An Initiative of NSW Clinical
Pharmacologists & Pharmacists
Funded by the NSW Department of Health

MYCOPHENOLATE MOFETIL

A Position Statement of the NSW T her apeutic Assessment Group I nc.

February 2001

Rosalind Tindale B. Pharm.
Drug Information Pharmacist
NSW Medicines Information Centre

Associate Professor Jeremy Chapman
Director

Department of Renal Medicine
Westmead Hospital

Thisreview was prepared by the authors in consultation with members of the NSW Therapeutic Assessment Group
Inc.

Thiswork is copyright of the NSW Therapeutic Assessment Group Inc and NSW Health Department. Apart from any use as permitted under
The Copyright Act 1968, no part of thisinformation may be reproduced by any process without written permission.

Whilst the information contained in this document has been presented with all due care, and the information is considered to be true and correct
at the date of publication, changesin circumstances after publication may impact on the accuracy of the information.

This document represents expert consensus opinion and should not be relied upon as professional advice other than in this context. The
information provided should not be regarded as a substitute for detailed expert advice in individual cases. NSW Therapeutic Assessment Group
Inc will accept no responsibility for any loss, claim or damage suffered or caused by any person acting or refraining from action asaresult of any
material in this document.




EXECUTIVE SUMMARY

The foll owing summarises the statusregarding
various conditions for which mycophenolate
mofetil (MMF) has been used. For further detail
regarding the pharmacokinetics, adverse reactions
and precautionsrelatingto MM F, the TGA
approved product information should be @mnsulted.

Approved indications and Section 100 listings

e  MMFisapproved in Australiafor the
prophylaxis of solid organ rejedion in adults
receving al ogeneic organ transplantsand in
paediatric patients (2 to 18 years) receving
rena transplants. The Sedtion 100 li ging at
present applies only to renal and cardiac
al ograft rgedion.

Efficacy demonstrated in double-blind trials
involving lar ge patient numbers:

e Prevention of rena and cardiac all ograft
regedion;

e Prevention of liver allograft rejedion (now an
FDA approved indication);

e Rescuetherapy of acuterejedion inrenal
transplant patients.

Efficacy reported in smaller studies:

e Prevention of rejedion in lung transplantation;

e Prevention of rgjedion in pancreas
transplantation;

e Prevention of rejedion in corneal
transplantation;

e Prevention and treagment of GVHD in bone
marrow transplantation and stem cdl
transplantation;

e Other aspeds of transplantation, eg treament
of acuteregjedion in other than renal
transplantation, cyclosporin nephrotoxicity, etc
(seeattached);

e Psoriasis.

Casereportsindicate potential:

e Various glomerulonephritides, rend vasculitis
and lupus nephritis;

e Various «in conditions (for psoriasis - see
above; for other disorders - seeattached);

e Uveitisand refractory ocular inflammation;

e Myaestheniagravis;

e Biliarycirrhosis;

e Autoimmune haemalytic anaemig;

e  Obliterative bronchiolitis syndrome;

e Retroperitoned fibrosis;

e Wegener's granulomatosis;

e Autoimmune hepatitis;

e Other transplantation situationsincluding
intestinal transplantation (seeattached);

e Contral of HIV replicaion (minimal data).

Uses which are controversial

e Inflammatory bowel disease;

e Rheumatoid arthritis — some studies
demonstrated positive results but, foll owing
the preliminary results from a substantial
study, the manufacturers have not pursued this
indicetion further.

Adver se reactions

The principal adverse reactions that have been
associated with MM F combined with cyclosporin
and corticosteroids include diarrhoea, | eucopenia,
sepsis and vomiting. Also, evidence istsof a
higher frequency of certain infedions, such as
cytomegalovirus (CMV), tubercul osis and atypical
mycobacterial infedion. Uncommon but serious
life-threaening infedions guch as meningitis have
been reported. Aswith other immunosuppressants,
risk of malignancy is a consideration with MM F
and long-term data, particularly vs azathioprine, are
yet to be accumulated.

Conclusion

MMF is beginning to replace aathioprinein a
number of transplantation settings, eg in renal,
cardiac, liver and pancreas transplantation. Overall
treatment costs have been reported to be lower for
MM F compared to azathioprine in the first year
after renal transplantation. Cost-benefit datain
other situationsis yet to become avail able. Use of
MM F in some non-transplant disorders shows
promise but careful consideration needs to he taken
regarding the agent’ s adverse reactions profil g,
including potential for malignancy. A potentially
important deaease in MM F absorption foll owing
concomitant administration of ferrous sulphate
tablets hasrecently been reported.



MYCOPHENOLATE MOFETIL

For the basic preparation of this position statement
on mycophenolate mofetil (MMF), anumber of
reviews and other documentsin particular have
been u%d 123456 7.

M echanism of action

Mycophenadlic acid, the active metabalite of MMF
mofetil, isa potent immunosuppressant. Itisa
selective and reversible inhibitor of inosine
monophosphate dehydrogenase (IMPDH), a key
enzyme in the de novo pathway for purine
synthesis. Mycophenalic acid has a higher binding
affinity for IMPDH type I, the predominant
isoform found in proliferating lymphocytes, than
for IMPDH type |, which is used by non-replicating
cell®. Theinhibition of IMPDH typell by
mycophenolic acid causes depletion of guanosine
nucleotides, inhibiting DNA synthesis, arresting
replicating lymphocytesin 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 cdlls.
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 thereview by Allison and
Eugui (2000) * and Bardsley-Elliot et al. (1999) °.

