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ABSTRACT

Background: Mycophenolate has been shown to be effective in glomerular
disease. However, the role of mycophenolate in the first-line treatment of adult onset
idiopathic minimal change disease (MCD) has not been systematically studied in a
randomized fashion.

Materials and Methods: 20 adult patients with biopsy proven MCD were recruited
and randomly assignhed to recevie either enteric coated Mycophenolate Sodium (EC-
MPS) plus low dose prednisolone (Group 1: Prednisolone 0.25 mg/kg/day, n = 10)
or standard dose prednisolone (Group 2: Prednisolone 1 mg/kg/day, n = 10).

Results: After 24 weeks of therapy, 80% (n = 8) of patients in Group 1 vs 70%
(n = 7) of patients in Group 2 achieved complete remission (p = 0.606). Both groups
showed a significant reduction of urine protein excretion (p < 0.05) and increased
serum albumin (p < 0.001) vs baseline levels. However, no significant between-group
differences were demonstrated. The relapse rate was also similar in both groups
(Group 1: 10% vs Group 2: 10%). EC-MPS treatment was well tolerated but 5 out of
10 patients from the standard-dose prednisolone group reported adverse reaction
towards the assigned treatment.

Conclusions: EC-MPS plus low dose prednisolone is non-inferior to standard-
dose prednisolone therapy in inducing clinical remission and preventing relapse in
adult onset idiopathic MCD and is associated with better tolerability and less adverse
effects. This trial is registered with the ClinicalTrials.gov number NCT01185197.

INTRODUCTION

Idiopathic minimal change disease (MCD) is the
second commonest cause of primary nephrotic syndrome
in adults [1]. Although conventional treatment with high-
dose oral corticosteroid induces clinical remission in the
majority of subjects [2], considerable cushingnoid side
effects are inevitable which may be a significant source of
distress and non-compliance particularly in young adults.
Mycophenolic acid (MPA)-based therapy was first shown
to be effective in isolated cases of primary glomerular
disease in 2002 [3]. Subsequently it was also reported in
randomized studies to induce remission of proteinuria in

IgA nephropathy [4, 5], and achieve equivalent therapeutic
efficacy when compared with standard Ponticelli regimen
in idiopathic membranous nephropathy [6]. More recently,
mycophenolate is reported to be a less toxic adjuvant agent
for remission maintenance in childhood-onset relapsing
or steroid-dependent MCD compared with cyclosporine
[7-9]. In adults, mycophenolate is also shown to be
a promising alternative treatment in a case series of 5
subjects [10]. In hepatitis B carriers, mycophenolate
combined with half standard-dose prednisolone therapy
has been shown to induce remission with reduced
rates of HBV reactivation [11]. However, the role of
mycophenolate in the primary treatment of adult onset
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MCD has not been systematically studied in a randomized
fashion.

We therefore performed a prospective, open-label,
randomized study to investigate the potential therapeutic
efficacy of enteric-coated mycophenolate sodium (EC-
MPS) combined with low-dose corticosteroid as first-
line treatment for idiopathic minimal change disease in
adult patients who presented for the first time with biopsy
proven MCD. This study aimed to determine whether
mycophenolate is as effective a form of treatment for
idiopathic MCD as standard therapy, but with a more
favourable side-effect profile and patient tolerability.

RESULTS

Participants

20 patients (10 in Group 1 and Group 2 respectively)
were recruited into the study (Figure 1). 1 patient who was
assigned to Group 1 was lost to follow-up after week 8.
There were 2 more patients who defaulted the extended
follow-up peroid in Group 1 after completion of the 24-
week assigned treatment. The demographic characteristics
and baseline clinical and laboratory data were summarized
in Table 1. The doses of ACE inhibitors’ARBS and
statins of the 20 patients at baseline and 48 months were
presented in Supplementary Table 1. There were no
significant differences in the 24-hour urine protein and
serum albumin levels between the 2 groups. Group 1
patients were younger (mean age in Group 1 31.9 + 13.5
years vs Group 2 56.9 + 19.3 years, p = 0.002) and had
higher eGFR (Group 1 118.2 +30.3 vs Group 72.3 + 30.3
ml/min/1.73m?, p = 0.003) than group 2 patients.

