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Abstract The management of patients with steroid-depen-
dent nephrotic syndrome (SDNS) refractory to treatment
with long-term steroids, levamisole and cyclophosphamide
is difficult. We report our experience on long-term treatment
with mycophenolate mofetil (MMF) and alternate-day
prednisolone in 42 patients with SDNS previously treated
with levamisole (n=35) and/or cyclophosphamide (n=37).
The mean age (range) at onset of nephrotic syndrome was
37 (13–92) months and at treatment with MMF 104.7
(32–187) months. MMF was administered at a mean daily
dose of 26.5 (16.6–31.3) mg/kg for 14.3 (6–45) months. The
mean 6-monthly relapse rates decreased from 3.0 episodes
before therapy to 0.9 episodes in the first 6 months, 0.7 in
next 6 months, and 0.3 in those treated longer than
12 months (P<0.0001). While on therapy, 32 (76.2%)
patients showed 50% or more reduction in relapse rates, and
nine (21.4%) had sustained remission. The cumulative dose
of prednisolone declined significantly from 0.6 mg/kg per
day before to 0.3 mg/kg per day while receiving MMF.
Prednisolone requirement was reduced by 50% or more in
16 patients and between 40% and 50% in eight patients.
Treatment continuation beyond 12 months resulted in
sustained steroid sparing and reduced need for alternative
treatments while maintaining low relapse rates. No patients

had diarrhea, hematological abnormalities, or impaired renal
function. This data confirms the efficacy and safety of
treatment with MMF and tapering doses of alternate-day
prednisolone in patients with SDNS and supports its use for
longer than 12 months.
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Introduction

Mycophenolic acid (MPA) is a highly selective, noncom-
petitive inhibitor of inosine monophosphate dehydrogenase,
the rate-limiting enzyme in de novo biosynthesis of
guanosine nucleotides. Mycophenolate mofetil (MMF,
the prodrug of MPA) that strongly inhibits both T- and
B-lymphocyte proliferation, has been used for prevention
and treatment of renal allograft rejection [1] and for
glomerulonephritis due to systemic lupus erythematosus
[2], vasculitis [3], immunoglobulin-A (IgA) nephropathy
[4], and membranous nephropathy [5]. Based on evidence
that perturbations of lymphocyte number and function are
crucial in the pathogenesis of nephrotic syndrome (NS) [6],
a number of medications, including corticosteroids, levam-
isole, calcineurin inhibitors, and recently, rituximab, have
been used for its management. Similarly, agents that inhibit
lymphocyte proliferation by inhibiting nucleic acid synthe-
sis or causing DNA alkylation (azathioprine, mizoribine,
cyclophosphamide) have been used to treat patients with
steroid-sensitive NS [6]. MMF has been found effective in
reducing relapse rates and steroid requirement in patients
with frequently relapsing and steroid-dependent nephrotic
syndrome (SDNS) [7–10]. We previously reported the
efficacy of 12 months of therapy with MMF in patients
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with SDNS but showed that cessation of treatment resulted
in increased relapse rates [11].

Here we report our extended experience on the effec-
tiveness of MMF and alternate-day prednisolone in patients
with SDNS. We also examined whether continued treat-
ment with MMF beyond 12 months sustained the reduced
rates of relapses and ensured steroid sparing, without the
risk of adverse effects.

Subjects and methods

Study population

We reviewed the clinical records of all children with SDNS
who had received at least 6 months of treatment with MMF
at the All India Institute of Medical Sciences, New Delhi,
India, between September 1999 and June 2006. This
included patients who were prospectively treated with
MMF and alternate-day prednisolone between September
1999 and April 2001 [11]. Approval for use of MMF in
patients with NS was obtained from the Drug Controller
General of India (Government of India) and the Institute
Ethics Committee. Informed written consent was obtained
from either of the parents before inclusion into the study.

