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Abstract

Systemic lupus erythematosus (SLE) is a chronic autoimmune inflammatory disease affecting both adults and children.

Belimumab is the only biologic approved for SLE, and the first in a class of drugs known as B-lymphocyte stimulator-

specific inhibitors. The introduction of intravenous belimumab in 2011 was a major advance, being the first new therapy

approved for SLE in over 50 years. As of April 2021, more than 7200 people with SLE have received belimumab in clinical

studies, and it is approved in over 75 countries for the treatment of adults with SLE. A subcutaneous, self-injectable

belimumab formulation was licensed in 2017 by both the US Food and Drug Administration (FDA) and European

Medicines Agency (EMA). Belimumab was then approved for use in children in Europe, the USA and Japan in 2019,

and China and Brazil in 2020. Recently, belimumab became the first FDA-approved drug for the treatment of adults with

active lupus nephritis (LN), the most-common severe manifestation of SLE.

Over the past 10 years, belimumab has established its position as a disease modifier in the SLE treatment paradigms.

Robust evidence from randomised clinical studies and observational, real-world studies has demonstrated the tolera-

bility and efficacy of belimumab for reducing disease activity and the risk of new, severe SLE flares. This enables patients

to taper their glucocorticoid use, which limits damage accumulation. Significantly more patients with active LN met the

criteria for renal responses and were at less risk of a renal-related event or death after receiving belimumab plus

standard therapy, compared with standard therapy on top of mandatory steroid reduction. Ongoing clinical studies are

evaluating belimumab’s effectiveness in various indications beyond SLE. Post-marketing and registry studies are gathering

additional data on key areas such as pregnancy outcomes after belimumab exposure and belimumab co-administration

with other biologics.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic auto-

immune inflammatory disease that involves the pro-

duction of autoantibodies and deposition of immune

complexes.1,2 SLE presents with various clinical mani-

festations,3 among the most severe being lupus nephri-

tis (LN), and SLE occurs more commonly and with

poorer long-term outcomes in people of Asian or

Black African ancestry and Hispanic populations

than in other populations.4–6 Although rare,

childhood-onset SLE is associated with more severe

disease and greater morbidity and mortality than

adult-onset SLE, and until recently, there were no

approved therapies for use in children with SLE,
making management of paediatric patients even more
challenging.7,8

Belimumab is a recombinant, human, immunoglob-
ulin G1 lambda (IgG1k) monoclonal antibody (mAb)
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that binds to and antagonises soluble B-lymphocyte

stimulator protein (BLyS); it was developed as a

novel biologic treatment for SLE. BLyS promotes the

survival and differentiation of B lymphocytes into Ig-

producing plasma cells9,10 and appears to play a key

role in the pathogenesis of SLE and other autoimmune

diseases.9 Here, we discuss the development and

approval of belimumab, and review how clinical studies

and real-world experience with belimumab over the last

decade have cemented its important role in the treat-

ment armamentarium for SLE.

What did the SLE treatment landscape look like

before belimumab?

Prior to the introduction of belimumab, there was a

considerable unmet need for therapies to manage

SLE, with available treatments involving the use of

drugs such as antimalarials, corticosteroids and

non-specific immunosuppressants.11 In 1948, aspirin

became the first drug to be approved by the US

Food and Drug Administration (FDA) for treatment

of lupus.12 The first documented use of glucocorticoids

in lupus involved the administration of cortisone in a

single patient in 1950.13 Chloroquine became available

in 1953, followed by the FDA approval of both

hydroxychloroquine and corticosteroids for lupus in

1955 (Figure 1).12,14,15

How did the discovery of BLyS lead to the

development of belimumab?

The treatment of SLE evolved and benefitted from

advances in understanding of the inflammatory and

1894: First reported use of quininePre-1960

1990

2000

2010

2020

1898: First reported use of quinine plus salicylates
1948: Aspirin is the first drug approved by the FDA to treat lupus
1950: First documented use of cortisone (glucocorticoid)
1953: Introduction of chloroquine
1955: FDA approves hydroxychloroquine and corticosteroids to treat lupus

1992: Founding of HGS and TIGR

1998: First report of BLyS gene (HNEDU15)
1999: First peer-reviewed publication describing BLyS
2000: Development of anti-BLyS antibody

2001: Phase 1 trial of belimumab initiated in patients with SLE
2003: Results of Phase 1 trial of belimumab in patients with SLE (April)
2003: Phase 2 trial of belimumab initiated in patients with SLE (September)
2005: GSK exercises option for continued development of belimumab and commits to Phase 3 trial in partnership with HGS
2005: Results of Phase 2 trial of belimumab in patients with SLE
2007: BLISS-52 Phase 3 trial initiated (February), BLISS-76 Phase 3 trial initiated (May)
2009: Positive results announced from BLISS-52 Phase 3 trial (July) and BLISS-76 Phase 3 trial (November)

2011: FDA approves belimumab for the treatment of adults with active, autoantibody-positive SLE who are receiving ST and EMA 
approves belimumab as add-on therapy in adult patients with active, autoantibody-positive SLE with a high degree of 
disease activity despite ST

2017: FDA and EMA approve a subcutaneous self-injectable formulation of belimumab for adults with active SLE plus ST
2017: Belimumab approval in Japan for the treatment of patients with SLE who are inadequate responders to existing therapies
2019: Belimumab approval in China as add-on therapy for patients with active SLE and high disease activity despite ST
2019: FDA and EMA approve belimumab as an add-on therapy in children aged ≥5 years with active, autoantibody-positive SLE
2020: FDA approves belimumab for the treatment of adults with active LN who are receiving ST
2020: Belimumab approval in China as an add-on therapy in children aged ≥5 years with active, autoantibody-positive SLE
2021: EMA and Brazil and Chile Health agencies approve belimumab for the treatment of adults with active LN who are
 receiving ST

Figure 1. Key milestones in the development of belimumab and the treatment of SLE and LN.
BLyS: B-lymphocyte stimulator; EMA: European Medicines Agency; FDA: Food and Drug Administration; GSK: GlaxoSmithKline; HGS:
Human Genome Sciences; LN: lupus nephritis; SLE: systemic lupus erythematosus; ST: standard therapy for SLE; TIGR: The Institute
for Genomics Research.
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immunological pathways involved in this disease.11

Human Genome Sciences (HGS; Rockville, MD,
USA) and The Institute for Genomics Research
(TIGR) were established in 1992 with the aim of
using human DNA sequences in drug discovery. HGS
carried out extensive screening of hundreds of tissue-
specific human cDNA libraries. From one search of a
library derived from primary human neutrophils, a
single cDNA clone (HNEDU15) was identified, which
encoded a new member of the tumour necrosis factor
(TNF) ligand superfamily. The protein product of the
HNEDU15 transcript was BLyS, a type II transmem-
brane protein that exists in both membrane-bound and
soluble forms.16

The association between BLyS and human SLE was
described in 2001 by research demonstrating a frequent
increase in circulating BLyS levels in patients with
SLE,17,18 thus providing the rationale to investigate
the use of BLyS antagonists.16 HGS in collaboration
with Cambridge Antibody Technology (Cambridge,
UK; acquired by AstraZeneca in 2006) screened a
human single-chain antibody phage-display library to
detect clones that bound to human BLyS. One of the
identified clones selected for further development, ini-
tially named ‘LymphoStat B’, subsequently became
belimumab.16 GlaxoSmithKline (Brentford, UK) col-
laborated with HGS on belimumab’s development
from 1996 until 2012, and acquired HGS in 2012.

