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Summary 
Synopsis 

-----------------Pharmacodynamic 
Properties 

Wilde & Goa 

The murine monoclonal antibody muromonab CD3 (OKT3) is directed against 
the CD3 antigen on peripheral human T cells and effectively blocks all T cell 
function. 

Prophylaxis with muromonab CD3 (5mg intravenously once daily for 10 to 
14 days) as induction therapy together with corticosteroids, azathioprine and 
delayed cyclosporin (sequential therapy) optimises early graft function by delay
ing the potentially nephrotoxic and hepatotoxic effects of cyclosporin until graft 
function is established. 

Although clinical data are limited (by inconsistencies in trial design and trial 
size), prophylactic muromonab CD3-based sequential therapy is significantly 
more effective than standard triple therapy in the prophylaxis of allograft rejec
tion in renal and hepatic, but not cardiac, transplant recipients. Benefits are 
particularly notable in patients with delayed graft function. No significant be
tween-treatment differences in patient survival have been observed. 

The overall efficacy of muromonab CD3- and polyclonal-based prophylactic 
regimens appears to be similar, although results vary between investigators and 
confirmation is needed. An anti-interleukin-2 monoclonal antibody-based pro
phylactic regimen improved graft and patient survival compared with muromo
nab CD3-based prophylaxis in hepatic transplant recipients. 

Antimuromonab CD3 antibodies may develop; however, muromonab CD3 
may be successfully reused in patients with low titres. 

Preliminary pharmacoeconomic data suggest that mean drug costs are greater 
with quadruple immunosuppressive regimens containing muromonab CD3, anti
thymocyte globulin (ATG) or antilymphocyte globulin (ALG) than with triple 
therapy. Drug costs with prophylactic muromonab CD3-based regimens were 
similar or greater than those with polyclonal-based protocols. 

The first doses of muromonab CD3 are associated with the 'cytokine-release 
syndrome '. More severe first-dose events include aseptic meningitis, intragraft 
thromboses, seizures and potentially fatal pulmonary oedema. The incidence 
and/or severity of cytomegalovirus infection with prophylactic muromonab CD3-
based immunosuppression is similar to or greater than that with triple therapy 
and ATG- or ALG-based regimens. However, the risk of infection and also the 
observed increase in lymphoproliferative disorders appears to be related to the 
degree of immunosuppression rather than to the drug itself. 

Thus, sequential muromonab CD3-based therapy is more effective than stand
ard triple therapy (in renal and hepatic transplant recipients) and appears to be 
similar to that of polyclonal-based regimens in the prophylaxis of transplant 
rejection. Although the routine use of prophylactic muromonab CD3 in low-risk 
patients with primary graft function does not appear to be justified, prophylactic 
muromonab CD3-based therapy has a role in patients at high risk of rejection. 

Muromonab CD3 (OKT3), a murine monoclonal antibody directed against the 
CD3 antigen (linked to the T cell antigen receptor; TCR) on mature peripheral 
human T cells, effectively blocks all T cell function. The mechanism of action 
includes antigenic modulation of the CD3ITCR complex with subsequent op
sonisation and removal of circulating T cells; other mechanisms are proposed. 

Cytokine release associated with an acute phase reaction occurs after the first 
doses of muromonab CD3. This is manifest as first-dose adverse events (see 
'Tolerability'summary). 

© Adis International Umited. All rights reserved, Drugs 1996 May: 51 (5) 
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Pharmacokinetic 
Properties 

Therapeutic Use 

-
A biphasic reversible haemodynamic response and biphasic activation of co

agulation and fibrinolysis, both of which coincide with cytokine release and/or 
complement activation, occur after initiation of muromonab CD3. Evidence 
suggests that intraoperative administration of the first muromonab CD3 dose is 
associated with fewer cardiovascular and pulmonary disturbances than adminis
tration in the immediate postoperative period. 

High antimuromonab CD3 antibody titres (21: 1000) were detected in 5.8 % of 
> 12 000 serum samples from patients who received muromonab CD3 for the 
treatment or prevention of transplant rejection. IgO but not IgM antibodies are 
able to reduce the activity of muromonab CD3. Administration of concomitant 
immunosuppressants such as corticosteroids and azathioprine reduces the likeli
hood of antimuromonab CD3 antibody formation. 

Muromonab CD3 is a pure standardised product for which pharmacokinetic data 
are limited. 

Plasma muromonab CD3 concentrations vary according to the muromonab 
CD3 'antibody status', transplanted organ and age. Muromonab CD3 plasma 
concentrations were 996 j..lg/L after 1 hour and 1 04j..lglL at 24 hours in renal 
transplant recipients receiving 5mg once daily for 10 to 14 days. Mean trough 
steady-state serum concentrations range from 500 to 1000 j..lg/L after 2 to 4 days; 
approximately 1000 j..lg/L is required to block cytotoxic T cell function in vitro. 
Steady-state serum muromonab CD3 concentrations are achieved earlier with 
prophylactic administration than administration for the treatment of rejection. 
There is evidence of drug accumulation after repeated doses. Muromonab CD3 
plasma elimination half-lives of approximately 18 hours (following administra
tion for treatment of rejection) and 36 hours (prophylactic administration) have 
been reported. 

There are 2 main reasons for using muromonab CD3 as induction therapy in 
sequential immunosuppressive regimens (including azathioprine, methylprednis
olone/prednisone and delayed cyclosporin): to optimise early graft function by 
delaying the administration of potentially nephrotoxic and hepatotoxic cyclo
sporin until graft function is established; and to reduce and delay the occurrence 
of rejection episodes. 

Data from clinical trials of muromonab CD3-based prophylaxis are limited 
by trial size and inconsistencies in design. However, compared with triple therapy, 
prophylactic muromonab CD3-based sequential therapy was significantly more 
effective as assessed by severity and/or incidence of rejection episodes and time 
to first rejection episode in renal transplant recipients and by incidence and/or 
severity of early acute rejection episodes and time to first rejection in hepatic 
transplant recipients. Benefits appeared to be maintained for up to 3 years in renal 
transplant recipients and were particularly marked in patients with delayed graft 
function. In those with delayed renal graft function, overall graft survival was 
significantly greater with muromonab CD3-based induction therapy than with 
triple therapy. Three-year graft survival in renal transplant recipients was signif
icantly greater with sequential muromonab CD3-based therapy (delayed cyclo
sporin) than with cyclosporin-based therapy not containing muromonab CD3; in 
high-risk patients, sequential therapy was also associated with significantly 
greater 3-year graft survival!rates than simultaneous muromonab CD3 and cyclo
sporin administration. Murqmonab CD3-based prophylaxis appeared to be sim
ilar to triple therapy in terms of rejection incidence, time to first rejection episode 
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Pharmacoeconomic 
Considerations 

Tolerability 

Wilde & Goa 

and graft survival in cardiac transplant recipients. There were no significant be
tween-treatment differences in patient survival for any type of transplant. 

In renal transplant recipients, significantly more of those .receiving 
muromonab CD3-based prophylaxis required postoperative dialysis than those 
receiving triple therapy; in hepatic transplant recipients, muromonab CD3 im
proved or maintained renal function in the early postoperative period. 

Data on the relative effects of muromonab CD3-based and polyclonal-based 
prophylactic regimens are conflicting. In renal transplant recipients, some inves
tigators show muromonab CD3- and antilymphocyte globulin (ALG)- or anti
thymocyte globulin (ATG)-based prophylaxis to be similar in terms of rejection 
incidence and/or time to first rejection, while others show ALG or ATG to be 
superior. The incidence of rejection episodes with muromonab CD3-based in
duction therapy in dual renal-pancreas transplant recipients is either similar to or 
lower than that with ALG- or ATG-based induction. Similarly, in cardiac trans
plant recipients, some studies show a longer time to first rejection episode and/or 
a lower incidence of rejection with muromonab CD3-based prophylaxis; others 
show no differences or a lower incidence of rejection or a longer time to first 
rejection episode with ATG-based therapy. Rejection episodes were fewer with 
ATG than with muromonab CD3 in the 1 available study in hepatic transplant 
recipients. Generally, no between-treatment differences were apparent in patient 
and graft survival or the incidence of delayed graft function. However, an anti
interleukin-2 monoclonal antibody-based prophylactic regimen improved graft 
and patient survival compared with muromonab CD3-based prophylaxis in he
patic transplant recipients. 

Several noncomparative trials have shown early rejection in children and ad
olescents undergoing renal, hepatic or cardiac transplantation to be effectively 
reduced by prophylactic muromonab CD3 administered as part of a sequential 
immunosuppressive protocol. Although rejection incidence during the first 14 
days was lower with muromonab CD3-based prophylaxis than with standard 
triple therapy in hepatic transplant recipients, no overall reduction was observed. 
Further comparative trials are needed to determine the relative benefits of pro
phylactic muromonab CD3 in this patient group. 

Although muromonab CD3 reuse following prophylactic use is not recom
mended in patients with anti-idiotypic antibody titres ~ 1: 1000, successful retreat
ment may occur in patients with lower titres. 

In theory, potential cost savings with prophylactic muromonab CD3 because of 
reduced rejection incidence compared with triple therapy may be offset by the 
increased incidence of infections and adverse events, but this has not been ad
dressed in formal pharmacoeconomic assessments. 

Preliminary data from cost-minimisation studies suggest that mean first-year 
drug costs are greater with quadruple immunosuppressive regimens containing 
muromonab CD3, ATG or ALG than with triple therapy, and hospital costs with 
prophylactic muromonab CD3-based regimens were similar to or greater than 
those with polyclonal-based protocols. 

