỉalysỉỉ. J ơin 
Pharmacol 2007; 47: 1466-75.

Adverse Effecfs, Treatment, and Precautìons
For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

Because of potential teratogenidty lenalidomide use is 
rcstricted in women of child-bearing potential and súnilar 
precautions to thalidomide are required, see p. 869.2.

Lenalidomide is assodated with signỉỉicant neuưopenia 
and thrombocytopenia. Anaemia is also common and other 
haematological toxiãties can occur. Dose reduction OT 
delaying or stopping therapy may be needed; supportive 
therãpy such as grom h lactõrs may be necessary. Fuũ blood 
countí should be monitored at baseline, vveekly ỉor the first 
8 vveeks of therapy, and monthly thereaher. In mnltiple 
myeloma panents given lenalidomide witb dexamethasone, 
us p rodua iniormation recommends monitoríng ỉull blood 
counts every 2 weeks for the fim  12 vveeks, and then 
monthly thereaher. There is also an increased risk oỉ 
thrombotic events with lenalidomide, particularly deep- 
vein thrombosis and pulmonary embolism in multiple 
myeloma patients; prophylactic therapy may be considered. 
Haemorrhagic disorders have also occurred. Cardiac 
disorders indudìng hypotension or hypertension, arrhyth- 
mias, myocardial inlarction, and heart lailure have also 
been repõrted.

Renal lailure has been reported duríng lenalidomide 
ữeatment. Caution is advised in patients vvdth renal 
impaưment as lenahdomide is exaeted  vỉa the kidneys; 
dose adjustments may be requữed, see above. Hepatotoxi- 
d ty  has also been reported; liver ỉunction should be 
monitored.

P e rip h e ra l n e u ro p a th y , in so m n ia , h ea d ach e , 
hypoaesthesia, dizziness, and changes to mental status 
such as depression, halludnations, mood svvings, dysgeusia, 
and ơem or have occurred.

Endocrine disorders that may occur indude hírsutiỉm  
and hypothyroidlsm; thyroid íunctlon should be monitorei 1. 
Erectile dysíunction has occurred. 1

Tumour flare reactions and tum our lysis syndron e 
(p. 730.2) may be seen, and those vvịth a high tum oi r  
burden should be monitored dosely and appropriate 
precautions taken, see p. 732.2. An increased rate oỉ second 
piỉmaiy malignandes has been notéd in  some multipìe 
myeloma patients indudỉng those taldng lenaỉidomide pli s 
dexamethâsone (mainly s ũ n  cancers and solid tumoũrs , 
those taking lenalidomide plus melphalan (acute myeloi 1 
leukaemia, myelodysplastic syndromes, and solid tumours , 
or those taking lenaliđomide aíter high-dose melphalan an ỉ 
stem cell transplantadon (B-cell mallgnandes Induding 
Hodgkin's disease).

Lenalidomide has been assodated with hypersenãtivity 
reactions induding angioedema and severe skin reactions 
such as erythema multìiorme, Stevens-Johnson syndromr, 
and toxic epidermal necrolysis. lí  these are suspected, or if i 
severe, exíõliative, or bullôus rash develops, lenalidomid: 
ơeatm ent should be perm anently stopped. For o ther lonni 
of skin reaaion, lenalidomide should be withheỉd O’ 
stopped depending on the severity. Cross sensitivity ma ' 
occur in patients w ith previous hypersensitivity tu 
thalidomide, and such patients should be monitorei! 
dosely; patientỉ w ho have previously had a severe skiii 
reaction with thalidomide should not be ưeated w ití. 
lenalidomide.

Other adversc eííects indude gastrointestinal distur 
bances, pruritus, íatigue, dyspnoea, respiratory distress 
cough, interstitial pneumonitis, skin hyperpigmentation 
dry skin, hyperhidrosis, cerebrovascular acddent, pancreat 
itis, inlections such as pneum onia and herpes, alopeda 
peripheral oedema, pyrexia, electrolyte dỉsturbances, anc 
vertigo. Eye disorders include blurred Vision, initation 
cataraas, and loss of Vision. Musculoskeletal eílects indudt 
m usde cramps, m yopathy, myalgia, arthralgia, anc 
musculoskeletal pain.

Elderly paúents may be more susceptìble to  advene 
eííects.

Porphyría. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenơe (NAPOS) and 
the Porphyria Centre Svveden, dassiSes lenalidomide as 
probably not porphyrinogenic; it may be used as a drug oi 
first choice and no precautions are needed.1

1. The Drug Database íor Acute Porphyria. Available at: hnp://www 
drugs-porphyria.org (accessed 28/09/11)

Tumour fkire. Tumour ílare charaaerised by painíul lym- 
phadenopathy. and sometimes accompanied by musculo- 
skeletal pain and íever, has been reporteđ in patients 
receiving lenalidomíde for relapsed or reừactory chronic 
lymphocytic leukaemia (CLL)1'3 or for re&aCTory Hodg- 
kin’s disease.4 A lower inddence vvas noted in CLL 
patients given a low-dose continuous oral regúnen (10 mg 
once daily for 28 days, increased as tolerated by 5mg 
every 28 days to a maximum of 25 mg daily) compared 
with those given 25 mg once daily orally for 21 days of a 
28-day cyde.IJ Although serious consequences have been 
reported in some cases, induding one íatality,3 most cases 
wẽre not severe and responded to ưeatm ent w ith corticos- 
teroids or NSATDs;1'2-4 ã  reduction in  lenalidomide dose 
has also allowed continued treatm ent.4 Lenalidomide- 
induced B-cell activation has been suggested as contribut- 
ing to the reactíon.3

1. Chanan-Khan A, tt al. Clinìcil eíícacy ol lcnalidomidc in paticnu with 
relapsed or reíraciory chronic lymphocytic leukeniia: results oí a phasc n 
study. Ị  ctin Oncaĩ 200Í; 14: 5343-9.

2. Ferrajoli A. «  «/. Lenalidomidc induces complete and panial rcmissỉons 
ỉn padents wỉtb reỉapsed and reíractory chronic lympbocytic ỉeukemia. 
M  2008; 111: 5291-7.

3. Andiiuos LA. a  al. Higber doses ol lenalidomide are assodatcd yvith 
unacceptable toxỉdty ỉnduding ỉưe-ứưeatenỉng tumor flare in patíents 
ivỉth chronỉc lymphocytỉc leukemỉa. J ơòt Oncol 2008; 26: 2519-25.

4. Coraoellỉ G eĩ aỉ. Tumor ílare reactìons and rcsponsc lo lenalidomide in 
patỉents wỉth rchaaory dassic Hodgkln lympboma. Am J Hemaíol 2010; 
»5: »7-90.

Interactíons
Lenaliđomide may increase peak plasma concenưations of 
digoxin. Epoetins or other drugs that increase the risk of 
thrombosis should be used with caution in patients taking 
lenalidomide.

Pharmacokinetics
Lenalidomide is rapidly absorbed w ith peak plasma 
concentrations occuning betvveen about 0.6 and 1.5 hours 
aiter an oial dose. Giving ỉenalidomide w ith food does not 
alter the extern of absorption. Binding to pỉasma proteins is 
about 30%. About 80% o i a dose is eliminated unchanged 
through the kidneys. The m ean halí-life is 3 hours in 
healthy subjects and 3 to 5 houis in patients with multiple 
myeloma, myelodysplastic syndromes, or mantle cell 
lyinphoma. ciearancẽ decreasẽs proportionally vvith renal 
lunction. Lenalidomide is distributed into the semen in

All cross-reỉerences reíer to entries in Volume A
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small amounts, less than 0.01% of the dose, and semen- 
concenơations are undetectable 3 days aíter stopping 
tteatm ent (male patients should use barrier methods oỉ 
contraception, see Adverse Eỉỉects and Precautions, under 
Thalidomide, p. 869.2).
Reíerences.

1. Chen N. «  ãl. Distributìon of lcnaỉiđomỉde inlo semen of healthy men 
aỉter muitỉpỉe oral doses. J ơin Pharmacol 2010; 50: 767-74.

Preparations
Proprietary Prepcrrcrtions (details are given in Volume B)

Single-ingredient Preparations. Arg.: Ladevina; Austral.: Revli- 
mid: Austrúr. Revlimìd; Belg.: Revlimid; CarttuL: Revlimid; 
Chile: Revlimid; Cz.: Revlimid; D e n m Revlimid; Fr.: Revlimid; 
Ger.: Revlimid; Gr.: Revliinid; Hong Kong: Revlimid; Indiar. 
Lenangio; Lenid: Mydolen; / r i :  Revlimid; israel: Revlimid; 
ItaL: Revlimid; Malaysũr. Revlimid; Neth.: Revlừnid; Norw.: 
Revlimid; NZ: Revlimid; Phữipp.: Revlimid; PoL: Revlimid; 
PorL: Revlimid; Rus.: Revlimid (Pcanmotg); singapore: Revli- 
mid; Spain: Revlimid; SwetL: Revlimid; Switz.: Revlimid; Thai.: 
Revlinũd; UK: Revlimid: USA: Revlimid,

Lenvatinib ÍUSAN. HNNI
ER-203492-00; Lenvatĩnibum;/JeHeaTMHMố:
N-(4-[(6-Carbarnoyl-7-methoxýquinolin-4-ýl)oxy]-2-chloro-
phenylHV<yclopropylijrea. ,1
C2,H„CINÁ=426.9
CAS —  417716-92-8.
UNII — EE083865G2.

Lenvatinib Mesilate iríNNMỊ
E-7080; Lenvatinib, Mesilate de; Lenvatinib Mesylate (USAN);
Lenvatinibi Mesilas^Mesỉlato de lenvatinib; ReHBaTMHnõa
Me3wiar.
N-{4-[(6-Carbamoyl-7-methoxyquinoHn-4-yl)oxy]-2-chloro- 
pheny(H/-cyđopropylurea monomethanesulfonate. 
C2,H,9CINA,CHAS=523.0 
CÂ5 —  857890-39-2.
UNII —  3J78384F6L

Profìle
Lenvatinib is an oral tyrosine kinase inhibitor that targets 
the vascular endothelial grovvth receptor VEGFR2, and 
several other kinases involved in angiogenesis and tumour 
proliíeration. Lenvatinib Is under invesógation for the 
ưeatm ent of various solid tumours, induding thyroid 
cancer, melanoma, glioma, and endometrial cancer.

For wamings and recommendations rcgardinỊ the safe 
prescrìbing, dừpensing, and use of oral antineoplastic drugs, see 
Administration, p. 732.3.

Lestaurtinib IUSAN, IÌNNI

A-i 54475.0; CEP-701; KT-S555; Lestaurtinibum; SP-924; 
/lecraỹpTvÌHViô.
(95,10S,Í2fi)-10-Hydroxy-10-(hydroxymethyl)-9-methyl-
2,3,9,10,11,12-bexahydro-lH-9,12-epoxydiindolo[1,2,3- 
/g'3',2',1'-/c/]pyrrolo[3,4-/][1,6]benzodiazoán-1-one. 
C26H2,N304=439.5 
CAS — 111358-88-4.
UNII — D0989GC5DI.

Profile
Lestaurtinib is a tyrosine kinase inhibitor directed against 
the FLT3 receptor, that is under investigation for the 
treatm ent of acute myeloid leukaemia.

Letrozole (BAN, USAN, rlNNI ®
"CGS--20267; ■ Letrotsoli,- - tetrozol; vLétrôzole; Letrozolum,-
J le T p 0 3 0 A

4,4'-(lH-12,4-Triazol-1-ylmethylene)dibenzonitrile. 
Ct7H„N5=2853 -
C45 -  112809-51-5.
ATC —  L02BG04. . ..
ATC Vet — QL02BŨ04.
UNỊI — 7LKK8SSW8I

Pharmacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8: (Leơozole). A white or yellovvish, crystalline 
powder. Practically insoluble in vvater; sparingly soluble in 
m ethyl aỉcohol; freely soluble in dichloromethane.
USP 36: (Leơozole). A vvhite to  yellovvdsh, crystalline 
povvder. Practically insoluble in  rn te r ; slightly soluble in 
alcohol; beely soluble in dichloromethane. Store in aiitight 
containen.

Uses and Administration
LetrozoIe ís a selective nonsteroidal inhibitor of the 
aromatase (oestrogen synthetase) System, similar to 
anastrozole (p. 742.2). It is used in the treatment of 
advanced or locally advanced breast cancer (p. 702.1) in 
postmenopausal women. It may be given as neoađjuvant 
(pre-operative) therapy to those wìth localỉsed hormone- 
receptor positive disease, to allovv subsequent breast- 
conserving surgery. Letrozole is also used for the adjuvant 
tteatment of postmenopausal women with hormone 
receptor-positive eariy breast cancer; treatment is generally 
given for 5 years ot until tumour relapse occurs, although 
optimal duration of therapy is unknovvn. In postmenopau- 
sal vvomen given 3 years of adjuvant tamoxiíen for early 
breast cancer, letrozole may be used as extended adjuvant 
theiapy; treatment should continue íor 5 years or until 
tum our relapse occurs, although optìmal duration of 
therapy is unknown. The usual oral dose is 2.5 mg daily.

Reíerences.
1. Nabholtt JM, tí a i Comparative review oỉ anastroiole. lctrcnole and 

exemestane In ứic management of earỉy breast canccr. Bxpert ồpin 
Pharmacother 2009; 10: 143S-47.

2. Keadng GM. Letrozole: a review oí its use in the treatment oí 
postmenopausaỉ women wíth hormone-responsive earìy breast Canon. 
Drugs 2009; 69: 1681-1705.

3. Deỉỉapasqua s, Colleoni M. Leưozoỉe. Bxpert Opin Drug Metab Taxicol 
2010: 6: 251-9.

4. Geỉsler J. Dỉữerences between the non-steroidal aromatase inhỉbiton 
anasưozole and ietrozole—o( dỉnỉcaỉ ỉmportance? BrJCancer 2011; 104: 
1059-66

Administration in hepatic impairment. Licensed product 
information in  the ƯK and USA States that no dosage 
adjustment of leơozole is requữed íor patients with mild 
to moderate hepadc impairment (Child-Pugh category A 
and B). While letrozole is contra-indicated in  the UK in 
severe hepatic impairment (Child-Pugh category C), in the 
USA, it is recommended that the dose oí letrozole be 
reduced by 50% in those patients vvith drrhosis and 
severe hepatic impairment; the recommended oral dose 
for these patients is 2.5 mg given every other day.

Endomeiriosis. Aromatase inhibitors ha ve been investi- 
gated for the treatment of endometriosis, see tmder Uses 
o! Anastrozole. p. 742.2.

Inỉeiiiliiy. Leưozole has been investígated1'5 as an adjunct 
to assảted reproduction technologies in the management 
of iníertility (p. 2253.1). A systematic revievv and meta- 
analysis4 conduded that there was insuỉhdent evidence to 
judge the beneíits of lettozole and other aromatase inhi- 
bitors in ovulation induction, aỉthough use appeared to be 
associated vvith a higher number o{ mono-ovulatory 
cydes. A recommended regimen for intra-uterine insemi- 
nation was letrozole 2.5 mg daily from day 3 to day 7 of 
the qrde, followed by íollide-stimulating hormone from 
day 8; this might be an  attractive altematìve to the use of 
gonadotrophins because of the reduced risk of ovarian 
hypẽtstimulation syndrome and multiple gestation.
• Aromatase inhibitors such as anastrozole and leaozo!e 
ha ve been used for iníertility assodated wìth polycystic 
ovary syndrome;7 although there is not enough evidence to 
recommend them routinely for ovuladon induction, they 
may be considered in  women who have not responded to 
domưene, or vvhere other treatments are not suitable. 
Letrozole has also been tried successíully* in a male patient 
with azoospermia.

Hovvever, concems about unlicensed use have been 
raised by the Canadian manuíacturer (Novartừ, Canad.) 
because of the potential for matemal and íetal toxidty, and 
íetal m alíorm ations:9 licensed product iníorm ation 
contra-indicates the use of letrozole in premenopausal 
vvomen, and there have been reports of congenital 
anomalies in the iníants of women treated vvlth leưozole 
for iníertỉlity.

1. Healey s. tí ai. Eííccts oỉ letroiole on superovulatỉon with goiudotropỉns 
in vvomen undcrgoing inưauterine insemination. Fertiỉ suriỉ 2003; 80: 
1325-9.

2. Al-Fozan H, tí aỉ. A randomỉzed trỉaỉ of krtrozole versus donủphene 
dtrate ỉn vvomen undergoỉng superovuỉatíOQ. ĩertíl Steriỉ 2004; 82: 
1561-3.

3. Garda-VeUsco JA. tí a i  The aromatase ỉnhibitor letrozole Increases the 
coacentration oỉ ỉntraovarỉan androgens and ỉmproves in vitro 
ỉertiỉizatỉon outcome in low responder padents: a piỉot study. ĩtírtii 
steril 2005; 34:82-7.

4. Al-Fađhlỉ R, tí al. A randomized trỉal of superovuỉatíon with tvvo 
dỉfferent doses of letTOĩOÌe. FertU sterii 2006; 85:161-4.

5. Pritts EA. Letrozole ỉor ovuladon ỉnđuction and controlled ovarỉan 
byperstimulatíon. CU7T opin Obsttí Gynnoỉ 2010; 22:289-94.

6. Requena A. tíal. Reproductive Endocrínoỉogy ỉnterest Group oi Spanỉsh 
Sodety of Fertỉỉity. Use of letrozoỉe in assisteđ reprođuctỉonỉ a systematic 
revievv and meta-analyĩis. Hum Reprod update 2008; 14: 571-82.

7. Eckmann KR. Kodder DR. Aromatase inhỉbiton for ovuladon and 
pregnancy in poỉycystỉc ovary syndrome. Am  Pharmaeother 2009; 43: 
1338-46.

8. Patry G, €t a l  Use of the aromatase ỉnhỉbitor letroxole to treat male 
iníertility. FertílSteril 2009; 92:829 el-829.e2.

9. Novartis, Canada. Health Canada endoxsed importam saỉety ỉníonna* 
tỉon: contraỉndỉcatỉon of Pemara (letrozole) in premenopausaỉ vvomen 
(issued 17th November, 2005). Available aL http://wwwJic-scgc.ca/

dhp-mps/alt_íormats/hpfb-dgpsa/pdí/raeđeứ/femara_hpc-cps-eng.pdí 
(accessèd 31/07/08)

Precodous puberty. A pilot study assessing the use oỉ 
letrozole in the tteatm ent of 9 girls vvith precođous 
puberty (p. 2254.1) due to the McCune-Albright 
syndrome condnded tha t it could be an eHectíve initial 
therapy and might oHer an  altemative for those who íaỉl 
to respond to tamoxUen. Possible adverse eSects induded 
ovarian enlargement and cyst ỉormation, and hirther stu- 
dies were considered necessary.1

For a report of the eữective use of letrozole with 
bicalutamide in  the treatm ent of ỉamilial male précodous 
puberty (testotoxicosis), see Precodous Puberty, under 
Bicalutamide, p. 749.2.

1. Peuillan p, tí al. Letroxole treatment oí precođous puberty in giiis wỉth 
the McCune-Aibright syndrome: a pỉlot study. J ơin Enấoơinoi Mtíab 
2007;92:2100-6.

Adverse Effects, Treatment, and Precautìons
As for Anastrozole, p. 742.3.

Breast feeding. L ic e n s e d  p r o d u c t  ứ d o r m a t í o n  S ta te s  t h a t  i t  
is  u n k n o w n  v v h e th e r  l e ư o z o l e  is  d i s t r i b u t e d  in t o  h u m a n  
m ilk ;  i n  t h e  UK i t s  u s e  d u r ìn g  b r e a s t  ỉ e e d ỉ n g  is 
c o n t r a - in d i c a t e d  w h i l e  i n  t h e  USA a  đ e d s i o n  to  u s e  m a y  
b e  m a d e  b a s e d  o n  d i n i c a l  ju d g e m e n t .

Effecb on Mood Gpids. For a comparison of the e&ects of 
anasưozole, letrozole, and exemestane on blood lỉpids see 
under Exemestane, p. 792.3.

Effeds on the musculoskeletal System. Postmenopausal 
vvomen with primary breast cancer were reported to have 
signiẼcam decreases in bone mineral density at the hip 
and lumbar spine aíter 24 months oí letrozole therapy.1

See also Eíĩects on the Musculoskeletaỉ System, ũnder 
Anasưozole, p. 743.1.

1. Percz EA. rt à/. Effcct oỉ lcĩrozolc VCT5US pỉaccbo on bonc mmcral dcnsỉty 
In women with prinuưy biẹast cancer completing ĩ  or more yean of 
ađ]uvant tamoxũen: a companión ỉtudy to NCIC CTG MA.17. J ơín 
Ottal 2006; 24: 3624*35.

Effects on the sldn. Toxic epỉdermal neaolysis, attributed 
to Ietrozole, has been reported in a patíent with breast 
cancer who was also receiving dexamethasone and ome- 
ptazoIe.' She had been svvitched from tamoxữen to letro- 
zolc a few weeks betore the reaction occurred.

1. Chia WK. tí ai. Toxk epỉdermaỉ neooỉysis ỉn patíent wỉth breasỉ cancer 
receiving leưozole. Lancet Onool 2006; 7:184-5.

Porphyrio. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Porphyria Centte (NAPOS) and 
the Porphyria Centre Svveden, dassihes letrozole as prob- 
ably not porphyrinogenic it may be used as a drug o i Srst 
chõice and no precautions are nẽeded.1

1. The Drug Database íor Acute Porphyrỉa. AvaíUbỉe ac hctp://www. 
dnjgs-porphyria.org (accessed 05/09/11)

Interaờions

Tamoxiíen. In a study1 of postmenopausal women vvith 
breast cancer, the addition ot tamoxiỉen reduced letrozole 
plasma concentrations by a mean oỉ about 38%. but the 
effect oE letrozole on hormone concentrations was 
unchanged. The mechanism and possible dinical effea ot 
this interaction are unknovvn.

I. Domett M. et »l. Impact ol amoxilm  on tbc pbannacokỉnetia and 
endocrine eỉỉects ĐĨ the aromatase ỉnhỉbỉtor letrozole ỉn postmenopausaỉ 
women with breast cancer. ơbi Canter Ra 1999; 5: 2338-43.

Pharmacokinetics
Letrozole is rapidly and completely absorbed from the 
gastrointestinal tran. Food deneases the rate but not the 
extern of absorption. About 60% of letrozole in the 
tírculation is bound to plasma protein, mainly albumin. 
Letrozole is rapldly and extensively distrìbuted to tissues. In 
vitro data suggest that it is metabolised by the cytochrome 
P450 isoenzymes CYP3A4 and CYP2A6. Most of an oral dose 
is slowIy metabolised to an inaoive carbinoỉ metabolite, 
which is then excreted as the glucuronide ín the urine. 
Letrozole has a termínal eliminatíon halí-lữe of about 2 
days, and steađy-state concentrations occur vvithin 2 to 6 
vveeks.

Preparations
Propõelory Preparations (details are given ỉn Voiutne B)
SmgU-ingredient Preporatíons. Arg.: Cendalon; Pednole;
Femara; Kebirzob Letroíarm; Veuen; AustroL: Femara;-Fera; 
Austrio: Femara; Belg.: Femara; Braz.: Femara; Cạnạd.: 
Femara; Chữe-. Femara; Chirto: Femara (?ẾS); Fu Rui (HSI); 
Cz.: Aletro; Arotek; Attozette; Brenea; Britagal; Brỉtapons; clar- 
zole; Dracenax; Etruzii; Femara; Femtozettet; Garion; Hebctte; 
Le ra na; Lestara; Letmylan; Letride; Letrogerỷ; Letromedac 
Letrovena; Letrozette; Loosyn; Loxelza; Luro; Mamira.- Nỉnivet;

The Symbol <8> denotes a substance vvhose use may be restrirted in certain sports (see p. viii)The Symbol t  denotes a preparation no longer actively marketed

http://wwwJic-scgc.ca/
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OncoZoL' Oralet Symletrol; Trozara; Trozel; Denm.: Femar; 
Pemara; Letregio; Fin.: Feman Leưolan; Fr.: Femara; Ger.: 
Femara; Leưo-cđl: Letroarom; Leơoblock; Letromedac Gr.: 
Aramet Aromed; Femaplex' Femara; Leoncon; Letraíem; Letro- 
pen; Letrozin; Levinox; Linol; Mimor; Religan; Stelaplex; Tre- 
zon 'Vĩobresc Hong Kong. Femara: Hung.: Etnml; Famos; 
Pemara; Letromataz; Letronorm; Lexeroll; Ninívet; Picozone; 
India: Pemara; Pempro; Feofen Letocon Letoripe; Letroz; Lets; 
Letz; Letzol; Momazol' Oncolet; Oreta; Trozet; Indon.: Pemara; 
Irì.: Eiríem; Femara; Letzo; Israel: Femaia; Femozol; ItaL: 
Pemara; Jpn: Femara; Malaysia: Femara; Mex.: Peroara; Zolstro; 
Neíh.: EưuziL' Pemara; Letaiiỉt; Letĩazan; Letregio; Leưoman; 
Letromedica; LeưonoS; Letroregiozol; Letroveres; Letroón; 
Regioletrozol; Norw.: Pemar, Femara; NZ: Pemara; Letara; 
Letraccord; Phữipp.: Pemara; Hentrozole; Letoripe; Lezol; Tro- 
zet; PoL: Apo-Letro; Aromek; clarcole; Erruzil; Femara; Lamet- 
ta; Letralan; Letrodotril; Lcuoíem; Lostan Mionic Trozel; Port.: 
Cetezol; Pemara; Lambda; Loosyn; NudeusỶ; Rus.: Extraza 
(3xcrpa3a); Femara (<b«Mapa); Leưose (JIeip03a); Lettotera 
(■ĩleipoTepa); S.Afr.: Pemara; Femzole; Laradex; Singapore: 
Femara; Spain: Devazol; Femara; Galdan Loxiían; Swed.: 
Femar; Switz.: Femara; Thai.: Femara; Trozet; Turk.: Femara; 
Leưoks; UK: Femara; ukr.: Femara (<x>enapa); Letromara 
(HerpoMapa); USA: Femara; Venee.: Femara.

Pharmocopoeial Preporotỉoni
USP Ĩ6: Letrozole Tablets.

Lintuxumab irìNNi
HuM-195;Lintuzumabum; SGN-33; nMHTy3yMa6. 
Immunoglobulin GI, anti-(human CD33 (antigen)) (human- 
mouse monodonal HuM195y1-Chain), disulíide w ith 
human-mouse monoclonal HuMl 95K-chain, dimer.
CAS— 166089-32-3.

Protile
Lintuzum ab is a humanised anti-CD33 m onodonal 
antibody tha t is under ìnvestìgatìon íor the tteatment of 
myelodysplastic syndromes and acute myeloid leukaemia. 
Reíerences.

1. Felđnun EJ, et aL Phase ID randomjzed muldcenter study of a 
humanized anti-CD33 moDodonaỉ andbody. Uniuxumab. in combina- 
tìon wìih chemotherapy. versus chemotherapy alone in paiienu with 
reỉnaory or ãnt-reỉapsed acute myeloid leukemỉa. J ơín Oncoi 2003; 23: 
4110-16.

Lobapldtin IríNN)
D-19466; Lobaplatine; Lobaplatino; Lobaplatinum; /loõaruia- 
TMH.-
c/í-[fransrl,2-Cyclobutanebis(methylamine)][(S)-lactato-0', 
O^platinum; ' ;
C9H,8N20 3Pt=3973 
Ớ s — J35558-11-1.
UNII — OXSXKUD8C '

Proíile
Lobaplatin is a platinum deiivadve that is used as an 
antineoplastỉc in  the ưeatm ent of breast cancer, small cell 
lung cancer, and chronic myelogenous leukaemia. The 
main adverse effea is thrombocytopenia. Lobaplatin is 
reported to  show some cytotoxic e ííea  upon đsplatin- 
resistant cells.
Reíerences.

1. Weỉink J. et ai. Pbannacỡlđnetics and phamucodynamics oí lobaplatin 
(£>-19466) ỉn padents with advanced soỉid rnmors. ứidudỉng patiems 
wỉth ỉmpatred renal or livcr ỉunctíon. ơin Cđneer Ra 1999; 5: 2349-58.

2. McKeage MJ. Lobapỉatín: a new antitumour platínum dnỉg. Expert Opin 
brvat Drup 2001; 10: ỈỈ9-28.

3. Anonymous. Lobapỉatin: D 19466. Drugs R D 2003; 4: 369-72.
4. 2[bou B .ttũL Chemoernbỡỉứadon wiứi lobaplatín mixed with iodized oỉl 

ỉor unresectable recinrem bepatoceỉỉuỉar cardnoma afier orthotopíc 
liver transplantatìon. J Vasc Inltrv Radioì 2010; 21: 333-6.

Lomustine (BAN, USAN, rtNNI
CCNU- Lọrnũstiìnị; • LÕmustin; Lomustina; Lomustinas; 
Lomustinum; Lomũstyna; Lomúsztin, NSC-79037; RB-1509; 
WR4 39Ó17;-/l0M ỹcTM H :' 
,1-(2-Chloroethý|)-3-cydohexyM-nitrosourea. 

.€,4,60^302=233.7 ‘ • 
c « 1 3 0 ĨÍM 7 -4 . .
ATC—L0.1AD01 - 
ATC Vet^ ỌL0ĨADỌ2,
UNIÌ —  7BRF0Z8ÍKG

Pharmacopoeiaỉ. In Chỉn., Eur. (see p. vii), and us.

Ph. Eur. 8: (Lomustine). A yellow, crystalline povvder. 
Practícally insoluble in water; soluble in alcohol; ừeely 
soluble in acetone and in dichloroinethane. P ro tea from 
lighL
USP 36: (Lomustine). A yellow crystalline povvder. 
Practically insoluble in waten soluble in alcohol; heely

soluble in acetone, and in dichlorometbane. Store at a 
temperature of 2 degrees to 8 degrees.

Uses and Administration
Lomustine ũ  a niưosourea with actions and uses simỉlar to 
those of carmustine (p. 761.2). It has been used in the 
ưeatm ent of brain tumours (p. 701.2) and resistant or 
relapsed Hodgkin's disease and other lymphomas (p. 696.1), 
and also lung cancer (p. 710.2), malignant melanoma 
(p. 714.3), and various solid tumours.

When given as a singỉe agent, lomustìne ìs licensed for 
oral use in adults and children as a single dose of 120 to 
130mg/m2; division of the dose over 3 consecutive days 
may reduce gastrointestinal eííects. A dose of 100 mg/m2 
should be given to patientỉ vvith compromised bone- 
marrovv (unctìon. Doses are also generally reduced vvhen 
lomustìne is given as part of a combination regimen. 
Providing blood counts have retumed to acceptable levels, 
doses may be repeated every 6 to 8 vveeks, and should be 
adjusted according to the haematological response (see also 

Ị Bone-marrow Depression, p. 730.3).
For wamings and recommendations rtgarding the safe 

Ị prescribing, dừpensing. and use of oral antìneoplastic drugs. see 
ị Administration, p. 732.3.

Adverse Effects, Treatment, and Precautions
As for Carmustine, p. 761.3. Neurological reanions such as 
coníusion and lethargy have been reported.

Handling and disposal. A method for the destruction of 
lomustine waste by reaction with hydrobromic acid in gla- 
cial acetìc acid has been described.1 The residue produced 
by the degradation oi lomustine by this method showed 
no mutagenitity. This method is not suitable for the degra- 
dation of carmustine.

1. Castegnaro M. t t a i .  eds. Laboratory decontamỉnation and dcsmicùon 
oí cardnogens in laboratory vvastcs: some antíneoplasUc agencs. ỈARC 
Sãentipc Publicaliorts 73. Lyon; WHO/Imemationaỉ Agcncy ỉor Research 
on Cancer, ỉ 985.

Overdosage. A patient who inadvertently received 
200 mg of lomustine for 7 days ỉnstead of a single 200-mg 
dose developed pancytopenia and subsequent multiorgan 
dysíunction induding liver dysíunction, abdominal pain. 
pulmonary toxidty with tachypnoea and hypoxaemia, 
and CNS toxidty leading to coníusion and disoríentation.1 
Although the whìte cell count recovered other sìgns of 
toxidty did not and the patient developed lever and hypo- 
tension and died $9 days aher the initial dose of lomus- 
tine. In another case of acddental overdose, a 30-year old 
lemale received a cumulative dose of 28mg/kg over 7 
days.2 Severe myelosuppression developed soon aíter the 
overdose and lasted for 50 days. The patient was ưeated 
vvith granulocyte colony-stimulating laao r and antibac- 
terial cover, norethisterone (to prevent menstruatìon). 
and acetylcysteìne (to protert against organ toxidty). Gas- 
ưointestinal necrosis occurred, and liver enzymes 
remained elevated even after recovery from the overdose, 
but the patient survived and her tum our regressed 
vvithout íurther chetnotherapy.

1. Trent KC, ct ol. Multỉorgan ỉailure assodated vvith ỉomustine overdose. 
AmI PharmđCOthtr 1995; 29: 384-6.

2. Abele M, t ta i  CCNU overdose duríng PCV chemotherapy for anapỉastíc 
asưocytoma. J Neurol 1998; 245: 236-8.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norwegian Porphyria Cenưe (NAPOS) and 
the Porphyria Cenơe Sweden, dassihes lomustine as prob- 
ably not porphyrinogenic; it may be used as a drug of first 
choice and no precautions are needed.1

1. The Drug Database for Acute Porphyria. Available at: http://www. 
dmgs-porphyria.org (accesseđ 28/09/11)

Interactìons
For a general outline of antineoplastic drug interactions, see 
p. 733.3.

Cimelidine. For a report of a possible interaction between 
lomustine and cimetidine, see under Cannustine, p. 762.1.

Theophylline. Leucopenia and thrombocytopenia in a 45- 
year-old vvoman were believed to have been secondary to 
an interaction between theophylline and lomustine.1

1. Zelizer PM. Feig SA. Theophyllinc-induced lomusiỉne toxidty. Lancet 
1979; 11: 960-1.

Pharmacokinetics
Lomustíne iỉ absorbed from the gastrointestinal tra a  and is 
rapidly metabolised, with peak plasma concentrations of 
metabolites occurring within 4 hours of an oral dose. 
Metabolites have a prolonged plasma half-life reponed to 
range hom  16 to 48 hours. Active metabolites readily CTOSS 
the blood-brain barrier and appear in the CSF in 
concenưations higher than those in plasma. About half a

dose is excreted as metabolités in  the urine vvithin 24 hc urs 
and about 75% is excreted w ithin 4 days.

Preparatíons
Proprietary Preparations (detailỉ are given in Volume B)

Single-ingredienl Preparalions. Arg.: CeeNU; Austral: CeelỉU; 
Braz.: Citostal; Canad.: CeeNU; Chũe: CeeNUỶ; Cz.: CeelỉU; 
Fr.: Belustìne; Ger.: Cecenu; Gr.: Cecenu; CeeNU; Prava; 
India: Lomtin; Lustine; Mex.: CeeNU; Neth.: Belustine; ,VZ: 
CeeNU; Phữipp.: CeeNUt; S.Afr.: CeeNUt; singapore. CeelỉU; 
Switz.: CeeNÚị; UK: CCNTU; USA: CeeNU.

PKarmocopoeial Preporationí
BP 2014: Lomustine Capsules;
USP 36: Lomustine Capsules.

Lonidamine (BAN, riNNỊ
AF-1890; Didpridazolic Acid; Lonidamina; Lonidaminum; TH- 
070; HoHnqaMHH.
1 -(2,4-Dich1orobenzyl)indazole-3<arboxylic acid.
C,5H,0a 2N2O2=321.2
CÁS — 50264-69-2.
AĨC —  L0ỈXX07.
ATC Vet —  QL01XX07. 
u m  —  U78804BIDR.

Profile
Lonidamine is an antineoplastic tha t is thought to a d  t>y 
inhibiting mitochondrial (unctìon in tum our cells. It l as 
been given orally in  the treatm ent of various so id 
neoplasms, induding those of the lung, breast, prostate, a ìd 
brain. It has also been used as a radiosensitiser.

Lumiliximab (USAN, riNNị 
Gomiriximab; IDEC-152; Lumiliximabum; ílyMnnMKCMMaỗ. 
Immunoglobulin GI, ánti-(human im m unoglobulin E 
receptor type II) (human-Macơca irus monoclonal IDEC-152 
yl-Chain), dlsulhde w ith human-Mocaco iruí monoclonal 
IDEC-1S2 K<hain, dimer.
G4S —  3576(3-86-6. 
u m  — 8Z13S29R5A

ProPle
Lumiliximab is a chimeric anti-CD23 monoclonal antibody 
that is under investigation for the treatm ent of chronic 
lymphocytic leukaemia.
Reíerences.

1. Byrd JC. eí aì. Phase 1 study oí ỉumỉỉbcimab with detailed 
pharmacokinetic and pharmacodynamỉc measurements in patients 
vvith relapsed or reỉractory chronic ỉymphocytíc leukemia. Clin Cancer 
Ra 2007; 13:4446-55.

2. Byrd JC. a  al. Phase 1/2 study of lumiilximab combined with 
Qudarabine. cycỉophosphamíde, and rituxỉmab ỉn patỉents with relapsed 
or retraclory chronic lymphocytỉc leukemia. Bỉood 2010; 115: 489-9!.

Mafosfamide (riNNì

Mafosfamid; Mafosfamida; Mafosfamidi; Mafosfamidun;
Ma<j)OC<Ị)aMMfl.
(±)-Ì2-({2-[Bis(2-ctíloroethyl)amino]tetrahỵdro-2H-1,32-Ọxazc- 
phosphorin-4-ỵl)thio)ethanesulphonic acid P-cis oxide. 
C9H,9Cl2NAPS2=401.3 
CAS —  88859-04-5. 
um —  5970HH9923.

Proỉile
Maỉosỉamide is a derivative of cydophospham ide (p. 771.]) 
that has been used to treat bone marrovv for transplantatiot 1. 
Intrathecal mafosfamide has been investigated for the 
ưeatm ent oỉ meningeal tumours.

Marimastat (BAN, USAN, rlNNỊ 
BB-2516; Marimastatum; TA-2516; MapnMacraT. 
(2S,3ff)-3-{CS)-[2,2-Dimethyl-1 -(méthylcarbamòyl)propyl]car ■ 
bamoyl)-2-hydroxy-5-methylhexanohydroxamic acid. 
C,sH29N30 5=331.4 .
CAS —  154039-60-8. 
u m  —  D5EQ723TD5.

Proĩile
Marimastat is an oral inhibitor of matrix metalloproteinases, 
enzymes vvhich are thought to play a role in  the metastasis 
of cancer cells. It has been investigated in various m alignart 
disorders.

All cross-reíerences reler to entries in Volume A

http://www
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Masitinib ỊriNNi

AB-1010; M a s itin ib u m ; Ma3HTMHVi6. .
4-[(4-Methylpiperazin-1-yl)nnethyl]-N-(4-methyl-3-[4-(pyri-
diiv3-yl)-lÌ-thiazol-2-yflamino}phenyl)bẻnzamide.
Ca HMN6QS=498.6
0 6  —  790299-79-5.
ATC —  L01XE22.
ATC Vet — QL01XE22.
UNII —  M59NC4E26P.

Proíile
Masitinib is a tyrosine kinase inhibitor actìve against c-kit 
and platelet-derived grovvth íactor tyrosine kinases, that is 
under investigation for the treatment of malignandes such 
as gasưointestinal stromal tumours, pancreatic cancer, and 
multiple myeloma. It is also being investìgated in 
inũammatory conditions such as asthma, mastocytosis, 
and rheumatoid arthritis.

Melphalan IBAN, USAN, riNNi 
C8-302S; Melíalaani; Melfalan; Melíalán; Melphalanum; NSC- 
8806 (melphalan hydrochlòride); PAM; Phenylalanine 
Mustard; Phenylàlanine Nitrogen Mustard; I-Sarcolysine; 
VVR-19813; Menệanaa 
4-Bis(2-chloroethyl)amino-L-phenylalanine. 
C,3H18a2N2O2=305^
CAS —  148-82-3 (melphalan); 3223-07-2 (melphalan hydro- 
chloride).
ATC —  L01AA03.
ATC Vet —  QL01AA03.
UNII —  Q41OR9510P.

NOTE. Merphalan (CB-3007; NSC-14210; sarcoiysine) is the 
racemic form of melphalan; Medphalan (CB-3026; NSC- 
35051) is the D-isomer of melphalan.
Pharmacopoeias. In Eur. (see p. vii), Jpn, and us.
Ph. Eur. 8: (Melphalan). A white or almost white, 
hygroscopic powder. Practically insoluble in water; slightly 
soluble in methyl alcohol; dissolves in dilute mineral adds. 
Store in airtight containen. Proted from light.
USP 36: (Melphalan). An off-white to buff powder with a 
íaint odour. Practically insoluble in yvater, in chloroíorm, 
and in ethen slightly soluble in alcohol and in methyl 
alcohol; soluble in diiute mineral adds. Store in airtight, 
glass containers. Protect hom light.

Stability. A study of the stability of melphalan 40 and 
400 micrograms/mL in inhision Ouids reported that the 
time for a 10% loss of drug at’20 degrees in sodium chlor- 
ide 0.9% injertion was 4.5 hours, compared with 2.9 
hours in laaated Ringer^s injection, which has a consider- 
ably lower chloride ion content, and only 1.5 hours in glu- 
cose 5% injection.1 At 25 degrees the corresponding fig- 
ures were 2.4, 1.5, and 0.6 hours, and at 37 degrees they 
were 0.6, 0.4, and 0.3 hours. It was conduded that mel- 
phalan is sulhdently stable at 20 degrees in sodium chlor- 
ide injection to permit in(usion, but that increased tem- 
perature and decreased chloride ion concentration were 
assodated with íaster degradation rates.1 Another study 
recommended that Solutions of melphalan be handled at 
temperatures above 5 degrees for the minimum time but 
found that a solution containing 20 micrograms/mL in 
sodium chloride 0.9% could be stored for at least 6 
tnonths at -20 degrees without signiíicant deterioration.2 
A more recent study, vvhile recommending storage at 4 
degrees betvveen preparation and use of the iníusion, con- 
sidered that giving it at a room temperature of 20 degrees 
or belovv, and use of hypertonic (3%) saline as a diluent, 
would be suffirient to allow prolonged iníusion.3 The prac- 
ticalities of such a procedure were not addressed.

1. Tabibi SE, Cradock JC. Stabillty oỉ metphalan in infusion ũuids. Am J  
Hosp Pharm 1984; 41: Ỉ38Ỡ-2.

2. Bosanquet AG. Subility  o ỉ melphalan Solutions during prcparaũon and 
storagê. J Pharm Sã ỉ 985; 74: 348-51.

3. Pinguet F, et ai. Ettect oí sodium chloridc concentration and tcm pcrature 
on melphalan stabiỉity durtng storage and use. Am J  Hosp Pharrn 1994; 
51: 2701-4.

Uses and Administratíon
Melphalan is an antineoplastic that acts as a bUunctional 
alkylating agent. It is used mainỉy in the treatment oỉ 
multiple myeloma. Melphalan has also been given to 
patients with cardnoma of the breast and ovary, 
neuroblastoma, Hodgldn's dlsease, and in polycythaemia 
vera, and has been given by intra-arterial regional perhision 
for malỉgnant melanoma and soft'tissue sarcomas. See aỉso 
the cross-reíerences given below. Melphalan is also used in 
the ưeatment of amyloidosis, see below.

Melphalan is usually giveh orally as a single daily dose or 
in divided doses; it is also given intravenously as the

hydrochloride. Doses are calculated in terms oí the base; 
1.12mg of melphalan hydrochloride is equivalent to about 
1 mg of melphalan. A n tìn ea p la s tic d o se  reg im e n s  m a y  b e  co m p le x  
a n d  doses o f  a  d ru g  m a y  d iffe r  w id e ly . F o r  v /a m in g s  a n d  
rec o m m e n d a tio n s  regard ing  th e  sa fe  prescrib ing , d isp en s in g , a n d  
u se  o f  o r a l  a n tin eơ p la s tíc  d ru g s . see  A d m in ừ tr a t ía n :  p .  7 3 2 3 .  
Frequent blood counts are essential and dosage should be 
ađjusted according to haematologicaỉ response. Therapy 
should be interrupted if the platelet or white cell count fall 
below acceptable levels (see also Bone-marrovv Depression, 
p. 730.3). It should be given with great cauđon ư the 
neutrophil count has recently been depressed by chemo- 
therapy or radiotherapy.

Many conventional-dose regimens ha ve been tried for 
the ơeatment of multiple myeloma and there is stỉỉl 
uncertainty as to the best schedule. Melphalan is usuaily 
combined vvith corticosteroids. Licensed oral dosage 
regimens that have been used indude:
• 150micrograms/kg daily in divided doses for 4  days, 

repeated at 6-week intervals
• I50micrograms/kg daily for 7 days followeđ by a rest 

period of at least 14 days, or as long as 5 to 6 vveeks; a 
maintenance dose of 50 micrograms/kg daily or less is 
given when the white blood cells and platelet cotmts 
increase with huther adjustments according to the blood 
count

• 250 nũcrograms/kg daily for 4 days o r  200 miCTOgrants/kg 
daily for 5 days, ỉor a total dose per course of 1 rag/kg; the 
course is repeated at intervals of 4 to 6 weèks according to 
the blood count

• 6mg daily for 2 to 3 weeks adjusted according to the 
blood count; treatment is then stopped for up to 4 vveeks 
until the white blood cells and platelet counts increase, 
after which a maintenance dose oí 2m g daily may be 
started

• 10 mg daily. for 7 to 10 days íollovved by a maintenance 
dose oi 2 mg daily vvhen the white blood cells and platelet 
counts exceed 4000 cells/mm3 and 100000 cells/nim3, 
respectively; the dose should then be ỉurther adjusted to 
1 to 3 mg daily, according to blood counts

For optimum eííect, therapy is usuallỵ adjusted to produce a 
moderate leucopenia, with white cell counts in the range 
3000 to 3500 cells/mm3.

In the ưeatment of breast cancer, licensed doses of 
150micrograms/kg daily or 6mg/m2 daily for 5 days, 
repeated every 6 weeks have been used. Doses of 
200 micrograms/kg daily for 5 days every 4 to 8 weeks 
may be given to patients with ovarian cardnoma.

In patients with polycythaemia vera, doses of 6 to 10 mg 
daily for 5 to 7 days, and then 2 to 4mg daily, ha ve been 
used for remission induction; a dose oỉ 2 to 6 mg vveekly has 
been used íor maintenance.

Melphalan is also given intravenously; for ovarian 
adenocardnoma a single dose oỉ 1 mg/kg, repeated at 4- 
week intervals if the platelet and neutrophil counts petmit, 
may be given as monotherapy. It can be iníused in sodium 
chloride 0.9% or injeaed slowly into the tubing of a fast- 
Tunhing drip; when given by iníusion the time from

• reconstitution of the solution to completion of inhision 
should not exceed 1.5 hours and prolonged inlusions should 
be carried out with several batches of solution, each íreshly 
prepared. In multiple myeloma, the licensed dose for use as 
a single agent is an intravenous dose of 400 'micrograms/kg 
or 16 mg/m2, infused over 15 to 20 minutes; the first 4 doses 
may be given at 2-week intervals, but íurther doses should 
be given at 4-week intervals depending on toxidty.

High-dose melphalan has been given intravenously in 
some malignandes: doses of 100 to 240mg/m2 have been 
licensed in neuroblastoma, and 100 to 200mg/m2 in 
multiple myeloma, generally followed by autologous stem 
cell rescue, w hich becomes cssential w here  doses exceed 
140mg/m2. High doses should be given through a Central 
venous catheter.

Melphalan may be given by regional arterial 
períusion in the management oí melanoma and soh- 
tissue sarcomas. A typical dosage range ỉor hyperthermic 
regional períusion for upper exưemity perhisions is 0.6 to 
1 mg/kg, whereas for lovver extremity petíusions doses of
0.8 to 1.5mg/kg (in melanoma) or 1 to 1.4mg/kg (in 
sarcoma) are typically used.

The dose of melphalan should be reduced in patients 
with renal impairment (see belovv).

Administration in the elderty. Higher toxidty, mainly 
myelosuppression, has been rẽported when melphalan is 
used in patients older than 70 years, but a review con- 
duded that dose modiGcation is not recommended on the 
basis of age alone.1 Dose reduction of melphalan is recom- 
mended for dedining renal íunction (see Adminisưation 
in Renal Impairment, belovv).

ỉ .  Lichtman SM, et al. International Sodety o ỉ Gerỉatrỉc Oncology 
Chemotherapy Taskỉorce: evaluatỉon of chem otherapy ỉn oỉder 
padents—an analysỉs of the  medỉcal ỉíterature. J  ơirt O nai 2007; 25: 
1832-43.

Adminiỉtraiỉon in renal impairment. The initial dose oí 
intravenous melphalan should be reduced by about 50% 
in patients with renal impairment and dosage reduction 
should be considered when giving it orally. For high-dose 
intravenous melphalan regimens (melphalan 100 to 
140mg/m2) gi ven w lthou t stem cell rescue to patients 
vvith moderate renal impairment (creatinine dearance 30 
to 50mL/min), UK licensed product inỉormation advises 
that the dose is also usually reduced by 50%.

High-dose intravenous melphalan (up to 200mg/m2) 
w lth  stem cell rescue has been used successíully vvithout 
dose reductions in patients with severe renal impairment 
(creatinine dearance less than 20mL/min), induding those 
on dialysis.1

I. Bỉrd JM, et a i  The dỉnỉcal outcome and tox id ty  o í high-dose 
dtem otherapy andautoỉọgỡus stem ceỉỉ tramplamatioD in  padems with 
myeỉoma o r amyioid and severe renaỉ Impairment: a  Brítish Sodety of 
Blood and Marròw Transplantaclon study. BrJ Haematol 2006; 134:385- 
90.

Amyloidosis. Amyloidosis reỉen to a group of conditions 
chataderised by accumuladon oỉ a waxy proteinaceous 
inSltrate vvithin body tissues.1'3 They indude:
• primary or AL amyloidosis, in which the amyloid is 

derived bom immunoglobulin light chaỉns
ATTR amyloidosis (a ỉamiỉial íorm), in vvhich amyloid is 
derived bom transthyretin

• AA amyloidosis, which is most often secondary to 
chronic inflammatíon. such as that assodated with 
rheumatoid arthritis, tuberculosis, or lamilial Mediterra- 
nean íever (p. 605.1)

Symptoms vary, depending on where the amyloid is 
deposited. The organs most commonly aííected are the heart 
and kidneys. Renal amyloidosis can present as proteinuria, 
leading to nephrotic syndrome and renaỉ ỉailure. While 
renal disease is common in the AA and AL torms, it is  less 
prevalent in ATTR amyloidosis, vvhich commonly presents 
with neuropathy. Cardiac involvement, rare in AA 
amyloidosis, is varíable ỊJJ the ATTR ỉorm, and common in 
the AL íorm; it maniỉests ạs restrictive cardiomyopathy, 
leading to congestive heấrt íailure. Painhil peripheral 
sensory neuropathy and caipal tunnel syndrome also occur 
hequently. Amyĩoỉd depositìon in the gãsưointestinal traa 
can lead to malabsorptỉon. Eepatomegaly is common. 
Maaoglossia, due to deposition of amyloid in the tongue, 
occurs ottly in the AI íorm.1-2

Management depends to some extent upon the type ot 
amyloidosis involved, and the site, but no drug or 
combination of drugs is unequivocally effectlve.

Liver aansplantation Is the deữnitive therapy íorpatients 
tvith ATTR amyloidosis.1-4 Taíamidis meglumine is used for 
the ơeatment of ATTR amyloidosis in adult patients with 
symptomatic polyneuropathy to delay peripheral neurolo- 
gical impairmeht; it is used belore liver transplantatlon.

Treatment for AA amyloidosis secondary to chronic 
inũammatìon is aimed at the underiying disease; immuno- 
suppressants such as chlorambudl, cydophosphamide, and 
methotrexate have been used, as well as inhibitors of 
tumour necrosis íaaor and interleukin-1 receptor antago- 
nists.5 Colchidne is eHective in the treatment of AA 
amyloidosis complicanng lamilial Mediterranean íever, but 
is not considered to be of beneíìt in other íorms of 
amyloidosis.1-6

Melphalan plus prednisone or prednisolone has been 
shovvn to increase median survival in primary amyloidosis 
patients.7 It is considered the ưeatmént o i  choice In AI 
amyloidosis for patients in whom more intensive chemo- 
therapy is not appropriate: evidence of beneĩit hom the 
addition of a corticosteroid has not been evaluated and in 
some patients, it may be reasonable not to indude a 
corticosteroỉd.6 Melphalan, prednisone, and colchidne vvas 
lound to be m ore cffective than  co lch iáne alone in  the 
treatment of AL amyloidosis,* but a later study’ found no 
beneĐt in adding colchidne to the Standard therapy.

Addition of multiple alkylating agents such as vincristine, 
carmustine, and cyclophosphamide tọ the Standard 
therapy10 did not improve survival or response. Evidence 
to sũpport the usẽ of alkylaúng-based combination 
chemotherapy for primary amyloidosis is lacking.6 Alter- 
natively, cydes of vincristine, doxorubicin, and dexa- 
methasone (VAD) may be effective, but patients with 
cardiac amyloidosis may be at increased risk of 
anthracydine toỉđdty.11 In the UK, VAD is considered as 
Erst-line therapy in patients under the age of 70 years who 
do not have cardiac {ailure, autonomic neuropathy, or 
peripheral neuropathy.6

High-dose intravenous melphalan vvith autologous 
haematopoìetic stem cell transplantation (HSCT) has been 
used;12 it may result in complete remission of primary 
amyloidosis.13'15 Some1 consider ỉt the ơeatment oi choice, 
but while it may improve renạl disease,13 the therapy 
remains very toxic patient selectlon on the basis of limỉted 
organ disease and no signiGcant cardiac involvement may 
reduce morbidity and mortality.6'14 The outcome of 
treatment with high-dose intravenous melphalan vvith

The Symbol t  denotes a preparation no longer actively marketed
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autologous HSCT was not superior to standard-dose oral 
melphalan plus oral dexamethasone in patỉents with newly 
diagnosed AL amyloidosis.16

High-dose deXamethasone or thalidomide may be 
consiđered in patients in vvhom other regimens may not 
be ỉeaãble due to expected toxidty or in those reíractory to 
chemotherapy;4 good results have been reported ỉn padẽntỉ 
with AL amyloidosis given a regimen combining cydo- 
phosphamide with dexamethasone and thalidomide.1'7 
Local application or oral dosage of dimethyl sulíoxiđe, and 
4'-iodo-4'-deoxydoxorubidn has been investigated.1-11 

Symptomatic management is also important. Care must 
be taken to avoid digitalis toxỉdty when cardiac amyloid i$ 
present, as well as to avoid salt and water depledon through 
injudidous use o f diuretics. Caldum-channel blockers and 
beta blockers should be avoided.1 Renal transplantatíon 
may be considered in end-stage renal íailure due to 
amyloidosis, but unless amyloid productíon has been 
stopped disease is likely to recur in the new kidney. Cardiac 
ưansplantation, and subsequent chemotherapy with 
epirubidn, carmustine, and cydophosphamide to suppress 
the underlying disease and control amyloid deposidon in 
the graft has also been đescribed.1*

Because amyloid deposits contain a plasma glycoprotein 
serum amyloid p component (SAP) that contríbutes to the 
stability of the deposits, and thus conưibutes to the 
pathogenesis of amyloidosis, future therapeutíc approaches 
indude the targetíng of SAP to deplete it from the tissues 
and dear it hom the plasma. Ro-63-8695 (CPHPC) is being 
investìgated.3'1’ Eprodisate disodium is under investígatíon 
for AA amyloidosis.20

1. Kban MF, Falk RH. Amyloídosỉs. Postgrad Med J 2001; 77: 666-93.
2. Faỉk RH, Sldnoer M. The synem ỉc amyloidoses: an overvỉew. Adv Intem 

M id  2000; 45 :107-37.
3. GỉUmore JD, Havvkỉns PN. Drug Insighi: emergỉng therapies for 

amyloidosis. Nat Qin Prad Nephroi 2006; 2: 263-70.
4. S uhr OB. t í  aL Liver transpU nutỉon lor heredltary transthyreún 

amyloidosũ. Livrr Transpi 2000; 6ỉ 263-76.
5. Lachmann HJ, t í  ai. Natural history and outcome ỉn systemic AA 

amyỉoidosỉs. NBnýU Aíed 2007; 356: 2361-71.
6. B iỉâsh  Sodety to r H aanaioỉogy. GuideUnes on the diagnosis and

m anagem ent oi AL amytoỉdosis. BrJHaematol 2004; 125:661-700. Also 
avaỉlabie at: http://www.bcshguỉdeUne3.com/pdí/ALa<iiyỉoidosis
210604.pdf (accessed 07/03/06)

7. G e ra  MA, Raịkumar sv. Primary systemic axnyỉoidoảs. Cun Treat 
Optiom Onaỉ 2002; 3: 261-71.

6. Skỉnner M.etaL Treatm ent of 100 patỉents with prỉmary amyloidosis: a 
randomỉzed trial oi melphaỉan, prednísone, and colchiane versus 
c o k h id n e  only. Am J Med 1996; 100: 29Ữ-8.

9. Kyle RA. tí  ai A txỉal of three regỉmens íor primary amyỉoidosis: 
cok h ỉd n e  aỉone. meỉphaUn and prednỉsone, and melphalan. pred- 
nisone, and colchidne. N Engi J Med 1997; 336: 1202-7.

10. G ertt MA, t í  aL Prospective random ữed trial of meỉphalan and 
prednỉsone versus vỉnaỉstíne, cannustỉne. m eỉphaỉaa cyđophosph- 
am ỉde. and  prednỉsone in the  treatm ent of prim ary systemỉc 
amyloidosb. /  ơ m  Ortal 1999; 17: 262-7.

11. Sexer o, tí aL New therapeutic approaches ỉn prỉm aiy systemic AL 
amyỉoidosb. Am tìematoỉ 2000; 7 9 :1 -6 .

12. Sanchorawaỉa V, Seỉdỉn DC. A n overvỉew oỉ hỉgh-dose meỉphaỉan and 
stem  ceQ transpUntation ỉn the treacment oỉ AX. amyỉoỉdữỉỉs. Amyloid 
2007; 14: 261-9.

13. Dcmber LM, tí  ÓL Eííect oỉ dose-intenáve intravenous m eỉphalan and 
auiologous blood stem-cell transpỉantatíon on AL aínyloidosis- 
assodated renal dỉsease. Am Intem Med 2001; 134: 746-53.

14. Comenzò RU G erư  MÀ. Autologous stem ceD tnnsplan tatỉon  for 
p rim aiy systemỉc amyỉoỉdods. Biood 2002; 99:4276-62.

15. Sldnner M, t í  đL Hlgh-dose meỉphalan and autologouỉ stcm-ceU 
transplam anon in  padents w ith AL amyỉoỉdosủ: an  6-year study. Ann 
ỉntent Med 2004; 140: 85-93.

16. Jaccard A, t í  al. M yélome Autogreữe (MAG) and Imergroupe 
Prancophone du Myéiome (IFM) Intergroùp. Hỉgh-dose melphaỉan 
v en u s meỉphaỉan plũs dexam ethasone ĨQt AL ámylòídosiỉ. N  Enịì J Med 
2007; 337: 1083-93.

17. W cchalrkar AD, t í  ai. Saỉety and eỉGcacy of rislc-adapted cydophosph- 
amỉde, thalidomiđe, and dexam ethasone ìn systemlc AL anyloidosù. 
Biood 2007; 109: 457-64.

18. HaS ỈLtíaL Cardỉac transpỉantatỉon ỉor AL amyỉoidosìs. BMJ 1994; 309: 
1135-7.

19. Pepys MB. t í  al. Targeted pharmacoỉogical depỉetion o{ seruin amyloid ?  
coĩnponent íor treatm ent of hum an amyloỉdòsis. Naturt 2002; 417:254- 
9.

20. DemberLM, tíaL  EpTodisate ío r AA Amyloidosỉs Trlaỉ Group. Eprodlsaie 
ỉo r the  treatm ent crf renal đỉsease in AA anryloidosis. N Ertgl J Med 2007; 
356: 2349-60.

Bone disorders, non-malignant. Fibrogenesis imperíecta 
ossium is a rare Progressive boriẹ disease in which disor- 
ders of bone collagen and mineraỉisatíon, and subsequent 
abnormal bone structure, result in bone pain and frac- 
tures. A patient responded to melphálan lóm g and pred- 
nisolone 20 or 30 mg given daily, in 7-day courses every 2 
months.1J Another shovved some impróvement with 
intermittent 5-day courses of melphalan lOmg daily and 
prednisoỉone 40 mg daily.’ Hovvevẽr, melphalan alone was 
reported to be ineffective in 2 other patients; both had 
bone-marrow depression.3-4

1. S u m p  TCB, t t  ăl. Rbro^cncsis Im peiĩecti ossiura: rcm isĩiũn wỉih 
mcỊphalan. Lanat 1985; t  582-3.

2. Ralphs JS . t t tL  u ltrastru c tu n l teanưes ot the osteold of pitícn ts vviĩh 
Sb rôsa ie ỉis im periecu ossium. Bcne 1989; 10: 243-9.

3. Carr Ai.tíaL Hbrogenesú lmpeitecu ơssium. 1 Bơru Jeáu SurỊ Br 1995; 
77: 820-9.

4. Latage-ProuaM -H. etol. F lbrogcn«is tap e r ie c ti  osỉium: ineneciiveness 
of meỉphaUn. ữlcựTìssut Iní 1 996; 59: 240-4.

MaRgnant Moplasms. The important role played by mel- 
phalan in the management of multiple myeíoma is dis-

cussed on p. 699.2. Melphalan is also used as part oỉ sal- 
vage regimens for relapsed Hodgkìn's disease (see 
p. 696.1), in ovarian cancer (p. 711.2), and for local perfu- 
sion of melanoma (p. 714.3).

Organ and tissue transplantation. Melphalan is used as 
part oí non-myeloablative or reduced intensity condidon- 
ing regimens beíore haematopoiedc stem cell transplanta- 
tion, seep. 1937.1.

Adverse Effects and Treơtment
For general discussions see Antineoplastics, p. 726.1 and 
p. 730.2.

The onset oỉ neutropenia and thrombocytopenia is 
variable; the nadir of bone-marrow depression usually 
occurs at 2 to 3 vveeks aíter starting treatment with 
melphalan, with recovery alter 4 to 5 weeks.

Skin Tashes and hypersensitivity reactions, induding 
anaphylaxis, may occur. Cardiac arrest has been reported in 
assodation vvith su ch elỉects. Gasưointestinal disturbances 
may sometimes occur, panicularly at high doses vvhere 
diarrhoea, vomiting, and stomatitis may become dose- 
limiting. Haemolytic anaemia, vasculitis, puLmonary íibro- 
sis. and hepatic disorders including hepatiús and jaundice 
have been reported. Suppression of ovarían ỉunction is 
common in premenopausal vvomen; temporary or 
permanent sterility may occur in male patients. Exưavasa- 
tion o( melphalan injection can cause skin ulceration and 
necrosis. As vvith other alkylating agents, melphalan also 
has cardnogenic, mutagenic, and teratogenic potential.

MucosHis. Amiỉostine has been shovvn 10 rcduce the fre- 
quency and severlty of melphalan-induced oral mucositis.1

1. Spencer A, et ai. ProspeCTỈve random ísed triai o í am iíosiỉne 
cyioproteciỉon ỉn myeloma patiems undergoing high-d05e melphalan 
co/idỉdoned autoỉogous stem  cell ưanspiantation. B o m  M úrrơw  
Transpiđnt 2005; 35: 971-7.

Overdosage. A 12-month old child given melphalan 
140mg inưavenously (a teníold overdose) developed pro- 
nounced lymphopenia within 24 hours but had no other 
signiíicant adverse eSects until the seventh day, when 
neunopenia, thrombocytopenia, oral ulceratỉon, and diarr- 
hoea developed.1 Bone marrow recovered vvithin 40 days. 
Treatment was by vigorous hyperalimentation and dose 
surveillance during this períod and the patient subse- 
quently remained well 9 months afterwards, without com- 
plicaúons. Cases of inưavenous melphalan overdose have 
also been reported in adults,3 resulting in bone-marrovv 
depression, haemorrhagic dìaưhoea, and elearolyte dis- 
turbances. Bone-maưow depression has also been 
reported aíter cumulative oral doses oí 360 mg over 3 
weeks,J and 560 mg over 2 vveeks.4 Filgrastim was used in 
one oí these cases to stimulate bone-marrow recovery.4

1. Coates TD. Survivil írom m elphalan overdose. U n a t  1984; tl: 1048.
2. ìo a  IM . ữberdodenanỊ von Melphalan (Alkeran): Symptome und 

Behandlung: eine ŨbenitdiL Onkoloỹìe 1990; 13: 96-101.
3. G rìm « DJ. t t  at. Complete remỉssion of paraproieinaemỉa and 

neuropaihy loỉkmdng iitrogcnic oral melphalan overdose. BrJ Haemaíol 
1993; 83: 675-7.

4. Tưiilo A, t i  aì. A cddenu l overdose of mctphaUn per 05 ỉn a 69-year-old 
woman ưeated ỉor advanccd endomeưỉal carónom a. Tumorí 1998; 84: 
611.

Precautions
For general discussions see Antìneoplastics, p. 732.2.

Care is required in patients with impaired renal ỉunction.

Hartdling and disposal. Urine and fatces produced for up 
to 48 hours and 7 days respectively after an oral dose of 
melphalan should be handled vvearing protective doth- 
ing.1

1. Harrts J, Dodds Ll. Handling wastc (rom patienu  receíving cytotoxic 
drugs. Fkarm J  1985; 235: 289-91.

Poqshyria. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Porphyria Cenưe (NAPOS) and 
the PorphyTỈa Cenữe Sweden, dassiỉies melphalan as 
probably not porphyrinogenic it may be used as a drug of 
ũrst choice and no precautions are needed.1

1. The Drug Databaae lor Acuie Porphyiia. Available au hitp://www. 
drugs-ponihyria.org (accessed 28/09/11)

Interadions
Vse of naỊidiadc add with high-dose intravenous melphalan 
in children has resulted in ỉatal haemorrhagic enterocolitis.

Gdosporín. For reíerence to enhanced toxidty when mel- 
phalan was given with ddosporin, see under Cidosporin, 
p. 1957.2.

Food. The bioavailability of oral melphalan is signiBcantly 
reduced, by up to 45%, by food. sõme recommend that 
melphalan should not be taken with food, and that ií

dosage is switched from after to beíore food patien s 
should be monitored íor increased toxỉdty.1

1. N athan c ,  Betm ouni R. M dphalan; avoỉd vvilh food: P h a rm  J 1996; 25 1: 
264.

InterỈBTons. The ícver induced by interíeron alfa resulte 1 
in a reduction in the area under the plasma concenơẽ - 
tion-tứne curve for melphalan in a study of 10 patient, 
although the peak plasma concentration and time to pea ; 
concentration werê not aổected.1 The effect was though t 
to represent increased Chemical reactivity of melphalan a t 
the elevated temperature.

ỉ . Ehrsson H, t í  ai. Oraỉ m eỉphaU n pharmacokmetỉcs: inDuencc 1 ỉ 
ỉnteríeron-induccd ícvcr. ơ ir t  P h arm aco l T h e r 1990; 47: 86-90.

Pharmacokinetícs
Absorptíon of melphalan hom  the gasưointestinal tract i ; 
variable; the mean bioavailability is reported to be 56% bu 
it may range bom 25 to 89%. Absorption is reduced by thi: 
presence of food (see above). On absorption it is rapidi’ 
distributed throughout body water with a volume 0 : 
distribution of about 0.5 litres/kg. and has been reponed t( 
be inactivated mainly by spontaneous hydrolysis. About 6( 
to 90% is bound to plasma proteins, mainly albumin. Thi 
terminal plasma halMiíe of mcỉphalan has been reported t( 
be about 30 to 150 minutes. Melphalan is excreted in th( 
urine, about 10% as unchanged drug.

Reíerences.
1. Nath CE, t í  ai. MeỉphaUn phannacokỉnetỉcs in children ivỉth malignan 

disease: ìnũuence of body weighu renal hinction. carboplaiin therap* 
and total body im diatíon . B rJ  Cìirt Pharmacol 2005; 59: 314—24.

2. Nath CE, ti aĩ. Popuỉaúon pharmacokỉnetỉcs of melphaỉan in paediatrí< 
blood or m arrow ưaDSplant redpicnts. Br J  ơ in  Pharmacoỉ 2007; 64:151- 
64.

3. Padussis J C  tí  ai. Pharmacokinetỉcs and drug resiitance o í m elphalan ừ 
regỉonal chcmochcrapy: ILP versus ILI. ỉnt J  Hyptrthermia 2008; 24: 239- 
49.

Preparations
Proprietary Preparations (detalls are given in Volume B)

Single-ingredíent Praparaiions. Arg.: Alkerana; Eriolan; Melỉo- 
ma; Austral. : Alkeran; Austria: Alkeran; Betg.: Alkeran; B ra t 
Alkeran; Canad.: Alkeran; Chile: Alkeran; China: Alkeran (S  
HÈẾ.); Cỉ .: Alkeran; Denm.: Alkeran; Fin.: Alkeran; Fr.: 
Alkeran; Ger.: Alkeran; Gr.: Alkeran; Hong Kong: Alkeran; 
ìndia: Alkacel; Alkeran; Alphalan; IrL: Alkeran; Israel: 
Aikeran; ItaL: Alkeran; MaLtysiar. Alkeran; Mex.: Alkeran; 
Neth.: Alkeran; Norw.: Alkeran: NZ: Alkeran; Philipp.: 
Alkeran; Pol.: Alkeran; PorL: Alkeran; Rus.: Alkeran (Aaxepan); 
Sarcolysin (CapnunoHH); S.Afr.: Alkeran; singapore: Alkeran; 
Swed.: Alkeran; Switz.: Alkeran; Thai.: Alkeran; Turk.: 
Alkeran; UK: Alkeran; USA: Alkeran.

Pharmocopoeial Preparotíons
BP 2014: M elphalan Injection; Melphalan Tablecs;
USP 36: Melphalan Tablets.

iyiercaptopurine (BAN, riNN)
6MP; Mercaptopurin; Mercaptopurina; Mercaptopurinum; 
Mercaptppurinum Monohydricum; Merkaptopụriíni; Mer- 

.kaptopiOrin;.Merkaptopurin; Merkaptopurin monohydrát; 
Merkaptopurinas; Merkaptopuryna; NSC-755; Purinethiol; 
WR'2785; MepKanTonypnH.
6-Mercaptòpurine "monohydrate; Purine-6-thiol mono- 
hydrate; 1 ;7-0ihydro-6H-purine-6-thione monohydrate. 
CsH4N4S;H2O=170.2
CAS —  50-44-2 (anhydrous mercaptopurìne); 6112-76-ỉ 
(mercaptopurine monàhydraie).
ATC —  L0ỈBB02.
ATC Vet — QL01BB02.
u m  —  E7WED276I5 (mércaptopurine); PKK6MUZ20G 
(anhydrous mercaptopurine).

NƠTE. In the UK, the CSM noted in October 2004 that 
coníusion had arisen betvveen mercaptopurine and 
mercaptamine (íormerly cysteamine, p. 2554.3) after the 
switch bom prescribing by British Approved Name to 
prescríbing by International Nonproprietary Name. Partí- 
cular care should be taken to distinguish the two, since they 
are available in oral dosage íorms of similar strength. 
Pharmacopoeias. In Chín., Eur. (see p. vii), Int.. ]pn, and us. 
Ph. Eui. 8: (Mercaptopurine). A yellovv, crystalline povvder. 
Practically insoluble in water; slightly soluble in alcohol; 
dissolves in Solutions of alkali hydroxides. Protect bom 
light.
USP 36: (Mercaptopurine). A yellovv, odourless or 
practically odourless, crystalline povvder. Insoluble in 
vvater, in acetone, and in ether; soluble in hot alcohol and 
in dilute alkali Solutions; slightly soluble in 2N sulíuric add. 
Store in airtight containers. Protect bom light.

All cross-reíerences refer to entries in Volume A

http://www.bcshgu%e1%bb%89deUne3.com/pd%c3%ad/ALa%3ciiy%e1%bb%89oidosis
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U se s  a n d  A d m in i s t r a t ìo n

Mercaptopurine is an antineoplastic that acts as an 
antimetabolite. It is an analogue of the natural purines 
hypoxanthine and adenine. After the intiacellular conver- 
sion o i  mercaptopurine to active tioguanine nudeotides, 
induding thioinosinic add, it appears to have a variety of 
actions induding interíering with nudeic add synthesis. It 
also has immunosuppressant properties. Its actions are 
spedíic for cells in s phase.

Mercaptopurine is used, usually with otheragents, in the 
ưeatment of leukaemia. It can be used for remission 
Lnduction in acute lymphoblastic and myeloid leukaemias 
(p. 692.3 and p. 693.1, respectively) but other agents are 
generally preferred and its main use is in maintenance 
programmes, commonly wíth methoơexate. It may also be 
etíectìve in chronic myeloid leukaemia (p. 694.2). There is 
cross-resistance between mercaptopurine and tioguanine 
(p. 872.1).

Mercaptopurine has been uscd for its immunosuppres- 
sant properties in the treầtment of auto-immune disorders 
such as inílammatory bovvel disease (see belovv for doses) 
but has been largely replaced by azathioprine.

Mercaptopurine is given orally usually as tablets; 
although oral suspensions, ạre available, they are not 
bioequivalent to tablets and iclose haematologicai monitor- 
ing is advised when changingbervveen formulanons. For 
vsamings and Tcammendatiorú regarding the safe prescribing, 
dừpensing, and use o f oral antineoplastic drugs, see Admừiừtra- 
tíon, p. 732.3. The usual initial antineoplastìc dose of 
mercaptopurine is 2.5mg/kg or 50 to 75mg/m2 daily but 
dose and duration depend on the combinatìon regimen 
used; dosage is adjustẽd according to individual response 
and tolerance. In maintenance schedules the dose may vary 
bom 1.5 to 2.5 mg/kg daily. Blood counts should be taken 
daily durlng remission induction and vveekly during 
maintenance; i£ there is a steep ỉall in the white cell count 
ot severe bone-marrow depression mercaptopuTỈne should 
be stopped immediately.

For dose reductions when mercaptopurine is used with 
allopurínol, see Interactions, be]ow.

It has been used inưavenously as mercaptopuiine 
sodium. Thioinosine (mercaptopurine riboside) has also 
been used

Administration in children. Mercaptopurine is given to 
children for the treatment oỉ leukaemias in the same dose 
by vveight or suríace area as that used for adults (see Uses 
and Adminisưaúon, above).

There is evidence' that the maintenance dosage of 
mercaptopurine should be tailored individually to achieve 
an appropriate systemic exposure in children with acute 
lymphoblastic leukaemia (although this vvould involve 
determining mercaptopurine pharmacokinetics in each 

' child). Improvements in survival since 1980 may be 
assodated with changes in the prescribing ol mercapto- 
purine which have resuìted in greater cumulative doses 
being given;2 some children may have been undertreated in 
the past because of variations in the pharmacokinetics of 
mercaptopurine (particularly boys, who tolerate mercapto- 
purine better than girls,3 but who have a poorerprognosis).2 
The concentration of tioguanine nudeotide metabolites in 
the erythrocytes has been shown to be directly related to the 
risk of relapse In children with acute lymphoblastic 
leukaemia.4 Thiopurine methyluansíerasc (TPMT) activity 
(which results in methylation and inactivation of mercapto- 
purine rather than the íormation of active nudeotides) may 
play a substantial role in this variation,5 but titration of the 
dose of mercaptopurine until myelotoxidty occurs may 
prevent the problem:2 despite gaps in therapy caused by 
more írequent drug withdrawal, it appears to result in 
greater accum ulation  of tioguanine nucleotides in the  cells.6 
A pharmacokinetic model has been proposed as oỉíering a 
more rational approach for mercaptopuhne dosing in 
children, by taking into account body-suríace as well as 
TPMT genotype.7

Mercaptopurine is also used for inAammatory bowel 
disease in children, see belovv.

1. Koren c . a  ai. Sysiemic exposurc to mercaptopurinc as 1 prognostic 
íactor ỉn acute lymphocytỉc ỉeukemỉa tn chiỉdren. N  Engỉ J  Míd  1990; 
323: 17-21.

2. Hale JP, Lilleyman JS. Im poruncc of 6-mercaptopurìne dose ỉn 
lymphoblastic leukaemỉa. A nh  Dâ Chiỉd 1991; 66 :462-6.

3. U lleym an JS. tí  al. childhood lymphoblastic leukaemía: $ex ditterence 
ỉn 6-m ercaptopurine utìỉỉxatỉon. B rJ  Canctr 1984; 49: 703-7.

4. UUeyman JS. Lennard L. Mercaptopurlne metabolism and risk ofrelapse 
ỉn  chỉldhood lymphoblastỉc ỉeukaemia. Lonctí 1994: 343:1188-90.

ỉ .  Lennard  L, t í  ã/. Genetic vatiation tn responsc to  6-mercaptopurine for 
childhood acute lymphoblaitlc leukaemiã. L m o t  1990; 336: 225-9.

6. Lennard I. í t  oi. Mercaplopurinc in  childhood leukaemia: the effects o( 
dose escalatlon on thioguanine nudeotide metabolUcs. Br ỉ  Qin 
Pharmacol 1996; 42: 525-7.

7. Hawwa AF. t í  al. Popularion pharmacokineĩỉc and phannacogenetic 
analysỉs of 6-m ercaptopurỉne ỉn  paediatrỉc patíents w ỉth acute 
lym phoblastic leukaemia. Br J  a in  pharmữcol 2008; 66: 826-37.

Administration in hepaik or renal impairment. Both UK 
and us licensed product iníormation suggest that consid-

eratỉon be given to reducing the dosage of mercaptopurine 
ỉn patients vvith hepadc or renal ũnpairment, but no sped- 
fic dose recommendations are given.

Indamntcrtory bovvel disease. Mercaptopurine has been 
reported to be of beneũt in ulcerative colitis1-2 (although 
the quality of the evidence was considered low by a sys- 
tematic revievv3) and Crohn’s disease,4̂  although azathio- 
prine has generally been preíerred (see p. 1945.1). 
Although unlicensed in the UK, the BNF and the BNFC 
State that mercaptopurine may be given to adults and chil- 
dren bom 2 years of age for severe Crohn's disease ọr 
ulcerative colitis in an oral dose of 1 to 1.5mg/kg once 
daily; in children up to 18 years of age an initial maxi- 
mum of 50 mg daiỉy iỉ advised, increasing only up to 
75 mg daily ư necessary.

1. Adler DJ, Koreỉitz BL The therapeudc eBỉcacy of 6-mercaptopurine in  
reíraciory ulceratìve coỉỉtỉs. Am J  Gastroenteroỉ 1990; 85: 717-22.

2. George }, t í  ai. The long-term outcome o í ulceraúve colitís treated w ỉth 
6-mercaptopurine. Am J  Gastroenttrol 1996; 91:1711-14.

ỉ .  Timmer K t ía ỉ .  Azathỉoprine and 6-mercaptopurine for nu ỉn tenance oỉ 
remisãon in uỉcerative coliús. Avaỉlabỉe ỉn The Cochrane Database o ỉ 
Systematìc Revievvs; Issue 1. C hỉchester John Wỉỉey; 2007 (accessed 
07/07/10).

4. Peyrin-Biroulet L, ữ  ai. Azathioprine and 6-mercaptopurine for the 
preventỉon o ỉ postoperatìve recunence In Crohn’s disease: a m eta- 
ãnalyns. Am J  òastroenteroỉ 2009; 104: 2089-96.

5. Pre/omaine E, t í  al. Azathỉoprỉne or 6-mercaptopurine ÍOT inductìon o i 
remissỉon ỉn Crohn's dỉsease. Avaiỉable ỉn The Cochrane Database oỉ 
Systematỉc Revỉevvs; Issue 4. Chichesten John  Wỉley; 2009 (accessed 
07/07/10).

6. Preỉontaỉne E, t í  a l  Aiathỉoprỉne or 6-mercaptopurine for maintenance 
of remỉssỉon ỉn Crohn's dỉsêase. Avaỉỉabỉe ỉn The Cochrane Database of 
Systematic Revievvs; Issue 1. C hicheỉter John  W0ey; 2009 (accesseđ 
07/07/10).

Polymyositis. Mercaptopurine has been tried in a few  
patíents with polymyositis but has not been íormally 
ãssessed.

A d v e r s e  E f fe d s ,  T re a tm e n t, a n d  P r e c a u tio n s

For general discussions see Antineoplastics, p.. 726.1, 
p. 730.2, and p. 732.2.

Bone-marrovv depression with mercaptopurine, mani- 
íesting as leucopenia, thrombocytopenậa, and anaemia, may 
be delayed; hypoplasia may occur. Mercaptopurine is less 
toxic to the gasnointestinal traa than the íolic add 
antagonists or ũuorouradl but gastrointestinal disturbóưices 
may occur. Hepatotoxidty has been reponed, with 
cholestatíc jaundice and necrosis, somctimes íataL Gastro- 
intestừial and hepatic toxicity are reported to be more 
Êrequent in adults than in chỉldren, and are more likely at 
higher doses. Crystalluria with haematuria has been seen 
rarely as have skin disorden induding hyperpigmentation. 
Fever may occur.

Mercaptoputine should be used with care in patients 
with impaữed hepatíc or renal íunction. Hepatic hinction 
should be monitored periodically.

Breasl ỉeeding. For iníormation about the use oi 
mercaptopurine during breast-íeeding, see Azathioprine, 
p. 1946.3.

Effects on the blood. Measurement of the activity of thio- 
purine methyltransíerase (TPMT) or the concentration of 
its substrate, tioguanine nudeotíde, has been suggested as 
a way of predicting those individuals likely to have severe 
myelotoxidty vvith mercaptopurine and related drugs (see 
Azathioprine, p. 1946.2). Patients with an inhented defi- 
dency of the TPMT enzyme may be at increased risk of 
myelosuppression írom mercaptopurine. TPMT testing 
may be carried out in patients with evidence of toxidty; 
dose reductions should be considered in those with TPMT 
dehdency, although optimal initial doses have not been 
established for these patients. Tests for TPMT deíĩciency 
have not been shovvn to identity all patients at risk of 
severe toxidty; dose monitoring of blood counts should 
still be períormed.

Effeds on fhe pancreos. Pancieatitis occurred in 13 of 396 
patients given mercaptopudne for inAammatory bowel 
disease.1 Symptoms resolved on wdthdrawal but recurred 
in 7 vvho were re-challenged with mercaptopurine or aza- 
thiopríne. Acute pancreatìás has also been reported in 2 
children given mercaptopurine during maintenance 
chemotherapy for acute lymphoblastic leukaemia.2 They 
had also suhered pancreatitis bom asparaginase during 
earliet therapy, and the authors suggested that subclinical 
damage to the pancreas by asparaginase may have been 
exacerbated by mercaptopurme, but also noted that most 
patientỉ who develop asparaginase-induced pancreatitis 
receive mercaptopurine vvithout developlng this complica- 
tion.

1. Present DH, t í  ai. 6-Mercaptopurine in  the managem ent of inOamrn- 
atory bowel disease: ỉhort- and long-tenn toxỉdty. A m  Intem Med 1989; 
111:641-9.

2. VVUlert JR, t í  aỉ. Recurrent mercaptopurine-induced acute pancreatỉtis: a 
rare compỉicatíon oi chemotherapy for acute lymphoblastỉc leukem ỉa ỉn 
chQdren. Med Pediatr ồncol 2002; 38 :73-4 .

Handling and disposal. A method ỉor the destmction of 
mercaptopurine or tioguanine in w a ste s  by oxidation vyith 
potassium permanganate in sulhiric add.1 Residues pro- 
duced by this method had no mutagenic activity. U rừte  
and faecẽs produced for up to 48 hours and 5 days, respec- 
tively after a dose of mercaptopurine should be handled 
wearing protective dothing.2

1. Castegnaro M. t l  a ỉ . , eds. Laboratory decontamỉnatíon and destructìon 
oi carcúiogens in laboratory w ast« : somc andneoplastic agcnts. IARC 
SdtntiỊic Pubtkatíms 73. Lyon: WHO /Lnrcraational Agency (or Research 
on Cancer. 1985.

2. Harrls J, Dodds u .  Handỉỉng waste from patỉents receỉvìng cytotoxỉc 
drugs. Pharm J  1985; 235: 289-91.

Overdosage. Despite substantíal overdose, no acute renal 
or hepatlc toxidty occurred in 2 children. In one ca se, in 
which no spedhc detoxihcation measures were implemen- 
ted, neuữophils reached a nadir on day 1 ỉ ỉoUovved by a 
gradual recỈDvery to normal by day 46. In the other cãse, 
gastric lavage was períormed and activated charcoal was 
given; no evidence of neutropenia was seen. The authors 
recommended that management of acute acddental Inges- 
tion should indude gastric lavage if the patient presents 
within 1 hour or ư the amount ingested is large. Haemo- 
dialysis may be considered ư the patient presents within 3 
hours of ingestion. Liver hmction should be monitored. 
Severe myelosuppression may be managed with granulo- 
cyte colony-stimulating íactor and a bone-marrow harvest 
may be of beneHt ư periormed within several hours of the 
overdose.1

1. Chow LML. tí  aĩ. Toxic ingesdon of 6-mercapcopuríne by young sỉblings 
of pedỉatrỉc oncology patíents. J  Pedíatr 2004; 144: 669-71.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian .Porphyria Cenbe (NAPOS) and 
the Porphyria Centre Sweden, classihes mercaptopurine as 
possibly porphyrinpgenic ìt should be used only whén no 
saíer altemative is available and precautions should be 
considered in vulnerable pạtìents.1

1. The Drug Database for Acũte Porphyrỉa. Avaỉlable at: http://w w w . 
drug5-porphyria.org (accessed 29/09/11)

Pregnancy. For ỉiĩscussion of the saíety of mercaptopurine 
in pregnancy, sce Azathioprine, p. 1947.1.

In ie r a ờ io n s

Mercaptopuríne should be given vvith particular caution 
with other hepatotoxic drugs. Its ehects are enhanced by 
aUopurinoI and the dose of mercaptopurine should be 
reduced to one-third to one-quarter of the usual dose when 
allopurinol is also given.

Allopurinol. Mercaptopurine plasma concentrations were 
markedly increased by allopurinol when mercaptopurine 
was given orally but not when it was given inttave- 
nously.1 The results appear to indỉcate that allopurinol 
inhibits the hrst-pass metabolism of mercaptopurine.

The use of allopurinol to promote tormation of 6- 
thioguanine nudeotides rather than 6-methyhnercapto- 
purine nudeotides in patients vvith preíerential metabolism 
Via the latter has been investìgated.2-3

1. Sm m  s, et al. Inhlbiiỉon ol fÌTSt*pass metabolism ỉn cancer chemother- 
apy: Interaction o( 6-mercapiopurinc and allopurỉnol. ơ in  Pham aal 
ĩh tr  1983; 34: 810-17.

2. Gerich ME, II ũĩ. A prospcaivr evaluation of the impact ot allopurinol in 
padỉalrìc and aduỉt IBD paiients wỉth prclerential metabolỉsm of 6* 
meicaptopurỉne 10 6-metbylmcrcapiopurìnc. J  Crơhtĩĩ CơUtã 2010; 4: 
546-52.

3. Gardincr SJ, tí  ttl. AUopurinol might improve rcsponsc to azathioprine 
and 6-mercaptopurinc by correctỉng an unlavorable tnetaboỉỉte ratio. J 
CasĩntnttToỉ Hepatoì 201 í; 26; 49-54.

Aniicoagulants. For reíerence to mercaptopurine dimin- 
ishing the actìvity of warfarin, see p. 1532.2.

Anrineoplastics. For a suggestion that doxorubicỉn might 
enhance the hepatotoxicity o l mercaptopurine, see under 
Daunorubicin Hydrochloride, p. 779.3.

Giving mercaptopurine with low-dose oral m e th o trex a te  
increased mean peak plasma concentrations of mercapto- 
purine by 26% compared with the same dose of 
mercaptopurine aỉone in a study in 14 patíents with acute 
lymphoblastic leukaemia.1 The effect vvas probably due to 
inhibition of the first-pass metabolism of mercaptopurine by 
methoưexate, which is a potent inhibitor of xanthine 
oxidase. In cinother study2 o£ lờ' children with acute 
lymphoblastic leukaemia, high-dose intravenous metho- 
trexate (2 or 5g/m2) íricreased the peak plasma 
concentrations o£ mercaptopurine by 108 and 121% 
respectiyely. However, the dinical eííea of this pharmaco- 
kinetic interaction is probably only minor because of the 
low, and highly variable, mercaptopurine bioavailability 
and the lack of conrelation between mercaptopurine plasma 
concentradons and effea.} Mercaptopurine and metho- 
ơexate have been vvidely used in combũiation chemother-

The Symbol t  denotes a preparation no longer actively marketed

http://www
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apy regimens for acute lymphoblastíc leukaemia ỉor tbeir 
synergistic pharmacodynamỉc interaction.

1. Balỉs PM, tíàL  The eữect o í m ethotrexatc on the  bỉoavaỉlabUỉty of oraỉ 6* 
m ercaptopuĩỉne. ơ in  phamuuữỉ Ther 1987; 41: 384-7.

2. Innocenti F, t í  ai. Clinical and expeiim ental pharmacokinetic interaction 
betw een  6-m ercaptopurine and  rnethotrexate. Caneer ơtemother 
Pharmacoỉ 1996; 37: 409-14.

3. Giverhaug T, ct aL The interactỉon of 6-mercaptopurine (6-MP) and 
m etbotrexate (MTX). Gai Pharmaeol 1999; 33: 341-6.

Azathioprine. For a report of a íataỉity when a patient was 
prescribed mercaptopurine and azathỉoprine by separate 
practìtíoners, see Interactìons, under Azathiopríne, 
p. 1947.2.

Gastrointestinal drugs. The enzyme thiopurine methyl- 
transỉerase is inhlbited i n  v itro  by su ì fa s a la z in e  and m e sa l-  
a z in e , raising the possibility of an interaction in paúents 
treated sũnultaneously with an aminosalicylate and a thio- 
purine su ch as mercaptopurìne or azathioprine.' Myelo- 
toxidty has bcen reported in a patient receivtng mercapto- 
purine and o ls a la à n e .1 Similarly, severe pancytopenia has 
occurred in a 13-year-old boy when azathiopríne was 
addeđ to mesalazine therapy.3 ỉn a study4 of 34 patients 
vvith Crohn's disease in vvhich b a h a lữ ỉ id c , mesalaáne, or 
sulỉasalaãne was added to established azathiopríne or 
meicaptopuhne therapy, mild leucopenia was common in 
patients given mesalaãne or sulíasalaáne, and whole 
blood concenữadons of tioguanine nudeotide were íound 
to be increasedL probably due to thiopurine methyltrans- 
íerase inhibition. These eííects were not statístically signih- 
cant in padents given balsalaáde.

1. Sxum hnski c. W cinshilboum RM. Sulỉasalaúne inhibiúon of thiopurìne 
m ethyỉtransíerase: possible m echanỉsm  ío r in te rao ion  vvúh 6- 
m ercaptopuríne and azathiopríne. B r J ơ ừ t  Pharmacot 1993; 39:456-9 .

2. Leivis LD, t í  aỉ. Olsalarine and  6-mercaptopurine-reỉated bone marrow 
suppressỉon: a possỉbỉe drug-drug interactỉon. O m  Pharmacoi Thtr 1997; 
62: 464-75.

3. Chouraguỉ JP, tí ai. Axathioprine toxidty in a điỉỉd  with ulceraiive 
colitis: ỉnteractỉon vvith mesalazỉne. GastroeHterobgy 1996; 110 (suppl): 
A883.

4. L om y pw, a ai. Leucopenỉa resultỉng írorn a drug imeractíon beiween 
azathỉoprine or 6-mercaptopurỉne and mesalamỉne, suỉphasalaùne. or 
baỉ$aỉazỉde. Gut 2001; 49: 656-64.

Pharmacokinetics
Mercaptopurine is variably and incompletely absorbed from 
the gastrointestinal tract’ about 50% of an oral dose has 
been reported to be absorbed, but the absolute bioavail- 
ability is somevvhat lower, probably due to gastrointestinal 
or first-pass metabolism, and is also subject to vvide 
interỉhdividual variation. Once absorbed it is widely 
distríbuted throughout body water and tissues. Plasma 
halí-lives ranging hom  about 20 to 90 minutes have been 
reported after intravenous injection and the drug is not 
ỉound in plasma after about 8 hours but thiỉ is oỉ limited 
signiũcance since mercaptopurinc is activated intracellu- 
Iariy by conversion to nudeotide derivatives which persist 
for much longer. It is rapidỉy and extensively metabolised in 
the liver, by methylatíon and oxidation as vvell as by the 
íormatíon of inorganic sulỉates; Thiol methylatiõn is 
catalysed by the ctưyme thiopurine methyltransỉerase 
(TPMT). TPMT activity is highly varìable in padents because 
of a genetic polymorphism in the TPMT gene. Patients vvith 
litde ọr no detectable enzyme activity may accumulate 
excesãve cellular concenơations o i  active tioguanine 
nudeotides, predỉsposỉng them to mercaptopurinc toxidty. 
Considerable amounts of mercaptopurine are also oxidised 
to thỉouric add by the enzyme xanthine oxidase. 
Mercaptopurine is excreted in urine as metabolites and 
some unchanged drug; about halỉ an oral dose has been 
recovered in 24 hours. A small proportion is excreted over 
several weeks.

Mercaptopuríne crosses the blood-brain banier to some 
extent and is ỉound in the CSF, but only in subtherapeutic 
concentrations.

Therapeuhc drug monihxing. For a discussion of thera- 
peutic drug monỉtoríng for mercaptopurine, see under 
Azathioprine, p. 1947.2.

Preparations

Prepriekary PreparoHons (details are given in Volume B)

Sẽngle-ingredient PreporoHons. Arg.: Puri-Neứiol; Varúner Aus- 
traL: Puri-Nethob Austrùr. Puri-Nethol; Belg.: Puri-Nethol 
Braz.: Puri-Nethol; CaruùL: Purinethol; Chữc. Puri-Nethob Cz.: 
Puri-Nethol; D ạ m .:  Xalupiine; Fr.: Puri-Nethol; Ger.: Puri- 
Nethot. Gr.: Puri-Nethol; Hong Kong-. Puri-Nethol; India: 
Empurine; Mercapto; Puri-Nethob h í :  Puri-Nethoĩ Israel 
Pun-NethoL- ItaL: Puri-Nethol; Mex.: Puri-Nethob Neth.: Puri- 
Nethob Xaluprine; Norw.: Puri-Nethol; Xaluprine; NZ: Pun- 
Nethob Phũipp.: Capmerin: Empurine; Merpurin; Puri-Nethol; 
Rus.: Puri-Nethol (IlypH-Henui); s ^ f r . :  Puri-Nethol; singapore: 
Puri-Nethol; Purinetone; Stved.: Puii-Nethol; Switz.: Puri-Neth- 
ol; ThaL: Empurinet; Puri-Nethot Turk.: Puri-Neihol; UK: 
Puri-Netholf: Xaluprine; USA: Purinethol.

Pharmacopoeial Preparatíons
BP 2014: Mercaptopurine Oral Suspension; Mercaptopurìne 
Tablets;
USP 36: Mercaptopurine Tablets.

M e t h o t r e x a t e  ÍBAN, usAN, riNNỊ
Aniéthopter.in;. Am etopterina; 4-Am ino-4-deoxy-10- 
rriẹthylpteroyịd/Hglutamic ' Ảcld; 4:Ảm ino-l 0-rtiethýlfolic 
Add; 'GL-14377;' a-Methopterin;: Methotrerat; Methotrexát; 
Méthoìrexatẹ; Metlròtrexatum\ Metòtreltsaatti; Métọtreksa- 
tas; M etòtrẹãé Metòhexát; Metồtrèxáto; MTX; NSC-740,- WR- 
19039; MeTOTpèxcaT. 1 1'
A/-{4-[(2,4-Diamino-6-pteridinylmethyl)methylamino]benz- 
oyiK-glutamic acid.
-̂20^22^8^5^^54.4

CAS —  59-05-2. .
ATC —  L01BẠ01; LQ4AXQ3.
ÀTC Vet —  ÒL01BA01; QL04AX03.
UNII —  YL5FZ2Y5U1.

Pharmocopoeias. In Chin.. Eur. (see p. vii), ỉnt., Jpn. and us. 
Ph. Eur. 8: (Methotrexate). A yellovv or orange, 
hygroscopic, crystalline powder. It contains not more than 
13% of water. Practìcally insoluble in vvater, in alcohol, and 
in dỉchloromethane; dissolves in dilute Solutions of mineral 
adds and o{ alkali hydroxides and carbonates. Store in 
airtight containers. Protect ỉrom light.
USP 36: (Methotrexate). It is a mixture of 4-amino-10- 
methylíolic add and dosely related substances; it contains 
not léss than 98% and not more than 102% of C2aH22N10 5 , 
caỉculated on the anhydrous basis. A yelỉovv or orange- 
brown crystalline povvder. It contains not more than 12% of 
vvater. Practically insoluble in water, in alcohoL in 
chloroform, and in ethen freely soluble in dilute Solutions 
of alkali hydroxides and carbonates; slightly soluble in 6N 
hydrochloric add. Store in airtight containers. Protect bom  
light.

MeHiotrexate Sodium IBANM, HNNMI
Méthotrexate de Sodium; Methoơexate Oisodiúm; Meto- 
treksat Sòdyum; Metotrẻxate sodium; Metotrexato disódico; 
Metotrẹxato sódico; Natrii Methòtrexatum; Haĩpnít MeĩO- 
TpexcaT.
C2oH2oNgNa205=498.4
CÀS —  7413-34-5 (methoưexate disodium); ì5475-56-6 
(methoưexate sòdium, xNa).
ATC —  L01BA01; L04AX03.
ATC Vet —  QLỌ1BAQỊ; QL04AX03.
UNII —  3IG1E7Ỉ0ZN.

Incompatibility. Methoưexate sodium has been reponed 
to be incompatible with cytarabine, ũuorouradl, and pred- 
nisolone sodium phosphate;1 hovvever, another study sug- 
gests it is compatible Wlth Ouorouradl.2 Furthermore a 
mixture of methonexate sodium vvith cytarabine and 
hydrocortisone sodium sucdnate in various inỉusion Huids 
has been reported to be visually compatible for at least 8 
hours at 25 degrees, although predpitation did occur on 
storage ío r severtd days.3

1. McRae MP, King JC. Compatibility oi amincoplastic. antlbioiic and 
corticosteroid drugs in ỉm ravenous admỉxtures. Am J  tìotp Pharm 1976; 
33: 1010-13.

2. Vỉncké BJ, t í  aỉ. Exiended stabiỉỉty oỉ 5-íluorouracil and meứìotrexate 
soiudons ỉn PVC conuỉnert. Inl J  Phanrtacrutia 1989: 54 :181-9.

3. Cheung Y-W. t í  ai. Subiỉity o í cytarabỉne, methocrcxace sodỉum. and 
hydrocortísone mHitim sucdnate  admixtures. Am J  Hosp Pharm 1984; 
41: 1802-6.

Stability lo Rght. Methoưexate undergoes photodegrada- 
tion when stored in the light in diluted Solutions, although 
undiluted commerdal preparations are reponed to show 
negligible photodegradanon.1 The bicaibonate ion cata- 
lyses this reactíon and such admixtures should be avoided 
ư possible, although they may be stable in light íor 12 
hours. Storage of Solutions diluted in sodium chloride 
0.9% injection in PVC bags was reported to protect against 
photodegradation although the length oỉ the study was 
only 4 hours.2 Photodegradation can take place under nor- 
mal lighting, but is more rapid in direa sunlight, vvith 
about 11% drug loss from a lrag/mL solution after 7 
hours; storage under normal lighting resulted in little 
change in drug concentration over 24 hours with a 
decrease of up to 12% by 48 hours.5 Loss was greatest 
ỉrom unprotected polybutadiene tubing, vvith almost 80% 
drug loss in 48 hours.

1. Cbatteijỉ DC Gaỉlellỉ J ĩ .  Thennal and photolytỉc decompositỉon ol 
m ethoưexate In aqueoiu íoiuriom . J  Pharm Sà  1978; 67: 526-31.

2. Dyvỉk o , tí ai. M ethoưexate in ỉỉỉh iáon  Solutions—a stabiỉity test for the 
hospỉtaỉ pharmacy. J  ơ in  tìosp Pharm 1986; 11: 343-8.

3. McEỉnay JC, t í  aỉ. Subilỉty of m ethotrexate and vinblastine in burette 
adm ỉnỉsưatíon sets. Irtí J Pharmaceutừs 1988; 47: 239-47.

Uses and Administration
Methotrexate is an antimetabolite antineoplastic that acts a 
an antagonist of folic add. It also has immunosuppressan 
properties. Within the celi íolic add is reduced t( 
dihydroíolic and then tetrahydroíolic add. Methoưexati 
competitively inhibits the enzyme dihydroíolate reductasi 
and prevents the íormation of tetrahydroíolate which i 
necessaty for purine and - pyrimidine synthesis anc 
consequently the íormatìon of DNA and RNA. It is mos 
active against cells in the s phase of the cell cyde. Folini< 
add (the 5-fomiyl deiivative of tetrahydroíolic ađd) ha; 
been given after hlgh doses to bypass the block ừ 
tetrahydroíolate production in noimal cefls and prevent tht 
adverse eữects of methoưexate. A suggested schedule fo: 
Ịoỉinìc aríd rescue is described under FoIinic Add, p. 2067.1 
(See also Treatment of Adverse Eữects, p. 826.3). Metho- 
trexate, in very high doses, íoUovved by folinic add rescue, Ĩ! 
used in ưeating some malignant dỉseases.

Methotrexate is used in the management of acute 
lymphoblastic leukaemia. It is seldom used for the inductior 
of remission but is employed in maintenance programmeí 
and in the prophylaxis and ưeatment oí meningea 
leukaemia. It may be used for Burkitt's and othei 
non-Hodgkin's ỉymphomas. In the solid neoplasms it is ar 
important part of curative regimens for choriocarcinoma 
and other gestatíonal trophoblastic tumours, and for the 
adjuvant therapy of osteosarcoma and breast cancer. It may 
also be used in other malignant neoplasms, see Malignam 
Neoplasms, p. 824.1.

Methotrexate is of value in the treatment of psoriasis bui 
because oí the riskỉ assodated vvith this use, it should only 
be given when the disease is severe and has not responded 
to other íorms of treatment. It is tvidely used as a disease- 
moditying antírheumatic drug in rheumatoid arthiitis. 
Methoưexate may be used to prevent graft-versus-host 
disease aíter bone marrovv transplantation and may be used 
as a cytotoxic immunosuppressant and corticosteroid- 
sparing agent in non-malignant diseases.

Methotrexate has a role in the management of eaopic 
pregnancy (see p. 823.3) and in the termination of early 
pregnancy (see p. 824.3)

Methotrexate may be given orally as the base or the 
sodium salt, or by inịectíon as the sodium salt. Doses are 
calculated in tenns oí methotrexate. Methottexate sodium 
16.5 mg is equivalent to about 15mg oỉ methotrexate. The 
doses andregimens used vary enormously, and may need to 
be adịusted according to bone marrow or other toxidty (see 
also under Bone-marrovv Depression, p. 730.3). For 
v/amings and recommendations regarding the safe prescribing, 
dispensing, and use o f oral antineoplastic drugs. see Adminừtra- 
tion. p. 732.3. Methoưexate regimens are oíten described as 
Iow-, moderate-, and high-dose, although what is meant by 
these texms may vary slighdy. Some UK licensed product 
inỉormation has dehned them as Iollows’.
• low-dose: individual dose-s under 100mg/m2
• moderate-dose: individual doses bervveen 100mg/m2 

and 1 g/m2
• high-dose: individual doses above 1 g/m2
Doses larger than lOOmg are usuaUy given partly or wholly 
by intravenous iníusion over not more than 24 hours. 

Some common methoưexate doses are as íoUovvs:
For maintcnance thcrapy in acute lym phoblastic leuk - 
aemỉa:
• 15 mg/m2 orally or intramuscularly tvvice weekly
• 20 to 30mg/m2 orally or inữamuscularly tvvice vveekly
• 2.5 mg/kg intravenously every 14 days 
For m eningeal leukaemia:
• 12mg/m2 intrathecally once weekly íor 2 weeks, then 

once monthly
• 200 to 500nũcrograms/kg intrathecally at intervals of 2 

to 5 days untìl the cell count of the CSF retums to 
normal; one additional dose is advised thereaíter

• 12mg inưathecally once weekly until the cell count of 
the CSF retums to normal; onc additional dose is advised 
thereafter

For Burkltt's lymphoma:
• stages I to n: 10 to 25 mg orally daily for 4  to 8 days
• stage ra (vvith other drugs); 0.625 to 2.5mg/kg orally 

daily
In all stages, courses éure usually repeated several times at 
intervals of 7 to 10 days.
For lymphosarcoma:
• (with other drugs): 0.625 to 2.5 mg/kg inưavenously or 

intramuscularly daily
For choriocardnom a and similar ưophoblastic diseases:
• 15 to 30 mg orally or intramuscularly daily íor 5 days, 

repeated aíter an interval oí 1 week or longer, íor 3 to 5 
courses

For osteosarcoma:
• 8 to 12 g/m2 inttavenously once vveekly, with ỉolinic add 

rescue

All cross-reíerences reỉer to entries in Volume A
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For breast cancer:
• (with cydophosphamide and ũuorouracil in the CMF 

regimen, see Table 1, p. 719) 40mg/m2 imravenously on 
days 1 and 8

• (with other drugs in cycllcal regimens) 10 to 60 mg/m2 
intravenously

For m ycosls íungoides:
• 2.5 to 10 mg oraỉly daiỉy ỉor weeks or months, adjusted 

according to response and toxidty
• 50 mg intramuscularỉy vveekly, as a single dose, or in two 

divided doses
For psoriasis:
• 10 to 25 mg orally, intramuscularly, or intravenously 

once vveekly, adjusted according to response and toxidty; 
a suggested test dose in the range of 5 to 10 mg is 
recommended one week beíore the start of therapy

• 7.5 to 20 mg (increased as needed to a maxứnum of 25 to 
30 mg) orally weekly, given as 3 divided doses over 24 
hours, or as 3 divlded doses at 12-hour intervals, or as 4 
divided doses at 8-hour intervals; some suggest a test 
dose of 2.5 to 5 mg

• 2 to 5mg (maximum 6.25 mg) orally daily for 5 days, 
ỉollovved by an interval of ạt least 2 days

For rheum atoid arthritis:
• 7.5 mg once weekly, giveri as a single oral, subcutaneous, 

intramuscular, or intravẹnous dose, or as 2.5mg orally 
every 12 hours íor 3 dọses, adjusted according to 
response to a usual maxĩmum of 20 mg weekly

In psoriasis and rheumatúidẸ-ârthrltis, once an ađequate 
response is seen, the dose shổủld be reduced to the lovvest 
possible eííective dose.

For doses in children, see below.
It is essential that blood counts and tests oí renal and liver 

ỉunction shouỉd be made beỉore, during, and aỉter each 
course of treatment wíth methoưexate (see Precautions, 
p. 827.1). For lurther iníonnation on đoàng in hepatic and 
renal impaỉnnent, seè belovv.

Administration in children. Methotrexate is used in some 
countries for cancer chemotherapy in children, either 
alone or in combinatỉon regimens, and in juvenỉle idio- 
pathic arthritis, for patients vvith active polyarticular rheu- 
matoid disease.

For use in cancer chemotherapy such as for acute 
lym phoblastỉc leukaem ia dosage is usually baseđ on 
body-weight or body-suiíace in similar doses to those used 
in adults (see Uses and Administration, p. 822.3); 
altematively, an oral or parenteral dose of methotrexate 
15mg/ra2 once weekly (with other dmgs) has been 
suggested. For m eningeal leukaem ia, some UK licensed 
product iníormation States that the dose of inơathecal 
methotrexate is constant regardless of age or body-suríace 
in patients over the age of 3 years, and that those under 3 
years be treated in accordance with combination chemo- 
therapy protocols. For non-H odgkln's lymphoma in 
children, methotrexate is given according to the disease 
phase and histological type; single intravenous doses range 
ừom 300mg/m2 to 5g/m2.

For juvenile rheum atoid arthritls the recommended 
starting oral or parenteral dose in the USA is 10 mg/m2 once 
vveekly. Dosage is adjusted gradually to achieve an optimal 
response. Children have been given doses up to 30 mg/m2 
vveekly, but data are too limited to assess how doses over 
20mg/m2 vveekly might affect the risk of serious toxidty, 
although there is some suggestion that children given 20 to 
30 mg/m2 weekly (0.65 to 1 mg/kg weekly) may have better 
absorption and íewer gastrointestinal adverse eữects ư 
methotrexate is given either intramuscularly or subcuta- 
neously. In the UK, methoưexate is licensed for children 
aged 3 to 16 years in the ưeatment of polyartiailar juvenile 
idiopathic arthrítis; a usual dose of 10 to 15mg/m2 once 
vvecklỵ by subcutaneous or intramuscular ỉnjecĩion can be 
increased up to a maximum o£ 20mg/m2 once weekly. 
YVhile stating that methotrexate is not licensed for use in 
chitdren vvith other non-malignant conditions, the BNFC 
recom m ends  a dose for juvenile idiopathic arthritis, ju venile 
deimatomyositis, vasculitis, uveitis, SLE, localised sderò- 
derma, and sarcoidosis; children aged 1 month to 18 years 
may be given 10 to 15mg/m2 once vveekly initìally, 
increased if needed to a maxũnum of 25mg/m2 once 
tveekly. Doses may be given orally, subcutaneously, or 
intramuscularly.

Methotrexate injectable ĩormulations containing the 
preservative bcnzyl alcohol are not recommended ỈOT use in 
neonates. See also Neonates, unđer 6enzyl AlcohoL 
p. 1741.1.

For psoriasis, although methonexate is unlicensed in 
the UK for this use in children, the BNFC aílovvs for spedalist 
use in sevcre uncontrolled reíractory disease. Children aged 
2 to 18 years may be given an initial oral dose of 
200 micrograms/kg (maxỉmum lOmg) once weekly, 
increased accordỉng to response to 400 micrograms/kg 
(maximum 25 mg) once vveekly.

For suggested doses in the tieatment oỉ Crohn's disease 
in children, see InĐammatory Bowel Disease, p. 824.1.

Adminisiration in the elderly. Licensed produa inỉonna- 
tion States that methotrexate should be used with extreme 
cautìon ìn the eldeiỉy, and that dosage reduction should 
be considered. Folate reserves are lower in older people 
and dosage reduction may be needed based on reduced 
liver and kidney íunction. Concomitant disease or drug 
therapy may contribute to these íactors. There is some 
suggestion that adverse eSects such as bone marrovv sup- 
pression, thrombocytopenia, and pneumonitis may be 
increased in elderly patỉents.

A revievv1 also States that increased toxidty has been seen 
in elderly patients given long-term low-dose methoơexate, 
and that half-Ufe and dearance are signiíicantỉy prolonged 
in olderpatients. A dose reductíon based on renal function is 
recommended, and an altemadve dosing ỉormula ụsing 
creannine dearance (CC) has been proposed, namelỵ;

adjusted dose= normal dose X cc / 70
See also Adminisưation in Renal Impairment, below.

1. Iich tm an SM. a  al. In tem atíon il Sodety of Geiiatric Oacology 
Chemotherapy Taskỉorce: evaỉuatíon of chem otherapy ỉn  otdẽr 
patíents—an  analysỉs of the medỉcal lỉterature. J  ơ ítt O naỉ 2007; 2S: 
1832-43.

Administration in hepatic impairment. Methoưexate is 
hepatotoxic, and liver íunction should be monitored dur- 
ing therapy (see Precautìons, p. 827.1). Methotrexate 
should not be given to patients with severe or signihcant 
hepatíc impaiiment, or to those with liver disease, ỉndud- 
ing Ebrosis, dirhosis, or hepatitis. UK licensed product 
inlormation for One injectable formulation (M e to ịeữ ; M edac, 
U K )  spedhes that methoưexate should not be used if the 
bilirubin concenưation is greater than 5mg per 100 mĩ, 
(85.5 micromoles/liưe). Most UK licensed product iníor- 
mation advises that methoưexate theiapy be suspended 
for at least 2 weeks if substantial hepatic hinctíon abnorm- 
alities develop.

Admmistration in renal impairment. Methotrexate is ren- 
ally excreted. and renal tunction should be monitored 
before, during, and after treatment. High-dose metho- 
ưexate therapy can aỉfect the kidneỵs, and measures to 
prevent this may be required, see Eííects on the Kidneys, 
p. 825.2.

Most UK licensed product iníormatíon contra-indicates 
use in severe or signiEcant renal impainnent and States that 
doses of methoaexate should be reduced in patients with 
renal impairment, but gives no spedhc dose recommenda- 
tìons. However, licensed product iníormation for one 
injectable ỉotmulatíon (M tto ịe a ;  M edac, U K )  gives the 
following recommendations based on creatinine dearance 
(CC):
• cc> 50 ml/min: 100% of the usual dose
• cc between 20 and 50mL/min: 50% of the usual dose
• ■ CC<20mL/min: use contra-indicated
Some advise adjustment oí dose according to the cc and 
serum methotrexate concemrations. For a suggested dose in 
elderỊy patients based on cc, see Administration in the 
Elderlý, above.

Asthma. Various immunosuppressants, induding metho- 
trexate, have been tried for their anti-inflammatory and 
corticosteroid-sparing propettìes in chronic asthina 
(p. 1195.2), but because of fears about toxidty are largely 
reserved for certain patients dependent upon systemic cor- 
ticosteroids. Results of individual studies with metho- 
trexate have been conílicting, but it appears that some 
patients may beneíĩt from the corticosteroid-sparing effects 
of methotrexate.1'5 However, some reviewers considered 
that the reduction in corticosteroid dose was insuffident 
to offset the adverse eílects of methotrexate.6 Metho- 
ưexate therapy must bc given for at least 3 months for an 
adequate assẽssment of efficacy.

1. shulinưon TR, Shiner RJ. A rỉsk-beneỉỉt asscssment of methotrexate ỉn 
cortỉcosteroid-dependent a$thma. Đrug SaỊèty 1996; 15: 285-90.

2. Marin MG. Lỡ«r*dose mcthotrexate  ỉpares steraid usage ỉn stcroỉd- 
depeodent asthmatỉc padents: a mcta-anaỉysis. Chat 1997; 112: 29-33.

3. Conigan CJ. et ai. M ethotrexate iherapy oỉ oraỉ corticosteroid' 
dependent asthm atỉa  reduces serum iirmunoglobulins: cocreỉatỉon 
w ith dỉnỉcal response to therapy. Qin Exp Allergy 2005; 35: 579-84.

4. Comct R, €t a l Bcneữts o i low  ireeỉdy doses of methotrexac« ỉn steroid-' 
dependent asthmatic patỉems: a doubỉe-blind. randomỉzed. pỉacebo- 
controỉỉed study. Rapir Med 2006; 100:411-19.

ỉ .  Domingo c, t í  ai. Tweỉve ycars' experỉeace wỉth methotrexate for GINÀ 
treatm ent step 5 asthma patients. Curr M tđ R a opin 2009; 25: 367-74.

6. Đavỉes H. et ai. M ethotrexate as a stcroỉd sparỉng agent for asthma ỉn 
aduỉts. Available in The Cochrane Daubase óf Systématic Revỉevvs; Issue
3. Chichesten John  WUey; 1998 (accessed 12/05/05).

Connective lissue and muscular disorders. Reports in a 
limited number of patients indicate that methotrexate 
given qnce weekly in lovv to moderate doses may be of 
beneũt in patients with SLE (p. 1613.3), with benefit 
reported particulariy for joint and mucocutaneous symp- 
toms.1-2 In a retrospective analysis of patíents with cuta- 
neous lupus erythematosus, lõw dosẽs of methoưexate 
signiEcantly decreased disease activity.5

Methoưexate therapy has been investigated for its 
potential conicosteroid-sparing properứes in  poỉymyalgỉa 
rheumaúca (p. 1610.3). Different regỉmens have been tried 
and aỉthough òne study* reported beneũt, Otheis5’6 ỉound 
no evidence of dinical eỉEcacy or a cortícosteroid-sparíng 
effect Guidelines b o m  the 3E Initiative2 considered it 
eữective and recommended its use as a cotticosteroid- 
sparing agent in polymyalgia rheumatica and giant-cell 
arteritis.

Methotrexate is widely used in rheutnatoid arthritis (see 
p. 824.2) and in polymyositis (p. 1611.1), and hasbeen tried 
in Cogan's syndrome (p. 1603.2).

1. Sato EL Methotxexate therapy ỉn systemỉc lupus erythematosus. Lupus 
2001; 10: 162-4,.

2. Visser K, ữ a l.  M ultinatíonal evidence-bascd recommendatìons ỉor the 
use of methotrexate ỉn  rheumatic dỉsorders wtth a tocus on  rheuxnatọịd 
arthritis: Integra ting systematỉc ỉỉterature research and expert opỉnion oỉ 
a broad intematíoòãl p an d  oỉ rheumatologỉsts In the 3B Inỉtỉative. Aìm. 
Rheum Dừ 2009; 68: 1086-93. '

3. Wenzel J. t í  a i  B ữ a ợ Ị  and saỉety o ỉ methotrexate ỉn recaid tran t 
cutaneous ỉupus erythematosus: resũlts of a retrospectỉve study ỉn 43 
patients. Br J  Damatol 2005; 153:157-62.

4. Ferractíoll G . t í  cứ . M ethotrexate in  polymyalgỉa rheum atỉca: 
prdỉmỉnary resutts oỉ an  open, randomỉzed stuđy. J  Rkeumatoỉ 1996; 
23: 624-8.

5. Fdnberg HL, t í  al. The use of m ethoơexate in polymyalgia rheuraatica. J  
Rheumàtoi 1996; 23: 1550-2.

6. van der Veen MJ, t í  al. Can methotrexate be used a$ a steroid sparing 
agent ỉn the treatm ent of polymyalgỉa rhemnatỉca and  gỉant cell 
arteriós? A m  Rheum Dừ 1996; 55:218-23.

Ectopic pregnancy. Ectopic pregnancy OCCUIS when the 
fertiiised ovum implants outáde the uteius, usually ln the 
ỉaUopian tube itsélỉ (tubal pregnancy). Earlier dẽtection 
has become possible due to improved diagnostic techni- 
ques. In many countries, there has been 'a rise in the rate 
of eaopic pregnandes {ollovved by a decline; this may be 
partly due to mcreasing rates of iníectiòn with Chlamỹdia, 
ĩollovyed by the eííert of preventíon, and changes ỉn the 
popularity o l intra-uterine devices.1 Although ectopic  
pregnandes may spontaneously abort eariy, vrithout clini- 
caỉ sequelae, the potentịal adveise e&ects are serious, ran- 
ging hom pelvic pain and blẹẹding at 5 to 6 weeks of 
gestation (indistínguishable £rom spontaneous abortion), 
to potentially fatal intra-abdominal haemorrhágé later hỉ 
the course oỉ an othenvỉse asymptomatỉc pregnancy’ 

taparoscopic surgery remains the Standard tteàtment.1’4 
In some countrỉes non-surgical methods áre increasmg in 
popularity because of earlier diagnosis.1,2 Perhaps the most 
experience of the latter has been with methotrexate. 
Management with intramuscular methotrexate may be 
appropriate for selected women with smaỉl tmruptured 
tubal pregnandes who are haemodynamically stable, have 
lovv seram-chorionic gonadotrophỉn concentrations, and 
lack conưa-indications to methotreỉcate use.2*7 Surgery is 
preíeired where there is cardiac activity in the conceptus, 
since a livỉng embryo increases resistance to metho- 
trexate.4-7 Two regimens oỉ ỉntramuscular methotrexate 
have been described. A multiple-dose regimen of 1 mg/kg 
on 4 altemate days, with ỉolinic add rescue,1 has shnilar 
efficacy to sutgery.3 A single dose of 50mg/m2 can be used 
instead1-5 but systematic revievvs have indicated that it has a 
higher lailure rate than surgery1'1 and about 20% oỉ patients 
will require more than one cyde of ơeatment.’ Some 
suggest that it is best reserved for women ivith serum- 
chorionic gonadotrophin concentrations b elow
1.5 units/mL.4 The addition oE an oral dose of miíepristone 
to single-dose methoưexate has been investigated1’, -,<’ and 
may reduce treatment ỉailure rates.

Methotrexate has been given by local injection directly 
into the ectopic (salpingocentesis). Doses oỉ lm g/kg or 
50 mg have been used11 but this technique is signiEcantly 
less successíul than surgery.’ Systemic methottexate (with 
folinic add rescue) has also been reported to be eỉíective in 
resolving persistent ectopic pregnancy unsu ccessỉu h y  
treated with surgery.

The role of other agents in the management of ectopic 
pregnancy is less vvell established. Local instillation oỉ 
glucose 50% by salpingocentesis has also been used in the 
treatment of ectopic pregnancy,11-12 but One study was 
stopped because oỉ a higher tailure rate with glucose 
treatment compared with local methonexate.13

Methoữexate may also be used in  the tennination oỉ 
early uterine pregnancy (see p. 824.3).

1. Farquhar CM. Ectopic pregnancy. Lonctí 2005; 366: 583-91.
2. TayJLtfđ/.B ctopỉcpregnancy.£M /2000;320:9ỉ6-9.C orTectỉoa.ibid.; 

321:424.
3. Hajenỉus PX ct oL Intervendons for tubal ectopỉc pregnancy. Available ỉn 

Thê Cochrane Đ aubase oỉ Systenutk Revỉem ; ỉssuẽ 1. Cbỉchester John  
WUey; 2007 (accessed 19/05/08).

4. Moi F, tí  ai. Cuirent evidence on  surgery, ỉystemic m eứìoữexate and 
expecĩant managexneDt ỉn the treannẽnt of rubaỉ ectoplc pregnancy: 1 
systemadc revỉew and  meta-analysb. Hum Reprod Upđãtt 2008; 14 :3 0 9 -
19.

5. Upscomb GH, rt a i  Nonsuxgical ưeaưnent o( eciopic pregnancy. N  Ertgl J  
Med 2000; 343:1325-9.

6. Lỉpscoob GH. t í  aL Predỉcron o í success of mcthỡẼrexate treacmenr ỉn 
vvomen wiứi tubal ectopic pregnandes. N  En$l J  Med 1999; 341:1974-8.

7. American CoUege o ỉ óbstctridans and  Gysecologists. ACOG practíce 
buDetin: medỉcaỉ m anagement of tubal pregnancy. Num ber 3, Decetnber 
1998. bư J  ơynteoỉ Obứet 1999;65:97-103.

The Symbol t  denotes a preparation no longer actively marketed
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8. Parker 3, t í  ai. A systeraatic review  o ỉ sỉngỉe-dose intramuscular 
m ethoưexate for the treatxnent o í ectopỉc pregnancy. Aust N  Z J  Obstet 
Gyruưaỉ 1998; 38; 145-50.

9. Gazvanỉ MR, ef a i  Mỉỉepristone ỉn combinatlon with m ethotrexate ỉor 
th e  medỉcal treatm ent of tubaỉ pregnancy: a randomixed, controlỉed 
trial. Hum Reprod 1998; 13:1987-90.

10. Perdu M, t í  aỉ. Treating eaopic  pregnancy vvith the combỉnatỉon oi 
m ỉỉeprỉstone and methotrexate: a phase n  nonrandoraữed study. Am J 
Obsttí Gytưcol 1998; 179: 640-3.

11. Natoỉsky JG, tí al. ultrasound-guỉded ỉnjecdon of ectopỉc pregnancy. Chn 
Obsttí Gyrucoỉ 1999; 42: 39-47.

12. T-ang FFJ, t í  ai. Laparoscopỉc ỉnstíHatíon o ỉ hyperosmolar glucose vs. 
expẽctani roánagem ent oỉ tubal p rcgnandes with serum  hC G <2500

: ỉnlU/mL. Atía Obtítí Gyrueoĩ Scahd 1997; 76 :797-800.
ỉ 3. Sadan o, tí aỉ. Methotrexate versus hyperosmoỉar gỉucose in the 

treatm ent of extrauterỈQc pregnancy. Arch òynecoỉ Obữtí 2001; 265: 82- 
4.

biflammatory bowd disease. Methotrexate (given intra- 
muscularly once weekly in a dosc of 25 mg) was reportcd 
to improve symptoms and reduce corticosteroid require- 
ments in a Ịarge controlled study in patients wlth chronic 
active Crohn'ỉ disease.1 Those patients vvho were in remis- 
sion after 16 weeks of methoưexate treatment were 
entered into a íurther placebo-controlled study2 of metho- 
trexate 15mg weekly by intramuscular injection. During 
40 weeks of follow-up, a higher proportion of patients 
receiving methoưexate remained in remission, and had 
fewer relapses. Smallcr studies have also reported modest 
benefit for oral methotrexate 12.5 to 22.5mg/week in 
chronic active disease.2’4 Subcutaneous methotrexate has 
also been used.5 A revievv4 conduded that low-dose 
methoưexate could be recommended for induction of 
remission and for its corticosteroid-sparing eỉlect in reírac- 
tory and corticosteroid-dependent Crohn's disease, 
although the predse indications, dose, and route for its 
use were still undear.

Ạlthough methotrexate is unlicensed in the UK íor 
Crohn's disease, the B N Ỉ  suggests the ỉoUovvỉng doses in 
adults over 18 years o{ age vvith severe disease:
• induction of reraission: 25 mg intramuscularly once 

weekly
• maintenance of remission: 10 to 25 mg orally once 

vveekly, or 15 mg intramuscularly once vveekly
The BNFC suggests the íollovving doses for children aged 7 to 
18 years:
• . induction of remission: 15 mg/m2 (maximum 25 mg)

once vveékly, by subcutaneous or intramuscular 
injection

• maintenance of remission: 15mg/tn2(maximuin 25 mg) 
once weekly, either orally or by subcutaneous or 
intramuscular ũỹection; the dose is reduced according to 
response to the lovvest ehective dose

The value oỉ methotrexate in uỉcerative colitis is doubđul: 
although benehts have been seen in some patients,5'7 a 
study in active ulcerative colitis ỉound no sỉgniCcant 
dỉỉferences between oral methoưexate 12.5mg/week and 
piacebo.* For a discussion of inUammatory bowel disease, 
seep. 1811.3.

1. Peagan BG, tí  al. Metbotrexate ío r the  ư eaonem  oí Crohn's disease. N  
EngU M ed  1995; 332: 292-7.

2. Peagan BG, tí  a i  A comparison of m ethotrexate w ỉth placebo for the 
maintexiance of remission in Crohn's dỉscase. N  Engì J  Med 2000; 342: 
1627-32.
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blind. randomỉzed. Israeli muỉticenter trỉaỉ. Am J  Gastroentrrol 1997; 92: 
2203-9.
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double-blind. placebo-controlled thai. Hcpatogastrotnttívlogy 1999: 46: 
1724-9.

5. Egan u ,  t í  a i  A random ùed dose-responsc and pharraacokineùc study 
ơ í m ethotrexate ỉor reíractory ỉnũam m atory Crohn's discase and 
uỉceratỉve coỉỉtLs. Alừnmt Pharmacol Thtr  1999: 13: 1597-1604.

6. Egan u  Sanđboro WJ. Methocrexate ỉo r ỉnũam niatory bowel disease: 
phannacoỉogy and preliminary resuỉts. Mayo Cỉin Proc 1996; 71: 69-80.

7. Kozarek RA. M ethotrexate for refractory Crohn's disease: preliminary 
answers to deũnitíve quesdons. Mayo CZm Proc 1996: 71: 104-5.

8. Oren R, tí  al. M ethotrexate in chronic actỉve uỉceratỉve coỉỉtis: a double* 
bỉỉnd. randomteed, Israeli m uỉticenter trial. Gastncntmlagy 1996; 110: 
1416-21.

MaBgnant neopiasms. Methotrexate is extensively used 
in the management of malignant disease. In acute 
lymphoblastic leukaemia it is used íor maintenance ther- 
apy, and intrathecaUy for prophylaxis of CNS relapse, as 
discussed on p. 692.3, vvhile it also fomu part oỉ several 
regũnens used for non-Hodgkin's lymphomas such as Bur- 
kitt's lymphoma (p. 697.3), mycosis ỉungoides (p. 698.3) 
and those assodated with AIDS (p. 697.2). In the solid 
neoplasms it ỉs an important part of curative regitnens for 
gestatíonal ơophoblastic tumours (p. 691.2), the adjuvant 
therapy of osteosarcoma (p. 717.3) and is used in regimens 
for tũmours of the bladder (p. 700.2), brain (p. 701.2), 
bteast (p. 702.1), stomach (p. 706.1), and head and neck 
(p. 708.1).

Muihple sderosis. Results suggest that orạl methoưexate 
7.5 mg weekly may be oí beneAt1 in slovving the progres- 
sion of multiple sderosis (p. 996.3). Although the results 
0f studies of immunosuppressant therapy in this condition 
have tended to be disappointing, it has been pointed out 
that beneht was assessed dưíerently in the methoơexate

study,2 which may have a bearing on its more íavourable 
condusions.

1. Goodkĩn D E t t  al. Low*đosc (7.5 mg) o n l m ethotrexate reduccs the  rate 
o í progression in chronic Progressive multlple sderosis. A m  Neurol 1995; 
37: 30-40.

2. w h lu k e r  JN. a  tl.  Clinical outcomes and documentation o( partial 
benetlda! ellects of im m unotherapy for multlple sderosls. A m  N tu n l  
1995; 37: 3-6.

Myosthenia gravis. Methotrexate has been tried in the 
mánagement of myasthenia gravis (p. 684.1) in patients 
who require immunosuppression but are intolerant of or 
unresponsive to corticosteroids and azathiopríDe.

Organ and tissue transplanlatìon. For reterence to the 
use of methotrexate (usually vvith ddosporín) in bone 
marrovv transplantation. see Haematopoietic Stem Cell 
Transplantation, p. 1937.1.

2. Suarez~Aỉmazor ME, tì  ttl. Methotrexate ỉo r treatỉng rheum ato d 
arthritis. Available in  The Cocbrane Databasc of Systematic Revỉevi 5; 
issue 2. Chỉchesten John  VViley; 1998 {aocessed 15/10/09).

3. Vỉsser K, t í  a ỉ. M uhlnational evỉdence-based reconunendatỉons ỉo r tì e 
use of m ethotrexate ỉn  rheum atic dỉsorden with a ỉocus on  rheum atc d 
anhrỉtỉs: ỉntegratỉng systematỉc lỉterature research and  expert opỉnỉon )f 
a broad ỉntem atỉonaỉ panel of iheum atologỉỉts in the 3E Initỉatỉve. Aỉ n 
R h n u rt Dừ 2009; 68: 1086-93.

4. Kremer JM . Ratỉonaỉ use of new  and exỉstíng disease-modiỉylng ager :s 
ỉn rheum atoid arthrids. A m  Irtttm  Med 2001; 134: 695-706.

5. Braun 3, t í  a i. MC-MTX.6/RH Study Group. Comparỉson of the dinic li 
eíQcaqr and  saíety of subcutaneous versus orai adm ỉnỉstration )f 
m ethotrexate ỉn patỉents w ith aa iv e  iheum atoỉd arthrỉtis: rerults of a 
slx-momh, multicenter. randomixed, double-blind. controỉìed. phase ! V 
trial. Arthriĩũ Rhtum  2008; 58: 73-81.

6. Ravelli A, t í  a i. Rađỉologỉc prọgression in patỉents w ỉth juveniie chron c 
arthritỉs ữeated w iih m ethotrexate. J  P td ia tr 1998; 133:262-5 .

7. Takken T, t í  aì. M ethotrexate ỉor ưeating juveniỉe idỉopathìc arthriti i. 
Avaỉlabỉe io The Cochrane Database of Systematíc Reviews; Issue t. 
Chlchesten John  WUey; 2001 (accessed 15/10/09).

8. Ram anan AV, t í  a l Use ữf m ethotrexate ỉn juveniỉe ỉdỉopathỉc arthríti í. 
A n h  Dừ Otũd 2003; «8: 197-200.

Primary biliary cirrhosis. Like other drugs used for pri- 
mary biliary drrhosis (p. 2638.3) methotrexate has been 
assodated with biochemical improvement but evidence of 
dinica) and in particular histological improvement is hard- 
er to shovv, and the toxicity of immunosuppressants such 
as methotrexate is problematic. A randomised study com- 
paring methoưexate vvith colchicine ỉound a slightly 
lovver survival with methotrexate alter 10 years of treat- 
ment;1 a Systematic revievv2 conduded that mcthotrexate 
had no eííect on monality or the need for liver transplan- 
tation in parients with primary biliary drrhosis and that 
there was no evidence to support its use.

1. Kaplan MM. tí  ai. A randomired controlled thai oí colchicine plus 
ursodỉol versus meihotrcxate plus ursodiol in prinury  biliary ảrrhosis: 
ten-year results. Hepatữỉogy 2004; 39: 915-23.

2. Gíljaca V, t í  ai. M ethotrexate for primary biiỉary cỉrrhosỉs. Available ỉn 
The Codirane Database of Systemaúc Revievvs; ĩssue 5. Chichenen John 
vviiey; 2010 (accessed 07/07/10).

Psoiiatic arthrítis. Methotrexate may be useỉul for severe 
or Progressive cases of psoriatic arthritis (see under Spon- 
dyloarthropathies, p. 14.3) when the arthritis is not con- 
ưolled by physical therapy and NSAIDs, although toxidty 
may limit long-term use in some patients.

Retroperíioneal íibrosis. There are reports1-2 of success 
with low-dose weekly methotrexate in the treatment of 
reơoperitoneaí {ibrosis (p. 1612.1); corticosteroids vvere 
also given, but tapered off in one case.1

1. Scavalỉi AS, tí ai. Long-term íollow-up oí Iow-dose methotrexate 
therapy ỉn one case oí idiopathic retroperitoneal nbrohs. Clirt Rheumatoi 
1995; 14: 481-4.

2. Vagỉio A. tí  al. Post-treatment reãdua) túsue in idíopathic retro- 
peritoneal ỉibrosìs: aciivc residual dỉsease or silent 'scar* ? A study usìng 
lsF-fluorodeoxyglucose positron emission tomography. Cỉin Exp 
Rhtumatol 2005; 23: 231-4.

Rheumatoid arthritìs. Therapy of rheumatoid arthritis 
(p. 13.2) iỉ conventionaUy begun vvith an analgesic and an 
NSAID for symptomatic relieí, to vvhich a disease-modiíy- 
ing anttrheumatic drug (DMARD) is subsequently added 
in an attempt to retard the disease process. It is now dear 
that irreversible joint damage commonly occurs in early 
disease and rheumatologíỉts now generally add the 
DMARD shortly after rheumatoid arthrítú has been diag- 
nosed. Methoưexate is widely used,1 and ứ the DMARD 
of íirst choice in many paúents. Systematíc revjew has 
conhrmed that methoưexate tias signiGcant benelit in the 
short-terro ưeatment of the disease.2 Multinational recom- 
mendatìons for its use5 produced by the 3E Initiative 
induded beginning oral therapy at 10 to 15mg vveekly 
and increasing this dose by 5 mg every 2 to 4 vveeks up to 
a maximum of 20 to 30 mg vveekly (this is somewhat 
higher than the licensed doses recommended in Uses and 
Administration, p. 822.3); the Initiative also considered 
that at least 5 mg of íoìic add tveekly should be given as a 
supplement. These recommendations considered that 
monotherapy was prelerable to combination of metho- 
ưexate with other DMARDs in DMARD-naive patíents,1 
with methoưexate-based combinations used when mono- 
iherapy was inellective. Methotrexate has been tried vvith 
ddosporin, hydroxychloroqnine and sulíasalaáne, leũu- 
nomide, etanercept, and iníliximab. Studies have shovvn 
improved responses to these combinations compared with 
methoơexate alone, but long-term elíicacy and saíety has 
not been studied.'* For debate on the value of initiai com- 
bination therapy versus monotherapy see p. 13.2. A ran- 
domised controlled study’ found that subcutaneous 
methoơexate was significantly more effective than the 
same dose oí oral methotrexate in patients with active 
rheumatoid arthrítis.

Methoưexate may be of beneht4-' in juvenile idiopathic 
arthritis (p. 12.1); lor doses, see Administration in Children, 
p. 823.1.

Methotrexate may also be of value in the management of 
assodated uveitis (see p. 825.1).

1. Anonymous. Modiĩying disease in rheum aioid arthritis. ùm $ Ther BuU 
1998; 36: 3-6.

Sarcoidoỉiỉ. Where therapy is requỉred for sarcoidos s 
(p. 1612.2) corticosteroids are the flrst choice of druj; 
methotrexate is one of the preferred second-Iine immunc - 

I suppressants. 
i Reíerences.

1. Webster GF, tí ai. M cthưtrexate iherapy in eutaneous sarcoidosis. Ar >ỉ 
ìniem Med 1989; 111:5  38-9.

2. Soriano FG. tí ai. Neurosarcoidữỉis: therapeutic success wiih m cih ' - 
ưexaie. Pữĩtgrad Med J 1990. 66: 142-3.

3. LnvverEE. Baughman RP. Prolonged use oí m ethotrexate ỉor sarcoidnsi.. 
Arch ỉntem Mid  1995; 155: 846-51.

4. Baughman Rp, Lovver EE. A dinical approach to the use of m ethotrexa e 
íor sarcoidosis. Thorax 1999; 54: 742-6.

sderoderma. There is some evldence of benelit vvit 1 

methotrexate in patients with sderoderma (p. 1942.3 , 
particularly for cutaneous symptoms, although not all stu - 
dies have shown dear value.
Reíerences.

ỉ . van den Hoogcn FH, tí aỉ. Comparison of m eihoưexaie wiih placebo 11 
the treartnem oí systemic sderosis: a 24 week randomized double-blind 
th a i  followed by a 24 week observatỉonal thai. B rJ Rheumatol 1996; 35: 
364-72.

2. Seyger MMB, t í  a i  Low-dose m eĩhoircxate in the treatm ent of 
vvidespread morphea. J  Am Aead Dermatol 1998; 39: 220-5.

3. Uriel y. t í  al. M ethotrexate and cortỉcosteroid therapy for pediatric 
localỉxed sderoderm a. J  Pediatr 2000; 136: 91-5.

4. Pope JE  tí  al. A randomized. conưolled tnal of m ethotrexate versus 
placebo in earỉy diííuse sderoderm a. Arthrítis Rhatm  2001; 44: 1351-8.

5. Wcìbel L. rt aì. Evaluarion of m ethotrexaie and corricosteroids for th í  
treacment oỉ localized sderoderm a (morphoea) in chìldren. BrJ Dermati i 
2006; 155: 1013-20.

skin disorders, non-malignant. Methotrexate iỉ vvidel / 
used in the treatment of severe reừactory psoriasis. As dis • 
cussed on p. 1688.1 the aim oí such therapy is to brin ; 
the disease under control, enabling a retum to other ther • 
apy. For use in psoriatic arthritis see above. Methoưexate 
is also used with corticosteroids in the management of 
pemphigus and pemphigoid (p. 1687.1).

Tenmination of pregnancy. Methoưexate has been investi- 
gated as an altemative to miíepristone for use with miso • 
prostol for the termination of early pregnancy (p. 2131.3). 
Intramuscular methotrexate followed 3 days later by in tra 
vaginal misoprostol was more eữective than misoprostoí 
alone for termination at 56 days or less;1 the combinatioi 
vvas reported to be less successhil aíter 57 to 63 days o : 
gestation.2 Later studies3-4 hovvever íound the combinatioi 
to be saỉe and eữective in termỉnatỉng pregnancỉes up t. 
63 days of gestation; in these the misoprostol was givei 
up to 7 days alter the methoưexate. Oral methoưcxate i 
also eữective.5'7 Hovvever, the ehicacy of methoưexate fol 
lovved by misoprostol does appear to diminish vviử 
increasing gestational age,* and the time to complete abor- 
tion generally takes longer with regimens using metho- 
trexate compared vvith m^íepristone.,  The American Col- 
lege oi Obstetridans and Gynecologists10 recommends that 
methotrexate with misoprostol may be used in pregnan 
des of up to 49 days of gestation, the usual regimen beinị- 
methoưexate, either 50mg/m2 inưamuscularly or 50 mị 
orally, followed 3 to 7 days Iater by misoprostol 800micr 
ograms vaginally. The College also advises that it may takt 
up to 4 vveeks for complete abortion to occur in about 1 ỉ 
to 25% of vvomen given such regũnens.

For the role of methoưexate in the management o 
ectopic pregnancy, see p. 823.3.

1. Creinỉn MD, Viuingboíí E. M ethotrexate and  mỉsoprostol vs misoprosto 
alone íor early abortion: a random hed controlled trial. JAMA ỉ  994; 272 
1190-5.
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gestation. Contraeeption 1994; 50: 511-15.

3. Hausknecht RU. M ethotrexate and  mlsoprosiol to term inate earh 
pregnancy. N  Engì J  Med 1995; 333: 537-40.
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1995; 173: 1578-84.

5. Creinin MD. Oral m eihotrexate and vaginaỉ raisoprostol ỉor earl) 
abortỉon. Contraception 1996; 54: 15-18.

6. Creinin MD, t í  aỉ. Medical abortion with oral methoưexace and vagina 
misoprostol. Obsttí Gynteol 1997; 90: 611-16.

7. Carboneỉl JLL. tí  aì. Oral m ethotrexate and vagỉnal misoprostol íor earl) 
abonỉon. Contraception 1998; 57: 83-8.
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8. Creinin MD, et ai. M ethoưexate and misoprosiol for early abortíoiu a 
m uỉticcntcr triaỉ. Comraaptíon 1996; 53; 321-7.

9. Wỉebe E, tí  ai. Comparíson of abortíons índuced by m eihotrexate or 
riúíepristonc foHowed by misoprostol. Obsttí Gynecoỉ 2002; 99: 813-19.

10. American Coỉỉege o ỉ Obstctrirlarn and  Gynecoỉogists Committee on 
Practíce Bulleiins—Gynecology. Medỉcal management o ỉ abortion 
(ACOG practice buỉleõn num ber 67, October 2005). Obsut Gyttecol 2005; 
106: 871-82.

Uveiiis. Methottexate has been reported to be safe and 
ehective1'3 when used to treat uveitis (p. 161 ỉ.  1) in small 
numbers of patients.

1. Samson CM. t í  ai. M ethotrexatc therapy íor chronic nonĩnỉectíous 
uveỉcỉs: analysỉs of a case series of 160 patỉents. OphÚuửmoíoỊy 2001; Ỉ08; 
1134-9.

2. Focldvari t  W ierk A. M ethooexate ỉs a n  eữectíve treatm ent for chronic 
uveicỉs assodated vrith juvenile idỉỡpathỉc anhdtis. J  Rheumatoỉ 2005; 
32: 362-5.

3. Malỉk AR, Pavesio c .  The use oỉ low dose methoưexace in children wíth 
chronic an terior and  intennedỉate uveỉtís. Br J  Ophíhabnot 2005; 89: 
806-8.

VasculHk syndromes. In giant cell arteritis (p. 1604.2), 
ũnproved dinical response and a cortìcosteroid-sparing 
eííect have been reported with the addition of metho- 
trexate to corticosteroid therapy,1 but other studies using 
dlữerent designs and dosages2-3 have ỉailed to find any 
beneũt. Guidelines from thè' 3E Initiative4 considered it 
eííective and recommendeci íts use as a corticosteroid-spar- 
ing agent in polymyalgia rheumatíca and giant-ceQ arter- 
itis. For the use of methốtrexate in Takayasu’s arteritis 
and Wegener's granulomatosis see p. 1614.3 and 
p. 1613.2, respectively.

1. Jover JA. t í  aỉ. Combined ữeatm ent of gỉatit-ceỉl aiteritis wiih 
m ethoưexate and prednisone: a random ứed, double-blind placebo- 
controlỉed trial. A m  Iruem Med 2001; 134: 106-14.

2. spiera RF, t í  ai. A prospectỉve, double-blind tandomỉxed, placebo 
controỉỉed trial o ỉ m eỉhotrexate ỉn the treatm ent of gỉant ceỉỉ artexỉtis 
(GCA). a in  Exp Rheumatoỉ 2001; 19:495-501.

3. Hoữman GS. t í  a i  A multicenter, random úed, double-blind, placebo- 
controlỉed triaỉ ofx adjuvant m ethotrexate treatment ỉor gỉant ceỉỉ 
arteriõs. Arthritís Rheum 2002: 46: Ỉ309 -Ỉ3 .

4. Vlsser K. t í  aỉ. M uỉổnatỉonaỉ evỉdence-based recommendatíons ỈOT the 
use oỉ m ethotrexate ỉn rheum atíc disorders with a focus on rheumatoid 
arrhrins: ịntegraúng systematíc Uterature researcb and cxpert opinỉon oỉ 
a broad intem atỉonaỉ paneỉ of rheumatoỉogisQ in the 3E Inỉdatỉve. A m  
Rkeum Dis 2009; 68: 1086-93.

Ađverse Effects
For general discussions see Antìneoplasúcs, p. 726.1.

The most comxnon dose-related toxic eííects of metho- 
ưexate are on the bone marrow and gastrointestứial tract. 
Bone-marrow depression can occur abniptly, and leuco- 
penia. thrombocytopenia, and anaemia may all occur. The 
nadứ of the platelet and vvhite-blood cell counts is usually 
around ỉ  to 10 days aíter a bolus dose, with recovery 
betvveen about 14 to 28 days, but some sources suggest that 
leucocytes may show an early fall and rise, followed by a 
second nadir and recovery, vvithin this period. Ulceratìon of 
the mouth and gasưointesúnal distuibances are also early 
signs of toxicity: stomatitis and diarrhoea during ơeatment 
indicate that it may need to be interrupted, othervvise 
haemorrhagic enteritis, intestinal períoration, and death 
may íoUovv.

Methotrexate is assodated wỉth Iiver damage, both acute 
(notably after high doses) and, more seriously, chronlc 
(generally after long-tenn use). Hepatic hbrosis and 
drrhosis may develop vvithout obvious signs of hepatotoxi- 
city, and have led to eventual death.

Other adverse eííects indude renal íailure and tubular 
necrosis after high doses, pulmonary reactìons induding 
life-threatening interstitial lung disease, skln reactlons 
(sometimes severe), alopeda, and ocular irritation. 
Neurotoxicity may be seen: leukoencephalopathy, paresis, 
demyelination are assodated particulariy with intrathecal 
use and are more likely when cxanial irradiation is also 
given. In tra th eca l use may also produce arachnoiditis, an  
acute syndrome of headache, nuchal rigidity, back pain, and 
fever. Other rarer reactions may indude megaloblastic 
anaemia, osteoporosis, predpitation of diabetes, arthralgias, 
necrosis of soft tissue and bone, and anaphylaxis.

Methotrexate may cause deỉective oogenesis and 
spermatogenesis, and íertility may be impaired (this may 
be reversible). Like other íolate inhibitors it is teratogenic, 
and it has been assodated with íetal deaths. Lymphomas 
(generally reversible on withdrawal of treatment) have 
occasionally been reported with methonexate thetapy, 
although the assodation has been questioned (see 
Cardnogenỉdty, below).

Carcinogenkity. There are reports of lymphomas asso- 
dated with low-dose methoưexate therapy for rheumatic 
disorders,1-4 which in some cases have been assodated 
vvith concomitant Epstein-BaiT vữus iníection.2 Transi- 
tỉonal cell bladder cancer has also been assodated with 
such therapy.5 However, a retrospective analysis involving 
16263 patients with rheumatoid arthritis lound no evi- 
dence of a relationship between the use of methotrexate 
as an antirheumatic and the development of haematologi- 
cal malignancy.4 Nonetheless, the spontaneous retnission

of lymphoma after withđrawal of methoưexate in some 
patients seems to support an assodation7 A later prospec- 
tive study* of all new cases of lymphoma, detected over 3 
years in patients ưeated vvith methotrexate íor rheumat- 
oid arthritis, also íound a higher inddence of Hodgkin's 
disease compared with the general population. An Austra- 
lian cohort study’ in rheumatoid arthritis patients Ueated 
with methotrexate ỉound an overall increased inddence of 
malignancy with a Aveíold increased risk of 
non-Hodgkin's lymphoma, a threeíold Ịncreased risk of 
lung cancer, and a threeỉoỉd increased risk oí melanoma 
relative to the general population. Further investigatìon 
was considered necessary to determine whether the find- 
ings with respect to melanoma were unique to Australỉa 
and what role methoưexate, immunosuppression, and 
environmental íactors such as exposure to u v  radiation 
have in the development thereoí. The cardnogenic risk 
with antimetabolites such as methottexate has generally 
been considered less than with aỉkylating agents 
(p. 726.2).

ỉ . Zimmer-Galler t  Lỉe JT. Choroỉdaỉ ỉnũltrates as th e  inìdaỉ marùfestaũon 
oỉ ỉymphoma In rheum atoid arthritis aỉter uea tm en t with low>dose 
methotrexate. Mayo ơ in  Proc 1994; 69: 258-61.

2. Kamet OW, t í  aỉ. Brieí report: reversibỉe lymphomas assodated wỉth 
Epstein-Baư vỉrus Otturríng đurỉng m ethoưexate therapy for rheuraat- 
oỉd arthritỉs and  dermatomyosỉtis. N  Engi J  Med 1993; 328: 1317-21.

3. Viraben R, tí  ai. Reversible cutaneous lymphotna occurring đurìng 
m ethoưexate therapy. B r J  Dcrmatoí 1996; 135: 116-18.

4. Ebeo CT, t í  ai. M ethotrexate-induced pulmonary lymphoma. Chat 2003; 
123: 2150-3.

5. Miỉlard RJ, McCredie s. Bladder cancer in patỉents on low-dose 
methotrexate and  cortỉcosteroids. Lanat 1994; 343: 1222-3.

6. Moder KG, t í  ai. Heoatoỉogỉc malỉgnandes and che use of mechotrexate 
ỉn rheumatoid arthrítỉs: a retrospective study. Am J  Med 1995; 99 :2 7 6 -
81.

7. Georgescu u  Paget SA. Lymphoma in patiencs w ỉth rheumatoỉd arthritis: 
whai is the evỉdence oí a ỉink vvith methoưexate? Dtuịị Saftíy 1999; 20: 
475-87.

8. Mariene X  et a i  Lymphomas ỉn theumacoìd arthritỉs patients treated 
wỉth methotrexate: a 3-year prospective ỉtuđy in France. Blood 2002; 99: 
3909-15.

9. Buchbỉnder R, t í  al. ỈĐddence oỉ meỉanoma and  ocher malignandes 
among rheum atoid arthrỉtis patiencs ưeateđ wỉth m ethoưexate. Arơmtà  
Rheum 2008; 59: 794-9.

Effects on the blood. Although. sẹrious and sometimes 
íatal blood dyscrasias are a well-icíiown consequence of 
high-dose methotrexate therapy the UK CSM1 stated in 
September 1997 that it was also aware of 83 reports of 
blood dyscrasias assodated with low-dose methotrexate 
used to ưeat psoriasis or rheumatoid arthritis; there were 
36 íatalities. Many of the cases had contributing tactors 
such as advanced age, renal impairment, or use with inter- 
acting drugs.

1. CSM/MCÁ. Bloođ dyscrasias and o iher ADRs with lovv-dosc mctho- 
ữexate. Curroư P nbim u  1997; J3: 12. AIso available ac  h[tp://www. 
m hra.gov .uk/hom e/idcplg?IdcServ ỉce*G E T _FIL E& dD ocN am e»* 
CON2023240&-Revi5ionSelectionMethod=LatestReIeased (accessed 
03/04/06)

MEGALOBLASTÌC ANAEMIA Megaloblastic anaemia, usually 
vvith marked maaocytosis, has been reported in malnly 
elderly patients given long-term weekly methotrexate 
therapy.*'3 It has been suggested that thêrapy should be 
withdrawn if the mean corpuscular volume exceeds 
106 íemtoliưes.1 Symptoms appear to be assodated with 
íolate depletion by methoưexate,14-5 probably due to 
increased excretion,6 and in one case megaloblastic anae- 
mia developed aỉter starting a weight-redudng diet poor 
in íolate.4 Folate supplementation, conversely, may permit 
continuation of methottexate therapy with resolution of 
the anaemia.5

1. Dodd HJ, tí  ai. Megaloblascỉc anaemia ỉn psoriatic paiienu ưeated with 
m ethoưexate. BrỈDcrmatol 1985; 112: 630.

2. Dahl MGC. Polate depletìon in psoríatics on m ethoưexate. Br J  Dermatoi 
1984; 111 (suppt 26): 18.

3. Casseriy CM. t í  al. Severe mcgalobỉascic anemia ìn a pacỉertr receiving 
lovv-dose methotrexate ío r psoriasis. J  Am Acad Dtrmatol 1993; 29 :4 7 7 - 
80.

4. Fu!ton RA. Megaỉobỉastic anaemia and m ethoưexate Ưeacment. Br J  
Dermatoi 1986; 114: 267-8.

5. Oxholm A. Thomỉen K. Megalỡbỉastic anaemỉa and m ethoưcxatc  
ưeatm ent. B rJ  Dermatol 1986; 114: 268-9.

6. Duhra p. tí ai. ỉntestỉnaỉ ỉolate absorption in methotrexate ơeated 
psoríatic patìems. B rJ  Dermatoỉ 1988; 119: 327-32.

Effects on the gastrointesHnal tract. Although gasưoin- 
testinal toxicity is well recognised as an eííeCT of high-dose 
regimens, oral ulceration has also been reported aíter low- 
dose (weekly) methotrexate use.u  In some instances it 
was related to overdosage; symptoms resolved upon cor- 
rectíon of the dose and with lolate supplementation.1 Fol- 
ate dehdency may increase the oral toxidty of metho- 
ttexate, and tolate supplementatíon may also avoid the 
need to stop low-dose methoưexate.2

1. Decming GMJ. tí aL M ethotrexate and oral ulceratìon. Br Dtnt J  2003; 
198; 83-5.

2. K alantàs A. t í  a i  Oral cỉíccư of low-dose m eihouncate treatment. Oraỉ 
Surs Oral Med Oral Pathol Oral Rũdiol Enàod 2005; 100: 52-62.

Effeds on the kìdneys. High-dose methoưexate therapy 
can result in supersaturation of the urine with metho- 
ttexate and its metabolites leading to crystal íormatlon.1 
These crystals can cause intrarenal obstruction and are a

íactor in the development of acute renal íailure. Risk fac- 
tors for crystal íormation are add urine, volume depletion, 
and renal ixnpairment. Adequate hydratíon, and urinary 
alkalinisation with sodium bicarbonate or acetazolamide 
play an important role in minimising nephrotoxidty in 
high-dose methotrexate regimens. A study tound that the 
inddence of severe toxidty was reduced in patients given 
greater hydratíon and alkalinisatíon. Hovvever, this more 
intensive hydration regimen also signihcantly lovvered 
methoưexate plasma concentradons.2 Glucatpidase, a 
recombinant glutamate carboxypeptidase, is used in the 
management oỉ methoưexate-induced renal dyshmction 
when methotrexate concentrations are very hlgh (see 
Treatment of Adverse EHects, p. 826.3).3

ỉ . PeraxeQa MA. Crystaỉ-induced acute renaỉ ỉailure. Am J Mtd 1999; 106: 
459-65.

2. Chrístensen ML, tí  al. Eưect of hydration on methotrexate plasma 
conccntrations in children with acute lymphocytlc ỉeuketnỉa. J  ơirt Oncol 
1988;4:797-801.

3. Widemann B C  Adamson PC. Understandỉng and  managing metho- 
trexate nephrotoxidty. Oncologừt 2006; l l ỉ  694-703.

Effeds on the Bver. Methoưexate iỉ well established as a 
cause of hepatotoxidty, induding periportal Bbrosis, when 
given in relatively high doses as an antiheoplastic, and it 
has become dear that its long-term use in lovver doses for 
disorders such as psoriasis and rheumatoid anhriús can 
also be assodated with liver toxidty.1-2 There has been 
some dưbculty in these patients in distinguishing the 
eữeas of the drug Érom the eHects of the disease, but 
there is good evldence that the risk is increased in patients 
given doses on a daily rather than a weekly regũnen, and 
in those with a high alcohol intake.1 Pre-existing liver dis- 
ease, obesity (espedally u assodated with diabetes mell- 
itus), renal impairment, and increasỉng total cumulatìve 
dose may also increase the risk of hepatotoxidty.1 A lower 
inddence of hepatotoxidty ìn patients vvith rheumatoid 
arthritis (compared with older studies in patients with 
psoriasis) may be due to improved dosage regimens and 
greater awareness of thẹ.risks.‘ .

In order to minimise the risks oỉ serious liver damage 
various guidelines and recoinmendations have been issued 
íor the use of methotrexate in psoriasis and rhéumatold 
arthrìtis, and the appropriate monitoring.
• For patients with psoriasis, 1988 u s  guidelines3 

recommended a liver biopsy at the beginning of 
ơeatment and after each cumulative dose o í 1 to 1.5 g, 
with monitoring of aỉanine aminoưansíerase (ALT), 
aspartate aminoưansỉerase (AST), alkaline phosphatase, 
bilirubin. and albumin. However, the need to repeat 
routine liver biopsies was questioned4 and some5 
recommended omitting the baseline biopsy in patients 
vdth no risk ỉaaors. A 2009 consensus4 suggests that 
patients being considered for methoơexate therapy be 
divided into 2 groups based on their risk íaaors for liver 
injury. Patients with a low risk for hepatotoxidty are 
monitored similarly to rheumatoid arthritis patients (see 
below), with an option for liver biopsy upon reaching a 
cumulatìve dose of 3.5 to 4g. For those vvith one or more 
rìsk tactors íor hepatotoxidty, guidelines remain more 
stringent, with the first consideraúon being the íeasibility 
oỉ using another drug. u methotrexate is useđ, it is 
advisable that a liver biopsy be períormed, at or near the 
start of therapy; since some patients will stop metho- 
trexate atter 2 to 6 months because of adverse eííects or 
lack of eíBcacy, the liver biopsy may be postponed until 
after this period. A repeat biopsy should be perioimed 
after a cumulative dose of 1 to 1.5 g, and with every 
additional 1 to 1.5 g thereaher. Methouexate should be 
stopped ỉf liver changes are moderate to severẹ. Practice 
in the UK has íocused on monitoring of the 
aminoterminal peptide of type III procollagen (PI11NP), 
a serological marker of hepatic Bbrosis,7 and this is 
recommended by the British Assodation of Dermatol- 
ogists* as a safer altemative to liver biopsy. PIHNP values 
should be determined beíore starting methoơexate and 
then every 2 to 3 months during ưeatment. A liver 
biopsy may then be considered in those with persistently 
abnormal values. However, some7 have said that larger 
studies of the value of PmNP assays should be 
undertaken beíore dehnitive recommendations can be 
made.

• .  In padents with Theumatoỉd arthritis u s  guidelines9'10 
suggest an initial biopsy only in patients with a history of 
excesáve alcohol consumption, persistently abnormal 
AST or ALT values or chronic hepatitis B or c iníection. 
All patients should have liver íimction tests (LFTs) 
monitored monthly for the Erst 6 months and then every 
1 to 2 months thereaher. For minor elevadons in AST or 
ALT (less than twofold the upper limit of normal), LFTs 
are repeated in 2 to 4 weeks; for mo|derate elevations in 
AST or ALT (greater than tvvoíold but less thah threeíold 
the upper liiiut of normal), dose monitorịng, repeat LFTs 
in 2 to 4 weeks, and reduction of the dose ăs nẽeded are 
advocated. A biopsy should be periormed ư 5 of 9 (or 6 of 
12) measurements of AST are elevated in a 12-month



826 Antineopỉastics

interval or. iỉ there is a dedine in serum albumin (vvith 
normal nuoitìonal status) below the normal range; iỉ 
liver changes are moderate to seveie, methotrexate 
should he stopped. Optíons ỉor patíents with normal 
ũndings indude contmuing to foỉlow the above 

. gnidelines without biopsy, or the flrst biopsy may be 
peiỉormed at a cumulative dose of 3.5 to 4 g  oỉ 
methotrexate, or methotrexate can be stoppeđ after this 
cumulative dose, or patients svvitched to altemative 
therapy. However, some rheumatologists1 u  2 consider 
that Iess stringent monitoring may be vvarranted, 
espedally in those with no risk factors for hepatotoxidty. 
Similarly, although these guidelines have been widely 
adopted for use in children wỉth juvenile idiopathic 
arthritis, some11 consider that routine blood tests every 4 
to 8 weeks are unnecessarily hequent.

The UK CSM advised in 1997 that LPTs (with blood count 
and ienal-function tesóng) should be períormed beíore 
beginning long-term low-dose methotrexate therapy and 
repeated weekly nntil therapy was stabilised, and thereaíter 
every 2 to 3 mõnths.14
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S fed s on the kmgs. Pulmonary toxidty due to metho- 
ơexate has been well described.1'3 A review1 of over 120 
reports of methotrexate pneumonitis ỉound that onset 
usually occurred đuring ưeatment, presenting as dys- 
pnoea, cough, and fever. Examination often found tachyp- 
noea and crackles, eosinophỉlia, reduced pulmonary func- 
tion. interstitíal and alveolar inhltrates on chest 
radiography, and interstitial ứiũammation and Bbrosis. 
The majority of cases wcre managed with cessation of 
methotrexate with or vvithout corticosteroid therapy; most 
patients improved. but there vvere 16 deaths caused by 
respixatory disease. Methottexate was restarted in 16 
patíents, and pneumoiútis recurred in 4 of these.

Up to 25 April 2003, the UK CSM had received 90 reports 
of pãrẽnchymal lung disorders, induding 52 reports of 
pneumonitis, 21 of pulmonary Sbrosis, 5 of interstitial lung 
disease, and 3 o i interstitial pneumonitis. The CSM has 
suggested that patients should seek medical attentìon ư 
symptoms su ch as đyspnoea, dry, nonproductive cough, or 
íever devdop; methoưexate should be stopped and 
corticosteroids given in the cvent of suspected pneumoni- 
tis.4

A multicentre case-conưol study5 which examined 29 
cases of methotrexate-induced lung injury among rheu- 
matoid arthritis patíents found that risk íactors induded age 
over 60 years, pleuropulmonary disease (or to a lesser 
extern other extra-aitícular dìsease), previous use of other 
disease-modiỉying antứheumatìc drugs, and lovv serum- 
aỉbumỉn; an assodatíon with smoking. nonsedentary 
occupations, and diabetes mellims was also noted. The 
mechanisms of methotrexate-induced pulmonary inflam- 
mation have been investigated in vitTO,* and suggested to be 
due to stúnulation of the p38 mitogen-activated protein 
kinase pathway, with increased production of the pro- 
inAammatory cytokines interleukin-ip and interIeukin-8, 
and inhibition of the antì-inỉlammatory interleukin-4.

1. Imolcavva s» t í  aĩ. M etbotrexate pneumonỉtỉs: review oi the lỉterature 
and histopathologỉcal Snđings in nỉne patíents. Eur Respir J  2000; 15: 
373-81.

2. Lateeí o . t í a l  M ethotrexate pụlm onary toxidty. Expert opm Drug 5aftíy 
2005; 4: 723-30.

3. Kim Y-J. t í  ai. Mechanisxns underlying m ethotrexate-induced  
puỉmonary toxỉdty. Expert Opin Druỷ 5aftíy 2009; 8 :451-8 .

4. CSM/MHRA. M ethotrexate and pneum onỉtíỉ. Currmt ProbUms 2003; 29:
5. Aỉso avaũable »v  h ttp://w w w jnhra.gov.uk/hom e/Idcplg? 
IdcServỉce*GET^ỉlLE&dDocName»CON007450&RevỈ5lonSe!ectỉon* 
MethodvLatestReleased (accessed 31/07/08)

5. Alarcón GS, ã  aĩ. Rỉsk íactors for m ethotrexate-induced lung in jury In 
patiem s w ith rheum atoid arthrỉtỉs: a muỉtỉcenter, case-controỉ study. 
A m  b ỉĩtm  Med 1997; 127: 356-64.

6. Kim Y-J, tí  aL InUammation ỉn m ethoưexate-induced pulmonary 
tox ỉd ty  occun vỉa the j>38 MA?K pathway. Toxicobgy 2009; 256: 183- 
90.

Effeds on mental ỉundion. Children who had receỉved 
intrathecal methotrexate with cranial irradiation for the 
prophylaxis of CNS leukaemia, had a signiTicant intellec- 
tual deCdt compared with theử siblings.1 There was no 
corresponding signiBcant reduction in IQ in a group of 
children who had received systemic chemotherapy and 
radiolherapy when compared with theừ sibling conơols. 
The results suggest that intrathecal methoưexate and cra- 
nial iưadiation cause intelleaual problems, particularly on 
the higher, more complex and íntegrated intellectual func- 
tions, and that the repercussions are greater in younger 

I children. Subsequent results in these patients indicated 
that although the loweríng of IQ had persisted, it had not 
progressed since the oríginal study.2 A íunher study con- 
Brmed the adverse neurological effects oỉ leukaemia ưeat- 
ment, and its elíects on 1Q, and did not find a reduced 
radiadon dose to be any less toxic.3 Neurotoxidty 
appeared to be greater when systemic therapy with intra- 
muscular rather than oral methotrexate was given vvith 
CNS prophylaxis. A study4 of children who undervvent 
surgery, chemotherapy, and craniospinal radiotherapy for 
medulioblastoma also .íound that those padents who 
received intrathecal methoưexate had signiCcanứy worse 
cognitive defidts than those who did not, and all patients 
períormed worse than a control group of cousins and sib- 
lings.

In a small study5 of children ưeated for leukaemia with 
chemotherapy that induded inưathecal methotrexate, but 
without irradiation, there were lower cognitive scores in 
some measures compared with a group oỉ healthy Controls, 
but overall no major cognitive impairment was ỉound.

A study in 20 patients receiving intermỉttent oral 
methotrexate for psoriasis found no evidence of psycholo- 
gical impairment.4

1. Twadd]e V, t í  aỉ. Intellectual íunction after treatm em  for ỉeukaemia or 
solid tumours. Areh Dù Otild 1983; 58: 949-52.

2. Twadđle V. t í  al. Intellect aher malignancy. Arch Dừ Oĩiỉd 1986; 61 :700- 
2.

3. G ỉessellỉ JM, tí  ai. N euroioxidty ỉn lymphobỉastỉc leukaemia: 
comparisoo of oral and  ỉntram uscular m ethoưexate and two doses of 
n d ỉitio n . A n h  Dừ Oùld  1990; 65 :416-22 .

4. Rỉva D. t í  ai. Inưathecal m ethotrexate aííects cognitlve hinctíon in 
children with medullobUỉtoma. Neurology 2002; 59: 48-53.

5. Kingma A. t í  al. No major cognitive Impairment in young cbUdren with 
acute lymphobỉastìc leukemia usỉng chemotherapy onỉy: a prospectỉve 
longỉtudỉnal study. J  M ia tr  Htmatoỉ O nal 2002; 24: 106-14.

6. DuRer p. van de Kerkhoỉ PCM. The irapact ữỉ m ethoưexate on psydio- 
organỉc ỉunctioning. Br J Dtrmatoi 1985; 113: 503—4.

Effects on the nervous System. Methonexate has a cumu- 
lative toxic eítea on the nervous System, and generalised 
and focal neurotoxic reactions are assotíated vvith 
intrathecal and high-dose inưavenous use.1 An immedi- 
ate, usually ơansient, e líea  occurring vvdthin a day of high 
intravenous doses can cause nausea and vomiting, head- 
ache, somnolence, lethargy, conỉusion, disorientation, sei- 
zures, and increased intracranial pressure. Reversible 
acute meningitis can ỉollovv intrathecal use, with simỉlar 
results.1 Aseptic meningitis has also been reported aỉter 
intramuscular methoưexate.2 Spinal cord myelopathy 
resulting in Dansient or permanent paraplegia has also fol- 
lowed inaathecal methoưexate use, espedally ư other 
neurotoxic ưeatments have also been used. A subacute 
form of toxic reaction can occur up to several weeks atter 
treatmenL It is usually transient and characterised by sei- 
zures, varying degrees of paresis, aphasia, anaesthesia, 
blurred Vision, and pseudobulbar palsy. A more delayed 
syndrome occurs vveeks to months aher ữeatment and is 
óf variable severity, but can progress to lethargy, seixtưes, 
spastitíty, paresis, drooling. and dementia. This condition 
is charaaerìsed by leukoencephalopathy and chronic cald- 
bcatìon oỉ brain tissue. ỉt is dose-related, and more severe 
ư the patient has also received radiotherapy.1 

See also EHects on Mental Function, above.
1. stauper K  t t  ai. M cthorrcx .tr ireatm eni protocols and the Central 

nervoui System: sỉyn iD cnt co re w lth signUicant neurotoxidty. J  Chilà 
N a m l  2000; 15: S7ỉ-<0.

2. HawboIdt J, Bader M. Intram uscuỉar m ethotrexate-lnduced ascptỉc 
meningitis. Amt pharmacother 2007; 41: 1904-11.

Effects on the skin. There are rare reports1'2 of painhil 
erythema of the hands and feet, particularly the Bngertips, 
with progression to blisteiing and desquamation (palmar- 
plantar erythrodysesthesia syndrome, p. 730.1) after the 
use of high-dose intravenous methottexate. Purpuric skin 
lesions due to vasculitis have occurred after both high-

dose3 and lovv-dose4-5 methoơéxate. Accelerated riieumat- 
oid nodulosis has been reported6,7 aíter the use of metho- 
trexate in patients with rheumatoid arthritis. Erosion ot 
psoriatic plaques, accompanied by pain and erythema, has 
been seenM after low-dose methotrexate therapy; blister- 
ing and necrosis consistent with toxic epidermal necrolysis 
has occurred.* Possible exacerbation of a photosensitivity 
reaction to dproEoxadn has been described,10 and reacti- 
vation of sunbum has also been reported'1 in several cases 
where methoơexate was given vvithin 2 to 5 days aher 
the initial sunbum.

1. Doyle LA. eí al. Erythem a and desquam ation aỉỉer high-dose 
m ethotrexảte. A m  Irttem M td  1983; 98: 611-12.

2. MiUot F. t í  ai. Acraỉ eryihem a in chỉỉdren receìvỉng high-dose 
m ethoưexate. Pcdiãtr Dcrmaiol 1999; 16: 398-400.

3. Navanro M, tí  at. Leukocytodastic vascuKtỉs aíter high-dose mciho- 
trexate. A m  Inưm  Med 1986; 105:471-2.

4. Marks CR, tí  ai, Smaỉỉ-vessel vascuỉiiis and m ethoưexate. A m  Intem Med 
1984; 100: 916

5. Tom er 0 . tí  al. M ethotrexate related cuuneous vasculỉtỉs. Cỉin Rheumatol 
1997; 16: 108-9.

6. WiUiams FM. tí  at. Accelerated cutaneous nodulosis during meiho- 
irexate iherapy in a patient wiih rheumatoid arthriris. J  Am Acad 
Dermatoỉ 1998; 39: 359-62.

7. Fỉỉosa G. tí  a i  Accelerated noduiosis during m eỉhuirexate iherapy íor 
reíractory rheumatoid anhrins: a case report. Adv Exp Med Bi(tl 1999; 
455: 521-4.

8. Reed KM. Sober AJ. M ethmrexate-índuced necrolysis. J Am Acad 
Dermatữỉ 1983; 8 :677-9 .

9. Pearce HP, Wilson BB. Erosion oỉ psoriatỉc plaques: an early sign of 
m ethoưcxate toxidty. J  Am Acad Dermatot 1996; 35: 835-8.

10. Nedorost 5T. tí  ai. Drug-induced photosensỉtivỉty reanion. Arch Dermatol 
1989; 125:433-4.

11. Khan AJ, t í  a l  M ethotrexate and ihe phoiodcrmatitis reactỉvaĩion 
reaction: a case repon and revicw oí the literature. O ííừ 2000; 66: 379- 
82.

Hypersensiliviiy. There are rare reports oí anaphylactic 
reactions in patients given methotrexate. Reactions have 
usually occurred in patients who had previous exposure to 
methoơexate, but there are also reports oí reaction during 
initial exposure to hìgh-dose intravenous therapy.1 Serious 
reactions have also been described after low-dose intra- 
venous2 and inơathecal3 use. Desensitisation may be pos- 
sible.4 A 9-year-old patìent with osteosarcoma vvho had 
previously tolerated 5 courses of high-dose methoưexate 
(12g/m2 over 4 hours) developed urticaria, repeated on 
rechallenge, but no oedema or respiratory symptoms dur- 
ing the sixth. She was successỉully managed by premedi- 
cation vvith diphenhydramine and corticosteroids, ỉol- 
lowed by 1/1000 of the total methotxexate dose over 90 
minutes, 1/100 over 90 minutes, 1/10 over 6 hours, and 
the remainder over 18 hours.4

1. Alkỉns SA. t í  ai. Anaphylactoid reactions to m ethotrexaie. Cancer 1996, 
77: 2123-6.

2. Cohn JR, tí  ai. Systcmic anaphylaxỉs from low dose m ethoưexate. Anrt 
Aliergy 1993; 70: 384-5.

3. Devedoỗlu ổ . t í  ai. Systemỉc near-íau l anaphylactỉc reaction after 
mtrathecal m ethotrexate ađminisưation. Med Pediatr Orưol 2000; 34: 
151-2.

4. Bouchỉreb K. tí  ai. M anagement and successíul desensitixatỉon in 
m ethoữexate-ỉnduced anaphylaxìs. Rediatr Bỉood Cancer 2009; 52:295-7.

Treatment of Adverse Effects
For general guidelines, see p. 730.2.

Folinic add neuơalises the immediate toxic eííects of 
methoơexate on the bone marrovv. It is given as sodium or 
caldum íolinate orally, intramuscularly, by intravenous 
bolus irýection. or by inỉusion. w hen overdosage is 
suspected the dose ol tolinate shouỉd be at least as high as 
that of methotrexate and should be given as soon as 
possible; hirther doses are given as required preíerably 
based on serum-methoưexate concentrations. Folinate 
should be continued untál serum-methoữexate concentra- 
tions íall below 0.05 to 0.1 micromol/litre, vvhich may 
necessitate prolonged ơeatment in patients vvith delayed 
elimìnatìon. Other dosage regimens, given inưamuscularly 
or orally, may be appropriate for more modest toxidty 
assodated with conventional doses of methoơexate. For 
details, see under Folinic Add, p. 2067.1. After intrathecal 
overdose, the drainage of 30 mL of CSF within 15 mỉnutes 
removes about 95% of methotrexate; but methotrexate 
rapidly enters the systemic drculation and ỉolinic add 
trẽatment should be based on serum-methotrexate 
concentrations.

Folinic add is usually given with high-dose methotrexate 
regimens to prevent damage to normal tissue ('íolinic add 
rescue') and this is discussed in Uses and Administration, 
p. 822.3.

An adequate flow of alkaline urine should be maintained 
after high doses of methottexate to prevent predpitation oí 
methoữexate or its metabolites in the renal tubules; in 
addition to adequate hydration, the use of acetazolamỉde or 
sodium bicarbonate is recommended.

The recombinant glutamate carboxypeptidase glucarpi- 
dase (p. 1555.1) is used in addition to lolinic add in the 
management of methotrexate toxidty. It rapidly hydrolyses 
methoơexate to its inactive metabolites 4-deoxy-4-amino- 
N10-methylpteroic add and glutamate vvhich are metabo-

All cross-reỉerences reíer to entries in Volume A
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lised by the liver thus providing a non-renal pathvvay for 
methotrexate elimination.

Desensitísatíon. For mention of desensitisation to the drug 
in a patient with methotrexate-induced anaphylaxis see 
Hypersenãtìvity, p. 826.3.

Folote supplementation. A discussion of the selection of 
the appropriate route for folinic add rescue with high-dosc 
methotrexate regimens.1 The general objective is to give foli- 
nic add (as folinate) at doses that maintain plasma con- 
centrations of reduced íolates at a level equivalent to or 
greater than the plasma-methotrexate concentration. In 
any clinical siniaúon suggesting impaired gasơointestinal 
hinction caldum ỉolinate should be given by injection. 
Aỉthough absorption o í  intramuscuỉar doses is relatívely 
complete and rapid the ỉntravenous route is usually pre- 
íerable íor other reasons, such as a reduced risk oỉ blẽed- 
ing at injedion sites. In the ábsence of impaired gastroin- 
testinal hinction, and where there are no concomìtant risk 
íactors for methocrexate toxidty, the oraỉ route may be 
used provided that methotrexate concentratíons are 
expected to be Iess than 1 micromol/liưe! For very hlgh 
dose methotrexate regúnens it is generally appropriate to 
begin íolinic add rescue intravenously to ensure adequate 
initial therapy, but the majority of the dosage regimen can 
generally be given orally.

There is no consensus on the use of íolate supplementa- 
tìon ỉn patients takãng law-doie methotrexate,2 although 
revievvs have conduded that supplementation with either 
íolic or ỉolinic add reduces adverse eííects relateđ to the liver 
íunction tests, gastrointestinal trad and oral mucosa.13 
However, a study íound that vvhile ỉolate supplementation 
reduced the inddence of methottexate-related liver enzyme 
elevations, it had no effect on inddẹnce. severity, or 
đuration o i  otheis adverse effects.* Eííects of folate 
supplementation on the eữicacy of methotrexate have 
been incondusive;3 some consider the effect to be sraall.4-5 
There is some suggesdon that íolinic ađd, but not Eolic add, 
may reduce the eíBcacy of methotrexate.2 However, an 
analysis4 of two studies íound a reduction in eHĩcacy with 
fo!ic acid supplementation. The issue of supplementation 
remains conưoversial, with some recommending routine 
íolic add,2-5’7 and others suggesdng that ĩolate only be added 
when demand for íolate increases, such as during Intectìon 
or with antíbaaerial use.*

1. Rodxnan JH, Crom WR. Seỉcctỉng an administratìon route ỉòr leucovorỉn 
rescue. ƠÍH Pharm 1989; 8ỉ 617, 621.

2. W hìttle SL  Hughes RA. FoUte supplem enutỉon and  methotrexate 
treaim ent in rheumatoid arthritỉs: a  revỉew. Rheumalology (Oxford) 2004; 
4 3 :267-71 .

3. Ortỉz 2. et al. Poiic aôd  and íolỉnỉc add  íor redudng  side eỉỉects ỉn 
patíents receiving m ethoơexate íor rheunuto ỉd  arthritis. Avaiiable in 
The Cochrane Database o ỉ Systematỉc Reviovs; ỉssue 4. Chỉchester John 
Wỉley; 1999 laccessed 08/02/06).

4. v an  Ede AE. tí  ai. EKect oi ỉolic or lolinỉc add  supplem entation on the 
tox ỉd ty  and eíhcacy of m ethoưexate ỉn rheum atoid arthritỉs: a íorty- 
eight-vveek, muỉtỉcenter. randomixed, double-blỉnd, pỉacebo-controlỉed 
study. Arthritis Rheum 2001; 44: 1315-24.

5. Griffith SM. t í  a i  Do patíents w ith rheumatoid arthritís estabUshed on 
m ethotrexate and fotíc a d d  ỉro g  daỉỉy neeđ to  contỉnue foỉic add  
supplem ents long ỉetm ? Rheumaĩobgy (ỏxfơrd) 2000; 39: 1102-9.

6. K hanna D. t í  ai. Reductỉon ol the eốcacy  oỉ m ethotrexate by the use oỉ 
íotíc add: posĩ hoc analysis frora two randomízed concroỉỉed studies. 
Arthrítis Rtưum  2005; 52: 3030-8.

7. H om ung N, tí  aí. FoUte, homocysteine, and cobalamin status in patíents 
tvith ĩheum atoỉd đrthritis treated w íth m eihoưcxatc. and tbe  effect oỉ 
low  dose íolic add  suppỉemem. J  Rheumatol 2004; 31: 2374-81.

8. M anna R. tí  a i  Folic add  suppỉementatìon during m ethotrexate 
trcatmeni: nonscnx?  Rheumatologỵ (Oxford) 2005; 44: 563-4.

Other drugs. Preưeatment vvith Auorouradl is reported to 
reduce the toxidty of methotrexate suHỉdently to peimit 
high-dose methoưexate vvithout the need for íolinic add 
rescue.1 Methotrexate has also been given beíore ÍÌUOTO- 
uracil to modulate its activity (see Administration. in 
Fluorouradl, p. 796.1).

The acute neurotoxic effects of methotrexate have been 
reported to be relieved by intravenous aminophylline or 
oral theophylline in some children.2

For reference to the inefficacy of diltiazem in preventìng 
the nephrotoxidty due to high-dose methotrexate, see 
Kidney Disorders, under Díltìazem p. 1360.1.

For evidence that colestyramine might decrease serum- 
methotrexate concentratìons, see Interactìons, p. 828.1. For 
reíerence to the use of glucarpidase to tnanage metho- 
trexate-induced renal toxidty see Eííects on the Kidneys, 
p. 825.2.

1. W hỉte RM. 5-Fluorouradl m oduỉates the tox id ty  oi hỉgh dose 
m ethoưexate. J  CUn Pharmaal 1995; 35: 1156-65.

2. B em inỉ JC. tí  ai. Amỉnophyỉỉỉne lo r methotrexate-induced neurotoxi- 
d ty . Lanctí 1995; 345: 544-7.

Precautỉons
For general discụssions see p. 732.2.

Methotrexate should be used with great care in patients 
vyith bone-maiTOW, hepatic, or renal impainnent. It should 
also be used cautìously in ulceratíve disorders of the 
gasưointestìnal tract, and in the eldetiy and the very young.

Pleural or astític edusions may aa  as a depot ỉor 
methotrexate and produce enhanced toxidty, and should 
be đrained beíore tteatment.

Regularmonltoringoí haematoIogicaL renal, andhepadc 
íunction, and gastrointestinaỉ toxidty is advisable. Treat- 
ment should be intermpted if myelosuppression, diarrhoea, 
or stomadtiỉ occur. Dyspnoea or cough may be a ágn of 
pulmonary toxidty and patients should be advised to 
contact theữ doctor ư they develop these symptoms. 
Treatment should be withdrawn and the patíent 
investigated to exdude iníectìon. ư methotrexate-induced 
lung disease ìs suspeaed corticosteroid therapy may be 
staited and {urther treatment with methoưexate should not 
be given. Patỉents or theữ caren shouỉd report any 
symptoms or signs suggcstive of inỉection, espeđally sore 
tĩưoat.

In patients receiving low -dose m ethotrexate for 
psoriasis or rheum atoid arthritls full blood counts and 
renal and liver ỉunctỉon tests should be perỉonned beỉore 
starting treatment and repeated regulariy thereaíter (íor 
dũcussion of guidelines ỉor monitoring in these patients see 
Effects on the Liver. p. 825.3). Treatment should be 
interrupted if myelosuppression. stomatitis, or any 
abnonnality oí liver hindion is detecteđ. Methotrexate 
should not be used to treat rheumatoid arthritiỉ or psoriasis 
in patients with alcoholism. liver disease or persistent 
abnoimal liver hmction tests, or in those vvith signiGcant 
renal impairment, immunodeSdency, or blood disorders. A 
test dose has been recommended. Severe or íatal toxidty 
has resulted from overdosage when doses intended for a 
low-dose weekly regimen were mistakenly taken daily, and 
particular care should be taken to avoid conỉusion about 
dosage írequency.

With high-dose regimens, serum concentrations of 
methoưexate should be monitored. Maíntenance o( an 
adequate flow o t alkaline urine is essential (see Treatment of 
Advêrse Eííects, p. 826.3).

Methotrexate is a potent teratogen and should be 
avoided in pregnancy. While some licensed prođua 
iiưormation includes advice that conception should be 
avoided for at least 6 months after therapy some considets 3 
months adequate.

Blood producls. Enhanced toxidty was seen in 2 oỉ 14 
patients receiving methottexate by 24-hour inỉusion when 
packed red cells were ttaiuỉused immediateỉy after the 
methotrexate ữứusion.1 Erythrocytes a a  as reservoiis for 
methotrexate and probably resulted in the prolonged high 
serum-methoưexate concentrations seen in thcse patients. 
Great care should be exertised whenever packed red blood 
ceỉls and methotrexate are given concurrently.

ỉ . Yap AKL. t í  ai. Methotrexate toxỉdty coìnddent w ỉth packeđ ređ cell 
transhiáons. Lanetí 1986; U: 641.

Breast feeding. Methotrexate has bẹen detected in breast 
miỉk in low concentrations.1 The American Academy o i  
Pedỉatrics considers2 that methoưexate may interiere wdth 
cellụlar metabolism, causing neutropenia and possibly 
immunosuppression in the nursing inEant, and has 
'unknovvn eỉỉects on grovvth, and an assodation with card- 
nogenesis.

1. Johns DG. t t  aì. Sccrctỉon o( m cthoưexatc tato  hum an milk. Am 1 obsut 
Gynecaỉ 1972; 112; 978-SO.

2. American Àcademy oỉ Peđỉatrics. The transĩer of drugs and  o ther 
Chemicals into hum an miỉk. Pediatria 2001; 108: 776-89. [Retired May 
2010] Correction. ibid.; 1029. Also availabỉe at: httpư/aappoỉicy. 
aappublications.org/cgỉ/contem/fuH/pcdỉatrics%3bI08/3/776 (ãccessed 
30/06/04)

Handling and dùposaL Care should be taken to avoid 
inhalation of methotrexate or contaa with skin and 
mucous membranes. It may cause irritation of the eyes.

Methods have been published for the oxidative 
destruction of methotrexate wasttỉ using potassium 
permanganate and suưuric add, aqueous alkaline potas- 
sium pennanganate, or sodium hypochlorite.1 The íirst 
method may also be  used for dichloromethoưexate. 
Residues produced by the degradatìon of methocexate by 
these methods showed no mutagenidty in vừro.

Urine and faeces produced for up to 72 hours and 7 days 
respectively after a dose of methoưexate should be handled 
vvearing protective  dothing.2

1. Castegnaro M, t í  aL eds. Laboratory decontaminatíon and  destruction oỉ 
cardnogens ỉn  laboratory w astes some andneopỉastỉc agents. ỈARC 
Saenòpc Publiaxtừms Ti. Lyon: VVHO/Intematỉonal Agency io t Research 
on Cancer, 1985.

2. Hairỉs J. Dodds LI. Handỉỉng waste hom  patỉents receỉving cytotoxíc 
drugs. Phantt J 1985; 2 3 5 :289-91.

Hepatitis. Reactivation of hcpatítis B iníection, with the 
development of hepatocellular necrosis and hilminant 
hepatic tailure requiring llver transplantatìon, developed 
on stopping low-dose methotrexate thetapy in a patient 
with rheumatoid arthritis who was also an asymptomatic 
chronic hepatitis B canier.1 It was suggested that all 
patients being conádered for Low-dose methottexate ther- 
ãpy should be screened for the presence of serum HBsAg

beíore beginning therapy. However, a similar case of íatal 
reactivatíon has been repoited2 in a patient negative for 
HBsAg.

ỉ . Fĩowers MA. tí ai. Puỉminam hepatíds as a consequence o í reactívation 
of hepatỉtỉs B vỉrus iníection aher dbcontỉnuatlon oỉ lovv-dose 
methotrexate therapy. A m  Intem Mid 1990; 112:381-2.

2. Gtvak GY. t í  ai. Paul hepaổc b ỉlu re  ềssodầted trtth  h^paritís B vỉrus 
reactỉvatìon in a hepatitũ B surỉace antigen-negatỉve padent w ỉth 
rheumatoỉd arthritỉs receiving low đose m ethotrexate. Oin Exp 
Rheumatữl 2007ĩ 25:888-9.

Porphyria. The Drug Database íor Acute Poiphyria, com- 
pUed by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyrìa Centre Sweden, dassiBes methotrexate as 
probably not porphyrinogenic it may be used as a đrug oỉ 
fiist choice and no precautions are needed.1

1. The Drug Database tor Acute Porphyria. Avaỉỉabỉe aL http://w w w . 
drugs-porphyria.org (accessed 29/09/11)

Pregnancy. The use of methoưexate in pregnancy is 
conưa-indicated (see Precautíons, above). There is a report 
oí ỉ  heaỉthy inlant bom to a woman who was treated 
with intrathecal methoưexate, see Pregnancy, under Teni- 
poside, p. 867.2.

PUVA. Of a total oỉ 94 patients with psoriasis and 38 with 
mycosis lungoides treated with PUVA therapy (methox- 
saĩen and ũĩtraviolet light) 2 oỉ the tonner aiso given 
methoữexate developed skin cancers.1 It was suggested 
that the combination oỉ methotrexate and PUVA may be 
synergistic in indudng cutaneous malignancy. Hovrever, 
in a cohort study2 of patients with seyere psoriasis. 'expo- 
sure to methoưẽxate for at least 4 yeaxs was assodated 
vvith an increase in risk of squamous cell cardnoma but 
not basal cell cardnoma, and no interaction was ỉound 
between methotrexate and PUVA.

1. Hasimons CP, t ì  al. Syncrpstic carcinogcnic potenúal 0f m ethoD eu te 
and PƯVA in psorúuis. Umart 1981; I; 235-6.

2. stem  RS. Laỉrd N. The a irdno ịen ic  risk of n ea tm en a  tor severe 
psoriasis. Cm ar  1994; 73:2759-64.

Rodiatíon. Analysis o ỉ neutróphil counts lo r  18 monthỉ in 
children with acute lymphoblastic leukaemia showed that 
methotrexate-induced neutropenia was signiAcantly great- 
er in patients given CNS ÚTadiation and vvas considered to 
have contributed to 3 of 5 deaths during remission.1

For the effect of cranial itTadiation and intrathecaỉ 
methotrexate on intellectual development, see EKects on 
Mental Function, p. 826.2.

1. Report to the Medical Research Coundl oí the Working Pany on 
Leukaemia In Childhood. Analysỉs of treatment in  childbood leukaemia: 
ỉ—prrdỉsposition to methotrexate-ỉnduced neutropenja alter cranỉosp. 
inaí irradiaúon. BMJ 1979; 3: 363-6.

Interactions
For a general outline of antineoplastic drug interactions, see 
p. 733.3. The eílects of methotrexate may be enhanced by 
drugs that decrease its renal excretion. such as NSAIDs and 
salicylates, probenedd, and some penidllíns. Fatal toxỉdty 
has occurred in padents given NSAIDs with methoưexate 
(see p. 828.2). Severe toxidty has occurred rarelỹ when co- 
trimoxazole or trimethoprim was given with methoưexate. 
Use with other myelotoxic, hepatotoxic, or nephrotoxic 
agents may íncrease the risk oí toxidty. Foilc add and its 
derivatives may decrease the eỉhcacy of methottexate, 
although they ãre often used together to reduce metho- 
trexate toxidty (see Treatment of Adverse EHects, p. 826.3).

Animal studies suggested methoaexate toxidty may be 
increased by chloramphenícol, para-amỉnobenzoic arìd, and 
hypoglycaemics, but there does not appear to be any 
evidence of this dinically.

Anriboderials. The oral aminoglycosides neomydn1 and 
paromomycin2 have been repotted to reduce the gasưoln- 
testinal absorption of methottexate. Various peniríllins 
have been reported to markedly decrease the dearance of 
methotrexate given intravenoũsly for tteatment of neo- 
plasms,’-4 although aỊtaãdime may not.4 There have also 
been a few repoits of penidlỉins posslbly exacerbating the 
toxidty of low-dose methotrexate in patỉents being treated 
íor psõriasìs or rheumatoid arthritis. but a smãi] study 
íound that although Audoxadllin decreased methoưexate 
dearance slightly, thù was not dinically signiẼcanL7 
Methoưexate toxidty has been repoited in a patíent 
receiving low-dose methotrexate after a course of tetracy- 
d in e ĩ  In a patìent receiving high-dose methoơexate, giv- 
ing doxycyclừte beíore the eleventh cyde was belleved to be 
responsible for an exacerbation of methotrexate toxidty, 
with raised plasma concentratỉons and reduced dearance 
of methoơexate.’ Suựonam da  such as sulfafurazolé and 
suUamethoxazole may displace methotrexate from binding 
sites10 and reduce renal dearance.11 Megaloblastic pancy- 
topenia has been reported on several occaãons when 
methoưexate was given with co-trimaxazole11-1* or trimetho- 
prim;13-15-16 possible mechanisms involved indude an addi-

http://www
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tíve antííolate eữect, in addition to the effect of the sulía- 
methoxazole component in the case of co-trimoxazole.

1. Shen DD, Azamoff DL. Clinical pharm acoidnetiơ  of mcthotrexate. ơin  
Pharmatokinet 1978; 3 :1 -1 3 .

2. Coben MH. t í  aĩ. Eííect of oral prophyUctic broad spectrum 
nonabsorbable antibìotics on the gasTTOỈntestina] absorpdon oi nutriems 
and m ethotrexate in small cell bronchogenic carcinoma patients. Canar 
1976; 38:1556.

3. Bloom EJ, tí  ai. Deỉayed dearance (CL) of methoữexate (MTX) 
assodated wỉth antỉbiotỉcs and antiỉnũam inatory agents. ơ in  R a  1986; 
34: 560A.

4. Yamamoto K  tí  aì. Deỉayed eliraination oỉ m cthotrexate assodated wíth 
p ip end llỉn  adm inỉsưatíon. Ann Pharmaather 1997; 31:1261-2.

5. Dean K  t í  al. Possỉble methotrexate-m ezỉodỉlỉn imeraction. Am J  Ptdiatĩ 
Hemaíoi Oneoỉ 1992; 14: 88-9.

6. Ronchera c u  tí ai. Pharmacokỉnetic ỉnteraaỉon  bctween high*dos< 
m ethotrexate and amoxycỉỉlỉn. Ther Drug Monit 1993; 15: 375-9.

7. Herrỉck AU tí  al. Lack of interaction between OucÌoxacUUn and 
m ethotrexate in patiem s wiứ\ rheum atoid arthritỉs. Br ỉ  ơừi Pharmaai 
1996; 41: 223-7.

8. Turck M. Successíul psoriasls treatm ent then sudden 'cyiotoxicity'. Hosp 
Praa 1984; 19: 175-6.

9. Tortajada*Inưen JJ, t í  aì. Higb-dose raeihoưexare—doxycycline 
ỉmeractìon. Ann Phamaartỉter 1999: 33: 804-8.

10. Uegler DG. tí ai. The effect oỉ organic acids on renal dearance of 
m eihotrexaie in m an. Oirt Phannaeol Ther 1969; 10: 849-57.

11. Ferrazzini G. tí ai. ỉn te raa ion  between trimethoprim-$ulíamethỡxazole 
and m ethotrexate in children wiih leukemia. J  Pediatr 1990; 117: 823-6.

12. Liddle BJ, Marsden JR . Drug imeracrions wiih meihotrexate. Br J 
Dermaỉứl 1989; 120: 582-3.

13. ieuríssen ME, t í  ai. Pancytopenia and tneLhotrexate vvith trimethoprim- 
suưamethoxazo)e. Ann ìniern Med 1989; 111: 261.

14. Groenendaỉ H. Rampen FHJ. M ethotiexate and trìmexhoprim-sulpha- 
m ethoxaiole—a poiemiaUy haxardous combinarion. Clin Exp Dermato! 
1990; 15: 358-60.

15. Steuer Á, Gumpeỉ JM. M ethoưexate and irimethoprira: a ĩatal 
interactìon. Br J  Rheumatữi 1998; 37: 105-6.

16. G oven JÁ, et al. Pancytopenỉa í  rom using Irimethoprim and 
m ethotrexate. Ann ĩntem Med 1992; 117: 877-8.

Antiepileptics. For mernion oí the reduction in serum-vaí- 
p r o a tè  cõncentradon produced by methoơexate see 
p. 557.3.

Antineoplastics. Enhanced methotrexate toxicity might be 
expected vvith nephrotoxic agents (such as á sp la tin )  that 
can reduce methotrexate excretion by impairing renal 
ỉunctìon. Sequential use oỉ methoưexate and J lu o r o u r a à l  
may result in synergistic enhancement of effect (see 
Administration, in Fluorouradl, p. 796.1), and equally, 
Auorouradl beíore methottexate may reduce its toxicity 
(see Other Dmgs, under Treatment of Adverse Effects, 
p. 827.1), but if a sp a ra g in a se  (p. 744.3) Ịs given beíore 
methoưexate the cytotoxic eííect of methoưexate may be 
reduced.

Methoưexate may inaease the bioavailability of 
m c rc a p to p u r in e ,  probably by interíerence with first-pass 
metabolism (see p. 821.3).

Colestyramine. Semm-methotrexate concentrations vvere 
markedly reduced in 3 patients given colestyramine to 
ơeat methoưexate toxjdty.'-2 Colestyramine appears to 
bind methoưexate and reduce its enterohepatic recircula- 
tíon.

ỉ .  Erttm ann R, Lanđbedc G. EHecr of oraỉ cholcstyramỉne on The 
eliminadon of higb-dose m ethotrexate. ]  ũmcer Ra ơ iit Onal 1985; 110: 
48-50.

2. Shinozakj T, «  al. Successtul rescue hy oral cholestyramine ot a patiem 
wftb m ethoơexate nephrotoxiriry: nonrenal excreùon of se rum 
methotrexate. M td Puliatr Omal 2000; 34; 226-8.

Dontrolene. Dantrolene was considered to have caused 
methotrexate toxidty in a patient given high-dose mctho- 
trexate.1

1. André N, tí  <tỉ. Can dantrolene contribute to methoưexaie toiddty? Ann 
Phữrmocother 2006; 40: 1695-6.

GastrmntesHnal drugs. Elevated servun concentrations of 
methottexate were reponed when it was given to 2 
patients also receiving o m ep ra zo le .l J  The eííed was not 
seen vvith subsequent cydes o i methoưexate therapy once 
omepraxole had been stopped. In another case3 hõvvever, 
raised methotrexate concentratìons were thought to be 
due to an interactíon with omeprazole, but werẽ identical 
during a second cyde after omeprazo!e had been with- 
dravvn. Severe generalised myalgia and bone pain were 
xeported in a patient who recẽivẽd methoưexaté and p a n -  
topTữỉole.*  The same reaction occurred on rechallenge with 
the combinatíon, but not with methoưexate alone. 
Although methoưexate concentrations vvere unchanged, 
concentrations of the metabolite 7-hydroxymethoơexate 
were raised suggesting an interaction with its renal elimi- 
nation. L a n s o p r a ỉo l t  has been reported not to affed the 
pbarmacokinetics of methotrexate.5 A Japanese study 
found that use of proton pump inhibitors (induding ome- 
prazole, lansoprazole, and r a b e p r a ỉo lt)  was assodated vvith 
delayed plasma elimination of methoưexate in patìents 
given high-dose methoưexate therapy.*

1. R ad  Ta t í  at. Impact o í omeprazole OĐ the pUsma dearance of 
m ethoưexate. Cđnâr ơưmother Pharmaeoĩ 1993; 33: 82-4.

2. Beorlegui B. tí  al. Poteniỉal interactỉon between methotrexate and 
omeprasole. Arttt Pharmacother 2000; 34: 1024-7.

3. W helan i .  ti  ai. Omepraxole does n o t ềher pỉasma m ethoưexate 
dearance. Cancer Chemothir Phamaeoĩ 1999; 44: 88-9

4. Trồger u , t í  aỉ. Severe myalgỉa ỈTOD1 an  ỉnteracrion benveen treatments 
wỉth pantoprazoỉe and  niethoưexate. BMJ 2002; 324: 1497.

5. Valcỉly M, â a l .  Coadmỉnỉstratỉon oClansoprazole and naproxen does not 
aSect the pharmacokinedcproỉUe of methotrexate ỉn aduỉt patỉents with 
rheumatoid anhriùs. J  ơừ i Pharmacol 2005; 45:1179-86.

6. Suzukỉ K, tí a i  Co-adminisoatìon ol proton pump inhibiton deỉays 
elimination o ỉ plasroa m ethỡtrexate in hỉgh-dose methocrexate therapy. 
Br J  ơ in  Pharmacoì 2009; 67: 44-9.

Glutamine. Drugs wỉth the potential to lovver uxinary pH, 
such as glutamine, may decrease dearance o i metho- 
trexate and cause it to predpitate in the renal tubules. 
Acute nephrotoxidty1 ỉollowed lailure to adjust urinary 
pH during high-dose methotrexate inhision in a patient 
also taking glutamine. Urinary pH should be contínually 
checked in patients receiving both drugs and adjusted 
vvith bicarbonate if necessary.

1. Marín Pozo JF, t í  ai. Hazards oí concomitant admỉnistratỉon of 
methotrexate and  glutamine. Am J  Heaỉth-Sysí Pharm 2010; 67: 601-2.

ImmunosuppresSanta. For reports of enhanced toxidty 
vvith ciclosporin in patients who have received metho- 
ưexate see p. 1957.2.

LeAunomide. For a report of the eííect of methotrexate in 
patients receiving leílunomide, see p. 82.3.

Nỉirous oxide. Severe unprediaable myelosuppression 
and stomatitis have been anríbuted to the use of nitrous 
oxide anaesthesia in patients receiving methotrexate, 
potentiating the eỉíects of methotrexate on ỉolate metab- 
olism.1 The eííect could be reduced by the use oí íolinic 
add rescue.

1. Goldhicsch A. tí  ai. M ethoưexaie/niưous-oxide toxỉc interaction in 
períoperatỉve chem otherapy ỉorearỉy  breast cancer. Lanctí 1987; ilỉ 151.

NSAIDs. Severe, and in some cases íatal, aggravation of 
methoưexate toxidty has been reported when it vvas 
given with various NSAIDs induding aspirin and other sali- 
cylatts,u  azapropazone? dicloỊenac.* indometaứn,4’5 and keto- 
prafen.6 The mechanism is uncertaìn but may indude both 
displacement of methotrexate from protein-binding sites 
or an effed of NSAIDs on the kidney resuhing in reduced 
methoưexate excretion.6-7 Naproxen has been reported not 
to a£fed the phannacokinetics oí methoơexate,*-’ but a 
íatal interactiõn has nonetheless been reported.10 Despite 
the risks, some commentators have pointed out that 
methoơexate and NSAIDs are ửequently used together in 
the ưeatment of rheumatoid arthritis,1112 and that pro- 
vided this is done vvith caution, in low doses, and patients 
are appropriately monitored and cautỉoned to avoid addi- 
tional 'over-the-counter' analgesics, such combinations 
need not be contra-indicated. A study in patients receiving 
low-dose methotrexate for rheumatoid arthritis suggested 
that flurbiprofen, ketoproỊen. or piroxicam did not iníluence 
methoơexate dearance.13 A case of methotrexate toxidty 
has nevertheless been describedH in an elderly woman 
when Ourbiproíen vvas added to low-dose methoưexate 
therapy.

Manulactureis o( methoưexate generally contra-indicate 
the use of NSAIDs vvith high-dose methotrexate.

1. Baker H. ln iem únen t hjgh dose oral m eihoữexaie therapy in psoriasiỉ. 
Br ;  Dermatol l970; 82; 65-9.

2. Zuỉk M. Mandel MA. M etboưexaie-uUirylaie imeracdon; a clinical and 
experúnental smdy. Sury ĩorum  1975; 26: 567-9.

3. Daỉy HM, tí a i  M ethoưexate toxicny predpitaied by azapropazone. BrJ  
Dermatoỉ 1986: 114: 733-5.

4. Gabrielỉi K  t í  at. M cihotrexate and nonsteroidaỉ antỉ-inilammaiory 
đrugs. BMJ 1987; 294: 776.

5. M aidie AG. Acme renal íailure due to concom ỉunt action of 
methoưexate and  Indom ethadn. Lanetí 1986; I: 1390.

6. Thyss K  t í  aỉ. Clinicai and phannacokinetic evỉdence oí a life- 
threatening interactỉon betyveen m eihotrexate and ketoproíen. Laneeí 
1986;1:256-8.

7. F um  DE. tí  ai. Effect of aspirin and sulindac on methotrexate dearance. 
J  Pham  Sd  1990; 79: 782-6.

8. Stewart CF, t í  aì. Coadministratiỡn oỉ naproxen and lovv-dose 
methotrexaie in patients w ith rheumatoid anhrỉtứ . CUn Pharmaaí Ther 
1990; 47: 540-6.

9. Vakỉỉy M. tí  a i  Coadministratìon oỉ lansopraiole and naproxen does nol 
a fíea  the pharmacoỉdnetỉc proỄUe oỉ m ethoưexate in aduỉt patíents wỉth 
rheumatoỉd arthritis. J  Clin Pharmacol 2005; 45: 1179-86.

10. Singh RR. tí  ai. Paiaỉ im eracùon bciween m tth o tm ta ie  and naproxen. 
Lanat 1986; iỉ 1390.

11. Tulỉy M. NSAIDs. Pharm J  1991; 247: 746.
12. Zachariae H. M ethoưexate and nonsteroidal anti-ỉnũammatory drugs. 

Br J  Dermatoỉ 1992; 126: 95.
13. Tracy TS, tí ai. M ethoữexate disposidoo ỉoỉlovvíng concomiiant 

adminìstration o í ketoproíen. pừoxicara and Ourbiproỉen in patỉents 
wỉth rheum atoid arthritis. Br J  Ciin Pharmacol 1994; 37: 453-6.

14. Frenia ML. Long KS. M ethotrexate and nonsteroidaỉ antỉiníỉammatory 
dm g interaaions. Ann Pharmaeother 1992; 26: 234-7.

Probenecíd. Probenedd can produce two- to íouriold 
increases in serum-methotrexate concentrations,1'3 pre- 
sumably by inhibiting renal exaetion of methoưexate. 
Although probenedd has been shovvn to reduce protein 
binding of methoơexate,4 usual doses of probenedd are 
unlikely to signihcantly aííed methotrexate elimlnation 
by this mecharũsm. A woman receiving low-dose weekly 
methoưexate for rheumatoid arthritis developed severe

pancytopenia when probenédd was given for asympto- 
matic hyperuricaemía.5

1. A hem e GVV, t í  aỉ. ProỉongatioD and  en h an cem en t of serum  
m ethoữexate concentraúons by probenedd. BMJ 1978; ỉ :  1097-9.

2. Bowelỉ SB, et al. EÍIect oỉ probenetíd  on cerebrosp lnal Đuỉd 
m ethotrexate kineiics. ơ m  pharmacoì Ther 1979; 26: 641-6 .

3. Lilly MB. Omura GA. Clỉnical pharmacology of oral interm edỉate*dose 
m ethoữexate w ỉth  o r w ithout probenedd. Canar ơtemother Pharmaeol 
1985; 15: 220- 2!

4. Paxton JW . Interactỉon o í p robenedd with the pro teỉn  binding of 
m ethoưexate. Pharmacoỉogy 1984; 28: 86-9.

5. Basin KS. t í  at. Severe pancytopenỉa in a patien t takỉng ỉow dose 
m eihotrexate and  p robenedd. J Rheưmatoỉ 1991; 18: 609-10 .

Retínoids. An increased risk of hepatotoxicity has been 
reported when methoơexate and etretinate are given 
together,1 possibly due to increased plasma concentrations 
oí methotrexate.2"3

1. Zacbarỉae H. Dangers of m ethoưexate/eưetỉnate  com binarion therapy. 
Lancet 1988; I: 422.

2. Hanrỉson PV, tí  ai. M ethotrexate and  retinoids in  com bỉnatỉon for 
psorỉasis. Lartctí 1987; II: 512.

3. Larsen FG. tí  aì. In teraction  of erreiinate  w ìth  m etho trexa te  
pharmacokỉnctics in psoríatic patients. J  Cỉìn Pharmacoỉ 1990; 30 :802-7 .

Xanthines. For mention of the effect of methotrexate on 
the clearance of theophylline, see Antineoplastics, urder 
Interaaions of Theophylline, p. 1235.2.

Pharmacokinetícs
When given in low doses, methotrexate is rapidly absor >ed 
from the gastrointestinal tract. but higher doses are less V /ell 
absorbed. It is also rapidly and completely absorbed a ter 
inưamuscular doses. Peak serum concentrations occur to 
2 hours aỉier an oral dose, and 30 to 60 minutes aíter an 
intramuscular one.

Methoưexate is distributed to tissues and extracelli lar 
fluid with a steady-state volume of distTibuúon of 0.4 to 3.8 
litres/kg; it peneưates asdtic fluid and eííusions, vvhich n ay 
act as a depot and thus enhance toxidty. Clearance ỉr )m 
plasma is reported to be triphasic, vvith a termi lal 
elimination half-life of betvveen 3 and 10 hours aíter dc ;es 
less than 30mg/m2 or 8 to 15 hours aíter high-d >se 
parenteral therapy. It is about 50% bound to plas na 
protein. Methoưexate enters the cells in part by an act ve 
ưanspon mechanism and is bound as polyglutam Ite 
conjugates: bound drug may remain in the body for several 
months. particularly in the liver.

Only small or insigniíicant amounts cross the blood-brain 
banier and enter the CSF after oral or parenteral doses, 
although this may be increased by giving higher doses; 
however, after intrathecal doses there is sỉgnihcant passage 
into the systemic drculation.

Methoưexate has been deterted in very small amounts 
in saliva and breast milk. It crosses the placenta.

Methoưexate does not appear to undergo signincant 
mctabolism at lovv doses; aỉter high-dose therapy the 7- 
hydroxy metabolite has been detected. Methottexate m ly 
be partly metabolised by the intestinal flora after oral dosi :s. 
It is excreted mainly in the urine, by glomerular ũltratii in 
and active tubular secrction. Small amounts are excreted in 
bile and íound in íaeces; there is some evidence ỉ 31 
enterohepatic redrculation.

Considerable interindividual variation exists in tlie 
pharmacokinetics of methotrexatc: those patients in who n 
dearance is delayed are at increased risk of toxidty. 
Reíerences.
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847-53.

10. Hlder SL tí  aỉ. The pharmacogenetics oí m ethoirexate. KheumatoỉOỊ Ý 
(QxỊord) 2007: 46: 1520-4.

Preparations
Proprietary Preparations (details are given in Volume B)

Single-ingredient Preparations. A r g Artrait; Ervemin; Metodik: 
Trixate; Xantromid; Austral.: Ledenrexatef; Methoblastin; A uí ■ 
tria: Ebetrexat; Metojeaf; Selg.: Emthexate; Ledertrexate 
Braz.: Biometrox; Emthexate+; Fauldmetto; Hytas; Metrexato 
Miantrex; Reutrexato; Tecnomet; Tevametho; Canad.: Meto 
ject; Chile: Metoject; Trixllem; China: Meisusheng 
Midu ($1?); Cz.: Metoject; Trexan; D e n m Ebeơex; Emthex

AU cross-reíerences reíer to entries in Volume A
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ate; Metex; Metojectf; Fin.: Ebeưex; Emthexatt; Metojea; 
Trexan; Fr.: Imeth; Ledenrexate; Metoject; Novatiex; Ger.: 
Bendatrexatt; Lantarel; Metex; MTX; Neotrexatt; Gr.: Emthex- 
ate; Methobion; Methoblastin; Metoiect; Hung.: Metoject; 
Trexan; India: Alltrex; Bioưexate; Cadiuex; Dermatrex; Der- 
motrex; Folitrax; Hi-Trex; Imutrex; Merex; Methocd; Metho- 
ãp; Methorex; Metorex; Metrex; Mexate; Neoưexate; Onco- 
trex; Onotrex; Ịndon.: Emthexate; IrL: Metọjecc Israel: 
Abitrexaíe; Metoject; ItaL: Reumaílex; Sactiva; Securact; Jpn: 
Metolate; Malaysia: Emthexate; Mex.: Aưexel; Uametf; Leder- 
ưexate; Medsatrexate; Otaxem; Texate; Trixilem: Netk.: Ebe- 
trexatt; Emthexace; Metoject; Norụr.: Ebetrex; Metex; Meto- 
jectf; NZ: Emthexate; Methoblastín; Philipp.: Alltrex;
Emthexate; HextrateỶ; Methobaxt: Pterin; Zexate; PoL: Metex: 
Metoject; Trexan; PorL: Fauidexato; Ledettrexato; Metex; 
Metoject; Rus.: Metoject (MeTOAaceicr); Zexat (3excar); S.Afr.: 
Abitrexate; Emthexatef; Methacor; Methacon singapore: Abi- 
ttexate; Ebetiexat: Emthexate; MTX; Spain: Bertanel’ Emthex- 
atef; Metoject;, Swed.: Ebeưex; Metọịect; Metotab; Switz.: 
Metoject; Thai.: Abiưexate; Alltrex; Emthexate; Meưex; Neo- 
metho; Onkomet; Trixilem; Zexatef; Turk.: Emthexate; 
Metoart Metpject; MTX; Trexan; UK: Ebeưext; Mattex; 
Maxtrex; Metoject; USA: Otrexup; Rheumatrex; Trexaũ; 
Venez.: Zexate.

pharmocopoeỉal Prepararions
BP 2014: Methotrexate Injection; Methotrexate Tablets;
.USP 36: Methotrexate for Inịection; Methotrcxate Injectìon; 
Mechotrẹxate Tablets.

2-Methoxyoestradiol
2-ME2; 2-Methoxyestradiol; NSC-659853; 2-MeTOKCH3CTpa- 
R m n .
(17P)-2-Methoxyestra-1,3,5(10)-triene-3,17-diol. 
C19HmO3=302.4 
CAS — 362-07-2. \ 
u m — 6I2QW73SR5:

NOTE. The names Panzem and PulmoLAR have been used as 
trade marks for 2-methoxyoestradiol.

Protìle
2-M ethoxyoestradiol is a metabolite of oestradiol 
(p. 2271.1). It does not have direct oestrogenic actìvity, 
but vvorks through multìple celluỉar pathvvays to produce 
antineoplastic eííects, including inhibition of angiogenesis 
and induction of apoptosis. 2-Methoxyoestradiol is under 
investigation in the ưeatment of various diseases, ịnduding 
glioblastoma, multỉple myeloma, cardnoid tumours, as well 
as ovarian, prostate, breast, and renal cell cancers. It is also 
under invesdgation for pulmonary arterial hypertension 
and rheumatoid anhritis.

Mìdostaunn IUSAN, riNN)
Behzoylstảurospoiine; CGP-41251; Midostaurina; Midostaur- 
Inẹ; Midostaurinurn; PKC-412; MnflocraypnH. : , .
N-[(9S,10/Ú1 R. 13fl)-23,10,11,12,13-HexáhydrcH 0-methoxy-
9-methyl-Ì^X(>9,T3^(X3^-1H,9H<liindọlo[1123-g/)3!3'/(';'- 
/mịpyrrólo|3,4-jl[1 ,^benzódỊazonin-l 1-yi]-/v-meth‘ylbẹn?a- 
midé.
C35H3oNA=570.6 
045 —  120685-11-2} ' ■ . 
um  —  ID912S5VON. ■

Proíile
Midostaurin is a multikinase inhibitor effective against 
tyrosine kinase a n d  p ro te in  kinase c, and those of receptors 
for grovvth ỉactors induding vascular endothelial growth 
lactor and platelet-derived growth lactor. It is under 
investigation for the treatment of acute myeloid leukaemia, 
myelodysplastic syndrome, and systemic mastocytosis.

M i f a m u r t i d e  IB A N , r iN N i  

Miíamurtida; Mifiamurtidum; MTP-PE; Muramyl Tripếptiđe 
: Phosphatidyl .Etbanòlấmine;' Muramyl Tripeptìdé-Phosptìa- 
tìdyt Mohoéthanờlarriiné* Mtt4)aMypTMfl. 

'2-[(W-{(2/?)-[(2-Ầdếtằrĩiido-23-dideo’xy-o-glucopyranos-3-yl) 
oxỷ]propanoyỉ>L;alahy1-o-isoglutaminyl-L-alanyl)amìno]ethyl 
(2P)'23 -bỉs(hexadecanoyloxy)propyl hydrogen phospháte. 

. ^ 0 9 ^ 1 ^ = 1 2 3 7 3  
CAS —  83461-56-7. -•
ATC— LỞ3AX15.
ẠTC Vet —  QL03ẠX15.
UNII—  ÍLM890Ó4FY.

NOTE. The name Miíamurtide h a s  been used for both the 
base and the sodium salt. The name Junovan has been used 
as a trade mark for miíamurtide.

Mifamurtide Sodium ỊriNNMi 

CGP-19835A; L-MTP-PE (liposomal mifemúrtide sodium); 
MÌfarriurtidâ .sódica; Miíámurtide (USAN); Mifemurtide 
Scxiiqúe;'Mìfảmyrtidum Naơicum; MnộaMypTMíi HaTpnii. 

;2-ĩ(ộ(2Ì?)'2-[(3/?,4/?35(6/?)-3-(AcetylamÌno)-23-dibydroxy-6- 
(hydroxyrhethyl)tetrahydro-2H-pyran-4-yloxy]propanoylR- 
atanyỊ-o-isoglutaminyl-L-alanyl)arĩiino]ethyl (2Á)-23-bis(hex- 
anoýloxy)propyl sodium phosphate hydrate.
Cs9H ,oaN6NaÒ 19P^H20 = 12595 (anhydrous)
045 —  838853-48-8.

NOTE. The name Miíamurtide has been used for both the 
base and the sodium salt.

Uses and Administration
Miíamurtide is an immunomodulator that activates 
monocytes and macrophages to increase their capadty to 
destroy cancer cells. A liposomal íormulation of mứamur- 
tide is used with other chemotherapy to treat 
non-metastatic, reseaed osteosarcoma ỉn patients bom 2 
to 30 years of age. The reconstituted suspension is Altered 
then diluted in 50 mL sodium chloride 0.9% and given by 
intravenous iníusion over 1 hour. Mưaxnurtide 2mg/m2 is 
given twice vveekly (at least 3 days apart) for 12 vveeks, 
followed by once vveekly íor an additional 24 weeks. A total 
of 48 iníusions is given in 36 vveeks.
Reíerences.

1. Meyers PA. M urarayi tripcptỉdc (m ỉỉam unide) for the treatm ent of 
osteosarcoma. Expert Rev Anticarưer Thtr 2009; 9: 1035-49.

2. Frampton JE. Miíaraurtìdc: a revỉew of ics u$e in the treatm ent of 
ostcosarcoma. Paedỉatr Drugs 2010; Í2: 141-53.

3. Chou AJ, rt a i  Addition of m uramyỉ irípcptíđe to chereotherapy for 
patỉents vvith newly dỉagnosed metastatỉc osieosarcoma: a rcport ỉrom 
the Chỉldren'$ Oncology Group. Cancer 2009; 115: 5339-43.

Administrotìon in children. Miỉamurtide is given in a lipo- 
somal ỉormulation to children aged bom 2 years vvith 
osteosarcoma; see above for dosage dètails.

Adverse Effeờs, Treatment, and Precautìons
For general discussions see Antineoplastícs, p. 726.1, 
p. 730.2, and p. 732.2.

Common adverse eữects with miíamurtide indude blood 
disorders such as anaemia, thrombocytopenia, granuiocy- 
topenia, transient neutropenia, and leucopenia; CNS 
disorders such as headache, dizziness, paraesthesia, 
hypoaesthesia, somnolence or insomnia, ưemor, íatigue, 
contusion, depression, and anxiety; musculoskeletal 
disorders such as pain, spasm, anhralgia, and myalgỉa; and 
skin disorders such as rash, pruritus, dry skin, alopeda, and 
hyperhidrosis. Gasơointestinal disturbances such as nausea, 
vomiting. dỉaưhoea or constipatíon, abdotninal pain, and 
anorexia are very common.

Other adverse e£fects that occur commonly during 
treatment include infusion-site reactions, phlebitis, Đush- 
ing, dehydration, hypokalaemia, vertigo, tinnitus, hearing 
los.s, blurred Vision, hepatic pain, dysmenorrhoea, 
haematuria, dysurỉa, pollakiuria. fever, chills, and oedema.

Common respiratory disorders indude dyspnoea or 
tachypnoea, cough, haemoptysis, epistaxis, sinus or nasal 
congestion, pleural etíusion, or pharyngolaryngeal pain. 
Respiratory distress has been reported occasionaiỉy in 
patients with pre-existing asthma; miíamurtide therapy 
should be stopped if a severe respừatory reaction occurs. 
Prophylaaic bronchodilators may be considered in those 
with a history of reversible airways obstruction.

Cardiac disorders such as tachycardia and hypertensỉon 
or hypotension are common. Subacute thrombosis has been 
reported very rarely. Patients vvith a history of venous 
thrombosis. vasculitis, or unstable cardiovascular disease 
should be dosely m onitored, and trea tm en t delayed or 
stopped if symptoms are persistent or wonening. Clotting 
parameters should be monitored after the first dose and 
again aíter several doses.

Miíamurtide has occasionally been associated vvith an 
inũammatory response, induding pericarditis and pleuritis, 
and it shouỉd be used vvith caution in those vvith a hístory of 
auto-immune disorden, inỉlamniatory disease, or other 
collagen vascular diseases. Patients should be monitored for 
signs of unconưolled inHammatory reactìons such as 
arthritis or synovitis. Allergic reactions also have occurred 
occasionally with miíamurtide; symptoms indude rash, 
dyspnoea, and severe hypenension.

Caution is required in patients with hepatic or renal 
ímpairment due to a lack of da ta; hepatic and renaỉ íunction 
should be monitored until treatment is complete.

Interaớions
Por a general outline of antineoplastìc drug interactions, see 
p. 733.3.

Miíamurtide modulates the immune System and its use is 
not recommended with caỉdneurin inhibitors or wlth 
regular use of corticosteroids. The use of mưamurtide with

high-dose NSAIDs is also not recommended as in vitro 
studies have shown that high-dose NSAIDs can block the 
macrophage-activating action of miíamurtide.

Licensed produa inỉormation suggests liposomal miía- 
murtide should not be administered at the same time as 
other lipophilic ỉormuladons.

Phanvacokinetics
Mifamurtide is rapidly deared bom the plasma aíter 
intravenous injectìon and is distrìbuted into the liver, 
spleen. nasopharynx, thyroid, and to a lesser extern, into 
the lungs. The cells of the reticuloendothelial System dear 
núíamurtide liposomes by phagocytosis. The mean halí-Uíe 
is biphasic, that ỉor the initỉal phase being about 13 minutes 
while the terminal halí-Uíe is about 18 hours.

Preparatíons
Proprietory Prepamtions (detaìls are given in Volume B)
Smgb-ingredient Preparcrtions. Austria: Mepact; Cí: Mepact' 
Denm.: Mepact; Ger.: Mepact; Gr.: Mepact; ĩrL: Mepact; Israel: 
Mepact; ItÕL: Mepact; Neth.: Mepacõ Norw.: Mepart; Pol.: 
Mepact; PorU: Mepact; Spàin: Mepact; S w e í:  Mepact Switz.: 
Mepact; UK: Mepact.

Milatuzumab (USAN, riNNi
Immu-i 15; Milatuzumabum; Mwiaty3yMa6.
Immunoglobulin GI, anti-(human dass II antigen- inyariant 
Chain) (hủman-mouse monodonal hLLI heavy Chain), 
disulíide with human-mouse monodonal hLLI K-chain, 
dimer. ' . ' ' /
CAS.— 899796-83-9.

■ UNII —  2OP4E0GC6V.

ProfìỊe
Milatuzumab is a humạpised monodonal antibody directed 
against the CD74 antigen. It is under investigation for the 
treatment of multiple níyeloma, chronic lymphocytic 
leukaemia, and non-Hodgkin's lymphoma. Milatuzumab 
conjugated to doxombicừi (p. 782.3) is also being studied 
for multiple myeloma tteatment.
References.

ỉ. Berkova z  í t  a l  MUatuzumab—a promismg ncw im m unothcrapeuũc 
agent. Expert ữpin Invat Drugs 2010; 19: 141-9.

Miltefosine /SAN, riNNI
0-18506; HDPC; Hèxádeă'lfosfocolína; Hexadecylphospho- 
cholíne;, MilteíosiinỊ; Milteíosin; Milteíosinạ; Miltéfosine; 
Miiteíòsiniim; MnnbTe<|x)3MH.
[2-(Tr!methylammonio)ethyO[hexadecyloxyphosphonate], 
C2,H46N04P=407.6 ; "
C4S —  58066-85-6.
ATC —  L01XX09.
AfCVet— QL0ÍXX09:
UNII —  53EY29W7EC -

ProỈỊ'!e
Milteíosine is a phospholipid derivative that is structurally 
related to the phospholipid components of the cell 
membrane and is thought to exert its antineoplastic actions 
by disruption of cell-membrane íunctlon. A 6% solution is 
applied once or tvvice daily as a topical antineoplastic agent 
for skin metastases of breast cancer. Topical milteíosine is 
also being investigated for the treatment of cutaneous T-cell 
lymphoma and Acanthamoeba keratitis (p. 919.3); topical 
and oral íormulations havẹ been tried for disseminated 
amoebic iníeaions (p. 920.1). Systemic miltelosine is being 
investigated for urticaría. Oral milteíosine is used for the 
treatment of vìsceraỉ and cuuneous leishmaniasis in a dose 
of 1.5 to 2.5mg/kg daily (maximum daily dose 150mg) for 
28 days.

Acanthamoeba iníections. Reỉerences1-2 to the potential 
value of miltetosine against Acanthamoeba inỉectíons 
(p. 920.1).

1. Aiđiclburg AC. í t  ãl. Succestul treaonem  o t dlssemiiiated Acanth- 
amoeba sp. ỉnỉectỉon w ith mỉỉteíosừie. Emerg írựeđ Dừ 2008; 14:1743-6.

2. Walođưùk J, et al. Anú-acanthamoeba tíCcacy and toxỉdty of 
miltcíosine in an organotypic skỉn equtvalenL J  Antimiavb Chemotktr 
2009; 64: 539-45.

Leishmaniaỉis. Milteỉosine, given orally in doses of 50 to 
150mg daily, or about 2.5mg/kg daily, íor 28 days, 
appears to be of beneẼt1'7 in the ơeatment of visceral 
leishmaniasis (p. 923.1), and has been licensed for this 
purpose in India and Germany. BeneĐt has' also been 
reportẹd in patients given similar doses íor New World 
cutaneous leishmaniasis,* (p. 922.1) and it has also been 
licensed in some South American countries, but success 
may depend on the iníecting Leiỉhmania spedes.9 A small

The Symbol t  denotes a preparation no longer actively marketed
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study10 in Iran íound oral milteỉosine to be at least as good 
as imramuscuỉar meglumine antimonate ỉor the treatment 
of iníections caused by L. major. Another retrospective, 
observanpnal study11 reported successỉul treatment with 
oral milteíosine in 30 of 34 patients (most of vvhom had 
not responded to initial ơeatment with intralesiona] antì- 
mony alone or with cryotherapy) íor L. maịơr infection 
acquired in northem Aíghanistan. A hrnher 4 patìents 
were cured aỉter receiving additional doses of either intra- 
lesional or intravenous antimony. The use of longer 
courses oỉ milteíoáne in the treatment of patíents with 
both leishmaniasis and HTV iníection bas been reported.12

After recovery bom visceral leishmaniasis caused by L. 
donovani patients may develop post-ka!a-azar dermal 
Ieishmanỉasis; hrnher treatment is needed in these patientt 
as they represent a human reservoir for the disease. A small 
study15 of 24 patients in Bihax, India reported that an oral 
dose oỉ miltefosine 50 mg three times daily for 60 days (or 
50 mg twice daily for 90 days in those who had intolerable 
adverse eííects) achicved a cure in 96% of the patients. 
There were no relapses at 1-year follow-up.

1. Sunđar s. tí al. Trial of oral milteloỉme lor visccral Icishmaniasis. Umctí 
1998; 392; 1821-3.

2. Jh a  TK. t í  al. MilteCosinc. an ocal agem. íor ihe ireatroem of Inđian 
vỉsceraỉ Icishmaniasis. N En$ỉ J  Međ 1999; 341: 1795-1800.

3. Thakur CP, t í  ai. Mlheỉosine in a case of visceral leishmaniasis wiih HIV 
co-inĩecrion; and risỉng ìnddence oí this disease in India. Traru R Soc Trop 
Mtd Hy$ 2000; 94: 696-7.

4. Sundar s, tí  aĩ. Short-coune of oral miheíosine íor ưcaưnent o ỉ visceral 
Idshmaniasỉs. ơ in  ỊnỊèữ Dà 2000; 31: ỉ 1 ỉ 0-13.

5. Suodar S .tía L  Oraỉ mỉlteíosỉne ỉor Indian vỉsceral lcỉỉhmaniasìs. N  Ertgi 
J Mtd 2002; 347: 1739-46.

6. B hattachaiya SK, t í  al. EScacy and tolerabiỉity o í mỉỉteíosỉne íor 
chilđhood vỉsceral leishmaniasis ỉn Ỉỉidia. Qin ĩnfeữ Dừ 2004; 38:217-21.

7. R ỉtm cijer K, t í  a i  A comparison of m ilteĩosine and sodium 
stíbogỉuconate ĩo r treatm ent oí visceral leishmaniasU ìn an Ethỉopìan 
populatíon with high prevalence oỉ HIV ỉnĩection. CUn Infea Dừ 2006; 43: 
357-64.

8. Soto J. t í  al. Treatment oí American cutaneous leishmanỉasis wỉth 
míỉteỉosme, an  oraỉ agenL Qin lnfeđ Dìs 2001; 33: e57-e6I. Available aL 
http://www.joumaIs.ucbicago.edij/doi/pdf/10.1086/322689 (accessed 
01/08/08)

9. So to  ĩ. t í  ai. MUteíosỉne íor new  world cutaneous leishmaniasis. Ciin 
ìnfetí Dừ 2004; 38: 1266-72.

10. MohebaU M. t í  ai. Comparlson of milteíosine and meglumỉne 
antiinoniaỉe lor the treatm ent of zoonotíc cutaneouỉ leishmarùasu 
(ZCL) by a iandomỉzed dinicaỉ trial in Iran. Aơa Trop 2007; 103: 33-40.

11. van ĩh ỉe l  pp. t í  aL Mỉỉtelosỉne treaunem  oỉ Leishmxmia major inỉectỉon: 
an  observatíonal study involvỉng Dutch miỉitary personnel retum ing 
ỉrom  nortbern Aíghanistan. ơ in  ỉnfeơ Dừ 2010; 50: 80-3.

12. S ỉnderm ann  H, eí al. Oraỉ m ilte íosine ỉo r le ỉsbm aniasis ỉn 
immunocom prom iỉed patients: com pasâonate use in 39 patients with 
HIV ỉnlectíOD. ơirt ỉnỊtơ. Dừ 2004; 39: 1520-3.

13. Ramesh V, tí ai. Mílteíonne as an eữectlve choice in the ữeatm ent of 
post-kala-azar dermal leiỉhmaniasís. B rJ  Dermatol 2011; 165:411-14.

MaRgnant rteoplasms. Reỉerences to the use of topícal 
mỉỉteĩosine in breast cancer.

1. T em og t JM. t í  aL Phase n  txiaỉ of topically appỉied miỉteíosine solution 
ỉn  patỉents w ith sỉán-metastasized breast cancer. Br J  Cancer 1999; 79: 
ỈỈ5 8 -6 1 .

2. Sm orenbuig CH, tí  aL Phase n  study of mỉỉteíosme 6% solutíon as 
topicaỉ treaunent of skỉn metastases In breast cancer patients. Anticancer 
Dntgs 2000; 11: 825-8.

3. Leonard R, t í  al. Random ỉzed doubỉe-blind, placebo-controỉled. 
m ulticenter trial of 6% m ỉỉtdosine solution, a topỉcaỉ chemotherapy in 
cutaneous metastases bom  breast cancer. J ơ in  óncol 2001; 19:4150-9

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Porphyiia Centre (NAPOS) and 
the Porpihyria Centre Swedea dassihes nũltelosine as not 
poiphyxinogenic; it may be used as a drug of first choice 
and no precautions are needed.1

1. The C rug Data ba sc ỉor Acute Porphyria. Avaìlable at* bnp://wvvw. 
drugs-poxphyria.org (accessed 28/09/11)

preparations

PropHekiry Preporalium (details are given in Volume B)

Singíe-ingredient Preparations. Austrùr. Miltex; Braz.\ Miltext; 
Chữe: Miltex; Pin.: Miltext; Fr.: Miltex; Ger.: Impavido; Mil- 
tex: Hung.: Miltoc Israel: ItáL: Miltex; Phitipp.: MU-
tex-h Singapore: Miltex; Spain: Miltext; Swtd.: Mihext; UK: 
MUtex+.

Mirípkitin íriNN)
Mirî ahné.íMinplatíno; Minplatinụm; SM-11355; Mnpnnna-

'(SP-4:2>-[íW,2/ỉ)^clohexane-1,2-diamine-N,N']bis(tetrade- 
anôato^plaìm um ^ ■■ ’’
CMH6eNAPt=764.0 
CAS'— ĩ\4  ì977t79̂ 9. -ị  ̂ .

Miriplatin Hydrate MNNMI
. D-Ọ5294Í vMiriplatlnè;’ Hyàrate de; Miriplatini Hydratum; 
Minptatino hidratada; MnpvmnaTMHa IVụipaT. 

'Cj4Hs8NAPtH2Oí=7820 ■■
CAS —  250159^8-9.,

ProỊì'lẹ
Miriplatin is a platinum derivative used as an antineoplastic 
in the treatment of hepatocellular cardnoma. It is given as 
the hydrate but doses are expressed as the base; 1 mg of 
miriplatin hydrate is equivalent to about 1.02 mg oỉ 
miriplatin. A usual dose oỉ 70 mg is given once daily by 
hepatic inưa-arterial injection. Hepatic dysíunction. 
hepatobiliary disorders, and hepatic íailure can occur.

Preparatíons
Proprietary Preparalions (details are given in Volume B) 

Síngle-ingredient Preparotions. Jpn: Miripla.

M i t o b r o n i t o l  (BAN, rlNNI

DBM; Díbromomannitol; Mitobronitolum; NSC-94100; R-54; 
WR-220057; MnTOỂpOHMTO/i.
1,6-Dibromo-l^-dideoxy-omannitol.
Q H 12Br20 ,=308.0 
CÁS-  488-41-5.
ATC —  L01ẠX01.
ATC Vet —  QL01AX01.
UNII —  5UP30YED7N.

Pharmacopoeias. In Br.
BP2014: (Mitobronitol). A vvhite oralmost white crystalline 
solid. Slighdy soluble in water, in alcohol; and in acetone; 
practically insoluble in chloroíorm. Protea bom light.

ProfiỊe
Mitobronitol is an antineoplastic that appears to act as an 
alkylating agent, perhaps by epoxide íormation. It has been 
used in the management oỉ thrombocythaemia, both 
primary, and secondary to chronic myeloid leukaemia or 
polycythaemia vera.

The usual oral dose is 250mg daily until the platelet 
count falls to acceptable levels. Intermittent dosage has been 
given for maintenance therapy, adjusted according to the 
blood count. Frequent examination of the blood should be 
períormed during treatment. For wamings and recommenda- 
tions regarding the safe presaibing, dừpensing. and use o f oral 
antineopỉastic drugs, see Administration. p. 7323.

Mitobronitol is well absorbed from the gastrointestinal 
ưact and is excreted through the liver into the bile, with 
reabsorptìon hom the small intestine. It is eliminated as 
unchanged dnig and some bromine-containing metabolites 
in the uríne over several days.

Corcinogenicity. Long-term follow-up of a cooperatíve 
study1 involving 350 patíents with polycythaemia vera 
and ưeated vvith mitobronitoỉ vvas thought to indicate that 
mitobronitol was less likely than phosphorus-32 or busul- 
fan to induce acute myeloid leukaemìa.

For a discussion of the usual management of 
polycythaemia vera. see p. 695.2.

1. Kelemen E, tí  al. Decreasỉng risk of leukaemỉa during prolonged foỉlow- 
up aỉter mitobronỉtoỉ therapy ĩor polycythaemia vera. Lancet 1987; U: 
625.

Preparations
Proprietory Preparotions (detailỉ arc given in Volume B)

Single ingredient Preparcrtionỉ. UK: Myelobromol.

Phannacopoeial Preparationí
BP 2014: Mitobromtol Tabletỉ.

Mitoguaxone Dihydrochloríde ỊrìNNMi 
Dihidroclòruro de mitọguazòna; Methyl-GAG; Methylgỉyoxal 
Bisguanylhydrazone (rnitoguazone);. MGBG; Mitoguaíona, 
dihidrocloruro de; Mitoguazone, Dichlprhydrate de; 
,Mitoguazoni Dihydrochloridum; NSC-32946; MnT0rya30Ha 
/ỊMrvtQpoxnopna.
kƯ-tíMẹthyiếthanediylideneỊdinitrlloldìguanidine dỉhy- 
drochloride. • • - •
C5HI2N8,2HCI=257.1
CAS 459-86-9 (mitogucaone); 7059-23-6 (mitoguaỉone 
dihydrochtoride). ‘ ■
ATC — L01XX16.
ATC Vet —  QLD1XX16. 
um — NNI098FX5Q.

Proĩile
Mitoguazone is an antineoplastic that may exen its 
cytotoxic effects by its ability to inhíbit polyamine 
biosynthesis. It has been tried as the dihydrochloride 
monohydrate or the acetate, in the ơeatment of leukaemias, 
lymphomas. and some solid tumours.

Mitoguazone may produce hypoglycaemia and shoulc. be 
given dissolved in glucose-containing iníusion íluids; sugar 
may be taken orally ư hypoglycaemia develops đuring 
inlusion. Granulocytopenlã and thrombocytopenia are 
generaỉly mild and reversible on stopping treatment. 
Gastroứnestinal effects ừequently occur.

Preparations
Proprietary PrBporotionĩ (detailỉ are given in Volume B) 

Singie-ingredienl PreporoHons. Fr.: Methyl-Gagt-

M ito la c to l ỊriNNI
-DBD;., Dibromoduìcitoi; Mitolactolum; NSC-104800; vy 3- 
138743; MnTO/iaxron..
1,6-Dibromo-1,6-dịdeoxy-o-galactitol.
Q H 12Br20,=308.0 
CAS — 10318-26-0.
UNII — U2PỊSIK8Y.

Proỉile
Mitolactol is an antineoplastỉc ihat may act by alkylatic n, 
probably as epoxide metabolites induding dianhydrogalí c- 
titol. It has been given orally in the treatment of metasta ic 
breast and cervical cardnoma, although other drugs a re 
usually preíerred, and has also been tried in other maligna nt 
neoplasms, notably those of the brain. For wam ings a 1 d  
recommendations regarding the safe presaibing. dispensing. a 1 d  
use o f oral antineoplastic drugs. see Administration. p. 7323.

In addition to myelosuppression, vvhich is usually dos 
limiting, and manilests chieíly as leucopenia ai d 
thrombocytopenia, adverse eílects indude gasưointestin al 
diỉturbances, skán rashes, grey pigmentation of the skii. 
transient disturbances of hepatic íunctíon, elevated blood- 
urea nitrogen (BUN), and hypersensitivity reactions. Blood 
counts should be taken regularly duríng treatment and 
mitolactol vvithdravvn if bone-matTow depression occurs.

M i t o m y c i n  IB A N , U SA N , rlN N Ị

Mitomiclria; Mitomicina o  Mitomidnas; M itom idnurr; 
Mitomisin; Mitomycin C; Mitomydne; M itom ydne C; 
Mitomydnurrì; Mítomysiini; NSC-26980; Mhtomhựhh.
6-Amino-l,la,2,8^8a,8b-hexahydro-8-hydroxymethyl-8a- 
methoxy-5-methylazirino[2',3':3,4]pyrrolo[l/2-o]indole-4,7 
dione carbamaté; (lS,25,9S,9a/?)-7-Amino-2,3,5,8,9,9a-hexa 
hydro-9a-methoxy-6-methyl-5,8-dioxo: l  ,2-epimino-l -H-pyr 
rólo[1,2-ữ]indol-9-ylmethyỉ carbamaie 
C,5H,8N40 5=334J . .
CAS —  50-07-7. '
ATC —  L01DC03.
ATC Vet —  QL01DC03.
UNI1 —  50SG953SK6.

D escription. Mitomyón is an antineoplastic anũbiotì; 
produced by the growth of Streptomyces caespitosus. 
rtiarmacopoeias. In Chin., Ẽur. (see p. vôi), Jpn. and us. 
Ph. Eur. 8: (Mitomyõn). A substance produced by a straũ I 
of Streptomyces caesptíosus. Blue-violet crystals or crystallin : 
povvder. Slightly soluble in water and in acetone; freel’ ■ 
soluble in dimethylacetamide; sparingly soluble in methy 
alcohol. A 0.1% solution in water has a pH of 5.5 to 7.5 
Protect from light.
USP 36: (Mitomydn). A blue-violet crystalline powder. I 
has a potency of not less than 970 miarograms/mg. slightỉ^ 
soluble in water; soỉuble in acetone, in butyl acetate, ữ 
cydohexanone, and in methyl alcohol. A 0.5% suspensioĩ 
in water has a pH of 6.0 to 7.5. Store in airtight containers a 
a temperature of 25 degrees, excursions permitted betweer 
15 degrees and 30 degrees. Protect from light.

IncompotibỉlHy. Mitomydn may be incompatible vvitli 
drugs that are add in solution—íor a report of incompat- 
ibility with topotecan, see p. 872.3.

StabilHy. Mitomydn undergoes degradatìon in add solu- 
tion,1 and two studies2-3 suggested that mitomydn was 
mu ch less stable in glucose 5% ưýection than in sodium 
chloride 0.9%. These ũndings were queried by a manuỉac- 
turer (Briỉtol, USA) vvhose own results suggested4 that 
mitomydn was stable lor 48 houn in glucose injection 5% 
at 25 degrees, and it is uncertain whether diữerent manu- 
íacturers' íormulations diller in stability, or, as has been 
suggested, that an unsuitabk assay vvas used by the man- 
uíacturer to measure stability.5

1. Beỉjnen JH, Underberg W JM  Degradatíoo o ỉ m ỉtom ydn c  ỈĐ addic 
soỊution. Inỉ J  Pharmaceutía 1985; 24: 219-29.

2. Bcnvenưto JA. t í  ai. Stability and compatíbỉỉỉty of antítum our agents ỉn 
gỉass and plastíc containers. Am J Hosp Pharm ỉ 981; 38: 1914-18.

3. Quebbeman EJ, tí  ai. Subiỉiry of m itom ydn adm ixturcs. Am J Hosp 
Pharm 1985:42: 1750-4.

All cross-reíerences refer to entries in Volume A

http://www.joumaIs.ucbicago.edij/doi/pdf/10.1086/322689
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4. KeUer JH- Siability of m iiom ydn admixtures. Am J  Hosp Pharm 1966; 43: 
59,64.

5. Quebbeman EJ, Hoffman NE. Stabỉlỉty of m itom ydn adraixuires. Am J  
Hosp Pharm 1986; 43: 64.

ư s e s  and Administratìon
Mitomycin is a highly toxic antìbiotíc with antineoplastic 
propertìes. It acts as an alkylating agent aíter acúvation in 
vrvo and suppresses the synthesis oỉ nucleic adds. It is a cell- 
cyde non-spedfic agent, but is most active in the late Gi and 
eárìy s phases.

Mitomydn is used, with other antineoplastíc agents, in 
the treatment of many solid tumours induding those of the 
bladder, breast, cervix, eye, stomach, and prostate as 
indicated by the cross-reíerences given below. Mitomydn 
has been tried ỉn other neoplasms induding those of the 
gastrointestinal tran, head and neck, pancreas, in 
melanoma, sarcomas, and in leukaemỉas.

Dosage regimens indude an initial dose of 10 to 
20mg/m2 inơavenously; subseqụent doses are repeated at 
intcrvals of 6 to 8 weeks if blood counts permit, and should 
be reduced according to the previous haematological 
response. ưsual doses in other regũnens range ỉrom 4 to 
10 mg (60 to 150micrograms/kg) given at 1- to 6-week 
intervals. Other regimens may be used, particuỉarly in 
combinatìon;

Doses are adjusted according to the eữect OR bone 
marrovv and ưeătment should not be repeated untiỉ the 
leucòcyte and platelet counts are above acceptable levels 
(see àlso Bone-marrow Depression, p. 730.3).

Mitomydn is also used as a bladder instillation: 20 to 
40 mg is Instilled once weekly or thiee timẹs a week ỉor a 
totaỉ of 20 doses in the treatment of superữdal bladder 
tumours. These doses are usually given in 20 to 40 mL of 
vvater for injection. The solutíon should be retained in the 
bladder for at least ^ hour. For the prevention of recurrent 
bladder tumours 20 mg may be instilled every 2 weeks, or 
40 mg monthly or 3-monthly. Altematively 4 to 10 mg has 
been instilled once weekly or three times a week.

Mitomydn has been given by the intra-arterial route in 
the treatment of liver tumours, sometimes as an intasion of 
micxocapsules designed to produce localised embolisatíon.

Mitomydn is used for its eHert on hbroblasts to improve 
outcomes and reduce scarring in certain types of surgery, 
notably ta gỉaucoma (see below).

Mitomydn is also used topically ta the fom  of 0.02% or
0.04% eye drops to treat conjunctival or comeal squamous 
cell cardnoma.
Reíerences.

1. Abrahara LM, tí ai. Mỉtomycin: diũìcaỉ appUcatíons in ophthalmic 
practỉce. Drugs 2006; 66: 321-40.

2. Bolenx c. t í  a i  Intravesỉcal m ỉtom yđn c for superAdal transitíonal ceỉỉ 
carrinom a. Expert Rev Anứcancrr Ther 2006: 6ỉ 1273-62.

3. Tabaee A. tí  al. M ỉtom ytín c  and endoscopic sinuỉ surgery: w hcre are 
wc? Cun Opirt Otolaryngol tiead Ntck Surg 2007; 15:40-3.

4. VVaraer D. B riettke SE. M ỉtom ydn c and ainvay surgery: hovr weỉỉ does 
it  vvork? Otoỉaryngol Head Nedc Surg 2008; 13S: 700-9.

5. Teus MA. t í  aỉ. M iiom ydn c ỉa  com eal reỉractỉve surgery. Sưrv 
Ophthahnal 2009; 54: 487-502.

Gkiucoma. Mìtomydn, like íluorouradl, ũ eííective in 
improving the outcome oỉ glaucoma Bltering suigery ta 
selected patients when used as an adjunct to prevent the 
íormation of scar tissue (see p. 1999.1). FluorouradI is 
usually given as a regimen of multiple tajections but mito- 
mydn gỉven as a single tatra-operative topical appỉication 
ta usual concentrations ranging {rom 200 to 500 micro- 
grams/mL appears to be of ỉimilar efficacy.u  A systematic 
review o{ 11 studies conduded that tatxa-operative mỉto- 
mydn reduced the chances of íailure ta high-risk patỉents, 
and ta those having theữ Brst trabeculeaomy.3 Hovvever 
it was noted that the nature of the data might ha ve led to 
overestimation of the effect and that there was some evi- 
dence oí an incrcased risk oỉ cataract vvith mitomycin. 
Late hypotony is also a problem.4 For other potential com- 
plications see Effects on the Eye, belovv.

1. skuta  GL. t í  al. Intraoperadve m itom ytín versus poítoperative 5- 
Ouorouradl in high-risk glaucoma Bltering surgery. Ophthalmobgy 1992; 
99: 438-44.

2. Kat2 GJ. tí  ai. M ỉtomycin c  versus S-Quorouradl ỉn high-risk gỉaucoma 
ũltering surgery: ex tended foilow-up. Ophihaimoìogy 1995; 102:1263-9.

3. Wilkỉns M. tí  ai. Inưa-opcrative m itom ydn c  ỉor glaucoau surgery. 
Available in The Cochrane D aubase of Systemadc Revỉem; Issue 4. 
C hỉchester John  VViley; 2005 (accessed 25/04/06).

4. Bindỉỉsh R. t í  al. Eỉũcacy and saíety of mitoraydn-C ỉn  prỉmary 
trabeculectomy: five-year fôỉlow-up. Ophthalmaỉogy 2002; 109:1336—42.

Keratedomy. Mitomydn has been used as an adjunct to 
laser keratectomy (photoreừactive or phototherapeutic 
keratectomy) to prevent the subsequent fonnatíon oỉ 
comeal haze due to Bbroblast proliỉeration. Although ear- 
lier studies used brieí tatraoperative local application of a 
0.02% solution. a lovver dose solution (0.002%) also 
appears to be effective, and may reduce the risk of adverse 
eãects.
References.

I. Kotticr UB, Dỉdc HB. M itom ydn c  b d  obcrílỉchỉỉchea Bòm hauta- 
b ladonen  mỉt dem  Excỉmer-Lasen Elgene Eríahnmgen und Lỉteratur* 
ũbenich t. lũin Mortbl Au$tíihtíìkđ 2005; 222:499-504.

2. Waiỉau AD, t í  aỉ. Mỉtomicina c  e 'Excimer ỉase r '. Arq Bros QỊUứmol 2005; 
68: 867-72.

3. Beđei A, t í  ai. Photoreừactive kerateaom y in high myopỉc đeỉects wỉth 
or wỉchout intraoperative m itom ydn C: ỉ -year results. Eiír J Ophthúlmol 
2006; 16: 229-34.

4. Thoraion L t í  al. Low-dose m ltom ydn c  as a prophyỉaxỉs for com eaỉ 
haze in myopỉc surỉace ablation. Am J  Ophthứimol 2007; 144: 673-681.

5. Thom ton L t í  ai. Comparỉson of Standard (0.02%) and ĩow  dose 
(0.002%) m itom ydn c ỉn the preventíon of com eaỉ haze ỉoỉỉovving 
surỉace abladon íór myopia. J  Refraa Sutịị 2008; 24: S68-S76.

6. Srinivasan s. tí aL Photorehactỉve kerateaom y wỉth 0.02% m itom ydn 
c ỉor treatm ent oỉ resỉduaỉ rehacdve errors aíter LASIK. J  Refraa Surg 
2008; 24: S64-S67.

7. Lecđsottí A . M itom ydn c In photorcíractive keratectoray: e í ĩe a  on 
epỉthelUUzatỉon and predỉctabỉlỉty. Comea 2008; 27: 288-91.

8. Wal!au AD. Campos M. Photoreỉractỉve keratectomy wỉth m ltom ydn c 
versu5 LASDC ỉn  custom surgerỉes íor myopia; a biỉateraỉ prospective 
randomỉzeđ d ỉnỉcal criaL J  RỈfraa Surg 2008; 24; 326-36.

9. Walỉau AD. Campos M. One-ỵear outcomes oỉ a b iỉa ten ỉ randomised 
prospecdve c&nỉcaỉ ưiaí comparỉng PRK w ith m itom ydn c  and LASữC. 
Br J  Ophơutimoỉ 2009; 93: 1634-6.

10. Virasch w ,  ítđ /.R educedapplicationtím eỉorprophylactÌcinitom ydnC  
in photoreứactive keratectõmy. Ophthahnologỹ 2010 ; 117:665-9.

11. Shah RA, W ilson SE. Use o( mitomydn-C for phocodierapeutic 
kerateaom y and  photoreừactive kexatectomy surgery. C un opm  
Ophthalmoí 2 0 10; 21: 269-73.

Malignant neoplasmỉ. Mitomydn is used in the preven- 
tion of recurrent bladder cancêr (p. 7 0 0 .2 ), ta thê pallia- 
tìve therapy of advanced breast cancer (p. 702.1), ta 
malignandes of the cervix (p. 704.2), eye (p. 705.1), and 
stomach and anus (p. 706.1 and p. 708.1), and has been 
ttied ta ađvanced prostatic cancer (see p. 712.3).

Pterygium. Pterygium is a degenerative condition of sub- 
conjunctivaỉ tissues that results ta a vascularised over- 
grovvth of the conjunctiva and comea. It is cosmeticaỉly 
unappealtag but does not usually requừe treatment. How- 
ever, if it aữects the pupillary area it can be treated surgi- 
cally. Pterygium often recurs after removaỉ and methods 
used to prevent recurrence tadude radiotherapy or the 
topical application of mitomycta or thiotepa.1

Thiotepa has been applỉeđ postoperatively as 0.05% eye 
đrops for several weeks, but pterygium may still recur2 and 
adverse eSects tadude conjunctìval injection, granuloma, 
hypertrophic conjunctiva, and black deposits ta the 
conjunctival íom ix.1 Depigmentattan of the eyelids may 
also be a problem, so patìents should àvoid direct snnlight 
during thiotepa use.1

Mitomydn has been applied topically to the surgical ỉite, 
or given as eye drops postoperatively.1 The optimal tatra- 
operative exposure time and concentration are uncertain: 
concentratíons of 0.02 or 0.04% have been applỉed for up to 
5 minutes.1-3 and low-dose ơeatment with mitomydn 
0.02% for 30 seconds has been reported to be eBective vvith 
few complications.4 Postopetative treatment has generally 
been given as 0.02, 0.04, or 0.1% eye drops for up to 2 
wceks, but the higher concenưations and longer ưeatment 
periods have been assodated with more adverse eííects,1 
some of which may be severe and sight-threatentag (see 
also EHects on the Eyes, below). Comparìsons of tatra- 
operative vvith postoperative use suggest that pterygium 
recunence rates are similar.1-3

A range oí p-irradiation doses and ỉractionation methods 
have bcen used. Long-term complications tadude posterior 
subcapsular changes of the lens, aưophy and ulceration of 
the sdera, and sderaỉ necrosis leadtag to endophthalmỉtũ.1 
In one retrospective study,6 tatra-operative use of 0.04% 
mitomydn was more effective than p-irradiation ta 
preventtag recurrence after surgery. In another study,7 
postoperative mitomycin 0.02% for one week was less 
eííeaive than rađỉation therapy.

1. Hoííman RS, Power WJ. C urrem  options in pterygỉum management. Iní 
Ophthaỉmoỉ ơ in  1999; 39: 15-26.

2. Chapman-Smith JS. Pterygium treaunent with tríethylene thiopho* 
sphoramide. Aust N z  J Ophthaỉmoỉ 1992; 20: 129-31.

3. Anduze AL. Pierygium surgery with mitomycin-C: ten-year resuits. 
O phthalmic Surg  Lasers 200 1 ; 32: 341-5 .

4. Cheng H-C, t í  ai. Lovv-dose in traoperative m itomycin c as 
chem oadjuvani for pterygium ỉurgCTy. Comta 2001; 20: 24-9.

5. Oguz H, t í  al. Inưaoperative applicaóon versus postoperatíve mitom ytin 
c eye drops in pterygium surgery. Ađa Ophthaimoỉ Scand 1999; 77: 147- 
50.

6. Amano s, tí ai. Comparatíve study oí íntraopcratíve m ítom ydn c and ộ 
ỉrradỉatỉon ỉn  pterygium surgery. Br J  Ophủtalmoỉ 2000; 84: 616-21.

7. §imỊek T, t í  at. Coraparatìve eíHcacy oí 8 -ỉrradỉatíon and m itom ydn-C 
ínprim ary and  recurrem  pterygỉuni. Eur J  Ophthaimoi 200Í; 11:126-32.

Adverse Effects, Treatment, and Precautions
For general discussions see Anttaeoplastics, p. 726.1, 
p. 730.2, and p. 732.2

The mata advetse eítect of mitomydn is delayed 
cumulative bone-marrow suppression. Protaund leuco- 
penia and thrombocytopenia occurs aỉter about 4 tveeks 
with recovery ta about 8 to 10 weeks aíter a dose. Therapy 
should be vvithheld untíl platelets and white blood ceỉls 
recover to at least 100000cells/mm3 and 4000 cells/mm3, 
respectively. Blood counts may not recover in about one- 
quarter of patients. Other serious advetse eũects tadude 
renal damage and pulmonary toxidty; a potentiaỉly íatal 
haemolytic-uraemic syndrome has been reported ta some 
patients. u s  licensed product taỉotmatíon States that the

degree oỉ renal impainnent does not appear to be related to 
dose or duration of therapy although it has been suggested 
that the risk of renal toxidty is low with cumulative doses 
Iess than 50 mg/m3, but tacreases with hlgher cumulatíve 
doses (see also Eííects on the Kỉdneys, below). Gastro- 
tatesttaal toxidty, dennatitis, alopeda, íever, malaise, and 
rarely cardiotoxidty may also occur. Local tissue necrosis, 
ulceration, and cellulitis may ỉollovv extravasation. Intra- 
arterial use can cause skin disorders such as pata, redness, 
erythema, blisters, erosion, and ulceiation; skta and/or 
musde necrosis may develop. Injection tato the hepatic 
artery can cause liver and biliary tract disorden such as 
cholecystitis, cholangitis, and bile dua neaosis.

Mitomydn is contra-tadicated ta patients with impaired 
renal tanction or coagulation disorders. Renal hinction 
should be tested beíore begtantag ưeatment and aíter each 
course. .

Effecte on the bladder. Intravesicaỉ tastillation oỉ mỉto- 
myđn ạíter resection o{ superBdal bladder tumoun has 
led to the development of tadolent asymptomatic ulcers at 
the resection site vvhich may persist ỉor months, and must 
be disttaguished from persistent tahltrattag bladder can- 
cer.,J Persistent ulceratíon, taQammation, necrosis, and 
pain has also occurred, possibly because of mitomydn 
extravasation at the resection áte.3 Fistula ỉonnation has 
also been described.4 There are also a few reports5 of eosi- 
nophilic cystitis, ta tvhich eostaophilic taSlưaáon oỉ the 
mucosa and musde vvere accompanied by oedema, 
inũammatìon, musde necrosis and Bbrosis. Sevère bladder 
conttacture is a rare, and often irreversible, complicatìon 
of inơavesical mitomydn;4 urinary diversion may be 
requừed ta cases of intolerable urinary ừequency.7 Forma- 
tion of papillary-like caldũcations at the resection site,8 
and caldỄcation of the bladder wall have aỉso been 
described after the use of mitomycta for supeiBdal transi- 
úonal cell cardnoma of the blađder.

See also under Eífects on the Skta, p. 832.1.
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Effects on the eyes. Early complicatíons aỉter the topical 
use of mitomydn with glaucoma Bltertag suigery (see 
Glaucoma, above) tadude hypotony, shalỉow anteiior 
chamber, cataraa {ormation, choroidal eữusions, hypoto- 
nous macuỉopathy, and suprachoroidal haemorrhage.1 
Late complications taclude bleb leak, blebitis, and 
endophthalmids.2 Complications bom the topical use of 
mitomydn wlth or after pterygium surgety (see Ptery- 
gium, above) commonly tadude irrítation and photopho- 
bia. Other effeas tadude delayed epithelial healing, avas- 
cularity of the sdera and comea, sderal caldEcatíon and 
ulceratlon, necrotising sderitỉs, comeal or sderal períorạ- 
tion, irìdocyditỉs, cataraa íormation, glaucoma, and sym- 
blepharon.1 Some of these effects may be severe and 
sight-threatentag, and require tarther surgery.3 Complica- 
tions most commonly reported after the use o{ topical 
mitomydn in ocular suriace neoplasia were hypeisensi- 
tivity reactíons and cpiphora (an overflow of tears) sec- 
ondary to stenosỉs oỉ the lachrymaỉ punaum.4

1. Hardten DR. Samuelson TW. Ocular toxiáty of mitomycln-C. Ịnt 
Ophthaỉmoi ơ in  1999; 39:79-90.

2. DeBry PW, t í  a i  Inddence of late-onset bleb-relatcd complỉcatíons 
íoHotâing trabecuỉectotny with m itom ydn. Arch Ophthaimoỉ 2002; 120: 
297-300.

3. Rubiníeld RS, t í  ai. Serỉous compỉications of topicaỉ m ỉtỡm ydn c  aỉter 
pterygium surgery. Ophthalmobgy 1992; 99: 1647-54.

4. không JJ, Mueckẽ J. Complỉcatíons oí m ỉtom ydn c iherapy in 100 eyes 
w ith ocular surỉace neoplasỉa. B rJ  Ophthabnol 2006; 90: 819-22.

Effects on the Iddneys. A syndrome o( thrombotic mlCTo- 
angiopathy resembltag the haemolytic-uraemic syndrome 
has been seen ta patìents receivtag mitomydn, either 
alone1 or more often with other drugs, partỉcuỉarly ũuoro- 
uradl3 or tamoxiíen.3’4 The syndrome is charaaerised by 
haemolytic anaemia, thrombocytopenia, and Progressive 
renal íailure, and may be accompanỉeđ by hypertension, 
pulmonary oedema, and neurological eĩfects tadũdtag 
contasion, headache, and seizures.li2 Onset is usualỉy 
delayed, sometỉmes occurrtag severaỉ months aher the 
end of a course oí mitomydn.1-2

There is some uncertataty as to vvhether mitomydn dose 
is signiScant, but one study1 found that all of 25 cases they

The Symbol t  denotes a preparation no longer actively marketed
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reported had recdved total doses oỉ 70 mg or more, and 
another2 reportcd that 74 of 83 cases had reccived 60 mg or 
more.

Symptoms may be exacerbated by blood ưanstasions.2 
The use o ỉ erythropoietín allowed the cessatìon o{ blood 
tranỉỉusion, with subsequent haematological improvement 
and slovver progression of chronic renal failure in one case 
report.’ Plasma exchange has been suggested as possibly 
helpíuL* although only a minority oỉ patients may benefit 
from this treatment.2 Extracorporeal protein A immunoad- 
sorption has also been tried.6 Captopril therapy may also be 
useful.7

1. Cordonnier D, t ì  ai. La néphrotoxỉdté de u m ỉtom ydne c (i propos de 
25 observatíons): résuỉtats d 'une enquête rauỉdcem rique organisée par 
ỉa sodété  de néphrologie. Nephroỉogit 1985; 6: 19-26.

2. Lesesne JBf t í  a l  Cancer*assodaied hemolytic-uremic syndrome: 
anaỉysỉs of 85 cases from a natíonal regisưy. J  Cĩin Oncol 1 989; 7; 781-9.

3. M ontes A, t í  aỉ. A toxic ỉmeractíon between m ltom ydn c and tamoxiíen 
causing ihe haemolytìc uraemỉc syndrome. Eur J  Cancer 1993; 29A: 
1854-7.

4. EUỈS PA, tí  al. Haemolytic uraemỉc yyndrome in a patient witb ỉung 
cancen further evidence for a toxic interaction benveen m itom ydn-C 
and tamoxỉfen. ơ ù t Oncoi (R Coll Radiot) 1996; 8: 402-3.

5. C au lano  c. tì a i  Erythropoietìn is benencỉal ỉn  mUomydn-ìnduced 
hemolytỉc-uremic syndrome. Nqỉhron 2002; 91: 324-6.

6. Kasper s. tì  al. Proteìn A immunoadsorptíon therapy for reíractory, 
m itom ydn C-assodated thrombotic microangiopaihy. Transfusion 2007; 
47: 1263-7.

7. Schiebe M E  t ì  ai. Mitomycin C-reiaied hcmolyiic uremic syndrome in 
cancer patỉents. Antùanar Dtuịs 1998; 9: 433-5. .

Effeds on rtte liver. Hepatic veno-ocdusive disease devel- 
oped in 6 of 29 patìents given intensive mitomycin ther- 
apy and autologous bone marrow transplantation.1 The 
eỉfect was maniỉest as abdominal pain, hepatomegaly, and 
asdtes, and liver íailure vvas Progressive and íatal in 3. A 
íurther patíent, who had no symptoms, was íound to have 
veno-ocdusive disease at post mortem.

ỉ . Laxarus HM. t ì  aỉ. Veno-ocdusive dlsease oỉ the liver aỉter high-dose 
m itom ydn c therapy and auiologous bone m anow  iransplantatìon. 
Cancer 1982; 49: 1789-95.

Effects on respiratory hmction. Mitomyàn-induced pulm- 
onary toxidty has been revievved.1-2 There have been 
reports of toxidty at total dosages as lovv as 20mg/m2 of 
mitomydn.2 although others report' that the average 
cumulatíve dose assodated with toxidty is 78 mg. Pre- 
medỉcation with corticosteroids may reduce the inđdence 
oỉ lung toxidty.2 Interstltíal lung disease assodated with 
intravesical mitomydn has also been described.3

See also Eữects on the Lungs, p. 729.1. For reíerence to 
the respữatory effects of mitomydn used with a vinca 
alkaloid see Interactions, Antineoplastics, under Vinblastine 
Sulỉate, p. 882.2.

1. Linette D C  t ì  aỉ. Mitoray d n  -ind ưced pulmonary toxidty: ca se repon  
and  revỉew of the  Uteranire. A m  Pharmacother 1992; 26: 481-4.

2. Okuno SH, Frytak s. M ỉtom ydn lung toxỉdty: acute and chronic phases. 
A m J  Cỉin O nâỉ 1997; 20: 282-4.

3. JaneỈFO Pais JM . tí ai. M ỉiom itina c endovesỉcal y ũbrosis puỉmonar. 
Aetas Uroỉ Esp 2009; 33: 822-5.

Effects on the skin. Severe eczema oí the hands and ỉeet 
and generalised rasb have been reported in patients 
recriving intravesical mitomyđn.1-2 These symptoms 
appear to be due to a delayed hypersensitivity (type IV) 
reaction,1-2 vvhich is probably also responsible for the 
bladder irritaáon and cystitis that may follow intravesical 
mitomydn1 .(see p. 831.3). Leucocytoclastic vasculitis 
caused by an immune-complex mediated (type DI) reac- 
tion and presentỉng as purpuric papules has also been 
described.2

1. Colver GB, tí  ai. D erm aãús due co inaavesical m ỉiom yàn C: a delayed- 
type hypersensiãvity reactíon? B rJ  Dtrmatol 1990; 122: 217-24.

2. K unkeler L. t ía l .  Type m  and type TV bypersensitivity reactíons due 10 
mỉtoxnycỈQ c. Qmtatí Dcrmatừừ 2000; 42: 74-6.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Potphyria Centre Sweden, dassiRes mitomycin as 
probably not porphyrinogenic; it may be used as a drug oí 
fírst choice and no precautions are needed.1

1. The Drug Dacabase íor Acute Porphyria. Avaiỉabỉe at: h ttp ://w w w . 
drugs-porphyria.org (accessed 29/09/1 ỉ)

Interactions
Por a generaỉ outline of antíneoplastic drug interactions, see 
p. 733.3.

Antineoplastics. Cardiotoxidty developed in 14 of 91 
patients who received mitomydn therapy as second-line 
treatment for breast cancer after the íailure of doxorubicin- 
containing regimens, compared vvith 3 of 89 simỉlar 
patients vvhose second-line treatment did not indude 
mitomydn.1

For reports of acute bronchospasm after injectíon of a 
vinca aỉkaloid in patients preưeated with mitomydn see 
Vinblastine Sulíate, p. 882.2. For the increased risk of 
haemolytic-uraemic syndrome that may occur ư mitomyòn

Is given with Ịluoroưraàl or tamoxifen see under Effects on 
the Kidneys, p. 831.3.

1. Buadar AU. et aL A driam ydn and miiomycin C: possiblc syncrgistic 
cardíoĩoxỉdty. Carteer Trtai Rep 1978; 62:1005-8.

Pharmacokinetics
Mitomydn đisappears rapidly írom the blood aíter 
intravenous ứýection vvith an tnitial (distribution) haư-Uỉe 
of 17 mlnutes. It ù  vvidely distributed but does not appear to 
cross the blood-brain barrìer. Mitomydn is metabolised 
mainly but not exdusively in the liver. The terminal half- 
Uỉe is about 50 minutes. Aỉter normal doses about 10% of a 
dose is excreted unchanged in the urine; small amounts are 
also present in bile and íaeces. With inCTeasỉng doses 
metabolic pathvvays are saturated, and more drug is 
exơeted unchanged ta the urtae.

Preparations
Proprietary praporotiom (d e ta ils  a r e  g iv e n  in  V o lu m e  B)

Single-ingredient Preporotions. Arg.: Asomutan; Crisofimina; 
Maximiton; Mìtocyna; Mitokebir; Mitonovag; Mitotie; Sintemi- 
dna; Vetio; Braz.: Baxmicint; Mitoón; Fin.: Mitostat; Fr.: 
Ametydne; G e r Ametydne; Mitem; Mito-extra; Mito-medac; 
India-. Almito; Mitodn; Mitodus; Mitonco; Oncodn; Mex.: 
M itodn-Cf; Mitolem; Mitotie; Mtxandex; Philipp.: Mytoxid; 
Thai.: M itodn: Vesimycin: USA: Mitosol; Mitozytrexf; Muta- 
m ydn t.
Pharmacopoeial Preparotions
U S P  3 6 : M i to m y d n  fo r  I n j e n io n .

M i t o t a n e  IB A N , U S A N , r lN N I

CB-313; Mitotaani; Mitotan; Mitotano; Mitotanum; NSC-
38721; o,p'DDD; WR-13045; MMTOĩaH.

1,1-Dichloro-2-(2-chlorọphenyl)-2-(4-chlorophenyl)ethane.
C,4H,oCI4=320.0
C4S —  53-19-0.
ATC — L01XX23. ‘ " 7
ATC Vet — QL0ỈXX23. 
um  — 78E4J5IB5J.

Pharmacopoeias. In us.
USP 36: (Mitotane). A vvhite crystalline powder with a 
slight aromatic odour. M.p. is bervveen 75 degrees and 81 
degrees. Practically insoluble in vvater; soluble in alcohol, in 
ether, in Petroleum spirit, and in Hxed oils and fats. Store in 
airtight containers. Protea from light.

Uses and Administration
Mỉtotane is an oral antineoplastic that directly suppresses 
the adrenal cortex. Ít may also modify peripheral steroid 
metabolism. It is given in the treatment of advanced 
adrenocortical tumours. Dosing schedules vary. For 
wamings and rtcommendatiom regardinỊ the safe prescríbing, 
dừpensing, and use oỊ oral antineoplastic drugs, see Administra- 
tion, p. 732.3.

In the UK, mitotane is given in an initial oral dose of 2 to 
3 g daily in patients with adrenocortical tumours, inơeased 
at 2-week intervals until plasma mitotane concenưations 
reach the target range of 14 to 20 micrograms/inL. For rapid 
conơol of Cushing’s symptoms in these patients, an initial 
oral dose of 4 to 6g daily may be necessary, and can be 
increased as oíten  as every  week to  achieve th e  target 
concentration range. The total daily dose is given in 2 or 3 
divided doses with meals containing íat-rich íoods. 
Corticosteroid therapy may also be requừed íor adrenal 
tasuffidency, see Precautions, belovv. Mitotane plasma 
concentrations should be measured at ữequent intervals 
(aỉter each dose adjustment) until the target concenơation 
range is reached, usuahy vyithin 3 to 5 months. Regular 
monitoring of plasma concennations should contìnue once 
the maintenance dose is established. 11 severe toxidty 
occurs, mitotane ưeatment should be vvithheld and 
restarted when plasma concenưaùons are vvithin the target 
range. For mild toxidty the dose should be reduced until the 
maxữnum tolerated dose is reached. Mitotane tteatment 
may be contìnued íor as long as there is beneht. If there is no 
beneht aỉter 3 months at an optimal dose, treatment should 
be stopped. For doses in children, see belovv.

