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ABSTRACT
Background: Corticosteroids have had a central role in the treatment of nephrotic syndrome.
The management of these patients who become dependent on steroids is complex, involving
different immunosuppressive drugs patterns. The monoclonal antibody anti CD20, Rituximab,
is likely to have beneficial effects in cases of steroid-dependent nephrotic syndrome patients
with no easy resolution, even when we cannot make a statement about the specific role in the
impact. We bring our personal experience with pediatric patients treated with this medication
during the last years, to provide a thorough overview and useful information about the role of
Rituximab in this pathology.
Methods: Retrospective study in patients with steroid-dependent idiopathic nephrotic
syndrome controlled in Dept. of Nephrology & renal Transplantation SCBMCH, Cuttack in
those patients who had received at least one treatment cycle of Rituximab, at any moment along
the evolution of the disease.
Results and Conclusion: In the Rituximab group more patients were 6-10 years old compared
to the Control group and this was not statistically significant. The majority of patients were
male in the Rituximab group compared to the Control group. This was not statistically
significant. A higher proportion of patients had CR 6m in the control group compared to the
Rituximab group but this was not statistically significant. The majority of patients who had CR
12m were found in the Rituximab group compared to the control group and this was not
statistically significant.Only Rituximab group patients had PR 6m and this was also statistically
significant.We observed that only Rituximab Group patients had NR at 12m and another side
no patients had NR at 12m in the control group and this also was statistically significant.A
higher number of age group patients were located in the control group compared to the
Rituximab Group, but this was not statistically significant.More patients who had higher Se
Creatinine at 0m were shown in the control group compared to the Rituximab Group this was
also not statistically significant.
Key Words: Rituximab, steroid-dependent nephrotic syndrome, pediatric idiopathic nephrotic
syndrome, pediatrics.
INTRODUCTION
Nephrotic syndrome is a serious chronic illness that affects children. In healthy youngsters, the
annual incidence of nephrotic syndrome is estimated to be two to seven new cases per 100,000
children under the age of 18 [1]. In the great majority of cases of pediatric idiopathic nephrotic
syndrome, steroid response is present (steroid-sensitive nephrotic syndrome, SSNS). Although
initial prednisone (60 mg/m 2) treatment results in long-term remission in a small percentage
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of individuals, up to 40%–60% will recur [2, 3]. This is a big issue in this condition, particularly
in the event of steroid dependency (i.e., relapses during steroid treatment or shortly after
termination). Despite the use of other medications such as levamisole, mycophenolic acid
(MPA), and calcineurin inhibitors, some individuals acquire a resistant course [4].Repeated
cytotoxic treatment is one option for these patients, but it can have serious long-term
consequences [5]. As a result, SSNS is no longer considered a benign syndrome, because
relapses continue throughout adulthood in refractory patients, and long-term treatment is linked
with significant damage.
In the therapy of idiopathic NS, corticosteroids are the backbone (INS). Steroid sensitive NS
(SSNS) is defined as a child who has completely resolved proteinuria after 6 weeks of daily
prednisone (2 mg/kg/d or 60 mg/M2/d; maximum = 60 mg/d) [6, 7]. However, at least half
may experience recurrent relapses and may develop steroid-dependent NS (SDNS; defined as
two consecutive relapses during steroid tapering or within 14 days of medication termination)
or frequently relapsing NS (FRNS; defined as at least four relapses per year or at least two
relapses within 6 months of initial presentation) [8, 9, 10].
These SSNS patients, on the other hand, may develop steroid-dependent nephrotic syndrome
(SDNS), which is defined as two consecutive relapses during tapering or within 14 days
following steroid therapy termination [11, 12]. Fifty to sixty percent of FRNS children match
the SDNS criterion. These definitions are based on criteria developed by the International
Study of Kidney Disease in Children (ISKDC) [13]. Furthermore, steroid-resistant nephrotic
syndrome (SRNS) affects 10–20 percent of individuals with idiopathic nephrotic syndrome,
which is characterized as persistent proteinuria after a 4- to 8-week treatment of oral
prednisolone [14].
Immunosuppressive drugs such as cyclophosphamide, chlorambucil, cyclosporine (CyA),
tacrolimus, and levamisole are conventional therapies for FRNS/SDNS in children around the
world, whereas CyA is the primary treatment for SRNS in children [15]. Calcineurin inhibitors
with or without low-dose prednisone are used to treat the majority of individuals with SD and
SR illness. However, calcineurin inhibitors produce partial rather than complete remissions,
and relapse is prevalent when therapy is stopped in other patients [16]. Prolonged therapy is
linked to hypertension, diabetes, aesthetic side effects, irreversible renal fibrosis, and chronic
kidney disease in some patients.
