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ABSTRACT 

Objective: To determine the efficacy of Rituximab (RTX) in refractory 
steroid dependent and steroid resistant childhood nephrotic syndrome. 

Study Design: Prospective single-arm interventional study 

Place and Duration: Department of Pediatric Nephrology at the 
Children’s Hospital & the Institute of Child Health, Multan, Pakistan 
from June 2019 to November 2020. 

Materials and Methods: Total 26 patients age 3.25-11.25 years of 
either gender were included; 17 children with refractory steroid 
dependent nephrotic syndrome (SDNS) and 09 children with refractory 
steroid resistant nephrotic syndrome (SRNS). After induction of 
remission, refractory SDNS patients were given two pulses of 
intravenous RTX two weeks apart. The children with SRNS were given 
4 weekly pulses of RTX with concomitant prednisolone; 12 weeks at 
they were categorized as either complete responder, partial responder, 
or non-responder. All the patients were followed up to 18 months to 
look for long-term response and any complications.  

Results: Mean age of the patients was 6.91 + 2.40 years, and males 
constituted 61.54% of the study participants. All 17 SDNS patients 
remained relapse free for 10 months to more than 12 months following 
RTX treatment. On the other hand, only one patient (11.11%), out of 
total 09 patients with refractory SRNS, achieved complete remission, 
and 03 (33.33%) patients went into partial remission, while 05 
(55.55%) were resistant to RTX also. Safety profile of RTX was 
excellent.  

Conclusion: Rituximab is a safe and effective option for difficult-to-
treat SDNS children. 

Key Words: Steroid resistant nephrotic syndrome, Steroid dependent 
nephrotic syndrome children, Rituximab, Focal segmental 
glomerulosclerosis. 

INTRODUCTION  

Idiopathic nephrotic syndrome is the most 
common glomerular disease in children and is 

characterized by heavy proteinuria, 
hypoalbuminemia and progressive generalized 
edema.

1
 About 80-90% of cases respond to 

steroid therapy and are labeled steroid sensitive 
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nephrotic syndrome (SSNS) while 10-20% are 
steroid resistant nephrotic syndrome (SRNS).

2
 

About 60-80% of the SSNS patients have a 
relapsing disease; of these about 60% have a 
frequently relapsing course or are steroid 
dependent nephrotic syndrome (SDNS). Both 
SDNS and SRNS patients pose treatment 
challenges. Patients with SDNS may go into 
prolonged remission with various 
immunosuppressive agents like 
cyclophosphamide (CP); an alkylating agent, 
levamisole (LEV); an anti-helminthic with 
immunomodulating effects, cyclosporine A (CysA) 
or tacrolimus (TAC); calcineurin inhibitors (CNIs), 
or mycophenolate mofetil (MMF); a de novo 
purine synthesis inhibitor etc.

3,4
 Different studies 

show that about 50-60% patients with SRNS may 
also respond to CNIs, MMF or methylprednisolone 
pulse therapy with complete or partial remission.

5,6
 

Some SDNS patients, over a period of time, start 
relapsing on high doses of alternate day 
prednisolone plus the above mentioned 
immunosuppressives. Similarly, some SRNS 
patients, who did initially respond to combined 
immunosuppressive treatment, ultimately become 
unresponsive to all such treatment modalities. 
These difficult to treat patients are labeled 
refractory SDNS and refractory SRNS and predict 
poor renal outcomes if remission is not achieved 
by some means.

7
 A cohort study of 1354 SRNS 

patients enrolled in the Podo Net Registry in 
Europe showed that 10-year end-stage renal 
disease (ESRD)-free survival rate was 94%, 72%, 
and 43% in children with complete remission, 
partial remission, and no remission, respectively.

8
  

Rituximab (RTX) is a chimeric anti-CD20 
monoclonal antibody which depletes B-cells and 
may delay or prevent relapses in SDNS.

9,10
 

However, efficacy of RTX as an initial inducing 
agent in SRNS or as a rescue therapy in 
refractory SRNS remains uncertain.

11,12
 Some 

initial studies
13,14

 showed promising response of 
rituximab in refractory SRNS children, but other 
studies could not show encouraging results.

15,16
  

There looks to be a lack of local published studies 
about the efficacy of rituximab in our children with 
difficult-to-treat NS. Therefore, this study was 
conducted to elucidate the role of RTX in 
refractory SDNS and refractory SRNS children 
coming to our hospital. 

