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Adverse effects reported with gusperimus include bone-marrow
depression, numbness of face and extremities, headache, gas-
trointestinal disturbances, alterations in liver enzyme values, and
facial flushing. Rapid injection should be avoided as an acute in-
crease in plasma concentration may produce respiratory depres-
sion.
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Preparations
Proprietary Preparations (details are given in Part 3)
Cz.: Spanidin; Jpn: Spanidin.

Inolimomab (rINN)

BT-563; Inolimomabum. Immunoglobulin G1, anti-(human inter-
leukin 2 receptor α-chain) (mouse monoclonal B-B10 γ1-chain),
disulfide with mouse monoclonal B-B10 κ-chain, dimer.
Инолимомаб
CAS — 152981-31-2.

Profile
Inolimomab is a murine/human monoclonal antibody similar to
daclizumab (p.1833) that acts as an interleukin-2 receptor antag-
onist at the alpha chain (CD25) of the interleukin-2 receptor on
the surface of activated T-lymphocytes. It is under investigation
for the treatment of graft-versus-host disease after organ trans-
plantation (p.1810).
◊ References.
1. Winkler M. Inolimomab (OPi). Curr Opin Investig Drugs 2002;

3: 1464–7. 
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Transplant 2004; 2: 201–7. 
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Mizoribine (rINN)

HE-69; Mizoribina; Mizoribinum. 5-Hydroxy-1-β-D-ribofurano-
sylimidazole-4-carboxamide.
Мизорибин
C9H13N3O6 = 259.2.
CAS — 50924-49-7.

Profile
Mizoribine is an oral immunosuppressant that is used for the
management of rejection in kidney transplantation, for nephrotic
syndrome associated with primary glomerular disease, for lupus
nephritis, and for rheumatoid arthritis. 
Adverse effects include myelosuppression, hyperuricaemia, gas-
trointestinal disturbances, and hypersensitivity reactions. Ste-
vens-Johnson syndrome has also been reported.
◊ Although oral doses of mizoribine of 1 to 3 mg/kg daily have
been recommended in renal transplantation, higher doses (above
5 mg/kg daily) have been widely used. Similarly, an oral dose of

50 mg three times daily has been recommended for patients with
nephrotic syndrome associated with primary glomerular disease
or lupus nephritis, and in rheumatoid arthritis, but high-dose reg-
imens have been investigated. 
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Preparations
Proprietary Preparations (details are given in Part 3)
Jpn: Bredinin.

Muromonab-CD3 (USAN, rINN)

Muromonabum-CD3; OKT3.

Муромонаб-CD3
ATC — L04AA02.
ATC Vet — QL04AA02.

Description. A murine monoclonal antibody comprising a pu-
rified IgG2a immunoglobulin with a heavy chain having a molec-
ular weight of about 50 000 daltons and a light chain with a mo-
lecular weight of about 25 000 daltons.
Pharmacopoeias. In Chin.

Adverse Effects, Treatment, and Precau-
tions
An acute cytokine release syndrome occurs in most pa-
tients, typically 30 to 60 minutes after the first few dos-
es of muromonab-CD3 (although it may occur later).
Frequency and severity tend to decrease with succes-
sive doses, while prophylactic corticosteroids may re-
duce initial adverse reactions (see Uses and Adminis-
tration, below). The syndrome ranges from a more
frequently reported, mild, self-limiting, flu-like illness
to a less common, severe, and life-threatening, shock-
like reaction, which may include serious cardiovascu-
lar and CNS manifestations. Typical clinical manifes-
tations of the cytokine release syndrome include high
fever, chills or rigors, headache, tremor, gastrointesti-
nal disturbances, myalgia, and generalised weakness.
Rash and pruritus may also occur. Cardiorespiratory
findings may include apnoea, dyspnoea, bronchos-
pasm or wheezing, tachypnoea, respiratory arrest or
failure, acute respiratory distress syndrome, angina,
myocardial infarction, chest pain or tightness, tachy-
cardia, hypertension, hypotension, cardiac failure, pul-
monary oedema, hypoxaemia, and arrhythmias. Re-
versible impairment of renal function may also be
associated with the syndrome. 
Other reported effects of muromonab-CD3 include en-
cephalopathy, cerebral oedema, and a syndrome re-
sembling aseptic meningitis, with headache, fever, stiff
neck, and photophobia; seizures have also occurred.
Hypersensitivity reactions, including fatal anaphylax-

