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Exciting years for CART immunotherapy for r/r CD19+ and BCMA+ malignancies

August 2017: Ped. and AYA B-ALL
May 2018: LBCL; May 2022: FL

February 2021: LBCL + 2nd line

July 2020: MCL
Oct 2021: adult B-ALL

March 2021: MM

March 2022: MM
October 2017: LBCL + 2nd line
March 2021: FL



Long-term  (5yrs) results of CART19 for non-Hodgkin lymphoma

Chong E., Ruella M., Schuster S.J., NEJM, 2021 
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Interrogating CD19+ relapses with Functional Genomics

Genome-wide CRISPR-Cas9 Knock-out Screening 
to Identify Resistance to CART19

Singh N., Lee YG, Cancer Discov, 2020



Modeling Resistance Primary Resistance

gRNA NGS after 24-hour co-culture

Singh N., Lee YG, Cancer Discov, 2020



Extrinsic apoptosis and CART outcomes in ALL

Pediatric B-ALL trial (ELIANA)

mRNA expression of positive 
regulators of the extrinsic apoptotic 

pathway

CART expansion 
(qPCR)

CART persistence 
(days)

Singh N., Lee YG, Cancer Discov, 2020



Apoptosis as the key for cancer resistance

Genome-wide 
CRISPR-KO
Screening

(~80,000 gRNAs)

Vucic Nat Rev Mol Cell Biol, 2011

Singh N, Cancer Discov, 2020

PRO APOPTOSIS GENE KO
=no apoptosis

ANTI APOPTOSIS GENE KO
=apoptosis

Small 
Molecule 

HTS
(~3,000 molecules)

Lee YG, Cancer Discov, 2022

1. SMAC mimetics 
(birinapant)

2. BCL-2 antagonists



SMAC mimetics enhance CART killing – IN VITRO
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BCL-2 inhibition and CART in lymphoma

Lee YG, Cancer Discov, 2022

Large-cell lymphoma Patients treated with CART19



BCL-2 inhibition and CART lymphomas

Lee YG, Cancer Discov, 2022



A strategy to increase the therapeutic window of ven-CART

Hypothesis:

Lee YG, Cancer Discov, 2022

BCL-2(F104L) protects 
CART cells

In vivo synergy of 
CART19-BCL-2(F104L) 

and venetoclax



Ventoclax bridging before Tecartus



Wild type BCL-2 overexpression enhances CART immunotherapy



Summary and Perspectives

• CART immunotherapy is leading to remarkable results in lymphoid 
malignancies, in particular B-ALL and NHL

• Despites these successes the majority of patients will ultimately fail this 
treatment

• We described a new mechanism of resistance involving reduced pro-
apoptotic factors in leukemic cells

• Small molecules against IAPs or BCL-2 lead to enhanced killing at short 
term but drive CAR T cell apoptosis over time

• We devised a strategy to make CART resistant to BCL-2 inhibition and lead 
to synergy when combined with venetoclax. 
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