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Cancer (2017): New Diagnoses 1.68 million; Deaths: 600,920
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J Projected Increase in Incidence of 20% by 2020 and 30% by 2030
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 immune checkpoint modulation e cancer vaccines

- adoptive T cell therapy and T cell engineering « oncolytic viruses

« antibodies and antibody drug conjugates « combination therapies
* fractionated radiation




« wide variation in Rx response rates

- only 20-40% positive responses even in most responsive
malignancies

- even lower percentage of clinically durable responses
(KM-“long tail”)
* Improve response rates across all malignancies
« management of serious AEs (CRS, autoimmune risk)
« will I/O combination regimens increase response rates?
 rationale for selection of combination regimens
* improved preclinical models for new I/O agent discovery and
combination testing

Urgent ne

[0 reliably pre
Immunoscore :




Cancer as a Complex Adaptive System

The Requirement for Holistic, Systems-Based Approaches
to Improve Patient Selection for Immunotherapy and Optimize
Therapeutic Outcomes and Cost-Effectiveness




« predisposition alleles

« germline genetics HLA genetics

* inter-patient/ intra-patient

 mutagen burden and
neoantigen profile

* immuno-editing

 local and systemic

innate and adaptive
immune
phenotype(s)

tumor
(sub)clonal
diversity

* intrinsic and
acquired Rx resistance

* microbiome



« predisposition alleles
HLA genetics

« germline genetics

innate and

* local and systemic adaptive
Immune
phenotype(s)

* inter-patient/ intra-
patient

* mutagen burden and
neoantigen profile

* immuno-editing

tumor
(sub)clonal
diversity

* intrinsic and
acquired Rx resistance

* microbiome

lI-defined systemic factors affecting dis [1SK, progression and Rx

« age * gender » ethnicity

« environmental risk factors/lifestyle - adiposity « comorbidities

» chronic, subclinical inflammation » selection pressure of prior Rx regimen(s)




Infiltrated-excluded Infiltrated-inflamed Infiltrated-TLS

Blood vesselh\\\ Fibrotic ‘nest’

N\ TAM

Adapted from: M. Binnewies et al. (2018) Nature Med. 24, 541




“Hot”, “Inflamed”, “Immunogenic”

high tumor mutation burden

high tumor-infiltrating CD8* cytotoxic cells

activation of tissue-resident T cells (Tres)

long lived memory T cells (Tem)

high Thl and T17 helper cells

CD21+DCs

high expression of Thl stimulating cytokines

higher expression of TIL checkpoint receptors

M1 phenotype tumor-associated macrophages (TAM)
low Tregs, MDSCs, low TGF-f



detected in CRC, ovary, lung tumors (plus
autoimmune diseases and chronic inflammation)

proliferation of B and T cells
CD21+ dendritic cells in germinal centers

12 gene cytokine gene expression involved in T cell
homing and TLS development

- CCL3,4,5, 8,18 and CXCL 9, 10, 11, 13, 19, 21

- no expression of CCL1, 20 and 22 involved In
recruitment of Tregs



“Cold”: “Non-Inflamed”, “Non-Immunogenic”, “Immune Desert”

low mutational and neoantigen burdens
low CD8™* effector cells
high Tregs and MDSCs, low Thl

Immunoediting and loss/down-regulation of neoantigens

iImpaired antigen presentation
- loss/downregulation of MHC
- JAK 1/2 and B2 microglobin mutations in MHC1

® increased levels of immunosuppressive cytokines
- PTEN loss and increased CCL2, VEGF and reduced T cell infiltration

- B-catenin/Wnt mutations and reduced CCL4 chemokine production and dendritic
cell recruitment

® CCR2/CCL2 and M2 phenotype TAMs

® |PRES (innate PD-1 resistance) gene signature
- Immunosuppressive cytokines, EMT-TFs and pro-angiogenic factors



Stage-| Stage-ll| Stage-1V
.,T-f!'l CD8

Mon

. Act B TR
Tem LJS?: @ 'w'-?i‘-- CD58dim
imm B 1

Th1.NK
8.