In the USA, the usual initíal oral dosage is 2 to 6 g daily in 
3 or 4 divided doses. Doses are usually increased to 9 to 10 g 
daily, unless adverse ettects necessitate dose reduction. The 
maximum tolerated dose ranges ừom about 2 to 16 g daily.

Administration in children. Mitotane is used ta children 
and adolescents íor the treatment of advanced adrenocor- 
tical tumours. In the UK an initial oral dose of 1.5 to 
3.5 g/m2 daily can be increased up to a target dose oí 
4g/m 2 daily. The total daily dose is gi ven in 2 or 3 divided 
doses vvith meals containing fat-rích loods. Plasma concen- 
trations of mitotane should be monitored as íor adults, see 
above; a Sharp increase in mitotane concentration may be

seen when lOmicrograms/mL is reached. The dose n ay  
be reduced after 2 or 3 months depending on mitotaae 
concentratìons or toxidty.

Malignant neoplasms of ihe adrenal gland. Adrenoco: tì- 
cal cărãnoma is a rare and aggressive malignancy, a ìd 
there are few prospective studies of its treatment. Surgcry 
is the treatment of choice and the only curative optỉon or 
localised disease.1 Retrospective studles of adjuvant mit o- 
tane after resecdon with curative intent have shot m  
mixed results. Some investigators ỉound that mitotane h ỉd 
no eữect on survival2 or recurrence ra te,3 while oth< rs 
reported signihcantly improved recurrence-free survival.4 
Nevertheless, mỉtotane Is often suggested as adjuvant thi r- 
apy because of the high risk of recuưence, although it 
might be considered unnecessary followtag compltte 
resection of localỉsed small tumours.1-5

Mitotane has been reported to be of beneũt ta patiei ts 
undergotag palliatìve siưgery,2 and is the drug of choi :e 
when the tumour cannot be completely remov 'd 
surgically1-5 although tumour reduction may be minima .5 
Response rates range from 13 to 30% in metastatic disea: e, 
but most are of limited duration and complete response is 
rare.1 It is also used in metastatic disease to contial 
symptoms but adverse eííects can limit its use. Mitotane h  ỈS 
also been tried with cytotoxic chemotherapy, and vario 1S 
regimens are under investigation.1

1. Ziiú L. t ì  aỉ. Contemporary m anagemcnt of adrcnocorócal carcinon a. 
Eur Vroỉ 2011; 60: 1055-65.

2. lcarđ p. a  ai. AdrcDocortícal cardnomas: surgical ưcnds and results ỡ a 
253-paúent series from the French Assodation oí Endocrine Surgeo 1S 
study group. Wơrld ĩ  SurỊ 2001; 25: 891-7.

3. Gnibbs £G, t ì  al. Recurrence oí adrenal corùcal carcỉnoma ỉollowi tg 
resectìon; surgery alone can achleve resuỉts equal ỈO surgery pl ỈS 
miiotane. A m  Surý  Ortcoì 2010; 17: 263-70.

4. Terxoỉo M. t ì  aỉ. Adjuvant m ỉtotane ưeatm ent íor adrenocortỉi al 
cardnom a. N Engl J  Med 2007; 356: 2372-80.

5. Veytsman L tìa ì. M anagement o! endocrine maniíestatỉons and the m ;e 
oi m ỉtotane as a chemotherapeutic agent ỉor adrenocorõcal carcỉnoma J 
Oin Oncoỉ 2009; 27: 4619-29..

Adverse Effects
Almost all patients given mitotane have anorexia, naust a 
and vomitíng, and sometímes diarrhoea, and about 40' 'o 
suữer some Central toxidty with dizziness, vertigo, sedatioi I, 
lethargy, ataxia, and paraesthesia. Brain damage an d 
impaired íunction can occur after prolonged use of hig 1 
doses. Other common adverse ettects tadude leucopeni.i, 
thrombocytopenia, anaemia, hypercholesterolaemii, 
hypertriglyceridaemia, mucositis, gynaecomastia, an i 
headache. Bleeding time may be prolonged, but the 
mechanism of this eHect is uhknovvn. Ocular adverse effec s 
may occur taduding bluưed Vision, diplopia, lenticulí r 
opadtìes, maculopathy, and retinopathy. Other advers: 
ehects tadude hypersensitivity reactions, rashes, feve . 
myalgia, myasthenia. haemonhagic cystitis, haematurií, 
albuminurỉa, ũushing. hypertension, onhostatic hypc- 
tension, and hypersalivation. Liver enzymes are commonl ì 
tacreased with mitotane, and there have been reports cf 
auto-immune hepatìưs and cholestatic hepatitis. Hypc- 
thyroidism has occurred.

Precautions
Mitotane inhibits the adrenal cortex and adrenocorticí [ 
insuíSdency may devdop during ơcatment; corticosteroii [ 
therapy is olten requữed. In trauma, iníection, or shock th ■ 
drug sbould be temporarily vvithdravvn and corticosteroid ; 
should be given systemically. Mitotane should be given vvitl 
care to patients with renal OT hepatic impairment. Befori 
mi to tan e therapy is begun, all possible tumour tissue fron 
large metastases should be surgically removed, ta order t< 
minimise possible iníarctìon or haemoưhage in the tumour 
Patients should not drive or operate machinery 
Behavioural and neurological assessments should be carriei 
out regularly ta patients who have been receiving ơeatmen 
for 2 years or more, espedally when mitotane plasmi 
concenơatìons exceed 20 micrograms/mL. Plasma concen 
ưations should be monitored to guide dosage; tb« 
therapeutic wtadow lies between 14 and 20 micrograms/ml 
(see also Therapeutìc Drug 'Monitoring, p. 833.1). Feta 
adrenal abnormalities have been reported after exposurt 
during pregnancy.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, dassiSes mỉtotane as prob- 
ably porphyrinogenic it should be pTescribed only foi 
compelling reasons and precautions should be considered 
in all patíents.1

1. The Drug D aubase for Acute Porphyria. AvaUable aL* http://www 
drugs-porphyria.org (accessed 28/09/11)

Interactìons
Mitotane can induce hepatic microsomal enzymes such as 
cytochrome P450 isoemymes. This may enhance the

All cross-relerences reler to entries m Volume A
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metabolism of some other drugs, induding coumarin 
antìcoagulams.

Spironolactone. Mitotane in a dose oí up to 3 g daiỉy in a 
65-year-old patient vvỉth Cushing's syndromc appeared to 
be ineSective and did not prõducẽ the usuãi adverse 
eSects assodated with mitotane while the patient was also 
receiving spironolactone.1

1. W ortsman i ,  Soler NG. Mitotane: spironolactone amagonism in 
Cushing's syndromc. JAMA 1977; 238: 2527.

pharmacokinetìcs
Up to 40% of a dose of mitotane is absorbed from the 
gâstrointestinal ơact; absorptíon increases with food. Aiter 
daily doses of 5 to 15 g, concentrations ỉn the blood of 7 to 
90 micrograms/mL of ĩmchanged drug and 29 to 54micro- 
grams/mL of metabolite have been repoited. It is vvidely 
distributed and appeạrs to be stored mainly in fatty tissues. It 
is metabolised in the liver and other tissues and excreted as 
metabolites in urine and bỉle. From 10 to 25% of a dose has 
been recovered in the urine as a water-soluble metabolite. 
As it is slovvly released bom storage sites, tenninal plasma 
half-lives ranging bom  18 to 159 days have been reported. 
In most patients mitotane is no longer detected in plasma 
about 6 to 9 wèeks aíter stopping therapy.

Therapeutic drug monHoring. Monitoring oỉ mitotane and 
its major metabõlite o.ị/-DDE in 2.patients receiving mito- 
tane in low doses íor Cushing's disease íound that there is 
a prolonged lag time in the plasma concentration changes 
in response to alterations in dosage,1 presumably because 
of the lipophilidty of both compounds which leads to 
accumulâtion in adipose tissue. A study2 in adrenal card- 
noma íound that mỉtotane is preíerentially distributed into 
the very-low-density lipoprotein (VLDL) baction of the 
se rum of patients with hypertriglyceridaemia, whereas 
under normolipidaemic conditions, it is bound to high- 
density lipoproteins and albumin. Because VLDL is not 
incorporated into the human adrenal cells, mitotane's 
lipophilidty has implications for treatment and monitoring 
in patients with hypertriglyceridaemia. In some studies3-4 
tumour responses were seen only in those patlents vvith a 
serum concentratìon of mitotane above 14micro- 
grams/mL, and a small prospective study’ íound that ther- 
apeutic concentrations (deũned as benveen 14 and 
20 micrograms/ml.) could be reached by sustained low  
doses (1 to 3g daily), thus Umiting advetse eHects.

1. Benecke R. a  al. Plasma level monỉtorlng o( m ltoune (oy-DDD) and  its 
metaboUte <o.p'-DDE) durỉng long-term treatm ent of Cushỉng's dỉsease 
with ỉow  doses. Eur J  Qin Pharmaeoi 1991; 41: 259-61.

2. Gebharđt DOE. t í  ai. The dlstribudon o ỉ ỠJ>’-DDD (m itoune) among 
serum  lipoproteins in norm o-and hypertrỉgỉyceridemU. Caneer Che- 
mother Pharmacoỉ 1992; 29: 331-4.

3. Haak HR. et ai. optím al treatm ent of adrenocortỉcaỉ cardnom a with 
m ỉtotane: resuỉts ỉn a consecutíve scries of 96 patỉents. Br ỉ  Cancer 1994; 
69 :947-51 .

4. Bauđỉn E  et aỉ. Impact of monitoríng pỉasma 1,1 -dichlorodíphenUdi- 
đ ỉỉo roethane (o.p/DDD) ỉevèls on the treatm ent of patíenu w ith 
adrenocortícaỉ carcỈQoma. Canar 2001; 92: 1385-92.

5. Terxolo Ma et a i  Low-do$e mooitored micotane creatment achieves the 
therapeutíc raage tvith manageabỉe sìde eữcas  ỉn patíenỉs wỉth 
adrenocortlcal cancer. J  ơ in  Endocrinoỉ Metab 2000; 85: 2234-8.

Preparations
Propríehiry Preparations (details are given in Volume B)

Single-ingredmnt Preporotions. Austria: Lysodren; Btlg.: Lyso- 
dren; Braz.: Lisodren; Canad.. Lysodren; Cz.: Lysodren; Denm.: 
Lysodren; Fín.: Lysodren; Fr.: Lysodren; Ger.: Lysodrcnt; Gr.: 
Lysodren; Hong Xong: Lysodrenỷ; Hung.: Lysodren; Irt: Lyso- 
dren; Ital.: Lysodren; Neth.: Lysodren; Norw.: Lysodren; PoL: 
Lysodren: Port.: Lysodren; Spain: Lysodren; Switz.: Lysodren; 
UK: Lysodren; USA: Lysodren.
Phormatopeãd PreparaHom
USP 36: Mỉtotane Tablets.

Mitoxantrone Hydrochloride
IBANM, USAN. rìNNM)
CL-2323I5; DHAD; Dihydroxyanthracenedione Dihy- 
drochloride; Hidrocloruro de mitoxanơona; Mitoksantrón 
Hidroklorũn Mitoksantronihydrokloridi; Mitoksantrono hidro- 
chlorídas; Mitoxanơon dihydrochloriđ; Mitoxantrona,' hidro- 
cloruro de; Mitoxán,trone, Chlorhydrate de; Mitoxanơon-, 
hidroklorid; Mitoxantronhydrochlorid; Mitoxantronhydrok- 
lorid; Mitoxantroni Dihydrochloridum; Mitoxàntróni hydro- 
chloridum; Mitozantron Hidroklorũõ MÌtózantrone‘ Hydro-_ 
chloridẽ; NSC-301739; MMTOKcaHTpóha fnflpoxoopnfl.
1,4-Dihydroxy-5,8-bis[2-(2-hydroxyethyỊaminọ)ethylarpinoỊ 
anthraqulnone dihỳdrochloride.
CaH28N40&2HCI=517.4 :
CAS —  6527!-30-9 (mitoxantrone); 70476-82-3 (mitoxantrone 
hydrochlorìde).
ATC — L01DB07. , . 1-4

ATC Vet —  QL0ỈDB07.
ỤNII —  U6USW86RD0.

Phormacopoeias. In Chín., Eur. (see p. vu), and u s .
Ph. Eur. 8: (Mitoxanơone Hydrochloride). A dark-blue, 
elecơostatic, hygroscopic powder. Sparingly soluble in 
water; practìcally insoluble in acetone; slightly soluble in 
methyl alcohol. Store in airtight contalners.
USP 36: (Mitoxantrone Hydrochloride). A dark-blue 
powder. Sparingly soluble in yvater; practically insoluble in 
acetone, in acetonitrile, and in chloroíorm; slighdy soluble 
in methyl alcohol. Store in airtight containers.

Uses and Adminỉstratìon
Mitoxanữone is an anthracenedỉone antineoplastic struc- 
turally related to doxorubiãn (p. 782.3). It inhibits 
topoisomerase n  and causes DNA strand breakage, as well 
as intercalatíng with DNA. It is cell-qrde non-spedflc but is 
most active agaỉnst cells in the late s phase.

It ìs used in the treatment o{ metastatic breast cancer 
(p. 702.1), and of non-Hodgkin’s lymphomas tp- 696.3), 
alone or with other agents. It may also be given to treat 
aduỉt acute myeloid leukaemias (p. 693.1). Mitoxantrone 
has also been used m padents with hormone-reíractory 
prostate cancer (p. 712.3), liver cancer (p. 709.3), and 
ovarian cancer (p. 711.2).

In addition, mitoxantrone is used in the management oỉ 
secondary Progressive or relapsing multiple sderosis (see 
belovv), to reduce neurological disabUity or the trequency of 
relapses.

Mitoxantrone is given as the hydrochloride, but doses are 
expressed in terms o í  the base; 1.2 mg o i  the hydrochloride 
is equivalent to about lm g  of mitoxantrone. In the 
aeatment of breast cancer, prostate cancer, liver cancer, 
and lymphomas, a dose equivalent to mitoxanưone 
14mg/mJ is given initíally, then repeated every 3 weeks. 
It is diỉuted to at least 50mL in sodium cbloride 0.9% or 
glucose 5% and injected over at least 3 minutes into a 
íreely-running inơavenous iníusion o f either. Subsequent 
doses may be adjusted according to the degree oỉ 
myelosuppression produced. Initiaỉ dosage may need to be 
reduced to 12mg/m2 in debiỉitated patients or those tvho 
have had previous chemotherapy. Doses should also 
probably be reduced when mitoxantrone is given as part of a 
combination regimen: initial doses should generaỉly be 
reduced by 2 to 4mg/m2 below those recommended íor 
single-agent use.

In the treatment of patients with acute myeloid 
leukaemia an intravenous dose of 12mg/m2 daily for 5 
days may be given as monotherapy to induce retnission; 
altematively 10 to 12 mg/m2 may be given for 3 days wỉth a
7-day course oí cytarabine.

All patients should have cardiac ỉunction assessed beỉore 
starting therapy, induding leỉt ventricular ejectíon íraction 
(LVEF) evaluation. Regular cardiac examinations are 
recommended in all patỉents at increased risk of 
cardiotoxiàry and in those who receive a cumulative dose 
of mitoxantrone greater than 160mg/m2. Regular blood 

'counts should be períormed during treatment and courses 
should not be repeated until blood counts have recovered 
(see also Bone-marrow Depression. p. 730.3).

In the management o ỉ m u ltỉp le  sclerosis, the 
recommended dose is the equivalent of mitoxantrone 
12mg/m2 by mtravenous inhision over 5 to 15 minutes. 
This dose may be given once every 3 months initially 
provided that neuưophil counts are above 1500 cells/mm’ 
and that LVHF is greater than 50%. Blood counts and Uver 
(unction should be monitored beíore each dose. LVEF 
should be evaluated before beginning mitoxantrone 
therapy and beíore all subsequent doses; a total cumulative 
dose in ẹxcess of 140mg/m2 should be avoided. LVEF 
shouỉd also be measured ư signs or symptoms o í  heart 
íailure develop.
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Muhiple sderosìs. Mitoxantrone has produced dinical 
beneEt1"* in terms oí reduced relapse rate and a slovvưig oỉ 
disease progression in patients vvith multiple sderosis 
(p. 996.3). It has been given intravenously in doses of 5 or 
Í2mg/m2 every 3 mõnths, or 8mg/m2 every month. 
Patients with Progressive relapsing disease may benetit 
bom rapid induction vvith 12mg/m2 monthly for 3 
months.5 BeneEt has also been íound when used with cor- 
ticosteroids,6 although the combination was not compared 
vvith mitoxanưone alone. However, cardiotoxidty limits 
the dose that can bé given7'* (see Uses and Admỉnistration, 
above). Because ò ỉ  this and óther adverse eíiects, such as 
possỉblé secondary malignancy or potendaỉly permanent 
amenorrhoea, some consider the use of mitoxanttone in 
multiple sderosis to be unproven’ and others have cau-

tioned10 that altemative immunomodulators have less 
severe toxicitìes. A systematic revievv" conduded that 
mitoxanuone vvas moderately eữecdve in the short-term 
tteatment of multìple sderosis, but that iníormatíon on its 
long-term eữects was ladòng; use should be limited to 
patients vvith vyonening relapsing-remitting or secondary 
Progressive disease with evidence oỉ vvorsening disability.
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Adverse Effects, Treatment, and Precautions
As for Doxorubidn, p. 784.1. Mitoxanơone is reported to be 
better tolerated than doxorubidn. The nadir of the vvhite 
cell count usually occurs about 10 days aỉter a dose, with 
recovery by day 21. Elevation ỉn liver enzyme values may 
occun there are occasional reports of severe hepatic 
impairment in patients with leukaemia, in whom doses are 
generally higher and adversé etìects of mitoxantrone may 
be more ừequent and severe.

Transient blue-green coỉoration of the urine, and 
occasionally the sclerae, may occur. Blue discoloraúon oỉ 
the skin (which can also occur aỉter extravasation) and nails 
have been reported. Nail dystrophy and onycholysis can 
occur.

Severe neurotoxidty has resulted bom erroneous 
inưathecal dosage; local or regional neuropathy has 
ỉollowed inưa-arterial injection. Care is reqiũred in patients 
with pre-existing heart disease, or who have had prior 
anthracydine neatment or radiotherapy to the chest, as 
they are at increased risk o l  cardiotoxidty; regular cardỉac 
examinations, including left ventricular ejection ừaction 
(LVEF) evaluation, should be perỉonned in these patients 
bom the start of therapy. Aỉl patients should be assessed for 
cardiac signs and symptoms; multiple sderosis patíents with 
a baseline LVEF below the lovver limit of normal shouỉd not 
be treated vvith mitoxanưone. UK licensed product 
iníormation States that cardiac monitoring should aỉso be 
períormeđ in patients without identifiable cardiac risk 
ỉactors who receive a total cumulative dose of mitoxantrone 
in excess of Ỉ60mg/m2; u s  Ucensed produa inỉonnation 
States that the risk of symptomatic congestive heart ỉailure is 
higher aíter a cumulative dose of 140mg/m2 and that 
multiple sderosis patients should not receive a total 
cumulative dose greater than this. Care is ako required in 
patients vvith hepatic impairmem. Regular blood counts 
should be períormed during ơeatment. Treatment with 
mitoxantrone, either alone or with other antineoplastics 
and/or radiotherapy, has been assodated with an increased 
risk of developm ent of secondary acute myeloid leukaem ia.

Alopecia. Tvvo patients receiving therapy with mitoxan- 
ưone developed selective alopeda of white but not o£ dark 
haữ.1

1. Arlin ZA. tt al. Selcctíve a lo p ráa  w ith mítoxanưonc. N  £nf /  J  M td  1984: 
310: 1464.

Breast fe«ding. Mitoxantrone was detected in the breast 
milk of a vvoman with acute promyelocytic leukaemia in 
remission who was given consolidation chemotherapy 
that induded mitoxantrone 6 mg/m2 oa  days 1 to 3. Con- 
centrations were 120 nanograms/ml. just aber the third 
dose and 18nanograms/nứ. 28 daỹs aber tteatment. 
Although she breast fed her neonate bom 3 weeks aber 
the completion of the course of beatment and no adverse 
ebects were seen, the authors recommended that women 
treated with mitoxanưone should not breast íeed.1

1. Azuno Y, tí  a i  M ỉtoxantrone and etopodde in breast mỉỉk. Am J  Hemaiol
1995;48:131-2.

Effeds on ihe heart. Data bom over 4000 patìents treated 
with mitoxamrone induded 172 reports of cardiac events, 
induding 42 cases oí congestive heart íailure and 66 of

The Symbol t  denotes a preparation no longer actively marketed
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decreased ejectìon íraction.1 Ptevious anthracydine ther- 
apy increased the risk, and congestive heart íailure seemed 
to be more Iikely in patìents exposed to a cumulative 
mitoxanuonedose of 160mg/m2, or 100mg/m2 in those 
already given anthracydines. The risk of symptomatic con- 
gestive heart {áilure in cancer padents has been estímated 
to be 2.6% íor patients receiving a cumulative dose of up 
to 140mg/m2; the u s  manuíacturer recommended thát 
patients vvith multiple sderosis should not receive a total 
cumulative dose greater than this.2 In a hirther 78 
patients,3 dinical heart ỉailure developed in 2 aíter cumu- 
Iative doses of 174 and 243 mg/m2. Four of 9 other 
patients given mitoxantrone in doses above 100mg/m2 
showed signs of cardlotoxidty, and a {urther patient pre- 
viously given doxorubidn 313mg/m2 had a fall in sưess 
ejection íraction after only 47mg/m2 of mitoxanưone. 
However, cardiotoxiđty has also been seen aíter lower 
doses; sinus bradycardia occurred4 in 2 previously 
untreated paúents aíter starúng conrinuous inỉusions oí 
mitoxantrone 10mg/m2, and severe acute heart íailure’ in 
a patient with multiple sderosis, 2 months aíter a second 
dose of mitoxantrone 12mg/m2 was gi ven. Late cardio- 
toxidty can also occur; dilated cardiomyopathy, with a ]eft 
ventricular ejection Iraaion of 20%, developed6 in a 
patient vvith multiple sderosis 2 years aíter a course of 
mitoxanưone with a cumulative dose of 72mg/m2. For 
inỉormation on the cardiotoxidty of anthracydines, to 
which mitoxanưone is structurally related, see under 
Adverse Eữects and Treatment of Doxorubidn, p. 784.1.
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1984; 11: (suppl 1); 54-8.

2. Lammers p (Serono, USA). Novanưone: m ỉtoxanưone íor injecúon 
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Handling and disposal. Urine and faeces produced for up 
to 7 days aíter a dose of mitoxanttone should be handled 
wearing protective dothing.1

I .  Harris J, Dodds Lỉ. Handllng vvaste ừom  patiems receiving cytotoxic 
đrugs. Ỹharm J  1985; 235: 289-91.

Hypersensitivity. In a report of 3 patients, allergic-type 
reactions to mitoxantrone induded vasculitis, íacial 
oedema and skin rashes, and in one, breathlessness, 
tachypnoea, cyanosis, and unrecordable pulse and blood 
pressure.1 Allergic reactìons to the drug appear to be rare.

1. TaylorWB, tíaì. Aỉlergic reactions to mitoxantrone. Lanctí 1986; ỉ: 1439.

Pregnancy. For a report of a íetal sinusoidal heart rate pat- 
tem and neonatal pancytopenia after a woman was given 
combination chemotherapy induding mitoxanơone, see 
Piegnancy, under Etoposide, p. 791.3.

Porphyria. The Dmg Database for Acute Potphyria, com- 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, dassihes mitoxanưone as 
probably not porphyrinogenic; it may be used as a drug of 
Đrst choice and no precautions are needed.1

1. The Drug Database íor Acute Porphyria Available at; http:/(www. 
drugs-porphyria.org (accessed 29/09/11)

Interactions
For a report of the eííect of ddosporin in patients receiving 
mitoxantrone and etoposide, see p. 792.1.

Pharmacokinetics
After intravenous doses mỉtoxantrone is rapidly and 
extenãvely distributed to body tissues, and slovvly excreted 
in urine and bile as unchanged drug and metabolites. The 
elimination haU-Ufe is reponed to range írom 5 to 18 days. 
Between 6 and 11% of a dose has been recovered fróm 
urine, and 13 to 25% in laeces, vvithin 5 days. It does not 
appear to cross the blood-brain barrier, but it is distrìbuted 
into breast milk.
Reíerences.
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Preparotions
Proprietary PreporoHoru (details are given ỉn Volume B)

Single-ãigrocSenl Preparations. Arg.: Badnelt; Miaaleve; Mitox- 
gen; Mitoxmart; AustraL: Novanttonet; Onkoơone; Austria: 
Ebexantron; Beíg.: Xantrosỉn; Braz.: Evomỉxan; Misostol; 
Mitoxalt; China; Heng En (tìS ); Mi Xi Ning ( * S Í ) ;  
Novanợone zẽ Kang (# ầ ) ;  Cz.: Onkotronèt; Reíá-
dor)-; Fin.: Novantrone; Fr.: Elsep; Novantrone; Ger.: Haema- 
to-ttont; Novantron; Onkouone; Ralenova; Gr.: Geneíadrone;

Mitoxan; Novantrone; Zyneva; Hững Ktmgr. Novantronet: San- 
trone; Hung.: Novantronet; Onkotrone; Reíadort; India: Mito- 
zan; Oncoỡon; Indon.: Norexant; IrL: Novantronet; Israel: 
Novantrone; ItaL: Novantrone; Onkoơone; Mex.: Fonnyxan; 
Mitoxgen; Miưoxone; Neotalem; Norw.: Novanưone; NZ: 
Novannone; Onkotrone; phữipp.: Domiưone; Onkoưoneỷ; 
PorL: Mitroxenet; Novanttonet; Rus.: Oncottone (OmcorpoH); 
S.Afr.: Novanơoneỷ; Singapore: Ebexantron-h Spain:
Novantrone; Praliían; Swed.: Novanữone; Switz.: Novanơon; 
Thai.: Neotalem; Turk.: Neotalem; Novantrone; Oncocarbin; 
Oncoưon; VK: Onkotrone; USA: Novantronet; Veneỉ.: Misos- 
toi.
phartnocopoeỉol Preparotions
BP 2014: Mitoxannone Iníusion;
USP 36: Mitoxanưone Injection.

Mogamulixumab (USAN, riNNi 
AMG-761; KM-8761; KVV-0761; Mogamulizumabum; Mora- 
Mynn3yMaố.
Immunoglobulin Gl, antHCC chemokine receptor CCR4) 
(human-mouse monodonal KVV-0761 heavy Chain), disulíide 
with human-mouse monodonal KVV-0761 K-chain, dimer. 
CAS— U59266-37-1 
UNII — YI4378018E

Proĩile
Mogamulizumab is a humanised monodonal antibody 
direaed against the CCR4 chemokine receptor. It is used in 
the treatment of relapsed or reừaaory adult T-cell 
leukaemia/lymphoma. It is also under investigation íor 
the treatmént of asthma.
Reíerences.
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Rep 2012; 7: 235-40.
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2012; 72: 1293-8.

Preparations
Proprietory Preporarions (detailỉ are given in Volume B) 
Single-ingredient Preporotions. Jpn: Poteligeo.

Motesanib IUSAN, riNNỊ
AMG-706; Motésánib; Motesanibum; MoTe3aHn6.
A/-(3,3-Dimethyl-2,3-dihydro-lH-indol-6-yl)-2-[(pyridine-4-
yỉmethyl)amino]pyridine-3-carboxamide.
^ 23)450= 3,735 , .
CAS — 453562-69-1.
UNII— UUK633AYỈ.

Motesanib Diphosphate ỊUSAN, riNNỊ 
AMG-706; Difosfato de motesanib; Motésanib, Diphosphate 
de; Motesanibi Diphosphas; MoTe3aHid6a flmjxxộarr. •. 
Motesanib phosphate (1:2).
C aH 23N 50 Ì H 30 4 P = 5 6 9 .4  

CAS — 857876-30-3.
UNII — T6Q3060U9Ỉ.

Profíle
Motesanib is a tyrosine kínase inhibitor that targets the 
recepton of vascular endothelia) grovvth laaor, platelet- 
derived grovvth ỉactor, and other giowth íaaors, thereby 
inhibiting angiogenesis. It is under investigation for the 
treatment of solid malignancỉes such as non-squamous 
non-small cell lung cancer and breast cancer.

Muparfostat
> 1 -8 8 . ■ -  

CAS—  185077-23-0.

Profíle
Mupariostat is a heparanase inhibitor derived from the yeast 
Pichia hoỉstíi that is under investigation for the ưeatment of 
malignandes such as liver cancer and advanced melanoma.

Naptumomab Estafenatox ỊriNNi
ẠBR-217620; Naptumổrriab Estafénatox; Naptumomaburn 
Estafenatoxum; HárnyMOMaố 9aa(ị)eHaTOKC 
Immunoglobulin hagment, anti-[trpphoblast glycoprotein 
(TPBG, 5T4)] monodonal 5T4 gàmmal heavy Chain hagment 
íusion protein ỊMus musculưs VH (5T4V14; H41>p, S44>G,

I69>T, V113>G)-IGHG1_CH1] - [Glycyl^lycyl-Prolyl] -sụoer- 
antigen SEA/E-120 (synthetic), nón-disúlfide linked w íth . 
mònoclonal 5T4 kappá light Chain [Mus musculus V-KAPPA 
(5T4V18: F10>s, T45>K I63>s, F73>L, T77>s, L78>v,

. L83>A)-IGKQ. . . . . .
■CAS — 676258-98-3. 
um—  93T929W6LC .

Proỉile
Naptumomab estalenatox is a murine monoclonal antit ody 
conjugated vvith a bactenal superantigen, a modihed var ant 
of staphylococcal enterotoxin A that acts as a target for T- 
cell activation. The antỉbody is dữeaed against a tumi iur- 
spedíic antigen 5T4. Naptumomab estaíenatox is ur der 
investigation for the treatment of renal cell cardnoma. 
Reíerences.
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Nedaplatin ỊriNNi
Nédaplatine; Nedaplatino; Nedaplatinum; N5C-37510I0; 
254-S; HeflannaTHH.
c/5-Diammine(glycolato-01,02)platinum.
C2HeN2O3Pt=303.2 
CÃS —  95734-82-0.
UNII —  8UQ3W6JXAN.

Proĩile
Nedaplaún is a platinum derivative with general proper ies 
similar to those of dsplatin (p. 766.1) although it may be 
assotíated vvith lcss nephrotoxidty. It is used in he 
ưeatment of a variety oi malignant neoplasms. It is given by 
intravenous iníusion over 1 hour or more, dissolved ir at 
least 300 mL of an appropriate iníusion solution, in dose: of 
80 to 100mg/m2. The iníusion should be followed by 
inlusion of at least 1 liưe of íluid to ensure adequite 
hydration and reduce the risk of renal damage.
Reíerences.
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2008;19:1551-6 .
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Aìtticancer Res 2009; 29: 1733-8.

8. Cao w , tí  a i  A pha se n  study oí paditaxel and nedaplatin a$ first-l ne 
chem otherapy in patients wi:h advanced esophagcai cancer. Jpn J  <: ỉin 
Oncoỉ 2009; 39: 582-7.

9. Shiraishi T. tí  ai. Saỉvage chemotherapy with padiiaxel and  gem đtab  ne 
pỉus nedapỉatin (TGN) as part of muỉtidỉsdplinarỵ thcrapy  ín patíe Its 
w ith heavily pretreated cisplatm -reíraaory germ cell tumoTs. Jnr J  c 'in 
Oncol 2009; 14: 436-41.

10. Osawa s, tí aỉ. Prospective siudy o ỉ daily low-dose nedaplatỉn  a id 
continuous 5-fluorouraciI iníusion combined with radiatìon for 1 ne 
treatm em  oỉ esophageal squamous cell cardnom a. BMC Cũncer 2009 9: 
408.

11. Zhang M-Q, t í  al. Concurrent chemoradỉotherapy vvith padỉtaxeỉ a id 
neđaplatin íolỉovved by consolidatỉon chem otherapy in  locaỉỉy advanc :d 
squamous cell carcinoma oí the uterìne cervix: preỉiminar}' results c ■ a 
phase n  study. Ịnl J  Radiat Oncơỉ Bìúi Phys 2010; 78: 821-7 .

12. Oshita ĩ ,  tí  aỉ. Phase n study oỉ nedaplatln and  irm otecan vv th 
concurrcnt thoradc radỉotherapy in patien tỉ vvith locaũy advanc :d 
non-smaũ-cell lung cancer. B rJ  Cancer 2010; 103:1325-30.

Preparations
Proprietary Preparations (details are given in Volume B)

Single-ingredienl Preparations. China: Ao Xian Da i  ); 
Jepaso Lu Bei (^51); Quan Bo (js.tì); Jpn: Aqupla.

Nelarabine {BAN. USAN, riNNì
506U; 506U78; GVV-506U; GW-506U78; MAY; Nelarabìn,;
Nélarabine; Nelarabinum; Nẹlzarabine; He/iapa6nH.
2-Amino-9-ị3-D-arabi nofuranosyh6-methoxy-9H-punne.
C11HI5N5Os=2973
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Mogamulizumab/Niỉotinib 835

CAS —  Ì2 Ĩ032-29-9.
ATC —  LOI8807.
ATC Vet —  QL018B07.
um  — 60 ỉ580/18Q.

Uses and Administration
Nelarabine is a prodrug of ara-G, a purine nudeosỉde 
analogue that is used as an antimetabolite antineoplastic in 
the treatment of relapsed or reừactory T-celI acute 
lymphoblastic leukaemia and lymphoma. A dose of
1.5 g/m2 is given undiluted by inưavenous inỉusion over 2 
hours in adults, on days 1, 3, and 5 of a 21-đay cycle. For 
doses in children, see belovv.

Nelarabine should be stopped at the Hrst sign of tnoderate 
to severe neurological toxicity. Dosage may be delayed for 
other toxỉdties, induding haematological toxiđty.

Reíerences.
1. Gandhỉ V. t í  ai. Evaỉuatíon oỉ the combinatỉoQ ỡỉ nelarabine and 

ũudarabtne ỉn  ỉeukemỉas: ciínical response, phtrmacokỉnetỉcs, and 
phannacodynamics in leukem ia ceiỉs. J  ơiĩt Oneol 2001; 19: 2142-52.

2. Klsor DF. Nelarabine: a nudeoside anaỉog w tth efficacy In T-celỉ and 
other ỉeukemỉas. A m  Pharmacother 2005; 39: 1056-63.

3. Saníord M. Lyseng-Willỉamson KA. Neỉarabỉne. Drup 2008; 68:439-47.
4. DeAngelo DJ. t í  a i  Neỉarabine ỉor -the treatm ent of patỉents vvith 

' reỉapseđ or reữactory T-ceỉl acute ỉymphobỉasric leukemia or ỉympho-
bỉastỉc lymphoma. Hanatol Oncai Qin North Am  2009; 23: 1121-35.

Administration in children. Nelarabine is given to children 
for the ưeatment of relapsed or refraòõry T-cell acute 
lymphoblastic leukaemia and lymphoma. It is given undi- 
luted by intravenous lnfusìon over 1 hour, at a dose of 
ó s ơ m g / m 1 daily íor 5 consecutive days, and repeated 
every 21 days.

ƯK licensed product iníormation recommends the above 
dose for those aged 21 years and younger, and the adult 
dose (see Uses and^Administration. above) in those aged 16 
years and older; in studies, for those patients in the age 
range oỉ 16 to 21 years either dose has been used.

Adverse Effects, Treahnent, and Precautions
Neurotoxidty is common with nelarabine and may be dose- 
limiting. Signs and symptoms indude somnolence, 
coníusion, convulsions. ataxia, paraesthesias, and 
hypoaesthesia. Severe toxidty can maniỉest as coma, status 
epilepticus (which may be íatal), craniospinal demyelina- 
tion, or ascending neuropathy. Risk of neurotoxidty is 
increased by previous or current intrathecal chemotherapy 
or previous radiation to the spine or brain. Leucopenia, 
thrombocytopenia, anaemia, and neutropenia are conunon. 
espeđally in children. Full blood counts should be regularly 
monitored. Other common adverse events indude íatigue, 
gastrointestinal disorders, respiratory disorders, pyrexia, 
headache. hypokalaemia. hypoalbuminaemia, hyperbilir- 
ubinaemia, and increased liver enzyme values. Fatal 
cerebral haemorrhage has been reported. Appropriate 
measures to avoid hyperuricaemia (espedally in patients 
considered at risk for tumour lysis syndrome) inđude 
adequate hydration, urinary alkalinisatìon, and possible 
prophylaxis wdth allopurinol.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Swcden, đassiíies nelarabine as not 
porphyrinogenic; it may be used as a drug of firĩt choice 
and no precautions are needed.1

1. The Drug Database ĩor Acute Porphyria. Availabie at: http://w w w . 
dnjgs-porphyria.org (accessed 2 9 /09 /11)

Pharmacolãnetics
In adult patients vvith leukaemia or lymphoma, nelarabine 
is rapidly eliminated from the plasma, with a half-life of 
about 30 minutes; no data are avaUable for paediatríc 
patients although the mean dearance is reported to be 
about 30% higher in childxen. Nelarabíne is rapidly and 
extensively demethylated Via the enzyme adenosine 
deaminase to the active metabolitc 9-P-D-arabinofurano- 
sylguanine (ara-G; arabinosylguanine; arabinohiranosyl- 
guanine; guanine arabinoside); both -nelarabine and ara-G 
are vvidely distributed throughout the body. Ara-G has an 
elimination half-ỉiỉe ừ o m  plasma of about 3 hours. plasma 
protein binding is not signihcant. Nelarabine also undergoes 
hydrolysis to íorm methylguanine. Both methylguanine 
and ara-G undergo íutther metabolism to guanine, which is 
deaminated to form xanthine, itselí íurther oxidised to uric 
add. Nelarabine and ara-G are partially eliminated by the 
kidneys; mean apparent dearance is lovver in patients with 
mild to moderate renal impairment.

Reíerences.
1. Kỉsor DF, t í  al. PharmacokỈDetỉcs of neỉarabỉne and 9-beta-D- 

arabinoỉuranosyỉ guanỉne lo pedỉatríc and adult padents durỉng a 
phase I study of neỉarabỉne fojr the treatm ent of reỉractory hematologỉc 
maUgnandes. J  CUrt Oneol 2000; Ị 8: 995-1003.

Preparations
Proprietary Preporations (details are given in Volume B)

Sĩngie-ingredient Preparationí. Austriá: Atriance; Belg.:
Atriance; CaruúL: Atríance; Cz.\ Atriance; Datm.: Atriance; Fr.: 
Atrìance; Ger.: Atriance; Gr.: Atrìance; IrL: Atriance; Israel: 
Atriance; ItaL: Atriance; Jpn: Arranon: Neth.: Atriance; Norw.: 
Atriance; PoL: Atriance; PorL: Atriance; Rus.: Atriancẹ 
(AtpHaac); Spain: Atriance; SwetL: Atriance; S w i t z Atriance; 
UK: Atriance; USA: Arranon.

Neratìnib ỊUSAN, riNN)
HKI-272; Nératinib; Neratinibum; HepaTMHHÕ. 

:j2Ẹ)-N-[4-({3-Chloro-4-[(pyridine-2-yl)methoxy]phenyl} 
ạợiino)-3<yaho-7-ethoxyquinolin-6-yl]-4-(dimethyramino) 
but-2-enamide.
C3oH29CIN6Oj=557.1 
CAS —  698387-09-6.
UNII —  JJH94R3PW8. ■ -  ..

ProỊìle
Neratinib is an orally active tyrosine kinase inhibitor of the 
epidennal grovvth lactor receptor (EGFR) íamily, induding 
HER1, HER2 and HER4. It is under investígation íor the 
creatment of breast cancer and other solid tumouts. 
Reíerences.

1. Wong K-K. t í  a i  A pha se I study wiih neratinib (HKI-272), an 
irrevcrsible pan ErbB receptor tyrosine kỉnase inhibitor, in pạtìents with 
solid tumors. ơ itt Catteer R a  2009; 15: 2552-8.

2. Bosc p, Ozer H. Neratinib: an oral, ỉrreversỉbỉe duaỉ EGPR/HER2 
inhibitor ỉor breasi and non-small ceỉỉ lung cancer. Expert opừI Invtst 
Drup  2009; 18: 1735-51.

3. Buisteỉn HJ. t í  ai Neradnlb, an  ineverdble ExbB receptor tyrosỉne 
kỉnase inhibitor, ỉn patỉents wỉth advanced BrbB2-posỉtỉve breast cancer. 
J  Clin Oneoỉ 2010; 28: 1301-7.

4. Sequisỉ LV, tí  ai. Neratìnib, an ỉrreveisỉbỉe pan-ErbB recepcor tyrosỉne 
kỉnase inhibiton resuỉts of a phase n  trỉaỉ ỉn patỉents w ith advanced 
non-smaU-ceũ lung cancer. J ơ in  Oneoi 2010; 28: 3076-83.

N ilo t in ib  18AN, USAN, rlNNĨ ' ••
AMN-107; Nitotinibum; Nilotynib; HnribOTMHMổ. ' 
4-Methyị-A/-[3-(4-methỵl-W-imidazol-l -yl)-5-(trifluoro- 
methyl)phenylÌ-3-{[4-(pyrìdÌn-3-yl)pyrimidin-2-yl]amino}ben-
zamidẻ. ) . ...
Cj8H22F3N70=5295 • ■
G4S — 641571-10-0.
ATC — U3ỈXE08.
ATC Vet — QL01XE08.
UNIt — F4140I5Ĩ2X. ;

Nilotiníb Hydrochloride (riNNMi
Hidrocloruro de nilctinib; Nilotỉnib, ctílórhydrate de; 
Nịlqtinibi Hydrochloridum; HnnbOTMHMỗa l"nqpoxnopMfl. 

'Nìlọtinib Hydrochloride Mqnohydrate 
C28H52F3N70,HaH2Q=584|í  
G45 — 923288-904. ■■■/■
ATC— Ị0ĨXE08.
ATC Vet — QU0ÌXE08. :
UNII — K37N7BYX3X (anhydrous nilotinib hydrođiloríde); 
5JHU0N1R6K (nilotinib hydrochlorìde monohydrate).

Uses and Administration
Nilotinib is a potent inhibitor of BCR-ABL tyrosine kinase. 
Nilotinib is used for the treatment of adults vvith 
Philadelphia chromosome-positive chronic myeloid leuk- 
aemia (CML; p. 694.2), both as Brst-line treatment of 
chronic phase, and in the treatment of chronic or 
accelerated phase in those vvho are resistant to, or intolerant 
of, previous imatinib-based treatment. Nỉlotinib is given 
oraìỉy as the hydrochloride, but doses are expressed in tenns 
of the base; lOOmg of nilotinib is equlvalent to about 
llO m g of nilotinib hydrochloride monohydrate. Doses are 
given at least 1 hour beíore or 2 hours after food. Capsules 
should usually be swallowed whole, but if patients have 
difficulty stvalỉovving then capsules can be opened and the 
contents dispersed in one teaspoon of apple sauce; the 
mixture should be taken immediately (within 15 minutes). 
For wamings and recommendatỉons regarding the safe presaibing, 
dispensing, and use o f oral antineoplastic drugs, see Adminừtra- 
tíon, p. 732.3. ■

For first-line treatment of chronic phase CMI. nilotinib 
hydrodiloride is given in an oral dose equivalent to nilotinib 
300 mg twice đaily. In the treatment of patients with 
chronic or accelerated phase CML resistant t o . prior 
tteatment or vvhere there has been intolerance to therapy, a 
dose equivalent to nllotinlb 400 mg tvvice daữy is used. If a 
dose is missed, no catch-up dose is recommended; the next 
dose should be taken as usual. Treatment may be continued 
until disease progression, Doses may need to be adjusted or

ơeatment \vithheld for toxidty, see belovv. For doses in 
hepatic impaữment, see belovv.

Nilotinib is mainly metabolised by the cytochrome P450 
isoenzyme CỲP3A4. Use with strong CYP3A4 inhibỉtòrs or 
inducers should be avoided. If a strong CYP3A4 mhibitor is 
required, nilotinib neatment should be ínterrupted. ư a 
sưong CYP3A4 inhibitor must be used with nilotinib, us 
licensed product iníormatìon suggests redudng the dose of 
niỉotínib as follows:
• In Hrst-line treatment of chronic phase CML, consider a 

dose reduction to 200 mg once daỉly
• In the ưeatment of patients wlth chronic or accelerated 

phase CML resistant to prior treatment or where there 
has been intolerance to therapy, consider a dose 
reduction to 300 mg once daily

Once the inhibitor is stopped, a washout period should be 
allowed beíore nilotinib is increased to the original dose.

Inaeasing the dose of nilotinlb is considered unlỉkely to 
compensate for the loss of nilotinib exposure when strong 
CYP3A4 inducers are used, and their use together is not 
recommended.

Nilotinib has been investigated for the ơeatment of 
gastrointestinal sơomal tumours.

Reíerences.
1. Weisberg E. t í  a i  AMN107 (nilotìnib): a noveỉ and seỉectíve ỉnhibitor of 

BCR-ABU Br J  Cancer 2006; 94:1765-9.
2. Kantaijỉan H, t í  aL Nĩlotínib in imatỉnỉb-resỉstant CML and Phỉỉadelphỉa 

chromosorae-posỉtive AỈX. s  Bn$l J  Mai 2006; 354:2542-51.
3. Kantarịian HM, t í  al. Nllotinỉb (lỏRneriy AMN1Ữ7), a highly selective 

BCR-ABL tyrosine kinase inhỉbitor. b  eScciive ỉn patients wỉdi 
Phiỉadelphia chromosome-positỉve chronỉc myeỉogenous leukemỉa in 
chronic pha se foỉlowỉng bnaiỉnỉb resỉstance and ỉntolcrance. Blood 2007; 
HOi 3540-6.

4. Pỉosker GL Robỉnson DM. NUotỉúb. Drugí 2008; 68: 449-59.
5. Dcremer DL t í  al. Nilotinib: a second-geaeratíon tyrosine kỉnase 

Inhibitor for the treatment of cbronỉc myelogenous ỉeukemỉa. ơ in  Ther 
2008; 30: 1956-75

6. Brecda M. Aỉimena G. NUotỉnib therapy in chronk  myelogenous 
ỉeukemỉa: the strength oí high selectìvity on BCR/ABL Curr Drug Targtís 
2009; 10: 530-6.

7. Fava c . t í  al. Deveỉopment and targeted use oỉ niiotìnỉb ỉn chronỉc 
myeỉoỉd leukemỉa. Drug D a Devei Thtr 2009; 2: 233-43.

8. Rostí G. tí  ai. GIMEMA CML Working Paity. Nỉỉotỉnib íor the  ừontline 
treatm ent of Ph(*) chronỉc raydold Ieũkemỉa. Blood 2009; 114:4933-8.

9. Cortes JE. tí  ai. Nilotỉnỉb as front-line treatm ent ỉòr patíents w ỉth chronỉc 
myeỉoid ỉeukemỉa ỉn earỉy chronic phase. J  ơiĩt Oncoi 2010; 28: 392-7.

10. Sagỉỉo G. tí ai. ENESTnd Investỉgatots. NUotinib venus itnatỉnỉb for 
new)y dỉagnosed dưonic  myeỉoid ỉeukemia. N  Engi J M td  2010; 362: 
2251-9.

ỉ  l . Quintás-Cardama A. tí  al. NUotỉnib. Reeent Rauỉís Cattcer R a  2010; 184: 
103-17.

12. Brecda M. Aỉimena G. Nilotìnib: a second-generation tyrosỉne kỉnase 
inhibitor for chronic myeỉoỉd leukemia. Leuk R a  2010; 34: 129-34.

Adminỉstration in hepotic intpairment. Exposure to niỉoti- 
nib is increased in hepatic impairment and us licensed 
produa inlormation recommends a lower initial dose in 
patients with impairment at baseline. For first-line ưeat- 
ment of chronic phase chronic myeloid leukaemia (CML), 
those with mild, moderate, or severe ímpaínnent (Child- 
Pugh dasses A, B, and c, tespectìvely) are given an ỉnitial 
oral dose equivalent to nilotinib 200 mg twice daily which 
can be increased up to the usual dose of 300 mg twice 
daily if tolerated. In the treatment of patients wlth chronic 
or accelerated phase CML resistant to prior ưeatment or 
where there has been intolerance to therapy, those vvith 
miid or mođerate impairment are given an initial oral dose 
equivalent to nilotinib 300 mg tvvice daily wbich can be 
increased up to the usual dose of 400 mg twice daily ư tol- 
erated; those vvith severe impairment are given an initial 
oral dose equivalent to nilotinib 200 mg twice daily which 
can be Increased up to 300 mg tvvice daily, and then 
400 mg tvvice daily, as tolerated.

ƯK licensed product iníonnation States that dose 
adjustments of nilotinib are not necessary in hepatic 
impairment, although caution is advised.

Dose adjustments may also be required if liver íunaion 
deteriorates during ưeatment, see Administration in 
Toxicity, below.

Administration in loxicily. Nilotinib should be vvithheld or 
the dose reduced if haématological toxicity that is not 
related to the underlying leukemia occurs durỉng ơeat- 
ment of chronic myeloid leukaemia (CML). In chronic 
phase CML (either when nilotinib is used fint-line or 
vvhen there has been resistance to or intolerance o í prior 
treatment), nilotinib should be withheld when the abso- 
lute neuưophil count (ANC) íalls to <  1000cells/mm5 
and/or platelets to < 50 000cells/mm3. u  values increase 
above these levels vvithin 2 weeks, treatment may be 
résumed using the previous oral dose, but if blood counts 
remain low for moire than 2 weeks, a dose reductioh to 
400mg once daily may be required.

Accelerated phase CML in patients that are resistant to or 
intolerant of prior tteatment is managed as for chronic 
phase in the USA (see above). Hovvever, ĩn  the UK, niloúnib 
is vvithheld when the ANC íalls to < 500cells/mm5 and/or 
platelets to <  lOOOOcells/mm5. ơ  the ANC increases to
>  1000 c e lls /m m J an d/or p la te lets  in crease to
>  20 000 cells/mmJ vvithin 2 weeks, tteatment may be

The Symbol t  denotes a preparation no longer aaively marketed
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resumed using the previous dose, but if blood counts remain 
Iow for more than 2 vveeks, a dose reductíon to 400 mg once 
daily may be required.

Nỉlotinỉb treatment may need to be vvithheld or the dose 
reduced to 400 mg once daily íor ìncreases (grade 3 or 
abovt) in serum lipase or amylase, bilirubin, and/or liver 
enzymes; iỉ vvithheld. neatment may be restarted at 400 mg 
once daily when values retum to grade 1 or below. 
Sỉmilarỉy, for other moderate to severe non-haematological 
toxicity, nilotìnib should be tvithheld, and treatment 
restarted at 400 mg once daily vvhen toxidty has resolved; if 
appropriate the dose may be increased back up to the usual 
recommended dose (see Uses and Administration, p. 833.2).

Nỉlotinib can prolong the QT interval and us licensed 
product inỉormation recommends vvtthholding ưeatment 
for a corrected QT (QTcF) of > 480 milliseconds. B the QTcF 
interval retums to <430miỉliseconds and to vvithin 
20 miUiseconds of the baseline value tvithin 2 vveeks, 
nỉlotìnib can be restarted at the previous dose. ư the QTcF 
interval is betvveen 450 and 480mỉlliseconds aíter 2 vveeks, 
the dose should be restarted at a lovver dose of 400 mg once 
daily. and tteatment stopped ư the QTcF increases again to 
> 480 milliseconds. An ECG should be carried out about 7 
days after any dose adjustment.

Adverse Eỉĩects, Treatment, and Precautions
For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

The most common advene eữects of nilotinib are rash, 
pruritus, ỉatigue, headache, and gastrointestinal distur- 
bances. Other common adverse effects indude íever, 
alopeáa, asthenia, muscle spasms, myaỉgia, arthralgia, pain 
induding musculoskeletaỉ or chest pain, oedema, ỉollicu- 
lỉtis, papilloma, insomnia, anxiety, dũãness, paraesthesia. 
conjunctivitis, dry eye, vertigo, ũushing, dyspnoea, cough, 
hyperhidrosis, dry skin, urtìcaria, and acne. Myelosuppres- 
sion occurs (commonly thrombocytopenia, neutropenia, 
and anaemia), but is generally reversible and can be 
managed by withholding therapy or dose reduction, see 
Administratìon in Toxidty, p. 835.3. Complete blood counts 
should be peiíonned every ỉortnight for the first 2 months 
and monthly thereaher. Nilotinib can prolong the QT 
ùiterval, vvhich may result in ventricular tachycardìa 
(torsade de pointes), causing syncope, seizures, and/or 
death; treatment may be vvithheld or the dose reduced 
(p. 835.3). Nilotlnib should not be used in patients at high 
risk of developing QT prolongation such as those with 
hypokalaemia or hypomagnesaemia, congenital long QT 
syndrome, uncontrolled or signihcant cardiac disease, or 
those talđng other medidnes that prolong the QT interval. 
Taking nilotinib with substances that increase the 
concentratíon of nilotinỉb, su ch as food Oĩ inhibiton oí the 
cytochrome P450 isoemyme CỴP3A4, may increase the risk 
of QTprolongation, see Interactions, below. ECGs should be 
obtained at baseline, 1 vveek after starting nilotinib, and 
periọdically thereaher indudìng after dose adjustmentỉ. 
Other cardiac adveise eííects indude arrhythmias, palpita- 
tìons, angina, hypertension, cardiac failure, perícarditis,and 
myocardial iníarction. Sudden death has occurred rarely 
and may be reỉated to ventricular repolarisation abnoim- 
alities. Thrombotic đisorders or haemorrhage have been 
reported.

Tumour lysis syndrome has occurred rarely, and 
adequate hyđratíon and treatment of elevated urìc add 
concenơations are recommended beíore startìng nilotinib. 
Electrolyte abnormalities can occur and electrolytes should 
be monỉtored duiing therapy. Hepatotoxidty has been 
repọrted. Pancreatitís can occur and serum lipase should be 
monitored; caution is recommended in patients with a 
history of pancxeatitis. other adverse eBects that have been 
reported indude pleural or perícardial eUusion, intersntial 
lung disease, mucosal ulceranon or inOammation, hyper- 
sensidvity, thyroid and/or parathyroid disorders, dyslipi- 
daemia, hyperglycaemia or hypoglycaemia, gout, depres- 
slon, am nesia, tremor, peripheral néuropathy, 
chorioretinopathy, tínnitus, visual or heaiing impairment, 
epistaxis, urinary disorders, erectile dysỉunction, gynaeco- 
mastia, menorrhagia, erythema multilorme, erythema 
nodosum. palmar-plantax erythrodysesthesia, photosensit- 
ivity, and skin changes su ch as discoloration, hyperpig- 
mentation, exỉoliation, hypertrophy, or atrophy.

Porphyria. The Drug Database íor Acute Porphyria, com- 
piled by the Nonvegian Poiphyria Centre (NAPOS) and 
the Poiphyria Centie Svveden, dassihes nilotinib as possi- 
bly poiphyrinogenic it should be used only when no saíer 
altemative is available and precautionỉ should be consid- 
ered in vulnerable patients.1

ỉ .  The Dmg Database for Acute Poiphyrỉa. Avaỉỉable aL htrp://www.
drugs-porphyria.org (accessed 27/09/11)

Interactions
Nilotinib is mainly metabolised by the cytochrome P450 
isoenzyme CYP3A4, and use vvith strong inhibitors or

induceis oí CYP3A4 should be avoided. If stiong CỴP3A4 
inhibitors must be used. dose adjustments may be required 
(see Uses and Administration, p. 835.2). Grapeỉruit juice 
may increase plasma concemrations of nilotinib and should 
be avoỉded. St John's wort should also be avoided. In vitro, 
nilotinib is a relatively sưong inhibitoroí CYP3A4, CYP2C8, 
CYP2C9, CYP2D6, and of the uridine diphosphate 
glucuronosyltransterase isoenzyme UGT1A1; exposure to 
substrates of these enzymes may be altered by nỉlotỉnỉb. 
Nilotìnib is a substrate lor P-glycoprotein and exposure may 
be aSected by drugs that modulate P-glycoprotein. Nilotinib 
should not be given with drugs that prolong the QT interval.

The solubility of nilotínib is affected by pH, with a 
reduced solubility at higher pH, and drugs that suppress 
gastric add may lead to lower exposure to nilotimb. 
Hotvever, nilotinib absorptíon was only modestly decreaseđ 
by esomeprazole despite a marked increase in gastrìc pH, 
and nilotínib may be used with esomeprazole or other 
proton pump inhibitors.
Reíerences.

1. Yin OQP, et a i  Eííeci of the proton pum p inhibitor esomeprazole on the 
oraỉ absorption and  pharmacokỉnetics oỉ nUoiiníb. J Cỉin Pharmaat 2010; 
50; 960-7.

2. Tanaka c  et ai. Effects ữf riíampin and kctoconazo!e on the 
pharmacokinetics o ỉ nilotinib in healthy partidpants. J  Cỉin Pharmacol 
2011; 51: 75-83.

Pharmacokinetics
Peak plasma concentrations occur about 3 hours aíter an 
oral dose oỉ nilotinib. Bioavailability is about 30% and is 
increased aỉmost twofold when given with food. Plasma 
protein binding ỉs about 98%. The apparent eliminatìon 
half-life is about 17 houts. It is metabolised in the livei Via 
oxidation and hydroxylation, in which cytochrome P450 
isoenzyme CYP3A4 plays an important role. Most of an oral 
dose is eliminated unchanged in the faeces vvithin 7 days. 
Reíerences.

1. Tanaka c et ai. Clỉnica! pharmacokỉnetics of the BCR-ABL tyrosine 
ỉdnase ínhỉbỉtor niỉotiỉiib. ơ in  Pharmaeơl Ther 2010; 87: 197-203.

Preparations
Proprieỉory PreporoHons (details are given in Volume B)
Single-tngredienỉ PreporoHons. Arg.: Tasigna; AustraL: Tasigna; 
Austrũr. Tasigna; Belg.: Tasigna; Braz.: Tasigna; Canad.: 
Tasigna; Chiu-. Tasigna; Chùur. Tasigna (iẺÍ&ăí); Cz.: Tasigna; 
Denm.: Tasigna; Fr.: Tasigna; Ger.: Tasìgna; G r Tasigna; Hong 
Kongi Tasigna; Hung.: Tasigna; Indon.: Tasigna; Irỉ.: Tasigna; 
Israel: Tasigna; tíal.: Tasigna; Malaysia: Tasigna; Neth.: Tasigna; 
Norw.: Tasigna; NZ: Tasigna; Phũipp.: Tasigna; PoL: Tasigna; 
PorL: Tasigna; Rui.: Tasigna (TacHTHa); singapore: Tasigna; 
Spain: Tasigna; SwetL: Tasigna; Switz.: Tasigna; Thai.: Tasigna; 
Turk.: Tasigna; UK: Tasigna; ukr.: Tasigna (TacHTHa); USA: 
Tasigna.

N ilu ta m id e  IBAN. USAN. rlNNI
Nilutamid; Nilutamida; Nilutamidi; Nilutamidum; RU-23908; 
HwnyTaMMfl. .
5J-Dlmethyl-3-(a,a,a-trifluoro-4-nitro-m-tolyl)-imidazoli- 
dine-2,4-dione. ' '
C ,jH 10f3N 3O 4= 3 1 7 2  
C4S — 63612-50-0.
ATC— L02B802.
ATC Vet — QLQ2BB02.
UNII —  51G6I8B902.

Pharmocopoeias. In Eur. (see p. vii).
Ph. Eur. 8: (Nilutamide). A vvhite or almost white powder. 
Very slightly soluble in vvater; ỉreely soluble in acetone; 
soluble in anhydrous ethanol. Protect ừom light.

Uses and Adminisừation
Nilutamide is a nonsteroidal anti-androgen that is used 
similarly to Qutamide (p. 798.2) in the treatment of prostatic 
cardnoma (p. 712.3). It is given orally in a dose of 300 mg 
daily, usually starting on the same day as orchideaomy or 
starting neatment vvith a gonadorelin analogue. Dosage 
may be reduced to 150mg daily aíter 1 month.
References.

1. Dole EI, Holdsworth MT. NUutamỉde; an  antỉandiogen Cor the ưeatm em  
of prostate cancer. A m  Pharmacoúưr 1997; 31: 65-75.

2. Desai A. et ai. Nilutamỉde: possỉbỉe utíỉỉty as a second-line h om onal 
agenL VroIogyĩOOl; 58: 1016-20.

3. Kassouỉ w , et aL Niỉutamide as second ĩỉne bonnone th en p y  fòr prosu te  
cancer aher androgen ablatíoD ỉaỉỉs. J  Uroì (Baltìmarr) 2003; 169:1742-4.

4. Nakabayashỉ M. et a l  Efficacy oí nỉlutamide as secondary hormonal 
therapy in androgen*ỉndependent prostate cancer. BJU ỉni 2005; 96: 
783-6.

Adverse Effects and Precautions
As for Plutamide, p. 798.3. Interstitial pneumonitis has 
occuưed in patients receiving nilutamide, and the drug is 
conơa-indicated in those with severe respiratory insuíã- 
dency.

Effects on ihe eyes. Reversible viỉuaỉ disturbances, parti- 
cularly delayed dark adaptation, have been associated 

• with nilutamide.1'5 Although some consider such visual 
disturbances to be mild and generally well tolerated,4 
others suggest that these, together with alcohol intoler- 
ance and, more seriously, effẽcts on the lung, mean that 
other nonsteroidal anti-androgens should be prelerred.5

1. Bamoỉs c ,  et a l  Ocuỉar tox ỉd ty  of Anandron in patíentỉ treated for 
prostatỉc cancer. Br J  Ophthaỉmoi 1986; 70:471-3.

2. Brisset JM ,ífđ iO c u la r to x iđ ty  of A nandron.B r 1987; 71:
639.

3. Cỉuuv p, Odeỉ JG. Delayed daik adaptation causcd by nilutamide J 
Neurơophĩhabnol 2008; 28: 158-9.

4. DỊịkmaĐ GA. et ai. Comment: dinỉcaỉ experỉences of vỉsuaỉ disturbant es 
vvíth nũutam ỉde. A m  Pharmaaứưr 1997; 3 L  1550-1.

5. Dole EJ, Holdsworth MT. Comment: dinỉcal experỉences of visi al 
disturbances w ỉth  nỉlutamide. A m  Pharmacother 1997; 31:1551-2.

Porphyria. The Dnig Database íor Acute Porphyria, COE1- 
piled by the Nonvegian Porphyria Centre (NAPOS) ard 
the Porphyria Centre Svveden, dassihes nilutamỉde as pos- 
sibly porphyrinogenic it should be used only when ro 
safer altemadve is available and precautions should t e 
considered in vulnerable patients.1

1. The Dnỉg Database íor Acute Porphyria. Available at: hnp://w vrv. 
dnjgs-porphyria.org (accessed 05/09/11)

Interactions
Patients receiving nilutamide may exhibĩt intolerance IO 
alcohol.

Pharmacokinetìcs
Nilutanúde is rapidly and completely absorbed írom the 
gastrointestinal ưaa. It is extensively metabolised althouga 
it may inhibit its own metabolism to some extern aítcr 
multiple doses. About 60% oỉ an oral dose of nilutamide s 
eliminated in the urine and less than 10% in the íaece:., 
vvith an elimination halỉ-life oỉ 41 to 49 hours.

Preparations
Proprietory PreparaHons (details are given in Volume B)
Single-ingredient Preparolionĩ. AustraL: Anandron; Braz.: Ana- 
ndron; Canad.: Anandron; Fr.: Anandron; Gr.: Anandror; 
Hung.: Anandron; Méx.: Anandron; Neth.: Anandron; Port: 
Anaõdron; USA: Nilandron.

Nimotuzumab ỊriNNi
Omazumab; h-Fà; Nimotutsumabi; Nímótúzúmab; Nimotu- 
zumabas; Nimotuzumabs; Nimotuzijmabum; HMMOty3ỵMa6. 
Immunoglobulin GI, anti-(humanized mouse monodònal 
hR3 {31 Chain anthhuman epidermaì grovvth fector receptor), 
disultide with humanized mouse monocional hR3 K-chain, 
dimer. . . .
CA5 — 828933-51-3.

ProỊile
Nimotuzumab is a humanised monodonal antibody tha 
binds to the epidermal grovvth íactor receptor (EGFR). I 
may be used in some countries íor the ưeatment of gliomỉ 
and cancers oí the head and neck. It is also unde: 
invesúgaúon lor pancreatic cancei, non-small celỉ lung 
cancer, oesophageal cancer, and gasuic cancer.

Preparations
Proprietary Preporations (details are given in Volume B)
Single-ingredient Preparalions. Arg.: ClMAher; Braz.: Cimaher 
China: Tabdnsheng (SJÍh4); India: Biomab ẼGFR; Indon. 
TheraCIM; Philipp.: Theracim; Thai.: TheraCIM.

Nimustine Hydrochloride ỊtiNNMi 

ACNU; Hidrocloruro de nimustina; Nimustiinihydrokloridi; 
Nimustina, hidrodóruro de; Nimustine, Chlorhydráte de; 
Nimustinhỵdroklorid; Nimustini Hydrochloridũm; NSC- 
245382; Pirhustine Hydrochloride; HMMycTMHa r HApowiopnfl.
3-[(4-Amino-2-methylpýrim idin-5-yl)methy!]-T-(2-chlor- 

’ óetHyí)-1-nitrosourea hydrochloride.'
^ , ^ 6 0 ^ 1 = 3 0 9 . 2
C45 — 42471-28-3 (nimustme); 55661-38-6 (nirriustine 
hydrochlorìde).

.ATC —  L01AD06.
ATC Vet —  QL01AD06.
UNII —  DFR965WKBU.

Protìle
Nimustine is a nitrosourea antineoplastic with actions and 
uses sìmilar to those of carmustine (p. 761.2). It is licensed 
for use in the ưeatment of malignant glioma. Nứnustine 
hydrochloride is given in doses of 2 to 3mg/kg or 90 to

All cross-reíerences reíer to entries in Volume A
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100 mg/m2 as a single dose by slow intraveDOUs injection, 
repeated at intervals o! 6 vvceks depending on haemato- 
logical response,
Reíerences.

1. Anders K, t í  ai. Accclcrated radiotherapy vrith concom iunt ACNƯ/Ara- 
c íor the ưeatm ent o ỉ malỉgnam glỉoma. J  Neurocrtcol 2000; 48: 6>-73.

2. Kochii M. t í  al. Randomỉxed comparison oỉ im ra-arterial versus 
ỉntravenous ỉn íudon of ACNỤ for ncw ly dỉagnosed patỉents w ith 
glioblastoma. J  Neurooncoỉ 2000; 49: 6>-70.

3. Siỉvanỉ A. t í  ai. Im ra-anerỉal ACNU and catbopỉatín VCTSU5 intravenous 
chem otherapy wiih dsplatin and BCNU ìn newly dỉagnosed patients 
with  glỉoblastoma. Neuroì Sà  2002; 23 :219-24 .

4. VVeller M. t í a t  Neuro-Oncotogy W orking Group 01 ttial of nimusúne 
plus teniposide versus nỉm ustỉne plus cy tanbỉne chcm otherapy ỉn 
additíon ĨO involved*fie!d radỉotherapy ỉn tbc Bisr-line treatm enl oỉ 
maỉỉgnant glionu. J ơ m  Oncoi 2003; 21: >276-84.

5. VVatãnabe T. tí aỉ. H um an Interíeron beta, ninm sdne hydrochloride, and 
radỉatíon therapy in th e  treatm ent oi new ìy  dỉagnosed maỉỉgnam 
astrocytomas. J  Neurooncol 2005; 72: 57-62.

6. Gỉas M. t í  a i  Nỉmustine (ACNU) plus leniposide (VM26) in recurrent 
glíobỉascoma. Oncolơgy 2009: 74; 184-9.

Preparations
Proprietory Preporotions (details are given in Volume B)
Single-mgradient Preparatioru. china: Ntdran (ì*#®!); Ger.: 
Acku-ị; Jpn: Nldran'

N o l a t r e x e d  ỊríNNi

AG-337 (nolatrexed dihydrochlqride); Nolatrexedum; Hona- 
Tpexceq.
2-Amino-6-methyl-5-(4-pyridylthio)-4(3H)-quinazolinone.
Cl4H|jN4OS=284.3
CAS —  ì 47 ỉ49-76-6 (nohtrexed); 152946-68-4 (nolatrexed 
dihydrochloride).
UNII —  K75ZUN743Q.

P rof//e

Nolatrexed is, like raltitrexed (p. 850.3), a selectíve ỉnhibitor 
of thymidylate synthase. It has been investigated as an 
antimetabolite antúieoplastic for the treatment of hepato- 
cellular cardnoma and other solid tumours, although 
results of single-agent studies have been disappointing. 
Reíerenccs.

1. Hughes AN. tí  ai. Cỉinỉcaỉ pharmacokinetỉc and in vttro combinaúon 
srudỉes o í nolaơ cxed  dihydroehlorlde (AG337, Thym itaq) and 
paditaxeỉ. B rJ  Cancer 2000; 82: 1519-27.

2. Estỉin HJ. t í  al. A phase I study of nolatrexed dỉhydrochloride in dú ỉdren  
m th  advanced cancer. 3 r J  Cancrr 2001; 84 :11-18 .

3. Pivot X. t í  ai. Rdsuit of ỈW0 random oed trials comparing noUtrexed 
(Thymìtaq) versus m ethotrexate in patỉcnts wỉth recurrent head and 
ne< i cancer. Aĩtn Oncol 2001; 12: 1595-9.

4. Gỉsh RG, t í  ai. Phase m  randomized controlled ưial comparỉng the 
survival o ỉ padentỉ vvỉih unresecuble hepatoceỉlular carcỉnoma treated 
wỉch noỉatrexed o r doxorubỉtítL J  ơ ù t OĩĩCữỉ 2007; 25; 3069-75.

Obinutuzumab (USAN, rìNNi
Ạfutuzumab; GA-101; huMÂ8<Cp20>; Obinutuzumabum; 
RG-7159; Ro-5072759; 06nHyĩy3yMa6. . ..
CAS — 949142-50-1. 
um  —043472U9X8.

ProỉiỊẹ
Obinutuzumab is a humanised anti-CD20 monoclonal 
antibody that is under investigation for the treatment of 
non-Hodgkin’s lymphoma and chronic lymphocytic leuk- 
aemia.

Preparations
Proprietary Preparotìoru (details are given in Volume B) 
Single-ingredient Preparationi. USA: Gazyva.

Oblimersen Sodium ỊUSAN. riNNMi
G-3139; Natrii'Óblimèrsenum; Oblimẹrsen sódico; Oblimer- 
séri sỏdico; Oblirpersén Sodique; HatpnỊ) ỌõnMMepceH. 
P-íhiothymidylyl-(3'-*5')-2'-deoxy-P-ứiiocytidylyl-(3'— 5')- 
P-thiothýmidýlyl-(3'-»5')-2'-deoxý-P-thiocýtidýlýl-(3'— 5')- 

•2'-^eqxý-P-thiócytidylyl-(3'— SO^-deọxỵ-P-thịocytidylyl- 
(3'— 5')-2'-deoxý-P-thioaclenylyK3'-T.5')-2'-deoxy-P-thio- 
guanyly l-(3 '-r  5'^2'deoxy-P-tií iocytidy(y)-(3'-“ 5'b2' -deoxy- 
ĩg -th ipguan y ly l-O ^S O -P -th ib thym idy iy l^^sO ^-deoxy- 
;f ’-thioguanylyl-(3'-r5')-2'-deoxy-P-thiocytidytyl-(3'-i-5')-2'- 
ìd e ò xy^P -th ió g u a n y ly l-O ^S ^-ỉ^ẽ o xy -P -th io e y tid y ly l-  
í(3'— 5')r2'-dẹ9xy-P-thiocytidylyl-{3'-»5')-2'-deoxy-P-thioa-; 
deny[yl-(3'^5')-thýmtdrné sodlucn. . '  ’ .
C,73H2O4N62-Na,AiP,7S,7=e058.3 ...
CAS —  190977-41-4 '  -  ‘ J
u m  — SH5580RQ9K.

NOTE. The nam e Genasense has been used as a trade mark ỉor 
oblimersen sodium.

Profile
Oblimersen sodỉưm is an antisense oligonucleotidc that 
bỉocks the production of BCL-2, a raitochondrial protein 
that prevents apoptosis. It is under investigation for the 
treatment of various malignant neoplasms, indudỉng 
leukaemias and malignant melanoma.
Reíerences.

1. Prankel SR. Obiimersen sodium (G3Ỉ39 B d-2 antisense oỉigonudeotỉde) 
therapy in Waiđenstrom's macroglobuỉinemỉa: a targeted approach to 
enhance apoptosỉs. Sm in  Otưoỉ 2003; 30: 300-304.

2. Bữchele T. pròapoptotische Therapie mỉt Oblỉmersen (bd-2-Antisense- 
Oligonukleotid)—ũberslcht Ober prtkỉinische und  klỉnische Daten. 
Onkobgừ 2003; 26 (suppl 7): 60-9,

3. Herbst RS. Frankd SR. Oblỉmersen sodỉum (Genasense bd -2  antisense 
oligonudèotide): a rational therapeutỉc to enhance apoptosis in  therapy 
of ỉung cancer. ơ in  Canar R a  2004; 10 (suppỉ); 4245S-4248S.

4. Chỉ KN. Targetỉng Bd-2 w ith obliraersèn for patỉents w ith horaione 
rdractory prostate cancer. Worỉd J  Urol 2005; 23: 33-7.

5. 0 'B rien  SM, tí at. Phase I to  n muỉtỉcenter smdy o ỉ oblimersen sodỉum, a 
B d-2 anúsense olỉgonucleotỉde, ỉn  paúentỉ w ith advanced chronic 
lyrnphocytỉc Ieukemia. J  Ctìtt Oncol 2005; 23: 7697-7702.

6. Mỉ ta MM, t í  ai. A  phase L phannacokỉnetỉc and bỉologỉc correlatỉve 
study o í oblỉmersen sodium (Genasense. G3139) and  ỉxỉnotecan In 
patients wíth metastatìc colorectaỉ cancer. Ann Oncal 2006; 17: 313-21.

7. Bedỉldan AY. tí  ai Bd-2 antisense (obỉỉmersen sodỉum) plus dacarbaxine 
ỉn patỉems with advanced m eỉanonu: the ObUmersen M elanoma Study 
Group. J  CUn Ottai 2006; 24: 4738-45.

8. O ^rỉen  s , t í  ai. Random ùed phase m  trỉa! Qudarabine plus 
cydophosphamide with or w ỉthout obUmersen sodỉum (Bd-2 andsense) 
in patỉents with reỉapsed o r rdractory dư on ic  lymphocydc ỉeukem ỉa. J  
Oin Oncoỉ 2007; 25 :1114-20. CorrectỉcnL ibid. 2008; 24: 820.

9. 0 'B rỉen  s, t ía L  5-year survỉval ỉn padents w ith reiapsed o r rehactory 
chronic lymphocytic ỉeukemỉa in  a  randomized. phase ID triaỉ of 
íỉudarabine PỈU5 cydopbosphamỉde wỉth o r vriỉhout obllmersen. J  Clin 
Oncol 2009; 27: 5208-12.

Ofatumumab /BAN, USAN. ríNNỊ
2F2; GSK-1841157; HuMax-C020; Oíatumumabum; 0(ị)ạTy- 
MyMaõ. • • -
Immunoglobulin GI, anti-(human C020 (antigen))(human 
monodonal HuMax-CD20 heavy Chain), disulíìde with 
human monodonal HuMax-CD20 K-chain, dimer. -  
CAS — 679818-59-8. •
ATC — L01XC10.
ATC Vet — QL01XC10. 
um  — M95KG522R0.

Uses and Administration
Oíatumumab is a hu man anti-CD20 monodonal antibody 
that is used in the treatment of re&ạaory chronic 
lymphocytic Ieukaemia (p. 693.3) in patients reừactory to 
Sudarabine and alemtuzumab. An initial intravenous 
inhision of oíatumumab 300 mg is given íor the first dose, 
followed after 1 week by 2 g once weekly for a íurther 7 
doses. Aiter a 4- or 5-week interval, 2g is given every 4 
weeks for a íurther 4 doses. The drug is gi ven Via an inỉusion 
pump and an in-line 0.2-miCTomeưe filter, and is diluted in 
1 liơe of sodium chloride 0.9% (giving a concentratìon of 
0,3 mg/mL for the íirst inhision and 2 mg/mL ỉor subsequent 
iníusions). An initial iníusion rate of 12mL/hour is 
-recommended for the first 2 iníusions; thiỉ rate can be 
doubled every 30 minutes until a rate of 200 mL/hour is 
reached, providing no inỉusỉon leactions occur. Subsequent 
doses may be begun at a rate of 25 mL/hour, and doubled 
every 30 minutes to a maximum of 400mL/hour. The 
inỉusion rate should be reduced if iníusion reactions occur, 
and premedication vvith a corticosteroid, analgesic, and an 
antihistamine is recommended, see Adverse Effects below.

It is also under investigation for non-Hodgkin's lymph- 
oma, rheumatoid arthritis, and multỉple sderosis. 
Reíerences.

1. CoiíGer B, tí al. Saỉety and  eữỉcacy oí oíatum um ab, a Cu Uy hum an 
monodonal anti-CD20 antibody. in patieniỉ wiih relapsed or reừactory 
B-ceU chronic lymphocytỉc leukemia: a phase 1-2 siudy. Bỉood 2008; 
111: 1094-1100.

2. Hagenbeek A. tí  ai. B n t  dinical use oí oíatum um ab, a novel CuUy 
hum an antì-CD20 m onodonal antỉbody ỉn  relapsed o r reừactory 
ỉoUicuỉar iytnphoma; resuỉts oí a phase l/2 tr ia l.  Bỉood 2008; 111:5486- 
95.

3. Robak T. OCatumumab. a hum an m onodonaỉ antỉbođy ĩor ỉymphoid 
malignanđes and autoỉm m une dỉsorders. Curr Opin Moi Ther 2008; 10: 
294-309.

4. Castillo J, t í  a l  O íatum um ab, a second-generation anti-CD20 
monoclonal antỉbody, Cor the treatm ent o í lymphoprollíerative and 
autoinunune dỉsorders. Experĩ opùt Invest Drugs 2009; 18:491-500.

Adverse Effects, Treatment, and Precautions
As for Rituximab, see p. 854.1. Premedication with an 
intravenous cortìcosteroid, an oral analgesic, and an oral or 
intravenous antihistamine is recommended 30 to 120 
minutes beíore every oỉatumumab inỉusion; the cortico- 
steroid dose may be reduced for iater ứifusions if a severe 
inhision reaction did not occur with the previous dose. If an 
iníusion-related adverse eííect does occur, ưeatment should 
be interrupted until the patient is stable. After a mild or 
moderate reactìon, the intusion should be restarted either at 
haU the iníusion rate being used at the time of the reaction, 
or the usual initìal rate (12mL/hour) ư this was being used

at the time of the reaction. For severe reactions, treatment 
should either be restarted at 12mL/hour, regudless oí the 
rate being used beíore (US recommendation for grade 3 
Kãctìoas and UK recommendation), or ưeatment stopped 
(US recommendation for grade 4 reactions). ư restaned, 
infusion rates can then be increased as usual, according to 
tolerance (see Uses and Administration, above).

Other adverse eííects that have occurred with 
ofatumumab indude agranulocytosis, red celỉ aplasia, 
coagulopathy, and hyperhidrosis.

Pharmacokinetìcs
Peak plasma concenữations oí oíatumumab occur at or 
shortly after the end o f the inỉusion. otatumumab is 
elỉminated by proteolytic enzymes and vỉa binding to B- 
ceỉls. There is a rapid and sustained depletion of CD20 B- 
cells aíter the fiist iníusion, leaving a reduced number íor 
binding at subsequent inỉusions. As a result, dearance and 
haU-Iiỉe decrease with repeated dosing, and there is 
increased exposure to oỉatumumab, although there is 
considerable inteiindividual vaiỉadon. The Ihean halỉ-lUe is 
reported to be about 1.3 days after the Ễrst iníusion, and 
about 14 days after the tvvelith.

Preparations
Proprietary PreporaHons (details are given in Volume B)
Single ingredient Preparotiom. Austria: Axzerra; Cz.: Anerra; 
Denm.: Ãrzerra; Fr.: Arzerra; Ger.: Aizerra; Gr.: Aizerra; IrL: 
Arzerra; Israet Aizerra; Jpn: Arzerra; Neth.: Ararra; Nơrw.: 
Arzerra; PoL: Arterra; PorL: Aizerra; Spaiit: Arzerraf; SwaL: 
Arzerra; Switz.: Aizetra; UK: Arzena; USA: Arzerra.

Olaparỉb ỊrtNNỊ
,ẤZD-2281; KU-0059436; oíaparibúm; ỏnànaptiỗ.
4-[(3-([4-(Cydopropylcarbonyl)piperazin-1-yl]carbonyl}-4- 
fiuorophenyl)methyl]phthalazin-1 (2H)-one. , : 
Cj4H23FNÁ=4345 '  - . _
.Õ is — 763113-22-0.
:UNI1 —  WOH1JD9AR8

Proỉile
Olaparib is a poly(ADP-ribose) polymerase (PARP) inhibitor 
that is under investigatìon as an antineoplastíc ỉor the 
treatment of breast and ovarian cancer.
Reíerences.

1. Fong PC t í  ai. Inhibition oỉ poly<ADP-rỉbose) polymerase ỉn tumors 
ừom BRCA mutation cxniers. N  Bttgl J  Med 2009; 341; 123-34.

2. Fong PC t í  đL Poly(ADP}-ribose poỉymerase inhỉbỉtion: írequent 
durabỉe responses in BRCA carrier ovarỉan cancer mrreladng with 
piatinum-free ỉntervaỉ. /  ơ in  Oncaỉ 2010; 2 8 :2512-19.

Omacetaxỉne Mepesuccinate IHNNI 

CGX-635; HHT; Homohaningtonine; .Mepesuccinato de 
;oma’cetaxina; NSC-141633; 0raacéta»ne, Mépésucđnate d'; 
-Omacetaxini mepesúccinàs; OnàaqẻTãKCkiHạ MenẹcyKqnHaT/'
1 -[(1 S,3afi,14b5)-2-Methoxy-1,5,6,8,9,T4b-hexahydro-4H- 

'cyclopenta[a][1,3]dioxolo(4Ì-h]pyrrolo[2,l-b]t3]benzazepln-
1-ýỉ] 4-methỹỉ (2fi)-2-hydroxy-2-(4-hydroxy-4-methyỉpentyl)
butanedioate. !.....
C29H39N0^54S.6 
GAS . 26833-87-4.
ATC — L01XX40.
ATC Vet — QL01XX40.
UNII — 6FG8041558.

NOTE. The name Ceỉlatonin has been used as a ưade mark for 
omacetaxine mepesuccinate.
Pharmacopoeias. In Chín.

Uses and Admỉnỉstratìon
Omacetaxine mepesucdnate is a scmisynthetic íonnulatỉon 
of homoharringtonine, which iỉ an alkaloid derived bom  
the tree Cephalataxus haningumm, and related spedes. It is 
thought to induce apoptosis by inhibition o{ protein 
synthesis.

It is used ỉor the treatment of chronic myeloid Ieukaemia 
(p. 694.2) when there ỉs resistance or intolerance to tyrosine 
kinase inhibitors. The recommended starting dose of 
omacetaxine mepesucdnate ũ 1.25 mg/m2 twice daily, by 
subcutaneous inịecóon, for 14 consecutive days of a 28-day 
cyde. Cydes shõuld be repeated every 28 days until there is 
a haematological response. The maintenance dose should be 
1.25 mg/m2 twice daily for 7 consecutíve days of a 28-day 
cyde, repeated as long as there is dinical beneũt Coniplete 
blood counts should be periormed weekly during.induction 
and initial maintenance therapy, and evẹry two weeks or as 
needed after initial maintenance cydés; the dose should be. 
adjusted when toxicity occurs (see Administration in 
Subsequent Cydes, p. 838.1).

The Symbol t  denotes a preparation no longer actively marketed
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Omacetaxine mepesucdnate has also been tried in the 
ơeatment oỉ acute leukaemias and other neoplastic 
disordeis. The related compounds haningtonine, isohar- 
ringtonine, and đeoxyhamngtonine have also been 
investigated.
Reíerences.

1. Quìntis-Cardama A, Cortes J. Homohaniỉigtonine for the ưearm eni oỉ 
dư on ỉc  myelogenous ỉeukemia. Expert opm  PHarmaother 2008; 9ỉ 1029-
37.

2. Q uỉntás-Cardam a A. C ones J. O ixutceuxỉne m epesucdnate  -a 
sem iỉynthetic íorm ulation oỉ the  na tu ra ỉ an tỉtum oral aỉkaloid 
hom ohaningtonỉne, ỈOT chronic myelocytic leukemia and otherm yeloid 
maỉỉgnandes. IDrugs 2008; 11: 356-72.

3. Li Y-F, t í  ai. The eỉíect oỉ hom ohaningtonỉne ỉn patỉents w ith chronic 
myeloid leukemỉa who have ỉaỉled oc responded suboptỉmally to 
ỉniatỉnỉb therapy. Leuk Lymphoma 2009; 50: Ỉ889-9Ỉ.

4. Quỉntás-Cardaroa A. tí ai. Homoharringioninc, omacetaxine mepesuc* 
óna te . and chronic myeloid leukemỉa drca 2009. Caneer 2009; 115: 
5382-93.

5. Kim TD, t í  ai. Omacetaxỉne m epesucdnate for the ưeatm em  oí 
leukemia. Expert Opirt Phamứcother 20Ỉ ỉ; 12; 2381-92.

Administration in subsequent cycles. ư the absolute neu- 
ơophil count (ANC) falls to < 500 cells/mmJ or the platelet 
count íalls to < 50 000 cells/mm’ during ưeatment with 
omacetaxine mcpesucdnate, then the next cycle should 
be delayed until the ANC is > 1000 oe!!*/!!™3 and the pla- 
telet count > 50 000 cells/mm3. The number of dosing days 
should also be reduced by 2 days for the next cyđe.

Adverse Eííects, Treatment, and Precautions
For generaỉ discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

Omacetaxine mepesucdnate causes myelosuppression, 
resulting in thrombocytopenia, neutropenia, and anaemia 
in a signihcant proportion of patients. Severe thrombocy- 
topenia has resulted in gastrointestinal haemorrhage and 
cases oí íatal cerebral haeìnorrhage. Other common ădverse 
eííects indude diarrhoea, nausea, fatigue, asthenia, arthr- 
algia, headache, alopeda, rash, and convulsions. Glucose 
intolerance and severe hyperglycaemia have been reponed 
Injection site reactions can occur.

. Complete blood counts should be monitored regularly. 
Blood-glucose should also be monitored, particularly in 
patients with diabetes or risk íactors for diabetes.

Pharmacolánetícs
Peak plasma concenttatíons of omacetaxine mepesucdnate 
occur about 30 minutes aíter subcutaneous injection. 
Plasma proteín binding is Iess than or equal to 50%. 
Omacetaxine mepesucdnate is hydrolysed by plasma 
esterases, but the major elimination route is unknovvn. 
The mean eliminatíon half-life after subcutaneous use is 
about 6 hours.

Preparatìons
Propriehiry PreparaHons (details are given in Volume B)

Single-tngredient PreparaiioAs. China: Chuan Shan Ning (JI|lLj 
■?); Fu Ẽr (& #); Gao Rui Te ( * » # ) ;  Hua PuLe Jin
Nuo Xing ịlk^ãL ); Sai Lan (H.Ẽ.); Wo Ting (RfT); USA: Syn- 
ribo.

Oregovomab IUSAN, rtNNi

• MAb-B43.13; Orégovomab; Oregovomabum'; OperoBOMaồ. 
Immunoglobulin GI,- antHhuman CAÍ25 (carbohydrate 
antigen)) (mouse-.monodonal B43.13 y1-C hain), disulhde 
with mouse monodonal B43.13 K-chain, dimer.
CAS —  213327-37-8.

Protiìe
Oregovomab is a murine monodonal antibody that binds to 
CA-125, an antigen that is overexpressed in the majority of 
ovarian cancer patients, and stimulates an inunune 
response to the tumour cells. It has been investigated for 
the tteatment of ovaiian cancer.

Oxaliplatin /BAN, USAN, rlNNÌ

JM-83;, ,NSC-266046;: ./-OHP; Oksaliplàtiini; Oksaliplatin; 
'oksaliplatìrta;.. ôxalạto-platinum; Oxaliplatiná; Oxaliplatine; 
Oxaliplatíno;,-Oxaliplatinum; ..RP-54780; SR-96669; ŨKcarm-
.rưHTMH.

Kl/?^fl)-T^-Cỵclohexanediamine-AỰ/][oxalato(2-)-0,ơ]plati-. 
nunrv - ,,'H.
CgHT4N A P ts3 9 7 3 v  ’
CM — 61825-94-3 = ■
AT0 — L01XA03: •
ATC Vet — QLỘ1XA03. ’ ■ ■ ’
■UNII -±- 04ZR38536J.

Pharmacopoeias. In Eur. (see p. vii) and us.
All cross-reỉerences reter to entries in Volume A

Ph. Eur. 8: (Oxaliplatin). A white or almost white, 
crystalline powder. Slightly soluble in vvater; practìcaUy 
insoluble in dehydrated alcohol; very slightly soluble in 
methyl alcohol.
USP 36: (Oxaliplatin). A white to oH-white crystalline 
povvder. Slighdy soluble in waten pracácally insoluble in 
alcohol; very slightly soluble in methyl alcohol. Store in 
aỉrtight containers. Protect ừom light.

Incompatíbility. Licensed product inỉormation States that 
oxaliplatin should not be mixed with chloride-containing 
Solutions (induding sodium chloride) or alkaline dntgs or 
Solutions. In particular, oxaliplatìn should not be mixed 
vvith íluorouradl or any ơometamol salts. w hile oxalipla- 
tin may be inỉused through a Y-site with íolinic add (in 
glucose 5% solution), they may not be mixed in the same 
intusion bag, and lolinic add must not contain trometamol 
as an exdpient. The inlusion line should be Oushed with 
glucose 5% beíore giving any other medicarion. Oxalipla- 
tin may degrade on contact vvith aluminium, and injection 
equipment containing alumìnium should not be used.

Stability. UK licensed product inlormation States that oxa- 
liplatin must be diluted in glucose 5% to give a concentra- 
tion not less than 200 micrograms/mL. From a microbiolo- 
gical point of vdevv, the inlusion preparatíon should be 
used immediately; the intusion should not be stored íor 
longer than 24 hours at 2 degrees to 8 degrees unless it 
has been prepared in conưolled and validated aseptic con- 
ditions. Chemical and physical stability has been shown 
for 48 hours at 2 degreẽs to 8 degrees, and for 24 hours at 
25 degrees. u s  licensed product iníormatìon States that, 
aỉter dilution ỉn 250 to 500mL of ghicose 5%, oxaliplatin 
inlusion Solutions have a shell-liíe of 6 hours ai room 
temperature (20 degrees to 25 degrees) and up to 24 
hours when reỉrìgerated (2 degrees to 8 degrees), and ihat 
protection &om light is not required.

A study1 íound that oxaliplatin Solutions at 700micro- 
grams/mL in polyolehn iníusion bags of glucose 5% were 
chemically stable ỉor at least 30 days at both 3 degrees to 7 
degrees and 20 degrees to 24 degrees vvithout regard to light. 
Another study2 íound that oxaliplatin Solutions at 
250micrograms/mL in 5% glucose, in polyoleíin bags, 
were stable at 4 degrees as well as at room temperature 
(either protected or unproteaed from light) for 90 days. 
Additionally, oxaliplatin Solutions diluted to 200m iao- 
grams/mL and 1.3mg/mL in glucose 5% were íound to be 
stable in PVC, polyethylene,- and polypropylene inỉusion 
bags for at least 14 days at both 4 degrees and 20 degrees, 
either protected or unproteaed bom light.5

1. André p, t í  aì. Stabiỉỉty oí oxaliplatin in ìníusỉon bags containing 5% 
dexưose Ìnjection. Am J  Heahh-Syst Pharm 2007; 64: 1950-4.

2. Junker A. t í  a i  Stability of oxalỉplatin soỉution. Ann Pharmaeothtr 2009; 
43: 390-1.

3. Eỉden c  tí  ai. Physicochemỉcal subility oí oxaỉiplatìn in 5% dexưose 
ÌnjeciỈ0Đ stored in poỉyvỉnyl chloridc, polycLhyỉcne, and polypropylene 
ỉnỉusion bags. Am J Health-Sytí Pharm 2009; 66: ỉ£29-33.

Uses and Administration
Oxaliplatin is a platínum-conỉainỉng complex slmilar to 
đsplatin (see p. 766.1). It is given with ũuorouradl and 
íoliũỉc add in the treatment oỉ metastanc colorectal cancer 
and in the adjuvant ưeatment of stage m  (Dukes C) colon 
cancer (p. 706.3). The recommendeđ dose is 85mg/m2 by 
intravenous iníusion over 2 to 6 hours, dissoỉved in 250 to 
500mL of glucose 5%. The dose may be repeated at 
inteTvals of 2 weeks if toxidty permits, reduced according to 
tolerance. In the adjuvant setting, oxaỉiplatin is given for 12 
cydes. After persistent neurotoxidty or recovery hom 
severe adverse eílects licensed product inĩormation 
recommends an initial reduction to 65mg/m2 in metastatic 
colorectal cancer, and to 75mg/m2 when given as adjuvant 
ưeatment. Oxaliplatin should always be given beíore 
Ouoropyrimidines.

Oxallpĩatin Ì5 under invesngation íor the ưeatment of 
ovarían and lung cancer. A liposomaì íormulation oí 
oxaliplatỉn is ỉn development.
References.

1. Culy CR, tí  ai. Oxalỉplatin; a review of its pharmacological properties and 
dinical efficacy in metasiaiỉc colorectal cancer and its potenrìal in other 
m aỉignanões. DrvtỊS 2000; 60: 895-924.

2. Simpson D. tí  ai. Oxaỉỉplatỉn: a rrvỉew  of its use in combỉnation therapy 
íor ảdvanced metastaric coỉoreciaỉ cancer. ữrvgs 2003; 63: 2127-56.

3. Kcam SJ, tí  ai. Oxaỉiplatỉn: in operable colorectal cancer. Drugs 2005; 65: 
89-96.

4. Fu s, tí a i  Cỉinical applicatỉon of oxaỉipỉatin in epitheỉial ovarían cancer. 
Int J  Gỵnecol CanctT 2006; 16: 1717-32.

5. Kim GP, Erìỉdim an c . Oxaliplatin in the treatm ent of coỉorectal cancer. 
Ệxprrt Opùt DruỊ Mtíab Toxial 2007; 3ỉ 281-94.

6. Stordâl B, t í  ai. Oxaliplaỉin ỉor the ưeaunent of dspỉatm -resiỉtant a n c e r  
a systematic review. Canar Treat Rrv 2007; 33: 347-57.

7. Cortỉnovis D, tí  ai. Oxahplatín doublets ỉn non^small cell lung cancer a 
ỉilerature review, Lung Cancer 2008; 60: 325-31.

8. Capdevỉla J, t í  aỉ. Oxãỉỉpỉatỉn-based dtem otherapy ỉn the management 
of colorecul cancer. Expert ReV Anticanoer Ther 2008; 8: 1223-36.

9. Raez LE tí ai. Oxaỉỉplatỉn in firsi-line thexapy ỉor advanced non-smaỉỉ- 
cen lung cancer. ơ in  Lung Caneer 2010; 11: 18-24.

10. A ldndor T, Beauger N. Oxaliplatỉn: a review in the era of moỉecularly 
targeted therapy. C un Oncoỉ 2011; 18: 18-25.

Administratìon in the elderty. A revievv1 conduded that 
there are no data to support dose reduction of oxalỉplatin 
based on age alone, other than any dosage adjustment 
considered necessary for renal impairment (see Adminis- 
tratíon in Renaỉ Impairment, below).

1. Lichtman SM. t í  ai. In ternational Sodety  ot  G eriatrỉc Oncology 
Chem otherapy Taskíorce; evaluation o í chem o th e rap y  ỉn  older 
patients—an  anaỉysỉs of the  medỉcal ỉỉterature. J  Cĩin Oncol 2007; 25: 
1832-43.

Administration in renal impairment. The primary route of 
platinum elimination is renaL and clearance of platinum is 
decreased in patients with renal impairment. However, a 
study detennined that increased platinụm exposure in 
patients vvith renal impairment was not assodated vvith 
increased oxaliplatin toxidty. Dose reduction was not con- 
sidered to be necessary in patients with mild to mode 'ate 
renal impainnent (as dehned by creatinine dearancr of 
20mL/minute or more).1 UK licensed product iníormaiion 
concurs that no dose adjustment is necessary in milcí to 
moderate renal ũnpairment, but contra-indicates the use 
of oxaliplatin in severe renal impairment (deíined as creat- 
inine dearance of less than 30mL/minute), due to lack of 
data.

1. Takimoto CH, a  al. Dose-escalating and pharm acological s tu d / uf 
oxaliplatỉn ỉn adult cancer patienỉs w ỉih im paired rena l ĩunction : a 
National Cancar Institute organ dyslunction w orking group  study. J ơ in  
Oỉtcoì 2003; 21: 2664-72.

Adverse Effects and Precautions
The adverse eHects of oxaliplatin are similar to those of 
dsplatin (p. 767.1) but nausea and vomiting, nephrotcxi- 
dty, and myelosuppression, seem to be less marked. Rai ;ed 
liver enzyme values may occur. Neurotoxidty can be dc se- 
limiting. Peripheral neuropathy occurs in 85 to 95% oỉ 
patíents given oxaliplatin; pain, íunctional impairment, í  nd 
loss of tendon reílexes may develop. Pulmonary íibro ãs, 
potentially íatal, has also been reported. Extravasation of 
oxaliplatin can cause local pain and inỉlammaãon; 
complications may sometimes be severe, induding necrosis.

Neurological examinaúons shouỉd be carrìed out at 
regular intervals during treatment and the dose should be 
reduced if symptoms are prolonged or severe. Regular blc-od 
counts should be periormed during treatment and courses 
should not be repeated untíl blood counts have recovered 
(see also Bone-marrow Depression, p. 730.3). Oxaliplatin 
should not be given to patients with pre-existing senstiry 
neuropathies or myelosuppression, nor to those vvith sev :re 
renal impaúment. Renal ỉunction and toxidty should be 
careíully monitored in those with more moderate degree: of 
renal ímpainnent.

Padents are recommended to use approprií te 
conưaceptive measures during treatment and for 6 mon hs 
aher stopping ưeatment for men and for 4 months 'or 
vvomen.

Effeds on the blood. Acute haemolysis, vvith1'5 a id  
withouts anaemia, has been reported with the use of 03 a- 
liplatin. The reactions were considered to be immure- 
mediated. Evan's syndrome (immune-mediated thromt o- 
cytopenia and haemolytic anaemia) has also be :n 
reponed,7 as has sudden onset of pancytopenia with res Ll- 
tant intracranial haemorrhage.8

See also under Hypersensitivity, p. 839.2.
1. Desrame J, tí  aL Oxaliplotin-induced haem olytic anaem ia. Lanctí 19 '9; 

334: 1179-80.
2. Garuli c. tí al. Im m unohem olyĩic anem ia followĩng oxalipla in 

admlnỈ5tiatỉon. Arm Oncoì 2000; 11: 497.
3. H oíheỉiu  R-D, tí  ai. Two potentỉaỉ m echanism s of oxaliplatin-inđu- ed 

haemoỉytic anaemia in a singỉe patỉenL Caneer Chemother Phanru ĨOÌ 
2004; 33: 276-7.

4. Chen VMY, «  al. An immedỉate hem olytic re a a io n  Induced  by repea ed 
adminlstratíon of oxaỉỉpỉatin. Transfusùm 2004; 44: 838 -43 .

5. Lai J-L Wang W-S. Acute hemolysỉs a h e r receiving oxaỉỉpla in  
treatm ent: a caỉe report and iiterature review. Pharm World S à  2009; ‘1: 
538-41.

6. Kouữas AK, tí  aL Oxaỉỉpỉatín-ỉnduced acute-onset ih rom bocytoper ia. 
hemorrhage and hemolysis: a ca se repon  and  review  of the lỉteratu e. 
Oncoỉogy 2004; 67: 179-82.

7. Earle cc, tí ai. Oxaliplatin-induced Evan's syndrom e. Br J  Cancer 20* 1; 
84:441 .

8. Teng CJ, t í  aỉ. Sudden-onset pancytopenỉa vvlth ỉn tracran ỉal h em orrh í ị t  
after oxaỉipỉatin ưeatm ent: a case repo it and  Uterature revievv. Jpn J  c in
O naỉ 2011; 41: 125-9.

Effeds on the liver. The development oỉ asdtes, pon li 
hypertension, and hepatic lesions in a patient with colc r- 
ectal cancer was considered to be due to oxaliplatin; met I- 
statlc or recurrent cancer had been originally suspected.1

1. Tỉsman G. t í  ai. Oxalỉplatỉn tox ỉd ty  m asqueradìng as recu rren t coỉ >n 
cancer. J  ơ m  Oneol 2004; 22: 3202-4.

Effects on the nervous System. Neurological toxidty is tí e 
piindpal dose-limiting adverse effea with oxaliplatin.
The toxidty is biphasic
• acute pãraesthesias or dysaesthesias of the extremitie 5, 

triggered or exacerbated by cold, are seen in 85 to 95 % >f 
patients within hours of iníusion, but are nonnally mi d 
and resolve vviihin hours or days. Some patients alto
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have distressing laryngopharyngeal symptoms, such as 
difficulty in breathing or swallowing.

• vvith increasing cumulatíve dose, peripheral sensory 
symptoms ỉncrease in duratìon and intensity. Symptoms 
are sometimes assodated with pain and cramps, and may 
progress to tunctional impainnent (loss of ỉine 
sensorimotor coordinatìon). Dosage reduction may be 
requứed, but in dinical practice the onset of lunaional 
impaỉrment ohen occurs after the maximum response to 
therapy has been attained. Cumulative neurotoxidty is 
reversible in most cases, and about 80% of patients 
exhibit symptom regression within 4 to 6 months.

The inddence of neurotoxidty may be higher when 
oxaliplatin is given with Đuorouradỉ. There is some 
evidence that more prolonged iníusion of oxaliplatin can 
reduce acute toxidty, particularly laryngopharyngeal 
symptoms. Antiepileptics such as caibamazepine (see 
Neuropathic Pain, p. 513.2) or gabapentỉn have been 
investigated in the management of oxaliplatin-induced 
neurotoxidty, although results have been incondusive.’ 
Other. drugs that have been tried include amiỉostine, 
glutathione, acetylcamitine, thioctic add, celecoxib, and 
ginkgo bilobạ extract.5 Initial results have been promising 
for some oí these substances,5 but, similarly to dsplatin (see 
p. 767.3), condusive data are ladtíng íor m o st  interven- 
tíons. ‘Intravenous caldum gluconate and magnesium 
chloridc iníuslons have been used to prevent acute 
oxaliplatin neuropathy vvith good initial results; similarly, 
intravenous caldũm giuconatẽ and magnesium sulíate have 
been reported to dramatically improve oxaliplatin- 
assodated neuropathy.4'1 However, a study designed to 
evaluate potential reduction of cumulative neurotoxidty 
assodated with oxaliplatin, using caldum and magnesium 
salts, was terminated aíter those patients receiving caldum 
and magnesium reported a signiĩicantly Iovver response to 
chemotherapy (whiqh consisted of oxaliplatin, ỉolinic add, 
íluorouradl, and bevadzumab). Although these results 
need conhrmation, the possibility that caldum and 
magnesium may reduce the activity of certain drugs in the 
treatment of colorectal cãncer shoúld be considered.’ 
Others10,11 have contended that caldum and magnesium 
therapy does not affect the antitumour eíũcacy of 
oxaliplatin-containing regimens; ỉurther studies are 
planned.
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10. Gameỉỉn L. t í  al. Oxaliplatin-related neurotoxidty: ỉnterest of caldum- 
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ỉ 1. Grothey A. tí  ai. Intravenous caldum  and magnesium íor oxaliplatin- 
ỉnduceđ sensory neuro toxỉd ty  in adjuvantco!oncancen NCCTGN04C7.
J  ơ in  Oncol 2011; 29: 421-7.

GUILLAJN-BARRẾ SYNDROME. A patỉent with metastatic colon 
cancer developed Guỉỉỉaỉn-Barré syndrome aíter wcekiy 
ưeacment with oxaliplatin-based chemotherapy;1 he 
recovered after treatment with intravenous immunoglobu-
tin.

1. Christodoulou c  tí  ai. Guillain-Barré syndrome in a patíent with 
m etastatic colon cancer receiving oxallplatỉn-based chemotherapy. 
Anticanưr Drugs 2004: 19: 997-9.

REVERSIBLE POSTERỈOR LEUKOENC8HALQPATHY SYNDRQME. 
Reversible posterior leukoencephaỉopathy syndrome 
(RPLS) vvas điagnosed in a vvoman gi ven oxaliplatin vvith 
bevadzumab, and capecitabine. She tolerated hưther ther- 
apy vvith bevadzumab and ỉrinotecan with no complica- 
tions. The authors attributed the RPLS to oxaliplatin.1

1. Pỉnedo DM. t í  a i  Reversible posterior ỉeukoencephaỉopathy syndrome 
assodated vvith oxalỉpỉatín. J  ơirt Ortcol 2007; 29: 532 0 -ỉ.

Extrovasation. Although oxalỉpỉatin was orígỉnalỉy consid- 
ered to be non-vesicant, there have been reports of extra- 
vasation causỉng inílammation, sderosis, or, in some cases, 
severe necrosls.1’4 Some consider it to be a vesicant 
drug,ư  although others State oxaỉỉplatìn extravasation to 
be ỉess harmful than that of more classic vesicants.4 - 

For điscussỉon of the management o ỉ extravasatỉon, see 
under Treatment of the Adverse Eííects of Antineoplastics, 
p. 731.3.

1. Baur M, t í  al. Extravasatìon of oxaỉipỉatỉn (E loradn)-dinicaỉ course. 
Onkoiogư 2000; 2 3 :468-71 .

2. Foo KF. t í  ai. A case report oí oxaỉipỉatỉn exơavasadon. A m  Oneol 2003; 
14: 961-2.

3. Kennedy JG. t í  ai. Vesicam cbaracteriỉtícs oỉ oxaplipUtìn [sicỊ ỉolỉovvỉng 
an tecubiuỉ exưavasadon. ơ in  Oncol (R Coữ Raắioỉ) 2003; 19:237-9.

4. K rerechm ar A  t í  ai. Extravasatỉons oí oxaỉipỉatỉn. J  Clin Oneoi 2003; 21: 
4 0 6 8 -9

Hypersensitiviiy. Hypersensitivity reactions, induding 
anaphylaxis, ha ve been reporteđ vvith oxaliplatin,1'15 
usuãlly aíter several cydes of treatment. Symptoms 
include hypotension, tachycardia. dyspnoea, buming sen- 
sations, pruritus, erythema, sweating/ and dĨTiiness.1-2-7-* 
Rashes have ako been reported5-4-12 as ha ve íever and 
chilk.9’10 w hile the mechanism of hypersensitivity to oxa- 
liplatin iỉ not dear, it has been suggested that reactions 
are charaaerised by development of symptoms during or 
shortly after the iníusion. and are possibly due to a type I 
IgE-mediated reaction.7-10 Idiosyncratic or úihisional reac- 
tíons, vvhich are delayed until hours aíter the inhision,6-10 
arẹ considered to be assodated with cytokine release.7-10 
Cases have generally resolved on stopping oxaỉiplatin and 
giving appropriate treatment. Acute thrombocytopenia, 
occurring after the onset of hypeisensitivity, has been 
repotted in 2 patients,1, both of whom vvere íound to 
have oxaliplatin-dependent IgG platelet antibodies; see 
also Eữects on the Blood, p. 838.3.

Prophyiaxìs beíore íurther oxaliplatừi therapy, with 
corticosteroids and/or antihistamines, has shovvn variable 
eíBcacy.4"7-9-10 Desensitisatìon protocols using dilute Solu
tions and longer inhision nmes have been reported to be 
successhil.10-11-13'14 For the successíul use o£ dsplatin in a 
patient hypersensitìve to oxaliplatin see p. 768.1.

Intradermal skin testing has been used to identiíy 
patients with suspected hypersensitivity to oxalipỉatin; 
hovvever, in some paúents with negatíve skin tests, 
reactions have occurred upon rechallenge.4-4

ỉ.  Toumỉgand c  tí aL Severe anaphyỉactỉc reactíons to oxaỉỉplatỉn. Eur J  
Cancer 1998; 34 :1297-8.

2. M édỉonỉ}. t í  ai. Anaphyỉaxỉs aỉter oxalỉpIatÚL Arm Oneol 1999; 10:610.
3. Lan iU ièrc ltía ỉ. A naphyỉacỉỉcreactíontooxaỉỉpU tỉn:acasezeporti4jR j 

Gastroenttrol 1999; 94: 3387-8.
4. Stahl M, t í  aL Reactìon a&er oxalỉpỉatỉn—preventỉon w ith cortỉcoster- 

oids? A m  O nal 2001; 12: 874.
5. Aỉỉỉot c , t í  al. Severe anaphylactíc reactìon co oxalỉplatỉn. Cíin Oncoỉ (X

CoU Raắiol) 2001; 13: 236. '  '
6. Tbomas RR, t í  ai. Hypersensỉtỉvỉty and Idiosyncratic reacdons to 

oxalỉpỉatỉn. G otơr2003; 97: 2301-7.
7. Brandỉ G ,tía l. Hypersensitỉvỉty reactions reỉated to oxaỉỉplatin (OHP). Br 

J  Cartcer 2001; 99ĩ 477-81.
8. Garuã c, t í  aỉ. Skin testỉng and hypersensítívity reactions to oxaỉỉpỉatíiỉ. 

A m  Oncoỉ 2003; 14 :497-8.
9. Lenz G. t í  a i  Àđverse reactionỉ to oxalỉpỉatín: a reaospective study o ỉ 25 

patients ưeated in  one insdtution. Anticanar Drugs 2003; 14: 731-3.
10. Lim K-H. t í  ai. Hypersensỉtívity reactỉons to oxaỉỉplatín: a case report and 

the success of a  contỉmious ỉnhisỉonal desensỉtízatỉon schedule. 
Anticamer Drugs 2004; 15: 605-7.

11. Gammon D, t í  ai. Hypersensitívity reacdons to  oxaUpỉatỉn and  the 
appỉicaùon oỉ a desensỉtỉxatỉon protocoL Onalogùt 2004; 9: 546-9.

12. Ng CVT. Hypenensitívỉty reactions to oxaỉiplatin in two Asỉan patients. 
Ànn Pharmacother 2005; 39:1 ỉ 14-18.

13. Mỉs L. t í  al. Successtuỉ desensỉtizatỉon to oxaliplatỉn. A m  Pharmacothtr 
2005; 39: 966-9.

14. Syrígou EL tí  ại. Hypenensitỉvity reactions to oxaỉỉpỉatln: a reơospcctive 
study and the deveỉopment oí a đescnsỉtỉzatỉon protocoL CUn Coỉortaaỉ

' Cạnár 2009: 8: ỉ 06-9.
15. Bautỉsta MA. t í  aL Hypersensỉtỉvity reactỉon and acute- immune* 

medỉated throm boqrtopenỉa ỉrom  oxalipiatin: two case reporỉỉ and  a 
revievv o ỉ the Uterature. J  Htmatoi Oncol 2010; 3: 12.

16. Shao Y-Y. tí  ai. Characteristỉa and risk lactots o( oxalỉplatin-reỉated 
hypersensitivity reactions. J  Pormos Med Assoe 2010; 109: 362-8.

17. Morỉ Y, t í  a i  Oxatỉpỉatín-íree interval as a risk faao r ỉo r hypersensitỉvity 
reactíon among coỉorectal cancer patienu  treated w ỉth FOLFOX- 
Oĩtcữiơgy 2010ỉ 79: 136-63.

18. Sekỉ K, t í  al. Risk ỉactors ỉor oxaliplatin-induced hypersenátỉvity 
reactions ỉn Japanese patìents vvỉth advanced coỉorectal cancer. ĩnt J  Med 
Sá 2011; 8: 210-15.

Porphyría. The Dmg Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenưe (NAPOS) and 
the Porphyria Cenưe Sweden, dassihes oxaliplatin as 
probably not porphyrinogenic it may be used as a drug of 
fint choice and no precautions are needed.1

1. The Drug Database for Acute Porphyria. Avaiỉable at: hup://w w w . 
dnjgs-potphyria.org (accessed 26/08/11)

Intenactions
For reíerence to the eííea  of oxaliplatin on Auorouradi, see 
Antineoplastics, p. 797.3.

Pharmacokinetics
After intravenous doses, oxaliplatín is vvidely distrìbuted 
throughout the body. It binds ineversibly to red blood cells, 
vvhich can prolong the haU-Uíe of the diug. The mean 
terminal haữ-lUe has been variously stated to be 273 houts 
and 391 hours.

Oxaliplatin is extensively metabolised to both inactive 
and active compounds and is mainly excreted ỉn the urine. 
Reterences.

1. UM F. o  el. Oxaliplalin: pbannacoldnelỉa utđ  dironopharmacological 
tsp ea s. ơ ã t rhãrmaakintt 2000; Ì8: l - ì l .

2. Graham MA, et tL  Clinlcal pharm acoldnctks o i oxaỉỉpỉaòn: a  críúcaỉ 
rcvỉew. a in  ũm crr S a  2000: 6 : 1205-18.

3. J« rem alm  H, rí aỉ. New Insỉghts into thc biotram íorm ation and 
pharm acoldnetỉa o t oxalipladn. IP tum n  s d  2009; 98: 3*79-85.

Preparotions
Proprietary Preparotions (details are given in Volume B)

Single-ingredient Praparations. Arg.: Crisapla; Dabenzol; Dac- 
plat; Goxyral' Kebin Metapladn; Mitog; O-Plat; Oxaltìe; Plad- 
nostyl; Plusplatin; Uxalun; Xaliplat; AustraL; Eloxatin; Oxala- 
tin; Austrm: Eloxadn; Belg.: Eloxatin; Braz.: Eloxatin; Ezulen; 
O-Plat; Oxalibbs; Tevaoxali; Uxalun; Canad.: Eloxadn: Chửẹ: 
Eloxatin; O-Plat; Ckina: Ai Ịỉeng Ai Ke Bo Kang
to-M); Ao Zheng Nan Cao Bo (¥10); Chen Ya (S S );
Duo Ling ( £ $ ) ;  Eloxatín Jia Le Tong Tai
Olatin ((£&£); Cz.: Ebeoxal; Eloxatin; Livellin; Oxaliquid; 
Oxiplatt; Platox; Reãdol' Denm.: Eloxatin; Olatin; ReádoL 
Fùt.: Eloxadnt; Oxittopict; Fr.: Eloxatine; Ger.: Axiplatin; 
Bendapladn; Croloxac Eloxatin; Medoxa; Ọxaliplan; Riboxatin; 
G r Axoplan; Eloxatin; Oxaliprol' Oxaltina; Plaxỉtin; RectoxaL' 
Rexap; Veraxatin; Hottg Kong-. Eloxatín; Sindoxplatin; Hung.; 
Eloxatin; Gessedil; Livelllnt; Sinoxal; Indùr. Celdach; Dacotin; 
Fexoplat; Glenoxab Kinaplat; Oplatin; OxamU; OxiplaC Oxitan; 
Oxoplan; Indon.: Eloxatin; Rexta; trĩ.; Eloxatin; Oxamedỷ; 
Israel: Eloxatin; ItàL; Eloxatin; Jpn: Elplat; Mataytía: Eloxatin; 
Mex.: Eloxatín; Entia; Olipás; Oxitan; Riptam; NetK: Eloxatin; 
FoxantaJf; OsigUadnt; Oxalisin; Oxiplasolt; Norw.: Eloxatin; 
NZ: Eloxatin; Oxaliccord; pkữipp.: Eloxatin; Henplatin; Oxa- 
lem; OxiteL- Platữiox; Zildox; PoL: Eloxatin; Gessedil; Port.: 
Eloxatin; Oxalix; Rus.: Eloxatine (3j!0KcaTBH); Exomm
pioopyM); Oxatera (OKCarepa); Plaksat (Ilnaacar); Platícad 
(nnanaaa); S-Ạ/r.: Eloxadn; Exiplat; Oxalivvta; sừigapore: 
Eloxatin; Spain: Eloxatin; Oxiơopict; Swed.: Eloxatin; Sm tz.: 
Eloxatine; Thai.: Eloxatlạ- Entia; Oxalip; Oxitan; OxoL* Oxpla- 
tin; Turk.: Eloxatin; Linoxa; Oxalimedac Oxalpin; Oxaqual; 
Oxebevre; Oxerol; Ploxal; UK: Eloxatìnt; Ukr.: Eloxatine 
(SnorcaaHH); U SA : Eloxatin; Veneĩ.: Eloxatìn.

Pharmacopoeid Preparations
USP 36: Oxaliplatín for Injection; Oxaliplatin Injection.

Paclitaxel ÍBAN, USAN. riNNI
< BMS-Ì81339-01; NSC-125973;.. Paclitaxelum; Paklịtakseeli; 
Paklitaksel; Paklitaxel; TaxSI; Taxol A; naKPMTaKcen. -  
'X2SífiJS,10fl,13S)-10,20-Bis(acetoxy)-2-benzoyloxy-T,7-dihy- 
;droxy-9-oxo-5j20-époxytax-l 1 -en-13-yỉ (3S)-3-benzoylami.- 
no-3-phenyl-o-laaate.
C,7H5,NO,á=853.9
CAS — 33069-62-4.
ATC — LOICDOI.
ATC Vet — QL0ICD0I.
UNII — P88XĨ4ỊS4D: •

NOTE. Paditaxel vvas ỉonnerly reỉerred to as taxol, but the use 
of this name is now limited, as Taxol is a trademark. 
Pharmacopoeias. In E u r . (see p. vii) and us.
Ph. Eur. 8: (Paditaxel). Isolated hom natural sources or 
produced by fermentation or by a semisynthetic process. A 
vvhite or almost white, crystalline povvder. Practically 
insoluble in waten beely soluble in dichloromethane; 
soluble in methyl alcohol. Store in airtight containers. 
Protea hom light.
USP 36: (Paclitaxel). A vvhite to ofí-white powder. Insoluble 
in vvater; soluble in alcohol. Store in airtight contáiners at a 
temperature between 20 degrees and 25 degrees. Protea 
hom  light.

Incompalỉbìlìty. The vehicle l o r  convenhonal paclitaxel 
injection, which contains alcohol and polyoxl castor oil, 
vvas tound to leach the plasticiser diethylhèxyl phthalate 
(DEHP) hom some plastỉc giving sets.u  Consequently, 
licensed product iníormation recommends the use of 
non-PVC containers and giving sets; the use of hlter 
devices which incorporate short inlet and/or short outlet 
plastidsed PVC tubing has not resulted in signihcant 
leaching of DEHP.

Paclỉtaxel was íound to be compatible with doxorubicin 
for at least 24 hours, but mỉcroaystalline predpitation of 
paclitaxel occurred after 3 to 5 days.’ For mention of the 
incompatibility of paditaxel and dsplatin see p. 766.1.

1. Trissc! tA.An/. Compatíbillty of padilaxel injeclion vchide with 
inưavenous adminỉstratỉon and extension sets. Am J Hosp Pharm 1994; 
91:2804-10.

2. Mazzo DJ, t í  ai. Compatỉbỉlity of docetaxel and padỉtaxeỉ in intravenous 
Solutions wỉth polyvỉnyl chỉorỉde ỉnỉusỉon materials. Am J Heaỉth‘Syữ 
Pham  1997; 54: 566-9.

3. Trỉsscl LA. tí  aỉ. Compatíbility and stabilỉty of paditaxeỉ combined vvith 
doxorubídn hydrocũorỉde ỉn ỉnỉusỉon Solutions. Ann Pharmacoứưr 
1998; 32: 1013-6.

Uses and Adminìstration
Paditaxel is a taxane originally derived hom  the bark oỉ the 
Padhc yevv ưee Taxus brevifolia (Taxaceae), and now 
obtained semisynthetically hom  a taxane precursor dẽrived 
hom  the needles oỉ the European yeiv, Taxus baccata. 
PaditaxeTs antíneoplastic action arises hom  induction of 
microtubuỉe íormation and stabilisation oỉ miaotubules, 
thereby disrupting normal cell division in the G2 and M 
phases oí the cell cyde.

The Symbol t  denotes a preparation no longer actively marketed
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Paditaxel is used for the primary treatment of advanced 
ovarian cancer (p. 711.2) with dsplatin or carboplatìn, and 
for secondary treatment, usually after íailure of Standard 
platmum-containing therapy. In the treatment oỉ node- 
positìve breast cancer (p. 702.1), paclitaxel ỉs used for 
adjuvast therapy after anthracycline-containing chemo- 
therapy. In locally advanced or metastatic breast cancer, it is 
used first-line with an anthracydine, or as a second-line 
single-agent, usually aỉter ỉailure of anthracydine-based 
therapy. In patiénts with locally advanced or metastatic 
disease who overexpress HER2 (human epidermal grovvth 
receptor 2) it may be used with nastuzumab as initial 
therapy. Paditaxel is used with dsplatỉn or carboplatỉn. íor 
the primary treatment of non-smaU cell lung cancer 
(p. 710.2) in patients who are not candidates for potentially 
curative surgery and/or radiotherapy. In metastatic 
adenocardnoma of the pancreas (p. 712.1) it is used first- 
line with gemdtabine. It may be used for the second-iine 
treatment of AIDS-related Kaposi's sarcoma (p. 718.1), and 
has been tríed in other neoplasms induding cancers of the 
head and neck, and relapsed germ-cell tumours.

The conventional lormulation of paditaxel with polyoxyl 
castor oil and alcohol is usually given intravenously. It is 
diluted, usually vvith sodium chloride 0.9% or glucose 5%, 
to a final concentration of 0.3 to 1.2mg/mL, in a non-PVC 
Container and given through an in-line íilter (of not greater 
than 0.22micrometres). In licensed regimens it is generally 
given at 3-week intervals although there is increasing 
evidence that use at smaller intervals of 1 week may be 
advantageous (see Administration, belovv). An injectable 
suspension of albumin-bound paditaxel nanopartides 
(Abraxane; Celgene, UK and USA; ABI-007) is also available. 
It is usually given intravenously over 30 minutes. PVC or 
non-PVC containers may be useđ; an ừi-line Ulter is not 
necessary.

The recommended dose of conventional paclitaxel for 
the primary ưeatment of ovarian cancer is 135mg/m2 
inỉused over 24 hours, followed by ásplatin, and repeated at
3-week intervals. Altematively 175 mg/m2 may be iníused 
over 3 hours, followed by dsplatin, every 3 weeks. For the 
secondary treatment of ovarian cancer, the suggested dose 
as a single agent is 135 or 175 mg/m2 inỉused over 3 hours 
once every 3 weeks.

Paditaxel has also been given intraperitoneally for the 
ơeatment of ovarian cancer.

For breast cancer, an intravenous dose of conventional 
paditaxel 175mg/m2 inỉused over 3 hours once every 3 
tveeks is recommended for adjuvant treatment (for 4 
courses), for second-line monotherapy, and for first-line 
treatment with trastuzumab; paclitaxel is given the day aíter 
the first dose of trastuzumab, or immediately aíter 
subsequent doses if well-tolerated. When used first-line 
with doxorubicin, paditaxel 220mg/m2 is inỉused over 3 
hours once every 3 weeks; the dose is given 24 hours alter 
doxorubidn.

Albumin-bound paditaxel nanopanides are also used ỉor 
the treatment of rehactory or relapsed metastaóc breast 
cancer. The dose is 260 mg/m2 given intravenously over 30 
minutes every 3 weeks.

In non-sm all celỉ lung cancer, the recommended dose 
of conventìonal paclitaxel is 135mg/m2 over 24 hours, or 
175 mg/m2 over 3 hours, followed by dsplatìn, and repeated 
at 3-week intervals.

Albumin-bound paditaxel nanopartides may also be 
used with carboplatỉn as a first-line optìon for locally 
advanced or metastatìc non-small cell lung cancer. A dose of 
100mg/m2 is inỉused intravenously over 30 minutes on 
days ì , 8, and 15 of a 21-day cyde.

For the first-line ưeatment of metastatic pancreatic 
adenocardnom a, albumin-bound paditaxel nanopartides 
are given in a dose of 125 mg/m2 inỉused intravenously over 
30 to 40 minutes, and followed immediately aíter by 
gemdtabine, on days 1, 8, and 15 of a 28-day cyde.

A dose of cohventional paclitaxel 135mg/m2 over 3 
hours once every 3 weeks has been suggested for AIDS- 
related KaposPs sarcoma. Altematively, 100 mg/m2 over 3 
hours every 2 weeks may be given, espedally in patients 
with poor períormance status.

P.egular blood counts should be períormed, and dosage 
shouỉd not be given or repeated until the neutrophil and 
platélet counts are at acceptable levels; see Administration 
ỉn Subsequent Cydes, below. Preưeatment with corticos- 
teroids, antihistamines, and histamine H2-antagonists is 
needed for the conventional ỉormulatìon of paditaxel, but 
not for the albumin-bound nanopartide íormulation.

The dose of paditaxel may need to be reduced in patients 
with hepatic impainnent (see belovv).

Various ỉormulations have been developed to avoid the 
use of polyoxyl castor oil and improve the efficacy and 
saíety of paditaxel. In addition to the albumin-bound 
ỉormulatìon reíerred to above, íormulations in development 
indude paclitaxel linked to docosahexaenoic add (DHA- 
paditaxel) or bỉodegradable polymers (such as paditaxel 
poliglumex, CT-2103), micellarand liposomal íormulations, 
and an oral dosage form. An injectable gel containing a

modiíìed-release íormulation of paclitaxel is also under 
investigation, for direct injection into tumours.

Paditaxel-releasing stents may be used to reduce 
restenosis after coronary artery stent placement.

Reíerences to paditaxel, and to taxanes as a class.
1. Hayes DF, t í  a i  Cancer and Leukemỉa Group B (CAIGB) ỉnvestigators. 

HER2 and response to pacỉỉtaxeỉ in node-positíve breast canccr. N  Bngi J  
Med 2007; 357: 1496-1506.

2. Saioustros & tí a i  P ad itax d  and docetaxel in the ưeatm ent of breast 
cancer. Experĩ Opin Pharmacother 2QQ&Ì 9: 2603-16.

3. Sakamoto J, t í  đi. Paditaxel chemotherapy for the treatm ent of gastric 
cancer. Gữstrk Carưrr 2009; 12: 69-76.

4. Fư Y. tí  aỉ. M edỉđnaỉ chem iỉtry oí p ad itaxd  and iu  analogues. CurrMed 
Chem 20Ỡ9; 16: 3966-65.

5. Gaitanis A. Staal s .  Uposomal doxorubicin and nab*padỉtaxeỉ: 
nanopartỉde cancer chem otherapy in current dinical use. Methods Mo! 
Biol 2010; 624: 385-92.

6. M ontero AJ. t í  ai. Nab-p?.ditaxel in the treaunent o í metasxaũc breast 
cancer a comprehcnsive revievv. Expert Rev Clin Pharmacoi 201 ỉ; 4ỉ 329-
34.

7. Huang TC, Campbell TC. Comparison of weekly versuỉ every 3 vveeks 
padỉtaxeỉ ỉn the treatm ent of advanced solld tum on: a meiã-anaỉysis. 
CancerTreat Rev20ì2; 38: 613-17.

6. Sodnskỉ MA. t í  ai. Weekly nab-paclitaxel in combination with 
carboplatin VCÍTUS solvent-based pacỉitaxel plus carboplatỉn as fírsi-line 
therapy in patienư with advanccd non-small-ccll lung cancer: íìnal 
results of a phase IU irial. J  Clin Onal 2012; 30: 2055-62.

9. Gradíshar WJ. Taxanes íor the treatm em  of metastatic brea$i canccr. 
Breaiỉ Cancer (AiíCkl) 2012; 6: 159-71.

10. Von Holí DD. tí  aĩ. Increased surviva! in pancreatic cancer wìth nab- 
padìtaxel plus gem dtabíne. N Eng! J  Med 2013; 369: 1691-1703.

Administration. Although many of the oríginal studies oi 
conventional paclitaxel employed a 24-hour inlusion regi- 
men, the use of 3-hour infusiom  has subsequently become 
vvidespread. A systematic review‘ noted that although it 
vvas diỉhcult to compare eHicacy in studies of unlike malig- 
nancies there was no condusive evidence of a diữerence 
in eíhcacy with diỉíering length of inỉusion; hovvever, 
there were diữerences in the adverse effea prolile, neutro- 
penia being much less marked with the shorter inlusion, 
although neurotoxic eííects were reduced vvith 24-hour 
adminisưation. (Note that albumin-bound paditaxel can 
be given over 30 minutes, see p. 839.3).

, There has also been considerable interest in evaluating 
the use of conventional paditaxel in reduced-dose wtekly 
schedules.2'14 Various dosage regimens have been tried: 
most have íound that doses of bervveen 50 and about 
100mg/m2 vveekly, usually by inỉusion over 1 hour rather 
than a conventional 3-hour inỉusion, can be given with 
relatively modest toxidty. Although higher doses have been 
tried, neurotoxidty and myelosuppression become proble- 
matic and tend to limit dose intensity. Several studies have 
addressed the use of vveekly paclitaxel with other 
antineoplastics, for example vvith trastuzumab in breast 
cancer, estramustỉne in prostate cancer, and with platinum 
compounds or gemdtabine in other solid tumours such as 
those of the ovary or lung. In a randomised conưolled 
study13 in patients with metastatic breast cancer, vveekly 
paditaxel (80mg/m2) with or vvithout trastuzumab nearly 
doubled time to progression írom 5 to 9 months compared 
vvith a 3-weekly regũnen. and had better response rates and 
overall survlval. Neuropathy was the main toxidty (see also 
EHects on the Nervous System, p. 841.3). A meta-analysis14 
of vveekly versus 3-weekIy taxane regimens in advanced 
breast cancer found that although the objective response 
rate was better with a 3-week regimen of paditaxel, giving 
the drug weekly produced higher overall survival and was 
assodated with fewer serious adverse eííects. There 
appeared to be lĩttle diííerence between a weekly and a 3- 
weekly regimen for docetaxel, but it vvas impossible to come 
to firm condusions because of scanty data.

The use of weekly paditaxel with radiotherapy is also 
under investígatìon in the management of lung cancer and 
glioblastoma multíỉorme.

For the suggestion that inhibitors of P-glycoprotein (such 
as ddosporin) might be used to boost bioavailability and 
allow the use of oral paditaxel see Immunosuppressants, 
under Interactìons of Docetaxel, p. 782.2.
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Administration in the elderíy. A revievv1 stated tha t da ta 
are contlicting regarding the impact of age on paclitaxel 
dearance. However, studies indicate that both weekly and
3-weekly dosing regimens are íeasible in elderly patients, 
and no dose reduction of paditaxel is needed on the basis 

ị of age alone.
I. Lỉchtman SM, tí at. ln trm atìỡ nal Socícĩy of Geriatric Oncology 

Chemotherapy Taskíorce: evaluation oí chem oĩherapy  in o lder 
patìents—an analysỉs of the medical literature. J  Gìn OiìCOÌ 2007; 25: 
1832-43.

Administration in hepatic impairment. Total bilirubin has 
been shovvn to be a good prediaor of paclitaxel elimina- 
tion capadty and of individual susceptibility to paditaxel- 
related myelosuppression.’

UK Iicensed product iníormation for the conventional 
tormulation of paclitaxel States that there are ỉnadequa e 
data avaUable to recommend dose adjustment in mild 0  

moderate hepatic impairment. Paclỉtaxel is no t reconi- 
mended in patients with severe hepatic im pairm ent. L s 
licensed p rodua iníormation makes recommendatioiis for 
initial dosage adjustment of some paclitaxel regimens in 
patients vvãlh hepatic impairment, accordlng to ơansam i- 
nase and bilirubin concenữations. They suggest the 
conventional {ormulation of paclitaxel should not be 
given if transaminase values are > 10 times the upper lứnit 
of normal (ULN), or if bilirubin is >  7.5 mg per 100 mL or 5 
times the ULN.

In u s  licenscd p rodua iníormation for the albumin- 
bound paditaxel nanopanicle íormulation recom menda- 
tions vary depending on the indication and th e  degree of 
hepatic impairment; in patients vvith aspartate aminotran:;- 
íerase (AST/SGOT) < 10 rimes ULN and the followirg 
bilirubin concentrations:
• bilirubin >ULN to 1.25 times ULN (mild im pairm enti: 

usual initial dose (see Uses and Administration, p. 839.:)
• 1.26 to 2 times ULN (moderate impairment): an  initial 

dose of 200m g/m 2 in breast cancer and 75m g/m 2 iti 
non-small cell lung cancer (NSCLC); not recommended 
for pancreatic adenocarcinoma

• 2.01 to 5 times ULN (severe impairment): an initial doí e 
of 130mg/m2 in breast cancer and 50m g/m 2 in NSCLí ; 
not recommended íor pancreatic adenocardnom a

Treatment vvith the albumin-bound íormulatíon is n< t 
recommended in any patients with AST/SGOT > 1 0  timf s 
ULN or bilirubin > 5 times ULN. Further dose ađjustm en s 
in subsequent cydes are based on individual tolerance; i 1  

severe impairment. an increase up to 200m g/m 2 in brea; t 
cancer and 75m g/m 2 in NSCLC can be considered if t b : 
initial dose is tolerated.

UK licensed p rodua intormation for this íorm ulatio 1  

States that a dose reduction must be considered in  patien s 
with bilỉrubin concentraúons more than  twice the U L Í; 
patients with bilừubin > 5 times the ULN or w it 1  

transaminase concenưanons > 1 0  times the ULN shoul ỉ 
not be ưeated, due to a lack oí data.

1. Joerger M, t í  ai. Saíety and pbarmacology of paditaxeỉ in patỉenu vvir 1  
ỉmpaired lỉver íunaion: ã population phannacokinetic-pharmacod' - 
namic study. B rJ  c/in Pharmacoỉ 2007; 64: 622-33.

Administration in subsequent cycles. In general, iỉ tox  - 
d ty  occurs paditaxel doses are vvithheld until the patier t 
has recovered or symptoms have improved; trea tm ert 
may be restarted at a reduced dose. If the toxidty is persií - 
tent despite dose reductions treatm ent should be stopped.

C o n ven tio n a í paclitaxel should not be given to  patient 5 
wỉth baseline neutrophil counts <  1500 cells/mm3; som : 
manuíacturers also contra-indicate use in patients vvĩt 1 

platelets < 100000ceDs/mm3. In patients w ith Kaposl' i 
sarcoma, conventional paditaxel should not be given t 
baseline neuưophil counts are < 1000 cells/mm3 orplatelet i 
are < 75 000 ceils/mm3. Subsequent doses should not b  : 
given until the neuưophil and platelet counts reach thes : 
values or greater. Patients who have severe neutropeni I 
(< 500cells/mm3 for a minimum of 7 days) or sev er: 
peripheral neuropathy should receive a dose reduction c f 
20% for subsequent courses; for patients vvith Kaposi i 
sarcoma, a dose reduction of 25% is recommended.

A lb u m in - b o u n d  paclitaxel should also not be given t ) 
patìents with baseline neutrophil counts <  1500cells/mm .

All cross-reíerences reíer to entries in Volume A
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• In patients vvith breast cancer, ưeatment is modưied ií 
severe neutropenia or severe sensory neuropathy occur. 
Doses are reduced in steps of 40 mg/m2.

• In patients with non-sm all cell lung cancer creatment 
is modiRed for neutropenia, thrombocytopenia, ot severe 
sensory neuropathy. Doses are reduced in steps o i  
25 mg/m2.

• In patients with pancreatic adenocarcinoma treat- 
ment is moditied for neuưopenia, thrombocytopenia, 
severe peripheral neuropathy, grade 2 or 3 cutaneous 
toxidty, or grade 3 mucositís or dỉarrhoea. Doses are 
reduced in steps of 25 mg/m2.

Reperỉusion and revascularisation procedures. Resteno- 
sis iỉ a parácular problem aíter percutaneous coronary 
revascularisatíon procedures (p. 1259.2) and various drugs 
have been tried íor its preventíon. Coronary stents ứiat 
elute paditaxel eữectively reduce restenosis and have 
been vvidely used, although there is some suggestion that 
ãrolimus-eluting stents may be superior to paditaxel-elut- 
ing stents in terms of dinical outcome and rates of reste- 
nosis.1'3 In a study compared wíth bare metal stents. pacli- 
taxel-releasing stents reduced the risk of restenosis and 
the need for repeat revascularisation procedures, although 
the follow-up rates of death from cardiac causes or myo- 
cardial iníarction were not signiBcantly reduced at 9 
months4 and 1 year.5 However, between 9 months and 1 
year. major cardiac adverse events were signiũcantly 
reduced ih the paditaxel-releasing stent group compared 
with Controls.5 A larger muỊtícentre study4 in patients 
with acute myocardial iníarction conHrmed the rèduced 
risk of restenosis and recuưent ischaemiạ with paclitaxel- 
releasing as against bare-metal stents; no evidence of dif- 
íerences in mortality or stent thrombosis was seen at 1 
year of follow-up. A review7 of various stent designs con- 
duded that saíety of paditaxel-releasing stents was inde- 
pendent of design, dose-density, or presence or absence of 
a polymer canier System; hovvever, those vvithout a poly- 
mer carrier were unable to show a positive effect on clini- 
cal outcome in patients vvith de novo coronary lesions. 
However, in a paclitaxel-releasing stent System, íailure of 
the stent-delivery balloon to deHate has been assodated 
with serious injuries and 1 íatality.* The risk of late stent 
thrombosis may also be increased with drug eluting 
stents,9 although the evidence is controversial,10 and their 
role in complex interventions is not yet established.11-12 

Positive eHects on restenosis ha ve also been reported13 
with use of a paditaxel-coated angioplasty balỉoon.

1. VVlndecker s, tí  ai. Sirolỉmus-elutíng and padiuxel-eluting stcnts ỉor 
coronary revascuIarization. N  Engi J  Med 2005; 553: 653-62.

2. Dibra A. et ai. Paditaxel-eluting or sirolimus-eiutỉng stents co prevent 
restenosỉs ỉn dtabetỉc patỉems. N  Engl J  Med 2005; 353: 663-70.

3. Hofma SH, t í  aí. One year cỉỉnỉcaỉ íollovv up of paditaxel eỉucỉng stents 
for acute myocardỉal iníarctỉon compared w ith sirolimus elutỉng stents. 
Heart 2005; 91: 1176-80.

4. Sione GW, t í  ai. A poỉymer-based, pacỉiuxel-elutỉng stent in patíenis 
wỉch coronary artery disease. N  Engl J  Mad 2004; 350: 221-31.

5. Scone GW, a  ai. O ne-year dỉnical resulcs w ith the sỉow-reieaser 
polymcr-bascd, paclitaxel-duting TAXUS stent: the TAXUS-rV trỉa! 
Grailứtion 2004; 109: 1942-7.

6. Stone GW, t í  a i  H0RI20NS-AM I Trìaỉ Investigators. Paditaxel-eỉutìng 
stents versus bare-metal stents in acute myocardỉaỉ iníarction. N  Engi J  
Med 2009, 360: 1946-59.
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random ừed controỉỉed trials in de novo lesions of 3.319 padents. J  Ịnterv 
Cardiol 2003; 16:485-90.
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FDA perspcctive. N Engỉ J  Med 2004; 351: 1593-5.
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coronary stents. N Engl J  Med 2007; 356: 998-1008.
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and untesied use of drug-eluting stents. JAM A  2007; 297:1992-2000.
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Adverse Effeđs, Treatment, and Precautíons
Paclitaxel ís available as two íormulations: a conventional 
ỉormulation and an albumin-bound form. The two 
íormulations are not interchangeable and one cannot be 
substituted for the other. While adverse eííects are similar, 
the hequency of these ettects can vary between  
íormulations.

Comentional paditaxel commonly produces severe dose- 
limiting myelosuppression, maỉnly neutropenia. The nacUr 
of the white cell count usually occurs aíter about 11 days, 
with recovery usually by day 15 to 21 atter a dose. 
Neutropenia may be less ữequent when inỉusions are given 
over 3 rather than 24 hours. Blood counts shouid be 
monitored ứequently.

Peripheral neuropathy can also be severe, and 
occasionally dose-limiting. Neurotoxidty appears to be 
more írequent and more severe when inhisions are given 
over 3 hours rather than 24 hours. Hypersensitivity 
reactions, with Aushing, rash, chills, dyspnoea, hypotension 
(or hypertension), chest pain, back pain, tachycardia, 
generalised urticaria, and angioedema may occur; anaphy-

laxis has been reported. All patients should be given initial 
premedication vvith corticosteroids, antihistamines. and 
histamine H2-antagonists. Mild hypersensitivity reactions 
do not requữe interruption of therapy, but serious reactions 
(which may be fatal, and can occur despite premedicatlon) 
require treatment to be stopped; patients who have serious 
reactions should not be re-treated vvith paditaxel. 
Conventional paditaxel is íormulated in polyoxyl castor 
oil and it should be avoided ỉn patients hypersensitive to this 
substance.

Cardiac disorders include bradycardia, arrhythmỉas, 
myocardial iníarction, and heart íailure; severe cardiac 
conduction disorders occur rarely and require continuous 
cardiac monitoring.

Gomrnoh adverse eííects indude alopeda, arthralgia and 
myalgia, gasưointestinal diỉturbances. ữansient mild nail 
and skin changes, and elevation of liver enzyme values. 
Iníections are also common. and fatalities have been 
reported. InỊection site reactions and mucositís may occur 
more hequently with the 24-hour iníusion than the 3-hour 
intusion. Maniíestations indude localised oedema, pain, 
erythema, and induration; extravasation may result in 
tissue damage.

Rare adverse events indude íebrile neuttopenia, motor 
or autonomic neuropathy (vvhich can result in paralytic 
ileus and orthostatic hypotension), seizures, encephalo- 
pathy, dizziness, headache, ataxia, severe thrombotic 
events, optic nerve and/or visual disturbances (espedally 
at high doses), ototoxidty, bovvel obstruction or períoration, 
pancreatitis, interstitial pneumonia, and pseudomembran- 
ous colitis. There are reports of hepatic necrosis and hepatỉc 
encephalopathy, some of which have been íatal. Increases 
in bilirubin and blood creatinine have been reported. Severe 
skin disorders include Stevens-Johnson syndrome, epider- 
mal necrolysis, erythema multiíorme, and exíoliative 
dermatitis.

Albumin-bound paditaxel also causes myelosuppression, 
mainly neutropenia vvhich is rapidly reversible and dose- 
dependent. Febrile neutropenia is common. Sensory 
ncuropathy occurs ừequently, but is usually mlld and 
does not generally require dose modiíication. Hypersensi- 
tivity is uncommon, and premedicatìon is not requữed. 
Patients who have a severe hypersensitivity reaction to 
paditaxel should not be given the drug again. Tachycardia 
and arrhythmias occur commonly; bradycardia, cardiac 
arrest, congestive heart íailure, and left ventricular 
dysíunction are rare, but cardiac monitoring may be 
required, espedally if patỉents have underlying cardiac 
disease or previous exposure to anthracydines.

As vvith conventional paditaxel, adverse eíĩects such as 
alopetía, arthralgia, myalgia, gastrointestũial disturbances, 
nail and skin disorders, iníections, and increases in liver 
enzyme values are common. Other common adverse eííects 
include anorexia, hypokalaemia, stomatitis, ílushing, 
hypertension, oedema (induding lymphoedema), dys- 
pnoea. epistaxis, cough, rhinitis, rhinorrhoea, íatigue, eye 
disorders, vertigo. and pain. Headache, ataxia, dizziness, 
dysgeusia, ũisomnia or somnolence, depression, and 
arixiety are also common.

Rare adverse effects indude hypotension, thrombotic 
events, injection site reactíons, and interstitial pneumonia. 
Other uncommon adverse ellects indude glucose and 
electrolyte disturbances, ỉncreases in bilirubin and blood 
creatinine, and urínary disorders. There have been rare 
reports of saoke and ưansient ischaemic attacks, cranial 
nerve palsỉes, and vocal cord paresis.

Both conventional and albumin-bound paclitaxel should 
be used with caution in patients with hepatic impairment 
(see Administratìon in Hepatic Impairment, p. 840.3).

Akohol intoxicotion. Acute alcohol intoxication resulting 
from high-dose paditaxel iníusion has been reported;1 it 
was calculated that the dose used (348mg/m2) supplied 
50 mL of alcohol, or the equỉvalent of about 3 drinks (half 
a bottle of wine).

1. VVUson DB, t t  al. Pacỉiuxel ỉorm ulation as a cause of ethanol 
ỉntoxicaổon. A m  Pharmaeoứưr 1997; 31: 873-5.

Effecb on the eyes. Optic neuritis has occurred vvith padi- 
taxel. There is a report of glaucoma possibly related to the 
use of docetaxel and paclitaxel in a patient also receiving 
cortlcosteroids.1

’1. Fabre«Gulỉlevỉn E, rt ai. Taxane*induced glaucoma. Laneet 1999; 354: 
1181-2.

Effeds on the heart. Inỉusion o i  paditaxel has been asso- 
tíated with sinus bradycardia, atríal arrhythmias, ventri- 
cular tachycardia, heart block, myocardial iníarction, and 
sudden death.1-2 Symptoms of heart ỉailure ha ve been 
reported.5 In another report sudden death 7 days after 
paditaxel treatment raised the question of vvhether padi- 
taxel might have had a delayed effect.4 There is some evi- 

• dence of cellular damage to the myocardium of a patient 
with paditaxel-assodated cardiac symptoms.3 Licensed 
product iníormation notes that severe cardiovascular

events have been seen more hequently after the use of 
paclitaxel ịn patients with non-small cell lung cancer than 
in those with breast or ovarian cardnoma.

1. Rowiníky EK. rí tí. Cardiac diỉtuibinccs during che adm inútration af 
taxol. ]  à in  Oncol 1991; »: 170+-12.

2. Arbuck SG. <t ai. A reassessment oỉ cardỉac tox ỉd ty  assodaced with 
TaxoL J Natl Carưtr Inst Monogr 1993; 15: ỉ 17-30

3. ickunen A. et ai. Padỉtaxd-ỉnduced myocardỉal damage detected by 
electron microscopy. Lancet 1994; 343: 727-8.

4. Aỉagaratnam TT. Sudden death 7 days aftcr padỉtaxel iníusỉon íor breasi 
cancer. Uneet 1993; 342: 1232-3.

Effects on the musculoskeletal System. For discussion oỉ 
paditaxel-induced arthralgia and myalgia (aỉso reỉeưed to 
as paditaxel-acute pain syndrome), and its assoõatíon 
with neuropathic pain, see Etíects on the Nervous System, 
belovv.

Eíỉects on the nervous System. Neurotoxicity, usually 
maniíesting as cumulative sensory peripheral neuropathy, 
is the most important non-haematologỉcal toxidty asso- 
dated with use of paditaxel, partìcularly vvhen given in 
vveekly dose-dense regimens,1 where it is often dose-lưnit- 
ing (see also Adminisưaúon, p. 840.2). The risk appears to 
be greater in older patíents, those with diabetes, and those 
with co-existing alcohol abuse. Motor neuropathy is much 
less conunon than sensory symptoms, vvhich may induđe 
numbness, paraesthesia, and buming sensations in a sym- 
metric glove-and-stoddng pattem that usually aỉtects the 
lovver limbs íỉrst. Orthostatic hypotension, arrhythmias, 
and ileus have sometimes been reported as possible signs 
of autonomic neuropathy. Although mild sensory neuro- 
pathy is generalỉy reversible vvithũi a few months, more 
severe cases may persist much longer. Treatment optìons 
are lacking and dose monitoring oỉ patìents to avoid the 
development of severe symptoms is important,1

Paditaxel-acute pain syndrome (also called paditaxel- 
induced arthralgia and myalgia), bas been described as a 
dilíuse aching discomỉort that is most often ỉelt in the legs, 
hips, and lovver back. Symptoms usually develop over 1 to 4 
days of ơeatment and jesõlve over a similar timeframe. It 
has been noted that the intensity of pam íelt vvith the fint 
paditaxel intusion appeared to predict the later severity oí 
sensory-predominant peripheral neuropathy (particularly 
shootìng or buming pain) that gradually developed over a
12-week course of therapy, supporting the hypothesis that 
paditaxel-acute pain syndrome is a form o! neurotoxidty.2-3 
Gabapentin has been reported to be of beneflt in the 
management of taxane-induced arthralgia and myalgia.4'3

Acute encephalopathy, maniíesting betvveen 5 hours and 
16 days atter intusion. has also been reported rarely in 
patients given paditaxel.6 Symptoms have induded 
disorientation, mood disorders, language disorders, delir- 
ium, hallucinations, and coma.

1. Mielke s. et đỉ. Pertphcral neuropathy: a p m ỉstln g  chaĩlenge in 
padỉuxeỉ-based rcgimcs. Eur J  Canar 2006; 42: 24-30.

2. Loprinú CL. et aỉ. Natural history oí paditaxeUassodated acute pain 
syndromc: prospectíve cohort study NCCTG N08C1. J  ơ m  Ortcol 201 ỉ; 
29: 1472-8.

3. Reeves BN. et a i  Purther data supportíng thatpaditaxeNassocỉated acute 
paỉn syndrome Is assocỉated wiih devclopment of pcripheral ncuro- 
patby: North Central Cancer Treacment Group triai N08C1. Cancer 2012; 
118:5171-8.

4. van Deventer H. Bemard s. Use oỉ gabapemỉn co ữeat úxane-induced 
myaỉgias. J  Qin Oncoỉ 1999; 17:434-5.

5. Nguyên VH, Lawrence HJ. Use of gabapentin in the  prevention of 
taxane-ỉnduced arthralgỉas and myaỉgias. J  Qin O nal 2004; 22:1767-9.

6. Lachkar s. et aỉ. Encéphaỉopathỉc aỉgue après lnjccdon de pacỉỉtaxeL Rev 
Mai Rcspir 2006; 23: 73-7.

Effects on the respiratory System. Acute bilateral inter- 
stitial pneumonitís has been reporteđ rarely in patients 
receiving paditaxel, despite premedication tvith corticos- 
teroids and histamine antagonists.1 Symptoms resolved on 
treatment with parenteral corticosteroids.

1. Khan A. tt  al. Paditaxd-induccd acutc biỉaceral pneumonỉtis. Ann 
Pharmacoỉhtr 1997; 31: 1471-4.

Effeds on the skin, hair, and nails. Nail changes, noted as 
pigmentation or discoloration of the nail-bed, may occur 
vvith paditaxel. Onycholysis (separatìon of the nail bom  
the nail-bed) has also been reported.1 Discoloration and 
onycholysis can also occur after docetaxel use, and there 
are reports of subungual hyperkeratosis and haemorr- 
hage.2̂

Localised oedema evolving into skin sderosis, mimiddng 
systemic sderosis, has been reported after taxane use.5-6 In 
most patients, the sderosis developed mainly on the 
extremities, and espeđally the lovver extremities. Joint 
contracture may occur. The total cumulative dose of the 
taxane may contribute to the onset.5

Severe and breversible alopeda has been reported after 
use of docetaxel or paclitaxel in patients with breast cancer.7

ỉ . Flory SM. t í  ai. Onycholysls assodated wich weekỉy adm inừtradon o( 
p ad iu x d . A m  PHarmaather 1999; 33: 584-5.

2. Wasner G, t í  ềl. d ỉn icaỉ picnirr. naỉỉ changes secondary to  doceuxeỉ. 
Lanctí 2001; 357: 910.

3. Pavithran K. Doval DC. Naỉl changes due to docetaxeỉ. Br J  DermatOi 
2002; 146: 709-10.

4. Leonard GD, Zujewski JA. Docetaxel-related skỉn, nail, and vasculai 
toxiđty. Ảnn pharmaaothrr 2003; 37: 148.
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5. ỉtohM , <fa/.Taxane-inducedsderodennâ..BrJDermạíol 2007; 156:363-
7.

6. Takahashi T, ứ  a ỉ. A case of taxane-induced sderoderm a: s  diữerent 
expression proSle of F1ỈI proteỉns in  den n a l Hbrobỉasts and 
mỉcrova$cuUr endothelỉaỉ ceQs compared w ith systemỉc sdcroás. Br J  
Dermatoi 2011; 164: 1393-5.

7. Prevezas C .tía L  Ineversibỉe and  severe aỉopeda foIlowing docetaxcl or 
pacUtaxel cytotoxlc theiapy for breast cancẽr. Br J  Dermatoỉ 2009; 160: 
883-5.

Hypersensitivity. Despite premedicatìon with corticoster- 
oids, antìhistamines, and H2-antagonists, hypersensitivity 
reactions are conunon in patients given convenúona l 
paditaxel; up to about 40% oỉ patients may have a mild 
reaction and about 2% a severe reactíon. Fatalities have 
been reported. There are rare reports of delayed hyper- 
sensitivity reactions with paclitaxcl; necrotic ulceration 
has occurred, vvithout evidence of exuavasation.1 Some 
consider the cause to be the polyoxyl castor oil diluent íor 
paditaxel and docetaxel has been suggested as a suitable 
altemative.2 However, hypersensitivity reactions have also 
occurred with docetaxel and taxane cross-reacãvity has 
been reported.3’4 Although the manuỉacturers of both 
drugs consider íurther use to be conưa-indicated aíter a 
severe reaction, sttategies for continuation of treatment 
and desensitìsation have been described.5-6

Hypersensitivity reactions to paclitaxel-eluting stents 
have also been reported;7 however, the inádence is low, 
and some consider the polymer coatíng of the stent to be the 
likely cause.*

ỉ .  Beri R, t í  aL Severe dermaiologic reaaỉons at multìple sites aíier 
p a d ỉu x e l âdministration. A m  PhđTmacother 2004; 38: 238—41.

2. B em stdn  BJ. Docetaxel as an altem adve to pacỉỉtaxel aíter acute 
bypersensitỉvỉty reactíons. A m  Pharmacơther 2000; 34: 1332-5.

3. D enm an JP, tí  aỉ. Hypersensỉtivity reactỉon (HSR) to docetaxeỉ aíter a 
previouỉ HSR to pađ itaxd . J Cỉin Otưol 2002; 20: 2760-1.

4. Karacan ổ ,  t í  ai. Acutc ỉnterstỉtìal pneum opaihy assoòated vvich 
docetaxeỉ hyperseraỉtỉvity. Onkoỉogie 2004; 27: 563-5.

5. M aikm an M, et ai. Paditaxel-assodated hypersensitỉvity reactìons: 
experience oí the  gynecologỉc oncoỉogy program of the Cleveland Clinic 
Cancer Center. J ơ in  Oruoi 2000; 18: Ỉ02-S.

6. Feldweg AM, tí ai. Rapid desensttũation ỉor hypersensiiỉvỉty reaa io ro  to 
padiỉaxeỉ and docetaxeỉ: a new  Standard protocoỉ used ỉn 77 sucressíuỉ 
treatxnents. Gyneeoì Onal 2005; 96: 824-9.

7. Nebeker JR. t í  ai. Rypersensỉtivity cases assodated with drug-eiuting 
corooary stents: a revỉew ol avaiỉable cases ừom  the Research on 
Adveise Drug Events and Reports (RADAR) prọịect. J  Am CoU Cardỉol 
2006; 47: 175-81.

8. Azaibal B, Curtier JW. Aỉỉergỉc reactions aher the implantation of drug- 
elutíng stents: is ít ỉhe  pũỉ or the polymer? J  Am CoU Cardiol 2006; 47: 
182-3?

Porphyrio. The Drug Database íor Acute Porphyria, com- 
piled by the Nonvegian Porphyria Cenơe (NAPOS) and 
the Porphyria Centte Svvedea dassihes paditaxel as possi- 
bly porphyrinogenic it should be used only when no saíer 
altematíve is avaỉlable and precautỉons should be consid- 
ered in vulnerable patìents.1

1. The Dnig Database for Acute Porphyria. Available ai: h ttp://w w w . 
drugs-poiphyiia.org (accessed 05/09/11)

Pregnancy. Padỉtaxel has been shown to be embryotoxic 
and ỉetotoxic in anìmal studies, but, although the use oỉ 
potentially teratogenic drugs would normally be avoided 
duiing pregnancy, the risk to the mother of úiadequate 
ưeatment may outweigh whatever risks exist of abnormal- 
ity in the íetus. A retrospective study1 of 15 women who 
were given taxane chemotherapy for breast and ovarian 
cancer during the second and third trimesters of 
pregnancy ỉound no diHerences in birth-vveight, gesta- 

' tional age at delivery, rate of grovvth restrictìoa congenital 
anomalỉes and inãdence oỉ matemal and neonatal neutro- 
penia ỉor taxanes when compared vvith conventional 
chemotherapy. A systemaác revievy2 of taxane use for 
ovarian cancer duiing 12 pregnandes (11 íor paditaxel 
and 1 for docetaxel) ỉound that in 92% oỉ cases a healthy 
child was bom; in 6 out of 8 cases vvith survival data, the 
mother was alive and disease free at the end of follow-up 
(median 20 months, and ranging from 9.75 to 45 months). 
The authors conduded that taxanes may be valuable ỉor 
treatment o í ovaiian cancer duríng the second and third 
trimesters, but use in early pregnancy is assodated tvith 
an incxeased risk of abortion or congenital abnormalitìes.

Oligohydramnios has been reported3 with paditaxel in a 
pregnant woman with breast cancer. From 24 vveeks of 
gestatíon the patient received ỉour cydes oí doxorubidn and 
cydophosphamide and vvas then started on a vreekly 
regimen of paditaxel; growth íaaor support was given 
throughout chemotherapy. Oligohydramnios was noted 
after the íourth week of paditaxel. A healthy inỉant was 
delivered at 36 weeks of gestation.

1. CardoDÌck E, rt al. Maternal and íc u l outcomes of u x an e  chcmoứicrapy 
. in  brcast and ơvarian cancrr dunug prrgnancy: casc scrics and rcvirvv oí

che llterature. Á m  O nal 2012; 23: 3016-23.
2. Zagouri F, ứ  al. Taxanes íor ovacian cancer durỉng pregnancy; a 

syăem atic revlew. OncHoỊỊ 2012; S3:234-a.
3. shieh MP, M ehta RS. OKgohydiamoios assodated vvith adrainistration 

of weekly padhaxel for Diple-ncgative breast cancer during pregnancy. 
A m  O nal 2011; 22:2151-2 .

Sỉdde-cel disease. A patìent with previously undiagnosed 
ãckle-cell disease had a painỉul crisis after being given I

All cross-reíerences reíer to entries in Volume A

conventional paditaxel as part oí a chemotherapy regimen 
íor breast cancer.1 It was undear u the reaction was due 
to paditaxel or its vehide, and whether an altematíve tax- 
ane or albumin-bound paditaxel would cause a similar 
e£fea.

1. Wflson NM, t t  ai. Paclltaxeỉ-ỉỉiduced sỉdde cell a ỉsỉs. Am J  Heaỉth-Syst 
Pharm 2008; 65: 1333-6.

Interactions
For a general outline of antineoplastic drug interactions, see 
p. 733.3. Pretreatment vvith cisplatin may reduce the 
dearance of paditaxel, resulting ỉn increased toxỉdty, and 
tvhen both drugs are given, paditaxel should be given Ềrst.

Paditaxel is meubolised by the cytochrome P450 
isoenzymes CYP2C8 and CYP3A4. No dinically relevant 
interactions with other CYP2C8 subsơates are likely. While 
use with ketoconazole (a potent inhibitor of CYP3A4) does 
not aííect paditaxel eliminadon, data are ỉimited on use 
with other CYP3A4 inhibitors or inducers. and caution is 
advised vvhen paditaxel is used with these drugs.

AnHneoplastics. For relerence to enhanced cardiotoxicity 
when paditaxel was given vvith doxorubiãn, see p. 785.2. 
For the pharmacokinetic changes reported vvhen paclitaxel 
was given vviih ỊỊemátabini, see p. 802.1.

Preưeatment with Ịluorouracil has been reported to 
inhibit paditaxel's cytotoxic action, possibly by preventing 
tumour cells from entering the Gj-M phases oí the cell 
cyde.1 The e íle a  also occurred when the 2 drugs w ere given 
simultaneously, suggesting that combinarion therapy might 
not be appropriate.

Valspodar inhibits P-glycoprotein, and a pharmacokinetic 
study2 ỉound that it decreased dearance of paditaxel and 
prolonged the terminal half-life, increasing exposure to 
paditaxel and myelosuppressive elíects. The authors 
suggested that the dose oỉ paditaxel may need to be 
reduced by about 60%.

Vaiiable eííects on paclitaxel pharmacokinetics have 
been seen when it has been given with carboplatin plus 
sorafenib; see under Interacúons oí Soraíenib, p. 858.2.

1. Johnson KR. t í  aì. 5-FluorouradI interỉercs with p ad luxe l cytotoxidty 
against hum an soỉid tum or cclls. Clin Cancer R a  1997; 3: 1739-45.

2. Advani R, tí  ai. A phase ] triaỉ oí doxorubidn, padỉiaxeỉ, and valspodar 
(PSC 833), a raodulator of muliidrug resỉstance. ơ in  Cartar Res 2001; 7: 
1221-9.

Antiretrovừals. In a parient given varìous antiretrovirals 
during paditaxel ưeatmem for Kaposi's sarcoma, pharma- 
cokineúc parameters of paditaxel were not signihcantly 
dưỉerent when compared with historical conơols.1 The 
first cọurse of therapy combined paditaxel with lamivu- 
dim , stavudim, and the HTV-protease inhibitors ritonavir 
and saquinavir. In subsequent courses. paditaxel was given 
with mvirapine, and the Bnal course consisted of paditaxel 
given with ritonavir and indinavir.

Hovvever, licensed produa iníormation for paditaxel 
States that studies suggest that systemic dearance of 
pađitaxel was signihcantly lower in the presence of 
m lpnavir and ritonavdr, but not indinavir, and that 
paditaxel should be given with caution to patients taking 
HTV-protease • inhibitors. HlV-protease inhibitors are 
metabolised by the cytochrome P450 isoeiưyme CYP3A4, 
but are also reported to inhibit CYP3A actìvity. This may 
lead to increased adverse effects when given with taxanes; 
the combination of delavirdim  and saquinavữ has been 
reported to cause serious mucositìs, severe myalgĩa, 
alopeda, and leucopenia when given with paditaxel.3 In 
other case reports. one patient tolerated lopinavir, ritonavừ, 
delavữdine, and didanoỉine vvithout complications until the 
addition o( padltaxel caused fatal toxidty. In another 
patient taking indinavir, rítonavir, stavudine, and lamivu- 
dứie, the addítion of paclitaxel caused proỉound cytopenia 
and total body alopeda; ỉurther courses of paditaxel were 
given at a reduced dose vvith no sequelae.*

1. Nannan Panday VR. tí al. Padhaxel in the treatm ent of huroan 
im m unodeũdeucy virus I-assodated Kaposrs sarcoma— drug-drug 
ỉmeractions vrith protease inhibiton and a nonnudcoside reverse 
tnnscriptase inh ỉb itor a case rcport study. Cancer Oiemother Pharmacol 
1999;43:516-19.

2. Scbwartz JD, tí  ai. Potendaỉ im eraction oi an tỉretrovỉnl therapy with 
p ad itaxd  ỉn patỉents w ith AIDS*reỉated Kaposỉ's sarcoma. AŨ)S 1999; 
13: 283-4.

3. Bundow D. AboulaHa DM. Potenúal drug uuenctỉon  w ỉth p a d ỉu x d  and 
hỉgbỉy actìve antíreưovữal therapy in rvvo patíents w ỉth AIDS-assodated 
Kaposỉ sarcoma. Am J  ơ ỉn  Oncữỉ 2004; 27: 81-4.

Immunoỉuppressanh. For the eíỉect of ddosporìn on the 
oral absorption of paditaxel, see Immunosuppressants, 
under Interactions of Docetaxel, p. 782.2.

For the effects oỉ valspodar (an analogue of ddosporin) 
on paditaxeL see Antineoplastics, above.

Pharmacokinetics
Intravenous paditaxel exhibits a biphasic dedine in plasma 
concentratìons, with a mean terminal half-life of anywhere 
betvveen about 3 and 50 hours. The phaimacokinetics are

non-linear. The steady-state volume of distribution is 
reported to lange from 200 to 700 litres/m2, indicati Ig 
extensive extravascular distribution, tìssue binding, or bo I h. 
Paditaxd is 89% of more bound to plasma protein in  vii -o. 
The elimination oỉ padỉtaxel has not been íully eluddati d; 
only about 1 to 12% of a dose is reported to be excreted in 
urine, as unchanged drug, indicating extensive non-renal 
dearance. Paditaxel is metabolised in the liver, with t i e  
major metabolic pathvvay apparently mediated by tae  
cytóchrome P450 isoenzyme CYP2C8, although CYP3A4 
may play a minor role. Metabolites are excreted in n e  
íaeces Via the bile, the primary metabolite being t o- 
hydroxypaditaxel.

The dearance and volume oí distributìon of albumĩn- 
bound paditaxel nanopartìdes are reported to be markedy 
greater (by about 45 and 5 5 % respcctively) than those frc m 
conventional íormulations. In addition, the hraaion of h  :e 
(unbound) paditaxel in the blood has been reponed to 3e 
higher than with conventional paditaxel.

Reíerences.
1. Sonnichsen DS. RelIingMV. Clinical pharm acokinetics of paclítaxel. ( lin 

Pharmaeokinữ 1994; 27: 256-69.
2. Walle T. tí aỉ. Taxol metaboiism and dlspositỉon in cancer patients. D -ug 

Metab Dispos 1995; 23: 506-12.
3. Sonnichscn DS, tí  al. VarỉabQỉty in h um an  cytochrorae P450 p a d iu  cd 

metaboỉism. J  Pharmacoỉ Éxp Ther 1995; 275: 566-75.
4. Henningsson A. et ai. M echanism-based pharm acokinetỉc model :or 

pacỉitaxẽl. SCỈin Orưol 2001; 19 :4065-73.
5. Gerritsen-van Schỉeveen ĩ .  Royer B. Suivi T hérapeutlque Pharm a :o- 
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Preparations
Propríetary Preparationí (details are given in Volume B)

Single-ingredient Preparalions. Arg.\ Asotax; Clitaxel; Dalys; D ri- 
len; Erioxal; Padikebừ; Paditeva; Paklitaxhl; Panataxel; Tarvc x- 
ol; Taxocrís; Taxol; Taycovit; Austraỉ.: Abraxane; Anzati x; 
Taxoi; Austria: Ebetaxel; Taxol; Beìg.: Paditaxin; Paxeni t; 
Taxol; B r a z Bỉopaxel; Evotaxel; Ontax; Onxel; Paclitax; Pan- 
tium. Paxexel; Tarvexol; Taxilan; Taxol; Tevapadi; Cana l :  
Abraxane; Taxol; chile. Biitaxol* Oncoplaxelt; Praxel; Taxodi }1; 
Chinar. Anzatax Li Pu Su (^JÍhjR); Medaxol (^5í);
Taxol (3fcR); Te Su (# ỉỉ ) ;  Cz.: Abraxane; Anzaux; Brevitíx; 
Egilitax; Eủcol; OncoTax; Onxolt; Padimedac Padine; Pax- 
cnef; Taxol; Dcnm.: Abraxane; CantaxelỶ; Paclimedac Tailh 
Fin.: Paditaxln; Taxolt; Fr.: Abraxane; Paxenet; Taxol- Ger.: 
Abraxane; Axitaxel; Bendatax; celltaxel; NeoTaxant; Pac ỉt; 
Ribotax; Taxolỷ; Taxomedac Gr.: Abraxane; Biotaxel; Cedal; 
Oncotaxen; Ovapac Padine; Padit; Paditaxin; Paditol; Padix íl; 
Pataxeb Paxene; Paxital; Ribotal' Taxogen; Taxol; Taxopnl; 
Xenius; Hong Kong: Anzatax; Ebetaxel; Intaxelt; Sindax:!; 
Taxol; Hung.: Genexol; Intaxelt; Paxenet; Taxolt; In d a :  
Abraxane; Ãitaxet Betaxel; Cansùre; Cantaxel; Celtax; Cyti x; 
Dutaxel; Intaxeb Mỉtotax; Nanoxel; Napro-Tax; Neotaxl; Onco- 
taxel' Padicad; Padiron; Paditax; Paditec; Paclitrust’ Petaxd; 
Indon.: Anzatax; Ebetaxel; Paxus; Sindaxel; Taxolỷ; I r t:  Abrax- 
ane; Cantaxel; Ebetaxel; Palat; Paxene+; Taxolt; Israel: Bi o- 
taxf; Ebetaxel; Medixel; Padiavenin Ital.: Anzatax; Taxol; Jpte  
TaxoL Malaysiar. Anxatax; Pormoxol; Micotax; Taxol; Aíe 
Adixelt; Acoexcel; Asotax; BrisTaxol; Cryoxet; Daburex; Ha X- 
oIf; Padisan; Praxel; Neth.: Abraxane; Paditaxúi; Paxen<+; 
Taxob Norw.: Abraxane; NZ: Abraxane; Anzatax; Taxol; Pì i- 
lìpp.: Intaxel; NanoxeL' Napro-Tax; Paditaxin; Palitax; Pax;l; 
Taxolt; Unitaxel; PoL: Abraxane; Poltaxelt; Sindaxel; Tax >1; 
PorL: Abraxane; PaxeneT; Taxobine; Taxol; RtíS.: Abìta; el 
(ASHTaxcen); Intaxel (Hmaxcea); Mitotax (MirnrraKc); Padinx 
(namirraxc); Paclitcra (Ilaxmrrepa); Paxene (ĩlaKceH); Sinda: el 
(CHS/caxcea); Taxacad (Taxcaxaa); Taxol (Taxcoa); S~Afr.: An; a- 
tax; Biolyse; Ebecaxel; Paxitas; Paxitas; TaxoL' singapore: A( li- 
pak; Anzatax; Ebetaxel; Genexob Mitotax; Paditaxin; Tax 
Spain: Abraxane; Paxenet; Taxob Swtd.: Abraxane; Paxeni f; 
Taxolị; Switz.: Taxol' Thai.: Anzatax; GenetaxyL' Inoxel; Inta x- 
et Oncotaxelt; Paditaxin; Paxoll; Praxeb Sindaxel; Tax >L' 
Turk.: Anzatax; Ebetaxel; Taksen; Taxol; Vltax; UK: Abraxai e; 
Paxenet; ukr.: Mitotax (MHTOTaxc); USA: Abraxane; Onxo t; 
Taxolt; Venez.: Clitaxel; Intaxel’ Paditax.

pharmoeopoekil Preporaiions
USP 36; Paditaxel Injectíon.

Palifosfamide luSAN.riNN)
IPM; Palifbsfamida; Palifosfamidum; ZIO-201; nannộoccịn- 
MMfl. ■' ■ v
N//-Bis(2-chloroethyl)phosphorodiamidic acid.
Q H l lCI2N2Oi P=221.0
CÁS -  31645-39-3.
ÚNII — 6MU6NN813.

Profile
Paliíosỉamide is an active metabolite of Uosíamide (p. 806 1) 
that is under investigation íor the ưeatment of soft-tiss ìe 
sarcoma.

http://www
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Panitumumab (BAN, USAN, riNNi
ẦBXrEGF; E7.63; Panitumumabum; rHuMAb-EGFr; ĩlaHMTy-
MyMaõ.
Immunoglobulin, antKhuman epiderrnal grovvth íactor 
recèptor) (human monoclonal ABX-EGF heavy Chain), 
disulfiđe w ith  hunrian monodonal ABX-EGP light Chain, 
dimer.
CAS — 339177-26-3.
ATC — L01XC08.
ATC Vet — QLOỈXC08.
UNII —  6A90IE312A

Stability. Panitumumab was physically stable when stored 
for 14 days at 4 degrees in eitber PVC inỉusion bags at a 
concentration of 2.5 mg/mL in sodium chloride 0.9%, or 
the opened origúial glass vial a t a concenưatíon of 
20mg/mL.1

1. ũcesue H. t í  ai. StabUỉty oí cetuxỉmab and panỉtumumab ỉn glass vials 
and potyvỉnyỉ chloride bags. Am J  Heaỉth-Syst Pharm 2010; 67: 223-6.

Uses and Admỉnistration
Panitiunumab is a recombinant human monoclonal 
antíbody'that binds to the epidermal growth íactor receptor 
(EGFR). Like cetuxứnab (p. 762.3), panitumumab can 
thereỉore aỉfect cell grovvth regulation and angiogenesis in 
parients ývith vvild-type (non-mutated) RAS (rat sarcoma) 
oncogenébut it is ineííective in  patients who have RAS gene 
mutations. It is úsed in the treatm ent of EGFR-expressing, 
RAS wild type, metastatìc colorectal cancer (p. 706.3) either 
vvith Duoropyriinidine-containing chemothẽrapy as first- or 
second-line therapy, or as monotherapy in patỉents with 
disease progression aỉter Đuoropyriniidine-, oxaliplatin-, or 
irinotecan-containing regimens.

The recom m ended dose is 6m g/kg given as an 
intrâvenous Inỉusion every 14 days. Doses up to and 
induding 1 g are given in 100 mL sodium chỉoiỉde 0.9% 
over 60 m inutes vvhereas doses above Ig  are diluted in 
150 mL and given over 90 minutes; the final concentratíon 
of the inỉusion should not exceed lOmg/mL. The infusion 
should be given Via an iníusion pump using a lovv-protein- 
binding 0.2 or 0.22 micromeưe in-lỉne Đlter. It may be given 
through a perípheral line or indvvelling catheter; the line 
should be ũushed with sodium chloride 0.9% beíore and 
after giving panitumumab. The iníusion rate should be 
reduced by 50% in patients vvho have a mild to moderate 
inlusion reaction. and stopped immediately and perma- 
nently if a severe reaction õccurs.

Panitumumab should be vvithheld ư severe dermato- 
logical toxidty develops, and permanently stopped ư 
toxidty does not improve w ithin 1 month. ư  toxiđty 
improves aíter vvithholding no more than 2 doses of 
panitumumab, ưeatm ent may be restarted, either at the 
same dose or at a reduced dose; recommendations for dose 
modiCcatìons vary betvveen countries.
Reíerences.
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cancer. Aliment Pharmacol Ther 2008; 28: 269-81.

6. Hecht JR. tí  aỉ. A randomixed phase OIB Irial of chcmotherapy, 
bevacưumab, and paniiumumab compared vvỉth chemoỉherapy and 
bcvacirumab alone ĩor metasutìc coiorecuỉ cancer. J  Cỉin Oncol 2009; 
27: 672-80.

7. Peeters M , t í  ai. Assoảation of progression-tree survivaỉ. ovcrall survival, 
and paiieM-reported outcomes by skin toxiđry and KRAS status in 
patỉents receỉving panỉtumumab monotherapy. Cancer2009; 115:1544- 
54.

8. Keatỉng GM. Panitumumab: a review oỉ ỉts use in metastatic colorectaỉ 
cancer. Drugs 2010: 70: 1059-78.

Adverse Effects, Treatment, and Precautions
As ÍOT Cetuximab, p. 763.1, although the use oí 
premedication for prevention oỉ inhision reactions with 
panitumum ab has not been standardised. The inỉusion rate 
should be reduced by 50% in patients who have mìld to 
moderate inỉusion reactions and this lovver rate should be 
maintained for subsequent inhisions. ư  a severe reaction 
occun, th e  drug should be stopped immediately and 
permanently. Fatal angioedema has been reported. In 
patients who developed skin reactions, iníectious complica- 
tions induding abscesses and sepsis, also in some cases íatal, 
have been reported. Fatigue is very common, as is 
paronychia; the latter may be severe enough to requữe 
stoppage of therapy. Panitumumab should no t be used in 
patients w ith interstitial pneum onitiỉ or pulmonary hbrosis, 
and therapy should be pennanently stopped in patients who

develop interstitial lung disease, pneumonitis, or lung 
inGlưates; íatallties have been reported. Eye disorders are 
common and indude conịunctivitis, ocular hyperaemia, 
increased lachrymation, dry eye, eye pruritus, and eyelash 
grovvth. There are rare reports of keratitú and ulcerative 
keratitis with panitumumab, and therapy should be 
interrupted or stopped ư this occurs; contact lem  use is a 
risk ỉactor tor development of keratitis and ulceratiọn.

Wild-type RAS  (tat sarcoma oncogene) status should be 
conhnned belore starting ữeatment as panitumumab ũ  
ineíỉective in patients who have RAS  mutations. 
Panỉtumumab should not be used with some chemotherapy 
regimens; for detailỉ oỉ the adverse eíĩects assoóated vvith 
such combinatiom, see Interactions, belovv.

Effecls on the sldn, hair, and nails. For reỉerence to cuta- 
neous adverse eííects of epidermal growth ỉactor receptor 
inhibitors, induding panitumumab, see under Cetuximab, 
p. 763.2.

Hypercensirivity. Although infusion reactions and hyper- 
semitivity have been reported with panitumumab (see 
above) there ís evidence hom a Iimited number of patients 
that there is no cross-sensitivity betvveen panitumumab 
and cetuximab,1'4 and that thereíọre the íormer can be 
used in those with severe reactions to the latter. Successỉul 
use of cetuxhnab in those with reactiom to panitumumab 
has also been reported.’ Despite this, ỉatal hypersensitivity 
reactions have occurred after panitumumab; one was in a 
patỉent who had previously reaaed to cetuximab.6

1. Carm right TH, G enther R. Successíul administratìon of panỉcumumab 
aỉone aỉter severe ỉníusỉon reactỉon to cetuximab in a patient wỉth 
m etasatíc  colorectaỉ canceT. Clin Caloreơaỉ Cancer 2008; 7: 202-3.

2. Saỉí MW, t í  al. Successlul re-diallenge w ith panitumumab ỉn patíents 
who developed hypexsensitívỉty reactỉons to cetuxỉmab: report õ ỉ three 
cases and rcview o ỉ lỉterature. Cancer ơianothcr Pharmacol 2009; 63: 
1017-22.

3. Langerak A. t í  ai. Panitum um ab m onotherapy ỉn padents w ỉth 
metastatíc colorectaỉ cancer and  cetuxỉmab iníusion reactỉons: a serỉes of 
four case reports. ơ in  Cobrectal Cattcer 2009; 8: 49-54.

4. Nỉelsen DL t í  ai. Síx cases of treatment w ỉth panỉtum um ab ỉn patỉents 
w ith severe hypersensỉtỉvity reactions to cetuxỉmab. A m  O nal 2009; 20: 
798.

5. Saỉĩ MW, t í  aỉ. Successíuỉ desensỉtỉzatỉon wỉth cetuxỉmab aíter an 
inỉusỉon reactỉon to  panitum um ab in padents wỉth metastatỉc coỉorectal 
cancer. Cattctr Chemõứưr Pharmacot 2009; 65: 107-12.

6. MHRA/CHM. Panitum um ab (Vcaiblx); serious hypersensitỉvity reac- 
dons. Drug Saftíy Update 2010; 3(10): 8-9. Availabỉe an  h ttp ://w w w . 
m hra.gov.uk/hom e/idcplg?IdcServ ice=G H T _PIL E & dD ocN am e** 
CON081866& R evÌ$ionSeỉectionM ethodsLatestReỉeased (accessed 
26/05/10)

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Porphyria Centte (NAPOS) and 
the Porphyria Centre Svvedea classihes panitumumab as 
not poiphyrinogenic; it may be used as a drug of Srst 
choice and no precautions are needed.1
*1. The Drug Database ío r Acute Porphyria. AvaUable an  h ttp ://w w w . 

drugs-poĩphyria.org (accessed 29/09/11)

Interadions
• Panitumumab should not be used with some chemotherapy 
regimens. A high incidence of severe diarrhoea occurred in 
patỉents given panitumumab with ỉluorouradl, ỉolinic add, 
and irinotecan (the IFL regimen, see Table 1, Common 
Chemotherapy Regimens for Malignant Disease, p. 719). 
Increased toxicity and risk of death occurred when 
panitumumab was given with bevadzumab. A reduced 
survival-time was reported in patientỉ with tumours 
expressing RAS gene mutations or vvith unknown RAS 
status who were given panỉtumumab with oxaliplatin- 
based chemotherapy for metastatic colorectal cancer.

Pharmacokinetics
The pharmacokinetics of panitumumab are reported to be 
non-linear. Steady-state concenưations vvere reached by 
the thữd iníusion with the recommended dose regimen. 
The eliminatlon haư-life was about 7.5 days.

Reíerences.
1. Ma p, t í  al. Popuỉadon pham iacoidnetic analysỉs oỉ panỉtum um ab ỉn 

patients w ith advanced soỉỉd tum on. J  Ciin Phứrmaatl2009; 49:1142-56.
2. Ỹang B-B. t í  a i  Pharxnacokỉnetic and pharmacodynamỉc perspectỉves oa  

the d ỉn k a ỉ drug developm ent oí panitum um ab. Qin Pharmamkintí 
2010; 49: 729-40.

Preparations
Proprietary Preporatians (details are given In Volume B)

SngW4ngredient Preparalions. AustraL: Vectibix; Austrùr. Vectí- 
bix; Betg.: Vectibix; Braz.: Vectibix; CanacL: Vectìbix; Cz.: Vecti- 
bbc Denm.: Vectibbc Fr.: Vectibix; Ger.: Vectibix; Gr.: Vectíbbq 
Hung.: Vecdbix; Ir t:  Vectibix; Israel: Vectibix; ItaỊ: Vectibix; 
Jpn: Vectibix; Norw.: Vectibix; Pol: Vedibix; Port: Vectibix; 
Rus.: Vectibix (Ber™6mcc); Spãn: Vectibix; Swed.: Vecdbix; 
Switz.: Vectìbõc; UK: Véctlbix; USA: Vectibix.

Panobinostat ỊUSAN, HNNI 
Ị.BH-589; Panobinostatum; riaHoõnHoaaT. 
(2£Ị-A/-Hydroxy-3-[4-({[2-(2-methyl-lH-indor-3-yl)ethyl] 
amíno}methyl)phenyl]prop-2-enarnide.--'■:■■■■■*: - ■ 
Gj,H23N3Oj=349.4 
CÃS —  404950-80-7. 
um —  9647FM7Y3Z

ProỊile
Panobinostat is a histone deacetylase inhibitor that is under 
investigation as an antineoplastic for the treatment oỉ 
malignandes such as cutaneous T-cell lymphoma.

Patupilone ỊrìNNi

Ef?O-906; Epothilone B; Patupilona; Patupilonum; haty-
nn/ibO H . *

, tTS3S,7S,l Oft,l 1 s, 12S, 16fi)-7,l 1 -Dìhydroxy-8,8,10,12,16-pen- 
tamethyl-3-[(l£)-H2-methyl-T,3-thíázol-4-ỹÌ)f5rồp-l4n-2^ịl- 
4,17^ióxabk^do{[14.ỊjỌ|héptaidecane-5^dione.,'i.' >"'v;
C27H4,NO6S=507.7 ■ " '
CÂS — 152044-54-7. , ' '
UNII —  UEC0H0URSE. T  ' '

ProtiỊe
Patupilone is a metabolite isolated bom the bacterium 
Sorangium cellulosum, with microtubule stabiliáng activity 
similar to that of the taxanẹs. It is under investigatíon as an 
antineoplastic for the treatment oỉ malignanaes such as 
ovarian cancer.
Reíerences.

1. Rubin EH. t í  al. Phase 1 dose-ũnding study of weekỉy single*agent 
patupdone in patỉents vvith advanced solỉd tumors. J  ƠÌH Ortcoỉ 2005; 23: 
9120-9.

2. Forster M. t í  ai. A phase Ib and  phannacokỉnetỉc triaỉ oỉ patupiỉone 
combined vvith carbopỉađnjp patỉents wỉth advanced cancer. ơ ừ t Cartar 
R a  2007; 13:4178-84.

3. Schelman w , t í  ai. A pha se I ttỉal of gemcitabỉne in combinatỉon wỉth 
patuptione ỉn patỉents wỉih advanceđ soUd tumors. Canar ơưmother 
Pharmaeol 2008; 62: 727-33.

4. Hussain A. tí  aỉ. Phase n  trỉaỉ of weekly patupỉlone in pađents wỉth 
castratíon^resistant prosu te  cancer. A m  Onal 2009; 20:492-7.

5. ten Bokkeỉ Huỉnink w w , t í  ai. Saỉety and efficacy oí patupUone in 
paổents wỉth advanced ovarlan. primary ỉaHopỉan. o r piỉmary perỉtoneal 
cancen a phase L open-labei dose-escalatíon stuđy. J  ơ in  O naì 2009; 
27: 3097-3103.

Paxopanib Hydrochloride
(BANM, ÙSAN. riNNM)
GVV-786034B; Hidrocloruro de -pazopanib; Pazopảnib, 
Chlorhydrate de; Pazopanibi Hydròchlorídum; na30naHMốa 
rnflpox/iopnfl.
5-{[4-[(23-Địinethyl-2H-indazol-6-yl)methylamino]pyrimidin-
2-yf}amino)-2-rinethylbenzenesulfonamide hydrochioride. 
cjiH23NASJHa=474.0
G4S . —  444731-52-6 (pazopanib); 635702-64-6 (pazopanib 
hydróchhrideì.
ATC— .L01XE11.
ATC Vet —  QL01XE11.
UNII — ■ 33Y9ANM545.

Uses and Adminỉstratỉon
Pazopanib hydrochloride is an inhibltor of multíple tyrosine 
kinases including those associated with the vascular 
epidermal grovvth laaor receptor (VEGFR). It is used in 
the treatment o{ advanced renal cell carcinoma (p. 708.3). It 
may alsobe used in advanced soft-tìssue sarcoma (p. 718.2), 
although eKicacy in adipocytic sob-tissue sarcoma or 
gasưointestinal stromal tumours has not been shown.

Doses are expressed in terms of the base; 1 mg pazopanib 
is equivalent to about 1.08 mg pazopanib hydrochloride. 
The recommended oral dose oỉ pazopanib is 800 mg once 
daily at least 1 hour beíore or 2 hours aber íood. Dose 
modiQcations should be in steps of 200 mg, although u s  
licemed product intormatíon allows íor an imtial dose 
reductìon to 400 mg once daily u necded in patients with 
renal cell cardnoma. The daily dose should not exceed 
800 mg. Tablets should be ĩwallowed vvhole and not 
crushed. ư a daily dose is missed and it is less than 12 hours 
until the next dose, the missed dose should be omitted and 
the next daỉly dose taken as usuaL Fơr wamings and 
recommendatìons regardừtg the safe presaibing. dispensmg. and 
use o f  oral antineoplastic drugs, tee Ađminừtratíon, p. 732.3.

ư a potent cytochrome P450 isoenzyme CYP3A4 
inhibitor must also be used, u s  licensed prõduct 
iníormatìon recommends that the pazopanib dose should 
be reduced to 400 mg once daily; the dose may be reduced 
íurther ư adverse eííects occur.

For dose adjustmentỉ in hepatỉc impairment or ư 
hepatotoxidty occurs, see p. 844.1.

The Symbol f denotes a preparation no longer actívely marketed

http://www
http://www


844 Antineoplastics

Pazopanìb eye drops are under investìgatìon for the 
treatment oỉ age-related macular degeneratíon.
Reíerences.

ỉ .  Sonpavđe G, tí  ai. Pazopanỉb, a po ten t orally administered small- 
moỉẽcuỉe multitargeted cyrosỈDe kinase inhibỉior ío r renal ceU 
casdnom a. Bxpat Opin Ịnvtst Drugs 2008; Ỉ7: 253—61.

2. sloan B, Scheỉníeld NS. Pazopanib, a VEGF receptor tyrosinc ldnase 
inhibitor for canccr ỉhcrapy. ŨOT Opin InvattỊ Drugs 2008; 9: 1324-35.

3. sldjfcr s, tí  ềỉ. Pazopaníb. a rouỉtỉkỉnase angỉogenesls inhibitor, ỉn 
patỉents w ỉth relapsed or rcừ aao ry  advanced soft tissue sarcoma: a 
phase n  study from the European organisatỉon ỉor research and 
treatm ent of căncer-soít tỉssue and bone sarcoma group (EORTC study 
62043). J  Om Oncp/2009; 27: 3126-32.

4. Stemberg CN, tí  ai. Pazopanỉb In ỉocalỉy advanced or metastatíc renal cell 
cardnom a: results of a randomỉzed phase m  trial. J  Cììn Oncol 2010; 28: 
1061-8.

5. Keỉsner sv, Shah SR. Pazopanỉb: the new est tyrosỉne kinase inhibitữr for 
the treatm ent of advanced or metastatỉc renal cell carcinoma. Druỹí 
2011; 71: 443-54.

6. NICE. Pazopanib ío r the  Srst-ỉỉne treatm ent o í advanced renaỉ ceỉl 
cardnom a. Technology Appraisal Guidance 2 ỉ 5 (issued February 2011). 
Avaỉlabỉe at: http://w w w .nice.org.uk/nicem edia/live/13346/53185/ 
53185.pdf (accessed 30/04/12)

Administration in hepatic impairment. Patients vvith mild 
hepatic impairment, defined as either normal bilirubin 
and any degree of alanine aminotransíerase (ALT) eleva- 
tíon or an elevation of bilimbin up to 1.5 times the upper 
limit of normal (ULN) regardless of the ALT value. have 
been shovvn to have similar pazopanib phatmacokinetics 
to patients vvith normal hepatic íunction, and thereíore 
can be given the usual inỉtial recommended dose of pazo- 
panib (see Uses and Administration, p. 843.3). Clearance 
of pazopanib is reduced by about 50% in patients with 
moderate hepatic impaimient, and patients with'pre-exist- 
ỉng moderate impairment (dehned as an elevation of bili- 
rubin > 1.5 to 3 times the ULN, regardless of ALT values) 
should be given a lovver initìal oral dose oỉ pazopanib 
200 mg once daily. Due to poor tolerability, pazopanib is 
not recomihended in those with pre-existing severe 
impairment, defined as total bilirubin > 3 times the ULN.

Hepatotoxidty may occur during pazopanib treatment at 
the usuaỉ recommended dose, and liver tunctìon should be 
monitored beíore and durỉng ưeatment, see Adverse Effeas 
and Precautions, below. The following adjustments are 
recommended, according to increases in ALT and bilirubin 
concentratìons:
• For isolated ALT íncreases of betvveen 3 and 8 times the 

ULN, the current pazopanib dose may be continued, vvith 
vveekly monitorìng of liver (unction until ALT retums to 
grade 1 or baseline.

• For isolated ALT increases of > 8  times the ƯLN, 
treatment should be vvithheld until ALT retums to grade 
1 or baseline. H the benefit of contínued ơeatment is 
thought to outweigh the risk of hepatotoxidty, 
pazopanib can be restarted at a dose of no more than 
400 mg once daily, and liver lunction monitored weekly 
to i 8 vveeks. If ALT increases of >  3 times the ULN recur, 
pazopanib shouỉd be stopped permanently.

• For ALT increases of >  3 times the ƯLN with bilirubin 
increases of > 2  times the ULN, pazopanib should be 
stopped permanently. Liver (unction should be 
monitored until toxidty has resolved.

Patients with Gilbert's syndrome (mild unconjugated 
hyperbilirubinaemia), and an increase in ALT > 3 times 
the ULN, should be managed according to the above 
recommendations.

Adverse Effeđs, Treatment, and Precautions
For general discussions see Antineoplasúcs, p. 726.1, 
p. 730.2, and p. 732.2.

The most common ađverse effects tvith pazopanib 
indude diarrhoea and other gastrointestinal disturbances. 
headache, hair colour changes, ỉatigue, asthenia, anorexia, 
dysgeusia, and abdominal pain. Hypertension has also 
occuired commonly and hypertensive crisis may develop; 
patients should be monitored and treated with antihyper- 
tensives as required. ư  hypertenslon persists despite 
treatment, the dose of pazopanib may be reduced; 
pazopanỉb should be stopped for severe hypertension 
despite treatment and dose reduction. QT prolongation and 
torsade de pointes have occurred, and caution is required in 
those with cardiac đisease or a history of QT prolongation, 
those taking antíarrhythmics, or those taking other 
medidnes that prolong the QT interval. ECGs and 
electrolytes should be monitored beỉore starting pazopanib 
and periodically during treatment. Pazopanib has been 
assodated with cardiac dysíunction su ch as a reduction in 
left ventriculai ejection ừaction and congestive heart ỉailure 
in some patients. Arteiial thrombotic advetse eííects have 
be en reported, induding myocardial inỉarction, angina, 
ischaemic stroke, and transient ischaemic attacks; íatalities 
have occurred. Caution is required ìn patients with risk 
ỉactors íor thrombosis, and use is not recommended in those 
who have sưHered an event in the previous 6 mónths. Cases 
of venous thrombosis and pulmonary embolism have also 
occuưed. Haemoưhagic adverse effects induding íatal 
haemorrhages have also been reported with pazopanib, and

use is not recommended in those who have suífered 
haemoptysis, cerebral haemonrhage, or signiẼcant gastro- 
intestúial haemorrhage in the previous 6 months.

Use of pazopanib is not recommended in those vcith pre- 
eásting severe hepatic impairment. Hepatotoxidty, man- 
iíested as raised serum transaminases and bilirubin, has 
been reported during ưeatment and can be severc ỉatalities 
have occurred. Liver hinction should be monitored beíore 
starting ưeatment, at least once every 4  vveeks for the first 4 
months, and periodically thereaỉter. Treatment may need to 
be stopped or the dose reduced for severe hepatotoxidty, see 
Administratíon in Hepatic Impairment, above.

Hypothyroidism has been reported wíth pazopanib and 
momtoring of thyroid íunction is recommended. Monitor- 
ing for proteinuria is also recommended, beíore and during 
treatment, and pazopanib should be stopped permanently ư 
severe proteinuda develops.

Other common adverse eữects indude alopeda, chest 
pain, oedema, palmar-plantar erythrodysesthesía, rash. skin 
depigmentation, and changes in electrolyte and glucose 
concentrations. Pazopanib has been assodated vvith 
gastrointestinal pertoration and (istula, including some 
íatalities. Thrombocytopenia, neutropenia. leucopenia. 
dizziness, paraesthesia, hot ílushes, epistaxis, dysphonia, 
erythema, pruritus, dry skin, hyperhidrosis, myalgia, 
muscle spasms, mucosal inflammation, and increased 
blood creatinine have also commonly occurred. Less 
commonly reported effects include bradycardia, pancreat- 
itis, peritonitis. photosensitivity reactions, and skin 
exíoliation. Reversible posterior leukoencephalopathy 
syndrome, which presents with visual and neurological 
disturbances. has been reported.

Vascular endothelial growth íactor receptor inhibitors 
such as pazopanib may impair healing, and ỉt is 
recommended that treatment is stopped at least 7 days 
beíore surgery; pazopanib should be stopped permanently if 
wound dehiscence develops.

Interactions
Pazopanib is metabolised by cytochrome P450 isoenzymes, 
mainly CYP3A4, and inhibitors or inducers of CYP3A4 may 
aữect exposure to pazopanib. Pazopanib is also a subsưate 
for P-glycoprotein (PgP) and breast cancer resiỉtance protein 
(BCRP) and use vvith potent PgP or BCRP inhibitors or 
inducers may alter exposure and distríbution of pazopanib.

Use of pazopanỉb eye drops with ketoconazole (a potent 
CYP3A4 inhibitor and a PgP inhibitor) increased exposure to 
pazopanib. Use of lapatinib (a substrate for and weak 
inhibitor of CYP3A4 and PgP, and a potent inhibitor of 
BCRP) also substantially increased exposure to pazopanib. 
Combination of pazopanib wúh strong CYP3A4, PgP, or 
BCRP inhibitors should thereíore be avoided. u  use together 
cannot be avoided, u s licensed product inlormaáon States 
that a dose reduction oí pazopanib can be considered, see 
Uses and Adminisưation. p. 843.3. Grape&uit juice inhibits 
CYP3A4 activity and it should be avoided during treatment 
vvith pazopanib.

Combination o( pazopanib with strong CYP3A4, PgP, or 
BCRP inducers is also not recommended.

In vitro, pazopanib is a weak inhibitor of CYP3A4, 
CYP2C8, and CYP2D6 and may affea exposure to substrates 
oí these enzymes. It is also an inhibitor oỉ glucuronidation 
by the enzyme UGT1A1, and inhibits the organic anion 
transponing polypeptide (OATP) 1B1.

Concomitant use of pazopanib with simvastaún increases 
the inddence of elevations of alanine aminotransỉerase. In 
such cases the dose of pazopanib should be adjusted (see 
Adminisưation in Hepatic Impairment, above), and 
consideration given to stopping simvastatin. The effect of 
pazopanib use YVith other statins is unknown.

Pharmacokinetics
Peak plasma concentrations occur about 2 to 4 hours after 
an oral dose oí pazopanib. Absorption and bioavailability 
are increased vvhen tablets are crushed and systemic 
exposure is increased when given with food. Pazopanib is 
highly protein bound (>99%) and is a subsưate for P- 
glycoprotein and breast cancer resistant protein (BCRP). 
Metabolism occurs Via cytochrome P450 isoenzymes, 
mainly CYP3A4, with a minor contribution from CYP1A2 
and CYP2C8. Elimination is mostly Via the laeces with less 
than 4% in the urine. Pazopanib has a mean halMde oi 
about 31 hours aíter an oral dose.
Reíerences.

1. DI Gion ?, a  al. Clinicai p h am u co k in e iia  ot tyrosine Idnasc inhibitors:
íocus on pyrỉmỉdỉnes. pyrỉdines and  pyrroỉes. ơ in  Pharmacơkinet 2011:
50: 551-603.

Preparatíons
Proprietory Preparotions (details are given in Volume B)
Single-ingredient Preparations. Austral.: Votrient; Auĩtrũr. 
Votrient; Belg.: Votrient; Canad.: Votrient; Cz.: Votrient; 
Detim.: Votrient; Fr.: Votrient; Ger.-. Votrient; Gr.: VotrienC

ItL; Votrienc Israel: VottienC Jpn: Votrient; Neth.: Votrlent 
Norw.: Votrient; NZ: Votrient; PoL: Votilent; PorL: Votrient 
Singapore: Votrient; Spain: Votrient; Swe<L: Votrient; Switz. 
Votrient; T hai:  Votrient; Turk.: Votrient; VK: Votrient; Ukr. 
Votrient (BơipHCHT); USA: .Votrient.

Pemetrexed Disodium
IBANM, USAN. riNNM)

LY-231514 (pèmetréxẽd or pemetrexed disodium); MTẦ; 
Multi-targetéd Àntiíolate;- Pemetreksed Disodyum; Peme- 

.trexed disódico; Péméữexed Disodiqùe; Pemetrexedum 
Dinatricum; ÍỊnHàTpnií neMerpeKcefl.
Dìsodium N4p-[2-(2-aminO'4,7-dihydro-4-oxo-lH-pyrrolo
[23-d]pyrimidin-5-yl)ethy0benzoylH-glutamate.
C2oHi9N5N á 2 0 6= 4 7 í .4
CAS —  737281-23-3 (perrieữexed); 150399-23-8 (pemetrexed 
disodium); 357166-29-1 (pemetrexed disodium heptahydratẻ). 
ATC —  L01BA04.
ATC Vet —  QL01BA04.
UNII —  2PKU919BA9 (pemetrexed disodium); 9T47E40M16 
(pemetrexed disodium heptahydmte).

NOTE. In practice, pemetrexed is given as the disodiurr 
heptahydrate (C2oHi»N5Na206,7H20 = 597.5). 
Ptiarmacopoeios. In Eur. (see p. vii).
Ph. Eur. 8: (Pemeưexed Disodium Heptahydrate). A vvhite 
or almost vvhite powder. Freely soluble in water; very 
slỉghtly soluble in dehydrated alcohol; practically insolubk 
in dichloromethane. pH of a 5.6% solution in vvater is 7.5 tc 
8.4.

Incompotibility. Licensed product iníormation States thai 
pemetrexed is physically incompatible with diluents con- 
taíning caldum, induding Ringer's solution and lactated 
Ringer's solution. A study1 íound pemetrexed disodium 
20mg/mL to be physically Incompatible with 24 drugs 
resulting in predpitatíon or colour change during simu- 
lated Y-site adminisưation. These drugs indude amphot- 
eridn B, some cephalosporin and cephamydn antibac- 
tetials, chloipromazine hydrochloride, dproOoxadn, 
dobutamine bydrochỉoride, doxorubidn hydrochloríde, 
doxycydine hydate, droperidol, gemdtabine hydro- 
chloride, gentamidn sulỉate, irinotecan hydrochloride, 
meưonidazole, minocydine hydrochloride, mitoxanơone 
hydrochloríde, nalbuphine hydrochloride. ondanseưon 
hydrochloride, prochlorperazine edisilate, tobramydn sul- 
fate, and topotecan hydrochloride.

1. Trisseỉ ỈA, t í  a i  Pbysical compatíbỉỉỉry oỉ pcm eưexcd disodium with 
o ther drugs durỉng simuỉaied Y'SỈte adminisưarion. Am J  Heahh-Sysi 
Pharm 2004; 61: 2289-93.

StabilHy. Licensed produa inỉormation States that peme- 
trexed is chemically and physically stable, once reconsti- 
tuted and diluted, for 24 hours either reửigerated at 2 
degrees to 8 degrees or at 25 degrees; from a microbiologi- 
cal point of vievv, Solutions should be used immediately, 
unless prepared under conưolled and validated aseptic 
conđitions.

Pemettexed, reconstituted in polypropylene syringes 
with sodium chloride 0.9% to a concentration oí 25 mg/mL, 
was íound to be both chemically and physically stable ỉor 2 
days when stored at room temperaturẽ, and for 31 days 
when reírigerated.1 Although pemeưexed Solutions of 2, 10, 
and 20mg/mL in glucose 5% and sodium chloride 0.9% in 
PVC bags were chemically stable for 90 days when frozen at 
-20 degrees, mlcroparticulates íormed, possibly related to 
the PVC containers. Pemetrexed Solutions should thereíore 
not be frozen.2

1. zhang V, Trúsel LA. Physical and Chemical stability of pem eơexed 
Solutions in pỉastic syrỉnges. Arm ĩharmaeother 2005; 39: 2026-8.

2. Zhang Y, Trissel LA Physỉcaỉ instability of írozcn pem eưexed Solutions 
ỉn p v c  bags. Ann Pharmacother 2006; 40 : 1289-92.

Uses and Adminỉstration
Pemetrexed is mainly a thymidylate synthase inhibitor like 
ralntrexed (p. 850.3), but it also inhibits other íolate- 
dependent enzymes involved in purine synthesis such as 
dihydrololate reductase and glydnamide ribonudeodde 
lormyltransíerase. It is used as second-line monotherapy or 
ũrst-line with dsplatin in the ưeatment of locally advanced 
or metastatic non-squamous non-small cell lung cancer 
(p. 710.2); it is also used as maintenance monotherapy in 
patients vvhose dỉsease has not progressed after platinum- 
based first-line chemotherapy. Pemettexed is also used vvith 
dsplatin in the first-line treatment of unresectable 
malignant pleural mesothelioma (p. 711.2).

Pemetrexed is given as the disodium heptahydrate but 
doses are expresséd in terms of the base: pemetrexed 
disodium heptahydrate 1.4g is equivalent to about l g  of 
pemetrexed. A dose of pemeơexed 500mg/m2 is given by 
inưavenous inhision over 10 minutes. The dose may be 
repeated in 21-day cydes, and should be adjusted according 
to toxidty. In combination therapy, dsplatin (at a dose of

All cross-reíerences reíer to entries in Volume A

http://www.nice.org.uk/nicemedia/live/13346/53185/


Pemetrexed Disodium/Pentostatin 845

75 mg/m2 inỉused over 2 hours) is given about 30 minutes 
aíter the end of pemeaexed iníusion. Doses may need to be 
modihed according to toxiđty, see Administration in 
Subsequent Cydes, below. For hirther inỉormation on use 
in renal impairment, see belovv.

Pretreatment with oral dexamethasone 4mg tvvice daily 
for 3 days is recommended, starting the day beỉore 
pemetrexed. At least 5 doses of oral folic atíd (350micr- 
ograms to 1 mg) should be taken during the 7 days beíore 
the first dose of pemeưexed; dosing should continue 
throughout pemetrexed therapy, and fõr 21 days after the 
last pemetrexed dose. Patients should also receive an 
intramuscular injectỉoa of vttamin Bu lm g ỉn the week 
beíore the Brst pemetrexed dose, and once every 3 cycles 
thereaíter; subsequent injections may be given on the same 
day as pemetrexeid.

Pemetrexed is under investigation as an antíỉolate 
antimetabolite in the ưeatment of colon. pancreatic breast, 
and head and neck cancer.
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Administration in rtte elderly. A reưospective analysis 
found pemetrexed to be eữective as a secõnd-line therăpy 
in non-small cell lung cancer patients aged 70 yeárs or 
older, with a more íavourable toxicity profile than doce- 
taxel1

UK licensed produa iníormation States that there are no 
data to suggest that paricnts aged 65 years or older are at 
increased risk of adverse effects compared with younger 
patients; no dose reductions are recommended on the basis 
of age alone.

1. Weisj GJ, t í  aì. Eldeiỉy parients bcneíỉt írora seoơnd-Ilne cytotoxic 
chemotherapy: a subsct analysỉs o í a  randomixed phase m  oial oí 
pemetrexed compared wỉth docetaxei in patients with prcvtously treated 
advanced non-small-cel! lung cahcer. J  ơ in  Oncol 2006; 24: 4405-11.

Administrotion in renol impairment. A phannacokinetic 
study1 ỉound that pemetrexed dearance decreased with 
dedining renal íunctìon. Although systemic exposure 
increased in these patients, thỉs was not assodated with an 
increase in drug-related dose-limiting toxidties for patients 
with a GFR of 40mL/minute or more and receiving vit- 
amỉn supplementation (folic add and vitamin Bu supple- 
mentadon appears to reduce toxicity vvithout altering 
pemettexed pharmacokinetics). Patients with a GFR of 
80mL/minute or more tolerated a dose of pemettexed 
600 mg/m2, given intravenously every 3 weeks, vvhereas 
patients with a GFR of 40 to 79mL/minute tolerated 
500mg/m2 every 3 vveeks. One patient with a GFR of 
19mL/minute died as a result of treatment-related toxiđty 
and accrual into this group was stopped. As a result, no 
data were available for patients vvith a GFK bẹlơw 
40 mL/minute.

Licensed produa iníormation States that no dose 
adjustment is necessary in patients with a creatinine 
dearance (CC) of 45mL/minute or more. Use in patients 
with a c c  of less than 45 mL/minute is not recommended 
due to lack oỉ data. Cautiòn is advised when giving 
pemettexed with NSAIDs in patients whose cc is less than 
80 mL/minute (see Interactions, below). 

ỉ .  M iu  AC, t i  ai. Phase I and  pharm acokỉnetic study of pemetrexed 
administered every 3 weeks to advanced cancer patỉênts wỉth nonnat 
and ỉmpaired renaỉ hinction. J  ơ in  Oncol 2006; 24: 552-62.

Administrotion in subsequent cydes. Complete blood 
counts should be períormed in all patients given peme- 
trexed. Patients should not begin a new cyde unless:
• th e  a b so lu te  n e u tr o p h il  co u n t (ANC) is 

3= 1500cells/mmỉ
• the platelet count is 3= 100 000 cells/mmJ
• creatinine dearance is 3= 45 mL/min (see also Adminis- 

tration in Renal Impaừment, above)
Dose adịustments at the start of a subsequent cyde should 
be based on nadir haematological counts or maximum 
non-haematological toxidty bom  the preceding cyde o{ 
therapy. Treatment should be delayed to allovv .suíBdent 
time for recovery. Upon recovery, patìents are ơeated

according to the following recommendations, which are 
suitable for pemettexed monotherapy or use with dsplãtin. 
For haematological toxidties:
• nadir ANC < 500 cells/mm3 and nadir platelets 

3  50  000 cells/mmJ; 75% of previous dose (pemetrexed 
and dsplatin)

• nadir platelets < 50 000 cells/mm3 without bleeding, 
regardless of nadữ ANC; 75% of previous dose 
(pemetrexed and cisplatln)

• nadir platelets < 50 000 cells/mmJ with bleeding, 
regardless of nadir ANC; 50% of previous dose 
(pemetrexed and dỉpladn)

u  non-haem atological toxidties (exduding neurotoxi- 
dty) are severe, Qeatment should be vvithheld until 
resolution, and treatment resumeđ according to the 
{ollovving recommendations:
• any grade 3 or 4 toxidties except mucositis; 75% of 

previous dose (pemetrexed and dsplatin)
• any diaưhoea requiring hospitalisation, or grade 3 or 4 

diarrhoea; 75% of previous dose (pemetrexed and 
cisplatin)

• grade 3 or 4 mucositis; 50% of previous pemeơexed dose 
and 100% of previous dsplatin dose

Patients should stop therapy ư n eurotoxỉcity is severe 
(grade 3 or 4); othervvise doses are adjusted as íollovvs:
• grade 0 to 1; 100% of previous dose (pemeưexed and 

cỉsplatin)
• grade 2; 100% of previous pemettexed dose and 50% of 

previous dsplatm dose
Pemetrexed should be stopped ư patients have any severe 
haematologicaỉ or non-haematological toxidties after 2 dose 
reductìons.

Adverse Efíeds, Treatmerìt, and Precautìons
As for Raltitrexed, p. 851.1. Neuữopenia and febrile 
neutropenia are common and myelosuppression may be 
dose-limiting.

Pemetrexed may also cause íatigue, stomatitis, pharyng- 
itis, oesophagitis, chest pain, and neuropathy. Rare cases oỉ 
hepatỉtis, colitìs, and interstitial pneumonitis have occurred; 
íatalities have been reported. Buỉlous skin conditíons have 
been reported, induding Stevens-iohnson syndrome and 
toxic epidermal necrolysis, which in some cases were iatal. 
Serious renal events, induding acute renal íailure, have 
been reported with pcmetrexed when it was used either 
alone OT vvith other cytotoxic drugs; most patients had 
underlying rísk íactors such as dehydratíon. hypertension, 
or dỉabetes. Cardiovascular events. indudìng myocardial 
ũiỉarction and cerebrovascuỉarevents, ha ve occurred rarely, 
usually when pemeơexed was used with other cytotoxic 
drugs and in patients with cardỉovascular risk ỉaaors. 
Arrhythmias have been reported. Cases of radlation 
pneumonitis or oesophagitís, and radiation recall have 
been reported in patients treated with radiotherapy. 
Hypersensitivity reactions may occur. Cases of peripheral 
ischaemia leading to extremỉty necrosis have been reported. 
The effea of pleural ettusions or asdtes on pemeơexed is 
unknotvn; ÚI those patients with sigrùĐcant third-space 

• fluid, draining of any eữusions beíore ưeatment vvith 
pemetrexed should be considered.

Complete blood cell counts should be monitored, and 
ỉolate and vitamin B|2 are given as prophylaxis against 
haematological and gastrointestínal toxỉdty duiing peme- 
trexed therapy. Preưeatment with a cortícosteroịd, such as 
oral dexamethasone, reduces the inddence and severity of 
skin reactions. (For dosỉng details, see Uses and 
Administration, p. 844.3.) Gasữointestinal toxỉdty may be 
severe. leading to dehydratỉon. and antiemetics and 
appropnate hydration should be given beíore and aíter 
treatment.

Porphyrrà. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Potphyria Cenưe Sweden, dassiBes pemettexed as 
probably not porphyrinogenic it may be used as a drug of 
first choice and no precautions are needed.1

1. The Drug Daubuc (or Acute PorphyrU. Available at: hltp://www. 
drugs-pon>hyiia.org (accessed 29/09/11)

Interactíons
Por a general outline of antineoplastic dtug interactions, see 
p. 733.3.

High doses of NSAIDs and aspirin may decrease 
pemetrexed elimứiatíon. In patients vvith mild to moderate 
renal impairment (creatinine dearance 45 to 79mL/mi- 
nute) high doses of NSACỮs and aspirin should be avoided 

' bom 2 days beỉore úntil 2 days aítêr pemettexed use, and 
NSAIDs that have longer halí-lives, such as pừoxicam, 
should be avoided bom 5 đays beíore untíl 2 days aher 
pemetrexed. ■

Anolgesics. Enteric-coated aspirin 325 mg given orally 
everỹ 6 hours for a total of 9 doses beỉore pémetrexed, did 
not affect the phannacokinetic proble of pemeơexed in an

interaction study; the authors considered no dose adjust- 
ment necessary when moderate doses of aspiiin were 
given with pẹmetrexed. However, this result could not be 
extrapolated to high-dose aspirin regimens. as the interac- 
tìon might be dependent on saỉicylate concentrations. In 
contrast oral ibupro/èn 400 mg every 6 houis ỉor a total oỉ 
9 doses beíore pemetrexed sĩgniBcândy ređuced systemỉc 
pemeưexed dearance. Despite an increase in pemetrexed 
exposure, no increase in toxỉdty was seen. Dose adjust- 
ments were not considered necessaiy in patients with nor- 
mal renal hinction (defined as ãeadnine dearance of 
80 mL/minute or greater). Hovvever, in patíents with pre- 
exósting reduced pemetrexed dearance due to renal 
impaữment, giving ibuprofen may result in funher 
increases in pemetrexed exposure; the authors advised 
cautìon when using these 2 drugs together in patients 
with a creatinine dearance oỉ less than SOmL/minute.1 
For licensed produa inỉonnatỉon regardlng the use of 
aspirin and NSAỈDs with pemetrexed, see above.

1. Sweeạey CJ. a  al. Two diug interaction studles evaluating the 
phsrmacoldnetlcỉ and toxỉdty of pem eoexed w hcn coađmmỉstered 
with aspirin or ỉbuproỉen ỉn patienB w ith advancéd cancer. ơ ờ t Cartser 
Ịttí 2006; 12: 536-42.

Pharmacokinetícs
Pemetrexed has a plasma elỉmination haU-Uỉe 0Í 3.5 hours 
in patients with normal renal hmction. In-vitro data indicate 
that pemetrexed is about 81% bound to plasma protelns. It 
undergoes limited hepatic metabolism, and about 70 to 90% 
of a dose is eliminated unchanged in the urine within 24 
hours.

Preparatíons
Proprietary Preporaiions (details are gỉven in Volume B)

Single-ỡigredient Preporolions. Arg.\ Alimta; Enzastar; Trexam; 
AustraL-. Altmta; Austría: Alimta; Betg.: Alimta; Braz.: Alimu; 
Cattad.-. Alimta; Ckũe: Alimta; Chitur. Alimta ị ý l i t t t ) ;  Jepale 

Pu Lai Le ( 1 YUuoze Cz.: Alimta;
Datm.: AUmta; Ffn.: Alỉmta; Fr.: Alimta; Ger.: Alimta; Gr.: 
Alimta; Hortg Rong-. Alimta;' Hung.: Alimta; tiúUa: Alimta; 
PanũỉecL' Irt: Alimta; Israet: Alimũ; ỉtaL: Alỉmta; Malaysia: 
Alimta; Mex.: Alimta; Neth.: Alimta: Norw.: Allmta; N2: Alim- 
ta; Phữipp.: Alimta; PoL: Alimta; PorL: Alimta,- Rus,: Allmta 
(Aamna); S.Afr.: Alứnta; Singapore. Alimta; Spabr. Ahmta; 
Swed.: Alimta; Switz.: Alimta; Thai: Alimta; Turk.: Alimta; 
Pemtrex; UK: Alimta; Ukr.: Alimta (Amarra); USA: Allmta.

P e n t o s t a t i n  [BAN , U S A N , r iN N I  

/0-825; Co-vidarabine; Covidarabine; DeoxycoformydnrNSC- 
•218321; PD-81565; Pentostatina; Pentostatìne; Pentostati- 
óum; 2'-Deoxycò(brmycin; YK-Í76; nẹHTOCTaTviH. 
(/?)-3-(2-Deoxý-(3-D-e/ýthro-pentofuranosy!)-3,6,7,8-tetrahy- 
ịịroim idazo[4i5-d][1,3]diazepin-8-ol; >,2-Dideoxy-1 -[(/?)- 
•3j6,7,8-tetrahydro-8-hydroxyimídazo[4,5-d][1,3]diazepin-3- 
yO-D-aythro-pentoíuranose.
Ci iH|SN«04=268.3 ■ ■
CAS — 53910-25-1.
ATC —  L01XX08.
ÁTC Vet —  QL01XX08.
ỪNII — 395575MZ07.

Uses and Administratìon
Pentostaún is a potent inhibitor of the enzyme adenosine 
deaminase and probably exerts its cytotoxỉc actions through 
the interruption of normal puríne metabolism and DNA 
synthesis. Lymphocytes are particularly sensitive to its 
actions.

Pentostatin is used as a single agent in the treatment of 
hairy-cell leukaemia (p. 694.3), in usual doses of 4mg/m: 
every other week. The dose is given as an inưavenous bolus 
injection, or as an iníusion over 20 to 30 mỉnutes. Hydration 
with 500mLto 1 liơe of glucose 5% in sodium chloride 0.18 
or 0.9%, or equivalent, is recommended beíorehand; a 
hirther 500 mL of the hydration solution should be inỉused 
once the drug has been given.

Pentostatin has been tried in cutaneous T-cell 
lymphomas (see Mycosis Fungoides, p. 698.3). It is also 
under investigation in some other lymphoid malỉgnandes, 
induding chronic lymphocytic leukaemia (p. 693.3), and 
for the management of chronic graft-venus-host disease 
following hăematopoietic stem cell transplantation 
(p. 1937.1).
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2605-13.
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Adverse Effects and Precautions
The most common adverse effects in patíents given 
pentostatín indude myelosuppression (and in partícular 
suppresãon ol the CD4+ lymphocyte subset), headache, 
abdominal pain, fever and chills, gasưointestinal distur- 
bances (notably diarrhoea and nausea and vomitìng). 
hypersensitivity reaCTions, and hepatotoxicity. Cenưal 
neurotoxicity may maniíest as tiredness, anxiety, depres- 
sion, sleep disturbances, and paraesthesias: treatment 
should be vvithheld or stopped in such patients. Impaired 
renal {unctíon  and pulmonary toxidty (cough, dyspnoea, 
and pneumonia) may occur. Severe toxidty in early studies, 
affecting mainly the CNS, kidneys, liver, and lungs, vvas 
assodated with the use of doses higher than those cuưently 
recommenđed and produced some {atalities.

Other adverse eữects reported vvith pentostatin indude 
dry skin and rashes (sometimes severe and woisening with 
continued treatment), pruritus, conjunctivitis, alopeda, 
arthralgia and myalgia, peripheral oedema, thrombophleb- 
itis, and cardiovascuỉar disorders induding aưhythmias, 
angina pectoris, and heatt lailure.

Pentostatin should not be given to patientỉ vvith impaired 
renal function, or in active inỉection. It is teratogenic in 
anim als  and potentially genotoxic: it is thereíore 
contra-ũidicated ỉn pregnancy and men given pentostatin 
should not íather chiỉdren ỉor 6 months aíter therapy.

Interactìons
Pentostatin should not be given vvith ũudarabine, as the 
combination may increase pulmonary toxidty. A similar 
increase in toxidty is expeaed when pentostatin is used 
vvith vidarabine.

Use of pentostatỉn vvith cannustine, etopoãde and hỉgh- 
dose cydophosphamide, has produced acute pulmonary 
oedema and hypotension, leading to death. Pentostatin 
should therefore not be given with hỉgh-dose cydophosph- 
amide.

Allopurinol. Fatal acute necrotising arteritũ developed in a 
patient given pentostatìn and alỉõpurinol.1 Althoũgh the 
hypersensitìvity vasculiós may have been due to alio- 
purinol alone there is drcumstantial evidence to suggest 
that pentostaón may predispose patients to drug hyper- 
sensitivity and it may be wise to avoid this combinanon, 
and to observe pentostatin-treated patients dosely ỉor 
allergỉc maniíestations.

I .  Steỉnmetz JC. tí al. Hypenensỉtỉvỉty vasculitỉs assođated wiih 2- 
deoxỴCohrmỵcin  and aỉiopurinỡl cherapy. A m JM ed  ỉ 989; 86: 498-9.

Pharmacokinetics
Aíter ỉntravenous ứýecóon, pentostatin has an elimination 
haỉí-liíe oỉ about 6 hours. About 90% of a dose is excreted in 
the urine as unchanged drug and metabolites. Pentostatin 
crosses the blood-brain barrier and can be measured in the 
CSF.

Preparations
Proprielorỵ Prepararions (details are given in Volume B)

Sngte ingredient Preparations. Denm.: Nipent; Fr.: Nipent; Ger 
Nipént; Gr.: Nĩpent; írt: Nipent Ital.: Nipent N e t ì í Nipent; 
Pọrt: Nipent; Spain: Nipent; V R  Nlpenc USA: Nipent.

Peplomycin SuKote IUSAN, riNNMi
^K^V":Pep leòm yciro  Sulphate; Peplomidna, sulíatọ de; 
PepíomýđnSulphate; Péplòmyđne, Su(fate de; Peplomỳclni 

■SuHãs; Sulfeto de peplomicina; riennOMHUMHa CynbệaT. 
WM3-[(SHa-Methylbenzyl)arríino]propyl}bleornycinamide 
sũíphâte.'  \  '
C6i>le8N,a02iSỊH2SƠ4=T 571.7
C A Ĩ:-^  68247-85-8 (peplomycin); -70384-29-1 (peplomydn 
sulíate). . ■■
'UNIL-r 6A66895ỈHW. .

Pharmacopoeias. In Jpn.

Profi7é

Peplomyán is an antineoplastic derived ửom bleomydn 
(p. 749.3) and with ámilar properties. It has been given as 
the sulíate in the ưeatment of a variety of malignant 
neoplasms, induding lymphomas and tumpurs of the head 
and neck, breast cervix, lung, oesophagus, prostate, and 
skỉn.

Preparations
Proprietary Preparatìons (details are given in Volume B) 
Single-ingredĩent PreporaHoni. Jpn: Pepleo.

Peretínoin ỊriNNỊ

Ảcido poliprénico; Ácydic : Retinoid; E-5166; NIK-333; 
Peretinoína; Pérétinoĩne; Peretinoinum; Polyprenic Acid; 
Polyprenoic Acid; riorinnpeHoeBaa Kncnora; nepetMHOnH. 
(a//-ồ-3,7,11,15-Tetramethyl-2,4,6,l 0,14-hexadecapentaenoic 
aód.
C » H 3 o0 2 = 3 0 2 5
CAS —  81485-25-8.
UNII —  / 1ALM7A4RV.

Proỉile
Peretinoin is a retinoid that has been tried in psoríasis and 
keratodenna and Ì5 being studied in the ưeatment of liver 
cancers.
Reíerences.

1. M uto Y, et ai. Prevendon of second primary tumors by an acydic 
retínoid. polyprenoic add. in patỉents w íth hepatoccUuỉar cartínoraa. N  
EngU  M td  1996; 334: 1561-7.
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in patientỉ vvith hepatoceỉỉuỉar cardnom a. N  En$Ị J  Med 1999; 340: 
1046-7

3. Takaí K  tí  aỉ. Prevention oí second prímary tumors by an acydỉc rerinoid 
in patíents w ỉth hepatocellular cardnoma: updated analysỉs oí the long* 
tenn  íollow-up da ta. ỉnưrvirology 2005; 48: 39-45.

Perífosine irtNNỊ

D-2Ĩ266; KRX-Ọ401; Perif05ina; Périíosine; Periíosinum; 
rlepMỘ03MH. '
4-Hydroxy-1,1-dimethylpiperÌdinìum hydroxide octadecyl
hydrogen phosphate inner salt
Cs Hs2N04P=461.7
CAS —  157716-52-4. ....
UNtl —  2GWV496552.

Pfofílẹ
Periíosũie is.an oral alkylphospholipid compound that is 
structurally. related to milteíosine (p. 829.3); it has 
similarities to the phospholipid components of the cell 
membrane and exerts its annneoplastic actìon by disruption 
oí cell-membrane ỉunctìons. It is under investigation for the 
treatment of multiple myeloma and advanced metastatìc 
colorectal cancer.

For wam ings and recommendations regarding the safe 
prescríbing, dừpcruing, and use o f oral antừưaplastic drugs, see 
Adminừtration. p. 732.3.
Reíerences.

1. Ghobrỉal IM. t í  al. Clinical and  n-anslatíonal studies oí a pbase n  ưial of 
the novel oral Akt inhibitor periíosine in relapsed or reỉapsed/reỉraaory 
W aldenstrom 's maaoglobulineinia. Qin Canctr R a  2010; 16: 1033-41.

2. Unger c  t í  aỉ. First*time-ỉn-man and pharmacokinetic stuđy of weekly 
oral periíosine ỉn patỉents w íth soỉỉd tum oun. Eur J  Canctr 2010; 46: 
920-5.

Pertuxumab /SAN, usAN. riNNỊ 

2C4; Pertuzumabùrn; R-1273; rhuMAb-2C4; nepTy3yMaỗ. 
Immunõgldbuiín GI, anti-(humah V (receptor)) (human- 
mouse monodonal 2C4 heavy Chain), disulbde with human- 
motìse monoclonal 2C4 K-chaia dimer.
CẠS — 380610-27-5.
ATC — L01XC13.
ATCVẹt— QL01XCỈ3.
UNIỊ — K16AI08CĨM. . ,.

NOTE. The name Omnitarg has been used as a trade mark for 
pertuzumab.

Uses and Administration
Pertuzumab iỉ a humanised monodonal antibody and a 
human epỉdermal growth íactor receptor (HER) dimerisa- 
tion inhibitor. It inhibits HER2 heterodimerisation wỉth 
other HER íamily receptors, thereby preventing the 
activation of HER signalling pathways. Pertuzumab is used 
with trastuzumab and docetaxel in the ơeatment of HER2- 
positive metastatic breast cancer (p. 702.1), in patients who 
have not been given antì-HER2 therapy or chemotherapy.

The inỉtial dose of pertuzumab ís 840 mg given bv 
intravenous inỉusion over 60 minutes. This is followed by .1 
dose o f420 mg given by irứusion over 30 to 60 mỉnutes on o! 
every 3 weeks. Ií a dose is delayed or missed then treatmen: 
should be resumed as soon as possible, but ií the timit 
between doses is 6 weeks or more then pertuzumab shouli [ 
be restarted at 840 mg followed by 420 mg once every 
weeks.

Pertuzumab shouỉd be vvithheld or stopped if trastuzu 
mab is withheld or stopped. Pertuzumab and trastuzuma I 
should be withheld íor at least 3 weeks if there is a drop ũ I 
leỉt ventricular ejection íraction (LVEF) to less than 40%, 0 ■ 
u LVEP is 40 to 45% wĩth a 10% OI greater absolute deaeas : 
below preơeatment values. Pemưumab may be restarted i [ 
the LVẼF has recovered to more than 45%, ór to 40 to 45°/1 
assodated with less than a 10% absolute decrease belov' 
pretreatment values. u  the LVEF has not improved, or h a! 
dedined hirther, after about 3 weeks then stoppin; 
pertuzumab and trastuzumab permanently should b : 
sưongly considered.

Pertuzumab is under investigation in the treatment c f 
HER2-positive gastric cancer.

Reíerences.
1. Baselga J, «  fl/. CLÊOPATRA Siudy Group. Pertuium ab pli s 

trastuzumab plus docctaxel íor metastatic breast canccr. N ErtỊỊỈ J  Mt i  
2012; 366: 109-19

2. Xeatíng GM. Pertuzuinab: in rhe Íỉrsr-Iinc ỉreaim ent oí HER2*posinv e 
metastatic breast cancer. Dtuệí 2012; 72: 353-60.

Adverse Effecfs, Treatment, and Precautions
For general discussions see Antineoplastics, p. 726. , 
p. 730.2, and p. 732.2.

Hypersensitỉvity and iníusion reaaions have bee 1 
reported in patients given pertuzumab. Patients should b í 
monitored !or 60 minutes after the íirst dose, and for 3) 
minutes after subsequent doses. Other adverse effec s 
reported in panents given pertuzumab (vvith ơastuzuma} 
and docetaxel) indude diarrhoea, nausea, neutropeni,, 
íatigue, rash. and peripheral neuropathy. Decreases in le t 
ventricular ejection ỉraction (LVEF) have occuiTed i i  
patients who have been given drugs that block HER2 
activity, induding pertuzumab; LVEF should be assessei 
belore starting peituzumab and regularly during treatmei t 
(see also Uses and Adminisưation, above).

Licensed product iníormation wams against the use < if 
permzumab during pregnancy, based on reports <if 
oligohydramnios, delayed íetal kidney development, and 
embryo-íetal death in animaỉ studies.

Reíerences.
1. Dnidcer AM, t í  ai. Rlỉk oi rash vvith the anti-H£R2 dỉmerỈ2atí( n 

antibody pertuzuraab: a meta*anatyste. Brrast Cancer R a  Treaỉ 2012; 13 ỉ: 
347-54.

Effeds on the heart. Pettuzumab is antidpated to ha' e 
adverse cardiac eílects because of its inhibition of huma n 
epìdermal grovvth íactor receptor 2 dimerisation. which 
has a role in cardiac myocyte homoeostasis. Cardiac safe y 
data from 598 patients in phase 2 studies of pertuzumt b 
have been pooled and anãlysed.* Pertuzumaĩ> had been 
given as monotherapy and in combination regimens wi< h 
non-anthracydíne cytotoxics, trastuzumab, or eriotini), 
ỉor various malignandes induding metastatic breast cai !- 
cer. In 331 patients given monotherapy there were ; 3 
cases (6.9%) of asymptomatic left ventricular systolic dy 
ỉunction and 1 case (1.4%) of symptomaúc heart íailur;. 
The inddence of carđiac dysíunction was not signiScant y 
dưíerent when penuzumab was given in combinaticn 
theiapy. The median time to these eííects was about cyc e
4.

Hovvever, these studies induded patients with a Ufetin e 
exposure to anthracydines up to doxorubidn 360mg/m2 )r 
equivalent and exduded those with cardiac comorbiditit 5, 
vvhich probably contiibuted to the low rates of cardi IC 
events. In addition, where patients had a history jf 
anthiacydine treatment. it had generally been gi ven sevet al 
months or years beíore pertuzumab therapy. The eữects DÍ 
regũnens containing pertuzumab and anthracydines is 
under investigation.

See Eữects on the Heait under Trastuzumab (p. 876.1) 
and Doxorubidn (p. 784.1, for anthracydines) íor furth:r 
míormatíon about the cardiotoxidty of these other drugs.

1. Leaỉban D, tí  a i  Pooled analysis o ỉ cardỉac salery in patiems with can er 
treaied vvìth pem uum ab . Arut Oncoỉ 2012; 23: 791-800.

Pharmacokinetìcs
Pemmunab has a halỉ-life oỉ about 18 days.

Preparations
Proprietary Preporotioní (detailỉ are given in Volume B)

Single-ingredient Preporations. israel: Perịeta; Jpn: Perje:a; 
Switz.: Perjeta; UK: Peijeta; USA: Perịeta.

All cross-reíerences reter to entries in Volume A



Peplomycin Sulíate/Pomalidomide 847

Picoplatin IBAN, USAN, rlNNI
AMD-473; NX-473; Picoplatine; Picoplatino; Picoplatìnum;
ZD-0473; riMKon/taTMH.
os-Amminedichloro(2-methylpyridine)platinum(ll).
QH,oCI2N2Pt=376.)
dÁS —  181630-15-9.
UNII —  B5TAN0L720.

Profìle
Picoplatin is a plaúnum derivative that is under 
investigaiion as an intravenous antineoplastic íor the 
treatment of small-celỉ lung cancer, and other solid tumours 
su ch as colorectaL ovarian, and prostate cancer. An oral 
dosage form is also being developed.
Reíerences.

1. Kelland L. Broadening the clinical usc o t platínura đnig-baaed 
chcm othrrapy w ith ncw  analogues: satraplatin and picopLatin. Exptrĩ 
Opùt Invaĩ D rup  2007: 16: 1009-2Ỉ.

2. Eckardt JR. et al. Phase n  study ot picoplatin as second-Une thcrapy tor 
patỉents nrỉth smalỉ*ceỉl lung cancer. J  ơ in  Oncol 2009; 27:2046-51.

Pipobroman IUSAN, piNNi
A-8Í03; NSC-25154; Pipobromán; Pipobromanum; (lnno-
õpoMaH.
1,4-Bis(3-bromopropionyl)piperazine.
C,oH,6Br2N20 2=356.1
CAS -  54-91-1.
ATC— L01AX02.
ATC Vet— QL01AX02.
UNII — 6Q99RDT97R.

ProfỊle \
Pipobroman is an antineoplastic vvhich appeais to act by 
alkylation. It may be used in the treatment of 
polycythaemia vera (p. 695.2), in patients requiríng 
myelosuppressive therapy, and in reíractory chronic 
myeloid leukaemia (p. 694.2).

The usual initìal dose lor polycythaemia vera is ỉ  mg/kg 
daily, given orally, and increased to 3 mg/kg, ư necessary, 
according to response. Maintenance dosage is 100 to 
200 miaogramỉ/kg daily. For wamings and recommendations 
regardừig the safe prescribing, dừpensing. and ttse o f  oraỉ 
antinéaplastic drugs, see Adminiítration, p. 7323.

The main adverse effea is moderate bone-marrovv 
depression, which may develop 4 weeks or more bom  
starting treatment. Anaemia may be maiked at higher doses 
and is usually accompanied by leucopenia. Thrombocyto- 
penia and haemolysis have occurred. In the ỉnitial stages oí 
treatment, vvhite celỉ and platelet countỉ ỉhould be 
determined on altemate days and complete blood counts 
once or twice vveekly. Dosage should be stopped if the white 
cell or platelet counts fall below acceptablẽ levels (see also 
Bone-marrow Depression, p. 730.3).

Preparations
Proprietory Preparations (đetails are given in Volume B)
Single-ingredìent Preporatìons. Fr.: Vercyte; Gr.: Verdte; Ital.: 
Verdte.

Pirarubicin ỊriNNi
Pirarubicina; Pirarubịcine; Pirarubiđnum; 1609-RB; Tepirubi- 
cin; THP-ADM; THP-doxoaibicin; riupapyỗMUMH. ;
(85, 105)-1 (H[3-Amino-2,3,6-trideoxy-4-0-(2/?-teữahỵdro-2H- 
pyran-2-yl)-a-L-/yxo-hexopyranosyl]oxy}-8-glycoloyl-7,8,9,10- 
tetrahydro-6,8,11-trihydroxy-l-methoxy-5,12-naphthacene- 
dione. '
C32Hj;NO,2=627.6
d ù  — 72496-41-4. -. ; /
ÀTCịr- L0ỈD808.
ATCỷét —  QL01DB08.
UNII — D58G680W0G.

Pharmacopoeias. In Jpn.

Proỉìle
Pữarubidn is an antineoplastic anthracydine antibiotic that 
is a stiuctural analogue of doxorubidn (p. 782.3), and has 
similar properties. It is used in the management of breast 
cancer and has also been tried in other soliđ neoplasms, 
acute leukaemias and ỉymphomas.

Pirarubiđn is ỉormuĩated as the hydnxhloride bút doses 
are in terms óf the base. A usual dóse of 25 to '50 mg/m2 
every 3 to 4 vveekshas been recommended in breast cancer, 
but other dosage regimens have beèn used. Doses may be 
given by inttavenous injecdon over 5 to 10 minutes into a 
rapidly-flowỉng intravẽnous iníusíon 'of glucose 5%. 
Patients should undergo regular blood counts and

monitoring of cardiac íunction: at cumulative doses above 
600mg/m2 ventricular ejection ừaction should be checked 
beíore each course. Pirarubicin has also been given by the 
inưa-arterial and intravesical routes.

Preparatìons
Proprietory Preparations (details are given in Volume B)

Single-ingredient Preparations. Fr.: Thcprubidnet; Jpn: Therar- 
ubidn.

Pixantrone (BAN, USAN, liNNi

88R-2778; Pixantrona; Pixantronum; ílnKcaHTpoH.
6!9-Bis[(2-aminoethyl)amino]benzo[g]isoquinoline-5,10-
dione.
C,7H,^502=325.4 
CAS —  144510-96-3.
ATC —  L01DB11.~
ATCVet —  QL01D8U.
UNII —  P5SXN2KNMR.

Pixantrone Maleate IBANM, ríNNMt 

BBR-2778 (pixantrone or pixantrone maleate); Maleato dé 
pixantrona; Pixanưone Dimaleate (USAN); Pixantrone,, 
Maléate de; Pixantroni Matèas; riMKcaHTpOHa ManẹaT.
6,9-bis[(2-Aminoethyl)amino]benzo[g}isoquinolỉne-5,10- 
dione (2Z)-but-2-endíoate (1:2).
CI7H,9N50 2,2C4H40 4=5575 
CA5 —  144675-97-8.
ATC —  L01081I.
ATC Vet —  QL01DB11. 
um  —  P0R64C4CR9.

Profi7e
Pixantrone is an aza-anthracenedione anthracydine 
derivative that is strucmrally 'similar to mitoxantrone 
(p. 833.1). Hovvever, it lacks the 5,8-dihydroxy substitution 
groups thought to be responsible for mitoxantrone-induced 
cardiotoxiđty. It is a vveak inhibitor of topoisomerase n that 
directly aỉkylates DNA to form stable DMA adducts and 
cross-strand breaks.

Pixantrone is given as monotherapy íor the treatment of 
patients with relapsed or retractory aggressive 
non-Hodgkin's B-cell lymphomas (p. 696.3).

Pixanơone is gỉven as the dimaleate, but doses are 
expressed in terms of the base; 1.7 mg oí the dimaleate is 
equỉvalent to about 1 mg o i pixanữone. It iỉ given in a dose 
equivalent to pixantrone 50mg/m2 on days 1, 8, and 15 of 
each 28-day cycle, for up to 6 cydes. It is diluted to 250 mL 
in sodium chloride 0.9% and given by slow intravenous 
iníusion over at least 60 minutes.

-Doses may need to be delayed or ađjusted according to 
the degree of toxidty produced.

Reíerences.
1. Engert A, t í  ai. EXTEND PIX30Ỉ: a phase m  randomỉzed trial of 

pixanrrone versus o th e r chem otherãpeutic agents as third-Une 
m onoihcrapy ỉn pacients with reUpsed. aggressive non-Hodgkin'5 
lymphoma. ơ in  Lymphoma Myeỉoma 2006; 7:152-4 .

2. Ẽ l-Hdw LM Hancock BW. púam rone: a  novci aza*anthracenedỉone in 
ihc trcaimem of non-Hodgkin's lymphomaỉ. Experĩ Opin Irrvtst Dntgs 
2007; 16: 1683-91.

3. EJ-Hclw LM, Hancock BW. Pỉxantrone: a  promiảng drug in the 
treatm ent oỉ non-Hodgkin lymphomas. Puturt Oncoỉ 2009; Ị: 445-53.

4. Mukhcrji D. PeitengeU R. Pixantrone maieate !or non*Hodgkin's 
lymphoma. Drugi Today 2009; 45: 797-405.

5. CabanỉlUs F. Pixantrone: a new agent íor relapsed aggreĩsive 
lymphomas. Lancet Ottcoĩ 2012; 13: 654-6.

6. ■ Peccengcỉl R. et at. P ỉx a m ro n e  d ỉm a ỉe a te  v e rru s  o th e r  c h e m o th e rap e u ỉic
agents as a sỉngle-agent saivage ueatm ent in patỉents wỉth reỉapsed or 
re ỉraaory aggressive non-Hodgkỉn lymphoma: a phase 3. multicentre. 
open-label. random ised ưiài. Lartcèt Oncoì 2012; 13: 696-706. 
Correction. ibid.; e285.

Preparatíons
Proprietary Pnparoiions (details are given in Volume B)

Single-ingredient Preparations. Denm.-. PÍXUVTÌ: Neth.: Plxuvri; 
Norw.: Plxuvri; Spaũi: Pixuvri; UK: Pixuvri.

Plevitrexed (8AN, riNNi

• BGC-9331; plevitredex; Pléviứexed; Plẹvltrexedum; ZDr9331 
nneBHTpexcefl. r - -  ■-
(2S)-2-K4-{[(2,7-Dlmethyf-4-oxo-í,4-dihyđrơqưinazo!in-6-yl) 
methyO(prop-2-ynýl)aminó}-2-fluoròben2oyl)aminb]-4-(lH-1 
tetrazol-5-yl)butánóic acid r
C26H25FN8Ò4=5325 
CA5 —  153537-73-6 
UNII —  Ỉ.9P2881C3H

P r o tìỊe

Plevitrexed ỉs a thymidylate synthase inhibitor that is under 
investigation for the treatment of stomach and ovarian 
cancers.

Pliridepsin (BAN, rlNNI
Aplidine; Đehydródidetnnin 8; Plitidepsina; Plitidepsỉne; 
piitidepsinum; rim4TMflencMH. .
3,ó-Anhydro(N-{(2514S)-4-[(3S,4R,5S)-37hydroxy-4-{[N-(2-oxo- 
propanoyỉ)-L-prolyl-/V-methyl-o-leucylH.-threonyỉ]amino}-5- 
methylheptarioyloxy]-25-dlrnethyf-3-oxohexanoylR4eucyl- 
L-prolyl-W,0-dimethyl-L-tyro5ine). - '  '
-̂57H87NtO i5=1 1104 

G45 —  137219-37-5.
UNII —  Y761D234HW. - ' J'

NOTE. The name Aplidin has been used as a trade mark íor 
plitidepsin.

P r o fìỊe

Plitìdepsin is an antineoplastic isolated hom the marine 
tunlcate Aplidium albicans. It is under investigation in the 
treatment of acute lymphoblastìc Ieukaemia, multiple 
myeloma, and solid tumours.

Reíerences.
1. Mufioz*Aỉonso MJ, et ai. The mechaniỉm of actìon oí plỉtỉdepỉỉn. Curr 

Opin ĩnvatig Drugs 2009; 10: 536-42.
2. Eisen T. et ãl. Phase n sudy oí weekly plỉtídepsỉn as second-Une therapy 

ỉor smalỉ celỉ lung cancer. ĨMns Cancer 2009; 64:60-5.
3. SchóHski p. et ai Phase n randotúxed study oí PUtìdepsỉn (Aplỉdin), 

aỉone or in associatỉon wỉth L-camitine. ỉn patìents wỉth unresectable 
ađvanced renal celỉ cardnoma. Mar Drugs 2009; 7: 57-70.

4. EUen T, ct aL Phase n  stuđy of blweẽkly pUõdepsin as secotui-line 
therapy ỉn patíentỉ w ith advanced nulỉgnant meỉanoma. Melanoma Rts 
2009; 19: 185-92.

5. Dumez H. et al. Phase n  study of bivveekly plltìdepsin as second-Une 
therapy Eor advanced or metastatic transỉtíonal ceũ carđnoma oỉ the 
urothebuin. Mar DniỹS 2Q09ĩ 7:451-63.

6. Baudln E, tí a i Phase iTstuđy oí plỉtỉdepsỉn 3-hour infusion every 2 
weeks in patients with unresectable âđvanced medulỉary thyròid 
cardnoma. Am ĩ  ơm Oncoỉ 2010; 33: 83-8. .

7. LeToumeau c  oai.Repoxts of dintcalbeóéfit oỉplltidepsin (Apliđỉne), 
a new marine-derived antkancer agent. tn patieius wỉth advanced 
meduỉỉary thyroỉd cardnoma. A m  J  ơ in  ữncol 2010; 33: 132-6.

8. Mateos MV. tí a i Phase n dỉnkal and pharmacokỉnetic study oỉ 
pỉitỉdepsin 3-hour ỉníusỉon every two Weéks alone or with dexa- 
òethaâỡne ỉn relapsed and rcíractory multípie myeỉoma. Om Qmctr Ra 
2010: 16: 3260-9.

P o m a H d o m i d e  ÍU SAN , riN N i

CC-4047; IMiD-3; Pomalidomid; Pomalidomida; Pomalido- 
midum; ri0MajnMfl0MMfl.
4-Amìno-2-[(3ffS)-2,6-dioxopipendin-3-yfHH-isoindole-1,3
(2H)-dione.
C13H„N30 4=2732 
C4S — 19171-19-8.
UNII —  Ữ2UX06XLB5. ' ■■

NOTE. IMiD-3 has also been used as a sỵnonym íor 
lenalidomide (p. 816.1).

Uses and Administration
Pomalidomide is a derivative of thalidomide (p. 867.3) that 
has únmunomodulatory and antiangiogenic properties. It is 
used with dexamethasone or as monotherapy for the 
treatment of multiple myeloma (p. 699.2) in patients who 
have been ưeated with at least 2 other therapies including 
lenalidomide and bortezomib, and vvhose disease has 
progressed vvithin 60 days of completing the Iast therapy. A 
usual oral dose of pomalidomide is 4 mg once daily taken on 
an empty stomach, for 21 days of a 28-day cycle. The dose 
may need to be modiíied ií toxicities occur, see 
Administration in Subsequent Cydes, p. 848.1. For wamings 
and ncommendations regarding the saỊe presaribing, dừpensing, 
and use o f oral antineopỉastic drugs, see Administratìon, p. 732.3.

Pomalidomide is also under investígation ìn myeloũ- 
brosis.
Reíerences.

1. U cy MQ. t t  a i  PoraaUdomide (CC4047) plus low dose dexam ediuoiu 
(Porn/dex) is actívc and WCỈI uderated ỉn lenaỉỉdomide n tn c ĩo ry  
muỉtỉpỉe myeloma (MM). Uukonia 2010; 24: 1934-9.

2. Begna KH, il  ai. A  phaae-2 trial of low -do« pomalidomide in 
myeỉoEbrosis. Lỉtíkemia 2011; 25:301-4 .

ỉ .  Lacy MQ, Teỉỉerỉ A. Pomalỉdomỉde cherapy for muỉdpỉe myeỉoma and 
myẽloQbrosỉs: an update. Ltuk Lymphoma 2011: 52: 560-6.

4. Lacy MQ, et a i  Pomalidoniide plua low-doíc dexamethaaone ỉn 
myéloma rebactory to both boneaomib and knalỉdom lde comparisoQ 
of 2 dosing strategies In dual-rcừaaory disease. Btood 2011; 11& 2970-5.

5. Sctaey s. Kamasamy K. Pomalldomide thetapy for myeloma. Exptrt Opin 
Invtst DniỊS 2011; 20: 691-7Ò0.

6. Lcleu X, ct a i  Pomalidonúde pỉus !ow-dose dexamethasone Is acdve and 
weỉl toỉerated ỉn bo rtno itùb  and ỉenaỉỉdomỉde-rcửactory multỉple 
myoloma: Intcrgroupc Francophone du Myélome 2009-02. Blood 2013; 
121: 1966-75.

7. EUdnsoa s. McCormack PL- Pomalídomidc: Em  global approval. Drup 
2013; 73: 595-604.

The Symbol t  denotes a preparation no longet actively marketed



848 Antineoplostics

Admirũstration in subsequent cydes. The usual oral dose 
of pomalidomide may need tó be modiSed i i  toxiđty 
occurs.

ư haematological toxidty occurs, the absolute neuuo- 
phil count (ANC) must be at least 500 cells/mm3 and the 
platelẻt count must be at least 50 000 cells/mm3 beỉore a 
dose oỉ pomalidomide ũ given. The íollovving dose 
modiScations are required vvhen values ỉall belovv these 
concentrations.
• For ANC < 500 cells/mm3, ANC <  1000cells/mm3 with 

íever > 3 8 .5  degrees, or platelets < 25  000cells/minỉ: 
pomalidomide should be withheld unól values recover 
and then resumed at a dose of 3 mg once daily.

• For each subsequent fall (ANC <  500 cells/mm3 or 
platelets < 25 000ceUs/mm3): pomalidomide should be 
tvithheỉd until values recover and then resumed at a 
daily dose 1 mg less than the previous dose. If toxidties 
occur at a dose oỉ 1 mg once daily, ưeatment should be 
stopped.

u  other grade 3 or 4 toxidties occur, pomalidomide ỉhould 
be vvithheld undĩvalues recover to at least grade 2 and then 
resumed at a daily dose 1 mg less than the previous dose. u  
toxidties occur at a dose of 1 mg once daily, treatment 
should be stopped.

Adverse Effeđs and Precautions
For general discussions, see Antĩneoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

Because of ỉts potentiaỉ teratogenidty, pomalidomide use 
is restricted in vvomen of child-bearíng potential and sinũlar 
precautíons to thalỉdomide are required, see p. 869.2.

Pomalidomide is assodated with haematological toxidty, 
pamculariy neuưopenia, anaemia, and thrombocytopenia. 
Full blood counts should be monitored weekly íor the ũrst 8 
weeks of treatment and then monthly thereafter; dose 
adjustments may be required, see Ađminisưation in 
Subsequent Cydes, above. Venous thromboembolism has 
occurređ during pomalidomide ưeatment, and prophylaaic 
measures should be considered in those at increased risk.

■ Neuropathy, induding peripheral neuropathy, has been 
reporteđ with pomaHdomide. Dizáness, conỉusion, anxiety, 
insomnia, and headache have occurred.

Other common adverse eữects indude íatdgue, pyrexia, 
chilỉs, gastrointestinal disorders, anorexia, changes in body 
vveight, musde spasm or vveakness, arthralgia, pain 
induding bone and musde paỉn, dyspnoea, cough, 
epistaxis, hyperhidrosis, rash, dry skin, pruritus, electrolyte 
disturbances, hyperglycaemia, increases in blood creat- 
inine, and renal ỉailure. Vertigo, increases in bilirubin and 
hepatỉc enzymes, and interstitial lung disease have also 
occurred.

Licensed product iníormatìon recommends that poma- 
lidomide should be avoided in patients with serum 
creatinine greater than 3mg/dL, or with serum bilữubin 
greater than 2mg/đL and aspartate aminotransỉerase or 
alanỉne aminotransíerase greater than 3 times the upper 
limit oí normal, due to a lack of data in such patients.

There ha ve been reports of acute myeloid leukaemỉa in 
patients treated with pomalidomide.

Effeds on ihe lungs. For reports of respữatory toxidty 
assodated vvith pomalidomide, see under Thalidomidẽ, 
p. 870.1.

Interactions
Pomalidomide is mainly metabolised by the cytochrome 
P450 isoenzymes CYP1A2 and CYP3A4; potent inbibitors or 
inducers o i  these isoenzymes may ãỉỉect exposure to 
pomalỉdomide. Tobacco smoking may reduce pomalido- 
mide exposnre due to inductìon of CYP1A2.

Pomalidomỉde ìs a substrate of P-glycoprotein and other 
drugs that inhibit or induce P-glycoprotein may aữect its 
exposúre.

Phamiacokinetics
Maximum serum concentrations of pomalidomide occur 2 
to 3 hours after an oraỉ dose. Plasma protein binding ranges 
from 12 to 44%. Pomalidomide is distributed into the 
semen. It ũ  mainỉy metabolised in the liver by the 
cytochrome P450 isóenzymes CYP1A2 and CYP3A4, with 
CYP2C19 and CYP2D6 playing a minor role. Pomalidomide 
is excreted Via the kidneys with a plasma half-life of about
9.5 hours in healthy adultỉ and 7.5 hours in those with 
multiple myeloma. About 73% of a dose was eliminated in 
the urine and 15% in the íaeces, mainly as metabolites with 
a small portion as unchanged drug.

Reíerences.
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Preparations
Proprietary Preparotions (detailỉ are given in Volume B) 
Single-ingredierđ Preporotioní. UK: Imnovid; USA: Pomalyst. '

P o n a tin ib  (USAN, riNN)
AP-24534; Ponatinibum; noHaĩMHMỗ. ■ 
3-[2-{lmidazo[T,2-b]pyridazin-3-yQethynyl]'4: rnethy1-N-{4'[(4--- 
mẽthyípipẹrazin-1 -yÓrnethyl]-3-(trifluóromethyỉ)phenyỉ}ben: ' 
zamide. > ■ ■ V •■■■ '
C»Hj7F3N60=532.6
CAS — 943319-70-8. • •-
UNII — 4340891KFS. ■

Ponatinib Hydrochloríde ỊUSAN. HNNMỊ 
Hidrodorurò dè ponatinib; Ponatinib, Chlorhydráte de; 
Ponatinibi Hydrochloridum; rioHaTMHMổa rnflpoxnopnfl. 
C»H27F3N6O,HCI=569.0 
CAS— 1114544-31-8.
UNII — 96R6PU3D8I.

Uses and Administration
Ponatinib is a BCR-ABL tyrosine kinase inhibitor that is 
used for the ơeatment oí chronic, accelerated, or blast phase 
chronic myeloid leukaemĩa, or Philadelphia chroraosome- 
positive acute lymphoblastic leukaemia, that is resistant to, 
or in patients who arc intolerant of. príor tyrosine kinase 
inhibitor therapy. An õral dose of 45 mg once daily is used 
and contínued untíl disease progression is noted. Treatment 
may need to be modilied if toxicities occur (see 
Administration in Subsequent Cydes, below).

Iỉ ponatinib is used vvith a potent cytochrome P450 
isoenzyme CYP3A inhibitor, a reduced oral dose of 30 mg 
once daily is recommended.

For wamings and rtcommendations regarding the safe 
prcscribing. dispcnsing. and use o f oral antineopỉastic drugs. see 
Adminừtration. p. 7323.
References.
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AdmínúiraHon in subsequent cycles. The oral dose of 
ponatinib may need to be modiỉied if toxidty occurs dur- 
ing ưeatment ÍOT chronic myeloid leukaemia, or Philadel- 
phia chromosome-positive acute lymphoblastic leukaemia.

If myelosuppression occurs vvith the absolute neutrophil 
count (ANC) falling belovv 1000cells/mm3 or platelets 
ỉalling belovv 50 000 cells/mm3, interrupt ponatinib until the 
ANC recovers to at least 1500 cells/mm3 and platelets 
recover to at least 75 000celk/min3. When restarting, the 
dose should be adjusted as follows:
• íor the first occurrence, resume ponatinib at the usual 

dosc of 45 mg once daily
• ỉor the second occurrence, resume ponatinib at a reduced 

dose of 30 mg once daily
• fot the third occurrence, resume ponatinỉb at a turther 

reduced dose oí 15 mg once daily
Treatment modưicatìons for other toxicities are as follows:
• ư hepatotoxidty occurs with liver ưansaminases 

increased to > 3 times the upper limit of normal (ULN),
interrupt ponatinỉb until transamỉnases have recovered 
to < 3 times the ULN

• íor asymptomatìc grade 1 or 2 increases in serum lipase, 
consider intemipáon or dose reduction of ponatinib

• ỉor asymptomatic grade 3 or 4 increases in serum lipase 
(> 2 times the ULN) or asymptomatic grade 2 pancreat- 
itis, interrupt ponatinib until lipase has recovered to 
< 1.5 times the ULN

• for symptomatic grade 3 pancreatitis, interrupt ponatinib 
until symptoms have completely resolved and lipase has 
recovered to < 1.5 times the ULN

• for grade 4 pancreatitis. stop ponatinib treatment 
w hen restarting therapy, the dose should be adjusted as 
follows:
• when toxidty occurs on a dose of 45 mg once daily, 

resume ponatinib at a reduced dose oí 30 mg once daily
• when toxidty occurs on a dose oỉ 30 mg once daily, 

resume ponatinib at a íurther reduced dose of 15 mg once 
daily

• when toxicity occun on a dose of 15 mg once daily, stop 
ponatinib treatment

Adverse Effects, Treaừnent, and Precautions
The most common adverse eỉỉects with ponatinib are 
gastrointestinal disorders su ch as constipatíon and nausea, 
hypertension, rash, dry skán, abdominaỉ pain, ỉatigue, 
headache, aithralgia, and pyrexia. Other commonly 
reponed eHects indude arterial ischaemia, heart ỉailure, 
peripheral oedema, myelosuppression, inỉections, periph- 
eral neuropathy, dizziness, cough, dyspnoea, myalgia.

musde spasm, paỉn induding back pain and bone pain, 
mucositis, anorexia, and ìnsomnia. Abnormalities asso- 
dated with ponatinib trèatment indude increased liver and 
pancreatic enzyme values, íncreased bilirubin, decreased 
albumin, increased creatinỉne, increased trìglycerides, and 
electrolyte and blood glucose abnormalỉties.

Severe myelosuppression has occurred in nearly haU of 
patientỉ treated wlth ponatinib. Thrombocytopenia, 
neutropenia, leucopenỉa, anaemia, and lymphopcnia have 
been sẽen. Blood cõunts should be measured evẽry 2 vveeks 
for the Srst 3 months and then monthly or as dinically 
indicated, and the dose adjusted as necessary, see 
Administration in Subsequent Cydes, above.

Arterial thrombotic evẽnts have induded cardiovascular, 
cerebrovascular, and peripheral thrombosis, induđing 
myocardial inỉarction and stroke. Most of the patients 
who developed atterial thrombosis had one or more 
cardiovascular risk íactors. Ponatinib shouỉd be intemipted 
or stopped ư such events occur. Venous thromboembolism 
induding deep-vein thrombosis and pulmonary embolism 
has also occurred, and may require dose modiScation or 
ưeatment to be stopped. Seríous bleedíng events have been 
reported, particularly cerebral or gastrointestinal haemorr- 
hage, and were most oíten seen in patlents vvith severe 
thrombocytopenia; treatment should be interrupted if 
bleeding occurs.

Cardiovascular adverse eưects indude cardiac arrhyth- 
mias such as bradyarrhythmias and supraventricular 
tachyarrhythmỉas, congestive heart íaiỉure or left ventri- 
cular dysỉunction, and hypertension sometimes leading to 
hypertensỉve crisis. Blood pressure should be monitored, 
and ơeatment may need to be stopped for severe hean 
ỉailure. Fluid retention has been seen, partlcularly 
peripheral oedema, and pleural or pericardial eữusion.

Hepatotoxidty and acute lỉveT lailure have occurred and 
li ver íunctìon tests should be checked at baseline and at least 
monthly thereaher; ưeatment should be adjusted as 
necessary. Ponatinib is metabollsed in the liver and use 
should be avoided in those with raoderate to severe hepatic 
impairment due to the risk of inơeased exposure. 
Pancreatìtís has been reponed; lipase concenưations may 
be increased and should be monitored every 2 vveeks for the 
first 2 months and then monthly thereaíter or as needed, 
and ưeatment modiSed as necessary.

Hyperuricaemia has occurred, and tumour lysis 
syndrome has developed occasionally. Ponatinib could 
compromise wound healing, and gastrointestinal petĩora- 
tion has occurred over a month after abdominal surgery was 
camed out. Treatment should be stopped at least 1 week 
beíore major surgery, and reinưoduced once vvound 
healing is deemed adequate.

Interactions
In vitro studies have suggested that ponatinib is a subsưate 
fot the cytochrome P450 isoenxyme íamily CYP3A. 
Exposure to ponatinib was ỉncreased when given with the 
potent CYP3A4 inhibitor ketoconazole, and ponatinib dose 
adjustments are required vvhen used vvith a potent CYP3A 
inhibịton for íurther details, see Uses and Administration, 
above. Potent inducers of the CYP3A tamily should be 
avoided vrhere possible duríng ponatinib treatment due to 
the risk of reduced eíhcacy.

An inaease in gastric pH may reduce the bioavailability 
oỉ, and exposure to. ponatinib and caution is advised with 
drugs that increase gasơic pH su ch as proton pump 
inhibitors, histamine H2-antagonists, or antadds.

Pharmacokinetics
Peak plasma concenơations of ponatinib are seen vvithin 6 
hours oĩ an oral dose. Solubility is pH dependent, with 
higher pH resulting in lower solubility. It is more than 99% 
bound to plasma proteins in vìtro, and is a vveak substrate 
for, and an inhibitor oỉ, P-glycoprotein and breast cancer 
resistance protein (BCRP or ABCG2). Ponatinib is 
metabolised by the cytochrome P450 isoenzymes CYP3A4 
and to a lesser extent CYP3A5, CYP2C8, and CYP2D6, as 
vvell as by esterases and amidases. The elimination haU-Uỉe 
ranged írom 12 to 66 hours (mean 24 hours) once steady 
State was achieved. Ponatúiib is excreted mainly in the 
ỉaeces (nearly 90%), with a small amount in the urine 
(about 5%).

Prepórations
Piuprielory Preparations (details are given in Volume B) 

Sngla-ingredieHt PreputolioiB. ỮK: Idusig; USA: ỉdusig.

P o r í i m e r  S o d i u m  IB A N , U S A N , r iN N i  

CL-184116; Dihaematòporphyrin Ether, Éter de dihemato- 
portìrina; Porfìmeerinatiiuni; PorRmère Sođique; Poríimẹmạ-



Ponatinib/Pralatrexate 849

triùm; Poríiméro sódico; Poríìmerum Natricum; ílopộuMep 
HaTpiạii.
CAS — 87806-31-3.
ATC — LOĩXDOI.
ATC Vet —QLOIXDOI.
UNII —  Y3834SIK5R

Uses and Adminỉstration
PorSmer sodium is a haematoporphyrin derivative that 
reportedly accumulates in malignant nssue on injection. It is 
ứien acnvated by laser light to release oxygen radicals 
vvithin malignant cells, produdng cytotoxiáty. Potũmer 
sodium is used as a photosensitiser in the photodynamic 
therapy of endobronchial non-small cell lung cancer 
(p. 710.2), oesophageal cancer (p. 705.3), and superSdal 
bladder cancer (p. 700.2). It is also used for the treatment oỉ 
dysplasia assođated with Barrett's oesophagus (see Gastro- 
oesophageal Reũux Disease, p. 1810.2).

Porfim«r sodium should be reconstituted with glucose 
5% or sodium chloride 0.9% to a final concentration oỉ 
2.5mg/mL. It is given by slow intravenous injection at a 
dose of 2 mg/kg. This ỉs íollovved, 40 to 50 hours later, by 
acnvation using a laser tuned to a wavelength oỉ 
630nanometres and deliveređ to the area oỉ the tumour 
using a íibre optic guide. Residual tumour may 
subsẽquently be debrided surgically. A second laser 
ưeatment may be given 96 to 120 hours after the original 
injectíon. A maxúnum of 3 courses of photodynamic 
therapy may be used, with each injection separated by a 
minimum of 30 days for oesophageal and endobronchial 
tumours, and a minimum of 90 days ÍOT dysplasia ỉn 
Barrett's oesophagus. However, in the treãtment of 
superfidal bladder cancer, only one dose of drug and light 
ỉs given due to an Ịncreased risk of bladder conttacture, and 
no surgical debridement is períormed.

For huther inỉormation about use in hepatic or renal 
impairment, see below.

Administration in hepatic hnpairment. us licensed pro- 
d u a  iníoimation States that hepatíc im paũm ent could pro- 
long the elimination of porhmer, and that patíents with 
mild to severe hepatic impairment should be wamed that 
the precautions for photosensitivity (see beIow) may need 
to be íollovved for longer than 90 days. EU licensed pro- 
duct iníormatìon recommends sũnilar vvamings for those 
w ith mild to moderate impairment; use is contra-indicated 
in severe hepatic impalnnent.

Administration in renal impairment. EU licensed p rodua 
inĩormation for some porĐmer Products (Photoỷrìn, Axcart) 
States that, because excretion o! porũmer is mainly vỉa the 
ỉaecal route, no spedal precautions are necessary in 
patients with renal impairment. However, EU licensed 
product inỉormation for other porBmer Products (Photo- 
Barr, Axcan) contra-indicates use in severe renal impair- 
ment, as it has not been evaluated. us licensed product 
inĩormation (PhotoỊrìn. Axcan) States that renal ùnpairment 
could prolong the elimination oỉ porhmer, and that 
patients with severe renal impairment should be wamed 
that the precautions for photosensitivity (see below) may 
need to be followed lor lõnger than 90 days.

Photodynamic therapy. Photodynamic therapy (PDT) 
probably has the greatest potential of the various forms of 
light-activated ưeatment.1 Photosensitìsing drugs are 
given intravenously, orally, or topically, and are selec- 
tively retained by tumour cells. When exposed to the cor- 
rect vvavelength of light the drug produces toxic oxygen 
radicals that destroy cell membranes and thereby kill the 
tu m o u r cells. Vascular dam age an d  im m une-m ediated  
injury may also occur.2“* Tumour cells must have an ade- 
quate supply of oxygen to be sensitive to PDT,2 and as 
light penenation is usually limiteđ, early or superũđal 
malignant lesions respond best to therapy.1-2 Photody- 
namic therapy has been tried in skin, gastrointestinaỉ, 
head and neck, bladder, gynaecologicaL pancreatic, pulm- 
onary, and varíous intraperitoneal malignandes2-3-5'12 It is 
also used for the treatment of Barrett's oesophagus12'14 
and íor the treatment of age-related macular degeneration 
(p. 880.2); it has been tried for other ocular disorders.15 
There is also an interesting report of cytotoxidty against 
leukaemic cells ùt vitro vvhen exposure to porBmer sodium 
was combined vvith ultrasound.6

The main adverse eỉỉect of photosensìtisers such as 
porhmer is photosensĩtivity lasting 4 to 8 vveeks; patients 
should.be advised to avoid sunlight during this period and 
therapy is best delayed untìl the darker winter months ư 
possible.1 Nevver photosensitisers are being developed to 
show increased tissue penetration and less prolonged 
photosensitìvity.2 The naturaỉ haem precursor 5-aminole- 
vulinic add (p. 740.1) has the advantage that photosensit- 
ivity lasts only a few hours:

1. Bovvn SG. New technỉques ỉn User therapy. B M J1998; 316:734-7.
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State oi the  an. ùrugs 1999; 57: 725-34.

3. Ost D. t í  a i  Photođynamic therapy in lung cancer. Ottcoỉogy 2000; 14: 
379-86

4. Brown SB, Ibbotson SH. Photodynamỉc therapy and cancer. BMJ 2009; 
339: b2459.

5. Wĩlson JHP, tí  al. Photodynatnic therapy íor gasưolntestỉnaỉ tum orv 
Scand J  Gastrotíứerol 1991; 26 (suppl 188): 20-5.

. 6. Tachibana K  t í  ai. Eỉiminating adult T-celi ỉeukaem ỉa ceỉỉs wich 
uỉtrasound. Lanctí 1997; 349: 325.

7. Walther MM. The roỉe o ỉ photodynamỉc tberapy in the  treatm ent of 
recuirent superhcỉạỉ bladder cancer. ưrol Clin North Am  2000; 27: 163- 
70.

8. M eo JM . Frỉedberg JS. Endobronchial photodynamìc therapy for the 
treatm em  of lung cancer. Chat Surg ơ in  North Am  2001; 11:829-39.

9. Bỉd MA. Photodynamic therapy in head and n ed t cancer. Cun Qncol Rep 
2002; 4: 87-96.

10. Moghữsi K. Role oí bronchoseopic photodynamic therapy ỉn lung cancer 
manageraent. Cun Opm Pulm Mai 2004; 10: 256-60.

11. Bown SG, t í  aỉ. Phoíođynamỉc therapy for cancer oi th e  pancreas. Gut 
2002; 50: 549-57.

12. Brovra SB, tí  a i  The present and fụture roỉe of photodynam ic therapy ỉn 
cancer treatment. Lđỉtctí ỡncoỉ 2004; 5: 497-508.

13. Wol(sen HC. tí  a i  Photodynamỉc therapy for dysplastìc Barrett 
esophagus and eariy esophageal adenocardnom a. Mayo Qùt Proc 2002; 
77: 1176-81.

14. Kelty CJ, t í  a i  Photodynamỉc therapy íor Bãrretts esỡphagus: a revỉetv. 
Dử Esophagus 2002; 15: 137-44.

15. Sỉvaprasad s, Hykỉn p. The role of photodynam ic therapy in 
ophthaỉmology. Br J  Hosp Med 2006; 67: 647-50.

Adverse Efíeờs and Precautions
Photosensitivity occurs in alỉ patients treated with poríimer 
sodiìim. This efỉect ỉs likely to be proỉonged, and patients 
should avoid sunlight or bright indoor light for at least 30 
days. Some patients may remaiii photosensitìve for longer, 
and may need to follow these precauúons for at least 90 
days. Hovvever, exposure to ambient indoor light is 
encouraged, as it allows gradual inactivatìon oỉ any 
remaining drug. Other reported adverse eííects indude local 
inỉlamma tion and pain, induding chest back, or abdominal 
pain, respiratory insuỉhdency or distress (induding 
dyspnoea), dehydratìon, dysphagia, constípation, nausea 
and vomiting, lever, tachycardia, atrial Đbrillation, pleural 
e£fusion, and anaemia due to tumour bleeding. Pneumonia, 
bronchitìs, anxiety, insomnia, cardiac íailure, and periph- 
eral or generalised oedema have. also been reported. 
Photodynamic therapy w ith  pòriimer sodium is 
contra-indicated in paúents with porphyria, oesopbageal 
or gastric varỉces, large oesophageal ulcers, oesophageal 
Astulas, erosion of major blood vessels, or severe acute 
respiratory distress. Suỉhdent time shouỉd be allovved 
between photodynamic therapy and radiotherapy to allow 
inũammatory reactions bom either treatment to subside.

Porphyrio. Licensed produd iníormation States that the 
use of porEmer sodium is conưa-indicated in patients with 
porphyria.

Interactìons
Use of poriimer sodium with other drugs causing 
photosensitivity should be avoided as the reaction may be 
ỉncreased.

Phannacokìnetics
Poriimer sodium is distributed and eliminated slovvly after 
intravenous injection, with plasma elìmination halỉ-life 
reported to be between 11 and 28 days. In  vitro studies 
indicate that plasma protein binding is about 90%. 
Bxcretion occurs mainly Via the íaeces.

