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Outline 

§ Diffuse large B-cell lymphoma 
§ 3rd line and beyond (ZUMA 1, JULIET, TRANSCEND NHL 001)
§ 2nd line (ZUMA 7, TRANSFORM) 
§ Proposed algorithm 

§ Mantle cell lymphoma 
§ ZUMA 2 

§ Follicular lymphoma 
§ ZUMA 5 
§ ELIANA

§  Take home messages 



What is CAR T-cell therapy? 

§Stands for Chimeric Antigen Receptor T-cell Therapy
§ Immunotherapy that uses engineered T lymphocytes to 

specifically target the intended cancer cell 
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Normal T-cell CAR T-cell 

Target antigen 

Signaling domain 
         Antigen recognition domain 

Adapted and modified from Hinrichs CS & Restifo NP. Nat Biotechnol. 2013; 31(11):999-1008

CD19: B-cell lymphoma/ALL 
BCMA: Multiple myeloma

FDA approved

CAR T-cell benefits
§ Localization
§ Cytotoxic killing
§ Expansion 
§ Persistence 
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Large B-cell 
lymphoma 
(de novo or 

transformed) 

Primary mediastinal 
B cell lymphoma 

Mantle cell 
lymphoma 

Follicular lymphoma 

2nd line >2nd line >2nd line Relapsed/refractory >2nd line 

Axicabtagene 
ciloleucel 

Yes Yes Yes - Yes 

Tisagenlecleucel No Yes Not included in 
JULIET study 

- Yes 

Lisocabtagene 
maraleucel

Yes Yes Yes - Grade 3b included in 
TRANSCEND NHL 

001 study 

Brexucabtagene 
autoleucel 

- - - Yes -

Indications for CAR T-cell therapy
 in lymphomas 

Neelapu SS, et al. N Engl J Med. 2017; 377:2531-44
Locke FL, et al. N Engl J Med. 2022;386(7):640-654
Schuster SJ, et al. N Engl J Med. 2019; 380:45-56
Abramson JS, et al. Lancet. 2020; 396;839-52 
Kamdar M, et al. Lancet 2022; 399: 2294–308
Wang M, et al. NEJM. 2020. 382:1331



Diffuse large B-cell lymphoma  

§ 1st line chemo-immunotherapy yields successful outcomes 
in two-third of casesa 

§High-dose therapy and autologous HCT cures ~50% of 
chemosensitive-relapsed casesb 

§ But outcomes are dismal for those who receive an auto-HCT with 
relapsed refractory disease (<15% are cured)c

a. Feugier P, et al. J Clin Oncol 23:4117-26, 2005
b. Philip T, et al. N Engl J Med 333:1540-5, 1995
c. Philip T, et al. N Engl J Med 316:1493-8, 1987
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Crump M, et al. Blood. 2017; 130 (16): 1800-09 

Before availability of CAR-T 
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ZUMA 1: Axicabtagene ciloleucel 

7-10X ↑ CR rates 

Neelapu SS, et al. N Engl J Med. 2017; 377:2531-44

Variables DLBCL PMBCL or TFL All pts 

N pts enrolled 81 30 111

N pts treated with axi-cel 77 (95%) 24 (80%) 101 (91%)

Median (range) age, years 58 (25-76) 57 (23-76) 58 (23-76)

Stage III-IV disease 67 (87%) 19 (79%) 86 (85%)

≥ 3 prior lines of therapy 49 (64%) 21 (88%) 70 (69%)

Relapsed after auto-HCT 16 (21%) 5 (21%) 21 (21%)
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Neelapu SS, et al. Blood Adv. 2021 Oct 26;5(20):4149-4155

Treatment difference

HR=0.27 (95%CI=0.00-0.38)

73% reduction in risk of death
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Neelapu SS, et al. N Engl J Med. 2017; 377:2531-44



5-Year Overall Survival
With ≥5 years of F/U:
§  5-year OS rate was 42.6% (95% CI, 32.8-

51.9) among pts treated with axi-cel

The 5-year OS rate:

§ In CR=64.4% (95% CI, 50.8-75.1); the median 
survival time among complete responders was 
not reached (95% CI, 63.4-NE)

§ 37 of 59 CR patients (63%) are still alive at 
the 5-year data cutoff

§ One patient’s event time was updated from Month 42 to 39 after data cutoff and is not 
reflected in this figure

§ Axi-cel, axicabtagene ciloleucel; CR, complete response; NE, not estimable; OS, overall 
survival; PD, progressive disease; PR, partial response

138 Jacobson et al. ASH 2021 Poster #1764

Jacobson C, et al. ASH 2021, Abs 1764
Neelapu SS, et al. Blood. 2023. Online ahead of print



Locke & Neelapu et al                      AACR 2017                   #9986

DOR by best objective response 
 (median F/U of 15.4 months)

