
with steroid-dependent NS, as it decreases the num-
ber of relapses and steroid dosage. However, RTX is 
less effective at achieving remission in steroid-resistant 
NS. RTX use was generally safe, and most side effects 
were transient and infusion-related. More randomized, 
double-blinded clinical studies are needed to assess the 
role of RTX in children with nephrotic syndrome.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Nephrotic syndrome (NS) is the most com-
mon pediatric glomerular disease. Although outcomes 
are favorable, the treatment of complicated nephrotic 
syndrome can be challenging. Rituximab (RTX) offers 
a safe and effective alternative to current immunosup-
pressive therapies for complicated cases of NS. The 
best outcomes are seen in patients with steroid-depen-
dent NS who have failed to respond to multiple thera-
pies. However, the benefits of RTX therapy are limited 
in patients with steroid-resistant nephrotic syndrome. 
Successful RTX therapy induces prolonged remission 
and enables discontinuation of other medications with-
out increasing the risk of infection and other adverse 
events.
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INTRODUCTION
Nephrotic syndrome (NS) is the most common glomeru-
lar disease of  childhood. Although long-term outcomes 
are favorable, a significant proportion of  patients de-
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Abstract 
Nephrotic syndrome (NS) is the most common glomer-
ular disease of childhood. Steroid-dependent and ste-
roid-resistant nephrotic syndrome present challenges in 
their pharmaceutical management; patients may need 
several immunosuppressive medication for optimum 
control, each of which medication has its own safety 
profile. Rituximab (RTX) is a monoclonal antibody that 
targets B cells and has been used successfully for man-
agement of lymphoma and rheumatoid arthritis. Recent 
clinical studies showed that rituximab may be an ef-
ficacious and safe alternative for the treatment of com-
plicated nephrotic syndrome. In this review article, we 
aim to review the efficacy and safety of RTX therapy in 
nephrotic syndrome. We reviewed the literature per-
taining to this topic by searching for relevant studies 
on PubMed and Medline using specific keywords. The 
initial search yielded 452 articles. These articles were 
then examined to ensure their relevance to the topic of 
research. We focused on multicenter randomized con-
trolled trials with relatively large numbers of patients. 
A total of 29 articles were finally identified and will 
be summarized in this review. The majority of clinical 
studies of RTX in complicated pediatric NS showed that 
rituximab is effective in approximately 80% of patients 
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velops steroid-dependent disease or frequent relapses 
and is at high risk for prolonged steroid exposure. Such 
patients develop steroid toxicity, including hypertension 
and growth arrest[1]. Approximately 10%-20% of  patients 
with nephrotic syndrome do not respond to steroid 
therapy (steroid-resistant disease); such patients are at a 
significant risk of  developing end-stage renal failure[2]. 
Currently used second line agents for the long-term treat-
ment of  patients with complicated nephrotic syndrome, 
such as calcineurin inhibitors (CNI), mycophenolate 
mofetil (MMF), levamisole and others, suppress or con-
trol proteinuria. However, these immunosuppressive 
agents have their own adverse systemic effects, including 
nephrotoxicity with CNI; Gastrointestinal upset with 
MMF, and leukopenia with levamisole. No high-quality 
randomized controlled trials have performed head-to-
head comparisons to establish the superior efficacy or 
safety of  one immunosuppressive agent over its counter-
parts. None of  these agents “cure” the disorder, and their 
exact mechanism of  action in nephrotic syndrome is still 
largely unknown. Most patients experience a recurrence 
of  proteinuria or nephrotic syndrome after medications 
are discontinued. 

Rituximab (RTX) is a chimeric, monoclonal anti-
CD20 antibody that targets B lymphocytes and causes 
Fc-mediated cell lysis[3,4]. It has been increasingly used in 
recent years to treat various immunological and non-im-
munological diseases. Over the last 7 years, a number of  
groups have shown that the depletion of  CD20-positive 
B lymphocytes with the use of  the chimeric monoclonal 
antibody RTX can lead to long-lasting remission of  ne-
phrotic syndrome due to minimal change disease (MCD) 
or focal segmental glomerulosclerosis (FSGS)[5-8]. 

