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Realizing the Promise of Cancer Immunotherapy

wide variation in RXx response rates

- only 2( - 40% positive responses even Iin 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)

will I/O combination regimens increase response rates?
rationale for selection of combination regimens

unsustainable long term cost of treating no -responder patients

Urgent clinical’and economic need 1or mul -parameter immunopnenotyping

[0 reliably predict responderVvs ne responder patients and toxicity risk



The Clinical Trial Landscape for P/ -1/PD -1 Immune Checkpoint Inhibitors (2018)
2250 trials; 1716 combination Rx; 240 Rx targets
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Adapted from: J. Tang et al. (2018) Nature Reviews Drug Disc. 17, 854-55


https://www.nature.com/articles/nrd.2018.210.pdf

Cancer as a Complex Adaptive System

« 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



Cancer as a Complex Adaptive System

« predisposition alleles
 HLA genetics

« germline genetics

innate and * inter-patient/ intra-
» local and systemic adaptive tumor patient
immune (sub)clonal « mutagen burden and
phenotype(s) diversity neoantigen profile

* immuno-editing

* intrinsic and
acquired Rx resistance

* microbiome

l1-defined systemic K, progression and RXx responses

- age * gender « ethnicity « environmental risk factors/lifestyle
« adiposity e+ comorbidities + microbiome <« chronic subclinical inflammation

 selection pressure of prior Rx regimen(s)

 variations in clinical practice: AMCs vs community practices




Cancer: The Interplay Between Multiple Complex Adaptive Systems

m

* predisposition
(germline)

* cumulative
combinatorial risk
exposure (somatic)

* immune response
repertoire (germline
& somatic)

* microbiome

* lineage and subtype -
dependent
dysregulation

* clonal/ subclonal
heterogeneity

* elimination
* equilibrium

* evasion

Spatial and temporal dynamic range

* molecular networks to the wnole organism
* preclinical events and clinical phase events







The Discovery, Development and Validation of Predictive
and Prognostic Biomarkers in Immunotherapy:
A Complex Multi-step, Multi-dimensional Process

O 9 ¢ ¢ ¢
specimen(s) analytes standards for  clinical regulation reimbursement,
and and pre-analytical validation pricinn and
sampling  analytical and analytical  and valu -based
frequency  platforms validation utility contracting

pre-treatment baseline and longitudinal RX response profiling, AE and HP risk
concoraance ot liguid blopsies with intratumoral microenvironment

Standards for clinical staging: ORR, PES, RES, OS, AEs,

effect of disease ¢t morbidities and prior Rx regimen(s)
COSt based pricing



Identification and Validation of Predictive and Prognostic
Biomarkers in Immunotherapy

interaction patterns

frequency

patient derived organoids and xenografts

statistically-g

frozen/FFPE



The Discovery, Development and Validation of
Predictive and Prognostic Biomarkers in Immunotherapy

regulation

clinical

validation and qf
clinical multiplex
utility multiparameter
assays

RCTs vs platform trials



Cancer-iImmune Phenotypes

From: D. S. Chen and I. Mellman (2017) Nature 541,34




System-Level Characterization of Tumor-Immune
Interaction Networks

Intractable to Reductionist Methods




Classification of 47 Modules Defined by Weighted Gene Cluster
Network Analysis in 28 Human Immune Cell Subsets

From: J. C. Rieckmann et al. (2017) Nature Immunol. 18, 583






The Discovery, Development and Validation of Predictive
and Prognostic Biomarkers in Immunotherapy

profiling to stringent clinical annotation

aValaa alawl )\ aVYaalalia -




The Diecrnvarvy NDavalnnmant and \/alidatinn nf Pradirtjye
and Prognostic Biomarkers in Immunotherapy

design of experimental protocols to integrate diverse datasets




The Discovery, Development and Validation of Predictive
and Prognostic Biomarkers in Immunotherapy:
A Complex Multi-step, Multi-dimensional Process

O 9 ¢ ¢ ¢
specimen(s) analytes standards for  clinical regulation reimbursement,
and and pre-analytical validation pricinn and
sampling  analytical and analytical and valu -based
frequency  platforms validation utility contracting

The Curse of Dimensionality (n < p)

number of independent observatlon (n) is vastly smaller
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A Broad Classification of Tumor-Immune Microenvironment (TME)

* high T cell- * low T cell-inflamed
inflamed signature signature

* low TMB e low TMB

* high T cell-inflamed |[BESrRE IET i t=1e
signature sighature




Tumor Immunonhenntvnecs Assnciated \With F\)pgponsiveness
to Immune Checkpoint Blockade

