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Cancer specific therapy is an obvious goal…

“We must learn to 
aim and to aim in a 
chemical sense.”  - 
Paul Ehrlich (1854 - 

1915)

http://xkcd.com/1217


Survival in the Age of Immunotherapy

Wolchok J et al. (2017) NEJM 377:1345 Park JH et al. (2018) NEJM 378:449 



Our Goal is Cure



Thank you SITC

https://sitc.sitcancer.org/donate/



The Cancer Immunity Cycle

Mellman I et al. (2023) Immunity 56:2189 

TCR
Peptide

MHC

Coreceptor

Costimulatory &
coinhibitory 
molecules

Cellular Therapy 
Active T cells



Two broad classes of cellular therapy 

Endogenous T cells Engineered T cells

Restifo N et al (2015) Science https://www.lls.org/treatment/types-treatment



CAR-T versus TCR-dependent T cell therapy

Advantage 
CAR-T

Advantage
TCR-T

Akatsuka Y (2020) Front Immunol.11:257  



Need to solve three problems for curative immunotherapy

TARGET
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CURE
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REVERSAL

• Broadening antigen prediction
• Optimizing 

immunogenicity 
prediction

• In vivo response 
monitoring

• Vaccine &/or 
cell therapy?

• “Off-the-shelf” priming 
agent as induction?

• NeoAg-specific mAbs?

• Discover 
resistance 
mechanisms

• Overcome 
resistance 
mechanismsTraditional 

therapies

Neoantigen
Vaccines

Checkpoint
Blockade

Image credits: www.wikipedia.org



Impressive results with CD19-directed CAR-T therapy

Park JH et al. (2018) NEJM 378:449 
Schuster S et al. (2018) NEJM 380:45 



Finding good cell surface targets for CAR-T therapy

Perna F (2017) Cancer Cell 32:506  



Potential cell surface target expression in AML

Perna F (2017) Cancer Cell 32:506  



Potential cell surface target expression in AML

Perna F (2017) Cancer Cell 32:506  



CAR-T target search in triple negative breast cancer

Unpublished data
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CAR-T target search in triple negative breast cancer

Unpublished data



Basic process for personalized neoantigen vaccine design

Hacohen et al (2013) Cancer Immunology Research 1(1):12



TCR-dependent target identification empowers personalized neoantigen vaccines 

Matsushita et al. (2012) Nature 378:449 
Carreno et al. (2015) Science 348(6236):803

Ott P et al. (2017) Nature 547:217

Sahin U et al. (2017) Nature 547:222

Rajasagi P et al. (2014) Blood 124(3)::453

Castle J et al. (2012) Cancer Research 72(5):1081



First open source neoantigen prediction workflows 

pVACtools OpenVax

Richters M et al. (2019) Genome Medicine 11:56 Rubinsteyn A et al. (2018) Front Immunol 8:1807



Targeting mutant KRAS with tumor-infiltrating T cell therapy

Restifo N et al (2015) Science

Tran E et al (2016) NEJM



Targeting mutant KRAS with tumor-infiltrating T cell therapy

Tran E et al (2016) NEJM 375(23):2255



Targeting mutant KRAS with TCR-engineered T cell therapy

Leidner R et al (2022) NEJM 386(22):2112



Personalized TCR-T therapy (PACT Pharma) 

Foy S et al (2023) Nature 615:687



Personalized TCR-T therapy (PACT Pharma) 

Foy S et al (2023) Nature 615:687



Personalized TCR-T therapy (PACT Pharma) 

Foy S et al (2023) Nature 615:687

HPV16-E6

KRAS G12D



Personalized TCR-T therapy (PACT Pharma) 

