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Abstract
BACKGROUND 
Juvenile systemic lupus erythematosus (SLE) is a severe, life-threatening disease. 
However, the role of rituximab in managing juvenile SLE remains undefined, 
although early biological intervention may improve disease outcomes.

AIM 
To assess the differences in the outcomes of different types of rituximab adminis-
tration (early and late).

METHODS 
In this retrospective cohort study, the information of 36 children with SLE with 
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early (less than 6 months from onset) rituximab administration (ERA), and late (more than 1 year) rituximab 
administration (LRA) was analyzed. We compared initial disease characteristics at onset, at baseline (start of 
rituximab), and at the end of the study (EOS) at 12 months, as well as outcomes and treatment characteristics.

RESULTS 
The main differences at baseline were a higher daily median dose of corticosteroids, increased MAS frequency, and 
a higher Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) in the ERA group. No differences in the 
main SLE outcomes between groups at the EOS were observed. The part of lupus nephritis patients who achieved 
remission changed from 44% to 31% in ERA and 32% to 11% in the LRA group. Patients with ERA had a shorter 
time to achieve low daily corticosteroid dose (≤ 0.2 mg/kg) at 1.2 (0.9; 1.4) years compared to 2.8 (2.3; 4.0) years (P 
= 0.000001) and higher probability to achieve this low dose [hazard ratio (HR) = 57.8 (95% confidence interval (CI): 
7.2-463.2), P = 0.00001 and remission (SLEDAI = 0); HR = 37.6 (95%CI: 4.45-333.3), P = 0.00001]. No differences in 
adverse events, including severe adverse events, were observed.

CONCLUSION 
ERA demonstrated a better steroid-sparing effect and a possibility of earlier remission or low disease activity, 
except for lupus nephritis. Further investigations are required.

Key Words: Systemic lupus erythematosus; Rituximab; Rituximab BCD020 biosimilar; Anti-CD-20; Biologic; Children

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Systemic lupus erythematosus in children is a severe life-threatening disease that requires systemic immune-
suppressive therapy. Early biologic treatment in children with systemic lupus erythematosus can provide faster remission 
with a better corticosteroid-sparing effect.
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INTRODUCTION
Juvenile systemic lupus erythematosus (SLE) is the most common form of pediatric connective tissue disease, charac-
terized by multi-system involvement and a poor prognosis[1]. In adolescents and young adults, the severity of this 
condition is linked to an increased risk of complications affecting the kidneys, blood vessels, and central nervous system, 
along with more significant damage and disease activity. This often requires the use of higher doses of systemic corticost-
eroids and immunosuppressive agents[2]. Corticosteroids remain the cornerstone of treatment for juvenile SLE with 
lupus nephritis (LN)[3]. However, the potential toxicity of these drugs and the need for long-term therapy have 
prompted the development of steroid-sparing strategies[4].

There are no current standardized recommendations for corticosteroid tapering and withdrawal in juvenile SLE, 
despite the European Alliance of Associations for Rheumatology recommendations to minimize corticosteroid use[5]. The 
current standard of care therapy (SOCT) involves combinations of corticosteroids, cytotoxic agents, and antimalarials, 
while the role of biological treatments remains to be fully established. Treatment with cytotoxic agents can result in 
adverse events affecting the blood, liver, and kidneys, as well as increased risks of fertility issues and cancer in adults[2,
5]. Biological treatments have disease-modifying effects that are similar to or better than SOCT, with fewer adverse 
events, and may enhance or replace SOCT in certain cases.

Several biologics have been developed for the treatment of SLE: Belimumab, approved for both adults and children; 
anifrolumab, approved only for adults; and rituximab, which has not yet been approved despite its known clinical 
efficacy[6-9]. Belimumab is approved for pediatric and adult patients with mild to moderate SLE[6,7]. It acts as a steroid-
sparing agent for corticosteroid-dependent patients, particularly those who have previously achieved remission. 
However, it is unlikely to be effective in patients with highly active SLE[6,7].

Anifrolumab, an anti-interferon drug, may control lupus similarly to non-biological disease-modifying anti-rheumatic 
drugs, but it is currently only approved for adults. Rituximab is typically used for severe, life-threatening forms of lupus, 
but has not been officially approved for either adults or children. Despite this, rituximab is included in all current 
recommendations for lupus treatment in adults and children, though it is usually reserved as a last resort when other 
treatments have failed[2,4]. Rituximab may be considered in cases of severe lupus with damage to the kidneys, central 
nervous system, and blood if standard treatments have proven ineffective[2,4].

https://www.wjgnet.com/2220-6124/full/v13/i4/98393.htm
https://dx.doi.org/10.5527/wjn.v13.i4.98393
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Figure 1 Study flow chart. ERA: Early rituximab administration; LRA: Late rituximab administration.

The question of whether rituximab can be used as a first-line treatment, with or without SOCT, remains open and 
requires further research[2,4]. Several retrospective studies have failed to demonstrate the benefits of rituximab over 
traditional non-biologic DMARDs, and no prospective, placebo-controlled trials comparing rituximab with SOCT in 
children with SLE have been conducted[10,11]. We aimed to compare the outcomes of early vs late administration of 
rituximab.

MATERIALS AND METHODS
Study design
In this retrospective cohort study, we included data on 35 SLE patients (8 boys and 27 girls) from our cohort (n = 165, 
21.2%), who received rituximab between 2012 and 2022. All included patients failed conventional non-biologic treatment, 
exhibited high disease activity, or experienced corticosteroid dependence/toxicity. The diagnosis of SLE was confirmed 
using the Systemic Lupus International Collaborating Clinics classification criteria[12]. The Damage Index was assessed 
with the Pediatric Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage 
Index[13]. LN was diagnosed according to the criteria of the International Society of Nephrology/Renal Pathology 
Society[14,15].

Rituximab BCD020 biosimilar was prescribed in a dosage of 375 mg/m2 every week (2-4 infusions) with repeat courses 
every 6-12 months (2-4 infusions) depending on disease activity, B-cell depletion, and IgG levels. All patients were 
divided into two groups: Early Rituximab Administration (ERA), defined as initiation within 6 months from onset; and 
Late Rituximab Administration (LRA), defined as initiation after more than 1 year. The study flow chart is presented in 
Figure 1.

