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Abstract Treating children with steroid-resistant nephrotic
syndrome (SRNS) has been a clinical challenge for
pediatricians. We recruited 24 children (18 boys and six
girls) with steroid-resistant idiopathic nephrotic syndrome
(SRINS) who were <2 years. All patients were administered
prednisone 2 mg/kg per day prior to mycophenolate mofetil
(MMF). By the end of the eighth week, MMF was initiated
at 25-30 mg/kg daily for 612 months. Prednisone dose
was reduced stepwise. Biochemical assays were performed
every 2 months. Complete remission was achieved in 15
patients, partial remission in six, and no response to MMF
was noted in three. With MMF treatment, the levels of
urinary protein and serum cholesterol decreased and that of
serum albumin increased in a time-dependant manner. We
demonstrated the MMF could reduce proteinuria in SRINS
children <2 years. Our study suggests that MMF therapy
might be an effective strategy for treating SRINS in
children <2 years.

Keywords Mycophenolate mofetil - Steroid-resistant -
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Introduction

Patients with steroid-resistant idiopathic nephrotic syn-

drome (SRINS) often have poor prognosis, and some
patients progress to end-stage renal disease (ESRD) [1-3].
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In recent years, cyclosporine (CsA) has been used to treat
SRINS, making it possible to reduce steroid dosage and
alleviate proteinuria [4]. However, CsA is associated with
nephrotoxicity in some patients, especially in young
children.

Mycophenolate mofetil (MMF) is a newly developed
immunosuppressant drug that suppresses acute host
rejection of renal grafts. MMF is a derivative of the active
substance mycophenolic acid. It antagonizes purine me-
tabolism and selectively suppresses T- and B lymphocytes
dependent on de novo synthesis of purines, thus exerting
immunosuppressive effects [5]. Therefore, MMF has little
effect on other cells and is unlikely to cause severe
adverse reactions such as bone marrow suppression. This
drug has recently been used to treat nephrotic syndrome in
adults and children [6—19]. However, in reviewing the
literature, we were unable to determine the benefits of
MMEF treatment in children with SRINS, especially those
<2 years. We report our clinical experience on the
effectiveness of MMF treatment in children <2 years of
age with SRNS.

Patients and methods
General study outline

This was a prospective, single-center trial aimed at studying
the efficacy and side effects of MMF in children <2 years
of age with SRINS. Patients were enrolled between January
2005 and September 2008 in Hunan Children’s Hospital,
Changsha, China. The ethics committees of the hospitals
approved the study protocol. Consent was obtained from a
parent or guardian after written and oral information was
given.
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Patients

We recruited 24 children <2 years of age with SRINS. The
definition and criteria for nephrotic syndrome were the
same as those used in the International Study of Kidney
Disease in Children (ISKDC) [20]: edema, serum albumin
<2.5 g/dl, and proteinuria >40 mg/m*/h. Patients had not
responded to the 8-week course of prednisone (2 mg/kg
daily), serum creatinine was <1.5 mg/dl and hemoglobin
>90 g/L, they were negative for hepatitis C, aged <2 years,
and kidney pathology was confirmed by renal biopsy.
Exclusion criteria were as follows: possible presence of
secondary nephrotic syndrome, diagnosis of congenital
nephrotic syndrome, presence of hereditary kidney disease,
and the presence of severe infection. The patient population
comprised 18 boys and six girls (Table 1). The starting
median age of nephrotic syndrome was 1 year and 7
months (range 8-24 months). Median duration of illness
was 4.2 (range 2—12) months. Initial steroid resistance was
present from disease outset in eight children and appeared
later, during one of the relapses, after 3—10 months of NS
evolution in 16 (late steroid resistance). Thirteen of 24
patients had associated microscopic hematuria, two (case 6
and case 18) had associated macroscopic hematuria, and
one (case 6) had associated with hypertension. The
pathological findings revealed proliferative and sclerosis
glomerulonephritis in two patients, focal segmental glo-
merulosclerosis (FSGS) in three, immunoglobulin M (IgM)
nephropathy in four, severe mesangioproliferative glomer-
ulonephritis in four, middle mesangioproliferative glomer-
ulonephritis in eight, and mild mesangioproliferative
glomerulonephritis in three.

