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ABSTRACT

Background

Belimumab, the first biologic approved for the treatment of systemic lupus erythematosus (SLE), has been shown to reduce autoantibody
levels in people with SLE and help control disease activity.

Objectives

To assess the benefits and harms of belimumab (alone or in combination) in systematic lupus erythematosus.

Search methods

An Information Specialist carried out the searches of CENTRAL, MEDLINE, Embase, CINAHL, Web of Science, the World Health Organization
(WHO) International Clinical Trials Registry Platform, and clinicaltrials.gov from inception to 25 September 2019. There were no language
or date restrictions.

Selection criteria

We included randomized controlled trials (RCTs) or controlled clinical trials (CCTs) of belimumab (alone or in combination) compared to
placebo/control treatment (immunosuppressive drugs, such as azathioprine, cyclosporine, mycophenolate mofetil or another biologic),
in adults with SLE.

Data collection and analysis

We used standard methodologic procedures expected by Cochrane.

Main results

Six RCTs (2917 participants) qualified for quantitative analyses. All included studies were multicenter, international or US-based. The age
range of the included participants was 22 to 80 years; most were women; and study duration ranged from 84 days to 76 weeks. The risk of
bias was generally low except for attrition bias, which was high in 67% of studies.

Compared to placebo, more participants on belimumab 10 mg/kg (Food and Drug Administration (FDA)-approved dose) showed at least a
4-point improvement (reduction) in Safety of Estrogen in Lupus National Assessment (SELENA) - Systemic Lupus Erythematosus Disease
Activity Index (SLEDAI) score, a validated SLE disease activity index: (risk ratio (RR) 1.33, 95% confidence interval (Cl) 1.22 to 1.45; 829/1589
in belimumab group and 424/1077 in placebo; 12= 0%; 4 RCTs; high-certainty evidence).

Change in health-related quality of life (HRQOL), assessed by Short Form-36 Physical Component Summary score improvement (range 0 to
100), showed there was probably little or no difference between groups (mean difference 1.6 points, 95% CI 0.30 to 2.90; 401 in belimumab
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group and 400 in placebo; I2= 0%,; 2 RCTs; moderate-certainty evidence). The belimumab 10 mg/kg group showed greater improvement
in glucocorticoid dose, with a higher proportion of participants reducing their dose by at least 50% compared to placebo (RR 1.59, 95% CI
1.17 to 2.15; 81/269 in belimumab group and 52/268 in placebo; 12= 0%; 2 RCTs; high-certainty evidence).

The proportion of participants experiencing harm may not differ meaningfully between the belimumab 10 mg/kg and placebo groups: one
or more serious adverse event (RR 0.87,95% Cl: 0.68 to 1.11; 238/1700 in belimumab group and 199/1190 in placebo; 12= 48%; 5 RCTs; low-
certainty evidence; ); one or more serious infection (RR 1.01, 95% Cl: 0.66 to 1.54; 44/1230 in belimumab group and 40/955 in placebo; 12=
0%; 4 RCTs; moderate-certainty evidence); and withdrawals due to adverse events (RR 0.82, 95% Cl: 0.63 to 1.07; 113/1700 in belimumab
group and 94/1190 in placebo; 12= 0%; 5 RCTs; moderate-certainty evidence). Mortality was rare, and may not differ between belimumab
10 mg/kg and placebo (Peto odds ratio 1.15, 95% Cl 0.41 to 3.25; 9/1714 in belimumab group and 6/1203 in placebo; I2= 4%; 6 RCTs; low-
certainty evidence).

Authors' conclusions

The six studies that provided evidence for benefits and harms of belimumab were well-designed, high-quality RCTs. At the FDA-approved
dose of 10 mg/kg, based on moderate to high-certainty data, belimumab was probably associated with a clinically meaningful efficacy
benefit compared to placebo in participants with SLE at 52 weeks. Evidence related to harms is inconclusive and mostly of moderate to
low-certainty evidence. More data are needed for the longer-term efficacy of belimumab.

PLAIN LANGUAGE SUMMARY

What are the benefits and risks of belimumab for treating systemic lupus erythematosus (an autoimmune disease that affects the
whole body)?

Why is this question important?

Systemic lupus erythematosus (SLE; or ‘lupus’) is a disease in which the body's immune (defense) system mistakenly attacks healthy tissue
in many parts of the body. It is a long-term disease (one that lasts longer than six weeks and is usually life-long). Often, SLE causes pain in
joints and muscles, and extreme tiredness. Symptoms can improve temporarily, or worsen suddenly (flares).

There is no cure for SLE. However, treatments can improve symptoms. Inflammation caused by lupus can affect the joints, skin, kidneys,
blood cells, brain, heart, and lungs. Most people are treated with glucocorticoids (anti-inflammation medicines; also called "steroids/
prednisone/medrol/solumedrol") at some point in their disease course. These medicines reduce the swelling and pain associated with
inflammation, but they can have serious adverse (unwanted) effects, such as kidney damage. This is why it is important to study other
treatment options, such as belimumab.

Belimumab is a human protein (antibody) that is given as an injection to decrease inflammation. In people with SLE, belimumab prevents
the development and survival of the cells that attack the body’s healthy tissues (B cells). The aim of belimumab is to reduce the number
of B cells, so that people’s symptoms improve.

To find out about the benefits and risks of belimumab, we reviewed the evidence from research studies. In particular, we wanted to know
how belimumab affects:

- disease intensity;
- health-related quality of life;
- use of glucocorticoids; and

- adverse effects, including: serious effects (for example, diseases that affect kidneys or the nervous system), serious infections (since anti-
inflammation medicines reduce the body’s ability to fight infections), adverse effects that led people to withdraw from studies, and death.

How did we identify and evaluate the evidence?

First, we searched the medical literature for studies that compared belimumab against a placebo (dummy) treatment or another SLE
treatment. We then compared the results and summarized the evidence from all the studies. Finally, we rated our confidence in the
evidence, based on factors such as study methods and sizes, and the consistency of findings across studies.

What did we find?

We found six studies that involved a total of 2917 people (mostly women) aged between 22 and 80 years. People were followed for a
minimum of 84 days and a maximum of 76 weeks. All studies compared belimumab against placebo.

Intensity of disease
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Belimumab is better than placebo at reducing SLE intensity (4 studies, 2666 people). SLE became less intense in 52% of people treated
with belimumab, compared to 39% of people treated with placebo.

Health-related quality of life

The evidence suggests that there is probably little to no difference between belimumab and placebo for changes in health-related quality
of life (2 studies, 801 people). The quality of life scores reported by people treated with belimumab were only 1.6 points higher on average
than those of people treated with placebo (scale: 0 to 100, higher scores = better quality of life).

Need for glucocorticoids (anti-inflammation medicines)

Belimumab is more likely than placebo to reduce the amount of glucocorticoids required. Glucocorticoid doses were lowered by at least
50% in 30% of people treated with belimumab, compared to 19% of people treated with placebo (2 studies, 537 people).

Serious adverse events

The evidence suggests that there may be little to no difference in the numbers of serious adverse events attributable to belimumab or
placebo (5 studies, 2890 people). We have little confidence in this finding, because it is based on relatively small numbers of adverse events
and studies reported conflicting findings.

Serious infection

The evidence suggests that there is probably little to no difference in the numbers of serious infections attributable to belimumab or
placebo (4 studies, 2185 people). We are only moderately confident about this finding, because it is based on small numbers of infections.

Adverse events causing people to withdraw from studies

The evidence suggests that there is probably little to no difference between belimumab and placebo in the numbers of adverse events that
caused people to withdraw from studies (5 studies, 2890 people). We are only moderately confident about this finding, because it is based
on relatively small numbers of adverse events.

Death

Few deaths (less than 1%) were reported in association with either belimumab or placebo. This suggests that there may be little to no
difference in numbers of deaths between the two treatments, though, because death occurs rarely, it is difficult to be confident about this
finding.

What does this mean?
When compared against placebo:
- belimumab is more likely to reduce SLE disease activity, and to reduce the amount of glucocorticoids needed;

- belimumab probably makes little to no difference to: health-related quality of life improvement; numbers of serious adverse events; and
deaths; and

- belimumab may make little to no difference to numbers of serious infections, and numbers of adverse events that cause people to
withdraw from studies.

How-up-to date is this review?

