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EXECUTIVE SUMMARY

The following summarises the status regarding
various conditions for which mycophenolate
mofetil (MMF)  has been used.  For further detail
regarding the pharmacokinetics, adverse reactions
and precautions relating to MMF,  the TGA
approved product information should be consulted.

Approved indications and Section 100 listings

• MMF is approved in Australia for the
prophylaxis of solid organ rejection in adults
receiving allogeneic organ transplants and in
paediatric patients (2 to 18 years) receiving
renal transplants. The Section 100 li sting at
present applies only to renal and cardiac
allograft rejection.

Efficacy demonstrated in double-blind trials
involving large patient numbers:

• Prevention of renal and cardiac allograft
rejection;

• Prevention of li ver allograft rejection (now an
FDA approved indication);

• Rescue therapy of acute rejection in renal
transplant patients.

Efficacy reported in smaller studies:

• Prevention of rejection in lung transplantation;
• Prevention of rejection in pancreas

transplantation;
• Prevention of rejection in corneal

transplantation;
• Prevention and treatment of GVHD in bone

marrow transplantation and stem cell
transplantation;

• Other aspects of transplantation, eg treatment
of acute rejection in other than renal
transplantation, cyclosporin nephrotoxicity, etc
(see attached);

• Psoriasis.

Case reports indicate potential:

• Various glomerulonephritides,  renal vasculitis
and lupus nephritis;

• Various skin conditions (for psoriasis - see
above;  for other disorders - see attached);

• Uveiti s and refractory ocular inflammation;
• Myaesthenia gravis;

• Bili ary cirrhosis;
• Autoimmune haemolytic anaemia;
• Obliterative bronchiolitis syndrome;
• Retroperitoneal fibrosis;
• Wegener's granulomatosis;
• Autoimmune hepatitis;
• Other transplantation situations including

intestinal transplantation (see attached);
• Control of HIV repli cation (minimal data).

Uses which are controversial

• Inflammatory bowel disease;
• Rheumatoid arthritis – some studies

demonstrated positive results but, following
the preliminary results from a substantial
study,  the manufacturers have not pursued this
indication further.

Adverse reactions

The principal adverse reactions that have been
associated with MMF combined with cyclosporin
and corticosteroids include diarrhoea, leucopenia,
sepsis and vomiting.  Also, evidence exists of a
higher frequency of certain infections, such as
cytomegalovirus (CMV), tuberculosis and atypical
mycobacterial infection. Uncommon but serious
li fe-threatening infections such as meningitis have
been reported. As with other immunosuppressants,
risk of malignancy is a consideration with MMF
and long-term data, particularly vs azathioprine, are
yet to be accumulated.

Conclusion

MMF is beginning to replace azathioprine in a
number of transplantation settings, eg in renal,
cardiac, liver and pancreas transplantation. Overall
treatment costs have been reported to be lower for
MMF compared to azathioprine in the first year
after renal transplantation. Cost-benefit data in
other situations is yet to become available.  Use of
MMF in some non-transplant disorders shows
promise but careful consideration needs to be taken
regarding the agent’s adverse reactions profile,
including potential for malignancy. A potentiall y
important decrease in MMF absorption following
concomitant administration of ferrous sulphate
tablets has recently been reported.   



3

MYCOPHENOLATE MOFETIL

For the basic preparation of this position statement
on mycophenolate mofetil (MMF), a number of
reviews and other documents in particular have
been used 1 2 3 4 5 6 7.

Mechanism of action

Mycophenolic acid, the active metabolite of MMF
mofetil, is a potent immunosuppressant. It is a
selective and reversible inhibitor of inosine
monophosphate dehydrogenase (IMPDH), a key
enzyme in the de novo pathway for purine
synthesis. Mycophenolic acid has a higher binding
affinity for IMPDH type II, the predominant
isoform found in proliferating lymphocytes, than
for IMPDH type I, which is used by non-replicating
cells6.  The inhibition of IMPDH type II by
mycophenolic acid causes depletion of guanosine
nucleotides, inhibiting DNA synthesis, arresting
replicating lymphocytes in S phase. Because T and
B lymphocytes are dependent for their proliferation
on de  novo  synthesis of purines, whereas other
cell types can utilise salvage pathways,
mycophenolic acid has more potent cytostatic
effects on lymphocytes than on other cells.
Depletion of guanosine nucleotides leads to the
inhibition of glycosylation of adhesion molecules
on lymphocytes, a process also considered an
action of mycophenolate mofetil.

Further details concerning the mechanism of action
of MMF may be found in the review by Allison and
Eugui (2000) 1  and Bardsley-Elliot et al. (1999) 6.

Pharmacokinetics

Mycophenolate mofetil is well absorbed orally with
a mean bioavailability of 94%, and is rapidly
hydrolysed in the liver to mycophenolic acid. This
metabolite is conjugated to form the
pharmacologically inactive mycophenolic acid
glucuronide (MPAG). Peak mycophenolic acid
levels occur approximately one hour post dose,
with a secondary peak occurring 6 to 8 hours later,
due to enterohepatic recirculation of MPAG and its
hydrolysis back to mycophenolic acid in the
gastrointestinal tract. Approximately 87% of the
oral dose is excreted as MPAG in the urine. The
apparent elimination half-life of mycophenolic acid
after a single oral dose of MMF is approximately
18 hours.  The area under the curve (AUC) is found

to increase following renal transplantation,
stabilising after about a month of therapy.  Food
reduces the Cmax but has no effect on the AUC.
Single dose studies in chronic renal impairment
(creatinine clearance < 25mL/min/1.73m2) showed
that the AUC for mycophenolic acid was 28-75%
higher than in individuals with no or milder renal
impairment.  Unlike azathioprine, there is no
interaction between MMF and allopurinol.

