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Abstract

Background Although recent studies have shown that more than half of children with steroid-dependent nephrotic syndrome
(SDNS) may continue to have active disease beyond childhood, the long-term outcome in this cohort treated with mycophenolate
mofetil (MMF) after cyclosporine remains unknown, particularly in adulthood.

Methods We conducted a retrospective study of 44 adult patients (median age, 22.3 years) who received MMF for complicated
SDNS (median age at MMF initiation, 13.3 years) at a single center. Complicated SDNS was defined as the case continuing to
relapse after cyclosporine (CsA) treatment. When patients experienced relapses despite MMF initiation, they additionally
received a rituximab infusion. The primary endpoint was the probability of achieving treatment-free remission for > 2 years.
Results Prior to MMF initiation, all patients received CsA for a median of 46 months and 19 received the 12-week cyclophos-
phamide. After switching from CsA to MMEF, only four patients did not relapse during a median follow-up period of 9.6 years. At
the last visit, only 15 of the 44 patients achieved treatment-free sustained remission. Multivariate analysis revealed that young age
(< 6 years) at onset of nephrotic syndrome (odds ratio, 11.3) and the experience of steroid dependency during initial CsA
treatment (odds ratio, 29.8) were the independent risk factors of active disease into adulthood after MMF initiation.
Conclusions Although none developed renal insufficiency and severe adverse effects of therapy, the introduction of MMF after
CsA treatment may not be necessarily associated with improved long-term outcome of children with complicated SDNS.

Keywords Steroid-dependent nephrotic syndrome - Minimal change nephrotic syndrome - Long-term outcome - Mycophenolate
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Introduction nephrotic syndrome (FR/SDNS). Despite the development of

various effective steroid-sparing agents (SPA), recent surveys

Although most children with minimal change nephrotic syn-
drome (MCNS) respond to steroids, approximately 50% of the
patients develop frequent relapsing and/or steroid-dependent
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in the post-cyclosporine (CsA) era have revealed a high inci-
dence of relapses beyond childhood in this cohort [1, 2]. At
present, there is no consensus regarding first-line SPA for
children with FR/SDNS.

In the last decade, several prospective studies, including
ours, demonstrated the efficacy of mycophenolate mofetil
(MMF) in preventing relapses in children with FR/SDNS
[3-5], but without severe adverse effects such as CsA-
induced nephrotoxicity. Furthermore, a recent randomized
crossover study showed that prior CsA treatment was associ-
ated with higher efficacy of MMF in a subsequent treatment,
potentially due to a carry-over effect from the initial CsA
treatment [6]. However, the long-term outcome of patients
after switching from CsA to MMF is lacking, especially in
adulthood.
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In the present study, we investigated the long-term outcome
of children with SDNS who had received MMF after CsA
treatment, as well as the risk factors of active disease into
adulthood after the initiation of MMF.

Methods
Patients

We retrospectively reviewed the medical records of 44 adult
patients (> 18 years) with childhood-onset biopsy-proven
MCNS who were treated with MMF at Saitama Children’s
Medical Center. Prior to MMF treatment, all patients contin-
ued to have nephrotic syndrome (NS) relapses after CsA treat-
ment (median duration, 42 months) and subsequently, MMF
treatment was initiated between March 2005 and April 2014.
The results from the short-term clinical course of 18 patients
have been reported previously [7]. The patients with genetic
steroid-resistant nephrotic syndrome (SRNS) were excluded
from this study.

In this study, the definitions and criteria adopted for NS,
complete remission, relapse, frequent relapse, and steroid de-
pendency followed the clinical practice guideline for pediatric
idiopathic NS in Japan [8]. Complicated SDNS was defined as
the case continuing to relapse after CsA initiation. Treatment-
free sustained remission was defined as the case achieving >
2-year remission without any treatment. All patients and their
parents provided written informed consent. The ethics com-
mittee of the Saitama Children’s Medical Center approved the
use of MMF and rituximab (RTX) in patients with complicat-
ed SDNS in this study (approval numbers, 2004-04-006,
2007-03-001).

