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Abstract
Background: Adults with primary focal segmental glomerulosclerosis (FSGS) are frequently resistant to multiple 
immunosuppressive agents, which is associated with ongoing complications of nephrotic syndrome and a high risk of 
progression to end-stage renal disease (ESRD). Rituximab, a monoclonal antibody against the B cell CD20 antigen, has shown 
some preliminary evidence in treating nephrotic syndrome.
Objectives: Describe the usage and the efficacy of rituximab for adults with FSGS in British Columbia (BC) (Canada) and 
perform a literature review of multi-immunosuppressive drug resistant FSGS in adult patients treated with rituximab to 
estimate the overall response rate.
Design: Case series report and a literature review.
Patients: For the case-series, all BC patients who received rituximab for a diagnosis of primary FSGS were included. The 
literature review included all cases of immunosuppressive-resistant FSGS patients treated with rituximab. We excluded 
transplant and pediatric patients in both groups.
Methods: We describe all cases of adults with native-kidney FSGS resistant to conventional immunosuppressive medications 
from our provincial health database who were treated with rituximab from 2014 to 2018. A review of the existing literature was 
performed via PubMed, MEDLINE, and Embase using the following keywords: rituximab, focal segmental glomerulosclerosis, 
and FSGS up to August 2019.
Results: We characterize four immunosuppressive-resistant FSGS patients who were treated with rituximab as part of our 
provincial program, all of whom showed a response to rituximab with a sustained remission. We found 29 specific cases in 
the literature of adults with native-kidney FSGS treated with rituximab after being resistant to other immunosuppressive 
medications, of whom 15 cases showed a response to rituximab. This has increased the total response rate from 15/29 (52%) 
to 19/33 (58%).
Limitations: Literature on this topic is coming predominantly from case series. Prospective trials are needed to confirm 
efficacy, tolerability, and duration of remission.
Conclusions: Due to the low number of currently reported cases and variable response rates, these four cases provide 
critical data to generate a more accurate understanding of the role of rituximab in adults with resistant FSGS. Adding these 
results to the confirmed literature cases of multiple-immunosuppressive-resistant FSGS patients treated with rituximab 
results in a total remission rate of 19/33 cases.

Abrégé 
Contexte: Il arrive fréquemment que les adultes atteints d’une glomérulosclérose segmentaire focale primaire (focal segmental 
glomerulosclerosis—FSGS) soient résistants à de multiples agents immunosuppresseurs. Cette résistance est associée à des 
complications du syndrome néphrotique et à un risque élevé de progression vers l’insuffisance rénale terminale (IRT). Le 
rituximab, un anticorps monoclonal contre l’antigène CD20 des lymphocytes B, a montré quelques résultats préliminaires 
prometteurs pour le traitement du syndrome néphrotique.
Objectifs: Décrire l’utilisation du rituximab et son efficacité chez les adultes atteints de FSGS en Colombie-Britannique 
(C.-B.) (Canada) et estimer le taux de réponse global par le biais d’une revue de la littérature portant sur les cas de FSGS 
résistante à plusieurs agents immunosuppresseurs chez des patients adultes traités par rituximab.
Conception de l’étude: Rapport de série de cas et revue de la littérature.
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Sujets: Ont été inclus pour la série de cas tous les patients britanno-colombiens qui recevaient du rituximab pour un 
diagnostic de FSGS primaire. La revue de la littérature a porté sur tous les cas de patients atteints de FSGS résistante aux 
immunosuppresseurs et traités par rituximab. Les patients transplantés et les enfants ont été exclus des deux groupes.
Méthodologie: Nous décrivons tous les cas répertoriés d’adultes atteints d’une FSGS résistante aux immunosuppresseurs 
conventionnels dans un rein natif et traités par rituximab dans la base de données de santé provinciale entre 2014 et 2018. 
Une revue de la littérature existante a été réalisée dans PubMed, Medline et Embase en utilisant les mots-clés suivants: 
Rituximab, focal segmental glomerulosclerosis (glomérulosclérose segmentaire focale) et FSGS jusqu’en août 2019.
Résultats: Nous caractérisons les cas de quatre patients atteints de FSGS résistante aux immunosuppresseurs et traités 
par rituximab dans le cadre de notre program provincial; tous ont répondu au rituximab avec une rémission durable.Dans la 
littérature, nous avons répertorié 29 cas particuliers d’adultes atteints d’une FSGS de rein natif ayant été traités par rituximab 
après avoir été résistants à d’autres médicaments immunosuppresseurs. De ces 29 cas, 15 ont répondu au rituximab. Le taux 
de réponse total est ainsi passé de 52 % (15/29) à 58 % (19/33).
Limites: La littérature sur ce sujet provient principalement de séries de cas. Des essais prospectifs sont nécessaires pour 
confirmer l’efficacité, la tolérance et la durée de la rémission.
Conclusion: Compte tenu du faible nombre de cas actuellement signalés et des taux de réponse variables, ces quatre cas 
fournissent des données cruciales qui permettent de mieux comprendre le rôle du rituximab chez les adultes atteints de 
FSGS résistante aux agents immunosuppresseurs. L’ajout de ces résultats confirmés dans la littérature aux cas de patients 
atteints de FSGS résistante à plusieurs immunosuppresseurs traités par rituximab a entraîné un taux de rémission total de 
19 cas sur 33.
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Introduction