Many years ago, Shalhoub et al[9] proposed that T-cells 
are the main culprit in the pathogenesis of  nephrotic 
syndrome. However, past evidence has shown that CD23 
(a B-cell marker), is elevated during clinical relapse in 
steroid-dependent nephrotic syndrome[10]. It is well 
known that B-cells play multiple physiological roles in 
immune system function. These cells are the precursors 
of  antibody-producing cells (i.e., plasma cells). They also 
serve as antigen-presenting cells and are vital to cytokine 
production and secretion of  the co-stimulatory signals 
that are required for CD4 activation. 

Treatment with RTX does not appear to cure ne-
phrotic syndrome. Patients often relapse several months 
following treatment with RTX (Table 1).

This review article provides insight regarding the ef-
ficacy of  RTX in steroid-dependent nephrotic syndrome 
and examines adverse events related to the use of  RTX 
in patients with nephrotic syndrome.

For a better understanding of  this review, it is pru-
dent to clarify the definitions of  a few key terms prior to 
delving into more detail regarding the core topic. Steroid 
dependent-nephrotic syndrome (SDNS) has been defined 
according to the Arbeitsgemeinschaft für Pädiatrische 
Nephrologie standard definition as at least two relapses 
with alternate-day prednisone treatment (40 mg/m2) 
or within 14 d after stopping this treatment. Frequent 

relapsing nephrotic syndrome has been defined as 2 or 
more relapses within 6 mo and/or 4 or more relapses 
within 12 mo. Steroid-resistant nephrotic syndrome has 
been defined as a lack of  remission (urine albumin nil/
trace by dipstick for 3 consecutive days) despite therapy 
with prednisone at 2 mg/kg per day for 4 wk.

RESEARCH
We searched medical databases including PubMed and 
Medline to identify studies that addressed the efficacy 
and safety of  RTX in children. The search words were 
“Nephrotic syndrome”, “Steroid dependent”, “Steroid 
resistant”, “Children”, “Rituximab and adverse effect” 
and “RTX”. We included randomized clinical trials and 
case series. The full texts of  all potentially relevant ab-
stracts were retrieved for further review. 

STEROID DEPENDENT NEPHROTIC 
SYNDROME
The literature review showed that past evidence favors 
the use of  RTX as a promising agent for maintaining re-
mission in SDNS. RTX seems to be effective in terms of  
reducing relapses and reducing the required steroid dose.

In a recent multicenter, double-blind randomized 
controlled trial, Iijima et al[11] showed that RTX is effective 
and safe in children with SDNS and frequent relapsing 
nephrotic syndrome. A total of  48 patients were enrolled 
(24 received RTX, and 24 received placebo). Patients 
receiving RTX had a longer median relapse-free period 
compared to placebo (267 d vs 101 d; P value < 0.0008). 
Ten patients (42%) treated with RTX developed at least 
one serious adverse event, compared to 6 patients in the 
placebo group (25%); this difference was not statistically 
significant, with a P value of  > 0.36 (Table 1).

Guigonis et al[5] demonstrated the efficacy of  RTX in 
maintaining prolonged and effective remission in 22 chil-
dren with steroid- or cyclosporine-dependent nephrotic 
syndrome. One or more immunosuppressive treatments 
could be withdrawn in 19 of  these 22 patients (85%), 
with no relapse of  proteinuria and without increasing the 
doses of  other immunosuppressive drugs (Table 1).

Gulati et al[7] reported the efficacy and safety of  RTX 
in SDNS refractory to standard therapy in a 3-year long 
prospective cohort study that was conducted in tertiary 
care centers in India and the United States. After steroid-
induced remission, RTX was given at a mean dose of  
400 ± 20.7 mg/wk for 2 wk. After 12 mo, remission was 
sustained in 20 (83.3%) patients. The mean number of  
relapses before therapy decreased significantly (P = 0.001). 
At a mean follow-up of  16.8 ± 5.9 mo (range, 12 to 38 
mo), remission was sustained in 17 (71%) patients (Table 1).

