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Abstract For the first time in more than 50 years, the US
Food and Drug Administration has approved a drug specif-
ically for the treatment of systemic lupus erythematosus
(SLE). This drug, belimumab, is a monoclonal antibody that
neutralizes the B-cell survival factor, B-lymphocyte stimu-
lator (BLyS). Although belimumab has demonstrated a very
favorable safety profile, many SLE patients have failed to
clinically improve from belimumab therapy. Three addition-
al BLyS antagonists (atacicept, blisibimod, tabalumab) are
currently undergoing clinical testing. These antagonists sub-
tly differ from belimumab in their biologic targets, and each
is administered through a route (subcutaneous) that differs
from the route through which belimumab is currently deliv-
ered (intravenous). Whether these differences will have
meaningful consequences for efficacy and safety remains
to be determined.
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Introduction

March 9, 2011, is a day that will be seared in the memories
of patients with systemic lupus erythematosus (SLE), their
families, and their physicians. On that day, the US Food and
Drug Administration (FDA) did something it had not done
in more than 50 years—it approved a drug specifically for
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the treatment of SLE. The drug, belimumab, is a monoclonal
antibody (mAb) that binds and neutralizes B-lymphocyte
stimulator (BLyS, also commonly known as BAFF). Al-
though the watershed approval of belimumab has instilled
renewed hope into the lives of all those touched by SLE, the
heterogeneity in clinical response to belimumab clearly
highlights the urgent need for further basic and clinical
investigation into the BLyS pathway. With that in mind, this
review focuses on BLyS and on its closely-related molecule,
a proliferation-inducing ligand (APRIL), as well as on the
four BLyS antagonists that are already FDA approved (beli-
mumab) or are in clinical development (atacicept, blisibi-
mod, tabalumab).

The BLyS-SLE Connection

BLyS is a 285-amino acid type-II transmembrane protein
member of the tumor necrosis factor ligand superfamily [1,
2]. Cleavage of surface BLyS by a furin protease results in
release of a soluble, biologically active 17-kDa molecule [2,
3], which binds to three receptors (BCMA, TACI, and BR3
[BAFFRY]) on the surface of B cells (Fig. 1) [4-7]. A com-
bination of in vitro and in vivo studies has demonstrated
BLyS to be a vital B-cell survival factor [8§—10] and to play
important roles in the differentiation of immature B cells to
mature B cells [11] and in Ig class switching and Ig produc-
tion [12]. In contrast, the role for membrane BLyS (as
opposed to soluble BLyS) remains uncertain [13].
Non—autoimmune-prone mice that express a BLyS trans-
gene (Tg) and thereby constitutively overexpress BLyS devel-
op SLE-like features, including high titers of circulating anti-
dsDNA autoantibodies, immune-complex glomerulonephri-
tis, and proteinuria [14—16]. Moreover, BLyS expression is
frequently elevated in human SLE and correlates with disease
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Fig. 1 BLyS engages three receptors (TACI, BCMA, BR3), whereas
APRIL engages only two of these (TACI, BCMA). All the BLyS
antagonists currently either US Food and Drug Administration ap-
proved (belimumab) or undergoing clinical evaluation (atacicept, bli-
sibimod, tabalumab) bind and neutralize BLyS, thereby preventing the
binding of BLyS to its receptors. In addition, atacicept also binds and
neutralizes APRIL, thereby preventing the binding of APRIL to TACI
and BCMA

activity [17—19]. Importantly, SLE-prone NZM 2328 (NZM)
mice deficient in BLyS are largely protected from develop-
ment of clinical disease [20] and are resistant to the SLE-
promoting properties of interferon- [21].