Phar macokinetics

Mycophenolate mofetil iswell absorbed orally with
amean bioavailability of 94%, and israpidly
hydrolysed in the liver to mycophenalic acid. This
metabolite is conjugated to form the

pharmacol ogi cally inactive mycophenalic acid
glucuronide (MPAG). Peak mycophendlic 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 doseis excreted as MPAG in the urine. The
apparent elimination half-life of mycophenalic acid
after asingle oral dose of MMF is approximately
18 hours. The area under the curve (AUC) isfound

toincrease following rena transplantation,
stabilising after about a month of therapy. Food
reduces the C,,.» but has no effect on the AUC.
Single dose studiesin chronic rena impairment
(creatinine clearance < 25mL/min/1.73m?) showed
that the AUC for mycophenalic acid was 28-75%
higher than in individuals with no or milder rena
impairment. Unlike azathioprine, thereisno
interaction between MMF and allopurinal.

In rend 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 awide variahility in the first-pass
clearance of mycophenolic acid in transplant
patients. It has been proposed that this variability
is caused by differencesin first-pass gut and/or
liver metabolism and clearance of mycophenalic
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 ®.

A potentially important decrease in MMF
absorption hasrecently been reported following
concomitant administration of oral MMF with
ferrous sulphate tablets’. In arandomised
crossover study, administration of two sustained-
rel ease ferrous sul phate 525mg tabl ets (each
containing 105mg of elementd ironion) led to an
approximate 90% decrease in mycophenolic acid
AUC(0-12) in dl subjects (n=7). The dose of MMF
adminigtered in this study was 1g.

In arecent study'® 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 ord 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 mycophenalic acid concentration (Ca)



(p=0.0008, but not with MM F dose, according to
the results of arandomised double-blind
concentration-controll ed study of MMF in 15
renal transplant redpients'’. Asmentioned, plasma
mycophenoli c acid concentrations tend to increase
with time, however, they may decline again during
the @urse of long-term therapy (>2 years).

Correlations between plasmatrough levels of
mycophenolic acid, organ rejedion and MM F
toxicity have also been reported™. In this gudy,
mean plasmatrough levels (+ standard deviation),
a) from patientswho underwent organ rejedion
were 1.3 £ 0.9 ug/mL (n=17); b) from patients who
exhibited MM F toxicity were 3.1 + 2.8 ug/mL
(n=19), and ¢) from those who experienced neither
side dfects nor rgjedion were 2.2 + 1.4 ug/mL

(n=15).

Effect of cyclosporin and tacrolimus on
mycophenalic acid levels

Cyclosporin has been reported to reduce median
trough mycophenali ¢ acid concentration by 55% in
rena transplant redpientsrecaving MM F and
prednisone™®. Also, asignificant increasein
mycophenoli c acid trough concentrations after
discontinuation of cyclosporin has been reported
from astudy involving 52 patients*.

Tacrolimus administration has been reported to
result in increases in trough mycophenalic acid
plasmalevelsin rena transplant patientsreceving
MME 1516 17.

Usein transplantation

Renal transplantation
Prevention of acute rejection

Prevention of rena allograft rjedion isan
approved Section 100indication for MMF. For
thisreason, detail sregarding the pivotal studies
supporting thisindication *2°2° will not be
included here but may be found el sewhere 4.

L onger-term follow-up

The pivotal studies were arried out to threeyears
of post-transplant foll ow-up for analysis of graft
lossand patient death®* 2223, Although the studies
were not powered to demonstrate a significant
differencefor these endpoints, therewasa
consistent trend towards improved outcomes over
threeyears for patients treated with MMF 2 o

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

Another groupreviewed dataon 66774 renal
transplant red pients from the US renal transplant
scientific registry using aKaplan Meier anadysis at
four years®®. In thisanalysis, MM F was found to
deaease therisk of developing chronic all ograft
failure. Therelative risk was reduced by 27% (risk
ratio 0.73, p<0.001). Thisimprovement was said
to beonly partly caused by the deaease in the
incidence of acute rejedion observed with MMF.

Combination with tacrolimus

A reduction in acute rejedion rates has been
reported when MM F 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®. These
resultswere statistically significant in studies with
large (>200) patient numbers. Patient and graft
survival rates, however, did not appea to be
affeded by addition of MM F to tacrolimus-based
therapy regimens. Some of these trials were
affeded by patient crossover to aternative therapy
because of gastrointestinal intolerance or

haematol ogical toxicity attributed to MM F.

African American renal transplant redpients have
been found to require stronger immunosuppressve
regimensto prevent rgedion. The combination of
MM F with tacrolimus has been reported to have the
potential to improve long-term outcome in African
American renal transplant redpients®>.

Conversion to MMF or azathioprine after
transplantation

In astudy in which patients were mnverted from
cyclosporin to either MM or azathioprine one year
after transplantation 26, significantly lessrgedions
occurred in the MM F group (4/34) compared to
patients transferred to azathioprine (11/30). All
patients remained on low-dose corticosteroids.