Response to therapy

One patient from Group 1 was lost to follow-up
at week 8 and was counted as treatment failure. After
24 weeks of therapy, 80% (8/10) of patients in Group 1
and 70% (7/10) of patients in Group 2 achieved complete
remission (p = 0.606). Figure 2 showed the Kaplan Meier
curve of complete remission rate of the 2 groups over the
24-week study period (P = 0.59, log-rank test).

One patient from Group 1 failed to achieve complete
remission by week 12 and was switched to standard
therapy. Three other patients from Group 2 achieved
partial remission after 24 weeks of treatment.

Clinical and laboratory parameters

There was significant reduction of urine protein
excretion in both Group 1 and Group 2 after the 24-week
treatment (p value for time trend for group 1 and group 2
both < 0.05). However, the overall change of urine protein
excretion between the 2 groups did not differ significantly
(Figure 3A). Similarly, there was a significant increase in

serum albumin (p value for time trend for group 1 and
group 2 both < 0.001) but without significant between-
group difference (Figure 3B).

Other clinical and laboratory parameters of the 2
groups over the 24-week study period were summarized
in Table 2.

Relapse

Two out of 10 patients (20%) from Group 1
developed relapse of nephrotic syndrome over the 48-
week follow-up. One of them occurred at week 24 due
to treatment non-compliance. The patient was given
standard prednisolone therapy and achieved complete
remission thereafter. The other occurred at week 32 and
was preceded by upper respiratory infection. Two patients
(20%) from Group 2 relapsed. One patient developed
relapse at week 16 while the dose of prednisolone was
being tapered. The patient achieved complete remission
at week 8 but developed relapse after a flu-like illness.
Another patient developed relapse at week 33 (Figure 4,
log rank test p = 0.78).

Adverse effects

Patients from both groups did not have cytopenia
or steroid induced diabetes in the 24-week treatment
period. Group 1 patients mostly tolerated treatment well
except one patient developed cellulitis over her edematous
lower limb and another patient complained of acne during
the early course of treatment. Five Group 2 patients
complained of adverse effects including moon face (n = 3),
mild joint pain (n = 1), facial erythema (n = 1), epigastric
pain (n = 1) and insomnia (n = 1). One Group 1 patient
complained of abdominal striae and one Group 2 patients
developed herpes zoster after receiving high dose steroid
for relapse of nephrotic syndrome during the extended 24-
week follow-up period.

There was 1 patient from Group 1 who defaulted.
During the 8-week follow-up, her urine protein excretion
decreased from 10.7 g/24 hours at week 0 to 2.95 g/24
hours at week 8. She did not report any adverse reaction to
the treatment. Kidney function and blood count remained
stable.

DISCUSSION

Mycophenolate blocks purine biosynthesis, inhibits
T and B-lymphocyte proliferation [13]. In recent years,
MPA-based therapy has been introduced in the treatment
of primary glomerulopathies [9]. Mycophenolate mofetil
(MMF) and enteric coated Mycophenolate Sodium are the
two prodrugs of MPA. To date, most of the evidences of
MPA-based therapy in nephrotic syndrome were derived
from the paediatric population using MMF. It had been
shown that MMF is safe and efficacious in the treatment
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of steroid dependent nephrotic syndrome in children and
can be used as a steroid sparing agent [14]. Compared
with calcineurin inhibitors such as cyclosporine A, MMF
has a better side effect profile. Patients on MMF had
better eGFR than those on cyclosporine A [7]. Hence,
MMF would be a good alternative immunosuppressant,
particularly in patients who had evidence of calcineurin
inhibitor toxicity [15]. In adults, a case series reported
successful discontinuation of steroid treatment in 4 out
of 5 cases of steroid dependent or frequently relapsing
MCD after using ES-MPS [10]. In hepatitis B carriers,
MMEF combined with half standard-dose prednisolone
therapy has been shown to induce remission with reduced
rates of HBV reactivation [11]. Nevertheless, high
quality evidence on the use of mycophenolate in MCD

remains lacking. Currently, the KDIGO guideline only
recommends using MMF for adult MCD patients who
are intolerant to corticosteroids, cyclophosphamide and
calcineurin inhibitors [12].

