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Abstract
Background Rituximab (RTX) is known to be effective for
the treatment of refractory steroid-dependent nephrotic syn-
drome (SDNS). However, there are insufficient data on the
risk factors for relapse and long-term outcome after RTX
treatment.
Methods We administered a single dose of RTX to patients
with refractory SDNS from November 2007 to December
2013 and continued with immunosuppressants. The risk fac-
tors for early relapse and long-term outcome were analyzed.
Results Eighty-one patients were included and the observa-
tion period was 13–90 months. Seventy-six patients (94 %)
discontinued steroids. Median duration of B-cell depletion
was 160 days and 50 % relapse-free survival was 482 days.
In multivariate analyses, only a history of steroid-resistant
nephrotic syndrome (SRNS) was a statistically significant risk
factor (hazard ratio, 2.44; p=0.048). Fifty percent relapse-free
survival in patients without a history of SRNS was 615 days,
longer than that of patients with one relapse (393 days; p=
0.005). Fifty-one patients (63 %) received additional RTX
treatments for relapses. At last observation, patients using

calcineurin inhibitors decreased from 89 % to 23 %, and 12
patients (15 %) discontinued immunosuppressants.
Conclusions Rituximab treatment followed by immunosup-
pressants is an effective option for patients with SDNS, al-
though a history of SRNS is a risk factor for early relapse.

Keywords Rituximab . Steroid-dependent nephrotic
syndrome . Steroid-resistant nephrotic syndrome . B-cell .

Children

Introduction

Children with steroid-dependent nephrotic syndrome (SDNS)
need immunosuppressive agents (IS) such as cyclosporin A
(CsA), tacrolimus (Tac), cyclophosphamide, mizoribine, and
mycophenolate mofetil (MMF) to reduce the number of re-
lapses and prevent steroid toxicity. However, in refractory
cases, patients continue to suffer from steroid-dependent re-
lapses. Moreover, these IS can have significant adverse ef-
fects, such as chronic nephrotoxicity of calcineurin inhibitors
[1]. Because of the possibility of gonadotoxicity, cyclophos-
phamide is recommended to be used within limited cumula-
tive doses [2]. Therefore, even if these IS are effective, it is not
feasible to use them for a prolonged period.

Rituximab (RTX) is a chimeric monoclonal antibody di-
rected against the cell surface antigen CD20 expressed on B
lymphocytes. It has been proven to be effective for preventing
relapses in patients with refractory SDNS [3–11] and was
approved for use in Japan on 29 August 2014, to treat
childhood-onset refractory SDNS or frequently relapsing ne-
phrotic syndrome [12], although the mechanism has not yet
been clarified. However, its effect is usually limited to during
B-cell depletion, and patients suffer from relapses after B-cell
recovery [3, 4, 7].
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As we have previously shown that long-term remission
was achieved in SDNS patients with the use of IS after RTX
treatment [4, 7], our strategy was to continue IS use (MMF or
calcineurin inhibitors) after RTX treatment. However, there
have been several reports that assessed the risk factors for
relapse and long-term outcome after RTX treatment [12–16].
Here, we evaluated the long-term outcome of 81 patients who
were treated with a single dose of rituximab and continued IS.
We also analyzed the risk factors for first relapse after initial
RTX treatment.

Patients and methods

Inclusion criteria of patients

Patients with childhood-onset refractory SDNS (steroid de-
pendence under IS) who received a single dose of RTX be-
tween November 2007 and December 2013 at the National
Center for Child Health and Development in Tokyo, Japan,
continued with IS after RTX and were followed for more than
1 year, were included in this retrospective study. Patients with
a history of steroid-resistant nephrotic syndrome (SRNS) who
later acquired steroid sensitivity and SDNS were also enrolled
in this study. SDNS was defined as two consecutive relapses
during corticosteroid therapy or within 14 days after cessation
of therapy; SRNS was defined as the failure to achieve remis-
sion despite therapy with prednisolone (PSL) at 60mg/m2/day
for 4 weeks. Relapse was defined asmorning proteinuria of 3+
on a dipstick for 3 consecutive days.

