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Axicabtagene ciloleucel1 Tisagenlecleucel2 Lisocabtagene maraleucel3

ZUMA-11: axi-cel as > 3rd-line therapy for LBCL 

N = 101

Median follow-up: 63.1 months

Estimated 5-year EFS: 30.3%

JULIET2: tisa-cel as > 3rd-line therapy for LBCL 

N = 115

Median follow-up: 40·3 months 

Estimated 40-month PFS:  ̴30%

TRANSCEND3: liso-cel as > 3rd-line therapy LBCL

N = 256

Median follow-up: 12.3 months 

Estimated 18-month PFS: 42.1%

1Neelapu SS, et al. Blood. 2023;Epub ahead of print; 2Schuster SJ, et al. Lancet Oncol 2021;22(10):1403-1415; 3Abramson J, et al. Lancet. 2020;396(10254):839-852. 

• Roughly 1/3 of patients with relapsed or refractory large B-cell lymphomas achieve long-term 
remissions with commercially available CAR-T products as 3rd-line therapy

• 2/3 of patients fail to achieve durable responses
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• Earlier administration of CAR-T as 2nd-line of therapy may provide an additional 10% EFS benefit

1Locke FL, et al. N Engl J Med. 2022;386(7):640-654; 2Abramson, et al. Blood. 2023; 141(14):1675-1684. 
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• Best response and outcome
- Data from the JULIET trial: Phase 2 trial of tisagenlecleucel in r/r LBCL

Schuster SJ, et al. N Engl J Med. 2019;380(1):45-56.
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Bishop et al. N Engl J Med. 2021 Dec 14. Epub 

The odds ratio is the odds of having a best overall response of CR/PR vs. SD/PD/UNK;
i.e., an odds ratio >1 means patients are more likely to have a best overall response of CR/PR.

• Disease status at the time of LD-CAR-T and its impact on outcome
- Data from the BELINDA trial: tisagenlecleucel vs SOC

EFS time is relative to date of tisagenlecleucel infusion; median time from pre-infusion disease assessment to infusion was 10 days (range, 2-57; Q1-Q3, 8-15).
EFS events defined as PD/SD after day 71 from randomization or death at any time.
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Schuster SJ, et al. Lancet Oncol. 2021;22(10):1403-1415.

• Lab studies independently prognostic of response to CAR-T
- Data from the JULIET trial: Phase 2 trial of tisagenlecleucel in r/r LBCL

• Lab analytes are defined as the closest time before or on the day of infusion
- 93% of values fell on the day of infusion  

• Thrombocytopenia: grade 4, <25; grade 3, 25-50; grade 2, 50-75; grade 1, 75-LLN × 109/L 
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• Lab studies independently prognostic of outcome to CAR-T
- Data from the JULIET trial: Phase 2 trial of tisagenlecleucel in r/r LBCL

Progression-free survival by LDH Overall survival by LDH

Progression-free survival by platelets Overall survival by platelets

Overall response rates by LDH and platelet count

Schuster SJ, et al. Lancet Oncol. 2021;22(10):1403-1415.
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Schuster SJ, et al. Lancet Oncol. 2021;22(10):1403-1415.

• Tumor bulk and its impact on response (“size matters”)
- Data from the JULIET trial: Phase 2 trial of tisagenlecleucel in r/r LBCL

(> 10 cm)
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• Lymphoma subtype and its impact on outcome
- Data from the JULIET trial: Phase 2 trial of tisagenlecleucel in r/r LBCL

Schuster SJ, et al. Lancet Oncol. 2021;22(10):1403-1415.

Overall response rates by lymphoma subtype
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• Is cyclophosphamide/fludarabine required for lymphodepletion?
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• Retrospective comparison of fludarabine/cyclophosphamide and bendamustine as lymphodepletion prior to tisagenlecleucel
• University of Pennsylvania; Oregon Health & Science University; University of Vienna
• Bendamustine, n = 90;  Fludarabine/Cyclophosphamide, n = 42; patient characteristics balanced between LD as shown below 

Ghilardi G, et al. Ann Oncol. 2022;S0923-7534(22)01722-7. 

