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Abstract: Immunotherapy is increasingly used in the treatment of multiple myeloma (MM).
Monoclonal antibodies (mAbs) are safe and effective ways to elicit immunotherapeutic responses.
In 2015, daratumumab has become the first mAb approved by the Food and Drug Administration for
clinical use in MM and, in the last 5 years, a lot of clinical and preclinical research has been done to
optimize the use of this drug class. Currently, mAbs have already become part of standard-of-care
combinations for the treatment of relapsed/refractory MM and very soon they will also be used in the
frontline setting. The success of simple mAbs (‘naked mAbs’) prompted the development of new types
of molecules. Antibody–drug conjugates (ADCs) are tumor-targeting mAbs that release a cytotoxic
payload into the tumor cells upon antigen binding in order to destroy them. Bispecific antibodies
(BiAbs) are mAbs simultaneously targeting a tumor-associated antigen and an immune cell-associated
antigen in order to redirect the immune cell cytotoxicity against the tumor cell. These different
constructs produced solid preclinical data and promising clinical data in phase I/II trials. The aim of
this review article is to summarize all the recent developments in the field, including data on naked
mAbs, ADCs and BiAbs.

Keywords: multiple myeloma; immunotherapy; monoclonal antibodies; antibody–drug conjugates;
bispecific antibodies

1. Introduction

Multiple myeloma (MM) is the second most common hematologic malignancy, with approximately
5:100,000 new cases per year in Western countries [1]. Although the introduction of new pharmacologic
classes, such as proteasome inhibitors (PIs) or immunomodulatory drugs (IMiDs), has revolutionized
treatment in the last decades [2], MM remains an incurable disease and almost all patients relapse after a
variable period and become refractory to previously used drugs (relapsed/refractory multiple myeloma,
RRMM). In clinical practice, the development and introduction of new drugs with unique mechanisms
of action and the combination of different drug classes have increased treatment options for RRMM
patients and have improved the depth of response in newly diagnosed (ND) MM patients [3].

In MM, the dysregulation of the immune system plays an important role in the development and
progression of the disease. Producing drugs acting on the complex interplay between the immune
system and the tumor cells (i.e., immunotherapy) is thus an appealing strategy [4,5]. There are different
types of immunotherapy [6]. Cellular immunotherapies usually involve the harvesting of various
immune cell populations (e.g., T lymphocytes and natural killer cells) that are properly stimulated or
genetically modified ex vivo and then infused into the patients to target tumor cells [7]. A simpler
form of immunotherapy relies on the infusion of target-specific antibodies produced from a single
clone (monoclonal antibodies, mAbs) that target neoplastic cells and activate the immune system or
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disrupt a signaling pathway protecting neoplastic cells from immune-cell destruction. In this review,
we will focus on mAb-related immunotherapies (Figure 1).
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Figure 1. Monoclonal antibodies: types and mechanisms of action. a) Naked monoclonal antibody 
(mAb). Antibody-dependent cellular cytotoxicity (ADCC): natural killer cell (NK) binds to the Fc 
region via the Fc-receptor and releases lytic factors such as perforin and granzymes. Complement-
dependent cytotoxicity (CDC): interaction between the Fc region and protein C1q activates the classic 
complement pathway that results in the formation of membrane attack complex (MAC) and cell lysis. 
Antibody-dependent phagocytosis (ADP): the binding of macrophages induces activation of 
phagocytosis. Direct effects: induction of apoptosis directly or through cross-linking; effects 
depending on specific antigen functions (e.g., inhibition of intracellular signaling, blocking of 
enzymatic functions). Checkpoint inhibitors: blockade of programmed cell death protein 1 (PD-1) or 
cytotoxic T-lymphocyte antigen 4 (CTLA-4) preventing immune response suppression. 
Immunomodulation: interaction of mAb with stroma cells, which inhibit T cell activation restoring 
the immune response against neoplastic cells. b) Antibody–drug conjugate. Upon antibody binding 
to the target, a cytotoxic payload is released in the target cell. c). Bispecific monoclonal antibodies. Ig-
like: two binding sites with different specificity and an Fc region that binds to the Fc-receptor. Non-
Ig-like: two different single-chain variable fragments (variable regions comprised only of the variable 
regions of the heavy and light chains). Bispecific monoclonal antibodies usually bind a tumor antigen 
and an immune effector antigen (e.g., CD3 on the T-cell surface), in order to activate the immune cells 
against the neoplastic cell.  
Abbreviations: +/++/+++, low/moderate/high; Fab, fragment antigen binding; FC, fragment 
crystallizable region; Treg, regulatory T cell; MDSC, myeloid-derived suppressor cell; NK, natural 
killer cell; ADCC, antibody-dependent cellular cytotoxicity; CDC, complement-dependent 
cytotoxicity; MAC, membrane attack complex; ADP, antibody-dependent phagocytosis; APC, 

Figure 1. Monoclonal antibodies: types and mechanisms of action. (a) Naked monoclonal
antibody (mAb). Antibody-dependent cellular cytotoxicity (ADCC): natural killer cell (NK) binds
to the Fc region via the Fc-receptor and releases lytic factors such as perforin and granzymes.
Complement-dependent cytotoxicity (CDC): interaction between the Fc region and protein C1q activates
the classic complement pathway that results in the formation of membrane attack complex (MAC) and
cell lysis. Antibody-dependent phagocytosis (ADP): the binding of macrophages induces activation of
phagocytosis. Direct effects: induction of apoptosis directly or through cross-linking; effects depending
on specific antigen functions (e.g., inhibition of intracellular signaling, blocking of enzymatic functions).
Checkpoint inhibitors: blockade of programmed cell death protein 1 (PD-1) or cytotoxic T-lymphocyte
antigen 4 (CTLA-4) preventing immune response suppression. Immunomodulation: interaction of mAb
with stroma cells, which inhibit T cell activation restoring the immune response against neoplastic cells.
(b) Antibody–drug conjugate. Upon antibody binding to the target, a cytotoxic payload is released in
the target cell. (c) Bispecific monoclonal antibodies. Ig-like: two binding sites with different specificity
and an Fc region that binds to the Fc-receptor. Non-Ig-like: two different single-chain variable fragments
(variable regions comprised only of the variable regions of the heavy and light chains). Bispecific
monoclonal antibodies usually bind a tumor antigen and an immune effector antigen (e.g., CD3 on the
T-cell surface), in order to activate the immune cells against the neoplastic cell. Abbreviations: +/++/+++,
low/moderate/high; Fab, fragment antigen binding; FC, fragment crystallizable region; Treg, regulatory
T cell; MDSC, myeloid-derived suppressor cell; NK, natural killer cell; ADCC, antibody-dependent
cellular cytotoxicity; CDC, complement-dependent cytotoxicity; MAC, membrane attack complex; ADP,
antibody-dependent phagocytosis; APC, antigen-presenting cell; ADCs, antibody–drug conjugates;
BiAbs, bispecific antibodies; CTLA-4, cytotoxic T-lymphocyte antigen 4; PD-1, programmed cell death
protein 1; PD-L1, programmed death ligand 1; di-scFv, bivalent single-chain variable fragment; scFv,
single-chain variable fragment; CRS: cytokine release syndrome; Ig, immunoglobulin.
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In 1975, Köhler and Milstein developed a technology to produce specific clonal antibodies targeting
a desired antigen (mAbs) by fusing mouse MM cell lines with spleen cells from an immunized donor [8].
Starting from this pivotal study, we are now able to produce chimeric, humanized and also totally
human mAbs for clinical use.