is, have been reported and may be difficult to distin-
guish from the cytokine release syndrome. 
As with other potent immunosuppressants, treatment
with muromonab-CD3 may increase the risk of serious
infections and the development of certain malignan-
cies. Intra-uterine devices should be used with caution
during immunosuppressive therapy as there is an in-
creased risk of infection. Use of live vaccines should be
avoided for the same reason. 
Muromonab-CD3 should not be given to patients with
uncontrolled hypertension, or in patients hypersensi-
tive to products of murine origin. It should be avoided
in patients with a history of seizures. Because fluid
overload is associated with an increased risk of pulmo-
nary oedema due to the cytokine release syndrome,
muromonab-CD3 is contra-indicated in patients who
have undergone a more than 3% weight gain in the
week preceding therapy, or who have radiographic ev-
idence of fluid overloading. Repeated courses of
muromonab-CD3 may be less effective because of the
development of antibodies to the drug. Paediatric pa-
tients may be at increased risk of serious adverse ef-
fects following muromonab-CD3 therapy.
Effects on the blood. THROMBOEMBOLISM. Intragraft throm-
boses developed in 9 of 93 consecutive kidney transplant re-
cipients given high-dose muromonab-CD3 (10 mg daily) as
part of their immunosuppressive regimen.1 In one patient the
thrombosis was in the renal artery, and in 3 in the renal vein;
the remainder had thromboses in the glomerular capillaries
and thrombotic microangiopathy similar to that of haemolyt-
ic-uraemic syndrome. The authors suggested that muromon-
ab-CD3 has procoagulant effects, perhaps mediated by re-
leased tumour necrosis factor; these effects had also been
seen in 3 patients receiving muromonab-CD3 at conventional
doses (5 mg daily). Another group2 has also reported an ap-
parently increased incidence of acute vascular thrombosis in
patients given muromonab-CD3 at conventional doses, but in
the experience of others,3 despite evidence of activation of
coagulation by the drug, treatment of acute rejection with
5 mg daily was not associated with thromboembolic compli-
cations. US licensed product information states that the rela-
tionship to dose remains unclear, but that the relative risk ap-
pears to be greater with doses above the recommended dose.
1. Abramowicz D, et al. Induction of thromboses within renal

grafts by high-dose prophylactic OKT3. Lancet 1992; 339:
777–8. 

2. Gomez E, et al. Main graft vessels thromboses due to conven-
tional-dose OKT3 in renal transplantation. Lancet 1992; 339:
1612–13. 

3. Raasveld MHM, et al. Thromboembolic complications and dose
of monoclonal OKT3 antibody. Lancet 1992; 339: 1363–4.

Effects on the ears. Bilateral sensorineural hearing loss has
occurred after muromonab-CD3 therapy. In one case series, 5 out
of 7 patients were affected, showing a mean hearing loss of 18
decibels.1 Tinnitus may also occur.1,2 Although symptoms are
generally reversible,1,2 one patient still showed a deficit in hear-
ing after 6 months.3
1. Hartnick CJ, et al. Reversible sensorineural hearing loss follow-

ing administration of muromonab-CD3 (OKT3) for cadaveric re-
nal transplant immunosuppression. Ann Otol Rhinol Laryngol
2000; 109: 45–7. 

2. Hartnick CJ, et al. Reversible sensorineural hearing loss after
renal transplant immunosuppression with OKT3 (muromonab-
CD3). Ann Otol Rhinol Laryngol 1997; 106: 640–2. 

3. Michals M, et al. Hearing loss associated with muromonab-CD3
therapy. Clin Pharm 1988; 7: 867–8.

Effects on the nervous system. Generalised seizures were
reported in 2 uraemic kidney-graft recipients given muromonab-
CD3.1 Delayed graft function may result in the accumulation of
uraemic toxins which combine with cytokines released by the
immunosuppressant to produce the effects on the CNS. Seizures
and encephalopathy were reported in siblings given muromon-
ab-CD3 after renal transplantation, and appeared to predispose
one of them to develop ciclosporin neurotoxicity.2 A neurologi-
cal syndrome characterised by akinetic mutism, blepharospasm,
anomic aphasia, and delirium, occurred in a heart transplant pa-
tient given muromonab-CD3; symptoms resolved after stopping
therapy.3 
The manufacturers have warned that children treated with
muromonab-CD3 may be at increased risk of nervous system
complications, notably cerebral oedema that may result in fatal
cerebral herniation. Since 1986, and as of May 2004, 9 cases of
cerebral oedema had been reported worldwide in children, re-
sulting in 6 deaths. Cerebral herniation had occurred within a few
hours to 1 day after injection. Signs include the sudden appear-
ance of severe headache, seizures, impaired mental function,
drowsiness and lethargy, and coma.4
1. Seifeldin RA, et al. Generalized seizures associated with the use