Several data, including larger series from France, Japan, India, and an international
investigation, highlight the role of anti-B-cell medication in the difficult-to-control steroiddependent nephrotic syndrome (SDNS) [17, 18, 19]. Although 3 of 22 patients with SDNS did
not respond in the trial by Sellier-Leclerc et al. [20], it appears that the majority, if not all, of
patients with SSNS respond, and in many cases, a reduction in steroids and/or maintenance
immunosuppression is conceivable. Ravani et al. [21] found that rituximab and a combination
of a decreased dose of prednisone and calcineurin inhibitors were non-inferior in maintaining
nephrotic syndrome remission in another newly published prospective research.
Long-term follow-up data, on the other hand, isn't available. This is troublesome since many
individuals relapse after receiving rituximab during the first 9–12 months. In order to
investigate the effect, complications, and long-term response following rituximab in SSNS, we
developed a registry with the German Society of Paediatric Nephrology (GPN).
MATERIAL AND METHODS
From 2019 to 2021, a hospital-based study was conducted from the Srirama Chandra Bhanja
Medical College and Hospital, Cuttack, Indiain the Department of Nephrology and Renal
Transplantation. Patients ranging in age from 2 to 18 years old were enrolled in the study.
Incomplete or partial disease remission, with a proven clinical history of Steroid-dependent
nephrotic syndrome and an estimated creatinine clearance of more than 30 ml per minute per
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1.73 m2 of body-surface area, to receive intravenous CD 20 antibodies (rituximab) (four
infusions, 375 mg/m2 mg each week, with a follow-up dose at 6 months if partial response).
INCLUSION CRITERIA
1. Patient aged 2-18 years
2. Patient isin either complete or partial disease remission and with a proven clinical history
of Steroid dependent nephrotic syndrome
3. Estimated creatinine clearance of more than 30 ml per minute per 1.73 m2 of body-surface
area
4. Blood Pressure <130/80 mm Hg
5. Post-menopausal females, or females surgically sterile or practicing a medically approved
method of contraception (no birth-control pill)
6. Signed informed consent to participate in the study
EXCLUSION CRITERIA
1. Previous administration of Rituximab therapy
2. Patients with acute infections or chronic active infections
3. Positive serological screening test for HIV, B or C hepatitis
4. Positive immunological tests for antinuclear and anti-DNA antibodies
5. Usual contraindication to steroid or Rituximab
6. Immunosuppressed patients, patients with a severe immune deficit
7. Patients with hypersensitivity to a monoclonal antibody or biological agents
8. Patients with a known allergy to steroid and its excipients or to Rituximab and its excipients
or to acetaminophen and its excipients or to cetirizine and its excipients or to the protein of
murine origin
9. Patients with other uncontrolled diseases, including drug or alcohol abuse, severe
psychiatric diseases, that could interfere with participation in the trial according to the
protocol,
10. Patients who have a white blood cell count ≤4,000/mm3,
11. Patients who have platelet count ≤100,000/mm3,
12. Patients who have haemoglobinlevels<9g/dL,
13. Patients who have SGOT or SGPT or bilirubin levels greater than 3 times the upper limit
of normal
14. Patients who have serum creatinine levels>150 µmol/l,
15. Patients with active cancer or recent cancer (<5 years),
16. Females of childbearing potential who don't have an effective method of birth control
during the study and during the next 12 months after treatment stops
17. Women who are pregnant (positive βHCG at inclusion), or who plan to become pregnant
whilst in the trial
18. Breastfeeding women
19. Severe heart failure (New York Heart Association Class III and IV) or severe, uncontrolled
cardiac disease.
