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Recap – current treatment landscape

*CR+CRi+CRh for Kantarjian, NEJM 2017.  CR+CRi for all other studies 

Indication Reference Intervention OS CR Composite 
remission*

MRD-neg CRS ≥Gr 3 Neurotoxicity ≥Gr 3

R/R B-ALL Kantarjian, 
NEJM 2017
Phase 3 
TOWER

Blinatumomab 7.7mo 34% 44% 76% 4.9% 9.4%

Chemotherapy 4.0mo 16% 25% 48% 0% 8.3%

B-ALL in 
MRD+ CR

Gökbuget, 
Blood 2018
Phase 2

Blinatumomab 36.5mo N/A 78% 
after cycle 1

1.7% 
all w/in cycle 1

13%

R/R B-ALL 
(≤25 years, 
≥2 relapses)

Maude, NEJM 
2018
Laetsch, JCO 
2022
Phase 2 
ELIANA

Tisagenlecluecel
(41BB co-stim)

76% 
@12mo

63% 
@36mo

60% 
@3mo

82% 
@3mo

100% 46% 
w/in 8 wks

13% 
w/in 8 wks

R/R B-ALL 
(≥18 years)

Shah, Lancet 
2021
Phase 2 
ZUMA-3

Brexucabtagene
autoleucel
(CD28 co-stim)

18.2mo 56% 71% 97% 24% 26% 
18% grade 5
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Image credit: clinicaloptions.com

Sigmund et al, Blood and Lymph Cancer, 2020
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Blinatumomab: ↓ toxicity, long-term survival dependent on HCT
CAR-T: ↑ toxicity, long-term survival without HCT unclear
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Shah, Hemasphere. 2023 Aug; 7(Suppl ): e54499e3.

3-year update of ZUMA-3 (brexucabtagene autoleucel)
OS
Overall 26.0mo Patients in CR 38.9mo
Age <26 (n=12) 28.6mo Age ≥26 (n=43) 34.1mo
1 prior tx (n=10) NR 2 prior tx (n=45) 25.6mo
Prior blina (n=25) 14.2mo No prior blina (n=20) NR
Subsequent HCT (n=10) NR No HCT (n=29) 38.9mo
CR/CRi
Overall 71% CR 56%
Age <26 (n=12) 67% Age ≥26 (n=43) 72%
1 prior tx (n=10) 90% 1 prior tx (n=10) 67%
Prior blina (n=25) 60% Prior blina (n=25) 80%
Grade ≥3 TRAEs
1 prior tx (n=10) 90% 1 prior tx (n=10) 89%
Prior blina (n=25) 80% Prior blina (n=25) 97%
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Diagnosis Relapsed/refractory

Blinatumomab
Inotuzumab ozogamicin
Salvage chemotherapy
HCT
CAR-T

Multiagent chemo
- Cyclophosphamide, vincristine, steroids
- (Anthracycline, cytarabine, asparaginase)
- CNS prophylaxis, antimetabolites
- Prolonged maintenance or HCT

Ph-neg ALL – current treatment landscape
Frontline

Blin+Chemo
Chemo

Ph-neg ALL – ECOG-ACRIN E1910
 N=224 pts already in MRD-negative 

(<0.01%) CR/CRi after induction
 Age 30-70 (median 51)
 Randomized to consolidation with 

chemo or blinatumomab

No CR



18

Diagnosis Relapsed/refractory

Blinatumomab
Inotuzumab ozogamicin
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HCT
CAR-T

Multiagent chemo
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- (Anthracycline, cytarabine, asparaginase)
- CNS prophylaxis, antimetabolites
- Prolonged maintenance or HCT

Ph-neg ALL – current treatment landscape
Frontline

Ph-neg ALL – Alliance A041703
 Newly-diagnosed, Ph-neg, CD22+, B-ALL
 Age ≥ 60, ECOG 0-1
 No plan for HCT
 No active CNS or testicular leukemia

Inotuzumab induction

Blinatumomab consolidation
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Diagnosis Relapsed/refractory
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Inotuzumab ozogamicin
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Multiagent chemo
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Ph-neg ALL – current treatment landscape
Frontline

Ph-neg ALL – Alliance A041703
 Newly-diagnosed, Ph-neg, CD22+, B-ALL
 Age ≥ 60, ECOG 0-1
 No plan for HCT
 No active CNS or testicular leukemiaRowe, Blood 2005
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Ph-neg ALL – current treatment landscape
Diagnosis Relapsed/refractoryFrontline

Blinatumomab
Inotuzumab ozogamicin
Salvage chemotherapy
HCT
CAR-T

Multiagent chemo
- Cyclophosphamide, vincristine, steroids
- (Anthracycline, cytarabine, asparaginase)
- CNS prophylaxis, antimetabolites
- Prolonged maintenance or HCT

