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Abstract
Background Rituximab and tacrolimus are therapies reserved for patients with frequently relapsing or steroid-dependent 
nephrotic syndrome who have failed conventional steroid-sparing agents. Given their toxicities, demonstrating non-inferiority 
of rituximab to tacrolimus may enable choice between these medications.
Methods This investigator-initiated, single-center, open-label, pilot randomized controlled trial examined the non-inferiority 
of two doses of intravenous (IV) rituximab given one-week apart to oral therapy with tacrolimus (1:1 allocation), in maintain-
ing sustained remission over 12 months follow-up, in patients with difficult-to-treat steroid-sensitive nephrotic syndrome, 
defined as frequently relapsing or steroid-dependent disease that had failed ≥ 2 steroid-sparing strategies. Secondary outcomes 
included frequency of relapses, proportion with frequent relapses, time to relapse and frequent relapses, and adverse events 
(CTRI/2018/11/016342).
Results Baseline characteristics were comparable for 41 patients randomized to receive rituximab (n = 21) or tacrolimus 
(n = 20). While 55% of patients in each limb were in sustained remission at 1 year, non-inferiority of rituximab to tacroli-
mus was not demonstrated (mean difference 0%; 95% CI – 30.8%, 30.8%; non-inferiority limit – 20%; P = 0.50). Frequent 
relapses were more common in patients administered rituximab compared to tacrolimus (risk difference 30%, 95% CI 7.0, 
53.0, P = 0.023). Both groups showed similar reductions in relapse rates and prednisolone use. Common adverse events were 
infusion-related with rituximab and gastrointestinal symptoms with tacrolimus.
Conclusions Therapy with rituximab was not shown to be non-inferior to 12-months treatment with tacrolimus in maintain-
ing remission in patients with difficult-to-treat steroid-sensitive nephrotic syndrome. Frequent relapses were more common 
with rituximab. While effective, both agents require close monitoring for adverse events.
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Introduction

Approximately 40–50% of patients with steroid-sensitive 
nephrotic syndrome have frequently relapsing or steroid-
dependent disease. These patients are considered for therapy 
with steroid-sparing agents because of the morbidities asso-
ciated with relapses and the risk of corticosteroid toxicity 

[1]. While the recent Kidney Disease: Improving Global 
Outcomes (KDIGO) clinical practice guidelines suggest lev-
amisole or cyclophosphamide as preferred agents in patients 
with frequent relapses, they advise that the choice of the 
glucocorticoid-sparing agent in steroid dependence should 
be guided by patient and physician preference, likely adher-
ence to therapy, and adverse effects, costs and availability 
of the medication [2]. In many regions of the world, patients 
with frequent relapses or steroid dependence usually receive 
initial therapy with prednisone on alternate days, cyclophos-
phamide, levamisole, and/or mycophenolate mofetil (MMF), 
failing which they are considered difficult-to-treat, and man-
aged with either calcineurin inhibitors (CNI) or intravenous 
(IV) rituximab [1].
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Therapy with ciclosporin or tacrolimus sustains satisfac-
tory remission in the majority, but is reserved for later con-
sidering the risks of nephrotoxicity and metabolic adverse 
events [3]. Likewise, while B-lymphocyte depletion ena-
bles significant steroid-sparing and sustained remission 
for 6–15 months, rituximab therapy is associated with the 
risk of infusion reactions and hypogammaglobulinemia, 
particularly in young children [3]. Given a choice, physi-
cians and parents prefer rituximab to CNI in patients with 
difficult-to-treat disease because of its perceived safety and 
ease of adherence to therapy. Evidence to guide this deci-
sion for patients with steroid-sensitive disease is limited to 
one retrospective series [4] and a single-center randomized 
controlled trial (RCT) [5] on patients with mild disease, and 
show conflicting results, possibly related to differences in 
age at therapy and disease severity. Therefore, this pilot RCT 
was planned to examine the non-inferiority of two doses of 
IV rituximab to 12 months of therapy with oral tacrolimus 
in sustaining remission in patients with difficult-to-treat fre-
quently relapsing or steroid-dependent nephrotic syndrome.

