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Abstract

Patients with steroid-resistant nephrotic syndrome (SRNS) who develop resistance to immunosuppressive agents, defined as
refractory SRNS, have poor renal outcomes. Although the chimeric anti-CD20 monoclonal antibody rituximab has shown
efficacy for frequently relapsing nephrotic syndrome and steroid-dependent nephrotic syndrome, its efficacy for refractory
SRNS remains uncertain due to limited data. According to previous case reports, 50.4% of patients with refractory SRNS showed
clinical improvements after rituximab treatment. Remission rates in patients with initial steroid resistance and late steroid
resistance were 43.9 and 57.7%, respectively, and 41.5 and 63.6% in patients with focal segmental glomerulosclerosis and minor
glomerular abnormalities, respectively. However, various factors (race, disease severity, number of rituximab doses, concomitant
treatments, and observation period) differed among these observational studies and their consensus may also have been affected
by potential publication bias. Rituximab monotherapy may have some degree of efficacy and lead to satisfactory outcomes in a
subset of patients with refractory SRNS. However, administration of concomitant treatments during rituximab-mediated B cell
depletion, such as methylprednisolone pulse therapy, daily oral prednisolone therapy, and immunosuppressive agents, may lead
to better outcomes in these patients. Large-scale, multi-center prospective studies are needed to evaluate the efficacy and safety of
such regimens.

Keywords Rituximab - Refractory steroid-resistant nephrotic syndrome - Cyclosporine (CsA) - Focal segmental
glomerulosclerosis (FSGS) - Methylprednisolone pulse therapy (MPT) - Genetic analysis

Introduction

Idiopathic nephrotic syndrome is the most common glomeru-
lar disease in children and is characterized by hypoalbumin-
emia and edema caused by heavy proteinuria. A recent nation-
wide analysis in Japan revealed an incidence rate of 6.5 cases
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per 100,000 children per year, with half of cases diagnosed in
children younger than 5 years of age [1]. Idiopathic nephrotic
syndrome occurs less frequently in Caucasian populations
(two cases per 100,000 children per year). Almost 10% of
cases develop steroid-resistant nephrotic syndrome (SRNS).
Renal prognoses for children with SRNS are poor, and 10-
year renal survival was reported at approximately 60% [2,
3]. Renal outcomes in patients who develop resistance to both
steroids and immunosuppressive agents, defined as refractory
SRNS, are especially poor. A cohort study of 1354 SRNS
patients enrolled in the PodoNet Registry in Europe showed
that 10-year end-stage renal disease (ESRD)-free survival
rates were 94%, 72%, and 43% in children with complete
remission, partial remission, and no remission, respectively
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[3]. Thus, achieving remission is crucial for optimal long-term
renal prognosis.

The standard induction therapy for children with SRNS is a
calcineurin inhibitor or combination treatment with calcine-
urin inhibitor and methyl prednisone pulse therapy (MPT)
[4]. Several case series have reported the efficacy of MPT,
renin-angiotensin system inhibitors, plasma exchange, and
low-density lipoprotein in reducing proteinuria in children
with SRNS, although few randomized controlled trials
(RCTs) have been conducted [5—12]. Hamasaki et al. reported
high remission rates in patients with minor glomerular abnor-
malities (MGAs) treated with a regimen of cyclosporine
(CsA) and oral prednisolone (82.1%) and in patients with
focal segmental glomerulosclerosis (FSGS) treated with a
CsA, MPT, and oral prednisolone regimen (85.7%). A
Cochrane review [4], the Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines [13], and the 2013 Japanese
guideline for pediatric idiopathic nephrotic syndrome [14] all
designated calcineurin inhibitors as the first-line induction
therapy for patients with SRNS. However, 20-30% of chil-
dren with SRNS fail to achieve remission after first-line ther-
apies, a condition defined as refractory SRNS. Standard treat-
ment regimens for patients with refractory SRNS have not yet
been established.

Rituximab is a chimeric anti-CD20 monoclonal antibody
which depletes B-cells. Its ability to prevent or delay relapse in
patients with frequently relapsing nephrotic syndrome or
steroid-dependent nephrotic syndrome (FRNS/SDNS) has
been demonstrated in several case series and RCTs [15, 16].
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 a multicenter, double-blind,
placebo-controlled RCT [15, 16]. However, the efficacy of
rituximab therapy for refractory SRNS remains uncertain
and is based on limited reports, most of them observational
studies. The aim of rituximab administration differs by clinical
condition: the goal is to prevent relapse in patients with
FRNS/SDNS and to induce remission in patients with refrac-
tory SRNS. In this review, we highlight recent studies of ri-
tuximab treatment for refractory SRNS in children, attempt to
retrospectively assess its efficacy, and discuss future
perspectives.

