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Abstract

Biologic agents are increasingly being used to treat adult patients with systemic lupus erythematosus (SLE). However, the
available data on biologic agents' use in childhood-onset SLE (cSLE) remains limited. To collate available evidence related
to the efficacy and safety of using biologic agents in cSLE. The study followed the PRISMA checklist for reporting the data
and conducted a thorough search using PubMed, Cochrane Library, and Scopus from January 2005 to August 2023. Only
articles meeting specific criteria were included, focusing on cSLE, the use of biologic agents, and having outcome measures
at six- and 12-month follow-ups for safety and efficacy. Case reports were excluded, and four independent reviewers screened
the articles for accuracy, with a fifth reviewer resolving any discrepancies that arose to achieve a consensus. The final selec-
tion included 18 studies with a total of 593 patients treated with biologic agents for severe and/ or refractory cSLE. The most
common indication for using biologic agents was lupus nephritis. Rituximab was used in 12 studies, while belimumab was
used in six studies. The studies evaluated the efficacy of biologic agents based on SLE disease activity scores, laboratory
parameter improvements, and reduced corticosteroid dosage. Positive outcomes were reported, with improvements in renal,
hematologic, and immunologic parameters along with mild adverse effects, mostly related to mild infections and infusion
reactions. Belimumab and rituximab have shown promise as potential treatments for severe and refractory cSLE cases, leading
to decreased disease activity and complete or partial remission in many patients with an acceptable safety profile. However,
further research is needed to better understand their benefits and potential risks in these patients.

Key Points

o This review emphasizes the lack of sufficient randomized controlled trials exploring the use of biologics in childhood systemic lupus erythema-
tosus (cSLE).

o Treatment plans for cSLE are being derived from those used for adult systemic lupus erythematosus.

e According to current evidence, belimumab and rituximab can be potential treatment options for refractory and severe cases of cSLE.

o Additional studies are required to reach more definitive conclusions.
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Introduction

Systemic Lupus erythematosus (SLE) is a complex auto-
immune disease affecting multiple systems, characterized
by a wide range of clinical and laboratory findings and an
unpredictable course [1, 2]. Childhood-onset SLE (cSLE)
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either anecdotal reports or an expert’s opinion [8]. It is not
unusual for treating physicians to consider off-label medica-
tion as therapeutic options for refractory cases of cSLE and
monogenic lupus [9, 10].

Current treatments for SLE are not definitive cures but
have improved patients' life expectancy and long-term out-
comes. Corticosteroids and conventional disease-modifying
antitheumatic drugs (cDMARD:s) are commonly used immu-
nosuppressants and immunomodulators for SLE treatment.
However, they come with significant side effects, including
increased infection risk and potential long-term complica-
tions like growth delay and osteoporosis.

Biologic disease-modifying antirheumatic drugs
(bDMARD:s) offer a more targeted approach, acting on
specific immunological targets such as B lymphocytes or
certain cytokines [11-13]. The use of bDMARDs in the
treatment of SLE, especially aSLE, has been increasing
[14-16]. However, data on their efficacy and safety in cSLE
are limited, which creates a gap in treating children with
SLE and might further affect overall treatment outcomes.
Hence, this systematic review aims to summarize available
data on the use of bDMARD:s in treating cSLE, providing
insights into their potential benefits and risks as an alterna-
tive therapeutic option.

Methods
Search sources and strategies

With the subject terms "childhood SLE", "childhood lupus",
"juvenile SLE", "early onset SLE", "monogenic lupus",
"biologic agents", "biologic treatment", "rituximab", "beli-
mumab", "tocilizumab", "anifrolumab", "eculizumab", "anti-
TNF agents", "abatacept”, and "JAK inhibitor", a compre-
hensive literature review was conducted using PubMed,
Cochrane Library and Scopus from January 2005 to August
2023. Eligible studies focused on the use of bDMARD:s for
cSLE and reported outcome measures after at least six- and/
or 12-month follow-ups. Our inclusion criteria included clin-
ical trials, cohort studies, case—control studies, pilot studies,
and case series with more than five patients. Exclusion cri-
teria included non-English articles; metanalyses, systematic
reviews, literature reviews, case reports or case series with
fewer than five patients; inaccessible full texts; or insuffi-
cient outcome measures.