In renal transplant patients, the dose-interval
mycophenolic acid AUC values have been found to
vary by more than 10-fold following the same
MMF dose.  This has been suggested to be
consistent with a wide variability in the first-pass
clearance of mycophenolic acid in transplant
patients.  It has been proposed that this variability
is caused by differences in first-pass gut and/or
liver metabolism and clearance of mycophenolic
acid and/or enterohepatic cycling. The presence of
UDP-glucuronosyltransferase activity in the
gastrointestinal tract supports the hypothesis that
intracellular gut metabolism of mycophenolic acid
via this enzyme contributes to first-pass
metabolism and clearance of mycophenolic acid
yielding the primary phenolic glucuronide MPAG
followed by transfer into the bloodstream 8.

A potentially important decrease in MMF
absorption has recently been reported following
concomitant administration of oral MMF with
ferrous sulphate tablets9.  In a randomised
crossover study, administration of  two sustained-
release ferrous sulphate 525mg tablets (each
containing 105mg of elemental iron ion) led to an
approximate 90% decrease in mycophenolic acid
AUC(0-12) in all subjects (n=7). The dose of MMF
administered in this study was 1g.

In a recent study10 the concentration-time profile of
mycophenolic acid following IV administration of
MMF 1g  twice a day was found to be nearly
identical to that following oral MMF 1g twice a
day even though the  IV and oral MMF were not
found to be bioequivalent.

Correlations between pharmacokinetic parameters
and efficacy or toxicity

The probability of biopsy-proven graft rejection
was found to be significantly correlated with
mycophenolic acid AUC (p<0.0001) and maximum
plasma mycophenolic acid concentration (Cmax)
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(p=0.0008), but not with MMF dose, according to
the results of a randomised double-blind
concentration-controlled study of MMF in 156
renal transplant recipients11.  As mentioned, plasma
mycophenolic acid concentrations tend to increase
with time, however, they may decline again during
the course of long-term therapy (>2 years).

Correlations between plasma trough levels of
mycophenolic acid, organ rejection and MMF
toxicity have also been reported12.  In this study,
mean plasma trough levels (± standard deviation),
a) from patients who underwent organ rejection
were 1.3 ± 0.9 µg/mL (n=17); b) from patients who
exhibited MMF toxicity were 3.1 ± 2.8 µg/mL
(n=19), and c) from those who experienced neither
side effects nor rejection were 2.2 ± 1.4 µg/mL
(n=15).

Effect of cyclosporin and tacrolimus on
mycophenolic acid levels

Cyclosporin has been reported to reduce median
trough mycophenolic acid concentration by 55% in
renal transplant recipients receiving MMF and
prednisone13.  Also, a significant increase in
mycophenolic acid trough concentrations after
discontinuation of cyclosporin has been reported
from a study involving 52  patients14.

Tacrolimus administration has been reported to
result in increases in trough mycophenolic acid
plasma levels in renal transplant patients receiving
MMF 15 16 17.

Use in transplantation

Renal transplantation

Prevention of acute rejection

Prevention of renal allograft rejection is an
approved Section 100 indication for MMF.  For
this reason, detail s regarding the pivotal studies
supporting this indication 18 19 20  wil l not be
included here but may be found elsewhere 3 4 .

Longer-term follow-up

The pivotal studies were carried out to three years
of post-transplant follow-up for analysis of graft
loss and patient death21 22 23.  Although the studies
were not powered to demonstrate a significant
difference for these endpoints, there was a
consistent trend towards improved outcomes over
three years for patients treated with MMF 2 or

3g/day compared with those receiving azathioprine
or placebo.

Another group reviewed data on 66,774 renal
transplant recipients from the US renal transplant
scientific registry using a Kaplan Meier analysis at
four years24.  In this analysis, MMF was found to
decrease the risk of developing chronic allograft
failure. The relative risk was reduced by 27% (risk
ratio 0.73,  p<0.001).  This improvement was said
to be only  partly caused by the decrease in the
incidence of acute rejection observed with MMF.

Combination with tacrolimus

A reduction in acute rejection rates has been
reported when MMF has been combined with
tacrolimus and corticosteroids, compared with
double therapy without MMF, or triple therapy
with azathioprine, according to the results of
several randomised non-blinded studies 6.  These
results were statistically significant in studies with
large (>200) patient numbers.  Patient and graft
survival rates, however, did not appear to be
affected by addition of MMF to tacrolimus-based
therapy regimens.  Some of these trials were
affected by patient cross-over to alternative therapy
because of gastrointestinal intolerance or
haematological toxicity attributed to MMF.

African American renal transplant recipients have
been found to require stronger immunosuppressive
regimens to prevent rejection.  The combination of
MMF with tacrolimus has been reported to have the
potential to improve long-term outcome in African
American renal transplant recipients25.

Conversion to MMF or azathioprine after
transplantation

In a study in which patients were converted from
cyclosporin to either MMF or azathioprine one year
after transplantation 26, significantly less rejections
occurred in the MMF group (4/34) compared to
patients transferred to azathioprine (11/30). All
patients remained on low-dose corticosteroids.

