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Deciphering the bone marrow 
microenvironment’s role 
in multiple myeloma 
immunotherapy resistance 
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1Department of Medicine and Surgery, University of Parma, Parma, Italy, 2Hematology, Azienda 
Ospedaliero-Universitaria di Parma, Parma, Italy 
Multiple Myeloma (MM) is a malignant monoclonal gammopathy characterized 
by the proliferation of plasma cells (PC) in the bone marrow (BM). The tight cross­
talk between the BM microenvironment and PC is the hallmark of MM. The BM 
microenvironment comprises a cellular compartment, consisting of 
hematopoietic and non-hematopoietic cells. The first includes myeloid cells, 
T- and B-lymphocytes, natural killer (NK) cells, macrophages, and osteoclasts 
(OCs). In contrast, non-hematopoietic cell types include BM-derived 
mesenchymal stromal cells (MSCs), osteoblasts, adipocytes and endothelial 
cells. Besides the cellular compartment, there is a non-cellular compartment 
that includes extracellular matrix, growth factors, chemokines, and several 
cytokines. All these members play distinctive but interacting roles in the 
progression of MM and the drug response. MM remains an incurable disease, 
but in the last years immunotherapy has emerged as an important tool in the 
treatment of MM. The involvement of the BM microenvironment is a relevant 
barrier in the response to immunotherapy and in generating resistance. In this 
review, we provide an overview of the BM microenvironment perturbation in MM 
patients and how it can determine the possible resistance to immunotherapy, 
including monoclonal antibodies (mAbs), antibody-drug conjugates, chimeric 
antigen receptor T-cell (CAR-T), and bispecific T-cell engagers (BsAbs). 
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1 Introduction 

Multiple myeloma (MM) is a plasma cell (PC) malignancy that develops into the bone 
marrow (BM), where it establishes close interaction with surrounding cells, resulting in 
tumor growth, survival, and drug resistance. BM microenvironment can support the 
expansion of MM PCs, evasion of immune surveillance by inducing abnormalities in 
immune cells [natural killer cells (NK), dendritic cells (DC), and T-cells] and by enhancing 
the release of immunoregulatory cytokines (1, 2). 
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Over the past decades, a deeper understanding of the complex 
MM pathophysiology has prompted drug development and clinical 
practice, resulting in significant improvements in patient outcome. 
The standard therapy to treat newly diagnosed MM (NDMM) 
patients is induction therapy based on quadruplets drug 
combination including anti-CD38 monoclonal antibody (mAb) 
followed by high-dose chemotherapy plus autologous stem cell 
transplant (ASCT) for young patients (3). On the other hand, 
patients not eligible for transplantation mainly receive treatment 
regimens including a combination of anti-CD38 mAbs with 
proteasome inhibitors (PIs) and/or immunomodulatory drugs 
(IMiDs) and dexamethasone. Relapsed and/or refractory MM 
(RRMM) patients may receive new immunotherapeutic 
approaches such as chimeric antigen receptor T-cell (CAR-T), 
bispecific T-cell engagers (3). Together, these therapeutic 
approaches have allowed an increase in the survival of MM patients. 

Nevertheless, the genomic features of tumor cells and various 
interactions with the BM microenvironment make MM incurable, 
and relapse is a common issue for MM patients. MM is 
characterized by changes in BM microenvironment composition. 
BM microenvironment is composed of several cell types such as 
hematopoietic cells, mesenchymal stem cells, mesenchymal stromal 
cells (MSCs), osteoblast, osteoclast (OCs), endothelial cell, 
fibroblast, and immune cells (4). Among the immune cells, those 
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most involved in the development of MM are various 
immunosuppressive cells, including myeloid-derived suppressor 
cells (MDSCs), T-cells, regulatory T-cells (Tregs), regulatory B-
cells (Bregs), natural killer cells (NK) and tumor-associated 
macrophages (TAMs) (5). 

In addition, the MM BM microenvironment represents an ideal 
niche because, through the release of growth factors and cytokines, 
it interacts with MM cells, promoting their proliferation and 
survival (6). 
2 BM microenvironment composition 
in multiple myeloma and its 
involvement in immunotherapy 
resistance 

The BM microenvironment is a dynamic and interactive 
ecosystem that plays a pivotal role in regulating the behavior of 
clonal PCs. In fact, BM microenvironment strongly influences the 
response of PCs to MM drug treatments. One of the main issues 
that influences survival or drug resistance is a tight crosstalk 
between PCs and the BM microenvironment. Figure 1 
summarizes the interactions between tumor microenvironment 
FIGURE 1 

Cross talk between MM cells and bone microenvironment cells. The figure illustrates the interactions between cells in the bone marrow (BM) 
microenvironment and multiple myeloma (MM) cells, highlighting the mechanisms of immunosuppression and tumor support. Bone marrow stromal 
cells (BM MSCs) promote MM cell survival through mitochondrial transfer and pro-tumor signals (ATP, OXPHOS, IGF-1, IL-6). Myeloma cells interact 
with immunosuppressive cells such as tumor-associated macrophages (TAMs), regulatory T lymphocytes (T-reg) and myeloid suppressor cells 
(MDSCs), Natural Killer (NK), which secrete immunosuppressive cytokines (IL-10, TGF-b, IFN-g). In addition, in MM occurs the reduced activity of 
immune effector cells, such as CD4+ T lymphocytes and NK cells, by decreasing the expression of key molecules such as MHC-II and NKG2D. 
Moreover, Osteoclasts (OCs) produce Galectin-9, IDO and affect the activity of NK through PD-L1/PD1 axis. These mechanisms contribute to 
immune evasion and disease progression. 
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and MM cells. Below, we will discuss the microenvironment 
changes in MM that ensure tumor progression and an 
immunosuppressive environment. 
2.1 Mesenchymal stromal cells 

The BM microenvironment comprises MSCs and immune cells, 
which influence response. MSCs are cells exhibiting stemness 
activity and exhibit two basic properties: self-renewal and 
differentiation into various cell types. The first characteristic 
determines the ability to generate a daughter cell with the same 
stemness characteristics as the parent cell, the second feature allows 
MSCs to differentiate and generate adipose, cartilage, and bone 
tissue (7). Interaction between MSCs and PCs occurs through 
members of the integrin family, including syndecan-1 (CD138), 
CD44, vascular cell adhesion molecule 1 (VCAM1), lymphocyte 
function-associated antigen 1 (LFA-1), mucin 1 (MUC-1), 
intercellular adhesion molecule 1 (ICAM-1), very late antigen-4 
(VLA-4) (ɑ4b1), and VLA-5 (8). VLA-4 is highly expressed on MM 
cells and is the only integrin able to mediate both PCs-extracellular 
matrix and PCs-BM MSCs interactions via separate binding 
sites (8). 