The evidence in this Cochrane Review is current to September 2019.
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SUMMARY OF FINDINGS

Summary of findings 1. Belimumab 10 mg/kg compared to placebo for systemic lupus erythematosus

Belimumab 10 mg/kg compared to placebo for systemic lupus erythematosus

Patient or population: people with active systemic lupus erythematosus (but not active nephritis or active central nervous system involvement)
Setting: multicenter, international studies
Intervention: belimumab 10 mg/kg (alone or in combination with other immunosuppressive drugs or another biologic)

Comparison: placebo

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Certainty of Comments

(95% Cl) (95% Cl) pants the evidence

(studies) (GRADE)
Assumed risk Corresponding
risk
Placebo Belimumab 10
mg/kg
Reduction of at least 4 points in 394 per 1000 524 per 1000 RR1.33 2666 BEOO NNTB: 8 (95% Cl 6 to 11)
SELENA-SLEDAI at 52 weeks (480 to 571) (1.22 to 1.45) (4 RCTs) high
Absolute risk difference: 13% better

SELENA-SLEDAI score, a validat- (95% CI 8% to 17%)
ed marker of SLE disease activi-
ty (range 0 to 105; higher score = Relative percentage change: 33% bet-
worse disease activity) ter (95% CI 22% to 45%)
Follow-up: mean 52 weeks
Change in HRQOL, on SF-36 PCS The mean The mean MD 1.60 (0.30to 801 DDDO Absolute risk difference: 1.6% higher
score at 52 weeks change in change in 2.90) (2 RCTs) moderated (95% CI1 0.3% to 2.9%)

HRQOL on HRQOL on
Improvement in SF-36 PCS score SF-36 PCS score  SF-36 PCS score Relative percentage change: 3.2%
from baseline (range: 0 to 100); at 52 weeks at 52 weeks in higher (95% Cl 0.6% to 5.8%)
population mean 50; higher score i the control the intervention
= better HRQOL; MCID ~2.5t0 5 groups ranged groups was
points) from a 1.60 higher
Follow-up: mean 52 weeks 1.4t02.84 point  (0.30 lower to

improvement 2.90 higher)
Reduction of glucocorticoid dose 194 per 1000 309 per 1000 RR 1.59 537 BEEO NNTB: 9 (95% CI 5 to 28)
by at least 50% (1.17 to 2.15) (2RCTs) high

Follow-up: 52 weeks

(227 to 417)

Absolute risk difference: 11% better
(95% CI 4% to 18%)
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Relative percentage change: 59% bet-
ter (95% Cl 17% to 115%)

Participants with one or more se- 167 per 1000 145 per 1000 RR0.87 2890 BP0 Absolute risk difference: 2% less (95%
rious adverse events (114 to 185) (0.68to 1.11) (5RCTs) lowa ;b Cl -6% to 2%)
Follow-up: mean 52 to 76 weeks Relative percentage change: 13%
more (95% CI -32% to 11%)
Participants with one or more se- 42 per 1000 42 per 1000 RR1.01 2185 SBDO Absolute risk difference: 0% (95% ClI
rious infections (28 to 65) (0.66 to 1.54) (4 RCTs) moderated -1% to 1%)
Follow-up: mean 52 to 76 weeks Relative percentage change: 1% fewer
(95% ClI -34% to 54%)
Withdrawals due to adverse 79 per 1000 65 per 1000 RR0.82 2890 SPDO Absolute risk difference: 1% fewer
events (50 to 85) (0.63 t0 1.07) (5 studies) moderated (95% CI -3% to 1%)
Follow-up: mean 52 to 76 weeks
Relative percentage change: 18% few-
er (95% CI -37% to 7%)
Number of participants who died 5 per 1000 6 per 1000 Peto OR1.15 2917 B®DOO Absolute risk difference: 0% (95% ClI
during the study (2to 16) (0.41to 3.25) (6 studies) lowa € -1% to 1%)

Follow-up: mean 52 to 76 weeks

Relative percentage change: 15%
more (95% Cl -59% to 221%)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; HRQOL: health-related quality of life; MCID: minimal clinically important difference; MD: mean difference; NNTB: number needed to treat for an ad-
ditional beneficial outcome; OR: odds ratio; PCS: Physical Component Score; RCT: randomized controlled trial; RR: risk ratio; SELENA-SLEDAI: Safety of Estrogen in Lupus
National Assessment (SELENA) - Systemic Lupus Erythematosus Disease Activity Index (SLEDAI); SF-36: 36-item short-form;

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect

aDowngraded one level due to imprecision. The 95% confidence intervalincludes both no effect and appreciable benefit/harm exceeding a minimal clinically important difference.
bDowngraded one level due to inconsistency, 12 = 48%

¢Downgraded one level due to imprecision. The total number of events was small (n = 15).
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BACKGROUND

Description of the condition

Lupus, also known as systemic lupus erythematosus (SLE), is a
systemic autoimmune condition with multiple manifestations and
a waxing and waning course. It is characterized by flares and
periods of remission. In its severe form, it is a potentially life-
threatening condition that is difficult to treat. Many medications
have been used for treatment in the past; however, few were
approved for use by the US Food and Drug Administration
(FDA). Several of the commonly used medications, including
prednisone and cyclophosphamide, have significant adverse
events. Recently belimumab, a biologic, was evaluated in people
with SLE. Based on results of the randomized trials, it was approved
by the FDA for the treatment of SLE. A Cochrane Review can
summarize the benefits and harms data for people with SLE and
providers.

Description of the intervention

Belimumab is a fully human monoclonal antibody that inhibits the
B-lymphocyte stimulator (BLyS). It is marketed by Glaxo SmithKline
with the trade name Benlysta. BLyS, a cytokine member of the
tumor necrosis factor (TNF) family, is a 285 amino-acid cytokine and
is also known as a B cell activation factor of the TNF family (BAFF)
(Bossen 2006). Belimumab is indicated for use in people with active
SLE. Itis given as an intravenous infusion, usually over one hour, in
a doctor's office. The dose given is 10 mg/kg at two-week intervals
for the first three doses and at four-week intervals thereafter.

How the intervention might work

SLE, as a chronic inflammatory disorder, is thought to be driven
by autoantibodies that target multiple organ systems including
joints, skin, and kidneys. Although the disease is characterized
by pathogenic autoantibodies that target specific tissues, many
additional cell types (for example B cells, T cells) and cytokines (for
exampletype linterferon (IFN-1)-a) are involved in the inflammatory
response. B cells play a central role in the pathogenesis of
SLE, mainly by producing autoantibodies but also by producing
cytokines and by presenting antigens to T cells. SLE can result
due to defective proteins that regulate T cells in the dysfunctional
clearance of immune cells, suggesting that part of the pathology
lies in loss of the immune tolerance and the persistence of
attractive B- and T-cell populations (Ravirajan 1996). On the other
hand, dysregulation of the innate immune system also contributes
to SLE. Immune complexes of autoantibodies with endogenous
RNA and DNA can be taken up by plasmacytoid dendritic cells,
which activate toll-like receptor (TLR)7 and TLR9, respectively, and
generate IFN-I (Crow 2004). IFN-I can then further activate the
adaptive immunity by enhancing the antigen-presenting function
of monocytes and dendritic cells and activating B cells (Kim 2009).
Thus, dysregulation of both adaptive and innate immunity plays a
role in the pathogenesis of SLE.

BLyS is an important link between adaptive and innate immunity,
thus playing a special role in SLE pathogenesis (Kim 2012). Many
immune cells, such as monocytes and macrophages, dendritic
cells, T cells, and activated neutrophils, have been implicated in
the production of BLyS. BLyS plays a key role in B lymphocyte
differentiation, survival, and activation (Crowley 2005). BLyS, along
with a related cytokine (a proliferation-inducing ligand (APRIL)) can
bind to three membrane receptors on B cells: B cell maturation

antigen (BCMA), transmembrane activator and calcium modulator
and cyclophilin ligand interactor (TACI), and BAFF-R (also known
as BR3) (Litinskiy 2002). This interaction leads to activation of
immature B lymphocytes into plasma cells. Belimumab is a fully
human monoclonal antibody that inhibits the biological activity
of BLyS, which is important for survival and development of B
lymphocyte cells into antibody producing mature plasma B cells.
SLE is associated with higher levels of BLyS, which contributes
to the production of autoantibodies, a hallmark of the disease
(Cheema 2001; Collins 2006; Petri 2008). Thus, the administration of
belimumab can lead to decrease in the biologic/functional effects
of BLyS.

Why it is important to do this review

Belimumab is the first biologic approved for use in SLE. A Cochrane
systematic review will provide a comprehensive assessment of data
from the randomized clinical trials of belimumab in SLE.

OBJECTIVES

To assess the benefits and harms of belimumab (alone or in
combination) in systematic lupus erythematosus.

METHODS

Criteria for considering studies for this review
Types of studies

Randomized controlled trials (RCTs) or controlled clinical trials
(CCTs) were eligible for inclusion.

Types of participants

We included people with SLE who met the American College of
Rheumatology classification criteria for SLE (Hochberg 1997).

Types of interventions

Belimumab, alone or in combination with other
immunosuppressive drug (such as azathioprine, cyclosporine,
mycophenolate mofetil) or another biologic, compared to placebo
or other disease-modifying anti-rheumatic drugs (DMARDs),
DMARD combinations, or biologics.

Types of outcome measures
Major outcomes

Outcomes as assessed by:

1. change in SLE scores on validated disease activity indices,
the Systemic Lupus Erythematosus Disease Activity Index
Safety of Estrogen in Lupus National Assessment (SELENA)
Modification (SELENA-SLEDAI) (Petri 2005), modified SELENA-
SLEDAI Flare Index (SFI) (Petri 1999; Petri 2005); British Isles
Lupus Assessment Group index (BILAG) (Hay 1993; Isenberg
2000); or other similar validated indices;

2. quality of life, assessed by the Short-Form 36 (SF-36) Physical
Component Score (PCS) or similar assessments;

3. reduction in glucocorticoid dose, defined as mean reduction
of prednisone equivalent dose in mg/day, cumulative dose,
percentage reduction or below a certain threshold (< 10
mg/day or < 7.5 mg/day), or percentage of participants off
glucocorticoids

Belimumab for systemic lupus erythematosus (Review)
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4. serious adverse events, number of serious adverse events
(SAEs), or number of participants with one or more SAE;

5. serious infections;
6. withdrawals due to adverse events; and
7. death

Search methods for identification of studies
Electronic searches

The Information Specialist carried out searches of: Cochrane
Central Register of Controlled Trials (CENTRAL; August 2019) in the
Cochrane LibraryMEDLINE Ovid; Embase Classic + Embase; CINAHL
(Cumulative Index to Nursing and Allied Health Literature), Web of
Science, and the World Health Organization (WHO) International
Clinical Trials Registry Platform. There were no language or date
restrictions in the search for trials. The searches for all databases
were from inception to 25 September 2019.

