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Abstract  
Background 

Idiopathic steroid resistant nephrotic syndrome (SRNS) in children is often difficult to treat. Calcineurin inhibitors comprise the 

first-line induction therapy but have significant side effects. Rituximab has been used successfully in treatment for refractory 

SRNS. 

Objectives  

To determine the efficacy and safety of rituximab for treating children with SRNS over a relatively long follow-up period. 

Patients and methods 

A retrospective cohort study was conducted as all children with idiopathic SRNS who failed to achieve remission after 4 weeks 

of prednisolone 60 mg/m2/day were enrolled. All patients underwent renal biopsies and genetic studies before rituximab 

treatment. Intravenous rituximab was administered weekly at 375 mg/m2 for four doses. 

Response to treatment was defined as maintaining remission with no relapse for 1 year. 

Results 
A total of 21 patients (male: female=15:6) were followed-up for 1 year. Twelve (57.1%) patients showed no relapse in the first 

year and six (28.6%) had no remission, but three (50%) of these six patients developed ESRD. The histopathological findings 

for the patients who respond to rituximab therapy (no relapse in the first 1 year) were: Focal segmental 

glomerulosclerosis“FSGS” (25%) and minimal change (66.7%). The histopathological findings for the patients who did not 

respond to rituximab therapy (no remission in the first year) were as follows: FSGS (83.3%) and diffuse change (16.7%). There 

were no side effects from rituximab therapy noted during the follow-up period. 

Conclusion 

Rituximab was found to be effective and relatively safe for idiopathic SRNS, but large controlled clinical trials with long-term 

follow-up are required for confirmation. 
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Introduction 

 

Childhood idiopathic nephrotic syndrome is responsive to steroid therapy in the majority of cases. However, children 

with steroid resistantnephrotic syndrome (SRNS) account for approximately 10%–15% of childhood idiopathic 

nephrotic syndrome cases1. SRNS is defined as a failure to achieve remission after 4weeks of prednisolone at 60 

mg/m2/day (full dose) 2. Treatment of SRNS remains a challenge for pediatric nephrologists. Among available 

treatment options, calcaneus in inhibitors (CNI) are most successful in inducing remiss SRNS but have a significant 

burden of nephrotoxicity and prolonged duration of treatment3,4. High-dose intravenous steroids, mycophenolate 

mofetil, and alkylating agents have also been used with less success. Children who failed to respond to treatment 

progress to end-stage renal disease (ESRD)5. The treatment protocol for refractory SRNS is not well established6.In 

the last decade, rituximab has been increasingly used for the management of idiopathic SRNS7, with widely 

variable response rates in children. There is a real need for a relatively safe drug that does not require frequent 

administration. In recent years, rituximab has been shown to be an efficient treatment for idiopathic nephrotic 

syndrome, but few studies have reported its efficacy and safety. This study assessed the efficacy and safety of 

rituximab for treating children with SRNS over a relatively long follow-up assessment period, expressed as the 

number of relapses in the first year after administration of the last doses well as to discuss the role of the 

histopathological pattern in the outcome of these patients. 

 

Materials and methods 

 

A retrospective cohort study was conducted at Pediatric Hospital of King Saud Medical City (KSMC), Riyadh, 

Kingdom of Saudi Arabia (KSA). KSMC belongs to the Ministry of Health, is one of the tertiary care centers in 

Riyadh, and is considered to be the largest medical cities in the KSA. Pediatric Hospital is one of the main hospitals 

in KSMC. 

 

This study included all patients diagnosed with idiopathic SRNS (initial or late) from January 2013 to September 

2022 provided that they were >1 year and ≤14 years old as well as having negative genetic renal panel results. 

Patients who did not complete the follow-up for 1 years and those who did not complete the full rituximab dose were 

excluded from the study. 

 

A data-collection form was constructed to collect the following medical records data. 

 

a) Patient’s characteristics: age, sex, nationality, urine for protein/creatinine ratio, urine 

 

analyses, serum albumin, and serum creatinine. 

 

b) Disease characteristics: histopathological findings, immune-suppressive drug received 

 

before four doses of rituximab. 

 

c) Outcome: number of relapses after rituximab, side effects of rituximab 

 

(Infusion-related reaction, cytopenia, infections, major respiratory, and cardiovascular 

 

events). 

 

The study proposal was approved by the Institutional Review Board (IRB) of the local Research and Ethics 

Committee at KSMC, Riyadh, KSA. 

SPSS software version 28(IBM SPSS Statistics for Windows, Armonk, NY) was used for data management. 

Descriptive statistics are presented as frequency and percentage.



