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Our Research Teams

Opportunity: 
To accelerate and broaden 

the use and utility of 

adoptive T-cell therapy.

Charge: 
Uncover new pathways and 

factors to improve T-cell 

activity and, using state-of-

the-art technologies, create 

a new generation of more 

effective therapies.

Best-in-Class 

T-cells

Checkpoint 

Blockade 

Opportunity: 
To understand why some 

patients do not respond to 

therapy and develop new 

combination treatments to 

overcome drug resistance.

Charge: 
Discover new pathways and 

treatments to improve 

survival rates and broaden 

treatment to more cancers.

Opportunity: 
To identify new tumor  

markers to improve 

effectiveness and broaden 

use of novel therapeutic 

targets and vaccines to more 

cancers.

Charge: 
Use DNA sequencing, 

proteomics and 

computational biology to 

develop targeted vaccines 
and other therapies.

Tumor Antigen 

Discovery

Tumor 

Microenvironment

Opportunity: 
To characterize the solid 

tumor microenvironment as 

an ecological entity, including 

the interactions that affect the 

immune response and tumor 

growth.

Charge: 
Develop approaches to 

overcome local immune 

suppression and resistance.
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675 ACTIVE CANCER VACCINES AND 372 IN CLINICAL DEVELOPMENT
Vaccine
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CANCER VACCINES/ADJUVANTS FAILED AT PHASE III

Vaccine name Vaccine type Target Condition NCT Number
Last 

Verified

PROSTVAC + GM-CSF Viral vaccine PSA Prostate cancer NCT01322490 Aug-17

BVNSCLC-001 Protein vaccine EGF NSCLC NCT01444118 Jul-15

Imprime PGG + cetuximab Adjuvant CD11b; CD32 Colorectal cancer NCT01309126 Jul-17

Tecemotide + low-dose cyclophosphamide Peptide vaccine MUC1 NSCLC NCT01015443 Sep-16

Tecemotide + low-dose cyclophosphamide Peptide vaccine MUC1 Breast cancer NCT00925548 Jul-14

BCG Bacterium vaccine N/A Bladder cancer NCT00974818 Oct-15

BVNSCLC-001 + low-dose cyclophosphamide Protein vaccine EGF NSCLC NCT00516685 Sep-11

Abagovomab Antibody vaccine MUC16 Ovarian cancer NCT00418574 Nov-11

BCG + gefitinib Bacterium vaccine N/A Bladder cancer NCT00352079 Dec-12

GVAX Cell line vaccine TAA Prostate cancer NCT00133224 Sep-08

HSPPC-96 Autologous protein vaccine HSP90 Kidney cancer NCT00126178 Sep-12

GVAX Cell line vaccine TAA Prostate cancer NCT00089856 Nov-08

MyVax Protein vaccine N/A Non-Hodgkin's lymphoma NCT00089115 Feb-06

Melanoma peptide vaccine Peptide vaccine MAGE; NY-ESO-1 Ocular melanoma NCT00036816 Sep-12

MyVax Protein vaccine N/A Diffuse large B-cell lymphoma NCT00324831 Mar-07

Failed 

P3 trials



Mutational burden in different tumor types

Schumacher and Schreiber, Science 2015



Tumor Antigen Discovery
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Pipeline for neoepitope (personalized) vaccines

Ott, et.al., Nature 2017
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3 REPRESENTATIVE TRIALS WITH NEO-ANTIGEN VACCINES

2 out 3 vaccines are pept ide-based

A notable surprise was the predominant

CD4+ T cell response in the two recent

reports. However, the RNA-based

poly-neoepitope platform developed by

Sahin and co-workers was previously

shown to elicit primarily CD4+ T cell

responses in mice [6], so this should

not have been a big revelation. Moreover,

CD8+ T cells were detected that corre-

sponded to a small minority of

neoepitopes confirming proof-of-con-

cept, but suggesting additional optimiza-

tion might be required to recruit the entire

T cell receptor repertoire directed against

MHC-class-I-restricted neoantigens. The

data using synthetic long peptides with a

Toll-like receptor 3 (TLR3) agonist

revealed a similar bias in favor of CD4+

over CD8+ T cell responses. The bigger

question for scientists is to better under-

stand the contribution of neoepitope

specific CD4+ T cells beyond the provi-

sion of help in the form of cytokines

(i.e., interleukin 2 and CD40L) [7]. How

important are CD4+ T cells that express

granzymes and perforin in effector

responses, and how can we best opti-

mize their function? Furthermore, what

impact will CD4+ T cell responses have

on malignancies that are not MHC

class II positive, and will the generation

of regulatory CD4+ T cells be a cause for

concern?