Methods

Trial design

This open-label parallel-group pilot non-inferiority RCT 
was conducted at one center between November 2018 and 
December 2020. Following approval from the Institute Eth-
ics Committee (IECPG-390/30.08.2018, RT-4/27.09.2018), 
the trial was registered at the Clinical Trials Registry of 
India (CTRI/2018/11/016342) and conducted according 
to the original protocol. The investigators conceived and 
designed the study and vouch for the accuracy and complete-
ness in collation and analysis of data. This report complies 
with the Consolidated Standards of Reporting Trials state-
ments for pilot and non-inferiority RCTs (Online Resource 
1) [6, 7].

Patients

Patients, 3–18 year old, with difficult-to-treat steroid-sensi-
tive nephrotic syndrome were eligible if they were in steroid-
induced remission following a recent (< 3 months) relapse. 
Difficult-to-treat disease was diagnosed if each of the fol-
lowing criteria was met: (i) frequent relapses (≥ 2 relapses in 
6 months or ≥ 3 relapses per year) or steroid dependence [2, 
4], (ii) failure of ≥ 2 strategies (alternate-day prednisolone, 
levamisole, cyclophosphamide, MMF), and (iii) corticos-
teroid toxicity (cataract, glaucoma, short stature with low 
growth velocity [8], or obesity [9]). Patients with known sec-
ondary cause, initial or late steroid resistance, prior therapy 
with rituximab or tacrolimus, estimated glomerular filtration 

rate (eGFR) < 60 mL/min/1.73  m2 [10], seizures, impaired 
glucose tolerance (fasting glucose > 100 mg/dL or glyco-
sylated hemoglobin, HbA1c > 5.7%) [11], chronic infections 
(tuberculosis, HIV, hepatitis B or C), < 6 months follow-up 
at this center, and reluctance to follow for the subsequent 
12 months, were excluded.

Randomization

Following informed written consent, eligible patients 
were randomly assigned in 1:1 ratio in permuted blocks 
of four, while stratifying for steroid-dependence and age 
(≤ / > 8 years), to receive either IV rituximab (Mabtas®, 
Intas Pharmaceuticals, Ahmedabad) at 375 mg/m2 twice, 
one week apart, or oral tacrolimus (Takfa®, Intas Phar-
maceuticals) at 0.1–0.2 mg/kg daily in two divided doses 
for 1 year. Personnel not caring for these patients used 
computer-generated random number sequence to prepare 
strata-wise lists and concealed the allocation in sequen-
tially numbered, opaque sealed envelopes that were opened 
at randomization. The investigators, patients, and outcome 
assessors were aware of the therapy being received.

For patients administered rituximab, CD19 + B cells were 
measured one week after the second dose by flow cytometry 
(FACS Canto II analyzer, Becton Dickinson, NJ). Patients 
lacking B cell depletion (CD19 + cells < 1% of CD45 + cells 
or absolute count < 5 cells/µL) received additional doses of 
rituximab to a maximum of total four doses. B cell count was 
repeated at 6 months or at relapse, whichever was earlier, 
and at 12 months in patients with persistent depletion. B 
cell repopulation was defined as absolute count > 10 cells/
µL [12]; rituximab was not repeated at repopulation. Dosing 
for tacrolimus was titrated to a 12-h trough level of 4–7 ng/
mL, using chemiluminescence microparticle immunoassay. 
Levels were estimated at 2 weeks after randomization, 6 
and 12 months follow-up, at relapse, and 2 weeks after dose 
titration.

Follow‑up

Parents examined the first morning urine using dipstick and 
recorded details of proteinuria, infections, adverse events, 
and medication doses in a diary, which was reviewed at each 
visit, scheduled at 2 weeks, 1, 3, 6, 9, and 12 months, at 
each relapse, and at diagnosis of treatment failure. Standard 
deviation scores (SDS) were computed for anthropometric 
parameters and blood pressure [8, 9, 13]. Compliance to 
tacrolimus was assessed using history and pill count at each 
visit. Investigations, at 3-monthly visits, included blood 
counts, creatinine, electrolytes, transaminases, lipid pro-
file, fasting glucose, and HbA1c. Kidney biopsy was not 
performed to document tacrolimus-induced nephrotoxicity. 
During the SARS-CoV2 pandemic, visits were delayed by 
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2–8 weeks and/or substituted by video teleconsultations, 
including questions on COVID-19 symptoms, review of 
anthropometry and investigations done by local physician, 
and images of diary and pill strips. If required, tacrolimus 
was supplied at home to ensure adherence.

