
Belimumab: therapeutic mechanism and current status of clinical trials.

Dhilleswara Rao Vana*

Center for Excellence in Genomics, Madurai Kamaraj University, Tamil Nadu, India

Abstract

Systemic lupus erythematosus (SLE) is a chronic autoimmune disorder with diverse clinical features and
involving multiple organs leading to highest mortality rate among rheumatic diseases. B cells are
responsible and central to the pathogenesis of SLE progression by means of over-aggressive immune
response. The complexity of clinical manifestations and unpredictability of the disease are the main
hurdles in optimizing treatment for SLE. Recent developments in biological therapy generated hope in
SLE patients. Belimumab (Benlysta®) is a complete human monoclonal antibody that is approved for
SLE treatment. More or less, belimumab is the first approved biological drug from the Food and Drug
Administration, United States (FDA), inhibiting B-cell activating factor/B-lymphocyte stimulator. The
present review elucidates the cellular mechanism involved in SLE progression and therapeutic effective
of belimumab including clinical trials and clinical outcomes.
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Introduction
Based on the epidemiological studies it was estimated that the
prevalence of SLE was highest in North America affecting 241
per 100,000 people and the lowest incidence was observed in
South Africa at the rate of 0.3 per 100,000 person-years. SLE
affected more women than men for all age and ethnic groups
[1]. Autoimmune diseases remained largely underexplored due
to lack of complete knowledge about the pathogenesis,
underlying mechanisms and treatment options; hence, these
gaps of laboratory and clinically verified information are
summing up as one of the major public health concerns [2].
The mortality rates due to systemic autoimmune diseases are
significant and rising; mortality among SLE patients continued
to rise in association with comorbidities such as cardiovascular
diseases. However, there are many factors that influence the
mortality rate; an international cohort published in 2006
indicated that the major risk factors associated are female sex,
younger age, shorter SLE duration and circulatory disease. A
Canadian cohort showed the mortality associated with
cerebrovascular diseases in SLE patients [3-5].

In the recent past, there is an increased interest in
understanding the immunopathogenesis of many autoimmune
disorders including SLE. B cells are functioning in many
directions such as antigen presenting cells, secreting pro-
inflammatory cytokines and producing antibodies in healthy
individuals. However, in SLE patients, B cells failed to
distinguish self and non-self-antigens, which resulted in the
over-production of antibodies against autoantigens and
triggered the over-activation of the inflammatory response
[6-9]. B cell activation factor (BAFF) is also known as B-
lymphocyte stimulator (BlyS) is the key factor in B cell

differentiation, overexpression of BAFF is the salient feature
of SLE, which further results in autoimmune B cell
proliferation subsequently, causing SLE. Through toll-like-
receptor dependent and independent mechanisms, BAFF and
type I interferons act together in SLE patients. Studies with
mouse models confirmed overproduction of BAFF in SLE
condition and defective signals for apoptosis in B cells was
also observed [10,11].

B-cell Activating Factor Mechanism
BAFF is Tumor Necrosis Factor (TNF) super family ligand,
produced by a wide range of cells and plays a key role in
development and hemostasis of B-cells. BAFFs is available in
two forms namely membrane bound and soluble forms among,
which soluble form of BAFFs are biologically active. BAFF is
a 285 amino acid cytokine family member, which is
physiologically significant in B cell homeostasis and closely
(50% homology) resembles APRIL, which is a TNF
superfamily member expressed on cells involved in innate
immunity [12,13]. Both BAFF and APRIL are trimeric forms
and bind to the receptor transmembrane activator, calcium
modulator, and cyclophilin ligand interactor. BAFF has an
affinity to bind with three different receptors that are presented
on B-cell namely BAFF-R, transmembrane activator and
CAML interactor (TACI), and B-cell maturation antigen
(BCMA). As far as binding affinity is concerned, in SLE, the
interaction between BAFFR and BAFF is stronger than
interaction with the other two receptors. But it is believed that
interaction with APRIL, a “proliferation-inducing ligand”
receptors (TACI and BCAM) play vital roles in the
pathogenesis of other autoimmune diseases including
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rheumatoid arthritis (RA), Sjogren's syndrome antineutrophil
cytoplasmic antibody-associated vasculitis [12,13]. In disease
pathological conditions, BAFF is responsible for the
production of autoantibodies, which results in the development
of SLE [12,13].