We used the MEDLINE search strategy (Appendix 1) and adapted
it for other databases (CENTRAL, Appendix 2; Embase, Appendix
3; CINAHL, Appendix 4; Web of Science, Appendix 5; WHO
International Clinical Trials Registry Platform, Appendix 6).

Searching other resources

We searched the reference lists of included studies to find
additional articles of relevance.

Data collection and analysis
Selection of studies

Review authors independently reviewed titles and abstracts to find
eligible studies. We discussed any disagreements and resolved
them by consensus. We did not need to refer any to an adjudicator,
since no disagreements remained after consensus.

Data extraction and management

Review authors independently extracted data from the
included studies using standardized data extraction forms. The
extracted data included study characteristics, study population
characteristics, details about the interventions, funding sources,
and outcomes of interest. When we needed more information,
we contacted the authors of the studies. We extracted data from
the published reports, including mean and standard deviation for
continuous outcomes and the number of events and people at risk
for dichotomous data. Whenever possible, we extracted the data
based on an intention-to-treat analysis.

Assessment of risk of bias in included studies

Review authors independently assessed the risk of bias for
each included trial using the recommendations in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2020).
We assessed the risk of bias on each of the following criteria:

« random sequence generation;

« allocation concealment

« blinding of participants and personnel;
« blinding of outcome assessors;

« incomplete outcome data;

« selective outcome reporting; and

« otherbias

We assessed the risk of bias as: low risk, high risk, or unclear risk
(either lack of information or uncertainty over the potential for
bias). We also looked for other biases to see if the authors of the
study had any vested interests. The review authors resolved any
disagreements by discussion among themselves.

Measures of treatment effect

We analyzed dichotomous data as risk ratios (RR), or Peto odds
ratios (OR) when the outcome was a rare event (approximately less
than 10%), and used 95% confidence intervals (Cls). We analyzed
continuous data as mean difference (MD) or standardized mean
difference (SMD), and entered data presented as a scale with a
consistent direction of effect across studies.

For dichotomous outcomes, we calculated the absolute risk
difference using the risk difference statistic in RevMan 5, and
expressed the result as a percentage. For continuous outcomes, we
calculated the absolute risk difference as the improvement in the
intervention group minus the improvement in the control group, in
the original units, expressed as a percentage.

We calculated the relative percent change for dichotomous data as
the risk ratio - 1, and expressed it as a percentage. For continuous
outcomes, we calculated the relative difference in the change from
baseline as the absolute benefit divided by the baseline mean of the
control group, expressed as a percentage.

Unit of analysis issues

We did not anticipate any unit of analysis issues. All studies used
the participant as the unit of analysis. If a study had more than one
treatment arm for belimumab, we used the treatment arm with the
standard, approved dose of belimumab.

Dealing with missing data

In the case of significant missing data, we sent email queries to
the authors requesting the missing data. When data for variability
statistics (as standard deviations) were not available, we used the
baseline standard deviation. We described when missingness was
more than 20%. We did not plan to impute any missing data.

Assessment of heterogeneity

We assessed for clinical homogeneity by the following
characteristics: age, gender, race, disease duration, number of
immunosuppressives used or failed previously, and types of control
interventions. To assess statistical heterogeneity quantitatively,
we performed a Chi2 test and consider P < 0.10 as an indicator
of potentially significant heterogeneity. To examine statistical
heterogeneity qualitatively, we examined the 12 statistic. In
interpreting the 12 statistic, we used the recommendation in
the Cochrane Handbook for Systematic Reviews of Interventions,
which indicates that 0% to 40% might not be important; 30%
to 60% may represent moderate heterogeneity; 50% to 90%
may represent substantial heterogeneity; and 75% to 100%
considerable heterogeneity (Deeks 2011).

Assessment of reporting biases

We planned to make a funnel plot to assess reporting biases when
performing an analysis on 10 or more studies. The funnel plot is
a scatter plot with sample size on the y-axis and the treatment
effect on the x-axis. An asymmetry in the funnel plot is indicative
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of reporting bias or other biases related to small study size. Since
none of the comparisons had more than six studies, we could not
construct a funnel plot for any comparisons.

Data synthesis

When feasible, based on the absence of substantial or considerable
heterogeneity, we pooled data using meta-analysis. We used the
random-effects model as our default model for pooling outcomes
in the meta-analysis, because this is a more conservative approach.
We calculated the number needed to treat for an additional
beneficial outcome (NNTB) or for an additional harmful outcome
(NNTH) as the inverse of the absolute risk difference. We did this
using the Visual Rx calculator for dichotomous outcomes (Cates
2004). We calculated NNTB/H for continuous measures with help
from the Cochrane Musculoskeletal Group (CMSG) editorial office,
using the Wells calculator (available at the CMSG Editorial office,
musculoskeletal.cochrane.org/).

Subgroup analysis and investigation of heterogeneity

We planned the following subgroup analyses, pending data
availability.

1. By disease severity: participants stratified by baseline SLE
disease activity corresponding to mild versus moderate versus
severe SLE (as per different cut-offs on various scales). If data
were scarce, we planned to collapse the moderate and severe
categories.

2. By participant demographics: age (under 65 versus 65 years and
above); race or ethnicity.

3. By concomitant prednisone use: dose of prednisone < 7.5 mg/
day versus = 7.5 to 10 mg/day equivalent.

Sensitivity analysis

We had planned to carry out sensitivity analyses to assess the
impact of studies at low versus unclear risk of bias for allocation
concealment and blinding. However, these were not feasible
because the studies all had similar risks of bias for these domains.
We also planned to undertake sensitivity analyses using fixed-effect
models; we have summarized these for each outcome.

Summary of findings and assessment of the certainty of the
evidence

We constructed a 'Summary of findings' table (Summary of findings
1) in order to communicate the key outcomes of the review, as
recommended by The Cochrane Handbook for Systematic Reviews
of Interventions (Schunemann 2011a). We used GRADEpro GDT to
provide an overall grading of the certainty of the evidence in the
'Summary of findings' table (Schunemann 2011b). Outcomes in the
table included three beneficial outcomes (reduction in SELENA-
SLEDAI score, change in health-related quality of life, and reduction
of glucocorticoid dose) and four harmful outcomes (serious adverse
events, serious infections, withdrawals due to adverse events, and
deaths).

RESULTS

Description of studies
Results of the search

Of the 1854 titles identified by searches, the review authors
screened 1472 titles after de-duplication and selected 31 articles
for full-text review (Figure 1). We contacted one author for missing
information on random sequence generation (Wallace 2009). The
author responded by email, indicating that computer-randomized
code was used for randomization. We excluded 25 studies due to
various reasons, and included six in the quantitative analyses.
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Figure 1. Study flow diagram.
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Included studies

We included six original studies with 2917 participants in the
analyses (Furie 2008; Furie 2011; Navarra 2011; Stohl 2017; Wallace
2009; Zhang 2018). A detailed description of the included studies is
given in the 'Characteristics of included studies' table. All studies
were RCTs and contributed to the meta-analysis. These included
BLISS-52 (Navarra 2011) and BLISS-76 (Furie 2011). One study was
a phase-I RCT (Furie 2008); the remaining studies were phase-Il and
phase-IIl RCTs.

All studies compared belimumab to placebo and some contained
multiple dose comparisons (1, 4, 10 and 20 mg/kg in Furie 2008;
1, 4, and 10 mg/kg in Wallace 2009; 1 and 10 mg/kg in Furie 2011
and Navarra 2011). Zhang 2018 compared belimumab 10 mg/kg to
placebo and Stohl 2017 looked at the comparable subcutaneous
(SC) dose (200 mg). For the purpose of this review, we focused on
that standard dose (10 mg/kg; 200 mg SC). Study duration was from
84to 105 days for Furie 2008, 52 weeks for Navarra 2011, Stohl 2017,
Wallace 2009, Zhang 2018, and 76 weeks for Furie 2011. The studies
reported similar outcomes for benefits and harms except for Furie
2008, which reported primarily on safety and pharmacokinetics.

Excluded studies

Two studies were excluded from the current analysis and marked
as awaiting classification (D'Cruz 2019; Tanaka 2017). An additional
23 studies were excluded for various reasons, as described in the
'Characteristics of excluded studies' table: open-label extension
studies (Doria 2018; Furie 2018; Jacobi 2010; Merrill 2012; Strand
2019; van Vollenhoven 2019; Wallace 2019); studies with pooled
data (Cervera 2011; D'Cruz 2013; Dooley 2013; Manzi 2011; Stohl
2012; Strand 2014; van Vollenhoven 2012; Wallace 2013); case
series (Rademacher 2018); commentary (Gamble 2012); not a
belimumab treatment study (Petri 2013); protocol (Onno-Teng
2019); retrospective analysis (von Kempis 2019); study in children
(Brunner 2018) and vaccine substudy (Chatham 2012).

