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Abstract
Background Steroid-dependent nephrotic syndrome (SDNS) carries a high risk of toxicity from steroids or steroid-sparing agents. This
open-label, randomized controlled trial was designed to test whether the monoclonal antibody rituximab is non-inferior to steroids in
maintaining remission in juvenile forms of SDNS and how long remission may last (EudraCT:2008-004486-26).
Methods We enrolled 30 children 4–15 years who had developed SDNS 6–12 months before and were maintained in remission with
low prednisone doses (0.1–0.4 mg/Kg/day). Participants were randomized following a non-inferiority design to continue prednisone
alone (n 15, controls) or to add a single intravenous infusion of rituximab (375 mg/m2, n 15 intervention). Prednisone was tapered in
both arms after 1 month. Children assigned to the control arm were allowed to receive rituximab to treat disease relapse.
Results Proteinuria increased at 3 months in the prednisone group (from 0.14 to 1.5 g/day) (p < 0.001) and remained unchanged
in the rituximab group (0.14 g/day). Fourteen children in the control arm relapsed within 6 months. Thirteen children assigned to
rituximab (87%) were still in remission at 1 year and 8 (53%) at 4 years. Responses were similar in children of the control group
who received rituximab to treat disease relapse. We did not record significant adverse events.
Conclusions Rituximabwas non-inferior to steroids for the treatment of juvenile SDNS. One in two children remains in remission
at 4 years following a single infusion of rituximab, without significant adverse events. Further studies are needed to clarify the
superiority of rituximab over low-dose corticosteroid as a treatment of SDNS.
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Introduction

Idiopathic steroid-dependent nephrotic syndrome (SDNS) is
the most frequent cause of proteinuria in children with an
incidence of 2–10 children per 100,000 per year in Western
countries and a prevalence of 16 cases [1]. As the denomina-
tion of the disease suggests [1–3], and practice guidelines
indicate (KDIGO), these children need to take corticosteroids
(generally prednisone) to maintain disease remission, and of-
ten treatment continues for years. Due the common and severe
adverse effects of corticosteroids, including growth retarda-
tion, diabetes, cataract and osteoporosis, corticosteroid-
sparing drugs have been investigated in the past (i.e. calcine-
urin inhibitors, cyclophosphamide, levamisole, mycopheno-
late) [3–6], and none of them were safer than steroids.

Rituximab, a chimeric monoclonal anti-CD20 antibody, is
increasingly being used as a corticosteroid-sparing agent for
children with nephrotic syndrome, especially in those who
require corticosteroids and calcineurin inhibitors to maintain
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remission [7]. To date, only two randomized clinical trials
studies have assessed the use of rituximab in SDNS dependent
on corticosteroids alone, and both included children requiring
high-dose prednisone (i.e. 0.5–0.7 mg/day/day). These trials
showed a positive and lasting effect of rituximab in maintain-
ing disease remission for 1 year [8, 9], without significant
adverse effects in this short-term follow-up.

Although rituximab-associated side effects are uncommon
and often clinically irrelevant [10], concerns still exist about
consequences of longer follow-up. In this study, we tested the
effects of rituximab vs. corticosteroids in children with SDNS
treated with very low doses of steroids (< 0.4 mg/kg/day). We
hypothesized that rituximab could prolong remission for years
in these children making this drug an ideal corticosteroid-
sparing agent if safe in the long term.

Materials and methods

Between August 2013 and October 2019, we conducted a
randomized controlled trial to determine whether rituximab
is non-inferior to steroids in maintaining SDNS in remission
in children treated with low-dose prednisone (0.1–0.4 mg/kg/
day). Potential participants underwent a 1-month run-in period
during which instruction on urine collection and dipstick read-
ings were carefully reviewed, proteinuria was monitored, ad-
herence assessed, and oral prednisone dose reduced to the
minimum dose required in the previous 6 months. This study
was registered in the European Clinical Trial Database
(EudraCT: 2008-004486-26).

Participants

Eligible participants were 1–16 years of age with an eGFR>
60 ml/min per 1.73 m2. They had to have idiopathic, steroid-
dependent nephrotic syndrome for a minimum of 6 to a max-
imum of 12 months at the time of study entry. Participants
must have been receiving low-dose prednisone (< 0.4 mg/kg
per day) continuously to maintain remission for the 3 months
preceding enrolment. Participants were excluded if they had
received calcineurin inhibitors at any time or had received
cyclophosphamide or mycophenolate in the 6 months before
enrolment. Nephrotic syndrome was defined as proteinuria in
the nephrotic range (> 1, 000 mg/m2 per day or protein-to-
creatinine ratio > 4 mg/mg in a single urine specimen) or pro-
teinuria ranging from 250 to 1000 mg/m2 per day in associa-
tion with hypoalbuminemia (serum albumin < 2.5 g/dl) or
dyslipidemia (total cholesterol > 250 mg/dl). Remission was
defined as stable proteinuria < 150 mg/m2 per day. Genetic
testing and renal biopsy were not required because juvenile
nephrotic syndrome is diagnosed largely on the basis of a
response to prednisone, as per Kidney Disease Improving
Global Outcome guidelines. Cases were considered

