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CHIMERIC ANTIGEN RECEPTOR (CAR)
T-CELL THERAPY IN MULTIPLE MYELOMA:
THE EVOLVING CANADIAN LANDSCAPE

Introduction

Multiple myeloma (MM) is a hematologic malignancy
characterized by excessive production and improper function
of plasma cells.! This results in an abnormal high M protein
or immunoglobulin protein which can result clinically in
lytic lesions, anemia, renal dysfunction, and hypercalcemia.
Multiple myeloma is not curable; however, there has been a
rapid evolution of therapies in the past two decades, leading
to an improvement in overall survival (OS).2

Despite the rapid improvement in the treatment options

for myeloma, the outcomes among relapsed/refractory

(RR) patients remains poor. The MAMMOTH study, a
retrospective review of 275 patients at 14 academic centres
with MM refractory to a monoclonal CD38 antibody,
demonstrated that penta-refractory patients had a median
OS of 5.6 months and patients refractory to a CD38
monoclonal antibody had a median OS of 8.6 months. The
median progression-free survival (PFS) to the next line of
therapy in this study was 3.4 months.’ The LocoMMotion
trial was a prospective study of real-life standard of care
(SoC) in triple-class exposed (received at least a proteasome
inhibitor [PI], immunomodulatory agent [IMiD] and anti-
CD38 monoclonal antibody [mAb]) patients with relapsed/
refractory multiple myeloma (RRMM).* This trial examined
the outcomes of 248 patients and found that the response
rate (RR) to next treatment was 29.8%; the median PFS

and median OS were 4.6 and 12.4 months respectively.
These studies demonstrate an unmet need for patients with
triple-class exposed and refractory MM.

Immune effector cell (IEC) therapy comprises novel
therapies that involve using the body’s own immune system
to treat cancer. Chimeric antigen receptor (CAR) T-cell
therapy is an example of IEC therapy.

CAR T-cell therapy is a novel approach to cancer treatment
in which a patient’s own T cells are harvested and
genetically modified to recognize specific antigens on the
surface of the cancer cells.’ Currently CAR T- cell therapy
is indicated and funded in Canada for third-line treatment
for large B-cell lymphoma, B-acute lymphoblastic leukemia
and mantle cell lymphoma. Funding and access for two
CAR T-cell therapy products for myeloma, idecabtagene
vicleucel (ide-cel) (Abecma® [Bristol-Myers Squibb,

New York, NY1) and ciltacabtagene autoleucel (cilta-cel)
(Carvykti® [Janssen Oncology, Titusville, NJ]) is available
in the United States and Europe for those with MM post
four lines of therapy. Table 1 summarizes landmark studies
evaluating ide-cel and cilta-cel in RRMM. CAR T-cell
therapy for MM will likely soon be available in Canada for
similar indications.

The purpose of this review is to explore the evidence for
CAR T-cell therapy in MM.

A Closer Look at Ide-cel:

Idecabtagene vicleucel (ide-cel) is a B-cell maturation
antigen (BCMA) CAR T-cell therapy for MM. Ide-cel
was examined in the Phase II KarMMa trial. Patients
with RRMM whose disease had relapsed after at least
three prior regimens, including a proteasome inhibitor,
immunomodulatory agent and an anti-CD38 antibody,
were included.” One hundred and fifty-eight patients were

Volume 2 Issue 3, October 2023




Ide-cel KarMMa

Ide-cel Real-world

Cilta-cel

n=158 Evidence (RWE) CARTITUDE-1
n=196 n=97
Phase II RWE Ib/11
Target BCMA BCMA BCMA
scFv Chimeric mouse Chimeric mouse Chimeric llama
Co-stimulatory 4-1BB 4-1BB 4-1BB
Specificity Autologous Autologous Autologous
Median Age (range) 61 (33-78) 64 (36-83) 61 (43-78)
Median Prior lines 6 4 5
HR Cytogenetics % 35 38 27
Extramedullary 39 47 10
disease %
Triple refractory % 84 83 86
Overall Response 73% 84% 97.9%
Rates (ORR)
Complete Response 33% 42% 82.5% (stringent CR)
Rates (CR)
Grade 3+ CRS 5% 3% 4%
Grade 3+ 3% 6% 9%
Neurotoxicity
Median PFS 8.8 months 8.5 months Not yet reached; 27 month
PFS 54.9%
Median OS Estimated 19.4 months 12.5 months Not yet reached; 27 month
0OS 70.4%