Kemper et al[8], in a study of  RTX in 37 children 
with steroid-dependent disease, showed that 26 patients 
(70.6%) remained in remission after 12 mo of  treatment. 
In 29 children with prolonged follow up (for > 2 years), 
12 children maintained remission (41%). By giving addi-
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tional 2-4 courses to 19 patients, the number of  patients 
who maintained long-term remissions increased to 20 
(69%) (Table 1).

In a retrospective analysis, Tellier et al[12] assessed the 
long term outcome of  RTX therapy for SDNS in 18 
patients with a mean follow up of  3.2 yr. The children 
received one to four infusions of  RTX during the first 
course of  treatment, and subsequent infusions were given 
upon CD19 cell recovery (CD19 > 1%). A total of  22% 
of  patients maintained remission without relapse. Ravani 

et al[13] performed a study to assess whether RTX can 
be safely and repeatedly used as prednisone and CNI-
sparing therapy in children with dependent forms of  id-
iopathic nephrotic syndrome. Approximately 46 patients 
were enrolled in the study; all received one to five RTX 
infusions. The probability of  remission without the use 
of  immunosuppressants was 48% and 20% at 6 and 12 
mo, respectively, after RTX treatment (Table 1).

Sun et al[14] also showed that RTX was effective in 
maintaining remission in children with nephrotic syn-
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  Ref. Demographics Histologic findings No. of doses Outcome

  Gulati et al[7] SDNS
Age (mean): 12.7 ± 9.1 yr

33 SRNS
M: 17
F: 16

Age (mean):
11.7 ± 2.9 yr

M: 19
F: 5

SRNS
17 MCD (51%)
16 FSGS (49%)

SDNS
12 MCD (50%)

2 FSGS (8%)
2 Mesangial hypercelluarity (8%)

8 No biopsy (33%)

SDNS 2 doses
SRNS 4 doses

SDNS: 1 yr 20 remission; after 1 yr, 17 still in 
remission

SRNS at 9 mo: 9 CP, 7 PR, 17 NON
After 1 yr: 7 CR, 8 PR

  Kemper et al[8] 37 SDNS
M: 25
F: 12

Age (mean):
4.4 ± 3.1 yr

1-4 doses After 1 yr, 26 patients (70.3%) remained in 
remission

After 2 yr, 12 patients (41%) remained in remission

  Guignonis et al[5] 22 SDNS
Age: 6.3-22 yr

Immunosuppressive withdrawn in 19 patients with 
no relapse of proteinuria (85%)

  Iijima et al[11] 48 SRNS
RTX 24 (intervention)

Placebo 24 
(control)

4 infusions 
weekly for 4 

doses

  Tellier et al[12] 18 SDNS
M: 9
F: 9

Age (median): 
2.8 yr (1.6-7.4)

One to four 
infusions 

22% had remission without relapse and increased 
duration of remission 

  Kimata et al[17] 5 SDNS
Age (median):
6.3 yr (0.9-8.4)

Four doses 
every 3 mo

Number of relapses = 0 after the last dose of RTX

  Ravani et al[13] 46 PT SDNS
Age (mean): 9.9 ± 4.3 yr

M: 29
F:17

One to five Probability of remission after rituximab
At 6 mo: 48%
At 1 yr: 20%
At 2 yr: 10%

  Magnasco et al[20] SRNS 31
Median: 7.9 ± 4.1 yr

M: 19
F: 12

Control group: 15 
Intervention: 16

19 FSGS (61%)
7 MCD (23%)

5 no biopsy (16%)

No change in proteinuria

  Prytula et al[16] SDNS/FR 
28

Age (median): 4 yr (18 mo 
-17 yr)
M: 25
F: 3

SRNS
27

Age (median): 3 yr (18 
mo-11 yr)

M: 17
F: 10

SDNS
MCD 17
FSGS 5

Mesangial proliferation 2
IgM nephropathy 1

No biopsy 3
SRNS

11 MCD
11 FSGS

Mesangial proliferation 3
IgM nephropathy 1

No Biopsy 1

SDNS
CR: 17 (61%)
PR: 8 (28%

NR: 3 (11%)
SRNS

CR 6 (22%)
PR 12 (44%)
NR 9 (34%)

Table 1  Summary of published studies of rituximab in childhood nephrotic syndrome

CR: Complete remission; PR: Partial remission; NR: Nephrotic syndrome; NONE: No response; M: Male; F: Female; SDNS: Steroid-dependent nephrotic 
syndrome; SRNS: Steroid-resistant nephrotic syndrome; MCD: Minimal change disease; FSGS: Focal segmental glomerulosclerosis.
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was 0.00 (0.00-0.00) mg/kg per day after administration. 
All changes were statistically significant at P < 0.05.

