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Learning Objectives

•Understand the current state of CAR T-cell therapy in hematologic malignancies

•Know what to expect for CART in the community

•Review future directions in the field of cellular therapy



Outline

•History of CAR T-cell therapy

•Current commercial CART products

•Updated trials in CART

•CART in the community

•Future directions in cellular therapy



The Problem Prior to CAR T-Cell Therapy



Diffuse Large B-cell Lymphoma

•SCHOLAR-1:
•Multicenter, international, 
retrospective study with non-
Hodgkin lymphoma with 
multiply relapsed or refractory 
disease (n=636) in the post-
rituximab era (2000-2017).
•Objective response rates 26%, 
complete response rate 7%, 
and median overall survival of 
6.3 months.
•Benchmark for CART trials.

Crump. Blood. 2017, Figure 3.



Acute Lymphoblastic Leukemia

•Ph- acute lymphoblastic 
leukemia:
•Initial CR rate = 90% 
•First salvage CR rate = 40%
•Second salvage CR rate = 21%
•Third and higher CR rate = 11%

Gökbuget. Haematologica. 2016: 1524-1533.



Multiple Myeloma

•LocoMMotion Trial
•Triple class refractory 
(IMiD, PI, and anti-
CD38 mAbs):
•ORR 29.8%
•mPFS 4.6 months
•mOS 12.4 months

Mateos, MV. Leukemia 36, 1371–1376 (2022).



Along Comes CAR T-cell Therapy

1993

Dr. Zelig Eshhar and 
Dr. Gideon Gross 
develop first CAR

1998

Dr. Michel Sadelain
discovers that a co-
stimulatory domain 
allows CAR T-cell to 

persist 

2002

Dr. Sadelain
develops the first 

effective CAR T-cell

2003

Second generation 
CARs are created to 

target CD19

2012

Dr. Carl June leads 
the first in human 
trial for CAR T-cell 

therapy

(NEJM 2014)

2017

First FDA approval 
for CAR T-cell 

therapy

https://www.mskcc.org/timeline/car-t-timeline-progress



CAR T-cell Production



CAR T-cell Construct



Autologous CAR T-Cell Therapy: Underlying Principles

Median manufacturing time: 17-28 days

Patients undergo lymphodepleting (and possibly salvage/bridging) therapy

Majors. EHA 2018. Abstr PS1156. Lim. Cell. 2017;168:724. Sadelain. Nat Rev Cancer. 2003;3:35. 
Brentjens. Nat Med. 2003;9:279. Park. ASH 2015. Abstr 682. Axicabtagene ciloleucel PI. Tisagenlecleucel 

PI. Slide credit: clinicaloptions.com

CD19

Tumor cell

Activity

Viral 
vector 
with 
CAR 
DNA

CAR-
engineered

T cell

Leukapheresis Manufacturing Infusion

Collect patient’s 
white blood cells

Isolate and 
activate T cells

Engineer T cells 
with CAR gene

Expand CAR T 
cells

Infuse same patient 
with CAR T cellsTargeting element 

(eg, CD19, BCMA, 
CD20)

Spacer

Transmembrane domain

Costimulatory 
domain (eg, 
CD28 or 4-1BB)

CD3𝛇 (essential
signaling domain)

http://www.clinicaloptions.com/


Current Commercial CAR T-cell Products



Non-Hodgkin Lymphoma



FDA Approved CAR T-cell Products

YESCARTA
Axicabtagene ciloleucel

BREYANZI
Lisocabtagene maraleucel

• Refractory DLBCL

• 3L DBLCL

• 3L PMBCL

• 3L HGBCL

• 3L transformed FL
• 3L FL

• R/R DLBCL

• R/R HGBCL

• R/R PMBCL

• R/R FL grade 3B

KYMRIAH
Tisagenlecleucel

TECARTUS
Brexucabtagene autoleucel

• 3L DLBCL

• 3L HGBCL

• 3L transformed FL

• 3L FL

• Relapsed/refractory MCL



Key Trials of CD19 CAR T-cell Products in LBCL

ZUMA-1
Axicabtagene ciloleucel

TRANSCEND
Lisocabtagene maraleucel

JULIET
Tisagenlecleucel

• N=108 (119 enrolled)
• Bridging therapy: N/A
• Days to infusion: 17

• N=294 (344 enrolled)
• Bridging therapy: 59%
• Days to infusion: 37

• N=111 (165 enrolled)
• Bridging therapy: 92%
• Days to infusion: 54

• ORR: 74%
• CR: 54%

• mPFS: 5.9 months

• ORR: 73%
• CR: 53%

• mPFS: 7.2 months

• ORR: 52%
• CR: 40%

• mPFS: 35% at 1 year

• CRS, G3-4: 11%
• Neurotox, G3-4: 32%
• Infection, G3-4: 28%

• CRS, G3-4: 2%
• Neurotox, G3-4: 10%
• Infection, G3-4: 12%

• CRS, G3-4: 22%
• Neurotox, G3-4: 12%
• Infection, G3-4: 20%

Neelapu. NEJM. 2017;377:2531.