Complicating any elucidation of BLyS biology is the
uncertain role of its imperfect doppelganger, APRIL. Al-
though APRIL does not bind to BR3 [6], its three-
dimensional structure is sufficiently similar to that of BLyS
to permit APRIL to bind to the other two BLyS receptors
(BCMA and TACI) (Fig. 1) [22-25]. Moreover, APRIL and
BLyS spontaneously form APRIL/BLyS heterotrimers in
vivo [26]. What favors formation of heterotrimers rather
than BLyS or APRIL homotrimers and whether the potency
of the heterotrimers under in vivo conditions is greater than,
equal to, or less than those of the BLyS or APRIL homo-
trimers remain unknown. Of note, APRIL-deficient non-
autoimmune mice are either immunologically intact or har-
bor a modest reduction in serum IgA levels [27, 28], and
APRIL-Tg mice do not display signs of autoimmunity [29].
Indeed, the role for APRIL in SLE remains uncertain in
large measure due to the absence of any in vitro or in vivo
studies in murine or human SLE with agents that selectively
block APRIL without also blocking BLyS.

The only reported study to date in SLE that specifically
and solely targeted APRIL is a very recent one in which
NZM mice were genetically rendered APRIL deficient
[30¢]. In comparison to NZM wild-type (WT) mice,
NZM.April "~ mice harbored increased rather than de-
creased serum levels of IgG antichromatin antibodies.
Moreover, glomerular deposition of IgG and C3 was similar
in NZM.April ”~ and WT mice; renal histopathology tended
to be more severe in NZM.4pril /" mice than in WT mice,
and development of clinical disease was identical in
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NZM.April "~ and WT mice. Thus, APRIL is dispensable
for development of full-blown SLE in NZM mice and may
play a protective role. As deletions present from birth in
SLE-prone mice may influence the immune system in a
manner that may not be fully applicable to human SLE
patients (with intact APRIL genes) receiving therapeutic
antagonist agents, the ultimate ramifications of the observa-
tions in NZM.April *~ mice for the treatment of human SLE
remain to be determined.

Therapeutic Antagonism of BLyS in Murine SLE

In any case, the uncertainty surrounding the role, if any, for
APRIL in SLE may have profound consequences for thera-
peutic agents that target BLyS or its receptors. Treatment of
SLE-prone (NZBxNZW)F1 (BWF1) mice or MRL-/pr mice
with a BLyS antagonist retards disease progression and
improves survival [16, 31]. Of potential concern, the com-
bined antagonism of BLyS and APRIL may be more immu-
nosuppressive than the antagonism of BLyS alone. Indeed,
BR3-Ig (which antagonizes BLyS but not APRIL) and
TACI-Ig (which antagonizes both BLyS and APRIL) dis-
played identical clinical efficacy in a head-to-head study
despite TACI-Ig having a greater inhibitory effect on hu-
moral immunity than did BR3-Ig [31].

Rationale for Targeting BLyS in Human SLE

For many years, there were no effective B-cell-depleting
agents for mice. Accordingly, use of BLyS antagonists as
agents that substantially, albeit incompletely, deplete B cells
was a logical choice for murine SLE studies. However, very
effective B-cell-depleting agents have long been available for
humans (eg, rituximab). Thus, one can legitimately ask why
the indirect targeting of B cells via a vital survival factor
should be preferable to directly targeting the B cells them-
selves. In the case of BLyS, there are three good reasons.

First, in vivo studies in mice strongly suggest that some
(but not all) autoreactive B cells have a greater dependency
on BLyS for their survival than do non-autoreactive B cells
[32-35]. Antagonism of BLyS could preferentially eliminate
pathogenic B cells while sparing those B cells that protect
the host from microbial pathogens. This may be especially
important from a safety standpoint, as chronic B-cell deple-
tion may be associated with an increased risk of progressive
multifocal leukoencephalopathy [36].

Second, a subset of B cells produces interleukin (IL)-10
(B10 cells), and these cells harbor important protective
capacities in murine SLE [37¢]. Very recently, circulating
B10 cells were identified in humans [38¢], raising the
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possibility that these cells play a down-regulatory role not
only in murine SLE, but in human SLE as well.

Third, the direct effects of BLyS extend beyond B cells.
In mice, BLyS overexpression leads to skewing of in vivo
inflammatory responses toward a Thl cell profile and away
from a Th2 cell profile via a B-cell-independent pathway
[39]. Moreover, BLyS promotes in vitro generation of Th17
cells, at least in part, through direct effects on T cells [40¢].
Thus, therapeutic targeting of BLyS in SLE may not only
target pathogenic B cells but may target pathogenic Thl
and/or Th17 cells as well.

