Cladribine @an, usan, inny

2-Chlorodeoxyadenosine; Cladribina; Cladribinum; Kladribiini;
Kladribin; RWJ-26251; RWJ-26251-000. 2-Chloro-2'-deoxyade-
nosine.
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CAS — 4291-63-8.
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Pharmacopoeias. In Eur. (see p.vii) and US.

Ph. Eur. 6.2 (Cladribine). A white or almost white crystalline
powder. It exhibits polymorphism. Slightly soluble in water and
in methyl alcohol; soluble in dimethyl sulfoxide; practically in-
soluble in acetonitrile. Store at a temperature of 2° to 8°. Protect
from light.

USP 31 (Cladribine). Store at a temperature of 2° to 8°. Protect
from light.

Stability. Cladribine shows increased degradation in glucose
5%, therefore this diluent should not be used. Cladribine in sodi-
um chloride 0.9% is stable for at least 24 hours at room temper-
ature and ambient lighting in PVC infusion containers.

The manufacturers recommend that cladribine should be stored
at 2° to 8° and protected from light.

Adverse Effects and Treatment

For a general outline see Antineoplastics, p.635 and
p.639.

Cladribine produces severe myelosuppression, includ-
ing neutropenia, anaemia, and thrombocytopenia, es-
pecially at high doses. Transfusion of blood products
may be required. Prolonged CD4 lymphopenia with a
nadir at 4 to 6 months also develops. Prolonged bone-
marrow hypocellularity may also occur, although it is
not clear if this is due to the drug or underlying disease.
Haemolytic anaemia has also been reported. Severe in-
fections can occur, and may be fatal. Myelodysplastic
syndrome has been reported rarely.

Other adverse effects include fever, chills, diaphoresis,
fatigue, malaise, mild nausea and gastrointestinal dis-
turbances, rashes, pruritus, purpura, headache, anxiety,
dizziness, abnormal breath and/or chest sounds, cough,
dyspnoea, oedema, tachycardia, hypotension, arthral-
gia, and myalgia. Reversible, mild increases in bili-
rubin and hepatic transaminases are common. Rare ad-
verse events include hepatic, renal, or cardiac failure,
atrial fibrillation, and hypereosinophilia; tumour lysis
syndrome can occur, and may be fatal.

Very high doses of cladribine have been associated
with severe renal and nervous system toxicity as well
as myelosuppression. Severe neurotoxicity is rare at
currently recommended doses, but confusion, neuro-
pathy, ataxia, insomnia, and somnolence have oc-
curred.

Carcinogenicity. As with some other antimetabolites (see
p.635), Epstein-Barr virus-related lymphoma has been reported
after cladribine therapy.! A study found that in patients with
chronic lymphocytic leukaemia, treatment with cladribine did
not increase the risk of secondary malignancies when compared
with treatment with alkylating agents and combination therapy.
However, lung cancers occurred more frequently with cladribine
treatment.?

Niesvizky R, et al. Epstein-Barr virus-associated lymphoma af-
ter treatment of macroglobulinemia with cladribine. N Engl J
Med 1999; 341: 55.

Robak T, et al. Second malignancies and Richter’s syndrome in
patients with chronic lymphocytic leukaemia treated with cladri-
bine. Eur J Cancer 2004; 40: 383-9.
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Precautions
For the precautions necessary with antineoplastics, see
p.641. Careful haematological monitoring is recom-

mended, especially during the first 4 to 8 weeks of ther-
apy. Renal and hepatic function should also be moni-
tored periodically.

Pharmacokinetics

Plasma-cladribine concentrations after intravenous in-
fusion show either a biphasic or triphasic decline, with
terminal half-lives ranging from 3 to 22 hours. A bi-
exponential decline has been reported after subcutane-
ous injection, with an initial and terminal half-life of
about 2 and 11 hours, respectively. Cladribine is exten-
sively distributed and penetrates into the CNS. It is
about 20% bound to plasma proteins. Cladribine is
phosphorylated within cells by deoxycytidine kinase to
form 2-chlorodeoxyadenosine-5'-monophosphate
which is further phosphorylated to the diphosphate by
nucleoside monophosphate kinase and to the active
metabolite 2-chlorodeoxyadenosine-5'-triphosphate
(CdATP) by nucleoside diphosphate kinase.

