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Long-term efficacy of Rituximab in steroid 2
dependent and frequent relapsing adult
nephrotic syndrome
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Abstract

Background Corticosteroids are highly efficient for treatment of minimal change disease (MCD), however a
substantial number of patients become steroid dependent (SD) or frequent relapsing (FR). Response rate is lower in
primary Focal Segmental Glomerulosclerosis (FSGS). Since prolonged exposure to corticosteroids should be avoided,
an effective alternative is required. Rituximab is a promising agent. We aimed to evaluate the efficacy of Rituximab in
adults with SD/FR nephrotic syndrome (NS).

Methods A retrospective cohort study, evaluating patients with SD/FR NS treated with Rituximab in a tertiary
hospital. Rituximab was given at induction, with additional doses subjected to the treating nephrologist decision.
Primary outcome was number of relapses and time to first relapse. Safety was assessed.

Results Twenty-one adults were included. Among them, 14 (66.7%) were diagnosed with MCD, 5 (23.8%) with

FSGS, in 2 cases kidney biopsies were not performed. Median age was 54.6 years. Median follow up was 39.6

months. Number of relapses decreased significantly after Rituximab compared to before treatment (median relapses
0 compared to 3, respectively, W=3.70, p <.001). Time to first relapse was significantly shorter before Rituximab
compared to after (median 11 vs. 536 days, respectively, W=3.05, p=.002). Hazzard Ratio for relapse was higher in
patients who received one Rituximab course compared to those who received an additional maintenance (HR=4.31,
95% Cl: 1.13-16.39, p=.032). Treatment was well-tolerated, serious adverse events included cholecystitis and severe
COVID-19.

Conclusions Rituximab emerges as an efficient safe steroid sparing in patients with SD/FR NS, with longer remission
achieved when an additional maintenance dose is given after the first course.
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Background

Minimal change disease (MCD) carries a favorable prog-
nosis under glucocorticoids treatment, which is recom-
mended as a first-line therapy of adult MCD according
to the Kidney Disease: Improving Global Outcome
(KDIGO) guidelines [1]. However, while complete
response is achieved in 75-90% of patients, up to 25%
of steroid responders develop frequent relapses (FR),
and 30-40% of them become steroid-dependent (SD)
[2]. Response rate is lower in primary Focal Segmental
Glomerulosclerosis (FSGS), estimated below 50%, with
a relapse rate of 36% and 52% in patients who previ-
ously achieved complete remission and partial remission,
respectively, resulting in prolonged steroid exposure [3,
4]. Long-term steroid treatment is associated with seri-
ous side effects such as hyperglycemia, hypertension,
dyslipidemia, and osteoporosis [1]. Therefore, non-ste-
roid immunosuppressive treatments are essential for
safe and effective treatment of adult steroid responsive
nephrotic syndrome (NS).

Alternate immunosuppressants such as calcineurin
inhibitors (CNI), cyclophosphamide, and mycopheno-
late mofetil are reserved as a second line for FR, SD and
steroid-resistant (SR) patients. However, these agents
have shown limited results in maintaining remission and
reducing relapses and are associated with significant side
effects [5].

The pathogenesis of podocytopathy in MCD and FSGS
was poorly understood for many years. It was thought
to be caused by lymphocyte dysregulation in which the
permeability circulating factor, released by T cells, led
to podocyte injury [6, 7]. In addition, B cells also play
an essential role in podocytopathy through interaction
with T cells, secretion of antibodies, or production of
cytokines [8—10]. Recently, significant progress has been
made in understanding the pathogenesis of the MCD, as
circulating antinephrin autoantibodies appeared to be a
marker of disease activity in patients with MCD and idio-
pathic steroid responsive NS [11].

Rituximab is a chimeric monoclonal antibody that tar-
gets CD20 antigen, a B cell differentiation marker [12].
The direct binding of Rituximab to surface protein CD20
results in B lymphocyte depletion through inducing cell
apoptosis, complement-dependent cytotoxicity, and anti-
body-dependent cell-mediated cytotoxicity [12—-14].

Rituximab has been used since 2006 to treat pediatric
patients with FR NS [15]. Several randomized clinical tri-
als (RCTs) have been conducted in the pediatric popula-
tion to evaluate its efficacy and safety [16—20]. Emerging
evidence indicates that Rituximab may also aid in manag-
ing SR NS in pediatric patients. A study conducted across
28 pediatric nephrology centers highlights that Ritux-
imab enhances remission rates in a subset of children
with SR NS, with effects observed during a follow-up
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period of 24 months post-treatment [21]. Observational
studies have been previously conducted to assess its
efficacy and safety in adult MCD and FSGS [3, 22-28].
These studies have confirmed that Rituximab therapy
led to complete remission, low relapse rate, and enabled
gradual tapering or discontinuation of steroids in SD NS
patients [22, 23, 25, 27, 28]. Currently, there are no pub-
lished RCTs assessing Rituximab use in adult population
with SD/FR NS, although there are several trials ongoing
[29]. Due to the limited studies and available information
to determine the effectiveness and safety of Rituximab
use in adult SD/FR NS, additional studies are needed for
treatment guidance.

