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Abstract: Major progress has been made in the upfront treatment of multiple myeloma, but the disease
ultimately relapses and leads to death in the vast majority of those afflicted. New treatment strategies
and modalities are necessary to treat myeloma in relapse, particularly in cases of triple-refractory
status defined by disease progression during or shortly after treatment with immunomodulatory
agents, proteasome inhibitors, and anti-CD38 monoclonal antibody therapy. In this manuscript, we
review recent promising developments in the treatment of triple-class refractory myeloma including
bispecific antibodies and T cell engagers, chimeric antigen receptor cellular therapies, as well as
chemotherapeutics with novel mechanisms of action.
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1. Introduction

Multiple myeloma (MM) is an incurable malignancy of plasma cells, and the American
Cancer Society estimates that there will be approximately 34,470 new MM cases and
12,640 deaths in 2022 [1]. While the incidence of MM has been rising, the number of deaths
has not increased in parallel, corresponding to a general improvement in overall survival
(OS) as therapeutic advances are made. The development of new effective agents, with
12 MM drugs being approved in the last 15 years and many more in clinical trials, has
dramatically changed the therapeutic landscape and has improved patient survivability
and outcomes [2]. The novel agents, comprising immunomodulatory drugs (IMiDs) and
proteasome inhibitors (PIs), increased in use from 8.7% in 2000 to 61.3% in 2014, and
have been shown to improve survival, with patients diagnosed in 2012 being 25% more
likely to survive at 2 years than those diagnosed in 2006 [3]. In one study evaluating MM
patients diagnosed in 2001–2005 vs. patients diagnosed in 2006–2010, the median OS was
4.6 vs. 6.1 years, respectively, with fewer deaths in the first year after diagnosis in the
latter cohort [4]. A separate 2021 analysis from the Multiple Myeloma Research Foundation
reported 5-year survival for MM was 53.9%, a significant improvement from the rate of
34.6% in 1998 [2].

Despite the improvement in overall survival rates, the vast majority of patients with
myeloma eventually develop disease recurrences, which become increasingly refractory
to available anti-MM agents with successive lines of therapy [5]. Relapsed/refractory
multiple myeloma (RRMM), defined as disease with continued progression while on
therapy or within 60 days of the end of last treatment, poses a significant hurdle for patient
survivability with limited effective therapeutic options [6–8]. Those patients who have
had disease progression during or after treatment with an immunomodulatory agent
and proteasome inhibitor are considered to be “double-refractory”; if also resistant to
monoclonal antibody treatment, they are deemed “triple-class” refractory and have a
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particularly grim prognosis. With limited options for next steps, physicians are often unsure
on how to proceed, and unfortunately, poor treatment outcomes for this cohort of patients
have been the experience, with median OS of around 8 months despite novel therapy use [9].
Without a standard of care for next steps, some physicians elect to reuse previous regimens,
especially if the prior response was deep and prolonged; however, this approach has limited
data, generally showing short duration of response [10,11]. An alternative strategy for
RRMM has been salvage autologous stem cell transplant (ASCT), which has been shown
in one study to increase OS in comparison to pulse cyclophosphamide but has not been
evaluated in the era of more advanced treatments [12]. One study examining a cohort
of patients treated in Australia from 1992–2011 undergoing salvage ASCT who received
various induction therapies incorporating vincristine, adriamycin, cyclophosphamide,
dexamethasone, as well as thalidomide, found median OS and progression-free survival
(PFS) to be 45 and 22 months, respectively [13]. However, a more recent study of salvage
ASCT versus immunomodulatory drug-based therapy of lenalidomide/dexamethasone
did not show any significant difference in PFS (20.7 months in the transplant arm vs.
18.8 months) or OS (not reached in the transplant arm vs. 62.7 months) [14]. The lack
of survival difference seen in this study stems from the failure of nearly 30% of those
patients assigned to the salvage ASCT arm not undergoing the treatment, highlighting
practical issues with this treatment choice. ASCT is not a feasible treatment option for
all patients, with general conditioning, age, and patient preference all contributing to the
decision to perform the transplant. Considering continued patient morbidity and mortality
as they progress through lines of therapy with diminishing response and survival, more
therapeutic strategies are needed to treat RRMM.

Conventional chemotherapy regimens, inhibition of nuclear export, chimeric antigen
receptor (CAR)-T and natural killer (NK) cellular therapies, next-generation monoclonal
antibodies, and bispecific antibodies have all been studied in recent years and show efficacy
in clinical trials in the treatment of triple-refractory MM. What follows is a review and
critical evaluation of the most promising of these agents that are likely to be used in future
clinical practice.

