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Cellular therapy for multiple myeloma: what's
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Despite significant improvement in the treatment of multiple myeloma (MM), a cure remains elusive, and patients fail-
ing proteasome inhibitors, immunomodulatory drugs, and anti-CD38 monoclonal antibodies remain a challenge due to
a lack of standard of care treatment and a dismal survival rate. The development of T-cell redirecting therapies, includ-
ing bispecific T-cell engagers and chimeric antigen receptor (CAR) T cells, have transformed the outcome of triple-class
exposed relapsed and refractory MM (RRMM). B-cell maturation antigen (BCMA) has proven to be an important target
in MM, and BCMA-directed CAR T cells have shown unprecedented efficacy with a prolonged duration of response in a
population with advanced RRMM, leading to the approval of 2 different BCMA CAR T-cell products. Still, and in contrast
to prior experience in the field of CD19-directed CARs, no plateau has been seen in the survival curves, and relapses
continue to occur. Therefore, further improvement is needed. Early use in the course of the disease as well as of next-
generation CARs may further augment the efficacy of these therapies. In this review we address current state-of-the-art
approved BCMA-directed CAR T-cell therapy in RRMM, as well as potential future developments focused on optimizing
patient care and novel CAR designs.

LEARNING OBJECTIVES

« Summarize the current evidence regarding BCMA-directed CAR T cells for RRMM, focusing on approved
constructs

« Discuss potential limitations of current CAR T-cell therapy in myeloma

« Describe potential strategies for improving current results, with a focus on the clinical perspective

chimeric antigen receptor (CAR) T-cell clinical trial enrolling
CLINICAL CASE patients with early relapse after frontline treatment.
A 56-year-old male was diagnosed in September 2019 with

immunoglobulin A lambda multiple myeloma (MM). At diag-
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nosis he presented with diffuse osteolytic lesions and a
revised International Staging System (R-ISS) 3 status (high
lactose dehydrogenase + t(4;14)). He received frontline
treatment with daratumumab in combination with bortezo-
mib, lenalidomide, and dexamethasone (D-VRD) in the con-
text of a randomized clinical trial. He completed 4 planned
induction cycles followed by autologous stem cell trans-
plant and 2 additional consolidation cycles. He achieved a
very good partial response after consolidation and started
maintenance treatment with daratumumab plus lenalid-
omide in June 2020. Unfortunately, 1 month later he pro-
gressed with the presence of a lumbar plasmacytoma. As
of this moment, he has been transferred to our department
to be considered for a B-cell maturation antigen (BCMA)
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Introduction

The treatment landscape of MM has significantly evolved
in recent years, leading to unprecedented survival rates.’
Nevertheless, this improvement has not been uniform,
and there are still patient populations with high-risk fea-
tures who have not benefited enough from recently
approved combinations and require innovative strategies
to overcome their dismal prognosis. These populations are,
among others, patients with extramedullary disease, a high
number of circulating plasma cells, high-risk cytogenetic
abnormalities (Cas), particularly double-hit myeloma, and
patients who relapse early after optimized frontline ther-
apy.?* Regarding the latter, patients with R-ISS 3 status at
diagnosis who fail to achieve undetectable minimal residual


https://crossmark.crossref.org/dialog/?doi=10.1182/hematology.2022000396&domain=pdf&date_stamp=2022-12-09

disease (MRD) after frontline treatment are at a high risk of an
early relapse with a median progression-free survival (PFS) of
only 14 months and a median overall survival (OS) of fewer than
2 years.® In addition, patients who have failed proteasome inhib-
itors, immunomodulatory drugs, and anti-CD38 monoclonal anti-
bodies have very poor outcomes and limited treatment options.®
Therefore, we need new treatments with novel mechanisms of
action able to rescue difficult-to-treat populations and improve
patient survival.

BCMA CART cells approved: what is now
In this scenario CAR T-cell therapy has shown unprecedented
response rates in heavily pretreated patients, leading to the
approval of 2 BCMA-directed CAR T-cell products (ABECMA™
and CARVIKTY™) for the treatment of triple-class exposed
relapsed/refractory (RR) MM who have received at least 4
prior lines of treatment. In this review we discuss the current
state-of-the-art of approved CAR T-cell therapy in RRMM and
future developments, with a focus on the clinical perspective
(Figure 1).