Neelapu SS, et al. N Engl J Med. 2017; 377:2531-44

CR matters!
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Schuster SJ, et al. Lancet Oncol. 2021; 22:1403-15

§ At a median follow-up of 40.3 months 
(IQR 37·8–43·8)

§ ORR= 53% by IRC-assessed
§ CR= 39%
§ The median time to first response= 29 

(28-31) days 

Variables All pts 

N pts 
enrolled 

111

Median 
(range) age, 

years 

56 (22-76)

Stage III-IV 
disease

84 (76%)

≥ 3 prior 
lines of 
therapy 

57 (52%)

Relapsed 
after auto-

HCT

54 (49%)

Schuster SJ, et al. N Engl J Med. 2019; 380:45-56
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Overall survival Progression-free survival 

Abramson JS, et al. Lancet. 2020; 396;839-52 



§3 randomized studies: 

§ZUMA-7: Axi-cel vs. SOC (Axi-cel better)

§TRANSFORM: Liso-cel vs. SOC (Liso-cel better)

 
§BELINDA: Tisagenlecleucel vs. SOC (no difference)
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Moving CAR T-cell therapy to 2nd line 

X



Locke et al       ASH 2021           Plenary Abstract 2

Patient Disposition: Nearly 3× as Many Axi-Cel Patients 
Received Definitive Therapy Versus SOC Patients

15

SOC Arm
n=179

Received ≥ 1 Dose of Salvage 
Chemotherapy

n=168

Axi-Cel Arm
n=180

Enrolled (Randomized)
N=359

Received Lymphodepleting 
Chemotherapy

n=172

Received Axi-Cel Infusion
n=170

Underwent Leukapheresis
n=178

Responded to Salvage Chemotherapy 
and Underwent Leukapheresis

n=69

Received HDT-ASCT 
n=64

Responded to Salvage Chemotherapy
n=80

36% received HDT-ASCT94% received Axi-Cel

Reasons Did Not Undergo 
Leukapheresis
• PD (n=1)
• Other (n=1)

Reasons Not Received
• AE (n=2)
• Death (n=2)
• PD (n=1)
• Other (n=1)

Reasons Not Received
• AE (n=2)

Reasons Not Received
• Patient request (n=8)
• Lost to follow-up (n=1)
• Other (n=2)

Reasons for Not Proceeding
• PD (n=56)
• SD (n=27)
• AE (n=1)
• Other (n=4)

Reasons Did Not Undergo  
Leukapheresis 
• PD (n=9)
• AE (n=1)
• Insufficient response 

(n=1)

Reasons HDT Not Received
• PD (n=5)

ASH Plenary presentation: courtesy Dr. Frederick Locke 
Locke FL, et al. N Engl J Med. 2022;386(7):640-654
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Primary endpoint: event-free survival 

Locke FL, et al. N Engl J Med. 2022;386(7):640-654

EFS



ZUMA-7 subgroup analysis
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Locke FL, et al. N Engl J Med. 2022;386(7):640-654
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Westin JR, et al. N Engl J Med. 2023; Jun 5. doi: 10.1056/NEJMoa2301665. Online ahead of print

ZUMA 7 update
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EFS

Kamdar M, et al. Lancet 2022; 399: 2294–308
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TRANSFORM: subgroup analysis

Kamdar M, et al. Lancet 2022; 399: 2294–308



Summary of responses and adverse events in ZUMA-7, TRANSFORM, and 
BELINDA trials

ZUMA-7
N=180

TRANSFORM
N=184

BELINDA
N=322

CAR T arm 
(N=180)

SOC arm 
(N=179) HR 95% CI P-value CAR T arm 

(N=92)
SOC arm 
(N=92) HR 95% CI P-value CAR T arm 

(N=162)
SOC arm 
(N=160) HR 95% CI P-value

Median follow up, months 25 6.2 10
ORR 83% 50% <0.001 86% 48% <0.0001 46% 42%
CR rate 65% 32% 66% 39% <0.0001 28% 28%
mEFS, months 8.3 2 0.4 0.31-0.51 <0.001 10.1 2.3 0.349 <0.0001 3 3 1.07 0.82-1.40 0.61
2-year OS, % 61% 52% N/A Not reached
mOS, months NR 32.1 0.73 0.53-1.01 0.054 NR 16.4 0.509 0.258-1.004 P=0.0257 NR NR
CRS, any grade 92% 49% 61.30%
CRS, grade 3-4 6% 1 patient 5.20%
NE, any grade 60% 20% 12% 10.30%
NE, grade 3-4 21% 1% 4% 1.90%

Reconstructed EFS curves

Bommier C, et al. Hematol Oncol. 2022 Dec;40:1090-1093



CIBMTR analysis: CAR-T vs. auto-HCT in 
chemosensitive disease (PR)

