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Tumor Evolution is a Central Obstacle
to Curative Cancer Therapy

INTRA-TUMORAL HETEROGENEITY
+

EFFECTIVE TREATMENT

Novel targeted agents
Novel immunotherapies
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TUMOR EVOLUTION = RESISTANCE



2015: What do we understand about
tumor-immune co -evolution?

How do tumors change
over time and in
relationship to therapy?
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How does theimmune‘ NK@ ‘
system co-evolve? T
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Intertumoral heterogeneity in CLL:
Independent evolutionary events
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Mutated SF3B1 is a predominantly
subclonal event
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Subclonal driver status as a marker of active
evolution — associated with poorer outcome

DISCOVERY
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Diverse genetic escape trajectories and clonal
evolution with relapse after

chemotherapy
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Somatic mutations have the
potential to generate neoantigens

Tumor cell

Killer

Antigen
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Antigenic presentation
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DNA
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Classes of mutations that can
generate potential tumor neoepitopes

%
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*
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Neoantigen discovery workflow

|dentify tumor specific mutations
DNA & RNA sequencing
HLA typing
Mutation calling

& J
4 . e . )
Predict personal HLA-binding peptides
Prediction
Validation
9 Expression P

¥

(
Discover the cytolytic potential of targeting perso nal neoepitopes

T cell based assays




Systematic eval of neoantigen responses after
autologous whole CLL vaccines/HSCT

CLL patients in continuous remission from immune-based therapy
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Long lived mut- FNDC3B memory T cells
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Coverage

Challenges in HLA typing using WES data

«Polymorphic with many highly similar alleles
«GC rich

.Capture efficiency
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«Informative site density is directly correlated with GC content



POLYSOLVER (POLYmorphic loci reSOLVER)
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Performance characteristics of
POLYSOLVER

. 253 Hapmap samples
- exome sequencing data (HapMap)
- experimental HLA type data (Hapmap)
- 47 Caucasians, 50 Blacks, 86 Asian individuals
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Estimates of tumor neoantigen load
across cancers
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Mutational load and
Immunotherapy response

A Mutational Load

P=0.009 by
Mann-Whitney test

B Radiographic Response
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No. of CD3* TILs per HPF

High mutational load related to
neoantigen load and presence of T
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A more direct look....

WES of 619 tumor/normal pairs of patients with CRC
on FFPE specimens collected on 2 prospectively
collected cohorts (NHS and HPFS)

More than 20 year follow up

Integration of genomic information, pathology (immune
infiltration data) and clinical data Noshoeta. I Pathol 2010 222:350-366

Immune cell subtype and infiltrate pattern previously
examined Giannakis, Mu & Shukla

L Garraway
C Fuchs
S Ogino



HLA mutation detection pipeline for
somatic mutations in HLA —A and -B

Germline reads
M. POLYSOLVER
™ L&

==

Extraction
Tumorreads  of HLA
#_
:_IE reads e
[y ] — e

"""'—ﬁ_j: 25

A1 A2
B1 B2
C1 C2

HLA type

l

Novoalign

Germline reads
aligned to
inferred alleles

Tumor reads
aligned to
inferred alleles

MuTect, Strelka

Shukla Nat Biotech 2015



*Applied POLYSOLVER and
HLA mutation detection
pipeline to 3,708 samples
across 12 tumor types

Colon cancer
identified as
significant by
MutSig

Shukla Nat Biotech 2015
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Are HLA mutations associated with immune infiltration?

e Hypothesis: HLA mutations are more likely to arise in tumors
Infiltrated with cytotoxic T cells (CTLs) and natural killers cells
(NKs) and would provide a strong selective advantage to
emergent subclones

 We examined the expression of 18,000 genes in matched
RNA-seq data from 4512 samples across 11 tumor types

« Most significantly enriched genes
— IFNG
— T cell attractive chemokines (CXCL9, CXCL10, CXCL11)
— lytic molecules (GZMA, GZMH, PRF1, GNLY)

— "Cytolytic Activity*: metagene analyzed previously as a measure of anti-
tumor T/NK cell activity (Rooney et al, Cell, 2015)

Shukla, Rooney



HLA mutations in TCGA samples are associated
with immune infiltration and may serve as an
Immune escape mechanism
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Multiple tumor types show reduced rates of
predicted HLA -binding mutations Vvs. expected
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Ipiliimumab and melanoma cohort
study: clinical correlates
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“Fighting fire with fire”

Immune-based therapy is uniquely
suited to addressing the challenge
of cancer heterogeneity



VACCINATION TUMOR
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VACCINATION TUMOR
Anti-CTLA4;
anti-PD1, PDL1

SITE SITE
4. BLOCK
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What could a personalized cancer
vaccine do?

—Increase T cell infiltration
*Recruit new T cells
sIncrease the repertoire of tumor-specific T cells

—Alter the iImmune milieu

Increase efficacy, minimize toxicity



Developing NeoVax: based on
multiple coding mutations unique to
each pt tumor

Tissue Antigenic target
procurement selection

DNA and RNA
sequencing to identify
tumor-specific mutations
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Hacohen et al, CIR 2013



Summary

* 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 | clinical trials to test a personalized cancer
neoantigen vaccine have started
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