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ABSTRACT

Systemic lupus erythematosus (SLE) is a life-threatening autoimmune
disease, which involves the production of class-switched
autoantibodies against intracellular antigens, particularly nuclear
antigens, leading to tissue damage and immune complex deposition in
multiple organs. Strategies for B cell modulation include direct
depletion using monoclonal antibodies, such as rituximab, or indirect
impairment of survival via targeting B cell activating factors, notably
belimumab. While the pursuit of autoreactive B cell modulation has
yielded progress, challenges persist, including modest therapeutic
responses, allergic reactions and infections. Thus, to overcome these
challenges and focus on achieving a more effective B cell depletion,
new strategies may involve fully humanized monoclonal antibodies,
such as obinutuzumab, which demonstrated promising results in the
NOBILITY study, involving patients with lupus nephritis, Another
approach is the use of chimeric antigen receptor T cells therapy, a
strategy that has been approved for the treatment of patients with
relapsed or refractory B-cell malignancies and has been shown in
lupus patients to lead to a rapid and sustained breakdown of the B
cell-mediated autoimmune response, reported to lead to drug-free
remission of refractory SLE. In addition, combinations of existing
therapies and innovative cellular approaches, such rituximab plus
belimumab, have been studied. There have now been four studies
describing the use of a rituximab plus belimumab in lupus nephritis and
non-renal lupus. In the BEAT-LUPUS, the primary endpoint (reduction in
anti-double strand DNA) was achieved, however, in BLISS-BELIEVE
study the primary endpoint (Systemic Lupus Erythematosus Disease
Activity Index 2000) was not met. The CALIBRATE trial was a safety
study. The SynBioSe 1 study demonstrated clinical improvement, as
indicated by the Systemic Lupus Erythematosus Disease Activity Index
and Lupus Low Disease Activity State indices.

This review will provide a brief review of the established conventional
approaches to B cell depletion and then discuss the trends towards
innovative concepts aimed at achieving this goal.
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Introduction

Systemic  lupus  erythematosus (SLE) is «a

heterogeneous, unpredictable autoimmune disease
characterized by class-switched antibodies to
intracellular antigens, particularly nuclear antigens.
These antibodies can bind directly to tissues or form
immune complexes causing damage in multiple
organs '. As producers of autoantibodies, an
adaptative immune response is mediated by B cells,
making them the main target of different therapies
that lead to direct depletion or indirectly, through
the use of monoclonal antibodies (mAbs) 23,

Proposed B cell therapeutic targets have included
direct depletion of B cell expressed surface
molecules such as CD20 (targeted by rituximab).
Alternatively, mAb function can be influenced by
targeting B cell activating factors such as B cell
activating factor (BAFF) and a proliferation
inducing ligand (APRIL). These mAbs indirectly
affect B cell survival. For example, belimumab, the
first biologic agent to be approved for use in SLE
and lupus nephritis (LN), inhibits BAFF 4.

Although rituximab did not meet its primary
endpoints in major clinical trials, its utility has been
recognised in many open label studies and it is
recommended in the guidelines for the therapy of
LN, by both the American College of Rheumatology

TABLE 1. Types of anti CD20 monoclonal antibodies
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(ACR) 5 and European Alliance of Associations for
Rheumatology (EULAR) ¢. It can be rapid in onset
and has been used to treat diverse SLE clinical
features. Unfortunately, it may be associated with
side effects which limit its use. In contrast belimumab
has met its primary endpoints in four clinical trials 7-
10 but it remains relatively expensive, slow in onset
and the National Institute of Health (NICE) restrict
its use, in the United Kingdom.

There remains an ongoing need to achieve B cell
depletion by other means. The most novel approach
is chimeric antigen-receptor (CAR) T cell therapy
against the CD19 receptor on B cells claims that it
induces rapid remission of refractory SLE 1.

This review will briefly review the use of the now
conventional forms of B cell therapy then focus on
new ideas about how this might be achieved.