of muromonab-CD3 in two patients after kidney transplantation.
Ann Pharmacother 1997; 31: 586–9. 
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2. Thaisetthawatkul P, et al. Muromonab-CD3-induced neurotoxic-

ity: report of two siblings, one of whom had subsequent cy-
closporin-induced neurotoxicity. J Child Neurol 2001; 16:
825–31. 

3. Pittock SJ, et al. OKT3 neurotoxicity presenting as akinetic mut-
ism. Transplantation 2003; 75: 1058–60. 

4. Janssen-Ortho, Canada. Important new safety information on
Orthoclone OKT*3 (muromonab-CD3) (issued 17 May 2004).
Available at: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/
hpfb-dgpsa/pdf/medeff/orthoclone_okt3_pa-ap-eng.pdf (ac-
cessed 18/02/08)

Pharmacokinetics
Therapeutic drug monitoring. US licensed product infor-
mation states that serum concentrations of muromonab-CD3 are
measurable using an enzyme-linked immunosorbent assay (ELI-
SA). Studies in organ transplant recipients found that patients
less than 10 years of age had higher concentrations than patients
aged 10 to 50 years. Subsequent clinical experience has shown
that serum concentrations of muromonab-CD3 greater than or
equal to 800 nanograms/mL block the function of T-cells. Re-
duced T-cell clearance or low plasma concentrations of murom-
onab-CD3 provide a basis for adjusting muromonab dosage or
stopping therapy. 
In adults, periodic monitoring to ensure plasma muromonab-
CD3 concentrations of 800 nanograms/mL or greater, or CD3-
positive cells less than 25 cells/mm3 is recommended. Paediatric
patients are known to have higher CD3 lymphocyte counts than
adults, and often require increased doses of muromonab-CD3 to
achieve similar depletion of CD3-positive cells and therapeutic
serum concentrations; both T-cell clearance and plasma murom-
onab-CD3 should be monitored daily in children.

Uses and Administration
Muromonab-CD3 is a murine monoclonal antibody to
the T3 (CD3) antigen of human T-lymphocytes, which
is essential to antigen recognition and response; the
antibody thus specifically blocks T-cell generation and
function, to exert an immunosuppressant effect without
affecting the bone marrow. 
It is used in the treatment of acute allograft rejection in
organ transplant recipients, in doses of 5 mg daily by
intravenous injection for 10 to 14 days. For children’s
doses, see Administration in Children, below. The dose
of any other immunosuppressant therapy may need to
be reduced. Patients should be monitored closely after
the first few doses of muromonab-CD3 because of the
risk of cytokine release syndrome and hypersensitivity
reactions. The first dose may be preceded by intrave-
nous methylprednisolone sodium succinate, in a dose
of 8 mg/kg, 1 to 4 hours before muromonab-CD3. Pa-
racetamol and antihistamines may also be given with
muromonab-CD3 to reduce early reactions. 
Muromonab-CD3 has also been given experimentally
as part of regimens for the prophylaxis of graft rejec-
tion. For further details of the use of muromonab-CD3
in the treatment and prophylaxis of graft rejection see
Organ and Tissue Transplantation, p.1810, et seq.
◊ References.
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tion in the current immunosuppression era. Clin Transplant
2001; 15: 410–14. 
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5. Knop S, et al. OKT3 muromonab as second-line and subsequent
treatment in recipients of stem cell allografts with steroid-resist-
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Administration in children. The initial recommended doses
in children given muromonab-CD3 for acute allograft rejection
are as follows: 
• those weighing 30 kg or less: 2.5 mg daily 
• those weighing more than 30 kg: 5 mg daily 
Doses are given by intravenous injection for 10 to 14 days. 
Paediatric patients are known to have higher CD3 lymphocyte
counts than adults, and often require doses to be titrated upwards.
The initial dose may be subsequently adjusted in 2.5 mg incre-
ments to achieve T-cell clearance (CD3-positive cells less than

25 cells/mm3) and ensure therapeutic serum concentrations of
muromonab-CD3 (of 800 nanograms/mL or greater, see Thera-
peutic Drug Monitoring, above).