2. Conventional Chemotherapy

Conventional chemotherapy can be used in patients with RRMM as salvage treatment
following failure of the novel agents. Dexamethasone, with or without thalidomide, cis-
platin, doxorubicin, cyclophosphamide, and etoposide, (D(T)-PACE) or DCEP, has had
response rates of approximately 50% in trials [15,16]. However, toxicity is common and
PFS is short. Therefore, D(T)-PACE has been most successful when used as a bridge to
definitive therapy such as autologous stem cell transplantation [17].

Similar to D(T)-PACE, high-dose cyclophosphamide may also be used as a bridge
to other therapy in RRMM. Cyclophosphamide in combination with dexamethasone was
shown to be effective in patients with double-refractory MM, with an overall response
rate of 55%, with 15% of patients achieving a complete response, and PFS and OS of 6
and 12 months, respectively; however, a separate retrospective analysis concluded that
high dose cyclophosphamide use in RRMM should be limited only to patients with good
performance status who need immediate therapy and without other reasonable treatment
options [18,19].

Bendamustine, a chemotherapy with both alkylating and antimetabolite properties,
has also demonstrated efficacy in RRMM [20]. A 2010 retrospective analysis of using
bendamustine as the next therapy in heavily pretreated RRMM found 3% of patients
achieving a very good partial response, 33% a partial response, 18% a minor response,
26% achieved stable disease, and 20% progressive disease [21]. That study also reported
a median event-free survival and OS of 7 and 17 months, respectively; however, these
patients had relapsed after a median of only two prior lines of therapy composed of
conventional chemotherapy and thalidomide [21]. A more recent retrospective analysis
of patients with relapse after a median of four prior lines of therapy, including IMiDs, PIs,



Curr. Oncol. 2022, 29 4466

and CD38 monoclonal antibodies, showed much inferior outcomes when bendamustine
is given as the next line of treatment, with a median PFS and OS of 3.2 and 9.3 months,
respectively [22]. Conventional chemotherapy studies discussed in this paper with relevant
efficacy and toxicity data are displayed in Table 1.

Table 1. Conventional chemotherapy regimen clinical trial results in relapsed or refractory multiple
myeloma.

Conventional Chemotherapy Study
Median Prior

Lines of
Therapy

ORR
(%) PFS (Months, %) OS (Months, %)

Most Common
Grade ≥ 3 Toxicity

(%)

Dexamethasone,
thalidomide, cisplatin,

doxorubicin,
cyclophosphamide, and
etoposide [D(T)PACE]

Gerrie et al.,
2013 [15] 3 49% 5.5 months 14.0 months

neutropenia (84%),
thrombocytopenia

(70%), anemia (48%)

Dexamethasone, cisplatin,
doxorubicin,

cyclophosphamide, and
etoposide
(DPACE)

Ronchetti et al.,
2013 [16] 2 50% 5.2 months 6.7 months

neutropenia (100%),
thrombocytopenia

(82%), anemia (64%)

High-dose
cyclophosphamide with

dexamethasone

Nikonova et al.,
2016 [18] 4 55% 6.0 months 12.0 months

neutropenia (78%),
febrile neutropenia

(72%)

High-dose
cyclophosphamide,

bortezomib, doxorubicin,
and dexamethasone

(mCBAD)

Tabchi et al.,
2019 [19] 3 85% 4.64 months 13.96 months

anemia (97%),
neutropenia (95%),
thrombocytopenia

(94%)

Bendamustine Michael et al.,
2010 [21] 2 36% 7.0 months 17.0 months

neutropenia (41%),
thrombocytopenia

(26%), infection (15%),
anemia (10%)