The binding affinities of BAFF and APRIL to the receptors are
different, however, all these receptors signal through TNF
receptor-associated factors (TRAFs), NFκB and other
pathways. BAFF-R (BAFF receptor 3) activates alternative
NFκB pathways while the other 2 receptors BCMA and TACI
activate classical NFκB [14]. BAFF-R is a recent addition to
BAFF family receptors and significant role in B cell activities
whereas neither TACI nor BCMA can influence the activity.
Evidence suggests that the BAFF-R interactions with TRAFs
and initiate the downstream signaling pathways which further
results in non-classical pathway activation and subsequent
upregulation of Bcl-2 family members [14,15].

Figure 1. B-cell activation factor and A Proliferation-Inducing
Ligand (APRIL) mechanism in normal conditions. BAFF binds to the
receptors, BAFF-R, BCMA and TACI leading to immature B cell
survival and maturation, plasma cell survival and B cell survival and
proliferation, respectively, whereas APRIL binds with only BCMA
and TACI leading to plasma cell survival and B cell survival and
proliferation.

In early developmental stages of B cells, the BAFF and BAFF-
R signaling are important for survival by inhibiting the
apoptosis which results in further allow B cells to differentiate
as mature B cells on the other hand antigen-expressing B cell
subsets are independent to the BAFF and B BAFF-R and
depends on TACI and BCMA interaction. In this context, TACI
interaction is an essential mechanism for T cell independent
type II humoral responses, while the long lived B cells
expressed BCMA of bone marrow and promote B cell survival
and function (Figure 1) [14,15]. It has been reported in BAFF
transgenic mice and murine models that the development of
immunological and clinical parameters of SLE such a B-cell
hyperplasia, autoantibodies, anti-double-stranded DNA (anti-
dsDNA) antibodies and other autoimmune symptoms. In
addition, many mice model studies reported that the target
organ damage in SLE depend on the inflammatory burden
imposed by activated cells and the mediators [16-19].
Furthermore, serum concentrations of BAFF in patients with
SLE have shown higher levels when compared to healthy
individuals. Serum concentrations of BAFF levels are higher in

African-American SLE patients than Caucasian SLE patients
but there were no significant differences observed [20,21].
BAFF can bind to three different receptors that play a crucial
role in B cell maturation [7,22]. Hence, agents inhibit the
binding of BAFF to the receptors of B cells are in great
demand [23].

Belimumab (Benlysta®)
Since 1955, hydroxychloroquine was approved as biological
agent. After 50 years of research and development, in modern
era, belimumab is the first ever biological agent
(Hydroxychloroquine, approved in 1955) that has been
approved by the USFDA in March 2011 and subsequently by
European Medicines Agency in July 2011 for the treatment of
SLE. Belimumab is a complete human IgG1λ recombinant
monoclonal antibody which directs against BAFF and also
indicated as an add-on therapy for the treatment of adult
patients with active autoantibody positive, SLE and for patients
receiving standard therapy, however, not indicated for severe
active lupus nephritis or active Central Nervous System (CNS)
lupus patients [24,25].

Therapeutic Mechanism and Dosage
The cellular mechanisms underlying in SLE progression is
clear, which allowed to identify potential therapeutic targets.
Inhibiting the biological activity of BAFF and targeting B cell
signaling and maturation belimumab is able to reduce the
pathological complication related to SLE. As shown in Figure
2, belimumab inhibits the binding of BAFF with BAFF-R by
which the auto-B cell maturation inhibited; however, APRIL
binding activity is not effected; hence, the survival and
proliferation of plasma cells and B cells are not affected.
Moreover, belimumab inhibits the prolonged antibody memory
by blocking the transition of plasma cells to long lived plasma
cells [26].

