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Systemic lupus erythematosus (SLE) is a complex autoimmune dis-
ease characterized by a myriad of immunological aberrations, of which
B cell hyperactivity is the final pathway that contributes to increased
autoantibody production [1,2]. Autoantibodies mediate tissue injury
by the formation of immune complexes and subsequent complement
activation, as well as through the direct mechanism of antibody-medi-
ated cytotoxicity. A number of qualitative and quantitative defects of B
cells have been identified in patients with SLE, ranging from abnormal
calcium signaling and aberrant expression of co-stimulatory molecules
on B cells to a change in the proportion of peripheral naive B cells,
transitional B cells, plasma cells and activated memory B cells [3-6]. In
addition, B cells may mediate autoimmunity by antibody independent
mechanisms such as presenting auto antigens to T cells that contribute
to their activation and polarization, as well as cytokine and chemokine
production that reduces regulatory T cell activity and enhances den-
dritic cells recruitment [7-9].

Belimumab in the Treatment of SLE

B-lymphocyte stimulator (BLyS), or B-cell-activation factor
(BAFF), is a member of the tumor necrosis factor (TNF) ligand super-
family [10]. BLyS, mainly produced by monocytes, binds to any of the
three receptors on B cells, namely TACI, BCMA and BAFF-R, which
activates signals for B cell maturation, survival, proliferation and im-
munoglobulin class switching. Levels of BLyS and BLyS mRNA are el-
evated in SLE patients [11,12] and correlate with disease activity.

Belimumab (Lymphostat-B, Benlysta®) is a fully humanized
monoclonal antibody that specifically binds to soluble trimeric BLyS
and prevents BLyS interaction with its receptors. Belimumab inhibits
human B cell proliferation in vitro [13], and leads to in vivo deple-
tion of CD19+B cells, naive B cells (CD20+/CD27-), activated B cells
(CD20+/CD69+), plasmacytoid B cells (CD20+/CD138+) and plasma
cells (CD20-/CD138+), while memory B cells (CD20+/CD27+) are not
affected [14].

Clinical Trials of Belimumab in SLE

Two phase I/II studies were conducted for the efficacy and safety of
belimumab in patients with SLE. The first phase I dose escalation study
was published in 2008 and reported safety of a 3-month treatment
course of belimumab in 57 SLE patients [15]. The second phase II study
involved 449 North American patients (70% Caucasians) with active
SLE (SELENA-SLEDAI score >4) [14]. Participants were randomly as-
signed to intravenous belimumab (1, 4, or 10 mg/kg) or placebo in-
fusion, on top of background immunosuppressive therapies. At week
52, the reduction in SELENA-SLEDALI scores from baseline and the
median time to first lupus flare was not statistically different between
the belimumab and placebo-treated patients. However, in the sub-
group (72%) of serologically active patients (ANA >1:80 + anti-dsDNA
230 IU/ml), belimumab treatment led to significantly better responses
than placebo for the reduction in SELENA-SLEDALI score, physician’s
global assessment (PGA), and the physical component score of the SF-
36. The frequency of adverse events and serious adverse events was not
increased in belimumab-treated patients.

This study was extended in an open-label fashion [16]. After one
year, placebo-treated patients were shifted to belimumab (10mg/kg)
and belimumab-treated patients could remain on their current doses
or have the dose increased to 10 mg/kg. A SLE Responder Index (SRI),
which is a composite clinical outcome defined by an improvement in
SELENA-SLEDAI scores by >4, no BILAG worsening (new A or two
B flares), and no worsening in PGA (increase by >0.3 compared to
baseline), was worked out for the assessment of a clinically useful end-
point. In serologically active patients, SRI rate was 46% at week 52 (vs
placebo 29%, p <0.05) which increased to 55% by week 76, and was
maintained through week 272. The frequency of new BILAG A or 2 B
flares decreased from 30% at 6 month to 23% at 1 year (vs placebo 33%
and 25%, respectively) and declined to 11% at 4.5-5-year interval. The
incidence of adverse events remained constant after 5 years. It was sug-
gested that belimumab added to standard therapy was well tolerated.
Serologically active patients treated with belimumab showed sustained
improvement in disease activity and a decline in BILAG and SRI flares
over 5 years.

Two phase III global studies were subsequently conducted-the
BLISS-52 and BLISS-76. The BLISS-52 is a 52-week double-blind
randomized placebo-control study that included 865 patients from
Asia, Eastern Europe and Latin America [17]. The BLISS-76 is a 76-
week study of the same design that involved 819 patients from North
America and Europe [18]. The inclusion criteria were sero-positive
SLE patients (ANA >1:80 + anti-dsDNA =30 IU/ml) with a SELENA-
SLEDALI score of >6 and receiving stable treatment regimens for at least
a month. Participants were randomized to receive intravenous belim-
umab at 1 and 10 mg/kg or placebo on days 0, 14, 28 and then every 28
days on top of ongoing therapies.