O References.

1. Liliemark J. The clinical pharmacokinetics of cladribine. Clin
Pharmacokinet 1997; 32: 120-31.

Uses and Administration

Cladribine is a chlorinated purine nucleoside analogue
that inhibits DNA synthesis and repair, particularly in
lymphocytes and monocytes. It is used as an antime-
tabolite antineoplastic for the treatment of lymphoid
malignancies including hairy-cell leukaemia (p.654)
and chronic lymphocytic leukaemia (p.653). It has also
been used in indolent low-grade non-Hodgkin’s lym-
phomas (p.656), histiocytic syndromes (p.650), and in
Waldenstrom’s macroglobulinaemia (p.658).

The recommended intravenous dose of cladribine
in hairy-cell leukaemia is a single course of
90 micrograms/kg (3.6 mg/m?) daily for 7 days by
continuous infusion. If the patient does not respond to
the initial course, they are unlikely to respond to further
doses. Cladribine is also given subcutaneously in a
dose of 140 micrograms/kg (5.6 mg/m?) daily for 5
consecutive days.

For the treatment of chronic lymphocytic leukaemia
the recommended intravenous dose is
120 micrograms/kg (4.8 mg/m?) daily for 5 consecu-
tive days of a 28-day cycle; the infusion is given over
2 hours. Response should be determined every 2 cy-
cles, and once maximum response has occurred a fur-
ther 2 cycles of treatment are recommended, up to a
maximum of 6 cycles. Patients who do not respond
with a lymphocyte reduction of 50% or more after
2 cycles should not receive further therapy. Cladribine
is also given subcutaneously in a dose of
100 micrograms/kg (4 mg/m?) daily for 5 consecutive
days. This dose of subcutaneous cladribine is also li-
censed in some countries for the treatment of indolent
non-Hodgkin’s lymphoma and Waldenstrém’s mac-
roglobulinaemia.

An oral formulation of cladribine is under investigation
for the management of multiple sclerosis (see below);
parenteral cladribine has also been used. Oral cladrib-
ine has also been investigated for chronic lymphocytic
leukaemia.

O Reviews.

. Robak T. Cladribine in the treatment of chronic lymphocytic
leukemia. Leuk Lymphoma 2001; 40: 551-64.

. Goodman GR, et al. Cladribine in the treatment of hairy-cell leu-

kaemia. Best Pract Res Clin Haematol 2003; 16: 101-16.

Armitage JO, et al. Treatment of indolent non-Hodgkin’s lym-

phoma with cladribine as single-agent therapy and in combina-

tion with mitoxantrone. Int J Hematol 2004; 79: 311-21.

Robak T. The place of cladribine in the treatment of chronic lym-

phocytic leukemia: a 10-year experience in Poland. Ann Hematol

2005; 84: 63-70.

Belani R, Saven A. Cladribine in hairy cell leukemia. Hematol

Oncol Clin North Am 2006; 20: 1109-23.

Sigal DS, Saven A. Cladribine in indolent non-Hodgkin’s lym-

phoma. Expert Rev Anticancer Ther 2008; 8: 535-45.
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Muiltiple sclerosis. Parenteral cladribine has shown some evi-
dence of benefit in multiple sclerosis (p.892) but it is not clear

The symbol T denotes a preparation no longer actively marketed

Cisplatin/Clofarabine 701

whether it improves attack rate or disease progression. An oral

formulation is under investigation.
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Proprietary Preparations (details are given in Part 3)

