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Executive summary
There are published reports in the literature describing use of mycophenolate mofetil with
varying degrees of success in a wide-range of non-transplant conditions, particularly autoimmune disorders (e.g. psoriasis, systemic lupus erythematosus, rheumatoid arthritis,
inflammatory bowel disease, granulomatosis and uveitis). Individual case reports and case series
make up a large proportion of current available evidence, with only a limited number of
randomised controlled studies published in the literature.
There have been no published trials investigating the use of mycophenolate sodium in non-renal
transplant diseases. However therapeutic equivalence between mycophenolate mofetil and
mycophenolate sodium has been established in renal transplant patients when used in
combination with cyclosporin and oral corticosteroids. Early pharmacokinetic/dynamic studies
have demonstrated bioequivalent mycophenolic acid (MPA) exposure and similar
pharmacodynamic responses for mycophenolate sodium and mycophenolate mofetil. Higher
systemic MPA exposure and maximal MPA concentrations with mycophenolate sodium were
reported in one trial investigating mycophenolate sodium vs mycophenolate mofetil in renal
transplant patients. However this higher exposure did not demonstrate any significant
improvement in clinical efficacy (protection against allograft rejection) or increase in adverse
effects.
Almost all published papers investigating the use of mycophenolate in non-transplant indications
conclude that there is a need for randomised controlled trials to confirm or reject current
findings. The overall incidence of auto-immune diseases is rare and hence the likelihood of large,
randomised controlled studies in these indications is unlikely. This should not necessarily
preclude the use of mycophenolate in these conditions, provided the decision to treat is carefully
considered in light of the available evidence about mycophenolate and other treatment options.
Since use of mycophenolate in non-transplant indications is not currently approved by the
Therapeutic Goods Administration, use of mycophenolate in these indications should follow
normal procedures for ‘off-label’ use of medicines. Further guidance about off-label use of drugs
in hospitals is available from NSW TAG: ‘Off-Label Use of Registered Medicines and Use of
Medicines under the Personal Importation Scheme in NSW Public Hospitals’.
Randomised, controlled trials are currently underway overseas in patients with myasthenia gravis
and Wegener’s granulomatosis, IgA nephropathy, pemphigus vulgaris, lupus nephritis and focal
segmental glomerulosclerosis.
In the meantime, current evidence suggests that mycophenolate use should be restricted to
patients with auto-immune disorders in whom standard treatment has failed or is contraindicated.
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Summary of Evidence in Non-transplant Conditions
1. Skin conditions
1.1 Psoriasis
Early open and placebo-controlled studies reported that mycophenolic acid (MPA) was effective
in patients with moderate-to-severe psoriasis, including those with severe refractory disease or
intolerance to conventional therapy.1-3 Concerns were reported regarding the toxicity of the drug
(e.g. immunosuppressant effects, carcinogenic potential, gastrointestinal effects). Nevertheless
MMF has continued to be trialed in patients with psoriasis.4-12
MMF was found to be an effective and safe treatment in severe psoriasis, according to the results
of a study involving 11 patients.11 Patients received MMF 1 g twice daily for three weeks then
0.5 g twice daily for three weeks. Within three weeks there was a reduction in the Psoriasis Area
and Severity Index (PASI) of between 40% and 70% in seven of 11 patients, with only one
patient achieving a reduction in PASI of less than 25% from baseline (no statistical analysis
reported). Reducing MMF from 2 g daily to 1 g daily led to further, although only slight,
improvement in six of 11 patients during the following 3 weeks. In four of 11 patients, the PASI
increased at this lower dosage, and in one patient the drug was withdrawn because of muscle
pain which reversed within a few days after stopping the drug. No gastrointestinal or
haematological adverse events were reported.
A twelve week prospective open label clinical trial evaluated MMF, 2-3 g/day, in 23 patients
with moderate to severe psoriasis.13 The following results are based on the 18 patients who
completed the study (one patient withdrew due to angioedema, three due to lack of response and
the other due to unrelated causes). At week 6 the PASI was reduced by 24% (p< 0.001) and by
47% at week 12 (p<0.001). At the end of the 12 week period 14 patients (77%) achieved a in the
PASI of > 37% (range 37-98%), while 4 patients (22%) did not respond. Five patients reported
mild nausea and one patient each had peri-orbital oedema and pruritis. One patient had transient
leukopenia.
A single case report also demonstrated a marked reduction in the PASI (22.0 vs 11.4) after 5
weeks of MMF in a patient with severe psoriasis.9
MMF has also been used in combination with cyclosporin to manage severe psoriasis.10 Nine
patients received MMF (maximum dose 3 g daily) with low-dose cyclosporin (mean dose 2.5
mg/kg per day). All patients had either previously been intolerant of higher doses of cyclosporin
alone or were refractory to cyclosporin. After the addition of MMF good clinical improvement
was observed in three patients and moderate disease control in a further four patients after a
follow-up period of 3-11 months, with no additional evidence of toxicity at the doses used. The
authors concluded that MMF may be useful in patients with psoriasis unresponsive to, or
intolerant of, other treatments, or who are at risk of developing nephrotoxicity at higher doses of
cyclosporin.
In a study of 11 patients with refractory moderate to severe psoriasis and psoriatic arthritis, only
patients with moderate psoriasis and psoriatic arthritis improved with MMF therapy. Patients
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with severe psoriasis did not clinically respond to MMF.14 In this 10-week study patients were
treated with 2 g per day and MMF was well tolerated in all patients.
A case series of 8 patients with severe psoriasis demonstrated MMF to be less effective than
cyclosporin.15 After switching from cyclosporin to MMF an increase in the PASI was seen in all
8 patients at five weeks. However, three patients were reported as having ‘reasonable’ disease
control and a statistically significant improvement in renal function was noted at 5 weeks after
switching from cyclosporin to MMF (150.5 vs 121.3 micromoles/L) (p < 0.01). The authors
stated that MMF may have a place in therapy for patients unable to take cyclosporin due to renal
toxicity.
A case of severe, transient arthralgia related to MMF treatment in a patient with erythrodermal
psoriasis has been reported.16
Topical MMF (2%) cream has been found effective in plaque-type psoriasis in three patients.17
However, no difference was detected between 0.1% betamethasone-17-valerate cream and the
MMF cream. The authors stated that a double-blind, randomised, placebo-controlled comparison
of topical 2% MMF and 2% mycophenolic acid (MPA) in an amphiphilic cream is currently
underway. Results of this trial have not been published to date. Despite a previous study of MPA
being unsuccessful,18 some animal data19 have suggested that topical MPA may show potential in
skin disorders.
1.2 Atopic dermatitis
Positive results for MMF treatment in atopic dermatitis have been reported in a number of open
studies, as well as at least one report of treatment failure in 5 patients.
In one open study all 10 patients with severe atopic eczema responded to MMF treatment.20
There was a significant reduction in the median Scoring Atopic Dermatitis (SCORAD) index at
12 weeks compared to baseline (22·0 vs 68·3 respectively)(p<0.007). The initial dose of MMF
was 1 g daily during the first week and 2 g daily for a further 11 weeks.
In a second study, seven of 10 patients with moderate-severe atopic dermatitis improved,
demonstrated by a significant reduction in the SCORAD index at 8 weeks compared to baseline
(21.9 vs 49.2)(p<0.01).21 Patients received MMF 1 g twice daily for four weeks; at week 5 the
dosage was reduced to 500 mg twice daily until study end (week 8). Patients were followed up
for 20 weeks. One patient had to discontinue MMF therapy after four weeks due to the
development of herpes retinitis.
Six of 7 patients with moderate to severe atopic dermatitis completed another open study
involving treatment with MMF 2 g daily for 6 weeks and followed up for another 6 weeks.22 A
significant reduction in the SCORAD index was reported at 6 weeks compared to baseline (28.7
vs 67.2 respectively)(p<0.01). No serious side effects were reported.
Other case reports indicating efficacy for MMF in atopic dermatitis have also been published.23,