Safety and Efficacy of Belimumab

Belimumab is a human IgG1A mAb that binds and neutral-
izes soluble BLyS [41]. One of its greatest virtues is its
remarkably favorable safety profile. In the phase 1, phase
2, and phase 3 trials of belimumab in SLE, the incidence of
adverse events, serious adverse events, and severe adverse
events has been essentially identical among belimumab-
treated patients as among those who received placebo [42,
43e, 440e 45e¢]. That is, patients treated with belimumab at
worst did not clinically improve, but, importantly, they were
not subjected to toxicities from the medication. Indeed, rates
of adverse events and infections over a 6-year period (~1,500
patient-years) have remained stable or have decreased with
time [46]. Although this favorable safety profile may, at least
in part, be related to the concomitant decrease in corticosteroid
usage and/or a preferential loss from long-term cohort studies
of patients who are not doing well, the patient retention and
lack of long-term morbidity remain striking.

Its outstanding safety profile notwithstanding, actual clin-
ical benefit from belimumab could not be demonstrated until
an extensive post-hoc analysis of the failed phase 2 trial results
was performed. A novel SLE Response Index (SRI) was used
as the measure of clinical response [47¢¢], and the post-hoc
analysis revealed efficacy of belimumab (at 52 weeks) to be
limited only to those patients who were “seropositive” (serum
ANA titer >1:80 and/or positive serum anti-dsDNA test) at
baseline [43°]. Accordingly, both pivotal phase 3 trials
(BLISS-52 and BLISS-76) focused only on such patients.
Supporting the tentative conclusion drawn from the post-hoc
analysis of the phase 2 trial, patients in the BLISS-52 trial
(total n=865) treated with belimumab (1 or 10 mg/kg) plus
standard therapy experienced significantly greater response
rates at 52 weeks in comparison to that experienced by
patients treated with placebo plus standard therapy [44¢¢]. In
addition, patients in the BLISS-76 trial (total n=819) treated
with belimumab (10 mg/kg, but not 1 mg/kg) plus standard
therapy also experienced a response rate at 52 weeks greater
than that experienced by patients treated with placebo plus
standard therapy [45¢¢].

The successful phase 3 trials and the subsequent approval
of belimumab by the FDA notwithstanding, there are several
caveats that must be stressed.

Frst, more than 40 % of belimumab-treated patients in
either trial failed to achieve the primary clinical end point,
an SRI response at 52 weeks [44¢e, 45¢¢]. That is, even among
those patients who objectively exhibited B-cell hyperactivity
(as assessed by the presence of elevated circulating levels of
autoantibodies) at the time of entry into the studies and who, a
priori, should have been the most responsive to B-cell-direct-
ed therapy, the addition of belimumab to standard therapy did
not always improve clinical status. Of note, substantial BLyS-
independent autoimmunity and (modest) renal immunopa-
thology also develop over time in BLyS-deficient NZM mice
[20]. In addition, global T-cell dysregulation in otherwise
non—autoimmune-prone B6 mice leads to rapid development
of IgG autoantibodies in a BLyS-independent manner [48].
Furthermore, treatment of BWF1 mice with a BLyS antago-
nist has, at most, incomplete inhibitory effects on circulating
anti-dsDNA autoantibody levels [16, 31]. Thus, the persis-
tence of SLE features among many belimumab-treated human
SLE patients may reflect the same BLyS-independent autoim-
munity observed in SLE mice.

Second, a significant treatment signal was not appreciated
in the BLISS-76 trial at 76 weeks despite a significant treat-
ment signal having been achieved at 52 weeks [45¢]. Of note,
post-hoc analysis of SRI with higher thresholds of disease
activity (change in the SELENA-SLEDAI of 5-10 points
rather than only the prescribed 4 points) did demonstrate
significant improvement even at 76 weeks among patients
treated with the higher belimumab dose. Moreover, the ap-
proximately 1,500 patient-year experience to date with beli-
mumab has pointed to durable sustained improvement in SLE
disease activity along with a decrease in the frequency of SLE
flares [46], suggesting that belimumab may, in fact, have long-
term “staying power.” Nonetheless, because much of the
accrued experience with belimumab is open label and uncon-
trolled, the concerns surrounding the duration of effectiveness
of belimumab remain incompletely alleviated.