Preparatíons
Proprietary Preparations (details are given in Volume B)
Single-mgredient Preparatìons. Arg.: Photolrin; C a n a d Photo- 
M n ; Cz~: P h o to B a rr ;  F r.:  P h o to b a r r t ;  P h o to ữ in ;  Ger.'. P h o to -  
írint; Gr.: Phototrin; Hung.: photobarr; Photoírin; Irt.: Photo- 
bam Photoírin; Israel: Photofrint; Mex.: Photoírin; Neth.: 
Pbotobarrỷ; PoL: PhotoBarr; PorL: Photobarr; Phototrin; UK: 
Photoírin; USA: Photoírin.

Poríiromycin IBAN, USAN, HNN)
Methyl Mitomycin; NSC-56410; Poríìromicina; Porbromycine; 
Poffìromyđnúm; U-14743; nop<t>MpoMM4HH. ; :
6-Amino-1,la,2,8,8a,8t>-hexahydro-8-(hydroxyTTiethyl)-8a- 

.methoxy-1^-dimethylazirino[2,3'3,4]pyiTolo[1,2-o]-indole-
4,7-dione carbamate ester. ’ •' -
C,6HmNí0 5=3484 
kCÃS —801-52-5.
m  —  H1WỊỌ010A6. ■ -  - - ■ ■'

Proỉiie
PorHromydn is an antibiotic antineoplastic structurally 
related to mitomydn (p. 830.3). It is under investìgation for 
the treatm ent of malignant neoplasms of the cervix, and  the 
head and neck.
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Pralatrexate ỊUSAN, rìNNỊ 
PDX; Pralatrexato; Pralatrexatum; npanaipexcaĩ.. • 
(25)-2-[(4-{(1flS)-H(2,4-Diamĩnopterídin-6-yl)methyl]but-37 
ynyl}benzoyOamịno]pentanedìoicacid.
C23H23N7Os=477.5
CAS— 146464-95-1. '■
AĨC — L01BA05. . . . »
ATC Vet — QL01BA05. ,
UNII — A8Q8I19Q2Q.

Uses and Administratìon
Pralatrexate is an antineoplastìc that acts as an antimetab- 
olite of íolic add; it competitively inhibits the enxyme 
dihydroíolate ređuctase. Pralatrexate is used for the 
treatment of patients with relapsed or reíractory pẹripheral 
T-cell lymphõma. It is given as an intravenous boius over 3 
to 5 minutes into a Íree-Uovving inhision of sodium chloride
0.9%. The recommended dose is 30mg/m2 once weekly íor 
6 weeks, in 7-week cydes.

Patients are also given oral ỉolic add 1 to 1.25 mg daily, 
which should be started up to 10 days beỉore startỉng 
pralaưexate, and continued until 30 days after the last dose. 
In addition, an intramuscular dose of vitamin Bi2 1 mg, is 
gi ven no more than 10 weeks beỉore starting pralatrexate, 
and every 8 to 10 vveeks thereaher; doses may be given on 
the same day as pralatrexate.

Doses of pralatrexate are modihed according to toxỉdty 
(see Administratìon in Subsequẹiit Cydes, below); once the 
dose is reduced, it should nọt be increaseđ again.

Pralatrexate is also under investigatíon ỉor diffuse large 
B-cell lymphoma, íollicular lymphoma, and non-papillary 
transinonal cell cardnoma of the urinary bladder.
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1. ƠCoonor OA, tí al. Praỉatrexate, a  novel dass oí anúíol w ỉth high 

affiniry ỈOĨ the reduced ĩolate carrier-typc 1, produces marked complete 
and durable remissìons in a dỉversity of diemotherapy reíraaory cases oỉ 
T-ceH lyraphoma. Br J  Hatmatol 2007; 139:425-8.

2. Mould DR, t ía l .A  popuỉatỉon phannacoldnetic and phannacodynamỉc 
evaluation of pralatrexate ỉn patíents wỉth relapsed or re&aaory 
non~Hodgkỉn's or Hodgkin's ỉymphoma. ơitt Pharmaaỉ Ther 2009; 86: 
190-6.

3. 0 'Connor OA. tí  ai. Phase n -I-n  stuđy of two dỉữerent doses and 
scheduỉes oỉ pralatrexate, a  high^aí&nỉty substnte ỉor the reduced foỉate 
CBĩTỈer, ỉn patients w ith relapsed or reíractory lymphoma reveaỉs marked 
activity ỉn T-cell malỉgnandes. J  Qin Oneoỉ 2009; 27: 4357-64.

4. Rueda A, tí at. Pnỉatrexate, a  new hope for aggressive T-cell 
lymphomas? ơirt Trattíl Onal 2009; 11:215-20.

5. Zaỉn ì .  0 'C onnor o .  Praỉatrexate: baslc understandỉng and dỉnỉcal 
deveỉopmenL Exptít opin Pharmaather 2010; 11: 1705-Ỉ4.

Admừiistration in subsequent cydes. Beíore any dose of 
pralatrexate is given, the ỉoUoyving conditions are 
required:
• mucositís must be grade 1 or less
• platelet count shoũld be at least 100000cells/mmJ for 

the first dose, and 50 000 cells/mm3 for all subsequent 
doses

• absolute ncutrophil count (ANC) should be at least 
1000cells/mm5

Doses are omitted or reduced according to toxidty, as 
outlined belovv. Once the dose is reduced, it is not inCTeased 
again.
For mucositis. according to grade on the day of treatment, 
and upon recovery to grade 1 or better, respectively:
• grade 2: omit dose, restart at previous dose
• grade 2 recurrence, or grade 3: omit dose, reduce next 

dose to 20mg/m2
• grade 4: stop therapy
For haematological tox id ty , according to blood count on 
the day o! ưeatment, duration, and dose upon restarting:
• platelets < 50  000 cells/mm3:

for 1 vveek; omit dose, restart at previous dose
for 2 vveeks: omit dose, reduce next dose to 20 mg/m2
íor 3 weeks: stop therapy

• ANC 500 to lOOOcells/mm3 and no íever íor 1 week: 
omit dose, restart at previous dose

• ANC 500 to 1000cells/mm3 with íever, or ANC 
< 500 cells/mm3:
for 1 vveek: omit dose, give colony-stimulating íactor 
(CSF) support, and restart vvith previous dose (vvith CSF 
support)
for 2 vveeks, or recurrence: omit dose, give CSF support, 
and reduce next dose to 20mg/m2 (with CSF support) 
for 3 vveeks or at second recurrence: stop therapy 

For all other toxidties, based on grade on day oí treatment, 
and upon recovery to grade 2 or less:

The Symbol t  denotes a preparation no longer actively marketed
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• grade 3: omit dose, restart wỉth 20mg/mi
• grade 4: stop therapy

Adverse Eíkcts, Treatment, and Precautions
As ÍOT Methotrexate, p. 825.1, p. 826.3, and p. 827.1. 
Patients treated with pralaơexate are also given íolic ađd 
and vitamin Bu (see Uses and Administration. p. 849.3) to 
reduce treatment-related haematological toxidty and 
mucosìtis.

Interactions
As for Methottexate, p. 827.3.

Pharmacolãnetícs
Pralatrexate exposure and peak plasma concentrations have 
been reported to increase proportionally with dose. 
Pralattexate is about 67% bound to plasma proteins. The 
terminal elimination haư-Iiỉe is about 12 to 18 hours aíter a 
single intravenous dose. It is excreted in the urine and 
dearance decreases with đecreasing creatinine đearance.

Preparatìons
Proprietory Preparations (details are given in Volume B) 
Single-ingredient Preporations. Israel: Difolta; USA: FoIotyn.

Prednìmustìne IUSAN, riNNi
Leor1031; NSC-.134087; Prednimustiini; Prednimustin; Pre- 
dnimustina; Prednimustinum; npẹtỊHMMycTMH.
11(3,17,21-Trihydroxypregna-l,4-diene-3,20-dione 2H4-Ị4- 
[bis(2<hloroethy0amino]phenyl)butyrate)! 
C3sH«CI2N06=646.6 •
CAS —  29069-24-7.
ATC — L01AA0&
ATCVet — QL01AA08 ;
UNII — 9403SKD2S8.

Proỉile
Prednimustine is the prednisolone ester of chlorambuđl, 
(p. 764.1) and has been given orally in the treatment oỉ 
various malignant diseases.

Procarbazine Hydrochloride
ỊBANM, USAN, riNNMI

Hidrodoruro de procarbaana; lbenzmethyzin Hydro- 
chloride; NSC-77213; Procarbazina, hidrodorúro de; Pro- 
carbaáne, Chlorhydrate de; 'Procarbaãni Hydrochlóridum; 
Ro4-6467/l; ĩlpoKapõaãMHa ĨViApoxpopnn. • 
N-lsopropyl-a-(2-methylhydrazinõj-p-toluamide hydro- 

•chlortde. -  '
C12HI9N30>ICI=257.8 :
CAS —  671-16-9 (procarbaỉine); 366-70-1 (procarbaĩine 
hydrtxhloride). ■ • '
ATC—  L01XB01 ‘ -
ATC Vet —  QL01XB01.
UNII —  XH0NPH5ZX8.

Pharmacopoeias. In Chín., Int., Jpn, and us.
USP 36: (Procarbaãne Hydrochlotide). Store in airtight 
containers. Protect hom light.

Uses and Administratìon
Procarbazine hydrochloride is a methylhydrazine derivative 
whose antineoplastic eữect, although not íully understood, 
may resemble that of the alkylating agents; it appears to 
inhibit proteln and nụdeic add synthesis and suppress 
mitosũ. It does not show cross-reslstance vvith other 
cytotoxic drugs.

Its main use is the treatment of Hodgkin's disease 
(p. 696.1) when it is usually given with other dmgs. 
Procarbaãne has also been used in the ơeatment of 
non-Hodgkin's lymphomas (p. 696.3) and rehactory solid 
tumours.

Doses of procarbazine hydrochloride are calculated in 
terms of procarbazine; procarbazine hydrodiloride 116 mg 
is equivalent to about lOOmg of procafbazine. Procarbazine 
is given orally. Antứưoplastic dcse Ttgimera may be complex and 
doses o f a drug may dỉffer widely. For wam ings and  
rccommendations regarding the safc prescríbmg. dữpensing, and 
use ọ f oral antmeoplastic drugs, see Admòùstratìon, p. 732.3. In 
combinatìon regimens such as MOPP (with chlormethine, 
vlncristine, and prednisone), procarbazine hydrochloride is 
given in doseỉ eqvũvalent to procaibazine 100mg/mJ daily 
for 10 to 14 days of each 4- to 6-week cyde. If used as a 
single agent, a dose eqtúvalent to 50 mg of procarbaãne 
daUy, increased by 50 mg daily to 250 to 300 mg daily in 
divided doses has been suggested in the UK. while in the

USA the recommended regimen ís 2 to 4 mg/kg daily for the 
íirst vveek, subsequently increased to 4 to 6mg/kg daily, 
doses being given to the nearest 50 mg. These doses are 
continued until maximum response is achieved or 
leucopenia, thrombocytopenia, or other sĩgns of toxidty 
occur. Maintenance doses are usually 50 to 150mg daily in 
the UK, given untìl a total dose oỉ at least 6g  has been 
reached; in the USA maintenance doses oỉ 1 to 2 mg/kg daily 
are given. Procarbazine ưeatment should be vvỉthheld if 
toxidty occurs, and restaned upon recovery. For doses in 
children, see below.

Adtninistration in children. Procarbaâne hydrochloride is 
uscd in children mainly for Hodgkin's disease when it is 
usually given vvith other drugs. It has also been used for 
other advanced Iymphomas or solid tumours. In combina- 
tion regimens such as MOPP (with chlormethine, vincrist- 
ine, and prednisone). procarbaáne hydrochloride is given 
to children in equivalent đoses to adults, see above. 11 
used as a single agent, an initial oral dose equivalent to 
procarbaâne 50mg/mJ daily lor the first week is suggested 
in the USA (UK licensed product inĩormation suggests a 
dose of 50 mg), inCTeased to l00m g/m 2 thereaíter until 
maximum response or toxidty occurs. u s  licensed produa 
iníormation suggests the dose may be reduced to 
50 mg/m2 íor maintenance when maxúnum response has 
been obtained. Procarbazine treatment should be vvithheld 
if toxidty occurs, and restarted upon recovery.

Adverse Efíects, Treatment, and Precautìons
For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

The most common adverse effects assodated with 
procarbazine are gasưointestinal disturbances such as 
anorexia, nausea and vomiting (although patients may soon 
become tolerant), and bone-marrovv depression. Leuco- 
penia and thrombocytopenia may be delayed with a nadir at 
about 4 weeks after a dose, and recovery usually vvithin 6 
weeks. Anaemia, haemolysis, and bleeding tendendes have 
been reported.

Neurotoxidty ỉs also common. with Central elíects such 
as somnolence, depression, nervousness or conhisỉon. 
headache, haUuónations, and dizziness, and peripheral 
neuropathies including paraesthesias and decreased 
reũexes. Lethargy. ataxia, and sleep disorders have also 
occurred, and ơemors, convulsions. and coma have been 
reported.

Other adverse eHects reported indude lever and myalgỉa, 
pulmonary Cbrosis or pneumonitis, haematuria, urinary 
hequency, skin reactions induding dermatitis, pruritus, and 
hypeipigmentation, tachycardia, orthostatic hypotension, 
ocular delects, iníertility, and hepatic impairment.

Procarbazine ỉs a cardnogen. mutagen, and teratogen.
Procarbazine should be used with caution in patients 

with hepatic or renal impairment, and is contra-indicated iỉ 
impairment is severe. The haetnatological status ol the 
patient should be determined at least every 3 or 4 days and 
hepatic and renal íunaion determined vveekly. Care is also 
advisable in patients with phaeochromocytoma, epilepsy, or 
cardiovascular or cerebrovascular disease. Treatment should 
be interrupted ư allergic skin reactions occur.

Handling and disposal. Urine produced ỉor up to 48 hours
after a dose oí procaxbaóne should be handled vvearing 
protective dothing.1

1. Harris J . Doddi u. Handling vvastc from patientỉ receỉvỉng cytotoxic
drugs. Pkarm J  1985; 235: 289-91.

Interactions
For a general outline of andneoplastic drug interactions, see 
p. 733.3. Procarbaãne is a weak MAOI and the possibility oi 
reactions with other drugs and íood, although very rare, 
must be bome in mind—for details oí MAOI reactìons see 
p. 444.3 and p. 445.1. Procarbazine may enhance the 
sedative eHects oí other CNS depressants. A disuliừain-like 
reaction has been reported with alcohol and the eHects oí 
antihypertensive agents may be enhanced.

Antiepilepticỉ. Use with enzyme'indudng antiepileptics is 
assodated with an increased risk of hypersensitivity reac- 
tìons to procarbazine, possibly through a reactive inter- 
mediate generated by inđuction oí the cytochrome P450 
isoenzyme CYP3A subfamily.‘ Non-enzyme-indudng 
antiepileptics might be more appropriate in patients vvith 
brain tumours in whom procarbaáne therapy is antid- 
pated.

1. Lehm ann DF, etal. Antỉconvuỉsam usage is assocỉated wỉth an ỈDữeased
risk o ĩ procarbazine hypenensicỉvíty reaciỉons in padcnts vvtth braừi
nimors. ơ in  Pharmacoỉ Ther 1997; 62: 225-9.

Pharmacokinetics
Procarbazine ỉs readily absorbed from the gasnointestinal 
traa. It crosses the blood-brain barrier and diỉỉuses into the

CSF. A plasma halí-liíe ot àbout 10 minutes has beeii 
reported. Procarbaãne is rapidly metabolised (mainly b I 
liver and kỉdneys) «md only about 5% is excreteil 
unchanged in the urine. The remainder is oxidised to N  
isopropylterephthalamic add and excreted in the urine, U) I 
to about 70% of a dose being excreted in 24 hours. Some o : 
the drug is excreted as carbon dioxide and methane Via thr 
lungs. During oxidative breakdovm in the body hydrogei 
peroxide is íormed which may account íor some of the 
drug’s actions.

Preparations
Proprietary Preparaiions (details are given in Volume B)
Single-ingredient Preporalions. AustraL: Natulant; Canad. 
Matulanẽ; Fr.: Natulan; Ger.: Natulan; Gr.: Natulan; Ital. 
Natulan; Neth.: Natulan; Sus.: Natulan (HaTynaH); S.A fr. 
Natulan; Singapore: Natulan; Spain: Natulant; Switz.: Natulan 
USA: Matulane.
Pharmacopoekil Preparcrtions
USP 36: Procaibazine Hydrochloride Capsules.

Raltitrexed IBAN, USAN, riNNi
01694; IC1-D1694; Raltitreksed; Raltitreksedi; Raltitrexedum;
ZOT694; PanTMTpeKcen.
N-{5-[3,4-D ihydro-2-m ethyl-4-oxoquinazolin-6-ylm ethyl
(methyl)aminó]-2-thenoyl)-i-glutámic acid. 
02^22^065=4585 ■
CAS — 112887-68-0. '
ATC — L018A03.
ATC Vet — QL01BA03. : ■
UNII— FCB9EGG971.

Uses and Administration
Raltitrexed is a íolate analogue that is a potent and spedỉic 
inhibitor oi the enzyme thymidylate synthase, vvhich is 
involved in the synthesis of DNA. It has been used in  the 
treatment of advãnced colorectal cancer (p. 706.3) and has 
also been tried in breast cancer (p. 702.1) and other solid 
neoplasms.

The recommended inỉtial dose oí raltiưexed in patients 
vvith normal renal hmction is 3 mg/mJ given by inơavenous 
iníuáon over 15 minutes. Subsequent doses, which should 
be reducedby up to 50% depending on the severity ol initial 
toxidty, may be given at intervals of 3 vveeks provided 
toxidty has resolved.

A hiu blood count should be períormed beíore each dose 
and ơeatment vvithheld if the white cell or platelet counts 
are below acceptable levels (see also Bone-marrovv 
Depression, p. 730.3). Hepatic and renal lundion should 
also be tested. It is essential that doses be adjusted in renal 
ũnpairment (see below).
Reíerences.

1. Gunasckara NS. Pauldỉ D. Raltiưexed: a revicvv of ỉcs pharm acological 
propenỉes and  din ỉcal eíDcacy ỉn the m anagem ent of advanced 
colorectaỉ cancer. Drugs 1998; 55: 423-35.

2. Cunnỉngham  D, et ữl. Eíficacy, lolerabỉlity and m anagem ent of 
ra ltitrexed (Tomudex) m onotherapy  in patienis w iih  advanced  
colorectal eancen a review  o í phase n /m  trìaỉs. Eur J  Caneer 2002; 38: 
478-86.

3. S dieỉthauer w , et ai. Randomized m ulticenter phase n  tĩỉa l ỡf oxalipỉatin 
plus ỉrỉnotecan versus raintrexed as firsi*Une ư ea tm en t in advanced 
colorecial cancer. J  Cỉin Oncol 2002; 20: 165—72.

4. Fellũ ĩ .  et ai. Ralticrexcd in the  ư eau n en t of elderly patients w ith  
advanced colorectaỉ c an c e r  an acdve and  low tox ỉd ty  regimen. E ur J  
Canar 2002; 38 :1204-11 .

5. Comeỉỉa ?, et ai. Oxalỉplaiin plus ra ỉtíaexed  and leucovorỉn-m oduỉated 
5‘fluorourad l i.v. boỉus: a salvage regim en ỉor colorecxal cancer pãtients. 
Br J  Õmcer 2002; 86: 1871-5.

6. M aughan TS, et a i  Comparíson of surv ỉval paD iatioa an d  qualỉty of liíe 
w ith  th ree chem otberapy regimens in  m etastatíc co ỉorecul c a n c e r  a 
m uỉtỉcenưe random ised triaL Lanaỉ 2002; 359: 1555-63.

7. van Meexbeeck JP. t í  aỉ. Randomỉzed phase m  study of dsplatin  w ỉth  or 
w ithout raỉtitTcxed in padents w ith m aỉignant pleural m esotheliom a: an 
im ergroup srudy o i  th e  European Organisation ỉo r  Research and  
Treatm ent of Cancer Lung Cancer Group and  the  National C ancer 
Inscỉtute o í Canada. J  Cĩiìt Oncoỉ 2005; 23: 6881-9.

8. Dua-eux M, t í  aĩ. FFCD 9601 Coỉỉáboratỉve Group. Ranđotnỉseđ trìaỉ 
comparing three diỉỉerent sdiedules of 'ỉnfusional 5FU and  raltỉưexed  
alone as Ãrst-line therapy  in m etasu tic  colorectaỉ cancer. Final resu ỉts oí 
the  Fédératíon Prancophone de Cancéroỉogỉe Dỉgestive (FFCD) 9601 
triaL Onatogy 2006; 70: 222-30.

9. VVỈbon KS, t í  aì. Adjuvant therapy vvith raỉtiưexed in  patients w ith  
coỉorectal cancer in to leran t o ỉ 5-0uorouradl: Brỉtísh Coỉumbia C ancer 
Agency experỉence. Catterr ỉnva t 2007; 25 :711-14 .

10. Hỉnd D, t í  ai. The use of ỉrinotecan. oxalipUón and raltiưexed  ỉo r  the  
treatm ent o ỉ advanced coỉorectaỉ cancer. system atic revicw  and  
economic evaluaủon. Health Technct Assess 2008; 12: 1—182.

11. Popov L et a i  Raỉtiưexed (Tomudex) v en u s  Standard leucovorin- 
m oduỉated bolus 5*ỉỉuorouradỉ: resuỉts b o m  the  random ỉsed phase  m  
Pan-European Trỉal in  A djuvant Colon Cancer 01 (PETACC-1). Eur J  
Cattcer 2008; 4 4 :2204-11 .

12. w nson  KS, MaUaỉr Tayỉor s c .  Raltỉirexeđ: optimism a n d  realỉty. Expert 
Opm Drug Metab Taacol 2009; 5 :1447-54 .

Administration in rend  impairiĩienỉ. It is essential that 
doses of raltiưexed be adjustẽd in renal ũnpairment (creat- 
inine dearance less than 65 mL/minute) as íatalities have 
been assodated with the íailure to make such adjustments 
(see Toxidty, under Adverse Eííects, p. 851.1). The dosage

All cross-reíerences reíer to entries in Volume A
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interval should be increased bom  3 to 4 weeks and the 
dose adjusted on the basis of creatinine dearance (CC) as 
íollovvs:
• c c  oí 55 to 65 mL/minute, 2.25 mg/m2
• c c  of 25 to 54mL/minute, 1.5 mg/m2(in some countries, 

adjustment oi the dose to a percentage oí the full dose 
equivalent to the value oí the c c  in mL/minute is 
suggested in  this group, e.g. reduction to 30% in those 
with a c c  of 30m L/m inute, or 40% if c c  is 
40 mL/minute)

• c c  less than 25 mL/minute, treatment contra-indicated

A d v e r s e  E f f e ờ s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

Raltinexed produces bone marrotv depression, usually mild 
to m oderate, w ith leucopenia, anaemia, and, less 
ừequently, thrombocytopenia. The nadỉr of the vvhite cell 
count usũaỉly occurs 7 to 14 days aíter a dose, vvith recovery 
by the third vveek. Full blood counts should be monitored 
before each dose, and treatment may be vvithheld and 
restarted at reduced doses u  needẽd (see Uses and 
Administration, p. 850.3). Gastrointestinal toxidty isìdso 
common. w ith nausea and vomiting, diarrhoea, and 
anorexia; mucositis may occur. Gasuointestinal bleeding 
has been reported rarely. Reversible increases in  liver 
enzyme values have occurred. O ther adverse eHects indude 
vveakness and maỉaise, ỉever, pain, headache, rashes, 
đesqúảmation, arthralgia, m usde cramps, weight loss, 
dehydration, peripheral oedema, alopeda, increased 
svveating, taste disturbance, and conjunctivitis. CelluLitis 
and sẽpsis have been reported. The use oỉ íolinic add 
25mg/m2 every 6 hours intravenously has been suggested 
in licensed p rodua iníormation for padents who develop 
vety severe toxidty.

Raltitrexed should be given with care to padents with 
hepatic impairment and should be ayoided ư impairment is 
severe. It should alsq be avoided in severe renal impairment 
and be given in reduced doses in moderate impainnent, 
based on creatinine dearance (see Administration in Renal 
Impairment, p. 850.3). Care is also advisable in debiỉitated 
or elderly patients or in  patients who have had 
radiotherapy.

Raltìtrexed is teratogenic pregnancy should be avoided 
while either partner i$ receivlng the drug and íor at least 6 
months after ơeatment. It may impair male íertility.

Toxicity. A large multicentre study comparing raltitrexed 
with Ãuorourađl plus folinic ađd  was suspended in  1999 
due to an excess of đeaths in the raỉtiưexed arm.1 This 
dedsion has led to some controversy,1'3 as in I I  of the 17 
deaths in patients taking raltitrexed there was evidence 
that the dose had not been correctly adjusted to take 
account of renal ỉunction. In addition, and lurther coníus- 
ìng the issue, the inddence oí reported serious adverse 
eữects was lovver in  raltiơexed-ưeated patients than in 
Controls. A hirther study4 reported an  inaẽased rate of ral- 
titrexed-related deaths compared with Ouorouracil-based 
regimens. Almost all oỉ the 18 deaths were caused by gas- 
trointestinal and haematological toxidty, and in 3 of these 
the dose oí raltitrexed had not been adjusted for toxidty.

1. Anonyrnous. Drug-company dedsỉon to end  canccr triaL Lanctí 1999; 
354: 1045.

2. Ford HER, Cunnỉngham D. Saíety of raỉtỉtrexed. Lanctí 1999; 354:1824-
5.

3. Kerr D. Saícty oí raltitrexed. Laneet 1999; 354: 1825.
4. M aughan TS. tí  a i  Comparison of survival. paniaúon, and quaỉity of lỉỉe 

with three chemotherapy regỉraens in metastatỉc coiorectaỉ cancen a 
m ultỉcenưe randomised trial. Lanctí 2002; 359: 1555-63.

I n t e r a c H o n s

Raltitrexed should not be given with íolic or lolinic ađd, 
which may impair its cytotoxic action. (For the deliberate 
use of íolinic add to counteract the ettects of raltiưexed in
p a t i e n t s  w i t h  s e v e r e  t o x ic i ty ,  s e e  a b o v e .)

P h a r m a c o k i n e t ì c s

Aíter intravenous doses raltitrexed has triphasic pharma- 
cokinetics. with an initial rapid dedine bom peak plasma 
concenữations íollovved by a slow terminal elimination 
phase. Raltitrexed is actively ưansported into cells and 
metabolised to active polyglutamate lorms. The remainder 
o( a dose is excreted unchanged, about 50% of a dose 
appearìng in the urine, and about 15% in the íaeces. The 
terminal elimỉnation half-life is about 8 days. Clearance is 
markedly reduced in renal impairment.
Reíerences.

1. Cỉarke SJ. t í  ai. Cỉinỉcaỉ and  precĩỉnical pharmacokỉnetics of raỉtítrexed. 
Clm Pharmacokỉntí 2000; 39: 429-43.

Preparotions
Praprietary Preparotiom (details are given in Volume B)
Single-ingredient Prepororiom. Arg.: Tomudex; AustraL: Tomu- 
dex; Austrũr. Tomũdex; Belg.: Tomudex; Braz.: Tomudex; 
Canad.: Tomudex; Cz.: Tomudẹx; Fr.: Tomudex; Hung.: Tomu- 
dex; Irt: Tomudex; ItàL: Tomudex; Mac.: Tomudex; Norw.:

Tomudex; Phiíipp.: Tomudext; Pơrt: Tomudex; Rus.: Tomu- 
dex (ToMyaexc); Singapore. Tomudex; Spain: Tomudex; Switz.: 
Tomudex; Turk.: Tomũdex; UK: Tomudex.

R a m u c i r u m a b  IU SAN , r iN N )

IMC-1121B; Ramucirumabum; PaMyụnpyMaố.
CAS —  9 4 7 6 8 7 -1 3-Õ. 
u m  —  D99YVK4LỌX

P r o Ị i l e

Ramudrumab is a human monodonal andbody that targets 
the vascuỉar endotheliaỉ grovvth íactoi receptor-2 (VEGFR- 
2). Itis under investígation for the treatm ent of various solld 
tumours, induding those oí the breast, gastrointestinal 
tract, and lung.
Reíerences.

1. Krupỉtskaya Y, Wakelee HA. Ram udrum ab, a hilly hum an mAb to the 
transmembrane sỉgnaãng tyrosỉne kỉnase VEGFR-2 for the potendaỉ 
treatm ent of cancer. OíTT opin b tm tig  Drugs 2009; ỈO: 597-605.

2. spratỉỉn JL  a  a l  Phase I  pharmacoỉogic an d  bỉoỉogic study of 
rảm udrum ab (IM C-Ì12ỈB), a fuỉỉy h am an  ỉm m unogỉobuỉỉn  Gì 
m onodonaỉ antibody targetỉng the vascuỉar endothelỉal growth ỉactor 
receptor-2. J  ơ ờ t Otưol 2010; 23: 780-7.

3. SpratUn J. Ramudrumab (IMC-1121B): m onodonal antỉbody ỉnhỉbition 
o{ vascuỉar endotheỉỉaỉ growth lactor receptor-2. Cu ÍT Oncoỉ Rep 201 ỉ;  13: 
97-102.

R a n i m u s t ì n e  íriN N i

MCNU; NSC-0270516; Ranimustina; Ranimustìnum; Rano- 
mustịne; PaHMMycTMH.

. Methyl 6-[3-(2-chloroethyl)-3-nitrosoureido]-6-deoxy;a-o- 
giucopyranoside. ■
G10H,8CIN3O7=327.7 
C A S  —  5899 4 -9 6 -0 . - 
A T C  —  L 0ĨA D 07 .

A TC  V e t  —  Q L 0ÌA D 07 . "  .■
u m  —  RYH 2T97J77. ■ ■■■:"■

P r o Ỉ Ị Ị e

Ranimustine is a niưosourea derivative with general 
propertiessimilarto those of carmustine (p. 761.2). It is used 
intravenously in the treatment of malignant neoplasms in 
usuaỉ doses of 50 to 90mg/m2 every 6 to 8 vveeks according 
to haematological response.
Reíerences.

ỉ. Wada M. t t  ai. Inductỉon therapy coosistỉng of altem ating cydes of 
ranimustine, vincristíne, meỉphãlan. dexam ethasone and ỉnteríeron 
aỉpha (ROAD-IN) and a randomỉxed comparỉson oí inteiỉeron alpha 
maintenance in muỉtỉple myeỉoma: a co-operative study in Japan . Br J  
Haemataỉ 2000; 109: 805-14.

2. Hatano N. t í  ai. Efficacy o ỉ post operatíve adjuvant therapy with hum an 
interỉeron be ta, MCNU and n d ỉa tỉon  (IMR) for maiignant gỉloma: 
comparison among three protocoỉs. Acta Neurữchir (Wừn) 2000; 142: 
633-8.

3. Wakabayashỉ T, t í  a i  Inỉtiaỉ and  maỉntenance cotnbinatíon treatm ent 
w ỉth interíeron-beta, MCNU (ranỉmustỉne). and  radỉotherapy for 
patíents wỉth prevìously untreated malignant gỉíoma. J  Neuroonal 2000; 
49 :57-62.

4. Mizuno H, t í  al. Superìor efflcacy oỉ MMCP regimen compared wỉth 
VMCP and MMPP regỉmens ỉn the treatm ent ỡí muỉtíple myeloma. 
ỉn ttm  Mtd 2002; 41:290—4.

5. Takenaka T, t í  aí. Phase QI srady of ranim ustine. cydophosphamỉđe, 
vincrístine, melphaỉan, and prednisolone (MCNU-COP/MP) versus 
modỉũed COP/MP ỉn muỉtlpỉe myeỉoma: a Japan cỉỉnical oncology group 
study. JCOG 9301. ỉnU H m a ta l  2004; 79:165-73.

Preparations
Propriekiry PreparaHons (details are given in Volume B) 

Sngle-ingredient Prepomtions. Jpn: Cymerin.

R a n p i m a s e  (U SAN . r iN N ì

,P-30:Protein; Ranpiìrnasa; Ranpirnasum; PaHnnpnaBa.
CAS  —  196488-72-9 . ; - .

NOTE. Ranpimase has been incorrectly stated to contain 
ergotaminẽ. The name Onconase has been used as a trade 
mark for ranpimase.

P r o í i ỉ e

Ranpimase is a ríbonudease reponed to have antineoplastic 
propeities. It is under investígation in  the treatment of 
malignant mesothelioma. Ranpirnase has also been 
invesúgated in the management of solid tumouis. It is also 
reported to have activity in vitro against HTV.

R e g o r c r f e n í b f u S 4 A / ,  r ìN N i

Bay-73-4506; Régorafénib;: Regóiaíẹnibum; 'Perópa<j)eHM6. '■/' 
4-[4-ỡ[4-Chíórop3-^tnflũỏrom ethỷl)phenyf]carbam óyl} 
amino)-3-fluoroph^noxy]-/\/-rnèthylpyridlne-2 carboxamide
c 2, h ,5c if , n a = M Ị 8 ‘ ^  y  , ,

CAS —  75S037-03-7 (anhydrous regoraỉenib); 1019206-88-2 
Ịrègoraỉenib hỹdraie).

■ATC —  L01XE21.
ATC Vet —  QL01XE2Ỉ.
UNII —  24T2A1DOYB. ' V

P r o ỉ i l e

Regoraíenib is an oral inhibitor of several receptor tyrosine 
kinases. It ỉs used for the ơeatment of patients with 
metastatic colorectal cancer (p. 706.3) who have been 
previously neated with Auoropyrimidine-, oxaliplatin-, and 
innotecan-based chemotherãpy, a vascular endothelial 
grovvth factor inhibitor, and an epidermal growth ỉactor 
receptor inhibitor <ư KRAS wild-type). Regoraỉenib is also 
used in those vvith Iocally-advanced unresectable or 
metastatic gastrointestinal stromal tumours (see Soft Hssue 
Sarcoma, p. 718.2) that have been previously treated with 
imatinib and sunitinib. The recommended dose is 160mg 
orally once daily for the first 21 days of each 28-day qrde. 
Treatment is continued until patients no Ipnger benetìt, or 
unacceptable toxldty occurs. F or w a m in ịỊS  a n d  reco m m en d a -  
tio n s  regarding  th e  sa fe  p re sa ib in g , d ừ p en s in g , a n d  u se  o f  o ra l  
a n tineop lastic  drugs, see Ầ d m in ừ tr a tio n ,  p . 732 .3 . Regoraíenib 
should be taken at the same time each day with’ a low-fat 
meal. If a daily dose is missed, the next d a /s  dose should not 
be doubled. Doscs may need to be adjũsted or treatment 
vvithheld or permanently stopped for severe toxidty.

It is also under investigation for the ơeatment of various 
other malignant neoplastns.

Hepatotoxidty has occurred and may be severe; deaths 
have been reported. Liver íunction should be monitored 
before, and every 2 vveeks during the fiist 2 months of 
treatment; thereafter, monitodng should be monthly. 
Regoralenib is metabolised by the cytochrome P450 
isoenzyme CYP3A4 and by the uridine dỉphosphate 
glucuronosyltransíerase enzyme UGT1A9 and concomitant 
use of strong CYP3A4 inhibitors and inducers should be 
avoideđ.
Reíerences. "

1. Wi]helm SM, tí aỉ. Regorafenib-(BAY 73-4506): a new  oraỉ muỉtỉkỉnase 
inhibitor of angiogenic stromaỉ and oncogenic receptor tyrosỉne Idnases 
vvith potent preclinỉcal andtum or actỉvỉty. btí J  Cancer 2011; 129: 245- 
55.

2. Groĩhey A. Regoraỉenib in inetastatỉc colorectaỉ cancer. cùn Adv Hematoỉ 
Onaì 2012; 10: 324-5.

3. Grothey A. et aỉ. CORRECT Study Group. Regoraíenib m onotherapy for 
previously treated metastatỉc coỉorectal cancer (CORRECT): an 
intem aiional muỉticentre, randomised, placebo-connoỉỉed, phase 3 
trial. Lancet 2013; 381: 303-12.

4. Demetri GD, t í  al. GRữ> study ỉsvestỉgaton. Efficacy and  iãtcty oi 
regoraíenib for advanced gaỉtrointestỉnaỉ stromaỉ tum ours after ỉaỉỉure 
of imatinỉb and suĐidnỉb (GRID): an tnternatíonal, m uỉtỉceaae, 
randoraised, placebo-controlled, phase 3 ưỉaL Lanctí 2013; 381; 295- 
302.

5. Fesúno L, t í  a i  Crltlcal appraỉsaỉ of the use oỉ regoraỉenỉb ỉn the 
managcment oí colorectal Õncer. CancerManag R o 2013; 5: 49-55.

Preparatìons
Proprietary Preparalions (details are given.in Volume B)
Single-ingredient Preparotions. J p n :  Stivarga; S w itz .:  Stivarga; UK: Stivarga; USA: Stivarga.

R i d a í o r o l i m u s  ỊUSAM, CÍNNI

AP-23573; Detóroịimus; MK-8669; Ridaforolimusurn; PỊịfla- 
ộpponnMyc. . ■ ’ 1 . . . . . .
(l/?,9S,j2S,15R.16ẸA 8R.\9R21 fl^3S,24£,26f,285130S,32S35fl)- 
12-((l fi)-2-{(ÌS,3/?,4fi)U-[(Dimethylphosphinoyl)oxy]-3-meth- 
oxycyclọhexyi},-l-niẹthylẹthỵl)-1,18-dihydroxy-19,30- 
di rnethoxy-15,17,21 ̂ 3i29,35-hexamethyỊ-] Ị Ì6-dioxa-4-aza- 
tricyclo[30.3.1.049ihexatriaconta-16,24,26,28-tetrạene- 
2,3,10,14,20rpentonẽ..,  . . . . .
Q 3 H 8 4N Ó ,4P = 9 9 0 .2

572924-54-0.
ATC —  L01XE19.
ATC Vet — . OL01XẸỊ9.
ÙNII —  48Ị35KB15K.

NOTE. The name Jenzyl has been used as a ưade mark for 
ridaforolimus.

P r o f i l e

Ridaíorolimus is an anaỉogue of sữollmus (p. 1970.2). It 
inhibits the 'mammalian target o! rapam ydn' (mTOR), 
interiering with the cell cyde, and is under investigation for 
the ơeatment of malignandes such as breast, endometrial, 
prostate, and lung cancer.
Reíerences.

1. Mita M M  t í  a i  Phase ĩ  trial of the novel manunalỉan target of rapam ydn 
ỉnhỉbitor deíoroUmús (AP23573; MK-8669) adminỉstered in tnvênousỉy 
daỉỉy tor 5 days every 2 weeks to pađents with advanced mâỉỉgnancỉes. J
a in O n a l  2008; 26:361-7.

2. RÌ2ZÌeri DA. t í  aĩ. A phase 2 cỉinỉcaỉ trỉaỉ oỉ deỉorolỉmus (AP23573, MK- 
8669), a novel mammaỉỉan target of rapam ydn ỉnhibỉtor, ỉn patỉents 
with reỉapsed or re&actory hematologỉc maỉignancỉes. ơ ù t Canetr R a  
2008; 14:2756-62.

The Symbol t  denotes a preparation no longer actively marketed
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3. Hartíard CM, t í  ai. A phase I tiial to determ ỉne th e  saỉety, toỉerabỉỉỉty, 
a n d  m axỉmum tolerated dose of deỉorolỉnms ỉn  patíents w ith advancẽd 
malignandes. ơ m  Canar Res 2009; 15: 1426-34.

4. MahaUngam D, t í ứ .  Targetíng the mTOR pathvray uslng deĩorolỉinus in 
cancer therapy Puiurt ỠTteol 2009; 5: 291-303.

R ĩ t u x i m a b  (B A N , U S A N , r iN N i  

ÌDẺCrÌÓ2;i jDẼá-G2B8; R-1Ó5; Rituksịmab; Rituksiraabi; 
.Ritụximabuiụ- RnTyKCMMa6.il T.: Ị V
ilmmunọglobiilín GI (human-mouse monoclonal IDEC-C2B8 
iVÍrcHaln ànti-hùman antigen CD 20),disulfìde w ith  human- 
■moũsẹ,monoclonal IDEC-C2B8 K-chain, dimer. :v - 
CAS  ̂}74722-37-7. < -. ■ •
ATC —  L0ỊXC02.- - 'r' -
ATC Vet:— QL0IXC02. ’ 
um  — 4P4X42SYQ6.

U s e s  a n d  A d m ỉ n i s t r a t i o n

Rituximab is a chimerìc m onodonal antibody that binds 
spedfically to the CD20 antigen. Rituximab is used ỉn the 
ưeatm ent of non-Hodgkin's lymphomas (p. 696.3), as 
monotherapy in relapsed or reíractory low-grade or 
íollicular lymphoma, or in first-Iine regimens for íollicular 
lymphoma vvith combination chemotherapy, such as CVP 
(cydophosphamide, vincristine, and prednisolone). Ritux- 
imab monotherapy may also be used in patìents with lovv- 
grade stable disease after first-line ưeatm ent with CVP 
chemotherapy. It is also indicated for maintenance therapy 
in  patíents with íollicular lymphoma vvho respond to 
induction chemotherapy that may or may not have 
contaỉned rituximab. Rituximab is also used with CHOP 
diem otherapy (cydophosphamide, doxorubidn, vincrist- 
ine, and prednisone or prednisolone) or other anthracy- 
dine-based regimens ỉor CD20-positive diíhise large 8-celI 
non-Hodgkin's lymphoma. Rituximab also íorms pait of the 
combination regimen employing ibritumomab tiuxetan 
(p. 804.3). Rituximab is also used with combination 
chem otherapy ío r chronic lym phocytic leukaem ia 
(p. 693.3). Rituxỉmab vvith methotrexate is used in adults 
with severe active rheumatoid arthritis (p. 853.3) who have 
had an inadequate response to, or are tntolerant oỉ, other 
dỉsease-modiỉying antirheumatìc drugs (DMARDs), indud- 
ing at least one TNF inhibiton in the USA. it may also be 
used in  moderate disease. Rituxúnab plus corticosteroids is 
used in adults with Wegener's granulomatosis (p. 1615.2) 
and microscopic polyangiitis (p. 1610.2).

Rituxũnab is licensed for use by intravenous inhision 
over several hours, diluted in sodium chloride 0.9% or 
glucosẽ 5% to a final concentration of betvveen 1 and 
4 mg/mL. The fiist iníusion is nonnally begun at a ra te of 
50 mg/hour; this may be increased in increments of 
50m g/hou r every 30 m inutes to  a m axim um  of 
400 mg/hour, u  well tolerated. Subsequent doses may be 
begun at a rate of 100 mg/hour, and increased in increments 
of lOOmg/hour every 30 minutes to a maximum of 
400 mg/hõur.

In the UK for the treaữnení oí reỉractory or relapsed 
íollicular lym phom a, rituximab is given as a single agent in 
a usual dose of 375 mg/m2 once weekly for 4 doses; in the 
USA 4 or 8 doses may be given. Patients in either country 
may be re-treated aítêr relăpse íor a hirther 4  doses. When 
given with combinatíon chemotherapy íor previously 
untreated ỉollỉcular lymphoma, or ỉor diSuse large B-cell 
lymphoma (with CHOP), rituximab 375 mg/m2 is given on 
day 1 of the chemotherapy cyde, after the corticosteroid 
component ot the regimen, for up to a total of 8 cydes. In 
patỉents previously treated with 6 to 8 cydes of CVP 
chemotherapy for ĩow-grade lymphoma and who have not 
progressed, rituximab 375 mg/m2 may be given once vveekly 
for 4 doses, repeated every 6 months, for up to 16 doses.

In the regimen with ibrítumomab tiuxetan, rituximab is 
usually given at a dose of 250 mg/m2, vvithin 4 hours belore 
the ibritumomab inỉusions.

For mainttnarux treatm ent in those vvith íollicular 
lymphoma who have responded to induction chemother- 
apy, rituximab is given as monotherapy. In previously 
untteated padents rituximab 375 mg/m2 is started 2 months 
aỉter the last dose oỉ induction chemotherapy and given 
once every 2 months. In the UK this is continued until 
disease progression or for a maximiiTTì of 2 years, vvhereas in 
the USA, 12 doses of rituximab are given íor maintenance. 
In the UK rituximab maintenance is also used in those with 
rehactory or relapsed disease that responds to subscquent 
induction  treatm ent w ith  a com bination regimen; 
375mg/m2 is started 3 months aiter the last dose of 
induction chemotherapy and given once every 3 months. 
M aintenance ưeatm ent is continued untii disease progres- 
sion or for a maximum o{ 2 years.

In the treatment of ch ron ic  ly m phocy tỉc  leukaem ia, 
the recommended dose of rituximab is 375 mg/m2, given on 
the day beíore chemotheiapy in  cyde 1, followed by 
500 mg/m2 given on day 1 oỉ each subsequent cyde, for up

to 6 cydes in total; chemotherapy is given after the 
rítuximab inhisỉon. Prophylactic hydration and allopurinol 
or rasburicase is recommended, starting 48 hours beỉore 

. rittudmab, to reduce the risk oí tum our lysis syndrome; in 
the UK, those with high lymphocyte counts are given 
intravenous corticosteroids beỉore rituximab to reduce the 
inddence and severìty of iníusion reactíons.

In the treatment of rh e u m a to id  a rth ritis , rituximab is 
gi ven in a dose of 1 g, for 2 doses; the inỉusions are separated 
by 2 vveeks. It ũ  given vvith methotrexate, and intravenous 
corticosteroids are recommended belore each inhision to 
reduce the inddence and severity of iníusion reactíons. 
Iicensed product iníormation States that subsequent courses 
should be given every 24 weeks or based on dinical 
evaluation, but no sooner than every 16 weeks; however, 
guidance issued by NTCE in the UK recommends that 
rituximab should be given no more often than every 6 
months.

For the treatm ent of W egener/S g ranu lom atosls  and 
m ỉcroscopic po lyangiitis , rìtuximab is given in a dose of 
375 mg/iri* once weekly for 4 doses; corticosteroids are also 
given to ưeat severe vasculitic symptoms, preferably 
beginning within 14 days belore rituximab is staned, and 
continuing duríng and aíter rítuxúnab therapy.
General reviews.

1. Garvey B. Rituximab in the ưcatm cnt oỉ auioim m une haemaiological 
disorders. Br J  Hacmatoi 2008; Ỉ41: 149-69.

2. McDonald V. Leandro M. Rltuximab in non-haemaiologìcal disordcrs of 
adulỉs and itỉ mode of action. B rJ  Haematoỉ 2009; 146: 233—46.

Administration. RATE. Licensed p rodua iníormation States 
that rituximab iníusions should be given at a spedỉỉc rate 
(see Uses and Administration, above). In an effon 10 
reduce iníusion times, íaster rates have been investigated. 
One study gave the first iníusion oí rituximab in cyde 1 as 
in the licensed p rodua  inỉormation, but subsequent infu- 
sions were given over 90 minutes, with 20% of the dose 
given in the first 30 minutes. and the remaining 80% over 
60 minutes; the total dose vvas delívered in 250 mL. Rapid 
infusion was well tolerated vvith no serious iníusion reac- 
tions; 10 out o( 150 patients vvho had an adverse reaction 
with the first cyde (given at the Standard licensed rate) 
tolerated subsequent rapid iníusion tvithout event, and 8 
patients were not premedicated with cortícosteroids.1 
Another study also reported that rituximab inlusions 
given over 90 minutes. with or vvithout corticosteroids, 
were well tolerated and saíe.2 In another study, 40 
patients vvere given rituximab; the Brst iníusion was given 
as licensed and averaged 5 hours. A1I subsequent inlusions 
were given over 1 hour. It was reported that even those 
patients who had shovvn some hypersensitivity duríng the 
ũrst inhision were able to tolerate the rapid iníusion 
without problems.3 A survey lound that the majority oí 
chemotherapy unỉts in the UK vvere infusing second and 
subsequent lỉtuxiraab inhisions over 90 minutes ư  patients 
had no signiBcant reactions to the initial rituximab inlu- 
sion. In this study 54 patients vvere given an initíal iníu- 
sion over 90 minutes and. if no serious reactions were 
noted, were given subsequent inlusions over 60 minutcs; 
the 1 -hour inhision was vveU tolerated in all patients.4

1. Sehn U i  et aỉ. Rapid inĩusion rltuxỉmab ỉn combination with 
coriỉcosteroid^conuiìning chcm otherapy or as m aỉntenance iherapy Is 
w d l toỉeraied and can saỉeỉy be deỉỉvered ỉn the communỉty setting. 
Blood 2007; 109: 4171-3.

2. Salar A. t í  aỉ. Rapid ỉníusỉon oí rimxỉmab with OT w ithout steroid- 
containứig chemotherapy: 1-yr experỉence in a single institutíon. Eur J
Hatmatoỉ 2006; 77: 336-40.

3. Provendo M, tí  a i  Rapỉd-ỉnhision rituxỉmab in lymphoma ưeatm ent. 
A m  Orteoỉ 2006; 17: 1027-6.

4. Tuthỉỉỉ ỈA. tí  ai. Rapỉd iníusion oí rimxỉmab over 60 min. EurJ Haematoỉ 
2009; S2: 322-5.

ROUTĨ. Rituximab has been used intralesionaỉly in the treat- 
ment of cutaneous B-cell lymphoma. There are reports of 
beneBt, with long-term remission in some patients,’ but 
rapid recurrence in others.2 In a study of 8 patientỉ, intra- 
lesional rituximab was given to 6 patients, in doses of 10 
to 30 mg per lesion. 3 times weekly; if dinical remission 
was incomplete, another cyde of 3 injections was given 1 
month later. Two patients were ưeated intravenously with 
weekly inlusions for 4 weeks. Complete remiỉsion was 
seen in aU 8 patients. No relapse vvas seen in those given 
ứttravenous therapy, but recurrences were seen in 4 of 
the 6 patients ưeated intralesionally. Moderate pain was 
reported during intralesional inịection.3

Rituximab has also been used intrapleurally for the 
treatment of malignant pleural eãusions in a patient with 
non-Hodgkin's lymphoma, in whom e(fusions continued to 
increase despite systemic chemotherapy and chest drainage. 
An initial test dose of rituximab 50 mg in 50 m l of sterile 
saline was given as a bolus into the right pleural ca vi ty on 
day 1. This tvas ỉollowed by 200 mg in lOOmL on day 2 into 
the left cavity, and 400 mg in 100 mL on day 3 into the right 
cavity: both doses were given over 5 minutes. The therapy 
was vvell tolerated, and the ehusions resolved vvithin 2 
weeks. The patient received 4 courses of intravenous 
rituximab consolidation therapy during a follow-up of 6 
months; the eỉfusỉons did not recur.4

Massive asdtes developed in  a  patient w ith stage r ' 
mantle cell lymphoma tha t was reíractory to conventiona l 
chemotherapy (induding intravenous rituximab added t< I 
the CHOP regimen). A palliative experimental treatm ent 
with intraperitoneaĩ rituximab was given in a dose o í 600 m[: 
in 500 mL of sodium chloride 0.9%, and instílled over 4 
houts. Thứ vvas applỉed weekly for 11 courses, each tím : 
after drainage of asdtes. No systemỉc adverse eííects wer : 
noted. and the general statús of the patient improveit 
signiiicantly; asdtes resolved completely and  partial 
remission of intra-abdominal lymph nodes and splenome ■ 
galy was noted. The patient remained asymptomatic fo : 
more than 6 months.’

Patients with CNS lyinphoma have been ưeated wjtl: 
intraventricuỉar or intrathccal doses of rituximab. D ose; 
ranged hom  10 to 40 mg in volumes of 1 to 4mL, and a i . 
equivalent volume of CSF was removed beíore intraven 
tricular use. Rituximab therapy was reported to be effectivi • 
in those with leptomeningeal involvement, but soli( 
parenchymal tumours progressed or showed only mino ■ 
response.* A íurther study of intrathecal rituximab in ’ 
patients with acute lymphoblastic leukaemia and CN: 
disease reported complete remission in 5 patlents, with n( • 
clinical evidence of neurotoxidty aíter 2 years of follow-up 
Rituximab lOmg vvas diluted in 6mL of saline and givei 
intrathecally every week for 4 consecudve weeks.7

1. Paul T. tí at. Imraỉesỉonal rituxỉmab for cutaneous B-cell lym phom a. Br ' 
Dtrmatol 2001; 144: 1239-43.

2. Roguedas AM. t í  aỉ. ỉntralesỉonal therapy w ith ami-CD20 m o n o d o n a ; 
amibody rỉtuxỉmab: local and syỉtemic eỉncacy in prímary cutaneous B 
ceỉl ỉymphoma. Br J  DcrmũioỊ 2005; 152: 541-U.

3. Kerỉ K. tí  ai. lmraỉesỉonaỉ and intravenous treatm ent of cutaneous B-cc : 
lymphomas wỉth the monuclona! antỉ-CD20 antĩbody rituxỉmab; rep o r; 
and fonow-up of elght cases. Br J Dermatoì 2006; 155: ỉ 197-1200.

4. Schmỉdt HH, tí  aì. Inưapleural instillation o ỉ rỉtuximab for th e  ư e a u n c n : 
oí malỉgnant pleural eữusions in NHL. Haematologica 2004; 89: e l  33 ■ 
el34 .

5. Crysandĩ M  t í  a i  ỉm raperltoneal application of lituxim ab in  re ỉra c to r’ 
m antỉe ceỉl lymphoma w iih massỉve asd tes resuliing ỉn  local and 
systemỉc response. Eur J  Hatmatữl 2007; 79: 546-9.

6. Schuỉz H. tí aí. ỉnưaventrícuỉar treatm ent of relapsed Central nervou; 
System ỉymphoma wỉth the anũ*CD20 antibody rỉtuximab. Haematolo 
Ịica 2004; 89: 753-4.

7. Jaúne-Pérei JC. tí  ai. EHccnveness o í inrrathecal rituxim ab ìn p a tie n t; 
with acute lymphoblastỉc leukaemia reỉapsed to the CN5 and  resisiant ti I 
convemỉonãỉ thetapy. Br J Haemaioì 2009; 144: 794-5.

A d m m i s t r a t i o n  in  c h i l d r e n .  Although not licensed in the 
UK or the USA for use in children. there are reports of 
beneíit in children with various diseases, su ch as auto- 
immune haemolytic anaemia. im m une thrombocytoperiia 
(see ako below and p. 853.1. respectively), and post-trans- 
plantation lymphoproliíerative disease,1 as vvell as rheu- 
matoid arthritis, and SLE.2 Standard doses of 375m g/m 2 
weekly have usuaỉly been given, in  most cases íor a med- 
ian course of 4 doses.

1. Giuỉỉno LB. t í  ai. Treatmenc w ỉth rítuxỉm ab in benign and  maỉignant 
hematoỉogic dỉsorden ỈQ chỉldren. J  Peẩiatrl007; 150: 338-44.

2. Bl-Haỉỉak ìA .tía I. Cỉinỉcal eflectỉ and saíety o ỉ rituximab ío r ưeatm ent 0 
reíractory pedỉaorỉc au ioim m une diseases. J  Pediatr 2007; 150: 376-82.

B lo o d  d i s o r d e r s ,  n o n - m a l i g n a n t .  HAEMOLYTÌC ANABMIA 
Rituximab has been used in the ưeatm ent of both adultí 
and diildren vvith severe rehactory auto-im m une haemo 
lytìc anaemia (p. 1122.2) of varíous causes,1 indudinị 
warm,2'4 cold,5"7 and mixed8-’ disease.

1. Garvey B. Rỉtuximab ỉn the ưeatm cnt of autoim m une haematologỉca 
dỉsorders. Br 3 Haematoỉ 2008; 141: ỉ 49-69.

2. Quartỉer p, tí a i  Treatm ent of chỉỉdhood autoim m une baemoỉynit 
anaemia w ith rinuômab. Lanett 2001; 358: 1511-13.

3. Gottardo NG, tí  aỉ. Successíul inđuctỉon and  m aintenance o! long-terrr. 
remissỉon in a dỉỉld  w ith chronic relapsing au toữnm une hemolytic 
anem ỉa using rítuxỉmab. Ptdiair Hematol Oneol 2003; 20: 557-61.

4. Svahn 3. t í  aL Ritturimab-based inưnunosuppressỉon íor auioim m une 
haemolytíc anaemia in  ỉníants. Br 3 Haematoi 2009; 145: 96-100.

5. sparling TG, tí  aỉ. RemiỉSion o ỉ coỉd hem agglutínin dỉsease ỉnduced by 
rỉnixỉmãb therapy. Can M td Assoc 3  2001; 164: 1405.

6. Engeỉhardt M  t í  al. Severe coỉd hem agglutinin disease (CHD) 
successhiỉỉy treated vvith rítuxỉm ab. Blood 2002; 100: 1922-3.

7. Berentsen s, tí at. Rỉtuximab for prìm ary chronic cold agglutỉnỉn dỉsease 
a prospective study of 37 courses of therapy ỉn 27 patients. Blood 2004, 
103: 2925-8.

8. Morseỉlỉ M  t í  aỉ. Mixed w arm  and cold autoim m une hem olytỉc anemỉa 
complete recovery aỉter 2 courses of rituxỉm ab treatm em . Bỉood 2002 
99: 3478-9.

9. Webster D, t í  ai. Prompt response to rituximab o ỉ severe hemolytií 
anemia wỉth both coỉd and warm  autoantibodỉes. Am 3 Hematoỉ2004; 75 
258-9.

HAEMORRHAGIC DtSORDEKS. Although data are limited 
reports suggest that rituximab may be an effective altema- 
tive ỉor the treatm ent oỉ acquired haemophilia (p. 1126.3] 
alter established therapies have íailed.1-2 Durable response: 
have been reported aher rituximab was used hrst-line 01 
as salvage therapy;3 the usual inưavenous dose used was 
375mg/m2 once weekly íor 4  weeks. Patients w ith high 
autoantíbody tíưes may only achieve a partỉal response, OI 
be slow to respond, but inaeasing the number of doses oi 
rituximab or using it w ith cydophosphamide and/or corti- 
costeroids may improve response. Rituximab may be an 
eữectíve altematíve for those patients unable to  have cyto- 
toxic therapy.

An analysữ4 of the use of rituximab in  49 patients with 
congenital baemophilia (haemophilia A or B) condudec
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that about half of haemophiliacs with inhibitors resistant to 
previous inunune tolerance regimens could be durably 
rescued with rituximab, and that the highest responses were 
seen in adult haemophiliacs with mild or moderate disease 
who were given rituximab as part of a protocol that induded 
{actor v ra  concentrates or other immunosuppressive drugs.

1. Maỉỉỉarđ l i  t í  ai. Rỉcuxúnab in postpartum-related acquired hemophỉỉia. 
Am JMed  2006; 119: 86-«.

2. S u đ m ik  JM . Rỉtuxừnab in  the  treatm ent oỉ acquired hemophilia. A m  
pharmacoiher 2006; 40: 1151-7.

3. Garvcy B. Rituximab in the treatm ent of autoim m une haematologicaỉ 
disorders. Br J  Haematoỉ 2008; 141: 149-69.

4. Fnnchỉnỉ M, t í  ai. Im m unẹ toierance w ith  rỉtuximab in  congenitaỉ 
haemophilia w ỉth ỉnhỉbỉtors: » systematíc ỉỉterature revỉew based on 
ìndỉvỉdual patients' analysỉs. Haemophilia 2008; 14: 903-12.

IMMUNE THROMBOCYTOPEhtiA Rituximab has been 
reported1’3 to be effective in patients, induding children 
and iniants, with im mune thrombocytopenia (p. 1606.1) 
re&actoiy to Standard treatments. Some cọnsider it to be a 
possible altemative treatment, with good response rates 
and durable responses obtained in both adults and chil- 
dren.4 Two pattem s of response have been seen; vvithin 4 
weeks, or until several weeks or even months after the 
start of rìtuxũnab, suggesting additional mechanisms of 
action besides depletion of autoantibodies. w hile most stu- 
dies used rituximab in  a usual intravenous dose of 
375mg/m? once vveekly for 4 vveeks, lower doses (indud- 
ing a single dose regimen for children) have been used. 
Re-ữeatment of patients who relapse after an initial 
response to rỉtuxỉmab is also an optỉon, and ritiudmab has 
been usedalone or w ith other drugs.4 However, a rcview5 
cautioned against the indiscriminate use of rituximab in 
this padent population, given the lack of controlled data.

1. Zaja F, t í  ai. The B-ccII compartment as the  seỉective targeỉ íor the 
neatm ent of im m une thrombocyropenias. Haematalogừa 2003; 88: 538-
46.

2. Bengtson KU t í  ai. Successỉuỉ use o ỉ and-CD20 (rituxnnab) ỉn severe. 
Uíe-threatening chiỉdhood ỉm m une throrabocytopenic purpura. J  
PediatT 20QĨ; 143: 670-3.

3. Wang J, t í  ai. Chronỉc tm m une thrombocytopenỉc purpura in diỉỉdren: 
assessment o ỉ rituximab treauneoL J  Pediatr 2005; 146: 217-21.

4. Garvey B. Rituxỉmab in  the treatm ent of autoỉm m une haematoiogỉcal 
disorders. Br J  Haemataí 2008; 141: 149-69.

5. Amold DM. t í  aỉ. Systetnatic rcview: efficacy and saíety of rituxỉmab for 
aduhs w ỉth  idiopathic thiombocytopenỉc purpura. Arm btíem Med 2007; 
146: 25-33.

ĨHROMBOTÌC MK3K>ANGtOPAJHỊES. Rituximab has been 
reporteđ1'3 to  be of benefit in relapsed or reíractory throm- 
botic thrombocytopenic purpura (see under Plasma, 
p. 1159.1). Time to response has ranged from less than l 
week to about 13 vveeks;4 durable remỉssions have been 
reported.5 Most patients are reported to have received the 
Standard intravenous dose of rìtuximab 375mg/m2 once 
weekly for 4  weeks; howcver, some patients requữed pro- 
longed therapy, whereas others responded with only 1 or 
2 doses.4

1. zheng X. t í  ai. Rembsion of chronỉc thromboric thrombocytopenỉc 
purpura after treatm ent w ith cydophosphamỉde and rinm m ab. Ann  
btttm  H td  2003; 138: Ị05-8.

2. Redđy PS. tí  aỉ. Rỉtuximab in the treatm ent of relapsed thrombotỉc 
thrombocytopenỉc purpura. Anrt Hemaiol 2005; 84 :232-5.

3. Kosugỉ s, tí ai. Rituxỉmab provided long-term remỉssion ỉn a  patient w ith 
reĩractory relapsing thrombotìc thrombocytopenic purpura. ỉnt J  
tianatol 2005; 81 :433-6 .

4. Garvey B. Ritujdruab ỉn  the treatm ent of autoíỉnm une haematoỉỡgỉcal 
đỉsordén. Br J  Haematol 2008; 141: 149-69.

5. Ling HT, t í  ai. Sustaỉned response w ith rituxỉmab ỉn patỉents w ỉth 
thrombotíc thrombocytopenic purpura: a report of 13 cases and revievv 
of the lỉterature. Am }  ỉừmatol 1009; 84: 418-21.

Casrieman's diseose. Castleman's disease is a rare lym- 
phoproliíerative disorder, oíten assodated vvith HTV íníec- 
tion (p. 957.2) and thought to be caused by the same 
virus (human herpesvirus 8) as Kaposi's sarcoma. No Stan
dard treatment has been established. Responses to rituxi- 
mab therapy have been reported in tvvo small open-label 
studies in patients vvith HlV-assodated Castleman'5 dis- 
ease;1-2 rituximab 375 mg/m2 was given intravenously 
once weekly for 4 weeks. However, exacerbation of Kapo- 
si's sarcoma lesions may be a problem.

1. Gérard L. t í  aỉ. Prospectỉve study oí rỉtuxỉmab ỉn chemocherapY' 
dependent hum an ứnmunodeũciency vỉrus-assotíated muHicenưic 
Castỉcman'$ dỉsease: ANRS ỉ  17 CasđemaB TrỉaL J  ơừ í Oneal 2007; 23: 
3350-6.

2. Bower M, tí  ai. Brief communỉcatỉon: rituxũnab In HỈV-assoáated 
m uldcentric Castleman dỉsease. A m  ỉntem Mtd 2007; 147:836-9.

Eye disorders. Orbital pseudolymphomas are uncommon 
benign tumours vvhich usually a ỉỉe a  the lachrymal gland, 
orbital soft tissue, or exưa-ocular musdes. Clinical presen- 
tation indudes painless onset of ptosis, proptosis, diplopía, 
or eyelid swelling. There are reports of durable response to 
rituximab.1

1. Wỉtzỉg TE, t í  ai. T reatm ent of benỉgn oibitaỉ pseudolympbomaỉ with the 
m onodonal anò-CD20 antỉbody rituximab. Mayo ơ in  Pne  2007; 82: 
692-9.

Glomerular ìádney diseose. In a report oí 5 patients with 
corticosteroid-resistant nephrotic syndrome, 4  patients had 
a complete remission and 1 patíent had a partĩal rèmission 
after ưeatm ent vvith rituximab in  Standard dos.es for 4 
weeks. Complete remissỉon was maintained in 3 patients.

despỉte tapering of corticosteroìds and caldneurin inhi- 
bitors.1 The limited evidence for such use has subse- 
quently been revievved.2

1. Bagga A, t í  al. Rìtuxỉmab ỉn patients w ith the steroỉd-resistant nephrotỉc 
syndrome. N Engl J  Med 2007; 356:2751-2.

2. HaSner D, Físcher DC. Nephrotỉc syndrome and rìtuxỉmab: íacts and 
perspectỉves. Pediatr Ncphrol 2009; 24: 1433-8.

Malignani neoplasms. Revicvvs.
1. NỈCE. Rituxữnab for aggressỉve non-Hodgkin's lymphoma (ỉssued 

September 2003). Available au http://www.nicc.org.uk/nicetnedia/pdf/ 
65_rítuximab_nonhodgỊdns_fuìIguidance.pdf (atxesscd 07/09/09)

2. Avivi ỉ. tía i.  Clinical use of rituxlmab ìn harmatological mallgnantíes. Br 
J  Canctr 2003; 89: 1389-94.

3. Held G, t í  al. Rỉtuximab for the treatm cnt o í dỉíĩuse ỉarge B'Celỉ 
ỉymphomas. Expert Rev Antícancer Tỉicr 2006; 6:1175-86.

4. van Oers MH. R ỉtuxlm ab niaintenance ỉn  indolent lymphoma: 
ỉndỉcations and controvcrsies. Curr Oiicoì Rep 2007; 9: 378-83.

5. Schu!z H, t í  ai. Cbemotherapy plus rituxim ab versus diem otherapy 
aỉone for B-cell non-Hodgkin's lymphoma. Available in The Cochiane 
Database o ỉ Systematic Reviews; Issue 4. Chichcstcn John Wiley; 2007 
(accessed 24/07/08).

6. Molỉna A. A decadc of rituximab; improving survival outcorues ỉn 
non-Hodgkin's Iymphoma. Amtu Rev ĩ.ỉcd 2008; 59:237-50.

7. NICE. Rỉtúxímab for the  treatm ent of reỉapseđ o r rcíractoiy stage rn or 
IV ỉòllỉcular non-Hodgkins lymphoma: revievv of technology appraisal 
guidance 37 (ỉssued February 2008). Availabỉe au http://vAvw.nice.org. 
uk/nỉcemedỉa/pdf/TA137guỉdance.pdf (accessed 07/09/09)

8. Kapoor p, tí  aỉ. Anti-CD20 monocỉona) antibody tlicrỏpy in multiple 
myeloma. Br J  Haunatoỉ 2008; 141: 135-48. ■

9. Gísselbrecht c . Use o ỉ riuudm ab ỉn diííuse large B-ccll lymphoma ỉn thc 
salvage settíng. Br J  Haematol 2008; 143: 607-21.

10. Vidal L, t í  al. Rituximab as maiiuenancc tỉicrạpy íor paticnts w ith 
ỉolỉỉcular lymphoma. Available in The Cochrane Databasc of Systematic 
Reviews: bsne 2. Chichester: John  Wiley; 2009 (accessed 07/09/09).

11 . NICE. Rỉtuxỉmab for the  Rrst-linc trcatm ent of chronỉc lymphocytic 
leukaemỉa (issued July 2009). Availablc at: http://www.nice.org.uk/ 
nicemedia/p<ư/TA174FuHGuidance.pdf (accesscd 07/09/09)

12. Hagemeister p. R ituxim ab for tlic ticatm cn t of non-IIodgkin's 
lyrnphoma and chroniclyT tiphocytlclcukàem ỉa.I/n^ 2010; 70:261-72.

13. Gao G, tí a i  A systcmatỉc rev itw  and mcta-analysis of immunochcm- 
otherapy with rítuxỉtnab for B*cell non-Kodgkin's ljTnphoma. Acta Oncol 
2010; 49: 3-12.

14. Keating GM. Rituximab: a re^nevv oỉ its use ỉn chronic lympliocyric 
leukaemia, low-grade or íollicular lymphoma and diỉfuse largc B-ceìl 
lymphoma. Dntgs 2010; 70: 1445-76.

Muhiple sclerosis. A single coursc of rituximab has been 
reported to reduce inílammatory brain lesions and clinical 
relapses in relapsing-remitting multiple sclerosis 
(p. 996.3);1 the small study was nõt designed to assess 
long-term saíety or uncommon adverse eKects.

1. HauserSL. Ital. HERMES Triiỉ! Group. B-ccll depleticin witli rltuximab in 
relapsing-remiĩting m ultỉple sclcrosis. N Engỉ J  M tJ  2008; 358: 676-8Õ.

Myaslhenia gravis. Rituximab has been tried* in a few 
patients with myasthenia gravis (p. 684.1).

1. Nelson Rp, tía l. Rỉtuxỉmab for the treatm em  of thymoma-associated and 
de novo myastỉtenỉa gravis: 3 ca5es and  reviov. J  Clin Neuivmusc Dis 
2009; 10: 170-7.

Orgon and tissue transplantatìon. Rituximab is a treat- 
ment option for patients vvith chronic graft-vcrsus-host 
disease (GVHD; see ĩlaematopoietic Stem Ccll Transplanta- 
tion, p. 1937.1). Available data suggest that rituxímab 
may be particularly etíectivc for patients with extensive 
corticosteroid-reíractory chronic GVHD maniíesting as 
thrombocytopenia, or for tliose with sclprodermatous, 
•cutaneous, or rheumatological involvement.1 Post-trans- 
plant lymphoproliíerative disorder (PTXD) after solid organ 
transplantation (see p. 1936.2 et seq) is rare but life-threa- 
tening; many cases, esperíally more aggressivc lympho- 
mas, do not respond to the usual first-Iine therapy of 
reduction in immunosupprcssion. Rituximab and/or 
chemotherapy have becn ũsed for PTI.D. Some recom- 
mend that patients with Epstein-Barr virus (EBV) positive 
and early-onset PTLD be given rituximab monotherapy if 
reduction in immunosuppression íails; treatment with 
chemotherapy is reserved for ihose who íaíi to rcspond to 
rituximab. More aggressive treatment, including tlie use of 
rituximab with combination chemotherapy (given sequen- 
tially or concurrently), should be considered initially, 
along with reduction of immunosuppressive treatment, in 
those patients with CD20-positive or high-grade PTLDs. 
The use of granulocyte colony-stimulating íactors and 
antibaaerials as prophylaxis agaỉnst iníectious complica- 
tions should be considered in this high-risk population.2 
Riruximab has been investigated as induction therapy for 
patients undergoing renal transplantation, but a small 
study reported an excess risk of acute ccllular rejection in 
those given rituximab.3

1. Baces JS. et al. Clỉnỉcal utỉlity ữf rỉtuximab in chronlc graỉt-versus-host 
dísease. A m  Phermcmthtr 2009; 43: 316-21.

2. Lee J-J, t t  al. Roỉe of chem otherapy and ríiuxỉmab for treatraent oỉ 
. posmansplant ỉymphoproliíerarive dỉsoider In solid o r p n  transplania-

tion. Ann Phcimaãứur 2007; 41: 164S-59.
3. Q anrarthy  MR, et al. B-ceH-depleting inductlon therapy and acute 

cellular rejectlon. N  E n ỊlJ M td  2009; 360: 2683-5.

Pemphigus. Rituximab has been reported to be of benefit 
in pèmphigus vulgaris (p. 1687.1) and its use has been 
reviewed.u  In a revievv of 17 cases, it was tlsed in patients 
with severe and widespread disease that had not 
responded to usuaỉ therapy vvith corticosteroids and 
immunosuppressants. A dose of -375mg/m2 once weekly

vyas used and most patìents were given a course of 4 
doses. Most patìents showed some improvement bom 
rítuximab, induding 9 who were free of clinical disease 
ỉor more than 6 months and 5 who had a parúal response. 
However, although concomitant therapy could be reduced 
in 8 patients, only 2 were able to stop systemic corticoster- 
oiđs and immunosuppressants; in 6 cases this iníormatíon 
was not reported. Rituximab might thereỉore be usetul for 
remission induction when corticosteroids have not been 
eítective, but long-term follow-up is needed. Rỉtuxũnab 
with norma) immunoglobulins has also been reported to 
be etíeaive in patients wỉth reữactory pemphigus vul- 
garis.3

Rituximab has also been reported to be oỉ beneht in 
pemphigus toliaceus,44 a less common variant of pemphi- 
gus. A single cyde of 4 weekly infusions oỉ rittudmab was 
rcported to achieve complete remission in 12 oỉ 14 padents 
with pemphigus vulgaris and 6 oỉ 7 patients with pemphigus 
íoliaceus; 2 patients in the íormer group achieved delayed 
complcte remission. Oỉ these 20 patients, 6 with pemphigus 
vulgaris and 3 with pemphigus íoliaceus had a relapse; 2 of 
these 9 patients were given a second couìse of rituximab 
and again achieved complete remission. After 34 mộnths of 
follow-up, 18 patients vvere &ee o ỉ disease, and 8 oỉ these 
were not receiving any systemic therapy.7

1. E1 Tai AK, tí  a i  Rỉtuxỉinab: a m onodonaỉ anũbody to  0 )2 0  used in the 
trearment oỉ pemphigus vuỉgaris. J  Am  Á£0d  Dermatoỉ 2006; 55:449-59.

2. Schmidt E, et ai. Rltuxỉmab ỉn severe pemphỉgus. Aỉm  N  YAatd Sd  2009; 
1173:683-91.

3. Ahmed AR. ứ  al. Treatment of pemphỉgus vulgaris w ith rỉtuxinub and 
intravenous Immune globulin. N  Engĩ ỉM ed  2006; 355:1772-9.

4. Goebeler M, t í  ai. Rapỉd response o í treatment-iesỉstam pemphỉgus 
íollaccus ro the antt-CD20 antỉbody rỉtuxỉmab. Br J  Dmnatoi2003; 149: 
899-901.

5. Arỉn Mỉ, tí  ai. Anti-CD20 m onodonaỉ antỉbođy (ritụximab) ỉn the 
ưeaiment of pemphigus. Br J  Dermatol 2005; 153:620-5.

6. Pcmando s u  0 'C onnor KS. Treatm ent oỉ severe pemphỉgus foỉiaceus 
with rituxỉmab. Med J  Aust 2008; 189: 289-90.

7. Joly p, tí  aỉ. A single cycỉe ữỉ rituxỉm ab ỉor the treatment oỉ severe 
pcmphỉgus. N  Bngì J  Med 2007; 357: 545-52.

Rheumatoid arthritís. Rituximab is oí beneht in patients 
with rheumatoid anhritis (p. 13.2) reửaữory to Standard 
therapy.1-4 The ability of ntuximab to prevent articular 
damage, its efficacy íor extra-articular manựestations, the 
efficacy and saỉety of repeated courses, and long-tenn 
eííects on the immune System rem ain to be detennined.3 
Radiographic data from a placebo-controlled stuđy shovved 
a trcnd tovyards less progression of structural joint damage 
with a course of rituximab (2 doses); assessment vvas 
made at 24 weeks.‘ In a  consensus statement, European 
and Canadian rheumatologists stated that re-treatment 
with rituximab may be considered after week 24 in  those 
who respond to initial therapy.7

1. Edwards JCW, tí  ai. Eơlcacy of B-ceỉl—targeted therapy wlth rituximab 
ỉn patỉents with rhnunato id  arthritú. N  EngUMed  2004; 350:2572-81.

2. Summers KM, Kockỉer DR. R ltuxỉm ab treatm ent o ỉ reừactory 
rhcumatoid arthrỉtis. Ann Phamacother 2005; 39:2091-5.

3. Hígashỉda ĩ .  t í  aĩ. Saíecy and efflcacy of rituximab ỉn patíeots wich 
rheumatoid arthritỉs reỉractory to dỉsease modỉỉyỉng antỉrheumatíc 
drugs and antl-ttưnor necrosỉs lactor- a  treatmenL J  Rhtumatttl 2005; 32: 
2109-15.

4. KICE. Adalimumab, etanercept, InAtxỉmab, lỉtuxỉm ab and abatacept for 
the treatment o ỉ rheumatoỉd ârthrỉtis a íte r th e  ỉaỉỉure ữf a TNF Ỉnhỉbttor 
(pan review oỉ NICE technoỉogy appraỉsaỉ guidance 36 àhd revlew of 
NTCE technology appraiỉaỉ guỉdance 126 and  141): Technology 
Appraỉsal Guidance 195 (ỉssued August 2010). Avaỉỉable au http:// 
m vw .nice.org.uk/nicem eiia/U ve/13l08/504l3/50413.pdf (accesseđ 
04/11/10)

5. Looncy RJ. B cell-targeted therapy for rheum atoid arthritis: an  update 
on the evidence. Drugs 2006; 66: 625-39.

6. Cohen su, tí  ai. Rỉtuximab for rheuraatoid arthrỉtỉs re ỉraaory  to 
antí-tumor necrosia lactor therapy. Arĩhritừ Rhatm  2006; 54:2793-2806.

7. Smolen JS, t í  al. Worltíng Group on  the  Rituxhnab Consensus 
Statement. Consensus statement on the  use ot rituxinub ỉn padents 
with rlieumaioid arthritis. Ann Rheum Dừ 2007; 66: 143-50.

sderoderma. Rituxữnab is under investigation for the 
management of sderoderma (p. 1942.3).

sk!n disorders. In addition to  reports of eíhcacy in 
pemphigus (see above), rítuxỉmab has been reported to be 
oỉ beneíit in re&actory cases of pemphigoid1 and epider- 
molysis bullosa acquisita.2-3

1. Schtnidt E, rt a i  Rinuúmab in autolm m une bullous discasM: mixcd 
responses and  adverse eữects. Br J  Dermatol 2007; 156: 352-6.

2. Crichỉow SM, t í  ai. A successhiỉ therapeudc trỉaỉ of rítuximab ỉn the 
treatment of a padent w ith recaỉdtrant, high-titre epidennolysỉs buỉlosa 
acqulsỉu. Br J  DermatoỊ 2007; 156:194-6 .

3. Sadler E, t í  aỉ. Treatment-resistant dasskal epỉdennoỉysỉs buQosa 
acquỉsỉta responding to rituxiinab. Br J  Dermatol 2007; 157: 417-19.

S y s te tn ic  h i p u s  e r y t h e m a l o s u s .  Ritiudmab has been ỉnves- 
tìgated for the treátment of SLE (p. 1613.3),1"3 but results 
of conơolled studies have been disappointing. :

1. SQỈcakis pp, t í  ÓL Rhuxỉinab and-B-cell therapy In systemỉc ỉupus
erythemaỉosus: pointỉng to  the fu tu  re. Curr Opin Rheumatữi 2005; 17: 
550-7. '

2. Garđa-Carrasco ÌA, t í  aL Use oỉ rỉtuxiinab in patỉents with systemỉc ỉupus 
erythematosus: an  update. Autoimmun Rev 2009; 8: 343-8.

3. Hughes G. Rỉtuxỉmab in lupus and  bcyond: the State of the a r t  Lupus 
2009; 18: 639-44.
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T h y r o id  d i s o r d e r s .  Rituximab has been investigated in the 
managemeht of Graves' disease (see Hyperthyroidism, 
p. 2332.2), induding Graves' ophthalmopathy.1-2

X. Nỉelsen CH, t t  ai. B-cell depletỉon w ith rỉtuxỉmab ỉn the ưea tm en t oi 
tu totm im ine dlseases: Graves' ophthaỉm opathy the ỉatest addỉtỉon to  an 
cypanding ỉamiỉy. Exptrt opin Bừ>l Ther 2007; 7: 1061-78.

2. H eeiostn KA. t t  aỉ. R ỉnndmab ỉn relapsỉng Graves' dỉsease, a pha se n  
study. Sur J  Enầoainoỉ 2008; 159: 609-15.

V a s c ir i i t ic  s y n d r o m e s .  Kituximab has been reported to  be 
of benefit in ưeatíng vasculitic syndromes (p. 1615.2), 
induding those assodated with antìneuưophil cytoplasmic 
antibodỉes (ANCA-assodated vasculitis).1'4 Similar eỉ&cacy 
to  cydophosphamide has been reported,3-4 with some sug- 
gestion that rituximab may be more eữective in relapsing 
disease.4 Successhil ưeatm ent of sderitis assodated vvith 
Wegener's granulomatosis has also been described.5 Saíety 
and efficacy have also been reported4 with the use of 
rítuxhnab in patients with reừactory Henoch-Schõnlein 
purpura (see Hypersensitivity Vasculitis, p. 1606.1).

1. Keogh KA. tí  ứỉ. Induction of remíssion by B lymphocyte depletỉon ỉn 
eỉeven patỉents w ith  reíractory am incuưophil cytoplasmic antibody- 
assodated vasculỉús. Arthritâ Rheum 2005; 52: 262-8.

2. Perraro AJ. t t  a i  Eíĩective therapeutlc use o( rítuximab in reỉraaory  
Wegener's granulomatosỉs. Nrphroi Dùxĩ Transplant 2005; 20: 622-5.

3. Jones RB. tí ai. European Vasculitis Srudy Group. Rituximab versus 
cydophosphamide in ANCA-associated renal vasculitỉs. N Eng! J  Med 
2010;363:211-20 .

4. Stone JH, eí ai. RAVE-ITN Research Group. Rituximab versus 
cydophospham ide ỉor ANCA-assodated vascuUtỉs. N Engỉ J  Mtd  2010; 
363: 221-32.

5. Cheung CMG, t i  ai. Successỉuỉ ưeatm ent oỉ Wegener*s granuloraatosis 
assodated sderítỉỉ w ith rỉtuxỉmab. Br J  Ophihalmoỉ 2005; 89: 1542.

6. D onnỉthoroe KJ, et al. Rỉuurimab therapy íor severe reừ aao ry  chronic 
Henoch-Schỗnlein purpura. J Rtdiatr 2009; 155: 136-9.

A d v e r s e  E f f e c t s ,  T r e ơ t m e n t ,  a n d  P r e c a u t i o n s

For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

Inhiãon of rituximab has been assodated vvith a 
cytokine release syndrome of lever, chills, and rigors, 
usually within 2 hours of beginmng therapy (see also 
Iníuãon-related Reactions, belovv). Other reported symp- 
toms indude pruritus, urtỉcaiia, rashes, dyspnoea, bron- 
chospasm, angioedema, transient hypotension, and flush- 
ing; myocardial inỉarction, ventricular Bbrillation, and 
cardiogenic shock can occur. Aỉthenia, headache, rhinitis, 
and hypertension may also be assotiated with inỉusion 
reactíons. Severe cases may be assodated with tum our lysis 
syndrome (and its assoóated electrolyte abnormalities such 
as hyperuricaemia, hyperkalaemia, hypocalcaemia, and 
hypeiphosphataemia), acute renal íailure, acute respiratory 
ỉailure, and death. Hypeisensitivity reactions maniíest 
simiỉariy to the cytokine release syndrome, but usually 
occur within m inutes of starting inỉusion. Mucocutaneous 
reactions, some íatal, and induding Stevens-Johnson 
syndrome or toxic epidermal necrolysis have also occurred. 
A reaction tesembỉing serum sickness has been reported.

Patients w ith an  extensive tum our burden, pulmonary 
tum our inSltration or pulmonary insuffidency may be at 
increased risk oỉ severe inhisỉon reactions and shouỉd be 
treated with caution and possibly a decreased initial 
in íuáon rate. Therapy should be ỉnterrupted in patients 
who develop severe sỹmptoms and only rẽsumed, ãt up to 
halí the pieyious rate, once all ãgns and symptoms have 
resolved. Premedication with analgesics, antihistamines, 
and possibly corticosteroids is recommended in all patients 
beíore receiving rituximab.

Use oỉ rituximab is assodated w ith an increased risk of 
Progressive multiíocal leukoencephalopathy (PML), and 
ỉatalities have been reported. In most cases, paúents had 
mnltiple risk íactors, induding long-term treatment with 
combinatìon chemotherapy or immunosuppression, or 
were undergoing haematopoietic stem cell transplantation. 
Patients should be monitored regularly ỉor new  or 
vvorsening neurological dinical maniíestations suggesúve 
of PML; rituximab should be permanently stopped u  PML 
develops.

Reactivatíon of hepatitis B virus (HBV) has occurred in 
some patients; ỉulm inant hepatìtis, hepatic íailure, and 
íatalities have been reported. Patients at high risk of HBV 
iníection should be screened beíore starting rituximab 
therapy and carriers should be monitored íor signs of active 
inỉection or hepatitis during and ỉor several months aher 
therapy. Rituximab should be stopped u  vữal hepatitis 
develops. Other serious iníectìons, which may be íatal, can 
occur with rituximab.

Haematological adverse eKects inchiding lymphopenia, 
leucopenia, neunopenia, thrombocytopenia, and anaemia 
hạve occurred in  some patients; effects are usually 
considered mild and reversible. Complete blood and platelet 
counts should be monitored reguỉarly. Exacerbation oỉ 
heart íailure and angina pectoris hãs also been reported, and 
other cardiac events indude arrhythmias and tachycardia. 
Gastrointestinal disturbances may also occur. Abdominal 
pain, bowel obstruction, and perỉoration, in some cases 
íatal. have been reported vvith rituximab, usually vvith 
combination chemotherapy.

Reíerences.
1. M ohib icher A. B cell non-Hodgkin's lymphoma: rituximab satcty 

experỉence. Arthritừ Rts Thtr 2005; 7  (suppl 3): S19-S25.
2. Kimby B. TolerabUity and saỉety of riruxỉnub (MábThera). Canctr Trtat 

R*v2005; 31: 456-73.
3. Ram R. et ai. The late adverse events oí rỉtuxỉmab therapy—rare but 

therel Leuk Lymphoma 2009; 50: 1083-95.

Effedỉ on the blood. Late-onset neutropenia (deSned as 
neutropenia occurríng 30 days after the last dose) has 
been reported in patients receiving rituximab.1 Acute and 
potentially severe thrombocytopenia assodated with ritux- 
imab therapy has also been reported occasionally.2-3 
Haemolytic anaemia occurred in a patient given 4 doses oỉ 
rinrám ab, plus corticosteroid therapy, for reửaaory 
pemphigus vulgaris.4 Although there was a drop in hae- 
moglobin aíter the first and second doses of rituximab, 
concentrations then stabilised; the reticulocyte count 
remained high throughout treatment.

ỉ. Rỉos-Fem indez R, t\ aĩ. Late-onset neutropenỉa íoỉlovving rituximab 
treatm ent in patỉents with autoim m une discases. Br J  Dermaiol 2007; 
157: 1271-3.

2. Dhand s. Bahrain H. Riiuximab-induced severe acuie thrombocytope- 
nia: a case report and rcview of iiteraiure. Canar Invrst 2008; 26:913-15.

3. Ram R. ei a i  Rituximab-associated acuie thrombocytưpcnia; an under- 
diagnosed phenom enon. Am J  Hematoi 2009; 84: 247-50.

4. u  ww. et ai. Haemolytic anaemia íollovving rítuximab ưeatm em  in a 
patient vvith pem phiguỉ vulgarís. BrJ Dermaiứl 2009; 161: 205-6.

Effects on the eyes. About 20 minutes aher the start of a 
rỉtuxỉmab iníusion, a patient developed bilateral con- 
junctivitis vvithout pain. lachrymation, or discharge. No 
other clinical maniíestations of a hypersensitivity reaction 
vvere apparent, and the conjunaivitis resolvcd sponta- 
neously, about 30 minutes after the end of the intusion. 
No recurrence was evident vvith subsequent rituximab 
therapy.1

1. M arinella MA. ĐUateral con juna iv iús  due to rỉtuxỉm ab. Ann 
Pharmacother 2007; 41:1318.

Effectỉ on the gastrointestinal tract. In November 2006 
the manuỉacturer noted that 47 cases of bowel obstruction 
(9 íatal) and 37 cases of gasưointestinal períoration (4 
ỉatal) had been reported in patients given rítuximab.1 
Interpretation of data was diíhcult due to coníounding fac- 
tors; however, a contributory role of rítuximab could not 
be exduded. The mean time to onset of symptoms was 6 
days (range 1 to 77 days) ỉor documented pertoration. 
Complaints of abdominal pain, espedally early in a course 
of rituximab ưeatment, should prompt thorough diagnos- 
tìc evaluation and treatment.

There have been reports of ulcerative colitis when 
rituximab was used to deplete B-lymphocytes in Graves' 
disease2 and nephrotic syndrome.3 A severe exaceibation of 
pre-existing ulcerative colitis occurred in a patient with 
reừaaory dỉsease given rituximab as salvage therapy.4

1. Roche, Canada. Repoĩts of bowcl obstruction and  gastroỉntestỉnal 
pcríoration with RITUXAN (rituximab) (issued ỈOth November 2006). 
Availabie ac  h n p ://www.hc-sc.gc.ca/dhp-mps/medeff/advisori«-avis/ 
proí/_2006/rituxan_3_hpc-cps-cng.php (accesscd 30/07/08)

2. E1 Fassỉ D, et ai. ulceradve colitis following B lymphocyte depletìon wỉth 
rituxúnab in a paliem  wỉứì Graves' disease. Gut 2008; 57: 714-15.

3. Ardelean DS, eí aì. Severe ulceratìve colítís aỉter rituximab therapy. 
Pediatria 2010: 126: C243-C246.

4. G oeu  M, et ai. Exaccrbatíon o í ulceratỉve colítis after ríTuxỉmab salvage 
(herapy. InỊlamm Bowtỉ Dừ 2007; 13: 1365-8.

Effects on the lungs. Pulmonary reactions have been 
reported vvith rituximab use,1 induding reversible inter- 
stitial pneum onia2'4 and interstàtial fibrosis.5 A íatal inưa- 
alveolar haemorrhage in 1 patient was attributed to a 
hypersensitivity reaction to rituximab;4 a lurther case of 
alveolar haemorrhage assodated vvith interstiúal lung dis- 
ease has been reported.7

1. W agner SA. t t  al. Rituxxmab-induccd ỉmerstitìâl lung disease. Am J  
Hematol 2007; 82: 916-19.

2. Burton c  ti  aỉ. Interstìtial pneum oniũs reỉated 10 rỉruximab therapy. N  
EngU M ed  2003; 348: 2690-1.

3. Juỉlien V, f í  aì. Une pncumopachỉe alvéoỉo-inicnciticlle hypoxémiante 
assocỉée à.la prise de Tituxiniab. Rrv Mal Respừ 2004; 21 :407-10.

4. Swords R. t ía ỉ .  Im em ỉtiaỉ pneum onitis ỉollovvỉng rituxỉmab therapy ỉor 
im m une thrombocytopenìc purpura (ITP). Am J Htmatol 2004; 77 :103- 
4.

ỉ .  Leon RJ. tt  al. Rituximab-induced acute pulmonary nbrosis. Mayo Cìin 
Proc 2004; 79: 949, 953.

6. Alexandrescu DT. t ì  ai. Fataỉ inưa-alveolar hemorrhage after ricuxỉmab 
ỉn a patỉent with non-Hodgkin lymphoma. Leuk Lymphoma 2004; 45: 
2321-5.

7. Heresi GA, t t  al. Inrerstirial pneumonitis and aỉveoiar hemorrhage 
complicaiỉng use of ríỉuximab: case repon and revicvv oỉ the ỉỉterature. 
Rapiration 2008; 76: 449-53.

Effects on the nervous System. As of December 2006, the 
FDA had received a total of 24 reports of Progressive mul- 
úíocal leukoencephalopathy (PML) in patients given ritux- 
imab.' PML is a íatal demyelìnating disease that follows 
reactỉvation of latent JC or PK polyomavirus (also known 
as papovavừus) in  the CNS; the virus is present in about 
80% of adults. In the lirst 12 cases reported to the FDA,
10 patients tested positive for the JC virus and 1 had con- 
firmed BK virus. PML presents vvith rapidly Progressive 
focal neurological deỉidts induding hemiparesis, para- 
esthesias, visual-tield dehdts, ataxia, and behavioural and i

cognitive changes.2 -In a report of 57 cases,3 52 patients 
had haematological malignandes and 5 had auto-immune 
disorders; all pătients had received previous immunosup- 
pressive therapies, induding alkylatỉng agents, purine ana- 
logues, corticosteroids, or drugs to prevent allogeneic stem 
cell or solid organ rejection. The case-fatality rate was 
90%.

There have also been reports4-5 of rcvtrsibU posterior 
leukoencephalopathy syndrome with rituximab. Symptoms 
have varied between patients, vvith drovvsiness, conhision, 
hallucinations. nausea, and vomiting occurring in one,4 and 
hypertension, headache, blurred Vision, and seizures in 
anõther.5

1. PDA. Rỉtuxỉmab (m arketed as Rituxan); Progressive muliitacal
leukoencephalopaihy (PML). EDA Drug Saịety Nfwiỉnter 2007; 1; 3-5. 
AvaiUble at: http://www.ida.gov/downioads/Drugs/DrugSafety/
D rugSaíetyNewsỉetter/ùcm l09ỉ58.pdỉ (accessed 21/07/10)

2. MHRA/CHM. R ituxỉm ab and eỉaỉizumab: Progressive muỉtỉĩocaỉ
ỉeukoencephalopathy. Drug SaỊéty update 2008; 2 (5); 3-4. Avaỉỉable 
at: http://www.nihra.gov.uk/home/idcplg71dcServiceaGET.
FILE8*dDocName*CON033504frRevisionSeIecùonMethod=LatestRe- 
leased (accessed 07/09/09)

3. Carson KR. et al. Progressive muhiíocal leukoencephalopathy aíter 
rituxim ab therapy in HIV-negative paiients: a repon of 57 cases ỉrom the 
Research on Adverse Drug Events and Reports pro jea. Blood 2009; 113: 
4834-40.

4. Sánchez-Caneyron A, Cí di. Posierior revenible enccphalopathy 
Ị syndrom e aítcr ríiuxìmab iníuiion ỉn neiiromỵeHỉis optica. NeurolùỊỊy

2010;74:1471-3 .
ỉ 5. M avragani CP, et a i  A case of reveníble posterỉor ieucoencephalopathy 
I syndromc after rituximab inỉusion. Rhtumaiology (Oxpord) 2004; 43:
ị 1450-1.

lnfection. In addition to Progressive multiíocal leukoence- 
phalopathy assodated with JC or BK virus reactivation 
(see Effects on the Nervous System, above), rituximab 
therapy íor lymphomas is assodated with an increased risk 
of viral iníection or reaaivation, notably from hepatitis B 
and CMV;1-2 there is less evidence of any increased risk of 
serious iníeaion in patỉents treated with rituximab íor 
rheumatoid arthritis.3

Hepatitis c reactivation has also been reported in a 
patient after rituximab was added to the chemotherapy 
regimen.4 In another patìent, chronic hepatitis was caused 
by a persistent hepatitìs E iníection with aaive viral 
replication, in a patient receiving maintenance therapy for 
lymphoma vvith rituximab.5

1. Aksoy s, et at. Ricuximab-relaied vỉral inỉections in lymphoma patỉents. 
Leuk Lymphoma 2007; 48: 1307-12.

2. Aksoy s, eí a i  Inỉectỉous complications of rituximab in paiiems with 
lymphoma durỉng maintenance therapy: a sysiematic rcvievv and meta- 
analysis. Leuk Lymphoma 2009; 50: 357-65.

3. Salliot c. tí  aỉ. Risk oí serỉous Iníections during rituximab. abatacept and 
anakinra ưeatm ents íor rheum atoid anhritỉs: m eta-analyses of 
randomỉsed placebo-controlled tríals. Artn Rheum Dừ 2009; 68: 25-32.

4. Hsíeh C-Y, tí at. Riruximab-induced hepatlỉis c virus reactivatìon aher 
sponianeous remissỉon ỉn diỉíuse large B-cell lymphoma. J  ơ tn  Oncoi 
2008; 26: 2584-6.

5. o llier L. t í  ai. Chronic hepatitis aíter bepatỉós E vỉrus ỉnỉectỉon in a 
paiiem  wỉth non>Hodgkin ỉymphoma taking rítuximab. Ann ỉntem Mtấ 
2009; 150:430-1.

inhision-related readions. By November 1998 there had 
been 74 cases of serious inlusion-related reactions to ritux- 
imab reported worldwide, vvith 8 fatal cases.1 An estimated 
12000 to 14000 patients had been treated.

The reaction usually occurs vvithin the £irst 2 hours of 
inỉusion and the underlying mechanism is believed to be a 
severe cytokine release syndrome, vvith some elements of 
tum our lysis syndrome.1'3 In one series of cases tumour 
necrosis factor-a and  in terleukũ i-6  levels w ere  found to 
peak 90 minutes aíter the onset of the ữưusion, and these 
elevated cytokine levels cointíded with iníusion-related 
symptoms.2 The reaction is usually most marked aher the 
flrst inỉusion and subsequent inỉusions are usually 
tolerated, emphasising that this is not a true hypersensitivity 
reaction.4

Patients with a high tum ourburden (lesions over lOcm 
in diameter or more than 500000 drculating malignant 
Cells/mm3), a history of pulm onary inỉiltration or 
insuíBdency, or underlying cardiac disease are believed to 
be at greater risk of severe reactìons.1,14 The UK CSM 
recommends that premedicatìon vvith an analgesic and an 
antihistamine should alvvays be given beíore rituximab, and 
corticosteroids should be considered.1 Hovvever, serious or 
íatal reactions have occurred despite such premedication.3-4 
Altemative inhision schedules and/or combination therapy 
with chemotherapeutic drugs may be required to decrease 
the tum our burden beíore rituximab therapy.2-4

1. CSM/MCA. Rỉtuxìmab (MabThera): seríous iníusion-related adverse 
reactỉons. Current Probiems 1999; 2 5 :2 -3 . Also available at: h ttp://w w w . 
m hra.gov .uk /hom c/idcp lg?ldcS erv ice=G E T _F IL E 6-dD ocN arae* - 
C O N 2023233& RevisỉonSeleaionM eihod>LaiestReleased (accessed 
26/04/06)

2. W ỉnkỉer u, a  aỉ. Cytokine-relrase syndrome ỉn patỉents w ith B-cell 
chronỉc Iymphocytỉc leukaemia and high lymphocyte counts after 
treaưnent wiih an  anri-CD20 monoclonal antỉbody (rituxỉmab, IDEC- 
C2B8). Bỉood 1999; 94. 2217-24

3. Lim L-C. t í  ai. Fatal cytokỉne release syndrome wiih chimcric anti-CD20 
m onodonai aniỉbody rituximab in a 71-year-old patỉent with chronic 
lymphocytic leukaemla. J  ơ in  Oncơl 1999; 17: 1962-3.

4. Byrd JC, tí  a i  Riruximab therapy in hematologic malignancy patients 
with circulaúng blood tum ot celỉs: associatỉon wỉth íncreased infusion-
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related side eỉỉects and rapid blood nunor dearance. J  Cỉitt Oncol 1999; 
17: 791-5.

P o r p h y r i a .  The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, dassiĐes rituximab as not 
poiphyrinogenic; it may be used as a drug of first choice 
and no precautions are needed.1

1. The Drug Daubase for Acutc Porphyria. Available at: http://www. 
dnigs-porphyria.org (accessed 29/09/11)

P r e g n a n c y .  Giving 4 cycles of rituximab (with doxorubi- 
tin, vincristine, and prednỉsolone) to a pregnant woman 
vyith lymphoma, from 21 vveeks of gestatíon until delivery 
at 35 weeks, resulted in no adverse effects to either the 
m other or the iníant.1 In another report, a 31-year-old 
woman was diagnosed with non-Hodgkin's lymphoma 
duríng pregnancy. She received 6 cydes of rituximab with 
CHOP (cydophosphamide, doxorubidn, vincristine, and 
prednisone). Two months aíter treatment, she sponta- 
neously delivered a premature but heaỉthy inỉanL Patient 
and child were dinically assessed every 3 months; the 
infant's B cells were severely diminished at birth but 
recovered over 6 to 12 weeks. Rituximab concentranons 
in  both  mother and child also decreased as expected. No 
adverse eíĩects were seen during 16 monthỉ of follow-up.2 
In 2 case reports of rituxứnab use during the first trimester 
of pregnancy. no signi/icant adverse eữects on the neo- 
nates vvẹre seen; ưansient granulocytopenia and lympho- 
penia Ýyẻre reported.5-4 A 35-year-old woman dìagnosed 
w ith Burkitt's lymphoma in week 15 of pregnancy 
received 4 weekly inỉusions of rituximab starting in week 
16, followed by four courses of rituxũnab vvith CHOP, and 
then  2 courses o{ CHOP alone. In  vveek 41, a healthy 
inỉant was delivered by caesarean section. Both the 
m other and child had very high serum concentrations of 
rituxỉmab at binh with a complete absence oi B cells; 
rituximab levels in the cord blood serum were three times 
that in  the mothehs se rum. However, B-cell recovery was 
reported to be rapid, and no overt iníectious complications 
were seen in the child up to the age of 26 months; grovvth 
and developmental status were aỉso nonnal.5 Nonetheless, 
licensed p rodua iníormation advises against rituxlmab use 
during pregnancy, given the potential for B-celỉ depletion 
in the íetus; women of child-bearing potential should use 
eílective contraceptive methods during ưeatment and for 
up to 12 months aíter therapy.

1. Herold M, tí  ai. Eữlcacy and saỉety o ỉ a cornbined lỉcuxỉmab 
chem otherapy duríng prcgnancy. J  ơ in  Ortaỉ 2001; 19: 3439.

2. D ecker M. t í  ai. Riruĩdraab pỉus CHOp ỉor treatm ent oi diũusc ỉãrgc B ' 
ccU lymphoma duríng second crimester of pregnancy. Lanetí ồncol 2006; 
7: 693-4. Correctỉon. ibiấ.; 706.

3. Kỉraby E, tí  aỉ. Saíety of rituximab therapy during the first trimester oỉ 
pregnancy: a case history. Eur J Haematol 2004; 72:292-5.

4. Ojeda*Uribc M, t í  aỉ. Admỉnỉstratỉon of rỉnuúmab duriug the first 
trỉm ester o ỉ pregnancy vvithout consequences ỉo r the newbora. J
Perínatoi 2006; 26: 252-5.

5. Prỉedríchỉ B. tí  ai. The e&ects oỉ rỉttudmab treatm ent during pregnancy 
o n  a neonate. Hamatobgica 2006; 91: ỉ 426-7.

I n t e r a c t i o n s

S t a t i n s .  It has been reported that, in a laboratory study, 
statins signiỉicantỉy decreased rituximab cytotoxiđty, sug- 
gesting that statins may induce coníormational changes ỉn 
03 2 0  through cholesterol depletion, resuỉting ìn impaired 
binding of rituxlmab. While noting that there are no dini- 
cal da ta to suppon withholding statins during rituximab 
therapy, the authors advised that it might be prudent to 
consider doing so.1 However, a subsequent prospective 
study2 found no evidence that concomitant statin therapy 
in patients with diffuse large B-cell lymphoma or íollicular 
lymphoma had any adverse effea on response to rituxi- 
mab-based therapy; event-free survival was actually 
improved in patients with lollicular lymphoma vvho took 
statins, regardless of other therapy.

1. R abỉnow itz I. In teractỉon  betw een sta tins and  rituxim ab ỉn 
non-Hodgkin’s lymphoma. J  ơin  Oncol 2008; 26: 5486.

2. Nowakowski GS, tí  aỉ. Statin use and prognosb in patients with dỉỉỉuỉe 
large B-celỉ lymphoma and ỉoỉlỉcular lymphoma in the rinrdm ab era. J  
cũn  Oncol 2010; 28: 412-17.

P h a r m a c o k ỉ n e t ỉ c s

The m ean peak plasma concentration of rituximab has been 
reported to increase with successive inhtsions; however, 
considerable interindividual variation Is seen. Serum 
concentratịons are negatively correlated with tum our 
burden and the number of õrculating B-cells. The mean 
terminal halí-liíe is about 20 days. Rituximab is bound to  B 
lymphocytes, and is detectable in the body for 3 to 6 months 
aíter treatment.

Preparatíons
Proprietary Preporatiom (detailỉ are given in Voỉume B)

Single-ingredìent Preparotíons, Arg.: MabThera; AustraL:
MabThera; Austria: MabThera; Belg.: MabThera; Braz.:

MabThera; Canad.: Rituxan; Chũe. MabThera; Cr: MabThera; Denm.: MabThera; Bin.-. MabThera; Fr.: MabThera; Ger.: 
MabThera; Gr.: MabThera; Hong Kong: MabThera; Hung.: 
MabThera; India: MabThera; ĩndon.: MabThera; IrL: 
MabThera; Israel: MabThera; ItaL: MabThera; Jpn: Rituxan; Malaysũr. MabThera; Mex.: MabThera; Netk.: MabThera; Norw.: MabThera; NZ: MabThera; Phữipp.: MabThera; PoL: 
MabThera; PorL: MabThera; Rus.: MabThẽra (MaổTepa); S.Afr.: 
MabThera; singapore. MabThera; Spain: MabThera; Sweđ.: 
MabThera; Switz.: MabThera; Thai.: Mabĩhera; Turk.: 
MabThera; UK: MabThera; ukr.: MabThera (MaỗTepa); USA: 
Rituxan: Venez.: MabThera.

R o m i d e p s i n  IU SA N , r iN N i

Depsipeptide; FK-228; FR-90Ì 228; NSC-630176; Romidepsina;'
Romidepsine; Romidépsíriụm; PÓMMẠencMH.
(1S,4S,l0S,16E,21fl)-7-[(2Z)Ethylidene]-4,2l-diisopropyl-2-
òxa-12,13<iithỊa-5,8,20,23-tetraazabicyclo[8.7.6]ịricps-l 6-
ene-3,6,9,19,22-pentone. .

CÃS —  128517-07-7.
ATC —  L01XX39.
ATC Vet —  QL01XX39.
UNII —  CX3T89XQBK.

N0TE. The name Chromadax has been used as a  trade mark 
for romidepsln.

U s e s  a n d  A d m i n ỉ s t r a t i o n

Romidepsin is a histone deacetylase inhỉbitor used ỉor the 
neatm ent of cutaneous T-cell lymphoma (see Mycosis 
Fungoides, p. 698.3) and peripheral T-cell lymphoma. It is 
given intravenously; the reconstituted solution ỉs diluted in 
500 mL of sodỉum chloride 0.9% and inlused over 4 hours. 
The initial dose is romidepsin 14 mg/m2 on days 1, 8, and 15 
of a 28-day cyde. Treatment should be vvithheld for severe 
haematological toxicity or íor moderate or severe 
non-haematological toxidty, ẽxcept alopeda, see below. 
Romidepsin may be contlnued ỉor as long as ỉhere is beneíĩt 
£rom treatment and toxidty allovys.

Romidepsin is tmder investigation in the treatment of 
solid tumours.
Reíerences.

ỉ .  Piekart RL  t í  ai. Phase Q multỉ-ỉnstitutional trỉal oỉ the histone 
deacetyiase inhibitor romỉdepsin as monotherapy ỉor padéntỉ w ỉth 
cutaneous T-ceĩl ìymphoma. J  ũ in  Oncol 2009; 27: 5410-17.

2. W hittaker SJ, t í  aĩ. Rnal results from a multicenter, intem atỉonal, 
pỉvotaỉ study oi romỉdepsin in  reíractory cuuneous T-cell Iymphoma. J 
ơ ú t  Oncoỉ 2010; 2«: 4485-91.

3. Piekara RL t í  aỉ. Pha se 2 trỉaỉ oỉ romidepsin in patients w ith perỉpheraỉ 
T-ceỉl lymphoma. Blood 2011: 117: 5827-34.

4. Yang LPH. Romỉdepsỉn: ỉn the treatm ent of T-cell ỉymphoma. Drugs 
2011; 71; 1469-80.

5. CoiíCer B, t í  ai. Results ừom  a pivotal open-labeL phase n  study of 
romidepsỉn ừi relapsed or reử aao ry  perípheraỉ T-cell lyraphoma after 
prior systemic therapy. J  ơ ỉn  O naỉ 2012; 30: 631-6.

Administration in ỉubsequent cydes. Romidepsin treat- 
m ent should be vvithheld for severe haematologỉcal toxi- 
d ty  or for moderate or severe non-haematological toxidty, 
•except alopeáa.
• For grade 3 or 4 neutropenia or thrombocytopeiiia, 

romidepsin may be restarted at 14mg/m2 when the 
cytopenia retum s to an  absolute neutrophil eount of 
1 5 0 0 c e lls /m m 3 a n d /o r  a p la te le t  c o u n t of 
75 000 cells/mm3

• For grade 4 lebrile neuưopenia or thrombocytopenia 
that requires a platelet transfusion, treatment should be 
delayed until the cytopenia has retumed to baseline 
measurements or grade 1 or less, and the romidepsin 
dose permanently reduced to 10mg/m2

• For grade 2 or 3 non-haematological toxidty, romidepsin 
may be restarted at 14mg/m2 when toxidty has retumed 
to baseline measurements or grade 1 or less

• For grade 4 non-haematological toxidty, or lf grade 3 
toxidty recurs, tteatment should be delayed until 
toxidty has retumed to baseline measurements or grade 
1 or less, and the romidepsin dose permanently reduced 
to IOmg/m2

Romidepsin treatment should be stopped if građe 3 or 4 
non-haematological toxidties recur after dose reduction.

A d v e r s e  E f f e c t s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

Romỉdepsin can cause haematological adverse effects 
such as thrombocytopenia, leucopenia, and anaemia; blood 
counts should be monitored during ưeatment and the dose 
adjusted if necessary, see above. Arrhythmias, QT 
prolongatíon, and other ECG changes have also been 
noted during romidepsin tteatm ent. Potassium and 
magnesium concenttations should be vvithin the normal 
range belore starting tteatment, and ECG and electrolyte 
m onỉtoríng should be considered at baseline and 
periodically during treatment in padents with congenital

long QT syndrome, a history of cardiovascular disease, or 
those taking antìarrhythmics or medidnes that prolong the 
QT interval. Electrolyte disturbances such as hypokaỉaemia 
and hypophosphataemia have also been reported during 
treatment. Hyperuricaemia can occur, and patients vvith 
advanced-stage diseỉtỉe or high tumour burden should be 
monitored for the development of tumour lysis syndrome.

Gastrointestinal disturbances, íatigue, fever, and ũưec- 
dons are common adverse eữects oỉ romidepsin. Other 
reported edects indude oedema, dyspnoea, taste distur- 
bances, hypotension, dermadtis, pruiitus, increases in liver 
enzyme concenưadons, hypoalbuminaemia, and hyper- 
glycaemia. There have been isolated cases oỉ cardiopulmo- 
nary adverse events and acute renal íailure, induding 
ỉatalides.

Due to a lack of data romidepsin should be used with 
cautíon in patíents w ith end-stage renal disease or with 
moderate or severe hepatìc únpairment.

I n t e r a ờ i o n s

Romidepsin is metabolised bý the cytochrome P450 
isoenzyme CYP3A4 and its concennatíon may be aổected 
by CYP3A4 inhibitors or inducers given at thè same timè. 
s trong CYP3A4 inhibitors and induceis should be avoided 
during romidepsm ữeatment, and cautíon is advised ư 
moderate CYP3A4 inhibitors are given. Romidepsin is also a 
substrate oí P-glycoprotein, and cautíon is advised ư it is 
given with p-glycoprotein ìnhibitors as increased concen- 
tratìons of romidepsin are likely.

A prolonged prothrombin tìme (PT) and an elevated 
intemadonal normalised ratio (INR) has been reported in a 
patíent given romidepsin while taking warfarin; monitoring 
of these parameters is advised u  romidepsin Is to be given 
w ith a coumarin antìcoagulant.

P h a r m a c o k i n e t í c s

Romidepsin is hlghỉy bound to plasma proteins (about 
93%). It is mainly metabolised by the cytochrome P450 
isoenzyme CYP3A4; the. isoenzymes CYP3A5, CYP1A1, 
CYP2B6, and CYP2C19 plaỵ. a minor role. During usual 
ỉntravenous dosing, the terminal haU-lUe is about 3 hours. 
Reĩerences.

1. Klỉmek VM. tí  al. Tolerability, phannacodynamỉcs. and  pharmacokỉ* 
ne tỉo  scudies oỉ depsỉpeptỉde (romỉdepsin) ỉn padents wỉth acute 
myelogenous ỉeukemia or advanced myeỉodysplastíc syndromes. ơừ i 
Conor Rtt 2008; 14: 826-32.

2. Woo s, tí al. Popuỉatíon phannacokỉnetỉcs oỉ romỉdepsỉn in paúents wỉih 
cu tan eo us T*cdl lymphoma and relapsed peripheral T-ceũ ỉymphoma. 
ơin  Canctr Ra  2009; 15: 1496-1503.

Preparatíons
Proprietary PreparaHons (details are given in Volume B) 
Sngleingradĩent Preporotions. USA: Istodax.

R o s t a p o r f i n  ÍUSAN, HNNỊ

Rostaporfina; Rostaporíìne; Rostaporfìnum; SnET2; Tin Ethyl 
Etìopurpurin; Tin etiopurpurin dichloride; PocranopậnH. 
(OC-6-13)-Đlchlocò[ethyr (18flS,l;95fl)-3,4,20^ í  -tetrạdẽhyd ro- 
4,9,14,19-tetraethyi-18,ĩ9-dihydro-3,8,13,l8-tetramethyl-20- 
phorbinecarboxylato (2-)-Wa Á 2‘,/ / 25,N26)tin. 
C 37H«Cl2N40 2 ấ n = 7 6 4 .4 '

CẠS —  2 8 4 0 4 1 -1 0 - Ị ;  Ị  Ị 4494-17 -6 .
UNII —  ỊỊ66G63QE7G.

NOTE. The names Phoưex and Purlydn have been used a s  
trade marks for rostaporũn.

P ro /ĩ/e

Rostaporiin is a photosensitìser that is under investigatìon in 
the photodynamic therapy of neovascular (wet) age-related 
macular degeneration (p. 880.2). It has also been 
investigated for photodynamic therapy of malignant 
neoplasms.

R u x o l i t i n ỉ b  P h o s p h a t e  IUSAN, riNNMì
Fosfatode ruxolltlnibr ING-424 (hÀólitinìb);INGB-ỔT8424 salt; 
Ruxolitìnib, Phọsphate de; Ruxolitinìbi Rhosphias; PyKConn- 
TMHMốa ÓocộaT. • . , ' .
(3fl)-3:Cyclopentyl-3-[4-(7H-pyrrolo[213-d]pyrimìdln-4-yl)-lH- 
pyrazol-l-yQpropanènĩtrile phosphate (1:1). 
C,7H,8NfrH j04PM04.4
CAS —  9 4 1 6 7 8 -4 9 -5  . .(ruxo lìtin ibb  1 0 9 2 9 3 9 -1 7 -7 - (ruxolitin ib  

p h o s p h a te )  -
UN1I —  436LRU 32H 5. -

U s e s  a n d  A d m i n i s t r a t i o n

Rnxolitínib is an inhibitor of the Janus-assodated tyrosme 
kinases JAK1 and JAK2, and is used in the treatment of 
intermediate- or high-risk myeloũbrosis (p. 856.1). It is

The Symbol t  denotes a preparatìon no longer actively marketed

http://www
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given orally as the phosphate, but doses are expressed in 
tenns of the base; 13.2mg oỉ ruxolitinib phosphate is 
equivalent to about lOmg of ruxolitinib. For wamings and 
recontmendatìom Ttgarding the safí prescrìbing, dừpensing, and 
use of oral antìneopỉaĩtic drugs, see Adminừtration, p. 732.3.

The recommended startỉng dose for myeloĐbrosis is 
based on platelet count:
• >  200 000 cells/mm3: 20 mg orally tvvice daily
• 100 000 to 200 000 cells/mm3: 15 mg oraUy twice daily 
The dose is adjusted according to efficacy and tolerability. If 
eíBcacy is insuffident, and providing platelet and neutrophil 
counts are adequate, the daily dose may be increased in 10- 
mg increments to a maxúnum of 25 mg twice daily. Doses 
shiõuld not be incxeased in the fiist 4 vveeks of trẽatment 
and, aíter that, not more often than every 2 weeks. 
Treatment should be stopped aher 6 months if there has 
been no reductìon in  spleen size or improvement in 
symptoms.

Doses should be reduced if platelet counts fall, to avoid 
thrombocytopenia (see Adminisưatíon in Toxicity, belovv). 
u  ruxolitinib is stopped for reasons other than thrombo- 
cytopenia, the dose may be reduced gradually; a reductíon 
oi lỏm g each week has been suggested. Dosẽs should also 
be reduced in patients with hepatic or renal impairment (see 
below).

u  a potent cytochrome P450 isoenzyme inhibitor must 
also be used, ruxolitinib should be started at a dose of 10 mg 
twice daily in  patients w ith a platelet count of 
>100000cells/mm3; those with a count below this should 
avoid ruxolitinỉb altogether.

Ruxolitinib is under investigation in the treatment oí 
polycythaemia vera.

A d m i n i s t r a t i o n  in  h e p a t k  i m p a i r m e n t .  A starting dose of 
ruxoỉitinib lOmg orally tvvice daily is suggested for 
patientỉ with hepatic impairment and a platelet count oỉ 
100000 to 150 000 cells/mmJ. Ruxolitinib should be 
avoided in  patients with hepatíc impairment and lower 
platelet counts.

A d m i n i s t r a t i o n  in  r e n d  i m p a i r m e n t .  The dose oỉ ruxoliti- 
nib should be reduced in patients with renal impairment. 
Starting doses (given below) have been recommended 
based on platelet count and renal hinction. Further dose 
adjustment should be made according to response.
Patíents w ith renal impairment that is moderate (creatinine 
dearance 30 to 59mL/min) or severe (15 to 29mL/min):
• platelet count 100 000 to 150 000 cells/mm3: 10 mg orálly 

tvvice daily
• platelet count < 100 000 cells/mm3: avoid ruxolitinib 
Ruxolitinib should not be given to patìents with end-stage 
renal disease not requìiing dialysis (creatinine dearance 
<15m L/m in).
Patíents w ith end-stage renal disease on dialysis:
• platelet count > 200  000 cells/mm3: 20 mg orally
• platelet count 100 000 to 200 000 cells/mmJ: 15 mg orally
• subsequent doses should be given on dialysis days, aher 

the dialysis session

A d n ũ n i s t r a t i o n  i n  t o x i c h y .  The dose of ruxolitinib may 
need to .b e  reduced to avoid thrombocytopenia during 
therapy. Adjustments are made in  relatíon tô the platelet 
count and the dose of ruxolitinib at the time of platelet 
dedine.
• plateletỉ 100 000 to <  12 5 000 cells/nun3: the dose should 

be no more than 15 mg orally tvvice daily (or 20 mg twice 
dally u  the dose at the time of platelet dedine was 25 mg 
twice đaily)

• platelets 75000 to <  100 000 cells/mm3: the dose should 
be no more than 10 mg orally twice daily

• platelets 50000 to < 75  000cells/mm3: the dose should 
be no more than  5 mg orally tvvice daily

• platelets <  50 000 cells/mm3: vvithhold ruxolitinib
If mxolitinib ưeatm ent has be en interrupted because of 
thrombocytopenia. it may be restarted aiter the platelet 
count rises to an acceptable level above 50 000 cells/mm3. 
Thè dose used should be at least 5 mg tvvice daily belovv the 
dose at intemiption, and no more than the ỉollovring 
maximum recommended doses:
• platelets =5 125 000 cells/mm3: maximum 20 mg orally 

twice daily
• platelets 100000 to <  125 000cells/mm3: maximum 

15mg oralỉy twice daily
• platelets 75 000 to  < 100000ceUs/mm3: maximum 

lOmg orally twice daily for a t least 2 weeks, which 
may be increased to 15 mg twice daily iỉ stable

• platelets 50 000 to <  7 5 000 cefls/mm3: 5 mg orally twice 
daily íor at least 2 weeks, which may be increased to 
lOmg tvvice daiỉy ư stable

• platelets < 50 000 cells/mm3: contínue to vvithhold 
ruxolitinib

M y e l o í ì b r o s i s .  An early phase study o i  ruxolitinib in 153 
patients reported improvements in ágns and symptoms of 
advanced myeloSbrosis1 (p. 695.1). However, follow-up

over 3 yeaxs in  51 of these patients íound that treatment 
had been stopped in 40% because of disease progression 
or loss or lack of response, and in 34% because of toxi- 
d ty  with or vvithout disease progression or lack of 
response.1

ỉ .  Ventovsek s, t í  al. Saíety and eữĩcacy o í INCB0Ỉ8424, a JAX1 and JAK2 
mhibĩtor, ỉn mycloữbrosis. N  EngU  Med 2010; 363: 1117-27.

2. Teữert A, t í  al. Long-tenn outcome of treatm ent w iih ruxoHtỉnỉb ỉn 
myeĩoAbrosis. N  E n ỹ j  Meẩ 201 ỉ ;  365:1455-7.

A d v e r s e  E f í e c h ,  T r e a t m é n t ,  a n d  P r e c a u t i o n s

The most common adverse effed of ruxolitinib phosphate is 
myelosuppression, which is manifest as thrombocytopenia 
and anaemia to some degree in most patients while 
neuữopenia occurs less ừequently. These eỉỉects are dose- 
related and generally managed by dose reduction or 
vvithholding ữeannent. Complete blood counts and platelet 
counts should be measured belore starting ruxoliónib, every 
2 to 4 weeks until doses are stabilised, then as dinically 
indicaied.

Bruising is common in patients given ruxolitinib; 
petechiae, ecchymosis, contusion, haematoma. and injec- 
tion-site haematoma have all been reported. Other adverse 
effects indude dizziness, headache. vveight gain, and 
Qatulence. Low-grade elevations of alanine and aspanate 
ưansaminases and cholesterol have also been reported. 
Patients given ruxolitínib are at risk of developing serious 
inỉection, and any active iníection should be treated beíore 
starting ruxolitinib.

Dose reductions are recommended in patients with 
hepatic or renal impairment.

WHhdrawaL Withdrawal eííects aỉter stopping ruxolitinib 
have been described in 5 patients being ưeated for myelo- 
ũbrosis.1 Acute relapse õf symptoms and splenomẽgaly 
were accompanied by other signs and symptoms that 
induded vvorseníng of cytopenias, respiratory disưess, 
pleural and perícardial eỉỉusion. and syndromes similar to 
septic shock and disseminated inưavascular coagulation. 
The e£fects generally started ivithin days after ruxolìtinib 
was stopped becaũse oí loss of ưeãtm ent benefit or 
adverse e£fects, even after the dose had been tapered in 
some cases.

1. Tcíícri À. Pardanani A. Scrious adverse events duríng ruxoỉiúnib 
treatraem  dỉỉcom ỉnuatíon in patients w úh myeloíỉbrosis. Mayo Qin Proc 
2011; 86: 1188-91.

I n t e r a đ i o n s

Ruxolitinỉb phosphate is metabolised mainly by the 
cytochrome P450 isoenzyme CYP3A4. Inhibitors of 
CYP3A4 can increase the concentrations and prolong the 
half-Uỉe of ruxolitìnib. The dose of ruxolitinib should be 
adjusted w hen it is used with potent inhibitors such as 
ketoconazole (see Uses and Administration, p. 855.3). No 
dose adjustment is considered necessary in general when 
ruxoliúnib ũ  given with miỉd or moderate inhibiton such as 
erythromydn.

Inducers of CYP3A4 su ch as riíampidn can reduce 
concentrations oỉ ruxolitinib but with an asỉodated increase 
in  exposure to its active metabolites. Patients should be 
dosely monitored and the dose of ruxolitinib adjusted as 
necessaxy.

P h a r m a c o l à n e t ì c s

Ruxolitinỉb phosphate is vvell absorbed ỉrom the gastro- 
intestinal ưact, with a peak plasma concenưation occuning 
1 to 2 hours aỉter an oral dose. It is about 97% bound to 
plasma proteins, maỉnly albumin. Ruxolitinib is eliminated 
by metabolism, maỉnly through the cytochrome P450 
isoenzyme CỴP3A4. There are several active metabolites 
that tógether contribute 18% of the overall pharmacody- 
namics of ruxolitinib. About 74% of a dose is excreted in the 
uríne and about 22% Via the íaeces. The mean elimination 
half-life o( ruxolidnib is about 3 hours, but that of 
ruxolitinib plus its raetabolỉtes is about 5.8 hours. 
Reíerences.

1. Shillini AD, et aL M eubollsm. excretion, a ad  pham ucolđoetiis o t [l4C] 
INCB018424. < selective Janus tyroóne lcinasc 1/2 inhibitor. in humans. 
Dtvị Metab Dừpos 2010; 38: 2023-31.

2. sh i JG. e  a i  The  pharmacokinetics. pharmacodynamỉcs. and salety of 
orally dosed INCB01S424 phosphate in healthy vohintcen. J  ƠŨI 
Pharmacot 2011; 31: 1644-34.

Preparations
Praprietory Proparotìoní (details are given in Volume B)

Single-lngrađant Preparations. DenmJakavi; Nonv.-. lakavt 
Swítz.: Jakavi; UK: Jakavi; USA: Jakafi.

S a b a r u b ic in  iriNN)

MEN-ÌỌ755; sábarubicina; Sabarubicine; Sabarubidnum; 
CaõapyốMựMH.

(7S,9S)-7-{[4-0-{3:Amino-2,3,6-ữidedxy-a-L-/yxo-hexopýrano- 
syl)-2,6-dideoxy-a-L-/yxo-hexopyranosyl]oxy}-6,9,l 1 -trihy- 
drọxy-9;(hydroxyacetyl)-7,8,9,10-tetrahýdrotetracene-5,12 

‘dỉqne.. . ,
C32H37 N Ọ ,3 = 6 4 3 .6  , , \  . .
C Ã S — 2 1 1 1 0 0 -1 3 -9 .
UNII —  X S 4 9 9 W O Z 9 1

Profi7ẹ

Sabanibidn, an anthracydine, is an analogue of doxorubi ■ 
d n  (p. 782.3). It acts as a potent topoisomerase n  inhibito r 
and is under investigatìon for the ưeatm ent of various soli 1 
tumours, such as căncers of the lung, ovary, breast, a n l  
prostate. Myelosuppression is the main adverse effea.

Reĩerences.
1. Jooes K, MEK-10755. M eoirínL Curr ơpin InvcstiỊ Drugs 2003; 4: 1473 - 

í .
2. Caponỉgro p. tí  ũì. A phise  n  study oỉ sabarubidn  (MEN-10755) iiS 

iecond ỉine ứterapy in paỉỉents w ith  locaỉly advanced o r m e u s ta ti: 
pỉacỉnum/taxane rcsistani ovarían cancer. ỉrrvest N tw  Druỹí 2005; 23 :85 -
9.

3. Fìedler w . tí al. A study írom the EORTC ncw  drug d ev dopm cn t g ro u Ị: 
open labe! phase n  study of sabarubỉán  (MEN-10755) in patiems wit 1 
Progressive horm one reíraaory  prostate cancer. Eur J  Cancer 2006; 4 ::  
200-204.

S a p a c i t a b i n e  ỊU SA N , r iN N i

CS-682; CYC-682; Sapacitab ina; S a p a c itạ b in u m
CanaqMTaÔMH.
N-[l-(2-Cyano-2-deoxy-P-D-arabinofuranosyl)-2-oxo-l,2
dihydropyrimidin-4-yl]hexadecanarnide.
C 2 6 H 4 2 N A = 4 9 0 .6  
CAS —  151823-14-2. '
UNII —  W335P73C3L

p r o Ỉ Ị l e

Sapadtabine is an  oral nudeoside analogue tha t is under 
investigation for the ưeatm ent of acute myeloid leukaemia, 
myelodysplastic syndromes, cutaneous T-cell lymphoma, 
and lung cancer.
Reíerences.

1. Deỉaunoit T. t í  ai. A phase 1 dinica! and pharm acokm etic study of CS- 
682 adminìstered oraỉly in advanced malignant solid tum ors. Invrst New 
DruỊS 2006: 24: 327-33.

2. K anu iịian  H, t í  ai. Phase I đinical and pharm acokinetỉc study o í oral 
sapacỉubỉne in  patients wỉth acu te  leukem ỉa and myelođyspỉastic 
syndrome. J  ơ in  Orteoỉ 2010; 28: 285-91.

S a t r a p l a t i n  IU SA N . riN N i

BMS-Í 82751; BMY-45594; JM-216; Satraplatine; Satraplatino; 
Satraplatinum; CaĩparưiaTMH.
(OC-6-43)-Bis(acetato)am(Tiinedichloro(cydohexylaminé)pla-
tinum.
C10H22CI2NjO4Pt=5003 
C A S —  1 29580-63 -8 .
ATC —  L01XA04.
ATC Yet —  QL01XA04.
UNII — 8 D 7837T 28G .

NOIE. The name Orplatna has been used as a trade m ark f o r  
satraplatin.

P rofi7ẹ
Satraplatin is an  analogue of dsplatin (p. 766.1) w ith 
generally similar propcrties, but vvhich is vvell absorbed after 
oral doságe. It háỉ been investigated for its antineoplastic 
properties in the treatm ent of prostate cancer and other 
solid tumours. F o r  w a m in g s  a n d  r e c o m m e n d a tio n s  T eg a rd ìn g  th e  
sa fe  p r ts c r ìb in g , d ừ p e n s in g .  a n d  u s e  o Ị  o r a l  a n tin e o p ỉa s t ic  d ru ỊS , 
íe e  A d m m ừ tr a tú m ,  p . 7 3 2 3 .

Reíerences.
ỉ .  K dỉand  LR. An update on saưaplatỉn: ihe &rst oraỉỉy avaìỉabỉe pỉaiinurn 

anúcancer drug. Expert Opin brvtst Drugĩ 2000; 9: 1373-82.
2. Vouỉỉỉamo2-Lorenz s. tí  ải. Phaim acokinetics of satraplatỈĐ (JM 2Ỉ6), an 

oral platinum  (IV) compiex under dally oraỉ adm inistratỉon for 5 or 14 
days. Attíừancer R a  2003; 23: 2757-65.

3. Stemberg CN, tí ai. Phase m  triaỉ o f sacraplaùn. an  oral platinum  plus 
prednỉsone vs. prednisone aỉone in p a tíenu  w ỉth  hormone-reỄractory 
prostate cancer. OntDĨogy 2005; 68; 2 -9.

4. Stemberg CN. Satiaplarin ỉn tbe ư eaunen t o í horm one*refraaory 
prostate cancer. BJU int 2005; 96: 990-4.

5. McKeage MJ. Satraplatin in honnone-refractory prostate cancer and 
o ther tum our types: pharmacoỉogỉcaỉ properties and  d ỉn ical evaluatíon. 
Drvgs 2007; 67: 859-6.9.

6. R ỉôó t AD. tí  ai. Saưaplalin. an oraỉ plaiỉnum , adm ỉnỉstered on a flve-day 
every-five*week schedule: a phannacokinetic  and íood  eííect study. ơ in  
Cancer R a  2009; 15: 3866-71.

7. Stemberg CN, tí ai. M ulõnational double-blind, phase m  stuđy oỉ 
prednỉsone and either saưapỉatỉn o r placebo in patỉents w iỉh  casttate- 
ĩefractory prostate cancer progressing after prior chem otherapy; the 
SPARO trỉal. J  a in  õntoì 2009; 27: 5431-8.

8. Bhargava A. Vaishampayan UN. Satraplaón: leadỉng th e  new  generation 
of oral ptaiỉnum  agents. Expert opin Invat Drugs 2009; 18: 1787-97.

All cross-reíerences reíer to entries in Volume A



Sabarubicin/Soraíenib 857

S e o c a lc i t o l  IB A N , rlN N I

CB-1089; E8-1089; Séocalcitol; Seocalcitolum; C e 0 Ka/ibL(UT0n. 
{52,7f.22£,24£)-24a,26a,27a-Trihomo-9,10-secochoiesta- 
5,7,10(19),22,24-pentaene-Ta,3(3,25-triol.
C 3 o H ^ 0 3= 4 5 4 .7  
CÃS —  ĩ 3 4 4 0 4 -5 2 -7 .

UNII —  QOOZOD9223.

P r o f ì l e

Seocalritol is a vitamin D analogue that has been 
investigated for the treatm ent of hepatocellular carõnoma 
and prostate cancer.

s i p l i x u m a b  IU SA N , r lN N Ị  

Medi-507; Siplizufnabum; Cnn/in3yMaõ.
CAS — 288392-69-8. ;

P r ọ ỷ ị ị e

Siplizumab ú  a humanised anti-CD2 monodonal antibody 
under investigation for the treatment of non-Hodgkin's 
lymphóiha and psoriasis, ảs wêll as for its immunomodu- 
latory eữects after transplantatĩồn.
Reíererices.

1. Pruett TL, tí aỉ. Saỉety profile, phannacokinetỉcs, and pharmacody- 
natnics oi ápỉizumab, a hum anized antỉ-CD2 monodonal aatỉbody, in 
renal allograít recỉpients. Trànspiant Proe 2009; 41: 3655-61.

2. Adkins D, tí  ai. Saíecy profilc and  dỉnical outcomes ỉn a phase t  placebo- 
controlled study oỉ sỉpUzumab in acute graft-versus-host disease. 
Transplantation 2009; 88: 198-202.

3. 0 'M ahony D, t í  at. EBV-related lymphoproiưerative đỉsease complicat- 
ing tberapy w ỉth the anứ-CD2 m onodonal andbody, sỉpUzumab, in 
patients with T-cell maỉỉgnancies. Clin Cancer R a  2009; 15: 2514-22.

4. Langỉey RG. t í  ai. <§afèty proũỉe of ỉntravenous and subcutaneous 
sipUzumab, an  anti~CD2 m onodonal antibody, ỉòr the treatment of 
plaque psorìasỉs: results of rwo ranđomteeđ. double-blỉnd, placebo- 
controỉléd studỉes. btí J Dtrmatol 2010; 49: 818-28.

5. Brochsirin JA. t í  a i  Phase-1 study of sỉpUzumab in the treatment of 
pedỉatric padents with at ỉeast grade Q newỉy dỉagnosed acute graỉt- 
versus-host dỉsease. Pediaữ Transplant 2010; 14: 233-41.

S i p u l e u c e l - T  ÍU SA N I 

APC-8015.
CAS — 9Ỉ 7381-47-6.

:um  —  8Q622VDR18.

Pharmacopoeias. In us.
USP 36: (Sipuleucel-T). The active components of 
sipuleucel-T are autologous antigen presenting cells 
(APCs) and a recombinant protein, PAP-GM-CSP that 
consists of hum an prostatic ad d  phosphatase (PAP) íused 
through the C-terminus to the /Y-terminus of human 
granulocyte-macxophage colony-stimulating íactor (GM- 
CSF) by a Gly-Ser linker. It is prepared using a patlent's own 
peripheral blood m ononudear cells. Store at a temperature 
of 2 degrees to 8 degrees.

U s e s  a n d  A d m i n i s t r a t i o n

Sipuleucel-T is a personalised cancer vacdne (p. 757.3) 
prepared by combỉning a recombinant human hision 
protein vvith antigen-presenting cells isolated hom the 
patient's blood. It is useđ in the ơeatm ent of metastatic, 
hormone-rehactory prostate cancer (p. 712.3).The patient's 
peripheral blood cells are sampled by ieucapheresis about 3 
days beỉore the scheduled dose and sent for combinatĩon 
with the protein. The resulting suspension is given as 3 
iníusions, at intervals of about 2 weeks. Doses are given 
intravenously over 60 minutes; an in-line íilter should not 
be used. Premedication is recommended (sce below), and 
the infusion ra te may be decreased or the iníusion stopped if 
an iníusion reaaion  occurs.
Reíerences.

1. Patel PH, Kocklcr DR. Sipuleucel-T: a vaccỉnc ỉo r m etasutỉc. 
asym ptom atỉc androgen-independent proState cancer. A m  Pharmac- 
other 2008; 42: 91-8.

2. Higano c s , t í  ai. ỉntegrated daca írom 2 randomữed. double-blind. 
placebo-conơolled. phase 3 triaỉs o ỉ actỉve celluỉar ỉnununotherapy wỉth 
sipuleucel-T in advanced prostate cancer. Canar 2009; 115:3670-9.

A d v e r s e  E f f e c t s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

Acute inhision reactions have occurred hequently with 
sipuIeucel-T, induding lever, chills, dyspnoea, broncho- 
spasm, nausea, vomiting, latigue, asthenia, dÌHĨTiess. 
headache, m usde ache, hypertension, and tachycardia. 
Patientỉ with cardiac or pulmonary condidons should be 
dosely monitored. Oral premedication with paracetamol 
and an  antihistamine is recommended, about 30 minutes 
beíore iníusion. Iỉ an inỉusion reaction occurs, the inlusion 
rate may be decreased. or the inỉusion stopped depending 
on the severity of the reactìợn. Supportive care should also 
be given.

Cerebrovascular adverse eííects have also been reported, 
such as haemoưhagic and ischaemic strokes. There have 
been isolated cases of eosinophilia, rhabdomyolysis, 
myasthenia gravis, myositis, and tumour ílare. Other 
possible adverse effects (some of which may be assodated 
with the accompanying leucapheresis procedure) indude 
pain, haematuria, anaemia, musde spasms, rash, ơemor, 
paraesthesia, dtrate toxidty, gastrointestinal distuibances, 
peripheral oedema, cough. and respiratory-tract and 
urinary-tract iníections. Some patients who required a 
Central venous catheter for treatment with sipuleucel-T 
developed intections, induding sepsis.

Sipuleucel-T is a personalised treatment, and is only 
suitable for autologous use. It is not routinely tested for 
transmissible iníectious diseases, and healthcare workers 
should observe handling precautions. Use with ỉmmuho- 
suppressants or chemotherapy has not been studied, and 
caũũon is advised, as sipuleũcel-T is designed to stimulate 
the immune System. Consideration should be given to 
stopping or reducing immunosuppressant therapy, if 
appropriate.

Preparatíons
Proprietary Preparatìons (details are given in Volume B) 

Single-ingredient PreparaHons. USA: Provenge.

S ỉz o f í r a n  iriNNi

Schízophyllan; Sizofìrán; Sizofìranum; Gi30<Ị)npaH.
;Poly[3—-(0-(ỉ-D-glucopyranosyl-(1 -*3)-0-[(ì-o-glucopyrano- 
syl-õ—6)]-Ò-p-D^glucopyranosyl-(1 —3)-<>|3-o-glucopytano- 
syl)— 1].
( ^ H ^ o O ỉo ln  
C 4S —  9050-67-3.

Profi/ẹ
Sizoũran is a polysaccharide obtalned hom  cultures of the 
basidiomýcete íungus Schừophyllum 'commune. It is reported 
to have antineoplastic and immunomodulating activity and 
is given with radiotherapy in malignant neoplasms of the 
cervix (p. 704.2). It is given by intramuscular injection in 
usual doses of 40 mg vveekly. It has also been tried with 
chemotherapy or radiotherapy in o ther malignant 
neoplasms. Hypersensitivity reactions, induding anaphy- 
lactoid shock, may occur.

Preparations
Propnetary Preparations (detaỉls are given in Volume B) 

Single-ingredienl Preparations. Jpn: SoniClan.

S o b u x o x a n e  ỊriN N i

MST-16; Sobuzoxano; Sobuỉôxanum; Co6y30KCaH. 
4,4'-Ethýlenebis[1 -(hydroxymethyl)-2,6-piperazinedione] bis 
{isobutỹl carbónate).
-̂22^34 -̂ỉOio= 5 14.5 

C 4S —  98631-95-9 .
UNII —  R1308VH37P.

P r o Ị ị l e

Sobuzoxane is an orally active inhibitor oỉ topoisomerase ũ  
that is used for its antineoplastic propenies in the treatment 
of non-Hodgkin's lymphomas and adult T-cell leukaemia/ 
lymphoma. Adverse ehects include myelosuppression, 
bleeding tendency, renal and hepatic dyshmction, gastro- 
intestinal disturbances, alopeda. headache, and ỉever.

For wammgs and recọmmmdations regarding the safe 
prescribing, dừpensing. and use of oral antineoplastic drugs, see 
Administration, p. 7323.
Reíerences.

1. Okamoto T. t t  ãl. Long-term ídm inisưation  o( o n l  [ow-dose 
topoi»m ens<  n  inhibúors, MST-16 and VP-16. toe reíractory or 
relapsed non-Hodgkin's lympboma. Aoa Hamutol (Baui) 2000; 104: 
128-30.

2. Inoue Y. et a i  Durabỉe rem isãon by sobuxoxane ỉn an  HTV-seronegatìve 
patìent wỉtb bum an herpesvỉrus 8*negatìve prỉmary eỉhisỉon lymph- 
õma. b t í j  Sanatol 2004; 79:271-5.

3. SwUt LP, et a i  The cardio-protecting agenc and topoisomerase n  caulydc 
ỉnbỉbitor sobuzoxane enhances doxorubidn-DtỉA -addua medỉated 
cytotraddty. Cmcer Chemother Pỉurmacoĩ 2008; 61:739-49.

Preparations
Proprỉelary PreparaHons (dctails are givcn in Voỉume B) 

Single-ingredĩent PreporaKons. Jpn: Pcrazoliil.

S o r a f e n i b  ỊBAN, USAN, HNN1

BAY-43-9006; Soraíénib; Soraíenibdm; CopaộeHnõ.
4-(4-{3-[4-Chloro-3-(trifluoromethyl)phenyl]ureido}phe-
noxy)-N2-methylpyridine2-carboxamide.
C2,HI6CIF3N40 3=464.8
CAS —  284461-73-0.
ATC —  L01XE05.
ATC Vet —  QL01XE05.
UNII —  9ZOQ3TZI87.

S o r a f e n ib  T o s i la te  (BANM. riNNMi 

; BAY-54-9085; Sorafénib, Tosilate de; Sor’afenib, tosilato de; 
iSorafenib Tosylate (USAN); Soraíenibi Tosilas; CopaệeHn6a 
Ĩ03wnaT. ; ' V -•
4-(4-(3-[4-Chloro-3-(trịflUoromethyl)phenyl]ureido}phe- 
noxy)-/V2-methylpyridine2-carboxamide 4-methylbenzene- 
sulíonare
C21H16CIF3N40 3, C7HaO3S=637.0 '■
CAS— 475207-59-1.
ATC —  L01XE05.
ATC Vet —  QL01XE05. -• .
UNII —  5T62Q3836J.

U s e s  a n d  A d m i n i s ỉ r a t ì o n

Soraíenib iỉ an inhibitor of muỉtiple intracellular and ceh 
suriace kinases thought to be involved in angiogenesis. It is 
given orally as the tosilate but doses are expressed in terms 
of the base; soraíenib tosilate 274 mg is equivalent to about 
200 mg of soraíenib. For xvamings and Tecommendatiom 
regardĩng the safe prescrìbing, dừpensing, and use of oral 
antineoplastic drugs, see Adminữtratíon, p. 732.3. Soraíenib is 
used in the treatment of advanced renal cell cardnoma and 
hepatocellular cardnoma. The recommended oral dose is 
400 mg twice daily, glven at least 1 hour beíore or 2 hòiírs 
aher tood. Treatment is csntinued until no dinical beneũt is 
seen or until unacceptable toxidty occurs. Doses are 
reduced to 400 mg once daily ư toxidty occurs; hirther 
reduction to a single dose of 400 mg every other day may be 
necessary.

Soralenib is under investigation for the treatment of 
locally unresectable and metastatic melanoma.

Reíerences.
1. Rini Bỉ. Soraỉenib. Expert Opin Pharmacotker 2006; 7: 453-61.
2. Bscudier B, t í  aỉ. TARGET Study Group. Soraỉenib in advanceđ dcar-cell 

renai-ceỉỉ carcỉnoma. N  Engl J  Meấ 2007; 356: 125-34. Correctỉon. ữừU 
357:203.

3. McKeage K. W agsuỉf AJ. Soraỉenib: in advanced renal cancer. Drugs 
2007; 67: 475-83.

4. Grandỉnettì CA. Goldspiel BR. Soráícnib and sunitỉnỉb: novel targeted 
therapỉes for renal ccll cancer. Pharmacotherapy 2007; 27: 1125-44.

5. Takimoto CH. Awada A. Saỉety and antl-m m or actỉvity o{ soraỉenỉb 
(Nexavar) In combination with other anti-cancer agents: a revỉew of 
dinlcal trials. Cancer ơưmother Pharmacoỉ 2008; 61: 535-48.

6. Hiỉes JJ. Kolesar JM. Ro!c of yunitìnib and sorafcnỉb in the treatxnent of 
meỉastatỉc renal cell cardnom a. Am J  Health-Syst Pharm 2008; 65: 123- 
31.

7. Keating GM, Santoro A. Soraỉenib: a review of its use in advanced 
hepatocelỉular cardnoma. Drugt 2009; 69: 223-40.

8. Escudỉer B. t í  a l  TARGET Study Group. Soralenỉb ỉor treatm ent of renal 
ceỉl carđnoma: ỉỉnal eỉficacy and saỉety resuỉts oí the phase Qỉ treatment 
approaches in renal cancer gỉobal evaỉuatỉon trỉal. J  ơ ỉn  Otteoi 2009; 27: 
3312-18.

9. Meneburger AS. tí  a i Soraỉenib revealỉ eữĩcacy ỉn sequentỉal ữeatment
of metastatic renaỉ cell canccr. Expcrt Rev Atưicanar Ther 2009; 9 :1429- 
34. _

10. Hasskarl J. Soraỉenib. Recent Rexults Cartar Ra  2010; 184: 61-70.

Administration in hepatic or renal impairment. Soraỉenib 
is mainly metabolised in the liver. Hepatic impairment 
might reduce exposure to soraíenib. Hovvcver, exposure is 
comparable in patients with mild or moderate (Child-Pugh 
A and B) impainnent to that in patients with nonnal 
hepatic íunction. Licensed product inlormation thereíore 
States that no dose adjustment is needed in patients with 
mild to moderate impairment. No data are available on 
patients vvith severe (Child-Pugh C) hepatic impairment.

Licensed p rodua iníormation States that no dose 
adjustment is needed in patients with mild, moderate, or 
severe renal impairment, but that no data are available for 
patients on đialysis.

A smdy1 involving patients with varying degrees ol 
hepatic or renal impairment recommended the following 
empirical startíng doses of oral soraỉenib. based on 
tolerability and the development of dose-limiting toxldty 
in patient cohorts with hepadc impairment:
• mild hepatic dyshmction (bilirubin between upper limit 

of norníal (u ủ í)  and 1.5XULN and/or AST>ULN): a 
Standard dose of 400 mg twice daily

• moderate hepatic dysíunction (bilirubin betvveen 1.5 and 
3XULN, any value of AST): 200 mg twice daily

• severe dyshmction (bilirubin over 3 XULN, any value of 
AST): patients were unable to tolerate even 200 mg every 
third day; hovvever, a separate cohort dehned as having 
very severe dysíunction (albumin less than 25mÍCTO-

The Symbol t  denotes a preparation no longer actively marketed
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grams/mL and any values of bilirubứi and AST) were 
able to tolerate 200 mg daily

Based on the patíent cohorts w ith renal impaiiment, the 
ỉollovving empừical recommendatìons for inỉtial dose were 
mađe:
• mild renal impalrment (creatìnine dearance (CC) 

bettveen 59 and 40mL/minute): the Standard dose oỉ 
400 mg twice daỉly

• moderate renal im painnent (CC betvveen 39 and 
20mL/minute): 200mg twice daily

• severe renal impairment (CC less than 20 mL/minute): a 
dose could not be dehned due to low patìent numbers 
enrolled in this cohort

• patíents on haemodialysis: 200 mg daily
1. M ữ er AA. t í  a i  Phase I and pham ucokỉneúc study oỉ soralenỉb in 

patỉents with hepadc o r renaỉ dysíunction; CALGB 60301. J  Cĩin Oncoỉ 
2009; 27: 1800-5.

A g e - r e i a t e d  m a c u l a r  d e g e n e r c r t i o n .  Two patients vvrith 
recurrent exudative age-related macular degeneration 
(AMD; p. 880.2) elected to have oral soraỉenib added to 
theữ  ưeatm ent in an attempt to decrease the number of 
intra-ocular injectìons; they were ưeated vvith 200 mg 
three túnes weekly. Vision stabilised or ừnproved in both 
patients, and neỉther patient developed seríous adverse 
eỉỉects. Although oral soralenib ỉs not licensed for AMD, 
the authors suggested that hirther study of this regimen 
for reíractory or recurrent exudative AMD was war- 
ranted.1

1. Diago T, tí  ai. Ranỉbỉzumab combined wỉth Jow-dose soraíenib íor 
exudative age-related macular degcncration. Mayo ơ in  Proe 2008; 83: 
231-4.

A d v e r s e  E f f e c t s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2. Diarrhoea and dennatological 
toũd ties  su ch as palmar-plantar syndrome and rash are the 
most conunon adverse eãects with soraíenib. Treatment 
may indude topical therapies, or dose adjustment, or 
temporary interrupóon of soraíenib. Congestìve heart 
íailure, cardiac ischaemia, and myocardial iníarction have 
been reported with soraíenib, and ưeatment should be 
interrupted or stopped in patients who develop ischaemia 
and/or iníarction. Mìld to moderate hypertension can 
occur, which may be manageable with antihypertensive 
therapy, bu t severe or persistent hypertension or 
hypertensive crisis despite ữeatment, may force soraỉenib 
to be stopped. Blood pressure should be regularly 
monitored. There is an increased risk of bleeding with 
soraĩenỉb and fatalities have been reported; ư severe enough 
to need intervention, the drug should be pennanently 
stopped. Leucopenia. lymphopenia, anaemia, neutropenia, 
and thrombocytopenia are common. Hypophosphataemia 
and transient disturbances in liv tì hinction tests can occur. 
Elevations in lipase and amylase concentrations are very 
common. Pataỉ hepatitis has been reported. Pancrcatitis can 
occur. Renal lailure is common. Other adverse eữects 
indude alopeda, pruritus, dry skin. erythema, acne, 
Aushing, exỉolỉative deimatitis, hoarseness, gasơointestinal 
disturbances, arthralgia, myalgỉa, asthenia, pain, and 
peripheral neuropathy. Tỉnnims, depression, and erectile 
dyshmctíon are ohen reported, as are pyrexia, ũu-like 
illness, and weight decrease. Gasưointestinal períoration 
has’ been reported rarely; therapy should be stopped if it 
occurs. Reversible posterior leukoencephalopathy has also 
occurred rarely, as have symptoms suggestive of interstitial 
lung disease, indudỉng pneumonitis and acute respiratory 
distress syndrome. O ther uncommon adverse events 
indude hypersensitìvity reactions, changes in thyroid 
íunction, hyponatraemia, gynaecomastia, rhinorrhoca, 
Stevens-Johnson syndrome, and squamous cell cardnoma 
of the skin. Angioedemá and radiatíon-recall dermatìtis can 
alsooccur.

References.
1. Robcn c , tía i .  Cutaneous side-effecĩs of kỉaase inhibỉtors and bloddng 

antíbodies. Lanat Oruoi 2005; 6: 491-500.
2. Strum berg D, t í  a l  Pooled saỉety analysỉs of BAY 43-9006 (soraỉenỉb) 

m onotherapy ỉn  patỉents w ith ađvanced soiỉd mm ouis: is rash assotiated 
w ỉth  treatm ènt òutcorae? Eưr J  Canar 2006; 42: 548-56.

3. Veronese M L t í  al. Mechanỉsms of hypertenáon  assodated with BAY 
43-9006. J  ơ ò t Oncol 2006; 24: 1363-9.

4. Yang C-H. t í  ứ l  H and-ỉoot skln reaction ỉn patỉents ưeated with 
soraíenibỉ a dinicopathological study o í  cuuneous nuniỉesiations due to 
m uhỉtargeted kỉnase inh ỉbúor tbenpy . Br J  Dermaíol 2008; 158: 592-6.

5. I ipw orth  AD. t í  ai. Hand-fooc sỵndrome (hand-ỉoot sldn rcaction. 
palm ar-p lanur erythrodysesthesia): íocus on soraíenib and sunidnỉb. 
Orưology 2009; 77: 257-71.

6. Lee WJ, t í  aL Cutaneous ađvcrse eỉỉecu In paiients treaied w itb the 
m ultìtargeted kỉnase inh ib iton  sonĩen ỉb  and sunitínib. Br J Dermatol 
2009; 161:1045-51.

E f f e d s  o n  t h e  b i o o d .  Reversible erythrocytosis occuưed in 
5 patients treated with soraỉenib or sunitinib; onset was 
relatively rapid over 1 to 2 vveeks, reaching a peak at 4 to

9 weeks aíter the start of tyrosine kinase inhibitor treat- 
m ent.1

1. Alexandrescu DT. t í  a l  Secondary eryihrocytosỉs produced by thẹ 
tyrosỉne Itínase ỉnhìbỉton sunỉtinỉb and soraỉenĩb. J  Qin Ontoĩ 2008; 26: 
4047-8.

Effeds on the cardiovascular System. A meta-analysis1 of 
data involvỉng 4599 patients indicated that 23.4% oỉ those 
given sarafcnib developed hypertension; about 5% of sora- 
ỉenib-ữeated padents developcd severe (grade 3 or 4) 
hypertension. This represented a relative risk of develop- 
ing high blood pressure 6.1 times that of patients not 
given soraíenib. Hypertension may also develop with 
other angiogenesis inhibitors; relative risk has been shown 
to be similar w ith high-dose bevaàzumab, and there is evi- 
dence o( a slightly smaller risk (inddence of hypertension 
22.5%, relative risk 3.89) with sunitìnib.

An observadonal study2 in patients taking either 
soratenib or sunitinib ỉound that about a third o{ patients 
had a cardiovascular event; median duration of tyrosine 
kinase inhibitor therapy at event occurrence vvas- 8 vveeks. 
Some patients vvere asymptomatic, vvith biochemical signs 
and ECG changes only, vvhereas others had mild to life- 
threatening dinical symptoms. All symptomatic and some 
asymptomatic patients received cardiovascular treatment, 
recovered, and were considered eligible to resume 
ưeatment tvith the tyrosine kinase inhibitor. The authors 
considered cardiovascular monitoring as vvell as prophylac- 
tic ưeatm ent to be essential; this might allovv for continued 
treatment o i the underlying cancer. It was also noted that 
cardiotoxidty might mimic disease progression.

For reíerence to the inddence of cardiotoxidty with 
lapatinib see Eííects on the Heart, p. 815.3.

1. Wu s. tt a i  Inddcnce and risk of hypenension wilh soralenlb in paiienu 
with cancer a systematic rcview and meta-analysis. Lanctí Oncol 2008; 9: 
117-23

2. Schmỉdinger M. t í  aì. Cardỉac toxidty oí m nỉtinỉb and soraỉenib ỉn 
paiients w ith m etanatíc renal celỉ cartínoma. J ơ in  Oncol 2008; 26: 
5204-12.

P o r p h y r í a .  The Drug Database for Acute Poiphyria, com- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, dassities soraíenib as prob- 
ably not porphyrinogenic; it may be used as a drug of Crst 
choice and no precautions are needed.1

1. The Dnig Database for Acute Porphyrỉa. Avalỉable at: h ttp ://w w w . 
drugs-porphyrla.org (accessed 27/09/111

I n t e r a c t i o n s

For a general discussion o( antineoplastic drug interactions, 
see p. 733.3. Soraíenib is metabolised by the cytochrome 
P450 isoenzyme CYP3A4. Riỉampidn can reduce exposure 
to soraỉenib. Other inducers of this enzyme (such as 
carbamazepine, dexamethasone, St John's wort, pheno- 
barbital, and phenytoin) may also reduce blood concentra- 
tions of soraíenib. However, ketoconazole did not alter 
exposure to soralenib and other drugs that inhibit CYP3A4 
are considered unlikely to alter the metabolism of soraíenib.

In vitro studies have indicated that soraỉenib itseỉỉ inhibits 
the cytochrome P450 isoenzymes CYP3A4, CYP2C19, and 
CYP2D6, but use of soraỉenib tvith midazolam, or 
omeprazole, or dexơomethorphan did not alter the 
exposure to any oỉ these drugs; interactions vrith drugs 
that are substrates of these erưymes are considered unlikely.

Soraíenib inhibits the cytochrome P450 isoenzyme 
CYP2C9 in vitro, and may increase concenưations of its 
substrates. Use with vvarỉarin may a iíea  the INR, see 
Antineoplastics, under Warfarin, p. 1532.2.

Soraĩenỉb also inhibits the isoenzymes CYP2B6 and 
CYP2C8 in vitro, and drug interactions with substrates of 
these may occur.

Soraỉenib may ỉncrease exposure to docetaxel, doxo- 
rubidn, and irinotecan; variable eỉíects on Duorouradl have 
been reported. Variable eííects have also been seen with 
paditaxel; use oí continuous sorafenib vvith paditaxel and 
carboplatứt caused an increase in soratenib exposure, an 
increase in paditaxel exposure, and an increase in the 
exposure to 6a-hydroxypaclitaxel, vvhile carboplatin 
pharmacokinetics w ere unaỉíected. Licensed product 
inỉormation States that the dinical signihcance oỉ these 
increases is unknovvn. Hotvever, when soraíenib was given 
2 days beíore, and then on the same day as carboplatin plus 
paclitaxel, it had no signihcant eHect on the phannacoki- 
nedcs of paditaxel; licensed produa iníormatìon advocates 
no dose adjustments w hen these 3 drugs are given in this 
way. Higher mortality wás seen in a subset of patients with 
squamous cell lung cartínoma treated vvith soraíenib, 
carboplatin, and paditaxel compared with those treated 
with carboplatin plus padỉtaxel alone; nọ dehnitive cause 
was identìhed.

Neomydn interíeres with enterohepatic recyding of 
soralenib, resulting in decreased exposure to soraĩenib.

P h a r m a c o k i n e t i c s

Peak plasma concentrations of soraíenib occur abòut 3 
hours after an  oral dose. Absorption is ređuced by aboat 
30% aíter a high-ỉat meal. Plasma protein binding is aboat 
99.5%. Soraíenib is metabolised mainly in  the  liver Via ửie 
cytochrome P450 isoenzyme CYP3A4. It also undergoes 
glucuronidation. The elimination half-life of soraíenib is 
about 25 to 48 hours. About 96% of a dose is excretrtd 
within 14 days, with 77%, mostly as unchanged driỉg, 
recovered in  the ỉaeces, and 19% in the urine ÍS  

glucuronidated metabolỉtes.

References.
1. Clark JW, t í  aỉ. Saỉety and  pharmacokinetics of th e  dual actỉon ỉ  a ỉ 

kỉnase and  vascular endothelial groivth íacior receptor inhibỉtor. B kY 
43-9006. ỉn patỉents wlth ađvanced, re ỉraaory soỉỉd tumors. ơ m  Can t r  
R a  2005; 11: 5472-80.

Preparations
Proprietary PreparaHons (details are given in Volume B)

Single-ingredient PreparaKons. Arg.: Nexavar; Austral.: Nexav. r; 
Austria: Nexavan Belg.: Nexavan Braz.: Nexavar; Canad.. Ne <- 
avar Chile: Nexavan China: Nexavar ( í  ỂK ); Cz.: Nexavi r; Denm.: Nexavar; Fr.: Nexavar; Ger.: Nexavar, Gr.: Nexav, r; Hong Kortg: Nexavar; Hung.: Nexavar; Indon.: Nexavar; Irl: 
Nexavan Israel: Nexavar Itaỉ.: Nexavar; Malaysia: Nexaví r; Mex.: Nexavar; Neth.: Nexavan Norw.: Nexavar; NZ: Nexav. r. Philipp.: Nexavan PoL: Nexavar; PorL: Nexavar; Rus.: Nexavir 
(HeKcaaap); S.Afr.: Nexavac Singapore: Nexavan Spain: Nex a- 
var; Ssved.: Nexavan Switz.: Nexavan Thai.: Nexavar; Tun:.: 
Nexavar; UK: Nexavar; USA: Nexavar.

Streptozocin ỊU SA N , r iN N i

Estreptozodna; NSC-85998; Streptotsosiini; Streptozocin*;; 
Streptozocinurn; Streptozosin; Streptozotocin; U-988‘ 1; 
CTpenT030L|MH.
2-Deoxy-2-(3-methyl-3-nitrosoureido)-D-glucopyranose.
Q H,5^0^=2652 
CĂS —  18883-66-4.
ATC —  L01AD04.
ATC Vet —  QL01AD04.
UNII —  5W494URQ81.

S t o r a g e .  Licensed p rodua inlormation recommends that 
the freeze-dried streptozodn preparation be stored at 2 
degrees to 8 degrees and protected ừom  light.

U s e s  a n d  A d m i n i s t r a t i o n

Sữeptozodn is an antibiotic antineoplastic belonging to the 
niưosoureas (see Carmustine, p. 761.2) and is used, alone or 
with other antineoplastics, mainly in the ưeatm ent jf 
pancreatìc endocrine (islet-cell) tum ouis (p. 716.3). It is 
given by inơavenous ũỹection or iniusion in doses of 1 g/nt2 
weekly, increased if necessary aíter 2 weeks to up o 
1.5g/m2. Altematively doses of 500mg/m2 may be given 
daily for 5 days and repeated every 6 weeks.

It has also been tried in other tumours ỉnduding exocrữ e 
pancreanc cancer and prostate cancer.

Sưeptozodn has also been given by intta-arteri li 
iníusion (but see Adverse Ehects below).

Full blood counts, and renal and hepatỉc ỉunctỉon tes :s 
should be periormed routinely durìng treatm ent; d 0 S '  -s 
should be reduced or treatm ent vvithdravvn ií renal toxid y 
occurs.

A d v e r s e  E f f e c t s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

For general discussions see Antineoplastics, p. 726 .1, 
p. 730.2, and p. 732.2

Cumuiative nephrotoxidty is common with sưeptozoc n 
and may be severe and irreversible. Mild proteinuria may t  e 
the first sign of toxidty. Intra-arterial use may be assodatt d 
with more rapid development of nephrotoxidty.

Other adverse effeas include severe nausea and 
vomiting and alterations in liver hmction o r occasional y 
severe hepatotoxidty. Myelosuppression may occur but s 
rarely severe. Coníũsion, Iethargy, and depression h a te  
been reported in some patients given streptozodn by 5-dí y 
continuous iníusion. Sưeptozodn may affect gluco; e 
metabolism. A diabetogenlc eílect has been reporte I; 
hypoglycaemia attrìbuted to the release of insulin fro; Q 
damagẽd cells has also occurrcd.

Sơeptozodn is irritant to tissues and exưavasation ma y 
lead to local ulceration and necrosis.

Streptozodn should be used vvith extreme care ia  
patients with pre-existing renal impairment.

H a n d l i n g  a n d  d i s p o s a l .  Methods for the destruction "f 
sưeptozõdn wastt by reaction with hydrobromic add  in 
gladal acetic add  or by oxidation with a solution of pota í-

All cross-references reíer to entries in Volume A
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sium pennanganate in sutfuric add.1 Residues produced 
by either method were free of mutagenic activity.

ỉ .  Castegnaro M. e t a l . ,  eds. Laboratory đecontaminatìòn and destructỉon 
o ỉ cardnogens in ỉaboratory wastes*. some antineoplastic agents. ĨARc  
Sâentựỉe Pubticatíans 73. Lyon: W HO/Imemaũonal Agency for Research 
on Cancer, 1985.

I n t e r a c t ì o n s

Streptozođn should not be given with other potentíally 
nephrotoxic drugs. For increased doxorubidn toxddty w hen 
given with streptozodn see p. 785.2.

Phenytoin. It bas been suggested that because phenytoin 
appeared to protect the beta cells of the pancreas from the 
cytotoxic eữects of streptozodn, its use with streptozodn 
should be avoided in patients being treated for pancreatic 
tum ours.1

1. Koranyi L. Gero L. InQuence oỉ dỉphenythydantoin on  the ettect of 
strepcozotodn. BMJ 1979: 1:127.

P h a r m a c o k ỉ n e t ỉ c s

Aiter intravenous doses sơeptozocin is rapidly deared ừom  
the blood and distributed to body tissues, particularly the 
liver, kidneys. intestines, and pancreas. It is extensively 
metabolisedTmainly in the Iiyer and perhaps the kidney, 
and excrẽtẹđ prindpally in thẹ urine as metabolites and a 
small am ount of unchanged drug. About 60 to 70% of an 
intravenous dose is excreted in unne within 24 hours. Some 
is also excreted Via the lungs. Streptozodn itselí does not 
cross the blood-brain barrierbut its metabolites are ỉound in 
the CSF.

Preparations
Proprietary Preparatiocu (details are given in Volume B)

Single-ingredient Preporatíom. CatuuL: Zanosai; Fr.: Zanosan 
Gr.: Zanosar, Israel: Zanosarh Swỉtz.: Zanosarf; USA: Zanosar.

Sunitinib Malate IBANM, USAN, ríNNMỊ
Maiato de sunitinib; PHA-290940AD; SU-010398; SU-011248 
(suhitịnib); Sunitinib, Malate de; Sunitinibi Malas; CyHMTMHM- 
6a Mạ/iaĩ.
N-[2-(Diethylamino)ethyO-5-[(Z)-(5-fluoro-2-oxo-l,2-dihydro- 
3H4ndol-3-ylidene)methyl]-2,4-dimethyl-1H-pyrrole-3-car- 
bpxamide hydrogen (25)-2-hydroxybutanedioate. . 

t Ị ^ H 2 7W , A ^ H A = ả 2 . 6
• CAS —  557795- ĩ 9-4 (sunitinib); 34 ĩ 031-54-7 (sunitinib malate). 
ATC —  L01XE04.
ATC Vet —  QL01XE04.
UNIÍ —  LVX8N1UT73.

U s e s  a n d  A d m i n i s t r a t i o n

Sunitinib malate is an inhibitor of several receptor tyrosine 
kinases. It is used for the treatment of gastrointestinal 
stromal tumours (GIST; see Soft-tissue Sarcoma, p. 718.2) 
after disease progression during imatinib treatment. or in 
patients intolerant to imatinib. It is also used íor the 
treatm ent of advanced and/or metastatic renal cell 
cardnoma (RCC; p. 708.3). Ít is also licensed in some 
countries for the treatment of unresectable or metastatic, 
well-differentiated pancreatic neuroendocrine tumours 
(pNET;p 716.3).

Sunitinib is given orally as the malate, but doses are 
expressed in terms oỉ the base; sunitinib malate 66.8 mg is 
equal to about 50 mg oí sunitinib. For wamings and 
recommendations regarding the safe prescribing, dừpensing, and 
use of oral antineoplastic drugs, see Administration, p. 7323.

For the treatment of GISTs or RCC, the recommended 
dose is 50 mg once daily, for 4 vveeks of a 6-week treatment 
cyde. Doses may be increased or decreased in steps of
12.5 mg, based on individual tolerability. UK licensed 
product iníormatiohrecommends that the daily dose shouỉd 
not normally ẽxceed 75 mg nor be decreased below 25 mg.

For the treatment of pNETs, the recommended dose of 
sunitlnib is 37.5 m g once daily; doses are given 
contỉnuously. Dose modiScation is made in steps of 
ỉ 2.5 mg, based on individual tolerability; doses above 50 mg 
daily in  pNETs have not been evaluated.

Use o í inhibitors or inducers òf CYP3A4 may increase or 
decrease sunitứúb plasma concentrations. ư  no altemative 
is available. a dose reduction of sunitinib to a minimnm of
37.5 mg daily for GIST or RCC, or 25 mg daily for pNET, 
should be Consideređ u  it is given with a sưong CYP3A4 
inhibitor. Doses can be increased to a maximum of 87.5 mg 
daỉly ỉor GIST or RCC. or 62.5 mg daily for pNET, if sunitínib 
is given w ith a CYP3A4 inducer; the patíent shoulđ be 
dosely monitored for toxidty.
Reíerences.

1. M otter R i, t t  at. Actívity of SU I 1248, 1  multitargeted inhibitor at 
vascular endothclíal grovnh tactor receptor and platelet-denved grovnh

tactor teceptor, ỉn patìents wrtth metaỉtatic renaĩ ceỉl carõnoma. J  Om  
Onãĩ200«; 24: 16-24.

2. Faivre s, tí aĩ. Salety, pharmacokinetìc. and amỉtumor activỉiy oỉ 
SUI 124«, a novel oral muỉtìtarget tyrosine kỉnase ỉnhibỉtor, in padents 
wilh cancer. J ơin Onal 2006; 24: 25-36.

3. Moner RJ, t í  aỉ. Sunitinỉb ma lau for tbe treatment of solỉd mmoun: a 
revỉew of cuirent dinỉcaỉ da la. Expert Opín Invat ũrvgt 2006; 13: 553—61.

4. Motaer RJ, a  aL Suniiỉnib in patiems Trith metastatic renal ccll 
cardnoma.JAMA 2006; 293: 2516-24.

5. Deekỉ ED, ĨCcaũng GM. Sunỉtínỉb. Dntgs 2006; 66: 2255-66.
6. Demetri GD, a  al. Efficacy and salety of sunitinỉb in padents with 

advanccd gasưolmestỉnal stromaỉ tumour after taỉỉure of ỉmatinỉb: a 
randomiscd conưollcd trial. Lanctí 2006; 368: 1329-38.

7. Moaer RI. a a l  Sunitínib versus interieron alla in metastadc renal-cell 
cardnoma. N Engl J Mei 2007; 356:115-24.

8. Goodman vx, tí  al. Approval summary: sunitỉnỉb for the  treatm cnt oỉ 
ỉmatỉnib leỉcactory or Intolerant gastrolntestinal ỉtromal tumors and 
advanced renal cell carcnom a. ơ ìn  Cmctr S a  2007; 13: 1367-73.

9. 0'Brien MF. a  al. Sunitínib therapy in renal cell cardnoma. BJU Itư 
2008; 101: 1339-42.

10. Sodnskỉ MA. The cunent status and evolving roỉe of sunỉtinỉb in 
non-small cell lung cancer. J  ThonK Oncol 2008; 3 (suppl 2): SI 19-S123.

11. Kulke MH. tí al. Actìvity 0< nmitinib ín padents with advanccd 
neuroendocrtne tutnors. J ơin Oncot 2008; 26: 3403-10.

A d v e r s e  E f f e c t s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

Common adverse eííects of sunitinib include gastrointest- 
inal disturbances, anorexia, headache, íatigue, íever, 
hypertension, hypothyroidism, mouth pain or irritation, 
dry mouth, mucosal inAammatìon, oedema, taste dis- 
tuibances, turthralgia, and myalgia. Myelosuppression is 
common, and complete blood counts should be periormed 
at the beginnìng of each ữeatment cycle. Other eữects 
include dizziness, paraesthesia, dyspnoea, alopecia, Yellotv 
skin discoloration and chromaturia can occur. Othcr 
dermatological e£fects índude depigmentation of the hair or 
skin. dryness, rash, exíoliatíve dennatitis, orpalmar-plantc-r 
syndrome. Gastrointestinal períoration has been rcported 
rarely; íatalities have been repoited in  patients with intra- 
abdominal malignandes.

Decreases in left ventricular ejection íraction (LVEF) 
have occuưed with sunitinib; baseline and periodic 
evaluations of LVEF should be taken. Patients should be 
monitored for signs o i  congesdve cardiac ỉailure and therapy 
interrupted or stopped if they occur. Dose reductions may 
be necessary in  patientỉ who show no  signs of hean  ỉailurc 
bu t who shovv decreases in  LVEF. Sunitinib may prolong ihe 
QT interval and should be used with caution in patients 
vvith a history of this, vvho are takỉng antiarrhyihmics, or 
who have pre-existing cardiac disease, bradycardia, or 
electrolyte disturbances.

There is an increased risk o! bleeding at all sites; epistaxis 
is the most common treatment-related bleeding event but 
íatal pulmonary haemoưhage has occurred in patients with 
lung cancer. Pulmonary embolism or venous thrombocm- 
bolic events may occur. Patients under stresses such as 
surgery, ơauma, or severe iníection should be moniiored 
for adrenal insuffidency. Increases in serum amylasc and 
lipase concentrations have been seen and there are rare 
reports of pancreatítis and hepatỉc íailure. There arc also 
rare reports of seizures and reversible posterior leukoence- 
phalopathy syndrome.

ĩ f f e c t s  on fhe blood. For a report of reversible erythrocy- 
tosis in patients given sunitinib or soraỉenib, see Eííects on 
the Blood, under Soraíenỉb, p. 858.1.

E ỉ f e d s  o n  t h e  c a r d i o v a s c u l a r  S y s te m .  A retrospective 
review in 75 patients given repeating cydes of sunitinib in 
phase i/n  studies of its eỉhcacy for gasnointestinaỉ stroinat 
tumours íound that cardiovascular events occurred in 8, 
of whom 6 developed congestive heart tailure.1 Of 36 
patients given the subsequendy approved dose, 10 had 
reductions in left ventricular ejection fraction of at least 
10%. Hypertension developed in 35 of the 75 patients, 
and it was suggested that left ventricular dysíunction 
might be due to a combination of hypeitension and a 
direct toxic eHect on heart musde.

For the relative risk of developing hypertension ivith 
suniúnib, and results o£ a study analysing cardiotoxicity of 
sunitinib and soiaỉenib, see under Soraỉenib, p. 858.2.

1. Chu TF, et tứ. Cardiotoxỉdty assodated with Cyrosine kỉnase ỉnhìbitor 
sunitinib. Lanceỉ 2007; Ỉ70: 2011-19.

Effech on the kidneys. For a report ot haemolytic-uraemic 
syndrome alter the use of bevadzumab and sunitinib, see 
Eííects on the Kidneys, under Bevadzumab, p. 748.2.

EHects on the musculoskeletal System. As oỉ 3 lst January 
2010, the German manuíacturer ịPftzer) repoited 27 cases 
of osteonecrosis ot the jaw (similar to that seen with the 
bisphosphonates, see under Bisphosphonates, p. 1176.3) 
related to sunitinib theiapy.1 There are other reports in 
cancer patíents treated with sunitứiib,2'4 the majority o í  
whom had also received treatment with inưavenous bis- 
phosphonates.However, in one case,4 the patient had 
never received bisphosphonates, but had previously had 
dental extraction.

There have been similar reports of bisphosphonate- 
related osteonecrosis of the jaw  In patients given 
bevadzumab (see under Bevadzumab, p. 748.2) and it 
has been postulated that the sưong antí-angiogenic actíon 
oỉ these drugs contributed to oral mucosal breakdovra and 
the subsequent deveỉopment of osteonecrosis oỉ the jaw.3 
Caution is advised when sunitinib and bisphosphonates are 
used together or sequentíally,1 and dental care precautìons 
similar to those in patientỉ prescrìbed bisphosphonates (see 
under Bisphosphonates, p. 1175.2) are recommended.

1. Kalanovtc D, Fricker R. Pfizcr, Gcnnany. Mõgllches Rỉsỉko fQr das 
A uỉocten  d n e r  Kỉeỉerosteonekrose bcỉ m it Sunỉtinỉb (Sutent) 
behandelten Krebspatỉenten b d  ^dchzeỉtíger o d tt vorhcrigcr Anwcn* 
dung von Bỉsphosphonaten (issued 30/11/2010). Availablẽ at: htxpiỉỉ 
www.btann.die/SharedDocs/ ĩ_Downloads/DE/PhaxmakovlgỉUiư/roie- 
H andB ricfc/2010/sunitỉn ỉb .pdf?_biob»publicationPU c (acccssed 
17/12/10)

2. Brunelỉo Ao €t ứi. Worsenỉng oỉ osieonccrosis of the jaw  durỉng treatm ent 
wỉth sunltìnib in a patìent with m etastadc renaỉ ceH cardnom a. Boru 
2009;44:173-5.

3. Ayỉỉon 3, tí  (ứ. Osteonecrosis oí the jaw  under bisphosphonate and 
antiangiogenỉc therapỉes: cumulatỉve tOíddty proữle? A m  Oitcol 2009; 
20:600-1.

4. Koch FP, t í  aỉ. Osteonecrosiỉ oỉ thẹ  jaw  relateđ" to sunỉtìnỉb. Oral 
Maxiỉbfac Surg 2011; 13: 63-6.

5. Bozas G. tí  ữ .  Osteoneaosỉs oí the jạw  after a dngỉe bisphosphonate 
inhision in a patỉent wỉth metastatk renal cancer treated *with sunttinib. 
Onkobgie 2010; 33: 321-3.

6. Koeỉert s, Eu&nger H. Sunỉtỉnỉb m ay raỉse the rỉsk o í bisphosphonate- 
rclated osteonecrosis o í the jaw: presentadon oỉ three cases. Oral Sưrg 
OraỉMed Oral Pathol Qral RatHol Endod 2 0 ỉ0; 110:463-9.

Ettects on the nervous System. Coma has been reported 
with sunitinib; theiapy was immediately stopped and the 
patient regained consdousụess vvithin 24 hours.1

ỉ .  Antaud L  t í  ữl. Transỉent sunitỉnỉb-lnduced cotna ỉn  a patỉent wỉth 
ỉibromyxoid saicoma. J  Cỉin Otưoỉ 2008; 26: 1569-71.

Effectĩ on the skin. Palmar-plantar syndrome is a well- 
recognised adverse effect of several tyrosine kinase inhi- 
bitors, induding sunitinib.1 A patient developed palmar- 
plantar syndrome and rashes resembling seborrhoeic 
dermatỉtis while taking sunitinib. Therapy was stopped 
and the rash was treated"with a topical cortìcosteroid; blis- 
ters on the palms and soles -tesolved with desquamation.2 
In another report,5 5 out of 40 patients treated with suniti- 
nib developed erythema and desquamadon in  the scrotal 
and inguinal areas; these eữects decreased or disappeared 
aíter the drug vvas stopped, and reappeared upon restart- 
ing sunitiníb. Iỉistological analysỉs of 3 spedmens 
mimicked the pathological íeatures o! psoriasis. Pyodenna 
gangrenosum has also been reported.4

1. Lipvvonh AD, tí  a i  Hand-ỉoot syndrorae (hand-foot skỉn reactioa 
palm ar'pỉantar erythrodysesthesỉa): ỉocus on soraỉenỉb and sunitỉnib. 
Oiìcologỳ 2009; 77: 257-71.

2. Tsaỉ K Y, et a i  Hand-fooc syndrome and seborrhtic dennatỉtiỉ-lỉke rash 
ỉnđuccd by simirỉnỉb ỉn a patíent w ỉth advanceđ renal ceỉỉ cartínoma. J  
Cĩin Onatl 2006; 24: 5786-8.

3. BiltcmoruB, tíal. Scrotaỉ cutaneous side eữeas of sunítinib. NEngUMcd 
2008; 359: 975-6.

4. tcn Frcyhaus K, t í  a i  Pyodersu gangrenosum: another cutaneous slde- 
eíícct oỉ sunitínib? Br J  Dermatol 2008; 159:242-3.

Effecls on thyroid (unctíon. Hypothyroidism is common 
after sunitinib tlicrapy. A cohort study ỉound that 36% oí 
patients developed hypothyroidism after an  average oí 50 
vvceks of therapy. The inddence of hypothyroidism 
increaseđ with the duration of therapy, and the eữect vvas 
not tratisient; paiients needed replacement therapy with 
levothyroxine. Mild thyrotoxicosis may precede the onset 
of hypoihyroidism. Although the mechanism is not clear, 
the dntg may cause destnictive thyroiditis. Patients should 
be screened for hypothyroidism and semm concentratíons 
of thyroid-stimulating hormone (TSH) measured at sug- 
gested intervals oí 2 to 3 months.1

1. ỉ)esai J, tí ai. ỉlypothyroidism aíter sunitỉnỉb treatment for patients with 
gastroiniesiinal sưomal tumors. Antt Irtítm Med 2006; 145: 660-4.

Mucosìtis. Sunitinib has been reported to cause stomatitis. 
characterised by bullous and erosive lesions with wide- 
spread lichenoid and necrotising areas.1

1. Mignogna MD, tí  aỉ. Sunỉtinib adverse event: oral buỉlous and lỉchenoid 
tnucositU. Airn Pỉtùnnacothtr 2009; 43: 546-7.

Porphyria. The Drug Database for Acute Poiphyria, com- 
piled by the Norvvegian Poiphyria Centre (NAPOS) and 
thc Porphyria Centre Svveden, classifies sunitinib as prob- 
ably not porphyrinogenic it may be used as a drug oí first 
clioice and no precautions are needed.1

1. The Drug Daiabase íor Acuie Porphyrỉa. Avaỉlable at: brtp://www. 
drugs-porphyria.org (accessed 27/09/11)

Tumour lysis syndrome. Tumour lysis syndrome has been 
reported after treatment with sunitinib; electrolytes and 
renal íunction should be dosely monitored.,J

1. Nỉcholaou T, t í  aì. Tumour lysis syndrome ỉn a patỉent with renal-ceỉl 
cardnom a treateđ wỉth sunitỉnỉb maỉate. Lartetí 2007; 369:1923—4.

2. Sayĩor PJ, Reid TO. Tumor ỉysis syndrome aỉter treatm ent o í a 
gastroỉnrestỉnaỉ stromaỉ tumor w ỉth the  oraỉ ryrosỉne kỉnase ỉnhibitor 
sunỉtỉnỉb. J  ơ in  Oneol 2007; 25: 3544-6.

The Symbol t  denotes a preparation no longer actively marketed
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I n t e r a c t i o n s

Sunitínib is metabolised mainly by the cytođưome P450 
isoenzyme CYP3A4 to produce an active metabolite, which 
is ỉurther 'metabolised by CYP3A4. Ketoconazole increased 
exposure to sunitinib, and use with other potent inhibitors 
oỉ CYP3A4 (such as other azole antiỉungals, maarolide 
antibacterials, HTV-protease inhibitors, or grapefruit juice) 
may also increase sunitinib concentratíons. Conversely, use 
with rìỉampiòn decreased exposure to sunitinib, and 
inducers oỉ CYP3A4 (such as dexamethasone, phenytoin, 
carbamazepine. phenobarbital, or St John's wort) may 
decrease plasma sunitứũb concentrations. If the use of 
altemative drugs is not ỉeasible, dose adjustments oỉ 
sunitìnib may be necessary (see Uses and AdmLnisưation, 
p. 859.1).

A n t i n e o p l a s t i c s .  The u s  manufacturer oỉ b e v a á ĩu m a b  has 
recommended that it should not be used vvith sunitinib 
aíter several patients receiving the combination had devel- 
oped mỉcroangiopathic haemolytic anaemia.1

1. Genentech, USA. Important drug wam ing subject: m icroangiopathic 
hem oly tic  anem ía (MAHA) in patỉen ts treated  w ith  Avastỉn 
(bevađxumab) and sunitỉnib malate (íssued July 2008). Available at: 
h tip ://w w w .fda.gov/downloads/Safeiy/M edW atch/SaietyInformanon/ 
SafetyA Ìem forH um anM edicalP roducts/ucm l26434.pdf (accessed 
21/07/10)

P h a r m a c o k i n e t i c s

Peakplasma concentrations occur 6 to 12 houn  afteran oral 
dose of sunitinib. Bioavailability is unaỉỉected by íood. 
Sunitinib is metabolỉsed mainly Via the cytochrome P450 
isoenzyme CYP3A4 to its primary active metabolite, which 
itseư is then íurther metabolised Via CYP3A4. Plasma 
protein binding o{ sunitinib and its metabolìte is about 95% 
and 90%, respectively; plasma elũnination halí-lives are 40 
to 60 houis, and 80 to 110 hours, respectively. Sunitinib is 
excreted maỉnly in íaeces; about 16% is íound in urine, as 
unchanged drug and metabolites.

Preparations
Proprietary Preporotions (details are given in Volume B)

Singla ingnadient Preparotions. Arg.: Sutent; AustraL: Sutent; AustrUr. Sutent; Belg.: Sutent; Brax.: Sutent' Canad.: Sutent; Ckũe. Sutent; ơtùia: Sutent (3fS): Cz.: Sutent; Denm.: Sutent Fr.: Sutent; Ger.: Sutent; òr.: Sutenc Hong Kong: Sutent; Hung.-. Sutent Irl: Sutent' Israel: Sutent; ItaL: Sutent; Jpri: 
Sutent; Maíaysia: Sutent; Mex.: Sutenc Neth.: Sutent; Norw.: 
Sutent' NZ: Sutent; phữipp.: Sutent; PoL: Sutent; PorL: Sutent; Rus.: Sutent (CyTeHT); S.Afr.: Sutent; singapore: Sutent; Spain: 
Sutent; Swed.: Sutent Switz.: Sutent; Thai.: Sutent; Turk.: 
Sutent UK: Sutent; ukr.: Sutent (Cyrarr); USA: Sutent.

T a la c t o f e r r in  A l f a  IUSAN, riNNỊ 

LF4D0; rhLF; Talactoíẹrrin; Talactoferrina alfa; Talactoíerrine 
Alfe; Ta|actoferrinum Alfa; TanaKTCxị)eppwH Anbộa.
Lạctoferrin (recombinant human LFOO). .
CAS —  308240:58-6. . . .

; ƠN// —  7A055A9QRR. ■ ■ ■■

P r o ĩ i l e

Talactoíerrin alfa is a recombinant form of hum an 
lactoíerrỉn (p. 2539.3) that acts on the immune System as 
a dendritic cell recruiter and activator. An oral íormuiatìon 
is under investigatíon for the ữeatm ent of malignandes 
such as non-small cell lung cancer and renal cell cardnoma. 
It is also beíng investigated as an oral treatment for sepsis, 
and topically as a vvound healing agent ỉor diabetìc foot 
ulcers.

Por wamừigs and recommendations regarding the saỊe 
presaibàig. dispensing, and use of oraí antineopiastìc drugs, see Admừústration, p. 7 3 2 3 . ,

Reíerences.
1. Hayes TG, t í  ai. Pha se ỉ  trỉaỉ of oral taỉactoỉerrỉn aỉía ỈD reíraciory solid 

tum on . Invat N tw  Dntgs 2006; 24: 233—40.
2. Lyons TE, t í  a i  Taỉactoỉerrin aUa, a recombinant hum an lactoferrin 

promotes bealing o ỉ diabetíc neuropachỉc uỉcers; a phase 1/2 dỉnicaỉ 
study. Ám J  Surg 2007; 193: 49-54.

3. Jonascb E, t í  ai. Phase 2 ưiaỉ of talactoíerrin ỈĐ prevỉously treated 
patients w iỉh m etastatíc renal celỉ cardnom a. Canưr 2008; 113: 72-7.

4. Hayes TG, t í  aỉ. Phase IB crỉal of oral uỉaccoỉerrỉn to the treatm ent of 
patíents w ith m etasu tíc  soltd rurnors. Invat NewDrugs 2010; 28:156-62 .

T a la p o r f ín  S o d iu m  (USAN, riNNMi

LS-11, ME-2906, Monoaspartyl Chlorin e6 (talaporíin); Mono- 
L-ãspártyl 'chlorin, (taìaporíin); Natrir Talaporílnum; NPe-6 
(talapõifìn);TalẩpoVfina sỏdica;Talaporfine Sodique;Taporfin 
Sodium; Haĩpníi Tầnariọp<|)MH. .

.Tẹtrasodium :A/-{[(7S,85)-3-carboxy-7’ (2-carbóxyethyl)-13- 
ethẹnyl-18-ethyl-7,8-dihydro-2,8,12,17-tetramethyl-21H23H- 
porphin-5-yũacetyỉH-aspartate.

C38H<1N5Na4O9=803.7
CAS —  110230-98-3 (talaporíìn); 220201-34:3 (talaporíìn 
sodium). • ĩ •
UNII —  L63605PZ70. -

NOTH. The names Aptodne and Laserphyiin have been used 
as trade marks for talaporũn sodium.

P rọ /í/e

Talaporhn sodium is a photosensitiser that is used for the 
photodynamic therapy (see under Poríimer Sodium, 
p. 849.1) of lung cancer. It is also under investigation for 
the ữeatm ent of other tum oun, such as hepatocellular 
cardnoma and metastatic colorectal cancer.
Reíerences.

ỉ. Wang s, tí a i  Talaporĩin sodium. Experĩ opin Pharmaeolher 2010; 11: 
133-40.

T a m ib a r o t e n e  ỊriNNi

AM-Bữ, NSC-608000; Tamibarotène; Tamibaroteno; Tamibar- 
otenum; TaMMÓapoTeH.
N-(5,6,7,8-Tetrahydro-5,5,8,8-tetramethyl-2-naphthyl)ter- 
ephthalamic aớd.
C22H2ỉ N03=351.4 
CAS —  94497-51-5.
UNII —  08V52GĨ3H9.

P r o t i l e

Tamibarotene is a synthetic retinoid that is given orally for 
the treatment of relapsed or reíractory acute promyelocytic 
leukaemia. For wamings and recommendatiom regarding the 
safe prescribing, dừpensing, and use of orat antineoplastic drugs. tee Adminừtration, p. 7323.
Malignant neoplasms. Tamibarotene has been used to 
induce remission in patients vvith acute promyelocytic 
leukaemia (see Acute Myeloid Leukaemias, p. 693.1) vvho 
relapsed aíter successíul remission induction with tretin- 
oin.1-2 Twenty-íour patients received tamibarotene at a 
daily oral dose o( 6 mg/m2; 14 patients obtained complete 
remission alter a median of 41 days.1 Reponed adverse 
eííects indude hypercholestcrolaemia, hypertriglyceridae- 
mia,1-3 cheilitìs. xerosis, gasưointestinal disturbances, bone 
pain, headache, dermatỉtis, Iiver damage, and leucocytosis; 
in one case, retinoic add  syndrome occurred.1

1. T obiu T, tí  a i  Treatmem with a new sym hetíc retỉnoid, Am80, of acute 
promyelocyiic leukemia reỉapscd from complete remission ỉnduced by 
alỉ-nrans retìnoic atíd. Blood 1997; 90: 967-73.

2. ShinJo K. tí  al. Good prognosú of patienư  wlth acute promyelocytỉc 
leukemỉa who achieved second complete remission (CR) wỉih a new 
re  rin oi d. Am 80. aher relapse from CR Induced by all-trans-retinoíc add. 
Int J  Htmatol 2000; 72: 470-3.

3. Takeuchí M. tí ai. Reỉapsed acute promyelocytlc leukcmid previously 
treaỉed with alỉ-trans rerinoic acid: dỉnical experience with a new 
synthetlc rerinoid. Am-80. Leuk Lymphoma 1998; 31: 441-51.

Preparatìons
Proprietary Preparatioiu (deuils are given in Volume B) 

Single-tngredient Preporotions. Jpn: Amnolake.

Tamoxifen Citrate IB A N M , U SA N . r iN N M i  (8)

Citrato de tamoxifeno; ICÍ-46474; Tamoksifeenisitraatti; 
Tamoksifen Sitrat; ,Tamol<sifeno citratas; Tamoxiíen citrát; 
'Tamoxiíencitrat; Tamoxiíệrvcitrát; Tamoxiíène, dtrate de; 
Tamoxiíenị Citras; Tamoxiíeno, citrato de; TaMOKCktộena 
U n T p a T ..
(2)-2-[4-(1,2-Diphenylbut-l-enyl)phenoxy]ethyldimethyla- 
mine citrate.
C26HwN0,C4H80 7=563.6
C45—  10540-29-1 (tamoxiỉen); 54965-24-1 (tamoxiíen citrare). 
ATC —  L02BA01.
ATC Vet —  QL028A01.
UNII —  7FRV7310N6:

Pharmacopoeias. In Chín., Eur. (see p. vii), ìnt., and us. 
Ph. Eur. 8: (Tamoxiíen Ciơate). A vvhite or almost white, 
polymorphic, crystalline powder. Slightly soluble in water 
and in acetone; soluble in methyl alcohol.
USP 36: (Tamoxiíen Ciưate). A white, íine, aystalline 
povvder. Very slightly soluble in water, in alcohol, in 
acetone, and in chlorolorm; soluble in methyl alcohol. 
Protect from light.

U s e s  a n d  A d m i n i s t r a t i o n

Tamoxiíen is an oesơogen antagonist with actions similar 10 
those of dom iíene dơa te  (seep. 2259.1). It may also inhibit 
the production or release o( cellular growth íactors and 
induce apoptosis. It is used in the adjuvant endocrine 
therapy of node-positive breast cancer, in the treatment of

metastatic disease, and íor ■ prophylaxis in  women a 
ỉncreased risk induding those with duaa l cardnoma in situ 
It has been tiied in  some other m alignandes indudinị 
tumours of the ovary and in malignant melanoma 
Tamoxiíen is also used to stimulate ovulation in vvomeri 
with anovulatory iníertility. See also the cross-relerence: 
belovv.

Tamoxiíen is glven orally as the dưate but doses are 
calculated in tenns of the base; um oxiíen dtrate 15.2 mg is 
equivalent to about lOmg of tamoxiỉen. In the treatment oi 
b rea s t cancer, usual doses are tamoxiíen 20 mg daily, in 2 
divided doses or as a single daily dose. Doses of up to 40 mg 
daily may be given but no additional benelit has been 
found. Adjuvant therapy is nonnally continued for up to 5 
years, although the optimum duration is still uncenain 
(p. 702.1). To redụce breast cancer inddence in women ai 
high risk of the disease, the licensed dose of tamoxiíen is 
20 mg daily for 5 years.

In the treatment of anovulatory in íe r ti llty  the usua! 
dose is tamoxiíen 20 mg daily on days 2 to 5 of the 
menstrual cyde, increased if necessary in subsequent cyđes 
up to 80 mg daily. In vvomen with irregular menstruation 
the initial course may be begun on any day, and a second 
course begun at a higher dose after 45 days if there has been 
no response. If the patient responds with menstruation, 
subsequent courses may begín on day 2 of the cyde.

A topical íorm ulation of 4-hydroxytam oxifen, a 
metabolite of tamoxhen, is under investigation lor the 
ưeatment of cyclic mastalgia.

An oral tormularion o( the tamoxifen metabolite. 
endoxiíen, is under investigation, see Metabolism, p. 864.1.

Revievvs.
1. Kramer R. Brown p. shouid tamoxiíen be used ỉn breast canccr 

preventíon? Dntg Sa/tíy 2004; 27: 979-89.
2. Singh Ranger G. Curreni concepu in the endocrine therapy of breast 

cancer tamoxiíen and aroniatasc inhibitors. J ơ itĩ Piiarm Ther 2005; 30: 
313-17.

3. Morales L  tí  aỉ. Choosỉng between an  arom atase inhibỉtor and 
tainoxỉíen in ỉhe adjuvam setting. Curr opỉn Oncoì 2005; 17: 559-65.

4. Poole R. Paridaens R. The use of third-generation aromatase ỉnhibiiors 
and tamoxiíen in the adjuvant treaim em  of postmenopausal paiients 
w ith horm one-dependent breast cancert evidence based review. Curr 
opin Oncol 2007; 19: 564-72.

5. Munshi A. Singh p. Tamoxiten in breast cancer: not so easy 10 write oíf. 
Breast 2008; 17: 121-4.

6. Đeguerie JR, t í  aì. Tamoxifen vs. non-um oxííen  ư eaunen t íor advanced 
meỉanoma: a meta-analysis. Ịtu J Dtrmatoỉ 2010; 49: 1194-1202.

Breast diỉorders, non-tnalignant. GYNAECOMASTĨA. Tam- 
oxden, usually in doses of 10mg twice daily, has been 
reported to be eííective1'7 in redudng pain, svvelling, and 
breast size in men or pubertal boys vvith gynaecomastia 
(p. 2264.3). Tamoxiíen has been recorrưnended as a drug 
of choice in patients requiring drug therapy, given for 3 
months to see ư a response occurs.7 It has also been 
reported to be effective for the prevention and treatment 
of gynaecomastia and breast pain caused by the nonsteroi* 
dal anti-androgen bicalutamide,*'" vvhich is used in the 
treatment o( prostate cancer (see Gynaecomastia under 
Adverse Eíỉects and Precautions of Flutamide, p. 799.1). A 
randomised study12 in patients vvith prostate cancer ơea- 
ted with bicalutamide íound that a daily scheduỉe of tam- 
oxiỉen was more eHective than a vveekly schedule in pre- 
venting gynaecomastia. In addition, switching to a weekly 
schedule aỉter a daily schedule vvas íollotved by a dramatic 
increase in  the development of gynaecomastia and mastal- 
gia; this became apparent alter 6 months oỉ ưeatment, 
probably as a result of the study design, in which 2 
months of daily ơeatm ent was given beíore svvitching to 
the vveekly schedule. causing a loading cffect.

1. Jefíerys DB. Painíul gynaecomasria rreated with tamoxỉíen. BMJ 1979; 
1:1119-20.

2. Hooper PD. Puberty gynaecomastia. J  R Catỉ Can Praơ 1985; 35: 142.
3. McDennott MT, t í  aì. Tamoxiíen thcrapy for paíníul ídiopathic 

gynecomastia. South Med J  1990; 83: 1283-5.
4. Tỉng AC. tí  aỉ. Comparison o í URioxỉỉen w ith danazỡl in the 

managem ent of idiopathic gynecomastìa. Am Surg 2000; 66: 38-40.
5. Lavvrence SE  tí a i  Bene&dal eiỉects of raỉoxííene and um oxUen ìn the 

treatm ent of puberta) gynecomastỉa. J  Pcdiatr 2004; 145: 71-6.
6. Hanavađi s. tí al. The role of tamoxiíen ỉn the managem ent of 

gynaecomastía. Breast 2006; 15: 276-80.
7. Braunstein GD. Gynecomastìa. N  Ẽn$i J M td  2007; 357: 1229-37.
8. Salustein D. tí  a i  Preventíon and  maDagement of bỉcalutamide-lnduced 

gynecomastìa and breast pain; randoraized endoaỉnoỉogỉc and dìnỉcaỉ 
Ỉtudỉes with um ơxiíen and anasrrozole. Prostate Cancer Pnsĩatíc Dừ 2Ữ05; 
8: 75-83.

9. Perdonà s, tí ai. EỈCcacy of tam oxỉíen and radiotherapy for preventỉon 
and ưeatm ent of gynaecomastỉa and  breaỉt pain caused by bicalutamide 
ỉn prostate cancer a randomised conưolled trial. Lanat Oncoi 2005; 6: 
295-300.

10. Đi Lorenzo G, tí  al. Gynecomastia and breast pain Induced by adjuvant 
therapy w ỉth btcaỉutamide after ndical p ro su teao m y  ỉn patients wỉth 
p rosu te  cancer the role of tamoxiíen and  radỉotherapy. J  Urol 
(Baitimort) 2005; 174: 2197-2203.

ỉ l .F r a d e t  y, t t  aì. Tamoxỉỉen as prophylax ỉs ỉo r prevenrion oí 
gynaecomastia and breast paỉn associated w ỉth bicaỉutamide Ỉ50m g 
m onotherapy Ú1 patients with prostate c an ce r  a randomised, pỉacebo- 
controũed. dose-response srudỹ. Eur Vroỉ 2007; 52: 106-14.

12. Bedognetti D, tí  ai. An open. randomised, m ulticenưe, phase 3 ĩriai 
comparing the effìcacy of tw o tamoxlíen schedules ỉn preventỉng 
gynaecomastia induccd by bicalutamide monotherapy in prostate cancer 
pâtíentỉ. Eur Uroỉ 2010; 57: 238-45.

All cross-reíerences reíer to entries in Volume A
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MASlALGtA. Tamoxiíen 20 mg daily has been shovvn to be 
eữective in patients with both cyclic and non-cydic 
mastalgia,1 and improvetnent has also been reported at a 
lower dose of 10 mg daily.2 However, there is concem 
about the use of tamoxiíen in othervvise healthy premeno- 
pausal vvomen,3"5 partìcularly since many patients relapse 
on withdrawal,2 and it has been recommended4,7 that 
tamoxiíen be reserved for patìents who fail to respond to 
other drugs (see p. 2265.1).

A topical ỉorm ulation of 4-hydroxytamoxifen, a 
metabolite of tamoxifen, is under investigation in the 
ưeatm ent of cydic mastalgia.

1. Fentỉman IS. t í  ai. Doublc-blind controỉỉed trial oỉ tamoxỉĩen ihcrapy for 
mastaỉgia. Lancet ỉ 986; 1: 287-8.

2. Fentiman IS, tí  ai. Studỉes of tamoxiíen io vvomen w ith mastaỉgỉa. Br J  
Cĩỉn Prađ 1989; 43 (suppl 68): 34-6.

3. Anonymous. Tamoxifen for benign breast disease. Lanctí 1986; L* 305.
4. Smallwood JA. Taylor L Tamoxiíen ỉor mastalgia. Lancet 1986; ỉ: 680-1. 
s. Fentim an is, et a i  TamoxUen ỉor mastaỉgỉa. lcmcet 1986; i: 68Ỉ.
6. Gateley CA. Mansel RE. M anagement of the paỉnfuỉ and  nodular b reast 

Br Med Bulỉ 1991; 47: 284-94.
7. Anonymous. Cyclỉcal breast paỉn: w hat works and w hat doesn 't Drug 

Ther Buiỉ 1992; 30: 1-3.

C a r d i o v a s c u l a r  d i s o r d e r s .  Tamoxưen has been reported 
to have a  generally íavourable eổect on lipid proũles (see 
Eííects on Blood Lipids, under Adverse Eữects, p. 862.1) 
suggesting it may have carđiovascular benehts.1 A cohort 
study oí adjuvant tamoxiíen found tha t the drug reduced 
the inddence of myocardial iníarction,2 and a randomised 
study of the same therapy also showed a trend towards a 
decrease in mortality hom  coronary heart disease.3 How- 
ever, in a much larger breast cancer prevention study, 
tamoxUen did not reduce the risk of, and mortality hom, 
ischaemic heart disease, neither of which dihered between 
placebo and tamoxiíen redpients.4,5 This lack of diHerence 
was independent of pre-existing cardiovascular disease.5 A 
review6 noted that while the available data suggested an 
overall beneĐt, moắt ol them  came hom  studies in  vvomen 
at low absolute risk of myocardial iníarction; studies in 
men at high absolute risk would be needed to determine 
vvhether tamoxiíen and related drugs werẹ suitable as car- 
dioprotectants.

1. Pritchard Kỉ. Abramson BL. Cardiovascular heaỉth  and aromatase 
inhibitors. Drugs 2006; 66: 1727-40.

2. McDonald cc. tí a i  Scottỉsh Cancer Trỉaỉs Breast Group. Cardiac and 
vascuỉar morbidỉty hì wom én receỉvỉng adjuvant tamoxỉỉen for breast 
cancer in a randomỉsed triaL BMJ 1995; 311: 977-80.

3. Costantino JP, t í  ai. Coronary heart disease mortaỉỉty and adịuvant 
tamoxỉíen therapy. J Natị Canar Inst 1997; 89: 776-82.

4. Fisher B. tí  ai. Tamoxiỉen ĩor prevention of breast cancer report of the 
National Surgicaỉ Adjuvant Breast and Boweỉ Project p - l study. J  Nati 
Cancerlnst 1998; 90: 1371-88.

5. Reỉs SE, tí  al. Cardỉovascular eỉỉects of tam oxhen in women wúh and 
wỉthout heart disease: breast cancer prevention trial. ĩ  Natl Cancer ỉrtst 
2001;93:16-21 .

6. Grainger DJ, Schỡỉỉeỉd PM. Tamoxỉỉen ỉor th e  preventỉon of myocardỉal 
íníarction in humans: predinical and early dỉnicaỉ evỉdence. Qrmỉatìon 
2005; 112: 3018-24.

D i s o r d e r s  r e l a t e d  t o  t h e  m e n s t r u a l  c y d e .  Apart hom cyc- 
lic mastalgia (see above) tạmoxifen has been used in cases 
in which disorders were linked to the hormonal changes 
of the menstrual cyde, induding menorrhagia due to 
myometrial hypertrophy,1 an  auto-immune dermatitis due 
to post-ovulatory rises in  serum progesterone13 (see 
Eííects on the Skin under Progesterone, p. 2301.3), and 
premenstrual migraine.4 However, tamoxiíen was thought 
to be a cause oỉ recurrent migraines in another patient, 
because oi its action at oestrogen receptors.5 TamoxUen 
has also been tried in primary dysmenorrhoea.4

1. Praser IS. Mcnorrhagia duc to myometrial hypertrophy. ueatm ent vvith 
tamoxiícn. Obsíet Oynecol 1987: 70: 505-6.

2. Wojnarawska F. «  al. ProgMterone-induced ery thenu  multưoxme. J  R 
Soc Med 1985; 78: 407-8.

3. Siephens CJM, et BÌ. Am oimmune progestcrone dcrmatỉiis rcsponđing 
to Tamoxiĩcn. Br J Dermaíol 1989; 121: 135-7.

4. 0 'D ea JPK. Davis EH. Tam onỉen in the treatm ent of mermrual 
migraine. Neurology 1990; 40: 1470-1.

5. M athew p, Fung F. Recapitulaõon of menstruaỉ migraine vvith 
tamoxiỉen. Lancet 1999; 353: 467-8.

6. Pierxymki p. tí af. Effect of short-term, low-dose treatmem with 
tamoxiíen ỉn patients vvith prỉmary dysmenorrhea. Gyneeoỉ Endoainaỉ 
2006; 22: 698-703.

ln f e r t i i i ty .  Tamoxifcn is repotted to bé as eHectìve as do- 
miíene in the ưeatm ent of anovulatory iníertility 
(p. 2253.1) in vvomen,1'3 and may be useỉul in vvomen in 
vvhom abnormal cervical mucus acts as a barrier to sper- 
matozoa.4 In iníertile men, however, results are reportedly 
contradictory, vvith some studies reporting inarease in 
sperm density and improved pregnancy rates while others 
ỉailed to find any eííect.3 The additíon of testosterone may 
improve outcomes, hovvever, and a later study of men 
with idiopathic oligoĩoospermia reported tha t tamoxUen 
with testosterone improved sperm variables and 
pregnancy rates compared wlth a placebo group (there 
was no comparison with tamoxiíen alone).4

1. Messinis tE. Nỉỉlỉus SJ. Comparỉson betw een tamoxưen and dom ỉphene 
for inductỉon of ovulatìon. Aứa Obsttí Gynecoỉ Samd 1982; 61: 377-9.

2. Boostanlar R, t í  ai. A prospectỉve randomỉzed triaỉ comparỉng 
dom ỉphene d  tra te w ith tam oxưen d tra te  ío r ovulation índuction. Fertìl 
steril 2001; 75: 1024-6.

3. Steiner AZ. tí  al. Comparỉson oỉ tamoxỉỉen and dom ỉphene d trate  íor 
ovuỉaúon induaion: a meta-analysis. Hum Reprod 2005; 20: 1511-15.

4. Ànnapum a V. t í  al. E fíea of ỉwo antì-estrogens, dom ỉphene d trate  and 
tamoxỉỉen, on cervical mucus and sperm-cervical m ucus interactỉon. Int 
J  Fertil 1997; 42: 215-18.

5. Hovvards ss. Treatment o í male ỉnỉertility. N  Engl J  Med 1995; 312-17.
6. Adamopoulos DA. tí  ai. Eữectỉveness of combừied tamoxỉíen d trate and 

testosterone undecanoate treatm ent ìn m en w ỉth ỉdỉopathỉc olỉgoxoos- 
permỉa. Fertìỉ Steriĩ 2003; 80: 914-20.

M a l ỉ g n a n t  n e o p l a s m s .  For reíerence to the use of tam- 
oxưèn in malignant neoplasms of breast, ovary, and in 
cutaneous melanoma, see p. 702.1, p. 711.2, and p. 714.3. 
The most common use of tamoxưen is for the endọcrine 
therapy of oestrogen-receptor positlve early or advanced 
breast cancer, vvhere there seems to be a dear beneht. 
How long such therapy should be continued remains 
uncertain although contmuing therapy beyond 5 years 
may not increase the overaU beneht. Hovvever, extending 
therapy by following 5 years of tamoxiíen therapy w ith 
several yean of an aromatase inhibitor su ch as leưozole 
(see, p. 817.2) does seem to provide additional beneíit.

Extension of tamoxiỉen use to the attempted prophylaxis 
of breast cancer has proved conưoversial (see p. 703.2). 
Nonetheless, evidence that tamoxìỉen can reduce short- 
tenn incidence of breast can.cer in some women at increaséd 
risk has been seen, and tamoxUen has been approved for 
such use in the USA.

O s t e o p o r o s i ỉ .  Tamoxiíen has been reported to have 
íavourable eííects on bone mass,1'3 and current use has 
been assodated with a substantial reduction in osteoporo- 
tic haaures.4 Hovvever, any general role in the preventíon 
of osteoporosis (p. 1168.1) seems unlikely given concems 
about the cardnogenicity ol tamoxưen. The ehects are 
reported to be comparable in magnitude to those of cal- 
dum  supplementation, and less than those of oesưogens 
(see also p. 2246.1) or bisphosphonates. It has been sug- 
gested that such an effect on bone would provide an addi- 
tional beneBt in women receiving tamoxiíen for the 
prophylaxis of breast cancer,5 although others dispute the 
beneEts.4

1. Love RR, íf a i  Ettects o ỉ tamoxiỉen on bone mỉneral density in 
postmenopausal wom en vvỉth breast cancer. N  Engl J  Med 1992; 326: 
852-6.

2. Love RR, t í  ai. E S ea  oỉ tam oxiỉen o a  lum bar spỉne bone mỉneral densỉty 
in posunenopausal vvomen after 5 years. Arch ỉntem Med 1994; 154: 
2585-8.

3. Grey AB, tí  a i  The e ỉíea  of the antíestrogen tamoxỉíen on bone mỉneral 
density in normal late postmenopausal women. Am JMed 1995; 9 9 :636-
41.

4. Cooke AL. tí  ai. Tamoxiỉen Uỉe and osteoporotic ừacture risk; a 
popuỉation>based anaỉysỉs. J  ơirt Oncol 2008; 26: 5227-32.

ỉ .  Povvles TJ. The case íor dỉnỉcal trlals of tamoxiíen ỉo r preventíon of 
breast cancer. Lanetí 1992; 340: 1145-7.

6. Fugh-Berman A, Epstein s. Tamoxiíen: disease prevendon or dỉsease 
substituũon? Lanctí 1992; 340: 1143-5.

P r e c o c i o u ỉ  p u b e r t y .  TamoxUen has been reported to be 
beneỉidal in the treatment of precodous puberty 
(p. 2254.1).

R e h o p e r i t o n e d  R b r o s i s .  Tamoxhen may be a viable ther- 
apeutic option in the treatment of adults vvith reưoperito- 

.neal ỉibrosis (p. 1612.1).1-3 Tamoxiíen was successtul in 
ưeating a prepubertal child vvith disease that was unre- 
sponsive to high-dose corticosteroids.4

1. Moroni G. a a l. Long-tcrai outcome of idlopathỉcretroperitoneal íibrosiỉ 
treated with surgical and/or medical approaches. Nephrol Dial Transplant 
2006;21:2485-90.

2. van Bommel EFH, tí  aỉ. Brieí communicatlon: tamoxìíen therapy for 
nonmalỉgnant reưoperitoneaỉ Abrosis. Ann Irttem Med 2006; 144: ỈO Ỉ-6.

3. Costanzi s, tí ai. A paraneoplastỉc retroperỉtoneal Hbrosỉs resistant to 
cortỉcosteroids treated w ith tamoxiíen. CVut Nephrol 2008; 70: 172-5.

4. Dedeoglu F, tí aỉ. Successĩul treatm ent oí retroperitoneal Qbroãs w ỉth 
lamoxiíen in a child. J Rheumatol 2001; 28: 1693-5.

A d v e r s e  E t t e c t s

The most írequent adverse elíects of tamoxilen are hot 
Đushes. Other adverse eííects indude fluid retention, 
nausea, gastrointestinal intolerance, vaginal bleeding or 
discharge, prurítus vulvae, rashes, dry skin, and alopeda. 
There have also been reports of dizziness, headache, 
depression, conhision. íatigue, and musde cramps. There 
may be an  increased tendency to tliromboembolism, and 
pulmonary embolism has occurred. Tumour pain and ũare 
may be a sign of response, but hypercalcaemia, sometìmes 
severe, has developed ỉn patients with bony metastases. 
Transient thrombocytopenia and leucopenia have been 
reported. Blurred Vision and loss oí visual acuity, comeal 
opadties, retinopathies, and cataracts have occurred rarely. 
Tamoxiỉen has been assodated with inaeased  liver 
enzymes, and rarely w ith cholestasis and hepatitis. 
Hypertriglyceridaemia has occurred. Uterine Bbroids and 
endometríaỉ changes induding hypetplasia and polyps may 
occur, and an increased inddence óf endomẽtrial carđ- 
noma, and rarẹly uterine sarcoma, has been repotted. 
Suppression of menstraation may occur in premenopausal 
women and cystìc ovarian svvellings have occasionally 
occurred. Very rare cases of interstitial pneumonitis have 
been reported.

CarcinogenicHy. Tamoxiíen has a stimulant eữ ea  on the 
endometrium (probably by acting as a partial oestrogen 
agonist) and its use has been assodated vvith the develop- 
ment of endometrial polyps1-2 and endometriosis,3 and an 
increased risk of endometrial cancer.44 The risk, which 
inCTeases with duration of therapy, is generally agreed to 
be modest, and the dinical beneũt in women with breast 
cancer ourvveighs any increased risk of endometrial neo- 
plasm.7’10 Women taking tamoxhen to prẽvent breast can- 
cer have been estimated to have a 2.53-íold greater risk of 
developíng endometrial cardnoma than unữeated 
vvomen." The risk may increase with more prolonged use 
and a case-conơol study has reported that long-term (over 
2 years) users may have a worse prognosis u  endometrial 
cancer develops, due to less lavourable historỵ and stage.12 
Another case-control study showed that the relatíve risk 
of endometrial cancer increased with duratíon of tam- 
oxiíen tteatment, up to at least 10 years. Risk was not 
assodated with the daily dose of tamoxưen, and was com- 
parable in pre- and postmenopausal women.13

It has been recommended that women with breast 
cancer taking tamoxiíen shouỉd have annuảl gynaecologicaỉ 
examinations, and any unusual symptoms, induding 
abnormal bleeding or spotting should be investigated 
promptly.14 Women taking tamoxiỉen for prophylaxis oí 
breast cancer should be monitored carehilly íor endoinetrlal 
hyperplasia. If atypical hyperplaáa develops, tamoxUen 
should be stopped while the conđition is tteated and a 
hysterectomy should be considered beíore tamoxiỉen is re- 
staned.14 However, up to 39% of postmenopausal women 
taking tamoxUen show endometrial changes and as these 
seldom progress to cancer, the value of routine endometrial 
biopsies has been questioned.8'’-14-15 Transvaginal ulưa- 
sonography has been used as a noninvasive method of 
endometrial screening, but has a high rate of false-positìve 
results.14 It has been suggested that colour doppler 
ultrasonography, vvhich distinguishes vascularìsed lesions 
such as polyps and cardnomas hom avascular aữophic 
lesions, may be a useful altemative.17 There Is some 
evidence that a levonorgestrêl-réleasing inưa-uterine 
device can protect against benign èndometrial polyps 
induced by tamoxiíen.15

Although rare, there is an increase in the risk of uterine 
sarcoma in women recciving tamoxUen. Between 1978, 
when tamoxhen was first marketed in the USA, and April 
2001, the EDA vvas aware of 43 cases in vvomen who had 
been receiving tamoxUen; there had also been reports in 
116 women in other countries.”  Although less than the 
expected rate in this popuỉation, this was considered to be 
due to underreporting. An evaluation of data from 39451 
breast cancer paúents initially treated with tamoxUen íound 
that the overãll risk of uterine cotpus cancer was more than 
doubled vvith the use of tamoxUen; the risk of rarc but 
aggressỉve ỉorms of uterine tumours, notably malignant 
mixed mullerìan tumours, was increased more than 
{ouríold.20

Tamoxiíen has been shovvn to form DNA adducts in rat 
livers, and there has been speculatìon that it may cause liver 
cancer in humans. Hovvever, there is considerable 
interspedes variation in the metabolism of tampxữen and 
several large-scale cllnical studies did not And an increase in 
liver cardnogeniđty in hum ans.10 No substantial increase in 
liver or colorectal cancer has been seen ỉn tamoxiíen-treated 
patients,21 and there is little evidence of any increased risk 
ĩor oesophageal cancer.21-22 Stomach cancer was the most 
ừequently seen secondary cancer in a Japanese cohort 
study,21 and a Svvedish cohon study conduded that women 
with breast cancer were at increased risk of gastric 
adenocardnoma, and that tamoxiíen therapy might play a 
role.22 Results from a case-conưol study in the UK suggested 
that tamoxiíen treatment did not increase the risk of ovarian 
cancer (although non-hormonal chemotherapy might).23

Although in ơeated vvomen with breast cancer adjuvant 
tamoxiíen reduces the risk of developing a second primary 
malignancy in the contralateral breast, a case-control study 
has suggested that 5 or more years of tamoxiíen treatment 
increases the risk, should such a malignancy develop, that it 
will be oestrogen-receptor negative, and hence harder to 
ưeat.24
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22. Chandanos E. et a i  Tamoxiĩen exposure and risk of oesophageat and 
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cancer patients in Sweden. Br J  Caneer 2006; 95: 118-22.

23. Swenflow AJ. Jones ME. Ovarian cancer risk in premenopausal and 
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E t t e d s  o n  t h e  b l o o d .  Pancytopenia deveỉopeđ shortỉy aỉter 
begmning tamoxưen therapy in an elderly w om aa and 
persisted for somc years;1 ứie patíent eventually developed 
very severe leucopenia and dicd of iníectìon. Thrombocy- 
topenia has also been reported.2

1. M ỉké V. t í  aỉ. Patal neutropenia assocỉated with long-term um oxiíen 
therapy. Ltotat 1994; 344: 541-2.

2. Naslrogỉu N, tí  aỉ. Tamoxiỉen induced-thrombocyiopenia: it does occur. 
Mcd Oncol 2007; 24: 453-4.

E f f e c ts  o n  b l o o d  l i p id s .  Tamoxiíen has been reported to 
have a generally íavourable eữect on serum lipid proBles.1 
Patients w ith breast cancer and subsequent chemother- 
apy-induced ovarian fai]ure developed marked increases 
in total cholesterol and lovv-density lipoprotein levels; 
adjuvant tamoxiỉen was íound to  decrease these serum 
lipid concentrations to belovv baseline concemrations. No 
signiBcant changes in  high-density lipoprotein or serum 
triglyceride concentrations were seen.2 Hovvever, some 
cascs of increased serum triglycerides. mainly in vvomen 
with pre-existing hypertriglyceridaemia, have been 
reported.3'5 Pancreatitís has also resulted.5 It has been sug- 
gested tha t tamoxden should be used with caution in 
patients w ith hypertriglyceridaemĩa.3'4

1. to v e  RR, t í  ai. Eữects of tamoxỉĩen on cardiovầỉcular risk íactors ỉn 
postm enopausaỉ women. A m  btlrm  Med 1991; 115: 860-4.

2. VehĩĩUDCD L. t í  ai. Tamoxỉlen trcatm ent reverses the adverse eEects o( 
chem otherapy-induced ovarian ỉaỉlure on serum lỉpids. B rJ Carun 2004; 
91 :476-81 .

3. Kanel KT. t í  ai. Delayed severe hypeitriglyceridaemia hom  tamoxỉíen. N  
E nỹU M ed  1997; 337: 281.

4. Coỉls BM, George PM. Severe hypenriglycẹridaemỉa and hyper- 
diolesterolaem ia assodated wỉth um oxưen use. ơ in  Oncoỉ 1996; 10; 
270-1.

5. Sakhri J, et ai. Severe acutc pancreacỉds due to tamoxi/en-inđuccd 
hypenrigỉyceridem u w ỉth posỉtỉve rechalỉenge. JOF 2010; 11: 382-4.

Ẹ f f e c b  o n  b o n e s  a n d  Ị o ỉn t s .  Arthialgia has been reported 
as an  adverse eỉỉect oĩ generíc tamoxỉíen therapy; how- 
ever, a crossover study1 involving 121 postmẽnopausal 
vvomen who developed new  onset arthralgia duríng tam- 
oxiíen treatm ent ỉor breast cancer íound that arthialgia 
resolved in  114 when generic tamoxiỉen was swapped for 
another brand .(Nolvadex; AítraZentca, UK). Arthralgia 
recmred. w hen the patients resumed taking a generic. It 
was suggested that possibly the generic tablets induded an 
exdpient responãble íor symptoms, O I Nolvadex con- 
tained an  exđpient with a protective eííect.

1. Bỉencowe NS, t í  ai. The use of Noỉvadex ỉn the treatm ent of generic 
Tam oxỉỉen-assodated smalỉ jo ỉn t arthralgỉa. Brtast 2010; 19: 243-5.

E í f e c h  o n  t h e  c a r d i o v a s c u l a r  System. ISCHAEMIC HEAKT Dts- EASE. For discussion oí w hether the eHects of tamoxưen on 
lipid prohles can alter the inddence of ischaemic heart dis- 
ease, see Cardỉovascular Disorders under Uses and Admin- 
istration, p. 861.1.
SĨROKE An excess risk of sưoke vvas seen in tamoxiíen 
compared w ith placebo ređpients (5 cases versus 1) in a 
study of adjuvant tamoxưen.1 A statistícalỉy 
non-significant increase in  stroke was also se en in a study 
on the use of tamoxiỉen for breast cancer prevention (0.5 
excess cases p er 1000 women per year).J A meta-analysis3 
of 9 studies for prevention or ưeâtm ent of breast cancer, 
involved da ta from 39 601 vvomen, of whom 19 954 
received tamoxiíen. It conduded that use of tamoxiỉen

increased the risk of ischaemic stroke by 82%, and the 
risk o í any stroke by 29%; however, the absolutẹ increase 
in risk was small.

ỉn  contrast, a case-conưol study oỉ 11045 women vvìth 
breast cancer, íound that tamoxưen use was not assodated 
w lth an increased risk of first stroke.4

A thne-dependent effect of adjuvant tamoxưen has been 
seen, with sỉgniBcantly increased morbidity and mortality 
írom cerebrovascular disease, induding sttoke, duiỉng the 
actỉve treatment period; risk vvas signỉĐcantly decreased 
aiter treatm ent wãs stopped.5

1. ' Dỉgnam JJ, Físher B. Occurrence of stroke wỉth tamoxỉĩen ỉn NSABP B-
24Ĩ 2000; 355: 848-9.

2. Flsher B, t í  aL Tamoxưen ỉor preventỉon o í breast cancen report o ỉ the 
Natỉonaỉ Surgical Adjuvam Breast and Bowel P ro jea P*1 study. J  Natí 
CanctTĨnữ 1998; 90: 1371-88.

3. BushneĐ CD. Goldstrin LB. Risk of ischemic sưoke with tamoxỉĩen 
treatm entforbreast cancer.a meta-anaỉysỉs. Niuroỉogy 2004; 63:1230-3.

4. Geỉger AM. t í  ai. Stroke risk and um oxiỉen therapy íor b rean  cancer. J  
NatlCanar ĩm t 2004; 96: 1528-36.

5. Roseỉl J. t í  ai. Time dependent eííecis of adjuvant tamoxUen therapy on 
cerebrovascuỉar disease: results ỉrom a randomised triaỉ. Br J  Caneer 
2011; 104: 899-902.

THR0M80ẼMB0USM. A carse control study,' involving 25 
cases of deep-vein thrombosis or pulmonary embolism 
among more than 10 000 vvomen with breast cancer, sug- 
gested that current use of tamoxiíen was assodated vvith 
an estimated relative risk of developing idiopathic venous 
thromboembolism of 7.1 (95% conBdence interval 1.5 to 
33). Past use of tamoxưen was not assodated with a mate- 
rially increaseđ risk. In a randomised placcbo-controlled 
ỉtudy, there was an increase ỉn pulmonary emboli in 
svomen receiving tamoxiíen (or cancer prevention (excess 
of 0.46 cases per 1000 women per year).1 The íatality rate 
írom pulmonaty emboli in tamoxiíen redpients was about 
17%. In this study, there was also a trend tovvards more 
deep-vein thrombosis in tamoxUen redpients. In another 
controlled study3 of breast cancer prevention, tamoxiíen 
approximately doubled the rísk of developing a major 
thromboembolic event su ch as puLmonary embolism, 
deep-vein thrombosis, or retinal thrombosis. Cerebral 
sinus thrombosis has also been reported.4 An analysis3 of 4 
tamoxUen prevention studies also tound that venous 
thromboemboBc events were tncreased in aU studies, with 
a relative risk of 1.9 ỉor those taking tamoxiíen compared 
with placebo. However, another randomised study4 íound 
only a borderline signiBcantly higher risk of developing 
venous thromboembolic events in those vvomen allocated 
to tamoxỉíen; most of these events were superBdal throm- 
bophlebitis. Furthennore, women already at risk for ather- 
osderosis had a higher risk of venous thromboembolism. 
While the autbors could not exdude a selection bias for 
healthier subjects in the study, tbey comntented that the 
prothrombotic effea of tamoxben may depend on the 
patient‘s existing endocrine status, and may be attenuated 
in those women taking HRT, espedally when it is used 
transdennally.

1. M eier CR. Jick u .  Tamoxiỉen and  risk of ìdiopathỉC venous 
thromboemboliỉm . Br J  Cỉin Pharmaai ỉ  996; 45: 608-12.

2. Fỉsher B, tí a i  Tamoxưen for prevention oỉ breast cancer report o í the 
Nadonal Surgica! Adjuvant Breast and Bowel P rp jca  P-l study. J  Naứ 
Cancerlnst 1998; 90: 1371-88.

3. Duggan c  t í  al. Inhcrited and acquired risk ĩa o o n  íor venous 
thrombocmbolic dỉsease among women takỉng tamoxỉỉen to prevent 
breast cancer. ỉ  ơ in  Oncoĩ 2003; 21: 3588-93.

4. M asjuan J. tí al. Tamoxưen: a DCW risk lactor íor cerebral sinus 
thrombosis. Neuroiogy 2004; 62: 334-5.

5. Cuzick J, t í  ai. Overvỉew oí the main outcomes in brcast-cancer 
preventiOĐ trUJs. Lđrưrt 2003; 361: 296-300.

6. Decensỉ A. tí  al. Eỉíect of tamoxỉíen on venous thromboemboỉỉc events 
in a breast cancer preventỉon trial. CiĩTuỉatùm 2005; 1X1: 650-6.

E f f e c ts  o n  t h e  e y e s .  TamoxUen has been reported to  be 
assodated with decreased visual acuity, coraeal opadties 
and cataract, and retinopathy. The latter is sometìmes Pro
gressive altbough in most cases it has shown improvement 
once the drug was stopped.1 A prospective study in  63 
patients taking tamoxUen 20 mg daỉly íound evidence of 
decreased visual acuity, macular oedema, and retinal opa- 
dties in 4, occurring after 10 to 35 montbs oỉ therapy.2 A 
small excess risk of developing cataracts (3.1 extra per 
year per 1000 women) and of requiring cataract surgery 
(1.7 per year per 1000 vvomen) was íound bi women tak- 
ing tamoxben ỉor up to 5 years to reduce the risk of breast 
cancer.3 Studies in vitro have suggested that cataract ỉor- 
mation may be due to inhibition of chlotide cbannels in 
the lens by tamoxưen or its hydroxy metabolite.4 Retíno- 
pathy aỉter high-dose tamoxUen treatm ent may be asso- 
dated with crystalbne deposition of the drug in the reti- 
na.3

1. M ihm  LM. B anon T L  Tamoxrien-ỉnduced ocular toxidry. A m  
Pharmaatíur 1994; 28: 740-2.

2. Pavỉidỉs NA, t í  ai. ơ e a r  evỉdence thai ỉong-tenn, ]ơw-dose tamoxiíen 
treatm ent can ỉnduce ocular toxỉdty. Caneer 1992; 69: 2961-4.

3. H sher B. tí aì. Tamoxỉỉen for prevenrỉon of breast cancen report of the 
Nadonaỉ Surgical Adjuvant Breast and Bowel PrọịeCT P-l study. J  Natí 
ũ m a r ln s t  1998; 90: 1371-88.

4. Zhang JJ, t í  aL TamoxƯen blodes chỉoride channels: a possỉble 
mechanism íor cataract íormaũon. J  ơ in  Ịnvest 1994; 94 :1690-7 .

5. Bourla DH. tí  aĩ. Peripheral rerinopathy and maculopathy in high-dose 
tamoxỉỉen therapy. Am J  Ophthaìmot 2007; 144: 126-8.

E f f e c ts  o n  t h e  g e n H o - u r i n a r y  S y s t e m .  Persistent noctum a 1 
priapism was reported in  a m an receiving tamoxiíei i 
20 mg dảily.1 Symptoms abated within 24 hours of wdth ■ 
dravving the drug. Impotence has been reported in  m en 
receiving tamoxiíen, and has been attributed tò  a Paradox ■ 
ical oestrogenic eííecL2

1. Pem anđo IN, Tobỉas iS . Priapỉsm in patíen t on ỉamoxỉfen. lan c tí  ỉ  969; ĩ : 
436.

2. CoHỉnson MP, t í  al. Two case reports o í tam oxưen as  a cause c f 
ỉmpotence ỉn  m aỉe subjects wỉth cardnom a of the breast. Breast ỉ  993; 2 :

. 48-9.

E f f e d s  o n  t h e  l ìv e r .  Cholestasis and increased liver enzymt 
values have been reported on use oí tamoxiíen in a 75 
year-old patient.1 Enzyme activity rose again on rechal 
lenge with tamoxưen. Fatal hepatocellular necrosis anc 
agranulocytosis, possibly exacetbated by continuing tc 
take the drug once jaundice developed, has also beer 
reported;2 the authors noted that 4  cases of hepatic ía ilun 
(3 fatal) and 5 cases of hepatitis (1 ỉatal) had beei 
reported to the UK CSM. Patients takìng tam oxiíen maỊ 
also develop steatohepatitis,3’7 which must be distin 
guished bom  alcohol-induced liver disease. Steatohepatiti 
is reversible on withdrawal of tamoxiíen.3-5-6 A study ir 
healthy women who had had hysterectomies íound thí 
rísk oí steatohepatitis to be particularly high am ong obest 
vvomen. moderately high among overvveigbt vvomen, anc 
similar to tha t w ith placebo in vvomen of norm al weight. 
BezaBbrate has been tried to prevent progression oỉ steato 
hepatitis and permit continued use of tamoxiỉen.9

For a repon of peliosis hepatís and liver haemorrhage in í 
patient receiving tamoxiíen and vvaríarin, see Anticoa 
gulants, under Interactions, p. 863.2.

For reterence to studies in animals suggesting tha 
tamoxiten has the potential to cause liver cancer, set 
Carcinogenicity, p. 861.3.

1. Bladcbum AM. t t  al. T.m oxiỉen and livcr damage. BMJ 1984: 2S9: 288
2. Chlng CK. It aì. Tamoxiỉen-assoáaicd hepatocellular dam age am 

agranulocyiosis. Lanat 1992: 339: 940.
3. Pratl DS, t í  al. Tamoxìĩen-induced steatohepadtìs. A m  Intem  Med 1995 

123: 236.
4. Van Hooỉ M, tí  al. Tamoxưen-ỉnduced steaiohepatỉds. Ả m  Iníent M ti ' 

1996; 124: 855-6.
5. Ogawa Y, tí  <f/. Tamoxifcn-induccd ỉatcy lỉver ỉn patỉen ts w ỉth breas 

cancer. Lanctí 1998; 351: 725.
6. Oien KA. t í  al. Cirrhosis w ith slcatohcpatitis alter ad juvant u m o x ìlen  

Larưtí 1999; 353: 36-7.
7. Osman KA. t í  aì. Tamoxưen-ìnduced non-alcoholỉc steaiohepatítỉs 

whcrc are we now  and w here are wc goỉng? Exprrt Opin Drug SaỊtr 
2007; 6: 1-4.

8. B runo s, tí al. In tidence  and rislc ỉa a o rs  lo r  non -a lcobo li 
steatohqiaiỉcỉs: prospective study of 5408 women enrolỉed ỉn Itaỉiai 
tam oũ íen  chnnaprcvcniion  uial. BMJ 2005; 330: 932-5.

9. Saibara T. t í  , / .  B oaũbratc  lor lam oúlcn-induced  non-alcoholí 
sieatohepatỉtís. Lanctí 1999; 353: 1802.

E f f e d s  OỈ1 t h e  o v a r i e s .  Ovarian cysts are relatively com 
mon as an adverse ettect in women receivũig adjuvan 
tamoxilen: a srudy1 in 95 such women reported the devel 
opment of ovarian cysts in 6 of 16 (37.5%) vvho vvere pre 
menopausal and Ũ1 5 of 79 postmenopausal womer 
(6.3%). In 2 of the premenopausal women the  cysts vvert 
complex. Two vvomen undervvent laparotomy for persis 
tent cysts tha t were ỉound to be benign, and  1 íor leio 
myoma; the cysts in the other 8 women resolved afte: 
vvithdravval oỉ tamoxiỉen. A study oí 142 breast cance: 
patients receiving tamoxUen íound ovarìan cysts in  
patients aíter ơeatm ent. Cyst development was ĩnore com 
m on in pre-menopausal vvomen, patients w ith  high oes 
ưogen levels, and patients who did not receive high-dos< 
chemotherapy.1 There is little evidence th a t tamoxifer 
increases the risk of ovarian cancer (see Carcinogenicity 
p. 861.3).

1. Sbushan A. t í  aỉ. Ovarian cysts in premenopausal and  postm enopausa 
um oxiícn-ữcated  wom en with brêast cancèr. Am J  Obxttí Gynecoi 1996 
174: 141-4.

2. M ourits MJE. t í  ai. Ovarian cysts in w om en receiving tam oxiỉen fo 
breast cancer. B r J  Cancer 1999; 79: 1761-64.

E f f e c ts  o n  t h e  s l d n  a n d  h a i r .  Vasculitis has been  reportec 
in patients given tamoxUen.1-2 Withdrawal o í the đruí 
resulted in complete clearance of the lesions;1-2 in  on< 
case, on re-inơoduction, purpura developed again withir 
a few days.1 The results suggest tha t tamoxUen can pro 
duce immune-mediateđ vascular damage.

In another report a patient w ith white h aữ  developec 
darkening and repigmentation of the baữ  after about 2Ví 
years of tamoxiỉen therapy.3 Alopecìa has also beer 
reported m  vvomen given tam oxilea4'5 and in older pa tien t 
the íollicle m ay not recover.4

1. Drago P, t í  ai. Tamo3dỉeo and  puipuric vasculitìs. A m  ỉn tem  Med 1990 
112:965-6.

2. Bapdsta MZ, et a i  Tamoxiĩen-reìated vascuiitis. J  Clin Oncol 2006; 24 
3504-5.

3. Hampson JP. t í  aỉ. Taraoxiíen-induced haỉr colour change. Br J  Dermato 
1995;132:483-4 .

4. Gateley CA, Bundred NJ. Alopeda and breast dỉsease. BMJ 1997; 314 
481.

5. Ayoub J-PM, tí  ai. Tamoxiíen-induced íem ale androgeneric alopeda in • 
patỉent vvith breast cancer. Ann Ihicm Mtd 1997; 126: 745 -6 .
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P r e c a u t ì o n s

AU patients being considered for treatment with tamoxiíen 
should be assessed íor any increased risk of thromboembo- 
lism. Tamoxiỉen should not be used íor ơeatment of 
iníertìUty or the prophylaxis of breast cancer in vvomen with 
a history of thromboemboUc events. When used to treat 
breast cancer in such vvomen, the risks and beneSts shouỉd 
be considered; in some patíents, espeđaUý those given 
cytotoxic drugs, prophylactic anticoagulation may be 
justified. Care is also needed during or immediately after 
major surgery or prolonged immobility; aU panents should 
be gi ven prophylaxis against thrombosis. In padents being 
treated for iníertility, tamoxUen should be stopped at least 6 
vveeks beíore surgery or long-term immobility and only 
restarted w hen the patìent is ỉuỊly mobile. Patients should 
be made avvare of the symptoms òf thromboembolism and 
advised to report sudden breathlessness or any pain in the 
calf of one leg. Tam oxiíen should be withdrawn 
immediately in  any patient developing thromboembolism 
and appropriate tteatm ent given. Treatment shouỉd not 
usually be restarted for iníertility therapy but resumption of 
tamoxilen with prophylacdc antícoagulation may be 
justified in selected patients w ith breast cancer.

VVomen ưeated w ith tamọxiỉen should have routine 
gynaecologicai monitoring, ạnd any abnormal symptoms 
such as menstrual irregularities, abnotmal vaginal bleeding 
or discharge, or pelvic pain should be investigated (see also 
under Cardnogeniđty, p. 86Ì--3). Periodic complete blood 
counts and Uvẽr hmction tests have been suggested.

A b u s e .  Although the supervised use of tamoxiíen ÍOT the 
ưeatm ent of gynaecomastia resulting bom  the abuse of 
anabolic steroids has been reported1 it also appears to be 
vvidely used vvithout medical supervision.' TamoxUen can 
be used to ưeat idiopathic gynaecomastia and gynaeco- 
mastia resulting as an adverse eííect of nonsteroidal 
antí-anđrogens used to ưeat prostate cancer (see under 
Breast Disorders, Non-malignant, p. 860.3).

1. de Luis DA. t t  al. A naboliun tes esteroldeos y gmecomasria: revisión de 
ỉa lỉteiatura. An Med bư tm a  2001; 1S: 489-91.

B r e a s t  f e e d i n g .  Tamoxiỉen was shovrn to inhibit lactation 
in 60 puerperal vvomen.1 Licensed product iníonnation 
recommends that ỉt shouid not be given to Iactaúng 
women as it is unknovvn if tamoxiíen appears in breast 
milk.

1. Masala A. et al. Inhibítion of lactation and inhibition of prolactỉn release 
aỉte r mechanỉcaỉ breasc stimulation in puerperaỉ woraen givcn 
tam oxưen or pỉacebo. Br J  Obstet Gynatcol 1978; 55: 134-7.

P o r p h y r i a .  The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Poiphyria Centte (NAPOS) and 
the Porphyria Cenưe Svveden, classiEes tamoxỉỉen as prob- 
ably porphyrinogenic; it should be prescribed only for 
compelling reasons and precautions should be considered 
in aU patients.1

I. The Drug Database for Acute Porphyria. Available at: hitp://www. 
drugs-porphyria.org (accessed 05/09/11)

P r e g n a n c y .  Tamoxiíen is contra-indicated in pregnancy. 
Ambiguous genitalia have been reported in an iníant 
exposed to tamoxiíen in utĩTO, although no causal link was 
íound.1 Another iníant vvas bom  with Goldenhar's 
syndrome (oculoauriculovertebral dysplasia) aíter expo- 
sure to tamoxỉỉen throughout a 26-week pregnancy.2 The 
mother had also taken cocaine and marijuana during the 
íirst 6 vveeks of pregnancy, and a bone scan using techne- 
tium (,,mTc) medronate had been períormed. The u s  
manuíacturer of tamoxiíen (Zeneca, USA) was avvare of 50 
pregnancies in patients taking tamoxilen, resulting in 19 
normal births, 8 terminations, 13 unknovvn outcomes and 
10 inlants with ỉetal or neonatal abnormalities.2

Tamoxiíen has also been used to stimulate ovulation in 
women vvith Iuteal phase dysíunction. In one study 
tamoxiĩen was gi ven to 40 women, resultíng in 14 
pregnaneies. Although 9 iníants were bom with no 
congenital abnormalities, there were 5 spontaneous 
abortions, which the authorc felt was unacceptably high.3 
Another study, using lovver doses of tamoxiíen (in some 
cases sequentially vvlth clomưene), reported 32 ptegnandes 
and only 3 spontaneous abortions in 65 treated patients.4

1. Tewan Ke €t al. Ambỉguous genltaỉia in infam exposcd to tamoxỉỉen ỉn 
utero. Lanat 1997; 350: 1837

2. Cuỉỉỉns SL, etai. G o ldenhart syndrome associated wỉth ttm oxiíen gỉven 
to the  m other during gesudon . JAMA 1994; 271:1905-8.

3. Ruiz-Velasco V, £t aĩ. Chemical inducers of ovuỉatíon: cornparadve 
results. b tí JFertìĩ 1979; 24; 61-84.

4. W u CH. Less mỉscarrỉage in pregnancy ỉòỉỉowỉng tamoxỉ&n treatm ent oỉ 
ỉnỉertỉỉe patỉents w ith luteal phase dysíunctỉon as compared to 
dom ỉpheõe trea tm en t Barìy Pregnancy 1997; 3: 301-5.

Radiotherapy. There are reports of radiation recaU, vvith 
erythema at the site of previous radiotherapy, in patients 
receiving tamoxiíen.1'3

1. Parry BR. Radiadon recaỉl ỉnduced by tamoxiíen. Lanat 1992; 340:49.
2. Exterm ann M, ct aL Radiadon.recaũ in  a patỉent with breast caneer 

ưeated  for tubercuỉosỉs. Eur J  ơ in  Pharmacoỉ 1995; 48:77-8.

3. Singer EA. et ai. Tamoxỉĩen-induced radUtion recall dennatỉtis. Breast J 
2004; l<fc 170-1.

I n t e r a đ i o n s

There is a risk of increased anticoagulant effect if tamoxiỉen 
is given with coumarin anticoagulants. Conversely, use 
vvith cytotoxic dmgs may increase the risk of thromboem- 
bolic events; prophylactic anúcoagxilation shouỉd be 
considered. In order to avoid bleeding during a possible 
thrombocytopenic episode, platelet aggregation inhibitors 
should not be used with tamoxiỉen. TamoxUen increases the 
dopaminergỉc eHect of bromocriptine; bromocriptinẹ 
increases serum concentrations of tamoxiỉen and its major 
metabolite IV-desmethyltamoxiíen (see Pharmacokinetics, 
below). Use with inhibitors of cytochrome P450 isoenzyme 
CYP2D6 has been shovvn to reduce plasma concentrations of 
endoxiíen, a tamoxUen metaboUte (see Pharmacokinetics, 
belovv); vvhile the rlinical relevance is undear, a reduced 
effect of tamoxUen cannot be exduded, and use with potent 
CYP2D6 ùihibitors should be. avoided u  posáble.

TamoxUen is metabolised by CYP3A4 and care is 
requứed when it is used with CYP3A4 inducers, as 
tamoxiỉen concentratíons may be reduced; plasma 
concentrations of tamoxUen may be increased by use vyith 
CYP3A4 inhibitors.

Preparations of sex hormones, espedaUy oesttogens, 
shouỉd not be used with tamoxiíen as a mutuaỉ decrease in 
eữect is possible. Medroxyprogesterone decreases concen- 
ơations of M-desmethyltamoxifen, but not of tamoxifen.

Tamoxiíen is metabolised by cytochrome P450 iso- 
enzymes, induding CYP2D6 (see Pharmacokinetìcs, belovv), 
and dmgs vvhich inhibit CYP2D6 can reduce metabolism 
and potentiaUy increase the risk of breast cancer recurrence. 
Recommendations regarding the use of these drugs with 
tamoxiỉen have been made:1

Potent inhibitors should be avoided; these indude the 
SSRIs paroxetine, Uuoxetine, bupropion, and duloxetine 
(see also Anndepressants, belovv), and other drugs such as 
perphenaãne, pimoride, thioridaãne, quinidine, ddopi- 
dine, terbinaUne, and dhacaỉcet.

Weak to moderate inhibitors should be used with 
caution, espedally in patìents considered to be CYP2D6 
intermediate metabolisers (see Genètic Factors, belovv). 
These indude the SSRIs sertraline, dtalopram, and 
íluvoxamine, the tricydic antidepressants doroỉpramine, 
doxepin, desipramine, imipramine, amitriptyline, and 
nortriptyline, as well as other drugs such as chlorpromazine, 
Uuphenaáne, haloperidol, amiodarone, amlodipine, íelodi- 
pine, nicardipine, niíedipine, verapamil, chloroquine, 
haloíantrine, ritonavir, dmetídlne, demastine, diphenyl- 
pyraline, hydroxyzine, promethazme, tripelennamine, and 
celecoxib.

1. Slđcras K.eta l. Coprcscriptíon ol tamoxUen and medicarions that inhibil 
CYP2D6. J  d ú t Oncoĩ 2010; 23: 2768-76. CotTection. ibúL: 3545.

A l lo p u r in o l .  For reíerence to exacerbation of hepatotoxi- 
d ty  vvhen tamoxUen was given vvith aUopurinol, see 
p, 603.1.

'A n t i b a d e r í a l s .  Rifampiàn was íound to decrease plasma 
concentrations of tamoxifen in 10 healthy subjects. 'This 
vvas thought to be due to inductìon of cytochrome P450 
isoenzyme CYP3A4 by riíampidn.1

1. Kỉvũtỗ KT, rt a i  Tamoriíen and torem dene concentrations in plasma arc 
greatly decreased by riíarapin. Clin Pharmacoỉ Ther 1998; 84: 648-54.

A n t i c o a g u l a n l s .  Cases of a potentially liỉe-threatening 
interaction betvveen tamoxUen and warfarin, with marked 
prolongation of prothrombin times, haematuria, and hae- 
matoma, have bẽen reported.1'3 It has been suggested that 
in addition to enhancement of the etteas of vvaríarin, 
competition ÍOT the same metabolic enzyme Systems might 
rcduce the actlvity of tamoxifen against tumours,2 but thls 
remains speculative.

Peliosis hepatis and íatal liver haemoưhage have been 
reported in a patient who was receiving tamoxilen with 
vvariarin and a liothyronine-levothyroxine preparation.4

1. Lodwick R, í t  aỉ. u ỉe  thrcaícning ỉnteracrinn b em cea  um axìtcn  and 
vvartarin. BMJ 1987; 295: 1141.

2. T tnni p, I t  ai. Liíc threatening Intcracnon bem een  tamoxUen and 
vvariarin. BbU  1989; 298: 93.

3. Rỉtchỉe LD. Grant SMT. Tamojdfen-warfarin uueraciion: thc Aberdeen 
hospỉtals drug Hle. BM J1989; 298: 1253.

4. Loomus GN, etal. A case of pelỉosỉs hepatís ỉn assođatỉon wỉth tatnoxiỉcn 
thcrapy. Am J  a in  Patkal 1983; 80: 881-3.

A n t i d e p r e s s a n i s .  Some antidepressants, particularly SSRls, 
may inhibit the bioactivation of tamoxUen via the cyto- 
chrome P450 isoenzyme CYP2D6. The metabolism of tam- 
oxUen to an  active metabolite, 4-hydroxy-lV-desmethylta- 
moxUen (endoxUen), may be inhibited by ■paroxetine, a 
potent inhibitor oi the cytochrome P450 isoenzyme 
CYP2D6.1 However, the cỉinical consequences of this are 
not íully established. A case-conơol study2 íound that 
patients taking tamoxiíen with knovvn inhibitors of CYP 
isoenzymes, induding CYP2D6, were no more likely .to

relapse than those not receiving a CYP inhibitor. Hovvever, 
a retrospective cohort study3 íound that paroxetìne use 
dunng tamoxiíen treatment was assodated w ith an 
increased risk oỉ death hom breast cancer. The increased 
risk was directly related to the duration of combined use, 
and supports the hypothesis that irreversible GYP2D6 inhi- 
bition by paroxetine can reduce or abolish the survival 
advantage coníenred by long-tenn tamoxUen tteatm ent in 
patíents vvith breast cancer. In contrast no such risk was 
secn with other anddepressants (citalopram, Ịĩuoxetine, flu- 
voxamine, sertraláư, and venỉafaxàte), although smaHer sam- 
ple sizes for some may have inũuenced results. Some con- 
sider that potent CYP2D6 inhibitors such as bupropion, 
paroxetine, and Uuoxetine should be avoided in  vvomen 
with breast cancer taking tamoxUen, and antidepressants 
vvith a low potentlai to inhibit CYP2D6 (such as venỉaíax- 
ine or títalopram) should be considered instead.4̂  Caution 
is vvarranted even with moderate CYP2D6 inhibitors such 
as duloxetine and sertraline.4

For lurther reíerence to use of CYPD26 mhibitors with 
tamoxiten, induding a slightly diííerent dassiEcation ỉor 
some of the SSRIs mentloned here, see above.

1. Stearns V, etal. Actỉve tamoxUen metaboỉỉte plasma concem ratíons aíter 
coadmỉnỉstration oỉ tamoxUen and the seleaive serotọnỉn reuptake 
inhỉbitor paroxetine. J  Sũd Cancer Inst 2003; 95: 1758-64.

2. Lehmann D, et ai. Lack of attenuatíon in the andtum or effect oỉ 
tamoxỉíen by chronỉc CYP isoíorm ỉnhỉbỉtion. /  CUn Pharmacoi 2004; 44: 
881-5.

3. Kelly CM. ữ  ai. Seỉective serotonin reuptake inhibitors and  breast cancer 
monality ỉn  w om en receivmg tamoxiỉen: a populadon based eohort 
study. BMJ 2010; 340: C693. Avaỉlable at: http://www.bmj.com/cgi/ 
reprỉnt/340/feb08_l /C69 3 (accessed 20/04/10)

4. Desmarais JE. LỡOper KJ. In te raa ỉo n ỉ between tam oxiíen and 
antidepressants vỉa cytochromc P450 2D6. J  CUn Pỉychiatry 2009; 70: 
1688-97.

5. Andersohn ĩ ,  Wỉỉỉỉch SN. Imeractlon of serotonỉn reuptake inhibitors 
wỉth tamoxỉỉen. BMJ 2010; 340: C783. Avaỉlable at: http://w w w .bm j. 
com/cgi/section_pdl/340/feb08_3/c783.pdf (accessed 20/04/10)

6. Anonymous. Drug ỉnteractỉon between tamoxiíen and  antidepressams. 
Aust Praơiber 2011; 34: 23.

A n t in e o p la s t i c s .  AmnoỊlutethimide reduces serum tam- 
oxUen concentrations, possibly ,by increasing its metab- 
olism.1 For mention of án  increased risk of haemolytic- 
uraemic syndrome in patiehts who received therapy vvith 
tamoxUen and mừomyàn see EHects on the Kidneys, under 
Mitomydn, p. 831.3. Tamoxiíen has been reported to 
aííect plasma concentrations of anastroỉole and letrozole, see 
p. 743.1 and p. 817.3, respectively.

1. Lien EA. et aì. Decreased serum concentrations oỉ tamoxiíen and its 
metabolttes ỉnducedbyaminogỉutethimỉde. CanarRa  1990:50:5851-7.

H e r b a l  m e d ic in e s .  Some authors have expressed concem 
that herbs such as dong quai (vvhich has been used to 
relieve hot Uushes aíter chemotherapy íor breast cancer), 
agnus castus, ámiáỊuga. ginseng, and lupulus have shown 
signihcant oestrogenic actìvity in stuđies in anùnals and in 
vi tro,̂  and might interiere vvith competìtive oestrogen 
receptor antagonists such as tamoxưen.'

ỉ . Boyỉe FM. Adverse interactíoo of herbai m edỉdne with breast cancer 
treátmenL Med J  Aust 1997; 167: 288.

2. Eagon CL ct ai. Medỉdnal botanlcaỉs: estrogenicỉty ỉn  rat uterus and 
Uver. Proc Am Assoc Canar Ra  1997; 38: 293.

3. Doyỉe BJ, et ai. Estrogenỉc eỉỉects oỉ herbaỉ medỉdnes ừom  Costa Rica 
used for the management of menopausaỉ symptoms. Mcrtapausc 2009; 
16:748-55.

I m m u n o s u p p r e s s a n t s .  For the results oỉ a study in vitro 
suggestíng that tamoxUen might inhibit the metabolism ol 
taarolimuí by inhibitìng the cytochrome P450 isoenzyme 
System, see under Interactions of TacroUmus, p. 1977.3.

N e u r o m u s c u l a r  b lo c k e r s .  For relerence to prolonged 
neuromuscular blockade in a patient given atracurium 
vvhile receiving tamoxiíen, see p. 2032.2.

P h a r m a c o k i n e t i c s

Peak plasma concentrations of tamoxden occur 4 to 7 hours 
aỉter an oral dose. It ỉs extensively protein bound. Plasma 
clearance is repoited to be biphasic and the terminal halỉ-lUe 
may be up to 7 days. It is extensively metabolised by the 
cytõchrome P450 isoenzymes CYP3A4, CYP2C9, and 
CYP2D6. The major serum metabotìte, N-desmethyltamox- 
ifen is ỉonned mainly Via CYP3A4; it has a haU-life at steady 
State of about 14 days. 4-HydroxytamoxUen is a minor 
metaboUte. lY-Desmethyltamoxifen and 4-hydroxytamox- 
Uen are hirther metabolised (Via CYP2D6 and the CYP3A 
íamily, respectively) to 4-hydroxy-ÍY-desmethyltamoxifen 
(endoxUen). Several of the metabolites are stated to have 
similar pharmacological activity to the parent compound, 
and endoxiíen has been proposed as an  altemative 
treatment to avoid diíierences in metaboUsm (see Metab- 
oUsm, p. 864.1). TamoxUen is excreted slovvly in  the ỉaeces, 
mainly as conjugates. SmaU amounts are excreted in urine. 
TamoxUen appears to undergo enterohepatíc d rạilaúon.

G e n e t i c  f a d o r s .  TamoxUen is metabolised by the cyto- 
chrome P450 isoenzymes, and its metabolites may play a 
role in its antineoplastic effect. Studies have suggested that

http://www.bmj.com/cgi/
http://www.bmj


patíents vvith low or absent CYP2D6 activiry or who are 
being ưeated w ith CYP2D6 inhibitors have lower concen- 
tratíons of endoxiíen. Patíents with CYP2D6*3, *4, *5, and 
*6 alleles are designated as poor metabolisers, those with 
*9, *10, *17, *29, and *41 as ỉntermediate metabolisers, 
and those w ith *1, *2, and *35 as extensive metaboli- 
sers.1-2 Genetic polymorphism in the enzymes responsible 
for tamoxiíen biotransformation has the potential to aỉfect 
clinical outcomes. Whỉle a small study3 shotved a 
decreased rísk oỉ breast cancer recurrence in patients with 
the CYP2D6*4 aỉlele w hen treated w ith tamoxiỉen, 
another* ỉound tha t thỉs allele was an independcnt predic- 
tor oỉ a hỉgher rislc of disease relapse and a Iower ind- 
dence of hot Oashes in postmenopausal vvomen with 
breast cancer. A hirther study5 ỉound that caniers of 
CYP2D6 alleles *4 or *5 showed a greater risk for breast 
cancer relapse. Furthennore, caniers of the CYP2C19M7 
genotype had a more ỉavourable dinical outcome. A reưo- 
spective cohort study found that poor metabolisers had an 
almost twoỉold increased risk of breast cancer recurrence 
compared with extensive metabolisers; those with 
decreased CYP2D6 anivity (intermediate and poor meta- 
bolisers) also had vvorse disease-free survival compared 
with extensive metabolisers, aỉthough there was no signií- 
icant dilíerence in  overall survival.6 The Clinica] Pharma- 
cology Subcommittee of the us FDA Advisory Conunittee 
for Pharmaceutical Science has advised that availability oỉ 
genotypic testing be induded in licensed produn  iníorma- 
tìon for tamoxiíen.7-* Some have commented* that ii 
vvould seem reasonable to conhne CYP2D6 testing to 
situations vvhere it might guide the choice between tam- 
oxiỉen and an altemative.

It has been suggested’ that genetìc variation in uridine 
diphosphate glucuronosylưansíerase (UGT) enzymes, 
which are important in the glucuronidation of tamoxiíen 
and its metabolites, may also play a role in interindivỉdual 
diííerences in response to the drug.

1. Borges s. t í  al. QuanũUEive eHect o i  CYP2D6 genotype and inhibitors on 
tam oxilen metabolism: iinpUcadon lo r oprimizadon of breast cancer 
treatm enL Qht Pharmacoỉ Thtr 2006; SO; 61-74.

2. Goetx MP, a  al. Tamoxiícn phannacogenomics: the role of CYP2D6 as a 
predictor o í dn ig  responsc. CKiI M urm anl Thir 200S; 83: 160-6.

3. W egman p. t l  ãl. Genotype of m eubollc enxymes and the benelil o! 
tatnoxỉỉen ỉn postmenopausal breast cancer pádents. Breatí Caneer Ra  
2005; 7; R284-R290.

4. Goctl MP. t í  «/. Phannacogenedo o í tanundlen bioơansíormatiơn Is 
assodatcd with dinical nutcomes o l eOicacy and  hot Hashes. J  ơ ĩn  Onal 
2005; 23: 9312-18.

5. Schroth w , tí  aì. Breast cancer treatm ent outcom e wỉtb adjuvani 
tam oxiỉcn relatíve to padent CYP2D6 and CYP2C19 genotypes. 1 c/iit 
Oncữỉ 2007; 25: 5187-93.

6. Schroth w. tí al. Assodadon betvveen CYP2D6 polymoiphỉsms and 
outcomes am ong wom en vvith cariy stage brean  cancer treated vvith 
tam oxtten. JAMA 2009; 302: 1429-36.

7. Yonng D. G en e tia  cxamined in tamotdỉen'5 eSectiveness: recurrence 
vvaming urged to r labding. Am J  Hcahh-Sytí pharm  2006; 63:2286,2296.

8. Desta z, Ptodchart DA. Gennllne phaxmacogenetics of um oxưen 
response: bave w c leam ed enough? J  Clin Oncoỉ 2007; 25: 5147-9.

9. Laaanis p, t í  «/. Potentlal ro lt oí UGT phannacogenedcs in cancer 
treatm ent and prrvcntìon: ÍOCUI on tamoxilen. A m  N  YAcad Sá  2009; 
1155:99-111.

M e to b o G s m .  Tamoxiỉen is extensively metabolised by 
cytochrome P450 isoenzymes, to actìve metabolites that 
indude N-desmethyltamoxUen, 4-hydroxytamoxUen, and
4-hydroxy-iV-desinethyltamoxUen (endoidíen).1-2 In-viưo 
studies suggest that both N-desmethyltamoxUen and 4- 
h y droxytamoxiíen are hirther metabolised to endoxưen.3 
There is grovvứig interest in how genetic polymòrphism 
might inAuence the efficacy and toxidty of tamoxiíen and 
its metabolltes (sec Genetic Pactois, p. 863.3). Substitution 
of endoxUen for tamoxhen has been proposed as a treat- 
m ent optìon for patìents w ỉth breast cancer in order to 
avoid any effects of genetic polỵmorphisms as well as any 
interactíons vvith cytochrome P450 isoenzyme CYP2D6 
inhibitors (see under Interactions, p. 863.2). The saíety, 
tolerability, and bioavailability o{ an oral ỉormulation of 
endoxịỉen has been evaluated; a daily dose oi 4mg endox- 
ifen d tra te has been proposed as being appropriate for 
breast cancer prevention and therapy.2

1. Rochat B. Rolc of q rtodunm e P450 actM ty in  the  tate of andcancer 
agents and  In dn ig  tesistance: to a n  on tamoxUen. pad iuxe l and 
tmarinib mrtaboỊism. ƠÚI Pharmaakõití 2005; 44: 349-66.

2. A hm ad A, t í  al. Endcndien. a new  coraexstone of breast cancer therapy; 
demonsoradon of saíety, tolerabỉlỉty. and systemỉc bloavaỉlabỉlitY ỉn 
heahhy  bum an  subjecis. Oìn phtrmaail T ha  2010; 88: 814-7.

3. D ena z. tí al. Cotnprehensive rvaluatìon o í ưm ox ỉíen  sequential 
bỉotzansfonnatìõn by the hum an cytochrome P450 System ỉn vỉ tro: 
p rom inent roles for CYP3A and CYP2D6. J  phamucol Exp T h a 2004:310: 
1062-75.

P r e p a r a t i o n s

P r o p n e ta r y  P re p a ra t io n s  (detallỉ are given in Volume B)
S n g lg  ing r e d ie n t  P re p o ra tio n s . Arg.: Crisaíeno; Diemont; Ginar- 
san; Nolvadex; Rolapt; Tamoxis; Taxíenot; Trứneơoxt; Aus- traL: Genox; Nolvadex; Tamosin; Tamoxen; Austria: Ebeíen; 
Nolvadex; B etg .:  DoctamoxiíeneỶ; Nolvadex; Tamizam; Tamo- 
plex; B n a . :  Bioxiíencrtí Pestone; Kessarh Nolvađex; Tamoxin; 
ỉaxoten; Tecnotax; Canad.: Apo-Tamox; Nolvadex; Tamofenf; chũe: Kessar; Nolvadex: Oncotamoxt: Taxuí; cltina: De Fu 
Ling (® ?#-); Tamoten Xiten (¥3F); Cz.: Nolvadext;

864 Antineopỉastics________________________

Tamoplex; Zitazoniumt; Pin.: Tadex; Tamexin-h Tamoíen; Fr.: 
Nolvadex; Ger.: Mandoíent; Nolvadex; Tamokadint; Tamoxt; 
Tamoxistadt; Gr.: AdUen; Deíarol; Kessan Nolvadex; Puretam; 
Tamoplex; Terimon; Zymoplex; Hong Kong: Apo-Tamox; 
Nolvadex; Novoỉent; Zitazonjum; Hung.: Ziuzonium; Inditr. 
Blastoíen; Cadltam; Cytotam; Eldtam; Mamoten; Moxưen; 
Neotam; Nolvadex; Oncomox; Oncotam; Tamodex; Indon.: 
Nolvadexỷ; Tamoten; Tamoplex; Taxent; Irt: Moxelle; 
Nolvadex; Soltamox; Tamox; Israel: Nolvadext; Tamoíent: 
Tamoxi-); Ital.: Kessar; Nolvadex; Nomaíen; Tamoxene; Malay- sũr. Genox-h Nolvadex; Novoíen; Tamoplex; Zitazonium; Mex.: 
Bagotamt; Bilem; Cryoxưeno; Fenobest; Luzamoxin; Nolvadex; 
Ralsden-X; Taxus; Tecnoten; Neth.: Nolvadext; Soltamox; Norw.: Nolvadex; NZ: Genox; Nolvadexỷ; Tamofenf; Phữipp.: 
Cyơolict; Fenahex; Gynatam; Gyraxen; Kessart; Medtax; 
Nolvadex; Tamoplex; Tamoxstat; Xiỉen; Zitazonium; PoL: 
Nolvadex; PorU: Mastofenf; Nolvadex; Tamoxan; Rus.: TamUen 
(TaMnộeH)t; Zitazonium (3nra30KHyM); SA.fr.: Kessar; Neophe- 
dan; Nolvadex; Tamoplex; TamoxiHexal; singapore: Apo- 
Tamoxf; Nolvadex; Novoíen; Tamofenf; Spain: Nolvadex; 
Yacesalt; Swed.: Nolvadex; Switz.: Nolvadex; Tamec, Thai.: 
Bilem; Gynatamt: Mamoíen; Moxaíent; Nolvadex; Novoíen; 
Tamoplex; Tuosomint; Zitazonium; Turk.: Nolvadex; Tadex; 
Tamoíent; Tamoplex; Tamoxilencell; VAE: Tamophan UK: 
Nolvadexỷ; Soltamox; USA: Soltamox; Venez.: Gynatam; 
Nolvadex; Taxus.

Pharmacopoeial Preparations
BP 2014: Tamoxiten Tablets;
USP 36: Tamoxiíen Citrate Tablets.

T e g a fu r  /BAN, U SA N , H N N Ị

FT-2ố7; Ftorafur; MJF-’i 22(64; NSC-148958; tegafủn Tégaíui; 
Tegaíuras; Tegaíũrs; Tegaíurum; Tegadiuri, WR-220066; 
Teraộyp.
5-Fluoro-l-(tetrahydro-2-furyi)ũradl; 5-Fluoro-1r(teứahyclro- 
2-ftjryl)pyrimidine-2,4(1H,3H)-dione.
0 , ^ 2 6 3 = 20 0 2

GAS —  17902-23-7.
ATC —  L018C03.
ATC Vet —  QL01BC03.
UNIÍ—  1548R74NSZ.

NOTE. The nam e S-l has been used íor a mixture of tegatur, 
gứneradl, and oteradỉ potassium.
Pharmocopoeias. In Chin. and Jpn.
U s e s  a n d  A d m i n i s t r a t i o n

Tegaỉur is conỉidered to be an orally active prodrug oỉ 
Auorouradl (p. 795.3). ỉt has been used in  the management 
of malignant neoplasms indudỉng those of the breast, 
gallbladder. gasưointestínal ơ a a , head and neck, líver. and 
pancreas. Antineoplastic dose regimens may be complex and doses 
of a drug may differ widely. For wamings and recommendations 
regarding the safe prescribing, dispensing, and use oỊ oral 
antineoplastic drugs, see Adminứtration, p. 732.3.

Tegaỉur has been given orally in doses up to 1 g/m2 daily. 
It is often given with uradl (UFT; p. 2637.3). Tegaíur 
300mg/mJ daily, with urad l 672mg/m2 daily, may be given 
in 3 divided oral doses, together with caldum íoLinate, in the 
management oỉ metastatic colorectal cancer. Doses are 
given for a cyde of 28 days, ỉo!lowed by 7 days vvithout 
treatment. The dnigs should be taken 1 hõur beíõre or aíter 
meals, and doses modihed according to toxidty. Doses of 
tegaíur 1 to 3g/m 2 daily for 5 days have been given 
in travenously .

A d m i n i s t r a t i o n .  Tegaỉur is an oraỉỉy actìve prodmg of 
íluorouradl. Although it has been given as a single agent, 
it is more oíten used with drugs tha t modify its bioavail- 
ability and toxidty.1 These indude uradl (p. 2637.3) and 
gimeracil (5-chloro-2,4-dihydroxypyridine, CDHP, gứne- 
stat), which can increase Auorouradl concentrations by 
inhibition of dihydropyiimidine dehydrogenase, the 
enzyme responsible for its hirther catabolism,1'4 and otera- 
dl (oxonic add), which inhibits another enzyme, orotate 
pyrimidine phosphoribosyl transíerase, thought to play a 
role in the gasưointesóna] toxitíty of Huorouradl and its 
prodrugs.2

UFT consists of tegaíur and u rad l in the optimal molar 
ratío 1:4.* It is avaiiable ior the treatm ent of colorectal 
cancer (p. 706.3)—for doses, see above. A preliminary 
analysis of a laige study comparing oral UFT and caldum 
ỉolinate therapy wỉth intravenous fluorouradl and caldum 
íolinate íound both regimens to be well tolerated vvith 
similar levels of toxidty.5 It is also used as adjuvant therapy 
íor gastrointestinal and other solid tumours,4 induding 
being tried in hepatocellular cardnoma;7 it appears to 
improve survival in  patients with adenocardnoma of the 
lung* and nođe-negative breast cancer.9 The eíhcacy oí 
tegaíur-based adjuvant therapy in Japanese patíents with 
stomach cancer has been reviewed.10

A combination of tegaíur, gimeradl, and oteracil 
potassium in the molar ratio 10:4:10 (TS-1, Taiho Jpn) has 
been tried in gastríc and colorectal cancers.2"1"  Initial

results have suggested comparable activity to  ũuorouradl 
and caldum  ỉolinate in  induction regimens b u t the 
inddence of diarrhoea and stomatitis was reduced.

1 . Ad)cl AA. A review of the  phannacology and  d inical acdvity of new  
dtem otherapy agents for the  treatm ent of colorectal cancer. Br J  Cin 
Phanruuol 1999; 49: 265-77.

2. S a lu u  Y, t í  úL L ite  phase n  study ot novel oral Cuoropyrimidine 
andcancer dxụg $-1 (1 M  tegaỉur 0 .4 M g h n esu t-I  M otastatpõ tassiinn) 
ỉn advanced gãstxỉc cancer patỉents. B urJC anar  1998; 34; 1715-20.

3. Sughnadti K. ríaỉ. An eaiỉy  phase n  suidy of oral s - ỉ ,  a newly deveỉoped
5-lluoroundI deiivatlve iõ r  advanced and  lecu n en t gastrointesĩina] 
cancers. Onalogy 1999; 5 7 :202-10 . _

4. Osugỉ H, à  e l. Oral Ouoropyrimldine anticancer drug TS-1 for gasn ic 
cancer padents w ith peiitoneal dlsseininadon. Oncoỉ Rep 2002; 9: 81 -  
15.

5. Smỉth K tía L  UFT plus C ildum  íoỉỉnate vs 5-FU pỉus caldum  ỉolinale n 
colon cancer. OncoìeỊy (Huntinst) 1999; 13 (suppl 3); 44-7.

6. Tanaka p. UPT (tegáhir a n d  u rad l) as postoperadve adjuva t 
chem otherapy for solỉd tum ors (caieinoma o ỉ the lung, stõmac I. 
colon/rectum, and  bieast): dỉn ỉcaỉ evỉdence, m edianỉsm  oí acdon. ar đ 
iu ture  dỉrectíon. Sury Today 2007; 37: 923-43.

7. Ishikanra T. C hem othenpy  w ith  enteric-coated tegaỉur/uracìl fi r 
advanced hepatocelỉular ã rd n o m a . Worỉd J  Gastrotnterol 2008; 1 ;  
2797-2801.

8. Kato H, tí  aỉ. A randomized trỉa! of adjuvant chem otherapy w ỉth u rac  • 
tegaiur lor a d e n o a rd n o m a  o l the lung. N Enjl J  Med 2004; 350: 171:! - 
21.

9. Noguchì s. t í  ai. Postoperative adjuvant therapy wỉth tamoxỉíen, tegah r 
plus u raó l. or boih in w om en with node-negatỉve breast cancer 1 
pooled analysìs ol sỉx randomixed controlled trials. J  ơ ỉn  Oncoì 2005; 2 : 
2172-84.

10. Oba K. EỈGcacy o ỉ adjuvant chem olherapy using tegaỉur-based regime 1 
for curatlvely resected gastdc cancer update of a meta-analysis. htíJCL 1 
Oncol 2009; 14: 85-9.

11. Shibahara K. t í  ai. Relrospecdve study of 5-1 versus tegaỉur/uracỉl an 1 
oral leucovorỉn in patíents w ith metastatic colorecul cancer. Antícana r 
R a  2008; 28: 1779-83.