24

However, there have been some reports of lack of efficacy and/or severe side effects in a small
number of patients. MMF 1-1.25 g twice daily was considered unsuccessful in all five patients
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with atopic dermatitis in an open trial.25 Staphylococcus aureus septicaemia and endocarditis
after five months of MMF treatment for atopic dermatitis has been reported in a single case
study.26 A case of severe, transient arthralgia related to MMF treatment in a patient with
erythrodermal psoriasis has also been reported.16
1.3 Blistering auto-immune skin diseases
Pemphigus
Several uncontrolled trials demonstrating favourable results for MMF in the treatment of
pemphigus have been published.
In an open trial involving 42 patients, remission was achieved in 22 (71%) and 5 (45%) of
patients with pemphigus vulgaris and pemphigus foliaceus, respectively.27 Partial remission was
achieved in a further 1 (3%) and 4 (36%) patients, respectively. The MMF dosage was 35 to 45
mg/kg per day. The median time to achieve complete remission was nine months. MMF was
administered for a median of 22 months and the median follow-up period was 22 months. 77%
of patients had no adverse effects. Two patients withdrew from the trial due to severe side effects
- one with symptomatic but reversible neutropenia, the other with nausea. The authors
considered MMF an effective and safe adjuvant in the treatment of both pemphigus vulgaris and
pemphigus foliaceus.
Benefit in 12/17 patients with severe, refractory pemphigus was also reported from MMF
treatment in a recent study.28 MMF was considered well tolerated and there were no withdrawals
due to safety concerns. At 18 months the average daily prednisolone requirement had reduced to
7mg, compared to 33mg at baseline.
Eleven of 12 patients responded to MMF treatment (1 g twice a day initially with prednisolone 2
mg/kg per day) in another study in pemphigus vulgaris. The responding patients showed no
relapse of their disease even after tapering of their steroid dose.29 Toxicity was considered low
with mild gastrointestinal symptoms in five patients and mild lymphopenia in nine.
In a French open trial, 9/10 patients with resistant pemphigus vulgaris showed complete
clearance of lesions within six to 16 weeks of treatment with MMF 2 g per day and systemic
steroids.30 At the end of six months, the daily dose of prednisolone was significantly lower
(36mg vs 18mg)(p = 0.003). Nausea and constipation were observed in 2 patients. No
abnormality in blood tests was noted. The authors considered that, to induce long lasting
remission, MMF had to be administrated for more than six months.
A patient with paraneoplastic pemphigus was reported free of skin and oral lesions following
MMF monotherapy for ten months.31 MMF had originally been introduced to an ongoing
multiple drug regimen. However, it proved possible to gradually discontinue other medications.
The patient’s MMF dose was 1g per day, although 2g per day had been given during the
prednisone taper. After the addition of MMF to her therapy, the patient developed mild
thrombocytopenia which persisted.
According to another case report, skin lesions improved gradually in a patient with
paraneoplastic pemphigus after cyclosporin and MMF treatment.32
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However, the disease was fatal in another patient, despite maximal therapy with plasmapheresis,
corticosteroids, MMF and subsequent addition of cyclophosphamide and cyclosporin.33
Pemphigoid
A number of case reports have recorded success for MMF in pemphigoid.34-38 An observational
study conducted in 14 patients with cicatricial pemphigoid (CP), ranging from mild-severe
relapsing disease (3), severe disease currently managed with intravenous cyclophosphamide (7)
and disease refractory to dapsone (4) reported some success.39 MMF, administered at a dose of
1.5 – 2g per day, was reported to be ‘efficient’ in obtaining or maintaining disease control in
10/14 patients. The authors concluded that MMF may be of use in mild-severe CP but should not
replace IV cyclophosphamide in severe sight or life-threatening forms of CP. However other
reports have demonstrated efficacy in ocular CP (see Eye disorders).
1.4 Other skin conditions
In severe recalcitrant pyoderma gangrenosum, case reports have suggested that MMF, dosed
at 1 – 2g per day, is a promising alternative as part of an immunosuppressive regimen or as
monotherapy.40-42 There have also been case reports of MMF either as monotherapy or with
steroids in idiopathic nodular panniculitis (Pfeifer-Weber-Christian disease).43 One case
report suggests efficacy for MMF in dyshidrotic eczema.44 However, in a liver transplant
patient, MMF treatment was associated with dyshidrotic eczema.45 In this patient, allergy skin
testing with MMF reproduced the lesions. Some promising results have been reported for MMF
in chronic actinic dermatitis.46 A small number of case reports suggest efficacy for MMF in
cutaneous lupus erythematosus,47-49 acquired bullosa epidermolysis50 and bullous lichen
planus.51