PCs are also able to reach the BM microenvironment through 
the expression on their membrane of C-X-C chemokine receptor 
type 4 (CXCR-4). CXCR-4 creates an axis by binding with C-X-C 
motif chemokine ligand 12 (CXCL-12), which is a chemokine 
secreted by BM MSCs (9). Roccaro et al. demonstrated, by 
immunohistochemistry, that BM in which PCs are present show 
increased expression of CXCL-12 [also known as stromal cell-
derived factor 1 (SDF-1)], compared to samples from healthy 
controls  or  patients  with  monoclonal  gammopathy  of  
undetermined significance (MGUS), which showed minimal and 
low expression of SDF-1 (9). They also showed that in vivo 
neutra l i za t ion  of  SDF-1  resu l t s  in  a  l e s s  recept i ve  
microenvironment for MM cells and reduces the homing and 
growth of MM cells (9). Furthermore, CXCL-12 upregulates 
VLA-4, which modifies the adhesion of PCs to MSCs and the 
secretion of cytokines by MSCs (4). 

In a further study, performed in 2023, it was reported that the 
secretome of healthy MSCs was altered by priming MSCs, i.e. by 
culturing with MM cells, and that the overall secretome 
functionality changed from promoting MM cell quiescence to 
stimulating MM cell proliferation (10). They identified several 
dormancy-associated pathways that were suppressed by primed 
conditioned medium (CM), leading to the up-regulation of genes 
involved in the cell cycle, DNA damage repair, and proliferation. 
Among these pathways, they further explored the mTOR pathway. 
They proved that insulin-like growth factor type 1 (IGF1) induces 
MM cell growth, and that primed CM reduced the expression of 
RPTOR independent Companion Of mTOR Complex 2 (RICTOR), 
which is part of the mTOR2 pathway that contributes to shifting 
MM cells towards a proliferative state (10). 

A new mechanism involved in drug resistance was discovered a 
few years ago, namely Mitochondrial Transfer. Mitochondrial 
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transfer is based on communication between a donor and a 
receiving cell and can be regulated by different structures, such as 
extracellular vesicles, tunneling nanotubes (TNTs), and 
communicating junctions (11). TNTs are long-distance 
intercellular connections that allow the exchange between cells, of 
ions, and small molecules or the incorporation of mitochondrial 
genes or the mitochondria themselves into a recipient cell (11). 
Acquiring mitochondria via TNTs enhances the growth potential of 
tumor cells, provides survival benefits, and increases oxidative 
phosphorylation activity (OXPHOS) and the adenosine 
triphosphate (ATP) level of tumor cells. In addition to this, it 
improves their migratory properties and increases the possibility of 
developing resistance to chemotherapeutic treatment (12–14). 
Regarding this mechanism of drug resistance involving the 
acquisition of mitochondria, Matula et al. carried out a study in 
which primary MM cells and autologous BM-MSCs were used (15). 
The work aimed to achieve a more detailed comprehension of the 
mechanism by which MSCs protect MM from the cytotoxic action 
of chemotherapeutic drugs and therapeutic antibodies used in the 
treatment of MM. In fact, they treated the co-culture of BM-MSC 
and MM cells with several drugs, finding that BM-MSCs prevent 
MM from drug-induced cytotoxicity, since all drugs increased the 
uptake of BM-MSC-derived mitochondria by MM. Moreover, it 
was found that there was a correlation between the survival of MM, 
the drug concentration added, and the BM-MSC-derived 
mitochondrial incorporation of surviving MM cells. This suggests 
that the mitochondria derived from BM-MSCs worked as a survival 
signal for the MM cells and were more resistant to the cytotoxic 
effect of the drugs used (15). 
2.2 Myeloid-derived suppressor cells 

MDSCs are cells of neutrophil and monocyte lineages with 
potent immunosuppressive activity. In recent years, their role has 
emerged because several studies proved their involvement in 
immunosuppressing anti-tumor activity. The human MDSCs are 
less defined, lacking a Gr1 homologous. Commonly, MDSCs are 
defined as CD11b+ CD33+ HLA-DRlow/− cells and that do not 
express markers of mature myeloid or lymphoid cells (16). Among 
their different roles, these cells produce the enzyme arginase that 
depletes the environment of arginine, an essential amino acid for T-
lymphocyte activity. In addition, they ensure the expansion of 
induced Tregs (17, 18). MDSCs can differentiate into TAMs and 
OCs. The presence of the latter underlies the characteristic bone 
disease observed in MM (19). MDSCs also have a remarkable ability 
to inhibit the activity of inducible nitric oxide synthase (iNOS), 
reactive oxygen species (ROS), and peroxynitrite (20). The 
consequence is to evade the immune system and to promote 
disease progression. Also, several soluble factors and cytokines 
contribute to the immunosuppressive activity of MDSCs in BM, 
such as interleukin-10 (IL-10), IL-6, transforming growth factor-b 
(TGF-b), CD40-CD40 ligand, and interferon-g (IFN-g). These 
cytokines contribute to the expansion of Tregs (18, 21). 
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2.3 Tumor-associated macrophages 

An additional type of immune cell that is implicated in MM is 
TAM. Specifically, TAMs are an important population of 
macrophages that reside in large numbers at the tumor site and 
are strongly influenced by the tumor microenvironment (22). 
TAMs arise from circulating monocytes and are identifiable by 
the marker CD68. They are characterized by remarkable plasticity, 
in fact, after recruitment to the tumor site, they progressively 
acquire pro-tumor properties, making themselves similar to M2 
macrophages (23). In MM they ensure proliferation and survival, 
angiogenesis, immunosuppression, and drug resistance (24). The 
tumor cell growth in MM, supported by TAMs, has been extensively 
studied in several articles. The factor behind this is the enhanced 
release of several cytokines, in particular IL-10 and IL-6, and the 
reduced secretion of IL-12 and tumor necrosis factor-a (TNF-a) 
(25). For example, in vitro data demonstrated that TAMs support 
MM cell survival through activation of the IL-6/JAK/STAT3 
pathway. It has been shown by De Beule et al., that the co-culture 
of TAM with 5T33MM murine MM cells enabled the survival of 
myeloma cells, through the activation of the STAT3 pathway in 
5T33MM cells (26). In addition, IL-10 ensures survival and 
proliferation of tumor cells in MM and the IL-10 production is 
regulated by IL-6 (27). IL-10 is also involved in angiogenesis. 
Indeed, IL-10 secreted by MM-associated TAMs in MM patients 
correlates positively with angiogenic cytokines such as vascular 
endothelial growth factor (VEGF) or angiopoietin-2 (Ang-2) (28). 
In addition to VEGF, macrophages can secrete other angiogenic 
factors such as C-C Motif Chemokine Ligand (CCL) and matrix 
metalloproteinase (MMP) (29). 