MAbs without added elements are called “naked” and are composed of two fragment
antigen-binding regions (Fab) and a fragment crystallizable region (Fc). The two Fab are responsible
for the interaction with the antigen. The Fc is responsible for the interaction with cells that express an
Fc receptor (lymphocytes, macrophages, neutrophils and dendritic cells) and with some proteins of the
complement system [9] (Figure 1a).

Fc mediates three main mechanisms of immune activation: antibody-dependent cellular
cytotoxicity (ADCC) in which effector cells, typically NK cells [10], are activated and the release
of lytic enzymes leads to cytotoxic effects; complement-dependent cytotoxicity (CDC) in which
the binding of protein C1q triggers the activation of the classical complement pathway [11];
antibody-dependent phagocytosis (ADP) in which macrophages are activated to phagocytize neoplastic
cells [12]. Furthermore, the Fc receptor may induce programmed cell death through the cross-linking
of some target antigens [13]. Besides Fc-dependent processes, some mAbs can modulate the enzymatic
function of the target cell, ultimately contributing to antineoplastic effects [14]. Naked mAbs can
modulate the immune response against tumor cells also without a direct binding to the tumor cell.
For instance, the blockade of inhibitory molecules (e.g., PD-1/PD-L1 axis) that usually turn off the
immune response can restore the tumor-specific immune function [15,16]. Moreover, the selective
targeting of suppressive cells inhibiting the immune response in the tumor microenvironment
(e.g., regulatory T cells (Tregs) and myeloid suppressor-derived cells) can restore the immune function
as well [17,18].

The structure of naked mAbs can be modified to obtain new mechanisms of action. A naked mAb
can be conjugated through a linker to a cytotoxic drug (payload) that is released upon antigen binding
into a target cell. In this way, the specific binding of mAbs to the target cell is used to convey a payload
directly to the tumor cell. This type of molecule is called an antibody–drug conjugate (ADC) [19]
(Figure 1b). Payloads used in ADCs are highly active drugs, usually directed against microtubules or
DNA. The binding of the ADC to the antigen induces the internalization of the ADC–antigen complex
and the release of the payload via linker cleavage or degradation into lysosomes, reducing systemic
adverse effects and achieving a powerful antineoplastic effect. Moreover, the Fc region of the ADC can
activate Fc-dependent effects (CDC, ADCC and ADP), contributing to antitumor activity [20].

Recently, mAbs with double specificity (bispecific antibodies, BiAbs, Figure 1c) have been
developed. Typically, targeted antigens are a tumor antigen and a molecule expressed on the immune
cell surface (for example CD3 on T-lymphocytes), in order to redirect the immune response against
tumor cells. BiAbs promote T cell binding to the tumor cell, activation and tumor cell lysis through the
direct stimulation of CD3 and thus bypassing the T cell receptor and antigen presentation. Moreover,
T cell dependence on antigen presenting cells costimulation and cytokines production is overcome
by reducing the risk of T cell anergy. BiAbs can be classified into two categories according to their
similarity to the structure of a normal immunoglobulin (Ig): Ig-like and non-Ig-like [21]. Antibodies in
the first class have a structure similar to an Ig, they have an Fc region, and the high molecular weight
confers a long half-life because they are not directly excreted by the kidney at the cost of poor tissue
penetration. Non-Ig-like molecules do not have an Fc region and they are usually small molecules
with a high tissue penetration at the cost of a short half-life because they are directly excreted by the
kidney. This issue usually requires a continuous infusion in order to obtain clinically active levels of
circulating non-Ig-like BiAbs.

Bispecific T-cell engagers (BiTEs) belong to the non-Ig-like group and they are the first BiAbs to have
received regulatory approval for the clinical treatment of hematologic malignancies (blinatumomab
in acute lymphoblastic leukemia) [22]. BiTEs are composed of two single-chain variable fragments
(scFvs, which are small proteins containing only variable regions acting as binding sites) connected
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with a peptide linker [23]. The first scFv is directed against a tumor antigen, and the other one against
CD3 expressed by T cells. BiTEs colocalize T cells and tumor cells and activate T cells against the tumor
cells independently of T cell receptor specificity (Figure 1c).

In the next sections, clinical data on naked mAbs, ADC and BiAbs will be discussed. The clinical
results from key trials including mAbs for the treatment of MM are summarized in Table 1
(phase I-II trials) and Table 2 (phase III trials).