Obecabtagene-autoleucel (FELIX study)
 CD19-directed, second-generation CAR
 CD3-ζ and 4-1BB costimulatory domain (same as tisa-cel)
 Uses a scFv with a faster off-rate -> decreased toxicity profile
 Split-dosing schedule based on initial disease burden

97% MFC-
MRD negative
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Intervention OS CR CR + CRi MRD-neg CRS ICANS
Tisagenlecluecel
(≤25 years, ≥2 
relapses)

76% @12mo

63% @36 mo

60% @3mo 82% @3mo 100% Gr ≥3: 46% 
Any grade: 77%

Gr ≥3: 13% 
Any grade: 40%

Brexucabtagene
autoleucel
(≥18 years)

18.2mo 56% 71% 97% Gr ≥3: 24%
Any grade: 89%

Gr ≥3: 26% 
Any grade: 60%
Grade 5: 18% 
(n=2 CAR-T 
related)

Obecabtagene
autoleucel
(≥18 years)

61% @9.5mo 54.3% 76% 97% BM blasts ≤20%
Gr ≥3: 2.7% 
Any grade: 65%

Gr ≥3: 2.7%
Any grade: 14%

BM blasts >20%
Gr ≥3: 3.5%
Any grade: 83%

Gr ≥3: 10.5%
Any grade: 33%

Future CAR-T cell therapy for B-ALL
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ASH 2023 update of FELIX (obecabtagene autoleucel)

↓ leukemic burden at lymphodepletion ↑ improved EFS

Data censoring at 
non-protocol tx
including HCT (only 
17% received HCT)

We present results from the FELIX Phase Ib/II study as a 
pooled analysis of all patients treated to date with obe-cel, 
including patients with low leukemic burden* at treatment

Cohort A
≥5% BM blasts 

at screening

Cohort B
MRD-positive 
at screening

Cohort C
Isolated EMD 
at screening

Key eligibility
• R/R adult B-ALL

• Age ≥18 years
<5% (n = 36)
≥5−≤75% (n = 51)
>75% (n = 40)

*Defined as morphological remission per investigator assessment (<5% BM blasts without EMD) as measured at screening and lymphodepletion
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ASH 2023 update of FELIX (obecabtagene autoleucel)

↓ leukemic burden ↓ lower toxicity

Overall:
2% gr ≥3 CRS
7% gr ≥3 ICANS

We present results from the FELIX Phase Ib/II study as a 
pooled analysis of all patients treated to date with obe-cel, 
including patients with low leukemic burden* at treatment

Cohort A
≥5% BM blasts 

at screening

Cohort B
MRD-positive 
at screening

Cohort C
Isolated EMD 
at screening



24

ASH 2023 update of FELIX (obecabtagene autoleucel)

Leukemic burden at screening ≠ Leukemic burden at lymphodepletion

We present results from the FELIX Phase Ib/II study as a 
pooled analysis of all patients treated to date with obe-cel, 
including patients with low leukemic burden* at treatment

Cohort A
≥5% BM blasts 

at screening

Cohort B
MRD-positive 
at screening

Cohort C
Isolated EMD 
at screening
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Ph-neg ALL – future treatment landscape?
Diagnosis Relapsed/refractoryFrontline

Salvage chemotherapy
HCT
CAR-T

Blinatumomab
Inotuzumab ozogamicin
Salvage chemotherapy
HCT
CAR-T

Multiagent chemo
- Cyclophosphamide, vincristine, steroids
- (Anthracycline, cytarabine, asparaginase)
- CNS prophylaxis, antimetabolites
- Prolonged maintenance or HCT

Diagnosis Relapsed/refractoryFrontline

Age <40: Multiagent chemo (AYA)
Age 30-70: Multiagent chemo -> Blina (E1910)
Age ≥60: InO -> Blina (A041703)
Age ≥60: Venetoclax + mini-hyperCVD
Age ≥60: InO + mini-hyperCVD
CNS prophylaxis

CAR-T
<26 years: Tisa-cel
≥18 years: Brexu-cel, Obe-cel
Salvage chemotherapy
HCT
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ASH Abstract #1029 (Evandro Bezerra, OSU)
• CIBMTR registry study
• 2021-2023, 6.1 month median follow-up
• N=150
• 90% would have been ineligible for ZUMA-3

• Blasts <5% prior to infusion (43%)
• Plt <50 (33%)
• Mod-sev pulmonary disease (32%)
• CV, cerebrovascular disease (17%)

