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Abstract

Background Rituximab is widely used in patients with steroid-dependent nephrotic syndrome. However, information on the
effect of long-term rituximab treatment is limited. This study examined the efficacy of rituximab during and after treatment
in adult patients with steroid-dependent nephrotic syndrome.

Methods This retrospective cohort study included 30 patients with steroid-dependent nephrotic syndrome. Patients received
regular single-dose rituximab (500 mg) intravenously every 6 months. Discontinuation of rituximab was considered after four
to six doses if there was no recurrence of nephrotic syndrome. Glucocorticoid discontinuation with remission, first relapse
after rituximab initiation, and relapse after regular rituximab treatment discontinuation were evaluated.

Results The median age was 38 (range 18-67) years. Of 30 patients, 13 and 17 were men and women, respectively. Prior to
rituximab treatment, the median number of nephrotic syndrome relapses in the patients was 5 (range 2—>20). The 1 year
discontinuation rate of glucocorticoids with remission was 83%. All patients discontinued glucocorticoid treatment at least
once until 3 years and 7 months. The 1 and 2 year relapse rates after initiation of rituximab treatment were 0% and 3%,
respectively. 25 patients discontinued regular rituximab treatment after a median number of six (4-12) doses. Six patients
relapsed after discontinuing rituximab, and the 1 and 2 year relapse rates after the last regular rituximab treatment were 9%
and 25%, respectively.

Conclusion All patients with steroid-dependent nephrotic syndrome who received rituximab could discontinue glucocor-
ticoid treatment with remission, and three-fourths of the patients remained in remission for > 2 years after discontinuing
rituximab treatment.
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Introduction syndrome (MCNS) and immune-mediated FSGS, which are

disorders of the podocytes, commonly respond to immuno-

Nephrotic syndrome (NS) is characterized by large amounts
of proteinuria and hypoproteinaemia due to increased pro-
tein permeability caused by damage to the renal glomerular
basement membrane. Primary NS has no evident causative
disease. This condition comprises three main disorders,
which are as follows: minimal change disease (MCD), focal
segmental glomerulosclerosis (FSGS), and membranous
nephropathy [1]. Patients with Minimal change nephrotic
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suppressive treatment with glucocorticoids (GCs). Moreo-
ver, they go into remission [2]. However, if the GC dose is
tapered or GC treatment is discontinued, more than half of
patients with steroid-sensitive NS can relapse, resulting in
frequently relapsing NS (FRNS) or steroid-dependent NS
(SDNS) [3].

Rituximab (RTX) is a chimeric IgG1 monoclonal anti-
body that specifically targets CD20, a surface antigen
expressed in B cells, and induces B-cell apoptosis, comple-
ment-mediated lysis, and antibody-dependent cytotoxicity
[4]. Via these mechanisms, RTX suppresses humoral immu-
nity, and it is effective against several autoimmune diseases,
including FRNS and SDNS. A multicentre randomized con-
trolled trial was conducted on patients with childhood-onset
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FRNS and SDNS. Results showed that RTX could lead to
the discontinuation of GC treatment and could significantly
prolong the relapse-free period [5]. In adult patients with
FRNS and SDNS, regular single-dose RTX treatment every
6 months suppresses NS relapse and reduces GC doses [6].

However, the duration of regular RTX treatment in
patients with long-term NS remission and the frequency of
NS relapse after discontinuing regular RTX treatment are
unknown. In addition, there is limited information on the
long-term efficacy and safety of RTX in adult patients with
primary NS [7, 8].

This study aimed to determine the efficacy of regular RTX
treatment during and after therapy in adult patients with
SDNS including FRNS [9] based on GC discontinuation
with remission, first relapse after rituximab initiation, and
relapse after regular rituximab treatment discontinuation.

Materials and methods
Study design and participants

This retrospective cohort study was conducted at Iwate Pre-
fectural Central Hospital, an acute care general hospital in
Japan. Patients with primary NS who started regular RTX
treatment at our department between December 2014 and
March 2021 were screened. The inclusion criteria were as
follows: (1) patients aged 18 years or older at RTX initiation,
(2) those who achieved NS remission with immunosuppres-
sive treatment including GC, and (3) those receiving GC due
to relapse at least twice after the GC dose was tapered or GC
treatment was discontinued. The exclusion criteria were as
follows: (1) patients with idiopathic membranous nephrop-
athy and (2) those who were monitored for < 12 months.
Patients were followed-up until November 2023.