The first doses ofmuromonab CD3 are associated with flu-like 'cytokine-release 
syndrome' symptoms (e.g. fever, chills, gastrointestinal disturbance), which oc
cur within 45 to 60 minutes and last for 2 to 48 hours. More severe but rare 
first-dose effects include aseptic meningitis, intragraft thromboses, seizures and 
potentially fatal pulmonary oedema. The incidence and severity of initial adverse 
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Dosage and 
Administration 

events with muromonab CD3-based prophylaxis are similar to or greater than 
those associated with polyclonal antilymphocyte-based regimens. 

Cytomegalovirus (CMV), herpes simplex virus and bacterial infections are the 
primary cause of morbidity and mortality in muromonab CD3 recipients. How
ever, the risk of infection appears to be related to the degree of immunosuppres
sion rather than to the drug itself. The risk of CMV infection is increased by high 
doses (total doses >7Smg) and repeated exposure to muromonab CD3. The inci
dence and/or severity of CMV infection with prophylactic muromonab CD3-
based immunosuppression is similar to or greater than that with triple therapy and 
ATG- or ALG-based regimens. The overall incidence of bacterial and fungal 
infections with these treatment options is largely similar. 

Muromonab CD3-based immunosuppression has been associated with an in
creased risk of neoplasia, mainly lymphoproliferative disorders. However, this is 
most probably a direct result of the degree of immunosuppression; Epstein-Barr 
virus infection has also been implicated. The risk of lymphoproliferative disease 
may be increased by the use of high muromonab CD3 doses (total dose >7Smg), 
long durations of administration, multiple courses and early retreatment. While 
some investigators report the incidence of neoplasia to be similar with 
muromonab CD3 and polyclonal preparations, others report a trend towards a 
greater incidence with muromonab CD3. 

Other clinically significant pulmonary, cardiovascular or neurological events 
are uncommon. 

Adverse events with muromonab CD3 may be prevented or minimised by the 
intraoperative administration of the first dose of muromonab CD3, pretreatment 
with a corticosteroid, administration of an antipyretic and antihistamine, prophy
lactic use of an antimicrobial(s) and correction of increased temperature and fluid 
overload before prophylaxis initiation. 

Induction therapy with muromonab CD3 together with azathioprine, methylpred
nisolone/prednisone and delayed cYclosPorin therapy is the most accepted 
muromonab CD3-based regimen for allograft rejection prophylaxis. 

Although the optimal dosage of muromonab CD3 has not been established, 
the currently recommended adult dosage is Smg administered intravenously once 
daily for 10 to 14 days, irrespective of the organ transplanted. A dosage of 2.S 
mg/day has usually been used in children although higher doses may be needed. 
The dosage should be adjusted according to the presence of clinical signs of 
rejection in addition to antirriuromonab CD3 antibodies, plasma muromonab CD3 
concentrations and CD3+ cell levels .. 

Patients should be closely monitored during administration of the first few 
doses. Intraoperative administration of the first dose and the use of preventative 
measures improve the tolerability ofmuromonab CD3. 

Evidence suggests that procoagulant activity is increased with the concomitant 
administration of muromonab CD3 and high-dose corticosteroids, and indometha
cin may increase the risk of encephalopathy and volatile anaesthetic agents or 
drugs that decrease cardiac contractility increase the risk of developing cardio
vascular problems when administered with muromonab CD3. 

© Adls International Llm~ed. All rights reserved. Drugs 1996 May; 51 (5) 
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Muromonab CD3 (murine monoclonal antibody 
towards the Cluster of Differentiation 3 antigen; 
OKT3), an IgG2a immunoglobulin, is a purified 
murine monoclonal antibody directed specifically 
against the CD3 antigen. This monoclonal anti
body is one of a series of monoclonal antibodies 
(OKT series) directed towards human T cell sur
face antigens and is the only commercially avail
able anti-CD3 monoclonal antibody. 

While muromonab CD3-based immunosup
pression is widely accepted as a treatment for acute 
allograft rejection episodes and as 'rescue' therapy 
for steroid-resistant allograft rejection,D] the pro
phylactic use of muromonab CD3 is less well es
tablished. Issues central to the prophylactic use of 
this agent are whether muromonab CD3 is more 
effective than standard 'triple therapy' (predni
sone, azathioprine plus cyclosporin) and whether 
muromonab CD3 should be used to prevent rejec
tion or be reserved for the treatment of rejection 
episodes. 

The rationale for using muromonab CD3-based 
therapy (section 3) in the prevention of rejection is 
to optimise early graft function by delaying admin
istration of potentially toxic cyclosporin until or
gan function is established and to improve graft 

Wilde & Goa 

and patient survival by reducing the incidence of 
early rejection episodes. 

The therapeutic potential of muromonab CD3 in 
both the treatment and prevention of rejection epi
sodes has been previously reviewed. [1] This review 
provides a reappraisal of muromonab CD3 in the 
prevention of renal, hepatic and cardiac transplant 
rejection as well as in dual (renal/pancreas) solid 
organ transplant rejection. The efficacy of prophy
lactic muromonab CD3-based immunosuppres
sion in patients undergoing cardiac/lung transplan
tation or nonsolid organ transplantation (e.g. bone 
marrow transplantation) is not addressed in this re
view. 

1. Pharmacodynamic Properties 

1 .1 Mechanism of Action 

Muromonab CD3 is directed specifically 
against the CD3 antigen which is found on mature 
peripheral human T cells (and medullary thy
mocytes) and is linked to the T cell antigen receptor 
(TCR) [fig. 1][1-5] In contrast, polyclonal antilym
phocyte antibody preparations are directed against 
more than one T cell epitope.[3] In effect, muro
monab CD3 blocks all T cell function and is, there-

Antigen 

T cell membrane 

CD3complex 

Fig. 1. Diagrammatic representation of the CD3 complex, T cell antigen receptor (TCR) and site of muromonab CD3 binding (epsilon 
chain of the CD3 complex). 

© Adls International Limited. All rights reserved. Drugs 1996 May; 51 (5) 
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Table I. Known and proposed mechanisms of action of muromonab CD3 

Known mechanisms 

- Antigenic modulation of the CD3ff cell receptor complex on 
peripheral T cells resulting in failure of antigen recognition[1-3,5] 
-Mediates the opsonisation of circulating T cells and 
subsequent removal by the reticuloendothelial system[1-3,5] 

fore, classified as a pan-T cell suppressive mono
clonal antibody. 

The immunological mechanisms by which 
muromonab CD3 produces its effects are not com
pletely understood. Known and proposed mecha
nisms of action are summarised in table I. 

Although CD3+ cells are cleared from the cir
culation within minutes of the first dose of muro
monab CD3 (CD2+, CD4+ and CD8+ are also de
pleted),D,5] CD3+ cells may reappear during 
continued once-daily administration (usually as a 
result of antimuromonab CD3 antibody formation; 
section 1.3), Furthermore, rejection has been ob
served despite low circulating CD3+ cell levels, [13] 

These findings support the notion that mechanisms 
other than CD3+ cell depletion and CD3/T cell 
antigen receptor modulation are involved in the 
immunological activity of muromonab CD3. 

Modulated cells rapidly re-express the CD3+ 
marker after withdrawal of muromonab CD3 with 
CD3+ cell levels returning to baseline within 1 
week. [1,5] 

No studies have directly compared the degree 
of immunosuppression with muromonab CD3 and 
other agents. 

1,2 T Cell-Activating Properties 

Cytokines including tumour necrosis factor 
(TNF) alpha, interleukins (IL) 2, 3, 6 and 10 and 
interferon gamma are released after administration 
of muromonab CD3. This is associated with an 
acute phase reaction involving C-reactive protein, . 
neopterin, endothelin -1, complement, transferrin, 
alpha-l proteinase inhibitor and neutrophilic gran-

© Adls Intemational Limited. All rlghts reserved. 

Proposed mechanisms 

-Immunomodulation of graft-infiltrating lymphocytes[6,7J 
-Elimination of activated CD3+ cells by induction of apoptosis 
(programmed cell death)[3,8] 
-Modulation of CD3 complex density by shedding CD3 antigens 
or the whole CD3 complex[9] 
-Increasing lymphocyte adhesion molecule expression on 
peripheral blood lymphocytes resulting in increased adhesion of 
lymphocytes to vascular endothelium[10,11] 
-Induction of cell-mediated cytolysis[12] 

ulocytes.[1,14-20] Although this response usually oc
curs after the first and possibly second and third 
dose(s), a similar response (particularly IL-6 re
lease[211) may also occur later in the course of treat
ment if CD3+ cell levels substantially increase 
(sections 1.3 and 2); this may account for some of 
the late adverse events observed with muromonab 
CD3 (section 5.1.1). The T cell-activating proper
ties of muromonab CD3 manifest clinically as 
first-dose adverse events ('cytokine-release syn
drome') [section 5.1]. 