In arandomised, open-label study involving 48
patients, replacing MM F with azathioprine six
months after transplantation in low-risk rend

al ograft redpients was not found to be associated
with altered graft function in the short term?’.

Rescue therapy for rejection episodes

MM F has been shown to be useful in “rescue
therapy” of acutergjedion and to reducethe need
for anti-lymphocyte globulin for persistent regjedion
%, Patients treated with MM F were lesslikely to



experience a subsequent episode of rejedion, graft
lossor death than those treaed with azathioprine.
These findings derive from anumber of
randomised trialsin renal transplant patients
involving at least 275 patients treaed with MM F*2
2930 313233 Efficacy in chronic rgjedion has aso
been demonstrated at a dose of MM F of 2g per day

3435

In amulticentre, double-blindtrial of acute
rgedion inrena transplant red pients treated
primarily with cyclosporin, MM F with intravenous
corticosteroids was found to be significantly more
effedtive than azathioprine and corticosteroids %.
In this gudy the number of patientsrecéving MM F
was 113and the dose of MM F was 3g per day.
Patients were foll owed for threeyears®™. During
thistime, comparing the results with those for
azathiopring, MM F patients were lesslikely to
experience a subsequent rgjedion episode, graft
lossor death. Renal function was smilar in bath
treatment groups. Theincidence of malignancy
was 14.2% in the MM F treatment group and 10.2%
in the aathioprine group. No additional
lymphomas occurred between one and threeyears.

In ameta-anaysis of threetrias®’, no dfferencein
graft or patient survival and in mean serum
creatinine levels were found for MM F (3g per day),
tacrolimus or high-dose |1V corticosteroids for acute
rgedion. However, in thismeta-anaysis,
tacrolimus treament was found to result in
significantly lower rates of reaurrent rgjedion (4-
11%) and deaeased use of anti-lymphocyte therapy
(0-2%) for reaurrent rejedion episodes compared to
MMF (25% and 10% respedivdy, p<0.05) or to
high-dose articosteroids. Also, patientstreaed
with tacrolimus were said to have had significantly
fewer serious adverse events and lower incidence
of CMV disease mmpared with MM F and to high-
dose corticosteroids. None of the studiesin this
meta-anaysis were bli nded.

MM F treatment has been found useful in patients
who have fail ed tacrolimus therapy for primary
immunosuppresson®.

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 andincreased cardiovascular risk factors),
studies have been performed in which petients have
been converted to either MM F or azathioprine after
aperiod on cyclosporin.

In the study already mentioned in which petients
were onverted from cyclosporin to either MM F (n

= 34) or azathioprine (n = 30) one year after
transplantation®, adeaease in serum credinine
was found for bath MM F and azathioprine. All
patients remained on low-dose corticosteroids. In
patients converted to MM F, significantly less
regjedions occurred (4/34) compared to patients
transferred to azathioprine (11/30).

However, in another report involving 46 stable
transplant patients™, rate of late mild acute célular
rejedion episodes sibsequent to the cnversion
from cyclosporin to MM F monotherapy (10.9%)
was considered by the authorsto be substantial.
These authors did not use afixed dosing regimen
but used 12hour troughlevels of mycophenolic
acid within 2-6 ugmL. They acknowledged that
underdosing o MM F could have contributed to
under-immunosuppresson. These authors
concluded that the ehical isaue remained
unresolved whether or not 90% of the patients can
be maintained on a nephrotoxicity-freedrug
regimen for the disadvantage of 10% of patients
that may be at risk of late mild acutereedion
episodes. They also added that conversion to
MM F monotherapy in patients with unstabl e graft
function and beginning chronic dl ograft
dysfunction respedivey did not appea to be of
substantia benefit.

Patients with cyclosporin nephrotoxicity A
reduction in serum creatinine was observed in all
patients with cycl osporin nephrotoxicity (n=17)
foll owing conversion from a g/closporin-
prednisone regimen to MM F-prednisone®. No
episodes of acute rgjedion were noted foll owing
the change during the study period (20 + 8 months).
Serum lipidsand blood presaure dso deaeased
significantly.

Improvement in renal function without increasein
the incidence of acute rgjedion has been found in a
number of other studies foll owing the additi on of
MM F and concomitant reduction or elimination of
cyclosporin®. However, the overall long-term

eff eds of reduction or discontinuation of
cyclosporin and MM F monotherapy or

MM F/corticosteroid therapy in patients with
cyclosporin-related nephrotoxicity have not been
clearly establi shed.

It should ke noted that, when discussng rend
effeds of cyclosporin, it isimportant to ifferentiate
the dfects of cyclosporin on the tubules from the
rare ingances of secondary renal damage from
haemolytic uraemic syndrome. In the latter
situation, cessation of cyclosporin therapy would
be mandatory.