Fujinaga et al[18] gave a single infusion of  RTX (375 
mg/m2) to 29 children with steroid/calcineurin inhibitor-
dependent nephrotic syndrome. After RTX, 16 patients 
received MMF, and 13 patients received cyclosporine 
(CsA) as maintenance therapy. Cyclosporine was superior 
to MMF in maintaining remission. Treatment failure oc-
curred more frequently in the MMF group (7/16) than in 
the CsA group (2/13). The rate of  sustained remission 
was also significantly higher in the CsA group than in the 
MMF group (P < 0.05).

The evidence described above shows that RTX is 
an effective agent in children with SDNS/frequently re-
lapsing disease, both in terms of  maintaining prolonged 
remission and decreasing steroid exposure. However, 
common drawbacks of  most such studies have been the 
small sample size and the lack of  patients with nephrotic 
syndrome who were receiving conventional treatments or 
placebo (i.e., control groups). This highlights the need for 
more robust randomized controlled studies to assess the 
efficacy, safety and optimal dosing patterns of  RTX. 

STEROID-RESISTANT NEPHROTIC 
SYNDROME
The treatment of  steroid resistant nephrotic syndrome is 
a challenge for clinicians. The disease has genetic causes 
in one-quarter to one-third of  such patients[19]; patients 
with genetic aberrations do not benefit from immuno-
suppressive treatment.

In a randomized controlled study conducted between 
2007-2010, Magnasco et al[20] evaluated RTX in 31 chil-
dren with SRNS and a median age of  8 years (2-16 years). 
All patients were negative for the nephrotic syndrome 2 
(NPHS2) and WT-1 mutations. Renal biopsy revealed that 
focal segmental glomerulosclerosis was the most com-
mon histological diagnosis in 19 patients (61%), followed 
by minimal change disease in 7 patients (23%). Patients 
were divided into 2 groups; the control group included 
15 patients who continued conventional immunosuppres-
sive treatment with prednisone and cyclosporine, and the 
interventional group included 16 patients who continued 
treatment with prednisone and cyclosporine, as well as re-
ceiving 2 doses of  RTX. RTX did not reduce proteinuria 
at 3 mo, and the results of  the study did not support the 
addition of  RTX to prednisone and calcineurin inhibitors 
in children with SRNS (Figure 1). Histological diagnosis 
did not affect outcomes or response to RTX treatment 
(Table 1).

Gulati et al[7] assessed the efficacy of  RTX in 33 pe-
diatric patients with SRNS (24 with initial resistance and 
9 with late resistance). Treatment consisted of  4 weekly 
doses of  RTX (375 mg/m2 each). All patients but five 
were screened for NPHS1 and NPHS2. Nine patients 
(27.2%) achieved complete remission, 7 patients (21.2%) 
achieved partial remission, and 17 patients (51.5%) had 
no response. The median time to response was 32 days 

drome. RTX treatment led to a statistically significant 
reduction in steroid dosage (P = 0.014); the number of  
recurrences was also significantly reduced (P < 0.001) 
with RTX therapy (Table 1).

A Scottish study involving seven children[15] with ste-
roid-dependent disease showed that two doses of  RTX 
(750 mg/m2) given 2 wk apart were effective in maintain-
ing remission in six children (Table 1).

Prytula et al[16], in a multicenter questionnaire study, 
demonstrated that RTX therapy could elicit a response 
rate of  82 % in SDNS.

