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Abstract

BAFF (B-cell-activating factor) is a critical survival factor for transitional and mature B cells and
is a promising therapeutic target for systemic lupus erythematosus (SLE). In 2010-2011, two
phase 3 clinical trials showed that the addition of the anti-BAFF antibody belimumab to standard-
of-care therapy in patients with moderately active SLE results in a better outcome at 52 weeks
than standard-of-care therapy alone. Belimumab has been US Food and Drug Administration
approved for the treatment of SLE, and other drugs that target BAFF are now in various stages of
clinical testing. This review describes the function of BAFF and its homolog APRIL (a
proliferation-inducing ligand) and addresses the rationale for the treatment of SLE with BAFF/
APRIL inhibitors.
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Introduction

BAFF (B-cell-activating factor) and APRIL (a proliferation-inducing ligand) are
homotrimers belonging to the tumor necrosis factor family that are widely expressed by
many cell types, including hematopoietic and stromal cells. Increased serum levels of BAFF
and/or its homolog APRIL are found in patients with autoimmune diseases, including
systemic lupus erythematosus (SLE), and both cytokines can be elaborated in inflammatory
sites. The appreciation that BAFF overexpression causes SLE and that BAFF inhibition
delays SLE onset in murine models has spurred the development of therapeutic agents for
inhibiting BAFF and APRIL. The monoclonal anti-BAFF antibody belimumab is the first
new drug in 50 years to be US Food and Drug Administration approved for the treatment of
SLE, and the clinical efficacy of several other inhibitors of BAFF and/or APRIL is currently
being tested. Although two large phase 3 studies of belimumab, added to standard-of-care
therapy showed modest benefit over standard-of-care therapy alone for moderately active
SLE, the primary clinical end point was no longer met after 1 year of therapy. Further
investigation should help clarify whether there is a subset of patients who respond to therapy
and identify the appropriate way to use BAFF/APRIL inhibition within the SLE therapeutic
armamentarium.

Disclosure Dr. Davidson has served as a consultant for Merck Serono.
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The Physiology of BAFF and APRIL and Their Receptors

B Cells

BAFF and APRIL have three receptors—BAFF-R, transmembrane activator and calcium
modulator and cyclophilin ligand interactor (TACI), and B-cell maturation factor Ag
(BCMA)—each of which is differentially expressed by B cells during their ontogeny.
BAFF-R is expressed at the late transitional (T2) B-cell stage and on all mature B cells, is
downregulated on germinal center B cells, is re-expressed on memory cells, and is absent on
plasma cells. TACI is expressed on B cells after the T2 stage and on plasmablasts and
plasma cells, whereas BCMA is upregulated exclusively on plasmablasts and plasma cells.
BAFF-R is specific for BAFF and signals through the alternative nuclear factor-xB (NF-xB)
pathway to enhance B-cell survival by upregulating anti-apoptotic proteins and through
mMTOR and Pim2 to promote cell growth. TACI and BCMA bind to both BAFF and APRIL
and signal through the classic NF-xB pathway and other pathways to counteract apoptosis
and to drive immunoglobulin class switching (Fig. 1) [1, 2¢].

BAFF is cleaved from the cell surface to form a soluble homotrimer [3], whereas APRIL is
cleaved intracellularly and secreted as a soluble protein. A small proportion of circulating
BAFF forms soluble 60-mer multimers, whereas APRIL multimerizes on cell surfaces by
attaching to proteoglycans. Circulating BAFF homotrimers bind well to BAFF-R, but
binding of both BAFF and APRIL to TACI or BCMA is markedly improved by
multimerization [4]. Other forms of the cytokines and receptors can be generated by
alternative splicing. Of these, the best studied is ABAFF, an isoform that cannot be cleaved
from the cell surface and appears to act as a dominant negative inhibitor of BAFF [5].

