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Abstract. The present meta‑analysis aimed to systemati‑
cally review the efficacy and safety of belimumab (BLM) 
therapy for patients with active and autoantibody‑positive 
systemic lupus erythematosus (SLE) treated with stan‑
dard of care (SOC). To evaluate the efficacy and safety 
of BLM plus SOC treatment in patients with active SLE, 
eligible studies were retrieved from the Web of Science, 
The Cochrane Library, PubMed and Embase online data‑
bases up to July, 2021. Review Manager (version 5.3) and 
STATA 16.0 software were used to analyze the extracted 
data from the included studies. A total of seven random‑
ized controlled trials (RCTs) and 19 case series, with 4,235 
and 2,597 patients with SLE, respectively were analyzed. 
In the RCTs, there were more SLE responder index (SRI‑4) 
responders in the BLM  group compared with the control 
group [52.8 vs. 41.6%; relative risk (RR), 1.27; 95% confi‑
dence interval (95% CI), 1.18‑1.37); P<0.00001]. In addition, 
compared with the placebo group, more patients in the 
BLM group achieved a ≥4‑point reduction in the Safety of 
Estrogens in Lupus National Assessment‑Systemic Lupus 
Erythematosus Disease Activity Index score (RR, 1.26; 
95%  CI, 1.15‑1.38; P<0.00001). Furthermore, treatment 
with BLM was found to significantly decrease the risk of 
severe disease exacerbations (flares) compared with the 
control group (RR, 0.72; 95% CI, 0.63‑0.81; P<0.00001). 
Additionally, the corticosteroid dosage was reduced by ≥25 
or 50% to ≤7.5 mg/day during weeks 40‑52 in more patients 
in the BLM group compared with the control group (RR, 

1.44; 95%  CI, 1.17‑1.76; P=0.0005). However, no differ‑
ences were observed in the RR of adverse events (AEs) 
and severe AEs between both groups (RR, 1.00; 95% CI, 
0.97‑1.02; P=0.84; and RR, 0.80; 95% CI, 0.62‑1.03; P=0.08, 
respectively). In the case series studies, the total remission 
rate was 60.5% (95% CI, 52.1‑68.3%; P=0.015). In addition, 
treatment with BLM significantly decreased the use of corti‑
costeroids (mean deviation, ‑8.73; 95% CI, ‑11.07 to ‑6.39; 
P<0.00001). Overall, the results of the present meta‑analysis 
demonstrated that BLM therapy provided significant clinical 
efficacy and it was well‑tolerated by patients with active 
SLE. More importantly, treatment with BLM may reduce 
the use of glucocorticoids.

Introduction

Systemic lupus erythematosus (SLE) is a complex systemic 
autoimmune disease that predominantly affects women and 
is characterized by clinical heterogeneity, an unpredictable 
course and disease exacerbations (flares). The aim of SLE 
therapy is to achieve disease remission, or at least a low 
disease activity and a prevention of flares. Therefore, the 
treatment approaches for SLE mainly include high‑intensity 
immunosuppressive therapy for an initial period followed by a 
less intensive treatment strategy to prevent relapses for a long 
period of time. Drug options include cyclophosphamide, myco‑
phenolate mofetil, azathioprine and calcineurin inhibitors, in 
combination with glucocorticoids. For patients with refractory 
lupus or life‑threatening disease, biologics, combination regi‑
mens, plasma exchange and intravenous immunoglobulins are 
adopted (1). Due to persistent disease activity or flares, a large 
proportion of patients with SLE require long‑term treatment 
with corticosteroids and/or immunosuppressive drugs, eventu‑
ally leading to the progressive aggravation of the impairment 
and adverse outcomes. However, these therapies are often not 
sufficiently effective.

B lymphocyte stimulator (BLyS), also known as B‑cell 
activating factor (BAFF), is a member of the TNF family and 
plays a significant role in B‑cell survival. It has been reported 
that BLyS expression is upregulated in patients with autoim‑
mune diseases, such as SLE (2,3). Belimumab (BLM), a human 
IgG monoclonal antibody, binds with soluble human BLyS to 
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inhibit its biological activity, thereby promoting autoimmune 
B cell apoptosis and reducing the number of new or existing 
autoimmune B‑cell clones (4,5).