Assessment and outcomes
In each patient, we evaluated the dynamics of the following SLE parameters and treatment at three time points: (1) 
Disease onset; (2) Baseline (start of rituximab); and (3) End of the study (12 months). The parameters assessed included: 
Demographics, sex and age at onset; disease activity, levels of antinuclear antibodies, antibodies to double-stained 
deoxyribonucleic acid (dsDNA), C3, C4, hemoglobin, platelets, complete blood count, erythrocyte sedimentation rate, C-
reactive protein, urea, creatinine, serum protein and albumin, proteinuria, presence of leukocyturia and hematuria, 
Systemic Lupus Erythematosus Disease Activity Index (SLEDAI)[12], Damage Index[13] and LN activity stage[14,15], B-
cell level, IgG, and the proportion of patients who achieved SLE remission; concomitant treatment, patients treated with 
corticosteroids (including median dose), with non-biologic DMARD; and adverse events.

Statistical analysis
The sample size was not calculated initially. Statistical analysis was conducted using STATISTICA software, version 10.0 
(StatSoft Inc., Tulsa, OK, United States). Continuous variables were assessed for normality using the Kolmogorov-
Smirnov test, which indicated no normal distribution. Continuous variables are presented as median and percentiles 
(25%; 75%). Categorical variables are presented as proportions. Missing data were neither inputted nor included in the 
analysis. Pearson’s χ2 test or Fisher’s exact test in expected frequencies < 5 was used to compare independent categorical 
variables. The Mann–Whitney test was employed for continuous variables. Comparison of two dependent quantitative 
variables was conducted using Wilcoxon’s matched pairs test and the McNemar test was applied for dependent 
categorical variables. A P value < 0.05 was considered statistically significant.
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Table 1 Baseline characteristics of systemic lupus erythematosus patients with early and late rituximab administration

Parameter ERA, n = 16 LRA, n = 19 P value

ANA positivity 15 (94) 13 (68) 0.075

ANA level, titer, Me (25%; 75%) 1280 (1000; 2560) 320 (0; 5120) 0.077

Anti-dsDNA antibodies 9 (56) 12 (63) 0.678

Anti-dsDNA, mU/L, Me (25%; 75%) 19.0 (0; 81) 46 (6; 158) 0.231

Low complement 9/13 (69) 7/11 (64) 0.772

Complement C3, g/L, Me (25%; 75%) 0.57 (0.4; 0.8) 0.85 (0.7; 1.1) 0.059

Complement C4, g/L, Me (25%; 75%) 0.10 (0.06; 0.14) 0.19 (0.10; 0.24) 0.075

Hemoglobin, g/L, Me (25%; 75%) 108 (91; 131) 115 (108; 128) 0.578

Platelets, 109/L, Me (25%; 75%) 270 (140; 305) 246 (193; 273) 0.606

WBC, 109/L, Me (25%; 75%) 8.4 (5.7; 13.5) 5.1 (3.7; 8.3) 0.035

ESR, mm/h, Me (25%; 75%) 13 (5; 22) 12 (6; 22) 0.921

SLEDAI baseline, score, Me (25; 75%) 22 (15; 26) 10 (6; 16) 0.003

SLEDAI baseline, grade

0 grade 0 (0) 1 (5)

I grade 0 (0) 3 (16)

II grade 3 (19) 7 (37)

III grade 4 (25) 5 (26)

IV grade 9 (56) 3 (16)

0.074

Damage index, Me (25%; 75%) 1 (0; 1) 1 (0; 1) 0.616

Patients with active lupus nephritis 7 (44) 6 (32) 0.458

Proteinuria, g/24 h, Me (25%; 75%) 1.9 (0.5; 6.0) 0.4 (0; 3.8) 0.463

Urea, mmol/L, Me (25%; 75%) 5.8 (4.9; 8.5) 4.6 (3.7; 5.9) 0.077

Creatinine, mmol/L, Me (25%; 75%) 57 (52; 60) 62 (55; 75) 0.160

Corticosteroids, mg/kg, Me (25%; 75%) 1.0 (0.6; 1.0) 0.3 (0.2; 0.8) 0.027

Data are n (%). ANA: Antinuclear antibodies; dsDNA: Double-stained deoxyribonucleic acid; ERA: Early rituximab administration; ESR: Erythrocyte 
sedimentation rate; LRA: Late rituximab administration; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; WBC: White blood cells.

RESULTS
Patient characteristics at the disease onset
The studied population consisted of 8 boys (23%) and 27 girls (77%). There were no significant differences between the 
group with ERA and LRA, except the higher level of SLEDAI in ERA group at 23 (16; 26) compared to LRA at 14 (11; 19) 
points (P = 0.012), and prevalence of the patients with high disease activity (SLEDAI grade IV) (63% vs 21%; P = 0.043). 
Patients from the ERA group had a higher frequency of pleurisy (44% vs 16%; P = 0.068), pericarditis (38% vs 11%; P = 
0.058), ascites (25% vs 5%; P = 0.07) and macrophage activation syndrome (25% vs 5%; P = 0.096) with a borderline level of 
significance.

Baseline patient characteristics
The time before rituximab from SLE onset was different between groups: 3 (2; 6) months in ERA and 22 (14; 36) months (P 
= 0.00001) for LRA. Patients with ERA continued to have higher levels of SLEDAI [22 (15; 26) vs 10 (6; 16); P = 0.003] and 
had higher daily median doses of corticosteroids [1.0 (0.6; 1.0) vs 0.3 (0.2; 0.8) mg/kg; P = 0.027], and WBC levels [8.4 (5.7; 
13.5) × 109/L vs 5.1 (3.7; 8.3) × 109/L; P = 0.035]. Also, patients from the ERA group had higher ANA positivity (94% vs 
68%; P = 0.075), ANA titer [1280 (1000; 2560) vs 320 (0; 5120); P = 0.077]; lower C3 [0.57 (0.4; 0.8) g/L vs 0.85 (0.7; 1.1) g/L; 
P = 0.059]; and C4 fractions of complements [0.10 (0.06; 0.14) g/L vs 0.19 (0.10; 0.24) g/L; P = 0.075] with borderline 
significance. There were no differences in the proportion of LN patients and non-biologic DMARD treatment. The 
baseline characteristics in both groups are presented in Table 1.
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Characteristics of patients at the end of the study
There were significant differences in the main outcomes in both groups after 12 months of treatment, except for the 
higher level of platelets in the group with ERA (Figure 2). A higher frequency of patients with active LN in the ERA 
group (31% vs 11%) was observed, but the data were non-significant (P = 0.150). The part of patients with LN remission 
decreased from 44% to 31% in the ERA group and from 32% to 11% in the LRA group. Patients with ERA had a shorter 
time to achieve low daily corticosteroid dose (≤ 0.2 mg/kg): 1.2 (0.9; 1.4) years compared to 2.8 (2.3; 4.0) years (P = 
0.000001); higher probability to achieve this low dose [LogRank test P = 0.00015; hazard ratio (HR) = 57.8 (95%CI: 7.2-
463.2), P = 0.00001]; and higher probability to achieve the remission [SLEDAI = 0; LogRank test P = 0.021; HR = 37.6 
(95%CI: 4.45-333.3), P = 0.00001]. The data are presented in Table 2 and Figure 3.