Treatment protocol of RTX

Rituximab was administered after remission of nephrotic syn-
drome at a single dose of 375 mg/m2. To minimize infusion
reactions, patients received 1 mg/kg of intravenous methyl-
prednisolone, oral acetaminophen (10 mg/kg, maximum of
300 mg), and chlorpheniramine maleate (0.04 mg/kg, maxi-
mum of 2 mg) 30min before RTX infusions. All patients were
admitted to our center and monitored for at least 24 h after
RTX infusion in case of any reactions. After RTX treatment,
clinical and laboratory parameters, including complete blood
counts, biochemical parameters, serum immunoglobulin
levels, and CD19+ B-cell counts using flow cytometry were
monitored at least once a month until B-cell recovery. B-cell
depletion was defined as CD19+ B-cell counts less than 1 %
of total lymphocytes, while B-cell recovery was defined as
more than 1 %. Steroids were tapered and discontinued after
RTX infusions, although the protocol of the discontinuation of
steroids was not restricted. IS were continued after RTX treat-
ment. PSL therapy was administered for relapses during the
observation period. In the event of relapses after B-cell recov-
ery, additional RTX treatment was indicated.

Outcomes and statistical analysis of risk factors
for the relapse

Rate of patients and time of steroid discontinuation, duration
of B-cell depletion, relapse rates, and 50 % cumulative remis-
sion rates, re-administration of RTX and final outcomes were
examined. Survival curve of cumulative remission rate after
the initial RTX treatment was analyzed using the Kaplan–
Meier method. Risk factors for the first relapse after initial
RTX treatment were calculated using univariate and multivar-
iate analysis by a Cox proportional hazard model. All data
were analyzed with JMP version 11.0 (SAS institute Japan,
Tokyo, Japan). Statistical significance was established at p
<0.05. Adverse events (infusion reactions and late adverse
events) of RTX treatment were also monitored.

Results

Characteristics of patients

The characteristics of the 81 patients are shown in Table 1.
Thirty-nine patients (48 %) had a history of SRNS. All pa-
tients had a history of receiving calcineurin inhibitors (CsA or
Tac) and developed SDNS under one or more IS at the time of
RTX administration, resulting in severe steroid toxicity.

Results after initial RTX treatment

Steroid discontinuation after initial RTX treatment

Twelve patients (15 %) suffered from relapses before steroid
discontinuation. Among them, 3 patients were able to discon-
tinue PSL after one relapse, 1 patient discontinued it after two
relapses, 5 patients discontinued it after frequent relapses and
additional RTX treatments, while 3 patients could not discon-
tinue it during the observation period because of steroid-
dependent relapses in 2 patients and adrenal insufficiency in
1 patient. The other 69 patients (85 %) could discontinue PSL
without relapses at a median of 66.5 days (26–409 days) after
the initial RTX treatment. In total, 78 patients (97 %) eventu-
ally discontinued PSL.

IS after initial RTX treatment

All patients continued with IS and 44 patients started on
MMF. Thirty-four patients who were taking mizoribine
(MZR) switched to MMF. On the other hand, the number
of patients using calcineurin inhibitors decreased from 72
(89 %) to 50 (62 %) at 6 months, and 43 (53 %) at
12 months. Patients on IS at 6 and 12 months after initial
RTX treatment are shown in Table 2.
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Table 1 Characteristics of
patients (N=81) Characteristic Data

Boys/girls 57/24

Age at onset (years) 4.2 (1.2–17.3), 5.9±4.3

Age at the initial RTX treatment (years) 11.4 (3.1–21.8), 11.3±4.9

Renal biopsy

MGA 73 (90.1)

FSGS 8 (9.9)

History of SRNS 39 (48.1)

Primary 16 (19.8)

Secondary 23 (28.4)

Therapy before the initial RTX treatment

Prednisolone 81 (100)

Cyclosporin A 80 (98.8)

Mizoribine 71 (87.7)

Cyclophosphamide 34 (42.0)

Mycophenolate mofetil 15 (18.5)

Tacrolimus 6 (7.4)

Chlorambucil 1 (1.2)

