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Clinical Conundrum #1: Dramatic Responses,

Explosive Disease and Much In Between

Overall Survival (%)
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Ipilimumab-containing arms
display “tail of the curve” effect
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Clinical Conundrum #2: Similar Responses to a-

PD-1 in Ipilimumab-Exposed & -Naive Patients
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Best Change from Baseline in Target-Lesion Volume (%)

Clinical Conundrum #3: How to Increase Efficacy
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Critical Questions for the Field

 Why do certain patients’ tumors respond to checkpoint
blockade immunotherapies but not others?

e Can we predict who will respond to each agent?

e Ultimate goal: treat all patients affected by advanced cancer
with effective, durable and minimally toxic
immunotherapeutic agent(s) £ standard of care agents
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Checkpoint Blockade Success/Failure is Multi-factorial

T-cell
response

Immunization

Antigen
processing

Antigen Dendritic
uptake cells Effector T-cell
responses
Cytotoxic
Tumo
Dendritic cell | ertt T cel
maturation «‘,,va‘ #‘7‘ 0 o
®

Peptide—
MHC

ﬁ % Regulatory T-cell
ﬁ '@ responses

y @ @

- T-cell
. infiltration and

killing

Fibroblasts _ Immunosuppression
Macrophages ™
T Cell Exclusion? § f} i

Angiogenesis

Mellman et al. Nature 480, 480-489 (2011)

Systemic Factors: host immunity, germline factors, gut/skin microbiota... Image modified from Rich Carvajal



How Tumor Genetic Abnormalities Can Generate
Neoantig

RNA PROTEIN
“Virtually translate” region surrounding mutation:
Normal: sldfdsliKeaqrslrr
Mutant: sldfdsllleaqrslrr
Y

Sliding window to find optimal neoantigen:
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http://www.astrochem.org/sci/Nucleobases.php https://www2.chemistry.msu.edu/faculty/reusch/virttxtiml/nucacids.htm
http://fineartamerica.com/featured/interleukin-12-protein-molecule-dr-tim-evans.html
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Precedent for the Importance of Tumor Neoantigens

Gross, L. 1943. Intradermal immu-
nization of C3H mice against a sarcoma
that originated in an animal of the same
line. Cancer Res. 3: 32633

Baldwin, R. W. 1955. Immunity to
methylcholanthrene-induced tumors in
inbred rats following atrophy and
regression of implanted tumors. Br. J.
Cancer 9: 65265

Old, L. J., Boyse, E. A, Clarke, D. A.,
Carswell, E. A. 1962. Antigenic proper-
ties of chemically-induced tumors. Ann.

N.Y. Acad. Sci. 101: 80-106

Schreiber H Ann Rev Immunol 1988



Mutation and Associated Neoantigen Lead to Tumor

Rejection in Mouse Model

e Carcinogen-induced high mutation burden
sarcoma cell line in mice featured highly
immunogenic peptides (“rejection antigens”)
— ~1% of mutations constituted “rejectable clones”

— Mutant spectrin-B2 leads to tumor rejection
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Checkpoint Blockade Effective Primarily in High

Mutation-Burden Tumor Types...With Exceptions
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Mutational Load Correlates with Benefit in Melanoma

Patients Treated with anti-CTLA-
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Mutational Load Correlates with Clinical Benefit

in Lung Cancers/anti-PDi1 (pembrolizumab
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Somatic mutations per tumor

Mutational Load Correlates with Clinical Benefit in

MMR-Deficient Cancers/anti-PD1 (pembrolizumab)
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As in Melanoma Study, Exceptions to the Rule

%Change from Baseline SLD

100~

— MMR-proficient CRC
— MMR-deficient CRC
— MMR-deficient non-CRC

-100-

Le DT et al NEJM 2015



Summary: Mutation Burden

 Elevated mutation burden correlates with, but alone does not
predict, clinical benefit from anti-CTLA-4 and anti-PD-1
therapies in melanoma, lung cancers, and MMR-deficient

tumors

PROTEIN



Mutation Burden, Neoantigen Burden Correlate

with PFS in Lung Cancers
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Mutation Burden, Neoantigen Burden Confirmed to

