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CAR T cells are genetically modified to bind to tumor-
associated antigens on target cells to induce cell death1,2

BCMA=B-cell maturation antigen; CAR=chimeric antigen receptor; CD=cluster of differentiation; MHC=major histocompatibility complex; TCR=T-cell receptor.
1. Shah N, et al. Leukemia. 2020;34:985-1005. 2. Cho SF, et al. Front Immunol. 2018;9:1821.

CARs are fusion proteins that have a tumor-associated antigen-
targeted recognition region and a co-stimulation domain1,2

Upon CAR T cell binding to the antigen, T-cell activation is 
initiated, resulting in multiple myeloma cell lysis and death1

BCMA-directed CAR T cells are genetically modified T cells 
that express a CAR with an anti-BCMA recognition region1,2

CAR T cells recognize tumor-associated antigens in an 
MHC-independent manner2 Anti-BCMA
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Figure adapted from Shah N, et al. Leukemia. 2020;34:985-1005. 
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Clinical aspects of tumor antigen-directed CAR T-
cell therapy1-3

BCMA=B-cell maturation antigen; CAR=chimeric antigen receptor; mAb=monoclonal antibody.
1. Kleber M, et al. J Clin Med. 2021;10(18):4088. 2. Shah N, et al. Leukemia. 2020;34(4):985-1005. 3. Penn Medicine News. https://www.pennmedicine.org/news/news-releases/2022/march/penn-researchers-
shorten-manufacturing-time-for-car-t-cell-therapy. Published March 29, 2022. Accessed December 1, 2022. 4. Advisory Board Daily Briefing. https://www.advisory.com/daily-briefing/2022/06/03/car-t-therapy Published 
June 3, 2022. Accessed December 2, 2022. 5. Tully S, et al. JCO Clinical Cancer Informatics. 2019;3:1-9. 6. Institute for Clinical and Economic Review. https://icer.org/wp-
content/uploads/2020/10/ICER_Multiple-Myeloma_Final-Report_Unredacted_112222.pdf. Accessed November 29, 2022. 

Production AdministrationKey mechanistic 
feature

Currently administered 
as a one-time 
intravenous dose1,6

Autologous T cells are 
collected from the 
patient, modified to 
express the CAR, and 
expanded ex vivo. May 
take 1 to 2 months before 
patient receives therapy1-5

Combines target 
specificity of mAbs 
with the cytotoxicity of 
T cells1



Bispecific antibodies (BsAbs) drive interaction between 
malignant cells and immune effector cells1-3

BCMA=B-cell maturation antigen; CD=cluster of differentiation; mAb=monoclonal antibody; MHC=major histocompatibility complex; MM=multiple myeloma.
1. Caraccio C, et al. Front Immunol. 2020;11:501. 2. Nadeem O, et al. Immunotargets Ther. 2020;9:201-215. 3. Abramson HN. Int J Mol Sci. 2020;21:5192. 

BsAbs engage BCMA on MM cells and CD3 on T cells, bringing 
T cells into close proximity to MM cells1,2

Figure adapted from Shah N, et al. Leukemia. 2020;34:985-1005. 

Recruitment of cytotoxic T cells to MM cells leads to formation of 
a cytolytic synapse3

BsAbs act independently of the MHC, generating a robust T-cell 
response, activating cytotoxic CD8+ T cells as well as regulatory 
and helper CD4+ T cells, without the need for co-stimulatory 
molecules1,3

Cytolytic enzymes are released with the ability to induce tumor 
cell lysis1,3
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Additional information can be viewed by scanning 
the QR code or accessing this link: 

https://www.oncologysciencehub.com/ASH2021/C
ilta-cel/ThomasMartin  

The QR code is intended to provide scientific 
information for individual reference, and the 

information should not be altered or reproduced in 
any way.
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Relapsed/Refractory Multiple Myeloma
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CARTITUDE-1: Efficacy Response

• Median time to first response was 1 month (range, 0.9–10.7)

• Median time to best response was 2.6 months (range, 0.9–17.8)

• Median time to CR or better was 2.9 months (range, 0.9–17.8)