Arg.: Intocel; Leustat; Austral.: Leustatin; Litak; Austria: Leustatin; Belg.:
Leustatin; Braz.: Leustatin; Canad.: Leustatin; Cz.: Leustatin; Litak; Denm.:
Leustatin; Litak; Fin.: Leustatin; Litak; Fr.: Leustatine; Litak; Ger.: Leustatin;
Litak; Gr.: Leustatin; Hong Kong: Leustatin; Israel: Leustatin; Litak; Ital.:
Leustatin; Neth.: Leustatin; Litak; Norw.: Leustatin; NZ: Leustatin;
Philipp.: Leustatin; Pol.: Biodribin; Port.: Litak; S.Afr.: Leustatin; Spain:
Leustatin; Swed.: Leustatin; Switz.: Leustatin; Litak; Thai.: Leustatint; UK:
Leustat; Litak; USA: Leustatin; Venez.: Leustatin.
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Clofarabine Ban, Usan, iNN)

Cl-F-Ara-A; Clofarabina; Clofarabinum. 2-Chloro-9-(2-deoxy-2-
fluoro-p-p-arabinofuranosyl)-9H-purin-6-amine.

KabopapabuH

CioH | CIFNsO5 = 303.7.

CAS — 123318-82-1.

ATC — LOIBBO6.

ATC Vet — QLOIBBO06.
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Adverse Effects, Treatment, and Precau-
tions

As for Fludarabine Phosphate, p.721, although neuro-
toxicity is less severe. Capillary leak syndrome result-
ing from cytokine release has occurred with clofarab-
ine, causing respiratory distress, hypotension, pleural
and pericardial effusions, and multi-organ failure. Pro-
phylactic corticosteroids may be useful, but clofarab-
ine must be stopped immediately if signs or symptoms
of capillary leak syndrome develop (respiratory status
and blood pressure should be monitored during infu-
sion). Other adverse effects include anxiety, flushing,
tachycardia, hypotension, hepatotoxicity, haematuria,
myalgia, arthralgia, and headache.

Renal and hepatic function, and complete blood
counts, should be monitored during clofarabine thera-
py. Hydration should be maintained during treatment
to minimise the risk of tumour lysis syndrome and oth-
er adverse effects.

Pharmacokinetics

Clofarabine is about 47% bound to plasma proteins.
About 50 to 60% of a dose is excreted unchanged in the
urine and it has a terminal half-life of about 5 hours.

Uses and Administration

Clofarabine, a purine nucleoside analogue, is used as
an antimetabolite antineoplastic in the treatment of re-
lapsed or refractory acute lymphoblastic leukaemia
(p-651) in patients aged 1 to 21 years. A dose of
52 mg/m? is given daily for 5 days, by intravenous in-
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fusion over 2 hours. A longer infusion time should be
considered in children weighing less than 20 kg to re-
duce anxiety and irritability, and to avoid high clofara-
bine concentrations. The course may be repeated every
2 to 6 weeks, depending on the patient’s recovery from
bone-marrow depression and other adverse effects.
Treatment is usually assessed after 2 treatment cycles.

Clofarabine is under investigation for the treatment of
acute myeloid leukaemia, myelodysplastic syndrome,
and solid tumours.
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Preparations

Proprietary Preparations (details are given in Part 3)
Cz.: Evoltra; Fr.: Evoltra; Port.: Evoltra; UK: Evoltra; USA: Clolar:

Combretastatin A4 Phosphate

CS-A4 (combretastatin A4); NSC-348103 (combretastatin). 2-
Methoxy-5-[(12)-2-(3,4,5-trimethoxyphenyl)ethenyl]-phenol di-
hydrogen phosphate.

CgHy OgP = 396.3.

CAS — 82855-09-2 (combretastatin); [|17048-59-6
(combretastatin A4); 222030-63-9 (combretastatin A4
phosphate).

Profile

Combretastatin A4 phosphate is a synthetic derivative of com-
bretastatin compounds originally isolated from the African bush-
willow tree (Cape bush-willow; Combretum caffrum). It is de-
scribed as a vascular targeting agent that reduces blood flow to
tumours by disrupting the endothelial cells of newly formed
blood vessels, and is under investigation for the treatment of thy-
roid and ovarian cancers.

Corynebacterium parvum
C. parvum; NSC-220537; Propionibacterium acnes.