Heart transplantation

Prevention of acute rejection

Prevention of cardiac allograft rgjedion isalso an
established Sedion 100 listing for MMF. Again,
detail sregarding the relevant pivotal studies can be
found elsewhere3*,

In summary®, the addition of MM F 1.5g twicea
day (n=323) to cycl osporin-based
immunosuppresson resulted in asurvival
advantage for MM F compared with azathioprine
(n=327)*° which extended to threeyears with
reduced graft lossdue to rgjedion, alower rate of
new or progressve transplant coronary
atherosclerotic disease and a 36% reduction in
patient mortality**.

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

MMF deaeased theincidenceof early acute
regedion after heat transplantation without
affeding the lymphocyte subpopul ation when
compared with azathioprine, according to areview
of theclinical and laboratory records of 31 petients
who had undergone heat transpl antation*?.

Conversion from MMF to azathioprine

Conversion from MM F to azathioprine, even late
after transplantation, can be associated with

al ograft rgedion, acoording to an open-label study
involving 43 stable heat transplant patientstreaed
with MMF*, In this gudy, treaed all ograft
rgedion ocaurred in 10 of 20 petients converted to
azathioprine compared to only 1 of 23 patients
remaining on MM F (p = 0.02).

Rescue therapy for rejection

MM F has been found to be an effective rescue
therapy in the management of acute or reaurrent
rgedion in heat allograft redpients, according to
the results of several small studies* #5647, |n
these studies 95 patientsrecéved MMF. The
substitution of MM F for azathioprine was
concluded to be associated with ahigher likelihood
of resolution of thergedion episode and a
significantly lower rate of reaurrent rgjedion
episodes’.

Liver transplantation

Prevention of rejection

MM F has now been approved by the TGA for “the
prophylaxis of solid organ rejedion in adults
receving dl ogeneic organ transplants’. However,
the Sedion 100listing at present applies only to
rena and cardiac all ograft rejedion. MMF is
approved by the US FDA for “the prophylaxis of
organrgiedion in patientsreceving allogeneic
hepatic transplants” 2.

Dual or triple therapy regimensinvolving
tacrolimus or cyclosporin in combination with a
corticosteroid with or without azathioprine have, in
recent years, been amongst the standard
prophylactic regimensin liver transplantation.

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

Incidence of acute rejedion was found to ke
reduced in patients receéving MM F in combination
with cyclosporin and corticosteroids, compared
with those receving azathioprine with cyclosporin
and corticosteroids, acoording to the preliminary
results of one randomised, double-blind study
involving over 500 liver transplant patients*.

In another study involving 57 patients, when MM F
or azathioprine were used in a quadruple regimen
including cyclosporin, methyl prednisolone aad
lymphocyte antibadies, lessfrequent acute
rejedion episodes occurred in the MM F group:
6/28 (21.4%) vs 13/29 (44.8%) in the azathioprine
group (p=0.06)°°.

Several previous gudies have dso reported on the
use of MM F as additiond therapy to tacrolimus and
acorticosteroid (dual) regimens.

In one small study®?, the addition of MM F to
tacrolimus and corticosteroids resulted in improved
patient and graft survival, although alarge
percentage of patients required discontinuation of
MM F due to the devel opment of rejedion and/or
adverse events.

In thefirst large randomised, controlled tria
evaluating the use of MM Fin liver
transplantation®?, the addition of MM F to
tacrolimus-based immunosuppresson did not
improve patient or graft survival althoughthere was
atrend towards deaeased rgedion and
nephrotoxicity.



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 patients™.

Rescue therapy for treatment-resistant rejection
episodes

A number of authors have reported encouraging
results with respect to rescue therapy for treatment-
resistant rejection episodes™ > % %7,

Of 19 of these patients followed for four years*®,
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 MM F was started, four patients
had complete resolution of rejection.

In one study **, 21 of 23 patients responded to

MMF following acute rejection whilereceiving
cyclasporin/predni sone/azathi oprine maintenance
for immunosuppression and had failed high dose
corticosteroids and muromonab CD3 for rejection
treatment. These patients were converted from
azathioprineto MMF with concomitant cyclosporin
and corticosteroids. As mentioned, other authors
have also reported promising results * % 57

Cyclosporin-related nephraotoxicity

Improved renal function has been noted in patients
with cyclosporin-related nephrotoxicity, following
use of MMF, according to reportsin asmall
number of patients”® ¢ ©.,

Partial or total conversion from cyclosporin to
MMF in nine stable liver transplant patients with
rena function impairment has been reported to be
followed by renal function improvement and better
contral of arterial hypertension without
biochemical evidence of graft damage®. 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 cycl osporin-induced nephrotoxicity
. One episode of acute rgjection occurred which
was successfully treated with intravenous
corticosteroids.

MMF substitution of calcineurin inhibitors
including cyclosporin (n=19) led to improvement
of acute aswell as chronic renal dysfunctionin
most cases, according to the results of a prospective
non-randomised study®.

In this study in 22 liver graft recipients with rena
dysfunction and stable graft function between 3
weeks and 12 years after transplantation,
calcineurin inhibitors were substituted by MMF at
afinal dose of 1.5-3g per day. MMF was
withdrawn in four patients because of major sde
effects. Six months after study entry, rend
function had improved in 17 of the 22 study
patients. One patient devel oped transent liver
dysfunction and a second required
retransplantation for progressive cholestasis but
without signs of rejection.