Focal segmental glomerulosclerosis (FSGS) occurs when the 
kidney develops segmental glomerular scarring.1 Primary 
FSGS has a low rate of spontaneous remission and adults 
with primary FSGS are frequently resistant to multiple 
immunosuppressive agents.2 Left untreated, FSGS is associ-
ated with ongoing complications of nephrotic syndrome and 
a 50% risk of disease progression to end-stage renal disease 
(ESRD) in 6 to 8 years.3 Conventional immunosuppressive 
treatment options such as corticosteroids, cyclophospha-
mide, mycophenolate mofetil (MMF), and calcineurin inhib-
itors have variable efficacy as well as significant long-term 
side-effects.4

Rituximab, a monoclonal antibody against the B cell 
CD20 antigen, has shown some preliminary evidence in 
treating nephrotic syndrome.5 However, much of the data on 
rituximab for FSGS treatment has been in the pediatric popu-
lation.6,7 Given the substantial cost of rituximab compared to 

other treatment options, it is likely to remain a treatment of 
last resort for FSGS.8 As such, we described the usage and 
the efficacy of rituximab for adults with FSGS in the prov-
ince of British Columbia (Canada). We conducted a compre-
hensive literature review of multi-immunosuppressive 
drug-resistant FSGS in adult patients treated with rituximab 
to estimate an overall response rate.

Methods

In British Columbia, the provincial health database captures 
all patients with biopsy-proven glomerular disease and their 
associated immunosuppressive treatment. Rituximab is cov-
ered by the provincial government for FSGS resistant to 
other treatment options. We therefore sought to use this data 
infrastructure to describe all cases of adults (≥19 years) with 
native-kidney FSGS resistant to conventional immunosup-
pressive medications who were treated with rituximab from 
2014 to 2018. Individual patients’ charts were accessed for 
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demographic data, as well as patient’s complete medical and 
pharmacological history.

A detailed literature search for cases of immunosuppres-
sive-resistant FSGS treated with rituximab up to August 
2019 was performed via PubMed, MEDLINE, and Embase 
using the following keywords: rituximab, focal segmental 
glomerulosclerosis, and FSGS. Data on renal transplant 
patients and pediatric patients (age <19 years) were 
excluded, and only results for patients with primary FSGS 
resistant to at least 1 non-steroid immunosuppressive agent 
were included. For steroid-sensitive FSGS, only cases that 
were previously shown to be resistant to immunosuppressive 
agents other than rituximab where included.

