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Outline

§ Focus on lymphoma

§CAR-T therapy background on FDA approved products 
§ Diffuse large B cell lymphoma (ZUMA 1, JULIET, TRANSCEND NHL 001)
§ Mantle cell lymphoma (ZUMA-2)
§ Follicular lymphoma (ZUMA-5, ELARA)
§ 2nd line studies in large B cell lymphoma (ZUMA 7)

§Updates from ASH 2021 
§ On above approved indications (when applicable)
§ Allogeneic CAR T cell Therapies (selected studies)

§ Take home messages
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Immunotherapy
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Immunotherapy: a therapeutic revolution



Large B-cell lymphoma 
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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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N=111 patients

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

ZUMA-1
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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. 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



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. N Engl J Med. 2019; 380:45-56

N=111 patients

JULIET
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JULIET: Tisagenlecleucel
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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§ 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 

Schuster SJ, et al. Lancet Oncol. 2021; 22:1403-15
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Abramson JS, et al. Lancet. 2020; 396;839-52 

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

Overall survival Progression-free survival 

TRANSCEND NHL 001



Mantle cell lymphoma 
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Wang M, et al. NEJM. 2020. 382:1331

ZUMA-2



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



ZUMA-2: Survival 
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PFS OS 

ASH 2019. Abs 754

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



§ Retrospective, 14 centers 
§ Pts who underwent leukapheresis by 6/15/2021 with an intent to 

manufacture Brexu-cel were included
§ 107 underwent leukapheresis, 93 (87%) completed brexu-cel infusion
§ Median age 67 yrs and 81% male; 32% high-risk simplified MIPI
§ 45% had blastoid or pleomorphic variant
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CRS= 88% (8% grade ≥3)
ICANS=58% (33% grade ≥3)

Wang Y, ASH 2021; abs 744
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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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Neelapu SS, et al. ASH 2021; Abs 93

§ With long-term F/U in ZUMA-5, axi-cel showed 
continued benefit in pts with iNHL

§ In FL, high response rates translated 
to durability, with a median DOR 
of 38.6 months and 57% of eligible pts 
in ongoing response at data cutoff

§ In MZL, outcomes improved with longer 
F/U, with median DOR and OS not reached 
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Neelapu SS, et al. ASH 2021; Abs 93
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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



§ With 17-mos median F/U, tisagenlecleucel yielded high ORR and CRR and durable 
response and promising 12-mo PFS in R/R FL and 2+ prior therapies

§ Safety consistent with known tisagenlecleucel profile 
§ POD24 and high TMTV were independently associated with PFS 
§ Tisagenlecleucel induces high rates of durable response, including in high-risk 

subgroups, who have poor prognosis with non-CAR-T cell therapies
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POD24: Progression of disease within 2 years
TMTV: Total metabolic tumor volume (high defined as >510 cm3) 

Thieblemont C, ASH 2021; Abs 131



Allogeneic CAR T cell therapy 
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§ Allogeneic (off the shelf) CAR T-cell therapy addresses several 
logistical challenges
§ Readily available
§ Uniform product quality

§ ALPHA: phase 1, open-label, multicenter dose escalation study in 
R/R large B-cell or FL and ≥2 prior lines Rx
§ Lymphodepletion with Flu-CY

§ 98% (46/47) of pts enrolled were treated in the single-dose (n=39) 
and consolidation cohort (n=7)
§ Median time from enrollment to LD was 5 days
§ No dose-limiting toxicities (DLTs) or GVHD observed
§ ORR and CR rates were 75% and 50%, respectively

§ DLBCL: ORR=61.5%; CR=46.2%
§ FL:ORR=82.6%; CR=52.2%

§ Grade 1-2 CRS=21.7%; Grade 3=2.2%
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Neelapu SS, ASH 2021; Abs  3878

ALPHA study



§3 randomized studies 
§ZUMA-7: Axi-cel vs. SOC

§TRANSFORM: Liso-cel vs. SOC

§BELINDA: Tisagenlecleucel vs. SOC
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Moving CAR T-cell therapy to 2nd line 