Table 1. Landmark studies evaluating ide-cel and cilta-cel in RRMM.%*
BCMA_: B-cell maturation antigen; HR: high risk; scFV: Single-chain variable fragments; OS: overall survial; PFS: progression free survival;
CRS: cytokine release syndrome.

and Grade 3 or higher cytokine release syndrome (CRS)
occurred in 5% of patients. Neurotoxicity occurred in 18%
of patients and Grade 3 or higher neurotoxicity occurred in
3% of patients.’

enrolled, 140 of whom were leukapheresed. One hundred
and twenty-eight of these patients received ide-cel infusions.
The median follow up was 13.3 months. Ninety-three out

of 128 patients (73%) had a response and 42 out of 128
patients (33%) had a CR or better. MRD negative status was

confirmed in 33 patients. The median PFS was 8.8 months. Hansen ct al examined the outcomes of ide-cel in a

real-world data set.® This data set examined outcomes of
patients receiving ide-cel from 10 academic centres in the
United States. One hundred and ninety-six patients with
MM who received ide-cel were included in this analysis.
Seventy-seven percent of these patients would have been
ineligible for the KarMMa trial. Twenty percent had an

Common toxicities post-ide-cel infusion included
cytopenias. Neutropenia occurred in 91% of patients;
anemia occurred in 70% of patients; and thrombocytopenia
occurred in 63% of patients. Cytokine release syndrome
post CAR T-cell therapy occurred in 84% of patients
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ECOG performance status of two or higher. Toxicities were
similar to those in the trial and Hansen et al demonstrated
that 82% of infused patients developed CRS. Three percent
of patients developed Grade 3 or higher CRS. Neurotoxicity
was observed in 18% and 6% experienced Grade 3 or higher
neurotoxicity. The six-month OS was 84%. Similar safety
and efficacy to the trial were seen in the real-world setting,
despite the fact that patients treated in the real world were
often less fit and were more often penta-refractory.

A Closer Look at Cilta-cel:

CARTITUDE-1 is a single arm, open-label Phase Ib/Il
study that examined the use of ciltacabtagene autoleucel
(cilta-cel) for RRMM at 16 centres in the United States.
Eligible patients were those with RRMM per the IMWG
criteria who had received at least three prior regimens

or were double refractory to an immunomodulatory

drug and a proteasome inhibitor, and had received an
immunomodulatory drug, a proteasome inhibitor and an
antiCD38 monoclonal antibody.® One hundred and thirteen
patients were enrolled in this study and 101 underwent
lymphodepletion chemotherapy. Ninety-seven patients were
infused with cilta-cel. The baseline characteristics of this
patient population demonstrated that 23.7% had high risk
cytogenetics. Extra medullary disease was seen in 13.4%
of patients. The median number of prior therapies was six
(3-18). A total of 87.6% were triple refractory. The ORR to
cilta-cel was 97%. Sixty-five percent of those infused had
achieved stringent CR. The time to first response was one
month and the median duration of response was not reached.
The twelve-month PFS was 77%. Grade 3—4 hematologic
adverse events were common with neutropenia occurring in
95% of patients; anemia in 68% of patients; leukopenia in
61% of patients; and thrombocytopenia in 60% of patients.
CRS was common, occurring in 95% of patients; however,
only 4% had Grade 3 or higher CRS. The median time

to onset of CRS was seven days, with a median duration

of four days. Neurotoxicity occurred in 21%, with 9% of
patients experiencing Grade 3 or higher neurotoxicity.

Comparing cilta-cel and ide-cel is challenging

Both ide-cel and cilta-cel are autologous products made
from patients’ own T cells and both are BCMA antigen-
directed CAR T-cell products. BCMA is an antigen
expressed in malignant plasma cells with a role in the
differentiation and proliferation of plasma cells. It is
difficult to state whether ide-cel or cilta-cel is superior in
the management of RRMM in the absence of a randomized
controlled trial comparing the two.!® Limited data exists on
long-term side effects with these agents.

