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ABSTRACT

Background: Appropriate immunosuppressive therapy for patients with idiopathic
membranous nephropathy (MN) remains controversial. The effect of mycophenolate mofetil
(MMEF) versus cyclosporine (CsA) combined with low-dose corticosteroids was evaluated in
patients with idiopathic MN in a multi-center randomized trial (NCT01282073).

Methods: A total of 39 biopsy-proven idiopathic MN patients with severe proteinuria were
randomly assigned to receive MMF combined with low-dose corticosteroids (MMF group)
versus CsA combined with low-dose corticosteroids (CsA group), respectively, and followed
up for 48 weeks. Complete or partial remission rate of proteinuria and estimated glomerular
filtration rate (eGFR) at 48 weeks were compared.

Results: The level of proteinuria at baseline and at 48 weeks was 8.9 5.9 and 2.1 + 3.1 g/day,
respectively, in the MMF group compared to 8.4 + 3.5 and 3.2 + 5.7 g/day, respectively, in the
CsA group. In total, 76.1% of the MMF group and 66.7% of the CsA group achieved remission
at 48 weeks (95% confidence interval, —0.18 to 0.38). There was no difference in eGFR
between the two groups. Anti-phospholipase A2 receptor Ab levels at baseline decreased at
48 weeks in the complete or partial remission group (P=0.001), but were unchanged in the
no-response group. There were no significant differences between the two groups in changes
in the Gastrointestinal Symptom Rating Scale and Gastrointestinal Quality of Life Index
scores from baseline to 48 weeks.
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Conclusion: In combination with low-dose corticosteroids, the effect of MMF may not be
inferior to that of CsA in patients with idiopathic MN, with similar adverse effects including
gastrointestinal symptoms.

Trial Registration: ClinicalTrials.gov Identifier: NCT01282073

Keywords: Membranous Nephropathy; Cyclosporine; Mycophenolate Mofetil; Corticosteroids

INTRODUCTION

Idiopathic membranous nephropathy (MN) is one of the most common types of nephrotic
syndrome in adults worldwide.1,2 Previous reports of the natural history of idiopathic MN
showed that 5%—30% and 40% of patients had spontaneous complete or partial remission of
proteinuria at 5 years, respectively, whereas 30%—-40% progressed to end-stage renal disease
within 5-15 years.34

Given the slowly progressive natural course and substantial spontaneous remission rate of this
disorder, immunosuppressive agents are recommended only for patients who are at high risk of
disease progression or developing complications of nephrotic syndrome.5 Sustained proteinuria
for at least 3 months and decreased estimated glomerular filtration rate (eGFR) were reported
risk factors for progression of idiopathic MN.6 The Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines recommend that immunosuppressive agents for idiopathic MN should be
initiated selectively in patients at risk of disease progression, including those with persistent
proteinuria exceeding 4 g/day and remaining at over 50% of baseline value despite 6 months of
conservative treatment with renin-angiotensin-aldosterone system blockade.”

Although various immunosuppressive agents have been used for treatment of idiopathic
MN, their use remains controversial. Oral alkylating agents, such as cyclophosphamide

and chlorambucil in conjunction with corticosteroids, are effective in inducing remission
and preventing end-stage renal disease.8,9 However, the toxicities of alkylating agents are

of concern.10 While calcineurin inhibitors including cyclosporine (CsA) or tacrolimus are
usually recommended as alternatives to alkylating agents, the nephrotoxicity of calcineurin
inhibitors can be a challenge in the presence of pre-existing deterioration of kidney function.
Moreover, CsA-based therapy is recommended as an alternative to alkylating agents in
patients who choose not to receive or have contraindications for an alkylating agent regimen
because of low to moderate quality of evidence in the KDIGO guidelines.”

Mycophenolate mofetil (MMF), an immunosuppressive agent, inhibits antibody formation

and the proliferation of both T and B cells; it also downregulates the expression of adhesion
molecules on lymphocytes, thereby impairing binding to endothelial cells.11,122 MMF has been
used to treat idiopathic MN as well as lupus nephritis and kidney transplantation recipients.1316

Previous small randomized studies have shown a similar efficacy of MMF with corticosteroids
compared to traditional cytotoxic agents combined with corticosteroids in patients with
idiopathic MN.1%18 However, there are no data comparing the efficacy of MMF versus CsA in
combination with corticosteroids for treatment of idiopathic MN. Therefore, this multi-center,
randomized controlled trial aimed to evaluate the effect of MMF versus CsA in combination
with low-dose corticosteroids in patients with idiopathic MN (MMFPRIMER, NCT01282073).
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METHODS