In a randomised, open-label study involving 48
patients,  replacing MMF with azathioprine six
months after transplantation in low-risk renal
allograft recipients was not found to be associated
with altered graft function in the short term27.

Rescue therapy for rejection episodes

MMF has been shown to be useful in “rescue
therapy” of acute rejection and to reduce the need
for anti-lymphocyte globulin for persistent rejection
3.  Patients treated with MMF were less likely to
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experience a subsequent episode of rejection, graft
loss or death than those treated with azathioprine.
These findings derive from a number of
randomised trials in renal transplant patients
involving at least 275 patients treated with MMF28

29 30  31 32 33.  Eff icacy in chronic rejection has also
been demonstrated at a dose of MMF of 2g per day
34 35.

In a multicentre, double-blind trial of acute
rejection in renal transplant recipients treated
primarily with cyclosporin, MMF with intravenous
corticosteroids was found to be significantly more
effective than azathioprine and corticosteroids 28.
In this study the number of patients receiving MMF
was 113 and the dose of MMF was 3g per day.
Patients were followed for three years36.  During
this time, comparing the results with those for
azathioprine, MMF patients were less li kely to
experience a subsequent rejection episode, graft
loss or death.  Renal function was similar in both
treatment groups.  The incidence of malignancy
was 14.2% in the MMF treatment group and 10.2%
in the azathioprine group. No additional
lymphomas occurred between one and three years.

In a meta-analysis of three trials37,  no difference in
graft or patient survival and in mean serum
creatinine levels were found for MMF (3g per day),
tacrolimus or high-dose IV corticosteroids for acute
rejection.  However, in this meta-analysis,
tacrolimus treatment was found to result in
significantly lower rates of recurrent rejection (4-
11%) and decreased use of anti-lymphocyte therapy
(0-2%) for recurrent rejection episodes compared to
MMF (25% and 10% respectively,  p<0.05) or to
high-dose corticosteroids.  Also,  patients treated
with tacrolimus were said to have had significantly
fewer serious adverse events and lower incidence
of CMV disease compared with MMF and to high-
dose corticosteroids. None of the studies in this
meta-analysis were blinded.

MMF treatment has been found useful in patients
who have failed tacrolimus therapy for primary
immunosuppression34.

Cyclosporin-sparing effect and treatment of
cyclosporin-related nephrotoxicity

In an attempt to avoid cyclosporin-related long-
term effects (in particular impairment of renal
function and increased cardiovascular risk factors),
studies have been performed in which patients have
been converted to either MMF or azathioprine after
a period on cyclosporin.

In the study already mentioned in which patients
were converted from cyclosporin to either MMF (n

= 34) or azathioprine (n = 30) one year after
transplantation26, a decrease in serum creatinine
was found for both MMF and azathioprine.  All
patients remained on low-dose corticosteroids.  In
patients converted to MMF, significantly less
rejections occurred (4/34) compared to patients
transferred to azathioprine (11/30).

However, in another report involving 46 stable
transplant patients38, rate of late mild acute cellular
rejection episodes subsequent to the conversion
from cyclosporin to MMF monotherapy (10.9%)
was considered by the authors to be substantial.
These authors did not use a fixed dosing regimen
but used 12-hour trough levels of mycophenolic
acid within 2-6 ug/mL.   They acknowledged that
underdosing of MMF could have contributed to
under-immunosuppression.  These authors
concluded that the ethical issue remained
unresolved whether or not 90% of the patients can
be maintained on a nephrotoxicity-free drug
regimen for the disadvantage of 10% of patients
that may be at risk of late mild acute rejection
episodes.   They also added that conversion to
MMF monotherapy in patients with unstable graft
function and beginning chronic allograft
dysfunction respectively did not appear to be of
substantial benefit.

Patients with cyclosporin nephrotoxicity  A
reduction in serum creatinine was observed in all
patients with cyclosporin nephrotoxicity (n = 17)
following conversion from a cyclosporin-
prednisone regimen to MMF-prednisone39.  No
episodes of acute rejection were noted following
the change during the study period (20 ± 8 months).
Serum lipids and blood pressure also decreased
significantly.

Improvement in renal function without increase in
the incidence of acute rejection has been found in a
number of other studies following the addition of
MMF and concomitant reduction or elimination of
cyclosporin3.  However, the overall long-term
effects of reduction or discontinuation of
cyclosporin and MMF monotherapy or
MMF/corticosteroid therapy in patients with
cyclosporin-related nephrotoxicity have not been
clearly establi shed.

It should be noted  that, when discussing  renal
effects of cyclosporin, it is important to ifferentiate
the effects of cyclosporin on the tubules from the
rare instances of secondary renal damage from
haemolytic uraemic syndrome.  In the latter
situation, cessation of cyclosporin therapy would
be mandatory.
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Heart transplantation

Prevention of acute rejection

Prevention of cardiac allograft rejection is also an
establi shed Section 100 li sting for MMF. Again,
detail s regarding the relevant pivotal studies can be
found elsewhere 3 4.

In summary3,  the addition of MMF 1.5g twice a
day (n=323) to cyclosporin-based
immunosuppression resulted in a survival
advantage for MMF compared with azathioprine
(n=327)40 which extended to three years with
reduced graft loss due to rejection, a lower rate of
new or progressive transplant coronary
atherosclerotic disease and a 36% reduction in
patient mortality41.