In many cancer types, TAMs have been reported to influence 
the tumor microenvironment, leading to an immunosuppressive 
microenvironment and a reduced number of anti-tumor cells, such 
as CD8+ T-cells (30). Beider et al. demonstrated that MM-primed 
macrophages decreased T-cell proliferation and activation, through 
downregulation of IFN-g secretion (31). In addition to this study, it 
was also demonstrated in single-cell RNA sequencing that mature 
CD14+ monocytes/macrophages change phenotypically, losing 
expression of major histocompatibility complex class II (MHC­

II). This loss of expression results in immunosuppressive potential 
and suppressed T-cell activation (32). IL-10 also plays an important 
role in the expression of MHC-II. IL-10 has been proven to inhibit 
the MHC-II expression and the production of pro-inflammatory 
cytokines in antigen-presenting cells (APCs), which in turn limit 
the functions of effector T-cells (33). Another important factor, 
involved in immunosuppression, is Indoleamine 2,3-dioxygenase 
(IDO). IDO is an enzyme that degrades the essential amino acid 
tryptophan into kynurenine. IDO production is under activity of 
IL-32, a proinflammatory cytokine. In MM it has been shown that 
IL-32 is overexpressed in the BM and peripheral blood (PB) of MM 
patients. High expression of IL-32 stimulates IDO production in 
macrophages, this led to an inhibition of CD4+ T-cell growth, IL-2, 
IFN-g, and  TNF-a production. The result is a reduced 
immunogenic response. Additionally, IDO promotes Tregs 

differentiation (34). 
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2.4 Natural killer cells 

NK cells have an impact on cancer due to their natural tumor 
suppressor potential. They are present in the BM, liver, spleen, 
lungs, uterus, thymus, and secondary lymphoid tissues (35). In MM 
patients, significant changes in NK subpopulation distribution and 
NK cell activity have been identified (36). NK cells have several 
inhibitory and activating receptors and their functionality depends 
on the balance between inhibitory and activating signals induced by 
interaction with their respective ligands (37). Among the activating 
receptors, one of the most important is NKG2D. Preclinical studies, 
in MM, have shown that some microvesicles induce the 
downregulation of NKG2D and transfer of NKG2DL to the 
surface of cells after internalization by NK cells. Thereafter, the 
NKG2D-NKG2DL axis mediates the NK cell fratricide (38). 
Moreover, Seymour et al. revealed a significant decrease in the 
NK cell activating receptor such as natural cytotoxicity triggering 
receptor 3 (NCR3), NKG2D, 2B4, and DNAX Accessory Molecule­

1 (DNAM-1) and upregulation of the inhibitory receptor 
programmed death 1 (PD-1) in MM patients (39). In addition to 
this, in a preclinical study, hypoxia decreased NKG2D and CD16 
expression in NK cells and impaired NK cell degranulation (40). 
Furthermore, Daly et al. demonstrated inhibition of cytotoxicity 
and cytokine production in NK cells in vitro. This happens because 
the sialic acid-like immunoglobulin (Siglec) (PSGL-1/CD43) of MM 
cells binds to the inhibitory Siglec-7 of NK cells (41). 

NK cells also express chemotactic receptors, such as CXCR-1, 
CXCR-3, CXCR-4, CXCR-6, CX3CR-1, sphingosine 1-phosphate 
receptor 5 (S1P5), CCRL-2. Among these, CXCR-4 is worth 
mentioning. Downregulation of the CXCL-12 and its ligand 
CXCR-4 influences NK-cell trafficking in the BM and diminishes 
antitumor immune responses in MM patients, causing migration of 
NK cells outside of the BM (42). IL-6 and IL-10 levels, which are 
known to promote PCs proliferation, also promote the development 
of the NK-resistant tumor phenotype by inhibiting their 
activity (43). 
2.5 Osteoclast 

OCs are specialized multinucleated cells which are responsible 
for bone resorption, a key process in skeletal remodeling, repair and 
calcium homeostasis. OC differentiation originates from 
hematopoietic progenitors of the monocyte/macrophage lineage 
(44). This process is controlled by two cytokines: macrophage 
colony-stimulating factor (M-CSF) and nuclear factor kappa-Β 
activator receptor ligand (RANKL) (45, 46). 

OCs play a fundamental role in the pathogenesis of bone 
disease, detectable in about 80% of patients with MM (47). In 
addition, OCs may regulate the immune system. In fact, bone 
resorption regulated by OCs is associated with immune activation 
of T-cells in autoimmune diseases. This is accomplished by 
crosstalk between OCs and T-cells (48). 

A previous study suggests that OCs could serve as APCs (48). 
An et al. demonstrated the upregulation of immune-checkpoint 
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molecules on OCs following the observation that OCs inhibit T-cell 
proliferation (49). They found high PD-L1 expression in OCs, 
higher  in  OCs than in PCs. The  expression  of  PD-L1 could

worsen immune inhibition by enhancing the binding of PD-1 on 
T-cells. Among the immunosuppressive molecules, they also 
evaluated the expression of CD200 and herpesvirus entry 
mediator (HVEM), both upregulated in OCs. CD200 is a 
membrane glycoprotein that mediates an immune regulatory 
signal through CD200R to suppress T and NK immune responses 
(49). They also showed IDO production during OCs formation and 
higher IDO production in OCs compared with PCs from the same 
patient samples. In addition, they found high secretion of galectin-9, 
a negative regulator of T helper 1 cell response, in the supernatant of 
OCs compared with monocytes (49). They also verified the high 
levels of galectin-9 in the BM of patients with MM compared with 
the serum of healthy donors. In this study, they explored the role of 
proliferation-inducing ligand A (APRIL), which is highly expressed 
in OCs. In addition, they performed transwell experiments to 
establish whether OCs modulate PD-L1 expression on MM cell 
lines via an APRIL-dependent manner. They discovered that PD-L1 
expression increased in MM cell lines, through the MEK/ERK 
pathway, when they were cocultured with OCs (49). 

