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Antigens remain unknown

Enhanced T cell immunity 
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Are neoantigens T cell antigens in long-term pancreatic cancer survivors?
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Experimental Design

All patients had 
- Surgically resected primary tumors 
- No metastatic tumors 
- No neoadjuvant chemotherapy
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Long-Term Survivors Display Enhanced Intratumoral T cell Immunity

Pathway Fold Change P value FDR Q value
MHC-II receptor activity 13.5 7 x10-10 1 x 10-6

MHC-I  receptor antigen processing 7 1 x10-6 0.002
Interferon-gamma signaling 6 3 x10-10 6 x10-6

T cell receptor signaling 3 2 x10-5 0.04

Adaptive Immune Gene sets enriched in Long-Term Survivors
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Putative neoantigens are present in human pancreatic cancer

MSKCC vs. pVAC-Seq 
Neoantigen Pipelines
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0.5 

2.2 
0.09 

Hazard 

Ratio 

 1.3  

Univariate Multivariate 

95% CI P-

value 

Hazard 

Ratio 

95% CI P-

value 

Adjuvant Chemotherapy 0.2-1.4 0.2 0.6 0.2-1.7 0.4 
Pathologic Stage 0.3-4.6 0.6 - - - 

Margin 0.7-6.3 0.1 - - - 
Neoantigen CD3-CD8 density 0.01-0.7 0.02 0.09 0.01-0.7 0.02 

Extended Data Figure 8: Top: Overall survival of patients with tumors harboring greater or lesser than the median 
number of neoantigens (NeoantigenHi/Low) and CD3-CD8 double positive cells (CD3-CD8Hi/Low), compared to all other 
patients (Rest) (Top Left). Patients who did or did not receive adjuvant chemotherapy (adjuvant chemotherapy+/- 
respectively) (Top Right), and all four groups (bottom) are also shown. Table shows univariate and multivariate Cox 
Regression analysis of the associations of clinicopathologic features, adjuvant chemotherapy, and 
neoantigen-CD3-CD8 number with overall survival. 

Confirmed with MSKCC and pVAC-Seq neoantigen pipelines 
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CD8+ T cells and neoantigens identify longest survivors
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TCR recognition 
R

A computational model of neoantigen quality based immunogenicity

Clone frequency of 
neoantigen-bearing tumor 

clone

IAS

Neoantigen quality

Amplitude 
A=KdWT/KdMut

Quality = A x R

Neoantigen Immunogenicity Tumor Heterogeneity

Tumor’s effective immunogenicity

Balachandran VP et al. Nature 2017 
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Which neoantigen(s) are the most immunogenic?



“Non-self” is a surrogate for TCR neoantigen recognition

Self                                         Non-self

Non-immunogenic  Immunogenic

Threshold for immune 
activation

Low TCR 
recognition probability

High TCR 
recognition probability

(class-I restricted, infectious 
disease derived IEDB 
peptides with functional T cell 
responses) 
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Increasing 
Immunogenicity

Neoantigen Models of tumor immunogenicity

IAS

High Quality Neoantigen(s) 
determine tumor immunogenicity

Neoantigen number determines 
tumor immunogenicity
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Neoantigen quality but not quantity stratifies long term survivors
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Neoantigen quality is prognostic of survival in pancreatic cancer

International Cancer Genome Consortium
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Surgery

Primary Tumor

Neoantigens 
Homologous peptides 

TCRVβ
sequencing

7-12 years
Alive

Blood

+ Neoantigens 
Homologous
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sequencing

Do high quality neoantigen-specific T cell clones found in primary 
tumors persist in the peripheral blood?

Are high quality neoantigens T cell targets in long term survivors?
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High Quality Neoantigen Reactive Intratumoral T 
cells persist in the blood in 7/7 patients tested
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Neoantigen-specific T cells persist in the blood of Pancreatic Cancer Survivors
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MUC16 is an immunogenic hotspot in long term survivors
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T cells in long term survivors recognize mutated MUC16 neopeptides 
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Immunoediting of high quality neoantigens 
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Summary

Neoantigens with unique qualities are T cell targets in long-term survivors

Neoantigen quality but not quantity is prognostic of survival

Neoantigen quality is a biomarker of immunogenic tumors

Neoantigen quality assessment may facilitate rational application of 
neoantigen-based therapies
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TCR recognition 
Most non-self

A computational model of neoantigen quality based immunogenicity

Most highly 
represented

Highest Amplitude 
Least central 

tolerance

Neoantigen Immunogenicity Tumor Heterogeneity

Tumor’s effective immunogenicity

Which neoantigen(s) are the most immunogenic?
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Increasing 
Immunogenicity

Quality Model - Dominant High Quality Neoantigen(s) determine 
tumor immunogenicity
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Increasing 
Immunogenicity

Quantity Model - Total Neoantigen number determines tumor 
immunogenicity 
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Tumor T cell clones are tumor-unique and blood derived

More Oligoclonal

More Polyclonal

Long Term Survivor intratumoral T cell repertoire is polyclonal
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Long Term survivors display possible MUC16 immunoediting
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Are MUC16-neoepitope 
specific T cell clones 

found in primary tumors?

Can we detect MUC16 neoantigen reactive intratumoral T cells in long term 
survivors?



MUC16 is an immunogenic hotspot in long term survivors
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