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Introduction

Abstract

Background and Aim: Rituximab is a novel therapy that can help patients with
steroid-dependent or resistant nephrotic syndrome. The aim of this study was to
evaluate the efficacy of rituximab in children with corticosteroid-dependent and
resistant nephrotic syndrome and to determine the factors associated with its
efficacy.

Methods: In this study, 40 children with corticosteroid-dependent or resistant
nephrotic syndrome who were treated with rituximab in Dr. Sheikh Hospital,
Mashhad, between 2014 and 2018 were enrolled. Patients with a history of
hematuria, severe urinary tract infection, or secondary nephrotic syndrome were
excluded.

Results: The mean age of patients was 11.9 + 5.04 years, and 55% were female. The
most common underlying pathology of nephrotic syndrome was focal segmental
glomerulonephritis (FSGS) (42.5%) followed by membranoproliferative
glomerulonephritis (MPGN) and minimal change disease (MCD). Most of the
participants (62.5%) were steroid-dependent and the rest (27.5%) were steroid
resistant. Only 10% of the patients showed complications following rituximab
administration and 57.5% went into complete remission. A negative family history
and steroid-dependent nephrotic syndrome were significantly associated with a
better treatment response. Moreover, patients with steroid-resistant nephrotic
syndrome were more likely to have a positive family history, while factors associated
with steroid response included underlying pathology, gender, and family history.
Conclusion: Rituximab can cause remission in more than half of the patients with
steroid-resistant or dependent nephrotic syndrome. Moreover, the only factors that
reduce response to rituximab are a history of corticosteroid resistance and a positive
family history of nephrotic syndrome.
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glomerulonephritis (FSGS), and systemic lupus

Idiopathic nephrotic syndrome is the most prevalent
chronic glomerular disease among children
affecting 2 in 100,000 children in western countries
annually (1). The most common underlying causes
of nephrotic syndrome in children include minimal
change disease (MCD), membranoproliferative
glomerulonephritis (MPGN), focal segmental

erythematous (SLE). About 80% of the patients
with nephrotic syndrome respond well to steroids
(Steroid Sensitive Nephrotic Syndrome (SSNS)).
However, another form of nephrotic syndrome is
steroid-dependent nephrotic syndrome (SDNS)
defined as two consecutive relapses during tapering
of steroids or within 14 days after the end of steroid
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treatment. Nonetheless, 10-20 % of the patients with
nephrotic syndrome have steroid-resistant nephrotic
syndrome (SRNS) characterized by persistent
proteinuria after a period of 4 to 8 weeks of
treatment with oral prednisone (2).

The standard treatment for patients with SRNS and
SDNS is immunosuppressive agents such as
cyclosporine and tacrolimus (3). These treatments
are effective in the majority of the patients.
However, some patients go through a complicated
clinical stage. About 10 to 20% of the children who
have SDNS and 30% of the children with SRNS that
receive cyclosporine experience several relapses (4-
6). In spite of lack of efficiency in some patients,
cyclosporine may cause side effects, especially
chronic nephrotoxicity (7), which suggests that
cyclosporine should not be used for long durations.
However, discontinuation of cyclosporine generally
leads to recurrence requiring long-term steroid
treatment, which in turn causes additional serious
adverse effects.

Rituximab, a chimeric monoclonal antibody against
CD20 first designed for treatment of patients with
Non-Hodgkin B cell lymphoma, is now used for the
treatment of various diseases such as Wegner's
granulomatosis,  rheumatoid  arthritis,  and
microscopic  polyangiitis. Interestingly, many
studies since ten years ago have shown the efficacy
of rituximab for treatment of SDNS and SRNS (8,
9).

However, this drug does not cure the disease,
because a study found that all of the patients that
used rituximab as a treatment experienced relapse
19 months after the end of treatment (9).
Re-administration of rituximab immediately after
relapse or within 3 months may be effective (10,
11). A systematic review study by Azarfar et al
concluded that rituximab could be effective in
treating refractory nephrotic syndrome and reduce
the need for immunosuppressive drugs and
corticosteroids (12). Nonetheless, further studies are
warranted to prove the efficacy of rituximab.

