Pediatr Nephrol (2013) 28:257-264
DOI 10.1007/s00467-012-2319-1

ORIGINAL ARTICLE

Survey of rituximab treatment for childhood-onset refractory

nephrotic syndrome

Shuichi Ito - Koichi Kamei - Masao Ogura -
Tomohiro Udagawa - Shuichiro Fujinaga - Mari Saito -
Mayumi Sako - Kazumoto lijima

Received: 10 July 2012 /Revised: 8 September 2012 / Accepted: 10 September 2012 /Published online: 10 October 2012

© IPNA 2012

Abstract

Background Rituximab (RTX) is a promising option for
treating childhood-onset steroid-dependent (SDNS), fre-
quently relapsing (FRNS), and steroid-resistant (SRNS) ne-
phrotic syndrome.

Methods We retrospectively surveyed RTX treatment for these
conditions to evaluate its indications, efficacy and adverse
events. Questionnaires were sent to 141 hospitals in Japan.
Results Seventy-four patients (52 SDNS; 3 FRNS; 19
SRNS) were treated with RTX because of resistance to
various immunosuppressive agents. Most patients received
a single administration of RTX (85%). Forty-one of 53
SDNS/FRNS (77%) and 5 of 17 SRNS (29%) patients
successfully discontinued prednisolone (16 SDNS/FRNS
and 6 SRNS achieved their first discontinuation since
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onset), and 17 out of 53 SDNS/FRNS patients (31%) dis-
continued cyclosporine. However, 28 of the 53 patients
(51%) relapsed. Although immunosuppressive agents did
not extend B cell depletion, relapses were significantly less
if immunosuppressive agents were continued after RTX (P=
0.006; hazard ratio=0.2). Among the SRNS patients, com-
plete (n=6) and partial remission (n=6) were achieved. No
life-threatening adverse events were experienced.
Conclusions Although this was a multi-center survey where
treatment of nephrotic syndrome varied between centers, the
steroid-sparing effect of RTX in SDNS/FRNS was excel-
lent. If single administration of RTX is chosen, continuation
of immunosuppressive agents is recommended for preven-
tion of relapse.

Keywords Rituximab - Nephrotic syndrome - Children -
Steroid - Steroid-dependent nephrotic syndrome - Steroid-
resistant nephrotic syndrome - Immunosuppressive agents

Introduction

Treatment of refractory childhood nephrotic syndrome, such
as frequently relapsing nephrotic syndrome (FRNS), steroid-
dependent nephrotic syndrome (SDNS), and steroid-resistant
nephrotic syndrome (SRNS), is still challenging. Although
various immunosuppressive agents are effective for these
conditions, in substantial numbers of children it remains
intractable.

Most such patients suffer serious adverse effects of ste-
roid and immunosuppressive agents. Recently, rituximab
(RTX), a monoclonal antibody targeting the B cell-specific
antigen CD20, has been proven to be effective for FRNS/
SDNS and SRNS in children [1-8].

The incidental discovery of the effects of this drug has
improved the prognosis of childhood SDNS and SRNS [9,
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10]. Although RTX is still off-label and its safety for use in
nephrotic syndrome has not yet been proven, pediatric
nephrologists have started to use RTX in many countries.
We previously reported a prospective study of single-dose
therapy with RTX for 12 children with intractable SDNS
[3]. All patients were able to discontinue steroids after RTX
administration. We also found a significant decrease in the
frequency of relapses, period of steroid use and mean steroid
dosages after RTX treatment. However, the efficacy of the
single-dose treatment was not always long-lasting, and the
subsequent recovery of B cells in the peripheral blood
sometimes resulted in disease recurrence. Therefore, main-
tenance therapy with some immunosuppressive agents after
a single dose of RTX may be a good option to lengthen
remission [11, 12]. Although RTX is relatively well tolerat-
ed, some severe or life-threatening adverse events, including
progressive multifocal leukoencephalopathy [13], interstitial
pneumonia [14], and ulcerative colitis [15], have been an-
ecdotally reported. Such severe life-threatening adverse
events are rarely experienced with existing immunosuppres-
sive agents, including cyclosporine (CsA), cyclophospha-
mide, mycophenolate mofetil, tacrolimus, and mizoribine.
We conducted a national survey of RTX use for refractory
nephrotic syndrome to investigate its indications, efficacy,
and adverse events.