Furthermore, Tai et al. confirmed that the OCs, which express 
APRIL and PD-L1, stimulate Tregs to suppress the proliferation of 
conventional T-cells. In fact, by combining blocking receptor/ligand 
axis mAbs, as anti-APRIL mAbs and -PD1/PD-L1-PD1/PD-L1 
mAbs, this effect  was overcome (48). Moreover, it has been 
shown that during osteoclastogenesis, CD38 expression is also 
induced (49). In this study, it was also shown that the use of 
isatuximab (Isa), the anti-CD38 mAb, significantly reduced the 
expression of CD38 on OCs, and suppressive function of T-cells by 
Frontiers in Immunology 05 
OC is attenuated (49). The reduction in CD38 is probably due to 
internalization of the target after mAb binding, a feature of Isa (50). 
3 Immunotherapy resistance in 
multiple myeloma 

As we have discussed above, immune dysfunction plays an 
important role in MM and drug resistance. 

Immunotherapy is an essential tool in the management of MM, 
giving hope to RRMM patients. There are nowadays several types of 
drugs that harness the immune system. Current immunotherapy is 
based on the use of mAbs, CAR-T immunotherapy, CAR-NK cells, 
antibody-drug conjugates, checkpoint-blocking antibodies, and 
bispecific antibodies (51) (Figure 2). 
3.1 Monoclonal antibody resistance 

mAbs include daratumumab [anti-CD38 (Dara)], elotuzumab 
[anti-signaling lymphocytic activation molecule F7 (SLAMF7) 
(Elo)], and Isa [anti-CD38 (Isa)]. The indirect mechanism 
of action of mAbs is similar and includes complement-

dependent cytotoxicity (CDC), antibody-dependent cell-mediated 
cytotoxicity (ADCC) and antibody-dependent cell-mediated 
phagocytosis (ADCP). 

CDC is activated by binding the mAbs to CD38 expressed on 
the cell surface and subsequent recruitment of C1q protein to the Fc 
domain of the mAbs. This event triggers the complement cascade, 
resulting in the formation of the membrane attack complex (MAC), 
FIGURE 2 

Schematic representation of immunotherapeutic approach for multiple myeloma (MM). MM, Multiple Myeloma; CAR T-cell, chimeric antigen 
receptor T-cell; BCMA, B-cell maturation antigen; GPRC5D, G protein-coupled receptor class C group 5 member D; FcRH5, Fc receptor-homolog 
5; MMAF, monomethyl auristatin F; PBD, pyrrolobenzodiazepine. 
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which is responsible for pore formation on the plasma membrane 
and direct lysis of tumor cells (52). 

ADCC is induced by NK cells, which, when activated, release 
perforins and granzymes, resulting in target cell death. Lysis of MM 
cells  treated  with  anti-CD38  mAbs  is  generally  dose-
dependent (52). 

ADCP is mediated by the interaction between the Fc domain of 
the mAbs and Fc gamma receptors (FcgR) on monocytes and 
macrophages. This binding promotes the phagocytosis of 
opsonized tumor cells (52). 

Special mention should be made of Dara and Isa, both of which 
target CD38 but binding different epitopes that could result in slight 
mechanisms. Dara is a human immunoglobulin G1-kappa (IgG1k) 
mAb directed against the cell surface glycoprotein CD38, instead Isa 
(formerly SAR650984) is a chimeric humanized, IgG1-derived 
mAb. These mAbs bind two different epitopes on CD38, in fact, 
the binding of Dara induces a structural breakthrough in the C-
terminal region of CD38, which is not noted in the complex with 
Isa (53). 

Dara exerts its function mainly through CDC (54) but Isa 
uniquely induces direct cell death without cross-linking agents 
(55). In contrast to Dara, the antitumor activity of Isa relies more 
heavily on ADCC than CDC (56). Given that CD38 has multiple 
functions as a receptor and enzyme, in several studies it was 
analyzed how mAbs impact the enzymatic activity. Indeed, Isa 
inhibits both CD38 hydrolase and cyclase activity, while Dara only 
partially inhibits cyclase activity and enhances hydrolase activity 
(52). In MM, a particular category of patients is those with more 
copies of chromosome 1q21. This group of patients has a reduced 
response to treatment with Dara compared to treatment with Isa 
(57, 58). There is still no strong scientific evidence for this issue, but 
what is hypothesized is increased expression of CD55, which is a 
gene located on chromosome 1, and which is over-expressed during 
disease progression in patients treated with Dara (56, 59). CD55 has 
been shown to prevent CDC (60), which is the main mechanism of 
action of Dara (52), unlike Isa. In addition, CD46, located on 
chromosome 1, is also a complement regulator (52). Another study 
that shed more light on this issue, conducted by Ogiya et al., showed 
that BM MSCs produce IL-6, which binds to its receptor IL-6R on 
myeloma cells and this causes CD38 downregulation via the JAK­
STAT3 pathway (61). The interesting point is that the IL-6R gene is 
on chromosome 1q21. 

Furthermore, since CD38 also shows enzymatic activity 
involved in adenosine production, CD38 mAbs may also inhibit 
adenosine production and the function of adhesion molecules. 
CD38 mAbs can also induce immunomodulatory cells to suppress 
the inhibitory effect of MM cells on effector T-cells, thus activating 
T cells to kill tumour cells (62, 63). Elo affects MM mainly by direct 
activation of NK cells and mediating ADCC through the CD16 
pathway (64). 

MM cells can evade mAbs-based immunotherapy through 
resistance mechanisms. Dara targets MM cells by binding CD38, 
but low CD38 expression is linked to resistance (59). Nijhof et al. 
observed that non-responders exhibit low baseline CD38 levels and 
that CD38 expression decreases further during treatment, affecting 
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both non-responders and partial responders (59). There are 
different assumptions about the reduction of CD38. One of these 
concerns is Dara’s function to deplete MM cells with high CD38 
expression. After depletion, clones with low CD38 expression 
expand, making patients unresponsive to Dara treatment (65). 
The CD38 depletion induced by Dara involves not only MM cells 
but also CD38+ expressing immune cells, including NK, B, and T 
cells. It was noted that Dara treatment induces depletion of PB and 
BM NK cells by fratricidal ADCC against CD38+ NK cells, while 
CD38- NK survive (66). In two trials, GEN501 and SIRIUS, 
patients’ NK cells were analyzed and levels of these cells 
decreased immediately after the first infusion of the drug (59). 
This effect can strongly influence NK-mediated ADCC, reducing 
the efficacy of Dara and increasing the risk of relapse (67). 

