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Abstract: Multiple myeloma (MM) is the second most frequent hematological malignancy 
characterized by bone marrow aberrant plasma cells proliferation leading to a genetic com-
plex and heterogeneous disease, with a median survival ranging from two to more than 10 
years. By using new drugs such as proteasome inhibitors (PIs), immunomodulatory drugs 
(IMiDs), monoclonal antibodies (mAbs) in different combinations and high-dose therapy 
followed by auto-transplantation, there has been an amazing improvement in the outcome of 
this disease in recent years. Despite this, MM is still considered an incurable disease, 
characterized by remission periods alternated with relapse/progression episodes finally lead-
ing to resistant disease. In particular, patients who become refractory to PIs, IMiDs and 
mAbs have a very poor outcome. Moreover, to overcome resistant residual disease, a large 
combination of drugs will be increasingly used in early lines of therapy; this further reduces 
the therapeutic options at each relapse. This natural history means that MM always needs 
new drugs/strategies to overcome the incoming resistance. New combinations of naked 
mAbs are becoming the therapy of choice for patients refractory to lenalidomide and/or PI; 
conjugated mAbs will be useful in triple- and more-refractory patients; CAR-T cells and 
bispecific mAbs have shown relevant results in very advanced stages of disease. In this 
review, we reported the results of these new therapies and explored their potential applica-
tions. Personalized and precision medicine seem to be the new frontier of cancer treatment. 
Although no single or few factors have been identified as disease drivers in MM, recurrent 
gene mutations were recognized and specific compounds targeting these alterations were 
developed and studied. Therefore, we reviewed these targeted drugs to try to understand what 
the best therapeutic strategy in MM is. 
Keywords: multiple myeloma, immunotherapy, CAR T cell therapy, monoclonal antibodies, 
targeted therapy

Introduction
Multiple myeloma (MM) represents the second most frequent hematological 
malignancy1 and its incidence and prevalence are growing concurrently with the 
increasing half-life being a typical cancer of advanced age. It is characterized by 
bone marrow aberrant plasma cells proliferation that commonly produces a high 
amount of monoclonal immunoglobulin leading to organ damage, such as anemia, 
bone disease, renal impairment and hypercalcemia.2

MM is a very heterogeneous disease as per biological, clinical, and prognostic 
points of view with a median survival ranging from two to more than 10 years;3,4 it 
is considered an incurable disease characterized by remission periods alternated 
with relapse/progression episodes, finally leading to resistant disease.
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In the past two decades hematologists have seen extre-
mely significant changes in the management of this com-
plex hematologic disease due to refinement of transplant 
strategy and supportive care as well as the introduction of 
novel agents as immunomodulatory drugs (IMiDs) thali-
domide, lenalidomide and pomalidomide and proteasome 
inhibitors (PIs) bortezomib, carfilzomib and ixazomib. 
These two classes of drugs revolutionized the natural 
history of MM because of their strong synergistic action.

IMiDs exert anti-myeloma properties through several 
mechanisms since they induce direct cytotoxic effects 
including growth arrest, activation of caspase-8 and apop-
tosis, and cereblon (CRBN)-dependent degradation of ikaros 
(IKZF1) and aiolos (IKZF3), followed by IRF4 
downregulation.5 Moreover, IMiDs disrupt the stromal and 
myeloma cells interaction, modulating cytokine and growth 
factor secretion and, remarkably, they upregulate T, NK and 
NKT cells while downregulate regulatory T cells.6 

Alternatively, the main effect of PIs is the direct inhibition 
of the NF-kB pathway, essential for proliferation of MM 
cells.7 Bortezomib is further able to directly induce apopto-
sis via c-Jun-NH2-terminal kinase (JNK) and p53,8 to inhi-
bit production of cytokines as IL-6, IGF-1 and VEGF in 
bone marrow stromal cells, to modify bone turnover and 
osteoclast activity and to inhibit VLA-4 expression, result-
ing in overcoming cell adhesion-mediated drug resistance.9 

Triplet combinations in which bortezomib plus dexametha-
sone (VD) is a backbone for adding IMiDs (VTD, VRD) 
have represented, until now, suggested upfront regimens in 
transplant eligible (TE) MM patients.10,11

Currently, continuous therapies with lenalidomide plus 
dexamethasone (Rd) or VRD regimen, recently approved 
by the EMA, or fixed-duration of VMP cycles are the 
standard of care for older and nontransplant eligible 
patients (NTE).10,11 Despite no clear evidence of a cure, 
by using these treatments the overall survival (OS) of MM 
was significantly prolonged and it continues to improve 
over the years, as demonstrated by recent data showing 
a median OS of 6.8 years in a cohort of 3783 newly 
diagnosed MM (NDMM) patients treated between 2004 
and 2018.12

Despite this improvement in first-line therapy, almost 
all patients eventually relapse and the outcome progres-
sively worsens with each disease progression. Patients 
who become refractory to PIs and IMiDs have a very 
poor outcome with a median OS of 13 months.13 

Furthermore, the large combination of drugs used in 

early lines of therapy further reduces the therapeutic 
options at each subsequent disease progression.

In this paper we reviewed data provided by studies on 
innovative drugs for MM treatment with the aim to update 
the results in this difficult-to-treat group of refractory MM 
patients.

“Old” Generation 
Immunotherapies
Monoclonal Antibodies
Based on the success of monoclonal antibody (mAb) ther-
apy in the treatment of other hematologic malignancies.14,15 

This approach has been explored in MM by identifying 
specific cellular targets. Elotuzumab, that binds SLAMF7 
(signaling lymphocytic activation molecule F7) (Figure 1), 
represents the first mAb evaluated in clinical trials, to show 
antitumor activity and to be introduced in the treatment of 
MM.16

It is currently approved in combination with lenalido-
mide and dexamethasone (Elo-Rd) or pomalidomide and 
dexamethasone (Elo-Pd) for treatment of relapsed/refrac-
tory MM (RRMM) based on the results of Phase III 
ELOQUENT-217 and ELOQUENT-318 trials.

In the first study, Elo-Rd significantly improved PFS vs 
Rd (median 19.4 months vs 14.9 months; HR=0.71; 
p=0.0004) after a four-year follow-up.19

Remarkably, final analysis of study demonstrated 
a significant OS benefit for Elo-Rd vs Rd since median 
OS was 48.3 vs 39.6 months, respectively (HR=0.82; 
p=0.04), making ELOQUENT-2 the first trial showing an 
OS benefit with an antibody-based triplet regimen in 
RRMM.20

In more heavily pretreated patients enrolled in 
ELOQUENT-3 trial, the addition of elotuzumab to poma-
lidomide plus dexamethasone (Elo-Pd) induced a 46% 
reduction in progression or death, with median PFS 
being 10.3 vs 4.7 months in patients receiving Elo-Pd 
and Pd, respectively, after a median follow-up of 9.1 
months. In the same setting, ongoing studies are evaluating 
quadruplets as elotuzumab, bortezomib, pomalidomide, 
dexamethasone (Elo-PVd) (NCT02718833), elotuzumab, 
carfilzomib, lenalidomide, dexamethasone (Elo-KRd) 
(NCT02343042) or selinexor, pomalidomide, elotuzumab, 
dexamethasone (SPEd) within STOMP study 
(NCT02343042). Results with elotuzumab-containing 
regimens in NDMM patients seem to be less significant. 
In the final analysis of the phase III ELOQUENT-1 trial, 
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comparing Elo-Rd vs Rd in NDMM NTE, the addition of 
elotuzumab did not show a statistically significant 
improvement in PFS, the primary endpoint of study.21 In 
NDMM TE, preliminary data from the phase III GMMG- 
HD6 trial show that adding elotuzumab to VRD did not 
result in increased ≥ VGPR rates after induction.22

Daratumumab is the first fully human IgG1κ mAb 
targeting CD38 to be explored in MM after it showed 
antimyeloma activity as single agent.23,24

It elicits cell death through complement-dependent 
cytotoxicity (CDC), antibody-dependent cell-mediated 
cytotoxicity (ADCC), antibody-dependent cellular phago-
cytosis (ADCP), induction of apoptosis and modulation of 
CD38 enzyme activities (Figure 1).25

