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Rituximab (RTX) is a chimeric monoclonal antibody that inhibits CD20-mediated
B-cell proliferation and differentiation. Several studies have examined its use in
intractable nephrotic syndrome (NS) with some positive results. However, those
studies examined such effects for a short-term period of 1 year, and some patients
continued to relapse after a lapse in RTX treatment. Our use of RTX as a mainte-
nance therapy (RTX injection when the CD19 cell count exceeded 100-200/pL
before relapse) showed some noticeable efficacy. We used RTX in 19 patients
with steroid-dependent NS (SDNS). In 12 patients treated with RTX maintenance
therapy, only one relapse occurred. The mean treatment period was 23.4+12.7
months, and the mean number of RTX administrations was 3.9+1.6. The relapse
rates were decreased (from 2.68/year to 0.04/year), and the drug-free period also
increased (from 22.5 days/year to 357.1 days/year) during maintenance therapy.
The other seven patients were treated with one cycle of RTX or additional cycles
in case of relapse (non-maintenance therapy). Relapse rates were significantly de-
creased after RTX treatment (from 1.76/year to 0.96/year, P=0.017). The relapse-
free period was 15.55+7.38 (range, 5.3-30.7) months. No severe side effects of
RTX were found except for a hypersensitivity reaction such as fever and chills
during its infusion. In conclusion, RTX is considered an effective and safe option to
reduce the relapse rate by a single- or maintenance-interval therapy in SDNS.
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Introductions

Idiopathic nephrotic syndrome (NS) is one of the most common kidney
diseases in children and most patients generally respond to steroid therapy
(steroid-sensitive). However, 10-20% of these patients do not respond to ste-
roids (steroid-resistant) and have a high risk of developing end-stage renal
disease”. Moreover, a significant portion of steroid-sensitive patients are likely
to relapse frequently or become dependent on steroids and develop a high risk
of steroid toxicity, including hypertension, growth disturbance, and glucose
intolerance”. In cases of such intractable NS, several drugs such as cyclospo-
rine, tacrolimus, levamisole, mycophenolate mofetil, and cyclophosphamide
are used to reduce steroid toxicity or overcome steroid resistance. However,

many of these drugs have significant side effects and are not always effective.
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Rituximab (RTX) is a chimeric monoclonal antibody
that inhibits CD20-mediated B cell proliferation and diffe-
rentiation. In the past 10 years, RTX has been used to treat
patients with steroid-dependent or -resistant NS>, The
2012 Kidney Disease: Improving Global Outcomes clinical
practice guidelines introduced RTX as a treatment option
for steroid-dependent NS.

Here we studied the efficacy of maintenance and non-
maintenance treatment with RTX in SDNS and examined
the safety profile of RTX in a single center in Korea.

Materials and methods

1. Study design and patients

The subjects in this study were patients with SDNS who
were treated with RTX and followed up for 6 months at
Pusan National University Children’s Hospital from No-
vember 2008 to October 2015. SDNS is defined as two or
more relapses of NS during the reduction of steroid treat-
ment or within 2 weeks of the discontinuation of steroid
treatment.

RTX administration schedule was divided into two ways
of maintenance and non-maintenance according to pa-
tients’ willing. Maintenance therapy refers to more than
two cycles of RTX treatment and RTX was administered
before relapse when the CD 19 cell count increased more
than 100-200/uL. After Ist rituximab treatment, we pro-
vided maintenance therapy in patients who want regular
use of rituximab before relapse. Until just before RTX ma-
intenance therapy, all patients had received steroid treat-
ment for more than one year and one to two years of CNI
treatment.

As some patients with SDNS did not want regular RTX
treatment, we used RTX only after relapse during steroid
dependency in these patients (Non maintenance therapy).
RTX was injected during the early tapering period with
alternative day dosing of the steroid after achieving remis-
sion. An additional single RTX dose was administered to
some patients with SDNS whose B cell count was not totally
depleted despite RTX injection.

Rituximab therapy was approved by Institutional Review

Board in Pusan National University Yansan Hospital.
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2.Method and statistics

We retrospectively collected details including patient
sex, age at diagnosis, age of starting treatment, number of
treatment cycles, number of relapses and drugs free period
in the maintenance therapy, number of relapses per year
in the non-maintenance therapy. The efficacy of the non-
maintenance therapy was evaluated via the comparison of
relapse rate before and during treatment using the Wilco-
xon signed rank test performed using SPSS for Windows
version 18.0 (SPSS Inc., Chicago, Illinois, USA). P values
were two-tailed and values of P<0.05 were considered
statistically significant.