Mice deficient in BAFF or BAFF-R have a profound decrease in mature B2 cells. This is
because the interaction of BAFF with BAFF-R is essential to the survival of B cells past the
early transitional (T1) stage, with only a minor contribution from TACI and none from
APRIL or BCMA [6-8]. T1 cells are subject to deletion or anergy induction when they
receive a BCR signal because their immature rafts contain insufficient cholesterol to
assemble signaling molecules. In the T2 stage, BCR signaling through the classical NF-kB
pathway upregulates expression of BAFF-R and also generates p100, an essential substrate
for the nonclassical NF-B signaling pathway used by BAFF-R [9]. Upon receiving both
BCR- and BAFF-mediated signals, T2 cells differentiate and migrate to the marginal zone or
to the B-cell follicles, where they require a source of BAFF for their continued survival.
Autoreactive B cells that have downregulated their BCR as a consequence of antigen
stimulation at the T1 stage produce less p100 and compete poorly for BAFF as they progress
to the T2 stage. When B-cell numbers and BAFF levels are normal, stringent deletion of
autoreactive B cells occurs. However, an increase in serum BAFF levels, such as occurs
during B-cell lymphopenia or perhaps during inflammatory states, results in relaxation of B-
cell selection, with survival of more autoreactive B cells [10, 11]. Importantly, however,
BAFF excess has less effect on B-cell selection if physiologic competition is provided by
non-autoreactive B cells [12¢]. A few studies have addressed the fate of autoreactive B cells
within a diverse repertoire under conditions of BAFF excess or BAFF inhibition. Findings in
several different autoreactive B-cell transgenic models suggest that the effect of excess
BAFF on naive B-cell selection can be quite variable, and that not all autoreactive B cells
are equally susceptible to BAFF inhibition at the transitional B-cell checkpoint [13, 14]. It is
therefore important to further dissect the factors that determine BAFF responsiveness of
autoreactive B cells so as to find a means of determining which individuals are most likely
to be responsive to BAFF inhibition.

In SLE, class switching of autoreactive B cells from IgM to more pathogenic IgG is a
critical checkpoint in the initiation of clinical disease. BAFF collaborates with cytokines and

Curr Rheumatol Rep. Author manuscript; available in PMC 2013 August 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Davidson

Page 3

Toll-like receptor (TLR) signals to promote increased TLR expression, T-independent Ig
class switching, and plasma cell differentiation [15, 16]. APRIL also, by binding to TACI,
can mediate class switching but preferentially supports switching to IgA [2]. In SLE,
autoreactive B cells internalize nucleic acid—containing immune complexes or apoptotic
material that can activate TLRs, thereby inducing increased expression of TACI [15, 17].
High serum levels of BAFF may therefore preferentially support the survival and induce
class switching of autoreactive cells that recognize nucleic acids. In support of this notion,
marginal zone B cells undergo T-independent class switching in BAFF transgenic mice and
secrete antinuclear autoantibodies that cause SLE [17]. Some SLE patients have twofold to
fivefold increases in serum BAFF levels [18]; this could be due to B-cell lymphopenia,
BAFF production from inflammatory sites, or induction by increased type 1 interferons
(IFNSs). It is not yet clear whether this degree of increase in BAFF levels is responsible for
aberrant selection or class switching of naive autoreactive B cells in SLE, or whether such
abnormalities are reversed by BAFF inhibition. Of note, baseline levels of serum BAFF did
not correlate with the clinical response to belimumab in human clinical trials [19¢].

Although there are abundant data to indicate that excess BAFF may alter the selection of
naive B cells and induce a more autoreactive naive repertoire, the role of BAFF during
antigen-induced B-cell responses has not been as well-studied. This is because the
generalized B-cell-depleting effect of BAFF deficiency or inhibition in murine models
makes it difficult to study the later steps of B-cell differentiation. After antigen encounter,
marginal zone B cells form extrafollicular foci in which short-lived plasma cells are
generated, whereas follicular B cells interact with T cells and then move to extrafollicular
foci or to germinal centers. The survival of short-lived plasma cells generated in the
extrafollicular foci is highly dependent on the interaction of BAFF or APRIL with TACI
[20]. For this reason, immune responses to T-independent antigens such as encapsulated
bacteria are more severely impaired by BAFF and APRIL inhibition than by selective BAFF
inhibition and are markedly decreased in TACI-deficient individuals [21].

