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On March 26, 2021, the Food and Drug Administration approved idecabtagene vicleucel
(Abecma, Bristol Myers Squibb) for the treatment of adult patients with relapsed or refractory 
multiple myeloma after four or more prior lines of therapy, including an immunomodulatory agent, 
a proteasome inhibitor, and an anti-CD38 monoclonal antibody. This is the first FDA-approved 
cell-based gene therapy for multiple myeloma.
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BCMA Soluble BCMA
• Potential biomarker of MM disease burden
• Potential biomarker of anti-BCMA therapy activity

MM patients treated with gamma secretase inhibitor

Gamma
secretase

Pont et al., Blood. 2019 Nov 7;134(19):1585-1597
Hengeveld & Kersten, Blood Cancer Journal (2015) 5:282 
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BCMA is a safe, validated target

‣ Off-target or on-tumor/off-target toxicity has 
not been conclusively identified.

‣ However, some central and peripheral 
nervous system toxicities are emerging in 
CAR T and bispecific antibody studies.
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Summary
Background B-cell maturation antigen (BCMA) is a cell-surface receptor of the tumour necrosis superfamily required 
for plasma cell survival. BMCA is universally detected on patient-derived myeloma cells and has emerged as a selective 
antigen to be targeted by novel treatments in multiple myeloma. We assessed the safety, tolerability, and preliminary 
clinical activity of GSK2857916, a novel anti-BCMA antibody conjugated to microtubule-disrupting agent monomethyl 
auristatin F, in patients with relapsed and refractory multiple myeloma.

Methods We did an international, multicentre, open-label, first-in-human phase 1 study with dose escalation (part 1) and 
dose expansion (part 2) phases, at nine centres in the USA, Canada, and the UK. Adults with histologically or cytologically 
confirmed multiple myeloma, Eastern Cooperative Oncology Group performance status 0 or 1, and progressive disease 
after stem cell transplantation, alkylators, proteasome inhibitors, and immunomodulators were recruited for this study. 
In part 1, patients received GSK2857916 (0·03–4·60 mg/kg) through 1 h intravenous infusions once every 3 weeks. In 
part 2, patients received the selected recommended phase 2 dose of GSK2857916 (3·40 mg/kg) once every 3 weeks. 
Primary endpoints were maximum tolerated dose and recommended phase 2 dose. Secondary endpoints for part 2 
included preliminary anti-cancer clinical activity. All patients who received one or more doses were included in this 
prespecified administrative interim analysis (data cutoff date June 26, 2017), which was done for internal purposes. This 
study is registered with ClinicalTrials.gov, number NCT02064387, and is ongoing, but closed for recruitment.

Findings Between July 29, 2014, and Feb 21, 2017, we treated 73 patients: 38 patients in the dose-escalation part 1 and 
35 patients in the dose-expansion part 2. There were no dose-limiting toxicities and no maximum tolerated dose was 
identified in part 1. On the basis of safety and clinical activity, we selected 3∙40 mg/kg as the recommended phase 2 dose. 
Corneal events were common (20 [53%] of 38 patients in part 1 and 22 [63%] of 35 in part 2); most (18 [47%] in part 1 and 
19 [54%] in part 2) were grade 1 or 2 and resulted in two treatment discontinuations in part 1 and no discontinuations in 
part 2. The most common grade 3 or 4 events were thrombocytopenia (13 [34%] of 38 patients in part 1 and 12 [34%] of 
35 in part 2) and anaemia (6 [16%] in part 1 and 5 [14%] in part 2). There were 12 treatment-related serious adverse events 
and no treatment-related deaths. In part 2, 21 (60∙0%; 95% CI 42∙1–76∙1) of 35 patients achieved an overall response.

Interpretation At the identified recommended phase 2 dose, GSK2857916 was well tolerated and had good clinical 
activity in heavily pretreated patients, thereby indicating that this might be a promising candidate for the treatment of 
relapsed or refractory multiple myeloma.

Funding GlaxoSmithKline.

Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
Progress in immunotherapy has substantially improved 
the prognosis for patients with multiple myeloma.1 
However, outcomes remain poor for those with relapsed 
and refractory disease. Patients who are refractory to 
both proteasome inhibitors and immunomodulatory 
drugs have an estimated survival of only 13 months.1 As 
such, the development of novel therapeutics to treat this 
disease is crucial.

The normal function of B-cell maturation antigen 
(BCMA) is to promote the survival of B cells at late stages 

of differentiation, including plasma cells.2 Mice without 
expression of BCMA have a reduced number of long-lived 
bone marrow plasma cells, but have an otherwise normal 
phenotype.3 BCMA membrane expression is present on a 
subset of normal late-stage B cells and is universally 
detected on normal and malignant plasma cells, including 
multiple myeloma cells.2,4,5 Blocking of BCMA signalling 
has been shown to inhibit cell growth and survival in 
multiple myeloma cells in preclinical studies.6 Soluble 
BCMA has been implicated in the reduction of polyclonal 
antibody concentrations and multiple myeloma-associated 
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T Cells Genetically Modified to Express an Anti–B-Cell
Maturation Antigen Chimeric Antigen Receptor Cause
Remissions of Poor-Prognosis Relapsed Multiple Myeloma
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A B S T R A C T

Purpose
Therapies with novel mechanisms of action are needed for multiple myeloma (MM). T cells can be
genetically modified to express chimeric antigen receptors (CARs), which are artificial proteins that
target T cells to antigens. B-cell maturation antigen (BCMA) is expressed by normal and malignant
plasma cells but not normal essential cells. We conducted the first-in-humans clinical trial, to our
knowledge, of T cells expressing a CAR targeting BCMA (CAR-BCMA).

Patients and Methods
Sixteen patients received 9 3 106 CAR-BCMA T cells/kg at the highest dose level of the trial; we are
reporting results of these 16 patients. The patients had amedian of 9.5 prior lines ofMM therapy. Sixty-
three percent of patients hadMM refractory to the last treatment regimen before protocol enrollment.
T cells were transducedwith a g-retroviral vector encoding CAR-BCMA. Patients received CAR-BCMA
T cells after a conditioning chemotherapy regimen of cyclophosphamide and fludarabine.

Results
The overall response rate was 81%, with 63% very good partial response or complete response.
Median event-free survival was 31 weeks. Responses included eradication of extensive bone
marrowmyeloma and resolution of soft-tissue plasmacytomas. All 11 patients who obtained an anti-
MM response of partial response or better and had MM evaluable for minimal residual disease
obtained bone marrow minimal residual disease–negative status. High peak blood CAR+ cell levels
were associated with anti-MM responses. Cytokine-release syndrome toxicities were severe in
some cases but were reversible. Blood CAR-BCMA T cells were predominantly highly differentiated
CD8+ T cells 6 to 9 days after infusion. BCMA antigen loss from MM was observed.

Conclusion
CAR-BCMA T cells had substantial activity against heavily treated relapsed/refractory MM. Our
results should encourage additional development of CAR T-cell therapies for MM.

J Clin Oncol 36:2267-2280. © 2018 by American Society of Clinical Oncology

INTRODUCTION

Multiple myeloma (MM) is an almost always
incurable malignancy of plasma cells. In recent
years, several new therapies for MM have pro-
longed survival of patients with MM, but cure for
MM remains elusive. MM therapies with novel
mechanisms of action continue to be needed.1-4

A chimeric antigen receptor (CAR) is a fu-
sion protein containing T-cell–signaling domains
and an antigen-recognition moiety.5-9 T cells
transduced with CARs directed against the B-cell

antigen CD19 have established efficacy in
leukemia10-14 and lymphoma.15-19 The success
of anti-CD19 CAR T-cell therapies against leuke-
mia and lymphoma has encouraged development
of CARs targeting MM.5,20-23

B-cell maturation antigen (BCMA) is a mem-
ber of the tumor necrosis factor superfamily; BCMA
is found on MM cells, normal plasma cells, and
a small subset of normal B cells; BCMA is not
expressed on other normal cells.5,20,24-28 This fa-
vorable expression pattern led us to develop the first
reported anti-BCMA CARs.20 We tested one of the
anti-BCMA CARs that we designed (CAR-BCMA)
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BACKGROUND. CAR T cells are a promising therapy for hematologic malignancies. B cell maturation antigen (BCMA) is a 
rational target in multiple myeloma (MM).