Primary Analysis of ZUMA-7: a Phase 3 
Randomized Trial of Axicabtagene Ciloleucel 
versus Standard-of-Care Therapy in Patients 

with Relapsed/Refractory Large 
B-Cell Lymphoma 

1Moffitt Cancer Center, Tampa, FL, USA; 2Stanford University School of Medicine, Stanford, CA, USA; 3Dana-Farber Cancer Institute, Boston, MA, USA; 4Memorial Sloan-Kettering Cancer Center, New York, NY, USA;
5Amsterdam UMC, University of Amsterdam, Amsterdam, The Netherlands, on behalf of HOVON/LLPC; 6Vanderbilt-Ingram Cancer Center, Nashville, TN, USA; 7Washington University School of Medicine, St Louis, 

MO, USA; 8The Marlene and Stewart Greenebaum Cancer Center, University of Maryland School of Medicine, Baltimore, MD, USA; 9University of Kansas Cancer Center, Kansas City, KS, USA; 10Swedish Cancer 
Institute, Seattle, WA, USA; 11Banner MD Anderson Cancer Center, Gilbert, AZ, USA; 12University of Iowa, Iowa City, IA, USA; 13University Medical Center Groningen, Groningen, Netherlands, on behalf of HOVON/LLPC;

14University of Rochester School of Medicine, Rochester, NY, USA; 15Hematology Department, Institut Català d'Oncologia-Hospitalet, IDIBELL, Universitat de Barcelona, Barcelona, Spain; 16Sarah Cannon Research 
Institute and Tennessee Oncology, Nashville, TN, USA; 17University Hospitals Leuven, Leuven, Belgium; 18Division of Hematology, University of British Columbia and Leukemia/BMT Program of BC, Vancouver General 

Hospital, Vancouver, BC, Canada; 19Peter MacCallum Cancer Centre, Royal Melbourne Hospital and the University of Melbourne, Melbourne, Victoria, Australia; 20UMC, University of Utrecht, The Netherlands, on 
behalf of HOVON/LLPC; 21The University of Chicago Medical Center, Chicago, IL, USA; 22John Theurer Cancer Center, Hackensack University Medical Center, Hackensack, NJ, USA; 23Centre for Clinical Haematology, 

University Hospitals Birmingham NHS Foundation Trust, Birmingham, UK; 24Kite, a Gilead Company, Santa Monica, CA, USA; 25Northwestern University Feinberg School of Medicine and the Robert H. Lurie 
Comprehensive Cancer Center of Northwestern University, Chicago, IL, USA; and 26The University of Texas MD Anderson Cancer Center, Houston, TX, USA

Frederick L. Locke, MD1; David B. Miklos, MD, PhD2; Caron A. Jacobson, MD, MMSc3; Miguel-Angel Perales, MD4;  
Marie José Kersten MD, PhD5; Olalekan O. Oluwole, MBBS, MPH6; Armin Ghobadi, MD7; Aaron P. Rapoport, MD8;

Joseph P. McGuirk, DO9; John M. Pagel, MD, PhD10; Javier Muñoz, MD, MS, MBA, FACP11; Umar Farooq, MD12; 
Tom van Meerten, MD, PhD13; Patrick M. Reagan, MD14; Anna Sureda, MD, PhD15; Ian W. Flinn, MD, PhD16; 

Peter Vandenberghe, MD, PhD17; Kevin W. Song, MD, FRCPC18; Michael Dickinson, MBBS, D Med Sci, FRACP, FRCPA19; 
Monique C. Minnema, MD, PhD20; Peter A. Riedell, MD21; Lori A. Leslie, MD22; Sridhar Chaganti, MD23; Yin Yang, MS, MD24; 

Simone Filosto, PhD24; Marco Schupp, MD24; Christina To, MD24; Paul Cheng, MD, PhD24; Leo I. Gordon, MD25; 
and Jason R. Westin, MD, MS, FACP26, on behalf of all ZUMA-7 investigators and contributing Kite members 

ASH Plenary presentation: courtesy Dr. Frederick Locke 
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ZUMA-7 Study Schema and Endpoints: Axi-Cel Versus 
SOC as Second-Line Therapy in Patients With R/R LBCL 
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R/R LBCL
N=359
77 sites

Key Eligibility: 
• Aged ≥18 y
• LBCL1

• R/R ≤12 mo of 1L therapya

• Intended to proceed to 
HDT-ASCT

Stratification:
• Response to 1L therapy 
• Second-line age-adjusted 

IPI (sAAIPI)

Optional Steroid-Only 
Bridging (No Chemotherapy)

Cycle 1 Cycle 2 Cycle 3
(Optional)

Investigator-Selected 
Platinum-Based 

Chemoimmunotherapyc
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Primary Endpoint
• Event-free survivale

