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Melenhorst JJ Nature 2022

CAR T cells remained detectable after 10y post infusion in 2 CLL pts

CAR T-cell therapy a cure for lymphoproliferative disorders?
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Adapted from Hinrichs & Restifo Nat Biotech 2013

Chimeric Antigen Receptor (CAR) modified T cells 



Coscia M Frontiers in Biosciences 2019

CAR structure development



CAR T cells production



CAR T-cell therapy in RR DLBCL
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Neelapu SS Blood 2023 Maziarz RT J Clin Oncol 2025
Abramson JS Blood 2024



CAR T-cell therapy vs SOC in 2L DLBCL

Axi-cel and Liso-cel 

approved for primary

refractory or early

relapsed (<12 months) 

DLBCL



Axi-cel

2y FU – ELARA

FL
18m FU – TRANSCEND FL

Liso-cel

5y FU – ZUMA 5

Tisa-cel

Brexu-cel

5y FU – ZUMA 2

CAR T-cell therapy in non Hodgkin lymphomas
CAR T-cell therapy in non Hodgkin lymphomas

Neelapu SS J Clin Oncol 2025

Dreyling M Blood 2024

Morschhauser F Nature Med 2024

Munoz J J Hematol Oncol 2026

Wang M J Clin Oncol 2023

CD28

CD3z

≥2 lines ≥2 lines≥3 lines

16m FU – TRANSCEND NHL 001

Liso-celMCL
≥2 lines (BTKi)

≥2 lines (BTKi)



Product 

administered

Patients evaluable for 

response, number
ORR CR rate Median DOR Median PFS Median OS

Axi-cel 4 75% (3/4) 25% (1/4) 7 months NA NA

Tisa-cel 14 57% (8/14) 29% (4/14)

CR patients, 40 

months

PR patients, 7 

months

7 months 29 months

Tisa-cel 32 44% (14/32) 28% (9/32) NA 1 month 64 months

MSKCC CD19 

CAR T cells 7 0% 0% NA NA NA

MSKCC CD19 

CAR T cells
15* 20% (3/15) 20% (3/15) NA 3 months 17 months

JCAR014 24 71% (14/24) 21% (5/24) NA 8.5 months NR

Adapted from Vitale C Hemasphere 2023

CAR T-cell therapy in Chronic Lymphocytic Leukemia
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CAR T-cell therapy in Chronic Lymphocytic Leukemia
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Determinants of response to CAR T-cell therapy

1) Cellular composition

Fraietta JA  Nat Med 2018

CD4:CD8 ratio

Clinical outcome



1) Cellular composition

2) T-cell subset distribution

Maus MV Annu. Rev. Immunol 2014
Fraietta JA  Nat Med 2018

Increased frequency of 
CD27+CD45RO- CD8+ T cells before 
CAR T generation associated with 
durable remission

CD27+PD-1-CD8+ CAR T cells 
associated with better response

Determinants of response to CAR T-cell therapy



Determinants of response to CAR T-cell therapy

Kong W JCI 2021
Fraietta JA  Nat Med 2018

1) Cellular composition

2) T-cell subset distribution

3) Presence of exhaustion markers



Determinants of response to CAR T-cell therapy

Fraietta JA  Nat Med 2018

1) Cellular composition

2) T-cell subset distribution

3) Presence of exhaustion markers

4) T-cell metabolism

TEM, TEFF

TSCM, TCM



Vitale C Hemasphere 2023

Intrinsic immune deterioration

of T cells in CLL patients



Selection

Of T cells

T-cell fitness 

improvement
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Of T cells
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Leukemia, 2016

Selection of T cells



JCAR014

Turtle CJ J Clin Oncol 2017

19 pts

@4 weeks:

• ORR 70%, CR 17%

• mFU 6.6 months

• mPFS 8.5 months



Selection of T cells

Lisocabtagene maraleucel (JCAR017)

4-1BB

CD3z



Siddiqi T ASH 2024 [Abstract #4633]

TRASCEND CLL 004 study

Liso-cel in RR CLL

ORR 44%



Siddiqi T ASH 2024 [Abstract #4633]

CAR-T isn’t curing most patients

TRASCEND CLL 004 study



Selection

Of T cells

T-cell fitness 

improvement



Apheresis product → in vivo T-cell modulation

T-cell fitness improvement

IBRUTINIB (Imbruvica®) - BTK inhibitor

Approved for the treatment of Chronic Lymphocytic Leukemia

In addition to its anti-neoplastic effect, ibrutinib exerts an off-tumor effect that 

modulates different immune compartments, particularly T cells.

Dubovsky Blood 2013
Long J C Invest 2017
Griggio V ASH 2019



Fraietta JA Blood 2016
Fan F Int J Cancer 2021

T-cell fitness improvement

The addition of Ibr increases naïve-like T-cell subsets and 

mitigates the expression of exhaustion markersThe combination with Ibr enhances CAR T-cell

engraftment and significantly prolongs the survival



JCAR014 + Ibrutinib in RR CLL/SLL

Con-ibr cohort

19 patients with RR CLL(high-risk disease)

Ibrutinib 420 mg/day from ≥2 weeks pre-leukapheresis and until ≥3 months after CAR T-cell infusion

No-ibr cohort

19 patients with RR CLL

Previously treated in the same trial (NCT01865617)

Same lymphodepletion and CAR T-cell dose

Gauthier J Blood 2020



Responding patients had superior 

long-term outcomes

Gauthier J Blood 2020

JCAR014 + Ibrutinib in RR CLL/SLL

100%

1y-OS: 64%

1y-PFS: 38%

58%

33%

67%

38%



huCART19 in combination with Ibrutinib in patients with CLL/SLL

NCT 02640209 trial

≥6 months

CLL pts

not in CR

19 pts

@12 months

CR 50%

uMRD 72%

48m-PFS: 8o%

Gill S Blood Adv 2022
Frost BJ ASH 2024

m-FU: >6y



Liso-cel in combination with Ibrutinib in patients with RR CLL/SLL:

phase 1/2 TRANSCEND CLL 004 Study

Wierda W ASH 2024 [Abstract #887]

56 pts, mFU 24.8 mo

Key Eligibility:
• RR CLL/SLL and

• Progressing on Ibr at enrollment or

• High-risk features and received Ibr for ≥6 mo with less than a CR or

• BTK/PLCγ2 mutation or

• Prior BTKi with no contraindications to ibr or

• PD on BTKi and received prior venetoclax



Liso-cel in combination with Ibrutinib in patients with RR CLL/SLL:

phase 1/2 TRANSCEND CLL 004 Study

Wierda W ASH 2024 [Abstract #887]



T-cell fitness improvement

cBTKi Bcl2i



T-cell fitness improvement

cBTKi Bcl2i



T-cell fitness improvement

cBTKi Bcl2i

ncBTKi



T-cell fitness improvement

cBTKi Bcl2i

ncBTKi PI3Ki



NCCN 2026



• Anti-CD19 CAR-T cells have transformed

the treatment landscape of B-cell

malignancies, achieving long-term

disease control.

• Clinical efficacy depends not only on CAR 

design, but also on T-cell quality.

• A T-cell dysfunction as in CLL may

impact the efficiency of CAR T-cell therapy.

• Optimizing T-cell fitness before/during

CAR-T manufacturing may improve CAR T-

cell therapy.

Take-home Messages
Not only engineering better CARs,

but also making better T cells.
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