Third, subgroup analysis of the phase 3 results failed to
reveal a positive effect for belimumab among black American
subjects. Whether this reflects an underpowered cohort of
subjects or whether black Americans truly are insensitive to
the beneficial effects of belimumab as a consequence of
genetic and/or environmental factors is uncertain. Additional
studies will be performed to assess efficacy among this pop-
ulation with SLE. Somewhat reassuringly, post-hoc analysis
of'the 321 seropositive SLE patients in the phase 2 belimumab
trial documented the efficacy of belimumab even among black
Americans (Human Genome Sciences, unpublished observa-
tions). Nevertheless, clinicians will in the meantime have to
exercise judgment in evaluating the appropriateness of treat-
ing black American SLE patients with belimumab. (Grouping
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by race is a poor surrogate for identifying disease-
susceptibility or treatment-resistance genes. All of us hope
that genomics-based studies will soon permit physicians to
more accurately predict whether an individual patient will or
will not respond to a specific treatment.)

Fourth, patients with “severe active lupus nephritis or
central nervous system lupus” were excluded from both
BLISS-52 and BLISS-76 [44ee, 45¢¢]. Thus, we have no
information regarding the efficacy (or safety) of belimumab
in those patients who are the sickest and arguably have the
greatest unmet therapeutic need. A clinical trial of belimu-
mab in patients with severe active nephritis is being
planned, but it will be at least a couple of years before
informative results are available.

Fifth, belimumab appears to functionally be a slow-
acting drug. That is, even in those patients who did benefit
from treatment with belimumab, such benefit was routinely
not appreciated until several months after the initiation of
belimumab therapy [44ee, 45¢¢]. In the BLISS-52 trial, a
statistically significant difference in clinical responders be-
tween the belimumab 10 mg/kg plus standard therapy and
the placebo plus standard therapy groups was realized only
by week 24, and it appeared to take even longer in the
BLISS-76 trial to realize a statistically significant difference
between these two cohorts. It is tempting to speculate that
the slow onset of clinical efficacy by belimumab may be
related to the persistently increased occupancy by BLyS of
BR3 on SLE B cells, even at times when circulating levels
of soluble BLyS are not high [49]. For clinical efficacy,
belimumab may not only have to neutralize circulating
BLyS but may also have overcome the extended tight bind-
ing of BLyS to its receptors. Taken together, it is possible
that belimumab may not be an ideal agent during the “in-
duction” phase of treatment but may be better suited for
“maintenance” therapy.

Other BLyS Antagonists
Atacicept

Although belimumab is the only BLyS antagonist currently
approved by the FDA, other BLyS antagonists are at various
stages in clinical development (Table 1). The one that has
accrued the greatest degree of clinical trials exposure is
atacicept, a fusion protein between one of the BLyS recep-
tors (TACI) and the Fc portion of IgG. Atacicept, in contrast
to belimumab, binds and neutralizes both BLyS and APRIL
(Fig. 1). Neutralization (elimination) of BLyS plus APRIL
should have different biological consequences than neutral-
ization (elimination) of BLyS alone. Indeed, in a head-to-
head treatment comparison of BR3-Ig (which antagonizes
BLyS but not APRIL) with TACI-Ig (which antagonizes
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both BLyS and APRIL) in SLE mice, treatment with the
latter resulted in greater reduction in serum IgM levels,
greater reduction in spleen plasma cells (PC), and greater
inhibition of IgM responses to a T-cell-dependent antigen
than did treatment with the former [31]. Moreover, we
recently demonstrated that NZM.Baff "~ .April "~ mice har-
bor fewer bone marrow PC and have lower serum IgG levels
than do NZM.Baff””~ mice [30+]. With regard to clinical
outcomes, however, it made no difference whether the SLE
mice were treated with BR3-Ig or with TACI-Ig [31], and it
made no difference whether the NZM mice were singly
deficient in BAFF or doubly deficient in both BAFF and
APRIL [30°]. Thus, the net effect of neutralization (elimi-
nation) of both BAFF and APRIL may be greater immuno-
suppression without any readily discernable clinical benefit.

