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Biomarker Definition

*+“A characteristic that is objectively measured and evaluated
as an indicator of normal biologic processes, pathogenic
processes, or pharmacologic responses to a therapeutic
iIntervention”

BIOMARKERS DEFINITIONS WORKING GROUP: BIOMARKERS AND
SURROGATE ENDPOINTS: PREFERRED DEFINITIONS AND
CONCEPTUAL FRAMEWORK. CLIN PHARMACOL THER 2001;69:89-95.
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narmacogenomics Guidance further defines possible,
e and known valid biomarker categories depending on

e scientific information on the marker




Why Are Biomarkers Important?

ssDiagnosis is the foundation of therapy.

<*Biomarkers are quantitative measures that allow us to diagnose and
assess the disease process and monitor response to treatment.

‘s»Biomarkers are also crucial to efficient medical product development.

<*As a consequence of scientific, economic and regulatory factors,
biomarker development has lagged significantly behind therapeutic
development, although some progress had made in precision onco
field.
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Biomarker Classification/Application

“* Prognostic biomarkers
A measurement made before treatment to indicate long-term
outcome for patients untreated or receiving standard treatment

*» Predictive biomarkers
A measurement made before treatment to select good patient
candidates for the specific treatment

¢ Surrogate endpoints
A measurement made before and after treatment to determi
whether the treatment is working
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Use of Biomarkers

In Early Drug Development and Decision Making

*s»Evaluate activity in animal models to understand the
drug mechanisms

“*Bridge animal and human pharmacology via proof-of-
concepts or mechanisms or other observations

*s»Evaluate safety in animal models, e.g., toxicogenomics

**Assess dose-dependent response and select the right
dose based upon PK/PD analyses for phase 2 studies

‘s»Evaluate human safety early in clinical development
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Use of Biomarkers

In Late Drug Development and Decision Making

otoEﬁvaI{Jate optimal regimen for the desired pharmacologic
effec

otoldentifY the right patient who IikeI%/ respond to the
particular treatment, based upon the understanding of
mechanisms of action

**Investigate the mechanisms of resistance in patient fail to
particular treatment

**Assess the mechanisms related with drug safety
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Use of Surrogate Endpoints

In Late Drug Development

ssEfficacy: Use to assess whether drug has clinically
significant efficacy

s*Surrogate endpoints may be used to support
“accelerated approval” of a drug if the surrogate is
deemed reasonably likely to predict a clinical endpoint
of interest

A few surrogate endpoints (e.g., blood pressure, tumor
size by RECIST) are acceptable for full approval
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Biomarkers in Precision Oncology

Personalized Cancer Therapy M é)

Prognostic Markers ¢«

Markers predictive of drug ..
sensntwnty/resnstance

Markers predictive of <.
adverse events

A Source: https://pct.mdanderson.org/



An Example: Dynamic Translational Oncology
Biomarker Research Strategies

To elucidate To understand To find new To identify new [ To develop novel
target the potential correlates targets and combination
engagement, mechanisms of associated with patients therapies upon
pharmaco action clinical benefits potentially understanding
-kinetic and/or immune responding to of mechanisms
and pharmaco- related therapy of action and
dynamic changes adverse events resistance

Right dose Right patient § New target Right combo



Biomarker in Forward and

Reverse translation

Purpose of Translational

Oncology?

« Use scientific findings
from our own analyses

and translational
collaborations to l

Translational Oncology

Discovery

efficiently and
effectively inform drug
development

Early Clinical
Whom are we serving?
 Discovery, Early and
Late Development

. Difference between Late Clinical

target therapy and

(Mq'r\:atching Rainbow In Funnel, Bruno Budrovic IMmmunotherapy

Slide courtesy of Alex Snyder
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Forward Translation: Understand the Target->Design the Drug

HERZ2 Amplification in Breast Cancer

A

Slide courtesy of Alex Snyder

HER?2 amplification identified as a driver genetic alteration in breast cancer in the 1980s
Targeting by a monoclonal antibody, trastuzumab, based on that discovery
Pertuzumab subsequently developed to co-target HER family with further improvement in

survival
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Ulrich et al Nature 1984, Yamamoto T et al Nature 1987; Slamon D

et al Science 1989; Swain S et al Lancet Oncol 2013; Lamond and
Younis Int J Womens Health 2014



Reverse Translation: Make a Better Drug

EGFR mutations and EGFR inhibitors in NSCLC

EGFR targeting in NSCLC was based on hypothesis of EGFR amplification as driver alteration
Initial Phase |l study of erlotinib vs. placebo showed overall response rate of 8.9%, duration of response 7.9mo

Concurrent academic papers revealed the mechanism of sensitivity to 15t generation EGFR inhibitors: specific,
sensitizing mutations

|dentification of dominant resistance mechanism, EGFR T790M led to design of new EGFR inhibitors

