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Abstract

Background: Worldwide, IgA nephropathy (IgAN) is the
most common type of glomerulonephritis. Mycophenolate
mofetil (MMF) is relatively selective for lymphocytes and
inhibits antibody production by B cells more than other
immunosuppressants. Several randomized controlled trials
(RCTs) have analyzed the role of MMF in patients with IgAN.
We conducted this meta-analysis of all available RCTs to as-
certain the benefits and risks of MMF treatment in compari-
son with placebos or steroids in patients with IgAN. Meth-
ods: The studies were identified by extended computer-
based searches of the PubMed database (April, 2008) and
the Cochrane Library, without language restriction. Refer-
ences in Medline-cited studies were reviewed to identify ad-
ditional reports not indexed by Medline. RCTs comparing
treatment of IgAN with mycophenolate against placebo or
steroids were included in the analysis. Results: We identified
32 potentially relevant articles, but only 4 RCTs, which had
enrolled a total of 168 patients, were included. Our meta-
analysis demonstrated that MMF treatment did not have sta-
tistically significant effects in reducing proteinuria or pro-
tecting renal function in patients with IgAN. Conclusion:
The currently available evidence does not support the rou-

tine use of MMF in patients with IgAN. Larger international
collaborations should be put in place to further address this

issue. Copyright © 2008 S. Karger AG, Basel

Introduction

IgA nephropathy (IgAN) is a disease that affects pa-
tients across the world. It is a cause of end-stage renal
disease, which occurs in 15-20% of patients within 10
years and in 30-40% within 20 years from the apparent
onset of IgAN. No specific treatment has yet been estab-
lished, but many approaches have been investigated. My-
cophenolate mofetil (MMF) is able to inhibit the prolif-
eration of both B and T lymphocytes, and it also reduces
antibody production. In addition, it has effects on adhe-
sion molecules, and hence may influence interactions be-
tween leukocytes and the endothelium [1]. MMF has
proved to be a potent immunosuppressant that is used for
prophylaxis and the treatment of renal-transplant rejec-
tions, in which it has a favorable side effect profile [2].
MMF treatment also appeared to offer benefits to pa-
tients who were refractory to conventional therapies for
glomerulopathies [3]. Bergner et al. [4] reported 3 pa-
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Table 1. Characteristics of individual studies of MMF treatment for [gAN

Study Year MMF Control MMEF dosage Period of treat-  Placebo Jadad
patients,n  patients,n  g/day ment, months or steroids score
Chen et al. [5] 2002 31 31 1.0-1.5 18 steroids 3
Maes et al. [7] 2004 21 13 2.0 36 placebo 3
Frisch et al. [8] 2005 17 15 2.0 24 placebo 5
Tang et al. [6] 2005 20 20 1.5-2.0 18 placebo 3

tients with IgAN who were treated with MMF for more
than 1 year. Renal functions remained stable and protein-
uria decreased significantly in all 3 patients. Further-
more, 2 recent randomized controlled trials (RCTs) from
China [5, 6] found MMF to be significantly better than
prednisone for the reduction of proteinuria in patients
with IgAN. However, conflicting results have occurred
[7, 8]. We conducted this meta-analysis of all available
RCTs to ascertain the benefits and risks of MMF treat-
ment in comparison with placebos or steroids in patients
with IgA nephropathy.

Methods

Identification of Eligible Studies

Studies were identified by extended computer-based searches
of the PubMed database (April, 2008) and the Cochrane Libarary,
without language restriction. References in Medline-cited studies
were reviewed to identify additional reports not indexed by Med-
line. The following key words and subject terms were used in the
search: IgA nephropathy, immunoglobulin A (IgA) nephropathy,
IgA nephritis, IgA glomerulonephritis, Berger’s disease, myco-
phenolate mofetil (MMF), mycophenolic acid (MPA), and their
derivative words.

Inclusion and Exclusion Criteria

We included only reports of RCTs that were conducted on
adult humans and which used MMF as the intervention. Studies
were excluded if they did not clearly report the numbers of pa-
tients who recovered, deteriorated or had renal-replacement
treatment. All articles underwent a multilevel, systematic review
by a team of 2 physicians.