2. Eye disorders
MMF (average 2 g per day) has been found to help reduce or resolve uveitis, particularly in
patients whose disease is unresponsive to or intolerant of other immunosuppressants.52-56 The
total response rate from these studies was 78% (73/93 patients). MMF was given either as
monotherapy, or with prednisolone, cyclosporin or methotrexate. Side effects included diarrhoea,
other gastrointestinal problems, fatigue, allergic reaction, low white cell count, and alopecia. It is
of interest to note that in a dose optimisation study conducted in 2004, with use of therapeutic
drug monitoring, investigators suggested that MMF dosages in the range of 0.5-1.5g/day may be
sufficient for patients with uveitis.57
Long term efficacy of MMF in the management of refractory uveitis has been demonstrated in
small number of patients.58 A retrospective review of 14 patients with refractory uveitis treated
with MMF, 1g twice daily, for a median period of 33 months demonstrated intraocular
inflammation being under control in 10 patients, unchanged in three and deteriorated in one
patient.58
Case reports of MMF use in ocular pemphigoid have also been published.59, 60

3. Renal conditions

Early reports indicated potential for MMF in various glomerulonephritides.61, 62 Since that time
further case reports and studies in specific renal disorders have been published. Efficacy for
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MMF in glomerulonephritis after renal transplantation has been noted63 (for reports of MMF use
in lupus nephritis see Systemic lupus erythematosus).
3.1 Nephrotic syndrome
The use of MMF in nephrotic syndrome caused by lupus, membranous nephropathy (MN),
minimal change disease (MCD) and glomerulonephritis has been described in the literature. The
reports are based on small patient numbers and often include small subsets of patients with the
different causes of nephrotic syndrome listed above.64, 65
3.2 Membranous nephropathy
A small number of case series have been reported, with varying results. The author of a recent
review concluded that MMF's role as mono- or adjunctive therapy in the treatment of idiopathic
MN needs more rigorous evaluation.66
Some encouraging results have been reported for MMF in a study involving 17 patients with
MN.67 All patients were steroid dependent, or were resistant/intolerant of conventional therapy
(steroids and cyclosporin). MMF was initiated at 0.5 to 0.75 g twice a day and increased as
appropriate up to 1.5 g twice a day. Dosages were carefully titrated in patients with marked
reductions in glomerular filtration rate. A decrease in median 24-hour urine protein to creatinine
ratio from 7.3 to 1.5 (p=0.001) was noted. However, no significant change in median serum
creatinine was detected during treatment. Progressive steroid withdrawal and cyclosporin
withdrawal was achieved in 93% of patients with steroid or cyclosporin dependency. MMF was
discontinued in three patients. One patient developed severe erosive gastritis, one pneumonia and
one squamous cell cancer.
MMF therapy reduced proteinuria in some patients with idiopathic MN resistant to steroids,
cytotoxic agents or cyclosporin according to the results of a small study published in 2000.68
The urine protein excretion rate was reduced by 50% in 6 out of 16 patients after a mean duration
of six months MMF treatment. Partial remission occurred in two patients. Over the course of the
study here were no significant changes in the mean values of serum creatinine, serum albumin,
or the urinary protein excretion rate. Side effects of MMF were infrequent and generally mild.
The results of a recent study in eight patients also reported some success for MMF in MN (2 g
per day for nine months).69
A retrospective review of 18 patients with lupus nephritis, including 6 patients with MN, treated
with MMF and oral steroids reported complete remission in 10 (56%) patients and partial
remission in another four (22%).70 However, the remaining 4 patients who failed therapy all had
MN. There was no significant improvement in serum creatinine, creatinine clearance, proteinuria
or active urinary sediment at 12 months in the 6 patients with MN. The authors concluded that
the role of MMF in MN was unclear.
3.3 IgA nephropathy
In a randomised controlled trial of 62 patients with severe IgA nephropathy, MMF was more
effective in reducing proteinuria and serum lipids than corticosteroid therapy.71 Partial and total
remission rates were in the MMF group than in the control group (44.4% vs 19.1% and 88.9% vs
61.9%, respectively)(p< 0.05). The authors reported less adverse effects with MMF than with
prednisone. The dosage of MMF was initially 1 to 1.5 g per day depending on bodyweight.