Case studies and case series of rituximab
therapy for refractory SRNS

Supplementary Tables 1 and 2 show case reports [17-29] and
case series [30-38] of rituximab therapy for children with
refractory SRNS. Bagga et al. described excellent outcomes
in five children (aged 2.8—16.0 years) receiving rituximab as a
single weekly infusion of 375 mg/m? for 4 weeks (four com-
plete remissions and one partial remission) [30]. This was the
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first report of rituximab as induction therapy in pediatric or
adult patients with refractory SRNS. Subsequently, reports of
positive outcomes following rituximab therapy for refractory
SRNS continued to be published [17-20].

However, negative outcomes have also been reported fol-
lowing rituximab therapy, such as a case report showing no
response to rituximab in refractory SRNS [21, 27, 31, 36].
Gulati et al. treated 33 patients with refractory SRNS (includ-
ing three adult cases) with four doses of rituximab [31]. Nine
patients (27.2%) achieved complete remission, 7 patients
(21.2%) achieved partial remission, and 17 patients (51.5%)
showed no response following rituximab therapy. The same
group also published a similar result in 2015 [36]. Since the
consensus of these case reports and case series was that the
efficacy of rituximab for refractory SRNS, per se, might be
unsatisfactory, concomitant treatments following rituximab
administration have been considered.

‘We published a case series describing 10 patients with re-
fractory SRNS treated with a combination of rituximab, MPT,
and immunosuppressive agents [35]. Seven patients (70%)
achieved complete remission, one patient (10%) achieved par-
tial remission, and two patients (20%) showed no response.
The two patients showing no response to treatment progressed
to ESRD. Nakagawa et al. also reported excellent results using
a similar protocol [28]. By contrast, Fujinaga and colleagues
and Hirano et al. described three cases with refractory SRNS
who achieved complete remission after receiving oral daily
prednisolone therapy following rituximab therapy [24, 26,
29]. Basu et al. showed that administration of mycophenolate
mofetil following rituximab treatment resulted in higher re-
mission rates [37]. Rituximab therapy with additional subse-
quent treatments, such as MPT, oral daily prednisolone thera-
Py, and immunosuppressive agents, might be more effective in
patients with refractory SRNS than rituximab alone. However,
one must be aware of potential publication bias among these
observational reports. The efficacy and safety of such regi-
mens should be investigated using large prospective studies.

RCTs examining rituximab therapy
for refractory SRNS

The only RCT examining rituximab therapy for children with
refractory SRNS was published by Magnasco et al. in 2012
(Supplementary Table 3) [39]. Thirty-one children with refrac-
tory SRNS were randomized into either the rituximab group
(n=16) or the placebo group (n = 15). All patients were neg-
ative for NPHS2 and WT'! mutations. Age, serum albumin
levels, daily urinary protein excretion, and renal biopsy results
were comparable between both groups. Patients randomized
to the rituximab group received two doses of rituximab. After
3 months of treatment, three patients in both groups achieved
complete remission. Although proteinuria decreased in
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patients with delayed resistance, rituximab did not reduce pro-
teinuria in early-resistant patients. This study concluded that
addition of rituximab to standard regimens did not improve
clinical outcomes for children with refractory SRNS.
However, the observation period of this study was only
3 months, which may be too short to evaluate the efficacy of
treatments for refractory SRNS. Moreover, the impact of ad-
ditional treatments such as MPT following rituximab therapy
was not examined in this study. These factors might have
served to dilute the effects of rituximab therapy in this study.

Response to rituximab therapy for refractory
SRNS according to type of steroid resistance
and renal pathology

Table 1 shows remission rates following rituximab therapy in
patients with refractory SRNS. One must be aware of possible
publication bias, as positive results are more likely to be more
reported than negative results, especially in case reports.
Among case series, remission rates varied from 18.8 to
80.0%. However, race, disease severity, number of rituximab
doses, concomitant treatments after rituximab, and observa-
tional period differed among these studies.