In the BLISS-52 study [17], the SRI rates were 51% in the 1 mg/
kg and 58% in the 10 mg/kg belimumab dose groups, which were sig-
nificantly higher than that of the placebo group (44%). The difference
in the rate of SRI between the treatment and placebo groups became
apparent at week 16. In the BLISS-76 study, the SRI rate at week 52
was only significantly higher in the 10mg/kg belimumab group (43%)
than the placebo group (34%) [18]. The significance was lost at week 76
(39% in belimumab vs 32% in placebo). In both studies, the cumula-
tive risk of disease flares and time to first flare was in favor of 10mg/kg
belimumab [17,18]. In the BLISS-52 trial, significantly more patients in
the 10mg/kg belimumub group could have prednisone dose reduced
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by 250% from week 24 to 52 compared to placebo. Other secondary
outcomes in favor with belimumab were reduction in severe SLE flares,
increase in complement levels, reduction/sero-conversion of anti-ds-
DNA, improvement in PGA and the physical component of the SF36
quality of life measure [17].

Sub-Analyses of the Belimumab Clinical Trials

By combining the data of the BLISS-52 and BLISS-76 studies, it was
demonstrated that belimumab treatment led to a significant increase
in complement levels, but a significant reduction in anti-dsDNA titer
and immunoglobulin levels [19,20]. Belimumab 1mg/kg and 10mg/
kg significantly reduced circulating naive, activated and plasmacytoid
B cells while belimumab 10mg/kg also significantly reduced plasma
cells. However, memory B and T cells were not affected and antibody
titers to pre-enrollment immunization were maintained. In addition,
subgroup analyses of the two BLISS studies revealed that patients with
more pronounced serological activity (low complements or elevated
anti-dsDNA) at baseline had a greater difference in clinical response
rate when treated with belimumab compared to placebo.

Opverall, adverse events and serious adverse events were similar be-
tween the belimumab and placebo groups of patients in these trials.
Opportunistic infections were reported in eight patients treated with
long-term belimumab (10mg/kg). Malignancy and mortality was not
increased in belimumab-treated patients. Depression was the com-
monest psychiatric event reported and was numerically more common
with belimumab treatment than with placebo. There were two com-
pleted suicides in the belimumab-treated patients. Hypersensitivity
and infusion reaction (mostly mild) occurred at a similar rate between
the belimumab and placebo groups of patients (17% vs 15%), but seri-
ous infusion/hypersensitivity reaction was numerically more common
in belimumab-treated patients (7 patients vs 1 patient in the placebo
group).

The Outlook of Belimumab in the Treatment of SLE

Supported by the above evidence, belimumab is effective in reduc-
ing SLE activity on top of background immunosuppressive therapy
and delaying the time to disease flares. The drug is well-tolerated up
to 5 years. Serious infections and malignancy are not significantly in-
creased. However, one should be cautious of the numerical increase
in the rate of serious infusion reaction and depression in belimumab-
treated patients.

Belimumab was approved by the US FDA in March 2011 for the
treatment of autoantibody positive adult patients with active SLE who
are receiving standard therapies. It is the first new medication approved
for the treatment of SLE in over 50 years. Belimumab is approved at the
dosage of 10mg/kg to be given intravenously at 2-week intervals for the
first 3 doses, followed by 4-week intervals. Candidates for addition of
belimumab treatment are those SLE patients with active musculosk-
eletal, mucocutaneous, hematological and serological disease despite
ongoing therapies.

However, there are several uncertainties about the use of belim-
umab in SLE. First, the agent is not studied and hence not indicated in
patients with serious active lupus nephritis and neuropsychiatric lupus.
Belimumab is not recommended to be combined with cyclophospha-
mide or other biological agents. Second, the magnitude of clinical ben-
efit is only modest and its cost-effectiveness in treating milder cases of
SLE is unclear. Third, the effect of belimumab appears to be lost beyond
1 year (BLISS-76 study result). While the explanation for this obser-
vation remains speculative, the longer term efficacy of belimumab as

maintenance treatment to prevent lupus flares has to be established
with extended observation. Moreover, the optimal duration of belim-
umab therapy is unknown. Based on the existing data, the clinical ef-
fect of belimumab is to be expected after at least 16 week’s treatment.
When a clinical response is achieved, belimumab can be continued for
one year. The decision for further continuation of the agent beyond 1
year should be individualized. Lastly, it is still unclear whether there is
a difference in the efficacy of belimumab in patients of different ethnic
background, in particular renal disease in the Black race. Moreover,
whether belimumab is beneficial as an add-on therapy for more severe
lupus nephritis during the induction phase and how is it compared
to existing agents such as mycophenolate mofetil and azathioprine as
maintenance treatment remains an open question.

Conclusion

Belimumab is the first biological therapy that has proven clinical
benefit in SLE. The success of belimumab reiterates that B cell modula-
tion is a promising approach in the treatment of SLE. Persistent mild to
moderate lupus activity despite standard medications is an indication
for add-on therapy with belimumab. However, the cost-effectiveness,
efficacy in more serious SLE manifestations, as well as the long-term
safety of belimumab has to be evaluated further.
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