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Outline 

§ Approvals of chimeric antigen receptor T-cell therapy in diffuse 
large B-cell lymphoma, mantle cell lymphoma and follicular 
lymphoma

§ Reproducibility in the “real world” setting

§ Long-term toxicities resulting from CAR T-cell therapy 

§ T-cell malignancies related to CAR T-cell  

§ Take home messages 



B-cell lymphoma indications based on 
commercially available products: 2024 
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Brexucabtagene 
autoleucel 

Axicabtagene 
ciloleucel 

Tisagenlecleucel Lisocabtagene 
maraleucel 

3rd line DLBCL No Yes Yes Yes 

Transformed FL No Yes Yes Yes 

PMBCL No Yes No Yes 

2nd line DLBCL No Yes No Yes 

R/R MCL Yes No No Yes 

R/R FL 
(non-transformed)

No Yes Yes Yes 

R/R CLL No No No Yes



DLBCL: FDA approved agents
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Axicabtagene 
Ciloleucel 

Tisagenlecleucel Lisocabtagene 
maraleucel

FDA Approval indication for 
3rd line and beyond 

Yes, ZUMA-1 Yes, JULIET Yes, TRANSCEND 
NHL001 

FDA Approval indication for 
2nd line and beyond 

Yes, ZUMA-7 No Yes, TRANSFORM

FDA approval for refractory 
disease to 1st line 

chemoimmunotherapy or 
relapse after 1st line 

chemoimmunotherapy and 
are not eligible for HCT due 

to comorbidities or age

- - Yes, PILOT 
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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%)



5-Year OS

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
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§ Exploratory analyses from ZUMA-1 using 
endpoints to measure cure along with 

       survival analyses with up to 6 yrs F/U 
§ DSS: Disease-specific survival
§ LREFS: lymphoma-related event-free 

survival

CR at 12 
months 

CR at 24 
months

72-month 
DSS

94.4% 100%

CR at 12 and 24 months may be predictive 
of extended OS (cure?)

Neelapu SS, et al. Am Soc Hematol. 2023. (Abst 4864)



3rd line setting and beyond 
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ZUMA-1 JULIET TRANSCEND NHL001

Pts enrolled 111 165 344

Pts received CAR T 101 111 294
(25 nonconforming)

Median (range) age, years 58 (23-76) 56 (22-76) 63 (54-70)

Histology DLBCL=77
tFL or PMBCL=24

DLBCL-NOS=88
tFL=21

Other =2

DLBCL=137
tFL=60

Transformed (other)=18
PMBCL=15

HGBCL (MYC/BCL2/BCL6)=36

ORR 82%
DLBCL=82%

52% 73%

CR 54%
DLBCL=49%

40% 53%

CRS Any grade=93%
≥ grade 3=13%

Any grade=58%
≥ grade 3=22%

Any grade=42%
≥ grade 3=2%

Neurologic event Any grade=64%
≥ grade 3=28%

Any grade=21%
≥ grade 3=12%

Any grade=30%
≥ grade 3=10%

Neelapu SS, et al. N Engl J Med. 2017; 377:2531-44
Schuster SJ, et al. N Engl J Med. 2019; 380:45-56
Abramson JS, et al. Lancet. 2020; 396;839-52 
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§ 17 US academic centers 
§ 297 pts underwent leukapheresis with intent to manufacture axi-cel 
§ 275 infused, OS and PFS calculated from infusion date
§ Median F/U of 58 months, median OS was 34.9 months and median PFS was 8.7 months 
§ 5-year OS 40.3% (95% CI 34.2 - 46.4%)
§ 5-year PFS and 28.5% (95% CI 23 - 34.2%)

§ MVA for ↓ OS: Male, LDH > ULN, ECOG of 2-4, elevated bilirubin > 1.5 mg/dL 

§ MVA for ↓ PFS: Male, LDH > ULN, ECOG of 2-4, elevated bilirubin > 1.5 mg/dL, ≥3 prior Rxs

Spiegel JY, et al. Am Soc Hematol. 2023 (Abs 1032)