Tem CD8 ™17 Tem CD4 »
Tren
imm B ® '~
Tad MDSC pOC. Mem B

Neu @
Th 'CDS';?CI") lqﬁ“T'Q". l(;.{?;:"'\: At ()[' Thi L .TI.I‘I (ﬁ.Di

a
8 Act DC Act CDBACL B

O

L . - ~ ~
Vac NKT l CD56bright | Yos MDSC
NK1 Mast NK em C ’ . Eos WCD56dim S “"-""t
“fvem B iggTem-ED ®Act CDB
"Q“T ,_‘[J',: : 0S. | =2y ;)L(, \‘?‘:‘m B ( I'l1 ' Zz

Tad Eos . CDS6dim ) At B Th17 Mac
~ i < e I o~ | | a
& Act CD4 . ’ mm B MDSC HViasie.ne - ' Act CD4
Tem CDA4 ¥ | Mac Thi17 ~ Nel Act DC

g

0.0 25 9.0-2.5 0.0 2.5 5.0 2.5 0.0 2.5 5.0 2.5 0.0 2.5 5.0
Iimmune cell types enrichment (NES)

Blue = enrichment
= depletion
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The Publish and

Vanish Syndrome

low success rates in
the clinical validation
of cancer biomarkers

100
(0.07%)

150,000
biomarker papers
(Poste, 2011)

Number of biomarkers 7

used in the clinic |

14
(0.8%)

14,743
Published papers
describing DNA-

methylation based
biomarkers

~1,800
biomarkers
(Kochetal., 2018)

100%
cancer biomarkers
(Kern, 2012)

From: A. Koch et al. (2018) Nat. Rev. Clin. Oncol. 15, 459
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enhanced neoantigen expression

defective
DNA Mismatch Microsatellite
Repair (AMMR) Instability
and (MSI)
methylation status

Tumor
Mutational
Burden
(TMB)

lation with responsiveness to ICB

N0N-Synonymous Single nucleotide variants
Versus indel/iframesniit mutations




W Early Stage

W Late Stage
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From: D. T. Lee et al. (2017) Science 357, 409

Mismatch repair def




THE ANSWER
| HE CANCER

y\
o learn about how MSI
or MIVIR test results can

inform treatment decisions




limitations on tissue and/or poor quality of extracted DNA

- Hellman et al (2018) NEJM 378, 2093 only 1004/1739 pts
suitable

sample
- FNA biopsy or resection ?

multiple TMB test protocols
- WES or targeted sequencing panels
depth of sequencing
lack of concordance between NGS panels of different sizes
different cut-off points
subtraction of clonal hematopoiesis mutations

TAT and cost



'RESEARCH

Analytical Validation w——  (Clinical Validation =»

Publicly available Cells derived from

" Clinical Samples
TCGA data human tumors

Samples

|dentify sources of Agree upon creation of a Conduct a retrospective analysis
variability between TMB universal reference standard using patient outcome data
calculated using whole using WES

exome sequencing (WES)
& various targeted panels

clinically meaningful cut-off

ldentify sources of variability o S
values and inform clinical use.

after alignment of TMB scores
from targeted panels to the
reference standard

used in the clinic




tTMB : Double positive
positive

259 patient samples:
OAK and POPLAR trials
Spearman correlation = 0.64

Tissue only Blood only
(N =230; 25%) (N =242; 26%)

\ /

Shared variants

(N = 675; 59%)

From: D.R. Gandara et al. (2018) Nature Medicine 0134-3




« evolution of sub-tetraploid CNAs and (sub)clonal diversification?
From: C.M. Bielski et al. (2018) Nature Genetics 0165-1
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11 12 13 14 18 20 Chromosomes

6q21 / 10q112/ 11923.3
FOXO3, PRDM1 6q22 6q23 6G75.1 NCOA4 CBL, ARHGEF12

PTPRK TNFAIP3  ESR1 100223 106233 10qaq 102432 106253
BMPRI1A PTEN  FAS SUFU TCF7L2

From: W. Roh et al. (2017) Sci. Trans. Med. 9, eaah3560




« antigen loss/reduced expression

* impaired immune recognition and antigen processing

loss of

mutatlc_)ns HLA pathway mutations in
encoglmg genotype antigen processing
neoantigens and < JAK 1,2
-clonal immuno-editing loss of HLA * B2M, TAP1
chromosomal heterozygosity * IFN-y

deletion(s)