“Hot”, “Inflamed”, “Immunogenic”

high tumor mutation hurden

hinh tirmoi infil’rrafing CDS8t 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
- CCL2,3,4,5, CSC29, CXCd10

higher expression of TIL checkpoint receptors
- PD-1, PD-L1, CTLA-4, LAG3

M1 phenotype tumor-associated macrophages (TAM)

low Tregs, MDSCs

low TGF-8




Shifts of Intratumoral Immune Cell Populations to
Immunosuppressive Phenotypes with Tumor Progression
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Understanding the (Pre) Exhaustion T Cell Phenotypes
Induced by Upregulation of Immune Checkpoint Molecules
and Chronic TCR Stimulation




.NE Clusters (7) of Single Cell Analysis Single Cell Analysis of CD8+
Clustering of T Cell Subsets in Cancer Cell State Transitions

CD8" T cell
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Adapted from X. Guo et al. (2018) Nat. Med. 24, 479







The Vascular: Immune Checkpoint as a Therapeutic Target?




The T Cell-Vascular Interface:
Vessel Architecture and T Cell Extravasation

Tumor-intrinsic EC EC qualities regulated
qualities * by effector T cells

Vessel anergy

T cell exciusion

Immune checkpoint
molecules potentially
expressed

Vessel leakiness

Vvessel proliferation

From: A. Johansson-Percival et al. (2018) Trends in Immunol. 39, 801

Vessel activatnion
T cell attractiaon

Immune checkpoint
molecules highly
expressed

Vessel normalizaton

HEV induction

Vessel pruning



https://doi.org/10.1016/j.it.2018.08.001

The Vascular: Immune Checkpoint:
A New Therapeutic Target?

« tumor-mediated exclusion of T cell extravasation and intratumoral
Infiltration

 inhibition of T cell adhesion and rolling on activated HEV
 PAK4 upregulation and B-catenin (SITC 2018 Abstract 039)
 GDF-15 upregulation (growth and differentiation factor 15)

- impaired activation of IFA-1 on T cells and reduced endothelial
binding (SITC 2018 Abstract 041)

« melanoma CDK4 upregulation signature associated with exclusion
but role in T cell egress unknown

From: L. Jerby-Arnon et al. (2018) Cell 175



Tumor Immunophenotypes Associated With
Non-Responsiveness to Immune Checkpoint Blockade

“Cold”: “No munogenic”, “Immune Desert”

low mutational and neoantigen burdens

low CD8 effector cells

high Tregs and MDSCs, low Thl

Immunoediting and loss/down-regulation o neoantigens

iImpaired antigen presentation
- loss/downregulation of MHC
- JAK 1/2 and B: microglobir mutations in MHC1

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

- ratanin\\nt mutations and reduced CCL4 chemokine production and dendritic cell
recruitment

CCR2/CCL2 and M2 phenotype TAMs

IPRES (innate PD-1 resistance) aene sianature
- Immunosuppressive cytokines, EMT-TFs and pro-angiogenic factors



PDL-1 Expression as a Predictive Biomarker for

Anti-PD-1 and Anti-PDL-1 Therapy




PDL-1 Expression as a Predictor of ICB Response

® imperfect as stand alone response predictor

® multiple studies correlating PD 1 expression on tumor cells
with response to ICB but others detect no association

® patients with low to no detectable PD -1 can experience durable
clinical benefit

® heterogeneity in cell type expression
- TILs versus tumor cells

® no -standardized detection assays and ct -off points for IHC
positivity and staining intensity






Mismatch Repair Deficiency Predicts Response of Solid Tumors to PD-1 Blockade

Mismatch repair deficiency in 12,019 samples across 24 tumor types
From: D. T. Lee et al. (2017) Science 357, 409
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Cancer Phenotype Agnostic Profiling for Microsatellite Instability (MSI)
and DNA Mismatch Repair Deficiency (MMRd)

® M -high (MS -H) as lineage agnostic predictive marker foran P -1
Immunotherapy

- FDA approval

® Lynch Syndrome (LS): germline MMRc due to mutations in MLH1,
MSH2, MSH6, PMS3, EPCAM

@ hictarical rarnnnitinn nf I S germline MMRA for predisposition to CRC
and endometrial cancer

® LS phenotype higher prevalence in other malignancies than
previously recognized

