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Comprehensive CIT Biomarker Platform
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Why are biomarkers important in drug development?
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Most widely used biomarkers in Oncology have been genetic

alterations
EGFR BRAF EGFR
mutations Mutations T790M
2004 2011 2015
1998 2006 2010 2014 2016
17p
Her2 BCR-ABL ALK Ros1 i
amplification translocation rearrangements fusions Deletions
BRCAL
Loss

- These are often driver defects

- Direct measures of the target/pathway

- Simpler to measure (yes/no) and

- Simple to communicate to the practicing community.




Biomarkers in CIT- The issue of the continuous variable

2017

IHC, Sequencing

2015 2019

Protein expression IHC Sequencing

Often not driver mutations, definitions can differ between drug developer A and B

May not be direct measures of the target

Need to interrogate multiple cutoffs before defining the dx

Not simple to communicate to the practicing community (many predictors for the same drug/s).




Clinically Useful Biomarkers

What Defines a ‘Clinically Useful’ Biomarker?

Magnitude of effect is Results are validated in Assay results are
sufficiently large that a prospective clinical reproducible

clinical decisions study

based on the data Assay can be run at
result in favorable external labs, hospitals
outcomes or physicians

Greater chance for
benefit

Smaller or similar
toxicity risk




Discovery Process

* Most Oncology NMEs are
Targeted Agents
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Important considerations in testing a biomarker

hypothesis in the clinic

Biomarker prevalence
Dictates size of the trial/speed of
enrollment

Biomarker stability
Between archival and pre-tx timepoint

Prognostic association
Is it good prognostic? (impacts
statistical considerations of trial)

Is it poor prognostic? (events may
come in earlier)

PD-L1
Expression Prevalence
Cut-off

IC>=1% ~50%
IC>=5% 19-43%
|C>=10%"* 9-30%



Biomarker Trial Designs

All'Comers

All patients

Retrospective Biomarker Analyses

Van Schaeybroeck, S. et al. (2011) Implementing prognostic and predictive biomarkers in CRC clinical trials
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2011.15



Trial Designs — Biomarker Stratified




Trial Designs — Biomarker Selection




Methods to assess Pharmacodynamic Biomarkers

Murine syngeneic models

Well suited to understand general MoA

Confirm if target expression in preclinical model is similar to human disease
Confirm if cell type being explored is similarly translatable to human disease

Tumor biopsy/resection
containing stroma and TIL

Human tumor explant models

Well suited to study MoA

TME similar to human disease

Ability to immunophenotyped cells upon treatment




Human tumor organoid models
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Assessment of human tumor microenvironment upon
checkpoint inhibition

Increased infiltration of activated intra- Infiltration of T-cells, IFNg sig, Three distinct patterns of T-
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What defines a tumor immune phenotype?

Complexity of underlying biology means answer has multiple layers

inflamed non-inflamed

infiltrated excluded desert

AN

 Molinero L

700um

mutational load

) TILs
CD8 T cells / IFNg
PD-L1 & checkpoints

angiogenesis
reactive stroma
MDSCs

HPV (HNSCC, cervical)
HBV, HCV (HCC)
EBV (NPC, GC)

< >

Hegde PS et al., CCR 2016

Bulk immune content
e Bulk TIL by H&E or CD8 IHC
e Bulk immune gene expression

Histological immune contexture

(tumor/stroma)

* Categorical TIL or CD8 IHC analysis by
pathologist

* Quantitative analysis using digital pathology

Composite molecular features

* Feature relationships are not universal across
indications

* Evolving understanding ... (e.g. viruses)

Clinical outcomes
* Evolving understanding ...



