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Abstract

Background Rituximab is conditionally approved in Japan for use in patients with refractory nephrotic syndrome. To meet
the conditions of approval, an all-case post-marketing surveillance study was conducted to confirm the real-world safety and
efficacy of rituximab in patients of all ages with refractory nephrotic syndrome.

Methods All patients scheduled to receive rituximab treatment for refractory nephrotic syndrome were eligible to register
(registration: August 29, 2014 through April 15, 2016); the planned observation period was 2 years from the initiation of
rituximab treatment (intravenous infusion, 375 mg/m? once weekly for four doses). The study was conducted at 227 hospitals
throughout Japan. Adverse drug reactions (ADRs) were collected for safety outcomes. The efficacy outcomes were relapse-
free period and the degree of growth in pediatric (< 15 years) patients.

Results In total, 997 (447 pediatric) patients were registered; 981 (445) were included in the safety analysis set; 852 (402)
completed the 2-year observation period; and 810 (429) were included in the efficacy analysis set. Refractory nephrotic
syndrome had developed in childhood for 85.0% of patients, and 54.6% were aged >15 years. ADRs were observed in 527
(53.7%) patients, treatment-related infection/infestation in 235 (24.0%) patients, and infusion reactions in 313 (31.9%)
patients. The relapse-free period was 580 days (95% confidence interval, 511-664). There was a significant change in height
standard deviation score (pediatric patients; mean change, 0.093; standard deviation, 0.637; P=0.009).

Conclusion The safety and efficacy of rituximab treatment in patients with refractory nephrotic syndrome were confirmed
in the real-world setting.

Clinical trial registration UMIN000014997.
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Introduction

Nephrotic syndrome is a kidney disorder in which pro-
tein leaks from the blood (through the glomeruli) to the
urine. It is characterized by excess protein excretion in the
urine which results in hypoproteinemia, systemic edema,
and dyslipidemia (elevated low-density lipoproteins) [1].
Cytokines produced by T cells are thought to act on the slit
membrane to enhance protein permeability; however, the
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exact mechanisms underlying the development of nephrotic
syndrome remain unknown [2].

In Japan, approximately 1300 new cases of nephrotic syn-
drome are reported annually to the Research Project for the
Treatment of Chronic Pediatric Diseases, suggesting that 5
out of 100,000 children will develop nephrotic syndrome
each year [3]. Childhood nephrotic syndrome occurs most
often between the ages of 2 and 6 years [4]. Approximately
90% of these cases are idiopathic nephrotic syndromes [3],
most of which are classified as minimal change disease (little
change in the glomeruli when examined using light micros-
copy) and can be successfully treated with steroid therapy
[2]. Atleast 20% of children with idiopathic nephrotic syn-
drome have frequent relapsing nephrotic syndrome (FRNS)
or steroid-dependent nephrotic syndrome (SDNS); together
these patients are referred to as having complicated FRNS/
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SDNS [5]. Patients with FRNS and SDNS are not able to
discontinue or reduce steroid treatment without relapse and
require concomitant immunosuppressant treatment [6].
The side effects of long-term steroid use are particularly
problematic in growing children and long-term immunosup-
pressant use also comes with undesirable side effects [5, 7].
Additionally, in a small number of cases (1-3%), patients do
not respond to treatment with immunosuppressants and pro-
gress to renal failure [5, 8]. Together, these issues highlight
the need for a safer and more effective approach to treatment.

Rituximab is a human/murine, chimeric anti-CD20 mon-
oclonal antibody that binds to CD20, which is expressed
specifically on B cells, and exhibits cytotoxicity upon bind-
ing [9]. Two simultaneous trials were conducted in Japan to
determine the safety and efficacy (RCRNS-01, randomized
controlled trial; rituximab 31 patients, placebo 24 patients)
(unpublished) and the pharmacokinetics (RCRNS-02, open
label trial; 23 patients) (unpublished) of rituximab treatment
in children with complicated FRNS/SDNS. A portion of the
results from the RCRNS-01 study have been reported (rituxi-
mab 24 patients, placebo 24 patients) [10] and it was shown
that the 50% relapse-free period in the rituximab group
was significantly longer than in the placebo group (267 vs.
101 days; hazard ratio 0.27, 95% confidence interval [CI]
0.14-0.53; P <0.0001) and that the rituximab safety profile
in these patients was in line with the known safety profile
of this drug.

Based on the results of these studies, rituximab was
approved for use in these patients by the Ministry of Health,
Labor and Welfare of Japan in August 2014. This approval
came with the condition that an all-case post-marketing
survey must be conducted until the appropriate amount of
data were collected to confirm the safety and efficacy of
rituximab in patients of all ages with refractory nephrotic
syndrome (FRNS or SDNS), due to the small number of
these patients who were included in the randomized con-
trolled clinical trial. Therefore, this all-case post-marketing
surveillance was conducted in Japan to confirm the real-
world safety and efficacy of rituximab in patients of all ages
with refractory nephrotic syndrome (FRNS or SDNS). All
patients who had refractory nephrotic syndrome and were
treated with rituximab in Japan during the study enrollment
period were targeted for inclusion in this analysis.