An increasing number of clinical trials have supported the 
beneficial effects of BLM in the treatment of SLE. Therefore, 
BLM combined with standard of care (SOC) treatment was 
approved by the Food and Drug Administration (FDA) in 2011 
for the treatment of patients with active and autoantibody‑posi‑
tive SLE (6). In addition, BLM has recently been approved 
for the treatment of children >5 years of age suffering from 
childhood‑onset SLE (cSLE). However, the therapeutic effects 
and adverse reactions of the aforementioned drug vary with 
the extension of the treatment duration. Nevertheless, compre‑
hensive meta‑analyses on the efficacy and safety of BLM in 
patients with active SLE remain limited (7‑9). Therefore, the 
present meta‑analysis aimed to systematically review and 
summarize these studies to evaluate the efficacy and safety of 
the use of BLM in patients with active SLE treated with SOC.

Data and methods

Sources and searches. Electronic literature screening was 
performed using the Web of Science, The Cochrane Library, 
PubMed and Embase databases with a cut‑off date of 
July, 2021. The Medical Subject Headings terms used were as 
follows: ‘lupus’, ‘systemic lupus erythematosus’, ‘SLE’, ‘belim‑
umab’ and ‘Benlysta’. Only studies published in English were 
included. In the case of overlapping studies from the same 
authors, the most recent or complete study was included in the 
meta‑analysis.

Inclusion and exclusion criteria. The inclusion criteria 
were as follows: i) Patients diagnosed with SLE according 
to the American College of Rheumatology classification 
criteria  (10); ii)  randomized controlled trials (RCTs) or 
case series studies, including prospective and retrospec‑
tive case series; iii) patients with SLE treated with BLM; 
iv)  patients positive for SLE autoantibodies (antinuclear 
and/or anti‑dsDNA autoantibodies); v) patients treated with 
a stable treatment regimen prior to the initiation of the trial, 
including corticosteroids, antimalarials, immunosuppres‑
sive and non‑steroidal anti‑inflammatory drugs; vi) patients 
with active SLE, defined by a Safety of Estrogens in Lupus 
National Assessment‑Systemic Lupus Erythematosus Disease 
Activity Index (SELENA‑SLEDAI) score of ≥8 or 6. The 
exclusion criteria were as follows: i) Case report studies and 
review articles; ii) studies with no available data; iii) studies 
that included patients who were previously treated with 
B‑lymphocyte‑targeting drugs or other novel medications 
against SLE, other than corticosteroids.

Data extraction and quality assessment. Two investigators, 
XL and JZ independently screened the titles and abstracts 
of the included studies, identified the duplicates studies, 
reviewed the full articles, decided on the eligibility of 
the studies and collected the data. Disagreements were 
resolved through discussion. XL designed a standard elec‑
tronic format for data collection. The following data were 
extracted from the eligible trials: Study design, sample 
size, age, female proportion, disease duration, use of other 

immunosuppressive agents, medication protocols, outcome 
characteristics, adverse events (AEs) and severe AEs (SAEs). 
The quality of each trial was evaluated according to the 
Cochrane Collaboration tool (https://training.cochrane.
org/handbook/current).

Statistical analyses. STATA 16.0 (Stata Corp LP) and Review 
Manager (version 5.3; The Nordic Cochrane Centre) software 
were used to pool and analyze the results, respectively. More 
specifically, the response rate of the case series studies was 
pooled using STATA 16.0 (Stata Corp LP), while additional data 
analysis was performed using Review Manager (version 5.3; 
The Nordic Cochrane Centre). For binary outcomes, the rela‑
tive risk (RR) was estimated with a 95% confidence interval 
(95%  CI). The results are presented as analytical graphs 
generated using forest plots. Heterogeneity was assessed using 
a χ2‑based Q test. Therefore, with an I²<50% or P>0.10, hetero‑
geneity was considered small and RR values were pooled in a 
fixed‑effects model. With an I²>50% or P<0.10, heterogeneity 
was considered significant and RR values were pooled in a 
random effects model. A value of P<0.05 was considered to 
indicate a statistically significant difference.

