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Abstract: Systemic lupus erythematosus (SLE) is a chronic, multisystem, autoimmune
disease of unknown etiology, whose hallmark is the production of autoantibodies. B cells
are promising targets for novel SLE therapies. In 2011, belimumab (Benlysta®), a fully
humanized monoclonal antibody inhibiting B-cell activation and proliferation, was the first
medication in 50 years to be approved by the US Food and Drug Administration to treat adult
SLE. This review discusses the current experience with B-cell-targeted therapies, including
those targeting B-cell-surface antigens (rituximab, ocrelizumab, ofatumumab, obinutuzumab,
obexelimab, epratuzumab, daratumumab), B-cell survival factors (belimumab, tabalumab,
atacicept, blisibimod), or B-cell intracellular functions (ibrutinib, fenebrutinib, proteasome
inhibitors), for the management of SLE. It focuses on ongoing clinical trials and real-world
post-marketing use, where available, including their safety profiles, and concludes with our
recommendations for B-cell-centric approaches to the management of SLE.
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Introduction
Systemic lupus erythematosus (SLE) is a chronic systemic autoimmune disease of
unknown etiology, affecting predominantly women of reproductive age with an affected
female-to-male ratio of 9:1." It is clinically heterogeneous, can affect multiple organ
systems, and is characterized by unpredictable periods of disease flare and remission.
Despite the recent advances in SLE treatment, patients continue to experience significant
morbidity and mortality.>* Physicians currently manage SLE with multiple immuno-
suppressive medications that can both improve disease control and also put patients at
risk for severe side effects from broad immunosuppression.”® Also, SLE patients can
develop disease flares despite what appears to be the optimal treatment. Thus, there
remains a need for safer and more effective targeted therapies for treatment of SLE.
The hallmark of SLE is the production of autoantibodies by autoreactive B cells
reacting to self-antigens and triggering an overwhelming inflammatory response.’
In healthy individuals, B cells help maintain a functioning immune system and
produce protective antibodies. This mechanism appears to be altered in SLE
patients, and may be enhanced by a paucity of, or abnormality in, other regulatory
immune cells.® Novel therapies have been and are currently in development target-
ing factors promoting growth, activation, and proliferation of B cells, as well as
targeting specific surface molecules expressed across various B cell subpopulations

to lead to their depletion, anergy, or apoptosis.” >
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Targeted immunosuppression may have beneficial out-
comes for therapies in SLE. In particular, B cells and their
various subpopulations have been shown to play a crucial
role in the pathogenesis of SLE. B cells arise from the
bone marrow and develop through several stages of
maturation prior to producing antibodies as plasma cells.
B cells also express varied and different cell surface anti-
gens at different stages of maturation’; CD20 and CD22
are B-cell-surface antigens expressed on immature and
mature B cells, but not plasma cells. Immature and mature
B cells are the precursors of plasma cells producing auto-
antibodies. They have other functions including the pro-
duction of pro-inflammatory cytokines, and also regulate
T cell activity via co-stimulation, making these surface
antigens attractive for targeted therapy.’

It is widely theorized that SLE treatment failures after
administration of agents targeting B-cell-surface antigens,
such as CD20, may result from long-lived plasma cells that
survive due to their lack of expression of CD20 on their cell
surfaces. This led to alternative targets of B-cell activation,
in particular survival and growth factors, including
B lymphocyte stimulator (BlyS, also called B cell-
activating factor BAFF) and proliferating-inducing ligand
(APRIL), which are two members of the tumor necrosis
factor (TNF) superfamily’-*' for treatment of SLE. Elevated
levels of BlyS have been detected in sera of patients with
SLE,?>* and an association between serum BlyS levels and
disease activity of SLE has been demonstrated, making
BlyS an attractive target for therapy.

Intracellular signaling pathways to activate B cells dur-
ing a pro-inflammatory response include those involving
Bruton’s tyrosine kinase (BTK); inhibition of BTK is
currently being investigated for SLE therapy.'® Similarly,
there is interest in the development of a proteasome inhi-
bitor to specifically inhibit B-cell differentiation, through
its toxic effect on plasma cells.?***

Induction and maintenance of SLE disease remission is
as important as prevention of chronic organ damage and
drug-related morbidity. It continues to be difficult to mea-
sure the efficacy of novel therapies with a single disease
activity or damage index. Thus, composite scores are used
in many of the studies discussed in this review. The
belimumab Phase III trials™'® introduced the SLE
Responder Index 4 (SRI-4) that includes a reduction by 4
or more points on the SLE Disease Activity Index-2000
(SLEDAI-2K) scale, no more than 10% increase in the
physician global assessment (PGA), no new organ invol-
vement recorded with the British Isles Lupus Assessment

Group (BILAG) A score, and no more than 1 new BILAG
B organ score.”

In this review, we will provide an overview of the
efficacy and safety of rituximab, belimumab, other BlyS
family inhibitors, and epratuzumab from the phase III
trials. Real-world clinical experiences with these medica-
tions will be discussed, including use in refractory or
below optimal treatment of SLE. We conclude with
a discussion of current clinical trials investigating novel
therapies under development, and our perspective and
recommendations for the use of these B cell-centric thera-
pies in our armamentarium to treat SLE.

Ritixumab

Clinical Efficacy

Rituximab is a chimeric monoclonal antibody depleting
CD20-positive B cells, thereby sparing stem cells and plasma
cells.®?’ Rituximab depletes B cells via antibody-dependent
cell-mediated cytotoxicity (ADCC), complement-mediated
cytotoxicity (CDC), apoptosis and antibody-dependent pha-
gocytosis (ADP).?*2? It can induce the apoptosis of B cells,
inhibit the proliferation of B cells, and effectively stop the
abnormal proliferation of B cells.*” Rituximab is currently
a therapeutic option to treat refractory SLE manifestations,

including nephritis 3133

and neuropsychiatric disease.
A large systematic review, including a total of 35 uncon-
trolled studies and case reports, showed that 91% of 188 SLE
patients treated with rituximab demonstrated a significant
improvement in at least one systemic SLE manifestation.**
Rituximab is not approved by the Food and Drug
Administration (FDA) in the United States to treat systemic
lupus.

