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Abstract

Background: Eighty percent of children with idiopathic nephrotic syndrome respond well to steroid therapy,
but up to 50% of patients with steroid-sensitive nephrotic syndrome exhibit frequently relapsing (FRNS) or
steroid-dependent nephrotic syndrome (SDNS). Several studies identified the chimeric anti-CD20 monoclonal
antibody rituximab as an effective treatment for patients with complicated FRNS/SDNS. Recent studies
suggested that rituximab could also be a first-line treatment for early-stage uncomplicated FRNS/SDNS,
although further studies are required to confirm its efficacy and safety.

Methods/design: We are conducting a multicenter, double-blind, randomized placebo controlled trial to
investigate the efficacy and safety of rituximab for the treatment of childhood-onset early-stage
uncomplicated FRNS/SDNS. Patients will be allocated to receive two 375 mg/m2 doses (maximum dose: 500
mg) of either rituximab or placebo. Investigators are permitted to request the disclosure of a subject’s
allocation code if he or she exhibits treatment failure. Additionally, if placebo-treated subjects display early
relapse (a sign of treatment failure), they have the option to receive rituximab in an unblinded phase. The
primary endpoint is relapse-free survival during the observation period.

Discussion: The results will provide important data on the use of rituximab for patients with uncomplicated
FRNS/SDNS. In the future, rituximab treatment will enable most patients with uncomplicated FRNS/SDNS to
discontinue or reduce steroid therapy without relapse, and it is possible that rituximab could represent an
immunosuppressive therapy for these diseases.

Trial registration: This trial was prospectively registered to the JMACCT Clinical Trials Registry on September
6, 2018 (Trial ID: JMA-IIA00380).

Keywords: Frequently relapsing nephrotic syndrome, Steroid-sensitive nephrotic syndrome, Rituximab

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: iijima@med.kobe-u.ac.jp
1Department of Pediatrics, Kobe University Graduate School of Medicine,
7-5-1 Kusunoki-cho, Chuo-ku, Kobe, Hyogo 650-0017, Japan
Full list of author information is available at the end of the article

Nagano et al. BMC Nephrology          (2019) 20:293 
https://doi.org/10.1186/s12882-019-1470-3

http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-019-1470-3&domain=pdf
http://orcid.org/0000-0003-0378-8174
https://dbcentre3.jmacct.med.or.jp/jmactr/App/JMACTRS06/JMACTRS06.aspx?seqno=8461
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:iijima@med.kobe-u.ac.jp


Background
Nephrotic syndrome (NS) describes a clinical presenta-
tion of edema, proteinuria, hypoalbuminemia, and
hyperlipidemia. NS affects 1 to 3 per 100,000 children
less than 16 years of age [1]. In Japan, the estimated inci-
dence of INS is 6.49 cases per 100,000 children annually
[2]. Multiple pathogenic mechanisms that ultimately dis-
rupt the glomerular filtration barrier have been
identified.
The majority of children with idiopathic NS (80–90%)

are steroid-sensitive, with their proteinuria normalizing
within 4 weeks of daily oral corticosteroid administration
[3]. Most steroid-sensitive patients (90%) have minimal-
change NS, whereas most steroid-resistant patients
(80.5–94.4%) have focal segmental glomerulosclerosis or
mesangioproliferative glomerulonephritis. Approximately
30% of patients experience only one attack before a sub-
sequent cure after the first course of therapy, 10–20% of
patients have three or four steroid-responsive episodes
before a permanent cure, and the remaining 30–50% of
patients are frequent relapsers making them steroid-
dependent.
The long-term prognosis for most children with

steroid-sensitive nephrotic syndrome is complete
resolution of their disease over time and mainten-
ance of normal kidney function; therefore, limiting
the long-term adverse effects of treatment is an im-
portant objective. Children with frequently relapsing
NS (FRNS) or steroid-dependent NS (SDNS) require
prolonged corticosteroid therapy, which is associated
with significant adverse effects, including impaired
linear growth, behavioral changes, obesity, Cushing’s
syndrome, hypertension, ophthalmological disorders,
impaired glucose tolerance, and reduced bone min-
eral density. Adverse effects may persist into adult-
hood in young people, who continue to relapse after
puberty [4].
To reduce the risks of corticosteroid-related adverse