Patients and methods
Patients

Questionnaires regarding the use of RTX against childhood-
onset SDNS, FRNS, and SRNS were sent to 141 university,
children’s, and main regional hospitals in Japan in March 2010.
Sixty-eight hospitals returned answers. Among them, 14 hospi-
tals reported the actual use of RTX in 74 children by June 2010.

We analyzed the results of the questionnaires. Approval
for this study protocol was obtained from the institutional
review boards of the National Center for Child Health and
Development. No patients who had been enrolled in a
placebo-controlled double-blind clinical trial of RTX for
SDNS and FRNS to gain Japanese government approval
were included in this survey. Patients with two consecutive
relapses of NS while receiving prednisolone on alternate
days or within 15 days of its discontinuation were defined
as having SDNS. Patients with two or more relapses within
6 months after initial therapy or four relapses in any 12-
month period were defined as having FRNS. Patients with
the inability to induce remission with 4 weeks of daily
steroid therapy (60 mg/m” or 2 mg/kg, maximum 80 mg/
day) were defined as having SRNS [16]. Relapse was de-
fined as proteinuria 3+ by dipstick for more than 3 consec-
utive days. Complete remission (CR) was defined as the
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disappearance of proteinuria. Partial remission (PR) of
SRNS was defined as more than a 50% reduction in pro-
teinuria and recovery from hypoalbuminemia of less than
2.5 g/dl

Statistical analysis

The Kaplan—Meier method and log-rank test were used for
analyses of relapse-free survival. Statistical significance was
established at P<0.05.

Results
Characteristics of the patients

The characteristics of the patients are summarized in Table 1.
Seventy-four patients (44 male and 30 female) were adminis-
tered RTX for FRNS (z=3), SDNS (n=52), and SRNS (n=
19). All of the patients with SDNS/FRNS were treated with
RTX under remission. The follow-up duration after the first
RTX administration was 24.2+19.8 (standard deviation, SD)
months (range: 8—51 months; median: 24 months). All of the
patients had already been treated with various types of immu-
nosuppressive agents. However, levamisole has not been ap-
proved in Japan and was not administered to any patients.

Overall, 59.5% of patients (n=44) had a previous (n=25) or
present (n=19) history of SRNS. Of these 44 patients, 20
developed SRNS at onset (primary SRNS) and 24 had changed
from steroid-sensitive nephrotic syndrome to SRNS (late
SRNS). Twenty-five patients among those 44 patients changed
their clinical course from SRNS to steroid-sensitive nephrotic
syndrome mainly by immunosuppressive agents and/or methyl
prednisolone pulse therapy. However, 19 patients had been
continuously resistant to not only steroids, but also to various
immunosuppressive agents, and therefore, were treated with
RTX. These findings suggest that many patients with SRNS
overcome steroid resistance, but still suffer from SDNS/FRNS.

The mean number of RTX administrations was 1.9+1.4
(SD) (SDNS/FRNS: 1.8+1.4; SRNS: 2.3+1.4; range: 1-7).
A total of 106 courses of RTX were administered to the 74
patients, comprising 90 courses of single administration, 4
courses of 2-weekly administration, 1 course of 3-weekly
administration, and 11 courses of 4-weekly administration.
Of the 74 patients, 2, 3, 4, and 5 courses of RTX were given
to 18,2, 2, and 1 patient respectively. Therefore, 51 patients
were treated by a single injection of RTX.

There was no standardized indication for RTX for SDNS/
FRNS between the centers, but most of the patients had
suffered many adverse effects of steroids and CsA, and
had failed to control disease activity in spite of trials of
various types of immunosuppressive agents. RTX was given
during remission in all patients with SDNS and FRNS.
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Table 1 Characteristics of the patients

Characteristic Measurement
Sex (male/female) (n) 44/30
Age at onset, months 71+48.9
(10-195; median: 54)
Time from onset to first RTX, months 65+43