To our knowledge, this is the first open-label
randomized controlled study investigating the treatment
efficacy of enteric coated Mycophenolate Sodium plus
low dose prednisolone as primary treatment of adult onset
idiopathic minimal change disease. We demonstrated
a comparable complete remission rate between the
Mycophenolate group (80%) and standard-dose steroid
group (70%). Both groups also had very low relapse rates
(20%) up to the 48-week follow-up time point. These
relapses were mostly due to drug non-compliance or
precipitation by flu-like illness. It is worth noting that there

Randomized (n= 20)

A 4

Allocated to Group 1 (n=10)
+ Received allocated intervention (n=10)

+ Did not receive allocated intervention (n=0)

Lost to follow-up (n=1)
+ patient default at Week 8

Discontinued intervention (n=1)
+ relapse at Week 24 due to non-compliance

Y

Completed Week 24 visit (n=9)

Completed extended follow-up at Week 48
(n=7)

Figure 1: Patient randomization flow diagram.

A 4

Allocated to Group 2 (n=10)
+ Received allocated intervention (n=10)
+ Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=1)
. relapse at Week 16

A 4

Completed Week 24 visit (n=10)

Y

Completed extended follow-up at Week 48
(n=10)
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Table 1: Baseline characteristics of patients with treatment naive idiopathic MCD

Group 1 (n=10) Group 2 (n=10)
mycophenolate plus low-dose standard-dose P value
steroid steroid
Demographic data
Age (y) 31.9+13.5 56.9+19.3 0.002
Male Gender 5 (50%) 3 (50%) 0.99
Clinical parameters at week 0
Body weight (kg) 653+194 60.4+74 0.47
BMI (kg/m2) 29.2+13.5 23.1+5.7 0.24
Systolic BP (mmHg) 1299+ 174 140.9 £ 17.7 0.18
Diastolic BP (mmHg) 779 £15.8 79.4+£10.9 0.81
Laboratory parameters at week 0
Creatinine (pmol/l) 69.4+15.6 102.4 £50.1 0.06
eGFR (ml/min/1.73m2) 118.2+30.3 72.3+30.3 0.003
24 hours urine protein (g) 6.1+2.9 6.1 +3.1 0.96
Serum albumin (g/1) 18.6+£5.6 209+43 0.88
were also less adverse reactions in patients who received Limitations of this study include its small sample
mycophenolate and most of these adverse reactions were size and open-label design. Patients from the standard-
likely steroid related complications. dose prednisolone group were older, more hypertensive
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Figure 2: Kaplan-Meier analysis of the probability of complete remission during the 24 weeks of treatment (P = (.59,
log-rank test).
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and had worse kidney function at baseline than those
received ES-MPS. They represented the high risk group
who may response poorly to treatment. Yet, these patients
demonstrated significant improvement in systolic and
diastolic BPs and trend of improving serum creatinine over
time, suggesting steroid therapy had good effects from
these parameters. On the other hand, as there were less
hypertensive patients and patients with abnormal kidney
function in the ES-MPS group, the efficacy of ES-MPS
for these higher risk patients had to be verified in other
larger randomized controlled trial. Overall, patients from
both groups responded well to their assigned treatment
and their complete remission rates were comparable to
those published in the literature. There was one patient
who defaulted follow-up in the mycophenolate group. She
did show partial response after 8 weeks of mycophenolate
treatment and did not have major side effects.

