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CD19-Targeted CAR T-Cell Products in DLBCL

Axicabtagene ciloleucel 
(Axi-cel)

Tisagenlecleucel 
(Tisa-cel)

Lisocabtagene maraleucel
(Liso-cel)

§ CD28 costimulation
§ Second generation

§ 4-1BB costimulation
§ Second generation

§ 4-1BB costimulation
§ Second generation
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Management of Relapsed DLBCL:
Focus on Refractory/Early Relapsed Disease



CAR T-Cells vs SoC in High-Risk DLBCL

1. Locke. NEJM. 2021;386:640. 2. Bishop. NEJM. 
2021;386:629. 3. Kamdar. Lancet. 2022;399:2294.

ZUMA-71

Axi-cel
(± bridging steroids) 

BELINDA2

Tisa-cel
(± bridging therapy) 

§ High-risk DLBCL refractory to first-line treatment or relapsed with in 12 mo of first-line chemoimmunotherapy 
(anthracycline + CD20 mAb)

Salvage chemotherapy 
±

auto-transplant
§ Flu/Cy + axi-cel 2 x 106/kg  
§ Optional bridging therapy; 

only steroids permitted
§ Crossover not planned  
§ Primary endpoint: EFS 
§ N = 359 

§ Flu/Cy or bendamustine + 
tisa-cel 0.6-6.0 x 108 cells   

§ Platinum-based bridging 
permitted

§ Crossover if SD or 
progression ≥12 wk

§ Primary endpoint: EFS 
§ N = 322

TRANSFORM3

(Lisocabtagene maraleucel in R/R 
LBCL)

§ Cy/Flu + liso-cel 1.0 x 108 cells
§ Bridging therapy allowed
§ Crossover to liso-cel allowed 

if no response by 9 wk, 
§ Primary endpoint: EFS
§ N = 184



ZUMA-7: Axicabtagene Ciloleucel vs 
SoC in R/R Large B-Cell Lymphoma
§ Global, multicenter, randomized phase III trial

Locke. NEJM. 2022;386:640. Locke. ASH 2021. Abstr 2.

Patients ≥18 yr of age with 
LBCL; ECOG PS 0-1; R/R disease 
with ≤12 mo of adequate 1L CIT 
(including anti-CD20 mAb and 

an anthracycline); intent to 
proceed to HDT-ASCT

(N = 359)|

Axi-cel 2 x 106 CAR T-cells/kg 
after conditioning chemotherapy

(n = 180)

SoC* 
(2-3 cycles of investigator-selected, 

protocol-defined, platinum-based CIT)
(n = 179)

Stratified by 1L treatment response, 2L age-adjusted IPI

§ Primary endpoints: EFS (BICR)

§ Key secondary endpoints: ORR and OS 
(tested hierarchically)

§ Other secondary endpoints: PFS, safety, PROs

§ Median follow-up: 24.9 mo

HDT-ASCT (n = 64)
CR/PR

Conditioning regimen: cyclophosphamide 
500 mg/m2/day + fludarabine 30 mg/m2/day on 
Days 5, 4, and 3 prior to CAR T-cell infusion. Optional 
bridging therapy limited to corticosteroids (no CIT).

Off-Protocol Tx†
No

CR/PR

*SoC included R-GDP, R-DHAP, R-ICE, or R-ESHAP. †56% received subsequent cellular immunotherapy.



ZUMA-7: Survival and ORR With Second-line Axi-cel vs SoC in 
Primary Refractory or Early Relapsed B-Cell Lymphomas

Westin. NEJM. 2023;389:148. Locke. NEJM. 2022;386:640.