It is important to note that different studies have pro-
posed differing numbers of  initial RTX infusions. Hence, 
based on past evidence, it is difficult to comment on the 
optimum number of  RTX infusions. Kemper et al[8] noted 
that 3-4 initial infusions of  RTX were not associated with 
better or prolonged remission rates, compared to 1-2 ini-
tial RTX infusions.

The optimal RTX treatment strategy is also unclear. 
In a few past studies, RTX was given prophylactically 
upon B-cell recovery; in other studies, RTX therapy was 
begun only in cases of  relapse. Tellier et al[12] showed that 
the time between two relapses was significantly shorter in 
patients who were retreated upon B-cell recovery com-
pared to those who were not re-treated. This indicates 
that pre-emptive treatment at the time of  B-cell recovery 
may help to maintain prolonged remission.

The use of  RTX at regular intervals is another thera-
peutic approach. Kimata et al[17] demonstrated that RTX 
infusion at 3-mo intervals for a total of  four doses is an 
effective strategy in maintaining remission and steroid-
free periods. In this study, the annual number of  relapses 
before administration was 1.4 (1.1-3.5) times/year. After 
administration, the number of  relapses had decreased to 
0.0 (0.0-0.0) times/year. Median steroid dosage before 
administration was 0.80 (0.23-0.96) mg/kg per day but 
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31 patients with SRNS

16 patients 
receive 2 RTX doses

(intervention)

15 patients 
continue Pred;
CSA (control)

After 3 mo 
No difference in reduction of

proteinuria P  value 0.77

Figure 1  Rituximab vs conventional treatment in steroid resistant nephrit-
ic syndrome. SRNS: Steroid resistant nephritic syndrome; Pred: Prednisone; 
CSA: Cyclosporine A; RTX: Rituximab. From ref.[20].
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(range, 8 to 60 d) after the last dose of  RTX. At the 6-mo 
follow up, all 16 patients remained in remission (complete 
or partial). The remission rate was higher in patients with 
minimal change disease (64.7%) than in those with FSGS 
(31.2%; P = 0.08) (Table 1).

Prytula et al[16] conducted a multicenter, questionnaire-
based study to assess the initial response to RTX in 
children with SRNS and determined the initial response 
to be 44 %. However, a randomized study conducted by 
Magnasco et al[20] showed no benefit from RTX therapy. 

In an assessment of  five children with SRNS, Bagga 
et al[21] showed that 4 RTX doses of  375 mg/m2 were ef-
fective in achieving complete remission in four patients, 
while one patient achieved partial response. The mean 
ratio of  urinary protein to creatinine was 8.3 at baseline 
and 0.8 at follow-up (P = 0.02, by analysis of  variance), 
and the mean serum albumin level rose from 1.4 to 3.4 g 
per deciliter (P < 0.01).

It can be inferred from the findings of  the studies 
included here that RTX therapy is less efficacious in the 
treatment of  SRNS than in the steroid-dependent/fre-
quently relapsing form of  the disease. Cravedi et al[22] 
attributed the low serum level of  RTX in patients with 
SRNS to urinary loss of  RTX in these patients during the 
nephrotic state of  the disease (not during remission). In 
addition, mutations in genes that encode an essential pro-
tein in the slit diaphragm of  the glomerular filter play an 
important etiological role in patients with SRNS.

SAFETY
RTX has been used over the last few years for the treat-
ment of  complicated cases of  pediatric nephrotic syn-
drome and has shown promising clinical efficacy.

However, questions regarding its safety and long-term 
effects in this particular group of  patients have remained 
unanswered. A few previous uncontrolled studies have 
shown that RTX was well tolerated in pediatric patients 
with the steroid-dependent and resistant forms of  ne-
phrotic syndrome. Most adverse events were mild infu-
sion-related reactions and resolved either spontaneously 
or with intramuscular epinephrine. Very few patients 
developed severe anaphylactic reactions, hypotension or 
cardiac arrhythmia[5]. The pathogenesis of  such reactions 
is still unclear but may be related to cytokine release from 
the destroyed B cells.

Gulati et al[7] treated 33 pediatric patients with RTX 
(24 with SDNS, 9 with SRNS); only 4 patients (12%) 
developed infusion reactions (3 had chills and 1 had my-
algia). 

