
Conclusions
 In silico tools used to identify and triage epitopes, and used to design vaccines for infectious diseases can be adapted to the neo-antigen field.
 Sequence analysis of the MHC- and TCR-facing residues of T cell epitopes enables prediction of epitope phenotype.
 Epitopes that share a TCR-face with numerous human sequences may be tolerated or may activate Tregs.
 Sharper definition of neo-antigens by immunoinformatic analysis may improve epitope selection for mutanome-directed cancer immunotherapy.

Abstract
The wide-spread accessibility of next-generation sequencing has opened the
door to personalized cancer therapies targeting mutations expressed by tumor
cells. T cell neo-epitopes overlapping with cancer mutations can be harnessed
to stimulate focused immune responses against a patient’s tumors. However, a
large proportion of neo-epitopes selected by current T cell epitope prediction
algorithms prove to be non-immunogenic. Poor predictive performance may
partially be due to erroneous inclusion of mutated epitopes cross-conserved
with self-epitopes recognized by the T cell receptor of regulatory, anergic or
deleted T cells. Vaccination with self-epitopes can lead to weak effector
responses, active immune suppression, and toxicity due to immune-mediated
adverse effects.

We have developed advanced T cell epitope identification and screening tools,
EpiMatrix and JanusMatrix, that streamline the selection and prioritization of
neo-non-self-epitopes. These state-of-the-art tools have been extensively
validated in prospective vaccine studies for infectious diseases [Moise et al.
2015 Human Vaccines & Immunotherapeutics 11:9, 2312-2321]. In a recent
application, a poorly immunogenic H7N9 influenza vaccine was engineered to
be significantly more immunogenic by removing a regulatory T cell (Treg)-
inducing epitope [Liu et al. 2015 Human Vaccines & Immunotherapeutics 11:9,
2241-52; Wada et al. 2017 Scientific Reports 7:1, 1283]. Usage of these tools
in the oncology field allows for the prioritization of neo-epitopes exhibiting
reduced potential for inducing Tregs, whose activation continues to curtail
current cancer therapies.

Newly published elution data offers an unbiased and ideal way of evaluating
the accuracy of in silico tools as these datasets are independent of training
data used in model development. Analysis of such datasets [e.g. Abelin et al.
2017 Immunity 46, 315-326] shows a 96% agreement between predictions
from EpiMatrix and peptides eluted from common Class I HLAs, while only
86% of these sequences are accurately recalled by NetMHC and NetMHCpan.
Additional retrospective analyses of a cancer immunogenicity study [Strønen et
al. 2016 Science 352(6291), 1337-41] demonstrate that EpiMatrix and
JanusMatrix select immunogenic neo-epitopes with 72% accuracy, as
compared to 21% accuracy when using public prediction tools. Increased
accuracy is primarily explained by the removal of mutated epitopes that
present increased potential for Treg activation.

These results demonstrate that EpiMatrix and JanusMatrix focus candidate
selection on higher value sequences than conventional algorithms. Neo-
epitopes with low Treg activation potential may then be used to support
development of personalized therapies including vaccination and in vitro
expansion of tumor infiltrating lymphocytes for adoptive cell transfer.
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EpiMatrix analysis of elution datasets from Abelin et al. Immunity 2017

JanusMatrix analyzes the two faces of an epitope and 
identifies sequences that are cross-reactive with 
tolerated self-epitopes. Cross-reactive sequences:

• Are predicted to bind the same MHC allele.
• Share same/similar T cell-facing residues.

Ancer Analysis of Mutated Peptides from Strønen et al. Science 2016
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•Summary of the Abelin et al. Immunity 2017 study:                                                                                                         
Cell lines were engineered to express a single Class I HLA allele. Over 26,000 peptides were eluted across 16 cell lines, 
each expressing a single HLA-A or HLA-B allele. 

•6,284 9-mer epitopes from the Abelin et al. dataset were extracted for eight common HLAs (present in at least 5% of the 
human population) and scored with EpiMatrix, NetMHC, and NetMHCpan. Note: the last EpiMatrix update (v1.3) was 
performed in December 2015. EpiMatrix models were not retrained to evaluate the Abelin et al. dataset.

•Overall, 96% of 9-mers eluted by Abelin et al. were predicted to bind to HLA according to EpiMatrix (standard Z-score cutoff 
of 1.64), while only ~86% of 9-mers were accurately recalled by NetMHC and NetMHCpan (500nM cutoff).
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Vaccine construct optimization using VaxCAD

VaxCAD arrange 
epitopes within a string 
of beads while 
minimizing unwanted 
immunogenicity. 
Spacers and linkers can 
be added if necessary.

In this example, epitopes 
are modeled as words 
from the English 
dictionary.
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H7: WT antigen
Opt1: Optimized H7 antigen w/o 
JanusMatrix-derived Treg epitope

Antibody titers are boosted 
when antigens are 
optimized to remove highly 
cross-reactive sequences 
(Wada et al. Scientific 
Reports, 2017).

The predictive accuracy of 
EpiMatrix is routinely 
evaluated by testing 
predicted HLA ligands in in 
vitro HLA binding assays.

EpiMatrix Class I HLA
predictions are accurate in 
~90% of binding assays.
EpiMatrix Class II HLA 
predictions (shown here) 
are accurate in ~75% of 
binding assays.

IFNγ responses to peptide pools are 
reduced when highly cross-reactive 
sequences are included in the mix (Liu 
et al. Human Vaccines & 
Immunotherapeutics, 2015).

•Summary of the Strønen et al. Science 2016 study:                                                                                                          
HLA-A2-restricted mutated peptides derived from melanoma patients were identified using NetMHC and NetMHCpan. Few 
peptides (21%) selected with standard in silico tools were immunogenic when tested in T cell assays using PBMCs of 
healthy donors and patients’ TILs. Experimentally determined peptide-MHC off-rates can be used to discriminate 
immunogenic from non-immunogenic peptides with 65% accuracy.

• Immunogenic peptides have significantly greater binding potentials than non-immunogenic peptides, as measured 
by EpiMatrix (Mann-Whitney test, p = 0.0020). No significant difference is observed between peptides when evaluated with 
publicly available in silico tools (Mann-Whitney test, p = 0.0561).

•The vast majority of eluted 9-mers (87% of the dataset) are strong predicted binders based on EpiMatrix (stringent Z-score 
cutoff of 2.32), while less than 56% of all eluted 9-mers are high affinity binders (50nM cutoff) according to NetMHC and 
NetMHCpan predictions.
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Head-to-head comparison of epitope prediction tools (9-mers)
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Predicted binding of 6,284 eluted 9-mer sequences across 8 HLAs

Predicted binding affinities of mutated peptides

•Immunogenicity of mutated sequences is not only estimated by EpiMatrix Z-Scores! Ancer also considers the TCR-
profile of the predicted epitopes as well as their cross-reactivity potential with self-sequences. 

•Ancer can differentiate immunogenic and non-immunogenic peptides with 72% accuracy by using strict neo-epitope 
definitions and by evaluating their potential for cross-reactivity. PPV of Ancer is twice the one of standard in silico tools.

Six additional false 
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compared to Ancer
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