Idecabtagene vicleucel (ide-cel, bb2121, ABECMA™) was the
first cellular therapy approved for the treatment of RRMM. Ide-cel
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Figure 1. Several strategies are being evaluated to improve the current clinical efficacy of CAR T-cell therapy in the context of

is a second-generation CAR with a 4-1BB costimulatory domain
approved for the treatment of RRMM based on the data of the
phase 2 single-arm pivotal KarMMa trial.” Overall, 128 patients were
infused with 2 different doses of ide-cel 150, 300, and 450x10¢
CAR T+ cells. The median number of prior lines was 6 (3-18), and
84% of patients were triple-class refractory. All patients received
standard lymphodepleting chemotherapy with fludarabine and
cyclophosphamide. The overall response rate (ORR) was 73%
among all treated patients and 81% in those receiving the high-
er-dose level (450x10¢), with 33% and 39% of complete responses
(CR), respectively. Responses were rapid, with a median time
to first response of 1.0 month (range, 0.5-8.8 months). Median
PFS was 8.8 months in the overall population and was longer in
patients receiving the target dose (median PFS, 12.1 months) and
in those achieving CR or better (median PFS, 20.2 months; 95%
Cl, 12.3-NE [not evaluable]). Median OS was 24.8 months (95% Cl,
19.9-31.2). Safety overall was manageable, with cytokine release
syndrome (CRS) reported in 84% of patients across the 3 doses
and 96% at the target dose. The majority of events were grade
1 or 2 with a CRS grade higher than or equal to 3 in fewer than
6% of patients, with a median time to onset of 1 day (range, 1-12).
Neurological complications were less common, were reported in

Patient-related factors
- Tumor burden
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- Comorbidities

Improving T-cell manufacturing
process and CAR-design

- Fully human constructs

- Binding domain

- Memory T-cell phenotypes

- CAR potency (CAR density, CCR, ...)
- Armored CAR

Optimizing patient management during
manufacturing time:

- Bridging therapy

- Off-the-shelf strategies (Allo-CAR)

- Platforms of rapid CAR-T manufacturing

- Early use in the course of the disease

RRMM. These strategies can be divided into patient-related factors, aspects related to the manufacturing process and CAR design,
patient management during bridging time and infusion, and finally, understanding the mechanisms of resistance and CAR failure.
CCR, chimeric costimulatory receptor; EMD, extramedullary disease; HR-CA, high-risk cytogenetic abnormalities.
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18% of patients, and were mostly grade 1to 2. On the other hand,
cytopenias were frequent and not dose related, with a median
time to recovery from grade 3 or higher neutropenia and throm-
bocytopenia of 2 and 3 months, respectively (Table 1).”
Ciltacabtagene autoleucel (cilta-cel; former LCAR-B38M,
CARVIKTY™), another second-generation CAR T cell containing
2 BCMA-binding domains, was investigated in the CARTITUDE-1
study (and previously evaluated in the LEGEND-2 phase 1 study).
Overall, 97 patients were infused with a median number of 6 prior
lines and 87.6% were triple class refractory. The ORR was 97.9%
with 82.5% of patients achieving a stringent CR (sCR). With a
median follow-up of 2 years, outstanding survival rates have been
reported, with a 2-year PFS of 60.5% (95% ClI, 48.5-70.4) and 71.0%

(95% ClI, 57.6-80.9) in sCR patients. Two-year OSwas 71.0% (95% Cl,
57.6-80.9). Regarding safety, cytopenias and CRS were the most
frequent treatment-related adverse events reported. Any grade
of neutropenia was present in 96% of patients, with 95% having
grade 3 or higher. The incidence of CRS was 95%, mostly grade
1to 2, with a median time to onset of 7 days (range, 1-12). Neuro-
logical events were reported in 20 patients. Among these, 16 pre-
sented immune-effector cell-associated neurotoxicity syndrome
(ICANS), and 12 patients presented with other neurotoxicities. Of
these, 5 experienced a movement and neurocognitive disorder
with a median time to onset of 27.0 days (IQR 16.0-73.0) (Table 1).2

Other BCMA-directed CARs are under development, and the
status of those studies are summarized in Table 2.