Treatment

Before MMF initiation, all patients had received CsA treat-
ment (Neoral, oral formulation, Novartis Pharma Co., Tokyo,
Japan) for > 18 months and CPM (Endoxan, oral formulation,
Shionogi Co., Osaka, Japan) was also administered at 2—
2.5 mg/kg/day for 12 weeks (cumulative dose, 200 mg/kg)
in 19 of the 44 patients. For patients with complicated
SDNS after CsA treatment, MMF (CellCept, oral formulation,
Chugai Co., Tokyo, Japan) was administered after patients
achieved complete remission with prednisolone (PSL). As
per the therapeutic protocol, MMF was introduced at an initial
dose 0f 250 mg/12 h and adjusted to maintain a target pre-dose
mycophenolic acid (MPA) level of 2 to 5 pg/mL (maximum
1 g twice daily), in accordance with previously reported find-
ings [3]. Plasma MPA was measured by using an enzyme-
mediated immune technique (Special Reference Laboratory;
SRL Inc.). After MMF initiation, CsA was gradually tapered
off at a dose of 50-100 mg every 4 weeks. For patients who
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were able to achieve PSL-free remission for > 1 year, MMF
was gradually tapered off. Relapses were treated with PSL
2 mg/kg/day until proteinuria was undetectable for >3 con-
secutive days. PSL was administered on alternate days there-
after, and the dose was tapered off within 6 months at a rate of
5-10 mg every 2—4 weeks. When patients experienced multi-
ple relapses of NS after MMF discontinuation, those with
CsA-induced nephrotoxicity were re-treated with MMF and
those without nephrotoxicity were re-treated with CsA. CsA
was adjusted to maintain a 2-h post-dose CsA level of 400—
600 ng/mL (maximum 75 mg twice daily). Since December
2007, RTX infusion (Rituxan, injection, Zenyaku Co., Tokyo,
Japan) has been additionally administered when patients de-
veloped any condition requiring > 0.5 mg/kg or> 15 mg PSL
on alternate days to maintain remission, despite treatment with
MMF or CsA. According to the therapeutic protocol reported
previously [9], RTX was intravenously administered in a sin-
gle dose of 375 mg/m? (maximum, 500 mg) during a
proteinuria-free period. The primary endpoint was the proba-
bility of achieving treatment-free sustained remission.

Statistical analysis

Categorical variables were compared using chi-square or
Fisher’s exact test as appropriate and were reported as fre-
quencies and percentages. Unless indicated otherwise, contin-
uous variables were expressed as median (range). Parametric
two-sample ¢ test or non-parametric Mann—Whitney U test
were used as appropriate for comparing continuous variables.
Logistic regression was used to identify an independent risk
factor for active disease into adulthood. Kaplan—Meier curves
depicted the percentage of patients achieving > 2-year remis-
sion without any treatment after MMF initiation. In all analy-
ses, p values <0.05 were considered to indicate statistical
significance.

Results

The median age at NS diagnosis was 6.5 years (range, 1.4—
13.5). Patients developed SDNS (n = 32) or initial SRNS (n =

12) and had received CsA at a median age of 8.9 years (range,
1.5-13.6) for a median of 46 months (range, 18—125).
Although all patients with initial SRNS had a histologic diag-
nosis of MCNS and achieved complete remission after CsA
initiation, they subsequently developed complicated SDNS.
Despite the initiation of CsA treatment, 25 patients continued
to have SDNS and 7 patients had received RTX before MMF
initiation. The median age at MMF initiation was 13.3 years
(range, 5.7-21.6; interquartile range, 10.5-14.4) and the me-
dian MMF dose required was 870 mg/m? (interquartile range,
780-990), which maintained median pre-dose MPA levels of
2.9 pg/mL (interquartile range, 2.3-3.6) during the initial
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MMF treatment (median duration, 27 months; interquartile
range, 19-47). During the median follow-up period after
MMF initiation (median, 9.6 years; range, 4.6—13.7; interquar-
tile range, 7.6—12.5), only four of the 44 patients did not re-
lapse, while the remaining 40 had relapsed. Seventeen patients
had an experience of SDNS during the initial treatment with
MMF and 29 patients developed SDNS again after MMF
discontinuation. Thus, re-treatment with MMF, CsA, and both
MMF and CsA were required in 14, 2, and 13 patients, respec-
tively. In addition, 26 patients received RTX after MMF initi-
ation. Post-treatment renal biopsies were performed in all but
one patient; 18 of the 43 patients showed evidence of CsA-
induced nephrotoxicity defined by tubulointerstitial lesions.
At the last visit (median age, 22.3 years), 15 patients
achieved treatment-free sustained remission (Group A),
whereas 22 patients continued to receive immunosuppressive
agents and/or RTX (MMF 12 patients; CsA 4 patients; RTX, 9
patients), and seven patients had treatment-free remission
within 2 years (Group B, active disease into adulthood).
Table 1 summarizes the clinical characteristics of the patients
in both groups. Univariate analysis showed that the risk of

