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Figure 1. Illustration of the peptide novelty metrics applied to predicted neoepitopes 

Figure 2. Left, the number of total and putatively novel-binding neoepitopes predicted for each TCGA patient across 
18 disease sites. Middle, the number of neoepitopes for each TCGA patient that were most similar in sequence to 
their paired normal epitopes (matching) or to normal peptides from another gene. (non-matching). Right, the 10 
most frequent bacterial species with peptides that more closely matched a TCGA neoepitope than any human 
peptide matched that neoepitope.

• Neoepitopes are novel peptides corresponding to tumor-specific mutations and presented on 
the surface of tumor cells, potentially eliciting immune responses

• Neoepitopes have been linked to increased survival among cancer patients [1,2], and tumor 
neoepitope burden seems to correlate with patient survival [3,4,5]

• Immunotherapies have been successful in treating several cancer types [6], and attempts to 
treat melanoma with personalized neoepitope vaccines have shown preliminary success [7,8]

• Leveraging the immune system against tumors depends on the immune system’s ability to 
recognize tumor neoepitopes as “non-self” [9]

• Not all neoepitopes elicit immune responses – they must be expressed in tumor cells and bind a 
patient’s major histocompatibility complexes (MHC) [9] 

• However, other factors not typically considered may be important when prioritizing putative 
neoepitopes

• A greater difference in MHC binding affinity between tumor and normal epitopes can increase 
neoepitope immunogenicity [10]

• Neoepitopes more dissimilar in sequence to unaltered peptides that the immune system 
normally encounters are more likely to trigger an immune response [11]

• Similarity of neoepitopes to peptides of commensal or pathogenic microorganisms may also 
influence the likelihood of immune response [12,13,14,15]

To investigate how novelty of putative neoepitopes might stratify neoepitopes and predict their 
ability to elicit an immune response, we developed four criteria to apply to neoepitopes predicted by 
pVAC-Seq [16] (see Figure 1):

1. Tumor vs. Paired Normal Peptide Binding Affinity Difference: does a tumor neoepitope bind 
more readily to a patient’s MHC than its paired normal epitope? 

2. Tumor vs. Paired Normal Peptide Sequence Similarity: is the amino acid sequence of the 
neoepitope dramatically different from that of its paired normal epitope based on BLOSUM 
similarity ?

3. Tumor vs. Closest Human Peptide Sequence Similarity: does the neoepitope more closely 
resemble a different peptide in the human proteome based on BLOSUM similarity than its paired 
normal epitope? How different is its amino acid sequence from that peptide?

4. Tumor vs. Closest Microbial Peptide Sequence Similarity: does the neoepitope closely resemble 
a bacterial or viral peptide based on BLOSUM similarity? How different is its amino acid sequence 
from that peptide?

We applied these criteria to neoepitopes predicted for TCGA patients across 18 disease sites to 
better understand how these criteria stratify neoepitope predictions, and to a cohort of 
neoepitopes with peptide-specific immune response data to determine if they could predict the 
likelihood of a neoepitope to elicit an immune response

Figure 3. Application of our peptide novelty criteria to prediction of 
neoepitope-specific immune response. Panels in blue (A, B, and F) indicate 
criteria incorporated into the model descrbed in G.
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• Neoepitope burden and proportion of novel-binding neoepitopes varied across TCGA disease site, with an average of 20.3% of neoepitopes meeting our novel binding 
criteria (see Figure 2, left)

• An average of 36.8% (sd = 0.7%) of all predicted neoepitopes were associated with HLA-A alleles, 42.4% (sd = 14.8%) from HLA-B alleles, and 21.0% (sd = 0.7%) from HLA-C 
alleles

• The average protein sequence similarity score between paired epitopes with amino acid changes at non-anchor positions across all diseases was 83.5% (sd = 6.3%) 
• The majority of neoepitopes (77.3% on average) mapped most closely to one or more normal peptides from the same gene, while 22.7% of neoepitopes matched more 

closely to one or more unrelated human peptides (see Figure 2, middle)
• Almost all neoepitopes were found to have at least one matching bacterial or viral peptide, and tumor neoepitopes were more similar to bacterial peptides compared to 

viral peptides (mean percent peptide sequence similarity score of 91.4% (sd = 6.6%) and 76.7% (sd = 9.1%), respectively; p < 2.2x10-16) 
• In 56.9% of cases where a neoepitope had a bacterial match, the bacterial peptide was more similar to the neoepitope than either its normal counterpart or its most 

similar normal protein as determined by blastp; this was only true for 15.8% of the viral peptide matches for neoepitopes
• We determined the top 10 most frequently occurring bacterial genera in cases where a bacterial peptide was a closer match to a neoepitope than either of its human 

peptide counterparts (see Figure 2, right), which includes frequently pathogenic genera such as Clostridium, Mycobacterium, and Vibrio, and the frequently commensal 
genus Lactobacillus

• We applied our neoepitope novelty criteria to a cohort of neoepitopes with paired immune 
response data

• Of all criteria, only the percent protein sequence similarity between a neoepitope and its closest 
viral peptide significantly predicted immune response on its own (p = 0.046; see Figure 3A-F)

• We also observed how well immune response was predicted by neoepitope binding affinity, 
paired normal epitope binding affinity, and the number of mismatches in amino acid sequence 
between the neoepitope and its paired normal epitope predicted response

• Of these additional criteria, only the number of mismatches was alone able to predict neoepitope 
immunogenicity, favoring those neoepitopes with multiple amino acid changes (p = 0.03)

• A linear model incorporating all novelty and other criteria was able to significantly predict 
immune response to neoepitopes (p = 0.02)

• Only novelty 3 criteria significantly contributed to the model: 
• neoepitope binding affinity (p = 0.003), 
• percent protein sequence similarity of the neoepitope to its closest viral peptide 

match (p = 0.048), and
• binding affinity difference between the neoepitope and its closest human peptide 

match (p = 0.002)
• The contribution of the number of amino acid sequence mismatches between the neoepitope and 

its paired normal epitope approached significance (p = 0.075) 
• A reduced, multiplicative version of our linear model incorporating only these four predictors was 

able to predict immune response to neoepitopes with greater significance (p = 3.3x10-6; AUROC = 
0.66; see Figure 3G)