effects, children with FRNS or SDNS (FRNS/SDNS) may
require other agents. The Japanese Society for Pediatric
Nephrology treatment guidelines for idiopathic NS in
children recommend cyclosporine (3–6 mg/standard
body weight [kg]/day for 2 years), cyclophosphamide (2–
2.5 mg/standard body weight [kg]/day for 8–12 weeks),
and mizoribine (high dose, 7–10mg/standard body
weight [kg]/day) as immunosuppressive drugs for FRNS.
Given the toxicity of these agents, alternative treatment
options must be investigated. Rituximab, a chimeric
monoclonal anti-CD20 antibody, is increasingly being
used as a steroid-sparing treatment option for children
with idiopathic NS. The 2012 Kidney Disease: Improving
Global Outcomes clinical practice guidelines on glomer-
ulonephritis introduced rituximab as a treatment option
for childhood-onset complicated FRNS/SDNS, and its

efficacy and safety for these conditions have been estab-
lished [5–7].
Rituximab was approved in Japan by the Ministry of

Health, Labor, and Welfare for complicated FRNS/SDNS
on August 29, 2014 based on the results of RCRNS-01
[5] and RCRNS-02. In these studies, some patients who
can discontinue immunosuppressive agents before ritux-
imab treatment may achieve long-term remission after
rituximab treatment without any treatment. It is possible
that rituximab could weaken disease activity and alter
long-term prognosis in these patients [8]. It is likely that
rituximab can be used as a first-line drug to treat cases
of uncomplicated SDNS. Indeed, rituximab has been
used as a first-line treatment for uncomplicated SDNS at
many centers in European countries [9].
Only a few trials have assessed the use of rituximab

in early-stage uncomplicated SDNS. Recently, an
open-label, noninferiority, randomized controlled trial
tested whether rituximab is noninferior to steroids in
maintaining remission in childhood uncomplicated
SDNS. The results from this trial indicated that ritux-
imab allows the complete withdrawal of steroids in
patients with childhood SDNS without adversely af-
fecting clinical outcomes and that the drug has an ac-
ceptable short-term adverse event profile [10]. One
clinical trial indicated that rituximab is more effective
than tacrolimus over a 12-month period in maintain-
ing disease remission and minimizing corticosteroid
exposure [11]. Despite these results, additional data
are needed to inform clinical practice. We believe
that rituximab is likely to be a standard treatment for
frequent relapse or steroid dependence, which
prompted us to create this protocol. Currently, the
use of rituximab in Japan for uncomplicated FRNS/
SDNS patients requires approval from the Ministry of
Health, Labor and Welfare. The proposed clinical trial
seeks to establish evidence for the use of rituximab
for first-line treatment of uncomplicated FRNS/SDNS
patients.

Methods/design
Aims
In this trial, we aim to evaluate the efficacy and safety
of two 375 mg/m2 doses of IDEC-C2B8 (rituximab: a
monoclonal antibody directed against the CD20 differ-
entiation antigen expressed on the surface of B-cells)
given at weekly intervals in patients with childhood-
onset early-stage uncomplicated FRNS/SRNS.
We also aim to verify the duration of relapse-free

survival during the unblinded observation period,
clarify the IDEC-C2B8 blood concentration and hu-
man anti-chimeric antibody (HACA) production and
peripheral blood B cell numbers, and assess the rela-
tionship between recurrence and adverse events.
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Study design (Fig. 1)
We are conducting a multicenter, double-blind, ran-
domized, placebo-controlled trial of IDEC-C2B8 for
the treatment of childhood-onset early-stage uncom-
plicated FRNS/SRNS. In total, 40 patients (20 in each
group) from 12 institutions in Japan will be enrolled
in this study.
However, if subjects in the placebo group develop

treatment failure [1] and wish to receive IDEC-C2B8
after the randomized blinded phase, they will be eli-
gible for treatment with the drug during the un-
blinded phase.