(EFS) by blinded 
central review

Key Secondary 
Endpoints
• ORR
• OS
Secondary Endpoints
• PFS
• Safety
• PROs

No Protocol-Specified 
Crossover

a Refractory disease was defined as no CR to 1L therapy; relapsed disease was defined as CR followed by biopsy-proven disease relapse ≤12 months from completion of 1L therapy. b Axi-cel patients underwent leukapheresis 
followed by conditioning chemotherapy with cyclophosphamide (500 mg/m2/day) and fludarabine (30 mg/m2/day) 5, 4, and 3 days before receiving a single axi-cel infusion (target intravenous dose, 2×106 CAR T cells/kg).  
c Protocol-defined SOC regimens included R-GDP, R-DHAP, R-ICE, or R-ESHAP. d 56% of patients received subsequent cellular immunotherapy. e EFS was defined as time from randomization to the earliest date of disease 
progression per Lugano Classification,2 commencement of new lymphoma therapy, or death from any cause. 
1. Swerdlow SH, et al. Blood. 2016;127:2375-2390. 2. Cheson BD, et al. J Clin Oncol. 2014;32:3059-3068.

ASH Plenary presentation: courtesy Dr. Frederick Locke 
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Patient Disposition: Nearly 3× as Many Axi-Cel Patients 
Received Definitive Therapy Versus SOC Patients

35

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 
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Primary EFS Endpoint: Axi-Cel Is Superior to SOC

36

HR 0.398 (95% CI, 0.308-0.514); P<0.0001 

Median EFS

2 mo
8.3 mo

Median EFS (95% CI), mo 24-mo EFS Rate (95% CI), %

Axi-cel (N=180) 8.3 (4.5-15.8) 40.5% (33.2-47.7)
SOC (N=179) 2.0 (1.6-2.8) 16.3% (11.1-22.2)

Median Follow-up: 24.9 mo

ASH Plenary presentation: courtesy Dr. Frederick Locke 
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EFS Improvements With Axi-Cel Versus SOC Were 
Consistent Among Key Patient Subgroups

37

ASH Plenary presentation: courtesy Dr. Frederick Locke 



Characteristics of patients enrolled second line 
CAR T cell therapy trials

ZUMA-7
N=180

TRANSFORM
N=184

BELINDA
N=322

CAR T product Axicabtagene Ciloleucel Lisocabtagene Maraleucel Tisagenlecleucel
Signaling domain CD28 4-1BB 4-1BB

Median age, years (range) 58 (21–80) 58 (26-75) 59.5 (19–79)
Patients >65 years, % 30% NR 31.10%

Patients who received TT
CAR T arm, % 94% 97% 96%
SOC arm, % 36% 46% 32%

HGBCL/double/triple hit, (CART/SOC), % 17/15% 23/24% 19.8/11.9%
ABC subtype, (CAR T/SOC), % 9/5% N/A 32/26.2%
Stage III/IV, % 79% N/A 64%
Primary refractory 74% 73% 66%
Relapse within 12 months of first-line
treatment 26% 27% 34%

Progressive disease at time of CAR T cell 1% N/A 26%
Bridging therapy allowed No Yes Optional
Bridging options Glucocorticoid only RDHAP, RICE, and RGDP x1 cycle RDHAP, RICE, RGemOx, and RGDP
% 36% 63% 83%
Median time from leukapheresis to CAR T
cell infusion, days 29 31 54

Crossover
Not allowed

Patients who did not respond to SOC received 
CAR T

Allowed Allowed

Primary endpoints EFS EFS EFS
EFS, start time point Randomization Randomization Randomization

EFS definition

1) Disease progression
2) Death from any cause
3) New therapy started
4) SD as best response within 150 days 
from randomization

1) Disease progression
2) Death from any cause
3) New therapy started
4) Not achieving CR/PR by 9-weeks

1) SD or PD at or after week 12
2) Death (any time)



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 online ahead of print   



Take home messages 

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

§ In relapsed/refractory DLBCL, 5-year OS ≥ 40%
§ For patients in CR, 5-year OS=64.4%

§ Now approved in 2nd line: axi-cel

§ Responses remain sustained in MCL and FL, but longer F/U is needed

§ Allogeneic CAR T cells showing promise 
§ Advantage: no waiting time. Would it lower the cost? 

©2011 MFMER  |  slide-40



Thank you
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