Belimumab was first approved as an intravenous (IV)
formulation by both the FDA and European Medicines
Agency (EMA) in 2011. This constituted a historic
moment in the lupus community, because belimumab
was the first new therapy approved for this disease in
over 50 years.15 Belimumab is now approved in over 75
countries for adult patients with SLE.

Following the approval of the IV formulation, there
have been many milestones for belimumab (Figure 1);
most recently, it became the first drug to be approved
by the FDA for the treatment of adults with active LN
who are receiving standard therapy (ST).

What were the findings from initial clinical studies
of belimumab?

Phase 1 clinical study of belimumab. A randomised,
double-blind, placebo-controlled, dose-ranging Phase
1 study (NCT00657007) of belimumab in patients
with mild-to-moderate SLE was initiated in 2001 by
HGS. The study demonstrated a reduction in periph-
eral blood B cells and circulating anti-double-stranded
deoxyribonucleic acid (dsDNA) antibody levels across
all doses in patients receiving belimumab, which was
not observed in patients receiving placebo. The inci-
dence of adverse events (AEs) with belimumab at all
tested doses (1, 4, 10 or 20mg/kg as a single infusion or

two infusions 21 days apart) was similar to that with

placebo. As this was a Phase 1 study, it was not possi-

ble to demonstrate significant clinical efficacy, due to

the small number of patients, and the short treatment

schedule and follow-up period.19 The results of the

Phase 1 study were sufficiently robust to prompt initi-

ation of a Phase 2 study in SLE, during which time

GlaxoSmithKline exercised its option to support the

continued development of belimumab, and committed

to conducting a Phase 3 study in partnership with HGS
(Figure 1).16

Phase 2 clinical study of belimumab and the development

of the SLE Responder Index-4 (SRI-4). In late 2003, a 52-

week, randomised, double-blind, placebo-controlled,

Phase 2 study (NCT00071487) was initiated to evaluate

the effects of IV belimumab (1, 4 or 10mg/kg) or pla-
cebo in adult patients with SLE (N¼ 449).20 All

patients also received ST (i.e. corticosteroids, antima-

larials and/or immunosuppressants except IV cyclo-

phosphamide), and belimumab was administered on

Days 0, 14 and 28, and every 28 days thereafter. The

co-primary endpoints were percent change from base-

line in Safety of Estrogens in Lupus Erythematosus

National Assessment–Systemic Lupus Erythematosus

Disease Activity Index (SELENA-SLEDAI) score at

Week 24 and time to first mild/moderate or severe

SLE flare (SELENA-SLEDAI Flare Index [SFI]21)

over 52weeks, neither of which was met. However,

post hoc analyses suggested that serologically active

patients (as opposed to those who had a history of mea-

surable autoantibodies) responded significantly better
to belimumab therapy plus ST than those receiving ST

alone.20 Moreover, in the belimumab-treated group,

those patients who had more active disease (SLEDAI

scores �6, as opposed to �4 to <6) and who were

autoantibody-positive showed greater improvement

compared with all belimumab-treated patients.22

Subsequent post hoc analyses were possible because

the Phase 2 study included a large patient population

and had a robust design. These highlighted several

characteristics of the study that likely contributed to

the failure of the study to meet its co-primary end-
points. Firstly, the entry criteria required an SLE diag-

nosis based on historical presence of measurable

autoantibodies, but confirmation at baseline was not

required. Secondly, the widespread and poorly con-

trolled use of prednisone and other immunosuppres-

sants during the Phase 2 study, and the ability to

make unlimited changes to these medications, con-

founded assessment of SLE disease activity and

response.20 Thirdly, the SELENA-SLEDAI score com-

prising the co-primary endpoint was not designed to

capture changes over time, and its correct use and

Levy et al. 3
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interpretation can vary depending on the experience
level and expertise of the investigator.23

Taking all these factors into consideration, it was
evident that there was a need to develop a new and
robust instrument to measure disease activity and clin-
ical response in clinical studies of SLE. Using the
Outcome Measures in Rheumatology Trials
(OMERACT), guidance from the European League
Against Rheumatism (EULAR), and regulatory
requirements of the FDA and EMA as guiding princi-
ples, the SRI24 was developed as a composite instru-
ment that incorporates two disease activity indices
(SELENA-SLEDAI and British Isles Lupus
Assessment Group [BILAG]) plus the Physician’s
Global Assessment (PGA; scored on a 0 to 3 visual
analogue scale [VAS]). Using the SRI, a patient with
SLE is classified as a responder if they achieve a �4-
point reduction in SELENA-SLEDAI score, have no
new BILAG A or �2 new BILAG B organ domain
scores, and there is no worsening (i.e. <0.3-point
increase) in PGA score versus baseline;24 because of
this requirement for a 4-point improvement, the SRI
is also known as the SRI-4. SRI-4 response has been
associated with improvements in clinical, laboratory
and patient reported outcome measures in patients
with moderate to severe SLE.25

Which pivotal studies led to the approval of
belimumab and which trials further support its
efficacy and safety?

Phase 3 clinical studies of belimumab. Knowledge of the
study limitations identified from the Phase 2 clinical
study of belimumab guided the design of the subse-
quent pivotal Phase 3 clinical studies of belimumab.
Based on this knowledge, the pivotal studies included
only autoantibody-seropositive patients with con-
firmed SLE at study baseline, strictly regulated changes
to concomitant medications after initiation of
belimumab therapy only, and used the SRI-4 as the
primary endpoint.26,27

Pivotal studies: BLISS-52 and BLISS-76. The multi-
centre, randomised, placebo-controlled BLISS-52
(NCT00424476) and BLISS-76 (NCT00410384) pivotal
Phase 3 studies were initiated by GlaxoSmithKline and
HGS in 2007 and conducted in parallel.26,27 Patients
with SLE receiving ST (BLISS-52, N¼ 867; BLISS-
76, N¼ 819) were randomised to either IV belimumab
1mg/kg or 10mg/kg, or placebo on Days 0, 14 and 28,
and every 28 days thereafter for 48weeks (BLISS-52) or
72weeks (BLISS-76) (Figure 1). Belimumab dose selec-
tion was based on the combined findings of toxicology
studies in cynomolgus monkeys and the safety, efficacy
and pharmacokinetics (PK) data from Phase 1 and 2

studies in patients with SLE, and the Phase 2 study in
patients with RA. In these studies, both 1 and 10mg/kg
doses were biologically active, well tolerated and
appeared safe, producing trough levels of active drug
in excess of BLyS concentrations in the peripheral cir-
culation. Inclusion of both doses permitted evaluation
of whether the 10mg/kg dose provided greater or more
rapid benefit than the 1mg/kg dose (there was a trend
for faster reduction in SELENA-SLEDAI score and
greater reductions in corticosteroid use with the
higher dose, observed in the Phase 2 SLE study), and
enabled the efficacy of both doses to be confirmed sep-
arately. Finally, although the 20mg/kg belimumab
dose used in the Phase 1 study provided valuable
safety and exposure data that were used to inform reg-
ulatory discussions, there was concern that a higher
cost of therapy would limit patient access to this treat-
ment globally; therefore, this dose was not included in
Phase 3 studies.

