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Abstract
Background Prospective studies have established the myco-
phenolate mofetil (MMF) efficiency in childhood idiopathic
nephrotic syndrome (INS) but reports on the long-term out-
come are lacking. Moreover, the search for factors influencing
its efficiency would be useful to define its place among the
other treatments.
Methods We performed a monocentric retrospective study in-
cluding 96 children with steroid-dependent INS followed for
4.7 years (median) (IQ 3–6) after the onset of MMF treatment.
The characteristics of responder patients (n=74), as defined
by a 50 % decrease of relapse rate and/or a 60 % decrease of
steroid dose, and of non-responder patients (n=22) were com-
pared by univariate analysis and multivariate logistic
regression.
Results Withdrawal of prednisone was achieved in 48/96 pa-
tients after a median duration of 18.1 months (IQ 7.8–30.0) of
MMF. Only 26/48 patients did not relapse under MMF alone.
After MMF was stopped in these patients, only six remained
in remission without any treatment at last follow-up.
Responders had a shorter time to remission at the first flare
(9.5 vs. 15 days, p=0.02), a shorter disease duration prior
to the onset of MMF (22.2 vs. 94.5 months, p=0.001), and
were younger at the MMF initiation (6.7 vs. 10.1 years,
p=0.02) than non-responder patients. The age of MMF initi-
ation was an independent factor associated with efficiency
(OR=0.80, 95 % CI [0.69, 0.93], p<0.01).

Conclusions MMF is more efficient in young patients treated
early in the disease course. Nevertheless, MMF has no rem-
nant effect while nearly all patients relapsed after withdrawal
of the drug.

Keywords Child .Minimal change disease . Prednisone .

Relapse . Proteinuria

Introduction

Idiopathic nephrotic syndrome is the most frequent glomeru-
lopathy in children between 1.5 and 10 years of age [1]. After
an acute onset occurring in children without any significant
medical history, the disease relapses in about 80 % of the
patients and can last for many years, especially in patients that
are dependent on steroids [2]. Treatments to control and pre-
vent relapses are similar to those used in autoimmune disor-
ders, including steroids, cyclophosphamide, rituximab, cal-
cineurin inhibitors, and mycophenolate [3, 4]. At least six
prospective studies demonstrated the efficiency of mycophe-
nolate to prevent relapses of idiopathic nephrotic syndrome
with a high level of evidence [5–10]. Nevertheless, the long-
term outcome of patients treated by mycophenolate is lacking.
Herein, we report the long-term follow-up of a large cohort of
patients treated with mycophenolate for steroid-dependent ne-
phrotic syndrome (SDNS).

Patients and methods

Study population

This retrospective, single-center observational study included
patients with SDNS treated with mycophenolate between
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January 1995 and June 2012 at the Department of Pediatric
Nephrology of Robert-Debré Hospital-APHP, Paris, France.
Patients with SDNS were included in this study if they were
1–18 years of age at the start of mycophenolate treatment and
if they had a minimum follow-up of 12 months after the start
of mycophenolate. Patients were excluded from the study if
(1) they were treated with a combination of mycopheno-
late with other immunosuppressive drugs, (2) they had a
history of treatment with anti-CD20 antibody, (3) or a
history of either early or late steroid resistance during
the course of the disease.

For each patient, data were collected frommedical records.
The protocol (no. 1614078v0) was submitted and accepted by
the CNIL, the French data protection authority. This work was
approved by the local ethics committee.

Definitions and treatment protocol

The definitions and criteria for NS, remission, relapse, fre-
quent relapse, and steroid resistance were those of the
French Society of Pediatric Nephrology [11]. The initial treat-
ment followed the guidelines of the French Society of
Pediatric Nephrology [11]. Patients were considered to have
a steroid-sensitive NS (SSNS) if remission (ratio proteinuria/
urine creatinine<0.02 g/mmol and albumin>30 g/l) occurred
within 4 weeks of oral prednisone treatment at the dose of
60 mg/m2/day as well as those who responded within 8 days
following three methylprednisolone (MP) infusions of 1 g/
1.73 m2 in case of resistance to 4 weeks of oral prednisone.
Then after, prednisone was decreased as described: 60 mg/m2/
eod for 8 weeks then 45 mg/m2/eod for 2 weeks, 30 mg/m2/
eod, and 15mg/m2/eod for 2 weeks. The total cumulative dose
of prednisone given for the first flare was 3990 mg/m2 in
18 weeks. Steroid dependency (SDNS) was defined if a re-
lapse occurred during the decrease of steroid or within 14 days
after stopping this treatment [2, 12].