Table 2 shows responses to rituximab therapy stratified by
type of steroid resistance. In the studies by Gulati et al. [31],
Sinha et al. [36], Basu et al. [37], and Magnasco et al. [39],
patients with late steroid resistance showed higher remission
rates, although other reports did not confirm this finding. The
overall remission rates of patients with initial steroid

resistance and late steroid resistance were 43.9 and 57.7%,
respectively; the difference between these figures was not sta-
tistically significant. Although patients with congenital ne-
phrotic syndrome were excluded in these studies, it is possible
that some patients with initial steroid resistance might have
carried genetic mutations leading to nephrotic syndrome, as
the number of established susceptibility genes for nephrotic
syndrome has been increasing.

Table 3 shows responses to rituximab therapy according to
renal biopsy findings. In the studies by Gulati etal. [31], Sinha
et al. [36], Basu et al. [37], patients with FSGS showed lower
remission rates than those with MGAs. The overall remission
rates were 41.5% for patients with FSGS and 63.6% for those
with MGAs; this difference was statistically significant (p =
0.003). However, as pathological findings sometimes change
in a single patient, there is a possibility that MGA and FSGS
represent pathologically identical clinical entities. For exam-
ple, if a patient fails to achieve remission and continues to
experience proteinuria, renal biopsy finding sometimes
change from MGAs to FSGS. Considering these phenomena,
pathological findings in SRNS may simply result from persis-
tent proteinuria.

Rituximab therapy for recurrence of nephrotic
syndrome after kidney transplantation

Patients with SRNS who progress to ESRD are at high risk of
recurrence of nephrotic syndrome after kidney transplantation.
Approximately 30% of these patients develop recurrence after

Table 1 Response to rituximab

therapy for refractory steroid- Author (publication year) Number of patients ~ Patients of remission”  Patients of CR ~ Patients of PR

resistant nephrotic syndrome in

children Case reports® [17-29] 13 10 (76.9%) 10 (76.9%) 0 (0.0%)
Bagga et al. (2007) [30] 33 16 (48.5%) 9 (27.3%) 7 (21.2%)
Gulati et al. (2010) [31]
Prytula et al. (2010) [32] 27 18 (66.7%) 6 (22.2%) 12 (44.4%)
Kari et al. (2011) [33] 4 1 (25.0%) 1 (25.0%) 0 (0.0%)
Ito et al. (2013) [34] 19 12 (63.2%) 6 (31.6%) 6 (31.6%)
Kamei et al. (2014) [35] 10 8 (80.0%) 7 (70.0%) 10 (10.0%)
Sinha et al. (2015) [36] 58 17 (29.3%) 7 (12.1%) 10 (17.2%)
Basu et al. (2015) [37] 24 16 (66.7%) 5 (20.8%) 11 (45.8%)
Hoseini et al. (2018) [38] 30 17 (56.7%) 14 (46.7%) 3 (10.0%)
Magnasco et al. (2012) [39] 16 3 (18.8%) NA NA
Total 234 118 (50.4%) 65 (29.8%)° 50 (22.9%)°

CR complete remission, PR partial remission, NA not available

#Remission includes CR and PR

® One case (11-year-old girl) of ref. [17] and ref. [23] are included in ref. [35]. Case of ref. [22] is difficult to judge
the treatment response as she died due to pulmonary fibrosis. So, we excluded these three patients from the

analysis

¢ The total rates of patients with CR and PR were calculated in 218 patients excluding ref. [39]
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Table 2

Response to rituximab therapy stratified by the type of steroid resistance

Author (publication year) Initial steroid-resistance

Late steroid-resistance

Number of patients

Patients of remission’

a

Number of patients Patients of remission®

Case reports® [17-29] 5 5(100.0%) 6 5(83.3%)
Bagga et al. (2007) [30] 24 11 (45.8%) 9 5 (55.6%)
Gulati et al. (2010) [31]
Tto et al. (2013) [34] 8 5 (62.5%) 11 7 (63.6%)
Kamei et al. (2014) [35] 8 7 (87.5%) 2 1 (50.0%)
Sinha ct al. (2015) [36] 32 7(21.9%) 26 10 (38.5%)
Basu et al. (2015) [37] 14 8 (57.1%) 10 8 (80.0%)
Hoseini et al. (2018) [38] 23 11 (47.8%) 7 6 (47.8%)
Magnasco et al. (2012) [39] 9 0 (0.0%) 7 3 (42.9%)
Total 123 54 (43.9%)° 78 45 (57.7%)°