Reference lists of retrieved articles were checked, and
citations from the electronic search were downloaded. Addi-
tionally, articles from other sources were entered manually
through reference lists and hand searching. Duplicate articles
were removed, and each included article was given a unique
identifier (author name and year of publication) in an Excel
sheet for review.
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All the selected articles were subsequently analyzed using
the PICO principle [17]: Patients (patients diagnosed with
cSLE), Intervention (biologic agents), Comparison (Placebo
or conventional treatment), Outcome (Disease response and
side effects).

Screening criteria

Four reviewers independently screened the publications
based on titles and then the abstracts using predefined
inclusion criteria. Full-text articles were evaluated if they
met the relevant criteria. The review followed the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) 2020 checklist to minimize bias and ensure a
systematic approach (Fig. 1).

Data extraction

Data from each selected study were extracted using a Google
Sheet, with three sections: general information (author, pub-
lication year, country, journal), specific information (study
design, sample, biologic agents used), and outcome analy-
sis (disease activity, quality of life, symptom control, drug
side effects). The Excel sheet and data extraction form were
pilot tested with a small number of articles, and based on
the findings, they were revised before use in the main study.
Data extraction was done twice, and any discrepancies were
discussed and resolved by the reviewers.

Generating results

Initially, 56 studies were identified and screened for rel-
evance. After removing duplicates, reviews, and applying
specific criteria, 18 studies were found to meet all the inclu-
sion criteria.

Quality of evidence

The quality of evidence in the included studies was evalu-
ated using the Jadad five-point scale for the clinical trials
and the Newcastle—Ottawa scale (NOS) for non-randomized
studies. The scores were reported in Table 1, and the assess-
ment was done independently by one author.

Results

A total of 2655 publications were retrieved initially, and
after screening titles and abstracts, 56 studies met the
inclusion criteria, but 14 of them could not be accessed.
Further eligibility checks led to the exclusion of 24 stud-
ies due to various reasons, resulting in 18 studies being
included in the review. The selected studies comprised 13
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Fig. 1 PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

retrospective, three prospective, one clinical trial, and one
pilot study. Table 2 shows the characteristics of the selected
publications.

All the accessible data on belimumab and rituximab con-
sisted of retrospective cohorts and case series. Notably, only
a single controlled randomized clinical study was identified,

demonstrating that belimumab is well-tolerated and offers
clinical benefits. It is worth noting that these studies received
favorable quality scores when assessed using the NOS.

The total number of patients with cSLE in these studies
was 593, with most of them being female (87%), and an aver-
age age of 14.7 years at the initiation of bDMARDS treatment
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Table 1 Quality assessment of the included observational studies using the Newcastle—-Ottawa scale (NOS) of non-randomized studies

Study Selection Comparabil-  Outcome Total
- B ity (main (maxi-
Representa- Selection of  Ascertain- Outcome factor) Assessment Length of Adequacy mum=9)
tiveness of non-exposed ment of the status at start of outcome follow-up of follow-
exposed cohort exposure of study up
cohort
Akbar et al. * * * * * * * * 8
(2020)
Ale'ed et al. * * * * * * * * 8
(2013)
Hoganetal. * * * * * * * * 3
(2017)
Hui-Yuen * * * * * * ® * 8
et al. (2015)
Janssonetal. * * * #* * * ® * 8
(2010)
Kostik (2023) * * * * * *
Sathishetal. * * * * * * ® * 8
(2009)
Lehmanetal. * * * #* * * * * 8
(2014)
Marks et al. * * * * * * * * 8
(2005)
Nwobietal. * * * * * * * * 8
(2008)
Podolskaya * * * * * * * * 8
et al. (2008)
Robertsetal. * * * * * * 6
(2023)
Sawhney * * * * * S ® * 8
etal. (2021)
Tambralli * * * * * #* * * 8
et al. (2015)
Wang et al. * * * * * * ® * 3
(2022)
Wang et al. * * * *% s " . 3
(2023)
Willems et al.  * * * * * * * * 8
(2006)