Monocyte-dependent Fc receptor-mediated 
cell activation appears to be the main mechanism 
underlying these events.[15,16,22-24] 

The release of IL-6 and IL-lO may be involved 
in the pathogenesis of Epstein-Barr virus (EBV)
associated lymphoproliferative disorders in trans
plant recipients receiving muromonab CD3 (sec
tion 5.3)J25,26] Anti-CD3 monoclonal antibodies 
have been shown to trigger T cell mitogenesis in 
vitroJ18] 

Several agents including corticosteroids, pen
toxiphylline and IL-lO can reduce muromonab 
CD3-induced cytokine releaseP7-32] However, al
though corticosteroids can reduce first-dose cytok
ine-related adverse events (see table V), pretreat
ment with pentoxifylline does not appear to reduce 
the cytokine-release syndrome associated with 
prophylactic muromonab CD3.[33,34] 

1 ,3 Immunogenicity 

Despite improvements in muromonab CD3 dos
age regimens, antibodies to this agent may de
velop. High antibody titres (2::1: 1000) were de-

Drugs 1996 May; 51 (5) 
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tected in 5.8% of 12 133 serum samples from pa
tients who received muromonab CD3 for the treat
ment or prevention of transplant rejection)35] 
These antibodies may result in decreased muro
monab CD3 plasma concentrations (section 2.2) 
and increased circulating CD3+ cell levels (section 
1.1) and may preclude reuse of the agent in some 
patients (section 3.6))36] 

The 2 types of anti-muromonab CD3 antibodies 
that may be induced are anti-idiotypic and anti
isotypic antibodies.[l,18,36] Anti-idiotypic antibod
ies compete with muromonab CD3 for binding to 
the CD3 complex and can neutralise the activity 
of muromonab CD3; IgG but not IgM anti
muromonab CD3 antibodies are able to reduce the 
activity of this agent. Although anti-isotypic anti
bodies bind to the constant portion of the muro
monab CD3 antibody molecule, they do not block 
the effects of the drug. Anti-idiotypic antibodies to 
muromonab CD3 do not cross-react with murine 
antibodies of similar or different isotypes and 
cross-react with only 10% of other anti-CD3 
monoclonal antibodies. [37] 

Although variation in antibody test results be
tween centres is significant, the incidence of anti
muromonab CD3 antibodies and the percentage of 
high antibody titres (;:::1: 1000) appears to be great
est in liver or kidney transplant recipients and least 
in cardiac transplant recipients)35,38-40] The risk of 
high antimuromonab CD3 antibody titres also ap
pears to be greatest in patients aged <30 years, in 
those who have undergone previous transplanta
tion or muromonab CD3 courses, and in those re
ceiving muromonab CD3 for rescue treatment 
(versus prophylaxis or first-line treatment of rejec
tion))35] 

Administration of concomitant immunosup
pressants reduces the likelihood of antimuromonab 
CD3 antibody formation.[l8,19,36,41-43] 

1.4 Effects on Rejection Histopathology 

Although the microscopic appearance of lym
phocytic infiltrates in hepatic transplant recipients 
experiencing acute allograft rejection was similar 
with prophylactic muromonab CD3 and conven-

© Adis International Limited. All rights reserved. 

Wilde & Goa -
tional prophylaxis with triple therapy,[44] infiltrate 
cellularity was ryduced with prophylactic muro
monab CD3 in cardiac transplant recipients. [45] The 
latter may partly explain the discrepant results re
ported by different research groups (section 3). 

Prophylactic antithymocyte globulin (ATG) has 
been associated with less cellular infiltration of al
lograft biopsies, lymphocyte growth and donor
specific cytolytic activity than prophylactic muro
monab CD3 in cardiac transplant recipients)46] 
However, these findings do not appear to have 
translated into a consistently demonstrable clinical 
advantage (section 3). Increased adhesion of pe
ripheral blood mononuclear cells to human arterial 
endothelial cells with muromonab CD3 but not 
ATG may partly explain why vascular rejection 
may occur with muromonab CD3 but not ATG.[47] 

1 .5 Cardiovascular, Pulmonary and 
Haematological Parameters 

Following muromonab CD3 administration, a 
biphasic reversible haemodynamic response has 
been observed (involving increases in ventricular 
ejection fractions and cardiac index and decreases 
in systemic vascular resistance index within the 
first 2 hours, then reductions in ejection fractions, 
cardiac index and right atrial and pulmonary capil
lary wedge pressures after 5 to 6 hours).[48] These 
changes coincide with increases in TNF levels 
(section 1.2) and are suggestive of a capillary leak 
syndrome. 

Evidence suggests that the intraoperative ad
ministration of muromonab CD3 is associated with 
fewer cardiovascular and pulmonary disturbances 
(changes in heart rate, blood pressure, mean pul
monary artery pressure, central venous pressure, 
pulmonary capillary wedge pressure, pulmonary 
and systemic vascular resistance, cardiac index and 
blood gases) than administration in the immediate 
postoperative period.[49-51] 

Biphasic activation of coagulation and fibrinol
ysis also occurs after the first dose of muromonab 
CD3 and other antilymphocyte antibodies. The ini
tial phase appears to be associated with comple
ment activation and the latter with cytokine release 
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(section 1.2»)52-55] This dual activation may ex
plain the general lack of thromboembolic events 
with recommended muromonab CD3 dosages (al
though intragraft thromboses may develop; section 
5.1). Pentoxifylline inhibits the in vitro procoagul
ant activity of muromonab CD3.[56] 

2. Pharmacokinetic Properties 

Muromonab CD3 is a pure standardised product 
(in contrast to polyclonal antilymphocyte antibody 
preparations) and is administered via the intrave
nous routeP] 

No studies have specifically compared the phar
macokinetics of muromonab CD3 when adminis
tered intraoperatively or in the immediate post
operative period. 

2.1 Pharmacokinetic Parameters 

As plasma muromonab CD3 concentrations are 
dependent on the presence and degree of sensitisa
tion (section 1.3) and the number of available CD3 
molecules, significant interindi vidual variation ex
ists.[57,58] Following a single dose of muromonab 
CD3 2.5mg (lower than the recommended dosage; 
section 7) administered 12 to 24 hours before renal 
transplantation in 7 patients, a maximum serum 
concentration (Cmax) of 185 J..lglL was reached at 1 
hour; serum concentrations decreased rapidly 
thereafter and were undetectable by 12 hours)59] 
In 66 renal transplant recipients receiving intrave
nous muromonab CD3 5mg once daily for 10 to 14 
days for the prevention of transplant rejection, 
mean serum muromonab CD3 concentrations were 
996 J..lglL after 1 hour and decreased to 104 J..lglL at 
24 hours)60] Plasma muromonab CD3 concentra
tions increase gradually over the treatment period 
and decrease sharply after discontinuation.[61-63] 
Mean trough steady-state serum concentrations 
range from 500 to 1000 J..lglL after 2 to 4 days; 
approximately 1000 J..lglL is required to block cyto
toxic T cell function in vitro)60,64] 

Mean serum muromonab CD3 concentrations 
were significantly higher on days 1 to 6 in patients 
receiving the drug as prophylaxis than in those be
ing treated for rejection (greatest difference was on 
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day 1; 678 vs 333 J..lglL) but significantly lower on 
days 7 to 14 (greatest difference on day 11; 555 vs 
784 J..lglL; p < 0.05); steady-state serum muro
monab CD3 concentrations were achieved earlier 
(approximately 1 vs 5 days) with prophylactic ad
ministration)40] Most patients in each group re
ceived a conventional muromonab CD3 dosage of 
5 mg/day, while the remainder received increased 
dosages (dosage not stated). These findings may be 
explained by muromonab CD3 binding to CD3+ 
cells associated with rejection. Mean serum 
muromonab CD3 concentrations were also higher 
in women than in men, in hepatic transplant recip
ients compared with renal or cardiac transplant re
cipients during the first 7 to 10 days of administra
tion and in renal compared with cardiac transplant 
recipients during the latter part of treatment.!40] 
They were also higher in those aged <10 years 
compared with older patients, in those who were 
antimuromonab CD3 antibody-negative before 
treatment compared with those who had low titres, 
and in patients who remained antimuromonab CD3 
antibody-negative compared with those who 
seroconverted.!40] 

The apparent volume of distribution of muro
monab CD3 is approximately 6.5L.[64] The route 
of elimination of muromonab CD3 is via binding 
to lymphocytes and subsequent removal by the re
ticuloendothelial system.!40] There is an initial 
rapid clearance of the drug (serum concentrations 
decreased by approximately 60% over the first 4 
hours) and unmeasurably low concentrations are 
reached by 12 hours.!59,64] Muromonab CD3 
plasma elimination half-lives (tY2) of approxi
mately 18 hours (following administration for the 
treatment of rejection)[64] and 36 hours (with pro
phylactic administration)[65] have been reported; 
elimination is more rapid in the presence of anti
muromonab CD3 antibodies. 

2.2 Correlation Between Plasma 
Concentrations and Efficacy 

Low plasma muromonab CD3 concentrations 
have been associated with failure of muromonab 
CD3 prophylaxis.[66-68] The CD3+ cell level alone 
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is not a reliable indicator of plasma muromonab 
CD3 concentrations or early sensitisation;[69-72] 
therefore, achieving optimal dosage adjustments 
and efficacy requires continued surveillance for 
clinical signs of rejection during muromonab CD3 
prophylaxis in addition to monitoring serum 
muromonab CD3 concentrations, CD3+ cell levels 
and antimuromonab CD3 antibody titres, as appro
priate. [58,67,68,70,73-78] 

3. Therapeutic Use 

The end-points of immunosuppressive trials, 
particularly those involving prophylactic re
gimens, should include rejection incidence and se
verity, time to first rejection episode and effects on 
organ function as well as graft and patient survival. 
Randomised, double-blind trials are necessary to 
determine significant between-treatment differ
ences. In this section, the efficacy of prophylactic 
muromonab CD3-based regimens in terms of these 
end-points has been investigated in renal, hepatic 
and cardiac transplant recipients. 

Two types of 'induction' therapy for the preven
tion of rejection are used in transplantation: admin
istration of an antilymphocyte preparation, azathio
prine and corticosteroids from the time of 
transplantation with cyclosporin withheld until re
nal function is established (sequential therapy); 
and administration of an antilymphocyte prepara
tion, azathioprine, corticosteroids and low-dose 
cyclosporin from the time of transplantation. Most 
trials in this review involved muromonab CD3 ad
ministered as part of a sequential regimen followed 
by maintenance therapy. Muromonab CD3 was 
usually administered during the immediate post
operative period although some patients received 
the drug intraoperatively. 