Conventional B cell depletion therapy
The generation of autoantibodies against nuclear
proteins, in particular double-stranded DNA
(dsDNA) characterizes SLE. Anti-dsDNA antibodies
are thought to be involved in its pathogenesis 12
which provides a justification to use therapies
targeting B-cell '3. Based on their mechanisms-of-
action, CD20 mAbs are divided into Type | and Il 14
(TABLE 1).

mediated cytotoxicity

TYPE | Il
Epitope Class | Class Il
Comple.m.enf-dependenf High Low
cytotoxicity

Antibody-dependent cell Yes Yes

Apoptosis induction Caspase dependent

Caspase independent.
Lysosome mediated

Examples

Rituximab; Ofatumumab; Ocrelizumab

Obinutuzumab

Rituximab, a chimeric anti-CD20 mAb with 20%
mouse variable region '3, was the first biologic drug
used in SLE targeting B cells. Rituximab met its
primary endpoints in trials of patients with
rheumatoid arthritis  1¢-18;  vasculitis 19, and
membranous nephropathy 20, Many open label
studies in SLE reported encouraging results 2'-24 and
a striking reduction in the use of concomitant steroids
2526, However, two large controlled trials of
patients with extra-renal lupus (EXPLORER study) 27
and LN (LUNAR study) 28 failed to achieve their
primary endpoints, probably because the patients
recruited were treated with substantial amount of
background medications notably high doses of
steroids and immunosuppressants for many weeks
as well receiving rituximab or placebo 29.
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Nevertheless, numerous studies continue to
demonstrate the effectiveness of rituximab 30
Recently, Chen et al. 3! investigated the efficacy
and safety of rituximab maintenance therapy
compared with traditional immunosuppressive
agent (ISA) maintenance therapy in patients with
relapsing or refractory SLE who had received at
least one course of rituximab induction treatment.
Patients with a clinical response to rituximab were
divided into two groups based on their maintenance
therapy in the first 12 months: the rituximab and ISA
group. The relapse-free survival times were
compared between them. Of 82 patients included,
67 (81.7%) had a clinical response at 6 months.
Rituximab maintenance therapy was given to 34
(50.7%) and ISA maintenance therapy in the
remaining 33 (49.3%) patients. After a median
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follow-up of 24 months, 13 (19.4%) had
experienced disease relapse, three and 10 in the
rituximab group and ISA groups respectively. The
rituximab group had a higher relapse-free survival
rate than the ISA group suggesting long-term
rituximab maintenance therapy has high efficacy
and an acceptable safety record in relapsing or
refractory SLE patients who had a clinical response
to rituximab induction therapy.

Intriguingly, there is evidence that clinical
presentation, prognosis and treatment response
varies between different racial groups and

geographical locations. SLE occurs more frequently
in African, Asian and Hispanic individuals who also
have an increased risk of severe and more
damaging disease 32, Thus, renal disease is notably
more common and has a higher mortality in patients
of African ancestry 33. There is also a slower
response tfo conventional treatment and high
disease activity seen in black and Hispanic patients
34, In contrast, there is evidence that rituximab had
a greater beneficial effect in black and Hispanic
patients with active extrarenal SLE 3536, The overall
renal response was better in rituximab treated
black patients compared to placebo 27,

Is the prevalence of LN more common in the black
population for socio-economic or genetic reasons?
This is difficult to unentangle in the USA. However,
in the United Kingdom, where medicine is free at the
point of entry into the health care system, Adler et
al. 37 showed black populations were more likely to
have renal disease than Caucasians, suggesting that
the differences are likely to be genetic. Prospective
studies are needed to evaluate the impact of B cell
depletion on patients of diverse ethnicity.

B cell activating factors blockage

Belimumab was the first biological drug to be
approved in 2011 by Federal Drug Administration
(FDA) for treatment in SLE patients. This mAb inhibits
a B lymphocyte stimulator (BlyS), an indirect
regulator of B cell survival. Following prolonged
belimumab treatment, there is preservation of
transitional 1 (T1) cell, while T3 and naive B cells
show a substantial reduction of around 90%. There
is a significant depletion observed in class-switched
memory B cells, B1, and plasmablasts 38. It has met
its endpoints in four trials 7-19, including active LN 39
and patients of various ethnic backgrounds.