STATISTICAL ANALYSIS
Data were entered into a Microsoft Excel spreadsheet for statistical analysis and then analysed
using SPSS (version 27.0; SPSS Inc., Chicago, IL, USA) and GraphPad Prism version 5. For
numerical variables, mean and standard deviation were used, whereas, for categorical variables,
count and percentages were used. Independent samples or unpaired samples were used in twosample t-tests for a difference in mean. Unpaired t-tests had less power than paired t-tests,
which were a type of blocking. For numerical data, one-way analysis of variance (one-way
ANOVA) was a technique used to compare the means of three or more samples (using the F
distribution).When the null hypothesis is true, a chi-squared test (also known as a χ2 test) is
any statistical hypothesis test in which the test statistic's sampling distribution is a chi-squared
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distribution. The term 'chi-squared test' is frequently used as a shorthand for Pearson's chisquared test without further qualification. The Chi-square test or Fischer's exact test were used
to compare unpaired proportions. Statistical significance was defined as a P-value of less than
0.05.
RESULTS
Patients in the Control group ranged in age from 6 to 11, with 13 (65.0%) being 6 to 10 years
old and 7 (35.0%) being ≥11 years old. Patients in the Rituximab group ranged in age from 6
to 11, with 15 (75.0%) being 6-10 years old and 5 (25.0%) being ≥11 years old. The age
difference between groups was not statistically significant (p = 0.4901).
Table 1: Association between Age in group
Age in group Control Rituximab Total
6-10
13
15
28
Row %
46.4
53.6
100.0
Col %
65.0
75.0
70.0
≥11
7
5
12
Row %
58.3
41.7
100.0
Col %
35.0
25.0
30.0
Total
20
20
40
Row %
50.0
50.0
100.0
Col %
100.0
100.0
100.0
In the Control group, 10 patients (50.0%) were female, and 10 patients (50.0%) were male. In
the Rituximab group, 9 patients (45.0%) were female, and 11 patients (55.0%) were male. The
gender vs. group relationship was not statistically significant (p = 0.7515).
Table 2: Association between Genders
Gender Control Rituximab Total
Female
10
9
19
Row %
52.6
47.4
100.0
Col %
50.0
45.0
47.5
Male
10
11
21
Row %
47.6
52.4
100.0
Col %
50.0
55.0
52.5
Total
20
20
40
Row %
50.0
50.0
100.0
Col %
100.0
100.0
100.0
The mean age (mean ± s.d.) of the patients in the Control group was 9.7000 ± 2.0287. The
mean age (mean ± s.d.) of patients in the Rituximab group was 9.0000 ± 1.8918. The difference
in mean age between groups (p = 0.2662) was not statistically significant.
Table 3: Distribution of mean Age
Number Mean
SD
Minimum Maximum Median p-value
Age
Control
20
9.7000 2.0287
6.0000
13.0000
9.5000
0.2662
Rituximab
20
9.0000 1.8918
6.0000
12.0000
9.0000
DISCUSSION
The primary outcome of this research was a 12-month composite of complete or partial
proteinuria remission. According to Ravani et al. [21], steroid-dependent nephrotic syndrome
(SDNS) is associated with a high risk of steroid or steroid-sparing drug toxicity. They looked
for children aged 1 to 16 who had had SDNS in the previous 6–12 months and were kept in
remission with high prednisone doses (≥0.7 mg/kg per day) [22]. Participants were given the
option of continuing prednisone alone for one month (control) or adding a single intravenous
infusion of rituximab (375 mg/m2) (intervention). Patients in the Rituximab group were [15
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(75.0%)] 6-10 years old on average, compared to [13 (65.0%)] in the Control group, however,
this was not statistically significant (p=0.4901).
Rituximab (RTX) can be used in children with nephrotic syndrome, particularly those with
steroid-dependent nephrotic syndrome, according to Niu et al. [23]. (SDNS). RTX toxicity and
side effects were also investigated. There were 19 patients in the trial (10 males and 9 females).
The patients were followed for 1-50 months (28.1 ± 16.6 months). RTX injection (CD20 < 0.5
percent) resulted in B-cell depletion that lasted 16 months (mean, 2.92 ± 1.57 months). Despite
a recovery of the B-cell count, 10 patients maintained complete remission and did not relapse
without the use of oral steroids or immunosuppressants for 4-50 months (mean, 30.1 ± 12.6).
In the Rituximab group, [11 (55.0 percent)] patients were more likely to be male than in the
Control group [10 (50.0 percent)]. Statistically, this was not significant (p = 0.7515). The [9
(45.0 percent)] control group had a higher proportion of patients with CR 6m than the [6 (30.0
percent)] Rituximab group, although this was not statistically significant (p = 0.3271). The
majority of patients with CR 12m were observed in the Rituximab group [14 (70.0 percent)]
compared to the control group [13 (65.0 percent)], however, this was not statistically
significant (p = 0.7356). Only patients in the Rituximab group had [10 (50.0 percent)] PR 6m,
which was statistically significant (p = 0.0002). There were no PR 12m patients in the control
group, and only [1 (5.0 percent)] patients in the Rituximab group. Statistically, this was not
significant (p = 0.3111).