MATERIAL AND METHODS  

This prospective interventional single-arm study 
was conducted at the Department of Pediatric 
Nephrology, the Children’s Hospital & the Institute 
of Child Health, Multan, Pakistan from June 2019 
to November 2020 after approval from the 
institutional ethical review committee. We enrolled 
a total 26 patients aged 3-12 years of either 
gender; 17 refractory SDNS and 09 refractory 
SRNS patients (06 initial SRNS and 03 late non-
responders). All these patients were, previously, 
treated with steroids and various alternative 
immunosuppressive medications like 
cyclophosphamide, cyclosporine A tacrolimus and 
mycophenolate mofetil. But, they were either still 
relapsing while on these medications, or were not 
responding to these drugs. 

All SRNS children had undergone renal biopsies. 
Seven patients showed focal segmental 
glomerulosclerosis (FSGS), and 02 patients 
showed mesangioproliferative glomerulonephritis 
(MesPGN) with IgM nephropathy (IgMN) as the 
underlying histopathologic lesion. Two SDNS 
patients were also biopsied due to their parent’s 
concern and both showed FSGS. 

All SDNS patients were first re-induced with 
prednisolone 2 mg/kg/day. After achieving 
remission, they were given 02 intravenous RTX 
pulses (375-400mg/m

2
) two weeks apart.   

Prednisolone was then switched to 1.5 mg/kg 
every other day for 4 weeks and then tapered and 
stopped over the next 8 weeks.  

All SRNS patients were given 04 RTX pulses 1 
week apart with concomitant prednisolone 1 
mg/kg/day for the first 4 weeks and then in the 
same dose every other day for the next 8 weeks. 
Response to the treatment was assessed with 
daily monitoring of proteinuria by dipsticks at 
home and regular follow up every 2-4 weeks. 
According to the response to treatment, patients 
were categorized as complete responder, partial 
responder, and non-responder (see operational 
definitions section) 

All the patients were given RTX infusion as per 
desensitization protocol and were intensively 
monitored during the infusion with cardiac monitor 
and pulse oximeter to look for any infusion related 
untoward reactions (with documentation of 
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cytokine release syndrome). They were followed 
up for at least 12 months and up to 18 months to 
look for the continued response to treatment as 
well as any long-term complications and side 
effects related to RTX. All patients were also 
given alternate day cotrimoxazole to prevent 
Pneumocystis carinii pneumonia. Monitoring 
included fortnightly CBC and reporting by parents 
of any danger signs of infections like fever, 
lethargy, drowsiness, severe cough, respiratory 
distress, diarrhea, vomiting everything, and 
seizures etc. We could not monitor 
immunoglobulin levels or various lymphocytes 
subsets like CD3, CD4, CD8, CD19, or CD20 due 
to their high cost.  

All the data were recorded on a pre-designed 
proforma. Data were analyzed using the statistical 
software IBM SPSS-22. Quantitative variables are 
presented as mean + SD, median, range and 
qualitative variables as frequency and 
percentages. Data was stratified with respect to 
age groups, category of SRNS and 
histopathological lesions to determine the effect 
on response to Rituximab therapy. 

Operational definitions 

Remission: Nil or trace proteinuria on dipstick for 
3 consecutive days 

Partial remission:  Resolution of edema but 
persistent 2+ proteinuria after a standardized 
treatment protocol 

No remission: Persistent edema and 3+ or more 
proteinuria after a standardized treatment protocol 

Relapse: Recurrence of proteinuria 2+ or more for 
3 consecutive days after the patient had gone into 
remission 

SDNS: Two consecutive relapses while still on a 
dose of steroid, usually during tapering, or within 
two weeks of stopping steroids. 

Refractory SDNS: A patient who continues to 
relapse while on high alternate day dose of steroid 
(1.0-1.5 mg/kg) plus another immunosuppressive 
medicine like CP, CNIs, or MMF. 

SRNS: A patient who does not achieve complete 
remission after 4 weeks of oral prednisolone 2 
mg/kg/ day. 

Late non-responder/Late SRNS: A patient who 
initially ran a steroid sensitive course but relapsed 
and then could not achieve remission with full 
dose of prednisolone (2 mg/kg/day) for 4 weeks. 

Refractory SRNS: A patient who, initially, did 
achieve remission with steroids plus other 
immunosuppressives like CNIs, or MMF, but then 
relapsed and could not achieve remission with the 
same or other treatment combinations (multidrug 
resistant). 

RESULTS 

Mean age was 6.91 + 2.40 years (age range 3.25-
11.25 years) and male to female ratio 2.6. All of 
the SDNS patients (n=17) showed excellent 
response to intravenous RTX infusions achieving 
prolonged periods of remission. Early withdrawal 
of prednisolone after 2-3 months of RTX infusions 
was also possible in all these patients. Six 
patients (35.29%) developed relapse at about 10 
months after rituximab pulses and 04 patients 
(23.53%) relapsed at about 12 months of 
treatment. Seven patients (41.17%) did not still 
relapse after more than 12 months time. The 
relapsing patients were given repeat 1-2 doses of 
RTX and were in remission till the completion of 
study period of 18 months (table 1). 