Co‑interventions

Patients in both groups received prednisolone on alternate 
days (1.5 mg/kg for 4 weeks, tapered by 0.25 mg/kg every 
2 weeks), and discontinued at 10–14 weeks. All patients 
received calcium carbonate (250–500 mg) and vitamin D3 
(200–400 IU) daily during steroid therapy. Hypertension was 
managed with enalapril (0.2–0.5 mg/kg daily), with addi-
tional amlodipine as required [13]. Infections were managed 
as per unit protocols. Relapse (recurrence of 3 + /4 + protein-
uria for ≥ 3 days) was treated with prednisolone, at a dose 
of 2 mg/kg (maximum 60 mg) daily until remission (trace/
negative proteinuria for ≥ 3 days), followed by 1.5 mg/kg 
(maximum dose 40 mg) on alternate days for 4 weeks, before 
discontinuation.

Outcomes

Primary outcome was the proportion of patients with sus-
tained remission at 1-year follow-up. Secondary outcomes, 
at 1 year, included the proportions of patients with frequent 
relapses and treatment failure, frequency of relapses, time 
to first relapse and to treatment failure, cumulative predni-
solone received, frequency and type of adverse events, and 
change in anthropometric and blood pressure SDS. Adverse 
events, assessed based on clinical and laboratory evaluation 
at each visit, were reported using the Common Terminology 
Criteria for Adverse Events (CTCAE) version 5.0 [14]. All 
SAE (serious adverse events) were reported to the Ethics 
Committee within 48 h. Causality of adverse events was 
attributed according to the World Health Organization Upp-
sala Monitoring Center system [15]. Treatment failure was 
the occurrence of frequent relapses, late steroid resistance, 
CTCAE grade 4–5 adverse event related to intervention or 
corticosteroids, or ≥ 2 SAE related to disease or interven-
tion. Study participation was terminated at treatment failure 
and the patients managed at physicians’ discretion. All other 
patients were followed in the study for 1 year.

Statistical analysis

Continuous data is presented as median (interquartile range, 
IQR) and compared between and within groups using rank 
sum or sign rank tests, respectively. Categorical data is 
presented as percentages or frequencies with estimates of 
95% CI and analyzed by chi-square or Fisher exact test. 
Frequency of relapses is presented as incidence density per 

person-year with 95% CI. Kaplan–Meier curves with the 
logrank test were used to estimate and compare the time 
to events between groups. Exploratory post hoc subgroup 
analysis compared outcomes in patient categories based on 
stratifying variables and sex. Statistical significance for pri-
mary and secondary outcomes in this non-inferiority trial 
was set at P < 0.025 (one-sided) and < 0.05, respectively, 
except for subgroup analysis, where Bonferroni correction 
was applied. Data was analyzed using Stata 14.0 (2015; 
StataCorp, College Station, Texas). Fragility index was 
the number of individuals whose endpoint status required 
to change for the result to lose statistical significance [16]. 
Modified intention-to-treat analysis included all patients 
who received at least one dose of either intervention follow-
ing randomization. In patients lost to follow-up, efficacy was 
estimated based on last available observation. Per-protocol 
analysis excluded patients who missed a dose of rituximab 
or did not comply with the advised dose of tacrolimus for a 
cumulative period of > 3 weeks.

Previous studies indicate sustained remission in 50–90% 
of patients with difficult-to-treat steroid-sensitive disease 
treated with CNI or two doses of rituximab [3–5]. Assum-
ing that 60% of such patients will maintain remission over 
1 year after either intervention, at 90% power, 5% alpha 
error, a non-inferiority margin of 20%, and assuming loss 
to follow-up of 10%, 114 patients were required per group 
to demonstrate non-inferiority of rituximab over tacrolimus. 
The feasibility of this sample size in a single-center study 
was limited while enrolling selected patients with difficult-
to-treat steroid-sensitive disease. Hence, participant enrol-
ment in this pilot study was limited to 20 patients per limb.