Another approach involves atacicept and
telitacicept, which inhibits both BAFF and APRIL.
Blocking both cytokines impacts mature B and
plasma cells by disrupting B cell survival post the T1
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transitional stage, while preserving B cell
progenitors and memory B cells 40-43,

Atacicept decreases levels of serum IgG, IgM, and
IgA, and causes reductions in mature and overall
circulating B cell counts 4044, A study 41 aiming to
prevent lupus flare documented improved
serologies but no clinical difference between
atacicept 75mg and placebo for flare rate was
found. Unfortunately, the premature discontinuation
of the more potent high-dose group was prompted
by two cases of fatal infections, one being due to
leptospirosis, which is not a common cause of death
in SLE. The mortality rate in this study mirrored that
observed in belimumab trials, and later analysis
identified a significant advantage for the 150mg
arm compared to the lower dosage and placebo
groups. Another trial of atacicept for LN was halted
due to the development of hypogammaglobuline-
mia and severe pneumonia 45 among 3 out of 4
patients receiving tfreatment. Notably the serum IgG
decreased before atacicept was given, the
reductions were due to mycophenolate mofetil
(MMF) 46, The ADDRESS Il study 47 presented
encouraging efficacy findings, showing reductions in
disease activity and severe flare for atacicept
75mg and 150mg vs placebo among individuals
with elevated clinical and serologic disease activity,
with an acceptable safety profile.

Telitacicept, another dual inhibitor structurally
similar to atacicept, was approved in 2021 in China
to treat patients with active SLE. Wang et al. 48
assessed the efficacy and safety of telitacicept in
SLE patients, who received telitacicept 160mg or
placebo weekly for 52 weeks. It met its primary
endpoint with significantly greater proportion of
patients in the telitacicept 160 mg group achieving
a Systemic Lupus Erythematosus Responder Index
(SRI) 4 response: placebo n= 64 (38.1%) vs
Telitacicept n= 38 (82.6%): p<0.001. Rapid and
sustained increase of C3 and C4 and reduction of
IgM, 1gG, IgA and CD19+ B cells were observed
following telitacicept treatment.

Belimumab plus Rituximab

Belimumab provides a modest, durable, therapeutic
response in subset of lupus patients. In addition, the
increased concentrations of BAFF and the
association between higher BAFF concentration and
worsening disease after rituximab 47 led to the
combined use of anti-CD20 B cell depletion and
BAFF. There have now been four studies describing
the use of a rituximab and belimumab in
combination in LN and non-renal lupus (TABLE 2 and
TABLE 3).

esmed.org/MRA /index.php /mra/article /view /4504 3
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TABLE 2. Combined B cell therapies

Aranow et
al. 53

rituximab will optimize treatment
with  belimumab effective in
disease control with a safety
profile, administered as
subcutaneous and  rituximab-
placebo or rituximab will be
administered by intravenous (i.v)

infusions plus standard therapy
excluding  immunosuppressants,
comparing subjects randomized
in 3 treatment arms:
Arm A. Belimumab SC + placebo
(n=72)

Arm B. Belimumab SC +
rituximab i.v (n=144)

Arm C. Belimumab SC + standard
therapy (n=76)

Study and | Number of Brief Description Results
Author Patients/
Duration in
Weeks
BLISS- 292 patients/ | Asses co-administration of | Primary endpoint: at week 52 not
BELIEVE 104 weeks belimumab and a single cycle of | achieved. SLEDAI -2K < 2 without

immunosupresants and prednisone < 5
mg/kg/day at week 52.

-Disease control n (%): BEL-PBO 12
(16,7%)/BEL-RTX 28 (19,4%)/BEL-ST 12
(25,5%)

-Disease control BEL-RTX vs BEL-PBO,
observed difference [OR (95% Cl)]: 2.78
[1.27 (0.60-2.71)], (p = 0.5342)
-Exploratory comparison: BEL-RTX vs BEL-
ST, observed difference [OR (95% Cl)]: -
6.09 [0.71 (0.32-1.54)]
Secondary endpoints, with
clinical remission:

-Week 64 observed difference [OR (95%
Cl)] BEL-RTX vs BEL-PBO: 0.69 [1.12
(0.33-3.78)] (p = 0.8582)

BEL-RTX vs BEL-ST: —4.39 [0.53 (0.17-
1.70)]

