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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

lent to about 1 mg of melphalan. Frequent blood counts
are essential and dosage should be adjusted according
to haematological response. Therapy should be inter-
rupted if the platelet or white cell count fall below ac-
ceptable levels (see also Bone-marrow Depression,
p.639). It should be given with great caution if the neu-
trophil count has recently been depressed by chemo-
therapy or radiotherapy. 
Numerous conventional-dose regimens have been
tried for the treatment of multiple myeloma and there
is still uncertainty as to the best schedule. Licensed
oral dosage regimens include: 
• 150 micrograms/kg daily in divided doses for 4 to 7

days 
• 250 micrograms/kg daily for 4 days 
• 6 mg daily for 2 to 3 weeks 
Melphalan is usually combined with corticosteroids.
Courses are followed by a rest period of up to 6 weeks
to allow recovery of haematological function and are
then repeated, or maintenance therapy may be institut-
ed, usually with a daily dose of 1 to 3 mg, or up to
50 micrograms/kg. For optimum effect, therapy is usu-
ally adjusted to produce a moderate leucopenia, with
white cell counts in the range 3000 to 3500 cells/mm3. 
In the treatment of breast cancer, licensed doses are
150 micrograms/kg daily or 6 mg/m2 daily for 5 days,
repeated every 6 weeks. Doses of 200 micrograms/kg
daily for 5 days every 4 to 8 weeks have been given to
patients with ovarian carcinoma. 
In patients with polycythaemia vera, doses of 6 to
10 mg daily for 5 to 7 days, and then 2 to 4 mg daily,
have been used for remission induction; a dose of 2 to
6 mg weekly has been used for maintenance. 
Melphalan is also given intravenously; a single dose
of 1 mg/kg, repeated in 4 weeks if the platelet and neu-
trophil counts permit, has been licensed in ovarian
adenocarcinoma. It may be infused in sodium chloride
0.9% or injected into the tubing of a fast-running drip;
when given by infusion the time from reconstitution of
the solution to completion of infusion should not ex-
ceed 1.5 hours and prolonged infusions should be car-
ried out with several batches of solution, each freshly
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 inter-
vals, but further doses should be given at 4-week inter-
vals depending on toxicity. 
High-dose melphalan has been given intravenously in
some malignancies: doses of 100 to 240 mg/m2 have
been licensed in neuroblastoma, and 100 to 200 mg/m2

in multiple myeloma, generally followed by autolo-
gous stem cell rescue, which becomes essential where
doses exceed 140 mg/m2. High doses should be given
through a central venous catheter. 
Melphalan may be given by local arterial perfusion
in the management of melanoma and soft-tissue sarco-
mas. A typical dosage range for upper extremity per-
fusions is 0.6 to 1 mg/kg, whereas for lower extremity
perfusions doses of 0.8 to 1.5 mg/kg (in melanoma) or
1 to 1.4 mg/kg (in sarcoma) are typically used. 
The dose of melphalan should be reduced in patients
with renal impairment (see below).
Administration in renal impairment. The initial dose of in-
travenous melphalan should be reduced by about 50% in patients
with renal impairment and dosage reduction should be consid-
ered when giving it by mouth. High-dose regimens are not rec-
ommended in patients with moderate to severe renal impairment.
Amyloidosis. Amyloidosis refers to a group of conditions char-
acterised by accumulation of a waxy proteinaceous infiltrate
within body tissues. Various forms are known,1-3 including: 
• primary or AL amyloidosis, in which the amyloid is derived

from immunoglobulin light chains 
• ATTR amyloidosis (a familial form), in which amyloid is de-

rived from transthyretin 
• AA amyloidosis, which is most often secondary to chronic in-

flammation, such as that associated with rheumatoid arthritis,
tuberculosis, or familial Mediterranean fever (p.557) 