Methods
Patients

All patients scheduled to use rituximab for the treatment
of refractory nephrotic syndrome were eligible to register
for this all-case post-marketing surveillance; no exclusion
criteria were set. As this was a post-marketing surveillance

study, it was not necessary to obtain approval from an ethical
review board or patient informed consent, based on Japanese
regulatory guidelines for Good Post-marketing Surveillance
Practice [11].

Study design

This was an all-case post-marketing surveillance study con-
ducted in Japan to determine the real-world safety and effi-
cacy of rituximab treatment in all patients with refractory
nephrotic syndrome who were scheduled for treatment with
rituximab (clinical trial registration: UMIN000014997).
This survey was conducted at all hospitals in Japan (N=227)
where patients with physician-diagnosed refractory
nephrotic syndrome were treated with rituximab. The tar-
get number of pediatric patients was 300; pediatric patients
were defined as aged < 15 years at the time of the initial
rituximab infusion. There was no target number set for adult
patients (aged > 15 years at the time of the initial rituximab
infusion). The patient registration period was August 29,
2014 (the date of rituximab approval for use in patients with
refractory nephrotic syndrome), through April 15, 2016.
Patients were registered at least 3 days prior to initiating
rituximab; treatment consisted of an intravenous infusion
of 375 mg/m? rituximab once weekly for four doses. The
maximum single dose was 500 mg.

The surveillance study was conducted using a central
registration system and the planned observation period was
2 years from initiation of rituximab treatment. Patient back-
ground, administration status of rituximab, concomitant
drug status, clinical examination, adverse drug reactions
(ADRs), the effectiveness of treatment, and patient height
and weight at the end of the observation period were col-
lected for analysis.

Primary endpoints

Safety ADRSs were collected for safety endpoints. The Med-
ical Dictionary for Regulatory Activities (MedDRA; ver-
sion 21.1) system organ class and preferred term were used
to evaluate and categorize ADRs; grading was performed
by the investigator according to the Common Terminology
Criteria for Adverse Events (CTCAE,; version 3.0).

The incidence of ADRs was examined according to
patient population characteristics. The incidence of infu-
sion reactions was examined according to the number of
rituximab infusions, circumstances at the initial rituximab
infusion, and patient background. Specific pathogens were
determined for ADRs of infections and infestations; these
ADRs were also examined according to risk factors for
infectious disease.
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Relapse-free period The relapse-free period was considered
to be the period from the date of rituximab administration to
the date of nephrotic syndrome relapse. Relapse was defined
as an early morning urine protein result of 3+ (using the test
paper method [3]) for 3 consecutive days.

Secondary endpoint

Degree of growth The degree of growth in pediatric patients
(defined as < 15 years old at the initiation of administration)
after rituximab administration was evaluated. Height stand-
ard deviation score (SDS) was calculated using the 2000
Infant Physical Development Report (Ministry of Health,
Labor and Welfare, Japan) and the School Health Statistics
2000 (Ministry of Education, Culture, Sports, Science and
Technology, Japan) report [12, 13].

Statistical methods

There is limited experience with rituximab in the pediatric age
group; therefore, a target number of 300 pediatric patients was
determined as the number needed for 95% confidence that at
least one ADR would occur in at least 1.0% of these patients.
For adult patients (defined as aged > 15 years at the time of
the initial rituximab infusion), no target number was set as it
was assumed that a sufficient number of these patients would
be enrolled when pediatric enrollment reached 300.

The safety analysis set included all patients registered for
the survey who did not meet the safety analysis exclusion
criteria. The efficacy analysis set included all patients in the
safety analysis set who did not meet the efficacy analysis
exclusion criteria; both sets of exclusion criteria are listed
in Online Resource 1.

Summary statistics were used to describe clinical char-
acteristics and safety outcomes. The Chi-square test was
used to perform risk analysis. In cases where the number of
patients was too few for statistical analysis, those patients
were excluded from risk analysis. A Kaplan—Meier curve
was used to demonstrate the relapse-free period; the log-
rank test was used for comparative analysis. Changes in
height SDS were compared using a paired Student’s z-test.
Two-tailed P values < 0.05 were considered statistically
significant. Missing data were treated as unknown or were
excluded. Statistical analyses were conducted using SAS
version 9.2 or later (SAS Institute; Cary, NC, USA).