Bendamustine Gandhi et al.,
2019 [22] 4 33.3% 3.2 months 9.3 months Not reported

3. Agents with Novel Mechanism of Action

There have been incremental improvements within the classes of immunomodula-
tory agents and proteasome inhibitors, but cross-resistance occurs and drugs with new
mechanisms of action are needed. BCL-2 inhibitors, such as venetoclax, have shown ac-
tivity in RRMM, especially in those with t (11; 14) mutations with associated high BCL-2
activity [23,24]. In a randomized phase III trial (BELLINI) of venetoclax-bortezomib-
dexamethasone vs. bortezomib-dexamethasone, the results showed an improved objective
response rate (ORR) of 82% vs. 69% and prolonged PFS of 22.4 months vs. 11.5 months for
the venetoclax arm vs. the control arm, respectively [25]. Despite improved efficacy, the
FDA placed a partial hold on trials with venetoclax due to increased death from infection
with this therapy seen in the BELLINI study. The FDA recommended that all patients with
MM receiving venetoclax also receive antibiotic prophylaxis [26]. Further studies of vene-
toclax in MM are ongoing and currently limited to those patients harboring the t (11; 14)
mutation. A phase II study examined the efficacy of venetoclax-dexamethasone treatment
in 31 patients having triple-class refractory MM with t (11; 14), with an approximately 50%
response rate and PFS of 11 months; however, larger studies are needed to confirm these
excellent results [27].
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Selinexor is a Selective Inhibitor of Nuclear Export (SINE) that functions by restoring
the localization of tumor suppressor proteins, oncogenes, and DNA damage repair com-
plexes through blocking protein transport out of the nucleus into the cytoplasm of the MM
cell [28]. In the STORM study, selinexor in combination with low-dose dexamethasone
resulted in an ORR of 21% for those with RRMM who had prior treatment with two IMiD
and two PI agents (“quad-refractory”) and 20% for quad plus monoclonal antibody (“penta-
refractory”) patients. Interestingly, treatment was agnostic of high-risk cytogenetics with
35% ORR for those patients with t (4; 14), t (14; 16), and del (17p) [29]. This study found
the median duration of response was 5 months, and 65% of the patients with a treatment
response were alive at 12 months [29]. In an extension of the STORM trial, which focused
solely on penta-refractory MM, selinexor combined with low-dose dexamethasone yielded
an ORR of 26.2% [30]. There is an ongoing phase Ib/II STOMP trial that is studying
selinexor and low-dose dexamethasone combined with other MM therapies, including
lenalidomide, pomalidomide, bortezomib, carfilzomib, and daratumumab. The study is
estimated to be completed in May 2022 (clinical trial number: NCT02343042).

Another novel therapy evaluated for triple-refractory MM is melphalan flufenamide
(Melflufen). Melphalan flufenamide is a peptide-drug conjugate that preferentially releases
an alkylating moiety into MM cells by exploiting their increased aminopeptidase activity
as compared to non-malignant cells [31,32]. The HORIZON and O-12-M1 trials examined
melphalan flufenamide as a treatment option for triple-class refractory MM. The phase II
HORIZON trial of melphalan flufenamide and dexamethasone in RRMM found an ORR of
29% in the all-treated population and 26% in the triple-refractory population. The median
duration of response was 5.5 months, median PFS was 4.2 months, and median OS was
11.6 months [33]. The O-12-M1 trial was a multicenter, international, open-label phase I/II
study evaluating melphalan flufenamide plus dexamethasone in the setting of RRMM. In
the phase II portion of the study, ORR was 31% and clinical benefit rate was 49% in the
all-treated population, while this was 41% and 65%, respectively, in the efficacy-evaluable
population [34]. Based on these data, melphalan flufenamide received accelerated approval
for triple-class refractory MM on 26 February 2021. This approval was short-lived, however,
and melphalan flufenamide was first placed on FDA hold and then taken off the market
by the manufacturer after results from the OCEAN (NCT03151811) study showed an
increased mortality when melphalan flufenamide was combined with dexamethasone vs.
pomalidomide with dexamethasone in triple class refractory MM patients [35].

Yet another novel therapy class under development for RRMM are Cerebos E3 ligase
modulators (CELMoD); based on the IMiD platform, CELMoDs are designed for rapid
degradation of the proteins Ikaros and Aiolos, which are crucial transcription factors
expressed in MM for cell survival and proliferation [36]. The CELMoD CC-92480 was
evaluated in RRMM in a multicenter international phase I study and showed a 48% ORR
while at a therapeutic dose; at the phase II dose of 1 mg/d orally on Days 1–14 of a 21-day
cycle, the response rate (RR) was 55% and disease control rate was 100% [36]. Further
studies are ongoing to optimize dose and schedule and partner agents. Another CELMoD
named Iberdomide (CC-220) was tested in combination with dexamethasone in a Phase
Ib/IIa study and found an ORR of 31%, a minimal response rate or better of 51%, and
disease control of 88% [37]. Studies involving novel agents are shown in Table 2, detailing
the efficacy and toxicity results.
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Table 2. Novel agent regimen clinical trial results in relapsed or refractory multiple myeloma.

