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Background: Rituximab (RTX) can be used as a rescue therapy for steroid-dependent nephrotic syndrome (SDNS).
However, the efficacy and safety of long-term, repeated use of RTX are not established. This study was conducted to
assess the efficacy and safety of long-term, repeated RTX treatment in children.

Methods: Eighteen consecutive child patients with SDNS who were treated with three or more cycles of RTX for one
year or longer were recruited, and their medical records were retrospectively reviewed.

Results: The patients were followed for 4.7 £ 1.9 years and received 5.2 + 2.3 cycles of RTX over 2.8 + 1.1 years.
Approximately 70% of the additional RTX cycles were administered due to recovery of B-cells without relapse. The
relapse rate decreased from 3.4 + 2.0 per year initially to 0.4 + 0.8 per year at the third year after RTX treatment.
Approximately 10% of the RTX infusions were accompanied by mild infusion reactions. Eight patients showed
sustained remission without any oral medication after the last cycle of RTX, while 10 patients had one or more
episodes of relapse after the last cycle of RTX. The relapse rate in the latter group decreased from 2.8 + 1.5 per year
before RTX treatment to 1.3 + 0.8 per year after cessation of RTX treatment. No significant differences in clinical
parameters were found between the two groups.

Conclusion: This retrospective study showed that pre-emptive and long-term, repeated RTX treatment is relatively
effective and safe in children with SDNS. However, well-designed prospective studies are needed to confirm these

findings.
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Introduction

Oral corticosteroid treatment is the cornerstone therapy
for idiopathic nephrotic syndrome (NS) in children be-
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cause it can induce complete remission in the majority
of cases within a month. However, relapse is common,
and resumption of corticosteroid therapy is necessary
in most cases [1]. For those with a frequently relapsing
course or steroid-dependent NS (SDNS), second-line
treatment with cyclophosphamide, calcineurin inhibitors
(CNI), and mycophenolate mofetil (MMF) is indicated to
maintain remission and reduce the dose of steroids [2].
Although these treatments are usually effective in most
patients with SDNS, many patients experience recurrence
of proteinuria or NS after medications are discontinued.
Furthermore, these second-line drugs have their own ad-
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verse effects including leukopenia (cyclophosphamide),
nephrotoxicity (CNI), and gastrointestinal upset (MMF).
Recently, rituximab (RTX), an anti-CD20 monoclonal
antibody, has been introduced as an effective treatment
option for patients with SDNS or CNI-dependent NS [3—
13].

RTX was originally developed to eliminate B lympho-
cytes in the treatment of non-Hodgkin’s lymphoma. Sub-
sequently, its clinical application was extended to auto-
immune diseases, such as rheumatoid arthritis, systemic
lupus erythematosus, and vasculitis, as well as NS. The
reported efficacy and safety of a single dose or one cycle
of RTX in SDNS is promising. However, RTX treatment
does not cure the disease, and most patients relapse
within several months following RTX treatment [3—13].
Therefore, modifications in the RTX treatment protocol
may be necessary, including applying adjunct immuno-
suppressive therapies and repeated cycles of RTX at regu-
lar intervals, in order to obtain long-lasting remission or
a cure [14,15]. However, long-term RTX therapy can only
be applied if its safety in long-term use is established.

Currently, few studies on the efficacy and safety of re-
peated use of RTX are available [3,4,8—13], and only one
of these studies [11] included patients treated with more
than five cycles of RTX. Here, we report our experience
regarding long-term, repeat RTX therapy in children with
SDNS or CNI-dependent NS who were treated with an
average of 5.2 + 2.3 (range, 3—12) cycles of RTX.