Table 1. List of phase I and II trials exploring mAbs in multiple myeloma (MM)

MAb
Class

Molecule
(Targets) Study Treatment Setting Toxicities (≥G3)

ORR (MRD
Negativity Rate;
NGS, Sensitivity

10−5)

PFS OS

Naked Daratumumab
(anti-CD38)

GEN501 + SIRIUS
[24,25]

NCT00574288
NCT01985126

Daratumumab
single agent RRMM

Anemia (17.6%);
back pain g3 (2.7%);

fatigue g3 (2%)
31.1% 4 20.1

Naked Daratumumab
(anti-CD38)

EQUULEUS [26]
NCT01998971 Dara-Poma-dex RRMM

Neutropenia (77%);
fatigue (12%);
dyspnea (8%)

60% (6%) 8.8 17.5

Naked Daratumumab
(anti-CD38)

GRIFFIN [27]
NCT02874742 Dara-VRd vs. VRd NDMM

Neutropenia (41.4%
vs. 21.6%);
peripheral

neuropathy (7.1% vs.
7.8%); diarrhea
(7.1% vs. 3.9%)

99% vs. 91.8%
(51% vs. 20.4%)

NR
vs.
NR

NR
vs.
NR

Naked Daratumumab
(anti-CD38)

PAVO [28]
NCT02519452

Subcutaneous
administration of

daratumumab
single agent*

RRMM

Anemia (15.6%);
hypertension (8.9%);
pneumonia (4.4%);

hyponatremia
(4.4%); respiratory

syncytial virus
infection (4.4%);
device-related

infection (4.4%)

42.2% NA NA

Naked Isatuximab
(anti-CD38)

TCD11863 [29]
NCT01749969 Isa-Rd RRMM

Neutropenia (60%);
pneumonia (9%);

fatigue (7%)
56% 8.5 NR

Naked Isatuximab
(anti-CD38)

TCD14079 [30]
NCT02283775 Isa-Pd RRMM

Neutropenia (84%);
pneumonia (18%);

fatigue (7%); urinary
tract infection (7%);
traumatic fracture

(7%); syncope (7%);
dyspnea (7%);

hypertension (7%)

62.2%
(0%) * 17.6 NR

Naked Isatuximab
(anti-CD38)

GMMC-CONCEPT
[31]

NCT03104842
Isa-KRD High risk

NDMM

Neutropenia (34%);
hypertension (12%);
cardiac failure (4%)

100% (40%) ** NA NA

Naked
MOR202

(anti-CD38)
MOR202C101 [32]

NCT01421186

MOR202+
dexamethasone

RRMM

Anemia (39%);
hypertension (11%);

bronchitis (6%);
pneumonia (6%);

hyperglycemia (6%)

28% 8.4 NA

MOR202-Rd

Lymphopenia (59%);
hypophosphatemia
(12%); hypertension

(12%)

65% NR NA

MOR202-Pd
Neutropenia (71%);
pneumonia (24%);

hypertension (19%)
48% 17.5 NA

Naked TAK-079
(anti-CD38)

TAK-079–1501 [33]
NCT03439280

TAK-079 single
agent RRMM

Neutropenia (5%);
parainfluenza virus

infection (5%);
diverticulitis (5%)

33% NR NA

Naked Elotuzumab
(anti-SLAMF7)

ELOQUENT-3 [34]
NCT02654132 Elo-Pd vs. Pd RRMM

Neutropenia (13%
vs. 27%); infections

(13% vs. 22%);
hyperglycemia (8%

vs. 7%)

53% vs. 26%
10.3
vs.
4.7

NA
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Table 1. Cont.

MAb
Class

Molecule
(Targets) Study Treatment Setting Toxicities (≥G3)

ORR (MRD
Negativity Rate;
NGS, Sensitivity

10−5)

PFS OS

Naked Pembrolizumab
(anti-PD-1)

KEYNOTE-023
[35]

NCT02036502
Pembrolizumab-Rd RRMM

Neutropenia
(27.4%);

hyperglycemia
(6.5%); pneumonia

(6.5%); atrial
fibrillation (3.2%);
insomnia (3.2%)

44% 7.2 NR

Naked Pembrolizumab
(anti-PD-1)

HP-00061522 [36]
NCT02289222 Pembrolizumab-Pd RRMM

Neutropenia (42%);
hyperglycemia

(21%); fatigue (15%);
pneumonia 15%)

60% 17.4 NR

ADC

Belantamab
mafodotin

(anti-BCMA,
monomethyl
auristatin F

payload)

DREAMM-1
[37,38]

NCT02064387

Belamaf single
agent RRMM

Thrombocytopenia
(35%); keratopathy

(14%); diarrhea
(12%)

60% *** 12 NR

ADC

Belantamab
mafodotin

(anti-BCMA,
monomethyl
auristatin F

payload)

DREAMM-2
[39–42]

NCT03525678

Belamaf single
agent (data on the
2.5 mg/kg cohort

are shown)

RRMM

Thrombocytopenia
(20%); keratopathy

(27%);
hypercalcemia (7%)

31% 2.9 14.9

ADC

Belantamab
mafodotin

(anti-BCMA,
monomethyl
auristatin F

payload)

DREAMM-6 [43]
NCT03544281 Belamaf-Vd RRMM

Thrombocytopenia
(61%); keratopathy

(56%);
hypercalcemia (7%)

78% NA NA

BiAb
AMG 420 (anti-

BCMA/anti-
CD3)

1351.1 [44]
NCT02514239

AMG 420 single
agent RRMM

Infections (24%)
neuropathy (5%)

CRS (2%)
70% *** NA NA

BiAb
PF-3135 (anti-
BCMA/anti-

CD3)

C1071001 [45]
NCT03269136

PF-3135 single
agent RRMM

Increased liver
enzymes (6%)

neutropenia (6%),
lymphopenia (6%)

0% *** NA NA

BiAb
CC-93269 (anti-

BCMA/anti-
CD3)

CC-93269-MM-001
[46]

NCT03486067
CC-93269 single

agent RRMM

Neutropenia (43%),
infections (30%),
general physical

deterioration (10%)

89% *** (78%) ** NA NA

BiAb

Teclistamab
(anti-

BCMA/anti-
CD3)

CR108206 [47]
NCT03145181

Teclistamab single
agent RRMM

Neutropenia (48%),
infections (21%),

neurotoxicity (3%)
67% *** NA NA

* Sensitivity 10−6; ** Flow. *** At the maximum tolerated dose (MTD) or at the highest dose tested when the MTD
has not yet been reached. Abbreviations: MAb, monoclonal antibody; G, grade; ORR, overall response rate; CRS,
cytokine release syndrome; MRD, minimal residual disease; NGS, next-generation sequencing; PFS, progression-free
survival; OS, overall survival; RRMM, relapsed/refractory multiple myeloma; NDMM, newly diagnosed multiple
myeloma; Dara, daratumumab; P, Poma, pomalidomide; d, dex, dexamethasone; V, bortezomib; R, lenalidomide;
NR, not reached; NA, not available; Isa, isatuximab; SLAMF7, signaling lymphocytic activation molecule family 7;
Elo, elotuzumab; PD-1, programmed cell death protein 1; BCMA, B-cell maturation antigen; belamaf, belantamab
mafodotin; ADC, antibody–drug conjugate; BiAb, bispecific antibody.
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Table 2. List of phase III trials exploring naked mAbs in multiple myeloma (MM)