Novel Agents Study
Other

Regimen
Drugs

Median Prior
Lines of
Therapy

ORR
(%)

PFS
(Months, %)

OS
(Months, %)

Most Common Grade ≥ 3
Toxicity (%)

Venetoclax BELLINI
Phase III [25]

Bortezomib,
DEX 1–3 82% 22.4 months Not reached

neutropenia (18%),
pneumonia (16%)

thrombocytopenia (15%),
anemia (15%),
diarrhea (15%)

Venetoclax
Kaufman et al.,

2021
Phase II [27]

DEX 3 48% 10.8 months 77%

lymphopenia (19%),
neutropenia (7%),

thrombocytopenia (10%),
anemia (16%)

Selinexor STORM
Phase II [29] DEX 5 21% 2.3 months 9.3 months

thrombocytopenia (59%),
anemia (28%), neutropenia
(23%), hyponatremia (22%),

leukopenia (15%)

Melphalan
flufenamide

HORIZON
Phase II [33] DEX 5 26% 4.2 months 11.6 months

neutropenia (79%),
thrombocytopenia (76%),

anemia (43%), pneumonia
(10%)

Melphalan
flufenamide

O-12-M1
Phase I/II [34] DEX 4 41% Ongoing ongoing

neutropenia (58%),
thrombocytopenia (62%),

pneumonia (11%)

Melphalan
flufenamide

OCEAN
Phase III [35] DEX 3 32% 6.8 months 19.8 months

thrombocytopenia (63%),
neutropenia (54%), anemia

(43%)

CC-92480
Richardson
et al., 2020

Phase I/II [36]
DEX 6 48% Ongoing Ongoing

neutropenia (53%), infections
(30%), anemia (29%),

thrombocytopenia (17%)

Iberdomide
(CC-220)

Lonial et al.,
2019

Phase I/II [37]
DEX 5 31% Ongoing Ongoing

neutropenia (26%),
thrombocytopenia (11%),

neuropathy (2%)

DEX: dexamethasone.

4. Cellular Therapy

Few treatment breakthroughs in myeloma, let alone oncology in general, have received
as much attention recently as CAR-T therapy. Chimeric Antigen Receptor (CAR)-T cells
are T cells that have been genetically modified to express an antigen binding region to
attach to a target of interest as well as a T cell binding region (CD3), which stimulates
T cell cellular cytoxicity [38,39]. CAR-T, thus far, has shown excellent activity in heavily
pre-treated MM, and one product, idecabtagene vicleucel (Ide-cel, Abecma®) received FDA
approval in March 2021 for patients with RRMM who have disease progression after four
or more prior lines of therapy, including an IMiD, a PI, and an anti-CD38 monoclonal
antibody [39]. The advent of T cell directed therapies in RRMM have brought attention to
the uniquely associated toxicities of Cytokine Release Syndrome (CRS) and Immune Effector
Cell-Associated Neurotoxicity Syndrome (ICANS). CRS is an inflammatory response driven
by persistent reactive cytokine elevation and increased vascular permeability, which can
range in severity from mild fever to a systemic shock-like illness [40,41]. Fever was found to
be the most common symptom of CRS, with a median onset time of the fever being around
day 8.5 after CAR-T infusion for MM patients [40]. The number of plasma cells in the bone
marrow may be an independent risk factor for CRS [40]. ICANS may present as headache,
confusion, difficulty with word finding and speech, or more severely as encephalopathy
and obtundation. ICANS may be difficult to distinguish from CRS and both issues may
occur simultaneously or sequentially [42]. The pathophysiology of ICANS is still unclear
as well, but it appears in a mouse model to be mediated through inflammatory changes
to the endothelium in the blood brain barrier, leading to an increase in the capillary leak
of inflammatory cytokines into the central nervous system [43]. Corticosteroids are the
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mainstay of ICANS treatment, with most patients not experiencing permanent neurological
deficits. In RRMM, anti-BCMA CAR T cell therapy has shown overall response rates of
80–100% with a tolerable safety profile [44]. Ide-cel was given to 33 patients with RRMM
who had received at least three previous lines of therapy and produced a median PFS of
11.8 months, ORR of 85%, and 45% with CR [41]. After Ide-cel infusion, 76% of patients in
this study experienced CRS, and 42% had ICANS, with only 6% and 3% being ≥ Grade
3, in severity, respectively. Another study of Ide-cel found 84% of patients experienced
CRS, with 48% maximum grade 1 and 36% maximum grade 2 or higher [45]. Despite the
high incidence of CRS and ICANS, these adverse effects were effectively managed using
tocilizumab and corticosteroids, and ide-cel therapy was well tolerated for the vast majority
of patients tested.