Two randomized controlled trials were conducted to
evaluate the use of rituximab to treat SLE: the
Exploratory Phase II/IIl SLE Evaluation of Rituximab
(EXPLORER) trial and the Lupus Nephritis Assessment
with Rituximab (LUNAR) trial (Table 1).>>*°® We have
reviewed both these trials in-depth in another review.’’
EXPLORER randomized 257 patients with moderate-to-
severe extra-renal SLE in a 2:1 ratio to receive rituximab
or placebo in addition to their baseline immunosuppressive
agents and a 10-week course of moderate-to high-dose oral
prednisone. LUNAR randomized 144 patients with new or
relapsed biopsy-proven class III or IV proliferative lupus
nephritis (LN) to receive placebo or rituximab and methyl-
prednisolone, plus mycophenolate mofetil (MMF) and oral
prednisone. Neither of these trials met their primary end-
points. EXPLORER did show that rituximab reduced the
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Table |1 B-Cell-Targeted Therapies for Treatment of Systemic Lupus Erythematosus

Name of Medication and Mechanism of Action Significant Significant Findings
Trial/Study
Rituximab: Chimeric anti-CD20 monoclonal antibody EXPLORER*® Did not meet primary endpoint for treatment of moderate to
(intravenous) severe extra-renal SLE. Reduced risk and frequency of SLE
flares.

LUNAR?* Did not meet primary endpoint for treatment of new or
relapsed class Il or IV LN. Normalized complement levels,
proteinuria, and anti-dsDNA autoantibody levels.

Cohort Use of rituximab in NPSLE. Although patients demonstrated

studies> 323240 improvement after treatment with rituximab, 40-60%
experience relapse within |7 months.

Belimumab: Human anti-BlyS monoclonal antibody BLISS-52 and International phase I trials for intravenous form. Met primary

(intravenous or subcutaneous). Approved in the USA and BLISS-76"'° efficacy endpoint for treatment of moderate-to-severe

Europe for treatment of adult SLE in 2011 seropositive SLE. Reduced disease activity/flares. Subgroup
analysis of trial patients with lupus nephritis demonstrated
some improvement leading to BLISS-LN.

BLISS-LN* Met primary efficacy endpoint for treatment of active class Il
IV £ V LN with intravenous form after induction therapy with
HDSC+MMF, or HDSC+CYC.

BLISS-SC* Met primary endpoint for treatment of moderate-to-severe
seropositive SLE with subcutaneous form. Reduced flare rate
and able to taper steroid dose.

EMBRACE* Did not meet primary endpoint for treatment of SLE with
intravenous form in Black patients.

Approved for treatment of SLE in patients aged 5—17 years in | PLUTO* Combined phase II/Ill trial in pediatric lupus using intra-venous

2019 form. Over 50% of the children met the primary endpoint.
Able to taper steroid doses.

Rituximab followed by belimumab CALIBRATE®® Did not meet primary endpoint for treatment of recurrent
refractory class Ill/IV = V LN using intravenous form.

Epratuzumab: Human anti-CD22 monoclonal antibody ALLEVIATE-I Phase Il trials discontinued prematurely due to interruption in

(intravenous) and supply of medication.

ALLEVIATE-2%°

EMBODY-1 and
4

Phase Ill trials that did not meet primary endpoints.

Abbreviations: BlyS, B lymphocyte stimulator; CYC, cyclophosphamide; HDSC, high-dose systemic corticosteroids; LN, lupus nephritis; MMF, mycophenolate mofetil;

NPSLE, neuropsychiatric lupus; SLE, systemic lupus erythematosus.

risk of initial flare and lowered the frequency of flares
when compared to placebo. This suggests that rituximab
might not work well as induction therapy, but rather as an
adjunct to control severe SLE manifestations. In
a systematic review of EXPLORER with two open-label
studies, and 22 cohort studies, rituximab was shown to
have positive effects in the treatment of non-renal SLE,*®
with good effect on disease activity, serology, and corti-

costeroid-sparing abilities. Similarly, LUNAR did show

that patients treated with rituximab had greater improve-
ments in complement levels, anti-double-stranded DNA
(dsDNA) levels, and proteinuria than those treated with
placebo.*

Five cohort studies have assessed the effect of rituximab
on neuropsychiatric SLE (NPSLE),*'#2**3%4% reporting
a response rate of 73%-100%. This includes a case series
of 10 patients with severe, refractory NPSLE who all
responded to rituximab;** three patients demonstrated
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improvement on magnetic resonance imaging (MRI).
However, these studies also noted a high proportion (45—
60%) of NPSLE patients treated with, and responding to,
rituximab experienced relapse within 17 months of ritux-
imab, despite continuing on maintenance therapy. Thus, it
remains difficult to pinpoint a specific role for rituximab in
the treatment of NPSLE.

Safety

Patients in the EXPLORER trial experienced similar num-
bers of adverse events in the rituximab group (37.9%)
compared to the placebo group (36.4%). Most were
upper respiratory tract infections and infusion-related
adverse events. More patients developed severe sepsis in
the placebo group (17%) than the rituximab group (9.5%).
Three patients on rituximab therapy died: one with perfo-
rated bowel, one from multiple drug intoxication, and one
whose cause of death was unknown. Patients in the
LUNAR trial experienced similar numbers of adverse
events in the rituximab and placebo groups as well, with
the most common adverse events again being infection and
infusion-related adverse events. Two patients on rituximab
therapy died: one due to sepsis and the other due to
alveolar hemorrhage 2 months after the first rituximab
infusion.

Progressive multifocal leukoencephalopathy (PML) is
a rare but well-recognized potential adverse effect of
rituximab. None of the patients in EXPLORER or
LUNAR developed PML, but two patients on treatment
with rituximab in real-world clinical use have been
reported to have developed PML.*!

Due to the chimeric nature of rituximab, its therapy
course can be complicated by the development of human
anti-chimeric antibodies (HACA). There were three
patients in the EXPLORER trial and one in the LUNAR
trial with HACAs who also experienced serious adverse
events (serum sickness and severe infusion-related reac-
tions). There are also different schedules to administer
rituximab therapy, sometimes for convenience of adminis-
tration, though there do not appear to be differences in
tolerability or side effects.’’

Belimumab

Clinical Efficacy

Belimumab is a fully humanized monoclonal antibody
against BlyS, and has completed phase III trials in both
intravenous and subcutaneous forms (Table 1). Belimumab
is FDA-approved for the treatment of seropositive,

moderate SLE. In the two international, multi-center, ran-
domized, placebo-controlled phase IIT clinical trials,”'”
BLISS-52 and BLISS-76, autoantibody-positive adult
patients with active SLE and SLEDAI over 6 were rando-
mized to receive either intravenous infusions of belimu-
mab (at 1mg/kg/dose or 10mg/kg/dose) or placebo in
addition to standard-of-care (SOC) SLE treatment. We
have previously reviewed these trials in-depth in other
review articles.’”*** Both trials achieved their primary end-
points, with a statistically significant improvement in SRI-
4 over placebo at week 52. Both studies also demonstrated
reduced SLE disease activity and severe flares compared
to placebo.