In the RRMM setting, daratumumab has been 
approved in combination with lenalidomide and dexa-
methasone (DRd) or bortezomib and dexamethasone 
(DVd) in patients who have received at least one prior 
line of therapy, based on the results from the phase III 
POLLUX26 and CASTOR27 trials. More recently, using 
Pd instead of Rd as backbone, the phase III APOLLO 
trial28 compared DPd vs Pd with the mAb administered 
subcutaneously. After a median follow-up of 16.9 
months, the study met its primary endpoint of improved 
PFS since in patients receiving DPd median PFS was 12.4 

vs 6.9 in those treated with Pd (HR=0.63; p=0.0018). In 
the phase III CANDOR trial29 triplet combination dara-
tumumab, carfilzomib, dexamethasone (DKd) showed 
a significant benefit in term of PFS compared with Kd 
since median PFS was 28.6 months vs 15.2 months 
(HR=0.59) after a median follow-up of 27.8 months. 
Moving into the front-line MM setting, in early 2000 
regulatory agencies approved combination daratumumab, 
bortezomib, thalidomide, dexamethasone (D-VTd) as 
induction therapy in TE patients based on the results of 
phase III CASSIOPEIA trial.30 In the phase II rando-
mized GRIFFIN study31 the addition of daratumumab to 
VRd led to deeper response after post-transplant consoli-
dation with sCR and MRD negativity at 10−5 being 42% 
and 50% in D-VRd group vs 32% and 20% in VRd group, 
respectively. Phase III PERSEUS trial comparing D-VRd 
(with subcutaneous daratumumab) vs VRd has completed 
enrollment and results are yet to be published. In NTE 
patients, daratumumab has been explored in combinations 
with standard-of-care regimens (VMP and Rd) so D-VMP 
and D-Rd have been recently approved after results of 
phase III ALCYONE32 and MAIA33 trials. An overview 
of clinical trials with daratumumab in NDMM and 
RRMM patients is shown in Table 1.

Figure 1 Mechanisms of action of: naked monoclonal antibodies as elotuzumab and daratumumab; antibody–drug conjugate as belantamab mafodotin and bispecific 
antibodies.
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Despite being generally well tolerated, intravenous for-
mulation of daratumumab is characterized by a long infu-
sion time (seven to eight hours for the first infusion) so the 
phase III COLUMBA trial34 explored the noninferiority for 
ORR of a co-formulation of daratumumab (DARA SC) 
(1800 mg flat dose) with recombinant human hyaluronidase 
(rHuPH20), needing a median administration duration of 
five minutes, vs conventional daratumumab. The study 
met the primary endpoint since ORR was 41% in the SC 
group vs 37% in the IV group with a significant reduction 
of infusion-related reaction (IRR) rate being 12.7% vs 
34.5% in the SC and IV arm, respectively.

The phase II PLEIADES study35 assessed daratumumab 
SC in combination with standard care as VRD (D-VRD in TE 
patients), VMP (D-VMP in NTE) and Rd (DRd in RRMM), 
showing response rates comparable with those obtained in 
phase III trials using daratumumab IV and low IRRs.

Isatuximab is a chimeric IgG1κ mAb binding a specific 
epitope on CD38 and, unlike daratumumab, is capable of 
inducing direct apoptosis in MM cells, also in those har-
boring p53 mutations.36 Moreover, isatuximab was found 
to inhibit CD38 enzymatic activity more effectively than 
daratumumab whereas it is less able to induce CDC.37 

Isatuximab exerts antitumor activity indirectly by eliminat-
ing CD38 immunosuppressive regulatory T cells and 
restoring immune effectors against MM.38 Remarkably, 
in vitro and in vivo studies demonstrated enhanced anti-
myeloma activity combining isatuximab with pomalido-
mide or PIs such as bortezomib or carfilzomib.39 Triplet 

isatuximab, pomalidomide, and dexamethasone has been 
explored in the phase III ICARIA trial40 which compared 
Isa-Pd vs Pd in patients previously treated with ≥2 lines of 
therapy. After a median follow-up of 11.6 months, median 
PFS was 11.5 months in Isa-Pd and 6.5 months in the Pd 
group (HR=0.59; p=0.001). This benefit was documented 
also in older (≥75 year-olds) and frail patients, among 
whom 8.3% vs 16.7% receiving Isa-Pd and Pd, respec-
tively, discontinued treatment due to adverse events.41 As 
for OS final analysis, a longer follow-up is required but in 
patients treated with Isa-Pd a trend in OS improvement 
was seen at the last analysis (HR=0.68).39 Based on results 
from the ICARIA trial, the FDA and EMEA approved 
triplet Isa-Pd in RRMM patients who have received at 
least two prior lines of therapy. In the phase III IKEMA 
study,42 isatuximab has been evaluated in combination 
with carfilzomib and dexamethasone (Isa-Kd) and com-
pared with doublet Kd. At the last update of trial, after 
a median follow-up of 20.7 months, PFS was statistically 
longer in Isa-Kd vs Kd group (not reached vs 19.15 
months; HR=0.53; p<0.0007). Interestingly, using mass 
spectrometry analysis to measure monoclonal component 
without isatuximab interference, CR rate was reached for 
45.8% of patients vs 39.7% achieved with immunofixation 
assay.43 In the near future, this triplet could become a new 
standard for patients with RRMM.

Several ongoing studies are assessing isatuximab in 
NDMM patients. The Phase III GMMG HD7 trial 
(NCT03617731) is evaluating the benefit of adding 

Table 1 Main Clinical Trials with Daratumumab in NDMM and RRMM

Newly Diagnosed TE

Trial Phase N Pts Treatment ORR/≥ CR (%) mPFS (Months) mOS (Months)

CASSIOPEIA III 1085 D-VTd vs VTd 93/39 vs 90/26 93% vs 85% at 18 months Immature data

GRIFFIN II 207 D-VRd vs VRd 99/51 vs 92/42 96% vs 90% at 24 months Immature data
PERSEUS III 690 D-VRd vs VRd Completed enrollment

Newly Diagnosed NTE

ALCYONE III 706 D-VMP vs VMP 90.9/43 vs 73.9/25 36.4 vs19.3 78 vs 67.9

MAIA III 737 DRd vs Rd 93/50 vs 82/27 NR vs 33.8 NR vs NR

RRMM

POLLUX III 569 DRd vs Rd 93/58 vs 76/24 45 vs 17.5 NR vs NR

CASTOR III 498 DVd vs Vd 85/30 vs 63/10 16.7 vs 7.1 NR vs NR

CANDOR III 466 DKd vs Kd 84.3/28.5 vs 74.7/10.4 NR vs 15.8 NR vs NR
APOLLO III 304 DPd vs Pd 69/25 vs 46/4 12.4 vs 6.9 Immature data

Abbreviations: TE, transplant eligible; NTE, nontransplant eligible; D-VTD, daratumumab, bortezomib, thalidomide, dexamethasone; D-VRd, daratumumab, bortezomib, 
lenalidomide, dexamethasone; D-VMP, daratumumab, bortezomib, melphalan, prednisone; DRd, daratumumab, lenalidomide, dexamethasone; DVd, daratumumab, borte-
zomib, dexamethasone; DKd, daratumumab, carfilzomib, dexamethasone; DPd, daratumumab, pomalidomide, dexamethasone.
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isatuximab to VRD (Isa-VRD) induction and to lenalido-
mide maintenance in TE patients whereas the same quad-
ruplet (Isa-VRD) is compared to VRD in the ongoing 
Phase III IMROZ (NCT03319667), enrolling NTE 
patients. The Phase II GMMG-CONCEPT trial 
(NCT03104842) investigated combination isatuximab, 
carfilzomib, lenalidomide and dexamethasone (Isa-KRd) 
in high risk NDMM, defined by del(17p) or t(4;14) or t 
(14;16) or >3 copies 1q21 plus ISS stage 2 or 3, in both TE 
and NTE patients. Preliminary results of 46 TE patients 
showed ORR of 100%, ≥VGPR of 90%, CR/sCR of 46% 
and MRD negativity of 60% after six induction cycles of 
Isa-KRd.44 The Phase III IsKia trial by European 
Myeloma Network (NCT 04483739) will explore the effi-
cacy in term of MRD negativity of Isa-KRd vs KRd as 
induction and post-ASCT consolidation. Finally, in a phase 
Ib study of Isa-VCD or Isa-VRD in NTE patients, ORR 
and ≥VGPR were 93% and 67% vs 100% and 42%, 
respectively.45

Other mAbs targeting CD38 are under evaluation start-
ing from MOR202/TJ202, an investigational human mAb 
derived from MorphoSys’s HuCAL antibody technology 
that can be administered safely within 30 min. In a phase 
1/2a study46 including RRMM patients with at least two 
previous lines of therapy, it showed activity either as 
single agent or in combinations with dexamethasone, lena-
lidomide and dexamethasone (Rd) (ORR=65%) or poma-
lidomide and dexamethasone (Pd) (ORR=48%). A Phase 
III trial (NCT03952091) is assessing MOR202 plus Rd vs 
Rd in RRMM.