METHODS. We conducted a phase I study of autologous T cells lentivirally transduced with a fully human, BCMA-specific CAR 
containing CD3ζ and 4-1BB signaling domains (CART-BCMA), in subjects with relapsed/refractory MM. Twenty-five subjects 
were treated in 3 cohorts as follows: cohort 1, 1 × 108 to 5 × 108 CART-BCMA cells alone; cohort 2, cyclophosphamide (Cy) 1.5 g/
m2 plus 1 × 107 to 5 × 107 CART-BCMA cells; cohort 3, Cy 1.5 g/m2 plus 1 × 108 to 5 × 108 CART-BCMA cells. No prespecified BCMA 
expression level was required.

RESULTS. CART-BCMA cells were manufactured and expanded in all subjects. Toxicities included cytokine release syndrome 
and neurotoxicity, which were grade 3–4 in 8 (32%) and 3 (12%) subjects, respectively, and reversible. One subject died 
at day 24 from candidemia and progressive myeloma, following treatment for severe cytokine release syndrome and 
encephalopathy. Responses (based on treated subjects) were seen in 4 of 9 (44%) in cohort 1, 1 of 5 (20%) in cohort 2, and 7 of 
11 (64%) in cohort 3, including 5 partial, 5 very good partial, and 2 complete responses, 3 of which were ongoing at 11, 14, and 
32 months. Decreased BCMA expression on residual MM cells was noted in responders; expression increased at progression in 
most. Responses and CART-BCMA expansion were associated with CD4/CD8 T cell ratio and frequency of CD45RO–CD27+CD8+ 
T cells in the premanufacturing leukapheresis product.

CONCLUSION. CART-BCMA infusions with or without lymphodepleting chemotherapy are clinically active in heavily pretreated 
patients with MM.
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BACKGROUND
Preclinical studies suggest that bb2121, a chimeric antigen receptor (CAR) T-cell 
therapy that targets B-cell maturation antigen (BCMA), has potential for the treat-
ment of multiple myeloma.

METHODS
In this phase 1 study involving patients with relapsed or refractory multiple myeloma, 
we administered bb2121 as a single infusion at doses of 50×106, 150×106, 450×106, 
or 800×106 CAR-positive (CAR+) T cells in the dose-escalation phase and 150×106 
to 450×106 CAR+ T cells in the expansion phase. Patients had received at least three 
previous lines of therapy, including a proteasome inhibitor and an immunomodula-
tory agent, or were refractory to both drug classes. The primary end point was safety.

RESULTS
Results for the first 33 consecutive patients who received a bb2121 infusion are re-
ported. The data-cutoff date was 6.2 months after the last infusion date. Hematologic 
toxic effects were the most common events of grade 3 or higher, including neutropenia 
(in 85% of the patients), leukopenia (in 58%), anemia (in 45%), and thrombocytopenia 
(in 45%). A total of 25 patients (76%) had cytokine release syndrome, which was of 
grade 1 or 2 in 23 patients (70%) and grade 3 in 2 patients (6%). Neurologic toxic effects 
occurred in 14 patients (42%) and were of grade 1 or 2 in 13 patients (39%). One patient 
(3%) had a reversible grade 4 neurologic toxic effect. The objective response rate was 
85%, including 15 patients (45%) with complete responses. Six of the 15 patients who 
had a complete response have had a relapse. The median progression-free survival was 
11.8 months (95% confidence interval, 6.2 to 17.8). All 16 patients who had a response 
(partial response or better) and who could be evaluated for minimal residual disease 
(MRD) had MRD-negative status (≤10−4 nucleated cells). CAR T-cell expansion was 
associated with responses, and CAR T cells persisted up to 1 year after the infusion.