Symptoms vary, depending on where the amyloid is deposited.
The organs most commonly affected are the heart and kidneys.
Renal amyloidosis can present as proteinuria, leading to nephrot-
ic syndrome and renal failure. While renal disease is common in
the AA and AL forms, it is less prevalent in ATTR amyloidosis,
which commonly presents with neuropathy. Cardiac involve-
ment, rare in AA amyloidosis, is variable in the ATTR form, and
common in the AL form; it manifests as restrictive cardiomyop-
athy, leading to congestive heart failure. Painful peripheral sen-
sory neuropathy and carpal tunnel syndrome also occur frequent-
ly. Amyloid deposition in the gastrointestinal tract can lead to
malabsorption. Hepatomegaly is common. Macroglossia, due to
deposition of amyloid in the tongue, occurs only in the AL
form.1,2 
Management depends to some extent upon the type of amyloido-
sis involved, and the site, but no drug or combination of drugs is
unequivocally effective. Treatment for AA amyloidosis second-
ary to chronic inflammation is aimed at the underlying disease;
immunosuppressants such as chlorambucil, cyclophosphamide,
and methotrexate have been used, as well as inhibitors of tumour
necrosis factor and interleukin-1 receptor antagonists.4 Colchi-
cine is effective in the treatment of AA amyloidosis complicating
familial Mediterranean fever, but is not considered to be of ben-
efit in other forms of amyloidosis.1,5 Melphalan plus prednisone
or prednisolone has been shown to increase median survival in
primary amyloidosis patients.6 It is considered the treatment of
choice in AL amyloidosis for patients in whom more intensive
chemotherapy is not appropriate; evidence of benefit from the
addition of a corticosteroid has not been evaluated and in some
patients, it may be reasonable not to include a corticosteroid.5
Melphalan, prednisone, and colchicine was found to be more ef-
fective than colchicine alone in the treatment of AL amyloido-
sis,7 but a later trial8 found no benefit in adding colchicine to the
standard therapy. Addition of multiple alkylating agents such as
vincristine, carmustine, and cyclophosphamide to the standard
therapy9 did not improve survival or response. Evidence to sup-
port the use of alkylating-based combination chemotherapy for
primary amyloidosis is lacking.5 Alternatively, cycles of vincris-
tine, doxorubicin, and dexamethasone (VAD) may be effective,
but patients with cardiac amyloidosis may be at increased risk of
anthracycline toxicity.10 In the UK, VAD is considered as first-
line therapy in patients under the age of 70 years who do not have
cardiac failure, autonomic neuropathy, or peripheral neuropa-
thy.5 High-dose intravenous melphalan with autologous haemat-
opoietic stem cell transplantation (HSCT) has been used;11 it
may result in complete remission of primary amyloidosis,12-14

and some1 consider it the treatment of choice. While this may
improve renal disease,12 the therapy remains very toxic, and pa-
tient selection on the basis of limited organ disease and no signif-
icant cardiac involvement, may reduce morbidity and mortali-
ty.5,13 The outcome of treatment with high-dose intravenous
melphalan with autologous HSCT was not superior to standard-
dose oral melphalan plus oral dexamethasone in patients with
newly diagnosed AL amyloidosis.15 High-dose dexamethasone
or thalidomide may be considered in patients in whom other reg-
imens may not be feasible due to expected toxicity or in those
refractory to chemotherapy;5 good results have been reported in
patients with AL amyloidosis given a regimen combining cyclo-
phosphamide with dexamethasone and thalidomide.16 Local ap-
plication or oral dosage of dimethyl sulfoxide, and 4′-iodo-4′-
deoxydoxorubicin has been investigated.1,10 
Symptomatic management is also important. Care must be taken
to avoid digitalis toxicity when cardiac amyloid is present, as
well as to avoid salt and water depletion through injudicious use
of diuretics. Calcium-channel blockers and beta blockers should
be avoided.1 Renal transplantation may be considered in end-
stage renal failure due to amyloidosis, but unless amyloid pro-
duction has been stopped disease is likely to recur in the new
kidney. Cardiac transplantation, and subsequent chemotherapy
with epirubicin, carmustine, and cyclophosphamide to suppress
the underlying disease and control amyloid deposition in the
graft has also been described.17 Liver transplantation is the defin-
itive therapy for patients with ATTR amyloidosis.1,18 Because
amyloid deposits contain a plasma glycoprotein serum amyloid
P component (SAP) that contributes to the stability of the depos-
its, and thus contributes to the pathogenesis of amyloidosis, fu-
ture therapeutic approaches include the targeting of SAP to de-
plete it from the tissues and clear it from the plasma. Ro-63-8695
(CPHPC) is being investigated.3,19 Eprodisate disodium is under
investigation for AA amyloidosis.20
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Bone disorders, non-malignant. Fibrogenesis imperfecta
ossium is a rare progressive bone disease in which disorders of
bone collagen and mineralisation, and subsequent abnormal
bone structure, result in bone pain and fractures. A patient re-
sponded to treatment with melphalan 10 mg and prednisolone 20
or 30 mg daily, in 7-day courses every 2 months.1,2 Another
showed some improvement with intermittent 5-day courses of
melphalan 10 mg daily and prednisolone 40 mg daily.3 However,
melphalan alone was reported to be ineffective in 2 other pa-
tients; both experienced bone-marrow depression.3,4
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Malignant neoplasms. The important role played by melpha-
lan in the management of multiple myeloma is discussed on
p.658. Melphalan is also used as part of salvage regimens for re-
lapsed Hodgkin’s disease (see p.655), in ovarian cancer (p.670),
and for local perfusion of melanoma (p.673).