Treatment protocol

In principle, patients received regular single-dose RTX treat-
ment (500 mg) intravenously every 6 months. All patients
were treated with methylprednisolone at a dose of 125 mg
and chlorpheniramine maleate at a dose of 5 mg intrave-
nously before RTX infusion to prevent infusion reactions.
Some patients received oral acetaminophen at a dose of
500 mg. Based on the discretion of the attending physician,
regular RTX was discontinued after four to six doses if there
was no NS recurrence.

GC treatment was discontinued at approximately
6 months and immunosuppressive agents at approximately
12 months, based on a report of adult patients with MCD
from Tokyo Women’s Medical University [6]. The treat-
ments for NS were as follows: GC, immunosuppressive
agents, and intravenous immunoglobulin. Data on the date

@ Springer

of treatment initiation, drug dose and frequency, and total
number of regular RTX treatments were recorded.

Clinical parameters upon RTX initiation

Data on the characteristics of the patients and labora-
tory parameters were extracted from the electronic medi-
cal records. These included age, sex, height, weight, renal
biopsy findings; total number of relapses prior to RTX;
serum creatinine, hemoglobin, serum albumin, serum IgG,
and C-reactive protein levels; urinalysis findings; and uri-
nary protein levels.

Primary and secondary endpoints

The primary endpoints were defined as GC discontinuation
with NS remission and first relapse after RTX initiation.
The secondary endpoints were defined as the number of
relapses within 24 months before and after RTX initiation
and relapse after regular RTX discontinuation. Remission
and relapse of NS were defined as a urinary protein level
of <0.3 and > 1.0 g/gCr, respectively [9]. NS relapse within
6 months after the last dose of RTX was considered to have
occurred during regular RTX treatment.

Statistical analysis

The clinical parameters were presented as median (range,
min—-max) or percentage, as appropriate. Survival time
analysis was performed using the Kaplan—Meier survival
curves and the Cox proportional hazards model. The number
of relapses within 24 months before and after RTX initia-
tion was compared using the paired #-test. Coefficients were
calculated using Pearson correlation methods. Statistical
analyses were performed using STATA version 17.0 (Stata
Corp., College Station, TX). R>0.20 and P-value <0.05
were considered statistically significant.

Results
Characteristics of the patients upon RTX initiation

This study included 30 patients of 41 patients with primary
NS who were initially treated with regular RTX treatment
at our department, 2 patients with idiopathic membranous
nephropathy, 3 with an observation period of < 12 months,
4 aged < 18 years, and 2 who only had one relapse were
excluded. The median age at RTX treatment initiation was
38 (range 18-67) years. In total, 13 and 17 patients were
men and women, respectively (Table 1). The median age
at NS onset was 27 (2—64) years. The median period from
NS onset to RTX initiation was 112 (10-507) months.
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Table 1 Characteristics of the patients upon rituximab treatment ini-

Table 2 Characteristics of the patients who discontinued regular

tiation rituximab treatment

Characteristics n=30 Characteristics n=25
Age, years 38 (18-67) Age, years 41 (22-67)
Age at disease onset, years 27 (2-64) Age at onset, years 29 (2-64)
Female sex, n (%) 17 (57%) Female sex, n (%) 16 (55%)
Height, m 1.62 (1.40-1.81) Kidney biopsy, n (%) 22 (88%)
Body weight, kg 55.6 (40.1-128.3) Primary disease

Body surface area, m>* 1.58 (1.24-2.20) Minimal change disease, n (%) 21 (84%)
Kidney biopsy, n (%) 27 (90%) Focal segmental glomerulosclerosis, n (%) 1 (4%)
Diagnosis of nephrotic syndrome Total number of regular rituximab 6 (4-12)
Minimal change disease, n (%) 24 (80%) Relapses after the discontinuation of regular rituximab 6 (24%)
Focal segmental glomerulosclerosis, n (%) 3 (10%) treatment

Disease duration, months 112 (10-507) Data are presented as median (range, min—-max) or number (%)
Total number of relapses, times 5 (2 to>20)

Serum creatinine level, mg/dL
Hemoglobin level
Serum albumin level, g/dL
UPCR, g/gCr
Patients with a UPCR of > 3.5 g/gCr, n (%)
Treatments
Prednisolone alone, n (%)
Prednisolone with cyclosporin, n (%)
Prednisolone with mizoribine, n (%)
Oral prednisolone, mg/day

0.62 (0.46-1.75)
13.8 (11.0-16.9)
3.9 (1.4-4.9)
0.21 (0.00-9.00)
4 (13%)

10 (33%)

19 (63%)

1 (3%)
18.75 (5-60)

UPCR Urinary protein-to-creatinine ratio. Data are presented as

median (range, min—max) or number (%).