D




8243 samples from 20 solid tumor types

1 petabyte of genomic data — 50 gigabytes of
structured immunogenomic data

number of neoantigens correlated with mutational load

933,954 expressed nsSNV neoantigens (911,548 unique)
originating from 893,960 somatic point mutations

< 10% derived from driver genes and bulk from
passenger genes

only 24 of the 911,548 unique antigens were shared in at
least 5% patients or more than one cancer type
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Cancer Gene
Other Gene

ATRX, NF1

FAT1, KDM6A, PTEN

ARID1A, BAP1, DDX5, KMT2D, SETD2

CDH1, DDX3X, DNMT1, GNAT1T, INPPL1, KMTZ2B, PIK3R1
PRKDC, TSC2

ARID2, BAK1, BCOR, CASP8, COKN2A, CHD4, CHDS8, CUL48B,
DDR1, DOT1L, FLCN, NCOR1, PARFP1, PMS2, RB1, RBM10,
RECQL4, SGK1, SMAD4, SPOF, TRRAP

ABCC2, ABL1, AKT2, ARAF, ATRIP, AXIN1, B4GALT3, BCORL1
BRCA1, CARD11, CDK12, CDK8, CDKN1B, CHEKZ2, CIC
CNKSR1, COL7A1, CREBBPF, CTNNB1, CUL4A, CYLD, DDB2,
DICER1, DIDO1, EP300, EPHAZ2, ERBB2, ERCC2, ERCCS,
EWSR1, EZH1, FAM129B, FANCDZ2, FANCI, FGFR1, FGFR2,
FH, FOXAT1, GATA2, GPC3, GPS2, HNF1A, HRAS, IDH1, JAK2,
KATE6A, KDM5C, KMT2C, MAN1B1, MAP2K4, MAP3K1,
MAP4K3, MED12, MED23, MYLK, NFKBIA, NOTCH 1
NOTCH3, NPM1, PARP4, PAX5, PDGFRA, PHFE, PIK3R2,
POLD1, POLE, POLQ, PTCH1, PTPRD, RAD51C, RARA,
ANF43, RPA1, RPLS, RPTOR, SETDB1, SMARCA4
SMARCB1, SMARCE1, SOCS1, SASF2, STAG2, STATS,
STK11, TBL1XR1, TBX3, TCEB1, TLK2, TNFAIP3, TPX2,
TRAF3, TRAF7, USP9X

1

%)
=
o
®
>
=
=
o
}—

predicted higher MHC binding
affinities (Net MHC4,
NetMHCpan-3.0) for splice
variants

higher number of neoantigens
(2-3x) in splice variants than
NsSNV neoantigens

elevated expression of PD-1,
PD-L-1 in tumors with higher
splice burden

Adapted from: R. E. Jayasinghe et al. (2018)
Cell Reports 23, 270



e strong-binding neopeptides with MHC-I affinities <500nM associated with
better response rates to ICB in NSCLC and melanoma

 differential agretopicity index (DAI= difference in binding affinities of
wt/mutated peptides) as a potentially superior index of peptide
Immunogenicity than standard single neopeptide-MHC affinity profiling?

A Mutational burden NA burden Mean DAI Clonal mDAI Subclonal mDAI

"01Y p=0676 { p=0.023 L P=0.004 L p=0.039 p=0.466 High

O
<
=
—
=
20
@

From: E. Ghorani et al. (2018) Annals of Oncology 29, 271-279



Clonal HLA LOH

CRUKO000S CRUKO0016 CRUKO0023 CRUKO0039

A8
‘ A C

CRUKO0001 CRUKO0002 CRUKO0003 CRUKO0010

Subclonal HLA LOH

CRUKO0013 CRUKOQ017 CRUKO0020 CRUKO0027

CRUKO0028 CRUKO0D32 CRUKO048 CRUKO0051 CRUKO0061

Loss ¢
HLA-S
F gt

HLA loss of heterozygosity and failure to
recognize antigenic peptides no longer
presented on the lost allele

enrichment of neoantigens predicted to
bind with high affinity to lost vs retained
HLA alleles

higher frequency of LOH in subclones at
metastatic sites

- role of iImmune microenvironment(s) as
a selective force in shaping branched
clonal evolution?