Another receptor exerting a role in the dissemination of 
MM cells out of the bone marrow is the chemokine 
CXCR4 and ulocuplumab represents the first-in-class 
fully mAb targeting CXCR4, showing activity in RRMM 
in a phase Ib/II study.47 Combined with lenalidomide and 
dexamethasone, ulocuplumab showed high ORR (55%) 
with a benefit even in patients previous treated with 
IMiDs.

Although introduction of mAbs has been a turning 
point, a key and emergent issue regarding daratumumab 
refractoriness that is related to several mechanisms starting 
from decreased CD38 expression, whose role in acquired 
resistance toward mAb targeting CD38 has not been com-
pletely clarified. Other resistance mechanisms include 
overexpression of complement inhibitory protein as 
CD55 and CD59; bone marrow stromal cells (BMSC)- 
mediated suppression of ADCC by upregulating protein 
survivin in MM cells (cell adhesion-mediated immune 

resistance, CAM-IR); Fc-gamma-receptor polymorphisms, 
affecting ADCC and ADCP; reduction of NK cells, the 
most important mediators of daratumumab-mediated 
ADCC; production of neutralizing antibodies.48 Several 
studies are evaluating strategies that may overcome resis-
tance to CD38 mAbs, such as adding pembrolizumab, 
a humanized PD-1 mAb, to daratumumab49 or combining 
daratumumab with azacitidine.50 Moreover, recent data 
support the possibility of treating patients refractory to 
daratumumab with isatuximab, due to MM cells “re- 
sensitization” after withdrawal daratumumab.51 However, 
the multicenter retrospective MAMMOTH study52 demon-
strated that patients who become refractory to CD38 and 
those “penta-refractory” (refractory to CD38 mAb, two PIs 
and two IMiDs) had median OS of 8.6 and 5.6 months, 
respectively, so this poor outcome requires development 
and introduction in clinical practice of innovative thera-
peutic options.

New Generation Immunotherapies
In the last years, the early use of mAbs in MM therapeutic 
armamentarium led to a new refractory MM patient popu-
lation with a few therapeutic chances. The new frontier of 
immunotherapy in MM is the use of a smart technique that 
can boost the immune system against MM cells.53 B-cell 
maturation antigen (BCMA) is the most used target 
because of its important functions in the proliferation, 
survival, and tumor progression in MM.54

BCMA is a receptor for two different soluble growth 
factors in the BM microenvironment: BAFF whose affinity 
for BAFF-R is much higher than the affinity for BCMA, 
and APRIL, which has a great selectivity for BCMA. 
BAFF and APRIL ligation to their receptors induces the 
activation of NF-kB pathways and the upregulation of 
antiapoptotic proteins, maintaining a crucial role in survi-
val of neoplastic plasma cells (PCs).55 BCMA is highly 
expressed in neoplastic PCs and it is absent on naïve and 
memory B lymphocytes, T cells and other nonlymphoid 
organs.

Anti-BCMA antibodies are able to induce clinical 
response through multiple mechanisms: firstly they can 
induce a direct apoptosis of neoplastic PCs that express 
BCMA; secondly they can induce an ADCC response 
involving the effector cells of immune system toward an 
immunogenic cell death; thirdly, they can active the ADCP 
response; fourthly, they can kill the neoplastic sPC by the 
BCMA receptor signalling inhibition.56
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Bispecific Monoclonal Antibodies
Bispecific monoclonal antibodies consist in a Fc domain, 
a Fab region (including a variable domain and a constant 
domain) and two binding sites, one for CD3 on T cells and 
the other for the specific target on cancer cells. The conver-
gence of cytotoxic T lymphocytes and tumor cells due to 
BsAb binding activates cytotoxic T cells and promotes killing 
of tumor cells (Figure 1). Among bispecific antibodies, bispe-
cific T cell engagers (BiTE) differ for the presence of two 
single chain variable fragments connected by a linker and for 
the lack of the Fc domain, characteristic that gives them a short 
half-life requiring frequent or continuous dosing.56

AMG-420 and AMG-701
AMG-420 is the first BiTE targeting BCMA studied in the 
setting of RRMM in a phase 1 study57 including 42 patients 
with a median of five prior lines of therapy (range: 2–14). 
Patients received AMG-420 at doses ranging from 0.2 to 800 
µg/d for up to 10 cycles with each six-week cycles including 
four weeks of continuous intravenous infusion followed by 
two weeks off treatment. ORR was 31% but at the maximum 
tolerated dose (MTD), found to be 400 µg/d, ORR was 70% 
(7/10 patients) with five patients achieving MRD negativity 
at level of 10−4. The most common grade 3–4 adverse events 
were infections occurring in 33% of patients, whereas CRS 
was 2% and neurotoxicity was uncommon. Logistical chal-
lenges for patients and health-care system due to the need of 
continuous infusion, led the sponsor to stop AMG-420 trials 
and to developed a new anti-BCMA BiTe molecule with an 
extended half-life (AMG-701). An ongoing Phase I study is 
evaluating DLTs and safety of AMG-701 monotherapy, or in 
combination with pomalidomide, with or without dexa-
methasone, in RRMM patients after three or more lines of 
therapy that must include IMIDs, PIs and anti-CD38 mAbs 
(NCT03287908). At the 2020 ASH Meeting, Harrison et al58 

reported preliminary data of 85 patients with a median of six 
prior therapies (range: 2–25) who received weekly AMG- 
701 at escalated doses. ORR was 36% at doses of 3–18 mg 
with 24% achieving at least VGPR, median time to response 
was one month. The most common grades of adverse events 
were CRS (61%), hematological toxicity (anemia 43%, neu-
tropenia 23%, thrombocytopenia 20%) and diarrhoea (31%).

Teclistamab
Teclistamab is a humanized IgG-4 bispecific BCMA⨰CD3 
antibody that induces T cell mediated cytotoxicity against 
BCMA-expressing MM cells. A phase 1 study59 evaluated 
teclistamab in RRMM patients either with intravenous 

administration or with subcutaneous one. Seventy-eight 
patients received a weekly dose of teclistamab and their 
median number of previous therapies was six (80% triple- 
class refractory and 41% penta-drug refractory). The best 
responses were observed at 270 µg/kg dose with ORR of 
67% and 50% of patients obtaining at least VGPR. The 
most common AEs were grade 1–2 CRS (62%), whereas 
grade 3–4 hematologic toxicities consisted of neutropenia 
(38%) and thrombocytopenia (24%). During the last ASH 
meeting, Garfall et al60 presented results of subcutaneous 
teclistamab administered to 33 patients at dose of 1500 µg/ 
kg. ORR was 73%, being 70% and 75% in triple-class and 
penta-drug refractory patients. As for the toxicity, no sig-
nificant differences were observed in comparison with 
intravenous administration.