Prophylactic muromonab CD3-based immuno
suppression has been compared with standard tri
ple therapy (prednisone, azathioprine plus cyclo
sporin) and with quadruple regimens containing 
other antilymphocyte preparations (poly clonal 
preparations) or anti-IL-2 receptor antibodies. The 
most commonly used polyclonal preparations were 
antilymphocyte globulin (ALG) and ATG. 

© Adis International Limited. All rights reserved. 
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Most assessed trials were randomised, bllt the 
majority were not double-blind (the first-dose re
action to muromonab CD3 and the different modes 
of administration of antilymphocyte antibodies 
precluded double-blinding) and involved small 
numbers of patients. Furthermore, dosage re
gimens of concomitant immunosuppressants were 
varied and complex and administration of muro
monab CD3 was preceded by a variety of prophy
lactic agents (for the prevention of first-dose effects 
and infections), making between-study compari
sons difficult. Most recipients were undergoing ca
daveric transplantation for the first time and some 
underwent dual transplantation. Rejection epi
sodes were documented histologically or with ap
propriate laboratory tests of organ function. 

Factors which may influence the outcome of re
jection prophylaxis and should be controlled for in 
clinical trials include: 
• primary disease and severity including baseline 

organ function; 
• age and sex of donor and recipient[79]; 
• pre-existing antimuromonab CD3 antibody titres 

(section 1.3); 
• delayed graft function[80,81]; 
• ABO blood group compatibility; 
• previous transplantation or blood transfusions; 
• donor/recipient cytomegalovirus (CMV) status; 
• histocompatibility antigen matching and pre

formed reactive anti-HLA antibodies, although 
the potential beneficial effects of HLA match
ing, especially in those receiving antilympho
cyte agents, are controversial[82,83]; 

• duration of organ cold ischaemia time; 
• surgical technique; 
• postoperative patient management including 

treatment of rejection. 
Most muromonab CD3 trials selected patients 

according to primary disease and severity, control
led for ABO blood group compatibility, duration of 
organ cold ischaemia time, age and sex of donor/ 
recipient, histocompatibility antigen matching and 
previous transplantation, and used standardised 
surgical techniques and postoperative patient man
agement. Fewer controlled for donor/recipient 
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CMV status, delayed graft function or pre-existing 
antimuromonab CD3 antibody titres. However, 
clinical judgement should be exercised, as optimal 
matches are not always possible with the shortage 
of suitable organs and the usual urgency of trans
plantation. 

3.1 Optimal Dosage 

The currently recommended dosage of muro
monab CD3 for the prevention of rejection is dis
cussed in section 7. 

Lower initial dosages «5 mg/day) may be ef
fective and are better tolerated and less costly than 
higher dosages of muromonab CD3.[84,85] Rejec
tion incidences with low dosage muromonab 
CD3-based induction therapy in renal transplant 
recipients were similar to or lower than those with 
higher dosages.[84,85] In cardiac transplant recipi
ents who received muromonab CD3 2.5 or 5mg for 
7 days, no significant between-treatment differ
ences were observed; however, rejection incidence 
tended to be lower and the incidence of adverse 
events and the number of infectious complications 
tended to be greater in the 5mg groupJ86] Whether 
a low dosage regimen results in a reduction in the 
incidence of post-transplant lymphoproliferative 
disease remains to be determined. 

High muromonab CD3 dosages (10 mg/day) 
have been associated with intragraft thromboses 
(section 5.1). Single high doses (30, 40 or 50mg) 
provided no efficacy advantages over 5 mg/day 
and were associated with a high incidence of ad
verse events.[87] 

A 14-day course of prophylactic muromonab 
CD3 in cardiac transplant recipients was associ
ated with a lower incidence of rejection episodes 
and was more likely to be associated with with
drawal of maintenance corticosteroids than a 10-
day course.[88] No advantages with shorter-dura
tion (4 to 6 days) muromonab CD3-based 
quadruple therapy have been reported.[89] 

According to an abstract report, administration 
of prophylactic muromonab CD3 via a 2-hour con
tinuous infusion reduced complement activation 
(section 1.2) and the incidence of adverse events 
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compared with bolus administration in renal trans
plant recipients.[90] However, administration of 
muromonab CD3 via continuous infusion is not 
recommended by the manufacturerJ91] 

3.2 Renal Transplant Recipients 

Studies comparing prophylactic muromonab 
CD3-based sequential immunosuppression with 
triple therapy or regimens containing other anti
lymphocyte preparations, published since the pre
vious review,D] are summarised in table II. 

3.2. 1 Comparisons with Triple Therapy 
Prophylactic muromonab CD3-based quadru

ple therapy (with delayed cyclosporin) was signif
icantly more effective than standard triple therapy 
in terms of severity and/or incidence of rejection 
episodes (rejection incidence approximately 44 to 
68% vs 66 to 78%)[13,93,94] and time to first rejec
tion episode.[l3,94] These benefits appeared to be 
maintained in the long term (for up to 3 years) and 
were noted irrespective of antiglobulin crossmatch 
(AGXM) statusJ93] In patients with delayed graft 
function, overall graft survival was significantly 
increased by muromonab CD3-based therapy 
compared with triple therapy (the duration of graft 
nonfunction was decreased with muromonab 
CD3-based therapy).[92] Three-year graft survival 
rates in renal transplant recipients of first trans
plants and in those receiving retransplants were 
significantly greater with sequential muromonab 
CD3-based induction therapy (with delayed cyclo
sporin) than with cyclosporin-based prophylactic 
regimens not containing muromonab CD3 (75 vs 
71 % and 68 vs 62%, respectively; p < 0.00l); cor
responding survival rates were not greater with 
simultaneous muromonab CD3 and cyclosporin 
administrationJ100] There were no significant 
between-treatment differences in patient survival 
(table 11). 

Compared with triple therapy, the muromonab 
CD3-containing regimen was associated with 
greater graft survival rates in patients with 2 mis
matches at the HLADR loci (86 vs 61 % at 2 years; 
total n = 51; p = 0.04) and in those whose graft had 

Drugs 1996 May; 51 (5) 



@
 

T
ab

le
 II

. E
ffi

ca
cy

 o
f m

u
ro

m
o

n
a

b
 C

D
3

 (
M

C
D

3
)-

b
a

se
d

 im
m

u
n

o
su

p
p

re
ss

io
n

 (d
el

ay
ed

 c
yc

lo
sp

o
ri

n
) 

as
 p

ro
p

h
yl

a
xi

s 
o

f r
en

al
 a

llo
g

ra
ft

 r
ej

ec
tio

n 
ve

rs
u

s 
st

a
n

d
a

rd
 tr

ip
le

 th
e

ra
p

y 
(T

r)
 [

im
m

e
d

ia
te

 
C>

:! 

» 
"
I 

n.
 

cy
cl

o
sp

o
ri

n
] 

o
r 

o
th

e
r 

a
n

til
ym

p
h

o
cy

te
-b

a
se

d
 r

e
g

im
e

n
s 

~
 

<n
-

5 
R

e
fe

re
n

ce
 

S
tu

d
y 

N
o.

 o
f 

e
va

lu
a

b
le

 
T

re
a

tm
e

n
t 

li
m

e
 to

 in
iti

al
 

A
ct

ua
ri

al
 g

ra
ft

 
R

e
je

ct
io

n
 

A
ct

u
a

ri
a

l 
p

a
tie

n
t 

O
ve

ra
ll 

C
o

m
m

e
n

ts
 

iii
 

3 
d

e
si

g
n

 
p

a
tie

n
ts

 
re

je
ct

io
n 

su
rv

iv
al

 (
%

) 
in

ci
d

e
n

ce
 

su
rv

iv
a

l 
e

ff
ic

a
cy

 
9-

(c
h

a
ra

ct
e

ri
st

ic
s)

 
(d

ay
s)

 
(%

) 
(%

) 
()

" 
::

J Q
. 

M
u

ro
m

o
n

ab
 C

0
3

-b
a

s
e

d
 i

m
m

u
n

o
su

p
p

re
ss

io
n

 v
er

su
s 

tr
ip

le
 t

h
er

ap
y 

~ 
A

b
ra

m
o

w
ic

z 
e

t 
5

6
 

M
C

D
3a

,b 
2

3
 (

du
rin

g 
fir

st
 

83
 (

ov
er

al
l; 

3y
)C

 
4e

; 
3

2
 

94
_5

 (
3y

) 
M

C
D

3
 ~
T
r
 

F
e

w
e

r 
re

je
ct

io
n

s 
w

ith
 M

C
D

3
 w

e
re

 
(t

 
aL

[1
3]

 
3

m
o

)*
 

(9
2*

d)
 

(3
y)

*f
 

co
rt

ic
o

st
e

ro
id

-r
e

si
st

a
n

t 
(1

5 
vs

 3
0%

*)
 

n.
 