Safety of rituximab treatment
During the 12-month rituximab course, no differences in severe adverse events were observed. Nearly half of the patients 
of both groups received co-trimoxasol prophylaxis. The IgG level was similar in both groups, but patients with ERA 
frequently had low IgG levels (< 4.5 g/L) and a higher proportion of ERA patients had B-cell depletion. The number of 
patients who received replacement IVIG treatment was equal in both groups.

DISCUSSION
In this small study, differences in outcomes between early and LRA for the treatment of juvenile SLE were observed. 
Patients who received early rituximab had the potential for faster tapering of systemic corticosteroids and more rapid 
achievement of SLE remission, except for those with LN.

The role of rituximab in SLE has not yet been fully established, despite its known efficacy. It is typically used as a 
treatment for resistant disease or as a new treatment for severe, life-threatening courses of the disease[15]. Rituximab’s 
effectiveness was demonstrated in a large meta-analysis of 35 uncontrolled studies and case reports, in which 91% of the 
188 patients showed significant improvement in at least one systemic SLE manifestation[15]. Many uncontrolled trials 
and case reports have highlighted rituximab’s effectiveness, whereas randomized controlled trials, such as EXPLORER 
and LUNAR, which did not achieve their primary endpoints[16,17]. However, both trials demonstrated effectiveness 
compared to a placebo[16,17]. Rituximab is recommended to reduce disease activity, serum levels, proteinuria, and the 
need for corticosteroids[18]. According to these studies, rituximab is more effective as an adjuvant therapy to control 
severe manifestations of SLE rather than as an induction therapy[19]. Rituximab has not yet been approved by the Food 
and Drug Administration for the treatment of SLE in the United States.

The steroid-sparing effect of rituximab has been demonstrated in most pediatric and adult studies of SLE, similar to 
our findings, with a greater potential to reduce corticosteroid use when rituximab is administered early[1,11,19,20]. 
Corticosteroids, the cornerstone of SLE treatment, are associated with significant damage due to their toxicity 
(osteoporosis, avascular necrosis, cataract, steroid diabetes, striae, hypertension, etc.)[21]. Adults with childhood SLE 
onset had significantly higher corticosteroid-induced damage compared to those with disease onset after 18 years (odds 
ratio = 1.7, 95%CI: 1.1-2.8)[22]. Pediatric SLE patients with short stature (23%) had higher cumulative corticosteroid 
dosage[23]. Delayed puberty, caused by corticosteroids, occurred in 15% of females and 24% of males[24]. Transitioning 
from oral to intravenous corticosteroids may reduce associated side effects and lower the cumulative oral corticosteroid 
dose while maintaining efficacy. Repeated IV usage of corticosteroids improved outcomes in LN and helps to reduce the 
dose of oral corticosteroids[25]. Low dose intravenous corticosteroid therapy is effective as high dose in patients with LN 
with fewer corticosteroid-associated side effects[26]. The potential for achieving remission more rapidly with lower 
corticosteroid burden may improve the disease outcomes with less damage and higher quality of life.

Contemporary guidelines for pediatric and adult SLE recommend minimizing corticosteroid use whenever possible[4,
27]. Early administration of rituximab appears to be a promising strategy to achieve this goal. Long-term rituximab 
therapy has demonstrated a higher relapse-free survival rate in adult SLE patients compared to standard conventional 
treatment[28].

Lower IgG levels and a higher proportion of patients with B-cells were observed in the ERA group, compared to the 
LRA group. This may be attributed to the fact that patients in the ERA group received more treatment agents simultan-
eously, which might contribute to a cumulative effect of combined therapies with different targets. Fortunately, this lower 
IgG level did not lead to increased frequency or severity of infections that was demonstrated earlier[29,30].

A recent study from India suggested that rituximab was an effective (decreased SLEDI, corticosteroids, and 
proteinuria, and no flares in 82% of children for 24 months) and safe treatment for pediatric SLE in a country with a very 
high burden of infectious diseases[31]. Early-onset SLE is significant because juvenile SLE is associated with higher 
disease activity, a greater medication burden, and an increased risk of internal organ damage compared to adult-onset 
SLE[32-34]. In a multivariate model adjusted for age, disease duration, and other clinical characteristics, juvenile SLE was 
independently associated with an increased risk of death (HR = 3.1, 95%CI: 1.3-7.3)[35]. Survival rates for children with 
juvenile SLE (mean age of 11.6 ± 2.6 years) are 88% at 2 years, 76% at 5 years, and 64% at 10 years after diagnosis[36]. 
Irreversible organ damage develops in 44.2% of children with juvenile SLE, occurring only 3.8 years after diagnosis. This 
suggests a high risk of comorbidity accumulation at a young age in these adults[37].