Table 1. Safety and efficacy data of the 2 FDA- and EMA-approved CARs

Idecabtagene vicleucel KarMMa trial™?

Ciltacabtagene autoleucel CARTITUDE 1 trial

Number of patients infused, n

128 (140 apheresed)

97 (120 apheresed)

Phase

2

1b/2

Target/costimulation

BCMA/4-1BB

BCMA/4-1BB
*2 BCMA-targeting heavy-chain antibody

scFv

Chimeric mouse

Chimeric llama

Specificity

Autologous

Autologous

Follow-up, median (range)

13.3 mo (0.2-21.2)

21.7 mo (not reported)

Prior lines, median (range) 6 (3to16) 6 (3-18)
Triple-class refractory, n (%) 108 (84) 85 (87.6)
Penta-exposed, n (%) 77 (60) 81(83.5)
Bridging therapy, n (%) 112 (88) 73 (75)
Response to bridging therapy, n (%) 5/112 (4) 33/73 (45)
EMD, n (%) 50 (39) 13 (13)

CAR T-cell dose

150, 300, 450x10° CAR+T

0.75x10¢ CAR T+/kg

LD chemotherapy

Fludarabine 30mg/m?x3 d
Cyclo 300mg/m?x3 d

Fludarabine 30mg/m?2x3 d
Cyclo 300mg/m?x3 d

ORR, n (%) 94 (73) 95 (97.9)
At 450x10% (n=54): 44 (81%)
CR or sCR, n (%) 42 (33) 82.5% (sCR)

At 450x70¢ (n=54): 21 (39)

Time to first response, median (range)

1.0 mo (0.5-8.8)

1.0 mo (IQR 0.9-1.0)

MRD in CR, n (%)

33/42 MRD neg (10°%)

61 evaluable
92% MRD negative (107

DOR, median (95% CI)

10.7 mo (9.0-11.3)

Not reported

PFS, median (95% CI)

8.8 mo (5.6-11.6)

At 450%10%: 12.1 mo (8.8-12.3)

NR (16.8-NE)
2-y PFS: 60.5% (48.5-70.4)

PFS in high-risk, median (95% CI)

PFS at 2y, % (95% CI)

ISS 3/R-ISS 3

4.9 mo (1.8-8.2)?

NE (NE-NE)

High-risk CA 8.2 mo (4.8-11.9) 48.4% (25.1-68.4)

Plasmacytomas 7.9 mo (5.1-10.9) 47.4% (24.4-67.3)
OS, median (95% CI) 24.8 mo (19.9-31.2) NR (27.2-NE)
CRS, n (%)

Overall 107 (84) 92 (95)

Grade 3-4 7 (5) 4 (L)
Time to CRS onset, median (range) 1d (1-12) 7 d (5-8)
Duration of CRS, median (range) 5d (1-63) 4 d (3-6)
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Table 1. Safety and efficacy data of the 2 FDA- and EMA-approved CARs (Continued)

Idecabtagene vicleucel KarMMa trial™

Ciltacabtagene autoleucel CARTITUDE 1 trial

Neurotoxicity, n (%)
Overall 23 (18) 20 (21)°
Grade 3-4 4 (3) 9(9)
Time to neurotoxicity onset, median (range) 2d (1-10) 8 d (6-8) for ICANs
Other: CAR-T cell neurotoxicites:
26.5 d (11-108)°
Grade 3-4 neutropenia, n (%) 114 (89) 92 (95)
Time to recovery, median (range) 1.9 mo (1.2-5.6) Not reported
Grade 3-4 thrombocytopenia, n (%) 67 (52) 58 (60)
Time to recovery, median (range) 2.1 mo (1.2-13.8) Not reported
Infections, n (%) 88 (69) 56 (58)
Grade 3-4 infections, n (%) 28 (22) 19 (20)
Death, n (%) 4L (34) 14
Reference (1) Munshi et al’ (4) Berdeja et al®
(2) Anderson et al.® (5) Martin et al.*
(3) Oriol et al.>® (6) Jakubowiak et al"

Data from the KarMMa and CARTITUDE-1 pivotal trials with ide-cel and cilta-cel, respectively, are summarized.