This concern may not be limited to SLE mice but may well
extend to human SLE patients. One clinical trial of atacicept
(in combination with mycophenolate mofetil) in SLE was
prematurely terminated due to an increase in serious infections
(ClinicalTrial.gov identifier NCT00573157). Nevertheless,
there may still be an important niche for atacicept in the
therapeutic armamentarium of the rheumatologist. Even in
the phase 1 study of atacicept in SLE, patients treated with
drug experienced an approximately 30 % reduction in serum
IgG levels by as early as 4 weeks into the trial, whereas
patients who received placebo experienced no such reduction
[50]. Whereas this rapid decline in serum IgG levels may lie at
the heart of the increased incidence of serious infections in the
trial that tested atacicept in combination with mycophenolate
mofetil, a rapid decline in IgG levels could ultimately prove to
be a godsend for patients with severe disease (eg, active
nephritis) in whom IgG autoantibodies are a major pathogenic
driving force (and for whom there are no data regarding the
efficacy/safety of belimumab). Moreover, judicious balancing
of concurrent immunosuppressive medications (eg, limiting
the dose of mycophenolate mofetil), even in SLE patients with
moderate disease activity may largely circumvent any undue
proclivity to serious infection while promoting a more
rapid clinical response than that seen with belimumab.
Overall, the potential for developing serious adverse
events related to immunosuppression (eg, serious infec-
tions) will likely be greater among patients treated with
atacicept than among patients treated with belimumab, but
atacicept treatment may turn out to be more beneficial, at
least for some patients, if the doses of concurrent immu-
nosuppressive medications can be limited.

Blisibimod

Another BLyS antagonist currently undergoing clinical
evaluation is blisibimod (recently known as A-623; origi-
nally known as AMG 623). This agent is a “peptibody”—
that is, a fusion between the Fc portion of IgG and a peptide
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Table 1 BLyS antagonists in

clinical development for sys- BLyS antagonist

Agent type

Specificity Current status

temic lupus erythematosus

Belimumab Monoclonal antibody Soluble BLyS FDA approved
APRIL, a proliferation-inducing Atacicept Receptor fusion protein BLyS+APRIL Phase 2/3
ligand; BLyS, B-lymphocyte Blisibimod (A-623) Peptibody Soluble+membrane BLyS Phase 2
stimulator; FDA, US Food and Tabalumab (LY2127399) Monoclonal antibody Soluble+membrane BLyS Phase 3

Drug Administration

sequence selected for its ability to bind with high affinity to
BLyS. As the case for belimumab, blisibimod targets only
BLyS, but not APRIL (Fig. 1). Accordingly, one might
presume that the biological and clinical properties of blisi-
bimod and belimumab should be very similar.

This may not necessarily turn out to be so. Whereas
belimumab binds to only soluble BLyS, blisibimod is touted
to bind to both soluble and membrane BLyS. (As there are
no published papers to date describing the properties and
characteristics of blisibimod, one must remain cautious in
assuming biological differences.) The hypothesis is that
more complete neutralization of BLyS (soluble and mem-
brane) will translate into greater clinical efficacy than that
realized by neutralization of only soluble BLyS.

This may not necessarily be the case, as the net in vivo
biological activity of membrane BLyS remains unresolved.
The phenotype of genetically engineered mice that express
membrane BLyS but virtually no soluble BLyS is similar to
that of BLyS-deficient mice, with marked reductions in B
cells, serum Ig levels, and antigen-specific Ig responses
[13]. Accordingly, the clinical response of an SLE patient
in whom both membrane and soluble BLyS had been neu-
tralized with blisibimod may be no different from that in a
membrane BLyS-replete, but soluble BLyS-deficient SLE
patient who had been treated with belimumab. Nonetheless,
it would be premature to extrapolate findings made in a
murine non-autoimmune host (in whom immunologic toler-
ance is intact and in whom systemic immune activation and
inflammation are quiescent) to a human SLE host (in whom
immunologic tolerance has been broken and in whom sys-
temic immune activation and inflammation are ongoing).
Thus, it remains to be determined whether joint neutraliza-
tion of soluble and membrane BLyS is more effective than
neutralization of soluble BLyS alone.