Results

Participants

We screened 108 patients with frequent relapses or ster-
oid dependence who had failed two or more strategies, and 
showed corticosteroid toxicity. Of 41 patients with diffi-
cult-to-treat steroid-sensitive disease who were randomized 
(Fig. 1), 21 were allocated to receive IV rituximab and 20 
to oral tacrolimus. Modified intention-to-treat population 
included 40 patients; one patient assigned to rituximab did 
not return after randomization. No other patient was lost to 
follow-up. Baseline characteristics were similar for patients 
in the two groups (Table 1). The median disease duration 
exceeded 5 years. The majority of patients had steroid-
dependent disease. Approximately 80% of patients each had 
failed therapy with prednisolone on alternate days, levami-
sole and cyclophosphamide, and a quarter in each group had 
also failed MMF (Table 1).
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Primary outcome

At 12 months follow-up, 11 (55%) patients in each group 
were in sustained remission. Non-inferiority of rituximab 
over tacrolimus was not demonstrated since the lower 95% 
CI of the risk difference (– 31%) was beyond the pre-speci-
fied margin of – 20% (Fig. 2, Table 2).

Secondary outcomes

The proportion of patients in sustained remission at 
3–12 months follow-up was similar between the groups 
(logrank P = 0.99; Fig.  3a). Two patients administered 
rituximab had one relapse each, while seven experi-
enced two relapses within 6 months (frequent relapses) 
at 4.5–12 months follow-up. Eight patients administered 
tacrolimus had one relapse each; one patient with frequent 
relapses also developed late steroid resistance following the 
second relapse. Frequent relapses were the only cause of 
treatment failure in either group, making treatment failure 

significantly more common in the former (risk ratio 7; 95% 
CI 0.95–51.80; P = 0.023). While treatment failure in the 
rituximab group occurred beyond 6 months follow-up, the 
patient receiving tacrolimus failed therapy at 5 months 
(logrank P = 0.026; Fig. 3b]. The median time to relapse 
and frequent relapses could not be estimated (Fig. 3).

The incidence density of relapses, based on 16 relapses 
over 18.8 patient-years in the rituximab group and 10 
relapses over 19.4 patient-years in the tacrolimus group, 
was comparable at 0.85 versus 0.52 relapses per person-
year, respectively (Table 2). Within groups, the incidence 
of relapses declined by mean (95% CI) 3.3 (2.3–4.3) and 
4.2 (3.2–5.2) relapses per patient-year in patients receiving 
rituximab and tacrolimus, respectively (both P < 0.0001). 
The cumulative prednisolone received was similar between 
the groups (Table 2).

Although there were significant improvements from base-
line in anthropometric and blood pressure SDS, there were 
no significant between-group differences at end of study 
(Online Resource 2). While eGFR was comparable between 

Fig. 1  Patient flow. Modified 
intention-to-treat population 
excluded one patient who 
did not return to receive IV 
rituximab after randomization. 
Per-protocol analysis excluded 
this patient and 5 patients with 
non-compliance to tacrolimus 
for > 3 weeks
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groups at the end of study, therapy with tacrolimus was asso-
ciated with decline in eGFR by median 19 (IQR – 5, 39) mL/
minute/1.73  m2.

Adverse events

Online Resource 3 depicts adverse events observed during 
the study. Minor infections, accounting for one-third of 
events, were comparable between the groups. No patients 
had symptoms of, or tested positive for, SARS-CoV2. 
Severe infections requiring admission were observed 
in one patient in each group. Other SAE included two 

episodes of hypovolemia with relapse, and an inguinal her-
niotomy in patients receiving tacrolimus (Online Resource 
4).

Nine patients showed 12 infusion-related reactions dur-
ing or after administration of rituximab. While tachycardia 
was common, one patient had throat discomfort requiring 
IV pheniramine, a CTCAE grade 3 reaction. No event was 
categorized as CTCAE grade 4–5. Most common events 
associated with tacrolimus use were diarrhea and/or gas-
tritis (55 episodes in 15 patients). Four of five episodes 
of acute kidney injury were in patients administered tac-
rolimus, associated with hypovolemia in relapse or high 
tacrolimus levels.