Study medication

Prednisone was administered at 2 mg/kg of bodyweight per
day, which was continued for 8 weeks prior to MMF. By
the end of the eighth week, MMF was initiated at a daily
dose of 25-30 mg/kg per day and administered as two
divided doses for 6—12 months. Prednisone dose was
reduced stepwise by 5 mg/day every 4 weeks, when down
to a maintenance dose of 1 mg/kg of bodyweight per day,
which was continued for 8 weeks, followed by 1 mg/kg on
alternate days for 4 weeks and then tapered to zero. Every
2 months, biochemical assays were performed for 24-
h urinary protein content, blood creatinine, liver functions,
blood albumin, cholesterol, urine retinol-binding protein
(RBP), and (3,-microglobulin (3,-M). During the treatment
period, adverse effects such as infection, abnormal periph-
eral white blood cell count, and abnormal gastrointestinal
manifestations (vomiting, diarrhea, and abdominal pain)
were observed. Complete remission was defined as a
reduction in 24-h urinary protein excretion to <100 mg/m>
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per day and normal levels of serum albumin, whereas
partial remission was defined as a 50% reduction of initial
proteinuria and <40 mg/m”® per hour. Reduction of
24-h total protein excretion to <50% and >40 mg/m? per
hour was indicated as no remission.

Biochemical measurements

Twenty-four-hour urinary protein excretion, serum creati-
nine, albumin, cholesterol, and electrolytes were measured
with an automatic biochemistry analyzer. Urine volume in
24 h was collected via a collection bag in boys and an
indwelling bladder catheter in girls.

Statistical analysis

All values are expressed as medians and ranges. Wilcoxon
rank-sum test was used to determine the significance of
differences. A value of P<0.05 was considered to be
statistically significant.

Results

After 2 months of MMF treatment, nine patients (37.5%)
exhibited complete remission and seven (31.2%) partial
remission. After 4 months, 13 patients (56.3%) exhibited
complete remission and six (25.0%) partial remission. After
6 months, 15 patients (62.5%) exhibited complete remis-
sion, six (25.0%) partial remission, and three (12.5%) did
not respond (Table 1). Median values of 24-h urinary
protein levels of the 24 patients before MMF treatment and
after 2, 4, and 6 months of treatment were 1.68 g, 0.76 g,
0.32 g, and 0.16 g, respectively. Differences between pre-
and the posttreatment urine protein levels were significant
at each time point (P<0.01). Along with a decrease in the
24-h urinary protein levels, patients’ serum albumin levels
exhibited a gradual increase and serum cholesterol levels
gradually returned to normal (Table 2).

Follow-up

After 6 months for MMF treatment, 15 patients (62.5%)
exhibited complete remission; by the end of the sixth
month, MMF dosage was reduced by 50% of the initial
dose, which was continued for 3 months, and then to zero.
Two patients (case 5 and case 9) were lost to follow-up,
four patients relapsed at the fourth (case 3), sixth (case 7),
eighth (case 17), and ninth month (case 10), respectively,
after cessation of MMF treatment. Three patients (cases 1,
11, and 15) exhibited complete remission >10 months after
treatment cessation, six (cases 2, 12, 19, 20, 21, and 23)
achieved remission >12 months. Six (25.0%) patients
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Table 1 Clinical details of the 24 patients

Case Gender Age Duration ~ Renal biopsy
onset of illness
(months)  (months)

24-h urinary protein levels (g/24h) MMF Side
duration  effects
Beginning 2 months 4 months 6 months (months)

1 F 18 5 Moderate
mesangioproliferation
2 M 23 2.2 Mild
mesangioproliferation
3 M 19 7 IgM N
4 M 20 22 Moderate
mesangioproliferation
5 F 8 3.0 Moderate
mesangioproliferation
6 M 22 5 Severe
mesangioproliferation
7 M 19 2.3 Moderate
mesangioproliferation
8 M 21 6 Proliferative sclerotic
9 F 10 12 Moderate
mesangioproliferation
10 M 13 2.0 FSGS
11 F 20 6 IgM N
12 F 21 2.2 IgM N
13 M 24.0 2.3 proliferative
and sclerosis
14 M 19 4.7 severe
mesangioproliferation
15 M 19 10 IgM N
16 F 12 5 FSGS
17 M 18 3.0 mild
mesangioproliferation
18 M 15 23 severe
mesangioproliferation
19 M 22 2.2 moderate
mesangioproliferation
20 M 18 5 FSGS
21 M 21 4.2 moderate
mesangioproliferation
22 M 22 2.9 mild
mesangioproliferation
23 M 12 2.9 moderate
mesangioproliferation
24 M 20 5 severe