“Body surface area was calculated using the Du Bois formula

The median number of NS relapses prior to RTX was 5
(2—>20). Of 30 patients, 27 (90%) underwent renal biopsy,
and 24 (80%) had MCD. Three (10%) patients presented
with FSGS. All patients were steroid-dependent, and they
met the SDNS criteria. Five (17%) patients also met the
FRNS criteria because they had two or more relapses within
6 months prior to RTX treatment [9]. The median serum cre-
atinine level upon RTX initiation was 0.62 (0.46—1.75) mg/
dL, and the median hemoglobin level was 13.8 (11.0-16.9)
g/dL. The median serum albumin level was 3.9 (1.4-5.0)
g/dL. The median urinary protein-to-creatinine ratio was
0.21 (0.00-9.00) g/gCr, and only four (13%) patients had
a ratio of > 3.5 g/gCr. RTX treatment had been initiated in
most patients in or near NS remission, and all patients had
achieved NS remission until 3 months after initiation of RTX
treatment.

Treatment before, upon, and after RTX initiation
All patients received oral prednisolone prior to RTX treat-

ment. Ten (33%) patients received prednisolone alone, and
19 (63%) patients received prednisolone with cyclosporine.

In addition, one (3%) patient received prednisolone with
mizoribine. The median oral prednisolone dosage was
18.75 (range 5-60) mg/day upon RTX initiation (Table 1).
Of 30 patients, in 25 (83%) patients who experienced long-
term remission of NS without GC or immunosuppressants,
regular RTX treatment was discontinued after a median of
six (4-12) doses (Table 2). Patients with a higher number
of NS relapses prior to RTX initiation received more RTX
doses before discontinuation, which showed a positive cor-
relation (R=0.703). In remaining five patients, prognosis
was unknown due to relocation in two patients; death in
one patient; regular RTX treatment was interrupted due to
infusion reaction and delayed urticaria in one patient; and
regular RTX treatment (a total of nine doses) has been con-
tinuing in the remaining patient. The median time from the
initiation to the last regular RTX treatment was 886 days.
One-fourth of the patients discontinued RTX within 2 years
(four doses) and two-thirds within 3 years (up to six doses)
(Fig. 1a). The median follow-up of 30 patients after RTX
initiation was 51 (18—105) months.

GC discontinuation with NS remission

Based on the survival time analysis with GC discontinuation
with NS remission as the endpoint, the 6-month and 1-year
achievement rates were 30% and 83%, respectively (Fig. 1b).
The median time to achievement was 216 days. At 3 years
and 7 months, all patients achieved GC discontinuation with
NS remission at least once.

First relapse after RTX initiation
Seven (23%) patients experienced NS recurrence after
RTX initiation. However, the sole recurrence during regu-

lar RTX treatment occurred in a teenage girl who relapsed
13 months after RTX initiation. Notably, her third RTX dose
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Fig. 1 a Discontinuation rate of regular rituximab The median time coids with remission of nephrotic syndrome. The 6-month and 1-year
from initiation to the last regular rituximab treatment was 886 days. discontinuation rates were 30% and 83%, respectively. All patients
Two-thirds of patients discontinued regular rituximab treatment achieved glucocorticoid discontinuation at least once until 3 years and
within 3 years (up to six doses) under long-term remission after glu- 7 months

cocorticoid discontinuation. b The discontinuation rate of glucocorti-

at 10 months was interrupted midway due to an injection
reaction. The 1 and 2 year relapse rates were 0% and 3%,
respectively. The relapse rate increased starting on the third
year, coinciding with gradually discontinuation of RTX
treatment, and the 5 year relapse rate reached 35% (Fig. 2a).
Despite using the Cox proportional hazards model, no asso-
ciation was found between NS relapse and the characteristics

L1 11l 11 ) [TV 1 1 3

Relapse-free survival rate
0.50 .

Relapse-free survival rate
0.50

0.00
0.00

Number at risk Number at risk
30 30 29 22 17 8 5 2 1 0 25 19 12 4 2

Fig.2 a Relapse-free survival rate after rituximab treatment. The b Relapse-free survival rate after the last regular rituximab treat-
1-year and 2-year relapse rates were 0% and 3%, respectively. The ment. Of 25 patients who discontinued regular rituximab treatment,
relapse rate increased starting on the third year when rituximab treat- 6 relapsed, with the shortest relapse occurring at 7 months. The 1 and
ment was gradually discontinued. The 5-year relapse rate was 35%. 2 year relapse rates were 9% and 25%, respectively
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of patients such as age, sex, number of previous relapses,
and RTX doses.