Preparations
BP 2008: Melphalan Injection; Melphalan Tablets; 
USP 31: Melphalan Tablets.

Proprietary Preparations (details are given in Part 3)
Arg.: Alkerana; Austral.: Alkeran; Austria: Alkeran; Belg.: Alkeran; Braz.:
Alkeran; Canad.: Alkeran; Chile: Alkeran; Cz.: Alkeran; Denm.: Alkeran;
Fin.: Alkeran; Fr.: Alkeran; Ger.: Alkeran; Gr.: Alkeran; Hong Kong: Alk-
eran; India: Alkeran; Irl.: Alkeran; Israel: Alkeran; Ital.: Alkeran; Malay-
sia: Alkeran; Mex.: Alkeran; Neth.: Alkeran; Norw.: Alkeran; NZ: Alker-
an; Philipp.: Alkeran; Pol.: Alkeran; Port.: Alkeran; Rus.: Alkeran
(Алкеран); S.Afr.: Alkeran; Singapore: Alkeran; Swed.: Alkeran; Switz.:
Alkeran; Thai.: Alkeran; Turk.: Alkeran; UK: Alkeran; USA: Alkeran.

Mepolizumab (USAN, rINN)

Mépolizumab; Mepolizumabum; SB-240563. Immunoglobulin
G1, anti-(human interleukin 5) (human-mouse monoclonal SB-
240563 γ1-chain), disulfide with human-mouse monoclonal SB-
240563 κ-chain, dimer.

Меполизумаб
CAS — 196078-29-2.

Profile
Mepolizumab is an anti-interleukin-5 monoclonal antibody. It is
under investigation in the treatment of hypereosinophilic syn-
drome (chronic eosinophilic leukaemia), as well as eosinophilic
oesophagitis, and asthma.
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Mercaptopurine (BAN, rINN)

Mercaptopurina; Mercaptopurinum; Mercaptopurinum Mono-
hydricum; Merkaptopuriini; Merkaptopürin; Merkaptopurin;
Merkaptopurin monohydrát; Merkaptopurinas; Merkaptopury-
na; NSC-755; 6MP; Purinethiol; WR-2785. 6-Mercaptopurine
monohydrate; Purine-6-thiol monohydrate; 1,7-Dihydro-6H-pu-
rine-6-thione monohydrate.
Меркаптопурин
C5H4N4S,H2O = 170.2.
CAS — 50-44-2 (anhydrous mercaptopurine); 6112-76-1
(mercaptopur ine monohydrate).
ATC — L01BB02.
ATC Vet — QL01BB02.