In conclusion, this preliminary, small, open-label
trial showed that enteric coated Mycophenolate Sodium
plus low dose prednisolone achieved similar efficacy
to standard-dose prednisolone therapy in treatment of
minimal disease with nephrotic syndrome. This therapeutic
approach was also associated with better tolerability and
less adverse effects. Future large randomized, double-blind
trials to verify the potential therapeutic role of enteric
coated Mycophenolate Sodium as first-line treatment of
adult onset idiopathic of MCD is warranted.

MATERIALS AND METHODS

Participants and study design

This was a 24-week open-label, randomised
controlled study. Male or female aged 18 years or above
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with first histological diagnosis of treatment-naive MCN
who were willing to give written, informed consent
had been included. Those patients who had secondary
causes of MCD (such as connective tissue disease or
malignancy); prior history of glomerular disease including
MCD; concomitant renal pathologies in addition to
MCD on renal biopsy; known allergy to mycophenolate;
concurrent treatment with corticosteroids; non-steroidal
anti-inflammatory drugs or immunosuppressive agent;
female who are pregnant or intending to conceive;
female of child-bearing age who are unwilling to practice
effective contraception or patient who are unable to give
informed consent have been excluded.

Consenting and eligible subjects had been
randomized in a 1:1 ratio to either of the following
treatment groups:

Group 1 (EC-MPS plus low-dose steroid):
Prednisolone 0.25 mg/kg/day for 8 weeks then 0.15 mg/
kg/day for 8 weeks then 0.1 mg/kg/day for 8 weeks then
off, plus EC-MPS 720 mg b.i.d. (540 mg b.i.d. if body
weight less than 60 kg) for 24 weeks then off

Group 2 (Standard-dose steroid): Prednisolone 1
mg/kg/day to be tapered over a period of 24 weeks at the
discretion of the attending physician

All patients were also given treatment including
angiotensin converting enzyme inhibitor/ Angiotensin
receptor blocker with or without other anti-hypertensive
and statin. The choice of other anti-hypertensive agents to
achieve target blood pressure ( < 130/80 mmHg) includes
calcium channel blocker, beta-blocker, thiazide, and alpha-
blocker. Study visits occurred at DO (Randomization), week
2,4, 8, 16,24, 36, 48. After cessation of immunosuppressive
treatment at week 24, patients had an extended period of
follow-up till week 48 to monitor for clinical relapse.
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Figure 3: Change of urine protein excretion and serum albumin throughout the 24-week follow-up. Data presented are

the mean values and the standard errors
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This study was conducted in accordance with
the guidelines set out in the Declaration of Helsinki
and ICH-Good Clinical Practice. The study protocol
was approved by the Institutional Review Board (IRB
reference number: HKU/HA HKW IRB UW 10-190).
This trial was also registered with the ClinicalTrials.gov
number NCT01185197.

Outcome

The primary endpoint was complete remission
rate, which was defined as 24-hour urine protein < 0.3
g at 6 months. The secondary endpoints were partial
remission rate (defined as proteinuria > 0.3 but < 3.5
g/24 hours); relapse rate within 6 months of treatment
cessation (defined as presence of proteinuria using urine
dipsticks on 3 non-consecutive days); change in 24-hour
urine protein excretion, serum albumin, serum creatinine,
eGFR, serum lipid profile, haemoglobin, white blood cell
count, blood pressure and body weight. Untoward effects
including gastrointestinal upset, cytopenia, infection, and
other steroid-related complications and patient-perceived
aesthetic effects (presence of moon face, acnes, striae,
weight gain) were also recorded. Patients randomized to

Group I who failed to achieve complete remission after
12 weeks of therapy were considered to have treatment
failure and were switched to conventional therapy.