Molecule
(Target) Study Treatment

Schema Setting Toxicities (≥G3)

ORR (MRD
Negativity Rate,
NGS, Sensitivity

10−5)

PFS OS

Daratumumab
(anti-CD38)

CASTOR [48]
NCT02136134

Dara-Vd vs.
Vd RRMM

Thrombocytopenia
(45.7% vs. 32.9%);

pneumonia (9.9% vs.
10.1%); hypertension

(6.6% vs. 0.8%)

83.8% vs. 63.2%
(11.6% vs. 2.4%)

16.7 vs.
7.1 NA

Daratumumab
(anti-CD38)

POLLUX [49]
NCT02076009

Dara-Rd vs.
Rd RRMM

Neutropenia (55.5% vs.
41.6%); pneumonia

(15.2% vs. 10%); diarrhea
(9.9% vs. 3.9%);

92.9% vs. 76.4%
(30.4% vs. 5.3%)

44.5 vs.
17.5

1-year OS
92.1% vs.

86.8%

Daratumumab
(anti-CD38)

CANDOR [50]
NCT03158688

Dara-Kd vs.
Kd RRMM

Thrombocytopenia
(24% vs. 16%); respiratory

tract infection (29% vs.
16%); hypertension

(18% vs. 13%)

84% vs. 75%
(14% vs. 3%)

NR vs.
15.8 NR vs. NR

Daratumumab
(anti-CD38)

ALCYONE
[51]

NCT02195479

Dara-VMP vs.
VMP NDMM

Neutropenia (39.9% vs.
38.7%); infections (23.1%

vs. 14.7%); any
infusion-related reaction

(4.9% vs. na)

90.9% vs. 73.9%
(22.3% vs. 6.2%)

NR vs.
18.1

36-month
rate: 78%
vs. 67.9%

Daratumumab
(anti-CD38)

MAIA [52]
NCT02252172

Dara-Rd vs.
Rd NDMM

Neutropenia (50% vs.
35.3%); infections (32.1%

vs. 23.3%);
fatigue (8% vs. 3.8%)

92.9% vs. 81.3%
(24.2% vs. 7.3%)

NR vs.
31.9 NA

Daratumumab
(anti-CD38)

CASSIOPEIA
[53]

NCT02541383

Dara-VTd vs.
VTd NDMM

Neutropenia (28% vs.
15%); stomatitis (13% vs.
16%); peripheral sensory
neuropathy (9% vs. 9%)

92.6% vs. 89.9%
(64% vs. 44%) * NA NA

Daratumumab
(anti-CD38)

COLUMBA
[54]

NCT03277105

Subcutaneous
vs.

intravenous
administration

of
daratumumab

RRMM

Thrombocytopenia (14%
vs. 13%); hypertension

(3% vs. 6%); febrile
neutropenia (2% vs. 3%);

back pain (2% vs. 3%)

41% vs. 37% 5.6 vs.
6.1 NA

Isatuximab
(anti-CD38)

ICARIA-MM
[55]

NCT02990338
Isa-Pd vs. Pd RRMM

Neutropenia (85% vs.
70%); pneumonia

(16% vs. 14%); dyspnea
(4% vs. 1%)

60% vs. 35%
(5% vs. 0%)

11.5 vs.
6.5 NA

Isatuximab
(anti-CD38)

IKEMA [56]
NCT03275285 Isa-Kd vs. Kd RRMM

Respiratory infections
(32.2% vs. 23.8%); cardiac

failure (4% vs. 4.1%);
thrombocytopenia (29.9%
vs. 23.8%); neutropenia

(19.2% vs. 7.4%) kd,
respectively.

86.6% vs. 82.9%
(29.6% vs. 13%)

NR vs.
19.2 NA

Elotuzumab
(anti-SLAMF7)

ELOQUENT-2
[57]

NCT01239797
Elo-Rd vs. Rd RRMM

Lymphocytopenia (79%
vs. 49%); infections (33%

vs. 26%); pneumonia
(14% vs. 10%)

79% vs. 66% 19.4 vs.
14.9 48 vs. 40

* Flow. Abbreviations: G, grade; ORR, overall response rate; MRD, minimal residual disease; NGS, next-generation
sequencing; PFS, progression-free survival; OS, overall survival; RRMM, relapsed/refractory multiple myeloma;
NDMM, newly diagnosed multiple myeloma; Dara, daratumumab; d, dex, dexamethasone; V, bortezomib; R,
lenalidomide; K, carfilzomib; VMP, bortezomib-melphalan-prednisone; T, thalidomide; P, Poma, pomalidomide;
SLAMF7, signaling lymphocytic activation molecule family 7; Elo, elotuzumab; NR, not reached; NA, not available.

2. Naked Monoclonal Antibodies

The first mAb introduced in clinical practice for the treatment of MM was daratumumab, a fully
human IgG antibody. Its target is CD38, a multifunctional ectoenzyme with a role in NAD+ metabolism
that acts as a receptor [58]. Its high expression on MM cells, Tregs, B reg cells, and myeloid-derived
suppressor cells (MDSCs) makes it an ideal antigen to synergistically target MM and revert the
immunosuppressive tumor microenvironment [18]. The role of daratumumab in the treatment of MM
is well established, both in RRMM patients and, recently, also in NDMM patients. Its efficacy and
safety encouraged the development of other mAbs targeting CD38.
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Daratumumab was first approved in 2015 by the US Food and Drug Administration (FDA) and
in 2016 by the European Medicines Agency (EMA), on the basis of phase I/II studies GEN501 and
SIRIUS [24,25] in RRMM patients who previously received PIs and IMiDs. The most common toxicity
was infusion-related reaction (IRR, 48%), especially with the first dose and mostly of grade (G) 1–2.
The combined analysis of the two trials showed an overall response rate (ORR) of 30.4%, with a median
overall survival (OS) of 20.5 months [59].