42% would not have met eligibility criteria 
for ZUMA-1 

Real world data 

§ 5-year cum relapse risk= 55.2%
§ 5-year risk NRM=16.2% 



§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     X
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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: shows OS 
advantage (vs. SOC)



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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§ 109 pts were included in analysis 
§ Axi-cel= 51; pts ≥65 yrs (≥70 y=26, max age=80 yrs)
§ SOC= 58; pts ≥65 yrs (≥70 y=27, max age=81 yrs)

Kersten MJ, et al. Am Soc Hematol 2023 (Abs 1761)
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EFS

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

No updates on OS (yet)



CAR T-cell therapy vs. Bispecifics 
(DLBCL) 
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CAR T-cell Bispecifics Winner 

Indications 2nd line, 3+ line 3+ line CAR T

Pre-treatment 
requirements 

Complex (leukapheresis, 
LD)

Simpler (off-the-shelf) Bispecifics 

Rx. frequency Single infusion Multiple (months) CAR T

Administration Specialized centers Community setting 
possible 

Bispecifics 

CNS efficacy Present, but limited ? CAR T

IP vs. OP Mostly IP (but doable OP) OP Bispecifics 

Toxicities +++ + Bispecifics 

Cost +++ ++ (for up to 9 months) Bispecifics 

Follow-up Longer (5+ yrs) Short CAR T



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

Brexucabtagene autoleucel 



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



©2011 MFMER  |  slide-18

Mantle cell lymphoma: ZUMA-2 study 
3-year update (OS)

Wang M, et al. J Clin Oncol. 2023;41(3):555-567
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Liso-cel treated set (N=88)

Median (range) age, years  68.5 (36-86)

White race, n (%) 77 (87.5%)

TP53 mutation, n (%) 20 (23%)

Blastoid morphology, n (%) 27 (31%)

Complex karyotype, n (%) 26 (30%)

Median (range) prior Rx 3 (1-11)

Previous BTKi, n (%) 83 (94%)

Previous venetoclax, n (%) 23 (26%)

Previous HCT, n (%) Auto=26 (30%)
Allo=6 (7%)

Disease status Relapsed=27 (31%)
Refractory=61 (69%)

Median F/U= 16.1 (0.4-60.5) months

ORR= 83.1%
CR= 72.3%

Median DOR= 15.7 months

CRS (any grade)= 61%; Grade 3-4=1%

Neuro events (any grade)= 31%
 Grade 3-4= 9%

Wang M, et al. J Clin Oncol. 2024; 42(10): 1146-1157
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§ Updated outcomes from ZUMA-5 after ≥4 years median follow-up
§ 159 pts enrolled (127 FL; 31 MZL) and 152 treated with axi-cel (124 FL; 28 MZL)
§ Median F/U 52.5 months (range, 20.3-69.4; FL: 53.7, MZL: 43.8)
§ Median progression-free survival= 57.3 months (95%CI=34.9-NE)

§ 4-year PFS=52%
§ Median overall survival (OS)= Not reached

§ 4-year OS=72%
Neelapu SS, et al. Am Soc Hematol. 2023 (Abs 4868)

Follicular lymphoma: ZUMA-5
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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-22

Schuster SJ, et al. Am Soc Hematol 2023 (Abs 601)

POD24 No POD24

36 mos-PFS 50% 59%

In vivo CAR T 
Expansion

Higher 

CAR T 
persistence 

Longer

36 mos-OS 83% 81%

High baseline levels of circulating CD8+ 
naive T cells (>2.14% of total T cells) resulted 
in prolonged PFS and DOR



§ R/R FL: 3L+ and 2L pts with progression within 24 monts (POD24) of Dx 
and/or modified Groupe d'Etude des Lymphomes Folliculaires (GELF) 
criteria

§ Liso-cel (100 x106 CAR+ T cells) after LD chemotherapy

§ 1ry endpoint ORR per IRC by PET/CT
§ N of patients who underwent leukapheresis=139