BLISS-52 recruited patients from Latin America,
Asia-Pacific and Eastern Europe, while BLISS-76
recruited patients from Western Europe and
Northern/Central America, resulting in the latter pop-
ulation including a greater proportion of patients of
Black African ancestry.26,27 In both studies, belimumab
was associated with a significantly higher SRI-4
response rate at 52weeks than placebo, denoting a clin-
ically meaningful improvement in SLE disease activity
(Figure 2).26,27

Compared with placebo, belimumab treatment also
reduced the number of severe SLE flares and the risk of
having a new severe flare over a year, as measured by
the SFI and BILAG domain scores.26,27 The safety
profiles of both belimumab doses were similar to that
of placebo, with similar rates of serious and severe AEs
observed across treatment groups.26,27

Pivotal study: BLISS-SC. The 52-week, randomised,
double-blind, placebo-controlled BLISS-SC
(NCT01484496) study was designed to evaluate the
efficacy, safety and tolerability of a weekly fixed-dose
formulation of belimumab 200mg, administered via SC
injection using a prefilled syringe, in patients with SLE
also receiving ST (N¼ 839).28 The SC formulation of
belimumab was developed prior to completion of the
Phase 3 IV program, with the aim of improving patient
convenience and independence, and to reduce the
healthcare burden of IV belimumab.29 The 200mg
dose was derived from a prior post hoc population
PK and simulation analysis demonstrating that the
PK profile, after weekly SC belimumab 200mg
dosing, was consistent with that of monthly IV
belimumab 10mg/kg dosing, resulting in steady state
average plasma belimumab concentrations.29 A maxi-
mum of �1–1.2mL can be injected per administration,
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and increasing the belimumab concentration within
this volume likewise increases the viscosity of the solu-

tion. Therefore, this 200mg/mL belimumab dose rep-

resents the limiting factor and resulted in a weekly
dosing schedule to match the average plasma concen-

trations of IV belimumab. Placebo was the compara-

tor, despite the availability of the IV belimumab
formulation, because the resources and investment

required to conduct a non-inferiority study of IV

versus SC belimumab formulations made that option
unfeasible; this was acknowledged and accepted by

both the FDA and EMA.
In BLISS-SC, belimumab when added to ST dem-

onstrated a significantly greater SRI-4 response

(Figure 2), significant improvements in both time to,

and risk of severe SFI flare, and a numerically greater
steroid-sparing effect, compared with placebo plus ST.

Overall, patients in the SC belimumab group experi-

enced fewer renal flares, and significantly fewer
patients with baseline proteinuria >0.5 g/24 h who

were receiving belimumab experienced a renal flare,

compared with the placebo group. Incidences of AEs
and serious AEs were similar between treatment

groups.28

SC belimumab can be given using either a prefilled
syringe or an autoinjector, thus providing healthcare

professionals (HCPs) and patients with options for

belimumab administration that best suit their individ-
ual needs.

Pivotalstudy:BLISS-NEA. BLISS-NEA (NCT01345253),
like the BLISS-52 and -76 studies, was a 52-week, mul-

ticentre, randomised, double-blind, placebo-controlled

study of the efficacy and safety of IV belimumab
10mg/kg treatment among patients with clinically
active SLE (defined as a SELENA-SLEDAI score

�8 at screening) receiving ST located in China, Japan
and South Korea (N¼ 677).30 This study was con-

ducted to obtain more data on patients from
North East Asia, a group under-represented in the
BLISS-52 and -76 studies, and to support regulatory

approvals of belimumab in this region. Moreover,
patients with SLE from China are known to show

important differences from their European counter-
parts in clinical manifestations of SLE, including an
increase in haematological disorders and kidney dis-

ease, and fewer neurological manifestations.30,31

Compared with the placebo group, significantly more

belimumab-treated patients achieved the primary end-
point of SRI-4 response at Week 52 (Figure 2) and
halved their risk of experiencing a severe SLE flare.

Among patients with baseline prednisone dose
>7.5mg/day, a significant steroid-sparing effect

favouring belimumab was noted. Safety profiles were
similar between treatment groups and the efficacy and
safety results were consistent with those from previous

BLISS-52 and -76 studies.30

Pivotal study: BLISS-LN. Post hoc analyses of patients
from the BLISS studies who had SELENA-SLEDAI

renal involvement at baseline (N¼ 267) and from a
systematic review of prior belimumab studies

(N¼ 234) suggested that belimumab treatment could
improve renal parameters in these patients with
SLE.32,33 However, in the pre-registration Phase 3

studies (BLISS-52 and BLISS-76), patients with

BLISS-5227

BLISS-7626

BLISS-SC28

BLISS-NEA30

BLISS-LN34

EMBRACE40

PLUTO7

SRI-4 response (Wk 52)

SRI-4 response (Wk 52)

SRI-4 response (Wk 52)

SRI-4 response (Wk 52)

PERR (Wk 104)

SRI-S2K response (Wk 52)

SRI-4 response (Wk 52)

0.1 1 10

125/287 (44)

93/275 (34)

135/279 (48)

87/217 (40)

72/223 (32)

62/149 (42)

17/40 (44)

167/290 (58)

118/273 (43)

340/554 (61)

240/446 (54)

96/223 (43)

145/299 (49)

28/53 (53)

1.83 (1.30, 2.59)

1.52 (1.07, 2.15)

1.68 (1.25, 2.25)

1.99 (1.40, 2.82)

1.60 (1.00, 2.30)

1.40 (0.93, 2.11)

1.49 (0.64, 3.46)

0.0006

0.0207

0.0006

<0.0001

0.03

0.1068

n/a**

Trial Primary endpoint
Primary endpoint

Placebo
n/N (%)

Belimumab*
n/N (%)

Odds ratio
(95% CI)

p value

Favours placebo Favours belimumab

Figure 2. Efficacy of belimumab in Phase 3 studies, the EMBRACE Phase 3/4 study and the paediatric PLUTO Phase 2 study.
*10 mg/kg IV dose, except for BLISS-SC (200 mg SC dose); **Because of the difficulty in recruiting sufficient numbers of paediatric
patients with cSLE, statistical significance testing was not possible in the PLUTO study; therefore, all data were analysed descriptively.
CI: confidence interval; cSLE: childhood-onset SLE; IV: intravenous; n/a: not assessed; n/N: patient number/total population; PERR:
primary efficacy renal response; SC: subcutaneous; SLE: systemic lupus erythematosus; S2K: SLE Disease Activity Index 2000; SRI-4:
SLE Responder Index.
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severe, active LN were excluded, and these studies were
not designed to assess the effect of belimumab on renal
parameters or active LN.