Profile

Inactivated Corynebacterium parvum has been used in the treat-
ment of malignant effusions, and has been tried as an adjuvant to
cancer chemotherapy for its immunostimulant properties. It has
also been used in the treatment of musculoskeletal and joint dis-
orders.

Fever and pain have occurred after intracavitary injection. There
have been reports of nephrotoxicity after intravenous use.

Preparations

Proprietary Preparations (details are given in Part 3)
Ger.: Arthrokehlan A,

Cyclophosphamide @an; inn)

B-518; Ciclofosfamida; Ciklofosfamidas; Ciklofoszfamid; Cyclo-
phosphamidum; Cyclophosphamidum Monohydricum; Cyclo-
phosphanum; Cyklofosfamid; Cyklofosfamid monohydrét; NSC-
26271; Siklofosfamid; Syklofosfamidi; WR-138719. 2-[Bis(2-chlo-
roethyl)amino]perhydro-1,3,2-oxazaphosphorinan 2-oxide
monohydrate.

Linknodocpamma,

CH,5C1LN,0,PH,0 = 279.1.

CAS — 6055-19-2 (cyclophosphamide monohydrate); 50-
18-0 (anhydrous cyclophosphamide).

ATC — LOIAAOI.

ATC Vet — QLOIAAOI.
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Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US.
Ph. Eur. 6.2 (Cyclophosphamide). A white or almost white,
crystalline powder. Soluble in water; freely soluble in alcohol. A
freshly prepared 2% solution in water has a pH of 4.0 to 6.0.
USP 31 (Cyclophosphamide). A white, crystalline powder. It
liquefies upon loss of its water of crystallisation. Soluble in water
and in alcohol. A 1% solution in water has a pH of 3.9 to 7.1
when determined 30 minutes after preparation. Store in airtight
containers at 2° to 30°.

Adverse Effects and Treatment

For a general outline see Antineoplastics, p.635 and
p.639. The major dose-limiting effect is myelosuppres-
sion. After single doses the nadir of the white cell count
may occur in around 1 to 2 weeks with full recovery
usually in 3 to 4 weeks. Thrombocytopenia and anae-
mia may occur but tend to be less common and less
severe.

Haemorrhagic cystitis may develop after high or pro-
longed dosage, and can be life-threatening. Adequate
hydration to maintain urine output at 100 mL/hour and
use of mesna (see p.1449) are generally recommended
in an attempt to reduce urotoxicity. If mesna is used,
frequent emptying of the bladder should be avoided.
Doses of cyclophosphamide should be given early in
the day.

Alopecia occurs in about 20% of patients given low
doses and in practically all patients given high doses.
Hair loss starts after 3 weeks of treatment but regrowth
is usually evident after 3 months, even with continued
treatment. Hyperpigmentation of skin, especially that
of the palms and soles, and of the nails, has been report-
ed.

Nausea and vomiting commonly occur, and may be re-
duced by prophylactic antiemetics. Mucositis may also
occur.

Other adverse effects include a syndrome resembling
inappropriate secretion of antidiuretic hormone (which
may require diuretic therapy), disturbances of carbohy-
drate metabolism, gonadal suppression (common and
occasionally resulting in sterility), interstitial pulmo-
nary fibrosis, and, especially at high doses, cardiotox-
icity.

Cyclophosphamide, in common with other alkylating
agents, has carcinogenic, mutagenic, and teratogenic
potential and secondary malignancies have occurred in
patients given previous antineoplastic therapy includ-
ing cyclophosphamide—see p.635.