Study design and population

This multi-center, randomized controlled trial was conducted from June 2013 to May 2016.
Patients with biopsy-proven idiopathic MN were assessed for eligibility for this study at multiple
centers in the Republic of Korea. We also included patients who underwent a biopsy within the
preceding 12 months, experienced worsening proteinuria, and exhibited deteriorating renal
function, but satisfied the following inclusion criteria. Patients who were > 18 years old were
enrolled in this study if they had proteinuria > 8 g/day. Patients with proteinuria < 8 g/day were
also enrolled if they met 3 or more of the following criteria: 1) eGFR < 60 mL/min/1.73 m?,

2) hypertension (blood pressure > 140/90 mmHg or > 120/80 with anti-hypertensive drugs),

3) 24-hour urinary protein > 5.0 g/day or spot urine protein to creatinine ratio > 5.0 g/g,

4) serum albumin < 3.0 g/dL, and 5) selectivity index > 0.2. eGFR was calculated by the
modification of diet in renal disease (MDRD) equation. The selectivity index was calculated
using the following equation: urine IgG x serum albumin/serum IgG x urine albumin.
Exclusion criteria included the presence of moderate to severe gastrointestinal disorder at
screening; a history of allergy to mycophenolate mofetil or cyclosporine; acute or chronic
allergy within 4 weeks; presence of serious life-limiting comorbid disorders such as malignancy
or uncontrollable active infection; drug or alcohol addiction within 6 months; uncontrolled
high blood pressure (> 160/100 mmHg); eGFR < 30 mL/min/1.73 m? at screening; absolute
neutrophil count < 1,500/mm?® or white blood cell (WBC) < 2,500/mm?; platelets < 100,000/
mm’; three-times greater than normal liver function test values; pregnancy; or lactation.
Patients who had received immunosuppressive agents within 6 months for secondary MN with
systemic disorder, or had a life expectancy of less than 1 year were also excluded.

Randomization and treatment protocol

All patients were assigned using a block randomization technique to either the MMF group

or the CsA group. The table of random numbers was generated using the SAS randomization
program, which was managed by the Department of Clinical Statistics in the clinical trial center
at Kyungpook National University Hospital in Daegu, Korea. Oral MMF or CsA were provided
as prepacked drugs in identical bottles. Allocation concealment was done by sealed sequentially
numbered opaque envelopes. They were consecutively numbered and bottles were provided

to the patients according to the number allocated. Treatment consisted of oral prednisolone
0.15 mg/kg up to a maximum dose of 15 mg/day for patients in both groups. Prednisolone was
maintained at a minimum of 5 mg/day during the study period. In the MMF group, oral MMF
(Myconol®, Hanmi Pharmaceutical, Seoul, Korea) was added to corticosteroids. The MMF
treatment regimen consisted of 500 mg twice daily in patients weighing less than 50 kg, or
750-1,000 mg twice daily in patients weighing more than 50 kg. The dose of MMF was adjusted
in a range of 500-1,000 mg twice daily based on laboratory findings, at the discretion of the
attending physician. The dose of MMF was reduced by 25%—-33% of the previous dose when a
patient had moderate to severe diarrhea. MMF was withheld when the WBC count was less than
4,000/mm’ or the patient had intolerable gastrointestinal symptoms, and was restarted at a 50%
dose at least 2 weeks after recovery. MMF was discontinued when the patient showed severe
adverse events, more than doubled values in liver function tests, newly developed malignancy,
or increased serum creatinine level by over 50%. In the CsA group, oral CsA (Implanta soft
cap®, Hanmi Pharmaceutical) was added to corticosteroids. CsA was started at a dose of 4 mg/
kg and the dose was adjusted to maintain a 100 + 50 ng/mL trough blood level. The trough level
of CsA was not an absolute target and the dose could be adjusted at the physician's discretion.
The dose was decreased in cases in which serum CsA level > 250 ng/mL, there was an increase
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in serum creatinine level of more than 0.3 mg/dL compared to baseline, elevated serum
aspartate aminotransferase (AST) or alanine aminotransferase (ALT) level, or increased serum
bilirubin level > 2 mg/dL. CsA was discontinued when serum creatinine level did not improve