BLISS-LN (NCT01639339) was a post-approval
commitment study representing the largest and longest
Phase 3 study conducted in patients with active LN.
This 104-week, randomised, double-blind, placebo-
controlled study involving 448 adult patients with
active LN evaluated the efficacy and safety of IV
belimumab plus ST compared to placebo plus ST.34

Because individuals with increased proteinuria also
have increased renal clearance, a conditional dosing
regimen (every 2weeks instead of every 4weeks) was
considered for BLISS-LN, based on observations from
a mechanistic study of belimumab in patients with idi-
opathic membranous nephritis, a disease with even
more severe proteinuria than that seen in LN.35

Ultimately, the IV belimumab 10mg/kg dose used in
previous BLISS studies was retained for BLISS-LN
because it was considered sufficient to accommodate
the level of proteinuria seen in LN.

This study met its primary endpoint of primary effi-
cacy renal response (RR; defined as a urinary protein
to creatinine ratio (uPCR) of �0.7, an estimated glo-
merular filtration rate (eGFR) �20% below the pre-
flare value or �60mL/minute/1.73 m2, and no use of
rescue therapy for treatment failure) at 104weeks
(Figure 2) and all four major secondary endpoints
including complete renal response at 104weeks
(CRR; defined as eGFR �10% below pre-flare value
or �90mL/min/1.73 m2, inactive urinary sediment [<5
red blood cells and <5 white blood cells/high power
field or within laboratory reference range], no red/
white blood cell casts, uPCR <0.5, and no use of
rescue therapy for treatment failure), RR at 52weeks,
and time to renal-related event or death.

The RR definition was selected based on evidence
that a reduction in proteinuria to <0.8– <0.7 g/day was
the best predictor of favourable long-term prognosis in
patients with LN, in terms of development of chronic
kidney disease and end-stage kidney disease-free sur-
vival,36,37 and this target is supported by EULAR
recommendations.38

Additionally, the BLISS-LN study demonstrated
that amongst patients receiving belimumab plus ST
the risk of a renal-related event or death was approx-
imately halved.34 This endpoint is an important and
clinically relevant outcome as it evaluates kidney-
related events associated with long-term progression
to kidney failure. The safety results from BLISS-LN
were consistent with the known safety profile of
belimumab.34

Phase 3/4 study: EMBRACE. Pooled results from the
BLISS-52 and -76 studies, suggested that the subgroup

of patients of Black African ancestry did not appear to
benefit from IV belimumab treatment, whereas in the
Phase 2 study, IV belimumab did demonstrate a benefit
in post hoc subgroup analyses of patients of Black
African ancestry.16,39 The Efficacy of BeliMumab in
Subjects of Black RACE (EMBRACE) study was a
52-week, randomised, double-blind, placebo-con-
trolled, Phase 3/4, post-approval commitment study
that evaluated the efficacy and safety of IV belimumab
in patients of Black African ancestry with SLE
(N¼ 448).40 The primary endpoint was SRI-4 response
rate with modified SLE Disease Activity Index 2000
(SLEDAI-2K) scoring for proteinuria (SRI-S2K) at
Week 52, defined as a �4-point reduction in
SELENA-SLEDAI-S2K score versus baseline, no
new BILAG A or two new BILAG B organ domain
scores, and no worsening (i.e. <0.30-point increase) in
PGA score (on a 0 to 3 VAS). EMBRACE failed to
achieve its primary endpoint, although numerical
trends in favour of belimumab were observed
(Figure 2). Significant improvements with belimumab
versus placebo were observed in subgroups of patients
with characteristics of high disease activity, including
those with baseline SELENA-SLEDAI-S2K score �10,
low baseline C3 and/or C4 levels or low C3 and/or C4
levels and anti-dsDNA �30 IU/mL. As in the previous
BLISS studies, the rates of AEs or serious AEs were
similar between treatment groups.40

Phase 4 clinical study to assess safety outcomes: BASE.

Although belimumab had been approved by the FDA
based on a favourable benefit:risk profile in the treat-
ment of adult patients with SLE, numerical differences
in the incidence of mortality, hypersensitivity reactions,
some psychiatric events, and the potential for malig-
nancy and infections based on its mechanism of
action warranted a large safety study to assess these
events as a post-approval commitment.

BASE (NCT01705977) was a double-blind, rando-
mised, placebo-controlled study that enrolled 4003
adults with active SLE who were randomised to receive
either IV belimumab 10mg/kg or placebo, plus ST, for
48weeks. The primary endpoints were incidences of all-
cause mortality and AEs of special interest (AESIs)
from the first-to-last study drug dose plus 28 days.
The incidences of all-cause mortality and most AESIs
were similar between belimumab and placebo groups,
including malignancies, serious infections, and oppor-
tunistic infections. Although the occurrence of the
following events was very low, compared with placebo,
belimumab was associated with a higher incidence
of serious infusion and hypersensitivity reactions
(belimumab n¼ 8 [0.40%], placebo n¼ 2 [0.10%]), seri-
ous depression (belimumab n¼ 7 [0.35%], placebo
n¼ 1 [0.05%]), treatment-emergent suicidality
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(belimumab n¼ 28 [1.42%], placebo n¼ 23 [1.16%]),
and sponsor-adjudicated serious suicide or self-injury
(belimumab n¼ 15 [0.75%], placebo n¼ 5 [0.25%]).41

Long-term studies of belimumab. Open-label extension
studies of the Phase 2 study, BLISS-52, BLISS-76,
BLISS-SC and BLISS-NEA have examined the long-
term safety and efficacy of belimumab in patients with
SLE. These studies had some limitations, such as a lack
of a placebo-controlled arm and possible selection
biases; nevertheless, they showed that long-term
belimumab use is well tolerated and associated with
continued improvements in disease symptoms and con-
trol,42–49 as well as in health-related quality of life
(HRQoL) and patient-reported outcomes50 (PROs;
see later section). Among the 364 patients with SLE
who completed the Phase 2 study of belimumab,45