BAFF belongs to the tumor necrosis factor (TNF) ligand
family. BAFF causes B-cell apoptosis leading to pathogenesis
of SLE. Higher levels of BAFF are generally found in SLE
patients with increased pathogenesis and antidouble-stranded
DNA antibody titers. Therefore, inhibiting the biological
activity of BAFF has a potential for the treatment of SLE.
Belimumab is a recombinant monoclonal antibody which
specifically acts against BAFF by binding to soluble BAFF. In
lymphoid tissue, Belimumab can be able to block BAFF-
mediated maintenance of germinal reaction which further
prevents the progression of B cell into high affinity memory
cells. Belimumab can also block BAFF-induced T cell
secretion INF-γ and IL-2 and also IL-2 dependent T cell
proliferation. These unique mechanisms made belimumab as a
promising therapeutic option for SLE patients [15,24,27,28].

The approved dosage range upto 10 mg/kg at 2 w interval for
first 3 doses and 4 w interval thereafter. Belimumab was
recommended to administer intravenously and based on the
estimation with set of action for suppression of B cell over 8 w
improvement in the clinical manifestations was found in 16 w
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[29]. In clinical trials, more deaths have been reported and in
controlled clinical trials, upper respiratory tract infection,
urinary tract infection, nasopharyngitis, sinusitis, bronchitis,
and influenza are identified as serious infections and also
hypersensitivity reactions are also reported. Moreover,
depression, insomnia, anxiety and suicidal behaviors are also
observed [29].

Figure 2. Therapeutic mechanism of belimumab which inhibits BAFF
binding to its receptors. APRIL retains its binding with BCMA and
TACI.

Certain important highlights pertaining to the clinical trials
regarding belimumab are presented in Table 1. Evidence from
clinical studies, controlled studies, combined analysis of trials,
retrospective analysis, post-hoc analyses, meta-analyses,
observational data, cohort studies and cross-sectional studies
are of interest whereas case reports, review articles, non-
clinical data, duplicate and or overlapping studies are excluded
from the list. Search methodology included and mostly studies
from the search engine ‘PubMed’ have been referred.

Clinical Trails
Chatham et al. studied the effect of belimumab on pre-existing
vaccine antigen antibodies in SLE patients and observed that
proportion of patients having antibody responses to
pneumococcal, tetanus, and influenza antigens did not
decrease. The study group have evaluated the effect of
belimumab on immune response to pneumococcal vaccination
among SLE patients and observed that the proportion of
patients with response to more than one pneumococcal

serotype were similar across pre-belimumab and belimumab-
concurrent cohorts [30]. van Vollenhoven et al. studied the
effect of belimumab on corticosteroid dose in SLE patients and
found that cumulative corticosteroid dose was substantially
smaller than placebo group indicating the belimumab may be
steroid sparing [31]. Schwarting et al. demonstrated the
efficacy and safety of belimumab in combination with standard
of care for different grouping of steroid, anti-malarials, and
immunosuppressants and observed that overall safety was
similar across concomitant medication groups except serious
adverse events in the steroids plus antimalarial group [32].
Strand et al. have reported the effects of belimumab treatment
and standard SLE therapy and found that the disease activity
has in fact reduced along with improvement in health related
quality of life [33]. Kandala et al. reported a review and meta-
analysis of clinical effectiveness of belimumab for SLE
patients and antinuclear and/or anti-double stranded DNA
autoantibodies and observed benefit for belimumab [34]. Petri
et al. studied baseline predictors for moderate to severe SLE
flares and evaluated the effect of standard therapy on
prevention. The study observed that patients with renal,
neurologic and vasculitic involvement, elevated anti-dsDNA or
BLys levels or low C3 have shown increased risk of flare over
one year [35]. Chatham et al. [36] studied effect of belimumab
on vaccine antigen antibodies to influenza, pneumococcal, and
tetanus vaccines in patients with systemic lupus erythematosus
in the BLISS-76 trial. Manzi et al. [37] studied Effects of
belimumab, a B lymphocyte stimulator-specific inhibitor, on
disease activity across multiple organ domains in patients with
systemic lupus erythematosus: combined results from two
phase III trials. Furie et al. analysed the efficacy of belimumab
and standard therapy on active SLE and found that the
treatment improved the SLE responder index rate and reduced
SLE disease activity. Based on SLE responder index at 52 w,
Navarra et al. have noted that belimumab had the potential to
be a novel option for management of SLE; however, serious
infection and hypersensitivity are also observed [38,39].