All of the studies examined the main factor (ONLY); thus, one point was provided for each study in the comparability section, this explains the

scoring of (8) out of (9)
Quality assessment of the included randomized controlled trial

Author Study Design

Jadad Score (Out of 5)Assessment of Quality

Brunner et al, 2020[Randomized controlled trail

5 High

either for severe and/or active disease refractory to corticoster-
oids and other conventional treatments or due to toxicity from
conventional treatment regimens. The most common organ
manifestations in the studies were renal manifestations, as
shown in Fig. 2.

Rituximab was evaluated in 12 publications, and beli-
mumab was evaluated in six, with variations in dosing

@ Springer

regimens for rituximab, ranging from 375 mg/m? given
weekly to 750 mg/m? given two weeks apart [17-25].
However, in one study, a dose of 1000 mg/1.73m2
was used, and in the other study the dose ranged from
350-450 mg/m? [26, 27]. Belimumab was typically
administered at the standard dose of 10 mg/kg every four
weeks [28-30].
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Table 2 Studies included in the review and their characteristics
Study Country Study type # of patients,n M/F,n Age at biologic Intervention Previous/concomi-
initiation, years, tant treatment
mean+SD or
mean (min-max),
or median [IQR]
Akbar et al. Saudi Arabia Retrospective 6 4/2 10.2+5.56 Belimumab 10 CS, IVIG, HCQ,
(2020) cohort mg/kg MMF, MTX,
AZA,
CYC, CSA,
Adalimumab,
Rituximab
AlE'ed et al. Saudi Arabia Prospective 16 3/13 NR Rituximab 375 CS, HCQ, AZA,
(2013) cohort mg/kg+CYC MMF, CYC,
500 mg/m?2 CSA, MTX
Brunner et al. Multiple Randomized 93 5/88 14 [12-15] Belimumab 10 CS, Immuno-
(2020) control trial mg/kg suppressants,
(phase 2) Antimalarials,
NSAIDs
Hogan et al. France Retrospective 12 2/10 13.6 Rituximab 1000  CS, MMF
(2017) cohort [12.3-15.1] mg/1.73m2
+MMF 1200
mg/m2/day
Hui-yuen et al. USA and Sweden Prospective 39 4/35 27+7 Belimumab CS, Antimalari-
(2015) cohort 10mg/kg als, MMF, AZA,
MTX, ACE
inhibitor
Jansson et al. Germany Prospective 19 4/15 15.3 Rituximab 375 CS, MMF, CYC,
(2010) cohort [8.3-18.7] mg/m2 AZA
Kostik et al. Russia Retrospective 25 10/15 13 (9-16) Rituximab bio- CS, HCQ, AZA,
(2023) cohort similar BCD020 MMF8, CYC
375 mg/kg
Kumar et al. Canada Retrospective 9 4/5 13.6+2.4 Rituximab 375 CS, HCO, AZA,
(2009) cohort mg/m2 or MTX
500mg/m2
Lehman et al. USA Pilot study 12 3/9 16 Rituximab 750 HCO, MMF, CYC,
(2014) (10-28) mg/m2+CYC Angiotensin
750 mg/m?2 inhibitors
Marks et al. UK Prospective open 7 3/4 14.8 Rituximab 750 CS, MMF, CYC,
(2005) labelled trial [8.1-15.9] mg/m2 Sildenafil, Nifedi-
pine, Boseman
Nwobi et al. USA Retrospective 18 2/16 142+3.3 Rituximab 375 CS, HCO, MMF,
(2007) cohort mg/m2 AZA CYC, IVIG
Podolskayaetal. UK Retrospective 19 2/17 13.48 +2.68 Rituximab 750 CS, CYC, Paraceta-
(2008) cohort mg/m2 mol, Chlorphena-
mine
Roberts et al. USA Retrospective 21 0/21 18 Belimumab [NR] CS, HCQ, AZA,
(2023) cohort [15-19] MMF, CYC,
MTX, RTX
Sawhney et al. India Retrospective 17 4/13 13.66 Rituximab 375 CS, HCO, MMF,
(2021) cohort [11-17.7] mg/m2 or 750 CYC, MTX,
mg/m2 IVIG
Tambralli et al. USA Retrospective 50 9/41 13.6+3.5 Rituximab 750 HCO, MMF, AZA,
(2015) cohort mg/m2 MTX, CYC,
Biologics
Wang et al. China Retrospective 26 5/21 10.3+£2.3 Belimumab 10 HCQ, CYC, MMF,
(2022) cohort mg/kg CS, FK
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Table 2 (continued)