Potential opportunities to overcome resistance to 
CAR-T

S. J. Schuster 



Ghilardi G, et al. Ann Oncol. 2022;S0923-7534(22)01722-7. 
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• Patients receiving bendamustine relative to Flu/Cy followed by axi-cel had comparable 
efficacy and lower any grade ICANS

Toxicity bendamustine Flu/Cy

any grade / grade ≥3 CRS 89% / 3.7% 86% / 4.8%

any grade ICANS / grade ≥3 ICANS 30% / 19% 55% / 31%

grade ≥3 neutropenia 68% 100%

Response rates Progression-free survival Overall survival

Ong SY, et al. Am J Hematol. 2023;1-11.
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Fraietta, et al. Nat Med 2018; 24:563–571. 

• Functional T Cell Subsets Determine CAR T Cell Responses

CD27+ CD45RO– (memory phenotype) CD8+ T cell content
in CLL patients’ leukapheresis products and response 

Genomic evaluation of CLL patient-derived CAR T cells

CR, complete remission; PRTD, partial remission with late relapse of transformed disease; 
PR, partial response; NR, no response 
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• Early CTL019 efficacy data: Penn and CHOP

- Determinants of success or failure are probably disease-specific

1Maude S, et al. NEJM. 2018;378(5): 439-448; 2Schuster SJ, et al. N Engl J Med. 2017;377(26):2545-2554; 3Porter DL, et al. Sci Transl Med. 2015; 7(303): 1-12.

Disease N CR rate Median DOR Median Follow-Up

r/r ALL1 75 81% Not Reached 13.1 mo (2.1-23.5)

r/r FL2 14 71% Not Reached 28.6 mo (3.5-37.9)

r/r DLBCL2 14 43% Not Reached 46.8 mo (6.0-54.6)*

r/r CLL3 14 29% 40.0 mo (21.0-53.0) 19.0 mo (6.0-53.0)
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*Data updated December 2018
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• Putative mechanisms of tumor resistance to CAR T cells in DLBCL
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• Mechanisms of CAR-T failure:  CD19 loss or downregulation 

Disease N CD19 loss at PD

ALL1 30 3/7

FL + DLBCL2 28 1/5

CLL3 14 0/10

1Maude S, et al. NEJM. 2014; 371(16): 1507-1517; 2Schuster SJ, et al. N Engl J Med. 2017;377(26):2545-2554; 3Porter DL, personal communication  2018 Mar 12.
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CR rate and CD19 loss at failure

% CR % CD19 loss

• More responsive diseases seem more likely to fail as a result of CD19 loss

• Less responsive diseases, like CLL, require alternative explanations 

• Penn and CHOP Data
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• JULIET: Response rates vs tumor CD19 expression by IHC

Schuster SJ, et al. N Engl J Med 2019;380(1):45-56.

Response Rate Patients (N = 72)

CD19 Positive

(N=49)

CD19 Negative/Low Expression

(N=24)

CR, n 20 7

PR, n 4 5

Best ORR, % (95% CI) 49% (34-64) 50% (29-71)

• No Difference
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Schuster SJ, et al. N Engl J Med. 2017;377(26):2545-2554.

• Inhibitory protein expression vs response to CAR-T (DLBCL)

Penn 13413 Trial:  - Increase in checkpoint expression at baseline in non-responders (  ̴ 2/10)
- Increase in checkpoint expression at disease progression (  ̴ 2/5)
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Neelapu et al.  ASH 2017. Abstract 578.

• ZUMA-1: Tumor CD19 and PDL-1 expression at progression by IHC (DLBCL) 

PD-L1 (n = 19)

CD19 (n = 21)

Progression Biopsies N = 21

CD19+

14/21 (67)

PD-L1+

9/14 (64)

PD-L1-

4/14 (29)

PD-L1 N/E

1/14 (7)

CD19-

7/21 (33)

PD-L1+

4/7 (57)

PD-L1-

2/7 (29)

PD-L1 N/E

1/7 (14)

• Post-progression tumor biopsies (21 evaluable patients)

- 33% were CD19- by IHC at progression by central review (7/21)

- 62% were PD-L1+ at progression by central review (13/21)
• CD19 H-score of 0 was determined negativity. H-scores ≥ 1 were considered positive. H-score was calculated as a product of IHC intensity 

(scale 1-3) multiplied by the percentage of tumor cells at a given intensity (0-100%). 
• PD-L1 status was determined by the percentage of tumor cells with any membrane staining above background or by the percentage of

tumor-associated immune cells with staining at any intensity above background. 
IHC, immunohistochemistry; N/E, not evaluable; PD-L1, programmed cell death-ligand 1.
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• Active and upcoming clinical trials at UPenn addressing tumor-specific 

mechanisms of resistance to CAR-T 

CD19 antigen loss

Phase II study of dual 
targeting of CD19 and CD20 

antigens using CD19-
directed CAR-T cells 

followed by CD20-BsAb 

NCT04889716

• Recruiting

PI: E. Chong

T-cell exhaustion and hypofunction

Phase I trial of interleukin-18 secreting anti-
CD19 CAR-T cells for r/r CD19+ lymphomas 

and CLL [huCART19-IL18 cells]

