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CD19 CAR T cell therapy in ≥3rd line LBCL

JULIET
Tisa-cel

ZUMA-1
Axi-cel

TRANSCEND
Liso-cel

Neelapu SS et al. Blood 2023; 141(19):2307-2315

Schuster SJ et al. Lancet Oncol 2021; 22(10):1403-1415

Abramson JS et al. Blood 2024; 143(5):404-416



Axi-cel in ≥3rd line LBCL

Neelapu et al. Blood, 2023 May 

11;141(19):2307-2315;

Jain MD et al, J Clin Oncol 2024 Oct 

20;42(30):3581-3592

ZUMA-1@5 years

Progression-free survival

Overall survival

Disease-specific survival

Real-world study @5 years

US Lymphoma CAR-T 

Consortium 



Causes of death on ZUMA-1

Neelapu et al. Blood, 2023 May 11;141(19):2307-2315

78%

  7%

  2%

16%



Causes of death: Real-world US Lymphoma CAR T Consortium

Jain MD et al, J Clin Oncol 2024 Oct 20;42(30):3581-3592

63%

18%

  8%

  3%

  6%



Annual death rates by ages, by sex, United States,2023



PFS by lymphoma subtype in LBCL

Abramson et al. ASH 2019, Abstract 241

Abramson et al, Lancet 2020
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PMBCL
tFL

HGBCL

DLBCL, NOS

tiNHL

Median PFS (95% CI), months

N

Censored

33 20 13 13 10 9 6 4 2 0

57 41 34 27 17 15 12 9 7 0

14 7 7 7 5 0

18 7 5 3 3 1 1 1 1 0

131 56 40 36 29 21 13 8 4 1 0

TRANSCEND

Schuster SJ et al, Lancet Oncol 2021 Oct;22(10):1403-1415

JULIET



PMBCL has improved outcome with axi-cel than other LBCLs

Italian CART-SIE Study

Chiappella A et al. Leukemia 2024 May;38(5):1107-1114

PMBCL

PMBCL

Other LBCL
Other LBCL

PFS OS



Poor outcome after CD19 CAR-T in T-cell-rich LBCL

Blood (2021) 137 (24): 3454–3459

• All 9 patients treated with either axi-cel or tisa-cel had progressive disease

• Tumor cells positive for CD19 at baseline and progression

• PD-L1 genetic alterations common in tumor cells

• PD-L1 expression high in TAMs

• PD-1 expression high on T cells in TME

• PD-1 upregulation in peripheral blood CAR T cells



Factors impacting CAR T efficacy

Tumor
• Tumor burden

• Antigen density

• Antigen loss

• CD58 loss

• Tumor subtype

• Microenvironment

CAR-T
• Dose

• Binder – scFv

• Signaling domains

• Hinge/TM

• Phenotype

• Polyfunctionality

• Composition

Host
• Age / Performance status 

• Comorbidities 

• Inflammatory state

• Conditioning

• Immune cell fitness

• Prior therapies

• Microbiome



Other factors impacting CAR-T efficacy

Tumor burden

Schuster SJ et al, Lancet Oncol 2021 Oct;22(10):1403-1415

TP53 altered

Shouval et al. J Clin Oncol 2022 Feb 1;40(4):369-381

Naïve T cell in apheresis

Budka et al, AACR 2021, Abstract #CT166

Prior bendamustine

Iacoboni G et al. J Clin Oncol 2024;42(2):205-217

Favorable TME

Scholler et al. Nat Med 2022 Sep;28(9):1872-1882

Antibiotic exposure

Stein-Thoeringer CK et al. Nat Med 2023 Apr;29(4):906-916



CD19 CAR T vs. SOC in 2nd line LBCL: PFS and OS

ZUMA-7 / OS

ZUMA-7 / PFS

Westin JR et al. N Eng J Med 2023; 389(2):148-157 Abramson JS et al. Blood 2023; 141(14):1675-1684

TRANSFORM / PFS

TRANSFORM / OS



Single cell atlas of r/r LBCL

Li et al Green, ASH 2024, Abstract 643

N = 105 LBCL

N = 15 controls

Single nucleus multiome

LME – Lymphoma microenvironment

NHC – Non-hematopoietic cells

Cyc T – Cycling T cells

NESC – Non-endothelial stromal cells

BEC – Brain endothelial cells

HEV – High endothelial venules

LEC – Lymphatic endothelial cells

76 cell 

states



Lymphoma Microenvironment Archetype Profiles (LymphoMAPs)

Li et al Green, ASH 2024, Abstract 643

Non-negative matrix factorization of non-B cells 



LymphoMAPs: divergent microenvironments

Li et al Green, ASH 2024, Abstract 643

Cell-cell communication analysis revealed significant differences in predicted ligand-receptor pair interactions between archetypes

PD1

CTLA4

TIM3



LN: greatest benefit, TEX: minimal benefit (ZUMA-7)