Forty-seven patients were identified as having received
this medication for SDNS, including 19 who were studied
prospectively. Standard definitions and treatment guidelines
were used for the study [12, 13]. Briefly, NS was defined
by nephrotic-range proteinuria (3+ or more by dipstick
test), hypoalbuminemia (serum albumin<2.5 g/dl), and
edema. Remission was defined as trace or nil proteinuria
for 3 consecutive days. The recurrence of nephrotic-range
proteinuria for 3 or more days constituted a relapse, which
was treated with prednisolone at a daily dose of 2 mg/kg
until remission, followed by 1.5 mg/kg on alternate days for
4 weeks [12]. Patients with two consecutive relapses of NS
while receiving prednisolone on alternate days or within
15 days of its discontinuation were defined as SDNS. The
initial therapy of SDNS at this center comprises prolonged
(9–12 months) administration of alternate-day predniso-
lone; its dose is tapered by 0.25 mg/kg every 4 weeks until
0.5 mg/kg [12]. Patients having two or more relapses
despite prednisolone dosage of more than 0.5 mg/kg on
alternate days and/or evidence of steroid toxicity (cush-
ingoid features, weight >120% of that expected for age,
stage II hypertension, or subcapsular cataract on slit-lamp
examination) are treated using alternative medications,
including levamisole or cyclophosphamide [12]. Patients
who continued to show SDNS despite 6 months of therapy
with levamisole [14] and/or 12 weeks of treatment with
cyclophosphamide were considered for treatment with
MMF at least 3 months after discontinuation of these

medications. Patients who had received treatment at any
time with calcineurin inhibitors (cyclosporine, tacrolimus)
or other immunosuppressive agents, apart from levamisole
and cyclophosphamide, were excluded.

Therapy with MMF was started at the time of relapse at
a dose of 20–25 mg/kg per day in two divided doses.
Prednisolone was administered at a dose of 2 mg/kg per day
until remission, followed by 1.5 mg/kg on alternate days for
4 weeks, with subsequent tapering to 0.3–0.5 mg/kg on
alternate days. Antacids or ranitidine were administered
only to patients with gastrointestinal symptoms. Relapses
during this period were treated with daily prednisolone in
the aforementioned regimen, followed by tapering. Therapy
with MMF was continued during relapses. Patients with
hypertension were treated with enalapril at an initial daily
dose of 0.2–0.3 mg/kg, which was increased if required to
0.4–0.5 mg/kg in two divided doses. None of the patients
received therapy with statins during the study, and all
received calcium supplementation at 250–500 mg daily.

Clinical features, renal histology, and details of previous
treatment were noted. Height and weight standard deviation
scores (SDS) [15] and body mass index (BMI) were
calculated at inauguration of treatment with MMF and at
last follow-up. Complete blood counts and biochemistry
(blood levels of creatinine, albumin, and cholesterol) were
repeated at 3- and 6-month intervals, respectively. Urine
albumin was monitored and recorded in a diary at home by
parents using dipsticks.

Adverse effects of treatment with corticosteroids (cush-
ingoid features, hypertension, cataract, striae, behavioral
problems) and MMF (abdominal pain, diarrhea, leukopenia,
thrombocytopenia) were enquired for and recorded at
monthly visits. Details of all minor infections (diarrhea,
upper respiratory tract infections, impetigo), and systemic
infections requiring hospitalization (lower respiratory tract
infections, peritonitis, cellulitis, osteomyelitis, and menin-
gitis) were recorded in the patient diary and case-report
forms. From 1999 to 2001, annual safety reports were sent
to the Institute Ethics Committee and the Drug Controller
General of India.

Outcomes

The primary outcome was change in 6-monthly relapse
rates before and during MMF therapy. Relapses were
recorded in the preceding 6 months and through each of
the 6 months of MMF treatment unless otherwise specified.
Secondary outcome variables were the comparison of
cumulative dose of prednisolone (milligrams per kilogram
per day) before and during MMF therapy; change in height
and weight SDS and BMI; blood levels of creatinine,
albumin, and cholesterol; and adverse effects of medica-
tions. Relapse rates, prednisolone requirement, and adverse
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effects of therapy were compared in patients in whom
treatment was electively discontinued at 12 months (1999–
2001, excluding treatment failures) to those who received
longer duration therapy. Patients were categorized as being
in sustained remission, infrequent relapse (one relapse in
first 6 months, or three or less relapses in 12 months), or
treatment failure (two or more relapses in first 6 months or
more than 3 relapses in 12 months).