An integrated pre-treatment tumor biomarker analysis to determine drivers of efficacy
and resistance to atezolizumab in mUC

Integrated tumor biomarker analysis

IMvigor210 (Phase 2 trial): samples n = 326 for one or more of
these assays

Immune
phenotype

DNA
alternations,
Mutational
Burden (FMOne)

gene signafures Mariathasan et al, 2018 Nature

. PD-L1 IHC CD8 IHC: CIT phenotypes

Inflamed Excluded infiltrate Immune desert

Anti-CD8

[ERN

Mariathasan et al., Nature 2018



Bladder cancers are enriched for “immune excluded” tumors where extent of TGFf3 signaling
influences responses to atezolizumab

TGF-b pathway associated with
PD in excluded tumors
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One of TGF[}’s functions is to trigger the formation of collagen fibers

that can trap T cells

Tumor cells

TGFp o0 * {§?\
e

-

Collagen fibers

Bladder “excluded” phenotype: CD8/Collagen

20



Therapeutic administration of anti-TGF3 with anti-PD-L1 promotes T cell infiltration, CAF
remodeling leading to complete responses in mice

EMT6 is an immune-excluded mouse model
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CAF, cancer-associated fibroblast




Cancer is a heterogenous disease
Treatment options need to account for heterogeneity

Clonal : Stromal
eterogeneit Barrier

Genetic
Alterations

Immune
Suppression

Epigenetic
regulation Immune
Contexture

Cell of Origin

Signaling
Dependencies

‘ Tumor cell intrinsic

Hanahan D and Weinberg R, Cell, 2011
Hegde PS et al., CCR 2016
Chen D and Mellman I, Nature 2017

. Tumor microenvironment



CDK4/6 contributes to immune escape

Non-
Inflamed .
inflamed
INFLAMED IMMUNE EXCLUDED IMMUNE DESERT
.-: ’ 62 ' CD8+ T cells & CD8+ T cells CD8+ T cells are
w:“” . infiltrated, F | accumulated but have absent from tumour
% ":sj: ‘i x| but non-functional s Y not efficiently infiltrated and its periphery

Mutational Load

Angiogene
Reactive stroma
MDSCs

1TGF]3

TILs
CD8 T cells/IFNy
PD-L1 & checkpoints

| |
Respond favorably to checkpoint Convert to inflamed phenotype with combinations
inhibition

Hegde PS SITC 2018 Mod/fied from Hegde PS et al., Clin Canc Res 2(?16
I Mariathasan S, Turley S et al., Nature 2018; Jiang P et al.., Nat Med 2018



CDKNZ2A a marker of response to CPI

Pan tumor markers of response to Atezolizumab
(WES, RNAseq, CD8 IHC, PD-L1 IHC) N>400 patients

advanced or metastatic urothelial
carcinema (mUC) (2+)

to docetaxel in lecally advanced or
metastatic NSCLC with failed
platinum therapy (2+)

+ bevacizumab compared to
sunitinib in untreated advanced

| Phase Il Phase |
IMvigor210 - POPLAR IMmotion150 PCD4989g
single arm study of atezo in locally randomized study comparing atezo randomized study of atezo or atezo basket study of safety, tolerability and

pharmacokinetics of atezo in partici-
pants with locally advanced or meta-
static solid tumors

379 patients treated with atezolizumab monotherapy, with defined ORR (CR/PR/SD/PD),

751 samples

PD-L1 IHC and bulk tumor transcriptional profiles with RNAseq
| | I |
mucC NSCLC RCC muUcC
n=218 n=83 n=78 n=95
T T T T

249 samples genetically profiled by whole-exome seguencing NSCLC
(TMB, point mutations, copy-number alterations) n=55
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Training

CDKNZ2A transcript strongly correlates with
response to CPI
SD/PD CRIPR
6 ERE R
1.50 CDKN2A —
. .|. .
\ 34 D=0_073
13 '
g "
i o : < ORR
— 8- L £ o] B4 SDPD
s "y & 8 EZ CRPR
2 ; E
| r
0 . s -39 .
4 7 : i 1 o O &
log2 fold change 6\\5 é'oov Q\O

Romain B

Sanj M

Banchereau R et al., SITC 2018

A trend toward increased efficacy in patients with no deletions in CDKN2A

RCC - CDKN2A
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CDKN2A blocks CDK4/6 complexes