Results
Patient population

The investigation period was August 29, 2014 to October
15, 2018 (30 months after registration ended). In total,
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997 patients were registered, 447 of whom were pediatric
patients. Eleven registered patients (two pediatric) were
excluded because either rituximab was not administered
(five patients [two pediatric]) or because it was not possible
to collect the questionnaire (six patients). Questionnaires
were collected from the remaining 986 patients (445 pedi-
atric). Flow charts for the safety and efficacy analysis sets
are shown in Fig. 1a,b, respectively. Of the 981 patients (445
pediatric) included in the safety analysis set, 852 patients
(402 pediatric) completed the 2-year observation period
and 129 (43 pediatric) discontinued the study. The efficacy
analysis set included 810 patients (429 pediatric); the main
reason for exclusion was off-label use of rituximab. Two
patients, both of whom were elderly, died during the inves-
tigation period. One of these patients had pneumonia that
started 12 days after rituximab administration and died due
to septicemia 4 months after rituximab administration. No
information on the cause of death was available for the other
patient who died because the death was reported to the hos-
pital by the family of the patient and they did not disclose
the cause.

The characteristics of the patient population are shown
in Table 1. Of the patients included in the safety analy-
sis set, 65.3% (641 of 981) were male; 10.0% (98 of 981)
were < 7 years of age; 35.4% (347 of 981) were between
7 and < 15 years of age; and 54.6% (536 of 981) were
> 15 years of age. Most patients (85.0%, 834 of 981) devel-
oped refractory nephrotic syndrome in childhood (< 18 years
of age). Rituximab was used to treat FRNS or SDNS in
59.9% (588 of 981) or 68.3% (670 of 981) of patients,
respectively. The initial dose was 375 mg/m? for 26.0% (255
of 981) of patients and 500 mg/person for 58.5% (574 of
981) of patients; 32.1% (315 of 981) of patients were treated
with rituximab once and 67.9% (666 of 981) were treated
twice or more. There were no patients with pulmonary dys-
function or severe bone marrow dysfunction. Additional
information regarding the patient population, including
the major reported complications and medical history, are
reported in Online Resource 2.

Primary outcomes

Safety ADRs were observed in 527 (53.7%) patients. Pedi-
atric patients experienced ADRs of infections and infesta-
tions; respiratory, thoracic, and mediastinal disorders; and
gastrointestinal disorders at rates > 5% higher than adult
patients. ADRs that were notably higher in the pediatric vs
adult population were influenza and abdominal pain. Con-
sidering their time of onset, most respiratory and gastroin-
testinal disorders appeared to be infusion reactions.

Table 2 shows the occurrence of ADRs according to
patient and treatment characteristics. Characteristics of the
patient population that were significantly associated with the
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Fig. 1 Flow diagram of the
a safety analysis set, and b

a

efficacy analysis set. AE adverse
event. *Non-recoverable AE,

14 patients; AE information 997 total patients

Patient registration

447 pediatric patients (<15 years of age)

incomplete, 15 patients; hospital
transfer, 84 patients; death,

two patients; other reason,

14 patients. "AE information

11 excluded

5 (2 pediatric): Rituximab not administered
6 (0 pediatric): Questionnaire not collected

incomplete, 11 patients; hospital
transfer, 28 patients; other,
four patients. ‘Off-label use for

Questionnaire collected

986 total patients
445 pediatric patients

steroid-resistant nephrotic syn-
drome or adult-onset nephrotic
syndrome. “There were 10

5 excluded from the safety analysis set

2 (0 pediatric): AE unknown
3 (0 pediatric): AE data not collected

patients (including three pediat-
ric patients) who were counted
in duplicate for both reasons
(“off-label use” and “efficacy

Safety analysis set

981 total patients
445 pediatric patients

could not be evaluated™)

Completed 2-year study period

852 total patients
402 pediatric patients

Discontinued study

129 total patients?
43 pediatric patients®

b

Patients registered

997 total patients registered
447 pediatric patients (<15 years of age)

11 excluded

5 (2 pediatric): Rituximab not administered
6 (0 pediatric): Questionnaire not collected

Questionnaire collected

986 total patients
445 pediatric patients

176 excluded from the efficacy analysis set

163 (10 pediatric)ed: off-label use

23 (9 pediatric)?: efficacy could not be
evaluated

Efficacy analysis set

810 total patients
429 pediatric patients

occurrence of ADRs were initial rituximab dose (375 mg/
m?), number of rituximab administrations (higher), age at
onset of refractory nephrotic syndrome (< 18 years), prior
treatment with rituximab (no), and concomitant immuno-
suppressive drugs (yes). The incidence of serious ADRs
according to patient and treatment characteristics is shown
in Online Resource 3.

Among the 981 patients included in the safety analysis
set, 319 (32.5%) patients experienced infection/infestation
events. Of those, 235 (24.0%) patients experienced ADRs
of infections/infestation that were considered related to
rituximab treatment. ADRs of Grade >3 infection/infesta-
tion were reported for 48 (4.9%) patients, those of Grade 4
were reported in two (0.2%) patients, and one of Grade 5
was reported in a single patient (0.1%) (Table 3). Specific

pathogens causing ADRs of infections and infestations are
shown in Online Resource 4. Most infections and infesta-
tions were caused by unknown pathogens, and among the
known pathogens, influenza was most common. ADRs of
infections and infestations are shown according to risk factor
for infection in Online Resource 5.