Table 1  Patient characteristics 
at randomization

Continuous variables are presented as median (interquartile range) or mean [95% CI]
GFR glomerular filtration rate
* Defined as 1height < – 2 SDS for age with height velocity < – 3 SDS for age [9]; 2body mass index (BMI) 
more than equivalent of 23 kg/m2 in adults and 3BMI more than equivalent of 27 kg/m2 in adults[8]

Rituximab (n = 21) Tacrolimus (n = 20)

Boys 15 (71.4) 19 (95)
Age, months 109 (85, 130) 120 (87.5, 170.5)
Steroid-dependence 15 (71.4) 15 (75)
Standard deviation scores (SDS)
   Weight 0.27 (–0.50, 1.00) –0.09 (–1.21, 0.44)
   Height –1.07 (–1.83, –0.73) –1.49 (–1.98, –0.93)
   Body mass index 1.11 (0.62, 1.82) 0.84 (–0.23, 1.39)
   Systolic blood pressure 1.76 (0.89, 2.34) 1.61 (1.25, 2.33)
   Diastolic blood pressure 1.48 (1.00, 2.12) 1.56 (1.03,2.13)

Estimated GFR, mL/min per 1.73  m2 140.4 (123.1, 151) 146.6 (119.6, 152)
Serum albumin, g/dL 3.9 (3.4, 4.1) 4.1 (3.4, 4.3)
Past history
Age at onset of nephrotic syndrome, months 38 (27, 55) 37 (24.5, 57.5)
Age at frequent relapses, months 64 (34,78) 52.5 (36.5, 73)
Duration of disease, months 63 (46, 91) 74 (40.5, 102)
Time since last relapse, months 1.0 (0.47, 1.50) 1.52 (0.75, 1.88)
Prior therapies
Long-term alternate day prednisolone 17 (81.0) 16 (80.0)
Levamisole 18 (85.7) 16 (80.0)
Cyclophosphamide 16 (76.2) 17 (85.0)
Mycophenolate mofetil 6 (28.6) 5 (25.0)
More than two therapies 15 (71.4) 13 (65.0)
Evidence of corticosteroid toxicity
Short  stature*1 6 (28.6) 5 (25.0)
Overweight*2/obese*3 7 (33.3)/8 (38.1) 7 (35.0)/5 (25.0)
Cataract (n = 39) 8 (40) 5 (26.3)
Raised intraocular pressure (n = 39) 5 (25) 3 (15.8)
Two or more toxicities (n = 39) 17 (85.0) 15 (78.9)
Relapse rates, per person year
In the preceding year 4.1 [3.3, 5.1] 4.7 [3.8, 5.8]
In the preceding 6 months 5.7 [4.4, 7.4] 6.3 [4.8, 8.1]
Cumulative prednisolone dose, mg/kg per day 0.44 (0.29, 0.68) 0.43 (0.36, 0.72)
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Monitoring of therapy

B cells were depleted after two doses of rituximab in 18 
(90%) patients and after 3 doses in one patient; one did not 
deplete B cells despite four doses. The patient who required 
three doses to deplete B-lymphocytes relapsed at 6 months, 
while the one given four doses sustained remission till 
12 months. B-lymphocytes had repopulated at relapse in 
the nine patients who relapsed [median count 304 (IQR 
217–537) cells/µL; 11.6 (9.8–14.3)%], and by end of study in 
all patients [count 242 (22–657) cells/µL; 7.6 (0.6–21.0)%] 
(Online Resource 5). Tacrolimus was administered at median 

(IQR) dose of 0.08 (0.06–0.09) mg/kg/day; compliance to 
doses was 98% (94.1–99.8%). Median tacrolimus trough 
level was within the target range at baseline, at 6 months, 
and at end of study, but low (3.8 ng/mL) at relapse (Online 
Resource 6).