CONCLUSIONS
We report the initial toxicity profile of a BCMA-directed cellular immunotherapy for 
patients with relapsed or refractory multiple myeloma. Antitumor activity was docu-
mented. (Funded by Bluebird Bio and Celgene; CRB-401 ClinicalTrials.gov number, 
NCT02658929.)
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Idecabtagene Vicleucel
‣ Autologous anti-BCMA CAR T cell with 4-1BB costimulatory domain
‣ Phase 2 study (KARMMA)

• 3 prior regimens including a thalidomide analog, proteasome inhibitor, and anti-CD38 Ab
• 140 enrolled, 128 treated, 1 unsuccessful manufacturing
• Cy/flu 300/30 x 3 lymphodepletion
• Dose: 150 (N=4), 300 (N=70), or 450 (N=54) x 106 cells
• 84% triple-refractory, 26% penta-refractory

Munshi, Anderson, Shah et al., N Engl J Med 2021; 384:705-716 
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Idecabtagene Vicleucel

Similar RR in patients with…
• Triple- and penta-refractory MM
• Extramedullary disease
• High-risk cytogenetics
• High disease burden (>50% BM)

Munshi, Anderson, Shah et al., N Engl J Med 2021; 384:705-716 



8

Idecabtagene Vicleucel

Munshi, Anderson, Shah et al., N Engl J Med 2021; 384:705-716 
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Idecabtagene Vicleucel
‣ Cytokine release syndrome: 

• 84% overall, 4% G3, N=1 G4, N=1 G5
• 96% of patients at 450x106 dose
• Median onset day 1 (range 1-12), median duration 5d

‣ Neurologic toxicity:
• 18% overall, 3% grade 3, no grade 4/5
• Median onset day 2 (range 1-10), median duration 3d
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‣ 97% had rising soluble BCMA at time of disease progression
‣ 4% of patients with suspected BCMA loss at progression (1 with proven bi-alleleic BCMA loss)

Idecabtagene Vicleucel
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Ciltacabtagene autoleucel
‣ Camelid-derived tandem single-domain BCMA binders
‣ CARTITUDE-1 study (Phase 1b/2) (N=97)

VHHVHH

Binding domains

CD3z

4-1BB
N

Frequency in
evaluable patients

n=57c

Frequency in
all treated 

n=97d

Overall MRD- 53 93.0% 54.6%

MRD- and sCR 33 57.9% 34.0%

MRD- and ≥VGPR 49 86.0% 50.5%

4.1%

25.8%

67.0%

0%

20%

40%

60%

80%

100%

Pa
tie

nt
s 

ORRa: 96.9% (94/97)

sCR VGPR PRBest responseb =

≥VGPR: 
92.8%

sCR: 
67.0%

62nd ASH Annual Meeting 2020, Madduri D et al. #177
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Ciltacabtagene autoleucel
‣ Camelid-derived tandem single-domain BCMA binders
‣ CARTITUDE-1 study (Phase 1b/2) (N=97)

62nd ASH Annual Meeting 2020, Madduri D et al. #177

No. at risk
sCR

VGPR 25 24 19 15 3 2 0 0 0 0
65 65 62 53 27 12 2 1 1 0

12-month PFS
sCR: 84.5% (95% CI, 72.0–91.8)
VGPR: 68.0% (95% CI, 46.1–82.5) 
Median PFS not reached in either group
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Cilta-cel: Cytokine Release Syndrome

§ CRS onset
̶ Day 4 or later: 89.1% (n=82) 
̶ Day 6 or later: 73.9% (n=68) 

§ CRS resolved in 91 (98.9%) patients within 14 days of onset

5 (5%)

49 (51%)

38 (39%)

3 (3%) 1 (1%) 1 (1%)