No clinical 
responses

Foy S et al (2023) Nature 615:687



Challenge #1: Not all antigen-specific TCRs are good therapeutics



Challenge #2: Some tumors have relatively few neoantigens

Rajasagi. et al. (2014) Blood 124(3):453



Challenge #3: Shared somatic mutation-derived neoantigens are rare

Thorsson V et al. (2018) Immunity 48:812; Tran E et al (2016) NEJM 375(23):2255     



Challenge #4: Most predicted neoantigens are not presented in vivo

Ehx et al. (2021) Immunity 54:1



Challenge #5: Most predicted neoantigens are not immunogenic in vivo

Smith C et al. (2019) Cancer Immunology Research 10:1591
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Progress Towards Specific Aims & 
Milestones 
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Challenge #5: Most predicted neoantigens are not immunogenic in vivo

Wells et al. (2020) Cell 183:1 

6% (37) were immunogenic
among the 608 highly ranked peptides 
selected and tested for immunogenicity.

• 25 teams

• Submissions ranged from 
7 to 81,904 TSAs per tumor sample.



Challenge #5: Most predicted neoantigens are not immunogenic in vivo

Foy S et al (2023) Nature 615:687; Zacharakis et al. (2023) Journal of Clinical Oncology 



Improving neoantigen immunogenicity prediction

Smith C et al. (2019) Cancer Immunology Research 10:1591

Christof
Smith



Improving neoantigen immunogenicity prediction

Smith C et al. (2019) Cancer Immunology Research 10:1591



Smith C. et al. (2019) Nature Reviews Cancer; Chen & Mellman (2013) Immunity 39:1

1. Identify neoantigen coding sequence variants

2. Predict MHC-binding neoantigen peptides
• Confirm with mass spectrometry / immunopeptidomics
• Understand mechanisms of peptide selection

3. Predict elicitation of neoantigen-specific T cells
• Confirm with any T cell quantitation &/or functional assay
• Understand mechanisms of antigen-specific T cell generation

4. Predict neoantigen-specific T cell capacity to kill cancer cells
• Confirm with T cell cytotoxicity assay
• Understand mechanisms of resistance to T cell cytotoxicity 



Landscape of Effective Neoantigen Software (LENS)

Vensko et al. (2023) Bioinformatics 39(6):btad322
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Landscape of Effective Neoantigen Software (LENS)

Vensko et al. (2023) Bioinformatics 39(6):btad322



Vensko et al. (2023) Bioinformatics 39(6):btad322



Phasing of multiple variants including germline variants

Vensko et al. (2023) Bioinformatics 39(6):btad322



Harmonized antigen coding transcript expression quantification 

Vensko et al. (2023) Bioinformatics 39(6):btad322

SNV & InDel Gene FusionSplice Variant Virus, ERV & CTA



Predicted tumor antigen features in Acute Myeloid Leukemia

Vensko et al. (2023) Bioinformatics 39(6):btad322



Alex 
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Long read sequencing for improved antigen detection

Andy Lee



Long read sequencing for improved antigen detection

Unpublished data



Tracks (from the outermost band)
1. Cytobands
2. mRNA expression in TPM (log10)
3. Inter-mutation (SNV) distance (log10)
4. Sequencing depth
5. Translocations

C>A
C>G
C>T
T>A
T>C
T>G

SBS Types Translocations
Long-read only
Short and long read

SBS Types
C>A
C>G
C>T
T>A
T>C
T>G

Translocations
Long-read only

Short and long read
Short-read only

Long read sequencing for improved antigen detection

Unpublished data



Smith C. et al. (2019) Nature Reviews Cancer; Chen & Mellman (2013) Immunity 39:1

1. Identify neoantigen coding sequence variants

2. Predict MHC-binding neoantigen peptides
• Confirm with mass spectrometry / immunopeptidomics
• Understand mechanisms of peptide selection

3. Predict elicitation of neoantigen-specific T cells
• Confirm with any T cell quantitation &/or functional assay
• Understand mechanisms of antigen-specific T cell generation

4. Predict neoantigen-specific T cell capacity to kill cancer cells
• Confirm with T cell cytotoxicity assay
• Understand mechanisms of resistance to T cell cytotoxicity 



Personalized Immunotherapy Research Lab (PIRL) 

Thank you!
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