Li et al Green, ASH 2024, Abstract 643

LN

• LN structural cells

• Supportive cytokines

TEX

• Co-inhibitory receptor signals

• Absence of supportive cytokines

FMAC

• CAFs and BECs

• Absence of supportive cytokines



TME more favorable in first line in LBCL

• Immunosign 21 (IS21): Prespecified immune contexture signature related to T-cell function and trafficking

• Assessed for gene expression by NanoString IO 360TM panel

• IS21 previously shown to associate with CR and PFS in ZUMA-1

Locke et al, Nat Med 2024 Feb;30(2):507-518

Tumor samples

• 1st line: ZUMA-7 archival at Dx

• 2nd line: ZUMA-7 at study entry

• 3rd line: ZUMA-1



Axi-cel in LBCL: 3rd line vs. 2nd line vs. 1st line

Neelapu et al, Blood 2023; 141(19):2307-2315

Westin JR et al. N Eng J Med 2023; 389(2):148-157

Neelapu et al, Blood 2025 Feb 12

ZUMA-1: Axi-cel in ≥3rd line

36-month PFS rate = 36%

36-month PFS rate = 75%

ZUMA-12: Axi-cel in 1st line

ZUMA-7: Axi-cel in 2nd line

36-month PFS rate = 42% 



How many LBCL can we cure with CAR T cells?

Category % Cured

All LBCLs treated with CAR-T ~40%

PMBCL and tFL ~60%

DLBCL-NOS and HGBCL ~30%

THRLBCL 0%

2nd line LBCL ~40-50%

1st line high-risk LBCL ~75%

All 3rd line R/R LBCL (up to 40% treated with CAR-T) ~15%

It depends

3rd line



PFS outcomes with CD19 CAR-T in R/R FL

Neelapu et al. ASH 2024, Abstract 864

Dreyling M et al. ASH 2022, Abstract 608

Morschhauser F et al. Nat Med 2024 Aug;30(8):2199-2207

ZUMA-5 / PFS ELARA / PFS

TRANSCEND FL / PFS



Historical outcomes in FL by line of therapy

Link et al. Br J Haematol  2019; 184(4):660-663

Median PFS (yrs)    6.6            1.5              0.8            0.7             0.7    



Difference in relapse pattern between LBCL and FL

Neelapu et al. ASH 2024, Abstract 864

LBCL

Clinically detectable

Subclinical

3-6 mo

FL

Clinically detectable

Subclinical

15-30 mo

• In FL, PFS events are 

likely to occur over a 

longer period, including 

PD- and non–PD-related 

events, with no obvious 

plateau within 2 years

ZUMA-5: FL PFS2

Median follow-up 30.9 mo

ZUMA-1: LBCL PFS1

Median follow-up 27.1 mo

• With curative therapies in LBCL, most PFS 

events are PD-related, occurring early and 

resulting in a plateau within 2 years

• Lymphoma-specific assessment of survival may be necessary to 

determine curative potential in FL

• Here we evaluate updated outcomes from ZUMA-5 after a median 

follow-up of ≥5 years, including lymphoma-specific survival analyses



ZUMA-5: Five-year analysis methods

Neelapu et al. ASH 2024, Abstract 864

• The 5-year analysis occurred after the median follow-up of all enrolled patients 

reached ≥60 months post-infusion (N=159; FL, n=127; MZL, n=31)

• Exploratory analyses of lymphoma-specific survival were performed 

• Events of interest in lymphoma-specific PFS were PD and death due to 

lymphoma or complications from study treatment (axi-cel or lymphodepleting 

chemotherapy)

• Events of interest in lymphoma-specific survival were death due to lymphoma or 

study treatment

• Competing risks were deaths due to reasons other than lymphoma or study 

treatment



ZUMA-5: PFS and Cumulative incidence of progression and

lymphoma-specific death

Neelapu et al. ASH 2024, Abstract 864

• Median PFS was 62.2 months; the 60-month PFS rate was 50.4%

– 60-month PFS rates in patients with FL were consistent regardless of high-risk factors, including POD24

– In those with a CR, the 60-month PFS rate was 61.9%; in those with PR, the rate was 9.1%

• Among patients with FL, the 60-month rate of progression or lymphoma-specific death was 35.1%

Progression-Free Survival Cumulative Incidence of Progression and

Lymphoma-Specific Death in FL



ZUMA-5: PFS and Lymphoma-specific PFS

Neelapu et al. ASH 2024, Abstract 864

• Median lymphoma-specific PFS in FL was not reached (95% CI, 62.5-NE)

• 60-month lymphoma-specific PFS was 64.0%

– Only 4 patients progressed >24 months post-leukapheresis; 2 patients progressed >30 months post-leukapheresis

Progression-Free Survival Lymphoma-Specific PFS



ZUMA-5: OS and Cumulative incidence of lymphoma-specific death

Neelapu et al. ASH 2024, Abstract 864

• Median OS was not reached

• The rate of lymphoma-specific death at 60 months in FL was 15.6%

– A total of 19 patients died due to lymphoma or study treatment (lymphoma, n=15; study treatment, n=4)

