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Agenda

• Introduction to CAR T Cell Therapy and Its Clinical 

Applications

• Key Challenges in CAR T Cell Therapy Development

❑ Safety: Addressing Second Primary Malignancies

❑ Scalability: Enhancing Production and Accessibility

• Innovative Solutions and Current Developments

•  Efficacy in Solid Tumors: Breaking Barriers



Principles of CAR T cells

• CAR T cells: Personalized immunotherapy using patient's own T cells, 

genetically engineered to target specific tumor antigens for cancer 

treatment.

• Chimeric Antigen Receptor (CAR) Structure:

• Binder: Ensures antigen recognition, specificity, and affinity

• Hinge region: Provides flexibility and maintains optimal distance to 

the target

• Transmembrane Region: Contributes to receptor stability and 

function

• Co-stimulatory Domain: Augments T cell function, metabolism, 

and persistence

• T cell activation domain: Facilitates downstream T cell activation 

and functional responses



Principles of CAR T cells

• CAR T Cell Killing Mechanism:

o Recognize Tumor-Associated Antigen (TAA)

o Form Immune Synapse with Target Cell

o Release Cytotoxic Granules

o Induce Target Cell Apoptosis

o Trigger Cytokine Release & Immune 

Activation

• Main target: CD19, specifically expressed on B-

cells

• Remarkable success in hematological B-cell 

malignancies as a third line of treatment in 

Lymphoma and Leukemia

• Recently approved CAR T-cells targeting BCMA 

for Multiple Myeloma

Flugel et al. Nat. Rev. Clin. Oncol. 2022



FDA Approved CAR T cells in Hematological Malignancies

Approval restricted to patient populations and treatment line

Multiple Myeloma (MM) 

Large B-cell lymphoma (LBCL) 

Follicular lymphoma (FL)

Mantle cell lymphoma

Acute lymphoblastic leukemia (ALL) (B-cell precursor)

Large B-cell lymphoma (LBCL) 

Chronic Lymphocytic Leukemia (CLL) or Small Lymphocytic Lymphoma (SLL)

Acute lymphoblastic leukemia (ALL) (B-cell precursor)

Large B-cell lymphoma (LBCL) 

Follicular lymphoma (FL)

2017

2020

2021

2022 Multiple Myeloma (MM) 

tisagenlecleucel

axicabtagene 
ciloleucel

brexucabtagene 
autoleucel

lisocabtagene 
maraleucel

idecabtagene 
vicleucel

ciltacabtagene 
autoleucel



CAR T Cells in Lymphoma: Pivotal Trials

Product Disease Trial
Line of 

treatment

Trial 

Phase

Overall 

Response

Event Free 

Survival
CRS

Neuro-

toxicity
Reference

Tisa-cel

LBCL

JULIET

(2018)
3rd Phase II

52%

(CR 40%)
NR 22% 12%

Schuster et 

al., 2019

BELINDA

(Primary 

endpoint unmet)

2nd

Phase III

Kymriah vs 

SC

38.3% vs 

53.8%
=3m 61.3% 10.3%

Bishop et 

al., 2022

FL
ELARA

(2022)
3rd Phase II

86.2%

(CR 69.1%)
NR 48.5% 4.1%

Fowler et 

al. 2022

Axi-cel
LBCL

ZUMA-1

(2017)
3rd Phase II

82%

(CR 54%)
5.7m 93% 64%

Neelapu et 

al., 2017

ZUMA-7

(2022)
2nd

Phase III

Yescarta 

vs SC

83% (CR 

65%)  vs 50% 

(CR 32%)

8.3m vs 2m 92% 60%
Locke et al., 

2022

ZUMA-12

(Primary 

endpoint met)

1st Phase II CR 78% 73% at 12m 100% 73%
Neelapu et 

al., 2022

FL
ZUMA-5

(2021)
3rd Phase II

91%

(CR 60%)
NR 88% 81%

Jacobson et 

al., 2021

Lymphoma

LBCL; large B-cell lymphoma, 

FL; follicular lymphoma



CAR T Cells in Lymphoma: Pivotal Trials

Product Disease Trial
Line of 

treatment

Trial 

Phase

Overall 

Remission

Event Free 

survival
CRS

Neuro-

toxicity
Reference

Brexu-cel MCL
ZUMA-2

(2020)
2nd Phase II

85%

(59% CR)
NR 91% 63%

Wang et al., 

2020

Liso-cel
LBCL

TRANSCEND 

NHL 001
(2021)