345 consented to participate in a 24-week, long-term
extension study, of whom 296 continued treatment in
a subsequent open-label, long-term continuation study.
Disease control was maintained in these patients with
active SLE receiving belimumab plus ST, and treat-
ment was well tolerated with no new safety signals
apparent for up to 13 years of follow-up (equivalent
to 2294 patient-years).44,45,48 These findings were
echoed in the long-term extension studies of BLISS-
52 and BLISS-76 (n¼ 268 US patients from BLISS-
76, n¼ 738 non-US patients combined from both stud-
ies), in which minimal organ damage progression and
no new safety signals were observed during up to
8 years of follow-up.42,43,47

Belimumab safety. In addition to the BASE Phase 4 clin-
ical study described above, the safety of belimumab
was assessed using a pooled analysis of data from
both Phase 2 and 3 clinical studies; in this combined
study population, types and rates of AEs were similar
across treatment groups, with serious AEs reported by
18.0% and 16.6% of patients receiving belimumab
10mg/kg IV or placebo, respectively.51 A pooled
analysis of safety data from Phase 2 and 3 clinical stud-
ies and long-term, open-label extension studies of
belimumab use in patients with SLE, encompassing
up to 13 years of follow-up on-treatment, demonstrat-
ed that belimumab is well tolerated and the risk of AEs
is similar to ST.42,43,47,48,51 An overview of key safety
findings is presented in Table 1.

Belimumab in the paediatric patient

The approval of belimumab as a treatment for paedi-
atric patients with SLE was supported by data from the
PLUTO study (NCT01649765), a Phase 2, randomised,
placebo-controlled, double-blind, post-approval com-
mitment study.7 PLUTO evaluated the efficacy, safety

and PK of IV belimumab plus ST in children aged 5–17
years with active childhood-onset SLE (cSLE; N¼ 93).
Recruitment for this study was particularly challeng-
ing, with a high rate of screening failures meaning
that it took more than 5 years to achieve sufficient
patient numbers. Efficacy, PK, pharmacodynamics
(PD) and safety profiles of belimumab were consistent
with the results of the clinical studies in adults with
SLE. At Week 52, numerically higher proportions of
patients receiving belimumab achieved a clinically
meaningful improvement in disease activity according
to the SRI-4, compared with placebo (Figure 2).7 An
across-study comparison of PLUTO with the BLISS
pivotal studies confirmed that the efficacy and safety
results of IV belimumab (plus ST) in the paediatric
population were consistent with those in the adult pop-
ulation, supporting the favourable benefit:risk profile
of IV belimumab in patients aged �5 years with cSLE/
SLE.55 Following the results of the PLUTO study,
belimumab became the first biologic treatment to be
approved in children 5 years and older.56

A Phase 2 bridging PK study (NCT04179032) is cur-
rently ongoing to investigate the safety, PK and PD of
repeated doses of 200mg/mL SC belimumab in paedi-
atric patients aged 5–17 years with SLE who are also
receiving ST. This study has an estimated primary com-
pletion date of March 2023.

The effect of belimumab on organ damage

Organ damage in SLE is frequently a consequence of
the disease process and chronic corticosteroid use, with
32–50% of patients accumulating organ damage within
the first 5 years after SLE diagnosis, despite disease
activity decreasing during this time.57–60 Risk factors
for organ damage accumulation include older age
and/or high disease activity at diagnosis, longer disease
duration, Black African ancestry, Hispanic ethnicity,
or Asian race, and greater overall disease activity
during the course of disease.4,61,62 Existing organ
damage is associated with a greater likelihood of accu-
mulating further organ damage, increased morbidity
and mortality, and decreased HRQoL and daily
functioning.60 The Systemic Lupus International
Collaborating Clinics/American College of
Rheumatology (SLICC/ACR) Damage Index (SDI)
measures irreversible damage across 12 organ systems
as a result of SLE disease activity and its treatment,61

and SDI scores are shown to increase in a linear fash-
ion over time in patients with SLE, reflecting organ
damage accumulation.62

In the long-term extension studies of BLISS-52 and
-76, approximately 85% of the belimumab-treated
patients demonstrated no organ damage progression
over 5–6 years of follow-up.42,47 A post hoc propensity
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score-matched analysis focused on a pooled popula-
tion of patients with SLE receiving IV belimumab
plus ST from the BLISS long-term extension studies
(n¼ 99), compared to the Toronto Lupus Cohort
(n¼ 99). This type of analysis matches patients from
different cohorts according to a series of predeter-
mined characteristics, in order to compare their out-

comes. In this study, belimumab use was associated
with a statistically significant smaller increase in SDI
over 5 years than ST alone, and patients receiving

belimumab were 61% less likely to progress to a
higher SDI score than those receiving ST alone.63

A year later, these results were replicated in a
larger, more generalisable population using the

pooled US and non-US data.64

Corticosteroid use is a key contributor to organ
damage;59 therefore, the apparent ability of belimumab

to delay organ damage accumulation in patients with
SLE may be attributed in part to its steroid-sparing

effect.8,65,66

Table 1. Overview of belimumab safety in SLE clinical studies.

Adverse event Experience with belimumab

Serious infection51 � Similar rate of serious infections for belimumab (1, 4 and 10mg/kg pooled doses) and placebo:

6.00/100 patient-years vs 5.35/100 patient-years (pooled analysis of Phase 2, BLISS-52 and -76

studies)

Opportunistic infection41,51 � Two opportunistic infections with belimumab (10mg/kg; Acinetobacter infection, disseminated

cytomegalovirus infection) vs none with placebo (pooled analysis of Phase 2, BLISS-52 and -76

studies)

� Eleven opportunistic infections with belimumab (10mg/kg) vs 15 with placebo (BASE)

Other infection51 � Slight trend toward increased rate of upper and lower respiratory tract infections with

belimumab (1, 4 and 10mg/kg) vs placebo: 52.0–59.5% vs 49.5% (pooled analysis of Phase 2,

BLISS-52 and -76 studies)

� Increased rate of cellulitis with belimumab (1, 4 and 10mg/kg) vs placebo: 6.4–8.9% vs 6.7%

(pooled analysis of Phase 2, BLISS-52 and -76 studies)

Malignancy26,47,48,52 � Rate: 0.5/100 patient-years (BLISS-76), 0.6/100 patient-years (Phase 2 OLE), and 0.2/100 patient-

years (BLISS-52 and BLISS-76 OLE at 8þ years of follow-up) vs background rate for patients

with SLE: 0.56/100 patient-years

Haematological

abnormalities51
� Low rate of leukopenia: 4.2% (belimumab 10mg/kg) vs 3.7% (placebo) (pooled analysis of Phase

2, BLISS-52 and -76 studies)

� Low rate of neutropenia: 5.2% (belimumab 10mg/kg) vs 5.5% (placebo) (pooled analysis of Phase

2, BLISS-52 and -76 studies)

Infusion reactions20,26,27,51 � n¼ 1 (severe) (belimumab) (Phase 2 study)