Event, n/N (%)
Axi-cel (N = 170) SoC (N = 168)

Grade ≥3 Grade ≥3

Febrile neutropenia 6/170 (4) 46/168 (27)

CRS
§ Pyrexia
§ Hypotension
§ Sinus tachycardia
§ Chills
§ Headache
§ Hypoxia

11/170 (6)
14/157 (9)

18/157 (11)
3/157 (2)

0/157
2/157 (1)

13/157 (8)

—
—
—
—
—
—
—

Neurologic events
§ Tremor
§ Confusional state
§ Aphasia
§ Encephalopathy
§ Paresthesia
§ Delirium

36/170 (21)
2/170 (1)
9/170 (5)

12/170 (7)
20/170 (12)

1/170 (1)
3/170 (2)

1/168 (1)
0
0
0
0
0

1/168 (1)

Median follow-up: 47.2 mo

§ ORR: 83% (axi-cel) vs 50% (SoC); p.001

§ CR: 65% (axi-cell)  vs 32% (SoC)
PF
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TRANSFORM: Lisocabtagene Maraleucel vs Salvage 
Chemo + ASCT in Relapsed/Refractory Aggressive NHL
§ Randomized, multicenter phase III study

§ Primary endpoint: EFS per IRC

§ Key secondary endpoints: CR, PFS, OS

§ Exploratory endpoints: cellular kinetics, B-cell aplasia

Liso-cel 100 x 106 CAR T-cells†

(n = 92)

SoC 3-cycle salvage CT followed by HDCT + ASCT
(n = 92)

Stratified by refractory vs relapsed 
and sAAIPI 0/1 vs 2/3

*DLBCL NOS, HGBCL (double/triple hit) with DLBCL histology, FL3B, PMBCL, THRBCL. 
†Fludarabine 30 mg/m2 + cyclophosphamide 300 mg/m2 x 3 days. 

Adults with aggressive R/R NHL*
≤12 mo after first-line tx with an 

anthracycline and a CD20-targeted 
agent; ECOG PS ≤1; eligible for 

HSCT; LVEF >40%
(N = 184)

Optional bridging 
therapy, then 
PET scan and 

lymphodepletion†

Responses assessed 
at Wk 9 and 18, and 

Mo 6, 9, 12, 18, 24, 36

Crossover to liso-cel allowed 
if no response by 9 wk, 
PD at any time, or start of new 
antineoplastic tx after ASCT

§ Primary refractory: 75% in both arms

§ Double- or triple-hit lymphoma: 24%

Kamdar.. Lancet. 2022;399:10343.



TRANSFORM: Primary Analysis of Response, Survival, and 
Safety With Liso-cel vs SoC in Early Relapsed LBCL

Abramson. Blood. 2023;141:1675.

Liso-cel 100 x 106 CAR T-cells
(n = 92)

SoC 3-cycle salvage CT followed by HDCT + ASCT
(n = 92)

Adults with aggressive R/R NHL
≤12 mo after first-line tx with an 

anthracycline and a CD20-targeted 
agent; ECOG PS ≤1; eligible for 

HSCT; LVEF >40%
(N = 184)

Optional bridging 
therapy*, then 
PET scan and 

lymphodepletion

Crossover to liso-cel allowed 
if no response by 9 wk, 
PD at any time, or start of new 
antineoplastic tx after ASCT

TEAE, %
Liso-cel (n = 92) SoC (n = 91)

Any Gr ≥3 Any Gr ≥3

Any 100 92 99 89

Serious 48 -- 49 --

Leading to 
death 2 2

CRS† 49 1 0 0

NE† 11 4 0 0
†No grade 4/5 event.

Efficacy (Median f/u: 17.5 Mo)

mEFS

mPFS

mOS

Liso-cel SoC

2.4 mo

6.2 mo

29.9 mo

Not reached

Not reached

Not reached

Stratified HR
EFS: HR: 0.356; not retested
PFS: HR: 0.400; P <.0001
OS: HR: 0.724; P = .0987

18 Mo Rate Diff
+31.8%
+29.4%
+12.5%

CR

P <.0001

ORR:
80 (87%)

13% 
PR

CR

ORR:
45 (49%)

5% PR

CR
74% 43%

SD/PD/NE SD/PD/NE

*33% received bridging tx; 
97% received liso-cel





ZUMA-7
AXI-CEL

TRANSFORM 
LISO-CEL

BELINDA
TISA-CEL

Median time to infusion 13 days NK 52 days 
Received ASCT 36% 47% 33%
Received CAR-T 94% 97% 96%
HGBCL with gene rearrangements
in MYC and BCL2, BCL6, or both