*PFS in R-ISS 3.

BICANS occurred in 16 (17%) patients. Other neurotoxicities occurred in 12 patients, with a median time to onset of 27 days. Five patients had a cluster

of movement and neurocognitive treatment-emergent adverse events.

EMA: European Medicines Agency; EMD, extramedullary disease; FDA: US Food and Drug Administration.

What is next and how to improve current results

Despite the impressive clinical results obtained thus far and
given the short follow-up in some studies, no plateau has yet
been seen in the survival curves, and relapses continue to occur.
Therefore, further improvement is needed, and several points
remain to be discussed.

Improving patient selection

Patient selection is a critical aspect of CAR T-cell therapy.
Indeed, it is of particular relevance if we consider the present
and future availability of other off-the-shelf BCMA-directed ther-
apies. Although high and deep responses are achieved with
both approved therapies, outcomes in selected high-risk pop-
ulations remain inferior compared to standard-risk patients. In
the KarMMa trial, patients with extramedullary disease, high-risk
CAs, and R-ISS 3 showed lower CR rates and shorter PFS com-
pared to patients without high-risk disease (Table 1).7° Likewise,
in the CARTITUDE-1 trial, patients with high-risk CAs, ISS 3, and
the presence of plasmacytomas showed a lower PFS at 2 years
compared to the intention-to-treat population, suggesting that
further improvement is needed to abrogate the adverse out-
come of patients with high-risk features even in the context of
potent therapies such as CAR T cell (Table 1)."

On top of this, data from the different studies suggest that
the achievement of deep responses (CR or MRD negativity) is
of utmost importance in the context of "one-shot" CAR T-cell
therapy and is associated with prolonged duration of response
(DoR) and PFS.2° Therefore, understanding the patient charac-
teristics associated with a higher likelihood of achieving CR is of
great importance. A recent analysis of the KarMMa trial showed
that the presence of high tumor burden (soluble BCMA) and
high inflammation (D-dimer, ferritin) along with the myeloma
subtype (immunoglobulin G heavy chain) had a negative asso-

ciation with CR/sCR achievement, whereas a high vector copy
number in the drug product showed a positive correlation with
the CR/sCR rate.? These factors suggest that optimal and timely
patient selection may be relevant for CAR T-cell outcomes since
it is not an off-the-shelf therapy, and rapidly progressive patients
with high-risk features or limited bridging options may be diffi-
cult to manage given the manufacturing time. In fact, between
10% and 20% of the patients who underwent apheresis in the
different trials did not reach infusion due to complications dur-
ing the manufacturing time or disease progression.

In this regard, adequate selection of bridging therapy is of
utmost importance to maintain the patient's condition dur-
ing manufacturing. Whenever possible, agents to which the
patient has not been previously exposed should be prioritized.
In this sense, and although the data are limited, BCMA-tar-
geted agents are probably not the best option during the
bridging period. Indeed, patients with prior BCMA treatment
were excluded from the pivotal CAR T studies, and limited data
are therefore available. Recent evidence from the cohort C
of the CARTITUDE-2 trial that enrolled patients previously
treated with BCMA-antibody drug conjugates (BCMA-ADC)
and BCMA biespecific antibodies (BCMA-BsAb) showed that
responses to cilta-cel were inferior to that of the CARTITUDE-1
trial (ORR: 62% in the BCMA-ADC and 57% in the BCMA-BsAb
groups, respectively). Factors related to response were a
shorter duration of prior BCMA treatment and a longer median
time between last BCMA treatment and apheresis, suggest-
ing a potential negative impact of prior BCMA treatment in
outcome with CAR T-cell therapies.® On the other hand, in
the recently reported real-world experience, 22% of patients
had prior anti-BCMA therapy, and the ORR was consistent with
that of the KarMMa trial." Even so, both the downregulation of
BCMA expression and the biallelic loss of the BCMA locus have

CAR T-cell therapy in multiple myeloma | 183
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been reported after anti-BCMA treatment, with the potential
to limit BCMA CAR T-cell efficacy.”>"