Osimertinib demonstrated overall response rate 80%, duration of response 17.2mo

100 P<0.001 by stratified log-rank test

Hazard ratio, 0.70 (35% C1, 0.58-0.85) 104
" § 0.8 Osimertinib
~ h At Shepherd FA et al
=5 A 35 061 Standard EGFRTK NEJM 2005; Lynch TJ
5 k 2t NEJM 2004; Paez JG et
§ o 30 044 al Science 2004: Pao et
o 3
2? i, al PNAS 2004; Pao et
2 ' al JCO 2005; Soria JC
00 ——— : et al NEJM 2018
_ T = 3 3 0 3 6 9 1215 18 21 24 27 30 3
Slide courtesy of Alex Snyder
Months Month
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New Agents Challenge Historical Dichotomy of Biomarkers

Targeted therapy Immunotherapy
Biomarker assesses Biomarker assesses

presence/absence of specific tumor/immune biology
mutation or fusion related to response

required for response

Present Biomarker

Xep

Min

NotIkey
agAe\

Maybe Response

Fixed for indication
Examples: EGFR, KRAS mutations Prevalence

100%
%0

: o Where do:o draw the Ig'ne?
Slide couttesy of Jef Evelhoch Biomarkers for PARP inhibitors and you draw tne

A

immunotherapy exemplify this challenge.




Continuous Biomarkers

correlates with response to poly(ADP-ribose)

“ Homologous recombination deficiency —s, .
J y polymerase (PARP) inhibitors

“ PD-L1

]- correlate with response to PD-(L)1 inhibitors
s Tumor mutational burden
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A Paradigm Shift in Cancer Immunotherapy.

)

To “turn on” the immune
response to fight cancer
(l.e. vaccine)

Checkpoint blockade

Brake

Slide courtesy of Jedd Wolchok

A

To “release the brakes” on the immune system
to unleash a pre-existing immune response
against cancer. (1.e.CTLA-4, PD-1/PD-L1)




Unigue Features of Personalized Cancer Immunothere

“* Unleashing the immune system to fight cancer 12
“ A durable and long-lasting response in cancer patients34
 Clinical activity across a broad spectrum of tumor types®

“* New tumor response pattern, immune related adverse events, immune
related response criteria®’8

“ Improving cancer survival with combination immunotherapy?®

“* Biomarkers associated with clinical outcome and precision oncology*°

1. Mellman I, et al Nature 2011, 2. Pardoll DM, et al Nature Reviews Cancer 2012,
3. Ott PA, et al Clinical Cancer Res 2013, 4. Sharma P, et al Nature Reviews Cancer 2011

5. Zou WP, et al Science Transl Med, 2016 6. Wolchok JD, et al Clinical Cancer Research, 2009
7. Gyorki DE, et al Clinical Transl Immunology, 2013 8. Hofmann L, et al Eur J Cancer, 2016
9. Wolchok JD, et al NEJM 2013 10. Yuan J, et al J Immunother Cancer, 2016




Forward Translation: Understand the Target->Design the Drug

PD-(L)1

Mechanisms of PD-1 and PD-L1 discovered in preclinical models in the 1990s
Nivolumab and pembrolizumab (targeting PD-1) presented first data in 2012

Avelumab, durvalumab, atezolizumab (targeting PD-L1) and cemiplimab (PD-1) also
have approved indications

Selection by PD-L1 staining is required in some cancers

Label revision to pembrolizumab and atezolizumab:

« July 2018: FDA announcement that PD-L1-low urothelial cancers should not be
treated with these agents

» This change underscores the importance of the biology being targeted

Agata Y et al. Int Immunol. 1996 ; Ishida Y et al. EMBO J. 1992; Nishimura H et al. Immunity. 1999; Freeman GJ et al J
Exp Med. 2000; Brahmer J et al NEJM 2012; Hamid O et al NEJM 2013



PD-L1 Staining for Tumor or Tumor + Immune Cells Determines

Therapeutic Options in Some Disease Settings

No PD-L1 expression PD-L1 expression High PD-L1 expression

TPS=tumor TPS <1% TPS 21% TPS 250%
proportion score

10x 40x 10x ‘ 40x 10x 40x

No PD-L1 Expression |PD-L1 Expression | High PD-L1 Expression
(TPS <1%) (TPS 1% to 49%) (TPS =50%)

First-line KEYTRUDA + cisplatin or
carboplatin and pemetrexed
(nonsquamous; no EGFR or ALK genomic J J J

tumor aberrations)

First-line KEYTRUDA (nonsquamous or

squamous; no EGFR or ALK genomic tumor J

aberrations) https://lwww.keytruda.com/h
. cp/nsclc/pd-11-expression-

(Second-lme or greater KEYTR_UDA testing/#pathologists

nonsquamous or squamous; prior \/ \/

treatment required for patients with EGFR
or ALK genomic tumor aberrations)
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KEYNOTE-024