TABLE 1: Response of SDNS (n=17) patients to Rituximab 

Age range (years) No. of patients 
Relapse at 10 
months (%) 

Relapse at 12 
months (%) 

No relapse > 12 
months (%) 

3.25-5 05 02 (40.00) 01 (20.00) 02 (40.00) 
6-10 10 03 (30.00) 02 (20.00) 05 (50.00) 
11-11.25 02 01 (50.00) 01 (50.00) Nil 

Total 17 06 (35.29) 04 (23.53) 07 (41.17) 

 

However, the response of the refractory SRNS 
patients (n= 09) to 4 doses of RTX was not very 
encouraging with only 01 (11.11%) patient 

achieving complete remission in age group 6 – 10 
years and 03 (33.33%) patients going into partial 
remission (one 3.5-5 years age and two in 6-10 
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year age groups). Remaining 05 (55.55%) 
multidrug resistant SRNS patients did not respond 
to RTX (two in 3.5-5 and 6-10 years each group 

and one in > 10 years age group) over the period 
of observation of the study (table 2).  

 
TABLE 2: Response of SRNS (n=09) patients to Rituximab  

Age range (Years) No. of patients 
Complete remission 

(%) 
Partial remission 

(%) 
No remission 

(%) 

3.25-5  03 Nil 01 (33.30) 02 (66.70) 
6-10  05 01 (20.00) 02 (40.00) 02 (40.00) 
11-11.25 01 Nil Nil 01 (100.00) 

Total  09  01 (11.11) 03 (33.33) 05 (55.55) 

 
Taking into consideration the category of SRNS, 
out of the 03 late SRNS patients, one patient 
achieved complete remission and 02 patients 
achieved partial remission. While, out of 06 initial 

SRNS patients, only 01 patient went into partial 
remission and remaining 05 patients were still 
refractory to all treatments (table 3).  

 
TABLE 3 : Response of SRNS (n=09) to rituximab according to category of SRNS 

Category Complete Remission (%) Partial Remission (%) No Remission (%) 

Initial SRNS (n=6) 00 01 (16.7) 05 (83.3) 
Late SRNS  (n=3) 01 (33.3) 02 (66.7) 00 

 
Regarding the response to RTX according to 
histopathological lesions, both SDNS patients 
having FSGS went into prolonged remission, 
while, out of 07 SRNS patients with FSGS, only 
02 patients achieved partial remission, and 05 

patients were refractory to RTX. Out of 02 SRNS 
patients with MesPGN and IgM nephropathy, one 
patient achieved complete remission and the 
other had partial remission (table 4). 

 
TABLE 4 : Response to Rituximab according to histopathology (n=11) 

Category Complete Remission (%) Partial Remission (%) No Remission (%) 

FSGS  (n=9) 02 (22.2) 02 (22.2) 05 (55.6) 
MesPGN / IgMN  (n=2) 01 (50.0) 01 (50.0) 00 

 
As regards safety profile of RTX, we observed no 
significant infusion related reactions in any patient 
except one patient who developed mild itching 
with urticarial rash, which was easily treated with 
intravenous antihistamine and hydrocortisone. 
There were no episodes of sepsis or any other 
significant complications related to RTX. Minor 
routine infections did occur and were easily 
treated on outdoor basis. 

DISCUSSION  

Rituximab (RTX) is a chimeric murine-human-anti-
CD20 monoclonal antibody, which inhibits CD20-
mediated B cell proliferation and differentiation. It 
has been used in B-cell non-Hodgkin’s lymphoma 
and connective tissue disorders

18,19
. It has also 

been shown to induce remission and decrease 

steroid load in FRNS and SDNS
20

. The aim of 
RTX administration is to prevent relapse in 
refractory SDNS patients, while it is to induce 
remission in refractory multi-drug resistant SRNS 
patients. 

Our study showed excellent outcome in refractory 
SDNS patients who were repeatedly relapsing on 
high steroid doses (1-1.5 mg/kg every other day) 
plus other immunosuppressives like 
cyclophosphamide, tacrolimus, cyclosporine A, 
and mycophenolate mofetil. All these children 
remained relapse-free for prolonged periods 
ranging from 10 months to more than 12 months 
despite early (about 3 months) tapering and 
stoppage of steroids; thus decreasing the steroid 
load. Studies from around the world show similar 
results. In a randomized placebo-controlled trial of 
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RTX in children with NS, 04 weekly pulses of 375 
mg/m2 resulted in a median relapse-free period of 
267 days in the RTX group compared to 101 days 
with placebo (hazard ratio 0.27, p = < 0.0001)

9
. 