-Week 104 observed difference [OR
(95% CI)] BEL-RTX vs BEL-PBO: 4.17 [1.64
(0.57-4.72)] (p = 0.3613)

BEL-RTX vs BEL-ST: —10.17 [0.45 (0.19—
1.09)]

-Disease control duration by week 52
treatment difference (95% Cl)

BEL-RTX vs BEL/PBO: 47.0 (8.0—-86.0) (p =
0.0188) BEL-RTX vs BEL-ST: 18.2 (—22.3—-
58.7)

-Decrease in anti-dsDNA Ab from BL at
week 52, BEL-RTX vs BEL-PBO (p < 0.05)
(exact data not available)

patients

BEAT-
LUPUS

Shipa et al.
52

52 patients/
52 weeks

Assess the safety and obtain
preliminary evidence for efficacy
of belimumab following
rituximab therapy.

Patients with active SLE received
rituximab 1 g (2 weeks apart)
and were randomised to either
receive 4-8 weeks after their 1s
dose of rituximab:

-Belimumab (BEL) (n=26): 10
mg/kg iv at week O, 2, 4 and
then every 4 weeks until week
52.

or

-Placebo (PBO) (n=26)

Primary endpoint met: significant
reduction in IgG anti-dsDNA antibody
levels in patients with belimumab

compared to placebo at week 52
Anti-dsDNA  levels, geometric mean
(IU/mL) [95% Cl], BEL vs. PBO: 47 [25-88]
vs. 103 [49-213] (p < 0.001)
-Belimumab significantly suppressed B cell
repopulation at 52 weeks compared to
placebo (p = 0.001), but not total serum
IgG

Medical Research Archives | https:
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TABLE 3. Combined B cell therapies

Study and
Avuthor

Number of
Patients/
Duration in
Weeks

Brief Description

Results

CALIBRATE
Atisha-
Fregoso
al. 31

et

43
patients/
96 weeks

Safety of rituximab plus cyclophosphamide
followed by belimumab for the treatment of
lupus nephritis:

-RC  (n=22): Rituximab 1 g +
cyclophosphamide 750 mg IV + solumedrol
100 mg at week O, 2.

- RCB (n=21): Rituximab 1 g +
cyclophosphamide 750 mg IV + solumedrol
100 mg at week 0,2 + belimumab 10
mg/kg at weeks 4, 6, 8 and then every 4
weeks through week 48 in addition to
prednisone.

In both arms prednisone was administered
at 40 mg/day for the first 2 weeks,
followed by a guided steroid taper to 10
mg/day by Week 12. prednisone was
continued through to Week 96 at 10
mg/day, with the potential of a taper to a
minimum of 5 mg/day.

Primary endpoint: percentage
of participants with at least one
grade 3 or higher treatment-
emergent infectious adverse
event by week 0 to 96. RC 27.3
% vs. RCB 9.5 % (p = 0.15).
Secondary endpoints:

- Percentage of patients with B
cell reconstitution:

- At week 60 geometric mean
number of B cells, 53 cells/pl
[95% Cl 26—-109] in the RC
group versus 11 cells/pl [95%
Cl 6-20] in the RCB group; (p =
0.0012)

- At week 48 median IgG level
of 1,410.0 mg/dl in the RC
group compared to 904.5
mg/dl in the RCB group (p =
0.022)

SynBioSe

Kraaij et al.
50

16
patients/
24 weeks

In refractory SLE patients to assess the
immunological consequences (reduction and
seroconversion) of pathogenic
autoantibodies of a combination treatment
with rituximab and belimumab to achieve
long-term B-cell depletion and its safety
and feasibility. Single arm:

-Rituximab 1 g on day O and 14 +
belimumab 10 mg/kg on day 28, 42, 56.
Thereafter patients received belimumab 10
mg/kg every 4 weeks.

Primary endpoint: reduction of
pathogenic autoantibodies at
24 weeks: Immunological effects
of rituximab + belimumab
-BlyS decreased to 0.15 ng/mL
[0.05-0.4] (p < 0.01)
-Anti-dsDNA antibodies
decreased to 57 IU/mL [10-
374] (p = 0.0004)

-Neutrophil extracellular traps
formation reduced to 1.9-fold
increase compared to controls

[0.4-6.1] (p = 0.0006)

The SynBioSe 1 50 combined rituximab-belimumab,
sustained

with a

auvtoantibodies.