Abramson. Lancet. 2020;396:839.

Schuster. NEJM. 2019;380:45. 



Key Trials of CD19 CAR T-cell Products in Other Lymphomas

ZUMA-2
Brexucabtagene autoleucel

ZUMA-5
Axicabtagene ciloleucel

• N=68 (74 enrolled)
• Bridging therapy: 37%
• Days to infusion: 16

• N=148 (124 FL, 24 MZL)
• Bridging therapy: 4%
• Days to infusion: 17

• ORR: 85%
• CR: 59%

• ORR: 94% (FL) and 80% (MZL)
• CR: 85% (FL) and 60% (MZL)

• CRS, G3-4: 15%
• Neurotox, G3-4: 31%
• Infections, G3-4: 32%
• Cytopenias: 94%

• CRS, G3-4: 7%
• Neurotox, G3-4: 19%
• Infections, G3-4: 18%
• Cytopenias: 70%

Wang. NEJM. 2020;382:1331. 

Jacobson. Lancet Oncology. 2022; 91:103 



Results from ASH 2021 Presentations
ZUMA-7

Axicabtagene ciloleucel
TRANSFORM

Lisocabtagene maraleucel
BELINDA

Tisagenlecleucel

Event free-survival 8.3 months (vs. 2 months)
10.1 months (vs. 2.3 

months)
3 months (vs. 3 months)

Overall response rate 83% (vs. 50%) 86% (vs. 48%) 46% (vs. 43%)

Complete response rate 65% (vs. 32%) 66% (vs. 39%) 28% (vs. 28%)

Overall survival Not reached (vs. 35 months) Not reached "Immature at data cutoff"

Locke. NEJM. 2022; 386:640-654.

Kamdar. Lancet. 2022; 2294-2308.

Bishop. NEJM. 2022; 386:629-639



Results from ASH 2021 Presentations

Locke. NEJM. 2022; 386:640-654.

Kamdar. Lancet. 2022; 2294-2308.

Bishop. NEJM. 2022; 386:629-639



Long-Term Follow Up

•5 year analysis of data from ZUMA-1:
•ORR 83%
•Median OS 25.8 months 
•Estimated 5-year OS 42.6%
•No new long-term adverse events reported

Neelapu. Blood. 2022018893. 23 Feb. 2023.



Long-Term Follow Up



CART in Older Patients

•Subgroup analysis of ZUMA-1:
•Response rates similar (ORR 92%, CR 75%)
•No increase in adverse events
•G3-4 CRS: 7%
•G3-4 neurotox: 44%
•G3-4 infections: 19%

•Outcomes were better compared to SCHOLAR-1

Neelapu. Blood. 2020: 2106-2109.



Take Home Points

•CAR T-cell therapy is very effective and durable in patients with relapsed 
large cell lymphomas, MCL, and FL/MZL.

•In primary refractory DLBCL, CAR T-cell therapy is the new standard of 
care.

•CAR T-cell therapy is an option for patients >65.



My Approach

R/R DLBCL

Relapse ≤12 
months

CART

Relapse >12 
months

Platinum-based 
chemotherapy

CR

AutoSCT

PR or less

CART



Acute Lymphoblastic Leukemia



FDA Approved CAR T-cell Products

KYMRIAH
Tisagenlecleucel

TECARTUS
Brexucabtagene autoleucel

• Young adults up to age 25 with 
R/R ALL

• Adults with R/R ALL



Key Trials of CD19 CAR T-cell Products in ALL

ELIANA
Tisagenlecleucel

ZUMA-3
Brexucabtagene autoleucel

• N=79 (Peds/AYA)
• CR/CRi: 82% (all MRD negative)

• 6 mo EFS: 73%
• 6 mo OS: 90%
• 5 yr EFS: 36%
• 5 yr OS: 55%

• N=54 (adults)
• 45% prior blinatumomab

• CR: 71% (38/39 MRD negative)
• DOR: 14.6 months

• CRS, G3-4: 49%
• Neurotox, G3: 13% (no G4)

• CRS, G3-4: 24%
• Neurotox, G3-4: 25%

Maude. NEJM. 2018:439-448.

Shah. Lancet. 2021: 491-502.

Shah. JCO. 2022: 7010-7010



What about prior treatment? 

•ZUMA-3: 
•45% of patients had prior 
blinatumomab exposure
•Lower rates of CR/CRi (60% vs 80%)
•No change in OS and RFS

•22% of patients had prior 
inotuzumab exposure
•42% of patients had prior 
allogeneic SCT

Shah. Lancet. 2021: 491-502.



Take Home Points

•CAR T-cell therapy can provide long-term disease control in ALL.

•Prior blinatumomab exposure does not limit survival data.