Quality Assessment of Primary Studies

We assessed the quality of the studies included in the analysis
with the Jadad scale, which is the established procedure by which
study methodologies are evaluated [9]. The scale assigns 0 or 1
points to each of the following 5 items: (1) with or without ran-
domization; (2) the appropriateness of the randomization meth-
ods, if used; (3) with or without double-blind elements; (4) the
appropriateness of double blinding, if used, and (5) the incidence
of withdrawals and dropouts. Thus, the Jadad score can range
from 0 to 5.
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Data Extraction

Two investigators independently extracted standard informa-
tion from the selected studies. From each study, the following in-
formation was obtained: first author, journal, year of publication,
demographics, study population, follow-up time, the number of
cases, MMF dosage, placebo or steroids, the number of patients
who experienced a 50% decline in proteinuria, the number of pa-
tients who experienced a 50% increase in serum creatinine (SCr),
the number of patients who needed renal-replacement therapy.

Statistical Analysis

Statistical analyses were performed using Cochrane RevMan
software, version 4.2 (Cochrane Library, UK). The results were
expressed as relative risks (RR), for dichotomous outcomes, and
weighted mean differences, for continuous outcomes, with 95%
confidence intervals (95% CI). Heterogeneity among the included
trials was analyzed using the heterogeneity Q statistic test. If the
significant Q statistic (p < 0.05) indicated heterogeneity across
studies, the DerSimonian and Laird method in the random ef-
fects model was used for meta-analysis. Otherwise, the Mantel-
Haenszel method in the fixed-effect model was selected.

The potential for publication bias was examined by the funnel
plot method, Begg’s test for publication bias, which was performed
by Stata statistical software, version 8.1 (Stata Corp., College Sta-
tion, Tex., USA). p < 0.05 was considered to be statistically sig-
nificant.

Results

Studies Included in the Meta-Analysis

We identified 32 potentially relevant articles. Howev-
er, only 4 RCTs, which had enrolled a total of 168 patients,
were included in the final analysis: 3 trials compared
MMF with placebo, and 1 compared it with steroids. In
3 RCTs, patients received conventional treatment with
blockers of angiotensin-converting enyzme inhibition.
Four RCTs were of optimal quality (as judged by Jadad
scores; table 1).

Characteristics of the Included Studies
The patient characteristics, MMF dosage, period of
treatment, interventions and total Jadad score are sum-
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Review: Meta-analysis of MMF treatment for IgAN
Comparison: 01 MMF versus control
Outcome: 01 Decline in proteinuria
Study MMF Control RR random Weight RR random

n/N n/N 95% Cl % (95% Cl)
Chen et al. [5] 28/31 19/31 —— 34.75 1.47 (1.09, 1.99)
Maes et al. [7] 14/21 11/13 —. 32.75 0.79 (0.54, 1.15)
Frisch et al. [8] 3/17 2/15 = 8.71 1.32(0.25, 6.88)
Tang et al. [6] 16/20 6/20 — 23.79 2.67 (1.32,5.39)
Total 89 79 e 100.00 1.37(0.79, 2.38)
Total events: 61 (MMF), 38 (control)
Test for heterogeneity: x? = 12.23, d.f. = 3 (p = 0.007), I> = 75.5%
Test for overall effect: Z=1.12 (p = 0.26)

r T T T T 1

0.1 02 05 1 2 5 10
MMF Control

Fig. 1. Effect of MMF treatment on proteinuria in IgAN patients.

Table 2. Meta-analysis items of MMF treatment for IgAN

Study Decline in Increase in Need for renal-re-
proteinuria SCr placement treatment
MMF control ~ MMF control ~ MMF control

Chen et al. [5] 28 19 - - 3 5

Maes et al. [7] 14 11 30 2 1

Frisch et al. [8] 3 2 10 7 5 2

Tang et al. [6] 16 6 1 3

Data are numbers of patients.

marized in table 1. The numbers of patients who exhib-
ited a decline in proteinuria, an increase in SCr or the
need for renal replacement in the MMF treatment groups
and control groups are shown in table 2.