Statistical analysis

Continuous data are represented as mean [95% confidence
interval (CI)]. Paired data were compared using one-way
analysis of variance (ANOVA) and ordinate variables using
the chi-square test; P<0.05 was considered significant.
Results were analyzed using SPSS for Windows version 10
software.

Results

Of 47 patients with SDNS treated with MMF, therapy was
discontinued in one at 7 weeks due to persistent abdominal
pain. Four patients were excluded, as follow-up was not
available after the first 2 months (n=2) or the duration of
MMF therapy was less than 6 months (n=2), leaving 42
eligible patients (27 boys) whose data was analyzed. Mean
age at onset of NS was 37 months (95% CI 29.9, 44.1;
range 13–92) and at treatment with MMF 104.7 months
(92.1, 117.4; range 32–187). Renal histology in 19 patients
showed minimal-change disease in 15 and focal segmental
glomerulosclerosis in four. All patients had received
treatment with long-term alternate-day prednisolone with
unsatisfactory response; additional therapy in 39 patients
included levamisole (n=2), cyclophosphamide (n=4), and a
combination thereof (n=33). Mean duration of levamisole
treatment was 18.0 (13.4, 22.6; range 2.8–52.5) months,

and the number of relapses on levamisole were 4.3 (3.2,
5.3; range 1.1 to 11.1) episodes/year. Mean remission
duration following 12 weeks of therapy with cyclophos-
phamide was 6.1 (2.7, 9.5; range 0–59) months. Mean dose
of MMF administered was 26.5 (95% CI 25.4, 27.6; range
16.6–31.3) mg/kg per day for 14.3 (12.0, 16.6; range 6–45)
months. The number of patients receiving MMF and
tapering doses of alternate-day prednisolone at 6, 12, 18,
and more than 24 months was 42, 36, 8, and 4, respectively.

Relapse rates

Mean 6-monthly relapse rates decreased significantly from
3.0 episodes before therapy to 0.9 episodes in the first
6 months, 0.7 in next 6 months, and 0.3 in those receiving
treatment beyond 12 months (P<0.0001) (Table 1).

Table 2 shows the clinical and biochemical character-
istics before and during MMF therapy. Mean reduction in
relapse rates was 3.8 (2.8, 4.6) episodes/year, a reduction of
62.0% (49.1%, 75.0%). Thirty-two (76.2%) patients
showed 50% or more reduction in relapse rates. Nine
(21.4%) had sustained remission while on MMF, whereas
28 (66.7%) were infrequent relapsers. There were five
(11.9%) treatment failures: two patients had two relapses in
the first 6 months and three had four to five relapses in
12 months. MMF was discontinued in these patients, and
they received cyclosporin (n=3) or a second course of
cyclophosphamide (n=2) with satisfactory results.

Steroid dose and biochemical features

The cumulative dose of prednisolone declined significantly
from 0.6 (0.5, 0.7; range 0.1–1.3) mg/kg per day before to
0.3 (0.3, 0.4; range 0.1–1.2) mg/kg per day during MMF
treatment (Table 2), a mean reduction of 40.4%. Prednis-
olone requirement was reduced by 50% or more in 16
patients and between 40% and 50% in eight patients.