Risk of bias in included studies

The summary of risk of bias is shown in Figure 2 and Figure 3.
Details are provided for each study as part of the 'Characteristics of
included studies' table and briefly stated in the sections below.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

One study (Stohl 2017) was assessed as unclear for risk of
selection bias due to allocation concealment. All other studies were
determined to be low risk.

Blinding

All studies reported sufficient blinding and had low risk of
performance and detection bias.

Incomplete outcome data

Two studies had low risk of attrition bias (Furie 2008; Wallace 2009).
Four studies had high withdrawal rates (> 20%) or non-balanced
withdrawal rates, which could increase the risk of attrition bias
(Furie 2011; Navarra 2011; Stohl 2017; Zhang 2018).

Selective reporting

All studies had low risk of reporting bias.

Other potential sources of bias

All studies had low risk of other potential sources of bias.

Effects of interventions

See: Summary of findings 1 Belimumab 10 mg/kg compared to
placebo for systemic lupus erythematosus

Results described below and those in Summary of findings 1 looked
at the standard dose of belimumab in SLE (10 mg/kg intravenous
(IV); 200 mg subcutaneous (SC).

Belimumab 10 mg/kg vs placebo
Major outcomes

All studies provided data for this comparison. We summarize the
main findings in the section below.

Reduction in SELENA-SLEDAI score (at least a 4-point reduction) at 52
weeks

Based on data from four studies (2666 participants) at 52 weeks,
more participants in the belimumab group than in the placebo
group showed improvement (at least a 4-point reduction) in
SELENA-SLEDAI score (RR 1.33, 95% CI 1.22 to 1.45; 1 = 0%). The
absolute difference was 13% (95% Cl 8% to 17%) better in the
belimumab group with 829 of 1589 participants versus 424 of 1077
in the placebo group achieving this reduction. The NNTB was 8
(95% ClI 6 to 11). The risk was the same in a fixed-effect model (RR
1.33,95% Cl 1.22 to 1.46; 12=0%; Analysis 1.1).

Change in health-related quality of life on SF-36 PCS at 52 weeks

Based on data from two studies (801 participants), there was
probably no difference in the health-related quality of life as
measured by change in SF-36 PCS in participants in the belimumab
group compared with the placebo group (MD 1.60, 95% Cl 0.30 to
2.90; 12=0%; Analysis 1.2). The absolute risk difference was 1.60%
(95% C1 0.30% to 2.0%) higher (better) in the belimumab group.

Reduction of glucocorticoid dose by 50% or more at 52 weeks

Based on data from two studies (537 participants), the belimumab
group showed greater improvement in glucocorticoid dose, with
a higher proportion of participants reducing their dose by at least

50%, compared to placebo (RR 1.59, 95% Cl 1.17 to 2.15; I = 0%;
Analysis 1.3). The absolute risk difference was 11% (95% Cl 4% to
18%) better in the belimumab group, with 81 of 269 participants in
the belimumab group versus 52 of 268 in the placebo group having
atleasta50% reductionin dose. Therisk was similarin a fixed-effect
model (RR 1.58,95% Cl 1.17 to 2.14; 1> = 0%).

Participants with one or more serious adverse events (SAEs)

Based on data from five studies (2890 participants), there may be
little or no difference in the number of serious adverse events in
the belimumab group compared with the placebo group (RR 0.87,
95% Cl 0.68 to 1.11; I = 48% (suggesting moderate inconsistency);
Analysis 1.4). The absolute risk difference was 2% (95% CI -6% to
2%) less in the belimumab group with 238 of 1700 participants
in the belimumab group versus 199 of 1190 in the placebo group
experiencing at least one serious adverse event. The risk was the
same in a fixed-effect model (RR 0.87, 95% CI 0.74 to 1.04; 1> = 48%).

Participants with one or more serious infections

Based on data from four studies (2185 participants), there was
probably little or no difference in the number of serious infections
in the belimumab group compared with the placebo group (RR
1.01, 95% Cl 0.66 to 1.54; I> = 0%; Analysis 1.5). The absolute risk
difference was 0% (95% Cl -1% to 1%) with 44 of 1230 participantsin
the belimumab group versus 40 of 955 in the placebo group having
at least one serious infection. The risk was the same in a fixed-effect
model.

Withdrawals due to adverse events (AEs)

Based on data from five studies (2890 participants), there was
probably little or no difference in the proportion of participants who
withdrew due to adverse events in the belimumab group compared
with the placebo group (RR 0.82 (95% Cl 0.63 to 1.07; I*> = 0%;
Analysis 1.6). The absolute risk difference was 1% (95% CI -3% to
1%) fewer in the belimumab group with 113 of 1700 participants
in the belimumab group versus 94 of 1190 in the placebo group
withdrawing due to adverse effects. The risk was similar in a fixed-
effect model (RR 0.83, 95% C| 0.64 to 1.08; 12 = 0%).

Deaths

Based on data from six studies (2917 participants), there may be
little or no difference in the number of deaths in the belimumab
group compared with the placebo group (Peto odds ratio (OR)
1.15, 95% Cl 0.41 to 3.25; |2 = 0%; Analysis 1.7). The absolute risk
difference was 0% (95% Cl -1% to 1%) with nine deaths out of 1714
participants in the belimumab group and six deaths out of 1203
participants in the placebo group.

Subgroup and Sensitivity Analyses

We could not perform the planned subgroup analyses based on
baseline SLE severity, age groups, and dose of prednisone, due
to lack of available data. Neither could we undertake the planned
sensitivity analyses about allocation concealment and blinding,
as all studies contained similar low-level risks in both domains.
We did carry out the planned sensitivity analyses with fixed-effect
models, where appropriate, and summarized these within the main
reporting of results for each outcome.
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DISCUSSION

Summary of main results
Major Outcomes

At the FDA-approved dose of 10 mg/kg, belimumab was shown
to improve some benefits compared to placebo in people with
SLE, while evidence related to harms was inconclusive. Specifically,
belimumab 10 mg/kg was associated with a higher likelihood of
achieving at least a 4-point improvement (reduction) in SELENA-
SLEDAI score, a validated SLE disease activity score (RR 1.33, 95%
Cl 1.22 to 1.45; 12 = 0%; high-certainty evidence). More people
taking belimumab than those taking placebo had an improvement
(reduction) of glucocorticoid dose of at least 50% at 52 weeks
(RR 1.59, 95% CI 1.17 to 2.15; 12 = 0%; high-certainty evidence).
Change in HRQOL, assessed by SF-36 PCS score, showed an
increased mean change in belimumab over placebo of 1.6 points
(95% CI 0.30 to 2.90), which was probably not different and
did not meet the clinically-meaningful threshold of a 2.5 to 5-
point greater improvement (moderate-certainty evidence; 12 =0%).
Moderate-certainty evidence showed that there was probably little
or no difference in the proportion of participants with one or
more serious infections and in the proportion of participants who
withdrew due to adverse events. There was low-certainty evidence
to suggest little or no difference in either the number of participants
with one or more serious adverse events or in the number of deaths
(which were rare).

Overall completeness and applicability of evidence

The evidence presented in this systematic review is current
to 25 September 2019. The data presented here came from
studies that were mostly of 52 weeks' duration, thus providing
intermediate-term outcomes for people with SLE. Our systematic
review assessed the benefits and harms of the standard dose
of belimumab (10 mg/kg) compared to placebo in people with
SLE, who were recruited in multinational trials. Most trials were
funded by Human Genome Sciences or GlaxoSmithKline, the
developer of belimumab. They had similar designs, recruited
similar participants, used similar interventions and reported
similar outcome measures, thus allowing for meta-analyses for
several outcomes. Thus, the evidence here applies to a broad range
of people with SLE seen in the clinical practice, as it relates to the
short- to intermediate-term benefits and harms of belimumab in
the approved dose of 10 mg/kg, compared to placebo. However,
these study findings do not apply to people with SLE who have
active central nervous system disease or severe nephritis.

All trials compared belimumab to placebo, not an active
comparator, so the efficacy of belimumab compared to other
immunosuppressives or combinations of these drugs is unknown.
In the absence of longer follow-up studies, focusing on harms, the
long-term safety of belimumab is also unknown. Given the short-
term nature of these trials and the uncommon/rare occurrence of
some harms, differences between belimumab and comparator are
difficult to detect. Longer-term follow-up studies and registry data
are needed to better understand uncommon/rare harms related to
belimumab use. We planned several subgroup analyses according
to baseline SLE severity, age groups and dose of prednisone.
However, we could not perform any of these, since these data were
not available.

We prespecified sensitivity analyses based on allocation
concealment and blinding (low risk versus unclear risk) to try to
more completely understand our results. Given that all studies were
at low risk for blinding and only one study was at unclear risk
for allocation concealment (Stohl 2017), we did not perform these
sensitivity analyses.

Quality of the evidence

The certainty of the evidence for the three main beneficial
outcomes was moderate (downgraded due to imprecision) to high.
Certainty of evidence for the harmful outcomes was moderate
(downgraded due to imprecision) to low (downgraded due to
imprecision, inconsistency and small number of events). We noted
imprecision of estimates for all four harmful outcomes and the
HRQOL outcome.

Importantly, the risk of bias for the majority of the bias criteria
was low for most included studies and unclear in only some
instances. Three studies had high dropout rates (Furie 2011,
Navarra 2011; Stohl 2017); however, the follow-up in these studies
was quite long at 52 to 76 weeks, so this dropout rate is somewhat
explained by the length of RCT. With the exception of the study by
Wallace 2009, all studies were funded by Human Genome Sciences/
GlaxoSmithKline, the manufacturer of belimumab; most studies
described their role.