Results

A total of 19 patients with SDNS were enrolled and an-
alyzed. The mean age at diagnosis was 56.4+36.7 months,
and the age of starting RTX treatment was 140.4+51.0
months. The mean duration from diagnosis to RTX treat-
ment was 85.3+55.9 months (Table 1).

Among the 19 patients with SDNS, 12 were treated with
maintenance therapy and seven were treated with non-
maintenance therapy. In non-maintenance therapy, relapse
rates were significantly decreased after RTX treatment
(from 1.76/year to 0.96/year, P=0.017). The mean relapse-
free period was 15.55+7.38 (range, 5.3-30.7) months. Three
patients in the non-maintenance therapy repeated two or
more cycles because of frequent relapses. Two patients (pa-
tient No.13 and 19) achieved long-term remission for 24
months without additional RTX.

In maintenance therapy, only one relapse occurred in
patient No.6. The mean treatment period was 23.4+12.7
(range, 7-48) months and the mean number of treatments
was 3.9£1.6 (range, 2-7). The mean time interval between
treatments was 6.23+1.65 (range, 3.9-9.9) months. These
patients did not take any other medication during mainte-
nance period except one relapsed patients with 3-4 months
of steroid therapy. Table 2 shows the efficacy of RTX main-
tenance therapy.

The most common side effect of RTX therapy was an in-
fusion-related hypersensitivity reaction, such as fever and
chills. However, the RTX infusion was completed in all

patients by slowing down of the infusion rate and use of
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Table 1. Clinical Characteristics of 19 Patients with SDNS
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Patientno. Sex  Age atdiagnosis (months)  Age at starting RTX (months) ~ RTX cycles®  RTXTx period (months)

Maintenance therapy 1 M 39 222 5 35

2 M 70 99 3 14

3 F 71 136 3 13

4 M 24 190 7 48

5 M 30 155 6 25

6 M 49 200 4 29

7 F 19 100 5 26

8 M 102 141 2 11

9 M 65 152 5 40

10 M 22 52 2 14

1 F 170 205 2 7

12 M 24 149 3 19
Non-maintenance therapy 13 M 49 86 1

14 M 59 119 3

15 M 28 68 2

16 M 36 218 1

17 M 109 146 2

18 M 65 148 1

19 M 40 81 1

*One cycle refers to only a single infusion or a single infusion and an additional infusion in patients not achieving total B cell depletion despite a first RTX

infusion.

Abbreviations: F, female; M, male; RTX, rituximab; SNS, steroid-dependent nephrotic syndrome.

Table 2. The Efficacy of RTX as Maintenance Therapy

Before RTX During RTX Pvalue
Relapse rate 268 0.04 <0.01
(numbers/year)
Drugs* free period 22.5 357.1 <0.01
(days/year)

*Drugs include all immunosuppressive agents such as corticosteroid,
calcineurin inhibitors and mycophenolate mofetil.
Abbreviation: RTX, rituximab.

Table 3. Side Effect Profiles of RTX

Side effect No.

Fever 15 (65.2%)
Chills 14 (60.9%)
Headache 4(17.4%)
Chest discomfort 4(17.4%)
ltching 3(13.0%)
Nausea/vomiting 2 (8.7%)
Abdominal pain 2 (8.7%)
Myalgia 1 (4.2%)
Herpes zoster infection 1(4.3%)

Abbreviation: RTX, rituximab.

medications including antihistamines and corticosteroids.
Other side effects included headache, chest discomfort, and

itching (Table 3).

Discussion

Here we studied the efficacy of RTX treatment for intrac-
table NS including 19 patients with SDNS. Twelve patients
were treated with maintenance RTX therapy and seven
were treated with non-maintenance therapy. In both the-
rapy, RTX was effective at maintaining remission without
severe side effects.

RTX was first introduced for the treatment of B cell
lymphoma. Thereafter, patients with several autoimmune
diseases, such as rheumatoid arthritis or systemic lupus
erythematosus, were treated with it, especially when their
conditions were refractory to standard treatment®”. After
Benz et al reported successful RTX treatment in SDNS with
idiopathic thrombocytopenic purpura®, there have been
many reports of RTX treatment for refractory NS***'%,
lijima et al recently performed a multicenter, double-blind,
randomized, placebo-controlled trial of RTX therapy in
patients with steroid-dependent NS, which demonstrated
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efficacy and safety'”. Moreover, several studies on the effec-
tiveness of RTX therapy for patients resistant to both steroids
and CNT have been reported*'>'?. However, a randomized
controlled trial performed by Magnasco et al did not show
a benefit of the addition of RTX to standard therapy con-
sisting of prednisone and CNTI".