Table 1 Relapse pattern before and during mycophenolate mofetil (MMF) treatment

Pre-MMF MMF therapy

6 months n=42 0–6 months n=42 6–12 months n=36 12–18 months n=13

Relapse pattern*
No relapse 0 16 (38.1%) 14 (38.9%) 9 (69.2%)
1 relapse 0 14 (33.3%) 17 (47.2%) 4 (30.8%)
2 relapses 11 (26.2%) 10 (23.8%) 5 (13.9%) 0
≥3 relapses 31 (73.8%) 2 (4.8%) 0 0

Relapse ratea ** (6-monthly) 3 (2.6, 3.4) 0.9 (0.7, 1.2) 0.7 (0.5, 1) 0.3 (0.1, 0.6)

* P<0.0001 comparing patients with relapses pre-MMF with 0–6, 6–12, and 12–18 months (chi-square); ** P<0.0001 comparing relapse rates
pre-MMF with 0–6, 6–12, and 12–18 months phases (analysis of variance); P= 0.1 for between-group comparisons while receiving MMF therapy
a Mean [95% confidence interval (CI)]
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Steroid treatment was discontinued in five patients. Despite
reduction in prednisolone dosage, no significant changes
were found in weight and height SDS and BMI (Table 2).
Although plasma albumin levels increased and cholesterol
declined, the changes were not significant.

Twelve months vs longer treatment with MMF

Table 3 compares baseline characteristics, relapse rates, and
prednisolone dosage in 16 patients who received, as per
protocol, 12 months of MMF therapy vs 13 patients in
whom treatment continued beyond 12 months. Initial
characteristics including age at onset and at MMF therapy,
prior treatment, baseline relapse rates, and steroid require-
ment were similar.

Whereas mean relapse rates declined on treatment, they
did not differ significantly in the groups at the end of
12 months. Elective cessation of therapy at 12 months
resulted in significant increase in relapse rate from 0.7 to 2
episodes/6 months in the post-MMF phase. The benefits of
MMF therapy were sustained in patients who continued
therapy beyond 12 months, who showed a mean relapse
rate of 0.3 episodes/6 months in this period. Similarly,
whereas prednisolone requirement before and during 12-
month therapy with MMF was similar in the two groups,
this increased to 0.4 mg/kg per day when MMF was
stopped at 12 months, compared with 0.1 mg/kg per day if
continued (P 0.002). Alternative medications required due
to frequent relapses following cessation of MMF included
cyclophosphamide in six, levamisole and azathioprine in

Table 2 Clinical and laboratory characteristics before and during mycophenolate mofetil (MMF) therapy. Values represent mean [95% confidence
interval (CI)] [range]

Parameters Before MMF therapy (n=42)
7.6 (6.8, 8.4) months

During MMF therapy (n=42)
14.3 (12, 16.6) months

P value*

Relapses (episodes/year)a 6.0 (5.2, 6.7) [1.7–12] 2.2 (1.4, 2.9) [0–12] <0.001
Prednisolone used
(mg/kg per day)

0.6 (0.5, 0.7) [0.1–1.3] 0.3 (0.3, 0.4) [0.1–1.2] <0.001

Height SDS −1.8 (−2.1,–1.4) [−4.2 to 0.6] −1.6 (−2.0,–1.2) [−3.7 to 2.4] 0.6
Weight SDS 0.1 (−0.5, 0.8) [−3.0 to 6.2] 0.1 (−0.5, 0.8) [−3.0 to 6.1] 0.98
BMI (kg/m2) 20.2 (18.6, 21.8) [11.8–30.8] 20.3 (18.4, 22.1) [12.5–33.6] 0.9
Serum creatinine (mg/dL) 0.6 (0.6, 0.7) [0.2–0.9] 0.7 (0.6, 0.8) [0.1–1.2] 0.2
Serum albumin (g/dL) 3.0 (2.9, 3.3) [1.1–4.6] 3.4 (3.1, 3.7) [1.1–4.8] 0.06
Serum cholesterol (mg/dL) 289.6 (246.4, 332.7) [136–769] 255.5 (199.4, 311.6) [130–823] 0.3

SDS standard deviation scores, BMI body mass index
*Analysis of variance a Pre-MMF annual relapse rates are derived from the 6-monthly rates

Table 3 Comparison of treatment with mycophenolate mofetil (MMF) for 12 months vs. prolonged treatment

