
1834   Immunosuppressants
inducers or competitive inhibitors of P-glycoprotein, or hepatic
enzymes, particularly cytochrome P450 isoenzyme CYP3A4.
Use with live vaccines should be avoided.

◊ References.
1. Kovarik JM, et al. Everolimus drug interactions: application of a

classification system for clinical decision making. Biopharm
Drug Dispos 2006; 27: 421–6.

Immunosuppressants. The bioavailability of everolimus was
significantly increased when given with ciclosporin,1 and dose
adjustment of everolimus may be necessary if the ciclosporin
dose is altered (see Administration, below). 
In contrast, results from a small study implied that tacrolimus
appeared to have a minimal effect on everolimus blood concen-
trations, and the dose of everolimus, when used with tacrolimus,
may need to be higher than that given with ciclosporin in order
to achieve therapeutic everolimus blood concentrations.2
1. Kovarik JM, et al. Differential influence of two cyclosporine for-

mulations on everolimus pharmacokinetics: a clinically relevant
pharmacokinetic interaction. J Clin Pharmacol 2002; 42: 95–9. 

2. Kovarik JM, et al. Differential pharmacokinetic interaction of
tacrolimus and cyclosporine on everolimus. Transplant Proc
2006; 38: 3456–8.

Ketoconazole. In a pharmacokinetic study in 12 healthy sub-
jects,1 ketoconazole increased the maximum concentration of
everolimus by an average of 3.9-fold; area under the concentra-
tion-time curve was also increased by about 15-fold. The half-
life of everolimus was significantly prolonged, and its clearance
reduced. Since ketoconazole inhibits both cytochrome P450
isoenzyme CYP3A4 and P-glycoprotein, the authors supposed
that both pathways might have contributed to this interaction.
The interaction was deemed to be clinically relevant and they
advised against use of these 2 drugs together.
1. Kovarik JM, et al. Blood concentrations of everolimus are mark-

edly increased by ketoconazole. J Clin Pharmacol 2005; 45:
514–18.

Rifampicin. In a pharmacokinetic study,1 rifampicin increased
the clearance of everolimus, decreasing exposure to everolimus
by about 63%. Licensed product information recommends
against the combined use of these drugs.
1. Kovarik JM, et al. Effect of rifampin on apparent clearance of

everolimus. Ann Pharmacother 2002; 36: 981–5.

Verapamil. Verapamil increased the bioavailability of
everolimus; the half-life of everolimus was essentially un-
changed. The dose of everolimus should be reduced when these
two drugs are given together, but the amount should be deter-
mined by blood concentrations and clinical monitoring. Vera-
pamil concentrations may also be affected by everolimus, but the
mechanism is unclear; any dose adjustment of verapamil should
be guided by blood pressure monitoring.1
1. Kovarik JM, et al. Pharmacokinetic interaction between vera-

pamil and everolimus in healthy subjects. Br J Clin Pharmacol
2005; 60: 434–7.

Pharmacokinetics
Peak plasma concentrations of everolimus occur about 1 to 2
hours after an oral dose. Plasma protein binding is about 74%.
Everolimus is metabolised in the liver and to some extent in the
gastrointestinal wall; most metabolites are excreted in the faeces
with small amounts found in urine.

◊ References.
1. Kovarik JM, et al. Clinical development of an everolimus pedi-

atric formulation: relative bioavailability, food effect, and
steady-state pharmacokinetics. J Clin Pharmacol 2003; 43:
141–7. 

2. Kirchner GI, et al. Clinical pharmacokinetics of everolimus. Clin
Pharmacokinet 2004; 43: 83–95.

Therapeutic drug monitoring. Licensed product informa-
tion recommends routine monitoring of whole blood everolimus
concentrations. Patients with trough levels of 3 nanograms/mL
or greater have been found to have a lower incidence of acute
rejection in both renal and cardiac transplantation; an upper limit
of 8 nanograms/mL is recommended. Monitoring is considered
especially important in those with hepatic impairment (see under
Uses, below) and if ciclosporin formulation or dosage is changed
(see Administration, below). 
Further references.
1. Kovarik JM, et al. Exposure-response relationships for

everolimus in de novo kidney transplantation: defining a thera-
peutic range. Transplantation 2002; 73: 920–5. 

2. Kovarik JM, et al. Everolimus therapeutic concentration range
defined from a prospective trial with reduced-exposure cy-
closporine in de novo kidney transplantation. Ther Drug Monit
2004; 26: 499–505. 

3. Starling RC, et al. Therapeutic drug monitoring for everolimus
in heart transplant recipients based on exposure-effect modeling.
Am J Transplant 2004; 4: 2126–31. 