Structurally, there are differences between the agents. Ide-
cel has a single murine scFV binding domain for the BCMA
antigen while cilta-cel has two camelid VH binding domains
conferring higher activity and less immunogenicity.'® It is
unclear whether or not this led to better depth or duration

of remission with cilta-cel, as the patients in the landmark
trial with ide-cel had a higher percentage of extra-medullary
disease and high risk cytogenetic abnormalities.

With respect to toxicity between the two agents, later onset
of CRS was seen with cilta-cel. This may be due to a lower
median CAR T-cell dose in the CARTITUDE-1 trial.'” The
late onset of CRS may make cilta-cel more amendable to
outpatient administration for the first several days. The
patient can be admitted at the first signs of CRS leading to
decreased overall length of stay. Late-onset neurotoxicity
was seen in 10% of patients receiving cilta-cel in the
CARTITUDE-1 trial and it lasted for more than three
months. It was not reversible in all cases. Ide-cel may be
preferred in patients with underlying neurologic disease.
The choice between the products is difficult in the absence
of a randomized prospective clinical trial as both are
effective with tolerable safety profiles.

Future Directions

Multiple trials are examining the use of ide-cel and cilta-cel
earlier in the disease course of MM. Table 2 outlines
upcoming trials involving ide-cel and cilta-cel. Many of
these trials are still ongoing. CARTITUDE-4 was recently
published. It is a randomized trial comparing patients with
lenalidomide-refractory MM to receive cilta-cel or the
physician’s choice of effective standard of care. All of the
patients had received one to three lines of prior therapy. This
trial demonstrated that a single cilta-cel infusion resulted

in a lower risk of disease progression or death vs standard
of care treatment in lenalidomide-refractory patients with
MM who had received one to three previous therapies.

PFS at one year was 75.9% in the cohort receiving cilta-cel
vs 48.6% in the cohort receiving standard therapy."

CAR T-cell therapy will be likely be indicated in the future
in earlier lines of therapy.

One of the challenges with CAR T-cell therapy in MM is
limited manufacturing capacity. The manufacturing time

of ide-cel and cilta-cel is approximately 28 days. There is
currently a bottleneck in manufacturing capabilities related
to limited lentivirus vectors and this has led to limited slot
availability and delayed onboarding of new centres.'> Other
challenges include risk of manufacturing failure and unequal
access to care due to a limited number of centres providing
CAR T-cell therapy. The cost of CAR T-cell therapy ranges
from $419,500 U.S. (ide-cel) to $465,000 U.S. (cilta-cel)
for one infusion, not including the cost of an inpatient stay
which may be prolonged. This has significant implications
for provincial health care budgets.

Additionally, other CAR T-cell agents are under development.
The UNIVERSAL study is examining the feasibility of an
allogeneic anti-BCMA CAR T-cell for RRMM. It is a Phase [
study enrolling patients with RRMM who have received three
or more therapies and were refractory to their last therapy.
This is a dose-expansion study. The advantage of allogeneic
CAR T-cell therapy is that it can be administered quickly.

In this study, the median time from enrolment to start of
lymphodepletion was five days.'* Non-BCMA CAR T-cell
agents are also under development such as MCARH109
targeting GPRC5D.
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Ide-cel

KarMMa-2 Cohort 2a
lenalidomide maintenance

KarMMa-2 Cohort 2b
KarMMa-2 Cohort 2¢

KarMMa-3
KarMMa-4

CARTITUDE-6

RRMM with early relapse (PD <18 months) since starting induction, ASCT, and

RRMM with 1 prior therapy not including ASCT and with early relapse

NDMM, received 3 or more cycles of induction therapy (PI, IMiD and dexamethasone),
inadequate response (<VGPR) to ASCT

Ide-cel v. SoC in patients with 2-4 lines of therapy
High-risk, newly diagnosed MM

Cilta-cel

CARTITUDE-2 Multiple cohorts including early relapse
CARTITUDE-4 Cilta-cel v. SoC in patients with 1-3 prior lines
CARTITUDE-5

VRd->cilta-cel v. VRd -> Rd in newly diagnosed, transplant ineligible patients
Trial of DVRd-> cilta-cel v. DVRd -> ASCT in newly diagnosed MM

Description

Table 2. Upcoming trials involving ide-cel and cilta-cel.">°

ASCT: autologous stem cell transplantation; IMiD: immunomodulatar agent; PI: proteasome inhibitor; PD: progressive disease;

VGPR: very good partial response.