active disease in adulthood (group B) was positively associat-
ed with young age at onset, young age at the initiation of CsA
or MMF, and the experience of steroid dependency during
CsA or MMF treatment. Multivariate analysis revealed that
young age (<6 years) at NS onset (odds ratio, 11.6; 95%
confidence interval 1.05-127.8; P = 0.045) and the experience
of steroid dependency during initial CsA treatment (odds ra-
tio, 29.8; 95% confidence interval 3.3-270.5, P=0.003) were
independent risk factors of active disease into adulthood after
the initiation of MME. All patients who had these two risk
factors (V= 14) continued active disease into adulthood.
Only in 32 SDNS patients, excluding initial 12 SRNS patients,
multivariate analysis also revealed that the experience of ste-
roid dependency during initial CsA treatment (odds ratio,
11.1; 95% confidence interval 1.06-116.5, P=0.045) was
the independent risk factor of active disease into adulthood
after the initiation of MMF. Kaplan—Meier curves revealed
that the percentage of treatment-free sustained remission after
MMF initiation was significantly lower in patients who had
the experience of steroid dependency during initial CsA treat-
ment than in those who did not have this experience

Table 1 Comparison of group A

(who achieved treatment-free Group A (N=15) Group B (N'=29) P value
sustained remission) and group B _
(who did not achieve treatment- Gender (boy/girl) 10/5 22/7 0.52
free sustained remission) Initial presentation (SDNS/SRNS) 132 19/10 0.14
Administration of CPM (yes/no) 4/11 15/14 0.1
Administration of RTX (yes/no) 5/10 24/5 <0.001
Administration of RTX before MMF (yes/no) 1/14 6/23 0.23
Administration of RTX after MMF (yes/no) 5/10 21/8 0.0014
Experience of SRNS (yes/no) 5/10 13/16 0.46
Experience of steroid dependency 3/12 22/7 <0.001
during CsA (yes/no)
Experience of steroid dependency 2/13 15/14 0.013
during MMF (yes/no)
CsA-induced nephrotoxicity (yes/no) 5/10 13/15% 0.31
Median Median
(interquartile range) (interquartile range)
Age at last visit (years) 22.3 (20.9-24.5) 22.2 (20.3-24.3) 0.66
Age at NS onset (years) 9.9 (7.1-11.8) 5.1 (2.0-8.5) 0.002
Age at CsA initiation (years) 11.3 (7.8-12.3) 7.5(4.2-10.2) 0.002
Duration of initial CsA before MMF (months) 37 (29-52) 46 (32-54.5) 0.3
CsA dose before MMF (mg/kg/day) 3.1 (2.6-3.5) 3.8 (2.8-5.1) 0.095
Age at MMF initiation (years) 14.3 (13.5-15.7) 12.2 (10.2-13.7) 0.011
Duration of initial MMF (months) 26 (20-30) 31 (18-54) 0.31
MMEF dose (mg/m*/day) 810 (690-870) 900 (780-1050) 0.019
Pre-dose MPA (ug/mL) 3.0(24-33) 2.8 (2.2-3.6) 0.085
Number of relapses after MMF 2 (0-3) 7 (5.5-11) <0.001
Number of RTX administration 0(0-2) 2 (1-5.5) 0.0014

B cell depletion period of each RTX (days)

172 (144-276)

196 (161-240)

SDNS steroid-dependent nephrotic syndrome, SRNS steroid-resistant nephrotic syndrome, CPM cyclophospha-
mide, RTX rituximab, CsA cyclosporine, MMF mycophenolate mofetil, A/PA mycophenolic acid

*Post-treatment renal biopsy was not performed in one patient
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(Supplementary Fig. 1, p <0.001). Median MMF treatment
duration was not statistically significant between the patients
with and without this experience (31 vs. 26 months), and
median number of relapses before sustained remission was 2
(range, 0-8) in Group A. At the last follow-up, although six
patients (20%) in Group A received antihypertensive agents,
all patients maintained complete remission of NS and none
developed chronic kidney disease (CKD) stage >2. The mean
SD score for height was — 0.5+ 1.1 and short stature (below
— 2SD) developed in four patients (minimum — 3.4 SD). All
four patients with short stature at the last visit received RTX
after puberty. At the time of RTX infusion, they already were
below — 2SD.

We also performed stratification analysis between 12
SRNS and 32 SDNS patients at the initial disease onset. No
significant differences in clinical characteristics, such as sex,
age at NS onset, age at CsA or MMF initiation, the rate of
CPM or RTX administration, and an experience of SDNS
during CsA or MMF treatment, were observed between
SRNS and SDNS patients. At the last visit, treatment-free
remission was achieved in five of the 12 SRNS and 17 of
the 32 SDNS patients, respectively, and the difference was
not statistically significant. The rates of hypertension, short
stature, and CsA-induced nephrotoxicity in the initial SRNS
patients were relatively high compared with those in the
SDNS patients, although these differences were not statistical-
ly significant (3/12 vs. 3/32, 3/12 vs. 1/32, and 7/11 vs. 11/32,
respectively).