(2-176; median: 58)
First renal biopsy findings

MCNS 59
FSGS 10
DMP 3
MPGN

Unknown 2

Relapses before RTX, number of relapses

0-5* 17
6-10 26
11-20 17
>20 times 14
Previous treatment, number of patients; total number and (for SRNS)
Cyclosporine 73 (18)
Mizoribine 47 (11)
Cyclophosphamide 32 (8)
Mycophenolate mofetil 26 (9)
Tacrolimus 8 (1)
Azathioprine 3
Methylprednisolone pulse therapy 47 (17)
Plasma exchange 12 (10)
Low-density lipoprotein apheresis 8(3)
History of SRNS, n
Previous history of SRNS 25
Present SRNS (primary/late SRNS) 19 (8/11)
Conditions at first RTX, n
SDNS 52
FRNS 3
SRNS 19

Data are shown as the mean + SD (range) or number of patients (1)
0 relapses includes 8 patients with SRNS

RTX rituximab, SRNS steroid-resistant nephrotic syndrome, SDNS
steroid-dependent nephrotic syndrome, FRNS frequently relapsing ne-
phrotic syndrome, MCNS minimal change nephrotic syndrome, FSGS
focal segmental glomerular sclerosis, DMP diffuse mesangial prolifer-
ative glomerulonephritis, MN membranous nephropathy, MPGN mem-
branoproliferative glomerulonephritis

Steroid and CsA-sparing effect of RTX

Steroid and CsA discontinuation after RTX administration
in patients with SDNS/FRNS is shown in Fig. 1. In the
SDNS/FRNS patients, 41 of the 53 patients under steroid
treatment (77%) successfully discontinued steroids, after
suffering various long-term adverse effects of steroid
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Fig. 1 Use of steroids and cyclosporine (CsA4) in patients with steroid-
dependent nephrotic syndrome/frequently relapsing nephrotic syn-
drome (SDNS/FRNS) after rituximab (R7X) administration. PSL
prednisolone

administration. In addition, 18 of the 30 patients with
SDNS/FRNS under CsA treatment (60%) discontinued
CsA after RTX (Fig. 1), because they suffered from various
adverse effects of CsA.

In patients with SRNS, 7 of the 17 patients under steroid
treatment (41%) discontinued steroids after RTX because of
CR (n=3), PR (n=2), or no efficacy (n=2). However, al-
most all of the patients with SRNS could not discontinue
CsA even after RTX (Fig. 2). For 2 patients with SDNS and
2 patients with SRNS, we could not obtain information on
the discontinuation of steroids because they changed hospi-
tal and were lost to follow-up.

In addition, among 37 patients (25 SDNS/FRNS and 12
SRNS) who had never discontinued steroids before RTX, 22
(16 SDNS/FRNS and 6 SRNS) had their first experience of
discontinuation of steroids since onset (Fig. 3). The mean
duration of steroid use was 49436 (SD) months in these 37
patients before RTX.

Amelioration of the adverse effects of steroids and CsA

Short stature and obesity were the two main adverse effects
of steroids, followed by hypertension, cataracts, and glau-
coma. Hypertrichosis and CsA nephropathy were the two
main adverse effects of CsA. RTX improved the various
adverse effects of steroids and CsA (Fig. 4).
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Fig. 2 Use of steroids and CsA in patients with SRNS after RTX
administration. SRNS steroid-resistant nephrotic syndrome, CS4 cyclo-
sporin; R7X rituximab; PSL prednisolone
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Fig. 3 Number of patients who had never discontinued steroids since
disease onset. SDNS/FRNS steroid-dependent nephrotic syndrome/fre-
quently relapsing nephrotic syndrome; SRNS steroid-resistant nephrot-
ic syndrome

Relapse after RTX in SDNS/FRNS

Relapse after RTX occurred in 28 of the 55 patients with
SDNS/FRNS. The time to relapse after RTX was 6.6+5.57
(SD) months (range: 1-24 months; median: 5 months). The
remaining 27 patients were free from relapse for 17.3+7.8
(SD) months (range: 7-31 months; median 16 months). The
mean duration of CD20 cell depletion was 5.2+1.4 (SD)
months (n=48; range: 2—8 months; median: 5 months). The
timing of CD20 cell recovery did not significantly differ
between the relapsed (n=24) and remitted (n=16) patients
(4.9£1.0 vs 5.4+1.4 months). We also examined the use of
maintenance immunosuppressive agents after RTX. The
patients who continued immunosuppressive agents after
RTX showed a significantly lower risk of relapse (relapse
occurred in 15 of the 40 patients) than the patients who
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Spinal fracture
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Fig. 4 Adverse effects of steroids and CsA before and after RTX admin-

istration. The diagnosis of cyclosporine nephropathy was made by biopsy.