- A. Latham et al. (2018) J. Clin. Oncol. 286, 37





https://doi.org/10. 1200/JCO.18.00283

TMB, Neoantigen Expression and I/O Rx Efficacy

Neoantigen
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AML
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Ovarian
Cervical

i |Bladder]|

Carcinoid

carcinoma

multiforme
Lung squamous| |

Oesophageal |,
adenocarcinoma |
" Lung adeno-

Glioblastoma

\

-

cell carcinoma

Ewing sarcoma
Neuroblastoma 1

i \Head and neck

Medulloblastoma
Low-gradeglioma
Kidney clear cell

Rhabdoid tumour
Multiple myeloma

.o i

Targeted therapies, j Immunotherapies
including CAR/engineered T cell therapy ‘ : (complex genomes,
(simple genomes, b v target genetic diversity)

uv
{_’Smoking

From: C-H Lee et al. (2018) Trends in Immunol. 39, 536



https://doi.org/10.1016/j.it.2018.04.005

Tumor Mutation Burden (TMB) and ICB Response

® positive pan-cancer correlation with PFS across 27 tumors

® outliers

- Merkel cell carcinoma and RCC higher response than predicted
by TMB

- mismatch repair proficient CRC less responsive than predicted
by TMB
® TIL immune infiltration correlates with TMB and/or neoantigen
burden

- correlation for cancers driven by recurrent mutations but not
those driven bv copv number alterations (breast. pancreas)

- RCC outlier as highest immune infiltration score despite low TMB

® case by case patient variation within every lineage



Samples

Goals

Tumor Mutational Burden (TMB)

Analytical Validation

Publicly available
TCGA data

ldentifvy sources of
variability between TMB
Ldl( l_l|dt*.;’{| i._i‘_%?f'n__} '.".r""\_’l"_‘
exome sequencing | WES)
& various targeted panels

used in the clinic

Cells derived from
human tumors

Agree upon creation of a

universal reference standard

using WES

Identify sources of variability

after alignment of TMB scores

from t{ﬂ(;;»:et'fd ;.)Lﬂlrﬂi- to the

reference standard

-  (Clinical Validation =»

Clinical Samples

Conduct a retrospective analysis
using patient outcome data

to assess the variability around
clinically meaningful cut-off

values and inform clinical use.




Cutpoint for Top 20% TMB Associated with Longer OS with ICB
Therapy Varies Across Different Tumor Types

No. of patients P-value

All samples in cohort 1,662 1.59 x 10°°

Cancer type
Bladder
Breast
ER+
ER-
Unknown primary
Colorectal

0.040
0.605
0.287
0.731
0.155
0.031
0.221
0.465
7.42 x 1073
0.067
2.30x 10
0.569

Esophagogastric
Glioma

Head and neck
Melanoma
Non-small cell lung

Renal cell carcinoma

Drug class
Combo
CTLA4 1.89 x 10™°
PD-1/PDL-1 6.95 x 107

0.018

|
0.12 025 0.50 1.0 2.0 4.0

<—— Better overall survival Worse overall survival—-—>

From: R. M. Samstein et al. ( 2019) Nature Genetics 51, 202



Lineage-Specific TMB Cutoff Scoring

® rank individual patient TMB score as a percentile within
overall dynamic range for their tumor class



Neoantiger Expression and Detection in Prediction
of Responsiveness to Immune Checkpoint Blockade (ICB)

loss of

mUtatiC_)nS HLA nathwav miitatinns in
encoc_llng genotype antinen nrocessing
neoantigens and « JAK, 1,2
«clonal immuno-editing lnss of HI A * P2M. TAP1

-chromosomal heterozygosity

deletion(s)

Ntrinsic and acquired resistance to ICB



HLA Loss of Heterozygosity in Lung Adenocarcinoma and
Lung Squamous Cell Carcinoma

« HLA loss of heterozygosity and failure to
reconnize antinenic nentides no Ionger

presented on the lost allele

CRUKDOOS CRUKODO1G CRUKOO29 CRUKODO3S
A » = A
xy g \%ﬁ :: \"/I

T | ©  €NT'IChMent of neoantigens predicted to
bind with high affinity to lost vs retained
HLA alleles

* higher frequency of LOH in subclones at
metastatic sites

Clonal HLA LOH

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

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



Epigenetic Marker of ant PD-1 Response in Stage IV NSCLC*

® 1inmethvlated status of the regulatory T-cell transcriptome factor
forkhead box IP (EPIMMUNE positive)

® no correlation with clinical benefit in patients not treated with
Immunotherapy

® EPIMMUNE-negative signature in unresponsive tumors enriched in
TAMS, neutrophils, CAFs and endothelial cells with senescence
phenotype

*M. Duruisseaux et al. (2018) Lancet Resp. Med. 6, 771






Deep Phenotyping and ID of Genetic
Contributions to Individual Variation
In Cytokine Responses