Infusion reactions were observed in 313 (31.9%) patients.
Ten serious infusion reaction events were observed in
four patients (dyspnea, 2; wheezing, 1; hypoxia, 1; oro-
pharyngeal pain, 1; erythema, 1; blood pressure increased,
1; headache, 1; abdominal pain, 1; tachycardia, 1). All
patients recovered from all events. The frequency of infu-
sion reactions decreased as the number of rituximab doses
increased (Online Resource 6). The incidence of infusion
reactions according to infusion conditions during the initial
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Table 1 Patient population

. Total N (%) Pediatric n Adult n
(safety analysis set, N=981)
Sex
Male 641 (65.3) 288 353
Female 340 (34.7) 157 183
Age (years)
<3vs >3
<3 5(0.5) - -
23 976 (99.5) - -
<T7vs 2Tto<15vs > 15
<17 98 (10.0) 98 0
7to< 15 347 (35.4) 347 0
>15 536 (54.6) 0 536
>65vs <65
> 65 17 (1.7) - -
< 65 964 (98.3) - -
Nephrotic syndrome onset
Childhood 834 (85.0) 445 389
Adulthood® 146 (14.9) 0 146
Congenital 1(0.1) 0 1
Reason for rituximab use
Frequent relapse® 588 (59.9) 276 312
Steroid dependenceb 670 (68.3) 303 367
Steroid resistance® 24 (2.4) 10 14
Other® 2(0.2) 0 2
Disease type
Minimal change disease 321 (32.7) 127 194
Focal segmental glomerulosclerosis 53(5.4) 16 37
Membranous nephropathy 8(0.8) 0
Membranoproliferative glomerulonephritis 5(0.5)
Other 8(0.8) 3
Unknown 587 (59.8) 299 288
History of rituximab treatment
No 735 (74.9) 350 385
Yes 244 (24.9) 93 151
Unknown 2(0.2) 2 0
Cardiac dysfunction
No 977 (99.6) 445 532
Yes 4(04) 0 4
Treatment with an antihypertensive drug
No 704 (71.8) 319 385
Yes 277 (28.2) 126 151
Drug hypersensitivity
No 930 (94.8) 424 506
Yes 51(5.2) 21 30

“Example of off-label use

®Includes 303 duplicate patients

“Intractable nephrosis, two patients with unknown details

administration of rituximab is shown in Online Resource 7
and infusion reactions according to patient population char-
acteristics are shown in Online Resource 8.
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Relapse-free period The relapse-free period was 580 days
(95% CI, 511-664; Fig. 2). The 50% relapse-free period
according to patient background factors is shown in Online
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Table 2 Qccurrence ,Of adverse Total number of ~ Patients experienc- P value®? OR (95% CI)®
drug Feactlon according patients ing>1 ADR
to patlent. ar}d treatment ' N n (%)
characteristics (safety analysis
set, N=981) Total population 981 527 (53.7)
Sex
Male 641 332 (51.8) 0.097 1
Female 340 195 (57.4) 1.252 (0.960, 1.631)
Age (years)
<7 98 67 (68.4) <0.001 1
Tto<15 347 221 (63.7) 0.812 (0.503, 1.310)
>15 536 239 (44.6) 0.372 (0.235, 0.589)
No. rituximab treatments®
1 315 152 (48.3) 0.256 1
2 232 131 (56.5) 1.391 (0.989, 1.956)
3 166 88 (53.0) 1.210 (0.830, 1.763)
4 187 107 (57.2) 1.434 (0.996, 2.065)
5 61 33 (54.1) 1.264 (0.729, 2.190)
6 15 12 (80.0) -
7 3 3 (100.0) -
8 1 0 (0.0 -
9 1 1 (100.0) -
Dose of rituximab (first use)
375 mg/m? 255 164 (64.3) <0.001 1
500 mg/person 574 283 (49.3) 0.540 (0.398, 0.731)
450 mg/person 10 4 (40.0) -
300 mg/person 19 14 (73.7) -
200 mg/person 15 7 (46.7) -
100 mg/person 43 13 (30.2) -
Other 65 42 (64.6) -
No. rituximab administrations
1 183 85 (46.4) 0.017 1
2 167 84 (50.3) 1.167 (0.767, 1.776)
3 113 59 (52.2) 1.260 (0.788, 2.015)
4 287 152 (53.0) 1.298 (0.895, 1.882)
5 100 56 (56.0) 1.467 (0.899, 2.396)
6 53 35 (66.0) 2.242 (1.184, 4.245)
7 29 23(79.3) 4.420 (1.719, 11.363)
8 35 22 (62.9) 1.951 (0.927, 4.108)
9 6 6 (100.0) -
10 2 0(0.0) -
11 2 1 (50.0) -
12 3 3 (100.0) -
16 1 1 (100.0) -
Initial infusion rate? (mg/h)
25 774 429 (55.4) 0.297 1
50 104 52 (50.0) 0.804 (0.534, 1.211)
<25 63 28 (44.4)
25-50 17 8 (47.1) -
50-100 2 1 (50.0) -
100 20 9 (45.0) -
Unknown 1 0(0.0) -
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Table 2 (continued)