Study Country Study type # of patients,n M/F,n Age at biologic Intervention Previous/concomi-
initiation, years, tant treatment
mean =+ SD or
mean (min-max),
or median [IQR]

Wang et al. China Prospective 193 14/178 11.9+2.65 Belimumab 10 CS, AZA, MMF,

(2023) cohort mg/kg CYC, CSA,
MTX, FK,
Antimalarials,
NSAIDs
Willems et al. France Retrospective 11 0/11 13.83 +3.58 Rituximab 350- CS, MMF, MTX,
(2006) cohort 450mg/m2 AZA, CYC,
HCO,

IVIG, Colchicine,
CSA, 6MP, Plas-
mapheresis

ACE inhibitor Angiotensin converting enzyme inhibitor; AZA Azathioprine; bDMARD: biologic disease modifying antitheumatic drug; BILAG
British Isles Lupus Assessment Group; CS Corticosteroids; CSA Cyclosporine; CYC Cyclophosphamide; F' Female; FK Tacrolimus; GFR Glo-
merular Filtration Rate; HCO Hydroxychloroquine; /VIG IV immunoglobulin; M Male; MMF Mycophenolate Mofetil; MTX Methotrexate; NR
Not Reported; 6MP 6-mercaptopurine; PGA Physician's Global Assessment; Parent-global, Parent Global Assessment of patient overall well-
being; PedsQL Pediatric Quality of Life inventory generic core scale; PRINTO/ACR Paediatric Rheumatology International Trials Organization/
American College of Rheumatology; SELENA-SLEDAI Safety of Estrogens in Lupus Erythematosus National Assessment-SLE Disease Activity

Index

Fig.2 Organ involvement and
indications for biologic initia-
tion among 18 studies*. *Jans-
son was excluded because it did
not specify the manifestations
of the cSLE patients

Musculoskeletal Manifestations

Inability to taper steroids

Neurologic Manifestations

Pulmonary Manifestations

Renal Manifestations

Mucocutaneous Manifestations

Hematologic Manifestations

General Manifestations

Vascular Manifestations

Low complement and/or Positive Serology .

Efficacy of rituximab and belimumab

Table 3 shows the summary of results assessing the efficacy
of biologic agents in cSLE patients.

Disease activity assessment following rituximab therapy

Six studies assessed rituximab’s effectiveness using the
Safety of Estrogens in Lupus National Assessment-SLE
Disease Activity Index (SELENA-SLEDAI) [18, 21, 24, 26,
27]. AlE’ed et al. [21], found a significant decrease at six
months. Lehman et al. and Hogan et al. reported decreases

@ Springer
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at 12 and 60 months and 12 months, respectively [24, 27].
Sawhney et al. reported significant decreases at six, 12, 24,
and 36 months [26]. Nwobi et al. found improvement at their
follow-up endpoint [18]. Kostik et al. had an average of eight
months follow-up and reported a 60% decrease in SLEADI
scores by last visit [31]. Tambralli et al. used the Physician
Global Assessment (PGA) score, and the authors reported a
significant improvement at 12 months [22]. The British Isles
Lupus Assessment Group (BILAG) global scores were used
in two studies. Marks et al. reported a decline at 18 months
[22], while Podolskaya et al. showed a significant improve-
ment in the score at one, six, and 12 months [25].
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Disease activity assessment following belimumab therapy