NCT04684563

• Recruiting

PI: J. Svoboda

CD19-directed KIR-CAR/DAP12-modified cells 
for CD19+ lymphomas 

• Pre-clinical studies completed*

*Wang, et al. Cancer Imm Res 2015; 3:815

• Clinical trial planned

PI: S. Schuster

Intrinsic tumor resistance

Venetoclax-resistant CAR T cells 
engineered to express mutated BCL-
2(F104L) for combination therapy of 

lymphomas

• Pre-clinical studies completed*

*Lee, et al. Cancer Discov 2022; 12:2372

• Clinical trial planned

PI: M. Ruella

Insufficient T-cell infiltration

Under non-disclosure agreement
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• Active UPenn clinical trial addressing CD19 antigen loss or downregulation 

Rationale:
Early administration of CD20:CD3 bispecific antibodies (mosunetuzumab or glofitamab) after CD19-directed CAR-T cell therapy may enhance 
tumor cytotoxicity by:

• synergistic or additive B cell cytotoxicity via simultaneously targeting two different B cell (tumor) antigens, i.e., CD19 and CD20

• reducing CD19-negative tumor cell escape by targeting a second B cell antigen

• enhancing in vivo expansion of CAR T cells, as observed for T cells in general, after bispecific T cell engaging antibody exposure

Phase II Study of Dual Targeting of CD19 and CD20 Antigens Using Sequential CD19-directed 4-1BB-CD3ζ CAR-T Cells Followed by 
Mosunetuzumab or Glofitamab in Relapsed or Refractory DLBCL or Transformed FL
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• Active UPenn clinical trial addressing CD19 antigen loss or downregulation 

Phase II Study of Dual Targeting of CD19 and CD20 Antigens Using Sequential CD19-directed 4-1BB-CD3ζ CAR-T Cells Followed by 
Mosunetuzumab or Glofitamab in Relapsed or Refractory Diffuse Large B-cell or Transformed Follicular Lymphomas: NCT04889716
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• Active UPenn clinical trial addressing T cell exhaustion

Rationale: to utilize IL-18 as a pro-inflammatory cytokine to: 
• enhance CAR T cell proliferation
• recruit additional immune cells into the TME to mediate

antitumor effects toward tumor cells resistant to CAR T cells
• mitigate the potential  impact of CAR T cell exhaustion

Phase I Trial of huCART19-IL18 Cells in Patients With Relapsed or Refractory CD19+ Cancers



Potential opportunities to overcome resistance to 
CAR-T

S. J. Schuster 

• Planned UPenn clinical trial addressing T cell exhaustion or hypofunction

CD19-directed KIR-CAR/DAP12-modified cells for CD19+ lymphomas 

Rationale:  KIR-CAR/Dap12 expressing CAR T cells have potent in vivo antitumor activity that is 
resistant to the tumor- and/or TME-induced T-cell hypofunction observed with CD3ζ-based CAR 
T cells1.  This potent activity may be of benefit in large B-cell lymphomas with bulky disease.

1Moon, et al. Clin Cancer Res 2014;20:4262–73.
2Wang, et al. Cancer Imm Res 2015;3:815-826. (data show on the right)
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• Planned UPenn clinical trial addressing intrinsic tumor resistance to CAR-T 

1Lee, et al. Cancer Disc 2022;12:2372–91.

Venetoclax-resistant CAR T cells engineered to express mutated BCL-2(F104L) for combination 
therapy of lymphomas

Rationale:  BCL-2 overexpression in CAR T cells and inhibition in tumor cells enhances CAR T cell efficacy in pre-clinical models by reducing 
apoptosis in CAR T cells and enhancing apoptosis in cancer cells.  Thus, combination venetoclax and CAR T cell therapy is a compelling 
approach for B-cell lymphomas failing standard CAR T therapy.

MINO xenografted mice treated with CART19 or CART19-BCL-2(F104L)



Grazie / Thanks!

Domande / Questions?

Potential opportunities to overcome resistance to 
CAR-T

S. J. Schuster 