Characteristics 12-month treatmenta (n=16) Treatment beyond 12 monthsb (n=13) P value

Age (months)
Onset 36.4 (24.3, 48.6) [13–92] 31.8 (17, 46.7) [13–90] 0.6
Treatment 104.3 (89.2, 119.5) [32–134] 107 (79.1, 134.9) [32–179] 0.8

Previous treatment
Levamisole 15 12 0.4
Cyclophosphamide 13 12 0.8

Relapses per 6 months
Pre-MMF 3.1 (2.5, 3.7) [1.5–5.5] 2.4 (1.9, 2.9) [0.9–4] 0.1
During 12-months MMFc 0.7 (0.4, 1.1) [0–1.5] 0.6 (0.2, 0.9) [0–1.5] 0.4
Beyond 12 monthsd 2 (1.2, 2.8) [0.5–6] 0.3 (0.1, 0.6) [0–1.5] <0.001

Prednisolone (mg/kg per day)
Pre-MMF 0.6 (0.5, 0.8) [0.1–1.0] 0.5 (0.3, 0.6) [0.1–0.9] 0.2
During 12-months MMFc 0.3 (0.2, 0.4) [0.1–0.8] 0.2 (0.1, 0.3) [0.1–0.6] 0.4
Beyond 12 monthsd 0.4 (0.3, 0.4) [0.1–0.6] 0.1 (0.1, 0.3) [0–0.4] <0.01

Alternative treatment 11 2 <0.01

Values are mean [95% confidence interval (CI)] [range]
a Patients with treatment failures excluded b Mean MMF treatment beyond initial 12 months was 10.2 months (95% CI 4.9, 15.4) [range 3–30]
c During the initial 12 months, both groups received treatment with MMF d Patients in the first group were off treatment with MMF
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three each, calcineurin inhibitors in four, and a repeat
course of MMF in two.

Adverse effects

All patients had cushingoid features; other features included
abdominal-wall striae (9), hypertension and hirsutism (6
each), cataract (4), and open-angle glaucoma (1) prior to
MMF treatment. At last follow-up, 16 patients had no
features of steroid toxicity, 20 continued to show cush-
ingoid features, and three each had cataract and hyperten-
sion. Nine patients had transient abdominal pain, which was
relieved following treatment with ranitidine. One patient
each had an episode of hepatitis A, peritonitis, cellulitis,
and exacerbation of skin lesions of molluscum contagio-
sum. No patients had diarrhea, vomiting, hematological
abnormalities, or impaired renal function.

Discussion

Management of patients with SDNS is challenging, and a
number of medications have been used with variable
results. The initial choice is long-term treatment with
prednisone on alternate days for 9–18 months. Patients
having multiple relapses, steroid toxicity, or high steroid
threshold require therapy with other agents, including
levamisole or alkylating agents, with benefit in about 30–
50% patients [6, 12]. Patients who continue to show steroid
dependence are considered for long-term treatment with
calcineurin inhibitors, either cyclosporin or tacrolimus.
Long-term administration of calcineurin inhibitors might,
however, be associated with cosmetic and neurological side
effects, nephrotoxicity, and glucose intolerance.

Treatment with MMF has recently been used for
maintaining remission in these patients, with satisfactory
results [7–10]. Reports also indicate a potential for switching
to MMF in patients with steroid-dependent or steroid-
resistant NS receiving prolonged treatment with cyclosporin
[10, 16, 17]. Whereas the mechanism of action of MMF is
through inhibition of lymphocyte proliferation, there is
evidence that it might also prevent nonimmune renal
damage by inhibiting proliferation of smooth muscle, renal
tubular, and mesangial cells and fibroblasts, reducing
proteinuria and preventing fibrosis [18]. However, the
precise indications and duration of treatment with MMF
need to be defined.