~
 

5
2

 
T

r9
 

11
 (

du
rin

g 
fir

st
 

75
 (

ov
er

al
l; 

3y
)C

 
6

e
; 
2

2
 

9
3

 (
3y

) 

<8-
3

m
o

) 
(7

9d
) 

(3
y)

f 
::J

" 
B

e
n

ve
n

is
ty

e
t 

n
b

 
3

4
 (

d
e

la
ye

d
 

M
C

D
3a

 
80

 (
ly

)*
, 

7
4

 
4

4
* 

8
9

 
M
C
D
3
~
T
r
 

M
C

D
3

 d
e

cr
e

a
se

d
 th

e
 d

ur
at

io
n 

o
f 

or ill
 

aL
[9

2]
 

g
ra

ft
 fu

n
ct

io
n

) 
(2

y)
* 

g
ra

ft
 n

o
n

fu
n

ct
io

n
 (

9.
4 

vs
 1

4_
9 

d
a

ys
) 

@
 

<
 

4
0

 (
d

e
la

ye
d

 
T

r9
 

55
 (

ly
),

 4
7

 (
2y

) 
8

2
 

8
9

 
CD

 
g

ra
ft

 f
u

n
ct

io
n

) 
9-

D
a

fo
e

 e
t 

aL
 [9

3] 
nb

 
3

8
 (

p
o

si
tiv

e
 

M
C

D
3a

 
3

5
 

88
* 

44
h 

1
0

0
 

M
C
D
3
~
T
r
 

A
G

X
M

-p
o

si
ti

ve
 p

at
ie

nt
s:

 i
n

ci
d

e
n

ce
 

A
G

X
M

) 
o

f 
d

e
la

ye
d

 g
ra

ft
 fu

nc
tio

n 
g

re
a

te
r 

w
ith

 M
C

D
3

 (
75

 v
s4

0
%

*)
 

1 0
 (

p
o

si
tiv

e
 

T
r9

 
1

3
 

50
 

7
0

 
1

0
0

 
A

G
X

M
) 

32
 (

n
e

g
a

tiv
e

 
M

C
D

3a
 

2
2

 
72

 
4

4
 

9
7

 
A

G
X

M
) 

3
2

 (
n

e
g

a
tiv

e
 

T
r9

 
1

3
 

92
* 

7
3

* 
1

0
0

 
A

G
X

M
) 

N
o

rm
a

n
 e

t 
al

[9
4]

 
r, 

m
c 

1
0

5
 

M
C

D
3a

 
45

* 
8

4
 (

2y
);

 7
3

 (
5y

) 
51

 *h
 

9
5

 (
2y

);
 9

0
 (

5y
) 

M
C

D
3

 ~
T
r
 

1
0

2
 

T
r9

 
8 

7
5

 (
2y

);
 6

4
 (

5y
) 

6
6

h 
9

4
 (

2y
);

 8
8

 (
5y

) 

M
u

ro
m

o
n

a
b

 C
0

3
-b

a
s

e
d

 i
m

m
u

n
o

su
p

p
re

ss
io

n
 v

er
su

s 
o

th
er

 a
n

ti
ly

m
p

h
o

cy
te

-b
as

ed
 r

eg
im

en
s 

B
o

ck
 e

t 
aL

[6
6]

 
r, 

n
b

 
51

 
M

C
D

3a
 

78
 (

ly
) 

4
5

* 
9

2
 (

ly
) 

A
T

G
 >

 M
C

D
3

 

5
3

 
A

T
G

i 
91

 (
ly

)*
 

2
6

 
9

6
 (

ly
) 

B
ro

ye
r 

e
t 

aL
 

[95
] 

r 
7

7
 

M
C

D
3a

,b
 

79
 (

ly
),

 7
1 

(2
y)

, 
11

 
9

6
 

M
C

D
3

=
A

L
G

 
68

 (
3y

) 

71
 

A
LG

b,
i 

80
 (

ly
),

 7
7

 (
2y

),
 

11
 

9
9

 
7

3
 (

3y
) 

C
o

le
 e

t 
aL

 [
96

] 
8

3
 

M
C

D
3a

 
A

T
G

>
 M

C
D

3
 

81
 (

ly
) 

31
k 

9
5

 (
ly

) 
A

T
G

 ~
 M

C
D

3
 

M
o

re
 s

te
ro

id
-r

e
si

st
a

n
t 

(l
y
)*

 
re

je
ct

io
ns

 w
ith

 M
C

D
3

 
(2

5 
vs

 1
2*

) 

8
3

 
A

T
G

i 
78

 (
ly

) 
5

7
k *

 
8

9
.5

 (
ly

) 
F

re
y 

e
t 

aL
 [

97
] 

6
7

 
M

C
D

3a
,b 

M
C

D
3

=
A

L
G

 
8

7
 (

ly
),

 8
3

 (
2y

)1
 

3
6

 
9

6
 (

ly
),

 9
6

 (
2y

)1
 

M
C

D
3

 =
A

L
G

 
0 2 

71
 

A
LG

i 
8

4
 (1

 V
), 

8
0

 (
2y

)1
 

. 4
5

 
9

3
 (1

 V
), 

91
 

(2
y)

1 
%l

 :0
 

H
a

n
to

 e
t 

aL
 [

98
] 

5
9

 
M

C
D

3a
,b

 
3

5
 

8
4

 (
ly

),
 7

9
 (

2y
),

 
3

3
 (

37
) 

9
8

 (
1,

 2
 a

n
d

 3
y)

 
M

C
D

3
 =

 A
L

G
 

'" 
7

9
 (

3y
) 

~
 

0
- ;;:
 

5
8

 
A

LG
i 

2
9

 
81

 (
ly

),
 7

8 
(2

y)
, 

2
7

 (
31

) 
9

6
 (

1,
 2

 a
n

d
 3

y)
 

;s::
 

0 
'" 

7"
 

7
8

 (
3y

) 
~
 

~
 

GJ
 

§ 
C

l '" 



Muromonab CD3: A Reappraisal 

g 
« 
III 

(') 

o 
() 
~ 

'0 
E 
to 
~ 
(J) 
(J) 

La 
C\l 

© Adis International Limited. All rights reserved. 

877 -
a cold ischaemia time of >24 hours (84 vs 62% at 
2 years; n = 98; P = 0.01).[94] 

Despite delayed cyc1osporin administration, 
significantly more patients receiving muromonab 
CD3-based therapy required postoperative dialy
sis than triple therapy recipients;D3,93] this was pos
sibly a result of muromonab CD3-induced lympho
kine release (section 1.2). Mean serum creatinine 
levels were similar in the 2 groups. 

No studies directly compared the efficacy of in
traoperative administration of the first dose of 
muromonab CD3 with administration in the imme
diate postoperative period. 

3.2.2 Comparisons with Other 
Antilymphocyte-based Regimens 

Muromonab CD3 and ALG or ATG were similar 
in terms of rejection incidence and/or time to first 
rejection (for up to 3 years' follow-up) in some 
studies;[95,97-99] others show ALG or ATG to be 
superior (1 year's follow-up) [table II].[65,96] 

Although most studies showed no significant 
between-treatment differences in graft and patient 
survival, the I-year graft survival rate was signifi
cantly greater with ATG than with muromonab 
CD3 in 1 study.[65] The incidence of delayed graft 
function was similar,l65,97] 

One-year graft survival in highly sensitised 
(panel reactive antibodies> 50%) renal transplant 
recipients was similar with prophylactic muromo
nab CD3- and ALG-based regimens. [lOI] 

In combined renal-pancreas transplant recipi
ents (total of 220 patients) who received muro
monab CD3- or ALG/ATG-based quadruple in
duction therapy, 12- or IS-month actuarial graft 
survival rates were similar (80 to 91 vs 88 to 96% 
for renal grafts and 60 to 88.5 vs 73 to 96% for 
pancreas grafts) as were patient survival rates (80 
to 96 vs 89 to 100% ),u02-104] The incidence of re
jection was either similar (40 to 50 for both treat
ment groupsY02,104] mean number of rejection ep
isodes per patient 1.4 vs 0.9[103]) or less (mean 
number of rejection episodes per patient 1.5 vs 2.7; 
p value not given) with muromonab CD3,lI05] No 
studies comparing muromonab CD3-based induc-
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tion therapy with triple therapy in this patient 
group are available. 

3.3 Hepatic Transplant Recipients 

In addition to the toxic effects of early cyclo
sporin use, hepatic transplant recipients are at an 
increased risk of renal impairment in the early 
postoperative period because of intraoperative 
haemodynamic instability, hepatorenal syndrome 
and pre-existing renal or hepatic dysfunction. 
Studies comparing prophylactic muromonab CD3-
based sequential immunosuppression with triple 
therapy or regimens containing other antilympho
cyte preparations or an anti-IL-2 antibody are 
summarised in table III. 

Muromonab CD3-based sequential therapy 
reduced the incidence and/or severity of early 
(but not long term) acute rejectionp06-11I] delayed 
the time to first rejection[107] and improved/ 
maintained renal function or reduced renal dys
function in the early postoperative period[106-108,111] 
compared with triple therapy. Plasma bilirubin lev
els were either similar or lower with muromonab 
CD3-based therapy.[1l0,lll] Most studies reported 
no between-treatment differences in graft or pa
tient survival. 

In the one available study, ATG-based prophy
laxis achieved a lower incidence of rejection epi
sodes than muromonab CD3-based therapy (table 
III))112] An anti-IL-2-based prophylactic regimen 
improved graft and patient survival compared with 
muromonab CD3-based prophylaxis;Pl3] these 
data need to be confirmed. 

There have been reports of accelerated rejection 
leading to graft loss[l15] in hepatic transplant recip
ients receiving muromonab CD3-based immuno
prophylaxis with no evidence of antimuromonab 
CD3 antibodies in the majority of patients. Prior 
sensitisation to HLA or other cell surface antigens 
has been proposed as an explanation. [I 15] 

Some investigators have shown that transplan
tation with ABO-incompatible hepatic grafts can 
be successful with the administration of prophylac
tic muromonab CD3 as part of triple or quadruple 
immunosuppressive regimens and lowering of pre-

© Adis International Limited. All rights reserved. 
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formed antibody titres by plasmapheresis or ex
change transfusion. [116, 117] 

A prophylactic muromonab CD3-based regi
men including alprostadil (prostaglandin E1) [10 to 
60 Ilg/hJ has shown promise in hepatic transplant 
recipients.[l18] No studies to date have compared 
this regimen with muromonab CD3-based re
gimens not containing alprostadil. 