Lung transplantation

Significantly fewer episodes of acute regjection
occurred with MMF compared to azathioprine, in
several small, non-randomised studiesin lung
transplantation® ¢, Although, in these studies,
several other end-points did not reach datistical
significance, most likely due to small numbers of
patientsin the trial's, MMF treatment was
associated with more effective maintenance of lung
function compared with azathioprine, as
demonstrated by alower prevalence of obliterative
bronchialitis. Positive results have been noted
regarding the use of MMF for the treatment of
acute rgjection according to onereport in eight
patients®*.

Pancreastransplantation

MMF isreplacing azathioprine as part of the
standard immunosuppressi ve regimen following
pancreas transplantation®, anumber of studies
having supported its use.

In one recent randomised, multicentre, prospective
trial involving 150 s multaneous kidney-pancreas
transplantation (SPK) patients®®, trends for most
efficacy parameters favoured MMF over
azathioprine, and timeto renal allograft rejection
or treatment failure was statitically significantly
longer for MMF.

MMF treatment was found to significantly decrease
the incidence of acute rgection compared with
azathioprine-treated historical controlsin SPK
recipients, according to the results of another
study®” involving 36 patients. A prospective,
randomised, single-centre study was conducted by



these authors in which patients recéved either
tacrolimusand MM F (n = 18) or cyclosporin and
MMF (n = 18). Theincidenceof biopsy-proven
acute rgiedion was 11% in bath the tacrolimus—
MM F and cyclosporin-MM F groups with only two
patients in each group experiencingaregedion
episode.

Thisrgedion rate was found to be significantly
deaeased from that of the cycl osporin-azathioprine
historical group (77% p<0.01). Therewereno
significant differences in infedion rates, including
cytomegalovirus, or in metabdic contral,
hypertension and cholesterol levels.

In another retrospedive anaysisinvolving 27
pancreas transplantation patients®®, acute rejedion
occurred in 76% of patientsin the azathioprine
group compared with 53% in the MM F group.
There were no significant differencesin
cytomegalovirus infedion. Severe fungal infedions
were noted in two patients treated with MMF.

Mali gnancy occurred in one patient (pancreas graft
lymphoma) on MM F.

A matched-pair analysis using the database of the
International Pancreas Transplant Registry was
performed to compare outcomesin MM F versus
azathioprineredpients ®°. Between July 1, 19%
and June 30, 1997, bath MM F and tacroli mus were
given to 120 pancreas transplant redpients.
Induction therapy was with MM F, tacrolimus,
prednisone and antithymocyte globulin or OKT3.
Until oral intake was resumed, redpientsinitially
receved intravenous azathioprine. From the
andysisit was reported that, for SFK redpients,
one-year pancreas graft survival rates were 86%
with MM F versus 79% with azathioprine (p=NS),
kidney graft survival rates were 96% with MM F
versus 86% with azathioprine (p=NS). The
incidence of first rejedion episodes at one year was
significantly lower for MM F red pients (15% with
MM F versus 43% with azathioprine, p = 0.0003).
For redpients of solitary pancreas transplants (PTA
and PAK), no dfferencein graft survival rates
between MM F and azathioprine was found. The
conversion rate from MM F to azathioprine & one
year was 14% for SFK redpients, 26% for PAK,
and 39% for PTA (p < 0.007). The most common
reason for conversion was gastrointestina toxicity,
in particular for nonuraemic (PTA) or posturaemic
(PAK) redpients. Therates of post-transplant
infedion and lymphoproliferative disease were low
for redpientson MM F and tacrolimus.

A number of other small studies have demonstrated
atrend towards improved outcomes for pancreas
and kidney/pancreas (SFK) grafts with MM F
replacing azathioprine administration © " 72,

Most of these studies were retrospedive using

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

Corneal transplantation

MM F and cyclosporin were found to be
comparable for prevention of corneal rgjedion in
high-risk patientsin one study involving 41
patients .

Intestinal transplantation

Some preliminary reports discusspromise for
MMF in intestinal transplantation 7>

Graft-versus host disease ( GVHD)

A number of studies have reported efficacy for
MM F in the prevention and treatment of GVHD in
bone marrow transplantation/stem cdl
transplantation.

In apilot study of adult patients undergoing HLA-
mismatched bone marrow transplantation (n=8) or
peripheral blood stem cdl transplantation (n=5),
the ombination of MM F, cyclosporin,
methotrexate and prednisolone as prophylaxis for
GVHD was reported to ke safeandtoresult ina
low rate of acute GVHD® . - Threeof the 13
patients died prior to day 100 post-transplantation.
MM F was reported to be well tolerated with no
evidence of severe adverse events.

In one small retrospedive anaysis, MM F with
tacrolimus was reported to be useful for treament
of GVHD in 26 patients resistant to aher therapies
" Inthisanalysis, salvage therapy with MM F 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 2and 10 patients,
respedivey. Of the remaining patients, 3 and 9
patients had stable or progressve disease, and 2
pati ents were unevaluable due to ealy death from
infedious causes. This regimen was generally
tolerated well with primarily gastrointestinal
disturbances. Sinceinitiad experiencewith this
regimen was positi ve, a controlled clinical trial is
underway.

