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Intro to CAR-T:
Driving Shiny New Cars



● What are CAR-T?
● How do CAR-T kill work?
 Heme malignancies
 “Solid” malignancies
● How do CAR-T fail?
 CAR-T intrinsic causes → Action Plan: 
 Tumor intrinsic causes:
  Antigen Escape   → Action Plan: 
  Other Resistance → Action Plan: 
 TME intrinsic causes  → Action Plan: 
● The Future

Intro to CAR-T:
Driving Shiny New Cars



Ivica NA et al.,  Healthcare 2021

How can we measure CAR-T optimism?
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Brody J, et al., Active and passive immunotherapy for lymphoma: proving principles and improving results. J Clin Oncol. 2011
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What are CAR-T?
recipe: monoclonal antibodies (mAbs) + T cells



What are CAR-T?
recipe: monoclonal antibodies (mAbs) + T cells

1984 NOBEL PRIZE
Cesar Milstein & George Köhler

generation of hybridomas
fuse B cells and myeloma cells

production of large mAb quantities



Extracellular antigen 
recognition domain (anti-CD19)

Intracellular signaling 
domain

What are CAR-T?
putting the ingredients together



Kochenderfer JN et al.,  J Clin Oncol. 2014  
Neelapu SS,  et al., N Engl J Med. 2017
Neelapu SS,  et al., Blood 2023

PRE-INFUSION
How do CAR-T kill cancer?

axi-cel
anti-CD19

Answer: 
better than other 
therapies for relapsed 
aggressive lymphoma



Standard Therapy

Fancy New Therapy

Standard Therapy

Fancy New Therapy

Standard Therapy

Fancy New Therapy

Standard Therapy

Fancy New Therapy

Quick aside - what most Kaplan Meier curves look like:

Brody JD et al., Journal of Neg Results 2023
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Neelapu SS,  et al., Blood 2023

PRE-INFUSION
How do CAR-T kill cancer?

Axi-Cel
anti-CD19

Answer: 
better than other 
therapies for relapsed 
aggressive lymphoma



How do CAR-T kill cancer?

Locke FL  et al., N Engl J Med. 2022
Westin JR et al., N Engl J Med. 2023

Axi-Cel
anti-CD19

Answer: 
better than other 
therapies for relapsed 
aggressive lymphoma



Kamdar M et al., Lancet 2022

How do CAR-T kill cancer?
Answer: 
better than other 
therapies for relapsed 
aggressive lymphoma

Liso-Cel
anti-CD19

liso-cel
standard rx
one-sided p = 0.0001

months

months

liso-cel
standard rx
one-sided p = 0.026



Rodriguez-Otero P et al., N Engl J Med. 2023

p < 0.001

How do CAR-T kill cancer?
Answer: 
better than other 
therapies for relapsed 
myeloma

Ide-Cel
anti-BCMA
ORR 71%



Berdeja JG Lancet 2021

How do CAR-T kill cancer?
Answer: 
better than other 
therapies for relapsed 
myeloma

Cilta-Cel
anti-BCMA

months

months

months

ORR 96.9%

Very Good Partial Responders

Partial Responders

Complete Responders



How do CAR-T kill cancer?

MCARH109
anti-GPRC5D

Mailankody S et al., NEJM 2022

Answer: 
better than other 
therapies for relapsed 
myeloma



How do CAR-T kill cancer?
Answer: 
?better than other 
therapies for relapsed 
Glioblastoma?

Brown CE et al., NEJM 2016

anti-IL13Rα2
“zetakine”



How do CAR-T kill cancer?
Answer: 
?better than other 
therapies for relapsed 
Glioblastoma?

O’Rourke DM et al., Sci Trans Med 2017

anti-EGFRvIII

Pre-
infusion

Post-
infusion



How do CAR-T kill cancer?
Answer: 
?better than other 
therapies for midline 
gliomas?

anti-GD2 CAR-T

Majzner RG et al., Nature 2022 



Answer: 
?better than other 
therapies for relapsed 
gastric cancer?

Qi C et al., Nat Med 2022

How do CAR-T kill cancer?

anti-Claudin 18.2 CAR-T



How do CAR-T fail?