As per KDIGO guidelines, complete remission (CR) for 
patients with primary FSGS is defined as a proteinuria <0.3 
g/d (PCR < 30 mg/mmol or ACR < 30 mg/mmol).9 Partial 
remission (PR) is defined as a 50% reduction in proteinuria 
to a proteinuria level less than 3.5 g/d (PCR < 350 mg/mmol 
or ACR < 350 mg/mmol).9 For the purpose of this review, 
we defined a response to rituximab by (1) achieving CR or 
PR in patients with nephrotic range proteinuria at the time of 
rituximab treatment, or (2) maintaining CR/PR after tapering 
off corticosteroids in those patients with steroid-sensitive 
disease that were in remission on steroids at the time of ritux-
imab treatment.

The dosage and regimen of rituximab, previous therapies, 
and markers of treatment response are summarized in Table 1.

Ethics approval, including a waiver of individual patient 
consent, was granted from the University of British Columbia 
Research and Ethics Board.

Results

Case Reports

Of the 121 patients in British Columbia who received ritux-
imab for the treatment of glomerulonephritis (GN) from 
January 2014 to April 2018, 4 were adults with primary 
FSGS in the native kidney. Clinical and laboratory data are 
summarized in Table 1.

Patient 1 is a 41-year-old female who had previously 
failed combination therapy with prednisone, MMF, tacroli-
mus, and galactose. Her creatinine was 71 µmol/L, albumin 
23 g/L, and proteinuria 4.95 g/d while on therapeutic tacroli-
mus level and MMF. She was treated with rituximab 375 mg/
m2 weekly for 4 doses followed by single 375 mg/m2 doses 
with CD20 reconstitution (approximately every 7 months). 
She achieved CR 3 months after her first rituximab dose. 
One year after the initiation of rituximab she was tapered off 
all other immunosuppressive agents and remained in CR. 
Two years after her first rituximab dose, we started tapering 
her rituximab dosage yearly. Fifty-seven months after her 
first rituximab dose, her serum creatinine was 81 µmol/L, 
albumin 42 g/L, and an ACR of 2.1 mg/mmol consistent with 
a CR.

Patient 2 is a 21-year-old male, who had previously failed 
tacrolimus, cyclosporine, and was on prednisone and MMF. 
His serum creatinine was 168 µmol/L, albumin 30 g/L, and 
proteinuria 8.69 g/d. He was treated with rituximab 375 mg/
m2 weekly for 4 doses followed by single 375 mg/m2 doses 
with CD20 reconstitution (approximately every 6 months). 
He achieved PR 3 months after his first rituximab dose. 
Seventeen months after the initiation of rituximab, he was 
tapered off all other immunosuppressive and remained in 
partial remission. Thirty-three months after his first ritux-
imab dose, we began tapering his rituximab dosage yearly. 
Fifty-five months after is first rituximab dose, his serum cre-
atinine was 270 µmol/L, albumin 36 g/L, and an ACR of 55 
mg/mmol consistent with a PR. Unfortunately, his chronic 
kidney disease continued to progress likely on the basis of 
sclerosis.

Patient 3 is a 26-year-old female who was steroid-sensi-
tive, but unable to taper off prednisone without a disease 
flare despite concurrent use of cyclophosphamide, cyclospo-
rine, or tacrolimus. At the time of being treated with ritux-
imab 1 g every 2 weeks for 2 doses, she was on tacrolimus 3 
mg BID and prednisone 20 mg/d, with serum creatinine 63 
µmol/L, albumin 35 g/L, and proteinuria 0.38 g/d. She 
achieved PR 2 months after her first rituximab dose. 
Following the two rituximab doses, she received rituximab 1 
g with CD 20 reconstitution (approximately every 8 months). 
Thirty months after rituximab treatment, she was off all 
immunosuppression. At that time, her serum creatinine was 
70 µmol/L, albumin 39 g/L, and proteinuria 0.79 g/d consis-
tent with a PR.