In addition, the BM microenvironment protects the MM cell 
from ADCC mediated by Dara. Concerning this, De Haart et al. 
(68) demonstrated the overexpression of the anti-apoptotic protein 
Survivin in MM cells upon interaction with BM. Subsequently, they 
tested the sensitivity of MM cells to Dara-dependent ADCC in the 
absence/presence of BM MSC and in the absence/presence of the 
YM155 molecule that efficiently suppresses survivin expression in 
tumor cells. Co-culture treatment of MM/BM MSC YM155 
increased Dara-mediated ADCC by overcoming the BM 
microenvironment’s protective role against Dara treatment (68). 

Besides ADCC, myeloma cells can also evade ADCP through 
the upregulation of CD47. The upregulation of CD47 was 
demonstrated by Sun et al. (69) who  found that CD47 gene

expression is directly correlated to the stage of the disease. 
Notably, PCs from MM patients overexpress CD47 compared to 
those from MGUS, which have a higher expression than healthy 
subjects (69). CD47 binds the signal regulatory protein alpha 
(SIRPa) on TAMs. The CD47/SIRPa complex acts as a ‘don’t eat 
me’ signal resulting in a blockade of TAM activity (70). 

The phenomenon of mitochondrial trafficking promoting 
bioenergetic plasticity in MM was also investigated regarding the 
CD38 molecule (71). In this study published in 2019, it was shown 
that CD38 is required for the formation of TNTs that facilitate 
protumor mitochondrial transfer in MM. They also observed 
increased levels of apoptosis in MM cells when the number of 
mitochondria transferred was reduced. shRNA-mediated 
knockdown of CD38 inhibited mitochondrial transfer and TNT 
formation in vitro, blocked mitochondrial transfer and improved 
animal survival in vivo (71) (Table 1). 

In this class of drugs, the ones to be included are also the 
antibody-drug conjugates (ADCs), used in the treatment of patients 
with RRMM who have received at least 4 lines of therapy. ADCs 
allow the delivery of potent anti-cancer drugs directly to MM cells, 
helping the immune system to target tumor cells. Circulating ADCs 
bind to target antigens on myeloma cells through their mAb, 
leading to ADC internalization (72). Once inside the cell, ADCs 
are degraded in lysosomes, releasing the conjugated cytotoxic 
payload. The released toxic payload induces DNA damage in the 
nucleus and/or disrupts microtubule polymerization and function 
in the cytoplasm, ultimately triggering apoptosis (72). ADC 
covalently bind a cytotoxic drug that can be monomethyl 
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auristatin F (MMAF) through a non-cleavable maleimidocaproyl 
(mc) linker (73). MMAF inhibits tubulin polymerisation and 
induces G2-M growth arrest, thus causing caspase 3/7-dependent 
apoptosis (73). 

In addition to MMAF, ADCs have been engineered to bind 
other drugs such as pyrrolobenzodiazepine (PBD) or amanitine 
(74), which prevents the transcription process by inhibiting RNA 
polymerase II (74). A third ADC is the non-cleavable maytansinoid 
(74). Also, concerning ADCs, resistance mechanisms may arise due 
to low expression of the antigen to which they bind. This is the case 
with B-cell maturation antigen (BCMA), because as seen above, 
MM patients may present downregulation, loss or mutations of 
BCMA (75). 

Another resistance mechanism that could affect the action of 
ADCs is the type of drug that is used. This is because MM cells may 
have ATP binding cassette (ABC) transporters on their surface (74). 
These transporters could recognize drugs as their substrates and 
extrude them outside the cell and thus block their cytotoxic action. 
Therefore, a good strategy would be to conjugate antibodies with 
drugs that are not substrates of these transporters and overcome 
drug resistance (74). 
3.2 CAR-T therapy resistance 

A promising MM treatment is CAR-T-based therapy. CARs are 
fusion proteins engineered to target specific antigens which are 
expressed on the surface of cells. This therapy allows the 
reprogramming of T-cells to target myeloma cells. CARs are 
composed of an antigen recognition domain and a T-cell 
activation domain, usually CD3z. These two parts are linked via 
an extracellular spacer region and an element that crosses the 
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transmembrane (76). To develop second-generation CARs, a 
costimulatory domain was introduced, such as CD28, 4-1BB, 
OX40, or ICOS. This domain is in close contact with the 
intracellular domain, resulting in greater anti-tumor activity of 
modified T-cells and greater efficacy than first-generation CARs 
lacking this domain (77). Most CAR-T cells currently evaluated in 
MM target several antigens, such as BCMA, CD19, SLAMF7, CD38, 
and G protein-coupled receptor class C group 5 member D 
(GPRC5D) (78). 

Concerning BCMA CAR-T, there are two types of drugs that 
target BCMA. The first is Idecabtagene vicleucel (ide-cel), approved 
in 2021, whereas the second is Ciltacabtagene autoleucel (cilta-cel), 
approved in 2022 (79). Although they are two CAR-T anti-BCMA, 
they have different mechanisms. Indeed, ide-cel contains a single 
mouse-derived binding domain to target only one epitope of the 
BCMA antigen, whereas cilta-cel expresses two camelid heavy 
chains (VH) of mAbs to bind with two separate epitopes of 
BCMA antigen. This actually renders cilta-cel a unique CAR-T 
cell agent that provides higher avidity of binding to target cells, 
higher activity, and lower immunogenicity than ide-cel (79). 

The efficacy of cilta-cel was investigated in the CARTITUDE-1 
clinical trial, which found that one-third of patients remain in 
remission for ≥5 years after a single infusion of cilta-cel without 
maintenance therapy. This highlights an excellent outcome given 
the historically poor prognosis for RRMM patients with an OS of 
around 1 year. In addition, progression-free patients had a fitter 
immune T-cell phenotype and a higher E:T ratio at peak 
expansion (80). 

The efficacy of ide-cel, instead, was evaluated in KarMMa 
clinical trial, underlying significantly longer progression-free 
survival than was seen with standard regimens, and responses 
were deeper (81). 
TABLE 1 Mechanisms of resistance to immunotherapies in multiple myeloma. 