3.4 Cardiac Transplant Recipients 

Prophylaxis of rejection is particularly impor
tant for cardiac transplant recipients because, un
like renal transplant failure, cardiac graft failure is 
usually fatal. Studies comparing prophylactic 
muromonab CD3-based sequential immunosup
pression with triple therapy or regimens containing 
other antilymphocyte preparations are summarised 
in table IV. 

Although direct comparisons are few, on avail
able evidence muromonab CD3-based prophy
laxis appears to be similar to cyclosporin plus pre
dnisone[119] or triple therapy[121] as assessed by 
rejection incidence, time to first rejection episode 
and graft and patient survival. Time to rejection 
was significantly longer with muromonab CD3-
based induction therapy than triple therapy in 1 
study; however, there was no significant between
treatment difference in rejection incidence. [120] 

Data on muromonab CD3-based therapy com
pared with other antilymphocyte-based regimens 
are conflicting; some investigators report a longer 
time to first rejection and/or a lower incidence of 
rejection with muromonab CD3;D22,129] others ob
serve no differences[125,127,128,130] or a lower inci
dence of rejection[l23,126] and/or a longer time to 
first rejection episode[123.124] with ATG-based 
therapy. No between-treatment differences in graft 
or patient survival have been reported. 

Histological evidence of rejection in heart trans
plant recipients was observed in more BT563 (an 
anti-IL-2 receptor monoclonal antibody; n = 22) 
than muromonab CD3 recipients (n = 11) after 1 
week of prophylactic therapy (50 vs 9%); however, 
the incidence of adverse events related to cytokine 
release was lower with BT563.[l31] 

Drugs 1996 May; 51 (5) 
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According to a meta-analysis of 28 trials of pro

phylactic muromonab CD3-based therapy in renal, 
liver and cardiac transplant recipients, muromonab 
CD3 had no significant effect on patient sur
vival)132] However, the incidence of acute rejec
tion with muromonab CD3 was lower than with 
triple therapy (11 studies), horse ATG (4 studies) 
and horse ALG (5 studies) but higher than with 
rabbit ATG (4 studies). The results of this meta
analysis are limited by the small number and 
methodological flaws of the available studies. 

3.5 Special Patient Groups 

3.5. 1 High Risk Patients 
Patients at high immunological risk of rejection 

and consequent reduced graft survival include 
those with delayed graft function, increased panel 
reactive antibody titres, previous but not current 
anti-donor lymphocytotoxic antibodies or a posi
tive current crossmatch for donor B lymphocytes, 
those who rejected an earlier graft within the first 
6 to 12 months, patients receiving multiple trans
plants or blood transfusions or who have had mul
tiple pregnancies, patients receiving grafts with 
prolonged cold ischaemia times (>24 hours) and 
paediatric patients (section 3.5.2»)133-135] 

The efficacy of prophylactic muromonab CD3-
based therapy appears to be particularly marked in 
patients with delayed graft function (section 3.2.1). 
Patient survival was 100% (after a mean follow-up 
of 12 or 13 months)[134.136] and graft survival (at 1 
year) was 70[134] or 78%[136] with muromonab CD3-
based prophylaxis in high risk cadaver renal trans
plant recipients (previous transplant failure and/or 
panel reactive antibody titres >50%). These graft 
survival rates are superior to those reported for a 
historical group of similar patients who did not re
ceive muromonab CD3 (50%) and are comparable 
to those of primary graft recipients (table II). Re
jection incidence within 1 year (0.87 vs 1.35 mean 
episodes per patient) and 5 years (1.07 vs 1.49) was 
significantly lower and graft survival was signifi
cantly higher at 2 years (84 vs 64%) and 5 years 
(71 vs 56%) with prophylactic muromonab CD3-
based immunosuppression (n = 78) than with triple 
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therapy (n = 81) in patients with renal graft cold 
ischaemia times >24 hours; no significant be
tween-treatment differences were observed in pa
tients with cold ischaemia times $24 hours.[\35] 

Three-year graft survival rates in high risk renal 
transplant recipients (whose highest preformed 
panel reactive lymphocytotoxic antibody level was 
>50%) were significantly greater with sequential 
muromonab CD3-based prophylaxis (delayed 
cyc1osporin) than with simultaneous muromonab 
CD3 and cyc1osporin administration and cyc1o
sporin-based prophylaxis not containing muro
monab CD3 (72 vs 53 vs 58%; P < 0.01»)100] 
However, an immunosuppressive regimen of 
simultaneous muromonab CD3 and cyc1osporin 
(initiated from the time of transplantation regard
less of graft function) plus azathioprine and pre
dnisone was associated with a single rejection in
cidence of 50%, acute tubular necrosis in 58% of 
patients, and no graft losses or deaths in 12 immu
nological high risk renal transplant recipients fol
lowed for 3 to 28 months.[133] 

3.5.2 Young or Elderly 
The immune response and the propensity to de

velop acute rejection appear to be greater in chil
dren.[l37] Furthermore, the incidence of high titre 
antimuromonab CD3 antibodies (section 1.3) is 
significantly greater in children (particularly those 
aged <10 years) than in adults (>30 years),[35] and 
increases in muromonab CD3 dosages are required 
more often in paediatric than adult patients (section 
7).£40,137] 

Several noncomparative trials involving a total 
of 118 patients show muromonab CD3 induction 
therapy prophylaxis, administered as part of a qua
druple immunosuppressive protocol, to reduce 
early rejection in children and adolescents under
going renal, hepatic or cardiac transplantation.[l38-
140] However, a rejection incidence of 75% during 
the first 2 months and a graft survival incidence of 
50% at 1 and 5 years have been reported in 20 pae
diatric renal transplant recipients receiving 
muromonab CD3 induction therapy.[l41] Further
more, the rejection incidence with muromonab. 
CD3-based prophylaxis was significantly lower 
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than with standard triple therapy (25 vs 75%) dur
ing the first 14 days in 20 liver transplant recipi
ents; however, there were no significant between
treatment differences in overall rejection incidence 
or graft or patient survival (mean duration of fol
low-up was 890 days for the muromonab CD3 
group and 721 days for the triple therapy 
group).[142] 

Quadruple therapy containing muromonab 
CD3, prednisone, azathioprine and cyc1osporin 
was used successfully in 17 cadaveric renal trans
plant recipients aged ~50 years; no grafts were 
10st.[143] 

Further studies directly comparing the effects of 
muromonab CD3-based therapy with those of ei
ther no prophylaxis or prophylaxis with other 
agents are needed to determine whether these re
gimens are beneficial in these patient groups. 

3.6 Reuse of Muromonab CD3 

The presence of antimuromonab CD3 antibod
ies (section 1.3) has the potential to decrease the 
efficacy of muromonab CD3 (section 2.2) and to 
hinder its subsequent useP5] 

All patients should be tested for the presence 
and type (section 1.3) of antimuromonab CD3 an
tibodies 3 to 4 weeks after initiation of the first 
dose, particularly if repeated or prolonged muro
monab CD3 treatment is required. Muromonab 
CD3 reuse following prophylactic use is not rec
ommended in patients with antimuromonab CD3 
antibody titres ~1: 1000, but retreatment may be 
successful in those with lower titres.[39,63,144,145] 

In addition to the type and titre of anti
muromonab CD3 antibodies,[36] factors predictive 
of success with muromonab CD3 retreatment in
clude longer elapsed time after initial treatment and 
effective T cell depletion/CD3 modulation (section 
1.1).[146] 

Anti-idiotypic antibodies to muromonab CD3 
were detected in 70% of paediatric renal transplant 
recipients (n = 40) who received prophylactic 
muromonab CD3; antibody titres were not given.[147] 
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4. Pharmacoeconomic Considerations 

The overall cost of immunosuppression in 
transplant recipients is substantial and is highly in
fluenced by the use of biological agents. 

No formal cost-effectiveness studies have been 
conducted to determine whether, and to what ex
tent, potential cost savings from the lower inci
dence of rejection episodes with prophylactic 
muromonab CD3 than with triple therapy (section 
3) are offset by the increased incidence of infec
tions and other adverse events (section 5); adverse 
events complicate postoperative care and prolong 
hospitalisation of patients)148,149] The relative 
pharmacoeconomic merits of prophylactic muro
monab CD3 versus administration for the treat
ment of rejection have not been determined. Nor 
have the economic consequences of reduced acute 
rejection incidence on long term graft survival or 
subsequent requirement for dialysis, or the eco
nomic impact of muromonab CD3 reuse and ad
verse event preventative strategies (see table V) 
been determined. 

Not unexpectedly, in an Australian cost 
minimisation study, mean first-year drug costs 
per renal transplant recipient were greater with 
a quadruple immunosuppressive regimen con
taining muromonab CD3, ATG or ALG than with 
triple therapy alone ($A1O 194 vs $A7679; 1991 
prices). [1 SO] 

According to another cost minimisation analy
sis, the total cost of 1 week's muromonab CD3 (as 
induction therapy) administered to a 70kg patient 
undergoing renal transplantation would be 
$US1500 (1992) more than for ALG.[97] However, 
this increased cost is likely to be balanced by sav
ings resulting from the shorter time spent in hospi
tal by patients receiving muromonab CD3 than 
those treated with ALG. Similarly, the cost of a 
14-day prophylactic course of muromonab CD3 in 
cardiac transplant recipients was higher th~ the 
cost of a 1O-day course of ALG or a 4-day course 
of ATG ($US6650 vs $US1914 vs $US2350); de
spite different administration durations, the overall 
efficacy of ALG and muromonab CD3 was similar 
and slightly inferior to that of ATG (table IV).[126] 
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In an abstract report, the mean costs (definition and 
year of prices not given) of induction therapy based 
on muromonab CD3 (n = 102) or ALG (n = 511) 
were similar ($US63 416 vs $US62 176) but sig
nificantly greater than those with conventional im
munotherapy ($US47 002; n = 970) in renal trans
plant recipients.[ISI] 

Prospective studies assessing the comparative 
pharmacoeconomics of these agents in the long 
term are needed. No formal studies have directly 
assessed the effects of muromonab CD3 on quality 
of life in transplant recipients. 