Additionally, strategies to shorten vein-to-vein time are being
developed, such as platforms for rapid CAR T-cell manufactur-
ing or universal off-the-shelf allogeneic CAR. ALLO-715 is an
allogeneic BCMA-targeting CAR T cell. It is manufactured with
a knockout of the T-cell receptor alpha constant and CD52 to
minimize the risk of graft-versus-host disease and to allow pro-
found T-cell depletion using an anti-CD52 antibody to improve
engraftment of the CAR T cells, respectively.”® The UNIVERSAL
phase 1 study tested ALLO-715 in 43 RRMM patients using esca-
lating doses and different lympho-depleting regimens. The best
clinical results were obtained with 320x10¢ cells in combina-
tion with fludarabine, cyclophosphamide, and anti-CD52 anti-
body (ALLO-647). In this cohort, 24 patients were infused. The
ORR was 71%, and the median DoR was 8.3 months.” Potential
immunogenicity and short persistence are the main challenges
when using allogenic CAR T cells, and other cellular platforms
are under investigation, such as natural killer CAR or y& T cells.”®

Treating patients in earlier lines of therapy with less refrac-
tory disease may help overcome some of the aforementioned
problems. Therefore, different studies are indeed evaluating
the feasibility and efficacy of this therapy in the context of early
relapse or frontline disease. In cohort A from the phase 2 CARTI-
TUDE-2 study, patients with 1to 3 prior lines and lenalidomide-
refractory disease were included and treated with cilta-cel. The
median number of prior lines was 2 (range, 1-3). Interestingly,
40% of the patients were already triple-class refractory. Nine-
teen out of 20 patients responded (95%), and 85% achieved at
least CR. The median PFS has not yet been reached, with a PFS at
12 months of 84% (95% ClI, 59.1-94.7). Safety was comparable to
that of the CARTITUDE-1 trial without new safety signals.?® Like-
wise, in cohort B of the same study, patients with early relapse
(within the first 12 months) after frontline therapy with a protea-
some inhibitor and immunomodulatory drugs were included. A
total of 19 patients were infused. The ORR was 95%, and 79% of
patients achieved at least CR, with a 12-month PFS of 84% (95%
Cl, 57.9-94.5) and a safety profile comparable to that of the
CARTITUDE-1 trial.?" Altogether, these results suggest that CAR
T-cell therapy in earlier lines of therapy is safe and may yield high
and deep responses in different unmet-need populations. Still,
its efficacy needs to be confirmed in the context of large phase
3 studies both in early relapse (KarMMa-3, NCT03651128; CARTI-
TUDE-4, NCT04181827) and the frontline setting (BMTCTN1902,
NCT05032820; CARTITUDE-5, NCT04923893; CARTITUDE-6,
NCT04181827) (Table 3).

CLINICAL CASE (Continued)

Our patient underwent apheresis after the completion of
screening tests and received bridging therapy, with pro-
gressive disease as the best response. The bridging period
was complicated with acute kidney failure and several infec-
tious complications. After recovery, he received standard
fludarabine-cyclophosphamide conditioning before CAR
T-cell infusion, which was performed in October 2020. He did
not develop CRS or ICANs but did have grade 4 cytopenia
requiring transfusion support, granulocyte colony-stimulating
factor, erythropoietin-stimulating agents, and thrombopoietin

analogues. After CAR T-cell treatment, the patient achieved a
stringent CR with MRD negativity (107 as well as a complete
metabolic response (Deauville 3), using an F-fluorodeoxyglu-
cose emission tomography/computed tomography scan, that
continues today. His cytopenia improved by month 12, and
the patient no longer requires transfusions or medication.