Per‑protocol analysis

Per-protocol population included 15 patients in the tac-
rolimus group and 20 in the rituximab group (Fig. 1). 
Baseline characteristics of these patients were similar 
between groups (Online Resource 7). The proportions of 

Fig. 2  Proportions with sustained remission and treatment failure at 
12  months. Point estimates and two-sided 95% confidence intervals 
(CI) are shown for the treatment effect, defined as the risk difference 
for each outcome between groups in the intention-to-treat analysis. 
The non-inferiority margin for rituximab as compared with tacroli-
mus was − 20 percentage points for the primary outcome. The lower 
end of the two-sided 95% CI of the risk difference in the primary out-
come of sustained remission at 12 months was below – 20 percentage 

points; P value for non-inferiority of 0.50 did not meet the prespeci-
fied alpha level of P < 0.025. Per the statistical analysis plan, no test 
for non-inferiority was performed for the secondary outcomes of fre-
quent relapses and treatment failure (composite of frequent relapses, 
late steroid resistance; CTCAE grade 4–5 adverse events related to 
intervention or corticosteroids; or occurrence of two or more serious 
adverse events related to disease or intervention) at 12 months

Table 2  Outcomes at 12 months or at end of study

Categorical variables are presented as proportion [95% confidence intervals, CI] and continuous variables as median [95% CI] or median (inter-
quartile range)
* One- and two-tailed P reported for primary and secondary outcomes, respectively, with threshold for significance set at 0.025 and 0.05, respec-
tively
^ All patients with treatment failure had frequent relapses

Outcome Rituximab (n = 20) Tacrolimus (n = 20) Relative risk or risk ratio Risk or mean difference P*

Primary outcome
  Proportion in sustained remission 55 [34.20, 74.19] 55 [34.20, 74.19] 1.0 [0.57, 1.75] 0 [–30.83, 30.83] % 0.50

Secondary outcomes
  Proportion with frequent relapses 35 [17.99, 56.84] 5 [0.00, 25.41] 7 [0.95, 51.80] 30 [7.02, 52.98] % 0.023
  Proportion with treatment  failure^ 35 [17.99, 56.84] 5 [0.00, 25.41] 7 [0.95, 51.80] 30 [7.02, 52.98] % 0.023

Incident relapse rates, per person-year
  During the study period 0.85 [0.49, 1.38] 0.52 [0.25, 0.95] 1.65 [0.75, 3.77] 0.33 [–0.19, 0.86] 0.22
  During first 6 months 0.30 [0.06, 0.87] 0.50 [0.16, 1.18] 0.59 [0.12, 2.57] –0.20 [–0.76, 0.35] 0.50
  During 6 months to end of study 1.47 [0.78, 2.52] 0.53 [0.17, 1.23] 2.79 [1.02, 8.72] 0.95 [0.21, 1.87] 0.045

Cumulative prednisolone dose, mg/kg/
day

0.11 (0.05, 0.24) 0.11 (0.04, 0.19) – –0.08 [–0.19, 0.03] 0.15
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patients in sustained remission at 1 year were 55% in the 
rituximab group and 67% in the tacrolimus group (risk 
ratio 0.83; 95% CI 0.48–1.41; Online Resource 8). There 
was a trend towards treatment failure being more common 
following therapy with rituximab (35 vs. 7%; risk ratio 
5.25; 95% CI 0.72–38.23). The groups did not differ sig-
nificantly in the incidence of relapses (incidence rate ratio 
2.04; 95% CI 0.82, 5.68) and cumulative prednisolone 
dose (mean difference 0.04 mg/kg/day; 95% CI – 0.05, 
0.13 mg/kg/day).

Exploratory post hoc analysis

There were no significant between-group differences in the 
proportions of patients with sustained remission or treat-
ment failure, in subgroups based on age and disease severity 
on modified intention-to-treat (Online Resource 9) and per-
protocol populations. Fragility index for treatment failure 
was one, i.e., changing the status of one patient from non-
event to event in the tacrolimus group caused the difference 
in rates of treatment failure to lose statistical significance.