On qualitative assessment, a beneficial numerical
trend in intracardiac ultrasound end-points with less
autopsy-proven significant disease, lower rates of
heart failure and atrial arrhythmias has been
reported.3

MMF decreased  the incidence of early acute
rejection after heart transplantation  without
affecting the lymphocyte subpopulation when
compared with azathioprine, according to a review
of the clinical and laboratory records of 31 patients
who had undergone heart transplantation42.

Conversion  from MMF  to azathioprine

Conversion from MMF to azathioprine, even late
after transplantation, can be associated with
allograft rejection, according to an open-label study
involving 43 stable heart transplant patients treated
with  MMF43.  In this study, treated allograft
rejection occurred in 10 of 20 patients converted to
azathioprine compared to only 1 of  23 patients
remaining on MMF (p = 0.02).

Rescue therapy for rejection

MMF has been found to be an effective rescue
therapy in the management of acute or recurrent
rejection in heart allograft recipients,  according to
the results of several small studies44 45 46 47.  In
these studies 95 patients received MMF.  The
substitution of MMF for azathioprine was
concluded to be associated with a higher likelihood
of resolution of the rejection episode and a
significantly lower rate of recurrent rejection
episodes3.

Liver transplantation

Prevention of rejection

MMF has now been approved by the TGA for “ the
prophylaxis of solid organ rejection in adults
receiving allogeneic organ transplants” .  However,
the Section 100 li sting at present applies only to
renal and cardiac allograft rejection. MMF is
approved by the US FDA for  “ the prophylaxis of
organ rejection in patients receiving allogeneic
hepatic transplants” 48.

Dual or triple therapy regimens involving
tacrolimus or cyclosporin in combination with a
corticosteroid with or without azathioprine have, in
recent years, been amongst the standard
prophylactic regimens in li ver transplantation.

A number of studies have now reported on the use
of MMF, in combination with tacrolimus- or
cyclosporin-based immunosuppressive regimens,
comparing its effects with those of azathioprine.

Incidence of acute rejection was found to be
reduced in patients receiving MMF in combination
with cyclosporin and corticosteroids, compared
with those receiving azathioprine with cyclosporin
and corticosteroids,  according to the preliminary
results of one randomised,  double-blind study
involving over 500 li ver transplant patients49.

In another study involving 57 patients, when MMF
or azathioprine were used in a quadruple regimen
including cyclosporin, methylprednisolone and
lymphocyte antibodies, less frequent acute
rejection episodes occurred in the MMF group:
6/28 (21.4%) vs 13/29 (44.8%) in the azathioprine
group (p=0.06 ) 50 .

Several previous studies have also reported on the
use of MMF as additional therapy to tacrolimus and
a corticosteroid (dual) regimens.

In one small study51, the addition of MMF to
tacrolimus and corticosteroids resulted in improved
patient and graft survival, although a large
percentage of patients required discontinuation of
MMF due to the development of rejection and/or
adverse events.

In the first large randomised, controlled trial
evaluating the use of MMF in li ver
transplantation52, the addition of MMF to
tacrolimus-based immunosuppression did not
improve patient or graft survival although there was
a trend towards decreased rejection and
nephrotoxicity.
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Early corticosteroid withdrawal was reported to be
successfully accomplished using a combination of
MMF with either cyclosporin (n=36) or tacrolimus
(n=35), according to the results of one randomised
nonblind study in liver transplant patients53.

Rescue therapy for treatment-resistant rejection
episodes

A number of authors have reported encouraging
results with respect to rescue therapy for treatment-
resistant rejection episodes54 55  56 57.

Of 19 of these patients followed for four years58,
MMF therapy resulted in complete histologic
resolution in 12 patients, partial resolution in two
patients and a worsening of rejection in three
patients (two patients had no histologic follow-up).
Of the six patients who had their cyclosporin
discontinued once MMF was started, four patients
had complete resolution of rejection.

In one study 54,  21 of 23 patients responded to
MMF following acute rejection while receiving
cyclosporin/prednisone/azathioprine maintenance
for immunosuppression and had failed high dose
corticosteroids and muromonab CD3 for rejection
treatment. These patients were converted from
azathioprine to MMF with concomitant cyclosporin
and corticosteroids. As mentioned, other authors
have also reported promising results 55  56  57 .

Cyclosporin-related nephrotoxicity

Improved renal function has been noted in patients
with cyclosporin-related nephrotoxicity, following
use of MMF, according to reports in a small
number of patients59 60 61.

Partial or total conversion from cyclosporin to
MMF in nine stable liver transplant patients with
renal function impairment has been reported to be
followed by renal function improvement and better
control of arterial hypertension without
biochemical evidence of graft damage59.  In this
study the dose of MMF was 2g per day, with
azathioprine being discontinued when applicable
and the cyclosporin dose being slowly reduced
until discontinuation or worsening of liver function
tests.

In another study, renal function improvement has
been reported following conversion to MMF
monotherapy 2 g per day in five liver transplant
patients with cyclosporin-induced nephrotoxicity 60

. One episode of acute rejection occurred which
was successfully treated with intravenous
corticosteroids.