Potential biases in the review process

We extracted the data for this systematic review and meta-analysis
using standard methodology. Two of the review authors (NS,
JAS, AM, working in pairs) performed all data and 'risk of bias'
assessments independently. All authors entered data into RevMan
and cross-checked the accuracy of each other's data entry.

Agreements and disagreements with other studies or
reviews

There are few studies in the literature which have systematically
assessed the effect of belimumab on people with SLE. Overall, the
findings of our study compare favorably with other belimumab
systematic reviews and meta-analyses in the literature (Blair 2018;
Boyce 2012; Burness 2011; Kandala 2013; Lee 2018). We found
that major outcomes (reduction of at least four points in SELENA-
SLEDAI score and reduction of glucocorticoid dose by at least 50%)
in our study showed improvements at week 52. Another review
of belimumab use in SLE reported similar findings (Boyce 2012).
Similar reviews (Burness 2011, Kandala 2013) have shown favorable
results for all outcomes at week 52; however, the outcomes lost
benefit at week 76.

Our analysis of harmful outcomes in belimumab was inconclusive.
Efficacy and tolerability of belimumab were confirmed in a review
by Burness 2011. The major belimumab trials were conducted in
varied geographic regions and therefore were at risk of statistical
heterogeneity. Our review only found moderate heterogeneity
in one harmful outcome (participants with one or more serious
adverse events). Kandala 2013 also reported negative test results
for statistical heterogeneity. However, our review differs from
Kandala 2013 in terms of quality evaluation of the included studies.
The BLISS-52 and BLISS-76 had high withdrawal rates sufficient to
have an effect on the effect measure. We therefore assessed them
to have a high risk of attrition bias, whereas the previous meta-
analysis reported low risk for attrition bias.
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AUTHORS' CONCLUSIONS

Implications for practice

Belimumab 10 mg/kg probably shows benefit for reducing systemic
lupus erythematosus (SLE) disease activity and glucocorticoid
doses in SLE patients when compared to placebo. Evidence
related to the increase in the risk of serious infections, serious
adverse events, withdrawals due to adverse events or death was
inconclusive. The certainty of evidence for all outcomes except
serious adverse events and mortality was moderate to high. Longer-
term studies of belimumab are needed to confirm these results and
better assess harms.

Implications for research

The randomized controlled trials (RCTs) that provided evidence
for benefits and harms of belimumab were well designed, of
high quality and used validated outcomes. The trials' key primary
outcomes were clinically relevant and they reported these in
a transparent fashion. Harms assessment is always difficult in

RCTs, unless they have a large sample size or longer follow-
up, and this limitation also applies to this systematic review.
Open-label follow-up, registry and database studies, as well as
RCTs with active comparators, can provide more knowledge
regarding belimumab's benefits and harms. Longer-term studies
in subgroups of people categorized by SLE disease activity,
prednisone dose, type of immunosuppressive and comparison to
combination immunosuppressive regimens will further clarify the
role that belimumab can play in the treatment of people with
active SLE. Head-to-head active comparator trials should help
in expanding this knowledge. Trials in people with active lupus
nephritis, the most common visceral manifestation of SLE, may also
help us to understand its role in the treatment of renal disease.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [author-defined order]

Furie 2008

Study characteristics

Methods

« Country: USA
« Setting: multicenter
« Study design: RCT

Participants

« 70 participants, all = 18 years; median age: 38.5 years (range: 22 to 80)

« belimumab (1 mg/kg): randomized (n = 15); median age 36 years (range 22 to 56); M/F: 0/15

« belimumab (4 mg/kg): randomized (n = 14); median age 48.5 years (range 23 to 62); M/F: 1/13

« belimumab (10 mg/kg): randomized (n = 14); median age 37 years (range 22 to 61); M/F: 2/12

« belimumab (20 mg/kg): randomized (n = 14); median age 38.5 years (range 23 to 80 years); M/F: 1/13
« placebo: randomized (n = 13); median age 38 years (range 30 to 58 years); M/F: 2/11

Inclusion criteria:

« SLE as per ACR criteria; stable SLE activity for at least 2 months before screening; maintained with no
medication or with a stable treatment regimen; history of autoantibodies

Exclusion criteria:

« People with active lupus nephritis requiring hemodialysis, cyclophosphamide, or high-dose (> 60 mg)
prednisone, or who had received leflunomide, cyclosporin, intravenous gamma globulin, or plasma-
pheresis within 6 months of screening, people with active central nervous system lupus within 6
months of screening, a history of renal transplant, hypogammaglobulinemia or IgA deficiency, evi-
dence of clinically significant non-SLE-related acute or chronic disease, or a history of any serious in-
fection within 4 weeks of study entry, women who are pregnant or nursing

Interventions

Belimumab 1, 4, 10, or 20 mg/kg or placebo administered intravenously over at least 2 hours as a single
infusion or 2 infusions 21 days apart

Outcomes

1. Adverse events

2. Serious Adverse events

3. SELENA-SLEDAI score

4. Flare Index

5. Physician's Global Disease Assessment (PGA)

6. Short Form-36 (SF-36; version 2) Health Survey
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Furie 2008 (Continued)

7. Antibelimumab antibodies

8. CD20+ B cells and CD138+ plasmacytoid cells, anti-dsDNA antibodies, ANAs,

immunoglobulins (IgG, IgM, IgE, and IgA), and complement (C3 and C4).

9. Laboratory parameters (hematology, clinical chemistry, urinalysis)

Notes » 8cohorts: 4 single dose cohorts and 4 double dose cohorts
+ Follow-up time: 84 to 105 days
« No withdrawals
« Study funded by Human Genome Sciences
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Random sequence generation based on correspondence with the lead author
tion (selection bias) and his team.
Allocation concealment Low risk Central randomization based on correspondence with the lead author and his
(selection bias) team.
Blinding of participants Low risk Blinding of participants and personnel ensured based on correspondence with
and personnel (perfor- the lead author and his team.
mance bias)
All outcomes
Blinding of outcome as- Low risk Blinding of outcome assessment was ensured based on correspondence with
sessment (detection bias) the lead author and his team.
All outcomes
Incomplete outcome data  Low risk Missing outcome data balanced in numbers across intervention groups, with
(attrition bias) similar reasons for missing data across groups.
All outcomes
Selective reporting (re- Low risk Includes all expected outcomes, including those that were prespecified.
porting bias)
Other bias Low risk The study appears to be free of other sources of bias.
Furie 2011
Study characteristics
Methods « Country: international

« Setting: multicenter

 Study design: RCT

Participants

« 826/819 randomized/analyzed (7 withdrawn before 1st dose); all = 18 years

« belimumab (1 mg/kg): analyzed (n =271); age (40.0 + 11.4 years); M/F (18/253)
« belimumab (10 mg/kg): analyzed (n = 273); age (40.5 + 11.1 years); M/F (14/259)
« placebo: analyzed (n =275); age (40.0 + 11.9 years); M/F (23/252)

Inclusion criteria
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Diagnosis of SLE according to ACR revised criteria, active disease (SELENA-SLEDAI score = 6), seropos-
itivity as defined by 2 positive ANA or anti-dsDNA test results, stable treatment regimen = 30 days be-
fore the first study dose

Exclusion criteria

serious intercurrent illness, severe active lupus nephritis, severe central nervous system manifesta-
tions, pregnancy, prior treatment with B cell-targeted agent, any investigational biologic agent < 1
year of screening or an investigational non-biologic agent <60 days, IV cyclophosphamide <6 months
of screening, TNF inhibitor, anakinra, IVIG, prednisone > 100 mg/day, or plasmapheresis < 3 months
of screening, immunization with live vaccine < 1 month of screening

Interventions 1 mg/kg belimumab, 10 mg/kg belimumab, or placebo by intravenous (IV) infusion over 1 hour on days
0, 14, and 28 and every 28 days through week 72

Outcomes Efficacy measures
1. SLE responder index (SRI) response rate

2.

3.

4.

5.

6.

British Isles Lupus Assessment Group (BILAG) A organ domain score
Physician’s global assessment score

Physical component summary (PCS) score

Decrease in mean prednisone dose = 25% from baseline

SLE flare index

Biologic markers

1.

2.

Serum Ig, complement (C3 and C4), autoantibodies

Peripheral blood lymphocytes were collected at baseline and at weeks 8, 24, 52, and 76 to quantitate

B and T cell subsets.

Safety measures:

1

2

. Adverse events (AEs)

. Discontinuations due to AEs
. Deaths

. Malignant neoplasms

. Infections

. Infusion reactions

. Laboratory abnormalities

Notes .

Withdrawal rates in the placebo, 1 mg/kg belimumab, and 10 mg/kg belimumab groups were 25.5%,
20.3%, and 23.4%, respectively, at week 52, and 32.4%, 26.6%, and 30.0%, respectively, at week 76

Modified Intention-to-treat (ITT) analysis - should take at least one dose of intervention to be included
in the analysis. Itis a 'modified' ITT and not 'true' ITT as described by Cochrane guide on intervention
reviews (Higgins 2020)

Follow-up time: 52 weeks, 76 weeks
Study funded by Human Genome Sciences and GlaxoSmithKline

Risk of bias

Bias Authors' judgement  Support for judgement
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Random sequence genera-  Low risk Sequence generation randomized using centralized interactive voice response
tion (selection bias) system to 1 of 3 treatment groups in a 1:1:1 ratio.