Dosage was reduced after six months treatment. The maintenance dosage was approximately
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0.75 g per day after 12 months. Three patients in the MMF group were reported to have slight
diarrhoea, one nausea in the first weeks and one herpes zoster.
A smaller randomised controlled trial reported conflicting results.72 Thiry four patients were
randomised to either an angiotensin converting enzyme inhibitor (ACEI) + salt restriction +
MMF 2g per day or ACEI + salt restriction + placebo. Three year data demonstrated that MMF
treatment provided no beneficial effect over placebo. There was no difference between groups in
the percentage of patients with a decrease of 25% or more in inulin clearance or with a serum
creatinine increase of 50% or more over 3 years. No significant difference was noted between
groups for inulin clearance, serum creatinine, proteinuria, blood pressure, or other parameters of
renal function.
Isolated reports of reduction in serum creatinine and reduction or resolution of proteinuria after
administration of MMF combined with prednisone and/or cyclosporin have been published.73
Preliminary data also suggested that MMF may reduce the risk of recurrent IgA nephropathy in
renal allografts and there are ongoing randomised controlled trials testing the effectiveness of
this treatment.74
There is an ongoing RCT, involving 100 patients, evaluating the efficacy of MMF + ACEI + fish
oil supplements vs placebo + ACEI + fish oil supplements.75 No results have been published to
date.
3.4 Focal segmental glomerulosclerosis
The authors of a recent review concluded that, from preliminary experience, it was difficult to
draw any conclusion regarding the role of MMF in focal segmental glomerulosclerosis (FSGS).76
These authors noted there was an impression that patients may obtain a short-term benefit from
MMF therapy, which may reduce proteinuria and the cumulative dosage of steroids. They
commented that none of the available studies were controlled and they were all based on shortterm treatment. Well-designed randomised trials were considered necessary to assess the role of
MMF in FSGS.
Other reviewers have noted MMF that has been used with some success in a small number of
high-risk patients with FSGS resistant to or intolerant of other therapies.77, 78 In one review,79
authors concluded that patients who are resistant to corticosteroid therapy may benefit from the
use of a cytotoxic agent, cyclosporin or mycophenolate.
Decrease in median 24-hour urine protein to creatinine ratio from 2.7 to 0.8 (p=0.001) was
reported in a study of 18 patients with FSGS.67 No significant change in median serum creatinine
was detected. MMF was initiated at 0.5 to 0.75 g twice a day and increased as appropriate. One
patient received 1.5 g twice a day. The MMF dose was decreased by 25 to 33% for persistent or
moderately severe gastrointestinal symptoms.
A marked reduction in proteinuria from 6.8 to 5.7 g per day was reported in a study in eleven
patients with FSGS and nephrotic syndrome. The mean MMF dose was 1.275mg per day for a
mean period of 28 weeks.80 This was considered of little clinical relevance.76
Another report indicated partial or complete remission in a small number of patients with
treatment-resistant FSGS.64 MMF was administered at a dose of 1 g twice daily, together with a
reducing dose of corticosteroids.
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One report involved nine children and young adults with steroid-resistant FSGS suggested some
benefit from combined MMF and angiotensin blockade.81 After six months of the combined
therapy, the urine protein/creatinine ratio was 72% below baseline (p<0.01). This level was
maintained for a minimum of 24 months of observation. Similarly, hyperlipidemia improved
significantly with the treatment. The dose of MMF in these patients was 250-500 mg/m2 per day.
3.5 Minimal change disease
Clinical remission was noted in all five patients with minimal change disease (MCD), according
to one recent report.65 Combined MMF and prednisone therapy was used for six months with an
initial MMF dose of 1 to 2 g per day and a prednisone dose of 20-60 mg per day. Both drugs
were tapered gradually. In another report complete steroid withdrawal was accomplished in 5/6
steroid dependent patients with MCD.67 A case report of four patients with refractory minimal
change disease demonstrated completed remission in all four patients after commencement of
MMF (1-1.5g/day).82 At the final assessment (19-42 months), MMF therapy was ongoing at a
dose of 1g – 1.5g/day and daily oral prednisone requirements were reduced by at least 66%.