MMF substitution of calcineurin inhibitors
including cyclosporin (n=19) led to improvement
of acute as well as chronic renal dysfunction in
most cases, according to the results of a prospective
non-randomised study61.
In this study in 22 liver graft recipients with renal
dysfunction and stable graft function between 3
weeks and 12 years  after  transplantation,
calcineurin inhibitors were substituted by MMF at
a final dose of  1.5-3g per day. MMF was
withdrawn in four patients because of  major side
effects.  Six months after study entry, renal
function had improved in 17 of the  22 study
patients. One patient developed transient liver
dysfunction and a second required
retransplantation for progressive cholestasis but
without signs of rejection.

Lung transplantation

Significantly fewer episodes of acute rejection
occurred with MMF compared to azathioprine, in
several small, non-randomised studies in lung
transplantation62 63.  Although, in these studies,
several other end-points did not reach statistical
significance, most likely due to small numbers of
patients in the trials, MMF treatment was
associated with more effective maintenance of lung
function compared with azathioprine, as
demonstrated by a lower prevalence of obliterative
bronchiolitis. Positive results have been noted
regarding  the use of MMF for the treatment of
acute rejection according to one report in eight
patients64.

Pancreas transplantation

MMF is replacing azathioprine as part of the
standard immunosuppressive regimen following
pancreas transplantation65, a number of studies
having supported its use.

In one recent randomised, multicentre,  prospective
trial involving 150 simultaneous kidney-pancreas
transplantation (SPK) patients66, trends for most
efficacy parameters favoured MMF over
azathioprine,  and time to renal allograft rejection
or treatment failure was statistically significantly
longer for MMF.

MMF treatment was found to significantly decrease
the incidence of acute rejection compared with
azathioprine-treated historical controls in SPK
recipients, according to the results of another
study67 involving 36 patients.  A prospective,
randomised, single-centre study was conducted by
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these authors in which patients received either
tacrolimus and MMF (n = 18) or cyclosporin and
MMF (n = 18).  The incidence of biopsy-proven
acute rejection was 11% in both the tacrolimus–
MMF and cyclosporin-MMF groups with only two
patients in each group experiencing a rejection
episode.

This rejection rate was found to be significantly
decreased from that of the cyclosporin-azathioprine
historical group (77% p<0.01).  There were no
significant differences in infection rates, including
cytomegalovirus, or in metabolic control,
hypertension and cholesterol levels.

In another retrospective analysis involving 27
pancreas transplantation patients68, acute rejection
occurred in 76% of patients in the azathioprine
group compared with  53% in the MMF group.
There were no significant differences in
cytomegalovirus infection. Severe fungal infections
were noted in two patients treated with MMF.
Malignancy occurred in one patient (pancreas graft
lymphoma) on MMF.

A matched-pair analysis using the database of the
International Pancreas Transplant Registry was
performed to compare outcomes in MMF versus
azathioprine recipients 69.  Between July 1, 1995
and June 30, 1997, both MMF and tacrolimus were
given to 120 pancreas transplant recipients.
Induction therapy was with MMF, tacrolimus,
prednisone and  antithymocyte globulin or OKT3.
Until oral intake was resumed, recipients initiall y
received intravenous azathioprine. From the
analysis it was reported that, for SPK recipients,
one-year pancreas graft survival rates were 86%
with MMF versus 79% with azathioprine (p=NS),
kidney graft survival rates were 96% with MMF
versus 86% with azathioprine (p=NS). The
incidence of first rejection episodes at one year was
significantly lower for MMF recipients (15% with
MMF versus 43% with azathioprine, p = 0.0003).
For recipients of solitary pancreas transplants (PTA
and PAK), no difference in graft survival rates
between MMF and azathioprine was found. The
conversion rate from MMF to azathioprine at one
year was 14% for SPK recipients, 26% for PAK,
and 39% for PTA (p < 0.007). The most common
reason for conversion was gastrointestinal  toxicity,
in particular for nonuraemic (PTA) or posturaemic
(PAK) recipients. The rates of post-transplant
infection and lymphoproli ferative disease were low
for recipients on MMF and tacrolimus.

A number of other small studies have demonstrated
a trend towards improved outcomes for pancreas
and kidney/pancreas (SPK) grafts with MMF
replacing azathioprine administration 70  71 72.
Most of these studies were retrospective using

historical controls where treatment variables (e.g.
Sandimmune vs Neoral administration, bladder  vs
enteric-drainage of the pancreatic graft, OKT3 vs
ATGAM induction) changed over time.

Corneal transplantation

MMF and cyclosporin were found to be
comparable for prevention of corneal rejection in
high-risk patients in one study involving 41
patients 73 .

Intestinal transplantation

Some preliminary reports discuss promise for
MMF in intestinal transplantation74 75.

Graft-versus host disease ( GVHD)

A number of studies have reported eff icacy for
MMF in the prevention and treatment of GVHD in
bone marrow transplantation/stem cell
transplantation.

In a pilot study of adult patients undergoing HLA-
mismatched bone marrow transplantation (n=8)  or
peripheral blood stem cell transplantation (n=5),
the combination of MMF, cyclosporin,
methotrexate and prednisolone as prophylaxis for
GVHD was reported to be safe and to result in a
low rate of acute GVHD76 . . Three of the 13
patients died prior to day 100 post-transplantation.
MMF was reported to be well tolerated with no
evidence of severe adverse events.