17% CAR-T
14% SOC

24% CAR-T
23% SOC

20% CAR-T
12% SOC

Cross-over Not permitted 66% 50.6%

Bridging therapy 36% only
glucocorticoids 63% 83.3%



When to Use CAR T-Cell Therapy in Second-line Setting

§ Primary refractory disease or remission lasting ≤12 mo after first-line 
therapy

§ Or second line in patients ineligible for ASCT but eligible for liso-cel

§ Choice of product depends on pheresis slot availability

§ Median follow-up (ZUMA-7 and TRANSFORM)

‒ Axi-cel: 47.9 mo1

‒ Liso-cel: 17.9 mo2

1. Locke. NEJM. 2022;386:640. 2. Kamdar. Lancet. 2022;399:2294.



Lisocabtagene maraleucel as second-line therapy for relapsed or refractory large B-cell lymphoma in 
patients not intended for hematopoietic stem cell transplant:  final analysis of the phase 2 PILOT study

Sehgal et al. Abstract number 105



PILOT

Liso-cel—treated 
analysis set (n = 61)

Age, y
Median (range)
≥ 65 to < 75, n (%)
≥ 75, n (%)

74 (53—84)
27 (44)
28 (46)

Histology, n (%)
DLBCL NOS
Transformed FL
HGBCL
FL3B

33 (54)
9 (15)

18 (30)
1 (2)

Relapsed or refractory, n (%)
Relapsed total / ≤ 12 mo / > 12 mo
Refractorya

28 (46) / 13 (21) / 15 (25)
33 (54)

Received bridging therapy,b n (%) 32 (52)

Baseline demographics and disease characteristics

Sehgal et al. Abstract number 105

Transplant not intended characteristics 

Liso-cel—treated 
analysis set (n = 61)

Age, y
≥ 70, n (%) 48 (79)

Screening ECOG PS of 2, n (%) 16 (26)

CrCl < 60 mL/min, n (%) 15 (25)

DLCO ≤ 60%,a n (%) 4 (7)

LVEF < 50%, n (%) 1 (2)

AST/ALT > 2 × ULN, n (%) 0 



Liso-cel—treated efficacy analysis set (n = 61)

Abstract number 105

PFS by BOR

Total
(n = 61)

CR
(n = 33)

12-mo rate
(95% CI)b

46.6%
(33.4—58.8)

78.4%
(59.9—89.1)

18-mo rate
(95% CI)b

42.9% 
(29.9—55.2)

72.1%
(53.2—84.4)



Improved Overall Survival With Axicabtagene Ciloleucel vs Standard of 
Care in Second-Line Large B-Cell Lymphoma Among the Elderly: 

A Subgroup Analysis of ZUMA-7

Kersten et al. ASH 2023, Abstract 1761
• In ZUMA-7 (NCT03391466), the first randomized, global, multicenter, Phase 3 study of axi-cel versus standard of care 

(SOC) as second-line treatment in patients with early R/R LBCL, axi-cel showed significantly improved event-free 
survival (EFS) compared with second-line SOC (hazard ratio [HR], 0.398, P<.0001; median 8.3 versus 2.0 months, 
respectively; 24-month EFS rate: 41% versus 16%, respectively; 24.9-month median follow-up)1

– Similar findings were observed among patients aged ≥65 years, whereby axi-cel was safely administered and resulted in improved 
EFS, response rates, and quality of life compared with SOC2

• At a median follow-up of 47.2 months, results from the ZUMA-7 primary overall survival (OS) analysis demonstrated 
superior OS in the intention-to-treat (ITT) population (HR, 0.726; 95% CI, 0.540-0.977; one-sided P=.0168)3

1. Locke FL, et al. N Engl J Med. 2022;386:640-654. 2. Westin JR, et al. Clin Cancer Res. 2023;29:1894-1905. 3. Westin JR, et al. N Engl J Med. 2023;389:148-157.
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Kersten et al. ASH 2023, Abstract 1761

OS of Axi-Cel Versus SOC in Patients 
Aged ≥65 Years and ≥70 Years

PFS of Axi-Cel Versus SOC in Patients 
Aged  ≥65 Years and ≥70 Years



Pts who are intended to receive CAR-T, commonly require interim therapy before leukapheresis, where in a small 

fraction may achieve a complete remission (CR). Having chemosensitive disease, these pts can be considered for 

auto-HCT. Also, there are reports indicating the efficacy of CAR-T therapy in CR pts (Strati et al., Haematologica, 