RWE of brexucabtagene autoleucel

ASH Abstract #1030 (Greg Roloff, U Chicago)
• ROCCA study (N=30 centers)
• 2021-2023, minimum 3 months of follow-up
• N=224 apheresed, 205 infused, 189 included for 

analysis
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RWE of brexucabtagene autoleuce – pt characteristics
Characteristic CIBMTR (N=150) ROCCA (N=189) ZUMA-3 (N=55)
Median age (range), years 42.9 (19.4-79.4) 46 (18-81) 40 (28-52)

≥26 years / ≥60 years, n (%) 139 (93) / 28 (19)
Race/ethnicity

Non-Hispanic White, n (%) 78 (52) 81 (43) 37 (67)
Non-Hispanic Black, n (%) 16 (11) 1 (2)
Non-Hispanic Asian, n (%) 9 (6) 3 (5)
Hispanic, n (%) 40 (27) 58 (30) 11 (20)
Not reported, n (%) 7 (5)

Cytogenetic risk score of poor at diagnosis 84 (56)
Median number of prior lines of therapy, no. 
(range)

4 (1-13) 4 (2-12) 2 (2-3)

Prior blinatumomab, n (%) 77 (51) 112 (59) 25 (45%)
Prior inotuzumab, n (%) 61 (41) 91 (48) 12 (22%)
Prior alloSCT, n (%) 52 (35) 77 (41) 23 (42%)
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RWE of brexucabtagene autoleucel – dz characteristics
Characteristics CIBMTR (N=150) ROCCA (N=189) ZUMA-3 (N=55)
Extramedullary disease prior to infusion, n (%) 32 (21) 43 (23) 6 (11)
CNS involvement prior to infusion, n (%) 14 (9) 35 (19) 5 (9)
MRD status prior to… Infusion Apheresis

CR/CRi, MRD- 36 (24) 28 (15)
CR/CRi, MRD+ / unknown 18 (20) 51 (27)
Not in CR/CRi 96 (64) 95 (50)

% BM blasts prior to… Infusion Infusion
≥0 to <5, n (%) 65 (43) 5 (9)
≥5 to ≤25, n (%) 14 (9) 10 (18)
>25, n (%) 21 (14) 40 (73)
Not reported 50 (33)

Received bridging therapy, n (%) 61 (41)
ZUMA-3 ineligible, n (%) 135 (90)
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RWE of brexucabtagene autoleucel - response
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RWE of brexucabtagene autoleucel - survival
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RWE of brexucabtagene autoleucel – CIBMTR
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RWE of brexucabtagene autoleucel – ROCCA
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RWE of brexucabtagene autoleucel - toxicity
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What about post-CAR-T tx? - ROCCA
Ph+ / Ph-neg / Ph-like (%) 29 / 53 / 18 
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What about post-CAR-T tx? - ROCCA
Ph+ / Ph-neg / Ph-like (%) 29 / 53 / 18 

C/M = Consolidation/Maintenance
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What about social determinants of health? - ROCCA
Poverty
<12 years 
education
Single parent 
household
Rented 
housing
Overcrowded 
housing
Housing 
without car
Non-employed 
adults
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What about social determinants of health? - ROCCA

Hispanic
Non-Hispanic

>75th %ile
<25th %ile

Could CAR-T overcome historical disparities in ALL?



40

How “Real-World” is this?  Needs community sites such as CONCERT Network
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Outline

 Recap: current treatment landscape
 Recap: treatment landscape of the near-future
 Emerging real-world evidence of cell therapy
 Updates in CAR-T toxicity
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CARTITUDE-4
- BCMA-directed ciltacabtagene autoleucel vs. physician’s choice for len-refractory MM

- 1 patient developed CAR+ TCL post cilta-cel

Secondary malignancies following CAR-T
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EHA/EMBT consensus grading for IEC-Hematotoxicity

 Immune cell associated hematotoxicity (ICAHT)
 Per expert panel

 Focus is on duration and severity of neutropenia given clinical relevance
 Early ICAHT: ≤30 days after infusion, Late ICAHT: >30 days after infusion

Rejeski et al., Blood 2023
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Identifying patients at high risk for prolonged neutropenia (HEMATOTOX score)

Rejeski et al., Blood 2023
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“Although the overall benefits of these products 
continue to outweigh their potential risks for their 
approved uses, FDA is investigating the identified risk 
of T cell malignancy with serious outcomes, including 
hospitalization and death, and is evaluating the need 
for regulatory action.”
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Secondary malignancies following CAR-T
FDA Adverse Event Reporting System (FAERS)

Liu, FiercePharma 2023

Voluntary 
reporting system 
(~35,000 pts have 
received CAR-T in 
the U.S.)
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Secondary malignancies following CAR-T