corticosteroid dependent if patient responded to full doses of
prednisone (2 mg/kg) but experienced two consecutive re-
lapses during prednisone tapering or within 2 week of predni-
sone withdrawal. Angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers had to be avoided during
the study. We excluded children with previous episodes of
microhematuria, a history of hepatitis B or C, HIV infection,
positivity of any markers of autoimmunity (antinuclear anti-
body nuclear DNA, ANCA), and low complement C3 levels.
Children requiring diuretics albumin or anticoagulant were
also excluded.

Randomization and masking

Participants were randomly assigned in a 1:1 ratio to continue
oral prednisone alone (n 15, controls) or standard therapy plus
a single infusion of rituximab (n 15, intervention). Relapses in
children of the control group could be treated with rituximab
using the same dose and protocol (see below). Randomization
was done following a permuted-block design with block of
variable sizes (Fig. 1). A distant site with no clinical involve-
ment in the trial generated the randomization list and kept the
allocation concealed. Assignments were notified electronical-
ly after signed consent was obtained (and assent for partici-
pants whowere capable of assenting). Because of the nature of
the intervention, the clinical investigators and study nurses
were not blinded to group assignment, nor were the
participants.

Study treatments

In the intervention group, rituximab (MabThera/Rituxan;
375 mg/m2) was diluted in normal saline (1 mg/ml) and ad-
ministered at a rate of 0.5–1.5 ml/min over approximately 6 h
following the infusion of 2.5–5 mg of intravenous
chlorphenamine maleate (based on the local protocol and pa-
tient tolerance), methylprednisolone (2 mg/kg) in normal sa-
line and oral paracetamol (8 mg/kg). In both groups, predni-
sone was continued at the same doses as during the run-in,
then tapered off by 0.3 mg/kg per week starting at 30 days and
withdrawn if proteinuria levels were still < 1 g/m2 per day at
the end of the taper. In both groups, prednisone 60 mg m2was
restarted if proteinuria relapsed during the follow-up and ta-
pered using the same scheme relapses in both groups could be
treated with rituximab utilizing same doses and protocol.

Follow-up

Study visits occurred at baseline and every 3 months thereaf-
ter, unless complications or relapses occurred. Study coordi-
nators maintained ongoing contact with the children, their
families, and the family physician to collect clinical data, in-
cluding BP and potential adverse events. Proteinuria was
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evaluated daily using a simple dipstick test and monthly using
a 24-h urine collection. Because of the frequent false positivity
of dipstick, we planned a 24-h urine collection for readings
> = 1+. Kidney function, plasma proteins, and cholesterol
values were measured monthly. White blood cell counts were
monitored monthly in the rituximab group.

Outcomes

Participants randomly assigned to rituximab therapy were
compared with those receiving standard care for the primary
outcome of the percentage change in daily proteinuria at
6 months. The primary outcome was assessed at 3 months
because most SDNS relapses occur within 2 weeks of predni-
sone withdrawal. We assessed the risk of relapse during the
year following randomization as a secondary endpoint and

collected data on repeated relapses beyond the initial year.
Relapse was defined as proteinuria of 1000 mg/m2 per day
(protein-to-creatinine ratio > 4 mg/mg) or proteinuria >
500 mg/m2 per day (protein-to-creatinine ratio 2–4 mg/mg).
Long-term side effects after a single infusion of rituximab
were recorded up to 4 years in all participants who received
rituximab.

Statistical analyses

This study was designed to evaluate whether rituximab was
non-inferior to standard care in maintaining proteinuria levels
in remission with a non-inferiority margin of 3 for the geo-
metric mean ratio. This margin was based on previous studies,
which reported average proteinuria in children in remission as
< 300 mg/m2 per day; a level three times this value remains