� 1% (belimumab 10mg/kg) vs <1% (placebo) (BLISS-52)

� 13.6% (belimumab 10mg/kg) vs 9.8% (placebo) (BLISS-76)

� Most infusion reactions occurred during the first 2 infusions; the rate became similar across

treatment groups thereafter (pooled analysis of Phase 2, BLISS-52 and -76 studies)

Psychiatric effects

and suicide41,51
� Rates of psychiatric disorders (including suicidal ideation, depression, insomnia and anxiety)

were higher with belimumab than placebo (pooled analysis of Phase 2, BLISS-52 and -76 studies)

� Rates were higher with belimumab than placebo for serious depression, treatment-emergent

suicidality, and sponsor-adjudicated serious suicide or self-injury (BASE)

� The ongoing SABLE (NCT01729455) prospective clinical study was designed to evaluate in more

detail psychiatric effects with belimumab

PML48,53,54 � Two reported cases of PML in belimumab-treated patients; both patients were also receiving

mycophenolate mofetil and corticosteroids

� No cases of PML reported in the 13-year follow-up of the Phase 2 study

Mortality41,51 � Similar incidence of death for belimumab (10mg/kg) and placebo: 0.9% vs 0.4% (pooled analysis

of Phase 2, BLISS-52 and -76 studies)

� Similar incidence of all-cause mortality with belimumab (10mg/kg) and placebo: 0.5% vs 0.4%

(BASE)

BLISS: Study of Belimumab in Subjects with SLE; BASE: Belimumab Assessment of Safety in SLE; OLE: open-label extension; PML: progressive multifocal

leukoencephalopathy; SABLE: Safety and Effectiveness of Belimumab in SLE; SLE: systemic lupus erythematosus.
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Belimumab and patient reported

outcomes

Fatigue affects 50–86% of patients with SLE67–69 and
has a considerable negative impact on HRQoL and
work disability.68,70,71 Additionally, patients rank
fatigue and functional measures (such as reduced abil-
ity to perform usual activities) as their highest con-
cern.72 In a pooled analysis of the BLISS-52 and -76
studies, significant and clinically meaningful improve-
ments in Functional Assessment of Chronic Illness
Therapy (FACIT)-Fatigue scores were observed at
Weeks 8, 12 and 52 of treatment in patients with SLE
who were receiving IV belimumab, compared with pla-
cebo. There were also significantly greater improve-
ments versus placebo in HRQoL as measured with
the Short Form 36 (SF-36) physical component sum-
mary (PCS) and SF-36 vitality domain scores at Week
52 in favour of belimumab.73 A subsequent analysis of
patients with SLE from the BLISS-76 extension study
(NCT00724867; N¼ 268) who were followed for up to
6 years showed continued, clinically meaningful and
significant improvements in fatigue versus baseline,
assessed by FACIT-Fatigue score and HRQoL,
assessed using the SF-36.50

A post hoc analysis of BLISS-52 and -76 that strat-
ified patients with SLE by SRI-4 response showed that
at Week 52, mean improvements in FACIT-Fatigue
scores, and SF-36 physical and mental component
summary scores, as well as all individual domain
scores, were significantly greater in SRI-4 responders
versus non-responders. The magnitude of improve-
ments amongst SRI-4 responders exceeded the mini-
mum clinically important difference for the FACIT-
Fatigue (4 points), SF-36 physical and mental compo-
nent summary (2.5 points), and SF-36 domain (5
points) scores.74,75

A similar impact on fatigue has been described with
belimumab SC.28

What is the effectiveness of belimumab in

real-world medical practice?

The impact of belimumab in the real-world has also
been explored, and as of 2020, post-marketing experi-
ence with belimumab is estimated at 108,477 patient-
years. Data from the evaluation Of use of Belimumab
in clinical practice SEttings (OBSErve) program, which
included 830 patients from 6 countries (Argentina,
Canada, Germany, Spain, Switzerland, and USA), sup-
port the real-world effectiveness and steroid-sparing
ability of belimumab.76–81 Across all countries, after
6months of belimumab treatment, 48% of patients
with SLE experienced a �50% physician-assessed
improvement in their condition, with 13% achieving

a �80% improvement, indicating near-normalisation

of their condition (equal to �80% improvement). Of

those patients with high disease activity at enrolment

(defined either as SLEDAI-2K/SELENA-SLEDAI

score �10, or high anti-dsDNA or C3 and/or C4
below lower limit of normal), 96% experienced an

improvement in their overall condition with 12–14%

achieving near-normalisation. Among the 80% of

patients who were taking oral glucocorticoids at enrol-

ment, 78% were able to reduce or discontinue steroid

use after 6months of belimumab treatment, and of
those who were still using steroids, >50% achieved

doses �7.5mg/day.82 Ethnicity did not appear to

affect magnitude of improvement in clinical response,

transitions toward milder disease or patterns of steroid

use, with similar levels of improvement observed

among white and Black African ancestry patients up

to 24months of follow-up.77 In the subgroup of
patients of Black African ancestry in OBSErve US

who continued to receive belimumab over 24months

(n¼ 69/123), substantial reductions in disease activity

and severity, and oral corticosteroid use were

observed.83

The benefits of belimumab on disease activity and

steroid sparing were also demonstrated in a prospective

multicentre, observational study of 91 consecutive

patients with SLE in Greece who received belimumab

for treatment of active disease despite �1 previous con-

ventional immunosuppressant. Belimumab significant-

ly decreased average SLEDAI-2K, PGA and daily
prednisone dose over time, with >20% of patients

able to discontinue corticosteroid use from as early as

3months post-initiation, and >40% achieving a lupus

low disease activity state (LLDAS) by 9–12months

post-initiation.65

The Belimumab in Real-Life Setting Study

(BeRLiSS) conducted in Italy reported improvement

in disease activity score (DAS)-28 in patients with

SLE and musculoskeletal involvement at baseline,

and in Cutaneous Lupus Erythematosus Disease Area

and Severity Index (CLASI) activity score in patients

with SLE and cutaneous manifestations (N¼ 466), who
were followed for up to 60months (median:

18months). In this study, initiation of IV belimumab

treatment early in the disease (�2 years of disease dura-

tion) was associated with an increased likelihood of

SRI-4 response compared with initiation after a

longer disease duration. Disease remission and low dis-

ease activity were likely to persist over time, as demon-
strated by low disease activity being achieved by 56%,