Conclusion

CAR T-cell therapy will soon be available in Canada to treat
RRMM. Determining the optimal sequencing of CAR T-cell
therapy in relation to other therapies is critical and there

is emerging data suggesting that CAR T-cell therapy can

be utilized in earlier lines of therapy. Improving access to
CAR T-cell therapy and immune effector cell therapy in
Canada is critical to ensure equitable care for all Canadians
with MM. As this is an emerging therapy, monitoring for
long-term side effects such as opportunistic infections and
late neurotoxicity is important. Early referral to a CAR
T-cell therapy centre is essential in order to expedite the time
to treatment, due to the current manufacturing times. The
addition of CAR T-cell therapy to the Canadian treatment
algorithms will help improve PFS and OS in MM. The rapid
development of new therapies in MM is promising.

Correspondence :

Dr. Sita Bhella
Email: sita.bhella@uhn.ca

Financial Disclosures:

Consulting/Honoraria: Novartis, Gilead, Sanofi
Grants/Research Support: Canadian Immunization Task
Force (CITF), Princess Margaret Cancer Centre Foundation

References:

1. NORD. Multiple myeloma. Website: https://rarediseases.org/rare-diseases/
multiple-myeloma. 2/6/2023. Accessed date: August 1, 2023.

2. Elsfeld C, Kajuter H, Moller L, Wellmann I, Shumilov E & Stang A. Time
trends in survival and causes of death in multiple myeloma: a population-
based study from Germany. BMC Cancer, 2023; 23,317.

3. Gandhi UH, Cornell RF, Lakshman A, Gahvari Z, McGehee E, Jagosky
MH, Gupta R, Varnado w, Fiala MA, Chhabra S, Malek E, Mansour J,
Paul B, Barnstead A, Kodali S, Neppalli A, Liedtke M, Narayana S, Godby
KN, Kang Y, Kansagra A, Umyarova E, Scott EC, Hari P, Vij R, Usmani
SZ, Callander NS, Kumar SK & Costa LJ. Outcomes of Patients with
Multiple Myeloma Refractory to CD38-Targeted Monoclonal Antibody
Therapy. Leukemia, 2019; 33(9): 2266-2275.

4. Mateos MV, Weisel K, De Stefano V, Goldschmidt H, Delforge M, Mohty
M, Cavo M, Vij R, Lindsey-Hill J, Dytfeld D, Angelucci E, Perrot A,
Benjamin R, W C J van de Donk N, Ocio EM, Scheid C, Gay F, Roeloffzen
W, Rodriguez-Otero P, Broil A, Potamianou A, Sakabedoyan C, Semerjian
M, Keim S, Strulev V, Schecter JM, Vogel M, Wapenaar R, Nesheiwat
T, San-Miguel J, Sonneveld P, Einsele H & Moreau P. LocoMMotion: a
prospective, non-interventional, multinational study of real-life current
standards care in patients with relapsed and/or refractory multiple
myeloma. 2022. Leukemia, May, 36(5):1371-1376.

5. Dana Farber Cancer Institute. CAR T-cell Therapy. dana-farber.org.
Accessed August 1, 2023.

6. Hansen DK, Sidana S, Peres LC, Leitzinger CC, Shune L, Shrewsbury A,
Gonzalez R, Sborov DW, Wagner C, Dima D, Hashmi H, Kocoglu MH,
Arash S, Simmons G, Kalariya N, Ferreri C, Afrough A, Kansagra A,
Voorhees P, Baz R, Khouri J, Alsina M, McGuirk J, Locke FL & Patel KK.
2023. Idecabtagene Vicleucel for Relapsed/Refractory Multiple Myeloma:
Real-World Experience from the Myeloma CAR T Consortium. Journal of
Clinical Oncology, April 10; 41(11):2087-2097.