Multiple Myeloma



FDA Approved CAR T-cell Products

CARVYKTI
Ciltacabtagene autoleucel

ABECMA
Idecabtagene vicleucel

• Adults with R/R multiple myeloma 

after >4 lines of therapy (including 
IMiD, PI, anti-CD38 MA)

• Adults with R/R multiple myeloma 

after >4 lines of therapy (including 
IMiD, PI, anti-CD38 MA)



Key Trials of BCMA CAR T-cell Products in Multiple Myeloma

CARTITUDE-1
Ciltacabtagene autoleucel

KarMMa-3
Idecabtagene vicleucel

• N=97 patients (6 prior therapies)
• ORR: 97%
• sCR: 83%
• mPFS: NR
• mOS: NR

• N=128 (triple class refractory)
• ORR: 73%

• CR: 33% (79% MRD negative)
• mPFS: 8.8 months

• CRS, G3-4: 4%
• Neurotox, G3-4: 9%

• CRS, G3-4: 5%
• Neurotox, G3-4: 3%

Martin. JCO. 2022: 1265-1274.

Munshi. NEJM. 2021: 384:705-716



CAR T-cell Therapy Improves HRQoL

•128 patients who received ide-cel.

•Measured by EORTC-QoL C30 and 
EuroQoL 5-dimension 5-level instrument. 

•Pre-treatment, patients with RRMM had 
worse symptoms and QoL than general 
population. 

•After ide-cel, there were improvements 
in fatigue, pain, functioning, and QoL.
•Median time to improvement: 4 months
•Improvements sustained for 15-18 months

Delforge. Blood Advances. 2022: 1309-1318.



Take Home Points

•We have another effective treatment option in multiple myeloma – CART!

•CART can improve quality of life in patients with RRMM.

•CART slots are limited. 



Monitoring CART Patients in the Community



Long-Term Toxicities

•Cytopenias
•Prolonged cytopenias can be very troublesome. 
•May be related to G3-4 CRS and ICANS.
•Monitor/transfuse as needed.
•GCSF and other supportive measures OK.

•Infections
•Monitor closely for infections post-CART. 
•Prophylactic antimicrobials as needed.

•B-cell aplasia
•Occurred in approximately 15% of patients treated with axi-cel, brexu-cel, 
and tisa-cel. 
•If IgG <400, consider IVIG.

Jain. Blood Advances. 2020: 3776-3787.

Chakraborty. Transplant Cell Therapy. 2021: 222-229. 



Long-Term Toxicities

•Delayed-onset neurotoxicity
•No driving for 8 weeks post-CART infusion.
•Rare in BCMA CARs.

•Secondary malignancies 
•Rare (1 patient in ZUMA-1) but probably more common. 

Chakraborty. Transplant Cell Therapy. 2021: 222-229. 



Referral for CART

•Refer early for CAR T-cell therapy to allow time for evaluation, collection, 
and planning.

•Consider referral for any relapsed/refractory large B-cell lymphoma, 
mantle cell lymphoma, acute lymphoblastic leukemia, and multiple 
myeloma.

•No age limit for referral.



Future Directions in Cellular Therapy



New Targets for CAR T-cell Therapy

Wudhikarn K et al, ASH Education Program 2020



New Targets for CAR T-cell Therapy

Baird. Blood. 2021: 2321-2325.

•37 of 39 
patients to date

•Median follow 
up 15.7 months

•ORR 72%

•CR 53%

•Only 1 of 19 
who achieved 
CR relapsed

Frank. CD22 CAR T Cell Therapy Induces Durable Remissions in Patients with Large B 

Cell Lymphoma Who Relapse after CD19 CAR T Cell Therapy. Tandem 2023.



Dual Target and Tandem CAR T-cells



Allogeneic CAR T-cells

•No delays for cell processing.

•Repeat dosing can be given if need be.

•No complex logistics. 

•Less product variability. 



ADI-001: Allogeneic gamma delta CAR T-cell Therapy for CD20

•9 patients with LBCL (5 
DLBCL, 2 HGBCL with 
DH/TH, 1 HGBCL NOS, 
1 MCL)
•4 patients with prior 
CD19 CAR

•Minimal CRS/ICANS –
only grade 1 and 2

•ORR 78%, CR 78%

Neelapu. A Phase 1 Study of ADI-001: Anti-CD20 CAR-Engineered Allogeneic 

Gamma Delta1 (γδ) T Cells in Adults with B-Cell Malignancies. Tandem 2023.



CAR T-cell Therapy for Autoimmune Conditions



CAR T-cell Therapy Frontline

•ZUMA-23 (NCT05605899)
•Axicabtagene ciloleucel vs SOC (R-CHOP or DA-EPOCH-R)
•Currently enrolling



Emily Whitehead

https://emilywhiteheadfoundation.org/



Thank you!

Clark Alsfeld, MD

Ochsner Health

Leonard.Alsfeld@ochsner.org

@lcalsfeld 

mailto:Leonard.Alsfeld@ochsner.org
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