After

reduction
the

of pathogenic
administration of

SLE and LN patients.
suppressed B cell

These studies showed
repopulation and enhanced

rituximab, subsequent use of belimumab effectively
restrained the rise in circulating BAFF levels
identified in patient serum four weeks after the
initial  rituximab  infusion.  This  intervention
corresponded with clinical improvement indicated
by the Systemic Lupus Erythematosus Disease
Activity Index (SLEDAI) and Lupus Low Disease
Activity State (LLDAS) indices.

Subsequently, CALIBRATE 5' and BEAT-LUPUS 52,
confirmed that the combination of belimumab and
rituximab is safe and achieves relevant
immunological and clinical endpoints in refractory

Medical Research Archives | https:

negative selection of autoreactive B cells, lower
anti-dsDNA levels, and reduced risk of severe
flares.

The Bliss-Believe study 3 compared efficacy, safety
and tolerability of belimumab combined with a
single cycle of rituximab in patients with SLE with
belimumab alone, and belimumab plus standard
therapy, spanning 104-week. It did not meet its
primary efficacy endpoint. Safety findings were
consistent with the established safety profiles of
belimumab and rituximab.

SynBioSe 2 (NCT03747159) is now planned to
study the clinical efficacy of combining belimumab

esmed.org/MRA /index.php /mra/article /view /4504 5
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with rituximab in 70 patients with severe SLE,
including LN. The design includes tapering of MMF
and prednisolone as maintenance therapy in the
intervention group. Patients will be randomized 1:1

to receive standard of care, consisting of
prednisolone and MMF as induction and
maintenance treatment, or belimumab and

rituximab combined with standard of care as
induction treatment, followed by prednisolone and
belimumab as maintenance. The primary obijective
is to assess whether combined B cell therapy
reduces treatment failure.

Several challenges remain. Post rituximab induced
hypogammaglobulinemia was reported in several
papers, and infections remain the principal concern.
One study 34 emphasized the significance of
monitoring immunoglobulin levels in patients before
and after rituximab treatment. Second, it may be
associated with allergic responses in 13.6 % of
patients which limits its use 27, Although the strategy
to reduce immunogenicity of new mAbs could be
humanization, evidence indicates clinical
immunogenicity does not fully cease to occur in fully
humanized mAbs antibodies. There are no data
suggesting that the immunogenic risk of mAbs can
be predicted although these are being evaluated
retrospectively.  Multifactorial causes include
intrinsic (structural changes) and extrinsic factors
(route of administration or dosage) have been
described as one of the highest risk factors for
immunogenicity. The exact causes are still not fully
understood 5.

Rituximab is effective in treating many aspects of
SLE; however, it is not a cure and some patients who
respond initially may not do so subsequently. This is
referred to as secondary non-depletion and non-
response including patients who developed an
infusion reaction during a further cycle of treatment,
resulting in a failure to deplete CD20+ naive and
memory B-cells. This failure may be linked to the
development of anti-rituximab antibodies.

Whether this problem will be overcome by using
fully humanised anti-CD20 mAbs 56-58 should be
answered soon 3.

Fully humanized anti-CD20

One randomised trial of ocrelizumab in patients
with LN (BELONG) failed to show a difference
versus placebo (endpoint being complete renal
response (CRR)) when added to standard-of-care
immunosuppression. It was terminated due to a
higher incidence of infections in patients with severe
LN who received ocrelizumab 5940,

Ofatumumab, was studied in SLE/LN patients who
were rituximab intolerant due to severe infuse

Medical Research Archives | https:
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14/16 patients treated  with
ofatumumab it was well-tolerated, safe and
effective ¢'. Four patients with LN who had
developed an infusion reaction to rituximab were
treated with ofatumumab. It was well tolerated in
3/4, and a reduction of proteinuria was seen in all
cases %2,

reactions. In

Ofatumumab might be an option in SLE-associated
autoimmune haemolytic anaemia refractory to
multiple treatment modalities including rituximab. It
was used in a case of a 20-year-old patient, who
had a severe reaction during a second rituximab
course. After 6 infusions of ofatumumab, complete
B cell depletion associated with remission of both
anaemia and SLE (SLEDAI = 0) ¢3. To date, there are
no active formal clinical trials in SLE with
ofatumumab.