Table 3 Incidence of adverse drug reactions of infections/infesta-
tions considered related to rituximab treatment (safety analysis set,

Total number of  Patients experienc- P value™? OR (95% CI)®
patients ing>1 ADR
N n (%)
Max infusion rate® (mg/h)
200 608 307 (50.5) 0.155 1
400 25 9 (36.0) 0.552 (0.240, 1.267)
<100 98 55 (56.1) -
100 194 130 (67.0) -
100-200 41 20 (48.8) -
200-400 13 5(38.5) -
Unknown 2 1(50.0) -
Age at refractory nephrotic syndrome onset (years)
<18 834 466 (55.9) <0.001 1
> 18 146 60 (41.1) 0.551 (0.386, 0.787)
Congenital 1 1 (100.0) -
Immunosuppressant use®
No 106 44 (41.5) 0.007 1
Yes 870 481 (55.3) 1.742 (1.158, 2.622)
Unknown 5 2 (40.0)
Steroid use®
No 100 50 (50.0) 0.415 1
Yes 875 475 (54.3) 1.187 (0.785, 1.796)
Unknown 6 2(33.3) -
History of rituximab treatment
No 735 411 (55.9) 0.023 1
Yes 244 116 (47.5) 0.714 (0.534, 0.955)
Unknown 2 0 (0.0) -

ADR adverse drug reaction, OR odds ratio

4Chi squared test

bSubgroups with a small number of patients were not included in the statistical analysis

“If rituximab was administered at>4 weeks from the previous administration, it was considered a separate

treatment

dFirst dose

®Within 24 weeks of the start of rituximab treatment

N=981)
Infections/infestations n No.
(%) ADR
events
All grades 235 (24.0) 359
Grade >3 48 (4.9) 62
Grade 1 105 (10.7) 162
Grade 2 69 (7.0) 120
Grade 3 45 (4.6) 59
Grade 4 2(0.2) 2
Grade 5 1(0.1)
Grade unknown 13 (1.3) 15

ADR adverse drug reaction

@ Springer

Resource 9. Patients who received a single dose of rituxi-
mab had a shorter 50% relapse-free period (312 days [95%
CI, 285-375]) compared with those who received two doses
(479 days [95% CI, 406-627]).

Secondary outcome

Degree of growth Among the pediatric patients for whom
height data were available both prior to initiating rituximab
treatment and at 2 years after initiating treatment (n =321,
excluding patients who were under off-label use), there was
a significant change in height SDS (mean change, 0.091;
standard deviation [SD], 0.640; P=0.011; Fig. 3a) indicat-
ing an improvement over time. Among pediatric patients
who were considered to be of low height (SDS < — 2.0)
prior to rituximab treatment (n=61), there was a signifi-
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Fig.2 Kaplan—Meier plot of the
relapse-free period. CI confi-
dence interval 100 A

80 -

60 -

40

Relapse-free rate (%)

20 ~

Relapse-free period (days)

580 (95% Cl, 511-664)

0 50 100

No. atrisk 810 741

cant change in height SDS (mean change, 0.508; SD, 0.966,
P <0.001; Fig. 3b).

Discussion

Our post-marketing surveillance study of the real-world
safety and efficacy of rituximab in patients with refractory
nephrotic syndrome found that the incidence and severity
of ADRs of infections and infestations was manageable,
with Grade >3 ADRs of infections and infestations being
reported in 4.9% of patients over the 2-year study period.
We report a relapse-free period of 580 days (all patients)
and a significant improvement in the height SDS score in
pediatric patients.

The ADRs reported in this study were in line with the
known safety profile of rituximab [9]. No safety concerns
unique to the use of rituximab in patients with refractory
nephrotic syndrome were identified in this analysis. The
incidence and severity of ADRs of infection/infestation
were lower in our study (24.0%, 235 of 981 patients; Grade
>3:4.9%, 48 of 981 patients) compared with that reported
for previous clinical trials (90.7%, 49 of 54 patients;
Grade >3: 9.3%; 5 of 54 patients; data calculated using
the results of RCRNS-01 and RCRNS-02). In the present
study, infusion reactions (which were defined as events for
which a relationship with rituximab could not be denied)
occurred in 313 of the 981 patients included in the safety
analysis population (31.9%). In pediatric patients, the inci-
dences were 38.8% (38 of 98 patients) and 41.8% (145 of
347 patients) in the < 7-year old and > 7- to < 15-year
old age groups, respectively, which was higher than that
observed for adult patients (24.3%). However, the inci-
dence rate in pediatric patients was much lower than the
71.0% (22 of 31) reported in the RCRNS-01 study, which

150 200 250 300 350 400 450 500 550 600 650 700 750

Days

714 684 628 586 537 495 456 431 404 382 360 344 325 O

included patients aged 2 years or older. The precise reason
for this difference between studies is unclear. Regardless,
we think that there are no significant issues related to infu-
sion reactions.