More important results were obtained by combining daratumumab with other drug classes
such as IMiDs and PIs. Combination therapies with bortezomib-dexamethasone (Dara-Vd) and
lenalidomide-dexamethasone (Dara-Rd) were evaluated in two phase III studies in RRMM patients:
CASTOR and POLLUX [48,49]. These two studies led to FDA approval in 2016 and EMA approval in
2017 of daratumumab triplets in RRMM patients.

In the CASTOR study, Dara-Vd and Vd were compared. The primary endpoint was progression-
free survival (PFS). With a median follow-up of 19.4 months, PFS was 16.7 months in the Dara-Vd arm
vs. 7.1 months in the Vd arm [60]. The most common G3-4 adverse events (AEs) were thrombocytopenia
(45.7 vs. 32.9) and peripheral neuropathy (4.5 vs. 6.8). Discontinuation of treatment due to AEs was
similar (9.5% vs. 9.3%).

In the POLLUX trial, 569 patients treated with a median of 1 prior line of therapy were randomized
to Dara-Rd vs. Rd. With a median follow-up of 44.3 months, PFS was 44.5 months in the Dara-Rd
arm vs. 17.5 months in the Rd arm. Moreover, the addition of daratumumab to Rd led to an ORR of
92.9% vs. 76.4% in the control arm, with a minimal residual disease (MRD) negativity rate of 30.4%
vs. 5.3%. The most common G3-4 AEs were fatigue, diarrhea, thrombocytopenia, neutropenia and
lymphopenia [61].

The third-generation IMiD pomalidomide showed the in vitro ability to upregulate CD38
expression on MM cells and to induce a potential synergistic immunomodulatory effect [62]. Therefore,
the association of daratumumab with pomalidomide and dexamethasone (Dara-Pd) was investigated in
the phase I/II trial EQUULEUS [26]. In this study, Dara-Pd was administered to 103 heavily pretreated
RRMM patients (median of prior lines was 4), obtaining an ORR of 60%, with an MRD negativity rate
of 6%. Most common AEs included neutropenia (80%), anemia (50%), fatigue (52%), diarrhea (43%)
and thrombocytopenia (42%). The most common hematologic G3-4 toxicity was neutropenia (77%),
other G3-4 AEs were comparable to those observed with Pd alone [63]. A phase III trial (APOLLO)
evaluated the efficacy of Dara-PD vs. Pd, and recently a press release announced that the primary
endpoint of this trial (PFS) was met [64].

Results from the combination of daratumumab with the second-generation PI carfilzomib in
the phase III trial CANDOR were recently presented [50]. In this trial, 466 RRMM patients were
randomized to receive daratumumab plus carfilzomib and dexamethasone (Dara-Kd) or Kd alone.
The ORR was 84% vs. 75%, MRD negativity rate 14% vs. 3%, and PFS not reached (NR) vs. 15.8 months
in the Dara-Kd vs. Kd arm respectively. The most frequent G ≥ 3 AEs were thrombocytopenia
(24% vs. 16%), respiratory tract infection (29% vs. 16%) and hypertension (18% vs. 13%).

The very good safety profile combined with the synergistic effect with standard-of-care (SOC)
combinations in RRMM patients led to exploring the addition of daratumumab to SOC combinations
in NDMM patients as well, both in transplant-eligible (TE) and non-transplant-eligible (NTE) patients.

In the phase III trial ALCYONE, 706 NDMM NTE patients were randomized to receive 9 cycles of
bortezomib, melphalan and prednisone (VMP) vs. VMP plus daratumumab (Dara-VMP) followed by
daratumumab until progression [51]. With a median follow-up of 40.1 months, median PFS was 36.4 vs.
19.3 months, ORR 90.9% vs. 73.9% and the MRD negativity rate 28% vs. 7% in the experimental vs.
control arm. A survival advantage of Dara-VMP vs. VMP was also observed (HR 0.60, p = 0.0003).
AEs were comparable in both arms, with the exception of G3-4 infections (23.1 vs. 14.7% in the
daratumumab vs. control arm).

Another important SOC for NDMM NTE patients is Rd. In the phase III MAIA trial, 737 NDMM
NTE patients received Rd with or without daratumumab [52]. With a median follow-up of 28 months,
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median PFS was NR in the daratumumab group vs. 31.9 months in the Rd group. ORR rates were
92.9% vs. 81.3%, respectively, with a MRD negativity rate of 24.2% vs. 7.3%, thus confirming the greater
depth of response achievable in the daratumumab arm. The most common toxicities observed with
daratumumab were neutropenia (50% vs. 35.3% in the daratumumab vs. control arm) and pneumonia
(13.7% vs. 7.9%), with a low rate of treatment withdrawal in both arms (0.5% vs. 1.4%).

For TE patients, different induction regimens are considered SOC in different countries. The triplet
bortezomib, thalidomide and dexamethasone (VTD) is still one of the most used in Europe. In the
phase III trial CASSIOPEIA, the efficacy of daratumumab in combination with VTD (Dara-VTD) was
evaluated in 1085 NDMM TE patients. The primary endpoint of the study was the rate of the stringent
complete response (sCR) 100 days after transplant [53]. This rate was 20% in the VTD arm vs. 29% in
the Dara-VTD arm, translating into a significant benefit in PFS (HR 0.47, p < 0.0001). The second phase
of CASSIOPEIA is ongoing and is evaluating the role of daratumumab in maintenance therapy.

GRIFFIN is another important phase II trial evaluating the efficacy and safety of the addition of
daratumumab to the combination of bortezomib, lenalidomide and dexamethasone (Dara-VRd) in
NDMM TE patients [27]. With a median follow-up of 22.1 months, the rate of sCR was 62.2% in the
daratumumab arm vs. 45.4% in the control arm, with a 24-month PFS of 95.8% vs. 89.8%, respectively.
Although there were more cases of neutropenia (41.4% vs. 21.6%), thrombocytopenia (16.2% vs. 8.8%)
and infections (90.9% vs. 61.8%) in the daratumumab group, the rate of treatment discontinuation
was 15.2% in the Dara-VRd arm vs. 20.6% in the VRd arm. The ongoing phase III trial PERSEUS is
evaluating the efficacy of daratumumab combined with VRd in the induction and consolidation phases
and with lenalidomide in the maintenance phase [65].