Azathioprine 1 (1.2)

Therapy at the initial RTX treatment

Prednisolone 81 (100)

Cyclosporin A 67 (82.7)

Mizoribine 51 (63.0)

Cyclophosphamide 0 (0.0)

Mycophenolate mofetil 12 (14.8)

Tacrolimus 4 (4.9)

Chlorambucil 0 (0.0)

Azathioprine 0 (0.0)

Duration of disease before the initial RTX treatment (years) 4.0 (0.6–19.4), 5.4±4.2

Total number of relapses before the initial RTX treatment (years) 11 (3–47), 14.7±9.7

Number of relapses in a year before the initial RTX treatment 4 (2–10), 4.5±1.9

Observation period (months) 38 (13–90), 42.0±18.7

Data are presented as median (range) and/or mean ± SD, or as n (%)

MGAminor glomerular abnormalities,FSGS focal segmental glomerulosclerosis, SRNS steroid-resistant nephrot-
ic syndrome, RTX rituximab

Table 2 Patients on
immunosuppressive agents at 0,
6, and 12 months after initial
rituximab (RTX) treatment and
the last observation

At initial
RTX treatment

6 months after
initial RTX treatment

12 months after
initial RTX treatment

At the last
observation

MMF 2 29 35 48

MZR 7 2 2 2

CsA 13 3 2 2

Tac 3 3 3 3

CsA + MMF 12 29 26 10

CsA + MZR 43 14 12 4

Tac + MMF 0 0 1 0

Tac + MZR 1 1 0 0

None 0 0 0 12

MMF mycophenolate mofetil, CsA cyclosporin A, MZR mizoribine, Tac tacrolimus
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Recovery of B-cells and first relapse after initial RTX
treatment

The cumulative rate of B-cell depletion and remission
after initial RTX treatment is shown in Fig. 1. Three
patients did not achieve B-cell depletion. B-cells recov-
ered at a median of 160 days (range 39–311 days) after
initial RTX treatment. Fifty-nine patients (73 %) suf-
fered from relapses at a median of 309 days (0–1,201
days) after initial RTX treatment. Fifty percent relapse-
free survival was 482 days. Seven patients (9 %) suf-
fered from relapses during B-cell depletion.

Risk factors for first relapse after initial RTX treatment

Table 3 shows the risk factors for the first relapse after
the initial RTX treatment by univariate and multivariate
analyses using the Cox proportional hazard model. A
history of SRNS and CsA use after RTX treatment
was shown to be a significant risk factor in univariate
analysis. However, only a history of SRNS was calcu-
lated to be a significant independent risk factor in the
multivariate analysis.

Figure 2 shows the cumulative remission rate after
initial rituximab treatment stratified by the existence of
a history of SRNS. Twenty-five out of 42 patients
(60 %) without a history of SRNS suffered from re-
lapses, while 34 out of 39 patients (87 %) with a his-
tory of SRNS developed relapses. The time of sustained
remission in patients without a history of SRNS was
significantly longer than that in patients with a history
of SRNS.

Long-term outcome

Relapses during the observation period

Fifty-nine patients (73 %) suffered from 1–16 relapses (260
relapses in total) during the observational period. Eight pa-
tients suffered from relapses with steroid resistance. Frequen-
cies of relapses in a year (mean ± SD) were 4.5±1.9 (before
RTX treatment, n=81), 0.9±1.4 (0–1 year, n=81), 1.0±1.4
(1–2 years, n=66), 0.9±1.3 (2–3 years, n=44), 1.1±1.2 (3–4
years, n=30), 0.5±1.1 (4–5 years, n=17), 0.1±0.4 (5–6 years,
n=7), and 0.0±0.0 (6–7 years, n=2). In total, the mean fre-
quency of relapses in a year was 0.9 after RTX treatment.
There were no patients with decreased renal function at the
last observation.

Additional RTX treatment

Fifty-one patients (63 %) received additional RTX treatments
for relapses. Seven patients received more than five additional
RTX treatments.

IS at the last observation

Twelve patients (12 %) had discontinued IS by the last obser-
vation. However, 19 patients (23 %) were still using calcine-
urin inhibitors and 14 patients (17 %) were under two IS at the
last observation.