Number of relapses within 24 months
before and after RTX initiation in 29 patients who
were monitored

The mean number of relapses was 1.48 with a median of
1 (0-3) within 24 months before RTX treatment. Then, it
decreased to 0.03 with a median of 0 (0-1) within 24 months
after RTX treatment (P <0.01, paired ¢-test). The total num-
ber of relapses in 29 patients decreased from 43 to 1.

Relapse after the discontinuation of regular RTX
treatment

Of 25 patients who discontinued regular RTX treatment
because of long-term remission of NS, 6 (24%) patients
relapsed, with the shortest relapse occurring at 7 months
after the last regular RTX treatment. The 1 and 2 year
relapse rates after the last regular RTX treatment were 9%
and 25%, respectively (Fig. 2b). Six patients who relapsed
after regular RTX treatment discontinuation achieved remis-
sion after resuming regular RTX treatment.

Changes in prednisolone and immunosuppressants
after RTX initiation

In all patients, prednisolone was rapidly tapered, and immu-
nosuppressants were gradually discontinued after the ini-
tiation of RTX (Fig. 3 and Supplementary Table). While

o |
7]

Prednisolone dosage (mg/day)

(month)

Fig.3 Changes in prednisolone dosage every 3 months after the ini-
tiation of single-dose rituximab therapy Prednisolone dosages were
rapidly tapered after rituximab initiation. Prednisolone was discon-
tinued within 12 months in 25 patients, and three patients were still
receiving prednisolone at 24 months

prednisolone was discontinued within 12 months in 25
patients (83%), 4 patients (13%) receiving prednisolone at
24 months. One patient restarted prednisolone (PSL) after
experiencing a relapse at 13 months. The patient, who even-
tually discontinued PSL at 3 years and 7 months, had dif-
ficulty discontinuing prednisolone due to steroid withdrawal
symptoms, including general malaise and polyarthralgia.

Serum IgG levels and B-cell counts

Serum IgG levels were measured in 17 patients (57%) at
RTX initiation and in approximately one-third from 6 to
24 months. Only one patient received intravenous immu-
noglobulin immediately after RTX initiation. B-cell counts
were repeatedly measured in the first seven patients, but not
in subsequent patients.

Adverse events

Several patients developed infusion reactions particularly
pharyngeal and laryngeal discomfort. In all but one patient
who had fever and arthralgia during the third dose of RTX,
treatment with RTX was continued by slowing down infu-
sion rate of RTX and adding 125 mg of methylpredniso-
lone and 5 mg of chlorpheniramine. Oral acetaminophen
before RTX administration was effective in reducing these
symptoms. Two patients developed delayed urticaria after
the second dose. In one case, the same patient interrupted
RTX treatment because of an infusion reaction. The subse-
quent regular RTX administration was also discontinued.
Another patient continued RTX treatment along with an oral
compounding agent (betamethasone and d-chlorpheniramine
maleate) for 2 weeks after RTX infusion. A male patient in
his 40 s committed suicide 18 months after starting RTX,
which was not directly related to the treatment. Neverthe-
less, serious adverse events associated with RTX, including
severe infections, were not observed.

Discussion

In this study, all patients with SDNS achieved GC discon-
tinuation with NS remission at least once after receiving
regular single-dose RTX treatment. Further, remission was
maintained during regular RTX in all patients except one
teenage girl who had interrupted RTX treatment at the third
dose due to an infusion reaction. NS relapse occurred gradu-
ally after the discontinuation of regular RTX treatment, with
a 5-year relapse rate of 35%. Meanwhile, three-fourths of
patients remained in remission for > 2 years after their last
regular dose of rituximab, without any treatment for NS.
Regarding safety, one patient discontinued rituximab treat-
ment due to an infusion reaction. However, serious adverse
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events associated with RTX, including severe infections,
were not observed. The safety of RTX in adult patients with
SDNS was higher than originally expected based on one
report in pediatric patients [5].

In this study, patient characteristics, such as age, primary
NS disease, and number of relapses prior to RTX did not
significantly differ from those in previous studies using
RTX in patients with FRNS or SNDS [7, 8]. Age was not
associated with the efficacy and safety of RTX in this study
and RTX could be used in elderly patients with SDNS, as
in the previous studies, although this study included only
one patient over the age of 65 years [7]. All patients in this
study received prednisolone upon RTX initiation. Cyclo-
sporine, which is commonly used in MCD and immune-
mediated FSGS, was administered to more than half of the
patients. RTX was initiated patients in or near remission in
this study and several previous ones [5, 10]. However, previ-
ous research has revealed that RTX is effective in untreated
NS [11]. In this study, RTX was initiated in four patients
with nephrotic proteinuria and was found to be safe under
the nephrotic state.

