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• Axicabtagene ciloleucel (Gilead/Kite) anti-CD19/CD28z
• Adults, R/R FL after 2+ lines (ZUMA-1; Neelapu S NEJM 2017)
• Adults, R/R large B-cell lymphoma after 1+ line (ZUMA-7; Locke F NEJM 2022)

• Tisagenlecleucel (Novartis) anti-CD19/4-1BBz
• </= 25yo, B-ALL primary refractory or 2+ relapses (ELIANA, Maude S NEJM 2018)
• Adults, R/R large B-cell lymphoma 2+ lines (JULIET; Schuster S NEJM 2019)

• Brexucabtagene autoleucel* (Gilead/Kite) anti-CD19/CD28z
• Adults, R/R mantle cell lymphoma (ZUMA-2; Wang M NEJM 2020)

• Lisocabtagene maraleucel (BMS/Juno) anti-CD19/4-1BBz
• Adults, R/R large B-cell lymphoma; FL 2+ lines (TRANSEND; Abramson J Lancet 2020)

• Idecabtagene vicleucel (BMS/Bluebird) anti-BCMA/4-1BBz
• Adults, R/R multiple myeloma 4+ lines (KarMMa; Raje N NEJM 2019, Munshi N NEJM 2021)

• Ciltacabtagene autoleucel (Janssen/Legend) anti-BCMA/4-1BBz
• Adults, R/R multiple myeloma 4+ lines (CARTITUDE-1; Berdeja J Lancet 2021)

Approved Indications

*same CAR vector as Axi-cel, manufacturing now includes T cell enrichment
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CAR T cell therapies provide historic advance for patients with 
relapsed/refractory hematologic malignancies 

Selinexor 

mPFS: 3.7m

mOS: 8.6m

mPFS: NR at 18m
12m PFS rate: 77%

12m OS rate: 89%

Cilta-cel
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• New targets and logic gating

• Next-gen CARs 
• Intracellular targets    non-T cell types
• mRNA as a target and a therapeutic
• Advances in manufacturing

GPRC5D as target for MM Dual-targeting

CD138     BCMA    GPRC5D 

>>

Sham MailankodyMette Staehr Carlos Fernandez de Larrea

>>

GPRC5D CAR T clinical trial
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G Protein-Coupled Receptor Class C Group 5 Member D (GPRC5D) G Protein-Coupled Receptor Class C Group 5 Member D (GPRC5D) 

– Orphan 7 trans-membrane receptor
– Expressed in subset of cells in hair follicle, hard keratinizing tissue
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GPRC5D protein expression is identified on MM 
cells and is expressed independently of BCMA

CD138     BCMA    GPRC5D 

Smith EL et al. Science Translational Medicine 2019

CD138     BCMA    GPRC5D 
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Identification of candidate GPRC5D-specific scFvs by 
screening a human B cell-derived phage display library  

22 
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Figure 2. Development of GPRC5D-targeted CARs. (A) Human B cell-derived scFv phage 484 

display library screening strategy. Positive ‘hits’ were confirmed by scFv binding to NIH 3T3 485 

fibroblasts expressing GPRC5D, but not those expressing an irrelevant protein. Sequencing 486 
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Smith EL et al. Science Translational Medicine 2019
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GPRC5D-targeted CAR T cells rescued mice 
from BCMA negative tumor escape model

OPM2BCMA KO

Smith EL et al. Science Translational Medicine. 2019
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GPRC5D-targeted CAR T cells rescued mice 
from BCMA negative tumor escape model

OPM2BCMA KO

Smith EL et al. Science Translational Medicine. 2019

JCARH125
(Orva-Cel)

MCARH109
(CC-95266)

Omar Nadeem, PI

Sham Mailankody, PI
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BCMA CAR T cell therapies have dramatic efficacy in RRMM

Smith EL et al; 
Cancer Immunology
Research. 2019

Orva-cel (formerly JCARH125)

How will patients relapsed post-
BCMA CAR T cell therapy respond to    

GPRC5D CAR T cell therapy?



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 12/2021; Abstract 827



13
Mailankoday S et al. ASH 2021
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Radiologic Response: Patient #1 (25M cells)

Pre-treatment

4 week follow-up
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Mailankoday S et al. ASH 2021

CAN WE ENGINEER AROUND 
BCMA-low RESIVIOR FOR RELAPSE 

WITH DUAL-TARGETING TO 
PREVENT ANTIGEN ESCAPE RELAPSE 

AND IMPROVE DURABILITY OF 
REMISSIONS?

*MRD negativity to >10-5
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Dual-targeted

CARpool 2 virus Bicistronic Single-stalk

Simon S and Riddell S. Blood Can Discov 2020
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Annesley C et al. ASH 2021
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Annesley C et al. ASH 2021
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Annesley C et al. ASH 2021
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Annesley C et al. ASH 2021
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Dual-targeted
de Larrea et al Blood Can Discov 2020

CARpool 2 virus Bicistronic Single-stalk

Simon S and Riddell S. Blood Can Discov 2020
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Dual-targeting model

Hypothesis: Dual-Antigen 
targeting may 

increase avidity 
for dual-antigen expressing 

target cell 

de Larrea et al Blood Can Discov 2020
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Logic Gated/Conditional CARs to increase specificity

Rafiq S, Hackett C, Brentjens R. Nature Rev Clin Onc. 2020

AND NOT IF->THEN
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• New targets and logic gating

• Next-gen CARs 
• Intracellular targets    non-T cell types
• mRNA as a target and a therapeutic
• Advances in manufacturing

GPRC5D as target for MM Dual-targeting

CD138     BCMA    GPRC5D 

>>

Sham MailankodyMette Staehr Carlos Fernandez de Larrea

>>

GPRC5D CAR T clinical trial
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Next-generation CAR design CD28 4-1BB

Michael 
Birnbaum
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Intracellular targets
CAR NK cells

Dong H et al (Chen, Ritz, and Romee). ASH. 2020

Jianzhu Chen

Chandran et al. Immunological Rev. 2019
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Therapeutics to edit mRNA

Feng Zhang
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Advances in mRNA therapies

Parisa 
Yousefpour

Minnaert et al. Adv Drug Deliv Rev. 2021

LNP mRNA
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Next-gen cell therapy manufacturing
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Next-gen manufacturing: automation to increase scale
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New cell/gene/mRNA GMP capabilities: 
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Manufacturing platforms – big picture

Deepak Mishra

Autologous

Allogeneic (Off-the-shelf)

In situ

Gillmore et al. NEJM 2021
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Summary

• Cellular and genetic based immunotherapies are rapidly translational 
with the potential for substantial efficacy even in the most heavily pre-
treated patients (example: GPRC5D CAR T cells)

• Advances in design/bioengineering and manufacturing will drive 
improvements in patient outcomes 

• Given the rapid advances in technology and practical advantages of 
cell/gene/mRNA clinical translation, these platforms are likely to 
supplant traditional biologics over the next several years
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LNP mRNA

Thank you

Eric Smith, MD PhD
Director of Translational Research, 

Immune Effector Cell Therapies
Dana-Farber Cancer Institute

Email: EricL_Smith@dfci.harvard.edu
Smith Lab for Gene and Cell Engineering

ericsmithlab.dana-farber.org/
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Expanding Cell/Gene Immunotherapies @ DFCI

mAb engineering
High throughput screening

EricL_Smith@dfci.harvard.edu
ericsmithlab.dana-farber.org