Discussion

This open-label, single-center pilot RCT examined the non-
inferiority of two doses of IV rituximab to 1-year treatment 
with oral tacrolimus, in sustaining remission in patients 
with difficult-to-treat steroid-sensitive nephrotic syndrome. 
Baseline characteristics show selection of patients with 
prolonged steroid-dependent or frequently relapsing dis-
ease that had failed previous therapies, with significant 
steroid toxicity. Therapy with both agents enabled signifi-
cant reduction in relapses and corticosteroid requirement 
compared to baseline, and improved anthropometric scores 
and blood pressure. While the proportions of patients with 
sustained remission were similar, non-inferiority of rituxi-
mab was not demonstrated. Although no patient relapsed 
during rituximab-induced B cell depletion, relapses beyond 
6 months of therapy led to treatment failure in one-third of 
these patients. Relapses in the tacrolimus group were asso-
ciated with low median trough levels, indicating the need 
for more frequent monitoring of drug levels and medication 
adherence using compliance questionnaires. The impact of 
the study is limited by its small size which led to inability to 
demonstrate the non-inferiority of rituximab in sustaining 
remission or claim superiority of tacrolimus in preventing 
frequent relapses.

While the management of frequently relapsing nephrotic 
syndrome is challenging, most patients attain satisfactory 
remission following prolonged therapy with prednisone and/
or corticosteroid-sparing medications such as levamisole, 
cyclophosphamide, or MMF [17]. Therapy with CNI and 
rituximab is usually reserved for patients who continue to 
relapse frequently despite use of these agents, and/or show 
corticosteroid adverse effects. The reluctance to use these 
therapies early in the disease course stems from the risk of 
adverse effects, comprising chiefly nephrotoxicity with use 
of CNI [18], and infusion-related reactions, serious infec-
tions, and hypogammaglobulinemia with rituximab [3, 19].

The efficacy of CNI in steroid-dependent nephrotic syn-
drome was shown in multiple observational studies [20], and 
RCTs indicate that the risk of relapse at 1 year of therapy 
with ciclosporin was lower than on prednisolone (RR 0.72; 

Number at risk
Rituximab ___

Tacrolimus - - -

Follow up duration (months) 

(a)

(b)

Fig. 3  Kaplan–Meier survival analysis for time to (a) first relapse and 
(b) treatment failure. (a) At 3, 6 and 9 and 12 months of follow-up, 
the proportions of patients in remission were similar for those receiv-
ing rituximab (100%, 85%, 65%, and 55%) and tacrolimus (85%, 
80%, 70%, and 55%, respectively) (logrank P = 0.99). The median 
time to relapse could not be estimated. (b) The proportions of patients 
with treatment failure (frequent relapses, late steroid resistance; one 
CTCAE grade 4–5 adverse event or two or more serious adverse 
events related to disease or intervention) at 3, 6, and 9 months were 
similar in patients receiving rituximab (0%, 0%, and 10%, respec-
tively) and tacrolimus (5% at each time point). However, compared to 
tacrolimus, a significantly higher proportion of patients treated with 
rituximab showed treatment failure at 12 months or end of study (35 
versus 5%; logrank P = 0.026). The median time to treatment failure 
could not be estimated
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95% CI 0.46–1.13), similar to MMF (RR 0.53; 0.18–1.52), 
and higher than with alkylating agents (RR 1.96; 1.35–2.86) 
[3, 21]. Despite limited evidence of efficacy in steroid-sen-
sitive disease [22–24], tacrolimus is preferred to ciclosporin 
given its lack of cosmetic adverse effects [25]. Following 
case series [19], five RCTs have compared the efficacy of 
rituximab to controls in high-threshold steroid- and/or CNI-
dependence [26–28], or to prednisolone [29] or placebo [30] 
in frequent relapses or mild steroid dependence to confirm 
that B cell depletion, with or without steroids and CNI, is 
associated with reduced risk of relapse as compared to CNI 
or no therapy (3 RCT on 198 children; RR 0.63; 95% CI 
0.42–0.93) [3].

The term “difficult-to-treat” nephrotic syndrome, while 
not defined clearly in the literature, is reserved for patients 
with steroid-sensitive nephrotic syndrome who continue 
to show frequent disease relapses despite use of multiple 
therapeutic agents, and patients with CNI-dependent or CNI-
refractory steroid-resistant nephrotic syndrome [1, 28]. Con-
forming to our previous definition, we included patients with 
frequent relapses or steroid dependence who did not show 
satisfactory response to at least two strategies [4, 31, 32]. 
This definition was also endorsed in the revised guidelines 
of the Indian Society of Pediatric Nephrology [1]. Thus, the 
study was limited to patients with difficult-to-treat nephrotic 
syndrome in whom therapy with rituximab or CNI had not 
been used, so as to objectively examine the safety and effi-
cacy of these two medications. Both groups of patients had 
received two or more therapies for frequent relapses, chiefly 
levamisole and cyclophosphamide; the use of MMF was 
restricted to less than one-third of patients, likely due to out-
of-pocket costs and uncertain efficacy in absence of access 
to therapeutic drug monitoring. All patients had significant 
corticosteroid toxicity, precluding use of milder therapies. 
Overall, inclusion was deliberately restricted to a uniformly 
difficult category of patients to avoid heterogeneity.