 

 

 

                     Results 
 

A total of 21 patients (male: female=15:6) were enrolled in the study and finished at least 1 year of follow-up. 

Twelve (57.1%) patients showed no relapse in the first year, three (14.3%) patients developed only one relapse in the 

first year, and six (28.6%) patients had no remissions [three of the six (50%) developed ESRD and one of the six 

(16.7%) developed chronic kidney disease (CKD)]. The histopathological findings for the patients who responded to 

rituximab therapy (no relapse in the first 1 year) were as follows: Focal segmental glomerulosclerosis “(FSGS)" (25%), 

minimalchange (66.7%) and renal biopsy was not performed in one patient because of logistic reasons. The 

histopathological findings for the patients who did not respond to rituximab therapy (no remission in the first year) were as 

follows: FSGS (83.3%) and diffuse change (16.7%). The four patients who developed ESRD/CKD were in the FSGS 

category. No side effects from rituximab therapy were noted during the follow-up period. 

 

Discussion 

 

SRNS is a rare disease, and the choice of treatment modalities differs greatly among pediatric nephrologists 

according to each patient’s needs and their nephrologist’s preferences.10 In recent years, rituximab has been 

increasingly utilized for the treatment of idiopathic SRNS, with variable results in pediatric patients.11 

In this study, 57.1% of pediatric patients diagnosed with idiopathic SRNS showed no relapse in the first year of 

treatment with rituximab, 14.3% developed only one relapse in the first year, and 28.6% had no remission; among 

the patients who progressed,50% developed ESRD, and one (16.7%) patient developed CKD. These findings agree 

with those reported in numerous studies that have shown the efficacy of rituximab therapy in pediatric patients with 

SRNS.12-15 

In the current study, rituximab was administered weekly in four doses of 375 mg/m2each. Previously, rituximab’s 

success rate reportedly depended on the dosing strategy and duration of followup.20In patients who received one 

dose of 375 mg/m2, 25%–40% were in sustained remission at 12–17 months,21 whereas among patients who received 

2–4 doses of rituximab, >70% were in sustained remission at 6–38 months.22However, the association between the 

number of rituximab doses and responses has not been confirmed.20 

In our study, 25% of the patients were classified as FSGS and 66.7% as minimal change, whereas the 

histopathological findings for the patients who did not respond to rituximab the rapy but show edno remission in the 

first year were classified as either FSGS (83.3%) or diffuse change (16.7%). In a recent Turkish study, the overall 

remission rate in patients with SRNS was 27%. FSGS was diagnosed in six patients and the remission rate was 33% 

in this group of patients.23 However, the effect of histological subtype on the response to rituximab treatment remains 

unclear23; some studies reported that rituximab was effective in about half of their patients with FSGS,24 whereas 

others observed that FSGS was associated with a higher probability of nonresponse.25, 26 

 

In accordance with the findings of most studies,11, 23our study found that rituximab was generally well-tolerated, with 

no side effects noted during the follow-up period. However, some studies have reported mild infusion-related 

reactions, which typically resolved with antipyretics and antihistamines.27–29Guigonis et al. (2008) reported severe 

anaphylactic reactions or hypotension in a very few cases.30The long-term safety of rituximab remains questionable 

because it might be associated with more serious side effects.11 

Two important limitations of this study were the small sample size and single-center site, which might limit the 

applicability of the findings to broader populations. 
In conclusion, rituximab was found to be an effective and safe therapy for idiopathic SRNS. However, large 

controlled clinical trials with long-term follow-up are required to confirm the efficacy and safety of rituximab for 

treating children with SRNS. 
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 Appendix  

 Table1. Renal biopsy findings in the patients who received rituximab 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Values are presented as number and percentage (%).FSGS: focal segmental 
 

 
glomerulosclerosis;MCD: minimal change disease 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Pathology Number of patients Response Onerelapse No response 

FSGS 10 3 (25%) 2 (66.7%) 5 (83.3%) 

MCD 8 8 (66.7%) 0 0 

Membranous 
 

nephropathy 

1 0 0 1 (16.7%) 

Not done 2 1 (8.3%) 1 (33.3%) 0 

total 21 12 3 6 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Outcomes of rituximabfortreating steroid resistant nephrotic 
 

syndromein children (n=21) 
 

 

 
Table1. Renal biopsy findings in the patients who received rituximab 

 

Pathology Number of patients Response Onerelapse No response 

FSGS 10 3 (25%) 2 (66.7%) 5 (83.3%) 

MCD 8 8 (66.7%) 0 0 
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nephropathy 
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Figure 1: Outcomes of rituximabfortreating steroid resistant nephrotic syndromein 

children (n=21)     

 