Improving the T-cell manufacturing process

Several studies across different CAR T-cell products have shown
a positive correlation between the depth and DoR and CAR
T-cell expansion or persistence.’” Therefore, significant effort
has been fostered to optimize the final CAR T-cell product. One
relevant aspect to consider is the immunogenicity of approved
animal-derived constructs. Indeed, in the KarMMa trial, patients
with antidrug antibodies (ADAs) increased over time, from 21%
(21 of 102) at month 3 to 65% (34 of 52) at month 12.° Although
these antibodies did not seem to influence CAR concentration
or response, only patients without negative ADAs responded to
CART-cell reinfusion, suggesting the potential role of these ADAs
in CAR T-cell persistence or activity. Humanized or fully human
constructs may be a way to overcome the negative impact of
immunogenicity in CAR T-cell outcomes. Preliminary data from
several phase 1 and 2 trials have shown encouraging clinical
efficacy with high ORRs and deep and durable responses.?2?
Moreover, in 1 academic study evaluating ARI-002h, a human-
ized BCMA CAR T, patients with an ongoing response and the
absence of significant toxicity to the first infusion were eligible
for a reinfusion. Sixteen out of 30 patients received a second
infusion, and 5 patients showed an improved response, sug-
gesting an adequate expansion of the CAR T-cell product.?*?
Alternatively, the use of non-scFv-based CARs, such as engi-
neered binding scaffolds, receptors, or natural ligands, might
additionally serve to mitigate immunogenic reactions.?®

Higher levels of memory T-cell phenotypes have been associ-
ated with better clinical outcomes, and several strategies, such
as CD4/CD8 in a 1:1 ratio, may yield a higher proportion of these
populations in the final product. An interesting approach was
evaluated in the phase 1 CRB-402 study. In this trial, ide-cel was
cultured with a PI3K inhibitor (bb007), resulting in a different CAR
T-cell product (bb21217) enriched with T cells having a memory-
like phenotype and a superior proliferative capacity upon adop-
tive transfer. Overall, 72 patients with a median of é prior lines
were infused. The ORR was 69%, with 36% of the patients achiev-
ing a CR or better. The median DoR was 23.8 months and was
not reached by patients in CR. Importantly, the persistence of
CAR T cells was prolonged, with detectable CAR T cells in some
patients up to 24 months.”

One limitation of targeted immunotherapies is the potential
heterogeneity of antigen expression among tumor cells and the
loss or downregulation of antigen after exposure.® Simultane-
ously targeting different antigens could overcome this barrier,
and several trials are evaluating this possibility. GCO12F is a dual
BCMA/CD19-targeted CAR T manufactured in 24 to 36 hours on
the FASTCAR?® platform. Sixteen patients with RRMM and a median
of 5 prior lines of therapy were infused with GCO12F (dose range:
100 000-300 000 CART cells per kilogram). The ORR was 94%,
with 56.3% of patients achieving CR or better. The median DoR
was not reached at 7.3 months of median follow-up.?®

Likewise, other targets are being explored (Table 4). GPR5D
(G protein-coupled receptor 5 family D)-directed CAR T cells are
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Figure 2. Possibilities for the future development of CAR T-cell therapy. Depicted are some of the novel new-generation CAR T
constructs, including third-generation CARs incorporating 2 different costimulatory domains; fourth-generation CARs (also named
"armored" CARs) incorporating transducible genes codifying for cytokines, antibodies, or receptors (among others); and novel target
(non-BCMA) and dual targeting strategies, including tandem CAR and dual CAR.

also under investigation. In a first-in-human study of MCARH109,
17 patients were infused. Four doses were tested (25, 50, 150,
and 450x10° CAR+T cells). Fifty-nine percent of the patients had
prior BCMA therapy, including 47% with prior CAR T-cell treat-
ment. The ORR was 60% and 80% in patients with prior BCMA
therapy. Data are still preliminary since the median follow-up
was only 18 weeks.?

In addition, different strategies aiming to improve CAR
potency and sensitivity are under evaluation, and the possibil-
ities are endless. Therefore, the fine-tuning of CAR density in
the T cell *° the co-infusion of CAR and chimeric costimulatory
receptors,” the use of HLA-independent T-cell receptors instead
of CAR,*> armored CAR T, or a combination with gamma-secre-
tase inhibitors to increase BCMA density in the tumor cell are
potential venues to improve.** Clinical data, however, are still
scanty (Figure 2).

Conclusions

In conclusion, BCMA-directed CAR T-cell therapies have dem-
onstrated impressive clinical results in the context of advanced
triple-class exposed RRMM, leading to the approval of 2 CARs.
New modalities are in development to overcome some of the
current limitations of CAR T-cell therapy, aiming to improve out-
comes, shorten vein-to-vein time, and reduce toxicity. The fur-
ther use of BCMA-directed CAR T-cell treatment in earlier lines of
therapy is sure to improve outcomes and, hopefully, find the way
to curing MM patients.
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