The same immunosuppressive drugs are used to treat both juvenile and adult SLE. Hydroxychloroquine is prescribed 
to all patients with adult and juvenile SLE who have no contraindications to its use[4]. Along with hydroxychloroquine, 
GCs are the mainstay of treatment for adult SLE patients because of their anti-inflammatory and immunosuppressive 
effects[38]. However, prolonged use of glucocorticoids leads to numerous side effects, including an increased risk of 
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Table 2 Characteristics of systemic lupus erythematosus patients with early and late rituximab administration at the end of the study

Parameter ERA, n = 16 LRA, n = 19 P value

ANA positivity 10 (63) 10 (53) 0.557

ANA level, titer, Me (25%; 75%) 320 (160; 3200) 400 (80; 2560) 0.620

Anti-dsDNA antibodies 1 (6) 5 (26) 0.112

Anti-dsDNA, mU/L, Me (25%; 75%) 5.3 (0; 12) 9 (0; 21) 0.451

Low complement 2/10 (20.0) 3/11 (27.3) 0.696

Complement C3, g/L, Me (25%; 75%) 0.91 (0.7; 1.2) 1.22 (0.9; 1,3) 0.185

Complement C4, g/L, Me (25%; 75%) 0.18 (0.1; 0.3) 0.19 (0.1; 0.3) 0.961

Hemoglobin, g/L, Me (25%; 75%) 133 (130; 139) 130 (110; 134) 0.092

Platelets, 109/L, Me (25%; 75%) 294 (267; 319) 232 (212; 260) 0.004

WBC, 109/L, Me (25%; 75%) 5.1 (4.5; 6.8) 5.2 (3.9; 6.1) 0.659

ESR, mm/h, Me (25%; 75%) 3 (2; 20) 7 (2; 16) 0.535

SLEDAI, score, Me (25; 75%) 2 (0; 4) 2 (0; 6) 1.0

SLEDAI score, grade

0 grade 5 (31) 7 (37)

I grade 9 (56) 7 (37)

II grade 2 (13) 4 (21)

III grade 0 (0) 0 (0)

IV grade 0 (0) 1 (5)

0.571

Damage index 1 (0; 1) 1 (0; 2) 0.874

Patients with active lupus nephritis 4/13 (31) 2 (11) 0.150

Proteinuria, g/24 h, Me (25%; 75%) 0.3 (0; 0.4) 0.07 (0;0.17) 0.427

Urea, mmol/L, Me (25%; 75%) 3.7 (3.0; 4.6) 3.7 (3.2; 4.7) 0.605

Creatinine, mmol/L, Me (25%; 75%) 57 (54; 67) 63 (58; 67) 0.187

Corticosteroids, mg/kg, Me (25%; 75%) 0.1 (0;08; 0.16) 0.1 (0.06; 0.2) 0.842

Patients with prednisolone ≤ 0.2 mg/kg 14 (88) 17 (90) 0.855

Time to prednisolone ≤ 0.2 mg/kg, years, Me (25%; 
75%)

1.2 (0.9; 1.4) 2.8 (2.3; 4.0) 0.000001

Safety

Adverse events

Not reported 13 (82) 16 (84)

Serious adverse events 1 (6) 2 (11)

Frequent respiratory infections 1 (6) 0 (0)

Focal infections 1 (6) 1 (5)

0.707

Co-trimoxasol prophylaxis 9 (56) 9 (47) 0.716

Ig G level, g/L, Me (25%; 75%) 9.3 (4.1; 9.7) 8.3 (6.4;12.3) 0.676

Low Immunoglobulin 9/11 (82) 7/10 (70) 0.034

B-lymphocytes depletion 10/10 (100) 5/8 (63) 0.034

Intravenous immunoglobulin 8 (50) 7 (37) 0.433

Data are n (%). ANA: Antinuclear antibodies; dsDNA: Double-stained deoxyribonucleic acid; ERA: Early rituximab administration; ESR: Erythrocyte 
sedimentation rate; LRA: Late rituximab administration; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; WBC: White blood cells.
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Figure 2 Outcomes after 12 months of treatment with early and late administration of rituximab BCD020 biosimilar. A: Dynamics of 
corticosteroids; B: Dynamics of Systemic Lupus Erythematosus Disease Activity Index. ERA: Early rituximab administration; LRA: Late rituximab administration.

Figure 3 Long-lasting treatment outcomes of rituximab BCD020 biosimilar with early and late administration. A: Probability of achieving low (≤ 
0.2 mg/kg) corticosteroid dose in systemic lupus erythematosus patients with early and late rituximab administration; B: Probability of achieving remission (Systemic 
Lupus Erythematosus Disease Activity Index = 0) in systemic lupus erythematosus patients with early rituximab administration (ERA) and late rituximab administration 
(LRA).

infections, metabolic disorders, cardiovascular disease, and irreversible organ damage[38]. Non-biologic disease-
modifying drugs are prescribed less frequently in adult SLE patients compared to children[35]. Mycophenolate mofetil, 
cyclophosphamide, and azathioprine are the primary drugs used to treat LN in both adults and children with SLE[4].

Regarding biologic agents, belimumab or anifrolumab is recommended for patients who do not respond to hydroxy-
chloroquine monotherapy, or to hydroxychloroquine in combination with glucocorticoids and/or other immunosup-
pressive drugs, or for patients who cannot reduce the dose of glucocorticoids below to acceptable levels for continuous 
use. The use of rituximab may be considered in severe, organ-threatening, refractory disease[4].

Due to the severity of SLE in children, they often receive higher doses of corticosteroids and cyclophosphamide. This 
can lead to over-treatment, as physicians are often concerned about the disease and its potential complications. 
Consequently, pediatric SLE patients may suffer more from treatment-related damage than disease-related damage. Early 
use of biologics in the treatment of juvenile SLE could improve this situation and reduce the need for corticosteroids and 
cyclophosphamide with better outcomes.
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CONCLUSION
This study showed that ERA offers a better steroid-sparing effect and the possibility of earlier remission or lower disease 
activity, except in patients with LN. No significant differences were found in severe adverse events between the ERA and 
LRA groups, and further research is needed.

FOOTNOTES
Author contributions: Kostik MM, Kalashnikova EM, and Kalashnikova LS contributed to conceptualization of the study, and writing, 
review and editing of the manuscript; Kostik MM and Chikova IA contributed to the methodology; Aliev DB and Gaydukova IZ 
contributed software and resources, and contributed to the data curation; Kalashnikova OV, Isupova EA, Gaidar EV, and Kaneva MA 
contributed to the data validation; Lubimova NA and Raupov RK contributed to the formal data analysis; Sorokina LS contributed to the 
overall investigation and the data visualization; Kostik MM contributed to writing in original draft preparation of the manuscript, and 
provided funding, supervision, and project administration; All authors have read and agreed to the published version of the manuscript.

Supported by Ministry of Science and Higher Education of the Russian Federation, No. 075-15-2022-301; and the Russian Science 
Foundation Grant, No. 22-45-08004.

Institutional review board statement: The protocol of the study was approved by the local Ethical Committee of Saint Petersburg State 
Pediatric Medical University (# 1/3 from 11.01.2021).