RADATION

CDK4/6- a potential mechanism of escape

High expression of CDK6 is associated with poor OS to

mUC - CDK6

atezolizumab

NSCLC - CDK6

RCC - CDK6
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~ 22501 — Abemaciclib

Continuous administration of Abemacyclib during

phased treatment with aPD-L1
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Cancer is a heterogenous disease
Treatment options need to account for heterogeneity

Clonal : Stromal
eterogeneit Barrier

Genetic
Alterations

Myeloid

Epigenetic
regulation Immune
Contexture

Cell of Origin

Signaling
Dependencies

‘ Tumor cell intrinsic

Hanahan D and Weinberg R, Cell, 2011
Hegde PS et al., CCR 2016
Chen D and Mellman I, Nature 2017

. Tumor microenvironment



Myeloid inflammation is associated with escape in RCC

IMmotion 150 Phase Il RCC

Atezolizumab 1200 mg IV
+ bevacizumab 15 mg/kg
gq3w

Treatment naive,

locally advanced .
or metastatic Atezolizumab

RCC 1200 mg IV g3w
N = 305

Sunitinib 50 mg
(4 wk on, 2 wk off)

PD-L1 IHC,
CDS8 IHC,
CD31 IHC
—
Tumor /ERV
— gene
expression
‘il Disease mutations
l:“[ "‘ilp}

WL, eg VHL, PBRM1

1
& 70 80 ©

* IMmotion150 was designed to be hypothesis generating and inform the Phase Il study IMmotion151

e Co-primary endpoints were PFS (RECIST v1.1 by IRF) in ITT patients and patients with > 1% of IC expressing PD-L1

» Exploratory endpoints included interrogation of the association between outcome and TME gene signatures

McDermott D, Huseni M et al., Nat Med 2018



Tumor microenvironment in RCC
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Atezolizumab and Bevacizumab Demonstrated Improved

PFS vs Sunitinib in the T- EffectorH'gh Subset
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Myeloid inflammation may be associated with lack of clinical benefit to

CPl - aVEGF may overcome this escape mechanism

T-effectortish Subpopulation
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Baseline plasma IL-8 is associated with disease progression to CPl in Bladder Cancer

Bas:eline.plasm.a IL8 levels Pharmacodynamic decrease in
higher in patients who plasma IL8 observed in patients with
progress on MPDL3280A CR/PR compared to PD with

atezolizumab
N=48 N=47 N=38 N=35 N=32 N=9
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Tumor immunity continuum- a framework for combinations

Non-
Inflamed :
inflamed
INFLAMED IMMUNE EXCLUDED IMMUNE DESERT
& , ? e A | CD8+ T cells . CD8+ T cells CD8+ T cells are
e . infiltrated, " accumulated but have absent from tumour
sl but non-functional 3 | not efficiently infiltrated and its periphery

Mutational Load, ERV

Angiogene
Reactive stroma
MDSCs

1TGF[3

Kie 7
Low MHC

TILs
CD8 T cells/IFNy
PD-L1 & checkpoints
2Low Myeloid Inflam

| |
Respond favorably to checkpoint Convert to inflamed phenotype with combinations
inhibition

Modified from Hegde PS et al., Clin Canc Res 2016
Hegde PS SITC 2018 1 Mariathasan S, Turley Setal, Nature 2018; Jiang P et al.., Nat Med 2018
2McDermott D, Huseni M et al., Nat Med 2018



Diseases along the tumor immunity continuum

Immune Phenotype
mmm Inflamed
= Immune excluded
Immune desert

High

TMB

Low

NSCLC Melanoma RCC UBC TNBC Gastric CRC MSS Pancreatic SCLC Prostate HR+ BC
Tumor Type
Inflamed Immune Excluded Immune Desert

Hegde and Chen (manuscript in preparation); Hegde PS et al., CCR 2016, Herbst et al., Nature 2014



Methods to assess
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At a single cell level, better able to characterize cells, identify novel markers of functional states

Tirosh | et al., Science 2016
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The learning loop to drive scientific innovation

Reverse Translation
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Distinguish drivers
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Test hypothesis in defined
patient population

Translational Medicine



