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2017: Critical questions to 

address

• How to increase fraction of patients with durable 

responses?

• How to minimize autoimmunity?



• Expand and broaden the 

T cell repertoire by 

inducing tumor-specific T 

cells

• Generate highly specific 

anti-tumor immunity with 

fewer side effects on vital 

tissues



Pitfalls of the single antigen-targeting  

vaccine, and a one size fits all approach



Evolution of methods for antigen discovery

Mutect

NetMHCpan



Somatic mutations have the 
potential to  generate neoantigens



Hitting the “sweet spot”

Hacohen CIR 2013



Growing compelling evidence for 

neoantigens as effective tumor rejection 

antigens 



Can a personalized cancer vaccine 

stimulate anti-tumor immunity in 

humans?

Disease: melanoma

- stage III/resectable

– stage IV

Ott & Hu Nature (2017)



Vaccine: up to 20 personalized neoantigens 

as  SLPs with adjuvant (polyICLC)

• 11 enrolled

• 8 vaccines generated

• 6 dosed



The vaccine induces T cells against almost all pools

20% of selected neoantigens induced CD8 T cell responses

>30% of selected neoantigens induced CD4 T cell responses



Neoepitope-specific T cell responses are 

largely restricted to mutated epitopes

Mutant
WT

ex vivo

CD4 CD8

ex vivo 18% 0%

1 stimulation 60% 19%

Across 6 patients



T cells recognize autologous melanoma cells

Patient 3



15

Complete responses with α-PD-1 treatment for 

2 patients with progression after Neovax

**The overall response rate in patients with metastatic 
melanoma is 35-40%; CR rate is 5%. 



Enhanced breadth of neoepitope-specific T cell 

responses after Neovax and α-PD-1 treatment



Linette & Carreno Trends in Molecular Medicine (2017)



Do neoantigen-specific CD4+ T cells

change their state with vaccination?



scRNAseq of neoantigen-specific 

CD4+ T cells

• Single cells sorted into 384 well 
plates
– Pre: CD4+ cells

– Post: Class II tetramer+  cells

• CELseq2 for scRNAseq

Adrienne Luoma

Kai Wucherfennig



Major shifts in gene expression post-vax

Patient 4Patient 1

• Shutting off of genes that promote naïve T cell homeostatic survival (IL7R) 

and fate (FOXP1)

• Upregulated: genes involved in energy metabolism needed for cell 

proliferation and growth (SLC2A3)



Can such a vaccination approach 

be tested in lower mutation rate 

tumors?



Lawrence , Getz Nature 2013

Testing Neovax in a lower mutation rate tumor 

and within context of SOC therapy: GBM



A more challenging study cohort….

• 11 enrolled; 8 vaccines generated and dosed



With fewer neoantigen targets….



But circulating neoantigen-specific responses 

still detected





Can we improve prediction of 

cancer neoantigen targets?



Mike Rooney

Jenn Abelin

Steve Carr

Derin Keskin Sisi Sarkizova

Nir Hacohen



Somatic mutations have the 
potential to  generate neoantigens

NetMHCpan: Trained on 

these heterogeneously 

collected datasets

Many alleles not 

covered

IEDB: compilation of 

heterogeneously collected 

peptide datasets



Somatic mutations have the 
potential to  generate neoantigens

?



Single- vs multi- allele HLA peptide 
sequencing by MS

Inference of 

binding allele 

assignment based 

on pre-existing 

predictors

Unambiguous

allele 

assignment; 

creation of de-

novo predictors

• Single HLA allele

• 10x lower sample input

• Advances in instrumentation

• Improved search strategies

Abelin Keskin & Sarkizova

Immunity 2017



>24,000 HLA-associated peptides 

identified for 16 alleles
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Identification of new peptide motifs



Quantitative contributions of expression, 

localization, cleavage 

Cleavability



Building a new predictor

• Neural network models

• 2 types of ensemble models –

– Peptide intrinsic features only

– Peptide intrinsic + extrinsic features (expression and 
cleavability)



Novel predictors based on single-allele MS data 

outperform NetMHC on external datasets





• Next-generation sequencing capabilities now enable 

systematic mining of the genome for potential neoantigens 

as well as characterization of the immune context

• Tumor neoantigens appear to be an important class of 

immunologic targets against which tumor-specific 

responses can be generated

• Phase I clinical trial: safe, feasible and capable of eliciting 

strong T cell responses in a clinical setting unconfounded

by prior or intercurrent therapy

• On the horizon: combination with CPB and improved 

prediction algorithms

Summary
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