Effect on Proteinuria

Four studies assessed proteinuria in a total of 168 pa-
tients, of whom 89 were assigned to the treatment groups
and 79 to the control groups. A 50% decline in protein-
uria was seen in 61 of the 89 patients in the MMF treat-
ment groups, and in 38 of the 79 patients in the control
groups. Because heterogeneity was significant (p = 0.007),
the randomized effects model was used to ascertain the
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risk ratio for proteinuria, and a statistical analysis showed
that this estimate was not statistically significant (p =
0.26, 95% CI 0.79-2.38; fig. 1).

Effect on SCr

Three studies assessed SCr in a total of 106 patients, 58
of whom were assigned to the treatment groups and 48 to
the control groups. A 50% increase in the SCr was seen in
14 of the 58 patients in the MMF treatment groups, and
in 10 of the 48 patients in the control groups. Because
heterogeneity was not significant (p = 0.34), the fixed-
effects model was used to ascertain the risk ratio for pro-
teinuria, and a statistical analysis showed that this esti-
mate was not statistically significant (p = 0.60, 95% CI
0.62-2.25; fig. 2).

Effect on the Need for Renal-Replacement Therapy

Three studies assessed the need for renal-replacement
therapy in a total of 128 patients, 69 of whom were as-
signed to the treatment groups and 59 to the control
groups. Ten of the 69 patients in the MMF treatment
groups and 8 of the 59 patients in the control groups
showed a need for renal-replacement therapy. Because
heterogeneity was not significant (p = 0.44), the fixed-ef-
fects model was used to ascertain the risk ratio for the
cases in need of renal-replacement therapy. A statistical
analysis showed that this estimate was not statistically
significant (p = 0.83, 95% CI 0.46-2.64; fig. 3).
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Review: Meta-analysis of MMF treatment for IgAN (increase in SCr)

Comparison: 03 MMF versus control
Outcome: 03 Increase in SCr
Study MMF Control RR fixed Weight RR fixed
n/N n/N 95% Cl % (95% Cl)
Maes et al. [7] 3/21 0/13 =) 5.53 4.45 (0.25,79.87)
Frisch et al. [8] 10/17 7/15 —i— 67.32 1.26 (0.64, 2.47)
Tang et al. [6] 1/20 3/20 ¢ = 27.15 0.33 (0.04, 2.94)
Total 58 48 - 100.00 1.19(0.62, 2.25)
Total events: 14 (MMF), 10 (control)
Test for heterogeneity: x> =2.15,d.f.= 2 (p = 0.34), 1> = 6.8%
Test for overall effect: Z=0.52 (p = 0.60)
r T T T T 1
01 02 05 1 2 5 10
MMF treatment Control
Fig. 2. Effect of MMF treatment on SCr of IgAN patients.
Review: Meta-analysis of MMF treatment for IgAN (need for renal replacement)
Comparison: 02 MMF versus control
Outcome: 02 Need for renal-replacement treatment
Study MMF Control RR fixed Weight RR fixed
n/N n/N 95% Cl % (95% Cl)
Chen et al. [5] 3/31 5/31 —— 59.81 0.60 (0.16, 2.30)
Maes et al. [7] 2/21 1/13 " 4 14.78 1.24 (0.12, 12.33)
Frisch et al. [8] 5/17 2/15 = 2542 2.21(0.50,9.74)
Total 69 59 - 100.00 1.10 (0.46, 2.64)
Total events: 10 (MMF), 8 (control)
Test for heterogeneity: x? = 1.64, d.f. = 2 (p = 0.44), 1> = 0%
Test for overall effect: Z=0.22 (p = 0.83)
r T T T T 1
0.1 02 05 1 2 5 10

MMF treatment Control

Fig. 3. Effect of MMF treatment on the need for renal-replacement therapy in IgAN patients.