Six studies used different response parameters to assess SLE
disease activity following belimumab treatment [10, 29, 30,
32-34]. SLE Responder Index 4 (SRI4) was used by Brun-
ner et al. as the main outcome measure, but at week 52,
there was no statistically significant difference between the
belimumab and placebo groups [29]. Hui-Yuen et al. used a
simplified version of SRI, reporting 65% of cSLE patients
showing at least 50% improvement in clinical manifesta-
tions by six months [30]. Akbar et al.’s retrospective study
included multiple response parameters and showed notable
improvement in the SLEDALI score at six months for all
patients [10]. Three additional studies showed improvement
in SLEDALI scores by six and/or 12 months follow-up [31,
32, 35]. Only two studies showed a statistical significance in
the SLEDAI scores [30, 32]. PGA was used by Akbar et al.,
with overall score improvement at the 6-month follow-up
and at the last visit; however, timing was not specified [10].
Meanwhile, Wang et al. reported a 75% and 85% decrease
in PGA at six- and 12-months follow-up [32].

Erythrocyte sedimentation rate

ESR was measured in five studies: three retrospectives
[22, 25, 31]. one prospective [20] and one pilot study [24].
Tambralli et al., and Podolskaya et al. showed significant
ESR improvement at 12 months [22, 25]. The prospective
study demonstrated significant improvement at 6 months
[20], while in the pilot study significant improvement was
reported at 12 and 60 months [24]. Kostik et al. showed a
29% decrease in ESR with a significant p-value [33].

Hemoglobin

Six studies assessed bDMARDs treatment impact on hemo-
globin levels [19, 20, 22-25]. All showed statistically sig-
nificant increase in hemoglobin levels. Various research-
ers reported significant increase at various time intervals,
including six, 12, 24, and 60 months [22-25]. Marks et al.
also observed significant hemoglobin improvement [23].
In Kumar et al.’s study, all four patients with autoimmune
hemolytic anemia achieved complete remission, with sta-
ble hemoglobin levels of more than 120 g/L for at least
12 weeks, persisting up to 24 months of follow-up [15].

Platelets

Podolskaya et al. and Marks et al. showed significant plate-
let count increase during follow-ups [23, 25]. Kumar et al.,
achieved complete remission in all five patients with auto-
immune thrombocytopenia [19]. Jansson et al., reported
overall platelet level improvement; but without statistical
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significance [20]. Additionally, Wang et al. noted a marked
reduction in proportion of patients with thrombocytopenia
at baseline compared to six- and 12- months follow-up [31].

Renal profile

Eight studies assessed bDMARDs’ impact on renal improve-
ment [18, 22, 25-27, 29, 31]. All six studies reported
a reduction in urine protein/creatinine ratio after three-
12 months of biologic therapy. Akbar et al. showed a 44.6%
decrease at six months and 51.2% at the last follow-up [10].
Nwobi et al. and Hogan et al. reported an 85% and 93%
decrease from baseline [18, 27]. Podolskaya et al. dem-
onstrated significant reduction at three, six and 12, and
18 months [25]. Sawhney et al. observed an 81.6% decrease
at six months, sustained at12 months [26]. However, Tam-
bralli et al. and Brunner et al. found a non-significant (21.9%
and 2% respectively) decrease from baseline [22, 29]. Wang
et al. and Kostik et al. measured the 24-h urine protein to
evaluate renal outcome and showed a significant decrease in
proteinuria by 12-month follow-up and last visit respectively
[32, 33].

The change in eGFR was evaluated in three studies [18,
25, 27]. Hogan et al. reported eGFR increases of 40.3%,
36.1% and 45.3% at three, six and 12 months, respectively
[27]. Nwobi et al. showed a 67.4% increase from baseline
[18]. Podolskaya et al. demonstrated a 25.9% increase at
one month, with significant improvements at three, six, and
12 months [25]. Kostik et al. briefly mentioned that eGFR
improved following rituximab treatment, however, did not
provide data to assess the degree of change [33].