In this study, we carried out a retrospective analysis of
adult patients with SD/FR MCD/FSGS who have been
treated with Rituximab at our Nephrology department of
a tertiary hospital. Our aim is to evaluate the long-term
efficacy and safety of Rituximab therapy in adult patients
with SD/FR NS.

Method

This single-center retrospective cohort study was per-
formed at the Nephrology department of tertiary hospi-
tal between January 2014 to December 2023 to evaluate
the efficacy and safety of Rituximab treatment among
patients with MCD and FSGS. This study complies
with the Declaration of Helsinki and was performed
according to ethics committee approval under protocol
TLV-23-0087.

Inclusion criteria include (1) a minimum age of 18 years
(2) a diagnosis of MCD or FSGS according to KDIGO
criteria [1] (3) Steroid-dependent, frequent relapses NS
or significant side effects to current immunosuppression
(4) Patients who were treated with Rituximab.

Primary outcome includes the frequency of relapses
and time to first relapse after Rituximab therapy. We also
evaluated adverse events related to Rituximab during the
first 24 months.

Steroid-dependence was defined as two or more
relapses that occurred within two weeks after complet-
ing a course of steroid treatment and frequent relapses
were defined as more than two relapses in a period of six
months or four relapses within a year.

Complete remission was defined according to KDIGO
guidelines as reduction of proteinuria to below 300 mg/
day and serum albumin above 3.5 g/l. Partial remission
was defined as reduction of proteinuria to 300-3,500 mg/
day and a decrease above 50% from baseline [1].

Relapse was defined as proteinuria above 3,500 mg/
day after achieving complete remission, or an increase in
proteinuria demonstrated on at least 2 consecutive urine
analysis that was considered sufficient by the managing
clinician to re-introduce immunosuppressive therapy.
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The demographic and clinical data were collected
through electronic medical records. The data include
age, gender, past medical history, habits, family history,
chronic diseases, previous immunosuppressive therapy
and concurrent medication. Laboratory data include cre-
atinine, Blood Urea Nitrogen, lipid profile, and serum
albumin. Estimated glomerular filtration rate (eGFR) was
calculated according to CKD-EPI formula [30]. Protein-
uria was quantified using a urine protein/creatinine ratio
(uPCR) or 24-hours urine collection.

Prior to first Rituximab course, patients were immu-
nized with pneumococcal vaccine if possible. Hepatitis
B status was assessed in all patients before Rituximab
treatment to rule out active infection / chronic car-
rier condition. Positive cases were designated for anti-
viral treatment before initiating Rituximab. Before each
dose, patients were clinically assessed to rule out active
infection, and a complete blood count was performed to
exclude neutropenia. In cases treated with a combination
of Prednisone above 20 mg daily or other immunosup-
pressant, prophylaxis for Pneumocystis pneumonia was
given.

Pretreatment with acetaminophen, anti-histamines
and intravenous steroids were given before each infu-
sion, even on repeated doses. Rituximab initial dose was
administered in conjunction with steroids, preferably
while the patient is in complete remission. In most cases,
Rituximab was given in two doses of 1,000 mg each, two
weeks apart, for induction. A single maintenance dose of
1 gram was administered 6 month following induction to
some of the patients based on the treating nephrologist
decision. Additional doses were given only if a relapse

Table 1 Patients'baseline characteristics (N=21)

Characteristic N (%) Median (IQR)
Age 5461 (34.2-62.5)
Gender (female) 11 (52.4%)
Family history
Steroid sensitive NS 1 (4.8%)
Other kidney disease 5(23.8%)
Current / past Smoker 3(14.3%)
Hypertension 9 (42.9%)
Obesity 4(20.0%)
Diabetes mellitus 3(14.3%)
Thyroid disease 3(14.3%)
eGFR (ml/min/1.73m?) 106.0 (89.5-120.5)
Medications
Diuretics 11 (52.4%)
ACEIi/ARB 14 (66.6%)
MRAs 4 (19%)
Anticoagulants 3(14.3%)
Statins 16 (76.2%)
Oral hypoglycemics 2(9.5%)
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occurred. Relapses were treated with a short glucocorti-
coids course in addition to Rituximab.