Allocation concealment Low risk After screening, eligible participants were randomly assigned via a centralized
(selection bias) interactive voice response system to 1 of 3 treatment groups in a 1:1:1 ratio.
Blinding of participants Low risk With the exception of unblinded site pharmacists or designees whose respon-
and personnel (perfor- sibilities were restricted solely to receiving, preparing, and dispensing the
mance bias) study agent, all study site personnel and participants, as well as sponsor and
All outcomes clinical research organization personnel, were blinded to trial agent assign-

ments. Separate study monitors were responsible for the blinded (clinical) and
unblinded (study agent preparation) components of the trial.

Blinding of outcome as- Low risk All study site personnel and participants, as well as sponsor and clinical re-
sessment (detection bias) search organization personnel, were blinded to trial agent assignments.
All outcomes

Incomplete outcome data  High risk Proportion of missing outcomes high in both arms (20% in belimumab arm;
(attrition bias) 26% in placebo arm).
All outcomes

Selective reporting (re- Low risk Includes all expected outcomes, including those that were prespecified.
porting bias)

Other bias Low risk The study appears to be free of other sources of bias.
Navarra 2011

Study characteristics

Methods « Country: international

« Setting: multicenter
 Study design: RCT

Participants + 867/865 randomized/analyzed (2 withdrawn before 1st dose); all = 18 years
« belimumab (1 mg/kg): analyzed (n =288); age (35.0 + 10.6 years); M/F (17/271)
« belimumab (10 mg/kg): analyzed (n =290); age (35.4 + 10.8 years); M/F (10/280)
« placebo: analyzed (n =287); age (36.2 + 11.8 years); M/F (17/270)

Inclusion criteria

« Diagnosis of SLE according to ACR revised criteria, active disease (SELENA-SLEDAI score = 6), seropos-
itivity as defined by positive ANA (titre 21:80) or anti-dsDNA (=30 IU/mL) test results, stable treatment
regimen = 30 days before the first study dose

Exclusion criteria

« Severe active lupus nephritis or CNS lupus; pregnancy; previous treatment with any B-lympho-
cyte-targeted drug (including rituximab),intravenous cyclophosphamide within 6 months of enrol-
ment, and intravenous Ig or prednisone (> 100 mg/day) within 3 months

Interventions 1 mg/kg belimumab, 10 mg/kg belimumab, or placebo by intravenous (IV) infusion over 1 hour on days
0, 14, and 28 and every 28 days through week 48

Outcomes Efficacy measures

1. SLE responder index (SRI) response rate
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2. British Isles Lupus Assessment Group (BILAG) A organ domain score

3. Physician’s global assessment score

4. Physical component summary (PCS) score

5. Decrease in mean prednisone dose = 25% from baseline

6. SLE flare index

Biologic markers

1. Serum Ig, complement (C3 and C4), autoantibodies

Safety measures:

1. Adverse events (AEs)

2. Serious Adverse Events

3. Discontinuations due to AEs

4. Deaths

5. Malignant neoplasms

6. Infections

7. Infusion reactions

8. Laboratory abnormalities

Notes « Number of withdrawals: placebo (n = 61), belimumab 1mg/kg (n = 48), and belimumab 10mg/kg (n
=49)
+ Follow-up time: 52 weeks
«+ Study funded by Human Genome Sciences and GlaxoSmithKline
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Participants were randomized in a 1:1:1 ratio to placebo, or belimumab 1 mg/
tion (selection bias) kg or 10 mg/kg and assigned to treatment by use of a central interactive voice
response system.
Allocation concealment Low risk Participants who underwent all screening procedures and met the entry crite-
(selection bias) ria were enrolled in the study and assigned to treatment by use of a central in-
teractive voice response system, with the central randomization list provided
by Human Genome Sciences.
Blinding of participants Low risk Participants, investigators, study co-ordinators, and sponsors were masked to
and personnel (perfor- treatment assignment during intravenous administration of the drug.
mance bias)
All outcomes
Blinding of outcome as- Low risk Participants, investigators, study co-ordinators, and sponsors were masked
sessment (detection bias) to treatment assignment during assessment of the participants every 4 weeks
All outcomes during the 52-week trial until the database was locked.
Incomplete outcome data  High risk Proportion of missing outcomes high in both arms (17% in belimumab arm;

(attrition bias)
All outcomes

21% in placebo arm).
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Selective reporting (re- Low risk Includes all expected outcomes, including those that were prespecified
porting bias)

Other bias Low risk The study appears to be free of other sources of bias
Stohl 2017

Study characteristics

Methods « Country: international

« Setting: multicenter
 Study design: RCT

Participants « 836 randomized; all = 18 years
« belimumab 200mg SC (n =556); age (38.1 + 12.1 years); M/F (35/521)
« placebo (n =280); age (39.6 + 12.6 years); M/F (12/268)

Inclusion criteria

« Diagnosis of SLE according to ACR revised criteria with antinuclear antibodies or anti-double-strand
DNA (anti-dsDNA) antibodies and SELENA-SLEDAI score = 8. Participants must have received a stable
SLE medication regimen for at least 30 days prior to enrollment.

Exclusion criteria

« Severe lupus kidney disease (proteinuria > 6 gm/24 hours or equivalent according to a spot urinary
protein-to-creatinine ratio or a serum creatinine level > 2.5 mg/dl) or severe central nervous system
(CNS) lupus

Interventions Weekly doses of belimumab 200 mg or placebo administered SC with a prefilled syringe in addition to
stable doses of standard SLE therapy.

Outcomes Efficacy measures
1. SLE responder index (SRI) response rate components including SELENA-SLEDAI score
2. British Isles Lupus Assessment Group (BILAG) A organ domain score
3. Physician’s global assessment score
4. Decrease in mean prednisone dose = 25% from baseline
5. SLE flare index
Safety measures:
1. Adverse events (AEs)
2. Serious Adverse Events
3. Serious Infections
4. Discontinuations due to AEs
5. Deaths

6. AEs of special interest

Notes « High withdrawals in placebo group (n = 66; 24%) and belimumab group (n =93; 17%)
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+ Study funded by GlaxoSmithKline

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Participants were randomized 2:1 to receive weekly doses of belimumab 200
tion (selection bias) mg or placebo administered SC with a prefilled syringe in addition to stable
doses of standard SLE therapy.
Allocation concealment Unclear risk Does not state specifically that randomization was central.
(selection bias)
Blinding of participants Low risk Double-blind; dosing provided in pre-filled syringe.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Study described as double-blind.
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk Proportion of missing outcomes high in both arms (17% in belimumab arm;
(attrition bias) 24% in placebo arm).
All outcomes
Selective reporting (re- Low risk Includes all expected outcomes
porting bias)
Other bias Low risk The study appears to be free of other sources of bias
Wallace 2009
Study characteristics
Methods Country: international (USA and Canada)

Setting: multicenter
Study design: RCT

Participants

476/449 randomized/analyzed (27 withdrawn before 1st dose); all = 18 years
belimumab (1 mg/kg): analyzed (n = 114); age (42.0 + 11.7 years); M/F (7/107)
belimumab (4 mg/kg): analyzed (n = 111); age (42.6 + 10.7 years); M/F (6/105)
belimumab (10 mg/kg): analyzed (n=111); age (41.8 £ 11.7 years); M/F (6/105)
placebo: analyzed (n=113); age (42.2 £ 10.9 years); M/F (117/102)

Inclusion criteria

Participants fulfilling ACR criteria for SLE who had active disease as defined by a SELENA-SLEDAI score
of = 4 at screening, history of measurable autoantibodies (including any of the following: antinuclear
antibodies (ANAs), anti-dsDNA, anti-Sm, anti-RNP, anti-Ro, anti-La, or anticardiolipin), receiving a sta-
ble regimen of prednisone (5 to 40 mg/day), antimalarials, orimmunosuppressive agents for at least
60 days prior to day 0 (first dose)

Exclusion criteria
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Wallace 2009 (continued)

« Active lupus nephritis or central nervous system disease, pregnancy, and receipt of cyclosporine, in-
travenous immunoglobulin, biologics, cyclophosphamide, or dosages of prednisone > 100 mg/day
within 6 months

Interventions

1,4, or 10 mg/kg belimumab or placebo by intravenous infusion over 2 hours on days 0, 14, and 28, and
then every 28 days for 52 weeks plus standard of care

Outcomes

Efficacy measures

1. SLE responder index (SRI) response rate

2. British Isles Lupus Assessment Group (BILAG) A organ domain score
3. Physician’s global assessment score

4. Physical component summary (PCS) score

5. Decrease in prednisone dose

6. SLE flare index

Biologic markers

1. Serum Ig, complement (C3 and C4), autoantibodies, serum BLyS levels, peripheral blood lympho-
cytes

Safety measures:

1. Adverse events (AEs)

2. Serious Adverse Events

3. Discontinuations due to AEs
4. Deaths

5. Neoplams

6. Serious Infections

7. Infusion reactions

8. Laboratory abnormalities

Notes

« Withdrawals: belimumab 1 mg/kg (n = 27); belimumab 4 mg/kg (n = 17); belimumab 10 mg/kg (n =
21); placebo (n=20)

« Follow-up time: 52 weeks

Supported in part by NIH grant MO1 RR00043

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Lead author confirmed through email about random sequence generation.