CAR-T intrinsic causes →  Action Plan: 

Tumor intrinsic causes:

 Antigen Escape →  Action Plan: 

 Other Intrinsic →  Action Plan: 

TME intrinsic causes →  Action Plan: 



~ 35-40%

Primary Tx
resistance

(PD or SD) 

Durable
response

• Optimal product attributes
• Favorable TME
• Robust CAR T cell expansion
• Complete tumor elimination

~ 15-20%

~ 15%
~ 30%

Target related
secondary Tx

resistance
 

Product & tumor-related 
secondary Tx resistance

 • Optimal product attributes
• Favorable TME
• Robust CAR T cell 

expansion
• Incomplete tumor elimination
• Antigen Escape

• Large tumor burden & detrimental TME 
(myeloid cells)

• Suboptimal product attributes (↓dose of 
juvenile T cells) 

• Low CAR T cell expansion / tumor burden
• Partial tumor reduction
• Relapse with target-positive tumor

• Detrimental TME (immune desert 
or exclusionary)

• Low product T cell fitness
• Suboptimal CAR T cell expansion
• Lack of tumor reduction

CAR-T Resistance: When and How

Axi-Cel
anti-CD19



Low product T cell fitness
“Cold” TME

Large tumor burden & detrimental TME 
Low CAR T cell expansion / tumor burden

Antigen (e.g. CD19) escape

Primary Tx resistance Secondary Tx resistance

Manufacturing and product attributes optimization; off the shelf products

Combinations or sequencing with checkpoints; CAR armoring

Re-dosing with CAR T cells (consolidative)

Dual targeted CAR T cell products

Combination / consolidation with anti-CD20/CD22 agents (R2, Bites, ADC)

CAR-T Resistance: Overall Action Plans

Potentiate ‘Bystander’ Killing



Neelapu, SS et al., Blood (2023) 141 (19): 2307–2315

How do CAR-T fail?
CAR-T intrinsic causes → Insufficient expansion



How do CAR-T fail?

Svoboda J et al., Blood (2022) 140 (Supplement 1): 4612–4614.

7/8 pts relapsed after prior CAR-T (mostly refractory)_____
CAR-T intrinsic causes → Action Plan: IL-18 producing CAR-T

huCART19-IL18
anti-CD19



How do CAR-T fail?
CAR-T intrinsic causes → Action Plan: CARVac re-prime CAR-T in vivo

BNT211
anti-CLDN6 CAR-T

Mackensen A et al. J Clin Oncol. 2023;41(suppl 16):2518. 



How do CAR-T fail?
CAR-T intrinsic causes → Action Plan: CARVac re-prime CAR-T in vivo

BNT211
anti-CLDN6 CAR-T

Mackensen A et al. J Clin Oncol. 2023;41(suppl 16):2518. 



How do CAR-T fail?
CAR-T intrinsic causes → Action Plan: start with fresh (allogeneic) T cells



How do CAR-T fail?
Tumor intrinsic causes e.g. Antigen Escape → Action Plan: switch target

Spiegel JY et al., Nature Medicine 2021.

anti-CD19
anti-CD22



How do CAR-T fail?
Tumor intrinsic causes e.g. Antigen Escape → Action Plan: switch target

anti-CD19
anti-CD20

Larson SM, et al., Cancer Discovery, 2023



How do CAR-T fail?
Tumor intrinsic causes e.g. Antigen Escape → Action Plan: ‘Kill Bystanders’ 

GrB
perforin

CAR-T T

MHC-ICD19
lymphoma



How do CAR-T fail?
Tumor intrinsic causes e.g. Antigen Escape → Action Plan: ‘Kill Bystanders’ 

Upadhyay R, et al., Cancer Discovery, 2021.



How do CAR-T fail?
Tumor intrinsic causes e.g. Antigen Escape → Action Plan: ‘Kill Bystanders’ 

Upadhyay R, et al., Cancer Discovery, 2021.



Increasing Bystander Killing can prevent Antigen Escape

Upadhyay R, et al., Cancer Discovery, 2021.

HDAC-i

birinipant

venetoclax
AZD5991 
ABT-737

cell death

FasL
Fas 

MCL1

BID
casp3

bcl-xL
bcl2

casp8

BAX

cIAP
xIAP

FADD

cFLIP



Scholler N et al., Tumor immune contexture is a determinant of anti-CD19 CAR T cell efficacy in large B cell lymphoma.  Nature Medicine 2022

How do CAR-T fail?
TME intrinsic causes e.g. increased TILs correlate with CAR-T efficacy

Anagnostou T et al., Nature Medicine 2022



How do CAR-T fail: TME

Scholler N et al., Tumor immune contexture is a determinant of anti-CD19 CAR T cell efficacy in large B cell lymphoma.  Nature Medicine 2022Anagnostou T et al., Nature Medicine 2022
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Chong EA et al., Blood 2022