Relapse was defined as a proteinuria/creatininuria ratio
higher than 0.25 g/mmol of urine creatinine associated along
with a serum albuminemia below 30 g/l. Relapses were treated
with oral prednisone at a daily dose of 60 mg/m2/ day until
remission. After remission, steroid therapy was continued at
the same dose for 6 days, then gradually reduced to a threshold
dose of prednisone (5 mg eod or a dose 10 to 25% higher than
the dose for which the relapse occurred).

Mycophenolate mofetil (Cellcept®; Roche, Basel,
Switzerland) was given in two divided doses at 600 mg/m2/
day during the first 7 days, and then increased to 1200 mg/m2/
day. Previous treatment with levamisole or cyclosporine was
stopped when starting mycophenolate.

The mycophenolate effectiveness was defined as a re-
duction of at least 50 % of relapses frequency and/or a
reduction of at least 60 % of the steroid cumulative dose
during the first year after initiation of mycophenolate.

These two criteria allowed identifying two groups of pa-
tients: non-responders who did not fulfill the above
criteria and responders who fulfilled the above criteria
of mycophenolate efficiency.

Follow-up

Patients were systematically followed at the outpatient clinics
every 3 months. At each appointment, weight, height, blood
pressure, proteinuria monitoring (dipstick Albustix® or pro-
teinuria dosage), side effects assessment (i.e., digestive disor-
ders) and laboratory tests (CBC, liver function tests) were
collected. Moreover, we require proteinuria screening by urine
dipstick Albustix® twice a week at home. If the dipsticks were
positive with 2+ for more than 3 days, a dosage of proteinuria
and serum albumin were performed to confirm NS relapse. A
renal biopsy was only available in patients who had a previous
treatment with cyclosporin A during more than 2 years.

Statistical analyses

Qualitative data were described as numbers and percentages
and quantitative data as median and inter quartiles. Data of
both groups were first compared by univariate analysis to
select factors that may be related to the effectiveness of my-
cophenolate. When applicable, Chi-square test was used to
compare qualitative variables. If the variables did not satisfy
the conditions of validity of a Chi-square then, Fisher’s exact
test was used. Comparison of quantitative variables was per-
formed by Student’s t test, after prior verification of equality of
variances and normality of variables. If the variables were not
normally distributed, we used non-parametric tests (Wilcoxon
test orMann–Whitney). Variables with a p value less than 0.05
in the univariate analysis were then included in a multivariate
logistic regression. Kaplan–Meier method was used to study
the time without relapse and to draw survival curves. The
significance level was set at 0.05. Statistical analysis was per-
formed using Prism 5 for Windows, version 5.01 1992–2007,
GraphPad Software, Inc.

Results

Among the 121 patients who received mycophenolate for
SDNS during the study period, only 96 fulfilled inclusion
criteria and were included in this study (Fig. 1). The main
characteristics of the 96 patients are presented in Table 1.
The median follow-up time was 4.7 years (IQ 3.0–6.0). The
median doses of mycophenolate were 1117 mg/m2/day (IQ
991–1190; n = 88), 1098.4 mg/m2/day (IQ 1024–1168;
n=80) and 1063 mg/m2/day (IQ 967–1158; n=63) at 6, 12,
and 24 months, respectively. The median duration of myco-
phenolate therapy was 32 months (IQ 22–46). All patients
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received prednisone at the onset of mycophenolate therapy.
Figure 2 presents relapse-free survival from the first day of
treatment with mycophenolate. The median relapse-free sur-
vival was 15 months (IQ 5.6–37.1). Compared to the last year,

prior to the start of mycophenolate, there was a 67% reduction
in the rate of relapse, a 75% reduction of the threshold dose of
prednisone needed to maintain remission, and a 40 % reduc-
tion of the cumulative annual dose of prednisone after
12 months of mycophenolate (Table 2). Withdrawal of pred-
nisone was achieved in 48/96 patients after a median duration
of 18.1 months (IQ 7.8–30.0) of mycophenolate treatment.