The route of administration of daratumumab is intravenous (Dara iv), with IRRs occurring in
about half of the treated patients. The median duration of infusion is about 7 h for the first infusion and
4 h for subsequent infusions [66], with a negative impact on the quality of life of patients, since they
need to spend a lot of time receiving infusions in hospital facilities [67]. In the phase Ib trial PAVO,
encouraging results were obtained with the subcutaneous administration of daratumumab (Dara sc).
These findings were confirmed by the phase III study COLUMBA [28,54]. The sc route of administration
was not inferior to the iv route in terms of efficacy (ORR 41% vs. 37%, respectively), while safety was
better with the sc route in terms of IRRs (13% vs. 34%). In the PLEIADES study, Dara sc added to
SOC regimens showed a clinical activity similar to that of Dara iv-containing regimens, thus further
confirming the superiority of the sc route also in combination regimens [68].

Isatuximab is a chimeric naked mAb targeting CD38 that showed an anti-MM activity similar to
that of daratumumab, with a peculiar proapoptotic effect [69]. Phase I studies showed its efficacy both
as a single agent and in combination therapy [29,30,70].

Isatuximab was recently approved by FDA and EMA in combination with Pd, based on the results
of the phase III ICARIA-MM trial. In this study, 307 RRMM patients with a median of 3 prior lines of
therapy were enrolled to receive Pd with or without isatuximab [55]. The ORR was 60% vs. 35% in the
isatuximab vs. the control arm. With a median follow-up of 11.6 months, PFS was 11.5 vs. 6.5 months
in the isatuximab vs. the control group. As with daratumumab, IRRs with isatuximab were common,
mostly observed during the first infusion and rarely severe (3% of IRRs were G3-4).

Another phase III trial enrolled 302 RRMM patients to compare isatuximab-Kd to Kd alone [56].
After a median follow-up of 20.7, PFS was significantly better in the experimental vs. the control
arm (HR 0.531, p = 0.0007). The MRD negativity rate was higher in the experimental arm as well
(29.6% vs. 13.0%). G ≥ 3 respiratory infections were observed in 32.2% of patients in the isatuximab-Kd
arm vs. 23.8% in the Kd arm.

The phase III IMROZ trial will evaluate the efficacy of isatuximab in combination with VRD in
NDMM NTE patients [71]. In the phase Ib GMMC-CONCEPT trial, isatuximab was evaluated in
combination with the triplet KRD in high-risk NDMM patients. First data were recently presented at
the ASCO 2020 Annual Meeting, showing an encouraging ORR of 100% [31].



Int. J. Mol. Sci. 2020, 21, 8192 9 of 20

Other two anti-CD38 mAbs, MOR202 and TAK-079, are under investigation. MOR202 is an iv
anti-CD38 mAb without CDC activity. Clinically, it showed a lower frequency of IRRs compared
to Dara iv. However, the ORR of MOR202 in combination with dexamethasone, lenalidomide or
pomalidomide (28%, 65% or 43% respectively) was not higher than that of other anti-CD38 mAbs,
despite the limitations of cross-trial comparisons [32].

Recent data on TAK-079 (mezagitamab) showed an ORR of 33% at the dose of 600 mg sc in
heavily pretreated RRMM patients (4 median prior lines of therapy, including patients exposed to other
anti-CD38 mAbs). Its advantages are the sc route of administration and a promising safety profile
(no IRRs, no significant hematologic toxicity) [33].

Elotuzumab is another naked mAb used in clinical practice. Its molecular target is the surface
glycoprotein signaling lymphocytic activation molecule family 7 (SLAMF7), which is mainly expressed
by NK and normal or neoplastic plasma cells, promoting their growth and survival and mediating
their interaction with the microenvironment. Therefore, the elotuzumab mechanism of action involves
a blockade of tumor interactions [72], growth and survival signals. Moreover, it stimulates NK cells by
enhancing their ADCC activity [73,74]. In phase I studies, elotuzumab showed no efficacy as a single
agent [75], but encouraging in vitro studies found a potential synergistic effect in combination with
IMiDs [76,77]. This synergy was clinically evaluated in the ELOQUENT-2 and ELOQUENT-3 trials
by adding elotuzumab to Rd and Pd. Positive results from both trials led to the approval of these
combinations in RRMM patients [34,57].

In NDMM patients, instead, elotuzumab did not show encouraging results. The ELOQUENT-1
trial evaluated the triplet elotuzumab-Rd in NTE NDMM patients, and it was recently announced that
the primary endpoint (PFS) was not met [78].

An interesting characteristic of elotuzumab is its safety profile, with the low rate of IRRs and the
absence of additional toxicity making it a good option for the treatment of frail patients.

Immune checkpoints shutting down the antineoplastic immune response are important molecules
involved in tumorigenesis, and the PD-1/PD-L1 axis is one of the most important pathways working as
an immune checkpoint. Many naked mAbs interact with it, blocking PD-1 (nivolumab, pembrolizumab
and cepilimab) or PD-L1 (durvalumab and atezolizumab). The importance of these mAbs in cancer
immunotherapy is well known, and MM cells and their microenvironment seem to rely on the
PD-1/PD-L1 interaction, thus fostering the design of clinical studies with immune checkpoint inhibitors
in MM.

Pembrolizumab as a single agent did not show efficacy [79], while, in phase I studies, its combination
with lenalidomide and pomalidomide showed an ORR of 44% and 60%, respectively [35,36].
Unfortunately, both the KEYNOTE-183 trial (RRMM patients) and the KEYNOTE-185 trial (NDMM
NTE patients) were discontinued due to severe toxicities [80,81]. Although these results reduced the
interest in checkpoint inhibitors in MM, there are encouraging preclinical data about their use in
combination with other mAbs: it seems indeed that the combination with elotuzumab may increase
NK peritumoral infiltration and cytokine release [82]. Moreover, the combination with daratumumab
showed a synergistic anti-MM effect [83].

B-cell maturation antigen (BCMA) is another very specific antigen expressed almost exclusively by
plasma cells. This surface protein is an interesting target because it promotes survival and growth when
interacting with its ligands, BAFF and APRIL [84]. The first naked anti-BCMA mAb was cSG1 [85],
which showed anti-MM effects, but was not further developed. A phase I trial exploring a humanized,
non-fucosylated IgG1 anti-BCMA naked mAb is ongoing [86]. Nonetheless, due to its specificity,
BCMA is the ideal target for more powerful immunotherapies such as ADCs and BiAbs, as will be
discussed in the next section.