2023; Wudhikarn et al., Blood Adv, 2022)

Shadman S, et al. Abstract #781. Presented at the 65th ASH



No. Patients in CR 360

CAR-T 79

Tisa-Cel 53%

Axi-Cel 46%

Liso-Cell 1%

Auto-HCT 281

LBCL who were in a CR
Pts aged 18-75 years with DLBCL or primary mediastinal lymphoma who received 
CAR-T (between 2018-2021) or auto-HCT (between 2015-2021) while in a CR by PET 
or CT endpoints.

Shadman S, et al. Abstract #781. Presented at the 65th ASH



Median follow-up:
CAR-T - 24.7 months (range 3.3-49.4) 
Auto-HCT  - 49.7 months (range 3.0-95.4) 

CAR-T Auto-HCT

2-years RR 48% 27.8% p < 0.001

2-year PFS 47.8% 66.2% p < 0.001

2-year OS 65.6% 78.9% P=0.037

2-year TRM 4.1% 5.9% P=0.673

Patients with early (12 months) treatment failure

No. Patients 57 163

2-years RR 45.9% 22.8% P<0.001

2-year PFS 48.3% 70.9% P<0.001

No differences in 2 year OS or TRM

Univariate analysis

Multivariate analysis
CAR-T was associated with higher risk of relapse (HR 2.18; p < 0.0001) and 
an inferior PFS (HR 1.83; p=0.0011) compared to auto-HCT. There was no 
difference in the risk of TRM (HR 0.59; p=0.36) or OS (HR 1.44; p=0.12).

Shadman S, et al. Abstract #781. Presented at the 65th ASH



Treatment of DLBCL in the Third-line Setting: 
Focus on CAR T-Cell Therapy



Summary of Baseline Characteristics of CAR T-Cell 
Studies After ≥1 Prior Lines of Therapy

Characteristic ZUMA-11-3

Axi-cel (n = 101)
JULIET3,4

Tisa-cel (n = 111)
TRANSCEND NHL 0013,5

Liso-cel (n = 269)

Median age, yr (range)
§ ≥65 yr, %

58 (23-76)
24

58 (22-76)
23

63 (18-86)
42

HGBCL/DHL/THL, % 6 17 13

Previous ASCT, % 21 49 33

No. of prior lines of tx, median (range)
§ 1 line, %
§ 2 lines, %
§ ≥3 lines, %
§ ≥4 lines, %

3 (2-4)
3

28
69
--

3 (1-6)
5

44
51
21

3 (1-8)
3

45
25
26

Refractory to last tx, % 98 45 67

Received bridging tx, % 0 92 59

1. Neelapu. NEJM. 2017;377:2531. 2. Locke. Lancet Oncol. 2019;20:31. 3. Westin. Am J Hematol. 
2021;96:1295. 4. Schuster. NEJM. 2019;380:45. 5. Abramson. Lancet. 2020;396:839. 



Summary of Efficacy of CAR T-Cell Studies 
After ≥1 Prior Line of Therapy

Characteristic ZUMA-11

Axi-cel (n = 101)
JULIET2

Tisa-cel (n = 115)
TRANSCEND NHL 0013

Liso-cel (n = 257)

Median DoR, mo (95% CI) 11.0 (4.2-51.3) NR (10.0-NE) 23.1 (8.6-NR)

Median OS, mo (95% CI) 25.8 (12.8-NE) 11.1 (6.6-23.9) 27.3 (16.2-45.6)

Median PFS, mo (95% CI) 5.9 (3.3-15.0) 2.9 (2.3-5.2) 6.8 (3.3-12.7)

Median follow-up, mo 63.1 40.3 19.9

1. Neelapu. Blood. 2023;141:2307. 2. Schuster. Lancet Oncol. 2021;22:1403. 3. Abramson. Blood. 2024;143:404. 



Curative Potential of Axicabtagene Ciloleucel (Axi-Cel): 
an Exploratory Long-Term Survival Assessment in 
Patients with Refractory Large B-Cell Lymphoma from 
ZUMA-1