72%, 75%, 79% and 76% of patients at 6, 12, 24, 36

and 48months of follow-up, respectively, and remis-

sion by approximately half of the patients throughout

follow-up.84
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A retrospective US insurance claims database anal-

ysis of 1879 patients with SLE showed a significant

decrease in inpatient costs in the 6months after IV

belimumab initiation, while outpatient costs were

higher during the same period. Notably, after stratifi-

cation by mean oral prednisone-equivalent daily dose

category (�7.5, >7.5 to �15, and >15mg/day), a sig-

nificantly higher proportion of patients were in the

�7.5mg/day dose category in the post-index period

compared with the pre-index period.85 In a separate

retrospective claims database analysis of patients with

SLE (N¼ 49,413 eligible for analysis), those initiating

belimumab during follow-up (n¼ 1710) significantly

decreased their oral corticosteroid use and average

daily dose in the 6months after initiation compared

with the 6months prior to initiation.86

Belimumab has changed the SLE

treatment paradigm

Several key milestones in the history of belimumab

have contributed to a greater understanding of SLE

and clinical study design:

1. Belimumab has an unrivalled body of evidence across

its clinical development program, which includes four

successful pivotal clinical studies in patients with

SLE26–28,30 and a study in patients with LN;34

2. Belimumab has been successful in multiple studies of

diverse patient population, including paediatric

patients, patients in North East Asia, and in patients

of black African ancestry characterised by high dis-

ease activity;7,30,40

3. Refinements in SLE clinical study design have been

driven by the development of the SRI-4 composite

endpoint and its implementation in several clinical

studies of belimumab.87

Conducting belimumab studies in diverse patient

populations has enabled greater insight into the bar-

riers to recruitment and highlighted effective strategies

that can be used to engage and motivate patients, their

families, HCPs and local advocacy groups to partici-

pate and advocate for clinical studies. Such engagement

is critical for traditionally under-represented ethnic and

racial populations in clinical studies; notably in SLE,

this includes patients of Black African ancestry.

Enrolment of this racial group in the Phase 2 and 3

belimumab studies were not reflective of the racial dis-

tribution in the general US population with SLE,

resulting in incomplete data on the appropriate treat-

ment and management of this important patient group,

who have a disproportionately high unmet need. In the

EMBRACE study, various strategies to improve

recruitment were implemented, such as national aware-
ness campaigns, Sponsor website with a study screener
and 24-hour call centre, US site locator and provision
of study educational materials.

Effective strategies included developing detailed
educational materials for patients and their families
on what to expect during the study, promoting com-
munity awareness about the importance of study par-
ticipation, site participation in community activities,
and enhancing referral programs at the local level,
with outreach to local advocacy groups and trusted
HCPs being pivotal to this process. This process
highlighted that multiple, concurrent, ongoing
approaches were necessary for successful enrolment
and retention of patients who self-identified as being
of black race in the EMBRACE study. In addition, it
was necessary to address logistical barriers, such as the
provision of door to door transportation to clinical
study sites. These lessons learnt from EMBRACE
are being used to improve the recruitment pathway
and the importance of community collaboration in
future clinical studies, not only in SLE, but in other
therapeutic areas.

The increased understanding of belimumab gained
through this comprehensive clinical development pro-
gram has supported a shift in the SLE treatment para-
digm away from reactive disease management towards a
more proactive and holistic approach. A decline in glu-
cocorticoid use has been associated with belimumab
treatment; this is particularly important given the lack
of supporting data and issues relating to long-term glu-
cocorticoid treatment,88 and steroid-sparing approaches
continue to be encouraged among both clinicians and
patients. Overall, the steroid-sparing effects of
belimumab, in addition to the prevention of flares and
reduced disease activity, have resulted in a reduction of
organ damage accumulation and support the concept of
belimumab as a disease–modifying treatment.

Belimumab’s current position in the SLE treatment
paradigm

Current clinical guideline recommendations regarding
belimumab are presented in Table 2. The EULAR 2019
guidelines recommend belimumab as add-on therapy
for patients with an inadequate response to ST that
includes combinations of hydroxychloroquine and glu-
cocorticoids, with or without immunosuppressive
agents.93 Add-on belimumab should be considered in
patients with persistently active or flaring extrarenal
disease inadequately controlled on first-line therapies
and an inability to taper glucocorticoid daily dose to
acceptable levels (i.e. maximum 7.5mg/day).93

Similarly, the Pan-American League of Associations
of Rheumatology (PANLAR) recommends belimumab
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for musculoskeletal, cutaneous and cardiac manifesta-

tions after ST.92 Belimumab may also be beneficial

early in the management of SLE as a disease-

modifying agent in order to limit damage accumulation

related to recurrent flares and corticosteroid use.95

The role of belimumab beyond SLE

Besides SLE, belimumab has also been investigated in

several other diseases and conditions (Table 3), including

primary Sj€ogren’s Syndrome,96 myasthenia gravis,97 pri-

mary membranous nephropathy,98 renal transplanta-

tion,99 and antineutrophil cytoplasmic antibody

(ANCA)-associated vasculitis.100,101 Additionally,

GlaxoSmithKline has supported or is currently support-

ing a number of belimumab investigator-initiated studies

that extend beyond rheumatology and SLE; including in

emphysema (NCT03244059), immune thrombocytope-

nia,102 myositis, systemic sclerosis,103 immune-mediated

kidney diseases, among others.

Table 2. Guideline recommendations for the use of belimumab in SLE.

Guideline Recommendation

American College of Rheumatology

(ACR; 1999, 2012)89,90
SLE guidelines (1999): Belimumab not mentioned

Lupus nephritis guidelines (2012): Mentions FDA approval of belimumab

for use in seropositive patients with active SLE who have active disease

in spite of prior therapies. Belimumab had not been studied for use in

lupus nephritis at the time the guidelines were published

Asian Lupus Nephritis Network

(ALNN; 2014)91
Belimumab not mentioned

Pan-American League of Associations

of Rheumatology (PANLAR; 2018)92
Musculoskeletal manifestations

� If disease remains active after ST, add either methotrexate or

leflunomide or belimumab or abatacept over other immunosup-

pressants (quality of evidence: low to moderate; strength of recom-

mendation: weak)

Cutaneous manifestations

� If disease remains active after ST, add methotrexate, azathioprine,

mycophenolate mofetil, cyclosporine A, cyclophosphamide or

belimumab over other immunosuppressants (quality of evidence: low

to moderate; strength of recommendation: weak)

Cardiac manifestations

� Use ST plus colchicine over ST plus NSAIDs or belimumab

European League Against Rheumatism

(EULAR; 2019)93
In patients with inadequate response to ST (combinations of hydroxy-

chloroquine and glucocorticoids, with or without immunosuppressive

agents), defined as residual disease activity not allowing tapering of

glucocorticoids and/or frequent relapses, add-on treatment with

belimumab should be considered (level of evidence: 1a/A)

Add-on belimumab should be considered in persistently active or flaring

extrarenal disease

� Belimumab should be considered in extrarenal disease with inade-

quate control (ongoing disease activity or frequent flares) on first-line

treatments (typically including combination of hydroxychloroquine

and prednisone with or without immunosuppressive agents), and

inability to taper glucocorticoid daily dose to acceptable levels (i.e.

maximum 7.5mg/day)

Patients with persistent disease may benefit from belimumab; higher

likelihood of response associated with high disease activity (e.g.