Immunotherapy type Mechanism of action Mechanisms of resistance 

mAbs: 
• Dara and Isa anti CD38 
• Elo anti SLAMF7 via CD16 

- ADCC (Antibody-Mediated Cellular Cytotoxicity) 
- CDC (Complement-Dependent Cytotoxicity) 
- ADCP (Antibody-Mediated Cellular Phagocytosis) 

-Downregulation of target antigen (CD38 for Dara 
and Isa, SLAMF7 for Elo) 
- Upregulation of CD47 which blocks phagocytosis 
- Depletion of immune effector cells (NK, 
macrophages) 

- Interference of the bone marrow (BM) 
microenvironment (TNT formation) 

Antibody-Drug Conjugates (MMAF, 
PBD, amanitine) 

- Downregulation of target antigen (BCMA loss) 
- Increased expression of efflux pumps (ABC transporters) that 
remove the drug from the cell 

- Resistance to cytotoxic effects of payload 

- Reduced drug efficacy 
- Primary or acquired resistance 
- Survival of MM cells despite treatment 

CAR-T cells (BCMA, GPRC5D, SLAMF7) - Antigen recognition and T-cell activation to kill multiple 
myeloma (MM) cells 

- Antigen escape: downregulation/mutation of 
BCMA/GPRC5D 

- T-cell exhaustion (loss of function over time) 
- Immunosuppression in the BM (TGF-b, IL-10, 
MDSCs) 

- Expansion of immunosuppressive cells 
(Tregs, TAMs) 

Bispecific Antibodies (BCMAxCD3, 
GPRC5DxCD3, FcRH5xCD3) 

- Simultaneous recognition of T-cell and MM cell for lysis of 
tumoral cell 

- T-cell depletion during treatment 
- T-cell depletion (increase in PD-1, TIGIT, TIM-3) 
- Immunosuppression in the BM (TGF-b, IL-6, IL-10) 
- Loss of target antigen expression (BCMA loss) 
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An important aspect in the context of CAR-T use, is the 
assessment of tumor burden. Indeed, in CARTITUDE-1 lower 
tumor burden at baseline was associated with progression-free 
status at ≥5 years (80). In addition, it has also been shown that 
patients without extramedullary disease respond better to cilta-cel 
therapy than patients with extramedullary disease (82). Even in the 
KarMMa trial there was a trend toward a moderately lower 
complete response rate in patients with a high disease burden 
(≥50% MM cells located in the BM) compared with patients with 
a relatively low tumor burden (83). 

Although CAR-T therapy has shown encouraging evidence in 
terms of efficacy, the resistance challenge is still a considerable 
problem that needs to be overcome. The BM microenvironment can 
create a suppressive effect on CAR-T through the secretion of 
immunosuppressive cytokines, such as TGF-b and IL-10, as well 
as the recruitment of Tregs and MDSCs. 

Leblay et al. performed a single-cell analysis on the 
immunophenotypic and transcriptomic characterization of BM 
T-cells from sensitive and resistant MM patients treated with 
BCMA CAR-T cell therapy. They found, through cellular indexing 
of transcriptomes and epitopes by sequencing (CITE-seq), an 
enrichment of CD4+ T-cells with a higher CD4/CD8 ratio in 
responding patients. Phenotypic (CD45RA, CD45RO, CD95, 
CCR7, CD62L, CD28, CD27) and transcriptional (TCF7, LEF1, 
GATA3, EOMES, TBX21, PRDM1) signatures also identified a 
higher proportion of memory-like T-cells (Tscm, Tcm) in 
responding patients. In contrast, T-cells of resistant patients 
were enriched in terminally exhausted (Tex) and senescent cells 
with loss of CD28, elevated levels of GMZH and GMZB, CD57+, 
CD69+, and CD160+, as well as upregulation of TBX21. The 
expression of T-cell checkpoint inhibitors, such as LAG3, TIGIT, 
and PD1, was elevated in these Tex cells and some T effector 
memory (Tem) (84). 

In 2021, Holthof et al. tested a panel of 10 BCMA-, CD38-, and 
CD138-specific CAR-T cells with different affinities against a UM9 
MM cell line and patient-derived MM cells in the presence versus 
absence of BM MSCs (85). They observed a comparable association 
between the level of the lytic capacity of CAR-T cells in the absence 
of BM MSCs and the inhibitory effect of BM MSCs in this ex vivo 
context (85). Furthermore, they demonstrated through in vivo 
experiments that BM MSCs-mediated resistance against CAR-T 
cells was effectively modulated by FL118, an inhibitor of the anti­
apoptotic proteins Survivin, Mcl-1, and XIAP (85). 

In 2023, Li et al. performed an in-depth analysis of the 
mechanisms of BCMA CAR-T treatment resistance by single-cell 
RNA sequencing of PCs and BM immune cells (86). Even if the 
patient numbers were low, they reported that the percentage of 
depleted CD8+ effector T-cells increased in relapsed patients after 
BCMA CAR-T treatment, compared to the percentage at baseline. 
IFN-responsive CD8+ effector T-cells also increased significantly in 
relapsed patients after treatment with BCMA CAR-T cells, who also 
had exhausted phenotypes (86). They also showed an increase in the 
proportion of monocytes/macrophages at the time of relapse after 
BCMA CAR-T cell therapy. Monocytes/macrophages showed 
tumor-promoting phenotypes and induced T-cell depletion in 
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RRMM patients at the time of progression (86). In addition, they 
performed cell-cell communication analysis, which showed that 
monocytes/macrophages are key players in relapse after BCMA 
CAR-T cell therapy. Indeed, the monocyte/macrophage signaling 
pathways identified include APRIL, MIF, RESISTIN, BAFF, ITGB2, 
CLEC, and CD99. Monocyte/macrophage entry signaling pathways 
at progression include MIF, CD99, ITGB2, CCL, CSF, IL-4 and IL-2 
(86). They analyzed the heterogeneity of NK cells and DC cells in 
MM patients at baseline and progression. Their investigation 
showed that the proportions of TIGIT+ and/or CD69+ NK cells 
were significantly higher in patients who relapsed after BCMA 
CAR-T cell therapy (86). TIGIT is a checkpoint receptor that is 
considered to be involved in mediating NK-cell depletion in tumors 
(87). Concerning DC cells, they observed an increase in the 
percentages of the ISG15+ DC subpopulation at progression (86). 
Several studies have reported that ISG15 induces the expression of 
E-cadherin in DCs in vitro, an adhesion molecule whose expression 
can prevent DC mobility and serve as an escape mechanism for 
several tumors (88). 

Sakemura et al. examined the impact of cancer-associated 
fibroblasts (CAFs) on the efficacy of CAR-T cells (89). They 
showed that CAFs, isolated from the BM of patients, promote 
MM growth and inhibit BCMA CAR-T cells. Furthermore, CAFs 
suppress CAR-T cells through both contact-dependent and 
cytokine-mediated effects. Indeed, when BCMA CAR-T cells were 
stimulated and co-cultured with BM CAFs, the surface expression 
of inhibitory receptors such as PD-1 was significantly increased on 
CAR-T cells, while BM CAFs simultaneously overexpressed 
inhibitory ligands such as PD-L1 (89). 