This report, on 42 patients with difficult SDNS, is the
largest single-center experience in patients treated with
MMF and alternate-day prednisolone. Our observations
confirm the efficacy of this regimen in 88.1% patients, with
62% reduction in relapse frequency. This experience
extends and endorses our previous findings on similar

treatment in children with SDNS [11]. Reduction of relapse
rates was associated with almost 40% reduction in the
cumulative administered dose of prednisolone, confirming
the steroid-sparing effect of MMF [7, 16].

Table 4 summarizes the results from similar published
studies in children with NS [7, 9, 10, 16, 17, 19, 20].
Treatment with MMF in children with frequent relapses
and/or SDNS is reported to be successful in 20–80% cases.
These case series have included patients with variable
severity of steroid dependence, including those with
previous or current cyclosporin therapy [7, 10, 16, 17].
Further, MMF dose has been different, ranging from a
mean of 26.5 mg/kg per day (approximately 750 mg/m2) in
our patients to 1,200 mg/m2 or more per day in other
reports [7, 9, 16, 17, 20, 21]. It is interesting that despite
including subjects with difficult SDNS, comparatively
lower doses of MMF were effective in maintaining
remission in our patients. The precise reason why lower
doses of MMF were as effective is unclear but might be
because most patients continued to be cotreated with
alternate-day prednisolone. Secondly, the pharmacological
effects of MMF are believed to be related to the
concentration of free MPA, which is not bound to albumin
[22]. It is possible that hypoalbuminemia in our patients
might have resulted in higher levels of free MPA and better
medication efficacy.

A multicentric, randomized controlled trial from the
Netherlands, published recently as an abstract, compared
the efficacy of MMF (1,200 mg/m2 per day) with cyclo-
sporin (4–5 mg/kg per day) in 24 patients with frequently
relapsing NS [21]. Whereas relapse rates were higher in
those treated with MMF, 58.3% patients had sustained
remission during 1 year of follow-up. Patients receiving
MMF had a better side-effect profile with stable glomerular
filtration rates and normal blood pressure compared with
those treated with cyclosporin.

Prolonged use of MMF in patients with frequently
relapsing or steroid-dependent NS is considered safe and
associated with few adverse effects (Table 4). Side effects
in this study were limited to mild abdominal pain that
resolved spontaneously. The absence of diarrhea, serious
infections, and hematological adverse effects in our study
might be attributed to a lower but therapeutically effective
dosage of the medication.

MMF treatment duration in previous reports is variable,
ranging between 2.4 and 42 months (Table 4). Our findings
suggest that prolongation of MMF beyond 12 months is
effective in sustaining reduced relapse rates and is steroid
sparing, without the risk of additional side effects (Table 3).
Whereas the precise treatment duration with MMF is not
clear, we propose that extending treatment beyond 12
months should be considered, particularly in patients
showing satisfactory response.
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The study population in this report was relatively
homogenous, comprising patients with severe SDNS who
had done poorly despite treatment with levamisole and oral
cyclophosphamide. All patients were followed up at a
single center with more or less standard practices of
management [12]. Therefore, despite being a retrospective
report, comparisons between the two groups enrolled at
different time intervals (1999–2001 and 2001–2006) was
possible, and we believe our conclusions are valid.

An important limitation of this study was the absence of
a control group, with patients serving as their own controls.
Though the decrease in relapse rates and steroid use during
treatment with MMF and alternate-day prednisolone might
be attributed to a spontaneous decrease in illness severity,
this is unlikely. Most patients had prolonged duration of
SDNS, which was previously difficult to manage. Elective
discontinuation of MMF, at 1-year in some patients, led to
reversal of the benefits and need for alternative therapy,
suggesting that MMF was responsible for at least some of
the observed effects. Secondly, the study does not address
whether the observed reduction in steroid use was due to

reduced frequency of relapses (thereby less need for daily
treatment) or if treatment with MMF indeed resulted in
reduction of maintenance steroid needs (steroid sparing).
Thirdly, our patients were highly selected and extremely
compliant with therapy. It is not certain whether findings
from this study can be generalized to unselected children
with SDNS who are likely to be less regular with their
medication. Finally, as many patients are still receiving the
medication, it is unclear whether the risk of steroid and
MMF dependence is diminished with prolonged treatment.
Whereas recent evidence suggests that MMF therapy
should be monitored pharmacokinetically [10, 16, 21], this
was not done in our study.