NOTE. In the UK, the CSM noted in October 2004 that confusion
had arisen between mercaptopurine and mercaptamine (formerly
cysteamine, p.2340) after the switch from prescribing by British
Approved Name to prescribing by International Nonproprietary
Name. Particular care should be taken to distinguish the two,
since they are available in oral dosage forms of similar strength.
Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US. 
Ph. Eur. 6.2 (Mercaptopurine). A yellow, crystalline powder.
Practically insoluble in water; slightly soluble in alcohol; dis-
solves in solutions of alkali hydroxides. Protect from light. 
USP 31 (Mercaptopurine). A yellow, odourless or practically
odourless, crystalline powder. Insoluble in water, in acetone, and
in ether; soluble in hot alcohol and in dilute alkali solutions;
slightly soluble in 2N sulfuric acid.

Adverse Effects, Treatment, and Precau-
tions
For general discussions see Antineoplastics, p.635,
p.639, and p.641. 
Bone-marrow depression with mercaptopurine, mani-
festing as leucopenia, thrombocytopenia, and anaemia,
may be delayed; hypoplasia may occur. Mercaptopu-
rine is less toxic to the gastrointestinal tract than the
folic acid antagonists or fluorouracil but gastrointesti-
nal disturbances may occur. Hepatotoxicity has been
reported, with cholestatic jaundice and necrosis, some-
times fatal. Gastrointestinal and hepatic toxicity are re-
ported to be more frequent in adults than in children,
and are more likely at higher doses. Crystalluria with
haematuria has been observed rarely as have skin dis-
orders including hyperpigmentation. Fever may occur. 
Mercaptopurine is potentially carcinogenic and muta-
genic; an increased incidence of abortion has occurred
in women given mercaptopurine during the first tri-
mester of pregnancy. 
Mercaptopurine should be used with care in patients
with impaired hepatic or renal function. Hepatic func-
tion should be monitored periodically.
Effects on the blood. Measurement of the activity of thiopu-
rine methyltransferase (TPMT) or the concentration of its sub-
strate, tioguanine nucleotide, has been suggested as a way of pre-
dicting those individuals likely to have severe myelotoxicity
with mercaptopurine and related drugs (see Azathioprine,
p.1819). Patients with an inherited deficiency of the TPMT en-
zyme may be at increased risk of myelosuppression from mer-
captopurine. US licensed product information suggests TPMT
testing in patients with evidence of toxicity, and state that reduc-
tions in the dose of mercaptopurine may be necessary in those
with TPMT deficiency, although optimal initial doses have not
been established for these patients. The UK licensed information
states that tests for TPMT deficiency have not been shown to
identify all patients at risk of severe toxicity, and that close mon-
itoring of blood counts should still be performed.
Effects on the pancreas. Pancreatitis occurred in 13 of 396
patients given mercaptopurine for inflammatory bowel disease.1
Symptoms resolved on withdrawal but recurred in 7 who were
re-challenged with mercaptopurine or azathioprine. Acute pan-

creatitis has also been reported in 2 children given mercaptopu-
rine during maintenance chemotherapy for acute lymphoblastic
leukaemia.2 They had also suffered pancreatitis from asparagi-
nase during earlier therapy, and the authors suggested that sub-
clinical damage to the pancreas by asparaginase may have been
exacerbated by mercaptopurine, but also noted that most patients
who develop asparaginase-induced pancreatitis receive mercap-
topurine without developing this complication.
1. Present DH, et al. 6-Mercaptopurine in the management of in-

flammatory bowel disease: short- and long-term toxicity. Ann In-
tern Med 1989; 111: 641–9. 

2. Willert JR, et al. Recurrent mercaptopurine-induced acute pan-
creatitis: a rare complication of chemotherapy for acute lym-
phoblastic leukemia in children. Med Pediatr Oncol 2002; 38:
73–4.

Handling and disposal. A method for the destruction of mer-
captopurine or tioguanine in wastes by oxidation with potassium
permanganate in sulfuric acid.1 Residues produced by this meth-
od had no mutagenic activity. Urine and faeces produced for up
to 48 hours and 5 days, respectively after a dose of mercaptopu-
rine should be handled wearing protective clothing.2
1. Castegnaro M, et al., eds. Laboratory decontamination and de-

struction of carcinogens in laboratory wastes: some antineoplas-
tic agents. IARC Scientific Publications 73. Lyon: WHO/Interna-
tional Agency for Research on Cancer, 1985. 