Micklethwaite, Blood 2021

Potential mechanisms

Very high insertion copy 
numbers using a 

transposon system for 
CAR gene delivery

CD-19-targeting CAR-T using piggyBac transposon system, for 
DLBCL
- Para-aortic node remained PET-avid  ↑size over 12 months 

after CAR-T infusion  biopsied, showing malignant CAR-T 
cells

- Malignant CAR-T cells:
- Did not expand in response to CD19 (in contrast with 

peripheral blood CAR-T cells)
- Had higher levels of CAR compared to peripheral blood 

CAR-T cells, but tonic signaling was not seen
- Did not contain transgene insertion into typical oncogenes
- Acquired PIGA mutation and widespread CNV (gain of 1q, 

4q, 5, 6, 10q, 11q, 17q; loss of 4q and 17p)
- Transgene promoter activity increased transcription of 

surrounding genes
- FYN: proximal component of TCR-mediated T-cell activation, 

previously associated with adult T-cell leuk/lymph
BioCat.com, accessed Jan 29, 2024
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Secondary malignancies following CAR-T

Harrison, Blood (2023) 142 (Supplement 1): 6939.

Potential mechanisms

Retroactive activation of 
oncogenes

BCMA-targeting CAR-T for R/R MM
- Achieved stringent complete response
- 5 months post-infusion: rapidly growing facial plaque  biopsy 

showed atypical T cells
- PET showed b/l FDG-avid cervical LAD  biopsy showed CAR+
- Mut-TET2 and JAK3 detected in CAR-T cells

- Clonal TET2-mut, not due to CAR insertion
- JAK3-mut found in germline

- CAR inserted primarily into 3’UTR of PBX2 (91.1% VAF), 
significance unclear
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Secondary malignancies following CAR-T

Ghilardi, Nature Med 2024

Potential mechanisms

Retroactive activation of 
oncogenes

CD19-targeting axicabtagene ciloleucel for grey zone lymphoma (features of 
DLBCL and cHL)
- Achieved complete metabolic remission except for RLL lesion  biopsied + 3 

LNs removed  revealed NSCLC + 1 LN with PTCL (NSCLC not involved) 
- JAK3 VUS (VAF 11%) identified
- The PTCL was negative for CAR transgene
- TCRG clonotype abundance was assessed

- Pre-LD blood (D -5): 0.01% 
- D14 post-CAR-T blood: 0%
- 1mo NSCLC tissue: 1%
- PTCL tissue: 20% 

- Did CART manufacturing or post-CAR-T inflammation (possibly 2/2 NSCLC 
tumor immune reaction) contribute to activation of the PTCL clone?

Retrospective study
- N=449 receiving commercial CART for NHL, MM, and ALL (1/2018-11/2023 

at Upenn)
- 16/449 (3.6%) developed second primary malignancy
- 5-year predicted incidence of 17.0%
- Hematologic cancers in 5/449 (1.1%) patients

- 2 MDS, 1ML, 1 smoldering MM, 1 TCL
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Secondary malignancies following CAR-T

Banerjee,Blood Adv 2024
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Thank you
DFCI Adult Leukemia Program
• Daniel DeAngelo, MD, PhD
• Richard Stone, MD
• Martha Wadleigh, MD
• Jacqueline Garcia, MD
• Marlise Luskin, MD
• Eric Winer, MD
• Max Stahl, MD
• Virginia Volpe, MD
• Andy Lane, MD, PhD
• Coleman Lindsley, MD, PhD
• Anthony Letai, MD, PhD
• Rahul Vedula, MD

• Chris Reilly, MD
• Lachelle Weeks, MD
• Shai Shimony, MD
• Ilene Galinsky, NP
• Mary Gerard, PA-C
• Theresa Nguyen, NP
• Ryan Osborn, PA-C
• Donna Neuberg, ScD
• Yiwen Liu, MS
• Robert Soiffer, MD
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RWE of brexucabtagene autoleucel – CIBMTR
CRS and ICANS Prolonged Gr 4 cytopenias ≥ 30 days from infusion

Median time to onset: 6-8 days
Median duration: 6 days

15% of patients with 0-<5% blasts had Gr ≥3 ICANS
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ASH Abstract #522 (Noam Kopmar) - Toxicity

RWE of brexucabtagene autoleucel

OR for severe toxicity for blasts ≥5% 
blasts at time of apheresis
Gr ≥3 CRS: OR 2.35, p=0.17
Gr ≥3 ICANS: OR 2.63, p=0.008

HR for death given severe toxicity
Gr ≥3 CRS: HR 2.38, p=0.05
Gr ≥3 ICANS: HR 1.11, p=0.74
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