Fig. 1 Scheme and flow-chart of
the randomization process
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below the 1000 mg/m2 per day threshold at which prednisone
treatment is usually started to treat relapses. We assumed a
log-normal distribution of proteinuria and used information
from a prior study on its SD. With a coefficient of variation
of 0.85 and a type I error rate of 0.01, we estimated that 30
participants would provide a power of 90% to detect a ratio of
the geometric means of proteinuria between treatment and
control groups < 3, after accounting for a 5% risk of with-
drawals. We analysed outcome data according to the
intention-to-treat principle, with no interim subgroup analy-
ses. We modelled a 3-month log-transformed proteinuria
using an analysis of covariance model with treatment as a
factor and log-transformed baseline proteinuria as covariate
(primary analysis). We used the Kaplan-Meier method to de-
scribe 1-year relapse-free survival and Cox regression to esti-
mate the effect of treatment. We censored participants at the
study end date if they were event free or at the time they left
the study (main analyses). In sensitivity analyses, we assumed
that the event occurred at the last observation time for partic-
ipants who left the study before the planned 1-year follow-up.
We used two-sided test with a significance level of 0.05 for all
analyses. We used Stata software version 13.1 and R software
version3.0.2 for all analyses.

Results

Baseline clinical features

Median participant age was 6 (4–15) years in the control arm
and 7.4 (4–14) years in the intervention arm; males were 80%
in the control arm and 60% in the intervention arm; mean
disease duration was variable from 5 to 109 months
(Table 1). Before developing SDNS, participants experienced
a median of 4 and 5 relapses in the control arm and in

rituximab arm, respectively. Proteinuria levels were in the
normal range and were similar in both groups at baseline, as
were average prednisone doses, levels of baseline serum cre-
atinine, cholesterol, and albumin. None had received other
steroid-sparing agents before the study or had signs of steroid
toxicity at enrolment.

Primary outcome

Proteinuria increased at 3 months in the control group, from
0.11 (median; range 0.04–0.4) to 1.9 g/day (0.05–4), and
remained unchanged in the rituximab group, from 0.14
(0.03–0.3) to 0.1 (0.04–0.25). After we accounted for baseline
proteinuria, 3-month proteinuria was 86% lower in the treat-
ment group than in the control group (ratio of means, 0.14;
95% CI, 0.06 to 0.32). The upper CI was below the
prespecified non-inferiority margin of 3 (primary hypothesis),
and below the threshold for superiority of 1 (p < 0.01 account-
ing for multiple testing).

Secondary outcome

Figure 2 summarizes 1-year relapse-free survival by the
treatment arm. Most patients in the control arm relapsed
during tapering of prednisone (i.e., 12 at T3, 13 at T6),
and all but one had nephrotic syndrome within
12 months of tapering. No child in the rituximab group
relapsed within 6 months of randomization, and 13 were
still in remission at 1 year with a relapse-free survival
of 87% (95% confidence interval 71 to 100%).

Long-term outcome

Figure 3 shows that 8 children assigned to rituximab
(53%) were still in remission at 4 years. Of the children

Table 1 Baseline clinical
characteristics Control (n = 15) Intervention (n = 15)

Age in years (SD) 6 (3.6) 7.4 (2.6)

Boys (%) 12 (80) 9 (60)

Body weight (kg) 25 (14) 30 (12)

Disease duration (year) 1.6 (2.2) 2.5 (1.9)

Median no. of relapses (range)a 3.6 (2.6) 5.2 (2.7)

Prednisone dose (mg/kg per day) 0.7 (0.3) 0.8 (0.4)

ARB/ACEI use, n (%) 0 0

Urinary protein (mg/m2 per day) 0.14 (0.1) 0.14 (0.1)

Serum albumin (g/dl) 3.5 (0.5) 3.5 (0.6)

Serum cholesterol (mg/dl) 216 (56) 248 (81)

Serum creatinine (mg/dl) 0.4 (0.1) 0.4 (0.1)
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who were assigned to the control group, 10 were treated
with rituximab following relapse. Six of them (60%) were

still in remission 1 year following rituximab infusion, and
4(40%) were in remission at 4 years.
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Fig. 2 Clinical outcome at 1 year from withdraw of Prednisone. Percent
of patients free of relapse during the first year after randomization
(Kaplan Meier analysis).Patients of the intervention arm (corticosteroid

+ rituximab) are marked in green and patients randomized to the control
group (corticosteroid only) are marked in red. After 3 months, patients in
both group tapered and eliminated steroids

Fig. 3 Number of patients in
persistent remission after a single
infusion of rituximab. Black dots
are those patients originally
treated with rituximab and grey
dots are those patients of the
control group who were treated
with rituximab after that
proteinuria had recurred
following corticosteroids
withdraw
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Lymphocyte counts and immunoglobulin serum
levels

CD20 counts were reduced to < 3% at 1 month in all partici-
pants treated with rituximab (Fig. 4). After 3 months, CD20
counts remained undetectable in all of these children. Median
time to CD20 reconstitution was 5.8 months (range 4 to
12 months).