Data from this and recent studies suggest that MMF offers
an effective and safe mode of treatment in patients with
SDNS. The lack of renal, hemodynamic, and metabolic
toxicity with this agent is an important consideration in its
preference over calcineurin inhibitors. Whereas preliminary
results from a randomized controlled trial that compared the
efficacy of MMF with cyclosporin [21] are promising, a
study with adequate power is necessary to clarify the utility

Table 4 Published trials on mycophenolate mofetil (MMF) in steroid-dependent nephrotic syndrome in children

Author (year) Study design (patients) Duration; daily dosage
(range)

Relapse rates (episodes per year),
remarks

Adverse effects

Barletta (2003) [17] Retrospective (10 CsA
dependent; 4 SDNS)

12 months; 800–
1,200 mg/m2

Pre-MMF 2.85±0.4; during MMF
1.07±0.3 (P <0.01)

GI discomfort (2),
malaise, diarrhea,
splenomegaly

Gellermann (2004) [10] Prospective (7 FRNS);
long-term CsA

25.4 (15.3–39) months;
1,000 mg/m2

5 of 6 patients with minimal
change disease had no relapse
during MMF treatment

Marked acne (1)

Mendizábala (2005) [7] Prospective (21
SDNS); previous
CsA treatment (all)

8.4 (6–19) months;
1,235.4 (828–1,772)
mg/m2

During MMF 1.5±1.7; pre-MMF
data not available; steroid sparing
(n=15); remission (n=9); relapse
in 7 on withdrawal

GI discomfort, resolved
with dose reduction,
multiple doses

Novak (2005) [20] Retrospective (21
SDNS including 4
with steroid toxicity)

12 (2.4–24) months;
1,200 mg/m2

(maximum 2 g)

Pre-MMF 9.6±4.9; during MMF
5.6±5.2 (P<0.02); monthly rates
transformed to annually

GI discomfort,
varicella zoster (1),
diarrhea, ringworm &
thrush (1)

Al-Akash (2005) [19] Retrospective (10
SDNS, 1 FRNS)

12.2 (4–24) months; 948
(500–1,087) mg/m2

Pre-MMF 4.7±1.1; during MMF
1±1.6 (P<0.001)

GI discomfort (2),
herpetic stomatitis (1)

Hogg (2006) [9] Prospective (33 FRNS,
including 6 SDNS)

6 months;1,200 mg/m2

(maximum 2 g)
Pre-MMF 6–8.1; during MMF
0.47–1.1 (P <0.05); 75% in
remission through 6 months
therapy

Leukopenia (1),
varicella (1),
gastritis (1)

Fujinaga (2007) [16] Prospective (12
SDNS); long-term
CsA

11 (6–42) months;
1,220 mg/m2

Pre-MMF 2.7±1.6; during MMF
0.6±0.9 (P <0.01); Significant
CsA & prednisolone sparing

None

This studyb (2007) Prospective (19) &
retrospective (23)

14.3 (3–44) months;
26.5 (16.6–31.3) mg/kg

Pre-MMF 6±2.2; during MMF
2.2±2.4 (P<0.001); prednisolone
sparing; 11.9% treatment failures

Abdominal pain (9);
hepatitis A (1),
molluscum
contagiosum (1)

CsA cyclosporin, SDNS steroid-dependent nephrotic syndrome, FRNS frequently relapsing nephrotic syndrome, GI gastrointestinal
a Excluding 5 patients with steroid resistant nephrotic syndrome
b Pre-MMF annual relapse rates are derived from the 6-monthly rates
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of the agent in patients with nephrotic syndrome. Optimum
treatment duration and importance of dose adjustment based
on pharmacokinetic studies also needs to be examined.
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