Patient characteristics significantly associated with
the incidence of ADRs included initial rituximab dose
(375 mg/m?), a higher number of rituximab administra-
tions, < 18 years of age at the onset of refractory nephrotic
syndrome, no prior rituximab treatment, and concomitant
immunosuppressant drugs. A possible explanation for the
higher incidence of ADRs in patients who had an initial
rituximab dose of 375 mg/m?, compared with those treated
with 500 mg/person, is that the dose after body surface area
adjustment was < 375 mg/m? for most of the patients treated
with 500 mg/person (504 of 566; median: 325.9 mg/m?;
excludes eight patients for whom body surface area could
not be calculated). The occurrence of infusion reactions
tended to increase with dose per body surface area, which is
typical for rituximab. The incidence of ADRs (Table 2), but
not the number of serious ADRs (Online Resource 3), was
weakly correlated with the number of rituximab administra-
tions. Pediatric patients have lower serum immunoglobulin
levels compared with adults, which results in an inability to
obtain lifelong immunity and makes them more susceptible
to infection [14]. This increased susceptibility to infection
(which was considered an ADR) likely contributed to the
association of a higher incidence of ADRs in patients who
were <18 years of age at the onset of refractory nephrotic
syndrome. Increased susceptibility to infection also likely
explains the association of concomitant immunosuppres-
sive drugs and a higher incidence of ADRs. Finally, selec-
tion bias is likely responsible for the association of no prior
rituximab treatment and an increase in ADRs, as patients
who had an ADR to rituximab are less likely to get addi-
tional treatment.
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a P=0.011

Height SDS

[l Prior to the initiation of rituximab treatment
[ 2 years after the initiation of rituximab treatment

P <0.001
b o !

Height SDS
A

[l Prior to the initiation of rituximab treatment
[ 2 years after the initiation of rituximab treatment

Fig.3 Change in height prior to the initiation of rituximab treatment
vs 2 years after the initiation of rituximab treatment in the a total
pediatric patient population (n=321) and b pediatric patients consid-
ered to be of low height (SDS < — 2.0) prior to rituximab treatment
(n=61). xindicates the mean; the horizontal line within each colored
box (blue or orange) indicates the median SDS standard deviation
score

Of particular note, we report a longer relapse-free period
(580 days; 95% CI, 511-664; 810 patients) compared with
the 267 days (95% CI, 223-374; 24 patients) reported for
a previous clinical study [10], indicating that real-world
rituximab use may result in better outcomes than previ-
ously thought. The larger size of the present study, the sta-
tus of underlying disease before treatment, the impact of
concomitant treatment with immunosuppressive drugs, and
the nature of a real-world vs randomized controlled clinical

@ Springer

study likely contributed to this difference. Additionally,
rituximab was used after relapse in the clinical study, while
in our real-world study, rituximab was used in patients for
whom it was deemed necessary by the treating physician,
regardless of relapse. An international, multicenter, retro-
spective cohort study conducted by Chan et al. [15], in chil-
dren with steroid-dependent/frequent relapsing nephrotic
syndrome who were treated with a combination of rituximab
(375 mg/m?) and maintenance immunosuppression, reported
a prolongation of the relapse-free period of 14 months and
observed that adverse events were generally mild. Our find-
ings were similar to those of Chan et al., thus confirming the
safety and efficacy of rituximab plus maintenance immuno-
suppression for the treatment of steroid-dependent/frequent
relapsing nephrotic syndrome in Japanese pediatric patients.
Katsuno et al. reported that rituximab was safe and effective
in a study of eight patients with adult-onset SDNS [16];
however, the present study did not aim to determine efficacy
in this patient population.

Patients with refractory nephrotic syndrome are often
treated with a prolonged course of steroid therapy, which
frequently results in growth retardation [17]. It has been
reported that the use of rituximab in pediatric patients with
SDNS may contribute to improved growth in some patients,
as evidenced by a significant change in height SDS after
rituximab treatment (P =0.03; height SDS before vs after
rituximab treatment; N=13) [17]. We have confirmed this
finding in our larger, real-world study (P=0.009; mean
change in height SDS before vs after rituximab treatment;
n=328).

Limitations

The analysis in our study was limited in that it only included
Japanese patients; the generalizability of these data to other
populations and regions remains to be determined. Addition-
ally, as is the nature of post-marketing surveillance studies,
the validity of the data included in the analysis was reliant
on accurate reporting from the treating physicians.