Allocation concealment
(selection bias)

Low risk Lead author confirmed through email about central randomization.

Blinding of participants
and personnel (perfor-
mance bias)

Low risk Blinding of participants and personnel ensured as confirmed by lead author
through email.

Belimumab for systemic lupus erythematosus (Review) 26
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.

Better health. Cochrane Database of Systematic Reviews
Wallace 2009 (continued)
All outcomes
Blinding of outcome as- Low risk Blinding of outcome assessment was ensured as confirmed by the lead author

sessment (detection bias)
All outcomes

through email.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Missing outcome data in both arms were < 20% and balanced across interven-
tion groups, with similar reasons for missing data across groups.

Selective reporting (re-
porting bias)

Low risk Includes all expected outcomes, including those that were prespecified.

Other bias

Low risk The study appears to be free of other sources of bias.

Zhang 2018

Study characteristics

Methods

« Country: international (China, Japan, South Korea)
« Setting: multicenter
 Study design: RCT

Participants

« 705 randomized; all = 18 years
« belimumab 10 mg/kg (n = 470); age (32.3 + 9.7 years); M/F (32/419)
« placebo (n=235); age (31.7 + 9.2 years); M/F (16/210)

Inclusion criteria

« Diagnosis of SLE according to ACR classification criteria with a positive antinuclear antibody test result
and be receiving a stable SLE medication regimen for at least 30 days prior to enrollment.

Exclusion criteria

» Severelupuskidney disease or active nephritis requiring acute therapy within 90 days prior to baseline
« Central nervoussystem (CNS) lupus requiring therapeutic intervention within 60 days prior to baseline
« Those requiring new SLE medications other than glucocorticoids within 60 days prior to baseline

» Those who had received B cell-targeted therapy

Interventions

10 mg/kg belimumab or placebo by intravenous (IV) infusion in addition to standard of care on days 0,
14, and 28 and then every 28 days through week 48

Outcomes

Efficacy measures

1. SLE responder index (SRI) response rate, including SELENA-SLEDAI score
2. British Isles Lupus Assessment Group (BILAG) A organ domain score

3. Physician’s global assessment score

4. Physical component summary (PCS) score

5. SLE flare index

6. Decrease in prednisone dose

Safety measures:
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Zhang 2018 (Continued)

1. Adverse events (AEs)
2. Serious AEs
3. AEs of special interest

3. Discontinuations due to AEs

4. Deaths
Notes « Withdrawals: belimumab 10mg/kg (n = 82; 17%); placebo (n = 56; 24%)
«+ Study funded by GlaxoSmithKline
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Randomization schedules were created by study sponsor using validated soft-
tion (selection bias) ware.
Allocation concealment Low risk Staff members preparing belimumab and placebo formulations, which were
(selection bias) identical in appearance and labeled in a double-blind manner, were not in-
volved in other study activities.
Blinding of participants Low risk Study described as double-blind.
and personnel (perfor-
mance bias)

All outcomes

Blinding of outcome as- Low risk Staff members preparing belimumab and placebo formulations, which were
sessment (detection bias) identical in appearance and labeled in a double-blind manner, were not in-
All outcomes volved in other study activities.

Incomplete outcome data  High risk Proportion of missing outcomes high in both arms (17% in belimumab arm;
(attrition bias) 24% in placebo arm).

All outcomes

Selective reporting (re- Low risk Includes all expected, prespecified outcomes.
porting bias)

Other bias Low risk The study appears to be free of other sources of bias.

ACR: American College of Rheumatology

AE: adverse event

ANA: antinuclear antibodies

anti-dsDNA: anti-double-strandDNA

BILAG: British Isles Lupus Assessment Group
CNS: central nervous system

Ig: immunoglobulin

IV: intravenous

IVIG: intravenous immunoglobulin

M/F: male/female

RCT: randomized controlled trial

SC: subcutaneous

SELENA-SLEDAI: Safety of Estrogen in Lupus National Assessment (SELENA) - Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI)

SLE: systemic lupus erythematosus

TNF: tumor necrosis factor
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Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Brunner 2018

Study in children

Cervera 2011

Pooled data analysis

Chatham 2012 Vaccine substudy

D'Cruz 2013 Pooled data analysis
Dooley 2013 Pooled data analysis

Doria 2018 Open-label extension study
Furie 2018 Open-label extension study
Gamble 2012 Commentary

Jacobi 2010 Open-label extension study
Manzi 2011 Pooled data analysis

Manzi 2012 Pooled data analysis
Merrill 2012 Open-label extension study

Onno-Teng 2019

Protocol

Petri 2013 Not a belimumab treatment study
Rademacher 2018 Case series
Stohl 2012 Pooled data analysis

Strand 2014

Pooled data analysis

Strand 2019

Open-label extension study

van Vollenhoven 2012

Pooled data analysis

van Vollenhoven 2019

Open-label extension study

von Kempis 2019

Not a randomized controlled study, retrospective

Wallace 2013

Pooled data analysis

Wallace 2019

Open-label extension study

Characteristics of studies awaiting classification [ordered by study ID]

D'Cruz 2019

Methods

Multicenter, double-blind, placebo-controlled RCT, 52 weeks
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D'Cruz 2019 (Continued)

Participants People of self-identified black race, age 18 years or over, with active SLE

Interventions Monthly belimumab 10 mg/kg IV or placebo, plus standard of care

Outcomes SLE Responder Index response rate with modified SLEDAI-2K (S2K) scoring for proteinuria, 4-point
reduction in SELENA-SLEDAI, time to first flare, reduction in prednisone dose by 25%, adverse
events

Notes N =448 (97% female); study did not achieve primary endpoint but significant improvement in sub-
groups

Tanaka 2017

Methods Multicenter, placebo-controlled RCT, 52 weeks

Participants Age 18 or over with qualifying SELENA-SLEDAI score

Interventions IV belimumab 10 mg/kg or placebo every 28 days, plus standard SLE therapy
Outcomes Reduction in steroid dose, adverse events

Notes N =677; belimumab effective in steroid reduction

IV: intravenous

RCT: randomized controlled trial

SELENA-SLEDAI: Safety of Estrogen in Lupus National Assessment (SELENA) - Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI)

SLE: systemic lupus erythematosus

SLEDAI-2K: Safety of Estrogen in Lupus National Assessment (SELENA) - Systemic Lupus Erythematosus Disease Activity Index (SLEDAI)
2000

DATA AND ANALYSES

Comparison 1. Belimumab 10 mg/kg vs placebo - Major Outcomes

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Reduction of at least 4 pointsin SELE- 4 2666 Risk Ratio (M-H, Random, 1.33[1.22,1.45]
NA-SLEDAI at 52 weeks 95% Cl)
1.2 Change in health-related quality of 2 801 Mean Difference (IV, Ran- 1.60[0.30, 2.90]
life, on Short-Form 36 PCS score at 52 dom, 95% Cl)
weeks
1.3 Steriod sparing with prednisone dose 2 537 Risk Ratio (M-H, Random, 1.59[1.17,2.15]
reduced by 50% or more at week 52 95% Cl)
1.4 Participants with at least one serious 5 2890 Risk Ratio (M-H, Random, 0.87[0.68, 1.11]
adverse event 95% Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.5 Participants with at least one serious 4 2185 Risk Ratio (M-H, Random, 1.01[0.66, 1.54]
infection 95% Cl)
1.6 Withdrawals due to adverse events 5 2890 Risk Ratio (M-H, Random, 0.82[0.63, 1.07]
95% Cl)
1.7 Deaths 6 2917 Peto Odds Ratio (Peto, 1.15[0.41, 3.25]
Fixed, 95% Cl)
Analysis 1.1. Comparison 1: Belimumab 10 mg/kg vs placebo - Major Outcomes,
Outcome 1: Reduction of at least 4 points in SELENA-SLEDAI at 52 weeks
Belimumab Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Furie 2011 127 273 97 275  18.8% 1.32[1.07, 1.62] -

Navarra 2011 169 290 132 287  31.2% 1.27[1.08 , 1.49] -

Stohl 2017 284 556 103 280  26.0% 1.39[1.17, 1.65] -

Zhang 2018 249 470 92 235 24.0% 1.35[1.13, 1.62] -

Total (95% CI) 1589 1077 100.0% 1.33[1.22, 1.45] ’

Total events: 829 424

Heterogeneity: Tau? = 0.00; Chi? = 0.64, df = 3 (P = 0.89); I = 0% oo o 0

Test for overall effect: Z = 6.28 (P < 0.00001)
Test for subgroup differences: Not applicable

Favours placebo

Favours belimumab

Analysis 1.2. Comparison 1: Belimumab 10 mg/kg vs placebo - Major Outcomes, Outcome

2: Change in health-related quality of life, on Short-Form 36 PCS score at 52 weeks

Belimumab Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Navarra 2011 4.19 10.2176 290 2.84 10.1646 287 61.1% 1.35[-0.31, 3.01] B
‘Wallace 2009 3.4 8.4285 111 1.4 7.4411 113 38.9% 2.00 [-0.08 , 4.08] I
Total (95% CI) 401 400 100.0% 1.60 [0.30, 2.90] ‘
Heterogeneity: Tau? = 0.00; Chi2=0.23, df =1 (P =0.63); 2 = 0%
Test for overall effect: Z = 2.42 (P = 0.02) 10 5 5 10