No CRS Grade 1  Grade 2  Grade 3  Grade 4  Grade 5

Maximum CRS Grade (N=97)

62nd ASH Annual Meeting 2020, Madduri D et al. #177
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Cilta-cel neurologic toxicities
‣ ICANS

• Any grade: 16 (16.5%)
• Grade ≥3: 2 (2.1%)
• Resolved in all patients

‣ Other neurologic toxicities
• Any grade: 12 (12.4%)
• Grade ≥3: 9 (9.3%)
• 5 pts: movement and/or neurocognitive
• 7 pts: nerve palsy, peripheral motor neuropathy
• Outcomes

– 1 ongoing
– 1 died due to neurotoxicity complications
– 4 died due to other problems

14

ICANS Other
neurotoxicities

Time to onset,
median (range) days 8 (3–12) 27 (11–108)

Time to recovery, median
(range) days 4 (1–12) 75 (2–160)

AE, adverse event; CAR-T, chimeric antigen receptor T cell; CRS, cytokine release syndrome; ICANS, immune effector cell–associated neurotoxicity syndrome.
aEvents not reported as ICANS [ie, onset after a period of recovery from CRS and/or ICANS]). 

62nd ASH Annual Meeting 2020, Madduri D et al. #177
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Other phase 1/2 autologous BCMA CAR T cell studies

Abstract Product n ORR CR Comment
ASCO
8504 orva-cel 62 92% 36% 1:1 CD4:CD8 ratio, Tcm-enriched

ASH 130 bb21217 69 68%* 29% PI3K inhibitor during manufacturing
ASH 133 CT053 20 94% 28% 8-10 day manufacturing

ASH 134 P-BCMA-101 55 60%** ? Transposon-based, Tscm+Tcm-enriched. Single and 
serial administration.  Combos w/ ritux and len

ASH 178 GC012F 16 94% 56% Dual BCMA/CD19 CAR.  24-36 hour 
manufacturing

ASH 498 FHVH-BCMA-T 20 90% ? heavy chain-only binding domain

Mailankody et al, ASCO 2020, #8504; Alsina et al, ASH 2020, #130; Kumar et al, ASH 2020, #133; Costello et al, ASH 2020, #134; 
Jiang et al, ASH 2020, #178; Mikkilineni et al, ASH 2020, #498 Slide courtesy of Dr. Adam Cohen

*84% (16/19) ORR w/ new manufacturing process
**original manufacturing process (n=30)
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Anti-BCMA/CD3 bispecific antibodies

AMG-420

AMG701 
PF-06863135 
Teclistamab
EM801 
CC-93269/EM901
REGN5458 
HPN217 
TNB-383B
AFM26 

Image from Shah et al. (2020) Leukemia 34:985
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Full-size anti-BCMA/CD3 bispecific antibodies
‣ Teclistamab, weekly subcutaneous dosing
‣ At most active IV/SC cohorts: 69% ORR, 94% of responses ongoing after mF/U 6.5 months

Garfall et al., ASH 2020, abstract 180
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Bispecific antibodies against other targets
‣ Talquetamab: anti-GPRC5D/CD3 (Chari et al., ASH 2020 abstract #290)

• Dysgeusia as a notable AE
• ORR 66% at active doses

‣ Cevostamab: anti-FCRH5/CD3 (Cohen et al., ASH 2020 abstract #292)
• ORR 61% at active doses
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Summary
‣ Very exciting time for multiple myeloma immunotherapy
‣ Ide-cel: FDA-approved anti-BCMA CAR T cell
‣ Other potent anti-BCMA CAR T cells are in clinical development
‣ Response durability remains a challenge; in vivo activity of CAR T cells appears limited
‣ Most patients progress with BCMA+ disease à potential for serial anti-BCMA therapies
‣ Neurologic toxicity may accompany more potent therapies
‣ Bispecific antibody responses rival CAR T cell responses
‣ New cell-surface targets: GPRC5D and FCRH5