Statistical considerations

We had previously reported 94% and 100% complete
remission rate in younger and older MCD patients after
completing 16-week of corticosteroid therapy respectively
[16]. Our study was designed to show that EC-MPS treatment
was non-inferior to standard steroid therapy with a non-
inferiority margin of 0.3 in terms of response rate. Assuming
the response rate of steroid treatment was 90%, recruitment
of 10 patients in each arm would achieve 70% of power at
a significance level of 0.05. We used an intention-to-treat
approach to perform analyses in patients who had received at
least one dose of a study drug. Comparisons between groups
were performed by chi-squared statistic for categorical data,
and Mann-Whitney U as appropriate for continuous data.
Complete remission rate and relapse-free survival were
calculated using the Kaplan-Meier method, and analyzed using
log-rank statistics. The longitudinal measurements of clinical
and laboratory parameters were analysed using repeated
measure ANOVA to determine time trend and between group

Relapse-free Survival
0.50 0.75 1.00

0.25

0.00

Figure 4: Kaplan-Meier analysis of relapse free survival of the 20 study patients (P = 0.78, log-rank test).
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Table 2: Clinical and laboratory parameters throughout the 24-week follow-up

Treatment Week 0 Week 2 Week 4 Week 8 Week 16 Week 24 P value for
group time trend
Systolic BP (mmHg) Group 1 129+ 13 122+ 12 123+£7 120+ 13 122+ 14 128+ 19 0.25
Group 2 141+ 18 125+ 18 128 + 14 117+ 18 121+ 19 116 £ 16 0.04
Diastolic BP (mmHg) Group 1 75+£12 74+ 11 74+£9 73+£9 72+£9 72+ 14 0.81
Group 2 79 £ 11 75 £ 11 73 +£10 66+9 71 +£12 7111 0.02
Body weight (kg) Group 1  65.7+20.5 63.9+22.0 62.6+17.9 623+180 63.8=19.1 64.1+20.3 0.25
Group 2 60.5+7.9 574+55 57.0+£59 568+63 57.8+6.1 58.1+£6.8 0.04
ABW from baseline (kg) Group 1 0 -1.9+45 -3.1+£39 -3.5+43 -1.9+34 -1.6+£2.6 0.25
Group 2 0 -3.1+34 -35+£39 -37+£46  -27+4.0 24+42 0.04
Neck circumference (cm) Group 1 349+45 343+4.6 0.12
Group 2 34.1+3.1 33.7+2.6 0.55
Hip Wrist ratio Group 1 1.19+0.13 1.20+£0.13 0.44
Group 2 1.12+0.11 1.14£0.13 0.43
Calf circumference (cm) Group 1 36.5+4.5 357+52 354+39 355+£37 355+£3.8 36.4+4.6 0.46
Group 2 350+3.2 346+3.0 339+24 324+68 345+3.0 345+33 0.27
Creatinine (umol/L) Group 1 69 £ 16 75+ 16 71+ 14 70+ 14 69 £ 18 71£15 0.78
Group 2 102 + 50 90+ 19 85+13 82+ 15 82+ 19 81+17 0.12
eGFR” Group 1 118 £30 108 + 35 114 £28 113 £22 126 +49 113 £25 0.51
Group 2 72 + 30 76 + 16 77+ 10 82+6 82+ 13 8313 0.34
Leucocyte count (x10°/L) Group 1 6.5+2.0 10.1+3.5 87+32 8.8+£2.8 8.1+33 7.2+2.0 0.02
Group 2 7.1+£3.4 142+44 12.0+3.9 11.7£2.9 10.1£2.9 8.8+2.7 <0.001
Lymphocyte count (x10°/L)  Group 1 1.94+0.6 2.3+1.1 2.1+£09 2.8+1.1 1.8+0.7 22+0.5 0.14
Group 2 1.6 0.4 1.9+1.5 23+15 28+1.1 26+1.6 29+1.1 0.05
Fasting glucose (mmol/L) Group 1 5.1+£0.5 48+0.5 48+0.5 0.14
Group 2 5.8+0.9 54+1.0 48+0.5 0.02
Total cholesterol (mmol/L) Group 1 11.3+£4.0 53+£0.7 55+24 0.01
Group 2 8.8+3.2 59+1.0 47+1.1 0.01
“Between group P value <0.05
differences. Statistical analyses were performed using SPSS CONFLICTS OF INTEREST
version 16.0 (SPSS Inc., Chicago, IL, USA), with p-values of
< 0.05 considered statistically significant. None.
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