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Patients with triple-class refractory relapsed/refractory multi-
ple myeloma (RRMM) face extremely poor outcomes, with
median overall survival rarely exceeding 4–8 months despite
intensive therapy. Against this dismal background, the ad-
vent  of  bispecific  antibodies  (BsAbs)  has dramatically  im-
proved  prognosis,  producing  deep  and  durable  responses
even in heavily pretreated individuals. Nevertheless, approxi-
mately 30–40% of patients exhibit primary resistance, unders-
coring the urgent need to identify predictive biomarkers of
response to guide treatment selection and minimize unneces-
sary toxicity and cost.

We conducted a retrospective study approved by the Ethics
Committee of the University Hospital of Palermo to explore
immunological and transcriptional determinants of response
to new anti-MM BsAbs. In a cohort of 18 triple class ex-
posed/refractory MM patients (7 treated with Teclistamab, 7
with Elranatamab, and 4 with Talquetamab), we integrated
clinical, laboratory, and, where available single-cell RNA-se-
q/CITE-seq  (SC)  data  to  identify  features  associated  with
treatment resistance.

Comparative analysis of 20 hematochemical parameters and
5 derived indices revealed that non responder patients pre-
sented an increased ISS stage (p=0.001), disease burden in
term of monoclonal component (p=0.039), and a reduced He-
moglobin level (p:0.03). Interestingly, responders patients ex-
perienced a strong lymphocytes reduction between pre and
post step-up dose (p<0.001). The latter in particular was as-

sociated with a significantly longest PFS (p=0.001, no events
experienced after 18 months follow-up). To deeply unders-
tand changes in BM microenvironment, we performed a sin-
gle-cell analysis of BMMCs from a subset of 10 patients at
baseline,  uncovering distinct  immunological  configurations
between responders and non-responders. We analyzed a to-
tal of 39195 single cells were we found little to no deiffer-
ences in term of population abundances except with B cells
(strongly reduced in non responders p<0.01). In term of tran-
scriptome profile, we observed that responders displayed a
more enhanced intrinsic anti-tumor immunity.  In contrast,
non-responders exhibited enrichment of exhausted T cells ex-
pressing  HAVCR2  (TIM-3)  and  genes  linked  to  oxidative
stress  and  immune  dysfunction,  coupled  with  tolerogenic
monocytes  and  upregulation  of  immunosuppressive  path-
ways, including TLR signaling and myeloid chemotaxis.

Functional pathway analysis confirmed a pronounced diver-
gence between the two groups: responders engaged adaptive
and effector immune programs, whereas non-responders dis-
played immunologically suppressed profiles.

In conclusion, integrating clinical and single-cell data reveals
that BsAb efficacy in RRMM is critically shaped by both tu-
mor  burden  and  baseline  immune competence.  These  in-
sights support the implementation of pre-treatment strate-
gies aimed at lowering tumor burden and enhancing the ef-
fector-to-target ratio, thereby optimizing responses to bispe-
cific antibody therapies.
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