4. Systemic lupus erythematosus (SLE)
4.1 Lupus nephritis
MMF has gained widespread favour as an alternative immunosuppressive in SLE83 following the
publication of a number of controlled trials in patients with diffuse proliferative lupus nephritis
(DPLN).84-86 A number of published reviews have stated that MMF appears to be an effective
alternative for the induction and maintenance of lupus nephritis, particularly for patients who are
refractory or intolerant of conventional therapy.87-89
In a controlled trial by Chan et al 2000,84 MMF with prednisolone was as effective as
cyclophosphamide (CYP) and prednisolone followed by azathioprine (AZA) and prednisolone.
This 12-month trial involved 42 patients. MMF was started at a dose of 1 g twice a day, then
halved at six months. 81% of the 21 patients in the MMF/prednisolone group had a complete
remission and 14% a partial remission, compared with 76% and 14%, respectively, in the other
group. Toxicity was considered similar in the two groups. Data out to 32 months demonstrated a
higher cumulative relapse rate in the MMF arm.89 The authors have since noted that the data on
relapse from the 32 month analysis was non-conclusive due to lack of power within the study
design to detect a difference between the two arms.90 An extension of the initial 12 month trial
by Chan et al,84 has recently been published.91 Data collected out to 5 years demonstrated
comparable long-term efficacy of MMF and prednisolone vs CYP-AZA and prednisolone
therapy. The MMF and prednisolone arm was associated with a significantly lower number of
patients with an infection requiring antibiotic therapy or infection requiring hospitalisation. The
authors concluded that MMF is the preferred agent in induction treatment, and MMF in
combination with low-dose corticosteroid presents an appropriate maintenance regimen for
patients with DPLN.
MMF has been compared to intravenous CYP pulse therapy in patients with DPLN in at least
two controlled trials. In one study twenty three patients received MMF 1 -1.5g per day plus
supplemental steroids, and the other 23 patients received intermittent cyclophosphamide pulse
therapy.85 The groups were matched for age, sex and severity of renal damage. At six months a
50% reduction in proteinuria was achieved in 69.6% patients receiving MMF vs 47.8% of
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patients on CYP. Similarly at six months a 50% reduction in urinary red blood cell excretion was
achieved in 91.3% of MMF patients vs 65.2% for CYP. Adverse events in the MMF arm were
less frequent compared to the CYP arm: gastrointestinal (26% vs 43%) and infection (17% vs
30%). No statistical scores of significance were provided by the authors. The second trial,
recruiting 140 patients, randomised 71 patients to MMF 1g/day escalating up to 3g/day as
tolerated and 69 patients to monthly intravenous cyclophosphamide, with a treatment duration of
24 weeks.87 There was a significantly higher number of cases of remission reported in the MMF
arm (14 in MMF vs 4 in CYP)(p = 0.014). Combined complete and partial remissions were also
higher in the MMF arm (21 vs 14 respectively)(p = 0.034).
Sequential management of DPLN has been investigated in a trial involving 59 patients.86 In this
study all patients received induction therapy of monthly intravenous CYP for seven months.
Patients were then randomly assigned to CYP infusion (0.5 -1.0g/m2 every three months) or oral
AZA (1-3mg/kg/day) or oral MMF (500 -3000mg/day) for one to three years. The 72 month
event-free survival rate for the composite end point of death or chronic renal failure was higher
in the MMF and AZA arms compared to the CYC arm (p = 0.05 and p= 0.009 respectively). The
rate of relapse-free survival was higher for MMF compared to CYC therapy. (p = 0.02).
Although the authors concluded that MMF and AZA might be superior to CYC as maintenance
therapy, the study was not powered to demonstrate superiority.
In another study,92 MMF significantly reduced the rate of decline of renal function, and steroid
dosage was reduced in 80% of patients. In this study, 13 patients were treated with MMF for up
to 37 months. All patients had relapsed on conventional treatment or there had been pressing
reasons to minimise steroid dosage or avoid alkylating agents. MMF (mean dose 1 g per day)
was generally well tolerated. Infections occurred in three patients.
A number of other reports have indicated that MMF may be helpful in lupus nephritis refractory
to conventional therapy, including cyclophosphamide, corticosteroids and azathioprine,70, 93-96
and paediatric-onset lupus erythematosus where a steroid-sparing effect is needed.97
4.2 Extra-renal disease
MMF appeared a safe and effective alternative immunosuppressant for extra-renal as well as
renal disease in SLE not responding to conventional immunosuppressive treatment, according to
the results of an open trial.98 The maximum MMF dose was 2 g per day. This study involved 21
patients with SLE, most of whom had previously received courses of cyclophosphamide therapy
and had also received courses of azathioprine or methotrexate. Indications for treatment included
uncontrolled disease activity and worsening renal involvement.
Administered after a rise in antibodies to double stranded DNA in ten patients, MMF (2 g per
day for six months) appeared to prevent clinical relapse of SLE and was well tolerated.99
Concomitant drugs were left unchanged during the whole study period with the exception of
AZA which was discontinued.
Case reports of MMF efficacy in glucocorticoid-refractory immune thrombocytopenia in and
pulmonary haemorrhage in SLE have also been published.100, 101 MMF has also been used with
some success in cutaneous lupus (see skin conditions).
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5. Vasculitis
Although a number of reports have indicated that MMF may be effective in severe vasculitis,
including Takayasu’s arteritis, it has been reported that “a definite recommendation cannot be
made at the present time, particularly in view of recent reports of infection with cytomegalovirus
and rapid recurrence of anti-neutrophilic cytoplasmic antibody-negative vasculitis in transplanted
patients”.74 Another group reported renal vasculitis occurring in a patient being treated with
MMF for pyoderma gangrenosum-like skin lesions.102
The authors of a 2001 review of therapies for ANCA vasculitis reported on several studies
evaluating MMF.103 Remission was reported in 13/20 patients, MMF was found ineffective in
3/20 patients and the drug was stopped due to gastrointestinal side-effects in 4/20 patients.
An increased rate of side effects was noted in five patients with end-stage renal disease being
treated for ANCA-associated vasculitis.104 MMF had been initiated as a remission maintenance
therapy, at a dose of 1 g per day. The aim was to increase the MMF dose to 2 g per day. Four
patients developed severe anaemia, one patient developed leukopenia. Gastrointestinal symptoms
led to a dose reduction to 1 g per day in two patients and cessation of treatment in one. Three
patients remained on MMF treatment; however, the daily dose did not exceed 1g.