4 weeks after the dose was reduced in cases of increased serum creatinine > 30% over baseline.
CsA was also discontinued when the patient had severe adverse events or uncontrolled high
blood pressure despite the use of three or more anti-hypertensive drugs at maximally-tolerated
doses. Concurrent treatment was not standardized; however, blood pressure and proteinuria
were primarily treated with angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers. Statins were used to decrease serum cholesterol levels. Patients were assessed 2 weeks
after starting the treatment regimen, every 4 to 6 weeks for the next 24 weeks, and then every
12 weeks thereafter. Patients were followed up for a total of 48 weeks. Vital signs, side effects of
treatment, and laboratory data, including spot urine protein to creatinine ratio, complete blood
cell count, serum albumin, and serum creatinine, were prospectively collected at each visit. Lipid
profile and 24-hour urinary protein were monitored at baseline, and at 12, 24, and 48 weeks.

Outcome measurements and safety assessment

The primary outcome was the rate of complete or partial remission of proteinuria at 48 weeks
in the MMF and CsA groups. To assess remission of proteinuria at 48 weeks, level of 24-hour
urinary protein was used. Complete remission was defined as a decrease in proteinuria to
<200 mg/day and a sustained serum albumin level > 3.5 g/dL. Partial remission was defined
as a decrease in proteinuria to > 200 and < 3,500 mg/day or a decrease greater than 50%
compared to baseline.1? As secondary outcomes, eGFR, relapse rate, and improvement of
hypoalbuminemia and hypercholesterolemia at 48 weeks were compared between the 2
groups. A relapse was defined as proteinuria > 3,500 mg/day after achievement of partial

or complete remission or an increase in proteinuria greater than 50% in patients in whom
proteinuria had improved initially by more than 50%.

To assess safety, any adverse events, such as leukopenia, infectious episodes, malignancy,
and gastrointestinal symptoms, including diarrhea and epigastric discomfort, were
recorded. To compare gastrointestinal symptoms in the 2 groups, patients were asked to fill
in a questionnaire including the Gastrointestinal Symptom Rating Scale (GSRS)20,21 and
Gastrointestinal Quality of Life Index (GIQLI)22 at baseline and at 48 weeks.

Measurement of anti-PLA2R Ab level by using the enzyme-linked
immunosorbent assay method

Serum samples from the patients at baseline and at 48 weeks were obtained and stored at
-80°C. Levels of anti-phospholipase A2 receptor (anti-PLA2R) antibodies (Ab) were measured
using a commercial ELISA kit (Euroimmun AG, Lubeck, Germany) in accordance with the
manufacturer's protocol, as described in previous studies.23:24 A value higher than 20 RU/mL
was regarded as a positive result.

Statistical analysis

It was estimated that at least 28 patients in each group would be needed for 80% power
assuming a 5% significance level. As we estimated a 10% screening failure and dropout rate,
31 patients would finally need to be included in each group.

The intention-to-treat (ITT) analyses included all randomly assigned patients. We compared

complete or partial remission rates of proteinuria in the 2 treatment groups using a non-
inferiority test: the lower limit of the confidence interval (CI) of the difference in proportions
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of patients who achieved complete or partial remission of proteinuria in the MMF and CsA
groups could not exceed the threshold of ~20%, which is 50% of the difference in remission

rate between spontaneous remission (-30%)34 and CsA treatment (-70%).25:26 Mean values
and frequencies of the parameters were compared by independent sample t-tests or y? tests, as
appropriate. For non-normally distributed variables (body mass index, serum creatinine, and
high-sensitivity C-reactive protein [hsCRP]), the Mann-Whitney U test was performed after a
test for normality. If patients discontinued treatment due to a lack of efficacy, their last value was
carried forward for the analysis. Cumulative probabilities of complete or partial remission were
estimated using the Kaplan-Meier method. SPSS version 19.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analyses. A Pvalue of < 0.05 was considered statistically significant.

Mycophenolate Mofetil versus Cyclosporine with Corticosteroids in Membranous Nephropathy

Ethics statement

Approval was obtained from the Institutional Review Board of Kyungpook National University
Hospital (KNUH_10-1096). Written informed consent was obtained from all patients prior to
randomization. The trial was registered at ClinicalTrials.gov site (NCT01282073).