Results

Search results. The flow diagram of trial selection is presented 
in Fig. 1. Among a total of 2,377 eligible manuscripts, after 
screening, seven RCTs and 19 case series were included in the 
meta‑analysis (11‑36).

Characteristics of included studies. A total of seven 
RCTs (11‑17) and 19 case series (18‑36) were included in the 
analysis, including 6,832 patients with SLE. The details of the 
aforementioned studies are presented in Tables I and II. As 
regards the RCTs, six trials (11‑15,17) included adult patients 
only, and one  (16) trial only children. In addition, in six 
trials (11‑14,16,17), BLM was administered intravenously and 
in one trial subcutaneously (15).

Quality evaluation of the literature. All eligible RCTs included 
multicenter, randomized, double‑blind and placebo‑controlled 
studies. Among the eligible trials, four studies  (12‑14,16) 
described the random method, while the other three (11,15,17) 
did not mention a specific method. A quality evaluation of the 
included studies is presented in Table III.

SLE responder index (SRI) rate in RCTs. In six RCTs (12‑17), 
a SRI‑4 response rate was reported at the end of each study. 
There was homogeneity among these studies (I2=0%; P=0.91). 
Compared with the control group, treatment with BLM 
resulted in a significantly increased SRI‑4 response rate 
[52.8% (1,306/2,474) vs. 41.6% (518/1,246); RR, 1.27; 95% CI, 
1.18‑1.37; P<0.00001; Fig. 2].

SELENA‑SLEDAI score ≥4‑point reduction in RCTs. In four 
RCTs (12‑14,16), the SELENA‑SLEDAI score was reduced 
by at least 4 points in patients with SLE. In addition, there 
was homogeneity among these studies (I2=0%; P=0.91). 
The number of patients who achieved at least a 4‑point 
reduction in the SELENA‑SLEDAI score was significantly 
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increased in the BLM group compared with the control group 
[52.0% (843/1,622) vs. 41.3% (338/819); RR, 1.26; 95% CI, 
1.15‑1.38); P<0.00001; Fig. 3]. 

Change in severe flares in RCTs. Based on the modified 
SLE flare index (37‑39), severe flares were reported in all 
trials (11‑17). However, the heterogeneity among these studies 
was poor (I2=44%; P=0.10). Patients treated with BLM exhib‑
ited a lower rate of severe flares compared with the placebo 
group [17.2% (485/2,817) vs. 23.4% (320/1,370); RR, 0.72; 
95% CI, 0.63‑0.81); P<0.00001; Fig. 4]. 

Corticosteroid dosage reduction in RCTs. In six 
RCTs  (11‑15,17), the average dose of corticosteroids was 
reduced by ≥25 or 50% to  ≤7.5 mg/day during weeks 40-52 

in the majority of patients treated with BLM. There was 
significant homogeneity among these studies (I2=0%; P=0.93). 
More specifically, the majority of patients in the BLM group 
[18.6% (305/1,642)] were treated with a reduced dose of cortico‑
steroids (reduced by ≥25 or 50% to ≤7.5 mg/day) at weeks 40‑52 
compared with those in the control group [12.8% (104/813); RR, 
1.44; 95% CI, 1.17‑1.76); P=0.0005; Fig. 5].

Safety and tolerability of BLM in RCTs. All trials  (11‑17) 
recorded the AEs and SAEs. The incidence of AEs and 
SAEs, including arthralgia, fatigue, mortality and infection, 
was similar between the BLM and control groups (RR, 1.00; 
95% CI, 0.97‑1.02; P=0.84 vs. RR, 0.80; 95% CI, 0.62‑1.03; 
P=0.08; Figs. 6 and 7), thus indicating that BLM was well 
tolerated.

Figure 1. Flow diagram of trial selection used in the present meta‑analysis. 

Figure 2. Meta‑analysis results of systemic lupus erythematosus responder index 4 response between the belimumab and control groups.
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Meta‑analysis of the case series studies. The 19 case series 
included 2,597 patients with active SLE. A total of 14 of the 
19 case series studies involved disease response and the total 
remission (TR) rate was 60.5% (95% CI, 52.1‑68.3%; P=0.015; 
Fig. 8). Among all the case series studies, 11 (19,21,23,24,2
6,27,29,32,33,35,36) reported changes in the dose of corti‑
costeroids. Therefore, the results revealed that following the 
treatment of patients with BLM, the use of corticosteroids was 
significantly decreased (mean difference, ‑8.73; 95% CI, ‑11.07 
to ‑6.39; P<0.00001; Fig. 9).