• Median duration of response was not estimable (21.8 months–
NE)
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CARTITUDE-1: Progression-Free Survival and Overall Survival
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CARTITUDE-1: Progression-Free Survival and Overall Survival by 
MRD Negativity (10-5) sustained for ≥ 6 and 12 months
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• Of the 61 patients evaluable for MRD, 92% were MRD-negative (at 10-5)



Updated clinical and correlative results from the 
Phase I CRB-402 study of the BCMA-targeted 
CAR T cell therapy bb21217 in patients with 
relapsed and refractory multiple myeloma

ASH 2021

Noopur Raje, MD1, Nina Shah, MD2, Sundar Jagannath, MD3, Jonathan L. Kaufman, MD4, David S. Siegel, MD PhD5, Nikhil 
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• bb21217 uses the same CAR molecule as bb2121,1  but is cultured 
with the PI3K inhibitor, bb007, to enrich for T cells displaying a 
memory-like phenotype 

• CAR T cells enriched for this phenotype may persist and function 
for longer than non-enriched CAR T cells2

• Hypothesized that persistence of functional CAR T cells after 
infusion may be one determinant of duration of response

Memory-like phenotype
T-cell plasticity
Long-lived
Self-renewal

Effector-like phenotype
Terminally differentiated

Short-lived
No self-renewal

BCMA, B-cell maturation antigen; CAR, chimeric antigen receptor; CCR7, C-C chemokine receptor type 7; DP, drug product; EOMES, eomesodermin; 
GZB granzyme B; LEF, Lymphoid enhancer binding factor; PI3K, phosphoinositide 3  kinase; TCM/TEFF/TEM/TN/TSCM, central memory/effector/effector 
memory/naïve/stem cell memory T cell; PBMC, peripheral blood mononuclear cell 
1. Friedman KM, et al. Hum Gene Ther. 2018;29:585–601; 2. Fraietta JA, et al. Nat Med. 2018;24:563–571; 3. Alsina M, et al. Presented at ASH 
2020; Abstract #130.
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bb21217: Anti-BCMA CAR T Cell Therapy 
Product for Multiple Myeloma

bb21217 Process Enriches Drug Product for T 
Cells Displaying Memory-Like Phenotype3
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CAR, chimeric antigen receptor; CR, complete response; mo, month; MRD, minimal residual disease; ORR, objective response rate; PD, progressive disease; PR, partial response; sCR, stringent complete response; VGPR, very good partial response. 
aResponse confirmed by a consecutive response of the same category or better. Includes subjects whose response is recorded as “inevaluable” or ”not done”; bAmong evaluable patients. MRD assessment by Adaptive next-generation sequencing; 

Data cut-off: 16JUL2021

Patients in the 450 group treated with bb21217 produced using an updated manufacturing 
process (n=32) had similar ORR (81%) and CR (41%) to that of the 450 group as a whole. 

Tumor Response and MRD Status
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Duration of Response
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Duration of Response by Best Response

CI, confidence interval; DOR, duration of response; mo, month; NE, not estimable; PFS progression free survival. 

Data cut-off: 16JUL2021

Dose N Events Median DOR
(95% CI), mo

150 × 106 10 10 11.5 (3.3–17.6)
300 × 106 6 2 NE (6.4–NE)
450 × 106 34 9 NE (16.8–NE)

Overall 50 21 23.8 (16.8–NE)

Duration of Response by Dose
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Beyond BCMA??



Phase I First-in-Class Trial of MCARH109, a G 
Protein Coupled Receptor Class C Group 5 
Member D (GPRC5D) Targeted CAR T Cell 

Therapy in Patients with Relapsed or 
Refractory Multiple Myeloma

Sham Mailankody, Claudia Diamonte, Lisa Fitzgerald, Peter Kane, Xiuyan Wang, 
Devanjan Sikder, Brigitte Sénéchal, Vladimir Bermudez, Diana Frias, Justina Morgan, 