Four studies assessed serum albumin levels [18, 22, 24,
25]. Lehman et al. reported increases of 21.1% and 26.4%
at 12 and 60 months respectively [24]. Nwobi et al. study
showed a 34.62% increase from baseline [18]. Podolskaya
et al. demonstrated significant improvement at three months,
sustained at six, 12, and 24- months [25]. Tambralli et al.
reported a 13.5% increase at 12 months [22].

Daily corticosteroids dose

bDMARD:s resulted in overall corticosteroid dose reduction
[10, 18-22, 24-28, 30-35]. AlE’ed et al. and Podolskaya
et al. reported significant decreases at six months, with per-
centage reductions of 53.3% and 60%, respectively [21, 25].
Kostik et al. showed a 60% decrease in the average corticos-
teroids dose over the duration of follow-up from six months
to three years after the addition of rituximab [33]. Roberts
et al. reported a 20% and 60% decrease in corticosteroids
dose after six and 12 months of belimumab treatment [35].
Meanwhile, Wang et al. showed 60% decrease in corticos-
teroids dose at six months and more than 78% decrease at
12 months [31]. Nwobi et al. demonstrated a significant
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reduction of 83.5% [18]. Three other studies reported reduc-
tions at six months without providing statistical data [19, 31,
32]. Sawhney et al. found an 82.1% reduction at six months
and 90.7% at 12 months [26]. Hogan et al. reported reduced
corticosteroid dose at six and 12 months [27]. At 12 months,
Lehman et al. and Tambralli et al. demonstrated statistically
significant reductions by 57.2% and 72.2% from baseline,
respectively [22, 24]. In Kumar et al. only one out of nine
patients remained on low-dose prednisone [19]. Jansson
et al. showed 75% of the sample had dose reduction by six
months, and in 33% of patients, corticosteroids were dis-
continued [20]. Willems et al. reported that 9.1% of patients
maintained a low dosage, and in 45.5% (5/11) of patients, the
dose was tapered to 25% to 50% of the baseline dosage [28].

Relapse

The average percentage of patients experiencing a flare and
needing an additional cycle in all studies is 18% [10, 18, 19,
21, 23-30]. Hui-yuen et al. and Roberts et al. had the lowest
incidence of severe disease flare at 4% and 4.7% respectively
[30, 35]. Akbar et al. reported 16.7% of patients experienc-
ing a flare, while AlE’ed et al. reported 33.3% requiring
multiple b(DMARD:s cycles [10, 21]. Brunner et al.’s clinical
trial showed 17% of patients in the bDMARDSs group expe-
rienced disease flare, compared to 35% in the placebo group
[29]. Hogan et al. found that 8.3% and 33.3% needing addi-
tional bDMARDSs cycles at one and six months respectively
[27]. Kumar et al., Lehman et al., Marks et al., and Podol-
skaya et al. reported 22.2%, 16.7%, 14.3% and 10.5% of
patients, respectively, experienced disease flare and needed
further treatment [19, 23-25]. Nwobi et al.’s study indicated
27.8% experienced clinical relapse, with all responding well
except one patient [18]. Sawhney et al. reported 11.8% of
patients had a clinical flare and required three additional
cycles [26]. Willems et al. noted 9% of their patients had a
relapse; but achieved remission after the second bDMARDs
course [28]. Kostik et al. reported no significant flares while
Wang et al. and Wang D et al. did not report the incidence
of flares [31-33].

Anti-dsDNA

AlE’ed A et al., Marks et al. and Tambralli et al. studies
showed non-statistically significant reductions in anti-
dsDNA levels [21-23]. Podolskaya et al. demonstrated sig-
nificant reductions at one, six and 12-month follow-ups [25].
Hogan et al., Willems et al., Hui-yuen et al. and Lehman
et al. reported that 41.7%, 71.4%, 50% and 50% of their
sample had reduced anti-dsDNA titers [24, 27, 28, 30]. In
the Nwobi et al. and Kostik et al. studies, there was a signifi-
cant decrease in anti-dsDNA titers [18, 31]. Akbar et al. also

showed decreased levels at six-month follow-up [10]. Brun-
ner et al.’s bDMARDs group experienced a 44.9% decrease
in anti-dsDNA levels [29]. Wang et al. noted 29.4% and
66.3% decrease in the proportion of patients with positive
anti-dsDNA at six- and 12-months follow-up [31]. Wang
D et al. showed a 46.6% decrease in the anti-dsDNA posi-
tive rate after six months which was sustained at 12-months
follow-up [32].