Childhood nephrotic syndrome is a difficult and often persistent kidney condition, according
to Kallash et al. [24], and its prevalence varies by ethnicity and geography. They summarise
recent studies on the efficacy and safety of rituximab in various types of childhood nephrotic
syndrome, as well as the known and potential mechanisms of rituximab action, its potential
complications and side effects, and the available and potential biomarkers of rituximab activity
in this review.
We discovered that more patients in the control group had [1.8600 ± .2257] Se Albumin 0m
than in the [1.7950 ± .3591] Rituximab group, although this was not statistically significant (p
= 0.4972). The [3.2100 ± .4241] control group had more Se Albumin 6m than the [3.0250 ±
.4951] Rituximab group, although the difference was not statistically significant (p = 0.2121).
The [3.6650 ± .3048] control group had more Se Albumin 12m than the [3.5450 ± .6219]
Rituximab group, although this was not statistically significant (p = 0.4432). Proteinuria,
hypoalbuminemia, and dyslipidemia are all symptoms of nephrotic syndrome, as per Maratea
et al [25].The standard of care is low-dose alternate-day steroid therapy. Steroid-sparing
medications may be utilized in the event of a recurrence or serious side effects. The goal of this
study was to see how effective and safe rituximab is for treating children with nephrotic
syndrome.
More patients in the [6.7850 ± .9281] control group had 24-hour urine protein 0min than in the
[6.1000 ± 1.2892] Rituximab group, although this was not statistically significant (p = 0.0613).
We found that more patients in the Rituximab group had [1.8500 ± 1.8500] 24 hr urine protein
6m than in the [.6750 ± .6701] control group, which was statistically significant (p = 0.0092).
The [1.1525 ± 1.6816] Rituximab group had the majority of patients with 24-hour urine protein
12m compared to the [.5965 ± .6702] control group, however, this was not statistically
significant (p = 0.1776).
CONCLUSION
More patients in the Rituximab group were 6-10 years old than in the Control group, although
this was not statistically significant. When compared to the Control group, the Rituximab group
had a higher percentage of male patients. This did not have any statistical significance. The
control group had a larger proportion of patients with CR 6m than the Rituximab group,
however, this was not statistically significant. When comparing the Rituximab and control
groups, the majority of patients with CR 12m were observed in the Rituximab group,
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however,this was not statistically significant. Only patients in the Rituximab group had PR 6m,
which was statistically significant.
Only patients in the Rituximab Group had NR at 12m, whereas no patients in the control group
had NR at 12m, which was statistically significant. The control group had a higher number of
patients in each age range than the Rituximab group, although this was not statistically
significant. The control group had more patients with greater Se Creatinine at 0m than the
Rituximab group, although this was not statistically significant. The majority of patients in the
control group had higher Se Creat at 6m than those in the Rituximab group, although the
difference was not statistically significant.
In the control group, more patients exhibited greater Se Creat 12m than in the Rituximab group,
which was statistically significant. The control group had a lower number of patients with high
T Cholesterol at one month than the Rituximab group. This was noteworthy from a statistical
standpoint. The majority of patients in the control group had greater T Cholesterol at 6m than
those in the Rituximab group, however, this was not statistically significant. The Rituximab
group had a lower number of patients with elevated T Cholesterol at 12m than the control
group, although this was not statistically significant.
We discovered that a greater number of patients in the control group had higher Se Albumin at
0 months than in the Rituximab group, although this was not statistically significant. The
control group had more patients with greater Se Albumin at 6m than the Rituximab group,
although this was not statistically significant. The control group had more patients with greater
Se Albumin at 12m than the Rituximab group, although this was not statistically significant.
The control group showed higher 24-hour urine protein at 0 months than the Rituximab group,
although this was not statistically significant.When comparing the Rituximab and control
groups, we found that the Rituximab group had greater 24-hour urine protein at 6m. This was
noteworthy from a statistical standpoint. In the Rituximab group, the majority of patients had
a greater value of 24-hour urine protein at 12m than in the control group, however, this was not
statistically significant. The control group had higher relapses each year than the Rituximab
group, however this was not statistically significant.
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