Immunoglobulin levels over time are reported in Fig. 4.
Medians and interquartile ranges demonstrate levels at
6 months from rituximab infusion comparable with those at
baseline.

Adverse events

During rituximab infusion, few children had minimal skin
rash that resolved by slowing the infusion rate. One child
required higher dose of chlorphenamine. One participant had
acute arthritis at the hip joint 52 days after rituximab infusion.
Resolution was rapidly and completely achieved in 48 h with
non-steroidal anti-inflammatory medications (Fig. 5).

Discussion

Rituximab has emerged as a main therapy for idiopathic ne-
phrotic syndrome in children and adults [11, 12] and seems
particularly effective in SDNS according to two randomized
studies [8, 9]. This is the third randomized controlled trial
designed to determine if rituximab is effective in maintaining
remission of proteinuria in children with SDNS. As opposed
to previous trials that tested the effects of rituximab in children
with SDNS dependent on high doses of corticosteroids [8, 9],
this trial included children dependent on very low steroid
doses (0.1–0.4 mg Kg). This trial provides important informa-
tion to assist clinical practice. Given the high rates of sponta-
neous remission in forms of SDNS dependent on very low-
dose corticosteroids non-randomized studies are at high risk of
selection bias. The results of this trial indicate that rituximab is

non-inferior to corticosteroids in maintaining disease remis-
sion at 3 months, and likely superior both in the short and long
term, although further trials with superiority design need to be
completed to confirm our findings in other populations. These
data are in line with other studies showing efficacy of rituxi-
mab in children with nephrotic syndrome dependent on high
dose of steroids [8, 9].

A secondary aim of our study was to assess the long-term
effects of a single dose of rituximab. Most patients of the
experimental arm and 10 controls who received rituximab
after they relapsed had 4-year follow-up data, which exceeds
follow-up duration of previous studies [8, 9, 11–13]. These
data suggest rituximab treatment may have extremely
favourable long-term effects, in terms of benefits and possible
harms. We found that one in two children is still in remission
at 4 years from rituximab infusion with the need of corticoste-
roid treatment. This trial indicates that rituximab may main-
tain far longer corticosteroid-free remission in children with
the mildest form of SDNS than other children with low sen-
sitivity to steroids (i.e., dependent on high-dose corticoste-
roids alone) or those who require other drugs including my-
cophenolate and calcineurin inhibitors. Data from the collab-
orative international multicentre study that collectively evalu-
ated the outcome in 511 children treated with rituximab for
multidrug dependence [14] indicate that the mean duration of
remittance after one rituximab infusion in the absence of im-
mune suppression is 8.5 months and increases to 12.7 and
14.7 months in patients treated with 2 and 4 pulses, respec-
tively. Besides differences in design (randomized vs non-
randomized design) and in population characteristics (SDNS
vs. multidrug-dependent forms of nephrotic syndrome), in our
protocol, we gave rituximab in a single dose as opposed to 2–4
doses as in the majority of previous studies. Considering that
the effect duration (relapse free time) may vary in individual
patients, the use of a single-dose regimen has the advantage of
lower cumulative doses and opens to personalized therapeutic
load of the drug. This approach allows minimizing possible
adverse effects both in the short and in the long period. For

Fig. 5 IgG serum levels (gr/l) before and after rituximab in patients
originally randomized to receive a single dose of drug. Results are
expressed as median and interquartile ranges

Fig. 4 CD20 counts after rituximab in patients of the experimental
cohorts after infusion of a single dose of drug. Each line corresponds to
a single patient
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example, we had only minimal adverse effects over time and
did not find cases of hypogammaglobulinemia at 6–
24 months. To our knowledge, this is the first study reporting
immunoglobulin levels in patients with SDNS not treated pre-
viously with any adjunctive immunosuppressant and who re-
ceived a single rituximab infusion. Other studies reported
hypogammaglobulinemia in patients treated for at least
6 months with calcineurin inhibitors of mycophenolate [15]
or who received more than one dose of rituximab [10, 16]. We
should take into account this important finding in considering
risks linked with rituximab. Given the favourable clinical out-
come of a single dose, clinicians should consider the utility of
rituximab in this particular category of patients balancing pos-
itive and negative effects compared with corticosteroids.

Conclusion

In conclusion, our study shows that a single dose of
rituximab is non-inferior, and may be superior, to corti-
costeroid treatment in maintaining remission of protein-
uria in children with SDNS at 3 months. According to
our study, rituximab may also be effective and safe in
the longer term. These data open the question of wheth-
er, in children with SDNS, rituximab may replace ste-
roid treatment earlier in the course of the disease.
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