More CAR-T products are far along in clinical development. The phase I/II CARTITUDE-
1 study evaluated the activity of Ciltacabtegene autoleucel (Cilta-cel) in triple-class exposed
and refractory MM. In 97 patients receiving the cilta-cel infusion, the overall response rate
was 97%, with 67% of patients achieving complete response or better. Median progression-
free survival has not been reached at time of reporting, and the overall survival rate at
1 year was 89% [46]. CRS was seen in 95% of subjects; however, only 4% was at grade 3 or
4 severity. The CRS after cilta-cel treatment was deemed to be low grade and manageable
with a median duration of 4 days, suggesting feasibility of an outpatient dosing regimen
which will be further explored in the phase II CARTITUDE-2 study (NCT04133636) [47]. A
more recent CAR T cell therapy under development is bb21217, which was modeled after
bb2121 but designed to have better cell persistence due to inclusion of a PI3K inhibitor
during ex vivo expansion to produce more T cells with a memory phenotype, and has
shown a clinical response of 86% in early results of seven patients [48]. P-BCMA-1 is
another CAR T cell therapy that has enrichment for memory-like T cells that has shown
efficacy with an improved safety profile compared to other CAR T therapy. Emerging data
show an ORR of 83%, with only 17% of patients experiencing CRS [49].

Other cell types are under investigation for use as CAR-based therapy, with the
primary focus on NK cells both as single agents and in combination with other MM
therapy [38]. Preclinical results have shown promise for the potential for CAR-NK ther-
apy targeting CD138, BCMA, NKG2D, and SLAMF7 [50]. CAR-NK candidate NK-92MI
showed enhanced cytotoxicity in vitro against CD138+ MM cell lines and primary MM
cells as compared to empty vector controls [51]. A different candidate CAR-NK cellular
therapy, NKTR-255, was shown to improve antitumor efficacy and kinetics when given in
combination with CD19 CAR T cells [52]. Another in vitro study of CAR-NK cells targeting
SLAMF7 cell therapy demonstrated an enhanced interferon-gamma production and cyto-
toxic activity against primary MM tumor cells, as well as inhibition of MM tumor growth
in a xenograft mouse model [53]. The first CAR-NK clinical trial in MM is currently under
way using anti-BCMA CAR-NK (clinical trial number: NCT03940833). Table 3 includes
studies on cellular therapy that are discussed in this paper and summarizes the efficacy
and toxicity data.
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Table 3. Cellular therapy clinical trial results in relapsed or refractory multiple myeloma.

Cellular Therapy Study Median Prior
Lines of Therapy ORR (%) PFS

(Months, %)
OS

(Months, %)
Most Common Grade ≥ 3

Toxicity (%)

Ide-Cel (bb2121) Raje et al., 2019
[41] 7 85% 11.8 months Not reached

neutropenia (85%), leukopenia
(58%), anemia (45%),

thrombocytopenia (45%), CRS
(6%), ICANS (3%)

Cilta-Cel CARTITUDE-I
Phase I/II [46] 6 97% 77% 89%

neutropenia (95%), anemia
(68%), leukopenia (61%),
thrombocytopenia (60%),

lymphopenia (50%), CRS (4%),
ICANS (9%).

bb21217 Shah et al., 2018
[48] 9 86% Ongoing Ongoing CRS (14%)

P-BCMA-101
Gregory et al.,

2018
Phase I [49]

3–9 83% Ongoing Ongoing cytopenias, febrile neutropenia
(%not reported)

5. Immunotherapy

Multiple clinical trials have confirmed the importance of monoclonal antibody treat-
ment in both the upfront and relapsed MM setting [54]. Unfortunately, akin to the ex-
perience with conventional chemotherapy, IMiDs, and PIs, treatment resistant disease
ultimately develops with monoclonal antibodies, requiring new immunotherapeutic strate-
gies. Programmed cell death protein-1 (PD1) antibodies, such as pembrolizumab, target
inhibitory signals to T cells, thereby enhancing T cell mediated cytotoxicity of malignant
tumor cells [55]. A reasonable expectation would be that adding another T cell activating
agent, such as an IMiD, would increase the anti-tumor effect. A phase II study of pem-
brolizumab, pomalidomide, and dexamethasone in patients with RRMM found a 60%
objective response, with 8% having a complete response, 19% having a very good partial
response, and 33% having a partial response [56]. Another study, titled KEYNOTE-023,
examined pembrolizumab in combination with lenalidomide and dexamethasone and
found an objective response rate of 44% [57]. It should be noted that these studies with
pembrolizumab were done in the setting of double-refractory MM, with very few pa-
tients having had prior monoclonal antibody exposure. Despite promising efficacy results
from early clinical trials, however, a more recent randomized trial revealed unfavorable
evidence for the use of PD1 antibodies for RRMM, indicating a PFS of 5.6 months with
pembrolizumab + POM/Dex as compared to 8.4 months with POM/Dex alone [58]. It is
unlikely that there will be further clinical development of checkpoint inhibitors for MM.