Overall Survival Cumulative Incidence of Lymphoma-Specific 

Death in FL



Cumulative incidence of lymphoma-specific death: 

ZUMA-5 vs. Historical

Neelapu et al. ASH 2024, Abstract 864

ZUMA-5: Cumulative Incidence of Lymphoma-

Specific Death in FL

Casulo C et al. Lancet Haematol 2022 Apr;9(4):e289-e300



ZUMA-5: OS and Lymphoma-specific survival

Neelapu et al. ASH 2024, Abstract 864

• Median lymphoma-specific survival in FL was not reached (95% CI, NE-NE)

• 60-month lymphoma-specific survival in FL was 83.4%

Lymphoma-Specific SurvivalOverall Survival



ZUMA-5: Impact of naïve T cells in product in FL

Neelapu et al. ASH 2024, Abstract 864

• Among patients with FL, a higher percentage of naive T cells (CCR7+CD45RA+) in axi-cel product, 

indicative of naive phenotype, was associated with ongoing response at 60 months and longer PFS

Naive T Cells in Product PFS by Median Naive T Cells in Product

p=0.0046 p=0.0011



IFN signaling in the TME was associated with inferior PFS 

after axi-cel in r/r FL (ZUMA-5)

Poddar et al Neelapu, ASH 2024, Abstract 4368

Pre-treatment tumor profiling GES association with relapse IFNG GES association with PFS

High LAG3, TIM3, and EOMES in IFNGhi tumors

IFNGhiIFNGlo



How many R/R FL can we cure with CAR T cells?

ZUMA-5: Lymphoma-Specific PFS

Neelapu et al. ASH 2024, Abstract 864

Abramson et al. ASH 2019, Abstract 241

TRANSCEND tFL PFS

Schuster SJ et al, Lancet Oncol 2021 Oct;22(10):1403-1415

JULIET tFL PFS

U Penn / CTL019: FL PFS

Chong EA et al. N Engl J Med. 2021 Feb 18;384(7):673-674

Cure in FL

~60%



Thank you for your attention!

Email: sneelapu@mdanderson.org


	Diapositiva 1:  
	Diapositiva 2: Disclosures
	Diapositiva 3: CD19 CAR T cell therapy in maggiore o uguale a3rd line LBCL
	Diapositiva 4: Axi-cel in maggiore o uguale a3rd line LBCL
	Diapositiva 5: Causes of death on ZUMA-1
	Diapositiva 6: Causes of death: Real-world US Lymphoma CAR T Consortium
	Diapositiva 7: Annual death rates by ages, by sex, United States,2023
	Diapositiva 8: PFS by lymphoma subtype in LBCL
	Diapositiva 9: PMBCL has improved outcome with axi-cel than other LBCLs Italian CART-SIE Study
	Diapositiva 10: Poor outcome after CD19 CAR-T in T-cell-rich LBCL
	Diapositiva 11: Factors impacting CAR T efficacy
	Diapositiva 12: Other factors impacting CAR-T efficacy
	Diapositiva 13: CD19 CAR T vs. SOC in 2nd line LBCL: PFS and OS
	Diapositiva 14: Single cell atlas of r/r LBCL
	Diapositiva 15: Lymphoma Microenvironment Archetype Profiles (LymphoMAPs)
	Diapositiva 16: LymphoMAPs: divergent microenvironments
	Diapositiva 17: LN: greatest benefit, TEX: minimal benefit (ZUMA-7)
	Diapositiva 18: TME more favorable in first line in LBCL
	Diapositiva 19: Axi-cel in LBCL: 3rd line vs. 2nd line vs. 1st line
	Diapositiva 20: How many LBCL can we cure with CAR T cells?
	Diapositiva 21: PFS outcomes with CD19 CAR-T in R/R FL
	Diapositiva 22: Historical outcomes in FL by line of therapy
	Diapositiva 23: Difference in relapse pattern between LBCL and FL
	Diapositiva 24: ZUMA-5: Five-year analysis methods
	Diapositiva 25: ZUMA-5: PFS and Cumulative incidence of progression and lymphoma-specific death
	Diapositiva 26: ZUMA-5: PFS and Lymphoma-specific PFS
	Diapositiva 27: ZUMA-5: OS and Cumulative incidence of lymphoma-specific death
	Diapositiva 28: Cumulative incidence of lymphoma-specific death:  ZUMA-5 vs. Historical
	Diapositiva 29: ZUMA-5: OS and Lymphoma-specific survival
	Diapositiva 30: ZUMA-5: Impact of naïve T cells in product in FL
	Diapositiva 31: IFN signaling in the TME was associated with inferior PFS  after axi-cel in r/r FL (ZUMA-5)
	Diapositiva 32: How many R/R FL can we cure with CAR T cells?
	Diapositiva 33: Thank you for your attention!  Email: sneelapu@mdanderson.org