Obinutuzumab was evaluated in the NOBILITY
phase Il trial ¢4. It recruited SLE patients with class
/IV  active/chronic LN. 125 patients were
randomised and received blinded infusions (63
obinutuzumab /62 placebo) and followed until
week 104. The primary endpoint at week 52 was
the proportion of patients who achieved CRR. The
trial met its primary endpoint and was greater with
obinutuzumab (22 (35%) vs 14 (23%) placebo;
12% (95% Cl —3.4% to 28%; p=0.115, alpha
level 0.2) and at week 104 (26 (41%) vs 14 (23%);
p=0.026). Improvements in serologies, eGFR and
proteinuria were greater with obinutuzumab.

The results from NOBILITY support prior reports
correlating the degree and duration of B-cell
depletion to clinical responses in LN 6566,
Obinutuzumab was associated with an increased
prevalence of low IgM but not low IgG, compared
with baseline, and encouragingly it was not
associated with reductions in concentrations of pre-
existing protective antibodies.

Obinutuzumab lead to a more rapid and potent
depletion of peripheral B cells than rituximab,
without an increase of serious adverse events or
death compared with placebo 4.

The use of obinutuzumab in proliferative LN is being
further evaluated in a global phase Il study
(REGENCY, NCT04221477). Participants will be
randomized into 2 groups, one receiving
obinutuzumab 1g at baseline and weeks 2, 24, 26,
50, and 52 plus MMF and tapered prednisone.
Group 2, will receive the same doses of
Obinutuzumab plus MMF and prednisone in the
same weeks, and placebo at week 50. Those
adequate responders at week 76 will receive
blinded obinutuzumab infusions every 6 months

esmed.org/MRA /index.php /mra/article /view /4504 6
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from week 80, those non responders at week 76
may be eligible for open-label obinutuzumab
starting at week 80. The primary outcome will be
the percentage of participants with CRR at week
76.

In the ALLEGORY trial (NCT04963296), 300 active
autoantibody-positive SLE patients will be included,
treated with standard-of-care therapy, and will
evaluate efficacy and safety of obinutuzumab
versus placebo. The experimental group will
receive obinutuzumab 1g infusions on day 1 and at
weeks 2, 24 and 26. The primary outcome will be
the percentage of participants who achieve SLE SRI
4 67 at week 52.

Another phase lll trial (OBILUP, NCT04702256) will
explore the efficacy of obinutuzumab in
proliferative LN (class lll or 1V) with induction
therapy for LN with no added oral steroids,
comparing oral corticosteroids plus MMF versus
obinutuzumab and MMF. The primary objective is to
demonstrate that a regimen free of additional oral
corticosteroids (obinutuzumab and MMF) is non-
inferior to a regimen based on oral corticosteroids
and MMF in achieving the primary outcome of
complete renal response at week 52 without
receiving corticosteroids above a prespecified
dose.

Chimeric antigen-receptor T cell therapy
Although autoreactive B cells play a key role in the
pathogenesis of SLE, antibody-mediated B cell
depletion does not cure SLE.

A barrier to long-term remissions with CD20-
targeting B cells therapies has been attributed to
the inaccessibility and persistence of autoreactive
immunologic memory B cells within lymphatic organs
and inflamed tissues ¢8 or the pathologic role of
CD20-negative plasma cells, which may contribute

to the production of autoantibodies in SLE patients
69

One approach to overcome these issues is the use
of CAR — modified T cells (CAR-T cells), engineered
molecules capable of redirecting the specific T-cells
towards specific target antigen by expressing a
vector construct 79 . This approach has been
approved for the ftreatment of patients with
relapsed or refractory B-cell malignancies 7!
showing highly effective depletion of target cells
7273 due to their ability to exert their effector
function directly onto the B cell niches in tissues,
enabling them to kill the target cells efficiently 74.