Patients 4 is a 19-year-old male. He was diagnosed at 2 
years of age with biopsy proven minimal change disease. He 
was steroid-sensitive, but unable to taper off prednisone 
despite being treated with chlorambucil, levamisole, cyclo-
phosphamide, tacrolimus, and MMF. At 17 years of age, he 
received 1 course of rituximab 375 mg/m2 weekly for 4 doses 
and remained relapse-free on no other immunosuppressive 
agent for 24 months. Two years later, he had a relapse with 
significant nephrotic syndrome and creatinine 233 µmol/L, 
albumin 12 g/L, and proteinuria 8.3 g/d. A repeat biopsy 
showed FSGS. He was on no immunosuppressive therapy at 
this point. He was treated with rituximab 375 mg/m2 weekly 
for 4 doses followed by single 375 mg/m2 doses with CD20 
reconstitution (approximately every 11 months). He achieved 
PR 1 month after first rituximab dose. Twenty-three months 
after his first rituximab dose, we began tapering his ritux-
imab dosage yearly. Forty months after his first rituximab 
dose, his serum creatinine was 91 µmol/L, albumin 43 g/L, 
and proteinuria of 0.66 g/day consistent with a PR.

Literature Search Results

Figure 1 shows our literature strategy. Patients from 11 stud-
ies met our inclusion criteria, including a total of 29 patients 
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with FSGS (Table 1).5,10-19 As per our definition, 15 of these 
cases showed a response to rituximab

The four new cases of immunosuppressive-resistant FSGS 
that were treated with rituximab and presented in this report 
increases the rate of response to this treatment from 15/29 (52%) 
to 19/33 (58%). From the total of the literature review and our 4 
cases, of the 19 patients who showed response to treatment at 
the last follow-up time point, 8/19 (42%) were in complete 
remission and 11/19 (58%) were in partial remission.

Of the 31 patients with nephrotic range proteinuria at time of 
rituximab treatment, 17/31 (55%) responded to treatment; of 
which 7/17 (41%) achieved CR and 10/17 (59%) achieved PR. 
Of the 2 patients who were in remission (partial and complete) 
on steroids with or without other immunosuppressive agents, 
after rituximab both patients were able to maintain remission 
while tapering off steroids. Of the 2 patients, 1 patient was in 
complete remission and 1 was in partial remission.

Discussion

We performed a literature review of adult patients with FSGS 
resistant to multiple immunosuppressive agents to generate a 

more accurate assessment of the response rate to rituximab. 
Due to the low number of reported FSGS adult cases treated 
with rituximab to date, the 4 cases presented in this report 
provide meaningful data to support the role of rituximab in 
adults with multiple immunosuppressive-resistant FSGS. 
When our results were combined with the existing literature, 
the total response rate rises up to 58% (19/33) from origi-
nally 52% (15/29). We acknowledge that the literature to 
date for rituximab in adult FSGS patients is predominantly 
case series. This underscores the need for prospective clini-
cal trials to better determine the efficacy, tolerability, and 
duration of remission of rituximab in FSGS.

There is evidence suggesting that rituximab induce remis-
sion in FSGS patients by two pathways. The first one is that 
CD20 positive B cells are involved in the immunopathogene-
sis of FSGS by the production of the circulating permeability 
factors, which disrupt podocyte integrity. This is thought to be 
the main cause of primary FSGS.20 The second pathway is that 
rituximab reduces exposure to B-cell-induced local interleu-
kine-4, which cause foot process effacement and proteinuria.20 
Our results demonstrate the potential efficacy of rituximab in 
both steroid resistant and steroid dependent FSGS. Patients 1, 

Figure 1. Flow diagram for the literature review.
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2, and 4 were resistant to prednisone in combination with mul-
tiple other immunosuppressive agents, with persistent 
nephrotic range proteinuria and hypoalbuminemia. Rituximab 
resulted in proteinuria remission (complete remission in 
patient 1, partial remission in patient 2 and 4) that was sus-
tained despite discontinuing all other immunosuppressive 
agents. Patient 3 had steroid-sensitive disease, but was not 
able to taper off prednisone despite concurrent use of other 
immunosuppressive agents. After rituximab, patient 3 was 
able to maintain proteinuric remission even after discontinu-
ing prednisone and tapering of other immunosuppressive 
medications. By reporting all cases of adults with FSGS 
treated with rituximab in our province, we reduced the risk of 
bias from selective reporting of individual cases.