Within the germinal center (GC) microenvironment, B cells compete for antigen and for
growth and costimulatory factors provided by T cells, resulting in selection of those high-
affinity B cells that receive help, but death of B cells that receive low-affinity BCR signals
or BCR signals without cognate T-cell help [22]. Downregulation of BCR and BAFF-R
expression on GC B cells, low levels of BAFF, and high expression of Fas all help ensure
that high-affinity B cells that receive additional help from T cells are preferentially selected
for clonal expansion and further differentiation into memory or plasma cells. The role of
BAFF in regulating selection of the antigen-experienced repertoire is not clearly defined.
BAFF-deficient mice fail to form a mature GC follicular dendritic cell (FDC) network,
resulting in premature termination of the GC response [23, 24]. Whether this is a direct
consequence of competition for BAFF or due to generalized B-cell depletion and a
secondary deficiency of B-cell-derived LTa 1, that is required for an optimal GC response
remains to be determined. In contrast, APRIL appears to have a minimal role in GCs [23].
Although somatic mutation and affinity maturation in response to hapten antigens can still
occur in BAFF-deficient mice, the magnitude of the antibody response to T-dependent
antigens is significantly attenuated [24]. While it is a plausible hypothesis that GC B-cell
selection might be impaired by BAFF deficiency, this has not yet been shown
experimentally. Our own studies in a transgenic SLE-prone mouse have shown that
inhibition of both BAFF and APRIL with TACI-1g does not prevent clonal expansion or
plasma cell differentiation of B cells with germline-encoded autoreactivity. Further studies
will be needed to determine whether B cells that acquire autoreactivity as a consequence of
somatic mutation are regulated in the GC by BAFF/APRIL inhibition [13].
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Neither BAFF nor APRIL is required for the maintenance or reactivation of memory B cells.
BAFF has, however, been shown to collaborate with interleukin (IL)-17 or IL-21 in
promoting human memory B-cell proliferation and differentiation in vitro [25, 26],
suggesting that it might play a role in spontaneous reactivation of memory B cells during
inflammation. Either BAFF or APRIL is sufficient to support plasma cells, especially IgM
plasma cells [27]. While APRIL has been shown to be necessary and sufficient for the
support of bone marrow plasma cells in neonates [28], presumably through its preferential
interaction with BCMA, plasma cells become less dependent on BAFF and APRIL in older
mice, and in some lupus-prone strains, inhibition of both BAFF and APRIL does not deplete
long-lived bone marrow plasma cells [27]. This is most likely because of the complexity of
bone marrow niches that support plasma cells, with multiple contributions from other
stromal components and even perhaps from memory T cells that accumulate with age.

BAFF-R is expressed on some T cells and may modulate T-cell activation and promote IFN-
v and IL-17 production. Studies in SLE-prone mice deficient in the transcription factor Lyn
have shown that absence of BAFF-R on T cells directly inhibits their activation and
decreases their secretion of IFN-y [29¢]. Similar findings were reported in a murine
transplant model [30].

Dendritic Cells

BAFF induces dendritic cells to produce 1L-12 and supports both the survival of monocytes
and their differentiation into activated macrophages [31]. In a murine model of arthritis,
synovial dendritic cells transduced with an siRNA that silences BAFF remained in an
immature state and failed to produce IL-6, resulting in a decrease in the differentiation of
pathogenic Th17 [32]. Activated human monocytes and dendritic cells express intracellular
TACI, but cell surface TACI expression may be induced during inflammatory conditions
[31]. Thus, BAFF appears to have a proinflammatory role; it helps dendritic cells and
monocytes to activate and recruit immune cells and directly enhances the proinflammatory
activity of T cells. These functions are important because BAFF is often expressed in target
organs in autoimmune diseases and may therefore contribute to the amplification of
inflammation in these sites.

Clinical Studies of BAFF Inhibitors

Murine Studies

Inhibition of BAFF and APRIL can be achieved using blocking antibodies or fusion proteins
of the receptors. Multiple studies of BAFF and APRIL inhibition have been performed in
SLE-prone mice; these have recently been reviewed [33] and are not described in detail
here. In sum, these studies show that BAFF inhibition is more effective at preventing than
treating disease, although there is considerable heterogeneity between models. The
administration of type 1 IFNs confers increasing resistance to BAFF inhibition, suggesting
that environmental as well as genetic factors will determine responsiveness to this
intervention. Both types of factors therefore need to be considered when performing
analyses to identify responders to therapy or when considering combination therapies. In
most, but not all SLE models, long-lived plasma cells are not depleted by blockade of both
BAFF and APRIL; in these models, selective inhibition of BAFF is as effective as inhibition
of both BAFF and APRIL and can be therapeutic despite failure to modulate the anti-DNA
response. Nevertheless, in the MRL/lpr SLE-prone model in which there is a dominant
extrafollicular response, short-lived plasma cells are rapidly depleted by TACI-Ig, resulting
in a precipitous drop in anti-DNA antibodies. These findings in sum show that there is still
much to learn about the role of BAFF in the effector phase of inflammation, and suggest that
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considerable heterogeneity among humans in their responses to BAFF and BAFF/APRIL
inhibition can be expected.