Informed consent statement: Informed consent was obtained from all subjects involved in the study. All patients or patients’ 
representatives (for patients under the age of 15) gave their consent in their case report forms authorizing the anonymous use of their 
medical information. All patients were appropriately anonymized.

Conflict-of-interest statement: All authors declare no conflicts of interest.

Data sharing statement: The datasets generated during and/or analyzed during the current study are available from the corresponding 
author upon reasonable request.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: Russia

ORCID number: Elvira Kalashnikova 0000-0002-4932-0588; Eugenia Isupova 0000-0002-0911-7817; Ekaterina Gaidar 0000-0002-0971-2018; 
Natalia Lubimova 0000-0002-5782-8373; Lyubov Sorokina 0000-0002-9710-9277; Irina Chikova 0000-0003-4636-5825; Maria Kaneva 0000-0003-
4325-0125; Rinat Raupov 0000-0001-7749-6663; Olga Kalashnikova 0000-0002-8683-4270; Damir Aliev 0000-0001-8367-4622; Inna Gaydukova 
0000-0003-3500-7256; Mikhail Kostik 0000-0002-1180-8086.

S-Editor: Liu JH 
L-Editor: Filipodia 
P-Editor: Yuan YY

REFERENCES
1 Watson L, Beresford MW, Maynes C, Pilkington C, Marks SD, Glackin Y, Tullus K. The indications, efficacy and adverse events of rituximab 

in a large cohort of patients with juvenile-onset SLE. Lupus 2015; 24: 10-17 [PMID: 25117653 DOI: 10.1177/0961203314547793]
2 Smith EMD, Lythgoe H, Hedrich CM. Current views on lupus in children. Curr Opin Rheumatol 2023; 35: 68-81 [PMID: 36286724 DOI: 

10.1097/BOR.0000000000000913]
3 Thakral A, Klein-Gitelman MS. An Update on Treatment and Management of Pediatric Systemic Lupus Erythematosus. Rheumatol Ther 

2016; 3: 209-219 [PMID: 27747587 DOI: 10.1007/s40744-016-0044-0]
4 Fanouriakis A, Kostopoulou M, Andersen J, Aringer M, Arnaud L, Bae SC, Boletis J, Bruce IN, Cervera R, Doria A, Dörner T, Furie RA, 

Gladman DD, Houssiau FA, Inês LS, Jayne D, Kouloumas M, Kovács L, Mok CC, Morand EF, Moroni G, Mosca M, Mucke J, Mukhtyar CB, 
Nagy G, Navarra S, Parodis I, Pego-Reigosa JM, Petri M, Pons-Estel BA, Schneider M, Smolen JS, Svenungsson E, Tanaka Y, Tektonidou 
MG, Teng YO, Tincani A, Vital EM, van Vollenhoven RF, Wincup C, Bertsias G, Boumpas DT. EULAR recommendations for the 
management of systemic lupus erythematosus: 2023 update. Ann Rheum Dis 2024; 83: 15-29 [PMID: 37827694 DOI: 
10.1136/ard-2023-224762]

5 Trindade VC, Carneiro-Sampaio M, Bonfa E, Silva CA. An Update on the Management of Childhood-Onset Systemic Lupus Erythematosus. 
Paediatr Drugs 2021; 23: 331-347 [PMID: 34244988 DOI: 10.1007/s40272-021-00457-z]
Furie R, Petri M, Zamani O, Cervera R, Wallace DJ, Tegzová D, Sanchez-Guerrero J, Schwarting A, Merrill JT, Chatham WW, Stohl W, 
Ginzler EM, Hough DR, Zhong ZJ, Freimuth W, van Vollenhoven RF; BLISS-76 Study Group. A phase III, randomized, placebo-controlled 
study of belimumab, a monoclonal antibody that inhibits B lymphocyte stimulator, in patients with systemic lupus erythematosus. Arthritis 

6

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-4932-0588
http://orcid.org/0000-0002-4932-0588
http://orcid.org/0000-0002-0911-7817
http://orcid.org/0000-0002-0911-7817
http://orcid.org/0000-0002-0971-2018
http://orcid.org/0000-0002-0971-2018
http://orcid.org/0000-0002-5782-8373
http://orcid.org/0000-0002-5782-8373
http://orcid.org/0000-0002-9710-9277
http://orcid.org/0000-0002-9710-9277
http://orcid.org/0000-0003-4636-5825
http://orcid.org/0000-0003-4636-5825
http://orcid.org/0000-0003-4325-0125
http://orcid.org/0000-0003-4325-0125
http://orcid.org/0000-0003-4325-0125
http://orcid.org/0000-0001-7749-6663
http://orcid.org/0000-0001-7749-6663
http://orcid.org/0000-0002-8683-4270
http://orcid.org/0000-0002-8683-4270
http://orcid.org/0000-0001-8367-4622
http://orcid.org/0000-0001-8367-4622
http://orcid.org/0000-0003-3500-7256
http://orcid.org/0000-0003-3500-7256
http://orcid.org/0000-0002-1180-8086
http://orcid.org/0000-0002-1180-8086
http://www.ncbi.nlm.nih.gov/pubmed/25117653
https://dx.doi.org/10.1177/0961203314547793
http://www.ncbi.nlm.nih.gov/pubmed/36286724
https://dx.doi.org/10.1097/BOR.0000000000000913
http://www.ncbi.nlm.nih.gov/pubmed/27747587
https://dx.doi.org/10.1007/s40744-016-0044-0
http://www.ncbi.nlm.nih.gov/pubmed/37827694
https://dx.doi.org/10.1136/ard-2023-224762
http://www.ncbi.nlm.nih.gov/pubmed/34244988
https://dx.doi.org/10.1007/s40272-021-00457-z


Kalashnikova E et al. Early and late rituximab in SLE

WJN https://www.wjgnet.com 9 December 25, 2024 Volume 13 Issue 4

Rheum 2011; 63: 3918-3930 [PMID: 22127708 DOI: 10.1002/art.30613]
7 Brunner HI, Abud-Mendoza C, Viola DO, Calvo Penades I, Levy D, Anton J, Calderon JE, Chasnyk VG, Ferrandiz MA, Keltsev V, Paz 