2. Harris J, Dodds LJ. Handling waste from patients receiving cy-
totoxic drugs. Pharm J 1985; 235: 289–91.

Overdosage. Despite substantial overdose, no acute renal or
hepatic toxicity occurred in 2 children. In one case, in which no
specific detoxification measures were implemented, neutrophils
reached a nadir on day 11 followed by a gradual recovery to nor-
mal by day 46. In the other case, gastric lavage was performed
and activated charcoal was given; no evidence of neutropenia
was seen. The authors recommended that management of acute
accidental ingestion should include gastric lavage if the patient
presents within 1 hour or if the amount ingested is large. Haemo-
dialysis may be considered if the patient presents within 3 hours
of ingestion. Liver function should be monitored. Severe myelo-
suppression may be managed with granulocyte colony-stimulat-
ing factor and a bone-marrow harvest may be of benefit if per-
formed within several hours of the overdose.1
1. Chow LML, et al. Toxic ingestion of 6-mercaptopurine by young

siblings of pediatric oncology patients. J Pediatr 2004; 144:
669–71.

Porphyria. Mercaptopurine has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Interactions
Mercaptopurine should be given with particular cau-
tion with other hepatotoxic drugs. Its effects are en-
hanced by allopurinol 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 by mouth but not when it was given intravenously.1 The
results appear to indicate that allopurinol inhibits the first-pass
metabolism of mercaptopurine.
1. Zimm S, et al. Inhibition of first-pass metabolism in cancer

chemotherapy: interaction of 6-mercaptopurine and allopurinol.
Clin Pharmacol Ther 1983; 34: 810–17.

Anticoagulants. For reference to mercaptopurine diminishing
the activity of warfarin, see p.1429.
Antineoplastics. For a suggestion that doxorubicin might en-
hance the hepatotoxicity of mercaptopurine, see under Daunoru-
bicin Hydrochloride, p.709. 
Giving mercaptopurine with low-dose oral methotrexate in-
creased mean peak plasma concentrations of mercaptopurine by
26% compared with the same dose of mercaptopurine alone in a
study in 14 patients with acute lymphoblastic leukaemia.1 The
effect was probably due to inhibition of the first-pass metabolism
of mercaptopurine by methotrexate, which is a potent inhibitor of
xanthine oxidase. In another study2 of 10 children with acute
lymphoblastic leukaemia, high-dose intravenous methotrexate
(2 or 5 g/m2) increased the peak plasma concentrations of mer-
captopurine by 108 and 121% respectively. However, the clinical
effect of this pharmacokinetic interaction is probably only minor
because of the low, and highly variable, mercaptopurine bio-
availability and the lack of correlation between mercaptopurine
plasma concentrations and effect.3 Mercaptopurine and meth-
otrexate have been widely used in combination chemotherapy
regimens for acute lymphoblastic leukaemia for their synergistic
pharmacodynamic interaction.
1. Balis FM, et al. The effect of methotrexate on the bioavailability

of oral 6-mercaptopurine. Clin Pharmacol Ther 1987; 41:
384–7. 

2. Innocenti F, et al. Clinical and experimental pharmacokinetic in-
teraction between 6-mercaptopurine and methotrexate. Cancer
Chemother Pharmacol 1996; 37: 409–14. 

3. Giverhaug T, et al. The interaction of 6-mercaptopurine (6-MP)
and methotrexate (MTX). Gen Pharmacol 1999; 33: 341–6.

Azathioprine. For a report of a fatality when a patient was pre-
scribed mercaptopurine and azathioprine by separate practition-
ers, see Interactions, under Azathioprine, p.1819.