5. Tolerability 

The general complications of immunosuppres
sants and the problems associated with the narrow 
therapeutic range of these agents (infection or 
malignancy because of over immunosuppression) 
plus the use of multiple agents complicate the de
termination of the cause of adverse events in trans
plant patients receiving muromonab CD3. 

Although anaphylaxis has been reported (in 1 
patient) following a second course of prophylactic 
muromonab CD3 (high antimuromonab CD3 titres 
were present before treatment)pS2] the tolerability 
profile of muromonab CD3 during reuse (section 
3.6) has not formally been determined. Long term 
tolerability data are also lacking. 

Strategies for preventing drug-related toxicity 
are of critical importance in the management of 
transplant recipients. Adverse events with muro
monab CD3 may be prevented or minimised by 
several strategies including the intraoperative ad
ministration of the first dose of muromonab CD3, 
pretreatment with a corticosteroid, administration 
of an antipyretic and antihistamine, prophylactic 
use of an antimicrobial(s) and correction of in
creased temperature and fluid overload before ini
tiation of prophylaxis (table V). 

5.1 First-Dose Effects 

The first doses of muromonab CD3 are associ
ated with a number of adverse events (,cytokine
release syndrome'; section 1.2) which, although 
usually mild, may be severe and life-threaten-
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Table V. Approaches to prevent or decrease adverse events associated with muromonab C03 

Adverse event Approach 
First-dose effects Intravenous methylprednisolone sodium succinate 8 mg/kg 1-4h before the first doseI1sO,1s4-158J 

Antipyretics, e_g. paracetamol (acetaminophen)[1soJ 

Antihistamines, e.g. diphenhydramine[1SOJ 

Reduction of body temperature to <37.8'C before muromonab C03 administration 
Intraoperative administration of first muromonab C03 dose[19,43,159,160J 

Agents that neutralise cytokine effects, e.g. anti-tumour necrosis factor43,1s7] 
Pulmonary oedema Correction of pre-existing fluid overload[43,1S8,161J 

Restriction of bodyweight gain to ~% in the 7 days before treatment 

Strict management of fluid, electrolyte and mineral balance especially in patients with diabetes and those with 
delayed graft function[43.1so,161J 

Infections Cotrimoxazole (trimethoprim-sulfamethoxazole) [Pneumocystis carinii pneumoniaj[19,162, 163J 

Ganciclovir, aciclovir and cytomegalovirus hyperimmune globulin (cytomegalovirus infection and other viral 
infections)[19,162,164,16.5J 

ing,D,19,154.156.165] The most frequent effect is a 

'flu-like' complex consisting of fever and chills 
(incidence of >50%); other frequently reported 
effects include dyspnoea, tremor, chest pain/ 
tightness, wheezing, diarrhoea, nausea and vomit
ing (approximately 10 to 20%). Most adverse 
events occur within 45 to 60 minutes of adminis
tration and last for 2 to 48 hours. More severe first
dose effects are aseptic meningitis (generally self
limiting without sequelae), seizures, intragraft 
thromboses and potentially fatal pulmonary oe
dema. Intragraft thromboses have also occurred 
later (within 2 weeks) during prophylaxis; 9 of 93 
renal transplant recipients who received prophy
lactic muromonab CD3 (10 mg/day) developed a 
thrombosis with associated graft failure.[166] Sig
nificant increases in plasma prothrombin fragment 
I and 2 concentrations occurred 4 hours after the 
first dose. The first-dose response in children ap
pears to be similar to that in adults.[l9.167] 

Risk factors for life- or allograft-threatening ad
verse events include diabetes mellitus, impaired re
nal allograft function, uraemia, fluid overload, 
high-dose muromonab CD3 (dosage not docu
mented), a history of CNS disease, hyponatraemia 
and hypocalcaemia,D65.168.169] 

The incidence of initial adverse events with 
muromonab CD3 (fever, headache, hypotension 
and/or signs and symptoms of fluid overload) is 
reported to be similar to or greater than that with 
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polyclonal agents, and events tend to be more se
vere with muromonab CD3.l65,96.97,99.170.171] The 
most common adverse events with polyclonal 
preparations are fever, flushing and chills. 

Some investigators report first-dose effects to 
be more frequent or severe when muromonab CD3 
is administered as prophylaxis than when it is used 
as treatment[156] whereas others report the re
verse.l l72] 

5. 1. 1 Late Reactions 

Cytokine-related adverse events may also occur 
after more than 4 or 5 doses of muromonab 
CD3.[l72] Reactions involving angioedema, hypo
tension or serum sickness-like syndrome (compat
ible with IgE-mediated anaphylaxis or serum sick
ness mediated by antibody formation) 9 to 13 days 
after the initial dose of prophylactic muromonab 
CD3 have also occasionally been reported.[173] 
Continued treatment with muromonab CD3 after 
such a reaction is not recommended. 

5,2 Infections 

In common with other immunosuppressants, 
muromonab CD3 is associated with an increased 
risk of infections (the most common pathogens be
ing CMV, herpes simplex virus and bacteria); these 
infections are the primary cause of morbidity and 
mortality in muromonab CD3 recipients.[19] The 
risk of infection appears to be related to the overall 
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degree of immunosuppression rather than to intrin
sic factors of the drug. 

The risk of CMV infection which is greatest in 
CMV-positive donor/CMV-negative recipients 
and in patients seropositive before treatment, is in
creased by high doses of muromonab CD3 (total 
doses >75mg) and repeated exposure to the 
agent.[1,174,175] The risk of invasive CMV disease 
was greater (16 vs 1 patient) when muromonab 
CD3 was administered during the first 14 post
transplant days than when administered sub
sequently. [176] 

The incidence of CMV infection with prophy
lactic muromonab CD3-based immunosuppres
sion (approximately 30 to 50%) is greater than or 
similar to that of triple therapy, with the severity of 
CMV infection tending to be greater in muromonab 
CD3 recipients. [I 07, 108, lll, 119, 121,177,178] The overall 

incidence of bacterial and fungal infections with 
these treatment options appears to be similar. 

This is also the case for comparisons with ALG
or ATG-based regimens although some investigators 
have reported more severe infections and/or a greater 
incidence with muromonab CD3, especially in pa
tients at high risk.[65,95-99,122-124,126-128,170,171,179] 

The incidence of nosocomial infections (staphy
lococci, Candida sp. and Enterobacter sp.) but not 
community-acquired infections was greater (52 vs 
35%) with muromonab CD3-based than ATG
based prophylaxis in 100 cardiac transplant recip
ients)180] 

5.3 Neoplasia 

Muromonab CD3-based immunosuppression 
(administered as prophylaxis or treatment of rejec
tion) has been associated with an increased risk of 
malignancies, mainly lymphoproliferative disor
ders, compared with conventional triple ther
apy)19,181-188] The incidence of post-transplanta
tion lymphoproliferative disorder was 9-fold 
higher with muromonab CD3 plus standard triple 
therapy (n = 79) than with triple therapy alone (n 
= 75) [11.4 vs 1.3%] in retrospectively-assessed 
cardiac transplant recipients who received therapy 
mainly for the prevention of rejection. The risk of 
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this disorder was dose-dependent; the incidence 
was significantly greater in patients who received 
a cumulative dose >75mg than in patients who re
ceived ::;75mg (35.7 vs 6.2%).[181] An increased 
risk of post-transplantation lymphoproliferative 
disorder in cardiac transplant recipients has also 
been reported by other research groups;D82,186,188] 
however, some investigators have reported a low 
incidence with prophylactic muromonab CD3)189] 

The factors responsible for the increased risk of 
lymphoproliferation with muromonab CD3 are un
known but are likely to be related to the overall 
degree of immunosuppression (including that con
ferred by concomitant iI;rlmunosuppressants) 
rather than to mechanisms specific to muromonab 
CD3.[26,184,190,191] EBV infection and muromonab 

CD3-induced IL-6 and IL-IO release have been 
implicated in the development of this disor
der. [26, 184, 190, 192, 193] 

In addition to high muromonab CD3 dosages 
(total cumulative dose> 75mg), the risk oflympho
proliferative disease may be increased by long du
rations of muromonab CD3 treatment,D87] multiple 
courses of the drug in close succession[l94] and 
early retreatment)195] No studies have specifically 
compared the risk of lymphoproliferative disorder 
with prophylactic muromonab CD3 versus admin
istration for the treatment of rejection. Preliminary 
evidence suggests that screening for changes in pe
ripheral CD19+ B lymphocytes may represent an 
effective strategy for identifying transplant recipi
ents at risk of post-transplant lymphoproliferative 
disease. [196] 

Some investigators report the incidence of neo
plasia to be similar with muromonab CD3 and 
ALG;[170,171] others note a trend towards a greater 
incidence with muromonab CD3 prophylaxis than 
with ATG or ALG.[170,171,188,197] 

5.4 Other Events 

No clinically significant pulmonary or cardio
vascular events have been noted in renal transplant 
recipients who received intraoperative muro
monab CD3)158,159] However, rare adverse events 
involving these and other systems during post-
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operative administration include cardiopulmonary 
arrest[198] and hyperpyrexia-related ventricular 
tachycardia,[199] each in 1 patient, 1 report of re
versible aseptic meningoencephalopathy follow
ing muromonab CD3 induction therapy[200] and 2 
reports of aseptic encephalitis, with associated 
blindness due to bilateral optic nerve palsy in one 
patient after muromonab CD3 administration for 
delayed renal graft functionP01] 