The results of this pilot RCT are similar to our findings 
in a retrospective uncontrolled comparison on 21 patients 
with steroid-dependent disease that was refractory to ther-
apy with multiple agents. Favorable short-term outcomes 
were observed in similar proportions of patients admin-
istered 2–3 doses of IV rituximab or oral tacrolimus for 
1 year [4]. A recent open-label RCT compared the efficacy 
of two doses of rituximab to 12 months therapy with oral 
tacrolimus in 120 patients with frequent relapses [5]. In 
contrast to the present study, patients lacked any exposure 
to corticosteroid-sparing agents and were enrolled early 
in disease course (median duration of disease 2.5 years). 
Rates of relapse-free survival were significantly higher in 
patients administered rituximab compared to tacrolimus 
(90 vs. 63%; OR 5.2; 95% CI 1.9–14.1). In contrast, in 
the present study, only 55% patients in either group sus-
tained remission for 1 year, and therapy with rituximab 

was associated with treatment failure more often than tac-
rolimus. While patients receiving tacrolimus fared simi-
larly in the two studies, the variable outcomes following 
therapy with rituximab may be explained by the difference 
in disease severity. The rates of rituximab-induced sus-
tained remission at 1 year were 25–66% in studies enroll-
ing steroid- and/or CNI-dependent patients [26–28, 30], 
and 87% in a study on patients with low-threshold steroid-
dependence [29].

About 10–25% patients receiving therapy with CNI for 
2–3 years develop irreversible histological nephrotoxicity 
[33, 34]. Similar to the present report, controlled studies 
on children with steroid-sensitive or resistant nephrotic 
syndrome have observed decline in eGFR by 9–20 mL/
min/1.73  m2 and acute kidney injury after 1-year therapy 
with CNI [21, 25, 35]. Gastrointestinal adverse events 
associated with tacrolimus therapy were more frequent 
than reported previously in nephrotic syndrome [21, 25, 
35] and other diseases [36, 37]. Infusion reactions were 
the most prominent adverse events following rituximab 
therapy in the present study, confirming findings of a 
meta-analysis that found fivefold risk compared to con-
trols (4 studies in 252 children; RR 5.8, 95% CI 1.3–25.3) 
[3]. Therapy was not associated with risk of serious bacte-
rial infections or COVID-19. Hypogammaglobulinemia, 
reported usually following sustained B-lymphocyte deple-
tion with sequential dosing, particularly in young children 
[38, 39], was not looked for.

The chief limitations of the study include its open label 
design and small sample size. The SARS-CoV2 pandemic 
imposed additional challenges in monitoring and evalua-
tion. B lymphocyte subsets, such as memory B cells, and 
IgG levels were not monitored during therapy with rituxi-
mab. While confounding was avoided by stratified rand-
omization, findings on post hoc analysis are limited by 
the small study size. Despite these limitations, this pilot 
trial enrolled a homogeneous population with severe dis-
ease, with careful attention to aspects of efficacy as well as 
safety, and reports outcomes using both per-protocol and 
modified intention-to-treat analysis without any attrition. 
The comparative efficacy of the two agents requires closer 
re-evaluation in adequately powered multicenter studies on 
patients with difficult-to-treat steroid-dependent nephrotic 
syndrome. Since the efficacy of rituximab wanes following 
B cell repopulation, future studies might examine the non-
inferiority or superiority of a protocol involving redosing 
with rituximab every 6–12 months to sustain B cell deple-
tion. Assessment of the safety of therapy would require 
evaluations for nephrotoxicity and hypogammaglobuline-
mia during 18–24 months follow-up.
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