Adverse events

Infusion reactions

In total, RTX was administered 215 times. Infusion reactions
(adverse events in 24 h after the RTX infusion) were observed
in 117 infusions (54 %). Table 4 shows all infusion reactions.
Fifty-one patients showed more than one symptom with one
infusion. Respiratory symptoms were the most frequent event.
Ninety percent of infusion reactions developed within 3 h after
initiation of RTX infusion. There were no serious infusion
reactions and all patients were able to complete treatment.

Late adverse events

Late adverse events were observed in 15 patients (agranulo-
cytosis, n=9; Pneumocystis jirovecii, n=1; herpes stomatitis,
n=1; chronic gastroenteritis, n=1; enterocolitis and diverticu-
litis, n=1; skin rash, n=1; chronic cough and gross hematuria,
n=1). One patient suffered from two episodes of agranulocy-
tosis. Eight of the ten episodes of agranulocytosis were ac-
companied by infections, but were successfully treated with
antibiotics and granulocyte colony-stimulating factor. There
were no life-threatening adverse events.

No. of patients
at risk of relapse
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Fig. 1 Cumulative rate of B-cell depletion and remission after initial
rituximab (RTX) treatment using Kaplan–Meier survival curve. Dotted
line represents cumulative B-cell depletion rate (50 % survival, 160 days)
and continuous line represents cumulative remission rate (50 % survival,
482 days)
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Discussion

Rituximab has a promising effect for preventing relapses in
patients with SDNS, especially during B-cell depletion. How-
ever, disease activity is largely dependent on B-cell depletion.
Two of our previous reports of case series showed that patients
who continued with IS experienced longer remission than
those who did not [4, 7]. This current study further confirms
that finding, with remission achieved for more than 1 year
with post-RTX IS.

While RTX is relatively tolerable, it can cause lethal ad-
verse events such as progressive leukoencephalopathy (PML)
[17] and interstitial pneumonia [18]. These rare but serious
adverse events occur during the period of B-cell depletion.

An 8-year-old girl with nephrotic syndrome developed inter-
stitial pneumonia and expired after RTX treatment [19], while
a 7-year-old boy with nephrotic syndrome developed viral
myocarditis due to RTX treatment and received cardiac trans-
plantation [20]. In our patients, although there were no lethal
adverse events, late adverse events occurred in 15 cases during
the B-cell depletion period. In view of this, we had to be
mindful of any clinically serious delayed-onset complications
that could potentially cause serious bacterial infections, such
as sepsis. Monitoring complete blood counts and CD19+ B-
cell counts at least once a month until B-cell recovery after

Table 3 Predicted risk factors for relapse using Cox proportional hazard model

Univariate Multivariate

HR 95 % CI p value HR 95 % CI p value

Gender (boy) 1.59 0.89–3.01 0.12 1.26 0.52–3.72 0.62

Age at onset (<4.2 years) 1.68 1.00–2.87 0.05 1.78 0.73–4.39 0.20

Age at the initial RTX treatment (<11.4 years) 1.39 0.83–2.35 0.21 0.78 0.34–1.81 0.57

Renal biopsy (FSGS compared with MGA) 0.71 0.25–1.63 0.45 0.38 0.10–1.16 0.09

History of steroid resistance 2.12 1.24–3.68 0.006 2.44 1.01–6.05 0.048

Duration of disease (≥4.0 years) 0.98 0.58–1.64 0.94 0.78 0.26–2.32 0.65

Total number of relapses before the initial RTX treatment (≥11) 0.89 0.53–1.51 0.65 1.58 0.49–4.80 0.44

Number of relapses in a year before the initial RTX treatment (≥4) 1.16 0.68–2.04 0.60 1.76 0.87–3.72 0.11

Duration of B cell depletion (<160 days) 1.47 0.80–2.72 0.21 1.23 0.54–2.84 0.62

Use of cyclosporin A after RTX treatment 1.87 1.10–3.24 0.02 1.64 0.78–3.60 0.19

Use of mycophenolate mofetil after RTX treatment 0.68 0.40–1.20 0.18 0.71 0.31–1.67 0.42