Serious adverse events (SAEs) and adverse events (AEs)
were documented in patients’ medical records during
treatment and follow-up.

Statistical analysis

Continuous variables are presented as median with inter-
quartile range (IQR) to account for potential non-nor-
mality in the data distribution. Categorical variables are
presented as number of patients and the corresponding
percentage. Differences in the number of relapses and
time to first relapse before and after Rituximab ther-
apy were assessed using the non-parametric Wilcoxon
signed-rank test. Time to first relapse after Rituximab
therapy was further evaluated using Cox Regression sur-
vival analysis for differences between disease type (MCD
vs. FSGS) and administration of additional maintenance
doses (maintenance vs. no-maintenance).

P-value<0.05 was considered statistically significant.
All statistical tests were two tailed. IBM SPSS Statistics
for Windows, version 28 (IBM Corp., Armonk, NY, USA)
was used for all statistical analyses.

Results

Twenty-one patients were included in the cohort.
Patients’ baseline characteristics are presented in Table 1
and 2. Median age was 54.61 years (IQR 34.2-62.5),
52.4% were females. Patients did not have significant car-
diovascular history and kidney function was normal in
20 patients. There were no positive cases of Hepatitis B
infection or carriage.

Fourteen patients (66.6%) were diagnosed with MCD,
5 (23.8%) with FSGS. In 2 cases kidney biopsies were not
performed: one patient had childhood onset SD NS, and
another adult with steroid responsive NS, who had recur-
rent episodes of life-threatening arterial thrombosis that
precluded withdrawal of anticoagulation. Five patients
experienced more than 5 relapses before Rituximab treat-
ment. In 5 patients with SD NS, relapses occurred at a
relatively high Prednisone dose - above 20 mg.

Eleven patients received Rituximab first dose while in
complete remission, 4 were in partial remission and 6
patients failed to achieve remission before Rituximab
treatment; Five of them with FSGS and one with SD
MCD relapsing at a high prednisone dose of 40 mg daily.
Most patients (18/21) received concomitant steroid ther-
apy alongside their first Rituximab dose. Most patients
received an induction therapy with 2,000 mg Rituximab,
divided to 2 doses, however 2 females received only one
dose for induction— one due to financial reasons and the
other due to SAE occurring after the first dose. Despite
that, both cases sustained prolonged remission with no
relapses during long term follow up. Fourteen patients
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Table 2 Kidney disease characteristics of patients prior to rituximab treatment

Patient Sex Diagnosis Response to initial Age at diagnosis/ Previous IS therapy Num-
immunosuppressive Rituximab treatment’ ber of
treatment re-

lapses

1 F MCD-SD CR 45/46 GC 2

2 M FSGS CR 57/65 GC, CYA >5

3 M MCD-SD CR 51/59 GC, CYA, CP >5

4 M MCD-FR CR 33/37 GC, CYA 4

5 M SSNS-SD CR 8/28 GC, CYA, MMF, CP >5

6 M FSGS PR 43/47 GC, CYA, MMF, CP, TAC NA

7 F SSNS-FR CR 70/73 GC, CYA 3

8 F MCD CR 47/57 GC, CP 1

9 M MCD-SD CR 47/55 GC, CYA, CP 3

10 M MCD-FR CR 30/33 GC, CYA, MMF 3

11 F MCD-SD CR 38/38 GC, CYA 1

12 F MCD-SD CR 42/43 GC, CYA, TAC 1

13 F FSGS CR 11/19 GC, CYA, TAC 2

14 F FSGS CR 32/36 GC, TAC 2

15 M MCD-FR CR 62/64 GC 2

16 F FSGS PR 20/28 GC, CYA, MMF >5

17 F MCD-SD CR 29/29 GC 2

18 M MCD-SD CR 26/26 GC 4

19 F MCD-SD CR 52/63 GC, CYA >5

20 M MCD-FR CR 52/54 GC, CYA 4

21 F MCD-SD CR 62/63 GC, CYA 1

MCD, minimal change disease; FSGS, focal segmental glomerulosclerosis; IS, immunosuppressive; NA, not available; GC, glucocorticoids; CYA, cyclosporine A; CP,
cyclophosphamide; MMF, mycophenolate mofetil; TAC, tacrolimus; CR, complete remission; PR, partial remission

“Patient without biopsy performance

At first course of Rituximab

received repeated Rituximab doses, in 5 cases the sec-
ond course was due to relapse, the others received pro-
phylactic maintenance dose due to pre-Rituximab disease
severity, according to the managing physician decision.
Median total dose of Rituximab was 3000 mg (IQR:
2000-4750 mg), administered over a median of 3 courses
(IQR: 1.0-4.0 courses). Median follow up time was 39.6
months (IQR: 17.0-62.0).