Antibody-drug conjugates combine the specificity of a monoclonal antibody with
improved cytotoxicity via targeted delivery of a linked toxin. The first in class antibody-
drug conjugate approved for use in RRMM is GSK2857916, or belantamab mafodotin-blmf,
also known as the trade name BLENREP®, which is an anti-BCMA monoclonal antibody
linked to a microtubuledisrupting agent, mono methyl auristatin F (MMAF) [59]. The phase
I DREAMM-1 trial investigated belantamab mafodotin as monotherapy and demonstrated
a partial response or better in 60% of patients, a median PFS of 12 months, and a median
duration of response of 14.3 months [60,61]. The DREAMM-2 trial, a randomized open-
label phase II study testing two doses of belantamab mafodotin, also showed efficacy with
ORR of 30% for the 2.5 mg/kg cohort and 34% for the 3.4 mg/kg cohort with a manageable
safety profile [62]. Of note, all patients in the phase 2 trial, but not the phase I trial, had been
previously exposed to or refractory to an anti-CD38 monoclonal antibody. This difference
in treatment history for the phase 1 and phase 2 trials could in part explain the discrepancy
in efficacy between trials. However, both of these studies were integral in belantamab
receiving FDA approval in 2020 for RRMM. Notably, there is a high rate of corneal toxicity,
up to 60% of patients in the DREAMM-2 trial, and the requirement of ophthalmologic
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exams prior to each belantamab dose may make this treatment option impractical in some
practice situations [63].

Bispecific antibodies have risen as another exciting novel therapy for triple-class
RRMM. Similar to CAR-T, bispecific antibodies function by binding a target on the malig-
nant plasma cells, such as BCMA, GPRC5D, and FcRH5, while simultaneously binding
to T cells via CD3 to create an immune synapse leading to immune cell activation and
destruction of the cancer cell [64]. There are currently three bispecific antibodies, each
with a different target, currently far in clinical development in MM: teclistamab (anti-
CD3/BCMA), cevostamab (anti CD3/FcRH5), and talquetamab (anti-CD3/GPRC5D) [64].
G protein coupled-receptor class C group 5 member D (GPRC5D) is a cell surface protein
of unknown function that is highly expressed on malignant plasma cells. In a study that
was presented at the ASCO 2020 annual Meeting, talquetamab had an ORR in response-
evaluable patients of 63%, with 50% with very good partial response or better, and a
tolerable safety profile without any dose-limiting toxicities [65]. Teclistamab, a BCMA/CD3
bispecific antibody, is another drug in this class that had 63.8% ORR, with 51% with a very
good partial response or better and 19% with a complete response or better and also with a
tolerable safety profile [66]. The target of cevostamab is Fc Receptor Homolog 5 (FcRH5), a
protein that is expressed exclusively in B-lineage cells and universally expressed in MM
cells [67]. FcRH5 has a role in isotype selection and proliferation in activated B cells [68].
FcRH5 is encoded on chromosome 1q21 and 1q21 amplifications are a negative prognostic
factor in MM, suggesting a role for FcRH5 in MM survival [69]. In the 2020 ASH report of a
phase I study of cevostamab in RRMM patients with a median of six prior lines of therapy,
the ORR was 51.7% and median duration of response has not been reached, with some
patients responding for longer than 1 year [70].

Bispecific T Cell engagers (BiTE) technology are peptide molecules with two variable
region binding domains, similar to bispecific monoclonal antibodies targeting a T cell and
a tumor antigen simultaneously, meant to induce T cell mediated cytotoxicity against the
cancer cell [71]. In RRMM, preliminary results from the first human study showed that
AMG 420, an anti-BCMA bispecific T cell engager, showed promising activity, with 31%
of patients achieving a response and the median time to any response of 1 month [72].
Despite the encouraging preliminary results on response, the study also reported serious
adverse events in 50% of the patients, with infection being the leading cause [72]. Later trial
results of AMG 420 revealed a response rate of 70% at the maximum tolerated dose, with
50% having minimal residual disease (MRD)-negative complete response [73]. Despite the
efficacy, AMG 420 has been discontinued from development because of its short half-life
leading to a continuous infusion pump requirement and, thus, to being burdensome for
patients and clinical practices. A follow-up molecule, AMG 701, was developed with
the inclusion of an antibody Fc region, which had a longer half-life, to allow for more
convenient patient dosing. A phase I study of AMG 701 demonstrated an initial response
rate of 36% overall and a response rate of 83% after dose escalation, with a median time to
response of 1 month and time to best response of 2.8 months [74]. Further trials of AMG
701 are under way.