Preparations
Proprietary Preparations (details are given in Part 3)
Austral.: Orthoclone OKT3; Belg.: Orthoclone OKT3; Braz.: Or-
thoclone OKT3; Canad.: Orthoclone OKT3; Chile: Ior T3†; Cz.: Cede-
trin-T†; Orthoclone OKT3†; Fin.: Orthoclone OKT3; Fr.: Orthoclone
OKT3; Ger.: Orthoclone OKT3; Gr.: Orthoclone; Hong Kong: Or-
thoclone OKT3†; Israel: Orthoclone OKT3; Ital.: Orthoclone OKT3;
Malaysia: Orthoclone OKT3†; Mex.: Ior-T3; Orthoclone OKT3; Neth.:
Orthoclone OKT3; Norw.: Orthoclone OKT3; NZ: Orthoclone OKT3;
S.Afr.: Orthoclone; Swed.: Orthoclone OKT3; Switz.: Orthoclone
OKT3; Thai.: Orthoclone OKT3†; Turk.: Orthoclone OKT3; USA: Or-
thoclone OKT3.

Mycophenolate
ATC — L04AA06.
ATC Vet — QL04AA06.

Mycophenolic Acid (BAN, USAN, rINN)

Acide Mycophénolique; Ácido micofenólico; Acidum Mycophe-
nolicum; Lilly-68618; MPA; NSC-129185. (E)-6-(4-Hydroxy-6-
methoxy-7-methyl-3-oxo-5-phthalanyl)-4-methyl-4-hexenoic
acid.
Микофеноловая Кислота
C17H20O6 = 320.3.
CAS — 24280-93-1.
ATC — L04AA06.
ATC Vet — QL04AA06.

Mycophenolate Mofetil (BANM, USAN, rINNM)

Micofenolato de mofetilo; Mikofenolat Mofetil; Mikofenolato
mofetilis; Mofetilis Mycophenolas; Mofetil-mykofenolát; Myco-
phenolas Mofetil; Mycophenolas Mofetilum; Mycophenolas-
mofetil; Mycophénolate mofétil; Mycophénolate, Mofétil de;
Mycophenolate Morpholinoethyl; Mykofenolaattimofetiili;
Mykofenolatmofetil; RS-61443. 2-Morpholinoethyl (E)-6-(4-hy-
droxy-6-methoxy-7-methyl-3-oxo-5-phthalanyl)-4-methyl-4-
hexenoate.
Микофеноловаяа Мофетил
C23H31NO7 = 433.5.
CAS — 115007-34-6.
ATC — L04AA06.
ATC Vet — QL04AA06.
Pharmacopoeias. In Eur. (see p.vii) and US. 
Ph. Eur. 6.2 (Mycophenolate Mofetil). A white or almost white,
crystalline powder. M.p. about 96°. Practically insoluble in wa-
ter; sparingly soluble in dehydrated alcohol; freely soluble in ac-
etone. Protect from light. 
USP 31 (Mycophenolate Mofetil). A white or almost white, crys-
talline powder. Slightly soluble in water; sparingly soluble in al-
cohol; soluble in methyl alcohol; freely soluble in acetone. Store
in airtight containers.

Mycophenolate Mofetil Hydrochloride (BANM, US-

AN, rINNM)

Hidrocloruro del micofenolato de mofetilo; Mycophénolate,
Mofétil Chlorhydrate de; Mycophenolati Mofetili Hydrochlori-
dum; RS-61443-190. 2-Morpholinoethyl (E)-6-(4-hydroxy-6-
methoxy-7-methyl-3-oxo-5-phthalanyl)-4-methyl-4-hexenoate
hydrochloride.
Микофеноловой Мофетила Гидрохлорид
C23H31NO7,HCl = 470.0.
CAS — 116680-01-4.
ATC — L04AA06.
ATC Vet — QL04AA06.

Incompatibility. Solutions of mycophenolate mofetil hydro-
chloride were found to be physically compatible and chemically
stable with solutions containing clinically relevant concentra-
tions of cefepime, dopamine, noradrenaline, tacrolimus, and
vancomycin, for up to 4 hours of simulated Y-site administration.
However, combining ciclosporin and mycophenolate resulted in
effervescence and chemical instability.1
1. Cochran BG, et al. Physical compatibility and chemical stability

of mycophenolate mofetil during simulated Y-site administration
with commonly coadministered drugs. Am J Health-Syst Pharm
2007; 64: 1410–14.