Discussion

This retrospective analysis of patients with childhood-onset
MCNS who received MMF after CsA treatment shows that
young age at NS onset and the experience of steroid depen-
dency during initial CsA treatment were significant risk fac-
tors for active disease in adulthood. Using a homogenous
treatment protocol in this single-center study, 44 adults had
not developed CKD stage > 2 at the last visit, but the rate of
persistent disease into adulthood in this cohort was very high.
The main strength of our study is the 10-year follow-up period
after MMF initiation, whereas the observation period in pre-
vious studies was limited to <5 years [10, 11].

Further, previous follow-up studies have shown that MMF
initiation allowed > 50% of patients with SDNS to avoid fur-
ther SPA or to maintain remission without treatment at last
visit. Banerjee et al. reported the outcome of 46 Indian patients
with SDNS treated with MMF after treatment with levamisole
and cyclophosphamide before MMF initiation [10]. Although
the authors showed that 25 of these patients (54%) required no
alternative SPA after MMF initiation, their follow-up period
was relatively short (mean duration, 3.56 years) and sustained
remission after MMF discontinuation was achieved in only
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eight of the 46 patients at last follow-up. More recently,
Dehoux et al. conducted a retrospective study of 96 French
children with SDNS followed for 4.7 years after MMF initia-
tion [11]. Although they showed that 58 of the 96 patients
(60%) were in remission without treatment at the last fol-
low-up, most of these patients had received additional treat-
ments such as RTX (38/58) and levamisole (4/58) after MMF
initiation and only six patients did not relapse after MMF
discontinuation. Thus, the authors concluded that MMF had
no disruptive effect on the disease. In addition, because the
included patients in our study were a more severe group: 12 of
44 were initially steroid resistant and 25 were still steroid
dependent on CsA treatment, two-thirds of the patients were
not able to achieve sustained remission at the last follow-up.
Based on these findings, MMF as well as CsA may not have
exerted a curative effect in children with SDNS; a significant
number of this cohort may continue to relapse into adulthood.

In a long-term follow-up study after initial 2-year CsA
treatment, Ishikura et al. noted that half of the patients (mean
age, 18.7 years) continued to relapse frequently or received
SPA at last observation, but none received MMF during the
follow-up period [12]. Similar to our findings, Ishikura et al.
found an association between NS relapse during initial CsA
treatment and poor outcome at last observation. We identified
that the experience of steroid dependency during initial CsA
treatment was an independent risk factor of active disease into
adulthood after MMF initiation. These data suggest that the
identification of transition into adulthood with initial CsA
treatment early in the disease course may allow appropriate
counsel for patients and their families; appropriate timing of
SPA and RTX may be instituted for severe forms of SDNS and
thereby reduce morbidity associated with PSL and multiple
relapses of NS.

Our finding that young age at NS onset (< 6 years) was a
risk factor of active disease in adulthood is supported by results
of previous follow-up studies in the pre-MMF era [1, 13].
While Dehoux et al. demonstrated that MMF was more effec-
tive when patients were treated at a younger age (<6 years)
[11], the age at MMF initiation was > 6 years in all but one
patient in our study. Therefore, additional studies are warranted
to understand the long-term outcome of children < 6 years who
were treated with MMF early in the disease course. It should
nevertheless be borne in mind that the use of MMF at the time
of febrile infection was a risk factor for hospitalization, espe-
cially in young patients, as we previously reported [14].

Previous studies demonstrated that children at younger age
were at a greater risk for low MPA levels due to faster clear-
ance, even when dosing per body surface area and may thus
require higher doses of MMF [15, 16]. In our study, the age at
MMF initiation was significantly younger in Group B than in
Group A, which may contribute to significantly higher doses
of MMF being required in Group B than in Group A to main-
tain target pre-dose MPA levels of approximately 3 pg/mL.
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In conclusion, in this study, we have established that MMF
initiation after CsA treatment may not be necessarily associ-
ated with improved long-term outcome of children with
SDNS, when compared with data obtained prior to the advent
of CsA and MMF [13, 17]. Although renal outcome itself of
our patients with complicated SDNS, including initial SRNS,
was favorable, these results imply that the development of
novel treatment strategies to prevent active disease into adult-
hood is urgently required, especially for patients with the risk
factors of persistent active disease. Our study is not without
limitations. First, this was a retrospective single-center study,
although data were collected in a prospective manner. Second,
the number of patients in our study was too small to draw
robust conclusions. Third, the duration of MMF treatment,
age at MMF initiation, and the follow-up periods varied large-
ly among our patients. However, to the best of our knowledge,
our study is the longest follow-up period after MMF initiation
(median 9.6 years) and the therapeutic protocol regarding use
of both PSL and SPA was relatively homogeneous, compared
with those of previous studies. Future prospective studies are
needed to determine the suitable timing of MMF initiation for
children with SDNS.
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