To the best of our knowledge, only one study
evaluated the efficacy and side effects of rituximab
in children with SRNS and SDNS in Iran (13).
Therefore, this study was conducted to assess the
safety and efficacy of this drug in patients with
nephrotic syndrome admitted to Dr. Sheikh
Hospital, Mashhad, Iran during 2014-2018 and to
determine the factors associated with its efficacy.
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Methods

This cross-sectional study was carried out on
children with nephrotic syndrome that received
rituximab treatment in Dr. Sheikh Hospital,
Mashhad, Iran from April 2014 to March 2018. The
study population included children aged 2 to 19
years with a diagnosis of steroid-resistant or
dependent nephrotic syndrome that underwent
treatment with four weekly standard doses of
rituximab (375mg/m?). The patients with a history
of severe hematuria, urinary tract infection, or
secondary nephrotic syndrome, except for SLE
patients with pure kidney involvement and no
systemic symptoms, were excluded from the study.
Demographic data including age, sex, and age at
disease onset as well as clinical data including a
family history of nephrotic syndrome, disease
pathology, steroid resistance or dependence,
response to rituximab, and rituximab-induced side
effects were extracted from the patients' medical
records.

Remission was defined as the absence of proteinuria
in patients for 3 consecutive days. Relative
remission was defined as a decrease in protein
excretion and edema in the patients despite
proteinuria. Corticosteroid resistance was defined as
no remission or relative remission within 8 weeks of
an adequate dose of systemic corticosteroid therapy.
Corticosteroid dependence was defined as
reversible proteinuria and edema immediately after
dose reduction or systemic corticosteroid
discontinuation. A positive family history was
defined as the presence of nephrotic syndrome in
first-degree relatives.

Statistical analysis:

The data were analyzed using the SPSS software
version 23. To investigate the relationship between
different variables between patients, the normal
distribution of the data was analyzed using the
Kolmogorov-Smirnoff test. Then, based on the
distribution, chi-square or Fisher's exact test was
used for qualitative data and Independent T-test or
Mann-Whitney U test was used for quantitative
data. In all analyses, p-values <0.05 were
considered significant.

The Bonferroni method was adopted for post-hoc
analysis of the Fisher's exact test. In other words,
after the results of the Fisher's exact test turned out
to be statistically significant, the variables were
compared in pairs. In order to prevent analysis bias,
the p-value of 0.05 was divided by the number of
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comparisons and the resulting value was considered
as the threshold for statistical significance.

Ethical considerations:

Written informed consent was obtained from all
patients participating in this study. The patients
were free to leave the study at any time upon their
request. This study was approved by the Ethics
Committee of Mashhad University of Medical
Sciences. The data were obtained from thesis
number 9238P.

Results

A total of 40 patients were included in our study as
shown in Table 1. The mean age of the participants
and the mean age at disease onset was 11.9 + 5.04
and 7 = 4.27 years, respectively. Most of the patients
(57.5%) went into complete remission and 20%
went into relative remission following completion
of rituximab treatment. Moreover, only 4 patients
showed significant side effects to rituximab. One
patient had an anaphylactic shock, two patients
experienced oral ulcers and alopecia and one patient
developed progressive encephalopathy.

The association between rituximab response and
different variables was analyzed, and the results
showed that only corticosteroid response and family
history were significantly associated with rituximab
response (P= 0.001 and 0.026, respectively). Post
hoc analysis showed that remission with rituximab
was significantly associated with SDNS, while most
of the patients with SRNS showed no response to
rituximab (data not shown).

Factors associated with corticosteroid response
were sought and our results showed that gender,
pathology and family history were significantly
related to the corticosteroid response (Table 2). Our
post hoc analysis revealed that patients with the
underlying FSGS pathology were more likely to
have SRNS (data not shown). Finally, factors
associated with family history were sought and the
results showed that family history was only
significantly related to the corticosteroid response,
and patients with a positive family history of the
nephrotic syndrome were more likely to have SRNS
(Table 3).

Discussion

This study was conducted on 40 patients with
nephrotic syndrome who received rituximab
between 2014 and 2019 in Dr. Sheikh Hospital,
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Mashhad, Iran. FSGS was the most common
underlying pathology of nephrotic syndrome. Most
of the participants (62.5%) had SDNS and the rest
(27.5%) had SRNS. Only 10% of the patients
showed complications following rituximab
administration and more than half of the subjects
went into complete remission following rituximab
treatment. The only factors associated with a better
response to rituximab were a negative family
history and steroid-dependent nephrotic syndrome.
Moreover, the results showed that patients with
SRNS were more likely to have a positive family
history, while factors associated with steroid
response included underlying pathology, gender,
and family history.

The patients with FSGS were more likely to have
SRNS, indicating a poorer prognosis for these
patients compared to others. Although the
percentage of people who did not respond to
treatment was higher in patients with FSGS, this
difference was not statistically significant,
indicating that the type of pathology causing
nephrotic syndrome is not an effective factor in
response to rituximab treatment.