Patrick Grant, Terence Purdon, Kinga Hosszu, Sean Devlin, Urvi Shah, Jonathan Landa, 
Alexander Lesokhin, Neha Korde, Hani Hassoun, Carlyn Tan, Malin Hultcrantz, Gunjan 
Shah, Heather Landau, David Chung, Michael Scordo, Mikhail Roshal, Ola Landgren, 
Ahmet Dogan, Sergio Giralt, Jae Park, Isabelle Rivière, Renier Brentjens, Eric L. Smith

ASH Annual Meeting 2021; Abstract 827



25 X106 CAR+ T 
cells (n=3)

50 X106 CAR+ T 
cells (n=3)

150 X106 CAR+ T 
cells (n=6)

450 X106 CAR+ T 
cells (n=5)

Total
(N=17)

Median (range) age, years (range) 60 (38-76) 50 (39-56) 59 (40-74) 65 (63-73) 60 (38-76)

Male, n (%) 2 (67) 3 (100) 4 (67) 4 (80) 13 (77)

High-risk cytogenetics, n (%)* 3 (100) 2 (67) 3 (60) 5 (100) 13 (77)
Extramedullary plasmacytoma, n 
(%) 3 (100) 1 (33) 3 (50) 0 (0) 7 (41)

Non-secretory myeloma 2 (67) 0 (0) 1 (20) 0 (0) 3 (18)
Prior Lines of Therapy, median 
(range) 6 (6-8) 7 (4-8) 7 (5-14) 6 (5-12) 6 (4-14)

Refractory to last line, n (%) 3 (100) 3 (100) 5 (83) 3 (60) 14 (82)

Penta-exposed, n (%) 3 (100) 3 (100) 6 (100) 5 (100) 17 (100)

Triple-refractory, n (%) 3 (100) 3 (100) 6 (100) 4 (80) 16 (94)

Prior Autologous Transplant, n (%) 3 (100) 3 (100) 6 (100) 5 (100) 17 (100)

Prior Allogeneic Transplant, n (%) 0 (0) 2 (67) 1 (0) 0 (0) 3 (18)

Prior BCMA therapy, n (%)** 1 (33) 1 (33) 4 (67) 4 (80) 10 (59)

Prior CART therapy, n (%) 0 (0) 1 (33) 3 (50) 4 (80) 8 (47)
Bridging therapy, n (%)

Refractory to bridging, n 
(%)

3 (100)
3 (100)

3 (100)
3 (100)

6 (100)
5 (83)

4 (80)
4 (80)

16 (94)
15 (88)

*includes t (4;14), 1q amplification, del 17p, t (14;16)
**includes any BCMA bispecific antibody, antibody drug conjugate, or CART therapy

Baseline Characteristics (n=17)



Response 25 X106 CAR+ T 
cells (n=3)

50 X106 CAR+ T 
cells (n=3)

150 X106 CAR+ T 
cells (n=5)

450 X106 CAR+ T 
cells (n=5)

Total
(N=16)

Minimal Response or better, n 
(%) 2 (67) 3 (100) 3 (60) 5 (100) 13 (81)

Partial Response or better, n 
(%) 1 (33) 3 (100) 2 (40) 5 (100) 11 (69)

Very Good Partial Response 
or better, n (%) 1 (33) 2 (67) 0 (0) 4 (80) 7 (44)

Complete Response or better, 
n (%) 0 (0) 1 (33) 0 (0) 3 (60) 4 (25)

BM MRD negativity*, n (%) 2 (67) 2 (67) 2 (40) 2 (50) 8 (50)

Clinical Responses (n=16)

Response Prior BCMA therapy
(n=10)

Prior CAR T therapy
(n=8)

Partial Response or better, n (%) 8 (80) 6 (75)

Complete Response or better 3 (30) 3 (38)

BM MRD negativity*, n (%) 5 (50) 2 (25)

* MRD assessment by multicolor flow cytometry (sensitivity: 1 in 105)

CRS= 93%, neurotox = 6%
Nail changes = 56%
Rash= 19%
Dysgeusia = 6%



Adverse events associated with CART and Bispecific therapies

BCMA=B-cell maturation antigen; BsAb=bispecific antibody; CAR=chimeric antigen receptor; CRS=cytokine release syndrome; ICANS=immune effector cell-associated neurotoxicity syndrome.
1. Kleber M, et al. J Clin Med. 2021;10(18):4088. 2. Mohan M, et al. Blood Adv. Published online December 21, 2021. 3. Zhou X, et al. Front Immunol. 2020;11:620312.