From: N. McGranahan et al. (2017) Cell 171, 1259



The Need for Systems-Level Characterization
of Immune-Response Networks in Different Cancer Types,
Different Metastases and Different |/O Regimens

New Analytical Platforms for Increased Granularity
for Classification of Immune Cell Subsets,
Tumor (Sub)Clonality and Cellular ‘State Spaces’




® high dimensional phenotyping on an unprecedented scale
— from multiOmics profiling to stringent clinical annotation
— standards: pre-analytical processing, assays, data formats
® daunting level of theoretical ‘large N’ combinatorial interactions

— tumor (sub)clonal heterogeneity, diversity of immune cell subsets,
signaling molecules and intracellular pathways

® linear and non-linear effects in input:output interactions and
biological outcomes

® massive data
— design of experimental protocols to integrate diverse datasets

— data standards and format for data exchange and meta- analysis



® G. Torga and K.J. Pienta (2018) JAMA Oncol. 4, 868

® blood sample cfDNA profiling by Guardant and Personal Genome
Diagnostics Inc. (40 pts)

® concordance achieved in only 35% samples
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33 cancer types

Immune subtypes
Wound healing &

IFN-y dominant C2

Inflammatory (€8

Lymphocyte
depleted ©4

Immunologically
quiet

TGF- dominant

[ ) RNA-seq
| MIRNA-seq
) DNA copy number
) Mutation calls
) Clinical data

Methylation array

Immune cell
quantification

Somatic mutation

’
TF
> 4

v -

Iimmunomodulators

Regulatory networks Patient survival

33 TCGA cancer types
(30 solid tumor types)

11,180 samples

patient age range 10-90 years
(median 60)

22 Iimmune cell subsets
166 immune expression signatures
- 83 cancer context

- 77 general validity for immune
response

6 expression cluster groups
- N = 2416, 2591, 2397, 1157, 385, 180

From: V. Thorsson et al. (2018) Immunity, 48, 812-830



HRCA CESCCHOL COAD ESCA GBM HNSC KIKH  KIRC KIR®

IHC UAD LUSC MESO OV PRAD P PG PRAD READ SARCSKCM STAD TGCT THCA UCEC UCS N\l

« top third includes cancers most responsive to ICB
- lung AD, SC; melanoma; kidney (clear and papillary); head-neck; bladder
- uveal melanoma and adrenocortical carcinoma lowest lymphoid fraction (LF)
- glioma subtypes greatest LF range (related to microglia content ?)

From: V. Thorsson et al. (2018) Immunity, 48, 812



Multi—Attractor Landscapes, State Space Occupancies
amd Co-Evolutionary Pathways in Complex Adaptive Systems
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« functional pathways, modules and signaling network architectures

* gene-regulatory networks




Multi—Attractor Landscapes, State Space Occupancies
and Co-Evolutionary Pathways in Complex Adaptive Systems

Rx-induced shift(s) in landscape topologies
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« functional pathways, modules and signaling network architectures




Understanding the (Pre) Exhaustion T Cell Phenotypes
Induced by Upregulation of Immune Checkpoint Molecules
and Chronic TCR Stimulation

Identification of T Cell ‘State Spaces’ and
Responsiveness to Reinvigoration by ICB (and other I/O Rx)




t-SNE Clusters (7) of Single Single Cell Analysis of CD8+
T Cell Subsets in NSCLC ~ Cell State Transitions in NSCLC

CD8" T cell
CD8-C1-LEF1

CD8-C2-CD28
® CD8-C3-CX3CR1
® CD8-C4-GZMK
® CDB8-C5-ZNF683
® CD8-C6-LAYN

Cytotoxic
_>

N
= =
S 2
w o
- Q.
7 €
- o)

&)

<«

Component 1

<« B

Non-exhausted Exhausted

Adapted from X. Guo et al. (2018) Nat. Med. 24, 479



Cancer and
desmoplasia

Duct
epithelium

Pancreatic
tissue

B Cancer cells A
B Cancer cells B
B Cancer cells C
B Fibroblasts

O Macrophages
@ Tuft cells

m CD8 T-cells

@ Red blood cells
m Acinar cells

m Ductal cells

Adapted from: R. Moncada et al. (2018) bioRxiv254375



® microdissection and microfluidics capture of double/triplet cells to define state
spaces generated by physical interactions

