CASE REPORT

Immune-related adverse events with bispecific T-cell

engager therapy targeting B-cell maturation antigen

Bispecific antibodies (BispAb) targeting BCMAXCD3 have
been recently approved for the treatment of patients with
relapsed and refractory myeloma previously exposed to
immunomodulatory drug, proteasome inhibitor, and anti-
CD38 antibodies. For instance, the phase I/Il MajesTEC-1
study demonstrated high efficacy of teclistamab in ad-
vanced (median of 5 prior lines), triple-class exposed and
refractory myeloma, with an overall response rate of 63%
and median progression-free survival of 11.3 months." In
BispAb studies, most common treatment-emergent ad-
verse events (AE) were cytokine release syndrome (CRS),
hematological toxicities and immune effector cell associ-
ated neurotoxicity syndrome. Dysimmune events were
neither observed nor classified as such but were exclu-
sion criteria for protocol enrollment.? Immune-related ad-
verse events (irAE) are well described for the immune
checkpoint inhibitor therapy such as anti-PD1 or anti-
CTLA-4. This type of AE could affect different organs, such
as gastrointestinal, endocrinological, skin or rheumato-
logical systems.® The explanation of these irAE under
checkpoints inhibitors seems straightforward with the ac-
tivity enhancement of T cells.® Thus, through two thor-
oughly documented clinical cases, we report here how
dysimmunity could be induced by T-cell engaging BispAb,
with very different patterns of symptoms.

Case 1

Case 1is a 77-year-old woman without a significant medi-
cal history, who has been treated for IgG k¥ multiple mye-
loma. Her ninth line consisted of a CD3xBCMA BispAb, a
stringent complete remission (sCR) from the 13* cycle
was obtained. A grade 1 CRS was noted at first cycle and
was resolutive. Shortly after sCR, the patient presented
with recurring oligoarthritis. There was a biological inflam-
matory syndrome (C reactive protein [CRP] increased and
thrombocytosis). Blood cultures were positive twice for
Neisseria cinerea, and while echocardiography showed no
signs of infective endocarditis, she was treated with cef-
triaxone (2 g/day) for 14 days and the oligoarthritis was
resolved (Figure 1). The positron emission tomography-co-
muted tomography (PET-CT) scan that had been per-
formed for the disease’s extension showed grade 3 (the
highest grade) parietal hypermetabolism of the thoracic
aorta, brachiocephalic artery trunk, right subclavian artery,
and left common iliac artery (Figure 2A-D, bottom row
with arrows). On examination, no recent or previous ceph-
alic, visual, mandibular, or rhizome manifestations, no
chest, back, abdominal, or lumbar pain with an inflam-

matory appearance were observed. The temporal and pe-
ripheral pulses were perceived without vascular murmur.
Except moderate inflammatory syndrome with a CRP of 8
mg/L, blood results were normal. Blood cultures and in-
fectious serologies were negative. Systematic etiological
exams for inflammatory vasculitis were negative. The tem-
poral artery biopsy didn’t demonstrate Horton's disease.
Ultrasound-Doppler of the encephalic and temporal ar-
teries demonstrated a significant diffuse hyperplasia of the
intima, at the origin of the right subclavian artery. A seg-
mental inflammatory aspect of the trunk of the left tem-
poral artery with halo sign was also noticed (UltraSound
findings, data not shown). Given the context of severe im-
munosuppression and recent infection, this arthritis was
presumed to be related to an infectious cause, relying on
ceftriaxone treatment to recover. No improvement of PET-
CT findings at 8 weeks from artritis diagnosis were noted.
It was decided to start a second line therapy with cotri-
moxazole for 8 weeks. The patient underwent a new PET-
CT after 2 months, with no improvement (vasuclar PET
scan [PETVasc] global 27/48). A PETVasc is an additional
score with a maximum score at 48 (Figure 2A, C, top and
bottom rows). A systemic corticosteroid therapy at a dose
of 0.7 mg/kg/day in progressive decrease over 12 months
was introduced (Figure 1). Several PET-CT showed a clear
decrease in segmental hyperfixation of the wall of large
and medium-sized vessels (PETVasc global 23/48) (Figure
2A, C, D). End-of-treatment PET-CT, performed just after
steroid withdrawal, showed an iconographic relapse. Re-
ferring to the teclistamab-induced vasculitis, internists in-
troduced tocilizumab subcutaneous weekly, with
maintening corticotherapy. teclistamab was stopped dur-
ing the first month (Figure 1).