CC-93269
This humanized bispecific antibody is an immunoglobulin 
G1 based, with bivalent BCMA and monovalent CD3 
binding in a 2+1 format. In a dose escalation phase 1 
study,61 19 patients with a median of six prior lines of 
therapy (range: 3–12) were enrolled. All patients had been 
exposed to lenalidomide and bortezomib, 95% to daratu-
mumab, 84% to pomalidomide and 84% to carfilzomib. 
Grade 3.4 adverse events included neutropenia (52%), 
infections (26%), thrombocytopenia (21%). With regard 
to CRS, they occurred in 89% of patients, mainly during 
first or second doses, and majority of them were of grade 
1–2. Among patients receiving a dose ≥6 mg, ORR was 
83%, at least VGPR 58% with 75% of patients achieving 
MRD negativity at level of 10−5.

Talquetamab (JNJ-64407564)
Several studies are exploring bispecific mAbs with antigen 
target different from BCMA. Talquetamab is a BiTE bind-
ing GPRC5D and CD3. GPRC5D is an orphan receptor 
whose transcript is highly expressed on MM cells but less 
expressed in other cells, encouraging its use as therapeutic 
target.62 In preclinical models, talquetamab induced cell 
killing of primary MM cells and inhibited tumor formation 
and growth in MM mouse models. Chari et al,63 reported 
initial results of a phase 1 study enrolling 157 in the part 1, 
aiming to identify RP2D (intravenous and subcutaneous), 
and 19 patients in the part 2 exploring safety and activity 
of RP2D. Among 157 patients who had received a median 
of six prior therapies (range: 2–20), 82% were triple-class 
refractory and 33% penta-drug refractory. ORR was 69% 
at the RP2D of 405 mg/kg subcutaneously with a median 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                       

Journal of Experimental Pharmacology 2021:13 250

Offidani et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


time to response of one month (0.2–3). Using this dose, 
most common grade 3–4 adverse events were neutropenia 
(42%) and lymphopenia (16%). CRS occurred in 68% of 
patients but none were higher than grade 2.

Cevostamab (BFCR4350A)
Cevostamab is a humanized immunoglobulin G-based T cell- 
engaging bispecific antibody that targets the most membrane- 
proximal domain of FcRH5 on MM cells and CD3 on T cells. 
Fc receptor-homolog 5 (FcRH5) is a type I membrane protein 
expressed on B cells and PC with a near 100% prevalence. At 
the last ASH Meeting Cohen et al64 reported the initial results 
from a dose-escalation phase 1 trial. Fifty-three patients, with 
a median of six prior lines of therapy, 72% triple-refractory 
and 45% penta-refractory, received BFCR4350A by IV infu-
sion every 21 days. ORR was 61% for ≥3.6 mg first dose 
followed by 20 mg target dose and 6/15 patients were in 
response for >6 months at data cutoff. The most common 
adverse events were CRS (76%), all grade 1–2, except for 
one patient with grade 3 CRS. Treatment-related grade 3–4 
toxicities included thrombocytopenia (25%) and neutropenia 
(15%), In Table 2 we summarized ongoing clinical trials with 
bispecific antibodies.

Antibody-Drug Conjugates (ADCs)
ADCs represent a new class of target therapy in the man-
agement of MM. They consist in three components: a mAb 
directed against a tumor-specific antigen, a cytotoxic pay-
load and a linker that connects the targeting part to the 
cancer-killing molecule. Among the optimal strategies to 
create an ADC, the choice of the antibody is crucial: the 
preferred one should be a human antibody because of 
longer half-life (IgG is the best type), better cancer cell 
specificity and lower immunogenicity. Then, it is neces-
sary to pay attention to the choice of the killing molecule: 
the predominant payloads used are microtubule inhibitors, 

which bind to tubulin and cause a G2/M arrest and apop-
tosis. Auristatins include monomethyl auristatin E and 
F. DNA damaging agents are also used as toxic payloads, 
ie calicheamicin. The ideal number of payloads attached to 
a single antibody should be three to four molecules. The 
third part is the linker: it should have the same half-like as 
the antibody and it should not release the payload prema-
turely in order to avoid off-target toxicity.56

Belantamab Mafodotin (GSK2857916, Belamaf)
Belamaf is a humanized IgG1 ADC that binds specifically 
to BCMA (Figure 1). It can induce cell death by multiple 
mechanism: the first one is the caspase-dependent mechan-
ism, through which ADC is internalized into the cell after 
binding it. The second one is the ADCC and macrophage 
phagocytosis through retention of IgG effectors by the 
antibody, that promote death in dividing and nondividing 
cancer cells. The third one is the ICD (immunogenic cell 
death), through the expression of antigens specific to dying 
tumor cells.65

The phase 1 study (DREAMM-1)66 included a part 1, 
a dose-escalation phase establishing the recommended 
dose of belamaf, and a part 2 in which this dose was 
used. Overall, 35 patients were enrolled and 40% of 
them had received more than five prior lines of therapy. 
Dose of intravenous 3.4 mg/kg administered in a one-hour 
infusion every three weeks was selected as the recom-
mended dose. Sixty percent of patients had a confirmed 
response of PR or better (6% sCR, 9% CR). ORR was 
71.4% in patients without prior daratumumab exposure 
and 42.9% with prior daratumumab exposure. ORR was 
70% in patients who had received ≤3 prior therapies and 
50% in >5 prior therapies, but ORR was not different 
between high and standard cytogenetic risk patients. 
Median time to response was 1.2 months and responses 
deepened over time. Median PFS was 12 months (7.9 
months in IMIDs and PI refractoriness, 6.8 months in the 
prior daratumumab group) and median DOR was 14.3 
months. The most common hematologic grade 3–4 adverse 
event was thrombocytopenia (35%). All grades cornel 
events occurred in 69% of patients, most commonly 
blurred vision (51%), dry eye (37%) and photophobia 
(29%), whose median duration was 35 days. Treatment- 
related serious AEs were experienced in 20% of patients, 
most commonly infusion-related reactions (6%).

The phase 2 study (DREAMM-2)67 enrolled 196 RRMM 
patients (97 in the 2.5 mg/kg cohort and 99 in the 3.4 mg/kg 
cohort). ORR was 31% in 2.5 mg/kg and 34% in 3.4 mg/kg 

Table 2 Ongoing Trials with Bispecific Antibodies

Agent Target Phase Trial ID

HPN217 BCMA I/II NCT04184050

CC-93269 BCMA I NCT03486067

REGN5458 BCMA I/II NCT03761108

PF-06863135 (PF-3135) BCMA I NCT03269136

TNB-383B BCMA I NCT03933735

AMG-424 CD38 I NCT03445663
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cohort: there were no differences between patients with ≤4 
and >4 prior lines of therapy, neither between high and 
standard cytogenetic risk but ORR was lower in patients 
with extramedullary MM. The most common grade 3–4 
adverse event was keratopathy (27% and 21% in the two 
cohorts, respectively), thrombocytopenia (20% and 33%) 
and anemia (25% and 40%). Ocular events included kerato-
pathy (microcyst-like epithelial changes [MECs]: an eye 
exam finding with/without symptoms), best-corrected visual 
acuity (BCVA) changes, and symptoms (blurred vision and 
dry eye). The majority of patients did not experience 
a clinically meaningful BCVA decline, and events rarely 
led to treatment discontinuation. The first keratopathy 
(MEC) event or clinically meaningful BCVA decline recov-
ered in the majority of patients with events.68 Despite ocular 
toxicity, patients showed a general improvement in fatigue 
during the treatment period and their quality of life did not 
worsen over time.69

After a median follow-up of 13 months, IRRs were 
21%, none of them grade 4–5, mostly occurring during the 
first cycle with a median onset and duration of one day 
(1–3). They were resolved in 90% of patients, without 
a discontinuation of the drug. The 2.5 mg/kg dose was 
selected as the recommended dose for future studies on the 
basis of its similar antimyeloma activity with a more 
favourable safety profile.70

The combination of belamaf, pomalidomide, and dex-
amethasone was assessed in a phase I study (Algonquin 
study)71 enrolling 37 RRMM patients who had received 
a median of three prior lines of therapy, 35% triplet- 

refractory. In part 1 of the study MTD was established to 
be belamaf 2.5 mg/kg every four weeks and at this dose 
ORR was 100%, at least VGPR 100% and CR 57%. With 
a median PFS not reached after a median follow-up of 13 
months. Main grade 3–4 adverse events were keratopathy 
(51%), neutropenia (40%), thrombocytopenia (32%) 
whereas severe IRR occurred in 5.4% of patients.