mesangioproliferation

0.79 0.14 0.07 0.06 9
1.88 0.15 0.10 0.08 9 Nausea
1.46 0.38 0.08 0.10 9
1.20 0.38 0.45 0.40 10
1.85 0.15 0.07 0.08 9 White
blood
cell
decrease
2.28 1.60 1.45 1.80 6
1.29 0.14 0.05 0.06 9
1.88 0.90 0.32 0.34 6 White
blood
cell
decrease
2.62 0.80 0.10 0.12 9
1.96 0.76 0.48 0.09 9 Mild
diarrhea
1.20 0.14 0.05 0.11
1.45 0.15 0.04 0.05
2.26 1.93 1.70 1.30 6 Nausea
1.33 0.40 0.38 0.28 10
1.38 0.85 0.03 0.07
1.43 0.38 0.28 0.16 8 Mild
diarrhea
1.68 0.14 0.05 0.06 9
1.49 1.40 1.76 1.08 6 Vomiting
0.93 0.14 0.10 0.05 9
3.11 0.40 0.50 0.07
1.99 0.80 0.03 0.09 9 Blood
white
cell
decrease
2.28 0.50 0.56 0.30 12
0.79 0.14 0.06 0.09 9
2.64 0.40 0.45 0.38 12

FSGS focal segmental glomerular sclerosis, [gM N immunoglobulin M nephropathy

exhibited partial remission. Case 8 discontinued MMF
treatment after 6 months. Case 16 persisted with MMF for
8 months, two (cases 4 and 14) persisted with MMF for
10 months, and two (cases 22 and 24) persisted with MMF

for 12 months; however, none of them achieved complete
remission. Three patients (12.5%) (cases 6, 13, and 18) did
not respond to 6 months of MMF treatment, and by the end
of 6 months, MMF treatment was discontinued: case 6 was
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Table 2 Results of biochemical assays performed before and after mycophenolate mofetil (MMF) treatment (median)

Group Urinary protein (g/24h)

Serum albumin (g/L)

Blood carbon/hydrogen/oxygen (mmol/L)

Before MMF treatment

2 months after MMF treatment
4 months after MMF treatment
6 months after MMF treatment

1.68 (0.79-3.11)
0.76 (0.14—1.93)*
0.32 (0.03-1.76)**
0.16 (0.05-1.80)**
36.675

<0.01

Chi-square
P value

11.35 (6.8-16)

18.55 (13.5-25.60)*
30.15 (15.60-44.8)**
39.4 (17.40-44)%*¢
48.262

<0.01

10.83 (8.0-17.8)
8.41 (4.14-15.60)*
5.47 (3.45-16.12)*
420 (3.60—12.90)**°
30.227

<0.01

*P<0.01, compared with pretreatment levels
#P<0.01, compared with levels at 2 months after treatment
® P<0.05, compared with levels at 4 months after treatment

€P<0.01, compared with levels at 4 months after treatment

lost to follow-up, case 13 died of a serious infection after 3
months of stopping MMF therapy, and case 18 had been
treated using traditional Chinese medicine.

Side effects

Three patients experienced mild nausea and vomiting; two
developed mild diarrhea in the initial stage of the treatment,
but the symptoms disappeared 1 week later; and three
patients demonstrated a slight decrease in peripheral white
blood cell count (3x10° cells/L-4x10° cells/L), which
recovered over the following 4 weeks. Hepatic and renal
functions and blood electrolyte levels during treatment were
within the normal range.