Even if only soluble BLyS is biologically active, meaning
that blisibimod and belimumab would be directed against the
identical biologically active target, the pharmacokinetics of
blisibimod administered subcutaneously will still greatly dif-
fer from that of belimumab administered intravenously. (Clin-
ical evaluation of subcutaneous belimumab is planned, but
from the vantage point of the clinical practitioner, belimumab
will remain solely an intravenous drug for at least some years.)
On the one hand, because the logistics of administering a
subcutaneous medication may be more favorable than those
of administering an intravenous medication (ie, home

injection vs injection in an infusion center or physician’s
office), a subcutaneous medication can be administered more
frequently than can an intravenous medication. Thus, the
levels of drug can, in principle, be better controlled with the
former than with the latter, so the onset of clinically meaning-
ful responses among patients treated with blisibimod may be
sooner than in those treated with belimumab. On the other
hand, the BLyS-binding region of blisibimod is synthetic,
raising the possibility that the host receiving the drug will
mount a neutralizing immune response against the drug. In
such case, the potency of blisibimod may be severely com-
promised, and clinical efficacy would suffer.

Tabalumab

The final BLyS antagonist currently undergoing clinical
evaluation is tabalumab (originally known as LY2127399),
an anti-BLyS mAb that binds to both soluble and membrane
BLyS, but not to APRIL (Fig. 1). This mAb has undergone
neither phase 1 nor phase 2 evaluation in SLE but is headed
directly into two separate phase 3 studies in SLE (Clinical-
Trial.gov identifiers NCT01205438 and NCT01196091).
Tabalumab is administered subcutaneously, so it may enjoy
the same theoretical advantage that blisibimod has in terms
of maintaining control of circulating drug levels. Moreover,
because tabalumab is not a synthetic agent like blisibimod,
tabalumab may be far less immunogenic than blisibimod.
Nevertheless, it is difficult to envision how tabalumab
would be superior to belimumab (also not synthetic), unless
neutralization of membrane BLyS truly adds incremental
therapeutic benefit beyond that achieved with neutralization
of soluble BLyS alone.

Conclusions

Despite the great excitement generated by BLyS antagonism
in murine models of SLE, no unbridled exuberance has been
generated from the experience to date with BLyS antago-
nism in human SLE. Although the approval of belimumab
by the FDA for “the treatment of adult patients with active,
autoantibody-positive, systemic lupus erythematosus who
are receiving standard therapy” unquestionably represents
a major milestone in the war against SLE, the true impact of
belimumab on SLE will be revealed only as the number of
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treated patients accrues in the “real world” environment.
Belimumab is a step in the right direction, but it realistically
is only a small step, with many more steps yet to be taken.
Of the three BLyS antagonists currently in clinical testing,
the one that has the greatest likelihood of improving on
belimumab is atacicept. At the same time, however, ataci-
cept is also the BLyS antagonist with the greatest likelihood
of promoting unacceptable toxicities. Whether treatment
with atacicept or with any of the other BLyS antagonists
leads to a clinical outcome different from that following
treatment with belimumab remains to be determined.

Since submission of this manuscript, Huard et al (PLoS
ONE 2012;7:e31837) have demonstrated that a monoclonal
antibody specific for APRIL can transiently ameliorate clin-
ical disease in BWF1 mice. Whether this amelioration is due
to neutralization of APRIL per se or is due to neutralization
of APRIL/BLyS heterotrimers and the attendant reduction in
BLyS activity was not determined.

Disclosure Dr. Stohl has received clinical trial support from Human
Genome Sciences, Eli Lilly and Company, and Amgen.
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