Seven per cent of renal transplant recipients (n 
= 247) who received muromonab CD3 induction 
therapy developed 'cytokine encephalopathy' (hal
lucinations, seizure, confusion, obtundation and 
coma) during the first 4 postoperative days; all but 
I patient (who died from a cardiac arrest) recovered 
fully with or without withdrawal of muromonab 
CD3.[202] The presence o( delayed renal allograft 
function and/or insulin-dependent diabetes melli
tus was significantly associated with the occur- . 
rence of this disorder. Early acute reversible neph
rotoxicity associated with cytokine release occurs 
in some muromonab CD3 recipients,[157,203-205] as 
does de novo or recurrent haemolytic uraemic syn
drome. [206,207] 

Biphasic granulocytopenia has been observed 
after the first dose of muromonab CD3,[208] and 
reversible pancytopenia occurred in 2 renal trans
plant recipients receiving muromonab CD3 as pro
phylaxis or treatment of rejection. [209] 

Prophylactic muromonab CD3 did not appear to 
adversely affect growth in children receiving a car
diac transplant.[139] 

6. Drug Interactions 

Although there is potential for a host of drug 
interactions between muromonab CD3 and con
comitant immunosuppressants, anaesthetics and 
agents used to prevent or decrease adverse events, 
data are limited. There are no data on the potential 
for adverse interactions between muromonab CD3 
and agents used to reduce the adverse events asso
ciated with this drug (table V). 

Median trough blood concentrations of cyclo
sporin (administered preoperatively and in the im
mediate postoperative period) were significantly 
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higher on day 5 in renal transplant recipients who 
received muromonab CD3 induction therapy than 
in patients who received ALG.[21O] Although corti
costeroid pretreatment reduces cytokine release 
and first-dose adverse events with muromonab 
CD3 (table V), evidence suggests that procoagul
ant activity (section 1.5) is increased.[53] 

Coadministration of indomethacin may increase 
the risk of encephalopathy in muromonab CD3 re
cipients.[211] 

Although anaesthetic agents themselves may at 
least partly account for the reduced incidence or 
severity of first-dose effects observed with the in
traoperative administration of muromonab CD3 
(adverse events may be prevented or compensated 
for during anaesthesia)p12] concomitant treatment 
with muromonab CD3 and volatile anaesthetic 
agents or drugs that decrease cardiac contractility 
increases the risk of developing cardiovascular 
problems.[19] 

7. Dosage and Administration 

Induction therapy with muromonab CD3 plus 
azathioprine, methylprednisolone/prednisone and 
delayed cyclosporin therapy (section 3) is the most 
accepted muromonab CD3-based regimen for al
lograft rejection prophylaxis. 

The optimal dosage of muromonab CD3 has not 
been established (section 3.1). Nevertheless, the 
currently recommended adult dosage in renal, he
patic and cardiac transplant recipients is 5mg ad
ministered intravenously as a once-daily bolus for 
10 to 14 days. Although there are no specific dos
age recommendations in children, 2.5mg once 
daily has usually been used in clinical trials (sec
tion 3.5.2). Higher doses may, however, be needed; 
paediatric patients appear to require increased dos
ages more frequently than adults,l40] Surveillance 
for clinical signs of rejection in addition to anti
muromonab CD3 antibodies, plasma muromonab 
CD3 concentrations and CD3+ cell levels, as ap
propriate, is required for optimal muromonab CD3 
dosage adjustments (section 2.2). Most patients re
ceive muromonab CD3 from the first postoperative 
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Table VI. Factors to consider when assessing the risk-benefit profile of muromonab CD3 for the prevention of solid organ transplant rejection 

Benefits 
• Efficacy (section 3) 
• Effect on graft dysfunction (section 3) 
.Minimisation of cyclosporin toxicity 
o Less batch variability, greater specificity, less cross-reactivity with 
blood components other than T cells and relative ease of 
administration (peripheral versus central line administration) 
compared wiih polyclonal antibodies (sections 1.1 and 2.1) 

day; however, intraoperative administration ap
pears to improve the tolerability of the drug. 

The first few doses should be administered in a 
facility equipped for cardiopulmonary resuscita
tion; vital signs should be closely monitored. Sub
sequent doses may be administered on an outpa
tient basis with monitoring as appropriate. 

The preventative measures outlined in table V 
should be observed with m,uromonab CD3 use, and 
only the lowest effective dosages of concomitant 
immunosuppressive agents should be administered 
(to minimise the potential for malignancies and in
fections; section 5). 

Patients receiving muromonab CD3 should be 
monitored for signs of lymphoproliferative disor
der, and antilymphocyte agents should be used 
with caution in those at risk of EBV infection and 
in those with pre-existing tumours. 

8. Place of Muromonab CD3 in the 
Prevention of Transplant Rejection 

Despite substantial improvements in the surgi
cal and medical management of transplant recipi
ents, acute rejection remains ~ significant problem. 

Although the use of muromonab CD3-based 
immunosuppression as first-line and 'rescue' ther
apy of rejection is well established,f'l its use as 
prophylaxis of rejection, particularly as routine 
therapy, has been controversial. The 2 major im
munosuppressive protocols currently in use for the 
prophylaxis of rejection' episodes are standard 
triple therapy (corticosteroids, azathioprine and 
cyclosporin) and monoclonal. (muromonab 
CD3) or polyclonal (ALG or ATG) antilymphocyte 
antibody-based sequential therapy. Cyclosporin
associated nephrotoxicity and hepatotoxicity in the 
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Limitations 
• Tolerability: first-dose cytokine-related adverse events (section 
5.1), infections (section 5.2), neoplasia (section 5.3) 
olmmunogenicity (section 1.3) and potential to prevent reuse 
(section 3.6) 
.Cost: drug and hospital costs (section 4) 

early postoperative period prompted, in part, the 
development of the latter more specific regimens. 
Antilymphocyte-based sequential therapy con
sists of an induction phase with an antilymphocyte 
preparation plus azathioprine, corticosteroids and 
cyclosporin (delayed until graft function is estab
lished) and maintenance therapy. 

The definitive answer to whether muromonab 
CD3 should be used routinely as prophylaxis or be 
reserved for the treatment of rejection episodes has 
yet to be determined. The risks and benefits that 
need to be considered when making such a decision 
are detailed in table VI. 

The ideal immunosuppressant agent/regimen 
would: 
• induce specific tolerance to donor antigens and 

obviate the need for long term immunosuppres
sion; 

• be associated with minimal adverse events and 
achieve a balance between the risks of over
immunosuppression (e.g. infections and malig
nancies) and underimmunosuppression (e.g. 
graft loss); 

• optimise early graft function; 
• reduce rejection incidence and improve graft 

and patient survival; 
• have no sensitising or activating properties; 
• minimise hospitalisation. 

Muromonab CD3 induction therapy as part of 
sequential therapy is significantly more effective 
than standard triple therapy in the prophylaxis of 
allograft rejection in renal and hepati<::, but not car
diac, transplant recipients. The overall efficacy of 
muromonab CD3- and polyclonal-based prophy
lactic regimens appears to be similarJ' although re
sults vary between investigators. Muromonab CD3 
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also improves overall graft survival in renal trans
plant recipients with delayed graft function or other 
high-risk factors, optimises early graft function 
and may minimise hospitalisation. However, as 
with other currently available immunosuppres
sants, rejection may still occur, patient survival 
does not appear to be improved, adverse events 
(particularly infections) and immunogenicity limit 
its use, and the other above-mentioned criteria for 
the 'ideal' immunosuppressive agent are not met. 

Research is now focused on developing more 
specific immunosuppressive agents. Monoclonal 
antibodies, other than muromonab CD3, that have 
either shown promise or are under investigation for 
the prophylaxis of transplant rejection include anti
bodies directed against CD4, CD6, CD7, CD8, 
CDlla, CD18, CD25, CD45 or intracellular adhe
sion molecules, anti-IL-2 receptor monoclonal an
tibodies, humanised (and entirely human) pan
lymphocyte monoclonal antibodies, monovalent 
anti-CD3 antibodies, muromonab CD3 F(ab')z 
fragments, growth factor antagonists and antisense 
oligonucleotides. Encouragingly, donor-specific 
tolerance has been induced in animal models by 
anti-CD4, anti-CD25 and anti-CD54 monoclonal 
antibodies.[4,37,131,146,213,214] 

Other potential approaches to improving pro
phylactic immunosuppression include the develop
ment of anti-CD3 monoclonal antibodies of the 
IgG2b type (to reduce adverse events), humanised 
muromonab CD3 preparations that are less immu
nogenic and synthetic peptides that deviate al
loreactive T cells; the modification of class I major 
histocompatibility complex antigens by site-directed 
mutagenesis; the use of several monoclonal anti
bodies, each targeting a different TCR epitope; the 
systemic administration of specific agents or the 
local administration of nonspecific agents; and the 
use of different monoclonal antibodies for prophy
laxis and treatment. 

In the meantime, however, muromonab CD3 is 
the only clinically available monoclonal antibody 
for the prevention of solid organ transplant rejec
tion. The efficacy of sequential immunosuppres
sion with this agent in reducing early acute rejec-
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tion episodes is greater than that of standard triple 
therapy in renal and hepatic, but not cardiac, trans
plant recipients. The overall efficacy of muromo
nab CD3-based induction regimens appears to be 
similar to that of polyclonal-based regimens, al
though this requires confirmation. While the rou
tine use of muromonab CD3 for the prevention of 
rejection in patients with primary graft function 
does not appear to be justified, prophylactic se
quential muromonab CD3-based therapy has a role 
in high-risk patients, particularly those with pri
mary allograft dysfunction or renal failure. 
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