Human Studies

Clinical trials in lupus patients have been performed with four reagents (Table 1).
Belimumab (Human Genome Sciences) is a fully human monoclonal antibody that inhibits
soluble, but not membrane bound BAFF. A-623 (Blisibimod; Anthera Pharmaceuticals) is a
BAFF antagonist peptibody based on BAFF-R, and LY2127399 (Eli Lilly and Company) is
a human antibody to BAFF; both these reagents inhibit both soluble and membrane-bound
BAFF. TACI-Ig (atacicept; Merck Serono) is a fusion protein that inhibits both BAFF and
APRIL (Fig. 1).

Belimumab and atacicept were first tested in rheumatoid arthritis. While the clinical end
points were met for belimumab, only approximately 30% of patients achieved an American
College of Rheumatology (ACR) 20, compared with 17% of controls [34]. Primary end
points were not met in the atacicept trial. In contrast, in a phase 2 study, LY2127399
achieved similar response rates in rheumatoid arthritis as other currently used biologic
agents (M Genovese, abstract 1923 presented at ACR Meeting, Philadelphia, 2009). The
reason for the enhanced efficacy of LY2127399 in rheumatoid arthritis compared with
belimumab or atacicept is not yet known. Although it is possible that blocking both
membrane and soluble BAFF is more effective than blocking soluble BAFF alone, other
explanations could include differences in the affinity of LY2127399 for BAFF, or the
potential ability of LY2127399 to mediate antibody-dependent cytotoxicity (ADCC) of cells
expressing surface BAFF. Whether the enhanced efficacy of LY2127399 compared with
belimumab and atacicept will also apply to SLE awaits the results of a phase 3 study that is
currently under way. Similarly, a phase 2 study of Blisibimod in active SLE is in process,
and a phase 3 study is planned. Although the patient recruitment criteria and the primary and
secondary outcomes of these trials are somewhat different from each other, it will be of
great interest to compare the results with those of belimumab. A phase 2/3 trial of atacicept
in active nonrenal, non—central nervous system lupus is in its final stages. This is the only
clinically available drug that inhibits both BAFF and APRIL and is expected to have a more
profound effect on plasma cells than the other drugs.

Preliminary mechanistic studies of belimumab and atacicept have been reported. While in
vitro studies of human B cells have suggested that BAFF alone (without any BCR signal) is
not sufficient to promote survival of transitional and naive B cells, in vivo studies have
clearly shown that inhibition of BAFF by belimumab induces marked depletion of
transitional and naive B cells that is maximal by 3 to 6 months and is then sustained during
treatment. While circulating plasmablasts, particularly IgM plasmablasts, decrease during
belimumab treatment, class-switched memory cells are not affected and may even increase
in number during the first few months of treatment. In accordance with these findings,
serum IgG levels decreased by only 10% [35e, 36], and baseline titers to tetanus and
pneumococcus were not affected [19¢]. A similar degree of peripheral naive B-cell depletion
has been reported with atacicept. As expected, however, atacicept has a more profound
effect on serum levels of immunoglobulins than does belimumab, particularly on levels of
IgM. Despite a 20% decrease in serum levels of 1gG in patients taking a short course of
atacicept, titers of antibodies to tetanus toxoid were not affected, suggesting that other
factors apart from BAFF and APRIL can maintain plasma cells in adult patients [37, 38].
Nevertheless, a trial of combination therapy with mycophenolic acid and atacicept had to be
halted almost immediately because of the occurrence of hypogammaglobulinemia in several
patients, and the high-dose arm of the current atacicept trial was stopped early because of
adverse events. This suggests that plasma cells from some individuals may manifest more
dependence on BAFF and APRIL than others, and that combination of this drug with
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immunosuppressive agents that target activated lymphocytes will need to be approached
with caution.

The first large, 52-week phase 2 study of belimumab in moderately active SLE failed to
meet its primary end points, namely a percent change in the SELENA-SLEDAI score at
week 24 and a decrease in time to first flare. Post-hoc analyses of the results of the trial
showed that responders were more likely to be serologically active (positive ANA or anti-
DNA), and that responses were better at week 52 than at week 24 [36]. Given these results
and considering the known slow kinetics of B-cell depletion by BAFF inhibition in humans,
two subsequent phase 3 studies of patients with moderately active SLE (BLISS 52, carried
out in Eastern Europe, Asia, and South America, and BLISS 76, carried out in North and
Central America and Western/Central Europe) were designed to be of relatively long
duration (52—76 weeks), and dose increases in other immunosuppressive treatments and
corticosteroids were allowed during the first 6 months of treatment. Only serologically
active patients were enrolled, and a new composite disease outcome measure (the SLE
Responder Index) was used as the primary outcome. This outcome measure requires a four-
point reduction in SELENA-SLEDAI score, with no significant new disease activity in any
organ system or change in the physicians’ global disease assessment [39e¢]. Using this
design, both trials met their primary end point at 52 weeks, and there were also
improvements in secondary outcomes, including a decrease in the frequency of severe flares
and in concurrent steroid dosage. Furthermore, the safety profile was acceptable and
comparable with the placebo arm [40ee, 41e¢].