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

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

70% heritability

00 germ line variants In
umpnhokKine/cytokine airect

[ISK (CYLOKINE release synarome)?






nature.. . ARTICLES
medlcme https://doi.org/10.1038/541591-018-0177-5

Classification and mutation prediction from

non-small cell lung cancer histopathology
images using deep learning

Nicolas Coudray '"??, Paolo Santiago Ocampo®®, Theodore Sakellaropoulos®, Navneet Narula3,
Matija Snuderl?, David Feny65°¢, Andre L. Moreira®7, Narges Razavian ' ®* and Aristotelis Tsirigos 3*

« use of Google inception v3 algorithm for analysis of histopathology
- 10,000 to > 100,000 pixels for 20x to 40x stained images

* robust identification of LUAD and LUSC (AUC of 0.97) comparable to
pathologist histopathology classification

» prediction of presence or absence of genes from image data alone
- EGR, STKII, FAT1, SETBP1, KRAS5, TP53



New Dinital Pathpology Imaging Systems for In Situ
Mult , Super- and Hyperplex Molecular Profiling

fluorophor -, hapte - or met: -coupled antibodies
oligonucleotide barcoding

IF Immunohistochemistry (I -IHC)

In Situ Hybridization (ISH)

Laser Capture Microdissection (LCM)

Matri -Assisted Laser Desarption lonization Imaging Mass
Spectrometry (MALL IMS)

Vibrational Spectroscopy
- two photon absorption fluorescence (TPAF)
- coherent Raman scattering microscopy (CRS)

- Fourier Transform Infrared Spectroscopy (FTIR)



_onitor ICB Response Patterns




Circulating Biomarkers Associated With ICB Response*

® TMB high
® ctDNA Initial increase with decline to undetectable levels

® Inss of PD-L1 nositive CTCs (CD45 CK* but need to exclude
CD11b* CD45' CK* myeloid cells as potential false positive)

® initial increase in Tregs followed by decline
® sustained high and expanded TCR clonality
® rising exosoma PD-1 and CD28 expression

€ high baseline PL L1 levels (>1.5 ng/ml)in ant PL 1 but not anti-
CTLA4

*J.R. Thompson and S. P. Menon (2017) Cancer J. 24, 78



Increased Freauencv of Circulatina of CD14*CD16-HLA-Dr" Monocytes and
Association with Positive Response to Anti-PD-1 Immunotherapy in Stage IV Melanoma

N R =1
S T U S G N DR G N — e S—— i — e w—

-
o
L
—
(]
[
=
—
.o
—
1
—
=
L

From: C. Kreig et al. (2018) Nature. Med 24, 144









Peripheral T Cell Dynamics in Neoadjuvant anti-PL 1
Blockade in NSCLC *

® opportunity for neoadjuvant Rx to assess major pathological responses
(MPRS)

® dynamic remodeling of peripheral TIL clonotypes post-Rx

® Tl clonntvnes detected in peripheral blood at significantly higher
frequency than intratumoral clonotypes

*J. Zhang et al. (2018) SITC Abstract 047



Commensal Microbiota and ICB Responses
diversity and composition of gut but not oral microbiota
Influence response in mice and humans

- NSCLC, RCC, melanoma and urothelial cancer

decreased response in patients treated with antibiotics but
not PPIs during ICB therapy

adoptive transfer of respons -associated bacteriato gerr -
free or antibioti -treated mice conferred ICB sensitivity

- different microbial species identified in different
publications

- different sequencing and metagenomic analysis methods

major geographic variation in predominant gut microbiota
phyla



Hyperprogressive Disease (HD) in Anti-PD-1/PDL-1 Immunotherapy

® reported variable incidence across different solid tumors (6% to
29%)

® discrimination of HD from naturally aggressive disease and
pseudoprogression

® requires integration of dynamic estimates of tumor growth rates
(TGR)

- TGR = estimate of increase in tumor volume over time between
two CT scans assuming exponential growth

® TGR Alnorithms niithlicallv availahle on line hiit not integrated into
majority of imaging software packages in routine use

*S. Champiat et al. (2018) Nat. Rev. Clin. Oncol. 15, 749



Combination Immunotherapies




Combination Immunotherapy in Cancer

new neoadjuvant protocols

amplification of neoantigen exposure by cytotoxic agents, oncolytic
viruses

stimulation of innate immune system and type 1 IFN signaling to
enhance priming/activation of adaptive immune responses

co-stimulation of CD8* and CD4 * cells by agonist OX40, GITR or
4-1BB antibodies

STING stimulation of dendritic cells to produce IFNB

use of drug delivery scaffolds for extended release of agonists



The Design of I/O Combination Clinical Trials

® combine agent with non-redundant MOAs and different targets

€ need for evidence of efficacy as single agent as rationale for anticipated
additive/synergistic efficacy?