First-Line Pembrolizumab vs Chemotherapy

US Approval, October 2016
. Events, Median, HR P
/ Overall Survival n mo  (95% C) \
Pembro 44 NR 0.60
Chemo 64  NR \(0.41-089) %%
100‘ :800‘{0 )
80, 2 i70% 40% risk reduction of death
70
2 60 ' i
o5 50 ' \
O 40f : i
301 | i
201 | |
10- ' I
% 3 !:3 9 12 15 18 )
Mo. at risk 'rlrne' months Objective Response
154 136 121 B2 39 11 2
151 123 106 64 34 7 1 A1T7%
Emmm Es 60 - P=0.0011 CR % %
FREE Pembro Chemo
Responders Responders
n=69 n=42
o : : E’i:_.o 2.2 mo 2.2 mo
50% crossover in ITT population (rangey  (1:482) (1.8-12.2)
54% crossover excluding ongoing pts DOR. mo - s
N 3 mo
median 4 o, (0 14.54) (2.1+ to 12.6+)
(range)

Pembrolizumab Chemotherapy

wﬂmﬂg“i by blinded, independent central review. wwy
a b Reck M et al, NEJM 2016; Oct 9. ESMO 2016.




Forward Translation: Understand the Target->Choose the Drug

Mismatch Repair Deficiency and Pembrolizumab

Concept of highly mutated, carcinogen-induced tumors being more immunogenic dates back to
1930s

Schreiber lab used next generation sequencing in mouse model of carcinogen-induced
sarcoma to support prior findings: many mutations = greater immunogenicity

Investigator-initiated study of pembro in MSI-H cancers demonstrated efficacy that later led to
pan-tumor approval

e Nature 2012

Matsushita et al Le et al NEJM 2015
MSI-H CRC/anti-PD-1

P=0.02
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Forward Translation: Understand the Target—> Choose the Drug

Tumor Mutational Burden

Non-responder Responder
[PD/SD] [CR/IPR]
_ N=94 N=16
== High nonsynonymous burden (n=8)
1007 == Low nonsynonymous burden (n=8) _&_
R — 3000~ |
o :
“ ' 3 1000 i
\:&’ 300 o
o o i@r
= = 100 ® =
5 — S Lo
S 30 8—
) =
5 10
=
3 # known MSILH P=0.0036
Months BOR, Central Review
Subgroup of patients from KEYNOTE N012 and
Rizvi NA et al. Science 2015:348:124-128 KEYNOTE 028 (n=119, representing 20 tumor types)
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Forward Translation: Understand the Target->Choose the Drug

T-Cell Inflamed Gene Expression Profile (GEP)

Signatures Defined and Signatures Validated and Refined Final GEP Generated Using Penalized
Validated in Melanoma in SCCHN and Gastric CA Regression Model in 9 Solid Tumors
28;
2.4
‘ 0 26 26
. 2.2 ofe 5 24 _I._ g 2.4 -:r: L
S 207 # 29 ‘ 3 22 [*W* 5 Tl T AT
D 1 [0 : £ 20 ) 220 | ‘ ==l
R I o 5 18- 1 2 181 @ 1 g
@ 0 4 0 16 [ 9 S _—————g
L 1.4 ° e ' E 144 ——— 75
= o 8 14 g’ =———=——_=— ——=§
So12q ekt 3 171 0 12 : —==—== ==}
1.0 104 1.0 o =_:;_—_—;_—=———_-?_:=
08 - - e == T
0.8 v J 08 ; : Nonresponder ~ Responder e e ——
Nonresponder  Responder Nonresponder ~ Responder BBA295EE85838FEES
(N=19 training, N=62 validation) SCCHN (N=43) Gastric CA (N=33) N=220 (gastric, TNBC, SCCHN,

urothelial, anal, biliary, colorectal,
esophageal and ovarian cancers)
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Balance between Discovery Science and Biomarker CD)

Protein

ST Yl RNAplatform Y ==="  DNAplatform
Intermediate , MSIt or TMB
Resolution PD-L1+, MSI T-cell-inflamed o etiGOerne Pa§nel)
Diagnostic IHC > Signature, GEP > g
High
Recoittion Multiplex IHC RNA seq MSI,
Discovery (Beyond PD-L1) TMB TMB (WES)

Immunology
and Tumor Biology

tApproved PD-L1 expression companion diagnostic assay; 1 Approved tumor-agnostic predictive biomarker; §Approved TMB diagnostic panel (Foundation Medicine, F1CDx Panel,
Apub“c 315 genes);fTumor and immune cells



Dual Biomarker Strategy for Translational Oncology

TMB measures tumor antigenicity PD-L1/GEP measure activated T-cells in TME

Dendritic

A



Joint Relationship of TMB or T Cell-inflamed GEP with

anti-PD-1 Response across Multiple Patient Cohorts.