Because individuals in the control arm in both trials received standard-of-care therapy for
the first 6 months, during which increases in immunosuppressive therapy and steroids were
allowed, the response rates in this arm were high, but there was a clear additional benefit of
belimumab, especially in the BLISS 52 trial (response rates, 58% vs 44% in BLISS 52 and
43% vs 33.5% in BLISS 76). Disappointingly, however, belimumab did not demonstrate a
significant benefit over standard-of-care therapy before 52 weeks or at 76 weeks (response
rates, 39.1% vs 32.4%), although several secondary outcomes were still achieved, including
a reduction in steroid dose and in the number of severe flares. Given the rather low rate of
response in either treatment arm at 76 weeks, it is not yet clear how to determine whether an
individual patient has benefited and for how long to use the drug. Serologic improvements
were noted in belimumab-treated patients with correction of hypergammaglobulinemia,
increases in serum complement levels in 30% to 40% of belimumab-treated patients
(compared with 20% of standard-of-care—treated patients), and 30% to 50% decreases in
median titers of anti-DNA antibodies, compared with only a 15% median decrease in serum
1gG. A small subset (<20%) of patients became anti-DNA negative by week 52, but these
decreases in anti-DNA antibodies occurred only in patients with low titers of autoantibodies
at baseline. A 30% median decrease in total serum IgM levels, compared with only a 10% to
15% decrease in IgG antibodies, reflects the greater dependence on BAFF of IgM- than 1gG-
producing cells. Although the median decrease in anti-DNA antibodies was higher than that
of total IgG, it is not possible to know whether this truly is due to an effect of belimumab on
B-cell selection, or whether this is due to a greater dependence of short-lived than long-lived
plasma cells on BAFF. Nevertheless, those patients in whom there was an early serologic
response to belimumab and a greater degree of naive B-cell depletion were also more likely
to have a clinical response [19¢]. Differences in serologic responses and in the degree of B-
cell depletion in patients taking the same dose of belimumab could reflect individual
pharmacokinetic, genetic, or environmental influences.

As expected, belimumab treatment caused a decrease in circulating B cells, but not T cells,
beginning 8 to 12 weeks after treatment initiation. The most significant decreases occurred
in the naive and transitional subsets, but decreases were also noted in activated CD69+ B
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cells, in the CD27+/IgM+ population that contains marginal zone B cells and human B1
cells, and in plasmablasts, particularly IgM-secreting plasmablasts [19e, 35¢]. As previously
reported, belimumab treatment resulted in rapid expansion of the memory B-cell pool [36,
42]. Whether this is due to homeostatic proliferation of memory B cells or their mobilization
into the circulation is not yet known but is important to understand the reasons for this
increase, as it would be counterproductive to deplete the naive B-cell population while
expanding an autoreactive memory-cell population.

Conclusions

There has already been extensive clinical experience with belimumab, but there is still much
to learn. Approximately 2,000 patients with moderately active SLE have been treated in the
belimumab clinical trials, and the results with respect to B-cell-depleting effects, serologic
changes, and clinical responses as measured by the responder index have consistently shown
benefit compared with current standard-of-care therapies [19¢]. Although the controls also
improved, most likely as a result of adjustments in background treatments allowed during
the study, they did so in the setting of a higher background dose of steroids. It is now crucial
to determine whether these benefits will be sustained over longer periods and whether there
will therefore be a decrease in disease- and corticosteroid-related damage over time in
belimumab-treated patients. Even small changes could cumulatively result in significant
benefits over many years of disease. While patients from the phase 2 study have now been
followed for greater than 5 years, allowing an evaluation of long-term immunologic effects
and safety profile of BAFF inhibition in a selected group of individuals, there is no longer a
placebo arm for these patients, making it impossible to evaluate long-term efficacy in these
patients. It is also crucial to understand whether it is possible to identify responders and
nonresponders to this drug and whether there are any adverse immunologic consequences of
long-term administration or of stopping the drug. While the published data only show
changes in median values of biologic markers, more rigorous analysis of the mechanistic
data collected during the clinical trials may help shed light on these issues; it is incumbent
on the drug sponsors to make these data available in a timely fashion. Finally, the efficacy of
belimumab has still not been shown in certain patient subsets, including those with active
renal or neurologic disease or in certain ethnic minorities (eg, African Americans). Clinical
trials to address these questions are planned or ongoing.