Clinical trial diagram (Figs. 2 and 3)
The clinical trial period for each patient will begin on the
date consent is obtained and end on the date of comple-
tion of the observation period. However, subjects who de-
sire to transition to the unblinded phase and receive
IDEC-C2B8 after the initial blinded phase will remain in
the study until the end date of the unblinded observation
period. The day on which the first dose of the investiga-
tional drug is administered during the blinded period will
be set as “Blinded Day1.” The day on which the first dose
of investigational drug is administered during the un-
blinded period will be set as “Unblinded Day 1.”

Fig. 1 Flow diagram of the clinical trial set-up. The trial is a multicenter, double-blind, randomized, placebo-controlled study. After obtaining
informed consent, randomization will be conducted. If subjects in the placebo group wish to receive IDEC-C2B8 after the initial phase, they will
receive the drug in an unblinded phase
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Definition of treatment failure
In this study, treatment failure is defined as follows:

Treatment failure (1): Relapse occurring prior to Week
25 (Blinded Day 168).
Treatment failure (2): Diagnosis of frequent relapse
(two or more relapses)/steroid dependence between
Weeks 25 (Blinded Day 169) and 53 (Blinded Day 365).
Treatment failure (3): Diagnosis of steroid resistance
after the blinded observation period.

Study patients
The inclusion criteria for patients are as follows:

(1) Fulfill the diagnostic criteria of idiopathic NS
(the International Study of Kidney Disease in
Children [ISKDC] idiopathic NS diagnostic
criteria are used as a reference during the
patient’s initial diagnosis).

(2) Younger than 18 years at the time of onset of
idiopathic NS.

Fig. 2 Dosage regimen (blinded period). Investigators will administer the first dose of the investigational drug within 14 days after the date of
randomization (the date the first dose of the investigational drug is administered is set as Blinded Day 1). The investigational drug will be
administered via two 375-mg/m2 doses (maximum dose: 500 mg) separated by 1 week (Blinded Days 1 and 8)

Fig. 3 Dosage regimen (unblinded period). Investigators will administer the first dose of IDEC-C2B8 within 14 days after the date of allocation
(the date the first dose of IDEC-C2B8 is administered is set as Unblinded Day 1). IDEC-C2B8 will be administered via two 375-mg/m2 doses
(maximum dose: 500 mg) separated by 1 week (Unblinded Days 1 and 8)
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(3) Diagnosis of frequent relapse (two or more relapses
within 6 months after initial remission or four or
more relapses within any 12-month period) or
steroid dependence (two consecutive relapses
during steroid therapy dose reduction or within 2
weeks of discontinuation of steroid therapy), as well
as confirmation of those dates of NS relapse prior
to assignment.

(4) No history of treatment with any
immunosuppressant for NS.

(5) Observation of steroid sensitivity during the
treatment of relapse immediately prior to
assignment.

(6) CD20-positive cell count of at least 5/μL in
peripheral blood.

(7) Ability to stay in the hospital overnight on all days
of planned investigational drug administration.

(8) Provision of consent by the patient (aged 20 years
or older) or a legal representative (parents or legal
guardians) using a document approved by the
institutional review board after receiving an
adequate explanation regarding the implementation
of this clinical trial.

The exclusion criteria are as follows:

1) Diagnosis of SRNS.
2) Diagnosis of nephritic or secondary NS.
3) History of severe infections such as pulmonary

tuberculosis, deep mycosis, human
immunodeficiency virus (HIV), hepatitis C virus
(HCV), or hepatitis B virus (HBV) or other active
viral infections.

4) History of angina pectoris, cardiac failure,
myocardial infarction, or serious arrhythmia.

5) Receipt of a live vaccine within 4 weeks prior to
assignment.