CsA cyclosporin; RTX rituximab
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Fig. 5 Immunosuppressive agent continuation after RTX administra-
tion is beneficial for preventing relapse in SDNS/FRNS patients. RTX
rituximab; SDNS/FRNS steroid-dependent nephrotic syndrome/fre-
quently relapsing nephrotic syndrome

discontinued immunosuppressive agents (relapse occurred in
13 of the 15 patients; Fig. 5; log-rank test, P=0.006; hazard
ratio=0.201; 95% confidence interval=0.079-0.514). The
mean duration of CD20 cell depletion was 5.0+1.4 (SD)
months in patients who continued immunosuppressive agents
(n=33) after RTX, and 4.9+1.0 (SD) months in patients
without immunosuppressive agents after RTX (n=15; not
significant). Immunosuppressive agents after RTX did not
extend the duration of CD20-positive cell depletion. As main-
tenance therapy after RTX, mycophenolate mofetil, CsA,
tacrolimus and mizoribine were used. However, there were
no specific immunosuppressive agents that were preferable
for prevention of relapse after RTX.

Effect of RTX against SRNS

All 19 patients with SRNS were resistant to various immuno-
suppressive agents (Table 1). None of the patients had a family
history of SRNS, but 3 underwent genetic analysis, including
WTI and NPHS2. After RTX therapy, CR was achieved in 6
patients (3 primary SRNS; 3 late SRNS) and PR was achieved
in 6 patients (2 primary SRNS; 4 late SRNS). Conversely, 7
patients showed no response (NR) to RTX (3 primary SRNS; 4
late SRNS). One non-responder was subsequently found to
have a WT1 mutation.

Complete or partial remission were achieved 5.1£3.1 (SD)
months (mean 6 months; range 1—12 months) after RTX. Seven
out of 12 patients achieved CR or PR under continued CsA
(additional mycophenolate mofetil in 2 and additional mizor-
ibine in 1). The urinary protein to creatinine ratio before vs after
RTX was 52+113 (SD) vs 1.01+1.3 in the CR group, 24.6+
36.6 vs 7.4+9.8 in the PR group, and 73.6+£160.4 vs 30.8+41.6
in the NR group.

The latest renal biopsy findings of these 19 patients were as
follows: FSGS (n=11; 4 CR; 2 PR; 5 NR), minimal change
nephrotic syndrome (n=8; 2 CR; 4 PR; 2 NR). Two FSGS
patients had post-transplant relapse (1 CR; 1 NR). Therefore,
the type of histology did not influence the response to RTX.
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Table 2 Adverse events of RTX (multiple answers)

Infusion reactions Late adverse events

Sore throat 15 Sepsis 1?

Wheezing, cough Granulocytopenia 2%
Mild liver failure 1

Fever 1

7

Dyspnea 7
Fever 4
Skin rash 3
Nausea, vomiting 2
Bradycardia 2
Hypertension 2
Hypotension 1
Tachycardia 1
Nasal stiffness 1
1

Leg pain

#Severe adverse effects: severe infection in 1 patient and granulocyto-
penia in 2 patients were observed, but all patients were treated ade-
quately and recovered without sequelae

Adverse events of RTX

The adverse events of RTX are summarized in Table 2. Infu-
sion reactions were frequently experienced, but were general-
ly mild. Two patients developed granulocytopenia as a late
severe adverse event. One of these patients had the complica-
tion of sepsis. However, both patients recovered well after
treatment with granulocyte-stimulating factor and antibiotics.

Satisfaction with RTX

We also asked the parents and/or patients about their satis-
faction with RTX (n=69). Overall, 29 of them (42%) felt
very satisfied and 27 (39.1%) felt relatively satisfied. “Nei-
ther” and “unsatisfactory” were the responses in 15.9% and
2.9%, respectively. Overall, 81.2% had a good impression
of RTX treatment.