Gastanaga ME, Shishov M, Boteanu AL, Henrickson M, Bass D, Clark K, Hammer A, Ji BN, Nino A, Roth DA, Struemper H, Wang ML, 
Martini A, Lovell D, Ruperto N; Paediatric Rheumatology International Trials Organisation (PRINTO) and the Pediatric Rheumatology 
Collaborative Study Group (PRCSG). Safety and efficacy of intravenous belimumab in children with systemic lupus erythematosus: results 
from a randomised, placebo-controlled trial. Ann Rheum Dis 2020; 79: 1340-1348 [PMID: 32699034 DOI: 
10.1136/annrheumdis-2020-217101]

8 Wise LM, Stohl W. Belimumab and Rituximab in Systemic Lupus Erythematosus: A Tale of Two B Cell-Targeting Agents. Front Med 
(Lausanne) 2020; 7: 303 [PMID: 32695790 DOI: 10.3389/fmed.2020.00303]

9 Morand EF, Furie R, Tanaka Y, Bruce IN, Askanase AD, Richez C, Bae SC, Brohawn PZ, Pineda L, Berglind A, Tummala R; TULIP-2 Trial 
Investigators. Trial of Anifrolumab in Active Systemic Lupus Erythematosus. N Engl J Med 2020; 382: 211-221 [PMID: 31851795 DOI: 
10.1056/NEJMoa1912196]

10 Hui-Yuen JS, Nguyen SC, Askanase AD. Targeted B cell therapies in the treatment of adult and pediatric systemic lupus erythematosus. 
Lupus 2016; 25: 1086-1096 [PMID: 27497253 DOI: 10.1177/0961203316652491]

11 Stolyar L, Lahita RG, Panush RS. Rituximab use as induction therapy for lupus nephritis: a systematic review. Lupus 2020; 29: 892-912 
[PMID: 32486934 DOI: 10.1177/0961203320928412]

12 Petri M, Orbai AM, Alarcón GS, Gordon C, Merrill JT, Fortin PR, Bruce IN, Isenberg D, Wallace DJ, Nived O, Sturfelt G, Ramsey-Goldman 
R, Bae SC, Hanly JG, Sánchez-Guerrero J, Clarke A, Aranow C, Manzi S, Urowitz M, Gladman D, Kalunian K, Costner M, Werth VP, Zoma 
A, Bernatsky S, Ruiz-Irastorza G, Khamashta MA, Jacobsen S, Buyon JP, Maddison P, Dooley MA, van Vollenhoven RF, Ginzler E, Stoll T, 
Peschken C, Jorizzo JL, Callen JP, Lim SS, Fessler BJ, Inanc M, Kamen DL, Rahman A, Steinsson K, Franks AG Jr, Sigler L, Hameed S, Fang 
H, Pham N, Brey R, Weisman MH, McGwin G Jr, Magder LS. Derivation and validation of the Systemic Lupus International Collaborating 
Clinics classification criteria for systemic lupus erythematosus. Arthritis Rheum 2012; 64: 2677-2686 [PMID: 22553077 DOI: 
10.1002/art.34473]

13 Gutiérrez-Suárez R, Ruperto N, Gastaldi R, Pistorio A, Felici E, Burgos-Vargas R, Martini A, Ravelli A. A proposal for a pediatric version of 
the Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index based on the analysis of 1,015 
patients with juvenile-onset systemic lupus erythematosus. Arthritis Rheum 2006; 54: 2989-2996 [PMID: 16947634 DOI: 10.1002/art.22048]

14 Weening JJ, D'Agati VD, Schwartz MM, Seshan SV, Alpers CE, Appel GB, Balow JE, Bruijn JA, Cook T, Ferrario F, Fogo AB, Ginzler EM, 
Hebert L, Hill G, Hill P, Jennette JC, Kong NC, Lesavre P, Lockshin M, Looi LM, Makino H, Moura LA, Nagata M; International Society of 
Nephrology Working Group on the Classification of Lupus Nephritis;  Renal Pathology Society Working Group on the Classification of Lupus 
Nephritis. The classification of glomerulonephritis in systemic lupus erythematosus revisited. Kidney Int 2004; 65: 521-530 [PMID: 14717922 
DOI: 10.1111/j.1523-1755.2004.00443.x]

15 Ramos-Casals M, Soto MJ, Cuadrado MJ, Khamashta MA. Rituximab in systemic lupus erythematosus: A systematic review of off-label use 
in 188 cases. Lupus 2009; 18: 767-776 [PMID: 19578100 DOI: 10.1177/0961203309106174]

16 Merrill JT, Neuwelt CM, Wallace DJ, Shanahan JC, Latinis KM, Oates JC, Utset TO, Gordon C, Isenberg DA, Hsieh HJ, Zhang D, Brunetta 
PG. Efficacy and safety of rituximab in moderately-to-severely active systemic lupus erythematosus: the randomized, double-blind, phase II/III 
systemic lupus erythematosus evaluation of rituximab trial. Arthritis Rheum 2010; 62: 222-233 [PMID: 20039413 DOI: 10.1002/art.27233]

17 Rovin BH, Furie R, Latinis K, Looney RJ, Fervenza FC, Sanchez-Guerrero J, Maciuca R, Zhang D, Garg JP, Brunetta P, Appel G; LUNAR 
Investigator Group. Efficacy and safety of rituximab in patients with active proliferative lupus nephritis: the Lupus Nephritis Assessment with 
Rituximab study. Arthritis Rheum 2012; 64: 1215-1226 [PMID: 22231479 DOI: 10.1002/art.34359]

18 Bag-Ozbek A, Hui-Yuen JS. Emerging B-Cell Therapies in Systemic Lupus Erythematosus. Ther Clin Risk Manag 2021; 17: 39-54 [PMID: 
33488082 DOI: 10.2147/TCRM.S252592]

19 Tambralli A, Beukelman T, Cron RQ, Stoll ML. Safety and efficacy of rituximab in childhood-onset systemic lupus erythematosus and other 
rheumatic diseases. J Rheumatol 2015; 42: 541-546 [PMID: 25593242 DOI: 10.3899/jrheum.140863]

20 Kostik M, Kalashnikova E, Rinat R, Isupova E, Gaidar E, Soloviev AA, Masalova V, Snegireva L, Kornishina T, Abramova N, Suspitsin E, 
Sorokina L, Kaneva M, Dubko MF, Lubimova N, Kuchuinskaya E, Kalashnikova O, Chasnyk V. Rituximab Biosimilar BCD020 Shows 
Superior Efficacy above Conventional Non-Biologics Treatment in Pediatric Lupus Nephritis: The Data of Retrospective Cohort Study. 
Biomedicines 2023; 11 [PMID: 37239173 DOI: 10.3390/biomedicines11051503]