Other studies have also reported promising results
using MM F in these onditions’® 7 80818283



Non-transplant disorders

The mechanisms of action of MM F suggest that it
may also ke useful in immunologically driven
inflammatory disorders. Preliminary reports
sugeest that thismay bethe @se; in some Gases
however, controll ed studies are nealed to establish
efficagy.

Rheumatoid arthritis

MMF has been reported to be potentially effective
and fairly well tolerated in rheumatoid arthritis,
according to the results of several publi shed
studies®®. Improvement was sid to be seen in
many patients who had been refractory to several
disease-modifying anti-rheumatic drugs. MM F was
shown to reducetitres of rheumatoid factor,
immunoglobulin levels and the total number of T-
cdls (CD62) in periphera blood.

1gtwiceaday was found to he as effective as 2¢g
twicea day, the lower dose having fewer
gastrointestinal side effects, according to theresults
of one study which was randomised, placebo-
controll ed, double-blind and involved 153
patients®®. Marked efficacy was reported to have
been seen by week 4, with a peak effed around
weeks 810 12, which was sustained to week 36.

However, following the preliminary results of a
substantial sudy, the manufacturers have not
pursued thisindication.

Myaesthenia gravis

The successful treatment of two patients with
myaesthenia gravis with MM F has been reported®®
87

Skin conditions

Early open and dacebo-controll ed studies reported
that mycophenalic acid was effective in petients
with moderate-to-severe psoriass, including those
with severerefractory disease or intoleranceto
conventional therapy %8%9°°. However, clinicd trials
were hated in 1977 dueto concernsregarding the
toxicity of the drug (eg, immunosuppressant
effeds, carcinogenic potential, gastrointestina
effeds). Neverthelessanumber of authors have
continued to attest to the dficacy of mycophenalic
acid in psoriasis athougha balance with resped to
g)gotmtial toxicity remains an isaue 91 92 93 94959697

Topical mycophenali ¢ acid (1%) was not found to
be effective in psoriasis, even under ocdusion,

according to the results of arandomised, placebo-
controll ed trial in seven patients™.

Dyshidr otic eczema has been treated successfully
with MMF*®, Also valuein bullous pemphigus
has been reported*®* 192193 a5 has potential
efficacy in pemphigus vulgaris*®. Three @ses of
relapsing idiopathic nodular panniculitis
(Pfeifer—Weber—Christian disease) have been
reported to have been successfully treaed with
MMF A combination of MMF and
cyclosporin was used successfully in reccitrant
pyoder ma gangr enosum®*¢ 17,

Successful treatment of 12 patients with atopic
dermatitis has been reported  *°21%°. Nevertheless
it has been suggested that MM F be used with
caution in patients with atopic dermatitis foll owing
areport of staphylococcal septicaemiaand
endocarditis requiring amitral valverepair in one
patient**°.

Dermatomyositis

MMF has been found to be effedivein four
patients with classc skin manifestations and
histologic evidenceof dermatomyositis ( mean

duration of treament of 13 months) ***.

Renal disease

Primary glomerulonephritis Responseto MMF
with reductionsin proteinuria and stabili sation of
rena function were demongtrated in eight cases of
resistant or relapsing nephrotic syndrome
asciated with various glomerulonephritides'?. In
a subsequent report from the same authors after
longer follow-up™?® threeof the MM F responders
werereported to have relapsed after withdrawal of
MM F. Additiona experienceof four patientswho
did not tolerate MM F and two with reaurrent
minimal change disease who fail ed to respond to
MM F was al so reported.

| di opathic membranous nephropathy resistant to
conventiona immunosuppressve therapy has been
treated with MM F and, of 16 patients, one had
complete remisson of the nephrotic syndrome,
threehad a partial remisson; MMF was gopped in
four, two for lack of effed and one for
intolerance™”.

Single asereports have daimed responses to

MM F in tubulointerstitial nephritiswith weitis
previoudly refractory to corticosteroids,
azathioprine and cyclosporin and in retroperitoned
fibrosis presenting with anuria®.



Vasculitis Ten of deven patients with anti-
neutrophil cytoplasm autoantibodi es-asoci ated
rend vasculitisremained in remisgon at 12
months, foll owing introduction of MM F 2g per day
in placeof cyclophosphamide, in one prospedive
single limb trial**®. All patientstolerated MM F and
no severe adverse dfects were noted.

Salvage of renal function in a @ase of reaurrent
immune-complex crescentic glomerulonephritisin
an allograft with features of an ANCA-asciated
systemic vasculiti s foll owed addition of MM to

prednisolone and cyclosporin®*®.

Clinical remisson was achieved within four weeks
of MM F treatment and sustained for 11-15 months
in a series of threepatients with relapsing
Takayasu's arteritis, previoudy treaed with
corticosteroids in two, or corticosteroids,
methotrexate and cycl ophosphamide in one'*’.