This advancement in technology, coupled with
compelling findings from preclinical lupus models 74,
has provided a rationale for the use of CAR-T cells

B Cell Depletion Therapy in Systemic Lupus Erythematosus

therapy as a potential treatment in SLE patients.
Thus, achieving a major depletion of CD19+ B cells
and plasmablasts in fissues has the potential to
initiate an ‘immune reset’ which could result in the
discontinuation of the need for immunosuppressive
treatments.

The process of generating CAR-T cells is complex
and costly. First, levkapheresis is performed and
1X108 T cells are used as the starting population,
activated and transduced with a lentiviral vector
containing the sequence for a single-chain variable
fragment derived from an antihuman CD19
hybridoma clone (FMC63). Cells are expanded for
12 days until the infusion. Treatment is stopped in
all patients except for low dose prednisolone. To
facilitate homeostatic expansion of CAR-T cells, all
patients undergo a lymphodepleting chemotherapy
regimen (25mg/m2/d of fludarabine for three days
and one dose of 1g/m2/d of cyclophosphamide
three days before the infusion of CAR-T cells). CAR-
T cells are administered to patients as a single
infusion at a fixed dose of 1X10¢/g. Following the
infusion, patients are hospitalized for ten days to
monitor toxicity closely 75.

Mougiakakos et al. ! reported the first attempt to
use anti-CD19 CAR-T cells in a 20-year-old woman
with severe and refractory SLE. Prior to the CAR-T
cells infusion, all other treatment was discontinued,
apart from low-dose prednisolone. The patient did
not experience any adverse events related to CAR-
T cells therapy. The results showed serologic and
clinical remission. SLEDAI score decreased from 16
at baseline to O up to 44 days.

In another study by Schett et al. 76, four patients
with severe and refractory SLE, including LN,
undergo treatment with CAR-T cells therapy after
failing standard therapy. All SLE treatment, except
a low-dose prednisolone, was stopped. It was well
tolerated, with only mild fever reported in all cases
without evidence of infection or severe side effects,
such as immune  effector cell-associated
neurotoxicity syndrome (ICANS) or cytokine-release
syndrome (CRS). All patients achieved the LLDAS
and remarkably all SLE-specific medication,
including glucocorticoids, was stopped with no SLE
flare observed up to 10 months past treatment. The
patients experienced a complete loss of antinuclear
antibodies and anti-dsDNA despite reappearance
of B cells. In an update 75, five patients with active-
refractory SLE with multiorgan involvement enrolled
a compassionate-use CAR-T cells. CAR-T cells were
administered resulting in deep depletion of B cells
and improvement in clinical symptoms.
Disappearance of anti-dsDNA antibodies was
observed and remission of SLE according to DORIS
criteria 77 was achieved. After three months, the
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median SLEDAI score was 0. Only mild CRS was
reported, and no infection occurred in short-term
follow-up and during the phase of B cell aplasia.
Remarkably, drug-free remission was maintained
during extended follow-up, even after the
reappearance of B cells, with no SLE relapse.
Overall IgG levels did not experience significant
decline following CAR-T cells therapy. This, along
with the absence of regular immunoglobulin
substitution and the stability of anti-vaccination
responses, suggests the majority of long-lived
plasma cells are not affected by this approach.
Instead, the eradication of activated B cells and
plasmablasts appears sufficient to achieve clinical
and immunologic remission, in at least some of the
SLE patients 75.

Side effects of CAR-T cells are variable depending
upon multiple factors, including CAR design, and can
be solved using specific strategies 78.

CRS and ICANS are frequently observed toxicities
after CAR-T cell therapy in patients with
hematologic malignancies 79. CRS results from a
rapid expansion of activated CAR-T cells. It induces
systemic inflammation by recruiting myeloid cells
that release pro-inflammatory cytokines. Rapid
expansion of CAR-T cells and high tumor burden is
associated with risk of severe toxicity. These
patients require close monitoring, and intensive care
treatment 79. Encouragingly, to date higher-grade
CRS was not observed in SLE patients treated with
CAR-T cells 117576, probably due to the
considerably lower B cell burden in SLE compared
to those with active B cell malignancies. No cases of
ICANS have occurred in patients with SLE to date 7>
however, the number of SLE patients studied is very
small.