Discussion

The percentage of children with SRINS is estimated to range
from 7% to 18%, with the possibility of increasing frequency
in recent years [20-22]. Recently, Huan et al. conducted
clinical research on the effects of steroid therapy in patients
<3 years of age with idiopathic nephrotic syndrome. In their
study, 15.4-25.8% of cases demonstrated steroid-sensitive
nephrotic syndrome, whereas 74.2—84.6% of these cases
demonstrated SRNS, among which SRINS accounted for
19.4—65.4% of cases [23-27]. Since 2005, of the 136
patients <3 years admitted to our center for idiopathic
nephrotic syndrome, 37 (27%) developed steroid-sensitive
nephrotic syndrome, 60 (44%) demonstrated steroid depen-
dence or frequent relapses, and 39 (29%) demonstrated
steroid resistance: 24 of 39 SRINS patients were <2 years.
Children with SRINS pose the most difficult therapeutic
challenge. These children are at risk for complications of
unremitting nephrotic syndrome and developing ESRD. A
number of medications such as methylprednisolone [28, 29],
cyclophosphamide [23, 25, 26], vincristine [30, 31], azathio-
prine [25, 26], nitrogen mustard [27], and cyclosporine A [23,
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26, 32-34] have been used with varying result. These drugs
for treating SRINS have total remission rates ranging from
20% to 70%, but they also cause serious side effects such as
nephrotoxicity, hypertension, hirsutism, arrhythmias, psycho-
sis, and severe infections. Hence, an alternative is welcome.
In recent years, MMF has become a widely used
immunosuppressant. Due to a lack of side effects such as
liver and kidney toxicity and myelosuppression, its efficacy
and safety in treating childhood nephrotic syndrome of
various etiologies [6—19], severe purpuric nephritis [35,
36], lupus nephritis [37, 38], and other glomerular diseases
[38, 39] has been confirmed and publicly accepted. MMF
therapy was shown to be useful in managing children with
steroid-dependent and frequently relapsing idiopathic ne-
phrotic syndrome [6-17]. With regard to its efficacy in
children with SRINS, study results are variable. Mendizabal
et al. reported that in five patients with SRINS whose renal
histopathological pattern was FSGS, only one achieved
complete remission and one partial remission. Of the three
MMF-resistant patients, one progressed to chronic renal
failure (CRF) and two with SRINS were continued on
antiproteinuric therapy [14]. Ulinski et al. reported that two
patients with secondary SRNS to MMF therapy presented a
decrease in residual proteinuria over the follow-up period of
261 days; serum protein levels did not significantly change
significantly [15]. Here we report that 24 children with
SRINS were treated with the combination of MMF and
prednisone. This report is the largest single-center expe-
rience in SRINS children <2 years of age treated with
MMF. Results showed 15 patients (62.5%) exhibited
complete remission, and six (25.0%) exhibited partial
remission. This study revealed that MMF treatment for
SRINS children has a higher rate of complete remission
than other reports. However, this may be related to the
group patients in our study. Eight children showed initial
steroid resistance and 16 late steroid resistance. Patholog-
ical findings were proliferative and sclerotic glomerulo-
nephritis in two, FSGS in three, [gM nephropathy in four,
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severe mesangioproliferative glomerulonephritis in four,
moderate mesangioproliferative glomerulonephritis in
eight, and mild mesangioproliferative glomerulonephritis
in three. In contrast, patients had initial steroid resistance,
and the histopathological pattern was usually FSGS in
other reports.

Studies showed that the side effects of MMF therapy are
generally mild, and most patients tolerated MMF well.
Little is known about whether children <2 years of age with
SRINS can tolerate MMF therapy. Gastrointestinal disor-
ders, widely known to be an adverse reaction to MMF, were
noted in five patients, and three patients demonstrated a
slight decrease in peripheral white blood cell count in this
study. Though these disorders were mild and transient, it is
possible that more risks for gastrointestinal-related side
effects may develop over time. We found one patient died
of severe infection after 3 months of stopping MMF
therapy; the severe event may have been related to MMF
treatment. Also, infectious risks of long-term MMF in small
children are still unknown. These risks need to be studied.

In summary, this study observed the effects of MMF on
urinary protein excretion and side effects in children with
SRINS <2 years of age. Results demonstrated that MMF
significantly decreased urinary protein excretion in this
population. However, our findings are from a single center
and only a small number of cases. A larger randomized
controlled trial of this therapy is needed.
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