Side Effects

The incidence of infections and gastrointestinal side
effects (diarrhea and gastritis) was analyzed in the MMF
treatment and control groups. No serious side effects

were observed in any RCT.
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Publication Bias

The funnel plots exhibited symmetric patterns for
both proteinuria and renal function, as shown in figure 4.
Because the sample sizes of the 4 RCTs included in this
meta-analysis were all small, we conducted Begg’s test to
evaluate the publication bias using Stata software, which
revealed no significant heterogeneity in the studies in-

cluded.
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Review: Meta-analysis of MMF treatment for IgAN (increase in SCr)
Comparison: 03 MMF versus control
Outcome: 03 Increase in SCr

0-
0.4

0.8

SE (log RR)

1.2

1.6

2.0 T T T T T 1
0.1 0.2 0.5 1 2 5 10

RR fixed

Fig. 4. Funnel plot of three RCTs for increase in SCr.

Discussion

Worldwide, IgAN is the most common type of glo-
merulonephritis [10]. Between 15 and 40% of adults and
children diagnosed with IgAN will eventually progress
to end-stage renal disease [11, 12]. MMF is relatively se-
lective for lymphocytes and inhibits antibody production
by B cells more than other immunosuppressants [13].
MMF also has a variety of nonimmune effects, such as
those on glomerular cells, which may contribute to its
clinical efficacy. Several studies have looked at the ac-
tions of MMF or MPA on mesangial cells, which may
come down to inflammatory proliferative glomerulopa-
thies. MMF inhibited mitogen-induced rat mesangial cell
proliferation, and it also inhibited human mesangial cell
proliferation. These effects can be inhibited by the addi-
tion of guanosine [14, 15]. MMF also has a variety of oth-
er effects; for example, it affects inducible nitric oxide
synthase (iNOS), and may reduce renal iNOS mRNA ex-
pression and decrease glomerulosclerosis in the MRL/lpr
lupus mouse model [16].

Case series suggest that MMF may be effective in re-
ducing proteinuria in a variety of glomerular diseases,
including IgAN [17, 18]. So far, few RCTs have analyzed
the role of MMF in patients with IgAN.

A meta-analysis can summarize the results from dif-
ferent studies by producing a single estimate of the major
effect that has enhanced precision [19]. One of the major
advantages of meta-analyses is that they increase sample
size, which may decrease the probability that random er-
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rors will produce false-positive or false-negative associa-
tions [20].

In comparison with placebo, the use of MMF did not
result in a significant reduction in proteinuria (4 RCTs,
168 patients: RR 1.37, 95% CI 0.79-2.38) or SCr (3 RCTs,
106 patients: RR 1.19, 95% CI 0.62-2.25) at the end of
treatment period. The need for renal-replacement thera-
py (3 RCTs, 128 patients: RR 1.10, 95% CI 0.46-2.64) did
not differ between the groups. No serious side effects
were observed in any RCT.

As we restricted our study only to RCTs, the sample
size in our meta-analysis was not enough to reach a de-
finitive conclusion, so further properly designed studies
are needed. Additional information may be provided by
the ongoing North American IgA Nephropathy Study
[21], but this is the only trial currently looking at the ef-
ficacy of MMF in IgAN.

Our meta-analysis had several limitations. First, the
number of subjects included in this analysis was not par-
ticularly great. Second, the periods of treatment were not
long enough to evaluate effects on this slowly progress-
ing, chronic disease. Long-term follow-up studies that
evaluate the true treatment outcome might yield different
results. Finally, most of the patients in the studies, in both
the intervention and control groups, received conven-
tional treatment with blockers of angiotensin-converting
enzyme inhibition. Studies are needed that assess the ef-
fects of MMF alone (or with angiotensin-converting en-
zyme inhibitors/angiotensin II receptor blockers) in pa-
tients who are not receiving other therapies.

In brief, the currently available evidence does not sup-
port the routine use of MMF in patients with IgAN. Stud-
ies that have larger sample sizes, longer treatment dura-
tions and which include patients with both mild and se-
vere histopathological changes are needed before any
meaningful conclusions can be drawn on the use of MMF
in IgAN. In addition, larger international collaborations
should be put in place to further address this issue.
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