Conclusions

The results of the present study demonstrated a lower inci-
dence of ADRs and a longer relapse-free period compared
with the previous clinical study of rituximab for the treat-
ment of refractory nephrotic syndrome in Japanese patients.
The safety profile of rituximab in this patient population
was similar to the known rituximab safety profile and no
new safety concerns were identified. These results confirm
the safety and efficacy of rituximab treatment in Japanese
patients with refractory nephrotic syndrome, both among
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pediatric and adult patients, and support the continued use
of rituximab for their treatment.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10157-021-02035-6.

Acknowledgements The authors would like to express their sincere
gratitude to the physicians who provided the data in cooperation
with the rituximab post-marketing surveillance. In addition, we wish
to thank Dr. Kazumoto lijima (Kobe University Graduate school of
Medicine), Dr. Motoshi Hattori (Tokyo Women’s Medical University
School of Medicine), Dr. Shuichi Ito (Graduate School of Medicine,
Yokohama City University), and Dr. Mayumi Sako (Clinical Research
Center, National Center for Child Health and Development) for pro-
viding advice for the planning and execution of the survey. We would
also like to thank Chugai Pharmaceutical Co., Ltd. for their coopera-
tion in carrying out this study. Finally, we would like to thank Sarah
Bubeck, PhD, of Edanz Evidence Generation, for providing medical
writing support.

Author contributions Takashi Ando and Junko Sakamoto contributed
to the study conception and design. Material preparation, data collec-
tion and analysis were performed by Mana Kobayashi, Yutaro Kagey-
ama, and Takashi Ando. The first draft of the manuscript was written
by Mana Kobayashi and all authors commented on previous versions
of the manuscript. All authors read and approved the final manuscript.

Funding This study was funded by Zenyaku Kogyo Co., Ltd. and Chu-
gai Pharmaceutical Co., Ltd.

Declarations

Conflict of interest Mana Kobayashi, Yutaro Kageyama, Takashi
Ando, Junko Sakamoto, and Shohji Kimura are employees of Zenyaku
Kogyo Co., Ltd.

Ethical approval All procedures performed in studies involving human
participants were conducted in accordance with the 1964 Helsinki dec-
laration and its later amendments or comparable ethical standards.

Informed consent As this was post-marketing surveillance, it was not
necessary to obtain approval from an ethical review board or patient
informed consent, based on Japanese regulatory guidelines for Good
Post-marketing Surveillance Practice [11].

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Greenbaum LA, Benndorf R, Smoyer WE. Childhood nephrotic
syndrome—current and future therapies. Nat Rev Nephrol.
2012;8(8):445-58. https://doi.org/10.1038/nrneph.2012.115.

2. Tapia C, Bashir K (2020) Nephrotic syndrome. STATPearls
Publishing. https://www.ncbi.nlm.nih.gov/books/NBK470444/.
Accessed 17 September 2020

3. Ishikura K, Matsumoto S, Sako M, Tsuruga K, Nakanishi K,
Kamei K, et al. Clinical practice guideline for pediatric idiopathic
nephrotic syndrome 2013: medical therapy. Clin Exp Nephrol.
2015;19(1):6-33. https://doi.org/10.1007/s10157-014-1030-x.

4. Nephrotic Syndrome. American Kidney Fund. https://www.kidne
yfund.org/kidney-disease/other-kidney-conditions/rare-diseases/
nephrotic-syndrome/. Accessed 17 September 2020

5. lijima K, Sako M, Nozu K. Rituximab for nephrotic syndrome in
children. Clin Exp Nephrol. 2017;21(2):193-202. https://doi.org/
10.1007/s10157-016-1313-5.

6. Nishi S, Ubara Y, Utsunomiya Y, Okada K, Obata Y, Kai H, et al.
Evidence-based clinical practice guidelines for nephrotic syn-
drome 2014. Clin Exp Nephrol. 2016;20(3):342-70. https://doi.
org/10.1007/s10157-015-1216-x.

7. lijima K, Sako M, Kamei K, Nozu K. Rituximab in steroid-
sensitive nephrotic syndrome: lessons from clinical trials.
Pediatr Nephrol. 2018;33(9):1449-55. https://doi.org/10.1007/
s00467-017-3746-9.

8. Mekahli D, Liutkus A, Ranchin B, Yu A, Bessenay L, Girardin E,
et al. Long-term outcome of idiopathic steroid-resistant nephrotic
syndrome: a multicenter study. Pediatr Nephrol. 2009;24(8):1525—
32. https://doi.org/10.1007/s00467-009-1138-5.

9. Salles G, Barrett M, Foa R, Maurer J, O’Brien S, Valente N, et al.
Rituximab in B-cell hematologic malignancies: a review of 20
years of clinical experience. Adv Ther. 2017;34(10):2232-73.
https://doi.org/10.1007/s12325-017-0612-x.

10. Iijima K, Sako M, Nozu K, Mori R, Tuchida N, Kamei K, et al.
Rituximab for childhood-onset, complicated, frequently relapsing
nephrotic syndrome or steroid-dependent nephrotic syndrome: a
multicentre, double-blind, randomised, placebo-controlled trial.
Lancet. 2014;384(9950):1273-81. https://doi.org/10.1016/S0140-
6736(14)60541-9.