6. Rheumatoid arthritis
MMF has been reported to be potentially effective and fairly well tolerated in rheumatoid
arthritis.105, 106
In one of the earlier published studies, improvement was said to be seen in many patients who
had been refractory to several disease-modifying anti-rheumatic drugs.105 MMF was shown to
reduce titres of rheumatoid factor, immunoglobulin levels and the total number of T-cells (CD62
+) in peripheral blood.
A randomised, placebo-controlled, double-blinded trial demonstrated MMF 1 g twice a day to be
as effective as 2 g twice a day, with the lower dose having fewer gastrointestinal side effects.106
This study, involving 153 patients, reported marked efficacy at week 4, with a peak effect around
weeks 8 to 12, which was sustained to week 36.

7. Myositis

Clinical improvement has been reported in case reports or small case series in polymyositis,107
dermatomyositis108, 109 and inclusion body myositis.110 The doses ranged from 1 to 3 g per day.

8. Myaesthenia gravis
Efficacy of MMF in the treatment of myaesthenia gravis has been reported in at least 100
patients (case reports or small studies).110-118 A double-blind, placebo-controlled pilot study
involving 18 patients demonstrated efficacy for MMF compared to placebo.119 The most
frequently used dosage in these patients was 1 g twice a day.

Page 12 of 26

9. Wegener’s granulomatosis

A number of reports of potential efficacy for MMF in this condition have been published.120-124
However, there have also been case reports of cytomegalovirus colitis occurring during treatment
124, 125
and an acute inflammatory syndrome, characterised by fever, arthralgias and muscle
pain.126
All 13 patients with active Wegener's granulomatosis responded to MMF treatment according to
one report, but relapses occurred in 3/13 patients after 5-10 months of follow-up treatment.120
The other ten patients were in complete remission during a median follow-up of 14 months. The
dosage of MMF was 2 g per day given with prednisone 0.5-1.0 mg/kg per day with successive
tapering of the steroid dose. All 13 patients had been intolerant of cyclophosphamide, and most
had been receiving azathioprine and corticosteroids at the time of relapse.
Successful maintenance therapy with MMF (2 g per day) and tapering doses of oral
corticosteroids, after induction with cyclophosphamide, has been reported in two separate case
series123, 124 Eleven patients in one study remained in remission over a period of 15 months with
MMF maintenance therapy.124 Possible drug-related adverse effects reported in this study
included abdominal pain, respiratory infection, diarrhoea, leukopenia, and, as referred to above,
cytomegalovirus-colitis in one patient (successfully treated with ganciclovir). Langford et al
reported effective maintenance of remission in 8/14 patients over a median period of 27
months.123 MMF was well tolerated in this patient group, with no reports of gastro-intestinal
upsets. Two cases of leukopenia were reported but resolved upon reduction of MMF dose. One
case of severe bacterial pneumonia was also reported.

10. Scleroderma
From the results of one pilot study, combination antithymocyte globulin with MMF therapy
appeared to alleviate some symptoms of scleroderma, but with considerable adverse events.127
The combined treatment was undertaken for 12 months in 13 patients with diffuse scleroderma.
The MMF dose was 2 g per day. Skin scores improved over the duration of treatment. Five cases
of serum sickness were attributed to the antithymocyte globulin. Of the 13 patients treated, one
developed severe fibrosing alveolitis, one pulmonary hypertension and two renal crisis. The
disease manifestations were thought to have stabilised in the remaining patients.