Each value was categorized by dividing using median values

HR hazard ratio, 95%CI 95% confidence interval, MGA minor glomerular abnormalities, FSGS focal segmental glomerulosclerosis, RTX rituximab
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Fig. 2 Cumulative remission rate after initial rituximab (RTX) treatment
stratified by a history of steroid-resistant nephrotic syndrome (SRNS)
using a Kaplan–Meier survival curve.Dotted line represents patients with
a history of SRNS (50 % survival, 393 days) and the continuous line
represents patients without a history of SRNS (50 % survival, 615 days;
p=0.005, log-rank test)

Table 4 Infusion reactions

Reaction Data

Respiratory events Sore throat 58

Cough 32

Dyspnea 30

Wheezing 9

Hypoxemia 5

Hoarseness 2

Facial flush/fever Facial flush 7

Fever 3

Circulatory events Hypertension 4

Bradycardia 1

Palpitation 1

Skin symptoms Itching/urticaria 5

Erythema 3

Others Abdominal pain 8

Headache 2

Vomiting 2

More than one symptom was observed after one infusion in several cases
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RTX use is helpful for the early detection of agranulocytosis
and the prevention of serious infections [21]. Before this
study, we also treated a 3-year-old boy with Pneumocystis
jirovecii [22]. As such, the period of B-cell depletion should
be shortened whenever possible. We believe that our strategy
of post-RTX IS is an effective option for the prevention of
relapse without a prolonged period of B-cell depletion.

Our results show that a history of SRNS is an independent
risk factor for relapse after RTX treatment.When patients with
SRNS achieve complete remission, they often develop sensi-
tivity to steroids and refractory SDNS under IS. As patients
with a history of SRNS might be included as a severe form of
SDNS, it could be difficult to control disease activity and the
potential resistance against our combination strategy of RTX
with IS. We believe that additional treatment with a single
dose of RTX at B-cell recovery for prevention from relapse
might be a suitable option for patients with a history of SRNS,
although further investigation is necessary.

It remains unclear whether RTX itself weakens disease
activity even after B-cell recovery. In our study, the frequency
of relapses in a year noticeably decreased compared with pre-
RTX, and this lower frequency was maintained for several
years with continued IS and repeated treatment of RTX.
Hence, we speculate that RTX might weaken disease activity
and improve the efficacy of IS, although the exact mechanism
is unknown. Notably, 89 % of the patients were under the
treatment of calcineurin inhibitors at first RTX administration,
but only 23%were still using them at the last observation. We
believe that the calcineurin-sparing effect of RTX can be use-
ful for SDNS patients, as most of them are likely to develop
CsA dependence, potentially leading to CsA nephrotoxicity
[1]. We think that MMF may be a better option than calcine-
urin inhibitors, as it allows prolonged use without the side
effect of nephrotoxicity [23].

There are several limitations to our study. First, it is a retro-
spective observational study. Nonetheless, the number of pa-
tients is to our knowledge the largest presented in the literature
to date. Second, the observation period is different in each pa-
tient. However, we were able to follow them for at least a year.
Third, IS treatment and discontinuation of steroids after RTX
were different for each patient as the protocol was not restricted.
Fourth, although a reduction in the number of relapses was
achieved by our strategy, its clinical effectiveness was not pre-
cisely proven, as more than half of patients received additional
RTX treatments. To verify the effectiveness of our strategy, we
are planning a multicenter randomized controlled study to com-
pare the effect of RTX alone with RTX followed by MMF.

In conclusion, RTX treatment followed by IS is a promis-
ing and effective option for patients with SDNS. Almost all
the patients were able to discontinue steroid treatment and
some achieved long-term remission. Moreover, as the number
of patients using calcineurin inhibitors was dramatically de-
creased at the last observation, a calcineurin-sparing effect of

RTX can also be expected. Notably, a history of SRNS is a
risk factor for early relapse after RTX treatment. Further in-
vestigation and prospective study are needed to establish the
strategy of RTX treatment combined with IS for SDNS.
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