In addition, a study in 2024 was conducted to evaluate the 
ability of TAMs to inhibit the BCMA CAR-T-mediated MM cell 
killing in vitro. Single cell analysis in both human and murine 
identified C1qb ligand in macrophages with C1qbp in the tumor 
among the major interactions. BM-derived macrophages, after 
stimulation/polarization with MM lines, strongly inhibited the in 
vitro cytotoxic activity of anti-BCMA CAR-T cells. In addition, C1q 
+ macrophages showed upregulation of markers such as 
transmembrane immune signaling adaptor TYROBP (TYROBP) 
and Fc epsilon receptor Ig (FCER1G), which are associated with 
polarization and infiltration of macrophages (90). 

As mentioned above, in addition to supporting the growth of 
MM cells, TGF-b can contribute to immunosuppressive conditions 
in the BM microenvironment, allowing MM cells to escape the 
immune response. In an intriguing study from 2022, Alabanza et al. 
(91) designed a novel BCMA CAR that co-expresses the dominant 
negative form of the TGF-b type 2 receptor, B2ARM, in order to 
confer resistance to CAR-T cells from the suppressive effects of 
TGF-b, which is widely stored in the BM microenvironment. 
B2ARM CAR-T cells had robust proliferation and cytotoxicity 
even after prolonged treatment with exogenous TGF-b, which has 
suppressive activity (91). To evaluate the efficacy of B2ARM CAR-T 
cells in vivo, they used intradermal xenograft models of tumor cells 
in NSG mice. Armored B2ARM CAR-T cells successfully eradicated 
tumors. In addition, B2ARM CAR T-cells demonstrated enhanced 
cytokine and granzyme B production and mediated increased target 
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cell killing. The design of armored B2ARM CAR-T cells may 
contribute to overcoming the limitations of current BCMA CAR­
T cell therapies and dominate the tumor-suppressive MM 
microenvironment (91) (Table 1). 
3.3 Bispecific T-cell engagers resistance 

To date, therapy based on Bispecific antibodies (BsAbs), also 
known as Bs T-cell engagers (TCE), is also being developed, which 
is showing promising results in RRMM patients. These antibodies 
are able to simultaneously target two antigens, generally the CD3 
molecule of T-cells and the antigen of the tumor cell (92). The 
BsAbs, currently approved and under investigation for MM are 
directed against BCMA (teclistamab and elranatamab), GPRC5D 
(talquetamab), the homolog of the Fc 5 receptor (FcRH5) and CD38 
on PCs. In addition to these, other BsAbs directed against SLAMF7 
and CD138 were also engineered. 

MM, however, is highly aggressive and despite favorable effects, 
almost one-third of patients do not respond to BsAbs therapy 
(primary resistance). In addition, most responding patients treated 
with BsAbs will eventually develop disease progression (acquired 
resistance) (93). 

This resistance may be caused by intrinsic factors such as loss of 
the BCMA antigen due to homozygous deletion of the Tumour 
Necrosis Factor Receptor Superfamily Member 17 (TNFRSF17) 
gene encoding the BCMA protein (94), or biallelic inactivation of 
GPRC5D due to a homozygous deletion or a monoallelic deletion 
with mutation (1 frameshift indel, 1 missense and 2 nonsense 
mutations) (95). 

In addition to intrinsic factors, extrinsic factors, linked to the 
microenvironment, also play a crucial role. The response of tumor 
cells to BsAbs treatment is influenced by a variety of factors outside 
the tumor, such as the pre-existing T-cell profile, its evolution over 
time, and the immunosuppressive environment induced by the MM 
cells and previous treatments. Verkleij et al., in a preclinical study, 
observed that the capacity of talquetamab to kill MM cells is 
reduced when there is a high proportion of certain T-cell 
populations, including those expressing the depletion marker PD­
1, activated T-cells expressing HLA-DR and Tregs (96). In the 
Vk*MYC mouse model of transplantable MM, treatment with Bs 
TCE anti-BCMAxCD3 led to an upregulation of PD-1 in T-cells, 
which showed reduced functionality over time, causing relapses 
(97). Friedrich et al. showed that the accumulation of exhausted 
CD8+ clones is a predictor of treatment failure with anti­
BCMAxCD3 TCE in MM patients (98). Similarly, several basic 
immune factors have been identified that suggest a probable 
negative response to TCE, such as a significant increase in T-cells 
expressing exhaustion markers (PD-1, TIGIT, and TIM-3) during 
BsAbs treatment, accompanied by a reduced proliferative potential, 
diminished cytokine secretion, and impaired antitumor activity 
(99). They also observed poor activity of BsAbs in samples with 
high Tregs numbers and a low T-cell/MM cell ratio (99). These 
results emphasize the role of the T-cell repertoire in determining the 
response to Bs TCE therapy. Other factors contribute to the 
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immunosuppressive environment in MM, promoting resistance to 
TCE. These include the interaction between myeloma cells and BM 
MSCs, as well as the presence of inhibitory cytokines such as TGF-
b, IL-6, and IL-10, and myeloid cells (100, 101). The interaction 
between MM cells and BM MSCs has been shown to increase the 
resistance of tumor cells to T-cell-mediated cytotoxicity (102). In in 
vitro experiments, the addition of BM MSCs reduced the efficacy of 
talquetamab in killing MM cells, an effect mediated by direct cell-to­
cell interaction, but not by the soluble factors secreted by BM MSCs, 
suggesting the activation of intrinsic resistance mechanisms in 
tumor cells (96). Furthermore, immunosuppressive myeloid cells, 
such as MDSCs and plasmacytoid DC, have been shown to 
contribute  to  an  environment  that  promotes  myeloma  
progression (103–106) (Table 1). 
4 Therapeutic approaches to 
overcome immunotherapy resistance 

Overcoming resistance to immunotherapy is one of the most 
engaging challenges in the context of MM. For instance, one 
possible strategy to overcome resistance to CD38 mAbs could be 
to introduce the use of CD47 mAbs, thus blocking the CD47/SIRPa 
axis and allowing TAMs to perform their function (107). Several 
studies have shown promising preclinical results for anti-CD47 
therapies in the treatment of hematological malignancies (107). 
Indeed, Storti et al. reported that treatment with Dara increases MM 
cell death, especially in the presence of a CD14+/CD16+ monocyte 
subset, and that the combination of Dara with anti-CD47 increases 
the killing of MM cells resistant to Dara alone (108). Since all-trans 
retinoic acid (ATRA) has been shown to reduce the expression of 
CD55 and CD59, potentiating the effect of Dara in vitro and in a 
mouse model, it is proposed as a strategy to enhance the effect of 
CD38 mAbs (109). Another one of the strategies already used is 
combining the use of CD38 mAbs with IMiDs, since IMiDs are able 
to induce NK cell activation and CD38 upregulation on MM cells, 
leading to a synergistic enhancement of the cytotoxic effects of 
CD38 mAbs (52). IMiDs have also demonstrated improvements in 
ADCC mediated by Dara in lenalidomide‐refractory MM cells, 
while pomalidomide enhances ADCC induced by Isa in vitro and in 
vivo (52). 