11. Inflammatory bowel disease
A number of positive reports for MMF in refractory ulcerative colitis or Crohn’s disease have
been published.128, 129 However, it has been noted that the beneficial effects may be of relatively
brief duration and the side effect profile not favourable.130 The promise of earlier reports has also
been disputed in other publications.131, 132 At least two studies have suggested that MMF is not as
efficacious as other immunosuppressants, such as AZA, in either Crohn’s disease or chronic
ulcerative colitis.133, 134 A large, multicentre, international RCT of MMF in active refractory
Crohn’s disease was terminated in 1999, due to registration of ‘new innovative medicines’ and
‘slow recruitment into the trial’.135
MMF may have a role in AZA refractory disease or as an alternative for patients in whom AZA
is contraindicated. A randomised trial (70 patients) of MMF vs AZA for the treatment of chronic
active Crohn’s disease found MMF to be effective and well tolerated.128 MMF was shown to be
equally effective as AZA in moderately active disease, and resulted in an earlier reduction in the
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Crohn’s disease activity index in patients with highly active disease compared to AZA.
Investigators concluded that MMF should be considered in patients in whom AZA is
contraindicated or proven ineffective. Similar conclusions were made in a retrospective review
of 39 patients diagnosed with inflammatory bowel disease.129 40% of patients went into
remission and complete steroid withdrawal was achieved in all these patients. Almost all patients
included in the review had been intolerant of, or had not responded to AZA.129
Skelly et al reviewed the results of their own and past studies.132 They noted that, since patients
with ulcerative colitis may be unduly prone to colonic injury, MMF may not be a suitable drug
for its treatment. They concluded that further use of MMF as therapy in inflammatory bowel
disease should be confined to clinical trials.

12. Behçet’s syndrome
A study in 30 patients with Behçet’s syndrome was interrupted due to inefficacy of MMF after
the intermediate evaluation of the first six patients (as required by the ethical committee).136
These authors concluded that MMF (2 to 3 g per day) was unable to control the signs of
mucocutaneous Behçet's disease. Although an improvement of the disease activity index from a
mean of 5.2 to 1.3 had been found after the first month of combination treatment, withdrawal of
prednisolone led to quick relapses with an index increase. Introduction of interferon alpha (2a) (3
x 9 million IU 3x/week s.c.) in three patients decreased the activity index from a mean of 4.0 to
0.0.

13. HIV infection
Several studies have investigated MMF use in HIV infection, both in vitro and in vivo, with
varying results. Its clinical role in HIV infection remains unclear.137 Further studies are ongoing
to determine the safety and efficacy profile of MMF in HIV-infected patients.138