RESULTS

Baseline characteristics of the patients

Of 43 MN patients with severe proteinuria screened for this study, 1 was not eligible, 2 refused
to participate, and 1 was in poor general condition and had a rapidly rising serum creatinine
level. Thus, 39 patients were included in the study. Of these, 21 and 18 were allocated to the
MMF and CsA groups, respectively (Fig. 1). The baseline characteristics of patients were
comparable between the 2 groups (Table 1).

Assessed for eligibility (n = 43)

Excluded (n = 4)

- Not meeting inclusion criteria (n = 1)
- Declined to participate (n = 2)

- Poor general condition (n =1)

| Randomized (n = 39) |

!
| !

https://jkms.org

Allocated to MMF group (n = 21)

|

Allocated to CsA group (n =18)

Withdrawal of informed consent (n = 3)
No response (n = 2)

Relapse (n = 3)

Lost to follow up (n =1)

|

|

Withdrawal of informed consent (n =1)
No response (n =1)

Elevation of serum creatinine (n = 2)
Bladder tumor (n =1)

Analyzed (n = 21)

|

Analyzed (n =18)

Fig. 1. Flow diagram of the multi-center, randomized trial evaluating the effect of MMF vs. CsA combined with
low-dose corticosteroids in patients with idiopathic membranous nephropathy.

MMF = mycophenolate mofetil, CsA = cyclosporine.
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Table 1. Baseline characteristics

Parameters MMF group (n = 21) CsA group (n =18) Total (n = 39) P
Sex (male) 16 (76.2) 9 (50.0) 95 (64.1) 0.172
Age, yr 57.7 £10.0 52.7+10.9 55.4+10.6 0.141
Body mass index, kg/m? 25.2+3.8 26.4 + 4.7 25.7 +4.2 0.385
Systolic BP, mmHg 125.0 £17.2 122.3 £17.5 123.7 £17.2 0.639
Diastolic BP, mmHg 77.0 £11.9 75.9 £11.1 76.5 +11.4 0.758
Serum creatinine, mg/dL 11+0.5 0.9+0.4 11+0.4 0.154
Albumin, g/dL 2.3+0.6 2.5+0.6 2.4+0.6 0.366
Total cholesterol, mg/dL 268.5 £ 73.3 243.9 + 64.1 257.2 + 69.4 0.277
hsCRP, mg/dL 0.52 £1.10 0.38 £ 0.63 0.45+0.91 0.656
Proteinuria, g/day 8.9+5.9 8.4 £3.5 8.7+4.9 0.710
Microscopic hematuria 19 (90.5) 15 (83.3) 34 (87.2) 0.853
eGFR, mL/min/1.73 m? 73.9 £ 31.0 84.9 +25.2 78.9 +28.7 0.236
Hypertension 14 (66.7) 9 (50.0) 23 (59.0) 0.466
Diabetes 4 (19.0) 4(22.9) 8 (20.5) 1.000
ACEi and/or ARB 16 (76.2) 17 (94.4) 33 (84.6) 0.258
Statin 19 (90.5) 18 (100.0) 37 (94.9) 0.538
Proton pump inhibitor 8 (38.1) 11 (61.7) 19 (48.7) 0.266
Trimethoprim/sulfamethoxazole 3(14.3) 3(16.7) 6 (15.4) 1.000
Vitamin D/calcium 1(4.8) 3(16.7) 4 (10.3) 0.489

Values expressed as the mean + SD, or number (%). Mean values were compared by independent sample t-tests and frequencies were compared by y” tests.
MMF = mycophenolate mofetil, CsA = cyclosporine, BP = blood pressure, hsCRP = high-sensitivity C-reactive protein, eGFR = estimated glomerular filtration rate,
ACEi = angiotensin-converting enzyme inhibitor, ARB = angiotensin Il receptor blocker, SD = standard deviation.

Table 2. Status of proteinuria at 48 weeks

Comparison of response to treatment

A total of 16 patients (76.1%) in the MMF group and 12 (66.7%) in the CsA group achieved
complete or partial remission of proteinuria at 48 weeks (Table 2; P= 0.805). The absolute
difference in complete or partial remission of proteinuria was 9.4% (95% CI, -0.18 to 0.38),
which did not exceed the margin. The cumulative incidence of complete or partial remission
of proteinuria at 48 weeks was 82.8% in the MMF group and 70.9% in the CsA group, which
was not significantly different between the groups (Fig. 2; P=0.929).