In Table 3 we summarized an ongoing clinical trial 
with belamaf and in Table 4 ongoing studies with other 
antibody-drug conjugates in MM patients.

CAR-T Cell Therapies
CAR-T cell therapy represents the new frontier in the 
treatment of hematologic malignancies and it consists in 
genetically modified T cell to induce cytotoxic ability by 
targeting specific tumor antigens.72 Recently, three CAR-T 
therapies against CD19 antigen, namely tisagenlecleucel, 
axicabtagene ciloleucel and brexucabtagene autoleucel 
have been approved by FDA for the treatment of B-ALL, 
respectively, large B-cell lymphoma and mantle cell lym-
phoma. Briefly, chimeric antigen receptor (CAR) is char-
acterized by an extracellular target-binding domain, 
a hinge region, a transmembrane domain anchoring the 
CAR to the cell membrane, an intracellular domain as 
CD3ζ activation domain and a costimulatory domain 
(CD28 or 4-1BB) that transmit activation signals. 
According to number of costimulatory domains, CARs 
can be classified into first (CD3ζ only), second (CD3ζ 
plus one costimulatory domain) or third generation 
(CD3ζ plus combined costimulatory domain).73 An ideal 

Table 3 Ongoing Clinical Trials with Belantamab Mafodotin

Trial Population Phase Intervention Trial ID

DREAMM-3 RRMM III Belamaf vs Pd NCT04162210

DREAMM-4 RRMM I/II Belamaf+pembrolizumab NCT03848845

DREAMM-5 RRMM I/II Belamaf+innovative drugs NCT04126200

DREAMM-6 RRMM I/II Belamaf-Rd or belamaf-Vd NCT03544281

DEAMM-7 RRMM III Belamaf-Vd vs DVd NCT042246047

DEAMM-8 RRMM III Belamaf-Pd vs PVd NCT04484623

DREAMM-9 NDMM III Belamaf-VRd vs VRd NCT04091126

DREAMM-10 RRMM III Belamaf+novel agents vs SoC

DREAMM-11 RRMM I Belamaf monotherapy NCT03828292

Abbreviations: Pd, pomalidomide, dexamethasone; Rd, lenalidomide, dexamethasone; Vd, bortezomib, dexamethasone; DVd, daratumumab, bortezomib, dexamethasone; 
Pd, pomalidomide, dexamethasone; PVd, pomalidomide, bortezomib, dexamethasone; VRd; bortezomib, lenalidomide, dexamethasone; SoC, standard of care.
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target for CARs is a surface antigen that is uniformly 
expressed on tumor cells but not present on normal cells 
to minimized toxicity.74 In MM cells this requirement has 
been identified in the BCMA, a member of the TNF 
receptor superfamily, above described. Manufacturing of 
CAR-T cells is a very complex process and the first step is 
the collection of CD3 positive T cells by nonmobilized 
leukapheresis (Figure 2). T cells are expanded manifold in 
culture and activated using beads coated with anti-CD3 or 
anti-CD28 mAbs or cell based artificial antigen presenting 
cells.75 Subsequently, in a process during up to four 

weeks, T cells are transduced with a vector either lentiviral 
or retroviral carrying the gene encoding a receptor to an 
antigen present on plasma cells. Before infusion, eligible 
patients underwent lymphodepleting chemotherapy to 
enhance engraftment and persistence of CAR-T cells that, 
once they encounter antigens, proliferate and kill tumor 
cells.76

Idecabtagene Vicleucel (Ide-Cel)
The most advanced CAR-T cells product against BCMA 
for treatment of advanced MM is idecabtagene vicleucel 

T cells collection

(apheresis)

Genetically

engineered

CAR-T cells

Activation and 

expansion

Quality

control

Infusion after

lymphodepletion

CAR-T cells bind to MM 

cells and kill them

Figure 2 CAR-T cell therapy in multiple myeloma.

Table 4 Ongoing Trials with Antibody–Drug Conjugates

Agent Target Cytotoxic Payload Phase ID Trial

MEDI2228 BCMA Pyrrolobenzodiazepine (PBD) dimer tesirine I NCT03489525

HDP-101 BCMA Amanitin I/II

AMG-224 BCMA Mertansine I NCT02561962

CC99712 BCMA Maytansinoid I NCT04036461

TAK-169 CD38 Shiga-like toxin A-subunit (SLTA) I NCT04017130

TAK-573 CD38 2 IFNα2b molecules I NCT03215030

STRO-001 CD74 Maytansinoid I NCT03424603

FOR-46 CD46 Monomethyl auristatin F I NCT03650491

ABBV-838 SLAMF7 Monomethyl auristatin E I NCT02462525
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(ide-cel, bb2121), a lentiviral vector-based and including 
a 4-1BB costimulatory domain, which was explored in 
a phase I study (CRB-401),77 enrolling 33 RRMM patients 
with a median of five prior lines of therapy, who received 
50 to 800⨰106 CAR-T cells/kg body weight. ORR and CR 
were 85% and 45%, respectively, but high quality 
responses (≥ VGPR) were observed only with doses of at 
least 150⨰106 CAR-T cells. Median PFS was 11.3 months 
and, regarding safety profile, the primary endpoint of the 
study, grade 3–4 neutropenia and thrombocytopenia were 
the most common adverse events occurring in 85% and 
45% of patients, respectively. Cytokine release syndrome 
(CRS) developed in 76% of patients but it was of grade 
1–2 in 70% of them. CRS is characterized by fever, 
tachypnea, headache, tachycardia, hypotension, rash, 
hypoxia and it is caused by release of cytokines from 
cells. In the recent update of this study,78 among 38 
patients receiving 450⨰106 CAR-T cells 89.5% and 37% 
obtained ORR and at least CR, respectively, with median 
PFS and OS of nine and 34.2 months. Ide-cel has been 
subsequently evaluated in the phase II pivotal KarMMa 
study79 enrolling 128 heavily pretreated patients (six prior 
antimyeloma regimens, 84% triple-refractory) who 
received doses of CAR-T cells ranging from 150 to 
450⨰106. Overall, ORR and CR/sCR rates were 73% and 
33%, respectively, with a median PFS of 8.8 months. 
Remarkably, patients who received the highest target 
dose of 450⨰106 CAR-T cells had the best results, 82% 
being ORR, 65% at least VGPR, 48% at least VGPR plus 
MRD negativity with a median PFS of 12.1 months. The 
benefit was observed in all subgroups of patients including 
those with high-risk cytogenetics, extramedullary disease 
and penta-refractory (refractory to two PIs, two IMiDs and 
CD38 mAb). Grade 3 or higher CRS and neurotoxicity 
were observed in less than 6% of patients. Neurotoxicity 
related to CAR-T cell therapy is now named ICANS 
(immune effector cell associated neurotoxicity syndrome) 
and it consists of several symptoms or signs beginning 
with disorientation to time or place, aphasia, depressed 
level of consciousness, seizure, motor weakness and cere-
bral edema. Cytopenias were common, with grade ≥3 
neutropenia and thrombocytopenia occurring in 89% and 
52% of patients. Of note, efficacy outcomes in patients 
aged ≥65 and ≥70 years were comparable without differ-
ences in safety profile.80

Several clinical studies using ide-cel are ongoing: 
Phase II KarMMa-2 study (NCT03601078) is evaluating 
ide-cel in early and late relapsed MM; Phase III KarMMa- 

3 trial (NCT03651128) is comparing ide-cel with standard 
regimens in RRMM; Phase I KarMMa-4 (NCT04196491) 
is a study of ide-cel in patients with high-risk newly 
diagnosed MM.