Immune-related 
adverse eventsHematologic toxicities

Immune-related adverse 
events, such as CRS, ICANS, 
and infection, have been 
observed with CAR T-cell and 
BsAb therapies1-3

Similar to other anti-myeloma 
therapies, BCMA-directed 
therapies are associated with 
hematologic toxicities, 
specifically cytopenias1-3





CRS can present as a variety of symptoms, 
potentially impacting multiple organs

CRS=cytokine release syndrome; DIC=disseminated intravascular coagulation; INR=international normalized ratio; PTT=partial thromboplastin time.
Shimabukuro-Vomhagen A, et al. J Immunother Cancer. 2018;6(1):56.

Headache, confusion, hallucination, 
delirium, aphasia, paresis, seizures

Brain

Lung
sTachypnea, hypoxia, pulmonary edema, 

respiratory failure

Gastrointestinal tract
Diarrhea, nausea, 

vomiting

Live
rHepatomegaly, elevated liver enzymes, 

hypofibrinogenemia, liver failure

Cardiovascular system
Tachycardia, hypotension, troponin elevation, 
arrhythmia, QT prolongation, stress, 
cardiomyopathy, acute heart failure

Acute kidney injury, renal failure
Kidneys

Spleen
Splenomegaly

Blood and lymphatic
Cytopenias, coagulopathy (PTT↑, INR↓), 
febrile neutropenia, DIC

Musculoskeletal and skin

Unspecific symptoms
Fever, fatigue, anorexia

Myalgia, arthralgia, rigor, rash, edema

Clinical presentation of CRS





Management of CRS depends on the grade of 
severity

Organ toxicities associated with CRS may be graded according to CTCAE v5.0 but they do not influence CRS grading. 
*Fever is defined as temperature ≥38°C (100.4°F) not attributable to any other cause in patients who have CRS then receive antipyretic or anticytokine therapy such as tocilizumab or steroids, fever is 
no longer required to grade subsequent CRS severity. In this case, CRS grading is driven by hypotension and/or hypoxia.
†CRS grade is determined by the more severe event: hypotension or hypoxia not attributable to any other cause. For example, a patient with temperature of 39.5°C, hypotension requiring 1 
vasopressor, and hypoxia requiring low-flow nasal cannula is classified as grade 3 CRS.
‡Low-flow nasal cannula is defined as oxygen delivered at <6 L/min. Low flow also includes blow-by oxygen delivery, sometimes used in pediatrics. High-flow nasal cannula is defined as oxygen 
delivered at >6 L/min.
ASTCT=American Society for Transplantation and Cellular Therapy; BiPAP=bilevel positive airway pressure; CPAP=continuous positive airway pressure; CRS=cytokine release syndrome; 
CTCAE=Common Terminology Criteria for Adverse Events.
Lee DW, et al. Biol Blood Marrow Transplant. 2019;25(4):625-638.

CRS parameter Grade 1 Grade 2 Grade 3 Grade 4

Fever* Temperature ≥38°C

With 

Hypotension None Not requiring 
vasopressors

Requiring a 
vasopressor ±

vasopressin

Requiring multiple 
vasopressors 

(excluding vasopressin)
And/or†

Hypoxia None Requiring low-flow 
nasal cannula‡

Requiring high-flow 
nasal cannula,‡ face 
mask, nonrebreather 

mask, or Venturi mask 

Requiring positive 
pressure (eg, CPAP, 

BiPAP, intubation and 
mechanical ventilation)

ASTCT CRS consensus grading†



ASTCT Management Recommendations of CRS includes 
symptom control and prophylactic treatment

• There is no consensus regarding CRS resolution1

• After therapies are used, patients are still considered to have CRS until all signs and symptoms 
leading to initial diagnosis have been resolved

• Cases of severe CRS may be considered resolved when fever, oxygen, and pressor requirements are 
resolved