® profiling from tissue sections

® new automated imaging methods with high (40) multiplex immunofluorescence
analysis of frequency of cell type adjacencies and protein expression

J.C. Boisset et al. (2018) Nat. Methods 15, 547 G. Gut et al. (2018) Science 361, 468
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Adjusted a8

Category added

! Taxonomy
Pathway
Metabolitas
Platelets

B Hormones
g
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Bl snes

Age -

O.B. Bakker et al. (2018) Nature Immunology 19, 776

* 91 cytokine-stimulus pairs in 534
Individuals elicited by 20 pathogens

* 70% heritability



Sreus
BLrSus

Dicsans

C. albicans

TNF_MSUC16
ILE_MSUC16
L1 MSUC16
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g
TNF_PamaCys
ILS Pam3Cys
B LPS

S
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Adjusted a8

Categoary added

Taxonomy
Pathway
! Metabolitas
FPlateiets
Bl Hormones
g
- Modulators
Cell court

Bl snes

Age - sex

O.B. Bakker et al. (2018) Nature Immunology 19, 776

* 91 cytokine-stimulus pairs in 534
Individuals elicited by 20 pathogens

* 70% heritability

do germ line variants in
lymphokine/cytokine affect
responsiveness to I/O therapy and
AE risk (cytokine release syndrome)?




T cell Reinvigoration

aliCly . . « immuno-editing and
A strong reinvigoration . _
immune-escape (sub)clones = NR

but clinical failure . : : .
* impaired antigen presentation green = R

large tumors

N : « activated signature
strong reinvigoration

large tumors
low/intermediate reinvigoration

* high suppressive TME
 severe exhaustion

small tumors

strong reinvigoration * activated signature

small tumors * poor priming
weak reinvigoration * poor immunogenicity

LOW

LOW —>  HIGH
Antigen Load/Disease Burden

Adapted from A.C. Huang et al. (20017) Nature 545, 60



® handicap of ‘static’ snapshot of immune profile in resected tissue
lesions/biopsies versus longitudinal monitoring of dynamic
changes in tumor progression/Rx responses

® how far do blood-based (liquid biopsy) assays mirror
Intra-tumoral events in anatomically dispersed metastases?

— ctDNA and mutanome profiling?
— Immune cell subsets and trafficking?
— cytokine signaling networks?

— exosome species?



Exosomes and Modulation of Immune Functions

Tumor-Derived Exosomes as a Potential Molecular Profiling Platform
to Assess Variation in Immunotherapy Efficacy?




® direct activation of effector T cells by MHC class | and Il complexes on
vesicle membrane

— T cell priming required
— B cell-derived exosomes stimulate primed CD4* T cells but not naive
T cells

® transfer of tumor neoantigens to dendritic cells (DCs) and
stimulation of naive CD4* T cells

® stimulation of pro-inflammatory M1 phenotype in macrophages



exosomal PD-LI suppression of CD8* T cells

decreased production of immunostimulatory molecules

— IL-2, IL-17 and IFN-y

Increased levels of immune inhibitory proteins

— TGF-B, IL-10, COX-2

MiR212 induction of reduced MHC Il expression

MiR222, miR494 and M1 to M2 shift in tumor associated macrophages

Immunosuppression of B cells by exosome membrane-associated CD39
and CD73 via production of extracellular adenosine

Impaired differentiation of DCs from bone marrow precursors
enhanced survival of MDSC via activation of STAT3

Inhibition of NK cells by exosome surface MICA/MICB liquids, TGF-LAG
and induction of inhibitory TGF-



Blood-based Exosome Profiling

BIOTARGETING SYSTEM

V. Domenyuk et al. (2017) Nature Sci. Reports 7, 42741
« 10'?2 exosomes/ml

» proprietary aptamer oligonucleotide library for capture of diverse
exosome species based on surface ligands

— unbiased target identification
—NGS readout of selective binding
* identify cell-of-origin

« gquantitative and qualitative disease-associated changes
In membrane proteins and internal cargo