Test for subgroup differences: Not applicable Favours placebo

Favours belimumab
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Analysis 1.3. Comparison 1: Belimumab 10 mg/kg vs placebo - Major Outcomes,

Outcome 3: Steriod sparing with prednisone dose reduced by 50% or more at week 52

Belimumab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Navarra 2011 64 231 39 220 73.2% 1.56 [1.10, 2.22] -
Wallace 2009 17 38 13 48  26.8% 1.65[0.92, 2.96] 1l =
Total (95% CI) 269 268 100.0% 1.59[1.17, 2.15] ‘
Total events: 81 52

Heterogeneity: Tau? = 0.00; Chi2 = 0.03, df = 1 (P = 0.87); I2 = 0%
Test for overall effect: Z = 3.00 (P = 0.003)
Test for subgroup differences: Not applicable

02 05
Favours placebo

Favours belimumab

Analysis 1.4. Comparison 1: Belimumab 10 mg/kg vs placebo - Major

Outcomes, Outcome 4: Participants with at least one serious adverse event

Belimumab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Furie 2011 61 273 54 275 24.2% 1.1410.82, 1.58] i P
Navarra 2011 41 290 36 287  19.0% 1.13[0.74, 1.71] I
Stohl 2017 60 556 44 280  22.0% 0.69 [0.48, 0.99] ———
Wallace 2009 18 111 22 113 12.9% 0.83[0.47, 1.47] —
Zhang 2018 58 470 43 235 21.9% 0.67 [0.47,0.97] — -
Total (95% CI) 1700 1190 100.0% 0.87[0.68 , 1.11]
Total events: 238 199

Heterogeneity: Tau2 = 0.04; Chi2 = 7.66, df = 4 (P = 0.10); 12 = 48%
Test for overall effect: Z = 1.12 (P = 0.26)

01 02 05 1 2 5
Favours belimumab

Test for subgroup differences: Not applicable

Analysis 1.5. Comparison 1: Belimumab 10 mg/kg vs placebo - Major
Outcomes, Outcome 5: Participants with at least one serious infection

10

Favours placebo

Belimumab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Furie 2011 20 273 16 275  44.7% 1.26 [0.67 , 2.38]
Navarra 2011 13 290 17 287  36.5% 0.76 [0.37, 1.53]
Stohl 2017 8 556 3 280 10.4% 1.34[0.36, 5.02] JR
Wallace 2009 3 111 4 113 8.3% 0.76 [0.17, 3.33] PR S
Total (95% CI) 1230 955 100.0% 1.01 [0.66 , 1.54]
Total events: 44 40
Heterogeneity: Tau2 = 0.00; Chi2 = 1.43, df = 3 (P = 0.70); I> = 0% 0.01 01 1 10 100

Test for overall effect: Z = 0.04 (P = 0.97)

Favours belimumab

Test for subgroup differences: Not applicable

Favours placebo
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Analysis 1.6. Comparison 1: Belimumab 10 mg/kg vs placebo -
Major Outcomes, Outcome 6: Withdrawals due to adverse events

Belimumab Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Furie 2011 23 273 23 275 23.0% 1.01[0.58, 1.75] R —
Navarra 2011 15 290 19 287 16.3% 0.780.41, 1.51] - =l
Stohl 2017 40 556 25 280  30.7% 0.81[0.50, 1.30] J -
Wallace 2009 8 111 5 113 6.0% 1.63[0.55, 4.83] JRR S
Zhang 2018 27 470 22 235 24.1% 0.61[0.36, 1.05] ———
Total (95% CI) 1700 1190 100.0% 0.82[0.63, 1.07]

%

01 02 05 1 2 5 10
Favours belimumab Favours placebo

Total events: 113 94
Heterogeneity: Tau2 = 0.00; Chi2 = 3.20, df =4 (P = 0.53); 2= 0%
Test for overall effect: Z = 1.43 (P = 0.15)

Test for subgroup differences: Not applicable

Analysis 1.7. Comparison 1: Belimumab 10 mg/kg vs placebo - Major Outcomes, Outcome 7: Deaths

Belimumab Placebo Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total  Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Furie 2008 0 14 0 13 Not estimable
Furie 2011 1 273 0 275 7.0% 7.4410.15, 375.13] >
Navarra 2011 4 290 3 287 48.6% 1.32[0.30, 5.86]
Stohl 2017 3 556 2 280 31.1% 0.75[0.12, 4.80] :.E
Wallace 2009 1 111 0 113 7.0% 7.52[0.15, 379.21] N
Zhang 2018 0 470 1 235 6.2% 0.05[0.00,3.18] ¢
Total (95% CI) 1714 1203 100.0% 1.15 [0.41, 3.25]

Total events: 9 6
Heterogeneity: Chi2 = 4.19, df =4 (P =0.38); 2 = 4%
Test for overall effect: Z = 0.26 (P = 0.79)

Test for subgroup differences: Not applicable

APPENDICES

Appendix 1. Search strategy for MEDLINE

1. exp lupus erythematosus, cutaneous/ or exp lupus erythematosus, systemic/
2. lupus.tw.

3. sle.tw.

4.0r/1-3

5. Antibodies, Monoclonal/

6. Belimumab.tw.

7. Belimumabum.tw.

8. Benlysta.tw.

9. B-lymphocyte stimulator$.tw.

Favours belimumab

el

0.01

0.1

1 10 100
Favours placebo

Cochrane Database of Systematic Reviews

Belimumab for systemic lupus erythematosus (Review)
Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

33



c Coch rane Trusted evidence.
= . Informed decisions.
] Ll b ra ry Better health.

Cochrane Database of Systematic Reviews

10. BLyS.tw.

11. or/5-10

12.4and 11

13. randomized controlled trial.pt.
14. controlled clinical trial.pt.

15. randomized.ab.

16. placebo.ab.

17. drug therapy.fs.

18. randomly.ab.

19. trial.ab.

20. groups.ab.

21.0r/13-20

22. (animals not (humans and animals)).sh.
23.21not 22

24.12 and 23

Appendix 2. Search strategy for CENTRAL

#1 MeSH descriptor Lupus Erythematosus, Cutaneous explode all trees
#2 MeSH descriptor Lupus Erythematosus, Systemic explode all trees
#3 lupus:ti,ab

#4 sle:ti,ab

#5 (#1 OR #2 OR #3 OR #4)

#6 MeSH descriptor Antibodies, Monoclonal, this term only

#7 Belimumab:ti,ab

#8 Belimumabum:ti,ab

#9 Benlysta:ti,ab

#10 "B-lymphocyte stimulator*":ti,ab
#11  BLyS:tiab
#12 (#6 OR #7 OR #8 OR #9 OR #10 OR #11)

#13  (#5AND #11)

Appendix 3. Search strategy for EMBASE

1. exp lupus erythematosus/
2. lupus.tw.

3.sle.tw.
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4. 0r/1-3

5. belimumab/

6. belimumab.tw.

7. Belimumabum.tw.

8. Benlysta.tw.

9. B-lymphocyte stimulator$.tw.
10. BLyS.tw.

11.0r/5-10

12.4and 11

13. (randomS$ or placeboS$).ti,ab.
14. ((single$ or double$ or triple$ or treble$) and (blind$ or mask$)).ti,ab.
15. controlled clinical trial$.ti,ab.
16. RETRACTED ARTICLE/
17.0r/13-16

18. (animal$ not human$).sh,hw.
19.17 not 18

20.12and 19

Appendix 4. Search strategy for CINAHL
S1 (MH "Lupus Erythematosus, Cutaneous") OR (MH "Lupus Erythematosus, Systemic+")

S2 Tl lupus OR AB lupus

S3TIsle ORABsle

S4 (MH "Antibodies, Monoclonal")

S5 Tl Belimumab OR AB Belimumab

S6 Tl Belimumabum OR AB Belimumabum

S7 Tl Benlysta OR AB Benlysta

S8 Tl B-lymphocyte stimulator* OR AB B-lymphocyte stimulator®
SO TI BLyS OR AB BLyS

S10S1lorS2orS3

S11 S4 or S5or S6 or ST or S8 or S9

Appendix 5. Search strategy for the Web of Science

Topic=(lupus OR sle)

AND

Topic=(Belimumab OR Belimumabum OR Benlysta OR B-lymphocyte stimulator* OR BLyS)

Refined by document type (Meeting or Abstract)
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Appendix 6. Search strategy for World Health Organization International Clinical Trials Registry Platform

Belimumab OR Belimumabum OR Benlysta OR B-lymphocyte stimulator* OR BLyS in Intervention
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

In order to harmonize outcomes with other reviews of interventions for SLE, an outcome focused on reduction of glucocorticoid dose by
at least 50% was added to the 'Summary of Findings' table. This decision was approved by the Cochrane Musculoskeletal Group editors.
The quality of life outcome reported was the Physical Component Score (PCS) of the SF-36.

INDEX TERMS

Medical Subject Headings (MeSH)

Antibodies, Monoclonal, Humanized [adverse effects] [*therapeutic use]; Bias; Glucocorticoids [therapeutic use]; Immunosuppressive
Agents [adverse effects] [*therapeutic use]; Lupus Erythematosus, Systemic [*drugtherapy] [mortality]; Placebos [therapeutic use];
Quality of Life; Randomized Controlled Trials as Topic; Treatment Outcome
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MeSH check words
Adult; Aged; Aged, 80 and over; Female; Humans; Male; Middle Aged; Young Adult
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