Discussion

Rituximab treatment for nephrotic syndrome is still off-label
in Japan. The results of this survey revealed that RTX has been
broadly used for patients with childhood-onset refractory ne-
phrotic syndrome. In our study, dramatic steroid- and calci-
neurin inhibitor-sparing effects of RTX against SDNS and
FRNS are consistent with previous reports in France, India,
Italy, Germany, and the United States [1-8]. Compared with
these previous reports, the unique finding in our study was that
immunosuppressive agents followed by a single dose of RTX
could extend the relapse-free period after RTX administration.

Almost all the patients in our survey had been treated
with steroid and calcineurin inhibitors for long periods, and

they suffered critical adverse effects from steroid and calci-
neurin inhibitor administration (Fig. 4). The frequency of
present or previous use of calcineurin inhibitors reached
98.6%. In addition, various types of immunosuppressive
agents, methylprednisolone pulse therapy, and plasma ex-
change also failed to control their disease activity and allow
tapering of steroid and calcineurin inhibitors. Therefore, the
use of RTX was anticipated for these patients. In our survey,
41 of the 53 SDNS/FRNS patients (77%) and 5 of the 17
SRNS patients (29%) successfully discontinued steroids,
which is similar to previous reports [2, 3, 6, 11]. In addition,
we focused on how many patients who had never discon-
tinued steroids since disease onset could become free from
steroids after RTX administration. Remarkably, 16 the of 25
SDNS/FRNS patients and 6 of the 12 SRNS patients dis-
continued steroids for the first time after disease onset. This
was a great benefit to the patients. Concurrently, RTX
showed a considerable calcineurin inhibitor-sparing effect,
because 18 of the 30 SDNS/FRNS patients were able to
discontinue CsA. A reduction in the dosage of steroids and
calcineurin inhibitors allowed amelioration of the serious
adverse effects of both drugs (Fig. 4). Hypertension, glau-
coma, and spinal fracture are urgent complications of steroid
administration. Half of the patients suffering from these
severe adverse events successfully recovered after RTX
administration. RTX also resolved the severe adverse events
of CsA, such as CsA nephropathy and hypertension, in
many patients (Fig. 4). Interestingly, RTX overcame the
acquired resistance to CsA. During long-term use of CsA,
some patients show acquired resistance to CsA [17, 18].
Since frequent relapse under CsA increases the risk of
CsA nephropathy and the dosage of steroids [19, 20], acquired
resistance to CsA is problematic. In this survey, 4 of the
8 patients overcame acquired resistance after RTX administra-
tion (Fig. 4). Fujinaga et al. [12] reported the value and
efficacy of maintenance therapy with CsA after a single dose
of RTX, even for patients with previously CsA-refractory
SDNS [10]. They also emphasized that RTX improved the
drug sensitivity to CsA. CsA is one of the essential drugs used
to treat SDNS/FRNS and SRNS [21, 22]. Therefore, it is a
beneficial finding that RTX may recover the efficacy of CsA
and allow longer use of CsA in patients with long-term intrac-
table nephrotic syndrome. Conversely, Sinha et al. reported
that two or three doses of 375 mg/m” of RTX is as effective as
tacrolimus against intractable SDNS. Therefore, RTX could be
an alternative option to calcineurin inhibitors for SDNS [23].

Although previous reports have suggested that a single
dose of RTX is generally insufficient to achieve long-term
remission [3, 11, 12], most of the courses in our survey
involved a single administration of RTX (85%). The reason
for a single dose being given may be because of the expen-
sive price of RTX. Therefore, half of the patients with
SDNS/FRNS had relapses, which occurred at 6.6+
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5.5 months after RTX administration following recovery of
CD20-positive cells in the peripheral blood (4.9+
1.0 months). The other half of the patients remained free
from relapse for 17.3+7.8 months, even after the recovery
of CD20-positive cells (5.2+1.4 months). We concluded
that this difference originated from the use of immunosup-
pressive agents after RTX as maintenance therapy, which
allowed a significant reduction in relapses after RTX
(Fig. 5). However, no specific agents following RTX thera-
py have been proven to be beneficial for the prevention of
relapses. Although use of immunosuppressive agents after
RTX did not extend the duration of CD20-positive cell
depletion in our study, RTX may improve drug susceptibil-
ity and recover the efficacy of immunosuppressive agents in
addition to decreasing disease activity. In contrast, Kemper
et al. reported that RTX allowed both steroid and mainte-
nance immunosuppressive agents to be stopped in many
patients, but in our study, RTX followed by maintenance
immunosuppressive agents was significantly better for pre-
vention of relapse [6]. This difference may be due to the
ethnic background, heterogeneity of nephrotic syndrome,
and the higher number of single doses of RTX in our study.