Post-hoc analyses from BLISS-52 and BLISS-76
demonstrated that belimumab plus SOC SLE therapy sig-
nificantly reduced the rate of disease flares, decreased
serologic SLE activity, and permitted lower corticosteroid
doses when compared to placebo cohort on SOC SLE
therapy only.*> Belimumab also appeared to improve qual-
ity of life in SLE patients.**

BLISS-SC investigated the efficacy and safety of sub-
cutaneous injections of belimumab compared to placebo.*®
BLISS-SC randomized 556 patients with SLE for treat-
ment with belimumab at 200mg subcutancously once
weekly plus SOC medications, and 280 SLE patients for
treatment with placebo plus SOC medications for 52
weeks. The primary endpoint of achievement of SRI-4
response 52 weeks after initiation of belimumab was met
by 61.4% of the patients treated with belimumab, com-
pared to 48.4% of the patients in the placebo group
(p=0.0006). The addition of subcutaneous belimumab to
SOC SLE medications also significantly decreased severe
disease flare rates compared to placebo (60.6% vs 68.6%,
respectively, p=0.0004), and more patients in the belimu-
mab cohort were able to taper their corticosteroid dosages
by over 25% (18% compared to 12% of the patients given
placebo, p=NS).

Most recently, belimumab was FDA-approved to treat
seropositive, moderate SLE in children 5-17 years of age
in 2019. PLUTO is an ongoing, combined Phase II and III
double-blind placebo-controlled, randomized trial of the
use of intravenous belimumab at 10mg/kg/dose once
every 4 weeks in pediatric SLE.** PLUTO randomized
53 pediatric SLE patients to treatment with belimumab
plus SOC medications, and 40 patients to be given placebo
plus SOC medications. Although this trial was not
designed or powered to have significance, given the rela-
tive rarity of pediatric SLE, 53% of the children with SLE
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treated with belimumab met the primary endpoint of SRI-4
response at 52 weeks, as compared to 44% of the children
given placebo. The use of belimumab allowed 20% of the
patients to taper their corticosteroids over the duration of
the trial, though this was comparable to the 21% of the
patients on placebo that also successfully tapered their
corticosteroids.

Patients of Black race and/or Hispanic ethnicity can
have a more severe disease course, and the EMBRACE
trial*” was performed to investigate the efficacy and safety
of intravenous belimumab in Black SLE patients.
EMBRACE is a multi-center, double-blind, placebo-
controlled, randomized trial in Black SLE patients over
18 years of age. The primary endpoint was achievement of
an SRI-4 response at 52 weeks was met by 49% of the
patients treated with belimumab plus SOC medications,
compared to 41.6% of the patients given placebo plus SOC
medications (p=NS). Numerically more patients were able
to taper corticosteroids after starting belimumab, but this
number was also not statistically significant.

A subgroup analysis of 267 patients with LN in these
trials suggests that belimumab used in combination with
MMF may improve nephritis,*® leading to the develop-
ment of the BLISS-LN trial to investigate the usefulness of
addition of belimumab to SOC therapy to treat LN.*
BLISS-LN randomized 448 adult SLE patients with active,
biopsy-proven class I1I, IV and/or V lupus nephritis 1:1 to
receive belimumab or placebo, plus SOC therapy, for 104
weeks. The primary endpoint was defined as a urine pro-
tein/creatinine ratio of <0.7, estimated glomerular filtration
rate within 20% of the pre-flare value or >60mL/min/
1.73m?, and no rescue therapy; this was achieved by sig-
nificantly more LN patients on belimumab (43%) than
placebo (32%) (p=0.03). SOC induction therapy included
high-dose corticosteroids (HDSC) and MMF, or HDSC
and CYC. Response in the belimumab cohort was superior
to placebo if the induction therapy was HDSC and MMF,
but not HDSC and CYC. It is also worth noting that only
30% of the SLE patients enrolled were of Black race, and
that response in the belimumab cohort was superior to
placebo in those not of Black race compared to those
who identified as Black.

The CALIBRATE trial (combination of antibodies in
lupus nephritis: belimumab and rituximab assessment of
tolerance and efficacy) investigated the use of rituximab
followed by belimumab in adult SLE. Anti-CD20 agents
such as rituximab spare the early pre-B and plasma cells,
as these B-cell populations do not express CD20 on their

surfaces.’® Sparing plasma cells in particular allows for the
development of long-term memory B cells. In addition,
BlyS levels have been shown to rise after B-cell
depletion.”’ Thus, giving belimumab, an agent that targets
BlyS, after rituximab may help prevent re-emergence of
autoreactive B cells after B-cell depletion. A phase II
randomized trial of rituximab plus CYC followed by beli-
mumab for treatment of lupus nephritis (CALIBRATE)
enrolled 43 adults with recurrent or refractory LN (biopsy-
proven class III or IV LN, alone or in combination with
class V LN) who were randomized 1:1 to receive belimu-
mab or placebo infusions after treatment with rituximab
and CYC. All patients had been treated with either CYC or
MMF in the past; exclusion criteria included those treated
with rituximab in the past at any time, or another B-cell
biologic within the 12 months before enrollment. The
trial’s primary endpoint was the safety of the study treat-
ment regimen (defined as having at least one severe infec-
tious adverse event such as pneumonia, sepsis, or
cellulitis); prior to week 48, 9.5% of the patients who
received belimumab after rituximab and CYC experienced
such an infection compared to 23% of the patients receiv-
ing placebo (p = NS).

Only seven patients who received belimumab and six
who received placebo were evaluated at week 96 for
efficacy of treatment regimen, with five patients who
received belimumab demonstrating complete renal
response compared to four patients who received placebo.
The other 29 patients were excluded due to leaving the
study or meeting a criterion for discontinuation, eg, dis-
ease flare or worsening LN during treatment. B-cell deple-
tion was achieved in both cohorts by week 12, and
continued to be consistently lower in the cohort receiving
belimumab at later time points. Moreover, none of the
patients who received belimumab experienced reconstitu-
tion of their B cells at week 24, compared with 5 out of 14
patients who received placebo (p=0.04). Consistent with
this observation, 8 of 9 patients in the belimumab cohort
had decreased numbers of anti-nuclear antibody (ANA)-
positive B cells (B cells that express a surface receptor that
can bind nuclear antigens) from baseline compared to 5
out of 7 patients in the placebo cohort who demonstrated
increased numbers of ANA-positive B cells at week 48.
This supports the theory that belimumab delays reconstitu-
tion of ANA-positive B cells. It is worth noting, however,
that the authors concluded there was no significant clinical
efficacy of adding belimumab after cyclophosphamide and
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rituximab treatment, even though some of the biological
effects (described above) occurred as predicted.