Search methodology
‘<<Belimumab>>’, ‘<<Phase III Belimumab>>’, ‘<<Phase
IIIB Belimumab>>’, ‘<<Phase IV Belimumab>>’, ‘<<Post
marketing Belimumab>>’

Table 1. Clinical trials and outcome.

Year Title Study type Clinical outcomes References

2011 Efficacy and safety of belimumab in patients with
active systemic lupus erythematosus: a
randomised, placebo-controlled, phase 3 trial

Randomised, placebo-controlled
multicentre phase 3 study

No malignant diseases were
reported, serious infections, serious
hypersensitivity reactions

Navarra et al. [38]

2011 A phase III, randomized, placebo-controlled study
of belimumab, a monoclonal antibody that inhibits
B lymphocyte stimulator, in patients with systemic
lupus erythematosus

A phase III, randomized, placebo-
controlled study

AEs, including infections,
malignancies, and deaths

Furie et al. [39]

2012 Effect of belimumab on vaccine antigen antibodies
to influenza, pneumococcal, and tetanus vaccines
in patients with systemic lupus erythematosus in
the BLISS-76 trial

Sub-study from the phase III,
randomized, double-blind, placebo-
controlled BLISS-76 trial pf belimumab

None Chatham et al. [36]
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2012 Effects of belimumab, a B lymphocyte stimulator-
specific inhibitor, on disease activity across
multiple organ domains in patients with systemic
lupus erythematosus: combined results from two
phase III trials

Two phase III trials (BLISS-52 and
BLISS-76) comparing belimumab
efficacy on SLE

None Manzi et al. [37]

2013 Belimumab: a technological advance for systemic
lupus erythematosus patients? Report of a
systematic review and meta-analysis

A meta-analysis of randomised
controlled trials

None Kandala et al. [34]

2013 Baseline predictors of systemic lupus
erythematosus flares: data from the combined
placebo groups in the phase III belimumab trials

Phase III belimumab trial; the impact of
standard therapies on SLE

Neurologic events Petri et al. [35]

2014 Improvements in health-related quality of life with
Belimumab, a B-lymphocyte stimulator-specific
inhibitor, in patients with autoantibody-positive
systemic lupus erythematosus from the
randomised controlled BLISS trials.

Two multicentre, randomised controlled
trials

None Strand et al. [33]

2016 Cumulative corticosteroid dose over fifty-two
weeks in patients with systemic lupus
erythematosus: pooled analyses from the phase
III belimumab trials.

Randomized, controlled trials, analysed
the effects of treatment with belimumab
on corticosteroid dose in patients with
SLE

Headache, upper respiratory tract
infection, arthralgia, and urinary tract
infection

van Vollenhoven et al.
[31]

2016 Impact of concomitant medication use on
belimumab efficacy and safety in patients with
systemic lupus erythematosus.

Phase III, randomized trials; post hoc
analysis on efficacy and safety data for
belimumab.

Treatment-emergent AEs,
headache, upper respiratory tract
infection, arthralgia, nasopharyngitis,
urinary tract infection, diarrhea,
nausea and fatigue

Schwarting et al. [32]

2017 A randomized, open-label study to investigate the
effect of belimumab on pneumococcal vaccination
in patients with active, autoantibody-positive
systemic lupus erythematosus.

Randomized, phase 4, open-label study Non-fatal serious adverse events Chatham et al. [30]

No deaths were reported

Conclusive Remarks
In the recent past, targeted therapy evolved as a promising
intervention for many deadly diseases such as cancer,
autoimmune disorders, etc. In the context of SLE, it’s been
over 5 decades, there is no effective drug approved.
Belimumab, the first ever biological approved for SLE
treatment; however, there are few questions remain
unanswered. It is believed that the monoclonal antibody
therapy is one of the revolutionary tools in treating many
autoimmune disorders, supporting belimumab has shown
significant safety profiles in phase III clinical trials. Moreover,
the post marketing studies also warranted the better guidelines
for the physicians. In many clinical trials, belimumab showed
modest effects with no significant adverse events, this success
set a new stage to test more biological molecules against SLE
and BAFF/APRIL axis. More clinical trial should be conducted
to overcome the setbacks existed in belimumab treatment;
therefore, in future, it can be the most reliable treatment option
for SLE and associated complications.
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