122 pa�ents treated with mycophenolate for idiopathic nephro�c 

4 pa�ents with late 
steroid resistance

118 

17 pa�ents with other 
immunossupressants

101 

3 pa�ents excluded for unreliable data

2 pa�ents excluded for no dependence to steroids

Final study popula�on:

96 pa�ents

Fig. 1 Flow chart of patients according to inclusion and exclusion
criteria

Table 1 Characteristics of 96
patients with steroid-dependent
nephrotic syndrome before my-
cophenolate initiation

N

Sex ratio (M/F) 71/25 96

Ethnicity (n patients)

Caucasus 44 96
North Africa 25

Sub-Saharan Africa/Caribbean 18

Asia 9

Renal biopsy (n patients)

No renal biopsy 78 96
Minimal change disease 16

Focal segmental glomerulosclerosis 2

Age at diagnosis in years 3.1 (2.3–4.1)a 96

Delay of remission at 1st flare in days 10 (8–16)a 89

MP bolus at 1st flare (n patients) 13 93

Age at start of mycophenolate in years 7.3 (4.2–10.4)a 96

Duration of the disease prior to mycophenolate in months 31.2 (9.7–84.6)a 96

Number of relapse before mycophenolate 5.5 (3–9)a 96

Previous immunosuppressive drugs (n patients)

None 15 96
Levamisole 58

Cyclosporin A 32

Alkylating agent 35

Tacrolimus 0

N number of patients with available data, MP methylprednisolone
a Values are given as median (interquartile)

Fig. 2 Proportion of patients free of relapse after the onset of
mycophenolate. Kaplan–Meier survival analysis. The curve clearly
suggests the lack of remnant effect of mycophenolate
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Those 48 patients had no relapse since the onset of the myco-
phenolate. Only 26 of 48 patients did not relapse under my-
cophenolate alone after the withdrawal of prednisone. In those
26 patients successfully treated with mycophenolate and with-
out prednisone, mycophenolate was stopped after a median
delay of 13.7 months (IQ 5.8–18.8) from the withdrawal of
prednisone. Six patients remained in remission at last follow-
up (3.9–19.6months) while 20 of 26 patients relapsed within a
median time of 11.8 months (IQ 6.0–18.1).

At 12 months of follow-up, 22 patients were classified as
non-responders and 74 as responders to mycophenolate ther-
apy according to the definitions shown in the BDefinitions and
treatment protocol^ section. Patients’ characteristics of non-
responders and responders are showed in Table 3. Among the
22 non-responders, 14 had no significant changes in the se-
verity of the disease and eight had a worsened outcome with
an increased rate of relapse despite the addition of mycophe-
nolate. No significant difference was observed between re-
sponders and non-responders for ethnicity, gender, renal

histology, or MP infusion at the first flare. As expected, non-
responders displayed a more severe disease with a longer time
of remission at 1st flare, a longer duration of the disease with
more relapses and received more cyclosporine prior to myco-
phenolate. Paradoxically, responders had a more active dis-
ease with a significantly higher rate of relapse (median 3.0/
year; IQ 2.0–4.1) compared to non-responders (median 1.5/
year; IQ 1.0–3.0; p<0.001) and a heavier cumulative dose of
prednisone (median 590.3 mg/m2/month; IQ 370–1052) com-
pared to non-responders (median 332 mg/m2/month; IQ 278–
527; p<0.005) in the year preceding the onset of mycophe-
nolate. Of note, univariate analysis showed that responders
were treated earlier in age and after a shorter duration of dis-
ease compared to non-responders (Table 3). The multivariate
analysis showed that only the age at the onset of the treatment
was an independent factor in its efficacy (odds ratio 0.8,
CI 95 % [0.69–0.93], p<0.01). By performing an ROC curve,
the age threshold below which the chances of increased my-
cophenolate efficacy was 5.8 years with an AUC of 0.67 (CI

Table 2 Course of relapse rate
and prednisone dose before and
after mycophenolate

1 year before starting
mycophenolate

1 year after starting
mycophenolate

p value

Relapse rate (n/year) 3.00 0.86 <0.0001

Cumulative dose of prednisone (mg/m2/month) 521 (317–863) 313 (244–402) <0.001

Threshold dose of prednisone (mg/m2/day) 13.0 (7.1–24.4) 3.2 (0.0–6.8) <0.0001

Values are given as median (interquartile)