Similar to the experience with CAR-T, both bispecific antibodies and BITE molecules
may be associated with CRS, although to a lesser degree and duration. AMG701 had an
overall rate of CRS of 65%, with only 9% of moderate severity or greater; teclistamab and
talquetamab were associated with an approximate 55% rate of CRS, with very few cases that
were more than mild in intensity [66]. The anti-FcRH5 bispecific cevostamab had a higher
reported rate of CRS at 76%, also with few severe cases [70]. For the BITE and bispecific
treatments, the onset of CRS was quicker with intravenous vs. subcutaneous administration
(24 vs. 48 h) and median duration of symptoms was 12–24 h. CRS tended not to recur
with dosing beyond the first instance. In the BITE and bispecific studies, the ICANS rate
was low with teclistamab and talquetamab at 5% and 6%, respectively [66]. Cevostamab
was associated with a higher rate of neurotoxicity at 28%, with very few severe cases [70].
CAR-T is a single infusion treatment that requires patient planning and manufacturing
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time; bispecifics and BITEs are “off the shelf” therapies that can be given quickly to patients
in need. All three immunotherapy modalities are complementary to each other and will
be important additions to the MM armamentarium. Table 4 includes studies pertaining to
immunotherapy discussed in this paper, outlining efficacy and toxicity data.

Table 4. T cell-directed immunotherapy clinical trial results in relapsed or refractory multiple
myeloma.

T Cell-Directed
Immunotherapy Study

Other
Regimen

Drugs

Median
Prior Lines
of Therapy

ORR
(%)

PFS
(Months, %)

OS
(Months, %)

Most Common Grade ≥ 3
Toxicity (%)

Pembrolizumab
Badros et al.,

2017
Phase II [56]

POM/DEX 3 60% 17.4 months Not reached
Hematologic toxicity (40%),

hyperglycemia (25%),
pneumonia (15%)

Pembrolizumab KEYNOTE-023
Phase I [57] LEN/DEX 2–5+ 44% 7.2 months Not reached

Neutropenia (27.4%),
thrombocytopenia (16.1%),

anemia (8.1%)

Pembrolizumab KEYNOTE-183
Phase III [58] POM/DEX 2–4 34% 5.6 months 82%

estimated

Neutropenia (34%), anemia
(17%), pneumonia (13%),

pneumonia (13%),
thrombocytopenia (12%)

Belantamab DREAMM-1
Phase I [60,61] none 5 60% 12 months Not reported

Thrombocytopenia (34%),
anemia (17%), pneumonia

(9%)

Belantamab DREAMM-2
Phase II [62] none 7 34% Ongoing Ongoing

Keratopathy (27%),
thrombocytopenia (33%),

anemia (25%)

Talquetamab
Berdeja et al.,

2021
Phase I [65]

none 4 63% Ongoing Ongoing CRS (4%), neutropenia
(54%), anemia (29%)

Teclistamab
Garfall et al.,

2020
Phase I [66]

none 6 63.8% Ongoing Ongoing Neutropenia (23%), anemia
(9%)

Cevostamab
Cohen et al.,

2020
Phase I [70]

none 6 51.7% Ongoing Ongoing

Lymphopenia (11.8%),
neutropenia (9.8%), anemia
(5.9%), thrombocytopenia

(5.9%)

AMG-420
Topp et al.,

2020
Phase I [72]

none 4 70% Ongoing ongoing Infections (33%),
polyneuropathy (5%)

AMG-701
Harrison et al.,

2020
Phase I [74]

none 6 83% Ongoing Ongoing
Anemia (43%), neutropenia
(23%), thrombocytopenia

(20%), CRS (7%)

DEX: dexamethasone; LEN: lenalidomide; POM: pomalidomide; CRS: Cytokine Release Syndrome.