Following first course of Rituximab therapy, 14 patients
maintained prolonged remission and did not require
steroid treatment until the end of follow up. Number of
relapses decreased significantly after Rituximab com-
pared to before treatment, with 66.7% of patients main-
taining prolonged remission without relapses, 9.5% with
1 relapse, 9.5% with 2 relapses, and 14.3% with 3 relapses
(median relapses 0 after Rituximab compared to 3 before
treatment, W =3.70, p <.001, with a large effect size, r=.82
(Fig. 1)). Patients experienced an average of 0.21 relapses
per year following Rituximab treatment. This effect
remained robust even after excluding patients with less
than three years of follow-up post-Rituximab (W =2.57,
p=.010).

Time to first relapse was significantly shorter before
receiving Rituximab compared to after (median 11 vs.

536 days, respectively, W=3.05, p=.002, with a large
effect size, r=.76) (Fig. 2).

Cox regression survival analysis was conducted to
assess the Hazard Ratio (HR) for relapse over time with
Rituximab treatment. There was no significant differ-
ence observed between the MCD and FSGS groups
(HR=1.16, 95% CI: 0.28—-4.50, p =.877, Fig. 3). Individuals
who received only one course of induction therapy (no-
maintenance group) experienced a notably higher HR
for relapse compared to those in the maintenance group
(HR=4.31, 95% CI: 1.13-16.39, p=.032), as depicted in
Fig. 4.

Safety profile of the treatment was favorable. Two
events were considered treatment related SAE: hospi-
talization due to severe acute cholecystitis a week after
first Rituximab dose; and severe COVID-19 necessitat-
ing mechanical ventilation and renal replacement therapy
initiation in a vaccinated patient with FSGS and chronic
kidney disease stage IV. Other AEs included significant
hypogammaglobulinemia in one patient; dyspnea in one
patient during Rituximab infusion, that resolved after
decreasing infusion rate; one patient developed joint pain
that lasted several weeks after treatment and 2 patients
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Before rituximab

Fig. 1 Number of relapses before and after Rituximab
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Fig. 3 Cox regression curves for first relapse hazard after first course of Rituximab therapy (MCD vs. FSGS)

had gastrointestinal symptoms that resolved within sev-
eral days.

Discussion

In this retrospective cohort, we found that Rituximab
significantly decreased number of relapses and increased
time to relapse in a cohort of steroid responsive MCD /
ESGS during long term follow-up.

While MCD was regarded as a T-cell mediated disease
for decades, the essential role of B-lymphocytes was pre-
viously identified, partially in an attempt to search for
an explanation for the effectiveness of Rituximab in the
treatment of the disease [6, 10]. Detection of disease-
specific circulating antinephrin autoantibodies in a large
proportion of patients with active MCD and FSGS fur-
ther emphasizes the importance of B-lymphocytes in
the pathogenesis of the disease [11, 31]. Since Rituximab
induces prolonged B-cells depletion, it may induce pro-
longed remission. We demonstrated a significant reduc-
tion in relapse rate after Rituximab use, and longer time
to first relapse, that maintained during long term follow-
up. Our results are compatible with previous findings of

observational and retrospective studies in the adult pop-
ulation [22, 23, 27, 32].

Although the 2021 KDIGO guidelines reports that
Rituximab was effective in inducing remission and reduc-
tion of relapses in observational studies performed in
patients with SD/FR MCD, since the experience with the
drug is limited, the guidelines did not recommend Ritux-
imab over other commonly used immunosuppressants.
Moreover, it proposes Cyclophosphamide first in patients
with SD/FR MCD, unless previously exposed to the drug
or according to patient’s preference [1]. However, due to
its significant toxicity and side effects, and since Ritux-
imab was associated with reasonable side effects in our
cohort, in recent years we practically abandoned Cyclo-
phosphamide use in our center, which we reserve only
for extreme cases resistant to treatment. This routine is
in line with the current ERA Immunonephrology work-
ing group recommendation for Rituximab to be preferred
over cyclophosphamide as second line for SD/FR MCD
[33].