Table 3 Patient characteristics in
non-responders and responders to
mycophenolate

Non-responders

n= 22

Responders

n= 74

p value

Sex ratio (M/F) 16/6 55/19 NS

Ethnicity (n patients)

Caucasus 13 31 NS
North Africa 2 7

Sub-Saharan Africa/Caribbean 2 16

Asia 5 20

Age at diagnosis in year 2.7 (2.2–3.3)a 3.3 (2.5–4.7)a NS

Delay of remission at 1st flare in days 15.0 (10.0–19.0)a 9.5 (7.0–14.5)a 0.02

IVMP at 1st flare (n patients) 6 7 NS

Duration of INS before mycophenolate in months 94.5 (40.7–118.36)a 22.2 (8.9–74.1)a 0.001

Age at start of mycophenolate in years 10.1 (6.5–11.9)a 6.7 (3.9–9.8)a 0.02

No. of relapse before mycophenolate 8.0 (6.0–12.0)a 4.0 (2.0–8.0)a 0.009

Previous immunosuppressive drugs (n patients)

None 3 12 NS

Levamisole 11 47 NS

Cyclosporin A 14 18 0.002

Alkylant 11 24 NS

INS idiopathic nephrotic syndrome, IVMP intravenous methylprednisolone
a Values are given in median and interquartile
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95 % [0.5314; 0.8003]; p<0.02). The median time without
relapse in the responders was 27.8 months when it was only
3.9 months in the non-responders (p<0.0001). Nevertheless,
at 60 months of follow-up, after the withdrawal of treatment,
the same proportion of responders and non-responders had
relapsed.

At last follow-up 58/96 patients were in remission without
treatment. The disruption of the disease was obtained after the
addition of levamisole in 4/58 patients, rituximab in 38/58
patients, and prednisone in 11/58. Only five patients were
driven to a stable remission without any additional treatment.
Thirty-eight patients out of 96 were still under treatment in-
cluding one or several of the following drugs: prednisone
(n=22), mycophenolate (n=16), tacrolimus (n=10), cyclo-
sporine A (n=5), and levamisole (n=4).

Rare side effects were observed. Six patients (6 %) had
mild gastrointestinal symptoms (mild abdominal pain, dys-
pepsia) at the start of mycophenolate, which disappeared after
a few weeks without specific treatment. More severe gastro-
intestinal symptoms were found in five patients (5.2 %) (diar-
rhea, severe abdominal pain, weight loss, and poor appetite):
treatment had to be stopped in only one patient, symptomatic
treatment was prescribed for two patients, and no treatment in
the last two patients. Two patients had leukopenia and one
patient had major depressive disorder leading to mycopheno-
late discontinuation.

Discussion

Although several prospective trials brought strong evidence of
the efficiency of mycophenolate mofetil in treating steroid-
dependent nephrotic syndrome, data on long-term treatment
and follow-up after treatment withdrawal were lacking. Such
data were needed to refine the use of mycophenolate in clin-
ical practice. The main results of this study are that although
mycophenolate was useful in preventing relapses and spare
steroids, it has no disruptive effect on the disease. In addition,
the analysis at 1 year showed that mycophenolate was more
effective in young patients treated early in the course of the
disease.

Steroid-dependent nephrotic syndrome is a clinical condi-
tion with a high morbidity due to the toxicity of long-lasting
steroid therapywith high doses of prednisone and to the length
of the disease. Cyclophosphamide, as well as chlorambucil in
some teams, was used to control steroid toxicity until from the
60′ to the 90′ [13]. Although these drugs allowed improve-
ment in a significant fraction of patients [14–16], the course of
the disease was not changed in the majority of them. In addi-
tion, their use was limited by the gonadotoxicity [17] and by
the risk of severe infections. Then after, in the 90′, levamisole
and cyclosporine A were somehow preferred as the first-line
treatment of steroid dependency but with a limited availability

and efficiency for the levamisole and a risk of renal fibrosis for
the cyclosporine A.