Methods

This study was approved by the Seoul National Univer-
sity Hospital Institutional Review Board (No. 0812-002-
264). Informed consent was obtained from all individual
participants included in this study or their parents. A
total of 18 children (male to female ratio, 13:5) with
SDNS, who were managed with long-term, repeated RTX
treatment between 2006 and 2015 in the Department of
Pediatrics at Seoul National University Children’s Hospi-
tal, Seoul, Korea, were included in this study. Their clini-
cal courses were retrospectively reviewed. Four patients
were subjects of clinical trials (clinicaltrials.gov No. D-
0009-NC, D-0021-NC, D-0035-NC, and D-0027-NC) for
evaluating the efficacy and safety of single-cycle RTX
treatment followed by subsequent long-term repeated
RTX treatment.
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SDNS was defined as “two consecutive relapses dur-
ing corticosteroid therapy or within 14 days after ceasing
corticosteroid therapy” as described in the KDIGO (Kid-
ney Disease: Improving Global Outcomes) guidelines
[16], and long-term repeated RTX treatment was defined
as “three or more consecutive cycles of RTX treatment
for one year or longer” RTX treatment was started after
induction of remission with a full dose of oral steroids or
intravenous pulsed methylprednisolone with or without
CNI. The first cycle of RTX treatment consisted of one to
four weekly infusions of RTX (375 mg/m’ per dose, maxi-
mum 500 mg) until depletion of B lymphocytes. Then,
the dosage of corticosteroids was slowly tapered by 25%
per month followed by similar CNI tapering. Subsequent
cycles of RTX treatment, administered in the same man-
ner as the initial cycle, were given with parental consent
upon either recovery of B-cells in peripheral blood sam-
ples or relapse of NS. B-cell depletion was defined as a
CD19-positive cell count < 0.1% of the total lymphocytes.
We measured a CD19-positive cell count before RTX
treatment, 1 to 2 weeks after RTX treatment, and every
month thereafter. If remission was maintained for more
than 12 months without oral corticosteroids and CNI
treatment, cessation of RTX treatment was attempted.

Statistical analyses

The data are presented as either relative frequency or
mean * one standard deviation, where applicable. The
continuous variables are expressed as the media and
range. The paired t-test or the Wilcoxon signed-rank
test was used when appropriate. A repeated-measures
ANOVA was used to examine the change in variables over
time. IBM SPSS Statistics software, version 22.0 (IBM Co.,
Armonk, NY, USA) was used for the statistical analysis.
For all tests, P values < 0.05 were considered statistically
significant.

Results
Patient characteristics

The mean age of patients at the onset of NS and the ini-
tial cycle of RTX treatment was 5.1 + 3.1 years and 13.4

5.4 years, respectively. The mean duration of the dis-
ease before the initial cycle of RTX treatment was 8.3 +
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3.9 years. Renal biopsy was performed in 14 patients;
minimal change disease was found in nine patients and
focal segmental glomerulosclerosis was found in five pa-

Table 1. Clinical features of 18 patients with steroid-depen-
dent nephrotic syndrome treated with long-term repeated
cycles of rituximab (RTX) injection

Variable Data
Male to female ratio 135
Age at the onset of nephrotic syndrome (yr) 51+3.1(2.7-74)

Age at the first RTX therapy (yr) 134 +£5.4(10.4-14.9)
Disease duration before the first RTX treatment (yr) 8.3 £ 3.9 (5.2-10.9)
Follow-up duration after the first RTX treatment (yr) 4.7 £ 1.9 (3.2-6.1)
Renal pathology

Minimal change lesion 9 (50.0)
Focal segmental glomerulosclerosis 5(27.8)
Not available 4(22.2)
Previous medication
Oral steroids 18 (100)
Methylprednisolone, intravenous 18(100)
Cyclosporine A or tacrolimus 18 (100)
Cyclophosphamide 13(72.2)
Mycophenolate mofetil 5(27.8)
RTX therapy

Total cycles of RTX treatment (n)
Duration of RTX treatment (yr)

5.2+£2.3(4.06.0)
28+11(2.03.3)

Data are presented as number only, mean + standard deviation (interquartile
range), or number (%).
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tients. At the time of the initial cycle of RTX treatment, all
patients were on oral steroids and 16 were receiving CNI
as well. In some patients, cyclophosphamide (n = 13) or
MMF (n = 5) had been tried previously. The patients were
followed for 4.7 + 1.9 years after the initial RTX treatment
(Table 1).

RTX treatment

Patients received 5.2 + 2.3 cycles (range, 3—12 cycles) of
RTX with a mean interval between the cycles of 5.9 + 0.5
months. The mean number of RTX infusions per cycle
was 1.1 + 0.4 infusions. Of the 76 additional cycles of RTX
treatment given, 22 (28.9%) cycles were administered due
to relapse of NS and 54 (71.1%) cycles were administered
due to recovery of B-cells without relapse (Fig. 1). The
mean CD19-positive B-cell count before starting RTX
therapy was 16.7 + 5.3% (range, 7.0—30.0%). B-cell deple-
tion was maintained for 3.9 + 1.0 months (range, 0.5—9.4
months) after each cycle.

Effects of RTX treatment

The relapse rate of NS significantly decreased from 3.4 +
2.0 per year before RTX treatment to 0.4 + 0.8 per year at
the third year after RTX therapy (Fig. 2). All relapses oc-
curred after recovery of CD19-positive B-cells, and the
mean duration between B-cell recovery and relapse was
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Figure 1. Clinical course of patients. Eight patients showed sustained remission without any oral medication after the last cycle of RTX
treatment (A), and 10 patients had one or more episodes of relapses after the last cycle of RTX treatment (B).