Discussion

SLE is a complex disease and its pathogenesis remains poorly 
understood. However, it is widely accepted that the activation 
of autoreactive B‑ and T‑cells, particularly that of B‑cells, 
which may lead to a loss of immune tolerance, plays a crucial 
role in the pathogenesis of SLE. During the progression of the 
disease, the activation of cells can promote their proliferation 
and differentiation into pathogenic cells that produce patho‑
genic autoantibodies. Therefore, targeting B‑cells and their 

Figure 4. Meta‑analysis results of severe flares between the belimumab and control groups. 

Table III. Assessment of methodological quality of included studies.

				    The	 Selective
			   Hidden	 completeness of	 reporting
study	 Random allocation	 Blind method	 distribution	 the result data	 of results	 Other bias

Wallace et al (11)	 Mention random	 Double‑blind	 Not clear	 Yes	 No	 Not clear
Furie et al (12)	 Central interactive	 Double‑blind	 Yes	 Yes	 No	 Not clear
	 voice response system
Navarra et al (13)	 Central interactive	 Double‑blind	 Yes	 Yes	 No	 Not clear
	 voice response system
Zhang et al (14)	 Validated software	 Double‑blind	 Yes	 Yes	 No	 Not clear
Stohl et al (15)	 Mention random	 Double‑blind	 Not clear	 Yes	 No	 Not clear
Brunner et al (16)	 Interactive response	 Double‑blind	 Yes	 Yes	 No	 Not clear
	 system
D'Cruz et al (17) 	 Mention random	 Double‑blind	 Not clear	 Yes	 No	 Not clear

Figure 3. Meta‑analysis results of patients with ≥4‑point decrease in the Safety of Estrogens in Lupus National Assessment‑Systemic Lupus Erythematosus 
Disease Activity Index score between the belimumab and control groups.
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related cytokines may be considered as a significant treatment 
approach. BLyS, a B cell survival factor, plays an essential 
role in the development of autoimmune SLE by promoting 
B cell survival, differentiation and maturation (40). Therefore, 
compared with healthy individuals, patients with SLE exhibit 
higher BLyS serum concentrations. It has been reported that 
the plasma levels of BLyS are positively associated with SLE 
activity (41). BLyS binds to three particular BAFF receptors, 
namely the transmembrane activator, cyclophilin ligand inter‑
actor and B‑cell maturation antigen. BLM is a fully humanized 
monoclonal antibody that specifically binds to soluble trimeric 
BAFF, thus preventing its interaction with its corresponding 

receptors, eventually causing autoimmune B‑cell apoptosis 
and reducing new or existing autoimmune B cell clones (4,5).

In the present meta‑analysis, seven selected RCTs and 
19 case series studies were selected to evaluate the efficacy 
and safety of BLM plus SOC in patients with active SLE. In 
the included RCTs, BLM increased the SRI‑4 response rate. 
Furthermore, the SELENA‑SLEDAI score, the incidence 
of severe flare and corticosteroid dosage were significantly 
decreased in patients with active SLE treated with BLM. Both 
adults and children treated with intravenous or subcutaneous 
BLM in combination with SOC exhibited a significant improve‑
ment compared with those who received placebo treatment. 

Figure 5. Forest plot illustrating patients with reduced average corticosteroid dosage by ≥25 or 50 to ≤7.5 mg/day during weeks 40‑52 between the belimumab 
and control groups.

Figure 6. Forest plot illustrating the incidence of adverse events between the belimumab and control groups.

Figure 7. Forest plot illustrating the incidence of serious adverse events between the belimumab and control groups.

https://www.spandidos-publications.com/10.3892/wasj.2022.143
https://www.spandidos-publications.com/10.3892/wasj.2022.143
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Furthermore, BLM combined with SOC was well tolerated 
from patients with SLE, while no significant differences were 
observed in the occurrence of AEs and SAEs between the 
BLM and placebo groups. In the case series studies, the TR 
was 60.5% and the use of corticosteroids was significantly 
reduced following BLM treatment.