Rate of complete or partial remission was compared based on the categories of proteinuria at
baseline. The results were presented in Table 3. Remission rate of proteinuria was higher in
patients with proteinuria less than 8 g/day compared to patients with proteinuria > 8 g/day.
However, there was no significant difference between the MMF and CsA group in patients
with each categories of proteinuria (Table 3).

Proteinuria at baseline and 48 weeks measured 8.9 +5.9 and 2.1 + 3.1 g/day, respectively, in
the MMF group compared to 8.4 + 3.5 and 3.2 + 5.7 g/day, respectively, in the CsA group.
Changes in proteinuria from baseline were comparable between the 2 groups at 12 (-57.0%
CsA vs. —43.3% MMEF group; P =0.330), 24 (-76.7% CsA vs. -57.6% MMEF group; P= 0.174),

36 (-75.9% CsA vs. -58.5% MMEF group; P = 0.326), and 48 weeks (-63.9% CsA vs. -69.0%
MMEF group; P = 0.745) (Fig. 3). Proteinuria was significantly decreased at each time point
compared to baseline in both groups. In the CsA group, there was no significant difference in
reduction of proteinuria in each time point (-57.0% at 12 weeks vs. =76.7% at 24 weeks,

Outcomes MMF group (n = 21) CsA group (n =18) Total (n = 39) P

Remission 16 (76.1) 12 (66.7) 28 (71.7) 0.805
Complete remission 4 (19.0) 3(16.7) 7 (17.9) 1.000
Partial remission 12 (57.1) 9 (50.0) 21 (53.8) 0.901

Values expressed as number (%). P, MMF vs. CsA group compared by y” tests.
MMF = mycophenolate mofetil, CsA = cyclosporine.

https://jkms.org
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Fig. 2. Probability of complete or partial remission of proteinuria in MMF and CsA groups. The cumulative incidence of complete or partial remission of
proteinuria at 48 weeks was 82.8% in the MMF group and 70.9% in the CsA group, which did not significantly differ between the groups (P = 0.93).

MMF = mycophenolate mofetil, CsA = cyclosporine.

Table 3. Complete or partial remission of proteinuria based on the categories of proteinuria at baseline

Proteinuria category Complete or partial remission P
MMF group CsA group Total
> 8 g/day (n =21) 7/12 (58.3) 5/9 (55.6) 12/21 (57.1) 1.000
3-8 g/day (n = 16) 7/7 (100) 7/9 (77.8) 14/16 (87.5) 0.568
<3 g/day (n=2) 2/2 (100) - 2/2 (100) -
Values expressed as number (%). P, MMF versus CsA group compared by y? tests.
MMF = mycophenolate mofetil, CsA = cyclosporine.
0 -
m CsA group
-10 = MMF group
-20
_30 -
_40 -
X =50 A
-43.3
_60 -
— 4 757 0
70 -57.6
0.33 -
-80 p= 58.5 -63.9 -69.0
L
-90 - p =0.75
p= 0.17 p- 0_33
=100 T T T 1
12 wk 24 wk 36 wk 48 wk

Fig. 3. Changes in proteinuria from baseline in MMF and CsA groups. Changes in proteinuria from baseline to 12,

https://jkms.org

24, 36, and 48 weeks were comparable between the two groups.
MMF = mycophenolate mofetil, CsA = cyclosporine.
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Table 4. Changes in laboratory parameters

Group Parameters
Proteinuria, g/day Serum albumin, g/dL  Serum creatinine, mg/dL  eGFR, mL/min/1.73 m?>  Total cholesterol, mg/dL
MMF group
Baseline 8.9+5.9 2.3+0.6 1.1+0.5 73.9 £ 31.0 268.5 +73.3
12 wk 3.6 £2.9° 3.0+£0.8% 11+£0.3 72.6 +21.4 266.1 + 87.5
24 wk 2.7 £3.8% 3.2+£0.9% 1.1+£0.3 69.8 £22.0 2492.3 £ 97.4
36 wk 2.1+2.92? 3.6 +0.7*° 11+0.3 71.5+32.9 -
48 wk 21+3.1° 3.6 £0.9° 11+0.3 70.1+19.2 206.2 + 57.3
CsA group
Baseline 8.4+3.5 2.5+0.6 0.9+0.4 84.9 £25.2 243.9 + 64.1
12 wk 3.8+3.8° 2.9+0.7 0.9+0.3 83.2£24.8 267.9 £72.8
24 wk 1.7 £1.7¢ 3.4+0.7% 1.0+ 0.4 81.3+25.3 213.1 + 63.2
36 wk 2.0 +3.2% 3.5+ 0.6*° 1.0+ 0.4 75.3 £26.8 =
48 wk 82 = 5P 3.6 £ 0.72° 1.0+ 0.4 84.0 + 32.6 204.2 + 85.0

MMF = mycophenolate mofetil, CsA = cyclosporine, eGFR = estimated glomerular filtration rate.
3P < 0.05 vs. baseline; P < 0.05 vs. 12 weeks in each group compared by independent sample t-tests.