CNI, calcineurin inhibitor; Pt, patient; RTX, rituximab.
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Figure 2. Relapse rates (mean £ 95% confidence interval) of
nephrotic syndrome before and after rituximab (RTX) treat-
ment.
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Figure 3. Steroid- and calcineurin inhibitor (CNI)-free periods
(mean * 95% confidence interval) before and after rituximab
(RTX) treatment.

1.6 + 1.4 months (range, 0.0—4.6 months). The steroid-
and CNI-free periods per year before RTX treatment were
2.4 £+ 3.5 months (range, 0.0—8.8 months) and 0.4 + 0.3
months (range, 0.0—2.8 months), respectively, which in-
creased to 9.1 £ 2.9 (range, 4.5—12.0) and 8.3 + 1.5 (range,
3.5—12.0 months), respectively, at the third year after
RTX treatment (Fig. 3).

As objective indicators of steroid toxicity, the Z-scores
of height, body mass index, and body weight were com-
pared before and after RTX treatment (Fig. 4). Excluding
two patients who had reached their final adult heights
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Figure 4. Z-scores (standard deviation scores) of height, body
mass index (BMI), and weight before and after rituximab (RTX)
treatment.

Table 2. Acute infusion reactions associated with rituximab
treatment

Number of infusion reactions
6 (4.6)

Infusion reaction

Chest discomfort
Skin rash
Dyspnea
Abdominal pain
Sore throat
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Burning sensation
Bradycardia
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Data are presented as number (%).

before RTX treatment, the height Z-scores improved
significantly until 2 years after RTX treatment, while the
body weight and BMI Z-scores did not show significant
changes (Fig. 4). The estimated glomerular filtration rate,
as calculated using the Schwartz formula, was main-
tained within the normal range throughout the follow-up
period, and hypertension disappeared during repeat RTX
treatment in five of seven patients.

Adverse effects of RTX treatment
From a total of 131 infusions of RTX performed in 18

patients, 14 infusions (10.7%) performed in 10 patients
were accompanied by acute infusion reactions such as
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Table 3. Comparison of clinical parameters between groups

Clinical parameter Group 1 (n =8) Group 2 (n = 10)

Age at onset of NS (yr) 46+34 55+3.0
Male to female ratio 5:3 8:2
Number of cycles of RTX Tx 58+15 4827
Age at discontinuation of RTX Tx (yr) 15.1+5.6 171+ 6.2
Renal pathology (MCD:FSGS:NA) 4:2:2 5:3:2
CD19-positive cell count before RTX Tx (%) 175+ 6.2 16.1+4.6
B-cell depletion period after RTX Tx (mo) 42+10 36+10
CD19-positive cell count at 6 months after the last RTX Tx (%) 3.8+5.2 46+3.9

Data are presented as mean * standard deviation or number only.

Group 1, patients in whom remission state was maintained without oral medication after the last cycle of RTX treatment; Group 2, patients who had one or more epi-

sodes of relapses after the last cycle of RTX treatment.

FSGS, focal segmental glomerulosclerosis; MCD, minimal change disease; NS, nephrotic syndrome; RTX, rituximab; Tx, treatment.

chest tightness, rash, dyspnea, fever, tachycardia, nausea,
vomiting, and abdominal pain (Table 2). These infusion
reactions were resolved with a reduced infusion rate and
administration of antihistamine when required. Life-
threatening anaphylactic reactions were not observed in
any patients. Aside from infusion reactions, one patient
developed Kikuchi disease seven months after the sixth
cycle of RTX but recovered completely [16]. Another pa-
tient developed a severe infusion reaction in association
with the development of anti-RTX antibodies [17].

Clinical courses after discontinuation of RTX

Eight patients (Group 1) showed sustained remission
without any oral medication after the last cycle of RTX
treatment, and five of those patients (Patients 3—7) had
remissions of more than a year at the last follow-up (Fig.
1A). Nine (Patients 9—17) of the remaining 10 patients
(Group 2) had one or more episodes of relapses after the
last cycle of RTX treatment. Patient 18, who maintained
remission with oral medication after the last cycle of RTX
treatment, was also included in Group 2 (Fig. 1B). In the
Group 2 patients, the relapse rate decreased from 2.8 + 1.5
per year before RTX treatment to 1.3 + 0.8 per year after
cessation of RTX treatment. No significant differences
in the clinical parameters were found between the two
groups (Table 3).

Discussion

Although the efficacy and safety of relatively short-
term use of RTX have been proved, such treatment does

not cure NS, and most patients experience a relapse
within several months following RTX treatment [3—13].
Some modifications of RTX treatment may overcome
these shortcomings, and two possible modifications are
adjunct immunosuppressive therapy and repeated RTX
cycles [14,15].