— cf. IDO1 inhibitor implosion
® dose, duration and sequence of administration

4 approved dose for each agent or dose escalation titration?

® vAalidation of nreclinical mndels for new I/ anent discovery and
evaluation of combination options (efficacy/safety)

— allometry extrapolation for dose, duration, PK

— shared human: murine immune determinants versus human-specific
targets with need for humanized immune system mouse models






Framework for Temporally-Programed F Combinations in Cancer Immunotherapy

T cell homing
to tumor
T cell Tumor
priming infiltration

APCs 'Y 1cr
gather recognition

antigen -‘

R

Tumor CTL-mediated
cell death killing

From: A.M. Rothschilds and K.D. Wittrup (2019) Trends in Immunol. 40, 1


https://doi.org/10.1016/j.it.2018.11.003

Chronnhinlnny nf lImmiine Paennnea Timaoaceceralae anAd

Rational Design of Combination Therapies Using Animal Models

« CD4* T cells exposed to IL-1 prior to priming/co-stimulation impairs
activation, proliferation and memory formation

« expression of high affinity IL-2R on CD8* T cells after activation is transient
(versus Treg in which expression is constitutive)

Implications for pulsatile versus continuous infusion

 brief IFN signaling induces activation of CD8 * cells but persistent signaling
confers ICB resistance

« dosing of IFNa two days after IL-2 and cytotoxic Rx enhances tumor
eradication versus simultaneous co-administration

« concurrent anti-PD-1 blockade negates effect of agonist OX40 antibody



Chronobiology of Immune Cell Trafficking Patterns:*
Potential Implications for Immuno-Pharmacodynamics?

» circadian oscillations in number of circulating immune cells and trafficking to
lymph nodes (LNs) and tissues

T and B cells express classic circadian core clock genes

« circulating lymphocyte numbers peak around Zeitgeber Time 5 (ZT) (5 hrs after
light onset)

« CD4* and CD8* cells exhibit peak LN levels at ZT13
« expression of CCR7 on HEV in LNs exhibits parallel rhythmicity

« lymphocyte enress from LN to efferent lymph regulated by circadian expression of
sphingosine 1-phosphate receptor 1 (S1P1R)

* engineered deletion of core clock gene Bmall in T cells ablates circadian
rhythmicity

D. Druzd et al. (2017) Immunity 46, 120



restricted Use of Immunotherapy With Current
esponder/Failure Rates Economically Sustainable?




Expensive Industry DTC
Advertising Campaigns
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Immunotherapy: Hype and Hope

® deserved recognition of ICB as major therapeutic advance

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

— biased emphasis on responder/super-responders distorts
public awareness of NR>R and potential for serious
toxicities

— unrealistic patient expectations of successful outcome

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






Is the Bar in the ASCO Value Frameworks Too High In
Assessing Long-Term Benefits in I/O Therapy?

® 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



Performance-Based Contracts and Pricing:
The Inevitable Future Landscape for Immunotherapy?

robust comnanion performance-
identification diagnostics based
of and outcomes
resnonders labeling and
clyfe requirements premium

non-responders pricing

integration of R:NR immunophenotypes into

clinical trials and registration dossier




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

) SINgle most Important opportunity ror the
DIo)pharmaceutical iInaustry?

D [NCreaseda payer pressure tor perrormance-pased

) premium pricing for proactive industry engagement
Or reactive response to payer imposition or
DuUtcomes-based reimbursement?




Biomarkers for Prediction and Prognosis
In Cancer Immunotherapy

single biomarkers versus composite biomarker score
static versus dynamic immunc profiling

standardized immuno-profiling methods (eg. TMB cutoffs)
large N cohorts for clinical validation and utility

validation of cross-study cohort comparisons based on standardized
profiling methods and similarity of (pre)treatment regimen/duration

extended longitudinal monitoring for OS

machine learning algorithms for multiparameter composite scores and
deconvolution of independent and inter-dependent indicators

regulatory standards for complex multiparameter Dx-software platforms for
prediction and prognosis (monotherapy and combination therapy)



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

W < ‘-_" - - - L ‘ - - 2 g ¥ ‘."/ A N
‘v v . ..‘- N :

/_‘

- ’ -~
. 'h CHEa
M" :
7.
-