A guideline released in 2012 by KDIGO (Kidney
Disease: Improving Global Outcomes)
recommended the use of rituximab in children with
nephrotic syndrome who failed to respond to a
combination of prednisone and corticosteroid-
reducing agents such as  cyclosporine,
cyclophosphamide, mycophenolate or tacrolimus
(14).

It seems that rituximab, a monoclonal anti-CD20
antibody that acts against B-lymphocytes, is
effective in prolonging the duration of remission in
patients with steroid-dependent nephrotic syndrome
(SDNS) (9, 10, 15-17). The results of observational
studies also showed that rituximab administration
could reduce the dose of one or more
immunosuppressive drugs in these patients (18, 19).
However, a striking proportion of patients
experience relapse after administration of rituximab
due to B-lymphocyte remodeling (20).

Moreover, this drug should be limited to children
who have recurrent relapses and those who have
experienced serious side effects of
immunosuppressant medications, because the long-
term effects and safety of rituximab are unknown in
children (21-23).
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Table-1. Association of different factors with Rituximab Response
Rituximab response

Remission Relative No response
(n=23) remission | (n=9)
(n=8)
Mean Age (years) 11.9+5.04 13.7+4.1 86+4.2 10.2+6.3 0.334
Mean Age at disease onset Tx£4.27 8.1x45 5.6 +3.2 53+4.1 0.606
(years)
Male 18 (45%) 11 (47.8%) | 2 (25%) 5 (55.6%)
Female 22 (55%) 12 (52.2%) 6 (75%) 4 (44.4%)
FSGS 17 (42.5%) 6 (26.1%) 4 (50%) 7 (77.8%)
MCD 5 (12.5%) 4 (17.4%) 1(12.5%) | 0 (0%)
MPGN 12 (30%) 10 (43.5%) | 2 (25%) 0 (0%)
Lupus 6 (15%) 3 (13%) 1(12.5%) @ 2 (22.2%)
Steroid 25 (62.5%) 19 (82.6%) | 5(62.5%) | 1(11.1%)
dependent
Steroid 15 (37.5%) 4 (17.4%) 3(37.5%) 8 (88.9%)
resistant
Positive 4 (10%) 0 (0%) 2 (25%) 2 (22.2%)
Negative 36 (90%) 23 (100%) 6 (75%) 7 (77.8%)

Table-2. Association of different factors with Corticosteroid Response
Corticosteroid response

Steroid
Resistant
(n=15)

Steroid Dependent

(n=25)

Mean Age (years) 12745 106 5.7 0.192
Mean Age at disease onset (years) 7.6+42 6.1+4.4 0.267

Male 8 (32%) 10 (66.7%)

Female 17 (68%) 5 (33.3%)

FSGS 4 (16%) 13 (86.7%)

MCD 5 (20%) 0 (0%)

MPGN 11 (44%) 1 (6.7%)

Lupus 5 (20%) 1 (6.7%)

Positive 0 (0%) 4 (26.7%)

Negative 25 (100%) 11 (73.3%)

In the present study, patients who did not respond
to routine treatments were treated with rituximab
and more than half of them went into complete
remission.

However, unfortunately, the patients’ follow-up
data were not available to determine the
recurrence rate.

There is limited information on the efficacy of
rituximab in nephrotic syndrome due to the small
number of patients. Azarfar et al. investigated the
safety and efficacy of rituximab in children with

severe nephrotic syndrome in a systematic review
of 17 studies (12). Most of the studies
demonstrated that rituximab was effective in
treating nephrotic syndrome. However, only two
of the 17 studies were clinical trials, and the rest
were retrospective studies without a control
group, similar to present study. In a clinical trial,
48 children with recurrent or steroid-dependent
nephrotic syndrome were randomly assigned to
receive weekly doses of rituximab (375 mg/m?)
or placebo for four weeks (9).
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Mean Age (years)
Mean Age at disease onset (years)

Male

Female

FSGS

MCD

MPGN

Lupus

Steroid dependent
Steroid resistant

At one-year follow-up, the recurrence-free duration
was longer in the rituximab group compared to the
control group (267 vs. 101 days).