14. Other conditions
From scant case reports in the literature, MMF has been reported to be effective in a number of
other conditions such as autoimmune haemolytic anaemia, sarcoidosis, retroperitoneal fibrosis,
idiopathic thrombocytopenic purpura, multiple sclerosis, biliary cirrhosis and primary sclerosing
cholangitis.
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Recommendations
Current evidence suggests that use of mycophenolate in non-transplant disorders should be
restricted to patients with auto-immune disorders in whom standard treatment has failed or is
contraindicated.
Almost all published papers investigating the use of mycophenolate in non-transplant indications
conclude that there is a need for randomised controlled trials to confirm or reject current
findings. This should not necessarily preclude the use of mycophenolate in these conditions,
provided the decision to treat is carefully considered in light of the available evidence about
mycophenolate and other treatment options.
Since use of mycophenolate in non-transplant indications is not currently approved by the
Therapeutic Goods Administration, use of mycophenolate in these indications should follow
normal procedures for ‘off-label’ use of medicines. Further guidance about off-label use of drugs
in hospitals is available from NSW TAG: ‘Off-Label Use of Registered Medicines and Use of
Medicines under the Personal Importation Scheme in NSW Public Hospitals’.
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Mycophenolate formulations: Are they therapeutically equivalent?
Summary
No significant differences in efficacy and gastrointestinal (GI) tolerability have been reported
between mycophenolate sodium enteric coated (MS EC) and mycophenolate mofetil (MMF) in
either newly transplanted (de novo) or maintenance renal transplant patients*.
There have been no published studies investigating the use of MS EC in patients treated with
MMF for other transplant or non-transplant indications.
MS EC 720mg has been found to be therapeutically equivalent to MMF 1g*.
MMF is listed under Section 100 of the Pharmaceutical Benefits Scheme for prevention of
rejection in renal and cardiac transplant patients and Section 85 for maintenance therapy in renal
and cardiac transplant patients. MS EC is listed under Section 100 of the PBS for the prevention
of rejection in renal transplant patients and Section 85 for maintenance therapy in renal
transplant patients.
*Used in combination with cyclosporin and corticosteroids.
Introduction
Mycophenolate sodium enteric coated (MS EC), delivers mycophenolic acid (MPA), the active
moiety, to the systemic circulation. This is the same compound delivered by the ester pro-drug
mycophenolate mofetil (MMF). MS EC was designed to allow the delayed release of the active
agent into the small intestine, unlike MMF which releases MPA into the stomach. The predicted
benefit of MS EC was to enhance the therapeutic efficacy of MPA through increased tolerability
(particularly aimed at reducing gastrointestinal related side effects) relative to systemic exposure.
Efficacy and adverse events
Two phase-III, multicentre, randomised, double-blind, parallel group studies comparing MS EC
with MMF have been conducted in renal transplant patients. The first study was conducted in
newly transplanted patients (de novo) and the results at 6 and 12 months have been reported.139
In the second study, maintenance renal transplant patients were randomised to remain either on
MMF or be switched to MS EC (Myfortic®). Results out to 12 months have been published.140
Interim results of a multicentre prospective study investigating the switch from MMF to MS EC
have also been reported.141 There have been no published studies investigating the use of MS EC
for indications other than renal transplant.
De novo renal transplant patients
A total of 423 patients were randomised within 48 hours of renal transplantation, 213 to MS EC
(720 mg twice daily) and 210 to MMF (1 g twice daily) as part of triple immunosuppressive
therapy with cyclosporin and steroids.139
The results showed that 720 mg of MS EC administered twice daily was therapeutically
equivalent to 1 g of MMF administered twice daily. For MS EC and MMF respectively, overall
efficacy failure (biopsy-proven acute rejection {BPAR}, graft loss, death or loss to follow up)
was 25.8% vs 26.2% at 6 months (ns) and 26.3% vs 28.1% at 12 months (ns), demonstrating
therapeutic equivalence. BPAR alone was seen in 22.5% vs 24.3% of patients (MS EC vs MMF)
{ns}. Among patients with BPAR, the incidence of severe acute infection was 2.1% vs 9.8%
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(MS EC vs MMF)(ns). Patients in the MS EC arm of the study were noted to be potentially
disadvantaged with respect to graft cold ischaemic time >24 hours and panel reactive antibody
titres (p=0.051 and p=0.019 respective difference vs MMF). However these differences did not
appear to affect the results of the study.
The safety profile and incidence of gastrointestinal adverse events were similar for both groups.
There was no observed difference in the incidence of GI drug related adverse events between the
MS EC and the MMF arms over the 12 month study period. The authors note in their discussion
that the study was not powered to detect statistically significant differences between treatment
groups in terms of GI tolerability. The overall incidence of serious infections was similar in both
arms (MS EC 22.1% vs MMF 27.1%)(ns), however the incidence of serious pneumonia (the
definition of serious was not provided by the authors) was lower in the MS EC arm, 0.5% vs
4.3% for MMF (p = 0.01).
Maintenance renal transplant patients
Stable maintenance renal transplant patients at least 6 months post-transplant were enrolled in
this study (n = 322).140 All patients received open-label MMF (1g bd) plus cyclosporin with or
without corticosteroids (according to local guidelines) for 2 weeks prior to randomisation.
Patients were then randomised to receive either 720 mg of MS EC twice daily or 1 g MMF twice
daily; the cyclosporin +/- corticosteroids continued. The primary endpoints of the study were the
incidence and severity of GI adverse events at 3 months and incidence of neutropenia (absolute
neutrophil count < 1500 cells/mm3) in the first 3 months. Secondary endpoints included
evaluation of adverse events, laboratory data and efficacy failure out to 12 months.
No significant difference in incidence of GI adverse events was found between the two groups at
3 months (26% for MS EC vs 21% for MMF)(ns) and 12 months (30% vs 25% respectively)
(ns).140 The occurrence of neutropenia within the first 3 months of therapy was similar (MS EC
0.6% vs MMF 3.1%; 95% CI: {-6.74, + 0.80}) and remained unchanged at 12 months (12 month
figures not reported by the authors).140
The overall incidence of serious infections was 8.8% for MS EC vs 16.0% for MMF (p<0.05).140
The definition of ‘serious’ infection was not provided by the investigators. No significant
difference was noted between the two arms with respect to efficacy failure at 12 months (2.5%
for MS EC and 6.1% for MMF)(ns) and the incidence of biopsy-proven chronic rejection was
also comparable (3.8% for MS EC and 4.9% for MMF)(ns).140
A 3-month interim analyses from an open label, multicentre observational study (myPROMS)
suggested that in the maintenance of renal transplant patients conversion from MMF to MS EC
was well tolerated.141 The incidence of efficacy failure was low in the two sub-studies included
in the analyses, with only one patient out of the 150 patients reporting BPAR and no reports of
chronic rejection, graft loss or death following the conversion from MMF to MS EC at three
months.141
Bioavailability and pharmacokinetic studies
An early bioavailability study in 24 stable renal transplant patients determined that 720 mg of
MS EC (Myfortic®) delivered bioequivalent MPA exposure to 1 g MMF.142 A
pharmacokinetic/pharmacodynamic (PK/PD) study of 14 stable renal transplant patients
demonstrated identical drug exposure and similar PD-response, despite minor differences in
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PK143 A single dose, cross over trial, was reported to show that systemic MPA exposure from
MS EC (Myfortic®) was linear and increased proportionally with dose.144
A PK analysis of a subset of 48 patients in the ‘de novo’ trial was conducted, demonstrating
substantially and consistently higher systemic MPA exposure and maximal MPA concentrations
for MS EC than for MMF.144 The mean increase in systemic MPA exposure associated with the
MS EC formulation relative to MMF was 32% (p = 0.004).144 However this higher exposure did
not demonstrate any significant improvement in clinical efficacy (protection against allograft
rejection) or increase in adverse effects in the 'de novo' trial.139
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