21 Al Sawah S, Zhang X, Zhu B, Magder LS, Foster SA, Iikuni N, Petri M. Effect of corticosteroid use by dose on the risk of developing organ 
damage over time in systemic lupus erythematosus-the Hopkins Lupus Cohort. Lupus Sci Med 2015; 2: e000066 [PMID: 25861455 DOI: 
10.1136/lupus-2014-000066]

22 Heshin-Bekenstein M, Trupin L, Yelin E, von Scheven E, Yazdany J, Lawson EF. Longitudinal disease- and steroid-related damage among 
adults with childhood-onset systemic lupus erythematosus. Semin Arthritis Rheum 2019; 49: 267-272 [PMID: 31235075 DOI: 
10.1016/j.semarthrit.2019.05.010]

23 Jongvilaikasem P, Rianthavorn P. Longitudinal growth patterns and final height in childhood-onset systemic lupus erythematosus. Eur J 
Pediatr 2021; 180: 1431-1441 [PMID: 33389070 DOI: 10.1007/s00431-020-03910-2]

24 Rygg M, Pistorio A, Ravelli A, Maghnie M, Di Iorgi N, Bader-Meunier B, Da Silva C, Roldan-Molina R, Barash J, Dracou C, Laloum SG, 
Jarosova K, Deslandre CJ, Koné-Paut I, Garofalo F, Press J, Sengler C, Tauber T, Martini A, Ruperto N; Paediatric Rheumatology 
International Trials Organisation (PRINTO). A longitudinal PRINTO study on growth and puberty in juvenile systemic lupus erythematosus. 
Ann Rheum Dis 2012; 71: 511-517 [PMID: 21998114 DOI: 10.1136/annrheumdis-2011-200106]

25 Ruiz-Irastorza G, Ugarte A, Saint-Pastou Terrier C, Lazaro E, Iza A, Couzi L, Saenz R, Richez C, Porta S, Blanco P. Repeated pulses of 
methyl-prednisolone with reduced doses of prednisone improve the outcome of class III, IV and V lupus nephritis: An observational 
comparative study of the Lupus-Cruces and lupus-Bordeaux cohorts. Autoimmun Rev 2017; 16: 826-832 [PMID: 28564619 DOI: 
10.1016/j.autrev.2017.05.017]

26 Bandhan IH, Islam MN, Ahmad HI, Ahmedullah AK. Outcome of low-dose prednisolone use for the induction of remission in lupus nephritis 
patients. Int J Rheum Dis 2022; 25: 121-130 [PMID: 34894070 DOI: 10.1111/1756-185X.14265]

27 Groot N, de Graeff N, Avcin T, Bader-Meunier B, Brogan P, Dolezalova P, Feldman B, Kone-Paut I, Lahdenne P, Marks SD, McCann L, 
Ozen S, Pilkington C, Ravelli A, Royen-Kerkhof AV, Uziel Y, Vastert B, Wulffraat N, Kamphuis S, Beresford MW. European evidence-based 
recommendations for diagnosis and treatment of childhood-onset systemic lupus erythematosus: the SHARE initiative. Ann Rheum Dis 2017; 
76: 1788-1796 [PMID: 28630236 DOI: 10.1136/annrheumdis-2016-210960]

http://www.ncbi.nlm.nih.gov/pubmed/22127708
https://dx.doi.org/10.1002/art.30613
http://www.ncbi.nlm.nih.gov/pubmed/32699034
https://dx.doi.org/10.1136/annrheumdis-2020-217101
http://www.ncbi.nlm.nih.gov/pubmed/32695790
https://dx.doi.org/10.3389/fmed.2020.00303
http://www.ncbi.nlm.nih.gov/pubmed/31851795
https://dx.doi.org/10.1056/NEJMoa1912196
http://www.ncbi.nlm.nih.gov/pubmed/27497253
https://dx.doi.org/10.1177/0961203316652491
http://www.ncbi.nlm.nih.gov/pubmed/32486934
https://dx.doi.org/10.1177/0961203320928412
http://www.ncbi.nlm.nih.gov/pubmed/22553077
https://dx.doi.org/10.1002/art.34473
http://www.ncbi.nlm.nih.gov/pubmed/16947634
https://dx.doi.org/10.1002/art.22048
http://www.ncbi.nlm.nih.gov/pubmed/14717922
https://dx.doi.org/10.1111/j.1523-1755.2004.00443.x
http://www.ncbi.nlm.nih.gov/pubmed/19578100
https://dx.doi.org/10.1177/0961203309106174
http://www.ncbi.nlm.nih.gov/pubmed/20039413
https://dx.doi.org/10.1002/art.27233
http://www.ncbi.nlm.nih.gov/pubmed/22231479
https://dx.doi.org/10.1002/art.34359
http://www.ncbi.nlm.nih.gov/pubmed/33488082
https://dx.doi.org/10.2147/TCRM.S252592
http://www.ncbi.nlm.nih.gov/pubmed/25593242
https://dx.doi.org/10.3899/jrheum.140863
http://www.ncbi.nlm.nih.gov/pubmed/37239173
https://dx.doi.org/10.3390/biomedicines11051503
http://www.ncbi.nlm.nih.gov/pubmed/25861455
https://dx.doi.org/10.1136/lupus-2014-000066
http://www.ncbi.nlm.nih.gov/pubmed/31235075
https://dx.doi.org/10.1016/j.semarthrit.2019.05.010
http://www.ncbi.nlm.nih.gov/pubmed/33389070
https://dx.doi.org/10.1007/s00431-020-03910-2
http://www.ncbi.nlm.nih.gov/pubmed/21998114
https://dx.doi.org/10.1136/annrheumdis-2011-200106
http://www.ncbi.nlm.nih.gov/pubmed/28564619
https://dx.doi.org/10.1016/j.autrev.2017.05.017
http://www.ncbi.nlm.nih.gov/pubmed/34894070
https://dx.doi.org/10.1111/1756-185X.14265
http://www.ncbi.nlm.nih.gov/pubmed/28630236
https://dx.doi.org/10.1136/annrheumdis-2016-210960