B-cell aplasia is a well-established consequence of
CAR-T cells, which can persist until T cells regain
functionality 89, Re-assuringly, Schett et al. found no
evidence of prolonged cytopenia 7¢. In other
studies, besides B cell depletion, no severe infection
occurred in the short-term follow-up and during the
phase of B aplasia 1175,

Another concern in generating CAR-T cells from
autoimmune patients is that the quality of
autologous T-cells could be diminished by the
disease and multiple long term immunosuppressive
therapies, which are crucial for managing
autoimmune conditions and cannot be easily
discontinued in these patients. Thus, the process of
obtaining an adequate number of functional T-cells,
successfully transducing them with the CAR gene,
and expanding them ex-vivo may be hindered in
autoimmune patients 81. It is essentially a cautious

B Cell Depletion Therapy in Systemic Lupus Erythematosus

approach that effectively reduces
immunosuppressants before apheresis. This step is
as vital as it allows for successful CAR-T cell
generation while also avoiding the risk of exposing
the patient to uncontrolled autoimmune flares.
Kretschamann et al. 81 showed in 6 patients with
severe SLE, who tapered immunosuppression before
leukapheresis with glucocorticoid doses reduced to
a maximum of 10 mg/day, that sufficient numbers
of T-cells can be obtained which could be
effectively transduced with a CD19 CAR-encoding
construct and expanded ex-vivo to gain adequate
amounts of viable autologous CAR-T cells needed
for treatment.

Assessing the safety and durability of responses
during B-cell repopulation will require much long-
term follow up and a large cohort of patients. Also,
the ideal patient profiling is yet to be established
and not every patient may respond. The limited
studies done so far have focused on patients with
multiorgan involvement, but limited organ damage,
without  neuropsychiatric  lupus, resistant tfo
conventional treatments 117576,

Finally, the main drawback to the use of engineered
cells is the substantial cost of the procedure
probably limiting its applicability to highly selected
patients 82, However, the availability and cost of
manufacturing facilities should improve, making this
therapeutic option more affordable 8384,

The application of CAR technology has been
extended to regulatory T-cells (Tregs) therapies
using Tregs engineered with CAR (CAR-Tregs).
Tregs form a heterogeneous population found in
secondary lymphoid organs and tissues, endowed
with immune-suppressive functions 85. In laboratory
models, CAR-Tregs have shown great potential for
treating various diseases, such as type 1 diabetes
86, and inflammatory bowel disease 8. CAR-Treg
therapy holds significant advantages due to their
intrinsic properties, including the ability to suppress
T-cells with different antigen specificity through
bystander suppression and induce endogenous
tolerogenic cells through infectious tolerance 88.
Despite several preclinical studies, this approach
has not yet been used in SLE patients.

Conclusions

Despite many setbacks, SLE treatment is now
rapidly evolving with new approaches under
investigation. Enhanced knowledge of the
pathologic mechanisms and technical advances in
manufacturing engineered antibodies have led to
the development of specific therapies to modify
relevant cellular interactions and improve clinical
outcomes. The exact role of novel cellular therapies

esmed.org/MRA /index.php /mra/article /view /4504 8

Medical Research Archives | https:


https://esmed.org/MRA/index.php/mra/article/view/4504

Medical
Research
Archives

in the future treatment approach for SLE remains to
be determined.

Autoreactive B cells have long been targeted SLE.
Despite providing clinical benefits, anti-CD20 mAbs
on their own failed to achieve the primary end
points in randomized controlled trials 27:28, Some
clinical trials suggests that belimumab after
rituximab will provide a useful clinical outcome.
However, attaining drug-free remission and
seroconversion in SLE remains challenging 7¢.

A key challenge following CD20-targeted B cell-

depletion antibody treatment is the incomplete
removal of tissue B cells 74. CAR-T cells represent an

Medical Research Archives | https:
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interesting and promising approach for SLE
treatment which may lead to more robust B-cell
depletion, with significant reduction of memory B
cells and plasmasblasts. This treatment results in a
rapid and sustained breakdown of the B cell-
mediated autoimmune response, leading to drug-
free remission of refractory SLE 75. This is an
important advantage of CAR-T cells, which may off
set the high cost of this approach which threatens its
widespread adoption.
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