Sattva S. Neelapu, MD1; Caron A. Jacobson, MD, MMSc2; Armin Ghobadi, MD3; David B. Miklos, MD, PhD4; Lazaros J. Lekakis, MD5; Clare Spooner, MBBS6; 
Jenny J. Kim, MD, MS6; Harry Miao, MD, PhD6; Allen Xue, PhD6; Yan Zheng, MS6; and Frederick L. Locke, MD7

1The University of Texas MD Anderson Cancer Center, Houston, TX, USA; 2Dana-Farber Cancer Institute, Boston, MA, USA; 3Washington University School of Medicine, 
St Louis, MO, USA; 4Stanford University School of Medicine, Stanford, CA, USA; 5Sylvester Comprehensive Cancer Center, University of Miami Health System, Miami, 

FL, USA; 6Kite, a Gilead Company, Santa Monica, CA, USA; and 7Moffitt Cancer Center, Tampa, FL, USA

23

Neelapu et al. ASH 2003 Abstract 4864)



Lymphoma-Related Event-Free Survival

24
LREFS, lymphoma-related event-free survival, mo, month.

With ≥5 years of follow-up (median 63.1 months), the 
5-year LREFS rate was 33.5% (95% CI, 24.4-42.9)

Neelapu et al. ASH 2003 Abstract 4864)



Duration of Complete Response

25
DOCR, duration of complete response; mo, month; NE, not estimable; NR, not reached.

The 5-year estimate of DOCR among patients who 
achieved a CR as best response (n=59) was 56.7% 
(95% CI, 43.0-68.3)

Neelapu et al. ASH 2003 Abstract 4864





Iacoboni G ASH 2023, Abstract 228



Chiappella et al. Leukemia 2024



Axicabtagene ciloleucel demonstrates superior progression-free survival compared 
to Tisagenlecleucel in Large B-Cell Lymphomas: results of the Italian CART-SIE study

Unpublished data - NO PHOTO



First line



3-Year Analysis of ZUMA-12: A Phase 2 Study of 
Axicabtagene Ciloleucel as First-Line Therapy in 
Patients with High-Risk Large B-Cell Lymphoma 

1Moffitt Cancer Center, Tampa, FL, USA; 2Peter MacCallum Cancer Centre, Royal Melbourne Hospital and The University of Melbourne, 
Melbourne, Victoria, Australia; 3Banner MD Anderson Cancer Center, Gilbert, AZ, USA; 4Hôpital Saint Louis, Paris, France; 5Vanderbilt-Ingram 
Cancer Center, Nashville, TN, USA; 6City of Hope National Medical Center, Duarte, CA, USA; 7Seattle Cancer Care Alliance, Fred Hutchinson 
Cancer Center, Seattle, WA, USA; 8Mayo Clinic, Rochester, MN, USA; 9David and Etta Jonas Center for Cellular Therapy, University of Chicago, 
Chicago, IL, USA; 10The Ottawa Hospital, Ottawa, ON, Canada; 11David Geffen School of Medicine at UCLA, Santa Monica, CA, USA; 
12Kite, a Gilead Company, Santa Monica, CA, USA; and 13The University of Texas MD Anderson Cancer Center, Houston, TX, USA

Julio C. Chavez, MD1; Michael Dickinson, MBBS, D Med Sci, FRACP, FRCPA2; Javier Munoz, MD, MS, MBA, FACP3; 
Matthew L. Ulrickson, MD3; Catherine Thieblemont, MD, PhD4; Olalekan O. Oluwole, MD, MPH, MBBS5; 

Alex F. Herrera, MD6; Chaitra S. Ujjani, MD7; Yi Lin, MD, PhD8; Peter A. Riedell, MD9; 
Natasha Kekre, MD, MPH, FRCPC10; Sven de Vos, MD, PhD11; Christine Lui, MS12; Jacob Wulff, DrPH12; 

Chad M. Williams, PhD12; Weixin Peng, MS12; Ioana Kloos12; Hairong Xu, MD, PhD12; 
and Sattva S. Neelapu, MD13