Complement levels

Jansson et al. observed a 64.7% increase in C3 levels, and
Hui-Yuen et al. reported a 25% increase from baseline in
18% of patients [21, 30]. Wang D et al. showed more than
58% increase in C4 levels and more than 50% in C3 levels at
six- and 12-months [32]. AlE’ed et al. demonstrated 49.3%
increase in C3 levels and a 54.6% increase in C4 levels [21].
Brunner et al. reported 17.3% increase in C3 levels in the
bDMARD:s group at week 52 compared to a 6% in the pla-
cebo group, and 50% increase in C4 levels in the bDMARDs
group compared to 18.1% in the placebo group [29]. Marks
et al. showed improvement in both C3 and C4 levels, but
it did not achieve statistical significance [23]. Nwobi et al.
demonstrated a significant increase in C3 levels but not sig-
nificant in C4 levels [18]. Podolskaya et al. reported sig-
nificant increase in C3 levels at one month, maintained at
six- and 12-months follow-up, and significant increase in
C4 levels at six- and 12-months follow-up [25]. Tambralli
et al. reported significant improvement in both C3 and C4
levels at 12-months follow-up, with 63.4%-120,7% increase
from baseline respectively [21]. In Willems et al. study, C3
and C4 levels were normalized in 40% of patients by the
end of their follow-up period [27]. Kostik et al. showed a
23% increase in C4 levels over the duration of follow-up
but did not report the change in C3 levels [33]. Lehman
et al. showed twofold and 95.5% increases in C3 at 12 and
60 months [23].

Safety

Several studies reported mild and severe adverse effects in
patients receiving a certain treatment. Figure 3 summarizes
the adverse effects that have been reported.

Mild adverse effects were reported in ten studies, pri-
marily related to infusion and infection [18, 19, 21, 22,
24, 27-29, 32, 33]. In one clinical trial, 79.2% of patients
experienced mild adverse effects, while the placebo group
had 82.5% [29]. However, three retrospective cohort studies
and one prospective study reported no mild adverse effects
[10, 20, 22, 30]. One study reported no infections nor infu-
sion reactions except for one case of appendicitis within a
week of the first dose of belimumab [35]. Severe adverse
effects were reported in six studies [10, 18, 21, 29-33]. In a
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Fig.3 Adverse effects reported
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randomized clinical trial, 17% of patients had severe adverse
effects compared to 35% in the placebo group [29]. One
retrospective study reported 16% of patients with sepsis,
while another retrospective study reported 6.25% with mul-
tiorgan failure [10, 21]. A prospective study showed 3.1% of
patients had group A streptococcal bacteremia [30]. Another
retrospective study reported varying percentages of patients
experiencing different severe adverse effects, including rash,
thrombocytopenia, septicemia, lymphopenia, and impetigo
[28]. One of the retrospective studies showed two deaths sec-
ondary to macrophage activation syndrome and complicated
by a severe infection [33]. That study also reported three
cases of serious adverse events including pneumonia, tran-
sient agranulocytosis, and meningitis due to Listeria mono-
cytogenes [33]. Lastly, in a different retrospective study, one
patient had endocarditis, and unfortunately died after open
heart surgery [18].

Discussion

The goal of treating cSLE is to control inflammation, prevent
disease damage, avoid comorbidities, minimize drug-related
toxicities, and improve overall well-being and development
[31]. Current recommendations include systemic corticos-
teroids, hydroxychloroquine, and cDMARDs [8, 13, 35].
Treatment plans and recommendations for cSLE are being
modeled after aSLE; most of the pediatric studies, includ-
ing dosages and regimens, are performed on the basis of
existing adult trials, although it is challenging to compete
with them [36].