A d v e r s e  E f f e c t s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

As for Fluorouradl, p. 797.1.
Bone-marrow depression may be less severe with tegaíu • 

but gastrointestina) toxidty i$ ohen dose-limiting an. I 
cenưal neurotoxidty is more common. Peripheral oedem. 1 
and dyspnoea occur commonly. Increases In liver íunctioi 
test values are common and there are reports of fata 
íulminant hepatitis. Liver íun a io n  should be monitored ÍI 
patientỉ vvith hepatic impairment given tegaíur; it shouli 
not be given in severe hepatic impairment.

Porphyria. The Drug Database for Acute Porphyria, com 
piled by the Nortvegian Porphyria Cenưe (NAPOS) am 
the Porphyria Centre Sweden, dassiũes tegaíur as not por 
phyrinogenic it may be used as a drug of first choice ant 
no precautions are needed.1

1. The Drug Daĩabase ỉo r Acuỉc Porphyria. Availablc ac  http://w w w  
dnigS'porphyria.org (accessed 29/09/11)

I n t e r a đ i o n s

Tegaíur should not be used with drugs that inhibii 
dihydropyrimidine dehydrogenase; íatalities have occuưec 
in patients given tegalur and sorivudine (see AntívứaL’ 
under Interacãons of Fluorouradl, p. 797.3). For the effeơ 
of tegaíur vvith u rad l on phenytoin, see p. 544.1.

P h a r m a c o k i n e t i c s

Tegaíur is well absorbed from the gasưointestinal t r a a  aftet 
oral doses. Aíter an inttavenous dose it is reported to have a 
prolonged plasma half-Uíe oí 6 to 16 hours. Tegahir appearí 
to be slovvly metabolised in the liver to íluorouradì 
(p. 798.1), and some intracelluỉar conversion to fluorouradl 
may also occur. Tegaíur crosses the blood-brain barrier and 
is íound in the CSF.

Reíerences.
1. Bdenne-Grỉmaldỉ M-C, t í  al. A dinical phaim acoklnedc analysis ol 

tegalur-uradl (ƯPT) plus leucovotỉn gỉven ỉn  a new  tvvỉce-daỉly oral 
adnúnỉstratíon schedule. Qin Phamtocokintí 2007; 46: 953-63.

Preparatìons
Proprietary Preporations (details are given in Volume B)

Single-tngredient Preparolions. china: Aisiwan (S # í7 ĩ)t; Qi 
Xing ( íỹ l ) ;  Cz.: Ptorahn; Gr.: Ptoraíur; Hong Rong: Futrafuif; Hung.: Ftorafun ỉndon.: Futraful; Jpn: Futraful; Rus.: Ftorafur 
(dTopaặyp); Spain: Uteíos; Ukr.: Ftorafur (tbropaộyp).

Mubi4ngredient Preparalions. Arg.: Aỉoíuttal; Fimer; UFT; Aus- 
trũc UFT; Belg.: UFI; Brai.: UFT; China: S-l (SÍKỹĩ); Weị- 
kangda (ỉằ ^ ìá ); Cz.: Teysuno; UFTt; Denm.: Teysuno; UFT; 
Uítòralt: Fr.: UFT; Ger : UFT; Gr.: UFT; Hong Rong: UFT+: Hung.: UFTt; IrL: Teysuno; UFTf; Israel: UFT; ItaL: UFT; Jpn: 
TS-1; UFT; Malaysia: UFT; Mex.: UFT; Neth.: Teysuno; 1ỊFT; Norw.: Teysuno; UFTf; Phữipp.: Tetudex; UFT; PoL: UFT; PorL: UFT; Rus.: UFT (y<I>T); S.Afr.: UFT; singapore: TS-One; 
UFT; Spain: UFTf; SwecL: Teysuno; UFTf; Thai.: TS-One; 
UFTt: UFUR; Turk.: UFT; UR: Teysuno; uttoralt-

AU ơoss-reíerences reíer to entries in Volume A
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T e m o p o r f i n  (BAN, USAN, riNNi 

EF-9; meso-Tetrahydroxyphenylchlorin; meta-ĩe trahydroxy- 
phenylchlorin; mTHPC' Temoportìini; Temoporâna; Témo- 
portìne; Temoportìnum; TeMonop4>MH. 
33'3",3"'-(7,8-Dihydroporphyrin-5,10,15^0-tetrayl)tetraphe- 
nol; 7,8-Dihydro-5,10,15,20-tetrakis(3-hydroxyphenyl)por- 
phyrin. 1 
i^,H32NA=680.8 
CAS —  122341-38-2.
ATC —  L0ỈXD05. .
ATC Vet —  QL01XD0S.
UNII —  FU2 ÌS769PF.

U s e s  a n d  A d m i n i s t r a t i o n

Tem oporta is a porphyrin derivatìve. It is used palliatìvely 
as a photosensitíser in the photodynamic therapy (see under 
Porũmer Sodium. p. 849.1) o! reíractóry squamous cell 
cardnom a of the héad and neck (p. 708.1), that cannot be 
treated w ith radiotherapy, surgery, o r systemic chemother- 
apy. It is also under investigation in the treatment of various 
other malignant neoplasms. Temoporữn is given by slow 
inơavenous injection over at least 6 minutes, at a dose of 
150 micrograms/kg. This is foỉlo*ved 96 hours later by 
activation usìng a laser tụneđ to  a  wavelength of 
652nanom etres for about'200 seconds,’ suỉhdent to supply 
a dõse oí 203/cin2. This shọuỉd take place not less than 90 
hours and not more than 110 hours after injectíon. 
Treatment may be repeated once aíter at least 4  weeks u  
necessary.

Liposomal íormulations íor topicaỉ delivery of temopor- 
fin are under investiganon.
Reíerences.

1. Kublcr AC, tí al. Photodynamỉc therapy oỉ prỉmary nonmeỉanomatous 
sỉdn tumours of theshead and neck. Lasers Sutịị Med 1999; 25:60-6.

2. Baas p, tí ai. Photodynamỉc therapy with mtía-teơahydroxyphenyỉ- 
chlorin íor basal celỉ cardnoma: a phase I/n study. Br J  Dermatoỉ 2001; 
145:75-8.

ỉ. Kubler ÁC, tí al. Treatment of squamous ceũ cartínoma of the lỉp using 
Foscan-mediated photodynaxnỉc iherapy. ln tJ  Orai MwdỉIofae Surg 2001; 
30: 504-9.

4. Javaỉd B, t í  aỉ. Photodynamic therapy (PDT) for oesophageaỉ dysplasỉa 
and eariy carónoma with mTHPC (m-tetrahydroxyphenyl diỉorin): a 
preỉỉmỉnary study. Lasen Med S á  2002; 17: 51-6.

5. Ptieđberg is ,  tí a i  A phase I study of Foscan-medUted photodynamic 
therapy and surgery in patỉents with mesothelioma. A m  Thorac Sưrg 
2003; 75: 952-9.

6. Copper MP, tí ai. Meta-tetra(hydroxyphcnyỉ)chlorỉn photodynamỉc 
therapy ỉn earlỵ-stage squamous ceỉỉ carcỉnoma of the bead and nedc. 
Ardt Otoỉaryngoì Head Neck Surg 2003; 129: 709-ỉ 1.

7. D'Cruz AK. tí ai. mTHPC-medỉated photodynamic therapy in patients 
with advanced, tncurable head and nedc cancer a multicénter study of 
128 patíents. Head Neck 2004; 26:232-40.

8. Edenne J, tí ai. Photodynamic therapy wỉch green Ught and m- 
tetrahydroxyphenyl đỉlorín for intramucosal adenocartinoma and hỉgh- 
grade đyspỉasìa in Barretưs esophagus. Gatíroôtítít Endosc 2004; 59: 880-
9. Correctíon. ibid4 60: 1042.

9. Hopper c  t í  aL mTHPC-mediated photodynamic therapy íor early oraì 
squamous ceU cartínoma. bứ  I  ũuưxr  2004; 111: 138-46.

10. Lou PJ. t í  ai. Intentitíal photodynaraic therapy as saỉvage treatment ỉor 
recurrent head and nedc cancer. Br J  Canar 2004; 91:441-6.

11. Campbell SM. tí a i  Photodynamíc therapy usỉng meta-tetrahydrox- 
yphenylchlorin (Foscan) ỉor the ỉreatment of vuivaỉ intraepithelỉal 
neoplaisU. BrJDtrmatol 2004; 151: 1076-80.

12. Naim R. Photodynamische Theraple mít m-THPC (Poscan); Behandỉimg 
von Pỉattenepỉtheỉkarcỉnomen im Kopí-Hals-Bereỉch. HNO 2008; 56: 
490-2.

A d v e r s e  E f f e c t s  a n d  P r e c a u t i o n s

Adverse e ííeas of temoporiin indude photosensitivity, local 
inũammatory reactions, and gasưointestinal disturbances. 
Patientỉ should be advised to avoid direct sunlight or bríght 
indoor light for 15 days, and to protect the injection site 
from light for at least 3 months if exưavasation has 
occurred.

Porphyría. Licensed produrt iníormation States that the 
use of temoporhn is contra-indicated in patients with por- 
phyria.

I n t e r a c t í o n s

Use of temoporíin with other drugs causing photosensitivity 
should be avoided as the reaction may be increased; this has 
been reported w ith topical íluorouradl.

P h a r m a c o k i n e t í c s

Peak plasma concentrations of temoporhn occur about 2 to 
4 hours aỉter intravenous iníusion. Thereaher, elimination 
is bì-exponential, with a teiminal plasma halí-Iiỉe of about 
65 hours. Pỉasma protein binding is about 85%. Anừnal data 
indicate that temoporhn is metabolised in the liver and 
excreted in  the íaeces Via the bile.

Preparations
Proprietary Preparatiom (detaỉls are given in Volume B)
Single-ingredien/ Prepanrtions. Arg.: Ỹoscan: Beỉg.: Foscan; Cz.: 
Foscan; D em tt.: Foscãn; Fr.: Foscanf; Ger.: Poscan; Gr.: Poscan;

Hung.'. Foscan; IrL: Foscan; Israel: Foscan; /ta/.: Foscan; N etíI.: 
Fos<ãn; N o rw .: Foscan; PoL: Poscan; Port.: Foscan; UX: Foscan.

T e m o z o l o m i d e  IBAN, USAN, riNNi 
CCRG-81045; M&B-3983Ĩ; NSG-362856; Sch-52365; Ternot- 
solomidi; Temozo!omid; Temozolomida; Témozolomide; 
Temozolomidum; TeM0B0n0Mnfl.
3,4-Dihydro-3-methyl-4-oxoimidazo[5,1-c/][l,23,5]tetrazine-
8<arboxamlde.
C6H6N6Oj=194.2 
CĂS —  85622-93-1.
A TC  —  LOÌAX03.
A TC  V e t —  Q L 0ÌA X 03 . 
um  —  YF1K15M17Y.

Pharmacopoeias. In  us.
USP 36: (Temozolomide). A white to light pink or light tan 
povvder. Sparingly soluble in  vvater; practicaUy insoluble in 
toluene; soluble in dimethyl sulíoxide.

U s e s  a n d  A d m i n i s t r a t ì o n

Temozolomide is a prodrug that is converted to MTIC (see 
Pharmacokinetics, p. 866.1), the active metaboUte of 
dacaibazine (p. 776.1). MTIC acts as an alkylating agent 
Temozolomide is licensed for the ơeatm ent of malignant 
gliomas (below) such as glioblastoma multiỉonne and 
anapỉastic astrocytom a, and m etasta tic m alignant 
melănoma (below).

Temozolomide may be given ọrally or intravenously. 
Antừieoplastic dose regimens may be complex and doses of a drug 
may differ widcly. For wamings and recommendatùms regarding 
the safe prescribing. dừpensing, and Ịise of oral antineoplastic 
drugs, see Adminiỉtration, p. 732.3.

hỉ ađult patients with newỉy diagnosed glỉoblastom a 
m ultiío rm e, temozolomide Is given initially with íocal 
radiotherapy (the concomìtant phase) in  an oral or 
intravenous dose of 75 mg/m2 daily for 42 days. Treatment 
may be interrupted or stopped depending on toxidty. 
Complete blood counts should be monitored weekly. Pour 
weeks after completìng the concoiíiítant phase, temozolo- 
mide monatherapy is begun at an oral or intravenous do se oi 
150 mg/m2 once daily for 5 days of a 28-day cyde. In cyde 2, 
the dose is increased to 200mg/m2 for 5 days, u  to á d ty  
allows. Ư the dose cannot be increased in cyde 2, it shouỉd 
not be increased in subsequent cydes. The dose used at cyde 
2 is then given every 28 days, toxidty allovvứig. Up to 6 
cydes of temozolomide monotherapy may be given.

The usual oral dose for recurrent or Progressive malignant 
giiomas in adults previously untreated vvith chemotherapy 
is 200 mg/m2 once daily for 5 days, repeated every 28 days. 
In patients who have received previous courses oí 
chemotherapy the initíal oral or intravenous dose is 
150mg/m2 ónce daily for 5 days, for the flrst cyde of 
therapy, but may be increased to 200mg/m2 for subsequent 
courses ư there is no haematological toxidty.

An oral dose of 200 mg/m2 once daily for 5 days every 28 
days is also used for metastatic m alỉgnan t m elanom a.

Administraiion. Reíerences1-2 to the use of temozolomỉde 
in dose-dense regimens, designed to maximise exposure to 
the drug and consequent efficacy. In contrast to the origi- 
nal 5-day regimen (150 to 200mg/m2 daily for 5 days of a 
28-day cyde) used in glioma, these have induded 
75mg/m2 daily for 6 to 7 weeks‘ (this is now recom- 
mended by licensed product iníormation for the initial 
phase of glioma treatment) and regimens in vvhich 
150mg/m2 was given for 5 or 7 days of a 14-day cyde, ot 
100mg/m2 for 21 days of a 28-day cyde.1 Hovvever, the 
increased dose intensity may be assodated with increased 
adverse cffects an d  the d in ica i beneíỉts are  stilỉ uncertain .

1. Wỉck w , ei ai. New (altemadve) icmoioỉomide regimens for the 
ưeaunem  oí glioma. Neuro Oncol 2009; 11:69-79.

2. Neyns B, tí  aỉ. Dose-dense temoxolomide regiroens: amỉtumor actỉvỉty, 
toxìdty, and ím m unoraoduỉatorỵ eữects. Cancer 2010; 116: 2868-77.

Adminislratíon in children. In the UK, temozolomide may 
be given to children aged 3 yean  or older (or the treat- 
ment of malignant glioma, such as glioblastoma multi- 
íorme or anaplastic asưocytoma, that recurs or progresses 
after Standard therapy. It is given orally in  the same dose 
as tha t used for adults (see Uses and Adminlstration, 
above).

M a l i g n a n t  n e o p l a s m s .  Temozolomide has been studied1'9 
particularly in the management oi malignant neoplasms oi 
the brain (p. 701.2). In the UK, guidance has bèen issued10 
on its use in patients with recuưent Progressive malignant 
glioma who have ỉailed first-line chemotherapy ưeaữnent 
with other agents (ã ther because of lack oi eíUcacy or 
because úf adverse eHects). A systematic review11 con- 
duded that temozolomide is an  eííective primary therapy 
for nevvly diagnosed glioblastoma multUorme; it prolongs 
súrvival and delays progression. For recurrent disease.

data hom a single study indicate that it delays progression 
but does not aữect overall survival. Another review12 con- 
duded that although there was good evidence for the use 
of temozolomide in both high- and low-giade gliomas, 
value could no t be shovrn ỉor other braìn tumours, indud- 
ing metastases.

1. Dỉnnes J, t í  aỉ. A rapid and systematíc rcview oỉ the đectiveness oỉ 
ttmozok»nỉde tor thè treatm ent o i  recuirent maỉỉgnant gỉỉoma. Br J  
Gmoer2002;8fc 501-5.

2. Wỉck w, et aỉ. One week on/one week o f t a novel acdye regỉmen oỉ 
temozolomide for recurrent gỉỉobỉastoma. Ncuroỉogy 2004; 62: 2113-15.

3. Levin N, tí  ai. Chemotherapy as inỉtìal veaonen t ỉn gliomatosis cerebrí: 
results wỉth temozolomide. Neuroỉogy 2004; 63: 354-6.

4. Agarwala ss, tí a i  Temoioỉomide lor the treatm ent oỉ braỉn metastases 
assoòated w ith metastatỉc meỉanoma: a phase n study. J  ơ in  Oncol2004; 
22:2101-7.

5. Sttipp R, t í  al. R adỉotherapy pỉus coacom itan ỉ and  adịuvam  
temcóolomỉde ỉor glỉoblastoma. N  Èngỉ J  Med 2005; 352; 987-96.

6. Athanashou H' t í a ỉ .  Randomỉxed phase n  study oỉ temoxolomỉde and 
radỉotherapy compared w ith radỉotherapy aỉone in newỉy dỉagnosed 
glỉoblastoma muỉtílorme. J  Qin Oncol 2005; 23:2372-7.

7. Tosonỉ K t í a l . ỉ s  proưacted low-dose temozolomỉde ĩeasỉble in  glionu 
patients? Nttimỉogy 2006; 66 :427-9 .

8. Wkk A .tía L  Efficacy aad  tolerabiỉỉty o ỉ tcmoxolomide in an  altemaúng
weekly regỉmen ỉn patỉents w ith recurrent glỉoma. J  ơ in  Oncol 2007; 25: 
3357-61. *

9. Sbei DJ, t í  al. The added vaỉue oỉ concurrentỉy admỉnỉstered 
temoxữlomide versus adjuvant temozolomỉde aỉone in newiy đỉagnosed 
glỉoblastoma. J  Neuroonal 2008; 88: 43—50.

10. NICE Guỉdance on the use of ‘ temoxolomỉde ỉor the treatm ent oỉ 
recurrem malỉgnant glỉoma (brain cancer) (ỉssued AprilỉOOl). Avạỉỉabỉe 
ac http://www.nice.org.uk/nicemedia/pdf/temozolomideguidance.pdi 
{aceessed 30/07/08)

11 . Han MG. tí ai Temozo!omide for hỉgh grade glỉoma. Avaiỉabỉé ỉn The 
Codưane J3atabase of Systemadc Revỉẽws; ù sue 4. Chỉchester John 
WUey; 2008 {accessed 24/07/09).

12. TtUeuỉ p, t í  oL Guỉde de prescription e t de bon usage du témỡzoỉomỉde 
dans les tum eurs cérébrâies Buiỉ Canaer 2009; 96: 579-89.

MELANOMA Temozolomide has been studied1’1 as a ơeat- 
ment for advanced metastatic melanoma (p. 714.3). A 
phasé m  study compared the overall survival-tixne in 305 
patients treatẽd with either oral temozolomide ór intra- 
venous dacarbazine in  Standard doses ỉor up to 12 cydes 
of therapy. Temozolomide was íound to be at least equiva- 
lent to dacarbazine in these patients, and there vvere no 
major diAerences in adverse eữects.2 Hovvever, median 
survival-times vvere short in  both groups (7.7 months and
6.4 months respectively). Ấnother phase m  stuđy compar- 
ing temozolomỉde alone or vvith intetíeron alía in 282 
patíents also íound modest median survival-tỉmes oỉ 8.4 
and 9.7 months respectively.4 Studies hi animals have 
investigated isolated limb infusion of temozolomide, plus 
hyperthermia, for regional therapy of melanoma of the 
extremities.5

1. Bleehen NM tí a l  Cancer research campaỉgn phase n trial oỉ 
temozoiomide in metastatic melanoma. J  ơ in  Oncoỉ 1995; 13: 910-13.

2. Mỉddỉeton M R tí al. Randomỉzed phase m  study of temozolomide 
veisus dacarbazine ỉn the treatm ent of patíents w ỉth advanced 
metasutỉc malignant inelanoma. J  ơ in  Oncoỉ 2000; 18: 158-66.

3. Quỉrt ì. tí ai. Temozok}núde íor the  oeatm ent of metastatic meỉanoma: a 
systematic revỉew. Onalogừt 2007; 12: 1114-23.

4. Kauímann R, t í  ai. Temozoỉomỉde in  combỉnatíon with ỉnteiíeron-aỉla 
versus temoxolomỉde aỉone ỉn patỉents w ỉth advanced metastatỉc 
melanoma: a  randomỉzed. phase m . multỉcenter study from the 
Deimatologỉc Cooperative Oncology Group. J  ơ ừ t Ottcoỉ 2005; 23:9001-
7.

5. Ko SH, t í  a i  Optimỉzing a novel regỉonaỉ chemotherapeutỉc agent 
against melanoma: hyperthermia-induced enhancem ent oỉ temoxolo- 
mide cytotoxỉdty. ơ in  Carteer R a  2006; 12: 289-97.

A d v e r s e  E f f e c t s ,  T r e a t m e n t ,  a n d  P r e c a u t í o n s

For general discussions see Antineoplastìcs, p. 726.1, 
p. 730.2, and p. 732.2. Myelosuppression is common with 
temozolomide and is dose-limiting. Blood counts should be 
obtained beíore the start of treatm ent and monitored 
throughout. The nadữ of cell counts usually occurs 21 to 28 
days aher treatment, with recovery vvithin the next 1 to 2 
weeks. Patients over 70 years of age are thought to be more 
susceptible to severe myelosuppression. Prolonged pancy- 
topenia may result in aplastic anaemia, and fatalities have 
been reported. Opportunistic inlections can occur; pneumo- 
cystis pneumonia has been reported in patients also given 
radiotherapy or corticosteroids, or during a longer dosing 
regimen of temozolomide. Prophylaxis against pneumo- 
cystìs pneumonia should be given to all paúents receiving 
temozolomide witb radiotherapy, regardless oí lymphocyte 
count.

Nausea and vomỉting are very common; antiemetic 
therapy may be given beíore or during treatment. Other 
common adverse eSects include constìpatìon, diarrhoea, 
anorexia, alopeda, ỉatigue, headache, rashes, convulsions, 
and insomnia or somnolence. Anxiety, depression, 
conhision, dizziness, hemiparesis, aphasia, dysphagia, 
peripheral neuropathy, paraesthesia, neurological and/or 
speech dìsorders, tremor, and concentration or memory 
Impairment can occur, as 'can visual fieid deíects, blurred 
Vision, dipỉopia, hearìng impairment, or tỉnnitus. Deaíness 
has been reported. Vascuỉar disorders such as haemorrhage, 
deep venous thrombosis, and pẹripheral oedema can occur; 
pulmonary embolism has been reported. Other commonly 
reported adverse eữects indude dyspnoea, coughing, dry 
skin, pruritus, arthralgia and/õr myalgia, urinary incont- 
inence, íever, pain, and dysgeusia. Liver enzyme values can

The Symbol t  denotes a preparation no longer actively marketed

http://www.nice.org.uk/nicemedia/pdf/temozolomideguidance.pdi


866 Antineoplastics

increase, and hyperglycaemia may occur. Cushingoid 
disordeis have occurred uncommonly. Hyperscnsitivity 
reactíons, induding rare cases oỉ anaphylaxis, can occur. 
Toxic epideimal necxolysis, Stevens-Johnson syndrome, 
and erythema multìỉorme have been reported rarely. Cases 
oỉ lnterstìtìal pneumonitis have also been reported. 
TemozoIomide has cardnogenic mutagenic, and terato- 
genic potentíal. Use in pregnancy should be avoided, and 
men should be advised not to  ỉather a child ỈOT up  to 6 
months aiter receiving the final dose; sperm preservatíon 
beỉore treatm ent should be considered as temozolomide 
may cause irreversible iníertility.

Gircinogenicity. Antineoplastic drugs su ch as alkylating 
agents are assodated vvith the development oỉ secondary 
mallgnandes (see Caránogenidty, p. 726.2). Myelodys- 
plastíc syndrome and myeloid leukaemia have been 
reported in patients ưeated with regứnens containing 
temozolomide. Three patients with glioma developed 
malignant lymphoma aíter ưeatment with temoxolomide.1

1. Neyns B, tí al. Non-Hồdgkỉn'5 lymphoma in patients tvỉth giỉoma ưeaied 
w ith tem otolom ỉde. J  ơ in  Oncai 2008; 26: 4518—19. C orreaion. ibid. 
2009; 27: 3070.

Effecte on the lungs. Aíter completing 2 cydes of temozo- 
lomide therapy for glioblastoma multiíorme, an 88-year- 
old m an presented vvith a 4-week history of fever, weak- 
ness, shormess of breath. and non-productive cough. Aus- 
cultation oí the lungs revealed inspiratory crackles vvithout 
wheezing or rub. Drug-assodated organising pneumonitis 
was suspected, and temozolomide therapy was stopped. 
Prednisolone was started, with prophylaxis against 
Pntumocystìs jiT0veãi, and the patỉent improved dramati- 
cally.1 Others have subsequently reported temozolomide- 
assodated hypersensitívity pneumonids.3

1. M aldonado F, tí  aỉ. Temoĩolomide-assodated organỉâng pneumonỉris. 
Maỵo Oin Proc 2007; 82: 771-3.

2. Koschel D. t í  ai. Hypcrscnsitivity pneumonỉtỉs assodated wỉih the use oí 
temoxoỉomỉde. Etir Rapir J  2009; 33: 931-4.

HepatHis. Hepatítìs B reactivation has been assodated 
w ith the use of temozolomide plus radiotherapy.1-2 In one 
case, corticosteroid treatment may have played a role in 
reactỉvation,1 and in another case, which was ỉatal, 
hepatotoxidty from valproic add or temozolomide itselí 
could have contributed.2

1. chheda  MG, t í a t  Hepaóỉis B reacdvaửon during gliobỉastoma treaonent 
w ith  temoxoỉomlde: a cauúonary note. Neurology 2007; 68: 955-6.

2. Grewal J, tí  ai. Pataỉ reactívatỉon of hepatỉtis B with temozolomide. N  
Ertgl JM ed  2007; 356: 159Ỉ-2.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Poiphyria Cemre (NAPOS) and 
the Porphyria Cemre Ssveden, dassibes temozo!omide as 
no t porphyrinogenic; it may be used as a drug of first 
choice and no precauúons are needed.1

1. The Dmg Database for Acute Porphyria. Avaiỉable a t  http;//w w w . 
drugs-pKJiphyria.org (accessed 28/09/11)

I n t e r a c t i o n s

Valproic add  decreases oral dearance of temozolomide by 
about 5%; the dinical signiScance is unknovm.

P h a r m a c o k i n e t i c s

Temozolomide is rapidly and completely absorbed írom the 
gastrointestinal tract and peak plasma concentrations occur
0.5 to 1.5 houxs after a dose. Food reduces the rate and 
extern of absorption. TemozoIomide readily crosses the 
blood-brain ban ier and can be detected in the CSF. The 
plasma elimmatìon halỉ-liíe is about 1.8 hours. Plasma 
protein binding is about 10 to  20%. Temozolomide 
undergoes spontaneous hydrolysis to its actìve metabolite 5- 
(3-methyl-triazen-1 -yl) -imidazoIe-4-carboxamide (MTIC), 
which is then hư ther hydrolysed to 5-amino-imidazole-4- 
caiboxamide (AIC) and methylhydiazine. Temozolomide is 
largely elimỉnated by the kidneys, about 5 to 10% as 
unchanged drug.

P rep aro tio n s

Propriotary Preparotíons (detailỉ are gìven in Volume B)

S ngla ingredient PreparaHons. Arg.: Dralitem; Temodab Temola; 
TemUna; Todtrap; Zolom; AustraL: Temodab Austria: Temo- 
dal; Beỉg.: Temodal; Braz.: Temodal; Canad.: Temodat Chile. 
Dralitem; Temodal' China: Diqing (#?£); Temodal (3Sit); Cz.: 
Onkmoedc; Temodal; Temomedãc Teinostad; Denm.: Onk- 
moedc Temodal; Temomedac Fùl: Temodal; Fr.: Temođal; 
Ger.: Temodab Temomedac Temozo-cdk Gr.: Temodal; Temo- 
medac Hong Kong: Temodal; Hung.: Temodal; India: Emzõ- 
lam; Gliotem; Glioz; Indon.: Temodal' 7rt: Temodab Temome- 
dac Israet. Temo; Temodal; ltấL: Temodab Malayỉúr. Temodal; Mac.: Temodal; Neth.: Blastomat; Nogron; Ridoca; Temodal; 
Temomedac Norw.: Temodal; NZ: Temaccord; Temodal; Phì- lỉpp.: Temodal; Temozam; PoL: Tcmodaỉ; Temomedac Port.: 
Temodab Temomedac Rus.: Temodal (Tettoaaa); Temomid 
(TeacOMnn); SAfr.: Temodab Singapore: Temodal; Spain: Temo-

đal; Temomedac SwetL: Temodal; Temomedac; Svritĩ.: Temo- 
dab Thai.: Temodal; Turk.: Temodal; UK: Temodal; Ukr.: 
Temodal (TeM0flan); USA: Temodar; Venez.: TemodaL

Tẹmsirolimus IB A N , U S A N . r iN N i  _

,GQ-779;.fermlrolimusum; TeMCnpoqVtMyc., .
'(3S,6R,7E,9/?,10fl,12fi,145,15£,Ị7£,19£21 S,23S,26fl,278;34aS)- 
9 ,1 .0 ,12 ,13 ,1421^3^5^6 ,27^233 ,34 ,34a-Hexadecahy- 
dro-9,27-dihydroxy-3-{(l 8)-2-[(1 S38,48)-4-hydroxy-3-meth- 
oxycyc lohex y l]-1 -m eth y le th y l} -1 0 ,2 1 -d im ẹth o x y - 
6,8,l2,14,20,26-hexamethyl-23,27-epoxy-3H-pyrido[2,1-c]
[1,4]oxaazacydohentriacontine- Ị 3.11,28,29{4H,6H31H)-pen- 
tone 4'[2,2-bis(hydroxymethyl)propionate]. .
CsíH^NO,«=10303 
G4S —  162635-04-3.
A T C  —  L01XE09.
A T C  V e t  —  Q L 0ÌX E 09.
UNII —  624KN6CM2T.

Incompatỉbility. The lormulation of temsirolimus injection 
contains polysorbate 80. which increases the rate of 
extraaion of the plasticiser di-2-ethylhexylphthalate 
(DEHP) from PVC. In order to minimise exposure to 
DEHP. the iníusion should be given in glass, polyolelin, or 
polyethylene containers, through non-DEHP giving sets 
with an in-line polycihersullone filter oí not greater than 
5 micrometres.

U s e s  a n d  A d m i n i s t r a t i o n

Temsirolimus is an ester analogue of sirolimus (p. 1970.2) 
that is used íor the treatm ent of advanced renal cell 
cardnoma and relapsed and/or reửactory mantle cell 
lymphoma. It is given inưavenously. diluted in 250mL 
sodium chloríde 0.9% and inỉused over 30 to 60 mỉnutes, 
prelerably Via an inlusion pump.

For ren a l cell c a rd n o m a. temsữolimus 25 mg is given 
once vveekly. Treatment should be inteưupted and the dose 
reduced ií toxicity occurs. us licensed product inỉormation 
recommends vvithholding the dose if the absolute 
neuưophil count íalls below 1000 cells/m m\ or the platelet 
count íalls belovv 75 000cells/mm3, or if grade 3 toxicity 
occurs. Once these have resolved to grade 2 or less, 
temsừobmus may be restarted with the dose reduced by 
5 mg vveekly, to ã  dose no lower than 15 mg vveekly.

Use of strong inhibitors or inducers of CYP3A4 may 
increase or decrease exposure to sữolimus, the active 
metabolite oỉ temsừolimus. lí no altemative is available, us 
licensed product iníormation suggests dose adjustments ỉor 
renal cell cardnoma patỉents. A reduction of temsirolimus to
12.5 mg vveekly should be considered if it is given with a 
strong CYP3A4 inhibitor. Once the inhibitor is stopped. a 
vvashout period of about 1 vveek ỉhould be allovved before 
temsừolimus is increased back to the oríginal dose. A dose 
increase of temsirolimus to 50 mg weekly should be 
considered if it is given vvith a strong CYP3A4 inducer; once 
the inducer is stopped, temsirolimus should be decreased to 
the original dose.

In the UK, temsừolimus is also licensed for m a n tle  cell 
lym phom a; the recommended dose is 175 mg once vveekly 
fõr 3 weeks followed by 75 mg once vveekly thereaíter. 
Treatment should be interrupted and the dose reduced íor 
absolute neutrophil counts belovv 1000 cells/mm3 and/or 
platelet countỉ beIow 50 000 cells/mm3. Once these counts 
have retum ed to these levels or higher, temsữolimus may 
be restarted vvith the weekly dose reduced in the íollovving 
way:
• ĩast dose 175mg, reduce to 75 mg
• last dose 75 mg, reduce to 50 mg
• last dose 50 mg, reduce to 25 mg
Iỉ neuưophil and platelet counts are not maíntained at or 
above thẽse levels on the new dose, then ưeatm ent should 
be withheld and the next Iower dose given once the counts 
have recovered. Inhibitors and inducers of CYP3A4 should 
be avoided in patients gi ven temsừolimus ỉor mantle cell 
lymphoma.

Temsữolimus ơeatm ent may continue until disease 
progression or toxicity occurs.

For doses in patients vvith hepatic impairment see below. 
References.

1. Hudes G. ei aì. Terasirolimus, inicrícron alía. or both for advanced rcnal- 
ceU cardnom a. N  Eng! J Med 2007; 356: 2271-81.

2. Simpson D, Curran MP. Temsirolimus: in advanced renaỉ ccll carrinorna. 
Druịp 2008; 68: 631-8.

3. Bonỉ JP, tí aỉ. Inữavenous temstrolimus ỉn cancer patỉenu: dỉnỉcal 
pharmacoỉogy and dosing considerations. Semin Oncoỉ2009; 36 (suppỉ 3): 
S18-S25.

4. Dancey J ĩ .  t í  a i  Evaiuatỉng terasirolimus actívity in multíple rumors: a 
revỉew of dinỉcal ưỉals. Semin OtKoỉ 2009; 36 (suppl 3): S46-S58.

5. Thompson Coon J. t í  aỉ. Bevadxumab. soraíenib tosyỉate, sunỉdnỉb and 
tem sửolim uỉ lor rcnai ccll cardnom a: a systeroatic review and economìc 
evaỉuatỉon. Health Technol Assess 2010; 14: 1-208.

6. Ravaud A  tí  đ/. Inhỉbỉieurs de mTOR; temsirolỉmus et évérolimus dans 
ỉe ưaitem ent du cancer du rein. Butl Canon 2010; 97: 45-51.

7. Stock c, tí al. Temsirolimus. Rectnt Reiulu CancnRes 2010: 184: 189-97.

8. Borden EB, tí  aỉ. M ammallan larget of rapam ydn: bỉologỉcaỉ h inct on 
and target íor novel andcancer agents. Am  J  Htalth-Sytí Pharm  2010; >7: 
2095-2106.

9. Hoy SM, McXeage K. Temsirolimus: ỉn  rdapsed and /o r reíract ry 
m ande ceH lymphoma. D rup 2010; 70: 1819-29.

A d m i n i s t r a i i o n  in  h e p a i i c  i m p a i r m e n t .  Temsirolimus is 
mainly metabolised in the liver, and should be used wi i i  
cautỉon in patients w ith hepatìc im paũment. In the treí t- 
m ent of renal cell carđnoma, UK licensed product iníc r- 
matíon considers that no  dose adjustment is required 1 ar 
mild or moderate hepatíc im painnent (Child-Pugh dass A 
or B). For severe impairment (Child-Pugh dass C) and a 
baseline platelet count >100000cells/m m 3, a reduc :d 
dose of temsirolimus lOmg intravenously once vveekly is 
recommended. Temsirolimus is contra-indicated íor ưet t- 
m ent of mantle cell lymphoma in patients vvith modera te 
or severe hepatic impairment.

A d v e r s e  E f f e đ s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732 2.

Temsirolimus is metabolised to sirolimus; lor adver ;e 
eííeas of sirolimus. seep. 1971.2. Additional adverse effec ts 
reported vvith temsirolimus include lymphopenia, myalgi 1, 
hypocalcaemia. anorexia, asthenia. nail disorders, dry ski 1, 
pruritus, and conjunctivitis. Cataraas have occurred n 
patients given temsirolimus with intetíeron alla. Eííects c n 
the nervous System indude insomnia, anxiety, depressio I, 
dysgeusia, paraesthesia. dizziness. and ageusia. Althouị h 
hepatotoxidty has not been reported with temsirolimus, 
raised liver transaminase concentrations are common.

Hypersensitivity reactions to temsirolimus may be lif - 
threatening; symptoms include anaphylaxis, dyspnoe I, 
ílushìng. and chest pain. Antihistamines should be give n 
about 30 minutes before the start of the iníusion. u  tl e 
patient develops a hypersensitivity reaction, the inlusicn 
should be stopped and the patient observed for 30 to Ế 0 
minutes. If appropriate, treatm ent may be restarted aboi tt 
30 minutes alter a íurther dose of an antihistamine and/< ir 
an H2-antagonist. The inlusion may be restarted at a slovvtrr 
iníusion rate (up to 60 minutes) and completed vvúhin 6 
hours of preparation. Cases oỉ latal bovvel períorarion hav e 
occurred; patients presented w ith fever, abdominal pain, 
metabolic acidosis, bloody stools, diarrhoea, and/or acute 
abdomen. Patients with CNS tum ours and/or those given 
anticoagulants may be at increased risk of developing 
inơacranial bleeding, which may be íatal.

Serum glucose, cholesterol, and triglycerides should be 
monitored beíore and during treatm ent with temsứolimus.

E f íe c t ỉ  o n  t h e  l u n g s .  Eight out of 22 patients given temsir- 
olimus developed pulmonary abnormalities compatible 
with drug-induced pneumonitis. Dyspnoea and dry cougb 
were the most common symptoms, although 4 patien s 
were asymptomatic. The risk of developing pulmonar y 
toxidty is inaeased  in those with abnormal pretreatm er t 
pulmonary íunction, or a history of lung disease.1 A reưc - 
spective revievv2 íound that 29% of patients developel 
radiographically diagnosed temsirolimus-related pneum c- 
nitìs; radiographic changes were not necessarily assodate i 
vvith symptoms. The onset of drug-related pneum onit s 
occurred vvithin the Hrst 8 weeks of temsứolimus treat - 
ment in 60% of patients.

1. D u ra n  I, t í  al. C h a rac tc r isa n o n  o f  th e  lu n g  to x ỉd ty  o f th e  cell c y d e  
inhibitor temsiroỉỉmus. Eur J  Canon 2006; 42: 1875-80.

2. M aroto JP. tí al. Dnig-reỉated pneum onỉtỉs in p a tienu  w ith  advanced 
renaỉ celỉ carcinoma ơeaced vriửi temsỉrolímus. J  Cỉin Oncoỉ 2011; 29: 
1750-6.

I n t e r a c t i o n s

Both temsừolimus and its main active metabolite, sứolimus, 
are metabolised by cytochrome P450 isoenzyme CYP3A4, 
and inducers or inhìbitors ol CYP3A4 may allect exposure, 
see Interactìons, under Sirolimus, p. 1972.1. II the use cf 
altemative drugs is not ỉeasible, dose adjustments Cif 
temsirolimus may be necessary, see Uses and Administra • 
tion, above.

Reíerences.
1. Boni J, tí  a i  Pharmacokỉnetỉc proGle oỉ temsỉroỉimus w ith concomitam 

adminisưation oỉ cytochrorae P450-ỉndudng medications. J  ơ in  
Pharmacol 2007; 47: 1430-9.

2. Bonỉ JP, t í  aỉ. Dưỉerentiaỉ e fleas of ketoconazole on exposure to 
temsirolimus íollovving inưavenous ỉnhision oí temsirolimus. B rJ  Canon 
2008; 98: 1797-1802.

P h a r m a c o k i n e t i c s

Temsirolimus is mainly m eubolised by cytochrome P450 
isoenzyme CYP3A4 to 5 metabolites; sirolimus is the main 
active metabolite. The mean half-Ufe oi temsừolimus iỉ 
about 17 hours. Expostưe to sữolimus may be m uch greate ■ 
than that of temsừolimus, due prindpally to the  longer halí 
Me of sirolimus (see p. 1972.1). Elimination is mainly ù. 
íaeces; about 5% is recovered in the uiine.

All cross-references refer to entries in Volume A
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Preparations
Proprietary Preparotions (details are given in Volume B)

Singla-ingraclient Preporations. Arg.: Toriscl; AustraL: Torisel; 
Austria: Torisel; Beig.: Torisel; Braz.: Torisel; Canad.: Torisel; 
Chile: Torisel; Cz.: Torisel; Denm.: Torisel; Fr.: Torisel; Ger.: 
Torisel; Gr.\ Torisel- Hong Kong-. Torisel; Hung.: Torisel; Irỉ.: 
ToriseU Israel: Torisel; Ịtal.: Torisel; Malaysũr. Torisel; Neth.: 
Torisel; Norw.: Torisel; Phũipp.: Torisel; PoL: Torisel; PorL: Tor- 
isel; Rus.: Torisel (Topmen); Singapore: Torisel; Spain: Torisek 
Su/ed.: Torisel; Switz.: Torisel; Thai.: Torisel; Turk.: Torisel; UK: 
Toriset USA: Torisel.

T e n i p o s ỉ d e  (BAN, USAN, rlNNI

EÍP; NSC-122819; Teniposiđ; Téniposide; Teniposidi; 
Teniposido; Tenipósido; Teniposidum; VM-26; TeHMfi03Hfl. 
(5S,5aft,8aS,9/?)-5,8,8a,9-Tetrahydro-5-(4-hydroxy-3,5- 
dimethoxyphenyl) 9-(4,6-0-thenylidene-P-o-glũcopyranosy- 
loxy)isobenzofuro[5,6-f][l,3]benzodioxol-6(5aH)-ane. 
C32H320)3S=656.7
C A S —  2 9 7 6 7 -2 0 -2 .  :
A Ĩ C  —  L01CB02.
A T C  V e t —  Q L 01C B 02  
UNII —  9S7E6438Q A .

Stability. Predpitation occurred repeatedly in preparatíons 
for inhision containing teniposide 200micrograxns/niL in 
either glucose 5% or sodium chloride 0.9% inịectìon, 
alttaough previously such preparations had been used 
uneventhilly.1 Dilution of teniposide. soludons to 
lOOmicrograms/mL or less reduced the ừequency of the 
problem, vvhich could not be attributed to a change in  for- 
mulatíon and rem ained unexplained.

ỉ . Sirong DK, Morris LẠ. Predpitation of tenỉposỉde during inỉusion. Am J 
Hoip ỉharm  1990; 47: 512.518.

U s e s  a n d  A d m i n i s t r a t i o n

Teniposide is an antineoplastic agent with general proper- 
ties similar to those of etoposide (p. 790.2). It is given as 
monotherapy or part of a combứiation regứnen for 
reừactory non-Hodgkin's lymphoma (p. 696.3), and vvith 
other antineoplastic agents in the treatm ent of reừactory 
acute lymphoblastic leukaemia (p. 692.3). Teniposide is also 
used ỉn solid tumours induding neuroblastoma (p. 716.2), 
and has been used in retũioblastoma (p. 717.2).

Teniposide is given by slow ũitravenous infusion over at 
least 30 to 60 minutẽs, as a solution o! up to 1 mg/mL in 
sodium chloride 0.9% or glucose 5%. Dosage regimens 
vary.

For non-Hodgkin's lym phom a, the following mono- 
therapy regimens have been used:
• 30mg/m2 daily for 10 days
• 30 mg/m2 đaily every five days
• 50 to 100mg/m2 once weeklỹ
Doses in combination regimens have generally been given 
once vveekly, at 60 to 70mg/m2.

In the treatment of reíractory acute lymphoblastic 
leukaem ỉa . the ỉollowing combination regúnens have been 
used:
• 165 mg/m2 tvvice weekly for 8 to 9 doses, wlth cytarabine
• 250 mg/m2 weekly for 4 to 8 vveeks, with vincristine and 

prednisone
For neurob lastom a, doses as a single agent range tom 130 
to 180mg/m2 once vveekly.

A d v e r s e  E f f e đ s ,  T r e a t m e n t ,  a n d  P r e c a u t ì o n s

As for Etoposide, p. 791.2. There is some evidence that 
teniposide may be a more potent mutagen and carcinogen 
than etoposide.

Breast íeeding. us licensed p ro d u a  inỉormation States 
that it is unknovvn w hether teniposide is excreted in 
hum an milk. It has been suggesteđ' that breast leeding be 
vvithheld for 30 to 48 hours after a dose.

ì.eĩal.. eds. Drugs durirtg pregnancy and ìaetatíon: treatment ơptíơns and ràk 
assessment. 2nd ed. London: Elsevier, 2007.

Hypersensitivity. Haemolytic anaemia and acute renal íail- 
ure vvith tubular necrosis has been reported in a padent 
w ho developed an  antibody to teniposiđe.1 As with etopo- 
side (p. 791.3) hypersensitivity or inỉusion reactions occur, 
somedmes with the Đrst dose, and may be severe;2-3 the 
ừequency may be as high ás 13% in neuroblạstoma 
patients.2 Althõugh it has been suggested that hypersensi- 
tivity reactions might be due to  th e  polyoxyl castor oil in 
the injection vehide,2 studies in vitro suggest that it is the 
drug rather than the vehide that is responsíble.3

1. Habibl B. a  ai. Im m une hemolytic anem ia and  re iu l tailure due to 
teniposide. N  Enjl J  Mat 1982; 306:1091-3 .

2. Siddall SJ, rtai. AnaphyUctỉc reactions to  teniposide. Lanea 1989; ỉ: 394.
3. Cam ensen H. rĩ aỉ. Tenỉposỉdc-induced hyporscnsitỉvìty reactỉons in 

chUdren. Laruxt 1989; 11; 53.

P r e g n a n c y .  A 32-year-old woman was diagnosed with 
Burkitt's lymphoma at 22 weeks of gestation. She was 
treated vvith combination chemotherapy, induding doxo- 
rubidn, vincristine, teniposide, cydophosphamide, and 
prednisolone; courses were given every 2.5 or 3 weeks 
depending on  haematological recovery, for a total of 6 
courses. At 35 weeks, she was given intrathecal metho- 
trexate for a total of 7 doses, and bleomydn íor a total of 4 
doses. The infant was healthy, hilly developed, w ith no 
physical abnormalities, and had a normal heart, and a nor- 
mai blood counL1

1. Lowenthal RM, ti  ai. Normai in íant after combinatỉon điem otherapy 
induding leniposldc (or BurídtƯs lympboma ỉn pregnancy. Med Ptdiătr 
õncoỉ 1982; 10: 165-9.

I n t e r a d i o n s

For a generaỊ outline oỉ antineoplasúc drug interactions, see 
p. 733.3. Salicylic add, sulỉamethizole, and tolbutamide 
may affect the protein binding of teniposide, potentially 
inaeasing ừee teniposide in  plasma and resulting in 
toxidty; cautíon is advised when giving any oỉ these drugs 
with teniposide.

A n t í e p i l e p t i c s .  Clearance oỉ teniposide was markedỉy 
increased by phertytoin or phenobarbital; the resultant 
decrease ÚI systemic exposure to the antineoplastic might 
reduce its eíhcaqt, and increased dosage would be needed 
in patíents receiving these drugs to guarantee equlvalent 
exposure.1

1. Baker DK, et ai. Inaeased  tenỉposide dearance wỉtír concomitant' 
antíconvulsanr therapy. J  ơ in  O naĩ 1992; 10: 311-15.

Gclosporín. Use of ddosporin with teniposide has been 
reported1 to prođuce a decrease in the dearance of the lat- 
ter, with increased terminal haU-liỉe, peak plasma concen- 
trations, and toxidty.

1. ToRoli G. a  ai. Cydosporin A as a mutódrug-resisiant m oduỉator in  
patíents w ỉth renài ceũ carcỉnoma treated w ith tenlposỉde. B r J  Canegr 
1997;75:715-21.

Preparatíons
Proprietary Praparetions (details are givẹn in Volume B)
Singla-ioqredierd Preporolions. Arg.: Vumon; AustraL: Vumon; Austria: Vumont; Braz.: Vumon; Canad.: Vumon; Chile: 
Vumont; China: Bang Lai Vumon (JEH); Gr.: Vumon;Hong Kong-. Vumonỷ; Mex.: Vumon; Neth.: Vumon; NZ: 
Vumon; PoL: Vumon; PơrL: Vumont; S-Afr.: Vumont; Spain: 
Vumont; USA: Vumon.

T e s t o l a c t o n e  ÍU SAN, r iN N Ị  ®

:’ì  -Dehydrotestololactone; NSC-23759; SQ-9538; Testolacto- 
ha; Testolactonum; Testolaldon; Tểstolảktốni; tecronaKTÓH 

;0-Homọ-17a-oxaandrosta-l ,4-diene-3,17-dione. 
C„H2,Ój=300.4 
CAS —  968-93-4.
UNII —  6J9BỊA949Q.

Pharmacopoeias. In us.
USP 36: (Testolactone). A vvhite to ofi-whĩte, practically 
odourless, crystalline powder. Soluble 1 in 4050 of watei7 
soluble in alcohol and in  chloroíorm; slightly soluble in 
benzyl alcohol; insoluble in ether and in  Petroleum spirit 
Store in airtight containers.

ProíỊỊe
Testolaaone isa derivative of testosteronẹ (seep. 2305.1). It 
is reported to be an aromatase inhibitor that reduces 
peripheral oestrogen synthesis but has no signihcant 
androgenic activity. It has been given orally in the palliative 
treatment oí advanced breast cancer in postmenopausal 
vvomen (p. 702.1).

It is unsuitable for men with breast cancer.
Peripheral neuropathies have occurred in patients given 

testolactone; gasuointestinal distuibanceS) pain or oedema 
oỉ the extremities, hypertension, malaise, maculopapular 
erythema. and glossitis have also been reported.

C o n g e n i t a l  a d r e n a l  h y p e r p l a s i a .  For mention of the use
of testolaaone with Qutamide to block androgenic eííects 
in congenital adrenal hypeiplasia, see p. 1603.2.

Precodous puberty. Encouraging results have been 
reported using testolaaone in  the treatment of 5 girls w ith 
precodous pũberty (p. 2254.1) due to the McCĨme-Alb- 
right syndrome.1 Testolaaone is an aromatase inhibitor 
and blocks the synthesis o í oestrogens bom  androgens. 
Long-teim therapỹ (for up to  5 years) was assodated w ith 
continued bcneũt in many patients; however, signs of 
puberty were not always còmpletely suppressed, in  some 
cases perhaps because of diÉBculties in maintaining the 
dosage regimen.2 Encouraging rcsuỉts vvere also obtalned 
using testolactone with spironolactone in the treatm ent of

lamilíal precodous pubeny in  boys, aỉthough neither 
agent was successỉul w hen used alone.3 Again, signs of a 
reduced response to longer-term therapy have occurred; 
in this case conưol was restored by addition of a gonado- 
relin analogueA Another study5 in  10 boys who were trea- 
ted ỉor at least 6 years with spironolactone and testolac- 
tone, with deslorelin added at the onset of secondary 
Central precodous puberty, íounđ normaỉisation in growth 
rate and bone maturation, and improvements in predicted 
adult height.

1. Peuỉỉỉan pp, et ai. T reannem  of precodỡuỉ puberry ỈD the McCune- 
Aỉbright syndrome vvith th e  aromatase inhibỉtor testolactone. N Engl J

. Med 1986; 315: 1115-19.
2. Peuỉllan pp, et ai. Long term  testoUctone therapy ỉor precotìous puberty 

ỉn girỉs with the McCune-Albright syndrome. J  Qin Endacrìmỉ Metab 
1993;77:647-51.

3. Laue U ct al. Treatment oí ỉamiỉiaỉ male precodous puberty wỉth 
spironolactone and testolactone. N  Engl J  Med 1989; 320: 496-502.

4. Laue L  it  a i  Treatraem of bm ỉỉỉaỉ maỉe precodous puberty wỉth 
spíronoỉactone. testoỉactone. and desỉoreỉỉn. /  ơ in  Endocrinot Mtíab 
1993; 76:151-5.

5. Leschck EW. et ai. Six-year resulỉs o ỉ spironolactone and tẹstolactone 
treaanent oỉ ỉamỉỉial mảỉe-Umỉted precodous puberty wỉth adđỉdon oi 
dtíìoKỈÌn ă tc r  Central puberty o n se t J  ơ in  Eỉubơinởỉ Metab 1999; 84: 
175-8.

Preparations
Pharmacopoeial Preparotiom
USP 36: Testolactone Tablets.

T h a l i d o m i d e  (BAN, USAN, riNNi

'Í-2 Ị7 ; K-17; NSC-66847; Taiíciomicl; ĩaíidomida; Tàỉidomidi; 
Thạlidomidum; TannflOMMfl.
2-Phthalimidoglutarimide.
.CuHI0N A = 258 2  . ■ ‘
CAS —  50-35-1.
ATC —  L04AX02.
ATC Vet —  QL04AX02.
UNII —  4Z8R60RS6L ' ■ /

Pharmacopoeias. In u s .

USP 36: rilialidomiđe). A vvhìte to off-white powder. 
Sparingly soluble in vvater, in dehydrated alcohol, in 
acetone, in butyl acetate, in ethyl acetate, in gladal acetic 
add, and in methyl alcohol; practically insoluble in 
chloroíorm, in ether, and in benzene; very soluble in 
dimethylíormamide, in  dioxan, and in pyridine. Store in 
airtight containers. Protect hom light.

StabilHy. An extemporaneously prepared oral suspension 
of thalidomide 20 mg/mL was reported to be stable íor at 
least 35 days vvhen stored in amber plastíc bottles under 
rehigeration (3 degrees to 5 degrees). The contents of cap- 
sules (Thalomid; Celgene, USA) were suspended in a 1:1 
mixture of Ora-Plus and Ora-Sweet (Paddock, USA). Appro- 
prỉate precautíons should be taken during preparatìon and 
handling, because of the risks assodated vvith this drug.1

1. Kraft s. et ai Stabilỉty of an extemporaneously prepared thalỉdomide 
íuspcnsion. Am J Heahh-Syst Pharm 2012; 69: 56-8.

U s e s  a n d  A d m i n i s t r a t i o n

Thaỉidomide has immunomodulatúig, anti-inflammatory, 
and anti-angiogenỉc activitíes. It shouỉd always be given 
under appropriately supervised and controlled conditions 
because of the teratogenic risks and other potentíal adverse 
eííects (see Adverse Eỉíects and Precautions, p. 869.2). 
Thalidomide is given orally. For wamings and reammenda- 
tions regarding the safe prescribing, dispensing. and use of oral 
antineoplastic drugs, see Administation, p. 732.3.

Thalidomide is used in the treatment of m u ltip le  
m yelom a (see Malignant Neoplasms, p. 868.3). In disease 
that is reíractory to Standard therapies, it Ls given as 
monotherapy in an initial oral dose of 200 mg once daily. 
The dose may be increased by 100 mg at vveekly intervals up 
to a maximum dose of 400 mg daily, as tolerated. 
Thaiidomide may be used with melphaỉan and prednisone 
in patients with newly diagnosed multiple myeloma vvho 
are over 65 years of age or ineligible for high-dose 
chemotherapy; thaUdomide in a dose of 200 mg daily is 
given continuously lo ra  maxúnum of 12 treatment cydes of 
6 vveeks each. Thalidomide may also be used vvith 
dexamethasone in the .ưeatment of patìents vvith nevvly 
diagnosed multiple myeloma. Thalidomide 200 mg is given 
once daily, with dexamethasone 40 mg glven orally on days 
1 to 4 ,9  to 12, and 17 to  20 of a 28-day cyde. Four cydes of a 
thalidomide and dexamethasone regimen may be used as 
Induction therapy beíore high-dose chemotherapy with 
autologous stem cell rescue.

Thalidomidé is also used for the treatment of. acute 
cutaneous maniíestations of moderate to severe type 2 
(erythema nodosum leprosum) lep ra reactíons (see 
Leprosy, p. 188.3), bu t should not be given as monotherapy 
u  moderate to severe neuritis ỉs present; in such cases, 
corticosteroid therapy should also be given and continued

The Symbol ®  denotes a substance whose use may be restricted in certain sports (see p. viii)The Symbol t denotes a preparation no longer actively marketed
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until neuritis improves. Thalidomide may also be used for 
maintenance therapy for preventìon and suppression of đie 
cutaneous maniỉestatíons of recurrent type 2 lepra 
reactíons. It is of no value in type 1 lepra reactions. It may 
be givenoraHy in usual initìal doses of 100 to 300 mg once 
daily.In severe cases up to 400 mg daily may be given. The 
dose should be reduced gradually by 50 mg every 2 to 4 
weeks once a satìsfactory response has been achieved. An 
altemative regimen is to start treatment with lOOmg once 
daily, and if symptoms are not controlled, increase the dose 
by increments of lOOmg at weekly intervals up to a 
maximum of 400 mg once daily.

Thaỉidomide should preỉerably be given at bedtime and 
at least 1 hour aher the evening meal.

Thalidomide has been used in several other conditions 
whose aetìology may involve the immune System, such as 
treatm ent and prevention of graft-versus-host dỉsease, 
treatm ent and prevention of recurrent aphthous stomatitis 
in  severely and terminally immunocompromised patients, 
treatm ent of the dinical maniíestations of both tuberculous 
and non-tuberculous mycobacteríal iníection, treatment of 
myelodysplastic syndrome and treatment of HTV-associated 
wasting syndrome, Kaposi's sarcoma, and Crohn's dỉsease. 
It has also been used in the treatment of primary brain 
malignandes. Thabdomide is being investigated in some 
other malignandes.

Guidelines on the dinical use of thalidomide.
1. Powell RJ. Gardner-Međvvin JMM. Guidelỉne for the dinical use and 

dispenstng of thalidomide. Postgrad Med J 1994; 70: 901-4.
2. Lary JM. tí ai. The retum oí thalidomide: can binh deỉects be prevented? 

Drũg Safety 1999; 21: 161-9.
3. Zeldis JB, tí ai. S.T.E.P.S.: a comprehensive program íor controlling and 

monitoring access to thaỉidomỉde. CUn Ther 1999; 21: 319-30. Purther 
ỉníormatíon avaỉlabỉe at: http://www.thalơtnid.com/steps_program. 
aspx (accessed 27/05/06)

4. Chave TA, tí a i  All-Wales Dermatology Audi! Commỉttee. Thaỉỉdomlde 
usage ỉn Waỉes: the need to foUow guỉdeỉines. Br ] Dermatol 2001; 144: 
310-15.

A d i o n .  The mechanism o( action of thalidomide is not 
completely understood, aỉthough investigations have 
shown that it has anti-inỉlammatory and immunomodu- 
lating effects, induding inhibition of the synthesis oi 
tum our necrosis ỉactor (TNF)-d. However, this inhibition 
is incomplete and selective, and increased plasma-TNF-a 
concentratíons have been seen in some patỉent groups. 
Other immunomodulatory and antì-inflammatory proper- 
ties indude inhibition of leucocyte chemotaxis into the 
site of inflammation and reduction of phagocytosis by 
polym orphonudear leucocytes. Thalidomide also appears 
to modulate interleukins, although results of investiga- 
tions into its eỉfect on spedhc intẽrleukins and inteiíeìón 
gamma have so far been equivocal. Eííects on CD4+ cells 
and vaiỉable eổects on other mediators of intercellular 
reactions have also been implicated. Thalidomide also 
inhỉbits angiogenesis, which may have implications in 
solid tumours and other diseases.

General reíerences to the mechãnism of action and uses 
of thalidomide.1'*

1. Schuỉer u, Ehninger G. Thalidomỉde: ratỉonale ỉor renewed use in 
iimnunologica] disordery Dntj SaỊtty 1995; 12: 364-9.

2. Calabrese I. Eleúcher AB. Tbalidomide: cutTent and potentia] dỉnical 
applicadoni. Am J  M td 2000; 10S: 487-95.

3. Peuckmann V, tí ai. Potentỉal novcl uses of thalỉdomỉde: tocus on 
paDiadve care. Drup 2000; 60: 273-92.

4. Pranla ME. H al. Thalidomide. Lanctí 2004; 363:1802-11.
5. Rạjkumar sv. Thalidomỉde: tragic past and promising íuture. Muyo C7ÚÍ 

Pnc  2004; 79: 899-903.
6. Joglekar s, Levỉn M. Tha promỉse of thalldomide: cvolving indicatìons. 

D rup Today 2004; 40: 197-204.
7. Bessmertny o . Pham T. Thalỉdomide use ỉn pedỉaưic patients. A m  

pharmacother 2002; 36: 521-5.
8. Teo SK. Propertìes of thalidomide and ỉts analogues: ỉmplicatìons ỉor 

antícancer therapy. A A T SJ ỈOOĨ; 7: E14-E19.

B e h ^ s  s y n d r o m e .  Thalidomide was eííective for the 
treatm ent of oral and genital ulceratíon and ỉollicular 
lesions in a randomised, double-blind, placebo-controlled 
study1 in 96 male patients with BehỊet's syndrome 
(p. 1601.1). It was also noted that the development of 
new  oral and genital ulcers was prevented. although 
relapses may OCCUI on cessation of therapy. Thalidomide 
has also beẽn reported2-3 to be of beneht for severe oral 
and genital ulceration in children with Behset's syndrome 
unresponsive to other ơeatments. Thaiidomide also 
improvèd symptoms in a vvoman with Behẹefs syndrome 
who had recurrent períorating intestinal ulcers.4

1. Hamuryudan V, tí aỉ. Thalldomỉde In the treatment of thê 
mucocutaneou: lesions of the Beh(et syndrome: a randomiied. 
double-blind. placebo-controUed trial. A m  In ttm  Mtd 1998; 128: 443- 
50.

2. Shelc LP-C. tí ai Thalidomide responsiveness In an ln(ant with BehíeCs 
ỉyndrome. ĩtd iaừ ia  1999; 103: 1295-7.

3. Kari JA. t í  aL Behget's disease ỉn UK dtỉldren: cUnkal ỉeatures and 
treatment induding thalidomide. Rheumatology ịOxford) 2001; 40:933-8.

4. Sayarlỉoglu M, rt al. TTeatment of recurrent períoiáting Intestmal ulcen 
wtth thalidomide in BehgeCs disease. A m  Tharmacaứm 2004; 38: 808-
11.

C a c h e x i a .  For the use of thalidomide in HTV-assodated 
wasting, see HTV-assodated Compỉications. below, and in 
cancer-related eachexia, see Malignant Neoplasms, belovv.

AU cross-reíerences reỉer to entries in Volume A

G a s t r o i n t e s t i n a l  b l e e d i n g .  Thaliđomide has been used to 
conttol re&actory bleeding in  patients with gastrointestinal 
vascular malíormations induding angiodysplasia. Studies 
in small groups of patients have shovvn reductions in the 
num ber and size of angiodysplasias and in transỉusion 
requirements. Doses of 50 to 200 mg orally daily have gen- 
erãlly been used.1'3 At least 8 weeks of ữeatm ent may be 
needed íor a beneSdal eữect; the optimum duration of 
therapy is unknown but thalidomide has been continued 
for up to 6 months.1 However, adverse eííects may limit 
its use.’-3

1. Kamalapom p, t í  ai. Thalidomide íor the treatm ent of chronic 
gasưointestinal bleedỉng from angỉodysplaslas: a case series. Eur J  
GastrocnUroĩ Hepatol 2009; 21: 1347-50.

2. Ge Z-Z. et al. EHỈcacy oí thaỉiđomỉde ỉor re íraaory  gastroỉntestỉnal 
bleeding from vascuUr malíormaiion. Gastroenterolosy 2QÌ 1; 141: 1629- 
37.

3. Garrido A, et aí. Thalỉdom ide ln re íractory bleeding due 10 
gastroỉmestỉna) angiodysplaỉias. Rev Esp Enferm Dig 2012; 104: 69-71.

G r a f t - v e r s u s - h o s l  d i s e a s e .  A reviewi of studies investigat- 
ing the use of thalỉdomide in chronic graft-versus-host dis- 
ease (see Haematopoietic Stem Cell Transplantation, 
p. 1937.1) conduded that although thalidomỉde appeared 
to be of benetit in some patients unresponsive to other 
treatments, doses greater than 200 mg daily are poorly tol- 
erated in most panents. Giving thalidomide as prophylaxis 
led to poor survival, possibly through interỉering vvith 
development of tolerance. Thalidomide was not of beneíit 
when given as treatment íor newly diagnosed disease.

1. Flowers MED. M anin PJ. Evaluation of thalidomide lor treatm ent or 
prevenrion of chronỉc grafr-versus-hosl disease. Leuk Lymphoma 2003; 
44: 1141-6.

HlV-associated compiications. It has been proposed that 
thalidomide's inhibitory activity against TNF-a may 
explain its anti-HIV effect. However, there are coníliaing 
reports as both decreased and inaeased TNF-a levels, as 
weU as unchanged levels, have been seen in HTV-patients.1 
Nevertheless, thalidomide has shown some promise as a 
therapeutic agent for some AỈDS-related diseases. It is an 
eííective treatment for severe ulceration of the mouth 
(p. 1814.2), oropharynx, and oesophagus in patients with 
HIV-iníectíon.2'5 Of concem though is the Ẽnding that 
modest increases in plasma HTV RNA levels have been 
seen in some patients, vvhiđi correlated with increases in 
TNF-o levels.2-4 Thalidomide has also been tried with some 
success in HIV-infected patients with prurigo nodularis,4 
alopeda areata7 (p. 1682.3), and hypertrophic genital 
herpes* (p. 955.2). It has also proved to be of benefit in 
HlV-assodated wasting,  (p. 959.1), and has shovvn pro- 
mise in high doses íor the tteatm ent of AỈDS-related 
Kaposi's sarcoma10 (p. 718.1). Thalidomide vvas also oí 
beneht in 3 patients w ith severe idiopathỉc HTV-assodated 
colitis.11

1. Kavot E  rt aỉ. New uses íor old drugs in HTV iníection: the role oỉ 
hydroxyurea. cydosporin and thaỉỉdomide. Drugs 1999; 58: 953-63.

2. Jacobson JM. eí al. Thaỉidomỉde ỉor the ưeatm ent of oral aphthous ulcers 
in patíents w ith hum an inununodeCdency vỉrus iníection. N  EngUMed 
1997; 336: 1467-93.

3. Ramỉrez-Amador VA et aỉ. Thalidomỉde as tberapy for hum an 
immunodeEcỉency virus-relaied oraỉ ulcers: a double-bỉind placebo* 
controlled dinìcaỉ tríaL Cỉin ỉnfea Dà ỉ 999; 28: 892-4.

4. Jacobson JM . et a i  Thaỉidomide íor the treatm ent oỉ esophageal 
aphthous uỉcers ỉn patỉents wìth hum an ỉmmunodeíĩdency virus 
iníection. J  ĩnỊea Dis 1999; 180: 61-7.

5. Shctty K. Thaỉỉdomlde in the m anagem em  of recurrent aphthous 
ulceratỉons ỉn patiems w ho are HlV-posiúve: a revỉevv and ca se repons. 
Spec Can Dentùt 2005; 25: 236-41,

6. M aurer T. et al. Thaỉidomide treacment íor prurìgo noduỉaris ỉn human 
unm unodefidency virus-inĩeacd subjects: eỉlìcacy and rísk of neuro- 
pathy. Arch Dermatoì 2004; 140: 845-9.

7. Baranda L  et aĩ. Severe and  unresponsive HTV-assodated aỉopecỉa areata 
successỉully ưeated vvỉth thaỉidomide. Aơa Dtrm Vcnercol 2005; 85 :277-
8.

8. Holmes A  Ểt aì. Thalidomide tberapy íor the treatm ent of hypertrophỉc 
beipes sùnpỉex vữus-related genỉtalis in HĨV-infected indivỉduals. ơ in  
ln ftữ  Dừ 2007; 44: e96-e99. Avaiỉable ab  http://www.joum aỉs. 
uchlcago.edu/doi/abs/10.1086/517513 (accessed 18/01/08)

9. Reyes-TCTán G, tí  al. Effects ol thaỉỉdomide on HIV<assodated 'wasrỉng 
syndrome: a randomỉzed. doubỉe'blind, placebo-controlled tríaỉ. AIDS 
1996; 10: 1501-7.

10. Littlc RF, tí ai. Actỉvity of thaỉidomide in  AIDS-related Kaposi's sarcoma. 
J  Qm  Oneoi 2000; 18:2593-2602.

11. John$on Le t í  aỉ. Thaỉldooùde treatm em  íor rehactory HIV-associaied 
coỉiLiỉ: a case series. Om Infeđ Dà 2008; 47: 133-6.

I n H a m m a t o r y  b o w e i  d i s e a s e .  Small open-label studies’'} 
have shown eíhcacy of thalidomide in patients with 
reíraaory Crohn’s disease (see under ỉnUammatory Bowel 
Disease, p. 1811.3). In many of those patients already 
receiving corticosteroids the dosage could be reduced and 
in some corticosteroids could be stopped completely. 
Reduction of TNF-o and interleukin-12 by thalidomide 
may be responsible ỉor its clinical eỉfects in Crohn's dis- 
ease.4 Thalidomide has also been reported5 to be of beneht 
in children and young adults vvith intractable inũamm- 
atory bowel disease (both Crohn's disease and ulcerative 
colitis).

1. Ehrenpreỉs ED, tí al. Thalidomide therapy for patỉents w ùh reừaaory 
Crohn'5 disease: an open-label trial. Gaỉtrotnaroloiy 1999; 117:1271-7.

2. Vasilíauskas EA, tí  al. An open-label pilot study 0< lovy-dose thalidom de 
in chronically active, iteroidKlependent Crohn's disease. Gastromtem Igy 
1999: 117: 1278-87.

3. Bariol c. tí al. Early studỉes on  the  saỉety and eSlcacy o f thalidom ide [or 
symptomatỉc m ũanunatory bowel dỉsease. J  Gaỉtromtarol Htpatoì 20 )2; 
17 :135-9 .

4. Baudita J, t í  a l  Thaỉỉdomỉde reduces tum our necrosis ía a o r  a í ná 
inteiỉeuldn 12 productlon in  padents w ith chronic aa ỉv e  Crob 1']  
diseaíe. Gul 2002; 50: 196-200.

5. Lazzẽrinỉ M, tí aỉ. EtBcacy and saỉety of thalỉdomide ìn  children í  id  
young adulti w ith in traaable  ỉnílammatory bowel disease: long-te m  
resulũ. Almuru Pharmacol Thtr 2007; 25: 419-27.

Kaposi's sarcom a. See under HlV-assodated complic 3- 
tions, above and under Malignant Neoplasms, be!ow.

Lupus erylhematosus. T h a l iđ o m id e  h a s  b e e n  f o u n d  t o  ie  
o f  b e n e f i t  I n  l u p u s  e r y th e m a to s u s ,  ỉ n d u d ỉ n g  c h r o r i c  
d i s c o id  l u p u s  e r y t h e m a t o s u s , 1-2 l u p u s  e r y t h e m a t o s u s  p r  )-  
f u n d u s , 3’4 S L E 5 (p .  1 6 1 3 .3 ) ,  a n d  c u t a n e õ u s  l u p u s  e r y i h : -  
m a t o s u s . 4-"  T h e  b e n e h d a ỉ  e f f e c t  o í  t h a l i d o m i d e  o n  c u t i -  
n e o u s  l u p u s  e r y t h e m a t o s u s  m a y  b e  p a r t l y  m e d ia t i  d  
t h r o u g h  p r o t e c t i o n  a g a in s t  u v - i n d u c e d  i n f l a m m a t i o n . M

1. Knop J, tí aỉ. Thalidomide ín the creatmcnt oí sixty cases of chroi ic 
discoid lupus erythematosus. B rJ  Dermatol 1963; 108: 461-6.

2. Brocard A  tí  ai. Lupus érythémateux chronique: traitem ent I ar 
thalìdomlde. Ann Dermaíoi Venereol 2005; 132: 853-6.

3. Burrows NP, tí  aỉ. Lupus erythematosus proíundus w ith partial 1 'A 
deỉiciency responding to thalidomlde. B rJ  Dermatoi 1991; 125: 62-7

4. Wỉenert s , tí  a i  Faceuen des Lupus erythematodes: Pannikulitb r lít 
gutem  Ansprechen auíThaUdomid. J  Dueh Dermatol Ges 2008; 6  214-16.

5. Bessiỉ D, tí aì. Thaỉidomỉde íor systemic lupus erythem atosus. Lũt, et 
1992; 339: 549-50.

6. Atra E, Sato EL Treatment oí the cutaneous ỉesions o í systemic lup 1S 
eryihematosus with ứiaỉỉdomide. ơirt Exp Rhiumatoỉ 1993; 11: 487-9 ĩ.

7. Stevens RJ, tí ai. Thalidonủde in the treatmcnt of the cutaneo 1S 
m aniíestations o í lupus erythcm atosus: cxperience in sixtei n 
consecutỉve patíents. Br J  Rheumatoỉ 1997: 36: 353-9.

8. Duong DJ. t í  ai. American experience with lovv-dose thalidomi le 
therapy íor severe cutaneous ỉupus erythematosus. Arch Dcrmatoỉ 199 ?; 
135: 1079-87.

9. Peỉle MT. Werth VP. Thalidomide in cutaneous lupus erythem atosi s. 
Am J  ơ in  Dermato! 2003; 4: 379-87.

10. CuadradoM J, t í a l Thalidom ỉdeỉorthetreatm em  o íresỉs tan tcu taneo  IS 
lupus: eííicacy and saỉety of diííerent therapeutic regỉmens. Am J  to 'd 
2005; 118: 246-50.

11. Cummins DL, Gaspari AA Photoprotection by thalidomỉde in patier IS 
vvith chronỉc cutaneous and systemic lupus erythematosus: discorda It 
eữects on minimal erythema dose and sunbum  ceỉỉ ĩorm ation. Br J 
Dcrmatcl 2004; 151: 458-64.

M alignant neoplasms. Thalidomide has shovvn benelìt in 
the treatm ent of patients with multiple myelorra 
(p. 699.2).’ In relapsed or reíractory disease, a review2 of 
unconttolled stuđies showed that thalidomide monothe - 
apy may achieve complete or partial responses in aboi t 
29% of patients, and ỉound at 12 months after startir ị 
therapy an overall survival rate of about 60% and even - 
íree survival of about 35%. The response improves whe 1 
dexamethasone is added, increasing the complete or pa - 
tial response rate to about 46% vdthout a signiỉicai t 
increase in toxidty.3 The combination of thalidomide an i 
dexamethasone has also been used in nevvly-diagnose 1 
patients, with response rates of at least 63% reported.4 6 
This combinatìon may be used as induction therapy beíor: 
autologous haematopoietic stem cell ữansp lan tation4 
Aíter ưansplantation, thalidomỉde has been studied fcr 
maintenance therapy and found to reduce the risk for dií - 
ease progression, but the eííect on overall survival ha; 
been mixed.7 It has been suggested that the lowest eííet • 
tive maintenance dose is 50 mg orally daily, that therap r 
should be given for 1 year or less to limit the risk of signií ■ 
icant toxidty, and tha t thalidomide should no t be used ii I 
patients vvith FISH-defined poor-risk qdogenetics; ho u  ■ 
evcr, the situation íor elderly patìents is less d e a r. ' 
Improved response rates have been lound w hen thalidc • 
mide vvas added to cydes oỉ melphalan and prednisone Ẽ I 
newly-diagnosed elderly paãents (when ưansplantation i i 
generally unsuỉtable), extendỉng survival-time by aboL L 
20% (about 6 to 7 months).*

Thalidomide has also been tried in the ưeatm ent cf 
several non-plasma cell malignandes with variable results. ’ 
It has shown promise in patients vvith recurrent high-grad : 
gliomas10 (p. 701.2) and is under investigation fo ■ 
non-AIDS-related Kaposi's sarcoma”  ’3 (p. 718.1), meta 
static melanoma13 (p. 714.3), myeloEbrosis w ith myeloid 
metaplasia,14"16 and androgen-independent prostate can 
cerỊ7.u (p 712.3).

Thaỉidoinide has shovvn some beneEt in the treatm ent 0 r 
cancer-related cachexia (see under Megestrol, p. 2289.3) i i . 
patients with pancreatic cancer.”

1. Palumbo A  t í  al. Thalỉdomide íor treatraent oi m uỉtiple myeỉoma: 1 1 
years later. Blood 2006; 111: 3968-77.

2. Glasmacber K t í a l . A  systemaúc revỉew oí phase-n trìab  of thalỉdomỉd ’ 
m onotherapy in patỉents wỉth relapsed or reỉractoiy m ultiple myelomê 
Br J Haanâtol 2006; 132: 584-93.

3. von Uỉienỉeld-Toaỉ M, t í  ai. A systematic revievv o í phase n  ơials c 
thaỉỉdomide/dexamethasone combìnatíon therapy in  patiem s WĨL, 
relapsed or reửactory muỉtỉpỉe myeloma. Eur J  Haemalũỉ 2008; 81 :247 
52.

4. Rajkum ar sv , t í  ai. Phase m  chnicai trial oí thaỉỉdom ỉde pỉu 
dexam ethasone compared with dexamethasone alone ỉn newl 
dỉagnosed muhíple myeloma: a dinỉcal trỉa) coordinated by the Easten 
Cooperatỉve Oncology Group. J ơ in  OneP/.2006; 24: 431-6.
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5. Rajkumar sv, tí al. M ulticcnter, ranđomized. doubỉe-bỉind. placebo- 
conưoiled study of thaỉidomỉde plus dexam ethasone compared vvith 
dexamechasone a ỉ  Ỉniỉiai therapy ỉor ncw ly dỉagnosed multípỉe 
mycloma. J  Clin Oncoỉ 2008; 26: 2171-7.

6. Ludvvig H. t í  al. Thalidomide-dexamcthasone compared vvỉlh mel- 
phalan-prednisolone ỉn elderỉy patients w ỉth multiple myeỉoma. Blood 
2009;113:3435-42 .

7. Ludvvig H. t í  ai. Im em atíonaỉ Myeỉoma Workỉng Group. ỈMWG 
consensus OQ m aim enance therapy in m ultipỉe mycloma. Blooấ 2012; 
119: 3003-13.

8. Fayers PM, tí ai. Thalỉdomỉđe for prevỉousỉy untreated elderly paticnts 
w iih multiple myeloma: meta-analysis of 1685 ỉndỉvỉdual paiient data 
£rom 6 random ữed dỉnicai ư iaỉs. Biood 2011; 118: 1239-47.

9. Kum ar s. tí aỉ. Thalidomid: currem  role in the  treatm ent of non-pỉasma 
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M o u t h  u l c e r a t i o n .  See under Behợĩt's syndrome p. 868.1 
and under HTV-assodated complicatíons, p. 868.2.

\
O e s o p h a g e a l  u l c e r a t i o n .  Thalidomide has been shown to 
be of beneEt in  the ưeatm ent of idiopathic oesophageal 
ulcers in patients w ith AIDS (see under HTV-associated 
complicaúons, p. 868.2). Thalidomide has also been 
reported to havẽ healed an  oesophageal ulcer reíractory to 
other ưeatments in an im m unocom petent patient,1 and in 
an ữmnunocompromised patient after liver transplant.2

1. O llivier s ,  t í  aỉ. Id io p a th ic  g iam  oeỉophageal uỉcer ỉn  an  
im m unocom petent padent: th e  eíĂcacy of thaiidomỉde treatmenL Gut 
1999;45:463-4 .

2. Adq M, t í  ai. Successỉu! treatm ent with thaỉidomỉde ỉn  a lỉver rransplant 
redpien t w ith giam esophageal ulcers. Liver Transpi 2006; 12: 987-8.

R h e u m a t i c  d i s o r d e r s .  BeneEcial responses to thalidomide 
have been reported in the treatm ent o£ reừactory rheu- 
matoid arthritis1 and adult-onset Still's disease.2 Thalido- 
mide also improved symptoms in 2 children with systemic 
onset juvenile rheum atoid arthritis, in whom other ther- 
apy, induding etanercept, had been ineííective.5 EíEcacy 
was also shown in a h irther 11 children with reữaaory 
disease who were able to reduce theừ  use of prednisone.4

1. Gutíénez«Rodríguez 0 . t í  al. Treatm ent of reỉractory theutnatoid 
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S a r c o i d o s ì ỉ .  Case reports1'5 of thalidomlde in the treat- 
m ent of sarcoidosis suggest that it might be of benefit.
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s k i n  d i s o r d e r s .  Thalidomide ha$ shown eíEcacy in several 
severe dermatological disorders reừaaory  to conventíonal 
therapies.1-2 A reviewỉ of studies of thalidomide in the 
ưeatm ent of severe type 2 (erythema nodosum Ieprosum) 
lepra reactions concluded that it is an  eítective alteraatìve 
to corticosteroid thcrapy. It has also been investìgated in 
other severe skin disorders and beneEdal responses have 
been reported in erythema multiiorme4-5 (p. 1684.3), pru- 
ritus assodated vvith uraem ia,4 Langerhans-cell histiocyto- 
sls7 (p. 692.1), epidermolysis bullosa and its variants,*'10 
prurigo nodularis,11-12 pyoderma gangrenosum12-14 
(p. 1688.3), and Schnitdei^s syndrome.15 Thalidomide has 
been reported14 to be of beneEt in the treatment of erythe- 
ma nodosum-like lesions attributed to  ũnmune reconstitu- 
tíon inEanunatory syndrome that developed in a patient 
after initiaưon of antibacterial therapy for Whipple's dis- 
ease.
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A d v e r s e  E f f e d s  a n d  P r e c a u t i o n s

For general dỉscussions, see Antineoplastícs, p. 726.1, 
p. 730.2, and p. 732 2

Thalldomide was withdrawn from use as a hypnotìc in 
the early 1960S aíter Ít was discovered that it produced 
teratogenic eữects w hen given Ũ1 early pregnancy. These 
eữects, which could develop after a single dose, involved 
mainly maưormatìons of the limbs and deỉectỉ of the ears, 
eyes, and intemal organs. Death at or shortly after binh was 
also common. Further abnormalities and problems, 
induding eữects on the CNS, developed in later life.

Thalidomide was reintroduced in  1998 for use as an 
ũnmunomodulator but because of its severe teratogenic 
eííects, it should not be used in vvoìnen of child-bearing 
potentìal, or u  such use is absolutely essentíal then  stringent 
contraceptive measures must be used. induding the 
simultaneous use of 2 reliable íorms oỉ contraception íor 
at least 4 weeks beíore, during, and for 4  weeks aỉter, 
thalidonũde therapy. A pregnancy test must be carried out 
before starting thalidomide treatm ent (preíerably vvithỉn 24 
hours, and nõ more than 3 days beỉore), and regular tests 
carried out during tteatment. ư pregnancy occurs during 
thalidomide therapy the drug must be stopped immediateỉy 
and the patien t given appropriate evaluation and 
counseỉling. As thabdomide i$ present in semen, male 
patíents receiving thaUdomide should use barrier methods 
of contraceptíon even after successíul vaseaom y ư  their 
partner is oí child-bearing potential. Patientỉ should not 
donate blood or sperm during thalidomide therapy, or íor 4 
wẽefcs aíter stopping.
. The other major adverse effect of thalỉdomide is 

pedphera l neuropathy, vvhich can be severe and 
irreversible, and dose modiEcatíons should be considered. 
If there is no loss of íuncúon (grade 1), the patient should be 
monitored and doses reduced iỉ symptoms worsen. If 
ỉunction deterìotates but daily living activities are not 
compromised (grade 2), the dose should be reduced or 
ơeatm ent inteưupted and the patient monitored; treatment 
should be diỉcontinued u  there is no improvement, or it 
may be restarted if neuropathy resolves. Treatment should 
be discontinued when the neuropathy interleres with daily 
activities (grade 3) or is disabling (grade 4).

Venous thromboembolism has been reported in a 
signiEcant number of patients receiving thalidomide ỉor 
multìple myeloma, particularly in those also receiving 
chemotherapeutic drugs, induding dexamethasone. Aite- 
lial thromboembolic events, induding myocardia! iníarc- 
tion and sưoke, have also occurred, espedally in patíents 
with pre-existing risk ỉactors for these; thromboprophylaxis 
should be conndered, particularly in  the Erst few months of 
ưeatment (see Hữects on the Cardiovascuỉar System, 
below).

Thalidomide is a centrally active hypnotic sedative and 
ừequently causes drovvsiness and somnolence; aííeaed 
patients should not drive or operate macbinery. Other 
common adverse eHects indude constípation, dizziness, and 
orthostatic hypotension. Hypersensitivity reactíons have 
occuưed. An erythematous macular rash may develop, 
usually 2 to 10 days after initíation of therapy. Stevens- 
Johnson syndrome and toxic epidermal necrolysis have also 
been repoited, and thereíore thalidomide should be stopped 
if a rash develops and only restaited after appropriate 
dinical evaluadon. Thalidomide therapy should not be 
resumed u  the rash is exíoliatìve, purpuric, or bullous, or if 
Stevens-Johnson syndrome or toxic epidermal necrolysis is 
suspected. Neuttopenia and an increase in the viral load in

HIV-infected patíents have also been reported; thabdomide 
therapy should not be started in neutropenic patients. 
Bradycardia, heart íailure, renal íaiỉure, seizures, worsening 
oỉ Parkínson's disease symptoms, and hearing impairment 
or deaíness, have also been repoited. Patients with a high 
tumour burden beỉore treatment are at ìncreased risk of 
tumour lysis syndrome.

Aỉthough hum an data for breast ỉeeding while taking 
thabdomide are lacking, Ucensed product inỉoimatíon 
recommends that it should be avoided in view oỉ the 
potentíal íor serioưs adverse eííects in the iníant.
Reviews.

1. - Gũnzler V. Thalỉdomỉde ỉn hum an immunodefidency vỉrus (HĨV)
paticms: a review o ỉ saỉety condderaỉions. Druý SaỊtíy 1992; 7:116-34.

2. Clark TE tí  al. Thalomỉd(thaỉỉdomỉde) capsules: a revỉew of the first 18 
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Support ồncoỉ 2003; 1: 194-205.

5. Dimopoulos MA, Eleutheralóỉ-Papaiakovou V. Adverse effect5 oỉ 
thaỉidomỉd^admỉnistratỉon ỉn patỉẽnts with neoplastỉc (Sseases. Am J  
Med 2004; 117: 508-15.

6. Uhỉ K. tí al. Tbalỉdomỉde use ỉn  the US: e^>erỉence w ỉth pregnancy 
teíting in tbe S.T.E.P.S. programme. Drug SệỊtty 2006; 29: 32Ỉ-9.

Effecis on the blood. Thrombocytopenia has been 
reported in patícnts gỉven thalỉdomide for multiple myel- 
oma.u

1. Duyvendak M, t í  aỉ. Thalỉdomide-assodated thrombocytopenỉa. A m  
Pharmaatker 2005; 39: 1936-9.

2. Prasad HK, t í  aí. Isoỉated thrombocytopenía ỉnduced by thalỉdomỉde ỉn a 
patíent with muỉôple myeloma: case report and revỉew of u  te ra tu  re. Am 
J  Hematoi 2007; 82: 855-7.

Effecb on the cardiovoscular System. Use oỉ thaUdomide 
in patíents with malignant neoplastic disease has been 
assodated with an inaeased risk of venous tbromboem- 
bolic events such as deep-vein thrombosis. There were 27 
spontaneous reports o t thromboembolic events in the Erst 
18 months of thaỉidomide retuming to the u s  market in 
July 1998; 26 of these were in patìents with malignan- 
đes.1 A review2 of thromBbembolic events assodated with 
thaUdomỉde iđentiEed 67  such reports from a total o i  2075 
adverse events reported to the FDA betvveen October 1998 
and June 2001; a  Euther 29 cases vvere identíEed from 
dinical study data. Deep-vein thrombosis occuned in 48 
of tbese patients, pulmonary embolism ỉn 25, and 23 
developed both. The most common primary diagnoses 
among these patients were multìple myeỉoma and renal 
celỉ caidnoma. However, it should be noted that patíents 
with cancer are knovvn to be at increased risk of venous 
thromboembolism and some cbemotherapeutic regimens 
may hirther increase this risk. The contribution of thalido- 
mide to the đevelopment of venous thromboembolism 
remains to be íully evaluated in controUed studies. Further 
revievvs3,4 o í reports of venous tbromboemboUsm asso- 
dated with thalidomide conduded that the inddence oỉ 
venous thromboembolism in patìents with multìple myel- 
oma is higher when thalidomide is given with chemother- 
apeutic drugs such as dexamethasone. melphalan, or 
doxorubidn.

Patìents given thalidomide have also been repoỊted to be 
at inaeased risk of arte rỉa l thromboemboUc events such as 
myocardial iníarction and stroke. This risk appeared to be 
greatest in the Erst 5 months of ưeatment, and most patíents 
who had su ch effects had pre-existmg thromboembolic rìỉk 
íaaors. It is recommended that measures sbould be taken to 
reduce modiEable risk íaaors such as hypertension, 
hyperlipidaemia, and smoking in those given thalidomide, 
and that candidates for thaUdomide treatment be given 
appropríate thromboprophylaxis at Ieast for the Erst 5 
months, espedally those with thromboembolic risk íaaors 
additional to their underlyỉng pathology.5

Studies suggest that prophylactíc use of a !ow-molecular- 
weight heparin (enoxaparín),4 low-dose aspirin,7 or low- 
dose waifarin* may reduce the inddence of deep-vein 
thrombosis in patients with multiple myeloma receiving 
thalidomide and chemotherapeutíc drugs. A comparison of 
these 3 drugs in patients who did not have any other dear 
indication for prophylaxis showed them to be equally 
eữective in redudng seríous thromboembolic events, acute 
cardiovascular events, and sudden death.’

B radycardia has been assodated with thaUdomide 
therapy in some patients, although symptoms may be 
managed by a reductíon in dose.10-11 See also unđer Eííects 
on the Endocrine System, p. 870.1.
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9. Pahimbo A. rt aì. Aspirỉn, vvarỉarin. or enoxaparin thromboprophylaxỉs 
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open-label, randomừed trial. J  ơirt Oncoỉ 201 ỉ;  29 :986-93.

10. Coutsouveỉỉs J. Coraỉỉo CE. Thalidomỉde-ỉnduced bradycardia and ỉts 
managemenL Med J  Aust 2004; 180: 366-7.
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E ffe c ts  o n  t h e  e n d o c r í n e  S y s te m .  Amenorrhoea has been 
reported1-2 in vvomen taiking thalidomìde íor severe 
dennatological conditíons; menses resumed 2 to 3 months 
after stopping thalidomide.2

Hypothyroidism has been assodated vvith thalidomide 
use in patients vvith multiple myeloma,3'4 and it vvas 
suggested3 that some ađverse effects of thalidomide, such as 
bradycardia and constipation, may be manifestations of 
hypothyroidism.

Severe hyperglycaemia has been reported5 in a 70-year- 
old man 4 weeks after starũng thalidomide for multiple 
myeloma. Plasma-glucose concenơations retum ed to 
normal aíter ưeatment with insulin and an oral antidiabetic 
and he continued vvith thalidomỉde therapy.

1. Passeron T, eí ai. Thaỉidomide-induced amenorrhoea: two cases. Br J 
Dermatoỉ 2001; 144: 1292-3.

2. Prancès c , eĩ aỉ. Transỉent secondary am enorrhea ỉn w om en treated by 
thaỉidomỉde. Eur J Dtrmatoỉ 2002; 12: 63-5.

3. Bađros AZ t t  ai. Hypothyroidỉsm in patỉents vviih muỉtỉpỉe myeloma 
following treannent wỉth thaỉidomide. Am  J  Med 2002; 112: 412-13.

4. de Savary N, t í  a i  Severe hypothyroidism after thalidomide ữeatm ent. J  
RSocM ed  2004 .97:443.

5. Pathak RD. ct a i  Thalỉdomỉde-assodated hyperglycemia and dỉabetes: 
case report and review oỉ literature. Diabetes Care 2003: 26: 1322-3.

E f f e c ts  o n  t h e  g a s t r o i n t e s t i n a l  t r a c t .  Bovvel perỉoration 
requiring surgerỹ has been reported’ in  3 patients takdng 
thalidomỉde for malignant neoplasms. A lourth case of 
acute abdominal pain and suspected boweI peiỉoration is 
also descríbed but the patient died of a cardiac arrest 
beíore sưrgery.

1. McCIay H, Ccrvỉ p. Thaỉidomide and boweI perỉoratìon: tour cases ỉa  One 
hospĩtal. B ĩ J  Hamatol 2008, 140: 360-1.

E f f e d $  o n  t h e  G ver. Hepatitis has been reported1 in a 58- 
year-old woman taking thalidomide for end-stage plasma 
cell leukaemia. In another report of hepatotoxitíty,2 a 76- 
year-old woman with multiple myeloma being ơeated 
with thalidomide and dexamethasone developed jaundice 
and acute increases in liver enzymes, vvhich retumed to 
nonnal w hen thalidomide was stopped. Fatal tuhninant 
hepatic ỉailure vvith encephalopathy that appeared to be 
assodated with thaỉidomide developed in a 64-year-old 
vvoman being ơeated for multlple myeloma.3

1. Fowler R. Imrie K. Thalidom ide-asioáated hepariứs: a case teport. Am J 
Hematoi 200t; 66: 300-2.

2. Hanje AJ, í t  al. ThaUdomide-induced scvcrc hrpatotoxiciry. Pharma- 
atìữrapy  2006; 26:1018-22.

3. Hamadani M ,«  a i  Thalỉdomide-induced ĩulm inant bepatíc tailure. Mayo 
Clm P nc  2007; 82: 638.

E fF e d s  o n  t h e  l u n g s .  Interstitial pneumonitis,1 induding 
interstitial pneumonia,2 has been repotted in patients tak-
ìng th a lid o m id e  íor multiple myeloma. Therc have also 
been reports oí dyspnoea in vvomen taking thalidomide 
for ovarian cancer; resolution of symptoms occurred on 
drug withdrawal and some patìents were able to continue 
therapy when reintroduced at a reduced dose.3

There have also been reports of respiratory toxidty 
assodated w ith p o m a lid o m ũ ừ  therapy for multiple myel- 
oma.4 One patient abruptly developed dyspnoea, pyrexia, 
and chills about 4 months aỉter starting pomalidomide plus 
dexamethasone treatment; lung inSỉtrates consistent vvith 
pneumonitis were noted. Pomalidomide was stopped and 
symptoms resolved quickly with corticosteroid ưeatment. 
Treatment was later restarted w ith a reduced dose o! 
pomabdomide without recurrence of symptoms. Another 
patient developcd dyspnoea 16. months after starting 
pomalidomide plus dexamethasone treatment. Symptoms 
resolved when tteatment was withdrawn but recurred vvith 
2 íurther rechallenges, one using a lower dose oi 
pomalidomide.

1. Onozawa M. et aỉ. Tbalidomide-induced ỉnterstitial pneumoniõs. J Cìin 
Oncol 2005; 23: 2425-6.

2. Sasald M. et a i  Thaỉỉdomide may ỉnduce interstitỉaỉ pneumonia 
preíerentỉalỉy in  Japanese patíents. Eur J  tìaematoỉ 2009; 82: 73-4.

3. Gordinier ME, Dizon DS. Dyspnea during thalỉdonùde oeatm ent for 
ađvanced ovarian cancer. Arũt Pharmaeotker 2005; 39: 962-5.

4. Geyes HL. tt  ai. Acute lung toxỉdty related to  pomalídomide. ơ ư st  2011; 
140: 529-33.

ơ f e d s  o n  m e n t a l  f u n c r io n .  Symptoms oỉ demcntia 
appeared in a patient who had been taking thalidomide 
for about 2 months for ihc ơeaữnent of muỉtiple myel-

oma.1 Demcntía latcr resolved completely wití3in 48 hours 
oỉ stopping thaỉỉdomỉde.

1. Morgan AB, et aỉ. Reversible deroentía due to thaỉỉdomỉde therapy for 
multiple myeloma. N  E ngU M td  2003; 348:1821-2 .

Effects on the nervous System. Peiipheral neuropathỵ is a 
major adverse e ữ e a  oỉ thalỉdomide therapy, although the 
underlying mechanisms, risk íactors, and õptũnum man- 
agement are stUl not dear.1 One prospective study2 in 
patients with cutaneous lupus erythematosus or SLE con- 
duded that the cumulatỉve dose oỉ thalidomide had no 
effect on the inddence of peripheral neuropathy, vvhereas 
results bom  a reơospective study3 in patients with SUE or 
multiple myeloma showed that the risk of developing neu- 
rotoxidty as well as severity of symptoms did correlate 
vvith cumulative dose. Hovvever, the latter study3 exam- 
ined a range of doses and íound that this correlation was 
most signiíicant at cumulative doses over 20 g but either 
absent or equivocal at lower doses, which might explain 
the discrepandes in results betvveen studies using difỉerent 
doses. Two hirther studies4-5 in patients with multiple 
myeloma conduded that neurotoxidty was assodated 
vvith duration oỉ ưeatment of greater than 6 to 12 months 
rather than dose-intensity or total cumulative dose. Con- 
versely, another study,4 also in multiple myeloma patients, 
íound elecơophysiologic evidence of peripheral neuro- 
pathy in two-thirds of patients as early as 4 months from 
the start of ưeatment, and in all of them by 7 months; 
many patients also had dinical symptoms.

Central neurotoxidty has also been reported7 in a patient 
who developed encephalopathy after receiving thalidomìde 
monotherapy for multiple myeloma over 21 months.

1. Apíel s c  Zochodne DW. Thaỉidomide neuropathy: too much or too 
lóng? Neuroỉogy 2004; 62:2158-9.

2. Brỉani c  etaL  Thalidomìde neurotoxicỉĩy: prospeciive study in patìems 
with lupus erythematosus. N eunbgy  2004; 62: 2288-90.

3. Cavaỉettỉ G. et a i  Thalidomiđe sensory neurotoxiciry: a đinical and 
neurophysỉologỉc study. Neuniogy 2004; 62 :2291-3.

4. Tosỉ p, et a i  Neurological toxidty oí long-ỉerm (>1 yr) thalídomỉde 
therapy ỉn patỉents vviih m ulùple myeloma. Eur J  Hacmatol 2005; 74: 
212-16.

5. Mileshkin L, eí aỉ. Developmem o íneuropathy in patients with mycloma 
ưeated wỉth thalỉdornide: patierns of occurrence and the role of 
electrophysỉoỉogic monỉtorỉng. J  cĩin Oncol 2006; 24: 4507-14.

6. Plasmati R, f! úi. Neuropathy ỉn m uhipìe myeloma ữeated with 
thalidomide: a prospectỉve study. Neurotogy 2007; 69: 573-81.

7. Sohlbach K. et al. Encephalopathy in a patỉent aíter long-term treaunrn i 
w ith thaUdomỉde. J  Cỉin Oneoỉ 2006; 24: 4942-4.

E H ec ts  o n  s e x u a l  í u n c t i o n .  Dose-related sexual dysỉunc- 
tion, induding loss of libido, loss of penile rigidity, and 
premature ejaculation, vvas assodated witb thalidomide 
use in 2 male patíents.1 Erecúle dysíunction has been 
reported2 in  6 patients vvithin 4 weeks of starting thalido- 
mide thcrapy.

1. Pouaỉu J . et aL Thalidomide and sexual dysỉuncdon in men. Br J 
Damatol 2002; 146: 1112-13.

2. Murphy PT, 0 'D o n n d l JR. Thalidomide induced impoience in male 
hematology patìenư: a common but ignored compllcation? Haematoìo- 
jica 2007; 92:1440.

E fF e d s  o n  t h e  s ld n .  Toxic epidermal necrolysis has been 
reponed1 in a 62-yeai-old woman about 5 weeks aíter 
starting thaỉidonũde lor the neatm ent oỉ a glioblastoma. 
Although she was taking several other drugs, induding 
dexamethasone, thalidomide was considered responsible 
since its use had the dosest temporal relanonship to the 
adverse effect. Toxic epidermal necrolysis has also been 
reported2 in a 64-year-old patient 24 days after starting 
thalidonũde and dexamethasone lor myeloma. It was sug- 
gested that there might be an adverse interaction betvveen 
thalidomide and dexamethasone. Thalidomide had pre- 
viously been studied3 for the trcatment of toxic epidermal 
neaolysis, bu t the study was prematurely terminated 
because of signiBcantly higher mortality in the thalido- 
nũde group; the causes of death were those usually attrib- 
uted to the disease itself. Thalỉdomide had been chosen as 
an investigative drug because it is a potent inhibitor oỉ 
TNF-a, which has been implicated in the pathogenesis of 
this condition. However, the authors noted that there was 
a tendency for plasma concenưations of TNF-a to increase 
aher treatm ent with thalidomide compared with the pla- 
cebo group, and postulated that thalidomide might para- 
doxically enhance TNF-a production in these patients.

Exacerbation of psoriasis by thalidomide, reported, in 2 
patientỉ might also have been due to an increase in TNF-a 
production.4-’

In an open-label study in 87 padents with multìple 
myeloma* comparing thalidomide given as monotherapy or 
given w ith dexamethasone, minor to moderate sldn 
eruptíons vvere noted in  about 45% of patíentỉ in each 
group, and induded morbilliíorm, seborrhoeic, maculo- 
papular, and non-spedlic dermatitis. Three patients 
receiving thalidomide and dexamethasone developed 
severe skin reactìons (exíoliative erythrodenna, erythema 
mulúíorme, or toxic epidermal necrolysis) that required 
treatment to be stopped.

1. Horovvỉtt SB, Stỉrỉỉng AL. Thalỉđomỉdc-ỉnđuccđ loxic epidennal 
necrolysis. Pharmacatherapy 1999; 19: 1177-80.

2. Raikumar sv, tí  ttl. Iiíe-tỉưeateụ ỉng  loxic cpidcrmal nccrolysis 3 vith 
thalỉdomỉde ỉherapy ỉor myclonia. N  Engl J  Mtd  2000; 343:972-3.

3. WoDcenstrin p, et ai. Randomỉsed comparỉson of thalidomide ve-sus 
placebo In toxỉc epỉdennal necrolysỉs. laneet 1998; 352: 1586-9.

4. Dobson CM, Parslew RA. Exacerbatỉon o ỉ psoiiaỉis by ứulidom id : ỉn 
Beh^cƯs syndromc. B r J  Dtrmatol 2003; 149: 432-3.

5. Vartõa K, Finíay AY. Exacerbatíon of psoriasls by thaỉỉdomỉde .1(1 a 
paĩỉent w ỉth eiy thém a m ultíỉonne. Br J  Dermatot 2006; 154:789-9(1.

6. Hall vc, et ai. Dermatologỉc sỉde eữects oi ứiaỉidomỉde in patỉentỉ vvith 
multìplc myeỉoma. J  Am Acaã Dtrmaíol 2003; 48: 548-52.

Migraine. Migraine attacks were assodated with thalii lo- 
mide use in a 36-year-old m an.1

1. Garda-Albea H, It a l  Jaqueca lípica y taliđomiđa. M td Clin (Barc) 1' 93: 
100: 557.

Miitagenicity. Reports oi the birth of 3 malformed infa tts 
to parents who had themselves been exposed to thalũ o- 
mide in utero‘-2 provoked íears that thalidomide may bi a 
mutagen. However, the limb malíonnations seen in tbe 
infants were not typical o ỉ mutagenesis3 and the tera o- 
genic effect of thalidomide was llkely to be assodated w th 
interíerence with angiogenesis in the íetus rather th in  
mutation.4 Review’ of the evidence up to 1998 conduded 
that there was no sdentiíic basis for the hypothesis tl at 
thalidomide is a mutagen and binh defects appeared to De 
no more common in children bom to thalidomide-affecT “d 
parents than in the population as a whole. F unher supp Irt 
for the counter-argument came in 2002 from a Svvedish 
reưospective study in which malíormations or ỉunctioi al 
anomalies consistent with thalidomide embryopathy wt re 
not lound in 64 children bom  to 34 parents with thalic 0- 
mide embryopathy.6

1. McBride WG. Thalidomide m ay be a mutagen. BMJ 1994; 308: 1635 -6.
2. Tenconi R, et al. Amnioiic band sequence in chỉỉd o ỉ thalldomide Via m. 

BMJ 1994; 309: 1442.
3. Read AP. Thalỉdomỉde may be a mutagen. BMJ 1994; 308: 1636.
4. D'Amato RJ. et ai. Thalidomide ĩs an ỉnhibỉtor of angiogenesis. Proc ỉ  atl 

Acad Sà U S A  ì 994; 91: 4082-5.
5. SmitheUs D. Does ihalỉdomide cause second generatỉon birth deỉet 3? 

Drug Sđfeiy 1998; 19: 339-41.
6. Strỗmỉánd K, eí al. Oỉíspring of male and female parents w ih 

thalidomỉde embryopathy: blrth deỉects and funaỉonaỉ anomal es. 
Teratoỉogy 2002; 66: 115-21.

Porphyria. The Drug Database for Acute Porphyria, corn- 
piled by the Norvvegian Porphyria Cenưe (NAPOS) and 
the Poiphyria Centte Svveden, classLíies thalidomide as 
probably not porphyrinogenic it may be used as a drug of 
ỉirst choice and no precautions are needed.1

1. The Drug Daiabase í Dĩ Acute Poiphyita. Availablr at: http:/!wvi 1». 
dmgs-porphyria.org (accessed 28/09/11)

I n t e r a d i o n s

The sedative activity of barbiturates, alcohol, chlotpror 1- 
azine, and reserpine has been reported to be enhanced by 
thaUdomỉde. Use vvith other drugs that have the potential ;o 
cause peripheral neuropathy should be undertaki n 
cautiously.

Antineoplastics. There may be an increased risk of dee )- 
vein thrombosis from the use o( thalidomide with do* 1- 
rubitin (see p. 785.3). See also Eííects on the Cardiovasc I- 
lar System, p. 869.3.

For the e tte a  of thalidomide on the metabolism >f 
irinotecan, see under Interactions of Irinotecan, p. 814.2.

Coiiicosteroids. For relerence to a possible interacticn 
betvveen thalidomide and dexamethasone, see under Effec ;s 
on the skin, above.

Hormonal conlraceptives. Thalidomide does not alter tỉ e 
metabolism of ethinylestradiol and norethisterone,1-2 a rd  
so the eHicacy of oral conưaceptives should not be aỉíectt d 
by thalidomide therapy. Nevertheless, 2 reliable íorms )f 
contraception should alvvays be used simultaneous y 
w hen taldng thalidomide (see Adverse Eííects and Precat 
tions, p. 869.2), bearing m mỉnd that the reliability of ho ■- 
monal conttaceptives may be compromised by drugs othi T 
than thalidomide (see p. 2242.3).

1. Trapnell CB, t t  al. Thalidomide does not alter the pham ucokinetics >í 
ethinyl estradiol and norethindionc. ơ m  Fhtrm aal Thtr 1998: 64: 59 -  
602.

2. Scheíỉler MX. a  al. Thalidomide does not alter eatTOgen-progeatenx e 
harm one stngle-dose phannacokỉnetics. a ú i  Phanaaat Ther 1999; 6 í: 
483-90.

Interferons. Neurological toxiđty was reported1 in 4  of 13 
patients in a phase n  study oỉ thalidomide and interỉero 1 
alfa-2a used together in the treatment of renal cell carc - 
noma. It was suggested tha t the membrane-destabilisiii g 
properties of both drugs could have produced such serioi s 
toxicity since it exceeded tha t expected from either dru Ị  
alone. A flfth patient had a Stevens-Johnson reaction thí t 
was also attributed to the combination. The study W£S 
halted as a result of these serious ađverse eííects.

All Q-oss-reíerences reíer to entries in Volume A
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Severe bone marrovv depression has been reported2 in a 
patient given thalidomide with peginteríeron alfa-2b that 
was also attributed to the combined effect of the 2 drugs.

1. Nathan PD. t í  aí. Unexpected toxicity o ỉ combioatíon thaỉidomỉde and 
interícron alỉa-2a trea tm en t in metastatic renai ceỉỉ carcỉnoma. J  Clùt 
Oncơl 2002: 20: 1429-30.

2. GổmeZ‘Rangeỉ JD. t í  ai. Pegyỉated-interíeron ỉnduced severe bone 
marrovv hypopỉasỉa in  a  patỉent w ith muỉtỉple royeỉoma rccciving 
ihaUdomide. Ám J  Hcmatol 2003; 74: 290-1.

p h a r m a c o k i n e t í c s

Thaỉỉdomide is slovvly absorbed bom  the gasưointestinal 
tract; peak pỉasma concenưaáons occur vvithin about 3 to 6 
hours of an oral dose. It crosses the placenta and is 
distributed ỉnto the semen. The exact metabolic route and 
ỉate of thaỉidomide ỉs unknovra, although it appears to 
undergo non-enxymatíc hydrolysỉs in pỉasma. The eỉimína- 
tion half-life is about 3 to 7 hours.
Reíerences.

1. Atvceka F, t í  ai. Pharm acokỉnetỉcs an d  pharmacodynamỉcs oỉ 
thaỉỉdomỉde in  m v  patỉents tteated for oraỉ aphthous ulcers: ACTG 
protocol 251. J  ơ in  Pharmacoỉ 2001; 41: 1091-7.

2. W ohl DA. t í  a l  Saíery, toỉerabíỉỉty. and  pharmacokinetic eỉíccts oỉ 
thalỉdomỉde in patíen ts ỉnỉected w ith h um an  inununodcũdcncy VÚUSỈ 
A m s Clinical Trials Group 267. J  ĩnỊtct Dừ 2002; 185: 1359-63.

3. Teo SK, t í  at. C linical pharm acokinetỉcs o í thalidomỉde. Cỉỉn 
_ Pharmacokũttí 2004; 43: 311-27.

4. Kanủỉcavra R, er a i  The pharraacokỉnetỉcs of low-dose thaỉỉdomide ỉn 
Japanese patíents w ith  reỉractory multípỉe myeỉoma. Bial Pharm Buli 
2006; 29: 2331-4.

PreparatiorỊS
Proprietary Preporotions (details are glven in Volume B)
Single-higredient Prepararions. AustraL: Thalomid; Canad.: Tha- 
lormd; chũe: Inmunoprin; India: Oncothal; Thalix; Jpn: 
Thaled; Mex.: Inmunoprìn; Talĩzer; NZ: Thalomid; philipp.: 
Thalix; ƯK. TaUdex; USA: Thalomid.
pharmacopoeial Prepohitioiu
USP 36: Thalidomide Capsules.

Thiotepa IBAN, riNNì

NSC-6396; TESPA; Thiophosphamide; ĩhiotépa; Thịotepum; 
•Tìotepa; Triethylenethiophosphoramide; TSPA; VVR-45312; 
Tnơrena.
Phosphorothioic trì(ethỹreneamide); ~Tris(aziridin-1 -yl)phos- 
phine sulphide.
C4Hu N3PS=1892 
Ở s —  52-24-4.
A T C  —  L01A C 01.

A T C  V e t  —  Q L 0 ĨA C 0 Ì .
UNII —  905Z 5W 3G K H .

Pharmacopoeias. In Br., C hin .. F r., Jprt, and u s .

BP 2014: (Thiotepa). Fine vvhite, crystalUne ũakes. M.p. 52 
degrees to 57 degrees. Freeiy soluble in water, in alcohol, 
and in  chloroform. Store at 2 degrees to 8 degrees. At higher 
temperatures it polymerises and becomes inactive.
USP 36: (Thiotepa). Fine white, aystalline ílakes, having a 
íaint odour. M.p. 52 degrees to 57 degrees. Soluble 1 in 13 of 
vvatcr, 1 in about 8 of alcohol, 1 ỉn about 2 of chloroíorm, 
and 1 in  about 4  of ether. Store at 2 degrees to 8 degrees in 
airtỉght containers. Protect to m  light.

Incompatibility. Lyophilised thiotepa 1 mg/mL in glucose 
5% was incompatible when mixed with Solutions of ds- 
platin or minocycline hydrochloride.1

1. Trisseỉ LA. M artinez JF. Compatíbiỉity o í thiotepa (lyophilixed) with 
selected drugs duríng sỉmulated Y-ãte administraiỉoR. Am J Htalth-Sysi 
Pharm 1996; 53: 1041-5.

Siabílily. A solution of a lyophilised thiotepa preparatỉon 
500 microgratns/mL in glucose 5% was considered to be 
stable (less than  10% loss of thiotepa) for 8 hours at both 
4 degrees and 23 degrees.1 Aiter 24 hours losses ranged 
between about 10 and 17%. A higher thiotepa concentra- 
tion (5 mg/mL) was stable for 3 days at 23 degrees and 14 
days at 4 degrees. Another study íound that Solutions con- 
taining 1 or 3 mg/mL of thiotepa in sodium chỉotide 0.9% 
were stable for 24 hours at 25 degrees and 48 hours at 8 
degrees. but Solutions containỉng 0.5% thiotepa needed to 
be used immediately.2

1. Xu QA, í t  al. SubiUty 0< thiotepa (Iyophilixed) in 3% dcxtruse injcctíon 
a t 4  and 23 degrcesC. Am  í  nãltk-Syà pkarm  1996; 53:2728-30.

2. M u n ay  KM, ti al. stability  o/ ibloíepa (lyophilbed) In 0.9% sodlum 
chloride Iniection. Am  J  Health-Syít Phorm 1997; 54: 2588-91.

U s e s  a n d  A d m i n i s t r a t i o n

Thiotepa is an  ethyleneimine compound whose antineo- 
plastic eỉíect is related to its alkylating action. It has 
genetally been replaced by cydophosphamide (p. 771.1) or 
other drugs. It is no t a vesicant and may be given by all 
parenteral routes, as vvell as directly into tumour masses.

Thiotepa has been given parenterally in the palliative 
treatm ent of various solíd tumouts. induđing those oí breast

and ovary (p. 702.1 and p. 711.2). It may also be given 
inưavenously with other antineoplastic drugs. with or 
vvithout total body irradiation, as a conditioning therapy 
beíore autologous or alỉogeneic haematopoietic progenitor 
cell transplantation (HPCT)- Instillations of thiotepa may be 
used in the adịuvant ơeatm ent of superũdal tumours of the 
bladder (p. 700.2) and in the control of malignant eữusions 
(p. 700.1). It has also been given intrathecally to patients 
with malignant meningeal dlsease, and has been used, in 
the ỉorm of eye drops, as an adjunct to the surgical removal 
of pterygium, to prevent recurrence (seep. 831.2). Thiotepa 
has also been used ỉn  the treatment of condylomata 
acuminata (p. 1689.3).

Thiotepa is given in a variety of dosage schedules ỉor the 
pallỉa tíve  tre a tìn e n t o{ various solid tumouis. In general, 
initial doses to suit the individual patient are íollovved by 
maintenance đoses given at intervals of 1 to 4 weeks. Blood 
counts are recommended beíore and during therapy and 
should continue for at least 3 weeks after stopping. Thiotepa 
should not be given ií the white cell or platelet counts MI 
below acceptable levels (see also Bone-marrow Depression, 
p. 730.3) and treatment should be stopped if the white cell 
count Mls rapidly. Dosage sbould be reduced in  patients 
with lesser degrees of leucopenia.

Intramuscular and intravenous dosage regimens vary 
considerably; several regimens have used courses of 15mg 
daily ỉor 4  days. In the USA a licenseđ dose of 300 to 
400 micrograms/kg may be given intravenously at 1- to 4- 
vveek intervals. A solution containing 1 mg/mL in sterile 
water has been tríed imrathecally in doses of up to lOmg 
given on altemate days, for up to 4 doses (see also 
Administratỉon, below).

The following doses, given by inơavenous irứusion over 
2 to 4 hours, are recommended for use as condition ing  
therapy :
• for haematological diseases:

• 125 to 300mg/m2 daily, given asa  single iníusion, for
2 to  4 days beỉore autobgous HPCT to a maximum
cum ulative dose of 900 mg/m2 for the entire
conditioning treatment, or

• 185 to 481 mg/m2 daily, given in one or two inhisions,
for 1 to 3 days beíore aUogertậc HPCT to a maximum 
cumulatìve dose of 555m g/m 2 for the endre
conditíoning neatm ent

• for solid tumours:
• 120 to 250mg/m2 daily, given in one or two intusions,

for 2 to 5 days before autologous HPCT to a maximum 
cum ulative dose of 800m g/m 2 for th e  entire
condltioning treatment

For doses of thiotepa given as conditìoning therapy in 
children. see below.

In the treatment of b la d d er cancer thiotepa in doses up 
to 60 mg may be instilled in  30 to 60 mL of sterile water or 
sodium chloride 0.9% into the bladder oí a padent 
previously dehydrated for 8 to 12 hours, and retained ư 
possible for 2 hours. The instillation may be repeated vveekly 
íor up to 4  weeks. Similar instillations have been given at 
iĩỊtervals of I to 2 weeks, for up to 8 ứistillations in the 
prophylaxis of recuưence after surgical removal of bladder 
rancer. Single doses of 90 mg in 100 mL of sterile water have 
also been used prophylactically. For tna ỉỉgnan t effusions, 
doses of up to 60 mg o{ thiotepa in 20 to 60 mL of sterile 
water may be instilled after aspiration; in the USA the 
licensed dose is 600 to 800 micrograms/kg, a dose similar to 
that suggested for injection direaly into tumours. Thiotepa 
for local use may be mixed with Solutions of procaine and 
adrenaline.

Thiotepa 0.05% in sterile Ringer's solution has been 
instilled as eye drops every 3 hours for up to 6 weeks after 
surgical removal of p te ry g iu m  in order to reduce the 
likelihood of recurrence.

A dose of 60 mg in a gel has been instilled vveekly into the 
urethra lor the treatment of condy lom ata  acum inata  
(genital vvarts). Topical application of thiotepa has also been 
used ỉor condylomata.

A d m i n i s t r a t i o n .  Neurotoxidty of inưathecal chemother- 
apy has been variously attributed to preservatives, 
volume, osmolality, and pH of the preparation; common 
practice is to prepare inưathecal chemotherapy with pre- 
servative-free diluent and limit the volume of the final 
solution, usually to 5mL. A study evaluated pH and 
osmolalíty for thiotepa inơathecal Solutions (in vaiious 
diluents) a t concentrations commonly useđ in practice: 1, 
2, and 5 mg/mL. The concentration of thiotepa or the dilu- 
ent used did not signưicantly change the pH of the injec- 
tion; hovvever, osmolality was generally lowér than the 
physiological range of the CSF.‘

I. de Lemos ML, t í  a i  Evaluatỉon of osmolalỉty and pH of various 
concentradons of mecboưexate. cytarabỉne, and tblotepa prepared ỉn 
nocmaỉ saline, sterile w ater for ỉnịectìon, and lactated Ringer/S soỉudon 
for inoathecaỉ adm inỉstntỉon. J  Oncol Pharm Pratí 2009; 15:45-52.

A d m i n i s t r a t i o n  in  c h i l d r e n .  Thiotepa may be given vvith 
other antíneoplastic đrugs, with or w ithout total body irra-

diation, to children as a conditiotiing therapy betore auto- 
logous or allogeneic haematopoietic progenitor cell trans- 
plantatíon (HPCT). The ỉollovving doses, given by 
intravenous inỉusion over 2 to 4 houis, are recommended:
• for haematological diseases: 125 to 250mg/m2 daily, 

■given in One or two iníusions, for 1 tò 3 days beíore 
allogenãc HPCT to a maximum cumulative dose of 
375 mg/m2 ior the ehtữe condỉtioning treatment

• for solid tumours: 150 to 350mg/m2 daily, given as a 
single inbisỉon, for 2 to 3 days before autoiogous HPCT to a 
maxứnum cumulatíve dose of 1050 mg/m2 for the Ềntire 
condidonỉng treatment

A d v e r s e  E f f e c t s ,  T r ẹ a t m e n t ,  a n d  P r e c a u t i o n s

For general discussions, see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

Bone-marrow depression may be delayed; the na dứ  of 
white cell and platelet counts may occur up to 30 days after 
thiotepa has been stopped. Bone-maưow depression has 
been reported aíter intravesical as well as parenteral use, 
and has occasionally been prolonged or ỉatal.

Gasnointestinal disturbances, ỉatỉgue, weakness, head- 
ache and diz2iness, hypersensitìvity reactìons, blurred 
Vision and conjunctivitis may occur. Amenorrhoea and 
impaired íertilitY have also been reported. Local inỉtation, 
and rarely frank Chemical or haemorrtaagic cystitis may 
follow intravesical instiilation. Depigmentation of periorbi- 
tal skm has occurred after the use of thiotepa eye drops. As 
w ith other alkylating agents, thiotepa is potentially 
mutagenic teratogenic, and cardnogenic.

Thiotepa should be given with exưeme care, ư at alL to 
patients with pre-existing ỉmpairment of hepatic, renal, or 
bone-maiToiv hmctìon.
Porphyrio. The Drug Database for Acute Porphyiỉa, com- 
piled by the Norvvegian Poiphyiia Centre (NAPOS) and 
the Poiphyria Cenơe Svveden, classihes thiotepa as possi- 
bly porphyrinogeniQ it should be used only when no saíer 
altemative is available and precautions should be consid- 
ered in vulnerabỉe patients.1

I. The Drug Daubase ỉor Acutc' Porphyiỉa. Avaiỉabỉe ac http://www. 
drugs-porphyria.org (accessed 28/09/11)

P h a r m a c o k i n e t í c s

The absorpdon of thiotepa to m  the gastrointestinal tract is 
incomplete and umeliable; varìable absorption also occun 
to m  intramuscular injection sites. Absorptíon through 
serous membranes such as the bladder and pieura occurs to 
some extent. Aíter intravenous doses it is rapidly cleared 
bom  plasma, vvith an elimination haU-liíe oỉ about 2.4 
houis. It is extensively metabolìsed: triethylenephosphor- 
amide (THPA), the piimary metabolite, and some of the 
o ther metabolites have cytotoxic activity and are elimmated 
more slow!y than the parent compound. It is excreted in  the 
uiine: less than 2% of a dose is reported to be present as 
unchanged drug or its primaiy metabolite.

P reparations

Propriotary Preparalhns (details are given in Volume-B)
Single-ingredient prspandions. Austrùr. Tepadina; Cz.: Tepadina; 
Denm.\ Tepadina; Ger.: Tepadũia; Gr.: Thioplex; Irt: Tepadina; ItàL: Thioplex; Seth.: Ledertepa; Tepadina; Norw.: Tepadina; Pữl.: Tepadina; Port.: Tepadina; Spain: Tepadina; UK: Tepadina; 
USA: Thioplex.

Phaimacopoeial Preparatiom
BP 2014: Thiotepa Injection;
USP 36: Thiotepa for Injection.

Tioguanine (BAN, riNNì 

NSC-752; 6-TG; 6-Thioguanlne;-Thiòguanìne (USAN); 
Tloguaniini; Tioguanin; Tioguanina; Tĩoguaninum; WR-1141;
TnoryaHM H. ......................
2-Artìinopurine-6(1H)-thIone; 2-Amino-6-mercaptopunne; 2- 
Aminopurine-6-ứuol. -
C5HsNsS=167J2 ‘ • '
CAS —  ì54-42-7 (anhydroui tiọguanine) ; . 5580-03-0 
(tioguanine hemìhydrate). , *
ATC —  L0ỈBB03. , r ;.
ATC Vet —  QL018803. . . .  \  ,
-UNII —  FĨK8UlGZNX(thôguõn[nẹ);-WIX3ỈZPX66 (anbydrous 
thioguanine). - - .  „  , '  - . ,

Pharmacopoeias. In Br„ C hin ., and u s .

BP 2014: (Tloguanine). A pale yellovv, crystalline powder. 
Practically insoluble in  water, in  alcohol, and in chloroíorm; 
dissolves in dilute Solutions of alkali hydroxides.
USP 36: (Thioguanine). It is anhydrous o r contaiiis one-haU 
molecule of vvater of hydration. A pale yellow, odourless or 
practically odoutỉess, crystalline povvder. Insoluble in  water 
and in chloroíorm; soíuble 1 in 7700 oi alcohol; íreely

The Symbol t  denotes a preparation no longer actively marketed

http://www
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soluble in dilute Solutions of âlkali hydroxides. Store in 
airtight containers.

U s e s  a n d  A d m i n i s t r a t i o n

Tỉoguanine is an  analogue of the naturally occurring purine, 
guanine, and is an  antimetabolite antineoplastíc with 
actions and uses similar to those oỉ mercaptopurine 
(p. 821.1). It appears to cause fewer gasưointestinal 
reacdons but cross-resistance exists so that patients who do 
not respond to one are unlikely to respond to the other.

Tioguanine is given oralty, usually with other antineo- 
plastics, in the inductỉon and consolidation of remissions in 
acute myeloid Ieukaemia (p. 693.1). It has also been used in 
other malignandes including acute lymphoblastic leuk- 
aemia (p. 692.3) and chronic myeloid leukaemia (p. 694.2). 
Antineoplastic dose regimens may be complex and doses of a drug 
may differ vndely. For wamings and recommendatiữns regarding 
the safe prescribing. dừpensing, and use of oral antineoplastic 
drugs, see Adminừtratùm, p. 732.3.

Doses oí bervveen 100 and 200mg/mJ daily have been 
given at various stages of treatment íor short term cycles. A 
dose of 2 mg/kg daily increased alter 4 vveeks to 3 mg/kg 
daily if there is no response and toxidty allovvs, may be 
given in those ra re cases when single agent therapy is 
considered approprìate.

Blood countỉ should be made írequently, particularly 
during induction and vvhen tioguanine is given vvith other 
antineoplastìcs. Therapy should be withdrawn at the first 
sign of severe bone-marrow depresslon. Tioguanine is not 
recommended for maintenance or similar long-term 
continuous therapy because of the high risk of hepatotoxi- 
d ty  (see E£fects on the Liver, below).

Hoguanine has been given intravenously as the sodium 
salt

A d m i n i s t r a t i o n  in  c h d d r e n .  Tioguanine is giyen oralỉy Ũ1 
the treatm ent oỉ acute chìldhood leukaemias in the same 
doses as those used ỉor adults (see Uses and Administra- 
tion, above).

A d m i n i s t r o t i o n  i n  i h e  e ld e H y .  UK licensed p rodua inlor- 
mation States that tìoguanine has been used in elderly 
patìents with acute leukaemia at the same doses as those 
used for younger patients, and that there are no dosage 
recommendations based on age alone. us licensed product 
iníonnation States tha t dose selection for elderly patients 
should be made cautiously, in view of the greater possibi- 
lity of decreased hepatic, renal, or cardiac lunction. and 
suggests that initìal doses be at the lower end of the dosing 
range.

A d m i n i ỉ t r a t i o n  in  h e p a t í c  o r  r e n a l  i m p a i r m e n t .  UK
licensed product inlorìnatíon States that reduced doses 
shòuld be considered in  patients with hepatic or renal 
impaữment, but makes no spedfic.dose recommendations. 
us licensed product inỉoimation makes no recommenda- 
tions for dose adjustment in hepatic or renal impairment, 
aside hom  advising caution in elderly patients who might 
have reduced hepatic or renal htnction (see Adminisơa- 
tion in the Elderly, above).

P s o r ío s i s .  A report o í the use of tioguanine, in oral doses 
ranging hom  20 mg tvvỉce vveekly to 120mg daily, in the 
management of patients with rehactory psoriasis.1 Dra- 
matìc tmprovement occurred in 14 of 18 patíents. but a 
hư ther 2 were unable to tolerate the drug. Myelosuppres- 
sion was the prìndpal toxic effect and it vvas suggested 
that thiopurine methylưansíerase activity could be mea- 
sured as a basis to determine initial dosage and the risk of 
toxidty. For the conventìonal management of psoriasis see
p. 1688.1.

1. Mason c. Krueger GG. Thioguanine ỉo r reỉracỉory psorỉasỉs. J  Am Acad
Dermatol 2001; 44: 67-72.

A d v e r s e  E f f e c t s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

As íor Mercaptopurine, p. 821.2.
In some patients, gastrointestinal reactìons are reported 

to be less hequent than  with mercaptopurine.

E f f o c b  o n  t h e  b l o o d .  For the view that it may be possible 
to predict those individuals likely to have severẽ bone- 
marrow depression w ith tioguanine based on measure- 
m ent of the actìvity of thiopuiine methylnansỉerase or the 
concentration of tìoguanine nudeotìde, see under Aza- 
thioprine, p. 1946.2.

E f f e c b  o n  t h e  K v e r . The use of tioguanine has been limited 
by reports oi hepatic veno-ocdusive disease atoibuted to 
the drug.1"4 The manuíacturer (GlaxoSmừhKline) has stated 
that, in  most cases. liver toxidty is reversible upon with- 
drawal of chemotherapy. A comparison with mercapto- 
purine in the maintenance ueatm ent of children wdth 
acute lymphoblastíc leukaemia íound that of 95 padents 
who developed veno-ocdusive disease, 82 vvere receiving

tioguanine, representing about 11% of all patients 
assigned to the drug.5 In additioa although tioguanine 
was assodated wìth fewer CNS relapses, patients in the 
tioguanine ann  were more likely to develop íatal iníec- 
tions.

Centrilobular hepatic necrosis has also been reported; 
reports are coníounded by the use of high doses of 
tỉoguanine, other antineoplastícs, oral contraceptives, and 
chronic aỉcohol abuse.

1. GiH RA, et aì. Hepatỉc vcno-ocdusivc dỉsease caused by 6-thioguanine. 
Arvt ỉrứxm Med ỉ 982; 96: 58-60.

2. Krivoy N, et aì. Reversibỉe bepatic veno-occlusive disease and 6- 
thioguanỉne. Ann Inírm Mtd 1982; 96: 788.

3. Kao NL, Rosenblate KJ. 6-Thioguanine therapy íor psoriasis causing 
toxỉc hepatic venoocdusive disease. J  Am Acad Dcrmatoỉ 1993; 28 :1017- 
18.

4. Romagosa R, etai. Treatment oi psoríasis vvith 6-thioguanine and hepatic 
venoòcdusive dỉsease. J  Am Aeàd Dermatol 2002; 47: 970-2.

5. Vora A, et aỉ. Medỉcal Research Counđl/National Cancer Research 
Netvrork Chỉỉđhood Leukaemia Working Party. Toxidty and efficacy of 
6-thioguanine versus 6-mercaptopurine ỉn chỉldhood lymphobỉastic 
ỉeukaemỉa: a randomỉsed trial. lancet 2006; 368: 1339-48.

Handling and disposal. For reíerence to a method for the 
destruction of tioguanine in wastes, see Mercaptopurine, 
p. 821.3.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norwegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, dassilies tioguanine as 
probably not porphyrinogenic it may be used as a drug of 
£irst choice and no precautions are needed.1

1. The Drug Database íor Acuie Porphyria. Avaílable at; hup://www. 
dnjgs-poTphyria.org (accessed 29/09/11)

I n t e r a đ i o n s

Unlike mercaptopurine (p. 821.3), normal doses of 
tioguanine may be used vvith allopurinol.

Several cases of portal hypertension with hepatic nodular 
regenerative hyperplasia have been reported in patients 
who received tìoguanine with busuUan (see p. 756.1).

It has been suggested that daunorubidn might enhance 
the hepatotoxidty of tioguanine (see p. 779.3).

P h a n n a c o k i n e t i c s

Tioguanine is incompletely and variably absorbed from the 
gastrointestinal tract; on average about 30% oỉ a dose is 
absorbed alter oral doses. It is rapidly activated in the body 
by intracellular conversion to its nudeotide, thìoguanylic 
add  and its thioguanosine phosphate derivaúves. With 
repeated doses incxeasing amounts of the nudeotide are 
incorporated into DNA. Very little unchanged tioguanine 
has been detected drculating in the blood but the halỉ-liíe of 
the nudeotide in the tissues is prolonged. Tioguanine is 
inactivated mainly by methylation to aminomethylthio- 
puríne; small amounts are deaminated to thioxanthine, and 
may go on to be oxidised by xanthine oxidase to thiouric 
add, but inactivation is essentially independent of xanthine 
oxidase and is not ahected by inhibition of the enzyme.

It is excreted in the urine almost entứely as metabolites; 
only negligible amounts o( tioguanine have been deteaed. 
Tioguanine does not appear to cross the blood-brain barrier 
to a signiũcant extent; very little is ỉound in CSF after 
normal dinical doses. It crosses the placenta.

Prepancrtions
Proprietary Preporations (details are given in Volume B)

Smgle-ingredient Preparatiora. Arg.: Lanvis; AustraL: Lanvis; Belg.: Lanvis; Braz.: Lanvis; Canad.: Lanvis; chile-. Lanvis; Cz.: 
Lanvis; Fr.: Lanvis; Gr.: Lanvis; Hong Kong-. Lanvis; IrL: Lanvis; Israel: Lanvis; Malaysùr. Lanvis; Neth.: Lanvis; N2: Lanvis; PoL: Lanvis; S.Afr.: Lanvis; SwetL: Lanvứ; Switz.: Lanvis; Thai: 
Lanvis; Turk.: Lanvis; UK: Lanvist; USA: Tabloidt.

Phormacopoeial Preparations
BP 2014: hoguanine Tablets;
USP 36: ĩhioguanine Tablets.

T i p i f a m i b  ỊU S A N , r lN N I  

R-115777; Tipiíarnibum; TnnnộapHHÕ. I . 
(+)-6-[(ff)-Amino(4<hlorophenyl)(l-methyl-l H'imidazol-5-yl) 
methylH-(3<hlorophenyl)-í-methyl-2(l ÁO-quinolinone: 
C27Hỵỏ2N40=489.5 ■
CAS —  192185-72-1 
UNII —  MAT637500A

NOTE. The nam e 2arnestra has been used as a ưade mark ỉor 
tipiíamib.

P rọ fì/e

Tipiíamib is a íamesyl ơansíerase inhibitor that is under 
investigation for the tteatm ent oi acute myeloid leukaemia.

Reíerences.
1. Zhang s, eí al. PharmacokỈDetìcs of tìpiíamib aher oraỉ and intraven 3US 

admỉnistratíon ỉn subjects with advanced cancer. J  CUn Pharmacol 2( 06; 
46 :1116-27 .

2. Siegeỉ-Lakhaỉ ws, t t  aỉ. Cỉinícal and  pharmacoỉogíc study o i the 
£amesyltransferase inhlbỉtor tỉpiíanùb ỉn cancer patỉents vviih n om u  1 or 
m ũdly or moderately impaỉred hepatìc íunctíon. J  Qin Oneoỉ 2006; 24: 
4558-64.

3. Perez-Ruixo JJ, et ai. Exposure-loxicity relatíonshỉps ỉor tỉpiíamiỉ in 
cancer parients. Br J  CLin Pharmaat 2007; 6 4 :2 19-32.

4. M arúneiu G. rt aỉ. Famesyỉưansíerase inhibitíon ỉn hematolt gỉc 
malỉgnanđes: ứie clinical experience with tipưamib. ơ in  Adv Hem tioi 
Oneoi2008; 6ỉ 303-10.

5. Harousseau JL, rt fl/. FIGHT-AML-301 Investígators. A randomi 
phase 3 study of tipifamíb compared w ith best supportỉve care, ỉncỉuc ng 
hydroxyureã, ỉn  the treaunên i of newỉy dỉagnosed acute myel Jid 
ỉeukemỉa in patỉents 70 yeaxs or older. Blood 2009; 114: ] 166-73.

6. Epling-Bumenc PK. Loughran T?. Suppression of {amesyỉtxansíei ise 
activity in acute myeỉoid ỉeukemỉa and myeỉodyspỉastíc syndro: ie: 
current understanding and recommended use of tỉpiỉamỉb. Experí c rin 
Invat Druịs 2010; 19: 689-98.

T i r a p a x a m i n e  IU SA N , riN N i  

SR-4233; ĩìrapazamina; Tirapazaminum; Wìn-59075; Tnpan I-
3aMHH.
3-Amỉno-1 ̂ ,4-benzotriazine 1,4-đioxide.
C7H6N40 2=1782 
C A S  —  2 7 3 1 4 -9 7 -2 .
UNII —  1UD 32YR59G .

P r o Ị i l e

Tirapazamíne is reponed to be reduced in hypoxic cells to in 
active anion tha t causes DNA strand breaks. It sensitises 
hypoxic tum our cells to the cytotoxic activity of other dnií 5. 
It is under investigation for its cytotoxic aaions, alone 3r 
vvith dsplatin or radiotherapy. Adverse effeas reponed wi h 
tirapazamine indude nausea and vomiting. diarrhoe a, 
rashes, m usde cramps and íatigue; myelosuppression is sa id 
10 be rare.
Revievvs.

1. Gandara DR, et aỉ. Tirapazamine: prototypc for a noveỉ class of 
therapcutic agenis targeúng tum or hypoxia. Semin OniúllQQl; 29 (SUỊ pl 
4): 102-9.

2. Marcu L, Olver I. Hrapazamine; from bench to dínical trials. Cun  c in 
Phũrmaàỉ 2006; 1: 71-9.

3. Reddy SB, Wiỉllamson SK. Tirapazamine: a novel agent targeti Ìg 
hypoxỉc n im or cclls. Expert opin Invat DrutỊS 2009; 18: 77-87.

T ỉ v o x a n i b  IU SA N , r lN N I

AV-951 (tivozanib hydrochloride); Kil-8951; Tivozanibum; 
TMB03aHu6
1 -[2-Chloro-4-[(6,7-dimethoxyquinolin-4-yl)oxy]phenyl}-3-(5 - 
methyl-1 ̂ -oxazol-3-yl)urea.
C2 H,,CINA=454.9 
C A S  — 475108-18-0. 
um  —  172030934T.

P r o í i l e

Tivozanib is an orally active tyrosine kinase inhibitor th t 
targets vascular epidermal grovvth íaao r receptors I, 2, an d 
3. It is under investigatíon for the treatment of renal ce 11 
carónom a and other solid tumours.For wamings and recommendations regarding the sạ 'e 
prescribing, dừpensing, and use of oral antineoplastic drugs, St e 
Administration, p. 732.3.
Reíerences.

1. De Luca A. Normanno N. Tivozanib, a pan-VEGFR tyrosine kina: c 
inhibiior ỉor the potential ưeatm ent of solid tumors. IDrugs 2010; 1 >: 
636-45.

Topotecan Hydrochloride
IBANM, USAN, plNNMI

: Hidrođoruro de topotecán; Nogitecan Hydrochloride; SKF 
104864A; SKFS-T04864-A; Topotecán, hidrodoruro de 
Topotécane, Chlorhydrate de; Topotecani Hydrochloridum 
Topotekaanihydrokloridi; Topotekanhydroklorid; TonoĩeKa 
Ha rnflpoxnopnfl.
(S)-1 ữ-Dimethylánninõmethyl-4-ethyl-4,9-dihydroxy-1 H-pyra 
no[3',4':6,7]indolizino[l,2b]quinoline-3,14(4H,12H)-dione 
hydrochloride.
C23Hj3N3Os.HCl=457.9
CAS —  123948-87-8 (topotecơn); 119413-54-6 (topotecar 
hydrochloride).
ẠTC —  L0ỊXX17.
ATCVet —  QL01XX17.
UNII —  956S425ZCY.

Incompatibility. Topotecan hydrochloríde was found tu 
degrade to 88.7% of its original concenưation over 
hours w hen mixed with ticardllin sodium or potassiuEi 
davulanate. It was also found to be incompatible vvitt 
dexamethasone sodium phosphate and Auorouracíl.

All ơoss-reíerenees reíer to entries in Volume A
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W hen mixed vvíth mitomydn soluóon an immediate col- 
our change took place and concentratìons of mitomydn 
fell by 15 to 20% over 4 hours. The pH of the mixtures 
remained constant at 3.3 to 3.5.

I. M ayron D, Gennaro AR. Stabỉllty and  compatíbỉỉlly of topotecan 
hydrochloride w ith selected đrugs. Am  J  Healĩh-Syst Pharm 1999; 56: 
875-81.

U s e s  a n d  A d m i n i s t r a t i o n

Líke irinotecan (p. 812.3), topotecan is a semisynthetic 
derívative of the alkaloid camptothecin that exerts its 
antineoplastic activity by inhibition of topoisomerase I. It is 
used in the ưeatm ent oi metastatic cardnom a of the ovary 
reíractory to other therapy (see p. 711.2) and in relapsed 
small ceũ lung cancer (p. 710.2) after Standard therâpy. 
Topotecan is given with dsplatin in  .the tteatment of 
metastatic, recurrent, or persistent cardnom a of the cervix 
(p. 704.2) that is not amenable to curative ưeatment with 
surgery and/or radiation therapy. Topotecan is also under 
investigation in the managem ent o{ myelodysplastic 
syndromes.

Topotecan is given as the hydrochlorìde but doses are 
expressed Ũ1 tenns of the base. Topotecan hydrochloride
1.09 mg is equivalent to about 1 mg of topotecan. Topotecan 
may 'be..given orally or inưavenously. P o r  w a m in g s  a n d  
re cõ rh n ién d a tio n s  reg ã rd in g  th e  sa fe  p re sc r ib in g , d ừ p en s in g , a n d  
u se  o f  o r a í  a n tin e o p la s tic  d ru g s, see A d m ìn ừ tr a t io n ,  p . 7 3 2 3 .  
W hen gỊven by inưavenous mỉuỉion, topotecan is diluted in 
sodium chloride 0.9% or glucose 5%; a final concentration 
of betvveen 25 and 50 micrograms/mL is spedSed in the UK.

In ovarỉan  and sm all cell lu n g  cancer, topotecan 
hydrochloride may be given in tra v e n o u s ly  in  an initial dose 
equivalent to topotecan 1.5 mg/m2, inỉused over 30 
mỉnutes, on days 1 to 5 of a 21-day course. A minimum oí
4  courses should be given. in  the absence of tumour 
progression, ands provided th a t blood counts and 
haemoglobin have recovered adequately (see also Bone- 
marrovv Depression, p. 730.3). If severe neutropenia occurs 
in any course, or u  the platelet count íalls below 
25 000cells/mm3, the dose in the subsequent courses may 
be reduced by 250 micrograms/m2 to 1.25 mg/m2 daily, and 
subsequentỉy to 1 mg/m2 daily i f  necessary. Altematively, in 
the event of severe neutropenia, a  granulocyte colony- 
stimulating íactor may be given from day ỗ oỉ the course, 24 
hours aíter topotecan dosage is complete. If severe toxidty 
recurs once the dose has been reduced to lm g /m 2 
withdrawal of topotecan may be required. Dosage should 
also be reduced in patients w ith renal impairment (see 
below).

Topotecan may also be given o r a lly  ỈOT small cell lung 
cancer. The recommended dose is 2.3mg/m2 once daily for
5 consecutive days, repeated every 21 days. Ư neutropenia 
occurs, or u  the platelet count íalls below 25 000 cells/mm3, 
or for patỉents vvith severe diarrhoea, the daily dose should 
be reduced by 400 micrograms/m2(to 1.9mg/m2 daily, and 
subsequently  to 1 .5m g/m 2 daily if necessary) for 
subsequent courses.

In cervical cancer, topotecan is given In ain intravenous 
dose of 750micrograms/m2, inỉused over 30 minutes, on 
days 1, 2, and 3 of a 21-day course; tísplatin 50mg/m2 ís 
given by intravenous inhision aíter topotecan on day 1. 
Dosage adjustments for subsequent courses are specihc ỉor 
each drug; for dsplatin, see p. 766.2. If severe neuơopenia 
occurs, or if the platelet count íalls below 25 000 cells/mm3, 
the topotecan dose should be reduced to 600 micrograms/ 
m 2, and subsequently to 450 micrograms/m2 if necessary. 
Altematively, in the event of severe íebrile neutropenia, 
granulocyte colony-stimulating lactor may be given írom 
day 4 of the course, 24 hours after completion of the 
topotecan iníusion.
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Adminìslratỉon. In an attempt to reduce haematological 
toxidty, various schedule modiíications of topotecan have 
been investigated, one of the most commonly studied 
being a regimen of intravenous topotecan 4m g/m 2 over 
30 minutes, once vveekly for 3 weeks, followed by a week 
of rest.1 A pharmacokinetic smdy ỉound this dose to be 
well tolerated in patients vvith advanced solid tumours, 
although dinical eíhcacy was not assessed.1 A study com- 
pared th e  conventional schedule of topotecan (see Uses 
and Administration, above), at a reduced dose of 
1.25 mg/m2 on days 1 to 5 of a 21-day cyde, w ith a 
weekly schedule of 4m g/m 2 on days 1, 8 and 15 of a 28- 
day cyde in patients vvith platinum-resistant ovarian cah- 
cer.2 Haematological toxidty was less with the weekly 
regimen. Slightly lower eíRcacy in terms of response rates 
and progression-free survival was seen with the iveekly 
regũnen, although these diHerences were not statistically 
signihcant, and there was no notable diữerences in overall 
survival between the two regimens. The au thon  con- 
duđed tha t weekly topotecan is a viable treatment option 
in this setting, allõvving therapy to be geared towards goals 
of management.2

1. Curtis KK, tí al. K  phase I study to characterừe the saỉety, tolerability, 
and pharmacokinetícs of topotecan at 4  mg/m2 admỉnistered weekly as ầ 
30-m inute intravenous inỉusỉon ỉn patỉents wíth cancer. J  Clin Pharmaari 
2010; 50: 268-75.

2. Schoull J, tí  ai. Topotecan weekly versus conventionaỉ 5-day scheduỉe ỉn 
p a tỉe n u  with p ỉatỉnum -resistant ovarian cancer a random iied 
m ultỉcenter phase n  trỉaỉ of the North-Eastem Gertnan Sodety oỉ 
Gynecological Oneoỉogy Ovarian Cancer Sỉuđy Group. J  ũ m  Onool 20 L1; 
29: 242-8.

Administration in renal impairmenl. Licensed produa 
intormatìon for intravenous topotecan recommends the fol- 
lowing for patients with ovarian  o r sm all cell lung  can- 
cer according to creatínine dearance (CC):
• mild renal impairment (CC 40 to 60mL/minute): no 

dosage adjustment
• moderate renal impairment (CC 20 to 39 mL/minute): 

750 micrograms/m2 daily for 5 consecutive days
For patients with small cell lung cancer given oral topotecan, 
the following is suggested:
• mild renal im painnent (CC 5 0 'to 80mL/minute): no 

dosage adjustment
• moderate renal impairment (CC 30 to 49 mL/minute):

1.8 mgIm1 once daily for 5 consecutive days
Data are insuffident to make dose recommendations in 
patìents with severe renal impairment.

In patients w ith cervlcal cancer, treatment with 
topotecan and dsplatỉn should only be started in those with 
a serum creatínine of 1.5 mg or less per 100 mL.

A d v e r s e  E f f e c k ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

ĨO T  general discussions, see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732 2.

Neutropenia is very common vvith topotecan and is 
usually dose-Iimitíng. The nadir of white cell count usuaỉly 
occurs about 9 to 12 days after a dose. Febríỉe neutropenia, 
sepsis, and neuttopenic colitis can occun ỉatalities have been 
reported. Thrombocytopenia, anaemia, and leucopenia also 
occur commonly. Topotecan should not be given to those 
patients vvith pre-existing bone-marrow depression, and 
blood counts should be monitored regularly. Gastrointest- 
inal disturbances and anorexia are also common with 
topotecan, and may be severe; oral topotecan is assodated 
with severe diarrhoea.

Interstitial lung disease has been reported, and can be 
íatal; underlying risk íactors indude pulmonary hbrosis, 
lung cancer, thoradc radiation, and use of other drugs toxic 
to the lungs or of colony-stimulating íactors. Patients should 
be monitored for signs and symptoms such as cough, íever, 
dyspnoea, or hypoxia, and treatment should be stopped if 
interstitial lung disease is suspected.

Other adverse effects include íatigue and weakness, 
alopeda. malaise, pruritus, pyrexia, and hyperbillrubinae- 
mla. Hypersensitivity reactions induding cashes have been 
reported; anaphylaxis, angioedema, and urticaria may occur 
rarely.

ticensed product iníormation recommends that topote- 
can should not be given to patients vvith severe hepatic or 
renal impairment, due to a lack of data in these patients. Its 
Use in breast íeeding is contra-indicated íor the same reason. 
Topotecan has been reported to  produce íetal death and 
malíormations in  animalí.

Porphyria. The Drug Database for Acute Poiphyria, com- 
piled by the Nonvegian Porphyria Cenưe (NAPOS) and 
the Porphyria Cenợe Sweden, dassiũes topotecan as prob- 
ably no t porphyrinogenic it may be used as a drug of first 
choice and no precautions are needed.1

1. The Drug Database lor Acute Porphyria. Avaíỉabỉe a t  h ttp ://m vw . 
drugs-porphyiia.org (acceMed 26/08/ 11)

I n t e r a ờ i o n s

For a report of topotecan redudng the clearance of 
docetaxel, see Antineoplastics, p. 782.2.

Greater myelosuppression is seen vvhen topotecan is used 
with other cytotoxic drugs, which may requữe dosage 
reductions of either drug. However, with platinum drugs, 
there is a sequence-dependent interactĩon: givlng a 
plãúnum drug on the Srst day oỉ topotecan dosage requires 
lower doses of each, compared with giving Ít on the fifth 
day.

Granulocyte colony-stimulating íactor can prolong the 
duradon of neutropenia ư  given vvith topotecan, so ư used, 
it should not be started until, 24 hours after topotecan 
dosage is complete.

Ciclosporin has been reported to increase exposure to 
topotecan.

P h a r m a c o l à n e t ì c s

Topotecan is rapidly absoibed after oral doses; peak plasma 
concentrations occur after about 1 to 2 hours. The oral 
bioavaiỉabìlity is about 40%. Food does not appredably 
affect tópotecan phannacokinetics. Topotecan is vvidely 
distrìbuted after intravenous doses. Plasma protein binding 
is about 35%. The drug undergoes reversible hydrolysis of 
the laaone ring to the inactive hydroxy add  íorm; only 
small amounts are demethylated in the liver. A signiScant 
proportion oỉ a dose is excreted in urine. The tenninal halí- 
Uỉe has been reported to be 2 to 3 hours íor the inuavenous 
íormulatíon, and 3 to 6 hours for the oral íormulatìon.
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Preparations

Proprátary Preparcriions (details are given in Volume B)

Singie-ỉngrecRent Preparcrtioni. Arg.: Asocecan; Hycamtin; Pote- 
kam; Tisogen: Topokebin AustraL: Hycamtin; Austria: Hycam- 
tin; Belg.: Hycamtín; Braz.: Evotecan; Hycamtin; Toporan; Canad.: Hycamtin; Chũe: Hycamtìn; Chimr. Ai Tuo (3tS); 
Aoluona Bo En ( hữ); Hỵcamón (ĩníị§í); Jin X Su
(Ố # * ) ; Sheng Cheng CÌÈỈS); Xinze (IRỉậ); Cz.: Hycamtin; 
Pouctasol; Denm.; Hycamtin; PinHycamtín; Pr.i Hycamún; 
Potactasol; Ger.: Hycamtìn; Gr.\ Hycamtin; Hong Kong: Hycam- 
tin; Hung.; Hycamtin,- Viatopinỷ; India: Cantop; Topotel; IrL: 
Hycamdn; Potactasol; ■ Israel; Hycamdn; Potactasol; ItaL; 
Hycamdn; Mex.: Toranex; Neth.: Hycamtin; Potactasol; Norw.; 
Hycamtin; Potactasol; Phũipp.; Hycamtin; Topotel; PoL; 
Hycamdtt' Potactasol; Port: Hycamtin; PotaãasoL' Bus.: 
Hycamún (rHJcawniM); Verotekan (BepoTexaH); S-Afr.; Hycam- 
tin; Singapore. Hycamtin; Spain; Hycamtin; Swed.: Hycamtin; Switz.: Hycamtln; Thai.: Hycamtin; Topotel; Turtc: Hycamtin; UK: Hycamtin; Potactasol; ukr.: Hycamtm (rmtaMTHH); USA: 
Hycamtin.

T o r e m í í e n e  C i t r a t e  IB A N M , U S A N , riN N M i  0

Citrato de ••_toremlfenor--FC1-HS7a;' ;Toremifen Sitrat; 
Torémífènéi Otraìe de; Tórẽmifení CìtTầs; ;Tófẻrnifehố, citrato 
de; TopeMMệeHa L(MTpaf. ' ; u
2-{p-ÍCZ)-4-Ch Ipro-1,2-di pheny ỉ-1 -butenyirphenox.y}-/V, N- 
dimethylethylamine citrate.
CaHaiaNO,^807=598.1 . V /
CAS —  89778-26-7,. (toremiíene); 89778r27-8.. (toremitene 
citrate)."  ‘
ATC —  L02BA02.. .
ATC Vet —  QL02BA02. 
um  —  2498Y783QT.

U s e s  a n d  A d m i n i s t r a t ì o n

Toremiíene is a selective oestrogen receptor modulator vvith 
properties similar to those of támoxiíen (p. 860.2). It is used 
in the treatinent of metastatic breast cancer (p. 702.1) in 
postmenopausal women with oesưogen-receptor positive 
tumours.

Toremiíene is given orally as the dtrate, but doses are 
calculated in teims of the base; 88.4 mg oí toremiỉene dưate 
is equivalent to about 60 mg of toremUene. A dose of 
torenũíene 60 mg once daily is used.

ToremUene is also under investigation for theprevention 
of prostate cancer in m en with high-grade intraepithelial 
neõplasia, as well as for the ưeatment of adversẽ eừects 
related to androgen deprivation therapy.

The Symbol ®  denotes a substance vvhose use may be restrícted in certain sports (see p. viii)The Symbol t  denotes a preparation no longer actively marketed
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m ulticenter phase m  stuđy. J  ơ in  Qncoỉ 2008; 26: 1824-9.

6. Ixw ỉs JD. t í  ai. Exrellent outcomes wỉth adjuyant toremỉíene or 
tamoxtten ỉn earỉy siage breast cancer. Cancer 2010; 116: 2307-15.

7. Yamamoto Y, tí  a i  Cỉỉnical useM ness of high-dose toremỉíene ỉn 
patỉents reỉapsed on treaunem  vvith an aromatase ỉnhibitor. Breast Canarr 
2010; 17: 254-60.

8. Smỉth MR. tí  al. Toremiỉene to reduce ỉracture rísk in m en receiving 
androgen deprivation therapy for prostate cancer. J  Uroi (Balĩìmorr) 
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M a s t a l g i a .  For reports of eííicacy with toremiíene in the 
management of mastalgia, see under Danazol, p. 2265.1.

A d v e r s e  E f f e đ s  a n d  P r e c a u t i o n s

As for Tamoxiíen Citrate. p. 861.2. Increased sweating 
occurs very commonly with toremưene.

Use of torcmiíene is contra-ỉndicated in patients with 
pre-existing endometrial hyperplasia, or in those with 
severe thromboembolic disease or severe hepatíc impair- 
ment. ToremUene has been shown to prolong the QT 
interval in a dose-dependent manner. Its use i$ thereíoie 
contra-ũidicated in patients with QT prolongation, electro- 
lyte disturbances (espedally uncorrected hypokalaemia), or 
in those with bradycardia, heart ỉailure, or a history of 
arrhythmias. Toremiíene should also be used with caution 
in those vvith conditions such as myocardial ischaemia, as 
treatment may lead to an increased risk for ventricular 
arrhythmias such as torsade de pointes and cardiac arrest; iỉ 
cardiac arrhythmia occurs during therapy, toremiíene 
should be stopped and an ECG should be periormed. 
Patients with bone metastases should be monitored for signs 
and symptoms of hypercalcaemia.

B r e a s t  ỉ e e d i n g .  Licensed product inỉormation States that 
toremUene is excreted in the milk of rats, and that body- 
weight gain oỉ the rat oSspring was seen duríng lactation. 
It is unknovm whether the drug is excreted ữi human 
milk. and use is contra-indicated during breast ỉeeding. It 
has been suggested' that breast íeeding be vvithheld íor a 
mlnimum oỉ 25 to 30 days after a dose.

ì . tía ỉ^  eds. Drugs ảurinỊ pngnaruy and lactation: trtatmmt options and rìsk 
tusessmntí. 2nd ed. London: Elsevier, 2007.

P o r p h y r i a .  The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Poiphyria Cenưe (NAPOS) and 
the PoTphyria Centre Svveden, dassihes toremiíene as pos- 
sibly poiphyrinogenic it should be used only when no 
saíer altemative is avaìlable and precautions should be 
considered in vulnerable patients.1

1. T h e  D n ig  D a tabase  ío r  A cu te  P o rp h y ria . A vaiỉab le  a c  h ttp : / /w w w . 
d ru g s-p o rp h y r ia .o rg  (accessed 0 5 /0 9 /1 1 )

I n t e r a c t í o n s

Toremiíene is metabolised by cytochrome P450 isoenzyme 
CYP3A4, and potent enzyme-indudng drugs su ch as 
phenytoin, phenobarbital and caibamazepine, can increase 
toremiíene metabolism, thereby Iowering the serum 
concentration; dose adjustment of toremiíene may be 
needed. Conversely, azole antiỉungals and macrolide 
antỉbacteiials may theoretically inhibit toremiíene metab- 
olism by ỉnhibitỉng the isoenzyme.

Toremiíene should not be used with drugs that prolong 
the QT interval, such as antiarrhythmics, antipsychotics 
(such as phenothiaãnes, pim ọáde, sertíndole, haloperidol, 
and sultopride), certain antúnicrobials (such as moxiílox- 
acin, erythrom ydn, pentanũdine, and antimalarìals, 
partịcuỉaiỉy haloỉantrỉne), certain antíhistamines (terỉen- 
adine, astemizole, mữolastine) and other drugs su ch as 
dsapride, vincamine, bepiỉdil, and diphemanil.

Use with drugs that decrease renal caldum excretion, 
su ch as th iaãde diuxetìcs, may increase the inddence of 
hypercalcaemia. Use with coumarin anticoagulants should 
be avoided as there is a risk of increased bleeding time.

A n t i b a c t e r í a l s .  Rìfampìrín was ỉound to decrease plasma 
concentrations of toremUene in 9 subjects. This was 
thought to be due to induction of cytochrome P450 isoen- 
zyme CYP3A4 by riiampidn.1

1. Kivistồ KT, ti  aỉ. Tamoxilen and to rrm iỉrnc  concentradons in plasma arc 
írea tly  decreased by riiampin. ơ in  rham ucol Thcr 1998; 64: 648-54.

P h a r m a c o k i n e t i c s

Toremiíene dtrate is well absorbed from the gastrointestinal 
tract and peak plasma concenttations of toremiíene occur 
vvithin 3 hours. Food intake may delay peak plasma 
concenưations by up to 2 hours but has no effect on the 
extern oi absorption. Plasma concenưation dedines 
biexponentially; the m ean distribution haU-life is about 4 
hours and the elimination halí-liíe is about 5 days. It is 
extensively bound to plasma proteins, mainly albumin. 
Torenũíene is metabolised prindpally by the cytochrome 
P450 isoeiưyme CYP3A4. The main metabolite is N- 
demethyltoremiíene, which is reported to have similar 
anti-oestrogenic activity but vveaker anti-tum our activity 
than toremiíene; it is even more extensively bound to 
plasma proteins. Minor metabolites of toremiíene indude 
(deaminohydroxy)-toremiíene, 4-hydroxytoremifene, and 
N,N-didemethyltoremifene; concentrations of these are 
considered to be too low to have biological eííects. 
Toremiíene undergoes enterohepatic drculation and is 
eliminated mainly in the ỉaeces as metabolites. About 10% 
is excreted in the urine.
Reviews.

1. Taras TL tí aì. Clỉnical pharm acokinciics ữf torem iícne. Clirt 
Pharmacokintí 2000; 39: 327-34.

Preparations
Proprietory Preparations (details are given in Volume B)

Single-ingredìent Preparalions. Austral: Fareston; Austria: Fare- 
ston; Belg.: Fareston+; china: Fareston (ÌẾSÌB); ShuRui ((£ 
SS); Cz.: Fareston; Fin.\ Fareston; Fr.: Fareston; Ger.: Fare- 
stonf; Gr.: Fareston; Hung.: Fareston; IríFareston; Ital.: Fare- 
ston; Mac.: Faxesion-t-; Neih.: Fareston; NZ: Fareston; PoL. Fare- 
ston; Port.: Fareston; Ruỉ.: Fareston (<t>apecTOH); S-Afr.: 
Fareston; Spain: Farestonf; SwaL: Fareston; Switz.: Farestonf; Thai.: Farestoa' Turk.: Fareston; UK: Fareston; ukr.: Fareston 
(<I>apecTOH); USA: Fareston.

Tositumomab iriNNi

B-l; Tositumomabum; TocmyMOMaỗ. .
Immunoglobulin G2a anti-(human ahtigen CD 20) (mouse 
monodonal done B1R1 y2a-chain). disulfìde with mouse 
'monodonal clone B1R1 Xx-chain; dimer.
C A S  —  192391-48-3 .
UNII —  0343IG H 4  7 u .

U s e s  a n d  A d m i n i s t r a t i o n

Tositumomab is an anti-Bl monodonal antibody that is 
directed against the CD20 antigen íound on the suríace of B 
lymphocytes. It is radiolabelled vvith iodine-131 (p. 2225.3) 
for the ưeatment of patients with CD20 antigen-expressing, 
relapsed or reíraaory, low-grade. ỉollicular, or ưanstormed 
non-Hodgkin's lymphoma (p. 696.3). and induding those 
patients who have disease reừaaory to rituximab.

The regimen consists of a dosimetríc step, (ollovved 7 to 
14 days later by a therapeutic step. The dosimetric step 
consists of 450 mg oi tositumomab given intravenously in 
50 mL sodium chloride 0.9% over 60 minutes. Tositumo- 
mab 35 mg radiolabelled vvith iodine-131 is then given 
inưavenously in 30 mL sodium chloride 0.9% over 20 
minutes. This is ỉollovved by whole body imaging to 
determine whether biodistribution is acceptable, and to 
allow calculation of the therapeutic dose oỉ radiolabelled 
tositumomab. In the therapeutic step, tositumomab 450 mg 
is given again, and ỉollovved by the calculated dose oỉ 
radiolabelled tositumomab.

The rate oí inỉusion may be halved for mỉld to moderate 
iníusional toxidty. and stopped if this is severe; the 
iníusions may be restarted at half the rate once toxidty 
resolves. Patients are preưeated vvith thyroiđ protective 
agents at least 24 hours beĩore the íirst radiolabelled dose oỉ 
tositumomab; treatment is continued untìl 2 weeks aíter the 
radiolabeUed therapeutic dose. Analgesics and antihist- 
amines are also given orally 30 minutes betore doses of 
tositumomab.
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11. Cheung MC, t í  ai. M embers o t the  Hematology Dỉsease Site Groii p of 
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A d v e r s e  E H e c i s ,  T r e a t m e n t ,  a n d  P r e c a u t i o m

For general discussions see Antỉneoplastics, p. 72< .1, 
p. 730.2, and p. 732.2.

Infusion reactions suggestive of a cytokine reletse 
syndrome, and other hypersensitìvity reactions includ ng 
anaphylaxis, have been repoited w ith tositum om  ỉb. 
Prolonged and severe neutropenia, thrombocytopei la, 
and anaemia occur commonly; ỉuU blood counts should be 
monitored weekly for up to 12 vveeks. Other adverse effe a s  
indude gastrointestinal disrurbances, dehydration, abilo- 
mỉnal pain, pleural eỉíusion, and increased susceptibility to 
iníection. Delayed adverse eííects such as the developmi nt 
of seconđary malignanães. leukaemia, or myelodyspla: tic 
syndrome may occur. Patíents receiving the radiolabel ed 
regimen may be susceptible to hypothyroidism a id  
pretreatment vvith thyroid blocking drugs is recommenc ed 
(see Uses and Adminisưation, above); levels of thyro d- 
stimulating horm one should be measured before ưeatm i nt 
and annually thereaỉter.

HypersensitivHy. A report of successíul use of tosituno- 
mab in a patỉent vvho bad repeated iníusion reactions to 
rituximab1 suggests a possible lack of cross-sensitiv ty 
between the 2 anti-CD20 antibodỉes.

1. Hayslỉp J. Fenning R. Safe adm inistration of iodine-131 tosỉtum on ab 
after repeated inỉusỉon*related reactỉons to  ĩinixim ab. Oncoỉogist 20 )7; 
12: 338-40.

Preparatíons
Proprietary Preparotíons (details are given in Volume B) 

Single-ingredient Preparotiom. Canad.: Bexxan USA: Bexxar.

T r a b e c t e d i n  IB A N , U S A N . H N N I  

Ecteinascidin-743; ET-743; NSC-648766; Trabectedina; Tr i- 
beaédine; Trabectedinum; Tpa6eKTeflMH.
(1'/?,6ft,6afl,7R,l 3S .1 4 S .1 6 R )-6 ',8 ,Ì4 -T rih yd ro xy-7 ',' - 
dimethoxy-4,10,23-trim ethyl-19-oxo-3',4',6,7,12,13,14,11 - 
octahydrospiro[6,16-(epithioprppanooxym ethano)-7,i: - 
imino-6aH-1,3-dioxolo[7,8]isoquino[3,2-b][3]benzazociní - 
20,1'(2'H)-isoquinplin]-5-yl acetatè.
Q 9H43N3O1 ,s=761.8 
C A S — l ĩ 4 8 9 9 -7 7 -3 .

A T C  —  L01CX01.
A T C  V e t  —  Q LO lC XO Ị. .
ỤNII —  ID 0YZQ 2TCP.

U s e s  a n d  A d m i n i s t r a t i o n

Trabectedin is a novel DNA-binding agent derived bom  tl e 
marỉne tunicate, Ecuinasádia turbinata. It is used ỉor tỉ e 
ữeatment oỉ advanced soft-tissue sarcomas, alter íailure >f 
anthracydines or iíoslamide, or in  patients for w hom  th e  e 
drugs are unsuitable. It is also licensed íor use vviib 
liposomal doxorubicin in the tTeatment of relapsed 
platinum-sensitive ovarían cancer.

For neatm ent of so ft- tissu e  sarcom as, the recon - 
mended dose is 1.5 mg/m2, gi ven as an intravenous iníusic n 
over 24 hours.

For the treatm ent of ovarian  can cer trabectedin is give 1  
in a dose of l . lm g /m 1 as an im ravenous iníusion over 3 
hours immediately lollowing an  inỉusion ol pegylated 
liposomal doxorubidn 30m g/m 2.

Treatment may be repeated at 3-week intervals as long í s 
clmical benebt persists, provided haematologicaL hepatii 
and renal bmction parameters are met. If these baseline 
criteria are not met, ưeatm ent m ust be delayed íor up to  3 
weeks, until the criteria are met. If severe toxidty occurs í t 
any time betvveen cydes, the dose for subsequent cydí s 
must be reduced (see Administration in Subsequent Cyde , 
p. 875.1).

If ưabeaedin is given Via a centtal venous line, vvhich s 
the preỉerred metbod, the dose should be diluted in  a t lea: t 
50 mL of sodium chloride 0.9% or glucose 5%. If cen tn l 
access is uníeasible, and it is given peripherally, the dos: 
should be diluted in at least ll itre  of diluent. Dexa- 
methasone 20 mg is given intravenously 30 m inutes b e ío r: 
treatment with trabectedin (or beíore liposomal doxorubí • 
d n  in patients treated for ovarian cancer), to reduce nause I 
and hepatotoxidty.

All cross-reíerences reíer to entries in Volume A

http://www
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oí an  anticancer agent of marine orígỉn. Anticanctr Drugs 2003; 14: 487- 
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2. D 'Incald M. Jim eno J. Predinỉcaỉ and  dinical results w ỉih the natural 
m arine prođuct ET-743. Expert Opin ỉnvest Drugs 2003; 12: 1843-53.

3. B eum er JH, et aỉ. Hepatotoxicỉtỵ and metaboỉỉsm oi crabectedỉn: a 
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sarcomas. Oncoỉogừt 2005; 10: 827—32.

5. Schỡữskỉ p, ctal. Trabectedỉn (ET-743): evaỉuation o ỉỉts  use ỉn advanced 
soỉt-tiỉsue sarcoma. Puturt Orưol 2007; 3: 381-92.

6. Schõíỉski ?, et ai. Cỉỉnỉcaỉ ỉmpact of trabectedin (eaeinasddin-743) in 
advanced/metastatic soft tissue sarcoma. Expert opin Pkarmacother 2008; 
9i 1609-18.

7. Boudou u< taỉ. Trabcctcdỉn for the  m anagement o ỉ soỉt-àssuữ Sãrcomã. 
Expert Rev Anticanar Ther 2009; 9: 727-37.

8. Chuk MK. et al. T rabeaedin. Oncologừt 2009; 14:794-9. Correction. ữfiấ4 
949.

9. Ganjoo KN, Patel SR. Trabectedin: an  andcancer drug from the $ea. 
Exptrt Oỹin pharmacother 2009; 10: 2735-43.

10. Carter NJ. Keara SJ. Trabectedỉn: a revỉew o í it5 use in soft dssue 
sarcoma and ovarỉan cancer. Drugs 2010; 70: 355-76.

Administration ỉn hepatic impaírment. Licensed product 
inỉormation States that there are no studies of trabectedin 
in hepatic únpaiiment and da ta are unavailable to recom- 
mend doses in these patients. However, since systemic 
exposure is likely to be increased in these patients, thus 
increasing the risk of hepatotoxidty, caution is advlsed 
and dose adjustments may be needed. Trabectedin should 
no t be gi ven to patients with hyperbilirubinaemia.

Administrotion in renal impairment. Licensed product 
iníormation for trabectedin States that no dose adjust- 
ments are needed vvhen used as monotherapy in patíents 
vvith mild or moderate renal impairment, but that trabec- 
tedin should not be used in patients with severe renal 
impairment (creatinine dearance less than 30m l/m in) as 
no data are available for this populatíon. For similar rea- 
sons, combination therapy is not recommended in those 
with creatìnine dearance less than 60mL/min.

Administrotion in subsequent cydes. Initial críteria (or 
adminisưation of trabeaedin are:
.  absolute neutrophil count: at least 1300 cells/mm5
• platelet count: ât least 100000cells/mm3
• bilirubin: less than  or equal to upper limit of nonnal 

(ULN)
• alkaline phosphatase, alanine amỉnoưansíerase, and 

aspanate aminotransíerase: less than or equal to 
2.5XULN

• albumin: 25 mg/mL or more
• creatine phosphokinase: less than or equal to 2.5 XULN
• haemoglobin: 9 g/dL
• creatinine dearance: at least 30mL/minute for mono- 

therapy or 60 mL/minute for combination therapy with 
liposomal doxorubidn

These baseline criteria must also be met beíore re-treating 
the patient in subsequent cydes. If serious toxidty occurs 
betvveen cycles, e.g neuơopenia of less than 500cells/mm3 
lasting mõre than 5 daỹs o r assodated with íever or 
inỉection, thrombocytopenia below 25000cells/mm3, bili' 
rubin above the ULN or alkaline phosphatase >  2.5 XULN, 
or increase in aminotransíerases aboye 2.5XULN íor 
monotherapy or 5XULN íor combination therapy, then  
subsequent doses m ust be reduced as follows:
• for so ft-tissue sarcom a the dose of trabectedin ỉs 

reduced from 1.5 mg/m2 to 1.2mg/m2 initially, and then 
to 1 mg/m2 ư necessary. If severe toxidty still continues, 
stopping treatm ent should be considered

• for ovarian  cancer, the initial dose of l.lm g /m 2 is 
reduced to 900micrograms/m2 (with a reduction in 
liposomal doxorubidn dose to 25 mg/m2), and then to 
750m icrogram s/m 2 (w ith ỉiposomal doxorub idn  
20m g/m 2). Again, consideration should be given to 
stopping treatment lf turther reduction is necessary

Once a dose has been reduced for toxidty, re-escalation in 
subsequent cycles is inadvisable.

A d v e r s e  E f f e c t s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

For general discussions, see Antineoplastics. p. 726.1, 
p. 730.2, and p. 732.2. Neutropenia, thrombocytopenia, 
anaem ia, and leucopenia are very common w ith  
trabeaedin; íebrile neutropenia often occurs. Full blood 
counts should be periormed a t baseline, weekly for the first 
2 cydes. and then once bervveen cydes thereafter. Dose 
reductions may be needed in  those with haematological 
toxidty. Hepatobiliary disorders are also very commón, and 
inđude hyperbilirubinaemia and aỉterations in liver 
íunction tests, which are mostly transient. Patíents w ith 
liver disease should be dosely monitored, and trabectedin 
should not be given to those with hyperbilirubỉnaemia.

Other very common adverse e&ects indude gastro- 
ừitestinal distuibances, anorexia, headache, and ỉatigue. 
Antiemetic prophylaxis vvith dexamethasone shoulđ be 
given to all patients. Peripheral sensory neuropathy, 
paraesthesia, dysgeusia, dizzịness, pyrexia, and oedema are 
common, as are dyspnoea, cough, alopeda, myalgla.

arthralgia, dehydration, hypokalaemia, hypotension, and 
Aushing. Injection site reactions can occur, and the use of a 
Central lỉne is recommended.

Deaths assodated with trabectedin treatment have often 
involved a combination of adverse events induding 
pancytopenia, íebrile neutropenia, and in some cases sepsiỉ, 
hepatìc involvement, renal íailure, and rhabdomyolysis.
■ Trabectedin may cause serious birth deíects if given 

during pregnancy, aỉthough da ta are limited. Women and 
men of íertile age are advised to use eữective contraception 
duríng tteatment, and for 3 and 5 months, respectively, 
aíter stopping treatment. Breast íeeding is contra-indicated 
due to lack of data, and should be avoided for the duratíon 
of treatment and for 3 months after therapy is stopped.

E x t r a v a s a t i o n .  A report1 of severe local tissue inũamma- 
tìon and necrosis in 2 patients, assodated with extravasa- 
tion oí ưabectedin bom  Central venous access devices. 
Both patients had full thickness injụries that required sur- 
gical debridement ol aổected skin, subcutaneous tissue, 
and pectoral musde, suggesting tha t ưabectedin should be 
considered a vesicant.

1. Theman TA. a  aỉ. Recognition of a  new  chemotherapeutỉc vcsicani: 
trabcacđin (cacinasddin-743) extravasadon vviih slÕQ and sofi tíssue 
damage. J  CUn Oncol 2009; 27: el98-e200 .

P o q s h y r í a .  The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Porphyria C enơ e. Svveden, dassihes ttabeaedin as 
probably not porphyrinogenic it may be used as a drug of 
first choice and no precautìons are needed.1

I. The Drug Database for Acute Porphyria. AvaUable ác  http;//w w w . 
dnigs-porphyria.org (accesseđ 28/09/11)

I n t e r a c t i o n s

Trabectedin is metabolised by the cytochrome P450 
isoenzyme CYP3A4, and drugs that inhibit this enzyme 
(such as azole antUimgals, macrolide antibacterials, or 
ritonavữ) may increase blood concentrations of trabectedin. 
Equally, inducers of CYP3A4 (such às riíampicin, 
phenobarbital, and St John's w on) may decrease systemic 
exposure to trabectedin. Trabectedin is a substrate of P- 
glycoprotein, and use with p-glycoprotein mhibitors (such 
as ddosporin and verapamil) may alter trabertedin 
pharmacokinetics, aỉthough the clinical signihcance of this 
interacdon has not been established. Alcohol and other 
hepatotoxic drugs should be avoided during trabectedin 
treatment due to possiblc potentiation of hepatotoxidty. 
Use with live attenuated vacdnes is not recommended, and 
use  w ith  yellow  íev er v acc in e  is spec iíic a lly  
contra-indicated. For the eữect of trabededin on phenytoin, 
see p. 544.1.

P h a r m a c o k i n e t i c s

Trabectedin is extensively distributed in the tissues. Plasma 
protein bịnding is about 94 to 98%. It is metabolised in the 
ĩiver, mainly by cytochrome P450 isoenzyme CYP3A4. The 
temìihal haũ-lữe is about 180 hours. Trabectedin is excreted 
'mainly in the taeces, w ith a small am ount in the urỉne, of 
which less than 1% is unchanged drug.
Reíerences.

1. Bcuracr JH. a  aỉ. Metaboltem oí trabcctedia (ET-743. Yondelỉs) in 
patỉcnts yvidi ađvanced cancer. Canar ơĩtmoíhrr Pharmacol 2007; 59: 
825-37.

2. Percz-Ruixo u .  tl  ai. Populatíon pharniacoldnctic m eu-analysis of 
ttabectedin (ET-743. Yondclis) in cancer patieniỉ. clin Pham aakinet 
2007; 46: 867-84.

Preparatíons
Proprietary Preparations (details are given in Volume B)

Single-ingredient Preparations. Arg.: Yondelis; Austria: Yondelis; Betg.: Yondelis; Canad.: Yondelis; Chile. Yondelis; Cz.: Yondelis; Denm.: Yondelis; Fr.: Yondelis; Ger.: Yondelis; Cr.: Yondelis; Hung.: Yondelis; IrL: Yondelis; Israel: Yondelis; ItaL: Yondelis; Neth.: Yondelis; Norur.: Yondelis; PoL: Yondelis; Port: Yonde- 
1 ìs; Rus.: Yondeliỉ (ữonaemc); singapore. Yondelií; Spain: Yon- 
delis; SMted.: Yondells; Switz.: Yondelis; ThaL: Yondelis; UK: 
Yondelis.

T r a b ẹ d e r s e n  IB A N . riN N i

AP-12009; TGF-(Ì2 antisense oligonuđeotidepTrabédersen; 
Trabedersến; iTrábedérsénụm; Transforfningì growth factor- 
|32-spèafic phòsphorọthioate ầntisensè' ộligoclẻoxynuciéo- 

: t ì d e ; T p ã 6 e f l ẹ i x e H . V ^ - -  í

' t í d ^ t ó ^ y j r z â e ^ : P 4 h ỉ ọ a M p ỹ i ^ 0 ( . - ^ ) ^ t í i ị Ổ í ị ị p n K

t d y l y t ì B ^ S í l T Ì S đ ẹ p ^ - ^ t ì í ộ ^ í d y í ý ị ỉ í Ị ị ^ S ^ P - T m l o t h y m i ^  

dyỉ ^ ' > 32'^eò^-^-th iõầdényiyM 3',Tr5- );PrtKiòịhymi-’

(B^SO -P -th iothym idyly l-^— sO-^^eoxy-P-thioguanylyl- 
(3'— 5')-P-thiothymidylyK3'— 5')-2'-deoxyádenosine.
C Ạ S — 9256 8 1 -6 1 -4 . ■

NOTE. The name Oncomun has been used as a trade mark for 
trabedersen.

Profị/e
Trabedersen is an antisense oligonudeotìde that speúScally 
suppresses the production of transíorming growth lactor- 
beta-2, an immunosuppressive protein produced by tum our 
cells. It is under investigation for the ữeatment of high- 
grade glioma (see Malignant Neoplasms oỉ the Brain, 
p. 701.2) and other neoplasms such as pancreatic cancer.

T r a m e t ìn ib  ÍU S A N .P IN N I  

GSK-l 120212; Tramétinib; Trametinibum;ỊpaMeTviHn6. 
N-(3-{3^Iyclopropyl-5-[(2-fluoro-4'iodophenỹl)aminol-6,8- 
dimethyl-2,4,7-trioxo-3,4,6,7-tetrahydropyrido[4^^íIpyrimi- 
dinrl (2H)-yl}phenyl)acetamide.
C26H23FINs0 4=615.4
C A S - 8 7 1 7 0 0 - Ĩ 7 - 3 .  *: .•
UNII —  33E 86K 87Q N

T r a m e t in ib  D im e t h y l  S u l f o x id e  IU SAN , p iN N M Ị  

GSK-1120212B. '
C26HaFINs0 4,C2H60S=6935 -■
: ơ 6 —  1187431-43 -1 . ' ■ ■ • '
um —  BS89VJ5TƯ Ĩ.

P r o f i l e

Trametinib is an inhibitor of mitogen-activated extracellular 
kinases (MEK 1 and 2) that is used in the neatm ent of 
unresectàble or metastatic melanoma (p. 714.3) with BRAF 
V600E or V600K mutatioỊis; it should not be used ỉn patients 
who have previously been tteated vvith a BRẤF inhibitor. It 
is gi ven as the compound trainetinib dimethyl suUoxide but 
doses are expressẽd as the non-solvated base; 2m g oỉ 
trametinib is equivalent to about 2.25 mg trametinib 
(hmethyl sulỉoxide. The usual oraỉ dose is equivalent to 2 mg 
once daily; tablets should be swallowed whole and taken on 
an  empty stomach. A missed dose should not be taken 
within 12 hours of the next dose. Doses may need to be 
vvithheld or reduced if toxidty occurs. Where dose 
adjustment is required, reducđons are made in steps of 
500 micrograms. Treatment is continued until disease 
progression or unacceptable toxidty occurs. Antineoplastic 
dose rcgimms may be cõmplex and dòses of a drug may differ 
vắdely. For wamings and recommendations regarding the tafe 
prescribing, dỉspensing, and use of oral antỉneoplastic drugs, see 
Adminừtration, p. 732.3.

Commonly reported adverse efiects vvith trametinib are 
skin reactions such as rash, dry skin, and pruritus, 
parọnychia, lymphoedema, hypertension, haemoưhage, 
and gasưointestinal disturbances, particularly diarrhoea. 
Severe skin toxidty, cardiomyopathy, interstitial ltmg 
disease, retinal pigmént epitheliãl detachment, and retmal 
vein ocduslon have also occurred. Trametinib should be 
avoided during pregnancy and vvomen of child-bearing 
potentìal should use conbaception during and ỉor 4 months 
ãíter ữeatment.
Reíerences.

I . Wright CJ, McCormack PL. Trametinib: first gĩobal approvai. Drugs 2013; 
73: 1245-54.

Preparatíons
Proprietory PreparaKom (details are given in Volume B) 

Single-ingredỉent Preparations. U SA :  Mekinist.

T r a s t u x u m a b  IB A N ,U S A N , IỈN N Ị

Antìaierpo monodonal HER2;.HER-2 Monodonal Antibody; 
rhuMAb HER2; Trastutsumabi; Trasttưumabum; Tpacry3y- 

;Ma6. - 1. ' ;  I -
Immunoglobulin GI (human-mouse monodonal' rhuMab 

'HER2 Y,<hain antl-human p l receptor),' disuííìde
;w ith húman-mouse monoclonal rhuMab HER2 Ịight Chain, 
dimer. •'
C A S —  1 8 0 288-69 -1  ' *■

1A T C — L01X C 03  , f  - ‘

ÀTC V et —  Q L01XC 03. -  ‘
U m  —  P Ỉ 8 8 A m 8 Q C v J

T r a s t u z u m a b  E m t a n s i n e  (U SA N , H N N I

Ado-t(astuzumab Emtansine; PRO-132365; RG-3502; T-OM1,- 
.Trastuzumạb-DMÍ; Tràstuãimab Emtansina; :Trastuzumab-

The Symbol t  denotes a preparation no longer actively marketed
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MCC-DM1; Trastuzumabum Emtansinum; Tpacry3yMa6
3MT3H3HH. . ' - -
C A S —  1018448-65 -1 . .

ỤNII —  SE2KH7T06F. . ,  •-

NOTE. Trastuzumab em tansine contains ưastuzum ab 
covaĩently linked to the microtubule inhibitory drug DM1, 
Via the stable thioether linker MCC (4-[N-maleimỉdo- 
methyl] cydohexane-l-carboxylate). Hmtansine relers to 
the MCC-DM1 complex.

Trastuzumab and trastuĩumab emtansine are not intcrchangc- 
able.
U s e s  a n d  A d m i n i s t r a t i o n

Trastimunab is a humanised monodonal antibody dữected 
against a cell sutíace protein produced by the human 
epidermal grovvth íactor receptor 2 (HER2) gene. HER2 
protein is overexpressed in about one-third of all breast 
cancers. Trastuzumab is used in the treatment of breast 
cancer (p. 702.1) with such characteristics. It is aỉso used 
with combination chemotherapy in HER2-posirive meta- 
staticgastriccancer (p. 706.1). Trastuzumab emtansine (also 
called ado-trastuzumab emtansine) consists of ưastuzumab 
conjugated to DM1, a maytansine derivative and cytotoxic 
microtubule inhibitor. It is used in the treatment of 
metastatic HER2-positive breast cancer.

Note that trastuiumab and trastuzumab tmtamine are not 
intcTchangeable.

Trastuzumab is generally gi ven in either a vveekly or 3- 
tveekly iníusion schedulc. Doses should be added to 250m l 
of sodium chloride 0.9% for intravenous infusion. The 
initial dose is given over 90 minutes and subsequent doses 
may be given over 30 to 90 minutes. Altematively, for some 
inđications, it may be given subcutaneously once every 3 
weeks; injection sites should be altemated bervveen thighs, 
and the dose ũỹected over 2 to 5 minutes. Preparations for 
subcutaneous injection contain recombinant human hyal- 
uronidase and are not suitable ỉor intravenous use.
• Weekly iníusion schedule: 4mg/kg initially, followed 

after 1 week by a maintenance dose of 2 mg/kg at weekly 
intervals.

• 3-Weekly infusion schedule: 8 mg/kg initially, followed 
after 3 vveeks by a maintenance dose of 6 mg/kg once 
every 3 vveeks.

• 3-Weekly subcutaneóus schedule: 600 mg once every 3 
vveeks (no loading dose is required).

In metastatic breast cancer, ưastuzumab may be given alone 
or w ith a taxane or an  aromatase inhibitor. It is given in 
either a vveekly or 3-weekly schedule, and continued until 
disease progression.

In the adjuvant treatment of early breast cancer, 
ơasturum ab may be given in a vveekly schedule with 
docetaxel orpaditaxel íor 12 vveeks, starting aher 4 cyđes of 
the AC regimen (doxorubidn and cydophosphamide). 
Altematively, weekly trastuzumab may be given with 
docetaxel and carboplatin for 18 vveeks. One week aíter the 
completion oí either of these ưeatment courses, trastuzu- 
mab may be continued at 6mg/kg by inlusion every 3 
vveeks. A 3-weekly trastuzumab regimen may also be given 
as adjuvant monotherapy after multimodal therapy 
induding surgery, chemotherapy, and radiotherapy if 
applicable. In  locally advanced disease, a 3-weekly 
trastuzumab regũnen has been used with neoadjuvant 
chemotherapy íollovved by adjuvant ttastuzumab; however, 
the concurrent use of aasmzumab with anthracyclines 
should be limited to chemotherapy-naive patients and only 
using low-dose anthracydine regimens. Trastuzumab 
therapy is given for 1 year in total or untU disease recurs, 
vvhichever occurs first.

In metastatic adenocardnoma ot the stomach or gastro- 
oesophageal junction, trastuzumab is given in  a 3-weekly 
inỉusion schedule w ith dsplatin and either capedtabine or
5-fluorouradl. Treatment is condnued until disease 
progression.

H the patient misses an ứứusion dose of ưastuzumab by 1 
week or less, then the usualmaintenance dose should be 
given as soon as possible, vvithout tvaiting until the next 
planned cyde. Subsequent cydes are then given 
according to the previous schedule.
If the in íuáon dose is missed by more than 1 week, a re- 
loading dose of trastuzumab should be given, and 
subsequent maintenance doses given thereaher.
If a subcutaneous dose is missed, it should be given as 
soon as possible; the interval between doses should not 
be less than 3 weeks.

Trastuzumab emtansine (ado-trastuzumab emtansine) is 
given alone in  the treatm ent of metastatic breast cancer. A 
dose of 3.6mg/kg is given every 3 weeks unril disease 
progression or there is unacceptable toxidty. The dose 
should be added to 250 mL of sodium chloride 0.9% for 
intravenous úiíusion. The flrst dose is infused over 90 
minutes; subsequent doses may be given over 30 minutes il 
tolerated.

ư a dose of trastuzumab emtansine is missed or delayed, 
it should be given as soon as possible and the schedule

adịusted to keep an interval of 3 weeks between 
subsequent doses.

The dose of trastuzumab or trastuzumab emtansine may 
need to  be delayed or reduced because of toxidty (see 
Administration in  Subsequent Cydes, below).
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trial. Laneet 2007; 369: 29*36.

2. Budỉs CA. Trasiuxiunab—mechanism oí acdoD and use in d in ical 
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A d m i n i s t r o t i o n .  Ỉnưathecaỉ trastuzumab has been tried in 
•the treatment of leptomeningeal cardnomatosis in HER2- 
positive metastatic breast cancer. A revievv1 of 17 case 
reports íound that it had been given as monotherapy or in 
various regimens vvith other systemic or intrathecal ưeat- 
ments. Individual doses of trastuzumab ranged from 4 to 
150mg, and total doses ranging ỉrom 35 to lllO m g  
(mean 399.8 mg) vvere reported. Slightly higher doses 
were recorded in 4 of the patients given inưathecal ơastu- 
zumab readminisơation beyond CNS progression (mean 
dose of 560 mg and cumulative dose of 1040 mg). Clinical 
and radiological improvement was reported in more than 
halỉ of the patients and overall survival was prolonged to 
a median of 13.5 months compared vvith 5.9 months for 
published historical groups. Treatment was vvell tolerated.

1. Zagouri F. t í  aL Inưathecaỉ admỉnỉstration of ưasruzumab ỉor the 
treatm ent o( menỉngeal cardnomatosỉs in HER2-posirive metastatỉc 
breast cancer a systematic revỉew and pooled analysis. Breast Cancer Rts 
Trtttt 2013; 139: 13-22.

A d m i n i s t r a i i o n  in  s u b s e q u e n t  c y c le s .  Trastuĩumab iníusion 
may need to be slovved or stopped in patients who develop 
inỉusion reactions. Parenteral ưeatment may need to be 
vvithheld or stopped ư ventricular íunction deteriorates.

Similarly, trastuĩumab emtansini iníusion should be 
slovved or stopped for inỉusion reactions. The dose may need 
to be delayed õr reduced for other adverse eílects. The dose 
may be reduced step-wise Irom 3.6mg/kg to 3mg/kg, then 
to  2.4mg/kg; if a íurther dose reduction is needed then 
ưastuzumab emtansine should be stopped. The íollovving 
modihcations have been recommended in patients who 
develop increases in serum ưansaminases, hyperbilirubi- 
naemia, or thrombocyiopenia:
• serum transaminases > 2.5 to < 5  X upper limit of 

normal (ULN): continue ưastuzumab emtansine at the 
same dose

• serum ưansaminases > 5 to $  20 X ULN: withhold until 
recovery to at least <  5 X ULN and then reduce the dose 
by one step

• se rum transaminases > 2 0  X ULN: permanently stop 
trastuzumab emtansine

• total bilirubin > 1.5 to <  3 X ULN: vvithold until recovery 
to at least < 1.5 X ULN, then tteat at the same dose

• tota] biỉirubin >  3 to ^  10X ULN: vvithold unti] recovery 
to at least < 1.5 X ULN, then reduce the dose by one step

• total bilirubin >  10 X ULN: permanendy stop trastuzu- 
mab emtansine

• serum transaminases > 3 X ULN and total bilirubin > 2 X 
ULN: permanently stop ưastuzumab emtansine

• patìents diagnosed with nodular regenerative hyper- 
plasia: permanently stop tiastuzumab emtansine

• platelets 25 000 to < 50 000cells/mm3: vvithhold until 
> 7 5  000 ceUs/mm} and then treat at the same dose

• p la te le ts  < 2 5  000 ce lls /m m 3: vv ithhold  u n ti l  
> 7 5  000 cells/mm3 and then reduce the dose by one step

In patients vvith left ventricular dyshmction, trastuzumab 
emtansine should be vvithheld ư left ventricular ejectìon 
ỉractíon is less than 40%, or betvveen 40% and 45% and also 
10% or more points below baseline. Treatment should be 
stopped ư there is symptomatic congésdve heart íailure, or if 
ỉunction has not recovered in less than 3 vveeks to vvithin 
10% points bom  baseline or to more than 40%.

Trastuzumab emtansine should be vvìthheld in  pat ents 
w ho develop grade 3 or 4  peripheral neuropathy, and 
pennanentlỹ  stopped in  those who develop pulm oaary 
toxidty.
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For general discussions see Antineoplastics, p. 7 !6.1, 
p. 730.2 and p. 732.2.

Trastuzumab has been assodated with ỉatal hypers tnsi- 
tivity reactions, iníusion reactions characteristic >f a 
cytokine release syndrome, and pulm onary  events 
induding acute respừatory distress syndrome. These us ìally 
occur after the first dosẽ of trastũzumab and are Iio rẽ  
common in patients with reduced lung functìon. Syst tmic 
and local reactions have occurred aíter subcutan tous 
injection. Use of trastuzumab is contra-indicated in pat ents 
w ith severe dyspnoea at rest. Cardiac dysíunctíon and 
congestive heart ỉailure may also occur and left ventri ular 
ỉunction should be monitored beíore and đuring the apy. 
The risk of cardiotoxidty is increased if trastuzumab is g iven 
w ith anthracydines or cydophosphamide (see below).

There is an increase in the inddence of leucop :nia, 
thrombocytopenia, anaemia, and lebrile neutropenia V hen 
trastuzumab is given with chemotherapy, but it ì ifre- 
quently causes myelosuppressỉon w hen used aìane. 
Diarrhoea occurs in about 25% of patien ts  given 
trastuzumab as monotherapy; the inddence increases with 
combination therapy. Other gasơointestinal disturbances 
are common, as are chills, íever, heađache, arthnlgia , 
myalgia, and rashes. Asthenia, chest pain, and renal or [iver 
disorders have also been reported.

The adverse elíects of ưãstuzumab are also reporte 1 for 
trastuĩumab emtansine. However, thrombocytopenia and 
hepatotoxidty are very common and may require lose 
adịustment. Peripheral neuropathy is also comm only 
reponed with ưastuzumab emtansine; it is generaì ly a 
sensory neuropathy and may be severe in a small 
pẹrcentage of patients.

Eííects on the heart. Cardiac events related to the u e of 
ưastuzumab indude asymptomatic decreases in  leỉt ve Itri- 
cular ejection hactìon, tachycardia, palpitations, dyspr oea, 
and chest paln. Congestive heart íallure may deve op .1 
Complete left bundle branch block. mimicking an  ícu te  
coronaxy syndrome, has also been seen.2

In a pivotal comparative study,3 an  increased indd  :nce 
of cardiac adverse events prompted a retrospective ana ysis. 
This independent review idenúíìed cardiac dysíunaic n in 
27% of patients given trastuzumab, an  anthracycline, and 
cydophosphamide, compared vvith only 8% givei an 
anthracydine and cydophosphamide. In patients given 
trastuzum ab and paditaxel, 13% developed caudiac 
dyshmction compared vvith 1% of patients given pad i axel 
alone, although all these patìents had previously rece ived 
an  anthracydine. The inddence of severe dyshmction was 
highest in  those patients given ttastuzum ab, an anth: acy- 
cline, and cyđophosphamide.

Further analysis4 of this and 6 other studies íound th. t, in 
a total oỉ 1219 patients, 10 heart-related deaths had teen 
reportcd, and that 9 of these were patients w ho had t  iken 
trasmzumab. Hovvever, the risk of developing cardiotox idty 
vvas Iess w hen trastuzumab was given alone than V hen 
given with anthracydines. Advanced age was íound to be a 
signiGcant risk íactor, whereas givữtg ưastuzumab ani the 
a n th ra c y d in e  at d iíỉe ren t tim es appeared  to  decrease th e  
rate of cardiotoxidty.

Licensed product iníormation íor trastuzumab vvams 
that patients who have previously had anthracydines may 
also be at increased risk of cardiotoxidty w ith trastuzu mab 
treatm ent. Furthermore, because the half-life of ưast JZU- 
mab is about 4  to  5 vveeks, trastuzumab m ay persist ũ  the 
drculation for up to 20 to 25 vveeks, and patients given 
anthracydines after stopping trastuzumab may still 1 e at 
increased risk o! cardiotoxidty. If anthracydines are I sed, 
the  p atien t's  cardỉac íunctíon  should be care ully 
monitored. Patients with pre-existing cardlovascular dií ease 
should also be ưeated with caution.

Họvvever, the majority of patients w ho dev ỉlop 
congestive heart ỉailure improve w lth Standard ưeatn ent, 
induding the use of ACE inhibitors, beta blockeis, ca diac 
glycosides and diuretics.1'5-6 Cardiotoxidty may improve 
even in  those patìents who continue w ith trastuzumab 
therapy .5-4 A smalỉ reưospectíve study found tha t 
cardiotoxidty appeared to be largely reversible mce 
trastuzumab was stopped, and tha t therapy might eve 1 be 
restaned. Findings írom myocardial biopsy suggested hat, 
w hile the mechanism oi cardiotoxidty w ith trastuzu mab 
remained uncertain, it diííered from that w ith anthtacy- 
dines,7 A retrospective revievv*. oí 173 patients vith 
metastatic breast cancer who were treated wìth ttast 1ZU- 
mab-based therapy íor ạt least 1 year ỉound tha t 28% of 
patients had a cardiac event; 10.9% had grace 3 
cardiotoxidty, inđuding 1 cardiac-related death. Howi ver, 
cardiotoxidty, vvhether symptomatìc or not, vvas gene rally
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reversible. with or vvithout specific therapy, suggesting that 
maintenance or re-treatment with ưastuzumab may be 
íeasible in  those panents for whom  no aitemative 
therapeutìc options are available.

Analysis ot symptomaúc beart ỉailure with trastimimab 
suggests a lower inđdence than tha t previously reported 
with retrospective data; however, this may be due to over- 
reported events in  pivotal studies and the more recent 
exchision of patients at risk oỉ cardiotoxidty.3 Analysis to m  
a large study of patients given adjuvant chemotherapy with 
or vvithout 1 year of trastuzumab íound a cumulative 
inđdence of cardiac events (de&ned as coaũrmed Netv York 
Heart Assodation dass m  or IV cardiac dysíunction, or 
cardiac death) w ith trastuzumab of 4.1% at 3 years. The 
diHerence in cumulative inddence was 3.3% when 
compared w ith the controi group.’ Additional follow-up to 
7 years induded some íurther reports of cardiac events in 
both groups, but the late development of heart ỉailure in 
patients given trastuzumab vvas uncom mon.10 Cardiac 
íunction retum ed to the normal range in the majority of 
patients w ho had stepped trastuzum ab because oỉ 
dyshinction, although some dedine írom baseline persisted. 
In similar studies,11-12 follow-up analyses at around 3 years 
also coníirmed a higher inddence of cardiac events in 
patàents given 1 year of trastuzumab therapy, but it 
remairiéd low and cardiac dysỉunction appeared to be 
reversible.

Revievvs13-'1* have conduded tha t trastuzumab-ỉnduced 
cardiotòxicity is not dose-related and is generaHy reversible 
once the drug is stopped. However, Others15,14 have 
challenged the concept that cardiotoxidty is reversible, and 
the need for Ionger-term foIlow-up data, espedally with 
respect to asymptomatic Ieft ventrioxlar dysfunction, has 
been emphasised.13-15 As well as routine monitoring of 
cardiac íunction and for syxnptoms oí heart ỉailure, some 
suggest tha t increases in  se rum concentrations o! troponin I 
duting trasnm im ah treatm ent are pređicĩive of cardiotoxi- 
dty, and that hirther investigation of troponin I monitorìng 
is vvarranted.16

1. Keeỉe DL. Trasturumab-associatcd carđiotoxicỉty. Caneer 2002; 95: 1592- 
1600.

2. Tu C-M  tí  ai. Trastuzumab (Herceptin)*assodateđ cardiomyopathy 
presented as new  onsct of compỉete lcft bundle-branch blodc mỉĩnỉddng 
acutc coronary syndrome: a case repoĩt and  lỉterature review. Am J 
EmcTỊMed 2009; 27; 903.el-903.e3.

3. Slamon DJ, t í  ai. Use oi chem otherapy pỉus a m onodonal antibody 
a p ỉn s t HER2 íor metastatỉc breast cancer that overexpresses HER2. N 
£ tg l J  Med 2001; 344: 733-92.

4. Sddm an A. tí ai. Cardiac dysỉunctìon ỉn th e  ưa$mzumab dinical trials 
experỉence. J  ơ in  Oncol 2002; 20: 1215-21.

ỉ .  Surer TM, et ai. Cardiotỡxỉcity a ỉsodated w ith tram rcum ab (Herceptín) 
therapy ỉn the ưeatm ent of metastatỉc breast cancer. Breast 2004; 13: 
173-83.

6. Perez EA. Rodeheííer R. Ciỉnỉcaỉ cardỉac toierabiỉicỵ of trasniauaiab. J  
ơ in  Oncoỉ 2004; 22: 322-9.

7. Ewer MS, tí  ai. Reversỉbility of ưastuzumab-related cardiotoxidty; new 
ỉnsỉghts based on dỉnícal course and responsc to međỉcal treatmenL J  
ơ in  Oncoi 2005; 23: 7820-6.

8. C uaraerỉ V, t í  ai. Long-term cardỉac tolerabỉỉity of trastuzuznab in 
metastatỉc breast cancen the M.D. Anderson Cancer C enter experíence. 
J  a in  Oncol 2006; 24: 4107-15.

9. Tan-Chiu E. t í  ai. Assessmeht of cardiac dysỉunctíon ỉn a randornized 
trỉa! com paring doxorubicỉn and cycỉophosphamỉde foỉlowed by 
paditaxel. w ith or vvithout crastuzumab as adjuvant therapy in nodc- 
posỉdve. hum an  epidermal growth ỉactor rtceptor 2-overtxpressing 
breast cancer NSABP B-31. J  Cĩin Oneoỉ 2005; 23r 7811-19.

10. Romond EH. t í  aỉ. Scven-year íolIow-up assessment of cardUc ỉunction 
ỉn NSABP B-31, a randomized trial comparing doxorubidn and 
cydophospham ỉde íollovved by padỉtaxel (ACP) vvỉth ACP plus 
ữastuzum ab as adjuvant therapy íor patỉents w ith  node-positíve. 
hum an epidermal growĩh iactor rccepror 2-positive breasr cancer. J  ơin  
Ortcoỉ 2Q12; 30: 3792-9.

11. Perez EA. t í  ai. Cardiac saĩety anaỉysis of doxorubidn and  cydophosph- 
amỉde íoỉỉovvcd by padỉtaxeỉ vvith or tvkhout trastum m ab in the North 
Central Cancer Treatment Group N983Ỉ adjuvant breast cancer trỉa l J 
ơ in  Oncoỉ 2008; 26: 1231-8.

12. Procter M. t í  aỉ. Longer-term assessment of trastuzumab-reỉated cardiac 
adverse events in the Herceptin Adjuvant (HERA) trìal. J  ơ in  Ortcoi 
2010; 28: 3422-8.

13. Sengupta pp, t í  al. Trastuzumab-índuced cardíotoxicity: heart íailure at 
the crossroads. Mayo Oin Proc 2008; 83: 197-203.

14. Ewer SM. Evver MS. Cardiotoxỉdty proíile of trastuxumab. Drug Saftty 
2008; 31: 459-67.

15. Telli ML, t í  aỉ. Trastuzuraab-related cardiotoxidty: caỉling into questíon 
the concept o( reversibiỉity. J  ơ in  Oncoỉ 2007; 2S: 3525-33.

16. Tellí ML. W itteỉes RM. Trastuzumab-related cardíac dysíunaíon. J  Natỉ 
Compr Qanc Netw 2011; 9: 243-9.

Effects on ihe liver. A 54-year-oId Aírican American 
woman was treated with 8 weeks of trastuzumab therapy. 
Her liver enzyme concenưations were normal belore 
treatm ent was started but increased until ơastuzumab had 
to be stopped, aíter which they retum ed to normaỉ. Upon 
re-challenge, liver enzyme concentrationỉ increased again. 
Llver íunction tests vvith dose monitoring are advised dur- 
ing trastuzumab therapy.'

1. Srínivasan s, t í  aì. Trastuzumab-induced bepatotoxidty. Am.PhamaC' 
othtr 2008; 42: 1497-1501.

Metastotic d isease. There is some suggestion that patients 
treated vvith Uastuzumab for metastatic breast cancer have 
a higher inddence of cerebral metastases. This may reílect 
inCTeased survival of patients given trastuzumab, and the 
lack of CNS penetration by the drug,1-2 or tumours overex-

pressũig human epidermal grovvth receptor 2 (HER2) may 
be more likely to metastasise to the CNS.2 A comparison1 
of ơastuzumab-treated patients vvith a conơol group 
íound that, although trastuzumab reduced the inddence 
oí bone metastases, the development oỉ brain metastases 
was similar in both groups. However, trastuzumab 
improved overall survival in  all patients developing metas- 
tases, induding those with brain metastases. A retrospec- 
tive review2 íound an assodation bervveen the develop- 
ment of cerebral metastases and both hormone-receptõr 
negatíve status and the presence of visceral disease.

For the intrathecal use of trasnm im ab in leptomeningeal 
cardnomatosis In metastatic breast cancer, see Administra- 
tion under Uses and Administtation, p. 876.2.

1. Lower EH. t t  a i  Incrcascd ratc ot brain m eustasis with crastuĩumab 
therapy not associated with impaired survỉvaỉ. Ciin Breast Cancer 2003; 4ỉ 
114-19.

2. Cỉayton AJ, tí aì. Inddence of cerebral m etasuses in patỉents treated 
with trastuzumab for metastaticbreast cancer. 8rJQ incer2004; 9 1 :639-
43.

P e r i p h e r o l  v a s c u l a r  hMÕcily. A tvoman developed a paỉn- 
less prominence oi the veins in her left arm and hand 3 
days after receiving trasruzumab via a left hand vein. The 
veins were thickened and rope-like on palpation but there 
was no tendemess, oedema, or skin changes; there was no 
evidence of thrombus. She had previously received intra- 
venous chemotherapy into left hand veins vvithout seque- 
Iae. Biopsy suggested venous vvall injury. Cardiac hinction 
was preserved, suggesting the mechanism of vascular 
injury was unrelated to cardiac dysíunction. Trastuzumab 
therapy vvas stopped permanently and her symptoms gra- 
dualỉỹ resolved over the course oi a year.1

ỉ. Pansegrau GIC t í  al. Tnstuzumab-assocUted peripheral vascular 
toxidty. J  Cìin O naĩ 2007; 25: 1438-40.

P o r p h y r i a .  The Drug Database íor Acute Potphyria, com- 
piled by the Nonvegian Porphyria Centte (KAPOS) and 
the Porphyria Centre Sweden, classihes trastuzumab as 
not porphyrinogenic it m ay be used as a drug oi íirst 
choice and no precautions are needed.1

1. The Drug Database for A m  te  Porphyrỉa. Avaỉỉable at: http://vyww. 
drugs-porphyria.org (accessed 29/09/11)"

P r e g n a n c y .  Fetal exposure to  trastuĩumab in 18 pregnan- 
áes (19 newboms) has been revievved.1 The duration of 
matemal trastuzumab treatm ent ranged hom  1 to 31 
vveeks. vvith a mean duration oỉ 14.8 weeks, and it vvas 
given either alone or vvith other antineoplastics. Oligohy- 
dramnios and anhydramnios were the most commonly 
reported adverse events, aííecting 11 of the 15 pregnantíes 
exposed to trastuzumab in the second or third trimester. 
There was a trend towards an  increase in risk with a long- 
er duration of ưastuzumab use. However, oligohydram- 
nios seemed to be reversible after stopping the drug. There 
appeared to be no signiũcant diííerence between weekly 
and 3-weekly exposure in relation to oligohydramnios and 
ạnhydramnios. Some cases shotved intra-uterine grovvth 
restriction, dysưophy, and pulmonary hypoplasia. Condi- 
tions reported at birth in 9 neonates induded respiratory 
distress, renal ỉailure, and inỉection; 4 oí these iníants died 
vrithin 6 months. The remaining 10 neonates were 
healthy at birth and at follow-up.

No adverse eííects vvere íound in the 3 cases exposed to 
trastuzumab during the Crst trimester only (up to 6 weeks of 
gestational age).1 The au thon  suggested that this might be 
related to the poor trans-placentãl transíer of monodonal 
antibodies during early pregnancy compared with later 
gestation. Also, the inhibitory effert of ưastuzumab on 
epidetmal grovvth faaorreceptors in the íetal kidney, vvhich 
might inhibit amniotic íluid production. would only be 
signitìcant after month 4 (belore this the amniotic fluid is 
produced matemally). Nevertheless. the limited number of 
reports precludes any delinite conclusion about the safety of 
trastuzumab in the first trimester.

Licensed product information advises the use of 
contraception during trastuzumab therapy and lor at Ieast 
6 months after stopping ưeatment.

Inlormation about fetal exposure to trastuỵumab 
emíansine is lacking. Hovvever, in addition to the potential 
effects of trastuzumab, the cytotoxic component DM1 is 
expected to cause embryo-íetal toxicity.

1. Zagouri p. t í  a i  Trastuzumab administracỉon during pregnancy: a 
systematỉc review and meta-analysis. Breast Canetr R a  Tnat 2013; Ỉ37: 
349-57.

I n t e r a c t ì o n s

For reports of ưastuzumab enhandng the eHea of warfarin, 
seep. 1532.2.

Based on in-vitra studies, it is suggested that the 
concomitant use of strong inhibitors of the cytochrome 
P450 isoenzyme CYP3A4 and trastuzumab emtansine 
should be avoided u  possible, because of the potential for an 
increased exposure to the DM1 componenL

Pharmacokinetics
The pharmacokinetics of trastiaumab are non-linear, and 
dearance decreases vvith increasing dose. The halỉ-liíe after 
shon-duratíon inưavenous infusions was íound to be about 
2 days after vveekly 10-mg doses and 12 days after 500-mg 
doses. It has also been reported to be about 6 days with the 
recommended weekly ũiỉusion scheđule (4mg/kg initiaỉly, 
followed by 2 mg/kg vveekly), and about 16 days with the 3- 
vveekly iníusion schedule (8mg/kg inỉtially, fol]owed by 
6mg/kg every 3 weeks). However, limited sampling may 
underestúnate terminaỉ halỉ-liíe. Population pharmacoki- 
netic modelling, based on pooled data in  a two- 
compartment model to take account of accumulation with 
Iong-term dosing, estimates a terminaĩ elimỉnation halỉ-hỉe 
of about 28.5 days. W hen given subcutaneously, 
trastuzumab peak plasma concenưations occur about 3 
days aher injection. but with high interindividual variability 
ranging bom 1 to 14 days. It has an estúnated bioavailability 
of about 82%. '

Detectable concentrations of the cell suriace protein of 
the HER2 receptor (shed antigen) have been found in 
patients' serum; those patients with higher baseline values 
ỉor shed antigen had lower serum trough concentrations of 
trastuzumab, although target trasrimimab concenttations 
were stíil achieved aíter vveekỉy dosing, and no reladonship 
to dinical response was seen,

Trastuzumab emtamine has a shorter haU-hỉe than 
ữastuzumab, of about 4 days. The small molecule 
component, DM1, is metabolised Via the cytochrome P450 
isoenzymes CYP3A4 and CYP3A5 and is a substrate of P- 
glycoprotein.
Reíerences.

ỉ . Basclga J, tí  a i  Phase n  study of eỉScacy. saícty, and phaimacokiĐetỉcs oí 
ttastuzumab monotherapy admỉnỉstered on a  3-weekly schcdule. /  Clin 
Oncal 2005; 23:2162-71.

2. Bruno R. t í  aỉ. Popuỉatỉon pharmacokỉnetỉcs of ữastuzumab in patìents 
wỉth HER2+ metàstatíc breast cancer. Cancer Chrmoứưr Pharmaool 2005; 
56: 361-9.

3. Chudasama VL, tí  ai. Scmi-mcchanisùc popuỉation pbarmacokinetic 
raodcl oỉ multívalcnt trasum unab em tansineĩn  patíentỉ w ith metastatỉc 
breast cancer. ơ in  PhamâSĩl ĩh tr  20 ỉ 2; 92: 520-7.

4. Lu D, tí at. An integrated muỊtíple-analytc pharmacokinetic modeỉ to 
characterize trastuzumab em tãnâne (T-DMl) dearancc pathways and 
to evaluate reduced pbầrinacokỉnetic sampllng in patỉents with HER2- 
positỉve metastadc breast cancer. Cỉin Pharmacokinet 2013; 52:657-72.

P reparations
Proprietary Preparations (details are gìven bỉ Volume B)

Single-ingradient Preparolions. Arg.'. Herceptm; AustraL: Her- 
cepún; Austrùr. Herceptin; Beíg.: Herceptứi; Braz.-. Herceptin; Canad.-. Herceptín; Chũt. Herceptm; Chừia: Herceptin ( tt9 ì7 ); Cz.: Herceptín; Dtnm.: Herceptin; Pin.: Hercepdn; Fr.: Hercep- 
tin: GerHerceprin; Gr.: Herceptìn; Hong Kững: Herceptm; Hung.-. Herceptín; Inđia: Hercẹptin; Indon.: Herceptúi; Iri.: 
Herceptm; Israel: Hercepdn; ItáL: Herceptbi; Jjm: Herceptin; Malaysicr. Herceptìn; Aíex: Herceptm; Neứu: Herceptìru Norw.: 
Herceptìn; NZ: Hercepdn; PhìUpp.: Herceptin; PoL: Herceptbi; Pơrt.: Herceptín: Rus.: Herceptin (TepaeiirHH); S-A/r.: Herceptin; Singapore. Hercepdn; Spain: Herceptìn; Swed.: Herceptin; Switz.: Herceptìn; Thai.: Herceptìn; Turk.: Herceptìn; VK: Her- 
ceptìn; ukr.: Hercepdn (repueơTHH); USA: Hercepdn; Kadcyla; Venez.: Herceptìn.

T r e o s u l f a n  [BAN, riNN)
Oihydroxybusủlphan; (VISC-390Ổ5: Trềbsuífaẳni; Tréosulfen;
Treó'5ulf3nó;Trẹosulfanum;Tpeocynb<|)aH.
L-ThréitòíĩA-dimểthạnẹsulphỏriatẻ.
^ , 4 0 ^ 2 = 2 7 8 3  ' ,
Ớs —299-75-2.
ATC — L01ABỎ2 
ATC Vet — OLŨÌAB02.
UNII —  C061ER3EPI. . ...

P r o ỉ i l e

Treosullan is an antineoplastic agent related to busullan 
(p. 754.3), vvhich is reported to act by alkylatlon aíter 
conversion in vivo to epoxide compounds. It is used 
palliatively or as an adjunct to surgerý mainly in the 
treatment of ovarian cancer (p. 711.2).

Treosulían may be given orally, intravenously, or 
intraperitoneally. Forwamings and rcamtmendations rtgarding 
the safe prescribing. dừpensing, and use of oral antmeoplastìc 
drugs, set Administration, p. 732.3.

Treosulían 1 g daily is licensed for oral use in 4 divided 
doses for 2 or 4 vveeks lollovved by the same period without 
tteatment. Altematively 1.5 g daily in  3 divided doses may 
be given for 1 week, íoủowed by 3 Vveeks vvithout therapy. 
The cyde is then repeated, the dose being adjusted ư 
necessary according to the eổect on bone marrovv. Doses of 
3 to 8g/m2 may instead be glven ũtíravenously ẽvery 1 to 3 
vveeks. Doses larger than 3 g/m2 should be givẽn by infusion 
at a rate of 3g/m2 every 5 to 10 minutes. Doses up to
1.5 g/m2 have been given intraperitonealĩy. Lovver doses

The Symbol t  denotes a preparation no longer actively marketed

http://vyww
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shouỉd be used ư ơeatm ent with other antineoplastic drugs 
or radiothcrapy is being given.

Regular bĩood counts should be made and treatment 
sbouỉd bé interrupted u  the white cell or platelet counts fall 
below acceptabỉe levels (see also Bone-marrow Depression, 
p. 730.3). Because bone-marrow depression may be 
cumulative the interval betvveen blood counts should be 
redtìced after the second course of treatm ent with 
ưeosulỉan.

Preparatìons
Proprietary PreparaHons (details are given in Volume B) 

Single-ingredient Preparations. Ger.: OvastaL

T r o f o s f a m i d e  ỊriNN)

Ầ Ỉ 4 8 2 8 Ì  NSC-ÍÒ97Ỉ3r Trilophospiĩamidè; Troíosịamíd; Tro-, 
,fosfamida; Trofqsfamldl; Trofosfami£lum; Trophpsphamide;
2- 4828; TpóịxK(t>aMíifl.'
3- (2-Chlorọethyl)-2-[bis(2-chloroethyi)amino]tetrahydro-2H- 
13 3 <>xazaphosphorine-2-oxide.
C 9H 18 a 3N 2Ò ĩ P = 3 2 3 .6
C A S 2 2 0 8 9 -2 2 -  K 
A T C  —  L 0 ỈA A 0 7 . ...

A T C V e t - r Q L 0 ì M 0 7 .  ..
UNI I —  H64JRU6GJ0.

P r o ỉ i l e

Trofosfamide is a derivative of cydophosphamide (p. 771.1) 
and has the same general propertíes. It is used in the 
ưeatm ent of malignant disorders in usual iniúal oral doses 
of 300 to 400 mg daily. Doses of 50 to  150mg daily havc 
been given for maintenance therapy.

Uses. Reíerences1"10 to the use oỉ trotosíamide, including 
its investigational use with pioglitaxone and roíecoxib as 
antìangiogenic therapy.4-5-7

ỉ. Gunsilius E, t í  ai. PaUiative chemotherapy ÌD pretreated patỉenis wìih 
ađvanced cancen OX1Ỉ troỉosỉamide Ì5 eỉỉectìve ỉn ovarian caránom a. 
Gnmer/mert 2001; 19:808-11.

2. Reỉchardt p, t í  a i  Oral troíosíamide: ao active and welMolerated 
maintenance tberapy ỉor aduỉt patients w ith advanced booc and soft 
tissuc sarcomas: resultỉ oí a retrospectíve analysỉs. Onkoloỹie 2002; 25: 
541-6.

3. Andcnson PO, t í  a i  Troỉosíamide as salvage therapy íor anaplascỉc large 
ceỉỉ ỉymphoma relapsỉng aỉter high-dose chemotherapy. Ltttk Lymphoma 
2002;43:2351-3 .

4. Vogt T, t í  ai. Antìangiogenenc therapy w ith  píogỉitazoner roỉecoxib. and 
m etronomic ưoỉosíamỉdc in  padents vvith ađvanced malỉgnant vascular 
tuxnois. Cancrr 2003; 9& 2251-6.

5. Reỉchle A, t í  aỉ. PỉoglỉtazoDe and  roỉecoxib com bined vvith 
angiostatically scbeduled trotasỉamỉde ỉn the treatment oí íar-advanced 
m eU noưu and  soft tíssue sarcoma. Ceneer 2004; 10Ỉ: 2247-56.

6. Latz D, t í  al. Troíosíamide ỉn the paUỉatỉve veatm ent of cancer a revíew 
of the literature. Onkologie 2004; 27: 572-6.

7. Coras B, tí  a i  Antiangỉogenỉc therapy w ỉth piogUtazone, roíecoxib, and 
troíosíanùde ỉn a patíent w ith endemic kaposi sarcoma. Aràt Dcmatóỉ 
2004; 140: 1504-7.

8. Jahnke K, t í  ai. Phaimacokinetics and efficacy of Uosỉamide or 
trofosfamidc in patỉents w ith ÌĐtraocular ỉymphoma. Ảnn Oncoỉ 2005; 
16: 1974-8.

9. Salĩĩilnen BK, t í  aL Pallỉaỉive chemocherapy with troíosỉamỉde ỉn 
advanceđ prostate caocer. Anticanar R a  2006; 26: 539-42.

10. Gỏm M. ã  a i  A pilot study oỉ docetaxel and aolosỉamỉde as second-ỉỉne 
'metroncxnic' chem otherapy ỉn the ư eatm ent of metastatíc non-smaỉl 
c d ỉ lung cancer (NSCLC). ỏnkobsừ  2008; 31 :185-9.

P o r p h y r i a .  The Drug Database for Acute Porphyria, com- 
pileđ by the Nonvegian Porphyria Centre (NAPOS) and 
ứie Porphyria Centre Sweden, dassihes ữoĩosíamide as 
probably poiphyrinogenic it should be prescribed only íor 
compeỉỉỉng reasons and precautíons should be consỉdered 
in  all paứents.1

ỉ .  The Drug Database íor Acute Porphyrỉa. Avaỉlable ac  h ttp ://w w w . 
đrugs-poĩphyria.org (accessed 28/09/11)

P r e p a r a t i o n s

Proprietary Preporatỉons (details are given ỉn Volume B) 

Sngle-ingredien* Prgporotiora. Ger.: Ixoten; Gr.: Ixoten.

T u m o u r  N e c r o s i s  F a c t o r

pactor necrosls tumoratTNR

T a s o n e m n i n  /SA N , riN N Ị

TãsonẹrrnlinỊ^ Tasonermina: Tasonermine; Tasonermlnum: 
iJNFạ-3a;Ỹa3oí(ếpMHH.r ■ '■ ■ ■
I C-778̂  iÌ25^^5Qzĩi ì 7350.8 ^ ,
'0 ^ ~ J 4 9 4 ậ ĨH : l
ẠTC~LỌ3AXll *
ẢTC Vet—  OL03AXIL
UNII —  23CA79S83Ĩ. . .. . . . .

P r o Ị Ị Ị e

Tumour necrosis faaor is a cytokine oỉ tvhich 2 forms have 
been identiBed with similar bìological properties: TNFa or 
cachecdn, vvhich is produced mainly by macrophages, and 
TNFp or lym photoxia which is produced by lymphocytes. 
Various recombinant íorms oỉ TNRa, both human and 
mouse, are available: the names sonennin and serteneỉ 
have been used ỉor such Products.

The antitumour eữects of tum our necrosis £actor in vitro 
and in animaìs havc prompted investigation oỉ recombinant 
TNFa in the treatment of cancer either alone or with other 
cytokines such as interleukin-2 or the  interíerons. 
Tasonermin is a recombinant TNFa used with melphalan 
(p. 819.1) for soft tissue sarcomas. It is gi ven by mildly 
hyperthermic isolated limb períusion at a total dose of 3 mg 
íor an upper limb and 4 mg for a lovver limb.

Leakage of tasonemũn into the systemĩc drculation 
should not exceed 10%, as severe toxidty may occur. Local 
adverse eííeas include skin reactions, oedema, and pain; 
less commonly, vascular thrombosis, onycholysis, or severe 
tissue damage have occurred. Systemic eííects indude íever, 
chills. nausea and vomiting, arrhythmỉas, hepatotoxidty, 
and iníections. Shock or hypotension, neurological 
disorders, thrombocytopenia, leucopenia, acute renal 
íailure, and hypersensitivity reactions have all been 
reported.
Reíerences.

1. van Der Veen AH. tí  đ i  An overview on ihe usc oí TPỈF-alpha: our 
experience with regional adminìstration and developments towards 
new  opponunỉties for systemỉc applicatỉon. Anứcanar R a  2000; 20: 
3467-74.

2. Eggermont AM. ten Hagen TL Tumor neaosis íaaor-based isolated ỉỉmb 
pedusion for soít tissue sarcoma and melanoma: ten years oí successíul 
antỉvascuỉar therapy. Cutt Oncoì Rep 2003; 5: 79-80.

3. ten Hagen TL Eggermont AM. Solỉd tum or therapy: manípulation oỉ the 
vasculature with TNF. Ttíhnoì Caneer R a  Treat 2003; 2ỉ ỉ 95-203.

4. Cortỉ A. Strategies for improving the antỉ-neopỉastic activity of TNF by 
turaor targeting. Mtíhods Moi Med 2004; 98: 247-64.

5. Lẹịeune FJ, tí  ai. E íĩỉdenqr of recombinant hum an TN7 in hum an 
cancer therapy. Canctr ĩmmũn 2006; 6: 6.

6. van Horssen R, tí  aì. TNP* 0 ỉn cancer treatment: moỉecuỉar insỉghts, 
antỉtum or eỉíects. and dỉnlcal utiliry. Onalogist 2006; 11: 397-408.

7. Lẹịeune FJ, Rũegg c. Recom buunt hum an tum or necrosìs íaao r. an 
eỉôcỉent agem ỉor cancer trea tm en t Butí Cancer 2006; 93: E90-E100.

8. PUatiP, tí ai. Strategies toenhance theantìcancerpotentìaloíTN P. Front 
Bioití 2008; 13: 3181-93.

9. Gninhagen DJ, tí aỉ. ỉsolated limb períusỉon wỉĩh TNF-aIpha and 
meỉphaỉan in ỉocaỉỉy ađvanced soít tỉssue sarcomas oỉ the extremỉUes. 
Reant Raults Caneer R a  2009; 179: 257-70.

10. Beỉỉavance EC. Aỉexander HR. TNF-bascd isolated hepatẳc pertusion. 
ĩront Biosd 2009; 14: 1771-84.

Units. The ỉĩrst International Standard for human tum our 
necrosis íactor a. which contained 40000 intemational 
units/ampoule, was considered unsuitable for the assay of 
recombinant mouse tumour necrosis faao r a, íor hum an 
mm our necrosis faaor 8, or for preparations oỉ tum our 
necrosis ía ao r a of modihed structure.1 The second Inter
national Standard for hum an tum our necrosis (actor a has 
been established as having a potency of 46 500intema- 
tional units/ampoule.2

The ỉirst Relerence Reagent íor tum our necrosis ỉactor p 
had an assigned potency of 150 000 units/ampoule.3

1. WHO. WHO expen  o n u n itte e  on bỉological standardỉzatỉoo: íorty- 
second report. WH0 Tech Rep Ser S22 1992. Avaỉlable at: h ttp ;// 
whqlíbổocwho.mt/tn/>VHO_TRS_822.pdI (accesseđ 01/08/08)

2. WHO. VVHO expen commỉttee on bỉologỉcaỉ standardixation: fifty-fourth 
repon. WH0 Tech Rep Ser 927 2005. Avaỉỉabỉe at: http://whqUbdoc.who. 
inƯtrsAVHO_TRS_927_cng.pdí (accessed 0 ỉ /08/08)

3. WHO. W H0 expen committee on biologicaỉ standardỉzatỉon: íorty- 
se v en th  rep o r t. WHO Tech Rep Scr 878  1998. A vaỉlab le  a t: h n p :// lib d o c  
whoũnưtn/WHO_TRS_878.pdỉ (accessed 01/08/08)

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Poiphyria Centre (NAPOS) and 
the Poiphyria Cenơe Sweden, dassihes tasonermin as pos- 
sibly porphyrinogenic it shoulđ be used only when no 
safer aỉtematỉve is avaiỉabỉe and precautỉons should be 
considered in vulnerable patients.1 

1. The Drug Database ỉor Acuie Porphyria. Available a t  http://wwvr. 
dmgs-porphyria.org (accessed 28/09/11)

Preparatíons
Proprielary PreparaKons (details are given in Volume B)

Single-tngredient Prepơrolions. Btlg.: Beromun; Chinar. Na Ke Si 
(Ìrtí4S); Tian En Fu Cz.: Beromun; Gr.: Beromun;
/r i : Beromua' /taL: Beromun: Neth.: Beromun; PoL: Bero- 
mun,- PorL: Beromun; Ruỉ.: Reỉnot (PeệHOT); Spain: Beromun; SwaL: Beromun; UK: Beromun.

u b e n i m e x  ỊriNNỊ
NK-421; NSG-265489; Ubênimex; Ubenimexum; yỏeHMMexc 
(-)-W-[(253fl)-3-Amino-2-hydroxy-4-phenylbutyryO-L-leucine.
Q ý H  2 ^ 2 0 4 = 3 0 8 .4

CAS —  58970-76-6. ■"■■■
ụhlll —  I0J33N5627.

Pharmacopoeias. In Chin. and Jpn.

P r o ỉ i l e

Ubenimex is a peptide derived from Streptomyces OỈÌVOTC iculi. 
It is reported tô have antineoplastic and immunostim ìlant 
propertỉes. It has been used in the adjuvant treatme Ít of 
acute myeloid leukaemia and is under investigation ỉc r the 
treatm ent .of lung cancer. Adverse eííects include 
gastrointestinaỉ and hepatic lunction disturbances, skin 
rashes, headache, and paraesthesiás.
Reíerences.

1. Ichỉnose Y, et ai. Randomized double-blỉnd placebo-conưolled t ial of 
bestadn in padents with ruec ted  Síage I squamous-ccll lung  cardi >oma. 
J  Natl Crnar Ina  2003; 99: 605-10.

Preparatíons
Proprietary Preporolions (details are given in Volume B)
Single-ingredient Preporotions. China: Bai shi Xin Cấ: :ft); Jpn: Bestatìn.

V a l r u b i c i n  IU SA N , riN N i  

AD-32; N5C-246131; A/-Trifluoroacetyladriamycin-í'4-valet ỉte; 
N-TrifluoroacetyIdoxorubicin-14-valerate; Valrubicina; Ví Iru- 
bicine; Valrubìcinum; BanbpyồMUMH.
(85,105)-8-Glycoloyl-7,8,9,l 0-tetrahydro-6,8,Ị 1 -trihydrox '-1 - 
methoxy-l(H[23,6-ữideoxy-3-(22,2-trifluoroacetamido)- 1-L- 
/yxo-hexopyranosy0oxyF5,12-naphthacenedione 8^-valer ỉte. 
C ^ H ^ N O ,3=723.7 
Ờ s — 56124-62-0.
ATC —  L01DB09.
ATC Vet—  QL01DB09.
UNII —  2C6NUM6878.

Pharmacopoeias. In u s .

USP 36: (Valrubidn). An orange to orange-red crystal ine 
povvder. Very slightly soluble in water, in hexane, am I in 
peưoleum spirit; soluble in dehydrated alcohol, in aceu ne, 
in dichloromethane, and in methyl alcohol. Store in airt ght 
containers. Protea from light.

U s e s  a n d  A d m i n i s t r a t i o n

Valrubidn is a semisynthetic analogue of the anthracyc ine 
doxorubidn (p. 782.3). It is used for cardnoma in situ ((IS) 
of the bladder (p. 700.2) reừactory to BCG vacdne, vvl ien 
surgery is conưa-indicáted, although only about 20% of 
such patients exhibit a complete response. A dose oỉ 800 mg 
is given intravesically once a week for 6 vveeks. Valrubid 3 is 
diluted with sodium chloride 0.9% to a total volumt o{ 
75 mL. The solution should be retained for 2 hour ií 
possible belore voiding.

Because of the risk of metastasis, cystectomy should be 
reconsidered for patients with C1S who do not respc nd 
completely to valrubidn treatment after 3 months. 
Reĩerences.

1. Steinberg G, tí  al. Ehỉcacy and saỉety of valrubicỉn ỉo r the  veatm er t oỉ
Đadỉỉus Calmette-Guerin reừ aao ry  cardnom a ỉn situ o í the bỉadd' r. J  
Urvỉ (Baỉtímon) 2000; 163: 761-7. *

2. Kuznetsov DD, tí  ai. ỉmravesical vaỉrubidn in the treatmesi oỉ 
cardnom aỉn5Ỉtu  o íth eb lad d e r.ExperlOfrinPharmacother200ì;2:1C )9- 
13

A d v e r s e  E f f e đ s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

Increased urinary ửequency and urgency, dysuria, bladí ler 
spasm and pain may ỉollovv intravesical use of valrubi in  
due to local irritation of the bladder, and usually reso ve 
vvithin 1 to 7 days oỉ ưeatmenL Gross haematuria 1 as 
occurred rarely but should be distinguished hom  dn g- 
induced red coloration oi the urine. Abdominal pain a ìd 
nausea may occur.

Myelosuppression similar to that seen with otl er 
anthracydines (see Adverse Eííects of Doxorubicn, 
p. 784.1) is possible if signihcant systemic exposure occu rs. 
Thereíore valrubidn should not be given to patients witl a 
perỉorated bladder or compromised bladder mucosa.

Because of the risk of metastasis, cystectomy should X 
reconsỉdered íor patients with cardnoma in situ who do r ot 
respond completely to valrubidn ơeatm ent aíter 3 montỉ is.

P h a r m a c o k i n e t i c s

On intravesical use valrubidn peneơates the bladder w ill 
but systemic absorption is low in patients who have in 
intact bladder mucosa. The diug is almost entírely excret :d 
by voiding aber the installation period.

Preparatìons
Propóetary Preparotions (details are given in Volume B)
Single-ingredient Preparutions. Canaà.: Valtaxin; Israel: V. 1- 
starb VỈA: Valstar.
Phormacopoeial Preporotions
USP 36: Valrubidn Intravrsical Solution.

AU cross-references reỉer to entrìes in Volume A

http://www
http://whqUbdoc.who
http://wwvr
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V a n d e t a n i b  IB A N , U S A N , r ìN N i

A2D-6474; Vẩndétanib; Vandetanibum; ZD-6474; BaHfleĩa-
HMÕ.
N-(4-Bromo-2-fluorophenyl)-6-methoxy-7-[(l-methylpiperi-
din-4-yl)methoxy]quinazolin-4-aminè.
CMH24BrFN40 2=475.4
C A S  —  3 3 8 9 9 2 -0 0 -0 ; 4 4 3 913-73 -3 .
A T C  —  L01X E Ĩ2.
A T C  V e t —  Q L 01X E I2 .
UNII —  Y0460Ọ Q 37K L  .

NOTE,- The name Zacõma has been used as a trade mark ỉor 
vandetanib.

U s e s  a n d  A d m i n i s t r a t i o n

Vandetanib is a  tyrosine kinase iohibitor targeted at 
receptors for vascular endothelial grovvth íactor and 
epidermal growth tactor. It is used for the ữeatment of 
symptomatic or Progressive medullary thyroid cancer 
(p. 716.1) in patients with unresectable locally advanced 
or metastatic disease. The recommended dose is 300 mg 
orally once daily. Treatment is continued until patients no 
longẽr beneht, õr unacceptable toxitíty OCCUIS. Forwamings and rẹcommendations regarding the safe prescrìbmg, dispensing. 
and use af oral antởieoplastic drugs, see Adminừtration, p. 7323. 
If a daily dose of vandetanib is missed, no catch-up dose is 
recoinmendèd u  it is less than 12 hours before the next dose. 
In the event of severe toxidty, ưeatm ent is interrupted until 
toxidty resolves or improves; dosage may be resumed at 
200 mg once daily; doses may be reduced hnther to 100 mg 
once daily ư  needed. For use in  hepatic and renal 
ùnpairment, see below. In the event of a corrected QT 
interval (QTcF) greater than 500 milliseconds, treatment 
should be interrupted until the QTcF retums to less than 
450 milỉiseconds; trbatment is resumed at a reduced dose.

Vandetanib ỉs also under investígation in the treatment 
of other solid malignandes.

Revievvs.
1. Herbst RS. et al. Vandetanib (ZD6474): an  oraỉỉy avaỉlable receptor 

ty rodne ỉdnase ỉnhibỉtor that seỉecdveỉy targets pathways oỉtícal íor 
tum or growth and  angỉogenesis. Expert Opin ỉrtvtst Drugs 2007; 16 :239- 
49

2. Hanrahan HO, Heymach JV. Vascuiar enđotheỉiaỉ growth ỉactor rcceptor 
tyrosine lánase ỉnhibiton vandetanib (ZD6474) and AZD217Ỉ ỉn lung 
cancer. ơ in  Cartcer R a  2007; 13 (15 suppl); *4617-*4622.

3. N attle RB. Dua] urgeting oỉ the vascuỉar endothelial growth íactor 
receptor and  epideim aỉ g rom h  íactor receptor pathways w ỉth 
vandednỉb [sic] (ZD6474) in patients w ith advanced or metastatíc 
non-smalỉ ceỉl lung cancer. J Tkorac Oncoỉ2008; 3 (suppỉ 2):SỈ2S-SỈ30.

4. Morabỉto K  et ai. Vandetanib (ZD6474), a duaỉ inhỉbỉtor ữỉ vascular 
endotheỉiaỉ grovvth íactor recepcor (VEGFR) and epỉdermai growth 
íactor receptor (HGFR) tyrosỉne Idnases: curtent status and futtưe 
dỉrections. Oncologừt 2009; 14: 378-90.

5. M onbỉto  A, tía ỉ.  Vandetanib: an ỡvervỉetr of its dỉnlcaỉ đeveỉopment in 
NSCLC and o ther tumors. Drugs Today 2010; 46:683-98.

6. Commander H, et ai. Vandetanib: Q nt global approvaL Drugt 201 ỉ; 71: 
1355-65.

A d m i n i s t r a t i o n .  As for GeStinib, p. 800.3.

A d m i n i s t r o t i o n  in  h e p c r t ic  i m p a i r m e n t .  A pharmacokinetic 
study1 in subjects given a single oral dose of vandetanib 
800 mg found tha t hepatic impairment was assodated 
with reduced peak plasma concentrarions, espedally in 
those vvith severe disease, but tha t the area under the con- 
centration-time curve was unaltered. Exposure to N-des- 
methylvandetanib (see Phannacokinetics, below) was 
reduced in subjects vvith hepatic impairment, consistent 
w ith impaired oxidatìve drug metabolism. It was con- 
duded  that, vvhile hepatic impairment vvould not a&ect 
the magnitude of steady-state exposure, the time taken to 
achieve it vvoulđ be increased. espedally in those vvỉth 
severe disease. The authors conduded that no dose adjust- 
m ent would be needed in patients with hepatic impair- 
ment.

u s  licensed p rodua iníormation States tha t data are 
limited in patients vvith hepatic tmpainnent (serum 
bilirubin >  1.5 tỉmes the upper limit of normal) and that 
vandetanib is not recommended ỉor use in patients vvith 
moderate (Child-Pugh dass B) or severe (Child-Pugh dass 
C) hepatic impairment, as saíety and eíScacy have not been 
established.

1. Weil A. t t  al. Pharmacoldnctks ol vandetanib in jubjectj with renaỉ or 
hepatỉc ìrnpaiiment- d á t Phamuatânee 2010; 49: 607-18.

A d m i n i s t r o t i o n  i n  r e n a l  i m p a i r m e n t .  A pharmaeokinetìc 
study1 in subjects given a single oral dose of vandetanib 
800 mg ỉound tha t renal impairment resulted in statisti- 
cally signihcant increased exposure and reduced plasma 
dearance. M ean area under the concentratìon-time curve 
values were 46%, 62%, and 79% hỉgher in subjects with 
mild, moderate, and severe renal impairment, respec- 
tively.

ƯS licensed product inỉormation States that the initial 
dose of vandetanib (see Usẹs and Admmistratìon. above) 
should be reduced to 200 mg orally once daily in patỉents

with moderate or severe renal impairment (creatinine 
dearance <  50mL/min).

1. Weil A .t ta l .  Pharm acoklnctỉa oí vandeunib in  subjectt w ith renal or 
hepatỉc ỉmpaỉrmenL ơ in  Pharmacotínet 2010; 49: 607-18.

A d v e r s e  E f f e d s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

The most common adverse eữects with vandetanib are 
gastrointestỉnal disturbances, abdominal pain, rash, acne, 
headache, íatígue, and decreased appetite. Diarrhoea can be 
severe, and routine anti-diarrhoeals are recommended; 
vandetanib may need to be interrupted, and treatm ent 
resumed at a reduced dose upon improvement. Hyper- 
tensỉon is also common, and hypertensive crisis has been 
reported; dose reduction or interruptioh of therapy may bé 
needed, and if blood pressure cannot be controlled, 
vandetanib should not be restarted. O ther adverse ettects 
indude hypocalcaemia, proteinurỉa, pancreatitis, blurred 
Vision, and depression. Electrolyte abnormalities, decreased 
glucose, increased alanine aminotransỉerase (ALT) concen- 
trations, increased bilirubin, and increased creatínine can 
occur.

Vandetanib can prolong the QT interval; because of the 
drug's long haU-lUe (see Pharmacokinencs, below), this and 
other adverse eííects may not resolve quickly. ECG 
monitoring is recommended at baselỉne, aíter 2 to 4 
vveeks, again at 8 to 12 vveeks aíter starting treatment, and 
every 3 months thereafter. Torsade de pointes, ventricular 
tachycardia, and sudden death have been reported. 
Vandetanib therapy should not be started in patients 
vvhose corrected QT interval (QTcF) is greater than 
450 milliseconds (see also Uses and Administration. 
above), and the drug should not be given to those with a 
history of torsade de pointes, congenital long QT synđrome, 
bradyarrhythmias, or uncompensated cardiac íailure. It 
should also not be given ư the patient has hypocalcaemia, 
hypokalaemia, or hypomagnesaemia, which should be 
corrected beíore startìng therapy with vandetanib, and 
periodically monitored.

Severe skin reactions, including Stevens-Johnson 
syndrome, have occurred vvith vandetanib; íatalities ha ve 
been reported. Treatment involves sỉopping therapy and the 
use of systemic corticosteroids. ư  vandetanib is restarted, a 
reduced dose should be used. Mild to moderate reactions 
can indude rash, dry skin, dermatítis, pruritus, photo- 
sensitiviry reactìons, and palmar-plantar erythrodysesthesla 
syndrome; these may be treated with topical and systemic 
corticosteroids, oral antíhistamines, and topical and 
systemic antibaaerial therapy. Sunscreens and protective 
dothing are advised if the patient is exposed to sunlight; this 
should continue for 4  months aíter vandetanib therapy is 
stoppeđ.

Fatalities due to cardiac íailure, ischaemic cerebrovasc- 
ular events, or serious haemorrhage have been reported in 
patients taking vandetanỉb; therapy should be stopped. 
Interstitial lung disease has also occurred, in some cases 
iatal, and patients should be advised to report any new  or 
worsening respiratory symptoms. Therapy may need to be 

•interrupted or stopped permanendy in  severe cases; 
corticosteroids and antíbaaeriaỉs may be indicated for 
management.

Reversible posterior leukoencephalopathy syndrome 
(RPLS) has also been seen, and this diagnosis should be 
considered ư patients present with seixures, headache, 
vỉsual disturbances, or coníusion. Therapy may need to be 
stopped if RPLS occurs.

Patíents who are treated with vandetanib and who have 
had a thyroideaom y have required higher doses of thyroid 
hormone replacement therapy; thyroid stimulating horm- 
one concentrations shouỉd be measured at baseline, a t 2 to 4 
weeks, a t 8 to 12 vveeks, and every 3 months thereaíter.

Vandetanib may be fetotoxic women should be advised 
to avoid pregnancy duríng treatment and for at least 4 
months after the last dose.

I n t e r a c t i o n s

Vandetanib is metabolữed by the cytochrome P450 
isoenzyme CYP3A4. Inducers of this isoenzyme can reduce 
plasma vandetanib concentrations and use with potent 
CYP3A4 inducers (such as dexamethasone, carbamazepine, 
phenytoin, phenobarbital, n ỉabutin, riíampicin, and 
rifapentine) should be avoided. St John's wort can decrease 
vandetanib exposure unpredictably and use together is not 
recommended. No signiAcant interaction was seen betvveen 
vandetanib and the potent CYP3A4 inhibitor itraconazole in 
healthy sũbjects. Vanđetanỉb can prolong the QT interval 
and use w ith antiarrhythmic drugs (such as amiodarone, 
disopyramide, dotetílide, procainamide, and sotalol) and 
othêr drugs that prolong the QT interval (such as 
chloroquine, darithromydn, dolasetron, granỉsetron, halo- 
peridol, methadone, moxiAoxadn, and pim oáde) shouldbe 
avoided.

P h a r m a c o k i n e t i c s

Absorption oỉ vandetanib aíter oraỉ Ingestìon is slovv, with 
peak plasma concentraúons occurring at about 6 hours 
(range 4 to 10 hours) after dosmg. Steady-state concentra- 
tions occur at about 3 months. Plasma protein binding is 
about 90%. Vandetanib is metabolised by cytochrome P450 
isoenzyme CYP3A4, mainly to N-desmethylvandetanib, and 
by llavin-containing mono-oxygenase enzymes PM01 and 
FM03 to vandetanib-N-oxide. The plasma haU-Uíe is about 
19 days. Vandetanìb and its metabolites are slowly excreted 
in  the urine and ỉaeces. Exposure to vandetanib is increased 
by renal impairment. Japanese and Chinese patients have 
been reported to have hỉgher exposure to yandetanib 
compared vvith Caucasian patients.
Reíerences.

1. Weíỉ K đ a L  Phannacokinctics of vandetanib ỉn subjects w ith renal or 
hepatíc impaỉnnerit. ơ in  Pharmaeokhtet 2010; .49: 607-18.

Preparations

PropHetory PreparaHons (details are given in Ỵolume B)

Single ĩngradĩant Preparationỉ. Betg.: Cạprelsa; Canad.: Caprelsa; Dertm.: Caprelsa; FrCaprelsa; Israel: Caprelsa; Netíu: Caprel- 
sa; Norw.: Caprelsa; Swe<L: Caprelsa; Switz.: Caprelsa; VK: 
Caprelsa; USA: Caprelsa. ^

V e l t u i u m a b  ÍUSAN, riN N i

lmmu-106; VeltLỀùmabum; Bemy3ywã6.
Immunoglobulin G1, anfc(human CĐ20 (antigen)) (human- 
mouse monodonal hA20 ‘ heavý chain), ■ dísủttìde with 
human-mouse mòhođonal hA20 ic-chain, 'cịimer.. .
CAS-72891718-8 
.UNIl —  BPD4DGQ3Ỉ4.

P r o f í ' Ị e

Veltuzumab is a humanised monodonal antibody that 
targets CD20 receptors on B-lymphocytes. It is under 
investigatìon ỉor the ơeatm ent of chronic lymphocytic 
leukaemia, non-Hodgkin's lymphoma, idiopathic thrombo- 
cytopenia purpura, and rheumatoid arthiitis.
Reíerences.

ỉ . Goỉdenberg DM, et oL Propertíes and structure~functỉon reUtìonshỉps oi 
vdtuzumab (hA2Q), a humanỉzed antỉ*CD20 m onodooal andbody. 
Blood 2009; 113: 1062-70. Correcdon. ibid.; 5368.

2. Milani c  Castilỉo J. Veltuzumab, an antí-CD20 mAb for the treatm em  oí 
non-Hodgkừi's ỉymphoma, chronỉc ỉymphocytỉc ỉeukemỉa and  ỉm m uae 
thrombocytopenic purpura. Gurr Opừt Moi Ther 2009; 11: 200-7.

3. Goldenberg DM. et ai. Veltuzumab (humanized anti-CD20 m onodonaỉ 
antibody): characterỉzatỉoa currènt d inical results, and  future 
prospects. Ltuk Lymphơma 2010; 51:747-55.

V e m u r a f e n i b  IU SA N , r iN N ì

'PLXH1032; RG-7204; RÒ-5185426; vểmuraíémb; Vemuraíeni-
bum; BeMypaộeHMố.
W -{ 3 -[5 -(4 -C h lb ro p h e n y l)-1 H -p y iT o lo [2 13 - 6 ] p y r id in - 3 - c a tb o -  
n y l] -2 ,4 -d if lu ó ro p h e n y l} p ro p a n e - l  -5 u lfo n a m id e .  
C B H ,aa F 2N 303S = 4S 9.9

C45 —  918504-65-1 ' •
UNII —  207SMY3FQT. '

U s e s  a n d  A d m ỉ n i s t r a t ì o n

Vemuratenib is a BRAP kinase inhibitor that is used for the 
treatm ent of unreseaab le or m etastatic melanoma 
(p. 714.3) with BRAFV60° mutation. The recommended 
oral dose is 960 mg tvvice daily. A missed dose may be taken 
up to 4 hours before the next dose. Tablets should be 
swallowed vvhole and not crushed or chewed. Vemuraíenib 
may be taken vvith or vvithout food, but regularly taking 
both daily doses on an empty stomach should be avoided as 
this may reduce its exposure (see Pharmacokinetics, 
p. 880.2). For wamings and ricommendations regarding the safe prescribing, dispensing, and use of oral antineoplastic drugs, 
see Adminừưation, p. 7323. Treatment is continued until 
disease progression or imacceptable toxidty OCCUR. The 
dose may need to be modiEed or withheld if toxicity occurs, 
see Adminlstration in Subsequent Cydes, p. 880.1.

Vemuraíenib is also under. investigatlon for the 
ưeatment of thyroid cancer.
Reíerences.

1. Smalỉey KS. PLX-403Ì a smaỉl-molecuỉe B-raf inhíbitor for the  potentỉaỉ 
oeatm ent of maỉỉgnant meỉanoma. Cun opin ỉnvatig Drugs 2010; 11: 
699-706.

2. G uptnan  PB. t í  aL BR1M-3 Study Group, ỉmprọved survivaỉ w ỉth 
vemuraỉenỉb in melanoma wỉch BRAP V6Ỏ0E m útatíon. N  Eỉtgỉ J  Med 
2011; 364: 2507-16.

3. Heakal Y. et ai. Vemuraỉenỉb (PLX4032): an oralỉy avaỉỉable ínhibUor of 
mutated BRAF for the treatm ent of metastatỉc meịanoma. Ann 
Pharmaathtr 2011; 45: 1399-1405.

4. NICE. Vemuraíenib ỉor aeating  localỉy advanced or metastadc BRAF 
V600 mutatíon-positỉve maỉỉgnant melanoma: Technology Appraisal 
Guĩdance 269 (ỉssued December 2012). AvaUabỉe at: h ttp://w vm .nice. 
org.uk/niccmedia/lJvc/14005/618T7/61877.pdi (accessed 19/08/13)

The Symbol t  denotes a preparation no longer actively marketed
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880 Antineoplastics

Administratíon in subsequent cycles. Oral doses of 
vemuraícnib may need to be withheld, reduced, or treat- 
m ent stopped ư  toxidty occurs.
• For giạde 3 or intolerable grade 2 adverse effects: 

w ithhóld treatment until eữects have resolved to 
í-g rade  1. Treatment may be resumed at a dose of 
720 mg twice daily after the first occunence; after the 
second occurrencẽ treatm ent should be resumed at 
480 mg twice daily. u  the same adverse effect recurs íor a 
third tíme, vemuraíenib should be permanently stopped.

• For grade 4  adverse effects: either permanently stop 
vemuraíenib, or vvithhold until effects have resolved to 
$  grade 1 and then resume ơeatm ent at a dose of 480 mg 
tvvice daỉly. If the same adverse e£fect recurs for a second 
tíme, vemurafenib should be permanently stopped.

• For those with a QTc > 500milliseconds during 
treatm ent: vemuraỉenib should be tvithhelđ and risk 
factors for QT interval prolongation controlled. Once the 
QTc has recovered to < 500 milliseconds, treatment may 
be resumed at a dose of 720 mg twice daily after the first 
occurrence; after the second occurrence ueatm ent 
should be resumed at 480 mg twice daily. u  QT interval 
prolongation recurs for a third time, vemuraíenib should 
be perm anently stopped. If, aher risk íaaors for QT 
interval prolongation have been controlled, the QTc is 
still >  500 milliseconds and there is > 60 milliseconds 
increase hom  preưeatment values, vemuraíenib should 
be perm anently stopped.

A d v e r s e  E f f e c t s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

The most common adverse effects with vemuralenib are 
arthralgia, alopeda, ỉadgue, nausea, rash, photosensitivity, 
pruritus, and skin papilloma. Patients should avoid sun 
exposure, w ear protective dothing, and apply sunscreen 
w hen outdoors to avoid photosensitivity. For intolerable 
grade 2 erythema, dose modiỄcations are recommended, 
see Administration in Subsequent Cydes, above. Other 
effects on the skin indude drỵ skin, actinic keratosis, 
palmar-pỉantar erythrodysesthesia syndrome, keratosis 
pilaris, seborrhoeic keratosis, and erythema nodosum. 
Stevens-Johnson syndrome and toxic epiđennal necrolysis 
have occutred larẽly; ơeatm ent shouĩd be permanently 
stopped in  those who have a severe skin reaction.

Cutaneous squamous cell carcinomas have been 
reported in  patients ưeated with vemuralenib, usually 
early in the course of treatment with a median time to first 
appearance of 7 to 8 weeks. Non-cutaneous squamous cell 
cardnom a, basal cell cardnoma, and new prímary cases oỉ 
maiignant melanoma have also occurred. Monitoring for 
m alignandes should be undertaken beỉore, during, and for 
up to 6 m onths after treatment.

Hypersensitivity reactions indude anaphylaxis, rash, 
erythema, and hypotension; ơeatm ent should be perma- 
nendy stopped in those who have a severe reaction.

QT prolongation has been seen with vemuraíenib, and 
treatm ent is not recommended in  those with long QT 
syndrome, uncorreded electrolyte abnormalities, or those 
taking other medidnes known to prolong the QT interval. 
ECG and electrolytes should be monỉtored beíore startmg 
vemuraỉenib and aỉter changing the dose. ECGs should also 
be checked 15 days after the start oỉ tteatment, monthly 
đuríng the first 3 monthỉ of ơeatm ent, and then every 3 
months thereafter (or more oíten ư  needed). Treatment 
should no t be started in those with a QTc >500milli- 
seconds; the dose may need to be vvithheld or reduced, or 
vemuraíenib stopped. in those with a prolonged QT interval 
during treatm ent, see Adminisơatìon in Subsequent Cydes, 
above.

Abnormalities in liver hmction tests have occurred 
during vemúraíenib treatment, and liver hmctìon should be 
measured beíore starting treatment, and monthly during 
ưeatm ent or as needed. Vemuraíenib may need to be 
withheld,/ the dose reduceđ, or ưeatment stopped u 
abnoimalides occur, see Adminisưatìon in Subsêquent 
Cydes, àbove.

ESects on the eyes indude blurred Vision, iritis, 
photophobia, retinal vein ocdusion, and uveitis. Patìents 
should be monitored íor signs of uveitis; tteatment with 
corticosteroid and mydriatic eye drops may be required if 
uveitis occurs.

O ther adverse effects tha t have occurred w ith 
vem uraĩenib indude  myalgia, musculoskeletal pain, 
oedema, íever, headache, dysgeusia, gastrointestinal 
disorders, cough, dizãness, peripheral neuropathy, Bell's 
palsy, ỉolliculitis, vasculitis, and atrial Sbrillation. 
References.

1. Sinha R. tì ai Cutancous advcne events assodated with vemuraíenib in 
patients w ith m etastadc m danom a: pracdcal advice on diagnosis. 
prevenĩion and  m anagem ent o ỉ the m atn treaunent-related slãn 
toxidties. Br J DtrmãUl 2 0 1 1 1 6 7 : 987-94.

I n t e r a c t ì o n s

In-vừro studies indicate that vemuraíenib is a substrate of 
the cytochrome P450 isoeniyme CYP3A4, and thereíore

inhibitors or induceis of this enzyme may alter vemuraíenib 
concentrations. Caution is requữed vvhen vemuraỉenib is 
used with sưong CYP3A4 inhibitors or inducers.

Vemuraỉenib is also a moderate CYP1A2 inhibitor, a 
weak CYP2D6 inhibitor, and a CYP3A4 inducer; use is not 
recommended with drugs tha t are metabolised Via these 
routes and have a narrow therapeutíc window. Exposure to 
caữeine (a CYP1A2 subsưate) and dextromethorphan (a 
CYP2D6 substrate) was increased vvhen given with 
vemuraỉenib, and a reducẹd dose of CYP1A2 and CYP2D6 
substrates may be requữed if they must be given with 
vemuraíenlb. Exposure to midazolam (a CYP3A4 subsưate) 
was decreased vvith vemuraíenib.

P h a r m a c o k ỉ n e t ỉ c s

w hen  vemuraíenlb is taken orally at usual doses, peak 
plasma concentrations occur aíter about 3 to 4 hours and 
steady State is achieved in 15 to 22 days. Regularly taklng 
vemuraíenib on an empty stomach may lead to signiBcantly 
lovver steady State exposure than  when taken with or just 
after íood.Vemuraíenib is highly protein bound (> 99%) to 
albumin and a-1 add glycoprotein. In-vitro studies have 
shovvn that vemuraỉenib is a substrate and an inhibitor of P- 
glycoprotein. Only 5% of a dose oí vemuratenib is 
metabolised; 94% of the dose is excreted in the íaeces and 
1% in the urine. The median elimination halMỉỉe is about 
57 hours.

P rep ara tio n s
Proprietary Preparalions (details are given in Volume B)
Single-ingredient Preparations. AustraL: Zelboraf; Belg.: Zelbor- 
af; CanatL: Zelboraf; Denm.: Zelboraf; Fr.: Zelboraf; Israel: Zel- 
borab Neth.: Zelboraf; Norw.: Zelboraí; Swcd.: Zelboraf; Switz.: 
Zelborafc UK: Zelboraf; USA: ZeIboraí.

V e r t e p o r í i n  IB A N , U S A N , riN N i 

Benzoporphyrin Derivative; BPD; CL-318952; Verteporâini; 
Verteportìna; Vertéporíine; Verteporíìnum; BeprenopỘMH. 
frans-18-Ethenyl-4,4a-dihydro-3,4-bis(methoxycarbonyl)- 
4a,8,14,19-tetrámethyl-23H,25H-benzo[6]porphine-9,í 3- 
dipropanoic add monomethyl ester.
C 4,H 4jN a 0 8 = 7 1 8 .8  
C A S —  1 2 9497-78 -5 .
A T C —  S01LA 01.

ATC Vet —  QS0ỈLA01.
UNII —  0X9PA28K 43.

Pharmacopoeias. In us.
USP 36: (Verteporiin). Store at a temperature between -25 
degrees and -10 degrees in airtight containers.

U s e s  a n d  A d m i n i s t r a t i o n

VerteporBn is a photosensitiser used in photodynamỉc 
therapy (see under PorAmer Sodium, p. 849.1). It is used to 
ơeat neovascular (wet) age-related macular degeneration 
(see below). Aíter intravenous dosage verteporữn accumu- 
lates preíerentially in the endothelial cells oỉ actively 
grotving blood vessels, induding those ÚI the choroid. When 
activated by laser light it produces local vascular ocdusion 
and this inhibits neovascularisation and reduces the dedine 
in visual acuity. It is gi ven by intravenous iníusion over 10 
minutes at a dose of 6 mg/m2. This is lollovved 15 minutes 
aíter the start of the inlusion by actìvatíon using a laser 
tuned to a vvavelength of 689 nanomeưes and delivered to 
the eye Via a ũbre optic device and a slit lamp, together vvith 
a suitable con taa lens. The recommended light dose is 50 31 
a n 2, given over 83 seconds. Therapy may be repeated every 
3 months ỉor recurrent choroidal neovascular leakage. 
VerteporBn has also been investigated in  the photodynamic 
therapy of a variety of other disorders indudíng malignant 
neopĩasms.

A g e - r e l a t e d  m a c u l a r  d e g e n e r a t i o n .  Age-related macular 
degeneratìon (AMD) is a degenctative disease usualỉy 
occurring in people over the age of 50 years.1'3 The Central 
portion of the retina (the macula) deteriorates2-4-5 and Ít is 
a major cause of severe visual loss in people over 60 years 
old in North America and Europe.4-4 There are tvvo main 
types of AMD.2■'4•‘•,
• In geographic attophy or non-neovascuỉar or non-exudatrve 

(dry) AMD. which occurs at an early stage of AMD, the 
retinal pigment epithelium is lost completely in localised 
areas, causing a gradual loss of cenưal Vision in the 
alỉected eye(s). It is charaaerised by retinal hypo- or 
hypeipigmentatìon, and yellow deposits oỉ acellular 
amorphous debris beneath the retina, called drusen. 
These are usually large, or soft (with indistinct margins); 
small hard drusen occur naturally vvith ageing bup 
unlike drusen in AMD, do not progress.

• In neovascuỉar or cxudativt (wet) AMD, nevv blood vessels 
develop in the choroidal layer beneath the retina; leaks

or haemorrhage ừom  these lead to macular oed :ma, 
retinal scarring, and often acute, signiBcant loss of vi non. 
This process of choroidứỉ neovasatỉarừatíon (CÍTV) is 
deSned as dassic o r occult according to its appearant e on 
ũuorescein angiography;2'5' ’' 10 the cỉassic íorrn  is 
assodated w ith m õre rapid progression than  th e  occult 
íorm.2-® CNV lesions are also dassiBed according to  h c ữ  
ỉocation relative to  the fovea.l i n  A lthough the  
neovascular íonn  accounts for only about 20%  c f all 
cases of AMD, the risk of severe visual loss w ith this : orra 
is m uch higher than  w ith dry AMD.1-*-12 However, a 50ut 
10 to 20% of patients with dry AMD can progress t( the 
neovascular lorm ,1-9 and both íorms can occasionall' ■ co- 
exist in the same patient.10

Risk lactors, besides older age, indude a íamily history o : the 
disorder, polymorphisms in either the complement f a a  OT H 
(CFH) or age-related m aculopathy susceptibility 2 (AR AS2 
or LOC387715) genes, smoking, w hite race, and incre ised 
body-mass index;5-12-13 ỉemale sex, atherosderosis, dlc tary 
fat or fish intake, alcohol or caỉíeine consumption, refra« tive 
error, iris colour, and increased exposure to sunlight 1 iave 
also been proposed as risk íaaors bu t have not consiste ntly 
been relatẽd to  development of AMD.13

There is currently no t r e a tm e n t  tha t effea i /ely 
prevents visual loss or improves Vision in all patients ’ vith 
AMD.14

Ị • Laser photocoagulation ơeatm ent is of proven effi :acy 
Ị for neovascular AMD, espedally for extraíoveal Cb V;15 
ị hovvever, rates of recuưence are high.1-4-13’14 

• Photodynamic therapy (see under Poríìmer Sodiam, 
p. 849.1) w ith vertepoTÍin has been shown to đecr :ase 
the risk of visual loss in patients w ith neovascular A  4D, 
including subloveal CNV.1'4-*10-11-14’14"20 Systeir atic 
revievvs have noted tha t although photodynamic the] apy 
with verteporũn is probably eííecrive in  preven :ing 
vìsual loss in  those with dassic and occult CNV d u : to 
AMD, the size of the ettect rem ains in  doub t.5’21 
Furthermore, the therapy can only be eííectìve du ing  
the proliíerative stage of the  disease vvhile the  
neovascular process is active.5
In the UK, N1CE guidelines considered the ev idenc: to 
show a larger treatm ent eílect in  patients vvith d i ssic 
CNV, and recommend photodynamic therapy in  tl ose 
patients w ith neovascular AMD vviih a conũnned 
diagnosis of dassic, vvith no occult, subfoveal CNV.2 
Hovvever, other guidelines22 on the use of vertepcrTin 
recommend that verteportìn ưeatm ent be considerec íor 
patients w ith minimally dassic subíoveal CNV vvho ì ave 
relatively small lesions, or vvhere the proportion of d í  ssic 
CNV is increasmg. For those patients w ith occult ( NV 
and w ho are presum ed to  have recen t d istase 
progression, verteporũn may be considered in  ủ  ose 
w ith smalỉer lesions or lower levels of visual acuity; for 
those w ith large occult lesions, treatm ent m ay be 
considered if levels of visual acuity are rap dly 
decreasing. Patients should be followed up at leas as 
often as every 3 m onths after initial therapy, and re- 
ơeated ư  necessary.22 Subsequent results suggest ihat 
verteporBn is ineílective in occult lesions.20 
Whỉle photodynamic therapy is considered to h  ỉve 
minimal adverse effects and a lovv complỉcation I Ite, 
some have cautioned that patients should be counse led 
tha t veneporíin therapy rardy  leads to an improvem snt 
in  Vision.23
Vascular endothelial grovvth íactor (VEGF) plays a r o l : in 
the development of CNV secondary to AMD; pegapta nib 
and ranibizumab are VEGF inhibitors used in  ;he 
treatm ent of neovascular (wet) AMD.24"24 System Itic 
revievvs27-2* of randomised controlled studies of these 
drugs conduded tha t both show beneỉit in  slovving or 
stopping the progTession of disease. Greater effect 1 vas 
seen vvith ranibizumab than vvith pegaptanib, althoi Igh 
head-to-head comparative studies are needed to conf rm  
this. Use oỉ pegaptanib is not recom mended by NICI in 
the UK.29 Early studies have reported beneỉit írom  h e  
use of aílibercept.30-31 Bevaci2umab is also u s ĩd , 
although its use is unlicensed and controversial.4’15--4,32 
(For íu rth er dìscussion, see A ge-related Macv lar 
Degeneration, under Bevadzumab, p. 747.2.) ' ‘ri- 
am dnolone acetonide, a corticosteroid tha t m ay í lso 
dovvnregulate VEGF, has been given intravitteally VI ith 
variable results; combinatíon ưeatm ent w ith phcto- 
dynamic therapy is under investigation,9'13-33 and  ini ial 
results have been promislng.15
Angiogenesis inhibitors such as anecortave3-9’13-14-33 í nd 
squalamine13 are tm der investigation for neovasctlar 
AMD. Interíeron alfa gave encouraging prelim ỉn Ity 
results, b u t controlled d a u  shovved no  beneHt. ’-13 
Tbalidomide has been tried, b u t studies w ere stop]«d 
due to adverse effeas.9-13
Vitamin and mỉneral supplements may be of use in 
selerted patien ts; the AREDS study ỉound  t  lat 
antoxidants (vỉtamin c , vi ta min E, and betacarote le) 
plus ã n c  modestly beneCted those vvith m oderate to 
severe signs of the disease.10-1214 Hovvever, betacarotc ne

All cross-reíerences refer to entries in Volume A
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should be avoided ỉn smokeis,3-4’9 and high doses of 
vitamins may have adverse eíỉects.12 The carotenoids, 
Iutein and zeaxanthin. have been promoted as retìnal 
protectants, but controlled data are lacking.910-14'34-33 
Some recommend that those at risk of AMD should be 
encouraged to  stop smoking and to consume a diet 
induding vegetables, fish, whole grains, and nuts, and to 
reduce consumption of fats espedally vegetable 0Í1.7’12-34 
A prospective cohort study (ound that a high dietary 
intake of vitamin E and ãnc , or an  above-median intake 
of the combination of vitamins c  and E, betacarotene, 
and án c  were assoóated with a lower risk of inddent 
AMD.34 Daily supplementation with íolic add, pyrid- 
oxine, and cyanocobalamin during an average of 7.3 
yeais of follow-up reduced the risk of AMD in a large 
cohort of women at increased risk for vascular disease; 
beneBt emerged a t about 2 years of follow-up and 
perặsted throughout the study.37 However, systẹmatic 
revietvs3*'39 have found no evidence to support the role 
of antoxidant vitamin and mineral supplements in the 
primary prevention of AMD.

• Retinal or macular surgery, and transpupillary thermo- 
therapy have been investigated;ual3 -M-33 however, long- 
term data are lacking for surgery,12 and use of 
transpupillary thermotherapy is not recommended.15 
Rađiotherapy has also be en tried with mixed results.9,13 
Retinal transplantation is under investigation.4-10-14 Gene 
silendng with bevasiranib, a short interíering RNA 
(siRNA) therapeutìc designed to tum  off or silence the 
gené thạ t produces VEGF, is also under investigation for 
Wet AMD.12-40-41
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A d v e r s e  E í ỉ e c t s  a n d  P r e c a u t i o n s

Photosensitivity will occur in all patients treated with 
verteporhn and patients should not be exposed to direct 
sunlight for 2 to 5 days after treatment. However, exposure 
to ambient indoor light is encouraged, as it allows gradual 
inactìvatìon of any remaining drug. Headaches, injection 
site reactions. and visual distuibances occur ừequently. 
Extravasation at the injection site may produce severe pain 
and inQammation and requữes huẹrruptíon of therapy. 
Patients who have a severe decrease in Vision should not be 
re-treated until theữ Vision recxyvets. Other reported 
adverse effects indude hypersensitivity, iníusion-related 
pain (maínly presentỉng as back paỉn), chest pain, 
gastrointestinal disturbances, atrial Abrillation, hyper- 
tension, decreased hearing, and anaemia. Verteporữn 
should be used with care in patients with hepatic 
impairment and may be contra-indicated u  hnpaữment is 
severe.

Porphyria. Licensed product inỉormation States that the 
use of verteporíìn is contra-indicated in patients with por- 
phyria. Hovvever, the Drug Database for Acute Porphyria, 
compiled by the Norvvegian Porphyria Centre (NAPOS) 
and the Porphyria Centre Svveden, dassiBes verteporGn as 
not porphyrinogenic; it may be used as a drug oí first 
choice and no precautions are needed.1

1. The Drug Database íor Acute Porphyria. Avaiỉable au  hctp://www. 
drug5-potphyria.org (accessed 11/11/11)

I n t e r a d i o n s

Use of verteporíln vvith other drugs causing photosensitiyity 
should be avoided as the reaction m ay be increased.

P h a r m a c o k i n e t ì c s

Aíter intravenous doses, eliminarion of verteporhn is bi- 
exponential, vvith a terminal plasma elimination halMUe of 
about ỉ  to 6 hours. Protein binding is about 90%. It is 
metabolised in the liver. It is excreted in taeces Via the bile, 
mostly as unchanged drug, vvith less than 1% of a dose 
recovered in the urine.

Rcíerences.
1. Houlc J-M. s trong A. Clinical pharmacokineĩícs of vcrteporíỉn. 1 CUn 

Pharmacol 2002: 42: 547-57.

Preparatíons
Proprietary Preparatians (details are given in Volume B)

Single-ingredient Preparations. Arg.: Visudyne; AustràL: Visu- 
dyne; Austria: Visudyne; Belg.: Visudyne; Brax.: Visudyne; CatuuL: Visudyne; ơtũe. VisudyneỶ; Chùm: Visudyne (S iíìẺ  
/K): Cỉ.: Visudýne; Dam.: Visudynè; Fin.: Visudynẽ; Fr.: Visu- 
dyne; Ger.: visudyne; Gr.: Visũdine; Hong KÕng: Visudyne; Hung.: Visudyne; Indon.: Visudyne; Irt: Visudyne; Israel: Visu- 
dynẽ; ItaL: Visudyne; Jpn: Visudyne; Maỉãysừr. Visụdyne; Neth.: Vĩsudyne; Ã tortt'.: Visudyne; NZ: Vísudyne; Phữtpp.: 
Visudyne; PoL: Visudyne; PorL: Visudyne: Rus.: Visudyne 
(BasyÁHH); S.Afr.: Visudyne; Singapore. Vlsudynè; Spain: visu- 
dyne; SwecL: Visudyne; Swừz.: Visudyne; Thai.: Visudyne; Turk.: Visudyne; ƯK: Visudyne; USA: Visudyne; Venez.: Visu- 
dyne.

Phaimacopoeial Praparalions
USP 36: Veneporhn for lnjecdon.