Significant challenges remain, including

our limited understanding of neoantigen

processing and presentation and the

impact of tumor heterogeneity. In the

study by Wu’s laboratory, only two of

six patients generated T cell responses

with reactivity against autologous mela-

noma cells. In the report by Sahin’s

group, a patient presented with dimin-

ished recognition of autologous tumor

due to loss of MHC class I, suggesting

vaccine-induced antigen escape [3]. This

patient went on to receive anti-PD-1 ther-

apy but experienced disease progression

and died. Consequently, these observa-

tions should remind us that many

obstacles remain in our pursuit of person-

alized therapeutic treatments against

melanoma.

Looking towards the Future

In our opinion, in order to deliver precision

therapies to the most relevant patient

population, the next hurdle in neoantigen

vaccine design will be the feasibility of

integrating next generation sequencing

technologies, bioinformatics, and proteo-

mics pipelines with vaccine manufacture.

Validated by the recent reports from

Sahin et al. [3] and Ott et al. [4], our

experience has taught us that

manufacturing personalized neoantigen

cancer vaccines is labor intensive, costly,

and time consuming. Presently, it takes 3

months to generate these vaccines,

regardless of the manufacturing platform,

and eventually, this process will need to

be streamlined in order to be applicable.

Moreover many additional considerations

remain, including assessing the role of

nonmutated shared tumor antigens in

protective immunity; and the potential of

developing combination therapies with

neoepitiopes for cancer treatment. Once

feasibility is established, larger trials to

determine the efficacy and safety of

vaccination against cancer neoantigens

might move forward. Ideally, this will be

accomplished once the role of CD4+ T

cells in tumor eradication is better

understood, and the multiple questions

related to the role of the tumor microen-

vironment in malignant transformation

and therapeutic resistance are addressed

[8].
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Table 1. Summary of Neoantigen Vaccines

Carreno et al. [5] Ott et al. [4] Sahin et al. [3]

No. of patients 3 6 13

Vaccine Mature dendritic cellsa Synthetic peptide+

poly IC:LC

RNA

Administration route Intravenous Subcutaneous Intranodal

Epitope length 9 aa 15–30 aa 27 aa

No. of epitopes/patient 7 13–20 10

No. of doses 3 7 8–20

Immunogenicity

(total no. peptides tested)

21 peptides 91 peptides 125 epitopes

CD8+ T cell response rateb 43% 16% 25%

CD4+ T cell response rateb NT 60% 66%

aEx vivo manufactured and pulsed with synthetic peptides.
bImmune response rate to MHC class I or class II epitopes (per vaccine trial).

870 Trends in Molecular Medicine, October 2017, Vol. 23, No. 10

Linette et al, 2017, Trends Mo Med

Neoantigen

Vaccines



Why TESLA?



The consortium aims to support the field’s efforts to develop safe and 

efficacious neo-antigen vaccines for cancer, by:

• Delineating the variation of neoepitope predictions in existing computational pipelines

• Generating high quality epitope validation sets that provide a basis to assess and improve prediction 

pipelines

• Elucidate the key factors for accurate neo-epitope prediction 

TESLA program goals



Project workflow

1.   Matched Patient Samples Procured

4. Epitopes Validation Pipeline

2.  Samples Sequenced Centrally 

3.  Neoepitope Predictions 

5. Performance Analysis of Predictions 

7. Pre-Clinical/Clinical Efficacy Studies

6. Report Compiled for Each Participant

8. Contests Repeated for Other Tumor Types and Specific Filters
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Challenge open to participants

Organized and Led by

Academic GroupsPIs Industry

Informatics Powered by
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TESLA Participating Groups and Contributors

Organized and Led by

Academic GroupsPIs Industry

Informatics Powered by

SevenBridges 

• 24 Academia/Non-Profits

• 18 Pharma/Biotech



• For each sample, participants download: 

o FASTQ files of tumor whole-exome sequence

o FASTQ files for germline whole-exome sequence

o FASTQ files for RNA-seq on tumor sample

o Pre-called variants identified by Washington University

o Data is downloaded from Synapse – the data hosting/sharing platform hosted by Sage Bionetworks.