SRI is a composite method for evaluating the biological 
treatment of SLE. This method combines the SELENA‑SLEDAI, 
British Isles Lupus Assessment Group (BILAG) and Physician 
Global Assessment (PGA) scores, thus offering a more 
comprehensive assessment of SLE (33). The SRI‑4 is defined 
by a ≥4-point reduction in SELENA‑SLEDAI score, no new 

BILAG A organ domain score, no >1 new BILAG B score and 
no worsening (increase <0.3) in PGA score vs. baseline. In the 
present meta‑analysis, the included studies demonstrated that 
compared with the control group, treatment with BLM notably 
increased the SRI‑4 response rate. Due to the relative strict 
standards of SRI‑4, studies can underestimate the effective‑
ness of BLM in ‘real’ world. The OBSErve study, focusing 
on real‑world effectiveness of BLM, verified that BLM could 
improve the clinical manifestations of SLE (42), thus further 
supporting the efficacy of BLM in the treatment of SLE.

Currently, glucocorticoids remain the cornerstone of treat‑
ment in SLE, particularly when several organs are affected. 

Figure 9. Changes in the dose of corticosteroids in patients treated with belimumab in the case series studies.

Figure 8. Total remission rate in patients treated with belimumab in the case series studies.
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However, emerging evidence has suggested that high doses and 
the high intensity of glucocorticoid use in patients with SLE 
can increase the risk of bacterial infection along with other 
non‑infectious complications, such as osteoporosis, sleep disor‑
ders and cushingoid syndrome (43). Therefore, the long‑term 
administration of corticosteroids can be burdensome for 
patients, resulting in a low rate of patient satisfaction and poor 
compliance (43). Minimizing or even terminating glucocorti‑
coid administration during the treatment of SLE is considered a 
major goal for scientists. In the present meta‑analysis, although 
none of the six RCTs revealed a statistically significant reduc‑
tion in glucocorticoid administration, the meta‑analysis of 
the included RCTs revealed that BLM significantly reduced 
the dose of glucocorticoids administered. Consistent with the 
RCT analysis, the case series analysis also revealed the same 
results. In ‘real‑world’ studies, OBSErve demonstrated that the 
majority of patients could reduce or discontinue oral gluco‑
corticoid use 6 months following BLM treatment. Overall, the 
aforementioned findings indicated that treatment with BLM 
effectively reduced glucocorticoid administration in patients 
with SLE, thus attenuating glucocorticoid‑related morbidity 
and the irreversible damage caused by their use.

The incidence of AEs and SAEs was similar between the 
BLM and placebo groups. The majority of AEs included infec‑
tions and infestations. The most common infections in the 
BLM groups were upper respiratory tract infections, cellulitis, 
pneumonia and urinary tract infections. As regards the reac‑
tion rate at the infusion site, the majority of studies reported 
that these were the same between both groups. However, a 
previous study demonstrated that hypersensitivity in the site of 
infusion was more common in the BLM group compared with 
the placebo group (14‑16 vs. 10%) (12). Nevertheless, all infu‑
sion and hypersensitivity reactions were improved following 
treatment with antihistamine, prednisone or epinephrine. 
Psychological effects should be also taken into consideration. 
In a previous study, a patient who was treated with 1 mg/kg 
BLM committed suicide, although this event was not associ‑
ated with the drug itself (11). In addition, three patients in 
the BLM group had suicidal intentions, but no one attempted 
suicide. Additionally, 4 patients in the placebo groups also had 
suicidal intentions or behavior. Depression was recorded more 
frequently in patients treated with BLM compared with the 
placebo group (6‑7 vs. 4%) (12). Furthermore, the incidence of 
malignant disease was numerically higher in the BLM group 
compared with the placebo group (9 vs. 2 patients) (11,12,14). 
However, whether there was an association between BLM 
and cancer should be further investigated. An extensive study 
lasting 8 years (BEL112234), also reported a stable safety 
profile without new safety signals (44). The aforementioned 
results suggested that BLM was generally well tolerated.