V ỉ n b l a s t i n e  S u l f a t e  IB A N M , U SA N , rtN N M i  

29060-LE' NSC-49842; Sulfato de Vimblastmar sũlfeto de 
vinblastina; VinblasịiinisuỊtaatti; Vinblastỉn SũỊfet; Vinblastina, 
sulfato de; Vinblastine, Sulíate de; -Vinblastine Sulphate; 
Vinblastini Sulfas; Vinblastino sulíatas; Vinblastinsulíat; 
Vlnblastin-sulíát; Vìnblasztin-szulftt,' Víncaleukoblastine Sul- 
phate; VLB (vinblastine); VVinblastyny siarczan; BnHổíiacrviHa 
CynbộaT. ■ ' ■ ■ ■ ■ ■  . *. í *  -• 5 •
CwH5aNgO9,HjSOg=9091
CAS —  865-21-4 (vínblastìríe); 143-67-9 (vínblastlne sulíơte) 
ATC —  L01CAOI. ■ -
ATC Vet —  QL01CA01. ' -
UNII — N00W22YO2B

D escripdon. Vinblastine sulíate is the suUatẹ ot an 
alkaloid, vincaleukoblastine, extraaed from Catharanthus 
rostus ịvirtca rosea) (Apocynaceae).
PKarmacopoeias. In ơùn., Eur. (see p. vii), Int, Jpn, us, and 
Vứt.
Ph. Eur. 8: (Vinblastíne Sulíate). Á vvhite or slightly 
yellovvish, very hygroscopic, crystalline powder. It Ioses not 
more than 15% of its vveight on drying. Fredy soluble in 
vvaten practically insoluble in alcohol. A 0.15% solution in 
water has a pH of 3.5 to 5.0. Store at a  temperature not 
exceeding -20 degrees in aỉrtight glass containers. Protect 
t o n  light.
USP 36: (Vinblastine Sulỉate). A wliite or ỉlightly yelỉow, 
odourless, hygroscopic, amorphous or crystalline povvder. It 
loses not more than 15% of its vveight on drying. Freely 
soluble in water. A 0.15% solutỉọn in vvater has a pH oí 3.5 
to 5.0. Store at a température betvveen -25 degrees and -10 
degrees in airtight containers. Protect to m  light.

StabiTrty. Between abovu 5 and 20% of actìve drug was 
lost hom soludon when a solution of vinblastine sulíate 
3 micrograms/mL in glucosẽ 5% injectỉon was stored for 
48 hours in a range of intravenous burette giving sets, the 
highest loss being bõm  cellulose propionate sets and the 
lowest to m  One rnade to m  methacrylate butadiene styr- 
ene.1 Similarly, storage in  PVC tubing led to a 42 to 44% 
loss to m  solũđon vvhereas only about 6% was lost over 
the 48 hours in polybutadiene tubing. The losses appeared 
to be due to drug sorption, and were thereíore greater 
to m  the tubing vvhich had a greater surface-area-to- 
volume ratio than the burettes.

1. McEỉnay J C  tí  ai. Subỉỉỉty oỉ methotrexate and  vỉnbUstỉne in  burene 
adminỉstxatỉon seu. btí J  Pharmaauổa 1988; 47: 239-47.

U s e s  a n d  A d m ì n i s t r a t i o n

Vínblastine sulíate is an anóneoplastìc vinca alkaỉoid that 
apparently acts by binding to the microtubular proteỉns of 
the spindỉe and arrestlng mitosis at the metaphase; it is thus 
speciĐc for the M phase of the cell cyde. It also interferes 
with amino add metabolism and possibly nudeic add 
synthesis, and has some immunosuppressant actívity. 
Multìdrug resistance may occur.

Vinblastine sulíate is used, usually vvith other antineo- 
plastics. in the treatment of Hodgkin's disease and other 
lymphomas. for some inoperable malignant neoplasms 
induding those of the breast, bladder, and kidney. and in 
non-small cell lung cancer. choríocarcmoma, and Kaposi's 
sarcoma; vinblastine has also been used in the management 
of Langerhans-ceU histiocytosis and advanced mycosis 
íungoides. It vvas íormerly used w ith bleomydn and 
dsplatin (PVB) for testicular cancer, but other regimens are 
now preíerred. See the cross-reíerences given below.

Vinblastine sullate is given by in trav en o u s injection. 
Care should be taken to avoid extravasation and the 
intravenous injection may be given over 1 minute into a 
fredy-running iníusion of sodium chloride 0.9% if 
prdeưed. Hovvever, UK guidelines recommend that for 
adults and adolescents, the requữed dose should be supplied 
in a 50 mL inỉusion bag of sodium chlorìde 0.9% and 
inbised intravenously over 5 to  10 mỉnutes. (For 
adolescents treated in spedaiỉsed paediatric unỉts, see 
Admỉnisưation in Children, p. 882.1.)

The usual dose of vinblastine sulíate is about 6mg/mJ, 
not more often than once every 7 days. Single doses starứng 
at 3.7mg/m2 and increasing at vveekly intervals, over 4 
tveeks, to a usual maximum dose oỉ 11.1 mg/m2 have been 
given; doses have been incxeased above this, but shọuld not 
exceed 18.5 mg/m2. ư  a maintenance dose is required, it 
may be given every 7 days provided vvhlte cell counts permlt 
(seẽ beíow), and should be the maximum dose tbãt the 
patient is able to tolerate vvithout serious leucopenia 
occuning.

For doses in children, see p. 882.1.
White cell counts should be made before each lnjection 

and some sources suggest a repeat dose should not be gỉven

The Symbol t  denotes a preparation no longer activdy marketed

http://www.nice.org.ukyoiceme%c4%91ia/pdf/68_
http://wvTw.nice.org.uk/nicemedla/pdi/
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unless the count has risen to at least 4000 cells/mm5 (but see 
also Bone-marrow Depression, p. 730.3). Dosage reduction 
is recommended in patients with hepatic impairment (see 
belovv).

A d m i n i ỉ t r a t i o n .  Administration errors have occurred wìth 
the vinca alkaloids (see Administration Error, be!ow). For 
UK guidelines on dilutỉon of vinca alkaloids to avoid inad- 
vertent intrathecal use, see p. 883.2.

A d m i n i s t r a t i o n  in  c h i l d r e n .  Doses oỉ vinblastỉne sulíate in 
children vary according to the disease ơeated, the sche- 
dule used. and vvhether it is used as a single agent or as 
part oỉ a combination chemotherapy regimen. The usual 
dose is about ótng/m2 given in travenously , not more 
often than once every 7 days. Singỉe doses startìng at 
2.5mg/m2 and increasing at vveekly intervals, over 4 
weeks, to a usual maxúnum dose of 7.5 mg/m2 have been 
given; doses have been inCTeased above this, but should 
not exceed 12.5 mg/m2.

UK guidelines State that doses of vinca alkaloids may be 
given Via a syringe to children and adolescents treated in 
paediatric units.1 For adolescents ưeated in adolescent or 
adult units, reconưnendations íor administrarion are as for 
adults (see Uses and Adminisưation, p. 881.3).

1. NHS National Patỉem Saỉety Agency. Rapid Response Repon NPSA/ 
2008/RRR004 (issued 1 Ith  August, 2008): using vinca aỉkaloid minibags 
(adulỉ/adoìescent uniis). AvaiUble ai: http://www.nrls.npsa.nhs.uk/ 
EasySiteW eb/getresource.axd?AssetID»60290&typesfuI]&servicety‘ 
pesA ttachm ent (accessed 29/09/09)

A d m i n i s t r a t i o n  in  h e p a t i c  i m p a i r m e n t .  Licensed product 
iníonnation States that the dose oí vinblastine should be 
reduced by 50% in patients ha vin g a d irea  serum bili- 
rubin value above 3mg per lOOmL.

B lo o d  d i s o r d e r s ,  n o n - m a l í g n a n t .  The vinca alkaloids vin- 
blastine and vũicristine have been used in the ưeatment 
of auto-immune blood disorders such as immune throm- 
bocytopenia (p. 1606.1). There are also reports oí the 
haemolytic-uraemic syndrome/thrombotic thrombocyto- 
penic purpura responding to treatment w ith inưavenous 
injection of vứicristine.1' 3 For hirther details on the ưeat- 
m ent of thrombotíc microangiopathies, see under Plasma, 
p. 1159.1. Vincristine has been given vvith normal 
immunoglobulin in the management oỉ a patient vvith 
lUe-threatening thrombocytopenia due to sarcoidosis.4 
Vinaistine has also been used for life-threatening hae- 
mangioma (p. 1605.3).

1. Gutterman LA. et a i  The hemolytỉc-uremic syndrome: recovery aher 
treatm ent with vỉncrỉstine. Ann Intem M td  1983; 98: 612*13.

2. Feirara F. ữ  a l  V inaistine as saỉvage treatm ent ỉor re ỉraaory  thrombotỉc 
throm bocytopesie purpura. Ann Hemaíol 1999; 78: 521-3.

3. Perrara F. et a i  Vlncristine as treatm ent for recurrent eptsodes of 
throm bođc thromboeytopenic purpura. Ann Hcmatoỉ 2002: 81: 7-10.

4. Lam er AJ. Lỉỉe threatenỉng thrombocytopenỉa ỉn sarcoidosis. BMJ 1990; 
300: 317-19.

H is H o c y lk  s y n d r o m e s .  The value of systemic chemother- 
apy in patíents with Langerhans-cell histiocytosis 
(p. 692.1) is uncertain; however, it is certainly vvidely 
used in  extensive disease, vinblastine being one of the 
drugs often employed.1-2

1. The French Langcrhans' Cell Hỉstìocytosỉs Scudy Group. A multicentre 
retrospective survey oi Langerb.ns' cell histiocytDSĨs: 344 cases obỉerved 
berween 1983 and 1993. Ărch Dừ Chiu 1996; 73: 17-24.

2. Gadner H, a  aì. A rondom iied trial ol ưcatm ent for mullisystem 
Langerhans' cell histìocytosis. J  Pcdiatr 2001; 138: 728-34. Correction. 
a>UL; 139: 170.

M d l i g n a n t  n e o p l a s m s .  Vinblastine plays an important role 
in the ABVD regimen in patients with Hodgkin's disease 
(p. 696.1). It also tormed part of the eữective, if toxic PVB 
regimen used to treat germ cell (ovaiian or testicular) can- 
cer, p. 711.2 and p. 715.1 respectively, although other 
regimens tend now to be preíerred. The vinca alkaloids 
are also active in gestational ưophoblastic tumours 
(p. 691.2), and vinblastine is also used in the therapy of 
invasive bladder cancer (p. 700.2); it may be used in the 
adjuvant or palliative treatment of non-small-cell lung 
cancer (p. 710.2) and in the palliative care oỉ advanced 
breast cancer (p. 702.1). It has been used in malignancies 
of the kidney (p. 708.3). Vinca alkaloỉds are also used to 
ưeat Kaposi's sarcoma (p. 718.1).

A d v e r s e  E f f e c t s ,  T r e a t m e n t ,  a n d  P r e c a u t i o n s

For general discussions, see Antineoplasúcs, p. 726.1, 
p. 730.2, and p. 732.2.

Bone-marrow depression, espedally leucopenia, is the 
most common adverse eữect with vinblastine and tends to 
be dose-limiting. Maxim um depression occurs 5 to 10 days 
aíter a dose with recovery in a hirther 7 to 14 days. 
Leucopenia may be more severe in patients with cachexia or 
extensive skin ulceration: vinblastíne should not be used in 
elderly patients with these conditions. Stomatitis, gastro- 
intestinal bleeding, and abdomỉnal pain may occun nausea 
and vomiting respond to treatment with antiemetics.

The vinca alkaloids can produce Central and peripheral 
(induding autonomic) neurotoxicity, although these effects 
are less ừequent with vinblastine. Symptoms indude 
malaise, tveakness, headache, depression, pãraesthesia and 
numbness, loss of deep tendon reílexes, peripheral 
neuropathies, constipatìon and adynamỉc ileus, jaw  pain, 
and convulsions. Damage to the eighth cranial nerve may 
result in vesdbular and auditory toxidty leading to 
dizziness. nystagmus, vertigo, and partỉal or total deaỉness. 
A routine prophylactic regimen against constipation is 
recommended in  patients receiving hỉgh doses of vinblast- 
ine. Overdosage has caused peim anent damage to the CNS. 
Intrathecal use oi the vinca alkaloids is conưa-indicated 
because of the likelihood of latal neurotoxidty (see 
Adminisưanon Error, below).

Other reported eílects include skin reactions, alopeda, 
ischaemic cardiotoxidty, hypertension, dyspnoea and 
bronchospasm, and bone and tum our pain. A syndrome of 
inappropriate secretion of antidiuretic hormone has 
occurred at high doses, and may be relieved by íluid 
resniãion and, ư necessary, a suitable diuretic. Ra re cases of 
anaphylaxis and anaphylactoid-type reactions have been 
reported vviih the vinca alkaloids.

Vinblastine is irritant 10 the skin and mucous membranes 
and extravasatỉon may cause necrosis, cellulitis, and 
sloughing. The application of warmth and Iocal ừỹection 
of hyaluronidase may be oí benelìt in relieving the eữects of 
extravasation. By analogy with its use in the management 
of vincristine overdosage (see p. 883.2), tolinic add has been 
suggested for use in overdosage vvith vinblastine.

Vinblastine should not be injected into an exưemity with 
impaired drculation because of an increased risk of 
thrombosis. It shoulđ be given with caution and at reduced 
dosage to patients vvith hepatic impairment (see under Uses, 
above).

Administrotion error. Inlrathecal doses of vinca alkaloids, 
including vinblastine, result in ascending paralysií and death. 
For reíerence to the successíul treatment of inadvertent 
intrathecal dosage oỉ vincristine, and UK guidelines on 
dilution of vinca alkaloids to avoid intrathecal use, see 
p. 883.2.

Handling and disposal. A method for the destruction of 
vincristme or vinblastine wastes using sulíuric add and 
potassium permanganate.1 Residues produced by degxada- 
tion of either drug by this method shovved no mutageni- 
d ty  in vitro.

■ Urine and faects produced íor up to 4 and 7 days 
respectively after a dose of vinblastine should be handled 
vvearing protective dothing.2

1. Castcgnaro M. et a ì . . eds. Laboratory decontam inaúon aod desưuciion 
oí caránogens in Uboratory wastes: some antíneoplastic agents. ÌARC 
SàtntiỊk Pubỉicatiom Ti Lyon: W HO/Intemational Agency ỉor Research 
on Cancer, 1985.

2. Harris J, Dodds u .  Handiing waste from patỉents receỉvỉng cytotoxỉc 
drugs. Pharm J  ì 985; 235: 289-91.

Porphyría. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenơe (NAPOS) and 
the Porphyria Centre Sweden, dassiữes vũiblastine as 
probably not porphyrinogenic it may be used as a drug of 
flrst choice and no precautions are needed.1 

1. The Drug Database íor Acute Porphyria. Avaiỉabie ac  http://w w w . 
dnigs-porphyria.org (accessed 26/09/11)

I n t e r a ờ l o n s

For a general outline of antineoplastic drug interactions, see 
p. 733.3. Use vvith drugs that inhibit cytochrome P450 
isoenzymes of the CYP3A subíamily may result in decreased 
metabolism of vinblastine and increased toxiđty. Use with 
dsplatin has been reponed to increase vinblastme plasma 
concentrations. For a report of the possible contribution of 
vinblastine to reduced plasma concenưations of phenytoin, 
see p. 544.1.

Analgeỉics. A report of enhanced hepatotoxidty in 
patìents ưeated vvith interíeron aỉỉa and vinblastine who 
were given paracetamol.'

1. Kellokumpu-Lehtinen F, ct ai. Hcpatoioxidiy of paracetamol in 
combinatíon wjih inieríeron and vỉnblastứie. Lanat 1989; iỉ 1143.

AnHbaderỉals. There is a report of severe vừiblastine toxi- 
d ty  in 3 patients who received vinblastine and ddosporin 
with erytkromydn.' Adverse effects resolved on stopping 
erythromyđn and recuưed in 1 patient who vvas rechal- 
lenged with erythromydn.

1. Tobe sw, et ai. Vỉnbiastine and eryihrotnydn: an unrecognised serỉous 
drug imeractíoD. Cancrr Chemothrr Pharmacoỉ 1995; 35:188-90.

Antineopỉastics. Acute bronchospastic reactìons aỉter 
úỹection of a vinca alkaloid have been reported. usually 
in patients also given mitơmycin.' and presenting as acute 
respừatory distress, cyanosis, and dyspnoea, often vvith 
the development of pulmonary inhltrates and pneumoni- 
tis.2-5 Several íatalities due to respiratory complicatìons

have occurred. For reports of vascular toxid ty  and Ray- 
naud's syndrome assodạted w ith the use of vinca alka oiđs 
vvith bỉeomydn and o ther drugs, see Eữects on the Ca dio- 
vascular System, p. 727.2.

ĩ .  Dyke RW. Acute broochospasxn after a  vỉnca aỉkaỉoỉd ỉn  padents 
prevlously ữeated w ith m iion iydn . N  Engì J  Med 1984; 310: 389.

2. Konỉts PH, et aỉ. Possỉble pu lm onary  toxidry secondary to vinblí stỉne. 
Cancer 1982; 50 :2771-4 .

3. Ozols RF, et aỉ. MVP (m itom ydn, vinblastine. and  progesteroi e): a 
second-ỉỉne regimen ỉn  ovarían cancer w ith a hỉgh  indden  :e oỉ 
puỉm onary toxldty. Cancer Treat Rep 1983; 67: 721-2.

Antívirals. Severe myelosuppression has occurrec in 
patients given relatìvely high doses of vinblastine vith 
intcrferon aĩfa-nl.

A patìent who had been given vinblastine 6 mg/m2 e rery 
3 weeks had severe gasưointestinal and haematolo lical 
toxidty and moderate renal íailure w hen HAART vith 
ãdovudine, lamivudine, abacavir, nevirapine, and lopir avir 
with ritonavữ was reintroduced.1 The vinblastine do;age 
was éventually stabilised at 2 m g/m 2 durỉng HAART witl :out 
toxidty.

1. Koib R. eíaỉ. Liíe-threatening interacrion betw een antỉreưoviral th rapy 
and vỉnbỉastỉne in Hiv-assỡtíated m ulticem ríc Castlernan's diseast. Eur 
J Haematoỉ 2006; 76: 269-7).

P h a r m a c o k i n e t i c s

Vinblastine is not reliably absorbed from the gastrointesi inal 
traa. Aíter intravenous use it is rapidly cleared írom the 
blood and distrỉbuted to tíssues; it is reported to be 
concentrated in blood platelets. It is extensively pro:ein 
bound. Vinblastine is metabolised in  the liver, by 
cytochrome P450 isoenzymes of the CYP3A subíam il). to 
an active metabolite desacetylvinblastine, and is excrete i in 
íaeces Via the bile, and in urine; some is excretec as 
unchanged drug. The terminal half-life is reported tc be 
about 25 hours. It does not cross the- blood-brain barrie r in 
signiGcant amounts.

Reíerences.
ỉ . Levẻque D, Jehỉ F. Moỉecular pharm acokỉnetics o ỉ C atharan thus (V nca) 

alkaĩoids. J  Clin Pharmaeol 2007; 47: 579-88.

P repara tíons
Proprietary Preparations (details are given in Volume B)

Single-ingredient Preparationi. Arg.: Blastovin; AustraL: Vel >ef; 
Austria: Velbe; Belg.: Vinblasint; Brai.: Faulblastma; Velban; 
Vinatin; Chile: Lemblastine; China: Weibaoding (lE-Slí); Denm.: Velbe; Fin.: Velbe; Fr.: Velbe; Gr.: Velbe; Hang Ki<ng: 
Velbastine; India: Cytoblastin; Israel: Blastovin; ItaL: Velbe; Mex.: Lemblastine; Neth.: Blastivlnt; Norw.: Velbe; PhilÌTp.: 
Oncostim Velbastine; Port.: Solblastin; S.Afr.: Cytoblastin; Mn- gapore: Velbastine; Sưed.: Velbe; Switz.: Velbe; Turk.: Vú ko; UK: Velbe; USA: Velban.

Pharmacopoeial Preparatioos
BP 2014: Vinblastine Injection;
USP 36: Vinblastine Sullate for Injection.

V i n c r i s t i n e  S u l í a t e  ỊB A N M , u s A N .  r i N N M}

Compound 37231; Leurocrìstine Sulphate; NSC-67574; . 2- 
Cbtpvincaleukọblastine Sulphate; Sulíato de leUrocristiia; 

rSuiíato d e  vincristlna; Vincristina. sulíato de; Vincristii le, 
SuHate de; Vinơistine Sulphate; Vincristini sulías; Vinc is- 
tinsultat yinkristiinisulíaatti; Vinkristin Sũlfat; Vinkristi 70  

ì sullatas; Vinkristinsulíat; Vinkristin-sulíát; Vinkrisztin-szulTát; 
VVịnkrystyny siarczan;. BnHKpnCTMHa CynbộaT. 
C«Hs6N4O,0,H2SO<=923.0
CAS —  57-22-7 (vincristine); 2068-78-2 (vincristine sulíate). 
ATC— L01CA02.
ATCVet —  QLOICA02. 
u m —  T5IR03S34A

D escrip tìon . Vincristine sulíate is the sulĩate of an alkah id, 
22-oxovỉncaleukoblastine, obtained from Catharant IUS 
roseus (Vĩnca rosea) (Apocynaceae).
Pharmacopoeias. In Chin., Eur. (see p. vii), Int., Jpn, us, e nd 
Vỉrt.
Ph. Eur. 8: (Vincristine Sulíate). A w hite or sligbtly 
yellovvish, very hygroscopic crystalline povvder. It loses ] lot 
more than 12% of its vveight on drying. Freely soluble in 
water; slightly soluble in alcohol. A 0.1 % solutìon in  wa ter 
has a pH oi 3.5 to 4.5. Store at a temperature no t exceedir g - 
20 degrees in airdght glass containers. P ro tẹa  from ligh:. 
USP 36: (Vinciistine Sulíate). A w hite to slightly yellcw, 
odourless, hygroscopic, am orphous or crystalline pơvvdei It 
loses not more than 12% of its vveight on drying. Fre :ly 
soluble In vvaten slightly soluble in alcohol; soluble in 
methyl alcohol. A 0.1% solution in water has a pH of 3.5 to 
4.5. Store at a temperature betvveen -25 degrẽes and - 20 
degrees in airtight containers. Protect from light.

All cross-reíerences reỉer to entries in Volume A

http://www.nrls.npsa.nhs.uk/
http://www


Vincristine Sulíate 883

Uses and Administration
Vincristine is an  antineoplastic vinca alkaloid that may act 
similariy to vinblastine (p. 881.3) by arresting mitosis at the 
metaphãse.

Vincristine sụlíate is usẹd mainly in combination 
chemotherapy regimens for acute and chronic leukaemias, 
ly m p h o m a s , in c lu d in g  H o d g k in 's  d isea se  an d  
non-Hodgkin's lymphomas, and multiple myeloma. It is 
also used for tumoũrs of the breast, lung, head and neck, 
and soft-tissue sarcomas, as well as for paediatric solid 
tum ours induding Ewing's sarcoma, rhabdomyosarcoma, 
neuroblastom a, Wilms' tum our, retinoblastoma, and 
meduỉỉoblastoma. Vincriítine has also been used In inunune 
thrombocytopenia reứactory to other agents. See aĩso the 
cross-references given belovv.

Vĩncristiné suĩiate is given by in trav en o u s injection. 
Care should be taken to avoid extravasation and the 
injection may be given over 1 m inute into a íreely-running 
intravenous iníusion (usually sodium chloride 0.9%) u 
preíerred. However, UK guidelines recommend that for 
adults and adolescents, the requỉred dose shouỉd be supplied 
in a 50 mL inỉusion bag of sodium chloride 0.9% and 
iníused intravenously over 5 to 10 minutes. (For 
adolescents ưeated in spedalised paediatiic units, see 
Administration in Children, below.)

The usual dose of vinaistine sulíate is 1.4 to 1.5mg/m2 
once weekỊy, up to a maximum weekly dose of 2mg (see 
also Adminisưation, below).

For doses in  children, see beIow.
Blood counts should be carried out beíore giving each 

dose. Dosage reduction is recommended in  patients with 
hepatic impairment (see below).

A liposomal íonnulation of vincristine is used in the 
treatm ent of patients with Philadelphia chromosome- 
negative acute lymphoblastic leukaemia who have had at 
least 2 relapses or tvhose dỉsease has progressed íollovving 2 
or m ore antỉ-leukaemia therapies. Vincristine sulíate 
lìposome injection is given by intravenous inhision (in 
sodium chloride 0.9% or glucose 5%) over 1 hour in a dose 
of 2.25 mg/m2 once every 7 days. Doses may need to be 
modihed if toxidty occurs. A liposomal íormulation is also 
under investìgation for metastatic uveal melanoma.

Adion. Results in vitro suggested1 a selective action of vin- 
cristine against lymphocytes of patients with chronic 
lymphocytic leukaemia; lymphocytes of healthy subjeas 
werẽ not so aííected. A íurther study2 conhrmed these 
íindings, and also found marked variation in vincristine 
susceptibility among individual chronic lymphocytic leu- 
kaemic cells. This suggests that vincristine may have 
eííects other than arrest of mitosis.

1. Vilpo J, Vilpo L  Selective toxidty oí vincrisdne agaỉnst chronic 
lymphocytic leukaemia ỉa  vi tro. Lanctt 1996; 347:1491-2.

2. Vilpo JA, t t  ai. Seỉectíve toxỉcỉty oí vincrỉ$tin« against chronic 
lymphocytỉc ỉeukemỉa ceỉls ỈD vitro. Eur J  Haematol 2000; 6$: 370-8.

Administration. Although a maximum single dose of 2 mg 
is recommended for vincristine sulíate to reduce neuro- 
toxieity, a revievv1 has suggested that this guideline is 
overly rigid, since it does not take into account interinầivi- 
dual variations in pharmacokinetics and susceptibility to 
toxidty, which may be considerable. Furthermore the 
authors considered the evidence for eííectiveness of this 
dosage limitation to be equivocal. They suggested begin- 
ning therapy at 1.4 mg/m2 and adjusting subsequent doses 
according to toxidty.

Administration errors have occurred with the vinca 
alkaloids. For UK guidelines on dilution of intravenous 
vinca alkaloidỉ to avoid inadvertent intrathccal use, see 
Administration Error, under Adverse Eííects, belovv.

1. McCune JS, Lindley c. Appropriateness of maximure-dose guìdeỉỉnes 
for vincristinc. Am J  Htaìlh-Syĩí Pharm 1997; 34: 1755-8.

Administration in children. The suggested dose of vincrist- 
ine sulíate for the treatment of paediatríc tumours in chil- 
dren weighing over lOkg is 1.4 to 2m g/m 2, given in tra - 
ven o u sly  once weekly, up to a maximum weekly dose o( 
2 mg. For those vveighing 10 kg or less, the suggested initi- 
al dose is 50 micrograms/kg, given once weekly.

UK guidelines State that doses of vinca alkaloids may be 
given Via a syringe to children and adolescents ưeated in 
paediatric units.1 For adolescents tteated in adolescent or 
adult units, recommendations for administration are as for 
adults (see Uses and Administration, above).

1. NHS National Paúent Saíety Agency. Rapid Response Report NPSA/ 
2008/RRR004 (issued 1 Ith  A ugust 2008): uslng vínca alkaloỉd minỉbags 
(aduỉt/adolesccnt unỉts). Avàílablc a t  http://wwwjiri5.npsa.nhs.uW  
BasySUeW eb/getresource.axd?AssetỉDs60290& type*ỉuỉl6‘servỉcety~ 
pe»A ttachm ent (accessed 29/09/09)

Administration in hepatic impoirment. Licensed product 
iníonnatìon States that the dose of vincristine should be 
reduced by 50% in patients having 'a serum bilirubin 
value above 3m g per 100 mL (51 micromoles/ltae).

Amyloidosis. For mention of regimens induding vincrist- 
ine used in the management of amyloidosis, see p. 819.3.

Blood disorders, non-malignant. Vincristlne may be 
employed in the treatment oí various auto-immune blood 
disorders, see under Vinblastine, p. 882.1.

Malignant neoplasms. Vincristine is vvidely used in the 
treatment of malignant neoplasms. It is a hindamental 
patt of potentially curative regimens for acute lympho- 
blastic leukaemia, Hodgkin's disease and aggressive 
non-Hodgkins lymphomas (see p. 692.3, p. 696.1 and 
p. 696.3). It has also been used in chronic lymphocytic 
ỉeukaemỉa (p. 693.3) and in other non-Hodgkin’s lympho- 
mas induding AIDS-related lymphoma (p. 697.2), Bur- 
kitt's lymphoma (p. 697.3) and mycosis íungoides 
(p. 698.3). Other haematological malignandes in which it 
may be tried indude multiple myeloma (p. 699.2). Among 
the solid neoplasms, vincrisnne is used in regũnens to 
treat gestational ữophoblastic tumouis (p. 691.2), tumours 
oi the brain (p. 701.2), head and neck (p.~708.1), Wihns' 
tum our (p. 709.1), small-cell lung cancèr (p. 710.2), and 
thymoma (p. 715.3). It is also employed in regimens for 
neuroblastoma (p. 716.2), retinoblastoma (p. 717.2), and 
some sarcomas induding sarcomas of bone, Kaposi’s sarco- 
ma, and rhabdomyosarcoma (see p. 717.3, p. 718.1, and 
p. 718.2).

Adverse Effeđs, Treatment, and Precautions
As ỉor Vinblastine Su ha te, p. 882.1.

Bone-marrow depression occurs less commonĩy than 
with vinblastlne but neurological and neuromuscular 
eííects are more severe with vũicristine and are dose- 
limiting. Walkỉng may be impaired and the neurological 
eííects may not be reversed for several months afterthe drug 
is stopped. Convulsions, often with hypertension, have 
occurred. Constipation is common and there may be 
abdominal pain. Urinarỵ disturbances have occurred and 
alopecia is hequent.

Folinic add has been given for the tteatm ent of 
overdosage: suggested doses are as much as 100 mg of lolinic 
add inơavenously every 3 hours for 24 hours, then every 6 
hours for at least 48 hours. Hovvever, this is unlỉkely to be of 
beneữt in reversing neuromuscular toxidty. For mention of 
the use of glutamic add in managing the usually ỉatal 
consequences of inadveitent intrathecal dosage, see belovv.

Because severe constipation and impaction of ỉaeces 
often occur Wlth vincristine, laxarives or enemas may be 
necessary to ensure reguỉar bowel function. Vincristine 
should be given with caution to patìents with pre-existing 
neuromuscular disease and is contra-indicated in patients 
with the demyelinating form of Charcot-Marie-Tooth 
syndrome (see under Eííects on the Nervous System, 
be!ow). Doses may need to be adjusted in patients with 
hepatic impairment. Care should also be taken in  elderly 
patients, who may be more susceptible to neurotoxidty.

A liposomal lormulation of vincristine has been 
assodated with hepatotoxidty and increased liver enzyme 

- tests; hepatic hmction should be monitored.

Administration error. ỉnadvertent intrathecal dosa a f vìncrist- 
ine result ìn ascending paralysừ and death,lJ  However, in 
one case1 treatment immediately aíter the error, and con- 
sisting of removal of contaminated spinal íluid and ílush- 
ing vvith laaated Ringeds solution and íresh frozen plasma 
diluted in lactated Ringer's solution, plus intravenous and 
ora! glutamic add, vvas reported successíul in stabilising 
neurological dystunction and preventing death. A similar 
case of succẽsslul treatment has subsequently been 
reported,4 in vvhich immediate CSF aspiration and irriga- 
tion (vvith laaated Ringer's solution containing fresh fro- 
zen plasma to bind vincristine) for 6 days was combined 
with intravenous íolate. glutamic add, and pyridoxine.

Licensed product iníormation thereíore recommends the 
tollovving treatment as soon as possible aíter inadvertent 
intrathecal injection:
• removal of as much CSF as is salely possible through the 

lumbar access
• CSF irrigation with lactated Ringer"s solution, by 

continuous inhision at a rate of 150 mL/hour
• as soon as it is available, 25 mL of fresh frozen plasma 

should be added to every 1 litre of lactated Ringeds 
solution and inhised at a rate of 75mL/houn the rate oi 
inỉusion should then be adjusted to maỉntain a  spinal 
Đuid protein concenưatíon of 150mg per 100 mL

While stating that the roles o{ the following drugs in  the 
reduction of neurotoxidty are uncertain, licensed product 
iníormation also allows the use of:
• glutamic add  10 g intra venously over 24 houis, followed 

by 500 mg orally, three tỉmes daily, for one m onth or 
until the neurological dysíunction has stabilised

• íolinic add  lOOmg as an intravenous bolus, and then 
inỉused at a rate of 25mg/hour for 24 hours, then  25 mg 
intravenously every six houts for 1 week

• pyridoxlne 50 mg intravenously over 30 minutes, every 
8 houis

While early recognition and immediate ưeatm ent with 
cerebrospinal fluid drainage and exchange may improve 
survival,5 ỉatalities still occur despite these measures.’-6 
Recommendations2-6 have been made in order to prevent 
íurther eưors occurring, induding restríctíons on the 
prescription, administration, and storage of inơathecal 
drugs. In the UK, recommendations State that w hen vinca 
alkaloids are prescribed for adults and adolescents, syiinges 
should not be used to administer the dose; instead, the 
required dose of vinca alkaỉoid should be supplied in a 
50 mL inhision bag of sodium chloride 0.9%, and inỉusèd 
over 5 to 10 m inuũs. Aỉl vinca alkaloídỉ should be labelled 
as being for intravenous use only, with a dear waming of 
the consequences of use by other routes. Hovvever, for 
children and adolescents being treated in spedalised 
paediatríc units, the use of syringes to administer vinca 
alkaloids is permined.7

ỉ . Dyke RW. Treaonent oỉ inadvertent Inưathecaỉ ìnjcction of vincristlnc. 
NEngUM ed  1989; 321:1270-1.

2. DoH. Ưpdated natíosal ^lidahce  o a  Ihe saie adm ỉỉìỉỉaatíoii of 
ỉntrathecaỉ chem othenpy (HSC 2008/001, issued l l t h  A ugust 2008). 
Available ac  hap ://www.dh.gov.uk/pnxLconjum _dh/groups/dh_ 
đ ig ỉta ỉa s se ư /d o c u m e n ts /d ỉg ỉta la sse t/d b .0 8 6 8 4 4 .p d f  (acccssed 
16/09/09)

3. Hennipman B. eí ai. IaDathecaỉ vinoỉstine: 3 ỉataỉ cases and a rcview of 
ứie lỉterature. J  Pediatr Banatol Oneol 2009; 31: 816-19.

4. Qvveider M  rt ai. Inadvenent incrathecal vincrisdnc adraỉnỉsuratíon: a 
neurosurgicaỉ emcrgency. Case rcport. J  tĩturosurg Spờu 2007; 6ỉ 280-3.

5. Alcarax K  et a i  Intrathecaỉ vỉnaỉstíneỉ ỉataỉ myeỉocncephalopathy 
despíte eerebrospỉnaỉ fluỉd periusíoiL J  Tadcot ơ m  Taâeoỉ 2002; 40 :557- 
61.

6. Femandez CY, et a i ỉm rathecaỉ Yỉnaỉstine: an  anaỉysis OỈ reasons fòr 
recurreni ỉatal chcmotherapeutíc error w ith recommendatioos for 
preventíon. /  Pedỉứtr Hematol Oneoỉ 1998; 20: 587-90.

7. NHS Nadoaal Patìcnt Saíety Agency. Rapid Response Rcport NPSA/ 
2008/RRR004 (ỉssued ỉ  ỉ th  Á ugùst 2008): usỉng vỉnca alkaỉold mỉnỉbags 
(adult/adolescent unỉts). Avàúable aL* h ttp ://w w w juls.npsajihs.uk / 
ÈasySiicW eb/geư«ource.axd?AsscưD»602906-type»fuU&scrvicety- 
pesAttachment (accessed 29/09/09)

Effects on ihe nervous System. In its most typical íorm, 
vincristine neurotoxidty,' manUests as a mixed sensorimo- 
tor neuropathy of the distal týpe. The earliest symptoms 
are sensory changes in the form of paraesthesias, accom- 
panied by impaitment and ultimately ỉoss of deep tendon 
reũexes. In more severe ỉorms, impairment of motor func- 
tion occurs with wrỉst drop and foot đrop, ataxia and gait 
abnormaliries, and occasionally Progressive quadriparesis.

In conưast to these peripheral neuropathies, vvhich are 
usually assodated with long-term usage, there may be 
short-teim autonomic neuropathy resulting in constipation 
and occasionally ileus, abdominal pain, atony oỉ the ụrinary 
bladder (which may lead to urinary retention), orthostatìc 
hypotenáon, and iarely, impotence. Eữects on the aanỉal 
nerves may result in  ptosis, hoarseness (due to laryngeal 
nerve paralysis), or optìc neuropathies. ESects on the CNS 
are rare, probably in part because of poor peneưatìon into 
CSF, but indude excessive release of antidiuretic hormone 
and consequent hyponatraemia.

Halluónaúons have occurred2 and eSects on the spedal 
senses have been reported: both bilateral optic atrophy and 
blindness,’ and proíound neurological dea&iess twhich was 
largely reversible on drug withdrawal)4 have occtưred. 
Convulsions assodated with hypertension are another 
ỉeature of vincristine toxidty.5

Toxldty is related to both the cumulative and the 
individual dose.1 It usually begins in adults aíter recelving a 
total of 5 to 6 mg, and is significant by the time a cumulative 
dose of 15 to 20 mg is reached. H individual doses are low 
(less than 2 mg) or intervals bervveen doses are longer than 
the usual week, patients can tolerate higher cumulative 
doses. Chlldren tolerate vincristine bener than adults, but 
the elderly are particularly prone to neurotoxidty. Patients 
with existing neurological disorders such as poliomyelitis or 
the Charcot-Marie-Tooth syndrome may be at increased 
risk of neurotoxidty.4’’ It has been suggested that increased 
neurotoxidty may be assodated with the use of ready-to- 
use Solutions rather than reconstituted lyophilised prepara- 
tìons but this is unproven.10"14

There is no good treatment for the eííects of vincristine 
on the nervous System: symptoms are largely reversible 
once dosage is interrupted, and should be managed with 
appropriate symptomatic care.1 However, there is some 
suggestion that glutamic add  may be oỉ beneĐt in treating 
neurotoxidty15—see also Administration Error, above. For 
the use of dinoprost to alleviate Ueus ỉnduced by vinca 
alkaloids, seep.2134.1.

1. Legha ss. Vlncristinc neurocoxỉdty: pathophysỉology tn d  managemenL 
Med Toxkol 1986; 1 :42L-7.

2. HoUaod Jp, f t  a i  Vincxlsdnc ưeatm em  of ađvaoccd cancer. a  coopcraiivc 
study oí 392 cases. Canar R a  1973; 33: 1258-64.

3. Àwỉdi AS. Blindness and vtnciỉstỉne. Arut ỉntern Med 1980; 93: 781.
4. Youstt H, et al. PartíaQy revcrsỉble ncrve deaỉness due to vincrỉstíne. 

Postgrad Med J 1990; 66: 688-9 .
5. ỉto s. tí ai. Semires and  hypertenrion corapỉicatỉng v ina ỉsdne  therapy in 

children. CUn Phamaeol Ther 1995; 57: 208.
6. Hogan-Dann CM, t í  ai. Polyncuropathy foQowing vỉna ỉsdne  therapy in 

two patỉents w ỉth Charcot-Maric-Tooth syndrome. JAMA 1984; 252: 
2862-3.

The Symbol t  denotes a preparation no longer aaively marketed

http://wwwjiri5.npsa.nhs.uW
http://www.dh.gov.uk/pnxLconjum_dh/groups/dh_
http://wwwjuls.npsajihs.uk/
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7. M ỉnér BR. N eurotoxỉdty and vincristìne. JAMA 1985; 253:2045.
8. Chauncey TR. t í  aL Vincristme neurocoxỉcỉty. JAMA 1985; 254: 507.
9. GrỉíSihs JD, t í  aỉ. Yincristinc neurotoxỉdty in Charcot-Marie-Tooth 

syndrome. ACed J  A iat 1985; 143: 305-6.
10. Á m old AM. tí  aL Acute vincrỉsúne neurotoxỉcỉty. Lartctí 1985; I: 348.
11. Jaỉỉhal s, Roebuck N. Acuie vincristine n cu ro to d d ry . Lanat 1985; i:

637. _
12. Davies CE, t í  aỉ. Acute vỉncrỉstỉne neurotoxidty. Lanat 1985; I: 637-8.
13. W arricr RP, Ducos R. Acute vỉncrỉstíne neurôtoxldty. Lanctí 1985; i: 

980.
14. Gennery BA. Vincristine ncurotoxỉdry. Laneet 1985; li: 385.
15. Jackson DV, tí  ai. Amelỉoratỉon oí v ỉn a is iine  neurotoxỉtity by glutamỉc 

add . Am JM ed  1988; 84: 1016-22.

Handling and dbposal. For a methođ ior the destruction 
of vincristìne wasta, see under Vinblastine Sulíate,
p. 882.2.

Urine and faeces produced for up to 4 and 7 days 
respectively aỉter a dose of vincristine should be handled 
weaiing protective dothing.1

1. Harris J. Dodds u .  Handling waste bom  padenu  receiving cytotoxic 
drugs. Murm J  1985: 215: 289-91.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Potphyria Cenưe (NAPOS) and 
the Porphyria Centre Sweden, dassiỉies vincristine as 
probably not porphyrinogenic; it may be used as a drug of 
first choice and no precautions are needed.1

1. The Drug DaLab.se (or Acute Porphyria. Available at: http://w w w . 
dTUg5-poiphyna.org (accessed 26/09/11)

Pregnancy. For a report oi a healthy iníant bom to a 
woman ữeated vvith a vincristine-containing chemother- 
apy regũnen, see Pregnancy, under Teniposide, p. 867.2.

Interactíons
For a general outline of antineoplastic drug interactions, see 
p. 733.3. Use of vincristine w ith drugs that inhibit 
cytochromes of the CYP3A subíamily may result in 
decreased metabolism of vmcristme and increased toxidty. 
ư  vincristme is used with asparaginase it should be given 12 
to 24 hours beíore the enzyme: giving asparaginase vtith or 
beíore vúicristine may reduce vincristứie dearance and 
increase toxỉdty. For reports of vascular toxidty and 
Raynaud's syndrome assodated w ith the use of vinca 
alkaloids with bleomydn and other drugs see Eííects on the 
Carđiovascular System, p. 727.2.

Antìbaderials. Severe neurotoxidty has occurred when 
ừoniazid was added to the regimen of a patient receiving 
vincristme.1

1. Carrỉón c  et ai. Possible vincristine-isoniarid interaciỉon. Ann 
Pharmacother 1995; 29: 201.

Antiepìleptics. A phaimacokinetic study shovved that sys- 
temic dearance of vincristine was 63% higher when it 
was given with phenytoin or carbamaĩtpine, two inducers oí 
the cytodưome P450 isoenzyme CYP3A4. The dinical sig- 
niBcance of this finding is unknovvn.1

1. Vĩlỉikka K, tí  aỉ. Cytochrome P450-indudng antỉepileptỉcs increase the 
dearance of vtacristine ỉn patíenu  w iih braỉn turaours. ƠỜ! Pharmacơl 
Ther 1999; 66: 589-93.

Antifungals. Toxidty has been reported to be increased in 
children vvho received ừraconaỉole w ith or without niíe- 
dipine during treatm ent involving vinaistine.1'4 Iơacon- 
azole is presumed to potentiate the toxidty oi vincristine 
either by inhibition of cytochrome P450 isoenzymes. thus 
redudng the dearance of vincristme,1'4 or by inhibiting 
th e  P-glycoprotein eỉQux pump,13 and increasing intracel- 
lular concentrations of vincristine. NUedipine also 
decreases the dearance oi vũicrístine, by similar mechan- 
isrns,1-3-4 and can theoretícally hirther potentiate toxidty. 

ỉ .  Muxpby JA. t í  ai. Vìncristine tcnddty in five chUdren with acute 
ỉymphobỉastỉc leukaemia. Lanatí 1995; 346: 443.

2. Jeng  MR. Fcusner J. Itraconaxole-enhanced vincrisiine neurotoxiđty in 
a chữd with acuíe ỉymphobUscỉc ỉeukemỉa. Pediatr Hematoì Oncol 2001; 
18: 137-42.

3. Sathiapalan RK, Eỉ-Solh H. Enhanced vmcristỉne neurotoxidty ừom  
drug ỉnteractíons: case rcport and revỉcw oỉ literatuie. Pediatr Hematoỉ 
Oneol 2001; 18: 543-6.

4. Kamaluddin M. t í  a i. Potentíatíon oí vỉnaỉstỉne toxidty by inaconazolc 
ỉn  đd ldren  wỉth ỉymphoid m allgnandes. Aeta Paediaữ 2001; 90:1204-7.

Niỉedipine. Vincristme toxidty may be potentiated by 
niíedipme, see Antìỉungals, above.

Pharmacokinetics
Vincristme is not reỉiably absorbed b o n  the gasữointestinal 
tract. After intravenous injection it disappears rapidly bom 
the blood. It is extensively protein bound and is reported to 
be concentrated in blood platdets. It is metabolised in the 
liver chielly by the cytochrome P450 isoenzymes CYP3A4 
and CYP3A5 and excreted mainly in  the bile; about 70 to 
80% of a dose is found in iaeces. as unchanged dmg and 
metabolỉtes, while 10 to  20% appears in the urine. The 
tennỉnal hah-iưe is reported to be about 85 hours but may 
range bom  about 19 to 155 houis. Vincristine does not

appear to cross the blood-brain barrier in signihcant 
amounts.

Preparations
Proprietary Preparoiions (detailỉ are given in Volume B)

Single-ingredient Prepararions. A r g Vincest; Austral.: 
Oncovint; Austria: Oncovin; Belg.: Oncovứit; Vincrisin; Braz.: 
Dabas Pauldvincri; Oncovin; Tecnocris; Vĩndzma; ƠÚU: Cito- 
midf; Denrn.: Oncovin; Pin.-. Oncovin; Fr.: Oncovin; Ger.: Cell- 
cristin; Onkocristin+; Gr.: Oncovin; Hong Kong-. Vinradne; 
lndia-. Alcrist; Biooristin; Cytocristin; Neocristin-f; Oncocristin; 
Malaysũr Vìnradnet; Mac.: Citomidt; Crivosìnt; Oncovin; 
Vừitec Philipp.: Alcavũón; Nevexitint; Vinsulgen; Rus.: Cito- 
mid (IhrTOMna); singapore. Vinradne; Spain: Vincrisult; SwaL: 
Oncovin; Switz.: Oncovin; Thai.: Citomidt; VCS; Turk.: Onco- 
cristint; Oncovin; UK: Oncovin; USA: Marqibo; Oncovin; Vin- 
casar PFS.

Pharmocopoeiol PrBparalions
BP 2014: Vỉncristìnẽ Injection;
USP 36: Vincristine Sulíate for Injection; Vincristine Sulỉate 
Injection.

Vindesine Sulfate IBANM, USAN, riNNMi 

Compound 112531 (vindesine); Desacetyl Vinblastine Amide 
Sulfate; LY-099094; NSC-245467 (vindesine or vindesine 
sulíate); Sulíato de vindesina; Vindesiinisutíaatti; Vỉndesina, 
sulíato de; Vindésine, sulfete de; Vindesine Sulphate; 
Vindesini Sulías; Vindesinsulíat; \/indesin-sulfáC víndeáno 
sulíatas; Vindẹzin-szulfát; BMHflé3MHa Cy/ibộaT, 
3-Cạrbamoyl'4-0-deacetyl-3-de(methoxycarbonyl)vincaleu- 
koblastine sulíate. 
q 3H55 N A .H 2 S O 4= 8 5 Z 0
CAS —  53643-48-4 (vindesine); 59917-39-4 (vindesine sulfatẹ). 
ATC— L01CA03.
ATC Vet —  QL01CA03. .■
UNII —  CPH2U7DNDY.

pharmacopoeias. In Chin. and Eur. (see p. vii).
Ph. Eur. 8: (Vindesine Sulíate). A vvhite or almost white, 
hygroscopic amorphous substance. Freely soluble in vvater 
and in methyl alcohol; practícally insoluble in cydohexane. 
The pH of a 0.5% solution in water is 3.5 to 5.5. Store in 
ainight polypropylene containers wlth a polypropylene cap, 
at a temperature not exceeding -50 degrees.

Uses and Administration
Vindesine sulíate is an antineoplastic agent deiived bom  
vinblastine (see p. 881.3); like the other vinca alkaloids ỉt 
causes mitotic arrest in metaphase by binding to 
microtubular protein. It is used, alone or with other 
antineoplastics, in the ueatm ent of rebactory acute 
lymphoblastic leukaemia, blast crises of chronic myeloid 
leukaemia, malignant melanoma unresponsive to other 
therapy, and advanced cardnoma of the breast, unrespon- 
sive to surgery and/or hormonal therapy. See also the cross 
reíerences given below.

Vindesine suUate is given by in travenous injection. 
Care should be taken to avoid extravasation and the 
intravenous ũỹection may be given over 1 to 3 minutes into 
a heely-ranning inỉusion (usually sodium chloride 0.9% or 
glucose 5%) u  prelerred. However, UK guidelines 
recommend that for adults and adolescents, the required 
dose should be supplied in a 50mL inỉusion bag of sodium 
chlorìde 0.9% and inhised intravenously over 5 to 10 
minutes. (For adolescents treated in spedalised paediaơic 
units, see Adminisưatỉon in Children, belovv.) The usual 
statting dose of vindesine sulíate is 3 mg/m2 vvhich may be 
raised by increm ents oỉ 500 micrograms/m2 weekly 
providing that the granulocyte and platelet counts do not 
iall below 1500 celk/m mJ and 100 000 celis/mm3, respec- 
tívely (see also Bone-mairow Depression, p. 730.3), and 
proviđing the patient has no acute abdominal pain; the 
maximum total vveekly dose is 4m g/m 2.

For doses in children, see belovv.
Blood counts should be made belore each injection. It 

may be necessary to reduce inlnal doses in patients with 
signibcantly impaired hepatíc hmction.

Administrotion. Adminisnation errors have occuiTed with 
the vinca alkaloids (see Administratlon Eưor, below). For 
UK guidelines on dilution of vin ca alkaloids to avoid inad- 
vertent intrathecal use, see p. 883.2.

Administrơtíon in children. An initial dose of vindesine 
sulíate 4m g/m 2 In travenously  may be given to children 
for the ưeatm ent of acute lymphoblastic leukaemia (resis- 
tan t to other drugs). This may be increased in weekly 
increments of 500micrograms/m2 providing granulocyte 
and platelet counts do not fall belovỹ acceptable levels and 
provided the patient has no acute abdominal pain. The

vveekly dose for children usually ranges between 4  a id  
5 mg/m2.

UK guỉdelines State that doses of vinca alkaloids may be 
given Via a syringé to children and adolescents treateđ in 
paediatric uruts.1 For adolescents treated in adolescent or 
adult units, recommendations for adminỉstration are as or 
adults (see Uses and Administmtỉon, above).

1. NHS National Patient Salety Agency. Rapid Rcsponsc k ep o n  NP A/ 
2008/RRR004 (issued 1 l th  August. 2008): usingvbica alkalõid m in it Igs 
ỉaduỉt/adoỉeacent unỉĩs). A v^lablc at: hưp://wwvr.nrls.np5a.nhs. ik/ 
EasySíteW rb/gcĩrcsourcc.axd?AssetID=60290& typc=full& servict :y-
p c.Ã ttachm en t (accessed 29/09/09)

Malignant neoplasins. Vindesine has been tried in refn c- 
tory metastatic melanoma (p. 714.3), childhoođ a a te  
lymphoblastic leukaemỉa (p. 692.3), chronlc myeloid lec k- 
aemia in blastỉc crisis (p. 694.2), and neuroblastoi ìa 
(p. 7Ị6.2). It ỉs also under investigation in lung canc :r, 
particularly non-small cell lung cancer (p. 710.2) a ìd 
responses have been reported in advanced breast cani er 
(p. 702.1).

Adverse Effects, Treatment, and Precautions
As for Vinblastine Sultate, p. 882.1.

The main dose-limiting eííect of vindesine is granuloc y- 
topenia, vvith the nadir of the white cell count usua ly 
occurring 3 to 5 days aíter a dose and recovery after a 
íurther 4 to 5 days. Although neurotoxicity OCCUR it may >e 
less severe than that seen with vincristine (see p. 883.;). 
Aỉopeda is the most common adverse effea.

Folinic add  has been suggested for the treatment DÍ 
overdosage by analogy with vincristine.

Vindesine should not be given by the inưathecal rou e, 
as this may produce íatal toxidty. Care should be taken if 
acute abdominal pain occurs: hrnher doses may result n 
paralytic ileus.

Adminislration error. Inadvertent intraihecal doses of vin ut 
alkaloids resutí in ascending paralysừ and death. In a 10-yea r- 
old child acddentally given an inưathecal injeaion of vi 1- 
desine, treatm ent with íolinic add  and dexamethasorie 
produced transierit recovery but symptoms subsequently 
recuired and the patient died o! Progressive ascending 
paralysis.1 The CNS shovved changes at necropsy similar :o 
those seen after intrathecal vincristine. Other íatal cases~3 
ha ve subsequently been reported. For reíerence to the 
successíul treatm ent of inadvertent intrathecal dosage of 
vincristine, and UK recommendatỉons on dilution oỉ vinca 
alkaloids to  avoid intrathecal use, see p. 883.2.

1. Robbỉns G. A cddentaỉ intrathecaỉ injection oỉ vỉndesine. B M J1985; 291: 
1094.

2. Toumeỉ G, t í  aỉ. Fatal accỉdental ỉntrathecal injcction of vùideslne J  
Portm ừSà  2006; 51: ỈỈ66 -S .

3. Nỉsse p, t í  aL Admỉnỉsnratíon acddeDteỉle inttaihécalc de vỉndésỉne à 
propos de 2 cas mortels. Therapừ 2007; 62: 360-1.

Porphyria. The Drug Database ỉor Acute Porphyria, coni- 
piled by the Nonvegian Porphyria Centre (NAPOS) ard  
the Porphyria Cenưe Sweden, dassihes vũidesine as proli- 
ably not porphyrinogenic ít may be used as a drug of fir it 
choice and no precautions are needed.1

1. The Drug Database ío r Acuỉe Porphyrỉa. Avaiỉable at: http://ww'Y. 
drugs-porphyria.org (accessed 26/09/11)

Interactíons
As for Vinblastine Sulỉate, p. 882.2.

Pharmacokinetìcs
The pharmacokmetics of vỉndesine are similar to those of 
the o ther vinca alkaloids. Aíter intravenous doses 
eliminatìon bom  the blood is triphasic; the drug is rapidly 
dỉstributed to body tissues. The terminal half-Uỉe is reported 
to be about 20 hours. It is metabolised mainly in the liver 
and excxeted ỉn  bile and urine.

Preparations
Proprietary Preparalions (details are given in Volume B)

Single ingredient Preporations. Austria: Eldisin; Betg.: Eldìsinr; 
Chtna: Ai De Xin ( j t# f r ) ;  Xi Ai Ke (S3t3ĩ); Pin.: Eldisint-; 
Fr.: Eldisine; Ger.: Eldisine; Gr.: Eldiỉine; Enison; Gesidine; Irì.: 
Eldisinet; ItaL: Eldisine; PorL: Gesiđine-h Spain: Enison; 
Swed.: Eldìsine; Switz.: Eldisine; UK: Eldisine.

PhomKKopoeial Preparotions
BP 2014: Vindesine Injection.

V i n f l u n i n e  /SAN, rtNNi

F-12158; F-13840; HX170; VinAunina; VìnAuninurn; Bmh- 
ộ/iyHMH.
^'-Deoxy^ơ^iy-diduòro-S^norvincaleukoblasĩine. . 

, q 5HMFÍN,Os==816.9 . /
CAS —  162652-95-1. .

All cross-relerences reíer to entries in Volume A

http://www
http://ww'Y


Vindesine Sulíate/Vinorelbine Tartrate 885

ATC —  L0ỈCA05.
ATC Vet —  QL01CA05.
UNII —  5BF646324K

V inA un ine  T a rtra te  iriNNM i 

BMS-710485; P-12158; Tartrato de vinflụnina;: VinAunine 
Ditartrate (BANM); Vinílunine Ditartrate (USAN); VinAunine, 
Tartrate de; VinAunini Tartras; BnHctưryHHHa Tapĩpar \; 
C ^ F 2 N A ^ H A « 1  117.1 ;  V
CAS —  194468-36-5. , :  .
ATC —  LÓ1CA05.
ATC Vet —  QL0ÌCA05.
ỤNII —  33MG53C7XVV.

Uses and Admìnistratìon
VinAunine iỉ a Đuorinated vinca alkaloid derived hom 
vinorelbine that has a simila r antineoplastic actíon to 
vinblastine (p. 881.3). It is used in  the treatment of 
advanced or metastatic bladder cancer (p. 700.2), a i  
monotherapy aíter íailure of a plaúnum-containing 
regimen. Vmũunine is given as the ditaitrate but doses are 
expressed as the base; 1.37 mg of vintlunine ditartrate is 
eqũivalent to about 1 mg 'OÍ vinflunine. It is given by 
in travenous inỉusion over 20 minutes, diluted in 100 mỉ. 
sodium chloride 0.9% or glucose 5%, in  a usual initiaỉ dose 
of vinflunine 320 mg/m2 every3 wceks. A lower initìal dose 
of 280 mg/ipi2 is givẽn to patients w ith a petíonnance status 
of ỉ  or Iess ạnd prior pelvic irradỉatìon; this can be increased 
thereaher to 320 mg/m2 every 3 vveeks ih  the absence of any 
toxicities.

Full blood counts should be. monitored beỉore each 
injection and the dose adjusted or delayed based on results; 
other toxiđties may also affect the dose regùnen (see 
Administration in Subsequent Cydes, below).

For dosage in patients w ith hepatìc or renal impairment, 
see below.

VinAunine is also being investigated in other neoplasms 
including non-small cell lung cancer and breast cancer. 
Reíerences.

1. Bcllmunt ỉ, tí ai. Phase m trỉal oỉ vinHunine pỉus best supportive care 
compared wỉth best supportìve care alone aftêr a platỉnum-contaỈQỈng 
regbnen ỉn paticnts with advanced ữansỉtíonaỉ cẽn cartínoma of the 
urotheỉỉal tracL J Qirt Oneol 2009; 27: 4454-61. Corrcctíon. ữùi. 2010; 
28: 182.

2. Jordan MA. t í  a i . Exploring the mecbanỉsms oỉ action oi the novel 
microtubule ỉnhibitor vinAunine. Semm Oneoỉ 2008; 35 (suppl 3); S6-
SI2.

3. BeOmum J. tí ai. CHnical actỉvỉty of vỉnílunine ỉn transỉđonal celỉ 
cardnoma of the urothelỉum and ocher solỉd tumon. Semin Oncol 2008; 
35 (suppỉ 3J: S34-S43.

4. Lobert s, Puozzo c. Pharmacokmetics, metaboỉỉtes, and predỈĐỈcal 
saỉety of vỉnílunine. Semin Oncol 2008; 35 (suppl 3): S28-S33.

Administrotion. Admứústration errors have occurred tvith 
the vinca alkaloids (see Administratìon Error, belovv). For 
UK guidelines on dilution of vinca alkaloids to avoid inad- 
vertent intrathecal use, see p. 883.2.

Administration in hepatic impairment. The dose of vinílu- 
nine should be reduced in  patients w ith hepatic impair- 
ment, according to Child Pugh dass or based on prothrom- 
bin time, bilirubin, transaminase, and gamma glutamyl 
ơansíerase (GGT) values.

The usual intravenous dose of vinOunme 320mg/m2 
evety 3 weeks is given to padents with the íollovving hepatic 
parameters:
• prothrombin time > 70% of the nonnal value 

and
• bilirubin > the upper limit of nonnal (ULN) and 1.5 

times the ULN
and/or

• transaminases >  1.5 times the ULN and <  2.5 times the 
ULN
and/OT

• GGT > the ULN and 5 times the ULN
A reduced intravenous dose of 250m g/m 2 every 3 weeks is 
given to those with hepatic impairment deBned as:
• Chỉld Pugh class A 

ơr
• prothrombin time ^  60% of the normal value 

and
• bilirubin > 1.5 times the ULN and ^  3 times the ULN 

and
• ưansaminases >  the ULN 

andỉor
• GGT >  5 times the ULN
A reduced intravenous dose of 200m g/m 2 every 3 weeks is 
given to those vvith hepatic im paỉim ent deẠned as:
• Child Pugh dass B 

o r
• prothrombin time ặ  50% of the normal value 

and
• bilirubin > } times the ULN 

and
• transaminases > the ULN

and
• GGT > the ULN
Vinữunine has not been studied in patients with Child Pugh 
đass c, or in  those vvith a prothrombin time < 50% of the 
normal value or with bilirubin >  5 times the ULN or with 
transaminases > 6 times the ULN or with GGT > 15 times 
the ULN.

Administration in renal hnpairment. The dose of vinflu- 
nine should be reduced in  patientỉ with renal impairment. 
UK licensed product inỉormation recommends the íollovv- 
ing based on creaónine dearance (CC):
• cc > 60 mL/min: usual intravenous dose of vinílunine 

320 rag/m2 every 3 weeks
• cc 40 to 60mL/min: 280mg/m2 every 3 weeks
• cc 20 to 39mL/min: 250m g/m 2 every 3 weeks
• cc < 20 mL/min: not spedhed

Adminữlration in subsequent cydes. Complete blood 
counts should be perỉormed in all panents given vinflu- 
nine. Patients should not begin a new cyde ư  theữ abso- 
lute neutrophil count (ANC) is < Ỉ000cells/mm3 or u pla- 
telets are <  100000cells/mm3; treatment should be 
delayed until blood counts reach these levels or above. ư  
recovery has not occurred within 2 weeks, ơeatm ent 
should be permanently stopped.

Dose adjustments are required for the íolỉovving 
toxidties:
• grade 4 neutropenia (ANC < 500 cells/nun3) for > 7 days
• íebrile neutropenia (ANC <  lOOOcelk/mm3 and íever 

> 38 .5  degrees)
• grade 2 mucositis or constipation for >  5 days, or 

>  gtade 3 for any duration
• any other toxidty that is >  grade 3, except grade 3 

nausea or vomiting
If One of the above toxidtíes occurs in a patíent whose initíal 
inttavenous dose òf vinAunine was 320 mg/m2 (the usual 
initial dose), a reduced dose of vinílunine 280mg/m2 is 
given. This is lurther reduced to 250mg/m2 if a toxidty 
OCCUTS again in the next cyde; ơeatm ent should be 
perm anently  stopped for toxidties occurring in  3
consecutive cydcs.

u  one o ỉ the above toxidties occùrs in a patíent vvhose 
initial intravenous dose of vinũunine was 280mg/m2, a 
reduced dose of 250mg/m2 is given; treatm ent should be 
pennanen tly  stopped for toxicities occurrìng in 2
consecutìve cydes.

For organ toxidty that is >grade 2 on the day the next 
vinQunine dose is due, treatm ent should be delayed until 
recovery to <grade 1.

Adverse Effeds, Treatment, and Precautíons
As for Vinblastine Sulỉate, p. 882.1.

The ma in dose-Iimiting effect of vinữunine is neuưope- 
nia, and the dose should be adjusted according to reguỉar 
blood counts. Use Í5 contra-indicated in patients wìth a 
baseline absolute .neuưophil count < 1500 cells/mm3 or a 
plateỊet count < 100000cells/mm3. Gastrointestinal adverse 
eSects are also common; regular laxatives are recom- 
mended to prevent constipation. Other adveise eữects 
indude musculoskeletal adverse ettects such as pain, 
mỵalgia, and arthralgia, and cardiovascular eKects such as 
QT prolongation, tachycardia, ischaemia, and myocardial 
inlaraion; vinílunine should be used with caution in 
patients with pre-existing cardiac disease, or those with risk 
ỉactors for QT prolongation. It should also not be given vvith 
other medidnes that prolong the QT interval, or with potent 
inhibitors or inducers of the cytochrome P450 isoenzyme 
CYP3A4 (see under Interactions, below). Patients vvith 
hepatic or renal impairment may need a reduced dose of 
vinílunine (see under Uses, above and above).

Administralion error. Inadvertent intrathecal doses of vinca 
alkaloids rcsult in ascending paralysis and death. For reỉerence 
to the successíul ưeatment of inadvertent intrathecal 
dosage oỉ vincristíne, and UK recommendatìons on dilu- 
tion of vinca alkaloids to avoid intrathecal use, see 
p. 883 2.

Interactions
For a general outline of antineoplastic drug interactions, see 
p. 733.3.

Vinllunine is metabolised by the cytochrome P450 
isoenzyme CYP3A4; exposure to vinflunine or its aa ive 
metabolite 4-0-deacetyl-vinflunine (DVFL) may be atteaed 
by inhibitors or inducen of this enzyme and their use vvith 
vinũunine is not recommended.

Caution is required w hen vinũunine Ịs used with 
pegyỉateđ o r ỉipõsomal doxorubidn, as exposure to 
vinũunine was increased and exposure to doxorubidn 
decreased with this combination. In vitro data have 
suggested that this could be due to  adsorption of vinAunine 
on the liposomes and a change In the distribution of both 
drugs in the blood.

VũaAunine should not be given with other medidnes 
that prolong the QT intetval.

Pharmacokinetics
VinAunine is moderately bound to plasma proteins, mainly 
high-density lipoproteins and serum albunún, and it is 
extensively disuibuted into the tissues. The main.metabolite 
of vinũunine is 4-O-deacetyl-vinílunine (DVFL), vrhich has 
some antineoplastic activity and is íormed by muỉtiple 
esterases. All õther metabolites are inactive and ãre íonned 
by the cytochrome P450 isoenzyme CYP3A4. Vinílunine 
has a terminal elimỉnation haU-Uíe oi about 40 hours, vvhile 
DVFL is eliminated more slovvly, vdth a halỉ-lỉỉe of about 
120 hours. Excretion occurs Via the ỉaeces (aboũt two- 
thứds) and the urine (about one-third).

Preparatìons
Proprietory Preparations (details are given in Volume B)
SngU-ìngradient Preparolions. Austria: Javlon Cỉ.: Javlon 
Denm.: iávlor; Fr.: Javlor; G e r Javlor Gr.; Javlor; IrL: Javlon 
Israel: Javlon ItaL: Javlor; Neíh.: Javlon Norw.: Javlor; PoL: 
Javlor PorL: Javlon Spain: Javlon Swed.: Javlor; UK: Javlor.

V i n o r e l b i n e  T a r t r a t e  ỊBANM,usAN,riNNMi

Tartrato de vinorelbina; ryinorelbiinitártraatti;. Vinorelbin 
Bitartrat; Vinorelbina, tartratO' de; Vinorelbin-ditartarát; 
Vinorelbine Ditartrate; Vìnorelbiné, .tartrate de; Vìnorelbini 
Ditartras; Vinorelbini Tartras; -Vinorelbino tartratas; Vĩnor- 
elbintartrat; BnHope/iỗMHa TapTpaĩ; 5'-Nor-anhydrovinblas- 
tíneTartrate. .
3',4'-Didehydro-4'-deoxy-8,'ríorvincaleukoblastine ' ditar- 
trate. ** '■ '' ’ ’ ■ '
C,sHj,N4Oa,2C,Hí O6=10791
C4S —  71486-22-1 ộ/ìnorelbine); .125317-39-7 (vmorelbirK 
tartrate). . ■.
ATC —  LOI CA04.
ATC Va —  QL0ĨCA04.
UNII —  253GQW851Q

Pharmocopoeias. In ƠIÙI., Eur. (see p. VĨÌ), and us.
Ph. Eur. 8: (Vinorelbine Tanrate). A white or almost white, 
hygroscopic povvder. Preely soluble in water and in methyl 
alcohol; practically imoluble in  hexane. A 1.4% solutíon in 
vvater has a pH of 3.3 to 3.8. Store under an inert gas at a 
temperature not exceeding -15 degrees. Protect hom  light. 
USP 36: (Vinorelbine Tartiate). A white to yellovv or lỉght 
brown amotphous powder. Fréely soluble in vvater. pH õf a 
1% solution in vvater is between 3.3 and 3.8. Store at a 
temperature betvveen -2 5 degrees and -10 degrees in  aixtight 
containers. Protect hom  Iight.

Uses and Administration
Vinorelbine is a semisynthetic vinca aỉkaloid with antineo- 
plastíc acúvity similar to vinblastine (p. 881.3). It ũ  used, 
alone or with other antineoplastlcs, in the. first-line 
neatment of non-small cell lung cancer (p. 710.2) and in the 
ữeatment of advanced breast cancer (p. 702.1) that has 
relapsed or is rehactory to an anthracydine-containing 
regimen.

Vinorelbine is given as the nưtrate but doses are 
calculated in terms o! vinorelbine: vinorelbine tartrate 
1.385 mg is equivalent to  about lm g  oỉ vinorelbine. 
Vinorelbine may be given orally or intravenously. Antineo- 
plastìc dost regimens may be complex and doses of a drug may 
diỊỊer vridely. ĩor wammgs and recommendatiơns regarding the 
safe prescribing, dispensing, and use of oral antineoplastic drugs, 
see Administration, p. 732.3.

It may be gi ven by in trav en o u s  injection over 5 to 10 
minutes, as a solution containing the equivalent of 
vinorelbine 1.5 to 3mg/mL in glucose 5% or sodium 
chloride 0.9% injection, into a heely-running inơavenous 
iníusion. Hovvever, UK guidelines recommend that the 
required dose ỉhould be supplied in a 50 mL inhision bag of 
sodium chloride 0.9% or glucose 5% and iníused 
intravenously over 5 to 10 minutes. It may also be given 
by inưavenous inỉuỉion over 20 to 30 minutes aher dilution 
in 125 mL of glucose 5% or sodium chlorỉde 0.9%.

The usual initial intravenous dose in the ữeatm ent oỉ 
breast cancer or non-small cell lung cancer is the equivalent 
of vinorelbine 25 to 30mg/m2 (maxũnum 60 mg) once 
vveekly. Doses may be adjusted or delayed based on blood 
counts (see Adminiỉtration In Subsequent Cydes, p. 886.1).

The drug is also given o ra lly  as a single ageiit in a  dose oỉ 
60mg/m2 (maximum 120 mg) once vveekly tor 3 vveeks. 
Subsequent doses may be increased to 80 mg/m2 (maximum 
160 mg), based on neutrophil counts (see Administratìon in 
Subsequent Cycles, p. 886.1). The dóse and schedule may 
vary in combination regimens.

For dosage in  patients w ith hepatic impairment or with 
massive liver metastases, see p. 886.1.

The Symbol t  denotes a preparation no  longer actively marketed
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Reíerences.
1. Gregory RK  Smiih ỉ£. Vỉnorelbine—a Htniral revỉew. B rJ  Caneer 2000; 

82: 1907-13.
2. Sarrís AH, t í  aỉ. Iníusỉonal vinorelbine in relapsed or reừactory 

lymphomas. Ltuk Lymphoma 2000; 39: 291-9.
3. Sorensen p, tí  aL Phảse II srudy of vinorelbinc ỉn the treatm ent of 

pỉatỉnuin-iesỉstant ovarian cardnoma. Gyntcữỉ Oncoi 2001; 81: 58-62.
4. Oudard S ,tía L  Phase Q stuđy ơỉ vinorelbine ỉn patỉenu  wỉth androgen- 

independent prostate cancer. A m  Orưoỉ 2001; L2ỉ 847-52.
5. D omenech GH. Vogeỉ CL. A revtew of vinorcĩbỉne ỉn  the treatm ent of 

breast cancer. ơ m B n a s t Cancer2001; 2 :113-28 .
6. Aapro MS. t í  aỉ. Developments ỉn cytotixdc chemotherapy: advances in 

treatm ent uúlỉsỉng vừiordbine. Crừ Rev ữ n a ỉ Hemaĩũỉ 2001; 4 0 :251-63.
7. Preyer G, t í  ai. Phase n  study of oral vỉnorelbỉne ỉn ữrst-ỉỉne advanced 

breâst cancer chemotherapy. J  ơ m  Oneoĩ 2003; 21: 35-40.
8. Gebbiâ V, P u o o o  c. Oraỉ vem is intravenous vỉnorelbỉne: dỉnỉcal saỉety 

profile. Expert Opìn DniỆ Saftíy 2005; 4: 915-28.
9. Âapro MS. t í  a l  Oral vinorelbỉne: roỉe ỉn  the managem ent of metastatỉc 

brêast cancer. Drugs 2007; 67: 657-67.
10. Graỉla R ỉ. t í  a i  Orál vinoreỉbtne ỉn the  trearm ent of non-smaũ celỉ lung 

cancen ratỉonale and implicatíons íor patient managemem. Drup  2007; 
67: 1403-10.

11. Bonneterre J, Peneỉ N. Vinoreỉbine ỉn  breast cancer. Expert opừt 
Pharmaather 2008; 9:2901-10.

12. Picdrillo MC. et ai. Vĩnoreỉbine for non-small cell lung cancer. Expert 
ỡpirt Dtuị SaỊèty 2010; 9 :493-5  ] 0.

Àdministratỉon. Administration errors havc occurred vvith 
the vinca alkaloids (see Administration Eưor, belovv). For 
UK guidelines on diỉution oỉ vinca aỉkaloids to avoid inad- 
vertent intrathecal use, see p. 883.2.

Administrotion in the eideriy. ƯK licensed product iníor- 
m atíon States that, while no relevant diíỉerences in 
response rates to vinorelbine have been seen in the 
elđerìy, greater sensltivity of some older patients cannot 
be ruled out; age is stated to no t affect the pharmacoki' 
netics of vinorelbine. A review1 íound conỉlicting data on 
the effect of age on pharmacokinetics of intravenous 
vinorelbine, yet conduded that no dose modỉỂcation was 
requỉred on the basis oỉ age.

1. Lichtman SM. t í  aỉ. Intematỉonal Sodety of Geriaơic Oncoỉogy 
C hem otberapy Taskỉorce: evaluation oí chem otherapy in older 
patìents—an analyòs of the medical lỉterature. J  Cỉỉn Oncol 2007; 25: 
1832-43.

Administration in hepatic im painnent. Clearance of in tra-
venous vỉnoreibine was markedíy reduced in patients vvith 
diữuse liver metastases and hence severely alteređ hepatic 
íunctìon: a 50% dose reduction was probably appropriate 
in such patìents even u  hypcrbilirubinaemia vvas not 
marked.1 However, reduced doses were not necessary in 
patìents vvith moderate liver involvement in whom liver 
hmction, as measured by lidocaine metabolism, was not 
markedly reduced. Otherê have also coniữmed that doses 
need not be reduced in mild to moderate hepatic únpair- 
ment.2

Licensed product inỉonnation in the UK suggests that the 
intravenous dose be reduced by one-thữd in patients with 
severe hepatic impairment (deáned as bilirubin greater than 
twice the upper limit of normal (ULN) and/or ưansaminases 
greater than five times the ULN),'or in those vvith massive 
liver metastases (more than 75% of liver volume replaced 
by tum our cells). In the USA. licensed p rodua iníormation 
recommends that the intravenous dose of vinorelbine be 
reduced by 50% in patients with total bilirubin values of 2.1 
to 3 mg per 100 mỉ. and by 75% in those with total bilirubin 
greater than 3 mg per 100 mL

UK licensed product inỉormatíon reconunends the 
following oral vveekly doses of vinorelbine íor patients 
with hepatic ũnpainnent:
• mild (bilirubin less than 1.5 times the ULN and 

transaminases to m  1.5 to 2.5 times the ULN): 60mg/m2 
(the Standard dose)

.  moderate (bilirubin 1.5 to 3 times the ULN): 50mg/m2
• severe: use is contra-indicated

1. Robieux £ t í  aL Phannacoỉdnetícs of vỉnoreỉbỉne in patiems wỉth lỉver 
metastases. ơ in  Pharmacol Ther 1996; 59: 32-40.

2. K ỉtten JJ, tí aỉ. Mỉỉd to m oden te  liver dysỉunctỉon does no: require dose 
reductỉan of oral or intravenous vinorelbine: resuỉts of a pharmacoki- 
netic study. BttrJ  Qmcer 2010; 46 :266-9 .

Admừiidration in subsequent cydes. Use oỉ vinorelbine is 
contra-indicated ií blood counts ỉall below acceptable 
levels.

In the UK, in trav en o u s use is contra-indicated ư 
platelet counts are less than 75 000 cells/mm3, or ư 
neutrophils are less than 1500 to 2000 cells/mm3 (this 
varies slightly according to manuíacturer), and ơeatm ent is 
delayed unti] recovery.

In the USA, dose adjustments (expressed as a percentage 
of the starting dose) are based on granulocyte counts as 
follows:
.  >  1500 cells/mm3: 100%
• 1000 to 1499cells/mm3: 50%
• <  lOOOceUsImm3: dose should be omitted. Granulocyte 

counts are repeated in 1 vveek; ií 3 consecutive counts are 
below this value, vinorelbine therapy should be stopped

For patíents who, duiing tteatment, hãd íever and/or sepsis 
while granulocytopenic, or had 2 consecutive weekly doses 
not given due to granulocytopenia, subsequent doses 
(expressed as a percentage of the starting dose) are:

» > 1 5 0 0  cells/mm3: 75%
• 1000 to 1499 cells/mm3: 37.5%
• <  1000cells/mm3: dose should be omitted. Granulocyte 

counts are repeated in 1 vveek, and ư  3 consecutive 
vveekly doses cannot be given, vinorelbine should be 
stopped altogether

For o ra l therapy, use is also contra-indicated ư platelet 
counts are less than  75 000 cells/mm3 or if neutrophil counts 
are less than 1500 cells/mm3. For the recommended initial 3 
doses, see Uses and Administration, p. 885.3. Subsequent 
doses are based on neutrophil counts. The recommended 
dose íor the íourth week based on the neuữophiỉ count 
duiing the first 3 doses (of 60 mg/m2 weekly) is as foQows:
• >  1000 cells/mm3: 80 mg/mJ
• 5= 500 and <  1000 cells/mm3( 1 episode): 80 m glm 2

• >  500 and <  1000cells/mm3(2 episodes): 60mg/m2
• <  500cells/mm3: 60mg/m2
Similarly, for any dose thereaíter planned to be given as 
80 mg/m2, ư  the neutrophil count is below 1500cells/mm3 
and /o r the platelet count is betvveen 75 000 and 
100000cells/mm3, then the ơeaõnent should be delayed 
until recovery. Ií the neutrophil count is belovv 
500cells/mm3 or more than once is between 500 and 
1000cells/mm3, the dose should be delayed until recovery 
and the dose reduced from 80 to 60 mg/m2 weekiy for the 
next 3 doses.

It is possible to re-escalate the weekly dose írom 60 to 
80mg/m2 u  the neutrophil count did not dxop belovv 
500 cells/mm3, or to between 500 and 1000 cells/min3 more 
than once, during 3 doses given at 60mg/m2.

Adverse Effeđs, Treatment, and Precautions
As íor Vinblastine Sulíate, p. 882.1. The main dose-limiting 
eữect of vinorelbine is neutropenia. The nadir of the 
neutrophỉl count occurs 5 to 10 days aiter a dose, with 
recovery usually aíter a lurther 7 to 14 days. The drug 
shoụld be stopped ư moderate or severe neurotoxidty 
develops. Other common adverse eỉlects indude taste 
disorders, dysphagia, insorrmia, visual disorders, hypo- 
tension, cough, genito-urínary disorders such as dysuria, 
and chills. Severe hyponaữaemia may occur. Local pain and 
thrombophlebitis may be seen vvith repeated injection of 
vinorelbine. Gastrointestinal eữects such as nausea and 
vomiting are common vvith the oral ỉormulation; giving 
capsules vvith food may reduce the inddence, and 
prophylaxis with antiemetìcs is recommended. Capsules 
should not be opened or chevved as the contents are irrítant.

Care should be taken when using vinorelbine in patientỉ 
with a history of ischaemlc heart disease. Vinorelbine 
should not be given with radiotherapy ií the treatment Qeld 
indudes the lìver, and its use is contra-indicated in severe 
hepatic im painnent, see Administration in Hepatic 
Impainnent, above.

AdminUtrahon eiTOT. Inadvírtent intrathecal dcsís of vữica 
aỉkaloids resuli in asanding paraìysũ and death. For reíerence 
to the  successful treatment oí inadvertent intrathecal 
dosage oỉ vúicristme, and UK recommendations on dilu- 
tion of vinca alkaloids to avoid inưathecaỉ use, see 
p. 883.2.

Effects on the gostrointestinal tract. For reỉerence to a 
report of vmorelbine possibly exacerbating ischaemic col- 
ítis in patientỉ receiving docetaxel, see p. 781.3.

Porphyrio. The Drug Database for Acute Porphyiia, com- 
piled by the Nonvegian Poiphyria Cenơe (NAPOS) and 
the Porphyria Cenưe Sweden, dassUìes vinorelbine as 
probably not porphyiinogenic; it may be used as a drug oỉ 
first choice and no precautions are needed.1

1. The Drug Daiabase for Acuie Porphyri*. Avaỉlable II: h ttp://w w w . 
drugs-porphyria.org (accessed 26/09/11)

Interactions
As ỉor Vinblastine SuUate, p. 882.2. Vinorelbine is 
metabolised by the cytochrome P450 isoenzyme CYP3A4 
and use with sttong inhibitors or inducers of CYP3A4 may 
a&ect exposure to vmorelbine; caution is advised.

A ntibaderíak. A retrospecúve cohort study in Japan' 
ỉound that patỉents given clarithromyàn with vinorelbine 
were at greater risk for severe neutropenia than those 
given vũiorelbine alone.

1. Yano R  t í  a i  Evaluatíon oỉ potentỉal interactỉon berween vinorclbinc 
and  daiỉthrom ycỉn. Ann phamacother 2009; 43: 453-8.

Pharmacokinetics
As w ith the other vứica aỉkaloids, vinorelbine exhibits 
triphasic pharmacokinetics aỉter intravenous injection. 
Vmorelbine is rapidly absorbed from the gastrointestinal 
tract and peak plasma concentrations occur 1.5 to 3 houis 
after oral doses. The absolute bioavailability is about 40%; 
food does not alter exposure to vinorelbine. Comparable

bỉood concentradons occur with oral vinorelbine doses of 60 
and 80mg/m2 and intravenous doses of 25 and 30m g/m 2, 
respectively. Vinorelbine is extensively distributed, espe- 
dally  into pulmonary tissues; however, it is not ỉound in the 
CNS. Binding to plasma proteins is 13.5% but it is strongly 
bound to blood cells; binding to plateletỉ is about 78%. 
Vinorelbine is metabolised Via the cytochrome P450 
isoenrymẹ CYP3A4. The metabolite 4-0-deacetylvinorel- 
b ine (deacetylvinorelbine), which has anđneoplastic 
activity, is thought to be íormed by carboxylesterases. The 
m ean terminal halí-Uíe oí vúiorelbine is about 40 hours. 
Vinorelbine and its metabolites are excreted mainly in 
ỉaeces vỉa the bile but a small am ount (less than  20% of a 
dose) is ỉound in the urine, largely as unchanged drug. 
Reíerences.

1. Lcvẽque D, Jehỉ F. Clinicaỉ pharmacỡkỉnetícs of vinorelbiỉie. Oỉn 
Pharmaeokùưt 1996; 31: 184-97.

2. M any M, tí  al. Oral vỉnorelbỉne pharmacokinetics and absỉlu te  
bioavaỉỉabillry study ỉn patíents wỉtb solid tuxnors. Artrt Onaì 2001; 12: 
1643-9.

3. Bugat R  t í  al. The elíects of food on tbe pharmacokinctic proĐle OI oral 
vinorelbine. Cancer Chemother Pharmaeol 2002; 50:285-90.

4. Variol p, t í  ai. A sỉm uỉtaneous o ra l/in trav en o u s po p u litio n  
phartnacokinecic model ỉor vinorelbine. Eur J Cỉin Pharmacoỉ 2002: 58: 
467-76.

5. Wong M. tí aỉ. P rediaors of vinorelbine pharmacokinetics and 
pharmacodynamỉcs in patienu  with cancer. J  ơ in  Oneoĩ 2006; 24 :2148- 
55.

Preparations
Proprietory Preparatioiu (details are given in Volume B)

Single-ingredient Preporations. Arg.: Filcrin; Navelbine; Nead- 
tec Sulcoline; Vilne; Vinarine: Vinkebir; Vinorel; Vinorgen; 
AusiraL: Navelbine; Austria: Eberelbin; Navelbine; Bdg.: 
Navelbine; Braz.: Evotabina; Navelbine; Neodtec Norelbin; 
Oncobine; Tevavinoi; C a n a d Navelbine; chile: Navelb ne; 
china: Ai Ke Ning Gai Nuo (lẾií); Jie Bin (ỈSK);
Kang Neng (/SÍẼ); LeWei Min Nuo Bin Navel-
bine (i8#Ý ); Rui Ze (í##); Sui Bin ($S?s); Tai Bin (S S ) ; 
Cz.: Navelbine; Navừel; Nibrevint; Oncobine; Denm.: Navel- 
bine; Navừel; Fin.: Navelbíne; Navirel; Fr.: Navelbine; Ger.: 
Bendarelbin; Navelbine; Navin; NavứeL' Gr.: Eunades; Navel- 
blne; Zaolin; Hong Kong: Navelbine; Hung.: Navelbine; India: 
Navelbine; Vinelbine; ỉndon.: Navelbine; IrL: Navelbine; Israel: 
Navelbine; Ital.: Navelbine; Jpn: Navelbine; Malaysia: Navel- 
bine; Mex.: Bagovirt; Navelbine; Navildez; Vieby; Viessia; Vini- 
lex; Neth.: Navelbine; Navirel; Nonv.: Navelbine; Navirel; NZ: 
Navelbine; Phữipp.: Navelbine; Vinotel; PoL: Navelbine; Navứ- 
el; Port.: Navelbine; Navirel; Vinorel; Rus.: Maverex
(Maaepexc); Navelbine (HaBeaLỗMH); Velbin (Bui6kh); Vincatera 
(BHaxnepa); Vinelbin (Bhhcjo6hh); S.Afr.: Carcyt; Navelbine; 
Vinorel; singapore: Navelbine; Spain: Navelbine; Sweí: Navel- 
bine; Navirel; Switỉ.: Navelbine; Thai.: Navelbine; Viessia; 
Vinelbinet; Turk.: Navelbine; Renovel; UK: Navelbine; ukr.: 
Navelbine (HaaeniốHH); USA: Navelbine.

Pharmocopoeial Preparotioru
USP 36: Vinorelbine Injection.

Vismodegib (riNNi
GDC-0449; RG-3616; Vismodểgib; Vismódegibum; BncMOfls- 
rviõ. : -
2-Chloro-A/-[4-chloro-3-(pyridin-2-yl)phenỵO-4-(methanesul- 
fonyl)benzamide.
C19H„a2NAS=421.3 
CAS —  879085-55-9.
ATC —  L01XX43.
ẠTC Vet —  QL01XX43.
,UNII —  25X868M3DS.

Uses and Administration
Vtsmodegib is an orally active hedgehog pathvvay inhibiior 
that is used ỉor the treatment of basal cell cardnona 
(p. 714.2).

Por wamings and recommendations regardíng the s.'fe 
prescríbing, dừpensing, and use of oral antineoplastic drugs, . ee 
Adminừtration, p. 732.3.

Vismodegib is used to ơeat patients with metastatic ba; al 
ceD cardnoma, or with locally advanced disease that b  ỈS 
recurred after surgery or vvho are not candidates for surgei y, 
and who are not canđidates ỉor radiatìon. Ít is given in a do ;e 
of 150mg once daily until there is disease progression )r 
unacceptable toxldty. II a dose is missed it should ]ie 
omitted and the next dose taken as scheduled. Capsul :s 
should be swallowed whole, and not opened or crushed. 
Reíerences.

1. De Smaele E, t í  ai. Vismodegib, ề  smaỉỉ-molecule inhỉbUor oí I te 
hedgehog pathway ỈỮT the ưeatm ent oỉ Advanced cancerỉ. Curr 0} ỉn 
ĩỉTVtrriý Drúp  2010; 11: 707-18.

2. Grabant RA. t í  ai. Pbarm acoỉônetía oỉ bedgebog pathw ay ỉnhibit >r 
vỉsmodegỉb {GDC-0449) ỉn patíents Yỉiĩh loeaỉỉy advanceđ or metasta ic 
solid mmors: the role of a ỉpha-l-add  glycoprotein bỉnding. Cỉin Can rr 
R a  2011; 17: 2512-20.

3. Metcaỉỉe c . de Sauvage FJ. Hedgehog fíghts badc  mechanisms 3Í 
acquỉred resistance agaìnsr Smoothened antagonists. Cancrr Ra  2011: 
71: 5057-61.

All cross-references reíer to entries in Volume A

http://www
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4. Lorusso PM, t í  ai. Phannacokinetic dose-scheduling study of hedgehog 
pachway inhibitor vismodegib {GDC-0449} in patients with locaỉly 
advanced or metastatic soỉỉd tumors. Cỉin Caneer R a  2011; 17: 5774-82.

Adverse Efíects and Precautions
T h e  m o st c o m m o n  a d v e rs e  e ííec ts  of v ism o d eg ib  a re  m u s d e  
sp asm s, a r th r a lg ia s ,  a lo p e c ia , ía t ig u e , g a s tro in te s tin a l  
d is tu rb an c e s , ta s te  d is tu rb a n c e s , red u c e d  a p p e tite , a n d  
vveight lo ss. A m e n o r r h o e a  h a s  b e e n  re p o r te d  in  so m e p re -  
m e n o p a u s a l  v vom en . H y p o n a tra e m ia , h y p o k a la e m ia , a n d  
a z o ta e m ia  h a v e  a lso  b e e n  ío u n d  in  so m e  p a tíe n ts  g iv en  
v ism o d eg ib .

V ism o d eg ib  is  e x p e c te d  to  c a u se  e m b ry o - íe ta l  d e a th  a n d  
se v e re  b i r th  d e íe c ts , b a s e d  o n  its  m e c h a n ism  o f  a c tío n  a n d  
animal s tu d ie s . P re g n a n c y  s h o u ld  b e  e x d u d e d  b e ío re  
s ta r tin g  v ism o d e g ib  in  íe m a le  p a tie n ts  a n d  h ig h ly  e ffec tive  
c o n ơ a c e p t io n  u s e d  d u r in g  a n d  fo r  7  m o n th s  a fte r  th e ra p y . 
T h e  sa m e  p o te n t ia l  risk s  a p p ly  to  íe m a le  p a r tn e rs  o f  m a le  
p a tie n ts , w h o  c a n  b e  e x p o se d  to  v ism o d eg ib  in  se m e n ; 
c o n d o m s  w i th  s p e rm id d e  s h o u ld  b e  u se d , e v e n  a fte r  
v a sec to m y , d u r in g  a n d  fo r  2 m o n th s  a f te r  s to p p in g  
v ism o d e g ib  th e ra p y .

P a tie n ts  s h o u ld  a lso  b e  ad v ise d  n o t  to  d o n a te  b lo o d  o r  
b lo o d  P ro d u c ts  d u r in g  th e r a p y  a n d  fo r 7  m o n th s  a f te r  
s to p p in g  v ism o d e g ib .

Interactions
T h e  so lu b ili ty  o f  v ism o d e g ib  is p H  d e p e n d e n t  a n d  d ru g s t h a t  
a ffec t g a s tr ic  p H , su c h  a s  a n ta d d s ,  h is ta m in e  H 2-an ta g o n is ts , 
a n d  p r o to n  p u m p  in h ib ito rs , m a y  re d u c e  its  b io av a ilab ility . 
D ru g s th a t  ũ ih ib i t  P -g ly c o p ro te in  m ig h t in c re a se  sy s te m lc  
e x p o su re  to  v ism o d e g ib .

Pharmacokinetics
V ism odeg ib  is a b s o rb e d  ừ o m  th e  g a s tro in te s tin a l  tra c t, b u t  
w ú h  a n  a b s o lu te  b io av a ila b ility  o f  o n ly  a b o u t  32%  a fte r  a  
s in g le  d o se . I t  is h ig h ly  b o u n d  to  p lasm a  p ro te in s . 
V ism o d eg ib  is e x c re te d  m a in ly  as  u n c h a n g e d  d ru g  Via th e  
liv e n  a b o u t  8 2 %  o f a  d o se  is e lim in a te d  in  th e  ỉaeces  a n d  
a b o u t  4 .4 %  Ũ1 th e  u r in e .  T h e  e lim in a tio n  half-life  is a b o u t  
12 d a y s  a í te r  a  s in g le  d o se , b u t  4  day s a f te r  c o n tin u o u s  o n c e -  
d a ily  d o s in g .

Preparations
Proprietary Preparotions (details are given ỉn  Volum e B)

Single-ingredient Preparations. Israel: Hrivedge; UK: Erivedge: 
USA: Erivedge.

Vitespen IUSANI 

gp-96; HSPPC-96.
Glucosé regulated protein 94 (grp 94); Endoplasmín (human 
tumor rejectìon antigen 1).
CAS —  492443-75-6.
UNIỊ —  H3598Y1TU.

NOTE. T h e  n a m e  O n c o p h a g e  h as  b e e n  u se d  as a  tra d e  m a rk  
for v ite sp e n .

Profi'/e

V itesp en  is  a  p e rso n a lis e đ  c a n c e r  v a c d n e  (p. 7 5 7 .3 )  
p re p a re d  f ro m  h e a t  s h o c k  g ly co p ro te in  9 6  a n d  a s so d a te d  
p e p tid e s  iso la te d  f ro m  t h e  p a tie n t 's  tu m o u r ,  th a t  s tứ n u la te s  
a n  im m u n e  re s p o n s e  to  t u m o u r  ce lls . I t  is u n d e r  
in v e s tig a tio n  fo r  th e  t r e a tm e n t  o f re n a l cell ca rc in o m a , 
m e ta s ta t ic  m e la n o m a , a n d  v a rio u s  o th e r  so lid  n e o p lasm s.

R e íe re n c e s .
ỉ. YVood c , tí  ai. C-100-12 RCC Study Group. An adjuvant autoỉogous 

thcrapeuric vacdne (HSPPC-96; vitespen) versus observation alone for 
paiients at hígh rỉsk of recunence after nephrectomy íor renal cell 
cardnom a: a multicentre, open-label randomised phase HI tĩiaỉ. Lanctí 
2008; 372: 145-54

2. di Pietro A. t í  aí. Oncophage: step lo the íuture for vacdne therapy ỉn 
melanoma. Experi Opờt Biol Ther 2008; 8: 1973-84.

Preparations
Proprietory Preparoỉions (d e ta ils  a re  g iv e n  in  V o lu m e  B) 

Single-ingredient Preparations. R u s.:  O n c o p h a g e  (O iocoỳar).

V o s a r o x in  ỊUSAN, riNNI

ẠG-7352; SNS-595; SPC-595; Voreloxin; Vosaroxina; Vosarox- 
írie; Vosaroxinum; BopenoKCMH. : vv
(+)-7-[(35,4S)-3-Methoxy-4-(methylaminó)pyrroỉidin-1-yO-4- 
bxo-1-(thiazol-2-yl)-í,4-dihydro-1,8-napthỳridinè^3-car- 
; boxyltc acid.

CAS —  ỉ 75414-77-4. . .
ỤNII —  K6A90IIH9.

P r o / í / e

V o s a ro x in  is  a  q u in o lo n e  d e r iv a t iv e  t h a t  i n h ib i ts  
to p o iso m e ra se  n .  I t  is u n d e r  in v e s tig a tio n  fo r its  a n tin e o -  
p las tìc  p ro p e r tie s  in  th e  t r e a tm e n t  o f m a lig n a n t n e o p la sm s  
su c h  a s  a c u te  m y e lo id  le u k e m ia  a n d  o v a ria n  can cer. 
R e íe re n c e s .
■ I. Advanỉ RH. t í  ai. Voreloxin, a Arst-in-dass antỉcancer quinolone 

derivatìve, in relapsed/reửactory solld lu m o rr a repon on two dosing 
scheduỉes. ơ in  Cartar Ra  2010; 16: 2167-75.

2. Havvtin RE. t í  ai. Voreloxin ỉs an andcaneer quỉnoỉone derivatìve Chat 
intercaỉates DNA and poisons topoisomerase IL PLoS One 2010; 5: 
e io ĩs ó .

• 3. Krug LM, tí  aỉ. Phase Q rnulticemer trial of voreloxin as second-Ilne 
therapy in chemotherapy-sensitive or rcíractory small ceỉỉ ỉung cancer. J  
Thorac Ortcol 2011; 6: 384-6.

Vorinostat IUSAN. riNNi 

SAHA; Suberoylanilide Hydroxamlc Acid; Vorinostatum; 
BopnHocraT.
W-Hydroxy-A/-phenyl octanediamide.
C,«H2oNÁ=2643
CAS —  149647-78-9.
ATC —  L01XX38.
ATC Vet —  QL01XX38.
UNII —  58IF8293JI.

Uses and Administration
Vorinostat is a histone deacetylase inhibitor used for the 
treatm ent of cutaneous T-cell lymphoma (see Non- 
Hodgkin's Lymphomas, p. 696.3). The recommended dose 
is 400 mg orally, given once daily with food. This may be 
reduced to 300 mg once daily, vvith a hirther reduction to 
300 mg once daily for 5 consecutìve days of each week, if 
needed. Treatment may be continued as long as there is no 
evidence of Progressive disease or unacceptable toxicity. For 
wamings and recommendations rcgarding the sạfe pracribing, 
dùpensing, and use of oral antineoplastic drugs, see Adminừtra- 
tion, p. 7323.

Vorinostat is also under investigation for the treatment oí 
multiple myeloma and mesothelioma.
Reíerences.

1. 0 'C o n n o r OA. Cỉỉnỉcaỉ experíence w ỉth intravenous and oraỉ 
íormuỉatỉons oỉ the novel hỉstone deacerylase inhibitor suberoylanilỉde 
hydroxamic ad d  ỉn patỉems wiih advanced hanatoỉogic malignantíes. J  
á in  Qncoì 2006; 24: 166-73.

2. Krug LM. t í  al. Potentỉal role of hisione deacetyiase ỉnhibitors in 
mesocheỉỉoma: d in k a ỉ experỉence w ỉth  suberoyỉanỉỉỉde hydroxamỉc 
a d đ . Qin Lung Cancer 2006; 7: 257-61.

ỉ .  Ri chon VM. Cancer bỉology: mechanlsm oỉ antitum our action ol 
vo iinostat {suberoylaniỉide hydroxam ỉc add ), a novel hỉstone 
deacetylase inhibiior. Br J  Cancer 2006; 95 (suppỉ)ỉ S2-S6.

4. 0 'C onnor OA. Oinicaỉ experỉence wich ỉhe noveỉ histone deacetyỉase 
inhibitor vorỉnostat (suberoylanilỉde hydroxamỉc add) in patíents vvilh 
relapsed lymphoma. B rJ  Cancer 2006; 95 (suppl); S7-SỈ2.

5. Duvic M. zhang c .  Clintcai and ỉaboraiory experỉence o ỉ vorinostat 
(suberoylanỉỉỉde hydroxamỉc add) ỉn the treaonent of cuỉaneous T-cell 
ìymphoma. B rJ  cãnar 2006; 95 (suppl); S13-S19.

6. Ânonymous. Vorinostat (Zoỉinza) for cutaneous T-Cell lymphoma. Med 
Lett Drugs Ther 2007; 49 :23-4 .

7. Đuvic M. Vu J. Vodnostac a new oral hỉstone deacecylase ỉnhỉbitor 
approved for cutaneous T-cell lymphoma. Expert opin bxvat Drugs 2007; 
16:1111-20.

8. Richon VM. t í  aỉ. Deveỉopmem of vorinosiai: current applìcatìons and 
h ỉture  perspectìves for cancer therapy. Cartcer Ltít 2009; 280: 201-10.

Adverse Effects, Treatment, and Precautìons
For general discussions see Antineoplastics, p. 726.1, 
p. 730.2, and p. 732.2.

The most common adverse eííects of vorinostat are 
gastrointestinal disturbances, farigue, chills, dry mouth and 
taste disorders. Thrombocytopenia and anaemia are also 
common, and are dose-related; dose reductions may be 
necessary and in some instances, therapy may need to be 
stopped. Pulmonary embolism and deep-vein thrombosis 
ha ve occurred. Other adverse eííeas indude musde spasms, 
alopecia, dizziness, peripherai oedema, headache, pruritus, 
cough, upper respiratory-tract infection, and pyrexia. 
Increases in serum creatinine, hypokalaemia, and hyper- 
glycaemia have been reported, as has prolongation of the 
QT interval. Blood cell counts, electrolytes, glucose, and 
serum creatinine should be monitored every 2 weeks during 
the first 2 months oỉ therapy and monthỉy thereaher.

Interadions
Severe thrombocytopenia and gasưointestinal bleeding 
have been reported when vorinostat has been given vvith 
other histone deacetylase inhibitors such as valproic add; 
platelet counts should be monitored every 2 vveeks for the 
Ễrst 2 m onths of therapy. Vorinostat may prolong 
prothrombin time and aíỉect the INR in padents receiving 
coumarin anticoagulants.

Pharmacokinetícs
Aíter an oral dose of vorinostat vvith a high-fat m eat mean 
time to peak plasma concentradon was about 4 hours; this

w a s  re d u c e d  to  1.5 h o u r s  a ỉte r  ías tm g . A side b o m  th is  
d e c rease  in  th e  ra te  o f a b so rp n o n , a  h ig h -ỉa t  m e a ỉ also  
in c re a se d  th e  e x te rn  of a b so rp tio n . W h ile  th e se  resu lts  w e re  
s ta te d  n o t  tò  b e  d in ic a lly  s ỉg n ih c a n t, lic e n sed  p ro d u c t 
in ío rm a tio n  re c o m m e n d s  th a t  v o r in o s ta t  b e  ta k e n  w ith  
ỉo o d . P lasm a p ro te ỉn  b in d in g  is a b o u t  7 1 % . V o iỉn o s ta t  is 
m e ta b o lise d  b y  g lu c u ro n id a tio n  a n d  h y d ro ly sis  fo llo w e d  b y  
o x id a tio n ; m e ta b o li te s  a re  p h a rm aco lo g ica lly  in ac tív e . Less 
t h a n  1%  o ỉ a  dose  is r e c o v e re d  in  t h e  u r in e  as  u n c h a n g e d  
d ru g . T h e  m e a n  te rm ỉn a l ha lf-life  is  a b o u t 2  h o u rs  ỉo r  
v o r in o s ta t.

R e íe re n c e s .
1. Rubỉn EH. t í  ai. A smdy to đetermỉne the eữects oỉ food and multỉpỉe 

dosỉng on the pharmacokỉnetics oí vorinostat gỉven oralỉy to patíents 
with advanced cancer. ơ in  Caneer R a  2006; 12:7039-45.

Preparatíons
Proprietary PreparoHom (details are given in Volume B)
Sỉngle-ingredient Preporotions. Arg.: Zolinza; Canad.: Zolinza; Gr.: Zolinza; Jpn: Zolinza; USA: Zolinza.

Z alu tum um ab IUSAN, riNNi 

2F8; HuMax-EGFr; Zalutumumabum; 3anyryMyMaẽ. 
Immunoglobulin G1, anti-(human epidermal grovrth íãaor 
receptor)(human monodonal 2F8 heavy Chain), disulíide 
with human monoclonal 2F8 K-chain, dimer. :
C4S —  667901-13-5.

ProĩiỊẹ
Z a lu tu m u m a b  is a  h u m a n  m o n o d o n a l  a n tib o d y  ta rg e te d  a t  
t h e  e p id e rm a l grovvth ía c to r  re c e p to r  (EGFR). EG FR is 
fo u n d  o n  t h e  su rỉa c e  o ỉ  m a n y  c a n c e r  cells, a n d  a c d v a tio n  
th e r e o í  p ro m o te s  tu m o u r  cell g ro w th . Z a lu tu m u m a b  is 
u n d e r  in v e s tìg a tìo n  fo r  th e  tre a tm e n t  o f h e a d  a n d  n e c k  
can cer.

R e íe re n c e s . -
1. Rỉvera F, t í  aỉ. Current situatỉon ot xaỉutumumab. Expert Opờt Bioì Ther 

2009;9:667-74.

Z ib o te n ta n  IUSAN, tiNNỊ

ZD-4054; Zibotentán; Zibotentanum; LỊnõoTemaH.
N-(3-Methoxy-5-methytpyrazin-2-yl)-2-[4-(Í3,4-oxadiazol-2-
yl)phenyQpyrỉdine-3-sulfonamide.
C19H16N60,S=424.4 
CAS —  186497-07-4.
UNII —  8054MM4902.

Profíle
Zỉbotentan ỉs an endothelin-A receptor antagonist that ỉs 
under ỉnvestỉgatíon ỉor the treatment of hormone-resistant 
prostate cancer and other solid tumours, aỉthough inỉtỉal 
results have been disappointing.
Reíerences.

ỉ .  Morris CD, a  ai. Spetíhc inhỉbitlon of the endotheỉỉn A xeceptor wỉth 
ZD4054: dỉnỉcaỉ and pre-dỉnicaỉ evỉdence. B rJ  Cartar 2005; 92: 2148- 
52.

2. Warren R. Lỉu G. ZD4054: a specưic endotheỉỉn A receptor antagonisỉ 
with promỉsmg actìvlty ỉn metastatíc casiratíon-resistant p ro State cancer. 
Expert opin Invaí Drugs 2008; 17: 1237-45.

Zinostatin (USAN, HNNI

Neocarzinostatín;. Wsc-698S6; NSC-157365; Zinostatina; 
Zinostatinẹ; Zinbstatinum; 3nH0CTaTHH.
CAS —  9014-02-2 
UNII —  PP082U6W1L

D escription. Z in o s ta tin  ís a n  a n tin e o p la s tic  an tib io tic  
o b ta in e d  f ro m  Strqnomyces carúnostaticus. 
pharmacopoeias. Jpn i n d u d e s  r in o s ta ú n  s tim a lam er.

ProfìỊẹ
Z in o s ta tìn  is a n  a n tib io tic  w ith  a n tin e o p la s tic  ac tiv ity  a n d  
h a s  b e e n  u s e d  in  th e  ư e a tm e n t  o f  m a lig n a n t n e o p la sm s.

Z in o s ta tin  s tim a la m e r, a  c o n ju g a te  o f  z in o s ta tin  w i th  a 
s ty re n e -m a le ic  a d d  p o ly m e r , is g iv e n  b y  h e p a tic  in tr a -  
a rte ria l in je c tio n  fo r  th e  ơ e a tm e n t  o f  liv e r  c a n cer .

Preparatìons
Proprietary Prepandions (details are given in  Volum e B) 

Single-ingredient Preporetiom. Jpn: SMANCS.

Zorubicin Hydrochloride ÍUSAN, riNNMi 

Hidroclorúrọ de zorũbiciná; N5C-164011; RP-22050 (zorubi- 
cin); Zorubicina, hidrodórụro de; Zorubicine,',Chlorhydrate 
de; Zorubicini Hỵdrochloridurn; 3opy6ut4K H a rnflpọxnọpnfl. -

The Symbol t  denotes a preparation no longer actively marketed
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8enzoic acid (25-ósMl -[4-(3-amìno-2,3,6-trìdeoxy-arL-/yxo- 
hexópyranosylóxy)-1,Z3,4,6,ì l-hexahydrỡ-2,5,] 2-trihydróxy-
7-m'ethoxy-6;1 J -dioxonaphthacen;-2-yl]ethylidene}hydrazide 
hydrochlóride. \  ' ‘ ~ •
CÍ,H3sN3O;0rH a = 6821 . , '  '
-CẠS —  S4083-22-6 (2Dạibìan); 36508-7l:7 (zọrubidn hydro-
chlonde) t
ATC —  L01DB05 '
ATCVet— QLOlDBOS.
'ÙNIĨ —  VVXM8D9M6DE ■ ' r ' ' . ' ■

PrọẠYe
Zorubidn ũ  an anthracydine antíbiotic vvith antineoplastic 
actìons similar to those of doxorubidn (see p. 782.3). It  has 
been used as the hydrochloride in  the treatment of acute 
leukaemias.

All cross-references refer to  entries in Volume A
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Antiparkinsonian

The antìparkinsonian drugs described in  this chapter can be 
broadly divided into 2 groups; the dopam inergics, drugs 
that are used to potentiate the actions of dopamine, and the 
an tim usca rin ỉcs , drugs that are used to reduce excessive 
Central cholinergic eííects.

Dopamine is a key neurotransmitter in the CNS; in 
partỉcular. stríatal dopamine depletion is assodated with the 
dinical condition of parkinsonism. Dopamine also inhlbits 
prolactin release from the pituitary and is believed to be the 
prolactin-release inhibiting lactor (PRIF or PIF); dopamine 
dehdency in the pituỉtary is assodated with condỉtíons 
characterised by hyperprolactinaemia. Accordingly, drugs 
that replenish Central dopamine or that can act as stimulants 
of dopamine receptors (dopamine agoQists), may alleviate 
the symptoms of parkinsonism (see below), hyperprolacti- 
naemia (p. 2252.2), and related disorders.

At least 5 subtypes of dopamine receptor are thought to 
exist: D: receptors appear to stimulate adenylate cydase 
activity; D2 receptors activate various Systems and inhibit 
adenylate cydase activity. Dj, D* and D5 receptors have 
been less vvell studied but Dj and D4 are sũnilar to D2, 
íorming the D2-like group, vvhereas Di and Ds íorm the Di- 
like group. D2 receptors have been implicated in the 
pathophysiology of parkinsonism and schizophrenia.

Dopaminergics, or drugs that enhance their actions, 
described in  this chapter include:
• levodopa, which is converted by decarboxylatìon into 

dopamine in the body, and which, unlike dopamine 
itseli can peneạate the blood-brain barrier and supply a 
source of doparrứne to the brain

• the peripheral dopa-decarboxylase inhibitors, benser- 
azide and carbidopa, which have no dopaminergic action 
of theừ  own but increase the availability of levodopa

• apomorphine, which is structurally related to dopamine 
and acts as a dopamine agonist

• the adamantanamine, amantadine, which may augment 
dopaminergic activity

• the ergot derivatives, bromocriptine, cabergoline, 
lisuride, and pergolide, vvhich act as dopamine agonists

• various other non-ergot dopamine agonists, such as 
piribedil, pramipexole, ropinirole, rotigotine, talipexole, 
and terguride

• the spedfic monoamine oxidase type B inhibitors, 
rasagiline and selegiline, which enhance the action of 
dopamine and levodopa

• the catechol-0-methyltransferase inhibitors (COMT- 
inhibitors), entacapone and tolcapone, vvhich enhance 
the action of levodọpa

Antimuscarinic drugs are used in Parkinson's disease 
(idiopathic or prìmary parkinsonism) and, partịcularly, 
drug-induced parkinsonism. They act by redudng the 
excessive Central cholinergic eílects of dopamine dehdency. 
Antimuscarinics đescribed in this chapter indude the 
tertiary amines, such as benzatropine, orphenadrine, 
procydidine, and trihexyphenidyl, which are the most 
commonly used in the treatment of parkinsonism.

Drugs targeting non-dopamỉnergic pathways are being 
developed to reduce the impact of the motor complications 
associated w ith dopaminergic drugs. These indude 
istradelylline, a selective adenosine A2A-receptor antagonist 
that is given as an adjunct to levodopa therapy.

Parlònsonism
The syndrome of parkinsonism is characterised by tremor, 
rigidity, akinesia or bradykinesia, and loss of postural 
reflexes, associated with reduced dopamine activity in the 
brain. It may be d ass iỉìed  as lollovvs:
• primary (idiopathic) parkinsonism, usually reíerred to as 

Parkinson's disease (íormerly paralysis agitans)
• secondary (acquired) parkinsonism, induding postence- 

phalitic parkinsonism, drug-induced parkinsonism, and 
symptoms assodated vvith manganese poisoning

• 'parkinsonism-plus' syndromes where parkinsonism is a 
íeature of other degenerative diseases of the CNS, such as 
Progressive supranudear palsy and mtiltiple System 
ãtrophy

'Arteriosderotic parkinsonism' has been used to describe 
parkinsonism assodated with cerebrovascular disease, 
although this may be conỉusing since. vascular brain 
damage is not a  cause of Parkinson's đisease.

The term  parkinsonism is often used for the idiopathic 
íorm, tha t is, Parkinson's disease. Parkinson's disease and 
postencephaiitic parkinsonism have been attributed maỉnly 
to depletion of strìatal dopamỉne in the basal ganglia as a 
result of the loss of neurones in the substantia nigra. Striatal 
dopamine dehdency results in loss of the normal functional 
balance between dopaminergic and cholinergic activity and

Drugs

the aim of tteatm ent is to increase the former and/or 
decrease the latter.

The cause of Parkimon's distase is not established, 
although environmental and genetic lactors are probably 
superimposed on a  background oỉ neuronal loss related to 
'ageing. MPTP (l-methyI-4-phenyl-1,2,3,6-teưahydropyr- 
idine), a contaminant of an illidtly produced pethidine 
analogue MPPP (l-methyl-4-phenyl-4-propionoxypiperi- 
dine), causes ữreversible parkinsonism similar to Parkin- 
son's disease. This effea appears to follow conversion by 
monoamine oxidase B to the neurotoxic methylphenylpyr- 
idinium ion, which is selectively concentrated in dopamin- 
ergic neurones in the substantia nigra. It has been proposed 
that hee radicals produced during normal metabolism of 
dopamine in the brain by monoamine oxidase B might be 
simiỉarly neurotoxic to dopaminergic neurones in the 
substantia nigra (the oxidant stress hypothesis). This has led 
to concem that use of levodopa, by increasing the supply of 
dopamine, might thereíore exacerbate neurodegeneratlon 
and hasten the progression of Parkinson's disease but 
compelling evidence of such an ehect is lacking.

Drug-induced parkinsoniỉm (see Extrapyramidal Disorders, 
p. 1049.2) can arise hom  depletìon of presynaptic 
dopamine, as w ith reserpine and tetrabenaàne, or hom  
blockade of postsynaptic dopamine receptors in the 
striatum, as by antìpsychotics and some antiemetics su ch 
as metoclopramide. It is generaUy reversỉble on drug 
withdrawal or dose reduction and may sometimes disappear 
gradually despite continuous drug therapy. Although the 
use of levodopa to overcome antipsychotic-induceđ 
blockade of dopamine receptors might appear rational, it 
has generally been reported to be ineffective or to increase 
psychlatric symptoms. Antimuscarinics may provide relieí 
hom the extrapyramidal symptoms that occur as adverse 
effects of antipsychotic therapy; hovvever. they do not 
relieve the symptoms of tardive dyskinesia and should be 
withdrawn if it develops.

There is no cure for Parkinson's disease. Although the 
possibility of using drug therapy to slow neurodegeneration 
is being investigated, no drug so far has a proven 
neuroprotective eữect. T re a tm e n t is palliative and 
symptomatic and consists m ainly of drug therapy 
supplemented when necessary with physical treatment 
such as physiotherapy and speech therapy. Surgery is 
occasionally used and there is grovving interest ìn the use of 
transplantation and in electrical devices for the conưol of 
tremõr.

D rugs used  in  P ark in son 's  disease. Drug therapy 
consists largely of the use of dopaminergics or antimusca- 
rinics in an attempt to restore the normal balance between 
dppamỉnergic and cholinergic aaivity. Dopaminergics may 
act by d irea replacement o! dopamine, bỵ delayỉng the 

-metabolism of enđogenous dopamine, by stimulation of 
dopamine receptors directly, or by enhancement of release 
of endogenous dopamine. Drugs with diữering actions are 
often used together to achieve optimum conttol of 
symptoms.
• Levodopa is the most effective symptomatic treatment. It 

is converted by decarboxylation into dopamine and, 
unlike dopamine, can penetrate the blood-brain barrier 
and supply a source of đopamine to the brain. Levodopa 
is usually given with a peripheral dopa-decarboxylase 
inhibitor such as benseraáde or carbidopa. These drugs are 
unable to penetrate the blood-brain barrier and therelore 
prevent only extracerebral conversion of levodopa to 
dopamine. This allows effective concentrations of 
dopamine to be achieved in the brain with lower doses 
of levodopa and also reduces nausea and vomiting and 
other adverse ehects associated vvith peripheral forma- 
tìon of dopamine.
The mạịority of patìents respond initially to levodopa and 
its use has improved the quality and duration of life. 
However, aher 2 years or more, beneht is reduced as the 
disease progresses and late complications emerge. Apart 
hom  dyskinesias and psychiatric eííects, a major problem 
with long-term levodopa treatment is the appearance of 
Quctuations in mobility, the two predominant íorms 
being 'end-of-dose' deterioration ('wearing-otf effect) 
and the 'on-off' phenomenon (see Complications of 
Treatment, below). Thus, views dưfer as to the best time 
to start treatm ent and the dosage to use in order to limit 
the long-term complicatíons.
Catechol-O-methyhransíerase (COMT) inhibitors, such 
as entacapone and tolcapone, are selective and reversible 
inhibitors of COMT, with mainly perlpheral actions. 
They are given as adjunctive therapy-to patients wlth 
Huctuations in disability related to levodopa and dopa- 
decaiboxylase inhibitor combinations; because of the risk

of serious hepatotoxicity, tolcaponé should be restricted 
to when other adjunctíve therapy is inehective or 
contra-indicated. When levodopa is used with a 
peripheral dopa-decarboxylase inhibitor, O-methylation 
becomes the predominant ỉorm of metabolism of 
levodopa; adding a peripheral COMT inhibitor can thus 
extend the duration and ehect oỉ levodopa in the brain, 
and allovv lower and less hequent doses of levodopa. 
They thereỉore can help to stabìlise patients, espedally 
those with 'end-of-dose' deterioration.

• RasagiUne and selegilùu are selective inhibitors oỉ 
monoamine oxidase type B, an enzyme involved in the 
metabolism oỉ dopamine in the brain. w hen  ụsed with 
levodopa in severe parkinsonism they have a dose- 
sparing effect and are oỉ value in patỉents with 
ũuctuatỉons in mobility. Early tteatment with selegiline 
may delay the need fòr levõdopa and therẹ has been 
much interest in the possibility that these drugs might 
have neuroprotective etíects, bụt it is diỉhcult to separate 
any putative effect on dỉsease progression hom 
symptomatic benehts, and at present there is insuỉhãent 
evidence to show that any ceatm ent can slow 
progression of the disease. Used alone, selegilme 
produces few adverse effects but when used ,with 
levodopa it can provoke or vvorsen dyskinesias or 
psychiãtric symptoms and doubts have bẽen expressed 
on the saíety of long-term use.

• Dopamine agonists such as bromoaiptine, cabergoline, 
pĩrgolide, pramipexole, ropiniroỉe, and rotigotitư a a  by 
direct stimulation of remainỉng postsynaptíc dopamine 
receptors. Dopamine agonists are increasingly used in the 
early ưeatment o£ younger patients with parkinsonỉsm in 
an attempt to delayTherapy with levodopa (younger 
patients are at an increaseđ risk oỉ motor complicatíons 
vvith levodopa). However, theh  efficacy ohen decreases 
aher a few years. In older patients they may be reserved 
for adjunctive use whcn ỉevodopa is no longer effeạive 
alone or cannot be tolerated. They are sometimes useỉul 
in reducing 'off' periods with levodopa and in 
amelioratmg Huctuaúons in mobility in the later stages 
oi the disease. Apomorphine is a potent dopamine agonist, 
but must be given parenterally and with an antiemetic. 
Although this restricts its use, it has a role in stabịlising 
patients who suffer unpredictable 'on-oữ' eỉfects. It is 
also used in the diữerential diagnosis of parkinsonism.

• Antimuscarinics are considered to have a vveak 
antiparkinsonian eílect compared with levodopa. They 
may reduce ơemor but have little eữect on bradykinesia. 
They may be oỉ use alone ọr with other drugs in the 
initial treatment of paúeiits with mild symptoms, 
espedally when tremor is pronounced, or later as an 
adjunct to levodopa, such as in patients vvith reíractoiy 
tremor or dystonias. Antimuscarinic advetse ehects, 
parácularly cognitive impainnent, occur hequently and 
can limit their use. However, some antimuscarinic eữects 
can ameliorate complications assodated with Parkinson's 
disease; dry mouth may be an advantage in patients with 
sialorrhoea. There appear to be no important diỉíerences 
in the elíicacy oỉ antimuscarinics for Parkinson's disease 
but some patients may tolerate one drug better than 
another. Those commonly used for Parkinson's disease 
include bematropine. orphenadrine, procycỉidim, and 
trihexyphenừtỵl.

• Amantadine is a vveak dopamine agonist vvith some 
antimuscarinic activity although its activity as an 
antagonist of AÍ-methyl-D-aspartate may also have a 
beneíidal effect in Parkinson's disease. It has mild 
antiparkinsonian eííects compared with levodopa but is 
relatively hee hom adverse eãects. It can improve 
bradykinesia as vvell as tremor and rígỉdity but onỉy a 
small proportion oí patients derìve much beneht. It is 
used similarly to antimuscarinics in early disease when 
symptoms are mild, but tolerance to its elỉects can occur 
rapidly.

• IstradeỊylline is a selective adenosine A2A-receptor 
antagonist given as an adjunct to levodopa therapy. 
Drugs targeting non-dopaminergic pathvvays, such as the 
adenosine pathway, are being developed in  .order to 
reduce the impact oí the motor complications assotíated 
with dopaminergic drugs.

Choice a n d  im p ĩem en ta tỉo n  of d ra g  t r e a tm e n t  u
symptoms are mild, drug therapy may not be required in the 
early stages of the disease. When symptotns become 
ữoublesome but are stíll relatívely mild amarứadine or an 
antimuscarinic may be started; antúnuscarinics are useỉul 
when ttemor predominates but are generally more suitable 
for younger patients and in  drug-induced rather than 
ỉdiopathỉc parkinsonism. Some have begun treatment with
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seìegiUne immediately, but there have been doubts over 
w hether it has a neuroprotective effect, as postulated, and 
also over long-term saíẽty. There is no consensus on when 
to stait dopaminergic ơeatm ent or vvhether to begin with 
levodopa or a dopamừư agonist. For most patients treatment 
w ith levodopa eventually becomes necessary, but many 
neurologists delay initial treatm ent with levodopa because 
of the increased risk of motor complications. New patients, 
espedally youngerpatients, theréíore often begin ưeatm ent 
w ith a  dopamine agonist, w ith levodopa reserved for the 
elderiy, the frail or those w ith ỉntercurrent lllness or more 
severẽ symptoms.

W hen Ievodopa does become necessary, the usual 
practice is to start with small doses, given with a peripheral 
dopa-decarboxylase inhibitor, and increase slowly to a dose 
which reduces disabillty to an acceptable level. Variations in 
response and diminishing eíhcacy over the years necessitate 
carehil adjustment of the size and ỉorm oỉ the dose and the 

. dosage schedule.
_ C om pllca tions o f tre a tm e n t. Pluctuadons in mobility 

have been repoited in more than half of patients on 
levodopa after 5 years of therapy. They generãlly proceed 
through predỉctable /end -o f-dose ' deterioration to the 'on - 
o f r  phenom enon with marked very sudden svvings from 
mobility to immobUitỴ. The cause of the Huctuatỉons is not 
known, but multiple factors induding desensitisation of 
dopamỉne receptors, interíerence with the response to 
dopamine by other levodopa metabolites such as 3-0- 
methyldopa, Auctuating plasma concentradons, and erratic 
transport of levodopa bom  blood to the brain have been 
suggested. It appears that as the disease progresses the 
capadty of the nigrostriatal dopaminergic System to 
synthesise and store dopamine, and to act as a buller in 
maintaining dopamine brain concentrations, dedines. 
Dopamine concentratíons thereíore become more depen- 
dent on levođopa dosage and the pattern of response wi]l 
come to  reỉlect more dosely the rise and fall in levodopa 
concentrations. EventuaUy the eữect of various íactors that 
produce even small changes in plasma concenơaúons of 
levodopa will progressively become more pronounced.

Approaches to the m anagem ent õf 'end-ol-dose' 
Quctuatỉons indude more írequent but smaller doses and 
the use of modihed-release preparatíons. Addition of 
selegiline or partial replacement of levodopa by a dopamine 
agonist w ith a more prolonged action may also be tried.

Various attempts have been made to overcome the 'on- 
off' phenom enon. Those speculatìng that long-term 
ưeatm ent results in altered dopamine receptor sensitivity 
have used controQed withdrawal of levodopa for short 
periods ('drug holidays') but it is a dangerous procedure of 
doubthil value and no longer reconunended.

Others have linked the 'on-off' phenomenon to variable 
plasma concentrations although, since transỉer of levodopa 
into the brain involves active ữansport mechanisms. 
concentrations in plasma máy not necessarily reílect those 
in the braiĐ. Continuous intradúodenal or intravenous 
iníusion of levodopa has been shown to reduce Aucruations 
in mobility, which suggests that dopamine receptors are still 
sensitive, aỉthough this is not practical ỉor day-to-day 
management (but see below). However, there is evidence 
that some patients may beneSt bom  modihed-release 
ỉormulations of levodopa with a peripheral dopa-decar- 
boxylase or COMT inhibitor. As levodopa competes with 
amino adds íor uptake into the brain. attempts to lessen 
Suctuations in  dopamine brain concentradons have 
induded taking levodopa on an empty stomach and also 
delayỉng most of a day's protein consumption until the 
evenỉng; Additíon of entacapone, rasagiline, selegiline, or a 
dopamine agoniỉt may also help to reduce 'on-off' 
phenom ena. If Huctuatíons remain a problem subcutaneous 
apomorphine is oỉten effective. In some countiies a gel 
formulation of levodopa with carbidopa is available ỉor 
continuous inỉusion by an  ambulatory pump into the 
duodenum  when other avaỉlable combinatỉon therapy has 
not been satisỉactory.

Other complications of treatment vvith levodopa can 
indude : dysldnesia , which may respond to dosage 
adjustment OI paitial replacement of levodopa with a 
dopamine agonist. Amantadine may also be considered, 
a lthough evidence is laddng. Some patients w ith 
Parkinson's disease may have severe p a ln  and dystonỉa; 
measures to increase 'on ' periods can help reduce or 
eliminate pain in most patients.

Patients vvith Parkinson's disease can suffer bom  a range 
of p sych la tric  eííects, su ch as depression. dementia, sleep 
disturbances, and psychosis, due to  the adverse eííects oi 
drug therapy and to disease progression. It has been 
recommended that if patients develop psychotíc reactions, 
an attem pt to adjust their antỉparkinsonỉan drugs shouỉd be 
tried beíore resoiting to the use of antipsychotics. Although 
dassical antipsychotics are usually contra-indicated becaùse 
they can exaceibate parkinsonism, atypical ahtípsychotics 
su ch as dozapine and quetiapine may be used in treatment- 
resistant psychosis—see Disturbed Behaviour, p. 1030.2. 
The cholỉnesterase inhibitor rivastigmine is licensed in some

c o u n t r i e s  f o r  t h e  s y m p to m a t i c  t r e a t m e n t  o f  m i l d  t o  
m o d e r a t e l y  s e v e r e  d e m e n t i a  i n  P a r k i n s o n 's  d i s e a s e .  
E x c e s s i v e  d a y t i m e  s l e e p i n e s s  a n d  s u d d e n  o n s e t  o f  
s l e e p  h a v e  b e e n  r e p o r t e d  w i t h  d o p a m l n e  a g o n i s t s ,  a s  h a v e  
b e h a v i o u r a l  d i s t u r b a n c e s  i n d u d i n g  i n t e n s e  u r g e s  t o  
g a m b le  a n d  in c r e a s e d  s e x u a l  u r g e s ,  a n d  p a t i e n t s  s h o u l d  b e  
w a m e d  o f  t h e  p o s s ib le  r is k s  ( s e e  E í íc c t s  o n  M e n t a l  F u n c t i o n ,  
u r i d e r  A d v e r s e  E H e c ts  o f  L e v o d o p a ,  p .  9 0 5 .2 ) .  F i b r o t ỉ c  
r e a c t i o n s  r e s u l t i n g  i n  c a r d i o v a s c u l a r  a n d  p u l m o n a r y  
a d v e r s e  e ỉ ỉ e c t s  h a v e  b e e n  r e p o i t e d  w i t h  e r g o t  d e r iv a t iv e s  
a n d  p a t i e n t s  s h o u l d  b e  m o n i t o r e d  ( s e e  F ib ro s i s ,  u n d e r  
A d v e r s e  E ữ e c t s  o f  B r o m o c r ip t in e ,  p .  8 9 7 . 3 ) .  N a u s e a  a n d  
v o m ỉ t i n g  i n d u c e d  b y  d o p a m in e r g i c s  m a y  b e  m l n i m ỉ s e d  b y  
i n t r o d u d n g  t h e  d r u g  g r a d u a l ly  a n d  g iv in g  t h e  d o s e  w i t h  
fo o d ,  b u t  í f  t h i s  is  ỉn e f f e c t iv e  o r  a p o m o t p h i n e  i s  b e i n g  u s e d  
t h e s e  e f f e c ts  c a n  b e  c o n ơ o l l e d  b y  t h e  a n t i e m e t i c  d o m p e r i -  
d o n e .  D o m p e r i d o n e  d o e s  n o t  r e a d i l y  a o s s  t h e  b lo o d - b r a i n  
b a r r i e r  a n d  t h e r e ỉ o r e  a c ts  m a i n l y  a s  a  p e r i p h e r a l  d o p a m i n e  
a n t a g o n i s t .  T o le r a n c e  t o  t h e  n a u s e a  u s u a l l y  d e v e lo p s  a í t e r  a  
f e w  w e e k s  a n d  d o m p e r í d o n e  m a y  t h e n  b e  v v i th d r a v m .
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Amantadiini; Amántadin; Am ạhtadina;, Ạrhantặdinum; 
AMaHTaqnH..
Tricyclo[33.1.117]dec-1 -ylamine.
C10H,7N=1513 
CAS —  768-94-5.
ATC —  N046B01.
ATC Vet —  QN048801.
UNII —  BF4C9ZỈJ53.

Amantadine Hydrochloride
(B A N M , U S A N , p lN N M I

1 -Adàmantanamine Hydrochloride; Amantãdiinihýdroklor- 
idi; Amantádiha, hidrocloairọ de; Amantadine, chlorhydrate 
d'; Amantadin-hidroklorid; Afnantađin-hydrochlorid; Áman- 
tadinhydrochiorid; Amantadinhydroklorid; Ạmantadini 
Hýdrochloridum; 'Amántadino hidróchlòridas;. EXP-105-T; 
HÍdrocloruró de amantadina; N5C-83653;. AMaHTaqMHa 
rnqpox/iopMA.
Tricydo[33.1.13'7]dec-1-ylamine hydrochloride.
C)0H17N,Ha=187.7
CAS-  665-66-7.
ATC —  N04BB01. ,
ATC Vet —  QN04BB0Ì.
UNII —  M6Q1EO9TD0.

Pharmacopoeias. In Chirt., Eur. (see p. vii), Jpn, and us. 
Ph. Eur. 8: (Amantadìne Hydrochloride). A white or almost 
white crystalline powder. It sublimes on heating. Freely 
soluble in vvater and in alcohol.
USP 36: (Amantadine Hydrochloride). A vvhite or 
practically white crystalline powder. Soluble 1 in 2.5 of 
vvater, I in 5.1 of alcohol 1 in 18 o( chloroỉorm, and 1 in 70 
o( macrogol 400. pH of a 20% solutíon in w ater is between
3.0 and 5.5.

Amantadine Sulfate ip iN N M i  

;Amantadina, sulíato de;,Amantadine, SuHãte d'; Amantadine 
Sulphate; Amantadini Sulfas; Sulfato de amantadina; 

■AM3HTaflHHaCynbộaT.
(C)0H, 7N) j3 0 4=398.6 
CAS — 3Í377-23-8.
ATC —  N04BB0Ĩ.
ATC Vet —  QN04B80Ì.
UNII —  992ỈT5P019.

Uses and Administratìon
Amantadine is a vveak dopamine agonist w ith some 
antimuscarìnic activity; it is also an antagonist at N-methyl- 
D-aspartate receptors. Amantadine has mild antiparkinso- 
nian activity and is used Ũ1 the management of parkinson- 
ism (p. 891.2), mainly in early disease when symptoms are 
mild. It may improve bradykinesia, rigidity, and tremor but 
tolerance can develop.

Amantadine is aỉso an antiviral that inhibits replicatìon 
of influenza type A virus; it has very little or no actívity 
against influenza type B virus. It is used prophylactìcally 
against ứiíection with influenza type A vữus and to 
ameliorate symptoms w hen given duríng the early stages of 
inỉection (but see p. 891.2).

Amantadine has also been used in tbe management oỉ 
herpes zoster (see Varicella-zoster Inỉections, p. 956.2).

Amantadine is usually given orally as the hydrochloride 
and the doses below are expressed in teims oí this salt.

In parkứ ison lsm , ưeatm ent is usually staned with 
lOOmg daily, increasing to lOOmg tvvice daily aíter a week 
or more. Doses up to a maximum of 400 mg daily have 
occasionaliy been used. The lovvest eữective dose should be 
used in patients over 65 years of age because of the  potential 
íor reduced renal dearance in this age group. Withdrawal of
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Amantadine 891

amantadine treatment for parkinsonism should be gradual 
to avoid exacerbating the condition; UK licensed product 
information ĩuggests decreasing the dose by haU at weekly 
intervals.

The dose of amantadine in the UK tor the treatment of 
in fluenza A is 100 mg daily, usually given for about 5 days. 
For the prophylaxis of influenza A the same dose is given for 
as long as protection hom  iníection is requữed, w hiđi may 
be for about 6 weeks. Iỉ amantadine is being given with 
inũuenza vacdnatìon then ít is usually only given for up to 
3 weeks after vaccinatìon. Children aged 10 to 15 yearsmay 
also be gi ven 100 mg daily for the recommended period. A 
daily dose of less than 100 mg or 100 mg given at intervals 
greater than one day has been recommended for patients 
over 65 years of age.

Doses in the USA are higher than those in the UK: for the 
treatment oỉ influenza A the daily dose is 200 mg daily as a 
single dose or in tvvo divided doses, continued for 24 to 48 
hours after the disappearance of symptoms. The same dose 
is given for the prophylaxis oỉ influenza A ỉor at least 10 
days after exposure. ư  given with vacdnatìon then 
amantadine should be taken for the next 2 to 4  vveeks. 
The dose of amantadine should be reduced to lOOmg daily 
in patients aged 65 years and over, and in those who show 
intolerance to the higher dose. u s  licensed product 
iníormatìon recommends that children aged 1 to 9 years 
m ay 'be given 4.4 to 8.8mg/kg daily to a maximum of 
Ỉ50m g daily, although the CDC suggests 5mg/kg daily 
(maxữhum 150mg daily) to reduce the risk o{ toxidty. 
Older children may be given 100 mg twice daily; CDC 
suggests that children weighing less than 40 kg should be 
given a dose of 5 mg/kg daily, regardless of theứ age.

In herpes zoster, treatm ent w ith lOOmg twlce daily 
may be given for 14 days; if pain persists, treatment may be 
continued for a turther 14 days.

T h e  d o s a g e  o f  a m a n t a d i n e  s h o u l d  b e  r e d u c e d  in  p a t i e n t s  
w i t h  r e n a l  i m p a i n n è n t  ( s e e  b e lo v v ) .

Amantadine sulíate has been used similaily to the 
hydrochloride; it has been given oially or by intravenous 
inhision.

Administration. Amantadine sulíate has been used suc- 
cesstully in doses of up to 600 mg daily by intravenous 
iníusion in the management oỉ akinetic crisis in patients 
vvith Parkinson's disease.1

1. Gỉdoth N, a ãl. I.v. a man ti diue [sic] sulíate for cxcrapyramidal crisis. 
Ctin Pharm 1985; 4ỉ 146.

Administration in children. For doses oí amantadine 
hydrochloride in the prophylaxis and treatment of influ- 
enza A in children, see p. 890.3.

Administration in renal impoirment. The oral dose of 
amantadine hydrochloride should be reduced in patìents 
with renal impaữment by either redudng the totăl daily 
dose or by increasỉng the dosage interval in accordance 
with theừ creatinine dearance (CC).
In the UK the following doses are recommended:
• c c  over 35mL/min: lOOmg daily
• c c  15 to 35 mL/min: 100 mg every 2 to 3 days
• c c  less than 15 mL/min: not recommended
In the USA the fo!lowing doses are recommended:
• c c  30 to 50 mL/min: 200 mg on  the first day followed by 

lOOmg daily therealter
• c c  15 to 29 mL/min: 200 mg on the Brst day ỉollovved by 

100 mg on altemate days
• c c  less than 15mL/min or those on haemodialysis: 

200 mg every 7 days
See also under Precautions, p. 892.2.

Extrapyramidal disorders. Amantadine has been used as 
an altematíve to antímuscarinics1 in the short-term man- 
agement of druỊ-induced extrapyramidal symptoms 
(p. 1049.2). US licensed product inlormation has recom- 
mended a usual oral dose oỉ 200 mg daily in 2 divided 
doses increased up to 300 mg daily ư  necessary. Hovvevei; 
the development of tolerance has limited its usehilness. 
See also Parkinsonism, below.

Amantadine has been investigated in the management of 
chorea in patients vvith Huntington's disease.13

1. Kổnlg p. tí  a i  A n u n ttd ỉne  versus biperiden: ẵ double-blỉnd ỉtudy  of 
ưcaòncnt eỉScacy ỉn  neuroỉeptỉc extrapyramỉdal movement dỉsorders. 
Neitropsychobioỉogy ỉ 996; 33: 80-4.

2. Magnet MK. t í  ứl. Amantadỉne ỉn  the  aỉtínetic>ĩỉgỉd variant oí 
Huntỉngton's dỉsease. Ann Pharmacother 2ỠỠ4; 38:1194-6.

3. Heckmann J M  t í  ai. IV am antadỉne iraproves chorea ỉn Huntỉngton's 
dỉsease: an acute randomỉzed, controũed study. bieurology 2004; 63 :597-
8.

Hepatitis c  Amantadine has been investigated1"* as an 
addition to interíeron-based antivừal regimens in  the 
treatm ent of chronic hepatitis c  iníection (p. 952.1). A 
meta-analysis1 conduded that it was of no value in  treat- 
ment-naive patients or relapsers, but that triple therapy 
with amantadine, ribavirin, and interieron improved sus-

tained responses in patients previously unresponsive to 
therapy.

1. Deltenre p, t í  al. Evaluaôon of am antadỉne ỉn chronic hepatỉtlỉ C: a 
raea-anaiysỉs J Hepatoỉ 2004; 41:462-73.

2. Stauber RE. t t  ai. Retreatment of patíents w ith chronỉc hepatitís c  no t 
respondỉng to imerỉeron/ribavỉrỉn com binadon therapy with daỉly 
interíeron pỉus ribavỉrin plus amantadine. Wien Klin Wochemehr 2004; 
116: 530-5.

3. Herrine SK, t í  aỉ. Pegỉnterỉeron aJpha-2a cornbination therapỉes ỉn 
dưonic  hcpatỉtis c patíents who reỉapsed after o r had â viral 
breakthrough OQ therapy with Standard ỈĐterỉeron alpha-2b plus 
ribavirin: a pỉỉot study of eíBcacy and saíety. Dig Dử Sá  2005; 50:719-26.

4. Mangia A. tí  aỉ. À random ked controlled tiial of pegylated ỉnteríeron 
alphă'2a (40 KD) or interíeron aỉpha-2a plus rỉbavirỉn and am antadỉne 
vs interíeron aipha-2a and ribavirin ỉn treatm ent-nalve patients w ỉth 
chronic hepadtỉs c . J  Viraỉ Hepatítà 2005; 12: 292-9.

H ic c u p .  Amantadine1 has been reported to have produced 
beneBdal results in patients with intractable hiccups. For 
the management of intractable hiccups see under Chlor- 
promaáne, p. 1046.3.

1. Aỉkenasy JJM .A n/. Pcrsútent hiccup cuređ by amantadine. N  EnỊÌ 1 M td  
1988; 318; 711.

I n f lu e n z a .  Amantadine has been used similarly to riman- 
tadine (p. 1012.2) in the prophylaxis and treatment of 
influenza A (p. 960.2). In adults, the two drugs are equally 
eữective, but amantadine is assodated with more advene 
eííects;1 hirther study on theừ saíety and eíhcacy in chil- 
dren and the elderiy is conãdered vvarranted.2 Amanta- 
dine reduced the duiation of iníluenza A symptoms when 
given in a dose of 200 mg daily vvithin 48 hours of the 
onset of symptoms.’ Hovvever, although amantadine is 
licensed in the UK and USA for the prophylaxis and treat- 
ment of influenza A. its use ỉor such purposes is not 
recommended by authoritíes in these countries because o! 
resistance in drculatùig iníluenza A virus sơains.4̂

Resistance to amantadine may occur rapidly 7  For hirther 
iníormation see Resistance, under Rimantadine, p. 1013.1.

1. JefỉenonT. etai. A m anudỉne and rímantadine for in íluerưa A in aduỉts. 
Avaỉỉabỉe ỉn The Cochrane Daubase oí Systematỉc Revievrs;. Issue 2. 
Chỉchesten John VVUey; 2006 (accessed 21/06/06).

2. Aỉves Galvỉo MG. tí aỉ. Amantadỉne and rim antadỉne ỉor iníhienza A ỉn 
children and the eỉderly. Avaỉỉable ỉn  The Cochrane Database oi 
Systemaúc Revỉevvs; Issue 1. Chỉchesten John  Wiley; 2008 (accessed 
29/05/08).

3. Nicholson KG, Wiseỉka MJ. Amantadine for inQuenxa A. B M J1991; 302: 
425-6.

4. CDC. Antiviral agents lor the treatm ent and  chemoprophylaxỉs oỉ 
influenza: recommendations o{ the Advisory Comminee on Immunỉza< 
tkm Practỉces (ACIP). MMWR 201 ỉ; 60 (RR-Ỉ); 1-26. Also available a t  
http://www.cdcgov/m m wr/pdf/rr/rr600l.pdf (accessed 09/02/11)

5. NICH. Oseltamivir. amantadỉne (review) and  zanamivỉr ỉòr the 
prophylaxỉs of ỉnlluenra—indudes a review of NICE tedm oiogy 
appraisal guidance 67: NICE Technology Appraisaỉ Guldance 158 (ỉssued 
September 2008). Available at: http://m vw.nice.org.uk/niceracdia/pdi/ 
TA158Guidance.pdf (accessed 20/08/09)

6. NICE. Amantadỉne; oseltamỉvir and zanamivỉr ỉo r the treatm ent oỉ
íníluenza—revỉew oí NICE technology appraisal guidance 58: NICE 
Technology Appraỉsal Guỉdance 168 (issued Pebruary 2009). Avaỉỉable 
at: http://www.iiice.org.uk/nicemedia/pdl/TA168iuUguidance.pdf
(accessed 20/08/09)

7. Bright RA. tí aỉ. ỉnddence of adamantane resistance among ỉnfluenza A 
(H3N2) vỉruses ỉsolated worỉdwide (rom 1994 to  2005: a cause for 
concem. Lancet 2005; 366: ỉ 175-81.

M u b ip l e  s d e r o s i s .  Amantadine has been used to alleviate 
ìatigũe assodated with multiple sderosis (p. 996.3). How- 
ever, a systematic review' conduded that there was insuí- 
hden t evidence to support its use in reducing ỉatigue in 
patients with multíple sderosis; íurther large controlled 
stuđies are consideréd vvarranted.

1. Pucd E  tí  al. Amantadine for íatigue ỉn muỉtiple sderosỉs. Available ỉn 
The Cochrane Database oí Sysỉematic Reviews; Issue ỉ . C hichester John 
VViicy: 2007 (accessed 29/05/08).

N e u r o l e p t i c  m a l i g n a n t  s y n d r o m e .  Amantadine has been 
tried1'5 in the treatment of the neuroleptic malignant 
syndrome (p. 1050.2).

1. McCarron MM. tí ai. A case oí neuruleptic malignant syndrome 
successíully treated wtth amantadine. J Cltrt Pỉyehiatry 1982; 43: 381-2.

2. Amdurski s. tí  a i  A therapeutic trial of am antadỉne ỉn halopcridol- 
induced malignam neurolepticsyndrome. CurrTherRa 1983; 33:225-9.

3. Woo J, t í  a i  Ncurolcptic malignant syndrome successỉuUy treated wỉth 
amantadine. Postgrađ Med J 1986; 62:809-10.

P a r k i n s o n i ỉ m .  Amantadine's mechanism of action in 
parkinsonism (p. 889.1) iỉ undear but may be due to ỉts 
antimuscarinic aaivity and alterations in dopamỉne release 
and reuptake. It has also been suggested that its action as 
a non-competitive antagonist of /V-methyl-D-aspartate 
may have a beneEdal eh e a .1-1 It has mỉld antiparkinso- 
nian activity compared w ith levodopa but is relatively free 
bom  adveise effects. It can improve bradykinesia as well 
as ưemor and rigidity and iỉ used in a simỉlar m anner to 
antìmuscarinics mainly in the treatment of patients with 
early Parkỉnson's disease when symptoms are mild. It may 
also be usehil for dyskinesias in more advanced disease.3 
Hovvever, few patients obtain mu ch beneũt and tolerance 
to its tííects can occur. Moreover, two systemátic 
revievví*-5 conduded that there was insuHident evidence 
bom  randomised controlled smdies on the saíety and effi- 
cacy of amantadine in the treatment of both Parkinson's 
disease and levodopa-induced dyskinesias in late disease.

Licensed product inỉormation suggests tha t the eỉhcacy 
of amantadine may be prolonged by withdrawing it ỉor 3 to 
4 weeks, continuing vvith existing antiparkinsonian therapy 
or starting lovv-dose levodopa ơeatm ent ư dinically 
necessary in the meantime.

1. Lalng p. Stroke treatment. Lanctí 1991; 337:1601.
2. Greenamyre JT. o ^ r ỉe n  CF. N*Methyl~ỉ>*asparute antagonỉsts in  the 

treatment of Parkinỉon's dỉsease. Areh Nệuroi 1991; 48: 977-81.
3. Thoraas A, t í  ai. D untìon  of amantadỉne benefit on dysỉdnesỉa of severe 

Parkimon's dỉsease. J  Neurol Nturosurg Psychiatry 2004; 75 :141-3 .
4. Crosby NJ, t í  aỉ. Amantadine ỉn Parkinson'5 disease. Àvaiỉable ỉn  The 

Cochrãne Database of Systemadc Revỉevvs; ỉssue 1. Chỉchesten John 
Wilcy; 2003 (accessed 16/02/06).

5. Crosby NJ, à  aL Amantadỉne ỉor dyskỉnesỉa ỉn Parkỉnson's dỉsease. 
Avalỉabỉe ỉn The Cochrane Database o ỉ Systemadc Revỉews; issue 2. 
Chỉchesten John  WUey; 2003 (accessed 16/02/06).

Wrthdrowal syndromes. COCAINE. Despite some early pro- 
mising results a systematic revievv1 consideied that there 
was no evidence to support the use of dopamine agonists, 
induding amantadine, in the treatment of cocaine dep- 
endence (p. 1990.1).

1. Soares 8 , t í  ai. Dopamine agonỉsts for cocaỉne depèhdence. 
[Wỉthdrawn]. Avaỉỉabỉe ỉn The C oduane  Database o i  Systematỉc 
Revỉews; Issue 2. Chíchester John WUey; 2010 (accessed 23/08/10).

Adverse Effects
Most adverse eỉỉects assodated vvith amantadine therapy 
appear to be dose-related and relatỉvely mild; some 
tesemble those of antimuscarinỉc drugs. They may be 
reversed by withdrawing therapy but many resolve despite 
contlnuatíon.

Livedo reticularis, somedmes assodated with ankỉe 
oedema, is quite common in patients given very high doses 
of amantadine or with long-term therapy. CNS eữects such 
as anxiety, inability to concentiate, diz7iness, insomnia, 
nightmares, headache, and changes in mood may occur. 
Psychotic reactíons, halludnations, and conhision have 
been reported, espedaỉly in the elderly, patìents vrith renal 
impairment or psychiatric disorders, and those also 
receiving antimuscaiinicỉ. .

Other adverse eííects reported have induded orthostatic 
hypotension, palpitatíons, ' urinary retention. slurred 
speech. ataxia, lethargy, anorexia, nausea, vomiting. dry 
mouth, constipatíon, rash, diaphoresis, and blurred Vision. 
There have been isolated teports of congestíve heart ỉailure. 
photoscnsitisation leucopenia, neuưopenia, đyskinesias, 
oculogyric episodes, and convulsions.

Effeds on the cardiovascular System. Congestive heart 
íailure has been reported with amantadine;1 the patỉent 
had been receiving combined ưeatment w ith amantadine, 
levodopa, and orphenadiine for 4  years. Otheis have con- 
sidered that vvhiỉe amantadine sometimes causes ankle 
oedema, an assodation betvveen amantadine and heart 
failure is not proven.2 Livedo retículaiis, ạ mottled blue 
discoloration of the skin due to prominence of the normal 
pattem oỉ venous drainage. has been reported2 to occur in 
about 50% of all elderly patients given amantadine 100 to 
300 mg daily for 2 to 6 weeks and was assodated with 
oedema in 5 to 10%. Both livedo and oedema have usuaỉ- 
ly been conhned to the legs and may result h om  the cate- 
cholamine-releasing acdon of amantadine in certain vas- 
cular beds; the oedema was unlikely to be due to heart 
ỉailure. Angina, dyspnoea. pulmonary congestion, or dls- 
tension of neck veins has also been reported2 in  4  of 89 
parkinsonian patients ữeated vvith amantadine; only 2 of 
these 4 had had ankle oedema beỉore heart lailure devel- 
oped. No patient had been seen in whom heart íaUurc 
seemed due dữectly to amantadine.

See also Overdosage, p. 892.1.
1. Vale JA. M adean KS. Amanudine-induced heart-Uỉỉure. Lartai 1977; i: 

548.
2. Parkes JD. tí  al. Amantadine-induced heart-íailure. Lanctí 1977; i: 904.

Effeds on electrolytes. For a report oE a patient who 
developed hyponaưaemia when given amantadine or 
levodopa, see Effects on Kidney Function under Levodopa, 
p. 905.2.

Effects on the eyes. Superũdal punctate keratitỉs and 
comeal abrasion with loss of visual acuity was seen in 
both eyes of a 64-year-old man about 3 vveeks after start- 
ing treatment with amantadine lOOmg daily.1 Symptoms 
resolved on stopping amantadine but recuired vvhen re- 
ữeatment vvith amantadine was attempted. In another 
report,2 a 14-year-old boy developed bilateral comeal 
oedema vvith visual loss assodated vvith am antadine ưeat- 
m en t He had been taking amantadine 300 mg daily for 
several months with many other drugs; symptoms 
resolved vvhen amantadine was stopped.

1. Nogaỉd H, Morímatỉu M. Superũdaỉ punctate keratỉtis and  cbrneal 
abnsỉoa đue to am antadỉae hydrochloiide. J  Neurol 1993; 240: 388-9.

2. Hughes B, t í  aL Reversibỉe amantadỉne-ỉnduced com eal êdẹma ỉn  an 
adoỉescenL Corrưa 2004; 23:823-4.

Effects on mental íunction. It has been suggested1 that the 
ability of amantadine and memantine to cause psychotic

http://www.cdcgov/mmwr/pdf/rr/rr600l.pdf
http://mvw.nice.org.uk/niceracdia/pdi/
http://www.iiice.org.uk/nicemedia/pdl/TA168iuUguidance.pdf
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đisturbances in  patients vvith Parkinson's disease mlght be 
related to theừ  action as JV-methyl-D-aspartate antagõnists.

For reíerence to disturbed behaviour induding excessive 
gambling, and to daytime somnolence reported in patients 
w ith Parkinson's disease receiving dopamine agonists, see 
under Levodopa, p. 905.2.

1. R ỉeđcrer p, t í  al. Pharmacotoxic psychosis a ỉter m em antíne ỉn 
Parỉdnson's diseasé. La n ce t  1991; 338: 1022-3.

Effects on the nervous System. Peripheral sensory motor 
neuropathy secondary to iong-tenn (8 years) usc of aman- 
tadine has been reported1 in a 48-year-old vvoman wỉth 
parkinsomsm. Trophic skin ulcers, paraesthesias, and distal 
vveakness resolved on stopping amantadine.

1. Shulm an LM, t í  aỉ. A m anttdlne-induced peiipheraỉ ncuropaihy. 
N tunlogy  1999; 53: 1862-5.

Overdosage. A patient with postencephalitic parkinson- 
ism who had taken an estimated 2.8 g of amantadine 
hydrochloride in a suidde attempt developed acute toxic 
psychosis with disorientation. visual hallucinations, and 
aggressive behaviour.1 Convulsions did not occur, possibly 
because he had been receiving phenytoin, vvhich was con- 
tinued. The patient was ưeated with hydration and chlor- 
promazine and recovered in 4 days.

A 2-year-old child who had ingested 600 mg of 
amantadine hydrochloride developed symptoms of acute 
toxidty, induding agitation and dystonic posturíng. despite 
emesis vvith 'syrup of ipecac'.2 She responded immediately 
to physostigmine 500micrograms intravenously, repeated 
aỉter 10 minutes. Her pupíls remained moderately dilated 
until about 20 hours after the ingestion; thereaíter she made 
a full recovery.

Cardỉac arrest developed 4 hours aíter a 37-year-old 
vvoman ingested 2.5 g of amantadine hydrochloride and was 
treated successíully.3 However, ventricular arrhythmias, 
induding torsade de pointes. continued over the ensuing 48 
hours and may have been exacerbated by use oí 
isoprenaline and dopamine. The patíent vvas subsequently 
stabilised with lidocaine by inơavenous inỉusion, but died of 
respữatory íailure 10 days after admission.

1. Fahn $, ứ  ai. Acute toxic psychosis ừom suiddaỉ overdosage of 
axnantadine. Areh Neurol Ỉ9 7 Ỉ; 25: 45-8.

2. Berkovvitt CD. Treacment of acuie amanradinc toxìdty with physo- 
stigmine. / Pediaír 1979; 95: Ỉ44-5.

3. Sartori M. t í  đl. Torsade de poime: malignant cardiac arrhythmia 
ỉnđuced by amancadine poisoning. Am J  Mtd  1984; 77: 388-91.

Precautions
Amantadine is usually contra-indicated in severe renal 
dìsease and in patients with a history of epilepsy or other 
seirure disorders, or gastric ulceration. It should also not be 
given to patients vvith unưeatcd angle-dosure glaucoma. 
Amantadine should be used vvith caution in patíents vvith 
cardiovascular or liver disease, renal impairment, recurrent 
eczema, or psychiatric disorders. Suidde attempts, in some 
cases latal, and suiddal ideation have been reponed in 
patients taking amantadine. Care should be taken in all 
elderiy patients, who may be more sensidve to antúnusca- 
rinic eỉíects, and in vvhom renal dearance is likely to be 
reduced.

In common with other drugs baving antimuscarínic 
properties amantadine may cause bluired Vision or impair 
aỉeitness; patíents so aííected should not drive or operate 
machinery.

Treatment w lth amantadine should not be stopped 
abruptly in  parkinsonian patients since a sudden marked 
dinicaỉ deterioration may occur. There have been isolated 
reports of a neuroleptic malignant-like syndrome assodated 
with abrupt withdrawal of amantadine, especially in 
patients also receiving antìpsychotics.

Antiviral resistance. See ỉnQuenza under Uses and 
Administration, p. 891.2.

Breast ỉeeding. Amantadine is distríbuted into breast milk 
and licensed product inỉormation States thai adverse 
eữects have occurred in breast-fed iníants of mothers tak- 
ing amantadine.

3. Levy M. el ai. Fetal outcome foIlowing intrauterine amantadlne 
exposure. Reproẩ Tcxial 1991; 3: 79-81.

Renal impaìrment. Evidence of extremely limited excre- 
tion oí amantadine was ỉound in 12 patients who vvere 
either anephric or had negligible renal hinction after a sin- 
gle 100-mg dose of amantadine hydrochloride.1 Only 
small amounts were removed by dỉalysis. It was suggested 
that amantadine should be given vvỉth caution to patients 
requiring maintenance hacmodialysis; a single dose may 
prõvide adequate plasma concentrãtions ỉor many days.1

Dosage regimens based on creatinine dearance2 or fĩxed 
doses at extended intervals1 have been published. Hovvever, 
both regimens ha ve been critidsed and a  conservative 
approach to  am antadine dosage in  these patients 
recommended* (for the regimens in lỉcensed p rodua 
iníormation, see Adrninistratíon in Renal Impalrment, 
p. 891.1). The need for caution in using amantadine in 
patients with renal impairment is highlighted by a report oi 
a patient with end-stage renal disease who progresscd from 
delirium to coma aíter receiving amantadỉne 100 mg tvvice 
daily for 3 daỵs.3

1. Soung L-S. t í  aỉ. Amamadine hydrochỉorỉde pharmacokinetỉcs ỉn 
hemodỉalysis patients. Ann ỉntem Med 1980; 93: 46-9,

2. Horadam v w . t í  al. Pharmacokinetics oí am aniadine hydrochlorỉde ỉn 
subjects wiih normal and impaired renal íunction. Ann ĩntrm  Med 1981; 
94 :454-8 .

3. Wu MJ, tí  a i  Anisntadine hydrochlorỉde pharmacokinetỉcs in patỉents 
with impaired renal íunction. ơ in  Nepkroỉ 1962; 17: 19-23.

4. Aoki FY, Sitar DS. Clỉnical pharmacokỉnetỉcs of am antadine hydro- 
chloride. Clin Pharmaakintí 1988; 14: 35-51.

5. Macchio GJ, t í  a i  Aroamadine-ỉnduced coma. A n h  Phys Med Rthabiỉ 
1993; 74: 1119-20.

Withdrơwal. Neuroleptic malignant syndrome occurred in 
a patient being ưeated for heat stroke when all his medi- 
cation, induding antipsychotics and amantadlne, was 
withdrawn.' It is suggested that dopamine agonists should 
not be stopped in padents with hyperpyrexia at risk from 
this syndrome. In another report,2 a 14-year-old boy being 
treated with amantadine for inQuenza A encephalopathy 
developed neuroleptic malignant syndrome when the 
drug was stopped after 5 days; the patient improved when 
amantadine treatm ent was resumed. The authors recom- 
mended a graduaỉ reduction in dosage vvhen stopping 
amantadine therapy.

Acute delirium developed in  3 elderly patients with 
Parkinson's disease after gradual vvithdravval of long-teưn 
amantadine therapy;5 symptoms resolved vvhen amanta- 
dine was restarted.

1. Simpson DM. Davỉỉ GC. Ca se report of neuroleptỉc maỉignant syndrome 
assodated wlth wỉthdrawaỉ ừoni am antadine. Âm J  Psydtìatry 1984; 141: 
796-7.

2. Ito T, t í  ai. Neuroleptỉc malignant syndrome ỉoQowỉng wỉtbdrawaỉ oỉ 
am antađine in a patient w ith influenza A encephalopaỉhy. E urJ Pediatr 
2001; 160:401.

3. Pacior SA, t í  ai. Acute delirium after wỉthdrawal of am antadỉne in 
Paikin$on's disease. Nturoỉogy 1998; 50: 1456-8.

Interactions
Amantadine may enhance the adverse eíỉects oỉ anlimusca- 
rinics and the dose oí these drugs should be reduced when 
used with amantadine; adverse eííects of levodopa may also 
be exacerbated.

Licensed product iníormation States that amantadine 
should be used with caution in patients receiving drugs that 
affed the CNS. The rate of excreúon of amantadine may be 
reduced by drugs that raise urinary pH.

AntiaiThythmics. Quinint and quinidine have been reported 
to reduce the renal dearance of amantadine in  healthy 
male, bu t not íemale, subịects.1 Patients taking these drugs 
together should be observed for signs of amantadine toxi- 
dty.

I. Gaudry SH, t í  a i  Gender and age as ỉacton in the inhibitỉon oỉ renal 
dearance of amam adứie by quinỉne and quỉnỉdine. Cỉin Pharmacol Ther 
1993; 54: 23-7.

Antìmalaríals. For the possible ettects of the use of quinine 
and quinidine wúh amantadine, see Antíarrhythmics, 
above.

Phơrmacokinetìcs
Amantadine hydrochloride is well absorbed bom  the 
gastrointestinal tract; peak concentrations in the plasma 
appear vvithỉn about 4  hours aíter ọraỉ doses. Plasma protein 
binding is reponed to  be about 67%, vvith a substantíal 
am ount bound to erythrocytes; the concentration is about 
2.7 times higher in  erythxocytes than in plasma. It is mainly 
exaeted  unchanged in  the urine by glomerular Clơation 
and tubular seòretion although smăll amounts oỉ an 
acetylated metabolite have also been deteaed  in urine; the 
plasma elimìnation haỉỉ-liíe is reponed to be about 15 hours 
in  patients with noim al renal íunction but is signihcantly 
prolonged in the elderiy and in patients with renal 
impairment. The rate of elimination may be increased by 
addỉScation of the uiine. Amantadine crosses the placenta 
and the blood-brain banier. ỉt is also distrìbuted into breast 
milk.
Reíerences.

1. AoU FY. Sitar ĐS. Clinical pharm acokinctia of am anndine hydro- 
chloride. ơ in  Pharmacokòưt 1988; 14: 35-51.

Preparations

Proprietory Preparotions (details are given in Volume B)

Single-mgredient Preporotions. Arg.: Actison; Ampakine; Viro- 
sol; AustraL: Symmeưel; Austria: Hofcomant; PK-Men; Belg.: 
Amantant; Braz.: Mantidan; Chile: Prayanol' Cr.: Amantadolt; 
PK-Merz; Vứegyt-K; Fin.: Atarint; Fr.: Manudix; Ger.\ Aman- 
tagammat; Amixx; PK-Merz; tregon Gr.: Hoỉcomant' PK-Meiz; 
Symmeưel; Hong Kong: PK-M«z; Topbarmint; Hung.: PK- 
Merc Viregyt; India: Amantrel; IrU: SymmetrelỶ; Israel: Pari- 
trel+; PK-Merz; Ital.: Mantadan; Malaysia: PK-Men; Mex.: 
Kinestreb PK-Merz; N e t h Symmeơel; NZ: Symmetrel; Phi- 
lipp.: PK-Merx; Poh: Amantix; Vữegyt K- Port.: Parkadina; PK- 
Meiz; S . A f r Symadin; Symmeưeb singapore: Symmetrel; 
Switz.: PK-Merz; Symmettel; Turk.: PK-Mere UK: Lysovin 
Symmetrel; ukr.: Neomidantan (HeoMKoauTaH); PK-Merz (ITK- 
Mepu); lISA: Symmetrel.

Muki-ingredien} Preporotions. China: Bi u  Kang (ÊMđí); Ke Li 
Ke {ÕỊỈL#.); Qing Lang Tai Ke You Ka Dan (tfc

Mex.: Antiỉlu-Des; Fluviatol; Huviatol; Rosel.

Phormocopoeid Preparotions
BP 2014: Amantadine Capsnles; Amantadine Oral Solution; 
USP 36: Amantadine Hydrochloríde Capsules; Amantadine 
Hydrochloride Symp.

Apomorphine Hydrochloride IBANMÌ

Apómoríiíriihýdroldoridi; Apomoríin Hidroklorũr; Apomorfi- 
na, hidrodoruro de; Apombrfỉn-hidroklorid; ApomorRn- 
hydrochlorid hemihydrát Apomorfinhydroklorid; Apomoríi- 
no hìdrọchloridas; Apomoríiny chlorovvódorek; Apomor- 
phine, chlorhydrate d'; Apomórphinhydrọchlorid; Apomor- 
phini hydrochloridum; Apomorphini Hydrochloridum 
Hèmihydricum; AnoMopỘMHa rnqpoxnopvựL 
6ap-Aporphine-10,ll<liol hydrochloride bemihydrate; (fi)- 
10,11-Dihydroxy-6a-aporphine hydrochloride hemihydrate; 
(6afl)-5,6,6a,7-Tetrahydro-6-methyl-4H-dibenzo[de,g]quino- 
Iine-l0,1l-diol hydrochloride hemihydrate. 
C)7H,7N02,HCWH20=3a8
CA5 -  58-00-4 (apomorphine); 314-19-2 (anhydrous 
apomorphine hydrochloride); 41372-20-7 (apomorphine 
hydrochloride, hemihydrate).
ÁTC —  G04BE07; NÓ48C07.
ATC Vet —  QŨ04BE07; QN04BC07.
UNII —  F39049Y068 (apomorphine hydrochbride hemihy- 
drate); 9K13MD7A0D (anhydrous apomorphine hydrochloride).

Pharmacopoeias. In Chỉn., Eur. (see p. vii), and us.

Br. also indudes a form íor homoeopathic preparations.
Ph. Eur. 8: (Apomorphine Hydrochloride Hemihydrate). 
White or slightly yellowish-brown or green-tinged greyish 
crystals or crystalline povvder, the green tinge becoming 
more pronounced on exposure to air and light. Sparíngly 
soluble in w ater and in alcohol; practically insoluble in 
toluene. A 1 % solution ÚJ water has a pH of 4.0 to 5.0. Store 
in  airtight containers. Protect bom  light.
USP 36: (Apomorphine Hydrochloride). Odouriess, minute 
vvhite or greyish-vvhite, glistening crystals or vvhite powder. 
It gradually acquires a green colour on exposure to light and 
air. Soluble 1 in 50 oỉ vvater and 1 in 20 of water at 80 
degrees; soluble 1 in 50 of alcohol; very slightly soluble in 
ether and in chloroỉonn. Its Solutions are neuưal to litmus. 
Store in airtight containers. P ro tea bom  light.
BP 2014: (Apomorphine Hydrochloride íor Homoeopathic 
Preparations; Apomorphinmn Muriaticum íor Homoeo- 
pathỉc Preparations).

StabilHy. Aqueous Solutions of apomorphine hydro- 
chloríde decompose on storage and should not be used if 
they tum  green or brovvn or contain a predpitate.

Pregnancy. Amantadine should not be used duríng 
pregnancy; embryotoxidty and teratogenidty have been 
reported in  rals gi ven high doses.1

A complex cardiovascular lesion occuưed in an iníant 
vvhose mother had taken amantadine hy diochloride 100 mg 
daily during the first 3 months of pregnancy.1 In another 
case, tetraỉogy oi Fallot and limb deíormiúes were seen in 
the neonatẹ of a m other who was given amantadine 
hydrochloride 100 mg daily for 7 days duríng the 4th and 
6th weeks of gestation.2 Hovvever, a report of the use of 
am antadine during 2 separate pregnandes by a vvoman vvith 
multiple sderosis noted no abnormalitíes in either iníant.3

1. Nora JJ, et al. Cardiovascular maldevclopment u u x áa ied  with m atemal 
exposure to im am adine. Lanat 1975; 11: 607.

2. Pandỉt PB, et al. Tlbial hemỉmelỉa and tetralogy of Fallot assodated w hh Ị
ũrst tiim ester exposure to am anudỉne. Rtprođ Toxicoí 1994: *: 89-92. !

Diuretics. A patìent w ith Parkinson's disease, previously 
stabilised on amantadine hyđrochloriđe 300 mg daily, 
developed symptoms of amantadine toxidty, induding 
ataxia, m yodonus, and conhision, 7 days after startlng 
treatment vvith a preparation containing tríamterene and 
hydrochỉorothiazide (Dyaàde).‘ It was postulated that the 
eííect vvas due to reduction of the tubular secretion of 
amantadine.

1. WUson TW, Kajput AH. Amantadỉne-Dyaiide Inicraction. Can M tđ Assoc 
J  1983; 129: 974-5.

MAOIs. Hypertension occuưed about 48 h o u n  after start- 
ing neatm ent w ith phenelỉine suựate in a patient already 
receiving amantadine.1

1. J id t  RA. Danlel DG. Possiblc io tnaction  b « tw « n  phcnclzine and 
amântadỉne. A nh  Gen Psyứìiatry 1984; 41: 726.

All cross-reíerences reíer to entries in Volume A



Apomorphine Hydrochloride 893

Uses and Administration
Apomorphine is a morphine derivative with structural 
similarities to  dopamine. It is a potent dopamũie D|- and D2- 
receptor agonist used in  the management oí parkinsonỉsm 
(belovv), espedally in the conttol oí the 'on-off eữect. It has 
also been used in the management of erectile dyshmction. 
Apomorphine is given as the hydrochloride and doses are 
expressed in  terms oí this salt. The regimen for parkinson- 
ism given beIow applies to the UK preparation and doses are 
given subcutaneously; a similar preparadon is available in 
the USA aỉthough the licensed maximum single and daily 
doses are less than those in the UK.

The optiinal dose of apomorphine in the management of 
'o ff  periods in  parkinsonism should be established 
individually under specialist care. At least 2 days of 
pretreatm ent with the antiemetỉc domperidone is advised 
beíore starting apomorphine. After vvithholding antipar- 
kinsonian therapy ovemight to provoke an ‘off period, a 
test dose of 1 mg is given ìnitially, followed by a second dose 
of 2mg a íte r  30 minutes, ư  necessary. Subsequent 
incxemẽntal increases should then be given at intervals of 
at least 40 minutes, as necessary, to deteraũne the lovvest 
dose producing a satisíactory motor response. Once the 
patient's normal antiparkinsonian therapy is re-established, 
the eííecnve dose oí apomorphine hydrochloride is given at 
the first signs o i an 'oỉí' period.

The dosẹ and  ừequency are turther adjusted according to 
response; parients typically require 3 to 30 mg dailỵ in 
divided dosẽs but individual ũqections should not be greater 
than  10 mg. Patients who require more than 10 injections 
daily or those vvhose overall conưol of symptoms remains 
unsatisíadory wỉth intermittent injections may benefit bom 
continuous subcutaneous inhision. The iníusion is started at 
a rate oỉ 1 m g/hour and thù  may be increased in steps of up 
to 500 micrograms/hour at intervals oỉ not less than 4 hours 
to a maximum rate of 4mg/hour. It is advised that inhisions 
should only be given during waking hours and that the 
inỉusion site should be changed every 12 houis; 24-hour 
infusions are n ot advised unless there are severe night-time 
symptoms. Patìents usually need to supplement the iníusion 
vvith intermittent bolus injections but the recommended 
maximum total daily dose given by inhision and/or 
injection is lOOmg.

Apomorphine stimulates the chemoreceptor trigger zone 
in the brain and can produce emesis within a few mỉnutes of 
a dose. However, the use of apomorphine for the inductlon 
of emesis in poisoning is considered dangerous owing to the 
risk of indudng protracted vomiting and shock, and is not 
recommended.
H o m o e o p a t h y

Apomorphine has been used in homoeopathlc medi- 
dnes.

Eredile dysfuiKtion. Apomorphine is among many drugs 
that have been  used in the management of eiectile dys- 
hmction'"’ (p. 2348.2) with some beneBdal results. It is 
usually given sublingually although it has also been given 
subcutaneously.1 Inhaled apomorphine is also under 
investigation.4

1. Segraves RT. t í  ai. Effect of apomorphine on penile tumescence ỉn men 
with psychogenic impocence. J  Vrol (Bđltimare) 1991; 145: 1174-5.

2. Heaton JPW , tí  al. Recovery oí erectíle hmctỉon by the oral 
administratìon of apomorphine. ưroỉcgy 1995; 45: 200-6.

3. Dula E  t í  aì. EỈGcacy and safety of Rxed-dose and dose-optimỉzation 
regimens of sublingual apomorphine versus placebo ỉn men with erectile 
dystanction. Uroỉògy 2000; 56: 130-5.

4. Martinez R. t í  ai. ơ in ical experỉence w íth apomorphine hydrochloride: 
the íỉrst 107 patients. J  Uroi ịBaiúmort) 2003; 170: 2352-5.

5. Contero p, t í  aỉ. Clinical eữicacy of apomotphine SL in erectile 
dysíunctỉon of diabetĩc m en. ỉrtt J Ịmpct Ra  2005; 17:80-5.

6. Riley A, tí  aĩ. Inhalation device allovvs novel administratỉon oỉ 
apom orphỉne ỉn m en wỉỉh erectilc dysỉuncrion: eííicacy and saíety 
rindings. J  Sex Mtd 20 ỉ 0; 7: 1508-] 7.

Parkinsonism. DtAGNOSiS. Tcst doses of subcutaneous apo- 
morphine have been used in the diílerential dỉagnosis of 
parkinsonian syndromes,1*4 to distinguish forms respon- 
sive to dopaminergics from other parkinsonian syndromes 
such as Wilson's disease, cortỉcobasal degeneration, and 
dưíuse Lewy-body dementia. Oral chaUenge with levo- 
dopa is still the best test of dòpaminergic responsiveness5'6 
but apomorphine has proved of value in re-assessing 
patients w ho have become Iess responsive to Ievodopa.1'4

ỉ. Barker R. t í  a i  Subcutaneous apom orphine as a đỉagnostic test íor 
dopamỉnergtc responsiveness in parkỉnsonỉan syndromes. Lanctí 1989; h 
675.

2. Oertel WH, t í  ai. Apomorphỉne test íor dopaminergỉc responsiveness. 
Larutí 1989; k  1262-3.

3. Prankel JF, t í  a i  Use of apom oiphỉne to test ỉor dopam ỉne 
responsỉveness ỉn WiIson's dỉsease. Lanctí 1989; ttỉ 801-2.

4. Hughes A J, t í  al. A pom orphine test to  predỉct dopamỉnergỉc 
responsỉveness ỉn parkỉm onian syndromes. Lanctí 1990; 336: 32-4.

5. Steiger M J, Q uinn NP. Levodopa chaũenge test in Parkinson's dỉsease. 
Lanaf 1992; 339:751-2 .

6. MũUer T, t í  ai. Repeated ratỉng ỉmproves vaỉue of đỉagnostỉc 
dopam ỉnergỉc chalỉenge tests in Parkin$on's dísease. J  Neuraỉ Transm 
2003; 110: 603-9.

TREATMBNT. A lthough apomoiphine has prúduced benefit in 
Parkinson’s disease (p. 889.1) w hen given orally, the high

doses required to overcome extensive first-pass hepatic 
metabolism (up to 1.4g daily in one study1), were asso- 
dated with uraemia. The use oi apomorphine in Parkin- 
son's disease has therefore been limited by the need for 
parenteral dosage. The cuirent main use 'of apomotphine 
in Parkinson's disease ũ  ỈOT the stabilisation of patìents 
with 'on-oH' Quctuations unresponsive to other dopamine 
agonists. It is usually given subcụtaneously either by injec- 
tion or iníusion but a revievv2 of the use of apomorphine 
in Parkinson's dỉsease also discussed studies of rectal, sụb- 
lingual, and intranasal use. Inhaled apomorphine is also 
under investigation.

1. Cotzias GC. tí  al. Treatm ent o ỉ Parỉdnson's dỉscase with apõrphỉnes. N 
Engi J  Med 1976; 294: 567-72.

2. Koller w , Stacy M. O ther ỉotmuỉatỉons and ỉu ture  consideratíons ỉor 
apomorphine for subcutaneouỉ injection therapy. Natrology 2004; 62 
(suppl 4); S22-S26.

Adverse Effects
Treaứnent oỊ parkinsonừm. Apomorphine usually produces 
nausea and vomiting when given in therapeutic doses but 
these ettects can be controlled by tteatm ent w ith 
domperidone or trimethobenzamide. Transient sedation 
can be common during the first few vveeks of ơeatment. 
Increased salivation and perspiration have also been 
reported. Apomorphine can produce neuropsychiatric 
disturbances induding increasing cognỉtive impairment, 
personality changes, coníusion, and halludnations. Signs of 
CNS stimulation induding euphoria, lightheadedness, 
restlessness, ưemor, tachycardia, and tachypnoea occur 
less írequently. Apomorphine may induce dyskinesias 
duríng 'on ' periods in patients wỉth parkúisonism and these 
may be severe enough to require stopping therapy; postural 
instability and lalls may also be a problem. Transient 
orthostatic hypotension may also occur infrequently. 
Eosinophilia has occuưed rarely. The use of apomorphine 
with levodopa may cause haemolytic anaemỉa and 
ơeatm ent may need to be stopped ư this cannot be 
satisíactorily conttolled through dosage adjustment. 
Induration, nodule ỉormation, and panniculitiỉ, sometimes 
leading to ulceration. ohen develops at the site oỉ 
subcutaneous injection.

Management of erectile dysfíaiction. 'The most common 
adverse eííects have been nausea, headache, and dizziness. 
Other eữects reported indude yawning. rhinitis, pharyng- 
itis, somnolence, iníection, pain, increased cough, ũushing. 
taste disturbances, and sweating. Fainting and syncope 
(vasovagal syndrome) have also occurred.

Overdosage with apomorphine can produce peisistent 
vomitlng, respiratory depression, bradycardia, hypotension, 
and coma; death may occur.

Akinesia. A 60-year-old man vvho was being investigated 
ỉor parkinsonian symptoms became totalỉy immobile and 
mute 15 minutes after receiving apomorphine 4m g subcu- 
taneously.1 He remained consdous but was drovvsy and 
svveatíng. Similar proỉound akinesia occurred on rechal- 
lengẹ vvith 2- and 6-mg doses. A dỉagnosis of probable 
nigrostriataỉ degeneration was made as the patíent had 
'previously shovvn no improvement with levodopa, but the 
mechanism of the idiosyncratic reactíon to apomorphine 
was undear.

1. Jenkỉns JR. Pearce JMS. Paradoxỉcal akinetìc response to apomorphỉne 
ỉn  parkinsonism. J  Neurol Neurosurg Psydtiaoy 1992; 55:414-15.

Effects on the heart. A 67-year-oId man developed palpi- 
tations vvith cold perspíration and chest pain. in addition 
to asthenia, salivation, nausea and vomiting, 5 minutes 
aíter receiving 3mg apomorphine subcutaneously. An 
ECG showed atrial hbrillation with a ventricular írequency 
of 140 beats/mínute.1

1. Stocchi F. tí  al. Transient atrial Bbrillaúon aíter subcutaneous 
apomorphine bolus. Mơv Disord 1996; 11: 584-5.

Effects on mental fundk>n. Severe conỉusion, halluána- 
tions, and acute psychosis were reported in 4 of 6 parkin- 
sonian patíents given subcutaneous apomoiphine.1 Three 
of the 4 had previously had mental disturbances while 
receiving lisuride. However, other studies íailed to note 
eííeds on mental hincúon in parkinỉonian patients given 
apomorphine13 and it has been suggested that the risk of 
psychosis in patientỉ with no.history of coníusion or hallu- 
dnations iỉ low.3 UK licensed produd inỉormation notes 
that apomorphine has been reported to exacerbate neuro- 
psychiatric disturbances in patients with parkinsonỉsm. • 

For reíerence to dlsturbed behaviour induding excessive 
gambling. and to daytime somnolence reported in patients 
vvith Parkúison's disease receiving dopamine agonists, see 
under Levodopa, p. 905.2.

1. Ruggỉeri s, t í  aL Sỉde-eRects oỉ subcutaneous apomorphine in 
Parkỉm on's dỉsease. Lattctí 1989; 1: 566.

2. Stỉbe CMH, ff at. Subcutaneous apomotphỉne ỉn parkinsonlan on-off 
osdllations. Lanctí 1988; l: 403-6.

3. Poewe w, tí aỉ. Side-eữects oỉ subcutaneous apomorphine ỉn 
Parìdnson's dỉsease. Lanctí 1989; lỉ 1084-5.

Hypenensitivity. Allergic reactions induding contact 
dermatitis, severe rhinitls, and respiratory disưess have 
been reported in 2 vvorkers who came into contact with 
apomorphine powder.’ Contact allergy has also been 
reported m a patient who developed a svvollen nose and 
lips after intranasal use of apomorphine.2 Skin testing in 
all these casesu  gave a positive reaction to apomorphine. 
Biopsy of subcutaneous nodules. which develop at the ã te  
oí injection in most patíents using apomorphine subcuta- 
neously, has not been able to daiiíy  what type of reaction 
was responsible ỉor the development oỉ panniculitis.3 
Aỉthough the nodules may s!owly resolve the sites are 
often ũnsuitable for reuse as absorptìon from them  is 
unpredictable; concem .has been expressed that this may 
limit long-term use of apomorphine.3

1. Dahlquia L Allcrgic reactions to apomorphine. Qmtađ Dennatitũ 1977; 3: 
349-50.

2. van LaarT, t í  ai. NasoUbtale aDergisdie reactỉe op intranasale toedỉenỉng 
van apomorfine bỉj de zlekte van ParỉdnsotL Ned Tỉịthtkr GíĩUtíkd 1992; 
136 (suppỉ 47): 26-7.

3. Adand KM, t í  a i  Pannỉcuỉỉtỉs in assodatìon wỉth apomorphine iníusiorL 
Bt  J  Dermatol 1998; 138:480-2.

Oedema. Severe reveisible oedema of the lower limbs 
developed in a patient receiving subcutaneous apomor- 
phine.1 Oedema recurred when apomoiphine was reintro- 
duced, but to a lesser extern.

1. Vennersch p. Severe oedenia after subcutaneous apomorphÍBC in 
Paricỉiưon's dỉsease. Lancet 1989: li: 802.

Stomatitis. Stomatítis, severe enough to warrant stopping 
ữeatm ent occurred in 4 of 8 patìents after 2 to 6 months 
of therapy vvith sublingual apomorphine.1

1. Montastnic JU et al. Sublỉngual apomorphine in Parkinson’:  dlsease: a 
dinicaỉ and phannacokinetỉc study. ơ in  Neuropharmacol 1991; 14 :432-
7.

Treatment of Adverse Effects
In the UK domperidone iỉ usualỉy given to control nausea 
and vomiting when apomoiphine iỉ used in the manage- 
m ent of Parkinson's disease; preưeatment with domperi- 
done for at least 2 days is advised beỉore startmg treatment 
w ith apomorphine. Usually domperidone can be withdrawn 
gradually over several weeks or longer although some 
patients may need to continue ưeatm ent indeSnitely. In the 
USA. trimethobenzamide hydrochloride is used similarly, 
beginnmg 3 days beíore starting apomorphine treatment.

In overdosage an opioid antagonist such as naloxone has 
been given to treat excessive vomiting. and CNS and 
respừatory đepression.

References.
1. Bonuccelỉi Ư, t í  ai. Naloxone partly counteracts apomorphỉne óde 

eổects. Qừt Nturopharmacoi 1991; 14: 442-9.

Precautions
Apomorphine should not be given to patients tvith 
respiratory or CNS depression, hỵpersensitìvity to opioids, 
neuropsychiatric problems, or dementia. It should be used 
with caution in patients prone to nausea and vomỉting or 
w hen vomiting is likely to pose a risk. Apomoiphỉne should 
also be used with care in patients with pulmonary, 
cardiovascular. or endocrìne disease or vvith renal or hepatic 
impairment. Extra care is needed when starting ưeatment 
in elderly or debilitated padents and in those with a history 
of orthostatic hypotension. Patients who suSer dizziness, 
lightheadedness, or syncope should not drive or operate 
machinery.

Treatment of parkinsonừm, Apomorphine is not suitable 
for use in patients who have an 'on ' response to levodopa 
marred by severe dyskinesia. hypotonia, or psychiatric 
eííects; it should also not be used in those with hepatic 
im painnent. Periodic monitoríng of hepatic, renal, 
haematopoietic and cardiovascular tunction has been 
advised and the BNF recommends that patìents receiving 
apomorphine with levodopa should be screened íor 
haemolytic anaemia and thrombocytopenia on starting 
treatxnent and then every 6 months. Patients who develop 
anaemia, or those who have continuing coníusion or 
hallucinations during treatment with apọmorphine require 
observation and dosage ađjustment under specialist super- 
vision; treatment may need to  be stopped. Excessive 
daytứne sleepiness and sudden onset of sleep may also occur 
with apomorphine and caution is advised when driving or 
operating machinery; patients who suỉíer such eỉỉects 
should not drive or operate machinery until the effects have 
stopped recurrìng.

Local subcutaneous reacdons can sometimes be reduced 
by using sodium chloride 0.9% to dilute injection Solutions, 
by rotating ũỹection sites, and possibly by use of ultrasound 
in areas oỉ nodularity and induratỉon.

Management o f erectile dysỊunữion. UK licensed product 
inỉormation has vvamed that diugs for erectile dysíunction 
should be used vvith caution in  patients with anatomical 
penile deíormity.

The Symbol t  denotes a preparation no longer actively marketed
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Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Nonvegian Porphyria Cenưe (NAPOS) and 
the Porphyria Centre Svveden, dassdies apomoiphine as 
probably not porphyrinogenic vvhen given sublingually; it 
may be úsed as a drug oỉ first choice and no precautions 
are needed.1 No dassibcation is oílered w hen used in 
injectable ỉonn.

1. The Drug Database íor Acute Porphyria. Avalỉable at: htrp://www. 
dmgs-porphyria.org {accessed 30/09/11)

Interactions
Apomorphine should be used w ith caution in patients 
receiving antihypertensives or organỉc niưates as it may 
potentiate their hypotensive eííects. Enhanced hypotensive 
ehects may also occur when alcohol is given with 
apomorphine. The therapeutic effects of apomorphine 
may be antagonised by antipsychotics and other drugs that 
act as CNS dopamine inhibitors. The eííect of apomorphine 
is possibly enhanced by entacapone and memantine.

Antiemetícs. Domperidone (in the UK) and trimethobenza- 
mide (in the USA) are used with apomorphine to control 
nausea and vomiting when it is prescribed for the man- 
agement of parkinsonism. Hovvever, whether other antie- 
metics may saíely be used is less clear. us licensed p rodua 
iníormation conưa-indicates the use of ondanscừon and 
related 5-HT3 antagonists with apomorphine, on the 
grounds that proíound hypotension and loss of consdous- 
ness have been reported in patients given this combina- 
tion. However, UK licensed product inỉormatíon makes no 
mention oỉ such a contra-indicatìon, and licensed inỉor- 
matlon for lower-dose Products used in the management 
of erectile dyshinction notes that on the basis of interac- 
tion studies, ondansetron hydrochloride or prochlorperatìne 
maleate may saíely be given to patients receiving apomor- 
phine for this ỉndication.

Pharmacokinetics
Apomorphine is well absotbed aher subcutaneous inịection 
but undergoes extensive first-pass hepatíc metabolism 
w hen given by m outh and oral bioavailability is low. 
Hovvever, it is readily absorbed after subỉingual doses and 
peak plasma concentrations occur in about 40 to 60 
minutes; bioavailability is reported to be about 17 to 18% 
compared with subcutaneous ũỹection. Apomorphine is 
about 90% bound to plasma proteins, mainly to albumin.

Apomorphine is extensively metabolised in the liver, 
mainly by conjugation with glucuronic add or sulỉate; the 
major metabolite is apomorphine sulỉate. It is also 
demethylated to produce norapomorphine. Most of a dose 
is excreted in urine, mainly as metabolites.
Reíerences.

1. Neeí c. van LaaI T. Pharmacokinetic-pharniacodynamic relatíonỉhips oí 
apom orphine in patíents witb Pariònson's disease. ơ in  PharmđOữkinet 
1999; 37: 257-71.

2. Argiolaỉ A. Heđlund H. The pharmacoiỡgy and dỉnỉcal pharmacokínetics 
of apom oiphỉne SL BJUIfU  2Ỡ0Ỉ; 88 (suppl 3); 18-21.

3. LeW ln PA. Subcutaneously administered apomorphine: pharmacold- 
oetics and metabolism. Neurology 2004; 62 {suppl 4): S8-S11.

Preparatíons
Proprietory Preparatìons (details are given in Volume B)
Sngle-iiigredient Preporotions. Arg.: Apokinon; Austral.: Apo- 
mine; Austria. APO-go; Braz.: Uprima; Chile. APO-go; Noc 
chùta: Li Ke Ji ( ® í ị í ) ;  Cr.: APO-go: Denm.: APO-go; Fin.: 
APO-go; Fr.: Apokinon; Ger.: APO-go; Gr.: APO-go; Hong 
Kong: APO-go; IrL: APO-go; Israel: APO-go; ItaL: Apobn; Jpn: 
Apokyn; Ixenset; Mex.: Taluvian; Neth.: APO-go; Dacepton; 
Norư.: Britaject; NZ: APO-got; Apomine: PorL: APO-go: 
Spain: APO-go; SwetL: APO-go; Thai.: APO-go; Ixense; Upri- 
ma; Turk.: APO-go; VK: APO-go; USA: Apokyn.
Homoeoporiũe Preparations. AustraL: Travellers RelieL Austria: 
Vomitusheeb Fr.: Apomorphinum Complexe No 97f; Bilinum 
Complexe No 113; Ger.: Homvio-Em; Vomistop; Switz.: Nel- 
sons Trayellat; Vomitusheel; UK: Travella.
Pharmacopoeid Preporulions
USP 36: Apomoiphine Hydrochloride Tablets.

B e n s e r a x i d e  (BAN, USAN, riNNì
Benseratsidi; Benseraád; Benserazida; Benséraãde; Benser- 

•aàdum; Ro-4-4602; 5eHcepa3tvL 
OL-Serine 2-(23,4^trìhydroxybenzyt)hydrazide;' 2-Amino-3- 
hydroxy-2'-(2,3,4-trihydroxybenzyl)propionohydraz]de 
C,oH15N3Os=2572 ' ■ ■ ■ ■  ■
CAS-  322-35-0.
UNII —  7620S3ZEJU. • '

B enserazide H y d ro ch lo rid e  IBANM, riNNMi 

Benseratsidihydroldoridi; Benserkáda, hidrodóruro de; Ben- 
sérazịde, chlorhydrate de; Benseraád-hydrochlorid; Benser- 
aadhydrochlorid; Benseraãdhydroklorid; Benseraãdi Hydro-

chloridụm; Benseraádo .hidrocbỊoridas;. Benszerazid- 
! hịdroidorid; Hldrocloruro de benseraạda; Serazide i Hydro. 
chlorịde; 6eHCépa3tiflaTnfl|x3xnopMfl. ^ ; •• j
C10H)SNA«HCI=2937 ,, ,
CÃ5 —  ỉ4919-77-8; 14046-64- 
UNII —  B66E5RK36Q. . , .

NOTE. Compounded preparatíons of benseraáde hydro- 
chloride may be represented by the íollovving names:
• Co-beneldopa (BAN)—benseradde 1 part and levodopa 4 

parts (w/w).
Pharmacopoeias. In Chin., Eur. (see p. vu), and Jpn.
Ph. Eur. 8: (Benseraãde Hydrochloride). A white or 
yellovvish-vvhite or orange-white crystalline powder. It 
shovvs polymorphism. Freely soluble in vvaten very slightly 
soluble in dehydrated alcohol; practically insoluble in 
acetone. A 1% solution in vvater has a pH of 4.0 to 5.0. 
Protect from light.

Solubilhy. Benserazide is unstable in a neuưal, alkaline, or 
sơongly addic medium.1

I. Schwamt DE. Brandi R. Pharmacokinetic and meiabollc studies oí the 
decarboxyỉase inhibitor benseraiide in animaỉs and man. Arzneimittcl- 
f 0Tĩchun$ 1978; 28: 302-7.

Uses and Administration
Benseraáde hydrochloride is a peripheral dopa-decarboxyl- 
ase inhibitor with actions similar to those oỉ carbidopa 
(p. 900.3) and is used similarly as an adjunct to levodopa in 
the treatment of parkinsonism (p. 889.1). For details of 
dosage, see Levodopa, p. 902.3.
Reíerences.

1. Dingemanse 3, et aỉ. Pharmacodynamics oỉ benserazide assessed by its 
eữ eas on endogenous and exogenous levodopa pharmacokinetỉcs. B rJ  
Oin Pharmacol 1997; 44: 41-8.

Adverse Effeds and Precautions
Early rcports' noted developmental abnotmalities of the rat 
skeleton, but others ỉound no evidence of any disorder 
involving bone metabolism in man.1 Nevertheless, licensed 
product iníormation recommends that benseraáde should 
not be given to patìents under 25 years of age, nor to 
pregnant vvomen or to women of child-bearing potential in 
the absence oỉ adequate conưaception.

1. Thdss E. Schãrer K- T oxidiy oỉ L-dopa and a decarboxylase ỉnhibỉtor in 
anỉmaỉ experiments. In: de Ajuriagucrra J. Gauthier G. eds. Monoamina 
Noyaux Cris Cmtraux et Synđromt de Parkỉnson. Geneva: Georg, 1971:497- 
504.

2. Ziegler WH. Ệt a i  Toxiciry oí L-dopa and a dopa đecarboxyỉase inhibitor 
in hum ans. In: de Ajuriaguerra 3, Gauthler G, eds. Monoamina Nơyata 
Grừ Centraux et Synắrome de Parkimon. Geneva: Georg. 1971: 505-16.

Pharmacokinetics
Pharmacokinetic and metabolic studies1'1 in animals and 
man have shovvn th a t aỉter oral doses in parkinsonian 
patients, benseraáde was rapidly absorbed to the extern oi 
about 58%; giving it with levodopa tended to increase this 
slightly. Benseraáde was rapidly excreted in the urine in the 
form of metabolites, mostly vvithin the first 6 hours; 85% of 
urinary excretion had occurred vvithin 12 hours. Ít is mainly 
metabolised in the gut and appears to protect levodopa 
against decarboxylation prímarily in the gut, but also in the 
rest of the organism, mainỉy by vvay ol its metabolite 
trihydroxybenzylhydrazine. Benserazide did not cross the 
blood-brain barrier in rats.

ỉ.  Schw am  DE. ei ai. Pharmacokinetỉcs of tbe decarboxylase benseraride 
in  man: its tissue dỉstributỉon ỉn the raL EurJ Clin Pharmacol ỉ  974; 7 :3 9 -
45.

2. Scbwartz DE. Brandt R. Pharroacokỉnetíc and meiaboỉic studỉes oỉ the 
decarboxylase ỉnhỉbỉtor benseradde in anỉmals and m an. Armeùniael- 
fonchung 1978; 28: 302-7.

Preparations
Propóetory Preparationỉ (detaiis are given in Volume B) 

Singie-ingredient Preparatiom. Ger.: Restex.

MulH-ingredient PrBparatkxu. Arg.: Madopar; AustraL:
Madopar Austrũr. Madopar; Restex; Belg.: Prolopa; Braz.: Pro- 
lopa; CatuuL: Prolopa; Chile-. Melitase; Prolopa; Cz.: Madopar; 
Dettm.: Madopan pin.: Madopax; Fr.: Modopan Ger.: Levodopa 
comp Bt; Levopart; Madopan PK-Levof; ór.: Madopar; Hmg 
Kong: Madopar; Hung.: Madopar India: Benspar; Madopar-F; 
ỉndon.: Leparson; Levaãde; Levopar Madopan Pardoz; IrL: 
Madopar, Israel: Levopar Plus; Ital.: Madopar, Malaysia: 
Madopar; Mex.: Madopãn Neth.: Madopan Modoparị; NÕrw.: 
Madopar NZ: Madopar Philipp.: Madopar; PoL: Madopan 
PorL: Madopar; Rus.: Madopar (Manonap); SAfr,: Madopar; 
Singapore: Madopar; Spain: Madopar; Swtd.: Madopark; 
Switz.: Madopar Thai.: Madopar; Udopar-250; Vopar; Turk.: 
Madopar; UK: Madopan ukr.: Madopar (Maaonap); Venez.: 
Madopar.

Pharmocopoeial Preparations
BP 2014: Co-beneldopa Capsules; Dispersible Co-beneldopa 
Tablets; Prolonged-releãse Co-beneldopa Capsules.

B e n x a t r o p i n e  M e s i l a t e  IB A N M , r ìN N M i  

'Benzaơopina,- mesilato ■: de; Berưatropine, Mésilate-'de 
BènzatropinéMethanẽsúlfonate; Benzatropini Mesilas; Benz- 
tropirie Mesylate; Mesilato de benzatropina; BeH3aĩponiỊHa 
Me3MJiaT. -
(1 R ậ rĩS>3-Benzhydryloxytropane mèthanesulphonate. 
C21H25NO,CH4O3S=403.5  ̂ •
CÃS — . 86-13-5 (berưatropme); 132-17-2 (benzatropine 
mesilate).'
ATC —  N04AC01. '
ATCVet —  QN04AC0Ỉ.
UNII —  WMJ8ĨƯ510.- ,

Pharmacopoeias. In Br. and us.
BP 2014: (Benzatropine Mesilate). A vvhite, odourless o 
almost odourless, crystaỉline povvder. Very soluble in vvater 
freely soluble in alcohol; practically insoluble in ether. 
USP 36: (Benỉtropine Mesylate). A vvhite, slightb 
hygroscopic, crystalline powder. Very soluble in water 
ừeely soluble in alcohol; very slightly soluble in ether. Stor« 
in airtight containers.

Uses and Administration
Benzaưopine mesilate is a tertiary amine antimuscarini. 
vvith acãons and uses similar to those of trihexyphenidy 
(p. 917.3); it also has antihistaminic properúes.

Benzatropine is used íor the symptomatic treatment 0 
parkinsonism (p. 889.1), induding the alleviation of th( 
extrapyramidal syndrome induced by drugs such a; 
phenothiazines, but, like other antimuscarinics, is of nc 
value against tardive dyskinesias. It has been used ỉn thc 
treatm ent of dystonias.

Benzatropine mesilate is given orally or, ií necessary, b\ 
inưamuscular or inơavenous inịection.

The usual oral daily dose of benzatropine mesilate ừ  
park in son ism  is 1 to 2 mg, with a range of 0.5 to 6 mg. Ir 
arteriosclerotic and idiopathic parkinsonism the usual initia 
daily dose is 0.5 to 1 mg at bedtime, although some patỉent: 
may require an initìal daily dose of 4 to 6 mg. Patients w iử 
post-encephabtic parkinsonism often tolerate an initial daily 
dose of 2 mg, given in one or more doses, although highly- 
sensitive patients may initially be given 500 micrograms at 
bedtime. The actions of benzatropine are cumulative, and 
may not be evident for several days after beglnning therapy. 
Doses may be graduaUy increased by 500micrograms every 
5 to 6 days 10 a maximum of 6m g daily if necessary. 
Maintenance therapy may be given as a single daily dose at 
beđtime or in divided doses 2 to 4 times daily. Similar doses 
may also be given inơamuscularly, ư appropriate.

In the management of d ru g -in d u ced  ex trap y ram ld a l 
sym p tom s doses of 1 to 4m g once or twice daily have been 
given orally or parenterally. Therapy should be stopped 
after 1 to 2 weeks to assess w hether it is still necessary.

In an  emergency such as ac u te  dyston ia , benzatrõpine 
mesilate may be injeaed intramuscularly or inưavenously 
in a dose of 1 to 2mg; inưamuscular injection is reported to 
produce an eííect as quickly as intravenous dosage so the 
latter is rarely necessary.

Benzaưopine has also been given as the hydrochloride.

Adverse Effects, Treatment, and Precautions
As íor Aưopine Sulíate, p. 1312.1. Drovvsiness may be 
severe in some patients and patients so aííected should not 
drive or operate machinery. M ental disturbances and 
exdtem ent may occur vvith large doses or in susceptible 
patients.

Abuse. For mention of abuse of benzattopine see under 
Trihexyphenidyl Hydrochloride, p. 918.1.

Effects on the heart. Paradoxical sinus bradycardia in a 
patient vvith depression and psychotic symptoms was 
attxibuted to benzatropine since it persisted despite modifl- 
cation to other treatment and resolved only w hen benza- 
ưopine was vvithdravvn.1

1. Voisov H, et aỉ. Sinus bradycaxdu reỉated to tbe use oỉ bcim ropine 
mesylate. Am J  Pỉychiatry ì 992; 149: 711.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norwegian Porphyria Centre (NAPOS) and 
the Poiphyria Cenơe Svveden, dassihes benzatropine as 
possibly porphyrinogenic it should be used only w hen no 
saíer altemative is available and precautions should be 
consiđered in vulnerable patients.1

1. The Drag Database íor Acute Porphyrt*. Available a t  h ttp://w w w . 
drugs-poipbyria.org (accessed 30/09/11)

Interactions
As for antimuscarinics in  general (see Atropine Sulíate, 
p. 1312.3).

All cross-reíerences reíer to entries in Volume A

http://www
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Antidepressanh. A report1 of 5 patients who developed 
delirium vvhile taking an antipsychotic, an SSRI, and ben- 
zaưopine suggested that there might be an inceractíon 
benveen SSRIs and benzatropine.

1. Roth A. It al. Dclirium assodaced with the combinatìon of a neuroleptic 
an  SSRI. and benitropine. J cíiĩĩ Psychiatty 1994; 55: 492-5.

AntipsychoHcs. Fatal heat stroke after exposure to an 
am bient temperature of over 29 degrees has been 
reported1-2 in patients receiving benzatropine with 
antipsychotics. Paralytic ileus, sometữnes fatal, has also 
been seen in patients taking benzatropine vvith antípsy- 
chotics.*

1. S ud n y k  AN, Glezos JD. Drug-induced heat stroke. Can MedAssocd ỉ 98 3; 
128: 957-9.

2. Tyndeỉ F, Labonté R. Drug-tacilitated heat Sttoke. Can Meá Assoc J 1983; 
129: 680.

3. W ade LC Ellenor GL Combinatỉon mesoridarine* and berưưopine 
mesylate-ỉnduced paraỉytỉc ileus: two case reports. Drug ĩntell ơ in  Pliarm 
1980; 14: 17-22.

Preparations
Proprietory Preparations (details are given in Volume B)

Single-ingredient Preparatíons. Austrai.: Benzưop; Cogentin; 
Austrừu Cogentint; Cz.: Apo-Benztropinef; Hững Kong-. 
Cogenón; NZ: Bẹnzưop; Cogeũtin; Singapore: Cogentm; Thau: 
CogentÌỊÌ;UK: Cpgentin; USA: Cogentin.

Phormocbpoeiol Preparotions
BP 2014:'Benzatropine Injection; Benzatropine Tablets;
USP 36tBenztropine Mesylate Injection; Benztropine Mesylate 
Tablets. '

B ịp e r ĩd e n  IBAN, riNNì

Bỉpendeeni; Bipéridène; Biperideno; Biperidenum; BnriepM- 
fleH . ■: s  ; '■
:í-(Bicỳclo[2.2:1]hept-5-en-2-yl)-Ì-phenyl-3-piperidinopro-
pan-1-ol.
C2,H2,NO=3115 
CAS-  514-65-8.
ATC— N04AA02.
ATC Vet —  QN04AA02.
UNII —  0FRP6G56LD.

Pharmacopoeias. In Int. and us.
USP 36: (Biperiden). A white, practically odourless, 
crystalline powder. Practically insoluble in vvater; sparingly 
soluble in alcohoi; ừeely soluble in chloroíorm. Protect írora 
light.

B ip e ride n  H yd ro ch lo ríd e  ỊBANM, liNNMỊ
Bipẹndeenihỵdrokloridi; Biperiden Hidroklorùr; Bìpériđène, 
Chlorhydrate de; Biperidén-hidroklorid; vBipéridenhydro- 
chíorid; Biperiden-hydrochlorid; Biperidenhydroklcrid; Biper- 

: ideni Hydráchloridum; Biperidenó hỉdrochloridas; Biperide-' 
no, hidrocloruro de; H idrodoruro de biperideno; 
EMnepnqeHarnflpoxnopnfl.
C21H^Ó,HCI=347.9 
C4S—  ĩ 255-82-1.
ATC —  N04AA02. -
ATC Vet —  QN04AA02. ■ -
UNỊI —  K35N76CUHF.

Pharmacopoeias. In Eur. (see p. vii), Int., Jpn, and us.
Ph. Eur. 8: (Biperiden Hydrochloride). A white or almost 
vvhite, crystalline powder. Slightly soluble in vvater and in 
alcohol; very slightly soluble in dichlororaethane. A 0.2% 
solution in water has a pH of 5.0 to 6.5. Store in airtight 
containers. Protea from light.
USP 36: (Biperiden Hydrochloride). A vvhite, practically 
odourless, crystalline powder. slightly soluble in water, in 
alcohol, in chlorotorra, and in eứier; sparingly soiuble in 
m ethyl alcohol. Protect from light.

B ip e rid e n  Lactate (BANH riNNM)

' Biperiđen Laktat; Bipéridène, Lactate đẽ;'Biperídeni Lactas; 
Bipẹrideno, lactato de; Lactato de biperideno; 6u'nepufleHa 

n â i à a T .  ■ ’

CẶS —  7085-45-2.
ATC—  N04AA02.
ATC Vet —  QN04AA02. 
um —  09ĨD6C5147.

Pharmacopoeias. us indudes Biperiden Lactate Injection.

Uses and Admỉnistration
Biperiden is a tertiary amine antimuscarinic with actions 
and uses similar to those of trihexyphenidyl (p. 91.7.3) but 
vvith m ore potent antinicotinic properties.

Bìperìden is used in the symptomatìc ưeatm ent oỉ 
parkinsonism (p. 889.1), induding the alleviation of the 
extrapyramidal Syndrome induced by drugs such as 
phenothiaãnes, but, like other antimuscarinics, is of no 
value against tardive dyskinesias.

Biperiden is given orally as the hydrochloride and by 
injection as the lactate; doses are expressed in tenns of the 
relevant salt.

us licensed product iníormation gives the initial oral 
dose íor P ark inson 's  d ỉsease as 2 mg of the hydrochloride 
3 or 4 tiines daily vvhich can then be increased according to 
response to a maximum of 16mg daỉỉy. In some countries a 
much lower initial oral dose of lm g  tvvice daily is 
recommended. In the USA the recommended oral dosẽ for 
d rug-lnduced  ex trapy ram ỉdaỉ sym ptom s is 2 mg of the 
hydrochloride 1 to 3 times daỉly. In other countries a vvider 
dose range of 1 to 4mg 1 to 4 tứnes daily ìs used. ModiBed- 
release tablets with diữerent dose schedules are avaílable in 
some countries.

In severe cases, or w hen biperiden cannot be given 
orally, the lactate can be given by intiamuscular or slow 
intravenous injection; total daily doses of up to 10 to 20 mg 
daily have been used.

Adverse Ettects, Treatment, and Precautions
As for Atropine SuUate, p. 1312.1.

Parenteral use may be followed by slight transient 
hypotension.

Abuse. Abuse of biperiden has been reported in  psychia- 
tric patients.1-2

1. Pullen GP, t í  a i  AniichoIIncrgic drug abusc: a commoQ probiem? BMJ 
1984; 289: 612-13.

2. Ozucelik DN, tí  al. Gluteaỉ abscess ỉoUovvỉng intramuscuỉar injection of 
dissolved biperíden tablets. int J  Cỉừĩ Praa 2007; 61: 1417-18.

Porphyría. The Drug Database for Acute Potphyria, com- 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, dassiũes biperiden as possi- 
bly porphyrinogeniq it should be used only when no saíer 
altemative is available and precautions should be consid- 
ered in vulnerable patients.1

1. The Drug Database íor Acute Porphyria. Available at: hrtp://www. 
drugs-porphyria.org (accessed 30/09/11)

Interactìons
As for antimuscarinìcs in general (see Aơopine Sulíate, 
p. 1312.3).

Pharmacokinetics
Biperiden is readily absorbed bom  the gastrointesúnal tract, 
but bioavailability is only about 30% suggesting that it 
undergoes extensive ãm -pass metabolism. Bipcrìden has an 
elimination halí-ltíe of about 20 hours.
Reíerences.

ỉ . Holỉmann M. t í  al. Biperiden eíĩea s  and plasma ỉevels in volunceers. Eur 
J  Clitt Pharmacol 1984; 27: 619-21.

2. Grimaidi R. t í  ai. Pharmacokinetíc and pharmacodynamỉc studỉes 
íollovving the ỉntravenous and oral adminỉsưatỉon of the antỉparkinso- 
nian drug bìperỉden to normal subjects. E u rd ơ ìn  Pharmacol 1986; 29: 
735-7.

Preparations
Proprietary Preparations (details are given in Volume B)
Singte-ingredient Prepcrotions. Arg.: Akineton; BeroBn; Dard- 
pirenot; Denzolam; Sinekìn; Austral.: Akineton; Austria: 
Akineton; Belg.: Akineton; Braz.: Akineton; Cinetol; Parkinsol; 
Propark; Chile: Akinetont; Cz.: Akineton; Denm.: Akineton; 
Fiit.: Akineton; Ipsatol; Fr.: Akineton; Ger.: Akineton; Cr.: 
Akineton; Hung.: Akineton; Irt.: Akineton; Israel: Dekinet; 
Ital.: Akineton; Mex.: Akineton; Bikipenf; Kinex; Neth.: 
A k in e to n ;  tV ơ n v .:  A k ĩ n e t o n ;  p h ỉ l i p p . :  A k e t o n ;  A k ỉd in ;
Akineton; PoL: Akineton; Port.: Akineton; Rus.: Akineton 
(Axhhctoh); Mendilex (MeHnaneKC); S.Afr.: Akineton; Spain: 
Akineton; Swed.: Akineton; S»Wíz.: Akineton; Turk.: Akineton; 
USA: Akineton; Vencĩ.: Akineton.
PhamKKopoeial PreparaHoru
USP 36: Biperiden Hydrochlorịde Tabiets: Biperiden Lactate 
Injection.

Bomapríne Hydrochloride Í8ANM, ríNNMi 

Bomaprin HidroklotuhBọxnaprina; hidrocloruro.de;.BQrnaprr 
! ine, Chlorhydratè de; BornaprinỊ Hydrochloridum; Hidrodor- 
uro de bornáprina; 6opHanpnHa rnflpoxnopufl. 

íB-bỉẹịĩíylarninopropyl 2-phenylbicydo[2.2.1]heptane2-car-‘ 
‘ boxyĩate hydrochloride.
C2IH3jN02,HCI=365.9
■CAS —  20448-86-6 (bomaprine); 26908-91-8 (bomaprìne 
hydrochloride). ■
ATC —  N04AA11.
ATC Vet —  QN04AA11. 
um  —  R99RGW1B2Q

Profile
Bomaprine hydrochloride is a quatemary ammonỉum 
antứnuscarinic w ith actions and uses símilar to those of 
trihexyphenidyl (p. 917.3). It is used in the symptomatic 
ưeatment of park in so n ism  (p. 889.1), induding the 
alleviation of the extrapyramidal syndrome induced by 
drugs such as phenothiazines, but, like other antímusca- 
rinics, is of no value against tardive dyskinesias; it is daimed 
to be mainly eííective against tremor. Bomaprine hydro- 
chloríde is given orally in initial doses of 2mg daily 
gradually increased to  6 to 12mg daily according to 
response. It is aỉso used in the treatment of hyperh ld rosls  
(p. 1685.1) in a dose oi 4 to 8m g daily.

Preparcrtions
Propriehỉiy Prepartrtionỉ (details aie gỉven in Volume B)
Single-ingrediení Preparotions. Austria. Sormodren; Ger.: Sor- 
modrea' Gr.: Sormodren; ItaL: Sonnodren; Turk.: Sormodren.

Bromocriptỉne Mesilate (BANM, riNNM)

Bromocriptina, mésilato de; Bromọcriptĩne, mésiíate de; 
Bromocriptìne Mesylate (USAN); Bromõcriptine Methànesul- 
phoriate; Bromocnptini Mesifas;r_Brọmocriptínmesilat; Bro- 
mocryptine Mesylate; 2-Brorno-a-ệrgociyptine Mèsylàte; 2- 
Bromoergocryptine Monomethanesulíonate; Bromokriptii-' 
nimesílaatti; Bromokriptin Mesilat; Bromokriptinmèsiíat; 
Bromokriptin-mesylát; Brómokriptin-meálát; Brbmokriptino 
mesilatas;CB-154 (bromocríptine); Mesilato. dé brpmocripti- 
na; BpoMOKpnnTMHa Me3WiaT,
(5,S)-2-Bromo-12'-hydroxy-2'-(l-methylethỵl)-5'-(2-methyl- 
prapyi)-ergotaman-3',6',l 8-trione methanesulphonate. 
Q 2H«BrNsO5,CH4OaS=750 7 '
C4S— 25614-03-3 (bromocriptine); 22260-51-l(bromocriptìne 
mesilate).
ẠTC — G02CB01; N04BC01 
ATC Va —  QG02CB01; QN04BC01.
UỤII —  FFP983J30D. '

PhartTKicopoeias. In Eur. (see p. vu), Jpn, and US.
Ph. Eur. 8: (Bromocriptine Mesilate). A white or slìghtly 
coloured fine crystalline powder. Practìcally insoluble in  
vvaten soluble in alcohol; sparingly soluble in dichlor- 
omethane; ừeely soluble in methyl alcohol. A 1 % solution 
in a mixture of 2 parts methyl alcohol to 8 of water has a pH 
of 3.1 to 3.8. Store in airtight containers at a  temperature 
not exceeding -15 degrees. Protect from lighL 
USP 36: (Bromocriptine Mesylate). A vvhite or slightly 
colouted fine crystalline povvder, odourless or having a 
vveak charaaeristic odour. store in aữtight containers at a 
temperamre not exceeding 8 degrees. Protect bom light.

Uses and Administration
Bromocriptine, an ergot derivative (p. 2137.1), is a 
dopamine D2-agonist. It inhibits the secretion of prolactin 
(p. 2145.1) ỉrom the anterior pituitaiy and is used in  the 
ưeatment of prolactinoma and endocrinological disorders 
assodated wlth hyperprolactinaemia (p. 896.2), induding 
amenoưhoea, galactorrhoea, hypogonadism, and inỉertỉlity 
in both men and vvomen. Bromocríptine is also used to 
suppress puerperal lactation for medical reasons (p. 896.2); 
it is not recommended for the routine suppression of 
physiological lactation or for the treatment of postpattum 
breast pain and engorgement that may be adequately 
relieved with simple analgesics and breast support. Growth 
hormone secretion may be suppressed by bromocriptine in 
some patients with acromegaly (p. 896.1). Because of its 
dopaminergic activity bromocriptine is also used in the 
management of Parkinson's disease (p. 896.3). It is used in 
some countries as an adjunct to diet and exercise to improve 
glycaemic control in type 2 diabetes mellitus (p. 459.1) but 
its exact mode of action is unknovvn.

Bromocriptine is usually given orally as the mesilate; 
doses are expressed in  terms of the base. Bromoaiptine 
mesilate 2.87 mg is equivalent to about 2.5 mg of 
bromocriptine. Oral doses should be taken with íood. 
Bromocriptine mesilate has also been given intramuscularly 
as a depot injection íor disorders assodated vvith 
hyperprolactìnaemia.

For the p rev en tio n  of p u erp era l la c ta tỉo n  bromo- 
criptine 2.5 mg is given on the day of delivery followed by
2.5 mg tvvice daily ỉor 14 days. The xisk oỉ hypotension and, 
more rarely, hypẽnension must be bome in mind and it has 
been recoinmended tha t bromocriptine should iiot be given 
untìl at least 4 hours aỉter delivery. For the supp ressỉon  of 
established la c ta tio n  it is given in a dose oí 2.5mg 'daily 
for 2 to 3 days subsequently inaeased to 2.5 mg tvvice daily 
for 14 days.

For the treatment of other conditions (see below) the 
dose oỉ bromocriptine is usually inaeased gradually. In the 
ƯK, typically, an initial dose of 1 to 1.25 mg at night is given.

The Symbol t  denotes a preparation no longer aaively marketed
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increaseđ to  2 to 2.5 mg at night aíter 2 to 3 days, and 
subsequently incrcased by 1 to 2.5 mg every 2 to  3 days to a 
dose of 2.5 mg twice daily, or more ư necessary. In the USA, 
a usualstarting dose is 1.25 to 2.5 mg daily increased by
2.5 mg evéry 2 to 7 days.

In ' the tre a tm e n t o f hypogonad lsm  a n d  galacto- 
r rh o ea  synd rom es a n d  in íe r ti lity  bromocriptine is 
introduced gradually as described above. Most patients vvith 
hyperprolactlnaemia respond to 7.5 mg daily but up to 
30 mg daily may be required. Iníertile patients without 
raised serrnn concentrations of prolactin are usually given
2.5 mg twice daily. In patients knovvn to have pro lac tino - 
m as the dose is also inttoduced gradually as descrìbed above 
and may then be increased hinher by 2.5 mg every 2 to 3 
days to a dose of 5mg every 6 hours but occasionally 
patients may require up to 30 mg daily. Although 
unlicensed in the UK and USA, bromocriptine is used in 
some countries for cyclical ben lgn  b rea s t a n d  m en stru a l 
d iso rders. In benign breast disease bromocripóne is 
introduced gradually up to a daily dosage of 5 to 7.5 mg ií 
necessary. In the ữeătm ent of premenstrual symptoms 
therapy should begin on day 14 oí the cyde and introduced 
gradually up to a usual dosage oỉ 2.5 mg twice daily until 
menstruatíon begins.

Bromocriptíne may be used as an adjunct to surgery and 
radiotheiapy to reduce plasma-grovvth hormone concenưa- 
tìons in acrom egalỉc pa tien ts . In the UK, it is introduced 
gradually as described above and may then be increased 
hirther by 2.5 mg every 2 to 3 days if necessary up to 5 mg 
every 6 hours, according to response. In the USA, the usual 
starting dose (see above) may be increased by 1.25 to 2.5 mg 
every 3 to  7 days to a maximum daily dose of lOOmg if 
necessary; the usual dosage range is 20 to 30 mg daỉly.

In P ark in so n 's  d ỉsease  bromocriptine has been used 
alone, although it is usually given as an  adjunct to levodopa 
treatment. ỉt should be inữoduced even more gradually 
than the regimen above, and during this period patíents 
already receiving levodopa can have their levodopa dosage 
decreased gradually untíl an optimal response is achỉeved. 
In the UK, a suggested initial dose is the equỉvalent oỉ 1 to 
1.25mg of bromocriptine at night during week 1, increased 
to 2 to 2.5 mg at night for vveek 2, 2.5 mg twice daily for 
week 3, and ỉor week 4, 2.5 mg three times daily; the dose 
may be increased thereaíter by 2.5 mg every 3 to 14 days 
according to  response. The EMEA has recommended a 
maximum dose of 30 mg daily. In the USA, a usual startìng 
dose ũ  1.25 mg twice daily increased by 2.5 mg every 14 to 
28 days to a maxúnum dose of lOOmg daily u  necessaiy.

In the USA, bromocriptme is used as an adjunct in ty p e  2 
d iabetes  m ellitu s . An initial oral dose of 800 micrograms 
daily is increased in tveekly steps oỉ 800 micrograms, 
according to tolerance, to a daily dose o{ between 1.6 to 
4.8 mg; doses are given once daily vvỉthin 2 hours of vvaking 
in the m oming.

For details of uses and assodated doses in children and 
adolescentỉ, see below.

Administratíon ỉn children. In the UK, bromocripáne is 
licensed íor the treatm ent oí prolactinomas and gigantism 
(aaomegaly), under spedalist supervision, in children and 
adolescents aged 7 to 17 years. For prolactinomas, an initi- 
al oral dose oỉ 1 mg is given 2 or 3 times daily. A higher 
starting dose oỉ 1.25 mg given 2 or 3 tữnes daily is sug- 
gested íor gigantism. Thereafter, the dose may be gradu- 
ally increased according to response; a maximum of 20 mg 
daily is recommended in those aged 13 years or older, 
regardless of indication, while younger children may be 
given a maximum dose oỉ 5mg daily for prolactinomas 
and ỈOmg daily ỉor gigantũm.

In the USA, bromocriptine is licensed ỉor the ưeatment oỉ 
proỊactinomas in chilđren and adolescents agêd 11 to 15 
years. An initíal oral dose of 1.25 to 2.5 mg daily may be 
gradually increased, according to response, to a usual range 
of 2.5 to lOmg daiỉy.

Acromegaly. Dopaminergics can produce a paradoxical 
reduction in  grovvth bonnone secretion and bromocrìptine 
has been used in acromegaly (p. 1921.1) as adjưnctìve 
therapy to  surgery, radiotheiăpỹ, or somátostatin analo- 
gues to reduce drculating grovvth hormone levels. While 
it is less eSective than somatostatin analogues, it can be 
given orally and is therelore more convenient to adminis- 
ter.

Cushing's syndrome. There have been occasional reports 
of beneht w ith the use of bromoariptine in the treatment 
of Cushing's syndromc (p. 2559.1). Remission of ACTH- 
dependent Cushing's syndrome was maintained ỉor 6 
years by bromocriptine 2.5 mg tvvice daily in  a patient 
who had initíally received pituitary irradiation.1 However, 
the same group subsequẽntly rẽported that they had 
íotmd that bromocriptine did not effectively reduce ACTH 
secretion ỉollovving bilateral adrenalectomy.2

1. Atkinson AB, t í  ai. Six year remissioc oỉ ACTH-dependeiit Cushing's
synđrome usỈDg bromocTÍptínc. Poữgraẩ Meẩ J 1985; 61: 239-42.

2. Atkinson AB.The treatm em  of Cushỉii^s synđrome. ơ ờ í Endocrìnal (Oxf)
1991;34:507-13 .

Hepatíc ẹncephalopathy. For the view that the evidence 
does not support the use of dopaminergics such as bromo- 
criptíne in the management of hepatic ẽncephalopathy see
p. 1811.2.

Hypérprolactinaemia and proiactinomas. Prolactinomas 
(prolactin-secreting pituitary adenotnas) are among the 
commonest causes oí hyperprolactinaemia. Raised serum- 
prolactin concentrations can result in reduced gonadoưo- 
phin production, vvhich in tum  may suppress gonadal 
{uncdon. Consequences may indude olỉgomenorrhoea or 
amenorrhoea, and iníertility in either sex. Galaaonrhoea 
may also result from high prolacdn levels and can occur in 
men as well as women.

Dopamine is the major inhibitory íactor in the 
hypothalamus and directly inhibits the secretion of 
prolactín. Bromocriptíne, a dopamine agonist, has been 
the Đrst choice of treatm ent in many centres for the 
treatm ent oi hyperprolactinaemia secondary to a pro- 
lactinoma although cabergoline is now preíerred by some. 
Bromoaiptine is extremely eííective in controlling elevated 
drculating prolactin concentrations and restoring gonadal 
lunction; although it is rarely curative, it may produce 
considerable shrinkage of the adenoma.1

The sensitiviiy of hyperprolactinaemia to bromocriptine 
therapy can vary considerably betvveen patients and this is 
reíleaed in the vvide range of oral doses required to reduce 
prolactin concentrations to normal levels. Although 
beginning therapy with gradually increasing doses can 
minimise adverse elíects it has been repoited that about 5 to 
10% of patients are unable to tolerate oral bromocriptỉne;2 
other dosage routes have thereỉore been investigated. 
Bromocriptine is well absorbed ửom Standard oral tablets 
placed in the vagina and appears to be both eữective in 
lowering prolactin concenưations and well tolerated when 
given by this route.5 However, limitations are considered to 
be the relatively short durarion oí action and the relatively 
low dose that can be given.1 A depot preparation given 
intramuscularly in a dose ot 50 to 250 mg monthly has been 
found to be effective and weli tolerated in Iong-term 
studies;4-5 it is reported to be used in some centres to begin 
treatment for macroprolactinomas.2

For discussions of the management of hyperprolactinae- 
mia and assodated disorders see p. 2252.2 (hyperprolacti- 
naemia), p. 2251.3 (amenorrhoea), p. 2252.3 (hypogonad- 
ism), p. 2348.2 (erectile dysfunction), and p. 2253.1 
(iníertílity).

1. M olỉtch ME. Medicaỉ managem ent of prolactin-secreting pỉtuitary 
adenomas. Pituitary 2002; 5: 55-65.

2. Ciccareỉlỉ E. Camanni F. Dỉagnosỉs and dnig therapy of proUctinoma. 
Druss 1996; 51: 954-65.

3. Ginsburg J, eí al. Vagỉnal bromocriptine. Lanat 1991; 33S: 1205-6.
4. Cỉccareỉũ E. tt a i  Long term iherapỹ oí padnits w tth macroprolactinoma 

using repcatable ỉn jeaabỉe bromocripónc. J  ơ in  Endocrìnoĩ Metab 1993; 
76: 484-8.

5. Gccareỉlỉ E, et a i  Doublc blỉnd random izrd study usỉng oral o r ỉnjeaable 
bromocrípcỉne in patìentỉ w ith hyperproiactínaemia. ơ à t Endoairtol 
(Oxf) 1994; 40: 193-8.

PRECNANCY. Relerences to the management of pro- 
lacdnoma during pregnancy.1’3 Bromocriptine has been 
successỉully used íor management in pregnant women, 
partículariy if there is symptomatic enlargement of the 
tumour, although there continues to be debate on the 
appropriateness ol continuous therapy in less high-risk 
individuals.

1. Randeva HS. ti  a i  Prolactínoma and pregnancy. Br J  Obsỉet Gynaecol 
2000; 107: Ỉ064-8.

2. Bronsteỉn MD, et a i  Medicaỉ managem eni o ỉ p iu ù u ry  adenomas: the 
spedal case of managem eni of the pregnant wocnan. Pừuitary 2002; 5: 
99-107.

3. Chkxiỉni L Liuzzỉ A. PRL-secretỉng piniicary adenom as ỉn pregnanqr. J 
Endocrinoi Invcst 2003; 26: 96-9.

Lodation inhibition. Because of its eỉlects on prolactin, 
bromocriptine is a potent suppressor of lactation and has 
been widdy used for the prevention of lactatíon in 
vvomen whõ choose not to brẽast feed post partum. How- 
ever, bromocriptine has been assodated with severe 
adverse ehects in some women, and its use to suppress a 
physiological State has been critldsed (see p. 2130.1). Con- 
sequently, llcensed p rodua  inỉormation from some coun- 
tries recommends that bromocriptine should only be used 
to suppress puerperal lactation for medical reasons; it is 
also nõt recõmmended ỉor the ưeatm ent of postpartum 
breast pain and engorgement that may be adequately 
relieved vvith simple analgesics and breast support.

Mastolgia. Since mastalgia (p. 2265.1) can improve spon- 
taneously, ưeatm ent should rarely be considered unless 
pain has been present ỉor about ómonths. Bromocriptine 
is one of the drugs that may be used to treat mastalgia.u  
It may improve symptoms in up to about 50% of patients 
with cydical mastalgia, but is less eỉfective in the 
non-cydical íorm.5'4 Adverse effects can be severe in some 
patients.

1. Gateley CA. Manscì RE. M anagement of the paintul and nodular breasL 
Br Mtd BuU 1991; 47: 284-94.

2. Anonymous. Cydical breast paii>—what tvorks and w hat doesn'L Drus 
Therẻuữ  1992; 3 0 :1 -3 .

3. Pye JK, t í  aỉ. CUnical experìrnce of drug treatments ỉo r mastalgỉa. Lanaĩ 
1985:11:373-7.'

4. Mansel RE, DogUotti L. European m ulticentre trial oí bromocriptine in 
cydỉcal m útạlgla. l im a t  1990; 335:190-3.

Neuroleptic maGgnant syndrome. Bromocriptme has 
been used in  doses of up  to 30mg daily,1"4 usually alone 
or w ith dantrolene, in  the ưeatm ent of neuroleptic malig- 
nant syndrome (p. 1050.2) although some vvorkers have 
not ỉound it to be of use.7

ỉ . Muelỉer PS, t í  ai. Neuroleptic m aỉỉgnant syndrome: successíul treatm ent 
vvỉth b rom ociipãne. JAMA 1983; 249: 386-8.

2. Dhỉb-Jaỉbut Sa t í  ứ .  T reatm ent of the neuroỉepdc m aỉỉgnant syndrome 
wỉth brom oatptine. JAMA 1983; 250: 484-5.

3. Clarke CEa t í  aL Cỉỉnỉcaỉ spectrum oỉ neuroleptic m alỉgnant syndrome. 
Laruetl988; ỉl: 969-70.

4. Guerrero RM. Shiỉrar KA. Dỉagnosỉs and ưeatm ent oỉ neuroleptìc 
m aỉỉgnant syndrome. ơ iỉt Pharm 1988; 7: 697-701.

5. Lo TCM. t í  aL Neuroỉeptỉc nu ỉỉgnan t syndrome: another medỉcal cause 
oí acute abdomen. Postgrađ Med J  1989; 65: 653-5.

'6 . Chandran GJ. tí  ai. Neuroleptỉc malỉgnant syndrome: case report and 
dỉscussion. Can M td AiSơc J  2003; 169: 439-42.

7. Rosebush Pĩ. tí al. The treatm ent o í neuroỉepric malignant syndrome: 
are dantrolene and bromocrỉprine useíul adjuncts to supportive care? Br 
JPĩychiatry 1991; 159: 709-12.

Parkinsonism. Dopamine agonists such as bromocriptine 
are olten used to begin ưeatm ent of parkinsonism 
(p. 889.1), particularly in younger patients, in an attempt 
to delay therapy with levodopa. They also have an adjunc- 
tive use when levodopa is no longer e£fe«ive alone or 
cannot be tolerated and may sometimes be useỉul in redu- 
cing 'oỉỉ' periods vvith levodopa and in ameliorating other 
Quctuations of mobility in the later stage of the disease. 
However, in early disease, there is no evidence that 
adjunctive bromocriptine prevents or delays the onset of 
motor complications associated vvith levodopa monother- 
apy.
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Polycystic ovary  syndrome. Bromocriptine has been trìed 
in women with the polycystic ovary syndrome (p. 2253.3) 
who have mild basal hyperprolactinaemia without evi- 
dence of a pituitary tiunour.

Resllesỉ legs syndrome. The aetiology of restless legs 
syndrome (see Sleep-ạssodated Movement Disorders, 
p. 1034.2) is obscure and treatment has largely been 
empirícal but dopaminergic therapy has emerged as a 
common first-line choice. Bromocriptme showed some 
beneỉit in a small study.1

1. W alten A5. t í  al. A double-blind iandomỉzed crossover tríaỉ oí 
bromocrìptme and placebo in restỉess legs syndrome. Ann Neurol 
1988:24:455-8.

W ilhdrawal syndromes. ALCOHOL Studies of the efficacy 
oỉ bromocriptine as an aid in the maintenance oi absti- 
nence bom  alcohol (p. 1735.1) have yielded conllicting 
results.1-* However, it has been suggested3 that response 
to bromocriptine might be linked to a specific genotype of 
the Dj dopamỉne receptor.

1. Dongier M. tta l. B ĩom oaip tine ỉn the treatm em  of alcohol dependence. 
Akoĩtoỉ Ũ ừ tE xp R a  1991; 15: 970-7.

2. Naranjo CA. t í  a i  Long-actỉng bromocrỉptine (B) d oesnot reduce reỉapse 
in alcobolks. ơ in  Pharmaai Ther 1995; 57: 161.

3. Lawỉord BRa t í  ai. Brom oaỉpcine ỉn the  treatm ent of aỉcoholỉo  with the 
Dj dopamỉne receptor A ỉ aUele. Nat Med 1995; 1: 337-41.

4. PowelI BJa t í  at. A double-blỉnda pỉacebo-conưoUed stuđy oỉ 
noruỉptyUne and bromocriptine ỉn maỉe aỉcohoỉỉcs subtyped by 
comorbid psyđiiatric dỉsorders. Aìeohot ơitt Exp R a  1995; 19: 462-8.

Adverse Effects
Nausea is the most common adverse eỉíect at the beginning 
oí treatm ent with bromocríptine, but vomiting. dĨTTĨness, 
and orthostatic hypotension may also occur. Syncope has 
followed initial doses.

All cross-reỉerences reíer to entries in Volume A
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Adverse eííects are generally dose-related and may 
thereíore be more írequent with the higher doses that have 
been used in the treatm ent of parkinsonism and 
acromegaly. Reduction of the dosage, followed in a few 
days by a more gradual increase, may alleviate many 
adverse effects. Nausea may be reduced by taking 
bromocriptine with food; domperìdone may also be given 
at least 1 hour before bromoaiptìne, !or the first few days of 
therapy.

Bromocriptine and similar drugs are vasoconstrictors; 
Raynaud's syndrome o r digital vasospasm, induced by cold, 
and leg cramps have been teponed. Other cardiovascular 
eíỉects have induded erythromelalgia, prolonged severe 
hypotension, arrhythmias, and exacerbation of angina. 
Very rarely hypertension, myocardial iníarction, seizures or 
stroke (both sometimes preceded by severe headache or 
visual disturbances), and psychiatric disorders ha ve been 
reported in postpartum vvomen given bromocriptine.

The use of eigot derivatives such as bromocriptine has 
been assodated w ith reơoperỉtoneal Bbrosis, pleural 
thickening and eSusions, and pericarditỉs and pericardial 
effusions.

Other adverse eííects repotted indude headache, nasal 
congestion, drowsiness, dry mouth, constipation, diarrhoea. 
and altered liver-function tests. Dyskinesias and psycho- 
motor exdtation ha ve occúrred in patients suffering from 
parkinsonism. Gasưotntestinal bleeding has been reported 
in acromegaUc patients. Psychosis, with halludnatìons, 
delusions, and eoníusion, qccurs particularly when high 
doses are used to treat parkinsonism, but has also been 
reported w ith Iow doses. A neuroleptic malignant-like 
syndrome assodated with abrupt withdrawal of bromo- 
criptine has been reported very rarely.

Incidence of adverse effects. In 27 published studies of 
the treatm ent oí Parkinson’s disease, 217 of the 790 
patients given broiòocrìptine had adverse eííects.1 Mental 
changes w ere noted in  90 patients, dyskinesia in 20, 
orthostatic hypotension in 40, and gasơointesứnal eííects 
in 40. The fewest adverse eữects (9%) occurred with low- 
dose bromocriptine, more occurred vvith high-dose bromo- 
criptine (27%) or w ith low-dose bromocriptine with levo- 
dopa (26%), and the most occuưed with high-dose 
bromocriptine and lcvodopa (32%). Hovvever, those on 
high doses had more advanced disease and might have 
been more susceptible to  mental changes and dyskinesias.

An analysis by the m anuỉacturer o! published reports on 
patients treated w ith bromocriptine for 1 to 10 years 
condudeđ that in general, adverse effects noted vvere no 
diKerent trom those assodated with short-term treatment.2

1. U eberm an AN, Goldsteln M. Bromociíprinc in Parkúuon disease. 
pharmacol Rrv 1985; 37 :217-27 .

2. Weil c. The saỉety o í bromocripúne in  long-tenn use: a review of the 
Uterature. CurrMeđ Res Opin 1986; 10: 2 5 -5 1.

Effeds on the blood. Severe leucopenia and mild throm- 
bocytopenia developed in a 23-year-old vvoman after 
treatment with bromocriptine 7.5 to 10 mg daily for about 
3 months.1

1. Giampictro o, t t  aì. Severe leukopenia and  mỉld thrombocytopenìa ah er 
chronic b rom oaip tine (CB-154) administration. Am J  Míd Sá 1981; 
281: 169-72.

Effects on  the cardiovascular System. An early revievv 
noted tha t asymptomatìc hyp o ten sio n  oẹcurred in many 
subjects gi ven bromocriptine.1 Hovvever, íaintness and diz- 
ziness, sometimes accompanied by nausea and vomiting, 
were common at the start of treatment with bromocriptine 
and these symptoms rather than an anaphylactic type of 
reaction were likely to account for the collapse that 
occurred in a few sensitive patìents. Two of 53 patients 
with Parkinson's disease lainted aher an initial dose of 
1.25 or 2.5 mg, but the exact inddence of shock-like syn- 
dromes was diíGcult to  assess; the manuíacturers had sta- 
ted that 22 of over 10000 subjects given bromocriptine 
had had hypotension and collapse, mainly at the start oỉ 
treatment.
• A11 patients starúng treatm ent should be wamed of the 

possibility oỉ taintíng. The initial dose should not exceed 
1.25 to 2.5 mg and should be taken with food and in bed. 

ỉf íainting does occur recovery is usuaUy rapid and 
spontaneous. Tolerance to adverse eflects sũch ãs hypo- 
tension and nausea may develop rapidly.

Hypertension, seizures, stroke, and myocardial infarctũm have 
been assoáated with bromocriptine therapy, notably in 
postpartum women.M  A study involving 1813 women 
suggested that the risk of p o s tp a r tu m  h ypertension  vvas 
increased in  women who had pregnancy-induced hyper- 
tension and that this risk was hirther inaeased in those who 
took bromocriptine for suppression of lactatíon.5 A case- 
controUed study4 involving 43 of the vvomen who had had 
postpartum seizures vvhile takìng bromocriptine íound tha t 
vvhile the initial risk of seizures appeared to be lovver in 
patients taking bromocxiptine there was a small positive 
assodation with seizures occụning more than 72 hours aíter 
delivery.

• Although a causal relationship betvveen the use of 
bromocriptine and these adverse ehects in postpartum 
vvomen has not been established, licensed product 
iníormation recommends that bromoaiptine should not 
be used post partum or in the puerperium in women 
vvith high blood pressure, coronary artery disease or 
other severe cardiovascular disorders, or sỹmptoms or 
history of serious psychiatric disorders.

• It is also recommended that w hen bromocriptme is used 
in postpartum women blood pressure should be careíully 
monitored, espeõally during the first few days and ư 
hypertension, unremitting headache, or signs of CNS 
toxldty develop, treatment should be discontinued 
immediately.

Severe dilated card iom yopathy  has been repoited in a 
patient being ưeated w ith bromocriptine for microprolacti- 
noma.7

For details oỉ H brotic reactions resulting ìn cardiovas- 
cular adverse ehects, see Fibrosis, below.

1. Parlces D. Side efieccs of bromocripónc. N  Engl J  Med 1980; 302; 749-50.
2. Anonytnous. Postpartum hypertenãon, seizures, strokes rcported wỉtfa 

bromocriptine. FDA Drug Buữ  1984; 14: 3.
3. Ruch Ar Duhring JL. Postpartum myocardial iníarction in a patíent 

receivỉng bromocriptinc. Obsttt Gynecoỉ 1989; 74: 448-51.
4. Larrazet p. t í  ai. Possible bromocriptine-induced m yoorđĩal iníarctiorL 

A m  Íníem Med 1993; 1X8: 199-200.
5. VVatson DL, t í  ai. Broraocriptine mesylate for lactatìon suppression: a 

risk for postpartum hypenensỉon? Obstet Gynecol 1989; 74: 573-4.
6. Rothnian KJ, t í  al. Broraocriptine and pueipenU scizures. Epidemioỉogy 

1990; 1: 232-8.
7. Kaushik p, et al. Acute onset oí severe dilated cardiorayopaihy durỉng 

bromocriprine therapy. A m  Pharmacother 2004; 38: 1219-21.

Effeds on the ears. Audiometric evidence of bUateral sen- 
soríneural hearing loss was reported ừi 3 patients receiving 
bromocriptine 15 or 20 mg daily for chronic hepatic 
encephalopathy.1 Hearing improved when the dose was 
reduced to 10 mg daily.

1. Lanthicr PL, t í  a i  Bromocripiine-assodated otoioxíãty. J  Uayngol Otol 
1984; 98: 399-404.

EHects on eledroiytes. There have been isolated reports of 
severe hyponatraemia assodated wíth the use of bromo- 
criptine.1'2

1. Marshall AW, t í  a i  Bromocriptine-assođaicd hyponavaemỉa in 
drrhosís. B M J1982; 285: 1534-5.

2. Damase-Mỉchel c  tí  aỉ. Hyponatraemia in a patỉent treated with 
bromocriptine. Drug ìnvtst 1993; 5: 285-7.

Effects on the eyes. B lu r r e d  V is io n  a n d  d ip lo p ia  h a v e  b e e n  
r e p o r t e d  i n  s e v e r a l  p a t i e n t s  r e c e iv in g  b r o m o c r ip t ìn e .1 
R e v e r s ib le  m y o p ía  a l s o  d e v e lo p e d  in  a  p a d e n t  w i t h  h y p e r -  
p r o l a c t in a e m ia  g iv e n  b r o m o c r i p t i n e . 2

Licensed product Lníormation States that visual field 
impairment assodated with macroprolactinoma usuaUy 
resolves with bromocriptine teeatment. Hovvever, in a 
patient with Progressive visual loss due to compression of 
the optic chiasm by a large pituitary tumour, bromocripnne 
caused total visual loss vvithin hours.’ Vision slovvly 
retumed to normal when the patient was placed in the 
supine position; the most likely cause of the visual loss was 

-thought to be orthỏstatic hypotension with resultant 
deơease in períusion pressure to the visual System. 
Morùtoring of visual helds is recommended in patients vvith 
macroprolactinoma.

B r o m o c r ip t in e  h a s  b e e n  r e p o r t e d  t o  c a u s e  v is u a l  c o r t ic a l  
d i s tu r b a n c e s .*  I n  s o m e  c a s e s  b l u r r e d  V is io n  a n d  ư a n s i e n t  
c o n i c a l  b l i n d n e s s  h a v e  p r e c e d e d  s e iz u r e s  a n d  s t ro k e s .

1. Calnc DB. «  «/. Long-term  trcau n en t of parlúm onism  vvith 
bromocríptỉne. Lanctí 1978; 1:735-7.

2. M anor RS. t í  a i  Myopia durỉng bromocriptine trcaơ nen t Lanctí 1981; ỉ: 
102.

3. Couidwelỉ VVT. Wciss MH. Visual loss assodaicd wiih bromocriptỉne. 
Lanctt 1992; 340: 1410-11

4. La ne RJM. Roudedge PA. Drug-índuced neurologỉcai dỉsorders. Drugs
1983;26:124-47.

Effects on mental hinction. High doses oỉ bromocriptine 
are well knovvn to cause psychotíc reactions in patients 
wlth parkinsonism.1 Hovvever, mania has also been asso- 
tíated vvith the use of bromocriptine post partum11 and it 
has been stated that psychological symptoms can occur 
with doses of only 2.5 to 5mg daily.4 It was also noted 
that, unlike the relatlvely mild and ữansient symptoms 
assodated with levodopa, bromocriptine produces a severe 
psychosis in vvhieh the patient is violent and aggressive, 
suỉíering {rom intense delusions vvhich are often hostíle 
and violent; complete withdrawal of bromocriptine may 
still leave a residue of severe psychotic Uỉness persisting 
for 1 to  3 yveeks. Psychosis assodated with low doses of 
bromocriptine has ohen occuưed in patỉents with a his- 
tory of psychotic illness or disturbances in behaviour and 
mood.5'7 Drug-related psychotic reactions have also been 
reported In patients vvith no psychiatric history;*-’ of 600 
patỉents given bromocriptine or lisuiide íor the treatment 
of acromegaly or prolactìnoma, 8 developed symptoms 
including anxiety, depression, auditory haUudnations, 
delusions, hyperactivity, disinhíbition, euphoria, and

insomiúa and 4 had received doses only previously asso- 
dated with psychosis in susceptible patients.’ ■

For reỉerence to d is ttư b ed  behaviour induđing 
excessỉve gam bling  reported in patients with Parkinson's 
disease leceiving dopamine agonists, see under Levodopa, 
p. 905 2.

For reports oỉ day tim e  sotnnolence occurring in 
patients receiving dopamine agonists induding bromo- 
criptine, see under Levodopa, p. 905.2.

1. Caỉne DB, et al. Long-term treatm ent o í parldnsonỉsm  wỉth 
bromocxiptine. Lanctí 1978; lỉ 735-7.

2. Vlissỉdes DN, t í  al. Bromocrỉptỉne-liiduced manỉa? B M J1978; 1: 510.
3. Brook NM. Cookson ỈB. Brômoaỉptỉne-ỉnduced manỉa? BMJ 1978; Ỉỉ 

790.
4. Peacce L Pearce JMS. Bromocrỉptíne ỉa  parkừuoaỉsm. BMJ 1978; 1: 

1402-4.
5. Pearson KC. M entaỉ dỉsordets from ỉow*dose brom oaỉptỉne. N  Engỉ J  

Med 1981; 303 :173 .
6. Le Feuvre CM, t í  a i  Bromocrìptìne-mduced psychosỉs in acromegaly. 

BMJ 1982; 283: 1315.
7. Procter AW, t í  aL Bromocdptỉne inđuced psychosỉs in acromegaly. BMJ 

1983; 286: 50. Correctìon. ĩbùL: 311.
8. Einarson TR, Turchet BN. Psychotíc reaccỉon ĨD tow-dose bromocriptíne. 

OỞI Pharm 1983; 2: 273-4.
9. Turner TH, et ai. Psychotic reactíỡns dorỉng treatmenc of piniitary 

cumoun w ith dopamỉne agonists. B M J1984; 2 8 9 :1101-3.

Effeds on the nervoos System. CSF rhinorrhoea has been 
assodated w ith bromocriptine therapy in patients with 
invasive prolactinomas. A report of 3 cases ỉotmd 13 
hưther cases on  revievving the Uterature;1 oí these, 7 
patients had developed rhmorrhoea vvithin 1 month oỉ 
starúng bromocriptine and 2 cases developed after 12 
months.

For reíerence to seizures assodated with the use of 
bromoaỉptine in  postpartum vvomen, see Eổects on the 
Cardiovascular System, above.

1. Barỉas 0' t í  aL Bromocrỉptỉne-liiduced cerebrospinal ữuỉd ỉistụỉa in 
patíents with macroprolactinonias: report of three cases and a revievv oi 
the Bterature. Surg Ntítroỉ 1994; 41:486-9.

Effeds on the respircrtory System. For reports oí Abrotìc 
reactions occurring ỉn gatìents with Parkinson's disease 
receiving ergot derivative dopamine agonists indudỉng 
bromocriptine, see Fibrosis, ồelow.

EKects on sexual {undion. For reports of the eỉtects oỉ 
dopamine agonists on sexual hmction, see under Levo- 
dopa, p. 906.1.

EKects on the urinary trad. Constant dribbling urinary 
incontinence developẹd in a woman receiving bromo- 
criptine 2.5 mg daily for a recurrent pituitary grovvth; 
symptoms resolved on stopping the drug and recurred on 
rechallenge.1 Bromocriptine has been shown to have tvvo 
ehects, one on the bladder outQovv tract and one on the 
detrusor m usde, that could predispose to uiinary incont- 
inence.2

1. Sandyk R. GLŨman MA. Urỉnary ừicontìnence in patíest on long*term 
bromocrỉptine. Latutí 1983; lỉ: 1260-1.

2. Caine M. B rom oaỉptíne and  urinary ìacoaánence. Lanat ỉ 984; Ỉỉ 228.

Fibrosis. Fibrosis has been assodated vvith the long-term 
use of ergot derivatives (see unđer Methysergide, 
p. 677.2). Fibrotíc reacdons such as cardiac valvulopathy 
and pleuropulmonary eíhision have been reported with 
bromocriptine, cabergoline, lisuride, and pergolide therapy 
in patients w ith Parkinson's disease.

Constrictive pericarditis1 was reported in 2 patìents who 
had received bromocriptine for 2 and 4 years, respectively; 
the latter stiU had sUght pleural effusỉon 13 months aĩter the 
drug was stopped. Valvular heart disease2 devetoped m 
another patient vvho had received bromocriptine for 5 years; 
symptoms resolved 6 months aher stopping the drug. 
Interstitial lung disease, with dyspnoea, chest pain, cough, 
and pulmonary ĩibrosis was reported3 in a patient aher use 
of relatively high doses of bromocriptíne (62mg daily). 
Respiratory symptoms largely resolved on withdrawal o{ the 
drug, although tunctional respiratory changes and 
moderate dyspnoea persisted after 6 months. A review oí 
the literature revealed several other reports of pleuro- 
pulmonary hbrosis assodated with relatively high doses of 
bromocriptine vvhlch occurred after betvveen 15 days and 
up to 3 years o( treatmenL Although the inddence 0f this 
eữeci did not seem to be hỉgh, similar cases have continued 
to be reported.4"4 In June 2008 the EMEA recommended 
tha t ỉor long-term use in  condỉtions such as Parkinson's 
disease, the maximum dose should be 30 mg daily.7

Apadentdẹvelopedpleuropulmonary disease 16 months 
after starting ưeatm ent with ãbtrgoUne,* he had previously 
receỉved brom oaipdne ỉor 10 years and had had a normal 
chest X-ray a t the time of transỉer to cabergoline treatment. 
In  another report, 2 cases of pleural eữusion/pulmonary 
hbrosis, occurring after 10 to 11 months of ưeatment/vvere 
described.’ One patient had modest preneatment lung 
alterations attributed to previous bromocriptine therapy. 
Withdrawal was assodated with improvẹment in both cases. 
Congestive h ea n  ỉaUure secondary to constrictíve pericard- 
itis, and severe pleuropulmonary Ẽbrosis that resulted in
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dyspnoea, persistent in one case,10 have also been reported 
Ũ1 2 patíents receiving long-term cabergoline.10-11 Another 
patient developed cardiac valvulopathy aíter taking 
cabergoline for a total of 20 m onths;12 hei dosage was 
4m g daily for the last 7 months. Caidiac symptoms siovvly 
improved on withdrawal of th e  drug, although some 
evidence of valvular deỉects was stìll present 23 months 
later. Valvular heart disease has also been reported in a 74- 
year-old m an after 4  monứis of therapy with cabergoline 
[dosage not stated].13 By December 2005, 86 cases of 
suspected adverse reactions to cabergoline had been 
reported to the Australian Drug Reactions Advisory 
Committee (ADRAC),14 of which 15 described pleural or 
pulm onary fibrosis/effusion, or pneumonitis; tữne to onset 
rangeđ hom  a few days to over 3 years with a median of 4 
months. There had been no reports of íibrotic complications 
assodated with low-dose cabergoline in the treaunent of 
lactation suppression and hyperprolactinaemia. The UK 
MHRA considers the risk of cardiac valvulopathy to be high 
and UK labelling íor cabergolỉne has been amended 
accordingly (see p. 900.2) with the EMEA in June 2008 
recommending a maximum dose of 3 mg daily.7

A vvoman developed bilateral pleural effusions after 
taking ỉisuride 4mg daily for about 17 months.* Her 
condition improved on stopping lisuride.

The UK CSM15 reported in 2003 that ptTgolidt had been ị 
assodated with cases of cardiac valvulopathy; since 1989, ! 
valvulopathy had been reported in  fewer than 5 in 100 000 
pađents. The CSM also reterred to a published case series16 
which reported on 3 patients with severe tricuspid 
reguigìtation after long-term pergolide treatment. The ' 
authors of this case series and the CSM both considered that, 
based on the available evidence, there was a potential 
assodation between pergolide and cardiac valvulopathy. 
Subsequently, the FDA17 stated that, up to the end of 2002, 
it was aware of 15 cases of valvular hean  disease with 
pergolide treatment; this Bgure induded the 3 cases 
reported in the above series and 4 cases hom  the UK. A later 
study1* that examined 78 patients taking pergolide for 
Parkin5on's disease found evidence of restrictive valvular 
heart disease in 15 of 52 (29%) patients takúig doses less 
than 5m g daily and in  11 of 26 (42%) receiving doses of 
5 mg or more daily. Pulmonary Bbrosis and reơoperitoneal 
hbrosis have also been associated w ith pergolide 
treatment,-19'21 in  most cases, symptoms improved when 
the drug was stopped. Duration of exposure to pergolide 
ranged hom  6 mõnths20 to 11 years.21

In April 2002 the CSM22 calculated crude reporting rates 
of Ễbrotic reactions assodated w ith the ergot derivative 
dopamine agonists (bromocriptine, cabergoline, lisuride, 
and pergolide), based on data submitted to its Yellotv Card 
scheme and estimated drug exposure. Pergolide was ỉound 
to be assodated with a higher reporting rate of Bbrotìc 
reactions compared with the other ergot derivatives; 
hovvever, this result needed hrrther investigatìon to see ư it 
reũected a true inarease in risk or was due to íactors such as 
reportỉng biases. There is some evidence that the inddence 
of reactions to pergolide are dose-related; doses are 
restricted in  many countries (see p. 910.3) and in June 2008 
the EMEA recommended a maximum dose of 3 mg daily.7 
Pergolide was withdrawn hom  the market in the USA and 
Canada. It is recommended thatbaseliné investigations such 
as erythrocyte sedimentation rate, urea and electrolyte 
concentratìons, and a chest x-ray should be períormed 
beíore startLng treatm ent with this dass of drugs.
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Hypersensitivity. An allergic reaaion developecTin a 26- 
year-old woman being treated vvith bromocriptine for a 
prolactin-secreting microadenoma.1 The patient reacted 
similarly to Iisuride and treatment was continued with 
quinagolide.

1. Mcrola B. ct a i  Allcrgỵ 10 ergoi-đcnvcđ đopdminc ỉgonisis. Lancti 1992: 
339: 620.

O edem a. Oedema poorly responsive to diuretics has been 
reported1 in a patient given bromocriptine as part of treat- 
ment for prolactinoma. The oedema improved on substitu- 
tíon of pergolide but vvorsened with higher doses. Oedema 
resolved w hen ưeatm ent was changed to quỉnagolide. The 
reaction was considered to be idiosyncratic since enquiries 
by the author of the report had revealed only One similar 
case. In a subsequent rcport2 a patient with Parkinson's 
disease who had been receiving bromocriptine for 5 years 
developed marked lower leg oedema, and subsequently 
cough, dyspnoea. and chest pain assodated with an exu- 
datíve pleural eílusion; there was no evidence of íibrosis. 
Both oedema and ehusion had largely resolved vvithin 4 
weeks of stopping bromocriptine.

1. Bladcard WG. Edema—an  inừequently recognỉzed complication of 
brom oalptìne and other ergot dopamỉnergic đrugs. Am J  Mcd ỉ 993; 94: 
445.

2. Messiaen T, t í  aỉ. Ếpanchement pleural et ỉmportants ad èm es des 
mcmbres inỉéríeurs induits par la bromocríptỉne. Rev Mtd Interru 1996; 
17: 680-3.

Overdosage. The most stríking symptom in tvvo children 
aged 2 and 2 Ĩ6  years who acddentally ingested an  esti- 
mated 25 and 7.5 mg of bromocriptine, respectively, vvas 
lethargy with altered mental status.1 The first child vom- 
ỉted and became sleepy. On admũsion he was markedly 
lethargic but combative when dũturbed, and aỉso had 
hypotension, shallotv breathing. dilated pupils, and hyper- 
reũexic lovver extremities. Nasogastric lavage was 
promptly peiỉormed, and activated chaxcoal and then 
magnesium dtra te given. Blood pressure and ECG were 
monitored, and glucose and sodium chloride solutìon 
inỉused. The other child vomited, became lethargic, and 
had dilated pupils. Ipecacuanha was given, and activated 
charcoal ỉollowed by magnesium dưate  given by nasogas- 
tric tube. Both children recovered completely.

1. Vennund SH, tí  aj. Acddental bromocriptỉne ingestỉon in điỉỉdhood. J  
Pediatr 1984; 105: 838-40.

W ifhdrawal syndromes. Transient galactorrhoea and 
hypeiproĩactinaemia occurred in a young woman aher 
withdrawal of bromocriptine therapy for Parkinson's dis- 
ease.1 It was suggested the ehects vvere due to a rebound 
phenomenon. For discussìon of a syndrome resemblỉng 
neuroleptic malignant syndrome that has developed on 
vvithdravval of bromocriptine and other antiparkinsonian 
drugs, see under Levodopa, p. 906.2.

1. Pentland B, Sawers JSA- Galaaorrhoea aíter withdrawal o( bromo- 
críptíne. BMJ 1980; 281: 716.

Precautions
Patients with hyperprolactinaemia should be investigated 
for the possibility of a pituitary tum our beíore ưeatm ent 
with bromocriptine. Malignancy must be exduded in 
patients w ith cydical benign breast disorders su ch as 
mastalgia. Annual gynaecological examinations (or every 6 
months íor postmenopausal tvomen) are recommendẽd. 
Treatment oí vvomen vvith hyperprolactinaemic amenor- 
rboea results in ovulation; patients not vvishing to conceive 
should be advised to use conưaceptìve measures although 
oral conơaceptives should be avoided because they may 
increase prolactìn levels. Acromegalic patients should be 
chedced ỉor symptoms o{ peptic ulceration beíore therapy 
and should immediately report symptoms of gastrointestinal 
discomỉoit during therapy.

In general, bromocriptine should be given vvith caution 
10 patients w ith cardiovascular disease, Raynaud's 
syndrome, or a history of psychosis. It is contra-indicated

in patients with hypersensitivity to bromocriptine or othi tr 
ergot alkaloids, and in  those w ith uncontrolled hype-- 
tension.

Bromocriptine is contta-indicated in  the toxaemia I ){ 
pregnancy. it should also not be used postpartum or in ử  e 
pueiperium  in women w ith hypertension, coronary aneiy 
dỉsease, or symptoms or a history of serious psychiaư c 
disorders. W hen used, blood pressure should be monitore d 
careíuUy, espedally during the first few days in  postpartui n 
women. Partỉcular cautíon ís necessary in patients who aie 
receiving or w ho have recently received drugs that can altí r 
blood pressure; use vvith ergot alkaloids duríng ử  e 
pueiperium ứ not recommended. Treatment in postpamu 3 
women should be stopped immediately if hypertensioi 1, 
umemitting headache, or signs oí CNS toxidty develop.

Hypotenãve reactìons may be disturbing in sorre 
patients during the fiist few days of ưeatm ent and thot e 
who drive or operate machinery should be vvamed of th e 
possibility oỉ dim ness and íainóng during this perio i. 
Excessive daytỉme sleepiness and sudden onset oỉ sleep ma Y 
also occur vvith bromocriptine and other dopaminerg c 
agonists, and cautỉon is advised when driving or operatir I 
machinery; patients who suíler such effects should not driv; 
or operate machinery unti) the etlecis have stoppei 
recurring. A reduction in dosage or vvúhdravval of the dru ị 
may be appropriate. Because oí the risk of íibros s 
bromocriptine is contra-indicated in patients vvith prt- 
existing valve problems.

Patients on long-term, high-dose therapy should b : 
monitored lor signs of Progressive nbrotic disorders such í s 
retroperitonea] Cbrosis and bromocriptine withdrawn f 
íibrotic changes are diagnosed or suspected. It is 
reconunended tha t baseline investigations such a; 
erythrocyte sedimentation rate, urea and elearo ly t: 
concentraáons, and a chest x-ray should be períorme i 
beíore starting tteatm ent vvith bromocriptine. Periodi: 
monitoring oi cardiovascular, haematopoietic, hepatic. an ỉ 
renal function is also recommended. Monitoring of vữuí l 
Belds is recommended Ũ1 patients vvith macroprolactinomí.

Breast feeding. The American Academy of Pediatrics' con - 
siders that bromocriptine should be given vvdth caution t ) 
breast-íeeding mothers, since it suppresses lactation an 1 
may be hazardous to the mother.

1. American Academy of Pediatrics. The uanster of drugs and otht r 
chemicaỉs into hum an milk. Pediatria 2001; 108: 776-89. [Retired Ma ỉ 
2010] Correcùoa. ibid.; 1029. Also avaiUble at: h ttp ://aappo liq . 
aappublicatioas.Org/cgi/comcnt/iull/pediatrics% 3bl08/3/776 (accesse I 
16/02/06)

Poqỉhyna. The Drug Database íor Acute Porphyria, com 
piled by the Norvvegian Porphyria Cenưe (NAPOS) aml 
the Porphyria Centre Svveden, dassiíies bromocriptine a : 
probably porphyrinogenic; it should be prescribed only fo • 
compelling reasons and precautions should be considere-1 
in alỉ patients.1

1. The Drug Database ỉm  Acute Porphyrỉa. Avallable at: h ttp ://w w v . 
drugs-porpbyria.org (accessed 30/09/11)

Pregnancy. Details of various surveys of the effect of thi 
use oí bromocriptme during pregnancy have been pub 
lished by the manuíacturer.1-2 The first survey was basec 
on spontaneous reportíng of all pregnandes betvveen 197 
and 1980 in vvomen who had taken bromocriptine aíte 
conception.1 Iníormation was obtained on 1410 pregnan 
des in 1335 vvomen, the majority of vvhom had been ưea 
ted íor hyperprolactinaemic conditions, vvhile in  256 preg 
nandes pituitary tumours and acromegaly were th< 
primary diagnosis. Bromocriptine vvas generally taken a 
some time in the first 8 weeks after conception, the meai 
duration oí treatm ent being 21 days. In 4 patients bromo 
criptine vvas not prescríbed until late in pregnancy and ir 
9 w ith acromegaly and pituitary microadenoma it vva 
taken continuously throughout gestaúon. Tbere vvere 15' 
(11.1%) spontaneous abortions, 12 (0.9%) extrauterim 
pregnandes, 2 patients w ith 3 hydatidiíorm moles (0.2%) 
and an inddence of twin pregnandes of 1.8%. Major con 
genital abnormalities were deteaed in 12 (1%) inỉants a 
birth and minor abnormalitíes in 31 (2.5%). A second sur 
vey,2 vvhich consỉsted of ỉormal monitorìng of the use o 
bromocriptme at 33 dinics betvveen 1979 and 1980, col 
lected data on a íurther 743 pregnandes in  668 womer 
and had similar Sndings. The inddence rates reported ir 
these surveys were comparable with those quoted for nor 
mai populations and the data indicate that the use o 
bromocriptìne in the tteatm ent of vvomen with iníertilit) 
is not assodated vvith an increased risk oỉ aborúon, multi 
ple pregnancy, or congenital abnormalitíes. Furthermore 
follow-up, for up to 9 years, o! 546 children exposed tt 
bromocriptine in utero ỉound no evidence that bromo 
criptine had any adverse effect on postnatal development.' 
Nevertheless, since the risk of abortion is not increased b) 
intermption of tteatment, licensed product iníoimatior 
recommends that bromocriptine therapy be stopped a: 
soon as pregnancy is coníinned unless there is a deĐnitt 
indicanon ỉor itỉ continuation.

AU cross-reỉerences reíer to entries in Volume A

http://www.emea.europa.eu/pdlj/human/press/pr/32239508en.pdi
http://www.tga.health.gov.au/adr/aadrb/
http://wwwjnhra.gov.uk/home/
http://www.mhra.gov.uk/home/%c3%acdq)lg?IdcService*GET.FILE&dDocName=-CON007454&Rev%e1%bb%89s%e1%bb%89onSeIectionMethod%c2%bbLatestReIeased
http://www.mhra.gov.uk/home/%c3%acdq)lg?IdcService*GET.FILE&dDocName=-CON007454&Rev%e1%bb%89s%e1%bb%89onSeIectionMethod%c2%bbLatestReIeased
http://aappoliq
http://wwv
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See also Pregnancy, under Hyperprolactinaemia and 
Prolactinomas, p. 896.2.

1. Turkalj Ị, t t  aỉ. Survcillance of bromocrỉptíne in pregnancy. JAMA 1982; 
247: 1589-91.

2. Krupp p, M onka c. Bromocriptme in  pregnancy: saỉety aspects. Klin 
Wođừmchr 1987; 65: 823-7.

Interaơions
Dopamine antagonists such as the phenothiaánes, butyro- 
phenones, thioxanthenes, and metodopramide (but see 
belovv) might be expeaed to reduce the proIactin-lowering 
and the antiparkinsoniari eữects o ỉ bromocriptine and 
domperidone might reduce its prolactin-lowering effect. 
Memantine may enhance the effects of bromocriptine. 
Stimulants of gastrointestinal motility such as macrolide 
antibacterials or octreotide can increase the bioavailabilìty 
of bromocriptine.

Alcohol. Alcohol intolerance was noted in 5 of 73 patients 
receivmg bromocriptine 10 to 60 mg daily íor the ơeat- 
m ent of acromegaly.1 Two patients who had gastrointest- 
inal adverse efíects while taking low doses of bromo- 
criptine had a marked reduction in theữ symptoms and 
wẽre able to tolerate higher doses when they reừained 
completely frpm alcohol.2

1. Wass JA H ,ÍÍ al. Long-term treacmcnt of acroracgaly with bromocripcine. 
BMJ 1977; 1: 875-8~

2. Ayrcs J, Maiscy MN. Aỉcohoỉ.iiụxeases bromocripánc's áde  eííects. N  
EỈtgỉ ĨM td  1980; 302: 806.

Antibacterials. Drovvsiness, dystonia, choreoathetoid dys- 
kinesias, and visual hailudnations occurred when ịosatny- 
ân was given to a patient receiving bromocriptine.1

The systemic bioavailability of a sỉngle oral dose oi 
bromocriptine 5 mg was markedly increased in 5 healthy 
subjects aíter treatment w ith eryửiromyrín estoỉate 250 mg 
four times daily for 4  days;2 dearance of bromocriptine was 
decreased and peak plasma concentrations of bromocriptine 
were more than 4 times higher than when given alone.

1. M ontastruc JL, Rascol A. Traitcmcnt de la malađỉe de Parkỉnson par 
doses éỉevées de bromocriptine: interactíon possỉble avec la josam yõne. 
Preae Međ 1984; 13: 2267-U.

2. Nelson MV, t í  aỉ. Pharmacokỉneiic evaỉuatíon of erythrom yđn and 
caíỉeỉne ađministered vviih bromocrỉptỉne. ơ in  Pltarmacol Ther 1990; 47: 
694-7.

Antiỉungals. The response to bromocriptine was blocked 
in a patíent vvho was also receiving griseoỊulvin. 1 

1. Schwinn G. et ai. MetaboUc and  dỉnical studies on patients w ith 
acromegaly tteated vvith bromocriptine ovcr 22 monihs. Eur ỉ  clin Im a t  
1977: 7: 101-7.

Antineoplostics. Tamoxifen may increase the dopanũnergỉc 
effect of bromocriptine; for the effect of bromocriptine on 
tamoxUen, see Interactions, under Tamoxiíen, p. 863.2.

Antipsychotics. Senim concenưatíons oỉ prolactin rose 
and visual íields deteriorated when thioridazine was given 
to a 40-year-old m an receịving bromocriptine therapy for 
a large prolactinoma.1

For a discussion of the effect of bromocriptine on patỉents 
receiving antipsychotics, see Antiparkinsonian Drngs under 
Chlorpromazine on p. 1052.3.

1. Robbins RJ, t í  aỉ. Interactions between thioridaône and bromocriptine 
in a patient w ith a prolactin-secrenng pítuỉtary adenoma. Am J  Med
1984; 76: 921-3.

Metoclopramide. As noted in Interactions. above, there 
are theoretìcal reasons to suppose that dopamine antago- 
nists such as metoclopramide might reduce the effects of 
bromocriptine. However, an early study1 in 10 patients 
with Parkinson's disease given single doses of bromo- 
criptine 12.5 to 100 mg íound that pretreatment vvith 
metodopramide 60 mg had no consistent e ỉỉed  upon
plasma concentrations of bromocriptine or growth horm- 
one and no consistent effea upon dinical response.

ỉ . Price p, tí  ai. Plasma bromocriptine levels. ctinical and growth hormone 
responses ỉn parkinsonism. Br J  Clin Pharmacol 1978; 6: 303-9.

Sympathomimetics. There have been isolated reports1-2 of 
severe hypertension, with headache and ìưe-threatening 
complications, in patients taking bromocriptine vvith iso- 
metheptene mucate o r phenylpropartolamine.

1. Kulig K. t í  al. Bromocriptíne-associated headache: possibỉe liíe- 
threatenỉng sympathomimetỉc interaction. Obsttí Gỵnecol 1991; 7 8 :941-
3.

2. Chan JCN, tí  ai. Postpartum hypertensỉon. brom ocrìptine. and 
phenylpropanolaxnỉne. Drug ỉnvat 1994; 8: 254-6.

Pharmacokinetícs
Bromocriptine is rapidly absorbed ừom the gastrointestinal 
tract and peak plasma concentratìons occur within 1 to 3 
hours after oral doses. However, only about 30% of an oral 
dose is absorbed and. owing to extensive hrst-pass 
metabolism, the bioavailability is only about 6%. It has 
been reported to be 90 to 96% bound to serum albumỉn in 
vitro. It is metabolised in the.liver, maínly by hydrolysís to 
lysetgic add  and peptides. The elimination of bromocriptine

is biphasic; halí-lives of about 4 to 4.5 hours and 15 hours, 
respectívely have been reported for the 2 phases. It is 
excreted mainly in íaeces Via the bile, with small amounts in  
urine.

In a study involving 10 patients with Parkinson's disease. 
sỉngle oral doses ol bromocrỉptine 12.5, 25, 50, and 100 mg 
resulted in very variable peak plasma concentratíons 
ranging from 1.3 to 5.3, 1.4 to 3.5, 2.6 to 19.7, and 6.5 to 
24.6 nanograms/mL, respectively, 30 to 210 minutes (mean 
102 minutes) aíter dosage.1 After 4 hours plasma 
concentrations were about 75% of the peak values. Clinical 
ịmprovement was evident vvithin 30 to 90 minutes of a dose 
with peak effea at about 130 minutes and in most patíents 
improvement persisted throughout the 4-hour study period. 
Peak dinical response, peak ỉall in blood pressure, and peak 
rise in plasma concenưations of growth honnone occurred 
about 30, 60, and 70 minutes, respectively after peak 
plasma-bromoaiptine concemratỉons but there was no 
signiũcant relationship between them. However, there was 
a signiScant relationship between plasma concentrations 
and concurrent changes in clinical response compaređ vvith 
preưeatment scores. Dyskinesias occurred within 90 to 180 
minutes of dosage in 5 of 10 patients.

Bromocriptine is weU absorbed bom  Standard oral tablets 
pỉaced ỉn the vagina and plasma concentrations suỉCdent to 
lovver plasma prolactin concenữations have been achieved 
using this route.2-3

1. Príce p, t í  al. Plasma bromocrìptíne Ievels. dinical and grovvth horm one 
responses in parỉdnsonỉsm. Br J  ơirt Pharmacol 1978; 6: 303-9.

2. Vermesh M, et aL Vaginal brom oaỉptỉne: phannacology and e ỉỉe a  on 
serum proỉactỉn ỉn norm aỉ vvomen. Obstet ỏyrưcơl 1988; 72: 693-8.

3. Katz E  t í  aỉ. Successful ưeatm ent of a prolacnn-produdng pỉtuitary 
macroadenoma with ỉntravagùial bromocriptỉne mesylaỉe: a novel 
approach to Intolerance of oraltherapy. ObsttíGyrucoỉ 1989; 73: 517-20.