P=0.095; -57.0% at 12 weeks vs. =75.9% at 36 weeks, P = 0.145; -57.0% at 12 weeks vs.
-63.9% at 48 weeks, P=0.665; -76.7% at 24 weeks vs. =75.9% at 36 weeks, P= 0.947; -76.7%
at 24 weeks vs. —63.9% at 48 weeks, P=0.398; -75.9% at 36 weeks vs. —63.9% at 48 weeks,
P=0.472). In the MMF group, there was also no significant difference in reduction of
proteinuria in each time point (-43.3% at 12 weeks vs. =57.6% at 24 weeks, P= 0.376; -43.3%
at 12 weeks vs. =58.5% at 36 weeks, P = 0.414; -43.3% at 12 weeks vs. -69.0% at 48 weeks,
P=0.070; -57.6% at 24 weeks vs. -58.5% at 36 weeks, P=0.963; -57.6% at 24 weeks vs.
-69.0% at 48 weeks, P=0.427; -58.5% at 36 weeks vs. -69.0% at 48 weeks, P=0.531).

Serum albumin was significantly increased at each time point in both groups compared to
baseline except 12 weeks in CsA group (Table 4). Four patients (19.0%) in the MMF group and
4 (22.2%) in the CsA group had relapse of proteinuria during the study period (P=1.000).

eGFRs at baseline and at 48 weeks were 73.9 +31.0 and 70.1 + 19.2 mL/min/1.73 m?, respectively,
in the MMF group compared to 84.9 + 25.2 and 84.0 + 32.6 mL/min/1.73 m?, respectively, in

the CsA group. There was no significant difference in eGFR between the 2 groups at each visit.
Hypercholesterolemia were improved at 48 weeks compared to baseline in both groups, but did
not show significant differences between the groups at each visit (Table 4).

The trough CsA level in the CsA group was 134.6 + 55.8 and 131.7 + 36.4 ng/mL at 18 and 36
weeks, respectively. The dose of MMF and CsA was not significantly different at each time
point in both groups (Supplementary Table 1).

Anti-PLA2R Ab levels

Serum samples could be obtained from 33 of the 39 patients (18 patients in the MMF group and

15 in the CsA group) for measurement of anti-PLA2R Ab levels at baseline and 48 weeks. Anti-
PLA2R Ab levels from the samples in baseline and 48 weeks were strongly correlated with 24-hour
urinary protein (r=0.546, P=0.000, Fig. 4A). Twenty-one patients (63.6%) showed anti-PLA2R
Ab positivity. No significant difference in anti-PLA2R Ab level was found between the MMF and
CsA groups at baseline and 48 weeks. Anti-PLA2R Ab levels at baseline significantly decreased

at 48 weeks in the complete or partial remission group (P= 0.001), but showed no significant
difference between baseline and 48 weeks in the no-response group (P= 0.679, Fig. 4B). In 10
patients (5 patients in the MMF group and 5 in the CsA group), positive anti-PLA2R Ab at baseline
turned negative at 48 weeks. Of the patients, 9 had complete or partial remission.
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Fig. 4. Anti-PLA2R Ab levels. (A) Correlation between anti-PLA2R Ab levels and 24-hour urinary protein. Anti-PLA2R Ab levels from the samples in baseline and
48 weeks were strongly correlated with 24-hour urinary protein (r = 0.546, P = 0.000). (B) Anti-PLA2R Ab levels in CR or PR groups and the NR group at baseline
and at 48 weeks. Horizontal lines at the bottom, middle, and top of the boxes show the 25th, 50th, and 75th percentiles, respectively, in the box plot. Anti-PLA2R
Ab levels at baseline were significantly decreased at 48 weeks in the CR or PR groups (P = 0.001), but were not significantly changed in the NR group (P = 0.679).
anti-PLA2R = anti-phospholipase A2 receptor, Ab = antibodies, CR = complete remission, PR = partial remission, NR = no-response.