Lupus nephritis The authors of one recent small
study **8 found that MM F was well tolerated and
has posshle dficacy in controlling major renal
manifestations of systemic lupus erythematosus.
Twelve patients with relapsing o resistant nephritis
previousdly treaed with cycl ophosphamide axd one
patient who refused cyclophosphamide asinitial
therapy for diffuse proliferative nephritis, but
accepted MM F, were included. During combined
MM F/prednisone therapy, serum creatinine values
remained normal or dedined from elevated values
and proteinuria significantly deaeased. Deaeased
serum complement component C3 and el evated
anti-double-stranded DNA antibody levels at
basdlineimproved in some, but not all, patients.
Adverse eventsincluded herpes smplex stomatitis
asciated with severe leucopenia (n = 1),
asymptomatic leucopenia (n = 2), naused diarrhoea
(n = 2), thinning of scalp hair (n = 1), pancreatitis
(n=1), and pneumonia without leucopenia (n = 1).
Recurrence of the pancreatitisled to
discontinuation of MM F in this patient; all other
adverse eventsresolved with dose reduction.

Onereviewer ° reported on anumber studies,
including the abave, concerning the use of MM F in
lupus nephritisrefractory to standard
immunosuppressve protocols. These studies
involved 31 m@tients. Inthisreview it was
concluded that the results were generall y positi ve
and allowed reductionsin corticosteroid dosing.
Severe adverse dfects were said to ocaur in
approximately one quarter of the patientsand led to
withdrawal of MMF in four. It was noted,
however, that there were some difficultiesin
drawing conclusions from these studies. Experience
with MM F for other indications, including
remisgon induction or long-term remisson
maintenance was sid in thisreview not to have

been reported. Numerous questionsincluding the
optimal dose and duration of therapy for MM F in
lupus nephritisremain to be addressed in controll ed
clinical trids.

Ocular Inflammation

On the basis of prior reports, it has been suggested
that a controlled clinical tria to assess MMF asa
first-line immunosuppressve agent in uveitis or as
second-or third-line therapy in refractory ocular
inflammation is needed"".

MM F was found to ke safe and effedivein three
patients, one patient with ocular cicaricd
pemphigoid, another switched to MM F foll owing
high-risk keratoplasty due to cyclosporin all ergy,
and in combination with cyclosporin therapy in a
patient foll owing high-risk keratoplasty in whom
cyclosporin alonel\%as insufficient to prevent

alogaft rgjedion™.

A second pil ot study also suggested that MM F
may be useful for contralling ather types of ocular
inflammation with minimal side dfeds'?’. MMF
1g twicedaily was administered with
corticosteroids, as an additional agent with
cyclosporin, or instead of cyclosporin or
azathioprine. Ten of eleven patients with
uncontroll ed ocular inflammation showed a
favourable response, leading to improvement of
symptoms and the ability to reduce the dose of
prednisone.

Biliary cirrhosis

MM F may be an appropriate immunosuppressve
drug for usein the long-term treatment of patients
with primary hili ary sclerosis, including
asymptomatic patients'?'%. In onereport*®®, two
pati ents, whose response to long-term treatment
with ursodeoxychoalic acid had been inadequate,
were treaed with a combination of MMF 2 g per
day and ursodeoxychoalic acid for 12 months. In
both petients this regimen was associated with no
clinically significant adverse events, adeaeasein
elevated serum alkaline phosphatase levels to
values close to the upper limit of normal, and an
almost complete disappeaanceof the dronic
inflammatory cdl infiltrate that had been present in
pre-combination treament liver biopsies.

HIV infection
MMF may contribute to the control of HIV

replication by both virological and immunological
medanisms, accordingto the authors of one study
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in 16 patients'®* In this study, with MM F therapy,
there were dignificant deaeases in the mean
number of dividing CD4+ T cdls. It has bee
noted, however, in an accompanying editoria, that
clinical benefit neals to be appropriately
demonstrated'?,

Autoimmune haemolytic anaemia

The use of MM F for treatment of autoimmune
haemolytic anaemia has been described %,

Inflammatory bowel disease (IBD)

The use of MM F in refractory inflammatory bowel
disease was proposed'?’ and several studies have
since ppeaed intheliterature. 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 possble benefits of
the drug in inflammatory bowel disease need to be
weighed againgt its major side dfeds on the
gastrointestinal tract and cther potential problems .

Crohn’sdisease Asmentioned, termination of the
international, controlled trial of MMF in active
refractory Crohn’s disease has been reported to
have been suspended by the manufacturers®®. The
reasons given related to “registration of new
innovative medicines’ and “sow reauitment into
thetrid” . These authorsnoted that findingsin
several preliminary reports, and particularly a
recently publi shed unblinded, single-centre
comparative trial, have suggested that MM F would
be a useful alternative to azathioprine, acting faster
and being at least aswdll tolerated. They note
however, that at least two uncontroll ed studies had
fail ed to confirm this proposal.

Theresults from the single-centre mmparative trial
above have also been reported to be flawed, on the
basis of the retrospedive nature of the study and
problems with differences between the groups
compared"*°.

Ulcerative mlitis Azathioprine appeaed more
effedive and “safer” than MM F in patients with
chronic active ulcerative aliti s, according to the
authors of one open-label study™®°. In thistrial, 24
patients with active ulcerative liti swere
randomly assgned to the MM F (20
mg/kg)/prednisolone or azathioprine (2
mg/kg)/prednisolone group. The aithors of this
study considered that MM F might be an
aternative treament for patients with
contraindicaions to azathioprine. However they
noted that, to further evaluate the effects of MM F

in active ulceative aliti s, a placebo-controll ed
double-blinded study appeas warranted.