In one small retrospective analysis, MMF with
tacrolimus was reported to be useful for treatment
of GVHD in 26 patients resistant to other therapies
77.  In this analysis, salvage therapy with MMF and
tacrolimus produced a 46% objective response,
however, long-term survival data were not
presented. Complete resolution of chronic GVHD
and partial improvement responses were reported to
have been achieved in 2 and 10 patients,
respectively. Of the remaining patients, 3 and 9
patients had stable or progressive disease, and 2
patients were unevaluable due to early death from
infectious causes. This regimen was generall y
tolerated well with primaril y gastrointestinal
disturbances. Since initial experience with this
regimen was positi ve, a controlled clinical trial is
underway.

Other studies have also reported promising results
using MMF in these conditions78 79 80 81 82 83.
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Non-transplant disorders

The mechanisms of action of MMF suggest that it
may also be useful in immunologically driven
inflammatory disorders. Preliminary reports
suggest that this may be the case;  in  some cases
however, controlled studies are needed to establi sh
efficacy.

Rheumatoid arthritis

MMF  has been reported to be potentially effective
and fairly well tolerated in rheumatoid arthritis,
according to the results of several published
studies84.  Improvement was said to be seen in
many patients who had been refractory to several
disease-modifying anti-rheumatic drugs. MMF was
shown to reduce titres of rheumatoid factor,
immunoglobulin levels and the total number of T-
cell s (CD62+) in peripheral blood.

1g twice a day was found to be as effective as 2g
twice a day, the lower dose having fewer
gastrointestinal side effects, according to the results
of one study which was randomised, placebo-
controlled, double-blind and involved 153
patients85.  Marked eff icacy was reported to have
been seen by week 4, with a peak effect around
weeks 8 to 12,  which was sustained to week 36.

However, following the preliminary results of a
substantial study,  the manufacturers have not
pursued this indication.

Myaesthenia gravis

The successful treatment of two patients with
myaesthenia gravis with MMF has been reported86

87.

Skin conditions

Early open and placebo-controlled studies reported
that mycophenolic acid was effective in patients
with moderate-to-severe psoriasis, including those
with severe refractory disease or intolerance to
conventional therapy 88 89 90. However, clinical trials
were halted in 1977 due to concerns regarding the
toxicity of the drug (eg, immunosuppressant
effects, carcinogenic potential, gastrointestinal
effects). Nevertheless a number of authors have
continued to attest to the eff icacy of mycophenolic
acid in psoriasis although a balance with respect to
potential toxicity remains an issue 91 92 93 94 95 96 97

98.

Topical mycophenolic acid (1%) was not found to
be effective in psoriasis, even under occlusion,

according to the results of a randomised, placebo-
controlled trial in seven patients99.

Dyshidrotic eczema has been treated successfully
with MMF100.  Also  value in  bullous pemphigus
has been reported101 102 103,  as has potential
efficacy in pemphigus vulgaris 104.  Three cases of
relapsing idiopathic nodular panniculitis
(Pfeifer–Weber–Christian disease)  have been
reported to have been successfully treated with
MMF105 .   A combination of MMF and
cyclosporin was used successfull y in recalcitrant
pyoderma gangrenosum106 107.

Successful treatment of 12 patients with atopic
dermatitis has been reported   108 109.  Nevertheless,
it has been suggested that MMF be used with
caution in patients with atopic dermatitis following
a report of staphylococcal septicaemia and
endocarditis requiring a mitral valve repair in one
patient110.

Dermatomyositis

MMF has been  found to be effective in four
patients with classic skin manifestations and
histologic evidence of  dermatomyositis ( mean
duration of treatment of 13 months) 111.

Renal disease

Primary glomerulonephritis   Response to MMF
with reductions in proteinuria and stabili sation of
renal function were demonstrated in eight cases of
resistant or relapsing nephrotic syndrome
associated with various glomerulonephritides112.  In
a subsequent report from the same authors after
longer follow-up113,  three of the MMF responders
were reported to have relapsed after withdrawal of
MMF. Additional experience of four patients who
did not tolerate MMF and two with recurrent
minimal change disease who failed to respond to
MMF was also reported.

Idiopathic membranous nephropathy resistant to
conventional immunosuppressive therapy has been
treated with MMF and, of 16 patients, one had
complete remission of the nephrotic syndrome,
three had a partial remission;  MMF was stopped in
four, two for lack of effect and one for
intolerance114.

Single case reports have claimed responses to
MMF in tubulointerstitial nephritis with uveiti s
previously refractory to corticosteroids,
azathioprine and cyclosporin and in retroperitoneal
fibrosis presenting with anuria 5.
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Vasculitis   Ten of eleven patients with anti-
neutrophil cytoplasm autoantibodies-associated
renal vasculitis remained in remission at 12
months, following introduction of MMF 2g per day
in place of cyclophosphamide, in one prospective
single limb trial115.  All patients tolerated MMF and
no severe adverse effects were noted.

Salvage of renal function in a case of recurrent
immune-complex crescentic glomerulonephritis in
an allograft with features of an ANCA-associated
systemic vasculiti s followed addition of MMF to
prednisolone and cyclosporin116.

Clinical remission was achieved within four weeks
of MMF treatment and sustained for 11-15 months
in a series of three patients with relapsing
Takayasu’s arteritis, previously treated with
corticosteroids in two, or corticosteroids,
methotrexate and cyclophosphamide in one117.