Currently, many adult FSGS patients either fail therapy 
with conventional immunosuppressive agents or only achieve 
proteinuria remission that is dependent upon the ongoing use 
of these medications.5,10,12,16-18 Long-term use of corticoste-
roids, cyclophosphamide, MMF, or calcineurin inhibitors is 
known to have multisystem side-effects. Some studies have 
looked at the long-term safety profile of rituximab in the rheu-
matoid arthritis population, the granulomatosis with polyangi-
itis (GPA), and microscopic polyangiitis (MPA) populations 
or systemic inflammatory and autoimmune disease population 
for up to 11 years.21-24 Results of these studies are quite consis-
tent with an incidence ratio of infection of 3.76 to 7.1 per 100 
patient-years, and malignancy rate similar to the one seen in 
general population.21,22,25 We propose that rituximab can be 
safely considered when other immunosuppressive options 
have been trialed and patients continue to have nephrotic 
range proteinuria or in patients who may have achieved pro-
teinuric remission yet continue to rely on immunosuppressive 
agents with known long-term risks.

To compare rituximab long-term side-effects to side-effects 
of previous immunosuppressive agents, one consideration is 
its efficacy and need for ongoing treatment. The dosing regi-
men of rituximab used at our center was largely based on dos-
ing reported in previous studies.17,18,26 However, the dose 
which is commonly used in the adult literature was derived 
from doses used in refractory non-Hodgkin’s lymphoma.26 To 
date, there has not been a study to determine the most effica-
cious dose and regimen in the adult FSGS population. A previ-
ous study of steroid-resistant FSGS cases has shown that there 
was an association between patients who received more doses 
of rituximab and a greater reduction of proteinuria.5

From the available literature and based on our center’s 
experience, most patients received four 375 mg/m2 once-
weekly doses of rituximab with stable remission status as far 
as several months from the time of rituximab administration. 
Additional single rituximab doses were given as infrequently 
as every 6 to 11 months thereafter as needed to maintain both 
CD20 depletion and proteinuria remission.5,10-19

One factor that may contribute to which patients are able 
to maintain remission after rituximab therapy is the rate of 
CD20 reconstitution.22 Rituximab can reduce CD20-positive 

B cells in a single dose, selectively targeting the B cell popu-
lation and potentially other immune cell populations affected 
by costimulatory pathways; however, the correlation between 
reconstitution of CD20-positive cells and FSGS relapse 
needs to be further studied.27 At our institution, we used 
CD20 as the main marker to determine maintenance dosing 
because CD20 levels are early indicators of relapse in mini-
mal change disease.28 However, in the pediatric population 
despite there being an association between CD20 reconstitu-
tion with disease relapse, not all patients who had recovery 
of CD20 levels had worsening disease.29 Since there are still 
individual differences in response to rituximab not associ-
ated with CD20 reconstitution,29 the immunopathogenesis 
and response to rituximab in FSGS disease variants need to 
be further explored in future studies.

Although the optimal long-term rituximab maintenance 
therapy for particularly intractable cases is currently 
unknown, there is also potential for combined treatment 
using rituximab with other immunosuppressive medica-
tions.30-33 Two pediatric studies have shown that MMF ther-
apy when given post-rituximab may help maintain 
remission.30,31 Other studies have previously shown that 
tacrolimus and rituximab efficacy in nephrotic syndrome 
increases when used in combination therapy with other 
agents such as MMF.32,33 Therefore, although we present 
cases of FSGS resistant to multiple immunosuppressive 
agents that have responded to prolonged rituximab treat-
ment, the optimal duration and type of maintenance therapy 
will require ongoing study and development.

Conclusion

In conclusion, the preliminary results gained from this study 
support a role for rituximab in adults with FSGS when con-
ventional therapies have failed. Moving forward, further tri-
als are needed to confirm our findings in a larger number of 
patients, to identify patient characteristics that can predict 
response to treatment, and to determine the optimal ritux-
imab dosing regimen in this population.
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