Preparatíons
Proprietary Preparalions (details are given in Volume B)

Single-ingredieid Preparalions. Arg.: Pariodel; Austral.: Bromo- 
hexalt; Kripton; Parlodel; Austria: Parlodel; Umprel; Belg.: 
Parlodel; Braz.: Bagrent; Pariodel; chile: Criten; Grưocnpóna; 
Kriptonal; Parlodel; Prigost ChinaV. Baimoting 
Parlodel; Cỉ.: Medocriptine; Pariodel: Denm.: Pariodel; Fìn.\ 
Parlodel; Fr.: Bromo-Kin; Parlodel; Ger.: kirim gynf; Idrim; 
Pravidel; G r Parlodel; Serocryptin; Hong Kong: Bromergon; 
Medocriptine; Parlodel; Syntocriprine: Indùr. Briptin; Brom; 
Bromogen; Criptal; Encript; Kripti; Ovucript; Sicripún; Indotu: 
Cripsa: Parlodel; /ri: Pariodel; Israel: Parilact: Parlodelt; /to/.: 
Parlodel; Jpn: Parlodel; Maỉaysia: Medocripúne: Pariodel' Mex.: 
Biodel; Broptứi; Crilemt; Cryocriptinat; Kriptisert; Mesiken; 
Parlodel; Neth.: ParlodeL' Norw.: Parlodel; P h ũ ip p Parlodel; 
Provasyn; PoL: Bromergon: Bromocom; Ergolaktynat;
Parlodẽl; Port: Parlodel; Rus.: Bromergon (EpoioproH); Parlodel 
(riapnoatii); S.Afr.: ParlodeL’ singapore: Brameston: Burint; 
Parlodel; Spairt: Parlodel; SwetL: Pravidel; Switz.: Parlodel; 
Thai: Brocadent; Bromergon; Parlodek Suplac Turk.: Galak- 
tomin; Gynodel; Parlodek UAE: Antiprotin; UK: Parlodel; Ukr.: 
Parlodel (IIapnoflea)t; USA: Cydoset; Parlodel; Venez.: Parlodel.

Phormacopoeid Preparotions
•BP 2014: Bromocriptine Capsules; Broraocriptine Tablets;
USP 36: Bromocriptine Mesylate Capsules; Bromocriptine 
Mesylate Tablets.

Budipine ỊriNN)

Buđipino; Budipìnum; ByflMnMH. 
Ì-rerr-Butyl-4,4-diphenyỉpiperidine. 
C21H27N=2935 
CAS —  57982-78-2.
ATC —  N048X03.
AVC Vet — QN04SX03.
UNII —  L9026OPI2Ĩ.

ProỊịỊe
Budipine is a phenylpiperidine derivative used as an adjunư 
in the treatment of parkinsomsm (p. 889.1). It is given orally 
as the hydrochloride in  daily doses of up to 60 mg. Budipine 
has been reported to prolong the QT interval.

Reíerences.
1. spỉeker s , tí  aL Tremorỉytỉc activity of budỉpỉne: •  quantitative study 

with long-tenn trem or recordỉngs. Oin Neuropharmacal 1995; 18: 2 66 -
72.

2. Groen H, tí aỉ. A study to ỉnvestigate the  phannacokinetỉcs and 
metabolỉsm oí budỉpỉne after administratìon of a single oral đose of 
[MC]-B757-01 to sỉx heaỉthy  volunteen. B r J  CUn Pharmaeol 1999; 48: 
771P-772P.

3. Malsch u , t í  al. M onotherapie der Parỉdnsonschen Erkrankung m ỉt 
Budipin: eỉn randomỉsierter DoppelbUndvcrgleich m it Amamadỉn. 
Fortíẽkr Neuroỉ Psydùatr 2001; 69 :86-9 .

4. Pm rntck H, etaỉ. Budipine provides addỉtỉonaỉ beneữt in  padents w ith 
Parldnson dỉsease receivỉng a stable optỉmum dopamỉnergỉc drug 
regiinen. Anh Neuroỉ 2002; 59: 803-6.

5. R ekhm ann H. Budipine in  Parìdnson's tremor. J  Neurot Sà  2006; 248: 
53-5.

Preparations
Proprietary Preparations (deuils are given in Volume B) 
Single-ingredient Preparationỉ. Ger.: Parìdnsan.

C a b e r g o l i n e  IBAN , U S A N , r iN N i

.Cabérgolin; Cabergolina; Cabergolinum; FCE'21336; Kaber- 
goiiini; Kabergolin; Kabergolina; KaõepronnH.
l-[(6-Allylergolin-83-yl)carbonyn-T-[3-(dimethylamino)pro- 

, pýJ]-3-ethylurea; (8/?)-6-Allyl-N-[3-(dimethylamino)propyỉ]-W- 
;(ethylcarbamoyl)ergoline-8-carboxamide. * 
C26H37N50 2=451.6 ■ ■
cĩs —  81409-90-7 
ATC —  G02CB03; N04BC06.
ATC Vet —  QG02CB03; QN04BC06.

■u m  —  l±60K9J05T.

Pharmacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8: (Cabergoline). A white or almost white, 
crystalline powder. It exhibits polymorphism. Practically 
ĩnsoluble in vrater, heely soluble in alcohol; very slightly 
soluble in «-hexane. It is slightly soluble in 0.1M 
hydrochloric add. Protect bom light.
ƯSP 36: (Cabergoline). A white or ahnost white, crystalline 
powder. Practically ữisoluble in vvaten heely soluble in 
alcohol; slightly soluble in 0.1 M hydrochloric add; very 
slightly soỉuble in hexane. Store in airtight containers. 
Protect to m  light.

Uses and Administration
Cabergoline, an ergot derivative, is a dopamine Di-agonist 
with actions and uses similar to those oỉ bromocriptìne 
(p. 895.3). It is a potent and long-Iastỉng inhibitor of 
prolactin secretion used in the management of disorders 
assodated vvith hyperprolactmaemỉa (p. 900.1). It is also 
used to suppress puerpẹral lactation ỉor medical reasons 
(p. 900.1); it is not recọmmended for the routỉne 
suppression of physiologicariactatlon or for the ưeatment 
of postpartum breast pain and engorgement that may be 
adequately relieved with simple analgesics and breast 
suppon. Cabergoline is also used ìn the management of 
Parkinson's disease (p. 900.1) as monotherapy, or as an 
adjunct to levodopa therapy to reduce 'end-of-dose' or 'on- 
o ff Auctuations in response; in the UK cabergoline is 
restricted to patìents who are intolerant of, or who do not 
respond to, non-ergot drug tteatment.

Cabergoline is given orally and should be taken with 
food.

To inhib it physlological lactatíon , cabergoline is 
gi ven as a single 1 -mg dose on the Đrst day post partum. For 
suppression  o ỉ established  lac ta tlon , the dose is 
250micrograms every 12 hours for 2 days.

In the treatment oỉ d iso rders a s so d a te d  w ith  
hyperprolactinaem ia, the initiaỉ dose of cabergoline is 
500miaograms weekly. The dose is then increased at 
monthly intervals in increments.oí 500micrograms weekly 
according to response. The vveekly dose may be given on a 
single occasion or divided ỉnto 2 or more doses on separate 
days according to tolerance; doses over 1 mg should be given 
as divided doses although the maximum single daily dose 
should not exceed 3 mg. The usual dose is 1 mg vveekly but 
up to 4.5 mg vveekly has been used.

In P ark in so n 's ' d isease . cabergolỉne should be 
introduced gradually and during this period the dose of 
levodopa may be reduced gradually until an optimal 
response is achieved. A suggested initial dose of cabergoline 
given as a single daily dose is 500 micrograms in 
monotherapy or 1 mg in adjunctive therapy. The dose 
may be increased in increments of 0.5 or 1 mg. at intervals of 
7 or 14 days, to 2 to 3mg daily. The EMEA has 
recommended a maximum dose of 3 mg daily.

Doses of cabergoline may need to be reduced in patients 
with severe hepatic impairment (see below).

Administration in hepatk impairment. Licenseđ p rodua 
iníormation recommends cauúon in patients with severe 
hepatic ũnpairment (Child-Pugh category C), and doses of 
cabergoline should be adjusted accordĩngly.

Acromegaly. Dopaminergics can produce a paradoxical 
reduction In growth hormone secretion and may be used 
in  the treatment of acromegaly as adjunctive therapy to 
surgery, radiotherapy, or somatostatin analogues to reduce 
đrculating grovvth hormone concentratlons, although 
they are less effective than somatostatin analogues 
(p. 1921.1).

A small study comparing cabergoline with depot 
bromocripđne and quinagolide íailed to find evidence of 
its ethcacy.1 Hovvever, in a later open study2 there was a 
good response in about 40% oí patients treated with 
cabergoline, which is better than the response usually 
reported for bromocriptine. The additíon of cabergoline has

The Symbol t  denotes a preparation no longer actively marketed



900 Antiporkinsonian Drugs

a ls o  b e e n  b e n e S d a l  i n  a c r o m e g a ly  t h a t  is  r e s i s t a n t  t o  
s o m a t o s t a t i n  a n a l o g u e  t h e r a p y . 3

1. Colao K t ía L  EỔCCI of dỉữerent dopaminergỉc agents in  the tre ttm em  oỉ 
aaom egaỉy. J  ơ ĩn  Bndaơinoỉ Mtíab 1997; 83: 518-23.

2. Abs 'K itÒ L  Cabergolỉne ỉn the treatm ent oi acromegaỉy: a stuđy in 64 
p a d e n t Endocrinoì Mttab 1998; 83: 374-8.

3. Cosd ĨL t í  aỉ. Cabergoỉinc addỉtỉon to  depot som atostttin anaỉogues ỉn 
resUtant acromegahc patìentr. efficacy and lack oíprediCTive vălue ỡf 
proUctỉn stttus. <3m EndoainoỊ (Oxf) 2004: 61: 209-15.

H y p e r p r o l a d i n o e m i a  a n d  p r o l a c t i n o m a s .  D o p ạ m in e  a g o -  
n i s t s  a r e  v v id e ly  u s e d  f o r  t h e  t r e a t m e n t  o f  h y p e r p r o l a c t i -  
n a e m i a  s e c o n d a r y  t o  a  p r o l a c t i n o m a  (s e e  p .  2 2 5 2 .2 ) .  
A l t h o u g h  b r o m o c r i p t i n e  h a s  b e e n  t h e  f i i5 t  c h o ic e  f o r  t h i s  
i n d i c a t io n ,  s o m e  n o w  p r e í e r  c a b e r g o l i n e , 1 tv h i c h  a p p e a r s  
t o  b e  m o r e  e í í e c t i v e  a n d  b e t t e r  t o l e r a t e d . 13 

P u r t h e r  r e í c r e n c e s . 4-11
1. VVebster J. A comparatíve revỉew of the  tolerabiliĩy proQỉes oi dopamỉnc 

agỡĐỈsts in the treatm ent oi hyperprdactỉnaem ỉa and  ỉnhỉbỉtíon oỉ 
lactatíoo. Drug Sa/ety 1996; 14:228-38. Correctỉon. ibid., 342.

2. Pascal- Vỉgneron V, t í  a i  Amenorrhée hyperproUctinémique: traĩtemen t 
par cabergoline versus bromocrỉptỉne. P m st Med 1995; 24: 753-7.

3. dl Sam o A, et aỉ. Resisrance to cabergolỉne as compared vviLh 
broraocriptine in  hyperprolactỉnemia: prevaỉence. cỉinical deíinitton. 
and therapeutic strategy. J  ơ ìn  Endocrínoỉ Miíab 2001: 86: 5256-61.

4. Webster J, tí al. The eỉGcacy and tolerabilỉty oí long-term cabergoiine 
therapy in hypciprolactỉnaeimc dỉsorders: an open, unconưolled, 
m ultícentre study. Clin Endoainol (Oxf) 1993; 39: 323-9.

5. Webster J, tí  a i  A comparison of cabergoỉỉne and bromocripiine in the 
treatm em  oí hyperpTOỈactlnemlc amcnoĩThea. N Engl J  Mtd 1994; 331: 
904-9.

6. VeThelst J, a  ai. Cabergoline in the treatm ent oí hyperprolactinaemỉa: a 
study ĩn 455 patìents. J  Clàt Endoơinoỉ Metab 1999; 84: 2518-22.

7. Colao A. tí  ai. M acroprolactinoma shrlnkage durỉng cabergoline 
treatm ent is greater in naỉvc patients than in patỉenu p reaeaied  wỉth 
ơ ther dopanũne agonists: a prospective study in n o  patients. J  ơ irt 
Ẽndoainôl Mtíab 2000: 85: 2247-52.

8. Colao A. t í  a i  W ithdrawal oỉ long-tenn cabergoline ỉherapy íor tumoral 
and  nontum oral hyperprolactinemỉa. N  Ertỹi JM ed2003; 349:2023-33.

9. Colao K  tí  ai. òu tcom e of cabergoỉỉne treaunent in m en wlih 
pĩoỉacdnom a: eííecis of a 24-m onth treaunent on proỉactin ieveỉs, tum or 
mass, recovery oỉ piruỉtary íunctìon. and semen anâỉysis. J  ơ in  
Endoơinoì Mtíãb 2004; 89: 1704-11.

10. Ono M, tí  ứỉ. Prospectỉve study oí bigh-dose cabergoỉine ưeaunem  of 
prolactinomas ỉn  ỉ 50 patỉents. J  ơừ ỉ Enắocrìnoỉ Mtíab 2008; 93:4721-7.

11. KharHp J, tí  aỉ. Recurrence of hyperprolactỉnemỉa aher withdrawaỉ of 
long-tenn cabergoline therapy. J  ơ in  Endocrinoi Mtíab 2009; 94; 2428- 
36.

L ơ c ta t ỉo n  in h i b i t i o n .  A  s in g le  1 - m g  d o s c  o f  c a b c r g o ỉ in e  
w a s  í o u n d  t o  b e  a s  e ữ e c t i v e  a s  b r o m o c r í p t ỉ n e  2 .5  m g  g iv e n  
t w ỉc c  d a i ly  í o r  Ỉ 4 d a y s  f o r  p r c v e n t i n g  p u c i p c r a l  l a c t a t i o n  
i n  a  d o u b l e - b l i n đ  m u l t i c c n t r c  s tu d y  i n v o lv in g  2 7 2  
w o m e n . ! I t  h a s  b c c n  s u g g e s t e d  t h a t  c a b c r g o l in c  v v o u ld  b e  
a  b e t t e r  c h o ic e  t h a n  b r o m o c r i p t i n e  f o r  l a c t a t ì o n  i n h í b i -  
t i o n . 2 H o v v e v e r ,  a s  d i s c u s s e d  o n  p .  2 1 3 0 .1 ,  t h e  r o u t i n e  u s e  
o£  d o p a m i n e r g i c s  s u c h  a s  b r o m o c r i p t i n e  o r  c a b e r g o l in e  i s  
n o t  r e c o m m e n d e d  ỉ o r  t h e  s u p p r e s s ỉo n  o f  p h y s io lo g ic a l  
ỉ a c t a t ỉ o n .

1. Buropean M uỉtícentre Study Group ỉor Cabergolỉne ỉn Lactatỉon 
Inhibrtỉon. Singỉe dose cabergoỉỉne versus bromocTÍpône in ìnhibiũon oỉ 
pueiperal lacu tion : randomised. doùbỉe blind. tnultícentre study. BMJ 
1991;302: 1367-71.

2. Webster J. A comparative review oí the tolerabiỉity proũỉes oỉ dopamỉne 
agonỉsts ỉn the treatm ent of hyperprolactỉnaemỉa and tnhiblrion ot 
lâctatỉon. Drug Sđfety 1996; 14: 228-38. CorTection. ibiắ^ 342.

P a r k m s o n i s m .  C a b e r g o l in e  is  u s e d  a s  a  lo n g - a c t in g  
d o p á m i n e  a g o n i s t  i n  P a r k i n s o n 's  d i s e a s e  (p . 8 8 9 .1 ) .  
D o p a m i n e  a g o n ỉ s t s  a r e  o ỉ t e n  u s e d  t o  b e g in  ữ e a t m e n t  i n  
a n  a t t e m p t  t o  d e l a y  t h e r a p y  w i t h  l e v o d o p ã ,  p a r t i c u l a r l y  i n  
y ò u n g e r  p a t i e n t s .  T h e y  a l s o  h a v e  a n  a d ju n c t iv e  u s e  w h e n  
l e v o d o p a  ũ  n o  l o n g e r  e f f e c t iv e  a l o n e  o r  c a n n o t  b e  t o l e r -  
a t e d ,  a n d  m a y  s o m e t i m e s  b e  u s e f u l  i n  r e d u d n g  'o f f ' p e r i -  
o d s  w i t h  l e v o d o p a  a n d  in  a m e l i o r a t i n g  o t h e r  A u c r u a t ìo n s  
o f  m o b i l i t y  i n  t h e  l a t e r  s t a g e s  o f  t h e  d is e a s e .

R e t e r e n c e s .
1. Luelberg R. et al. Double-blind comparison o t cabergoline and 

bromocriptứie In Pírlcinson's diseasc patỉcnis witb m otor Quauatìons. 
Naovlogy 1996: «7: 785-«.

2. Gemỉnỉani G, et a i  Cabergoline in Parldnson's dlseasc complicated by 
m otor O ucnutions. Mov Dúard 1996; 11; 495-500.

3. Hunon JT. a  al. M uhỉcenier. placebo-conưolled uỉa) of cabergollne 
taken once dally in th e  tra tm e n t  o( Parỉdnson'5 diseue N m vlo Ịy  1996; 
4fc 1062-5.

4. M arsden CD. Cỉỉnỉcaỉ experỉence w ith cabeĩgoỉỉne ỉn padents with 
advanced P a rid n » n 's  disease treated with levodopa. Dtvịị 1998; 55 
(sụppl 1); 17-22.

5. Rin n e UK, tí  ứ . Early neatm ent of Parkỉn5on’s dỉsease w ilh cabergolỉne 
ddays the onset ol m otor complications: results of a double-blind 
levodopa controlled ttial. ŨTUỊ1 1998; 55 (luppl 1); 23-30.

6. Clarlte CE, Deane K. Cabergolỉne for ỉevodopa-ỉnduced compUcatíons ỉn 
Parkiiuon's dlsease. Avaiỉable ỉn The Cochrane Daubase oí Systematỉc 
R ẹvietn; Issue 1. c h id ie s te r  John Wũey; 2001 (accessed 16/02/06).

7. Clarite CE, Deane K. Cabergolỉne v en u s  bTtHnocrỉptíne for levodopa- 
ỉnduced cotnplỉcations In Par)dnson'ỉ dỉsease. Avatlable ỉn The C ochnne 
Database at Syttematic Reviein; Issue 1. C hkhesten John Wiiey; 2001 
(ac tx sed  16/02/06).

8. Bracco F, t í  aỉ. The long-acting dopamine receptor agonlỉt cabergolỉne in 
eariy Paik tm on 's dlỉẽasc. ănal re iu lts o t a 5-yeat. doub ĩe-b lin i 
leródopa^ontro lled  ítudy. CNSDrugt 2004; 18:733-46 C otieoion. ibiẩ. 
2005; 19: 633.

9. Curran MP, Perry CM. Cabergolỉne: a review  of ỉts use ìn the treatm ent 
of Pariónson's disease. D rup  2004; 64: 2125-41.

10. od ỉn  p, t í  ai. Bfficacy and salety of high-dose cabetgolỉne ln Parkhison's 
tbsease. Acta Neurvl Samd 2006:113: 18-24.

R ® síle$ s l e g s  s y n d r o m e .  T h e  a e t io lo g y  o f  r e s t le s s  le g s  
s y n d r o m e  (R L S— s e e  S l e e p - a s s o à a t e d  M o v e m e n t  D is o r -  I

ders, p. 1034.2) is obscure and tteatm ent has been largely 
empirícal but dopaminergic therapy has emerged as a 
common ũrst-line choice. Long-acting dnigs such as caber- 
goline may be preíerred in  order to avoid the complica- 
tions assodated wlth levodopa therapy. Randomised mul- 
dcentre studies1-3 in  patients with idỉopathic SLS 
conduded that a single evening dose of cabergoline for 5 
weeks markedly reduced symptoms during the night and 
the next day cõmpared w ith piacebo. Results bom  follow- 
up analysis oí one study1 aíter 1 year of treatment sug- 
gested that cabergolỉne a t a median dose of 2m g daily has 
a high rate of remission and ỉs well tolerated; the authors 
recommended an  initỉal dose of cabergoline SOOmicr- 
ograms in the evening increased in increments of 
500micxograms tveekly according to  response.

1. StlasDy-Koỉster Ke t í  al. Effective abergo lỉne  txeatment ỉo ỉdiopathỉc 
re s tỉe s  legs syodrome. Neurobgy 2004; 63: 2272-9.

2. Oenei WHe t í  ai. Efficacy of cabergolỉne in restỉess ỉegs syndrome: a 
pỉacebo-controỉled study w ith polỹsoimiography (CATOR). Neurology 
2006; 67: Ỉ04Ỡ-6.

Adverse Effiects and Precautions
As for Bromocriptine, p. 896.3, although patients unable to 
tolerate bromocriptine may tolerate cabergoline (and vice 
versa).

Lỉcensed product iníormation States that conctption 
should be avoided íor at least one month after treatment.

Effects on mental (undion. For reports of d ay tim e  som - 
no lence occuning in patients receiving dopamine agonists 
induding cabergoline, see under Levodopa, p. 905.2.

For reỉerence to p atho log ica l gam bling reponed in 
patients vvith Parkinson's disease receivỉng dopamine 
agonists induding cabergoline, see under tevodopa. 
p“ 905.2.

Rbrosis. For repoits of Sbrotic reactions occurring in 
patìents with Parkinson's disease receiving ergot derivative 
dopamine agonists indudỉng cabergoline, see under 
Bromocriptine, p. 897.3.

In 2007, based on h n ther evidence bom  3 studies,1' 3 the 
UK MHRA4 considered the risk oỉ cardiac valvulopatby to be 
high and dinically signiỉicant vvith cabergoline and 
pergolide, and the risks of ưeatm ent with these 2 drugs to 
be similar. This resulted in the ỉollovving đianges to UK 
labelUng for cabergoline Products in Parkinson's disease:
• resưicted to second-bne treatment in patients intolerant 

of, or w ho do not respond to, non-ergot drug treatment
• conưa-indicated ỉn patients vvith a history of pulmonary, 

pericardial, and renoperitoneal Sbrotic disorders, or in 
tbose vvith anatomical evidence ol cardiac valvulopathy

« monitoring for development oỉ valvular disease or 
bbrosis reconưnended; echocardiography should be 
perfoimed vvithin 3 to 6 m onths of starting ơeatment 
and every 6 to 12 m onths thereaher 

In June 2008 the EMEA íurther reconunended that the 
maximum dose should be 3 mg daily.5

1. Yamamoỉo M. t í  aĩ. Dopamỉne agonỉsts and cardiac valvuiopathy ỉn 
Parkỉnson disease: a case-control study. NcuroìoỊy 2006; 67:1225-9.

2. sđ iade  R, t í  aì. Dopamìne agonìsts and the rỉsk ai carđiac-valve 
regurgitation. N Engĩ J  M ai 2007; 356: 29-38.

3. Zanettỉni R. tí  al. Vaỉvular h ea it dỉseaỉe and the use oí dopamine 
agonỉsts for Parkinson's disease. N  EngỊ J  Med 2007; 356: 39-46.

4. MHRA/CHM. Cabergolỉne: cardiovahniỉopathy. Drug Sạftíy Updatt 2007;
ỉ  (1): 5. Avaiỉable a t  http://wwvr.mhra.gov.uk/boine/idcplg?
ldcService=«GET_FILE&dDocName»CON20318016-RevisionSelection- 
MeUìodsLatestReỉeared (accessed 23/08/10)

5. EMEA. EMEA recommends new  wamỉngs and contraỉndicatíoĐS for 
ergot-derived dopamine agonists (issued 26th June, 2008). Avaiỉable au 
h ttp ://w w w .eraea.eu ropa.eu /pd is/hum an /p ress/p r/32239508en .pd f 
(accessed 06/08/08)

Oedema. Tbree cases of lower limb oedema aíter chronic 
ơeatm ent w ith cabergoline ha ve been reported.1 In one 
case the oedema vvas severe enougb to necessitate with- 
drawal of therapy.

ỉ . Gemỉníanỉ G, tí  a l  Cabergoỉine in Parkinson's dỉsease coraplicated by 
m otor Auctuatlons. Mơv Disord 1996; 11: 495-500.

Porphyría. The Drug Database for Acute Porphyria, com- 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Porphyría Cenưe Svveden, dassibes cabergoline as 
probably porphyrinogenỉc it should be prescribed only for 
compelling reasons and precautions should be considered 
in all patients.1

1. The Drug Patabase ĩor Acute Porphyria. Available a t  bttp://www. 
đrugs-porpbyrỉa.org (accessed 30/09/11)

Interađions
As íor Bromocriptme, p. 899.1.

Pharmacokinetics
Cabergoline is absorbed bom  the gastrointestinal tra a  and 
mean peak plasma concentrations occur within 2 to 3 hours.
It is subject to first-pass metabolism and is extensively 
metabolised to several metabolites that do not appear to 
contríbute to its pharmacological acrivity. Plasma protein

binding has been estímated to be about40% . Cabergoline is  
mainly eliminated vỉa the íaeces; a small proportion is 
excreted in  the urine. In  T d ts , cabergoline has been report íd 
to cross the placenta and to be distributed into breast mil k. 
General refererices.

1. Del Dotto p. BonucceQỈ u .  Cỉỉnỉcal phannacokinetỉcs of cabergolỉne. c 'ift 
Phũmuưokmtí 2003; 42: 633-45.

HalHlíe. Pharmacokinetic studỉes oí cabergoUne ha e 
been ham pered by lack oỉ an assay method sensitì e 
enough to detert plasma concentrations of cabergolũ .e 
aỉter therapeutic doses. Hovvever, the plasma eliminatic n 
halí-liíe of cabeigoline has been estùnated indirectly to l e  
63 to 68 hours In healthy subjects and 79 to 115 hours n 
patients w ith hyperprolactinaemia.1

1. Rains CP, t í  al. Cabergoỉỉne: •  revỉew of ỉu  pharmacological properr ts 
and therapem ỉc potentỉal ỉn the ưeatm ent ò í hyperprolactínaemía ai id 
inhỉbỉtỉon of lactatỉon. ữrugs 1995; 49: 255-79.

Preparatíons
P ro p r ie ta ry  P re p a n i t io n s  (d e ta ils  a r e  g iv e n  in  V o lu m e  B)

S in g le - in g re d ìe n t P re p a ra t io m . A r g C a b a se r ;  C a b e ip a r ;  C ab e  - 
tr ix ;  C ie ld o m ; D o s tin e x ; L ac S to p ; L a a a m a x ;  T ria sp a r; A u s tr a , 
B e rg o lin e ; C a b a s e n  C o b aso l; D o s ta n ; D o s tin e x ; T in e x a ; A u s t r i  i: 
C ab ase rii; D o s tin e x ; B e tg .: D o s tin e x ; S o stila r; B ra z .:  D o s tln e  
C a n a d D o s tin e x ; c h ữ *  C a b e n r ix ;  D o s tin e x ; Cz.: C a b e ra  •; 
D o s tin e x ; D e n m .:  C a b a se r ;  C a b e rg in ; D o s tin e x ; Firt.: C a b a se  •; 
D o s tin e x ; F r.: D o s tin e x ; G e r C a b a se r ib  C ab e rg o -T E V A t; D o s t - 
n e x ;  G r.: D o s tin e x ; H o n g  K o n g :  D o s tin e x ; Indiar. C a b c rlin ;  C a t - 
g o lin ; C a m ío r te :  C B -L in ; P a rc a n  Ir t.:  C a b a s e n  C a b e re x ; D a lz io  ; 
D o s tin e x ; E A avex ; Is ra e l:  C ab ase r; C a b o tr im ; D o s tin e x ; I t a l : 
A c tu a le n e ;  C a b a se r ;  D o s tin e x ; M a ĩa y s ia :  D o s tin e x ; M ex .:  D o s t - 
n e x ;  N e t h . : D o s tin e x ; N o r w .:  C a b a se n  D o s tin e x ; N Z :  D o s tin e : ; 
PoL: D o s tm e x ; P orL :  D o s tin e x ; R u s.:  A g a la te s  (A n ư ia ĩec); D o s t  - 
n e x  (HocTHHeKC); S .A fr .:  A rig o lin e ; D o s t in e x ' s in g a p o r e :  D o s t - 
n e x ;  S p a in :  D o s tin e x ; S o g ile n ; S w e d .:  C ab ase r; D o s t ỉn e ;  ; 
S w itz .:  C a b a s e n  D o s tin e x ; T u r k .:  C a b a s e n  D o s tin e x ; U K: C aba - 
s e n  D o s tin e x ; u k r .:  A la c tln  (AnaKTHH); D o s õ n e x  (ữocTHHexc ; 
V enez.:  D o s tin e x .

P h a im a c o p o e ia l P re p a ra t io n s
U S P  3 6 : C a b e rg o lin e  T a b le ts .

C a r b i d o p a  IBAN, USAN, riNN)
Carbidopa-Monohydrat; Carbidopum; Carbidopum Mon& 
hydricum; Karbidopa; Karbidopa monohydrát; a-Methyldopa 
Hydrazine; MK-486; Kapỗnqona.
(+)-2-{3,4-Dihỹdroxyben2yl)-2-hydra7Ìnopropionic acid 
monohydrate; (-H-a-Hydrazino-3,4-dihydroxy-a-methylhy- 
drocinnamic add monohydrate.
C,oH,4Nj04.H20=2442
CAS -  28860-95-9 (anhydrous); 3882M9-7 (monohydratẹ). 
u m  —  MNX7R8C5VO (carbidopa monohydrate); KR87B45RGH 
(anhydrous carbidopa).

NOTE. The synonym MK-485 has been used for the racemii 
mixture.

Compounded preparations oỉ carbidopa and Ievodop; 
may be reprcsented by the lollovvmg names:
•  C o - c a r ẽ ld o p a  x / y  ( B A N )— v v h e re  X  a n d  y  a r e  t h e  s t r e n g t h :  

i n  m iU ig r a m s  o ỉ  c a r b id o p a  a n d  l e v o d o p a  r e s p e c t iv e ly
•  C o - c a r e ld o p a  (P E N )— c a r b id o p a  a n d  l e v o d o p a  

P h a r m a c o p o e i a s . I n  Chín., E u r .  ( s e e p .  v i i ) ,  ỉnt., Jpn, a n d  us 
P h .  E u r .  8 :  ( C a r b id o p a ) .  A  w h i t e  o r  y e l lo w i s h - w h i t e  
p o v v d e r .  S l ig h d y  s o l u b l e  i n  v v a te r ; v e r y  s l ig h t ly  s o lu b le  in  
a l c o h o l ;  p r a c t i c a l l y  i n s o l u b l e  i n  d i c b l o r o m e t h a n e ;  d is s o lv e s  
i n  d i l u t e  S o lu t io n s  o f  m ỉ n e r a l  a d d s .  P r o t e c t  b o m  l ìg h t .

USP 36: (Carbidopa). A white to creamy-white, odourless or 
practìcally odourless povvder. Slightly soluble in water and 
in  methyl alcohol; practically insoluble in  alcohol in 
acetone, in cbloroform, and in etben íreely soluble in 3N 
hydrochloric add. Protect bom  lỉght.

Uses and Administration
Carbidopa is a peripheral dopa-decarboxylase inhibitor witb 
little or no pharmacological aaivity when given alone in 
usual doses. It inhibitỉ the perípheral decarboxylation oỉ 
levodopa to dopamine and as. unlike levodopa, it does not 
cross the blood-braỉn barrier, eííective brain concentrations 
of dopamine are produced with lovver doses oí levodopa. At 
the same time reduced peiipheral íormation of dopamine 
reduces peripheral adverse ebects, notably nausea and 
vomiting, and cardiac arrhythmias, although the dyskine- 
sias and adverse mental eỉíects assodated vvith levodopa 
therapy tend to develop earlier. Contrary to its effect in 
patients on levodopa alone, pyridoxine does not inhỉbit the 
response to levodopa in patients also receiving a peripheral 
dopa-decarboxylase inhibitor.

In tbe treatm ent of parkinsonism (p. 889.1) carbidopa is 
given vvith levodopa to  enabỊe a lower dosage of the latter to 
be used, a more rapid response to be obtained, and to 
decrease adverse eííeas. For details of administration and 
dosage, see levodopa, p. 902.3.

All aoss-references reíer to entries in Volume A

http://wwvr.mhra.gov.uk/boine/idcplg
http://www.eraea.europa.eu/pdis/human/press/pr/32239508en.pdf
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Carbidopa also ỉnhibits the peripheral decarboxylatíon of 
the serotonin precursor oxitriptan (p. 440.3).
General references.

1. Pínder RM, t í  ai. Levodopa and decarboxyỉase inhỉbitors: a rcvtew of 
iheir d ỉnicaỉ phannacoỉogy and use ỉn the oeatm ent of pariđnsonỉsm. 
Druss 1976; 11; 329-77.

2. Boshes B. Slnemct and  the treatm ent of parìrinsonism. A m  Intem Med 
1981; 94: 364-70.

Adverse Effects

Hypersensitivity. Henoch-Schồnlein purpura that devel- 
oped in a  68-year-old patient being treated for Parkinson's 
disease appeared to be due to either carbidopa or an exd- 
pient of the carbidopa preparation (Sinemet) . 1

ỉ .  N ỉeđennaỉer G. B riner V. Henoch-Schõnieỉn synđrorae ỉsduced by 
carbỉdopa/ỉevodopa. Laneet 1997; 349; 1071-2.

Pharmacokinetics
Carbidopa is rapidly but incompletely absorbed from the 
gastrointestinal tract. It is rapidly excreted in the urine both 
unchanged and in the form of metabolỉtes. It does not cross 
the blood-brain barrier. In rats, carbidopa has been reported 
to cross the placenta and to be distributed into breast mịlk.

Preparatíons
Proprietary PreparaHons (details are given in Volume B)
Single-tngredient Piepararions. Arg.: Prikap; /ri: Duodopa; PoL: 
Naicom; UK: Apodespan; USA: LÕdosyn.
Mu(K-ingredient Preparations. Arg.: Carlevod; Lebocan Lecarge; 
Nervocur; Parkinel; Sinemet; Stalevo; AustraL: Duodopa; Kin- 
son; Levohexalt; Sinemet; Stalevo; Austrúr. Duodopa; Levocar; 
Sinemet; stalevo; Belg.: Duodopa; Sinemet; Stalevo; Braz.: Car- 
bidol; Cronomet; Duodopa; Levocarb; Parkidopa; Parlden; 
Sinemet; Stalevo; Canad.: Apo-Levocarb; Duodopa; Novo- 
Levocarbidopat; Nu-Levocarb; Pro-Levocarb; Sinemet; stalevo; 
Chile: Grìíoparkin; Levoỉạmil; Protonist; Saniter Compuesto; 
Sinemet; Stalevo; Chìtur. Sinemet ( ế ? ) ;  Xi Lai Mei (HHH); 
Cz.: Apo-Levocarb; Dopaluxt; Duodopa; Isicom; Lecardop; 
Nakom; Sinemet; Stalevo; Detim.: Duodopa; Sinemet Stalevo; 
pin.: Duodopa; Kardopal; Levocar, Sinemet; Stalevo; Fr.: Duo- 
dopa; Sinemet; Staỉevo; Ger.: Duodopa; Isicom; Levo-C; Levo- 
beta C; Levocarbt; Levocompt; Levõdop; Levodopa comp Cf; 
Levodopa Comp; Nacom; Stalevo; Striatont; Gr.: Duodopa; 
Sinemet; Staievo; Zimox; Hang Kong: Apo-Levocarb; Levomed; 
Levomet; Sinedopat; Sinemet; Stalevo; Hung.: Duellint; Duo- 
dopa; Sinémett; Stalevo; India: LCD; Levopa-C; Neocare: Syn- 
dopa; Indon.: Stalevo; / r i :  Half Sinemet Sinemet; Stalevo; 
Israel: Dopican Duodopa; Sinemet; Stalevo; /Mí.: Duodopa; 
Sinemet* Sirio; Stalevo; Malaysia: Apo-Levocaib; Levomed; 
Sinedopa; Sinemet; Stalevo; Mex.: Cloisone: Lemdopah Racov- 
el; Sinemet; Stalevo; Temovag; Neth.: Duodopa; Sinemet; Sta- 
levo: Norw.: Duodopa; Sinemet Stalevo; NZ: Apo-Levocarb+; 
Sindopa; Sinemet: phũipp.: Ledocan Sinemet; Stalev; Tidomet; 
PoL: Sinemet; Stalevo; Port.: Duodopa; Ledopsan; Sinemet; Sta- 
levo; Rus.: Duellin (HyartiiHH); Nakom (HaKOM); Sinemet 
(Chhcmct); Stalevo (OraneBo); Syndopa (CHHHOna); Tidomet 
(Thaomct); Tremononn (TpeMOKopM); S.Afr.: Caibilev; Sinemet; 
Stalevo; singapore. Cardopar; Credanil; Levomet; Sinemet; Sta- 
levo; Tidomet: Spain: Duodopa; LedopsanỶ; Sineraet; Stalevo; 
Swed.: Duodopa; Levocar: Sineraet; Stalevo; Switz.: Duodopa; 
Sinemet; Stalevo; Thai.: Levomed; Levomet; Sinemet; Stalevo; 
Syndopa; Tidomet; Turk.: Síneinet; Stalevo; UK: Duodopa; Halí 
Sinemet; Sinemet; Stalevo: ukr.: Levocarbhexal
(JIesoicap6reKcan)Ỷ; Levokom (ileaoroM); Nakom (HaxoM); Stale- 
vo (CraãeBo); USA: Atamet; Parcopa; Sinetnet Stalevo; Venez.: 
Sinemet; Stalevo.
Pharmocopoeial Preporolions
BP 2014: Co-careldopa Tablets;
USP 36: Carbidopa and Levodopa Orally Disintegrating Tablets; 
Carbidopa and Levodopa Tablets.

Dexetimide (BAN, USAN, HNNỊ
Dexetirnida; Dexétimidẹ; Đexetirnidum; fleKQTMMPfl.
(S)-2-(1-Benzyi-4-piperìdyD-2-phenylglutarimide; (S>-3-Phe-
nyl-1'-(phenylmethyl)-(3,4'-bipiper1dine)-2,6-dione. ;
^ » 2 6 ^ 0 2 = 3 6 2 5
CAS-  21888-98-2.
ATC —  N04M08.
ATC Vet —  QN04AA08. 
um —  43477QYX3D. '

Dexetimide Hydrochloride (BANM, riNNM/ 
'Dexbenzetimide Hyđroehloride; Dexetiniida, hidrodoruro 
de; Dexétìmide, Chrorhỹdrate de; Đexetimidi Hydrochlor- 
idum; Hidrocloruro de dexetimida; R-16470; fleKC3TMMMfla 
fnflpoxnopnfl ' ■
C23H26N2Ój ,H C I= 3 9 8 .9  .
C A S -2Ĩ888-964 '  ‘
ATC —  N04AA08. '  - '
ATC Vet —  QN04AA08. . . .
um —  B987A3XX7D

P r o f ì Ị e

Dexetimide is a tertiary antùnuscarimc with actions sũnilar 
to those of trihexyphenidyl (p. 917.3). It has been used to 
alleviate drug-induced extrapyramidal symptoms (see 
under Chlorpromaxine, p. 1049.2), but, like other 
antúnuscarinics, is of no value against tardive dyskinesias. 
Dexetimide hydrochloride has been given orally and by 
intramuscular injection.

Preparations
Proprietary Preparatìons (details are given in Volumc B) 

Single-ingredienl Preparations. Neth.: Trcmblexf.

Diethaxine Hydrochloride IBANM. riNNMi 

Diắethazinium Chloratum; Dietakina, hidrodoruro de; 
Díéthazine, Chlorhydrate de; Diethaãni Hydrochloridum; 
Eazaimine Hydrochlóride; Hidrocloruro dé dietazina; RP-2987; 
ÍỊnaTa3M Ha rnflpoxnopnfl.
10-{2-Diethylaminoethyl)phenothiazine hydrochloride. 

:C,sH22N2S,HCI=334.9
CAS —  60-91 -3 (diethaáne); 341-70-8 Ịdieihazine hydro- 
chlorìde). . .
UNII —  S88072126O.

ProỊịỊe
Diethazine hydrochloride is an antúnuscarinic tvirh actions 
súnilar to tliose of proíenatnine hydrochloride (p. 912.3), 
but it is more toxic and bone-marrow depression may 0CCU1. 
It has been used in the treatment oí parkinsonism.

D r o x id o p o  ỊUSAN, rlNNI
D0PS; Q ro x id o p u rn ;  L-DOPS; L-fhreo-DOf’S; L -rh rec-3 ,4 - 
Dihydroxyphenylserine; tìpoKCMíiona. 
C-)-f/iréo-3-(3,4-Dihydroxyphenyl)-L-serine.
C9H11N05=2Ì3.2 
C4S —  23651-95-8. 
um  —  37A92V769L7.

ProỊile
Droxidopa is a precursor of noradrenaline that is used iu the 
treatment of parkinsonism (p. 889.1) and some íorms of 
orthostatic hypotension (p. 1634.3). The usual oral 
maintenance dose is 600 mg daily for the treatment of 
parkinsonism and 300 to 600 mg daily in orthostatic 
hypotension; daily doses should be divided.

The racemic íorm (DL-íftrfP-3,4-dihydroxyphenylserine) 
has also been studied for orthostatic hypotension. 
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2008; 18 (Siippl 1); 19 -24.

7. Mathias CJ. L-dlhydroxyphenylserine (Droxìdopa) In the treatnient of 
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P repara íions
Proprietary PreparaHons (dctails are given in Volume B) 
Single-ingredionl Preparationỉ. Jpn: Dops.

Entacapone (BAN, USAM, riNNỊ
■.Éoracapona; Entacaponum; Entakapon; Entakaponi; OR-611; 
3HTaKan0H.
(£)-a-Cyano-A///<)iethy(-3,4<lihydroxy-S-hitrỏcirinámamide; 
(E)-2-Cyano-3-{3,4-dihydroxy-5-nitrophenyl)-N//-diethylac(y- 
lamide
C14H15N3O5-3053 . ■ ■' - ‘  ■ '
CAS—  130929-57-6."
AT0— N048X02 • - ■ '  '
ATC Vet —  QN04BX02 ■
UNII —  4975G9NM6T

Pharrnacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8 : (Entacapone). A greenish-yellovv or yellow 
powder. It exhibits polymorphism. Practically insoluble in

vvater; slightly soluble in anhydrous ethanob soluble or 
sparingly soluble in acetone. Protect from light.
USP 36: (Entacapone). A greenish yel!ow to yellow powder. 
PracticaUy insoluble in wat«7 slightly soluble in alcohol; in 
chlorolorm, in ether, and in isopropyl alcohol; sparingly 
soluble in acetone and in methyl alcohol; very slightly 
soluble in toluene. Store in aỉrtight containers.

Uses and Administmtíon
Entacapone is a selective, reverãble, peripheral inhibitor of 
catechoỉ-O -m ethyltransíerase (COMT), an  enzym e 
involved in the metabolism of dopanũne and levodopa. It 
is used as an adjunct to combinatìoh preparations of 
levodopa and dopa-decarboxylase inhibitors, ỉn  pạtients 
with Parkinson's disease (below) and 'end-of-dose' motor 
fluctuations who cannot be stabilised on levodopa 
cọmbinations alone. Entacapone is given orally in a dosage 
oỉ 200 mg at the same time as each dose oỉ levodopá with 
dopa-decarboxylase inhibitor, up to a maximum o{ 200 mg 
ten tỉrncs daily. It is ohen necessary to graduaUy reduce the 
dosage of levódopa by about 10 to 30% vnthin the flrst few 
vveeks aíter starting treatment with entacapone; this e ã e a  
may be more marked in the presence of benseraáde than of 
carbidopa.

Entacaponc may also be given as a cotnbinatìon 
preparation with carbidopa and levodopa; for dosage 
details, see Levodopa, p. 902.3.

Parkinsonism. Entacapone is a selective and reveráble 
inhibitor of catechol-O-methyltransỉerase {COMT), with 
mainly peripheral actions. It is given as adjunctive therapy 
to patients with Parkinson’s disease (p. 889.1) having fluc- 
tuations in disability related to levodopa and dopa-decar- 
boxylase inbibitor combinations. When levodopa Is given 
rá th  a peripheral dopa-decarboxylase inhibitor, O-methy- 
líition then becomes the predominant form oi metabollsm 
of levodopa; thereíorc addỉng a péripheral COMT inhibitor 
such as entacapone potentiaỉly extends the duratíon and 
ellect of lcvodopa in the brain, and thus allovvs levodopa 
to be giveu less oíten and in ĩower doses.
Referenccs.
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8. Olanov/ cw, Stocchi F. COMT inhỉbitors ỉn Parkỉn$on's diseaset can they 
prevent and /o r reverse levodopa-induced motor complicatíons? 
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9. Dcane K, t í  a i  Catechol-O-raethyltransíerase ỉnhĩbiton íor levodopa- 
inđuced compìicatlons In Parkinson's dỉsease. Avaílable in The Cochrane 
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(accesscd 16/02/06).
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II .  Schrag A. Entacapone ỉn the treatm ent of Parkinson's disease. Lanctí 
bỉcurữí2005; 4: 366-70.

Adverse Effects
The most írequent adverse effeas produced by entacapone 
relate tọ increased dopaminergic activity and occur most 
commonly at the start of ttẽatment; reduction of the 
levodopa dosage may reduce the severlty and írequency of 
such ehects. Adverse effects may indude nausea, vomiting, 
abdominal pain, constipation, diarrhoea, colitis, diy mouth, 
and dyskinesias. Other commonly reported adverse effects 
include dizziness, insomnia, nightmares, halludnations, 
conlusion, íatigue, and increased sweating. Behavioural 
disturbances induding intense urges to gamble and 
increased sexual urges ha ve also been reported (see Eữects 
on Mental Function, in  Levodopa, p. 905.2). There have 
been rare reports of agitation, urticaiia, erythematous or 
maculopapular rash, anorexia, and weight decrease. 
Incxeases in liver enzyme values have beén reported rarely; 
there have also been isolated cases of cholestatic hepatìtis. 
Isolated cases of neuroleptic malignant syndrome have been 
reported a íter abrupt reduction or w ithdraw ạl of 
entacapone; there have also been isolated cases ol 
rhabdomyolysis. It may produce a harmless reddish-brovvn 
discoloration o! the urine. Skin, hair, beard, and nail 
discolorations have been reported.
References.
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The Symbol t  denotes a preparation no longer actívely marketed
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Carcinogenicity. The FDA' reported that it is contínuing to 
review data from the STRIDE-PD study, vvhich suggested 
that parkinsorũan patients who w ere taking the combina- 
tion preparatíon contahũng entacapone, caibidopa, and 
levodopa (Stalevo; Novartừ, USA) had an ỉncreased risk of 
prostate cancer when compared vvith those who were tak- 
ing carbidopa with levodopa. The PDA commented that 
previous studies oỉ shorter duration did not And such an 
assodation vvith entacapone, and that prostate cancer is 
most commonỉy diagnosed in m en of the same age as 
those in  the STRIDE-PD study.

1. FDA. FDA drug saíety communỉcatíon: ongoing saíety revỉew of Stalevo 
(entacapone/carbidopa/lcvodopa) and possible develõpmem oí prostate 
cancer (ỉssucd 31st M arch. 2010). Avaỉỉablc *e http://www.fda.gov/ 
D rugs/D rugSaỉety/Postm arketD nỉgSaíetylntannaỉtonỉorPatỉentsand- 
Ftovịders/ucm206363.hun (accessed 14/05/10)

Efteds on the cardiovascular System. The PDA1 is conti- 
nuing to evaluate data ỉrom dinical studies that initỉaliy 
suggest that patientỉ taking a combinadon preparation 
containing entacapone, carbidopa, and levodopa (Stalevo; 
Nơvartis, USA) are at an increased risk ot cardiovascular 
events compared with those taking carbidopa vvdth levo- 
dopa. The PDA commented that most patients had pre- 
existing risk {actors for cardiovascular disease.

I. FDA. FDA drug saíety communỉcatỉon: ongolng saíety revicw of Stalevo 
and possiblc increased cardiỡvascular risk (Issued 20tb August. 2010). 
Available at: http://www.fda.gov/Dnigs/DnjgSaiety/ucm223060.htm 
(accessed 24/08/10)

Precautions
Entacapone is contta-indicated in patients w ith phaeo- 
chromocytoma and in patients vvrith a history of neuroleptic 
malignant syndrome or nonưaum atic rhabdomyolysis. It 
should be avoided in patients w ith hepatic impaúment, and 
given with caution to patients vvith biliary obstructíon. A 
general medical evaluatìon, induding liver tunction, shouid 
be considered in those who develop Progressive anoreúa, 
asthenia, and weight decrease vvdthin a relatively shon 
petỉod oỉ time. Use with levodopa may cause diz2iness and 
orthostatic hypotension; if aííened patients should not drive 
or operate machinery. Excessive daytime sleepiness and 
sudden onset of sleep may also occur vvith combination use 
(see Effects on Mental Function, under Adverse Eỉíects of 
Levodopa, p. 905.2) and again, caution is advised when 
driving or operating machinery; patients who suHer such 
eHects shoulđ not drive or operate machinery until the 
eííects have stopped recuning.

Treatment with entacapone should not be stopped 
abruptly; when necessary vvithdravval should be made 
gradúally, increasing the dose oỉ levodopa as requứed.

Genetic polymorphism. For reỉerence to slow metaboliseis 
being more susceptible to COMT-inhibitor induced 
hepatotoxidty, see under Tolcapnne, p. 917.2.

Ịnteractions
Use of entacapone w ith a non-selective MAOI is 
contra-indicated. Entacapone should be used with caution 
in patìentỉ receiving drugs metabolised by catechol-0- 
methyltrạnsỉerase (COMT) induding adrenaline, apomor- 
phine, dobutamine, dopamine, isoprenaline, methyldopa, 
noradrenaline, paroxetine, and rimiterol. Caution is also 
advised vvhen used w ith certaln antìdepressants induding 
the tricydics, reversible inhibitors of monoamine oxidase 
type A. and noradrenaline reuptake inhibitors such as 
venlaíaxine.

Entacapone may aggravate levodopa-induced orthostadc 
hypotension and should be used cautiously in patients vvho 
are taking other drugs tha t may cause orthostatic 
hypotension.

Entacapone may form chelates with ứon preparations in 
the gastrointestinaĩ trac t the two drugs shoũld be taken at 
least 2 to 3 hours apart.

Pharmacokinetics
There are large in tra- and interindividual varianons in the 
absorption of entacapone. Peak plasma concemrations 
occur about One hour after orãl doses. Entacapone 
undergoes extensive ũrst-pass metabolism and oral 
bioavailability is about 35%. Absorption is not aãected 
signihcantly by íood. Entacapone is about 98% bound to 
plasma protelns. It is eliminated mainly in the íaeces vvith 
about 10 to 20% being excreted in the urine, mainly as 
glucuronide conjugates. Entacapone is thought to be 
distributed into breast milk on the basis of studies in rats.

Entacapone is rapiđly absorbed ỉrom the gasưointestinal 
tract and bioavailabiỉity after oral doses has been reported to 
range from 29 to 46%. It does not cross the blood-brain 
barrier. Over halí of a dose appears in  the íaeces with 
smaller amounts beữig excreted in the urine as glucuronides 
of entacapone and its (Z)-isomer. Elimination halí-lives of 
about 1.6 to 3.4 hours have been reported íor entacapone.

Reíerences.
1. VVikberg T, tí  a i ldentỉfication o( m ajor metaboỉites of the catechol-O- 

methyỉtran$ferase ỉnhỉbỉtor entacapone ỉn rats and hum ans. Dru$ Metab 
Dừpơs 1993; 21: 81-92.

2. K erỉnen  T, t í  a l  Inhibỉtỉon of soluble a te c h 0Ỉ'O -tnethyltran$feiase and 
singỉe-dose pharmacokỉnetỉcs after oral and intravenoùs admỉnỉstration 
0í  entacapone. Bur J  ơ iỉt Pharmacol 1994; 46: 151-7.

Preparations
Proprietary PreparaHons (details are gi ven in Volume B)

Sngle ingrediant PreparoHom. Arg.: Comtan; AustráL: Comtan; 
Austrùr. Comtan; Belg.: Comtan; Braz.: Comtan; Entarkin; 
Canad.: Comtan; China: Comtan (ĩàỊỉị); Cz.: Comtan; Comtess; 
Denm.: Comtant; Comtess; Pin.: Comtess; Fr.: Comtan; Ger.: 
Comtess; Gr.: cómtan; Hong Kong: Comtan; Hung.: Comtan; 
India: Adcapone; Entacom; Indon.: Comtan; Iri.: Comtan; 
Comtess; Israel: Coir.can; ItaL: Comtan; Malaysia: Comtan; 
Mex.: Comtan; Neth.: Comtan; Comtess; Norw.: Comtess; NZ: 
Comtan; philipp.: Comtan; PoL: Comtan; Comtess; Part: Com- 
tan; Comtess; S.Afr.: Comtan; singapore: Comtan; Spain: Com- 
tan; Swed.: Comtess; Switz.: Comtan; Thai.: Comtan; Turk.: 
Comtan; UK: Comtess; ukr.: Contan (KoMTaH)t; USA: Comtan; 
Veneĩ.: Comtan.

Muhi-ingredient Preparations. Arg.: Stalevo: Austral.: Stalevo; 
Austríír. Stalevo; Belg.: Stalevo; Braz.: Stalevo; Canad.: Stalevo; 
chile: Stalevo; Cz.: Stalevo; Denm.: Stalevo; pin.: Stalevo: Pr.: 
Stalevo; Ger.: Stalevo; Gr.: Sialevo; Hong Kong: Stalevo; 
Hung.: Stalevo; Indon.: Stalevo; Irl.: Stalevo; Israel: Stalevo; 
Ital.: Stalevo; Malaysia: Sialevo; Mex.: Sialevo: Neth.: Stalevo; 
Norw.: Stalevo; Philipp.: Sialev; Pol: Stalevo; PorL: Stalevo; 
Rus.: Stalevo (CraneBo); S-Afr.: Stalevo; Singapore: Stalevo; 
Spain: Stalevo; Sweí: Stalevo; Switz.: Stalevo; Thai.: Stalevo; 
Turk.: Stalevo; UK: stalevo; Ukr.: Stalevo (CraaeBo); USA: Sta- 
levo; Venes.: Stalevo.

Pharmacopoeial Preparatkms
USP 36: Ẽntacaponẽ Tablets.

I s tr a d e fy ll ìn e  IUSAN, rtNNi
Istradeíìlina; Istradélylline; lstradefyllinum; KW-6002; Hcrpa-

8-Ị(1 E)-2-(3,4-Dim ethoxypheny])ethenyl]-l ,3-diethyl-7- 
methỵl-3,7-dihydro-1H-purine-2,6-dione.
C20H2.N,O.=384.4 
C45 —  155270-99-8.
UNII —  2GZ0UK7T4.

Profíle
Istradeíylline is a selective adenosine A2A-receptor 
antagonist given to reduce 'end-of-dose' deterioration 
vvith levodopa therapy in the ưeatment of Parkinson's 
disease (p. 889.1). Isưadefylline is given orally in a usual 
dose of 20 mg once daily, vvhich can be increased to 40 mg 
daily ư necessary.
R e í e r e n c e s .

1. Park A. Stacy M. Istradeỉylline íor ư>e ĩreatm ent of Parkinson's disease. 
Expcrĩ Opin Pharmacother 2012; 13: 111-14.

2. Chen w, tí aỉ. ỉsiradeíyỉUne, an adenosine Aja receptor antagonỉst. íor 
patíents w ith Parkinson's disease: a meta-analysls. J Nturoĩ Sá  2013; 324: 
21-8.

3. DungoR, Deeks ED. IsưadeíylUne: first globai approvaỉ. Druỹs 2013; 73: 
875-Ì2.

Preparatìons
Propríetary Preparcrtions (details are given in Volume B) 

Single-ingredient Preparations. Jpn: Nouriast.

Levodopa ÍBAN, USAN, riNN) 
Dihydroxyphenylalanine; L-Dopa; 3-Hydroxy-L-tyrosìne; 
Laevo-dopa; Lévodopa; Levodopum; /leBqqona.. 
(-)-3-(3,4-DihydroxyphenylH-alanine.
QH„Nỏ4=197^
0 6 - 5 9 - 9 2 - 7 .
A T C  —  N 04B A 01.

A T C  V e t —  Q N 04B A 01. 
u m  —  4 6 6 2 7 0 6 0 0 1  .

NOTE. Compounded preparadons oỉ levodopa may be 
represented by the lollovvtng names:
• Co-beneidopa (BAN)—benseraãde 1 part and levodopa 4 

parts (w/w)
• Co-careldopa xly (BAN)—vvhere x an d y  are the sttengths 

in mỉlligrams of carbidopa and levodopa, respectìvely
• Co-careldopa (PEN)— carbidopa and levodopa 
Pharmacopoeìas. In Chín., Eur. (see p. vii), Int., Jpn, and us. 
Ph. Eur. 8: (Levodopa). A white or slightly cream-coloured. 
crystalline povvder. Slightly soluble in vvater: íreely soluble 
in IM hydrochloric add  but sparingly soluble in 0.1M 
hydrochloric acid; praaically insoluble in alcohol. A 1% 
suspension in vvater has a pH of 4.5 to 7.0. Protect hom 
light.

USP 36: (Levodopa). A white to oữ-white, odourle ss, 
crystalline povvder. In the presence of moisture, it Is rapidly 
oxidised by atmospheric oxygen and darkens. Slighdy 
soluble in water; íreely soluble in 3N hydrochloric acid; 
insoluble in  alcohol. Store in a dry place In airtight 
containers at a temperature not exceeding 40 degrets. 
Protect from light.

StabiBty. Extemporaneously prepared oral liquid dosage 
ỉorms may be unstable and m anulaaurers' tormulaticns 
should be used w here possible.1 Water dispersible form n- 
lations o f  levodopa with benseraáde are avaỉlable in SOI te 
countries but a method that can be used by patients to 
prepare daily Solutions of Ievodopa with carbidopa has 
been suggested:1 One liưe o! a solution in potable waier 
may be prepared with ten crushed Standard tablets of 
levodopa lOOmg vvith carbidopa 25 mg and 2g  of ascorl ic 
acid added to stabilỉse the levodopa.

1. YValls TJ. tí  aỉ. Problems vviih inacùvaúon of drugs used in Parkỉnso ì’s 
disease. BMJ 1985; 290: 444-5.

2. Giron LT, Koller wc. Methods oỉ managing levođopa-ỉndut ;d 
dyskinesỉas. Dru0 Safity 1996; 14: 365-74.

Uses and Administration
Levodopa. a naturally occurring amino acid, is tỉie 
immediate precursor oi the neurotransmitter dopamine. 
The actions of levodopa are mainly those of dopamine 
(p. 1367.2).

Unlike dopamine, levodopa readily enters the CNS and is 
used in the treatment of conditions, such as Parkinsor's 
disease (p. 904.1), that are associated vvith depletion )f 
dopamine in the brain. Levodopa is rapidly decarboxylatt d 
by peripheral enzymes so that very little unchanged drug is 
available to cross the blood-brain barrier íor centrỉl 
conversion in to dopamỉne. Consequently, levodopa is 
usually given with a peripheral dopa-decarboxyla: e 
inhibitor such as benseraàde (p. 894.1) or carbidoỊ a 
(p. 900.3) to increase the proportion of levodopa that can 
enter the brain. This enables the dosage of levodopa to t e 
reduced and may diminish peripheral adverse ettects, such 
as nausea and vomiting and cardiac arrhythmias, ty  
blockúig the peripheral produaìon of dopamine. It may al: o 
provide a more rapid response at the start of therapy.

The majoríty of patients with Parkinson's disease beneíit 
from levodopa therapy, but aíter 2 years or mor 
improvement in disability is gradually lost as the disea:e 
progresses and Quctuations in mobility emerge. Posteno - 
phalidc parkinsonism responds to levodopa. but a highi r 
inddence of adverse eííects has been reported than in th e 
idiopathic íorm so smaller doses are generally uset . 
Levodopa has also been used to conơol the neurologic, 1 
symptoms of chronic manganese poisoning. vvhich resembl ỉ 
those of parkinsonism. It should not be used in antipsy - 
chotic-índuced parkinsonism.

Levodopa has an eíỉect on pituitary lunction as a result c ỉ 
its conversion to  dopamine. It may enhance grovvt i 
hormone seơetion and has been used diagnostically as 1 
provocative test for grovvth hormone deAdency. Levodop 1 
also inhibits prolactin secretion.

Response to levodopa varies considerably betvvee 1 
patíents. T re a tm e n t o f park in son ism  should begin witJ I 
small doses ừicreased graduaUy, ideally to a dose that 
improves mobility vvithout producing adverse effectí. 
Levodopa should be taken vvith or aíter meals, although ũ I 
later disease, it may be preíerable to take it on an e m p t ' 
stomach (see Precautions, p. 906.3). Once establishec, 
maintenance doses may need to be reduced as the patien t 
ages. When given vvithout a p e rip h era l d o p a-d ec ar-  
boxylase in h lb ito r  (vvhich is rare) a suggested ỉnitial ora l 
dose is 125 mg tvvice daily increased gradually every 3 to ' 
days, according to response, to up to 8 g daily in divided 
doses. The intervals between doses should be adjusted to 
meet individuaỉ needs; many patients End 4 or 5 divideđ 
doses daily to be satisỉactory although some may require 
smaller, more írequent doses in order to conttol íluctuations 
in mobility. Maximum improvement may take up to 6 
months or longer to occur.

When given w ith  a  p e rip h e ra l dopa-decarboxy lase  
in h ib ito r lovver doses oỉ levodopa are used. As high Central 
dopamine concentrations can be achieved m ore quickly. 
both beneAdal and adverse eữects tend to  occur more 
rapidly than with levodopa alone and patients should be 
monitored careíully. In those already receiving levodopa 
the drug should be stopped and benseraride or carbidopa 
with levodopa started on the next day or aíter 24 hours if 
the patient was receiving a modiSed-release prejjaration of 
levòdopa.

B enserazlde is given as the hydrochloride but doses are 
expressed in terms oí the base. Benseraáde hydrochloride 
28.5mg is equivalent to about 25 mg of benseraáde. 
Benseraáde is usually given with levodopa in  the ratio of 1 
part of benseraâde base to 4 parts of levodopa (co- 
beneldopa) and the doses for co-bẽneldopa tha t íollovv are 
expressed in terms oí the levodopa component.

AU cross-reíerences reíer to entries in Volume A

http://www.fda.gov/
http://www.fda.gov/Dnigs/DnjgSaiety/ucm223060.htm
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• An initial oral dose íor patíents not prevừiusly treatíd with 
Itvodopa is levodopa 50 mg three or íour times daily 
increased gradually in increments of levodopa lOOmg 
once or twice weekly, accorđing to response. Xf the 
disease is at an advanced stage, the initial starting dose 
may be increased to levodopa lOOmg three times daiỉy. 
For some elderly patients, an initlai dose of levodopa 
50 mg once or twice dally, increased by 50 mg every third 
OT lourth day, may be suitable. Maintenance doses 
usually lie vvithin the range of levodopa 400 to 800 mg 
daily in divided doses, although most patients require no 
more than 600 mg daily. If optimal improvement has not 
been achieved after several weeks at the average dose, 
íurther increases may be made with caution; it is rarely 
necessary to give more than  1 g of levodopa daily.

• The initial dose of levodopa given with benseraáde in 
patients previously ữeated with lcvodopa alont should be 
about 10 to 15% of the dose previously being taken, thus 
levodopa 300 mg would be appropriate for a patient 
previously taking levodopa 2 g daily. For patients 
previmãly ừeatcd wừh other levodopa/dopa-decarboxylase 
inhibitoT combinatians an initial dose is levodopa 50 mg 
given three or four times daily. In eỉther situation, the 
dose may then be adjusted in a similar manner as 
described for previously untreated patìents.

• Modihed-release capsules containing the equivalent of 
benserande 2 5 mg with le vodopa 100 mg are avallable to 
reduce íluctiiations in response to immediate-release 
preparations. For patientsnot already recàving levodopa the 
initial dose iỉ one capsule three times daiỉy adjusted 
every 2 to 3 days according to response; it is 
recommended that initial dosages shoụld not exceed 
600 mg oí levodopa daily. For patients already recemng an 
immediate-release preparatíon of levodopa with benser- 
azide, initíally one capsule should be substituted íor 
every lOOmg of levodopa and should be given at the 
same dosage heqùency as belore; increases in dosage can

. then be made every 2 to 3 days according to response. An 
average of 50% more levodopa may be requiied 
compared with previous therapy and titration may take 
up to 4 weeks. Supplementary doíts ot an immediate- 
release preparation of benseraáde with levodopa may 
also be requứed with the first moming dose.

C arbidopa is usually given w ith levodopa (co-careldopa) as 
tablets in the ratio of 1 to 4  or 1 to 10, which allovvs dosage 
ađjustments of either drug for individual patients. Carbi- 
dopa is given as the hydrous base although doses are 
expressed in terms of the anhydrous base; hydrous 
carbidopa 10.8 mg is equivalent to about 10 mg of 
anhydrous carbidopa. Fuỉl inhibition of peripheral dopa- 
decarboxylase is reported to be achieved with 70 to 100 mg 
oỉ carbidopa daily.
• A suggested initial oral dose for patients not previously 

treated with levodopa is carbidopa 25 mg with levodopa 
lOOmg three times daiỉy, increased gradualỉy, in 
increments of carbidopa 12.5 mg with levodopa 50 mg 
or carbidopa 25 mg wíth levodopa 100 mg every day or 
on altemate days, as necessary, until a total daily dose of 
carbidopa 200 mg with levodopa 800 mg is reached. 
Maintenance therapy should be individualised and 
adjusted gradually according to response. Caibiđopa 
doses greater than 200 mg daily are not generally 
exceeded.

• The initial dose of levodopa with catbidopa in  patìents 
previausly treated witk levodopa alont should be about 20 to 
25% of the dose previously being taken. thus íorpatients 
taking Iess than 1.5 g of levodopa daily a suggested initial 
dose is carbidopa 25 mg vvith levodopa lOOmg given 
three or four times daily; a suggested initial dose for 
patients taking more than  1.5 g of levodopa daily is 
carbidopa 25 mg with levodopa 250mg given three or 
f o u r  t i m e s  d a i l y .  F o r  p a t i e n t s  p r r v i o u s l y  t r e a t e d  w i t h  o t h e r  
levodopa/dopa-decarboxylase inhibitor combinations an initial 
dose should provide a similar daily amount of levodopa.

• Modthed-release tablets containing carbidopa with 
levodopa in the ratio of 1 to 4  are available to reduce 
Auctuations in response to  immediate-release prepara- 
tions. For patients not already receiving levodopa therapy, or 
for those currently rcceiving levodopa aĩone, the initial dose is 
caibidopa 50 mg with levodopa 200 mg twice daily, 
adjusted according to response, at intervals of not less 
than 3 days. It is recommended that for patients vvho are 
not already receiving levodopa initial dosages should not 
exceed 600 mg of levodopa daily. For patients already 
recríving an itnmediate-release prtparation of carbidopa with 
levodopa, the initial dose of the modiSed-release 
preparation should provide a similar daily amount of 
levodopa, but the dosing intervals should be prolonged 
and are normaỉly betvveen 4  to 12 hours. The initiaỉ 
substitution dose of the modiỄed-release preparation 
should provide no greater than  10% more levodopa than 
was previously given for doses of levodopa exceeding 
900 mg daiỉy. Doses and intervals may then be altered 
according to dinỉcal response, allovving at least 3 days 
betvveen adjustments. Up to 30% more levodopa may be

required in the modiíied-release preparation than was 
previously given in the immediate-release preparation. 
Average maintenance doses of modihed-release prepara- 
tions lie vvithin the range oi carbidopa 100 mg with 
levodopa 400 mg to catbidopa 400 mg with levodopa 
1.6g daily in divided doses. Suppỉementary doses of an 
immediate-release preparatlon of carbỉdopa with levo- 
dopa may be required in some patíents.

Combúiation preparations of levodopa vvith carbidopa and 
the catechol-O-methyltransíerase (COMT) inhibitor en ta - 
capone are also available; each tablet contains levodopa 
and carbidopa in a ratio oỉ 4 to 1 with entacapone 200 mg. 
Such preparations are indỉcated for patìents with end-of- 
dose motor Auctuations not stabiỉised on levodopa/ 
peripheral dopa-decarboxylase inhibitor treatment. Patients 
should only take one combination tablet for each dose.
• Patients previousỉy treated with an immediate-release 

preparation oflevodopa wiửi a peripheral dopa-decarboxyỉase 
inhibitor and separatt entacapone should be transíerred to 
the combination preparation at a dose that provides 
similar or siightly higher amounts of ỉevodopa.

• For patients not currently taking entacapone, the dose of the 
combination preparation should normally provide a 
similar or slightly lower dose of levodopa to that 
previously taken. However, patients w ith dyskinesm or 
takỉng levodopa in doses above 800mg daily should start 
entacapone as a separate medicatìon beíore being 
transíerred to the cọmbination preparation, as a 10 to 
30% reduction in their levodopa dose may be needed 
when starting combination therapy, espedally u  levo- 
dopa is being given with benseraãde.

In some countries a gel íormulation of levodopa 20 nig/mL 
vvith carbidopa 5 mg/mL is availabỉe for continuous ìnỊusion 
by an ambulatory pump into the duodenum. It is indicated 
for the treatm ent of advanced levodopa-responsive 
Parkinson's disease w ith severe motor Suctuations when 
other available combination therapy has not been 
satísỉactory. A positíve test of the dinical response vía a 
temporary nasoduodenal tube is required beíore a 
permanent tube is inserted into the duodenum or upper 
jejunum. The total daily dose comprises of 3 individually- 
adjusted doses, which are exprèssed in terms of the 
levodopa component as tollovvs:
• the moming bolus dose, based on the patient's previous 

moming intake of levodopa, is usually 100 to 200 mg and 
should not exceed 300 mg in total; the therapeutic dose 
level is achieved vvithin 10 tọ 30 minutes

• the cantinuous maintenance dose, based on the patient's 
previous daily intake of levodopa, is usually 40 to 
120 mg/hour iníused over 16 hours, adjustable in steps of 
2m g/hour to within a range of 20 to 200mg/hour; 
higher doses may be needed in exceptional cases

• extra bolus doses, given when required, are usually 
between 10 to 40 mg although higher doses may be

. needed in exceptional cases; the maintenance dose 
should be increased if more than 5 bolus doses are 
needed daily

AÌter the initial dose setting, íurther dose adjustments 
.should be made over a íew weeks. II medically justified, it 
may be ađministered during the nỉght.

Melevodopa, the methyl ester oi levodopa, has been used 
orally as the hydrochloride with carbidopa in  some 
countries for parkinsonism. The ethyl ester of levodopa, 
etilevodopa, has also been studieđ.

AdministraHon. A small crossover study involving 24 
patíents with severe Parkinson's disease found that day- 
time intraduodenal iníusion of a levodopa and carbidopa 
gel preparation for 3 vveeks was clinically superior to indi- 
vidually optimised conventional regimens.1 Another small 
case series of 5 patients íound that continuous 24-hour 
intraduodenal intusion was also generally we!l-tolerated 
and improved motor Đuctuations vvithout the develop- 
ment of dinically signilicant tolerance to its eíỉects.2 Long- 
term experience (up to 7 years) in  a limited number of 
patients has suggested that intraduodenal inlusion is a 
good altemative for those with advanced disease and dis- 
abling motor ỉluctuations.3 A gel lormulation of levodopa 
20mg/mL vvith carbidopa 5mg/mL is available in some 
countries for intraduodenal iníusion.

1. Nyholro D. et al. Đuodenal levodopa inhuỉon monotherapy vs oral 
polyphannacy ỉn advanced Parkinson disease. N euro logy  2005; 6 4 :2 1 6 -
23.

2. Nybolm D. et ai. Long-term 24-hour duodenaỉ iníusion oí levodopa: 
outcome and dose requirements. Neurology 2005; 6 5 :1506-7.

3. Nlỉsson D, e t aì. Duođeaal ỉevodopa iníusion ỉn Paricỉnson'ỉ dỉsease: long- 
term experỉence. Ađa Neurol Scànd 2001; 104: 343-8.

Adminiỉtration in children. Although unlicensed, levo- 
dopa has been tried íor various conditions in neonates, 
children, and adolescents. For lurther details and sug- 
gested doses, see Amỉno Aúd Metabolic Disorders (belovv), 
Dystonias (below), and Pituitary and Hypothalamic Disor- 
ders (p. 904.2).

Amino oõd metabolk disorders. Aỉthough not licensed 
for the ưeatment of deỉects in teưahydrobiopterin synth- 
esis and dihydrobiopterin reductase deũdency, the BNFC 
suggests that neonates, children, and adolescents up to the 
age o! 18 years may be given initiaỉ oral doses of 250 to 
500 micrograms/kg oỉ levodopa (with carbidopa in the 
rado of 4 to 1) four times daily increased according to 
response every 4  to 5 days to a maintenance dose of 2.5 to 
3 mg/kg four times daUy. Preparatíons containing levodopa 
with carbidopa in  the ratio of 10 to 1 should be considered 
at higher doses. Treatment should be revievved regularly 
every 3 to 6 months during early childhood.

Drvg-induced extrapỵramidal dìsórders. The manạge- 
ment of drug-induced extrapyramidal disordets is dis- 
cussed under the Adverse Ẹữects of Chlorpromaàne on 
p. 1049.2. Although the use of dopamine agonists, espe- 
dally levodopa, to overcome antipsychotic-induced block- 
ade of dopamine receptors mỉght appear raúoạal, levodopa 
has generally been reported to be ineữective or tọ Ịncrease 
psychiatric symptoms.

Dysphagia. Results of a small study' have suggésted that 
levodopa may improve the impaired swallowing reílex in 
patients with basal ganglia iníarctions and thereby help to 
prevent aspiration pneumonia.

1. Kobayashi H. et al. Lcvodopa and swallowbig retlex. Lanàt 1996; 348: 
1320-1.

Dystoniaỉ. A dystonia is a syndrome of sustained musde 
conttacdons, frequently causing tvvisting and repedtíve 
movements or abnormal postures; it may also have addi- 
tional myodonic or tremulous components. Typỉcally it 
starts as a íocal dystonia localised in one part oí the body 
and to begin with may appear only during a spedhc motor 
act (action dystonia). If the syndrome is Progressive the 
dystonias may become apparent at rest and spread first to 
more thán one part of the body (segmental dystonia) and 
may eventually affect most or all of the body (generalised 
dystonia). Progression of the dystonia appears to be related 
to age of onset. Dystoníã begỉnning in chỉỉdhoođ usually 
starts in the legs and progrẽsses to become segmental or 
generalised, whereas in adults the dystonia usually starts 
in other parts of the body and rarely becomes generalised. 
Examples of íocal dystonias are blepharospasm (aílecting 
the eye and surroundỉng fadal musdes), vvritet^s cramp 
(hand and arm), spasmodic torticoUis (neck), spasmodic 
dysphonia, or dystonic dysphagia (larynx or pharynx), 
and leg dystonias. Some dystonias may be assodated vvith 
metabolic disorders such as Wilson's disease or Lesch- 
Nyhan syndrome; with neurological dlsorders such as 
Huntington's disease; or with other causes induding head 
trauma, manganese or carbon disulfide toxidty, or the 
adverse eííects of annpsychotìcs or antíparkinsonian drugs. 
Hovvever, in the majority of cases the disease is idiopathic.

There are no cures for most types oi dystonia, but vvith 
approprìate m anagem ent symptomatic relieỉ is possible in 
many patíents.1'5
• It has been suggested that all children and adolescents 

presenting with dystonìa, particularly starting in the legs, 
should first be gỉven a trial with levadopa. ' 'H  Aỉthough 
not licensed for children in the UK, the BNFC States that 
children aged 3 months and older w ith dopamine- 
sensitive dystonias, induding dystonic cerebral palsy, 
may be given 250miaograms/kg of levodopa (with 
carbidopa in the ratio of 4  to 1) orally two or three times 
daily increased according to response every 2 to 3 days to 
a maximum of 1 mg/kg of levodopa three tlmes daily. 
Another suggested regimen is to gradually build up to a 
dose of levodopa 200 mg vvith carbidopa 50 mg given 
three times daily and to maintain this dose for 3 months; 
if there is no useíul response in this period the drug is 
vvithdravvn.1 Where there is benetìt it is usually dramatic 
and is sustained as long as the drug is taken. which may 
be more than 10 years in some cases, in general vvúhout 
the long-term problems assodated with levodopa for 
parkinsonism (see p. 889.1).

• In children and adolescents who fail to respond to 
levodopa an antìmuscarinừ such as trihexyphenidyl is 
second choice; the BNFC also suggests using procyclidine. 
Adverse eHects are minimised by starting w ith a low dose 
which is then gradually increased. General experience 
indỉcates that about haU of alỉ chiỉdren and adolescents 
beneũt írom antimuscarinics; adults tolerate the drug less 
well and only about a fifth of adult patients w ith íocal 
dystonia beneht.

• In patients who do not respond to levodopa or high-dose 
antimuscarinics other drugs may be used. Many benefit 
hom  bmzodiazepmes such as diazepam; a íevv have 
responded to bacloỊtn or carbamaxepòte. Antipsychotics are 
sometimes uselul but carry the risk oỉ induóng tãrdive 
dyskinesia. Tetrabenaãne carries less risk of tardive 
dyskinesia bu t may induce depression. In very severe 
dystonia combinaũon therapy may be required: tetra- 
benazine ìyith plmoãde and trihexyphenidyl is some- 
times eHective.

The Symbol t  denotes a preparation no longer actively marketed



904 Antiparkinsonign Drugs

• In  patíents reíractory to  oral therapy intrathecaỉ badoien, 
or surgery m ay be tried.

• The response in  patients with adult onset focal dystonỉa is 
usuaỉly-poor. However, the use of botulinum A toxin can 
prọduce relieí in blepharospasm, spasmodic torticollis, 
and spasmodic dysphonia, and is under invesúgaáon for 
vvriteds cramp and other occupational dystonias. In some 
patíents w ith generalised and segmental dystonia, 
botulinum A toxin injected into the most disabling or 
painíul musdes has been used as adjunctive therapy. 
Local injections into the aữected musdes produce 
vveakness over the next week or so, thereby redudng or 
abolishing dystonic spasms. The e&ect lasts some 2 to 4 
months. Botulinum B toxin has also been used in the 
management of spasmodic torticollis.

Further detaỉls oỉ the management of blepharospasm and 
spasmodic torticollis can be ỉound under Botulinum Toxins 
onp . 2018.1 andp. 2019.2, respectively. Fora discussion of 
the managèment of antipsychotic-induced dystonic reac- 
tions, see Extrapyramidal Diserders, under Adverse Eữects 
of ChIorpromazine, p. 1049.2.

1. M arsden CD, Quinn NP. The đystonias. BMJ 1990; 300: 139-44.
2. Wĩlỉỉams A. Consensus statem ent for the management oí íocal 

đystonias. Br J  Hosp Mcd 1993; 30: 655-9.
3. Bressman SB. Dystonia update. ơ in  Neurophđrmacoi 2000; 23: 239-51.
4. Tarsy D, Sửnon DK. Dystonia. N Engl J  Med 2006; 355: 818-29.
5. Jankovic J. Treatment of dystonia. Lanat Nturoỉ 2006; 5: 864-72.

Hepatic encephalopathy. For the view that the evỉdence 
does not support the use oí dopamỉnergỉcs such as Ievo- 
dopa in  the management oí hepatìc encephalopathy see 
p. 1811.2.

Neuroleptic malignanl syndrome. There have been iso- 
lated reports1-4 that levodopa used alone or with bromo- 
criptine has been successhil in the treatment of padents 
vvith neuroleptic malignant syndrome (p. 1050.2). How- 
ever, bromocriptine is usually preíerred vvhen a dopamin- 
ergic is requữed for the ưeatm ent of this condition.

1. Knezevỉc w , t í  ai. Neuroleptíc mallgnant syndrome. Med J  Aust 1984; 
140: 28-30.

2. Clarke C E  t í  al. CHnicaỉ spectrum of ncurolcptic malignam syndrome. 
lancel 1988; II: 969-70.

3. Lo TCN, t í  aL Neurolepdc maỉignant syndrome: another medỉcal cause oí 
acute abdomen. Potíp-ad Med } 1989; 6 5 :653-5 .

4. Shoop SA, Cemek PK. Carhldopa/levodopa in the ữeáunent of 
ncu rokp tic  m aỉignam syndrotne. Ann Pharmacother 1997; 31:119.

Paridnsonism. Levodopa is the mainstay in the treatment 
oỉ Parldnson's disease (p. 889.1) but opinion vaiies on 
w hen it shouỉd be used in the course oi the disease. Most 
patients respond to levodopa initially but after a few years 
beneEt may be reduced. There may be pioblems with dys- 
kỉnesias and psychiatric effects and Euctuations in mobility 
necessitating careỉul dosage adịustment or the use of 
a4junctíve drugs. For most patìents treatm ent with levo- 
dopa eventually becomes necessary, but many neurolo- 
gists delay initial treatm ent with levodopa because of the 
increased risk of motor complicatíons. New patients, espe- 
dally younger patíents, thereíore often begin ưeatment 
wdth a dopamine agonist, with levodopa reserved for the 
elderiy, the írail, or those with intercurrent illness or more 
severe symptoms. Levodopa should be given with a per- 
ipheral dopa-decarboxylase inhibitor a  petipheral cate- 
chol-0-methyltransferase (COMT) inhibitor may also be 
necessary íor patìents with Euctuatíons in  disability rdated 
to  levodopa and dopa-decaiboxylase inhibitor combina- 
tỉons. The vaiious methods used for the pharmacokinetỉc 
optimisadon of levodopa therapy as Pariđnson's disease 
progresses indude tíming of doses, the use of modiEed- 
release ỉonnulations, oral Solutions (but see Stability. 
p. 902.3) and dispeisible lormulations lor immediate 
absorption, the timing of food intake, and the use of other 
drugs to  increase the absorption of levodopa. In some 
countdes a gel ỉormulation of levodopa with carbidopa is 
available ỉor inưaduodenal inỉusion.
Reíerences.
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PHuịỊary and hypothabmic disorders. UAGNOSIS AND 
TESĨHG. Diminishéa grovvth hormone reserve is one of the 
earliest hmcdonal abnoimalities in anterior pituitary fail- 
ure and, since dopamine is believed to stimulate grovvth 
hormone secretion, levodopa has been used as a provoca- 
tìve test for the diagnosis of grovvth hormone defidency.u  
Levodopa 500 mg has been given orally aíter an ovemight 
íast and seium concenưations of grovvth hormone mea- 
sured hourly at 0 to 3 hours; children may be given 
lOmg/kg to a maximum o( 500mg. Transient nausea, 
vomiting, vertigo. and hypotension may occur and the 
patient should be kept recũmbent during the test. A nor- 
mal response is an increase in serum concentration oí 
grornh hormone oỉ more than 5 nanograms/mL or to a 
ĩevel of more than ỈOnanograms/mL, although 10 to 15% 
oi normal subjects may no t respond. However, there is 
some dỉspute as to w hether stimulated grovvth hormone 
seơetion tests are superíor to measurements of órculaúng 
somatomedins in detecting grovvth hormone derldency.J•, 
For a discussion of the management of grovvth retardation, 
induding the problems of accurate diagnosis, see 
p. 1921.3.

1. Abboud CF. Laboratory diagnosỉs oí hypopituitarìsm. Maye Clin Proc 
1986;61:35-48 .

2. Mũlier HE, et a i  ĩnvoivement of brain catecholamỉncs and acetylcholine 
ỉn growth horm onc dcíidcncy States: pathophysioiogical. diagnostic and 
therapeutic implications. Drugs 1991; 41: 161-77.

3. Hoíĩmann DM, tí aỉ. Diagnosis oĩ growth-horm one deĩidency in adultỉ. 
Lanceí 1994; 343: 1064-8. Correctỉon. ibid., 344: 206.

4. de Boer H, tí aỉ. Dìagnosỉs oỉ growth horm one dendency ỉn adults. Lancet 
1994;343: 1645-6.

5. Roseníeld RG. tí ai. Diagnostỉc conưoveny: the dỉagnosis o ỉ chỉldhood 
growth horm one deíỉdency revìsỉted. J  ơ ìn  Endocriitol Metab 1995; 80: 
1532-40.

Sleep-associoted movement disorders. The aedology of 
restlcss ItỊS syndrome and ptríodic ỉimb movements in sleep is 
obscure and ơeatm ent has been largely empirical 
(p. 1034.2). Few of the ưeatments uied in these often co- 
existent disordeis have been studied in a conưolled man- 
ner but small controlled studies1-4 have repotted beneEdal 
eỉỉects such as improved sleep quality and reduced leg 
movements from levodopa used with a peripheral dopa- 
decarboxylase inhìbitor. Most patients received a bedtime 
dose oỉ 50 to 200 mg of levodopa vvith possible additional 
doses during the night. A 1-year open-label extension 
study7 conErmed the continued eỉhcacy and saíety of 
levodopa in padents vvith restless legs syndrome; the 
authors recommendeđ a maximum daily dose of 400 mg 
levodopa to decrease the risk of exacerbatìon or rebound 
symptoms duríng the day. Hovvever, long-acting dopamin- 
ergic agonists are prefeưed in order to avoid the complica- 
tions assodated with levodopa.

Levodopa has also been rẽported to have been of beneht 
in a study of 10 patients w ith sleep bnoãsm.*

1. von Scheele c. Levodopa in restỉess Iegs. Lancet 1986; ỉl: 426-7.
2. Brodeur c  c t a i . Treatm ent of restless legs syndrome and periodic 

m ovemeots during sỉeep with i*dopa: * doubỉe-blìnd controỉỉed study. 
N eunhsy  1988,38: 1845-8.

3. Kaplan PW, t í  a l  A doubỉe-blind, placebo*conưolied nudy of the 
treaonem  oỉ periodic timb movemeius in sleep using catbidopal  
levodopa and propoxyphene. Slerp 1993; 16: 717-23.

4. Trenkwaỉder c  tí «/. L-dopa therapy oỉ urem ic and idiopathic restỉess 
legs syndrome: a double-bũnd crossover trial. Sleep 1995; Ỉ8ỉ 681-8.

5. B enel H, ữ  a l  Rapid onset oỉ actỉon o í levodopa ỉn restless legs 
syndrome: a doubỉe-blind. random úed, multícenter, CTossover trial. - 
Sleep 1999; 22:1073-81 .

6. Janzen L, tí aì. An overvìew oỉ levodopa ỉn the management of restỉess 
legs syndrome ỉn a dialysis popuỉatỉon: pharmacokỉiietỉcs, dinical ưỉaỉs, 
and  compỉỉcaúons o í iherapy. Ann PharmứCDlher 1999; 33: 86-92.

7. Trenkwaỉder c  tí  ai. One-year ưeatm enỉ w ith Standard and susiained- 
release ỉevodopa: approprỉate ỉong-term treaunent oí restless legs 
syndrome? Mơv Disord 2003; 18: ỉ 184-9.

8. Lobbexoo P. t í  a i  The eơect o í the catechoỉamìne precursor L*dopa on 
sỉeep bruxỉsm: a controHed dinỉcaỉ trỉal. Mov Dâord 1997; 12: 73-8.

Strabismus. Experimental studies have shovvn that cen- 
trally acting drugs such as levodopa may improve Vision in 
patients vvith amblyopia (see Sưabismus, p. 2000.3). Hovv- 
ever, their role in dinical practìce is not established.1 

I. Chaoỉsteỉanou KL Mills MD. The role ofdnig treaunent lũ diildren with 
sưabismus and  amblyopỉa. Paediatr Dt v ịị 2000; 2: 91-100.

1ourette,s syndrome. Levodopa has been smdied in the 
managemeiĩt of Tourette's syndrome (see Hcs, p. 1030.1). 
A small pilot study1 has produced encouraging results.

1. Black KJ, t í  ai. Response to ỉevodopa cbaỉỉenge in Tourene syndrome. 
MovDùord 2000; 15: 1194-8.

Adverse Effeds
Gasưointestinal eữects, notably nausea, vomiting, and 
anorexia are common early in Deatment vvith levodopa, 
particularly if the dosage is increased too rapidly. 
Gastrointestinal bleeding has been reponed in patients 
with a history of peptic ulcer disease.

The commonest cardiovascular effea is orthostatic 
hypotension, vvhich is usually asymptomatỉc, but may be 
assodạted with íaintness and dizziness. Carđiacaưhythmias 
have been reported and hypertension has occasionally 
occurred.

Psychiatric symptoms occũr in  a high proportion DÍ 
patients, espedally the elderly, and indude agitation, 
anxỉety, euphorỉa, nightmares, insomnia or sometim :s 
drovvsiness, and depression. More serious eữects, usually 
requiring a reductìon in  dosage or vvithdravval oí levodopa, 
indude aggtession, paranoid delusions, halludnatior.s, 
delirium, severe depression, w ith or vvithout suiddal 
behaviour, and unmasking oỉ psychoses. Psychotic reactioi ts 
are more likely in patients with postencephalitic parkinso: t- 
ism or a history oỉ m ental disorders. Excessive daytin e 
sleepiness and sudden onset oỉ sleep have been reportt d 
very rarely, as have pathological gambling, increased libid ), 
and hypersexuality.

Abnormal involuntary movements or dyskinesias are ử  e 
most serious dose-limiting adverse eíỉects of levodopa ac d 
are very common at the optimum dose required to confr li 
parkinsonism; theữ ừequency increases vvith duration I if 
tteatm en t Involuntary movements of the face, tongue, lip ;, 
and jaw  oíten appear first and those oỉ the trunk and 
exưemitíes later. Severe generalised choreoathetoid and 
dystonic movements may occur aíter prolonged use. M usc e 
tvvitching and blepharospasm may be early signs < f 
excessive dosage. Exaggerated respiratory movements an d 
exacerbated oculogyric crises have been reported in patien s 
with postencephalitic parkinsonism. Bradykinesia an 1 
akinesia, in the form of 'end-of-dose' deterioration and 
the 'on-o£f‘ phenom enon, may re-emeige in  patients wit 1 
parkinsonism as a complication of long-term treatm ent, bi t 
may be due to progression of the disease rather than 1 5 
levodopa (see also Parkinsonism, p. 889.1).

A positive response to the direct Coombs' test may occu , 
usually vvithout evidence of haemolysis although autc- 
im mune haemolytỉc anaemia has occasionally bee 1 
reported. Transient leucopenia and thrombocytopeni ì 
have occurred rarely. The eQects of levodopa on liver an ỉ 
kidney íunction are generally slight; ưansient increases i 1 
liver enzymes, and in blood-urea niưogen and serum -uri: 
add concentrations, have been reported. Levodopa ma ' 
cause discoloration of the urine; reddish at first then 
darkening on standing. Other body Auids may also b t 
discoloured.

Some of the adverse eííects reponed may not b : 
attiibutable directly to levodopa, but rather to  the use c [ 
antimuscarinics, to increased mobility. or lo the unmaskin [ 
of underlying conditions as parkinsonism improves. Us : 
vvith a peripheral dopa-decarboxylase inhibitor may reduc : 
the severity of peripheral symptoms such as gastrointestinal 
and cardiovascular eííccts, but cenưal eữects such ai 
dyskinesias and mental disturbances may occur earlier in 
ưeatment.

Inddence o f adverse effects. The major adverse eữects o : 
lcvodopa are dyskinesia in  75% o{ patients and psychlatri): 
distuibances in 25%.* Nausea and vomitíng in  40 to 50°/i 
gradually regress and hypotension in  25 to 30% is gener 
ally asymptomatic. Less common adverse eỉỉects indudi 
cardiac arrhythmias, particularly atrial and ventricula 
ectopic beats and less commonly atrìal Ilutter and Hbrìlla 
non; palpitations and ílushing ohen accompanỉed b) 
excessive svveating; hypertension; polyuria, incontìnence 
and urinary retention, although antìmuscarinic drugỉ 
often contribute to problems vvith m iaurinon; and darl 
coloration of the urine and saliva. Rare adverse eữect; 
indude abdominal pain, constipation, and diarrhoea 
m ydriasis, b lu rrcd  Vision, diplopia, and  p red p ita tio n  oi 
glaucoma; headache; stridon tachypnoea; and paraesthe- 
sias.

1. Calne DB. Rtid JL- A ndparldnsonian drugs: pham ucological and
theiapeudc aspeas. D t u ịs 1972; 4; 49-74.

Abnormal coloration. Black pigmentation of rib cartilage 
has been noted at necropsy in patients treated with levo- 
dopa.1-2 Abnonnal pigmentation is generally not seen ai 
other sites1 but there have been isolated reports2-3 of 
patíents who also had pigmentation of the intervertebral 
discs. Aỉthough the pigm entation appears to be irreversible 
it wa$ considered to be probably harmless.2 It has been 
suggested that the pigmeĩuation vvas due to deposition ol 
dihydroxyphenylalanine (DOPA) in  the cartilage.1 It is 
knovvn that DOPA will readily auto-oxidise in viưo in  the 
presence of oxygen to a black pigment and this can aỉso 
happen in vivo since black urine is a vvell knovvn adverse 
effect of levodopa. Dark svveat and pigmentation of the 
skin and teeth are also knovvn adverse eííects.

See aỉso Eỉỉects on the Skin and Hair, p. 906.1.
1. Connolly CE, etaL Black cirtílageassodateđ  w ỉthlevodopa. Lanetí 1986;

iỉ 690.
2. Rausỉng A, Rosén u . Black cartiỉage aftcr therapy w iih  levođopa and

m ethyldopa. Ardĩ Pathoí Lab Med 1994; 118: 531-5.
3. Keen CE. BMJ 1998; 316: 240.

Dysgeusia. A change in taste sensatìon vvas reponed1 in 
23 õf 514 patients ữeated vvith levodopa and a peripheral 
dopa-decarboxylase inhibitor; 2 of the 23 had total loss of 
taste initìally. The altered taste, oíten described as insipid, 
metaỉlic or plastìc, was first noted 3 to 32 vveeks aíter

All cross-reíerences reíer to entxies in Volume A
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beginning treatment, and lasted for 2 to 40 weeks. In an 
earlier report, 22 of 100 patients receiving levodopa alone 
had had changes in taste.2

1. Sỉegíried J, Zumsteỉn H. Changeí in taste unđer L-DOPA therapy. z 
Neũroỉ 1971; 200: 345-0.

2. Barbeau A. L-DOPA therapy: past. present and ỉuture. AriỉMed 1970; 27: 
1-4.

Effech on the blood. Reports of eííects oỉ levodopa on the 
blood are mostly confmed to individual case reports. A 
study in 365 patients, receiving levodopa in a mean daily 
dosage of 4.04 g, found that 32 deveioped a positìve d ữ ea  
Coombs' test, the majority aíter betvveen 3 and 12 months 
of therapy, but none developed haemolytic anaemia.1 
However, occasionai cases of ạuto-immune haemolytlc 
anaemia have been reported;2"4 in One case, dosage reduc- 
tion and additìon oi a periphera1 dopa-decarboxylase inhi- 
bitor largely abolished haemolysis,3 but in another, hae- 
molysis recurred on re-instìtution oí levodopa with 
carbidopa and required corticosteroid treatment.4 A case of 
severe acute non-haemolytic anaemia related to levodopa 
therapy has also been reported.5

Levodopa is vvidely stated to produce leucopenia in some 
patients; however, there are few published reports. 
Transient minor decreases in total leucocyte counts were 
reported in 3 of a group of 80 patients receiving levodopa.6

Severe thrombocytopeniahas been reported in 2 patiẽnts 
who had received levodopa íọx 3 and 2 years respectively;7'8 
the condition was apparentỉy an auto-immune response 
and responded to prednisonẹ therapy and withdrawal of 
levodopa.

ỉ. Joseph c. Occurrence of positive Coombs test in patìents treated with 
levodopa. N  Engi J Med 1972; 286: 1401-2.

2. Territo MC. tí  al. A utoim m unc hemolytic anemia due 10 ỉevodopa 
ihcrapy. JAMA 1973; 226: 1347-8.

3. Lindsưõm  FD, et ai. Dose-related levodopa-induced haemolytic 
anaemỉa. Ann Intern Med 1977; 86: 298-300.

4. Bemstein RM. Reversible haemolytic anaemia after levodopa-carbi- 
dopa. BMJ 1979; l :  1461-2.

5. Alkaỉay u  zipolỉ T. Levodopa-ỉnduceđ acute non-hemolytỉc anemla. Ann 
AlUrgy 1977; 39: 191.

6. Barbeau A. L-Dopa therapy ỉn Parkinsoĩi's dỉsease: a critícal rcview of 
nine years’ experience. Can Med Assoe J 1969; 101; 791-800.

7. VVanamaker WM. t í  ai. Thrombocycopenỉa assodated m th  ỉong-term 
levodopa therapy. JAMA 1976; 235: 2217-19.

8. Giner V. t í  a i  Thrombocytopenia assocỉated with ỉevodopa treatment. 
Ardt ỉnterrt Med 2003; 163:735-6.

Effects on the cardiovoscular System. There have been 
conilicting reports on the ettects of peripheral dopa-decar- 
boxylase inhibitors on orthostatic hypotension attributed 
to levodopa therapy. In a study,1 supine and erect systolic 
blood pressure was íound to be signincantly higher in par- 
kinsonian patients given Ievodopa with carbidopa than in 
those receiving levodopa alone, suggesting that the per- 
ipheral actions of dopamine contribute to levodopa- 
induced hypotension. Hovvever, another study2 lound no 
change in the incidence and degree of orthostatic hypo- 
tension after giving levodopa with carbidopa and, sỉmi- 
larly, no diííerence in the ừequency of ventricular arrhy- 
thmias.

Sec also Elíects on Kidney Function, belovv and 
Cardiovascular Disorders, under Precautions, p. 907.1.

1. Calnt DB. í t  al. Action o[ L-0 -m ethyldopahydraáne on the btood 
pressure oỉ paùents receivỉng ỉevodopa. Br J  Pharmaeoí 1972; 44 :162-4.

2. Leibowitz M, Licbcrman A. Comparíson of dopa decarboxylase ỉnhíbitor 
(carbidopa) combined with levodopa and levodopa alonc on the 
cardiovascular System of patỉents wìth Parkinson‘s disease. Nturoỉogỵ 
1975; 25: 917-21.

Effeds on eledrolytes. See EHects on Kidney Function, 
below.

Effects on the endocrine System. Single doses ot levodopa 
given to healthy subjects cause an increase in plasma con- 
centrations of glucose, insulin. and glucagon, as well as of 
grovvth horm one' and there has been concern over the 
potential endocrine effects of levodopa therapy in patients 
with Parkinson's disease.2 A study of carbohydrate metab- 
olism in 24 patientỉ vvith Parkinson's disease indicated 
that these patients had abnormally lovv rates of glucose 
u tilisa tio n  vvhen untreated, apparently due to impaứed 
insulin release, and this was not altered vvhen levodopa 
therapy was given.3 However, a similar study completed 
by 19 patients2 noted increased impairment of glucose uti- 
lisation alter levodopa therapy for 1 year with a delayed 
hypersecretion of insulin in response to a glucose load 
similar to the metabolic changes of aCTomegaly. It was 
considered that patients given levodopa ỉor parkứisonism 
should be monitored for evidence oi diabetes mellitus or 
írank acromegaly.2

P o stm en o p au sa l b leed ing  occuưed Ún varying degrees 
in 12 of 47 women ưeated with levodopa.4 In one case 
bleeding vvas severe enough to warrant interrupting 
treatment and subsequent dosage reduction.

1. Rayỉield EJ. tí a i  L-Dopa stìmuỉation of glucagon secretỉon ỉn man. N  
EngU M ed  1975; 293: 589-91.

2. Sỉrtorỉ CR. t í  al. Metaboỉic responses to acute and chronỉc L-dopa 
adm inistration in patỉents with parkỉnsonlsm. N EngU Med 1972; 287: 
729-33.

3. Van W oert MH. Mueỉỉer PS. Glucose, insulÌD, and free ỉatty add  
metabolỉsm ỉn Parkin$on's disease treated w ith ỉevodopa. ơừ t Pharmaeoí 
V u r  1971; 12: 360-7.

4. Wajsbort J. Post-menopausal bỉeedỉng aíter L-dopa. N Engỉ J Med 1972; 
286: 784.

Effects on the eyes. Both miosis1 and mydrìasis2 have 
been reported with levodopa.

For a report of the exacerbation of oculogyríc CTíses by 
levodopa, see under Extrapyramidal EHects. p. 906.2.

1. Spỉers ASD, t í  aỉ. Mỉosỉs durỉng L-dopa therapy. BMJ 1970; 2ỉ 639-40.
2. W eỉntraub ML tí al. Pupíỉlary eííects of ỉevodopa tberapy: deveỉopment 

of anisocoria In latent Hom er's syndrome. N  Engỉ J  Med 1970; 283:120-
3.

Etíects on the gastrointestinal Iract. Although gastroin- 
testinal bleeding has more commonly been reported in 
patients with a history of peptic ulceratìon, there is a rare 
report1 of acute melaena and non-speãfic gastritis asso- 
dated w ith levodopa therapy in  a 56-year-old man 
vvithout any previous evidence of a gastric disorder. .

See also Dysgeusia, p. 904.3.
I. Rlddoch D. Gastritỉs and L-dopa. B M J1972; 1: 5Ì-4.

Effects on Iddney íundion. Levodopa 1 to 2g given to 7 
patients vvith idiopathic or postencephalitic Parkinson's 
disease produced signiBcant increases in renal plasma 
ílow, glomerular Gltration rate, and sodium and potassium 
excxetion.1 It was considered that the natriuretic eílects 
could contribute to  the orthostatic hypotension commonly 
seen in patients receivùtg levodopa. There is a report of a 
patìent who developed hyponatraemìa when given levo- 
dopa with carbidopa.2 The patient had previously had a 
similar reaction with amantadine. On each occasion symp- 
toms disappeared w hen dopaminergic medication was 
withdrawn and recurred on rechallenge. Inappropriate 
secretion oi antldiuretic hormone was suggested as a possi- 
ble mechanism.

Levodopa has also been reported to have a kaliuretic 
eữect resulóng in hypokalaetnia, in some parkinsonian 
patients;3 the effect could be prevented by also giving a 
peripheral dopa-decarboxylase inhìbitor.

1. Pĩnlay GD. t í  at. Augmentation oí sodỉum and potassium excretíon. 
glomeruUr Sltration rate and renaỉ p ỉaanả  flow by ỉevodopa. N  Ẽngl J  
Med 1971; 284: 865-70.

2. Lammers GJ, Roos RAC. Hyponatraemỉa due to amantadỉne hydro- 
chloride and L-dopa/caxbỉdopâ. Lanctí 1993; 342: 439.

3. Granérus A-K, tí  al. Kaỉluretic e ữ e a  of L*dopa treaanent ỉn parkinsonlan 
paticnts. Acta Mđd Scand 1977; 201: 291-7.

Effects on mental hmctìon. Psychiatric complỉcations
were the single commonest reason for stopping levodopa 
treatment in a follow-up study of 178 patients wdth tdlo- 
pathic Parkinson's disease, 81 of whom were still taking 
levodopa after 6 years.1 Within 2 years, levodopa was 
withdrawn because of toxic contusional States (21 
patíents), paranoid psychosis (6 patíents), unipolar depres- 
sion (2 patients), and mania (1 patient). The indđence of 
visual halludnations increased as ưeatment contínued 
but, as with toxic contusional States, patients generally 
improved when levodopa was withdrawn. Beíore ơeat- 
ment, 40 patients had suỉỉered severe depression and levo- 

‘dopa produced sustained improvement in only 2. After 6 
years, 20 of the 81 patients remaining were moderately or 
severely depressed and were rarely improved by with- 
dravval or reduction in dosage of levodopa. Increasing 
dementia aỉíeaed 26 of the 81 patients after 6 years; with- 
drawal of levodopa in 5 lailed to improve cognitive disabil- 
ities, but increased parkinsonism.

Another study2 reported that 141 of 400 patients being 
tteated for Parkinson's disease developed mental disorders. 
In thứ study certain acute States, particularly anxiety, on-off 
halludnations, and fits of delirium were linked to treatment 
with levodopa, vvhereas dementia and depression were not.

Long-term use of levođopa and dopamine agonists has 
been assodated with varìous behavioural d isturbances, 
induding hypersexuality (see Etíects on Sexual Function, 
p. 906.1), punding (purposeless repetitive acts), excessive 
gambling or shopping (see below), and other obsessive 
behaviour such as compulsive eating.3"5 Risk íactors indude 
male gender, young age a t onset of Parldnson's disease, 
underlying personality traits, and a personal or {amily 
histoiy of adđictive disorders.4 Reduction in dopaminergic 
therapy can lead to cessation or improvement in symptoms. 
Some patíents may develop dopamine dysregulation 
syndrome (see Abuse, tm der Precautions, p. 906.3).

A 12-month study of 1281 patients in the USA treated 
with dopamine agonists íor Parkinson's disease found that 9 
were suỉíering bom  excessive gam bling.6 All patients had 
received levodopa, 8 pramipexole, and the remaining 
patìent pergolide. The rate of pathological gambling was 
1.5% in the 529 patients taking pramipexole. The authors 
considered that this was not unexpected given the general 
avaiỉabiỉity oỉ casinos in  the local area and an inddence in 
the general u s  population of 0.3 to 1.3%. An analysis7 of 11 
patients who began pathological gambling after starting 
therapy with pramipexole (9 cases) or ropinữole (2 cases) 
founđ that in 8 padents such behaviour resolved when the

drug was tapered or stopped; follow-up was not available in 
the other 3. In 7 patients the symptoms had developed 
vvithin 1 to 3 months of achieving maintenance dose or after 
dose ỉncreases oỉ dopamine agonist therapy. Of the 11 
patients, 3 had not received levodopa. Cabergoline therapy 
has also been assodated vvith pathological gambling.8 
Sũnilar behaviour described as being markedly mcreased 
in 'o n ' periods has been reported in other patients ơeated 
with levodopa.9 Pathological gambling has also been 
assodated vvith misuse of dopaminergics.10

sleep-re lated  com plain ts  have occurred and were 
reported by 74 of 100 patíents with Parkinson's disease.”  
All 74 were on levodopa and the prevalence of symptoms 
increased vvith the duration of treatment. Sytnptoms 
induded insomnia, excessive daytime somnolence, altered 
dream phenomena, noctumal vocalisation, involuntary 
myodònic movements, and rarely, sleepwalking. Sleep 
hagmentatìon, which indudes insomnia and sọmnolence, 
was the most common symptom overall. It has been 
suggested12 that in patìents with mild to moderate dỉsease 
levodopa and dopamỉne agonists could cause sleep 
disruption. However, these drugs produce beneSdal ettects 
on noctumal disabilities in patíents vvith more severe 
disease. Reports13'19 of daytũne somnolence or sudden onset 
of sleep with various other dopamine agonists, induding 
apomoiphine, bromocriptine, cabergoline, lisuride, pergo- 
lide, piribedìl, ptamlpexole, quinagolide, and ropinứole, 
suggest that this is a dass e ííe a  of dopaminergic 
antiparkinsonian therapy, and patients should be wamed 
of the possible risks (see Precautions, p. 906.3). The risk oỉ 
somnolence may be increased in those patients taking 
combinations of dopamineIgics.,8•20
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18. CSM/MHRA. Dopamỉnergỉc drugs and suddcn sleep onset. Currenl 
probỉems 2003; 29:9. Also available at: http://www.mhra.gov.uk/home/ 
idcpỉg?IdcServỉce=GET_F!LE&dDocName*CON007450frRevisionSelec- 
tỉonMethodsLatestReleased (accessed 16/02/06)

19. Plowman BK. t í  aỉ. Sleep aỉtacks ỉn patỉents receỉving doparnine- 
receptor agonists. Am J Heahh-Sysi Pharm 2005; 62: 537-40.

20. Etminan M, tí  ai. Increased risk oí somnoỉence with the new dopamỉne 
agonists in paticnts with Parkỉnson's disease: a meta-analysis oỉ 
randomiseđ controỉỉed trials. Drug Sa/èty 2001; 24: 863-8.

Effects on respiration. Respừatory crises, induding attacks 
of gasping, panting, sniffing, puffing, and breath-holding, 
occurred in 12 of 25 patients vvith postencephalitic 
parkinsonism dunng treatment with levodopa.1 A further
8 developed respiratory and phonatory tics, Induding sud- 
den deep breatbs, yavvns, coughs, giggles, sighing, grunt- 
ing. and moaning. All 20 patients also suSered tachyp- 
noea, bradypnoea, and asymmetrical movement of both 
sides oỉ the chest paradoxical diaphragmatic movements, 
and rcversal of inspiratory and expiratory phases. The 
induction of respiratory crises may be prompt or gready 
delayed; 3 patìents only developed crises after more.than
9 months of tteatment with levodopa. Crises were readUy 
precipitated by psychophysiological arousals such as rage 
and exertion. Most of the patients who developed marked 
respiratory disorders had shovvn slight ŨTegularities of 
respiratory rhythm, rate, and íorce beíore receiving levo- 
dopa.

http://www.mhra.gov.uk/home/idcplg?IdcServict=GHT_
http://www.tga.heallh.gov.au/adr/aadrb/aadr0508
http://www.mhra.gov.uk/home/
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In another report a disưessing dose-related irregularíty in 
the rate and depth of breathing occuired when a patient 
with Parlđnson's disease was given levodopa with benser- 
a ã d e .2 The respiratory abnorm ality was completely 
suppresseđ by use oí tiapride, with no reduction in the 
eíồcãcy of levodopa.

1. Sadcs OW, tí  al. Síđe-cffects oí L-dopa ỉn  postencephalític parkinsonism. 
Laruxt 1970; lỉ 1006.

2. De Keyser J, Vlncken w . L-Dopa-inductd resp ỉntory disturbance ỉn 
Parkinson's disease suppressed by tiapride. Neuroỉogy 1985; 35 :235-7 .

Effecb on sexual ỉundion. An increase in libido, óver and 
above the eííects of ũnproved mobiỉity and vvell-being, has 
been reported in parkinsonian patients receiving levodopa 
or dopamỉne agonists. One report noted increased Iibido 
bu t no improvement in sexual perỉormance in 4 of 80 
patients rẽceiving levodopa1 while another reported a 
mòderate increase in  sexual interest in 4 ol 7 male 
patìents.2 There have also been reports of hypersexuality 
and deviant sexual behaviour in patíents with Parkinson's 
disease receivũig levodopa or dopamine agonists.1'* In 
some cases this vvas assodated with increased dosage and 
possibly abuse oi the drugs. Symptoms often improved on 
dosage reduction or withdrawal. Hypersexual behaviour 
and hypcrgenitalism have also been reported in a pre-pub- 
ertal boy given levodopa ÍOT behavioural disturbances.7

Some vvorkers* have commented that dopaminergics 
such as cabergoline are being promoted illegally on the 
Internet íor male sexual enhancement and wam of the 
potential for abuse and serious adverse eílects.

Clitoral tumescence and increased libido has been noted 
in a woman receiving bromocriptine to suppress lactation’ 
but there has been a report of sexual dissatisíaction and 
decreased libido in 3 vvomen receiving bromocTiprine for 
hyperprolactinaemia.10

1. Barbcau A. L-Dopa therapy ỉn  Paridnson's dỉsease: a critical review of 
n ỉne y ean ' expcnence. Can MtdAssocd  1969; 101: 791-9.

2. B rorra  B, tí  aL Sexuaỉ hinction and aữect in parkimonian m en ưeated 
w ỉth L-dopa. Am J  Psychiatry 1978; 135: 1552-5.

3. Vogel HP, Schỉữter R. Hypersexuality—•  compbcation oí dopaminergíc 
therapy in Paridnson'5 dỉsease. PharmacopsycMiaơy 1983; 16; 107-10.

4. Jlmẻnez-Jiínénez FJ. tí a i  Posàble xoophUỉa assodated with dỡpamìn- 
ergỉc therapy in Paridrooo disease. Ann PharmaathĩT 2002; 36: 1178-9.

5. Kaỗovský p, t í  aỉ. Peniỉe erections and hypersexuality induced by 
pergoỉỉde treatm ent in advanced. Quciuatỉng ParkiRỉOR’s dỉsease. J  
Neưrol 2002; 249: 112-14.

6. Berger c, tí ai. Sexuelle Delinquenz und M oibus Parkinson. Ncrvenarĩt 
2003; 74: 370-5.

7. K onen  JJ, tí  a i  Undesirable prepubertal eỉỉects o í levodopa. JAMA 1973; 
226: 355.

8. Pinero A. tí  al. Cabergoỉỉne-related severe resirỉciive mi trai regurgita' 
tìon. N  EngỊ J  Med 2005; 353: 1976-7.

9. Blỉn o , tí  a i  Painỉuỉ dỉtoraỉ rumescence duríng brom ooỉptỉne therapy. 
Lanctí 1991; 337: 1231-2.

10. Saỉeh AX, Moussa MAA. Sexual dy$functỉon in women due to 
brom oaipóne. BMJ 1984; 289: 228.

Effeds Oft the 5kin and  hair. Two women who were given 
levodopa, up to 3g daily, developed diiiuse alopeda in 
addỉtion to other adverse eHectsr1 Repigmentation of hair 
has occuưed in a  vvhite-bearded man after being ưeated 
with levodopa 1.5 g daily for 8 months.2 Vitiligo has been 
reported’ in  a patient with Parkinson’s disease íollovving 
addition oỉ tolcapone to his levodopa/carbidopa regimen. 
The development of vitiligo was attĩibuted to the increase 
in  plasma-levodopa concentrations brought about by con- 
comitant use of tolcapone.

See also Melanoma, under Precautions. p. 907.1.
1. M an h ill A. YVUlianu MJ. A lopcda and lcvodopa. BMJ 1971; 2: 47.
2. Grainger KM. Plgm entaùon in  Paifónson's dỉsease oreaied wìth 

levodõpa. Lartctí 1973; i: 97-8.
3. Sabaté M. t í  aL Vĩtỉỉigo aỉsodated  wiih tolcapone and levodopa ỉn a 

p&tient w ith Parkinson's diseasc. Ann Pharmacoúưr 1999; 33: 1228-9.

Exlrapyramkkil effects. Choreiloxm movements were the 
major dose-limiting complicatíon of long-terra treatment 
w ith levodopa in a follow-up study of 178 patients with 
idiopathic Parkinson's disease. 81 of vvhom vvere still tak- 
ing lẽvodopa after 6 years.1 Dyskinesias usually appeared 
in  the first year and bccame more severe and generalised 
with tùne. Certain distinctive pattem s of involuntary 
movements occurred as lollovvs:
• peak-dose movements aííected 65 of the 81 patients and 

were dose-related. Movements were usually choreic, 
aSecting the ỉace and limbí, but dystonic and ballistic 
movements were also seen; characteristically they began 
20 to 90 minutes aíter an otal dose and lasted hom 10 
minutes to 4 hours w ith a tendency to be more severe 
mid-way through the úiterdose period

• biphasic m ovements presenting as 2 distinct episodes of 
chorea or dystonia within each ỉnterdose period occurred 
in only 3 padents

• early moming and 'end-of-dose' dystonia was present in 
■ 15 patients aher 6 years of ưeatment vvith levodopa, but

rarely developed duting the first 3 years
• noctumal myodonus occurred in 12 patients
The hequency, intensity, and complexity of spontaneous 
Ouctuations in períormance were greatly enhanced by long- 
term levodopa therapy. Two dinicaỉly distinct types of 
ữuctuatíon, 'end-of-dose' deterioration and the 'on-off'

phenomenon. were related to ưea tm ent 'End-of-dose' 
deterioration OT the 'wearing-olf' eflect aííected 52 patients 
after 6 years of ưeatment and was characterised by 
Progressive reduction in the duration oí beneữt hom  each 
dose with a gradual retum  of noctumal and early moming 
disability in  some patientỉ. The 'on-ofl' phenomenon 
affected 14 patients who had completely unpredictable 
svvings hom  relatíve mobility, usually accompanied by 
involuntary movements, to perlods oi prolound bradykine- 
sia and hypotonia. In addition. 'heering episodes' and 
abnipt lalls became ìncreasingly common and ahected 50 
patients alter 6 years compared vvith 33 before therapy.

1. Sh«w KM. t í  at. The ỉmpact oỉ treatm ent with levodopa on Parldnson's 
disease. Q J  Med 1980; 49: 283-93.

OCULOCYÌUC CRIS1S. Aher initial remission, oculogyric crises 
in 5 oỉ 25 patients vvith postencephalitic parkinsonism 
recurred and vvere subsequentỉy severely exacerbated dur- 
ing ữeatm ent vvith levodopa.1 One patient, who pre- 
viously had not had oculogyric crises, developed severe 
crises in the fourth month of therapy vvith levodopa. Dur- 
ing these crises lorced gaze deviation was always accompa- 
nied by severe neurological and mental symptoms, some 
of which were scarcely tolerable.

I. Sacks OW. Kohl M. L-Oopa and oculogyric criscs. Lanal 1970; U: 215- 
16.

Gout. There have been reports of elevated serum uric add 
concentrations in patients receiving levodopa, but some ol 
these are of doubtỉul signihcance since levodopa has been 
shovvn to give talsely-elevated uric add  concentrations by 
colorimetric methods.1 However, hypeniricaemia as mea- 
sured by more spedíic methods,2'5 with a few cases of 
overt gout,2'J has also been reported.

1. C aw ún MJ, Hewins J. FalK rise in sen im  u ricadd  alicrL-dopa. N E n)IJ  
Mr<t 1969; 281: 1489-90.

2. Honda H. Gindln RA. Goui whilc rccciving levodopa for parkiiunnism. 
JAMẢ 1972: 219: 55-7.

ỉ .  Calne DB. Pcrmagíich J. Gom induced by 1-dopa and dccaitxnylase 
ỉnhibỉton. ĩoagrad Med J  1976; 52: 232-3.

Hypersensitivity. Reports oí hypersensitivity reactions to 
levodopa have induded a vasculitís charaaerised by neu- 
romyopathy, periarteriolitis with eosữiophilia,1 and a 
lupus-like auto-immune syndrome.2

1. Wolf s. tí ai. Neurorayopathy and periarterìolỉtis in a patiem  receiving 
levodopa. Arch ìrtĩcrn Med 1976; 136: 1055-7.

2. Massarottỉ G, t í  aì. Lupus-ỉike autoim m une syndrome aher ỉevodopa 
and benserazide. BMJ 1979; 2: 553.

O verdosage. Adverse eííects aher ingestion oỉ 80 to lOOg 
of levodopa over a 12-hour period by a partánsoiúan 
patient induded hypertension initially, followed by hypo- 
tension oỉ a íevv hours' duration, sinus tachycardia. and 
symptomatic orthostatic bypotension for more than a 
week.‘ Marked conỉusion, agitation, insomnia, and rest- 
lessness were the most promỉnent dinical symptoms and 
did not disappear completely for over a week; severe ano- 
rexia and insomnia persisted ỉor 2 to 3 weeks. Aiter the 
overdose the patient had virtually no signs of parkinson- 
ism and received no  levođopa or antimuscarinic medica- 
tìon ỉor 6 days; rigidity and akinesia began to recur on the 
íourth day.

1. Hochn MM. Rutledgc c o .  Acnte overdott with lnvodopa: dinical and 
bi0Chemical consequences. Neurolữgy 1975; 25: 792-4.

W bhdraw al syndromes. Withdrawal of antiparkinsoman 
dmgs, particularly levodopa, has been implicated in the 
development of a syndrome resembling the neuroleptic . 
malignant syndrome,1'6 characterised by lever, musde 
rigidity, proíuse svveatmg, tachycardia, tachypnoea, and 
elevated m usde enryme values.2 Several íatalitìes have 
occurred.u  It has been suggested that the neuroleptic 
malignant syndrome is assodated with btockade oỉ 
dopamine receptors in the striatum, leading to increased 
rigidity and heat production. and in the hypothalamus, 
resulting in im pahed thermoregulation7 and it seems rea- 
sonable that withdrawal of levodopa might have a similar 
eh e a  in patíents with depleted Central dopamine concen- 
trations. Thus, the use of a 'drug holiday' to manage ũuc- 
tuatìons in  response to levodopa (see Parkinsonism, 
p. 889.1) is no longer recommended.

Fever, exưapyramidal symptomỉ and raised creatine 
kinase concentrations, resembling a very mild íorm of the 
neuroleptìc malignant syndrome, have also been repoited 
in parkinsonỉan patients exposed to stress such as 
dehydratìon or iníection but vvithout any change in 
medicatỉon.'

1. Sechỉ GP. t í  ai. Fataỉ hyperpyrexú alter wỉtbdrawal of ỉevodopa. 
N eunbgy  1984; 34: 249-51.

2. Frỉedm aa JH. ữ  ai. A neuroleptíc maỉỉgnantỉỉke syndrome due to 
ỉevodopa therapy %vithdrawaL JAMA 1985; 254:2792-5.

3. Figằ-Taỉamancà L  t í  al. Hypenhermta aíter dỉscondnuance of levodopa 
and brom ocrìpúne therapy: ỉmpaired dopamỉne receptors a possibỉe 
cause. Neuroỉogy 1985; 35: 258-61.

4. Gỉbb VVRG, GrỉỉHth DNVV. Levodopa w ỉthdnw aỉ syndrome ỉdendcaỉ to 
neuroleptíc malignam  syndrome. Postgrad Med J  1986; 62: 59-60.

5. Serrano-Due/las M. Neuroleptíc m alỉgnant syndrome-ỉike, or— 
dopaminergỉc maỉỉgnant syndrome—đue to ỉevodopa therapy w ỉth‘

dravval: dinỉcaỉ íeatures ỉn 11 patlents. parkimonism Relat ũừord 200 ; 9: 
175-8.

6. M iruno  Y, t í  a i  M aỉignant syndrome ỉn  Parkinson's dỉsease: concept md 
review  oỉ ỉhe literature. Parkinsơnừm Relat Disord 20Ờ3; 9  (suppỉ ỉ ): >3- 
S9.

7. Henderson vw, W ooten GP. N eurdeptíc m aỉỉgnant syndrom c; a 
patbogenedc role for dopanúne receptor bỉockade? Neưrology 1981; 31: 
132-7"

8. Mezakỉ T, tí  aỉ. Benỉgn type of malỉgnant syndrome. Lanctí 1989; L* (9- 
50.

Treahnent oỉAdverse Effects
Reduction in dosage reverses most of the adverse ehects oỉ 
levodopa. Nausea and vomiting may be dimimshed 3y 
increasing the dose oỉ levodopa gradually, and/or by taki Ìg 
vvith or aíter meals, although taking levodopa on a ỉ  ìll 
stomach may lead to lovver plasma concentratioi iS. 
Gasưointestinal effects may also be reduced by giving in 
antíemetic such as cydidne or domperidone but not a 
phenothiaãne (see Antipsychotics, under Interactioi is, 
p. 907.3). Uíe with a peripheral dopa-decarboxyla se 
inhibitor reduces peripheral but not Central adverse eơec s. 
Orthostatic hypotension may respond to the use of elas ic 
stockings.

The beneĐts of gastĩic decontamination aíter an overdo se 
of levodopa are uncertain. However, aaivated charccal 
should be considered in adults who have ingested mo -e 
than 2 g (or more than the total daily dose, vvhichever is 
greater), and in children vvho have taken more th in  
200 mg, ư they present vyithin 1 hour of ingestio 1. 
Supportive measures should also be instituted. Pyridoxir e 
may increase the metabolism of levodopa (see Nutrition li 
Agents, under Interactions, p. 908.1) but its value n 
overdosage has not been establisheđ; ìt does not reduce ử  e 
eữects of levodopa given w ith a peripheral dop. - 
decarboxylase inhibitor.

N ausea an d  vomiting. For relerence to the use of don - 
pendone in the management of nausea and vomiting ass( - 
dated vvith levodopa in patients with Parkinson’s diseas ', 
see under Ưses and Administration of Domperidon ', 
p. 1841.2.

Pỉychosis. Atypical antipsychotics such as clozapÍE: 
(p. 1058.1) have been tried in the management of psychc - 
sis occurring as a complication of parkinsonism and ( f 
drugs such as levodopa used in its treatment.

Precautions
Levodopa is conưa-indicated in patients with angle-dosur: 
glaucoma and should be used vvith caution in open-angl: 
glaucoma. Caution is also required in padents vvitl I 
cardiovascular disease, pulmonary disease, endocrin 
dỉsorders, psychiatric disturbances, osteomalada, h ep a tí: 
or renal disease, or a history of peptic ulceration. Periodii: 
evaluations oỉ hepatic psychiatric, haematological, renal 
and cardiovascular functions have been advised.

Since an assodation between levodopa and activation o 
malignant melanoma has been suspeaed (although no 
conhrmed), it is generally recommended that levodopí 
should not be given to patients with (or with a history of 
the disease or vyith skin disorders suggestive of it.

Parkinsonian patients who beneỉit from levodops 
therapy shoulđ be wamed to  resume normal activitieí 
gradually to avoid the risk of injury. Treatment witl] 
ĩcvodopã should not be stopped abrũptly.

Excessive daytime sleepiness and sudden onset of sleep 
may occur with levodopa and caution ỉs advised when 
driving or operating machữiery; patients who suHer such 
eííects should not drive or operate machinery until the 
eHects have stopped recurring.

Levodopa inhibits prolactin secretion and may thereíore 
interTere with laaaóon.

Eood interíeres with the absorption of levodopa, though 
levodopa is usually given vvith or immediately after meaỉs to 
reduce nausea and vomiting. However, patients with the 
'on-off' phenom enon may beneht hom  dosage on an empty 
stomach (see Parkinsonism, p. 889.1).

Abuse. Abuse of levodopa and dopamine agonỉsts in 
patients vvith Parkinson's disease has been reported.1-4 The 
term dopamine dysreguỉation syndrome, has been used to 
descríbe a condítíon where there 1s a compulsive and dys- 
regulated use of dopaminergic drugs beyond that needed 
to achieve relieí of motor symptoms and vvhich is harmíul 
to the patient.7 Patients have progressively increased the 
dosage oỉ levodopa to obtain psychotropic eílects su ch as 
euphoria despite accompanying dystonia and other extra- 
pyramidal adverse eữects. Withdrawal often led to craving, 
drug-seeking behaviour, and mood dismrbances su ch as 
depression, íeatures resembling a psychological depend- 
ence syndrome. Abuse in patients without parkinsonism 
has alsò occurred.*

See also EHeas on Sexual Function, under Adverse 
Eừects, above.

1. Hausicda PA. Sinemet 'abuscrs*. ơ in  Neurapharmacoỉ 1985; 8: 318-27.

AU cross-references refer to entries in Volume A
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2. Soỷkã  M  Huppen D. L-dopa abuse in a patient vntb  ỉorm er aỉcoholism. 
B r J  Addia 1992; 87: 117-18.

3. Spigset o ,  von Schéele c . Levodopa dependence and  abuse ỉn 
Parìdm on s dỉsease. Pharmacotherapy 1997; 17: 1027-30.

4. M erỉms D. t í  ai. Is there addỉctíon to levodopa in patients wỉch 
Paricỉmon'3 dỉsease? Mơv Disord 2000; 15:1014-16.

5. MQUcr u , t í  ai. Levodopa-Abhãngigkeit bei Parkinsonkrankheit: 
Fallbericht und Literaturũbexsỉcht. Nervenarữ 2002; 73: 887-91.

6. Borek Lỉ, Frìedman JH. Levodopa addktìon ỈD idỉopathỉc Parỉdnson 
dỉsease. bicurobgy 2005; 85; 1508.

7. B um  DJ. Trủstcr AL Neuropsycbỉatric compUcadons of medical and 
suigỉcal thenp ics for Parkỉnson*s đisease. J  Gtíiatr Psychiatrỵ N ara ỉ2004; 
17: 172-80.

8. Steiner L Wìrguin L Levodopa addỉctỉon in non-parkinsonỉan patieots. 
Neurology 2003: 61; 1451

Cdnỉiovascular disorders. A high inddence of cardiovas- 
cular adverse eííects was reported in carly studies of levo- 
dopa, bu t both Parkinson’s disease and heart disease are 
common in the elderly and ađverse cardiac eữects of levo- 
dopa may be less prevalent than was fim  thought. A 
study in  40 patients1 condudeđ that, apart bom those 
with severe orthostatìc hypotension or unstable coronary 
disease, levodopa may be used saỉely in parkinsonian 
patients wìth heart disease. Others2 noted that levodopa 
and bromocriptine cause cardiac arrhythmias in  less than 
1% of all patients, the inddence for levodopa with a per- 
ipheral dopa-decaiboxylase inhibitor being lovver still. 
Nevertheiess, caution is advised in patients with cardiovas- 
cular disease.

1. Jen lđns RB. t t  ÓL Lcvodopa therapy of patientỉ with parkinsonism and 
heart dlscase. BMJ 1972; 3: 512-14.

2. Parlccs JD, í t  ol. Am antadine-induced heart [ailure. Ltm ot 1977; I: 904.

Diabetes melGius. For reíerence to concem over the 
potential of levodopa to impaỉr glucose utilisation, see 
Hffects on the Endocrine System tmder Adverse Eííects, 
p. 905.1.

Melanoma. There has been concem ovcr the eííects oí 
levodopa on melanoma in view of the ability of malignant 
melanoma cells to convert levodopa to melanin and iso- 
lated reports of melanoma developing or being exacer- 
bated duríng levodopa therapy continue to appear. Hovv- 
ever, in  a survey of 1099 padents vvith primary cutaneouỉ 
malignant melanoma only one had taken levodopa.1 It 
was conduded that levodopa therapy is not an important 
{actor in the induction of malignant melanoma. Funher- 
more, use of levodopa in daily doses oỉ up to 4g with 
carbidopa in  17 patients with metastatic melanoma íailed 
to provide any evidence that levodopa accelerated the pro- 
gression of the disease.2 Revievvs3-4 of these and later 
reports conduded that the piưported link between levo- 
dõpa and malignant melanoina was tenuous.

For a report of antineoplastic chemotherapy used ỉor the 
ữeatm ent ôỉ melanoma redudng the eíEcaẽy oí levodopa. 
see under Interactions, below.

1. Sober AJ. VYIck MM. Levodopa therapy and m aỉỉgnant meỉanotna. 
JAMA  1978; 240: 554-5.

2. G um ey Ha tí ữì. The use of L-dopa and carbỉdopa ỉn metastatỉc malignam 
m eUnom a. J  ĩnvtít DermatoỊ 1991; 96; 85-7.

3. Sỉpỉe JF. t í  al. Levodopa therapy and  the tỉsk ữf maỉỉgnant melanoma. 
A m  Pharmaaữther 2000; 34: 382-5.

4. Fỉala KH. t í  aỉ. Malỉgnanc meỉanoma and ĩevodopa in Parkinson's 
dlsease: causalỉty or coinddence? Parkùtsơnism Relứt Disord 2003; 9; 321- 
7.

Pregnancy. Levodopa alone and with carbidopa has been 
assodated with fetal abnormalities in anừnals given high 
doses; no teratogenic effect has been noted vvith carbidopa 
alone. Hovvever, 2 vvomen vvith parkinsonìsm vvho 
received levodopa tvith carbidopa or levodopa alone 
throughout their pregnandes gave binh to normal 
iníants.1

l . Cook DG. Klawans HL. Levodopa during pregnancy. Cỉirt Neuropharmacol 
1 9 85 ;8 :93 -5 .

W ilhdrawal. For adverse ettects assodated with with- 
drawal of levodopa, see under Adverse Eííects, p. 906.2.

Interactions
The therapeutic or adverse eííects of levodopa may be 
aíĩected by interactions vvith a variety of drugs. Mechanừms 
may in d u d e  effects on catecholamine metabolising 
enzymes, neurotransmitters, or receptor sltes, eííects on 
the endocrine System, and effects on gastrointestinal 
absorption. Drugs that modily gastrìc emptying may affect 
the absorption of levodopa.

Antibacterials. A study1 in 7 healthy subjects showed that 
use of spiramyàn with levodopa and carbiđopa resulted in 
reduced plasma-levodopa concenưadoos and an increase 
in its perỉpheraỉ metabolism.

A hypertensive reaction and severe tremor occurred 
ivhen ừoniaãd was given to a patient receivlng levodopa;2 it 
was not certain w hether isoniaãd was acting as an MAOI.

1. B rion N. €t sỉ. E ỉĩect o ỉ  ề  m acroỉide (sp im n y cỉn ) on tbe  
p h an n ao ỉk ỉn e tỉa  of L*dopa and  carbkỉopa ỉn heahhy volunteen. ơ ữ t 
Neunpharm aal 1992; 15 :229-35 .

2. M organ JP. Isoniadd and  Ievodopa. Ann ĩntem Med 1980; 92:434.

Antìdepressanls. BUPROPION. Cautìon has been advised 
with bũpropion because of repons of a higher inddence oi 
adverse efiects during use with levodopa.
MAOIS. Giving levodopa with non-spedfic MAOIs such as 
phenelàne. nialamidc, o r tranylcypromine may cause danger- 
ous hypenension;1'4 it is recommended that levodopa 
should not be given with, or vvithin at least 14 days of 
stopping, an MAOI. Hypenensive reactíons to levodopa 
with ơanylcypromine were inhibited by carbidopa,’ but 
licensed product iníormatìon for preparadons containing 
levodopa with caibidopa or benseraãde still 
contra-indicates their use with MAOIs. The inddence ổf 
adverse eíỉects may be increased ư levodopa is used with 
modobtmide, a monoamine oxidase type A inhibitor (see 
Dopaminergics, p. 438.2). Selegiỉừu, a monoamine oxidase 
type B inhibitor, is used to enhance the antiparkinsonían 
eíĩea  of levodopa, see p. 914.3.

1. Hodge JV. Use of m onoamine oxidase inhữntors. Lanat 1965; 1:764-5.
2. Friend DG. a  al. The action of L-dihydroxyphenylalanine ỉn  patíents 

recdvỉng nlalamỉde. Qin Pharmacot Ther 1965; 6: 362-6.
3. Hunter KR. tí  a l  M onoamine oxidase Inbibitors and L-dopa. BMJ 1970;

J: 5M. x
4. sharpe J, t í  aỉ. ỉdỉopathic ỡrthỡstatỉc hypocenỉỉoĐ created vvith ỉevodopa 

and MAO inhỉb itor a prelỉntínary reporL Can Med Assoc J  1972; 107: 
296-300.

5. Teychenne PF, tí ai. ỉnteractỉons oí lcvodopa with ỉnhibitors of 
raonoamỉne oxỉdase and  L-aromanc amlno a d d  decarboxyỉase. Clùi 
Pharmacoỉ Thtr 1975; 18: 273-7.

SSRIS. There was some evidence bom  a prescribing study 
that SSRỈs might exacerbate parkinsomsm resulting in 
increased doses oỉ levodopa õr addition of adjunõive 
dmgs.1

1. van de Vijver DAMC. t í  a i  Start of a selectỉve serotonỉn reuptake 
inhibỉtor (SSRI) and Increase of amỉparỉdnsonian drug ưeatm ent ỉn 
patỉent5 on ỉevodopa. B rJ  Cỉin PHarmacol 2002; 54: 168-70.

raCYCOC ANVD&RESSANTS. Although triqrdic antidepres- 
sants have generally been used sately with levodopa,* 
hypenensive crises have occurred in some rare cases. Such 
events have been reported in patients receiving amitrìpty- 
line or imipramine and levodopa with carbidopa.13 Imipra- 
mine has been reponed to impair the rate of levodopạ 
absorption,4 presumably due to its antimuscarinic proper- 
ties (for the eữect of antimuscarínics on the absoiption of 
levodopa, see below).

1. Hunter KR, t í  a i  Use oỉ ỉevodopa with o ther dmgs. Lanctí ỉ 970; ií: 1283-
5.

2. Rampton DS. Hypertensỉve crỉsỉs in  a patíent gỉven Slnemet, 
metodopramỉde, and amỉtripcylỉne. BMJ 1977; 2: 607-8.

3. Edwards M. Adverse interaction ữỉ ỉevodopa with trỉcydic antỉdepres- 
sanu. Practitiotưr 1982; 226:1447-8.

4. Morgan JP, t í  a i  ỉmipramlne-medỉated interỉerence w ith ỉevodopa 
absorpcỉon írom the gastroỉntestỉnal tr a a  in man. Neurolợgy 1975; 25: 
1029-34.

TKYPĨOPHAN. See Amino Adds under Nutritỉonal Agents, 
below.

AnHepileptícs. Phenytoin has been shown to diminish the 
therapeutic eíỉed  of levodopa in  patients whth parkinson- 
ism or chronic manganese poisoning.1 The mecharúsm of 
the interaction was considered uncertain.

1. Mendez JS. Diphenyỉhydantoin: bỉoddng o í Ievodopa eữects. A n h  
Neurot 1975; 32: 44-6.

Antihypertensives. Use of levodopa with Ịuanethidine may 
cause increased hypotension.1 Clonidine has been repotted 
to inhibit the therapeutic effea of levodopa, possibly by 
stímulating Central alpha-adrenoceptors.2 Methyldopa and 
levodopa may enhance each othe^s therapeutic or adverse 
eííects, although there has been mention of the inhibitory 
eílect of methyldopa on the therapeutic response to levo- 
dopa.’-4 Reserpint and oữưr rauwolfia alkaloidí may oppose 
the antiparkinsonian eỉỉects of levodopa by Central deple- 
tion of dopamine; UK licensed product iníormation advises 
that use together should  be avoided.

1. HunterKR. tíaỉ. Useoílevodopa vvithothcrdrugs. Lanetí 1970; ik 1283-
5.

2. Shoulson l  Chase TN. Clonidine and the ami-parkỉnsonỉan response to 
L-dopa or piribedỉl. Neuropharmaeobgy 1976; 15:25-7.

3. Cooias GC. tí  ai. L-Dopa In Paríúnson's syndrome. N  Engt J  Mcd 1969; 
281: 272.

4. Koíxnan o . Treatment oỉ Parkinson's đisease wỉth L-dopa: a  current 
appraisaỉ. Can Mtd Atíoc J  1971; 104: 483-7.

Antỉmuscarínks. Antimuscaríníc antíparkỉnsonỉan drugs 
may enhance the therapeutic eữects of levodopa but by 
delaying gastric emptying they may also reduce its absorp- 
tìon.1

ỉ .  Aỉgerỉ s, t í  ai. E£fect o( anddìoỉỉnergỉc drugs on gaitro-ỉntestỉnaỉ 
absorptìon oỉ L-dopa in ra u  and ỉn  m an. BurJ Pharmaeoỉ 1976; 3 5 :2 9 3 -
9.

Antineoplostics. A patient with Parkinson's disease noted1 
that the effícacy of ỉevodopa was reduced each tỉme he 
received dacarbaàne for the treatment oỉ melanoma. As 
serum-dopamine concentrations were unchanged ít was 
suggestcd1 that dacarbazinc mỉght compete w ith levodopa 
at the blood-brain barrier.

1- Mereỉỉo M, t í  a i  Impaỉred levodopa response in Parkinson,s đisease 
durỉng meỉanoraa therapy. ơirt Ncuropharmacoỉ 1992; 15 :69-74 .

Aniipsychotics. The therapeutic eííects of levodopa may 
be diminished by CNS dopamine inhibitors induding phe- 
nothiazine derivatives1 such as prochloTperaãnt,2 Butyro- 
phenones such .as hứloperidol and thioxanthenes such as 
Ịhipentìxol míght be expected to have-a simỉlar e&ect due 
to their anddopaminergic properties. ■

1. Yahr MD. Duvolsin RC. Drug therapy o( parkỉnsonỉỉm. N  Engỉ J  Med 
1972;287:20-4.

2. Duvotsln RC. Dỉphenidoỉ ỉor levodopa ỉsđuced nausea and vomidng. 
JAMA 1972; 221: 1408.

Anxioiytics. Reversible deterioratíon oí parỉdnsonism has 
béen reported in  patíents receivmg levodopa who were 
also given benzodiazepines such as dia&pam,u  rtừrazepaml 
(although the evidence was equivocal), or chbrdừac- 
poxide} In one case parkinsonian symptoms resolved 
vvithout alteratíon in the medicatíon.1

1. H unterK R .rtu /.U seoflcvodop*w ithotherđrugj.iaB £al970;il; 1283-
5.

2. WocUk í.  t t  al. Review ot 12 m onths' trcatmenĩ w ith L^lopa ỉn 
Parkỉnson^ đisease. with remarks on  unusuaỉ sỉde effects. M td J  Aust 
1972;2:1277-82.

ỉ .  Yossdson-Superstíne s, u p m an  AG. ChloitUaxepoxỉde tnteractỉon wíth 
ievodopa. A m  Intem Med 1982; 96: 259-60.

Bodofen. Adverse eãects induding halỉucinations, conỉu- 
sion, headache, and nausea and worsening of symptoms 
have been reported1-2 in patients with Paridnson's disease 
taking levodopa when also given badoíen.

1. Skausig OBr Korsgaard s. HaUudnations and badoíen. Lanctí 1977; i: 
1258.

2. Lees AJ, t í  aí. Badolen ỉn Parkliison's disease. J  Neuroỉ Ntítrosurg 
Psydíiairy 1978; 41:707-8.

Gostrointestinal drugs. ANTẦODS. Some studies have sug- 
gested that taking an antacid beỉore a dose of levodopa 
enhances the absorptìon oỉ levodopa. apparently by 
enhandng gastric emptying and redudng metabolism of 
levodopa in the stomach.1’2 Thỉs was partìcularly mạrked 
in a ca se report in a patient with proỊongeđ gastric empty- 
ing dme.1 Hovvever, another study In 8 patients with pre- 
sumably normal gastric modỉỉty, onỉy 3 oỉ whom had Par- 
kinson's disease, íound no signihcant increase in overall 
absorptíon oỉ levodopa when given vvith an antadd 
although there was some evidence oí increased absorptìon 
in some oi the patíents.3 UK licensed product iníormation 
(Madopar CR; Roche) States that antadds reduce the absorp- 
tion of levodopa hom the modiãed-release preparatìon by 
32%.

1. Rivera-Callmlim t ,  t í  a i  L-Dopa treatm ent tailure; expỉanatỉon and 
coTtectìon. Bi4J 1970; 4: 93-4.

2. Pocellnko R, t í  MỈ. The eữect oỉ an  antadd on the absorpúon and 
meubodsm o f levodopề. ơ itt PharmaGữĩ Ther 1972; 13:149.

3. Leon AS, Spiegeỉ HE. The ettect ot antadd admỉnistratíon on the 
absorption and  metaboỉỉsm oỉ ỉevodopa. J  Ctìn Pharmacol 1972; 12 :263- 
7.

ANTÌEMEHCS. Metodopramide is a dopamine antagonỉst and 
may cause extrapyramidal symptoms induding parkinson- 
ism; hovvever, it accelerates gastric emptying and has been 
reported1 to íncrease the ratẽ of Ievodopa absorptíon. The 
importance of timing has been noted2 since levodopa 
delays gastric emptyỉng and metodopramide antagonises 
thìs eỉỉect. Licensed product inlormation advises caution 
vvhen using metodopramide with levodopa. Domperidone 
has been reported to increase the bioavailability oỉ levo- 
dopa slightly.1

1. Morris JGL t í  ai. Plasma dopa concentratỉons after dỉữerent preparatìons 
o ỉ ỉevodopa ỉn nonnal subỉects. Br J  ơ ừ t Pharmacal 1976; 3: 983-90.

2. Berkowitz DM, McCallum RW. Interactỉon oỉ levodopa and metoclo- 
pramỉde on  gastric etnpcying. CUn Pharmaal Ther 1980; 27: 414-20.

3. Shỉndỉer JS, tía ỉ. Dompertdoneand ỉevodopa ỉn Parldnson's đisease. BrJ 
Ciin Pharmacol 1984; 13: 959-62.

PROKlNEncS. Maximum plasma concenưations of levodopa 
are increased by ãsapride. 1

See also Metodopramide and Domperidone, under 
Anúemetics, above.

1. Neira WD. t l  al. The effects ol diapride on pUsma L-dopa levels and  the 
dinical response In Faikinsoa's disease. Mev Dúori 1995; 10; 66-70.

General anaesthetks. The general anaesthetics cyclơprơ- 
pane and halotkane lovver the threshold ỉor ventricular 
arrhythmias to sympathorrúmetic amừies, induding 
dopamine, and shouỉd probably not be used vvithin 6 to 8 
hours of levodopa.1-2 Although other general anaesthetics 
are now usually preíerred. it was suggested that, in any 
case, levodopa coũld saíely be taken beíore surgery when 
given with a peripheral dopa-decaiboxylase inhibitor.3

1. Goldberg 12. W hltsett n _  Cardkm acular eHecn of levodopa. a in  
P ham aal Ther 1971; U ; 376-Í2.

2. BUnchỉne JB. SunyaprUalail L. Inttractỉons between levodopa and 
ocher drugr. dgn lg q n ce  In the ớeattnem  ot Faddnson's dúeaie. DntỊt 
1973; 6: 364-88.

3. Anonymous. Surgery and hm g-tenn medicadon. D ntj V u r  Buữ 1984; 
22:73-6.

Nutríiional ogenb. AMNOAODS. The transport o! levodopa 
into the brain is subject to competition bom  chemically 
reỉated L-amino atíds, espedally the other aromatic amino 
adds phenyỉatanine, tyrosine, tryptophan, and hừtidine. 1 A 
high-protein diet or the large neutral amino adds pheny-
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lalanine, ỉeurìne, or isoleucint have be en shown to reduce 
the therapeutic effect of levodơpa given by intravenous 
iníusion to  parkinsonian patients; such alterations in the 
absorption and transport oMevodopa may contiibute to 
the Ouctuadng responses seen in  Parkinỉon's disease, the 
so-called 'on-off' phenom enon2 (see also Parkmsonism, 
p. 889.1). In conttast, a study in  healthy subjects} found 
that vvhile a low-protein meal appeared to cause a small 
reductìon ỉn levodopa absorption, a high-protein meal had 
no su ch eíỉect. Other reported ìnteracúons with amino 
adds indude mít/iúminí-antagonism of the therapeutic 
eữect of levodopa in  parkinsonism4 and tryptophan- 
reduced blood concentrations of levodopa.5

1. Danỉeỉ. PM. tt  at. Do changes Ũ1 blood lcvcls of otbeT aromatỉc anũnoadds 
inQuence levodopa therapy? Lancet 1976:1: 9S.

2. Nutt JG, et aỉ. The 'o n - o f f  phenom enoo ỉn Parkìnson'* dỉsease: rclation 
to levodopa absorption and  transpon. N  E agU M td  1964; 310: 485-8.

3. Robertson DRC, tt ai. The ỉnũuence o ĩ pro tdn  coniaỉnỉng meals on the 
pharmacoldnetics of levodopa in healthy volunteers. Br J  ơ ỉn  PhamacaỊ 
1991;31:413-17.

4. Pcarce LA. W ateibury LD. L-methioninc: a possible levodopa antagonist. 
Neurology 1974; 24: 640-1.

5. Weitbrecht W-U, Weỉgel K. Der £influss von L-Tryptophan aul die L- 
Dopa-Resorptỉon. Dtsch Mcd v/ochemchr 1976; 101: 20-2.

IRON SALTS. Levodopa fonns complexes vvith iron salts and 
ferrous suựate has reduced bioavailability of levodopa by 
about 50% in healthy subýects.1 Giving lerrous suUate to 9 
patients with Parkinson's disease receiving levodopa with 
carbidopa reduced the area under the concentration-time 
curve lor levodopa by 30%; the teduction vvas greater 
than 75% íor carbidopa. Although this was assodated 
vvith deterioration in some padents' disability, the average 
reduction in eíĐcacy of therapy did not achieve statístical 
signiBcance.2

1. Campbell NRC, RasinoA BB. ỉron suppỉeraems: » common cause oí d n iị  
interactìons. Br J  cĩirt pharmaeol 1991; 31: 251-5.

2. Campbell NRC. tí ai. $inemet-ferrous sulphate ỉmeracrion ĩn patỉems 
with Paridnson's đisease. Br J  ơ /n  Pharmacol 1990: 30: 599-605.

PYRIDOXINE. The enzyme responslble for the decarboxyla- 
tion of levodopa, L-amino add  decarboxylase, is dependent 
on pyridoxine and pyridoxine supplements have been 
reported to enhance the peripheral metabolism of levo- 
dopa to dopamine leaving less available to cross the blood- 
brain barrier for Central conversion to dopamine;1'4 pyrid- 
oxine thereíore inhibits the action of levodopa but this 
can be stopped by use o{ a peripheral dopa-decarboxylase 
inhibitor.2-3

1. Leon AS. tt al. Pyridoxine antagonism oi levodopa in parkinsonism. 
JAMA 1971:218: 1924-7.

2. Cotrias GC, Papavasiliou PS. Blockỉng the negatỉve eỉĩects oỉ pyridoxine 
on patients reeeỉvỉng levodopa. JAMA 1971; 21J: 1504-5.

3. Yahi MD, Duvoián RC. Pyndoxine, levodopa. and L- 0 -methyldopa 
h y draãne  regimen in parkinỉonian. JAMA 1971; 216: 2141.

4. C aner AE. Pyridoxine and  parldnsonism. BMJ 1973; 4: 236.

Papaverine. Antagonism of the beneBdal eííects of levo- 
dopa in  parkinsonism has been reponed when patients 
were also gi ven papaverine,1'2 and it was recommended 
that the combination should be avoided. Hovvever, a later 
study3 in  9 patients receiving levodopa with a peripheral 
dopa-decaiboxylase inhibitor íound no changes in the 
control of Paridnson's disease when they were also given 
papaverìne íor 3 weeks.

1. Duvoisin RC. Antagoniỉm oỉ levodopa by papaveríne. JAMA 1975; 231: 
845.

2. Posner DM. Antagonísm of levodopa by papaverine. JAMA 1975; 233: 
768.

3. M ontastruc JU tí  al. Does papaverine ỉnteract w iỉh levodopa ỉn 
Parìdnson's dỉsease? Ann Neurol 1987; 22: 558-9.

PenỉciBamine. ỉsolated case reports suggest that penidll- 
aminc increases plasma-levodopa conccntrations.*

1. Mizuta E, tí  a i  Eữect oỉ D-penỉdUamỉne on phannacokinetics of 
ỉevodopa ỉn Pariđnson'5 đứease. ơ in  Ncuropharmatol 1993; 16: 448-50.

Sympathomimetics. It has been suggcsted that sympatho- 
mimetics such as adrenaỉine or ừoprcnaline may enhance 
the cardiac adverse eỉfects of levodopa.1

1- Golđberg IX vvhitseữ TL. Cardiovascuỉar eơects o í levodopa. Cĩin 
Pharmaãl Ther 1971; 12: 376-82.

Pharmacokinetics
Levodopa is rapidly absorbed bom  the gastrointestinal tract 
by an active transport System. Most absorption takes place 
in the sinall intestine; absorption is very limited hom  the 
stomach, and since decarboxylatíon may take place in the 
stomach vvall, delays in  gastric emptying may reduce the 
am ount of levodopa avaiỉable ỉor absorption. Peak plasma 
concentrations occur within 2 hours of oral doses. Levodopa 
is about 10 to 30% bound to plasma proteins.

Levodopa is rapidly decarboxylated by the enzyme 
aromatic L-amino add decarboxylase, mostly in the gut, 
liver, and kidney, to dopamine, which is metabolised ín 
tum , ptindpally to dihydroxyphenylacetic add (DOPAC) 
and homovanillic add  (HVA). Other routes of metabolism 
indude O-methylation, ơansaminatíon, and oxidation, 
produdng a variety of minor metabolites induding 
noradrenaline and 3-0-methyldopa; the latter may 
accumulate in the CNS due to its relatively long half-life.

The elimination half-lUe of levodopa itselí is reported to be 
about 30 to 60 minutes.

Unlike dopamine, levodopa is actively transported across 
the blood-brain banier, but because of the extern of 
peripheral decarboxylation very little is available to enter 
the CNS unless it is given with a peripheral dopa- 
decaiboxylase inhibitor. In the presence of a peripheral 
dopa-decarboxylase inhibitor the major route of metabolism 
of levodopa becomes the lormation of 3-O-methyldopa by 
the enzyme catechol-O-methylơansíerase.

About 80% of an oral dose of levodopa is excreted in the 
urine vvithin 24 hours, mainly as dihydroxyphenylacetìc 
and homovanỉllic adds. Only small amounts of levodopa are 
excreted uncbanged in the íaeces.

Levodopa crosses the placenta and is distributed into 
breast milk.
General reíerences.

1. Nutt JG, Fdlm an JH. Pharmacokỉnctics oỉ levodopa. Clin Nturopharmacol 
1984:7:35-49.

2. Ccdarbaum JM. Clinicaỉ pharmacokìnetics of anti-parkinsonian drugs. 
Oin Pharmacokintí 1987; 13: 141-78.

3. Robertson DRC. tí aỉ. The effect of age nn ĩhe pharmacokineiics ní 
levodopa administered alone and in [he presence o í carbidopa. BrJ Cỉin 
Phãrmacol 1989; 28: 61-9.

4. Robertson DRC. tí aì. The inf]uencc oí levodopa on gastric cmpiying in 
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Preparations
P ro p rie to ry  P re p a ra tio n s  (details are given in Volume B)
S in g ie -b ig red ien t P re p a ra iio n s . A rg .:  P rik ap ; C h in a :  S y m b ly o p ia  
( S Í I E ) ;  G er.: R estex ; In d ia :  B id o p a l; I r l D u o d o p a ; Jp n :  
D o p a r l t ;  Pol.: N a k o m ; UK: A p o d e sp a n .

M u h i-ing red ien t P re p o ra tio n s . A rg .:  C a rlev o d ; L eb o ca r; L ecarge ; 
M a d o p a n  N e rv o c u n  P a rk in e l; S in e m e t;  S ta le v o ; A u s tr a l .: D u o -  
d o p a ; K in so n ; L e v o h e x a lỷ ; M a d o p a r ;  S in e m e t;  S la le v o ; A u s tr ía :  
D u o d o p a ; L evocar; M a d o p a n  R e s te x ; S in e m e t;  S ta lev o ; Belg.: 
D u o d o p a ; P ro lo p a ; S in e m e t;  S ta le v o ; B ra z .:  C a rb id o l; C ro n o -  
m e t;  D u o d o p a ; L ev o ca rb ; P a rk id o p a ; P a r ld e n ; P ro lo p a ; S in e m e t;  
S ta le v o ; Canad.'. A p o -L ev o ca rb ; D u o d o p a ; N o v o -L e v o c a rb id o -  
p a f ;  N u -L ev o ca rb ; P ro -L ev o ca rb ; P ro lo p a ; S in e m e t;  S ta lev o : 
C hile:  G iiỉo p a rk in ; L ev o lam il; M e lita se ; P ro lo p a ; P ro to n is t ;  
S a n i te r  C o m p u e s to ; S in e m e t;  S ta lev o ; C h in a :  S in e m e t  ); 
Xi L ai M e i (Ĩ5 H Ề ỈỈ); Cz.: A p o -L e v o c a rb ; D o p a lu x f ;  D u o d o p a : 
Is ico m ; L eca rd o p ; M a d o p a n  N a k o m ; S in e m e t;  S ta le v o ; D en m .:  
D u o d o p a ; M a d o p a r;  S in e m e t;  S ia le v o ; F in . ;  D u o d o p a ; K a rd o -  
p a l; L ev o c a n  M a d o p a n  S in e m e t;  S ta lev o ; Fr.: D u o d o p a ; M o d o - 
p a n  S in e m e t;  s ta le v o ;  G tr.:  D u o d o p a ; Is icom ; L ev o -C ; L ev o b e ta  
C: L e v o c a rb t ;  L e v o c o m p t;  L e v o d o p ; L e v o d o p a  c o m p  B f ;  L evo- 
d o p a  c o m p  C h  L ev o d o p a  C o m p ; L e v o p a rỷ ; M a d o p a r ;  N acom ; 
P K -L e v o t;  S ta lev o ; S t r ia lo n t ;  G r.: D u o d o p a ; M a d o p a r; 
S in e m e t;  S ta lev o ; Z im ox ; H o n g  K ang:  A p o -L e v o c a rb ; L ev o m ed ; 
L e v o m e t;  M a d o p a n  S in e d o p a t ;  S in e m e t;  S ta le v o ; H u n g .:  D u e l- 
l i n f ;  D u o d o p a ; M a d o p a r;  S in c m e t t ;  S ta lev o ; Ind icr . B e n sp a r; 
LCD; L evopã-C ; M a d o p a r-F ; N e o ca re ; S y n d o p a ; In d o n .:  L ep a r- 
so n ; L e v a á d e ;  L ev o p a r; M a d o p a n  P a rd o z ; S ta le v o ; ỉr ỉ . \  H a lí 
S in e m e t;  M a d o p a n  S in e m e t;  S ta lev o ; ỉsra c l:  D o p ic a r ; D u o d o p a ; 
L e v o p a r  P lus; SLnemeC S ta lev o ; Ita L :  D u o d o p a ; M ad o p a r; 
S in e m e c  S irio; S ta lev o ; M a la ysù r . A p o -L ev o ca rb ; L ev o m ed ; 
M a d o p a r  S in td o p a :  S in e m e t;  S ta lev o ; M íx .: C lo iso n e ; L e m d o - 
p a f ;  M a d o p a r; R acove l; S in e m e t;  S ta lev o ; T e m o v a g ; N e th .:  
D u o d o p a ; M a d o p a n  M o d o p a r t ;  S in e m e t;  S ta le v o ; N ữ rw .:  D u o - 
d o p a ; M a d o p a n  S in e m e t’ S ia le v o ; N Z ; A p o -L e v o c a rb h  
M a d o p a n  S in d o p a ; S in e m e t;  P h ữ ìp p .:  L ed o ca r; M a d o p a n  
S in e m e t ' S ta lev ; T id o m e t; P o l:  M a d o p a n  S ín e m e c  S ta lev o ; 
P ort.:  D u o d o p a ; L e d o p sa n ; M a d o p a r ;  S in e m e c  S ta le v o ; R u s .:  
D u e l l in  m yaaniíH ); M a d o p a r  (M aaonap); N a k o m  (HaxoM); 
S in e m e t  (C hhcmct); S ta le v o  (CraaeBo); S y n d o p a  (CMHRona); 
T ld o m e t (THaoMCT); T re m o n o rm  (TpeMOHopM); S .A fr .:  C arb ilev ; 
M a d o p a r ;  S inem eL ' S ta lev o ; s in g a p o r e .  C a rd o p a n  C re d a n ỉl; 
L e v o m e t;  M a d o p a r  S in e m e t;  S ta le v o ; T id o m e t; S p a in :  D u o d o -  
p a ; L e d o p s a n t ;  M a d o p a r;  S inem eL ' S ta lev o ; S ư c iL :  D u o d o p a ; 
L e v o c a n  M a d o p a rk ; S in e m e t;  S ta lev o ; S w itz .:  D u o d o p a ; 
M a d o p a n  S in e m e t ' S ta lev o ; T h a i.:  L e v o m e d ; L ev o m e t; 
M a d o p a r  S in e m e c  S ta lev o ; S y n d o p a ; T id o m e c  U d o p a r-2 5 0 ; 
V o p a n  T u rk .:  M a d o p a r;  S in e m e t;  S ta lev o ; UK: D u o d o p a ; H a lí 
S in e m e c  M a d o p a r ;  S in e m e t;  S ta le v o ; u k r .:  L e v o c a rb h e x a l 
(iIeBOKap6reKcan)t; L e v o k o m  (Hcbokom); M a d o p a r  (M aaonap); 
N a k o m  (HaKOM); S ta le v o  (CTaaeBo); U SA :  A tã m e t,  P a rco p a ; 
S in e m e t;  S ta lev o ; V e n e ĩ,:  M a d o p a r ;  S in e m e t;  S ta le v o .

P h o rm aco p o a ia l P re p o ra tío m
BP 2014: Co-beneldopa Capsules; Co-careldopa Tablets; 
Dispersible Co-beneldopa Tablets; Levodopa Capsules; Levodopa 
Tablets; Prolonged-releâse Co-beneldopa Capsũles;
USP 36: Catbidopa and Levodopa Orally Disintegraưng Tablets; 
Caibidopa and Levodopa Tablets; Levodopa Capsules; Levodopa 
Tablets.

Lisuride Maleate ỊBANM, riNNMi

Lisurid Maleat; Lịsurida, maleato de; Lisuride, Maléate de; 
Lisuridi Hydrogénomaleas; Lisuridi Maleás; Lisuridivetyina- 
leaatti;' Usuridvâtemaleat: Lysuride Maieate; Maleato de 
lĩsurida; Methỳlergol Carbamide Maleate; Jli43ypnfla Maneaĩ. 
3-(9,lO-Didehýdro-6-rnethylergolin-8a-yI)-1,1 -diethylurea 
hydrogen maíeate; 8-Decarboxamido-8-(33-diethylurèido>- 
D-lysergamide maleate.
C 2 o H 2 6 N 4 0 ,q H A = 4 5 4 5  . . .

C45 — 18016-80-3 (hsunde); ĩ9875-60-6 (lisurìde maìeate'. 
ẠTC — G02CB02; N02CA07.
ATC Vet —  QG02CB02; QN02CA07. ; .
UNIỊ^UVĩ63SN8XW.

Uses and Administratỉon
Lisuride maleate, an ergot derivative, is a dopamine D2- 
agonist w ith actions and uses similar to  thost of 
bromocriptine (p. 895.3). It is also reported to ) ave 
serotonergic activity. It is used similarly in the m anager lent 
of Parkinson's disease (p. 909.1) and has been use I in 
disordets assodated vvith hyperprolactinaemia (belnvv), 
induding am enoưhoea, galactorrhoea, and intertillty. tt is 
also used to suppress pueiperal lactation for meiical 
reasons; it is not recommended for the routine suppres ion 
oí physiological lactaúon or lor the treatment of postpar um  
breast pain and engorgement that can be adequacely 
relieved with simple analgesics and breast support. Lisu ide 
has been used in some countries for the ưeatm en of 
acromegaly, and for the prophylaxis of migraine. ][ is 
normally given orally; doses should be taken vvith (ood

In the management of P ark inson 's  d isease, lisu ide 
maleate has been added to treatm ent vvith levodopa or o her 
antiparkinsonian drugs. Inìtially lOOmicrograms is take 1 ai 
bedtime and additional doses of 100 micrograms may be 
added, at intervals of one week, first in the morning md 
then at midday. Further increases are made, until an 
optimum response is obtained, by adding lOOmicrograms 
each week using the same sequence of increases, star ing 
with the bedtime dose; dosage should not normally exc :ed 
2 mg daily given in 3 or 4 divided doses.

When used to supp ress  lac ta tion . the usual dost of 
lisuride maleate is 200 micrograms two or three times d lily 
for 14 days; treatment should be started within the íirst 24 
hours of delivery.

In the ưeatm ent of disorders assodated vvith h y p erp ro - 
lactinaem ia. ỈOOmicrograms of lisuríde maleate may be 
given in the evening of the íirst day, followed by 
lOOmiCTOgrams at midday and in the evening of the second 
day, and lOOmicrograms in the moming, at midday, and in 
the evening of the thứd day; thereaíter doses may be 
adỹusted according to prolactin levels. Similar doses are also 
used in acrom egaly  with adjustments made according to 
grovvth hormone levels (see aĩso below).

Acromegaly. Dopaminergics can produce a paradoxical 
reduction in grovvth hormone secretion and may be used 
in the ưeatment of acromegaly as adỳunctive therapy to 
surgery, radiotherapy, or somatostatin analogues to reduce 
drcuỉating grovvth hormone levels, although they are less 
eữectìve than somatostatin analogues (p. 1921.1). While 
bromocriptine and cabergoline have been the main 
dopamine agonists used, lisuride has been used in some 
countries.

Hyperprolactinaemia and  prolactinom aỉ. Dopamine ago- 
nists have been vvidely used for the treatm ent of hyper- 
prolactinaemia secondary to a prolactinoma (p. 2252.2). 
Lisuride has been used as an altemative to bromocriptine. 
There is a report of plasma-prolactin concenttations being 
reduced to normal in 4  íemale patients vvith maơoprolac- 
tinomas given lisuride 400 to 800 micrograms daily for 2 
years.1 Subsequent dosage reduction in ĩ  was ỉollovved by 
a rise in prolactin values. In the íourth patient prolactin 
remained in the normal range when the dose vvas progres- 
sively reduced from 400 to 50micrograms daily, although 
complete withdrawal was followed by an increase in pro- 
lactin concentration vvithin 3 months.

Vaginal dosage of lisuride has been studỉed in  an atterr pt 
to avoid adverse eííects assodated with oral therapy. Ir  a 
study2 involving 40 women with hyperprolactinaemia a 
200-microgram Standard oral tablet placed in the vagina 3t 
night produced a similar reduction in prolactin concenn 1- 
tions to that obtaúied with 400 micrograms taken orally ai id 
was better tolerated.

1. L luoi K  t í  ai. Low doscs o( dopam inc agonisư in thc long-tt m
treatm ent of macroprolacTinomas. N  Eng! J  Med 1985; 313: 656-9.

2. Tasdemừ M. tí  ai. Vagỉnaì lísuride for hyperprolactỉnaemỉa. Lancet 19* 5;
346: 1362.

Lodotion inhibition. Lisuride is used in some countríes í ư 
the prevention of puerperal laaation  (p. 2130.1). Hov 
ever, the routine use of dopaminergics is not recori- 
mended for the suppression of physiological laaation.

References.
1. Venturini PL, « a l.  E ííccu oílisuride and brom oaíp tine oninhibidcm  }f

laciatíon and on se rum  prolactúi levels: comparative double-blỉnd SIUC f.
Eur J  Obstit Gyneeoi ReprodBiol 1981; 11: 395-400.

M astalgia. In a small placebo-controlled study,1 lisurice 
200 raicrograms daily was elíective in the treatm ent < í  
cydical mastalgia. Hovvever, since mastalgia (p. 2265. ) 
can improve spontaneously, ưeatm ent should rarely t e

All cross-reíerences reỉer to  entries ỉn Volume A
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consídered unless pain has been present for about 
6 months.

1. Kaleli s. a a/. Symptomatic treaunent of p rem nutrual mastalgia in 
premenopausal wom cn w ỉth  Uaurìde maỉeate: a double-bỉind placebo- 
conưoỉỉed randomlaed study. Ftrtíl Surií 200Ỉ; 75:718-23.

Migraine. Although lisuride has been used in some coun- 
tries for the prophyiaxis of migraine (p. 670.3) it is not 
usually considered to be the drug of choice or even one of 
the main altematives.

Parkiiuonism. While some neurologists use dopamine 
agonists such as lisuríde early in the treatment of 
parkinsonism (p. 889.1) in an  attempt to delay therapy 
with levodopa, others reserve them  for adjunctive use 
vvhen 1 evodopa is no longer effective alone or cannot be 
tolerated. They are sometimes useíul in redudng 'off' peri- 
ods with levodopa and in ameliorating other Ouctuations 
in mobility in the later stages of the disease.
References.

1. Rinne UK. Lisuride, a  dopam ỉne agonỉst in the treatment oỉ eariy 
Parldnson's dỉsease. Neurology 1969; 39: 336-9.

2. Clarke CE, spelỉer J. Iisuríde ỉo r levodopa-induceđ complications in 
Parkỉn$on's dỉsease. Avaỉỉable in The Cochrane Database of Sỵstematíc 
Revievvs; Issue 1. Chíchesten John  Wĩlcy; 1999 (accessed 16/02/06).

3. c tarke CE. tí  ai. Lỉsuride versus bromocriptine íor levodopa-ỉnduced 
compỉicatíons in Parktnson's đisease. Avaiỉabỉe ỉn The Cochrane 
Database of Systemadc Revỉews; Issue I. Chỉchesten John Wlỉey; 1999

. (accessed 16/02/06).
4 Aỉlain :H. t ì  al. R ve-year follow-up of eariy lisuride and levodopa 

com binatìon therapy versus ỉevodopa monotherapy ỉn đe novo 
. Parkinson's disease. Bur Ntural 2000; 44: 22-30.

ADMINISTRATÌON. Lisuride has been of beneSt when given 
by continuous intravenous or subcutaneous inhision In 
parients having ỉluctuations in mobility' with levodopa 
therapy1'4 but severe psychiatric eííects have been asso- 
dated vvith the use o£ these routes.3 Transdermal lisuride 
has also been investigated for the ưeatment of Parkinson's 
disease and restlesỳlegs syndrotne.’-6

ỉ. Obeso JA. t ì  ai. Intravenous ỉỉsurỉde corrects osdlỉatỉons of motor 
perỉortnaoce ỉn Parkinson's dlsease. A m  Nruroi 1986; 19: 31-5.

2. Obeso JA, t ì  aL U suridc inhision pump: a device for the treaonent oỉ 
m otor ũuctuations ỉn  Parldnson's dỉsease. Lanat 1986; t: 467-70.

3. Critchỉey p, etaỉ. Psychosis and  the lỉsuride pump. Lanctí ỉ 986; i: 349.
4. Stocchí F, tì  ai. Prospectỉve randomỉzed tríal oí UỉUTỈde ỉnhisỉon versus 

oral levodopa in patients w ỉth Parkỉnson's dỉsease. Brain 2002; 125: 
2056-66.

5. VVoitalla D, tí  al. Transdermal ỉisuride delivery in the treatm ent of 
Parkinson's dỉsease. J  Natral Trartsm SuppỊ 2004; 68; 89-95.

6. Benes H. Transdennaỉ lỉsuride: short-tenn eỉũcacy and tolenbiỉity study 
in patien tỉ w ith severe restỉess ỉegs syndrome. Sỉeep Med 2006; 7: 31-5.

Adverse Effects and Precautions
As for Bromocriptine, p. 896.3. Iníusion of lisuride in 
parkinsonian patients has been assodated with severe 
psychiatric adverse eSects.

Effects on mental tundion. For reports of d ay tim e som - 
no lence  occurring in patients receiving dopamine agonists 
indudỉng lisuride, see under Levodopa, p. 905.2.

For reíerence to d is tu rb e d  behav iou r including 
excessive g am bling  reponed in patients with Parkinson's 
disease receiving dopamine agonists, see under Levodopa, 
p. 905.2.

Fibrosis. For reports of Abrotic reactions occurring in 
patients with Parkinson's disease receiving ergot derivative 
dopamine agonists induding lisuride, see under Adverse 
Effects of Bromocriptine, p. 897.3.

Interactions
As for Bromocriptine, p. 899.1.

Pharmacokinetics
Plasma concentrations varied vvidely after a single oral dose 
of lisuride maleate 300 micrograms in 11 patients with 
Parkinson's disease.1 Absorption vvas rapid and the mean 
plasma elimination half-life was 2.2 hours. Only a raean of 
0.05% of the dose was excreted unchanged in the urine in 
24 hours. The mean oral bioavailability oi lisuríde maleate 
has been reported2 to be 10% aíter a 100-microgram dose 
and 22% aíter a 300-microgram dose.

A singỉe dose of lisuride 25micrograms gi ven by 
intravenous, intramuscular, or subcutaneous inịection 
reduced plasma-prolactin concentrations by up to 60% in 
11 of 12 healthy subjects, the eữect lasting for about 
lOhours.3 Plasma-lisuride concentrations atter intravenous 
injection íell in 2 phases with haU-lives oỉ 14minutes and 
1.5hours, respectively. Peak plasma concentratíons after 
subcutaneous and intratnuscular injection were obtained 
after 12 and 15minutes, rèspectively.

1. B u m i RS, t í  al. Disposltion of oral Usurỉde ỉn Parkỉnson's disease. Qm
Pharmacoi Ther 1984; 35: 548-56.

2. Htímpeỉ M, tí ai. Radỉoỉmmunoassay o ỉ pỉasma ỉisuríde in man following 
intravenous and oraỉ adm ỉnỉstratỉon of lỉsurlde hydrogen maleate; eỉfect 
on ỹUsma prolềcứn le rd .  Eur J  ơ ờ t Pharmacữỉ 1981; 20ĩ 47-51.

3. Krause w. tí aỉ. 'The pharm acoldnetỉcỉ and pharmacodynainics o( 
llsuride in heaỉthy volunteers' after Intravenous, ỉntramuscular. and 
subcutaneous injectỉon. Eur J  ơ in  Phanrtacữỉ 1991; 40: 399-403.

Preparatìons
Proprietary Preparations (deuils are given in Volume B)

Singk-ingredient Preparalions. Austria: Dopergin; F r Arolac; 
Dopergine; Ger.:- Dopergin; Gr.: Dipergon; ItaL: Dopeigin; 
Aĩec: Dopergin; NZ: Dopergin; Spain: Dopergin; Turk.: Doper- 
gin.

M e t ix e n e  H y d r o c h lo r id e  IBANM. HNNMI 
Hidrodoruro de metixeno; Methixếne Hydrochloride 
(USAN); Methixene Hydrochloride; Meứiixene Hydrochloride 
Monohydrate; Metikseenihydròkloridi; Metikseno hidro- 
chloridas; Mẻtixène, Chlorhydrate de; Metixén-hidroklorid; 
Metixenhydrochlorid; Metixen-hydrochlorid monohydrát; 
Metixenhýdroklorid; Metixeni Hydrochloridum; Metixeni 
Hydrochlóridum Monohydricum; Metixeno, hidrodoruro de; 
NSC-78194; SJ-1977; MernxceHa rnflpox/iopnfl. 
(/?S)-9-(l-Methyl-3-piperidylmethyl)thioxanthenẹ hydro- 
chloride monohydrate.
C20h 23NS,HCI,H2O=363.9
C4S —  4969-02-2 (metixene); ì553-34-0 (anhydrous metixene 
hydtochloride); 708Ĩ-40-5 (metixene hydrochloride mono- 
hỳdrate).
ATC —  N04AA03. ■
ATC Vet —  QN04M03.
UNII —  84L8XK6N1G. ■

Pharmacopoeias. In Eur. (see p. vu).
Ph. Eur. 8: (Metixene Hydrochloride). A vvhite or ahnost. 
white, crystalline or fine crystalline powder. Soluble in 
vvater, in alcohol, and in dichloromethane. A 1.8% solutìon 
in vvater has a pH of 4.4 to 5.8. P ro tea írom light.

ProỉịỊe
Metlxene hydrochloride is a tertiary antimuscarinic with 
actions similar to those of aưopine (p. 1312.1); it also has 
antihistaminic and d irea antíspasmodic properties.

It is used for the symptomatic tteatm ent of parkútsonism 
(p. 889.1), indudỉng the alleviation'of the extrapyramidal 
syndrome induced by drugs such as phenothiazines, but, 
like other antìmuscarinics, ũ  of no value against tardive 
dyskinesias. The usual oral dose of metixene hydrochloride 
is 2.5 mg three to six tìmes daíly initially, gradually 
increased according to response to a  total of 20 to 60 mg 
daily in divided doses.

M etixene hydrochloride has also been used in 
preparations to relieve gasưointestinal spasms.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Norwegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, dassữies metỉxene as possi- 
bly potphyrinogenic; it should be used only when no saíer 
altemative is available and precautions should be consid- 
ered in vulnerable padents.1

1. 'T he Drug Database for Acute Porphyrìa. Avaiỉable au h ttp://w w w . 
dnjgj-porphyria.org (accessed 30/09/11)

PreparaHons
Proprietory Preparationí (detailỉ are given ỉn Volume B)

Single-ingredient Preparotions. Ger.: Tremaritt; Hung.: Tremaril; 
ItaL: Tremaril.

Mutti-ingredient Preporations. Phũipp.: Spasmo-Canulase; Port.: 
Espasmo Canulaseỷ; S.Afr.: Spasmo-Canulaset; Switz.: Spas- 
mõ-CanuIase.

O r p h e n a d r i n e  C i t r a t e  ỊB A N M , r tN N M )

Citrato de oríenadrina; Mephenamine Citrate; Oríenadriinisi- 
. traatti;.Orfenadrina, citrato de; Orfenadrincitrat' Oríenadrin- 
citrát; príenadrino dtratas; Orphenadin Giơate;:brphena- 
drincitrat; Orphénadrine, Citrate d'; Orphenadrinỉ o&as; 
OpộeHaflpMHa UnTpaT. .A '  ■
(/?S)-Pimethyl|2-(2-methylbenzhydryloxy)ethyl]amine dihy- 
đrógeh dỉratẹ. ' ■ ' ■■
Q sH aN O ^H aP ỵM ỗli.......... . .. ,
.CẶS —  83-98-T '(orphenãdrìne); 4682-36-4 (orphenadrine
. á b à t ẹ ) .  .
-ATC —  MỌ3BC01. .
ATC Vet —  QMÓ38C0I.
UNII —  X0A40N8I4S.

Pharmacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8: (Orphenadrine Citrate). A white or almost vvhite 
crystalline povvder. Sparingly soluble in vvater; slightly 
soluble in alcohol. Protect ừom  hght.
USP 36: (Orphenadiine Citrate). A white, practicaỉly 
odourless, crystalline powder. Sparingly soluble in  waten 
slightỉy soluble in  alcohol; insoluble in chloroíorm, in  ether.

and in benzene. Store in airtight Container^. Protea ứom  
light.

O r p h e n a d r in e  H y d ro ch lo r id e  Ị&ANM, riNNM) 
BS-5930; H idrodoruro. de -.oríenadrina; .Mephenamine 
Hydroehloríde; Orfenadriinihydrokloridì; Orfenadrina, hidro- 
doruro de; Oríenadrinrhidrọklorid; Otíènadrin-hydrochlorid;

• Oríenadrinhydroklorid; Ortenadrino hidrÒGhlorldas; Orphe- 
nadin Hydrochloride; Orphénadrine, ữilorhydrate d'; 
Orphểnáđrinhydrochlorid; Orphenadrini Hydrochloridum; 
Pp(ị)eHaflpMHa rxiflpoxnopnfl. r
(ÃS)-Dimethyl[2-(2-methylbenzhydryỉoxy)ethy0amine hydro- 
chloride.
Cl8H23NO,HCi=305.8

.CAS —  34149-5. :  . , 11 ■ • •
ATC —  N04AB02. ’ ■ ,
ATC Vet —  QN04AB02.
um  —  UBY910DUXH. ■ .s

P h a r m a c o p o e ia s .  I n  E u r .  (s e e  p .  v i i ) .

Ph. Eur. 8: (Oiphenadrine Hydrochloride). A white or 
almost white crystalline powder. Freely soluble in  water and 
in alcohol. ProteCT from light.

Uses and Adminisừation
Oiphenadhne, vvhich is a congener oí diphenhydramine 
(p. 626.1) vvithout sharing its soporiũc eữect, ỉs a tertiary 
amine antímuscadnic with actíons and uses similar to those 
of trihexyphenidyl (p. 917.3). It also has weak anti- 
histaminic and local anaesthetic properties. Orphenadrine is 
used as the hydrochloride and the dưate; doses are 
expressed in terms of the relevant salt.

Otphenadrine is used as the hydrochlonde in the 
sytnptotnadc ưeatm ent of park in son ism  (p. 889.1), 
induding the alleviađon oí the extrapyramidal syndrome 
induced by drugs such a$ phenothiazines, but, like other 
antimuscarinics, is of nó  value against tardive dyskinesias. 
The initial oral dose of orphenadrìne hydrochloride is 
150 mg daily in divided doses gradually increased by 50 mg 
every 2 or 3 days according to response; the usual 
maintenance dose is in the range of 150 to 300 mg daily, but 
some patients may require a total ol up to 400 mg daily. 
Orphenadrine hydrochloride has alỉo been given inưa- 
mũsculariy.

Orphenadríne is also used as the d aa te  to relieve pain 
due to skeletai m u s d e  spasm  (beỉotv). ỉt ũ  given oralỉy in 
a dose of lOOmg tvvice daily or by intramuscular or slow 
inưavenous injection in a dose of 60 mg which has been 
repeated every 12 houn.

Combinations oỉ otphenadríne with an NSAỈD, usually 
didoíenac, or with paracetamol, have been used in the 
treatment of musculoskeletal and joint disorders.

Hiccup. Orphenadríne dưate has been used in some coun- 
tries for the treatment of intractable hiccup. For the man- 
agement of intractable hiccups see under Chlorpromadne, 
p ĩ 1046.3.

Musde and ịoint disorders. Reỉerences to the use of
orphenadrine in the management oi leg cramps and other 
painíul conditions ’ assodated vvith skeletal musde 
spasm,u  and with didoíenac in osteoarthritis and other 
musculoskeletal disorders.5-4

ỉ. Latu D. Tum er E. An altemative to quinỉne ỉn noctum al leg cramps. 
Cun Thtr Ra  1989; 45: 833-7.

2. Hunskaar s. Donnell D. Clinỉcal and pharmacoỉogical revievv of the 
eítìcacy of orphenadrine and its combination with paracetamol in 
painíuỉ conditions. J  ìnt Mtd R a  1991; 19: 71-87.

3. Ultz E, t í  aỉ. Didoĩenac/Orphenadrìn-ỉnhisionstherapie bci Patlenten
mit aktivierten Arthrosen. Wien Med Wochenschr 1998; 148: 179-82.

4. Agias F. tí aỉ. Ergebnisse eỉner Anwendungsbeobachtung mit 
Didotenac/Orphenadrin-Iníusioncn bei Patienten mit muskuloskelet- 
u ỉen  Krankheíten und Funktìonsstorungen. Ảda M td Austriaca 1998; 
25: 86-90.

Adverse Effects, Treatmenịand Precautions
As for Atropine Sulỉate, p. 1312.1. Orphenadrine may cause 
insomnia.

Abuse. A 23-yeár-old schũophrenic man, whose treat- 
ment induded orphenadrine lOOmg three times daily, 
obtained illidt supplies and increased the dose íor eupho- 
ric eííect.1 On one occasion he had an epileptic convuỉíion 
aíter a 600-mg dose.

See also under Trihexyphenidyl Hydrochloride, p. 918.1.
ỉ .  Sharỉatmadari ME. Orphenadrỉne dependence. BMJ 1975; 3: 486.

Oveixỉoỉage. A report1 of acute poisoning w ith orphena- 
drine after massive overdosage in a schizophrenic patient, 
who responded to intensive supportive treatment, indud- 
ing large doses of adrenaline, dopamine, and dobutamine 
to restore blood pressure following asystole. Betvvéen 1977

The Symbol t  denotes a preparation no longer actively marketed
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and 1980 tvvelve deaths due to orphenadrine were 
recorded by the UK National Poisons Unit.

1. cỉarke B, tta ì.  Acute poỉsonỉng with orphenadrine. Lartctt 1985; i: 1388.

Porphyria. The Drug Database íor Acute Porphyria, com- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Sweden, dassiĐes otphenadrine as 
porphyiinogenic it should be presaỉbed only for compel- 
ling reasons and precautỉons should be taken in aU 
patients.1

1. The Dmg Database for Acute Porphyrria. Avaỉỉable at: bttp://www. 
đnigs-porphyrỉa.org (accessed 30/09/11)

Wrthdrơwal. A suspected withdrawal syndrome was 
reported in a 56-year-old woman who showed slow neu- 
roỉogicaỉ postoperative recovery aíter her orphenadrine 
ưeatm ent had been stopped abruptly;' her status 
improved w hen the drug was restarted.

1. Esỉer MD. t t  a i  Postoperative orphenadríne withdrawal, Br J  Anatíth 
2000; 85: 497.

Interađions
As tor antìmuscarinics in general (see Atropine Sullate, 
p. 1312.3). Orphenadríne is an inhibitor of the cytochrome 
P450 isoenzyme CYP2B6, vvhich is involved in the 
metabolism of bupropion to its major metabolite; licensed 
p rodua iníormatìon advỉses that orphenadrine should be 
used with caution in  patients abo receiving bupropion.

ƠJorpromazine. For the eíỉect of orphenadiine on plasma 
concentrations oỉ chlorpromazine, see Antìparkinsonian 
Drugs, p. 1052.3.

Dextropropoxyphene. A suggested interaction between 
orphenadrine and dextropropoxyphene was open to ques- 
tion.1-2

1. Pearson RE, Salter PJ. Drug ỉnteractlon? —  orphenadrìne with 
propoxyphene. N E ngU M ed  1970; 282: 1215.

2. Puckett WH. Viscontì JA. Orphenadríne and propoxyphene (conL). N  
EngU M eá  1970; 283: 544.

Pharmacokinetics
Orphenadxine Is readily absorbed bom  the gasưointestinal 
tract and after intramuscular injection. It is almost 
completely metabolised to at least 8 metabolites. It is 
mainly excxeted in the urine as metabolites and smalỉ 
amounts of unchanged drug. The half-life oi orphenadrine 
has been reported to be 14 hours (but see below).

While the mean elimination halỉ-Iife of orphena- 
drine in 5 healthy subjects given a single dose of the 
hydrochloride was íound to be 15.5 hours, elimination 
halí-Iives of 30.5 and 40 hours were calculated in 2 
patients given repeated oral doses.1

1. Labouc JJM. t ì  al. Diỉlercnce bctwecn stngle and muliiple dose 
pharmacoiônetics of orphenadrỉne hydrochỉorỉde ỉn man. Eur J  Cỉừt 
Pharmacữi 1982; 21; 343-50.

Preparations

Propriekiry Preparotions (details are given in Volume B)

Sngle-ingredienl Preporotions. Austral.: Norilex; CaruuL: 
Norũex; Oríenace; Chữe. PlenactoI+; Dertm.: Lysantin; Fifi.: 
NorQex; Ger.: Norilex; Gr.: Disipal; NorĐex; India: Orphlpal; Israel: Flexin; Itaĩ.: Disipal; Maỉaysìa: NorĐex: Mtx.: Norílex; 
NZ: Disipab NorOex; S.Afr.: Disipal; Norílcx: PhenerineỶ; Sin
gapore. Onadrine; Swed.: Norũex; Thai.: NorOex Ofee; Orfe- 
nal; Phemax; Sinogesiq VK: Biorphen; Dìsìpal; USA: Banilcx; 
Flexon; Norilex; Veneĩ.: NorBex.

Muhi-ingracSant Preparations. Ar$.: Belmalen; plogodisten; Mio 
Aldoron; Mio-Vứobron; AustraL: Norgesic Austria: Neodol- 
passe; Norgesiq Braz.: Ana-Flex' BioAex; Dalgext; Doralgex; 
Dordũext; DorQex; Doridn; Dorzone; Plexalgex; Hexdon 
Miorrdax; Nevralgex; NovralHex; ReOex: RelaBex; RheumaBm; 
Rielex; RoyAex; Sedalex; Chữa Norgesict; Cz.: Neodolpasse; Tin.: Dolarc Norgesiq Gr.: Norgesiq Hong Kong: Myodrinet: 
Norgesiq Ponnus; Hung.: Neodolpasse; Indũr. OrphamoL Israel: Muscol; Norgesict; Malaysũr. Anarex; Cetagesic Norge- 
siq OiphenadoL' Paragesic Sunitont; Mex.: Norílex Plus; NZ: 
Norgesiq Phữipp.: Norgesiq S-AỊr.: Besemax; Besenol; Norílex 
Co; UniAex; Singapore. Anarex; Camgesic; Cetagesic Norgesiq 
Nọiphen; Orđgesiq Orphenadob Suniton; SwecL: Norgesiq Thai.: Cenasiq Corilax; Dorpane; Dysmeniq Pagesict; GPO 
Gesiq M-Gesiq Medgesiq Muscol; Muscoliq Muslexaq Myo- 
drine; Myoũex; Myopa; Myopas; Myosiq Myospa; Mypara 
Pius; Nabẽsaq Neoseq Noraphen; Norgesic Norgetex; Norgiq 
Norphen; Norsica; Nuosiq Nurasiq Orano; Orapa; OrĐex; Orge- 
siq Omadine; Orpar; Orphengesic Orphensiq Paradỉne; Parina; 
Patargesic Poli-Relaxane; Polydol; Poraras; Pronadiine; Prospa; 
Relai; Relaxiq Rena; Rexodrin; Togesiq VAB: Muscadol; USA: 
Norgesict; Otphenadrine Compound; Orphengesief; Veneỉ.: 
Norgesic.

Pharmoeopoeid Preparotions
BP 2014: Orphenadrine Hydrochloride Tablets;
USP 36: Orphenadrine Citrate Extended-Release Tablets;

Orphenadrine Citrate Injection; Orphenadrine Citrate, Aspirin, 
and Caheine Tablets.

P e r g o l i d e  M e s i l a t e  IB A N M , H N N M )

LY-l 27809;’ Mesilato'de pergolida; Pergòlid Mesilat; Pergolíd 
mesylát; Pergolidá,. mesilato de; Pergolide,; mésìlate de; 
Pergolide Mesylate (USAN); Pergolidi Mesilas; Pergolidime-; 
silaatti; Pergolidrriesilat Pergolidjmezilát; Pergolido mesilạ- 
tas;nepronnna Me3WiaT. : .
8P-Methylthiomethyl-6-propylergoline methanesulphónate; 
Methỵì (8fl,10fl)-6-propỵÌergólin-8-ylmethyi sulphidé methạ- 
nesulphonate. '.
Cí^2 sNjS.CHAS=410.6 ......
CAS -66104-22-1 (pergolide); 66104-23-2 (pergolide mesilate). 
ATC — N04BC02.
AĨC Vet —  QN04BC02.
u m  — 5SB9HQY616. .

Pharmacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8: (Pergolide Mesilate). A white or almost vvhite 
crystalline powder. Slightly soluble in water, in alcohol, and 
in dichloromethane; very slỉghtly soluble in acetone; 
sparìngly soluble in methyl alcohol. Protect from light.
USP 36: (Pergolide Mesylate). A white to off-white powder. 
slightly soluble in water, in dehydrated alcohol, and in 
chloroíonn; very slightly soluble ín acetone; practically 
insoluble ÚI ether; sparíngly soluble in methyl alcohol. Store 
in airtight containers. Protect from light.

Uses and Administration
Pergolide mesilate, an ergot derivative. is a dopamine D2- 
agonist vvith aa ions and uses similar to those of 
bromocriptine (p. 895.3), but in conưast to bromocriptine 
(a dopamine D2-agonist) it also has agonist properties at D ị 
and D} receptors. Pergolìde is used in the management of 
Parkinson's disease (below) as monotherapy, or as an 
adjunct to levodopa therapy to reduce 'end-of-dose' or 'on- 
off' ũuctuations in response; ỉn the UK pergolide is restricted 
to patients vvho are intolerant oi, OI who fail to respond to, 
non-ergot drug ưeatment. Pergolide is given orally as the 
mesilate with doses expressed as the base. Pergolide mesilate
65.3 mg is equivalent to about 50 mg pergolide.

For use as monotherapy an initial dose equivalent to 
50nũcxogranis oi pergolide Ì5 given on the Srst evening oỉ 
therapy. The dose ís thereaíter gradually increased: 
50 micrograms tvvice daily is taken on days 2 to 4, then 
increased by 100 to 250 micrograms every 3 or 4 days, given 
in 3 divided doses, up to a daily dose of 1.5 mg at day 28. 
Aítei day 30, the dose should be increased ỉurther by a 
maxũnum of 250micrograms tvvice a vveek until an 
optimum response is achieved. Usual maintenance doses 
are 2.1 to 2.5 mg daily; doses above 3mg daily are not 
reconunended by the EMEA. The daily dose is usually given 
in 3 divided doses.

For use as adịunứivt therapy with levodopa, pergolide 
should be introduced gradually and duiing this period 
paúents can have theữ ỉevodopa dosage decreased gradually 
untìl an optimum response is achieved. The inỉtial dose of 
pergolide is the equivalent of 50 micrograms daily íor the 
first 2days, increased gradually by 100 or 150miaograms 
every thữd day over the next 12days of therapy. Further 
increases of 250 micrograms may then be made every third 
day untd an optimum response is achieved. A usual 
maintenance dose is 3 mg daily; doses above 3 mg daily are 
not Teconunended by the EMEA. The daily dose is usually 
given in 3 divided doses.

Acromegaly. Dopaminergics can produce a paradoxical 
reduction in growth hormone secretion and may be used 
in the treatm ent of acromegaly as adjunctive therapy to 
surgery, radiotherapy, or somatostatin analogues to reduce 
drculating growth hormone levels, although they are less 
eỉỉective than  somatostatìn analogues (p. 1921.1). w hile 
bromocriptine and cabergoline have been the main 
dopamine agonists used pergolide has also been trìed.1

1. Kleinberg DL, t ì  al. Pctgolidc lor Ú1C treaunent ol pìtuitary tumois 
sccrcdng prolacdn or growth hormone. N  E nỊlJM tJ  1983; 309:704-9.

Hyperprolactinaemia and proiactinomas. Dopamine ago- 
nửts are vvidely used for the treatment of hyperprolacti- 
naemia secondary to a prolactínoma (p. 2252.2). Pergolide 
has been suggested as an altemative to bromocriptỉne in 
this condition.

Studies1'5 of pergohde mesìlate in patients w ith 
hyperprolactinaemia indìcate that single doses reduce 
serum-prolactin concentrationỉ íor more than 24 hours. In 
most patients, the eHectíve dose was between 50 and 
150micrograms daily. Adverse effects were similar to those 
seen with bromocriptíne, although some patìents who could 
not take bromocríptine were able to tolerate pergolide (and 
vice versa). Pergolide reportedly lost íavour for this 
indication after reports of an increased inddence of uterine

neoplasms in rodents receiving high doses. Howe' er, 
lỉcensed product iníormatíon States that no cases of uter ne 
malignandes have to  date been reported in hum.ins 
recdving pergolide. The long-term outcome of treatmen of 
macroprolactinomas w ith pergolide has been examineổ in 
23 patìen ts/ and eỄBcacy and relative saíety of pergolide V 'as 
shown after an average oỉ 27 nionths (range: 9 to 64 
months) treatment.

1. Pranks s, et a i  Treatm enỉ oĩ hyperprolactỉĩuemỉa with pergoide 
mesyỉate: acute effects and preliminary evaỉuatíon oỉ !ong-tt rm 
ữeannent Lanat 1981; ii: 659-61.

2. Pranks s , eí a i  Eữectiveness oỉ pergoỉỉde mcsyỉate in long-ỉ( nn 
trcaunen t of hyperproỉactmacưiỉa. B M J1983; 286: 1177-9.

3. Kỉeỉnberg DL, ữ  aL Pcrgolide íor tbe  ưeatm ent 0í  pỉtuỉtary turr Drs 
secretỈĐg proỉactín o r growtb hormone. N  Engỉ J  Med ỉ  983; 309:704 ‘9.

4. Freda n j ,  t i  ai. Long-tcrm ưcaaneo t of prolactin-secretíng mac ro* 
adenom as wiửi pergolỉde. J  Qin Enầoơinoì Metấb 2000; 85: 8-13.

PaHdnsonism. Dopamine agonists su ch as pergolide tre  
often used to begin the treatment of parkinsomỉtn 
(p. 889.1) in  an attem pt to delay therapy with levodoỊ a, 
particularly in younger patients. They also have in 
adjunctive use when levodopa is no longer eííective alo le 
or cannot be tolerated, and may sometimes be useful in 
redudng 'oíf' periods with levodopa and in ameliorati Ìg 
other Auauations in mobility in the later stages of the d s- 
ease. Pergolide has a relatively long duration of artii n 
compared vvith other dopamine agonists commonly use i. 
Although the duration of the clinical antiparkinsoni. n 
effea of pergolide remains to be determined. studies su Ị- 
gest it is of the order of 5 to 8 hours. Depending on tí e 
dose used the response to other dopamine agonists ữi la :e 
parkinsonism is 1 to 4 hours lor levodopa, 2 to 4 hours I >r 
lisuride, and 4 to 6 ho u n  for bromocriptine.
References.

1. Anonymous. Pergoỉỉde (Celance)—a third dopamine agoniỉt. Dtuịị Tỉ rr 
BuU 1991; 29: 79?

2. Maricham A. BenAeld p. Pergolide: a rcvievv oí its pharmacoỉogy r> d 
iherapeuiic use in Parkinson's diỉcase. CNS Drvgí 1997; 7: 328-40.

3. Barone p, tí  ai. Pergoỉide m onotherapy in the treatraent oí earỉy PD ề 
randomỉzed, conơoỉled study. Ncuroĩogy 1999; 53: 573-9.

4. Cỉarke CE, SpeHer J. Pergolỉde ỉor levodopa-induced compHcations R 
Parkiiuon's disease. Available in The Cochrane Database of Systems I c 
Revỉews, Issue 2. Chichester John Wiỉey; 1999 (accessed 16/02/06).

5. Cỉarke CE, speller J. Pergoỉìde versus bromocripúne ỈOT ỉevodop - 
induced complications in Parỉdnson's disease. Avaiỉabie in The Cochrar e 
Database o í Sysicmatìc Revievvs; ỉssue 2. Chỉchester Johỉỉ Wỉỉey; 19? 9 
(accessed 16/02/06).

Resriess legs syndrome. The aetiology of restless legs 
syndrome (see Sleep-assodated Movement Disorder , 
p. 1034.2) is obscure and treatment has largely bee 1 
empirical although dopaminergic therapy has emerged as 
a common ỉỉrst-line choice. Pergolide has produced som ỉ 
beneht in several studieS.1'6 In a randomised placebo-con - 
ưolled study,4 therapeutic effects were seen vvith mean 
daily doses o( pergolide 400 micrograms after 6 vveeks an 1 
maintained aíter 12 months with doses of up to 720 m ia  - 
ogxams daily.

1. Siỉber MH, t t  aì. Pergolỉde Ỉ21 ihe managem ent of restỉess legs syndromc: 
an extended study. Sletp 1997; 20: 878*82.

2. W m kdm ann J, et a i  Treatment oỉ restless ỉegs syndrome w in  
pergolide—an open dinical trỉal. Mov Disord 1998; 13: 566-9.

3. Eariey CJ. tí  aì. Randomized, double-bỉỉnd, placebo-conơolled trial cf 
pergolìde in restless legs syndrome. Nturotogy 1998; 51: 1599-1602.

4. YVetter TC. tí al. A randomized conưoỉỉed study of pergolỉde ỉn patỉem; 
w ith restless legs syndrome. Neuroỉogy 1999; 52: 944-50.

5. Stỉasny K, t t  aỉ Long-term eííects of pẽrgolide in the ưeatm ent of restles i 
ỉegs sỹndrome. Neũroìogy 2001; 56: 1399-1402.

6. Trenkwaỉder c  rt ai. Eơicacy of pergolỉde ìn treaoĐent of restless leg: 
syndrome: the PEARLS study. NeuroĩoỊy 2004; 62: Ỉ39 Ỉ-7 .

Tòurette'* syndrome. Pergolide has been studied in the 
management oí Tourette's syndrome (see Tỉcs, p. 1030.1)
A prellminary study1 produced encouraging results, subse- 
quently conlứmed by placebo-conưolled studies in chil- 
dren and adolescents.2-3

1. Upinski JF, et al. Dopamỉne agonist ưeatm em  of Tourette disordex in 
chỉỉđren: resuỉts o í an open-ỉabe) trỉal oí peigolide. Mov Disord 1997; 12: 
402-7.

2. Gỉlbert DL et a i  Tourette/s syndrome ữnprơvement with pergoỉỉde ìn a 
random âed, double-blind. ơossover trial. Neurobgy 2000; 54:1310-15.

3. Gìỉbert DL t t  ai. Tic reduction wỉth pergoỉỉde in a random ked contxoQed 
trỉaỉ in  chỉỉdren. Neuroìogy 2003; 60: 606-11.

Adverse Effects and Precautions
As for Bromocriptine. p. 896.3.

An increased inddence oỉ uterine neoplasms has been 
reported in rodents given high doses of peigolide mesilate.

Effects on merrtal (unctìon. For repoits of d ay tim e  som - 
no lence  occuning in  patients receiving dopamine agonists 
induding pergolide, see under Levodopa, p. 905.2.

For reỉerence to d is tu rb e d  b ehav iou r induding 
excessive gam bllng  reported in  patients with Parkinson's 
disease receiving đopamine agonists, see under Levodopa, 
p. 905.2.

Rbrosis. Foi repons of Bbrotic reactìons occurring in 
patients vvith Parkinson's disease receiving ergot derivative 
dopamine agonists induding pergolide, see under Adverse 
Eííects of Bromocriptine, p. 897.3.

All cross-reíerences reíer to entries in Volume A
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In Australia,1 Canada,1 and Europe1 regulatory autho- 
rities reconunended that patìents undergo a cardiovascular 
evaluation beỉore starting ưeatm ent w ith pergolide; 
periodic dinical monitoring for development of valvular 
disease or Gbrosis is also recommended. Doses of pergolide 
above 3m g daily are not recommended by the EMEA.5 
Furthermore, use is restricted to patients who are intolerant 
of, or who fail to respond to, non-ergot drug ưeatment and 
it is contra-indicated in patients with a history of Rbrotìc 
disorders or in those with anatomical evidence of cardiac 
valvulopathy.4 In 2007, based on hirther evidence bom  2 
studies,’-6 pergolide was withdrawn bom  the market in the 
USA7 and Canada.*

1. Advecse Drug Rcactions Advúory Com m itcn (ADRAC). Ọardỉac
valvulopathy w ith pergolide. Aust Advcrst Drug R iađ Bulỉ 2004; 23: 14. 
Also ãvaỉỉãbie ãt: http://www.tga.gov.au/adr/aadrb/aadrO408.pdf
(accessed 16/02/06)

2. Shíre. Canada. Ncw Saíety iníorm atíon regardíng Permax and 
occurrence of cardiac valvuỉopathy/Qbrosis: update on  the use of 
Permax (pergolỉde mesylate) (issued Ỉ2 th  O aober. 2004). Avaiỉable ac  
http://www.hc-sc.gc.cã/dhp-m p$/alt_form ats/hpfb-dgpsa/pdf/m edeỉf/ 
shire_permax_2_hpc-cps-eng.pdf (accessed 12/08/08)

3. HMEA. EMEA reconunends new  wamỉngs and conơainđications for 
ergot-derived doparaine agoniỉts (issued 26th June, 2008). Avaỉlable a t  
h ttp ://w w w .em ea.eu ropa.eu /pd fs/hum an /p ress/p r/32239508en .pd f 
(accessed 08/08/08)

4. MHRA. Dopamine agonỉsts for Parkinson's dỉsease (issued 30th March,
. .c 2007). Available a t  http://www.m hra.gov.uk/Safetyinform atlon/

, .  , Generaỉsaỉctyinĩormationandadvỉce/Product-spedScỉníormatỉonandad- 
'  V ỉce /D o p a m in c a g o n ỉs ts fo rp a rk in so n l4 6 sd ise a se /C O M 2 0 30729 
: (accessed 03/06/08)

5-. Schade R.. t t  ai. Dopamìne agonists and the risk of cardiac-valve 
regurgitatiọn. N  Engl J  Med 2007; 356: 29-38.

6. Zanettỉni R, et a i  Vaỉvuỉar heart dỉsease and  the use oí dopamine 
agonists for Parkỉnson's dỉsease. l í  Engl J  Med 2007; 356: 39-46.

7. FDA. FDA pubỉỉc health advisory: pergolide (marketed as Permax) 
(ỉssued 29th March, 2007). Avaibbỉe at: http://www.fda.gov/Drugs/ 
DrugSaỉety/PoỉtmarketDrugSaíetyĩntarmatỉonỉorPatiemsaadProvỉders/ 
DrugSafetyínform ationforHeathcareProfessionals/PublicHealthAdvi- 
sorỉ es/UCMO 5 ỉ 285 (accessed 24/08/10)

8. Elỉ Lilly, Canada.. Health Canada-mandated ỉm portant saíety ỉn- 
íorm ađon on Penhax (pergolide mesylate) (issued ỈOth A ugust 
2007). Avaiỉabỉe ac  http://www.Ully .ca/servỉets/sỉs;jse$sỉonid3 
9E0E83C A 662673A 89F439C68D A A 3A C4B?t-/docum entM anager/ 
sídoc.Rle supplyfre=UTF-86-i«12331647689766-l*0frs=S62tYOHmUj- 
qiTRlfa&fUeà)«1251138472378 (accessed 23/08/10)

Interactions
As for Bromocriptine, p. 899.1.

Pharmacokinetics
Pergolide mesilate i$ absorbed ừom  the gastrointestinal 
traa . It is reported to be about 90% bound to plasma 
proteins. It is excreted mainly in the urine in the form of 
metabolites.
Reíerences.

ỉ . Bỉỉn o .  The pharmacokinedcs o t  pergoỉỉde in Parkinson'$ dỉsease. Curr 
Opin Ncurol 2003; 16 (suppl 1): S9-S12.

Preparations
Proprietary Preparatioru (details are given in Volume B)

Sngle-ingredient Preporatícxis. Arg.: A ro lte x ; C e la n c e ; G e ra n il;  
AustráL: P e rm a x ; Austria: P e rm a x ; Betg.:  P e rm a x ; Braz.: 
C e la n c e t ;  Cz-: P e rm a x ;  Fr.: C elance-f7 Ger.: P a r k o t i l t ;  Gr.: 
C e la n c e t ;  IrL: C e la n c e ; ItaL: N o p a r; Mac.: P e rm a x ;  Neth.: P e r-  
m a x ỷ ;  NZ: P e rm a x ;  Port.: P e rm a x ; S.Afr.: P e r m a x t ;  singapore. 
C e la n c e : Spain: P h a r k e n t ;  Switz.: P e rm a x ỷ ; Turk.: P e rm a x ;  
U K: C e la n c e ỷ .

pharmacopoeid Preporations
USP 36: Pergolide Tablets.

P ir íb ed il IHNNI
ET-495; EU-4200; Piribédit; Piribedilúm; nnpuõeaun.
2-(4-Piperonylpiperazin-1-yOpyrimidine.
C,6HI8N4o2=2983 .
CAS —  3605-0ĩ -4. _

■ATC —  N04BC08.
ATC Vẹt —  QN048C08. . . . . .
.UNIIT—  P022K1PRỌ1 : . . -v’..

ProĩỊlẹ
Pirìbedil is a non-ergot dopamine agonist that has been 
given orally In the treatm ent of parkinsonism (beIow) and 
in drculatory disorders. Piribedil mesilate has been given by 
inịection ỉor drculatory disorders. Preparations o{ piribedil 
are licensed in some countries for the management of 
impaừed memory and cognitive ỉunction in  the elderly.

Adverse eữects reported indude nausea and vomiting, 
dizziness, halludnations, coníusion, drovrâness, hypo- 
thennia, dyskinesias, and occasional changes in  liver 
íunction.

W hen used as monotherapy in  Parkinson's dỉsease a 
usual daily oral dose of piribedil is 150 to 250 mg in divỉded 
doses; a daily dose of 80 to 140 mg may be suitable vvhen 
used as an  adjunct to levodopa.

Effecfc on mental Kindion. For reports oí d a y tim e  som - 
no lence  occurring in  patients receiving dopamine agonists 
induding pữibedil, see under Adverse EHects of Levodopa, 
p. 905.2.

For reíerence to d ls tu rb e d  b eh a v io u r  induđing 
excessive gam bling reported in patìents with Parkinson's 
disease receivmg dopamine agonists, see under Adverse 
ẼHeicts of Levodopa, p. 905.2.

Parldnsonism. Pirìbedil is a dopamine D2-agonist vvhile its 
metabolite is reported to act on D[ receptors. It has been 
mainly used as an ad juna  to levodopa therapy in  the 
ữeatment of Parkinson's disease (p. 889.1).
Reíeiences.

1. Montastruc JL  et at. Current stacus of dopamine agonists in Parìdnson'5 
disease managemenL Drvgs 1993; 46: 384-93.

2. Montastmc JL  et aỉ. A randomixed. double-blind study of a sldn patch oỉ 
a dopaminergic agonỉsc piribeđiỉ. in Parkỉnson's disease. Mov Dửord 
1999; 14: 336-41.

3. Eegler M, Rondot p. Acdvỉté du pìrỉbédỉl dans la maladle de Parkinson: 
étuđe muỉtícentiỉque. Prme Med 1999; 28: 1414-18.

4. Ziegỉer M. et ai. Eíũcacy of ỊHribedil as earỉy com binaũon to levodopa ỉn 
patíents wỉth stable Parldnson's <fisease: a 6-m onth, randomteed, 
placebo-controlled stuđy. Mov Dừord 2003; 18; 418-25.

Preparations
Proprietary Preparotions (details are given in Volume B)

Sữigíe-mgredient PreptiralĨCTU. Arg.: Trastonen Trivastal: Braz.\ 
Trivastal; Otinar. Trastal ( í tơ i i ) ;  Fr.: Trivastal; Ger.: Clarium; 
Gr.: Trivastal; India: Trivastal; ItaL: Trivastan: Malaysùr. Trivas- 
tal; Philipp.: Ttivastal; PoL: Pronoran; Port.: Trivastal; Rus.: 
Pronoran (ĨIpoHopaa); singapore. Trivaatab Thai.: Trivastal; 
Turk.: Trìvastal; ukr.: Pronoran (IIpoHopaH); Venez.: Trivastal.

Pramipexole Hydrochloride
IBANM. riNNMI

Hidrodomro de pramipexol; PNU-98528-E; Pramipexol, 
hidrodoruro de; Pramipexole, Qilorhydratẹ de; Pramipexole, 
dichlorhydrate de; Pramipexole Dihydrochloríde (USAN); 
Pramipexoli dihydrochloridum; Pramipexoli Hydrochlori- 
dum; SND-919-CL-2Y (pramipexolẽ' bydrochloride); SUD- 
919Y (pramipexole); ripaMMneKco/ia rnflpox/iopMfl. 
(S)-2-Amino-4,5,6,7-tetrahydro-6-(propylamino)benzothia- 
zole dihydrochlorìde monõhydrate.
C,0H,7N3S3HCI, H2O=3023
CAS —  104632-26-0 (prạmipẹxoie); 104632-25-9 (anhỵdrous 
prarnìpexole hydrochhrideì; 19Ị2Ư-81-9 (pramip&ole hydro- 
ớìlotide monohydrote).
ATC —  N048C05.
ATC Vet —  QN04BC05.
UNII —  3D867NP061

Pharmacopoeias. In Eur. (see p. vii) and us.
Ph. Eur. 8: (Pramipexole Dihydrochloride Monohydrate). A 
white or almost white, crystalline powder. Freely soluble in 
water; sparingly soluble to slightly soluble in  alcohol; 
solúble ỉn methyl alcohol; practically insoluble in 
'dichloromethane. pHof a 2% solutìon in vvater is 2.8 to 3.4. 
USP 36: (Tramipexole Dihydrochloride). A white .to almost 
white crystalline powder. Freely soluble in  waten slightly 
soluble ìn alcohol; soluble in  methyl alcohol; practically 
insoluble in dichloromethane. Protect from moisture and 
Iight.

Uses and Administration
Pramipexole is a non-ergot dopamine agonist with actions 
similar to those of bromocriptine (p. 895.3). It is used 
similarly in the management of Parkinson's disease (below), 
either alone or as an adjunct to levodopa therapy to reduce 
'end-of-dose' or 'on-oH' Auauations in response. Prami- 
pexole is also used for the treatment of moderate to severe 
restless legs syndrome (below). It is given oraUy as the 
hydrochloride; doses have been described in terms of the 
hydrochloride (as belovv) or of the base. In terms of 
equivalency:
• pramipexole hydrochloride 125 micrograms is equiva- 

lent to about 88 micTOgrams of pramipexole
• pramipexole hydrodiloride 250micrograms is equiva- 

lent to about 180 micrograms of pramipexole
• pramipexole hydrochloride 500 micrograms is equiva- 

lent to about 350 nũcrograms of pramipexole
• pramỉpexole hydrochloride 1 mg is equivalent to about 

700nucrogramĩ of pramipexole
In the treatment of P arldnson 's  disease, the dose of 
pramipexole should be ỉncreased gradually and the dose of 
levodopa gradually reduced during the dose-titration and 
maintenance phases unril an  optũnum response is achieved. 
The initíal dose of pramipexõle hydTochloride is 125micr- 
ograms three times daily increased to 250 micrograms three 
times daily in the second week and then to 500 micrograms 
three tứnes daily in  the third week according to  response. 
Thereaíter the daily dose may be increased ư necessary by

750 miCTograms at vveekly intervals to a maximum of 4.5 mg 
daily. Modhied-release preparations are also available for 
once-daily use. The dosage should be reduced in patients 
with renal impairment (see below).

Uitis necessary to stop pramipexole therapy, it should be 
tvithdravvn gradũally. The dose of pramipexole hydro- 
chloride should be tapered off a t a rate of 750micrograins 
daily until a daily dose of 750 micrograms has been reached; 
thereafter, the dose should be reduced by 375 micrograms 
daily.

Pramipexole is also given as a single daily dose, 2 to 3 
hours beíore bedtime, in the treatment of restless Iegs 
syndrome. The initial dose of pramipexole hydrodtloride is 
125micrograms daily. This may be increased iỉ necessary 
atter 4 to 7 days to 250 micrograms dahy. Subsequent doses 
may be increased ư necessary by 250 mìcrograms every 4 to 
7 days to a maximum of 750micrograms daily. Response to 
therapy should be evaluated aỉter 3 months; iỉ treatm ent is 
intemipted for more than a few days, it should be restarted 
at 125miaograms daily, and then increased, ư  required, as 
desaibed above. For this indicatíon, pramipexole may be 
withdrawn without gradual tapering of the dose.

Administrarion in renal rmpairment. The elimỉnation of 
pramipexole is dependent on renal hmction and the oral 
dosage of pramipexole hydrochloride should thereíore be 
reduced in patients with renal impairment.

In the ưeatment of Partínson'í diseasi, the íollovving 
dosage schedule has been suggested in UK lỉcensed product 
iníormatìon adjusted according to the patienCs creatínine 
dearance (CC):
• cc 20 to 50mL/minute: initially 125 miơograms tvvice 

daily increased, ư necessary, to a maxũnum of 2.25 mg 
daily

• cc less than 20mL/mìnute: initially 125micrograms 
once daily increased, if necessary, to a maximum of 
1.5mgđaily

Similar reductíons are suggested in us licensed iníormaúon 
for patìents with a cc of 30 to 50 mL/minute and 15 to less 
than 30 mL/minute, respectively; no recommendation is 
made for those wỉth a cc of less than 15 mL/tninute.

If renal íunction dedines during maintenance therapy it 
is recommended that the daily dose of pramipexole should 
be reduced by the same percentage as the dedine in cc.

Lower doses are used in the ơeatm ent of restỉesi ỉegs 
syndrome and UK licensed inỉormatíon considers dosage 
reductions unnecessary in patíents with cc of more than 
20 mL/minute. us licensed inlormation recommends that 
the interval between tiưation steps is increased to 14 days in 
those patients with cc of 20 to 60 mL/minute.

Parldnỉonism. Pramipexole is a dopamine agonist used in 
the treatment of Parkinson's disease (p. 889.1) as an 
adjunct to levodopa therapy to reduce 'oK' periods with 
levodopa and ameliorate other fluctuatíons of mobility in 
the later stages o( the disease. It is also used as monother- 
apy early in the course of the disease in an attempt to 
delay therapy with levodopa.
Reíerences.

1. Paridmon Study Group. Saíecy and efficacy oỉ pramipcxolc in  early 
Parkinson disease: a randomỉxed dose-rangỉng study. JAMA 1997; 278: 
125-30.

2. Lieberman A. ti  ai. CUnical evaluacion of pramỉpexoie ỉn advanced 
Parkinson's disease: results of a double-blind. placebo-conưoỉỉed. 
parallel-group srudy. Ncurology 1997; 49: 162-8.

ỉ .  Shannon KM, tí  ai. EỈHcacy oỉ pramipexoỉe. a noveỉ dopam inc agonist. 
as monothcrapy in miỉd to moderate Parkinson'$ dỉsease. Neurolagy 
1997; 49: 724-8.

4. Gunman M. ỉntemational Pramipexole-Bromocripúne Study Group. 
Double-blind compaiison of pramỉpexoie and bromocriprinc treatm cnt 
with placebo in advanced Parkinson's disease. Nturology 1997; 49 :1060-
5.

s. Parkinson Sỉudy Group. Pramipexolc vs lcvodopa a$ initial treatm ent ỉor 
Parkinsnn diseasc: a randumized comrolled trial. JAMA 2000; 284:
í 931-8.

6. Clarke CE. ti  at. Pramỉpexole for levodopa-ỉnduced complications in 
Parkinson's dỉsease. Available ìn The Cochrane Database of Systcmatìc 
Revíews; Issue 2. Chìchester John Wiley: 2000 (accessed 16/02/06).

7. Ciarke C£. ttaỉ. Pramipexole versus bromocrỉptine for tevodopa-ỉnduced 
complications in Parkỉnson's disease. Avaiiable in The Cochrane

’ Datábase of Systematíc Reviews; ỉssue 2. Chichester John Wỉley; 2000 
(accessed 16/02/06).

8. Parkinson Study Group. Pramipexoỉe vs levodopa as Inítiaỉ treatm ent ỉor 
Parkinson dỉsease: a 4-year randotnừed controlled trỉal. Ardt Neuroỉ 
2004; 4L- 1044-53. Correction. ibid. 2005; 62: 430.

9. Moller JC  tt  al. Long-term eíQcacy and  safety of pramipexoỉe in 
advanced Parkinson's dỉsease: resuỉts from a European m ultỉcenter tríaL 
Aíơv Disord 2005; 20: 602-10.

Restiess legs syndrome. The aetiotogy of restless legs 
syndrome (RLS—see Sleep-assoóated Movement Disor- 
ders, p. 1034.2) is obscure and treatm ent has largely been 
empirical, although dopaminergic therapy has emerged as 
a common fưst-line choice. Low-dose pramipexole has 
produced some beneBt ữi several studies1'* and is licensed 
for the treatment oi moderate to  severe RLS. in some 
countries.

1. Un s-c. t t  aỉ. EHtct of pram lpexde In ưeatm ent of reiistant restless legs 
syndrome. Mayo Cttn Àroc 199»; 73: 497-500.

2. M ontpUiár J, t t  al. Rcsllcss legs syndromc iniproved by pnm ỉpexolc: 1 
double-bỉind random iud  o i a ĩ  Neurology 1999; 52: 936-43.

The Symbol t  denotes a preparation no longer aaively marketeđ

http://www.tga.gov.au/adr/aadrb/aadrO408.pdf
http://www.hc-sc.gc.c%c3%a3/dhp-mp$/alt_formats/hpfb-dgpsa/pdf/mede%e1%bb%89f/
http://www.emea.europa.eu/pdfs/human/press/pr/32239508en.pdf
http://www.mhra.gov.uk/Safetyinformatlon/
http://www.fda.gov/Drugs/
http://www.Ully
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3. M ontpỉaỉsừ J. el ai. Pramlpexolc ỉn  the treatm ent o ỉ restỉess iegs 
syndrome: a foQow-up study. Eur J Ncurol 2000; 7 (suppỉ 1): 27—31.

4. sáletu  M. t í  al. Acute pỉacebo-controỉỉed sỉeep Iaboratory stuđies and 
dinteal foDow-up w ith  pramipexole ỉn  restỉess legs synđrome. Eur Arát 
Psyđùatry ơ in  Neurosd 2002; 252:155—94.

5. súber MHr t í  aL PranUpexoỉe ỉn t h e  m anagem ent o i resdess legs 
syndrome: an  extendeđ study. Sĩttp 2003; 26 :819-21 .

6. Stíasny-Koỉster K. Oertel WH. Low-dose pramipexoỉe ỉn  the  manage- 
m ent of resđess legs synđrome: an o p e n  Iabel triaL Neuropĩychobioỉogy 
2004; 50: 65-70.

7. Wỉnkeỉman JW. t í  ai. Efficacy and saỉety  oỉ pramlpexole in  restỉess legs 
syndrome. Neuroỉogy 2006; 67 :1034-9 .

8. Oerteỉ WH, t í  ai. Pramipexole RLS S tudy  Group. Eổìcacy of pramipexole 
ỉn  restless legs syndrom r a sbc-week, m u ltícen ter, randomỉzed, double- 
blỉnd study (eHect-RLS stuđy). Aícv Discrd 2007; 22: 213-19.

Adverse Effeđs and Precautions
As for Bromoaiptine, p. 896.3.

Pramipexole should be used vvith cautíon in  patíents 
w ith renaỉ impaiiment and reduced doses are recom- 
mended.

O p h th a lm o lo g ic a l  m o n i t o r i n g  i s  r e c o m m e n d e d  a t  r e g u la r  
i n t e r v a l s  o r  i í  V is io n  a b n o r m a l i t ỉ e s  o c c u r .

Inõdence a i adverse effects. Reíerences.
1. E tnúnan M, et a i  Comparíson of th e  rìsk oĩ adverse evenis with 

pramỉpexoỉe and ropinirole in patients vvith Parkìnson's diseasc: a meta- 
anaỉyns. Drug Sứ/ety 2003; 26: 439-44.

Effects on mental Kindion. Pramipexole has been asso- 
dated vvith attacks oỉ sudden onset of sleep, sometimes 
vvithout any prior ỉeelìng o{ drovvsiness, that can occur ai 
any tíme duríng tteatment. Licensed product inỉormatỉon 
States that the incidence of d a y tim e  som nolence is 
increased at daily doses of pramipexole hydrochloride 
higher than 1.5 mg. A reưospective analysis1 of data to 
evaluate the incidence and nature of somnolence in 
patients receiving pramipexole in  dinical studies showed 
that for patients w ith moderate o r  severe somnolence, the 
onset of worst-reported somnolence occurred at a mean 
đaily dose oỉ around 4mg (range: 0.75 to 4.5 mg).

For íurther reports of daytime somnolence occurring in 
patỉents receivmg dopamine agonists induding pramipex- 
õle, see under Levodõpa. p. 905.2.

For reíerence to d ls tu rb e d  beh av io u r induding 
excessỉve gam bling  reponed in patients with Parkìnson's 
disease receiving dopamine agonists, induding pramipex- 
ole, s e e  under Levodopa, p. 905.2.

ỉ .  Hauser RA, t í  a i  Pramipexole-ỉnduced somnolence and epỉsodes of 
daythne sleep. Mơv Dừord 2000; 15: 658-63.

Porphyria. The Dmg Database ío r Acute Porphyria, com- 
piled by the Norvvegian Porphyria Cenơe (NAPOS) and 
the Porphyria Centre Svveden, dassifies pramipexole as 
probably not porphyrinogenỉc; it may be used as a drug of 
first choice and no precautions are needed.1

1. The Drug Database íor Acute Porphyrỉa. Available at: hưp://www. 
dmgs-porphyria.org (accessed 30/09/11)

Interactíons
As for Bromocriptine, p. 899.1. Cimetidine is reported to 
reduce the renal dearance of pramipexole.

Cautỉon is advised when other sedating dmgs or alcohol 
are used with pramipexole because of possible additive 
eíỉects and the risk of predpitating sudden onset of sleep 
(see above).
Reíerences.

1. Wright CE. a  al. Inũuence of probenecid and dm eàđinc on pram ipttolc 
pbaimacokinetỉcs. Ctìn Pharmaa)! Ther 1996: 59: 183.

Pharmacokinetics
Pramipexole is readily absorbed írom the gastrointestinal 
tract and peak plasma concentrations have occurred vvithin 
about 2 hours in íasting patients and in about 3 hours when 
given with food. Oral bioavailability is reported to be about 
90%. Pramipexole is vvidely distrìbuted throughout the 
body and plasma-protein binding is less than 20%. 
Metãbolism is minimal and m ore than 90% oi a dose is 
excreted Via renal tubular secretíon unchanged into the 
uiine. Elimination halí-lives of 8 to 12 hours have been 
reported. On the basis of studies in  rau, it is thought to be 
distrỉbuted into breast milk.
R eíerences.

1. W right CB, et aỉ. Steady.S tate pharm acoldnetic  propertỉes of 
pramipexole in hcalthy volunteets. J  clm  Pharmacol 1997; 37: 520-5-

Preparatìons
Proprietary Preparatioiu (details are given in Volume B)
Singỉe-ingredient Preparotions. Arg.: Maxtenk; Neurosomat; 
Nỉxol; Noxopran; Nuiipar; Parieno; ParmitaL Pandumt; Portiv; 
Proats; SiỄroI; Treminel- AustraL: Siửol; Ausíria: Siírol; Beĩg.: 
Si&ol; Brax.-. Livipaik; Miiapex; Siirol; c anad.: Miiapex; Chile. 
Biopsol; Intaxel; Sifrol; Otinar. Siírol (ặsisỹ ); Cz.: Aperixon; 
Emwepel; Glepark; MedopexoL Mirapexin; Oprymea; Pexogies; 
Pexopaul; Pranũgen; Pramithan; Pramixil; Ritmorest; SƯrol; 
Dmm.: Derinik; Mứapexin; Nelipraxt: Oprymea; Pramithon; 
Sữrok Tỉ&ipext; Fin.: Derinik; Glepark; Pramigen; Siirol; Fr.:

Si&ol; Ger.: Oprymea; Pramip; Siừol; Gr.: Gỉepark; Mariprax; 
Medopexol; Miraleton; Míraparkin; Mirapexin; Hong Kongi 
Mữapex; Hung.: Miiapexin; Oprymea; Pramitenorm; lndon.: 
Siírol; IrL: Glepark; Meroximer; Miramel' Mirapexin: Mứole; 
Oprymea; Siỉrol; Israel: Siỉrol; Tnmexok ItaL: Ezaprev; Mad- 
prax' Miparkan; Mirapen Mỉrapexin; Mivlren; Pramigen; 
Ramixole; Jpn: Bỉ-Siỉroỉ; Mirapẽx; Mahtysiar. Siỉrol; M a :  
SUrol' Neth.: Gleparic Mirapexin; Oprymẽa; Pramipexolane; 
Pramithon; Siỉrol’ Norw.: Siírok NZ: SUrol; Phữipp.: Siírol; 
PoL: Miparkan; Mlrapexin; Neliprax: Oprymea; Pramixỉl; Rlt- 
morest; Siírol: PorL: Ezaprev; Mirapexin; Oprymea; SiíroL' 
Rus.: Mirapex (Mapaneicc); S.Afr.: Pexola; Singapore. Si&ol; 
Spain: Miiapexin; Swed.: Derinik; Oprymea; Si&ob Switz.: 
sưrol; Thai.: Siírol; Turk.: Parkyn; Parson: Pexola; VK: Mứa- 
pexin; ukr.: Miiapex (MHpanexc); Miraxol (MHpaxcoa); USA: 
Mirapex; Veneĩ.: SUrol/Mirapex.

Procydidine Hydrochloride
ỊBANM, rlNNM!

Hidrodoruro de procldidina; Procidldina, hidrodoruro de; 
Procydidine, Chlorhydrate de; Procydidini Hỵđrochloriđum; 
npoL(MWiMflMHa rnflpoxnòpnfl.
1 -Cyclohexyl-1 -phenyl-3-(pyrrolidin-Ị-yl)propan-l -ol hydro- 
chloride.
C,9H»NO,HCI=323.9
CAS —  77-37-2. (procydidine); 1508-76-5 (procyclidine 
hydrochlóride). ■ .
ÁTC —  N04AA04.
ATC Vet —  QN04AA04.
UNII —  CQC932Z7YW.

Pharmacopoeias. In Br. and us.
BP 2014: (Procydidine Hydrochloride). A vvhite, odourless 
or almost odourless, crystalline povvder. Sparingly soluble in 
vvater; soluble in alcohol; practically insoluble in acetone 
and in ether. A 1 % solution in vvater has a pH of 4.5 to 6.5. 
USP 36: (Procydidine Hydrochloride). A vvhite crystalline 
povvder, having a moderate characteristic odour. Soluble 1 
in 35 of water, 1 in 9 of alcohol, 1 in 6 of chloroỉonn, and 1 
in 11 000 of ether; insoluble in acetone. pH oỉ a 1 % solution 
in water is betvveen 5.0 and 6.5. Store in a dry place in 
aừtight containers. P ro tea from light.

Uses and Administration
Procydidine hydrochlotide is a tertíary amine antimusca- 
rinic w ith actions and uses sim ilar to  those of 
trihexyphenidyl (p. 917.3). It is used for the symptomatic 
treatment of parkinsonism (p. 889.1), indudỉng the 
aUeviation of the extrapyramidal syndrome induced by 
drugs such as phenothiaãnes, but, like other antimusca- 
rinics, is of no value against tardive dyskinesias. It has been 
used in the treatment of dystonias (but see under Uses and 
Adnũnisttatỉon of Levodopa, p. 903.3); ỉordoses in children, 
see below.

In park ỉnsonism , the initial oral dose oỉ 2.5 mg three 
times daily may be inaeaseđ  gradually by 2.5 to 5 mg every 
2 OI 3 days (or by 2.5 mg daily iỉ used for drug-induced 
extrapyramldal syndrome) until the optimum maintenance 
dose, usually 10 to 30 mg daily in  3 (or occasionalỉy 4) 
divided doses, is reached; daily doses of up to 60 mg have 
occasionally been required. As a rule, postencephalitic 
patìcnts tolerate and require the larger doses; elderly and 
arteríosderotic padents may requữe smaller doses.

In  an emeigency su ch as ac u te  dystonias, 5 to  lOmg 
may be given by intravenous injecnon; higher doses have 
sometũnes been used. The intramuscular route has also 
been employed: 5 to lOmg may be gi ven as a single 
mjection, repeated u  necessary aíter 20 minutes to a 
maximum oỉ 20 mg daily. Parenteral doses are usually 
ellectìye vvithin 5 to 10 minutes but may need 30 minutes to 
produce relieí.

Administration in children. Although procydidine hydro- 
chloride is not licensed in the UK for management of dys- 
tonỉas (p. 903.3) in đúldren, the BNFC suggests that oral 
doses of 1.25 mg 3 tìmes daìly may be given to those aged 
7 to 12 years, and 2.5 mg 3 times daiỉy to those aged 12 to 
18 years. In an emergency, a single dose may be gi ven by 
intramuscular or intravenous injectíon according to age as 
follows: under 2 yeais, 0.5 to 2mg; 2 to 10 years, 2 to 
5mg; 10 to 18 years, 5 to lOmg or occasionaỉly more. Par- 
enteral doses are usually eữective vvithin 5 to 10 minutes 
but may need 30 minutes to  produce relieí.

Adverse Effeờs, Treatment, and Precautíons
As for Aơopine Sulỉate, p. 1312.1. Psychotic episodes may 
be predpitated in patients with mental disorders when 
procyđidine is used íor the treatment of drug-induced 
extrapyramidal syndrome.

Abuse. Like other antimuscarinìcs (see also under Trih ;x- 
yphenidyl Hydrochloride, p. 918.1) procydidine has tx en 
abused íor its euphoriant eữects.u

1. McGucken RB, t í  ai, Teénage procydỉdỉnc abusc. ỈMĩtctí 1985; i: 15 [4.
2. Dooris B, R dd c .  Pdgnỉng đystonỉa ỉo ỉeed an uniỉSTial drug addictíc ĨL J  

Acúd Emcrỹ M td  2000; 17: 311.

Interactìons
As ỉor antũnuscarìnics in  general (see Aơopine Sulíỉ te, 
p. 1312.3).

Paroxetine increases plasma-procydidine concenơatii ns 
and it is recommended that the dose oỉ procydidine sho ild 
be reduced if antimuscarinic effects are seen in patie ưs 
receiving both drugs.

Pharmacokinetìcs
Procyclidine hydrochloríde is absorbed from the gast o- 
intestinal tract and bioavaỉlability has been repotted to be 
75% after oral doses; it disappeais rapidly from the tỉssu :s. 
Procydidine given intravenously a a s  vvithin 5 to 20 
minutes and has a duratìon of effea of up to 4 hours. T te  
mean plasma elimination halí-life aíter oral or intravenc us 
doses is about 12 hours. About one-ỉiíth of an oral dost is 
metabolised in the liver, mainly by the cytochrome P4 50 
isoenzymes, íollovved by conjugation vvith glucuronic ac d. 
A small amount of unchanged drug is excreted in the urii ,e. 
Reíerences.

1. w hỉtem an PD, et aỉ, Pbarmacokinetics and  phannacodynamics of 
procydỉdine in man. Eưr J  Cỉht Pharmacoỉ 1985; 28 :73-8 .

Preparatìons
Propríetary Preparations (details are given in Volume B)

Single-ingredìent Preparations. Austria: Kemadrin; Beí Ị.:
Kcmadrin; Cz.: Kemadrín; Denm.: Kemadrin; Ger.: Osnerv.n; 
Hung.: Kemadrin; Indiar. Kemadrin; IrL: Kemadrin; ĩsred: 
Kemadrin; NZ: Kemadrín; Spain: Kemadxen; Switz.: Kemadr n: 
UK: Arpicolin; Kemadrin.

Pharmacopoáal Preparotions
BP 2014: Procydidine Injection; Procydidine Tablets;
USP 36: Procydidine Hydrochloride Tablets.

P r o fe n a m in e  H y d r o c h lo r id e  IBANM, riNNMi 
doridrato de Proíenamina; Ethopropaáne Hydrochlorid ?; 
Hidrodorurọ de proíenamina; Isothaáne Hydrochlorid í; 
Proíenaminạ, hidrodorúro; de; Proíénamine, ữilorhydraie 
de; Proíenamini Hydrochloridum; Prophenamini Chloridur ); 
(IpotịieHaMMHa rnflpoxnop9ựj. 
1CH2-PiethỵlaminopropyÌ)phenothia2ne hydrochloride. 
C i9H 2.N 2S,H C I=348 .9  ■

CAS —  522-00-9 (proíenamine); 1094-08-2 (proỉenamire 
hỵdrochloride).
ATC —  N04AẠ05.
ATCVet'—  QN04AA05.
UNII —  OOƠĨ1I1VRN:

Proỉile
Proỉenamine hydrochloride is a phenothiaãne derivati e 
with antimuscarinic, adrenergic-blocking, anóhistamũu 
local anaesthetìc, and ganglion-bloddng properties. Adver e 
effects assodated wdth phenothiaãnes may occur, espedal y 
with high doses (see under Chlorpromaãne, p. 1047.2). 
Protenamine has been used in the symptomatic treatment >f 
parkinsomsm (p. 889.1), induding the alleviatìon of ứ e 
extrapyramidal syndrome induced by dmgs su ch as oth :r 
phenothiazines, but, like other antimuscarinics (st e 
Aơopine SuUate, p. 1310.2), is of no value against tardi' e 
dyskinesias. It has been used in a usual initỉal oral dose lí 
50 mg three times daily, gradually increased to 500 mg nr 
more daỉly in divided doses, according to response.

Preparatíons
Proprietary Preparotiom (details are given in Volume B) 

Single-ingredient Preparationỉ. Canad.: Parsitan.

Rasagiline Mesilate 1'INNMI

M e s ila to  d e  ra sa g ilin a ; R asa g ilin e , M é s ila te  d e ;  R a sa g ĩlln i: 
M e s y la te  (USAN); R asag ilin i M es ila s ;T V -1 0 3 0  ( ra sa g ilin e ) ; TVP 

1Ữ12; Pa3arwiMHa M e3W !3T.
( A ^ ^ - P r o p y n y l - H n d a n a m i n e  m e th a n e s u l ío n a t e .

C Ú H 13N ,C H <03S = 2 6 7 .3  ■ '
CAS —  136236-51-6 (rasagìlme); 161735-79-1 (rasagilinr 
mesilate).

ẠTC— N04BD02.
ÀTC Vet —  QN048D02.
UNII —  LH8C23I290.

AI1 cross-reĩerences reler to entries in Volume A



Procyclidine Hydrochloride/Ropinirole Hydrochloride 913

Uses and Administatìon
Rasagiline is an  irreversible sclective inhibitor of monoa- 
nũne oxidase type B, an  enzyme involved in the metabolic 
degradatíon o{ dopamine in the brain. It enhances the 
effects of levodopa and is used in  the ưeatment of 
Parkinson's disease (p. 889.1), either alone or as an ađjunct 
to levodopa therapy to reduce 'end-of-dose' ílunuations in 
response. Rasagiline is given orally as the mesilate and doses 
are expressed in terms oỉ the base; rasagiline mesilate 
1.56 tng is equivalent to about 1 mg oỉ rasagiline. The usual 
dose is the equivalent of rasagiline 1 mg once daily. In the 
USA, an  in itia l daily  dose o í 500 micrograms is 
recommended for adịunctive therapy.

th e  dose of rasagiline may need to be reduced when 
given vvith drugs tha t inhibit the cytochromé P450 
isoenzyme CYP1A2 (see Interactìons, below íor details) 
and in  patients w ith hepatic impairment (see below).

Reíerences.
1. Parkinson Study Group. A controỉled trỉaỉ of rasagílỉne ỉn earỉy 

Parỉdnson dỉseasê: the TEMPO Study. A n h  Heurvl 2002; 59:1937-43.
2. S tem  MB, t í  al. Double-bUnd, randomlzed. coíiuoUed trỉal of rasagìlỉne 

as m onotherapy in early Parkỉnson's dỉsease patients. Mơv Disard 2004; 
19:910-23.

3. Thebauỉt JJ, t í  ai. Toỉerabilỉty, saỉety, pharmacodynamics, and 
pham ucokỉneúcs ơf rasagiUne: a potent, selecdve, and  ỉrreversible 
monoam ỉne oxỉdase type B inhibitor. Pharmacothcrapy 2004; 24: 1295- 
1305.

4. Parkinson Study Group. A controỉled, random úed. delayed-suit study 
o ỉ rasagỉlỉne ỉn eariy Parkỉnson discase. A n h  Ncvroỉ 2004; 61: 561-6.

5. Parkỉm on Study Group. A randomỉzed placebo-controUed trỉal oỉ 
rasagỉline ỉn lcvođopa-treated patỉents w ùh Parkỉnson disease and 
m otõr Quctuatíons: the  PRESTO stuđy. A n h  Neuroi 2005; 62: 241-8.

6. Rascoỉ 0 , tí  tứ. Rasagilỉne as an  adjunct to  ỉevodọpa ỉn pađents w ith 
Paikịnson's dỉsease and  m otor Huctuatỉons (LAUGO, Lasting eíícct ỉn 
A djunct therapy  vvith RasagỉUne Given Once daỉly, study); a 
randomỉsed, doubỉe-bỉỉad, parảílel-group trỉal. Lancet 2005; 365: 947- 
54.

7. Rascoỉ 0 . Rasagỉỉine in the  pharaucotherapy  of Parkinsom  disease: a 
rrview . Expert opừt rharmacother 2005; 6: 2061-75.

6. Chen JJ, tí  aL Cỉỉnicaỉ pharmacology of rasagỉỉine: a noveL second* 
generatỉon propargylamỉne for the treatm ent of Parkỉnson dỉsease. J  ơ iĩt 
Phamatoĩ 2005; 45: 878-94.

9. Siderowỉ A, Stem  M. Cỉỉnical trỉals w ỉth  rasagỉline: evidence for short- 
te rm  and long-term effects. Neurology 2006; 66 (suppl 4): S80-S88.

10. Goetz CG, tí  ũL Parỉdnson Study Group TEMPO and PRESTO 
Investỉgators. Saíety oỉ rasagỉiine ỉn elderly patỉents with Paridnson 
diseaseT Neurology 2006; 66: 1427-9.

1 1. OlđSeỉd V, t í  ai. RasagỉUne: a  review o í i ts  use in the management of 
Paridnson s dỉsease. Dntgt 2007; 67: 1725-47.

12. Olanow cw, tí aL AĐAGIO Study Investỉgators. A double-blỉnd. 
deỉayed-surt trỉaỉ of rasagiỉỉne in Parìtínson's dỉsease. N  Engi ĩ  Mid 2009; 
361: 1268-78.

13. Ahlỉkog JE, Uỉttỉ RJ. Rasagiline, Parkinson neuroprotecdon. and 
deỉayed-start trỉals: ráll no  saúỉỉaction? Ncurology 2010: 74:1143-8.

Administration in hepatic impairment. UK licensed pro- 
duct iníormation for rasagiline advises caution when used 
in patients w ith mild hepadc ũnpairment vvhereas us 
liccnsed inỉonnation recommends that the oral dose be 
reduced to ỈOOmicrograinỉ daily. Rasagilme should not be 
used in  those w ith moderate or severe impairment.

Adverse Effects and Precautìons
Common adverse eữects reported with rasagiline mono- 
therapy include headache, ũu-like syndrome, malaise, neck 
pain, angina pectoris, dyspepsia, anorexia, Ieucopenia. 
arthralgia, arthritis, depression, vertigo, rhinitis, conjunctiv- 
itis, skin rashes, melanoma, and urinary urgency. Cerebro- 
vascular acddents and myocardial iníarction have been 
reported rarely. O ther advetse eííects indude orthostatic 
hypotension and hallucinations.

Rasagiline should not be used in patients vvith severe 
hepatic impairment; use in moderate impairment should 
also be avoided. It should be used vvith caution in patients 
with mild hepatic impairment and therapy should be 
stopped in those who progress to moderate impairment.

Interactions
As for Selegiline Hydrochloride, p. 916.1. Unlike the 
non-selective MAOIs, such as pheneteine, rasagiline can be 
used saỉely vvithout dietary tyramine restrictions, although 
these have been recommended in  some countries.

Rasagiline shouỉd not be given vvith other MAOIs 
because of the risk of non-selective MAO inhibition that 
may lead to hypertensive reactions.

Ít is metabolised by the cytochrome P450 lsoenzyme 
CYP1A2 and potent inhibitors of this enzyme such as 
dproQoxadn may increase the plasma levels oỉ rasagiỉine. 
UK licensed product iníoimation for rasagiline advises 
caution when such drugs are used with rasagiline whereas 
us licensed product inỉormation recommends that the dose 
of rasagiline be reduced to 500micrograms daily when 
given with CYP1A2 inhibitors. Tobacco smoking induces 
hepatic metabolic enzymes and may decrease the plasma 
levels of rasagiline.

Entacapone has been reported to increase the dearance 
of oral rasagiline by 28% when used together.

Pharmacokinetics
Rasagìline is rapidly absorbed bom  the gastrointestinal tract 
and peak plasma concentrations occur in about 30 minutes 
to 1 hour. Bioayailability is reported to be about 36%. 
Rasagiline is about 60 to 70% bound to plasma proteins.

It is extenãvely metabolỉsed in the liver by N- 
dealkylation and hydroxylatìon, Via the cytochrome P450 
isoenzyme CYP1A2, and conjugation. 1-Aminoindan is a 
major metabolite and is stated to be active although it is not 
a monoamine oxidase B ìnhibitor. Metabolites are excreted 
mainly in  the urine and partly in the faeces; less than 1 % of 
a dose is excreted as unchanged dnig in the UTỈne. The 
terminal hah-Uỉe is 0.6 to 2 hours.

Preparatíons
Proprietory Preparations (details are given in Volume B)

Single ĩngretBent PraparaHons. Arg.: Elbrus; Rasax; Austria: Azi- 
lecc Betg.: Azilect; Canad.-. Adlect Cz: Aálect Dettm.: Adlect; 
Fin.: Azilect; Fr.: Adlect: Ger.: Azilect; Gr.: Axilect; Hung.: Aá- 
lect; ItL: Azilea; Israel: Aálect; ìtaL: Azilect; Mex.: Azilect: 
Neth.: Azilert; Norw.: Azilect; PoL: Azilect; PorL: Azilect' Rus.: 
AzUea (AmneET); S.Afr.: AxUect; Spain: Azilecf SwecL: Azũect; 
Switz.: Aãlect; Thaũ: Axilect; Turk.: Axilect; UK: AxilecL' USA: 
Anlect.

Ropinirole Hydrochloride
!8AWA, USAN, plNNMÌ

Hldròcloruro iđe ropinirol; Ropinirol, hidrodoruro de; 
Ropinirole, Chlorhydrate de; Ropiniroli Hydrochlondum; 
SKF-101468 (ropinirole); SKF-Ọ101468-A (rapinirole hydro- 
chloride); PonMHMpona rnflpoxnopnfl. 
4K2"(Dípropylamino)ethyl]-2-indolinone hydrochloride. 
C ( ^ m N A H C I = 2 9 6 .8
CAS —  91374-21-9 (ropinirole); 91374-20-8 (ropinirole 
hydrochlorìde).
ÁTC— N048C04.
ẶTC Vet —  QN04BC04.
ỤNII —  D7ZD41RZ19.

Pharmơcopoeias. In us.

USP 36: (Ropinừole Hydrochloride). A pale cream to ycllovv 
powder. Soluble in water.

Uses and Adminisừation
Ropinứole is a non-ergot dopamine D2-agonist with sứnilar 
actions to those of bromocriptine (p. 895.3), but in  contrast 
to bromocriptine it also has agonist properties a t D3 
receptors. It is used similarly in the management of 
Paridnson's disease (below), either alone or as an adịunct to 
reduce 'on-off' ỉluctuations in levodopa rcsponse. Ropinữ- 
ole is also used for the treatment oỉ moderate to severe 
iđiopathic restless legs syndrome (below). It is given orally 
as the hydrochloride; doses are expressed in  terms oỉ the 
'base. Ropinirole hydrochloride 1.14mg is equivalent to 
about 1 mg of ropinirole.

In the treatment of P a r k i n s o n ' s  d i s e a s e ,  ropinirole 
should be introduced gradualỉy and during this period 
patients already receiving levodopa can have their levodopa 
dosage decreased gradualỉy until an optimal response is 
achieved; the concuưent dose of Ievodopa may be reduced 
by about 20 to 30%. The daUy dosage of ropinirole should be 
given in three divided doses, preíerably with food. The 
initial daily dose of ropinữole is 750 micrograms increased at 
vveekly intervals in steps of 750micrograms for the Rrst 4 
vveeks. After week 4, the vveekly increments may be made 
in steps of 1.5 mg up to a dose of 9mg daily according to 
response; subsequent weekly increments may be made in 
steps of up to 3mg. The daily dosage should not exceed 
24 mg. Optimal response is usucilly achieved within the 
range o í 3 to 9mg daily; hỉgher doses may be required ư 
used vvith levodopa. If it is necessary to stop ropũũrole 
therapy. it should be withdrawn gradually by redudng the 
number of daily doses over a period of 1 week. Once 
adequate symptomatic conưol has been established, 
ropinirole may be given as once-daily modiSed-release 
tablets.

Ropinirole is aỉso glven as a single daily dose, ỉ to 3 hours 
beíore bedtime, in the treatm ent of r e s t l e s s  l e g s  
s y n d r o m e .  The initial dose of ropinirole is 250micrograms 
daỉly ior 2 days; u  tolerated, the dose is then  inaeased to 
500 mỉcrogrạins daily íor the rest of the Rrst vveek. Dosage is 
then increased as necessary up to a maximum of 4 mg daily. 
Increases are made weekly in steps of 500 micrograms up to 
a dose of 3 mg daỉly; a final mcrease aíter one further vveek 
of 1 mg to a dose of 4m g daily can then be made. In the UK, 
it has bẹen recommendẹd tha t tteatment should be re- 
assessed 3 months after startỉng therapy. For this indication, 
ropinữole may be withdrawn tvỉthout gradual taperíng of 
the dose.

If tteatment with ropixúrole is interrupted (or more than 
a few days it should be restaned at the low initial dose and 
increased gradually as required.
Revievvs.

1. Tulloch n>. pturmacologlc proHIc of ropinirolc: a nonergolỉne dopamine 
agonist Neuroỉogy 1997; 49  (suppl 1); S58-S62.

PaHdnsonism. Dopamine agonists such as ropinirole may 
be used to begin ưeatm ent of paikinsonism (p. 889.1) in 
an  attempt to delay therapy with levodopa, particularly in 
younger patients. They also have an adjunctìve use when 
levodopa is no longer eHectíve alone or cannot be toler- 
ated, and may be usehil in redudng 'o ff periods with 
levodopa and in amelỉorating other Quauatìons oi mobi- 
lity in the later stage oỉ the disease.
Reĩerences.

ỉ . Rascoỉ o .tía ỉ.  A pỉacebo-con croỉled study oỉ ropỉnỈ2t)l£ a oew  D2 agonỉst 
ỉn the treatment oỉ m otor Suauations of L'DOPA*treated parkỉnsonỉan 
patients. Ađv Neurol 1996: 69ỉ 531-4.

2. Adỉer CH, t í  aL The Ropỉnỉroỉe Stuđy Group. Ropỉnirole ỉor the 
ưeatm em  of early Parkio$on's (Ssease. Nturology 1997; 49: 393-9.

3. Rascoỉ 0 , rtaỉ. Ropừiỉrole in  the treatment oỉ earỉy Parkỉmon's (hsease: a 
6-month tnterỉm  report of a 5-year levodopa<ontroUed scudy. Mơv 
Disord 1998; U :  39-45.

4. Korczyn AD, t í  al. A 3-year randomỉzed trial oỉ ropỉnừole and 
bromocriptine (n earỉy Parkin$on's dỉsease. Ncunio$y 1999; 53: 364-70.

5. Matheson AJ, Spencer CM. Ropỉnỉrtde: ề  review oí ỉts use in the 
management of Parkinson's dỉsease. 2000; 60: 115-37.

6. Cỉarkẽ CE. Deane K. Roptniroỉc ỉo r levodopa-induced compỉỉcatỉons ỉn 
Parldmon's dỉsease. Avaũabỉe ỉn The Cochrane Database a i Systematỉc 
Revỉews; Issue 1. Chỉchester John  Wĩỉey; 2001 (accessed 16/02/06).

7. Clarke CE. Deane K. Ropỉnỉrole versus bromocrỉptỉne ỉor lcvodopa- 
ỉnduced compUcatỉons ỉn Parkinỉon'5 (hsease. Avaỉlabỉe ỉn The Codirâne 
Database oỉ Syrtematìc R eviem : Issue ỉ .  Chlchester John WUey; 2001 
(accessed 16/02/06).

8. vvhone AL, <r ai. Slower progression of Parkỉnson's dỉsease with 
ropỉniroỉe versus levodopa: the RHAL-PET study. A m  Neuroỉ 2003; 54: 
93-101.

9. Pahwa K  t í  ai. Ropừiỉrote 24-hour proỉonged reỉease: rạndomỉzed, 
controQed study ỉn advanced ParldnsoĐ dỉsease. Nturobgy 2007; 68: 
1108-15.

Reslỉess legs syndrome. The aetíology of restless legs 
syndrome (RLS—see Sleep-assodated Movement Disor- 
ders, p. 1034.2) is obscure and treatment has largely been 
empihcal although dopamineigic therapy has emerged as 
a common first-line choice. Ropinứole is lỉcensed íor the 
ữeatment of moderate to severe RỊS in some countries. 
Reíerences.

1. Trenkvvaỉder c  t í  ai. Ropỉnỉrole ỉn the treatm em  oí resdess legs 
syndrome: resuỉts ỉrom  the  TR£AT RLS ỉ study, a 12 week, randomỉsed, 
pỉacebo controUed study ỉn  10 European countnes. J Nturol Neurosurg 
Pỉydtiaứy 2004; 75: 92-7.

2. Cheer SM. t í  a i  Ropỉnirole: for the treatment of resdess ỉegs syndrome. 
CHS Drugs 2004; I8c 747-54

3. W aỉten AS, t í  al. Ropỉnỉrote ỉs eữectỉve ỉn the treatm ent of restless legs 
syndrome—TREAT RLS 2: a 12-week, doubỉe-bỉỉnd. randotnỉxed. 
paraỉỉd-group. placebo-controQed Sỉudy. MavDàarề 2004; 19:1414-23.

4. Bogan RK. tí  al. TREAT RLS u s  Study Group. Ropữiỉrỡỉe in the 
ưeatm em  of patỉents w ith  restỉess ỉègs syndromêỉ a US-based 
randomỉzed, double-bỉlnd, pUcebo-controIIed dỉnỉcal Qial. Mayo Cỉin 
Proe 2006; 81: 17-27.

Adverse Eữects and Precauiions
As for Bromocriptúie, p. 896.3.' Hypersensitivity reactions 
induding angioedema, pruritus, rash, and urticaria have 
been reported with ropinừole therapy. Licensed product 
iníormaóon States that the pharmacokinetics of ropinirole 
have not been studied in  patíents with hepatic or severe 
renal impairment and thereíore it should be used vvith 
caution, ii at all, in such patients. No pharmacokinetic 
changes were noted in those with mild to moderate renal 
impairment.

In the ơeatm ent of restless legs syndrome, earlier onset 
of symptoms in the aítem oon or evening (augmentation) 
and recurrence of symptoms in the early moming hours 
(rebound) have been reported with ropữiữole.

Incidence of adverse effects. References.
1. Etmỉnan M. t í  aỉ. Compartson of the risk oỉ adverse evencs wỉth 

pramipexole and ropỉniroỉe in patíents with Parlónson'ỉ disease: a meta- 
anaỉyss. Drug Saftíy 2003; 26:439-44.

2. Xuỉỉsevsky J, Pagonabarraga J. Tolerability and saỉety o( ropinirole 
versus ocher dopamine agónlsts and ỉevodopa in thê treatxnent of 
Parkìnson's dỉscase: m eu-analysis of randomixed controlled trials. Drug 
Safaty 2010; 33: 147-61.

Effects on mental fundion. For reports of day tim e  som- 
no lence  occurring in patients receiving dopamine agonists 
induding ropiidrole, see under Levodopa, p. 905.2.

For relerence to d ls tu rb e d  behav tou r induding 
excessive gam bling  reported in padents with Parkinson's 
disease receiving dopamine agonists, see under Levodopa, 
p. 905.2.

Porphyria. The Drug Database for Acute Poiphyria, com- 
piled by the Norvvegian Porphyria c  en tre (NAPOS) and 
the Potphyria Centre Svveden. dassitìes ropinữole as possi- 
bly porphyrinogenic it should be used only when no saíer 
altemative is available and precautìons should be consid- 
ered ỉn vulnerable patìents.1

1. The Drug Database ỉo r Acute Porphyria. Avaiỉable at: http://w w w . 
đrugs-poĩphyria.org (accessed 30/09/11)

The Symbol t  denotes a preparatỉon no ĩonger actívely marketed

http://www
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Interactions
Since it is a dopamine agonist, ropũũrole may share some oỉ 
the pharmacological interactions of bromocriptine, p. 899.1. 
In ađdition, high doses oỉ oestrogens can increase plasma 
concentrations of ropinirole and dosage adịustments may be 
necessary ư oestrogen therapy is started or vvithdravvn 
duiing ưeatm ent with ropinứole. Ropinirole is metabolised 
by the cytochrome P450 isoenzyme CYP1A2 and there is 
thereíore the potentiaỉ for interactions between ropinirole 
and other drugs that are metabolùed similarly or more 
particularly with inducers or inhlbitors of this enzyme. 
Dosage adjustments may be necessary ií therapy with such 
drugs is started or withdrawn during ưeatment with 
ropinirole.

Pharmacokinetics
Ropinirole is rapidly absorbed from the gastrointestinal traa 
and mean peak plasma concenưatìons have occurred 1.5 
hours adter oral doses; the rate o( absorptíon, but not the 
extent, may be reduced if taken with food. Bioavailability is 
reported to be about 50%. It is widely distributed 
throughout the body and plasma protein binding is lovv 
(10 to 40%).

Ropinirole is extensively metabolised in Ihe liver, mainly 
by the cytochrome P450 isoenzyme CYP1A2, and excreted 
in the urine as inactive metabolites; less than 10% of an oral 
dose is excreted as unchanged drug. A mean elimination 
haU-liíe of about 6 hours has been reported for ropinirole. II 
is thought to be distributed into breast milk on the basis oỉ 
studies in ra tỉ.
Reíerences.

1. Breỉeỉ c  et al. Effect of ỉood on the pharmacoỉánerics o í ropinỉrole ỉn 
parkmsorùan patỉenu. Br J  Qin Phamuuol 1998; 45:412-15.

2. Hubbỉc J, tí  al. Linear pharm acokinetic behavỉor of ropinứole during 
raultíple dosỉng in patíents vvith Parkinson'5 đỉsease. J  ơirt Pharmacol 
2000; 40: 641-4.

3. Kaye CM. Nỉchoỉỉs B. Cỉinica] pharm acokinetỉo  of ropinừole. Cỉin 
Pharmacữtírut 2000; 39: 243-54.

Preparatíons

Proprietary PrepcroHons (details are given ỉn Volume B)
Single ingredìent Preporortions. Arg.: Requip; AustraL: Appese; 
Repreve; Austria: Requip; Beỉg.: Requip; CamuL: Requip; 
Chữe: Requlp; Cz.: Adartret Aropilo; Aropix; Lironat; Requip; 
Rolpryna; Ropinstad; Ropison; Denrn.: Adartrel; Requip; Ropi- 
nict; Fừu: Adartrelt; Requip; Fr.: Adanrel; Requip; Ger.: Adar- 
ttel; Ralnea; Requip; Ropinab Gr.: Adartrel; Requip; Hong 
Kong: Requip; Hung.: Aropilo; Ralnea; Requip; Romyb Ropido- 
pin; Irt: Adanrelt; Eironilt; Requip; Rolpiyna; Ronit; Ropir- 
ade; Israel: Requip; ItaL: Adartrelt; Requip; Ropríma; Jpn: 
ReQuip; Malaysia. Requip; Mex.: Requip; Neth.: Adartrel; 
Requip; Ropison; Sonirolt: Norw.: Adaitrel; Requip; NZ: 
Requip; Ropaccprd; Ropin; phũipp.: Requip; PoL: Adartrel; 
Aropilo; Aropix; Contexine; Pamirol; Requip; PorL: AdartreL’ 
Requip; Ropimed; Zyaưolf; Ruí.T Requip (PeKBBn); S~Afr.: 
Reqnip; Resure; Singapore: Requỉp; Spain: Adarưel; Niromy- 
lanf; Requip; Rolpryna; Ropigent; SwetL: Adarơel; Requip; 
Switz-: Adartrel; Requip; Thai.: Requip; Turk.: Requip; UK: 
Adaitrel; Aimpart; Ralnea; Raponen Repinex; Requip; USA: 
Requip.
Pharmocopoeid Preparations
USP 36: Ropinirole Tablets.

R o t i g o t i n e  IBAN, U S A N , r lN N Ị  

. N^0923; Rọtigotina; Rotigotinum; SPM-962; PơTViroTMH. 
(-^(S)-5,6,7X-T€trạhỹdrọÌkpropyl[2-(2-thiẹny))ethyDaminoh 
1-naphthol - '
Ci9H2SNOS=315J
CAS r— 99755-59-6 (rotigotine); 125572-93-2 (rotigotìne 
hydrochloride). ‘ ■
ATC —  N04BC09 *
ATCVet —  ÒN04BC09. , - ' ‘
UN1I —  87T4TBB02E -

Uses and Administration
Rotigotine is a non-ergot dopamine Di-agoniỉt with sứnHar 
actions to those of bromocriptine (p. 895.3), but in contrast 
to bromocriptme (a dopamine D]-agonist) ỉt also has agonist 
propertìes at Dj and D} receptors. It is used as monotherapy 
in. the management of Parkinson's disease (p. 889,1), 
mainỉy in the early stage. It may also be used as an adjunct 
to levodopa therapy. Rotìgotine is also used for the 
treatment of moderate to severe ỉdiopathic restless legs 
syndrome (see Sleep-assodated Movement Disorders, 
p. 1034.2). Rotígotìne is given as transdermal patches 
delivering amounts ranging bom  1 to 8 mg per 24 hours.

In the treatment oỉ P ark ỉn son '5  disease, vvhen given as 
monotherapy, the initỉal dose is 2m g daily, increased in 
weekly steps of 2 mg if necessary, to a maximum ol 8 mg 
daily. Rotìgotine may also be used as adịuncávt therapy with 
levodopa in an initial dose oi 4 mg daily, increased in weekly

steps of 2mg if necessary, to a maximum of 16mg daily. 
Treatment with rotigotine should be withdrawn gradually; 
the daily dose should be reduced in steps of 2 mg every other 
day until complete withdrawal is achieved.

In the treatment of restless legs synđrom e, the initial 
dose is lm g  daily, increased in weekly steps of Im g 
according to response, to a maximum of 3 mg daily. The 
need ỉor ưeatm ent continuation should be assessed every 6 
months. II stopping ơeatm ent, the daily dose should be 
reduced in steps oỉ 1 mg every other day untll complete 
withdrawal is achieved.

Patches are applied once daily and should be replaced 
every 24 hours with the new  patch being applied to a 
diííerent site.
Reíerences.

1. The Parkinson Study Group. A controlỉed irial oỉ rotigotine 
monotherapy in earíy Parkinsons disease. A nh  Neurol 2003; 60:1721-8.

2. Stiasny-Kolỉier K. et a i  Patch application of the  dopamine agonỉst 
roògotine to patients w ith moderate to advanced suges of restless legs 
ỉyndrom e: a double-bllnd, placebo-controllcd pilot study, M ữv Disord 
2004; 19: 1432-8.

3. Poewe Y/, Leussì F. Clinical ỉtudies with transdermal rotigotine in early 
Parkinson's disease. Nntrology 2005; 65 (suppỉ 1): SI 1-S14. CorTeciion. 
ibid; 1328.

4. Watts RL, (t ai. Randomizcd. blind. conirolled trial oí iransdermal 
rotigotíne in early Parkinson disease. Ncurology 2007; 68: 272-6. 
Correction. ibiấ.: 69: 617.

5. splinter MY. Rotỉgotine: iransdermal dopaminc agonist ưeatm ent oí 
Parkin$on‘$ disease and resiless legs syndrome. Ann Pharmacother 2007; 
41: 285-95.

6. LeVViu PA, et a i  Advanced Parkinson disease treaied with rotigotine 
ưansdermal System: PREFER Study. Neurologỵ 2007; 68: 1262-7.

7. Trenkwaỉder c, ct al. Treatment of restlesỉ legs syndrome: an evidence- 
based revíew and implications íor dínỉcal p raaice. MovDisord 2008; 23: 
2267-2302.

8. Readỉng p. Treating restless Iegs syndrome with rotigotỉne. Br J Hosp Med 
2010; 71: 216-19.

Adverse Effects and Precautions
As ÍO I Bromocriptine, p. 896.3. Reactions may occur at the 
site of application and are usually mild or moderate in 
intensity. The site shouỉd be rotated on a daily basis and the 
same site should not be used vvithin 14 days.

Licensed p rodua inlormation recommends that rotigo- 
tine should be used vvith caution in patients with severe 
hepatic impairment and reduced doses may be necessary in 
cases of worsening impairment; however, this is based on a 
lack of evidence in such patients.

Interađions
Since it is a dopamine agonist, rotigotine may share some of 
the pharmacological interactíons of bromocripnne, p. 899.1.

Caution is advised when other sedating drugs or alcohol 
are used vvith rotigotine because of possìble additive eíleas.

Pharmacokinetícs
Rotigotine has poor oral bioavailabiliry as it undeTgoes 
extensive first-pass metabolism Via glucuronidatíon in the 
gut wall and liver. Peak plasma concentrations occur 24 
hours aher ttansdennal applkation. Steady-state concen- 
ưatìons are reached aỉter 24 to 48 hours oỉ continuous daily 
application. It undergoes N-dealkylation and conjugatíon to 
form inactive metabolites. Rotigotine is excreted mainly in 
the urine and about 23% appears in the íaeces. The 
elimination half-life is 5 to 7 hours. It is distributeđ into milk 
of rats.
References.

1. CavveUo w, tí al. Transdermal adminịstratỉon oỉ radỉolabeỉỉed ỈMCỈ 
rotigotine by a patch íorm ulation: a mass balance ưiaL Cỉin 
Pharmacokintt 2007; 46: 851-7.

Preparatìons
Proprietary Preparations (details are given in Volume B)
Single-ingredienl Preparotions. AustraL: Neupro; Austria: Neu- 
pro; Belg.: Neupro; Cz.: Neupro; Dennt.: Neupro; Fr.: Neupro; 
Ger.: Leganto; Neupro; Gr.: Neupro: Hong Kong: Neupro: 
Hung.: Neupro; Irl.: Leganto; Neupro; Israel: Neupro; Ital.: 
Neupro; Jpn: Neupro; Neth.: Neupro; Norw.: Neupro; PỚL: 
Neupro; Port.: Neupro; Spain Neupro; Svued.: Neupro: Switz.: 
Neupro; Thai.: Neupro; UK: Neupro; ukr.: Neupro (Heynpo); 
USA: Neupro.

Selegiline Hydrochloride
ỊBANM, USAN. riNNMỊ ®

Deprenilo; Deprenyl; L-Deprenyl; Hidroclorụro dẹ selegilina; 
Selegiliinìhydrokloridi; Selegilin Hidroklorùn Selegilin hydro- 

•chlorid; Selegilina, hidrođoruro dé; Sélégịliné, Chlorhydrate 
dé;; Selegilinhydrochlòrid; Selegilinhỵdroklorid; Selegilini 
'Hyđrochloridum;' Selegilinò hidrochloridas; Szẻlegilịn- 
hidròklorid; CehernnnHa rnflpoxnop*ifl. 
(-)-W-Nfl-Dimèthyl-N-(prop-2-ynyl)phenethylamine hydro- 
chloride; (fl)-Methyl(a methylphenethyl)prop-2-ynylamine 
hydrochloride.
C13H,7N,HCÍ=223,7

CAS —  14611-51-9 (selegiliné); 2079-54-1 (selegiline hy 1ro
chloride); 14611-52-0 (selegiline hydrochloride)..................
ATC —  N04BD01. ■ -
A ĩc  Vet—  QN04BD01.
ỤNIị ' r—  6W731X367Q ((-)-selegilìne hydorchlon ie); 

‘ý3G7R4955Ạ ((±J-selegiline hỳdrochlốride).

Pharmacopoeias. In Eur. (see p. vii) and us.
Ph. Eui. 8: (Selegiline Hydrochloride). A white or alr ìost 
white, aystalline povvder. M.p. about 143 degrees. Fi :ely 
soluble in w ater and in methyl alcõhol; slightly solubl: in 
acetone and in ethyl acetate. A 2% solution in vvater h JS a 
pH of 3.5 to 4.5. Piotect írom light.
USP 36: (Selegiline Hydrochloride). A white, odouiless 
crystalline povvder. Freely soluble in water, in chloroíc rm, 
and in methyl alcohol. Store in ainight containers. Pro :ea 
from light.

Uses and Administration
Selegiline is an irreversible seleaive inhibitor of monDa- 
mine oxidase type B, an enzyme involved in the metab )lic 
degradation of dopamine in the brain. It enhances :he 
eílects of levodopa and is used in the treatment of 

• Parkinson's disease mainly as an adjunct to levod >pa 
ị therapy to reduce 'end-of-dose' or 'on-off' fluctuation- in 
I response, but see Parkinsonism. p. 915.1. Addition of 
1 selegiline to levodopa therapy may enable the dosage of 
Ị levodopa to be reduced by about 10 to 30%. Selegiline n tay 
I be given alone in early Parkỉnson's disease in an attemp to 
! delay the need íor levodopa therapy. It is also used in he 
I treatraent of depression (p. 915.1).

In the ưeaũnent of P ark in son 's  disease, selegil ne 
hydrochloride is given orally as conventional preparatii >ns 
such as capsules, tablets, or liquid, or as lyophilisate tabli ts. 
The dose of the conventional preparations ís lOmg đa ly, 
either as a single dose in the moming or in 2 divided dose* of 
5 mg at breakíast and lunchtime. The initial dose of the c ral 
lyophilisate tablets is 1.25 mg daily at least 5 minutes befi >re 
breakíast; patients already receiving lOmg of conventional 
preparations can be ưansíeưed to 1.25 mg of the cral 
lyophilisate. u s  product inlormation States that the ini ial 
oral lyophilisate dose of 1.25 mg daily may be increas -d, 
aíter at least 6 weeks, to 2.5 mg given once daily, if 
necessary.

In the USA. transdermal patches delivering 6,9, or 12ing 
of selegiline over 24 hours are available for the ưeatment of 
depression . The initial dose is 6 mg daily, increased in ste ps 
oí 3 mg every 2 vveeks ií necessary, to a maximum of 121 Ig 
daily. Patches are applied once daily and should be replac :d 
every 24 hours with the new patch being applied tc a 
ditterent site. Dose increases should be made with caution in 
the elderly and patients should be closely observed lor 
postural changes in blood pressure during ơeatment. 
Dietary restrictions are necessary at doses o{ 9mg daily a ìd 
above, see Interactions, p. 916.1.

Other conditions in which selegiline has been tri ‘d 
include dementia.

Some reíerences to the actỉons of selegiline.
1. Youdim MBH. pinbcrg JPM. Pbarmacữỉogicaỉ acùons oỉ l-dcprc: yì 

(seỉegiỉine) and o iher seieciive monoamine oxidasc B ỉnhibicors. c in 
Pharmacol Ther 1994; 56: 725-33.

2. Lange KW, tí  a i  Biochemỉcal actíons of l-deprenyl (selegiỉine). c in 
Pharmaeol Tĩtcr 1994; 56: 734-41.

Cocaine dependencè. Cocaine use may aílect tl e 
dopaminergic modulation of CNS íunction; selegiline is 
one of several drugs that in teraa with dopaminergic sy ì- 
tems and have been tried in treatment ol cocaine abu e 
and dependence (p. 1990.1).
Reíerences.

1. Houtsmuller EJ, tí  aỉ. Transdermal selegiỉine and ínữavenous cocair :: 
saỉety and imeractíons. Psychopharmacoiogy ịBerl) 2004; 172: 31-40.

Demenlia. The hypothesis that neurodegeneration in AI 
heimer's disease (p. 388.1) might be due to free radic li 
íormation has led to drugs such as selegiline being tried i s 
antoxidant therapy.

Early double-blind studiesu  indicated that oral selegilứ e 
10 mg daily might produce benehdal etíects in patients wit ì 
Alzheimer's disease but it vvas suggested that improvemen s 
in mood and cognitive íunction may have been due to ì 
reduction in tension and depression.5 A 15-month study i 1 
Alzheimen's patients with mild cognitive impaứmei t 
showed oral selegiline lOmg daily to have little effect * 
although the authors pointed out that those with m o i: 
severe dementia have shown more response in other 
studies. The condusion o ỉ a later study5 that oral selegilin : 
lOmg daily slowed progression in patìents with m oderat: 
disease has been a itid sed6 on the grounds that any effec t 
was only evident aíter statisncal adjustment to the originí l 
analysis. In addition a systematic review7 examining t h : 
etíects of selegiline concluded that there was no m eaningk 1 
evidence of a benefidal eỉíect of oral selegiline in patient;

I with Alzheimer's dỉsease. They also considered that th e r :

All ơoss-references refer to entries in Volume A
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w a ỉ  n o  lo n g e r  a n y  ju s t if ic a t ìo n  ỉo r  its  u se  in  p a tie n ts  w ith  
A lz h e iin e r 's  d isease .

1. Picđnin GI, ri al. Neuropsychological títeas of L-ceprenyl In 
Aỉxheỉmert cype dementía. CUn Ntítrophormaeoĩ 1990; 13: 147-63.

2. Mangoni A. t í  al. Bổects of a MAO-B ỉnhỉbitor ỉn the treatment of 
Aỉzheimer dỉsease. Eur Neurol 1991; 31:100-107.

3 Anonymous. Drugs for Aỉzheỉmer's disease. DrugTherSulỉ 1990; 28:42-
4.

4. Burke WJ, tí ai. L-Deprenyl ln the treatment of mild dementỉa of the 
Aỉxheỉmer type: resuỉts oí a 15-month triaL J Am Gcriatr Soc 1993; 41: 
1219-25.

s. Sano M.tíaLA  controUed uỉaỉ of selegilỉne, aipha-tocopherol or both as 
treatment tor Alĩhdmer'* dỉsease. N EngUMed 1997; 336:1216-22.