There are numerous reports and prospective cohort
studies investigating the real-world use of belimumab in
addition to SOC therapy for SLE.>*>* Rates of efficacy
and incidence of adverse events appear to be quite similar
to trial data. Currently, clinical trials for the use of beli-
mumab in BLISS-BELIEVE (NCT 03312907),” compar-
ing the use of belimumab plus rituximab to belimumab
alone, and subcutanecously in pediatric SLE (NCT
04179032) are underway.’®

Adverse Effects

Comparable rates of adverse effects were observed over
time in both the intravenous and subcutaneous belimumab
trials.”'%*> The phase II continuation of intravenous beli-
mumab study noted that the rates of severe adverse events,
including severe infection, were stable or decreased during
7 years of belimumab treatment.’’ In both trial data and
real-world use, the most common adverse effects and
reasons for discontinuation of belimumab therapy are
infection and lack of response.”="-%

It is worthwhile noting that the phase III trials sug-
gested a two-fold higher likelihood of developing
a psychiatric disorder on belimumab therapy if the patient
had a history of existing psychiatric disease. Up to 16% of
the patients in the belimumab trials reported a psychiatric
event while on treatment with belimumab.’®>* Over 50%
of these patients reported experiencing anxiety or insom-
nia; 0.1-0.4% of the patients reported suicidal ideation.
Moreover, there have been 8 reported cases of PML in
adult SLE patients treated with belimumab,’®®' with at
least two resulting in death.

The mortality rate on belimumab therapy is 0.4/100
patient-years, lower than the mortality rate for SLE patients
in general (1.63/100 patient-years).*> Malignancies were
described in 26 patients while on treatment with belimu-
mab, with a peak incidence of seven to eight patients
between 2 and 4 years of initiation of belimumab. There
were no additional adverse events noted in the BLISS-LN
trial, nor in the CALIBRATE trial. Although all patients in
the CALIBRATE trial experienced at least one adverse
event, there were no deaths and no opportunistic infections.

There were no additional safety signals noted in the
PLUTO trial.*® Of note, there was one death in the placebo
group and none in the belimumab group. There were no
malignancies noted in either group during the trial. Two
patients on belimumab reported depression or thoughts of

self-harm. Two patients in the placebo cohort developed
suicide ideation, compared to none in the belimumab
cohort. In our real-world study of belimumab, there were
39 patients whose disease was diagnosed prior to their
19th birthday.>” One developed biopsy-proven class IV
LN while on belimumab therapy. In addition, three
patients developed severe neuropsychiatric side effects
while on belimumab, including one with suicidal ideation
and attempt and one with new-onset cerebral vasculitis as
evidenced on imaging.

Tabalumab

Clinical Efficacy

Similar to belimumab, tabalumab is a fully human mono-
clonal antibody against both soluble and membrane-bound
BlyS."" Two phase III randomized, multi-center, double-
blinded, placebo-controlled trials were conducted across
all continents — ILLUMINATE-1 and ILLUMINATE-2
(Table 2). ILLUMINATE-1 randomized 1138 adults with
non-renal, moderate-to-severe SLE 1:1:1 to receive taba-
lumab 120mg subcutaneously once every 2 weeks, tabalu-
mab 120mg subcutancously once every 4 weeks, or
placebo subcutaneously once every 2 weeks, in addition
to SOC SLE treatment, for 52 weeks.”” ILLUMINATE-2
randomized 1124 patients with moderate-to-severe SLE in
a similar fashion, stratifying for anti-double-stranded DNA
antibody status and ancestry.""

The primary efficacy endpoint of ILLUMINATE-1
was not met in either tabalumab cohort. However,
ILLUMINATE-2 met the primary endpoint of SRI-5
response in the cohort receiving tabalumab 120mg every
2 weeks, but not the other tabalumab cohort or placebo
(p=0.002). (SRI-5 is similar to SRI-4 response but with
a 5 or more point reduction in SLEDAI-2K score.) It is
worth noting that ILLUMINATE-2 had similar efficacy to
belimumab trials (35% for low dose vs 28% for placebo
in ILLUMINATE-2) and that it met the primary endpoint
because of the relatively large numbers enrolled in the
trial. Several secondary endpoints were identified, includ-
ing time to first disecase flare and the proportion of
patients able to taper corticosteroids. In both
ILLUMINATE-1 and ILLUMINATE-2, there was no dif-
ference in time to first disease flare in either the tabalu-
mab or placebo cohorts, and no difference in whether
corticosteroids were able to be tapered/discontinued.
Moreover, post hoc analysis of renal parameters in
patients who were part of the intention-to-treat cohort
demonstrated that tabalumab did not significantly affect
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Table 2 Newer B-Cell-Targeted Therapies Under Investigation for Treatment of Systemic Lupus Erythematosus

Name of Medication and Mechanism of
Action

Significant Trial/
Study

Significant Findings

Tabalumab: Human anti-BlyS monoclonal
antibody (subcutaneous)

ILLUMINATE-1

and ILLUMINATE-
11,63

International phase Il trials that did not meet primary or secondary

efficacy endpoints. No longer manufactured.

Atacicept: Recombinant human fusion protein | ADDRESS I1°® Phase IIb trial that met primary endpoint in patients with SLEDAI over 10
of TACI binding BlyS and APRIL (subcutaneous) at baseline, and also decreased flares.

APRIL-SLE'? Phase Il trial that did not meet primary endpoint.
Blisibimod: Peptibody inhibiting BlyS PEARL-SC®® Phase I trial that met primary endpoint in seropositive patients with
(subcutaneous) SLEDAI over 10 at baseline.

CHABLIS-SCI '3 Phase lll trial that did not meet primary endpoint in sero-positive patients

with SLEDAI over 10 at baseline; however, may be effective as

corticosteroid-sparing agent and also in treating LN.

15,73

Ocrelizumab: Human anti- Phase IlI trials

CD20 monoclonal antibody (intravenous)

Initial results suggested some efficacy in treating LN inseropositive
patients; however, trial was terminated prematurely secondary to high
rate of serious infections. A second phase Ill trial was terminated

prematurely due to inefficacy. No longer being investigated in SLE.

antibody (intravenous)

Obinutuzumab: Human anti-CD20 monoclonal | NOBILITY'® Phase Il trial that did not meet primary endpoint of complete renal

antibody (intravenous) response; however, overall response, including partial renal response, was
significantly higher in treatment cohort. Effective at B-cell depletion in
over 90% of patients.

Ofatumumab: Human anti-CD20 monoclonal Case series'” Eight of 16 LN patients had partial or complete renal remission. B-cell

antibody (intravenous) depletion achieved in 12/16 patients. Useful alternative in rituximab-
allergic patients.