§ N infused= 130
§ N evaluable for efficacy=124 
§ Median age= 62 (23-80) years
§ High-risk FLIPI=57%
§ Median (range) prior lines of therapy= 3 (2–10)
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§ Median F/U=18.9 (0.3-28.2) mos
§ Evaluable 3L+ pts=101 
§ ORR= 97%
§ CR=94.1%



§ Duration of cytopenias post 
CAR T-cell therapy is 
variable, ranging from 14 to 
180 days, sometimes 
longer 

§ Significant percentage 
experience persistent 
cytopenias lasting >30 
days 

Transfusion dependence  

Infections 

Prolonged hospitalization 

Increased medical costs

Zhu F et al. Cell Transplant. 2020 Jan-Dec;29:963689720919434
Yassine F et al. Hematol Oncol Stem Cell Ther. 2022; 15(3):122-130

Cytopenia (CAR-to-penia) 

Long-term toxicities 



Incidence of myeloid neoplasm is 
comparable between LPD and MM

§ At 1-year=4%
§ At 2-year=6%
§ At 3-year=9% 



CAR T-cell therapy failure 

§Dismal prognosis in general
§ Median overall survival after failing axicabtagene ciloleucel 

approx. 6 months 
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Spiegel JY, et al. Blood. 2021; 137 (13): 1832-35
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§ N=88
§ 18 US centers 

Zurko J, et al. Haematologica. 2023; 108: 98-109 

1-year OS=59% (95% CI: 49-72)



What about bispecifics (CD3*CD20) in 
the setting of post CAR T-cell failure

©2011 MFMER  |  slide-28

Epcoritamab1 Glofitamab2 

n CAR T failed/N total 61/157 (38.9%) 51/155 (31%)

ORR 54.1% Not reported 

CR 34.4% 35%

Median DOR 9.7 months Not reported 

1. Thieblemont C, et al. J Clin Oncol. 2023;41:2238–47
2. Dickinson MJ, et al. N Engl J Med. 2022; 387: 2220-31
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As of 12-31-2023, the FDA had become aware of 22 cases of T-cell cancers that 
occurred after CAR-T product treatment. Such cancers include: T-cell lymphoma, 
T-cell LGL, PTCL, and CTCL

Among 14 cases with data, cancers manifested within 2 years after CAR T cells 
(range, 1 to 19 months), with roughly half occurring within the 1st year

Some are still under investigation. In 3 cases for which genetic sequencing was 
performed, the CAR transgene was detected in the malignant clone

With > 27,000 doses of the 6 approved products having been administered in the 
USA, the overall rate of T-cell cancers is low (22/27,000= 0.081%)

Verdun N, et al. N Engl J Med. 2024; Jan 24 (online ahead of print)
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§ The FDA has since documented more cases 

§ As of March 25th, 2024, the agency had received 33 reports of such lymphomas among 
      some 30,000 people who had been treated (33/30,000= 0.11%)

§ It now requires all CAR-T therapies to carry a boxed warning on the drug’s packaging, 
      which mentions that such cancers have occurred

§ The European Medicines Agency has launched its own investigation



Realities 

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

§ In relapsed/refractory DLBCL 
§ CR at 12 and 24 monthsà suggest 

durable response (?cure)

§ In 1ry refractory DLBCL or early 
relapse (<12 months)
§ Axi-cel better than SOC (↑EFS, ↑OS)
§ Liso-cel better than SOC (↑EFS)

§ Brexu-cel and liso-cel approved in 
R/R mantle cell lymphoma

§ Axi-cel, tisagenlecleucel and liso-cel 
in R/R follicular lymphoma

§ Efficacy reproducible in the “real 
world” setting

Challenges 

§ Long-term toxicities are challenging
§ CAR-to-penia  
§ Hypogammaglobulinemia 
§ Therapy-related myeloid neoplasms (9% 

at 3 year)
§ CHIPs prior to CAR T-cell vs. after CAR T-

cell?

§ T-cell lymphoma(s) derived from 
CAR T product (CAR transgene)

§ Real phenomenon  
§ Incidence very low= 0.081-0.11% 
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Take home messages 