There is an unmet need for an effective tool to improve
decision making about the duration and dosage of Ritux-
imab therapy. In our cohort, Rituximab was given in
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different maintenance protocols according to the treating
nephrologist decision, based partially on disease sever-
ity, previous relapse rates and steroids side effects, as well
as previous experience to the drug, without an objective
tool to guide treatment decisions. Accordingly, 5 patients
in our cohort experienced relapse 8—31 months after
Rituximab induction, all cases in patients treated before
2019, that driven the treating nephrologists to frequently
use maintenance doses since 2020. Adding a maintenance
dose in our cohort has proven to be extremely efficient
in achieving long term remissions, with a HR of 4.31 for
relapse in cases treated with a single induction course
compared to those treated with a maintenance dose.
Reports on Rituximab recurrent maintenance doses are
emerging, however there is no standardized protocol [34,
35]. Recently, Gauckler et al. conducted a comprehensive
investigation on the long-term outcomes of Rituximab-
treated adult patients with SD, FR and SR nephrotic
syndrome, emphasizing the importance of maintenance
dosing in sustaining remission [28]. This aligns with our
findings, which highlight Rituximab’s potential to reduce
relapse rates without the continuous use of steroids.
Circulating CD19+ B-cells levels were considered a
promising tool to evaluate treatment response and recon-
stitution of B-lymphocytes [36]. However, although some
reported the efficacy of a “CD-19 targeted approach’,

which takes into consideration CD19+ B-cell level to
guide decision making, others failed to demonstrate a
correlation between CD19+ B-cells count and clinical
response [37, 38]. Therefore, as efficiency was not proved,
we do not routinely measure CD19+B-cells levels to
guide clinical decisions. Recent evidence of antineph-
rin antibodies level correlation with disease activity is
encouraging, as it may support clinical decisions in the
future [11].

A question arises whether Rituximab can be used as
an alternative to corticosteroids, even in the first occur-
rence of NS, in patients at high risk for steroid toxicity.
In our cohort, all patients received corticosteroids to
induce remission promptly, and relapses were treated
with a combination of corticosteroids and Rituximab,
that allowed rapid tapering down. Fenoglio et al. previ-
ously reported a case series of 6 patients with MCD
treated with Rituximab alone as first line. At 3 months,
3 achieved complete remission, and 2 patients achieved
complete remission at 6 and 9 months [15]. This treat-
ment strategy raises two major concerns: leaving these
patients nephrotic for several months carries the risk of
subjecting them to complications of nephrotic syndrome.
Furthermore, since Rituximab is an antibody, its renal
clearance increases significantly in patients with NS,
compared to a negligible clearance in other populations,
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leading to a rapid drop in serum concentration [39]. This
is potentially supported by a recent study which dem-
onstrated that a non-selective proteinuria, character-
ized by urinary excretion of IgG, and consequently of
therapeutic monoclonal antibodies, was associated with
partial response or no response to rituximab in adults
with MCD and FSGS [40]. Therefore, Rituximab admin-
istered to patients during active NS may have economic
implications as higher doses should probably be used.
Consequently, we recommend reserving the strategy
of Rituximab as first line therapy only for patients with
absolute contraindication to corticosteroids, until further
evidence will be available.

While Rituximab was generally safe within our study
cohort, it raises concerns regarding response to COVID-
19 vaccination. Recent studies have demonstrated that
patients receiving Rituximab exhibit a diminished anti-
body response to both two-dose and three-dose mRNA
COVID-19 vaccine regimens, potentially leading to an
increased risk of severe breakthrough infections [41, 42].
In our study cohort, the patient infected with COVID-
19 had received four doses of messenger ribonucleic
acid (mRNA) vaccines prior to infection. Despite this
extensive vaccination, the risk associated with Ritux-
imab necessitates careful consideration in clinical prac-
tice, emphasizing the need for vigilant monitoring and
possibly supplemental protective measures for such
individuals.

The study has several limitations. It is a retrospective
study performed on a small cohort of patients. However,
each case was meticulously examined to obtain as much
information as possible. Patients’ disease characteristics
were different, as both MCD and FSGS were included in
the analysis. We looked for differences among them how-
ever the cohort was too small to detect such variations.
Another limitation is the diverse treatment protocols. Its
main strength is the long follow-up time.

Conclusions

Rituximab appears to offer an efficient safe alternative
to prolonged steroid treatment in patients with SD/FR
NS, with longer remission achieved when an additional
maintenance dose is given after the first course. RCTs
are needed to confirm its efficacy and safety, define treat-
ment indications and optimal regimen.

Abbreviations

AE Adverse events

CNI Calcineurin inhibitors

eGFR Estimated glomerular filtration rate
FR Frequent relapsing

FSGS Focal Segmental Glomerulosclerosis
IQR Interquartile range

MCD Minimal change disease
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NS Nephrotic syndrome
RCTs Randomized clinical trials
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