4. Lorber MI, et al. Therapeutic drug monitoring for everolimus in
kidney transplantation using 12-month exposure, efficacy, and
safety data. Clin Transplant 2005; 19: 145–52. 

5. Mabasa VH, Ensom MH. The role of therapeutic monitoring of
everolimus in solid organ transplantation. Ther Drug Monit
2005; 27: 666–76. 

6. Kovarik JM, et al. Everolimus in pulmonary transplantation:
pharmacokinetics and exposure-response relationships. J Heart
Lung Transplant 2006; 25: 440–6.

Uses and Administration
Everolimus is a derivative of sirolimus (p.1841). It is used as a
proliferation signal inhibitor in the prevention of graft rejection
episodes in patients undergoing renal or cardiac transplantation
as part of an immunosuppressive regimen that includes
ciclosporin (microemulsifying) and corticosteroids. The recom-
mended adult oral dose is 750 micrograms twice daily, begun as
soon as possible after transplantation, and given at the same time
as ciclosporin (see Administration, below). Doses of everolimus
should be reduced in patients with hepatic impairment, see be-
low. 
Everolimus is also under investigation for the treatment of renal
cell carcinoma. 
Everolimus-releasing stents have been developed to reduce rest-
enosis after coronary artery stent placement.

Administration. Everolimus is given with ciclosporin and cor-
ticosteroids. Ciclosporin exposure reduction is recommended 1
month after transplantation. Because ciclosporin interacts with
everolimus, and the dose adjustments of ciclosporin will affect
exposure to everolimus, licensed product information for
everolimus recommends that levels of both drugs be monitored
to minimise the risk of graft rejection. Before dose reduction of
ciclosporin, everolimus whole blood concentrations should be at
least 3 nanograms/mL (see Therapeutic Drug Monitoring,
above, and under Ciclosporin, p.1829). 
In renal transplantation, ciclosporin doses should be adjusted to
the following target ciclosporin concentration ranges, as meas-
ured 2 hours after the dose of ciclosporin: 
• weeks 0-4: 1000 to 1400 nanograms/mL 
• weeks 5-8: 700 to 900 nanograms/mL 
• weeks 9-12: 550 to 650 nanograms/mL 
• weeks 13-52: 350 to 450 nanograms/mL 
In cardiac transplantation, ciclosporin levels are adjusted accord-
ing to ciclosporin blood trough levels.

Administration in hepatic impairment. The clearance of
everolimus was significantly reduced in patients with moderate
hepatic impairment.1 Product information states that the dose
should be reduced by 50% in mild to moderate hepatic impair-
ment (Child-Pugh class A or B) with further titration of the dose
based on therapeutic drug monitoring (see under Pharmacokinet-
ics, above). Everolimus has not been studied in severe hepatic
impairment.
1. Kovarik JM, et al. Influence of hepatic impairment on

everolimus pharmacokinetics: implications for dose adjustment.
Clin Pharmacol Ther 2001; 70: 425–30.
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tion. Nephrol Dial Transplant 2006; 21 (suppl 3): iii18–iii23. 
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sirolimus and everolimus) for primary immunosuppression in
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2006 (accessed 18/02/08). 
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11. Levy G, et al. Safety, tolerability, and efficacy of everolimus in
de novo liver transplant recipients: 12- and 36-month results.
Liver Transpl 2006; 12: 1640–8. 

12. Chapman JR, et al. Proliferation signal inhibitors in transplan-
tation: questions at the cutting edge of everolimus therapy.
Transplant Proc 2007; 39: 2937–50.

Psoriasis. A patient with psoriasis and a poor response to con-
ventional therapy was treated with everolimus and ciclosporin.
All manifestations improved after 4 weeks of therapy, but treat-
ment had to be stopped after the patient developed leucopenia.1
1. Frigerio E, et al. Severe psoriasis treated with a new macrolide:

everolimus. Br J Dermatol 2007; 156: 372–4.

Reperfusion and revascularisation procedures. Referenc-
es to the use of everolimus-eluting stents.
1. Grube E, et al. Six- and twelve-month results from first human

experience using everolimus-eluting stents with bioabsorbable
polymer. Circulation 2004; 109: 2168–71. 

2. Grube E, Buellesfeld L. Everolimus for stent-based intracoro-
nary applications. Rev Cardiovasc Med 2004; 5 (suppl): S3–S8. 

3. Tsuchiya Y, et al. Effect of everolimus-eluting stents in different
vessel sizes (from the pooled FUTURE I and II trials). Am J Car-
diol 2006; 98: 464–9. 

4. Ormiston JA, et al. First-in-human implantation of a fully bioab-
sorbable drug-eluting stent: the BVS poly-L-lactic acid
everolimus-eluting coronary stent. Catheter Cardiovasc Interv
2007; 69: 128–31. 