Ciltacabtagene Autoleucel (Cilta-Cel, JNJ-4528)
LCAR-B38M, currently known as JNJ-4528, is a CAR- 
T cell construct characterized by two BCMA-targeting 
single-domain antibodies, CD3ζ activation domain and 
4-1BB costimulatory domain. It was explored in China 
for the first time in the LEGEND-2 phase I study81 includ-
ing 57 patients with a median of three prior therapies 
(range: 1–9). This therapy was very active with an ORR 
of 88%, median PFS of 19.9 months and median OS of 
36.1 months. CRS occurred in 90% of patients, being 
grade 3 in 7% of them. The same CAR-T cell therapy 
has been evaluated in the CARTITUDE-1 study82 which, 
in the 1b portion, showed ORR of 100%, ≥VGPR of 97% 
and sCR of 86% in 29 patients who had been treated with 
a median of five prior lines of therapy (range: 3–18). 
Patients received a single infusion of cilta-cel at a target 
dose of 0.75⨰106 CAR-T cells/kg. Median time to 
response was one months and PFS at nine months resulted 
to be 86%. Safety profile was consistent with LEGEND-2 
since CRS were mostly grade 1–2, neurotoxicity (ICANS) 
occurred infrequently and grade 3–4 cytopenias resolved 
after 60 days. In the updated data from the phase 1b 
portion along with initial phase 2 of CARTITUDE-1 
study,83 97 patients with a median of six prior therapies, 
42% penta-refractory, received cilta-cel. ORR was 97% 
with 93% of patients achieving at least VGPR and 67% 
sCR. Among evaluable patients, 93% achieved MRD 
negativity at level of 10−5. PFS and OS at 12 months 
were 76.6% and 88.5%, respectively. Therefore, prelimin-
ary data suggest that CAR-T cell therapy can induce deep 
and maybe durable responses in heavily pretreated MM 
population. The Phase II CARTITUDE-2 study 
(NCT04133636) is exploring cilta-cel in early and late 
MM relapse whereas the phase III CARTITUDE-4 is 
comparing cilta-cel with triplets as daratumumab, pomali-
domide and dexamethasone (DPd) or pomalidomide, bor-
tezomib, dexamethasone (PVd).

Orvacabtagene Autoleucel (Orva-Cel, JCAR-H125)
Orva-cel is a BCMA CAR-T cell construct characterized by 
a fully human binder and a manufacturing process enriching 
for central memory T cell phenotype. The phase I/II 
EVOLVE study84 showed promising results in heavily 
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pretreated RRMM as reported at the last ASCO meeting. 
Sixty-two patients with a median of six prior lines of 
therapy (range: 3–18, 94% triple-refractory and 48% penta- 
refractory) received CAR-T cells dose ranging from 300 to 
600⨰106. ORR was 92% with 68% of patients achieving at 
least VGPR and 36% CR/sCR. Remarkably, 100% of 
patients treated with 600⨰106 obtained a MRD negativity 
at level of 10−5 at three months. The safety profile was 
encouraging, since grade 3–4 CRS was 3% and neurologic 
toxicity 2%. Most common grade 3–4 side effects were 
neutropenia (90%) and thrombocytopenia (47%).

Other CAR-T Cell Products
Several other BCMA-targeted CAR-T cell products are 
under investigation in phase I/II studies, starting from 
bb21217, constructed on the basis of bb2121 CAR struc-
ture with an extra domain of bb007 to enrich for T cells 
displaying a memory-like phenotype to allow a longer 
persistence. A phase I CRB-402 study85 evaluated 
bb21217 in 62 patients with a median of six prior lines 
of therapy (range: 3–17; 64% triple-refractory) who 
received CAR-T cells dose ranging from 150 to 
450⨰106. Overall, ORR was 68% with 54% achieving at 
least VGPR and 29% CR/sCR. Median duration of 
response was 11.9 months across different target dose 
levels. With regards to toxicities, cytopenias were common 
and not dose related, infections occurred in 26% of 
patients whereas grade 3–4 neurotoxicity was rare (4%) 
as was severe CRS (4%). CT053 is another second- 
generation CAR-T product incorporating a fully human 
anti-BCMA scFv, less immunogenic, a 4-1BB co- 
stimulatory motif and a CD3ζ domain. This product, man-
ufactured in nearly 8–10 days, was at first assessed in 
a phase I study in China86 and after a follow-up of 24 
months, among 24 patients enrolled in one year, ORR was 
87% including 79% with CR/sCR and median PFS 18.8 
months. In the USA, the phase I trial Ib/II Lummicar-2 
study,87 using CT053, has enrolled 20 patients to date. 
Preliminary data presented at the last ASH meeting 
showed the achievement of ORR in 94% of patients with 
11/12 evaluable patients obtaining MRD negativity at level 
of 10−5. Very interesting is the phase I/II PRIME study88 

assessing P-BCMA-101, a novel anti-BCMA CAR-T cell 
product manufactured with transposons instead of viral 
vectors to increase efficacy and minimize toxicity. 
Bispecific CAR-T cells targeting BCMA and another 
tumor antigen are under development and preliminary 
data from the first-in-human study evaluating GC012F, 

a dual BCMA/CD19 targeted CAR-T cells with 
a platform enabling 24–36-h manufacturing, are very 
encouraging.89

Finally, the phase I Universal study90 is evaluating 
allogenic CAR-T cells therapy, allowing a standard quality 
product in a short time.

Emerging Drugs
Selinexor
Exporting-1 (XPO-1) is the major regulator of intracellular 
oncoprotein transport and it is overexpressed in MM 
plasma cells.91 It induces nuclear retention of tumor sup-
pression protein and suppresses oncoprotein expression 
(Figure 3).92 Selinexor is an oral, potent XPO-1 inhibitor 
that has been investigated in clinical trials as monotherapy 
and in combinations. The STORM trial is a phase II 
study93 in which 122 heavily pretreated MM patients 
(seven median prior lines of therapy; range: 3–18), most 
of them (68%) penta-refractory, were treated with seli-
nexor and dexamethasone. In this difficult-to-treat popula-
tion ORR was 26%, PFS 3.7 months and OS 8.6 months. 
Hematological and gastrointestinal toxicities were of con-
cern in this trial. Another phase I/II trial termed STOMP,94 

evaluated the combination of selinexor, bortezomib and 
dexamethasone in patients with less advanced disease. 
This regimen allowed an ORR of 63% and a PFS of nine 
months. This study was preparatory to the phase III 
BOSTON trial95 that compared standard of care bortezo-
mib-dexamethasone (Vd) with selinexor-bortezomib- 
dexamethasone (SVd) in 402 patients treated with one to 
three prior lines of therapy. Triplet therapy containing 
selinexor was significantly better in terms of PFS (13.9 
vs 9.5; HR=0.70; p=0.0075) although the announced high 
rate of gastrointestinal toxicity was confirmed. This trial 
was updated at the last ASH meeting, with regards to 
particular subgroups of patients such as elderly or frail 
patients,96 high-risk cytogenetic patients,97 prior PI or 
lenalidomide exposure98 and >1 prior therapy.99

Triplet therapy containing selinexor performed better 
than Vd alone in any of these prespecified subgroups in 
terms of response, PFS and TTNT although adverse events 
were sometimes more frequent.

An update of the STOMP trial was also presented at 
the 2020 ASH meeting, particularly selinexor plus dexa-
methasone in combination with carfilzomib100 or 
pomalidomide.101 In the first study,100 the MTD for triplet 
combination (SKd) was once-weekly selinexor 80 mg, 
carfilzomib 56 mg/m2 and dexamethasone 40 mg. In 
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patients treated with a median of three prior lines of 
therapy (range: 1–8), ORR was 75% (CR 20.8%) in the 
total 24 patients and 57% in patients pretreated with dar-
atumumab. Median follow-up is too short for PFS evalua-
tion. Besides the well-known gastrointestinal toxicity, 
thrombocytopenia was of concern with this combination, 
requiring TPO receptor antagonist to maintain the drug 
schedule. Regarding the combination with pomalidomide 
(SPd),101 MTD was achieved at pomalidomide 4 mg days 
1–21 and selinexor 60 mg once weekly. Characteristics of 
patients were similar to the population treated with SKd, 
with a median of three prior lines of therapy (range: 1–10). 
Overall, ORR was 60% at the recommended phase 2 dose 
(RP2D), with a PFS of 12.2 months for all patients and not 
reached for RP2D patients. Main toxicities were hemato-
logic and gastrointestinal.

Selinexor is a convenient oral drug that broadens the 
therapeutic armamentarium for triple refractory RRMM 
patients although its suboptimal gastrointestinal tolerabil-
ity may be a limitation.

