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US FDA-approved CAR T cell products for B-ALL

August 2017: ped. and AYA B-ALL
Oct 2021: adult B-ALL



Phase II ZUMA-3: Brexucabtagene Autoleucel 

(KTE-X19) for Adults With Relapsed/Refractory ALL

Adults with R/R B-

cell ALL and BM 

blasts >5%*

(N = 71)

Fludarabine 25 mg/m2 IV on Days -4, -3 and -2 + 

Cyclophosphamide 900 mg/m2 IV on Day -2

(n = 57)

Conditioning Chemotherapy

Brexucabtagene 

autoleucel 

1 x 106 cells/kg, Day 0

(n = 55)

CAR T-Cells

*Prior blinatumomab permitted.

Leukapheresis

Shah. Lancet. 2021

▪ CRS: grade ≥3, 24%

▪ ICANS: grade ≥3, 25%
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Frey N., JCO, 2020

CTL019 for r/r adult B-ALL (single center trial UPenn)

All 
MRD-
neg



Building Upon the Success of CART19

Ped. and AYA B-cell Acute Lymph. Leukemia

(ELIANA)

Maude SL, NEJM, 2018
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Resistance Mechanisms
Novel Effective

Approaches

Adult B-cell Acute Lymph. Leukemia

(ZUMA-3)

Shah BD, Lancet, 2021
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NR=
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22%



Immunosuppressive

tumor microenvironment

Pre-infusion 

barriers

Tumor-intrinsic mechanisms

PD-L1 

over-expression
Lineage switch

Tumor cell CART

Central memory T 

cell phenotype

Exhausted T cell

phenotype
Physical 

barrier

Antigen loss

Legend

CAR

CTLA-4

TIM-3

LAG-3

PD-L1

PD-1

New Antigen

Antigen

Low lymphocyte 

counts

Manufacturing 

failure

High Costs

Progression during 

manufacturing

TAM

Treg

IL-10

TGF-β

MDSC

Causes of Failure of CART19 Immunotherapy

CART dysfunction

Ghilardi G., BJH, 2021

Host-related factors



Extrinsic apoptosis and CART outcomes in ALL

Pediatric B-ALL trial (ELIANA)

mRNA expression of positive 

regulators of the extrinsic apoptotic 

pathway

CART expansion 

(qPCR)

CART persistence 

(days)

Singh N., Lee YG, Cancer Discov, 2020



Impact of the gut microbiota on CART outcomes 

OS

Pre-CART exposure to:

•Piperacillin/tazobactam 

•Imipenem/cilastatin

•Meropenem

Smith M. et al, Nat Med, 2022

Stool microbiome 

sequencing:



CD19-Negative Escape after CART19 in B-ALL

▪ Long-term outcomes confounded across trials by differing HCT use and other unique practices 
following CAR T-cell therapy

▪ True incidence of CD19+ and CD19- relapse unknown

Schultz. ASH 2019. Abstr 744.

Trial Phase Population
CD19 CAR 
Construct

Relapse Rate, % (n/N)
CD19-Negative 

Relapse Rate, % (n/N)

Children’s Hospital 
of Philadelphia

I Pediatric FMC63-4-1BB-ζ 36 (20/55) 24 (13/55)

ELIANA II Pediatric FMC63-4-1BB-ζ 33 (20/61) 25 (15/61)

Seattle Children’s I Pediatric FMC63-CD28-ζ 45 (18/40) 18 (7/40)

NCI I Pediatric FMC63-4-1BB-ζ 29 (8/28) 18 (5/28)

MSKCC I Adult SJ25C1-CD28-ζ 57 (25/44) 9 (4/44)

FHCRC I Adult FMC63-4-1BB-ζ 31 (9/29) 7 (2/29)

ZUMA-3 II Adult FMC63-CD28-ζ 3/6

Slide credit: clinicaloptions.com

65%

75%

39%

63%

16%

22%

33%



CAR19+ B-ALL: relapse by epitope-masking

a-CD19 

CD19CAR19

Anti-CAR19

CART  

CAR19+ 

B-ALL

CAR19

CART-19

CAR19+ B-

ALL

Ruella M, Blood, 2019Ruella M, Nat Med, 2018



FIRST CART22 TRIAL 

NIH DATA

NCI CART22 trial

Fry T., Nat Med, 2018, updated in Shah NN JCO 2020



CART22 Clinical Trial in B-ALL (PI: Frey and Grupp)

No CD22-negative leukemia progression was observed

AdultPediatric

= CART22 infusion
0 1 2 3 4 5 6 7

1

2

3

4

5

NR

CR

Relapse

BMTMRD+

MRD-

01

02

04

*06

08

0 1 2 3

1

2

3

*03

02

05

months

months * = dose not reached

MRD+

MRD+

PR

At month 2,  4/8 (50%) 

of patients were in CR

Singh N., Nat Med, 2021
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Day 28

Response 

Assessment

Lymphodepletion
Day-1

(BM BX) 