Lupus nephritis  The authors of one recent small
study 118 found that MMF was well tolerated and
has possible efficacy in controlling major renal
manifestations of systemic lupus erythematosus.
Twelve patients with relapsing or resistant nephritis
previously treated with cyclophosphamide and one
patient who refused cyclophosphamide as initial
therapy for diffuse proli ferative nephritis, but
accepted MMF, were included. During combined
MMF/prednisone therapy, serum creatinine values
remained normal or declined from elevated values
and proteinuria significantly decreased.  Decreased
serum complement component C3 and elevated
anti-double-stranded DNA antibody levels at
baseline improved in some, but not all, patients.
Adverse events included herpes simplex stomatitis
associated with severe leucopenia (n = 1),
asymptomatic leucopenia (n = 2), nausea/ diarrhoea
(n = 2), thinning of scalp hair (n = 1), pancreatiti s
(n = 1), and pneumonia without leucopenia (n = 1).
Recurrence of the pancreatitis led to
discontinuation of MMF in this patient; all other
adverse events resolved with dose reduction.

One reviewer 5  reported on a number studies,
including the above, concerning the use of MMF in
lupus nephritis refractory to standard
immunosuppressive protocols.  These studies
involved 31 patients.  In this review it was
concluded that the results were generall y positi ve
and allowed reductions in corticosteroid dosing.
Severe adverse effects were said to occur in
approximately one quarter of the patients and led to
withdrawal of MMF in four.  It  was noted,
however,  that there were some diff iculties in
drawing conclusions from these studies. Experience
with MMF for other indications, including
remission induction or long-term remission
maintenance, was said in this review not to have

been reported. Numerous questions including the
optimal dose and duration of therapy for MMF in
lupus nephritis remain to be addressed in controlled
clinical trials.

Ocular Inflammation

On the basis of prior reports, it has  been suggested
that a controlled clinical trial to assess MMF as a
first-line immunosuppressive agent in  uveiti s or as
second-or third-line therapy in refractory ocular
inflammation is needed119.

MMF was found to be safe and effective in three
patients, one patient with ocular cicatrical
pemphigoid, another switched to MMF following
high-risk keratoplasty due to cyclosporin allergy,
and in combination with cyclosporin therapy in a
patient following high-risk keratoplasty in whom
cyclosporin alone was insuff icient to prevent
allograft rejection120.

A second pilot study also suggested  that MMF
may be useful for controlling other types of ocular
inflammation with minimal side effects121.  MMF
1g  twice dail y was administered with
corticosteroids, as an additional agent with
cyclosporin, or instead of cyclosporin or
azathioprine. Ten of eleven patients with
uncontrolled ocular inflammation showed a
favourable response, leading to improvement of
symptoms and the abil ity to reduce the dose of
prednisone.

Biliary cirrhosis

MMF may be an appropriate immunosuppressive
drug for use in the long-term treatment of patients
with primary bili ary sclerosis, including
asymptomatic patients122 123.  In one report123,  two
patients, whose response to long-term treatment
with ursodeoxycholic acid had been inadequate,
were treated with a combination of MMF 2 g per
day and  ursodeoxycholic acid for 12 months.  In
both patients this regimen was associated with no
clinically significant adverse events, a decrease in
elevated serum alkaline phosphatase levels to
values close to the upper limit of normal, and an
almost complete disappearance of the chronic
inflammatory cell infil trate that had been present in
pre-combination  treatment liver biopsies.

HIV infection

MMF may contribute to the control of HIV
replication by both virological and immunological
mechanisms,  according to the authors of one study
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in 16 patients124.  In this study, with MMF therapy,
there were significant decreases in the mean
number of dividing CD4+ T cell s.  It has been
noted, however, in an accompanying editorial,  that
clinical benefit needs to be appropriately
demonstrated125.

Autoimmune haemolytic anaemia

The use of MMF for treatment of autoimmune
haemolytic anaemia has been described 126.

Inflammatory bowel disease (IBD)

The use of MMF in refractory inflammatory bowel
disease was proposed127 and several studies have
since appeared in the literature.  In Crohn’s disease
it has been reported that the manufacturers have
terminated the international randomised, double-
blind trial.

It has also been noted that the possible benefits of
the drug in inflammatory bowel disease need to be
weighed against its major side effects on the
gastrointestinal tract and other potential problems 1.

Crohn’s disease   As mentioned, termination of the
international, controlled trial of MMF in active
refractory Crohn’s disease has been reported to
have been suspended by the manufacturers128.  The
reasons given related to “registration of new
innovative medicines” and “slow recruitment into
the trial” .  These authors noted that findings in
several preliminary reports, and particularly a
recently published unblinded, single-centre
comparative trial, have suggested that MMF would
be a useful alternative to azathioprine, acting faster
and being at least as well tolerated.  They note
however, that at least two uncontrolled studies had
failed to confirm this proposal.

The results from the single-centre comparative trial
above have also been reported to be flawed, on the
basis of the retrospective nature of the study and
problems with differences between the groups
compared129.

Ulcerative colitis   Azathioprine appeared more
effective and “safer” than MMF in patients with
chronic active ulcerative coliti s, according to the
authors of one open-label study130.  In this trial, 24
patients with active ulcerative coliti s were
randomly assigned to the MMF (20
mg/kg)/prednisolone or azathioprine (2
mg/kg)/prednisolone group.  The authors of this
study considered that  MMF might be an
alternative treatment for patients with
contraindications to azathioprine.  However they
noted that, to further evaluate the effects of MMF

in active ulcerative coliti s, a placebo-controlled
double-blinded study appears warranted.