*Remission includes complete remission and partial remission
® One case (11-year-old girl) of ref. [17] and ref. [23] are included in ref. [35]. Case of ref. [22] is difficult to judge the treatment response. So, we

excluded these three patients from the analysis
€p=0.06 (Fisher’s exact test)

the first allograft. Young age (< 15 years) at onset of nephrotic
syndrome, rapid progression to ESRD (< 3 years), late steroid-
resistance, MGA (rather than FSGS), live donor allograft, and
non-genetic forms of nephrotic syndrome were reported as
risk factors for recurrence [40—42]. Patients with relapsed ne-
phrotic syndrome after kidney transplantation are at increased
risk of allograft failure. Moreover, after the loss of the allo-
graft, the risk of recurrence of nephrotic syndrome following
subsequent kidney transplantation was reported at 80—-100%
[43]. Traditionally, plasma exchange and high-dose cyclo-
sporine were administered for the treatment of this disease.

Nozu et al. reported a case of a 12-year-old boy who suf-
fered from recurrence of nephrotic syndrome and
posttransplant lymphoproliferative disorder (PTLD). The pa-
tient was treated with rituximab (four doses, once weekly)
resulting in the improvement of proteinuria and PTLD [44].
This case study was the first description of rituximab treat-
ment in a patient with recurrence of nephrotic syndrome after
kidney transplantation. Subsequently, several case series de-
scribing rituximab treatment for this condition were reported
[32, 45, 46]. Combined therapy with plasma exchange and
rituximab resulted in complete or partial remission in 60%

Table 3  Response to rituximab therapy stratified by the results of renal biopsy
Author (publication year) MGA FSGS MesP
Number of Patients of Number of Patients of Number of Patients of
patients remission® patients remission® patients remission®
Case reports® [17-29] 4 3 (75.0%) 5(71.4%) 1 1 (100.0%)
Bagga et al. (2007) [30] 17 11 (64.7%) 16 5(31.3%)
Gulati et al. (2010) [31]
Prytula et al. (2010) [32] 11 4 (36.4%) 11 6 (54.5%) 3 0 (0.0%)
Kari et al. (2011) [33] 1 1 (100.0%) 2 0 (0.0%)
Tto et al. (2013) [34] 8 6 (75.0%) 1 6 (54.5%)
Kamei et al. (2014) [35] 2 2 (100.0%) 7 5(71.4%) 1 1 (100.0%)
Sinha et al. (2015) [36] 17 9 (52.9%) 41 8 (19.5%)
Basu et al. (2015) [37] 13 11 (84.6%) 11 5 (45.5%)
Hoseini et al. (2018) [38] 4 2 (50.0%) 24 14 (58.3%)
Total 77 49 (63.6%)° 130 54 (41.5%)° 5 2 (40.0%)

MGA minor glomerular abnormalities, FSGS focal segmental glomerulosclerosis, MesP mesangial proliferation

#Remission includes complete remission and partial remission

® One case (11-year-old girl) of ref. [17] and ref. [23] are included in ref. [35]. So, we excluded these two patients from the analysis

€p=0.003 (Fisher’s exact test)
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of patients enrolled in the IPNA multicenter study [45] and
64.1% according to a meta-analysis of 18 reports comprising
39 patients in total [46]. However, it is difficult to evaluate the
efficacy of rituximab treatment per se in patients with recur-
rence of nephrotic syndrome following kidney transplantation
because other treatments, such as plasma exchange, were also
administered to most patients.