Obexelimab: Human anti-CD 19 monoclonal Phase Il trial'® Did not meet primary endpoint. No longer being investigated in SLE.

Fenebrutinib: BTK inhibitor (oral) Phase Il trial'®

Did not meet primary endpoint; however, fenebrutinib did significantly
reduce levels of CD19-positive B cells, including plasmblasts.

Bortezomib: Proteasome inhibitor (intravenous | RCT trial?® Conducted in Japan — did not meet primary endpoint. Only one patient
or subcutaneous) treated with bortezomib had decrease in autoantibodies, compared to 4 in
placebo cohort.
Case series”’ Conducted in Spain — 10 patients with severe refractory LN achieved

partial renal response, and | complete response. Concern for high
number and severity of SAE in treatment cohorts. May play a role in
salvage therapy (short-term use).

Abbreviations: APRIL, A proliferation-inducing ligand; BlyS, B lymphocyte stimulator; LN, lupus nephritis; SAE, serious adverse effect; SLEDAI, systemic lupus
erythematosus disease activity index; SLE, systemic lupus erythematosus; TACI, transmembrane activator calcium moderator and cyclophilin ligand interactor.

serum creatinine, and urine protein/creatinine level. No
difference was seen in the number of renal disease flares
over 52 weeks in any cohort.**

Adverse Effects

Both ILLUMINATE-1 and ILLUMINATE-2 had comparable
numbers of patients who experienced an adverse effect
(approximately 40% in all cohorts receiving tabalumab),

which was also comparable to the placebo cohort. Although
both studies noted there were no serious safety signals,
ILLUMINATE-2 revealed 8.5% of the patients on tabalumab
had depression and three patients in the tabalumab cohorts
attempted suicide while on treatment. There were also three
deaths in the placebo and treatment groups in ILLUMINATE-
2. Tabalumab was discontinued by the manufacturer shortly
after the equivocal data from the two phase III trials.
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Atacicept
Clinical Efficacy
Atacicept is a human recombinant fusion protein of the
transmembrane activator calcium moderator and cyclophi-
lin ligand interactor (TACI) receptor and IgG, that binds to
BlyS and a proliferation-inducing ligand (APRIL). BlyS
and APRIL are elevated in sera from SLE patients, sug-
gesting that dual blockade by atacicept may be more
effective than blocking BlyS alone.'> The phase II b trial
(ADDRESS II) was a 24 week, multi-center, randomized,
double-blinded, placebo controlled trial (Table 2).°°
Autoantibody-positive SLE patients with active disease
(SLEDALI over 6) were randomized 1:1:1 to receive ataci-
cept 75mg (n=100), atacicept 150mg (n=102) or placebo
(n=100). The primary endpoint of SRI-4 response was not
met in any of the atacicept cohorts compared to placebo at
week 24 (p=0.12); however, analysis of only the cohort
with high disease activity (SLEDAI-2K >10) at baseline
did meet the primary endpoint in the SLE patients receiv-
ing atacicept 150mg, but not 75mg, compared to placebo
(p=0.03). Moreover, analysis of only the serologically
active cohort revealed that these patients met the primary
endpoint in all atacicept cohorts compared to placebo
(p=0.005 in both cohorts). Atacicept also decreased the
risk of flare, as a secondary endpoint (p=0.03), at both
75mg and 150mg doses in the cohort with serologically
active disease. There was no difference in reduction of
corticosteroid dosing in either atacicept cohort.
Interestingly, post hoc analyses of ADDRESS II
demonstrated that low disease activity (LDA) and Lupus
Low Disease Activity State (LLDAS) were achieved at
week 24 in the patients with high disease activity receiving
atacicept 150mg (p<0.01) compared to placebo.®® In addi-
tion, high baseline levels of both serum BlyS and APRIL
correlated with a greater treatment response, and increased
atacicept exposure correlated with reduced flare rates.®’
The greater reduction in levels of immunoglobulin and
plasma and naive B-cell numbers was associated with
greater reductions in flare rate, suggesting there is
a dose-response relationship between atacicept concentra-
tions and reduced serum levels of B cells and immunoglo-
bulins. This also suggests that measuring baseline levels of
BlyS and APRIL may be useful in identifying SLE
patients who may benefit the most from atacicept therapy.
The phase III APRIL-SLE randomized, double-blinded,
placebo-controlled trial randomized 461 patients 1:1:1 in
a similar fashion to ADDRESS II'? to be followed over 52

weeks. The primary endpoint was not met in either cohort
receiving atacicept, and in fact the atacicept 150mg arm was
discontinued prematurely due to 2 deaths secondary to infec-
tion. There was also no difference in the atacicept 75mg
cohort compared to placebo for time to first flare.

Adverse Effects

The safety profile of atacicept was acceptable in
ADDRESS II, with no increase in the overall frequency
of serious adverse effects (SAE) or serious infections
when compared to placebo. Two deaths related to alveolar
hemorrhage from pulmonary infections occurred in the
patients receiving atacicept 150mg in the APRIL-SLE
trial. Other infectious SAE in APRIL-SLE include eight
patients reporting pneumonia.

Blisibimod

Clinical Efficacy

Blisibimod is a molecule that inhibits BlyS and has fea-
tures of both a peptide and antibody (peptibody). The
phase II placebo-controlled trial of blisibimod in SLE
(PEARL-SC) did not meet primary efficacy endpoint of
SRI-5 response; however, similar to trials in other B cell-
activating and —stimulating factor inhibitors, an improved
treatment efficacy was seen in serologically active SLE
patients with higher disease activity.°® Thus, the phase III
trial of blisibimod in SLE (CHABLIS-SC1) enrolled ser-
opositive SLE patients with SLEDAI-2K score of at least
10 (high disease activity)."> CHABLIS-SC1 randomized
442 patients to receive blisibimod subcutaneously every
week or placebo, in addition to SOC SLE therapy (Table
2). Although the study did not meet its primary endpoint
of SRI-6 response at week 52, blisibimod appears to be
effective in being corticosteroid-sparing: after 8 weeks on
blisibimod, SLE patients were able to reduce their corti-
costeroid daily doses and keep them low through weeks 24
and 52. More SLE patients treated with blisibimod
achieved a sustained corticosteroid taper through week
52 compared with those receiving placebo (17% compared
to 9%, respectively, p=0.02). Moreover, significantly more
SLE patients with renal disease treated with blisibimod
achieved over 50% reduction in urinary protein/creatinine
ratio at week 24 maintained through week 52, when com-
pared to placebo (p<0.05).