Gastrointestinal drugs. The enzyme thiopurine methyltrans-
ferase is inhibited in vitro by sulfasalazine and mesalazine, rais-
ing the possibility of an interaction in patients treated simultane-
ously with an aminosalicylate and a thiopurine such as
mercaptopurine or azathioprine.1 Myelotoxicity has been report-
ed in a patient receiving mercaptopurine and olsalazine.2 Simi-
larly, severe pancytopenia has occurred in a 13-year-old boy
when azathioprine was added to mesalazine therapy.3 In a study4

of 34 patients with Crohn’s disease in which balsalazide, mesala-
zine, or sulfasalazine was added to established azathioprine or
mercaptopurine therapy, mild leucopenia was common in pa-
tients given mesalazine or sulfasalazine, and whole blood con-
centrations of tioguanine nucleotide were found to be increased,
probably due to thiopurine methyltransferase inhibition. These
effects were not statistically significant in patients given bal-
salazide.
1. Szumlanski C, Weinshilboum RM. Sulfasalazine inhibition of

thiopurine methyltransferase: possible mechanism for interac-
tion with 6-mercaptopurine and azathioprine. Br J Clin Pharma-
col 1995; 39: 456–9. 

2. Lewis LD, et al. Olsalazine and 6-mercaptopurine-related bone
marrow suppression: a possible drug-drug interaction. Clin
Pharmacol Ther 1997; 62: 464–75. 

3. Chouragui JP, et al. Azathioprine toxicity in a child with ulcera-
tive colitis: interaction with mesalazine. Gastroenterology 1996;
110 (suppl): A883. 

4. Lowry PW, et al. Leucopenia resulting from a drug interaction
between azathioprine or 6-mercaptopurine and mesalamine, sul-
phasalazine, or balsalazide. 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
bioavailability is somewhat lower, probably due to gas-
trointestinal or first-pass metabolism, and is also sub-
ject to wide interindividual variation. Once absorbed it
is widely distributed throughout body water and tis-
sues. Plasma half-lives ranging from about 20 to 90
minutes have been reported after intravenous injection
and the drug is not found in plasma after about 8 hours
but this is of limited significance since mercaptopurine
is activated intracellularly by conversion to nucleotide
derivatives which persist for much longer. It is rapidly
and extensively metabolised in the liver, by methyla-
tion and oxidation as well as by the formation of inor-
ganic sulfates. Thiol methylation is catalysed by the
enzyme thiopurine methyltransferase (TPMT). TPMT
activity is highly variable in patients because of a ge-
netic polymorphism in the TPMT gene. Patients with
little or no detectable enzyme activity may accumulate
excessive cellular concentrations of active tioguanine
nucleotides, predisposing them to mercaptopurine tox-
icity. Considerable amounts of mercaptopurine are also
oxidised to thiouric acid by the enzyme xanthine oxi-
dase. Mercaptopurine is excreted in urine as metabo-
lites and some unchanged drug; about half an oral dose
has been recovered in 24 hours. A small proportion is
excreted over several weeks. 
Mercaptopurine crosses the blood-brain barrier to
some extent and is found in the CSF, but only in sub-
therapeutic concentrations.
Therapeutic drug monitoring. For a discussion of therapeu-
tic drug monitoring for mercaptopurine, see under Azathioprine,
p.1819.

Uses and Administration
Mercaptopurine is an antineoplastic that acts as an an-
timetabolite. It is an analogue of the natural purines hy-
poxanthine and adenine. After the intracellular conver-
sion of mercaptopurine to active nucleotides, including
thioinosinic acid, it appears to exhibit a variety of ac-
tions including interfering with nucleic acid synthesis.
It also has immunosuppressant properties. Its actions
are specific for cells in S phase. 
Mercaptopurine is used, usually with other agents, in
the treatment of leukaemia. It induces remissions in
acute lymphoblastic and myeloid leukaemias (p.651
and p.652, respectively) but other agents are generally
preferred and mercaptopurine is chiefly employed in
maintenance programmes, commonly with methotrex-
ate. It may also be effective in chronic myeloid leukae-
mia (p.653). There is cross-resistance between mercap-
topurine and tioguanine (p.779). 
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