Correlate with Outcome in Melanoma/lpilimumab
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Evidence of Ultraviolet-Induced DNA Damage Correlates

with Mutation Burden & Benefit in Melanoma/a-CTLA-4
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Evidence of Smoking-Induced DNA Damage

Correlates with Outcome in Lung Cancers
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Inflammatlon Associated with Response to
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T Cell Infiltrate Associated with Response to

Pembrolizumab in Melanoma

Pre-treatment samples obtained from responding melanomas showed:
*Higher numbers of CD8, PD-1 and PD-L1-expressing cells at the invasive
tumor margin and inside tumors

*Close proximity between PD-1 and PD-L1

*More clonal TCR repertoire and clonal expansion upon treatment
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T Cell Infiltrate Associated with Response to
Pembrolizumab in MMR-deficient Cancers

Density of intratumoral CD8+ T cells
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Neoantigens May Represent Tumor’s “Achilles heel”




Trials & Tribulations of Neoantigen Identification

in Patients

e Validation of neoantigen prediction in 4
patients with CLL
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Identification of Anti-Neoantigen T Cell Response in the

Peripheral Blood in Melanoma/lIpilimumab Using ICS
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Neoantigen-Specific Response in Peripheral Blood of

Tetramers

NSCLC/Pembrolizumab Patient Usinc

Liver metastasis

Baseline

Clinical
response (irRC)

% PBLs reactive to HLA-A*11:01

HERC1 P3278S multimers

Day 21,

Pretreatment Day 1, 0.001%

Day 44, 0.044%

Day 63, 0.022%

Day 297,

Day 256,
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Identification of Neoantigen-Specific TILs using

Tandem Mini-Gene Approach in Gl Cancers

*Transfect autologous APC with tandem mini-gene RNA
encoding mutation flanked by wild type sequence
eldentified KRAS G12D HLA-C*08:02-restriced neoantigen
eImmunogenic mutations occurred in genes with wide range
of expression

Mutation-reactive T cells ranged from 0.009-1.25% of TIL

Autologous
APCs

KRAS-wt
peptide

KRAS-G12D
peptide

CD107a

Tran et al Science 2015.



Summary: Neoantigens

e Elevated predicted neoantigen burden correlates with
mutation burden and with clinical benefit from anti-CTLA-4
and anti-PD-1 therapies in melanoma and lung cancers

 Neoantigen prediction remains an area of focus for
improvement

 Neoantigen-specific T cell responses in the peripheral blood
can be measured using ICS, tetramer staining and other
approaches
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Can We Predict What Neoantigens T Cells Will

Recognize?

MAGE A3 peptide: EVDPIGHLY
Titin peptide: ESDPIVAQY

Cameron et al Sci Transl Med 2013
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Tool for Antigen Comparison

*High-throughput, automated bioinformatic
technique to compare amino acid stretches,
including neoantigens to pathogens & neoantigens
to neoantigens

*Create an open-source tool to determine which
peptides to test in vitro

https://github.com/hammerlab/topiary
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Per-Sample Similarity Score

Similarity Correlates With, but Does Not Outperform

Mutation Burden

Tumor-Antigen (IEDB) Similarity Score
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Radiomics: Texture & Tumor Heterogeneity??f"sgf |
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Data Integration: Mutations/Neoantigens,

Inflammation, TCR Diversity and Radiomics
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Lessons and Take Home Messages

Key Points:

— In melanoma, lung cancers and MSI-H cancers treated with
checkpoint blockade, genetic correlates of clinical benefit include:

e elevated mutational load
» elevated neoantigen load
e evidence of DNA damage (melanoma and lung)

Potential Impact on the Field:

— Along with expression/IHC data, these genetic data could be used
to stratify patients in trials

— Upcoming data from dual-blockade-treated patients will further
elucidate these concepts

Lessons Learned:

— Neoantigen-specific T cells can be identified in the peripheral
blood of patients treated with anti-CTLA-4 and anti-PD-1 therapies

— Generation of automated tool to compare peptides to apply to in
vitro studies
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