6) Poorly controlled hypertension.
7) Impaired renal function.
8) Diagnosis of autoimmune diseases, IgA vasculitis, or

systemic lupus nephritis.
9) History of malignant tumors.
10) History of organ transplantation (excluding corneal

and hair transplants).
11) Allergy to methylprednisolone, acetaminophen, or

D-chlorpheniramine maleate.
12) Any of the following abnormal clinical laboratory

values at the time of registration: leukocytes, <
3000/μL; neutrophils, < 1500/μL; platelets, < 50,000/
μL; severe liver dysfunction (if younger than 21
years: glutamic-oxaloacetic transaminase [GOT] or
glutamic pyruvic transaminase [GPT] levels equal
to or greater than 2.5× the upper limit of normal
determined by the “Reference Intervals of Clinical

Tests in Children Determined by a Latent
Reference Value Extraction;” 21 years or older: GOT
or GPT levels equal to or greater than 2.5× the
upper limit of normal of each medical facility);
hepatitis B surface (HBs) antigen, HBs antibody,
hepatitis B core antibody, or HCV antibody
positivity; HIV antibody positivity.

13) Prior receipt of monoclonal antibodies of any type
(mouse, rat, chimeric or human).

14) Prior receipt of other investigational drugs within 6
month before assignment or participation in other
studies at the time of assignment.

15) Pregnancy, breastfeeding, or ability to become
pregnant and refusal to use contraception during
the study (confirmation by serum human chorionic
gonadotropin test is required during screening).

16) Assessed to be unfit for participation by the
investigators.

Study medication
The investigational drugs used in the study are a test
drug and a control drug. The two drugs are impossible
to differentiate from each other based on their external
appearances.
The open-label study drug (IDEC-C2B8) after the ini-

tial phase is identical to the study drug used in the
blinded phase excluding the packaging and labeling.
Zenyaku Kogyo Co., Ltd. has provided the study drugs

of both test drug and placebo, and subsequently distrib-
uted to institutes that have enrolled patients in this trial.

Overview of the test drug

1) Development code name and International non-
proprietary names
Development code name: IDEC-C2B8.
International non-proprietary names: rituximab.
[Japanese accepted names] (English name)
rituximab (genetic recombination)

2) Description: Chimeric anti-CD20 monoclonal
antibody with mouse anti-CD20 antibody variable
regions and human constant regions (IgG1κ)
(molecular weight: 144,510 Da)

3) Special notes: IDEC-C2B8 has been approved for
the treatment of CD20-positive B-cell
lymphoproliferative disease, CD20-positive B cell
non-Hodgkin’s lymphoma, ANCA-related vasculitis,
chronic idiopathic thrombocytopenic purpura,
Wegener’s granulomatosis, systemic lupus
erythematodes, and complicated steroid dependent
/ frequently relapsing nephrotic syndrome in Japan
and it is already on the market. The commercial
products are designated as biological products.
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Prohibited combination therapy or concomitant
medication
Combination therapy using following drugs is prohibited
during the period of clinical trial (the consent date up to
the end of the observation period).

(1) Commercial rituximab.
(2) Immunosuppressants or alkylating agents having an

immunosuppressive effect, unless cases determined
to be treatment failure.

(3) Plasma exchange.
(4) Live vaccines.
(5) Other investigational drugs or unapproved drugs in

Japan.

Screening
When investigators observe a recurrence of NS in study
candidate patients, they describe this clinical trial to the
relevant subjects and obtain their written consent to
participate in the trial. After consent is obtained, screen-
ing tests are performed to verify eligibility as a subject. If
the eligibility of patients for this trial is confirmed after
the screening period, the patients will be assigned within
7 days of confirmation of remission after relapse.

Randomization
Patients will be randomly assigned to the IDEC-C2B8 or
placebo group at a 1:1 ratio. Randomization will be per-
formed using the stratification permuted block method.
The assignment adjustment factors are frequent recur-
rence/steroid dependency. All participating physicians
and other investigators will remain blinded to the trial
results until follow-ups are completed.

Binding
JSKDC10 is a placebo-controlled double-blind clinical
trial. Registration and assignment are done using the
data center assignment program. Only drug numbers
assigned to the patient will be displayed to the data cen-
ter personnel.
The allocation code for the allocation program is en-

tered by the registration and allocation personnel. How-
ever, blinding is protected as the assignment code
corresponding to the drug number and will not be
accessed except at the entry point.