CNI or MMF may be used as adjunct therapy for the
maintenance of remission following RTX treatment. A
Japanese group [18] reported that maintenance therapy
with MMF can help avoid the repeated use of RTX and
may contribute to its safer use, as well as to fewer seri-
ous RTX-associated adverse events. In contrast, another
Japanese group [19] compared cyclosporine with MMF
for maintenance of SDNS remission after a single infu-
sion of RTX and found that cyclosporine appeared to be
more effective than MMF. In our study, CNI was used
only in cases of relapse, and no patients received MMF at
the time of initial RTX treatment or thereafter.

Currently, several studies on the efficacy and safety of
long-term, repeated use of RTX are available [3,4,8—13],
although only one study [11] included patients treated
with more than five cycles of RTX. In these studies, ad-
ditional RTX was either administered prophylactically
upon B-cell recovery or only in case of relapse. Kemper et
al [8], in a study on RTX treatment in children with SDNS,
showed that the rate of maintaining long-term remission
increased from 41% to 69% by giving an additional two
to four courses of RTX. Sellier-Leclerc et al [9] performed
a study on 30 children with SDNS and concluded that
RTX treatment with a 15-month B-cell depletion period
induced long-term remission after definitive B-cell re-
covery in almost two-thirds the of the patients without
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the use of oral immunosuppressive drugs. In a retrospec-
tive analysis by Tellier et al [10], 18 children with SDNS
received one to four infusions of RTX during the first
course of treatment, and one to four subsequent cycles of
infusions were given upon B-cell recovery (54%), relapse
(41%), or systematically (5%). Such treatment with RTX
resulted in sustained remission without relapse in 22%
of patients and increased the duration of remission in
all other patients. Although it was a retrospective study,
it indicates that pre-emptive treatment at the time of B-
cell recovery may help to maintain prolonged remission.
Ravani et al [12] performed a study to assess the long-
term effects of RTX, including the number of repeated
infusions required to maintain remission, in 46 consecu-
tive child patients with SDNS. The patients were treated
with one to five courses of RTX during a median follow-
up period of three years, and the probability of remission
at 6 and 12 months after RTX treatment without the use
of immunosuppressants was 48% and 20%, respectively.
The use of RTX at regular intervals is another therapeutic
approach, as Kimata et al [13] demonstrated that RTX
infusion at 3-month intervals for a total of four doses
was an effective strategy in maintaining remission and
steroid-free periods. In a recent study by Kamei et al [11],
51 of 81 children with SDNS treated with RTX received
additional RTX treatments for relapses and seven re-
ceived more than five additional RTX treatments. In our
study, the average number of RTX treatment cycles was
5.2 £ 2.3, up to 12 cycles, and 71% of the additional RTX
cycles were administered due to recovery of B-cells with-
out relapse. Such RTX treatment resulted in a sustained
remission without oral drugs in eight of the 18 patients
and even without RTX in five patients. In addition, in the
10 remaining patients who had one or more episodes of
relapses after the last cycle of RTX treatment, the relapse
rate decreased from 2.8 + 1.5 per year before RTX treat-
ment to 1.3 + 0.8 per year after cessation of RTX treat-
ment.

The risk factors for relapse after repeated RTX treat-
ment were also analyzed in several studies. Tellier et al
[10] showed that a history of steroid-resistant NS is an
independent risk factor for relapse after RTX treatment,
and Sellier-Leclerc et al [9] showed that the risk of relapse
after the discontinuation of RTX therapy was higher in
patients who had already relapsed during the treatment
with RTX. In the latter study, the potential role of the pa-
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tient’s age in the risk of relapse after RTX treatment was
also analyzed because children with idiopathic NS have a
natural tendency toward a gradual decrease in the num-
ber of relapses with age [20]. Unfortunately, the patient
number in each sub-group was too small to make signifi-
cant conclusions, even though patients under 10 years
old tended to have a higher relapse risk after B-cell recov-
ery. In contrast, Kemper et al [8] did not find any risk fac-
tors as in our study. However, in our study, the number of
patients was too small for risk factor analysis.

In conclusion, this retrospective study showed that
pre-emptive and long-term, repeated treatment with
RTX was relatively effective in children with SDNS. Such
long-term, steroid-sparing effects resulted in significant
improvement in the patient’s height Z-scores. However,
the number of the patients and the duration of the obser-
vation were insufficient to make a conclusion that long-
term, repeated use of RTX is safe and effective. Therefore,
well-designed prospective studies on a larger scale are
needed.
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