Adverse Effects
Blisibimod appeared to be well tolerated, with similar
numbers of patients experiencing SAEs in the treatment
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arm compared to placebo (13% compared to 17%, respec-
tively). Only 6% of the patients treated with blisibimod
reported a serious infection, compared to 17% treated with
placebo. There were no deaths in the blisibimod cohort.

Epratuzumab

Clinical Efficacy

CD22 is expressed on mature B cells, but not plasma cells or
memory B cells, and modulates B-cell activation and migra-
tion by acting as an inhibitory co-receptor of the B-cell
receptor. Epratuzumab is a humanized anti-CD22 monoclo-
nal antibody that binds to CD22 to transduce a negative
signal to inhibit B cell activation.'* Initial epratuzumab
phase II/III trials (ALLEVIATE-1 and —2) were discontin-
ued prematurely because of interruption in medication
supply.®” However, exploratory pooled analyses found that
response to epratuzumab at 360mg/m” at week 12 were 44%
(15 out of 34 patients) compared to 30% for placebo (9 out
of 30 patients). Subsequent phase III trials (EMBODY-1 and
EMBODY-2) randomized 786 and 788 patients respectively
to receive epratuzumab plus standard-of-care SLE therapy,
and 249 and 263 patients respectively to receive placebo
plus SOC SLE therapy for 48 weeks (Table 1).'* Although
rapid improvements from baseline were initially seen in both
placebo and epratuzumab cohorts in both studies, neither
study achieved their primary efficacy endpoint. Primary
efficacy endpoint was defined as improvement at week 48
based on the British Isles Lupus Assessment Group-based
Combined Lupus Assessment (BICLA).” In EMBODY-1,
37.5% of the patients treated weekly with 600mg epratuzu-
mab achieved primary endpoint, compared to 34.1% of
patients receiving placebo (p=NS). In EMBODY-2, 35.2%
of the patients treated weekly with 600mg of epratuzumab
achieved primary endpoint, compared to 33.5% of those
receiving placebo (p=NS).

Adverse Effects

In all of the phase III trials, there were no serious safety
signals. Between 17% and 19% of the patients receiving
epratuzumab in the EMBODY trials experienced an SAE
compared to 18% of the patients receiving placebo.'
Approximately 35% of the patients receiving epratuzumab
in the ALLEVIATE trials experienced an SAE.

Daratumumab

Clinical Efficacy

Daratumumab is a fully humanized monoclonal antibody
against CD38, a surface marker found on plasmablasts.

SLE patients appear to express CD38 at a higher level on
plasmablasts, CD19+ mature B cells, and plasmacytoid
dendritic cells.”" Memory T cells expressing CD38 have
a more expansive population in SLE patients compared to
healthy adults. It has been used to successfully treat two
women with refractory lupus (one with refractory lupus
nephritis, the other with autoimmune hemolytic anemia
among other clinical manifestations of lupus that were
unresponsive to a multitude of immunosuppressive thera-
pies, including bortezomib). However, long-term efficacy
will depend on prevention of the formation of autoimmune
plasmablasts. Both patients treated with daratumumab
received belimumab starting 4 weeks after the last daratu-
mumab infusion, inhibiting the activation and proliferation
of B cells.

Newer Anti-CD20-Targeted

Therapies

CD20 is a B-cell surface marker, expressed on B cells
from pre-B to memory B cells. It is not expressed by
pro-B cells or antibody-producing plasmablasts and
plasma cells. Thus, anti-CD20- targeted therapies spare
early B cells and plasma B cells; sparing plasma cells
allows for retention of long-term immune memory and
B-cell reconstitution after depletion.

Due to the maintenance of antibody production by
plasma cells, administration of CD20 inhibitors almost
completely depletes peripheral B cells, but immunoglobu-
lin levels are not dramatically reduced.”” This suggests
that the clinical benefit of this type of B-cell depletion
therapy may stem from the loss of other prominent B cell
functions such as antigen presentation, production of
inflammatory cytokines, activation of T cells, and creation
of ectopic lymphoid follicles.

Newer generations of humanized CD20-targeted thera-
pies, such as ocrelizumab, obinutuzumab, and ofatumu-
mab, have been developed in recent years to address the
issue of rituximab immunogenicity. However, their use
could lead patients to develop human anti-human antibo-
dies (HAHAs). To boost efficacy, many of the second-
generation anti-CD20 monoclonal antibodies have
increased binding affinity to the Fc receptor on B cells
and increased CDC and/or ADCC. These agents may be
particularly useful in SLE patients who have demonstrated
a response to rituximab in the past, but are unable to
receive further doses of rituximab due to a developed

rituximab allergy.
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Ocrelizumab

Ocrelizumab is a fully humanized monoclonal antibody
against CD20, with higher ADCC activity and lower CDC
effects compared to rituximab in SLE patients.”* The phase
IIT randomized, double-blinded, placebo-controlled trial
randomized 762 patients with seropositive SLE and active,
biopsy-proven class III or IV lupus nephritis, either alone or
in combination with class V disease, 1:1:1 to receive treat-
ment with intravenous ocrelizumab at 400mg or 1000mg, or
placebo, in addition to SOC SLE therapy for 48 weeks."
Ocrelizumab, at either dose, or placebo was given on days 1
and 15, followed by a single infusion at week 16 and every
16 weeks thereafter, up to 48 weeks. Although initial results
suggested ocrelizumab may have some efficacy in treating
lupus nephritis, this trial was terminated prematurely due to
a high rate of serious infections in the cohort treated with
ocrelizumab when compared to placebo (up to 36% of the
patients treated with ocrelizumab 400mg compared to 27%
of those treated with placebo). Serious infections that were
reported in patients on ocrelizumab treatment (both cohorts)
include pneumonia (8%) and cellulitis. Five patients treated
with ocrelizumab reported opportunistic infections, includ-
ing Pneumocystis jirovecii and cytomegalovirus pneumo-
nia, disseminated herpes zoster, systemic herpes, and
cryptococcal meningitis. Moreover, neutropenia as an
SAE was reported only in patients on ocrelizumab treat-
ment and there were eight deaths in the ocrelizumab
cohorts. This imbalance appeared to occur more often in
patients treated with MMF as background standard of care
therapy and not in those treated with background CYC.