ZUMA-12 Study Design

a Administered after leukapheresis and completed prior to initiating lymphodepleting chemotherapy. Therapies allowed were corticosteroids, localized radiation, and HDMP+R. PET-CT was required after bridging.
1. Cheson BD, et al. J Clin Oncol. 2014;32:3059-3068.
Axi-cel, axicabtagene ciloleucel; CAR, chimeric antigen receptor; CR, complete response; CT, computed tomography; DOR, duration of response; DS, Deauville score; ECOG PS, Eastern Cooperative Oncology Group 
performance status; EFS, event-free survival; HDMP+R, high-dose methylprednisolone plus rituximab; HGBL, high-grade B-cell lymphoma; IPI, International Prognostic Index; IV, intravenous; LBCL, large B-cell 
lymphoma; mAb, monoclonal antibody; ORR, objective response rate; OS, overall survival; PET, positron-emission tomography; PFS, progression-free survival. 

Phase 2

Lymphodepleting 
Chemotherapy 

+ Axi-Cel Infusion 

• Lymphodepletion: 
Fludarabine 30 mg/m2 
IV and 
cyclophosphamide 
500 mg/m2 IV on 
Days −5, −4, and −3

• Axi-Cel: Single IV 
infusion of 2×106 
CAR T cells/kg on 
Day 0 
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Primary Endpoint
• CR (investigator-assessed per 

Lugano 2014 classification1)

Key Secondary Endpoints
• ORR
• DOR
• EFS
• PFS
• OS
• Safety
• CAR T cells in blood and 

cytokine levels in serum

High-Risk LBCL
• HGBL, with MYC and BCL2 and/or BCL6 

translocations (double- or triple-hit), or 
• LBCL with IPI score ≥3 any time before 

enrollment

Dynamic Risk Assessment
• Positive interim PET (DS 4 or 5) after 

2 cycles of an anti-CD20 mAb + 
anthracycline-containing regimen

Additional Key Inclusion Criteria
• Age ≥18 years
• ECOG PS 0-1 
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Chavez et al. ASH 2023, Abstract 894



Objective Response Rate

33

• In the efficacy-evaluable population, the CR rate was slightly higher than in the primary analysis1 due 
to an additional number of patients converting from PR to CR

• Responses were ongoing in 73% of response-evaluable patients at data cutoff

0

10

20

30

40

50

60

70

80

90

100

ORR SD PD

Be
st

 R
es

po
ns

e,
 %

92% ORRa

86% CR
(n=32)

5% PR 
(n=2)

5%
(n=2) 3%

(n=1)

Efficacy Evaluable
n=37

Overall CR rate, % (95% CI) 86 (71-95)

DHL/THL and IPI score ≥3 (n/N) 4/4
100 (40-100)

DHL/THL only (n/N) 5/6
83 (36-100)

IPI score ≥3 only (n/N) 23/27
85 (66-96)

Patients converted from PR/SD to CR, n (%) 9 (24)
PR to CR 8 (22)
SD to CR 1 (3)

Chavez et al. ASH 2023, Abstract 894

At data cutoff, median follow-up for all patients treated with axi-cel was  40.9 months (range, 29.5-50.2) 



Chavez et al. ASH 2023, Abstract 894



Martino et al. Front. Immunol. Volume 15 - 2024 | doi: 10.3389/fimmu.2024.1384002



Proposed classification of transplant indications for adults—2022

Bone Marrow Transplantation (2022) 57:1217 – 1239 



CD19-Targeted CAR T-Cell Therapy Has Dichotomized 
Management of R/R DLBCL

Westin. Blood. 2022;139:2737.

Algorithm for Second-line Therapy of LBCL
Time from 1L therapy

Eligible for ASCT?

2L salvage ± ASCT?2L CAR T-cell tx (axi-cel or liso-cel)

Eligible for CAR T-cell?

Projected cure
(~20% of all 2L LBCL)

Cure
(~5% of all 2L LBCL)

~30%-40% ~40%-50%

Yes
~70%

No
~30%

No
~50%

Yes
~50%

>1 yr: ~25%≤1 yr: ~75%

2L or 3L+ Treatment Options
§ Investigational agent/regimen
§ Immunochemotherapy
§ CAR T-cell tx (if not given in 2L)
§ Polatuzumab vedotin + BR
§ Tafasitamab + lenalidomide
§ Loncastuximab tesirine
§ Selinexor
§ Best supportive care or XRT