6 Pỉncus MM. Aỉpha-tocopheroỉ and Àkhelmei^s dỉsease. N Engl J Med 
1997; 337: 572.

7 . Birks J, FIỈcker L. Selegỉỉỉne for Alzheimer's dỉsease. Available in The 
Coduane Database oí Systcmatỉc Revievvs; Issue 1. Chỉchesten John 
WUcy; 2003 (accessed 16/02/06).

D e p re s ỉio n . S e leg ilin e  is  a  se lec tiv e  in h lb i to r  o ỉ  m o n o a -  
m in e  o x id ase  ty p e  B a n d  th e r e  a re  re p o r ts l ' J oi i t  p ro d u -  
d n g  im p ro v e m e n t in  d e p re s s io n  (p . 3 9 8 .1 ). H o w ev er, a t  
th e  doses u s u a lly  r e q u i r e d  to  p ro d u c e  a n  a n tid e p re s sa n t 
e ổ ẽ c t  th e  sp e d Ẽ c ity  oỉ o r a l  se leg ilin e  is  re p o r te d  to  b e  lo st 
a n d  it h a s  b e e n  su g g e s te d  th a t  th e  e ỉh c a c y  o f  se leg iline  as  
a n  a n tid e p re s s a n t m ig h t  d e p e n d  o n  in h ib i t ío n  o f m o n o a -  
m in e  ox id ase  A  r a th e r  t h a n  in h ib i t io n  o ỉ  m o n o a m in e  o x i- 
d a se  B a lo n e . S u c h  a  lo ss  o f s p e d h r i ty  w o u ld  m e a n  th a t  
p a tie n ts  ta k in g  se le g ilin e  fo r  d e p re s s io n  w o u ld  n e e d  to  
o b se rv e  th e  d ie ta ry  r e s tr ic tio n s  a p p lic a b le  to  n o n -se le c tiv e  
M A O Is.

To o v e rc o m é  th e  p ro b le m s  a s s o ó a te d  w ith  th e  o ra l ro u te , 
tra n sd e rm a l s e le g ilin e  h a s  a ỉso  b e e n  t r íe d  a n d  m a y  b e  m o re  
e ffec tive  t h a n  p la c e b o  in  t h e  t r e a tm e n t  o f d e p re ss io n .4 T h e  
u se  o f th e  t r a n ỉd e n n a l  r o u te  allovvs s u s ta in e d  b lo o d  levels  o f 
selegiU ne to  b e  d e liv e re d  vv ith o u t e x te n s iv e  in h ib itio n  o f 
p e rip h e ra l  m o n o a m in e  o x id a se  A . T ra n sd e rm a l p a tc h e s  o f 
se leg ilin e  a re  l ic e n se d  fo r  t h e  t r e a tm e n t  o f d e p re ss io n  in  th e  
USA . s

1. Mendlewỉcz J. Youdira MBH. L-DepreniL a sdective monoamỉne 
oxỉdase type B Inhibitor. ỉn the treatment of depresàon: a double-blind 
evaỉuadon. Br J Pĩychừiừy 1983; 142: 508-11.

2. Mann JJ, tí ai. A controlled study of the anddepressant eữỉcacy and side- 
eííects of (-)-deprenyl. Arch Gan Psychiatrỵ 1989; 46:45-50.

3. Sunderland T, tí aỉ. Hígh-dosc selegỉỉỉne ỉn treatment-rcsistant older 
depresàve patients. Anh Gan Psydòatry 1994; 51: 607-15.

4. Frampton JE, Pỉosker GL. Selegiỉine transdennaỉ System: ỉn the 
txeatment oí major depressỉve disòrder. Drugs 2007; 67: 257-65.

N arc o le p H c  s y n d ro m e .  S m all c o n tro lle d  s tu d ỉe s1-2 h a v e  
su g g e ste d  th a t  o ra l  se le g ỉlin e  20  to  4 0  m g  d a ily  h a s  a  b e n e -  
f id a l  e f f e a  o n  s y m p to m s  of n a rc o le p sy  a n d  c a ta p lex y  
(p . 2 3 1 4 .3 ); a t  s u c h  a  d o sa g e  a  lo w - ty ra m in e  d ie t is co h - 
s id e re d  n ecessa ry .

1. HubUn c, tíal. Selegỉỉiae in the treatment of narcolepsy. Nevrology 1994; 
44: 2095-2101.

2. Mayer G, tí ai. Selegelỉne [úc] hydrochloride treatment in narcolepsy: a 
double-blind, placebo-controlled study. Qin Neuropharmaal 1995; 18: 
306-19.

P aH c iiu o n ism . A s a  s e le c tiv e  m o n o a m in e  o x id ase  ty p e  B 
in h ib ito r , se le g itin e  r e d u c e s  th e  m e ta b o lism  o f  d o p a m in e  
a n d  th e re b y  e n h a n c e s  i ts  a c tio n s . I t  red u c e s  le v o d o p a 's  
'e n d -o f -d o se ' e fie c t a n d  h a s  a  d o s e -sp a r in g  e ííec t. S o m e 
h a v e  u se d  it a s  m o n o t h e r a p y  in  a n  a tte m p t  to  d e la y  th e  
n e e d  ío r  lev o d o p a . lí p ro g re s s io n  o f  P a rk in so n 's  d isease  
(p . 889 .1 ) w e re  d u e  to  a  c y to to x ic  e ữ e c t  o f  free  rad ica ls, 
g e n e ra te d  d u r in g  th e  m e ta b o lism  o f d o p a m in e , o n  
d o p a m in e rg ic  n e u ro n e s  in  th e  s u b s ta n tia  n ig ra , se leg ilin e  
m ig h t  slovv th e  p ro c e s s  b y  r e d u d n g  t h e ứ  ío rm a tio n . I n  a  
la rg e  ea rly  s tu d y ,1 t h e  D A TA TOP s tu d y , se leg iline  m o n o -  
th e r a p y  d e la y e d  th e  n e e d  to  s ta r t  le v o d o p a  in  p a tie n ts  
w i th  ea rly  P a rk in s o n 's  d ise a se . T h e se  S n d in g s  w e re  c o ư o -  
b o ra te d  b y  o th e r  s m a l le r  s tu d ie s .2-3 T h e re  h a s  b e e n  m u c h  
d e b a te  o v e r  v v h e th e r  t h e  b e n e fit  w a s  d u e  to  a  n e u ro p ro -  
te r t iv e  o r  sy m p to m a tic  e ffec t. R e-a n a ly s is  o f th e  DATATOP 
data by independent vvorkers45 and Rndings of other stu- 
d ie s4 su p p o rte d  a s y m p to m a tic  ef£ect. S u b se q u e n t s tu d ie s  
in v o lv in g  DA TA TOP p a t ie n ts  w e re  a lso  c o n s is te n t w i th  a  
sy m p to m a tic  e ííe c t; a n y  b e n e ũ t  p ro d u c e d  b y  se leg ilin e  
a p p e a re d  to  b e  less  p r o n o u n c e d  a s  t h e  d u ra tio n  o f  t re a t-  
m e n t  in c re a se d 7 a n d  w a s  lo st c o m p le te ly  lo n g  tenn .*-9 
H o w e v e r, a  l a te r  s tu d y 10 d e s ig n e d  to  m in im ise  a n y  sy m p - 
to m a t ic  effec t c a s t  d o u b t  o n  v v h e th e r th e  d e la y  in  p ro g re s -  
s io n  o f th e  s ig n s  a n d  sy m p to m s  o f  P a r ld n so n 's  d isease  
o b ta in e d  vvith s e le g ilin e  w a s  e n tire ly  d u e  to  a  sy m p to m a tic  
e tte c t.

S tu d ies  o f t h e  u s e  o f  s e le g ilin e  as  a n  a d j u n c t  to  le v o d o p a  
th e r a p y 4-11-12 in d ic a te  t h a t  se leg ilin e  p e n n its  a  m o d e s t  
r e d u c t io n  in  t h e  d o s a g e  re q u ire m e n ts  o f lev o d o p a . A n  
in te r im  a n a ly s is  o f  a  s tu d y  o f  th e  e a r ly  a d d it io n  o f  se leg ilin e  
to  le v o d o p a  h a s  a lso  su g g e s te d  th a t  se le g ilin e  m ig h t stab ilise  
t h e  lo n g - te n n  d a ily  le v o d o p a  d o s a g e .13 A s w ith  m o n o -  
th e ra p y , c o m b in e d  th e r a p y  h a s  b e e n  re p o r te d  to  s lo w  
s y m p to m  p ro g re s s io n .M

T h e  u s e  o f se le g ilin e  i n  P a rk in s o n 's  d isease  h a s  b e e n  
q u e s tio n e d  a f te r  a  U K  s tu d y 11 ío u n d  a n  u n e x p c c te d  in a re a se  
in  m o rta li ty  in  p a t ỉe n ts  tak in g  le v o d o p a  w ith  se leg ilin e  
c o m p a re d  w ith  th o s e  ta k in g  le v o d o p a  a lo n e . N o  d iH erence  
in  m o rta li ty  h a d  b e e n  d e te c te d  a t  t h e  3 -y e a r  fo llo w -u p 15 b u t

aỉter an  average fo llo w -u p  tim e o f  5 .6  yea rs11 m ortality  w as  
60%  h igh er in  th e  group also receiv in g  se leg iline . T he study  
has b een  cr itidsed  o n  m an y  grou n d s in d u d in g  the fact that 
m ortality  w as very  h igh  in  b oth  arm s o f th e  stu d y16 a n d  has 
b een  th e  subject o f  m u ch  d e b a te .17,1* T he authors o f  the  
stu dy11 had stated  that th ey  w o u ld  advise th e  study patien ts  
to w ith d raw  se leg ilin e  therapy. A n alysis o f  fo llo w -u p  data1’ 
u ntil th e  se leg ilin e  arm  o f th e  study w a s  te n n in a ted  
(average 6 .8  years) ỉo u n d  an  e x c ess  m ortality  o ỉ  ab out 35% , 
a S gure calculated20 to  b e  n o  lo n g e r  signiíìcant. H ow ever, 
b ecau se o f th e  prem ature term in ation  o f  th e  stu dy  such  
results w ere  considered21 to  b e  b iased . W h eth er  a n y  excess  
in  m ortality  is causally  related  to  se leg ilin e  is  still u n d ea r . 
Som e consider that changes in  prescribing practice b ased  on  
this stu dy  are n o t w arranted .17 O th eis21 h a v e m a d e  a 
ca u tio u s  r e co m m en d a tio n  n o t  to  start c o m b in ấ tỉo n  
ơ e a tm e n t in  patíen ts w ith  n e w ly  d iagn osed  Parkinson's 
disease b u t con sider that th ere is  little ev id en ce  to  advise  
patien ts w h o  h a v e b e e n  using  se leg ilin e  w ith  lev o d o p a  for 
years vvithout p rob lem  to  ch a n g e  th eir  ư ea tm en t. A n  
ẽva lu ation  o ỉ  m ortality  a m on g  patien ts tak in g  antiparkin- 
son ian  drugs (u súig  th e  UK G eneral Practice R esearch  
D atabase) provided  ev id en ce aga inst there b e in g  substandal 
excess m ortality a ssodated  yvith th e  u se  o f  se leg ilin e .22 
T hese results are supported  b y  system atic revievvs23-2'4 and  
m eta-analyses25,26 o f random ised , d oub le-b lin d  studies  
w h ich  tou n d  n o  increase in  m ortality  a sso d a ted  w ỉth  
se leg iline  treatm ent regardless o f  con cu rren t levod opa . 
Furtherm ore, increased  m ortality  w as n o t s e e n  in  patien ts  
in  th e  original DATATOP study' a fter a n  average fo llo w -u p  
tim e o f  8 .2  years. Hovvever, it w a s  n oted  th at the d e la y  of 
disability seen  in  th e  early p hase o f  se leg ilin e  therapy1-7 w as  
n o t associated  vvith longer Ufe during  fo llo w -u p .27 A  later 
system atic revievv23 has also to u n d  n o  c o n v in d n g  ev id en ce  
that se lec tiv e  m o n o a m in e  o x id a se  ty p e  B in h lb ito n  
(se leg ilin e and lazabem ide) sign ih can tly  delay d isease  
progression  in  early Parkinson's d isease a n d  rou d ne n se  is 
n ot recom m en ded . Sim ilarly, a n o th er  r e ce n t system atic  
revievv24 tound  in su ỉB d en t ev id en ce  to  recom m en d  th e  
rou tin e u se  o f  se leg ilin e  o v er  th e  u se o f  lev o d o p a  and  
d opam in e agon ists (brom ocriptine and lisuride) in  early  
disease.
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S m o k in g  c e s s a t io n . Se leg ilin e  h a s  b e e n  in v e s tíg a te d  as a n  
a id  to  sm o k in g  cessa tion  (p. 2 5 7 0 .2 ).

R e íe re n c e s .
* 1. George TP, tí ai A prdiminary placebo-controUeđ uỉaỉ of selegỉỉine 

hydrochloriđc for smolđng cessatíon. Biol Psychiatry 2003; 53: 136-43.
2. Bibenrun R, tí ai. A nndomỉxed conơoHcd ttial of orai selegũỉne plus 

nicotine sỉdn patch compared with placebo pỉus nỉcotíne sỉún patch ỉor 
smokỉng cessatỉon. Addừtìon 2003; 98: 1403-7.

Adverse Effeds
Selegịline is o f te n  g ịv en  as  a n  a d ju n c t  to  le v o d o p a  th e ra p y  
a n d  m a n y  o f  th e  a d v e n e  e ữ e c ts  r e p o r te d  m a y  b e  a ttr ib u te d  
to  e n h a n c e d  lev o d o p a  ac tiv lty ; d o sa g e  o f  le v o d o p a  m a y  
h a v e  to b e  red u c e d . H o w e v e r, m o st r e p o r te d  a d v e rse  eííects, 
w ith  th e  p ossib le  e x c e p tio n  o ỉ  in c rẽ a se d  d y sk in esias  a n d  
ca rd iac  a rrh y th m ia s , h a v e  a lso  b e e n  s e e n  w ith  se leg iline  
m o n o th e ra p y . A dverse  e S e c ts  h a v e  in c lu d e d  o r th o s ta tic  
h y p o te n s io n , ch e st p a in , n a u se a , v o m itin g , c o n s tip a n o n , 
d ia rrh o ea , c o n ỉu s io n , h e a d a c h e , t r e m o r /  v e rtig o , dizziness, 
psychosis, d e p ressio n , h a llu d n a tío n s ,  a g ita tío n , d ry  m o u th , 
so re  th ro a t, dU Sculty in  m ic tu ri tio n , s k in  re a c tio n s , b ack  
p a in . m u s d e  c ram ps, jo in t  p a in , a n d  m y o p a th y . T h e  
a m ỉe ta m in e  m eta b o lite s  o ỉ  se leg ilin e  m a y  c a u se  in so m n ia  
a n d  a b n o rm a l dream s; e v e n in g  doses  s h o u ld  b e  avo ided . 
T r a n á e n t  in c re a se s  in  llv e r  e n z y m e s  h a v e  b e e n  rep o rted . 
M o u th  u lc e rs  a n d  s to m a titis  m a y  o c c u r  vvith th e  o ra l 
ly o p h ilisa te .

Since t h e  se lec tiv ity  o ỉ  se leg ilỉne  is lo s t  a t  h ig h e r  doses, 
s igns  a n d  sy m p to m s o í  o v erd o sa g e  m a y  re se m b le  th o se  of 
n o n -se le c tiv e  M A O Is s u c h  as  p h e n e là n e  (see  p . 4 4 2 .2 ).

E ffecb  o n  c a r b o h y d r a te  m e ta b o lis m . P ro ío u n d  hyp o g ly c- 
a e m ia  d e v e lo p e d  in  a  7 0 -y e a r-o ld  m a n  a f te r  se leg iline  w as 
a d d e d  to  h is  ex is tin g  m e đ ic a tio n  fo r  P a rk in s o n 's  d isease .1 
H ypog lycaem ia  tvas a c c o m p a n ie d  b y  h y p e rin su lin a e m ia  
a n d  reso lved  1 w e e k  a íte r  s to p p in g  se leg ilin e .

1. Rowland MJ. tí al. Hypoglycemia caused by selegiỉine, an 
antìparỉdnsonían drug: can such sỉde cíỉects be predicted? J ơin 
Phamacoỉ 1994; 34: 8Ỡ-5.

E tíec ts o n  m o rta lily . F o r re ỉe re n c e  to  a  s tu d y  th a t  ío u n d  
a n  in c re a se d  m o rta lity  r a te  in  p a tie n ts  vvith P a rk in so n 's  
d isease  ta k in g  se leg iline  a n d  le v o d o p a  c o m p a re d  w ith  
th o sé  tak in g  lev o d o p a  a lo n e , see  P a rk in so n ism , u n d e r  
U ses and  A d m in isữ a tio n , abo v e .

Precautíons
Selegiline  s h o u ld  b e  u se d  vvith c a u tío n  in  p a tie n ts  w ith  a 
h is to ry  of p e p tic  u lc e ra tio n  a n d  a v o id e d  in  th o se  w ith  ac tive 
u lc e ra tio n . I t  s h o u ld  a lso  b e  u s e d  vvith  c a u ú o n  in  
u n c o n tro lle d  h y p e rte n s io n , a ư h y th m ia s ,  a n g ỉn a , sev ere  
l iv e r  o r k id n e y  d y s íu n c tio n , o r  p sy ch o sis .

W h e n  se le g ilin e  is u s e d  in  t h e  m a n a g e m e n t  o f 
d ep ressio n , p a tie n ts  s h o u ld  b e  d o s e ly  m o n ito re d  d u rin g  
e a rly  th e ra p y  u n til  s ig n iũ c a n t im p ro v e m e n t  in  d ep re ss io n  
o ccu rs  b e c a u s e  s u id d e  is a n  i n h e r e n t  risk  in  d ep ressed  
p a tie n ts . F o r  íu r th e r  de ta ils , see  u n d e r  D ep re ssio n , p . 398 .1 .

C a rd io v a s c u la r  d is o rd e rs .  A n  in v e s t ig a t io n ' o f th e  a u to -  
n o m ic  e tte c ts  o f se leg iline  as  a  p o te n t ia l  c a u se  o f  th e  u n e x -  
p e a e d  m o rta li ty  seen  in  a  s tu d y 2 in  p a tie n ts  w ith  P ark in - 
s o n 's  d isease  rece iv in g  se leg ilin e  a n d  lev o d o p a  (see 
P ark in so n ism , above) suggested  th a t  t h e  r isk  o f o r th o s u t ic  
h y p o te n s io n  VYĨth th is  c o m b in a tio n  m a y  h a v e  b e e n  u n d e r-  
e s tim a te d . I t  vvas c o n s id e red  p r u d e n t  to  w ith d ra w  sele- 
giU ne t o m  th o se  w ith  sy m p to m a tic  o n h o s ta t ic  h y p o - 
te n s io n  o r  ca rd io v a sc u la r  o r  c e re b ro v a sc u la r  d isease . F o r 
th o se  vv ith o u t sy m p to m a tic  m o rb id ity , b u t  a  g re a te r  t h a n  
2 0  m m H g ía l l  in  b lo o d  p re s su re  o n  s ta n d in g  fo r  2  m in u te s , 
g rad u a l w ith d ra w a l o f  se leg iline  w i th  a d ju s tm e n t  o f levo- 
d o p a  d osage  sh o u ld  b e  co n s id e red .

1. Churcbyard A. tí ai. Autonomic effects of seỉegilỉne: possíble 
cardỉovascuỉar toxidty ỉn Parkinson's disease. J Seuroi Neurosurg 
Ptydiiatry 1997; 63: 228-34.

2. Parkỉnson's Disease Research Group of the United Kingdom. 
Comparỉson oỉ therapeuúc eữécts and morulỉty da ta of levodopa and 
ỉevodopa combined with selegỉỉine in padenB with earỉy, mỉld 
Parkỉnson's disease. BMJ 1995; 311:1602-7.

P o rp h y r ía .  T h e  D rug  D a ta b ase  ío r  A c u te  P o rp h y ria , com - 
p ile d  b y  th e  N orvvegian P o ip h y ria  C e n ư e  (NA POS) an d  
th e  P o rp h y ria  C e n tte  Svveden, d a s s ih e s  se leg ilin e  as  p ro b - 
a b ly  p o rp h y rin o g e n ic ; it  s h o u ld  b e  p r e s a ib e d  o n ly  fo r 
c o m p ẽllin g  rea so n s  a n d  p re c a u tio n s  s h o u ld  b e  co n s id e red  
in  all p a tie n ts .1

1. The Drug Database for Acute Porphytia. Avaỉỉabỉe at: http://mrw. 
drugs-porphyria.org (accessed 30/09/11)

The Symbol &  denotes a substance vvhose use may be restricted ÚI certain sports (see p. viii)The Symbol t  denotes a preparation no ỉonger activeiy marketed
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Interactions
S e leg ilin e  is  less  lik e ly  t h a n  n o n -se le c tlv e  M A O Is, s u  c h  as  
p h e n e b d n e , to  in te r a c t  w i th  ty ra m in e  in  ỉo o d ; su  c h  
h y p e r te n s iv e  re a c tio n s  h a v e  b e e n  re p o r te d  r a r e ly  a t  u s u a l  
d o se s  b u t  U K  l ỉc e n se d  p ro d u c t  i n ío r tn a t io n  fo r  o ra ỉ  
ỉo rm u la t io n s  States t h a t  its  s d e c t iv ity  is  lo s t  a t  h ig h e r  
d o ses  a n d  i t  m u s t  b e  a s su m e d  th a t  se ỉe g ilin e  c a n  u s u a lly  
o n ly  b e  u s e d  sa ỉe ly  v v ith o u t d ie ta ry  re s tr ic tio n s  a t  d o ses  o f 
u p  to  10 m g  d a ily . us l ic e n sed  In lo rm a t ìo n  fo r  t h e  
tra n s d e rm a l  p re p a ra tio n  States th a t  d ie ta ry  re s tr ìc tio n s  a re  
n e c e s sa ry  a t  d o ses  o f 9  m g  d a ily  a n d  a b o v e : p a tie n ts  s h o u ld  
b e  w a m e d  n o t  to  e a t  a n y  ty ra m in e - r ic h  ío o d s  w h i le  b e in g  
t r e a te d  w ith ,  a n d  fo r  a t  lea s t 14 d a y s  a h e r  d isc o n t in u a t ío n  
o t  th e s e  d o se s  o r  a h e r  dose  re d u c t io n  to  6 m g  d a ily . F o r  
í u r th e r  d e ta ils  o n  d ie ta ry  re s tric tio n s  a p p lic a b le  to  p a tie n ts  
ta k in g  M A O Is, see  p . 4 4 4 .3 .

E v e n  w h e n  g iv en  in  th e ra p e u tic  doses  ìư e - th r e a te n in g  
in te ra c t io n s  c a n  o c c u r  b e n v e e n  se le g ilin e  a n d  p e th ìd in e .  
S e rio u s  re a c tio n s , so m e tim e s  ia ta l, h a v e  a lso  b e e n  re p o r te d  
w h e n  se le g ilin e  w a s  u s e d  vvith tr ic y d ic  a n tid e p re s s a n ts  o r  
s e ro to n in  r e u p ta k e  in h ib ito rs  in d u d in g  th e  SSRIs a n d  
v e n la ía x in e .  L icen sed  p r o d u a  in ío rm a t io n  S tates th a t  14 
day s s h o u ld  e la p se  bervveen  s to p p in g  se leg ilin e  a n d  s ta r tin g  
t r e a tm e n t  w i th  t r ic y d ic  o r  se ro to n e rg ic  a n tid e p re s s a n ts .  
C o n v e rse ly , se leg ilỉn e  sh o u ld  n o t b e  g iv en  to  p a tỉe n ts  w h o  
h a v e  re c e n t ly  rec e iv e d  th ese  a n tid e p re s sa n ts ;  a t  lea s t  5 
vveeks s h o u ld  e la p se  betvveen  s to p p in g  Đ u o x e tìn e  a n d  
s ta r tin g  t t e a tm e n t  w i th  se leg iline . U se o f se le g ilin e  w ith  
n o n -se le c tiv e  M A O Is m a y  cau se  se v ere  h y p o te n s io n  a n d  
su c h  u s e  is n o t  r e c o m m e n d e d .

Antidepressants. A lth o u g h  th e re  h a v e  b e e n  s tu d ie s  in  
w h ic h  p a tỉe n ts  w ith  p a rk in so n ism  h a v e  re c e iv e d  se leg ilin e  
w lth  SSRls s u c h  as  H u o x e tìn e ' o r  p a ro x e t in e 2 (a p p a re n tỉy  
w ith o u t  a n y  p ro b le m s)  th e re  h a v e  b e e n  re p o r ts  o f re a c -  
t ío n s J' 5 s u c h  as  s h iv e r in g  a n d  svveating, h y p e r te n s io n , 
h y p e ra c tìv ity ,  a n d  a ta x ia  o ccunring  w h e n  se le g iỉin e  a n d  
Q u o x e tin e  h a v e  b e e n  u se d  to g e th e r . T h e  FD A  n o ted *  th a t  
r e a c tio n s  s im ila r  to  th o se  b e tw e e n  SSRIs a n d  n o n -se le c tìv e  
M A O Is h a d  a lso  b e e n  r e p o n e d  in  p a tie n ts  ta k in g  se leg ilin e  
w ith  p a ro x e t in e  o r  s e rtra lin e .

S e v e re  re a c tio n s , so m e tìm e s  ía ta l, h a v e  a lso  o c c u rre d  in  
p a tie n ts  ta k m g  se leg ilin e  a n d  tricycỉic antidepressants.* F o r  a 
r e p o r t  o f  s e ro to n in  sy n d ro m e  d e v e lo p in g  w h e n  venlafaxint 
w a s  g iv e n  a f te r  se le g ilin e  (desp ite  a  d ru g -f re e  p e rio d ) , see  
p . 4 5 7 .1 .

T h e re  h a s  b e e n  a  r e p o r t7 of a  p a tie n t  rec e iv ữ ig  th e  
n o n -se le c tiv e  M A O I iproniaãd w h o  h a d  se v e re  o r th o s ta tic  
h y p o te n s io n  w h e n  g iv e n  sd e g iỉ in e . S e leg ilin e  g iv en  vvith 
th e  re v e r s ib le  M A O I modobtmide to  h e a lth y  su b je c ts  
m a rk e d ly  in c re a se d  th e  p res so r  resp o n se  to  ty ra m in e  
c o m p a re d  vvith  t h e  e ữ e c ts  of e a c h  d ru g  u s e d  a lo n e .5 T h e  
a u th o r s  c o n d u d e d  th a t  d ie ta ry  re s tr ic tio n  o f  ty ra m in e -  
c o n ta in in g  ỉo o d s  yvouỉd  b e  n e c essá ry  ư  th e s e  d ru g s  w e r e  to  
b e  u s e d  to g e th e r .

O n e  U K  m a n u la c tu r e r  (Cephalon, UK) S tates th a t  o ra l 
se le g ilin e  s h o u ld  n o t  b e  g iv en  w ith  a n y  ty p e  o f  a n tid e p re s -  
s a n t, w h i le  a n o th e r  (Oritm. UK) ad v ise s  th a t  u s e  vvith SSRIs 
o r  v e n la ỉa x in e  b e  a v o id e d  a n d  re c o m m e n d s  c a u tio n  w h e n  
u s e d  w i th  t h e  t r i c y d ic s .  T h e  us m a n u ỉa c tu r e r  o f 
t r a n s d e n n a l  s e le g ilin e  (Briỉtol-Myen Squibb. USA), u se d  ỉo r  
d e p re s s io n , S tates th a t  u s e  vvith o th e r  a n tid e p re s s a n ts  su  ch  
as  bupropìon, mũtcaapiru, s e ro to n in  re u p ta k e  in h ib ito rs , St John 's wort, a n d  tr ic y d ic s  is c o n ư a  - in d ic a te d .

1. Waten CH. Pluoxetine and sclcgiiinc—Uck ot signiíìcam ỉmeraction. 
Can J Neurol Sà 1994; 21: 259-61.

2. Toyama s c  Iacono RP. Is ỉt sale lo combỉnc a sdecrive scrotonin 
reuptake inhibỉtor wỉlh seỉegỉlỉne? Ann Pharmaatíưr 1994; 28: 405-6.

3. Suchowtrsky o. de Vries JD. Interactíon o( Ouoxedne and seleglllne. Can 
JttỊChiatry 1990: 35: 571-2.

4. Jennain DM. tì aL Potendal Quoxerine-selegiline inleiaoion. Am  
Pharmaather 1992; 26: 1300.

5. Montattruc JL. tì aL Pseudophaeochromocytoma ỉn parlrinsonian 
patient oeated with Quoxetine plus lelegiline. Lanat 1993; 341: 555.

6. Anonymoiu. Eldcpryi and anddepreisam inreracúon. PDA Med Bulỉ 
1995; 2» (Peb.): 6.

7. Paie CMB tì tứ. Attemptt to attenúate the 'cheese eHea': cotnbined drug 
thenpy in depressive IDness. J Ạffta Dismt 1985; 9: 137-41.

8. Kom K  tì al. Tyramine pressor senaitỉvìty in healthy subjecti during 
combined treatment with modobemide and selegiline. Eur J chn 
Pharmaml 1996; 49: 273-8.

Antimigralne drugs. S o m e se ro to n in  a g o n is ts  i n d u d in g  
rìĩatriptan, sumatriptan, a n d  ỉolmitriptart a rẽ  m eta b o lis e d  v iă  
m o n o a m in e  o x id ase  ty p e  A  a n d  th e re fo re  i t  is c o n s id e red  
u n lik e ly  t h a t  se leg iline , a  m o n o a m in e  o x id ase  ty p e  B in h i-  
bitoT , v »ou \d  V nteract w i th  th e se  d ru g s. N e v e ith e le s s , o n e  
m a n u ỉa c tu r e r  (Cephalon, UK) õ f  o ra l  se leg ilin e  
c o n tra - in d ic a te s  its  u se  in  p a tie n ts  a lso  re c e iv in g  se ro to n in  
a g o n is ts ; i t  is  a lso  r e c o m ĩn e n d e d  th a t  a t  le a s t  2 4  h o u rs  
s h o u ld  e la p se  b e tw e e n  s to p p in g  se leg ilin e  a n d  s ta r tìn g  
t r e a tm e n t  w i th  th e s e  d rugs.

Opioid analgesics. S eleg ilin ẽ  c an  p ro d u c e  U íe -th re a te n in g  
re a c tio n s  vvh en  g iv e n  w ith  pethidine.'

S o m e  m a n u la c tu re rs  c o n tra - in d ic a te  u s e  o f se leg ilin e  
w ith  p e th id in e  a n d  o th e r  o p io id  a n a lg e s ic s  s u c h  as 
dextropropoxyphene, mcthadone, a n d  tramadol.

1. Zomberg GL. tí ai. Severe adverse inicraction between pethỉdine and 
seỉegỉỉLne. Lanat 1991; 337: 246. Correctỉon. ibiđ.; 440.

Oral conỉroceptives. T h e  to ta l  a re a  u n d e r  t h e  c o n c e n ư a -  
t ío n - t im e  c u rv e  fo r  se leg ilin e  g iv e n  in  s in g le  d o se s  o f  5 to  
4 0  m g  w a s  ra is e d  te n -  to  tv v en ty ỉo ld  in  4  w o m e n  w h o  
w e re  u s in g  o ra l  h o rm o n a l  c o n tra c e p tiv e s  w h e n  c o m p a re d  
w ith  4  w o m e n  rec e iv in g  n o  o th e r  m e d ic a tio n .1 I t  w a s  su g - 
g es ted  t h a t  u s e  o f se le g ilin e  a n d  o ra l  h o m n o n a l 
c o n tra c e p tiv e s  s h o u ld  b e  a v o id e d  o r  t h e  d o sa g e  o f se le- 
g ilin e  red u c e d .

ỉ. Laỉne K. tí ai. Dose ỉỉnearity study of seỉegilỉne pharmacokỉnetỉcs aỉier 
oral adminỉstratioa: evidrnce for strong drug interactỉỡn wiih ĩcmale sex 
steroids. Br J ơin Pharmacol 1999; 47: 249-54.

Sympathomimetícs. L icensed  in ío rm a t io n  fo r  a  u s  p ro d u c t 
(Éldèpryl; Somenet, USA) S tates th a t  th e r e  h a s  b e e n  ã  r e p o r t  
o f  h y p e rte n s iv e  crisis in  a  p a tie n t  ta k in g  rec o m m e n d e d  
doses  o f  se leg ilin e  a n d  ephedrine. A  h y p e r te n s iv e  re a c tio n  
a f te r  lo w -d o se  dopamine in íu s io n  h a s  b e e n  r e p o r te d 1 in  a 
7 5 -y ea r-o !d  p a tie n t  tak in g  se leg ilin e  lO m g  d a ily  ío r  Par- 
k in so n 's  d isease . T h e  a u th o r s  su g g est th a t  th is  m a y  in d i-  
ca te  a  n o n - s p e d f ic  a c tio n  o í se leg ilin e  a t  u s u a l  doses o n  
p e rip h e rạ l  m o n o a m in e  o x id ase  ty p e-A . U K  lic e n sed  p ro -  
d u c t in ío rm a t io n  States th a t  d o p a m in e  s h o u ld  b e  u se d  
w ith  c a u tio n  in  p a tie n ts  ta k in g  se leg illne .

1. Rose LM. tt at. A hypenensỉve reaaion ỉnduceđ by concurrem usc oí 
selegỉline and dopamine. Am Pharmacothtr 2000; 34: 1020-4.

Pharmacokinetics
S eleg ilin e  is re a d ily  a b so rb e d  fro m  th e  g a s ư o in te s tin a l  t r a a  
a n d  p e a k  p lasm a  c o n c e n ư a tio n s  o c c u r i n  30  m ỉn u te s  a íte r  
o ra l d o ses  of c o n v e n tio n a l p re p a ra tio n s . A l th o u g h  s u b je a  to  
la rg e  in te r in d iv id u a l v a ria tio n . b io av a ila b ility  is a b o u t  10%  
a n d  is in c re a se d  w h e n  g iv e n  w ith  food . S e leg ilin e  is rap id ly  
d is tr ib u te d  th ro u g h o u t  th e  b o d y  a n d  CTOsses t h e  b lo o d -b ra in  
b a rr ie r . I t  u n d e rg o e s  e x te n s iv e  h rs t-p ass  m e ta b o lism  in  th e  
l iv e r  to  p r o d u c e  a t  lea s t 5 m e ta b o lite s , in d u d in g  /-( -) -  
d e sm e th y lse le g ilin e  (n o rse le g ilin e ), /- (-)-JV -m ethy lam fe ta - 
m in e , a n d  1- ( - ) -a m fe ta m in e . P lasm a  c o n c e n tra t io n s  o f 
se leg ilin e  m e ta b o li te s  a re  g re a tly  r e d u c e d  a f te r  doses  o f th e  
o ra l ly o p h il is a te  p re p a ra tio n , th e  m a jo r ity  o f  w h ic h  
u n đ e rg o e s  a b so rp tio n  th ro u g h  th e  b u c c al m u c o sa . Topical 
u se  a lso  av o id s  B rst-pass m e ta b o lỉsm  a n d  a b o u t  25  to  30 %  o f 
th e  s ta te d  c o n te n t  is  av a ila b le  sy stem ica lly . S e leg ilin e  is 
e x c re te d  as  m e ta b o li te s  m a in ly  in  th e  u r in e  a n d  a b o u t  15%  
a p p e a rs  In  th e  íaeces . A t s te a d y  State t h e  e l im in a tio n  h a lí-  
lUe is r e p o n e d  to  b e  10 h o u rs .

R e íe re n c e s .
1. Heỉnonen HH. et aL Pharmacokỉnetic aspects oí 1-deprenyl (selegỉline) 

and ÌI5 meuboỉitn. Qỉn Pharmacol Ther 1994; 56: 742-9.
2. Mahmood L ct đi. Cỉinỉcaỉ phannacokỉneiics and pharmacodynamỉa of 

selegUỉne: an update. Cỉm Pharmaakintí 1997; 33: 91-102.
3. AmtỉU M, et a i  Marked eSea of liver and kidney íunction on the 

pbannacokinetỉcs of selegiỉine. CUn Phđrrruicol Ther 2005; 77: 54-62.
4. Azzarỡ AJ. ti ai. Phannacokineùcs and absolute bioavailability oí 

seỉegỉUne ỉoUữvtring ưeaunent oí heaỉthy subjectỉ wiih the selegUine 
ữansdermal System (6 mg/24 h>: a comparíson with oraỉ selegỉUne 
capsuỉes. J ơin Pharmaeoì 2007; 47: 1256-67.

Preparơtions
Proprietory Prepo rotions (details a re  given in  V olum e B)

Single-ingredienl Preporolions. Arg.: B rintenal; Jum ex ; Z elapar AustraL: Eldepryl; Selgene; Austria: A m boneural; Cognitiv; 
Jum ex: Xilopan Beíg.: E ldepryl: B raz.; D eprilan; Elepril; 
Jum exib  Niar; Parkexm ; Chữe: Selgịna; china: E ldepryl 
lft); Fu  A n (ỆS$); J in  Si Ping (ÌlS T ); Cí : Apo-Seleg; Cogni- 
tiv; Jưraex; N ĩarf; Denm.: E ldepryl; Fin.: Eldepryl; FrDepre- 
nyl; OtraseU Ger.: A núparkin; Jutagilin-t; M overgan; Selepark t; 
Selg im edt; X ilopan Gr.: Calaquin; Cosmopril; Erm olax; Felise- 
lin; K rautin; Legil; Procythol; Resostyl; Hong Kơrtg: Ju lab f; 
Jum ex ; Seímex; Selegos: Hung.: C ognitivf; Jum ex ; Indũr. Elde- 
pryb Elegelin; Jum ax ; Jum ex ; Selerin; Selgin; Indon.: Jum ex; IrL: Eldepryl; Israel: Selgin; ItaL: Egibren; Jum ex ; Selecom; 
Seledat; Xilopar; ]pn: FP Tab; Malaysùr. Jum ex ; Seỉm ex; Mex.: 
N ian Seth.: E ldepryl; Norw.: E ldepryl; NZ: E ldepryb Pkữipp.: 
Jum ex ; PoL: A po-Selin; Jum ex ; Segan; Selerin; Selg in t; Sel- 
gres; Port.: Jum ex ; N ip o n eu rin t; XUopac Rus.: Cognitiv 
(K onom a); Ju m e x  (Khiexc); Segan (CeraH)t; Selegos 
(Ceneroc)t; S A /r .:  Eldepryl; Parkilyne; Singapore: Jum ex ; s d e -  
gos; Spain: P lu iim en; Su/etL: Eldepryl; Switz.: Ju m e x a lf; Thai.: 
Julab; Jum ex ; Sehnex; Turk.: M overdin; Seldepan UK: Elde- 
pryl; Zelapar; Ukr.: Eldepryl (3afcaenpHn); Segan (CeraH); USA: 
Atapryl; C a ib ex t; Eldeprỹl; Em sam ; Ẽelapan Venn.: Jum ex.

Phonnocopoãal Prepartilions
BP 2014: Selegiline O ral Solutìon; Selegiline Tablets;
USP 36: Selegiline H ydrochloride Tablets.

Talipexole Hydrochloride ỊriNNMi
Ấleíexole Hydrọchioride; B-HT-920; Hidroclọruro de talipex- 
ol; Talipexol, hidrocloruro de; Talipexole, ơilorhydrate de; 
Talipexoli Hydrochloridum; TannneKco/ia rMflpoxnopnfl.

6 -Ailyỉ-2 -amìno-5 ,6 ,7 ,8-tetrahydro-4 H-thìazolo[4 ,5 -d]a2epìie  
dihydrochloride. ‘ •
Q oHisN3S2HCI=282.2
CAS ' — -101626-70-4'' (talipexole); 36085-73-ỉ '.(tàlipexi tle 
hydrochbnde).
Úm —  9R6EID8H10.

ProỊịỊe
T a lip e x o le  h y d ro c h lo r ỉd e  is a  d o p a m in e  D 2-a g o n is t  th a t  is 
u s e d  in  th e  m a n a g e m e n t  o f  p a rk in s o n is m  (p . 8 8 9 .1 ); Ĩ1 is 
g iv e n  oraU y in  u su a l  m a in te n a n c e  d o se s  o ỉ  1.2 to  3 .6  :n g  
d a ily , in  d iv id e d  doses. I t  h a s  also  b e e n  in v e s tig a te d  in  I be 
t r e a tm e n t  o f  sc h iz o p h re n ia .

Preparatíons
Proprietary Preparationi (details are given in  Volum e B) 

Sngle-ingredient Preparaliortỉ. Jpn: Domin.

Terguride ỊriNN)
Tergurida; Terguridum; Teprypnfl.
1.1 -Diethyl-3-{6-methylergolin-8a-yl) urea.
C2oHMN aÓ =3405 
CAS — 37686-84-3.
ATC —  GO2CB06.
ATCVet — QG02CB06. 
um — 210/743088.

Proỉile
T e rg u rid e , a n  e rg o t d e riv a tiv e , is a  p a rt ia l  d o p a m in e  a g o n  st 
w i th  g e n e ra l  p ro p e r tie s  s im ila r  to  th o se  of b ro m o c r ip ti  le  
(p . 8 9 5 .3 ). I t  is u se d  in  th e  ư e a tm e n t  o f  d iso rd e rs  r e la te d  to 
h y p e rp ro la c tin a e m ia  (p. 2 2 5 2 .2 )  in  a  u su a l o ra l  do se  of 
5 00  m ic ro g ra m s tw ice  d a ily . I t  is a lso  b e ỉn g  in v e s tig a te d  in 
th e  m a n a g e m e n t  o f p a rk in so n ism  a n d  p u lm o n a ry  h y p t r-  
te n s io n .

R e le re n c e s .
1. Krause w , tí al. Pharmacokinetỉcs and endocrỉne eữectỉ of terguríde in 

healthy subjects. Eur J Cỉin pharmaal 1990; 38: 609-15.
2. Barond F, tí aỉ. Partỉal dopamine agonist therapy oí levodopa-indu< ed 

dyskỉnesias. Ntítroĩogy 1992; 42: Ỉ241-3.

Preparatíons
Proprietary p iepurotions (details are given in  V olum e B) 

Single-ingredient PreporoHons. Jpn: Teluron .

Tolcapone /SAN, USAN, rlNNI 
Ro-40-7592; Tol.capona; Tolcaponum; Tolkapon; Tolkapor i; 
To/iKanoH.
3,4-bihydroxy-4'-methyl-5-nitrobenzophenone; 3,4-Dih' - 
droxy-5-niữophenyl(4-metbylphenyl)methanone. 
CmH„NOs=273^ ■ ■ ■ ■ • ■
C ÍS—  134308-13-7.
ATC —  N04BX01.
ATC Vet —  QN04BX01. 
um —  CIF63340LY.

Pharmacopoeias. In  us.
U S P  3 6 : (Tolcapone). A  yellow, E n e  powder or E n e  powd :r 
vvith lu m p s . In so lu b le  in  w a te r  a n d  in  n -h e x a n e ;  F ree  y  
s o lu b le  in  a c e to n e  a n d  in  te ư a h y d ro íu r a n ;  sp a rin g ly  so lu b  e 
i n  c h lo ro ío rm  a n d  in  d ic h lo ro m e th a n e ; so lu b le  in  m e th  r\ 
a lc o h o l a n d  in  e th y l a c e ta te .  S to re  in  a ir t ig h t  c o n ta in e rs  a t a  
t e m p e ra tu re  betvveen  2 0  d eg rees  a n d  2 5  d e g re e s . P ro te  d  
h o m  lig h t.

Uses and Administratíon
T o lc a p o n e  is a  p e r ip h e r a l  in h ib i to r  o f  c a te c h o l- (  
m e th y l tr a n s íe ra s e  (C O M T ), a n  e n z y m e  in v o lv e d  in  ử e  
m e ta b o lism  o f d o p a m in e  a n d  lev o d o p a . I t  is  u s e d  as BO 
a d jim c t  to  le v o d o p a  a n d  d o p a -d e c a rb o x y la se  inhibit< ir 
c o m b in a tio n s  in  th e  m a n a g e m e n t  o f  P a t ió n s o n 's  dlsea: e  
(p . 9 1 7 .1 )  fo r  p a tie n ts  vvho c a n n o t  b e  s tab ilised  o n  th e :e  
le v o d o p a  c o m b in a tìo n s  o r  fo r  th o se  w h o  h a v e  'e n d -o f-d o s  
d e te r io ra tio n . B ec a u se  o f  t h e  risk  o f se rio u s  h e p a to to x id i  y 
(se e  E S e c ts  o n  th e  L iv er, p .  917 .1 ) t h e  FD A  in  th e  u s  A 
r e s tr ic te d  i ts  u se  to  w h e n  o th e r  a d ju n c t iv e  th e r a p y  w . s 
ine£ fective  o r  c o n tra - in d ic a te d .  In  t h e  EU , to lc a p o n e  Wi s  
y v ith d ra v ra  h o m  th e  m a r k e t  i n  N o v e m b e r  1 9 9 8  a r  d 
s u b s e q u e n t ly  r e tu m e d  in  2 004 , i ts  u s e  b e in g  s im ila r  y 
re s tr ic te d  to  p a tie n ts  w h o  fail to  r e sp o n d  to , o r  a re  in to le ra i  it 
of, o th e r  CO M T in h ib ito rs .

T h e  u s u a l r e c o m m e n d e d  do sag e  o f  to ic a p o n e  is lO O trg  
g iv e n  o ra lly  th re e  tim e s  d a ily ; u p  to  a  m a x im u m  o f 2 0 0  i r  g 
th r e e  tim e s  d a ily  m a y  b e  c o n s id e red  if  th e  d in ic a l  b e n e l ;t 
ju s t if ie s  th e  in c re a se d  r is k  o f  h e p a to to x id ty .  T h e  firs t dose  I if 
t h e  d a y  s h o u ld  b e  ta k e n  a t  th e  sa m e  t im e  as t h e  co m b ỉn e  d 
lev o d o p a  p re p a ra tio n . M o s t p a tie n ts  a ừ e a d y  ta k in g  m o ie

All cross-reíerences reíer to entries in Volume A
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th a n  6 0 0  m g  o f lev o d o p a  d a iiy  w ill r e q u ữ e  a  re d u c t io n  in  
th e ir  d o sa g e  of lev o d o p a ; p a tie n ts  o n  lo w e r  le v o d o p a  doses 
m ay  a lso  re q u ire  a  d o se  re d u c t io n .

T o lc a p o n e  s h o u ld  b e  w i th d ra w n  if  a  s u b s ta n tía l  c lin ica l 
b en eĐ t is n o t  o b ta in e d  vv ith in  t h e  fiis t 3 vveeks o f ơ e a tm e n t.  
A n  a d ju s tm e n t  in  t h e  le v o d o p a . d o se  m a y  b e  n e c essa ry  
tollovving to lc a p o n e  w ith d ra w a l .

P arlc in so n ism . T o lc ap o n e  is a  rev e rs ib le  p e rip h e ra l  in h ib i-  
to r  o f c a te c h o l-0 ~ m e th y ltra n s fe ra s e  (CO M T), a n  e n z y m e  
in v o lv e d  in  th e  m e ta b o lism  o f le v o d o p a  a n d  d o p a m in e .1 It 
ap p e ars  to  d ư fe r  bom e n ta c a p o n e  (p . 9 0 1 .2 )  b y  b e in g  a  
m o re  p o te n t  C O M T  in h ib i to r  in  th e  p e r ip h e ry  a n d  b y  
p e n e tr a tin g  In to  t h e  b r a in  (a l th o u g h  th e  s ig n ih c a n ce  of 
a n ỵ  c e n ư a l  effec ts o f  C O M T  in h ib i tio n  a re  n o t  k n o v v n ).1 
W h e n  g i v e n  to  p a tie n ts  w i th  P a rk in s o n ’s d ise a se  (p. 8 8 9 .1 )  
a n d  le v o d o p a - re la te d  ũ u c tu a t io n s  in  d isa b ility  o r  'e n d -o f -  
dose ' e ííe c ts ,  it  h a s  p ro lo n g e d  th e  đ in ic a ỉ  b e n e S t  o b ta in e d  
w ith  le v o d o p a  a n d  allovvcd  th e  to ta l  d a ily  d o sa g e  o !  lev o - 
dopa to  b e  re d u c e d .2-3 B e n e h t  h a s  a lsõ  b e e n  re p o r te d 4 
w h e n  a d d e d  to  ỉe v o d o p a  th e r a p y  in  p a tie n ts  w i th  s tab ie  
P a rk in s o n 's  d isease . H o w e v e r, a  sy s te m atic  re v je w ’ c o n - 
c lu d e d  t h a t  th e r e  w e re  i n s u í h d e n t  d a ta  to  sh o w  a n y  sig- 
n iS c a n t d iííe re n c e  in  e ữ ic a c y  b e tw e e n  to lc a p o n e  a n d  
b rọ m o c r ip t in e  o r  p e rg o lid e  in  th e  a d ju n c tiv e  t r e a tm e n t  o{ 
le v o d o p a - in d u c e d  m o to r  co m p lica tìo n s .

T h e  'u s e  o f  to lc a p o n e  is re s tr ic te d  in  so m e  c o u n tr ie s  
b e c au se  o f  t h e  risk  o f  s e r io u s  h e p a to to x ic ity  (se e  E ữ ects  o n  
th e  L ỉy er, b e lo w ).

ỉ. Nụtt JG. Catechol-O-meỉhyỉtransíerase inhibitors for treacment of 
Parkinson's dỉsease. Lanetí 1998; 391: 1221-2.

2. Kuith MC. tí  al. Tolcapone ỉmproves motor hmction and reduces 
levodopa requiremem ỉn patìents with Parklnson'9 disease experiencing 
motor Ouctuatỉons: a multicenter. double-btínd, ranđomỉzed. ptacebo* 
conưolled ơlal. Neuroỉogy 1997; 48: 81-7.

3. Rajput AH, t í  ai. Tolcaponc ỉmproves mocor hmctíon in parkinsonỉan 
patienu with the *wearing-off' phenomenon: a doubỉe-blỉnd placebo- 
controlỉed. multicemer trial. Neurologỵ 1997; 49: 1066-71.

4. Waters CH. t í  ai. Toỉcapone Stable Study Group. Tolcapone ỉn stabỉe 
Parkinson'5 disease: eỉfìcacy and saíety of long-tenn treatment 
Neurology 1997; 49: 665-71.

5. Deane K, tí ai. Catechol*0-metbyỉtransferase inhibitors venus active 
comparators íỡrỉevodopa-lnduced complỉcatíons ỉn Parkinson's dỉsease. 
Avaỉỉable in The Cochrane Daubase ol Systematỉc Revỉews ĩssue 4. 
Chichesxer John VViley; 2004 (accessed 16/02/06).

Adverse Eữects
T he m o s t  c o m m o n  a d v e rse  e tte c ts  a s so d a te d  w ith  to lc a p o n e  
a re  d ia r r h o e a ,  n a u s e a ,  v o m itin g , c o n s tìp a tio n , a b d o m in a l 
p a ìn , d ry  m o u th ,  a n o re x ia ,  d y sk in e s ia , d y s to n ia , diz2 iness . 
o r th o s ta t ic  h y p o te n s io n , h a llu d n a tio n s ,  c o n íu s io n , ex ces- 
sive d re a m in g , so m n o le n c e ,  h e a d a c h e , in c re a se d  svveating, 
a n d  s le e p  d iso rd e rs . D ia r rh o e a  m a y  b e  s e v e re  e n o u g h  for 
t r e a tm e n t  to  b e  s to p p e d . B e h a v io u ra l  d istu rb a n c e s  in d u d -  
ing  in te n s e  u rg e s  to  g a m b le  a n d  in cre a se d  se x u a l u rges  h a v e  
also  b e e n  r e p o r te d  (see  E H ects o n  M e n ta l F u n c tio n , in  
L e v o d o p a , p . 9 0 5 .2 ). In c re a se s  in  liv e r  e n z y m e  v a lu e s  h a  ve 
o c c u rre d  a n d  h e p a ti tis  a n d  h e p a tíc  ía ilu re , so m e tím e s  íata l, 
h a v e  b e e n  r e p o i te d .  I so la te d  cases  of n e u ro le p tic  m a lig n a n t 
sy n d ro m e  h a v e  a lso  b e e n  r e p o r te d  a íte r  d o se  r e d u c tio n  o r  
s to p p in g  to lc a p o n e ; rh a b d o m y o ly s is  m a y  d e v e lo p  a s  a 
c o m p lic a tio n  o f t h e  sy n d ro m e . T o lcap o n e  a n d  its m e ta b -  
o lite s  c a n  p ro d u c e  a  yellovv in te n s iQ c a tio n  in  th e  c o lo u r  of 
u r in e .

Effects o n  th e  liver. T h e  U K  C SM  h a d  n o te d 1 th a t , a í t e r  a  
r e p o r t2 in  S e p te m b e r  1 998  o ỉ  ía ta l a c u te  h e p a tic  ía i lu re  
a s s o d a te d  w ith  to lc a p o n e , t h e  E u ro p e a n  C o m m itte e  for 
P ro p rie ta ry  M e d ic in a l P ro d u c ts  (CPM P) h a d  revievveđ all 
r e p o r ts  o f  h e p a tic  i n ju r y  w ith  to lc a p o n e . T h e re  h a d  b e e n  
10 re p o r ts  o f se rio u s  h e p a tic  a d v e rse  rea c tio n s  since  to lca - 
p o n e  w a s  m a rk e te d  in  O c to b e r  1997, vvhich in d u d e d  7 
rep o r ts  o f  h e p a ti tis , 3 o f w h ic h  h a d  a fa ta l o u tc o m e . Ser- 
ious h e p a tic  re a c tio n s  o c c u rre d  u n p re d ic ta b ly  a n d  th e ir  
d e v e lo p m e n c  tvas n o t  alvvays p red ic ted  b y  liv e r  tunciion 
m o n ito r in g . C o n s e q u e n tly ,  in  th e  EU, th e  m a rk e tin g  
a u th o r i s a t io n  fo r  to lc a p o n e  w a s  su sp e n d e d  in  N o v em b er 
1998. T h is  su s p e n s io n  w a s  l ih e d  in  A p ril 2 0 0 4  b y  th e  
C PM P a f te r  íu r th e r  revievv.

ỉ n  s o m e  c o u n tr ìe s  s u c h  a s  t h e  USA. to lc a p o n e  h as  alvvays 
re m a in e d  a v a ila b le  a lb e it w i th  re s tric te d  in d ic a tío n s  a n d  
s tr ic t m o n ito r in g  r e q u ir e m e n ts  (see P re c a u tio n s , b e lo w ). Up 
to  2 0 0 3 , t h e r e  h a d  b e e n  n o  h i r th e r  rep o r ts  o f  ía ta l h e p a tic  
ỉa i lu re  a í t e r  t h e  in ư o d u c t io n  o f  th e se  m e a s u re s  a l th o u g h  
th e  n u m b e r  o f  p a tie n ts  e lig ib le  to  rece iv e  th e  d ru g  h a s  b e e n  
r e d u c e d .3

1. CSM/MCA. Withdrawal oí toỉcapone (Tasmar). Curmtí Pnbiems 1999; 
29: 2. Also avaiỉable au bttp://www.mhia.gov.uk/home/Ìdcplg? 
IdcService*GET_FILE&dDocNamesCON2023233&RevisỉonSdccỉion* 
MethodsLatestReỉeased (accessed 11/08/08)

2. Assal p. t í  ai. Tolcapone and M m inant hepatỉtis. Lanctí 1998; 392: 958.
3. Borges N. Toỉcapone-related Uver dyshmction: implicatíons tor use in 

Parkinson's dỉsease therapy. Drug Saptíy 2003; 26: 743-7.

E ffects o n  th e  s k in .  F o r  r e íe re n c e  to  th e  d e v e lo p m e n t of 
v itilig o  i n  a  p a t ie n t  ío llovving  a d d itío n  o ỉ  to ỉc a p o n e  to  
le v o d o p a /c a rb id o p a  t r e a tm e n t ,  see  u n d e r  L evodopa, 
p . 9 0 6 .1 .

Precautions
T o lcap o n e  s h o u ỉd  n o t  b e  g iv en  to  p a tie n ts  w i th  h e p a ã c  
im p a i im e n t  o r  ra is e d  l iv e r  e n z y m e  v a lu es . L iv e r e n z y m e s  
s h o u ld  b e  m o n ito re d :
•  w h e n  s ta r tin g  t r e a tm e n t  vvith to lc a p o n e  o r  o n  Ịn c re a s in g  

th e  dose  to  2 0 0  m g  th r e e  tỉm es d aily
•  e v e ry  2 w e e k s  d u r in g  th e  first y e a r  o f th e ra p y
•  e v e rỹ  4  vveeks fo r  a  íu r th e r  6 m o n th s
•  e v e ry  8 vveeks th e re a f te r
T o lcap o n e  s h o u ld  b e  s to p p e d  if l iv e r  e n z y m e  lev e ls  e x c e e d  
th e  u p p e r  litn ỉt  oí n o rm a l  o r  if á g n s  o r  sy m p to m s  su g g e stív e  

'o f  th e  o n se t  o í  h e p a tic  ỉa i lu re  o c c u r. P a tie n ts  w h o  h a v e  
d e v e lo p e d  e v id e n c e  o f  h e p a tic  in ju ry  w h ile  re c e iv in g  
to lc a p o n e  ỉh o u ld  n o t  b e  g iv en  th e  d ru g  a g a ỉn .

T o lc ap o n e  s h o u ld  b e  u s e d  w ith  c a u tio n  in  p a tie n ts  w ith  
se v e re  re n a l  im p a irm e n t.

I t is c o n tra - in d ic a te d  in  p a d e n ts  w ith  se v e re  d y sk in e s ia  o r  
w ith  a  h is to ry  o t  n e u ro le p tic  m a ỉig n a n t s y n d ro m e  (N M S). I t 
is also  c o n tra - in d ic a te d  in  p a tie n ts  w ỉ th  a  h ỉs to ry  o í  
n o n  t ra u m a tic  rh a b d o m y o ly s is  o r  sy m p to m s oi h y p e rp y re x ỉa  
a n d  c o n íu s io n  p o ssib ly  r e la te d  to  N M S. P a tie n ts  vvith 
p h a e o c h ro m o c y to m a  s h o u ld  n o t  b e  g iv en  to lc a p o n e .

Ư se w ith  le v o d o p a  m a y  c a u se  diTTÌness a n d  o r th o s ta tic  
h y p o te n s io n ; u  a ffe c te d  p a tie n ts  s h o u ld  n o t  d r iv e  o r  o p e ra te  
m a c h in e ry . E x cessiv e  d a y tim e  s lee p in ess  a n d  s u d d e n  o n se t  
of s le e p  m a y  a ls o  o c c u r  w i th  c o m b in a tio n  u s e  (see  E íỉe c ts  o n  
M e n ta l  F u n c t io n , u n d e r  A d v erse  E ííec ts o f  L ev o d o p a , 
p . 905 .2 ) a n d  a g a in , c a u tio n  is ad v ise d  w h e n  d r ív in g  o r  
o p e ra tin g  m a c h in e ry ;  p a tie n ts  w h o  s u íỉe r  s u c h  e ữ e c ts  
s h o u ld  n o t  d r iv e  o r  o p e ra te  m a c h in e ry  u n tỉl  th e  e ffec ts  h a v e  
s to p p e d  r e c u n in g .

A b ru p t w i th d ra w a l  o r  dose  re d u c t io n  oi to lc a p o n e  
s h o u ld - b e  m o n ỉto re d  c a re tu lly  b e c a u se  o f  th e  r isk  of 
d e v e lo p in g  s y m p to m s  re se m b lin g  N M S.

The elderly. C o n h is io n  o c c u rre d  in  3 e ld e rly  p a d e n ts  w ith  
se v ere  P a rk in s o n 's  d ise a se  a ỉte r  t h e  a d d it io n  o f to lc a p o n e  
to  th e i r  a n tip a rk in s o n ia n  th e ra p y .1 I t  w as su g g e s te d  th a t  a  
s ta r tin g  d o se  o ỉ  to lc a p o n e  lO O m g d a ily  m ig h t b e  m o re  su i-  
tab le  in  & ail p a tie n ts  w i th  s e v ere  d isease . I t  w a s  n o te d 2 
th a t  a  r e d u c t io n  in  le v o d o p a  d o sa g e  js g e n e ra lly  re c o m - 
m e n d e d  w h e n  to lc a p o n e  is  g iv en  to  p a tie n ts  s u c h  a s  th e se , 
w h o  w e re  r e c e iv in g  5 0 0  to  600  m g  o f  le v o d o p a  d a ily .
1. Henry c  Wilson JA. Catediol-0-m«thyItranỉfense inhibtton in 

Pukinson’s dlsease. Laruxt 1998; Ỉ51: 1965-8.
2. Harper J. Vỉcỉra B. Catechol-O-methyltransỉerase inhibiton in 

Parkinson s dlsease. Laicet 1998; 352: 578.

Genetíc polymorphism. T w o  p a tie n ts  w h o  d e v e lo p e d  e le - 
v a te d  liv e r e n z y m e  v a lu e s  w h ile  rec e iv in g  to lc a p o n e , o n e  
of w h o m  a lso  h a d  h e p a tic  d y s íu n c tio n  vvhile rẹ c e iv in g  
e n ta c a p o n e , vvere t o u n d  to  b e  p o o r  m e ta b o lis e rs  vvith 
reg a rđ  to  U D P -g lu c u ro n o sy ltra n sfe ra se  a c tiv ity .1 S u ch  
p a tie n ts  m a y  b e  p red isp o se d  to  C O M T -in h ib ito r  in d u c e d  
h e p a to to x id ty .
1. Martignonl E  et al. Two patỉents wỉth COMT ỉnhỉbitor-induced hepadc 

dysíunctìon and UGT1A9 genctỉc poỉymoTphỉsm. Neurology 2005; 69: 
1820-2.

■ Interaờions
T o lcap o n e  m a y  in ũ u e n c e  th e  p h a rm a c o k in e tic s  o í  d ru g s 
m e ta b o lis e d  b y  c a te c h o l-O -m e th y lư a n s íe ra s e ;  a  d o se  
re d u c tio n  o f  s u c h  d ru g s  sh o u ld  b e  c o n s id e re d  w h e n  g iv en  
vvith to lc a p o n e . In c re a s e d  c o n c e n tra d o n s  o f  b e n se ra z id e  
a n d  its  a c tiv e  m e ta b o li te  h a v e  b e e n  re p o r te d  w h e n  g iv en  
vviih to lc a p o n e . L ic en se d  p r o d u a  in ío n n a t ío n  a d v ise s  th a t  
n o n -se le c tiv e  M A O Is s h o u ld  n o t  b e  used  vvith to lc a p o n e .

Pharmacokỉnetics
T o lcap o n e  is r a p id ly  a b so rb e d  fro m  th e  g a s tro in te s tin a l  tra c t  
a n d  m a x im u m  p lasm a  c o n c e n tra tio n s  h a v c  o c c u rre d  vvithin 
2 h o u rs  of a n  o ra l  d o se ; to o d  d e lay s  a n d  d e c re a se s  th e  
a b so rp tío n . A b s o lu te  b io av a ila b ility  is r e p o r te d  to  b e  a b o u t 
6 5 % . T o lc a p o n e  is m o re  th a n  9 9 %  b o u n d  to  p lasm a  
p ro te in s  (m a in ly  a lb u m in )  a n d  is n o t  vvidely d is tr íb u te d  in to  
b o d y  tissues. I t  is e x te n s iv e ly  m eta b o lise d , m a in ly  b y  
c o n ju g a tio n  to  t h e  in a c tív e  g lu cu ro n iđ e , b u t  m e th y la t io n  b y  
c a te c h o I-O -m e th y ltra n s íe ra se  to  3 -O -m e th y Ito lc a p o n e  a n d  
m eta b o lism  b y  c y to c h ro m e  P 450  iso e n z y m es  CY P3A 4 a n d  
CYP2A6 also  o c c u rs . A b o u t  6 0 %  o f a  dose is e x c re te d  in  th e  
u r in e  w ith  t h e  r e m a in d e r  a p p e a r in g  in  th e  tae c e s . T h e  
e lim in a tìo n  h a lỉ- lU e  h a s  b e e n  re p o r te d  to  b e  a b o u t  2  to  3 
h o u rs .  T he d e a r a n c e  o f  u n b o u n d  to lc a p o n e  m a y  b e  re d u c e d  
b y  5 0 %  in  p a t ie n ts  w i th  m o d e ra te  d ư h o t í c  l iv e r  d iso rd e rs . 

R e íe re n c e s .
1. Dingemanse ỉ , tí aL Integnted pharmacokỉnetỉcs and pharmacody- 

namỉa of che novd Gitechol-O-inethyltraasíerase ỉnhỉbỉỉor ĩỡỉcapone 
during first adminỉstniúon to humans. ơtn Pharmacoỉ Ther 1995; 57:
508-17.

2. Jorga KM. tí  aL Effea of Uver impalrmenc on the pharnucokỉnetỉa oí 
toỉcapone and ỉts metabolỉtes. Cỉùt Pharmacoỉ Ther 1998; 63: 646-54.

3. Jorga K. tí ai. MeUbolỉsm and excretỉon of loỉcapone, a novel inhỉbitor 
oí catechoỉ-O-methyltransĩerase. Br J Cỉin Pharmacoỉ 1999; 48: 513-20.

4. Jorga K, tí al. Populatỉon phannacoklnetỉa oỉ tolcapone in parkỉmonUn 
patỉents ỉn dose Sndỉng stuđies. Br J Qin Phamacol 2000; 49: 39-48.

Preparations
Proprietary P rapara tiaa ỉ (decails are gi ven in  Volum e B)

Smgle-ingrectient Prepararions. Arg.: Tasm art; Auỉtría: Tasm an Belg.: Tasmar; Braz.: Tasm an ơtữe. Tasm an ơtùur. Sen De 
Ning T asm ar Cz.: Tasmar; Dtnm.: Tasm anFr.: Tasmar; Cer.: T aỉm an  Gr.. Tasm ap Hung.: Tasm an IrL: 
T asm an ItaL: Tasm an Mex.: T asm ar Neth.: Tasm an Norw.: Tas- 
m ar; NZ: T asm an phữipp.: Tasmar; PoL: Tasm an Port: Tasmar; Rus.: Tasmar (Tacuap); S-Afr.: T asm art; Spain: Tasman Sweí: 
Tasmar; Switz.: T asm an UK: Tasm an USA: Tasmar.

Pharmacopoeial PreparciHons
U SP 36: Tolcapone Tablets.

Trihexyphenidyl Hydrochloride
ỊBANM, HNNMỊ
Berựhẻxol Hydrochloride; Clórĩdrato de .Triexiltenidila; 
Cydodolum; Hidrodọruro dẽ frihexifenidiíọ;TriheteifenidiỊio 
hídrochlorịdas; Triheksyíenidylú ch(orowpdorek;’ TriheỊụyíẹ-. 
nidyylihydroklorìdi; Trihexiíenidilhidroklorid; Trjhexife'nidilo, 
hidrõdoairo de; Trihexyfenidyl-hydrochlorid;.Tnhexỵfenidyl- 
hydroklorid.-.Trihexyphénidylẽ, chlorhydrate de; Tritíexỳphe- 
nidylhydrochlorid; Trihexyphenidyri Hydrochioridum; Trihex- 
y p h e n id y liu m  C h lo ra tu rr i; TpnreKCM ỘeHMAnna 
rnflp0 xn0 pnfl. :  ■ -
1-Cyclohexyl-l-phenyl-3-piperidinopropan-}-ol -hydro- 

'chloride, . :•
CwH3,NO,HCI=337.9
C A S  —  144-11-6 (trihexyphenidyi); 52 -49-3  (trìhexyphenidyl 
h yd roch lo ride).

A T C  —  N 0 4 M 0 1

A T C  V et —  Q N 0 4 A A 0 1 .

ilN II —  A 0 6 1 G 8 2 5 7 7 ..................

S tre e t n a m e s . T h e  ío Ilo w in g  te n n s  h a v e  b e e n  u se d  as  'S tree t 
n a m e s ' (see p . v ii) o r  d a n g  n a m e s  fo r  v a iỉo u s  ío rm s  o f 
t r ih e x y p h e n id y l:  -

A rtan es .

P h a rm a c o p o e ia s .  In  Chín., Eur. (see p . v ii), Int., Jpn, a n d  us. 
P h .  E u r . 8: (T rih e x y p h e n id y l H y d ro ch lo rid e). A  vvhite o r  
a im o s t w h ite , c ry s ta llin e  povvder. S ligh tly  so lub le  in  w a te r;  
sp a rin g ly  so lu b le  in  a lc o h o l a n d  in  d ich lo ro m e th an e . A  1%  
s o lu tio n  in  vvater h a s  a  p H  o í  5.2 to  6 .2 .

Ư S P  36: (T rih e x y p h e n id y l H y d ro c h lo d d e ). A yvhite o r  
slig h tly  o f!-w h ite , c ry s ta llin e  povvder, h a v ín g  n o t  m o re  t h a n  
a  v e ry  ía in t  o d o u r .  S ligh tly  so lub le  in  vvater; so lu b le  in  
a lc o h o l a n d  in  c h lo ro ío rm . S to re  in  a ir t ig h t  c o n ta in e rs .

Uses and Administration
T r ih e x y p h e n id y l  h y d r o c h lo r id e  is a  t e r t ia r y  a m in e  
a n tím u sc a r in ic  w i th  a c tio n s  s im ila r to  th o se  of a ơ o p in e  
(p. 1310.3). I t  a lso  h a s  a  d ire c t an tisp a sm o d ic  a c tio n  o n  
s m o o th  m u sc le .

T r ih e x y p h e n id y l h y d ro ch lo rid e  ìs g iv en  orally  in  th e  
sy m p to m a tic  t re a tm e n t  o ỉ  p a rk in so n ism  (p. 8 89 j ) ,  in c lu d -  
in g  th e  a lle v ia tio n  o f th e  e x ư a p y ta m id a l sy n d ro m e  in d u c e d  
b y  d rugs su c h  as p h e n o th ia r in e s ,  b u t, lik e  o th e r  a n tỉm u sc a -  
rin ics, is o f n o  v a lu e  a g a in s t ta rd iv e  dysk inesias. It h a s  b e e n  
u se d  in  th e  t r e a tm e n t  o ỉ  d y sto n ias  in  a d u lts  a n d  c h ild ren , 
b u t  see p . 9 1 8 .1 . T rih e x y p h e n id y l h y d ro ch lo rid e  is g iv e n  in  
3 o r  4  d iv id ed  d o ses  d a ily  b e ío re  o r  w i th  food.

In  P a r k i n s o n 's  d i s e a s e  th e  u su a l in itìa l dose o f 1 m g  
d a ily  is g ra d u a lly  in c re a se d  a t  in te rv a ls  o f 3 to  5 day s by  
in c re m e n ts  o f 2 m g  to  6  to  l ũ m g  daily , a cco rd ing  to  
resp o n se ; fo r  a d v a n c e d  cases, 12 'to  1 5 m g  daily  o r  e v e n  
m o re  (up  to  20m ịg  daily ) m ay  b e  n e e d ed . As a ru le ,

Ị p o s te n c e p h a li tic  p a tie n ts  to le ra te  a n d  req u ire  th e  la rg e r  
doses.

U su a l d o se s  ío r  d r u g - i n d u c e d  e x t r a p y r a ư n id a l  
s y m p t o m s  lie  vv ith in  th e  ran g e  of 5 to  1 5 m g  daily , 
a l th o u g h  as  lit tle  as 1 m g  d a ily  m a y  be  su í& cient in  so m e 
cases.

S ince  th e  e ld e r ly  a n d  a r te r io sd e ro tic  p a tie n ts  a re  m o re  
su scep tib le  to  th e  a d v e rse  effec ts oí a n ú m u sc a rin ics  a  d o se  a t 
th e  lovver e n d  o f th e  ra n g e  is u su a lly  rec o rm n e n d e d .

A n tim u sc a rín ic  t r e a tm e n t  o f p a rk in so n ism  sh o u ld  n e v e r  
b e  te rm in a te d  s u d d e n ly  a n d  it is u su a l w h e n  c h a n g in g  bom 
o n e  d ru g  to  a n o th e r  to  w i th d ra w  One in  sm all a m o u n ts  
w h ile  g ra d u a lly  in c re a sin g  th e  dose of th e  Other.

T r ih e x y p h e n id y l h y d ro c h lo r id e  m a y  b e  g iv en  w ith  o th e r  
d ru g s u se d  fo r  th e  r e lie ỉ o f p a rk in so n ism , su c h  as lev o d o p a , 
b u t  th e  d o se  o f  e a c h  d ru g  m ay  n e e d  to  b e  re d u c ẽ d . 
T r ih e x y p h e n id y l h y d ro c h lo r id e  3 to  6 m g  d a ily  is u su a lly  
a d é q u ă te .

A d m in is ira t ìo n  in  c h iid re n . A lth o u g h  u n lic e n seđ , tr ih e x y -  
p h e n id y l h y d ro c h lo r id e  h a s  b e e n  u se d  fo r  th e  m a n a g e -  
m e n t  o f  d y s to n ia s  in  c h ild ren ; fo r su g g ested  doses, see  
p  9 18 .1 .

The Symbol t  denotes a preparation no longer actìvely marketed

http://www.mhia.gov.uk/home/%c3%8cdcplg
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Dystonias. A n tìm u s c a rin ic s  s u c h  as  t r ih e x y p h e n id y l a re  
u s e d  in  t h e  m a n a g e m e n t  o f  d y s to n ia s  (p. 903 .3 ) a l th o u g h  
o n ly  a b o u t  h a l ỉ  o í  a ll  c h ild re n  a n d  ad o ie sc e n ts , a n d  few e r 
a d u lts  (vvho to le r a te  a n từ n u s c a r in ic s  less  w ell) s b o w  a n y  
re sp o n se . A d v e rse  e H ec ts  m a y  b e  l ỉm ite d  b y  s ta ró n g  vvith a  
lovv d o se : One s u g g e s te d  re g im e n 1 s ta r ts  w i th  t r ih e x y p h e -  
n id y l 1 m g  d a ily  a n d  r is e s  u p  to  1 2 m g  d a ily  o v e r  th e  n e x t  
4  t o  6  w e e k s ; s o m e  p a t ie n ts  m a y  r e q u ire  u p  to  6 0  to  
100  m g  da ily . T h e  BNFC su g g e sts  t h a t  c h ild re n  a g e d  3 
m o n th s  to  18 y e a rs  m a y  b e  g iv e n  o ra l  doses  o ỉ  1 to  2 m g  
d a ily  a s  a  s in g le  d o s e  o r  in  2  d iv id e d  doses; ư n e c essa ry , 
th e  d o s e  c a n  b e  in c re a se d  e v e ry  3 to  7  days b y  1 m g  d a ily  
to  a  m a x im u m  o ỉ  2 m g /k g  da ily .

1. J a ó k o v ỉc  J. D yston ia : m e đ ỉca ỉ th e ra p y  a n d  b o tu lin u m  tox ỉn . Adv Neuro! 
20 0 4 ; 94 : 2 7 5 -8 6 .

Adverse Effeds, Treatment and Precautions
As fo r  A t to p in e  S u lía te , p .  1 312 .1 . In  so m e p a tie n ts , su c h  as 
th o se  w i th  a n e r io s d e r o s is  o r  a  h is to ry  o f  d ru g  id io sy n crasy , 
tr ih e x y p h e n id y l  m a y  p ro d u c e  m e n ta l  d is tu rb an c e s , e x d te -  
m e n t ,  o r  n a u s e a  a n d  v o m itin g ; s u c h  p a tie n ts  s h o u ld  b e  
a llo tv e d  to  d e v e lo p  a  to le ra n c e  b y  s ta r tin g  w ith  a  sm all 
in it ía l  do se  a n d  g r a d u a lly  in c re a s in g  i t  u n til  a n  e lỉe c tiv e  
lev e l is r e a c h e d . ư a  s e v e re  re a c tio n  occurs , t r ih e x y p h e n id y l 
s h o u ld  b e  s to p p e d  f o r  a  few  day s a n d  re su m e d  a t a  lovver 
d o se . T rih e x y p h e n id y l m a y  p r o v o k e  o r  e x a ce rb a te  ta rd iv e  
d y sk in e s ia .

Abuse. T rih e x y p h e n id y l h y d ro c h lo r ìd e  h a s  b e e n  a b u s e d  
fo r  i ts  e u p h o r ic  e ữ e c t ’-2 e s p e d a l ly  b y  p sy c h ia ư ic  p a tie n ts .3 
Its  a b u s e  p o te n t ía l  in  s c h iz o p h re n ic  p a tie n ts  h a s  b e e n  
q u e s tio n e d 4 a n d  i ts  u n p le a s a n t  a n n m u s c a r in ic  e ííec ts  t e n d  
to  l im it  its  r e p e a te d  u s e ,5 b u t  a  sm a ll su rv e y  a m o n g  psy - 
c h ia tr ic  p a tie n ts  ío u n d  th a t  t i ih e x y p h e n id y l  w as re p o r te d  
to  b e  t h e  a n tú m isc a r in ic  m o s t  ừ e q u e n t ly  a b u seđ ;6 p ro -  
cy c lid in e , b e n z a tro p in e ,  a n d  o rp h e n a d r in e  ( in  d e c re a s in g  
o rd e r  o f  h e q u e n c y )  w e r e  a lso  m isu se d . A la te r  an a ly s is  of 
h e a l th  In su ra n c e  d a ta  b o m  o n e  re g io n  o ỉ  F ra n ce 7 e x a m - 
in e d  p re sc r ip tìo n s  fo r  t r ih e x y p h e n id y l  in  3028 su b jec ts, 
m o s t  o f  w h o m  w e re  a lso  re c e iv in g  a n tip sy ch o tics, a n d  
c o n d u d e d  th a t  t h e r e  w a s  e v id e n c e  o f a n  a b n o rm a l p a t te m  
o f u s e  i n  a b o u t  2 % . P a tìe n ts  i n  th is  su b g ro u p  w e re  m o stly  
y o u n g , m a le , a n d  a lso  rec e iv in g  b e n z o d ia z e p in e s  o r  h ig h  
d o se s  o f  b u p r e n o r p h in e .

1. C ra w sh a w  JA , M u ỉỉe n  PE. A  s tu đ y  o í b e n zhexo I a b use . Br J  Psychiatry 
1984; 145: 3 0 0 -3 .

2 . N ap p o  SA. ữ  ai. T r ih ex y p h e n id y l (A rtan e ): a  BrazQian srody  o f ỉts abuse . 
S u í i  Ư tt Mừuse 20 0 5 ; i i h  4 7 3 -8 2 .

3. P uB en  GP, t í  al. A n d ch o lin e rg ic  d ru g  a b u se: a co m m o n  prob lem ?  BMJ 
1984; 289 : 6 1 2 -1 3 .

4 . G o ơ  D C  et aỉ. A  p U cebo -con troU ed  u ia l o f tr ih e x y p h en ỉd y ỉ in  
u n m e d ỉc a te d  p a tìc n ts  w ith  s c h ò o p h re s ìa .  Am J  Pĩychiatry 1994; 151: 
4 2 9 -3 1 .

5. W H O . W HO  e x p ei t  c om m irtee  o n  d ru g  de p en d e n ce : tw e n ty -n in th  
r e p o r t  WHO Tech Rep Ser 856 1995..

6 . B u b i ic h  N, t í  aL M ỉsuse  o í  a n tlch o ỉỉn e rg ỉc  d rogs by  people  w ỉth  sc rious 
m e n ta l  ũ ỉiiess. Piychiatr Serv 2000 ; 5 1 :9 2 8 - 9 .

7. P ra u g e r  E  t í  ah  D é to u m e m e n t d 'u s a g e  d a  tr ih e x y p h éa iđ y le  (A rtarte, 
Paxkxnane): te n d a n c e s  réc en te s . Therapừ 2003; 58: 541-7 .

Effects on the heart. P arad o x )c a l s in u s  b rad y card ia  d e v e l-  
o p e d  in  a  s c h ú o p h re n ỉc  p a t íe n t  a í t e r  rec e iv in g  n ih e x y p h e -  
n id y l ỉ o r  e x tra p y ra m id a l effec ts  d u e  to  a n tip sy c h o tic  m ed i-  
c a tio n .1 N o rm a l s in u s  r h y th m  w a s  re s to re d  a f te r  
tr ih e x y p h e n id y l  w a s  s to p p e d . T h e  p a tie n t  h a d  p re v io u s ly  
re c e iv e d  t r ih e x y p h e n id y l  a n d  s u ííe re d  b rad y c a rd ia  w h ic h  
a t  t h e  t im e  w a s  a tt r ib u te d  to  h a lo p e r íd o l.

1. B ỉu m e ss o h n  R. t í  al. B radyca rd ia  d u e  to  tiih ex y p h c n ld y l hyd roch lo ride . 
Drug ĩrứcìl Cỉin Pharm 1986; 20: 786-7.

Effects on mental hmction. O ra l t r ih e x y p h e n id y l 2 m g  sig- 
n iS c a n t ỉy  im p a ire d  m e m o ry  íu n c t io n  c o m p a re d  w i th  p la -

ceb o  in  a  s tu d y  in  13 e ld e rly  p a tie n ts .1 Im p a irm e n t  of 
m e m o ry  h a s  a lso  b e e n  n o te d  in  p a tỉe n ts  w ỉ th  P a rk in so n 's  
d ise a se  g iv e n  a n tim u sc a r in ic s  s u c h  as  t r ih e x y p h e n id y l.2 
H o w e v e r, im p a i im e n t  m a y  b e  re v e rs ib le  o n  s tõ p p in g  th e  
a n tim u sc a r in ỉc  (see  A tto p in e ,  p . 1 3 1 2 .2 ).

1. Potamianos G, Kdỉcn JM. And-choHncrgic drugs and memory: the 
eữects oỉ benzhexỉd on mexnory ỉn a group of geríatrlc patỉents. B r  J  
P ĩy c h ia try  1982; 140: 470-2.

2. Sadeh M. rt a ỉ. E&ects oỉ anửđioUncxgic dnigs on memory in ?aikỉnso»'s 
dỉsease. A r c h  N a t r o !  1982; 39: 666-7.

O v e r d o s a g e .  A  3 4 -y e a r-o ld  vvom an d e v e lo p e d  a  to x ỉc  
r e a c tio n  v tdth vtddely d ila te d  p u p ils , d ry  sk in , a n d  v isu a l 
h a l lu d n a t io n s  w i th ln  2 4  h o u rs  o f ta k in g  a b o u t  3 00  m g  of 
tr ih e x y p h e n id y l  h y d r o c h lo r id e  w ith  s u id d a l  in te n t .1 A lte r  
3 to  4  d a y s  th e  h a l lu d n a t io n s  w e re  rep la c e d  b y  illu sions; 
c o m p le te  re c o v e ry  o c c a r r e d  a f te r  a  w e e k , w i th  n o  s p e d a l 
t te a tm e n t.  D e a th  a s s o d a te d  vvith m o d e ra te  b lo o d  c o n c e n -  
t r a á o n s  o ỉ  tr íh e x y p h e n id y l  (0 .1 2 m ic ro g ra m ỉ/m L )  h a s  
b e e n  re p o r te d 2 in  a  sc h iz o p h re n ic  p a t ie n t  re c o v e rin g  h o m  
a re sp ira to ry  in le c tio n . I t w a s  th o u g h t  p ossib le  th a t  h e  h a d  
in c re a se d  h is  d o se  to  c o u n te ra c t  d e v e lo p in g  ta rd iv e  dys- 
k ứ iesia , a n d  th a t  t h e  to x ic  eífec ts h a d  b e e n  e x a c e rb a te d  b y  
re sp ira to ry  in lla m m a tio n ;  th e re  w a s  n o  e v id e n c e  o f s u id -  
da l in te n t .

1. Anamh JV. t í  a i . Toxic psychosis ỉnduced by benzhexol hydrochỉoride. 
C an M c d  A sso c  J  1970; 103: 771.

2. Gall JAM, t í  a t. Death due to beníhexol toxiriiy. Porensic  S a ' I n t  1995; 71: 
9-14.

P o r p k y r ia .  T h e  D ru g  D a ta b ase  fo r  A c u te  P o rp h y ria , com - 
p ile d  b y  th e  N o rw e g ia n  P o rp h y ria  C e n tre  (NA POS) a n d  
th e  P o rp h y ria  C e n ư e  S w e d e n , classities tr ih e x y p h e n ìd y l as 
po ssib ly  p o r p h y r in o g e n ic  it  sh o u ld  b e  u se d  o n ly  w h e n  n o  
sa fe r  a l te m a t iv e  is a v a ila b le  a n d  p r e c a u tio n s  sh o u ld  be 
c o n s id e re d  in  v u ln e ra b le  p a tie n ts .1 

1. The Drug Database ỉor Acute Porphyria. Avaỉlable at* htcp://www. 
daig5-poiphyria.org (accessed 30/09/11)

W H h d ra w a l.  A  6 1 -y e a r -o ld  vvom an vvho h a d  ta k e n  t ii-  
h e x y p h e n id y l  6  m g  d a ily  fo r  a  y e a r  fo r  P a rk in so n 's  d isease  
d e v e lo p e d  e n c e p h a lo p a th y  a n d  m io sis  o n  tw o  o ccasions 
w h e n  t r e a tm e n t  w a s  a b ru p t ly  w l th d ra w n . ' S low ly  ta p e re d  
w ith d ra w a l a v o id e d  th e s e  effects.

1. Johfcura K. t í  a ỉ . Tnhexyphenỉdyỉ wiihdrawal encephalopathy. A n n  

N e ư rơ t 1997; 41: 133-4.

Interactions
As fo r  a n tỉm u sc a r in ic s  Ũ1 g e n e ra l  (see  A tro p in e  SuU ate, 
p . 1 3 12 .3 ).

C h lo rp ro m a z in e .  F o r  t h e  ciiect o f o ih e x y p h e n id y l  o n  
p lasm a  c o n c e n tra t io n s  o f  c h lo rp ro m a z in e , see  A n típ a rk in -  
s o n ia n  D rugs, p .  10 5 2 .3 .

Pharmacokinetics
T rih e x y p h e n id y l h y d ro c h lo r id e  is w e ll a b so rb e d  b o m  th e  
g a s tro ỉn te s tin a l  t r a a  a n d  h a s  b e e n  s ta te d  to  e x e rt  a n  e f f e a  
w ith in  1 h o u r  o f a n  o ra l  d o se .

H alf-lìfe . T h e  r e p o r te d  h a lf- life  o f t r ih e x y p h e n id y l h a s  v a r-  
ie d  ac co rd in g  to  t h e  a ssa y  m e th o d  u se d . V alues  re p o r te d  
w h e n  u s in g  ra d io re c e p to r  a n d  c h ro m a to g ra p h ic  te c h n i-  
q u e s  h a v e  ra n g e d  b o m  a b o u t  1 to  m o re  th a n  2 4  h o u r s ' 
a n d  h o m  10 to  2 9  h o u r s .2 resp ec tiv e ly , b u t  th e  sen sitiv ity  
a n d  s p e c ih d ty  o í  th e s e  m e th o d s  h a v e  b e e n  c r i t id s e d .3 
W ith  a  m o re  re c e n t ly  d e v e lo p e d  ra d io  im m u n o a ssa y  it 
w a s  ío u n d  th a t  a f te r  o ra l  doses th e r e  w a s  a n  in itia l e lim i- 
n a tio n  p h a s e  w ith  a n  e s tim a te d  h a U -h íe  o f  5 .33  h o u rs  fol-

lo w e d  b y  a  t e r m in a l  e l im ín a tio n  p h a s e  w i th  a n  e s tim a  :ed 
haU -life  o f  3 2 .7  h o u rs .

1. Burlce RE. Falm s. Phannacoktactics of nihexyphenidyl atter shon-t :rm 
and long-tenn adminỉstrarion tò dystonlc padents. A m  Neunl 1985.18: 
35-40.

2. Garbarg s, ít al. Comparạỉson phaimacodlnique de deux lor nei 
gaténỉques de odhexyphenỉđyte. EncepkaU 1983; DC: 167-74.

3. He H, ít  al. Development and applicadon of a spedGc and sensỉ ive 
radỉoỉnununoassay íor trìhexyphénìdyl to a phaimacoldnetỉc stud ỉn 
humam. J Pharm Sã 1995; Mk 561-7.

Preparatíons
Proprietary Prepqr a tioni (details a re  given in  V olum e B)

Sỉngle-ingredient Preparotions. Arg.: A rtane; AustraL: A rta le; Bdg.\ A rtane; Braz.: A rtane; Triexidyl; CantuL: A po-Trih :x; Chile: TenvatiL' Tonaril; F r.: A rtane; P ark inane; T rihexy; Gtr.: 
A rtane; P arkopan; Gr.: A rtane; Hong Kong: A dtendyl+; Iná ỉa: 
B arohexy; Bexol; Dyskinil; D ystonil; Lahexy; M anohexy ; Pa d - 
tane; Parales; P arnon; Indon.: A rkine; A r ta n e t; Hexym  :n  Israel: Partane; Rodenal; ItáL: A rtane; Malaysia: Aca; Apo-7 ri- 
hex; Mex.: H ipokinon; Kexidil; Neth.: A rtane; Pol.: Parkopai f ;  
Port.: A rtane; Rus.: C ydodol (IlHuioaoa); S.Afr.: A r ta n e t .  s n- gapore: Apo-Trihex; B-Hex; BeahexoL' Spairt: A rtane; Swti.: 
Pargitan; Thai.: Aca; Acam ed; A rtane; Pozhexol; Tridyl; LK: 
B ro ũ ex t: Ukr.: Parkopan  (IlapKonaH)Ỷ; USA: Trihexy.

M ubi-ingredient PreparaHons. India: Benzyzine; C hlorectil P1 is; 
Cinris Forte; C iio ren  Plus; C lo á n e  F one ; Clozine PIus: 
Combidol; D on Forte; D on Plus; Don-LS; Em etil DS; Em t til 
Plus; Etores-TR; F Plus; G encalm  Plus; G enrest Plus; G enre ;t- 
LS; Halotex; Hexidol Forte; Hexidol Kít; H exidol Plus; K a y tr  X- 
C; Lacalm Plus; Lacatrn; M anocalm  F orte; M anocalm  PIns; 
M anodol; M indol Forte; M indol Plus: N eocalm  Forte; Neoca m 
Plus; Sycot; Trinicalm  Fone; Trinicalm  plus.

PharnKKopoeial Preparations
BP 2014: Trihexyphenidyl Tablets;
U SP 36: T rihexyphenidyl H ydrochloride Elixir: T rihexyphenic yl 
H ydrochloride E x tended-release  C apsules; T rihexyphen ic  yl 
H ydrochloride Tablets.

Tropatepine Hydrochloride íriNNMỊ 
Hidrodoruro de tropatepina; SOI 248-17; Tròpatepin 1, 
hidrodoruro de; Tropátépine, Chlòrhydrate de; Tropatepii li 
Hydrochloridum; TponaienMHa rnflpoxnopnfl. . 
3-(Dibenzo[6,e]thiepin-11(6H)-ylidene)tròpane hydrc- 
chloride. . ... . . -
C22.H23NS>ia=370.0. -
C4S 7—  27574-24-9 (ừopatepine); 27574-25-0 (tropũtepir?. 
hydrochloride). . .
ÁK — N04MI2 
ATC Vet —  QN04M12.
UNII—  17N1U39U3L

Prolỉle
T ro p a te p in e  h y d ro c h lo r id e  is  a n  a n tim u sc a r in ic  w i th  ac tio i .s 
a n d  u se s  s im ỉla r  t o  th o se  oi t r ih e x y p h e n id y l  (p . 9 1 7 .3 ) . I t  !S 
u se d  in  t h e  m a n a g e m e n t  o f  p a rk in s o n is m  (p . 8 8 9 .1 1, 
in c lu d in g  th e  a lle v ia tìo n  o f t h e  e x tta p y ra m id a l  s y n d ro n  e 
in d u c e d  b y  d ru g s  s u c h  as  p h e n o th ia z in e s ,  b u t ,  l ik e  o th )  r  
a n tú n u s c a rin ic s ,  is  o f  n o  v a lu e  in  ta rd iv e  d y sk in e s ia i . 
T ro p a te p in e  h y d ro c h lo r id e  is g iv e n  o ra lly  in  u s u a l  d o ses  ( if 
10 to  30  m g  d aily ; i t  is a lso  g iv e n  in tra m u s c u la r ly  o r  b y  slo’ V 
in tra v e n o u s  in je c tio n  in  d o ses  o !  10 to  2 0  m g  d a ily .

Preparations
Propõetary  Preparations (detaỉlỉ a re  given in  V olum e B) 

Single-ingredient Preporotions. F r.: Leptìcur.

All cross-reíerences reíer to entries in Volume A
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Antiprotozoals

Amoebic iníectìons, p. 919 
Amoebiasis, p. 919 
Acanthamoeba kératitìs, p. 919 
Disseminated amoebic inrections, p. 920 
Primary amoebic meningoencephalitis, p. 920 

Babesiosis, p. 920 
Balantidiasis, p. 920 
Blastocystis hominis infection, p. 920

T h e  d ru g s  d e sc r ib e d  in  th is  c h a p te r  a r e  th o s e  u s e d  m a in ly  in  
t h e  t r e a tm e n t  o ỉ  p a ra s itic  p ro to z o a l  in ỉe c tio n s .  I n  a d d itio n  to  
t h e i r  u s e  a s  a n tip ro to z o a ls . m e ư o n id a z o le  a n d  re la te d  
n i tro im id a z o le  đ e riv a tiv e s  a re  a ls o  ú n p o r ta n t  in  t h e  
t r e a tm e n t  oỉ a n a e ro b ic  b a c te r ia l  in íe c tio n s .  S o m e  v e te r in a ry  
a n tip ro to z o a l  d ru g s  a re  i n d u d e d .  D ru g s  u se d  in  th e  
t r e a tm e n t  o f  m a la r ia  a re  d e sc r íb e d  in  f h e  A n tim a la ria ls  
d i a p t e n " s b m é  oỉ th e s e  a re  a lso  u s e d  in  o th e r  p ro to z o a l 
in íe c tio n s .

T h e  p r in d p a l  a n tip ro to z o a l  d ru g s  a re  lis te d  in  T ab le  1, 
belovv. ■'

C h o i c e  o f  A n t í p r o t o z o a l

P ro to z o a l in íe c tio n s  o c c u r  t h r o u g h o u t  th e  vvorld a n d  a re  a 
m a jo r  c a u se  o{ m o rb id ity  a n d  m o r ta lỉ ty  in  so m e  reg ions. T h e  
c h o ic e  o f t r e a t m e n ự o r  t h e  p r ín d p a l  p ro to z o a l diseases in  
h u m a n s  is d isc u sse d  b e lo w .

Amoebic inỉections
T h e  m o st c o rrư n o n  a m o e b ic  in íe c tio n  o !  m a n  is a m o e b ia s i s  
c a u se d  b y  in fe c tio n  w i th  t h e  p ro to z o a n  p a ra s ite  Entamotba 
hừtoìyúca a n d  r e la te d  s p e d e s .  F re e - l iv in g  a m o e b a e  o c c u r 
vvorldvvide a n d  a re  d is t r ib u te d  in  so il a n d  w a te r .  T h e y  c a n  
a lso  c a u se  d ise a se  in  m a n , th o u g h  th e s e  in íe c tio n ỉ  a re  rare . 
D iseases  in d u d e :
•  a m o e b i c  k e r a t i t i s  c a u se d  b y  Acanthamoeba spp.
•  d i s s e m i n a t e d  a m o e b ỉ c  I n í e c t i o n s  i n d u d in g  g ra n u lo -  

m a to u s  a m o e b ic  e n c e p h a lit is  a n d  c u ta n e o u s ,  p u ỉm o n a ry , 
a n d  n a s o p h a ry n g e a l  in íe c tio n s  c a u se d  b y  Acanthamotba 
spp ., Balamuthia mandriìlarừ (p re v io u s ly  r e íe ư e d  to  as 
le p to m y x id  a m o e b a e ) ,  a n d  v e ry  ra re ly  b y  Sappinia diploidea

• p r ỉ m a r y  a m o e b i c  m e n i n g o e n c e p h a l i t i s  cau sed  b y  
Naegltrìa fawUri

Amoebiasis. A m o e b ia s is1' 1 i ỉ  a  p a ra s itic  in íe c tio n  c a u se d  
m a in ly  b y  t h e  p ro to z o a n  Entamotba hừtolytìca. A lth o u g h  
a b o u t  10%  o f t h e  w o r ld 's  p o p u ỉa t io n  is  in íe c te d  vvith Ent- 
amocba sp p ., m o s t  in d iv id u a ls  a re  in ỉe c te d  vvith  E. dispar, 
o n e  o f 2  n o n - p a th o g e n ic  s p e d e s  r e c o g n ise d  in  h u m a n s  
( th e  o th e r  b e in g  E. moshhrvskii). T ra n sm iss io n  aí E. hisía- lytica is u s u a lly  b y  th e  ía e c o -o ra l  r o u te  a n d  in fe c tio n  
r e s u l ts  h o m  th e  in g e s tio n  o f  cysts , u s u a lly  in  c o n ta m i-  
n a te d  ío o d  a n d  vvater. A m o e b ia s is  o c c u n  th ro u g h o u t  th e  
w o r ld , b u t  t h e  in d d e n c e  is h ig h e r  i n  d e v e lo p in g  c o u n tr ie s  
a n d  is d o s e ly  re la te d  to  s a n ita t io n  a n d  s o d o -e c o n o m ic  
s ta tu s .

C o lo n isa tio n  o f  th e  b o w e l  l u m e n  w ith  E. histolytica 
u s u a lly  re su lts  in  a s y m p to m a tic  in íe c tio n . a lth o u g h  in íe c te d  
p e o p le  c h ro n ic a lly  pass  cysts in  s to o ls . In  a b o u t  10%  of cases

Table 1 . C l a s s i í i c a t i o n  o f  P r in c ip a l  a n t íp r o to z o a ls .

Antimony compounds Nitro/urans
M eg lu m in e  an tim o n ate Furazolidone
Sod ium  s tib o g lu co n a te N ìíù ra te l

N iũ irtim o xAromatic diamidines
P en tam id in e 5-Nitroimidcaoles

M etronidazole
Arsenicaỉs, pentavalent N im orazo le

A c e tarso l O rnidazoIe
T ry p arsam id e S ecnidazole

T m idazoleArsenicals, trivaỉent
M elarso p ro l Miscellaneous

A tovaquone
Dichloroacetamides B enznỉdazoIe

D iloxan ide D ehydroem etine
EỈIoro ith ineHalogenated hydroxyquinolines M epacrine

D iio d o h y d ro x y q u in o lin e N itazoxan ide
P arom om ycin
S uram in

Coccidiosis, p. 921 
Cryptosporidỉosis, p. 921 ;
Cyclosporiasis, p. 921 
Gastro-enleritis, p. 921 
Giardiasis, p. 921
Iníections in immunocompromised patients, p. 921 
Isosporiasis, p. 921 
Leisnmaniasis, p. 922

sy m p to m a tic  ( in v asiv e ) d isease  m a y  o c c u r  d a y s  to  y e a rs  
a f te r  t h e  in id a l  in íe c tio n : íac to rs  in c re a s in g  su sce p tib ility  to  
tis su e  in v as io n  in d u d e  m a ln u tr i t io n ,  im m u n o su p p re s s io n , 
a n d  p re g n a n c y . S y m p to m a d c  ( in v a s iv e )  am o e b ia sis  m a y  b e  
d a s s iS e d  as in te s tin a l  o r  e x tra - in te s t in a l  am o eb iasis .
•  Intestinal amoebiasừ c o m p rises  tw o  m a in  States, a m o e b ic  

d y s e n te ry  a n d  n o n -d y se n te r ic  a m o e b ic  colitis; a m o e b o -  
m a , a  localised  ỉo rm  o ỉ  in te s t in a l  a m o eb iasis , a n d  
a m o e b ic  a p p e n d id t ís  m a y  a lso  o c c u r. A  few  p a tìe n ts  m a y  
d e v e lo p  h i lm in a n t  o r  n e c ro d s in g  a m o e b ic  co litís  w h ic h  is 
assođated  vrith  a  m o tta li ty  r a te  o f  m o re  t h a n  4 0 % .

•  T h e  m o s t  c o m m o n  fo rm  o f extra-intestìml amoebic dừease 
is h e p a tíc  am o e b ia sis , w h ic h  m a y  p re s e n t  a s  a c u te  
n o n -s u p p u ra tív e  d isease  o r  a s  a m o e b ic  l iv e r  abscess. 
A m o e b ỉc  in íe c tío n  is  a  less c o m m o n  c a u se  o f  l iv e r  abscess 
t h a n  b a ạ e r ia l  in fe c tío n . A m o e b ia s is  m a y  a lso  in v o lv e  th e  
sk in , g e n ito -u r in a ry  trac t, o r  o rg a n s  su c h  as  th e  lu n g s  
a n d  b ra in .

D ru g s  u s e d  in  t h e  t r e a t m e n t  o f  a m o e b ia sis  m a y  b e  
d a s s iũ e d  a c co rd in g  to  t h e ứ  s ite  oi a c d o n  as íollovvs:
•  luminal amoebiddes a c tin g  m a in ly  in  t h e  b o w e l lu m e n . 

D ilo x an id e  Ế uroate is w id e ly  u s e d  as  t h e  lu m in a l  
a m o e b id d e  o f c h o ice , a l th o u g h _ .d e fa m id e , e to ía m id e , 
a n d  t e d o z a n  a re  a lso  e ữ e c d v e . ' P a r o m o m y d n  a n d  
d iio d o h y d ro x y q u in o lỉn e  h a v e  a lso  b e e n  u s e d 1-2 a lth o u g h  
m o s t  o ra l p re p a ra tìo n s  o f h a lo g e n a te d  h y d ro x y q u in o -  
l in e s  h a v e  b e e n  w ith d ra w n  b e c a u s e  o f th e  a s s o d a t ío n  
be tv v een  d io q u in o l  a n d  s u b a c u te  m y e lo -o p tìc o n e u ro -  
p a th y

•  tìssut o r  systemic amoebiddes a c tin g  m a in ly  in  th e  in te s tin a l  
vvall a n d  liver. T h e se  h a v e  in d u d e d  th e  a lk a lo id  e m e tin e ,  
i ts  s y n th e t íc  d e r iv a tiv e  d e h y d ro e m e tin e ,  a n d  th e  
a n tim a la ria l  c h lo ro q u in e  vvhich  ac ts  m a in ly  in  th e  l iv e r

•  mixcd amoebiddes a c tín g  a t  a li s ite s  oi in ỉe c tìo n , th a t  i ỉ  
v v ith in  th e  in te s tìn a ỉ  lu m e n  a n d  in  t h e  in te s tín a l  vvall a n d  
o th e r  tíssues. T h e se  h a v e  i n d u d e d  m e tro n id a z o le  a n d  
o th e r  5 -n itro im id a z o le  đ e riv a tìv e s  (su c h  a s  o m id a z o le , 
s e cn id azo le , a n d  t in id a zo le ). H o w e v e r, b e c a u s e  o f th e i r

. r a p id  a b so rp tio n  h o m  th e  g a s ư o ín te s t in a l  ư a c t ,  t h e  
n i tro ũ n ỉđ a z o le s  a re  less e ỉle c tív e  a g a in s t  p a ra s ite s  in  th e  

■ lu m e n
P a d e n ts  w i th  p r o v e n  E. histolytica a s y m p t o m a t i c  a m o e b -  
ỉasis s h o u ld  b e  t re a te d  w ith  a  lu m in a l  a m o e b ic id e  to  p r e v e n t  
t ra n s m is s io n  of cysts to  o th e r s  a n d  b e c a u s e  o f th e  sm a ll b u t  
d e h n ite  risk  o f p o te n tìa l ly  s e v e re  in v a s iv e  d ise a se .2-3 T h e  
c h o ic e  o f d m g  is in ílu e n c e d  b y  a v a ilab ility ; d ilo x a n id e  
íu ro a te  is g e n e ra lly  u se d  in  t h e  U K  w h ile  d iio d o h y d ro x -  
y q u in o lin e  o r  p a ro m o m y d n  a re  a lso  u s e d  in  th e  U S A .4 
I n íe c tío n  vvith E. dispar a n d  p ro b a b ly  in le c tìo n  w ith  E. 
moshkovskii d o  n o t  n e e d  ư e a tm e n t .3 T h o se  w ith  sy m p to -  
m a tic  in te s tín a l  o r  e x tra in te s tin a l  i n v a s i v e  d isease  s h o u ld  
b e  t r e a te d  w ith  a  5 -n itro im id a z o le  d e riv a tìv e  (u su a lly  
m e tro n id a z o le ) , fo llo w e d  b y  a  lu m in a l  a m o e b id d e  to  
e ra d ic a te  a n y  su rv iv in g  o rg an ism s  h o m  th e  lu m e n  o í  th e  
ia rg e  in te s tin e  a n d  p r e v e n t  r e la p s e .1' 3 H ovvever, a  sy s te m atic  
r e v ie w 3 to  e v a lu a te  a n tia m o e b ic  d ru g s  ío r  th e  t r e a tm e n t  o ỉ  
a m o e b ic  co litis ỉ o u n d  th a t  t in id a z o le  w a s  m o re  e h e c tìv e  
t h a n  m etro n id a z o le  in  r e d u c in g  d in ic a l  (a ilu re  a n d  b e t te r  
to le ra te d .  U n c o m p lic a te d  cases u s u a lly  r e s p o n d  to  a  5 -d a y  
t r e a tm e n t  c o u ise  w ith  m e ư o n id a z o le ,  w h ile  m o re  se v e re  
in ỉe c tío n s  a re  ư e a te d  ío r  10 d a y s .3 I n  c ases  o ỉ  í u l m i n a n t  o r  
n e c ro tís in g  a m o e b ic  co litis a n d  fo r  se v e re ly  ill p a tíe n ts ,  
b r o a d -s p e c tm m  a n tíb a c te r ia ls  a re  gi v e n  w ith  a  sy s te m ic  
a m o e b id d e  to  d e c re a se  th e  r isk  o f  s u p e r in íe c t ìo n  w ith  
bovvel flo ra  a n d  p e r i to n it ís .1'3 N i ta z o x a n id e  h a s  b e e n  u s e d  in  
m ild  to  m o d e ra te  in te s tin a l  d ise a se .4 S ta n d a rd  ư e a tm e n t  íor 
a m o e b ic  l i v e r  a b s c e s s  is m e ữ o n id a z o le  fo llo w e d  b y  a  
lu m in a l  a m o e b id d e . T h e  m a jo r ity  o f  p a tie n ts  w ỉ th  a m o e b ic  
l iv e r  abscess  d e íe rv e sc e  a íte r  3 to  4  d a y s  o f  t r e a tm e n t  w i th  
m e tto n id a z o le .13

I n  a c u te  d ia r rh o e a  o f  a n y  a e tio lo g y  th e  p r io r ity  is  to  
m a in ta ín  h y d ra t io n  b y  p r e v e n t io n  o r  ư e a tm e n t  o f  í lu id  a n d  
e le c tro ly te  d e p le tio n , e s p e d a lly  i n  in ỉa n ts  a n d  th e  e ld e r ly . 
O ra l r e h y d ra tio n  th e r a p y  is d isc u sse d  u n d e r  D ia rrh o e a  o n
p . 18 0 8 .2 .
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A c a n th a m o e b a  k e ra h i is .  Acanthamoeba k e ra tit is  m a y  
re s u lt  h o m  c o m e a l  t r a u m a  o r  e x p o su re  to  c o n ta m in a te d  
vvater, b u t  is m o st c o m m o n ly  a s so d a te d  w ith  t h e  vvearing  
o f s o h  c o n ta a  len se s  as  vvell ã s  th e  u se  o ỉ  h o m e -m a d e  sod- 
iu m  ch lo iid e  S olu tions í o r  d e a n in g  th e m . In íe c tio n  u s ù a lly  
o c c u rs  in  othervvỉse h e a l th y  persons. R a re  cases h a v e  b e e n  
a s so d a te d  w lth  la se r-a ss is ted  in-situ k e ra to m ile u s is . K e ra t-  
itis is a  local in ỉe o io n  th a t  typ ica lly  b e g in s  w ith  a  lo re ig n -  
b o d y  se n sa tio n  ỉo llovved b y  p a in , te a r in g , p h o to p h o b ia ,  
a n d  b lu rre d  Vision. T h e  in ỉe c tio n  m a y  p ro g re ss  to  in v o lv e  
th e  s d e ra  a n d  loss o ỉ  V ision m a y  lollovv.

u  th e  d isease  is re c o g n ỉsed  ea rly  it  u s u a lly  r e s p o n d s  w e ll 
to  top ica l a n t í a m o e b l c  t r e a t m ẽ n t '  s e v e rê  inlection a n d  
la te -p re se n tin g  cases m a y  req u ire  p e n e ư a t in g  k e ra to -  
p la s ty .u  A  c o m b ỉn a tìo n  o f  ạ n tia m o e b ic  d ru g s  is g e n e ra lỉy  
u s e d  b e cau se  th e  cyst f o n n  Is h ig h ỉy  re s is ta n t  to  t h e r a p y  a n d  
m a y  persist fo r  yea rs . T w o  vveeks m a y  b e  r e q u h e d  b e ío re  a  
re sp o n se  is se e n , a n d  th e  to ta l d u r a t ìo n  o f  th e r a p y  is a  
m ú ú m u m  o í  3 to  4  vveeks; som e re c o m m e n d  t r e a tín g  fo r  3 
to  4  m o n th s ,3 o r  e v e n  lo n g er. In ỉe c tio n  c a n  r e c u r  a í te r  
ư e a tm e n t  d u e  to  p e rs is te n c e  o f  th e  c y stic  form .

T h e  S rs t d ru g  u s e d  w ith  so m e  success w a s  0 .1 %  
p ro p a m id in e  ise tio n a te  a p p lie d  to p ic a lly .1-4 I t  w a s  u s e d  yvith 
a n  am in o g ly co sid e  s u c h  as n e o m y d n  o r  a  n e o m y d n -  
p o ly m y x in -g ra m id d in  p re p a ra d o n  a n d  a  c u re  w a s  a c h ie v e d  
in  a b o u t 50 %  of cases. H ovvever, m o s t cysts  a re  r e s is ta n t  to  
n e o m y d n  a n d  d u e  to  su ria c e  t o x id ty  a n d  p o o r  in-viừo 
sen sltiv ity ,1-5 n e o m y d n  is n o  lo n g er re c o m m e n d e d .1'6 S ince 
t h e n  th e  b ig u a n id e  c a tío n ic  a n d sep tics , c h lo rh e x id in e  a n d  
p o lih e x a n id e  h a  v e  a lso  b e e n  shovvn to  b e  e h e c t iv e  in  a
0 .0 2 %  c o n c e n tra tio n  a g a in s t  tro p h o z o ite s  a n d  c y s ts  a n d  
h a v e  b eco m e th e  d ru g s  o f  cho ice .2-3-5-7 P ro p a m id in e  h a s  
b e e n  tried  w ith  th e se  ag e n ts , hovvever, p o o r  c y s tid d a l  
a c d v ity , c h ro n ỉc  c o n ju n c tiv a l  in íe c tio n , a n d  res Ịs ta n c e  to  
so m e  s tra in s  o f Acanthamoíbđ to  p ro p a m id in e  h a s  p ro m p te d  
th e  sug g estio n  th a t  i t  sh o u ld  b e  rep la c e d  b y  a n o th e r  
d iam id in e  su c h  as  h e x a m ỉd in e .1 B ig u a n id e s  m a y  a lso  b e  
u se d  a lo n e ,4 a n d  a re  p a rt ìc u la r iy  e h e c tiv e  in  e a rly  in íe c tio n .

O th e r  d ru g s  th a t  h a v e  b e e n  tr ỉe d  i n d u đ e  th e  to p ica l 
im idazoles; w h e n  a p p lie d  in  a  1%  so lu t io n  th e y  m a y  b e  
effec tive  a g a in s t tro p h o z o ite s  b u t  p ro b a b ly  n o t  a g a in s t 
c y s ts .1-5 T h e y  sh o u ld  n e v e r  b e  u s e d  as  m o n o th e r a p y . 
V oriconazo le  1 %  ey e  d ro p s  h a v e , h o w e v e r ,  b e e n  e tte c tiv e  
fo r  sa lvage th erap ỹ .*  O rã l  k e to c o n a z o ĩe  a n d , to  a  lesse r 
e x te rn , itra co n a z o le  p e n e tr a te  ỉn to  t h e  c o m e a  a n d  h a v e  
b e e n  used  as  a d ju n c tiv e  th e ra p y  to  p o l ih e x a n id e  a n d  
c h lo rh e x id in e , b u t  th e  leve ls  o b ta in e d  in  th e  c o m e a  a re  
p ro b ab ly  to o  lo w  to  b e  t ro p h o z o itid d a l.2 P o sslb le  n e w  
th e ra p ie s  i n d u d e  a n tin e o p la s tìc  a n d  a n tim a la ria l  d ru g s; th e  
b ig u an id e  a n ó d ia b e tic  d ru g s  m e ư o rm in  a n d  p h e n fo rm in , 
a n d  th e  a n tib a c te r ia l  o A o x a d n  h a v e  b e e n  shovvn to  h a v e  
a c tiv ity  a g a in s t  tro p h o z o ite s  ÕI viưo, b u t  n o t  a g a in s t  c y sts .1

Topical c y d o p le g ic  th e ra p y  a n d  o ra l  NSA ID s m a y  b e  
g iv e n  lo r  s y m p t o m a t i c  m a n a g e m e n t  o ỉ p a in ,  a l th o u g h  
o p io id  an a ĩg esics  a re  o h e n  n e c essa ry .2 S o m e  a u th o r i t ie s  
su g g est th e  u se  o f  to p ic a l N SA ID s.1 T h e  u s c  o í  to p ic a l 
c o rtico ste ro id s  to  c o n ư o l  in D a m m a tio n  re m a in s  c o n ơ o v e r -  
sial b e c au se  th e y  su p p re s s  m a c ro p h a g e  ac tiv ity , v vh ich  Is 
e sse n tia l in  sc av e n g in g  a n d  d e s tro y in g  th e  a m o e b a .1 I t  is  
re c o m m e n d e d  th a t  t h e  u se  o f co rtico s te ro id s  s h o u ỉd  b e  
d e la y e d  a n d  l im ite d  a s  m u c h  as  p o ss ib le . T h e y  m a y  b e  
c o n s id e red  w ith  a n tia m o e b ic  a g e n ts  in  th o se  p a t ie n ts  vvith 
s e v e re  'pain, sd e ritis , o r  se v e re  a n te r io r -c h a m b e r  in H a m m a -  
t ìo n .2-’-10 A  re tx o sp ectiv e  s tu d y ’ lo u n d  th a t  th e  u s e  o í  to p ic a l 
c o rtíco ste ro id s  w a s  n o t  a s so d a te d  w i th  t r e a tm e n t  ía i lu re ,  
b u t  w as a s s o d a te d  w ith  a  p ro lo n g e d  c o u rse  o f  a n tia m o e b ic  
th e ra p y . I n  p a tie n ts  w i th  s ev ere  s d e ra l  I n v o lv e m e n t,  
sy stem ic  im m u n o su p p re s sạ n ts  su c h  a s  o ra l  c o rt íco s te ro id s , 
d d o s p o r in ,  a n d  a z a th io p rin e  m a y  b e  n e e d e d .11

The Symbol t  denotes a preparatíon no longer actively marketed
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Acanthamoeba k e ra tit is  in  c o n ta c t  le n s  w e a re rs  s h o u ld  b e  
p r e v e n t a b l e  b y  g o o d  le n s  h y g ie n e  (see  C o n ta c t L en s C are , 
p .  1 7 3 1 .2 ).
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D is s e m in a te d  o m o e b ic  in íe c tio n s .  G ra n u lo m a to u s  
a m o e b ic  e n c e p h a lit is  (G A E) a n d  d isse m in a te d  g T anu lom a- 
to u s  a m o e b ic  d isease  ( in v o lv ú ig  th e  sk in , lu n g s, a n d  
s in u se s )  a re  c a u se d  b y  in íe c tio n  w i th  ừ e e - liv in g  a m o e b a e , 
u s u a lly  Acartthamotba spp . o r  so m e tim e s  Balamuthia man- 
drillaris (p re v io u sly  r e le rre d  to  a s  le p to m y x id  a m o e b a e ) . 
T h e y  a re  o p p o r tu n is tic  in íe c tio n s  o c c u n in g  m a in ly  in  
d e b iỉ i ta te d  o r  im m u n o c o m p ro m is e d  in d iv id u a ls . In  GAE 
th e  p ro to z o a  s p re a d  h a e m ã to g e n o u s ly  to  t h e  CNS from  
th e  s in u se s , lu n g s, o r  sk in  le s io n s  a n d  p ro d u c e  ío ca l n e u -  
ro lo g ica l d e ũ d ts  th a t  p ro g re ss  o v e r  d a y s  o r  w e e k s  to  a  dif- 
fu se  m e n in g o e n c e p h a lit is .  T h e  in íe c tio n  is u su a lly  ỉa ta l  
a n d  m o s t  cases h a v e  b e e n  d ia g n o se d  p o s tm o r te m  so  little  
is k n o w n  a b o u t e ữ e c tiv e  ư e a tm e n ts ,  a l th o u g h  m a n y  d ru g s 
h a v e  b e e n  tried .

D ru g s  th a t  h a v e  b e e n  u se d  in  c o m b in a tío n s  to  t x e a t  
d i ỉs e m in a te d  a n d  CNS in íe c tio n s  c a u se d  b y  Acanihamoiba 
spp . ỉ n d u đ e  c o -trú n o x a z o le , p e n ta m id in e ,  su lía d ia z in e , 
ũ u c y to s in e ,  r i ía m p id n ,  a n d  a z o le s  su c h  as  k e to c o n a z o le , 
itra c o n a z o le , o r  f lu c o n a z o le ;u  su sce p tib ilitie s  o f  s p e d e s  a n d  
s tra in s  a p p e a r  to  v a ry  w id e ly , a n d  su sce p tib ility  te s t in g  is 
a d v isa b le .

S u ccess ỉu l ơ e a tm e n t  h a s  b e e n  re p o r te d  in  2 a p p a re n d y  
im m u n o c o m p e te n t  c h ild re n  w ith  c h ro n ic  m e n in g itis  c a u se d  
b y  Acanthamoeba a f te r  p ro lo n g e d  ơ e a tm e n t  w i th  o ra l co - 
trim o x a z o le , r i ía m p id n ,  a n d  k e to c o n a z o Ie .} Su ccessíu l 
t r e a tm e n t  h a s  a lso  b e e n  re p o r te d  vvith to p ic a l a n d  o ral 
m il te to s in e  in  a n  im m u n o c o m p ro m is e d  p a t ie n t  w ìth  
d is s e m in a te d  a c an th a m o e b ia sis , a m o e b ic  e n c e p h a lit is , a n d  
u n d e r ly in g  m ilia ry  tu b e rc u lo s is  a n d  tu b e rc u lo u s  m e n in g itis ; 
th e  p a tie n t  in it ìa l ly  ía i le d  ơ c a tm e n t  w i th  p a re n te ra l  co- 
trim o x a z o ]e  ( la te r  c h a n g e d  to  o ra l  su lỉa d ia z in e ) , ỉ lu c o n -  
az o le , lip o so m a l a m p h o te r id n  B , 'a n d  A u cy to sin e .4

S ũ n iia r  d ru g s  h ã v e  b e e n  u s e d  to  t t e â t  CNS in ỉe c tio n s  
c a u se d  b y  B. mandrilỉarừ a n d  2  p a tie n ts  h a v e  b e e n  
su c c e ss tu lly  C e a te d  w ith  p e n ta m id in e ,  su lfa d ia z in e , Đ u- 
c y to sm e , f lu c o n a z o le , a  m a c ro ỉid e  (su c h  as  a z ith ro m y d n  o r  
d a r i t h r o m y d n ) ,  a n d  a p h e n o th ia z in e  (su ch  as  th io r íd a z ìn e  
o r  tr if lu o p e ra z m e ) .’

C lin ica l re sp o n se s  to  c h e m o th e ra p y  h a v e  a lso  b e e n  
r e p ọ r te d  i n  a  fe w  p a tìe n ts 4' 9 w ith  d iss e m in a te d  in le c tio n  b u t  
n o  ẹ v id e n c e  o f  CNS in v o lv e m e n t .  D isse m in a te d  Acanth- 
amoeba in íe c tio n  in  a n  im m u n o c o m p ro m is e d  p a tie n t  w a s  
su c ce ss íu lly  ư e a te d  w ith  in tr a v e n o u s  p e n ta m id in e  ío llo w e d  
b y  m a in tẽ n a n c e  th e ra p y  w ith  o r a i  i tra c o n a z o le .6 Sk in  
l e á o n s  w e re  tr e a te d  to p ica lly  w i th  c h lo rh e x id in e  a n d  
k e to c o n a z o le . ' C lin ica l im p r o v e m e n t  o f d is s e m in a te d  
a c a n th a m o e b ia s i s  in  a  p a t i e n t  w i th  AID S f o ỉlo w e d  
t r e a tm e n t  w i th  in tra v e n o u s  p e n ta m id ìn e  a n d  o ra l  ỉlu c y to -  
s in e ; a n  i n ỉa n t  w i th  HTV in ie c tio n  w a s  ơ e a te d  w ith  
f lu c o n a z o le ,  A u c ỵ to s in e ,  a n d  s u l ỉa d ia z ỉn e .7 A  lu n g  
t r a n s p la n t  p a t ie n t  vvith d iss e m in a te d  a c a n th a m o e b ia s is  
w a s  a lsò  su cce ss íu lly  ư e a te d  w ith  p e n ta m id in e ,  H u cy to sin e , 
a n d  a z ith ro m y d n ,  p lu s  to p ic a l c h lo rh e x id in e  a n d  k e to c o n -  
azole.*  A  case  o f  g ra n u lo m a to u s  d e rm a tit ìs  se c o n d a ry  to  
Acanthamotba in ỉe c tio n  in  a  lu n g  t ra n s p la n t  r e d p ie n t  h a s  
b e e n  successh tU y ư e a te d  w ith  a  p ro lo n g e d  c o u rse  o f 
a m p h o te r id n  B lip id  co m p le x  a n d  v o r ic o n a z o le .’

T h e  u s e  o f RN A  in te r íe re n c e  a im e d  a t  Acanthamoeba 
g e n e s, u s in g  a  c o m b in a tio n  o f s h o r t - s t r a n d  in te r íe r in g  RN As 
(siRN A s), h a s  b e e n  p ro p o se d  fo llo w in g  p ro m is in g  re su lts  in 
v iíro .10
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P r im o ry  a m o e b k  m e n in g o e n c e p h a l i l is .  P r ím a ry  a m o e b ic  
m e n in g o e n c e p h a lid s  is a  ra re  in íe c tio n  u s u a lly  c a u se d  b y  
th e  fre e -liv in g  a m o e b a  NaeỊỈeria fowlerí. I t  o c c u rs  m a in ly  
in  h e a lth y  c h ild re n  a n d  y o u n g  a d u lts  a n d  is u s u a lly  asso - 
d a te d  w ith  svvim m ing in  w a n n  íre sh  w a te r .  T h e  p ro to z o a  
in v a d e  th e  CNS d ire c tly  t h ro u g h  th e  n a sa l  m u c o sa  to  p ro -  
d u c e  a m e n in g o e n c e p h a lit is  th a t  is u su a lly  rap id ly  ía ta l  (7 
to  10 d a y s).

A  fe w  cases  of su ccess lu l t r e a tm e n t  h a v e  b e e n  re p o r te d , 
a n d  h a v e  g e n e ra lly  in v o lv e d  in ư a v e n o u s 1"5 a n d  u su a lly  
in tr a th e c a l1"3 a m p h o te ric in  B; so m e  p a ú e n ts  w e re  a lso  g iv en  
o ra l  r i í a m p id n ,2' 5 in tra v e n o u s  a n d  in tra th e c a l  m ic o n a z o le ,2 
in tra v e n o u s  c h lo ra m p h e n ic o l,’ o r  o m id a z o le .4
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Babesiosis
B ab esio sis  (p iro p la sm o sis )  is a n  in fe c tio n  c a u se d  by  
in tr a e ry th ro c y tic  p ro to z o a  of th e  Babtsia g e n u s , w h ic h  a re  
ư a n s m it te d  to  m a n  b y  th e  b ite  of in íe c te d  Ixodes dcks. 
T ra n sm iss io n  b y  b lo o d  t ra n s lu s io n  h a s  a lso  b e e n  re p o r te d . 
ĩxodes scapularis, o n e  o f th e  tick s  th a t  m a y  c a u se  babesiosis , 
m a y  a lso  b e  in íe c te d  w ith , a n d  t ra n s m it ,  Anaplasma 
phagocytophilum a n d /o r  Borrelia burgdorfcri a n d  th e r e ío r e  th e  
b ite  f ro m  th is  t ic k  m a y  le a d  to  b ab esio sỉs , h u m a n  
g ra n u lo c y tic  a n a p la sm o sis  (see  E h rlich io sis , p . 1 7 9 .1 ), o r 
L ym e d ise a se  (p. 190 .1 ) as a  sin g le  in íe c tio n  o r  a s  a  co- 
in íe c tio n .1 B abesiosis o ccu rs  w o r ld w id e  in  a n im a ls . In  th e  
us, h u m a n  in íe c tio n  is m o st c o m m o n ly  d u e  to  B. microti; th e  
d isease  is m u c h  r a r e r  in  E u ro p e  w h e r e  it is u su a lly  c a u se d  by  
B. divergens o r  B. boviỉ. '• } I n íe a io n  w ith  th e  b a b e sia -iik e  
p iro p la sm s  W A -1 a n d  M O -1 h a s  also  b e e n  re p o r te d  in  th e  
U S A .1-2

C lin ica l íe a tu re s  o f  b ab esio sis  a c q u ire d  in  th e  U SA  d iííe r  
h o m  th a t  a c q u ire d  in  E u ro p e . In le c tio n  in  th e  USA is o í te n  
a sy m p to m a tic  a n d  se lỉ-lim itín g , b u t  m a y  p r o d u c e  p ro lo n g e d  
se v e re  v ira l-lik e  illn ess  w i th  le v e r  a n d  h a e m o ly tic  a n a e m ia , 
p a r t i c u l a r ly  in  p a t i e n ts  w h o  a re  a s p le n ic ,  e ld e r ly ,  
d e b il i ta te d , o r  im m u n o c o m p ro m is e d  ( in d u d in g  th o s e  
in íe c te d  w ith  HIV). S y m p to m s in c lu d e  ch ills, sw e a tin g , 
m y alg ia , a rth ra lg ia , w e a k n e ss , {atigue, a n o re x ia , n a u s e a ,  
v o m itin g . ja u n d ic e , a n d  h e a d a c h e . T he  m o s t  c o m m o n  
c o m p lica tio n s  a re  h e a n  ỉa ilu re , d isse m in a te d  in tra v a s c u la r  
c o a g u la tio n , a c u te  re sp ira to ry  d istress  sy n d ro m e , a n d  re n a l 
ía i lu re .1' 3 C o - ỉn fe c tio n  w ith  B. microti a n d  Borrcỉia burgdoTferi 
h a s  re s u lte d  in  m o re  se v e re  sy m p to m s. In  E u ro p e , in íe c tio n s  
h a v e  m o s tly  b e e n  d e scrib ed  in  a sp le n ic  p e rso n s , in  m a n y  of 
w h o m  th e  in íe c tio n  w a s  rap id ly  ỉa ta l. C lin ica l íe a tu re s  
in d u d e  se v e re  h a e m o ly tic  a n a e m ia ,  ịa u n d ic e ,  p u lm o n a r y  
o e d e m a , a n d  re n a l  ía i lu re .

T h e re  is n o  e s ta b liỉh e đ  s p e d tìc  t r e a t m e n t  fo r  b ab esio sis . 
T re a tm e n t  is n o t  r e c o m m e n d e d  fo r  a s y m p to m a tic  p a tie n ts  
a l th o u g h  a ll sy m p to m a tic  p a tie n ts  s h o u ld  b e  t r e a te d  w ith  
a n t ib a a e r ia l s  to  p r e v e n t  th e  d e v e lo p m e n t o í  c o m p lic a tio n s .1 
F o r  se rio u s  in íe c tio n s , su p p o rtiv e  th e ra p ie s  i n d u d e  red  
b lo o d  ce ll e x c h a n g e  tra n s ỉu s io n s  to  Teduce p a ra s ita e m ia . 
Clindamydn witk quininc vvas th e  f ln t  re g im e n  u se d 4 fo r  th e  
t r e a tm e n t  o f  B. mỉcroti in fe c tìo n s , b u t  h a s  b e e n  a s s o d a te d  
w ith  s ign iA can t to x id ty .  A  p ro sp e c tìv e  ra n d o m ise d  s tu đ y 5 in  
58  p a tíe n ts  ío u n d  aãứiTomyàn with atovaquone to  b e  as 
eH ective  a s  c lin d a m y ó n  a n d  q u in in e  a n d  a s s o d a te d  w ith  
less  to x id ty .  Aãthromyán witk quinine h a s  b e e n  re p o r te d  to  
b e  e ffec tiv e  in  2  p a tie n ts  w h o  h a d  n o t  re s p o n d e d  to  q u in in e  
p lu s  d in d a m y d n .4-7 Pentamidini h a s  a lso  b e e n  re p o r te d  to  
p r o d u c e  c lin ica l ú n p r o v e m e n t  in  p a tie n ts  w ith  B. microti 
in íe c tìo n ,*  b u t  th e  efficacy  a n d  s a íe ty  o f  p e n ta m id in e  h a s  
b e e n  q u e s tío n e d .’  Other drugs th a t  h a v e  b e e n  tr ie d  w ith  
v a ría b le  re su lts  i n d u d e  c h lo ro q u in e ,  p r im a q u in e ,  p y r i-  
m e th a m in e , su lfad iaz in e , a n d  te t r a c y d in e .2'3

T h e  In ỉe c tio u s  D iseases S o d e ty  o i  A m e ric a ’ r e c o m m e n d s  
a  c o m b in a d o n  o f e i th e r  c lin d a m y c in  p lu s  q u in in e  o r  
a to v a q u o n e  p lu s  a z i th ro m y d n , b o th  o ra lly  fo r  7  to  10  days; 
t h e  c o m b in a tío n  o f  i n ơ a v e n o u s  d i n d a m y d n  p lu s  o ra l 
q u i n in e  s h o u ld  b e  u s e d  in  s e v e r e  b a b e s ỉo s is .  I n  
im m u n o c o m p ro ra is e d  p a tìe n ts  h ig h e r  d o se s  o f a ã th r o -  
m y d n  m a y  b e  u sed ; th e y  a re  p r o n e  to  re la p s in g  d isease , a n d  
ơ e a tm e n t  sh o u ld  b e  g iv en  for 6 w e e k s  o r  m o re , i n d u d in g  2 
w e e k s  a f te r  p a ra s ite s  a re  n o  lo n g e r  d e te c ta b le  in  b lo o d  
s m e a rs .10 P a rtia l o r  c o m p le te  e x c h a n g e  ơ a n s íu s io n  m a y  a lso

b e  g iv en . P a tìe n ts  w i th  p e rs is te n t  in fe c tio n  s h o u ld  b e  re -  
ơ e a te d .

P a tìe n ts  co-inỊedtd o r  su sp e c te d  to  b e  c o -in fe c te d  v r t h  
Anaplasma phagocytophilum a n d /o r  Borrtỉia buTgảorịĩrì 
s h o u ld  a lso  b e  gi v e n  d o x y c y d in e  fo r  10  d a y  s .13 ĩ o r  
i n ío n n a t ío n  o n  th e  t r e a tm e n t  o f c o - in f e a e d  p a tìe n ts  see  
L y m e  D isease, p .  190 .1 . I n  B. divergens in íe c tìo n s , t t e a tm e n t  
is  co m p lica te d  b y  th e  r a p id  p ro g re s s io n  o f  t h e  d isease . 
A n típ ro to z o a l a n d  a n tím a la r ia l  d ru g s  h a v e  b e e n  tr ie d  vvith 
l im ite d  success, a l th o u g h  p e n ta m id in e  vvith c o -tr im o x a z o le  
w a s  su ccessíu l i n  a  p a t ìe n t ,11 a n d  a  m a r k e d  re d u c t ío n  in  
p a ia s l te  lo ad  w a s  se e n  in  a  p a t ìe n t  t re a te d  w i th  p e n ta m id i  l e  
p lu s  e x c h a n g e  tra n s fu s io n s .12 T h e  c o m b in a tio n  o f  d in d a -  
m y d n p lu s  q u ín in e  w i th  e x c h a n g e  ơ a n s íu s io n  h a s  a lso  b e  :n  
su g g e ste d .2

P r e v e n t ỉ v e  m e a s u re s  a g a in s t  b a b esio sis  i n d u d e  th e  u se 
o f  tic k  re p e lle n ts , p h y s ic a l p ro te c tío n , a n d  p r o m p t  r e m o \ a l 
o f  a tta c h e d  t ìc k s .1

ỉ . VVormser GP. tí ai. The dinical assessment. creatment, and preventior ữf 
Lyme disease, human granulocytic anapỉasmosis, and babesỉosis: cỉini *al 
practice guỉdeỉỉnes by the ỉníectiỡus Dỉseases Society of America, c 'in 
lnfea Dừ 2006; 43: 1089-1134. Also available at: http://www.joum; ĩs. 
uchicago.edu/doi/pdf/10.1086/508667 (acccssed 17/07/08)
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Balantìdiasis
B alan tid ias is  is a n  u n c o m m o n  in ỉe c tío u s  d isease  o f t h e  la r ị  e  
in te s tin e  c a u se d  b y  a  d l ia t e d  p ro to z o a n , Baỉantidium co i, 
t h a t  ừ e q u e n d y  in íe c ts  p ig s. H u m a n s  a n d  u s u a lly  re s is ta n t  
b u t  m a y  b e c o m e  in íe c te d  b y  e a tín g  fo o d  o r  d r in k in g  wat<rr 
th a t  h a s  b e e n  c o n ta m in a te d  b y  h u m a n  o r  a n ĩm a l íaect-s 
c o n ta ú iin g  B. coli cysts, o r  b y  h a n d lỉn g  in íe c te d  a n im a h . 
T h o se  vvith p o o r  n u t r i t ío n  a n d  a c h lo rh y d ria  a p p e a r  m oi e  
v u ln e ra b le  to  in íe c tio n .

M o st cases o f  b a la n tiđ ia s is  a re  a s y m p to m a tíc  a n d  ứ e  
o rg a n is m  liv e s  in  th e  la rg e  in te s t in e  a s  a  Iu m in .ll 
c o m m e n sa l, hovvever, a sy m p to m a tíc  p e o p le  c a n  t ra n sm  :t 
t h e  disease . T h o se  w ith  sy m p to m a tic  in íe c tìo n s  m a y  de v e lc  p 
a  c h ro n ic  illn ess  c h a ra n e r is e d  b y  in te r m i tte n t  d iarrh o e . , 
a b d o m in a l c ra m p s , a n d  vveight loss; co litis  w i th  m u c u s  a n  i 
b lo o d y  s too ls  o c c u rs  less  c o m m o n ly . C o lo n ic  u lc e r a t io i  
re su ltìn g  in  a  s y n d ro m e  re se m b lin g  a m o e b ic  d y s e n te iy  m a  /  
o c c u r  in  so m e  in d iv id u a ls , w h ile  o th e r s  m a y  d ev e lo p  ì 
íu lm in a t in g  fo rm  o ỉ  b a la n tid ia s is . U n tre a te d  cases h a v :  
p ro v e d  ỉa ta l.

O ra l t e ơ a c y d in e  fo r  10  day s is t h e  t r e a t m e n t  o f  c h o ic  ; 
m e ư o n id a z o le ,  d iio d o h ỵ d ro x y q u in o l in e , ' p a ro m o m y d n , c r 
n ita z o x a n id e  a re  a lte m a t iv e s .  T re a tm e n t c o u rse s  o f  u p  to  2 ) 
d a y s  m a y  b e  r e q u ừ e d  in  im m u n o su p p re s s e d  p a t ì e n t , 
in d u d in g  th o se  vvho a re  in íe c te d  w ith  HIV.

1. Abramowỉcz M, ed. Drugs Ịor parasỉtk in/eđions. 3rd ed. Ncw Rochel e 
NỸ: The Mrdical Lener. 2013.

Blastocystis hominis inĩectìon
T h e re  is c o n tro v e rsy  o v e r  v v h e th e r  th e  p ro to z o a n  p a r a s i t : Blastocystis hominừ is a  p a th o g e n  o r  a  h a im le s s  c o m m e n sa l c [ 
t h e  in te s t in a l  ư a c t .  I t  h a s  b e e n  r e p o r te d  b o th  i t 
im m u n o c o m p e te n t  a n d  im m u n o c o m p ro m is e d  s u b je a s , ‘ ’ 
vvith  t ra n s m is s io n  p ro b a b ly  b y  th e  ía e c o -o ra l  ro u te .  
D ia rrh o e a  a n d  o th e r  g a s tro in te s tín a l  s y m p to m s  h a v e  beei L 
asc rib ed  to  th e  o rg an ism .

T re a tm e n t  w i th  S ta n d a rd  a n tip ro to z o a ls ,  e s p e d a l l r 
m e tto n id a z o le ,  h a s  h a d  v a ria b le  success; m e t r o n id a z o l : 
re s is ta n c e  m a y  o c c u r.3-4 C o -trim o x a z o le  w a s  re p o r te d  t  > 
h a v e  e lim in a te d  B. homừtừ f ro m  th e  s too ls  o f  a ll b u t  o n e  c f 
4 7  othervvise h e a lth y  su b je c ts  w ith  d ia r rh o e a  in  o n e  s tu d y ,1 
a n d  sũ n ila rly  in  3 6  o f 3 8  c h ild re n . a n d  14  o f  15 ad u lts , Ũ 1 

a n o th e r .6 In  p a tie n ts  h e a v ily  in fe c te d  w i th  B. hommis, o n ly ' r 
o f  12 t re a te d  w ith  m e ư o n id a z o le  a n d  2  o f  9  g iv en  co - 
t r im o x a z o le  a c h ie v e d  e ra d i c a t io n  o f  t h e  o r g a n is m .  ’ 
D iio d o h y d ro x y q u in o lin e ,*  n ita z o x a n id e ,4-’  o r  p a ro m o m y  
c in 4 m a y  b e  e ffec tiv e  in  so m e  cases.
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reevaluation. TUrkỉye Partữitoĩ Derg 2007; 31:184-7.
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bom ả međỉcaỉ center in northem Taiwan. J Microbioì Ịmmunữì Inftí ‘ 
2008; 41: 222-6.

3. Haresh K. tí aỉ. Isoỉate resistance of Blastocystis hominis t ỉ 
metronỉdazole. Trợp Med Int Health 1999; 4: 274-7.
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Cocddỉosỉs
C occid iosis is  a  t e n n  s o m e t im e s  a p p lie d  to  in ỉe c tio n s  vvith 
p ro to z o a  o ỉ  t h e  o rd e r  Eucocddiorida. T he  p re d o m in a n t  
c o c tíd ia n  in íe c tio n s  in  m a n  a re  c a u se d  b y  Cryptosporidium  
(belovv), Cyelospora eayetanensừ  (b e lo w ), ìsoĩpora  .(belovv), 
Plasm odium  ( s e e  M a la r ia ,  p . 6 4 4 .1 ) ,  a n d  Toxoplasma 
(p . 9 2 4 .2 ). C o c d d ia n  p ro to z o a . m a in ly  Eímcria, c a u se  
e c o n o m ic a lỉy  im p o r ta n t  in ỉe c tio n s  in  d o m e s d c a te d  an ìm a ls .

Cryptosporìdỉosis
C ry p to sp o r id io s is ' is a  g a s tro in te s tin a l  in ỉe c tio n  c a u se d  b y  
s p e à e s  of t h e  c o c tíd ia n  p r o to z o a n  p a ra s ite  Cryptosporidium. 

' I t  h a s  a  w o r ỉd w id e  d is t r ib u t ìo n  a n d  oc c u rs  in  m a n y  a n im a l 
s p ế d e s  as w e l l  a s  in  m a n .  I n ỉe c d o n  is a c q u ire d  th ro u g h  
m g es tio n . a n d  p e rh a p s  in h a la tìo n , o f  oocysts. In ỉe c d o n  in  
im m ụ n o c o m p e te n t  in d iv id u a ls  u s u a lly  causes  a  se lM im ió n g  
vvatery, n o n - b lo o d y  d ia r r h o e a  la s t in g  u p  to  2  w eek s . In  
ìm m u n o c o m p r o m is e d  p a t i e n t ỉ  a n d  p a r t ic u ỉa r ly  AỈDS 
p a tle n ts  w i th  a  C D 4+ c o u n t  b e lo w  ĨO Ọ cells /m icro liư e , 
t h e r e  m ay  b e  p r o h is e  a n d  p e r s i ỉ t e n t  d ia r rh o e a  (fo r  2 m o n th s  
o r  ló n g er) , p r o ỉo u n d  v v e ig h t Ioss, a n d  se v e re  a b d o m in a l 
p a in ,  a n d  th e  in ỉe c tio n  m a y  b e  ìư e - th re a te n in g . O th e r  sites 
o (  in ỉe c tio n  i n d u d e  th e  re s p ira to ry  a n d  b ilia ry  tra c ts .

T h e re  is  c u r r e n d y  n o  c o n s is te n tly  e ữ e c tiv e  sp e tiS c  
t r e a t m e n t 2-3 a n d  p r ìo r ity  s h o u ld  b e  g ỉv e n  to  m a in ta in in g  
h y d r a t io n  b y  p r e v e n t io n  õ r  t r e a tm e n t  o f  f lu id  a n d  
e le c n o ly te  d e p le t io n , e s p e d a l ly  in  in la n ts  a n d  th e  e lde riy . 
B e n e R d a l r e s p o n s e s  to  o c tre o tid e  h a v e  b e e n  r e p o r te d  in  a  
f e w  cases,4"4 b u t  ƯS g u id e l in e s  fo r  th e  p r e v e n t io n  a n d  
t r e a tm e n t  o f  o p p o r tu n is t ic  i n ỉe c t io n  in  H lV - in íe a e d  
p a tie n ts 7 c o n s iđ e r  th a t  o c tre o tid e  is n o  m o re  e ữ e c tiv e  th a n  
o ra l  a n d d ia r rh o e a ls  a n d  i ts  u se  is n o t  r e c o m m e n d e d . O ral 
r e h y d ra tio n  th e r a p y  is d isc u sse d  u n d e r  D ia rrh o e a  o n  
p . 1808 .2 . In  p a t ie n ts  w i th  AXDS th e  s e v erity  o f t h e  in fe c tio n  
m a y  b e  c o n ư o l le d  ư  th e  im m u n e  h m c t io n  i ỉ  im p ro v e d  vvith 
H A A R T,13'7’* b u t  vvhere th is  is  n o t  possib le . th e ra p y  w ith  a n  
a n tim ic ro b ia l  a n d  a n  a n tíd ìa i r h o e a l  d m g  c o n tin u e s  to  be 
S ta n d ard .1 S e v e ra l  d ru g s  h a v e  b e e n  s tu d ie d  in  sm all d in ic a l  
s tu d ie s ; for n i ta z o x a n id e ,  p a ro m o m y d n ,7-1 s p ira m y d n .7 a n d  
a d th r o m y d n .9' 10 b en e B ts  vvere a t  b e s t  m o d e ra te ,2 a lth o u g h  
e v id e n c e  is p e r h a p s  b e s t  í o r  n i ta z o x a n id e ,u  p a rũ c u la rly  in  
p a tie n ts  n o t  in ỉe c te d  w i th  HIV .3 O th e r  tre a tm e n ts  re p o r te d  
to  h a v e  p r o d u c e d  b e n e f i t  in  a  f e w  p a ú e n ts  in d u d e  
h y p c r im m u n e  b o v in e  c o lo s t ru m ,12' 14 e H o rn ith in e ,17 r iía b u - 
t in  o r  r i ía x im in .3 o r  n o r m a l  ũ n m u n o g lo b u lin  w ith  h ig h  
c ry p to s p o r id iu m  a n tíb o d y  t iư e s .1*

G u id e lin e s  f o r  th e  t r e a tm e n t  o f o p p o r tu n is tic  in íe c tio n  in  
H T V -in ỉected  p a t le n ts  in  t h e  U SA  su g g e st th a t, in  a d d it ío n  to  
o p tim is in g  t h e  HA ART re g im e n , t h e  a d d it io n  o f  n ita z o x -  
a n id e 7-* o r  a l te m a t iv e ly  p a ro m o m y d n 7 th e ra p y  m a y  b e  
c o n s id e re d ; a z i t h r o m y d n J is  n o t  re c o m m e n d e d .

C la r i th ro m y d n  a n d  r i í a b u t ìn  m a y  b e  u s e lu l  lo r  d isease  
p ro p h y la x is ,19 a lth o u g h  t h e  eH icacy  o f d a r i th r o m y d n  h a s  
b e e n  q u e s tio n c d .20 G u id e lin e s  fo r  th e  p r e v e n d o n  a n d  
ư e a tm e n t  o f  o p p o m m is t íc  in le c tio n  in  HIV - in íe c te d  p a d e n ts  
in  t h e  USA7’9 c o n s id e r  t h a t  th e  d a ta  o n  th ese  d ru g s  a re  
i n s u f f id e n t  to  r e c o m m e n d  th e i r  u s e  fo r  c h e m o p ro p h y la ã s .
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Cyclosporíasỉs
A n  o ig a n is m  o r íg in a ỉỉy  d escrib ed  a s  c y a n o b a a e r iu m - lik e  o r  
c o c d d ia n - lik e  b o d ies , b u t  n o w  id en tiS e d  a s  t h e  c o c d d ia n  
p ro to z o a n  Cydospora cayetanensừ, h a s  b e e n  re p o r te d  to  b e  a 
c a u se ' o f  d ia r rh o e a  in  b o th  im m u ro c o m p ro m is e d  a n d  
im m u n o c o m p e te n t  p a tíe n ts .  In íe c tio n  re s u lts  h o m  in g e s -  
t ío n  o f  sp o re s  o r  o o cy sts  in  c o n ta m in a te d  lo o d  o r  w a te i  a n d  
c a n  re s u l t  in  d ia r rh o e a .  n a u s e a ,  v o m itin g , a b d o m in a l  
c ra m p s , lo ss  o f  a p p e ti te ,  a n d  flu-IUce sy m p to m s . In  
im m u n o c o m p e te n t  p a n e n ts ,  in íe c tio n  m a y  b e  a s y m p to -  
m a tic  o r  s e lM in ú tin g  w h i le  im m u n o c o m p ro m is e d  p a tie n ts  
m a y  d e v e lo p  se v ere  o r  p e rs is te n t  sy m p to m s. P ro lo n g e d  c. 
cayetanensừ in íe c tío n  h a s  b e e n  asso c ia te d  vvith v a r io u s  
e x D a in te s d n a l  c o m p lica tío n s  in c h id in g  b ilia ry  d ise a se ,  
a c a lc u lo u s  ch o lecy s titis , G u illa in -B arré  s y n d ro m e , a n d  
re a c tiv e  a r th r it is .

S u c c e ss íu l  t r e a t m e n t  o f c y d o s p o r ia s is  h a s  b e e n  
re p o r te d  vvith o ra l c o -tr im o x a z o le ;1 t r e a tm e n t  is u s u a ỉly  
g iv e n  fo r 7  to  10 days, b u t  H IV -infected  p a tie n ts  c a n  re la p s e  
a í te r  t r e a u n e n t  a n d  h ig h e r  doses4 o r  lo n g - te n n  s u p p re s s iv e  
ữ e a u n e n t  m a y  b e  re q u lre d .  A lte m a tiv e  ư e a tm e n ts  h a v e  n o t  
y e t  b e e n  fo u n d  fo r  th o se  a lle rg ic  to  s u l ío n a m id e s .1'3 
H o w e v e r, a  sm aỉl, r a n d o m ise d  s tu d y 2 c o m p a r in g  co -  
tr im o x a z o le  a n d  d p r o Q o x a d n  fo r  ư e a u n e n t  o !  a n d  
se c o n d a ry  p ro p h y la x is  ỉo r  Cydospora in íe c tio n  in  HIV  
in le c te d  p a tie n ts  í o u n d  d p ro O o x a d n  10  b e  m ọ d e ra te ly  
e ữ e c tiv e , b u t  less a c tiv e  t h a n  c o -tr im o x a zo le . S u ccessh il u s e  
o f  n ita z o x a n id e  h a ỉ  a lso  b e e n  r e p o r te d .1
-1. Hoge cw , tí a i  Pỉecebo-conưolled trỉaỉ o( ccKtrỉmoxamle ỉor cydospora 
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randomÌzed. controlỉed trỉal. Arut ĩntem Med 2000; 132: 885-8.

3. YararS. tíai. Humancydosporiosỉsin Turkey. WorỉdJGasiroatUrai2004; 
10: 1844-7.

4. Karanja RM, tí a i  Cycỉoeporiasỉs: an emerging pubiic health concem 
around the world and ỉn Aírica. Afr Health Sà 2007; 7: 62-7.

s. Zimmer SM. tí  ứ. Eíãcacy oí nitaroxanlde íor cydosporiasiỉ ỉn patỉents 
with suỉfa alỉcrgy. ũin  Infeơ Dừ 2007; 44: 466-7.

Gastro-enterìtis
A lth o u g h  b a a e r i a  a n d  v iru se s  a re  resp o n s ib le  fo r m a n y  
c a ses  o f  in le c tiv e  d ia iT h o ea , p ro to z o a i in íe c tio n s  a re  a ls o  a 
c a u se  of d ia r rh o e a ,1-2 vvhich c a n  b e  se v e re  ( e s p e d a lly  in  
im m u n o c o m p ro m is e d  p a tie n ts . i n d u d in g  th o se  w ith  A ID S). 
P a tie n ts  w i th  d ia r rh o e a  las tìn g  ỉo r  m o re  t h a n  7  d ay s s h o u ld  
b e  te s te d  fo r  p ro to z o a l p a ta s ite s .1 In  a c u te  d ia i r h o e a  o f  a n y  
a e tìo lo g y  th e  p r io r ity  is to  m a in ta in  h y d ra d o n  b y  p r e v e n t io n  
o r  t r e a tm e m  o f flu id  a n d  e le c tro ly te  d e p le tio n . e s p e d a l ly  in  
in la n ts  a n d  th e  e ỉd e r ly .1 O ra l r e h y d ra tio n  th e r a p y  is 
d isc u sse d  u n d e r  D ia rrh o e a  o n  p . 1808.2. S p e d l ic  th e r a p y  
w ith  a n tip ro to z o a Is  m a y  also  b e  n ecessa ry  to  c o n ư o l  e n te r ic  
p ro to z o a l  in le c ã o n s .

F o r  th e  m a n a g e m e n t  o í  th e  p ro to z o a l in ỉe c tio n s  t h a t  a re  
g e n e ra lly  a s s o d a te d  w i th  d ia r rh o e a , see  u n d e r  A m o c b ia s is  
(p . 9 1 9 .1 ) , B a ỉa n d d ia s is  (p. 9 2 0 .3 ), Blastocystừ hominií 
in íe c tío n s  (p . 9 2 0 .3 ), C ry p to sp o rid ỉo sis  (ab o v e ), C y d o s p o r -  
Ỉa s i ỉ  (ab o v e ) , G ia id ia s iỉ (belovv), Isosporias is  (belovv), a n d  
M icro sp o rid io s ỉs  (p . 9 2 4 .1 ) .

1. Goodpmc RW. Diagnoati an4 Dutment o{ t<9roinusdnal procoxoal 
lníecãora. Cun Opinltựect Dá 199«; 9; 546-52.

2. okhuysen PC Ttavc]cr'j diaribea due to ỉntesdnaĩ protoaoa. Oỉn ĩnỊtữ 
Dã 2001:13:110-14

3. Thidman NM. Guemnt RL Cllnical practìct. Acute Inlralous dlarrhea. 
N BngiĩMed 2004; 350: 38-47.

Giardiasis
I n íe c tio n  vvith Giardũt intiỉúnalis (G. duodtnalis, G. lamblia; 
Lamblia inttstùĩữlừ) i ỉ  o n e  o í  t h e  c o m m o n e s t  in te s tin a l  
p ro to z o a l in íe c tio n s  th ro u g h o u t  t h e  vvorid, e s p e d a l ly  in  
a re a s  w i th  p o o r  s a n ita t ío n  a n d  u n s a ỉẹ  w a te r .  In ỉe c tìo n . is 
a c q u ire d  b y  o ra l in g e s t ỉo n  of Giardiã cysts. e i th e r  h o m  d i r e a  
c o n ta c t  w i th  in íe c te d  a n ỉm a ls  o r  h u m a n s , o r  b y  in g e s tỉo n  o ỉ 
w a te r  a n d  foodstuf{s c o n ta m in a te d  b y  th e  laeces  o ỉ  i n ỉ e a e d  
a n im a ls  o r  h u m a n s .

M a n y  in ỉe c te d  p e o p le  a re  a sy m p to m a tic  a n d  m o s t 
in ỉe c tio n s  a re  se lỉ- l im ite d . H o w e v e r, a s y m p to m a ú c  p e o p le  
m a y  still a a  as  c a rr ie rs .  S y m p to m a ú c  g ia rd ia ã s  is u su a lly  
c h a ia c te t is e d  b y  d ia r rh o e a , ía t ìg u e , a b d o m in a l c ra m p s , 
b lo a ó n g . n a u s e a ,  a n d  w e ig h t loss. S y m p to m s u s u a lỉy  
im p ro v e  in  2  to  6  vveeks b u t  so m e  p e o p le  h a v e  c h ro n ic  
sy m p to m s. M a la b so rp tio n  o ( ỉa t, lac to se , a n d  v ita m in ạ  A  a n d  
B l2, a n d  ía i lu re  oỉ c h ild re n  to  th iiv e  h a  v e  b e e n  re p o r te d  i n ' 
th o s e  w ith  c b ro n ic  g iard iasis.

P rio rity  in  t h e  m a n a g e m e n t  o f  a c u te  d ia n h o e a  o ỉ  a n y  
ae tio lo g y  is  to  m a in ta in  h y d ra t ío n  b y  p r e v e n t ìo n  o r  
t re a tm e n t  o f  ũ u id  a n d  e le c ư o ly te  d e p le tìo n , e s p e d a l ly  in  
in ía n ts  a n d  th e  e ld e r ly . O ra l r e h y d r a d o n  th e r a p y  is 
d iscu ssed  u n d e r  D ia r rh o e a  o n  p . 1808 .2 . .

O n e  o t th e  m o s t e ữ e c tív e  a n d p to to z o a l  t r e a tm e n ts  is 
m e tro n id a z o le  o r  a n o th e r  m ư o im id a z o le  d e riv a tìv e  s u  c h  as 
tín id a z o le ,1' 1 o m id a z o le ,  a n d  se cn id a z o le .1 N ita z o x a n id e  is 
a lso  e ỉíec tiv e4'4 a n d  s o m e  co n s id e r  i t  a  d ru g  o ỉ  c h o ic e .5 O th e r  
a l t e r n a t ìv e s  i n d u d e  lu r a z o l id o n e ,  a n d  m e p a c r in e .1-3 
P a r o m o m y d n  h a s  b e e n  su g g ested ;3 a ỉ th o u g h  i t  is less 
e ữ e c d v e  th a n  o th e r  d ru g s , i t  is n o t  a b so tb e d  sy stem ica lly  
a n d  m ay  b e  a u s e ỉu l  a l te m a tív e  in  r e s is ta n t  in íe c tío n  a n d  
d u r in g  p re g n a n c y .1 T h e  b en z im id a z o les  (aIb e n d a z o le  a n d  
m eb e n d a z o le )  h a v e  b e e n  tr ie d  w ith  m ix e d  resu lts , b u t  th e y  
m ig h t  b e  u s e h iỉ  i n  t h e  d ev e lo p in g  vvorld w h e r e  th e i r  b ro a d  
a n tip a ra s id c  e ỉ ỉ e a  vvould  b e  a n  a d v a n ta g e ,1 a n d  so m e 
su g g est7 t h a t  a lb e n d a z o le  is c o m p a ra b le  in  e ỉh c a c y  to  
m e a o n ỉd a z o le .  T r e a tm e n t  m a y  so m e d m e s  n e e d  tọ  be  
re p e a ted , p o ss ib ly  d u e  to  res is ta n c e  o r  r e la p se .1 a n d  d ru g  
c o m b in a d o n s  s u c h  a s  a '  n iư o ú n id a z o le  vvith m e p a c r ìn e 1'* 
h a v e  b e e n  r e p o r te d  to  b e  of v a lu e  in  s u c h  cases.
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Inỉections in immunocompromised patients
P a d c n ts  vvith a  d e f e a iv e  im m u n e  System  a re  a t  p a rt íc u la r  
r is k  oi in ỉe c tio n . P r im a ry  im m u n e  d e lid e n c y  is rare , 
w h e re a s  se c o n d a ry  d e h d e n c y  is m o re  c o m m o n ; im m u n o -  
su p p re s s iv e  th e r a p y ,  c a n c e r  a n d  i ts  ư e a tm e n t .  HIV 
ù ư e c tìo n , a n d  s p le n e c to m y  m a y  a ll c a u se  n e u ư o p e n ia  a n d  
im p a ire d  h u m o ra l  a n d  c e llu la r  im m u n ity  in  v a ry in g  
d eg re e s . T h e  risk  oí in le c tio n  is lin k e d  to  th e  d u r a t ío n  a n d  
se v e r í ty  o f n e u R o p e n ia .  M ost p ro to z o a l in ỉe c tío n s  p re s e n t  
in  a  m o re  s e v e re  f o rm  in  im m u n o c o m p rò m ise d  p a tíe n ts  
t h a n  in  im m u n o c o m p e te n t  p a tie n ts . T h o se  o l  p a n ic u la r  
c o n c e m  in  p a tie n ts  w i th  HIV in le c tio n  in d u d e  C ry p to sp o r-  
id io s is  ( a b o v e ) ,  I s o s p o r ía s is  (belovv), L e ish m a n ia s is  
(p . 922 .1 ), M ic ro sp o rid io s is  (p . 9 2 4 .1 ), a n d  T oxop lasm osis  
(p . 924 .2 ).

O e ta iled  g u id e l in e s  ío r  th e  t r e a tm e n t  a n d  p r e v e n d o n  of 
o p p o t tu n is d c  ữ i ỉe c d o n s  ( in d u đ in g  so m e  p ro to z o a l in fec - 
tìo n s )  a m o n g  HTV-inieCTed ad u lts , ad o le sc e n ts . a n d  c h ild re n  
h a v e  b e e n  d e v e lo p e d  in  th e  U SA .1-2
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HIV Medidné Assodatíon of the Infecdous Dbease* Sodety of America 
fnsued 8ch July. 2013). AvaQable ac hnp://www.ềidsinfojiỉh.gov/ 
coniemfiles/!vgúldriiaes/aduU_oả.pdf (accessed 17/09/13)

2. CDC the Natíooaỉ ỉnstỉtutes oi Health, the HIV Medldne Assodaiỉon of 
the ỉníecdous Diseases Sođety oi America, the PedUcrlc Inĩectỉous 
Dlseases Sođety, and the American Academy of Pedỉatrỉa. GuỉdeUoes 
Im pRvenúon and treacment of opparmnistíc ỉníectkKis among HIV- 
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Isosporíasis
Isosporias is  is a  c o c tíd ia n  p ro to z o a l in le c tio n  o f  th e  
g a s tro in te s tin a l  t r a a  c a u se d  b y  Cystoisospora btUi, ỉ o n n e r ly

http://www.bmj.eom/cgi/sectlon_pdf/339/octl9.l/b4I68
http://www.cdc.gOv/mrawr/PDF/n/rr5811.pdi
http://www.cdc.gov/mmwr/PDF/rr/rr58


922 Antiprotozoals

c a lle d  ừospora bclli. I t  h a s  a  w o r ld w id e  d isơ ib u tìo n  b u t  
o ccu rs  m o re  ừ e q u e n t ly  in  tro p ic a l a n d  su b tro p ica l reg io n s . 
O ocysts a re  e x c re te d  in  lae c e s  a n d  in ỉe c tio n  is a c q u ire đ  
w h e n  s p o ru la te d  o o cy sts  a re  in g e s te d .

In  im m u n o c o m p e te n t  in d iv id u a ls  t h e  in ỉe c tìo n  is  u s u a lly  
m ild  a n d  se lí-lim itin g  b u t  i n  im m u n o c o m p ro m ỉse d  p a tie n ts ,  
i n d u d in g  th o se  w i th  A ID S, t h e  in íe c d o n  c an  v a ry  t e m  a 
c h ió n ic  a n d  in te im i t te n t  ỉlln ess  to  a  se v ere , U íe -th rea te n in g  
d ia r rh o e a l  d isease .

T r e a t m e n t  is u s u a lly  w i th  c o -trũ n o x a z o le  fo r  10  d a y s .1' 3 
Im m u n o c o m p ro m ise d  p a tie n ts  m a y  n e e d  h ig h e r  d o ses  a n d  
ơ e a tm e n t  fo r  u p  to  3 to  4  vveeks.2-3 C ip ro H o x ã d n  m a y  b e  a n  
a lte m a tiv e  i n  th o s e  u n a b le  to  to le ia te  c o -tr im o x azo le , 
a l th o u g h  i t  is so m e sv h a t Iess e fle c tìv e ., J  P y r im e th a m in e  h a s  
b e e n  u s e d  s u c c e s s íu l ly  ỉ n  ỉn d iv id u a l  p a t ie n ts  w i th  
s u ư o n a m ỉd e  se n sỉtiv ity .2 I n  a c u te  d ia r rh o e a  o f a n y  a e tio lo g y  
th e  p rio r ity  is  to  m a in ta in  h y d r a t io n  b y  p re v e n t io n  o r  
ơ e a tm e n t  o f  Đ uid a n d  e le c tro ly te  d e p le tio n . e s p e d a lly  in  
in ỉa n ts  a n d  th e  e ld e rly . O ra l r e h y d ra tio n  th e ra p y  is 

_ d iscussed  u n d e r  D ia rrh o e a  o n  p .  1 8 0 8 .2 .
H TV-inlected p a d e n ts  w i th  a C D 4+  c o u n t  b e lo w  2 00  ce lls/ 

m ic ro litre  s h o u ld  rec e iv e  lo n g - te rm  supp ressiv e  th e ra p y  
(seco n d a ry  p r o p h y la x i s )  w ith  c o -tr im o x a zo le . P y r im e th -  
a m ỉn e  m a y  b e  u se d  in  p a tie n ts  a lle rg ic  to  su lío n a m id e s ; 
d p ro ílo x a c in  m a y  b e  g iv en  as  a n  a lte m a tiv e .2 S eco n d a ry  
p ro p h y la x is  m a y  b e  s to p p e d  in  th o se  p a tie n ts  tak in g  
effec tive  a n tir e tro v ira l  th e r a p y  w h o  h a v e  a C D 4+ c o u n t 
a b o v e  2 0 0 c e lls /m ic ro li tre  fo r  a t  le a s t  6  m o n th s .2

1. Verdier R-L a  a i Trimcthopriin-suUanicihoxazole compared wiih 
dproDoxadn for treatment and prophyUxứ of bospon bdli and 
Cydospora cayeunenũi intection in Hiv-inlected patients: a 
randomỉxed. controlled triaL Am  btían Med 2000; 132: M j-s.

2. Pancl oa Opponuninic Intccùons in Hiv-Inĩected Adults and 
AdolescenB. Guidelincs for prevendon and treaunent of oppominỉstlc 
inỉecdons in HTV-infcctcd ãduhs and adolcscrnts: recommendatíons 
ừom the CDC the National Instimics of Health, and the HTV Medỉóne 
Aaodadon of the Inlectìotu Diseascs Sodety oỉ America (tssucd Sth 
July. 2013). Available at: http://aidsjnfo.nih.gov/comcmnies/aduk_oL 
pdỉ (accessed 23/08/13)

3. Abramonỉcx M. ed. Đrvp fer parasừk infeơiơns. 3rd ed. New Rochelle 
NY: The Medical Leỉter. 2013.

Leishmanỉasis
L e ish m a n ia s is1-2 is c a u se d  b y  p a ra s itic  p ro to zo a  of th e  g e n u s  
Líừhmamar, t h e  s p e d e s  in v o lv e d  d e p e n d s  o n  th e  g eo g ra p h i-  
cal d is tr ib u tio n . I t  o c c u rs  th r o u g h o u t  A ữ ica, th e  M idđ le  
East, C e n tra l A sia, a n d  th e  M e d ite rra n e a n  (O ld  VVorìd 
le ish m a n ia sis ), a n d  th ro u g h o u t  C e n tra l  a n d  S o u th  A m erica  
(Nevv W o rỉd  le ish m a n ia s is ) . In  e n d e m ic  a reas  th e re  is 
g e n e ra lly  a  r e se rv o ir  o f  d ise a se  in  a  m a m m a lia n  h o s t, o í te n  
dogs o r  r o d e n ts .  T h e  u s u a ỉ  v ec to rs  a r e  sandĐ ies o f t h e  g e n u ỉ  
Phlíbotơmus in  t h e  O ld  W o rld  a n d  Luữnmyùt in  th e  Nevv 
W o rĩd . S om e s p e d e s  o f  Leãhmania m a y  also  b e  tra n s m itte d  
b y  b lo o d  t ra n s fu s io n s  o r  c o n ta m in a te d  n eed les; c o n g e n ỉta l 
tra n sm iss io n  h a s  b e e n  re p o r te d .

L e ish m a n ia s is  r a n g e s  f ro m  seU -lim itin g , lo ca lise đ . 
c u ta n e o u s  u l c e n  to  w id e ly  d iss e m in a te d  P rogressive  d isease  
w ith  in v o lv e m e n t  o ỉ  t h e  re t ic u lo e n d o th e lia l  System , a n d  
c a n  b e  ca te g o rise d  as:
•  c u ta n e o u s  (below )
•  m u c o c u ta n e o u s  (m ú c o sa ỉ)  (p . 9 2 3 .1 )

o r
•  v isceral (p . 9 2 3 .1 )
In c u b a tio n  p e rio d s  c a n  b e  p ro lo n g e d , w ith  d in ic a l  ỉe a tu re s  
n o t  a p p e a r in g  u n t i l  s e v era l m o n th s  o r  e v e n  y ears  a f te r  th e  
p r ìm a ry  in íe c tío n .

L eish m an iasis  h a s  a lso  e m e rg e d  as a n  o p p o r tu n is tic  
in te c tìo n  in  ũ m n u n o c o m p ro m is e d  p a d e n ts  ( in d u d in g  HTV 
a n d  A ID S). in  w h o m  i t  is p a r t ic u la iỉy  d iíh cu lt to  t r e a t  F o r 
h i r th e r  in ỉo n n a t io n  se e  a b o  p . 9 2 3 .3 .  T h e  m o s t c o m m o n  
d in ic a l  p r e s e n ta d o n  o f  le ish m a n ia s is  in  p e rso n s  w ith  ATDS 
is v isceral d isease , b u t  th e  d is t i ib u t io n  v a rỉes  geogTaphically; 
i n  E u ro p e  v isc e ra l d isease  h a s  b e  e n  re p o rted  in  9 5 %  of 
cases, w h ile  in  B razil, m u c o c u ta n e o u s  (4 3 % ) a n d  c u ta n e o u s  
(2 0 % ) a re  c o m m o n . C lin ica l m a n ỉỉe s ta tio n s  in  p a tie n ts  w ith  
AIDS m a y  b e  a ty p ic a l a n d  se v e re , a n d  re la p se  a ỉte r  
tre a tm e n t  is  c o m m o n . S in ce  th e  in tro d u c tio n  o f  HAART th e  
in d d e n c e  o ỉ  le ish m a n ia s is  h a s  d e c re a se d  su b s ta n tía lly  in  
d e v e lo p e d  c o u n tr ie s , b u t  c o -in fe c tio n  is  à  grovving p ro b le m  
in  A sia a n d  A ỉrica .

In  e n d e m ic  a re a s  a n  in te g ra te d  a p p ro a d i  to  c o n tro llin g  
le ish m a n ia sis  in v o lv e s  ca  se  d e te c t io n  a n d  ư e a tm e n t  of 
p a tìe n ts , v e c to r  a n d  a n ỉm a l  r e s e rv o ir  c o n ơ o l, e n v ừ o n -  
m e n ta l  m a n a g e m e n t  to  re d u c e  su ita b le  v e a o r  h a b ita ts , a n d  
p e rso n a l p ro te c tío n  a g a in s t  sa n d ỉly  b i te s  in d u d in g  th e  u se  of 
in s e c t  r e p e l le n ts  a n d  b e d n e ts .  S tra te g ie s  a im e d  a t  
c o n tro llin g  m a la r ia  a re  b e lie v e d  to  h a v e  red u ced  le ish m a n -  
iasis tra n sm is s io n  d ra m a tic a lly .

1. Mtirĩay HW. ff đ/. Advmces tn ỊetshnunlasiS' Lanat 2003; 3dd: 1561-77.
2. Robcra MTM. Currcnt undcnundinss on the Immonology of 

ỊehhmenUth and recent developmenu ỉn prevendon and trcatmcnt. 
Br Mtd Buữ 2003: 75-7Í: 115-30.

C u ta n e o u s  le is h m a n ia s is .  C u ta n e o u s  le ish m an iasis  is 
c a u se d  b y  v a rio u s  sp ecies  o f  Líừhnumia. O ld W o rid  d isease 
is  n o rm a lly  c a u se d  b y  L. tropiea, L. maịoT, o r  t. aethiopica, 
a lth o u g h  c u ta n e o u s  le s io n s  d u e  to  L mfantum a n d  L àono-

vani h a v e  b e e n  r e p o n e d .  N e w  W o rld  c u ta n e o u s  le ish m a n -  
iasis (A m erica n  c u ta n e o u s  le ish m artia s is) ỉs  c a u se d  b y  
m a n y  s p e d e s  a n d  s u b s p e d e s  o ỉ  Lãshmania in d u d in g  I .  
braãliaiỉis, L. maãcana, t. panamensis, a n d  L pencviana. 
W o rId w id e , a b o u t  9 0 %  o f  c a ses  o c c u r  in  A lgeria , P ak is ta n , 
S au d i A ra b ia , S y iỉa , A íg h a n is ta n ,  B raziL  a n d  P e ru .  I n  g e n - 
eraL  N e w  W o rld  fo rm s  t e n d  to  b e  m o re  se v ere  a n d  lo n g e r  
la sd n g  t h a n  O ld  W o rld  lo rm s .

C u ta n e o u s  le is h m a n ia s is  h a s  b e e n  ca te g o rise d  in to  
d iữ e re n t  d in ic a l  fo rm s:
•  localised d ỉse a se  is  c o n h n e d  to  th e  s k ỉn  a n d  Ies io n s  a re  

m a ỉn ly  o n  e x p o se d  p a r ts  o f  t h e  b o d y . T h e  d ỉse a se  ran g e s  
t e m  s in g le , s e l í -h e a l in g  le s io n s  w h ic h  a re  tro u b le so m e  
a n d  u n s ig h t ly  b u t  n o t  a  t h r e a t  to  lUe, to  m u ltip le , deep , 
a n d  d e s t r u c t iv e  u lc e r s  w h ỉc h  c a u s e  c o n s id e ra b le  
d ish g u re m e n t  a n d  d isa b ility . A  'd a s s ic a l ' le s io n  s ta r ts  as 
a  n o d u le  a t  t h e  s ite  o f  in o c u la tio n . A  c ru s t dev e lo p s 
c e n ư a l ly  w h ic h  m a y  {all avvay e x p o s in g  a n  u lc e r  vvhich 
h e a ls  g ra d u a lly . S a te ll ite  n o đ u le s  a t  t h e  ed g e  o f t h e  lesion  
a re  c õ m m o n

•  diffuse c u ta n e o u s  le ish m a n ia s is  oc c u rs  o ccasio n a lly  a íte r  
in íe c tìo n  vvith L. aethiopica o r  m e m b e rs  o f th e  l. mcxicana 
c o m p le x  a n d  in v o lv e s  d isse m in a tio n  o !  th e  d ise a se  from  
th e  o rig in a l site  o f  in fe c tio n  10  d is ta n t  sk in  sites. typ ically  
th e  face  a n d  e x te r io r  su ría c e s  o f th e  lim bs. T h e  Iesions 
re se m b le  le p ro m a to u s  lep ro sy , d o  n o t  h e a l  sp o n ta -  
n e o u s ly , a n d  a re  r e s is ta n t  to  ư e a tm e n t

•  lcishmaniasừ reádivans is a lu p o id  o r  tu b e rc u lo id  lo rra  
c a u se d  b y  in le c tio n  w i th  L tropica. T h is  c h ro n ỉc  disease 
o ỉte n  o c c u rs  a s  s lo w ly  P rogressive , d e s tru c tiv e  a n d  
d isfig u rín g  le s io n s  o n  th e  lac e  vvhich a re  v e ry  re s is ta n t  to  
m o st lo rm s  of th e r a p y

T h e re  is  n o  c o n se n su s  o n  .the  o p t im u m  t r e a t m e n t  for 
c u ta n e o u s  le ish m a n ia s is1 a n d  a  sy s te m atic  revievv2 o n  th e  
ư e a tm e n t  ot O ld  W o rỉd  c u ta n e o u s  le ish m an iasis  ío u n d  4 9  
ra n d o m ise d  c o n tro lle d  s tu d ie s  co v e rin g  a t  lea s t 19 d iffe ren t 
ư e a tm e n ts .  C u r re n t  m e th o d s  in d u d e  p hysica l ỉn te rv e n -  
tio n s , to p ic a l o in tm e n ts ,  local in ịe c tio n , a n d  system ic  
a n ti-p ro to z o a ls ;J v a c d n e s  c o n ta in in g  Leishmania spp . a re  
u n d e r  in v e s tig a á o n , s e e  p .  2 3 9 7 .2 . T h e  d e d s io n  to  ơ e a t  
d e p e n d s  u p o n  th e  s i te  a n d  e x te r n  o f  th e  les io n s  a n d  th e  
l ik e lih o o d  o í  d isse m in a tío n . S m all les io n s , p a rd c u la rly  in  
O ld  YVorlđ c u ta n e o u s  le ish m a n ia sis , m a y  b e  le ỉt u n c re a te d  ư  
th e y  a re  n o t  t ro u b le so m e  to  th e  p a d e n t ' m o st les ỉo n s  h e a l 
s p o n ta n e o u s ly  w i th in  2  to  15 m o n th s  d e p e n đ in g  o n  th e  
in íe c tin g  sp e d e s .  T h e  a im  o f  t re a tm e n t  is  to  a c c e le ra te  cu re , 
re d u c e  s c a n in g . a n d  p r e v e n t  p a ra s itic  d isse m in a tio n  o r  
re lap se . T re a tm e n t  is u su a lly  g iv e n  to  th o se  p a tìe n ts  vvith 
p e rs is te n t  les io n s  (6 m o n th s  o r  m o re ) , lesions lo c a te d  o v e r  
jo in ts  o r  o n  th e  lac e , o r  m u ltip le  o r  la rg e  les ions . System ic  
th e ra p y  s h o u ld  b e  g iv e n  to  th ò se  w ith  lã rg e  a n d  d isS g u rin g  
les io n s a n d  th o se  c a u se d  b y  L bravliensừ o r  o th e r  N ew  
W o rld  Ltừhmania s p e d e s  a s s o d a te d  w i th  m u c o c u ta n e o u s  
disease . H e a lin g  o c c u rs  sIo w ỉy  a n d  m a y  b e  in co m p le te  a t  th e  
e n d  o ỉ  a  t r e a tm ẽ n t  c o u rse ; p ã tíe n ts  w h o  ỉa il to  r e s p o n d  a íte r  
th e  in it ia l  c o u rse  m a y  b e  g iv e n  a s e co n d  o r  th ird  ư e a tm e n t  
co u rse  o f  th e  sa m e  d ru g  o r  t re a tm e n t  w ith  a n  a lte m a t iv e  
d ru g . D ru g s  m a ỉn ly  u s e d  ỉo r  t h e  ữ e a tm e n t  o f c u ta n e o u s  
le ish m a n ia sis  i n d u d e :1-2-4
•  in tra le s io n a l, in tr a m u s c u la r ,  o r  in tra v e n o u s  p e n ta v a le n t  

a n tim o n ỉa ls  ( m e g lu m in e  a n tim o n a te ,  s o d iu m  stibo- 
g lu c o n a te )

•  o ra l a z o les
•  to p ic a l p a ro m o m y d n
• o ral m iltc ío sin e
•  in tr a m u s c u la r  p e n ta m id in eold Yỉorìd cutaneouỉ leishmaniasis. T he  p e n ta v a le n t  
a n tim o n ia ls  h a v e  b e e n  vvidely u se d  a n d  a re  t h e  c u rre n t 
m a in s ta y s  o ỉ  sy s te m ic  tre a tm e n t.  L esions a t  e x p o sed  sites 
th a t  a re  sm a ll a n d  fe w  in  n u m b e r  h a v e  b e e n  successíu lly  
ư e a te d  w i th  in tra le s io n a l p e n ta v a le n t  a n tím o n ia ls ., -, '< O raỉ 
azoIe  a n tì ỉu n g a ls  h a v e  b e e n  in v es tìg a te d  fo r p o te n tia l  u se  in  
c u ta n e o u s  le ish m a n ia sis . K e to c o n az o le  g iven  ỉ o r  4  to  6 
yveeks h a s  b e e n  re p o r te d  to  b e  e S e c tiv e  in  a b o u t  7 0 %  o{ 
p a tíe n ts  vvith  L. mạịor in ỉe c tio n s , b u t  is n o t  eH ective against 
in íe c tio n s  c a u se d  b y  L. tropica a n d  L. acthiopka,7J Itra co n - 
azo le  h a s  b e e n  ỉ o u n d  to  b e  effecú v e910 a n d  a  sy s te m ad c  
revienv2 re p o r te d  t h a t  ío r  L tropica in íe c tio n s  th e r e  w as 
re a so n a b lẹ  e v id e n c e  t h a t  a  6 -w e e k  itra co n a z o le  r e p m e n  
w a s  m o re  e ữ e c tiv e  t h a n  p lac e b o . S im iỉa rly  a  6> w eek  c o u ise  
o ỉ  f lu c o n a z o le  w a s  m o re  e íle c tiv e  t h a n  p la c e b o  fo r  
in ỉe c tio n s  c a u se d  b y  L. major.u C o n v e n tío n a l a m p h o te r id n  
B is a n  e ữ e c tiv e  a l te m a t iv e ,  b u t  h a s  b e e n  a s so d a te đ  w ith  
su b s ta n tia l  to x id ty  a n d  th e r e  is  little  e x p e rie n c e  w ỉth  
lip o so m al a m p h o te r iú n  B. T h e  u se  o f  o ra l  m il te ĩo ã n e  is 
b ê in g  in v e s tig a te d 1 a n d  th e r e  is  a  case  r e p o r t  o ỉ  successỉu ỉ 
n e a tm e n t  in  a  p a t ie n t  w i th  in íe c tìo n  c a u se d  b y  L mũjor.lỉ A 
sm all s tu d y 13 ỉn  I r a n  ỉ o u n d  o ra l m iỉte ỉo sin e  to  be  a t  lea s t as 
g o o d  as  in tr a m u s c u la r  m e g lu m in e  a n tim o n a te  fo r  th e  
t r e a tm e n t  o f  in ỉe c tio n s  c a u se d  b y  L. mạịor, a n o th e r  
re tro sp e c tiv e , o b se rv a tio n a l s tu đ y 14 a lso  rep o r te d  su ccessh il 
ư e a tm e n t  w i th  o ra l  m ilte ío sũ ie  o ( L maịor in ỉe c tio n  
a c q u ire d  in  n o r th e m  A íg h a n is ta n . T opical p a ro m o m y c in  
h a s  b e e n  s tu d ie d  w ith  v a ria b le  resu lts ;3-15' 1* th e  v e h id e  m ay  
a f f e a  b e n e B t  A  s y s te m a d c  revievv2 re p o r te d  th a t  f o r  L. maịor

in ỉe c tỉo n s  t h e r e  w a s  rea so n a b le  ev id e n c e  th a t  to p ica l 
p a r o m o m y d n  (1 5 % ) w i th  m e th y lb e iu e th o n lu m  (1 2 % ) 
rvvice d a ily  ỉ o r  2 8  d a y s  w a s  m o re  e S e c d v e  th a n  p lac e b o . O ral 
n i ta z o x a n iđ e  h a s  a ls o  b e e n  t r ic d .1’  L ocal c ry o th e ra p y  o r, 
a l te m a t iv e ly ,  a p p lic a tío n  o ỉ  h e a t  to  b r in g  th e  te m p e ra tú re  oi 
t h e  le s io n  tô  a b ó u t  4Ó d e g re e s  w h ic h  m á y  a id  h e a lin g  h a v e  
b e e n  t r i e d  í o r  b o th  O ld  W o rid 20 a n d  N e w  W o rld  
le ish m a n ia s is .3 S o m e  su g g est a  s tep -w ise  a p p ro a c h  to  
t r e a tm e n t  o ỉ  O ld  W o rld  c u ta n e o u s  le ish m an iasis .21 T h e y  
p ro p o se  t h a i  p a ũ e n ts  w i th  sing le , sm all le s io n s  oí sh o r t  
d u r a t ío n  ( le ss  t h a n  6  m o n th s )  m a y  b e  t re a te d  w ith  
c ry o th e ra p y , w h ile  th o s e  vvith m u ld p le , a ty p lca l, la rg e  o r  
e x te n s iv e  le s lo n s , re d d iv a n s - ty p e  les ions, a n d  re la p se d  cases 
s h o u ld  b e  t r e a te d  w i th  a  c o m b in a tio n  o f sy s te m ic  a n d  
to p ic a l t r e a tm e n ts .  C o m b in a tio n  th e ra p ie s  ío u n d  to  b e  
eH ec tive  a r e  to p ic a l h n iq u im o d  (5 % ) w ith  e i th e r  o ra l  
d a p s o n e  o r  o ra l  i tra co n a z o le , a n d  c ry o th e ra p y  w ith  o ra l 
itrã c o n a z o le .2i

New Mỉorĩả aitaneous teiíhmaniasis. D isease  c a u se d  b y  
L. mtxừana m a y  b e  tr e a te d  w ith  a  p a re n te ra l  p e n ta v a le n t  
a n tím o n ia l  fo r  10 d a y s , w h ile  d isease  c a u se d  b y  o th e r  
s p e d e s  is  ư e a t e d  f o r  2 0  d a y s .' (H ow ever, a  sy s tem atic  

,re v ie w ,22 w h i le  n o ũ n g  th e  p o o r  q u a li ty  o f th e  e v id en ce , 
ỉa i le d  to  S n d  a  sig n iR can t d ifference  in  c u re  ra te s  o f  L. 
braàỉierms o r  L. panamensiỉ in ỉe c tio n s  v rh en  ư e a te d  ío r  10 
v e rsu s  2 0  d a y s  w ỉth  p a re n te ra l  a n tim o n ia ls .)  In  reg io n s  
w h e r e  t h e  r is k  fo r m u c o sa l d isease  is v e ry  lo w , top ica l 
ư e a tm e n t  w i th  p a r o m o m y d n  su lía te  15%  p lu s  m eth y lb en *  
z e th o n i u m  c h lo d d e  1 2 %  h a s  p r o d u c e d  p r o m is in g  
re sp o n se s ;23-24 b u t  in  C o lu m b ia , th e  a d d itío n  o f to p ic a l 
p a ro m o m y d n  d id  n o t  a u g m e n t  t h e  d in ic a l  r e sp o n se  to  a  
s h o r t  c o u rs e  o ỉ  ư e a tm e n t  w i th  p a re n te ra l  m eg lu m in e  
a n tũ n o h a te .23 T h e  a d d it io n  o ỉ  to p ic a l im iq u im o d  to  a  
S ta n d ard  t r e a tm e n t  r e g im e n  w ith  p a re n te ra l  m eg lu m in e  
a n tim o n a te  a c c e le ra te d  h e a lin g  o{ les io n s a n d  d e c re a se d  
sc a r  p r o m ln e n c e  in  p a tie n ts  vvho h a d  ỉa iled  a n  in it ia l  c o u rse  
o í  a n d m o n y  th e ra p y 24 a n d  in  th o se  w ith  n e w ly  d iag n o se d  
đ ise a se .27 P a tie n ts  ơ e a te d  o n ly  w i th  im iq u im o d  c re a m  all 
r e la p se d  a í t e r  ư e a tm e n t  w a s  s tõ p p e d .27 R esu lts ỉ o r  th e  u se  o ỉ 
o ra l  m il te ỉo s in e  h a v e  v a rie đ . A p la c e b o -c o n ữ o lle d  s tu d y 2* 
ỉo u n d  o ra l  m ilte ío s in e  to  be  e& ective (9 1 % ) in  C o lu m b ia  
b u t  m u c h  le s s  e ữ e c tiv e  in  G u a te m a la  (5 3 % ). A n o th e r  
s tu d y 2* i n  B o liv ia  r e p o r te d  th a t  c u re  ra te s  w i th  m ilte ío sin e  
(8 8 % ) w e r e  s im ila r  to  th o se  w i th  a n  in tra m u s c u la r  
p e n ta v a le n t  a n tứ n o n ia l  (9 4 % ) in  th e  t r e a tm e n t  o ỉ  in íe c tìo n  
c a u se d  b y  L. braàliensừ. T h e  a u th o r s  c o n d u d e d  th a t  o ra l 
m ilte ỉo s in e  w a s  m o re  e ữ e c tiv e  ỉo r  L braãliensừ in  B oliv ia  
t h a n  fo r  L. bradliensừ in  G u a te m a la . A  sm a ll s tu d y 30 in  
V e n e z u e la  r e p o t te d  g o o d  in iú a l  c u re  r a te s  w i th  o ra l 
m ilte ío s in e  g iv e n  d a ily  ỉo r  b e tw e e n  75  a n d  2 1 8  d a y s  in  
p a tỉe n ts  w ỉ th  d iỉfu se  c u ta n e o u s  le ish m a n ia sis ; hovvever, 
m o s t  p a tie n ts  d e v e lo p e d  n e w  les io n s  a ỉ te r  t r e a tm e n t  w a s  
s to p p e d . A n o th e r  sm a lỉ s tu d y 31 in  B r a à l  re p o r te d  th a t  h ig h -  
d o se  o ra ỉ  f lu c o n a z o le , g iv e n  daỉly  ỉo r  a  m ed ia n  d u ra t ìo n  o f  6 
w e e k s , w a s  eH ecùve f o r  in ỉe c tỉo n s  c a u se d  b y  L. braàlicnsừ. 
T h e re  ỉs  l im ite d  a n d  so m e tim e s  in c o n s is te n t  e v id e n c e  o f 
b e n e fit  t e m  th e  u se  o f  o ra l  a llo p u r ìn o l o r  o ra l p e n to x iíy ll in e  
a s  a n  a d ịu v a n t  to  p a re n te ra l  a n tim o n ia l  th e ra p y .22

A m o n g  t h e  n o n - s p e ã f l c  t h e r a p i e s  tried  i n  c u ta n e o u s  
Ie ish m a n ia sis , to p ica l a p p lic a tio n  o f  th e  n itr ic  o x id e  d o n o r  S- 
n itro so -N -a c e ty lp e n id U a m in e  (SN A P)32 a n d  in tra le s io n a l 
in je c tio n  o f  h y p e r to n ic  so d iu m  ch lo rid e  s o lu tio n 33 h a v e  
p ro đ u c e d  b e n e h d a l  re sp o n se s . I m m u n o m o d u la tio n  u s in g  
le ũ h m a n ia  a n tig e n s  m ix e d  w ith  BC G ,34 o r  in te r ỉe ro n  
g a m m a ,”  h a s  p ro d u c e d  e n c o u ra g in g  resu lts .
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Mucocutaneous leishmoniasis. Mucocutaneous leishman- 
iasis o i  the New World (espundia) is most commonly 
caused by L . brtm liensii with about 90% of cases occurring 
in Braúl, Bolivia, and Peru. In mucocutaneous leishman- 
iasis the prùnary lesions do not heal spontaneously. Meta- 
static spread to the mucosa may occur during the presence 
of the prim aty lesion or up to 30 years later. The nasal 
mucosa is alvvays aHected. Ulceration and erosion progres- 
sively desưoy the soft ússue and cartilage o i  the oronasal/ 
pharyngeal cavity. Mutilation is severe and secondary bac- 
terial iníection is hequent and can be latal.

The most commonly used drugs for the tre a tm e n t of 
mucocutaneous leishmaniasís are:1'1
• intramuscular or inưavenous pentavalent antimonials 

(meglumine antũnonate, sodium stibogluconate)
• intravenous amphotericin B (conventional and liposo- 

mal)
Mucocutaneous leishmaniasis responds poorly to treatment 
and relapses are com mon. Initial treatm en t w ith 
pentavalent antimony for 28 days usually results in a cure 
in 75% of mild cases.1 Failure to respond ís an indication to 
use am photerídn B' or pentamidine, but toxidty limits the 
use of the latter. A non-randomised study* in 72 Bolivian 
patients given oral milteíosine daily for 28 days reported a 
cure rate of 83% in those who had mild disease (attecting 
nasal skin and nasal mucosa) and 58% in those with more 
extensive disease (involving the palate, pharynx, and 
larynx); treatment was at least as ehective as a course oỉ 
parenteraỉ am photeridn B. Mucosal disease in Old VVorld 
leishmaniasis is much less common than  vũceral or 
cutaneous torms, but treatm ent vvith antimony compounds 
or ketoconazole has been described.’
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Vũcerol leishmoniosis. Visceral leishmaniasis1"* is caused 
by L. donovan i in the Indian subcontinent, Asia, and Aírica

a n d  b y  I .  infantum o r  L. chagasi e ls e w h e re  in  th e  N e w  a n d  
O ld  W o rld . T h e  m a jo r ity  o f cases  o c c u r  in  B a n g la d e sh , 
B razil. E th io p ia , In d ia , N epal, a n d  S u d a n . T he  in c u b a t io n  
p e rio d  ty p ic a lly  Vciries h o m  3 to  8  m o n th s ,  a n d  m a n y  
in íe c tio n s  r e s u l t  in  s u b -d in ic a l  o r  s e ỉl-lim itin g  d isease . 
F e v er, m a la ise , s h iv e r in g  o r  ch ills, vveight loss, a n o re x ia , 
a n d  d isc o m ỉo r t in  th e  le h  h y p o c h o n d r iu m  a re  c o m m o n ; 
th e re  is o h e n  n o n - te n d e r  sp le n o m e g a ly  w ith  o r  w i th o u t  
h e p a to m e g a ly , vvasting, p a llo r  o{ m u c o u s  m e m b ra n e s ,  
a n a e m ia , le u c o p e n ia , a n d  ly m p h a d e n o p a th y . C o n t in u e d  
d e te r io ra d o n  c a n  le a d  to  p o te n tia l ly  ía ta l  se c o n d a ry  in te c -  
tiọ n . D a rk e n in g  o f t h e  sk in  o f th e  ía c e , h a n d s ,  ỉe e t ,  a n d  
a b d o m e n  (k a la -a z a r  =  b la c k  sickness) is  u n c o m m o n  a n d  
h a s  o n ỉy  b e e n  d e s a ỉb e d  in  p a tie n ts  h o m  th e  I n d ia n  su b - 
c o n tin e n L  R a re  c o m p lica tio n s  c a n  in d u d e  se v e re  a c u te  
h a e m o ly tic  a n a e m ia ,  a c u te  r e n a l  d a m a g e , a n d  se v ere  
m u co sa l h a e m o rrh a g e .

A  sm all p e rc e n ta g e  o f  p a tìe n ts  in  In d ia  a n d  a b o u t  5 0 %  of 
th o s e  in  t h e  S u d a n  d e v e lo p  p o s t- k a la - a z a r  d e rm a l  
le ish m a n ia sis  a í t e r  r e c o v e ry  h o m  v isc e ia l  le ish m a n ia s is  
c a u se d  b y  L. donovani a n d  su  c h  p a đ e n ts  r e p re s e n t  a  h u m a n  
re s e rv o h  fo r  th e  d ise a se . L o n g e r t r e a tm e n t  c o u rse s  a re  
n e e d e d  in  In d ia n  p o s t-k a la -a z a r  d e rm a l le ish m a n la sis .

T h e  m o s t c o m m o n ly  u s e d  d ru g s  í o r  t h e  t r e a t m e n t  of 
v isce ra l le ish m a n ia sis  a re :1' 1
•  in tr a m u s c u la r  o r  in tr a v e n o u s  p e n ta v a le n t  a n tim o n ia ls

(m e g lu m ỉn e  a n tim o n a te ,  s o d iu m  s tib o g ỉu c o n a te )
•  in tr a v e n o u s  a m p h o te r ìd n  B (c o n v e n tio n a l, l ỉp o so m a l

a n d  lip id  c o m p le x  ío rm u la tio n s )
• in tr a m u s c u la r  p a ro m o m y d n
•  o ra l m ilte ío sin e
•  in tr a m u s c u la r  o r  in ư a v e n o u s  p e n ta m id in e
T h e  p e n ta v a le n t  a n tim o n ia ls , g iv e n  d a ily  fo r  2 8  d a y s , a re  th e  
tra d itio n a l h r s t- lin e  d ru g s  fo r  th e  t r e a tm e n t  o f  v isc e ra l 
le ish m a n ia sis .1'4 P a tìe n ts  re la p s in g  a h e r  th e  in it ia l  c o u rse  of 
t r e a tm e n t  m a y  b e  g iv e n  a  h i r th e r  c o u rse , o r  t r e a te d  w i th  a n  
a lte rn a tiv e  d ru g . T h e re  is grovvỉng e v id e n c e  th a t  re sp o n -  
s iveness  to  t h e  a n tữ n o n ia ls  is d e c lin in g  a n d  th e y  a re  n o  
lo n g e r  e ữ e c tiv e  in  so m e  p a rts  o f  In d ia .5

T h e  u se  o f  p e n ta v a le n t  a n tim o n ia ls  h a s  also  d e d in e d  in  
E u ro p e , th e  USA, a n d  o th e r  d e v e lo p e d  c o u n tr ie s  w h e r e  
t re a tm e n t  w i th  lip o so m a l a m p h o te r id n  B is p r e l e ư e d .1-14 
T h e  c o n v e n tio n a l ío rm u la t io n  o f  a m p h o te r ìd n  B is álso  
h ig h ly  e h e c tiv e ,4 b u t  lip id  ío rm u ỉa tio n s  o f  a m p h o te r id n  B 
a re  b e tte r  to le ra te d  t h a n  c o n v e n tio n a l a m p h o te r ìd n  B , a n d  
a re  like ly  to  b e  p re íe r re d  w h e n  th e  to x id ty  a n d  d u r a t io n  o f 
th e ra p y  w i th  c o n v e n tio n a l  fo rm s  w o u ld  c o m p ro m ise  
p a tie n t  co m p lian c e .

In tra m u s c u la r  p a ro m o m y d n  h a s  b e e n  u se d  a lo n e 7'9 o r  
w ith  a  p e n ta v a le n t  a n tim o n ia l3-10 a n d  c o u ld  b e  a n  e ffec tiv e  
a l te m a tiv e  fo r  p e n ta v a le n t  a n tim o n ia ls  o r  a m p h o te r id n  B. 
C o m b in a tio n  t r e a tm e n t  vvith a  sin g le  d o se  o f  l ip o so m a l 
a m p h o te ric in  B  ío ilovved b y  10 day s o f  p a ro m o m y d n  vvas 
lo u n d  to  h a v e  a  c u re  r a te  o l  9 7 .5 %  in  p a tie n ts  t r e a te d  in  
B ih ar, In d ia , w h e r e  v isc e ra l le ish m a n ia sis  is m o re  d iỉG cu lt to  
ư e a t .  T h e  c o m b in a tio n  o f  p a ro m o m y d n  ỉo r  10 d a y s  p lu s  
o ra l m ilte ío s in e  (see  b e lo w )  fo r 10 d a y s  w a s  ío u n d  to  h a v e  a 
c u re  rạ te  o f  9 8 .7 % .11

M ilte ío s in e  is t h e  firs t o ra l p re p a ra tio n  shovvn  to  b e  
ẽ ííe c tiv e  a g a in s t  In d ia n  v isceral le ish m a n ia s is ,12' 14 in d u d in g  
in le c tio n s  in  c h ild r e n 15-14 a n d  th o se  p re v io u s ly  t r e a te d  w ith  
p e n ta v a le n t a n tim o n ia ls .14 C o m b in a tio n  t r e a tm e n t  w i th  a 
sing le  d o se  o f  lip o so m a l a m p h o te r id n  B fo llo w ed  b y  7  to  14 
d ay s o f m ilte ỉo sin e  vvas ío u n d  to  be  e ữ e c tiv e  in  m o re  th a n  
9 5 %  of p a tie n ts  t r e a te d  in  B ih a r .11-17 L o n g e r  t r e a tm e n t  
co u rse s  w ith  m ilte ío s in e  h a v e  a lso  b e e n  su ccesstu lly  u se d  in  
th e  ư e a tm e n t  o f  p o s t-k a la -a z a r  d e rm a l le ish m a n ia sis  in  
B ih a r.15

P e n ta m id in e  h a s  b e e n  used  a s  a  s e c o n d - lin e  d ru g  b u t  its  
u se íu ln e ss  a s  a l te m a t iv e  iir s t- lin e  th e ra p y  is  d o u b ứ u l1’  
g iv en  its  to x id ty ,  in c re a sin g  fa ìlu re  ra tes , a n d  s lo w  d isease  
resp o n se . I t h a s  b e e n  su g g e ste d  as  a n  a l te m a t iv e  fo r  lo n g - 
te rm  se c o n d a ry  p ro p h y la x is  in  p a tie n ts  vvith HIV in fe c tio n .10

S ita m a q u in e  is a n  o ra lly  a c tiv e  8 - a m ỉn o q u in o l in e  
a n a lo g u e  t h a t  is u n d e r  in v e s t ig a t io n .3-4 O ra l  a z o le s  
(k eto c o n a zo le , iư a c o n a z o !e , a n d  Q u co n azo le ) a n d  a llo - 
p u r in o l h a  ve tv e a k  a c tìv ity  a g a in s t Lcừhmania b u t h a v e  n o t  
b e e n  f o u n d  to  b e  e ííe c tiv e  w h e n  u s e d  a s  s in g le -d ru g  
th e ra p y .3 A n o th e r  l in e  o f  in v e s tig a tio n  h a s  b e e n  to  b o o s t  th e  
im m u n e  resp o n se  to  t h e  p a ra s ite  b y  a d d in g  in te r íe r o n  
g a m m a  to  c o n v e n tio n a l  t re a tra e n t,  a l th o u g h  re su lts  h a v e  
b e e n  v a ria b le .21'24
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T reatm ent o f  le ish m a n ia sis  in  HIV co -in fe cte d  p atien ts .
For HTV-mfected p atien ts vvith vàceral Itishmaniasis, the  
eỉB cacy o ỉ  con ven tion a l, liposom al, and lip id  co m p lex  for- 
m u ỉations of am p h oter id n  B a p p e a is  to  b e  sim ilar to  that 
o f  th e  p en tavalen t an tim on ia ls, hovvever, Iiposom al 
am p h oter id n  B is regarded b y  m a n y  as th e  drug o ỉ  
c h o ic e .1 A ltem ative trca tm en ts in d u d e  m ilte íosin e  and  
p a ro m o m y d n .' A  stu dy2 iu  E th iòp ia ío u n d  m ilte ỉo sỉn e  to  
b e safer but Iess e líec tiv e  th a n  so d iu m  stib oglu con ate in  
HIV c o - in fe a e d  patien ts. Oral m ilte ío s in e  w a s g iv en  to  39  
p atien ts w ỉth  b oth  le ỉshm aniasis a n d  HTV w h o  w ere resis- 
ta n t to , or had repeated ly  re lapsed  after, trea tm en t w ith  
o th er  drugs (usually  am p h oter ic in  B ). In itial parasitologi- 
cal cure w as ach ieved  in  16  p atien ts (41% ), and  9  patien ts  
(23% ) had in itial im p rovem en t in  b oth  parasitoiogical and  
d in ic a l status. A sim ilar cure and  im p rovem en t rate w as 
a ch iev ed  in  patients w h o  w e re  re-treated  w ith  additìonal 
cou rses o f  m U teíosine .3 For H IV -infected  p atien ts w ith  
cutaneouí, mucocutaneous, dissem inattd cutaneouỉ Itừhm an- 
iasis, and localised  cu ta n eo u s d isease caused  b y  L. braãlien- 
ỉừ , U S g u id elin es1 recon im en d  (irst-line parenterai ttea t-  
m e n t w ith  liposom al am p h oter ic in  B or a pen tava len t 
antim onial. A ỉtem a tiv c  drugs ỉor cu tan eou s leishm aniasis  
are m ilte íosin e, topical p a ro m o m y d n , inư a lesio n a l penta- 
v a len t antim onials, and local h ea t th erapy.1 Patients w h o  
fail to  respond to  initial therapy or h a v e  a relapse aỉter  
in itia l treatm cnt m ay b e g iv en  a repeat course o t th e  initial . 
regim en , or o n e  of th e  recom m en d ed  a ltem a tiv es  for initi- 
al th erapy.1

Relapse after treatm ent is com m on , th ereíore u s  
gu id elin es' recom m en d  second ary  p rophylaxis w ith  an  
e H e a iv e  an tile ishm anial drug (g iv en  at least every  2  to  4  
vveeks), particularly for patien ts vvith visceral Ieishm aniasis 
an d  CD4+ co u n t less th an  2 0ữ ce lls /m icro litre . US gu id elin es  
n o te  th at th er e  arc in s u l l id e n t  data to  p ro v id e  a 
recom m en dation  as to  w h e n  second ary  prophylaxis can  be 
stopped, but that it m igh t b e con sidered  a íter a sustained  
(m ore than 3 to  6 m o n th s) in crease  in  th e  C D 4+ co u n t to 
le v e ls  m ore th a n  2 0 0  to  35 0 ce lls /m ic ro litre  atter starting  
treatm en t w ith  HAART.1
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Malaría
F o r  a  d isc u ss io n  o f  m a la ria , i ts  p r o p h y la x ỉs  a n d  tre a tm e n t,  
see  p .  6 4 4 .1 .

Microsporidiosis
M ic ro sp o rid ia  a re  o b lỉg a te  in tr a c e l lu la r  s p o re - ío rm in g  
p ro to z o a l p a ra s ite s . T h e y  w e re  m a in ly  re g a rd c d  as  a  c a u se  
o ỉ  d ise a se  in  n o n h u m a n  s p e d e s  b u t  so m e  g e n e ra , in d u d in g  
Brachiola, Encephalitozoon, Enterocytoĩoon, Microíporidium, 
Nosema, Pleừtophora, Trachipìeừtophora, a n d  Vittaforma spp ., 
a re  n o w  rec o g n iscd  as h u m a n  p a tb o g e n s .  T ra n sm iss io n  is 
b e lie v e d  to  b e  m a in ly  ỉa e c o -o ra l  a l th o u g h  in h a la tio n  a n d  
d ire c t  in o c u la tio n  a lso  o c c u r. In íe c tio n s  u s u a lly  o c c u r  o n ly  
i n  im m u n o c o m p ro m is e d  p a tie n ts  a n d  in  p a r t ic u ỉa r  th o se  
w ith  A ID S a n d  a C D 4+  T  Iy m p h o c y te  c o u n t  o f  less t h a n  
lO O c e lls /m ic ro litre . H o w e v e r, in íe c tio n s  h a v e  a lso  b e e n  
r e p o r te d  in  n o n -H T V -in íec ted  in d iv id u a ls  in c lu d in g  ch il-  
d re n , t h e  e ld e rìy , a n d  o rg a n  tra n s p la n t  re d p ie n ts .  Sm all 
b o w e l in íe c tìo n  w ith  Enterocytoĩoon bieneusi a n d  Encephali- 
toĩoort m testinalừ  h a v e  b e e n  r e p o r te d  in  A ID S p a tie n ts  as 
c a u se s  oi c h ro n ic  d ia r rh o e a  a n d  vveight loss. O th e r  
m a n i íe s ta t io n s  o f  m ic ro sp o r id io s is  in  A ID S i n d u d e  
k e ra to c o n ịu n c tiv itis , r e s p ira to ry -ư a c t  in íe c tio n s , re n a l  a n d  
u r in a r y - t r a c t  in fe c tio n s . e n c e p h a litis , p e ri to n it is . ch o la n g i-  
tis, g ra n u lo m a to u s  h e p a ti tis , a n d  d isse m in a te d  m yositis .

T h e re  is n o  e s ta b lish e d  t r e a tm e n t1' 3 a n d  su p p o rtiv e  ca re  
s h o u ld  b e  g iv e n  to  m a in ta in  h y d r a ú o n  a n d  c o rre c t 
e le c tro ly te  loss. O ra l r e h y d ra tio n  th e r a p y  is d iscussed  
u n d e r  D ia rrh o e a  o n  p . 1808 .2 . In  p a tie n ts  w ith  AIDS th e  
b e s t  ư e a tm e n t  is ũ n p r o v e m e n t  o f im m u n e  h in c t io n  vvith 
HA A RT.2-3 B e n e ũ d a l  re sp o n se s  h a v e  b e e n  re p o r te d  w ith  
a lb e n d a x o le 4’'  a n d  us g u id e lỉn e s  fo r  th e  t re a tm e n t  of 
o p p o r tu n is t ic  in íe c tio n s  i n  H iv -m ie c te d  p a tie n ts  rec o m - 
m e n d  i t  fo r  t r e a tm e n t  o f  in te s tin a l  a n d  d isse m in a ted  
in íe c tio n s  c a u se d  b y  m ic ro sp o rid ia  o th e r  t h a n  E. bieneusi a n d  
VittaỊorma comeac. I tra c o n a z o le  p lu s  a lb e n đ a z o le  m a y  b e  
u s e fu l  fo r  d isse m in a te d  d ise a se .2 T h e re  h a v e  a lso  b e e n  
re p o r t s  o f  s u c c e s s íu l  t r e a tm e n t  o f  E. b ìen tusi w ith  
n i ta z o x a n id e ’  a n d  f u m a g i l l in 10,11 (a n d  i ts  s y n th e t ic  
a n a lo g u e  T N P -4 7 0 ).2

T o p ic a l t r e a tm e n t  o f  k e ra to c o n ju n c tiv itis  h a s  b e e n  
d isa p p o ln tin g , a l th o u g h  th e r e  a re  re p o r ts  o f  in d iv id u a l 
p a tie n ts  re s p o n d in g  to  to p ic a l p ro p a m id in e  i s e t io n a te ,12 
to p ic a l tu m a g i ll in ,13,14 o ra l  a lb e n d a z o le ,15 o ra l  a Ib e n d azo le  
p lu s  to p ic a l íu m a g i ll in ,16 o r  o ra l i tra c o n a z o le  p lu s  top ica l 
a n tib a c te r ia ls .17 us g u id e lin e s2,3 r e c o m m e n d  th e  u se  of 
to p ic a l  ỉu m a g ill in  p lu s  o ra l  a lb e n d a z o le  fo r e y e  in íe c tlo n s . 
T r e a tm e n t  fõ r  th e s e  s h o u ld  be  c o n tin u e d  in d e íin ite ly  in 
th o s e  w i th  a  C D 4 +  T  ly m p h o c y te  c o u n t  o f less th a n  
2 0 0  c e lls /m ic ro litre , b e c a u s e  o f t h e  r isk  o f r e c u rre n c e  o r 
r e la p se  ư t r e a tm e n t  is  s to p p e d ; ơ e a tm e n t  m a y  b e  s to p p e d  in 
th o s e  w i th  a  re la tiv e ly  c o m p e te n t  im m u n e  System  (CD 4+ T 
ly m p h o c y te  c o u n t  g r e a te r  th a n  2 0 0  c e lls /m ic ro liữ e )  o n c e  
th e  e y e  in íe c tio n  h a s  re so lv e d .2
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Pneumocystis pneumonia
A lth o u g h  Pneumocyỉtii iừơveài w a s  ío rm e rly  c lassiA ed as a 
p r o to z o a n , it  is n o w  a c c e p te d  to  b e  a (u n g u s .  F o r  th e  
m a n a g e m e n t  o f  p n e u m o c y s tìs  p n e u m o n ỉa ,  see  p . 5 67 .2 .

Toxoplasmosỉs
T o x o p la sm o sis ' is a  zo o n o s is  w i th  a  w o r ld w id e  d is tr íb u tio n  
c a u se d  b y  th e  p ro to z o a n  Toxoplasma gondii. a n  in te s tin a l  
p a ra s i te  o f c a ts  ío r  w h ic h  o th e r  m a m m a ls  m a y  a a  as 
in te rm e đ ia te  h o s ts . In  m a n , in ỉe c tìo n  is u s u a lly  a c q u ire d  
th r o u g h  a c tíd e n ta l  sw a llo w in g  o f  oocy sts  a í te r  c o n t a a  w ith  
in íe c te d  c a t  faeces  o r  c o n ta m in a te d  soil, b o m  e a tin g  r a w  o r  
u n d e rc o o k e d  m e a t  íro m  in íe a e d  a n im a ls , o r  f ro m  d r in k in g  
c o n ta m in a te d  vvater. C o n g e n ita l  tra n sm is s io n  m a y  also  
o c c u r  if  in le c d o n  is a c q u ứ e d  fo r  th e  íirs t t im e  d u r in g  
p re g n a n c y .

T o x o p la sm a  in íe a io n  is c o m m o n ; in  im m u n o c o m p e te n t  
in d iv id u a ls  ìt is u su a lly  a sy m p to m a tic  a n d  iỉ sy m p to m s 
(su c h  as  íev e r . h e a d a c h e , m ala ise , a n d  ly m p h a d e n o p a th y )  
d o  o c c u r  th e y  a re  u su a lly  se lM im itin g . a h h o u g h  la te n t  
(cystic) d isease  m a y  b e c o m e  re a c tiv a te d  ih ro u g h o u t  th e  
h o s t 's  Ịiíe tim e . V ery  ra re ly  m y o ca rd itis  o r  e n c e p h a lit is  m ay  
o c c u r. Im m u n o c o m p ro m is e d  p a tie n ts  m a y  d e v e lo p  se rio u s  
c o m p lỉc a tio n s  su c h  as  e n c e p h a lit is . c h o rio rc tin iú s , m y o ca r-  
d itis, a n d  p n e u m o n it is .  T o x o p lasm ic  e n c e p h a lit is  is th e  m o st 
c o m m o n  p re s e n ta t io n  in  p a tie n ts  w i th  ATDS.

P r im a ry  i n íe a ío n  d u r in g  e a rly  p re g n a n c y  is s e rio u s  
b e c a u se  o f  th e  risk  o f t ra n sp la c e n ta l  t ra n sm is s io n  w h ic h  
m a y  re s u l t  in  feta l d e a th  o r  c o n g e n ita l  to x o p lasm o sis. 
P r ù n a ry  in íe c tio n  d u r in g  la te r  p re g n a n c y  c a n  a lso  re s u l t  in  
c o n g e n ita l  in íe c tio n . a ỉth o u g h  th is  o f te n  o n ly  b e c o m e s  
sy m p to m a tic  l a te r  in  life . R are ly , re a c tiv a tio n  o f la te n t  
in íe c tío n  in  c h ro n ic a lly  in íe c te d  se v ere ly  im m u n o c o m p ro -  
m ise d  w o m e n  h a s  re s u l te d  in  c o n g e n ita l  tra n sm is s io n .2

T h e  se q u e la e  in  l iv e -b o m  in la n ts  w i th  s igns o f in ỉe c tio n  
a re  g e n e ra lly  se v e re  a n d  in c lu d e  a  p o te n t ia l ly  ỉa ta l 
sy n d ro m e  in  w h ic h  h y d ro c e p h a lu s ,  h e p a to sp le n o m e g a ly  
w i th  ja u n d ic e ,  m e n ta l  r e ta rd a tio n , a n d  c h o rio re tin it is  m a y  
o c c u r. C o n g e n ita l  d lse a se  th a t  b e c o m e s  c lin ica lly  e v id e n t 
l a te r  in  liỉe  is  u s u a lly  less  sev ere , b u t  o f te n  resu lts  in  o c u la r  
o r  n e u ro lo g ic a l  im p a irm e n t.  I n íe a io n  in  th e  p re g n a n t  
vvom an  is u s u a lly  a sy m p to m a tic  a n d  a n te n a ta l  s c re e n in g  
p ro g ra m m e s  h a v e  b e e n  se t u p  in  so m e  c o u n tr ie s  fo r th e  
d iag n o s is  o f a c u te  in íe c tio n s  d u r in g  p re g n a n c y . H ovvever, 
th e  v a lu e  a n d  p rac tic a lity  o f su c h  sc h em e s  h a s  b e e n  
d e b a te d .2'7

O c u la r  to x o p la sm o sis  ca u se s  c h o río re tin it is  a n d  is o ỉ te n  a 
r e s u lt  o f  c o n g e n ita l  in íe c tio n ; p a tie n ts  m a y  b e  a sy m p to m a tic  
u n t i l  l a te r  in  lUe.

T r e a t m e n t .  T o x o p la sm o s is  in  im m u n o c o m p e te n t  
p a tie n ts  is n o t  u su a lly  ư e a te d  u n le s s  sy m p to m s  a re  sev ere . 
C u r re n t ly  th e r e  is n o  d ru g  a c tiv e  a g a in s t  th e  c y stic  fo rm , so 
a n y  ư e a tm é n t  is  d i r e a e d  a g a in s t  th e  a c u te  ỉo rm s  o f  th e  
d isease . A c tiv e  to x o p la s tn o s is  in  im m u n o c o m p ro m is e d  
p a tie n ts  re q u ire s  p ro m p t  ư e a tm e n t .
• T o x o p la sm o sis  is n o rm a lly  ư e a te d  w ith  a  r e g im e n  of 

p y r im e th a m in e  p lu s  su]fadiazine;*•’  ío lin ic  a đ d  is a lso  a 
S ta n d ard  c o m p o n e n t  o f re g im e n s  i n d u d ln g  p y r im e th -  
a m in e  to  c o u n te r a a  a s s o d a te d  m eg a lo b la s tic  a n a e m ia .

• C l in d a m y d n  p lu s  p y r im e th a m in e  a n d  ỉo lin ic  a d d  h as  
b e e n  u s e d  as  a n  a lte m a t iv e  in  p a tie n ts  u n a b le  to  ta k e  th e  
su U o n a m id e ., •,

•  O th e r  r e g im e n s  h a v e  b e e n  s tu đ iè d  a n d  h a v e  b e e n  ío u n d  
to  h a v e  a c tiv ity  in  to x o p ỉa sm ic  e n c e p h a litis , n o ta b ly  co- 
tr im o x a z o le , a to v a q u o n e  p lu s  p y r im e th a m in e  a n d ỉo l in ic  
a d d ,  o r  a to v a q u o n e  p lu s  su ]fad iaz ỉn e , o r  a z h h ro m y d n  
p lu s  p y r im e th a m in e  a n d  fo lin ic  a d d .  A to v a q u o n e  h a s  
a lso  b e e n  g iv e n  a lo n e  in  p a tie n ts  u n a b ỉe  to  to le ra te  
p y r ũ n e th a m in e  o r  su lfa d ia z in e .>

• S e v e re ly  ill p a tie n ts  n e e d in g  p a re n te ra l  th e r a p y  h a v e  
b e e n  g iv e n  in tra v e n o u s  c o -tr im o x a z o le  o r  d in d a m y d n  
vvith  o ra l  p y r im e th a m in e .*

Adịunctivc co rtico s te ro id s  m a y  b e  g iv e n  o ccas io n a lỉy  fo r 
ư e a tm e n t  o f  a  m ass  e ffec t a s so d a te d  w ith  ío ca l le s io n s  o r  
o e d e m a , b u t  s h o u ỉd  b e  s to p p e d  as  so o n  as  p o ssib ỉe  b e c a u se  
o f  t h e ữ  im m u n o su p p re s s a n t  effec t. A n tíc o n v u lsa n ts  sh o u ld  
b e  g iv e n  to  p a tie n ts  vvith a  h is to ry  o f seizures.*•,  A cu te  
ư e a tm e n t  is id ea lly  c o n tin u e d  fo r 6  w e e k s , o r  fo r  lo n g e r  ư  
d ise a se  is e x te n s iv e  o r  re sp o n se  is in co m p Ie te ., •,

Im m u n o c o m p ro m is e d  p a tie n ts  w h o  h a v e  su ccessíu lly  
c o m p le te d  a  6 -w e e k  c o u rse  o f a c u te  th e ra p y  s h o u ld  b e  g iv en  
c h ro n ic  maintenance th e ra p y , w h ic h  s h o u ld  id ea lly  b e  w ith  
p y i im e th a m in e  p lu s  su U ad iaz in e  a n d  fo Iin ic  a d d , , ■,  b u t 
a l te m a t iv e s  a re  p y r im e th a m in e  p lu s  c l in d a m y d n  a n d  
ío lin ic  a d d ,  c o -tr im o x a z o le , o r  a to v a q u o n e , w i th  o r  w i th o u t  
su U ad iaz in e  o r  p y r im e th a m in e  a n d  ĩo lin ic  a d d .*  C h ro n ic  
m a in te n a n c e  th e r a p y  sh o u ld  b e  l iíe lo n g  u n le s s  im m u n e  
r e c o n s t i tu tio n  o c c u rs  b e c a u se  o f a n tì r e ư o v ira l  th e ra p y , in  
vvh ich  case  c o n s id e ra tio n  m a y  b e  g iv e n  to  s to p p in g  
p ro p h y la x is . I t  s h o u ld ,  h o w e v e r , b e  r e s ta r te d  if th e  CD 4+ 
c o u n t  ía lls  to  b e lo w  2 0 0  ceU s/m icro liư e .*

T h e  m a n a g e m e n t  o f  m a te m a l  a n d  íe ta l  i n í e a i o r  m a y  
v a ry  c o n s id e ra b ly  f ro m  c o u n try  to  c o u n tr y  a n d  e v e n  Y /ith in  
a  c o u n tr y .1 A  sy s te m atic  revievv10 o f  t h e  t r e a tm e n t  o f 
w o m e n  d u r in g  p r e g n a n c y  in v o lv e d  sm a ll s tu d ie s  w i th  
v a ria tìo n s  i n  p ẽ r iò d  o f  g e s ta tio n , d u r a t io n  o f  fo Ilo w -u p , a n d  
o th e r  a sp e c ts  o f  m e th õ d o lo g y , m a k in g  c o m p a r is o n  o  I d a ta  
p ro b le m a tíc a l;  c o n s e q u e n t ly  th e  e v id e n c e  w a s  in c o n c  u s iv e  
a s  to  v v h e th e r  t r e a tm e n t  w a s  e ữ e c tív e  in  p r e v e n t in g  íe ta l  
in íe c tio n  OI o v e r t  n e o n a ta l  d isease . A  m e ta -a n a ly  ;is of 
in d iv id u a l p a t ì e n ts '  t r e a tm e n t  d a ta  r e p o r te d  o n ly  a  tveak  
a s s o d a t io n  b e tv v een  e a rly  ơ e a tm e n t  a n d  r e d u c e d  r s k  of 
c o n g e n ita ỉ  to x o p la s m o s is .  F u r th e r m o r e ,  i t  í o u n  l n o  
e v id e n c e  t h a t  p r e n a ta l  ơ e a tm e n t  ã g n iS c a n t ly  re d u c e  i  th e  
risk  o f d in ỉc a l  signs  a n d  sy m p to m s  in  in ỉe c te d  n e v b o m  
in ía n ts .11

H n e a tm e n t  is g iv en , p y r im e th a m in e  s h o u ld  n o t  be u se d  
to  t re a t  p r im a ry  to x o p la sm o sis  d u r in g  th e  í ir s t  a n d  e a rly  
se c o n d  t r im e s te r  o f  p re g n a n c y . S p ira m y d n  h a s  b e e n  u se d  
th ro u g h o u t  t h e  firs t 18 w e e k s  o f  p re g n a n c y  b u t ,  a l th o i  Igh it 
r e d u c e s  t h e  r isk  o f  co n g e n ita l t ra n sm is s io n , it  doe: n o t  
re a d ily  p e n e tr a te  tSie ce re b ro sp in a l sp ace  a n d  doe- n o t  
p re v e n t  to x o p la sm ic  e n c ep h a litis  in  im m u n o c o m p ro t  lis e d  
vvom en. A í te r  14 to  18 vveeks o f g e s ta d o n  a p y r im e th a  n in e  
reg im e n  w i th  su lfa d ia z in e  m a y  b e  g iv e n .2 S o m e  C0UJ [tries 
a đ v ise  t h a t  s p ir a m y d n  b e  c o n tin u e d  th r o u g h o u t  th e  
p re g n a n c y , w h i le  o t b e n  r e c o m m e n d  c h a n g in g  tc  th e  
p y r im e th a m in e  p lu s  su lfad iaz in e  re g im e n  a t  17 w e e < s  of 
g e s ta t io n .1

w h e n  th e r e  is ev id e n c e  of p la c e n ta l  o r  íe ta l  in fe  n io n  
a c q u ire d  in  la te  seco n d  o r  th ird  tr im e s te r , t r e a t m e i t  is 
u su a lly  w i th  th e  p y r im e th a m in e  p lu s  su l(a d ia z in e  reg i n e n ; 
s o m e  a d v is e  t h a t  p y r im e th a m in e  p lu s  s u ] f a d ú z in e  
t r e a tm e n t  m a y  b e  a lte rn a te d  w ith  co u rse s  o f  s p ira n  y d n  
u n t i l t e r m . 1

I n  n e o n a t e s  w i th  c o n g e n ita l  to x o p la s m o s is ,  t h e  
p r e í e r r e d  t r e a tm e n t  is a ls o  a p y r im e th a m in e  p lu s  
s u U a d ia ã n e  ^ g ^ e n . 7 In ía n ts  w i th o u t  HTV in fe c tio n  sh ould  
b e  t re a te d  fo r  12 m o n th s .  In  in ía n ts  w i th  m ild  to x o p l ism - 
osis, so m e  e x p e rts  re c o m m e n d  a h e m a t in g  t h e  p y r in e t h -  
a m in e -s u lfa d la z in e  reg im e n  w ith  s p ir a m y d n  o n  a m o i  th ly  
b a s is  f ro m  m o n th s  7 to  12, in  o rd e r  to  r e d u c e  th e  ri k  of 
b o n e  m a r r o w  su p p re ss io n . H ovvever, in ía n ts  w i th  HIV 
in íe c tìo n  a n d  m o d e ra te  to  s e v ere  to x o p la sm o s is  sh  au ld  
rec e iv e  t h e  ỉu ll  1 2 -m o n th  re g im e n  o f p y i im e th a n  in e -  
su lfa d ia z in e .,  L o n g e r  c o u rses  o f t r e a tm e n t  m a y  b e  g iv t  n  in  
c ases  o í  e x te n s iv e  d ise a se . A c o rtic o s te ro id ,  u s u a lly  
d e x a m e th a s o n e  o r  p re d n iso lo n e , h a s  b e e n  a d d e d  in  ch il i re n  
w ith  CNS in v o lv e m e n t .’

In  im m u n o c o m p e te n t  in d iv id u a ls , o c u l a r  t o x o p l a s m -  
o s i s  is  a  se lí- l im itin g  d isease  a n d  re q u ire s  n o  t r e a tn  e n t,  
u n le s s  v isu a l  a c u ity  is th re a te n e d  o r  th e r e  is a  la rg e  re  in a l 
le s io n  w i th  m a r k e d  v itr it is .12' 14 A  sy s te m atic  r e v ie w 13 fc u n d  
a  lac k  o f e v id e n c e  to  s u p p o rt  ro u tin e  ư e a tm e n t  fo r  a  m te  
to x o p la s m a  r e t i n o c h o r o id i t i s  i n  i m m u n o c o m p e  e n t  
p a tie n ts ,  b u t  d id  fũ id  w e a k  e v id e n c e  to  su g g est t h a t  I' ing- 
t e im  ơ e a tm e n t  o f  p a ú e n ts  w i th  c h ro n ic  r e c u r r e n t  dis ;ase 
m a y  re d u c e  re c u rre n c e .  All im m u n o c o m p ro m is e d  p a ti  :n ts  
s h o u ld  b e  ư e a t e d  a n d  p ro lo n g e d  ư e a tm e n t  is  n e c e s s a i  ỉ to  
p r e v e n t  re c ru d e s c e n c e . T he best d ru g  re g im e n  is u n k n c  w n. 
T h e  m o s t  c o m m o n ly  u se d  reg im e n s  g ive  p y r im e th a r  line  
vvith  su lfa d ia z in e  o r  d in d a m y d n  (w h ic h  ứ  c o n c e n tr a te  i  in  
t h e  c h o ro id ) . B e n e h t  h a s  b e e n  r e p o r te d  f ro m  d in d a m  'Cin 
w i th  c o rt ic o s te ro id s ,16 a l th o u g h  c o n ic o s te ro id s  sh ( u ld  
n e v e r  b e  u s e d  a lo n e  s in ce  lu lm in a n t  cases m a y  o c m r .  
S p ứ a m y d n  is n o t  in d ic a te d  ío r  o c u la r  to x o p la sm o sis .

P r o p h y la x i s .  P r im a ry  p ro p h y la x is  a g a in s t  T. gcidii 
in íe c tio n  h a s  b e e n  in v es tig a te d  in  AIDS p a tie n ts  in d  
r e d p ie n ts  o f  o rg a n  ư a n s p la n ts .  In  H T V -in lected  a d u lts  rnd  
a d o le sc e n ts  w h o  a re  se ro p o sitiv e  fo r Toxoplasma a n d  \ f h o  
h a  v e  a  C D 4+  c o u n t  o f  less t h a n  100 c e lls /m ic ro litre , p r iư  a ry  
p ro p h y la x is  a g a in s t  e n c ep h a lỉtis  s h o u ld  b e  g iv en .*  P r in  a ry  
p ro p h y la x is  s h o u ld  also  b e  g iv en  to  s e ro p o s itiv e  ch ilc  ren  
w ith  a  C D 4 p e rc e n ta g e  less t h a n  1 5 % .’

C o -trim o x a z o le , in  reg im en s  d e s ig n e d  fo r p n e u m o ọ  sús 
p n e u m o n ia  p ro p h y la x is , w a s  ío u n d  to  b e  e ỉfe c tiv e  a n  1 is 
th e r e ío r e  re c o n u n e n d e d .* -9 A lte m a tiv e ly , a  re g im e n  u ; ing 
p y r im e th a n i in e  p lu s  d a p so n e , o r  p e rh a p s  a to v a q u o n e , V ith  
o r  v v ith o u t p y r im e th a m in e , c a n  a lso  b e  considered .* - A 
re g im e n  in v o lv in g  p y x im e th a m in e  p lu s  s u lía d o x in e  h a s . lso  
b e e n  tr ie d , w i th  p ro m is in g  re s u lts .17

Toxoplasm a-seTonegaúve  p e rso n s  w h o  a re  n o t  re c e iv ii  g  a 
p n e tu n o c y s t is  p ro p h y la c tic  re g im e n  k n o w n  to  b e  a c iiv e  
a g a in s t  to x o p la sm ic  e n c e p h a litis  s h o u ld  b e  r e te s te d  fo r 
Toxoplosma s h o u ld  th e i r  C D 4+ c o u n t  fall b e lo w  1 00  cc lls/ 
m ic ro li tte  a n d  if t h e y  h a v e  s e ro c o n v e r te d  p r im a ry  p r o p  ìy - 
lax is  s h o u ld  b e  s ta n e d .*  P rim a ry  p r o p h y la x is  s h o u ld  b e  
s to p p e d  in  a d u l t  a n d  a d o le sc e n t p a tie n ts  w h o s e  C D 4+  c o  in t 
rise s  in  r e s p o n s e  to  a n ti r e t ro v ữ a l  th e r a p y  to  m o re  t h a n  : 0 0  
c e U s/m ic ro liữ e  fo r  3 m o n th s  o r  m o re . If  t h e  co  in t 
s u b s e q u e n t ly  falls  to  b e lo w  2 0 0  c e lls /m ic ro li tre  it  s h o u ld  b e  
res ta rte d .*  S im ila r ly , p r im a ry  p ro p h y la x is  m ay  b e  s to p p e i in  
c h ild re n  w h o s e  C D 4 p e rc e n ta g e  rises  to  a b o v e  1 5 %  a n d  
s h o u ld  b e  r e s ta n e d  if th e  CD 4 p e rc e n ta g e  s u b s e q u e n t ly  f ills 
b e lo w  1 5 % .9
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Tríchomoniasis
T ric h o m o n ia s is  is c a u se d  b y  in v a s io n  of th e  g e n ito -u rin a ry  
t r a a  w i th  t h e  p ro to z o a n  Trichomonas vaginalừ. T ransm ission  
is m a in ly  se x u a l.  T r ic h o m ọ n ia s is  is a c o m m o n  cause  o f 
v ag in itis  a n d  v a g in a l  d isc h a rg e  b u t  in íe c tio n s  v a ry  in  
s e v e r i ty  f ro m  a s y m p to m a tic  ( in  u p  to  5 0 %  o f cases) to  a n  
a c u te  i n d a m m a to r y  v ag in itis . M e n  a re  u su a lly  asy m p to -  
m atic , a l th o u g h  th e y  m a y  h a v e  u re th r it is . A sy m p to m a tic  
in íe c tio n  in  e i th e r  sex  s h o u ld  s till b e  ơ e a te d  to  p re v e n t 
se x u a l t ra n s m is s io n  a n d  sy m p to m a tic  in te c tio n . T. vaginalừ 
in ỉe c tio n  h a s  b e e n  a s so c ia te d  vvith HIV a cq u is itio n  a n d  
a d v e rs c  p r e g n a n c y  o u tc o m e s ,  p a r t ic u la r ly  p r e m a tu re  
r u p tu r e  o f  th e  m e m b ra n e s ,  p r e te rm  d e liv e ry , a n d  lo w  
b ir th -w e ig h t .

G u id e iin e s  fo r  th e  t r e a t m e n t  o f  trich o m o n ia sis  h a v e  
b e e n  p r o d u c e d  b y  a n  e x p e r t  g ro u p  in  th e  U K ,1 by  W H O ,2 
a n d  b y  t h e  CDC in  th e  U S A .5 T re a tm e n t is u su a lly  w ith  a 
n i tro im id a z o le  s u c h  as  m e ư o n id a z o le  o r  tin id a zo le . o ỉ te n  as 
a  s in g le  o r a l  d o se  o f  2 g .1"4 A lte m a tiv e  t r e a tm e n t  reg im en s  
in c lu d e  S ta n d a rd  o ra l  d o se s  o f  m e tro n id a z o le  o r  tin id a zo le  
g iv en  tw ic e  d a ily  fo r  5 to  7  d a y s .1'3 S exual p a rtn e rs  sh o u ld  
a lso  b e  t r e a te d .1' 3 I n  H IV -in fe a e d  vvom en vvith tric h o m o n -  
iasis, t h e r e  is e v id e n c e  th a t  m e tro n id a z o le  5 00  m g o ra lly  
g iv en  tvvice d a ily  fo r  7  d a y s  is  su p e rio r  to  a  s ing le  2-g o ra! 
dose; th e r e ío r e ,  a  m u lt id o s e  t r e a tm e n t  re g im e n  sh o u ld  b e  
c o n s id e re d  fo r  H IV -in fe a e d  v v o m en .3

S o m e  s tra in s  o f  T. vaginalis h a v e  red u ced  su scep tib ility  to  
n i tro im id a z o le s 1‘5 a n d  p a tie n ts  w h o  fail to  resp o n d  to  th e
íirs t c o u rs e  o f t r e a tm e n t  m a y  b e  re - tre a te d  w ith  a r e p e a t  
c o u rse  o f  t h e  in itia l r e g im e n ' o r  a n  a lte m a t iv e  S tandard  
ư e ạ tm e n t .2-3 If th is  íails a n d  r e - in fe a io n  h a s  b e e n  e x đ u d e d  
p a tie n ts  m a y  b e  g iv en :
•  a  b ro a d -s p e c tru m  a n tib a c te r ia l  (such  as e ry th r o m y d n  o r  

a m o x ic il lin )  b e ío re  r e - t r e a tm e n t  w ith  m e tro n id a z o le 1
•  o ra l  m e tro n id a z o le  4 0 0  m g  th r e e  tim es d a ily  vvith re c ta l  

m e tro n id a z o Ie  1 g d a ily  fo r  7  d a y s  o r  lo n g e r  (zinc su lỉa te  
1%  v a g in a l  d o u c h e s  o r  v a g in a l  w ash es  vvith 3%  a c e tic  
a d d  m a y  b e  a d d e d  to  t h e  r e g im e n ) 1

•  h ig h  d o se  o ra l  m e tro n id a z o le '-3 o r  tin id a z o le 5 (2g) d a ily  
fo r  3 to  5 day s

•  h ig h  d o s e  in tr a v e n o u s  m e tro n id a z o le ‘
• h ig h  d o s e  o ra l  tin id a z o le  (2  g) rvvice d a ily  fo r  2 w eek s, 

vvith o r  v v ith o u t in tr a v a g in a l  tin id a z o le '
•  a  s in g le  d o se  o f  o ra l  m e tro n id a z o le  p lu s  in tra v ag ỉn a l 

m e ơ o n id a z o le  a p p lie d  a t  n ig h t,  e ach  fo r  3 to  7  days2
A  p a t i e n t  vvith  m e tro n id a z o Ie -  a n d  tin id a z o le -re s is ta n t  
i n íe c t io n  w a s  su c c e s s íu lly  t r e a te d  w ith  p a ro m o m y d n .5 
V a g ỉn a l p r e p a r a tio n s  o f  m e tro n id a z o le  a re  o n ly  re c o m - 
m e n d e d  !o r  t h e  t r e a tm e n t  o f  r e íra c to ry  in íe d io n s .2 A  
tr ic h o m o n ia s is  v a c c in e  c o n ta in in g  In ac tiv a ted  Lađobaríllus 
spp . is  a v a ila b le  Ũ1 so m e  c o u n tr ie s  for th e  p ro p h y la x is  o f  
r e c u r r e n t  v a g in a l tr ic h o m o n ia s is ,  see  p . 2 4 2 2 .2 .

P a tie n ts  w i th  h y p e rse n s it iv ity  to  n itro im id a z o le s  c a n  b e  
m a n a g e d  b y  d e se n s itis a tio n  vvith in c re m e n ta l  d o ses  o f  o ra l 
o r  in ơ a v e n o u s  m e tro n id a z o le .  A lte m a tìv e  to p ica l th e ra p ie s  
h a v e  b e e n  trie d , b u t  c u re  r a te s  a re  lo w  (less t h a n  5 0 % ).3-4
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Aỉrican trypanosomiasis
H u m a n  A iric a n  try p a n o so m ia s is  (HA T o r  s le e p in g  s ic k n e ss )1 
is c a u se d  b y  s u b s p e d e s  o f  t h e  p ro to z o a n  Trypanosoma brucei. 
t ra n s m it te d  b y  th e  b ite  o f  in íe c te d  tse tse  Uies (Glossina spp .). 
I n íe c tío n  c a n  ỉollovv b lo o d  tra n s íu s io n  a n d  c o n g e n ita l  
try p a n o so m ia s is  h a s  a lso  o c c u rre d . I n íe c tio n  d o e s  n o t  
a p p e a r  to  c o n íe r  im m u n ity .

In íe c tio n  c a n  b e  đ ỉv id e d  in to  t h e  eariy , f l r s t  o r  
h a e m a to ly m p h a tic  s ta g e  ( in íe c tio n  o f  th e  b lo o d sơ e a m  a n d  
ly m p h  n o d e s ), w ith  b o u ts  of íe v e r ,  ly m p h a d e n o p a th y , 
p ru r i tu s .  h e a d a c h e , a n d  m u s d e  a n d  jo in t  p a in ,  a n d  th e  la te , 
se c o n d , o r  m e n in g o e n c e p h a l ih c  s ta g e  w h ic h  s ta r ts  w h e n  th e  
p a ra s ỉ te  ũ iv a d e s  th e  CN S. S igns a n d  sy m p to m s  i n d u d e  sleep  
d is tu rb a n c e s , c o rứ u s io n , in c o o rd in a tio n , p sy c h ia tric  d is- 
o rd e r s ,  a n d  e v e n tu a l  d e te r io r a tio n  o f  c o n s d o u sn e s s .  
W ith o u t  t r e a tm e n t  t h e  p a tie n t  u n d e rg o e s  P ro g ressiv e  
n e u ro lo g ic a l  d e g e n e ra tio n  a n d  d e a th .

H A T  ta k e s  tw o  fo rm s  th a t  a re  c iin ica lly  d is tin c t. 
d e p e n d in g  o n  th e  p a ra s ỉte  in v o lv ed :
•  Trypanosoma brucei gambữrtse (G a m b ia n  o r  W e st A ir íc a n  

s le e p in g  s ick n ess) o c c u rs  t a  w e s t  a n d  C entral A lrica  a n d  
c a u se s  m o re  t h a n  9 0 %  o f re p o r te d  cases o f HAT. I t is a  
c h ro n ic  in íe c tio n  a n d  a  p e rs o n  m a y  b e  in ỉe c te d  fo r 
m o n th s  o r  y e a rs  v v ith o u t m a jo r  s ig n s  o r  sy m p to m s o f th e  
d isease ; th e  d isease  s tag es  a re  re la tiv e ly  d is tin c t. W h e n  
sy m p to m s  d o  a p p e a r , th e  p a tie n t  is o f te n  in  a n  a d v a n c e d  
d ise a se  s ta g e  vvith CN S in v o lv e m e n t

•  Trypanosoma brucei rhodesiense (R h o d e s ia n  o r  E ast A ir ic a n  
s le e p in g  s ick n ess) o c c u rs  in  e a s te m  a n d  S o u th e rn  A írica 
a n d  ca u se s  less  t h a n  1 0 %  of r e p o r te d  cases o f HAT. I t  is 
a n  a c u te  in íe c tio n  w i th  th e  B rst s igns  a n d  sy m p to m s  
a p p e a r in g  a í te r  a  fe w  w e e k s  o r  m o n th s ;  d isease  stag es  a re  
in d is tin c t. T h e  d isease  p ro g resses  rap ìd ly  a n d  in v a d e s  th e  
CN S; if le f t u n tre a te d ,  i t  w ill u s u a lly  le a d  to  d e a th  in  a 
m a t te r  o f  w e e k s  o r  m o n th s

A lth o u g h  it h a s  p r o v e n  im p ra c tica l to  e lim in a te  t ry p a n o -  
so m iasis  (ro m  e n d e m ic  a re a s , th e  in te n s ity  o f tra n sm is s io n

• c a n  b e  re d u c e d  b y  a c tiv e  a n d  p a ssiv e  case  d e te c tio n  a n d  
ơ e a tm e n L 2 V e c to r  c o n tro l  ac tiv itìe s  h a v e  h a d  so m e  success 
in  c o n ư o l l in g  T. b. rhodesiense d isease , b u t  se em  to  b e  less 
e ffe c tiv e  a n d  le ss  vvidely a p p lie d  fo r  th e  c o n tro l  o f T.b. 
gambiense}

T h e  t r e a t m e n t  o f HAT in v o lv e s  th e  u se  o ỉ  5 d ru g s  
d e p e n d in g  o n  th e  fo rm  a n d  stage o f  th e  d ise a se :1'4
•  in tr a m u s c u la r  pentamidine is u se d  fo r  th e  í irs t s tag e  

w h e n  c a u se d  b y  T. b. gambiinsc
\ •  ín tr a v e n o u s  suramin is u sed  fo r  th e  first s ta g e  vvhen 

c a u s e đ  b y  T. b. rhodeíiense a n d  in  a re a s  w h e r e  
p e n ta m id in e  re s is ta n c e  occurs, s u ra m in  m a y  b e  u se d  
fo r  T. b. gambitnst HAT

•  in tr a v e n o u s  melarsoprol is u se d  for th e  s e c o n d  s tage  
c a u se d  b y  T. b. rhodesicnse o r  in  s e co n d -s ta g e  r .  b. 
gambicnse d ise a se  w h e n  e A o m ith in e  t re a tm e n t  h a s  ỉa iled  
o r  is u n a v a ila b le

• in tr a v e n o u s  eỊlomithỉne is u s e d  fo r  th e  s e c o n d  s tag e  ií 
c a u se d  b y  T. b. gambiensi

• o ra l  niỷurtimox. u se d  w ith  e A o m ith in e  in  s e co n d -s ta g e
d ise a se  c a u se d  b y  T. b. gambiense, in d u d in g  m e la rso p ro l-  
r e f ra c to ry  d ise a se  . ..

T h e  t r e a tm e n t  o f  p a tie n ts  w ith  su  ra  m in  o r  p e n ta m id in e  in  
t h e  Hrst s u g e  oi H A T  is rẹ la tlv e ly  e a sy  a n d  safe, b u t  
d iag n o s is  is d iỉf ic u lt a n d  in fé c tío n  o f te n  goes u n n o t ic e d  
s in c e  sy m p to m s  m a y  b e  m ild  o r  c o n íu se d  w i th  o th e r  
c o n d it io n s .2 T re a tm e n t  c a n  be  c u ra t iv e  if ĩ ta r te d  b e ío re  th e  
C N S h a s  b e c o m e  in v o lv e d . M o st p a tie n ts ,  h o w e v e r ,  a re  
d ia g n o se d  a f te r  s e c o n d -s ta g e  sy m p to m s  h a v e  o c c u rre d .2-5 
S u ra m in  o r  p e n ta m id in e  p e n e tr a te  t h e  b lo o d -b ra in  b a rr ie r  
p o o r ly  a n d  c a n n o t  b e  u s e d  to  t re a t  s e c o n d -s ta g e  d isease , a n d  
th e  o th e r  d ru g s  u s e d  to  t r e a t  th is  s ta g e  h a v e  l im lta tio n s .

ỉn t r a v e n o u s  in je c tío n s  vvith m e la rso p ro l a re  p a in fu l  a n d  
a re  a s s o d a te d  w ith  s e v e re  a d v e rse  e ổ e c ts ; a b o u t  5 to  10%  of 
p a tie n ts  w ill s u ữ e r  f ro m  rea c tiv e  e n c e p h a lo p a th y  d u r in g  
ư e a tm e n t ,  w i th  a n  a v e ra g e  c a se - fa ta li ty  ra te  o f  5 0 % .2-3’7

S o m e degree  o f  p ro te c tio n  a g a in s t th is  t o x id ty  m a y  b e  
p ro v id e d  by p ro p h y ỉa x ís  vvith p re d n iso lo n e .5-’ H ig h  ra te s  o f  
m ela rso p ro l ơ e a tm e n t  ỉa i lu re  (u p  to  5 0 % ) h a v e  b e e n  
re p o r te d  in  s e v e ra l  reg io n s, i n d u d in g  th e  S u d a n , U g a n d a , 
t h e  D em o cra tic  R e p u b lic  o ỉ  C ongo , a n d  A n g o la .2

E ũ o m ìth in e  is a lso  e íỉec tiv e  a n d  is sa ỉe r  t h a n  m ela rso p ro l 
in  th e  ư e a tm e n t  o f  se co n d -s ta g e  T. b. gam bừnse  H A T,10-12 b u t  
is n o t  generaU y u s e d  ío r  T. b. rhodesữme H A T3 b e c a u s e  o f  
red u c e d  su sce p tíb ility  o f th e  p a ra s ite .2 E ũ o m ith in e  is 
dUBcult to  u se  as  i t  n e e d s  to  b e  g iv e n  b y  s lo w  in tra v e n o u s  
in ỉu s io n  e v e ry  6  h o u rs  fo r  1 4  days, a n d  re q tũ re s  d o s e  
p a tie n t  m o n ito rin g . u  re lap se  o cc u rs  a íte r  t r e a tm e n t  w i th  
e ũ o m ith in e ,  u s e  o ỉ  m ela rso p ro l s h o u ld  b e  c o n s id e re d .4

T h ere  is c o n c e m  th a t  lo n g -te rm  u se  o f  e A o m ith in e  
m o n o th e ra p y  m a y  resu lt in  th e  d e v e lo p m e n t o f  re s is ta n c e , 
a n d  it is less e ữ e c tív e  in  a reas  w i th  a  h ig h  p re v á le n c e  o f  HTV 
in íe c tio n .10 O ra l n ifu r tim o x  h a s  b e e n  u se d  fo r  ư e a tm e n t  o f 
la te  stage  T.b. gam bừ nst HA T,13' 14 b u t  is c o n s id e re d  n o t  
e£fective e n o u g h  to  b e  u se d  as  m o n o th e ra p y .2 H o w e v e r, 
p ro m is in g  re su lts  h a v e  b e e n  o b ta in e d  ỉro m  a  ra n d o m ise d  
c o n ơ o lle d  s tu d y 15 fo r th e  n e a tm e m  o£ s e c o n d  s tag e  T.b. 
gambiense in íe c tío n  w ith  o ra l n ih m im o x  f o r  10  d a y s  p lu s  
in tra v e n o u s  e A o m ith in e  (g iv en  1 2 -h o u rly  f o r  7  d a y s). 
C o m b in a tio n  th e r a p y  (NECT) r e q u ữ e d  fe w e r  e A o m ith in e  
d o se s  a n d  th e  d u r a t io n  o ỉ  t r e a tm e n t  w a s  re d u c e d .  
F u r th e rm o re , re s is ta n c e  w as a lso  less lik e ly  to  d e v e lo p  as 
t h e  drugs h a v e  đ iffe re n t m o d es  o f ac tio n .2 G iv e n  th e  h ig h  
in d d e n c e  o f a d v e rs e  e ổ ects  w i th  m e la rso p ro l, NECT w a s  
c o n s id e re d  a  c a n d id a te  to  re p la c e  it, a l th o u g h  th e  
co m b in a tio n  s tilỉ re q u ire s  access to  a p p ro p r ia te  h e a lth c a re  
ía d li tie s .7

P a tien ts  s h o u ld  b e  se e n  e v e ry  6 m o n th s  fo r  ạ  fo llo w -u p  
p e rio d  o f a t le a s t  2  years, to  a sc e r ta in  ư  ữ e a tm e n t  h a s  b e e n  
successh il.

V arious p o te n t ia l  a n ti try p a n o so m a l d ru g s  a re  u n d e r  
in v es tig a tio n , in d u d in g  d ia m id in e  d e riv a tiv e s14 a n d  th e  
n itro im id a z o le  fex in id az o le .17
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American trypanosomiasis
A m e ric a n  try p a n o so m ia s is  (C h a g a s ' d ise a se )1'7 is  a  zo o n o s is  
c a u se d  by  Trypanosoma crưd, c a rr ie d  b y  C e n tra l  o r  S o u th  
A m e ric a n  re d u v i id  o r  t r ia to rn in e  b u g s . I n íe c te d  b u g s  
d e ỉe c a te  o n  t h e  h u m a n  h o s t  w h i le  ỉe e d in g  o n  b lo o d  a n d  
m e ta c y d ic  t ry p à n o so m e s  t h a t  a re  s h e d  e n te r  t h e  h o s t  
th ro u g h  b r o k e n  sk in  o r  b y  d ire c t  p e n e tr a t io n  o f m u c o u s  
m e m b ra n e s  s u c h  as  th e  c o n ịu n c tiv a . In ỉe c tỉo n  m a y  a lso  
o c c u r  t h r o u g h  b lo o d  t r a n s íu s io n  o r  le s s  c o m m o n ly  
t ra n s p la n te d  o rg an s ; v e rtíca l tra n sm is s io n  b o m  in ỉ e a e d  
m o th e r  to  f e tu s  c a n  also  o c cu r. I n  e n d e m ic  a re a s  ữ ư e c tio n  is 
u su a lly  a c q u ire d  in  c h ild h o o d . C o n tro l m e a s u re s  i n d u d e  
case  d e te c tío n  a n d  ơ e a tm e n t,  v e c to r  c o n tro l  b y  in s e c t id d e

http://www.aidsinio.nih.gov/
http://www.cdc.gov/mmwr/PDF/rr/rr5811.pdf
http://www.bashh.org/
http://whqllbdocwho.int/
http://www.cdc.gov/STD/
http://www.who.in%c6%afselect%e1%bb%89onjnedldnes/
http://www.who.int/medldnes/publlcation5/
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a p p lỉc a tío n s  w i th in  d o m es tìc  b u ilđ in g s . a n d  s c re e n in g  o f 
b lo o d  d o n o rs .

I n  t h e  e a rly  acutt phase of in ỉe c tio n  p a ra s i te s  a r e  p r e s e n t  
i n  t h e  b lo ọ d ; d in lc a l  sy m p to m s m a y  o r  m a y  n o t  b e  a p p a re n t  
a n d  m o s t  p e o p le  r e c o v e r  s p o n ta n e o u s ly  v v ith in  4  t o  8  w e e k s . 
S y m p to m a tic  in ỉe c tio n  in  th e  a c u te  p h a  se  is  c h a ra c te r is e d  b y  
íe v é r ,  m a la ise , r a sh , ly m p h a d e n o p a th y , a n d  h e p a to s p le n o -  
m eg a ly . Á  s tv e llin g  o r  c h a g o m a  m a y  o c c u r  a t  t h e  s ite  of 
in íe c d o n ,  w h lc h  is o f te n  o n  th e  ỉa c e ; if  th ỉs  s i te  is  th e  
c o n ju n c t iv a  a  u n i la t e r a l  p e r io r b i t a l  o e d e m a  o c c u rs  
(R o m a h a s  s ig n ) . M o re  ra re ly  a c u te  h e a r t  í a i lu r e  o r  
m e n in g o e n c e p h a lit is  o c c u r  a n d  m a y  b e  f a ta l  i n  c h ild re n . 
A f te r  a  ỉ e w  m o n th s  a n  a s y m p to m a tic  I a te n t  o r  indeterminate 
phase d e v e lo p s  a n d  p a ra s ita e m ia  ía l ls  to  lo w  o r  u n d e te c ta b le  
Ievels. I n  10  to  2 0  y e a rs  a b o u t 15  to  3 0 %  o f  c h ro n ic a lly  
in ỉe c te d  p e rs o n s  d e v e lo p  chronic C h a g a s ' d ise a se  (a lso  ca lled  
th e  c h ro n ic  s y m p to m a ú c  p h a se )  vvh ich  is  c h a ra c te r is e d  b y  
i rre v e rs ib le  a lte ra tio n s  o f  h e a r t  m u s d e  (C h a g a s ic  ca rd io -  
m y o p a th y )  a n d  g a sư o in te s tin a l  d ise a se  (m a in ly  e n la rg e -  
m e n t  o f  t h e  o e so p h a g u s  o r  th e  rec tơ s ig m o id  c o lo n ) . In  
im m u n o c o m p ro n ũ s e d  p a tie n ts  ( in d u d in g  th o s e  vvith  HIV 
in ỉe c tío n )  sy m p to m a tic  re a c tiv a tio n  o f  c h ro n ic ,  la te n t  T. 
ơuà m a y  o c cu r.

A v a ila b le  t r e a t m e n t  is g e n e ra lly  u n s a t i s ía a o r y  b u t. 
d e s p ite  t h e ữ  to x iđ ty ,  o ra l  n i íu r t im o x  o r  o ra l b e n z n id a z o le  
a re  o f  v a lu e  e s p e d a l ly  in  th e  a c u te  p h a se ;  i t  is n o t  c e rta in  
w h e th e r  t r y p a n o d d a l  t r e a tm e n t  d u r ín g  t h e  in d e te rm in a te  
p h a s e  c a n  p r e v e n t  t h e  d e v e lo p m e n t o f c h ro n ic  d isease  
a l th o u g h  ỉa v o u ra b le  resu lts  w e re  o b ta ín e d  in  a  sm a il s tu d y  
in  c h ild r e n  g lv e n b e n z n id a z o le . ' A  sy s te m a tíc  rev ievv9 ío u n d  
th a t  w h e n  g iv e n  e i th e r  n U u r tim o x  o r  b e n z n id a z o le ,  
p a ra s ito lo g ic a l  c u re  o c c u rre d  in  a b o u t  6 0  to  8 5 %  o f p a tie n ts  
in  t h e  a c u te  p h a s e  a n d  in  m o re  t h a n  9 0 %  o f c o n g e n ita lly  
in ỉe c te d  in la n ts  t re a te d  in  t h e ừ  firs t y e a r  o f  Uíe. A l th o u g h  it 
is g e n e ra U y  ỉe l t  t h a t  th e r e  is n o  b e n e S t  f ro m  ư e a tm e n t  in  th e  
c h ro n ic  p h a s e ,  t r e a tm e n t  d u r in g  th e  e a r ly  c h ro n ic  p h a se  
w a s  t e p o i t e d  to  b e  b e n e b d a l ,10 a n d  lo n g - te im  fo llo w -u p  of 
p a tie n ts  w h o  h a d  re c e iv ed  b e n z n id a z o le  sh o w e d  a  r e d u c tio n  
in  c a rd ia c  c o m p lica tio n s  a n d  p a ra s i ta e m ia . '1

F o Ilo w ũ ig  a  sy s te m a tíc  revievv’ i t  h a s  b e e n  su g g e s te d  th a t  
in d ic a tio n s  fo r  t r e a tm e n t  w i th  b e n z n id a z o le  o r  n i íụ r t im o x  
i n d u d e  a ll  c ases  o f a c u te  a n d  c o n g e n ita l  in íe c tio n , 
r e a c tiv a te d  in íe c tio n , a n d  a ll c h ild re n  18 y e a is  o f  a g e  o r 
less w i th  c h ro n ic  in ỉe c tio n ; a n t i t ry p a n o d d a l  ư e a tm e n t  
s h o u ỉd  a lso  g e n e ra lỉy  b e  o ữ e re d  to  a d u lts  a g e d  19 to  50 
v v ith o u t a d v a n c e d  C hagasic  c a rd io m y o p a th y , a n d  m a y  be  
c o n s id e rẹ d  in  o ld e r  a d u lts  a l th o u g h  th e  r isk s  o f d ru g  th e ra p y  
a re  g r e a te r  in  t h e  las t g ro u p . I t is  n o t  re c o m m e n d e d  for 
a d v a n c e d  C h a g a s ic  c a rd io m y o p a th y , s in c e  th e  e x is tin g  
p a th o lo g y  WÍM n o t  b e n e S t,  b u t  t h e  p o te n t ia l  t o  re d u c e  
d e v e lo p m e n t  o f  c a rd io m y o p a th y  s h o u ld  b e  c o n s id e re d  in  
p a tie n ts  w i th  g a s tro in te s tin a l  in v o lv e m e n t .  In  la b o ra to ry  
w o rk e rs  a t  r isk  o f  a n  in ỉe c tio n  a h e r  a n  a c r iđ e n t,  ư e a tm e n t  
w i th  b e n z n id a z o le  ỉ o r  10  d a y s  s h o u ld  b e  s ta r te d  
im m e d ia te ly .1

G u id e lin e s  fo r  th e  ơ e a tm e n t  o ỉ õ p p o r tu n is t ic  in íe c tio n  in  
m v - i n f e a e d  p a tie n ts  in  th e  U SA 12 su g g e st ư e a tm e n t  w ith  
b e n z n id a z o le  o r  n i ỉu i t im o x  to  r e d u c e  p a ra s ita e m ia  a n d  
p r e v e n t  c lin ica l sy m p to m s  in  th o s e  w ith  a c u te ,  e a rly  
c h ro n ic , a n d  re a c tỉv a te d  d isease . R e - ơ e a tm e n t  vvith  e i th e r  
o n e  o ỉ  th e s e  d ru g s  is  r e c o m m e n d e d  ío r  H T V -inỉected 
p a tìe n ts  w h o  d o  n o t  r e sp o n d  o r  w h o  re la p se  a ỉ t e r  th e ir  
in it ia l  th e ra p y . D isease  r e a c tiv a tio n  is a lso  a p ro b le m  in  
p a tie n ts  u n đ e rg o in g  o rg a n  t ra n s p la n ta tio n  a n d  th e  risk  
d e p e n d s  m a in ỉy  o n  th e  d e g ĩe e  o ỉ  im m u n o su p p re s s io n . 
M a n y  e x p e r ts  a d v ise  d o s e  p o s t- t ra n s p la n ta d o n  la b o ra to ry  
a n d  d ỉn ic a l  m o n ito rin g  a n d  ư e a tm e n t  ư  r e a c t iv a t io n  is 
s h o w n . , n  S o m e  e x p e rts  suggest t r e a tm e n t  s h o u ld  b e  g iv en  
to  p a t i e n ts  i n  w h o m  h i tu r e  im m u n o s u p p r e s s io n  is 
a n t id p a te d ,  s u  c h  as  p re v io u s ly  u n t re a te d  T. <xuzi-infected 
p a tìe n ts  avvaiting  o rg a n  t ra n s p la n ta tio n , o r  H IV -m fec ted  
p a tíe n ts . ’

T h e  e fficacy  o f  ơ e a tm e n t  v a ries  b o m  c o u n try  to  c o u n try  
a n d  m a y  b e  l in k e d  to  v a ria tio n s  in  t h e  s e n sitiv ity  o f  d i t te re n t 
s tra in s  o ỉ  T. cnai. T re a tm e n t  is sa id  to  b e  su c ce ss ỉu l w h e n  
b o th  p a ra s i ta e m ia  a n d  se ro log ica l te s ts  b e c o m e  n e g a tiv e  a n d  
r e m a in  so  fo r  a t  le a s t  o n e  y e a r  a f te r  th e  e n d  o ỉ  ư e a tm e n t .

A E o p u rin o l, aM opurinol r ib o sid e , a n d  itra co n a z o Ie  h a v e  
b e e n  t r i e d  ỈOT t h e  t r e a tm e n t  o f  A m e ric a n  try p a n o so m ia s is  
s in c e  t h e y  h a v e  s h o w n  t r y p a n o d d a l  ac tiv ity  in  la b o ra to ry  
a n d  animal s tu d ie s ; a  p ro d ru g  o ỉ  rav u c o n a z o le , E -1 2 2 4 , is 
a lso  b e in g  s tu d ie d . In it ia l  d in ic a l  s tu d ie s  re p o r te d  th a t  o ra l 
a l lo p u r in o l  (6 0 0  o r  9 0 0  m g  d a ily  fo r  6 0  days) w a s  as  e ữ e c tiv e  
as  n i fu r t im o x  o r  b e n z n id a z o le  i n  r e d u d n g  p a ra s ita e m ia  
d u r in g  th e  in d e te rm in a te  p h a se  a n d  w a s  b e tte r  to le ra te d .14 
H o w e v e r, a  l a te r  ra n d o m ise d , p la c e b o -c o n tro lle d  s tu d y 15 in  
a  sm a ll n u m b e r  o ỉ  p a tie n ts  w ỉth  c h ro n ic  c h a g a s ' d isease  
r e p o r te đ  t h a t  o ra l  a l lo p u iin o l w a s  n o  m o re  e ã e c t iv e  in  
d e a i i n g  ỉn ỉe c tio n  t h a n  p lac e b o . A  p la c e b o -c o n ư o lle d  
s tu d y 16 in  4 0 4  p a tie n ts  w i th  c h ro n ic  C h a g a s ' d ise a se  t te a te d  
w i th  e i t h e r  o ra l  itra c o n a z o le  ( 6 m g /k g  d a ily  io r  120  days). 
o ra l a l lo p u r in o l  (8 .5 m g /k g  daily  ỉ o r  6 0  d a y s), o r  p lac e b o  
r e p o r te d  p a ra s ito lo g ic  c u re  in  4 4 %  a n d  EC G  n o rm a lisa tio n  
in  3 6 .5 %  o f  p a tie n ts  t re a te d  w i th  a llo p u iỉn o l ' fo r  th o se  
g iv e n  i tr a c o n a z o le  a  p a rasito lo g ic  c u  re  o f 5 3 %  a n d  ECG

n orm alỉsation  o f  4 8 .2 %  w a s  repo ited . A  fo llo w -u p  stu d y 17 
o f  th e  carđiac b en eS ts  in  p ad en ts  w ith  ch ro n ic  ch a g a s '  
d isease 9  years a lter trea tm en t w ith  e ith er  ora l lư a co n a zo le  
or oral a llo p m in o l ỉo u n d  th at iơ a c o n a z o le  a n d  a llo p u n n o l 
w e re  eq u a lly  eH ective a t reversing  ECG ch an ges b u t  
itraconazole appeared  m ore p rotective aga inst đ evelop in g  
n e w  ECG abnorm alỉties in  patien ts w ith  a n orm al ECG at 
b aselin e . A  íurth er  ev a lu a tio n  11 years after trea tm en t 
co n d u d e d  th at itraconazole w as n o  less eữ ectiv e  at 
p reven tin g  cardiom yopathy th an  a llopu rin o l b u t h ad  fe w er  
ad verse effec ts.u  P osacon azole has a lso  b e e n  tr ied .1’
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Acetarsol {BAN. rlNNI
Acẽtaminohydrọxyphenyiarsonsãure; Acétarsol; Acetarso- 
lum; Acétarsona; Acetarsone; Acetphenarsinum; Asetarsoli; 
Qsạrsolum;AnẻTapco/1. :

f3rAcetam(do-4-hydroxyphenylársonìc acid. , 
CsHI0AsNÓ5=275.1 
CÃS —  97-44-9.
ATC— A07AX02; G0ĨAB01; P0ỈCD02. ; .
ATC Vet —  QA07AX02; QG01AB01; QP5ÌAD05.
UNII — 806529YUỈN.

Protile
A c e tarso l, a  p e n ta v a le n t  o rg an ic  a rse n ỉc a l  d e riv a tiv e , h a s  
b e e n  g iv e n  o ra lly  in  t h e  t r e a tm e n t  o ỉ  in te s tm a l  am o e b ia sis  
a n d  v a g in a lly  in  t h e  ơ e a tm e n t  o ỉ  tric h o m o n ia s is , b u t  t h e  
u s e  o ỉ  p e n ta  v a le n t a rse n ic a l  c o m p o u n d s  h a s  g e n e ra lly  b e e n  
a b a n d o n e d  in  f a v o u r  o f m o re  e ữ e c tiv e  a n d  less to x ic  d ru g s. 
F o r  t h e  a d v e rse  e lle c ts  o f  a rse n ic  a n d  th e i r  ư e a tm e n t ,  see  
A rse n ic  T rio x id e , p . 2 4 4 8 .3 .

A c e ta rso l su p p o s ito rie s  w e re  o n c e  trie d  in  t h e  t r e a tm e n t  
o f p ro c titis . A c e tarso l l i th iu m  a n d  acetaxsol s o d iu m  h a v e  
b e e n  in d u d e d  in  so m e  p re p a ra tìo n s  fo r  m ln o r  m o u th  
in ỉe c tìo n s .

Preparatìons
P ropnatary  Preparation i (detailỉ are given in  V olum e B)

Muhi-ingredienl Prepargliom . Riu.: Osarbon (OcapỗOH); Osardd 
(Ocapmữ).

A m in itro e o le  (BAN, riNNi
'Adriitrazòle; Am initroiol; Aminitrozolum; CL-5279; Nithia- 
midè'(U5AN); Nithiamide; AMMHMTP030/1. 
N-(5-Nltrothiazol-2-y0acetamide.
QH5N AS=Ì872
CÁS —  140-40-9. .... . . V
UNÌI —  9CBM60191Z ... .

Proỉile
A m in itro z o le  is  a n  a n t ip ro to z o a l  th a t  is  u s e d  to p ic a lly , ofi e n  
w i t h . s u lía n ila m id e  (p . 3 6 8 .1 ) ,  in  t h e  ư e a t m e n t  o f  
su sce p tib le  sk in  a n d  so ft tis su e  in íe c tio n s .

PreparaHons
Proprietory PraporoHons (details a re  given in  V olum e B)

Mubi-ingredient Preparations. ỊJkr.-. N itad d  (Hinam in); S trep  ữ- 
n lto l (CTpenTOHHToa).

Amprolium Hydrochloride IBANM, riNNMỊ 
Am prolii. Hydrochlóridum; Amprolio, hidrodoruro ce; 
Amproliurri, Chlorhydrate d'; Hldrodoairo de amproli y, 
AMnpo/iMB rkưipoxnopKq.
.l-(4-Amino-2-pròpylpyrimidin-5-y)methyl)-2-methỹlpyric i- 
nium chloride hydróchloríde.
CmH I9CIN4,HCI=315.2
CÁS — 121-25-5 (amprolium); 137-88-2 (amprolium hydn- 
chloride).

P fia rm a c o p o e ia s . In  Fr. a n d  us ỈOĩ v e te r in a r y  u se  o n ly .  A so 
in  BP(Vít).
B P (V et)  2 0 1 4 : (A m p ro liu m  H y d ro c h lo r id e ) . A w h i te  o r  
a lm o s t w h ite ,  o d o u r le s s  o r  a lm o s t o d o u r le s s  p o w d e r .  Fre< ly  
so lu b le  in  w a te r;  s lig h tly  s o lu b le  in  a lc o h o l;  p r a a i c a  ly  
in so lu b le  in  c h lo ro ỉo rm ; v e ry  s lig h tly  so lu b le  in  e th e r .

U S P  36: (A m p ro liu m ). A  w h i te  to  l ig h t  y e llo w  p o w d  :r. 
F ree ly  so lu b le  in  w a te r ,  in  a lc o h o l, in  d im e th y llo rm a m i le  
a n d  in  m e th y l a lc o h o l;  sp a rin g ly  s o lu b le  in  d e h y d ra i  ỉd  
a lc o h o l; p ra c tic a lly  in so lu b le  in  a c e to n e , in  b u ty l  a lc o h  }1, 
a n d  in  iso p ro p y l a lc o h o l.

Protìle
A m p ro liu m  h y d ro c h lo r id e  is a n  a n t ip ro to z o a l  u s e d  in  
v e te r in a ry  p rac tic e , fo r  th e  t r e a tm e n t  a n d  c o n ư o l  o f 
c o c d d ỉo s is  c a u se d  b y  Eimerìa spp . I t is a  s t r u c tu r a l  a n a lo g  J e  
o f th ia m in e  a n d  p ro lo n g e d  h ig h  doses  m a y  c a u se  th ia m i l e  
d e h d e n c y .  N eu ro lo g ic a l sy m p to m s  re p o r te d  a í t e r  o v e rd c  se 
in  dogs w e re  tre a ta b le  w i th  in tr a v e n o u s  o r  in t r a m u s c u  a r  
th ia m in e .

Pentavalent Antimony 
Compounds
Antimonio pentavalente, compuestos de; naTkisaneHTHc iÃ 
CypbMbi CoeflMHeHMỈi.

AAeglumine Antimonate
Antimoniato de meglumina; Antimony Meglumin 

'Meglumine Antimoniate; Protostlb; RP-2168; Mer/iyMMta 
AHTMMOHarr.
1-Deoxy-í-methylamino-D-glucitol antimonate.
C7H,8NÓ8Sb=366.0
CAS—133-51-7.
ATC —  P01CB01.
ATCVet —  OP51AB01.um — 75G4TW236W. ; .

Sodium Stibogluconate {BAN, riNNi
Estibògluconạto de sodio; Náữii Stibogluconas; Natriunr. 
stịbogĩukonaàtti; Natriumstiboglukonat; Sod. Stibòglu< .■ 
Sodium Antimony Gluconatẹ; Sodyum Stiboglukona t;

' Stibogluconat-Natrium; Stibogluconatẽ de Sodium; HaTpu ạ 
CtnõomioKOHaT.
CAS — 16037-91-5.
ATC —  P01CB02.
■ ATC Vet— QP51AB02. ■ ■
-ỤNU—V083S0159D.
D e s c r ip t ío n .  A  p e n ta v a l e n t  a n t im o n y  c o m p o u n d  3Í 
in d e h n i te  c o m p o s itio n . I t  h a s  b e e n  r e p r e s e n te d  b y  th e  
fo rm u la  C 6 H ^ ĩa 20 ,S b  b u t  u s u a lly  th e r ẽ  a re  le ss  t h a n  2  
a to m s  o f  N a for e a c h  a to m  o f Sb. S o lu tio n s  m a y  b e  s te r ilis  xl 
b y  a u to d a v in g .

P h a rm a c o p o e ia s .  In  Br., Chin.. Int.. a n d  It.
B P  2 0 1 4 : (S o d iu m  S tib o g lu c o n a te ) . I t  is  m a in ly  t lie  
d iso d iu m  sa lt o f  n -o x y -b is  [ g lu c o n a to (3 -) o 2, o 3,c ^ - h y d ro x  D- 
a n tim o n y ] .  I t  c o n ta in s  n o t  less  t h a n  3 0 .0 %  a n d  n o t  m o  re 
t h a n  3 4 .0 %  of a n tù n o n y ( V ) ,  c a lc u la te d  w i th  r e íe re n c e  :o 
th e  d r ie d  a n d  m e th a n o l- ừ e e  su b s ta n c e .  I t  is  a  c o lo u r le  s, 
o d o u r le s s  o r  a lm o s t o d o u r le s s , m o s tly  a m o r p h o u s  p o w d í  r. 
V ery  so lu b le  in  w a te n  p ra c tic a lly  in so lu b le  in  a lc o h o l  a n d  n  
e th e r .  A  s o lu tio n  in  w a te r  c o n ta in in g  1 0 %  o f  p e n ta v a l e i t  
a n tũ n o n y  h a s  a  p H  o f  5 .0  to  5 .6  a í te r  a u to d a v in g .

All cross-reíerences reỉer to entries in Volume A
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A ce ta rso l/P e n ta v a le n t A ntim ony c o m p o u n a s  y / /

Uses and Administration
P e n ta v a le n t  a n tim o n y ,  a s  s o d iu m  s tib o g lu c o n a te  o r  
m eg lu m in e  a n tim o n a te ,  is u s e d  as  f ir s t 'l in e  t r e a tm e n t  ỉo r  
m o st fo rm s  o f  le ish m a n ia sis  (see  belovv). C u ta n e o u s  a n d  
d iííu se  c u ta n e o u s  le ish m a n ia sis  c a u se d  b y  Líừhmama 
aeứiiopica in ỉe c tio n s  d o  n o t  r e sp o n d  to  S tan d ard  t r e a tm e n t  
vrâth p e n ta v a le n t  a n tim o n y  c o m p o u n d s , b u t  m a y  re sp o n d  
slovvly if h ig h e r  d o ses  a re  used .