In order to ascertain the overall reported efficacy and
safety of these medications, we thoroughly analyzed the lit-
erature on the use of bDMARDs, specifically belimumab
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and rituximab, in cSLE. It is worth mentioning that dis-
cussion of the pharmacokinetics of bDMARD:s is beyond
the scope of this review. Therefore, these aspects will not
be highlighted here. This review indicates that there is a
scarcity of reported data from randomized controlled trials
that evaluate the efficacy and safety of bDMARDs in cSLE.
As a result, pediatric rheumatologists have started using
bDMARD:s off-label for cSLE due to their successful use in
various autoimmune and inflammatory diseases, particularly
in aSLE. Our search demonstrated that only one pediatric
clinical trial exists on the use of a biologic, belimumab,
which currently stands as the sole FDA-approved biologic
for treating cSLE patients [29]. The remaining studies on
belimumab and rituximab were retrospective cohorts, and
case series. These studies used standardized outcome meas-
ures like SLEDAI and BILAG to assess the disease activity,
which are validated for cSLE and considered useful for treat-
ment response evaluation. Monitoring disease progression
and organ damage in cSLE also involved measuring lupus-
related autoantibodies and complement levels. Our inclusion
criteria required reporting these outcome measures after six
and/or 12 months of follow-up, providing some consistency
in the data, although not all patients reported data at these
time points.

Our search found six studies with data on belimumab; as
well as two systematic reviews on its use in cSLE [10, 16,
29, 30, 37, 38]. One of the studies included patients with
monogenic lupus, a rare, hereditary form of childhood lupus
that is caused by single-gene defects [10, 39]. Despite the
lack of high-quality clinical trials of belimumab in cSLE,
the available randomized clinical studies and observational
data suggest that when used in conjunction with cDMARDs,
belimumab is well-tolerated and provides clinical benefits.
It helps reduce corticosteroid dosages and controls disease
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flare and activity, which aligns with results from aSLE [29,
40]. Overall, the results showed that long-term belimumab
use for more than six months is recommended for better
disease control [10, 25-27, 31, 32].

The efficacy of rituximab in SLE is not supported by sev-
eral randomized clinical studies in aSLE [41, 42]. Despite
the lack of approved use for children with cSLE, it has been
used off-label. In real practice, adding rituximab to stand-
ard therapy led to more responders, with improved disease
activity, delay renal flares, and remarkable improvement in
renal and hematologic parameters. Additionally, rituximab
treatment successfully reduced daily corticosteroid dosages
in most studies [21, 24-28, 43-45].

Both rituximab and belimumab have demonstrated
a favorable safety profile in cSLE. The most frequently
reported adverse events were mild infusion reactions and
infections [19, 28, 46].

Recently, in 2021 a new biologic, anifrolumab, has been
approved. Despite its novelty and proven efficacy, it has been
tested on aSLE patients only. According to the search done,
it had not been tested on cSLE yet [47]. Similarly, studies
emerged that showed efficacy with combining both rituxi-
mab and belimumab for severe aSLE but not cSLE [48]. This
further emphasizes the need for future clinical trials tailored
for children with SLE.

Limitations

This review has certain limitations, primarily stemming
from the inconsistencies in the data extracted from the
included studies. Statistical analysis was not possible due
to the variations in outcome measures and follow-up inter-
vals. Additionally, some studies included patients with other
autoimmune diseases, and one study involved both adult and
pediatric patients, further adding to the complexity of the
analysis. Moreover, another limitation to our study encom-
passed the fact that the study was not registered in the Inter-
national Prospective Register of Systematic Reviews.

Conclusion

In summary, treatment plans and recommendations for cSLE
are being based on those used for aSLE. However, cSLE
exhibit more severe manifestations and organ involvement
compared to aSLE. The data on the efficacy and safety of
bDMARDSs in ¢SLE remains limited. Nevertheless, current
evidence suggests that belimumab and rituximab, can be
considered as treatment options for refractory and severe
cases of cSLE. substantial efficacy noticed after months
of using the biologic treatments. Overall, disease activity
decreased, and many patients achieved either complete or

partial remission with a reasonable safety profile. None-
theless, further studies are needed to draw more defini-
tive conclusions, especially in patients with major organ
involvement.
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