It has been puzzling that B-cell depletion with rituximab has not been as effective as BAFF
inhibition for the treatment of moderately active SLE [43]. It is difficult to directly compare
the results of these two sets of clinical trials because they were differently designed, and the
belimumab trials had larger numbers of enrolled patients, resulting in more power to detect
small differences in outcome. Nevertheless, the marked improvement in clinical outcome in
patients with multiple sclerosis who were treated with Rituxan compared with rapid disease
worsening in patients treated with atacicept (http://www.clinicaltrials.gov) suggests that
there are differences in the biologic effects of these two classes of drugs. One possible
explanation could be differential effects of the two drugs on certain B-cell subsets such as
regulatory B cells or memory cells. There are no data as of yet that address this hypothesis.
Another explanation is the direct effect of BAFF inhibition, but not Rituxan, on cell types
other than B cells, such as activated T cells or dendritic cells. Murine studies are strongly
supportive of this hypothesis. For example, we have recently shown that treatment of a
stringent SLE model with TACI-Ig has no effect on autoantibody production, systemic T-
cell activation, or renal deposition of immune complexes but inhibits renal migration of
activated macrophages and results in a decreased renal inflammatory response [44].

A final question that needs to be addressed is whether BAFF inhibition will synergize with
other lupus therapies, including TLR-directed therapy that targets type 1 IFNs, therapies that
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inhibit new GC formation, or during the recovery phase after B-cell depletion. This question
can be addressed initially in animal models but will ultimately require human clinical trials.
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Glossary
APRIL a proliferation-inducing ligand
BAFF B-cell-activating factor
SLE systemic lupus erythematosus
TACI transmembrane activator and calcium modulator and cyclophilin ligand

interactor
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Fig 1.

Proposed mechanisms of action of human BAFF and APRIL inhibitors: BAFF and APRIL
bind differently to the three receptors (BAFF-R, TACI, and BCMA). Selective BAFF
inhibitors block the interaction between BAFF and its receptors, leaving APRIL functions
intact, whereas the dual BAFF/APRIL inhibitor atacicept (TACI-1g) blocks the interaction
of both BAFF and APRIL with all three receptors. The effect of the inhibitors on B-cell
subsets is shown. Survival of cells in b/ueis not affected by BAFF or APRIL inhibition.
Survival of cells in greenis inhibited by selective BAFF inhibition. Survival of cells in
orangeis inhibited by dual BAFF/APRIL inhibition. The effect of BAFF inhibition on cells
in grayis not known. BAFF inhibition may also alter the function of dendritic cells (DCs)
and T cells and alter T-cell cytokine secretion. B1, B1 B cell; EF, extrafollicular focus; FO,
follicular B cell; GC, germinal center; IL, interleukin; Imm, immature B cell; LPC, long-
lived plasma cell; Mem, memory B cell; MZ, marginal zone B cell; SPC, short-lived plasma
cell; T1, transitional type 1; T2, transitional type 2
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Currently available BAFF/APRIL-inhibiting drugs (see http://www.clinicaltrials.gov)

Table 1

Drug Company | Structure Target Trials
Belimumab | Human Monoclonal | Soluble BAFF Two phase 3 trials completed for
Genome antibody general SLE
Sciences
US Food and Drug
Administration approved
Further trials in SLE subsets
planned/ongoing
Atacicept EMD Fusion BAFF and APRIL | Phase 2/3 general SLE ongoing
Serono protein (1° outcome: % patients who
(TACI-1g) flare)
Dose-ranging phase 2 trial
planned (1° outcome: SLEDAI-
2K Responder Index-50)
Blisibimod Anthera Peptibody Soluble and Phase 2 in progress; phase 3
(A-623) membrane BAFF planned in general SLE (1°
outcome: SLE Responder Index)
LY2127399 | Eli Lilly Monoclonal | Soluble and Phase 3 general SLE ongoing (1°
and antibody membrane BAFF | outcome: SLE Responder Index)
Company
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