A potential strategy could be targeting CD39 and CD73 in 
combination to reduce ADO production, which is involved in 
immunosuppression (110). 

Interestingly, Chemlal et al. demonstrated a significant negative 
correlation between CD38 and Enhancer of Zeste Homolog 2 
(EZH2) expression; indeed, the inhibition of EZH2 upregulates 
CD38 on surface and increases ADCC both in HMCLs and primary 
MM cells (111). In the context of EZH2, Liu et al. recently 
investigated the role of KDM6A (112). KDM6A is a histone 
demethylase that removes H3K27 trimethylation (H3K27me3), 
catalyzed by the EZH2-containing polycomb repressive complex 2 
(PRC2). The loss or inactivation of KDM6A increased the level of 
H3K27me3, resulting in the downregulation of both CD38 and 
CD48 expression, which led to reduced ADCC. EZH2 inhibitors 
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can therefore increase CD38 and CD48 expression and enhance 
Dara-mediated ADCC (112). In fact, CD48 is a ligand expressed on 
MM cells that binds with its receptor 2B4 on NK cells for their 
activation (112). 

Concerning BCMA, it is cleaved from the MM cell surface by g­
secretases, resulting in diminished cellular expression and increased 
levels of soluble serum BCMA (sBCMA), a known adverse prognostic 
feature (113). Elevated levels of circulating sBCMA compromise the 
anti-BCMA antibody binding to MM cells in vitro (114). g-secretase 
inhibition has been shown to increase BCMA expression in MM cells 
and reduce sBCMA in vitro. Recent studies have shown that the 
ubiquitin proteasome system degrades BCMA and that treatment 
with a proteasome inhibitor increases BCMA surface expression and 
improves BCMA CAR-T efficacy, justifying the combination of PI 
and BCMA-CAR-T in future studies (115). 

One more strategy that could be used, and which has already 
been implemented in several clinical trials, is to target dual antigen. 
An example would be the dual target BCMA/CD19, even though 
CD19 is expressed by a very small part of the MM patient 
population (115). APRIL recognizes both BMCA and TACI, 
another MM epitope. AUTO2 is a CAR-T cell construct that 
incorporates a truncated form of APRIL as an antigen-binding 
domain, which allows dual targeting of BCMA and TACI (115). 
Additional bispecific CAR-Ts are in preclinical development, 
including a BCMA/CD24 CAR-T and a CAR-T directed against 
BCMA and MICA (human MHC class 1 related chain A gene), 
which is upregulated by MM cells as an immune evasion tool (115). 

In addition, in a study performed in patients treated with cilta-cel, 
increased IL-15 production was found in the group with longer 
progression free survival (116).  A BCMA CAR-T,  designed  to  release  
soluble IL-15, demonstrated improved MM cell killing in vitro (115). 

Sakemura et al. also developed CAR-Ts directed against both 
MM cells (BCMA) and CAFs (SLAMF7), proving enhanced 
functionality of CAR-Ts compared with BCMA CAR-Ts alone (89). 

Another approach could be the use of IMiDs that stimulate 
upregulation of nuclear factor kappa-light-chain-enhancer of 
activated B cells (NFKB) expression (117) and increase CD8­
positive T-cells and memory T-cells subsets (118). 

The use BCMA-bispecific antibody in combination with a 
cereblone E3 ligase modulator (CelMod), mezigdomide, improved 
T-cell activation and cell killing in a preclinical model (115). In 
addition, IMiDs have been shown to boost BCMA CAR-T function 
in vitro (115). 

Considering such features as extramedullary disease or tumor 
burden is an important aspect in the choice of therapy. Reproducing 
these issues in vitro is infeasible, so predicting a response to therapy 
is almost impossible, but a deeper investigation of tumor burdens 
and extramedullary disease role is essential in order to design more 
effective therapeutic strategies. 

Regarding therapy based on CAR-Ts and BsAbs, treatment 
sequencing could be evaluated, as it seems that CAR-Ts should 
preferably be administered before BsAbs in the treatment regimen 
of eligible patients. In the MagnestisMM trials, patients treated with 
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elranatamab, and previously exposed to BCMA CAR-T, had an 
overall response rate of 52.8%, compared with 61% in CAR-T naive 
patients (119, 120). 
5 Conclusions 

In the last few years, significant progress has been made in the 
development of immunotherapy to treat MM patients, particularly 
those with RRMM. Despite this, drug resistance remains a 
major challenge. 

The short duration of remission and high relapse rate is an issue 
to be considered because it limits the long-term survival of MM 
patients. Mechanisms of resistance also affect immunotherapies. 
mAbs need to overcome antigen downregulation, CAR-T cells 
struggle with antigen escape, bispecific antibodies struggle with an 
immunosuppressive environment of the BM, and antibody-drug 
conjugates are limited by antigen loss and efflux mechanisms, even 
if for this last class of drugs there are still few studies investigating 
microenvironment resistance. 

Future strategies should focus on overcoming these barriers 
through combinatorial approaches that target both MM cells and 
the BM microenvironment. Enhancing CAR-T cell persistence, the 
development of “armored” CAR-T cells capable of resisting 
immunosuppressive cytokines (e.g., TGF-b) or secreting immune-

stimulatory factors (e.g., IL-15) represents a promising strategy to 
prolong persistence. Blocking immune checkpoints and 
counteracting stromal interactions may improve treatment 
efficacy. A deeper understanding of MM resistance mechanisms 
will be key to developing more durable therapeutic strategies. 

Prospective studies are needed to overcome antigen escape. For 
example, since many RRMM patients lose BCMA expression 
following therapy targeting this antigen, it would be interesting to 
research other antigens that can be targeted, such as CD56, CD229, 
CCR10,  CD44v6,  GPRC5D,  FcRH5,  mucin  1  (MUC1),  
SLAMF7, TACI. 

Another strategy could involve targeting metabolic crosstalk 
and organelle transfer between MM cells and BM components. 
Inhibition of mitochondrial trafficking, for example, can impair 
survival of MM cells and overcome drug resistance. 

Although immunotherapies represent an effective and option 
for the treatment of MM patients, many open questions remain. In 
particular, it is critical to investigate strategies to optimize this 
therapy and improve its long-term outcomes. 
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