A second phase III trial to determine the optimal dos-
ing of ocrelizumab in treating SLE was also terminated
early due to the perception that ocrelizumab would have
no added benefit in treating SLE (NCT00539838).”* Of
interest, ocrelizumab was shown to have great efficacy in

treating multiple sclerosis in several phase III trials.”>""°

Obinutuzumab

Obinutuzumab, a fully humanized anti-CD20 monoclonal
antibody, has been shown to be at least twice as effective
as rituximab at B-cell depletion, inducing cytotoxicity of
CD20-positive B cells, and activating ADCC activity in
natural killer (NK) cells and neutrophils.”” B cells from
SLE patients also internalize rituximab more quickly than
obinutuzumab. NOBILITY is a 104-week phase II rando-
mized, double-blind, controlled trial studying safety and
efficacy of obinutuzumab plus MMF in lupus nephritis.'®

NOBILITY randomized 125 SLE patients with active,
biopsy-proven class III or IV lupus nephritis to receive
obinutuzumab 1000mg or placebo intravenously, in addi-
tion to MMF and corticosteroids. Preliminary results show
that the primary outcome, complete renal response at week
52, was not met; however, overall response, including
complete and partial renal responses, was met by 35% of
the patients treated with obinutuzumab compared to 22%
of the patients receiving placebo (p=0.02). Over 90% of
the patients treated with obinutuzumab had no detectable
peripheral B cells at day 28. Moreover, there were no
increased rates of SAE or serious infections in the obinu-
tuzumab cohort when compared with placebo. There were
no deaths in patients receiving obinutuzumab through
week 52.

Ofatumumab

Ofatumumab is a fully humanized anti-CD20 monoclonal
antibody that has been approved to treat chronic lymphocy-
tic leukemia, autoimmune hemolytic anemia and immune-
mediated thrombocytopenia.”® To date, several case series
describe its use in SLE.'”"**® The largest single-center
retrospective case series of 16 patients treated with ofatu-
mumab showed that 11 of 16 patients were given ofatumu-
mab for active, refractory, biopsy-proven class Il or IV LN,
either alone or in combination with class V disease, and 3
out of 16 patients were given ofatumumab for active, refrac-
tory, biopsy-proven class V LN.'7 All patients had been
treated with several immunosuppressive medications
including rituximab, CYC, azathioprine, MMF, and corti-
costeroids; all patients, except one, were maintained on
MMF, with or without hydroxychloroquine, and with or
without corticosteroids. Overall, eight of the 16 patients
(50%) responded to ofatumumab treatment with partial or
B-cell
achieved in 12 patients, with comparable time to reconstitu-

complete response/remission. depletion was
tion as rituximab seen by the same group. Serological
markers of disease including complement levels and auto-
antibody levels improved after ofatumumab treatment. Five
patients reported serious infections; there were no deaths at
least 28 months after ofatumumab treatment.

Four patients with active, refractory LN, who initially
demonstrated beneficial response to rituximab, were treated
with ofatumumab in Sweden.”® After treatment, all patients
experienced decreased proteinuria and anti-dsDNA antibody
levels. One patient with SLE on rituximab received three
infusions of ofatumumab after becoming allergic to

rituximab.®® After treatment, this patient had decreased
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SLEDAI score and normalization of anti-dsDNA antibodies
and C3. To date, there are no active clinical trials investigat-
ing the safety and efficacy of ofatumumab in SLE.

Anti-CD19-Targeted Therapy -

Obexelimab
CD19 is a cell surface marker that is expressed on all B cells,
including plasmablasts and a fraction of plasma cells.”® Thus,
targeting CD19 could provide a more comprehensive deple-
tion of B cells and plasma cells in patients with SLE.
Obexelimab (XmAb5871) is a humanized anti-CD19 mono-
clonal antibody engineered for increased affinity to FcgRIIb,
that is a reversible B-cell inhibitor. Co-ligation of CD19 with
FcgRIIb inhibits B cells important in pathogenesis of disease.
A Phase II, double-blinded, randomized, placebo-
controlled trial was conducted in 104 patients with mod-
erately active SLE.'® All patients were given up to 160mg
of intramuscular Depo-Medrol to ameliorate existing man-
ifestations. Improvement of at least 4 points in SLEDAI
score, or more than 1 grade decrease in one or more
BILAG A or B scores, was required prior to randomiza-
tion. At randomization, patients were on treatment with
only hydroxychloroquine and/or up to 10mg/day corticos-
teroids. Primary endpoint was the proportion of patients
with no loss of improvement by day 225 in the obexelimab
cohort, and was not met (p=NS). These results did not
change with subpopulation analyses of those with seropo-
sitive disease. Due to this study not meeting its primary
endpoint, the manufacturer of obexelimab decided not to
proceed with a phase III trial in SLE, and instead, obex-
elimab is currently being evaluated for the treatment of
IgG4-related disease (NCT02725476).%!

B-Cell Signaling-Targeted Therapies
Bruton’s Tyrosine Kinase-Targeted
Therapies

Another area of current investigation is B-cell signaling
for targeted therapies to treat SLE. One such target are the
tyrosine kinases: Bruton’s tyrosine kinase (BTK) is an
essential intracellular signaling molecule in the develop-
ment, survival and activation of B cells.® It is thought that
BTK is involved in antigen presentation, B-cell differen-
tiation and production of autoantibodies through B-cell
receptor signaling in SLE.® In murine models, BTK inhi-
bition was shown to ameliorate renal, skin, and brain
disease in systemic lupus erythematosus.®*

Fenebrutinib (GDC-0853) is an oral, non-covalent, and
highly selective inhibitor of BTK. A phase II trial rando-
mized, placebo-controlled trial evaluated its efficacy and
safety in moderate-to-severe SLE."? There were 260 SLE
patients randomized 1:1:1 to receive either fenebrutinib
150mg daily or 200mg twice daily, or placebo, in addition
to SOC SLE therapy, for 48 weeks. Although the primary
efficacy endpoint of SRI-4 response was not met, this trial
did demonstrate that both doses of fenebrutinib did sig-
nificantly reduce levels of CDI19-positive B cells, anti-
double-stranded DNA autoantibodies, immunoglobulins,
and a BTK-dependent RNA signature expressed in plas-
mablasts compared to placebo.

Ibrutinib is an irreversible tyrosine kinase selective
inhibitor currently used to treat B-cell malignancies, with
a good safety profile.®® It binds to BTK causing B-cell
apoptosis. In preclinical mouse models of LN, treatment
with ibrutinib resulted in reduced levels of autoantibodies
and less severe nephritis.*® Several other BTK inhibitors
are currently in Phase I trials to treat mild to moderate
SLE (NCT02537028, NCT03878303).%7-%%

Proteasome Inhibitors

Another approach to targeting the CD20-negative cells,
such as short- and long-lived plasma B cells, that are likely
the source of therapy failures with anti-CD20 agents, is to
inhibit the proteasome. Proteasomes handle misfolded pro-
teins and are the major non-lysosomal degradation system
for proteins produced at high levels during immunoglobulin
assembly. Proteasome inhibition causes accumulation of
defective immunoglobulin chains, resulting in stress on
the endoplasmic reticulum, misfolding of proteins, and
subsequent apoptosis of plasma cells.** Proteasomes
have proven to be critical for plasma cell function due to
the plasma cell’s high rate of antibody synthesis. Inhibiting
the function of the proteasome leads to plasma cell apopto-
sis, which thus leads to decrease in antibody production that
can contribute to disease severity and damage in SLE.”