Volume 2 Issue 3, October 2023



38

7.

10.

11.

12.

13.

14.

Munshi NC, Anderson LD, Shah N, Madder D, Berdeja J, Lonial S, Raje N,
Lin Y, Siegel D, Oriol A, Moreau P & Yakoub-Agha I. 2021. Idecabtagene
Vicleucel in Relapsed and Refractory Multiple Myeloma. New England
Journal of Medicine, February 25, 2021; 384:705-716.

Martin T, Usmani SZ, Berdeja JG, Agha M, Cohen AD, Hari P, Avigan

D, Deal A, Htut M, Lesokhin A, Munshi NC, O’Donnell E, Stewart AK,
Schecter JM, Goldberg JD, Jackson CC, Yeh TM, Banerjee A, Allred A,
Zudaire E, Deraedt W, Olyslager Y, Changwei Z, Pacaud L, Madduri D,
Jakubowiak A, Lin Y &Jagannath S. 2022. Ciltacabtagene Autoleucel, an
Anti-B-cell Maturation Antigen Chimeric Antigen Receptor T-cell Therapy,
for Relapsed/Refractory Multiple Myeloma: CARTITUDE-1 2 Year Follow
Up. Journal of Clinical Oncology, 41:6, 1265-1274.

Berdeja JG, Madduri D, Usmani SZ, Jakubowiak A, Mounzer A, Cohen
AD, Stewart AK, Hari P, Htut M, Lesokhin A, Deol A, Munshi NC,
O’Donnell E, Avigan D, Singh I, Zudaire E, Yeh TM, Allred AJ, Olyslager
Y, Banerjee A, Jackson CC, Goldberg JD, Schecter JM, Deraedt W,
Zhuang SH, Infante J, Geng D, Wu X, Carrasco-Alfonso MJ, Akram

M, Hossain F, Rizvi S, Fan F, Lin Y, Martin T & Jagannath S. 2021.
Ciltacabtagene autoleucel, a B-cell maturation antigen-directed chimeric
antigen receptor T-cell therapy in patients with relapsed or refractory
multiple myeloma (CARTITUDE-1): a phase 1b/2 open-label study. The
Lancet, 398, 10297:314-324.

Davis J, McGann M, Shockley A & Hashmi H. 2022. Idecabtagene
vicleucel versus ciltacabtagene autoleucel: a Sophie's choice for patients
with relapsed refractory multiple myeloma. Expert Review of Hematology,
15 (6): 473-475.

San-Miguel J, Dhakal B, Yong K, Spencer A, Anguille S, Mateos MV,
Fernandez de Larrea C, Martinez-Lopez J, Moreau P, Touzeau C, Leleu
X, Avivi I, Cavo M, Ishida T, Kim SJ, Roeloffzen W, van de Donk NWCJ,
Dytfeld D, Sidana S, Costa LJ, Oriol A, Popat R, Khan AM, Cohen YC, Ho
PJ, Griffin J, Lendvai N, Lonardi C, Slaughter A, Schecter JM, Jackson
CC, Connors K, Li K, Zudaire E, Chen D, Gilbert J, Yeh T, Nagle S,
Florendo E, Pacaud L, Patel N, Harrison SJ & Einsehe H. 2023. Cilta-cel
or Standard Care in Lenalidomide-Refractory Multiple Myeloma. New
England Journal of Medicine, 389:335-347.

Rendo MJ, Joseph JJ, Phan LM & DeStefano CB. 2022. CAR T-Cell
Therapy for Patients with Multiple Myeloma: Current Evidence and
Challenges. Blood Lymphatics Cancer, 12:119-135.