F o r  sy s te m ic  use , m e g lu m ỉn e  a n tim o n a te  o r  s o d iu m  
s tib o g lu c o n a te  m a y  b e  g iv e n  b y  d e e p  in tra m u s c u la r  
in ịe c tio n  o r b y  in tra v e n o u s  ứ ý ec tio n . I n tra v e n o u s  in je c tio n s  
m u s t  b e  g iv e n  v e ry  s lo w ly  (o v er  a t  le a s t 5 m in u te s )  a n d  
p re íe ra b ly  t h r o u g h  a  f ìn e  n e e d le  to  a v o id  th ro m b o p h le b iò s ; 
a s  w i th  t r iv a le n t  a m im o n y  c o m p o u n d s , th e y  s h o u ld  b e  
s to p p e d  im m e d ia te ly  u  c o u g h in g , v o m ió n g , o r  s u b s te m a l  
p a in  o c c u rs . B o th  P ro d u c ts  m a y  b e  in je c te đ  ỉn tra ỉes ionaU y . 
M e g lu m in e  a n tim o n a te  a n d  so d iu m  s á b o g lu c o n a te  a re  
g iv e n  as  S o lu tio n s  c o n ta in in g  th e  e q u iv a le n t o f p e n ta v a le n t  
ă n tim o n y  8 5  m g /m L  a n d  100 m g /m ì. re sp éc tiv e ly . D oses a re  
e x p re sse d  in  te rm s  o ỉ  t h e  e q u iv a le n t a m o u n t  o( p e n ta v a le n t  
a n tim o n y .

L ocal v a ria tio n s  e x is t  in  t r e a tm e n t  s c h ed u le s  b u t  W H O  
re c o m m e n d s  th e  íoilovving reg im en s:
•  In  v ỉ s c e r ạ l  l e i s h m a n ia s i s .  in itia l t ie a tm e n t  is b a se d  o n  

d a ily  in tr a m u s c u la r  in je c tio n  o f  p e n ta v a le n t  a n tim o n y  
2 0 m g /k g  (b u t  s e e  b elo ĩv ) u su a lly  g iv e n  fo r.28  days. T h ê  
le n g th  o f  t r e a tm e n t  v a ries  b o m  o n e  e n d e m ic  a re a  to  
a n o th e r ,  b ú t  ỉs c o n tin u e d  u n t il  n o  p a ra s ite s  a re  d e te c te d  
in  c o n s e c u tiv e  sp le n ic  a sp ừ a te s  t a k e n  a t  1 4 -day  in te rv a ls . 
P a tie n ts  w h o  re ĩa p se  a re  re - t re a te d  a t  th e  sa m e  dose .

•  E a r ly  n o n - in í la m e d  les io n s  o ỉ  c u t a n é o u s  l e i s h m a n -  
i a s l s  d u e  to  a ll ỉo rm s  o f  Láshmania e x c e p t L. aethiopica, L. 
.amaĩonensừ, a n d  L. brazilỉensií -ma.Ỵ b e  tre a te d  b y  
in íi l t ra t io n  w ith  in tra le s io n a l in je c ú o n s  o f 1 to  3 m L  o í  
so d iu m  s tib o g lu c o n a te  o r  m eg lu m ín e  a n tim o n a te  ( a b o u t 
100 to  3 0 0  m g  o f  p e n ta v a le n t  a n tim o n y ),  re p e a te d  o n c e  
ọ r  tvvice ư  n e c e s sa ry  a t  in te rv a ỉs  o ỉ  1 to  2  days. S y stem ic  
th e ra p y  vvith  in tra m u s c u la r  p e n ta v a ỉe n t  a n tim o n y  10  to  
2 0  m g /k g  d a ily  is g ìv en  iỉ th e  les io n s  a re  m o re  se v ere  a n d  
c o n t i n u e d  u n t i l  a  f e w  d a y s  a ỉ t e r  c ỉ in ic a l  a n d  
p a ra s ito lo g ic a l  c u re  is a c h iev ed . I n  c u ta n e o u s  le is h m a n -  
iasis d u e  to  L. braâỉiensừ, p ro lo n g e d  sy stem ic  t r e a tm e n t  
w i th  in tr a m u s c u la r  p e n ta v a le n t  a n tim o n y  2 0 m g /k g  
d a ily  ỉo r  a  m in im u m  of 4  w e e k s  is in d ic a te d . S im ila r  
d o ses  a re  r e q u ire d  fo r d l f f u s e  c u t a n e o u s  l e i s h m a n -  
i a s i s  d u e  to  I .  ama&ncnsií a n d  a re  c o n tin u e d  ỉo r  se v era l 
m o n th s  a f te r  clin ica l im p ro v e m e n t occurs. R elapses 
s h o u ld  b e  e x p e a e d  u n t i l  im m u n ity  deve lops.

•  I n  m u c o c u t a n e o u s  le i s h x n a n ỉa s is .  da ily  doses  o ỉ  
i n tr a m u s c u ỉa r  p e n ta v a le n t  a n tim o n y  2 0  m g /k g  a re  g iv en  
fo r  a  m in im u m  of 4  w eeks; if th e  resp o n se  is p o o r, 10 to  
1 5 m g /k g  m a y  b e  g iv en  e v e ry  12 h o u rs  ío r  th e  sa m e  
p e rỉo d . R e lap ses  a re  vvell k n o w n  a n d  h a v e  g e n e ra lly  b e e n  
a sso c ia te d  w ith  in a d e q u a te  o r  in te r ru p te d  tre a tm e n ti  
t h e y  a re  t re a te d  w ith  th e  sa m e  d ru g  g iv en  ío r  a t  le a s t  
tvvice as  lo n g  as  th e  o rig in a l t re a tm e n t.  O n ly  w h e n  th a t  
ỉa ils  s h o u ỉd  a lte m a t iv e  t r e a tm e n t  b e  g iven .

Administratìon in children. D oses o f p e n ta v a le n t  a n ti -  
m o n y  P ro d u c ts , su c h  as  m eg lu m ỉn e  a n tim o n a te  a n d  so d - 
iu m  s tib o g lu c o n a te , ỉo r  th e  t r e a tm e n t  o f le ish m a n ia sis  in  
c h ild re n  a re  u s u a lly  th e  sam e  as th o se  ío r  ad u lts , se e  U ses 
a n d  A d m in is tra t io n , a b o v e . H orvever, fo r th o se  c h ild re n  
w ith  v isc e ra l  le ish m a n ia sis  a n d  vveighing  less t h a n  lO k g  
th e  m in im u m  d a ily  đ o se  ỉs 2 0 0  m g.

leishmaniasis. T h e  m a in  t r e a tm e n t  fo r le ish m a n ia sis  
(p . 9 2 2 .1 )  is  a  p e n ta v a le n t  a n tim o n y  c o m p o u n d  su c h  as  
m e g lu m in e  a n tim o n a te  o r  so d iu m  s tib o g lu c o n a te . A  m ax i-  
m u m  d a ily  d o se  o f 8 5 0  m g  w as in it ia l ly  re c o m m e n d e d  b y  
VVHO a n d  is s tỉll rec o m m e n d e d  in  th e  UK  licensed  p ro d u c t  
in ỉo r m a t io n . H o w e v e r, h ig h e r  d o ses  o f  a n tim o n y  c o m - 
p o u n d s  h a v e  b e e n  tr ie d  in  o rd e r  to  o v e rc o m e  th e  u n r e -  
s p o n s iv e n e ss  o f  le ish m a n ia sis  to  th e ra p y . In  th e  USA, th e  
u se  o ỉ  2 0  m g /k g  d a ily  o ỉ  p e n ta v a ỉe n t  a n tỉm o n y  h a s  b e e n  
re c o m m e n d e d , v v ith o u t re s tr ic tio n  to  a n  8 5 0 -m g  m a x i-  
m u m  d a ily  d o se ;1 th is  is novv a lso  th e  dose  c u rre n tly  su g - 
g e s te d  b y  W H O . A t 2 0 m g /k g  d a ily  th e  m o s t  c o m m o n  
a d v e rs e  e ffe c ts  a re  m u sc u lo sk e le ta l  d iso rders , e le v a te d  
l iv e r  e n z y m e  v a lu e s , a n d  T -w a v e  c h a n g e s  o n  th e  ECG, 
a n d  th e  CD C re c o m m e n d s  th a t  t h e  EC G , b lo o d  c h e m ls try , 
a n d  b lo o d  c o tin t  s h o u ld  b e  m o n ito re d  th ro u g h o u t  th e ra p y  
ư r e s o u rc e s  p e rm it .1 S ev e re  c a rd io to x ỉt íty  is r a re  a t  th is  
d o se  b u t  ía ta l  c a rd io to x id ty  h a s  b e e n  re p o r te d  w ith  doses  
o f  u p  to  6 0  m g /k g  đ a iỉy  (see  u n d e r  E ttec ts  o n  th e  H eart, 
b e lo w ). D r u g - re s is ta n t  s tra in s  o f Leừhmania inỊantum h a v e  
b e e n  a s s o ô a te d  w ith  u n re sp o n s iv e n e ss  to  t r e a tm e n t  w i th  
m e g lu m in e  a n tim o n a te .2 I t w a s  su g g e ste d 3 th a t  th e  u s e  o f 
su b o p tim a ỉ  d o ses  m a y  b e  m cre a s in g  th e  p re v a le n c e  of 
d r u g - r e s ls ta n t  s tr a in s  oi th e  p a ra s ite . Hovvever, lo w  d o ses  
o f  a n t im o n y  c o m p o u n d s  ( 5 m g /k g  d a ily  fo r  3 0  days) h a v e  
p r o d u c e d  lo n g - te rm  c u re  in  p a tie n ts  w i th  c u ta n e o u s  L. 
braãtiensừ in íẽ c tio n  fo llo w ed  fõ r  u p  to  10 y e a rs .4

ịntralesional ADMIN1STRAĨĨON. In tra le s io n a l i n S lu a t io n  
o f  3 doses o f so d iu m  s tib o g lu c o n a te  o n  a l te m a te  day s o r  
o n c e  tv ee k ly  w a s  m o re  effec tive  th a n  daily  t r e a tm e n t  in  a  
s tu d y  o f 9 6  p a tie n ts  w i th  c u ta n e o u s  le ish m a n ia sis  in  S au d i 
A ra b ia .5 O th e rs  h a v e  re p o r te d  o n  th e  use  o f  in tra ỉe s io n a l 
s tib o g lu c o n a te  in  c a se s  b o m  Israe l6 a n d  tw ic e -w e e k ly  
in tra le s io n a l so d iu m  s tib o g lu c o n a te  h as  b e e n  su g g e ste d  ỉo r  
t h e  t r e a tm e n t  o f c u ta n e o u s  le ish m a n ia sis  c a u se d  b y  L. 
tropica i n  In d ia .7 L ocal in h lt ra t io n  o f  m eg lu m in e  a n ứ m o n a te  
in  u su a l d o se s  o f 150  to  9 0 0 m g  (m a x im u m  1.5 g) o n c e  e a c h  
w e e k  fo r  u p  to  6  w e e k s  p ro d u c e d  m ic rob io log ica l a n d  
d in ic a l  c u re s  in  a ll o f  4 5  p a tie n ts  in  Ita ly  w i th  c u ta n é o u s  
le ishm an iasis .*
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Adverse Effeđs, Treatment, and Precautions
A s fo r T r iv a le n t A n t im o n y  C o m p o u n d s, p . 151 .3 .

A d v e rse  e ỉỉec ts  a re  g e n e ra lly  ĩess h e q ũ e n t  a n d  less s ev ere  
w i th  t h e  p e n ta v a l e n t  a n t im o n y  c o m p o u n d s  s o d iu m  
s tib o g lu c o n a te  a n d  m eg lu m in e  a n tim o n a te  t h a n  w i th  
t r iv a le n t  c o m p o u n d s  s u c h  as a n tim o n y  s o d iu m  ta r t ra te .  
N e v e rth e less , s im ila r  p re c a u tio n s  sh o u ld  b e  o b se rv ed , 
e s p e d a lỉy  in  p a tie n ts  o n  h ỉg h -d o se  th e ra p y .

I n tra m u s c u ỉa r  in je c tio n s  o f  s o d iu m  s tib o g lu c o n a te  c a n  b e  
p a ỉn fu l  a n d  in tra v e n o u s  u s e  h a s  b e e n  a s s o d a te d  w ith  
th ro m b o p h le b itis . E le v a tìo n s  in  s e ru m  lipase  a n d  a m y la se  
u su a lỉy  o c c u r  d u r in g  t r e a tm e n t  a n d  sy m p to m a tic  p a n c re a t-  
itis  h as  b e e n  re p o r te d  i n  so m e p a tie n ts . S u ccessíu l t r e a tm e n t  
o f  m u c o c u ta n e o u s  le is h m a n ia s is  m a y  c a u s e  s e v e r e  
in ũ a m m a tío n  a ro u n d  th e  le s io n  a n d  in v o lv e m e n t  o f t h e  
p h a ry n x  o r  t ra c h e a  m a y  b e  ìư e - th re a te n in g .

C o m m o n  ad v e rse  e tie c ts  o f J>entavalent a n tim o n y  a re  
a n o re x ia , v o m itin g , n a u s e a ,  m ala ise , a r th ra ỉg ia  a n d  m y a l-  
gia, h e a d a c h e , le th a rg y , a n d  a b d o m in a l p a in . EC G  c h a n g es  
a re  d o s e -d e p e n d e n t a n d  m o s t c o m m o n ly  i n d u d e  T -w a v e  
A a tte n ỉn g  a n d  in v e rs io n  a n d  p ro lo n g e d  Q T in te rv a l . R e n a l 
d a m a g e  is  a  ra re ly  r e p o r te d  to x ic  effect. S e rio u s  a d v e rse  
eữ e c ts  h a v e  In v o iv e d  th e  liver, m u sc u lo sk e le ta l System , 
p a n c re a s , o r  th e  h e a r f t J  w h e n  th e y  o ccu r i t  is p r u d e n t  to  
i n te m ip t  th e  co u rse  te m p o ra r i ly .1 P e n ta v a le n t a n tứ n o n y  is 
u s u a ỉlỳ  vvell to le ra te d ,1 a l th o u g h  a  s tu d y 2 o f  96  p a tie n ts  
t r e a te d  w i th  s o d iu m  s tib o g lu c o n a te  fo r  le ish m a n ia s is  
re p o r te d  s ig n ib c a n t, b u t  g e n e ra lly  rev e rs ib le , a d v e rse  
e ífects; t te a tm e n t  w a s  in te r ru p te d  in  28 %  o f t h e  p a tie n ts .
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Breasl leeding. T h e  a m o u n t  o ỉ  a n tim o n y  d is tr ib u te d  in to  
th e  b re a s t  m ilk  o ỉ  a  p a tie n t  g iv en  so d iu m  s tib o g lu c o n a te  
w a s  c o n s id e red  n o t  to  c o n s ti tu te  a  h a z ard  a n d  o ra l a b so rp -  
t io n  w a s  n o t  d e te c te d  in  a n  animal s tu d y .1 T h e  las t av a il-  
ab le  g u id a n c e  h o m  th e  A m e ric a n  A cad em y  o f  P ed ia tric s  
a lso  c o n s id e re d  th a t  t h e  u se  of a n tim o n y  is u su a lly  c o m p a -  
tib le  w i th  b rea s t íe e d in g .2 O th e rs , hovvever, h a v e  felt t h a t  
m o re  sa íe ty  e v a lu a t io n  w as re q u ired  b e ío re  a n tim o n y  
c o u ld  b e  c o n s id e re d  co m p le te ly  safe d u r in g  b re a s t  £eed- 
in g .J
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Effeds on the blood. A ỉth o u g h  th ro m b o c y to p e n ỉa  ỉs a sso -  
d a te d  w i th  le isb m a n ia sis , th e re  a re  also  ca se  rep o r ts  a sso -  
d a t in g  i t  w i th  s o d iu m  s tib o g lu c o n a te .1-2 E o s in o p h ilia  a n d  
ly m p h o c y to sis  w e re  c o m m o n  in  a  sm all s tu d y  in  B r a á l ia n  
p a tíe n ts  g iv e n  in tra v e n o u s  o r  in ự a le s io n a l m e g lu m in e  
a n tím o n a te  ío r  icu tán eo u s le ish m an iasis .5

1. Braconier JH, Mỉỗmer H. Recurrent episodes oí thrombocytopenỉa 
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1993; 31: 187-8.

2. Hepburn NC. Thrombocytopenia compllcatừig sodium sdbogỉuconate 
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E ffects o n  th e  h e a r t .  T h e  ECG w a s  m o n ito re d  d u r in g  65 
c o u rse s  o! t r e a tm e n t  w i th  s o d iu m  stib o g lu c o n a te  i n  59 
K e n y a n  p a tíen ts  w i th  le ish m a n ia sis .1 EC G  a b n o rm a lỉtie s  
d e v e lo p e d  d u r in g  35  t te a tm e n t  cou rse s . T h e y  w e re  q u a li-  
ta t iv e ly  sim ilar to  th o se  p rev io u s ly  d e sc rib ed  d u r in g  tre a t-  
m e n t  vvith tr iv a ỉe n t  a n từ n o n ia l  d ru g s, b u t  o c c u rre d  ỉess 
h e q u e n tly  a n d  la te r  d u i in g  th e  c o u rse  o ỉ  t re a tm e n t.  T h e  
m o s t co m m o n  a b n o rm a lity  w a s  in v e r s io n  a n d /o r  
d e c re a se d  am p liru d e  o ỉ  T  w av es. I n d d e n c e  w a s  re la te d  to  
to ta l  daily  dose a n d  d u ra t io n  o f  t r e ạ tm e n t  O n e  p a tie n t  
d ie d  su d d en ly  d u r in g  th e  4 th  w e e k  oí t r e a tm e n t  tv ith  a n ti-  
m o n y  6 0 m g /k g  da ily . O th e r  d e a th s  p ro b a b ly  re la te d  to  
c a rd io to x id ty  h a v e  b e e n  re p o r te d  i n  p a tie n ts  rece iv ú ig  
6 0 m g /k g  daiỉy2 a n d  3 0 m g /k g  d a ily .3 I t  h a s  b e e n  rec o m - 
m e n d e d 1 th a t  ỉo r  t r e a tm e n t  w i th  s o d iu m  stib o g lu c o n a te  
ECGs sh o u ld  b e  o b ta in e d  e v e ry  3  to  4  đ a y s  in  p a tie n ts  
g iv e n  an tim o n y  2 0  m g /k g  daily  fo r  m o re  t h a n  20  đ a y s  o r  a 
h ig h e r  dose fo r  m o re  th a n  10 đ ay s. ư  S tokes-A dam s 
a tta c k s  o r v e n tr ìc u là r  ta c h y a rrh y th m ia s  d ev e ỉo p , s o d iu m  
s tib o g lu co n a te  s h o u ld  b e  s to p p e d  a n d  a p p ro p r ia te  tre a t-  
m e n t  given. A  re tro sp e c tiv e  s tu d y 4 in  p a tie n ts  t re a te d  w ith  
s o d lu m  stib o g lu co n a te  fo r  m o stly  c u ta n e o u s  le ish m a n ia sis  
f o u n đ  th a t  th e  m e a n  QTC ỉn te rv a l  s te a d ily  in c re a se d  
th ro u g h o u t  th e  p e rio d  o f ơ e a tm e n t,  re a c h in g  a  p o te n tia lly  
to x ic  th re sh o ld  b y  th e  t h ứ d  vveek, b u t  c a rd io to x ic ity  w as 
s e e n  o n ly  in  o n e  e ld e rly  p a tíe n t  w h o  h a d  h y p o k a la e m ia  
a n d  p re-ex is tin g  ca rd ỉo v a sc u la r  m o rb id ity . Id en tific a tỉo n  
b e ío re  tre a tm e n t o ỉ  {actors th a t  m a y  in c re a se  c a rd io v ascu - 
la r  r isk  is im p o r ta n t . F o r  ỉ u n h e r  in ỉo rm a t lo n  o n  th e  c u m u -  
la tiv e  c a rd io to x id ty  o ỉ  so d iu m  s tib o g lu c o n a te  a n d  a m p h o t-  
e r i d n  B see A n tU ungals, u n d e r  In te ra c tìo n s , p .  9 28 .1 .
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E f fe d s  o n  íh e  Iđ d n e y s . S o d iu m  s tib o g lu c o n a te  g iv e n  ỉo r  
10 d ay s to  16 y o u n g  m e n  w ith  c u ta n e o u s  le ish m a n ia sis  
h a d  n õ  a p p a re n t a d v e rse  effect o n  g lo m e ru la r  o r  tu b u la r  
r e n a l  h m c tio n .1 H o w e v e r, e v id e n c e  o f  r e n a l  tu b u la r  dys- 
tu n c t io n  h as  b e e n  re p o r te d  i n  p a tie n ts  w i th  m u c o c u ta -  
n e o u s  le ish m an iasis  g iv e n  m eg lu m in e  a n tỉm o n a te  o r  sod - 
iu m  sú b o g lu c o n a te  fo r  3 0  day s o r  m o re 2 a n d  a c u te  ren a l 
ỉa ỉ lu re  has o c c u rre d  in  p a tie n ts  b o th  w ith ,J a n d  v d th o u t,4 
p rc -e x is tin g  re n a l  im p a iim e n t,  th e  la t t e r  re su ltin g  in  
d e a th .
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E tte c ts  o n  th e  liver. W H O  h as re p o r te d  t h a t  w h e n  se rio u s  
a d v e rse  effects o c c u r  w ith  s o d iu m  s tib o g lu c o n a te  th e y  
o f te n  invo lve  th e  liv e r  o r  th e  h e a r t .1 T h e re  h a  v e  b e e n  
re p o r ts  of d is tu rb e d  liv e r  h in c t ío n 2’3 in  p a tie n ts  g iv e n  sod- 
iu m  s tib o g lu co n a te , a l th o u g h  th e r e  h a s  a lso  b e e n  a  r e p o r t4 
t h a t  signs o f a lte re d  l iv e r  íu n c t io n , w h ic h  m a y  b e  a íe a tu re  
o f v isceral le ish m a n ia sis , tm p ro v e d  d u r in g  t r e a tm e n t  w ith  
so d iu m  s tib o g lu co n a te .

!. WHO. Comrol of the leỉshmaniases. WHƠ Tech Rep Scr 793 1990. 
Avaũable at: http://libdoc.who.inưữsAVHOjrRS_793.pdl <accessed 
17/07/0«)

2. Balĩou WR, tí aỉ. Saỉety and eữicacy oí hỉgh-dose sodlura stỉbogỉuconate 
therapy of American áitaneous leỉshmanỉasỉs. Lancet 1987; U: 13-16.

3. Hepbum NC, tí al. Hepatotoxỉdty oí sodhim stíbogluconate ỉn 
leishmanỉasis. Lartctí 1993; 342: 238-9.

4. Misbahuddin M. tí a i Stỉbogỉuconate ỉor leỉshmanlasỉs. Larưtí 1993; 
342:804.

E ffe d s  o n  th e  m u scu lo s lce le ta l S ystem . A rth ra lg ia  is com - 
m o n  w ith  p e n ta v a le n t  a n tim o n y  c o m p o u n d s . I t  is u su a lly  
đ o s e -d e p e n d e n t1 b u t  a  p a tie n t  h a s  b e e n  d e sc rib ed  w h o  
h a d  sy m p to m s e a rly  i n  ỡ e a tm e n t .2 P a lin d ro m ic  a r th ro p a -  
t h y  vvith e tíu s io n  w a s  a s so d a te d  w i th  so d iu m  s tib o g lu co n - 
a te  tre a tm e n t  in  a n o th e r  p a tie n t .5

1. Baỉlou WR. tí a i Saíety and eScacy ot high-dose sodỉum stỉbogỉuconate 
therapy of American cutaneous Ỉdshmaoỉaris. Lanctí 1987; iỉ: 13-16.

2. Castro c  tí  ai. Severe arthralgla, nót reỉateđ to dose, assodated wỉtb 
pentavalent andmonỉal therapy íor mucosaỉ teỉshmanỉasỉs. Trans R Soc 
Trvp Med Hys 1990; 84: 362.

The Symbol t  denotes a preparation no longer actively marketed

http://libdoc.who.int/trsAVHO
http://aappol%e1%bb%89cy
http://libdoc.who.in%c6%b0%e1%bb%afsAVHOjrRS_793.pdl
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3. Donovan KL, tí ai. Pancreatìtis and paỉindromic arthropathy vvíth 
eỉỉusions ássodated witb sodỉura stibogluconate treatment ỉn a renaỉ 
transpỉant retípient. J Inftđ 1990; 21:107-10.

Effects on th e  nervous S y stem . P e i ip h e ra l  n e u ro p a th y  
đ e v e lo p e d  in  a  p a tie n t  a b o u t  8  d ay s a f te r  s ta r tin g  th e r a p y  
w i th  s o d iu m  s ã b o g lu c o n a te .1 T h e  sy m p to m s  w e re  g e n e r-  
a lly  re v e rs ib le  w h e n  ư e a tm e n t  w a s  s to p p é d  (a f te r  17 
d a y s ), a lử io u g h  th e r e  w a s  so m e  s lig h t p e rs is te n t  
h y p o a e s th e s ia  in  t h e  to es . A n  in te ra c t io n  w i th  a  s in g le  
d o se  o f  a m itr ip ty lm e , t a k e n  o n  th e  se c o n d  d a y  o f s tib o -  
g lu c o n a te  th e ra p y , se e m e d  u n l ik e ly  b u t  c o u ld  n o t  b e  r u le d  
o u t .  T w o  cases  o f c e re b e lla r  a ta x ia  b a v e  b e e n  r e p o r te d  
d u r in g  t r e a tm e n t  w i th  so d iu m  s tíb ò g lu c o n a te  fo r  v isc e ra l 
Ie ish m a n ia sis ; to x id ty  m ig h t h a v e  b e e n  p a rt ly  d u e  to  th e  
n e u ro lo g ic a l  m a n i ỉe s ta tio n s  o f t h e  d isease .2

1. Bruramitt CF, tí a l Reversỉbỉe peripheraỉ neuropathy assorìated wỉth 
sodium stibogluCQĩMte iherapy íor American cuuneous ỉeishmaniasỉs. 
dỉn In/eơ Dừ 1996; 22: «78-9.

2. Khaỉlỉ EA. tí a i Amimony-induced cerebellar ataxia. Saudi Mtd J 2006; 
27: 90-2.

Effects on the pancreas. P a n c re a tìt is  h as  b e e n  asso c ia te d  
w i th  so d iu m  s tib o g lu c o n a te  t r e a tm e n t .1'3 S to p p in g  t re a t-  
m e n t  u s u a lly  re s u l te d  in  re s o lu tio n  o f  p an c re a tir is .

1. Donovan KL tí aì. Pancreaiitìỉ and palindromic arthropaihy vviih 
eíĩưsỉons assodaied with sodium siỉbogluconate treatment in a rena! 
transpỉanl Ttdpiem. J ĩnfta 1990; 21: 107-10.

2. Gasser RA. tí a i Pancreaùtis induced by pemavaient amimonial agenu 
during treatment of leỉshmaniasis. Clin ỊnỊtữ Dừ 1994; lftỉ 81-90.

3. Domỉngo p, tí aĩ. Treaiment oí Indian ỉcala-aiar wỉth pemavalent 
antímony. Lanctí 1995; 345: 584-5.

Interactions

A n t ìh m g a l ỉ .  C a rd io to x id ty ,  i n d u d in g  so m e ía ta litie s , h a s  
b e e n  r e p o r te d  i n  a b o u t  8  to  17 %  o t  p a tíe n ts  t re a te d  w i th  
t h e  S ta n d ard  d o se  o f  s o d iu ra  s tib o g lu c o n a te  fo r  v isce ra l 
ỉe ish m a n ia s is , a n d  p a tie n ts  m a y  re m a in  a t  rìsk  ỉo r  c a rd io -  
to x id ty  ío r  a b o u t  2  m o n th s  a í te r  s to p p in g  t r e a tm e n t  d u e  
to  its  s lo w  te rm in a l  e lim in a tio n  p h a s e .  In  c o n tra s t, c a rd io -  
t o x id ty  is u n c o m m o n  vvith amphoteriàn B, a l th o u g h  it 
m a y  o c c u r  in  p a tie n ts  w i th  p re -e id s tin g  c a rd ỉo p u lm o n a ry  
d ise a se  o r  e le c tro ly te  a b n o n n a li tie s .  C u m u la tiv e  c a rd io -  
t o x id ty ,  r e s u l tin g  in  su d d e n  d ìn ic a l  d e te r io ra tio n  a n d  
d e a th ,  h a s  b e e n  re p o r te d  in  3 p re v io u s ly  s ta b le  y o u n g  ch il-  
d r e n  g iv e n  in tr a v e n o u s  a m p h o te r ỉd n  B u p  to  15 d ay s a ỉ te r  
s to p p in g  t r e a tm e n t  w i th  s o d iu m  s tib o g lu c o n a te  ío r  th e  
t r e a tm e n t  o f  v isc e ra l le ish m a n ia s is .1 O n e  ch ild  h a d  a  d o c u - 
m e n te d  v e n tr ic u la r  tac h y c a rd ia  o n  d a y  2  o f a m p h o te r id n  
B ư e a tm e n t ,  w h ile  th e  o th e r  c h ild re n  h a d  s igns  a n d  sy m p -  
to m s  su g g e stiv e  o f  a  ỉa ta l  a r r h y th m ia  o n  d ay s 4  a n d  6  o f 
D e a tm e n t  w i th  a m p h o te r id n  B. ỉ t  w a s  su g g e ste d  th a t  so d - 
iu m  s tib o g lu c o n a te  in c re a se d  th e  su sce p tib ility  o f th e  m y o -  
c a rd iu m  to  d a m a g e  b y  a m p h o te r íd n  B. A re s t  p e rio d  of 
a b o u t  1 4  d a y s  (o r  lo n g e r  i ỉ  EC G  c h a n g e s  p e rs is t)  a n d  co r-  
r e c t io n  oi e le c tro ly te  a b n o rm a lit ie s  w a s  a d v ise d  w h e n  
svv itch ing  t r e a tm e n t  f ro m  so d iu m  s tib o g lu c o n a te  to  
a m p h o te r id n  B .1

1. Maheshnvari A, a  al. Cumulative cardiac taxidiy oi sodium 
snbogỉuconate and amphoieridn B in ưeatraem oí kala-azar. PídiaìT 
ĩnftứ Dừ J 2011; 30: 180-1.

Pharmacokinetícs
T h e  p e n ta v a le n t  a n tứ n o n y  c o m p o u n d s  a re  p o o r ly  a b so rb e d  
f ro m  th e  g a s tro in te s tin a l  ư a c t  b u t  a re  rap id ly  a b so rb e d  a n d  
d is t r ib u te d  b y  t h e  in tr a v e n o u s  a n d  th e  in tra m u s c u la r  
ro u te s ,  w h ic h  h a v e  s ỉm ila r  p h a n n a c o k in e tìc s .  E lim in a tio n  
o c c u rs  in  tw o  p h a se s ;  a  ra p id  in it ia l  p h a se . in  vvhich th e  
m ạ ịo r i ty  o f  a  d o se  is e x c re te d  Via th e  k id n e y s  w i th in  12 
h o u r s ,  a n d  a  s lo w e r  p h a s e ,  p o ss ib ly  reA ec ting  r e d u c t io n  to  
t r iv a le n t  a n tim o n y . T h e  e lỉm in a tio n  haU -U íe o f  th e  in it ia l  
p h a s e  is a b o u t  2  h o u r s  a n d  th a t  o f th e  slovv te rm in a l p h a s e  is 
a b o u t  33  to  7 6  h o u r s .  A c c u m u la tio n  o c c u rs  o n  d a iỉy  u se  a n d  
m a x ú n u m  tis su e  c o n c e n tra tio n s  m ạ y  n o t  b e  re a c h e d  fo r  7 
d a y s  o r  m o re .  A n t im o n y  h a s  b e e n  d e te a e d  in  b r e a s t  m ilk  
(se e  B re a s t  F e e d in g , p . 9 2 7 .2 ).

R e fe re n c e s .
1. Rees PH. tt ol. Renal dearance ol pentavalent andmony (sodium 

stibogluconate). Lonctí 1980; ỉl: 226-9.
2. Chulay IO, tí aỉ PhannacokiDetỉa of antimony during oeaonem ot 

vỉsceral lciĩhmanìasìĩ with sodỉum sdbogluconate or meglumỉne 
antímpniaie. Traní R Soe Trop Med UyỊ 1988: 82: 69-72-

3. AI Jaser M. n aí. yhannacokinetỉcs ol anúraony in patientỉ ưeated with 
sodium lúbogluconaic for cutaneous leishmaniaró. Phữrm Ra 1993:12: 
113-16.

4. Cruz A, tí aỉ. Phamucokỉnetỉcs of antỉmony ỉn chỉldren ưeaied ỉor 
ldshmaniasú with meglumine andmonỉate. J InỊtít Di! 2007: 193: 602- 
8.

ỉ .  Zaghloul ry. tí ai. Clinical eRicacy and phannacokinctỉa of antimony in 
cutaneous leũhinaniaiis patienti ireated vvith sodium sĩiboglucorưtc. J 
ctíỉt Pharmaaì 2010; 50:1230-7.

Preparations
Proprietary  Prepom lions (details a re  g iven  in  Volum e B)

Singio-ingredìent Preparations. Braz.: G lucantim e; Fr.. G lucan- 
tim e; Gr.: G lucantim e; Israel: Pentostam ; Spain: G lucantim e; UK: P entostam ; Vertez.: G lucantứne.

P harm acopoeid  Preparcrtioos
B P 2014: Sodium  S tibogluconate Injection.

A t o v a q u o n e  ỉ BAN, USAN. riNNi 
5 6 6 Q  566C80;1 Á to v acu ó n a, A tovakon; A|tovakvon; Atovak- 
y ò n ii A tỏ y a q u o n u m ;, BVV-566C;: BW-S66C80; i BW -A566q- 
AĩOBaXoH t , w

r2 -[ í r o n í -4 - ( 4 -C h lo r o p h e n y l) c y c io h e x y l] - 3 -h y d to x y - l ,4 -  
:n ã p h th o q u ỉn o h e ., >
C22 H ,A á = 3 6 6 .8  
CÂS — 95233-18-4.
ATC P01AX06. 
um— Y883P1Z2LT.,

P h a rm a c o p o e ia s .  In  Eur. (see  p. vii) a n d  us.
P h . E u r .  8: (A to v a q u o n e ) . A y e llo w , c ry s ta llin e  p o w d e r. 
P ra c t ic a l ly  in s o lu b le  in  V9ater; sp a r in g ly  so lu b le  in  
d ic h lo ro m e th a n e ;  v e ry  s lig h d y  so lu b le  in  m e th y l a lco h o l. 
I t  shovvs p o ly m o rp h ism .

U S P  3 6 : (A to v a q u o n e ) .  A yellovv p o w d e r . In so lu b le  in  
vvaten  slig h tly  so lu b le  in  a lc o h o l. in  b u ta n e d io l  in  e th y l 
a c e ta te ,  in  g lyce ro l, in  o a a n o l ,  a n d  in  m acrogo! 200; 
sp a rin g ly  so lu b le  in  a c e to n e , in  d i-n b u ty l a d ip a te , in  
d im e th y l su lto x id e . a n d  in  m ac ro g o l 4 0 0 ; so lu b le  in 
c h lo ro to rm ; íre e ly  so lu b le  in  A 7-m ethy lpyrro lidone a n d  in  
te t r a h y d ro íu ra n ;  v e ry  s lig h tly  so lu b le  in  0 .1N  so d iu m  
h y d ro x id e . S to re  in  a ir t ig h t  c o n ta in e rs . P ro te c t tro m  lig h t.

Uses and Administration
A to v a q u o n e  is  a  h y d r o x y n a p h th o q u in o n e  a n tip ro to ĩo a l  
t h a t  is a lso  a c tiv e  a g a in s t  t h e  tu n g u s  Pneumocystừ jiTovedi. It 
is u s e d  in  th e  ư e a tm e n t  a n d  p ro p h y la x ls  o f p n e u m o c y s tis  
p n e u m o n ia  in  p a tie n ts  u n a b le  to  to le ra te  co -tr im o x a zo le , 
a n d  w ith  p ro g u a n il  in  t h e  ữ e a tm e n t  a n d  p ro p h y la x is  o f 
m a la ria . As w e lỉ as  th e s e  e s ta b lish e d  u se s  a to v a q u o n e  is a lso  
u s e d  in  o th e r  p ro to z o a l in ỉe c tio n s  in d u d in g  b abesiosis  a n d  
to x o p la sm o sis . F o r  ỉu r th e r  in ỉo rm a t io n  see  belovv.

I n  t h e  ư e a tm e n t  o f  m ild  to  m o d e ra te  p n e u m o c y s t i s  
p n e u m o n i a ,  a to v a q u o n e  is g iv e n  o ra lly  in  a  dose  o f 7 5 0  m g  
w ith  fo o d  tw ic e  d a ily  as  a  su sp e n s io n , fo r  21 days. F o r 
p ro p h y la x is  1 5 0 0 m g  o í th e  su sp e n s io n  is g iv e n  o n c e  d aily  
w i th  food .

F o r  th e  prophylaxừ o ỉ  f a ld p a ru m  m a l a r i a  in  a d u lts  o v e r  
4 0  k g  o ra l  a to v a q u o n e  2 5 0  m g  w ith  o ra l p ro g u a n il  h y d ro -  
c h lo r id e  lO O m g is g iv e n  o n c e  daily . T h e  c o u rse  s h o u ld  s ta n  
l  to  2 d a y s  b e ío re  t ra v e l  to  th e  m a la río u s  a ie a , c o n tin u e  
d a ily  t h ro u g h o u t  e x p o su re . a n d  fo r  7 d a y s  a fte r  lea v in g  th e  
a re ã .

I n  th e  treatment o ỉ  u n c o m p lic a te d  f a ld p a ru m  m a la ría  in  
a d u lts  o v e r  4 0  k g  o ra l  a to v a q u o n e  1 g  vvith o ra l p ro g u a n il  
h y d ro c h lo r id e  4 0 0  m g  i$ gi v e n  as a  s in g le  d a ily  d o se  ỉo r  3 
days.

F o r  de ta iỉs  o f  d o ses  in  c h ild re n , see  b e lo w .
A to v a q u o n e  w ith  p ro g u a n i l  is One o f  t h e  a n tỉm ala ría l 

d ru g  c o m b in a tio n s  r e c o m m e n d e d  b y  so m e  e x p e rts  to  b e  
c a n ie d  as a  standby ỉo r  th e  e m e rg e n c y  ư e a tm e n t  o{ m ala ria . 
T h e  d o se  r e c o m m e n d e d  fo r  s e U -tre a tm e n t is th e  sa m e  as 
t h a t  ío r  ư e a tm e n t  o f  u n c o m p lic a te d  ía ld p a ru m  m ala ria . 

R e v ie w s .
1. Haỉỉe LG. FUherty JF. Alovaquooc: a revlcw. Am PharmaaHhtT 1993; 27: 

1488-94.
2. Artyraowia RJ, James VE. Atovaquone: a new antípneumocysris agcnt. 

Clìn Pharm 1993; Ỉ2ỉ 563—70.
3. Spencer CM. Goa KL Atovaquone: a review of ỉts pharmacologỉcal 

propertỉes and iherapeuùc cfficacy in opponunisdc iníectíons. Drugs 
1995; 50: 176-96.

4. Baggỉsh AL, Híll DR. Anứparasiõc agent atovaquone. Atítìmierữb Aỷcnts 
Chemothtr 2002: 46: 1163-73.

5. McKeage K. Scott Lỉ. Aiovaquooe/proguanỉỉ: a revỉcvv oí iu usc íoc the 
prophylaxis of Pỉasmodium ỉakiparum malaria. Drugs 2003; 63: 597- 
623.

6. M ỉm  F, tí ai. Arovaquone-proguanỉỉ ÍOT prophyỉaxis and ưeatment of 
maỉarỉa. Ann pharmaàrthcr 2003; 37: 1266-75.

7. Boggild AK tí ai. Atovaquone-proguanỉỉ: repon from the CDC expen 
mcctỉng on malaria diemoprophylãíriỉ (H). Am J Trop Med Hyg 2007; 76:
208-237

A d m in is tra t io n  in  c h iid re n . C h iỉd re n  m a y  b e  g iv en  a to v a -  
q u o n e  w ith  p ro g u a n i l  fo r  t h e  prophytaxis oi { a ld p a ru m  
m a l a r i a  in  t h e  ỉo llovving  lic e n se d  o ra l  doses, b ased  o n  th e  
a d u lt  d o se  o í  2 5 0  m g  o f  a to v a q u o n e  d a ily :
• c h ild re n  vveighing  11 to  2 0  kg; o n e -q u a r te r  th e  a d u lt  

d o se
• 21  to  3 0  kg: h a l ỉ  th e  a d u l t  dose
• 31 to  4 0  kg : th re e -q u a r te r s  th e  a d u lt  do se
• o v e r  4 0  kg: t h e  a d u ĩt  d o se  T h e  c o u rse  s h o u ld  s ta r t  1 to  2  

d a y s  b e ío re  t ra v e l  to  t h e  m a la rio u s  a re a ,  c o n tin u e  d a ily  
th r o u g h o u t  e x p o su re , a n d  ío r  7 d a y s  a f te r  lea v in g  th e  
a re a .

L icen sed  o ra l  d o ses  o !  a to v a q u o n e  vvith  p ro g u a n il  ío r  th e  
treatment o f u n c o m p lic a te d  í a ld p a ru m  m ala ria , b a se d  o n  
th e  a d u lt  d o se  o f  1 g  o f a to v a q u o n e  d a iỉy  ío r  3  days, a re :
•  c h ild re n  vveigh ing  5 to  8  kg: o n e -e ig h th  th e  a d u lt  do se
• 9  to  ì o k g :  th re e -s ix te e n th s  th e  a d u lt  d o se
•  11 to  2 0  kg; o n e - q u a r te r  th e  a d u lt  d o se

•  21 to  3 0  kg ; h a l í  t h e  a d u lt  dose
•  31 to  4 0  kg: th re e -q u a r te r s  th e  a d u lt  do se
•  o v e r  4 0  kg: t h e  a d u l t  do se
F o r  d o se s  i n  c h ild re n  w i th  b a b e s io s is  o r  fo r  p ro p h y la x is  o f  
p n e u m o c y s t l s  p n e u m o n i a  see  belovv.

B a b e s io s is .  A to v a q u o n e  7 5 0  m g  n v ice  d a ily  w i th  a ã ứ ư  3- 
m y d n  5 0 0  to  1 0 0 0 m g  o n  d a y  1 íollovved b y  2 5 0  m g  o n : e  
d a ily  th e r e a ite r ,  b o th  o ra lly  fo r 7  to  10 d a y s , h a s  bec .n  
r e c o m m e n d e d  b y  so m e  e x p e rts 1 in  th e  U SA  ío r  th e  ư e ;  t-  
m e n t  o i  b ab esio s is  in le c ú o n s ;  h ig h e r  doses o f  a ã th r o m y c in  
s h o u ld  b e  u se d  in  im m u n o c o m p ro m is e d  p a tie n ts  ( s :e  
B a b e s io sb , u n d e r  U ses a n d  A d m in is tra t io n  o f  A á t h r  )- 
m y d n ,  p . 2 2 1 .3 ). C h ild re n  m a y  b e  g iv e n  a to v a q u o i e  
2 0 m g /k g  ( m a x ũ m u n  7 5 0  m g) tvvice daily  w i th  a á t h r  )- 
m y d n  lO m g /k g  (m a x im u m  5 00  m g ) o n  d a y  1 ío llovved t  y  
5 m g /k g  (m a x im u m  2 5 0  m g) o n c e  daily  th e r e a ừ e r ,  b o ih  
o ra lly  ío r  7  t o  10 d a y s .1-2 I n  a  p ro sp e c tiv e , ra n d o m is t  d 
s tu d y 3 in v o lv in g  58 p a d e n ts  w i th  bab esio sls  (p. 920.21, 
a to v a q u o n e  w i th  a ã th r o m y d n  w a s  ío u n d  to  b e  as effe > 
tiv e  as, a n d  a s s o d a te d  vvith fe w e r  a d v e rse  e ííe c ts  th a n , 
S tan d ard  th e r a p y  w ith  q u in ín e  a n d  d in d a m y d n .  A tov , - 
q u o n e  w ith  a z i th ro m y d n .  b o th  g iv e n  for 10 d a y s , w a s  aU o 
e l í e a iv e  in  th e  t r e a tm e n t  o f  a n  8 -m o n th -o ld  ch ild  w itd  
t ra n s íu s io n -a s s o d a te d  b ab esio sis .4 H ovvever, th e  e m e  - 
g e n c e  o f  re s is ta n c e  to  th e  c o m b in a tio n  h a s  b e e n  re p o n e d  
in  im m u n o c o m p ro m is e d  p a ũ e n ts .3

1. Womưer GP. tí ai. The dinicaỉ assessment. ireatmem, and preveniion >f 
Lymedỉseate, buman gnnuỉocyiicanapiasmosis. and babesiosỉs: dinicil 
praciỉce guideUnes by the Iníectíous Diseases Sodety of America, ơ  n 
inỊta Dừ 2006; 43: 1089-1134. AỈỈO available at: htcp://www.joumaI i. 
uchicago.edu/doi/pdf/10.1086/508667 (accessed 23/08/13)

2. Abr*mowicz M. eđ. Drup for parasitic inỷtaiom. 3rd ed. New Rochelle 
NY: The Medỉcal Letter, 2013.

3. Kiause PJ, tí ai. Atovaquone and arithroraydn for the ưeaưnent oỉ 
babesiosis. NEngUMid 2000; 343: 1454-8.

4. Raju M, tí ứl. Atovaquone and aiithromydn treatmcm íor babesiosis i:i 
an fnfanL Ptdiatr Irựtứ Dù J  2007; 26: 181-3.

5. Wormser GP, tí ềt. Emergence of reristance to aùthromycin-atovaquon * 
ỉn ImmuDOComprotniỉed patỉents wỉth Batxsia microtí iníectỉon. ơ i i 
In/etí Dừ 2010; 50: 381-6.

M o la r ìa .  A to v a q u o n e  w ith  p ro g u a n i l  (Maỉarone) is  u se d  ú  
th e  ư e a tm e n t  a n d  p ro p h y la x is  o f  u n c o m p lic a te d  m ala ri. 
c a u se d  b y  Plasmodium/'akiparum (se e  p . 6 4 4 .1 ).

A to v a q u o n e , a  b lo o d  s c h iz o n to d d e , is a s s o d a te d  w ith  a i 
u n a c c e p ta b ly  h ig h  ra te  o f  re c ru d e sc e n c e  w h e n  u s e d  a lo n e 1- 
fo r  treatment b u t  is ro o re  su ccess íu l in  m a la ria  w h e n  usec 
vvith p r o g u a n il ,2' 3 in d u d ỉn g  th a t  p r o d u c e d  b y  m u lt id ru g  
re s is ta n t  s tra in s .4 U se o f  t h e  c o m b in a tio n  to  t t e a t  p. ovale a n c  
p. malariae m a la ria s  h a s  a lso  b e e n  s tu d ie d .’ A to v a q u o n c  
w ith  p ro g u a n ỉ l  fo llo w e d  b y  p r ũ n a q u in e  m a y  a ỉso  be 
e tìe c tiv e  fo r  t h e  t t e a tm e n t  o f  p. vivox m a la r ia .6 Som e 
a u th o r i tie s  r e c o m m e n d  th is  c o m b in a tìo n  as  a n  a lte m a tiv e  
t r e a tm e n t  o p tio n  in  p a tie n ts  n o t  resp o n s in g  to  c h lo ro q u in e  
m o n o th e r a p y 7 o r  fo r th o se  vvith c h lo ro q u in e -re s is ta n t  
in íe c tio n s .7-*

1. Chiođini PL tí ai. Evaluatíon o/ aiovaquone in (he ưeatnxem of patiems 
with uncompỉicated pỉasmodiuni ỉaỉdpanim malaria. J  Antimiavb 
Qĩcmothcr 1995; 36; 1073-5.

2. Looareesuwan s, tí aL Clinỉcaỉ ỉtudies oỉ atovaquone, alone or ỉn 
combinatỉon wỉth other anổmalarial dnigs. ỉor ưeatment of acute 
uncompUcated malaria in Thaỉland. Am J  Trop Med Hys 1996; 54: 62-6.

3. Radỉoữ PD, tí aL Atovaquone and proguaniỉ ỉor Ptasmodỉum íaỉdparum 
malaria. Lamtt 1996; 347:1511-14.

4. Sabchareon K tíề i .  EỈEcacy and phannacokỉnetícs of atovaquone and 
proguanỉl in chỉldren witb multidnig-resỉsiant Plasmodium ỉaỉtíparum 
maỉãĩỉa. Trans R $oc Trơp Mtd HyỊ 1998; 92: 201-6.

5. Radỉỡữ VD.tíaL Atovaquone pỉus proguanil is an eSective ưeatment ỉor 
Piasmodỉum ovale and p. malariae maỉaria. Trarn R Soc Trop Med Hys 
1996 90: 682.

6. Looareesuvran s, tí ềỉ. Atovaquone and proguanil hydrochloride 
ỉoQowed by primaquine íor veatment of pỉasmodỉum vỉvax maỉaria in 
Thailand. Trâm Ằ Soc Trơp Med Hy$ 1999; 93: 637-40.

7. CDC Treament guỉdeỉỉnes: treaunent of maỉaria (guỉdeỉỉnes for 
dinidans) (updatèd Apriỉ 2011). Avaũabỉe at: http://wvm.cdc.gov/ 
maỉaria/resources/pdỉ/dỉnicalguỉdance.pdỉ (accessed 27/07/11)

8. Lalloo DG. tí al. HPA Advisory Coomúnee on Malaria Prcvention in UK 
Tnveỉỉers. UK maỉaria treatment guỉdeỉlnes. J  Infea 2007; 54: 111-21. 
Correctỉon. ỉprỉmaquỉne dose]. Correaed version avaỉỉable »v http:// 
www.hpa.org.uk/web/HPAwebFile/HPAweb_C/1194947343507 
(accessed 15/11/10)

P n eu m o cy sH s  p n e u m o n ìa .  A to v a q u o n e  is o n e  a lte m a t iv e  
to  c o -tr ím o x a z o le  fo r  th e  ư e a tm e n t  o f  p n e u m o c y s tis  p n e u -  
m o n ia  (p . 5 6 7 .2 ). In  o p e n  s tu d ie s , a  d in ic a l  re sp o n se  to  
a to v a q u o n e  w a s  re p o r te d  in  7 8 %  o f p a d e n ts  w i th  m ild  to  
m o d e ra te  d ise a se  a n d  in  5 6 %  o ỉ  p a tie n ts  w i th  se v e re  d is- 
e a se  w h o  w e re  in to ỉe ra n t  o t  o r  w h o  la iled  to  re s p o n đ  to , 
b o th  c o -tr im o x a z o le  a n d  p e n ta m id in e .1 C o m p a ra tiv e  s tu -  
đ ies  h a v e  s h o v ra  a to v a q u o n e  to  b e  less  e S e c tiv e  t h a n  co - 
tr im o x a z o le 2 a n d  p ro b a b ly  less eH ectlve  t h a n  p e n t-  
a m id in e ,3-4 b u t  t o  p ro d u c e  ỉevver ơ e a ư n e n t- l im itm g  
a d v e rse  eH ects t h a n  e ith e r .

A to v a q u o n e  is a lso  a n  a l te m a t iv e  to  c o -tr im o x a z o le  ỉo r  
b o th  p i im a ry  o r  s e c o n d a ry  prophylaxis, a n d  w a s  a s  e h e c tiv e  
a s  d a p s o n e 3 o r  in h a le d  p e n ta m ỉd in e 6 in  s tu d ie s  i n  p a tie n ts  
in to le ra n t  o f  c o -tr im o x a z o le . A to v a q u o n e  3 0 m g /k g  d a ily  
p lu s  a z i th ro m y d n  5 m g /k g  d a ily  w a s  ío u n d  to  b e  p o ssib ly  as

AU cross-references reíer to entries in Volume A
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effe c tív e  as  c o -tr im o x a z o le  in  p ro p h y la x is  o f p n e u m o c y s tis  
p n e u m o n ia  in  H IV -in fcc ted  c h ild re n .7

ỉ. Whỉte A. tí ai. Cỉỉnỉcaỉ experience with aiovaquone on a ưeatraent 
Investỉgational new drug protocol ỉor Pneumocystis carinii pncumonia. 
J Acquir Immune Dẹpc Sỵndr Hum Retrovirol 1995; 9ỉ 280-5.

2. Hughes w , tí aỉ. Compaxison of atovaquone (566C80) vvith trimetho- 
prún-sulfamethoxazole to treat Pneumocystís cariniỉ pneumonia ỉn 
patíents wỉth AIDS. N Engl J Med 1993; 328: 1521-7.

3. Dohn MN, tí ai. Oraỉ atovaquone compared with Intravenous 
pentamỉdine for Pneiunocystỉs carinii pneumonia ỉn patỉents wỉth 
AIDS. Ann Intem Mtd 1994; 121: 174-80.

4. Lederman MM. van der Hórst c  Atovaquone ỉor Pneumocystỉs cariniỉ 
pneumonia. Am ĩnưm Med 1995; 122: 314.

5. El-Sadr WM. €t ai. Atovaquone compared wỉth dapsone ỉor the 
preventỉon of Pneumocystis carinỉi pneumonỉa hỉ patients vvith HIV 
ỉnỉectíon who cannot toỉecate trimethoprim. suưonamỉdes, or both. N 
Engl J Meẩ 1998; 339: 1889-95.

6. Chan c. tí al. Atovaquone suspension compared wỉth aerosolỉzed 
pentamỉdỉne ĩor preventíon of Pneumocystỉs carínỉi pneutnonia in 
human immunodeũdency vtrus-infected subjects ỉmolerant oỉ trt- 
meứìoprìm or siừtonanùdes. J ĩnfeứ Dừ 1999; 180: 369-76.

7. Hughes WT. tí ai. Comparỉson of atovaquone and axithromydn wỉth 
tnmethoprím-suưamethoxazole íor the preventỉon of serỉous bacterỉaỉ 
ìnfections in children with HĨV iníection. Clin btfat Dù 2005; 40:136-45.

Toxoplasmosiỉ. A to v a q u o n e , e i th e r  a lo n e  o r  w ith  p y ri-  
m e th a m in e  o r  su lfa d ia z in e , h a s  p ro d u c e d  e n c o u ra g in g  
r e s u l ts  fo r  ư e a tm e n t1"4 o r  lo n g -tc rm  su p p re ss io n 4"6 o f 
to x o p la sm o s is  (p. 9 2 4 .2 )  in  p a tìe n ts  w ith  A ID S. u s  g u id e -  
l in e s  ío r  p r è v è n t ío n  a n d  t r e a tm e n t  o f  o p p o r tu n is tic  in íe c -  
t ío n s  i n  H T V -ổiíected a d u ỉts  a n d  a d o le sc ẽ n ts4 suggest a to -  
v a q u o n e  tv ith  e i t h e r  p y r im e th a m in e  o r  s u lía d ia á n e  m a y  
b e  c o n s ld e re d  â s  a n  a l te m a te  r e g ũ n e n  fo r  tre a tm e n t  o ỉ  
to x o p la sm o sis ; a to v a q u o n e  m a y  b e  g iv e n  a lo n e  in  p a tìe n ts  
u n a b le  co to le ra te  p y r im e ứ ia m in e  a n d  su lỉad iaz in e . A to v a- 
q u o n e  vvith o r  v v ith o u t p y rứ n e th a m in e  c a n  b e  c o n sid e red  
as  a n  a lte rr ia te  r e g im e n  fo r  p r im a ry  p ro p h y la x is , w h ile  
a to v a q u o n e ,  w ith  o r  w i th o u t  e i th e r  p y r im e th a m in e  o r  su l-  
f a d ia z in e , m a y  b e  c o n s id e re d  a s  a n  a l te m a te  reg im en  ỉo r  
s e c o n d a ry  p ro p h y la x is  o f  to x o p la sm o sis .4 H o w ev er, ta i lu re  
o f a to v a q u o n e  p rò p h y la x is  ío llovving h a e m a to p o ie tìc  
s te m -c e ll  tra n s p la n ta tio n  h a s  b e e n  r e p o r te d .7 It h as  also  
b e e n  t r ie d  fo r th e  ư e a tm e n t  o f to x o p la sm ic  re tin o ch o ro id i-  
tis  in  im m u n o c o m p e te n t  p a tie n ts .4

F o r  d e ta ils  o f  d o se s  u se d  w ith  p y r im e th a m in e  fo r th e  
p r e v e n t io n  o f to x o p la sm o sis , see  u n d e r  P y r ira e th a m in e , 
p . 6 6 3 .1 .

1. Kovacs JA, etal. Effìcacy of atovaquone in treatment of toxopỉasmosỉs in 
patients vvith A1DS. Lanctí 1992; 340: 637-8.

2. Torres RA. tí ai. Atovaquone tor salvage ưcãimcm and suppressỉon oi 
toxopỉasmic encephaỉỉtỉs in patients with AỈDS. ơin ỉnfeơ Dừ 1997; 24: 
422-9.

3. Chirgvvin K, tí ai. Randomized phase n trial of atovaquone wỉth 
pyrímethamine or sul/adỉazlne for treatmen t of roxoptasmỉc encephaỉitis 
in patíents with acquỉred ỉmmunodeAdency syndrome; ACTG 237/ 
ANRS 039 Study. ơm ỉnỊttí Dừ 2002; 34: 1243-50.

4. Paneỉ on Opportunistic Iníectíons in HIV-Infected Aduits and 
Adoỉescents. Guidclines íor the prevention and treacmenc oí 
opportunistỉc ỉnỉectỉons in HlV-iníecicd aduỉts and adolescents: 
recommendations from CDC. the National Instítutes oC Health, the 
HIV Medidne Assodatỉon oỉ the Inĩectỉous Diseases Sodety oC America 
(issued 8th July, 2013). Avaíỉabỉe au http://vnvw.aidsinio.mh.gov/ 
comentỉiles/lvguidelines/adult_oi.pdf (accessed 17/09/13)

5. Katlama c. tí aí. Atovaquone as long-term suppressive therapy for 
toxopỉasmic encephalitis ín patỉents vvith AỈDS and multỉple drug 
intoỉèrance. AỈDS 1996; 10: 1107-12.

6. VVlnterhalter s, tí ai. Does atovaquone prolong the disease-ửee interval 
of toxoplasraic retìnochoroidỉós? Graefa Arch Qừt Exp ophỉhalmt 2010; 
248: 1187-92.

7. Garda de la Fueme ỉ, tí ai. Acute dỉsseminated íaul toxoplasmosis aíter 
haploidentỉcal stetn ceỉl ơansplantation despite atovaquone prophyiaxis 
in a young man. Pediatr ỉnfea Dừ J 2010; 29: 1059-60.

Adverse Effects and Precautìons
T h e  m o s t  c o m m o n  a d v e rs e  e ỉle c ts  a sso c ia te d  w ith  th e  u se  o f 
a to v a q u o n e  p lu s  p ro g u a n i l  a re  h e a d a c h e . c o u g h in g , a n d  
g a s tro in te s tin a l  e ư e c ts  su c h  as n a u s e a ,  d ia n h o e a , a n d  
v o m it in g . O th e r  c o m m o n ly  o c c u ư in g  a d v e rse  effects 
in c lu d e  a n o re x ia , d e p re s s io n , d izz iness, íev e r , in so m n ía , 
r a s h e s ,  ra ise d  l iv e r  e n z y m e  v a lu e s , h y p o n a tra e m ia , a n d  
h a e m a to lo g ic a l  d is tu rb a n c e s  su c h  as  a n a e m ia  a n d  n e u -  
t r o p e n i a .  R a re  c a se s  o f  a lle rg ic  r e a c t io n s  (su c h  as  
a n g io e d e m a , a n a p h y la x is , u r tic a r ia , a n d  vascu litis), c h o le -  
s ta s is, a n d  h e p a ti tis  h a v e  b e e n  re p o n e d .  H epatic  ía i lu re  
r e q u i r in g  liv e r  tra n s p la n ta tio n  h a s  a lso  b e e n  re p o rted . 
S im ila r  a d v e rse  e ííe c ts  h a v e  b e e n  re p o r te d  in  p a tie n ts  tak in g  
a to v a q u o n e  v v i th o u t  p r o g u a n i l  ío r  p r e v e n t io n  a n d  
t r e a tm e n t  o f p n e u m o c y s tis  p n e u m o n ia .  A to v a q u o n e  s h o u ld  
b e  a v o id e d  in  p a tie n ts  w i th  g a s tro in te s tin a l  d iso rders  th a t  
m a y  l im it  a b s o rp tio n  o f  t h e  d ru g . I n  p a tie n ts  w ith  s ev ere  
r e n a l  i m p a i r m e n t ,  a to v a q u o n e  p l u s  p r o g u a n i l  is  
c o n tra - in d ic a te d  f o r  t h e  p ro p h y la x is  o f  m ala ria ; it  sh o u ld  
b e  u s e d  w ith  c a u tio n  in  th e  t r e a tm e n t  o f  m a la rìa .

E ffe c ts  o n  fh e  s ld n . S te v e n s - J o h n so n  sy n d ro m e  h as  b e e n  
r e p o r t e d ' in  a  p a t ie n t  a f te r  a  fe w  d a y s  o f  tak in g  a to v a -  
q u o n e  w i th  p ro g u a n i l  ỉo r  m a la ria  p ro p h y la x ỉs . A case2 o ỉ  
b u l lo u s  e ry th e m a  m u ltư o r m e  h a s  a lso  b e e n  re p o r te d  in  a  
p a t i e n t  g iv e n  a to v a q u o n e  w ith  p ro g u a n il  fo r  m ala ria  tre a t-  
m e n t ;  p r u r i tu s  o c c u rre d  a f te r  th e  Brst a n d  seco n d  doses  
a n d  b u l la e  d e v e lo p e d  a f te r  t h e  t h ừ d  dose .

1. Emberger M. tí aí. Steviens*Johnson synđrome assocUted with Malarone 
anthnaỉarial prophylaxỉs. Abstract: ơin Iĩtfea Dừ 2003; 37: 158. Full

vetsion: http://www.joumals.uchicago.edu/doi/pdf/10.1086/375073
(accessed 17/07/08)

2. Remich SA. tí ai. Bullous erythema multưonne aíter treatment wỉth 
Malarone, a combination antimalariaỉ composeđ oỉ atovaquone and 
proguanỉỉ bydrocbloride. Trop Doa 2008; 38:190-1.

Porphyria. T h e  D ru g  D a ta b ase  for A c u te  P o rp h y ria , c o m - 
p ịle d  b y  th e  N orvvegian  P o rp h y ria  C e n t te  <NAPOS) a n d  
th e  P o rp h y ria  C e n tre  S w ed ẽ n , d a s s ih e s  a to v a q u o n e  as 
p ro b a b ly  n o t  p o r p h y r in o g e n ic  it  m a y  b e  u se d  a s  a  d ru g  o f 
first ch o ic e  a n d  n o  p re c a u tio n s  a re  n e e d e d .1

1. The Drug Database for Acute Porphyria. Avaiỉable at: http://www. 
dntgs-porphyria.org (accessed 08/07/11)

Interactions
U se o f a to v a q u o n e  w ith  e i th e r  m e to d o p ra m id e , te tra c y -  
d in e ,  r í í a m p iã n .  o r  r i ỉa b u tin  resu lts  i n  d ec reases  ỉn  p lasm a - 
a to v a q u o n e  c o n c e n tra tio n s .  R e d u c e d  c o n c e n ơ a t ío n s  o f  
a to v a q u o n e  w ith  p ro g u a n il  h a v e  b e e n  re p o t te d  in  HTV- 
p o sitìv e  p a tie n ts  a lso  ta k in g  e ỉa v ừ e n z  o r  r íto n a v ir -b o o s te d  
a ta z a n a v ữ  o r  lo p in a v ir. O th e r  d ru g s  vvhich h a v e  p ro d u c e d  
sm all re d u c tío n s  in  p la s m a -a to v a q u o n e  c o n c e n t ta d o n s  
i n d u d e  a d d o v ữ ,  a n tid ia n h o e a l ỉ ,  b e n z o d ia z e p in e s , c e p h -  
a io sp o rin s , la x a tiv e s , o p io id s , a n d  p a ra c e ta m o l

A to v a q u o n e  is  r e p o r te d  to  d ec re a se  th e  m e ta b o lism  oi 
z id o v u d in e  re su ltin g  in  m o d e ra te  in c re a se s  in  z id o v u d in e  
p lasm a  c o n c e n tra tio n s .  A  đecrease  i n  ơ o u g h  c o n c e n tra tio n s  
o ỉ in d in a v ừ , a n d  in  t h e  a re a  u n d e r  th e  in d in a v ir  t im e -  
c o n c e n tra t io n  c u rv e  h a s  b e e n  re p o r te d  w h e n  a to v a q u o n e  
w a s  a lso  g iv e n . Sm all d e c reases  in  t h e  p la sm a  c o n c e n tra -  
t io n s  o ỉ  c o -tr im o x a zo le  (n o t  c o n s id e re d  to  b e  d in ic a lly  
s ign iE can t) h a v e  b e e n  n o te d  in  p a tie n ts  tak in g  a to v a q u o n e . 
T h e re  is a  th e o re tic a l  possib ility  t h a t  a to v a q u o n e  c o u ld  
d isp lace  o th e r  h ig h ly  p r o te in -b o u n d  d ru g s b o m  p lasm a - 
p ro te in  b in d in g  sites.

Antkoagulanis. F o r r e ỉe re n c e  to  a  case  o f a to v a q u o n e  
in c re a sin g  th e  eííea o f  warfarin. see  A n tip ro to z o a ls , 
p . 1532.3“

Pharmacokinetics
A to v a q u o n e  is a  h ig h iy  lipoph ilic  c o m p o u n d  w i th  a  ỉovv 
a q u e o u s  so lu b ility . O ra l b io av a ilab ility  o f a to v a q u o n e  
sh o w s c o n s id e ra b le  in te r in d iv id u a l v a ria tio n . B io av a ilab iỉ-  
i ty  fro m  c o m m e rd a l  o ra l U quid lo rm u la tio n s  is b e tte r  t h a n  
fro m  tab le ts  a n d  c a n  b e  íu r th e r  im p ro v e d  if t a k e n  w ith  food , 
p a rt ic u la rly  m ea ls  vvith a  h ig h  fa t  c o n te n t.  T h e  a b so lu te  
b io av a ila b iỉity  ol th e  ta b ỉe t  a n d  ỉ iq u id  ỉo n n u la t io n s  ũ  2 3 %  
a n d  4 7 %  resp e c tiv e ly , w h e n  ta k e n  w ith  food. A to v a q u o n e  
is m o re  t h a n  9 9 %  b o u n d  to  p la sm a  p ro te in s . T h e re  is 
i n d i r e a  e v id e n c e  th a t  a to v a q u o n e  m a y  u n d e rg o  lim ite d  
m eta b o b sm , hovvever, n o  speciũc m e ta b o lí te s  h a v e  b e e n  
iden tiB ed . I t h a s  a  lo n g  p lasm a  haU -lU e of 2  to  3 d ay s ÚI 
a d u lts  a n d  1 to  2  day s i n  đ ú lđ re n , th o u g h t  to  b e  d u e  to  
e n te r o h e p a t íc  re c y d in g . I t  is e x a e t e d  a lm o s t e x d u s iv e ly  in  
faeces as u n c h a n g e d  d ru g .

R e íe re n c e s .
1. Rolan PE tí al. Examỉnation oỉ some ỉactors responsible íor a food- 

induced ỉncrease in absorption o{ atovaquone. Br J Clin Pharmacoi 1994; 
37: 13-20

2. Dixon R. tí aỉ. Sỉngỉe-dose and steady-stace pharmacoỉónetỉcs QÍ ề noveỉ 
microQuidỉzed suspension of atovaquone in human immunodehciency 
vlrus-seropositive patỉents. Antimicrob Agenữ Chemother 1996; 40: 556-
60.

3. Hussein 2. tí a i Populatíon pharmacoỉdnerics of atovaquone ỉn patients 
with acute malaria caused by Plasmodỉum faỉđparum. Clin Pharmacol 
Ther 1997; 61: 518-30.

4. Rolan PE. tt al. Disposùioa oỉ atovaquone in humans. Antimicrob Agents 
Chemother 1997; 41: 1319-21.

5. Thapar MM. tí ai Tìme-dependent pharmacokỉneúcs and drug 
metabolỉsm oỉ atovaquone pỉus proguanỉl (Malarone) when taken as 
cheraoprophylaxis. Eur J Ciin Phứrmacoỉ 2002; 58: 19-27.

6. McGready R. tí ai. The pharmacokinetics oỉ atovaquone and proguaniỉ 
ỉn pregnant women wiih acute ỉaỉdparum ma la ria. Eur J ơin Pharmacol 
2003; 59: 545-52.

7. Na-Bangchang K. tí al. The pharmacokinetics and pharmacodynamics oỉ 
atovaquone and proguanil ỉor the ữeatment of uncomplỉcated 
íaldparum ma ỉa ria ỉn third-trimcster pregnant vvomen. Eur J Clin 
Pharmaal 2005; 61: 573-82.

Preparations
Proprietary PreporaHons (details are given in  V olum e B)

Single-ingredient Preparotions. AustraL: W ellvone; Betg.: W ell- 
vone; CaruuL: M epron; F r .: VVellvone; Ger.: W ellvone; Gr 
VVellvone; ItatW eIlvone; Jpm S a m tứ e l Neth.: W ellvone; Port.: W ellvone; S^A/r.: W ellvone; Spmrr. W ellvone; SwetL: 
W ellvone; Switz.: W ellvone; VK: W ellvone; USA: M epron.

MulH-ingredienl P n p a ra tio as . AustraL: M alarone; Austria: 
M alarone; Belg.: M aiarone; Canad.: M alarone; Otũe: M alarone; 
Cz.: M alaronè; DenmM alarone; Fin.: M alarone; F r .: M alar- 
one; Ger.: M alarone; Gr.: M alarone; Hong Kong: M alarone; Hung.: M alarone; Irt: M alarone; Israel: M alarone; ItaL: M alar- 
one; Jpn: M alarone; Malaysia: M alarone; Neth.: M alarone; Norw.: M alarone; NZ: M alarone; PoL: M alarone; PorL: M alar- 
one; S.Afr.: M alanil; singapore. M alarone; Spain: M alarone; Swed.: M alarone; Switz.: M alarone; Thai: M alanil; UK: M alar- 
one; Reprapog; USA: M alarone.

Pharm acopoãal Preparotions
U SP 36: A tovaquone Oral Suspension.

Azanidazole (BAN. USAN, riNNI 
Ấzanidazol; Azanldazolo; Azanidazolunri; F-4;.A3aHMfla30n. 
4-[(£)-2-(l -Methyf-5-rHtroimidazol-2-yl)vinyl]pyrirriidin-2-yla- 
mine ' -

íC ioHioNj02=246.2  
CAS — 62973-76-6.
ATC — G0ĩAFI3, P0ỈAB04.
'ATC Vet —  QG01AF13, QPS1AA04.. 
um — YP2Y0DRX4S.

ProỊỊỊe
A zan idazo le  is a  5 -n itro im id a z o le  d e riv a tív e  s im ilar to  
m en o n id a z o le  (p . 9 3 6 .1 )  a n d  h a s  b e e n  u s e d  in  th e  
tre a tm e n t  o ỉ  tr ic h o m o n ia sis  in  u su a l oral d o ses  o f  2 0 0  m g  
tvvice d aily  o r  2 5 0  m g  o n c e  d a ily  in tra v ag in ã lly . ■

Preparatíons
Proprietory Preparotions (details are given ỉn  V olum e B) 

Single-ingredient Prepqro tionĩ. ItaL : Tridose.

Benznỉdazole (riNNi

Benznidazol; Benznidazolum; Ro-7-1051; BeH3HHfla3on. 
'A/-Bénzyl-2:(2-nitrQímidazol-1 "yRacetamide.
CI2H12N40,=2603 
CAS — 22994-85-0 
ATC — P01CA02.
ỤNII —  YC42NRJ1ZD.
Pharmacopoeias. In  Int. -

Uses and Administratỉon
B e n z n id a z o le  is  a  2 - n it ro im id a z o le  d e r ív a tiv e  vvith 
a n tip ro to z o a l a c tiv ity . I t  is o ỉ  v a lu e  in  th e  ơ e a tm e n t  of 
A m e ric a n  try p a n o so m ia s is  (C h ag as' d isease— see belovv), 
e sp e d a lly  d u r in g  th e  e a rly  a c u te  stage  o f th e  d isease.

In  th e  acute s tage  o f t h e  d isease , u n c o m p lica te d  cases in  
p a tìe n ts  w e ig h in g  u p  to  4 0  k g  m a y  be g ỉv en  b e n z n ỉd a z o le  
õ ra lly  in  a  dose  o f 7 .5  m g /k g  d a ily  w ln le  th o se  vveighing 
m o re  th a n  4 Ọ kg  sh o u ld  b e  g iv en  5 m g /k g  da ily . P a tie n ts  
w i th  a c u te  m e n in g o e n c e p h a ỉit iỉ  sh o u ỉd  b e  g iv e n  a  d o se  oi 
u p  to  25 m g /k g  da ily . B e n z n ỉd az o le  sh o u ld  b e  g iv en  o ra ỉly  in  
e q u a lly  d iv id e d  d o ses  e v e iy  8  o r  12 h o u rs  a n d  is u su a lly  
g iv e n  fo r  60  day s (b u t s e e  a lso  A m erican  T rypanosom iasis , 
b e lo w ).

Trypanosoma crưá i n í e a e d  o rg a n  tra n s p la n t  d o n o rs  
sh o u ld  b e  a e a t e d  fo r 2  w e e k s  b e ío re  th e  d o n a tio n  a n d  
re d p ie n ts  fo r  2 w e e k s  a f te r  it. In  la b o ra to iy  vvorkers a t  risk  
o f  a n  i n íe c t ỉo n  a f te r  a n  a c d d e n t ,  t r e a tm ẹ n t  w i th  
b e n z n id a z o le  (7 to  lO m g /k g  daily ) fo r 10 d a y s  sh o u ld  b e  
s ta r te d  im m e d ia te ly .

T re a tm e n t o f p a tie n ts  in  th e  chronic p h a se  o f th e  d isease  
w ith  o ra l b e n z n id a z o le  (5 m g /k g  daily  in  e q u a lly  d iv id ed  
doses  e v e ry  8  o r  12 h o iirs )  m a y  b e  c o n sid e ređ  in  a re a s  w h e re  
tra n sm iss io n  b y  th e  v e c to r  h a s  b e e n  in te r ru p te d  a n d  th e  60 - 
d a y  t te a tm e n t  c o u rse  c a n  b e  c o m p le ted  u n d e r  m ed ica l 
su p erv is io n .

F or de ta ils  o f doses  in  c h ild ren , see  be lo w .

Administration in children. F o r th e  t re a tm e n t  of th e  a c u te  
p h a se  o t  A m e ric a n  try p a n o so m ia s is  (C h ag as' d isease) in  
c h ild re n , b e n z n id a z o Ie  m a y  b e  g iv en  o ra lly  a t  a  dose  o f 5 
to  10 m g /k g  d aily  in  tvvo e q u a lly  d iv ided  d o ses  fo r 60  days. 
I n  c o n g e n ita l cases, fu ll - te rm  n e o n a te s  a re  g ỉv en  lO m g /k g  
daily ; a e a tm e n t  is s ta r te d  a t  a  d o se  o ỉ 5 m g /k g  daily  a n d  
m a y  b e  in c re a se d  to  IO m g /k g  daily  a fte r  3 day s o f  t re a t-  
m e n t  if th e  p a tie n t  d o e s  n õ t  d ev e lo p  leu c o p e n la  o r  th ro m -  
b o c y to p e n ia .

American trypanosomiasis. A vailab le  t re a tm e n t  ío r  
A m e ric a n  try p à n o so m ia s is  (p . 9 2 5 .3 ) is g e n e ra lly  u n sa tis -  
í a a o r y ,  b u t  b e n z n id a z o Ie  ỉs  o f  v a lu e  e s p e d a lly  in  th e  
a c u te  p h a s e .  G u id e lin e s1-2 re c o m m e n d  th a t  b e n z n id a z o le  
sh o u ld  b e  g iv e n  fo r  6 0  days,- A lth o u g h  th e  d u ra tio n  of 
u e a tm e n t  h a s  n o t  b e e n  s tu đ ie d  in  p a tie n ts  c o -in ỉec te d  
vvith HTV, a  c e a tm e n t  c o u rse  o í  30  to  6 0  d a y s  is rec o m - 
m e n d e d  in  th e s e  p a tie n ts .3 T re a tm e n t is u s u a lly  c o n h n e d  
to  th e  a c u te  p h a se  o f  t h e  d isease . H o w ev er, th e ra p y  d tir in g  
th e  e a rly  c h ro n ic  p h a s e  vvas re p o r te d  t o  b e  b e n e h d a l4 
(a ỉ th o u g h  a  m e ta -a n a ly s is5 su g g ested  th a t  b e n e S t  in  la te  
c h ro n ic  p h a s e  w a s  p r o b a b ly  m a ig ỉn a l) ; p ro sp e c tiv e  lo n g -  
te rm  fo llo w -u p  in  p a tie n ts  w ith  in d e te rm in a te -  o r  
c h ro n ic -s ta g e  d isease  w h o  h a d  rec e iv ed  b e n z n id a z o le  h a s

The Symbol t  denotes a preparation no longer actively marketed

http://vnvw.aidsinio.mh.gov/
http://www.joumals.uchicago.edu/doi/pdf/10.1086/375073
http://www
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shovvn  th a t  t r e a tm e n t  m a y  re d u c e  th e  r is k  fo r  p ro g re s s io n  
o f h e a i t  d ise a se  a n d  re d u c e  p a ra s ita e m ia .6

1. WH0. Control oỉ Chagas disease: second report oỉ the WHO expen 
commỉttee. WHO Tech Rep Ser 90Ĩ 2002. Avaỉỉable at http://libdoc.vvho. 
inưtn/V/HO_TRS_905.pdí (accessed 17/07/08)

2. Ạhramowỉcz M, ed. DntỊS /or parasitic infeaiora. 3rd ed. New Rocheỉỉe 
NY: The Medical Lener, 2013.

3. Panel on OppomroUtic Inỉectỉonỉ in HlV-ỉnỉeaed Adults and 
Adolescents. Guideỉines ĩor the preventỉon and treaunent oí 
opportunistic intectỉons In HIY-infeaed ađults and adolescents: 
reconunenđatỉonỉ írora CDC, the National Institutes of Health, the 
HIV Medỉtíne Assodatlon of the Iníecrious Diseases Sodety oí America 
(ỉssued 8th July. 2013). Available a f  http://www.aidsinio.nlh.gov/ 
contentũỉes/lvguidelines/adult.oi.pdĩ (accessed 17/09/13)

4. de Andrade ALSS, tí ai. Randomised trial oí e£ficacy oí benznidazole in 
treatment of eariy Trypanosoma cruri iníectíon. Lanat 1996; 348:1407- 
13.

3. PéreZ'Molỉna JA. tỉ ai. Use of benznidazỡle to treat chronic Chagas' 
dỉsease: a systematỉc review with a meta-analysiỉ. J Aniimicrob Chemother 
2009:64:1139-47.

6. vtotti R, tí aỉ. Long-icrm cardiac outcomes of treatlng chronỉc Chagas 
đỉsease wỉth bcnznỉdazole versus no ireatment: a nonrandomixed triaỉ. 
Ánn ĩntem Med 2006; 144: 724-34.

Adverse Effects
B e n z n id az o le  h a s  a d v e rse  effec ts s im ila r  to  th o se  of 
m e tro n id a z o !e  (p. 9 3 7 .3 ).

T h e  m o st c o m m o n ly  re p o n e d  a d v e rse  effec t is a 
h y p e rse n s it iv ity  r e a c tio n  c h a r a a e r i s e d  b y  d e rm a tit is  w ith  
c u ta n e o u s  e ru p t io n s  (u su a lly  a p p e a r in g  3 to  10 d a y s  a f te r  
s ta r tin g  ơ e a tm e n t) ,  íev e r , g e n e ra liz e d  o e d e m a . ly m p h a d e -  
n o p a th y , a n d  jo in t  a n d  m u s d e  p a in .  T h e  m o s t s ev ere  
a d v e rse  effec ts  a re  b o n e  m a r ro w  d e p re s s io n , th ro m b o c y to -  
p e n ic  p u rp u ra ,  a n d  a g ra n u lo c y to s is . O th e r  r e p o n e d  a d v e n e  
e ííe c ts  in d u d e  p o ly n e u ro p a th y , p a ra e s th e s ia .  a n d  p e rip h -  
e ra l n e u ro p a th y .

L ike  m e tro n id a z o le ,  b e n z n id a z o le  is c o n s id e re d  to  be 
m u ta g e n ic  a n d  s h o u ld  b e  a v o id e d  d u r in g  p re g n a n c y . 
P a tie n ts  a re  a lso  a d v ise d  n o t  to  d r in k  a lc o h o lic  b e v e ra g e s  
w h i le  ta k in g  b e n z n id a z o le .

A  s tu d y 1 in v o lv in g  2 0  p a tie n ts  w i th  c h ro n ic  A m e ric a n  
try p a n o s o m ia s iỉ  g iv e n  b e n z n id a z o Ie  5 m g /k g  d a ily  h a d  to  be 
s to p p e d  b e c a u se  o f  th e  h ig h  in d d e n c e  o f  ra s h e s  a n d  
n e u ro lo g ic a ỉ  s y m p to m s . A  s e v e r e ,  d e b i l i ta t in g  p a in  
sy n d ro m e  h a s  a lso  b e e n  re p o r te d  i n  a  p a t ie n t  a f te r  
ơ e a tm e n t  w i th  b e n z n id a z o le  fo r 5 w e e k s .J

1. Apt w , tí al. Glnical triaỉ oỉ benznidazoIe and an immunopotentiator 
agaỉnst Chagas dỉsease in Chỉỉe. Trans R Socĩrop Med Hys 1986; 80:1010.

2. Molỉ G tí al. Severe ỉnvaỉidatỉng paỉn syndrome assocỉated wiỉh 
benznỉdazole therapy for Gugas' disease. ữin Rhtumatol 2006:27: 269- 
70.

Pharmacokinetics
B e n z n id a z o le  is a b so rb e d  ừ o m  t h e  g a s tro in te s tin a l  ơ a c t  
a f te r  o ra l  d o se s  ( > 9 0 %  b io av a ila b ility )  a n d  is  tv id e ly  
d is t r ib u te d  t h r o u g h o u t  th e  b o d y . M o re  t h a n  4 0 %  oi th e  
d ru g  is b o u n d  to  p lasm a  p ro te in .  T h e  p e a k  p lasm a  
c o n c e n tra t io n  o c c u rs  a f te r  3 to  4  h o u r s  a n d  th e  h a ứ - iư e  is 
a b o u t  12 h o u rs .  I t  is m e ta b o lis e d  in  th e  l iv e r  a n d  m o re  th a n  
7 0 %  o f  th e  m e ta b o li te s  a re  e x c re te d  b y  th e  k id n ey s ; a b o u t 
3 0 %  o f a  d o se  is e x c re te d  ih  th e  íaeces .
R e íe re n c e s .

1. Rullaub J, Zỉegler WH. Single-dose pharmacokỉnetỉcs ol the 
ơypanosomỉcide benznidazole in man. Annàmiữtìfơrĩthung 1979; 29: 
1621-14.

Preparations

Proprielary Preporalions (details a re  g iven  in  V olum e B)

Smgle-ingredient Preparoliom. Arg.: Radanil; Braz.: Rochagant; 
EcuaiL: Ragonil.

Buparvaquone ỊBAN, riNNi 
Buparvacuona; Buparvaquonum; BVV-720C; BynapeaxũH. 
fT a n s -2 - (4 - r e /T - B u ty lc y đ o h e x y Ị m e th y |) - 3 -h y d r o x y - .1 ,4- 
nãphthoquinone.
C2|H2603=326.4'- .
CÃ5 —  88426-33-9.
ATCVẹt'—QP5ĩAX22.
UNII —  0354RT7LG4:

Protìle
B u p a rv a q u o n e  is  a n  a n tỉp ro to z o a l  u s e d  in  v e te r in a ry  
p ra c tic e  fo r  th e  ư e a tm e n t  o f th e ile r io s is  in  c a tt le . T opical 
ỉo rm u la t io n s  a re  b e in g  e v a lu a te d  fo r  th e  t r e a tm e n t  of 
v isc e ra l  a n d  c u ta n é o u s  le ish m a n ia sis .

Camidcaole IBAN, USAN, piNN)
Camidázól;: Camidazolum; R-25831; R-28096 (carnidazole 
hydròchlọride); tàpH M haion ;'

..Ợ M ệth yl’ [2-{2'rnẹthỳl-5-niưoimidazol-l -yOethyOthiộcarba- 
mate.
C8H12N403S=244.3 
CÃS—.42116-76-7.

ẦTC Vet —  QPSÌÁA09. 
UNII — RHSKỊ8Ị9JG.

Protịlẹ
C a m id a z o le  is a  5 -m ơ o im id a z o le  d e riv a tiv e  s im ila r  to  
m e ư o n id a z o le .  I t  is u s e d  in  v e te r in a ry  p ra c tic e  fo r  th e  
t r e a tm e n t  a n d  p r e v e n t ỉo n  o f  tríc h o m o n ia s is  in  p ig eo n s .

claxuril IBAN, USAN, HNNỊ
Clazurilo; ơazurilum; Klatsuriili; Klazuril; R-6269Ọ; Kna3ypwi.
(±H2-Chloro-4-(4,5-dihy.dro-3,5-dioxo-as-tnazÌn-2(3tì)-yl)
phenyO-{p-chbrophenyl)acetonìtrìle.
Ci 7H io02N4Oj=3 7Ì2 
CAS— 101831-36-1.
ATC Vet —  QP51AI02.
UNII — O8W0R05772.
Pharmacopoeias. In  Eur. (see  p . vii) ío r  v e te r in a ry  u se  o n ly . 

P h . E u r .  8 : (C lazu ril fo r V e te rin a ry  U se; C lazu ril B P(V et) 
2 0 1 4 ). A vvhite o r  lig h t y e llo w  p o w d e r . P rac tica lly  in so lu b le  
in  w a te n  s lig h tly  so lu b le  in  a lc o h o l a n d  in  d ic h lo ro m e th a n e ; 
íre e ly  so lu b le  in  d im e th y lío rm a m id e . P ro te c t íro m  lig h t.

Proỉile
c la z u r il  is a n  a n tip ro to z o a l u s e d  in  v e te r in a ry  p rac tic e  ío r  
th e  ư e a tm e n t  a n d  p ro p h y la x is  o f  c o c d d io s is  in  p ig eo n s.

clefamide ỊBAN, riNNi
Chlorphènoxamide; Clefamida; Cléfamide; Clefamidum; 
KneệaMMfl. ’
2,2-Dichloro-N-(2-hydroxyethyi)-N-[4-(4-nitrophenoxy)
benzynacetamide.
Ci7H16CI2N20 5=399.2 
C4S —  3576-64-5.
ATC —  P01AC02.
UNII —  4AZ2V8K4EK.

Proỉile
c le ỉa m id e  is a n  a n tip ro to z o a l th a t  h a s  b e e n  u se d  as  a 
lu m in a l a m o e b id d e  in  t h e  t r e a tm e n t  o f Erttamoeba hừtoiytica 
in íe c tio n s .

Clopidol IBAN, USAN, rlNNI
Clopidolurh; Clopiridol;; Metidorpindol; Knoniaflo/i.
3,5-Dichloro-2,6-dimethylpyridin-4-ol.
C7HtCI2NO=192.0
CAS — 2971-90-6.
u m  — 8J763HFF5N. :

P ro/?/e

C lop ido l is a n  a n típ ro to z o a l u s e d  in  v e te r in a r y  p rac tic e  for 
th e  p r e v e n t io n  o f  c o c d d io s is  in  p o u ltry .

Decoquinate (BAN, USAN, HNNỊ
Décoquinate; Decoquinato; Decoquinatum; HC-1528; M&B- 
15497; AeKOXMHaT.
Ethyl 6-decyloxy-7-ethoxy-4-hydroxyquinoline-3-carboxy- 
laté.
C24H15N05=4175
06— 18507-89-6.
ATC Vet —  OP51AX14. 
um — 534I52PVWH.

P h a rm a c o p o e ia s .  In  us íor v e te r in a ry  u se  o n ly . A lso  i n  BP (Vít).
B P (V et)  2 0 1 4 : (D e c o q u in a te ) . A  c re a m  to  b u f i-c o lo u re d , 
o d o u rle ss  o r  a lro o s t  o d o u r le s s , m ic ro c ry s ta llin e  p o w d e r . 
In so lu b le  in  vvater; p ra c tic a lly  in so lu b le  in  a lco h o l; v e ry  
s lig h tly  so lu b le  in  c h lo ro to rm  a n d  in  e th e r .

U S P  36 : (D e c o q u in a te ) . S to re  in  a ir t ig h t  c o n ta in e rs .

ProfiỊẹ
D e c o q u in a te  is a n  a n tip ro to z o a l u s e d  in  v e te r in a ry  p rac tic e  
ỉo r  t h e  ơ e a tm e n t  a n d  p r o p h y la x ũ  o ỉ  c o c d d io s is  in  ca lves 
a n d  lam b s , a n d  ỉo r  p ro p h y la x is  o f c o c d d io s is  in  c h ic k e n s . I t  
Is a lso  u s e d  fo r  p r e v e n t io n  o f a b o rtio n s  d u e  to  to x o p la sm o sis  
in  sh e e p .

Dehydroemetine Hydrochloride
IBANM, riNNMI
Err-436; Dehidroemetinaj hidrodoruró de; Đéhydroémètine, 
Chlorhydrate de; 23-Dehydroemetíne Hỵdrochlõrlde; Dehy- 
droemetinị Hydrochloridum; DHE; Hidrodoruro de dehi- 
droemetina; Ro-1-9334;flerMflpo3MeTMHa rMflpqxnopn,q.... 

^ ^ D id e h y d ro -ổ ^ .l 0,11 -tetram ethoxyem etàn dihy- 
drochloridé; 3-Ethýl-1,6,7,11b-tetrahydrọ-9lÌ,0-dimethoxy-2- 
(1,23,4-tetrahydro-6,7-dimethoxy-1 -isoquìnolylmethylHH- 
benzo[o]quino]izine dihydrochloride.

, C ^ MN A ,2 H C I= 5 5 1 5  /
CAS — 4914-30-1 (dehydroemetine); 2228-39-9 (dehydroeme- 
tìne hydrochioride).

NOTE. T h e  n a m e  D H E h a s  b e e n  u se d  to  d e n o te  a p re p a ra tio r  
o f  d ih y d ro e rg o ta m in e  m es ila te .

P h a rm a c o p o e ia s .  In  Int.
Proịỉle
D e h y d r o e m e t in e ,  a  s y n th e t ic  d e r iv a tiv e  o f e m e t in t  
(p. 9 3 2 .3 ), is a  tis su e  a m o e b ic id e  vvith s im ila r  a c tio n s  a n t  
uses, a lth o u g h  p ro b a b ly  o t  a  lovver to x ic ity .

D e h y d ro e m e tin e  s h o u ld  b e  a v o id e d  in  p a tie n ts  w itl 
ca rd iac , r e n a l , o r  n e u ro m u s c u la r  d ísease  a n d  p a tie n t  
s h o u ld  b e  m o n ito re d  fo r  c a rd io to x id ty  d u r in g  t re a tm e n t.

W h e n  u se d  in  th e  ư e a tm e n t  ol a m o e b ia sis  (p. 919 .1 ) 
d e h y d ro e m e tin e  h y d ro c h lo r id e  is g iv e n  b y  in tra m u sc u la  
in je c tio n  in  a  d o se  o f  1 m g /k g  d a ily  (m a x im u m  d a ily  do se  o 
6 0  m g ), g e n e ra lly  ỉo r  6 to  10 days, b u t  for n o  m o re  th a n  5 
d a y s  in  c h ild re n . A  d o se  o f  5 0 0 m ic ro g ra m s /k g  h a s  b e e r  
su g g e ste d  ỉo r  e ld e r ly  o r  se v e re ly  ill p a tie n ts .  A t Ieast 6  w e e k  
s h o u ld  e lap se  b e ío re  t r e ạ tm e n t  is r e p e a te d . A íte r  t re a tm e n  
vvith d e h y d ro e m e tin e ,  p a tie n ts  s h o u ld  rec e iv e  a lu m in a  
a m o e b id d e  to  e l im in a té  o rg a n ism s  f ro m  th e  c o lo n . P a t ie n n  
vvith h e p a tic  ab scesses  m a y  b e  g iv en  su p p le m e n ta ry  
t r e a tm e n t  w i th  c h lo ro q u in e .  D e h y d ro e m e tin e  h a s  alsc 
b e e n  u se d  vvith m etro n id a z o le .

Adminiỉtrotion in children. D oses o f d e h y d ro e m e tin e  fo r 
th e  ư e a tm e n t  o f  a m o e b ia sis  i n  c h ild re n  a re  th e  sa m e  as 
th o se  fo r a d u lts , a lth o u g h  i t  m a y  b e  u se d  fo r s h o r te r  p e rí-  
ods, see  ab o v e .

Liver fluke infedions. D e h y d ro e m e tin e  h a s  b e e n  g iv e n 1-2 
in  t h e  t r e a tm e n t  o f  t h e  liv e r  í lu k e  in íe c tio n  ía sd o lia s is  (see 
p . 14 6 .2 ).

1. Parid 2. tí ai. Trestment of acute toxacmic íasdoliaỉis. Trans R SữC Trop 
Med Hys 1988; 82: 299.

2. Cruz López o. tí al. Fasdolons hepátíca diagnosticada cn íasc de estado- 
Rev Gastroemerol Mex 2006; 71: 59-62.

Diaveridine ỊBAN, USAN, riNNi
BW'49-210; Ọiaveridina; Điavéridine; Diaveridinum; NSC- 
408735; ÍỊnaBepMqnH.
5-VeratrylpyrimÌdine-2,4-diyldiamine.
C,3H,6N4Ó i= 2 6 0 3  

,CAS —  5355-16-8.
ATC Vet — QP51AX18.
UNỊI — 7KVX81XA87.

Pharmacopoeias. In  Fr. ÍOĨ v e te r in a ry  use .

Proíile
D ia v e rid in e  is a n  a n típ ro to z o a l u se d  in  v e te r in a ry  p rac tice  
fo r  t h e  c o n ư o l  o f  c o c d d io s is  in  p o u ltx y .

Didaxuril IBAN, USAN, rtNNI

Dịdazurilo; Didazurilum; Diklatsuriili; Diklazuril; R-64433; 
flMKna3ypwi. . ...
(±)-4-Chlorophenyl[2,6-dichloro-4-(2,3I4,5-tetrahydrq-3,5- 
diọxo-í,2,4-triazin-2-yDpheny0acetonitrile. 
C,7H,CI3N4Oj=407.6 :■ : .
:CAS — 101831-37-1 
'ATC Vet —  QP5ỈAM3. 
ụrn —  K110K1B1VẸ

P h a rm a c o p o e ia s .  In  Eur. (see  p .  vii) a n d  us fo r v e te r in a ry  
u s e  o n ly .

P h . E u r .  8: (D iclazuri1 fo r  V e te rin a ry  U se; D id a z u ril  B P(V et) 
2 0 1 4 ) . A vvhite  o r  lig h t  yellovv p o w d e r .  P rac tica lly  in so lu b le  
in  w a te r ,  in  a lc o h o l, a n d  in  d ic h lo ro m e th a n e ;  sp a rin g ly  
s o lu b le  in  d im e th y lỉo rm a m id e . P ro te c t  ừ o m  lig h t.

U S P  3 6 : (D id a z u r il) .  W h ite  to  y e llo w  p o w d e r .  P ractica lly  
in so lu b le  in  w a te r ,  in  a lc o h o l  a n d  in  d ic h lo ro m e th a n e ; 
sp a rỉn g ly  so lu b le  in  d im e th y h o rm a m id e .

Proĩile
D id a z u r i l  is a n  a n tip ro to z o a l t h a t  h a s  b e e n  tr ie d  in  AIDS 
p a tie n ts  fo r  th e  m a n a g e m e n t  o f  d ia r rh o e a  a s s o d a te d  w ith

AU cross-references reíer to entries in Volume A

http://libdoc.vvho
http://www.aidsinio.nlh.gov/
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p ro tozoa l in íe c tìo n . I t  is  u s e d  in  v e te r in a ry  p rac tic e  for th e  
c o n ư o l o f cocrid iosis.

R e le re n c e s .
1. Kayembe K. ttaỉ. Dicỉaxurtt for Isospora bclli ínfccúons ỉn AIDS. Lttttctí 

1989; fc 1397.
2. Connoỉỉy CM, tí ai Dtđasurlỉ ỉn the ưeatment of severe ayptosporidỉal 

diâirhoeấ m AIDS padents. AU>S 1990; 4; 700-701.
3. Meoỉcbenỉ ?, ứ  đi. Didararỉỉ lor cryprosporidiosis In ATDS. Am J Med 

1991:90:271-2.
4. timson-Pobre RNK e t  a l . Use of dỉcỉazur& for |]ie trcatment oỉ 

isosporiasỉỉ ỉn patients with AỈDS. ơùt Infea Dà 1995; 20:201-2.

p ỉ i o d o h y d r o x y q u i n o l i n e  iriNN}
Diiodohidroxlquinoleína; Diiodohydroxyquin; òiiodohydrox- 
yquinoléine; DHodohydroxyquinoline (BAN); Diiodohydrox- 
yquinolinum; Diiodoidrossichinolinạ; Di-ỉodoxychinolinurri; 
Diiodoxyquinoléine; Diiyòdohidroksikinolin; Dijodhydròxiki - 
nolĩn; PỊIodìhydroksỉkiqoliini; lodoquinol (ỤSAN); Vodoqui- 
riol; flMiiofldrMApòkoixMHoniiH.
5,7-Di-iódoquinolin-8-oỊ.
CạH5ljNC>=397.0 
CÁS — 83-73-â ■ " ' :
ATC —  G0ỈAC01.
ATCVet—QGOìACOl.
UNH — Ộ3W7IE88K8.

P h a rm a c o p o e ia s . I n  us.
U SP 36: (Io d o q u in o l). A  l ig h t  ye llo sv ish  to  ta n ,  m ic rocrysta l- 
lin e  p o w d er, n o t  re a d ily  vvctted  in  svater, o d o u rle ss  o r  h a s  a 
ía in t  o d o u r. P ractica ỉly  in so lu b le  in  v .a te n  sp a rin g ly  soh ib ỉe  
in  a lcohol a n d  in  e th e r .

Uses and Adminístratỉon
D n o d o h y d ro x y q u ih p lin e , a  h a lo g e n a te d  h y d to x y q u in o lin e , 
is a  lu m in a i a m o e b id d e  a c tin g  m a in ly  in  t h e  bovvel I ttm en  
a n d  ũ  u se d  in  th e  t r e a tm e n t  o f  in te s tin a l  am oebiasis, 
(p . 919 .1 ) a l th o u g h  less  to x ic  a m o c b id d e s  su c h  as 
d iloxan ide  ỉu ro a te  o r  p a ro m o m y c in  a re  u su a lly  p re le rred , 
e sp ed a lly  in  c h ild re n  (se e  P re c a u tio n s , belovv). It is g iven  
a lo n e  In th e  t re a tm e n t  o f  a sy m p to m a tic  cy s t passers, o r  as 
fo llow -up  t re a tm e n t  a í t e r  a n  a m o c b id d e  th a t  ac ts  in  th e  
óssues, su c h  as  m e tro n id a z o le .  in  p a tie n ts  w i th  sym pto - 
m atic  ( in v a ã v e )  a m o e b ia sis . T h e  u su a l o ra l  d o sa g e  is 630  o r 
6 Ỉ 0  m g  tb re e  đ m es  d a ily  ĩo r  2 0  days.

F o r d e ta ilỉ  o f doses  i n  c h ild re n , sc e  belovv.
D iio d o h y d ro x y q u in o lin e  h a s  a lso  b e e n  g iv en  in  th e  

ư e a tm e n t  o f  Dientamoeba fragilis in ỉe c tio n s , in  ba lan tid ias is  
(p. 920 .3) a s  a n  a l te m a t iv e  to  te t r a c y d in e ,  a n d  h a s  b e e n  
trie d  in  Blastoeytíà homitiừ in ỉe c tio n s  (p . 9 2 0 .3 ).

D iio d o h y d ro x y q u in o lin e  svas ío rm e rly  u s e d  in  th e  
t re a tm e n t  o f  a c ro d e rm a tit is  e n te ro p a th ic a ;  i t  is re p o rted  to  
a c t b y  e n h a n d n g  z in c  a b s o rp tio n  a n d  h a s  n o w  b e e n  
su p ersed ed  b y  o ral á n c  th e ra p y .

D iio d o h y d ro x y q u in o lin e  is d a im e d  to  h a v e  so m e 
a n tib a a e r ia l  a n d  a n t i f u n g a l  a c tiv ity  a n d  h a s  b e e n  u se d  
top ically  (b u t see C h ild re n , u n d e r  P re c a u tio n s , be low ).

A d m in iỉ tra tio n  in  c h i ld r e n .  D iỉo d o h y d ro x y q u ỉn o lin e  ỉs 
licen sed  in  th e  U SA  a n d  so m e  o th e r  c o u n tr ie s  ío r  th e  
t re a tm e n t o f  a m o e b ia sis  i n  c h ild re n ; hovvever, th e re  is 
co n c ern  o v e r  its  s a íe ty  i n  c h ild re n  (see  C liild rcn , u n d e r  
P re ca u ú o n s , b e lo w ).

F or th e  tre a tm e n t  o f  a s y m p to m a tic  am o eb iasis  ( in đ u đ in g  
asymptomatìc cyst p a s se rs )  a n d  a  s fo)Iovv-up trc a ụ n e n t  a í te r  
a  tissue  a m o e b id d e  in  t h e  m a n a g e m e n t  o f sy m p to m atic  
in te sd n a l o r  in v asiv e  a m o e b ia sis , d i io d o h y d ro x y q u in o lin e  is 
g iven  in  th e  u su a l o ra l  d o se  o f  10 to  I 3 .3 m g /k g  th re e  tim es 
d aily  (to  a  m a x im u m  o i 1 .95 g d aily ) f o r 2 0  daỵs.

Adverse Effects
M ajor c o n c e m s  h a v e  b e e n  e x p re s se d  a b o u t th e  sa íe ty  o l th e  
h a lo g e n a te d  h y d ro x ỹ q u in o l in e s  s in c e  th e  rec o g n itio n  of 
sev ere  n e u ro to x ic ity  w i th  d io q u in o l  (p . 2 7 3 .1 ) . In  J a p a n , 
th e  e p id em ic  d e v e lo p m e n t  o f  s u b a c u te  m y e lo -o p tic o n eu ro -  
p a th y  (SM O N ) in  t h e  1960S svas a s s o d a te d  vvilh th e  
ing estio n  o f  n o rm a l  o r  h ig h  d o se s  o f  d io q u in o l fo r  
p ro lo n g e d  p e rìo d s a n d  th e  sa ỉe  o f d io q u in o l  a n d  rc la te d  
h y d ro x y q u in o l in e s  w a s  s u b s e q u e n t ly  b a n n c d  t l ie re .  
S y m p to m s of SM O N  a r e  m a in ly  th o se  o f  p e rip b e ra l 
n e u ro p a th y , i n d u d in g  o p tic  a tro p h y , a n d  m y elo p a th y . 
A b d o n ù n a l p a ỉn  a n d  d ỉa r rh o e a  o í te n  p re c e d e  ncu ro lo g ica l 
sy m p to m s su c h  a s  p a ra e s th e s ia s  in  th e  legs, p ro g ressin g  to  
p a rap leg ia  in  so tn e  p a tie n ts ,  a n d  loss o f  v isu a l a c u ity  
so m etim es lea d ỉn g  to  b lin d n e ss . C ereb ra l d istu rb an ces , 
in d u d in g  c o n tu ỉ io n  a n d  re t ro g ra d e  a m n e s ia , h a v e  also  b e e n  
rep o rted . A ỉth o u g h  m a n y  p a tie n ts  im p ro v e d  w h e n  d io -  
q u in o l w a s  vvithdravvn. o th e r s  h a d  res ìd u a l d isab ilỉty .

I t vvas su g g ested  t h a t  t h e  J a p a n e s e  e p id e m ic  m ig h t h a v e  
b e e n  d u e  to  g e n e tic  su sc e p tib ility , b u t  a  few  cases o f SM O N  
a sso d a te d  w ith  d io q u in o l  oc  r e la te d  h y d ro x y q u in o lin e  
d e riv ad v es. in d u d in g  b ro x y q u in o l in e  a n d  d iio d o h y d ro x - 
y q u ín o lin e , h a v e  b e e n  r e p o r te d  elsevvhere.

D U o d o h y d io x y q u in o lin e  h a s  also  b e e n  a s s o d a te d  vvith 
g astro in tes tin a l e ííe c ts  su c h  as  a b d o m ỉn a l c ra m p s , n a u s e a ,  
a n d  d ia ư h o e a . A dverse  e ỉtec ts  w h ic h  m a y  b e  a ttr ib u ta b le  to  
th e  io d in e  c o n te n t o f  d iio d o h y d io x y q u in o U n e  i n d u d e  
p n ư itu s  a n i, skin e ru p tio n s , a n d  e n la rg e m e n t  o f  th e  th y ro id  
g land . Fev er, ch ills, h e a d a c h e , a n d  v e rd g o  h a v e  a lso  
õ c n ư re d .

Effects o n  th e  n e rv o u s  System . H y p e r te n s iv e  e n c e p h a lo -  
p a th y  a n d  sc izu res h a v e  b e e n  re p o t tc d  in  a  1 0 -y ear-o ld  
b oy  ta k in g  oral d iio d o h y d ro x y q u in o lin e  fo r  a  Ditntamoeba 
ị,'ragilìs in íe c tio n .1 F o u r te e n  d a y s  a fte r  s ta r tin g  t re a tm e n t  
th e  b o y  h a d  a b d o m in a l c ta m p s  a n d  m u s d e  p a in . F o u r  
đays la te r  a  p in s-a n d -n e e đ lc s  se n sa tio n  in  h is  íee t, a ta x ic  
gait, ío o t  d rop , s tiff legs, g en e ra l w e a k n c ss , a n d  h e a d a c h e  
deve loped . ĩ h e s e  sy m p tõ m s w c rc  sh o r t ly  fo llo w ed  by  
to n ic -d o n ic  se izu res  a n d  resu lts  íro m  a d d it io n a l  in v es tig a -  
tio n s  in d ica ted  a  h y p e rte n s iv e  e n c c p h a lo p a th y . F ive  
m o n th s  a tie r  s to p p in g  d iio d o h y d ro x y q u in o lin c . re su lts  
fro m  a  n eu ro lo g ỉc  e x a m in a tio n  w c re  n o rm a l ,  b u t  t lie  b o y  
still h a d  ting ling  a n d  se n sitiv itic s  in  h is  leg s . -

J. Health Canada. ĩodoquỉnoỉ: suspccted assoôaiỉon tvith hỵpcrtensive 
enccphalopatỉty and sẽỉxures. Can Advcnt React Neivs 2000; 16 (3): 3. Aỉso 
availabie ai: hưp://www.Uc-sc.gc.ca/dhp-mps/alt_formats/hpíb-dgpsa/ 
pdf/mede(ỉ/cam-bcd„vl 6n3-eng.pdf (aòcssèd 11/02/09)

Precautìons
D iio d o h y d ro x y q u in o lin c  is c o n tra - in d ic a te d  in  p a tie n ts  
k n o w n  to  b e  hypersiensitivc  to  io d in c  o r  h a lo g ẽ n a te d  
h y d ro x y q iiiiio lin es  a n d  in  th o se  w ith  h e p a tic  o r  r e n a l  
ú n p a irm e n t. It s h o u ld  b e  u se d  w ith  c a u tio n  in  th y ro id  
d isease a n d  m ay  im e r íe re  w ith  d e te rm ln a tio n s  of p ro te in -  
b o u n d  io d in c  in  te s ts  fo r  th y ro id  lu n c t io n  ío r  u p  to  6 m o n th s  
a lte r  th e ra p y . I ts  u s e  k  b e s t  a v o iđ e d  in  p a tie n ts  w i th  
neu ro lo g ica l d iso rdcrs. L o n g - te n n  u se  s h o u ld  b e  av o ỉd e d .

Chilcỉren. Last av a ila b ỉe  g u id a n c c  ỈTom t h e  C o m m itte e  o n  
D rugs o f th e  A m e ric a n  A cad em y  o f  P e d ia ơ ic s 1 co n s id e red  
th a t  th e re  w as a  p o te n tia l  risk  o f  to x iđ ty  to  in ía n ts  a n d  
c h ild ren  from  d io q u in o l  a n d  d n o d o h y d ró x y q u in o lin c  
app lied  topically . S in ce  a lte ra a tiv e  e ỉíe c d v e  p rep a ra tìo n s  
a re  av a ỉlab le  for d e rm a titis , t h e  C o m m itte e  r e c o m m e n d e d  
th a t  P ro d u c ts  c o m a in in g  e ith e r  o f  th e s e  c o in p o u n d s  
sh o u ld  n o t  b e  u se d .

VVHO considers th a t  th e  u s e  o f h a ỉo g c n a te d  h y d ro -  
x y q u in o lin e s  fo r t h e  t re a im e n t  of a c u tc  d ia r rh o c a  o r 
am o eb iasis  in  c h ild re n  c a n n o t b e  justiified .J T h e re  is n o  
e v id en ce  o l th c ỉr  c ííicacy  in  a c u tc  d ia r rh o e a  a n d  th e y  h a v e  
been  associated  vvíth s ev ere  n c u ro lo g íca l e íle c ts . O n  th e  ra re  
occasions w h en  a Iu m in a l a m o e b ir ìd e  is r e q u ire d ,  o th e r  less 
tox ic  a n d  m ore  e ffec tivc  a g e n ts  a re  av a ỉla b le .

1. Kauííman K£. tí aỉ. American Acadcmy oỉ Pediatrics Commỉttee ori 
Drugs. Clioqutnol (iodochlorhydroxyquin. Vioỉorm) and ỉodoquinol 
(òiiodohydroxyquin): blỉndness and neuropaihy. Pediauiữ 1990; 86: 
797-8. [Kc-aífirmeđOctỡbcr20ỡ6. RctíredtenuacY2QìlỊ AÌỈOavaiìabìe 
at: hup://aapponcy.aappublica tions.org/cgi/rcprinr/pcdisit rics;86/5/797. 
pdỉ (accessed 15/02/11)

2. WHO. The ratỉonaỉ use of đrugs ỉn the management oỉ acutc dỉarrhoea 
. in children. Geneva: WĨI0. 1990.

- Pharmacokinetics
D iio d o h y d ro x y q u ỉn o lin e  is  p o o rly  a b so rb e d  ừ o rn  th e  
gastco in tcstina l tra c t. C o n c e n i h a s  b e c n  ex p re sse d  a b o u t 
possib le a b so ip tio n  a íte r  a p p lic a tio n  to  t l ic  sk in  (see 
C h ild ren , u n d e r  P re ca u tio n s , ab o v e ).

P r e p a r a ỉ i o n s

Proprictary Preparations (dctails are givcn in Volume B)
Singie-ingredient PreparaHons. Catiađ.: D iodoquin; Mex.: Amc- 

! ban; AntidiCar; C aisuquin; D iam cbt: D iodoquin; D iyosult; 
Enttro-Diyod; E n tod ibat; Exoquin; Q uinosul; Versamiv; Tttrk.: 
H oraqnin; USA: A loquin; Scbaquin; Yodoxin; Venez-: D ioda- 
quin.

tdulH-ingredient Preparotions. Arg.: Hipoglos C icatriiam e; Chile. 
Dexagin; Hong Kong: A n linat; Ittdia: Enteroguanid ine; Mex.: 
Ameban; Amebyl; Bontab C orahul; D epolin; D ialgint; Diodoli- 
na; Dipectur; Facetin-D; Farm eban; FIagenase 400; Flagocilt; 
Lambliquin; M etođine; M ctrodiyođ; Norecil; Novagcon; Stomf- 
fler Plus; T h red io p t; S.AfrVagarsol: Viocort; V iodort; Thai.: 
Coccila; D iiento; Gynecon-T; G ynecon; G ynocot; Gynova-h 
Gyonep; Gyracon; Nystin; Patarver; Q uin radon-N f; V agidn; 
VG M ed; USA: A lcortin A; H ydro-Iodoquinol; Vytone.

Pharnucopoóal PreparaKons
USP 36: Iodoquinoi Tablets.

Diloxanide Furoate ỊBANM, riNNMi
'ỗlíòksanid Furóat; Diloxahida, -furoato de; Diíoxanide, 
Fufoate d^ DiloxahỊdị Furoas; FÙroató de dilòxanida;

:AvtọòKcạHM/ý O ypoaT
4-(/V-Methy(-2^-dichloroacetam)do)phenyl 2-ftjroate. ■.

, c t4H Ma 2 N 0 4= 3 2 a .i ;  , ' _ , r . .  . . . . 1 '
ữíS ̂  579:38̂4 (diloxấniđe)̂ ■3̂36-81̂0 ‘(diỊpxanidẹ hiròatệ].'

■ATC— PỠÌÁCỌ.Ì. :
ư /y //— ỵ p w ^ / v m ,  ■ , 'r ,

P h a rm a c o p o e ia s . In  Br„ bit, a n d  us.
B P  2014: (D ilo x an ỉd e  P u ro a te ) .  A  w h ite  o r  a lm o s t  w h ỉte , 
odouriess o r  a lm o s t o d o u rle s s , c rysta lline  p o w d e r .  V ery 
s ligh tly  so lub le  i n  w a te r;  s lig h tly  so lub le  in  a lc o h o l a n d  in  
e th e r ;  &eely so ỉu b le  in  c h lo ro fo rm . P ro tec t & o m  l ig h t  

U S P  36: (D ilo x an id e  F u ro a te ) .  A  w h ite  o r  a lm o s t  w h ite , 
crystalline p o w d e r .  V ery  s lig h tly  so lub le  in  w a te n  sligh tly  
so lub le  in a lc o h o l a n d  in  e th e n  free ly  so lub le  i n  c h lo ro to tm . 
S to re  in  a ic tigh t c o n ta in e rs . P r o te r t  & om  lỉg h t.

Uses and Administration
D iloxanide tu ro a te .  a  d ich lo ro ac e tam id e  d e tiv a tìv e ,  is a 
lu m in a l a m o e b id d e  a c tìn g  m a in ly  in  th e  b o w e l lu m e n  a n d  
is u se d  in th e  Q e a tm e n t  o{ in te s tin a l  am oeb iasls  (p . 9 1 9 .1 ). It 
is g iv en  a lo n e  ỉn  th e  t re a tm e n t  oỉ a sy m p to m a tỉc  cy s t passers 
o r  a tte r  a n  a tn o e b id d e  th a t  a c ts  in  th e  tís su e s , s u c h  a ỉ  
in e tro n id azo le , in  p a tie n ts  w i th  sy m p to m a tic  (invasỉve) 
am oebiasis.

D iloxanide h iro a te  is  g iv e n  o ia ũ y  in  a  d o sa g e  oi 500  m g  
th re e  tim es d a ily  fo r 10 days. T h e  course  o f  t r e a tm e n t  m ay  
b e  rcpcated  if  ne c essa ry .

F o r details o f  doses i n  đ n ld re n ,  see b e lo w .

A d m in is tra tío n  in  c h ild re n . D U oxanide ỉu ro a te  m a y  b e  
g iven  orally to  c h ild re n  fo r th e  t re a tm e n t  o f a sy m p to m a tic  
am oebiasis ( in d u d in g  a sy m p to m a tìc  cyst p a sse rs) a n d  as 
ío tlow -up  t r e a tm e n t  a ỉ te r  a  tis su e  a m o e b id d e  in  t h e  m an* 
ag e m e n t óf sy m p to m a tic  (in v asiv e ) am o eb iasis  i n  d o se  of 
2 0 m g /k g  d a ily ; in  '3 d iv iđ e d  doses, fo r  1 0  'đays. UK 
licenscd  p ro d u c t  in ỉo rm a t io n  s típ u la te s  d ilo x a n id e  íu ro a te  
m a y  only b e  g iv e n  to  c h ild re n  vvdgh ing  m o re  t h a n  25  kg  
w h ile  thc  BNFC suggests Ít m a y  b e  g iv en  to  c h ild re n  b o m  
th e  age of 1 m o n th .

Adverse Efíects
F la tu lence  ís  t h e  m o s t  c o m m o n  a d v erse  e ữ e c t  d u rin g  
tre a rm é n t iv ỉth  đ ilo x a n id e  íu ro a te .  V om itìng , p ru ri tu s ,  a n d  
urticaria  m a y  o ccasio n a lly  o c cu r.

Pharmacokinetics
D iloxaniđe f u ro a te  is h y d ro ly se d  b e ỉo re  a b so rp tio n  ừ o m  th e  
g a s tro in te s tin a l trac t. T h e  re su ltín g  d ilo x a n id e  is read ily  
absorbed  a n d  e x c re te d  m a in ly  in  th e  u r tn e  as th e  
g lu cu ro n id c; lc s s  th a n  10%  o f a  do se  a p p e ars  in  t h e  íaeces.

P r e p a r a t i o n s

Proprietary Preparations (details a re  given in V olum e B)

Single-ũigreclient Preparatìons. Indùr. A m idine.

MulH-ingredient Preparatíons. ĩndùr. AldezoI-DF; A m ebiỉ Forte; 
A m idinc Plus; Antibic-DF; Arìstogyl plus; Dialox; DLotin MPS; 
Dyrade-M; Eldazole; H ntam izolet: Entrolate; Idom etrin-D ; 
Metrogyl C om pound; M etron-D F; Novogyl-MPS; Qugyl; Tlni- 
dafyl PIus; v /o tin e x . ..

Phannacopoeio! Preparatìons
CP 2014: D iloxanidc Tabletỉ.

D i m e ỉ r i d a z o I e  ỊBAN, pìNNi
Dimetridatsoli; Dimetridazol; Dimétridazole; Dimetridazo-
lum; flMk«Tpnfla300. ■
1,2-Dimethyl-5-nitroimidazole. ' • ‘
C5H7N3O2-Í41.1 ; : ■ ;
CAS — 551-92-8. ... ‘ • r. > .
AĨCVet,— QPSĩAẦQ7: '
ym — ịS9P7XNm. .  . . " -

P h a rm a c o p o e ia s . In  Fr. ÍOI v e te r in a ry  u se . A lso  i n  BP(Vet). 
B P (V et) 2 0 1 4 :  (D im e trid a zo le ). A n  a lm o s t  w h l te  to  
b ro w n ish -y e llo w , o d o u rle ss  o r  a lm o st o d o u r le s s  p o w d e r  
tv h id i  d a rk e n s  o n  e x p o su re  to  lig h t. S lig h tly  so lu b le  in  
w a te n  sp a rin g ly  so lu b le  i n  a lcoho l; f re e ly  so lu b le  in  
c h lo ro ío n n ; s lig h d y  so lu b le  i n  e th e r .  P ro te c t f ro m  lig h t.

Profìlẹ
D im etrid azo le  i ỉ  a  5 -n ĩtro im id a z o le  d e riv a tiv e  s im ila r  to  
m etro n id a z o le . I t  is u s e d  i n  v e tạ Ị n a r y  p ra c tic e  fọ r th e  
c o n tro l oí varíous p ro to z o a ỉ in ỉe c ồ o n s  i n  b ird s , ũsh. a n d  
rep tiles. I t  h a s  also  b e  e n  u s e d  fo r svvine • d y se n te ry . 
D im etrid azo le  is  co n s id e red  to  b e  p o te n tỉa l ỉy  c a rd n o g e n ỉc  
a n d  u se  in  ỉo o d -p ro d u d n g  a n im a ls  h a s  b e e n  b a n n e d  in  
so m e  c o u n tr ie s .

The Symbol t  denotes a preparation no longer actively marketed

http://www.Uc-sc.gc.ca/dhp-mps/alt_formats/hp%c3%adb-dgpsa/


Diminazene Aceturate IBANM. /INNMI 
TíCẽturatorde-dĩm iná^eno;1;' blm irwène/vẠcéturate de 
Oiminạzehi Ạceturas;'-Diminaỉếna aceóiratò'

,a a ạ i ã ^ è Ị y p O T í Ể : ; ỉ ^ ‘:ị Ị ' ' ' ;v :
via :® ^ ạ m iđ iw p h e Ị^ fta ffife  bi's(N-ac^lglyanãte). ýc
f i H à N Ạ i 5 l _ 5 ' Ị  >  V.- •.-.

5 3 6 j 7 ị ^ ĩ ' Ị à > m ì p à K n ẹ ) Ị j  90 8 -5 4 -3 -■ (d ir r ịin d zè n ẹ

t ^ t u r a ị e đ ị ỳ l ^ ^ ữ ĩ ^ ^ - .  Ị  ■ í".••5'' "\7 - 'í- . 'i

N o m  D im in a z e n e  a c e tu r a te  is  o h e n  r e íe r r e d  to  b y  its  
v e te r in a r y  p ro p r ie ta ry  n a m e  B e re n il.

Prolìle
D im in a z e n e  a c e tu ra te ,  a n  a ro m a tic  d ia m id in e  d e riv a tiv e  
r e la te d  t o  p e m a m id in e ,  is a n  a n tip ro to z o a l  u s e d  in  
v e te r in a r y  p ra c tic e  in  t h e  t r e a tm e n t  o f  try p a n o so m ia s is  
a n d  b a b e sio s is . ỉ t  h a s  a lso  b e e n  tr ie d  in  h u m a n  in le c tio n s .

932 Antiprotozools_________________________

Dinitolmide IBAN, riNNi

Dinitolmĩda; Dihitolmidum; Diniữotoluamida; Dinitrotolua- 
midé; Methyldinitrobenzamide; í|MHWTO/iMHfl. 
3^-Oinitro-o-toluamide.
QÍH7N3Os=2252 1 :
CÃS 14&01-6. ■
ẠỴCVet -̂ - QP51AXỈ2 • /

P h a r m a c o p o e ia s .  In  BP(Vet).
B P (V et)  2 0 1 4 : (D in ito lm id e ) . A  c re a m  to  lig h t  t a n  p o w d e r . 
P rac tìca lly  in so lu b le  in  vva ten  s lig h tly  s o lu b le  in  a lco h o l, in  
c h lo r o ỉo n n ,  a n d  i n  e th e n  so lu b le  in  a c e to n e .

Proỉile
D in ito lm id e  is  a n  a n tìp ro to z o a l u s e d  in  v e te r in a ry  p rac tice  
fo r  t b e  p re v e n t io n  o f  c o c d d io s is  in  p o u l try .

EAomithine Hydrochloride
IBANM, USAN. riNNMI
D FM O ;^ ạ ^ iA ú q ró m e th y lo rn i th in e  H y d ro ch lo rid e; Éflor- 
n í th ín e ^ .C Í Í o r lỹ d r a te  d ';  EA om ithini H y d ro ch ló rid u m ; 

.E A ò rh ĩtín a ,-h íd rõ clo ru ra  d ẹ ; H ldroclo ru ro  d e ;  eAomitina; 
M DL-7.1782; M DL-:71782À; RM I-71782;, 3ộ/lopHHTHHa 

.TnÁ póxnopm i. • ;  ::

.2 -{Đ if|ùorpm ethyl}-ọu-om ithĩne m o n o h y d ro d ilo r id e  m o n o - 
h ỹ d ra te . ■ - '
^ Ì 2 F 2N2ỏ i H g !Hỉ Ò = 2 3 6 .6 .
CAS,..— ,, 67037-37-0 (eẠomithine); 96Ò20-91-6 (eítornithine 
hydrochloridẹ).'< • ’ i •' i  .
/Í7C .-Í DÌỉÂxmpãiaoi 
ATC Vet — QÒ11ẠXÍ6 
UNlTr-jNH22NDW9H.

Uses and Administration
E A o m ith in e  ũ  a n  a n d p ro to z o a J  th a t  a o s  as  a n  irre v ers ib le  
t n h ib i to r  o l  o r n ỉ th in e  d e c arb o x y lase , th e  ra te -l im itin g  
e n z y m e  in  p o ly a m ỉn e  b io sy n th e s is ; try p a n o s o m e s  a re  m o re  
su sc e p tib le  to  th e  e ữ e c ts  o f  e ũ o m i th in e  t h a n  a re  h u m a n s , 
p ro b a b ly  b e c a u s e  oỉ th e i r  s lo w e r  t u m o v e r  o£ th is  e n z y m e .

E H o m ith in e  is u s e d  ìn  A í r ỉ c a n  t r y p a n o s o m i a s i s  d u e  to Trypanosoma bruai gambìensc (see  belovv). I t  ũ  e ỉfec tiv e  in  
t h e  l a t e  s ta g e  o í  th e  đ ise a se  (v vhen  th e r e  is CNS 
in v o lv e m e n t) .

I n  t h e  n e a tm e n t  o f  A ỉr íc a n  t ry p a n o so m ỉa s is , e ũ o m ith in e  
h y d ro c h lo r id e  is  g iv e n  b y  in tra v e n o u s  in ỉu s io n . T h e  d o se  iỉ  
lÕ O m g /k g  e v e ry  6  h o u r s  l o r  a t  le a s t 14  d a y s . E ach  dosẽ  
s h o u ld  b e  g iv e n  o v e r  a  p e r io d  o f a t  l e a s t  4 5  m in u te s .  D osage 
s h ọ u ld  b é  r e d u c e d  in  p a d e n ts  w i th  r e n a l  ũ n p a ỉrm e n t .

EĐor rn th in e  h y d ro c h lo r id e  is a lso  a p p lie d  to p ica lly  tw ice  
d a ily  f o r  t h e  r e d u c t ỉo n  o ỉ  u n w a n te d  f a c ỉ a l  h a ỉ r  in  tv o m e n  
(see  H ù s u a s m , b e lo w ). Í t  is  a v a ila b le  as a  c re a m  c o n ta in in g  
1 5 %  e A o m ith in ẹ  h y d ro c h lo r id e  m o n o h y d r a t c  in  th e  u íc  
th is  c o n te n t  is e x p re sse d  as  1 1 .5 %  e A o m ith in e  a n d  in  th e  
U SA  a s  1 3 .9 %  a n h y d r o u ỉ  e A o m ith in e  h y đ ro c h lo r id e .

O rạ l ỉ o rm u la t io n s  oí e H o rn ith in e  a re  u n d e r  in v e s tig a tio n  
f o r  th e  t r e a tm e n t  o f  íam ilia l a d e n o m a to u s  p o ỉy p o sis  (see 
M a lig n a n t  N e o p la stn s  o f t h e  C o lo n  a n d  R e c tu m , p . 7 0 6 .3 ).

Cryplospondiosi*. £ f lo m ith ỉn e  h a s  b e e n  tr ie d  in  th e  tre a t-  
m e n t  o f  a y p to s p o r id io s ú  (p . 921 .1 ) in  A ID S p a tìe n ts .1

1. Robtoo KVL 0  ãỉ. Incesdnaỉ ayptosporidiosỉi treaieđ wiih eHocDithiae: ề 
praspeaivc study amooi patiãiu »n«h Ams. lÁOỊuir Immuiư DtficSmĩr ' 1939; 2: 426-30.

Krsutism. T o p ic a l e ũ o m i th in e  h y d ro c h lo r id e  a p p lie d  
tw ice  d a ily  as  a  1 3 .9 %  c re a m  is e ữ e c n v e  in  r e d u d n g  th e  
g ro w th  o f  t u n y a n te d  fa d a l  h a ữ  in  íe m a le s  (se e  H irsu tisin , 
p . 2 2 6 2 .1 ) , a l th o u g h  it t n u s t  b e  u s e d  in d e h n i te ly  to  p re -

All cross-reĩerences refer 10 entries in  Volutne A

v e n t  r e g r o m h .1 I ts  a c d o n  is  t h o u g h t  to  b e  d u e  to  t h e  ũ r e -  
v e rs ib le  in h ib i t ìo n  o f  o tn i th in e  d e c a rb o x y la se  ỉn  h a i r  ío llỉ-  
d e s .  I t  h a s  a lso  b e e n  u s e d  su c ce ssh illy  tv i th  la s e r  h a ir  
re m o v a l.2

ỉ .  Baxman Baưoor JA. McơeUan K. Topicaỉ eAomỉthine. Am J  Qin 
Dtrmatoỉ 2001; 2: 197-201.

2. Hanuavỉ t  rt mL A nndomỉxed biUteral vehide^controUeđ snidy oi 
eOomỉthine cream combined wỉcb User treaooem verĩus User treatment 
alone íor Udaỉ hỉxsudsa in women. J Am Acai Dtrmatoỉ 2007; 57: 54-9.

M a R g n a n l  n e o p la s m s .  E A o m ith in e  h a s  a n tìm e ta b o lic  
a c tiv ity  a n d  i ỉ  b e in g  ỉ tu d ie d  a$ a p o te n d a l  c h e m o p r e v e n -  
t iv e  a g e n t  in  p a t ie n ts  a t  h ig h  risk  o f  a  v a rie ty  o f  m a l ig n a n t  
d iseases, i n d u d ỉn g  c a n c e r  o f  th e  b la d d e r ,  b r e a s t  c e rv ix , 
c o lo n , o e so p h a g u s , p ro s ta te ,  a n d  sk in .u  I t  h a s  b e e n  in v e s -  
t ig a te d  vvith N SA ID s s u c h  as  s u lin d a c  in  th e  p r e v e n t io n  o f 
c õ lo n  c a n c e r .

1. Meyskens FL Gemer EW. Developmeni of dlỉluoromethyỉomithine 
(DPMO) as a chcmoprevencỉon íịeỏ L  Qin Caỉĩcrr R a  1999; 5: 945-51.

2. Raul p. Rcvivai oí 2-(dl0uocomcỉbyl)ornUhine (DFMO), an inhỉbltor oí 
polyamine bỉosỵnchesỉs. as a cancer dtemoprevendve agenL Biodtem Soc 
Trâm 2007; 35: 353-5.

A ỉr ic a n  t ry p a n o s o m ỉa s is .  E Q o m ith in e  is e ã e c t iv e  in  th e  
t r e a tm e n t  o f  Trypanosoma brucei gambimse in íe c tio n s  
(p. 9 2 5 .2 ), a n d  is p a rt ic u la r ly  v a lu a b le  in  p ro v id in g  a n  
a lte m a t iv e  to  m e la rs o p ro l in  m e n in g o e n c e p h a l iú c  d is- 
e a se .1' 5 E n o m ith in e  lO O m g /k g  in tra v e n o u s ly  e v e ry  6 
h o u rs  fo r  7  day s, r a th e r  t h a n  th e  S ta n d ard  1 4  d ay s, p ro -  
d u c e d  lo n g - te rm  re sp o n se s  in  4 2  o í  4 7  p a tie n ts  w h o  h a d  
re la p sed  a f te r  o th e r  ơ e a tm e n t  reg im e n s .4 S im ila r  p o s it iv e  
re su lts  in  r e la p s in g  cases w e r e  o b ta in e d  w i th  a  s h o r t  7 -d a y  
c o u rse  in  a  m u l t ic e n ư e  ra n d o m ise d  c o n tro l le d  s tu d y ,’ 
a l th o u g h  th is  s h o n  c o u rs e  vvas in íe r io r  to  t h e  1 4 -đ ay  
c o u rse  fo r  n e w  c a ses , in  vvhom  it c o u ld  n o t  b e  re c o m - 
ra e n d e d . A  p a t i e n t  vvho h a d  re la p sed  a í te r  ư e a tm e n t  vvith 
m e la n o p ro l  a n d  e ũ o rn i th in e  g iv en  s in g ly  w a s  c u re d  w h e n  
th e  d r u g ỉ  w e re  g iv e n  to g e th e r .4 E ũ o m ith in e  g iv e n  ÍOT 4  
d ay s íoUovved b y  3 d a ily  in je c tio n s  o f m e la rs o p ro l,  vvas 
a s s o d a te d  w i th  a  c u re  r a te  o í  9 3 %  in  4 2  p a tie n ts  vvith 
m e la rs o p ro l- re s is ta n t  G a m b ia n  ơ y p a n o so m ia s is . E£ficacy 
a n d  to x id ty  w e r e  c o n s id e re d  to  b e  s im ila r  t o  a  7 -d a y  
c o u ts e  o f  e H o m ith ỉn e  m o n o th e r a p y .7 P ro m is in g  re su ỉts  
h a v e  b e e n  r e p o r te d  h o m  u s e  o f  e U o m ìth in e  4 0 0  m g /k g  
d a ily  ( 2 0 0 m g /k g  e v e ry  12 h o u rs )  in ư a v e n o u s ly  ío r  7  d a y s  
w ith  o ra l  n i íu r tũ n o x  1 5 m g /k g  d a ỉỉy  (5 m g /k g  e v e ry  8 
h o u rs )  fo r 10  days;*'* t h i ỉ  d ru g  c o m b in a tio n  h a s  novv b e e n  
L n d u d e d  in  t h e  W H O  List o f  E ssen tia l M e d id n e s  ỉo r  th e  
t r e a tm e n t  o{ h u m a n  A h ic a n  try p a n o so m ia s is .10

E ũ o m ỉth in e  is n o t  e ữ e c tiv e  vvhen g iv e n  a lo n e  in  T. b. 
rhodesiense in íe c tio n s .  a n d  e a rly  r e p o r ts  o f i ts  u se  w ith  
s u ra m in  vvere n o t  e n c o u ra g ỉn g ."

1. Cbappuis F,«  ai. HOomhhỉne ts saíer than mclarsoprol for (he ữeaunent 
of second-suge Trypmmamầ bnteà Ịầmbienu h u n ao  Aỉrican ưypano- 
somUsỉs. Qin ĩiựea Dù 2005; 4L‘ 744-51.

2. BaUseganm M. et a l  MeUrsoproỉ venus eũomichỉne for ưeadng Iaie* 
stage Gambian crypanosomlasis ỉn the Republỉc of the Congo. Sui! WH0 
2006: M ỉ 783-91.

3. Priono G, t i  aL Saíety and eíĩectỉveaess oỉ Bm  Une eHomithỉne íor 
Trypanơsoma bnưgi ýambierut slecping sỉdcness in Sudan: cohon ỉtudy. 
BÍU  2008; 334: 705-8.

4. Khonde N. €í aỉ. A ỉeven days course of eũomithỉne íor reUpsing 
Trypanosoma brucei gambiense sleepỉng ridcncss. Trarư X Sac Trop Mtd 
H yị 1997; 91; 212 -1 3”

5. Pepin J, 0  đL Short-course eũomỉthine in G am biu trypanosomiasỉs: a 
m uỉtỉontre randomixed oontroHed trUL Bull WHO 2000; 78: 1284-95.

6. Sixnarro PF, Asumu PN. CambUn txypanosomtasỉs and synergỉsni 
benveen meUrsoproỉ and eOomithỉne: drsl ca se repon. Trans X Soe Trop 
Med Hyg 1996; 90: 315.

7. M pu B. Pépin J. Combinacỉon of eílomithine and cneUrsoproI íor 
meUrsoprol-resistant Cambian vypanosomiasis. Tráp Mtd btt Health 
2002;7:775-9.

8. Prỉotto G, tỉ  at. Nưurtimox»e0omithine combìnation therapy íor second- 
siage Trypanosama krvcri gamhitme sleeping sỉckness: a randomUed 
dỉnlcal trUỈ ỉn Congo. ƠÙỊ brftơ Dừ 2007; 45:1435-42.

9. Priotto G, ẩtaỉ. Nlíunỉmaa-eiỉomỈLhỉne combinatỉon therapỵ ỉor second* 
stage Airican Trypanotơmầ bnten gambkmt trypanosomỉaỉis: a multi* 
cenưe. randomised. phase HL non-iníerioriry triaL Lanat 2009; 374:56- 
64

10. WHO. WHO Modeỉ List oí EssentUỈ Medidnes; 16(h lỉỉt (updated March 
20Ĩ0). AvaỉUble aL* hapỉ//www.Mdto.lnưraedldnes/publỉcatlons/ 
essentịaỉm edícỉnes/Updated.sỉxteenth.aduU.ỉỉst^en.pdỉ (accessed 
08/07/10)

11. Cỉerỉnx i, et aL Treacment of Ute suge rhodesỉense trypanosomỉasỉs 
using sunm in and eOoreithine: repon oỉ slx cases. Traru X Sae Trop Meề 
Hys 1998; 92:449-50 .

Adverse Effects and Precautions
I n ơ a v e n o u s  e ỉ lo m ith in e  c o m m o n ly  c a u se s  m y e lo s u p p re s -  
s io n  t h a t  m a y  l e a d  to  a n a e m ia ,  l e u c o p e n ia .  a n d  
th ro m b o c y to p e n ia .  S o m e  p a rie n ts  h a v e  h a d  h c a r ín g  loss 
a n d  a lo p e d a .  G a s tro in te s t ỉn a l  d is tu rb a n c e s ,  e s p e d a l ly  
d ia r rh o e a ,  m a y  o c c u r .  S e izu re s  h a v e  o c c u rre d  in  a b o u t  8 %  
o f p a á e n t s  g iv e n  e í lo m ith in e  b u t  th e y  m a y  h a v e  b e e n  
re la te d  to  th e  d ise a se  r a th e r  t h a n  ơ e a tm e n L

D o sag e  s h o u ld  b e  r e d u c e đ  in  p a tie n ts  sv ith  r e n a l  
im p a i r m e n t

A c n e  a n d  s k in  i r r i ta t io n , su  c h  as  e ty th e m a  o r  a  s tin g in g  
o r  b u m ln g  se n sa t io n , h a s  b e e n  re p o r te d  a h e r  to p ic a l  
a p p lic a tio n  o f  e O o m ith in e ;  h o w e v e r ,  a d v e rs e  eH ects a re  
g e n e ra lly  m ild  a n d  u s u a ỉly  reso lv e  w i th o u t  m e d ic a l  
n e a tm e n t  o r  s to p p in g  e A o m ith in e .

Effeds on the ears. A  s tu d ý  in  5 8  p a tie n ts*  g iv e n  o r a l  
e ũ o m i th in e  a lo n e  o r  w i th  in te r íe r o n  a lfa  fo r t h e  ơ e a tm e n t  
o f  m e ta s ta t ic  m e la n o m a  ỉo u n d  t h a t  h e a r in g  lo ss  vvas 
re la te d  to  t h e  c u m u la ú v e  d o se  o ỉ  e Đ o m ith in e  a n d  w a s  
w o rse  i n  p a tie n ts  w l th  p re -e x is t in g  h e a r in g  d e S d t .  T e m -  
p o ra ry  h e a r in g  loss U ỉu a lly  o c c u rs  w i th  d a ily  d o s e s  a b o v e  
2  g /m 2 a n d  w h e n  th e  c u m u la tiv e  d o s e  e x c e e d s  2 5 0 g /m z. A  
ca se  o ỉ  i r r e v e n ib le  h e a i in g  loss h a s  b e  e n  r e p o n ẽ d  ỉ n  a  
p a tie n t  w i th  B arrett*s o e so p h a g u s  a h e r  ta k in g  [o ra l]  e f lo r -  
n i th in e  5 0 0 m g /m 2 d a ily  ỉo r  a b o u t  1 3  vveeks ( c u m u la t iv e  
d o se  o f  4 5 g /m 2) ỉo r  t h e  p r e v e n t io n  o f  o e s o p h a g e a l c a n -  
c e r.2

1. Croghan MK, et al Dose-reUted a •dỉiluoromethylomỉthine ototosdđty. 
Am J Qin Onaỉ 1991; 14:331-5.

2. Lao CD. et aL Irrcvgrrible ocotoxkiry assodated with difluoromethy> 
lonùthine. Canetr EpUarùoỉ Biomarktrt Rrrv 2004; 13: 1250-2.

Effech on the hecrt. A n  AIDS p a t i e n t  w ith  p n e u m o c y s t is  
p n e u m o n ia  h a d  a  ỉa ta l  c a id ia c  a r r e s t  d u r in g  a n  in  t r a - 
v e n o u s  in h is io n  o f e A o m ith in e  lO O m g /k g  o v e r  1 h o u r .1 
S u d d e n  d e a th  a h e r  in tu s io n  o f  e A o m ith in e  h a d  o c c u rre d  
in  se v era l o th e r  crírica lly  ill p a tie n ts  w i th  AID S.

I. Barbarash RA. et tứ. Alpha-dưiuoromethylornithtne inlusion and cardiac 
arrest. Ann ỉnum Med 1986; 105: 141-2.

Pharmacokinetics
E Q o m ith in e  h y d ro c h lo r id e  is a b so rb e d  h o m  t h e  g a s tro -  
in te s tỉn a l  tracL  A h e r  i n n a v e n o u s  d o se s  a b o u t  8 0 %  ỉs 
c x c re te d  u n c h a n g e d  in  th e  u r in e  in  2 4  h o u rs .  T h e  te r m in a l  
e l im in a tìo n  h a lf - li ỉe  is  a b o u t  3 h o u r s .  I t  is d is t r ib u te d  to  t h e  
CSF.

Less th a n  1%  of a  dose is a b s o rb e d  a h e r  to p ic a l 
a p p lic a tio n .

R e íe re n c e s .
1. Haegele KD. etal. IGnedcs of e -diAuoromethyloraithừie: an irreversỉbỉe 

Iohỉbitor oí omithine decarboxylase. ơm  Pharmacoỉ Ther 1981; 30:2 ỉ 0 -
17.

2. Milord F, et a i EAomỉthỉne concentratknu in seruxn and cerebrospinaỉ 
fluid o( 63 patients treated for Trypanosoma bnicei gambỉense sleepỉng 
sldeness. Tram X Sae Tráp Méd Hys 1993; 87: 473-7.

3. Malhotra B. et aỉ. Percutaneous absorption and pharmacoỉđnetícs oí 
eOomlthỉne HC 13.9% cream in woroen wỉth unwanted Udal hair. J 
a n  Pharmacol 2001; 41: 972-8.

4. Na-Bangchang K  tt al. The phannacotdnetics oỉ eíỉomỉthine (alpha- 
diOuororeethyỉomtthỉne) in patỉenu wlth late-stage T.b. gambiense 
ỉleeping sickness. Eur J ơin Pharmaal 2004; 60: 269-78.

Preparatìons
Proprietory Preparations (deu ils are g iv en  in  V olum e B)

Single-ingredĩent Preparations. Arg.: V aniqa; AustraL: V aniqa; Austrũr V aniqa; Belg.: Vaniqa; Canaả.: V aniqa; Chile. Sesson 
Vaniqa; Cỉ.: Vaniqa; Dtnm.: Vaniqa; Fr.: V aniqa; Ger.: V aniqa; 
India: EQora; Elyn; / r í .;  Vaniqa; Israel: V aniqa; ItaL: V anìqa; Neth.: V anỉqa; Norw.: Vaniqa; PoL: V aniqa; PorL: V aniqa; Spain: Vaniqa; Sweí: Vaniqa; Switz.: V aniqa; UK: V aniqa: USA: O m id y lt: Vaniqa.

Emetine Hydrochloride IBANMÌ

□orịdrato de Emetina; Emet Hydrochlor.; Emetiinihydroklor- 
id i; Èmetiha, hidrodoruro de; Emetin-dihydrochlòrid; 

•Émétine,'chlorhydrate d’; Emetine Dlhydrochloride; Emetin- 
hidroklorid; Emétirihydroklorid; Emetini Chloridum;'Emẻtini 
bihydrochloridum; Emetìni hydrochloridum; Ẹmetino hidro- 

. chloridas; Ẹmetỵny dichlorowodorek; Ipecine Hydrochloride; 
Methylcephaẽline Hýdrochtoride; BMỊÉTHHa r»vu3ÒxnópMÌÕ.
6',7*, 10,11 -Tetrameứioxyernetan dihydrochloride heptahy- 

..dréte; i(2S,3Ạ,11b5)-3-Ethyl-1,3,4,6,7,11b-hexahydro:-9,ỊÓ-. 
; dÌm etiioxy-2-Ìp fl)-Ì,2,3,4-tetrahydro-6,7-dimethoxy-l -iso- 
quinolylmethylÌ-2H-benzo[a]quinolizine dihydrochldrỊde 
heptahydrate. - '
C29HaoN20*2Ha,7H20=679.7
CAS -  433-18-1 (emetine); 316-42-7 (anhydrous emetìne 
hỳdrochtoridè); 7083-71-8 (emetine hydrochbride, hydràte);
■ 79300-08-6 (emetìne hydròchlorlàe, heptahydraté). ’
'ATC — P01ẠX02 -
~ÚNII — U520G12P96 (anriydrous emètine hydrochlorìde); 
3Ì536CŨ0C64 (emẹtine hydnxhkxide heptahydrate); 07ỦUY5- 
KOẸX(emetìne hỵdrtxhioridepentahydrate).

P h a rm a c o p o e ia s .  In  Chín, a n d  Vict.
Eur. h a s  a  m o n o g r a p h  fo r  E m e t in e  H y d r o c h lo r ìd e  
P e n ta h y d ra te ;
Ini. p e rm lts  th e  h e p ta h y d ra te  o r  p e n ta h y d r a te  i n  t h e  s a m e  
m o n o g ia p h .  us h a s  a  m o n o g ra p h  ỉo r  t h e  a n h y d r o u s  sa lt. 

P h .  E u r .  8 : (E m e tin e  H y d ro c h lo rid e  P e n ta h y d r a te ) .  A  w h i te  
o r  ỉ lig h tly  yellovv c ry s u l l in e  p o w d e r . F re e ly  s o lu b le  i n  tv a te r  
a n d  in  a lc o h o l. A  2 %  s o lu tio n  in  vvater h a s  a  p H  o f  4 .0  to  6 .0 . 
P ro te c t  h o m  lighL

Ư S P  36 : (E m e tin e  H y d ro c h lo rid e ) . T h e  h y d r o c h lo r id e  o f  a n  
a lk a lo id  o b ta ìn e d  h o m  ip e c a c u a n h a , o r  p r e p a r e d  b y  
m e th y ia t io n  o f  c e p h a ẽ lin e ,  o r  p r e p a r e d  s y n th e t ic a l ly .  
A n h y d ro u s  e m e t in e  h y d ro c h lo r id e  is  a  w h i te  o r  s lig h tly  
yellovvish, o d o u rle ss , c ry sta llin e  p o w d e r .  F re e ly  s o lu b le  in
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vvater a n d  in  a lc o h o l. S to re  ŨI a ir tíg h t c o n ta in e rs  a t  a  
te m p e ra tu re  ol 2 5  d e g rees , e x c u rá o n s  p e rm itte d  be tvveen  
15 d e g re e s  a n d  30  d eg re e s . P ro te c t  fro m  ligh t.

Uses and Adminisỉration
E m e tìn e , a n  a lk a lo id .o í  ip e c a c u a n h a  (p. 1667 .2 ), is a  t issu e  
a m o e b iđ d e  a c tìn g  m a in ly  in  t h e  b o w e l w all a n d  in  t h e  liver. 
I t  h a s  b e e n  g iv e n  b y  d e e p  su b c u ta n e o u s  o r  In tra m u s c u la r  
in je c tio n  in  th e  t r e a tm e n t  o f  s e v ere  in v asiv e  am o eb iasis  
(p. 9 1 9 .1 ), in c lu d in g  h e p a tíc  am o e b ia sis  in  p a d e n ts  w h o  do  
n o t  t e s p o n d  to  m e tro n id a z o le . b u t  s a le r  d ru g s  h a v e  
g e n e ra lly  re p la c e d  it. E m e tin e  w a s  ío rm e rly  g iv e n  o ra ỉly  as 
e m e t ỉn e  a n d  b ìs m u th  io d ỉd e .

E m e tin e  h a s  a lso  b e e n  i n d u d e d  in  c o m b in a tio n  
p re p a ra tìo n s  fo r  t h e  sy m p to m a tic  r e l ie í  o f c o u g h .

Adverse Effeds
E m e tin e  h y d ro c h lo r ìd e  is c o m m o n ly  a s so d a te d  w ith  m u sc le  
p a in  a n d  v veakness  a ro u n d  th e  in je c tio n  site; th e r e  m a y  b e  
n e a o s i s  a n d  abscess  ỉo rm a tỉo n . A b e r  ứ ý ec tío n , d ia n h o e a  
a n d  n a u s e a  a n d  v o m itú ig , so m e từ n e s  w ith  dÌTTÍness a n d  
h e a d a c h e , a re  c o m m o n . T h e re  m a y  b e  m o re  g e n e ra lise d  
m y alg ia  a n d  vveakness, a n d , m o re  rare ly , m ild  s e n so ry  
d is tu ib a n c e s .  E cz e m a to u s, u r tic a r ia l, a n d  p u r p u iỉc  sk in  
les io n s  h a v e  b e e n  rep o r te d .

C a r d io to x iã ty  m a y  b e  m a rk e d  b y  p re c o rd ia l p a in , 
d y sp n o e a , ta c h y c a rd ia , a n d  h y p o te n s io n . EC G  ch a n g es , 
p a r t ìc u la r ly  Đ a tte n in g  o r  in v e r s io n  o f  th e  T -w a v e  a n d  
p ro lo n g a t ío n  o f t h e  QT in te iv a l ,  o c c u r  in  m a n y  p a tie n ts . 
A c c u m u la tio n  a í te r  ỉa rg e  đ o se s  o r  p ro lo n g e d  u s e  m a y  c a u se  
les io n s  o f  t h e  h e a rt ,  g a s tro in te s tin a l  t ta c t, k id n ey s , liv e r , a n d  
sk e le ta l m u s d e .  S e v e re  a c u te  d e g e n e ra d v e  m y o ca rd itis  m ay  
o c c u r  a n d  g iv e  r is e  to  s u d d e n  ca rd ia c  ỉa ilu re  a n d  d e a th .  In  
so m e  p a t ie n ts  c a rd io to x ic  e ííe c ts  h a v e  a p p e a re d  a b e r  th e  
completion oi t r e a tm e n t  w i th  th e ra p e u tic  doses.

E m e tin e  h y d ro c h lo r id e  is v e ry  ir r ita n t  a n d  c o n ta c t  vvith 
m u c o u s  m e m b ra n e s  sh o u ld  b e  a v o id ed .

Precautions
E m e tin e  is  c o n tra - in d ic a te d  in  ca rd iac , ren a l, o r  n e u ro -  
m u sc u la r  d isease , i n  p re g n a n c y , a n d  in  c h ild re n  e x c e p t in  
se v e re  a m o e b ic  d y se n te ry  u n re s p o n s iv e  to  o th e r  d ru g s. It 
sh o u ld  b e  u se d  w ith  g re a t c a u tio n  in  o ld  o r  d e b ilita te d  
p a t ie n ts .  P a t ie n ts  g iv e n  e m e t in e  s h o u ld  b e  d o s e ly  
su p e rv ise d ; EC G  m o n ito rin g  is a d v isab le  d u r in g  t re a tm e n t.

Pharmacokinetìcs
A íte r  in je c tio n  e m e t ỉn e  h y d r o c h ỉo tỉd e  is c o n c e n tra te d  i n  th e  
liv e r, a n d  to  so m e  e x te rn  in  k id n e y , lu n g , a n d  sp leen . 
E x c re tio n  is slovv a n d  d e te c ta b le  a m o u n ts  m a y  p e rs is t  in  
u r in e  4 0  to  6 0  d a y s  a h e r  t t e a tm e n t  h a s  b e e n  s to p p e d .

Preparations
Proprie ta ry  P repara tion ỉ (details a re  given in  Volum e B)

M utó-mgredient Preporations. Austrúr. S p iibon t; Hung.: Radi- 
p o n f ; Switz.: Saao Tuss.
P harm ocopoetd  Preparations
USP 36: E m etin e  H ydrochloride Injection.

E th o p a b a te  ỊBANỊ
Etopabato; SĩonaốaT.
Methyl 4-acetamido-2-ethoxybenzoate.
Ci2H,5N04=2373
CA5 ~r 59-06-3. :: ■ . Ị.
ATC Vet —  QP51AX17.
UNII—F4X3L60680:~

P h o r m a c o p o e ia s .  In  us ÍOT v e te r in a ry  use  o n ly . A lso  in  BP
(Va).
B P (V et)  2 0 1 4 : (E th o p a b a te ) . A  w h ite  o r  p in k is h -w h ite  
p o w d e r .  V e ry  s lig h tly  so lu b le  in  vvater; sp a rin g ly  so lu b le  Ịn 
a lc o h o l; s o lu b le  i n  c h lo ro ío rm  a n d  in  m e th y l  alcohoL' 
s lig h tly  s o lu b le  i n  e th e r .

U S P  3 6 : (E th o p a b a te ) . A  vvhite  o r  p in k is h -w h ite ,  o d o u rle ss  
o r  p ra c tic a lly  o d o u rle ss , p o w d e r .  V ery  s lig h tỉy  s o lu b le  in  
vvater; so lu b ỉe  in  d e h y d ra te d  a lc o h o l, t a  a c e to n e , i n  m e th y l 
a lc o h o l, a n d  in  a c e to n itr ile ;  s lig h tly  so lu b le  in  e th e n  
s p a iin g ly  so lu b le  i n  d ic h lo ro m e th a n e , i n  d io x a n , in  e th y l 
a c e ta te ,  a n d  in  iso p ro p y l a lc o h o l. P ro te c t  b o m  lig h t.

Profile
E th o p a b a te  is  a n  a n d p ro to z o a ỉ  u se d  in  v e te r in a ry  p rac tỉc e  
fo r  t h e  c o n tro l  o f  c o c d d io s is  in  p o u ltry .

Etofamide irtNN)

Ethychlórdiphene; Etofamida; Étoíamide; Etofamidum; K- 
430; 3ro<ị)aMMfl.
2,2-Dichloro-W-(2-ethoxyethyl)-W-[4-(4-nitrophenoxy)benzyO
acetamide.
C,gH20CÍ2N2O5=427.3 
G45 —  25287-60-9. .
ATC —  P01AC03.
UNII —  03F3ỐJH2ĨU.

PrọỄỴe

E to la m id e , a  d ich lo ro ac e tam id e  d e riv a tiv e , is a  lu m in a l  
a m ò e b id d e  w ith  a c tio n s  a n d  u se s  s im ila r  to  th o sc  o t 
d ilo x a n id e  íu ro a te  (p . 9 3 1 .2 ).

Preparations
Proprielary Preparatioas (detailỉ a re  g iven  in  V olum e B)

Single-ingredient Pieparalions. Braz.: Kimos; Mex.: Kitnos; Phi- lipp.: Kimos.

Fumagillin IBAN, riNNị

Eum agilina; Fumagilliini; Fum agilline; Fum agillinum ; (DyMa- 
rvui/ÍMH. /■  .
4 -(l ,2-Epòxy-l ,6 -d ìm ethylhex-4-enyl)-5-fĩieứ ioxy-l -oxaspi ro
[2.5]oct-6-yí h y d ro g en  d eca-2 ,4 ,6 ,8 -te traened ioáte . 
C26Hj,07=458.6 
CAS —23110-15-8.
ATC — P01AX10.
ATC Vet — QP51AX23.
UNIt — 70W73204U1. ■ . -

P r o / r / e

F u m a g illin  is a n  a lic y d ic  a n tíb io tic  p r o d u c e d  b y  c e r ta in  
s tra in s  o f  Aspergittus ỷumigatus. I t  h a s  a c tiv ity  a g a in s t  
m ic ro sp o rid ia  a n d  is u se d  in  v e te r in a ry  p ra c tic e  to  c o n tro l  
Nosema apừ in ỉe c tio n  in  h o n e y b e e s ;  -

Fum ag iU in  is g iv e n  in  a n  o ra l d o se  o ỉ 2 0  m g  th re e  t im e s  
d a ily  fo r  14  d ay s in  th e  t r e a tm e n t  o ỉ  d ia r rh o e a  d u e  to  
in te s t in a l  m ic ro sp o r id ỉa ỉ  i n ỉe c t io n  (se e  belovv) w i th  
Enterocytozoon bieneusi in  p a tie n ts  vvith HTV in íe c tio n . I t  h a s  
a lso  b e e n  t r ie d  in  h u m a n s  in  t h e  to p ic a l t r e a tm e n t  o{ 
m ic ro sp o rid ia l k e ra to c o n ju n c tiv itis . I t  w a s  fo rm e rly  g iv e n  
o ra lly  in  th e  t r e a tm e n t  o f in te s tin a l  a m o eb iasis , b u t  
p ro d u c e d  a n  u n a c c e p ta b ly  h ỉg h  ừ e q u e n c y  oi a d v e rs e  
eữ e c ts . A n a lo g u e s  o i  h im a g ỉll in  h a v e  b e e n  s tu d ie d  fo r  
e ỉỉe c ts  o n  an g io g e n e s is  in  so lid  tu m o u rs .

M ic ro sp o rk ỉio s is . As d iscu ssed  o n  p . 9 2 4 .1 , to p ic a l ư e a t -  
m e n t  oỉ m ic ro sp o rid ia l k e ra to c o n ju n c tiv itjs  h a s  b e e n  d is-  
a p p o in tỉn g . T h e re  h a  v e  b e e n  se v era l r e p o r o  o f  su c ce ss íu l 
ữ e a tm e n t  in  in d iv id u a l p a tíe n ts  u s in g  { um ag illin  to p i-  
c a lly ,1' 5 u su a lly  as  a  s o lu tio n  o f b ic y d o h e x y la m m o n iu m  
ỉu m á g ill in  c o n ta in in g  th e  e q u iv a ie n t o i  lu m a g ill in  

■ 7 0  m ỉc rọ g ra m s /m ỉ.
O ra l ỉu m a g ill in  h a s  b e e n  eR ective  in  t h e  ư e a tm e n t  o f  

d ia r rh o c a  d u e  to  in te s tin a l  m ic ro sp o rid ia l ỉn íe c tío n  vvith  
Enterocytoĩũon bieneusi in  ỉm m ư n o c o m p ro m ise d  p a tie n ts ,  
in d u d in g  th ò se  w ith  HTV in íe c tio n 4-4 a n d  so lid  o rg a n  
tra n s p la n t  r e d p ie n ts .6'* u s  g u id e lin e s  fo r  p r e v e n t ìo n  a n d  
t re a tm e n t  o f o p p o r tu n is tic  in fe c tio n s  in  H T V -in íected  a d u h s  
a n d  a d o le sc e n ts ’  re c o m m e n d  th e  u se  o f to p ic a l íu m a g ill in  
p lu s  o ra l a lb e n d a z o Ie  fo r m ic ro sp o rid ia l e y e  i n íe a io n s .

1. Rosbtrgcr DF, et ai. Successỉuỉ ưeatmcnt oỉ microsporídiaỉ kcratocon- 
junctiviŨ5 vvith topical hỉmagilỉin in a patỉent wich AỈDS. Comea 1993; 
X2: 261-5.

2. Diesenhouse MC, et al. Treatmcni oỉ microsporídui keratoconjunctivitis 
with topkaỉ íumagỉlỉin. Am J Ophthaìmol 1993; 115: 293—8.

3. Garvey Mỉ, et ai. Topicaỉ ỉumagỉltin In che ưeatmcm of mĩcrosporídĩal 
keratoconjunetívitỉs in AỈDS. Ann Pharmacother 1995; 29: 872-4.

4. Molỉna J-M, et ai. Potentiaỉ eỉRcacy of himagillin in intestinal 
mỉcrosporỉđỉosis due to Enterocycozoon bỉeneusỉ ỉn patỉenu tvith HIV 
inỉectíon: results oí a drug screening study. AIDS 1997; 11:1603-10.

5. Molỉna J-M. tí  ai. Trial oỉ oraỉ ĩuinagỉllin for the ữeatment of intcstina! 
microsporidiosỉs ỉn patỉenu wỉtfa HIV ỉníection. AIDS 2000; 14:1341-8.

6. Molỉna J-M. tí a i FumagỉUin treatment o( intestinal microsporidiosis. N 
Engl J Med 2002; 346: 1963-9.

7. Lantemler F, tí ai. Miaosporỉdiosis ỉn solid organ ưampUnt redpỉents: 
two Enterocytozoon biencuâ caaes and revỉew. Transpĩ Infeđ Dù 2009; 
U: 83-8.

8. Champion L,tía ỉ. PumagỉUin ỉbr treatment of intestỉnal mỉcrosporidỉosis 
ỉn renál transplant redpĩents. Am J TranspUmt 2010; 10: 1925-30.

9. Pancl on Opportunistỉc Iníections ỉn HIY-Infected Adults and 
Adoiescents. Guideỉỉnes ỉor the preventỉon and ữeatment oí 
oppommỉstíc ỉnlections in HIV -ỉn/ected aduỉts and ađolesccnts: 
recommendations bom CDC the National Instỉtutes oỉ Health, the 
HIV Medidne Assodatỉon oỉ the Inỉectious Dỉseases Sodety oỉ America 
(íssued 8th Juiy, 2013). Avaỉỉabỉe aL http://www^ỉđsỉnío.nỉh.gov/ 
contentGles/hrguidelỉnes/adulcoi.pdí (accessed 17/09/13)

P r e p a r a ỉ i o n s

Proprietary Preparations (details are given in  V olum e B) 

Singie-ingredienl Preparations. F r .:  Flisint.

Furazolidone ỊBAN, rlNN)

Furatsọ lido rii;: Furazolidon;. Furazolidona; Furazolidonum ;
' N ífurazolidonum ; <Dypa30/iMflOH. 
3 '(5-N itrofurflirylideneam ino)-2-axazQ lidone^ : 
C8H7N A = 2 2 5 .2
C45 — 67-45-8. ' '
ATC —  G01AX06. 1 "
ATCV et— QGO 1AX06; QIO ỈXẼ90. '
UNII — SJ9CPU3RE0

P h a rm a c o p o e ia s . I n  Br., Pr., a n d  us.
B P  2 0 14 : (F u ia z o lid o n e ). A  yellovv o d o u rle ss  o r  a lm o s t 
o d o u rless  c ry sta llin e  povvder. V ery  s lig h d y  so lu b le  in  w a te r  
a n d  in  alcohòl; s lig h tly  so lu b le  in  c h lo ro ío rm ; p rac tic a lly  
in so lu b le  in  e th e r .  T h e  b ỉtra te  b o m  a  1%  su sp e n s io n  in  
w a te r  has a  pH  of 4 .5  to  7 .0 . PrD tect b o m  lighL  

U S P  36: (F u razo lid o n e). A  y e llo w , o d o u tie ss , c ry s ta llm e  
povvder. P ractica lly  in so lu b le  in  w a te r ,  in  a lc o h o l  a n d  in  
c a rb o n  te ư a c h lo r id e . S to re  in  a ir t ig h t  c o n ta in e rs . P ro te c t 
b o m  ligh t a n d  a v o id  ex p o su re  to  d b e c t  su n lig h L

Uses and Administraỉion
F u ra zo lid o n e  is a  n i tro ỉu ra n  d e riv a tiv e  w ith  a n d p ro to z o a l 
a n d  a n tib ac te ria l ac tiv ity . I t  is a c tiv e  a g a in s t  t h e  p ro to z o a n  
Giardia iniestimlis ịGiardia lamblia) a n d  a g a in s t a  r a n g e  of 
e n te r ic  bacteria  in vitro, i n d u d in g  s ta p h y lo c o c d , e n te r -  
o c o c d , Escherichia coli, Salmonella sp p ., Shigilla spp ., a n d  
Vibrio cholerae. F u ra zo lid o n e  is b a c te r id d a l  a n d  a p p e a rs  to  
a c t  b y  in le r ie r in g  w ith  b a c te ria l e n z y m e  System s. R esistan ce  
is re p o r te d  to  b e  lim ited . I t is u s e d  in  th e  b e a tm e n t  of 
g iard iasis (p. 9 2 1 .3 )  a n d  c h o le ra  (p . 18 4 .2 ). I t  h a s  b é e n  
sug g ested  lo r  o th e r  b a a e r ia l  g a s b o in te s tín a l  in íe c tio n s , b u t  
a n tib a c te r ia l th c ra p y  is reg a rd e d  as  u n n e c e s s a ry  i n  m ild  a n d  
se ll-lim itin g  g a s tro -e n te ritis  (see  p . 18 2 .2 ).

F u razo lid o n e  is  g iv en  o ra lly  in  a  do se  o f 100  m g  fo u r 
tứ n e s  daily . It is u su a lly  j jiv e n  fo r  2  to  5 days, b u t  m a y  b e  
g iv e n  for u p  to  7  day s in  som e p a tíe n ts , o r  fo r  u p  to  10 days 
fo r  giardiasis.

F o r  de ta ils  o f d o ses  in  c h iỉd ren  see  b e lo w .

A d m in Ì5 b a fỉo n  in  c h ild re n . F o r  th e  b e a tm e n t  oi g iard iasis, 
ch o le ra , an d  o th e r  d ia ư h o e a l d iseases  c a u se d  b y  su scep ti-  
b le  o rganism s, c h ild re n  a n d  in ỉa n ts  b o m  1 m o n th  o f age 
m a y  be  g iv en  o ral fu razo lid o n e  a t  a  d o se  o f  1.25 to  
1 .5 m g /k g  ío u r  tim e s  daily  ỉo r  2  to  5 days. S o m e p a ú e n ts  
m a y  n e e d  7 day s o f  tre a tm e n t, o r  u p  to  10 d a y s  fo r  g iar- 
diasis.

P e p tic  u lce r  d is e n s e .  F u razo Iid o n e  is n o t  o n e  o f th e  m a in  
an iib a c te r ia ls  u se d  in  Helicobaaer pylori e ra d ic a tío n  reg i- 
m e n s  for p ep tic  u lc e ra tio n  (p. 1 8 1 6 .2 ), b u t  th e re  a re  so m e 
s tu d ie s  suggesting  its  eíRcacy in  a d u lts ,1'7 children,®-9 a n d  
in  p a tie n ts  u n rc sp o n s iv e  to  S tan d ard  f irs t-  o r  s ẹ c o n d -Iin e  
e ra d ic a tio n  reg im eris.10' 1,'

1. Xiao S-D, tí aĩ. Kỉgh cure r«te oi Heỉỉcobeaer pyỉỡd in/ectíon usmg 
trìpotassium diciưato bismuthate, furazoỉỉdone and darỉthromydn 
tnple therapy ỉor ỉ vveelc. Aỉimatí Pharmaaỉ Ther 1999; 13: 311-15.

2. Liu W-Z, tí aỉ. FurazoJỉdone-contaỉíiỉng short-cerm aiple rherapies are 
cflcaive in liie ueatment of Heỉicobacter pyỉori iníection. Aỉimatí 
Pharmacùl Tĩier 1999; 13: 317-2Ì

3. Dani R. eỉ ai Omepmòíe. rìarithromydn and furazolỉdone ỉor the 
eradication of Hcỉỉcobactcr pylori in patỉents with duodénal uỉcer. 
Aỉimntì Phiimtacoỉ Ther 1999; 13:1647-52.

4. Graham DY, tí a i Furazolidone combinatỉon therapỉes ỉor Heỉỉcobacter 
pylorỉ inlection ỉn the United States. Aiiment Phamacoỉ Ther 2000; 14: 
211-15 .

5. Liu VV-Z, tí aỉ. A ncw quadruplc therapy ỉor Heỉicobacter pylori using 
trípoussium didtrato bismuthate, ỉurazolỉdone, josamydn and íamo- 
ĩidine. ÁlmciH Pharmacoỉ Tỉter 2000; 14:1519-22.

6. r.ikheri H, tí aỉ. Clarithromycin vs íuraxolỉdone in quadruple therapy 
regimcns for the treatment oỉ Heticobacier pylori in a popuỉation wtth a 
high metronida/ole resistance rate. Alữnertt Pharmaeoi Ther 2001; 15: 
411-16 .

7. Lu H. cl aỉ. One-wcek iegimens contalning ranitidine bỉsmuth dtrate, 
íurarolidone and eiĩher amoxidllin or tetracydỉne eữectívely eradicate 
Helicobacter pylori: a muỉtícentre, nndomỉxed, double-bỉỉnd stuđy. 
Aỉiment phamiacoỉ Thtr 2001; 15: 1975-9.

8. Kawakami E, tt aỉ. Furazoỉidone~based trỉple therapy ỉor H pylori 
gastntis in chỉldren. Worìd J GastrocnUral 2006; 12: 5544-9.

9. Machado RS, tí aỉ. Furazolídonc, tetrac7 dỉne and omeprazoie: a low- 
cost altematỉve for Helicobaaer pylori eradicatíon ỉn chỉldren. J Ptdiatr 
(Rio J) 2008; 84: 160-5.

10. Siỉva FM. tí a i Omeprazoỉc, furazoiỉdone, and tetracydỉne: an 
eradícation treatraent íor resỉstant H. pylori in Brazilỉan patỉents wỉth 
peptỉc uỉcer diseasc. Rev tìosp Qĩn Pac Med Sao Paulữ 2002; 57: 205-8.

ỉ ỉ. ĩsakov V, tí aỉ. Furazoỉidone-based trỉple 'nescue therapy' vs. quadmpỉe 
'rescue therapy' for the endlcatỉon of Heỉỉcobacter pyỉorỉ resistant to 
metronidazoỉe. Aỉhrunt Pharmacoỉ Tker 2002; 16: 1277-82. 

ỉ 2. Eỉsỉg JN, tí aỉ. A furazoUdone-based quadrupỉe therapy ỈOỈ Ecầcobaaei 
pylori retrcatment in patỉents with peptỉc ulcer đỉsease. ơiỉtia 2005; 60: 
485-8 .

ỉ 3. Qasỉm A, tí aỉ. R/febutin- and furazoHdone'based Heỉỉcọbacter pylori 
eradỉcation therapies after ỉaỉỉure oỉ Standard ũrst- and secoĐd-lỉne 
eradỉcation attempts in dyspepsia patíents. Aliment Pharmaeol Ther 2005; 
21; 91-6.

14. Pelga GEG, tí a i Quadrupỉe therapy wỉth íurazolldone ỉor retreatment in 
padents with peptic ulcer disease. Warid J Gasưomterol 2008; 14:6224-7.

The Symbol t  denotes a preparation no longer actively marketed

http://www%5e%e1%bb%89%c4%91s%e1%bb%89n%c3%ado.n%e1%bb%89h.gov/
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Adverse Effects
A đ v e ise  e ữ e c ts  o f  f u ra z o lid o n e  a re  u su aU y  m ild  a n d  
tra n s ie n t .  T h e  m o s t  c o m m o n  in v o lv e  t h e  g a s tro in te s tin a l  
t r a c t  a n d  i n d u d e  n a u s e a  a n d  v o m it in g .  D iz z in e ss , 
d ro w sin e ss , h e a d a c h e , a n d  a  g e n e ra l  m a la ise  h a v e  a lso  
b e e n  re p o r te d .

A llerg ic  rea c tío n s , m o s t  c o m m o n ly  sk in  re a c tio n s  su  c h  as 
r a sh e s  o r  a n g io e d e m a , m a y  o c c ũ r. T h e re  h a v e  b e e n  
in s ta n c e s  o f  a c u te  p u lm o n a r y  re a c tio n s , s ú n ila r  to  th o s e  
s e e n  w i th  t h e  s tru c tu ra lly  r e la te d  d n ig  n iư o íu ra n to in ,  a n d  
o f  h e p a to to x id ty . A g ra n u lo c y to s ìs  h a s  b e e n  re p o r te d  ra re ly . 
H a e m o ly tic  a n a e m ia  m a y  o c c u r  in  p a tie n ts  w ith  G 6PD  
d e ũ d e n c y  g iv e n  fu ra z o lid o n e .

D a rk e n in g  o f  t h e  u r in e  h a s  b e e n  a tt r ib u te d  to  th e  
p re se n c e  o f  m e ta b o li te s .

Precautìons
F u ra z o lid o n e  s h o u ld  b e  u s e d  w ỉ th  c a u tìo n  in  th o se  w ith  
G6PD  d e íĩd e n c y  b e c a u s e  o f th e  risk  of h a e m o ly tic  a n a e m ia .  
It s h o u ld  n o t  b e  g iv e n  to  in ía n ts  u n d e r  1 m o n th  of age s in c e  
th e ir  e n z y m e  System s a re  im m a tu re .

Interactions
A d ỉsu lh ra m -lik e  r e a c t io n  h a s  b e e n  re p o r te d  in  p a tie n ts  
ta k in g  a lc o h o l w h i le  o n  fu ra z o lid o n e  th e ra p y ; a lc o h o l 
s h o u ld  b e  a v o id e d  d u r in g , a n d  fo r  a  sh o r t  p e rio d  a íte r ,  
t r e a tm e n t  w i th  fu ra z o lid o n e .

A  m e ta b o li te  o f  f u ra z o lid o n e  is a n  M A O I a n d  th e  
c a u tio n s  a d v ise d  fo r  th e s e  d ru g s  re g a rd in g  u se  w ith  o th e r  
d ru g s, e s p e d a l ly  in d ire c t-a c tin g  s y m p a th o m im e tic  a m ln e s , 
a n d  th e  c o n s u m p tio n  o f  fo o d  a n d  d r in k  c o n ta in in g  
ty ra m in e , s h o u ld  b e  fo Ilo w e d  (se e  P h e n e h in e  S u d a te , 
p . 4 4 4 .3  a n d  p . 4 4 5 .1 ) .  H ovvever, th e re  a p p e a r  to  b e  n o  
r e p o r ts  o f  h y p e r t e n s iv e  c ris e s  in  p a t ie n ts  r e c e iv in g  
fu ra z o lid o n e  a n d  i t  h a s  b e e n  su g g e s te d  th a t ,  s in c e  
fu ra z o lid o n e  in h ib i ts  m o n o a m in e  o x id ase  g ra d u a lly  o v e r  
se v era l days, t h e  r isk s  a re  sm all ư  ư e a tm e n t  is l im ite d  to  a  5- 
d a y  c o u rse . T ox ic  p sy c h o sis  h a s  b e e n  re p o r te d  in  a  p a tie n t  
re c e lv in g  fu ra z o lid o n e  a n d  a m itr ip ty l in e  (see  A n tip ro to -  
zoals, u n d e r  In te ra c t io n s  o f  A m itr ip ty lin e , p . 4 0 6 .3 ) . 
O m e p ra z o le  m o d e s t ly  d e c re a se s  s e n u n  c o n c e n tra tio n s  o f 
fu ra z o líd o n e ; o th e r  p r o to n  p u m p  in h ib ito rs  c o u ld  in te ra c t  
s im ila riy .

PharTTiacokỉnetics
A lth o u g h  f u ra z o lid o n e  h a s  b e e n  c o n s id e re d  to  b e  larg e ly  
u n a b s o rb e d  w h e n  g iv e n  o ra lly , t h e  o c c u rre n c e  o f sy s te m ic  
a d v e rse  e ữ e c ts  a n d  c o lo u re d  m e ta b o li te s  in  th e  u r in e  
su g g e st t h a t  th ỉs  m a y  n o t  b e  t h e  case . R ap id  a n d  e x te n s iv e  
m e ta b o lism , p o ss ib ly  in  th e  in te s t in e ,  h a s  b e e n  p ro p o se d .

Preparations
Proprietory P reparations (details a re  g iven  in  V olum e B)

Singie-ingredieiứ P reparo tio iu . Arg.: Giardil; Braz.: Giarlam; 
Neo Furasil; Chile: Fu roxona; India: F uroxone; Indon.: Diralox; 
Neo Prodiar; M a c : P uroxona; Fuxol; Kaodin; Salm oddeỷ; Phi- Kpp.: D iahíran ; D iapectolin; Fu roxone; Thai.: Furasìan; F udon ; Turk.: Furoksan; Venez.: FuroxU; Furoxona.

M ubM nyedienl PreporoHons. Braz.: Colestase; Chữe. Furazoli- 
dona; Hang Kong: B erber C O f; E n te ro d n  C o m p o u n d t; Ịndia: 
A ldiam ytin; A Bum et; Am ibex; A naerid-F; Aristogyl-F; Aristo- 
gyỊ-F;. C-M et; D cpendal-M ; Diaglovr; E ntero íu ran -M ; Flagyl-F; 
Pum estar; Inseptin-M F; K altin M F; Lom oten; Lomostop-M F; 
Megyi-F; M etrogyl-F; Mex.: C a o p e d a rt;  C o d u rt; Coralxub Dia- 
lg in t; D ibapec C o m p u esto t; Estibal; B xofun Furoxona CP; 
K ap eđ u ran ; N eokap; O ptazol' Reuginal: Solturol; T hrechop t; 
Yodozona; Spain: D esinvag t: Thai.: C ocdla; Cocdla; Diaropêct; 
D iarópect; D iỉuran ; D io àru  D isento PF; Disento; Furam ed; Fur- 
asỉan; Furopectab  F uropectin ; Patarlin; Profura; Suratin .

PhamMỊDopoeial Preparotiora
U SP 36: F urazolidone O tal Suspension; Furazolidone Tablets.

Halotuginone Hydrobromide
ỊBANM, USAN, riNNMÍ
Hatofuginonàì’ hidrobromũro de; Haĩoíuginone, Bromhy- 
drate Haloíuginoru Hydrobromidum; Hidrobromuro de 
halòíuginõna; RÌH91Ĩ0; rano<ị>yrMHOHa rViapoõpoMHA. 
(±)-íraní‘ 7.-8romo6-chloro-3-[3-(3-hydroxy-2-pipendyl)acet- 
onyl]quínazolin-4{3H)-one hydrobromide. 

;C1̂ i7BrạN 3p J1HBr==495.6..':. ... .... ’
C45 —  55837-20-2 (haloíugìnone); 64924-67-0 (halohiginone 
hỵdrobromide):
UNII — PT0969MV1.

Profile
H a lo ỉu g in o n e  is a n  a n tip ro to z o a l u s e d  a s  th e  h y d ro b ro m id e  
in  v e te r in a ry  p ra c tic e  fo r  th e  p r e v e n t ỉo n  o f  c o c d d io s is  in  
p o u l t r y  a n d  f o r  t h e  t r e a tm e n t  a n d  p r e v e n t io n  o f

c ry p to sp o rid io sis  in  ca lves . I t  is  a k o  u n d e r  in v e s tỉg a tio n  
ỉo r  u se  in  n e o p la s t ic  d ise a se  in  h u m a n s  a n d  in  t h e  ư e a tm e n t  
o f  s d e ro d e r m a  (p . 1 9 4 2 .3 ).

Imidocarb ỊBAN, riNNI

BRN-0964732; Imidocarbe; Imidocarbo; Imĩdocarbum; 
MMiáflOKap6
1,3-Bis[3-(2-imidazolín-2-yl)phenyl]urea.
Gi9H ájN 60=34a.4  .
CAS — 27885-92-3. ■
ATCVet — QP5ỈAE01.
, UNII —  8USS3K0VDH.

Imidocarb Dipropionate IBANM, riNNMỊ

Dipropionato de imidocarbo; Imidocarbe, Dipropịonate d'; 
Imidocarbi Dípropionas; HMMflOKap6 a ÍỊnnponMOHaT. 
C t s H a N g O íC a H A M s ẽ í  - 
CAS —  55750-06-6.
UNII — ĨSMIM03SHC

Imidocarb Hydrochloride IBANM, USAN. riNNMi

4A65; Hidrodoruro de imidocarbo; Imidocarbe, Chlorhydrate 
d'; Imldocarbi Hydrochloridum; HMMfl0 Kap6 a  rnflpoxnopMfl. 
33'-Oi(2-imidazolin-2-yl)carbanilìde dihydrochloride. 
C,9H2oN6O ^ H C I= 4 2 1 3  
CAS — 5318-76-3.
UNII — KCCIV76AH8.

ProtiỊẹ
Im id o c arb  h a s  a n tip ro to z o a l a n d  a n tìb a c te r ia l  a a ív i ty  a n d  is 
u s e d  as  th e  d ip ro p io n a te  in  v e te r in a ry  p ra c tic e  in  th e  
ư e a tm e n t  o f b a b e sio s is  a n d  a n a p la sm o s is . Im id o c arb  
h y d ro c h lo r id e  h a s  a lso  b e e n  u se d .

Isometamidium chlorỉde {BAN, riNNỊ
Qorurp de Isometamidio; l̂ ometamidii Ơiloridurn; Isó- 
metạmidịo, cloruro de; Isometamidiụm; Isométằmidiụm, 
Chỉorure d'; M30MẹTavnflMfl Xnopnq.
8-[3-(m-Amidinophenyl)-2-triazeho]3-amino-5-ethyl-6-phe 
nylphenanthridinium chloride.
C2,H26CIN7=496.0.
CAS — 34301-55-8.
UNII — 7NH28I65ỊF.

P ro /ĩ/e

Iso m e ta m id iu m  is a n  a n tip ro to z o a l u se d  as  th e  c h lo r id e  in  
v e te r in a ry  p ra c tic e  fo r  t h e  c o n ư o l  o f try p a n o so m ia s is .

Lasalocid {BAN, USAN, rlNN}
LasaỊocide; Lasalócido; Lasalocidum; Ro-02-2985; Jla3a/ioqMfl. 
6-[(3ff,453S,7ffl-74(2S,3S,5S>-5-Ethyl-5-[(2R,5R,6S)-5-ethyite- 
trahydro-5-hydroxy-6-methyl-2H-pyran-2-y]tetrahydro-3- 

.m ethyl-2-fury1]4-hydroxy-3,S-dim ethyl-6-oxonónyl]-2- 
hydroxy-m-toluic acid.
CmHS4Óí=S90.8
045 —  71054-70-9; 25999-31-9.
ATC Vet — QP51AH02.
UNIi— W7V2ZZ2FWB.

Lasalocid Sodium ỊBANM, rlNNMI
Lasạlocid sódico; Lasalocide Sodique; Lasalocidum Natricum; 
Jlá3a/iOLịMfl Haĩpnii.
Q aH aN aÓ g= 612 .8  - 
045 —  25999-20-6.
ATC Vet —  QP51AH02.
UNII —  W2S5C71Y3G.

Proỉile
L a sa lo d d , a n  a n tíb io tic  p ro d u c e d  b y  Strcptomyccs lasaliensừ, 
is. a n  a n tip ro to z o a ỉ  u s e d  a s  th e  s o d iu m  sa lt in  v e te r in a ry  
p ra c tic e  fo r  t h e  p r e v e n t io n  o f  c o c d d io s is  in  b irds .

Maduramidn ỊBAN, USAN, riNNi
CL-273703; Maduramicin Ammoniùm; Maduramicinà; 
Maduramicine; Maduramicinum; MaflypaMHL|MH.
Ammonium (2/?3S,45,5R.6S)-tetrahydro-2-hydroxỵ-6-{(Ạ)-1- 
[(2 S ,5 R ,7 S ,8 R ;,9 S )-9 -h yd ro xy -2 ,8 -d iiT ie tH y l-2 -; 
{(25,2'i?(3/s,5R,5'/ÁHpctahỵdro12-rnethyl-3'-Ì(2/?,45,5S,65)-tet' 
rahydro-4,5-dim ethoxy-6-m ethyl-2H-pyran-2-yl]oxy}-5'- 
[(25,3S,5R,6S)-tetrahỵdrọ-6-hydroxy-3,5,6-trimethyl-2H-

;pyran-2-yl](2,2'-bifuran-5-yl)-l,6-dioxaspiro[4.5]dec-7-yl 
ẽthylH3-dimethòxy-3-methyl-2H-pyran-2-acetate. •, «
C,;Hao017,NH3=9342 
045 —  84878-61-5.
ATC Wỉt — QP51AX10. ■ 
u m — 5U912U22T2

NOTE. T h e  n a m e  m a d u r a m id n  h a s  a lso  b e e n  u se d  to  d e n o t : 
t h e  a d d .

Proỉile
M a d u r a m id n  is a n  a n típ ro to z o a l  u s e d  in  v e te r in a ry  p ra c tio :  
ío r  th e  p re v e n d o n  o f  c o c d d io s is  in  p o u l try .  A c d d e n ta t  
in g e s tio n  b y  h u m a n s  h a s  r e s u l te d  in  m u s d e  vveakness. 
p o ly n e u ro p a th y , m y o n e c ro s is  a n d  rh ab d o m y o ly sis , a n d  
a c u te  r e n a l  ía i lu ie ;  ỉa ta lỉ tie s  h a v e  b e e n  re p o n e d .

Melarsoprol {BAN, riNNì

Mẹl B; Melarsen Oxide-BAL; Mélarsoprol; Melarsoprolum; RP- 
3854; Menapconpo/1.
2 -[4 -(4 l6 -Q Ìa m in o -1 ,3 ,5 -tr ia z in -2 -y la m in o )p h e n y l]-1 ,3 ,2 -

dithiàrsolan-4-ylmethanol.
C| 2H, 5AsN6O sý=398.3  
CAS — 494-79-1.
ATC — P01CD01.
ATC Vet — QP51AD04. 
um — ZF3786Q2E8.

Uses and Administration
M e la n o p r o l,  a  t r iv a le n t  a rse n ic a l  d e riv a tiv e , ỉs a  t ry p a n o d d e  
th a t  a p p e a rs  to  a c t  b y  in h ib itin g  try p a n o s o m a l  p y r u v a t í  
k in a se . ỉ t  is e ííe c tiv e  in  t h e  t r e a tm e n t  o f all s ta g e s  o f A ir íc a r  
try p a n o so m ia s is  d u e  to  Trypanosama brucrí gambienst o r  T 
brucei rhodcsicnsc (se e  b e lo w ), b u t  b e c a u se  o f its  to x id ty  its 
u s e  is  u s u a ỉỉy  re se rv e d  ío r  s tag es  o f t h e  d ise a se  in v o lv in g  th e  
CN S. R e s is ta n c e  h a s  b e e n  r e p o r te d  to  d e v e lo p .

P a tìe n ts  u n d e rg o in g  th e r a p y  w ith  m e la rs o p ro l sh o u ld  be 
t re a te d  in  h o sp ita l. M e la rso p ro l is g iv e n  b y  in tra v e n o u s  
in je c tio n  a s  a  3 .6 %  so lu t io n  in  p ro p y le n e  g lycol. T h e  
in je c tio n  s h o u ld  b e  gi v e n  slovvly, ca re  b e in g  ta k e n  to  
p r e v e n t  lea k a g e  in to  th e  s u rr o u n d in g  tis su e s , a n d  th e  
p a t ie n t  s h o u ld  re m a ỉn  s u p in e  a n d  ía s t in g  fo r se v era l h o u rs  
a í te r  t h e  in je c tio n .

T r e a tm e n t  p ro to c o ls  v a ry , b u t  in  g e n e ra l  m e la rso p ro l is 
g iv e n  in  lo w  d o se s  in it ia l ly  (0 .3 6  to  1 .8 m g /k g  daily ), 
e s p e d a l ly  in  c h ild re n  a n d  d e b il i ta te d  p a tie n ts ,  m a e a s e d  
g ra d u a lly  to  th e  m a x im u m  d a ily  d o se  o f  3 .6 m g /k g . For 
i n t e r m i t t e n t  c y d ic  th e ra p y , d o se s  a re  g iv en  d a ily  ỈOT 3 OI 
4  d a y s  a n d  th e  c o u rs e  r e p e a te d  2  o r  3 t im e s  w ith  a n  
in te iv a l  o f 7  to  10 d a y s  be tv v een  co u rse s . S in ce  m assiv e  
d e s tru c tio n  o ỉ  p a ra s ite s  r e s u ltín g  in  a  J a r is c h -H e rx h e im e r  
r e a c tio n  is p a r t ic u la r ìy  d a n g e ro u s  d u r in g  t r e a tm e n t  w ith  
m e la rso p ro l, s e v era l d o se s  o f s u ra m in  o r  p e n ta m id ỉn e  m a y  
b e  g iv e n  to  in d u c e  th e  r e a c tio n  b e ío re  m ela rso p ro l is 
s ta r te d .

A n  a l te m a t iv e  1 0 -d a y  c o n s e c u t i v e  ư e a tm e n t  c o u rse  of 
i n tr a v e n o u s  m e la rs o p ro l 2 .2  m g /k g  daily , ío r  t h e  t re a tm e n t  
o í  T. b. gambienst, h a s  b e e n  e n d o rs e d  b y  m a n y  a u th o r itie s , 
s in c e  i t  s h o r te n s  p a t ie n ts ' t im e  in  h o sp ita l  a n d  red u c e s  th e  
to ta l  a m o u n t  o f  d ru g  g iv e n . S ee  a lso  b e lo w .

M e la rso n y l p o ta s s iu m  is a  v v a te r-so lu b le  d e riv a tiv e  of 
m e la rs o p ro l vvhỉch  w a s  ío rm e r ly  u s e d  as a n  a lte m a t iv e  to  
m e la rs o p ro l b u t  w a s  p ro b a b ly  m o re  to x ic  ạ n d  less  effec tíve .

Aírícan trypanosomiasis. M e la r s o p r o l  vvhich  is e ííe c tiv e  
a g a in s t  b o th  Trypanosoma brucã gambiense a n d  T. b. rhode- siense, is  u s u a lly  o n ly  g iv e n  to  t t e a t  t h e  m e n in g o e n c e p h a li-  
t ic  s ta g e  o ỉ  A & ican  try p a n o so m ia s is  (p. 9 2 5 .2 )  b e c a u se  it  
m a y  p r o d u c e  p o te n t ia l ly  ía ta l  e n c e p h a lo p a th y . H o w èv er, 
p ro te c tio n  a g a in s t  th is  to x id ty  m a y  b e  p r o v iđ e d  b y  
p ro p h y la x is  vvỉth  p r e d n is o lo n e .1-2 T h e ra p y  w i th  m ela rso -  
p r o l  a n d  e ỉ lo m ith in e  w a s  r e p o i te d  to  b e  eH ective  in  a  
p a t ie n t  w h o  h a d  n o t  re s p o n d e d  to  e i th e r  d ru g  a lo n e .3 A 
s tu d y 4 to  e v a lu a te  th e  efficacy  a n d  to x id ty  o f  a  c o m b in a -  
t io n  o f  e ũ o m i th in e  fo r  4  d a y s  toUovved b y  3 d a ily  in je c -  
t ìo n s  o f  m e la rso p ro l i n  4 2  p a tỉe n ts  w i th  m e la rso p ro l-res is -  
t a n t  G a m b ia n  try p a n o so m ia s is , w a s  a s s o d a te d  vvith c u re  
i n  9 3 %  o f p a tìe n ts .  E fficacy  a n d  to x id ty  w e re  c o n s id e red  
to  b e  s im ila r  to  a  7 - d a y  c o u rse  o f  e ũ o m i th in e  m o n o th é r -  
a p y . A  c o m p a ra tiv e  s tu d y 5 in  5 0 0  p a tie n ts  w i th  s e co n d - 
s ta g e  in íe c tio n  w ith  T. b. gambiense ío u n d  th a t  a n  a lte m a -  
t iv e  d o sa g e  re g im e n  o f  m e la rs o p ro l 2 .2 m g /k g  daily , as a 
s in g le  c o u rs e  o v e r  10 c o n s e c u tiv e  d a y s , w a s  sũ n ila r  in  effi- 
c a cy  to  i n te im i t te n t  c y d ic  r e g im e n s  of 1.2 to  3 .6 m g /k g  
d a ily  fo r  3 o r  4  d a y s  r e p e a te d  tw ic e  o v e r  a  2 6 -d a y  p e rio d  
w i th  7 -d a y  in te rv a ls  b e tw e e n  se ries, a l th o u g h  th e re  w a s  
n o  d iB e re n c e  b e tv v een  th e  r e g im e n s  in  th e  i n d d e n c e  oi 
a s s o d a te d  e n c e p h a lo p a th y . F o I lo w -u p  in v o lv in g  4 4 2  o f 
th e s e  p a tie n ts  in d ic a te d  th a t  re su lts  o f  th e  2  r e g im e n s  c o n - 
t ín u e d  to  b e  c o m p a ra b le ;  r e la p se  é d te r 1 y e a r  o c c u rre d  in 
3 %  o f th o se  g iv e n  S ta n d ard  ơ e a tm e n t  a n d  in  2 %  g iv en  
a lte m a t iv e  ư e a tm e n p  re la p se  r a te s  a f te r  2  y e a rs  w e re

All cross-reíerences refer to entries in Volume A
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r e p o r te d  to  b e  5%  a n d  6 %  re sp e c tiv e ly .6 A íu r th e r  u n c o n -  
ư o lle d ,  m u lt in a t ìo n a l  d r u g -u til is a t ío n  s tu d y 7 in  2 0 2 0  
p a tie n ts  w i th  la te -s ta g e  A ír ic a n  try p a n o so m ia s is  t re a te d  
w i th  th e  1 0 -d ay  c o n se c u tív e  m e la rso p ro l r e g ũ n e n  re p o r te d  
a  9 3 .9 %  c u re  ra te  2 4  h o u r s  a f te r  c o m p le tin g  tre a tm e n t  
a n d  a n  3 6 .2 %  c u re  r a te  a f te r  2  yea rs , h o w e v e r , n e a rly  h a lỉ  
o f  t h e  p a tie n ts  w e re  lo st to  fo llo w -u p . T he  overaD  rep o r te d  
ía ta l i ty  r a te  w a s  5 .9 % ; e n c e p h a lo p a th ic  s y n d ro m e  w as 
r e p o r te d  ío r  8 .7 %  o f p a tíe n ts  a n d  i t  w a s  ía ta l in  a b o u t h a lf  
o f  a lỉ cases.
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ẠcỊvẹrsẹ and Treatment
A d v e rse  e ííe c ts  a re  c o m m o n  a n d  m a y  b e  se v e re  d u r in g  th e  
ơ e a tm e n t  oi A ir ic a n  t ry p a n o so m ia s is  w ith  m ela rso p ro l. It 
m a y  b e  d iíS c u lt to  d is t in g u ish  b e tw e e n  efíec ts o f  th e  d isease, 
J a r is c h -H e rx h e im e r  re a c tio n s  r e s u l tin g  fro m  th e  re lease  of 
a n tig e n s  h o m  try p a n o s o m e s  k ille d  b y  m elarsoproL  a n d  
a d v e rse  effec ts d u ề  to  th e  d ru g 's  a rse n ic  c o n te n t  o r  to  
h y p e rse n s it iv ity . F o r  th e  a d v e rs e  effec ts  o f a rse n ic  a n d  th e ữ  
t r e a tm e n t,  see  A rse n ic  T rio x id e , p . 2 4 4 8 .3 .

A  se v e re  ícb rile  re a c t io n  m a y  o c c u r a h e r  th e  first 
in je c tio n  o f  m e la rso p ro l, e s p e d a l ly  in  p a tie n ts  w ith  large  
n u m b e is  o f try p a n o so m e s  in  t h e ữ  b lo o d . F o r th o se  p a tie n ts  
rec e iv in g  in te r m i t te n t  c y d ic  t r e a tm e n t  i t  is c o m m o n  
p ra c tic e  to  g iv e  2 o r  3 in je c tio n s  o f  s u ra m in  o r  p e n ta m iđ in e  
b e ío re  s ta r tin g  m ela rso p ro l th e ra p y .

T h e  m o s t  s e rio u s  a d v e rse  e ffec t is rea c tiv e  e n c ep h a lo -  
p a th y , vvhich oc c u rs  in  a b o u t  3 to  10 %  o{ p a tie n ts  tre a te d  
w i th  m e la rso p ro l a n d  is u s u a lly  s e e n  b e tw e e n  th e  e n d  o f th e  
f irs t 3 -  or 4 -đ a y  c o u rs e  o f  in je c tio n s  a n d  th e  s ta i t  o f th e  
s e c o n d  c o u rse  in  th o se  p a ú e n ts  re c e iv in g  in te n n i t t e n t  c y d ic  
t r e a tm e n t  a n d  b o m  d a y  8  to  10  in  th o se  rec e iv in g  th e  10- 
d a y  c o n se c u tiv e  s c h e d u le . (F o r f u r th e r  ỉn ỉo rm a tio n  o n  
t r e a tm e n t  s c h ed u le s  see  U ses a n d  A d m in isa a tio ii ,  p .  934 .3 .) 
E n c e p h a lo p a th y  m a y  b e  s u d d e n  in  o n s e t  o r  d e v e lo p  slow ly. 
S y m p to m s  in d u d e  íe v e r , h e a d a c h e , t re m o r, s lu rr in g  of 
s p e e c h . co n v u ls io n s , a n d  c o m a; d e a th  h a s  o c c u rre d  in  u p  to  
5 %  o f p a tie n ts  t re a te d  w ith  m e la rso p ro l. Less co m m o n ly , 
h a e m o ư h a g ic  e n c e p h a lo p a th y  m a y  occur. T h e  p ro p h y lac tic  
u s e  o ỉ  co rtico s te ro id s  h a s  b e e n  su g g e ste d  d u r in g  t re a tm e n t  
c o u rse s  o f  m e la rso p ro l (se e  A ír ic a n  T rypanosom iasis , 
p .  9 3 4 .3 ). T re a tm e n t  o f r e a c tiv e  e n c ep h a lo p a th y  h as  
i n d u d e d  th e  u se  o f co rtico s te ro id s , h y p e rto n ic  Solutions to  
c o m b a t  c e re b ra l o e d e m a , a n tic o n v u ls a n ts  su c h  as d iazepam , 
a n d  s u b c u ta n e o u s  a d re n a l in e ;  d im e rca p ro l h a s  b e e n  g iven  
o n  th e  a s su m p tio n  th a t  e n c e p h a lo p a th y  re su lte d  b o m  
a rs e n ic  p o iso n in g , b u t  h a s  n o t  g e n e ra lly  b e e n  of b en efit.

H y p e rse n sitiv ity  r e a c tio n s  to  m e la rso p ro l m a y  o ccu r 
d u t in g  th e  seco n d  a n d  s u b s e q u e n t  c o u rses  o f  tre a tm e n t. 
D e se n s itisa tio n  w ith  g ra d u a lly  in c re a s in g  d o ses  o f m ela rso - 
p ro l  h a s  b e e n  a tte m p te d ; c o rtico s te ro id s  m ay  h e lp  to  c o n tro l 
sy m p to m s  d u r in g  th is  p ro c e d u re .  S o m e a u th o r itie s  con sid e r 
t h a t  th e  u s e  of sm all d o ses  o f  m e la rso p ro l m a y  in creasc  th e  
risk  o f  res is ta n c e .

M e la rso p ro l i n je a io n  ỉs v e ry  i n i t a n t  a n d  e x tra v a sa tio n  
d u r in g  in tra v e n o u s  u s e  s h o u ld  b e  a v o id ed . V om iting  a n d  
a b d o m ỉn a l colic  m a y  o c c u r  if i t  is  in je c te d  to o  rap id ly . O th e r  
a d v e rse  effec ts r e p o r te d  i n d u d e  a g ra n u lo c y to s is, h y p e r-  
te n s io n , p e rip h e ra l  n e u ro p a th y ,  p ro te in u ria , sev ere  d iarr- 
h o e a ,  m y o c a rd ia l  d a m a g e , e x ío lia t iv e  de rm a titis , a n d  re n a ỉ 
a n d  h e p a tic  d is tu rb a n c e s .

R e íe re n c e s .
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Precautions
U se o f m e la rso p ro l in  íe b r i le  p a tie n ts  h a s  b e  e n  a sso d a te d  
w i th  a n  in c re a se d  i n d d e n c e  o f  rea c tiv e  e n c e p h a lo p a th y , 
a n d  th e r e ỉo r e  it  s h o u ld  n o t  b e  g iv e n  d u i in g  ep idem ics o f 
in ỉlu e n z a .  In te r c u r r e n t  in ĩe c tio n s  su c h  a s  m ala ria  a n d

p n e u m o n ia  s h o u ỉd  b e  t r e a te d  b e ío re  m e la rso p ro l is u se d . 
S ev ere  h a e m o ly tic  r e a c tio n s  h a v e  b e e n  r e p o r te d  in  p a tie n ts  
w i th  G6PD  d e H d e n c y . I t  m a y  p r e d p i t a t e  e ry th e m a  
n o d o s u m  w h e n  g iv e n  to  p a tỉe n ts  w i th  le p ro sy .

P a tie n ts  s h o u ld  b e  in  h o s p ita l  w h e n  t h e y  a re  t re a te d  w ith  
m e la rso p ro l a n d  d o sa g e  d e d d e d  a íte r  ta k in g  in to  a c c o u n t  
th e ir  g e n e ra l  c o n d it io n .

T re a tm e n t  o ỉ  p r e g n a n t  w o m e n  w i th  try p a n o so m ia s is  
s h o u ld  b e  d e íe r re d  u n t ì l  a f te r  deU very . P re g n a n t w o m e n  
w ith  m e n ỉn g o e n c e p h a lit is  m a y  b e  t r e a te d  w ith  p e n ta m id in e  
(Trypanosoma bructi gambiense) o r s u r a m in  (T. b. rhadesiense).
Pharmacokinetics
M ela rso p ro l is r e p o r te d  to  b e  u n re l ia b ly  a b so rb e d  ư  g iv e n  
o ra lly  a n d  is u s u a ỉly  g iv e n  b y  in tr a v e n o u s  in je c tío n . A  sm all 
a m o u n t  p e n e ơ a te s  i n to  t h e  CSF w h e r e  i t  h a s  a  lo ca l 
t ry p a n o d d a l  a c tio n .  I t  is a  p r o d ru g  a n d  is ra p id ỉy  
m e ta b o lise d  to  t h e  a c tiv e  fo rm , m e la rs e n  o x id e . M e la iso p ro t 
its e lí  h a s  a  p lasm a  h a ỉf -h ỉe  o f  3 0  m in u te s  a n d  is e x c re te d  in  
th e  ỉaeces  a n d  u r in e .

T h e  p h a rm a c o k in e tic s  o f  m e la rso p ro l h a v e  n o t  b e e n  ỉu lỉy  
e v a lu a te d . U sin g  b io lo g ic a l a ssay  a n d  a to m ic  a b so rp tio n  
sp e c tro m e try , t h e  te rm in a l  haU -life  o f  m e la rso p ro l w a s  
o rig in a lly  c a lc u la te d  to  b e  35  h o u r s  a n d  lo w  t ry p a n o d d a l  
ac tiv ity  w a s  d e t e a e d  in  t h e  CSF. T h ese  m e th o d s .  h o w e v e r , 
c a n n o t  d is tứ ig u ish  m e la rs o p ro l b o m  o t h e r  su b s ta n c e s  su c h  
as m e la rso p ro l m e ta b o li te s  th a t  a lso  h a v e  t ry p a n o d d a ỉ  
ac tiv ity . w h e n  t h e  te rm in a l  half-U fe w a s  c a lc u la te d  b y  h ig h -  
p e rio rm a n c e  l iq u id  c h ro m a to g ra p h y  (H PLC ), m e la rso p ro l 
w a s  ỉo u n d  to  b e  e l im in a te d  h o m  t h e  p lasm a  w ith in  1 
h o u r .u  B ased  o n  th e s e  h n d in g s  i t  i s  t h o u g h t  t h a t  
m e la rso p ro l is r a p id ly  e lim ỉn a te d  h o m  th e  p la sm a  a n d  
tra n s ỉo rm e d  in to  m e ta b o li te s  w i th  t ry p a n o d d a l  a c tìv ity .1 
M e la rse n  o x id e  h a s  b e e n  I d e n tíẼ e d b y  H PLC as a  m eta b o li te ;  
th e  p e a k  p lasm a  c o n c e n o a t ío n  w a s  r e a c h e d  15 m in u te s  
a f te r  a  d o se  a n d  th e  h a lí- li ỉe  o í  ừ e e  m e la is e n  o x id e  w a s  3 .9  
h o u rs .2

1. Bronner u. tí al. Discrepancy in pỉasma melarsoprol ooncentratỉons 
bctween HPLC and bỉoassay methods ỉn patỉents vrith T. gambiense 
sleeping sỉdưiess indỉcates that melarsoprol is metabolỉzed. Trt>p Med Int 
Health 1998; 3: 913-7.

2. Keỉser J, tí al. Investigations of the metabolỉtes oí thc trypanotídaỉ drug 
melarsoproL ơin Pharmacol Ther 2000; 67:478-88.

Mepacrine Hydrochloride IBANM, riNNMỊ

Acríchinúrn; Acrinamine; Antịmalarinae Chlorhydras; China- 
crinạ; Htdrocloruro de atatabrĩnà; . H idrodoruro dẹ 
mepacrina;; Hidrodoruro de quinacrina; Mepacrina, hidro-; 
doruro de; Mépacrine, Chlorhyđrate de; Mepạcrini 
Hydrochíọnđurri; Mepakrin Hidroklorúr; Quinaơine Hydro- 
chlbride; MenạKpMHa rnflpoxjiopnfl.
6-Ch|òro-9-(4-'diethylamino-l -m ethylbuty lamino)-2-meth- 
óxỳáendine dihỳdrochloride dihydrate.. 
c á H 3 o a N 3O ^ H Ơ ^ H 20 = 5 0 8 .9
CAS — 83-39-ỗ (mepacrìne); 6945-6 (anhydrous mepacríne 
ềhydrochloride); 6151-30-0 (mepaơine dihydrochloride dihy- 
d rạ tỵ .

■ 'ATC —  P01AX05.
UNII-r— G6242H2NM (mepacrìne hydrochloride dihydrate); 
81AỘJ3ZZ6X (ơnhydrùus mepaalrtẹ hydroứìloride).

Uses and Administratìon
M e p a c r in e  is a  9 -a m in o a c r id in e  a n tip ro to z o a l u se d  as th e  
h y d ro c h lo r ìd e  m a in ly  as  a n  a l te m a t iv e  to  th e  n ỉtro im id a -  
zo les  in  th e  ư e a tm e n t  o f g iard iasis (p . 9 2 1 .3 ).

In  g iard iasis, m e p a c r in e  h y d ro c h lo r id e  is g iven  o ra lly  in  
doses  o f  lO O m g th re e  t im e s  đ a ily  a f te r  fo o d  fo r 5 to  7  days. 

F o r  d e ta ils  o f d o ses  in  c h ild re n , see  be Io w .
Mepacrine h y d ro c h lo r id e  m a y  a ls o  b e  u se d  fo r th e  

t r e a tm e n t  o f so m e  c u ta n e o u s  ío m ĩs  o f  lu p u s  e ry th e m a to su s  
a n d  fo r  SLE (see  belovv). I t  h a s  also  b e e n  u se d  lo ca lly  in  th e  
ư e a tm e n t  o f so m e  fo n n s  o ỉ  c u ta n e o u s  leish m a n ia sis . a s  a  
s te r ilisa tio n  te c h n iq u e  fo r  c o n tra c e p t io n , a n d  in  th e  
m a n a g e m e n t  o f  m a l ig n a n t  p le u ra l  e ĩíu s io n s .  F o r  h i r th e r  
in ío rm a t io n  o n  su  c h  u se s  se e  b e lo w . I  í  w a s  ío rm e rlỵ  u se d  to 
t r e a t  m ala ria .

T h e  m e s ila te  w a s  a lso  ỉo rm e rly  u s e d .
M e p a c r in e  is  u n d e r  in v e s ú g a tío n  í o r  th e  ư e a tm e n t  o f  

v a r ia n t  C re u tz fe ld t-Ja k o b  D isease.

Admínỉstration in chitdren. A s a n  a lte m a t ív e  d n ig  fo r th e  
t r e a tm e n t  o f g iard ias is , m e p a c r in e  h y d ro c h lo r id e  m a y  b e  
g iv e n  o ra lly  to  c h ild re n  -at a  d o se  o f  2 m g /k g  th re e  tim e s  
d a ily  a h e r  ío o d  ( to  a  m a x im u m  3 0 0  m g  daỉly ) fo r  5 days.

Contraceprion. S te rilis a tio n  w ith  i n t r a - u te i in e  m e p a c r in e  
h a s  b e e n  a tte m p te d  a s  a n  irre v e rs ib le  m e th o d  of 
c o n tra c e p tio n  (p . 2 2 3 2 .3 ) . I t  p ro d u c e s  o c d u s io n  o f  th e  fal- 
lo p ia n  tu b e  a n d  h a s  b e e n  re p o r te d  t o  b e  a n  e h e c tiv e  n o n -  
su rg ica l m e a n s  o f  ỉe m a le  s te r il isa t io n ,1 a lth o u g h  i t  m a y  b e  
less e ffe c d v e  t h a n  o th e r  m e th o d s .2 T h e r e  h a s  b e e n  sp e cu - 
la t io n  a b o u t  t h e  r is k  o f  c a n c e r  h o m  th is  te c h n iq u ẽ  b u t

th e r e  a p p eared  to  b e  n o  ev id e n c e  to  c o n Ễ n n  su c h  a  risk .ỉ-5 
H ow ever, th e  m e th o d  re m a in s  c o n ư o v e is ia l  a n d  a  fu ll 
e v a lu a tio n  o f its  s a íe ty  a n d  e íh c a c y  h a s  b e e n  rec o m - 
m e n d e d .6 T he  In d ia n  g o v e n u n e n t  h a s  b a n n e d  th e  u se  of 
m e p a a in e  fo r s te r il isa t io n .7

1. Hỉeu DT. a  al. 31781 Cascs ol noD-suigical lemale ntrilisanon wlch 
quinacrine pellets in Victnara. Larưxt 1993; 342: 213-17.

2. Sokal DC. ít  tỉ. Contraccptlvc cĩEcaivencss oí mo inxrdotú of 
quinacrinc: results írora 10-yen tollow-up in Vlenum. Cantnaptúm 
2008; 78: 61-5.

3. Anonymous. Death of a stuđy: WHO, what, and why. Lanceí 1994; 343: 
987-8.

4. Hieu DT. Quinacrine methođ of ỉimily planning. Lanat 1994:343:1040.
5. Sokal DC et aỉ. Salety oỉ quỉnaaỉne cõnnaceptỉve pcQets: resuhs from 

ỈO-ycar follow-up ìn vỉetnam. Qmtractptìon 2008; 78: 66-72.
6. Benagĩano G. Steiỉlisạdon by quinacrinc. Latea 1994; 344: 689.
7. WHO. ĩharmaautừaìs: ratrìữioru ỉn use and avaííabílitỵ. Geneva: WHO, 

2001. Available an htrp: //whqlỉbdoc.who.inưhq/2001 /HDM̂ QS M_ 
2001.3.pdf (accessed 6/03/09)

U is h m a n ia s is .  M e p a c r in e  h a s  h is to ric a lly  b e e n  su g g ested  
fo r  in tra les io n a l in ịe c tio n  in  th e  t r e a tm e n t  oí e a r iy  n o n in -  
ũ a m e d  n o d u la r  le s io n s  o f c u ta n e o u s  le ish m a n ia sis  
(p. 922 .1) d u e  to  Leiỉkmania tropica, L. maịor, L. niexkana, 
L. panammsis, o r  L. peruviana.1 T h e  su g g ested  co u rse  o f 
t re a tm e n t  w a s  3 in tra le s io n a l  ừ ý e c tio n s  o f  a  5 %  so lu tio n  
o f m ep a c rin e  g iv e n  a t  in te rv a ls  o f 3 to  5 days. H o w e v e r, 
lo ca l in h ltra tio n  o ỉ  d ru g s  c a n  b e  d ifficu lt a n d  p a in ỉu l .

1. WHO. Concrol oỉ the Mshmanlase*. WH0 Tech Rep Ser 793 1990. Aỉso 
avatỉaUe at' http://libdocwhoJnưtT5/WHO_T7ỈS,793.pdf (ãtxessed 
27/07/09)

L upus e ry th e m a to s u s .  M e p a a in e  m a y  b e  a d d e d  to  th e  
t re a tm e n t  re g im e n  o f  p a tie n ts  w i th  so m ẹ  ío rm s  o í  c u ta -  
n e o u s  lu p u s e ry th e m a to s u s .  T re a tm e n t  is  u su a lly  s ta r te d  
w ith  h y d ro x y c h lo ro q u in e  a n d  ư  n o  ím p ro v e m e n t  occurs  
a í te r  ab o u t 2  m o n th s  m e p a c r in e  is  a d d e d  a t  a n  in itia l 
do sag e  oí lO O m g d a ily . I f  th i ỉ  c o m b in a tio n  t re a tm e n t  is 
e h e c tiv e  th e  d o se  o f b o th  d ru g s m a y  b e  d e c re a se d  a h e r  1 
m o n th  to re d u c e  a n y  a d v e rse  e h e c ts . C h lo ro q u in e  m a y  b e  
u se d  as a n  a l te m a t iv e  to  h y d ro x y c h lo ro q u ín e  a n d  c a n  also  
b e  co m b in ed  w ith  m e p a e r in e .1-2 M e p a c r in e  h a s  a lso  b e e n  
u s e d  as m o n o th e ra p y , in  a  s im ila r  do se , in  p a tíe n ts  w i th  
v isu a l d iso rd e is  in  w h o m  tre a tm e n t  w i th  h y d ro x y c h lo ro -  
q u in e  o r  c h lo ro q u in e  w a s  c o n s id e red  u n s u ita b le .2

M ep acrin e  h a s  a lso  b e e n  u se d  a s  a n  a lte m a t iv e  to  
S tandard  t re a tm e n ts  in  SLE (p. 1 6 1 3 .3 ). A  sm a ll s tu d y 3 
re p o r te d  th a t  5 o f  6  p a tíe n ts  w i th  SLE u n re sp o n s iv e  to  
ữ e a tm e n t  w i th  h y d ro x y c h lo ro q u in e  p lu s  p re d n ís o n e  a n d  
e i t h e r  a z a th io p r in e  o r  m e th o t re x a te ,  h a d  c o m p le te  
rem issio n  o ỉ th e i r  d ise a se  w h e n  m e p a c r in e  (lO O m g daily ) 
w a s  add ed  to  th e i r  e x is tin g  t ie a tm e n t.  O th e r  sm a ll s tu d ies4-3 
in  p a tie n ts  w ith  s ta b le  SLE d isease  ío u n d  th a t  th e  a d d it ỉo n  o f 
m e p a c rin e  to  th e i r  c u r r e n t  t r e a tm e n t  re d u c e d  th e  SLE 
d isease  ac tiv ity  in d e x  a n d  lo w e re d  se rrn n  lev e ls  o f B 
ly m p h o c y te  a c ú v a tin g  ía c to r  a n d  an ticard io lipL n  a n tib o d y  
t itre s  in  so m e p a tie n ts .

1. Kalia s, Dua JP. New coacepts ỉn antỉmaỉarỉal use and mode oỉ actỉon ÚI 
dermatology. Dematol Ther 2007; 20: 160-74.

2. Gonzáỉez~Sỉxto B. tí al. Aỉpectos pricticos de la quỉnacrừu como 
traumiento del lupus etitematoso cutineo: serỉe de casos. Actas 
DtrmoĩiỊilÌQgr 2010; 10Ỉ: 54-8.

3. Toubi & tí a i The beneHt of combinỉng hydroxychỉoroquỉoe wich 
quinacrỉne in the treatment oí SLH patỉentt. Lupus 2000; 9: 92-5.

4. Toubi E. tí al. Quỉnacrine added to ongoỉng therapeutỉc regỉmens 
anenuates anricardiolipin amibody productỉon ỉn 5LE- lupus 2003; 12: 
297-301.

5. Toubi E, tí al. The ređuctỉon oỉ senun B-lymphocyte activating íaaor 
levels foỉĩowing qulnacrìne add-on therapy ỉn systemic lupus 
erythematosus. Seand J Immunol 2006; 63:299-303.

s d e r o lh e r a p y .  In tra p le u ra l  in stiU a tio n s  o f  m ep a c r in e  
h y d ro ch lo rid e  o r  m e s ila te  h a v e  b e e n  u se d  as s d e ro s a n ts  in  
th e  m a n a g e m e n t o ỉ  m a lig n a n t p le u ra l  e h u s io n s  (p. 700 .1 ) 
a n d  re c u rre n t p n e u m o th o r a x  b u t  t h e  ơ e a tm e n t  is asso- 
c ia te d  w ith  p a in  a n d  a  h ig h  h e q u e n c y  of to x ic  e ílec ts.

Adverse Effects
T h e  m ost c o m m o n  a d v e rs e  e h e c ts  a s so d a te d  w ith  m e p a -  
c r in e  a re  d izz iness, h e a d a c h e , a n d  g a s n o in te s tin a l  d is- 
tu rb a n c e s  su  c h  as  n a u s e a  a n d  v o m itin g . R ev ersib le  y e llo w  
d isco lo ra tío n  o í  th e  sk in , c o n ju n c tiv a , a n d  u r in e  m a y  o c c u r  
d u r in g  lo n g -te rm  u se  o r  a í te r  la rg e  d oses; b lu e /b la c k  
d isc o lo ra ú o n  o f  t h e  p a la te  a n d  d ỉsc o lo ra d o n  o ỉ  th e  n a ils  
h a v e  also b e e n  re p o r te d .  D oses su  c h  as  th o se  u s e d  in  th e  
ư e a tm e n t  o f  g iard ias is  m a y  o ccas io n a lly  c a u se  tra n s ie n t  
a c u te  tox ic  p sy c h o sis . CN S s tim u la tío n  a n d  c o n v u ls io n s  
h a v e  b e e n  rẽ p ô r te d  a t  h ig h  p a re n te ra l  doses. R e tin o p a th y  
s im ila r  to  t h a t  s e e n  vvith c h lo ro q u in e  (p. 6 5 1 .2 )  a n d  c h ro n ic  
đ e rm ato ses , in c ỉu d in g  s e v e re  e x ỉo lia t iv e  d e rm a tin s  a n d  
lic h e n o id  e ru p tio n s ,  h a v e  a lso  o c c u rre d  a h e r  p ro lo n g e d  u se  
o f  m ep a c rin e . A p lastic  a n a e m ia  h a s  a lso  b e e n  re p o r te d  a ỉ te r  
lo n g  te n n  u se , o h e n  p re c e d e d  b y  s u c h  d e rm a to se s . H e p a titis  
a n d  h e p a tlc  n e c ro s is  o c c u r  rare ly .

E ffe d s  o n  th e  n e rv o u s  S ystem . T w o  p a tie n ts  h a d  c o n -  
v u ls io n s  a  f e w  h o u r s  á h e r  m e p a c r in e  h y d io c h ỉo r id e  
4 0 0  m g w a s  g iv e n  in tra p le u ra lly  fo r  m a l ig n a n t  e ttu s io n s .

The Symbol t  denotes a preparation no longer actively marketed

http://libdocwhoJn%c6%b0tT5/WHO_T7%e1%bb%88S,793.pdf
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O n e  d e v e ỉo p e d  s ta tu s  e p O ep n cu s a n d  d ied  a n d  th e  o th e r  
w a s  su c ce s s ỉu lỉy  ư e a te d  vvith a n tic o n v u ls a n ts .1 2 * * * *

I- Borda l  Kram M. Convulsỉons íoUovving ỉntnpleural adminisơaũon of 
quỉnaciine hydrochloride. JAMA 1967; 201: 1049-50.

Precautions
M e p a c r in e  s h o u ld  b e  u se d  vvith  c a u tio n  in  e ld e rly  p a tie n ts  
o r  p a tíe n ts  w i th  a  h is to iy  o f p sy c h o sis , o r  in  th e  p re s e n c e  o f 
h e p a tic  d isease . M e p a c r in e  c a n  c a u se  e x a c e rb a tio n  o f 
p so ria s is  a n d  s h o u ld  be  a v o id e d  in  p so ria tic  p a tie n ts .

Interactìons
M e p a c r in e  h a s  b e e n  re p o r te d  to  p r o d u c e  a m ild  d isu lh ra m - 
lik e  r e a c tio n  (se e  p . 2 4 9 6 .1 )  w h e n  ta k e n  vtáth a lco h o l.

T h e o re tic a lly , m e p a c r in e  m a y  in c re a se  th e  p la sm a  
c o n c e n tra t io n s  o f  p r im a q u in e  re s u l tin g  in  a  h ig h e r  risk  of 
to x id ty ,  a n d  it h a s  b e e n  re c o m m e n d e d  th a t  th e se  d ru g s  
s h o u ld  n o t  b e  u se d  to g e th e r.

Pharmacokinetics
M e p a c r in e  is r e a d ily  a b so rb ed  f ro m  th e  g a s tro in te s tin a l tra c t  
a n d  p e a k  p lasm a  c o n c e n tra tio n s  o c c u r  in  1 to  3 h o u rs . It is 
w id e ly  d is tr ib u te d  th ro u g h o u t  t h e  b o d y . I t a c c u m u la te s  in  
b o d y  tissu es. p a rt ic u la r ly  th e  liv e r , a n d  is lib e ra te d  slovvly. 
P ro te in  b in d in g  is 8 5 % . I t is e x c re te d  s lo w ly  m a in ly  in  th e  
u r in e ,  w ith  a n  e lú n in a tio n  h a lM iíe  o f 5 days, a n d  is still 
d e te c ta b le  in  th e  u r in e  a f te r  2  m o n th s .  M e p ac rin e  crosses 
th e  p la c e n ta .

Inirapleural odministratíon. P e a k  p lasm a  c o n c e n tra tio n s  
o f  m e p a c r in e  ía r  a b o v e  th o s e  a s so c ia te d  w ith  CNS e ữ e c ts  
w e r e  r a p id ly  a t ta in e d  in  3 o f  4  p a tie n ts  a fte r  in tr a p le u ra l  
in s t il la t io n  o f a  s o lu tío n  o f  m e p a c r in e  h y d ro c h lo r id e  a n d  
r e m a in e d  a t  th e s e  leve ls  fo r  s e v e ra l  h o u r s .1

1. Bjữrkman s, et a i Pharmacokỉnetỉcs of quinacTine afier imrapleural 
InstilUtíon ịn rabbits and man. J Pharm Pharmaaỉ 1969; 41: 160-73.

Preparations
Proprietory Preparatìons (details a re  gỉven in  Volum e B) 

Singie-ingredient Preparations. India: M aladin.

Methyl Benzoquate ỊBANỊ
AY-20385; 0-55052; Metilbenzocuato; Nequinate (plNN); 
Nequinate (USAN); Néquinaté; Nequinato; Nequinatum; 
HexMHaT.
Methyl 7-benzyloxy-&butyl-1,4-dihydro-4-oxoquinoline-3- 

-carboxylate. '■■■ ,
Ca H23N04= 365 .4  ;
CAS— 13997-19-8.
UNII —  912E013933.

Proĩile
M e th y l  b e n z o q u a te  is  a n  a n t ip ro to z o a l  u se d  in  v e te r in a ry  
p ra c t ic e  ío r  th e  p r e v e n t io n  o f  c o c d d io s is  in  p o u ltry .

Metronidazole IBAN, USAN, HNNỊ

■Bayerr536Q; M etrọnidacoli; M etronldazol; Mẻtronidazolas; 
M éừ onidazole; M etronidazolo; M etronida2 olum ; NSC-50364; 
RP-8823; 5C-10295; Merp0 HMfla3 0 /i.
2  •{2-M ethyl-5-nitroim idazoH-yOethanol. .

• 0 ) 4 ^ 3 0 3 = 1 7 1 2
Ờ S — 443-48-1. -
ATC —  A01AB17; 0068X01; G01AF01; J01XD01;P01AB01.
ATC vét QA01AB17; QD06BX01; QGOIAPƠl; CU01XD01; 
QP51AA0Ỉ.
VNIÍ —  140QMO216E
P h a r m a c o p o e ia s .  I n  Chín., Eut. (se e  p . v ii), /Hí.. Jpn, us, a n d  Via.
P h .  E u r .  8: (M e tro n id a z o le ) . A  vvhite  o r  ye llo tv ish , 
c ry s ta ll in e  p o w d e r .  s lig h tly  s o lu b le  in  w a te r , in  a lco h o l, in  
a c e to n e ,  a n d  in  d ic h lo ro m e th a n e . P ro te c t  b o m  ligh t.

U S P  3 6 : (M e tro n ỉd a z o le ) . W h ite  to  p a le  yellovv, o d o u rle ss  
c ry s ta ls  o r  c ry s ta ll in e  p o w d e r . I t  d a rk e n s  o n  e x p o su re  to  
l ig h t .  S p a rìn g ly  s o lu b le  in  vvater a n d  in  a lcoho l; s lig h tly  
so lu b le  in  c b lo ro ío rm  a n d  in  e th e r ;  so lu b le  in  d ilu te  
h y d ro c h lo r ic  a d d  (1 in  2 ). S to re  a t a  te m p e ra tu re  o f 2 5  
d e g re e s , e x c u rs io n s  p e rm in e d  b e tv v e e n  15 d e g rees  a n d  3 0  
d e g re e s . P ro te c t  b o m  ligh t.

Inc o m p a tib iE ty . S e e  belovv.

Metronidazole Benzoate IBAN, riNNMi 
B en zoato  d ẹ  m etroọjdazọ); B enzoyl M etronidạzple; M etro- 
nidatsolibentsoáatti; M etrónidazol, b en zo a to  dể; M ẽtrọnida- 
zo lb en so ã t; M etronidazolbenzoat; M etronidazol-benzoát;

Métronidaạple, : bẹnzoate: de; Metronidãioli Benzoas;, 
;Metronidazolo berưoatas; RP-9712; MeTp0HMfla30/ia BeH- 
aÕaTV, ■://: ■ '■■■■; vv  •- ■ . ■ ■
2-(2-Mẽthyi-5-niffoimidazol-1-yl)ethyị beraoate  
CuH,3N30 +=275.3 - ■ ■ ■ - . : •
015—  13182-89-3
ATC — A01AB17; D06BXỌ1; G01AF01; JỌ1XD01; P01ABOh » 
ATC Vet —' QA01AB17; QD06BX01; QG0ỈAF01;QJ01XD01; 
QP51AA0Ỉ7 ■
ŨNII — A355C835XC '

P h a r m a c o p o e ia s . I n  Eur. (see p . v ii) , ỉm., a n d  us.
P h . E u r .  8: (M e ư o n id a z o le  B e n z o a te ) . W h ite  o r  s lig h tly  
yellovvish , a y s ta l l in e  povvder o r  ílak es . P rac tica lly  in so lu b le  
in  w a te r ;  s lig h tly  so lu b le  in  a lco h o l; so lu b le  in  a c e to n e ; 
fre e ly  s o lu b le  in  d ic h lo ro m e th a n e . P ro te c t t o m  lỉg h t.

U S P  3 6 : (M e tro n id a z o le  B e tu o a te ) .  A  w h i te  to  s lig h tly  
yellovv, c ry s ta llin e  p o w d e r .  P ractica lly  in so lu b le  in  w a te n  
s lig h tly  so lu b le  in  a lco h o l; so lu b le  in  a c e to n e ; ử e e ly .so lu b le  
in  d ic h lo ro m e th a n e ;  v e ry  slig h tly  so lu b le  in  s o lv e n t e th e r .  
S to re  a t  a  t e m p e ra tu re  o f  25  d e g rees , e x c u rs io n s  p e rm itte d  
b e ttv e e n  15 d eg re e s  a n d  30  deg rees . P ro te c t h o m  lig h t.

Metronidazole Hydrochloride
ỊBANM, USAN, riNNMI
Hidrodoruro de metronidazol; Metronidazol, hidrodọruro 
de; Mèứọnidazole, Chlorhydrate de; Metronidazoll Hydro- 
chỊoridum; 5C-32642; MeTpoHHfla30/ia rHflpox/iopufl. 
OH9N3O3,Ha=207.6 
CĂS —  69198-10-3.
ATC — A01AB17; D06BX01; G01AF01; J01XD01; P01AB01.
ATC Vet —  QA01AB17; QD06BX01; QG01AF01; QJỌ1XD01; 
QP51AA0Ỉ.
UNII —  76JC1633UF. '

In co m p atib ỉlH y . S o lu tio n s  o í m e tro n id a z o le  h y d ro c h lo r íd e  
h a v e  a Io w  pH , u s u a lly  o f  less t h a n  2 .0 , b e ío re  d i lu t io n  
a n d  n e u tra lis a tio n  ío r  in ư a v e n o u s  u se . T h e se  u n d i lu te d  
S o lu tio n s  r e a c t  w i th  a lu m in iu m  in  e q u ip m e n t  su c h  a s  n e e -  
dles a n d  p r o d u c e  red d ish -b ro v v n  d isc o lo ra tio n . a n d  a p rec i-  
p i ta te  h a s  b e e n  re p o r te d  vvith re a d y - to -u s e  p re p a ra tio n s  of 
m e ơ o n id a z o le  h y d ro c h lo r id e , a l th o u g h  th is  o c c u rre d  a f te r  
c o n ta a  ío r  6  h o ũ is  o r  m o re .u

S e v e ra l  s tu d ie s  h a v e  assessed  th e  c o m p a tib ility  o ỉ  
a n tib a c te r ia l  in je c tio n s  a n d  o th e r  d ru g s  w h e n  a d d e d  to  
m e ư o n id a z o le  s o lu tio n  fo r  in tr a v e n o u s  in fu s io n .ỉ "7 R e su lts  
h a v e  v a r ie d  a c co rd in g  to  th e  c rite r ia  a p p lie d  a n d  th e  
p re p a ra tio n s  a n d  c o n d it io n s  u se d . P hysica l in c o m p a tib il i tle s  
d u e  to  t h e  lo w  p H  o f  m e ư o n id a z o Ie  in je c tio n ỉ  a p p e a r  to  b e  
m o re  o f  a  p r o b le m  t h a n  C h em ica l in c o m p a tìb il i ty .  
R e g ard less  o f  th e s e  s tu d ie s , ỉt  is g e n e ra lly  r e c o m m e n d e d  
th a t  o th e r  d m g s  s h o u ld  n o t  b e  a d d e d  to  in ư a v e n o u s  
S o lu tio n s  o f  m e tro n id a z o le  o r  its  h y d ro c h lo r id e . S p e đ t c  
in ỉo n n a t io n  o n  th e  c o m p a tib ility  o f in d iv id u a l ỉo rm u la t io n s  
m a y  b e  ỉ o u n d  in  th e  m a n u ía c tu r e rs ' l ite ra tu re .

1. Scbeỉl KH. Copeỉand JR. Meưonỉdazoỉe hydrochloride-alumỉnum 
imenctỉon. Am J tiasệ Pharm 1985; 42: 1040. 1042.

2. Struthers BJ. Parr RJ. OariỉyiDg the meưonỉdazole hydrochloride- 
aỉuminum ỉntenction. Am J tiosp Pharm 1985; 42: 2640.

3. Bisaiỉỉon s. Sanaàn R. Compatibility oí several antíbiotics or 
hydroconỉsonc whcn added to metronidazoỉe Sỡỉution ỈOT inưavenous 
ỉniusion. J Parenter Sá Ttàmoỉ 1983; 37: 129-32.

4. Gupu VD. Stewart KR. Chemica] stabilỉtỉes of hydrocortỉsone sodỉum 
sucdnaie and several antỉbiotỉa when mixed with metronỉduole 
injection ỉor ỉntravenous iníusion. J Parcnter Sà Tedtnol 1985; 39:145-8.

5. Gupta VD. et ũL Chemica] stabilitíes oỉ ceỉamandole nalate and 
meưonỉdaxoỉe when mỉxed together ỉor intravenous infudon. J ơin Hosp Pharm 1985; 10: 379-83.

6. Baraes AB. Chemical subỉlitíes of cehiroxỉme sodỉum and meơonỉd- 
azole in an admixture íor ỉntravenous inhỉsion. J Om pharm Thcr 1990; 
15: 187-96.

7. Nahata MC et ai Stabỉỉity of meữonỉdaxole and ceftỉzoxime sodỉum in 
ready-to-use metronỉdaxole bags stored ai 4 and 25 degrees c. Am J Htaúh-SyỊt Pharm 1996; 53: 1046-8.

Uses and Admỉnistration
M e ư o n id a z o le  is  a  5 -n itro im id a z o le  d e riv a tiv e  w ith  a c tiv ity  
a g a in s t a n a e ro b ic  b a c te r ia  a n d  p ro to z o a  (see A n tim ic ro b ia l 
A c tío n , p . 9 3 9 .3 ); it  a lso  h a s  a  rad io se n sitis in g  e í í e a  a n d  h a s  
b e e n  t r ie d  in  th e  ữ e a tm e n t  o f m a lig n a n t n e o p la sm s . I ts  
m e c h a n ism  o f  a c tio n  is th o u g h t  to  in v o lv e  in te r ỉe re n c e  w ith  
DN A b y  a m e ta b o li te  in  w h ic h  th e  n i t r o  g ro u p  of 
m e tro n id a z o le  h a s  b e e n  red u c e d .

M e tro n id a z o le  is u se d  in  th e  ữ e a tm e n t  o í  su sce p tib le  
p ro to z o a l in íe c tio n s  s u c h  as a m o eb iasis . b a ỉa n tid ia s is , 
Blastocystis hominừ in ỉe c tio n s , g iard iasis, a n d  tric h o m o n ia s is ;  
it h a s  a lso  b e e n  tr ie d  in  le ish m a n ia sỉs  a n d  m ic ro sp o rid io s is. 
F o r d e ta ils  o f  th e s e  in ỉe c tio n s  a n d  t h e ứ  ữ e a tm e n t  se e  tm d e r  
C ho ice  o f  A n tìp ro to z o aL  p . 9 1 9 .1 . M e tro n id a z o le  is a lso  
u se d  in  t h e  ơ e a tm e n t  a n d  p ro p h y la x is  o ỉ  a n a e ro b ỉc  b a c te r ia l  
in ỉe c tío n s . S p e d B c  b a c te r ia l  in íe c tio n s  ư e a te d  w ith  m e ữ o -  
n id a z o le  i n d u d e  a c u te  n e c ro tís in g  u lc e ra tiv e  g in g iv in s, 
b a c te r ia l  v ag in o sis , p e lv ic  in D a m m a to ry  d isease , u r e th r i t is  
(n o n g o n o c o c c a l) , te ta n u s ,  a n d  a n tib io tíc -a s s o d a te d  co litis .

F o r  d e ta ils  o f  th e s e  in íe c tio n s  a n d  t h e ữ  ư e a tm e n t  s e e  u n d e  • 
C h o ic e  o f A n tib a c te r ia l, p .  172.2.

M e tro n id a z o le  is  u s e d  to  e ra d ic a te  Helừobaữer pylori ũ  . 
p e p tic  u lc e r  d ise a se  (vvith o th e r  a n tim ic ro b ia ls , a n d  e i th e  • 
b is m u th  c o m p o u n d s  o r  p r o to n  p u m p  in h ib ito rs )  a n d  in  t h t ’ 
m a n a g e m e n t  o f  m a lo d o ro u s  tu m o u r s  a n d  u ic e r s  w h e r f  
t h e r e  is  a n a e ro b ic  in íe c tio n . I t  is also  u se d  in  th e  ư e a tm e n  
o f  ro sa c e a  a n d  o f d ra c u n c u lia s is  (g u in e a -w o rm  in íe c tio n  
a n d  h a s  b e e n  g iv e n  o ra lly  in  th e  ơ e a tm e n t  o f  h e p a ti t  
e n c e p h a lo p a th y  a n d  p e r ia n a l  C ro h n 's  d isease ; a  to p ic a  
o in tm e n t  c o n ta in in g  1 0 %  m e ư o n id a z o le  Is a lso  u n d e i  
in v e s tỉg a đ o n  í o r  t h e  ư e a tm e n t  o !  p e rìa n a l  C r o h n 's  d ise a se  
S e e  a lso  b e lo w  f o r  th e s e  m isc e lla n e o u s  uses.

ADM1NISTRAT10N AND DOSAGE. M e ơ o n id a z o le  is  g iv e n  orally  
in  tab le ts , c a p su le s , o r  e x te n d e d  re le a se  ta b le ts  o r , a: 
m e ư o n id a z o le  b e n z o a te ,  in  o ra l  su sp en s io n ; t h e  ta b le ts  are 
t a k e n  w ith  o r  a í t e r  ío o d  a n d  th e  su sp e n s io n  a t  le a s t  1 h o u i  
b e ío r e  food; E x te n d e d -re le a s e  tab le ts  s h o u ld  b e  g iv e n  ai 
le a s t  1 h o u r  b e ỉo r e  o r  2  h o u r s  a t e r  m ea ls . M e ư o n id a z o le  i: 
a lso  g iv en  r e a a l ly  in  su p p o s ito rie s , in tra v a g in a lly  a s  a  ge l 01 

c re a m , a p p lie d  to p ic a lly  as  a  c re a m  o r  gel, o r  g iv e n  by 
in tr a v e n o u s  in íu s io n  o f  m e ư o n id a z o le  o r  m e tro n id a x o le  
h y d ro c h lo r id e . D o ses  a re  ex p re sse d  in  te rm s  o f m e tro n id -  
a z o le  base.

In  a m o e b ia s i s .  m e tro n id a z o !e  ac ts  as a n  a m o e b ic ỉd e  ai 
a ll s ite s  o f in íe c tio n  w ith  Entamoeba histolytica. B e c a u se  of its 
ra p id  a b so rp tìo n  i t  is p ro b a b ly  less e ííe c tiv e  a g a in s t  p a ra s ite s  
in  th e  b o w el lu m e n  a n d  is th e re ío re  u se d  w l th  a  lu m in a l  
a m o e b id d e  su  c h  as  d ilo x a n id e  fu ro a te  o r  d iio d o h y d ro x -  
y q u in o lin e  in  t h e  t r e a tm e n t  o f  s y m p to m a tic  ( in v a s iv e )  
am o e b ia sis . F o r  t h e  t r e a tm e n t  o f  in v a s iv e  in te s t in a l  
a m o eb iasis , m e tro n id a z o le  is g iv en  in  o ra l d o se s  o f  8 0 0  m g  
e v e ry  8  h o u r s  í o r  5 days; ío r  e x tra - in te s t in a l  a m o e b ia s is  
( in d u d in g  l iv e r  abscess) a  d o se  of 4 0 0  to  8 0 0  m g  e v e ry  8 
h o u r s  fo r 5 to  10  day s is g iven .

I n  b a l a n t i d i a s ũ  a n d  Blastocystừ homittừ I n í e c t i o n ,  
m e ơ o n id a z o !e  h a s  b e e n  g iv e n  o ra lly  in  a  d o se  o í  7 5 0  m g  
th r e e  tim es d a ily  fo r  5 a n d  10 days, re sp e c tiv e ly .

In  g i a r d i a s ỉ s ,  t h e  u su a l  o ra l d o se  o f  m e tro n id a z o ]e  is 2 g  
o n c e  daily  ío r  3 su ccessiv e  days, o r  4 0 0  m g  th r e e  t im e s  d a ily  
fo r  5 days, o r  5 0 0  m g  tw ic e  d aily  fo r 7  to  10 d a y s .

I n  t r i c h o m o n ỉ a s i s ,  m e ư o n id a z o le  is g iv e n  o ra lly  e i th e r  
a s  a  sing le  2 -g  d o se , as  a  7 -d ay  c o u rse  o f 2 0 0  m g  e v e ry  8 
h o u r s ,  o r  a t  a  d o se  o f 4 0 0  to  50 0  m g  e v e ry  12 h o u r s  fo r  5 to  7 
d a y s . S ex u a l p a n n e r s  s h o u ld  a lso  b e  ữ e a te d .  If t r e a tm e n t  
n e e d s  to  b e  re p e a te d , a n  in te rv a l  o f 4  10  6 vveeks be tv v een  
c o u rse s  h a s  b e e n  re c o m m e n d e d . V ag ina l p r e p a r a tio n s  
c o n ta in in g  m e a o n id a z o le  a re  av a ìla b le  fo r  t h e  t r e a tm e n t  of 
v a g in a l tric h o m o n ia s is  in  so m e  c o u n tr ie s .

B a c t e r i a l  v a g in o s i s  is  t re a te d  s im ila r ly  to  v a g in a l  
t r ic h o m o n ia s is  vvith  w h ic h  i t  m a y  c o -ex is t; m e ư o n id a z o le  is 
u s u a lly  g iv en  o raU y as a  s ing le  2 -g  d o se  o r  a s  a  5 to  7 -d a y  
c o u rse  of 4 0 0  o r  5 0 0  m g  tw ice  d a ily . A l te m a tiv e ly  i t  m a y  b e  
a p p lie d  lo ca lly  a s  5 g  o f a  0 .7 5 %  gel o n c e  o r  tw ic e  d a ily  fo r  5 
d ãỹ s.

In  a c u t e  n e c r o t i s i n g  u l c e r a t i v e  g i n g iv i t i s ,  m e t r o n id -  
azo !e  2 0 0  to  2 5 0  m g  th re e  tữ n e s  d a ily  is g iv e n  o ra lly  fo r  3 
d ay s; s im ila r  d o se s  a re  u se d  in  a c u te  o ra l  in ỉe c tỉo n s .  A  2 5 %  
d e n ta l  gel h a s  a lso  b e e n  u se d  as a n  a d ju n c t  to  t h e  ư e a tm e n t  
o f  c h ro n ic  p e r io d o n ta ỉ  in le a io n s .

F o r  th e  t r e a tm e n t  o f  m o s t  a n a e r o b i c  b a c t e r i a l  
i n í e c t i o n s ,  m e a o n id a z o le  is  g iv en  o ra lly  in  a n  in ỉt ia ỉ  do se  
o f 8 0 0  m g  ío llovved b y  4 0 0  m g  e v e ry  8  h o u r s ,  u s u a lly  fo r  
a b o u t  7  d ay s. A  re g im e n  o f  5 0 0  m g  e v e ry  8  h o u r s  is  a n  
a lte m a t iv e .  W h e n  o ra l  th e r a p y  is  p r e d u d e d  m e tro n id a z o le  
m a y  b e  g iv e n  in tra v e n o u s ly ,  5 0 0  m g  b e in g  in íu s e d  as 
lO O m L  of a  5 m g /m L  s o lu tio n  a t  a  r a te  o f  5 m L /m in u te  
e v e ry  8 h o u rs ,  o r  r e c ta lly  as  a  1 -g su p p o s ito ry  e v e ry  8  h o u r s  
ío r  3  days; i l  re c ta l  u s e  n e e d s  to  b e  c o n tìn u e d  f o r  m o re  t h a n  
3 d ay s. th e  d o se  s h o u ld  b e  re d u c e d  to  l g  12 h o u r ly .  
A ỉ te m a tiv e  a d u l t  doses  o f  m e tro n id a z o le  a re  7 .5 m g /k g  
e v e ry  6  to  8  h o u r s  o ra lly  o r  1 5 m g /k g  b y  in tr a v e n o u s  
in ỉu s io n  fo llo w e d  b y  7 .5 m g /k g  e v e ry  6  h o u r s ,  d o se s  b e in g  
in ỉu s e d  o v e r  1 h o u r ,  b y  e ith e r  r o u te  a  to ta l  d o se  o f 4  g in  2 4  
h o u r s  s h o u ld  n o t  b e  e x c e e d e d . In  m ix e d  a n a e r o b ic  a n d  
a e ro b ic  i n íe c t io n s  m e t r o n id a z o le  is  g iv e n  w i t h  t h e  
a p p ro p r ia te  a n n b a a e r ia l s .

F o r  de ta ils  o f  d o se s  in  c h ild re n , se e  p . 9 3 7 .1 .
F o r  th e  p r e v e n t í o n  o f  p o s t o p e r a t i v e  a n a e r o b i c  

b a c t e r i a l  i n í e c t ì o n s ,  e s p e d a l ly  in  p a tìe n ts  u n d e rg o in g  
a b d o m in a l o r  g y n a e co lo g ica l su rg e ry , m e ư o n id a z o le  is 
g iv e n  orally , in tr a v e n o u s ly ,  o r  re c ta lly  in  d o se s  s im ila r  to  
th o se  u se d  fo r  t r e a tm e n t,  u s u a lly  w i th  a  b e ta - la c ta m  o r  a n  
a m in o g ly co s id e  a n t ib a a e r ia l .  V ario u s sc h e d u le s  h a v e  b e e n  
e m p lo y e d . In  t h e  U K , lic e n se d  doses  lo r  a d u lts  a re :
•  o ra lly  4 0 0  m g  e v e ry  8  h o u r s  in  th e  2 4  h o u r s  b e ío re  

su rg e ry  ío llovved  p o s to p e ra tiv e ly  b y  in tr a v e n o u s  o r  rec ta l 
d o sag e  u n t i l  o ra l  th e r a p y  is p o ss ib le

•  b y  in tr a v e n o u s  in íu s io n , 5 0 0  m g  sh o r tly  b e ío r e  o p e ra t io n  
a n d  re p e a te d  e v e ry  8  h o u n ,  o ra l d o ses  o f  2 0 0  o r  4 0 0  m g  
e v e ry  8 h o u r s  b e in g  s u b s ti tu te d  as  so o n  as p o ss ib le

•  b y  re c tu m , 1 g  e v e ry  8  h o u r s  s ta r tin g  2 h o u r s  b e to re  
■ sũ rg e ry .

T h e  BNF, h o w e v e r ,  r e c o m m e n d s  th a t  o ra l d o se s  s h o u ld  b e  
s ta r te d  o n ly  2  h o u r s  b e ío re  th e  o p e ra t io n  a n d  th a t  t h e
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n u m b e r  o f doses  f o r  all do se  ro u te s  b e  lim ite d  to  a to ta l  of 
fo u r . In  th e  U SA  th e  r e c o m m e n d e d  sch ed u le  for a d u lts  
u n đ e rg o in g  co lo re c ta l su rg e ry  is  m e tro n id a z o le  15 m g /k g  b y  
in tr a v e n o u s  in íu s io n  o v e r  30  to  6 0  m in u te s , c o m p le te d  
a b o u t  1 h o u r  b e ío re  su rg e ry , fo llo w e d  b y  tw o  íũ r th e r  
in tr a v e n o u s  d o se s  o f 7 .5 tn g /k g  in ỉu s e d  a t  6 a n d  12 h o u r s  
a f te r  t h e  in itia l d o se .

I n  p e p t i c  u l c e r  d i s e a s e ,  m e tro n id a z o le  is u s e d  in  
c o m b in a tio n  th e r a p y  to  e ra d ic a te  Helicobacttr pyỉori. T ypical 
r e g n n e n s  in c lu d e  m e tro n id a z o le  p lu s  a n o th e r  a n tib a c te r ia l  
( c la r i th ro m y đ n  o r  a m o x ic il lin )  a n d  a  p ro to n  p u m p  
in h ib i to r .  T he  u s u a l  d o se  o f  m e ư o n id a z o le  is 4 0 0 m g  tw ice  
d a ily  e x c e p t w h e n  g iv e n  w ith  o m e p ra z o le  a n d  a m o x id llin , 
w h e n  m e tro n id a z o le  4 0 0  m g  th re e  tứ n e s  daily  ís u se d . In it ia l  
t r e a tm e n t  is g iv e n  fo r  1 w e e k .

F o r  l e g  u l c e r s  a n d  p r e s s u r e  s o r e s  in íe c te d  w ith  
a n a e ro b ic  b a c te r ia , o ra l m e ơ o n id a z o le  40 0  m g  m ay  b e  g iv en  
th r e e  tim e s  d a ily  fo r  7  d ay s. M e ư o n id a z o Ie  is also a p p lie d  
to p ic a lly  as  a  0 .7 5 %  o r  0 .8 %  gel to  red u c e  th e  o d o u r  
a s s o d a te d  vvith a n a e ro b ic  in íe c tìo n  i n  í u n g a t m g  t u m o u r s .

I n  th e  t r e a tm e n t  o f r o s a c e a  m etc o n id a z o le  is g iv en  o ra lly  
o r  a p p lie d  to p ica lly .

G e n e ra l  re íe re n c e s .
i. Lõímark s. tí ai. Metronỉdazole Ỉ5 stỉll the drug of choice for ưeatmcnt of 

anaerobic Ịnỉections. Ciin Infect Dà 2010; 50 (suppl 1): S16-S23.

A d m in is tr a t io n  in  ch ild ren .. M e tro n id a z o le  m a y  b e  g iv en  
to  c h ild ré n  fo r  th e  t r e a tm e n t  o f  su scep tib le  p ro to z o a l 
in ỉe c tio n s  a n d  a lso  in  t h e  ư e a tm e n t  a n d  p ro p h y la x is  o ỉ  
a n a e r o b ic  b a c te r ia l  in íe c tio n s .

I n  i n v a s i v e  i n t e s t i n a l  a m o e b i a s i s  a n d  e x t r a - i n t e s -  
t i n a l  a m o e b i a s i s ,  th e  BNFC re c o m m e n d s  o ra l m e tro n id -  
a z o le , fo r  5 d a y s  fo r  in te s tin a l  in fe c tio n  o r  5 to  10 day s fo r 
e x tra - in te s t in a l  in íe c tio n , in  th e  fo llo w in g  doses:
•  c h ild re n  a g e d  1 4 0  3 y ea rs : 2 0 0  m g  3 tim es daily
•  th o s e  aged  3 to  7  y ea rs : 2 0 0  m g  4  tim e s  daily
•  th o s e  ag ed  7  to  10 yea rs : 4 0 0  m g  3 tim e s  daily
•  th o s e  m o re  t h a n  10 y ea rs : 8 0 0  m g  3 tim e s  daily  
A l te m a tiv e ly  e x p e r t s  in  t h e  U S A 1 re c o m m e n đ  o ra l  
m e tro n id a z o le  3 5  to  5 0 m g /k g  d a ily  in  3 d iv id ed  doses  fo r  
7  to  10 days.

I n  g i a r d i a s i s ,  t h e  BNFC r e c o m m e n d s  o ra l  m e tio n id a z o le  
in  t h e  {o llo tv ing  d oses:
•  c h ild re n  a g e d  1 to  3 yea rs : 5 00  m g  o n c e  daily  fo r 3 day s
•  th o se  aged  3 to  7  y e a rs : 6 0 0  to  8 0 0  m g  on ce  d aily  fo r  3 

d a y s
• th o se  aged  7  to  10 y e a rs : 1 g  o n c e  d a ily  fo r 3 days
• th o s e  ag ed  m o re  t h a n  10 y e a rs : 2  g  o n c e  daily  for 3 days, 

o r  4 0 0  m g  3 t im e s  d a ily  £or 5 d ay s, o r  50 0  m g  tvvice d a ily  
f o r  7 to  10 d a y s

A lte r n a tiv e ly  e x p e r t s  in  th e  U S A 1 re c o n u n e n d  o ra l  
m e tro n id a z o le  15 m g /k g  d a ily  in  3 d iv id e d  doses fo r 5 to  7 
d a y s .

In  uìchomonìãsìs, t h e  BNFC re c o m m e n d s  o ral m e ư o - ' 
n id a z o le  in  t h e  fo llo w in g  doses:
• c h ild re n  a g e d  1 to  3 yeà rs : 50  m g  3 tim es d aily  fo r  7 day s
• th o s e  ag ed  3 to  7  y e a rs : lO O m g tvvice daily  fo r 7  day.s
• th o s e  aged  7  tọ  10 y e a rs : 100  m g  3 tim e s  d aily  fo r  7  day s
• th o s e  m o re  t h a n  10 yea rs : 2 0 0  m g  3 tim e s  daily  fo r  7  d ay s 

o r  4 0 0  to  5 0 0  m g  tvvice d a ily  fo r  5 to  7  days, o r  2  g  as  a 
s in g le  d o se

A lte r n a tiv e ly  e x p e r ts  in  t h e  U S A 1 r e c o m m e n d  o ra l  
m e tro n id a z o le  15 m g /k g  d a ily  in  3 d iv id ed  doses for 7  days.

F o r  th e  t r e a tm e n t  o f  m o s t  a n a e r o b i c  b a c t e r ĩ a l  
i n f e c t i o n s ,  t h e  BNFC r e c o m m e n d s  m etro n id azo !e  is g iv en  
( u su a lly  for 7  d a y s  b u t  lo r  10 to  14 days in  a n tib io tic -  
a s s o d a te d  co litis) in  t h e  lo llovving doses:
•  n e o n a te s :  7 .5 m g /k g  b y  in tra v e n o u s  in íu s io n  e v e ry  12 

h o u r s
•  c h ild re n  1 to  2  m o n th s  of age: 7 .5  m g /k g  o rally  e v e ry  12 

hours, or 7.5mg/kg by intravenous infusion every 12 
h o u r s

• c h ild re n  ag e d  2 m o n th s  a n d  o ld er: 7 .5  m g /k g  o ra lly  ( to  a 
m a x im u m  o f  4 0 0  m g) e v e ry  8 h o u rs ,  or 7 .5 m g /k g  b y  
in tra v e n o u s  in lu s io n  ( to  a  m a x im u m  of ĩOOmg) e v e ry  8  
h o u r s

or a l te m a t iv e ly
•  r e c ta l  doses  m a y  b e  g iv en  3 t im e s  d a ily  fo r 3 days, t h e n  

tw ic e  d a ily  th e r e a f te r  in  t h e  íollovving doses: c h ild re n  
a g e d  1 m o n th  to  1 y e a r  m a y  b e  g iv en  125 m g, th o se  1 to  5 
y ẽ a rs , 2 5 0  m g , th o se  5 to  10 ỹ e a rs . 5 00  m g. a n d  th o se  
m o re  th a n  10  y e a rs  m a y  b e  g iv e n  1 g

A lte m a tiv e  d o se s  r e c o m m e n d e d  b y  th e  A m erican  A c a d e m y  
o f  P e d ia tr ic s2 a re :
•  fo r  n e o n a te s  a g e d  < 7  d a y s  a n d  v r á g h in g  < 2 k g :  a  

lo a d in g  d o se  o f  1 5 m g /k g  íollovved  b y  7 .5 m g /k g  g iv e n  
in tr a v e n o u s ly  e v e ry  2 4  to  4 8  h o u rs :  a  dosing  in te rv a l  o f 
4 8  h o u r s  is  su g g e ste d  fo r  e x ư e m e ly  lo w  b in h -w e ig h t  
n e o n a te s  (vveigh ing  less  t h a n  1 kg)

•  fo r  n e o n a te s  a g ẹ d  < 7  d a y s  a n d  vveighing > 2 k g :  
15 m g /k g  g iv e n  in tra v e n o u s ly  e v e ry  2 4  h o u n

•  fo r  n e o n a te s  ag e d  8  to  2 8  d a y s  a n d  vveighỉng <  2  kg:
15 m g /k g  g iv e n  in tra v e n o u s ly  e v e ry  2 4  h o u rs;  a  d o s in g  
in te rv a l  o f 4 8  h o u r s  m a y  b e  u s e d  u n t i l  2  w eek s  o f life  in

e x tre m e ly  lo w  b in h -w e ig h t  n e o n a te s  (w e ig h in g  less 
t h a n  1 kg)

•  lo r  n e o n a te s  ag e d  8 to  2 8  d ay s a n d  vveighing  >  2  kg: 
1 5 m g /k g  g iv en  in tra v e n o u s ly  e v e ry  12 h o u rs

•  c h ild re n  1 m o n th  a n d  o ld e r  30  to  5 0 m g /k g  g iv e n  o ra lly  
in  3 d iv id e d  doses  (to  a  m a x im u m  d aily  d o se  o f 0 .7 5  to  
2 .25  g) or 2 2 .5  to  4 0 m g /k g  g iv e n  in tr a v e n o u s ly  in  3 
d iv id eđ  doses  ( to  a  m a x im u m  d a ily  dose  o f 1.5 g)

1. Abramowicz M. eđ. Dntgs fớr parcaitk inỊcơiữm. 3rd cả. New Rochelỉe 
NY: The Medìcal Letter,2013.

2. American Academy of Pediatria. 2012 Red Book Repert af'hc Qmmittec tm 
ỉnỊatìous Dáctaa. 29th ed. Elk Grove VUlage. Illinois. USA: American 
Academy oí Pedỉaaics. 2012.

A d m in is tra t io n  in  h e p a tic  im p a irm e n t.  S in ce  m e ư o n id -  
azo le  is m a in ly  m eta b o lỉs e d  b y  h e p a tic  o x id a tio n , a c c u m u -  
la t io n  o f m e tro n id a z o Ie  a n d  its  m e ta b o li te s  is llk e ly  in  
p a tie n ts  vyith s e v ere ly  ím p a ỉre d  h e p a tic  h m c t io n . M e tro -  
n id azo le  s h o u ld  th e re fo re  b e  g iv e n  w ith  c a u tio n  a n d  a t  
re d u c e d  doses  to  p a tie n ts  w i th  s e v e re  h e p a tic  im p a i im e n t ,  
a n d  e s p e đ a l ly  h e p a tic  e n c e p h a lo p a th y  w h e n  à d v e n e  
a ííec ts  o f m e ư o n id a z o le  c a n  a d d  to  th e  sy m p to m s o f  th e  
d isease . O n e - th ird  o f  t h e  u su a l  d a ily  dose m a y  b e  g iv e n  
o n c e  d a ily  in  th e s e  p a tie n ts .  F o r  p a tie n ts  w i th  le sse r  
deg rees  o f  h e p a tic  im p a irm e n t. p h a rm a c o k in e tic  s tu d ie s  
h a v e  n o t  p ro d u c e d  c o n s is te n t  r e s u lts  (see u n d e r  P h a rm a -  
cok inetics , p . 940 .2 ) a n d  n o  re c o m m e n d a tio n s  a b o u t  
dosage  re d u c t io n  h a v e  b e e n  m a d e  in  e i th e r  th e  U K  o r  u s  
lic e n sed  p ro d u c t  in ío rm a tio n .

A d m in is tra t io n  in  r e n a l  im p a irm e n t.  T h e  e lim in a tio n  of 
m e tro n id a z o le  is la rg e ly  u n c h a n g e d  in  p a tie n ts  w i th  r e n a l  
ũ n p a irm e n t,  a lth o u g h  m e ta b o li te s  m a y  a c c u m u la te  in  
p a tie n ts  vyith e n d -s ta g e  re n a l  d ise a se  o n  d ialysis (see  
u n d e r  P h a rm a c o k in e tic s , p . 9 4 0 .2 ). D osage re d u c tio n s  á re  
th e re ío re  n o t  u su a lly  r e c o m m e n d e d  ío r  p a tie n ts  w ith  
re n a l  im p a irm e n t  o r  fo r  th o se  u n d e rg o in g  p e r i to n e a l  
dialysis. H ovvever, b o th  m e tro n id a z o le  a n d  its  m e ta b o li te s  
a re  r e m o v e d  b y  h aem o d ia ly s is , d o ses  n e e d  to  b e  g iv e n  
im m e d ia te ly  a f te r  h a em o d ia ly sis.

D ra c u n c u lia s i ỉ.  M e tro n id a z o le  m ay. b e  b e n e h d a l  in  th e  
m a n a g e m e n t  o f d rac u n c u lia s is  (p . 145 .1 ). I t  p ro v id e s  
sy m p to m a tic  r e l ỉe í  a n d  is a lso  th o u g h t  to  w e a k e n  th e  
a n c h o ra g e  o f  th e  vvorms vvith in  su b c u ta n e o u s  t issu e , th u s  
allovving th e m  to  b e  re m o v e d  m o re  qu ick ly .

M e tro n id a z o le  h a s  b e e n  g iv e n  in  a  v a rie ty  o f reg im en s , 
in d u d in g  d o ses  o f 4 0 0  m g  th re e  tim e s  d a ily  fo r  5 d a y s ,1 
4 0 m g /k g  d aily  in  th re e  d iv ỉd e d  d o se s  (to  ạ  m a x im u m  d aily  
dose  o f  2 .4  g) fo r  3 day s,2 a n d  4 0 0  m g  d a ily  fo r  10 to  20  
d ay s.J W H O  re c o m m e n d s  2 5 m g /k g  daily  fo r  10 d ay s;4 a 
dose  o ỉ  2 5 0  m g  th re e  tim e s  daily  ỉo r  10 d a y s  h a s  a lso  b e e n  
re c o m m e n d e d .

1. Padonu KO. A controỉled trùi of metronidazole in the treatment of 
draconúasis in Nigeria. Am J Trop Mtd Hy$ 1973; 22: 42-4.

2. Kale 0 0 . A controlled fle!d Iríal of the treaunent oỉ dracontiasls with 
metronidazo!e and niridazole. Ầm Trop Med Parasitoi 1974; 68: 91-5.

3. Mulỉer R. Guinea worm dỉsease: epidemỉology, control and treatment
• . BuU WH0 1979; 57:683-9.
4. WHO. WHO modtl/ormulary. Geneva: VVHO, 2008. Avaitabie au http:// 

www.who.inc/selection medicỉnes/lỉst/WMF2008.pdf (accessed 
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H e p a tic  e n c e p h a lo p a th y .  T h e  t re a tm e n t  o f  h e p a tic  
e n c e p h a lo p a th y  is d iscussed  o n  p . 1811.2 . I t  i n d u d e s  th e  
u se  o f a n  a m ũ n ic ro b ia l  su c h  as m e tro n id a z o le  to  re d u c e  
th e  in te s tin a l  ílo ra .

In A a m m a to ry  b o w e l  d i s e o s e .  O ra l m e tro n id a z o le  is u sed  
in  th e  t re a tm e n t  o f  p e rin e a l  C r o h n ’s đ isease  (see  In A am m - 
a to ry  B o w el D isease, p . 1811.3) a n d  m ay  a lso  b e  u se d  in  
c o lo n ic  C ro h n 's  disease , vvhen it h a s  b e e n  tr ie d  vvith d p r o -  
Q o x a d n . It h a s  also  p ro v e d  e lle c tiv e  for th e  p r e v e n t io n  o{ 
p o stsu rg ica l r e c u rre n c e . D u ra tio n  of th e ra p y  is u su a lly  
lim ited  to  3 m o n th s .

M e ữ o n id a z o le  o in tm e n t  is  b e in g  in v es tig a te d  in  th e  
m a n a g e m e n t  o f  p e ria n a l  C ro h n 's  d ise a se .1

I. Maeda Y, tí al. Randomỉzed dinỉcal trial of metronidaiỡle ointment 
versus placebo ỉn perỉanal Crohn's disease. Br J SurỊ 2010; 97: 1340-7.

M e ta b o lic  d i s o r d e r s .  C h lld re n  w ỉ th  excesses  of m e th y l-  
m a lo n ic l ' í  a n d  p ro p io n ic 3-4 ac id  in  th e ir  b lo o d  o r  u r in e  
h a v e  s h o w n  c lin ica l im p ro v e m e n t  vvhen g iv en  m e tro n id -  
azo le , w h ic h  re đ u c e đ  th e  e x c re t io n  o f  íae c a l p ro p io n a te  
a n d  t ir in a ry  m e th y lm a lo n a te .  M e tro n id a z o le  is c o n s id e red  
to  a c t th ro u g h  its  antim iCTobial effec t o n  g u t  a n a e ro b e s  
th a t  a re  in v o lv e d  in  p ro p io n a te  p ro d u c tio n ; su c h  p ro p io n -  
a te  c a n n o t  b e  h a n d le d  b y  th e se  c h ild re n  w h o  a re  d e ũ d e n t  
in  th e  re le v a n t  e n z y m e .

1. Bain MD, tí ai. Contribution oí gut bacteiiaỉ metabolỉỉtn to human 
metaboỉỉc dỉsease. Lanctí 1988; ỉ: 1078-9.

2. Koletzko B, tí al. Antíbiotìc therapy ỉor improvement oí metabolic 
control in methyỉmaỉonỉc addurỉa. J Pediatr 1990; 117:99-101.

3. Deodato F, tí aL Methylmaỉonỉc and propỉonic adduria. Am J Med Gentí c 
Semin Med Gattí 2006; 1420 104-12.

4. Mellon AF, tí a i ESect oỉ oral antỉbiotics on ỉntestỉnal production oỉ 
propionic add. Arát Dù Ckild 2000; 82: 169-72.

M o u th  d iso rd e rs  a n d  in ỉe d io n s .  C ic lo sp o rin -in d u ce d  g in - 
g iv al h y p erp lasia  reso lv e d  in  sev era l p a tie n ts  a f te r  ư e a t-  
m e n t  vyith m e tro n id a z o le .u

M e ư o n id a zo le  is c o n s id e re d  to  b e  e ííe c tiv e  fo r  th e  
ư e a tm e n t  of a c u te  n e c ro tìs in g  u lc e ra tiv e  g in g iv itls  a n d  is a n  
a lte m a tiv e  to  p e n id l l in  in  o th e r  d e n ta l  in íe c tio n s  (see 
M o u th  In íec tio n s , p . 192 .3 ).

1. Wong w, tí ai Resolutìon of cydosporỉn-induced gìngỉval hypertrophy 
wỉth metronỉdaxole. Lanctí 1994; 343:986.

2. Cecchin Et tí ai. Treatment oỉ cydosporine-lnduced gingival hyper- 
trophy. i4mt tnum Med 1997; 126: 409-10.

P e p tic  u k e r  d is e a s e .  T h e  u s e  of m e ư o Q id a z o le  15 w e lì 
e s tab lish e d  in  reg im en s  fo r e ra d ic a tin g  Helicobađer pyỉori 
(see  P ep tic  U lcer D isease, p . 1816 .2 ). H o w e v e r, ứ ie  em e r-  
g e n c e  o f m e ư o n iđ a z o le -re s is ta n t  s ơ a in s  o f  H. pyỉorí h as  
b e e n  associa ted  w ith  a n  in c re a se d  ra te  o f  ư e a tm e n t  fail- 
u re s  w ith  so m e  re g ú n e n s .1-4 T h e  Heiicobađer pylori A n tim i- 
c ro b ia l R esistance  M o n ito r in g  P ro g ra m  (HA RP) in  th e  
U S A 5 re p o r te d  a b o u t a  2 5 %  m e tro n id a z o le  re s is ta n c e  ra te  
in  d in ic a l  H. pyỉorì ỉso ỉa tes  c o ỉỉec ted  f ro m  D e c e m b c r  1998 
th ro u g h  2 0 0 2 . D iỉScu ỉties a rise  in  a ssessin g  m e tto n id a z o le  
res is ta n c e  a n d  in  c o rre la tin g  m-vitro r e s u l ts  w ỉ th  d in ic a l  
re sp o n se .6 I n  p o p u la tio n s  in  w h ic h  th e  i n d d e n c e  o ỉ  resis- 
ta n c e  ỉs h ig h , it  m ay  b e c o m e  n ecessa ry  to  u s e  a ỉte m a tỉv e  
reg im en s ,7 b u t  in  o th e r  a reas , su c h  as  t h e  U K  reg im en s  
in c lu d in g  m e tro n id a z o le  c o n tin u e  to  b e  a m o n g  th e  S tan 
d a rd  a lte m a tiv e s  ( a ỉ th o u g h  th e  BNF r e c o m m e n d s  th a t  
t h e y  sh o u ld  n o t  b e  u se d  for in itia l ư e a tm e n t  ỉn  p a tỉe n ts  
w h o  h a v e  b e e n  g iven  m e ư o n id a z o le  fo r  o th e r  in íe c tio n s).

ỉ. Buckỉey MJM. tí ai. Meơonidazole re&tance reduces efflcaqr of trỉpỉe 
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muỉtỉcentre comparative stuđy. Gưt 1997; 41:735-9.

4. van Zanten sv, tí ai Addỉng once-daily omepraxole 20 mg to 
metronidazole/amoxỉtíllin ơeatment ỉor Helicobaữer pylorỉ gasưitìr a 
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azole resistance. Am J Gasưoenteroi 1998, 93: 5-10.
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Dừ 2004; 10:1088-94.

6. Goddard AF, Logan RPH. AntímỈCTobial resistance and Hélỉcobacter 
pyloii J Aníimkrob ơtemoứter 1996; 37:639-43.

7. Feonerty MB. Shouỉd wc abandon mctĩoaidazoìe coDtãining Hdico- 
baaer pylori treatment regúnem? The dỉnical relevance of metronid- 
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s ld n  d is o r d e r s .  M e tro n ỉd a z o ỉe  m a y  b e  e£fective in  th e  
m a n a g e m e n t  of m a lo d o ro u s  a n a e ro b ic  sk in  in ỉe c tio n s  
a sso c ia ted  w ith  u lc e ra tio n  (p. 2 0 7 .1 ), in c lu d in g  pressure 
sores a n d  Ịungating tumours. B o th  t h e  o ra l  a n d  top ica l 
ro u te s  h a v e  b e e n  e m p lo y e d  b u t  th e  e v id e n c e  in  ía v o u r  of 
its  u se  is la rg e ly  a n e c d o ta ỉ  as  few  ia n d o m is e d  c o n ư o lle d  
s tu d ie s  h a  v e  y e t b e e n  p e r io rm e d .1-2

M e tro n id azo (e  h a s  a lso  b e e n  u se d 5 in  t h e  t r e a tm e n t  of 
rosacea (p. 1688 .3 ). O ral m eữ o n id a z o Ie  2 0 0  m g  tvvice daily  
w a s  m o re  e ffecúve th a n  p laceb o 4 a n d  as  e ổ e c tiv e  as  o ral 
o x y te t r a c y đ in e .5 S im ila r ly , to p ic a l p r e p a r a t io n s  (fo r 
ex a m p le , 0 .7 5 %  CTeam, gel, o r  lo tio n  o r  1%  c re a m ) h a v e  
b e e n  ĩo u n d  to  b e  b e tte r  t h a n  p laceb o  a n d  as  e ííe c tiv e  as  oral 
o x y te trac y c lin e .6-7

O ral m eư o n id a z o Ie  h a s  b e e n  trie d  in  t h e  m a n a g e m e n t  of 
lichen pìanus.*
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S u rg ic a l in íe d io n .  M e tro n id a z o le  a n d  r e la te d  n itro im id a -  
z o les  a re  u se d  in  su rg ica l in fe c tio n  p ro p h y la x is  (p . 209 .1 ) 
to  red u c e  th e  ra te  o f w o u n d  in íe c tio n .

HAEMORRHOIDECTOMY. P ro p h y la c tic  m e ơ o n id a z o Ie  re d u c e d  
p a in  a fte r  h a e m o r rh o id e a o m y  in  a  sm a ll s tu d y .1

1. Carapcti EA. ti í/. Doụble-bUnd randomised controlled ữial of eSea of 
mcưonỉdazoíc an paỉn ahcr day-case haemorrhoidectomy. Ltncct 1998; 
351: 169-72.

Adverse Effeđs
T h e  a d v e rse  e ữ ec ts  o f m e ư o n id a z o le  a r e  g e n e ra lly  dose- 
re la te d . T h e  m o st c o m m o n  a re  g a s ơ o in te s tin a l  d istu rb an ces , 
e sp ec ia lly  n a u s e a  a n d  a n  u n p le a s a n t  m e ta ll ic  ta s te . 
A b d o m in a l p a in , a n o re x ia , v o m itin g , a n d  d ia r rh o e a  o r  
c o n s tip a tio n  m ay  a lso  o c cu r. A  íu rre d  to n g u e ,  glossiris, a n d
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