cSLE is less common than adult SLE. However, cSLE is 
characterized by an enhanced disease activity and immediate 
neurological, renal and hematological damage (45,46). The trial 
by Brunner et al (16) revealed that the benefits and risk profile of 
BLM treatment in children was similar and consistent with those 
observed in adult patients. Therefore, BLM could be considered 
as a novel therapeutic approach for treating cSLE. In patients 
with SLE, disease activity can persist even after the initiation 
of dialysis. However, the effect of BLM on treating SLE after 
dialysis has not been previously investigated, at least to the best 

of our knowledge. The case report study by Karasawa et al (47) 
demonstrated that SLE activity was attenuated in a patient with 
SLE treated with BLM following hemodialysis. Another case 
study on a patient with SLE who was treated with BLM during 
peritoneal dialysis revealed that the clinical symptoms were 
significantly improved (48). However, the safety of BLM treat‑
ment during dialysis needs to be further evaluated.

The RCTs included four interventions, one study compared 
treatment with 1, 4 and 10 mg/kg BLM vs. the placebo; two 
studies, 1 and 10 mg/kg BLM vs. the placebo; three studies, 
10 mg/kg BLM vs. the placebo; and one study, 200 mg BLM 
subcutaneous vs. the placebo. The network meta‑analysis 
suggested that the administration of 10 mg/kg BLM exhibited 
the highest efficacy in the treatment of active SLE, followed by 
1 mg/kg BLM, 200 mg subcutaneous BLM and placebo (8). 
Although BLM has emerged as a promising regimen for the 
treatment of patients with active SLE, in the present meta‑anal‑
ysis, 52.8 and 60.5% of all patients reached the primary endpoint 
in the RCTs and case series, respectively. The pathogenesis of 
SLE is complex and BLM functions by specifically targeting a 
BAFF. CD20+ cells also play a crucial role in the pathogenesis 
of SLE. Currently, the BEAT Lupus study (trial registration 
no. ISRCTN47873) aims to investigate the safety and efficacy 
of BLM in patients treated with rituximab, a B‑cell depletion 
therapy (49). This strategy could provide a novel approach for 
the treatment of SLE. On the other hand, the follow‑up time 
in the present meta‑analysis was relatively short, 52‑76 weeks 
for the RCTs and 6‑36 months for the case series. To date, the 
longest in duration study evaluating the safety and efficacy of 
BLM was conducted by Wallace et al (50) over the course of 
13 years as part of a phase II trial. That study revealed that the 
percentage of patients who achieved a SRI response, increased 
from 32.8% at year 1 to 75.6% in those who remained under 
treatment for 12 years. In addition, BLM was well tolerated 
with no new safety concerns.

Compared with a previous meta‑analysis (7), the present 
study was more comprehensive, including seven RCTs and 
19 case series. In addition to the research of RCTs, case series 
studies based on the ‘real’ world have more reference signifi‑
cance. A notable finding of the present study was that the use 
of BLM reduced the use of glucocorticoids. This discovery was 
not mentioned in the aforementioned previous meta‑analysis. 
Although the present study was an integrated meta‑analysis of 
the clinical research, there were several potential shortcomings. 
Firstly, the number of patients included in several studies was 
small and the observation time varied among these studies, 
potentially leading to a certain degree of uncertainty in the 
estimation of the TR. Secondly, the possibility of selection 
and information bias, and uncertain confounders could not be 
entirely ruled out. Thirdly, in the present meta‑analysis, the 
longest follow‑up time was 76 weeks, which was too short to 
evaluate long‑term efficacy. Therefore, further studies with 
a larger sample size and higher quality, including patients of 
various ethnicities, undergoing dialysis or during pregnancy 
need to be performed in the future to further clarify the effi‑
cacy and safety of BLM.

In conclusion, the present meta‑analysis revealed that BLM 
therapy may provide significant clinical efficacy and was well 
tolerated by patients with active SLE. Additionally, treatment 
with BLM could reduce the use of glucocorticoids.

https://www.spandidos-publications.com/10.3892/wasj.2022.143
https://www.spandidos-publications.com/10.3892/wasj.2022.143
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