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Strategies to overcome CART resistance

Mechanism of resistance Potential strategies to overcome References

Antigen loss or modulation - Develop CART targeting multiple antigens

- Develop CAR with high sensitivity for the antigen

- Kokalaki, E. et al. Dual targeting of CD19 and CD22 against B-ALL using a novel high-sensitivity

aCD22 CAR. Mol Ther, (2023)

- Chu, F. et al. Chimeric antigen receptor T cells to target CD79b in B-cell lymphomas. J Immunother

Cancer, (2023)

- Zhang, Y. et al. Safety and efficacy of a novel anti-CD19 chimeric antigen receptor T cell product
targeting a membrane-proximal domain of CD19 with fast on- and off-rates against non-Hodgkin 

lymphoma: a first-in-human study. Mol Cancer, (2023)
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Mechanism of resistance Potential strategies to overcome References

Antigen loss or modulation - Develop CART targeting multiple antigens

- Develop CAR with high sensitivity for the antigen

- Use CAR targeting epitopes less prone to mutation

- Kokalaki, E. et al. Dual targeting of CD19 and CD22 against B-ALL using a novel high-sensitivity

aCD22 CAR. Mol Ther, (2023)

- Chu, F. et al. Chimeric antigen receptor T cells to target CD79b in B-cell lymphomas. J Immunother

Cancer, (2023)

- Zhang, Y. et al. Safety and efficacy of a novel anti-CD19 chimeric antigen receptor T cell product
targeting a membrane-proximal domain of CD19 with fast on- and off-rates against non-Hodgkin 

lymphoma: a first-in-human study. Mol Cancer, (2023)

- Cohen, IJ. et al. Chimeric Antigen Receptor T Cells (CART) against the IGHV4-34 B cell Receptor
Eliminate Neoplastic B Cells and Reduce Antigen-Negative Escape while Sparing the 2 Healthy B 

cell Repertoire. Submitted

Antigen heterogeneity



CART targeting epitopes less prone to mutation

Cohen IJ et al. Submitted

Susa, K et al. Science 2021

Su, Q et al. Science, 2022



CART targeting epitopes less prone to mutation

Cohen IJ et al. Submitted

Susa, K et al. Science 2021

Su, Q et al. Science, 2022



CART targeting epitopes less prone to mutation

Cohen IJ et al. Submitted

Susa, K et al. Science 2021

Su, Q et al. Science, 2022

In vivo Anti-tumor Activity



CART targeting epitopes less prone to mutation

Cohen IJ et al. submitted



CART targeting epitopes less prone to mutation

Cohen IJ et al. submitted



CART targeting epitopes less prone to mutation

Cohen IJ et al. submitted



Strategies to overcome CART resistance

Mechanism of resistance Potential strategies to overcome References

CART exhaustion

Lack of costimulatory signals

Immunosuppressive 

microenvironment



Strategies to overcome CART resistance

Mechanism of resistance Potential strategies to overcome References

CART exhaustion - CART gene editing for improved activation

- Optimize co-stimulatory domains

- Guruprasad, P. et al. The BTLA-HVEM axis restricts CAR T cell efficacy in cancer. Nat Immunol, 

(2024)

- Patel, R. P. et al. CD5 deletion enhances the antitumor activity of adoptive T cell therapies. Sci

Immunol, (2024)

- Doan, A. E. et al. FOXO1 is a master regulator of memory programming in CAR T cells. Nature,
(2024)
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Mechanism of resistance Potential strategies to overcome References

CART exhaustion - CART gene editing for improved activation

- Optimize co-stimulatory domains

- Combination with immune checkpoint blockers

- Guruprasad, P. et al. The BTLA-HVEM axis restricts CAR T cell efficacy in cancer. Nat Immunol, 

(2024)

- Patel, R. P. et al. CD5 deletion enhances the antitumor activity of adoptive T cell therapies. Sci

Immunol, (2024)

- Doan, A. E. et al. FOXO1 is a master regulator of memory programming in CAR T cells. Nature,
(2024)

- Rupp, L. J. et al. CRISPR/Cas9-mediated PD-1 disruption enhances anti-tumor efficacy of human

chimeric antigen receptor T cells. Sci Rep, (2017)

- Pérez-Moreno, M. A. et al. Combined or Sequential Treatment with Immune Checkpoint Inhibitors
and Car-T Cell Therapies for the Management of Haematological Malignancies: A Systematic

Review. Int J Mol Sci, (2023)
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Mechanism of resistance Potential strategies to overcome References

CART exhaustion - CART gene editing for improved activation

- Optimize co-stimulatory domains

- Combination with immune checkpoint blockers

- Combination with small molecules 

- Guruprasad, P. et al. The BTLA-HVEM axis restricts CAR T cell efficacy in cancer. Nat Immunol, 

(2024)

- Patel, R. P. et al. CD5 deletion enhances the antitumor activity of adoptive T cell therapies. Sci

Immunol, (2024)

- Doan, A. E. et al. FOXO1 is a master regulator of memory programming in CAR T cells. Nature,
(2024)

- Rupp, L. J. et al. CRISPR/Cas9-mediated PD-1 disruption enhances anti-tumor efficacy of human

chimeric antigen receptor T cells. Sci Rep, (2017)