Case 2

The second case reported here concerns a 66-year-old
woman with a notable history of immune thrombocytope-
nia (ITP) refractory to corticosteroid (splenectomy in 1995).
She was diagnosed with a symptomatic multiple myeloma,
treated with five lines. After the first cycle of CD3xBCMA
BispAb, a grade 1 CRS with ITP decompensation (resolved
with intravenous immunglobulin) was observed. At the be-
ginning of cycle 11, the patient presented with an abrupt
polyarticular presentation with distal interphalangeal joint
and proximal interphalangeal joint (PIJ) swelling of the third
and second fingers of the left hand, as well as the carpo-
metacarpal joint of the second finger of the left hand. Pain
of the left knee and hip, with morning rusting were also
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Figure 1. Clinical, radiological, and therapeutical chronology of the two cases. M: month; sCR: stringent complete remission;
VGPR: very good partial response; TEP: tomography by emission of positrons.

notified. At the beginning of the 12 cycle, the inflammatory
rhythmed polyarthralgias were still present, but migratory
also with swelling of the ankles. No family history of in-
flammatory rheumatism, no uveitis, no dactylitis, no transit
abnormalities were reported. Blood testing was normal for
uric acid. The immune checkup came back as negative
(antinuclear antibodies, rheumatoid factors and anti-CCP)
as well as infectious investigations (blood culture, hepatitis
polymearse chain reaction). On X-rays, there were some
erosions suspected as consequences of inflammation
without argument for chondrocalcinosis or osteoarthritis.
Ultrasound-Doppler images (Figure 2E-H), there was a
grade 2 synovitis of wrists and PIJ. Furthermore, there was
a tenosynovitis of the common extensors of the fingers and
there were bilateral crural synovitis and fibular tenosynovi-
tis of the ankles. The patient has been recovering gradually
under corticosteroid therapy introduced as 10 mg per day
with a continuous tapering. From the first dose decrement,
complete regression of the morning rusting in the lower
limbs was observed, followed by disappearance of hands
and wrist synovitis symptoms. Teclistamab was discon-
tinued 3 months (Figure 1).

These two cases illustrate two presumed irAE due to Bis-
pAb during multiple myeloma treatment. Indeed, in the
first case, it seems particularly challenging to decipher
whether it is primary inflasmmatory vasculitis or potentially
induced by BispAb. However, the germ involved here,
which usually damages the small vessel walls directly, has
been controlled by prolonged antibiotic therapy and is,
therefore, unlikely to be the cause of persistent
vasculitis.* Relating those events to drug exposure may be
contra-intuitive as most AE related to BispAb are on the
side of immunosuppression. Indeed, it may seem para-
doxical that an antibody targeting BCMA can induce auto-
immune reactions while some drugs targeting its soluble
receptor/ligand (BAFF) is used to treat autoimmune dis-
ease with belimumab for instance,® this situation has
been extensively described for anti-TNFa therapy in gen-
esis lupus.® Biological rationale may enlighten this particu-
lar course of events. Important to remember is that BCMA
is a transmembrane receptor naturally expressed on
plasma cells and is consistently expressed at high levels
on malignant plasma cells. BCMA binds to BAFF, a cyto-
kine expressed by B-lineage cells, and leads to the activa-
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Figure 2. Positron emission tomography and ultrasound pictures of the two cases. (A-D) Positron emission tomography (PET)-
computed tomography (CT) scans showing grade 3 parietal hypermetabolism of the thoracic aorta, brachiocephalic artery trunk,
right subclavian artery, and left common iliac artery. Case 1: (A) PET coronals, (B) CT coronals, (C) fused coronals, (D) whole
body PET. Top row: after corticotherapy; bottom row: before corticotherapy. Red arrow: right subclavian artery hypermetabolism;
orange arrow: right brachiocephalic trunk hypermetabolism. Case 2 (E-H): (E) right radiocarpal synovitis, longitudinal section (B
mode), (F) right tenosynovitis, extensor digitorum communis (B mode), (G) right tenosynovitis, flexor digitorum communis (B
mode), (H): right tenosynovitis, extensor digitorum brevis and extensor digitorum longus with Doppler hyperemia. Triangle stands
for radial and medial carpal synovitis (E only). Numbers 1, 2, and 3, respectively stand for radius, lunatum, and capitatum; five-
and six-pointed stars respectively stand for extensor digitorum communis, and flexor digitorum communis (G). Diamond in (H)
stands for the extensor digitorum brevis and the extensor digitorum longus. Large arrow in (F, G) highlights synovitis effusion
around tendon sheaths. Thin arrow in (H) demonstrates doppler vascularization.
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Table 1. Effects of the lack of BAFF or BCMA in murine lupus
model.