Procedures
The investigators have to do the first administration of
the investigational drug within 14 days after assignment
(the first administration date of the investigational drug
is set to be Blinded Day 1, week 1). The investigational
drug or placebo will be administered using two 375mg/
m2 doses (maximum dose: 500 mg) at weekly intervals
(Blinded Day 1 and 8). Premedication consisting of

acetaminophen, d-chlorpheniramine maleate and meth-
ylprednisolone are to be given 30 min prior to the inves-
tigational drug infusions to decrease the incidence and
severity of infusion reactions. Prednisolone treatment for
relapse during the observation period will follow the
ISKDC regimen.

Blood sampling (Tables 1 and 2)
During the clinical trial period, investigators will per-
form observation, examination, and survey according to
a predetermined schedule in this protocol. On all days of
investigational drug administration, blood samples are
taken immediately prior to administration.

Conditions for urgent allocation code disclosure
The investigator may request disclosure of the subject’s
emergency allocation code if any of the following situa-
tions apply:

1) The subject experiences a severe adverse event that
leads to death or life-threatening.

2) The subject experiences a serious adverse event,
and the information is judged to be essential for
deciding on the treatment of other subjects.

3) Treatment failure occurs.

Outcomes
The primary endpoint is the time of relapse-free survival
during the blinded observation period (days 1–365),
assessed as the period from the date of assignment/allo-
cation until that of the first relapse following the com-
mencement of investigational drug administration.
Secondary endpoints are the time to treatment failure,
total steroid dosage, and changes in the number of B-
cells in peripheral blood. Other endpoints are the time
of relapse-free survival during the unblinded observation
period (days 1–365), IDEC-C2B8 blood concentration,
HACA production ratio, and adverse events. Adverse
events will be recorded throughout the trial period and
assessed using the Japan Clinical Oncology Group
(JCOG) Japanese-language version (September 12, 2017)
of the Common Terminology Criteria for Adverse
Events version 4.0.

Sample size
A Kaplan–Meier plot of the open-label randomized con-
trolled trial reported from the previous study [6] revealed
relapse-free rates at 1 year of 0.66 in the rituximab group
and 0 in the steroid alone group. Based on these results,
assuming an exponential distribution for relapse-free sur-
vival and assuming that the relapse-free rate in 1 year of
steroid treatment alone was 0.01 as the placebo group, the
hazard rates were 0.42 for the rituximab group and 4.60
for the steroid monotherapy group, resulting in a hazard
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ratio of 0.09. If the registration period is 17months, and
the observation period of the blinded phase is 12months,
resulting in a total clinical trial period of 29months, to
test the superiority using a significance level of 5% (two-
sided) and a detection power of 80%, the required number
of the patients was estimated to be 10 per group. At 1-year
relapse-free rates of 0.50, 0.40, and 0.30 in the rituximab
group, the required numbers of the patients calculated
under similar conditions were 12, 13, and 16 per group,
respectively. Considering the possibility of withdrawal of
consent after participation in the study or the loss of sub-
jects to follow-up and uncertainty for the estimation of 1-
year relapse-free rates in placebo group, we set the target
sample number to 40 patients (20 in each group).

Statistical analysis
The objective of the primary analysis (the primary end-
point) in this clinical trial is to examine whether the
IDEC-C2B8 group has significantly longer relapse-free
survivals than the placebo group. The “relapse-free sur-
vival between the two groups will be equal” null hypoth-
esis will be tested using the stratified log-rank test with

the subject population receiving at least one dose of the
investigational drug administration and measured the
data for the assessment of primary endpoint (full ana-
lysis set). If the relapse-free survival is shorter in the
IDEC-C2B8 group than in the placebo group, the test is
one-sided because statistical significance is not import-
ant. One-sided significance level was set at 2.5%. If re-
currence free survival is significantly longer in the
IDEC-C2B8 group than in the placebo group, it can be
concluded that IDEC-C2B8 is a useful treatment. Cumu-
lative relapse curves and estimation of time to relapse
will be performed using the Kaplan-Meier method and
stratified log rank test of time to treatment failure.
The following analyses for the secondary and other