Kalashnikova E et al. Early and late rituximab in SLE

WJN https://www.wjgnet.com 10 December 25, 2024 Volume 13 Issue 4

28 Chen X, Shi X, Xue H, Lv H, Yu L, Wu X, Wang Q, Wu H, Han F, Xue J. Rituximab as maintenance therapy following remission induction in 
relapsing or refractory systemic lupus erythematosus. Rheumatology (Oxford) 2023; 62: 1145-1152 [PMID: 35976105 DOI: 
10.1093/rheumatology/keac471]

29 McAtee CL, Lubega J, Underbrink K, Curry K, Msaouel P, Barrow M, Muscal E, Lotze T, Srivaths P, Forbes LR, Allen C, Bernhardt MB. 
Association of Rituximab Use With Adverse Events in Children, Adolescents, and Young Adults. JAMA Netw Open 2021; 4: e2036321 
[PMID: 33533931 DOI: 10.1001/jamanetworkopen.2020.36321]

30 Zhao YR, Li KP, Deng XH, Liu XF, Liao SM, Yang JS, Zheng X, Zhang JL, Huang F, Zhu J. [Efficacy and safety of half-dose rituximab in 
the treatment of 23 cases with lupus nephritis]. Zhonghua Nei Ke Za Zhi 2023; 62: 84-87 [PMID: 36631042 DOI: 
10.3760/cma.j.cn112138-20220214-00105]

31 Sawhney S, Agarwal M. Rituximab use in pediatric systemic lupus erythematosus: Indications, efficacy and safety in an Indian cohort. Lupus 
2021; 30: 1829-1836 [PMID: 34315295 DOI: 10.1177/09612033211034567]

32 Livingston B, Bonner A, Pope J. Differences in clinical manifestations between childhood-onset lupus and adult-onset lupus: a meta-analysis. 
Lupus 2011; 20: 1345-1355 [PMID: 21951943 DOI: 10.1177/0961203311416694]

33 Wahadat MJ, van den Berg L, Timmermans D, van Rijswijk K, van Dijk-Hummelman A, Bakx S, Verkaaik M, Versnel MA, Kamphuis S. 
LLDAS is an attainable treat-to-target goal in childhood-onset SLE. Lupus Sci Med 2021; 8 [PMID: 34969874 DOI: 
10.1136/lupus-2021-000571]

34 Petri M, Purvey S, Fang H, Magder LS. Predictors of organ damage in systemic lupus erythematosus: the Hopkins Lupus Cohort. Arthritis 
Rheum 2012; 64: 4021-4028 [PMID: 22932985 DOI: 10.1002/art.34672]

35 Hersh AO, Trupin L, Yazdany J, Panopalis P, Julian L, Katz P, Criswell LA, Yelin E. Childhood-onset disease as a predictor of mortality in an 
adult cohort of patients with systemic lupus erythematosus. Arthritis Care Res (Hoboken) 2010; 62: 1152-1159 [PMID: 20235215 DOI: 
10.1002/acr.20179]

36 Vachvanichsanong P, Dissaneewate P, McNeil E. Twenty-two years' experience with childhood-onset SLE in a developing country: are 
outcomes similar to developed countries? Arch Dis Child 2011; 96: 44-49 [PMID: 20930009 DOI: 10.1136/adc.2010.183699]

37 Holland MJ, Beresford MW, Feldman BM, Huggins J, Norambuena X, Silva CA, Susic G, Sztajnbok F, Uziel Y, Appenzeller S, Ardoin SP, 
Avcin T, Flores F, Goilav B, Khubchandani R, Klein-Gitelman M, Levy D, Ravelli A, Wenderfer SE, Ying J, Ruperto N, Brunner HI; PRINTO 
and PRCSG Investigators. Measuring Disease Damage and Its Severity in Childhood-Onset Systemic Lupus Erythematosus. Arthritis Care Res 
(Hoboken) 2018; 70: 1621-1629 [PMID: 29409150 DOI: 10.1002/acr.23531]

38 Du M, Dernie F, Català M, Delmestri A, Man WY, Brash JT, van Ballegooijen H, Mercadé-Besora N, Duarte-Salles T, Mayer MA, Leis A, 
Ramírez-Anguita JM, Griffier R, Verdy G, Prats-Uribe A, Pacurariu A, Morales DR, De Lisa R, Galluzzo S, Egger GF, Prieto-Alhambra D, 
Tan EH. Treatment of systemic lupus erythematosus: Analysis of treatment patterns in adult and paediatric patients across four European 
countries. Eur J Intern Med 2024 [PMID: 39134452 DOI: 10.1016/j.ejim.2024.08.008]

http://www.ncbi.nlm.nih.gov/pubmed/35976105
https://dx.doi.org/10.1093/rheumatology/keac471
http://www.ncbi.nlm.nih.gov/pubmed/33533931
https://dx.doi.org/10.1001/jamanetworkopen.2020.36321
http://www.ncbi.nlm.nih.gov/pubmed/36631042
https://dx.doi.org/10.3760/cma.j.cn112138-20220214-00105
http://www.ncbi.nlm.nih.gov/pubmed/34315295
https://dx.doi.org/10.1177/09612033211034567
http://www.ncbi.nlm.nih.gov/pubmed/21951943
https://dx.doi.org/10.1177/0961203311416694
http://www.ncbi.nlm.nih.gov/pubmed/34969874
https://dx.doi.org/10.1136/lupus-2021-000571
http://www.ncbi.nlm.nih.gov/pubmed/22932985
https://dx.doi.org/10.1002/art.34672
http://www.ncbi.nlm.nih.gov/pubmed/20235215
https://dx.doi.org/10.1002/acr.20179
http://www.ncbi.nlm.nih.gov/pubmed/20930009
https://dx.doi.org/10.1136/adc.2010.183699
http://www.ncbi.nlm.nih.gov/pubmed/29409150
https://dx.doi.org/10.1002/acr.23531
http://www.ncbi.nlm.nih.gov/pubmed/39134452
https://dx.doi.org/10.1016/j.ejim.2024.08.008


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study design
	Assessment and outcomes
	Statistical analysis

	RESULTS
	Patient characteristics at the disease onset
	Baseline patient characteristics
	Characteristics of patients at the end of the study
	Safety of rituximab treatment

	DISCUSSION
	CONCLUSION
	FOOTNOTES
	REFERENCES