The efficacy against SRNS observed in our study is
similar to the results of previous studies [1, 4, 24, 25]. In
contrast, a recent randomized control trial showed that RTX
did not reduce proteinuria at 3 months compared with stan-
dard therapy composed of steroids and calcineurin inhibitors
[26]. The difference in the results between this randomized
control trial and our study may partly be due to a longer
treatment period and ethnicity. CR took 5.7+3.7 months (1-
12 months, n=6) in our study.

All of the patients showed resistance to various existing
therapies, except for RTX. However, CR was achieved in 6
and PR in 6 of the 19 patients. The type of histology and
mode of onset (primary or late) did not influence the re-
sponse to RTX. Notably, 4 patients with CR and 3 patients
with PR had continued CsA after RTX administration.
These findings further suggest that RTX may improve the
susceptibility to CsA and decrease disease activity, which
synergistically induces remission. However, RTX, especial-
ly a single injection of RTX monotherapy without immuno-
suppressive agents, may be insufficient to induce remission
in multidrug-resistant SRNS.

Although RTX has already been used in clinical settings for
over 10 years, for hematological malignancies, it can lead to
rare but lethal adverse events, such as progressive multiple
leukoencephalopathy, interstitial pneumonia, ulcerative coli-
tis, and Pneumocystis jirovecii pneumonia [27-29]. For child-
hood nephrotic syndrome, there have been no reports of
progressive multiple leukoencephalopathy caused by RTX,
although 1 patient with SRNS died from interstitial pneumo-
nia after RTX therapy [14]. In our survey, mild respiratory
infusion reactions were the most common adverse events, as
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we reported previously [30]. Two patients developed granu-
locytopenia. In general, however, the results of this survey
indicate that RTX is relatively well-tolerated.

Although RTX has considerable efficacy against child-
hood SDNS/FRNS and SRNS, many patients are likely to
relapse, consistent with the recovery of B cells [3, 12].
Feasible solutions to solve these issues are:

1. Administration of a single dose at regular intervals

2. Consecutive multiple administrations within a short
period

3. Maintenance therapy with some immunosuppressive
agents after RTX

Efficacy of additional RTX administration just after the re-

emergence of B cells has been reported in children with
SDNS [6], but the effects of persistent B cell depletion on
the developing immune system in children are unknown.
Recently, Sellier-Leclerc et al. [8] reported that a 15-month
CD19 depletion period induced long-term remission, even
after definitive CD19 recovery in many SDNS patients,
which showed a new potential for RTX. However, during
the B cell deleted period, even inactivated vaccines, such as
influenza virus vaccines, are impossible to use because of
the lack of ability to produce antibodies [31].

Consecutive multiple administrations of RTX within a
short period, such as 2 or 4 consecutive injections every
week, have also been reported [3, 6, 12]. Some patients are
likely to relapse after the recovery of B cells in the same
manner as patients receiving a single dose of RTX [3, 6, 12].
Maintenance therapy with some immunosuppressive agents
after RTX is one solution to preventing relapse after the re-
emergence of B cells in the peripheral blood, consistent with
previous reports [9, 10, 32]. In addition, this strategy may
help to avoid repeated use of RTX and contribute to safer
use and less serious adverse events of RTX.

There are some limitations to this study. It was a retro-
spective multi-center survey where treatment of nephrotic
syndrome was heterogeneous and varied between the cen-
ters. In addition, there was no standardized indication for
RTX in the treatment of SDNS/FRNS. However, most of the
patients showed resistance to multiple immunosuppressive
agents prior to RTX, which suggests that they suffered from
intractable nephrotic syndrome.

In our study, RTX was well tolerated and reduced the
burden of the severe adverse effects of steroids and CsA. In
the future, more effective and harmless modes of RTX
treatment are required.
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