Other disorders

There have been case reports of some success using
MMF in a number of other disorders including
obliterative bronchioliti s syndrome 131,
retroperitoneal fibrosis 132,  Wegener' s
granulomatosis 133 and autoimmune hepatiti s 134.
MMF has also been reported from the results of
animal studies to potentiate the antiherpesvirus
activities of a number of antiviral agents135 136 137

138.

Adverse Reactions

The adverse event profile associated with the use of
immunosuppressive drugs is often diff icult to
establi sh due to the presence of underlying disease
and the concurrent use of many other medications.
The principal adverse reactions associated with the
administration of MMF in combination with
cyclosporin and corticosteroids include diarrhoea,
leucopenia, sepsis and vomiting, and there is
evidence of a higher frequency of certain types of
infections, such as tuberculosis, cytomegalovirus
(CMV) and atypical mycobacterial infection.
Gastrointestinal symptoms are the most frequent
adverse reaction, usually managed in clinical
practice either by dose reduction or by split ting the
total dose into three or four doses per day.
Uncommon but serious life-threatening infections
such as meningiti s and infectious endocarditis have
been reported.

As with other patients receiving mmunosuppressive
regimens involving combinations of drugs, patients
receiving MMF as part of an immunosuppressive
regimen are at an increased risk of developing
lymphomas and other malignancies, particularly of
the skin.  Within three years post-transplant,
lymphoproli ferative disease or lymphoma
developed in patients receiving MMF in
immunosuppressive regimens in 0.6% of patients
receiving 2g dail y in the controlled studies of
prevention of renal rejection compared to placebo
(0%) and azathioprine groups (0.6%).  The
incidence of malignancies among the 1,483 patients
enrolled in controlled trials for the prevention of
renal allograft rejection was low, and similar to the
incidence reported in the literature for renal
allograft recipients. There was a slight increase in
the incidence of lymphoproli ferative disease in the
MMF  treatment groups compared to the placebo
and azathioprine groups. This aspect of treatment
should be monitored as time progresses in order to
further define risks in patients treated with MMF
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and to compare these risks with those of other
therapies.

The ANZDATA registry of dialysis and transplant
patients continues to monitor long-term mortality
as well as development of malignancies.

For further detail s concerning the adverse reactions
profile for MMF,   the TGA Approved Product
Information should be consulted.

Economic considerations

Prevention of rejection in renal transplantation

MMF has been found to be associated with lower
overall treatment costs compared to azathioprine as
part of an immunosuppressive regimen in the first
year after renal transplantation 139  140.  A three year
Markov model has also indicated that MMF is a
more cost-effective option than azathioprine, but
few detail s are available6.  The significantly lower
cost of rejection treatment and associated
hospitalisations was the key economic factor in
reducing the overall cost of treatment with MMF
compared with azathioprine, offsetting the higher
drug acquisition cost.  A lower incidence of graft
loss and subsequent dialysis associated with MMF
treatment also contributed to the reduced financial
impact of this regimen.  Also, an eight-fold
reduction in rejection-related costs and
hospitalisation led to cost savings with MMF
compared with azathioprine in the first six months
after transplantation in a single-centre Swiss study
(n=80) 141.

Less certain, however, are the long-term clinical
and economic benefits.  An economic analysis
based on a ten-year projection of graft survival in
patients receiving MMF suggested that the
acquisition cost of the drug may limit its cost
effectiveness for long-term treatment in all
patients142.  Nevertheless, the drug may be
economically favourable in selected high-risk
patients over the long term143.

Treatment of rejection in renal transplantation

For the treatment of rejection MMF may also be
cost effective, according to one cost-benefit
analysis.   In this decision-analysis model,  MMF
proved to be considerably more cost effective than
muromonab CD3 ($US13 730 vs $US29 060; 1996
values) per graft surviving with the eff icacy end-
point of graft survival at 90 days after treatment
(data obtained from clinical studies of both drugs in
Japan)144.

Other  indications

Cost-benefit data regarding MMF has been most
extensively studied in renal transplantation as
above. Data is yet to become available for other
situations.

IV Formulation

An IV formulation of MMF has recently been
released. CellCept IV must be diluted
with 5% glucose intravenous infusion prior to use.
A two-step dilution is required to prepare the
infusion solution to the recommended
concentration. CellCept IV is physically
incompatible with the following infusion solutions:
0.9% normal saline, Ringer's and lactated Ringer's
solutions.  The prescribing information also states
that the intravenous solution should not be mixed
or administered concurrently via the same catheter
with other intravenous drugs or infusion
admixtures.

Refer manufacturer’s detail s regarding
reconstitution.  It wil l be noted that the dilution
involves a large volume of solution.

Prices

Cellcept price to hospitals in Australia:

250mg 300 capsules: $534.30 plus GST
500mg 150 tablets: $534.30 plus GST
500mg powder for infusion, 4 vials: $105.30 plus
GST

Conclusion

MMF is beginning to replace azathioprine in a
number of transplantation settings, eg in renal,
cardiac, liver and pancreas transplantation. Overall
treatment costs have been reported to be lower for
MMF  in the first year after renal transplantation.
Use in some non-transplant disorders also shows
promise but careful consideration needs to be taken
regarding  the agent’s adverse reaction profile,
including potential for malignancy.
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