Fractionated Dosing:

Doses held for Early CRS

Day 0: 
10% CART19

+

10% CART22

Day 1: 
30% CART19

+

30% CART22

Day 2: 
60% CART19

+

60% CART22* *

huCART19 + CART22-65s for Adults with Rel/Ref ALL: 

Frey N. ASH, 2021

Patient characteristics N=13

Age median (range) 46 (28-72)

Median prior lines of therapy (range) 4 (2-7)

Prior inotuzumab 8/13 (62%)

Prior blinatumomab 8/13 (62%)

Prior CART19 2/13 (15%)

Prior allogeneic SCT 10/13 (77%)

Philadelphia Chromosome + 3/13 (23%)



Pooled CART19 + CART22: responses

S
U

B
J

E
C

T
S

DAYS FROM CARTs

CART19 and CART22: (N=13)

• 13 pts infused

• 11 pts evaluable D28  

• 11 CR/CRi (MRD - ) 

85%

Med follow up 11.8 mo:

• One pt with molecular 

recurrence 

• 10 with ongoing 

CR/CRi

Frey N. ASH, 2021
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Mechanisms of CD19-targeted therapy resistance

Convergence of acquired mutations and 

alternative splicing of CD19 
(Sotillo, 2015; Orlando EJ, Nat Med, 2018)

Transdifferentiation

(Gardner, 2016, Oberley Mj, 2018) 





1928z adult ALL at MSK (N = 53)

~40% of responding pts proceeded to allo-HSCT

19BBz Adult ALL at FHRC (N = 53)

CTL019 in Adult ALL at UPenn (N = 35)

38% of responding pts proceeded to alloHSCT

Post-CAR HSCT in Adult ALL
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Landmark Analysis for EFS 

by Subsequent Allogeneic HSCT

P = .29
HSCT
No HSCT

Variable
Multivariable Analysis

HR 95% CI P

LDH prelymphodepletion
(per 100 U/L increment)

1.39 1.11-1.73 .004

Platelets prelymphodepletion
(per 50,000/µL increment)

0.74 0.53-1.03 .069

Fludarabine added to 
lymphodepletion

0.25 0.15-0.78 .003

HCT after CAR T-cell therapy 0.39 0.13-1.15 .088

▪Park. NEJM. 2018;378:449. Hay. Blood. 2019;133:1652. Frey. JCO. 2019;38:415.



ASH 2021: Consolidation Allogeneic HCT Following CART Therapy 

▪ Retrospective analysis of outcomes in patients who received consolidation allogeneic 
hematopoietic cell transplantation post-CD19 CAR T-cell therapy (N = 347)

Park. ASH 2021. Abstr 3880. 
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Toxicity and CART dynamics in the blood

CART22-65s persistence

huCART19 persistence

Median (range) Days

to Peak Expansion

CART22-65s 16 (7-28)

huCART19 9 (5-21)

• 4 patients received tocilizumab

• 3 patients received corticosteroids

Frey N. ASH, 2021
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ELIANA: Tisagenlecleucel in Children and Young Adults 

With R/R B-ALL

▪ International, open-label, single-arm phase II study (N 
= 92)

‒ Patients aged 3-21 yr with relapsed or refractory B-cell 
ALL

‒ Patients underwent lymphodepletion with fludarabine + 
cyclophosphamide followed by single-dose 
tisagenlecleucel

‒ At baseline: median number of prior therapies, 3; prior 
allogeneic SCT, 46%; median BM blast count at time of 
treatment, 74%

▪ ORR at 3 mo: 81%

Outcome, % Mo 6 Mo 12

OS 90 76

Event-free survival 73 50

EFS



CD19-Targeted CAR (AUTO1) for R/R Adult B-ALL

▪ 13% of responders proceeded to alloHSCT

▪ EFS at 6 and 12 mo: 68% and 48%
Roddie. JCO. 2021;39:3352.

Parameter, % Patients (N = 20)

Prior blinatumomab 25

Prior inotuzumab 50

Prior HSCT 65

BM blasts before LD chemo
<5% blasts 
5-49% blasts 
≥50% at T cell infusion

35
20
45

75% >20% blasts received 410 x 106 cells; 25% received 10 x 106 cells 
due to ongoing grade 1 CRS at D10.

Slide credit: clinicaloptions.com

BM blasts 
≤ 20%

BM blasts 
> 20%

Day 0
Infuse 100 x 106

CD19 CAR T cells

Day 9
Infuse 310 x 106

CD19 CAR T cells

Day 0
Infuse 10 x 106

CD19 CAR T cells

Day 9
Infuse 400 x 106

CD19 CAR T cells
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Duration (months)
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Pooled CART Dual CART Tandem CARTSingle CART

4th GEN CART Combinations

+

= anti-X scFV

= anti-Y scFV

= anti-CD3 scFV

Strategies to overcome antigen-escape

Adapted from Ruella M. CHMR, 2016