Adverse events due to rituximab therapy

The most well-known adverse events (AEs) resulting from
rituximab therapy are infusion reactions (IRs) and are typical-
ly observed within 24 h of treatment. The mechanism under-
lying IRs to rituximab is not fully understood, although the
release of cytokines or chemokines due to B cell apoptosis is
the most likely cause. Although IRs were reported in about
80% of non-Hodgkin lymphoma patients treated with rituxi-
mab, the frequency of IRs was lower (165 of 309 infusions,
53.4%) and their severity was milder in patients with nephrot-
ic syndrome in our center [47]. Sixty-eight percent of AEs
following rituximab therapy were classified as grade 1 and
the remainder were classified as grade 2. Only 18% of AEs
required medical intervention and no severe AEs were ob-
served. Respiratory symptoms were the most common AE
(66% of all events), 95% of which were observed within 3 h
of initiation of rituximab infusion. B cell counts in patients
with IRs were significantly higher than in patients without
IRs. Patients who experienced IRs during their first rituximab
treatment were more likely to experience recurrent IRs with
subsequent treatments (odds ratio 3.64; p < 0.001).
Late-onset AEs to rituximab therapy can be problematic in
some patients. Agranulocytosis has been reported as a late-
onset complication of rituximab therapy. In our center, agran-
ulocytosis occurred in 9.6% of all patients and was associated
with 5.2% of all rituximab infusions [48]. The median time of
onset of agranulocytosis was 66 days (range: 54-161 days)
following rituximab therapy. Most patients experienced acute
infections and received antibiotics. The median age of patients
who developed agranulocytosis following rituximab therapy
was 6.4 years at the time of treatment, and significantly youn-
ger than the median age of patients who did not develop
agranulocytosis (median 12.5 years; p = 0.0009). It is impor-
tant for patients to recognize this complication and to visit an
emergency clinic as soon as possible upon developing fever.
Fatal pulmonary fibrosis in patients with refractory SRNS
and pleural effusion after rituximab therapy has been reported
[22]. Patients with cardiovascular or respiratory complications
are categorized as at high risk of severe AEs after rituximab
infusion. We recommend that patients be examined by routine
chest radiograph and electrocardiography prior to rituximab
therapy. The indication for rituximab treatment should be thor-
oughly discussed if patients with refractory SRNS are

suffering from severe pleural effusion or their general condi-
tion has deteriorated due to severe edema [49].

Pneumocystis pneumonia [50], immune-mediated ulcera-
tive colitis [51], and fulminant myocarditis [52] have been
reported during rituximab-mediated B cell depletion in pa-
tients with nephrotic syndrome. Patients with persistent
hypogammaglobulinemia have also been reported [53].
Progressive multifocal leukoencephalopathy due to JC virus
[54] and reactivation of hepatitis B virus [55] were also re-
ported following rituximab treatment, although not in patients
with nephrotic syndrome. It is important that the possibility of
rare but severe AEs following rituximab therapy be explained
to patients and their caregivers. Decreased efficiency of vac-
cination during rituximab-mediated B cell depletion can also
be a problem for children.

Future perspectives

In two recent large studies, 20-30% of pediatric SRNS cases
were classified as genetic nephrotic syndrome [56, 57]. More
than 50 disease-associated genes have been described, and
more might be identified in the near future. In patients with
genetic SRNS, the response rate to immunosuppressive agents
is lower than in patients with non-genetic SRNS [56]. Buscher
et al. reported a remission rate of 19% in patients with con-
genital SRNS compared with 78% in patients with non-
genetic SRNS [58]. Thus, because genetic markers are useful
for predicting responses to immunosuppressive agents, genet-
ic analysis of patients with refractory SRNS should be con-
ducted prior to administration of rituximab. If a patient is
positive for a disease-associated gene, immunosuppressive
treatments should be discontinued. Moreover, in patients with
certain disease-associated genes (CDK20, DLCI, EMP2,
ITSN1, ITSN2, KANK?2, MAGI2, PLCE1, and TNS2), steroid
and immunosuppressive agents have been reported to be ef-
fective [59—63]. The efficacy of rituximab therapy in patients
with these mutations requires further evaluation.

To date, most reports of rituximab therapy for patients with
refractory SRNS have been retrospective observational stud-
ies, excepting one RCT [39]. Thus, one must be aware of
publication bias when considering these data. Rituximab treat-
ment protocols, concomitant and subsequent treatments, and
observation period differed among these studies. It remains
possible that patients with genetic nephrotic syndrome were
not completely excluded from these studies, as the number of
known responsible genes for genetic nephrotic syndrome is
increasing. All of these factors make evaluating the precise
efficacy of rituximab treatment in patients with refractory
SRNS from previous reports extremely challenging.

However, synthesizing the results of previous reports, the
efficacy of rituximab treatment per se for patients with refrac-
tory SRNS appears to be limited. Patients with refractory
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SRNS, including patients who do not respond to CsA and
MPT, should be treated not only with rituximab but also with
concomitant treatments during B cell depletion, such as MPT,
oral daily prednisolone therapy, and immunosuppressive
agents. Further studies are needed to evaluate the efficacy
and safety of rituximab for children with refractory SRNS.
A large-scale, multicenter prospective study including a
long-term observational period is needed to clarify these
issues.
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