Melfuflen
Melphalan-flufenamide (melflufen) is a first-in-class pep-
tide-drug conjugate targeting intracellular 
aminopeptidases.102 Melflufen, being highly lipophilic, 
passively diffuses across cellular membrane, binds to ami-
nopeptidases and releases melphalan which remains inside 
the cells being hydrophilic. It penetrates into the nucleus 
and induces DNA damage leading to cellular apoptosis.103

After the phase I/II trial (O-12-M1)104 established mel-
flufen 40 mg on day one in 28-day cycles as the MTD in 
combination with dexamethasone 40 mg weekly, phase 2 
HORIZON (OP-106) trial105 included 157 patients with 
RRMM who had received ≥2 prior lines of therapy (med-
ian of five prior lines), and were triple-class refractory 
defined as refractory to one IMiD, one PI and anti-CD3 
mAb. This trial included patients who had extramedullary 
disease (EMD) (35%) and/or cytogenetic high-risk fea-
tures (38%). Patients received melflufen 40 mg of on day 
one of each 28-day cycle along with 40 mg of dexametha-
sone weekly (20 mg for patients aged ≥75 years). 
Treatment was administered until progression or unaccep-
table toxicity. ORR was the primary endpoint, while sec-
ondary objectives included progression-free survival 
(PFS), overall survival (OS) and safety. The ORR in the 
ITT population (n=157) was 29% while that in the triple- 
class refractory group (n=119) was 26% and 24% in the 
EMD group (n=55). The median PFS in ITT population 
was 4.2 months, the median OS was 11.6 months. Median 
PFS and OS were 2.9 months and 6.5 in patients with 
EMD. Grade 3/4 adverse events were mainly thrombocy-
topenia, neutropenia and pneumonia.

This trial was recently updated at the last ASH meeting 
regarding subgroups such as the elderly (n=25; age ≥75 
years)106 high-risk (n=59),107 EMD (n=55)108 and alkyla-
tors refractory (n=92)109 patients. All these populations 
had results consistent with that of the ITT population one 
ORR rate, median PFS and OS as well as safety profile.
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The phase III OCEAN trial (OP-103) (NCT03151811) 
is randomizing patients with RRMM who had received 
two to four prior lines of therapy and who were refractory 
to lenalidomide in the last line of therapy to receive mel-
flufen 40 mg on day one every 28 days plus dexametha-
sone 40 mg (or 20 mg if aged >75 years) days 1, 8, 15, 22 
or pomalidomide 4 mg on days 1–21 plus dexamethasone 
40 mg (or 20 mg if aged >75 years) days 1, 8, 15, 22. The 
trial is ongoing and estimated enrollment is 450 patients 
until March 2021.

ANCHOR is the name of a phase I/II trial110 evaluating 
activity and safety of two triplet therapies including mel-
flufen and dexamethasone plus bortezomib or daratumu-
mab in patients with RRMM treated with one to four prior 
lines of therapy and who were refractory to lenalidomide 
and/or bortezomib (in the daratumumab arm). Most 
patients were exposed to alkylating agents. In the dose- 
escalation phase, no DLT was achieved. Interim analysis in 
the daratumumab arm included 33 patients (median two 
prior lines of therapy, range: 1–4) showed an ORR of 73% 
and a PFS of 12.9 months after a median follow-up of 18.9 
months. Main grade 3–4 treatment related adverse events 
were thrombocytopenia (73%), neutropenia (67%), and 
pneumonia (6%). In the bortezomib arm only six patients 
were enrolled at data cutoff and DLT was not reported. 
ORR was encouraging at 67% and grade 3–4 side effects 
were consistent with the single drug profiles.

Considering these promising results coupled with man-
ageable toxicity profile, the phase III LIGHTHOUSE trial 
(NCT04649060) was planned with the intent to randomize 
170 patients with three or more prior lines of therapy, 
refractory to IMiDs and PIs to receive melflufen- 
daratumumab vs daratumumab.

Triple refractory MM patients have a very poor 
outcome.52 Although several new drugs will be approved in 
the near future, melflufen, either as a single agent or in 
association, will have its own specific room in this setting 
due to its peculiar mechanism of action, its predictable and 
limited toxicity and its convenient monthly schedule. 
Efficacy in extramedullary disease could be of particular 
interest, although its safety and activity were demonstrated 
in all RRMM subgroups of patients including those exposed/ 
refractory to alkylating agents and refractory to mAbs who 
will be an increasingly growing wave of patients.

CELMoDs
Cererebron E3 ligase modulators (CELMoDs) are the 
next-generation IMiDs that degrade Ikaros and Aiolos in 

a novel and more potent mechanism compared to lenali-
domide and pomalidomide.111 Moreover, stimulation of 
immune system is even more powerful. Iberdomide (CC- 
220) is the first CELMoD to be evaluated in clinical trials. 
In a phase Ib/II dose escalation study,112 iberdomide plus 
dexamethasone yielded an ORR of 31% in 59 patients 
with RRMM treated with a median of five prior lines of 
therapy (range: 2–12). Similar results were obtained in the 
subgroups refractory to lenalidomide and to pomalidomide 
and daratumumab. The most common adverse events were 
neutropenia and infections. In a more recent phase I/II 
trial,113 iberdomide was studied in association with borte-
zomib-dexamethasone (IberVd) (n=23) and daratumumab- 
dexamethasone (IberDd) (n=27). Patients had received at 
least one prior regimen containing lenalidomide or poma-
lidomide and a PI in the first cohort while they had to be 
refractory to IMiDs and PI in at least their two prior lines 
of therapy in the second cohort. MTD of iberdomide was 
not reached in both cohorts. Overall, main grade 3–4 
adverse events were neutropenia (66%) and infections 
(18.5%) in IberDd group and thrombocytopenia (26%) 
and infections (13%) in IberVd group. ORR was 42% in 
the daratumumab cohort and 60% in the bortezomib one. 
Interestingly, both regimens were active in the daratumu-
mab and bortezomib refractory patients.

Another CELMoD currently on study is CC-92480.114 

It is a novel and possibly more powerful, cereblon ligase 
modulator compared to iberdomide. This agent, due to its 
rapid and maximal degradation of target proteins Ikaros 
and Aiolos, exerts potent antiproliferative and tumoricidal 
activity in MM cell lines, including those lenalidomide 
and pomalidomide resistant. Moreover, CC-92480 
enhanced direct antimyeloma and immune-stimulatory 
activities in preclinical models and showed marked syner-
gistic effects with dexamethasone, proteasome inhibitors 
and mAbs. In the phase I CC-92480 MM-01 trial,115 76 
patients treated with a median of six prior lines of therapy 
(range: 2–13), 50% triple-refractory and 36% with extra-
medullary disease, were enrolled to receive escalated dose 
of CC-92480 plus dexamethasone. MTD was achieved at 
1.6 mg, so 1 mg for 14–21 days on 28 days cycle was 
chosen for the recommended phase 2 dose. ORR in the 
ITT population was 20% but, in the expansion phase at the 
MTD, it increased to 54.5% (27% ≥VGPR) in 11 patients 
most of them triple-refractory and/or with extramedullary 
disease. Main adverse events were neutropenia, thrombo-
cytopenia, pneumonia and febrile neutropenia. The expan-
sion phase of this study is ongoing and phase I/II studies 
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combining CC-92480 with standard treatments are 
ongoing.

Ibrutinib
Ibrutinib is an oral Bruton's tyrosine kinase (BTK) inhibi-
tor approved for the B cell malignancies such as LLC, 
MCL and WM116 playing a central role in survival and 
proliferation of B cell lineage. BTK is overexpressed in 
MM cell favoring proliferation and migration of plasma 
cells, bone destruction, and dexamethasone resistance. 
Moreover, ibrutinib enhances activity of PIs and 
IMiDs.117 In a phase I/II study,118 92 patients prior treated 
with a median of four lines of therapy underwent increas-
ing doses of ibrutinib and dexamethasone. MTD was 
reached at 840 mg/daily of ibrutinib. Clinical benefit 
rate, the primary endpoint of the study, was 28% with 
DOR of 11 months. PFS was 4.5 months. Main toxicity 
was hematological whereas nonhematological adverse 
events (infections and syncope) were rare. Therefore, 
another phase I/II trial119 was conducted with ibrutinib in 
association with carfilzomib and dexamethasone in 59 
patients, previously treated with a median of three lines 
of therapy and most of them double refractory. MTD was 
ibrutinib 840 mg/daily, carfilzomib 36 mg/m2 twice 
weekly and dexamethasone 20 mg. ORR was 71% and 
PFS was 7.4 months (very similar to those in high-risk 
patients: 67% and 7.7 months). No unexpected side effects 
were seen with this association.