5. Beijk MA, Piek JJ. XIENCE V everolimus-eluting coronary
stent system: a novel second generation drug-eluting stent. Ex-
pert Rev Med Devices 2007; 4: 11–21. 

6. Stone GW, et al. SPIRIT III Investigators. Comparison of an
everolimus-eluting stent and a paclitaxel-eluting stent in patients
with coronary artery disease: a randomized trial. JAMA 2008;
299: 1903–13. 

7. Biondi-Zoccai G, et al. Percutaneous coronary intervention with
everolimus-eluting stents (Xience V): systematic review and di-
rect-indirect comparison meta-analyses with paclitaxel-eluting
stents (Taxus) and sirolimus-eluting stents (Cypher). Minerva
Cardioangiol 2008; 56: 55–65.
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Gavilimomab (rINN)

Gavilimomabum. Immunoglobulin M, anti-(human antigen
CD147)(mouse monoclonal ABX-CBL μ-chain), disulfide with
mouse monoclonal ABX-CBL light chain, pentamer.
Гавилимомаб
CAS — 244096-20-6.

Profile
Gavilimomab is an anti-CD147 monoclonal antibody of murine
origin that has been investigated for the treatment of acute graft-
versus-host disease.
◊ References.
1. Deeg HJ, et al. Treatment of steroid-refractory acute graft-ver-

sus-host disease with anti-CD147 monoclonal antibody ABX-
CBL. Blood 2001; 98: 2052–8. 

2. Macmillan ML, et al. A phase 2/3 multicenter randomized clin-
ical trial of ABX-CBL versus ATG as secondary therapy for ster-
oid-resistant acute graft-versus-host disease. Blood 2007; 109:
2657–62.

Gusperimus Hydrochloride (rINNM)

BMS-181173; BMY-42215-1; Deoxyspergualin Hydrochloride;
15-Deoxyspergualin Hydrochloride; Guspérimus, Chlorhydrate
de; Gusperimus Trihydrochloride (USAN); Gusperimusi Hydro-
chloridum; Hidrocloruro de gusperimús; NKT-01; NSC-356894.
(±)-N-[({4-[(3-Aminopropyl)amino]butyl}carbamoyl)hy-
droxymethyl]-7-guanidinoheptanamide trihydrochloride.
Гусперимуса Гидрохлорид
C17H37N7O3,3HCl = 496.9.
CAS — 104317-84-2 (gusper imus); 89149-10-0 (gusper-
imus); 85468-01-5 (gusper imus hydrochloride).
ATC — L04AA19.
ATC Vet — QL04AA19.

(gusperimus)

Profile
Gusperimus is a guanidine derivative that inhibits both cell-me-
diated and antibody-mediated immunity. It is used in the treat-
ment of renal graft rejection, and has been investigated in the
management of graft-versus-host disease and Wegener’s granu-
lomatosis. For mention of its role in reversing acute graft rejec-
tion in kidney transplantation, see p.1813. 
Gusperimus is used as the hydrochloride. A dose of 3 to 5 mg/kg
of gusperimus hydrochloride given daily for 7 days, by intrave-
nous infusion over 3 hours, has been suggested in the treatment
of acute renal graft rejection. Treatment may be continued for a
further 3 days if required. 

N
H

H
N

O OH

O

HN

NH

NH

NH2 NH2



Gavilimomab/Muromonab-CD3    1835

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)

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.
◊ References.
1. Ramos EL, et al. Deoxyspergualin: mechanism of action and
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further improves long-term graft survival in living-related renal-
transplant recipients transfused with donor-specific blood.
Transplant Proc 2005; 37: 927–9. 

7. Nojima M, et al. Combined therapy of deoxyspergualin and plas-
mapheresis: a useful treatment for antibody-mediated acute re-
jection after kidney transplantation. Transplant Proc 2005; 37:
930–3. 

8. Kawagishi N, et al. Usage of deoxyspergualin on steroid-resist-
ant acute rejection in living donor liver transplantation. Tohoku J
Exp Med 2006; 208: 225–33.
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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. 
2. Wabbijn M, et al. Ten-year follow-up of recipients of a kidney or

heart transplant who received induction therapy with a mono-
clonal antibody against the interleukin-2 receptor. Exp Clin
Transplant 2004; 2: 201–7. 

3. Bay JO, et al. Inolimomab in steroid-refractory acute graft-ver-
sus-host disease following allogeneic hematopoietic stem cell
transplantation: retrospective analysis and comparison with oth-
er interleukin-2 receptor antibodies. Transplantation 2005; 80:
782–8.

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. 
Further references.
1. Tanabe K, et al. Long-term results in mizoribine-treated renal

transplant recipients: a prospective, randomized trial of mizori-
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the management of rheumatoid arthritis in methotrexate-refrac-
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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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