Deficiency Mouse strain Result

BAFF NZM2328 Delay in autoantibodies
BCMA Nba2.Yaa Enhances autoantlpodles and
exacerbates disease
Increased spleen size
NZM2328 No effect on autoantibodies, plasma

cells or mortality

Table adapted with permission from Jackson and Davidson. Immunol
Rev. 2019.°

tion of kinases (MAPK8/JNK) by NFkB transcription that
stimulate plasma cells to maintain humoral immunity.
BAFF is required for normal B-cell homeostasis, but it also
promotes the survival of malignant B cells. BCMA can also
bind to a related protein, APRIL involved in B-cell devel-
opment and autoimmune response. The complex inter-
actions between BCMA and its ligands BAFF and APRIL
explain BCMA implication in the maintenance of plasma
cells, but also in several cancers, autoimmune and infec-
tious diseases.” This effect could be explained by the in-
crease of the BCMA’s ligand levels along with the inhibition
of its receptor via bispecific therapies in multiple myeloma
(CD3-BCMA). BCMA may give rise to dysimmune disease via
its targeting. Supporting this hypothesis, BCMA deficiency
in mice exacerbated phenotypes with dysimmune dis-
eases® (Table 1). Different studies have shown that serum
levels of BAFF were associated with a major disease activ-
ity When BCMA is allosterically occupied, other BCMA li-
gands could increase, and would likely bind to its targets
(BAFF-R and APRIL-R) (Table 1). Indeed, this explains why
some immunotherapy treatments for autoimmune diseases
(such as lupus or vasculitis™), take leverage of this effect,
such as atacicept™ which targets both BAFF and APRIL-R;
or tabalumab™ which also targets both BAFF and BCMA.

The second hypothesis for the development of post-BCMA
autoimmunity could be explained by the expansion of fol-
licular T-helper cells. Indeed, the uncontrolled expansion
of follicular T-helper cells (TFH) activates autoreactive B
cells to produce antibodies inducing autoimmunity. TFH
cells express BCMA and BR3 receptors and accumulate in
the spleen when BCMA is absent. BCMA deficiency in T
cells can promote TFH cell expansion, autoantibody pro-
duction, and IFNO production by TFH cells via BR3.%. In an
experimental study, blocking BAFF or IFNy in vivo reduced
TFH cell accumulation and improved autoimmunity in
BCMA-deficient animals but not in BR3-deficient ones.
BCMA acts intrinsically to T cells to limit the number of
autoreactive TFH, and thereby regulates autoreactive B-cell
responses.” BAFF blocking agents could be evaluated to
reduce autoimmune reactions related to BCMAxC3 BispAb.
However, we cannot neglect that there were no strong re-
ports of dysimmunity with other anti-BCMA therapies as

cytotoxic coupled-agents (e.g., belantamab mafodotin) or
chimeric antigen receptor T cells (e.g., Ide-cel or Cilta-cel).
Thus, we can hypothesize that bispecific agents with T-cell
engagement may increase unspecifc T-cell response or re-
verse T-cell exhaustion,”® leading to dysimmunity. Against
this assumption, dysimmune events with using other Bis-
pAb (targeting GPRC5D or FcRH5) were not reported. Thus,
incidence and physiopathology of these dysimmune com-
plications need to be explored in prospective studies with
more patients and longer follow-up.
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