2P < 0.05 vs. baseline.

Safety

Adverse events occurred in 12 (57.1%) and 9 (50.0%) patients in the MMF and CsA groups,
respectively (Table 5; P=0.901). Adverse events, such as leukopenia and thrombocytopenia,
did not occur in either group during treatment. One patient in each group developed anaemia.
Two patients in each group had diarrhea, which was mild and transitory. Three patients

in the MMF group and 4 in the CsA group developed epigastric discomfort (P= 0.742).
Infectious episodes occurred with a similar frequency in both groups. One patient in each
group developed malignancy. The patient in the MMF group was diagnosed with early gastric
cancer, and the patient in the CsA group was diagnosed with a bladder tumour. There were no
significant differences between the two groups in changes in the GSRS and GIQLI scores from
baseline to 48 weeks (Table 6; P = 0.660 for GSRS and 0.221 for GIQLI).

Table 5. Safety profiles

Outcomes MMF group (n = 21) CsA group (n =18) Total (n = 39) P
Bone marrow suppression

Leukopenia 0(0) 0 (0) 0 (0) 1.000

Anaemia 1(5.0) 1(6.2) 2 (5.6) 1.000
Gastrointestinal symptoms

Diarrhea 2 (10.0) 2 (12.5) 4 (11.1) 1.000

Epigastric discomfort 3 (15.0) 4 (25.0) 7 (19.4) 0.742
Infections

Upper respiratory 6 (30.0) 3(18.8) 9 (25.0) 0.699

Urinary tract 1(5.0) 0(0.0) 1(2.8) 1.000

Skin 2 (10.0) 1(6.2) 3(8.3) 1.000
New onset diabetes mellitus 1(5.0) 1(6.2) 2 (5.6) 1.000
Malignancy 1(5.0) 1(6.2) 2(5.6) 1.000

Values expressed as number (%o).
MMF = mycophenolate mofetil, CsA = cyclosporine.
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Table 6. Changes in GSRS and GIQLI scores from baseline to 48 weeks

Scales MMF group CsA group P
Baseline 48 wk Changes Baseline 48 wk Changes

GSRS 3.9+31 4.8 +4.0 0.6 +3.4 3.9+5.4 3.9+5.0 -0.1£5.2 0.660

GIQLI 107.2 +£19.9 106.4 £19.9 -2.5+22.4 105.5 +24.0 13.6 = 21.0 6.3+£17.2 0.221

P value: changes in scores from baseline to 48 weeks in the 2 groups by paired t-test.

GSRS = Gastrointestinal Symptom Rating Scale, GIQLI = Gastrointestinal Quality of Life Index, MMF = mycophenolate mofetil, CsA = cyclosporine.

DISCUSSION

In this study, we demonstrated similar efficacy of MMF compared to CsA in combination
with low dose corticosteroids for high-risk patients with idiopathic MN. To the best of our
knowledge, this is the first randomized controlled trial to compare the effect of MMF versus
CsA combined with low dose corticosteroids in patients with idiopathic MN since Cattran et
al.6 had conducted a randomized trial comparing CsA plus low-dose prednisone to placebo

plus prednisone.

The therapeutic regimen may depend on the natural course of idiopathic MN because of

the side effects of therapeutic agents or complications of idiopathic MN.57 In our study, we
included patients with idiopathic MN at high risk for progression to end-stage renal disease,
including those with severe proteinuria over 8 g/day or decreased renal function. These

patients were to receive immunosuppressive agents without an observation period. CsA with
corticosteroids has been used in patients with idiopathic MN who do not tolerate alkylating
agents; however, this requires careful monitoring of serum creatinine and cyclosporine level
in the blood due to the nephrotoxicity of the agents.2” Therefore, the use of cyclosporine is
limited by nephrotoxicity, and the regimen should be modified or avoided if patients show

deterioration of renal function.28

MMF has been used for idiopathic MN as an alternative to cytotoxic agents or calcineurin

inhibitors.29,30 Dussol et al.31 showed that MMF monotherapy was not effective at decreasing
proteinuria. Previous randomized trials had shown the efficacy of MMF with corticosteroids
to be similar to that with alternating months of corticosteroids and a cytotoxic drug.1518 In
this study, MMF treatment was shown to be efficacious in reducing proteinuria in comparison

to CsA-based regimen, when each was combined with low dose corticosteroids. In our study,