• Participants run their neoantigen algorithm on that data in two ways: 

o Participants identify their own somatic variants and in turn generate a ranked list of possible neoantigens

o Participants generate a ranked list of neoantigens from the pre-called variants. 

o In each case, what we require for submission is a ranked list of neoantigen + HLA allele pairs

• From these submitted lists, we generate a list of peptides that we will validate with at least 2 of the four 
methods we are using.

o Every participant will get their top 4 or 5 peptides validated with two methods

o With remaining validation capacity, we select peptides that are recurrently identified in the top 50 peptides by a large 
number of groups, or peptides that are unique in other ways. 

o Goal: validate 100 peptides/sample with at least 2 independent methods. 

Operational Mechanics of the TESLA program



(Anticipated) Learnings

1. How similar/distinct are 
different methods and sets of 
neoepitopes?

2. Which methods generate the 
most validated neoepitopes?

3. What features of the validated 
epitopes, and their identifying 
algorithms, can be used to make 
new, better methods?

A-E: Each method
will identify a distinct sets
of neoepitopes

Different methods will 
overlap with their calls. 

Validated
neoepitopes
found by 
methods B, D, 
E

B D

E

BD

EDBE
BED

B, D, E: The unique and shared features of 
successful methods. Which features matter?



Samples Sequencing Prediction 
Epitope 

Prioritization
Validation

Pipeline 
Analysis

Reporting

Melanoma

TESLA: Initial tumor analyses

• Biol. Sample Shipment

• Run Experiments

• Results Compilation

• Result Analyses

• Result-sharing Webinars

Samples Sequencing Prediction 
Epitope 

Prioritization
Validation

Pipeline 
Analysis

Reporting

NSCLC

•60+ neoepitopes
selected for validation

•Top predictions from all 
teams included

•19 team predictions

•Variant calling by each 
team

•Overlap analysis 
complete

•4 tumors sequenced, 
including RNAseq by 
common vendor 
(WUSTL)

•Melanoma samples 
with banked TIL and 
PBMC

•Neoepitopes selection 
in process

•24 team predictions

•Variant calling by each 
team AND predictions 
using common VCF file

•Overlap analysis 
complete

•6 tumors sequenced, 
including RNAseq by 
common vendor 
(WUSTL)

•NSCLC samples with 
banked TIL

•Both untreated and 
anti-PD1 tx patients



TESLA: Initial tumor analyses
Most teams use 20-25 features for predictions

Samples Sequencing Prediction 
Epitope 

Prioritization
Validation

Pipeline 
Analysis

Reporting



TESLA: Initial tumor analyses
Little correlation/clustering between features

Samples Sequencing Prediction 
Epitope 

Prioritization
Validation

Pipeline 
Analysis

Reporting



TESLA functional validation methods
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Figure 18.3.1

A schematic overview of the steps involved in performing an MHC-peptide binding assay.
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1.  Peptide:MHC Binding



N. Bhardwaj, Mt Sinai
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Figure 18.3.1

A schematic overview of the steps involved in performing an MHC-peptide binding assay.

Images in this article
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1.  Peptide:MHC Binding 2.  ex vivo stimulation



TESLA functional validation methods

R. Schreiber, WUSTL
P. Kvistborg, NKI

3.  Tetramer detection (FACS)



J. Heath, Caltech/ISB

TESLA functional validation methods

R. Schreiber, WUSTL
P. Kvistborg, NKI

3.  Tetramer detection (FACS) 4.  NP-tetramer isolation
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WHAT IF TOP RESEARCHERS
WORKED TOGETHER AND

HAD EVERY RESOURCE THEY 
NEED TO PURSUE THEIR
BOLDEST RESEARCH?