Stability. UK and US licensed product information states that,
after reconstitution of mycophenolate mofetil oral suspension, it
may be stored at room temperature (15° to 30°) or in a refrigera-
tor (2° to 8°) for up to 60 days; it should not be frozen. 
UK licensed product information for mycophenolate mofetil hy-
drochloride solution for infusion states that the infusion should
be started within 3 hours of reconstitution and dilution; solutions
may be kept at room temperature (15° to 30°). A study found that
solutions of mycophenolate mofetil hydrochloride in concentra-
tions equivalent to mycophenolate mofetil 1, 5, or 10 mg/mL
were stable for 7 days when stored at 4° or 25° in PVC infusion
bags.1 However, it was noted that a progressive discoloration oc-
curred in bags unprotected from light and stored at 25°; further
study was required to determine the source of the discoloration.
1. Certain E, et al. Stability of i.v. mycophenolate mofetil in 5%

dextrose injection in polyvinyl chloride infusion bags. Am J
Health-Syst Pharm 2002; 59: 2434–9.

Mycophenolate Sodium (BANM, USAN, rINNM)

ERL-080; Micofenolato sódico; Mycophénolate de Sodium;
Natrii Mycophenolas. Sodium 4(E)-6-(4-hydroxy-6-methoxy-7-
methyl-3-oxo-1,3-dihydroisobenzofuran-5-yl)-4-methylhex-4-
enoate.

Натрий Микофеноловая
C17H19NaO6 = 342.3.
CAS — 37415-62-6.
ATC — L04AA06.
ATC Vet — QL04AA06.

Adverse Effects, Treatment, and Precau-
tions
Mycophenolate is associated with gastrointestinal dis-
turbances, particularly diarrhoea and vomiting; gas-
trointestinal haemorrhage and perforation have oc-
curred. Leucopenia may develop; as with other
immunosuppressants there is an increased risk of in-
fection and certain malignancies in patients receiving
mycophenolate mofetil (see below). To minimise any
risk of skin cancer, exposure to sunlight or ultraviolet
light should be limited. Thrombocytopenia and anae-
mia are also common; there have been reports of aplas-
tic anaemia and bone-marrow depression, sometimes
fatal. Regular full blood counts are recommended dur-
ing therapy, and treatment may need to be stopped if
severe neutropenia develops. Other reported adverse
effects include asthenia, fever, pain, headache, renal
impairment, hypertension or hypotension, hypergly-
caemia, disturbances of electrolytes and blood lipids,
peripheral oedema, pleural effusion, dyspnoea, cough,
acne, rash, alopecia, dizziness, insomnia or somno-
lence, paraesthesia, and tremor. Agitation, depression,
anxiety, tachycardia, and arthralgia are also common.
Abnormal hepatic function tests have also been report-
ed. Hypersensitivity reactions, including angioedema
and anaphylaxis, have occurred. Pancreatitis and hepa-
titis have been reported. There are rare reports of inter-
stitial lung disorders, including fatal pulmonary fibro-
sis. Other less common adverse effects include renal
tubular necrosis, haematuria, conjunctivitis, blurred vi-
sion, and impotence. Cases of progressive multifocal
leukoencephalopathy (PML), sometimes fatal, have
also been reported. Mycophenolate is teratogenic in
animals; malformations, especially of the external ear,
and other facial abnormalities, have been reported in
infants after maternal exposure to mycophenolate (see
below). 
Mycophenolate should be given with care to patients
with severe renal impairment or active disorders of the
gastrointestinal tract. Intra-uterine devices should be
used with caution in those given immunosuppressive
treatment as there is an increased risk of infection. Live
vaccines should be avoided in these patients for the
same reason. 
Mycophenolate mofetil and mycophenolate sodium
should not be indiscriminately interchanged or substi-
tuted because of their differing pharmacokinetic pro-
files.
Effects on the gastrointestinal tract. The adverse effects of
mycophenolate mofetil on the gastrointestinal tract appeared to
be mostly of an irritative nature and included diarrhoea, abdom-
inal pain, nausea and vomiting, anorexia, dyspepsia, and occa-
sionally gastrointestinal haemorrhage or perforation.1 Paediatric
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