3. ADCs

ADCs are a rapidly growing class of immunotherapeutic agents. Different constructs, payloads
and target antigens are in preclinical or early clinical investigation for the treatment of MM [87].
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Among them, the most promising agent of which we already have clinical data is belantamab
mafodotin (belamaf), a humanized anti-BCMA IgG mAb fused to the payload monomethyl auristatin
F (MMAF). In preclinical in vitro and in vivo models, belamaf showed anti-MM activity without
affecting BCMA-negative cells and the MMAF arrested the cell cycle of malignant plasma cells at the
G2/M phase, eventually leading to cell death [88]. Its afucosylated Fc fraction promotes Fc-dependent
immune effector functions, mainly ADCP and ADCC [89].

In a first-in-human phase I trial in heavily pretreated RRMM, single-agent belamaf was tested
at different dose levels. The dose level of 3.4 mg/Kg given every 21 days was further tested and
expanded to 35 patients. At this dose level, the drug was associated with an ORR of 60% and a PFS of
12 months [38]. IRRs were mild and infrequent (29%, mostly G1-2). The 2 main emerging toxicities
were thrombocytopenia (63%, 35% of which G ≥ 3) and keratopathy (69% of patients, 14% of which G
≥ 3). Keratopathy is a well-known side effect of MMAF and, though the exact mechanism of toxicity is
unknown, it may be due to a non-specific and BCMA-independent uptake of the drug in the basal
epithelial layer of the cornea [90]. From a practical standpoint, belamaf infusion lasts 30 min and no
inpatient admission is required.

Following these encouraging results, a phase II trial designed for patients refractory to a PI,
an IMiD, and an anti-CD38 mAb evaluated both the 3.4 and the 2.5 mg/kg dose levels [39]. Safety and
efficacy were comparable between the two dose levels. At 2.5 mg/kg, the ORR was 31% and median
PFS was 2.9 months. This study confirmed the frequent occurrence of keratopathy detected on eye
examination (72%, any grade). However, few patients experienced ocular symptoms (G3-4 in <5% of
patients) and, importantly, keratopathy was always reversible [40]. Indeed, although visual acuity
was affected in 18% of treated patients, 82% of them recovered at the current follow-up. Two post-hoc
analyses of this trial demonstrated that belamaf was active in patients with high-risk cytogenetics and
that renal impairment up to 30 mL/min of the estimated glomerular filtration rate did not impact the
efficacy and tolerability of this drug [41,42].

A trial evaluating the addition of belamaf to standard MM backbone treatments (Rd and Vd)
is ongoing in RRMM (DREAMM-6). Recently, data about the first 18 patients treated with belamaf-Vd
were presented [43]. Efficacy was good, with a high ORR (78%). However, as expected in a
bortezomib-based combination, thrombocytopenia was frequent and severe (G3 17% and G4 44%).

The development of other ADCs was recently reviewed elsewhere [87].

4. BiAbs

BCMA on malignant plasma cells and CD3 on T cells are the two main targets exploited to design
anti-MM BiAbs. Other BiAbs targeting different antigens on the plasma cell surface and/or involving
different immune effectors have been reviewed elsewhere [91].

AMG 420 is an anti-BCMA BiTE that was tested in a dose-escalation first-in-human study enrolling
RRMM patients. At the maximum tolerated dose (400 mcg/die), a very good efficacy was reported
(ORR 70%) [44]. Due to the pharmacokinetics typical of non-Ig-like BiAbs, this drug formulation
required a continuous infusion for 4 weeks on therapy followed by 2 weeks off therapy. Infections were
frequent (G ≥ 3 24%), and the use of a central venous catheter line to deliver the drug led to central
line infections in 12% of patients. Other treatment-emergent AEs were cytokine release syndrome
(CRS, 38%, mostly G1-2) and peripheral neuropathy (G 3 5%).

Due to the aforementioned pharmacokinetic issues, AMG 420 has not been further developed.
Nonetheless, a study evaluating AMG 701, a half-life extended BiTE not needing continuous infusion,
is currently ongoing [92].

PF-06863135 (PF-3135) is a humanized Ig-like BiAb that is currently being tested in a dose-escalation
study in RRMM [45]. Due to its Ig-like structure, PF-3135 is infused once weekly. Results of the first
17 patients showed a minimal response in 1 patient (6%), although the clinical benefit rate (defined as
best response ≥ stable disease) was 41% and dose escalation is still ongoing. Three patients (18%)
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experienced G ≥ 3 AEs and the only non-hematologic AE was an increase in blood liver enzymes in
1 patient.

CC-93269 is an Ig-like BiAb asymmetrically targeting BCMA through two binding sites and
targeting CD3 through one binding site [46]. A dose-escalation phase I study in heavily pretreated
RRMM patients is ongoing and results of the first 30 patients have been presented. CC-93269 was
administered intravenously over 2 h: weekly in cycles 1–3, every other week in cycles 4–6, and every
28 days thereafter. The ORR was 43% throughout the dose cohorts, but it became dose-dependent,
reaching 89% at the highest tested dose (10 mg). CRS was mild but frequent (all grades 77%; G ≥ 3 4%).
Thus, dexamethasone prophylaxis was implemented in patients treated with doses >6 mg. The main
toxicities were neutropenia (G ≥ 3 43%) and infections (G ≥ 3 30%).

Teclistamab is another Ig-like BiAb. Results of the first 78 RRMM patients enrolled in a phase I
dose-escalation trial were recently presented [47]. Priming doses followed by weekly iv infusions were
administered at different dose levels (0.3–720 mcg/Kg). CRS was common (56%), but all cases were
G1 or 2. Neurotoxicity was reported in 8% of treated patients. An ORR of 67% was observed in the
12 patients treated at the highest dose (270 mcg/Kg), while no efficacy data from the 720 mcg/kg cohort
are yet available.