©2017 Caris Life Sciences



® assessment of Exost™ and ExosUPP ratio in tumor
progression and therapeutic efficacy

- baseline before immunotherapy
- effect of prior Rx on baseline

- measure dynamic changes in ratio during
iImmunotherapy (and other therapies)

patterns and ratio in R and NR cohorts and/or
adverse events



® recognition in development of nearly 40 Minimum Information for
Biomedical Investigations (MIBBI)

— https://fairsharing.org/collection/MIBBI

® evolving framework for immune datasets
— Minimal Information for Adaptive Immune Receptor Repertoire
F. Rubelt et al. (2017) Nat. Immunol. 18, 1274

® journals have different (or no) policies to standardize nomenclature and
access to raw data/analytical computer code(s)



Cancer drugs may speed
tumours in some people




SClence - * possible role of dysbiosis in

: ¥4 creating chronic inflammation
GUT MICROBES R and immunosuppressive
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The microbiome influences patient
repn » to immunotherapy

* limited insight into the roles of
diet and microbial metabolites
on cancer risk, progression and
/O RX response

8% - effect of oral antibiotics on 1/O
| efficacy



https://www.aaas.org/file/journalsscience20180105hrjpg

® within and across cancer types

® dramatic expansion in combination trials
— biological rationale for MOAs of the selected agents
— dosing and sequence, duration, toxicity profile

® [imitations of preclinical models for new I/O agent discovery
and evaluation of combination regimens

— organoids, orthotopic human xenografts



umbers of trials using common combo strategies: :f“”‘
Wi .

Wb o |
1. Anti-CTLA-4 agents: 251 :

2. Chemotherapies: 170

Chemotherapy

3. Radiotherapies: 64 170

4. Anti-VEGFA agents: 43

5. Chemoradiotherapy combos: 42 f o Radiotherapy

From: J. Tang et al. (2018) Annals of Oncology 29, 88




meeting public (and political) expectations

® balancing hype versus hope

® realism of likely time frame (and cost) of major gains in next-
generation I/O therapies

- efficacy within and across malighancies
- combination Rx (current agents)
- 2/3"d generation I/O agents

® societal (cost) and individual (futile Rx) implications of
unrestricted use of first-generation 1/O absent predictive
markers to stratify responder and non-responder cohorts



DTC Saturation A Delicate Ethical Balance:
Advertising Campaigns Come and Be Cured by Us: (Go Elsewhere at Your Peril)!

Who will crack the cancer code?
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® deserved recognition of ICB as major therapeutic
advance

® media hype, scale of corporate DTC and AMC
advertising campaigns emphasizing responders

— distorts public awareness that NR>R

— unrealistic patient expectations of successful
outcome

— potential for serious toxicities
— cost of futile therapy in NR patients/toxicity risk

® patient demands for immunotherapy despite no
evidence of efficacy in their specific malignancy



Cancer Treatment Cost Value Frameworks for Oncology

AFFORDABLE I =4

CANCER CARE
T“he” Qqsts of Cancer

Cost vs. Value and the

Price of Innovation in Cancer Care:
Oral Anticancer Drugs in Multiple Myeloma; as a Case Study

GONI DY IY
Making Medicines
Affordable

Promoting Value, Affordability, and
Innovation in Cancer Drug Treatment

A Report to the President of the United States
from the Prasidant’s Cancer Panel




® JAMA Oncology (2018) 4,326
- analysis of approved I/O agents (2011 to 8/17)

® 23 indications for 6 I/O agents for metastatic solid
tumors

® only 3 gained durable survival bonus points under ASCO
framework



robust companion performance-
prediction of diagnostics based
responders and outcomes
and labeling and
non-responders requirements premium
pricing

integration of R:NR immunophenotypes risk

into clinical trials and registration dossier sharing




The Urgent Clinical and Economic Imperatives for
Predictive Markers to Differentiate
Responder and Non-Responder Patients
In Different I/O Regimens

D SINgle most Important opportunity tor the
DIo)pharmaceutical Industry In advancing rational

mmunotherapy?

D INCreasea payer pressure 1or periormance-based
oUtCcomes and premium pricing?

) proactive Inaustry engagement or reactive
response to payer imposition?




Slides Available @ http://casi.asu.edu/presentations
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