Effects on the bladder. Sterile haemorrhagic cystitis (p.2178)
can occur after high-dose infusions of cyclophosphamide or after
prolonged low-dose oral use.*? It is believed to be secondary to
renal excretion of alkylating metabolites, particularly the acro-
lein metabolite, that cause sloughing, thinning, and inflammation
of the bladder wall. Damage ranges from minor bleeding to dif-
fuse necrotic ulceration, and can lead to anaemia, constriction of
the bladder, bladder perforation, and death.? Symptoms may be
delayed, and have been reported to occur up to 6 months after
stopping the drug.® An increased incidence of cystitis when pa-
tients on a high-dose cyclophosphamide regimen were trans-
ferred from one brand to another has been reported,* apparently
because one was labelled in terms of the anhydrous substance
and one as the monohydrate, resulting in a 6.4% difference in the
content of active substance.®

Measures used to prevent haemorrhagic cystitis include intrave-
nous hydration with diuresis, frequent voiding, or bladder cathe-
terisation with irrigation, to increase urine output and dilute the
excreted metabolites. Mesna may be used as a uroprotectant to
reduce exposure to the metabolites.? If bleeding occurs, various
drugs have been instilled intravesically, including sodium chlo-
ride 0.9%, alum, or prostaglandins.26 Silver nitrate, formalde-
hyde, or phenol instillations have been used but are painful and
patients require anaesthesia.? There is limited information to sug-
gest that conjugated oestrogens given orally or intravenously
may be effective.21% Nonpharmacological techniques are re-
served for refractory cases and include arterial embolisation or
surgery.?

In addition to the shorter term effects, cyclophosphamide has
been reported to be associated with the development of bladder
carcinoma.>%* A history of cyclophosphamide-induced cysti-
tis may be associated with an increased risk of bladder
carcinoma®** but some studies have not found a link,** and blad-
der malignancies can develop in patients who have not experi-
enced cystitis while receiving cyclophosphamide.? For a discus-
sion of the carcinogenic effects of antineoplastics, including
cyclophosphamide, see p.635.
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Effects on the blood. Amifostine has been reported to protect
against the myelosuppressive effects of cyclophosphamide, and
may be used to reduce neutropenia-related infection associated
with the combination of cyclophosphamide and cisplatin (see
p.1437).

Effects on carbohydrate metabolism. Acute onset type 1
diabetes occurred in a patient treated with cyclophosphamide,
doxorubicin, vincristine and prednisone (CHOP), and was
thought to be due to the cyclophosphamide.

1. Atlan-Gepner C, et al. A cyclophosphamide-induced autoim-
mune diabetes. Lancet 1998; 352: 373-4.

Effects on electrolytes. \Water intoxication has been reported

with cyclophosphamide, ' usually in high doses (30 to 50 mg/kg

or more) although symptoms have been reported after a dose of

20 mg/kg in a patient with renal disease,® and in another patient

with SLE but apparently normal renal function who received

10 mg/kg.* One case of severe hyponatraemia leading to convul-

sions and death has been reported.> Symptoms resemble the syn-

drome of inappropriate antidiuretic hormone secretion (SI-

ADH)? but plasma concentrations of antidiuretic hormone do not

appear to be raised in these patients.®
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Effects on the eyes. Recurrent transient myopia, apparently

due to increased hydration of the lens of the eye, was induced by

an intlravenous bolus of cyclophosphamide in an adolescent with

SLE.

CMV retinitis has occurred in patients during or after cyclophos-

phamide therapy; presenting symptoms included floaters and

blurred or decreased vision.?

1. Arranz JA, et al. Cyclophosphamide-induced myopia. Ann In-
tern Med 1992; 116: 92-3.

2. Agrawal A, et al. Visual symptoms in patients on cyclophospha-
mide may herald sight threatening disease. Br J Ophthalmol
2003; 87: 122-3.

Effects on reproductive potential. Severe gonadal failure

with transient or permanent azoospermia is common in men

treated with cyclophosphamide. Suppression of germ-cell func-
tion with intramuscular testosterone in 5 men during cyclophos-

phamide therapy for nephrotic syndrome was associated with a

more rapid return of spermatogenesis compared with 10 patients

who did not receive the androgen.

1. Masala A, et al. Use of testosterone to prevent cyclophospha-
mide-induced azoospermia. Ann Intern Med 1997; 126: 292-5.
Effects on the skin. An erythematous pruritic rash, similar to
the palmar-plantar erythrodysesthesia syndrome (p.639) but oc-
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