In 2015, Bagga et al studied efficacy of RTX in patients
with steroid-dependent, steroid-resistant, CNI-dependent,
and CNI-resistant NS. They concluded that RTX is effective
and safe in steroid-dependent and -resistant CNI-depen-
dent NS but unsatisfactory in steroid- and CNI-resistant
NS”. Focal segmental glomerulosclerosis was associated
with a higher risk of non-response, while a lack of response
was associated with progressive chronic kidney disease”.
Cravedi et al suggested that a low serum RTX level in pati-
ents with SRNS can be caused by urinary loss during the
nephrotic state of disease”.

Most nephrologists currently do not know exactly how
frequently RTX administration should be repeated in NS.
One to four doses were mostly used to maintain remission
M99 Tijima et al also used RTX

at 375 mg/m’ once weekly for 4 weeks'". However, 42% of

in SDNS in many studies

the patients who received RTX four times had one or more
serious side effects, although most were treatable and no
patients died. Thus, Niu et al investigated the efficacy of a
single dose of RTX that appeared to have fewer side effects
in SDNS". Among 19 patients, 10 remained in complete
remission and did not relapse without oral steroids or im-
munosuppressants for 4-50 months despite recovery of the
B cell count. They concluded that RTX is an effective treat-
ment for SDNS without significant side effects'”. Fuginaga
et al also demonstrated that a single dose of RTX allowed
for a decreased dose of steroids in SDNS'”. Another report
demonstrated that RTX treatment intensity (one or two vs
three or four doses) does not seem to influence the long-
term remission rate. Eight of 37 patients remained in long-
term remission after only one RTX infusion'”.

Many patients with SDNS benefitted from RTX, but
some relapsed after a lapse of time after RTX injection and
returned to the previous state of steroid dependency. Thus,
for those patients, we thought maintenance therapy with
RTX would prevent relapses. Tellier et al suggested that the
optimal therapeutic protocol was a repeated single infusion

at the time of B cell recovery™”.
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Our study showed the same excellent efficacy of RTX for
SDNS as both maintenance and non-maintenance therapy
as a recent randomized controlled trial'”. In the non-main-
tenance therapy, relapse rates were significantly decreased
after a single dose of RTX. Patients and their parents did
not want maintenance therapy because of anxiety about
drug side effects. However, three patients in the non-main-
tenance group repeated two or more cycles because of fre-
quent relapses. Most patients maintained remission for a
significant period of time after recovery of the B cell count
and two patients maintained long-term remission for 24
months. After non-maintenance therapy, some patients
were likely to relapse less frequently than before RTX. RTX
seems to reduce steroid dependency after treatment in
some patients.

Thus, in non-maintenance therapy, when we decide to
administer an additional cycle of RTX after relapse, we
should carefully consider the frequency of relapse or steroid
dependency. If relapse occurs infrequently, an additional
cycle of RTX may not be needed.

Maintenance therapy in our study could maintain long-
term remission without other immune-suppressants, es-
pecially corticosteroids. However, we cannot know for cer-
tain how long we should continue maintenance therapy.
The practical regimen of RTX may require adjustment in
an individual manner depending on the response and
clinical condition in patients on non-maintenance or main-
tenance therapy. We suppose that maintenance therapy
can be a good option to spare steroids for several months
or years in patients with severe steroid toxicity.

The development of anti-RTX antibodies and human
anti-chimeric antibodies (HACA) has been reported with

. . . 6,7,21,22
RTX treatment in various diseases )

; recently, the de-
velopment of HACA in patients with NS who did not achieve
B cell depletion after repeated administration of RTX was
reported by Ahn et al, a study in which two patients experi-
enced a hypersensitivity reaction during a second infusion
of RTX*. Although drug side effects in our study did not
increase as RTX cycles were repeated, we should carefully
monitor drug side effects and B cell depletion, especially
when cycles are repeated.

The most common side effect of RTX therapy was infu-
sion-related hypersensitivity reaction such as fever and

chills. However, the RTX infusion was completed in all
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patients by slowing down of the infusion rate and medica-
tions including antihistamines and corticosteroids. There
have been very few reports about patients who developed
severe side effects such as anaphylactic reactions, hypoten-

sion, arrhythmia, pulmonary fibrosis, and myocarditis'
17,24,25)

The limitations of this study include that it was retro-
spectively conducted at a single center, included a small
sample size, and was not controlled.

In conclusion, RTX is an effective and safe option for ma-
intaining remission in patients with SDNS without severe
side effects as either maintenance or non-maintenance
therapy. Larger samples in randomized clinical trials are
needed to confirm the efficacy, safety, and standard regi-
men of RTX in patients with intractable NS.
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