Another study of  30 patients from France[6] showed 
that 14 patients (47%) developed infusion-related reac-
tions that were mild and did not require RTX discontinu-
ation. Kemper et al[8] treated 37 patients with RTX, and 
only 2 patients developed itching at the first infusion. 
It is difficult to comment on the reasons for the differ-
ences in the number of  adverse reactions noted among 
different studies. Bitzan et al[23] reported a patient with an 

RTX-related lung injury that resolved without any serious 
sequelae. There are more than 30 published reports (with 
62 cases) of  delayed pulmonary toxicities after RTX treat-
ment. These have mostly been reported in adult patients 
with hematologic malignancies. RTX-related pulmonary 
toxicities can be serious and carry a significant mortality 
rate. Delayed pulmonary toxicities have not been reported 
in other clinical studies of  pediatric nephrotic syndrome 
patients treated with RTX. However, Kamei et al[24] re-
ported mild acute respiratory events during RTX infusion 
in 10/28 patients (36%). Sellier-Leclerc et al[6] reported 
adverse reactions in two nephrotic syndrome patients 
receiving RTX. Of  these, one developed transient severe 
neutropenia, and the other developed transient thrombo-
cytopenia. In general, hematological adverse events were 
uncommon and had no serious clinical effects. Serious 
infections were rare. Guigonis et al[5] reported that in a 
multicenter study of  RTX in 22 patients, one patient de-
veloped Pneumocystis carinii pneumonia (PCP) despite 
PCP prophylaxis. This patient was also receiving tacroli-
mus and corticosteroids at the time of  PCP infection. 

In a multicenter questionnaire-based study, Prytula et 
al[16] showed that 3/70 patients receiving RTX developed 
serious infections; one patient had agranulocytosis with 
sepsis, and two patients had pneumonia.

Kari et al[25] studied 4 patients receiving RTX for 
SRNS and reported that one patient developed clinical 
peritonitis. Of  interest, a few patients developed fever 
of  unknown origin after RTX without a clear microbial 
cause[5].

Data regarding the safety of  RTX are not limited to 
pediatric patients with nephrotic syndrome. Several other 
research reports have also delved into the safety aspects 
of  RTX therapy in adults. For example, RTX was well 
tolerated and generally found safe among patients with 
non-Hodgkin’s lymphoma, and very few patients expe-
rienced serious adverse events. Data from the German 
national registry[26] revealed that out of  370 adult patients 
who received RTX for various immunological diseases, 
the overall rate of  serious infections was 5.3 per 100 pa-
tient-years during RTX therapy. Opportunistic infections 
were infrequent across the whole study population and 
mostly occurred in patients with systemic lupus erythe-
matosus. There were 11 deaths (3.0% of  patients) after 
RTX treatment. Sellier-Leclerc et al[27] reported a case of  
fulminant myocarditis after 4 mo of  RTX infusion in a 
child with nephrotic syndrome who survived after receiv-
ing a heart transplant. 

Progressive multifocal leukoencephalopathy is a seri-
ous demyelinating disease of  the central nervous system 
arising from reactivation of  the John Cunningham virus. 
It has been reported in various immunologic diseases[28] 
and with the use of  various biological agents, including 
RTX. This is has not been reported in pediatric patients 
with nephrotic syndrome who were treated with RTX.

RTX has shown a reasonable safety profile in other 
pediatric autoimmune diseases. A systemic analysis of  the 
use of  RTX in children with idiopathic thrombocytope-
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nic purpura[29] showed that in 11 studies (190 patients), a 
total of  78 (41.1%) patients experienced adverse events. 

CONCLUSION
This review allows us to conclude that RTX appears to be 
an effective therapy that maintains remission in children 
with SDNS who failed to respond to other medications. 
The role of  rituximab in children with SRNS needs to be 
evaluated further, as there are conflicting results regarding 
its efficacy in this group of  patients. More randomized 
controlled studies are before recommending rituximab as 
a rescue therapy in children with SRNS. RTX seems to be 
safe in children with nephrotic syndrome, and the main 
adverse events are related to infusion reactions. However, 
close monitoring for long-term side effects is recom-
mended.
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