3rd Phase I
73%

(CR 53%)

NR
42% 30%

Abramson 

et al. 2020

TRANSFOR

M
2022

(Primary 

endpoint met)

2nd

Phase III

Breyanzi 
vs SC

CR 66% vs 

CR 39% 

10.1m vs 

2.3m
49% 12%

Kamdar et 

al. 2022

Lymphoma

LBCL; large B-cell lymphoma, 

MCL; Mantle Cell Lymphoma



CAR T Cells in Leukemia: Pivotal Trials

Product Disease Trial

Line of 

Treatmen
t

Trial 

Phase

Overall 

Remission

Event 

Free 
Survival

CRS
Neuro-

toxicity
Reference

Tisa-cel

ALL

(Pediatric 
and young 

adults)

ELIANA

(2017)
3rd 

Phase I-

II

82.5%

(CR 63% + 
CRi 19%)

73% 77% 40%
Maude et 

al., 2018

Brexu-cel
ALL

(Adults)

ZUMA -3

(2021)
3rd Phase II 56% CR NR 92% 87%

Shah et al. 

2021

Liso-cel
CLL and 

SLL

TRANSCEND 

CLL004 (2023)
3rd 

Phase I-

II
18% CR NR 9% 18%

Siddiqi et 

al. 2023

Leukemia

B-ALL; B-cell acute lymphoblastic leukemia, 

CLL; Chronic Lymphocytic Leukaemia
SLL: Small Lymphocytic Lymphoma



Key Challenges: CAR+ T-cell Second Primary Malignancies

• Nov 2023: 22 cases of secondary T-cell 

malignancies following CAR T-cell therapy

• Potential cause: Combination of pre-existing and 

CAR T-cell genetic engineering derived genetic 

and epigenetic alterations (e.g. use of viral 

vectors).

• Not all of these cases have been definitively 

linked to CAR T cell treatment.

• Mitigation: Requires multifaceted strategies, 

including patient education, stringent genomic 

monitoring, and continued regulatory oversight 

and surveillance.

• Solution: Next-generation CARs with enhanced 

targeting and safety features.

Abou-el-Enein et. al. (2024), Blood Cancer Discov 



CAR T cell manufacture

Abou-el-Enein et. al. (2021), Blood Cancer Discov  (Adapted)

Key Challenges: Scaling CAR T Cell Manufacturing 

(2) Viral vector 

manufacturing, testing 

and supply constrains

(3) Manual or bulky systems

(1) Patient scheduling 

and cell fitness 

limitations

(4) Lengthy expansion 

protocols



Open processes increase 

contamination risks and may result in 
operator errors, leading to significant 

manufacturing delays 

Implement semi-closed systems to 

enhance workflow efficiency and 
shorten manufacturing time

Viral vectors for genetic delivery 

pose safety concerns and high costs 

Autologous cells of poor quality may 

add complexity and variability to the 
process, leading to production failures

Develop allogeneic cell therapies to 

enable large-scale production, catering 
to a broader range of patients  

CHALLENGE RESPONSE

Develop & optimize non-viral delivery 

for improved safety & efficiency

Expensive cGMP Facilities add to the 

overall cost of therapy

Shorten manufacturing times and 

personnel involvement

Innovative Solutions and Current Developments



Innovative Solutions and Current Developments

Non - Viral Allogeneic

- Adaptable semi-closed 

system

- Scalable 

- Requires less space

- Achieve better yield

Semi-closed

- Low Immunogenicity

- Low cost

- Scalable

- Enable multiplex 

editing

- Originate from healthy 

donor

- Available on demand

- Need to overcome 

alloreactivity and risk of 
GvHD



Innovative Solutions and Current Developments



Wagner et al. Mol. Ther. 2020

Limited Efficacy in Solid Tumors



• Lack of specific tumor antigen → 

Target expression in healthy tissue

• Risk of healthy tissue destruction 

(OTOT)

• Risk: Reduced safety and efficacy

• Current efforts: CAR T cells with 

enhanced specificity; dual-

targeting CARs, logic-gated CARs, 

or affinity-tuned CARs.

Flugel et al. Nat. Rev. Clin. Oncol. 2022

Limited Efficacy in Solid Tumors



Promise of CAR T in Solid Tumors

Target: EGFR
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BUILDING HOPE

Thank you!

Dr. Mohamed Abou-el-Enein

mabouele@usc.edu

Follow us on LinkedIn & Twitter: USC/CHLA Cell Therapy Program
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