Other reports also show RTX to be efficacious in 
FRNS/SDNS.

10,12
 Weaning/cessation of other 

immunosuppression (both steroids and other 
agents) is often performed following RTX 
administration. However, firm conclusions cannot 
be drawn due to the small number of data.

7
  

Our study showed poor overall response to RTX 
in patients with refractory SRNS. Review of recent 
case reports and case series of RTX therapy in 
childhood SRNS shows positive as well as 
negative outcomes. Bagga A et al.

13
 administered 

weekly 375 mg/m
2
 pulses for 4 weeks and 

showed excellent outcomes in 5 SRNS children 
(04 complete remissions and one partial 
remission). In another study, Suri M et al also 
reported positive response in refractory FSGS 
using RTX.

14
 However, many other studies have 

reported negative outcomes. Gulati et al
15

 treated 
33 patients with refractory SRNS with 4 doses of 
RTX; 09 (27.2%) patients achieved complete 
remission, 07 (21.2%) patients achieved partial 
remission, and 17 (51.5%) showed no response. 
Magnasco et al

11
 in 2012 published an RCT 

examining RTX therapy in 31 children with 
refractory SRNS. Patients in the RTX group 
received two doses of rituximab. After 3 months of 
treatment, three patients in both the groups 
achieved complete remission. They concluded 
that addition of RTX to the treatment protocol did 
not improve clinical outcomes.   

Taking into consideration the category of SRNS, 
our study showed better outcome in late SRNS 
patients than the initial SRNS. Sinha et al

12
, Gulati 

et al
15

, and Magnasco et al
11

 showed 43.9% 
overall remission rates in initial SRNS while it was 
57.7% in patients who developed late steroid 
resistance.  

Response of RTX according to underlying 
histopathologic lesion also shows significant 
difference as regards SRNS patients in our study, 
as only one patient, out of seven SRNS patients 
with FSGS, had partial response to RTX, the rest 
06 FSGS patients were completely non-
responsive to RTX. On the other hand, out of 02 
patients with MesPGN with IgMN, one patient 
achieved complete remission and the other was a 

partial responder. Studies from around the world 
also show lower remission rates with RTX 
treatment in patients with FSGS than those with 
minor glomerular abnormalities.

12,17
 In our study 

two SDNS children were also biopsied due to very 
frequent relapses on high steroid doses and 
parental concern. Both biopsied patients showed 
FSGS, but they still achieved complete and 
prolonged remission. Therefore, this study shows 
that initial response to steroids has more 
prognostic significance than the type of 
histopathologic lesion and this is also true in case 
of response to RTX.  

There looks to be limited efficacy of RTX for 
refractory SRNS, but in other studies using 
concomitant treatments such as high dose methyl-
prednisolone pulses, and other 
immunosuppressives like MMF and CNIs resulted 
in better overall outcome.

7’17
 We did not employ 

other immunosuppressives along with RTX. 
Therefore, it may imply that concomitant use of 
other immunosuppressive drugs along with RTX 
might yield better results in childhood refractory 
SRNS.  

Looking at the adverse effects of RTX, as 
reported in the literature

21-23
, our patients 

receiving RTX showed no significant adverse 
effects either during RTX infusions or on long-
term follow-up. Only one patient developed 
urticarial rash with pruritus during the RTX 
infusion which was easily controlled with 
intravenous antihistamine and hydrocortisone. 
There were no episodes of sepsis or any other 
significant complication like agranulocytosis, 
immune mediated ulcerative colitis, fulminant 
myocarditis, interstitial lung disease, progressive 
multifocal leukoencephalopathy, or erythema 
nodosum in any patient over the period of 
observation of the study. Minor respiratory 
infections and gastroenteritis episodes did occur 
in few patients but no Pneumocystis pneumonia 
was reported. So, we have observed a very good 
safety profile of RTX in our patients so far.

 

There is no local published study on the role of 
RTX in childhood nephrotic syndrome in Pakistan. 
So, multicenter studies with larger sample size 
may further elaborate its efficacy and safety in 
difficult cases of SDNS, SRNS and other 
glomerulopathies in children and adolescents. 
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CONCLUSION  

Rituximab was found to be an excellent option for 
difficult-to-treat SDNS patients, achieving 
prolonged remissions and sparing the patients of 
severe side effects of steroids with early tapering 
and stopping of steroids. But, its efficacy, as 
monotherapy, along with prednisolone, in 
refractory childhood SRNS looks limited. 
However, further clinical trials combining RTX with 
other immunosuppressives like MMF and CNIs 
might yield better outcomes in refractory 
childhood SRNS.  Rituximab was good in our 
patients with nephrotic syndrome. 
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