5. Future Directions and Conclusions

The introduction of mAbs for the treatment of MM has already changed clinical practice in RRMM
patients, leading to better outcomes. Moreover, between 2019 and 2020, daratumumab combinations
with Rd and VMP in NTE NDMM patients and with VTd in TE NDMM patients were approved
by FDA and EMA. This means that the great majority of NDMM patients will receive an anti-CD38
naked mAb in the near future, due to the higher efficacy of combinations with daratumumab and to
its negligible toxicity when added to SOC regimens. In the next years, more and more patients will
eventually be exposed or refractory to anti-CD38 naked mAbs after first relapse, thus questioning
the current treatment sequencing in RRMM patients. Initial reports of the suboptimal efficacy of
retreatment with anti-CD38 mAbs in a small series of patients are beginning to emerge [93] and will
require prospective confirmation in a significant number of patients. This issue may be overcome
by using different anti-CD38 mAbs with unique mechanisms of action [94]. For example, differently
from daratumumab, isatuximab mediates a direct cytotoxic effect against MM cells independently
of the presence of Fc-cross-linking agents [69]. MOR202 does not induce CDC, decreasing the IRR
rate at the cost of a reduced single-agent activity [32]. TAK-079 minimally binds to targets with a low
density of CD38, leading to an enhanced depletion of high-density CD38+ target cells [95]. However,
the predicted efficacy of these mAbs is largely dependent on the mechanisms of resistance to anti-CD38
mAbs. Resistance to ADCC (e.g., fratricidal depletion of CD38+ NK cells), CDC (e.g., upregulation of
complement-inhibitory molecules) and ADCP (e.g., upregulation of CD47 inhibiting phagocytosis)
have been observed during anti-CD38 mAb treatment and strategies to overcome them are under
clinical investigation [96]. Nevertheless, the most relevant issue limiting retreatment with anti-CD38
mAbs is the long-lasting downregulation of CD38 on plasma cell surfaces after anti-CD38 therapy [97].
Even though strategies to reinduce CD38 expression in malignant plasma cells are under clinical
investigation [98,99], changing the target antigen may be a more appealing strategy in RRMM patients
who are refractory to anti-CD38 treatment. The new anti-BCMA molecules could find their therapeutic
space in this scenario.

Several observations can be made about the comparison among naked mAbs, ADCs and BiAbs.
Single-agent activity of naked mAbs is relatively low (ORR around 20–30% in heavily pretreated RRMM
patients with anti-CD38 mAbs), while ADCs (ORR up to 60% in RRMM with belamaf) and BiAbs
(ORR up to 90% in RRMM with CC-93269) can induce deeper responses. However, naked mAbs are
very safe drugs and do not have overlapping toxicities with other MM drugs. As a consequence,
they may be easily combined with MM backbone treatments. Moreover, they may be effortlessly
administered in outpatient facilities, and their subcutaneous formulations will be available in the
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future. ADCs have toxicity profiles non-overlapping with IMiDs and PIs and clinical trials exploring
ADC-based combination therapies are ongoing. Moreover, they can be easily infused in outpatient
facilities as well, although the off-target toxicity of the payload could be an issue (e.g., eye toxicity
with belamaf). BiAbs are very effective drugs, but the infection risk makes it difficult to combine them
with other MM backbones. Moreover, the strong activation of the immune system and consequent
CRS risk may require preventive hospitalization during the first days after treatment or at least a close
monitoring of CRS symptoms.

Other types of anti-BCMA immunotherapy, such as CAR T-cell therapy, are currently available
However, despite their high efficacy as single agents (up to an ORR of 100%) [100], they are currently
not ‘off-the-shelf’ drugs. Differently from naked mAbs/ADCs/BiAbs, they require specialized centers
and inpatient admission for the infusion. Furthermore, CRS/neurotoxicity should be closely monitored
and promptly treated.

Currently, the optimal scenario for each of these drugs could depend on both disease risk and
patient fitness. For instance, intermediate-fit or frail patients may safely receive naked mAbs or ADCs,
but they are unlikely to tolerate BiAbs or CAR T-cell therapy. On the other hand, fit patients who
present with high-risk disease or who experienced early relapse after first-line treatment may benefit
from BiAbs or CAR T-cell therapy [101]. As with anti-CD38 therapies, the mechanisms of resistance to
anti-BCMA agents may shed light on the optimal treatment sequencing. For instance, antigen escape
with relapse guided by BCMA-low or BCMA-negative malignant plasma cells has been described
during anti-BCMA CAR T-cell treatment, predicting cross-resistance with other anti-BCMA agents [7].

New data from prospective studies will help us understand the best drug to be used in each setting.
In conclusion, therapeutic options in MM are continuously emerging, and mAbs are greatly

contributing, and will contribute even more in the future, to improving the outcome of MM patients.
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Abbreviations

ADC antibody–drug conjugate
ADCC antibody-dependent cellular cytotoxicity
ADP antibody-dependent phagocytosis
APC antigen-presenting cell
BCMA B-cell maturation antigen
belamaf belantamab mafodotin
BiAb bispecific antibody
BiTE bispecific T-cell engager
CDC complement-dependent cytotoxicity
CRS cytokine release syndrome
CTLA-4 cytotoxic T-lymphocyte antigen 4
d, dex dexamethasone
Dara daratumumab
di-scFv bivalent single-chain variable fragment
Elo elotuzumab
EMA European Medicines Agency
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Fab fragment antigen binding
Fc fragment crystallizable region
FDA US Food and Drug Administration
G grade
Ig immunoglobulin
IMiDs immunomodulatory drugs
IRR infusion-related reaction
Isa isatuximab
iv intravenous
K carfilzomib
mAb monoclonal antibody
MAC membrane attack complex
MDSC myeloid-derived suppressor cell
MM multiple myeloma
MMAF monomethyl auristatin F
MRD minimal residual disease
NA not available
NDMM in newly diagnosed (ND) MM
NK natural killer cell
NR not reached
NTE non-transplant-eligible
ORR overall response rate
OS overall survival
P, Poma pomalidomide
PD-1 programmed cell death protein 1
PD-L1 programmed death ligand 1
PFS progression-free survival
PI proteasome inhibitor
R lenalidomide
RRMM relapsed/refractory multiple myeloma
sc subcutaneous
scFv single-chain variable fragment
sCR stringent complete response
SLAMF7 signaling lymphocytic activation molecule family 7
T thalidomide
TE transplant-eligible
Treg regulatory T cell
V bortezomib
VMP bortezomib-melphalan-prednisone
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