Bortezomib is a proteasome inhibitor that is approved
for treatment of multiple myeloma. In lupus-prone MPL/lpr
mice, administration of bortezomib was found to be effec-
tive in preventing and more importantly treating established
SLE.’! Other proteasome inhibitors, carfilzomib and delan-
zomib, showed similar effects in preclinical lupus.”***

A multi-center, double-blinded, randomized controlled
trial was conducted on the efficacy and safety of bortezo-
mib in SLE patients in Japan.?® Fourteen seropositive SLE
patients with moderate disease (SLEDAI of 6 or more
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points), on prednisone for at least 6 months whose dose
could not be tapered below 10mg daily, were randomized
1:1 to receive bortezomib or placebo, in addition to SOC
SLE therapy, for 24 weeks. The primary endpoint of the
change and rate of change in anti-dsDNA antibodies in
these patients was not met, nor was a secondary endpoint
of the SRI-4, indicating that bortezomib may not be effec-
tive for SLE. Only one patient treated with bortezomib had
a decrease in anti-dsDNA antibody level, compared with
four patients in the placebo cohort. There were no flares at
week 24 in the bortezomib cohort.

In Spain, 12 SLE patients were given bortezomib and
dexamethasone for the treatment of severe refractory
LN.** All immunosuppressive medications were stopped
prior to study enrollment, and all patients received cyclo-
phosphamide and corticosteroids, and were re-biopsied
before bortezomib. Bortezomib was discontinued at 6
months if there was no improvement in renal function.
One patient treated with bortezomib achieved a complete
renal response, and 10 patients achieved a partial response,
including significant reduction in proteinuria. Decreased
levels of anti-dsDNA antibodies, proteinuria, and improve-
ment in C3 levels were observed.

In Germany, 12 SLE patients received bortezomib, all
of whom showed significant clinical improvement based
on decrease of SLEDAI by a median of 10 points.”> This
included a significant reduction in proteinuria in the
patients with renal disease. Four patients received borte-
zomib without dexamethasone; their SLEDAI also mark-
edly decreased by a median of 5 points post-bortezomib.
In addition to successful plasma cell depletion, bortezomib
was found to reduce type I interferon activity in SLE.

Adverse Effects
Of concern are the high number and severity of SAEs in SLE
patients treated with bortezomib, with at least one patient in
the above-mentioned trials developing thrombocytopenic
purpura. Almost all patients treated with bortezomib devel-
oped fever and localized reactions at the site(s) of adminis-
tration. Hypogammaglobulinemia was seen in five patients in
the Spanish study; two patients had hypogammaglobuline-
mia persist beyond the end of the study.”® Two patients
developed sensory neuropathy, leading to bortezomib dis-
continuation. Polyneuropathy was also seen in the German
study.” Overall, 7 of the 12 patients treated with bortezomib
discontinued therapy secondary to an adverse event.

The clinical efficacy of bortezomib in several studies is
quite remarkable, particularly since all patients had been

refractory to prior immunosuppression. Given the high rate
of SAE in use of bortezomib to treat SLE, proteasome
inhibition may best serve as salvage therapy for refractory
SLE patients and not long-term use in maintenance
therapy.

Conclusion
As SLE is a highly heterogeneous disease, personalized
targeted therapy is necessary since it is difficult to achieve
similar therapeutic effects. Although has been significant
progress in SLE treatment over the past decade, there
remains considerable morbidity with conventional immu-
nosuppression. B-cell-targeted therapies show great pro-
mise in playing a role in SLE therapy; belimumab was
approved by the FDA in 2011 for the treatment of seropo-
sitive, moderate SLE in adults, and then in 2019 for treat-
ment of seropositive, moderate SLE in patients ages 5—17
years. However, many of the current therapies such as anti-
CD20 and anti-CD19 agents discussed in this review, have
not yielded the expected results or success to treat SLE. In
addition, few, if any, of the B-cell-targeted therapies have
been investigated in the use of severe SLE, such as severe
lupus nephritis or severe and active neuropsychiatric lupus.
Moreover, although the phase III trial EXPLORER did not
meet primary efficacy endpoint on the use of rituximab in
SLE, it did reduce the risk for flare, suggesting that ritux-
imab might play an adjunctive role in controlling severe
SLE manifestations and not as induction therapy. BLISS-
LN demonstrates some promise for use of belimumab in
SLE patients with active LN. Currently, it remains difficult
to pinpoint a role for B-cell-targeted therapy in treatment of
NPSLE, given that several of the B-cell therapies available
for treatment of SLE have reported NPSLE-like symptoms
or conditions as adverse events. Several new approaches
targeting the BAFF-APRIL pathway, B-cell signaling
through tyrosine kinases and proteasome inhibitors, and
PEGylated anti-CD40 ligand (eg, dapirolizumab) offer
new hope in management of SLE.'*-38:8-9

There remain several unmet needs for targeted therapy in
SLE. Emerging targeted B-cell therapies include targeting of
the intracellular signaling through BTK and proteasome inhi-
bitors. Because of the complexity of SLE pathogenesis,
a medication targeting more than one pathway could be of
great therapeutic potential. For example, BTK is expressed on
several immune cell types, though functionally it is essential
in B cell activation, differentiation, and survival. BTK signal-
ing blockade could therefore impact not only B cells but other
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innate immunity consequences through molecules like Toll-
like receptors, and may promote central tolerance.”®"’

It is disappointing that several targeted therapies did not
perform as expected in large phase III trials, or resulted in
high rates of SAE; in particular, the newer generation anti-
CD20, not including ofatumumab, and anti-CD19 monoclo-
nal antibodies do not appear to have a future role in SLE
treatment. Other targeted therapies such as ofatumumab and
BTK inhibitors do show potential in treatment of SLE, and
provide options for patients who may respond to rituximab
but develop an allergic reaction. Certainly, the more expen-
sive monoclonal antibody therapies will become more
affordable with the advent of biosimilars such as Truxima
and Ruxience (rituximab biosimilars), as the ACR recog-
nizes their equivalent efficacy as compared to the original
drug in treatment of disease.”® Most importantly, advances
in understanding complex B-cell function, response to B-cell
therapies in SLE, and treatment failures will help us to re-
design some of the current B-cell-targeted therapeutics, with
hopes of improved efficacy, in the future.
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