Other disorders

There have been case reports of some successusing
MM F in anumber of other disordersincluding
obliterative bronchialiti s syndrome™*,
retroperitoned fibrosis'*?, Wegener' s
granulomatosis *** and autoimmune hepatiti s ***.
MM F has also been reported from the results of
animal studiesto potentiate the atiherpesvirus

activiti es of anumber of antiviral agents™® 3¢ 1%
138

Adverse Reactions

The adverse event profil e associated with the use of
immunosuppressve drugsis often difficult to
establish dweto the presence of underlying dsease
and the mncurrent use of many other medicaions.
The principal adverse reactions associated with the
adminigration of MM F in combination with
cyclosporin and corticosteroids include diarrhoea,
leucopenia, sepsis and vomiting, andthereis
evidence of a higher frequency of certain types of
infedions, such as tuberculosis, cytomegal ovirus
(CMV) and atypical mycobacterial infedion.
Gadtrointestinal symptoms are the most frequent
adverse reaction, usually managed in clinical
practice ather by dose reduction or by splitting the
total dose into threeor four doses per day.
Uncommon but serious life-thregening infedions
such as meningiti s and infedious endocarditis have
been reported.

Aswith other patientsreceving mmunosuppressve
regimens involving combinations of drugs, patients
receving MM F as part of an immunosuppressve
regimen are & an increased risk of developing
lymphomas and aher malignancies, particularly of
the skin. Within threeyears post-transplant,
lymphoproliferative disease or lymphoma
developed in patientsrecaving MMF in
immunosuppressve regimensin 0.6% of patients
receving 2g dail y in the controll ed studies of
prevention of renal rejecion compared to dacebo
(0%) and azathioprine groups (0.6%). The
incidence of malignancies among the 1,483 petients
enrolled in controll ed trials for the prevention of
rena allograft rejedion was low, and similar to the
incidencereported in the literature for rend

al ograft redpients. There was adight increasein
the incidence of lymphoproliferative disease in the
MMF treament groups compared to the placebo
and azathioprine groups. This asped of treament
should be monitored as time progreses in order to
further definerisksin patientstreaed with MM F
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and to compare these risks with those of other
therapies.

The ANZDATA regigtry of dialysis and transplant
pati ents continues to monitor long-term mortality
aswdl as development of malignancies.

For further detail s concerning the adverse reactions
profilefor MMF, the TGA Approved Product
Information should be mnsulted.

Economic consider ations

Prevention of regjection in renal transplantation

MM F has been found to be associated with lower
overall treament costs compared to azathioprine as
part of an immunosuppressve regimen in the first
year after renal transplantation **° 1%, A threeyear
Markov model has also indicated that MMF isa
more aost-eff edive option than azathioprine, but
few detail s are available®. The significantly lower
cost of rejection treatment and asociated
hospitalisations was the key economic factor in
reducing the overall cost of treament with MM F
compared with azathioprine, offsetting the higher
drug acquisition cost. A lower incidence of graft
lossand subsequent dialysis associated with MM F
treatment also contributed to the reduced financia
impact of thisregimen. Also, an eight-fold
reduction in rejedion-related costs and
hospitalisation led to cost savingswith MM F
compared with azathioprinein the first six months
after transplantation in a single-centre Swiss sudy
(n=80) **.

Lesscertain, however, arethelong-term clinical
and ecnomic benefits. An ecnomic anaysis
based on aten-year projedion of graft survival in
patients receving MM F suggested that the
acquisition cost of the drug may limit its cost
effedivenessfor long-term treatment in all
patients**>. Nevertheless the drug may be
economically favourable in seleded high-risk

patients over thelong term™*2,

Treatment of rejection in renal transplantation

For the treatment of rgedion MM F may also be
cost effective, according to ane @st-benefit
andysis. Inthisdedsion-analysis model, MMF
proved to ke considerably more ast effective than
muromonab CD3 ($US13 730 vs $US29 06); 1996
values) per graft surviving with the dficacy end-
point of graft survival at 90 days after treatment
(data oltained from clinical studies of both drugsin

Japan)#,

Other indications

Cogt-benefit dataregarding MM F has been most
extensively studied in renal transplantation as
above. Datais yet to become avail able for other
situations.

IV Formulation

An |V formulaion of MMF hasrecently been
released. CellCept 1V must be diluted

with 5% glucose intravenous infusion prior to use.
A two-step dlution isrequired to prepare the
infusion solution to the recommended
concentration. Cell Cept 1V isphysically
incompatible with the foll owing infusion solutions:
0.9% normal saline, Ringer's and lactated Ringer's
solutions. The prescribing information also states
that the intravenous lution should not be mixed
or administered concurrently via the same atheter
with other intravenous drugs or infusion
admixtures.

Refer manufacturer’ s detail sregarding
reconstitution. It will be noted that the dilution
involves alarge volume of solution.

Prices
Cellcept priceto hospitalsin Australia:

250mg 300 capsules: $534.30 dus GST

500mg 150 tablets: $534.30 dus GST

500mg powder for infusion, 4 vials: $10530 dus
GST

Conclusion

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