*Preclinical data have demonstrated potential value of CRS prophylaxis. The decision to utilize prophylactic strategies can be considered at clinician’s discretion.3
†Low-flow nasal cannula is defined as oxygen delivered at <6 L/min. Low flow also includes blow-by oxygen delivery, sometimes used in pediatrics. High-flow nasal cannula is defined as oxygen delivered at >6 L/min.
ASTCT=American Society for Transplantation and Cellular Therapy; CRS=cytokine release syndrome; IL-1=interleukin 1; IL-6R=interleukin 6 receptor.
1. Lee DW, et al. Biol Blood Marrow Transplant. 2019;25(4):625-638. 2. Morris EC, et al. Nat Rev Immunol. 2022;22(2):85-96. 3. Shi X, Wu H. Eur J Inflamm. 2022;20:1-10. 4. Dave P, et al. Cureus. 
2021;13(9):e17709. 5. Yanez L, et al. Hemasphere. 2019;3:(2):e186. 6. Shah N, et al. J Immunother Cancer. 2020;8(2):e000734. 7. Neelapu SS, et al. Nat Rev Clin Oncol. 2018;15(1):47-62.

Prophylactic treatment* • IL-1 inhibition, antipyretics, or tocilizumab (an IL-6R–blocking antibody) may be used 
prior to T-cell directed therapies

Mild CRS • Symptom management with antihistamines, antipyretics, and fluids
• May require low-flow nasal cannula†

Moderate to severe CRS

• Symptom management with
– Tocilizumab with or without immunosuppression with corticosteroids
– Intensive supportive care, including fluid resuscitation and vasopressors for 

hypotension and supplemental oxygen delivery as needed for hypoxia 

Management strategies for CRS1-7



Infections are assessed according to CTCAE criteria

*Instrumental ADL refers to preparing meals, shopping for groceries or clothes, using the telephone, managing money, etc.
†Self-care ADL refers to bathing, dressing and undressing, feeding self, using the toilet, taking medications, and not bedridden.
ADL=activities of daily living; AE=adverse event; CTCAE=Common Terminology Criteria for Adverse Events.
National Cancer Institute. Common terminology criteria for adverse events (CTCAE). Version 5.0. 
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf. Accessed December 6, 2022.

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Severity

Mild; asymptomatic 
or mild symptoms; 

clinical or 
diagnostic 

observations only

Moderate; limiting 
age-appropriate 

instrumental ADL*

Severe or 
medically 

significant but not 
immediately life-

threatening; 
disabling; limiting 

self-care ADL†

Life-threatening 
consequences

Death

Intervention Intervention not 
indicated

Minimal, local, or 
noninvasive 
intervention 

indicated

Hospitalization or 
prolongation of 
hospitalization 

indicated

Urgent intervention 
indicated

CTCAE AE grading



IMWG infection management strategies

Patients with MM should be under surveillance for potential infections; fever should always be 
considered as a marker of infections for patients

IgG=immunoglobulin G; IMWG=International Myeloma Working Group; IVIG=intravenous immunoglobulin; MM=multiple myeloma; PI=proteasome inhibitor; RRMM=relapsed/refractory multiple 
myeloma.
Raje NS, et al. Lancet Haematol. 2022;9(2):e143-e161.

Prophylactic treatment 

• Antibacterial prophylaxis with levofloxacin or consider trimethoprim sulfamethoxazole for patients at 
risk of Pneumocystis jirovecii pneumonia (patients with RRMM, treatment with high-dose 
dexamethasone)

• Antiviral prophylaxis with acyclovir for patients who are seropositive for herpes simplex virus and 
varicella-zoster virus or for patients receiving a PI or targeted monoclonal antibodies

Vaccinations • Inactivated influenza vaccine, inactivated Streptococcus pneumoniae vaccine, varicella zoster, and 
extension of the recombinant zoster vaccine

Exposure to hepatitis A, 
varicella-zoster virus, 
or measles

• Passive immunizations 

Febrile neutropenia
• Broad-spectrum antibiotics
• Reserve IVIG for specific situations, such as life-threatening infections and an IgG concentration 

below 
400 mg/dL with recurrent infections

Management strategies for infections
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