- Pérez-Moreno, M. A. et al. Combined or Sequential Treatment with Immune Checkpoint Inhibitors
and Car-T Cell Therapies for the Management of Haematological Malignancies: A Systematic

Review. Int J Mol Sci, (2023)

- Lemoine, J., Ruella, M. & Houot, R. Overcoming intrinsic resistance of cancer cells to CAR T-cell

killing. Clin Cancer Res, (2021)
-Michie, J. et al. Antagonism of IAPs Enhances CAR T-cell Efficacy. Cancer Immunology Research, 

(2019)
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Combination with pro-apoptotic small molecules
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Poor tumor infiltration - Local delivery - Adusumilli, P. S. et al. Regional delivery of mesothelin-targeted CAR T cell therapy generates

potent and long-lasting CD4-dependent tumor immunity. Sci Transl Med, (2014)

- Brown, C. E. et al. Optimization of IL13Rα2-Targeted Chimeric Antigen Receptor T Cells for 

Improved Anti-tumor Efficacy against Glioblastoma. Mol Ther, (2018)
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Poor tumor infiltration - Local delivery

- Enhancing tumor infiltration through chemokine axis

- Adusumilli, P. S. et al. Regional delivery of mesothelin-targeted CAR T cell therapy generates

potent and long-lasting CD4-dependent tumor immunity. Sci Transl Med, (2014)

- Brown, C. E. et al. Optimization of IL13Rα2-Targeted Chimeric Antigen Receptor T Cells for 

Improved Anti-tumor Efficacy against Glioblastoma. Mol Ther, (2018)

- Dai, Z. et al. Ectopic CXCR2 expression cells improve the anti-tumor efficiency of CAR-T cells and 

remodel the immune microenvironment of pancreatic ductal adenocarcinoma. Cancer Immunol

Immunother, (2024)
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Poor tumor infiltration - Local delivery

- Enhancing tumor infiltration through chemokine axis

- Enhancing tumor infiltration targeting extra-cellular 
matrix fibers or fibroblasts

- Adusumilli, P. S. et al. Regional delivery of mesothelin-targeted CAR T cell therapy generates

potent and long-lasting CD4-dependent tumor immunity. Sci Transl Med, (2014)

- Brown, C. E. et al. Optimization of IL13Rα2-Targeted Chimeric Antigen Receptor T Cells for 

Improved Anti-tumor Efficacy against Glioblastoma. Mol Ther, (2018)

- Dai, Z. et al. Ectopic CXCR2 expression cells improve the anti-tumor efficiency of CAR-T cells and 

remodel the immune microenvironment of pancreatic ductal adenocarcinoma. Cancer Immunol

Immunother, (2024)

- Caruana, I. et al. Heparanase promotes tumor infiltration and antitumor activity of CAR-redirected T
lymphocytes. Nat Med, (2015)

- Wang, L.-C. S. et al. Targeting fibroblast activation protein in tumor stroma with chimeric antigen

receptor T cells can inhibit tumor growth and augment host immunity without severe toxicity. Cancer 

Immunol Res, (2014)

- Wehrli, M. et al. Mesothelin CAR T Cells Secreting Anti-FAP/Anti-CD3 Molecules Efficiently Target 
Pancreatic Adenocarcinoma and its Stroma. Clin Cancer Res 30, 1859–1877 (2024).



Targeting Cancer Associated Fibroblast

Bughda, R. et al. Immunotargets Ther (2021)

Wang, L.-C. S. et al. Cancer Immunol Res, (2014)
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Unfavorable host factors - Pre- and post-infusion optimization of host factors - Iacoboni, G. et al. Recent Bendamustine Treatment Before Apheresis Has a Negative Impact on 

Outcomes in Patients With Large B-Cell Lymphoma Receiving Chimeric Antigen Receptor T-Cell

Therapy. J Clin Oncol, (2024).

- Smith, M. et al. Gut microbiome correlates of response and toxicity following anti-CD19 CAR T cell

therapy. Nat Med, (2022)



Strategies to overcome CART resistance

Mechanism of resistance Potential strategies to overcome References

Access to CART therapy



Strategies to overcome CART resistance

Mechanism of resistance Potential strategies to overcome References

Access to CART therapy - Improving access to CART therapy

- Expanding CART indications

- Ghilardi, G. et al. CAR T-Cell Immunotherapy in Minority Patients with Lymphoma. NEJM Evid,

(2024)

- Snook, A. E. et al. Senza5 TM CART5: An Autologous CD5-Deleted Anti-CD5 CART Product with

Enhanced Anti-T-Cell Lymphoma Activity. Blood (2023)
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Antigen loss or modulation - Develop CART targeting multiple antigens

- Develop CAR with high sensitivity for the antigen

- Use CAR targeting epitopes less prone to mutation

- Kokalaki, E. et al. Dual targeting of CD19 and CD22 against B-ALL using a novel high-sensitivity aCD22 CAR. Mol Ther, (2023)
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Escape while Sparing the 2 Healthy B cell Repertoire. Submitted

Antigen heterogeneity

CART exhaustion - CART gene editing for improved activation

- Optimize co-stimulatory domains

- Combination with immune checkpoint blockers

- Combination with small molecules 

- Guruprasad, P. et al. The BTLA-HVEM axis restricts CAR T cell efficacy in cancer. Nat Immunol, (2024)
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