SLEDAI score >10), prednisone dose >7.5mg/day and serological

activity (low C3/C4, high anti-dsDNA titres), with cutaneous, mus-

culoskeletal and serological manifestations responding the most

Asia-Pacific League of Associations for

Rheumatology (APLAR; 2021)94
Belimumab may be considered for active SLE manifestations that are

refractory to standard therapies

anti-dsDNA: anti-double stranded DNA; FDA: Food and Drug Administration; NSAID: non-steroidal anti-inflammatory drug; SELENA-SLEDAI: Safety

of Estrogens in Lupus Erythematosus National Assessment–SLE Disease Activity Index; SLE: systemic lupus erythematosus; ST: standard therapy.
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What does the future hold for belimumab
and patients?

Recent and ongoing studies of belimumab will provide
valuable data to address remaining areas of unmet need
in SLE and LN. A key aspect of belimumab’s evolution
in the SLE treatment paradigm is its use in combina-
tion therapy regimens. Several studies have evaluated
or are evaluating the use of belimumab in sequential
treatment with a cycle of rituximab.

SynBioSe (NCT02284984) is a Phase 2, open-label,
single-arm, proof-of-concept study in patients with
severe, refractory SLE (N¼ 16) treated with rituximab
and sequential belimumab. After 2 years of follow-up,

sequential treatment led to long-lasting and specific
reductions of several anti-nuclear autoantibodies, pre-
vented full repopulation of B cells, and enabled
patients to discontinue use of mycophenolate mofe-
til.104,105 Belimumab in combination therapy for the
treatment of patients with severe SLE is being investi-
gated in the Phase 2 SynBioSe-2 study (NCT03747159).
CALIBRATE, a multicentre safety, mechanistic and
preliminary efficacy study in 43 patients with refractory
LN did not find a significant increase in the incidence
of adverse events with rituximab, cyclophosphamide
and glucocorticoids then belimumab, versus without
belimumab. The sequential therapy diminished the
maturation of transitional to naı̈ve B cells and

Table 3. Studies of belimumab in indications other than systemic lupus erythematosus.

Study name or indication Description and findings

BELISS96 � Prospective, open-label, Phase 2 study evaluating the use of belimumab in patients with auto-

antibody-seropositive primary Sj€ogren’s Syndrome and either early disease (duration <5 years),

salivary gland enlargement, current systemic manifestation or increased biomarkers of B-cell

activation

� Significant improvements in disease activity, fatigue, mucosal dryness and markers of B-cell

activation were reported up to 52weeks, with no effect on oral or ocular dryness

MG97

� Randomised study in patients with generalised MG who remained symptomatic despite standard

of care

� Did not meet its primary endpoint (mean change in Quantitative MG score from baseline at

Week 24), and there were no significant differences between belimumab and placebo groups in

any secondary endpoints, including the MG Composite and MG–Activity of Daily Living scores

PMN98

� Prospective, open-label, experimental medicine study of belimumab monotherapy for up to

2 years in patients with PMN and persistent nephrotic-range proteinuria (N¼ 11)

� Significant decreases in proteinuria and PLA2R-Ab observed at Weeks 28 and 104

� Nine patients achieved partial (n¼ 8) or complete (n¼ 1) remission

� Patients with abnormal albumin and/or cholesterol at baseline had normal/near normal levels by

last follow-up

Renal transplantation99

� Double-blind, randomised, placebo-controlled, Phase 2 study of belimumab in addition to

standard-of-care immunosuppression (basiliximab, mycophenolate mofetil, tacrolimus, and

prednisolone) in adult kidney transplant recipients

� No major increased risk of infection observed

� Co-primary endpoint was not met (reduction in naive B cells from baseline to Week 24)

AAV100

� Multicentre, randomised, double-blind, placebo-controlled study in patients with ANCA-

associated vasculitis

� Belimumab as adjunctive therapy to maintain remission, administered with azathioprine and

low-dose glucocorticoids, did not reduce the risk of relapse

� The study was truncated due to difficulties in enrolment, so was not powered to support

definitive conclusions

COMBIVAS101

� Randomised, double blind, placebo-controlled study to evaluate the mechanistic effect of

belimumab combined with rituximab in patients with active proteinase 3-AAV

� Study is ongoing

Note: All studies were/are supported by GlaxoSmithKline, and GlaxoSmithKline was a sponsor of the AAV study.

AAV: ANCA-associated vasculitis; ANCA: antineutrophil cytoplasmic antibody; MG: myasthenia gravis; PLA2R-Ab: anti-phospholipase A2 receptor

autoantibodies; PMN: primary membranous nephropathy; SLE: systemic lupus erythematosus.
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increased autoreactive B cell negative selection,
although no additional benefit from the sequential
treatment could be demonstrated.106 BEAT-LUPUS
(ISRCTN: 4,78,73,003 EudraCT number: 2015-
005543-14) is an investigator-sponsored study evaluat-
ing the safety and efficacy of belimumab after rituxi-
mab treatment in patients with active SLE resistant to
ST.107 The GlaxoSmithKline-sponsored BLISS-
BELIEVE study (NCT03312907) is an ongoing Phase
3 study assessing the use of belimumab with a cycle of
rituximab in adult patients with SLE, with the rationale
of controlling rising BLyS levels due to rituximab-
mediated depletion of B cells; results are expected in
the second half of 2021.108

Real-world studies are evaluating IV and SC
belimumab use in clinical practice in Japan
(NCT03370263), and belimumab safety and effective-
ness in patients with active, autoantibody-positive SLE
over 5 years of follow-up (SABLE; NCT01729455). A
non-randomised Phase 3 study (NCT02119156) has
evaluated treatment holidays and the rebound phe-
nomenon following belimumab treatment in patients
with stable, low SLE disease activity.109 Additional
ongoing studies include an aggregated analysis of
pooled data from older belimumab-treated patients
with SLE and an ongoing surveillance program of
belimumab use in pregnancy.

Summary: where is belimumab today?

Since initial approval, belimumab has established its
position as a disease-modifying treatment for SLE.
Robust evidence from randomised clinical studies,
and observational and real-world studies, has demon-
strated its tolerability and efficacy in reducing disease
activity and SLE flares, enabling patients to taper glu-
cocorticoid use, and limiting damage accumulation
caused by the disease. Over the past 10 years,
belimumab’s efficacy and safety has been consistently
demonstrated for patients with SLE, and findings from
its development program have contributed much infor-
mation about SLE, as well as informed SLE clinical
study design. Further clinical studies are ongoing to
evaluate the effectiveness of belimumab in various indi-
cations beyond SLE, and post-marketing and registry
studies are gathering additional valuable data on key
areas such as pregnancy outcomes after belimumab
exposure, and co-administration of belimumab with
other biologics and treatments for SLE.
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