6. Discussion

Despite the increasing number of therapies available to treat myeloma, triple-refractory
MM still poses a significant challenge to treat due to limited options available for next
steps and due to the lack of guidelines available to direct management. Conventional
chemotherapy is one option available to these patients, but data in previously untreated
patients have shown that it does not significantly improve survival when compared to
melphalan and prednisone, and increasing the dosing on chemotherapy has not resulted
in significant differences in response duration and survival; additionally, there is limited
evidence of efficacy in the context of RRMM, and therefore, it is of unknown benefit to
patients. [75]. Salvage ASCT is also an approach for triple-refractory MM, but the response
duration is limited and not all patients will be eligible.

Novel agents are needed to provide better treatment options for patients with triple-
refractory myeloma. There are ongoing clinical trials for novel-pathway agents, such as
selinexor, monoclonal antibodies and next-generation antibodies, bispecific antibodies, as
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well as cellular therapy using CAR-T and CAR-NK cells. CAR-T cell therapy is a break-
through option that many deem to be the future for myeloma treatment with eventual
movement into earlier lines of therapy [38]. However, the manufacturing process is labo-
rious, taking 2–4 weeks for completion, with the waiting list of patients growing longer
as manufacturer supply issues linger. CAR NK-cell therapy is another potential future
direction for MM therapy with promising preclinical results, but the early clinical trials
are ongoing, with more mature results yet to be seen. Even after these clinical trials result,
however, the same laborious process most likely will apply to the production of CAR
NK-cell therapy, requiring improved measures for making this therapy available to patients
with MM.

In addition to the slow manufacturing and limited process for manufacture of CAR
T cells, another challenge for the development of newer therapies is the toxicity and
need for greater supportive care. For example, venetoclax was placed on hold for the
treatment of MM due to the greater risk of dying from infection, requiring antibiotics to be
administered in adjunct with this therapy. In addition to the risk of infection due to both
immunosuppression and myelosuppression, CRS is another dangerous toxicity in therapies
for MM, such as CAR T cells, BiTEs, and bispecific antibodies. Although fortunately seen
in <5% of patients, CRS may be severe and can progress to an uncontrolled systemic
inflammatory response with circulatory shock that requires vasopressors, vascular leakage,
disseminated intravascular coagulation, multi-organ failure, and possibly death [76]. First-
line treatment of CRS with tocilizumab, through its ability to block IL-6 released from
macrophages during CRS, has made this toxicity manageable [77]. Although CRS is able
to be controlled with therapy and most patients do not have lasting clinical consequences,
there is no consensus regarding monitoring CRS or determining when CRS is resolved,
necessitating guidelines especially as the use of CAR-T cell therapy increasingly becomes a
mainstay of practice.

CAR-T and the other therapies can produce meaningful responses; however, the
durations of response are limited. More research is still needed in the setting of triple-
refractory MM to discover other approaches to treatment.

In addition to the promising studies on CAR-T cell technology, antibody-drug con-
jugates and bispecific antibodies have also demonstrated excellent efficacy, with good
tolerability in RRMM. The sequencing of these agents in relationship to CAR-T remains to
be determined and will likely be influenced by patient comorbidities, disease characteristics,
and local availability of the services needed to deliver cellular therapies. There is also the
unknown relationship between prior BCMA targeted therapy, MoAb history, and T cell
directed agents; whether prior exposure to any of these modalities would affect future
efficacy remains to be determined. While new data are being garnered, the decision of
which agents to use is based on practical use needs.

Cytogenic abnormalities or other disease-related factors, treatment-related factors,
such as prior drug exposures and toxicities, longevity of prior remission, and retreatment,
and patient-related factors, such as renal insufficiency, hepatic impairment, comorbidities,
and patient preference, should all be considered in deciding therapy for patients with
triple-refractory MM [78]. Further studies will focus on identification of new biomarkers
for novel therapies in the advancement of finding a cure [79].

7. Conclusions

Treatment paradigms for relapsed or refractory myeloma have changed rapidly from
the use of chemotherapeutics, to novel agents, and now immune-based therapies. Myeloma
that is refractory to an immunomodulatory agent, a proteasome inhibitor, and monoclonal
anti-CD38 antibody treatment (triple-class refractory) myeloma has emerged as a pressing
need to find new effective management strategies. The next generation of novel agents
with new mechanisms of action, such as venetoclax and selinexor, has shown some activity
in triple class refractory myeloma but optimal use is still under testing. Cellular treatments
with CAR-T as well as T cell-engaging therapies have proven to be highly active in heavily
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pretreated relapsed myeloma. More data regarding long-term efficacy and adverse event
management with the use of immune-based therapies is currently being generated. Next-
generation cellular and engineered monoclonal antibody therapies are also under testing
and development.
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