11. Pharmaceutical administration and regulations in Japan. Japan
Pharmaceutical Manufacturers Association. 2015. http://www.
jpma.or.jp/english/parj/pdf/2015.pdf. Accessed 17 September
2020

12. 2000 Infant Physical Development Survey Report. Ministry of
Health, Labor and Welfare Employment Equality and Child and
Family Affairs Bureau. 2001. https://www.mhlw.go.jp/houdou/
0110/h1024-4.html. Accessed 17 September 2020

13. 2000 School health statistics survey II: summary of survey results.
Ministry of Education, Culture, Sports, Science and Technology,
Japan. 2001. https://warp.ndl.go.jp/info:ndljp/pid/11293659/www.
mext.go.jp/b_menu/toukei/001/h12/002.htm. Accessed 17 Sep-
tember 2020

14. FujitaJ, Higa F. Diabetes mellitus and infectious disease [In Japa-
nese]. Nippon Naika Gakkai Zasshi. 2013;102(4):856-61. https://
doi.org/10.2169/naika.102.856.

15. Chan EY, Webb H, Yu E, Ghiggeri GM, Kemper MJ, Ma AL, et al.
Both the rituximab dose and maintenance immunosuppression in
steroid-dependent/frequently-relapsing nephrotic syndrome have
important effects on outcomes. Kidney Int. 2020;97(2):393-401.
https://doi.org/10.1016/j.kint.2019.09.033.

@ Springer


https://doi.org/10.1007/s10157-021-02035-6
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/nrneph.2012.115
https://www.ncbi.nlm.nih.gov/books/NBK470444/
https://doi.org/10.1007/s10157-014-1030-x
https://www.kidneyfund.org/kidney-disease/other-kidney-conditions/rare-diseases/nephrotic-syndrome/
https://www.kidneyfund.org/kidney-disease/other-kidney-conditions/rare-diseases/nephrotic-syndrome/
https://www.kidneyfund.org/kidney-disease/other-kidney-conditions/rare-diseases/nephrotic-syndrome/
https://doi.org/10.1007/s10157-016-1313-5
https://doi.org/10.1007/s10157-016-1313-5
https://doi.org/10.1007/s10157-015-1216-x
https://doi.org/10.1007/s10157-015-1216-x
https://doi.org/10.1007/s00467-017-3746-9
https://doi.org/10.1007/s00467-017-3746-9
https://doi.org/10.1007/s00467-009-1138-5
https://doi.org/10.1007/s12325-017-0612-x
https://doi.org/10.1016/S0140-6736(14)60541-9
https://doi.org/10.1016/S0140-6736(14)60541-9
http://www.jpma.or.jp/english/parj/pdf/2015.pdf
http://www.jpma.or.jp/english/parj/pdf/2015.pdf
https://www.mhlw.go.jp/houdou/0110/h1024-4.html
https://www.mhlw.go.jp/houdou/0110/h1024-4.html
https://warp.ndl.go.jp/info:ndljp/pid/11293659/www.mext.go.jp/b_menu/toukei/001/h12/002.htm
https://warp.ndl.go.jp/info:ndljp/pid/11293659/www.mext.go.jp/b_menu/toukei/001/h12/002.htm
https://doi.org/10.2169/naika.102.856
https://doi.org/10.2169/naika.102.856
https://doi.org/10.1016/j.kint.2019.09.033

864

Clinical and Experimental Nephrology (2021) 25:854-864

16. Katsuno T, Masuda T, Saito S, Kato N, Ishimoto T, Kato S, et al.
Therapeutic efficacy of rituximab for the management of adult-
onset steroid-dependent nephrotic syndrome: a retrospective
study. Clin Exp Nephrol. 2019;23(2):207-14. https://doi.org/10.
1007/310157-018-1630-y.

17. Sato M, Ito S, Ogura M, Kamei K. Impact of rituximab on height
and weight in children with refractory steroid-dependent nephrotic

@ Springer

syndrome. Pediatr Nephrol. 2014;29(8):1373-9. https://doi.org/
10.1007/s00467-014-2792-9.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s10157-018-1630-y
https://doi.org/10.1007/s10157-018-1630-y
https://doi.org/10.1007/s00467-014-2792-9
https://doi.org/10.1007/s00467-014-2792-9

	All-case Japanese post-marketing surveillance of the real-world safety and efficacy of rituximab treatment in patients with refractory nephrotic syndrome
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Clinical trial registration 

	Introduction
	Methods
	Patients
	Study design
	Primary endpoints
	Safety 
	Relapse-free period 

	Secondary endpoint
	Degree of growth 


	Statistical methods

	Results
	Patient population
	Primary outcomes
	Safety 
	Relapse-free period 

	Secondary outcome
	Degree of growth 



	Discussion
	Limitations
	Conclusions
	Acknowledgements 
	References