Moreover, the rate of recurrence (1.54 versus 4.17
recurrences per year) and the daily dose of
prednisolone were lower in the rituximab group (4.4
versus 21 mg/m?). However, within one year, 17 of
the 24 patients receiving rituximab and 23 of the 24
patients receiving placebo experienced at least one
recurrence (71 vs. 96%) and all of the patients had a
recurrence by the end of 19 months. Another
clinical trial in children with steroid-dependent
nephrotic syndrome compared the efficacy of
prednisone alone and prednisolone combined with a
single dose of rituximab (24). Prednisone was
gradually discontinued in both groups after 15
months of treatment. Proteinuria was 42% lower in
the combination therapy group at the three-month
follow-up. In addition, all but one patient in the
prednisone alone group experienced recurrence
within only six months, while the median time to
relapse was 18 months in the combination group.
The results of these studies indicate that the disease
will eventually relapse in most patients after using
rituximab; however, the use of rituximab may
increase the duration of recurrence-free period in
patients with recurrent relapses.

Kamei et al retrospectively examined the risk
factors of relapse in steroid-dependent nephrotic
syndrome patients who were treated with rituximab.
The results showed that only a history of steroid
resistance was a statistically major risk factor for
relapse in these patients, and underlying pathology
was not a risk factor for relapse
(19). Similarly, Sinha et al. found that the remission

Table-3. Association of different factors with Family history of Nephrotic Syndrome

Family history

Positive

Negative
(n=4) (n=36)

7.7+43 124+49 0831
45+33 73+43 0.598
2 (50%) 16 (44.4%)

2 (50%) 20 (55.6%)

3 (75%) 14 (38.9%)

0 (0%) 5 (13.9%)

0 (0%) 12 (33.3%)

1 (25%) 5 (13.9%)

4 (100%) 11 (30.6%)

0 (0%) 25 (69.4%)

period was significantly shorter in patients with
steroid-resistant nephrotic syndrome compared to
patients with steroid-dependent nephrotic syndrome
(17). The results of these studies are consistent with
our study, as we also demonstrated that response to
rituximab was significantly associated with
corticosteroid resistance  or  dependence.
Furthermore, the present study found that response
to rituximab was not significantly correlated with
the underlying pathology of nephrotic syndrome,
while patients with a positive family history for
nephrotic syndrome were less likely to respond
satisfactorily to rituximab.

In a similar study by Hosseini et al., the safety and
efficacy of rituximab were investigated in 40
children with steroid-dependent or cyclosporine-
dependent nephrotic syndrome in Ali Asghar
Hospital, Tehran, Iran (13). The results of this study
are in line with our study. The rate of complete
remission was 60% in the above study and 57.5% in
the present study. Moreover, 40% of the patients
with steroid resistance and 85% of the patients with
steroid dependence had complete remission in the
above study whereas 17.4% of the patients with
steroid resistant nephrotic syndrome and 82% of the
patients with steroid dependent nephrotic syndrome
had complete remission following rituximab
administration in the present study. Similar to our
analysis, this study also showed that response to
rituximab was significantly higher in steroid-
dependent patients compared to steroid-resistant
subjects, and age, sex, and the underlying pathology
of the disease were not significantly correlated with
response to rituximab. Hosseini et al followed their
patients for two years and reported that no
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recurrence was observed during the first 6 months
after rituximab treatment. However, 20% of the
patients developed recurrence at 2 years eventually.
The most important limitation of the present study
was the absence of a control group. Moreover, due
to the lack of appropriate data in patients' medical
records, it was not possible to calculate the
recurrence rate. Another limitation was lack of the
laboratory data of the patients, including creatinine,
urea, proteinuria, and CD20 levels, which was due
to the timeframe in which patients were studied,
lack of laboratory facilities in the first years of the
study, and the failure to collect data. Another
limitation of this study was its cross-sectional
design, which does not allow establishing a causal
relationship and only shows the presence or absence
of association between different variables.

It is recommended that future studies evaluate the
efficacy of rituximab using controlled clinical trials
that offer more valid results. Moreover, long-term
follow-up of patients is of great importance for
investigating the relapse rate and long-term
complications of rituximab.

Conclusion

The use of rituximab may result in remission in
more than half of the patients with SDNS or SRNS
in whom other treatments have failed. Short-term
side effects of rituximab are rare but dangerous, so
this agent should be used in patients who have not
responded well to other treatments. The results of
the present study demonstrated that the only factor
affecting the patients’ response to rituximab was
steroid-resistant nephrotic syndrome and a positive
family history of nephrotic syndrome. Interestingly,
the underlying pathology of nephrotic syndrome
was not significantly associated with response to
rituximab; however, it should be noted that patients
with FSGS are more likely to have steroid-resistant
nephrotic syndrome.
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