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Outline

*» Several unique features of cancer immunotherapy and the
roles of translational Immuno-Oncology research in cancer
Immunotherapy

“* Whole exome sequencing for neoantigen discovery and
precision oncology

“Mutation load as a potential biomarker”

¢ Strategies for translational immuno-oncology research to meet
the need of personalized combination cancer immunotherapy




A paradigm shift in cancer immunotherapy

{\ Checkpoint blockade

To “release the brakes” on the

Immune system to unleash a pre-
existing iImmune response against
cancer. (i.e.CTLA-4, PD-1/PD-L1)

To “turn on” the
Immune response
to fight cancer
(l.e. vaccine)
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PD-1 blockade monotherapy shows activity
IN most tumors selected for screening
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PD-1 blockade monotherapy shows activity
IN most tumors selected for screening

Ovarian? (N = 26)
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Data have also been presented for MSI-high cancers,° Merkel cell carcinoma,!! and endometrial cancer?
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Drugs in clinical development that block PD

-1/PD-L1

Target [Drug Name Other Names [Source Isotype and Characteristics  [Clinical Testing Phase
Medimmune/
MEDIO680 AMP-514 AstraZeneca information not available phase |
Opdivo, approved treatment-refractory
BMS-936558, unresectable melanoma (Japan,
MDX-1106, Bristol-Myers Squibb, United States) and squamous
PD-1  |nivolumab ONO-4538 Ono Pharmaceuticals |fully human IgG4a NSCLC (United States)
Keytruda, approved treatment-refractory
MK-3475, unresectable melanoma (United
pembrolizumab |lambrolizumab |Merck humanized IgG4 States)
pidilizumab CT-011 CureTech humanized IgG1 phase I-lI
BMS-936559 MDX-1105 Bristol-Myers Squibb |fully human IgG4® phase |
Medimmune/
PD-L1 |MEDI736 none AstraZeneca Fc-modified human IgGlb phase Il
MPDL3280A RG7446 Genentech/ Roche  |Fc-modified human IgGlb phase Il
MSB0010718C [none EMD Serono fully human IgG1* phase Il

a Fully human mAbs were produced in genetically engineered mice.
b Fc-modified mAbs were engineered to abrogate ADCC and complement-dependent cytotoxicity (CDC).

Modified from Topalian S et al 2015 Cancer Cell7450-461




Future cancer immunotherapy:
Tumor immunology meets oncology.

Immunology Tumor/Oncology

Co-
adaption

Co-
evolution

Tumor
response

Tumor
resistance

Oncogene
Immunogenecity
l.e. KRAS

Immune
[  modulation

\ Targeted agents
.6 BRAF

Immune
modulation of
oncogenes
l.e. EGFR

Novel technologies, new knowledge and clinical success




The roles of translational Immuno -Oncology
research in cancer immunotherapy

*» To elucidate pharmacokinetics/pharmacodynamics changes
¢ To understand the potential mechanisms of action
*» To find new correlates associated with clinical benefits and/or toxicity

*» To identify new targets and patients potentially responding to therapy

¢ To guide us toward providing appropriate therapies based upon our
better understanding of the mechanism-based modulation impact of
cancer immunotherapies




Outline

“* Whole exome sequencing for neoantigen discovery and
precision oncology

“Mutation load as a potential biomarker”

¢ Strategies for translational immuno-oncology research to meet
the need of personalized combination cancer immunotherapy




A long standing interest in mutated antigens

Proc. Natl. Acad. Sci. USA
Vol. 92, lpp. T976-7980, August 1995
Immunology

A mutated intron sequence codes for an antigenic peptide
recognized by cytolytic T lymphocytes on a human melanoma

PIERRE G. CoULIE*, FREDERIC LEHMANN, BERNARD LETHE, JEAN HERMAN, CHRISTOPHE LURQUIN,
MARIAM ANDRAWISS, AND THIERRY BOON

Ludwig Institute for Cancer Research, 74 Avenue Hippocrate, UCL 7459, B-1200 Brussels, Belgium; and Cellular Genetics Unit, Université Catholique de
Louvain, B-1200 Brussels, Belgium

Communicated by Christian de Duve, ICP, International Institute of Cellular and Molecular Pathology, Brussels, Belgium, May 24, 1995

Biochemical Identification of a Mutated Human Melanoma
Antigen Recognized by CD4+ T Cells

By Rembert Pieper,” Robert E. Christian,* Monica . Gonzales,”

Michael 1. Nishimura,” Gaorav Gupta.” Robert E. Settlage.*

Jeffrey Shabanowitz.* Steven A. Rosenberg,” Donald E Hunt.*

and Suzanne L. Topalian™

Immunity, Vol. 11, 263-270, September, 1999, Copyright ©1999 by Cell Press

The Makings of a Tumor Rejection Antigen Review
Eli Gilboa™ strong tumor rejection antigens, describing quantita-
Center for Genetic and Cellular Therapies tively the impact of the immune response on tumor
Department of Surgery growth. The extent to which an antigen is a tumor rejec-
Duke University Medical Center tion antigen is also a function of the immunization proto-

Durham, North Carolina 27710 col. A weak tumor rejection antigen can record as a




Cancer exome—based identification of

neoantigens
1. Obtain tumor 2. Identify tumor-specific 3. Filter 4.Assess T cell
material and mutations within recognition /binding
normal cells expressed genes
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MS analysis
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Modified from Schumacher TN, and Schreiber RD r8ei2015:348:69-74
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Tumor exome analysis reveals neoantigen-specific T-  cell
reactivity in an ipilimumab responsive melanoma
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Mutational landscape of tumors according to clinica
benefit from ipilimumab

treatment (Melanoma)
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Polyfunctional T cell responseto T ESPFEQHI versus wild
type peptide T KSPFEQHI.
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Nonsynonymous mutation burden associated with
clinical benefit of anti-PD -1 therapy (NSCLC).
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PD-1 blockade in tumors with mismatch
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Current potential pipelines of whole exome sequencin g for
neoantigen discovery and precision oncology
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Kvistborg P et al JITC 2016 in press




Outline

*» Strategies for translational immuno-oncology research to meet
the need of personalized combination cancer immunotherapy




Overall mutational load and cytolytic immune
microenvironment correlate response  to ipilimumab.
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Transcriptomic signatures of innate resistance
to anti-PD -1 therapy
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Recommendations and strategies

for translational Immuno
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Conclusions: From immune checkpoint blockade
monotherapy to combination therapy
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