§ Patients in partial response (PR)
§ CAR T=145
§ Auto-HCT=266

§ Median age, years
§ CAR T= 60 (24-91) yrs
§ Auto-HCT=58 (18-80), p=0.07

§ Median lines of prior therapies
§ CAR T= 3 (2-11)
§ Auto-HCT=2 (1-6), p<0.001
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Proposed treatment algorithm in DLBCL
DLBCL

R-CHOPPrimary refractory Responsive

Relapse

CAR T-cell therapy
§ Axi-cel
§ Liso-cel

Within < 12 months ≥ 12 months 

2nd line therapy

Sensitive Refractory

Auto-HCT CAR T-cell therapy
§ Axi-cel
§ Tisagenlecleucel
§ Liso-cel

PR/CR

Bispecific Abs 
§ Glofitamab
§ Epcoritamab



ZUMA-2: Baseline characteristics
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Wang M, et al. ASH 2019. Abs 754
Wang M, et al. NEJM. 2020. 382:1331



ZUMA-2: ORR 
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ASH 2019. Abs 754

Wang M, et al. ASH 2019. Abs 754
Wang M, et al. NEJM. 2020. 382:1331



ZUMA-2
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ASH 2019. Abs 754

Wang M, et al. ASH 2019. Abs 754
Wang M, et al. NEJM. 2020. 382:1331
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Mantle cell lymphoma: ZUMA-2 study 
3-year update (OS)

Wang M, et al. J Clin Oncol. 2023;41(3):555-567



Proposed algorithm for relapsed MCL
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Relapsed MCL 
Could have received: 
§ Chemoimmunotherapy 
§ And/or autologous HCT 
§ And/or BTK inhibitors

Response to subsequent line(s) of therapy

No Yes  

Brexucabtagene autoleucel
Clinical trial  

Donor available 
and patient fit 

Allogeneic HCT 

Yes No 

Autologous HCT (if no prior)
Pirtobrutinib 
Clinical trial  



Follicular lymphoma

§~5% of all hematologic neoplasms

§Marked heterogeneity, several morphological variants 
and specific subtypes
§Usually indolent, with a median overall survival of >15 

years
§ Yet, remains incurable

§~20% progress or relapse within 2 years of treatment 
initiation à dismal prognosis (POD24)
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Carbone A, et al. Nat Rev Dis Primers. 2019; 5(1):83
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1ry endpoint: ORR by IRRC

Median F/U=17.5 months

Median PFS= Not reached
for FL; 12 months for MZL 

Median OS= Not reached for 
FL and MZL 

Jacobson CA, et al. Lancet Oncol. 2022 Jan;23(1):91-103
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§ Updated outcomes from ZUMA-5 after >3 years median follow-up

§ 159 pts enrolled (127 FL; 31 MZL) and 152 treated with axi-cel (124 FL; 28 MZL)

§ Median F/U 40.5 months (range, 8.3-57.4; FL: 41.7, MZL: 31.8)
§ Median progression-free survival= 40.2 months (FL: 40.2, MZL: NR)
§ Median overall survival (OS)= Not reached; 3-year OS rate=75%

Neelapu SS, et al. Am Soc Hematol 2022 (Abs 4660)
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N=97 
Median prior therapies of 4 (2-13)
FLIPI high >3=59.8%
Median F/U 9.9 months 

Median OS not reached

Fowler NH. Nat Med. 2021, Dec 17. doi: 10.1038/s41591-021-01622-0. Online ahead of print



©2011 MFMER  |  slide-33

Dreyling M, et al. Am Soc Hematol 2022 (Abs 608)

§ 94 pts evaluable for efficacy

§ Median F/U= 28.9 months 

§ Complete response rate=68% 

§ Overall response rate= 86.2%

§ Median PFS= Not reached 

§ Estimated 2-year PFS=57.4%

§ Estimated 2-year OS=87.7%

PFS by best overall response



Take home messages 

§ CAR-T revolutionized Rx of B-cell DLBCL, MCL, and FL. Here to stay!

§ In relapsed/refractory DLBCL, 5-year OS ≥ 42.6% (axi-cel)
§ For patients in CR, 5-year OS=64.4% (axi-cel)

§ Axicabtagene ciloleucel and lisocabtagene maraleucel also approved in 
the 2nd line setting in patients with LBCL 
§ Axi-cel showed OS advantage (vs. SOC)
§ Data for liso-cel on OS (not reported yet)

§ Impressive survival in MCL and FL 
§ In MCL, 30-month OS=60.3% (all pts); OS=76.1% (CR cases)
§ In FL

§ Axi-cel: 3-year OS=75%
§ Tisagenlecleucel: 2-year OS=87.7%
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Thank you
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