In this study, the regular RTX treatment, with a single
dose of 500 mg administered every 6 months, was based on a
previous report on adult patients with SDNS [6, 12]. To date,
previous studies have reported a wide range of RTX regi-
mens for primary NS [8, 10, 13]. The induction dose of RTX
may vary based on disease state and concomitant immuno-
suppressive treatment. The findings of this study suggested
that a regular single-dose of RTX (500 mg) administered
every 6 months was extremely effective in patients with
SDNS and should be recommended for this patient group.
Interestingly, patients with a higher number of NS relapses
before RTX initiation received a high number of RTX doses
in this study. Although neither the number of relapses before
RTX initiation nor the number of RTX doses was associ-
ated with NS relapse after RTX discontinuation, the number
of NS relapses before RTX initiation likely influenced the
determination of the RTX dosing schedule by the attending
physician.

Based on a previous meta-analysis, the remission rates
after RTX treatment were 91.6% in adult patients with MCD
and 43% in those with FSGS [7]. The relapse rate after RTX
treatment was 27.4% in patients with MCD and FSGS. How-
ever, in this study, all patients achieved GC discontinuation
with NS remission by continuing treatment with regular
single-dose RTX. The 2-year relapse rate was extremely low
at 3%. The difference can be attributed to the fact that previ-
ous studies with low remission rates in this meta-analysis
included patients with poor renal function and those not
receiving RTX maintenance therapy [10, 11, 14, 15].

In children with idiopathic NS, RTX-associated
hypogammaglobulinemia is a serious problem that may
lead to severe infections [16, 17]. Fortunately, there were
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no serious infections in this study, but it is well known that
hypogammaglobulinemia occurs relatively frequently after
a long period of repeated administration, even with a single-
dose RTX regimen, and serum IgG levels should be checked
regularly over a long time.

Relapse developed simultaneously with the recovery of
B-cell counts after RTX administration in children with
SDNS [18]. It is also known that the frequency of infection
is higher during the B cell depletion period than after the
B cell recovery [5]. Therefore, although the B cell count
was not routinely measured in this cohort study, it is recom-
mended that the B cell count be measured as regularly as
possible when using rituximab. By contrast, in idiopathic
membranous nephropathy, which is more common in adults,
re-positivity or high levels of anti-phospholipase A2 recep-
tor (PLA2R) antibodies are associated with NS recurrence
while on RTX treatment [19]. Novel autoantibodies have
recently been identified in a subset of patients with MCD,
in whom autoantibodies had never been detected before [20,
21]. Thus, in the future, autoantibody titers can be more
important than B-cell counts in determining RTX discon-
tinuation in these diseases.

Current studies have reported that patients with FRNS
or SDNS who received regular single-dose RTX treatment
have a reduced relapse rate [7, 8]. However, no prospec-
tive studies have evaluated the discontinuation of regular
RTX treatment in patients who maintained NS remission.
Although this was a retrospective study, most patients dis-
continued regular RTX treatment after long-term remission.
In addition, three-fourths of the patients remained in remis-
sion for>2 years after their last regular dose of rituximab
without any treatment for NS. One possible mechanism is
that RTX restores the balance between autoreactive T cells
and regulatory T cells by reducing antigen-presenting B cells
[22]. Therefore, discontinuation of regular RTX treatment
should be considered when patients have been in long-term
remission without GC or immunosuppressants for > 1 year.

This study had several limitations. First, it was a retro-
spective study. Thus, patient treatment was based on the
discretion of each attending physician. Further, the sched-
ule of regular RTX was not completely defined. Second, all
patients belonged to the RTX group, which was not com-
pared with the control group without RTX. Third, the num-
ber of patients was extremely low. Hence, the factors that
might cause NS relapse after the discontinuation of regular
RTX could not be determined. Lastly, safety issues have not
been adequately evaluated in this study. However, this study
also had some strengths. The median follow-up period from
regular RTX treatment initiation was 51 months, which was
longer than that in other previous studies. This study could
identify the long-term outcomes after the discontinuation
of regular RTX treatment. Therefore, this study can have a
high generalizability.
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In conclusion, all patients with relapsing SDNS achieved
GC discontinuation with NS remission by receiving regu-
lar single-dose RTX treatment. In addition, three-fourths of
the patients remained in remission for > 2 years after their
last regular dose of rituximab without any treatment for
NS. Nevertheless, prospective controlled studies should be
performed to determine the appropriate duration of regu-
lar RTX treatment. However, this study revealed that the
discontinuation of RTX treatment should be considered in
patients who maintained long-term remission with regular
RTX treatment.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10157-024-02508-4.
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