Mycophenolate mofetil is an inhibitor of the de novo pu-
rine pathway with preferential inhibitory effects on T and B
lymphocyte proliferation [18] as well as on immunoglobulin
production [19]. The success of mycophenolate to treat
steroid-dependent patients certainly relies on the efficiency
to limit the exposure to prednisone as well as to the lack of
irreversible side effects. Six prospective studies provided
strong evidence of mycophenolate efficiency in patients with
steroid-dependent nephrotic syndrome [5–10]. In all studies,
mycophenolate showed the ability to decrease the relapse rate
and the cumulative prednisone dose. In addition, mycopheno-
late has a similar efficacy as cyclosporine, but with less side
effects, and especially no risk of nephrotoxicity and no cos-
metic adverse events [20]. Digestive troubles, infectious
events, as well as anemia, lymphopenia, or thrombocytopenia,
have been reported in several series, but were always mild and
transient [3, 5]. As expected, the efficacy of mycophenolate is
proportional to the drug exposure while an AUC over 50μg h/
ml showed a better effect compared to AUC below 50 μg h/ml
[10, 21]. Consistently, our study showed similar effects on
steroid sparing. Prednisone could have been stopped in only
half of the patients. This result is consistent with other series
that show that 40 % of patients relapse in the first year of
treatment [21, 22].

The main strength of our study is the long duration of
treatment as well as the long-term follow-up, while most stud-
ies are limited to a 1-year follow-up [5–9, 23]. Amajor finding
is that only 5 % of the patients had a complete and apparently
definite recovery of the disease after withdrawal of all oral
treatments. Kim et al. report a better result of 34 % of
sustained remission but the duration of the follow-up is not
mentioned in this paper [24], whereas other studies also found
a relapse within 1 year after stopping mycophenolate in the
majority of patients [5, 7, 25]. Moreover, the withdrawal of
prednisone in half of the patients was unsuccessful, leading to
a relapse in another half of the patients treated with mycophe-
nolate alone. Consequently, we suggest that mycophenolate is
a useful treatment either to wait for the spontaneous definitive
recovery of the disease or to wait for the appropriate time to
use drugs with a remnant effect as cyclophosphamide or ritux-
imab. Considering the physiopathological aspect, mycophe-
nolate is limiting the proliferation of immune cells without any
known effects on immune cell apoptosis. The lack of apopto-
tic effect of mycophenolate might explain the absence of rem-
nant effect found in some studies including our study. By
contrast, cyclophosphamide and rituximab, which are specif-
ically cytotoxic for B cells and plasma cells, lead a fraction of
patients to long-lasting remission or definite recovery [26, 27].
Indeed, cyclophosphamide is more efficient after the age of
7 years [14, 16] and rituximab is widely considered to be quite
dangerous before the age of 5 years due to the random
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possibility of hazardous primary viral infection especially
with the polyoma viruses [28].

Another strength of our study is the use of a primary out-
come, namely the decrease of relapse rate and/or the decrease
of cumulative dose of steroids, designed to be clinically rele-
vant and closer to the expectations of the clinicians. By con-
trast, those criteria of efficiency were highly variable (number
of relapses in 6 months, or minimum dose of steroid without
relapse for example) in other studies [5, 10, 22]. The compar-
ison of the disease evolution during the first year of mycophe-
nolate treatment between groups shows that our criteria seem
useful for separating responders from non-responders.

Some deleterious APO-L1 variants have been associated
with a lesser response to prednisone and calcineurin antago-
nists in patients with idiopathic nephrotic syndrome and are
more frequent in African Americans. In our series, responders
and non-responders to mycophenolate were not different in
the distribution of ethnicity and the APO-L1 were not system-
atically investigated in this retrospective study [29].

Noteworthy, our analysis at the first year of treatment con-
firmed that mycophenolate is more efficient in patients under
6 years old, even if they presented a more severe disease in the
year preceding the treatment, than in patients treated later in
life and during the course of the disease. Consistently, a pro-
spective randomized study is underway in France to compare
the respective efficacy of mycophenolate and cyclophospha-
mide according to age.

In conclusion, this study confirms the efficacy of prolonged
treatment with mycophenolate in patients with steroid-
dependent nephrotic syndrome and found that mycophenolate
is more efficient when patients are treated at a younger age and
early in the course of the disease. However, mycophenolate
showed no remnant effect, since nearly all patients relapsed
after the withdrawal of the drug. This finding calls for the
development of other treatment strategies not only containing
the disease but aiming to stop it.
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