endpoints are planned.
The total steroid dose in the blinded observation

period will be analyzed using the analysis of covariance.
Median of the time to normalization of peripheral

blood B-cells and its 95% confidence interval will be esti-
mated using the Kaplan-Meier method.
The relationships of normalization of the number of

peripheral blood B-cells with the presence or absence of

Table 1 Schedule (Blinded period)
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relapse and with adverse events will be evaluated in each
blinded observation period using Fisher’s exact test.
The proportion for the HACA production in each

period with its 95% confidence interval will be estimated
and the relationship of the presence or absence of
HACA with adverse events will be evaluated in each
period by Fisher’s exact test. IDEC-C2B8 blood concen-
tration will be summarized to maximum blood concen-
tration (Cmax), half-life period (T1/2), mean residence
time (MRT) and area under the concentration-time
curve (AUC), and the mean and standard deviation of
these parameters will be calculated.

Participating hospitals
Dokkyo Medical University Hospital, Japan.
Nihon University Itabashi Hospital, Japan.
National Center for Child Health and Development,

Japan.
Tokyo Metropolitan Children’s Medical Center, Japan.
Yokohama City University Medical Center, Japan.
Shiga University of Medical Science Hospital, Japan.
Osaka University Hospital, Japan.
Kobe University Graduate School of Medicine, Japan.
Hyogo Prefectural Kobe Children’s Hospital, Japan.
Wakayama Medical University, Japan.

Kurume University Hospital, Japan.
Saga University Hospital, Japan.

Coordinating center
The coordinating center will provide various clinical trial
coordination activities, including protocol preparation
support and project management, to facilitate the activ-
ities of the clinical trial coordination committee.

Discussion
Herein, the protocol for a multicenter, double-blind, ran-
domized placebo controlled trial to investigate the effi-
cacy and safety of rituximab for the treatment of
childhood-onset early-stage uncomplicated FRNS/SDNS
is described. This trial has several strengths.
First, it is a multicenter and double-blind protocol. To

date, only two major reports have assessed the use of ri-
tuximab in early-stage uncomplicated SDNS. Ravani et
al. conducted a multicenter, open-label, randomized,
control trial [10] and Basu et al. conducted a single-cen-
ter, parallel-arm, open-label, randomized, clinical trial
[11]. Compared with these previous reports, our trial is
of high quality as clinical research. As the efficacy and
safety of drugs can vary depending on geographic

Table 2 Schedule (Unblinded period)
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location, to evaluate the efficacy of rituximab, a multi-
center trial of a Japanese population is therefore needed.
Second, this study also features an unblinded phase. In

this manner, it will be possible to clarify the effects and
side effects of rituximab by comparing the efficacy and
safety during the placebo treatment phase and the active
drug treatment phase. Additionally, this study will in-
crease the treatment options for children who experi-
ence treatment failure.
Third, the protocol alleviates concerns about treat-

ment compliance because the medication is adminis-
tered via intravenous infusion. As current recommended
immunosuppressive drugs have serious side effects, and
it is necessary to continue oral administration each day
or every other day, a lack of treatment compliance is
common.
Fourth, several clinical benefits may be observed in the ri-

tuximab group at the end of the study period. One potential
benefit is good renal function because of the absence of cal-
cineurin inhibitor-associated renal vasoconstriction and
chronic nephrotoxicity. Other possible benefits include
catch-up growth and weight loss because of corticosteroid
sparing.
Finally, this trial has multiple secondary endpoints.

Assessing the relationship between recurrence and the
number of B cells may help to determine the pathology
of NS. However, our study has limitations, including a
small sample size and its short-term duration.
In conclusion, we are conducting a multicenter,

double-blind, randomized placebo controlled trial to
evaluate the efficacy and safety of rituximab for early-
stage uncomplicated FRNS/SDNS. The results of this
study may support the use of rituximab as a first-line
corticosteroid-sparing therapy for patients with early-
stage uncomplicated FRNS/SDNS.
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