76.1% of patients in the MMF group showed complete or partial remission of proteinuria

at 48 weeks; this remission rate was higher than that reported in previous studies (63.0%—
66.0%)1719 and recently published results (70.0%)32 for an MMF-based regimen. In addition,
the rate of complete or partial remission of proteinuria at 48 weeks in the CsA group was
66.7% in this study, which is comparable to previous studies.25 Moreover, serum albumin
increased and total cholesterol level in patients of both groups decreased at 48 weeks,
compared to baseline. The eGFR in patients of both groups was also stably maintained
during the study period. The higher rate of remission and improvement in laboratory

parameters in our study might be attributed to the following: early commencement of

immunosuppressive agents without a period of observation, and inclusion of patients with

relatively preserved renal function at diagnosis, even though they had severe proteinuria.

Relapse after achievement of complete or partial remission occurred in 19% of the MMF
group and 22.2% of the CsA group. Few trials have reported rates of relapse after using an
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MMF-based regimen in patients with idiopathic MN; however, 38% of an MMF group in a
study by Branten et al.19 and 23.1% of patients who were treated with MMF or chlorambucil
combined with corticosteroids in a study by Chan et al.17 experienced a relapse. Our patients
showed similar relapse rates.

Anti-PLA2R Ab levels were also measured at baseline and at 48 weeks in our study. The
prevalence of anti-PLA2R Ab positivity was 63.6% in our study population, similar to the
results of previous studies that reported anti-PLA2R Ab positivity in approximately 50%—-80%
of patients.33 While anti-PLA2R Ab levels at baseline were not significantly changed at 48
weeks in the no-response group, they significantly decreased at 48 weeks in the complete or
partial remission group. Our results support previous evidence that a decline in anti-PLA2R
Ab levels could be a strong predictor of proteinuria remission and that serial follow-up of
anti-PLA2R Ab levels provide better prognostic information.34-36

Leukopenia associated with MMF treatment was reported in patients with lupus nephritis
and in kidney transplant recipients, as well as in those with MN.14,29,37 However, there was
no occurrence of leukopenia in our patients, and the frequency of anaemia was similar in the
MMF and CsA groups. Infectious complications and adverse events of malignancy were also
not significantly different between the groups. Gastrointestinal symptoms, such as diarrhea,
dyspepsia, and epigastric discomfort, are well known adverse effects of MMF treatment.37 To
compare the gastrointestinal complications in the 2 groups quantitatively, we obtained GSRS
and GIQLI scores at baseline and at 48 weeks. The changes in GSRS and GIQLI scores from
baseline to 48 weeks were similar in the 2 groups; therefore, the gastrointestinal symptom
burden from MMF seemed acceptable. There have been no data for quantitative assessment
of gastrointestinal symptoms in idiopathic MN patients treated with MMF. Indeed, the
results from 2 questionnaires support the preference for MMF treatment without serious
gastrointestinal complications in patients with idiopathic MN.

This study has several limitations. First, the number of enrolled patients did not reach the
initial goal of the study. Thirty-one patients were needed to be included in each group, but
only 43 were assessed for eligibility and 39 were included for final analyses. However, it is
difficult to recruit patients with idiopathic MN as the global incidence of this type of kidney
disease is low.38 Thus, this study is considered meaningful despite the small number of
enrolled patients. Second, the duration of follow-up was not long; however, 48 weeks of
treatment was adequate to assess the efficacy of the immunosuppressive agents. Third, the
dropout rate in both groups exceeded the expected dropout rate. Fourth, the study results
may not be generalisable to other populations because only Korean patients were included
in this study. Nevertheless, it was sufficient to show that MMF was not inferior to CsA in
combination with low-dose corticosteroids for treatment of high-risk patients with idiopathic
MN. Future studies with long-term follow-up will be needed to evaluate the relapse rate after
48 weeks. Additionally, further studies using other regimens, including rituximab, might be
used to treat idiopathic MN.

In conclusion, MMF with low dose corticosteroid may not be an inferior treatment option

for high risk patients with idiopathic MN compared to treatment with CsA and low dose
corticosteroids; adverse effects including gastrointestinal symptoms were similar. Further study
with a larger sample size and longer period of follow-up can provide evidence for the efficacy of
MMEF versus CsA in combination with low-dose corticosteroids in patients with idiopathic MN.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1
The dose of MMF and CsA in each time point

Click here to view
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