How do CAR-T fail?
TME intrinsic causes e.g. PDL1 → Action Plan: anti-PD1

anti-CD19 CAR-T



How do CAR-T fail?

anti-mesothelin CAR-T

TME intrinsic causes e.g. PDL1 → Action Plan: anti-PD1

Adusumilli  PS et al., Cancer Discov. 2021



How do CAR-T fail: TME

Narayan V et al., Nature Medicine 2022

anti-PSMA
TGFβ-insensitive 
‘armored’ CAR T



Brody J, et al., Active and passive immunotherapy for lymphoma: proving principles and improving results. J Clin Oncol. 2011 May 10;29(14):1864-75. 

Cancer cell e.g.

CD20

The future of CAR-T and T cell therapies:
Instead of making T-cell therapies in the lab, can we make them in our patients?



Hutchings M et al JCO 2022 *Israel Lowy MD,PhD will be speaking in more detail next hour…

The future of CAR-T and T cell therapies:
Instead of making T-cell therapies in the lab, can we make them in our patients?



The future of CAR-T and T cell therapies:



Ivica NA et al.,  Healthcare 2021

How can we measure CAR-T optimism?



The future of CAR-T and T cell therapies:



EXTRA



1. Rossi JM, et al. Blood. 2018. 2. Kochenderfer JN, et al. J Clin Oncol. 2017. 3. Locke FL, et al. ASCO 2018. #3039. 4. Rossi JM, et al. AACR 2018. #LB-016. 
5. Neelapu SS, et al. ASH 2017. #578. 6. Neelapu SS, et al. N Engl J Med. 2017. 7.Locke FL et al. Blood Advances 2020

CAR, chimeric antigen receptor; PD, pharmacodynamics; PK, 
pharmacokinetics.

Product features and fitness

- Number of specialized T cells
- T cell subsets / Phenotype
- Expansion capability
- Polyfunctionality1

Conditioning and concomitant 
medications2

Tumor burden3

Tumor cell biology5

Tumor immune contexture

Tumor microenvironment (TME)4,7Manufacturing starting material

PK & PD Profile6, 7

Clinical Efficacy and 
Toxicity

Systemic inflammatory state7

CAR-T Resistance: Overall



Tumor antigen 
biology

Tumor 
characteristics

Product 
attributes

CAR T cell
expansion in vivo

Durable clinical 
response

↑ CD45RA+ CCR7+ T cells
↑ CD8+ PD-1+ TIM-3- T cells
↑ Tumor burden ↑ Myeloid signature

↑ Target-negative tumor
      cells

↑ Peak CAR / Tumor burden

Immune system pre-Tx ↑ CD27+ CD28+ CD4+ Tn cells ↑ CD14+ CD16+ myeloid cells ↑ Inflammation

≈ 35-40% ongoing response
≈ 45% relapse
≈ 15% no response

CAR-T Resistance: How and Who



49

Current generation of CAR T

Maximize applicability of current 
generation of CAR products

 Expand label to other histologies
 Earlier line, high risk patients

Optimize safety profile
• Optimized utilization of corticosteroids, IL-6R blockade
• Introduction of other targeted agents or product optimizations
• Optimized patient stratification and monitoring in outpatient setting

Next Generation Product 
Manufacturing

• Short autologous manufacturing
• Dual targeted products with 

optimized T cell composition
• Safe and effective off the shelf 

products

Increase Efficacy / Overcome Resistance in B Cell 
Malignancies

- Increase in situ number and activity of CAR T cells
- Broaden up the category of immune effector 

mechanisms

CAR-T Resistance: Action Plan



Scholler N et al., Tumor immune contexture is a determinant of anti-CD19 CAR T cell efficacy in large B cell lymphoma.  Nature Medicine (2022)

How do CAR-T fail: TME



T cell subsets in pre-treatment tumor biopsies associated with myeloid-secreted chemokines.
How do CAR-T fail: TME

Scholler N et al., Tumor immune contexture is a determinant of anti-CD19 CAR T cell efficacy in large B cell lymphoma.  Nature Medicine (2022)



Evolution of T cell subset densities in the TME after axi-cel infusion
How do CAR-T fail: TME

Scholler N et al., Tumor immune contexture is a determinant of anti-CD19 CAR T cell efficacy in large B cell lymphoma.  Nature Medicine (2022)

PSMA-targeting TGFβ-insensitive armored CAR T



Making anti-tumor T cells in our patients: Bispecific Abs

Hutchings M et al JCO 2022
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