Mailankody S, Matous JV, Chhabra S, Liedtke M, Sidana S, Oluwole OO,
Malik S, Nath R, Anwer F, Cruz JC, Htut M, Karski EE, Lovelace W, Dillon
M, Butz E, Ying W, Balakumaran A Kumar SK. 2023. Allogeneic BCMA-
targeting CAR T cells in relapsed/refractory multiple myeloma: phase 1
UNIVERSAL trial interim results. Nature Medicine, Feb;29(2):422-429.
Mailankody S, Devlin SM, Landa J, Nath K, Diamonte C, Carstens EJ,
Russo D, Auclair R, Fitzgerald L, Cadzin B, Wang X, Sikder D,Senechal
B, Bermudez VP, Pardon TJ, Hosszu K, McAvoy DP, Farzana T, Mead E,
Wilcox JA, Santomasso BD, Shah GL, Shah UA, Korde N, Lesokhin A, Tan
CR, Hultcrantz M, Hassoun H, Roshal M, Sen F, Dogan A, Landgren O,
Girat SA, Park JH, Usmani SZ, Riviere I, Brentjens RJ & Smith EL. 2022.
GPRCS5D-Targeted CAR T cells for Myeloma. New England Journal of
Medicine, 387:119601206.

15.

16.

17.

18.

19.

20.

Dhodapkar M, Alsina M, Berdeja J, Patel K, Vij R, Leleu X, Truppel-
Hartmann A, Basudhar D, Thompson E, Zheng X, Ananthakrishnan R,
Favre-Kontula L, Greggio C, Sternas L & Siegal D. 2022. KarMMa-2
Cohort 2c: Efficacy and Safety of Idecabtagene Vicleucel in Patients with
Clinical High-Risk Multiple Myeloma Due to Inadequate Response to
Frontline Autologous Stem Cell Transplantation. Blood, 140 (Supplement
1): 7441-7443.

Usmani S, Patel K, Hari P, Berdeja J, Alsina M, Vij R, Raje N, Leleu X,
Dhodapkar M, Reshef R, Truppel-Hartmann A, Basudhar D, Thompson

E, Zheng X, Ananthakrishnan R, Greggio C, Favre-Kontula L, Sternas

L & San-Migel J. 2022. KarMMa-2 Cohort 2a: Efficacy and Safety

of Idecabtagene Vicleucel in Clinical High-Risk Multiple Myeloma
Patients with Early Relapse after Frontline Autologous Stem Cell
Transplantation. Blood, 140 (Supplement 1): 875-877.

Delforge M, Baz R, Cavo M, Callander NS, Ghobadi A, Rodriguez-Otero P,
Mateos MV, Massaro M, Ding L, Patel P, Pittari G, Novick S, Giralt SA &
Berdeja JG. 2020. KarMMA-3: A Phase 3 Study of Idecabtagene Vicleucel
(ide-cel, bb2121), a BCMA-Directed CAR T cell Therapy Vs Standard
Regimens in Relapsed and Refractory Multiple Myeloma. Blood, 136
(Supplement 1): 24-25.

Usmani SZ, Berdeja JG, Truppel-Hartmann A, Casadebaig ML, Wortman-
Vayn H, Shelat SG, Novick S & Shah N. 2020. KarMMA-4: Idecabtagene
Vicleucel (ide-cel, bb2121), a BCMA-Directed CAR T-cell Therapy, in
High-Risk Newly Diagnosed Multiple Myeloma. Blood, 136 (Supplement
1): 18-19.

Cohen AD, Mateos MV, Cohen YC, Rodriguez-Otero P, Paiva B, WCJ

van de Don N, Martin T, Suvannasankha A, De Braganza KC, Corsale

C, Schecter JM, Varsos H, Deraedt W, Wang L, Vogel M, Roccia T, Xu

X, Mistry P, Zudaire E, Akram M, Nesheiwat T, Pacaud L, Avivi I &
San-Miguel J. 2023. Efficacy and safety of cilta-cel in patients with
progressive multiple myeloma after exposure to other BCMA-targeting
agents. Blood, 141(3):219-230.

Dhakal B, Yong K, Harrison SJ, Mateos MV, Moreau P, van de Donk
NWCJ, Sidana S, Popat R, Lendvai N, Lonardi C, Slaughter A, Schecter
JM, Li K, Zudaire E, Chen Y, Gilbert J, Bubuteishvili-Pacaud L, Patel N,
San-Miguel J, Einsele H. 2023. First phase 3 results from CARTITUDE-4:
Cilta-cel versus standard of care (PVd or DPd) in lenalidomide-refractory
multiple myeloma. Journal of Clinical Oncology, 41(17-Supplement).

Volume 2 Issue 3, October 2023