Anti-PD1
Immune checkpoints are a potential target for MM therapy 
since they are overexpressed in MM plasma cells confer-
ring drug resistance and immune reaction imbalance. After 
promising phase I/II studies120,121 demonstrated synergism 
of action with IMiDs, two randomized trials, comparing 
Rd vs Rd-pembrolizumab (KEYNOTE 185)122 in first-line 
therapy and Pd vs Pd-pembrolizumab (KEYNOTE 183)123 

in relapsed-refractory MM, concluded in an interim 
unplanned analysis that led to halt the studies, that both 
triple therapies had an unfavorable risk–benefit profile, due 
to an inferior PFS and an excess of attributable mortality 
in the pembrolizumab arm. The future of this therapeutic 
strategy is uncertain although it has not been abandoned.

Emerging Targeted Drugs
Advances in MM biology knowledge paved the way to 
transition from patient- and drug characteristic-guided 

therapy to biomarker-driven therapy, ie from personalized 
to precision medicine.

MM is a very heterogeneous disease in which no 
single, or few disease, drivers were identified. Moreover, 
intraclonal and clonal evolution of disease complicate the 
scenario.124 Nevertheless, recurrent gene mutations such 
as those of MYK, KRAS, NRAS and BRAF activating MAP 
kinase pathway, and of TP53 were recognized.125 

Recently, specific compounds targeting these alterations 
were developed and studied in preclinical and clinical 
trials.

Inhibition of MAPK pathway by vemurafenib and tra-
metinib, MEK1/2 inhibitors, showed potent reduction of 
cancer cell growth in vitro. In the phase I VE-Basket 
study126 nine patients with very advanced MM and 
BRAFV600 mutation were treated with vemurafenib mono-
therapy. ORR was 33% and PFS was 4.6 months. Main 
adverse events were alopecia, skin disorders and infec-
tions. Another trial127 explored trametinib monotherapy 
or with standard therapy in 40 real-life heavily pretreated 
patients with MM carrying the BRAF mutation. 
Ten percent of patients receiving trametinib monotherapy 
had a response whereas 57% of them responded with 
trametinib in association. Skin rash, diarrhea, and cardiac 
toxicity were the main side effects leading to not negligi-
ble drug discontinuation.

Seeing the poor effectiveness of these compounds in 
monotherapy, My-DRUG Umbrella trial (NCT03732703) 
is assessing several drugs targeting: RAF/RAS mutations 
(cobimetinib), IDH activating mutations (enasidenib), 
CDK pathway activating alterations (abemaciclib, dinaci-
clib), FGRF3 activating alterations (erdafitinib), in combi-
nation with dexamethasone and with ixazomib- 
pomalidomide-dexamethasone in high-risk RRMM 
patients based on the MMRF CoMMpass study that recog-
nized 12 different molecular types of MM by genomic 
sequencing. Results of this trial are highly awaited. 
A phase I study128 with cobimetinib single drug or asso-
ciated with venetoclax and with atezolizumab is ongoing 
but response was seen only in patients with t(11;14) in the 
venetoclax cohort.

Deletion of chromosomal 17p (del17p) is a well- 
known marker of high-risk MM although the population 
of del17 MM is heterogeneous due to variability in 
cytogenetic assay cutoff. The TP53 gene, affecting 
tumor suppression function of the proteins, is included 
in 17p chromosome and its aberration or deletion led to 
inactivation of its anti-oncogenic function. Biallelic 
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inactivation of TP53 is considered one of the worst 
adverse prognostic factors in MM since it provided 
genomic instability resulting in tumor progression and 
drug resistance. Consequently, TP53 is now considered 
as a suitable target for MM therapy particularly inhibi-
tion of MDM2 cascade by nutlin compounds.129 

Idasanutlin is a NDM2 antagonist that activates TP53, 
blocks proliferation and induces apoptosis. A Phase I/II 
study in combination with ixazomib and dexamethasone 
is ongoing (NCT02633059). MCL-1 promotes cell survi-
val by its antiapoptotic action. Hyperexpression of 
MCL-1 confers resistance of proapoptotic drugs such as 
bortezomib and venetoclax. Studies targeting MCL-1 
with AZD5991 (NCT03218683) and AMG176 (NCT026 
75452) are ongoing and combination studies are in 
project.

Venetoclax
Anti-BCL-2 targeted therapy was the first in class biomar-
ker-guided therapy (Figure 3). As in other hematological 
malignancies, overexpression of BCL-2 protein inhibits 
apoptosis so representing one of the most frequent 
mechanism of resistance also in MM. In particular, MM 
harboring t(11;14) translocation is associated with increase 
dependency upon BCL-2 for plasma cell survival.130 

Venetoclax is a selective, potent, oral BCL-2 inhibitor 
recently approved for treatment of CLL and AML.131 In 
MM, phase 1b studies with venetoclax monotherapy,132 

venetoclax plus dexamethasone133 and venetoclax plus 
bortezomib and dexamethasone134 yielded promising 
results leading to the phase III BELLINI trial135 that 
compared bortezomib plus dexamethasone to triplet com-
bination venetoclax, bortezomib, dexamethasone in 291 
patients, treated with one to three prior lines of therapy 
and not refractory to PIs. Patients receiving triplet therapy 
containing venetoclax had a significantly longer PFS, the 
primary endpoint of the trial, compared with patients 
receiving doublet (median 22.4 vs 11.5 months; 
HR=0.63; p=0.010). However, a substantial proportion of 
early deaths due to infection occurring in patients treated 
with venetoclax led to a significantly worse OS (HR=2.03; 
p=0.034). Remarkably, impressive prolonged PFS was 
observed in patients with t(11;14) or high BCL-2 expres-
sion (median PFS not reached vs 9.9 months; HR=0.30; 
p<0.001) without significantly differences in term of toxi-
city, particularly in early mortality as happened in the ITT 
population. This result confirms that venetoclax is 
a selective drug to use in patients with t(11;14) or high 

BCL-2 expression as indicated by development drug plan 
that includes a Phase III trial (CANOVA; NCT03539744) 
comparing venetoclax plus dexamethasone vs pomalido-
mide plus dexamethasone in patients with RRMM with the 
above-mentioned characteristics.

Conclusions
MM is a complex disease difficult to render chronic or to 
cure despite the paramount improvements achieved so far 
with the introduction of chemoimmunotherapy. Patients 
refractory to IMiDs and/or PIs benefit now from combina-
tions containing anti-CD38 mAbs and from CELMoDs in 
the near future. Triple-refractory or penta-refractory 
patients benefit now from belantamab-mafodotin or seli-
nexor and from CAR-T cells and or BiTE in the near 
future. Targeted therapy with venetoclax is a reality 
whereas the possibilities of using other compounds are 
unknown yet.

However, this scenario is in a constant evolution based 
on the results that gradually come from ongoing trials that 
informed us on the MRD, survival parameters, toxicity, 
and feasibility of these complex and expensive therapies. 
Really, many questions remain open: firstly, how to 
achieve the best sequencing of therapy in MM, particularly 
regarding retreatment with anti-CD38 mAbs and, sec-
ondly, how to position conjugated mAbs, BiTE and 
CAR-T cells, which are in competition for the same target 
named BCMA? Moreover, could high-risk disease benefit 
from combinations of conventional drugs and compounds 
that target specific genetic lesions? Will it be possible to 
modulate these therapies on the basis of MRD or other 
markers, avoiding continuous therapy?

The future of MM therapy is a fascinating challenge to 
achieve a cure and a good quality of life for all our patients.
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