A
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] e geEP* [] TMB*GEP* || TMB*GEP* [] TMB" GEP~

Razvan Cristescu et al. Science 2018;362:eaar3593

Higher responseis in
reduced population
(lower prevalence)



Precision Oncology Study KN495

TMB and GEP Stratify Targetable Biology

« TMB and GEP are inde
pembrolizumab monotherapy

« Four groups defined by GEP

pendent predictors of

and TMB have different

biological properties that suggest unique, targetable

resistance mechanisms
— Evaluated ~40 modules of

pathway gene

signatures, each consisting of ~100-200 genes

4 .
relation to

|I:>athway gene signatures had distinct patterns in
EP and TMB status

- These upregulated pathways represent potential
resistance mechanisms and thus avenues for

combinations

- Different combinations ma
patients according to the
scaffold.

A

benefit different
EP/PDL1 and TMB

-Tumor Mutation Burden (TMB)

B Moderate: Immune evasion D Strong: Intense cytolytic activity

A Reduced: Lack of immunogenicity | C Moderate: Stromal/endothelial TME

T-cell-inflamed Gene Expression Profile (GEP)

Razvan Cristescu et al. Science 2018;362:eaar3593

@ Non-immunogenic
tumor cell (low TMB/
neoantigenicity)

Immunogenic tumor
cell (high TMB/

neoantigenicity)

@ T-cell

Dendritic cell

—=====Fibroblast

€ MERCK

INVENTING FOR LIFE



Immunotherapy Biomarker Clinical Trials

“*Single biomarker design clinical trial (CheckMate 227)

“*Multiple biomarker design clinical trial (Morpheus)

“*Multiple biomarker and adaptive trials (I-SPY2, BATTLE)

**Dual biomarker and adaptive trial (KN495/KeylmPaCT)
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An Example (CheckMate 227): PD-L1 as Enrollment Biomarker

= Eligible: Stage IV or recurrent NSCLC not previously treated with 596 were st

nivolumab, 3 mg/kg

chemotherapy. | }

1189 Patients

= PD-L1 expression = 1% were randomly assigned, in a 1:1:1 ratio, to | e 7w e

underwent on tumer histologic type

receive nivolumab plus ipilimumab, nivolumab monotherapy, or For

chemotherapy; r— e

EGFR or ALK mutations 160 In the chemotherapy

ratio, to receive nivolumab plus ipilimumab, nivolumab plus oy e v i e

TMB coprimary analysis

mk—E e
= PD-L1 expression level of < 1% were randomly assigned, in a 1:1:1 #

chemotherapy, or chemotherapy. g e o

nonsquamous) 187 Were assigned to

= Tumor mutational burden (TMB) was determined by the FoundationOne [ 7| st e }

550 Patients
CDx assay.
" expression 186 Were assigned to
L—=| of<1%and chemotherapy based
underwent on tumor histologic type
H — randomization Coprimary End Points for Nivolumab
u Co p rl m ary E PS —_ P FS an d O S (1:1:1 ratio) plus Ipilimumab vs. Chemotherapy:
Progression-free survival in populations
177 Were assigned to selected on the basis of TMB
nivolumab, 360 mg Overall survival in populations selected

— every 3 wk, plus

= The trial continues for the coprimary end point of overall survival among

patients selected on the basis of PD-L1 expression level.
N Engl J Med 2018; 378:2093-2104
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MORPHEUS: Applied trial concept - quick
assessment of assets & speedy development This or previous?

Futility rules at
each cohort to
rapidly make
decisions:
1. Stop
M“"':hmm““’ | 2. Continue, or
Alezo+B+D | =
Atero s C+E . Gointo
Atero + _ 4 _ I'egistrational
s : expansion
Built in driven Basket ICB + B
flexiblity Aedormens e
based on trial
outcome Allows for
-intra and ek jrcsssec Endpoint
- +0+ ) | =
inter combo SRR flexible for each
comparison ICB + 4. ICB + .+ | indication
- patient re-
entry in Sipriey
Hew combos re combinations

L http://www.nmrc.gov.sg/docs/default-source/events-library/clinical-research-industry---ms-goh-siew-wei.pdf



Adaptive Trials

** There are multiple reasons for the failure of clinical trials:
* They are ineffective.
* They are toxic.
« The mechanisms of action are unknown.
* They are not tested in the right dose/schedule/regimen for the right
population of patients.

** Rushing to do the pivotal trial without sufficient data always has high risk
Single arm study without control, small cohort

< Adaptiveness usually is used in phase | and Il trials. It can help optimize the
dose/schedule, regimen, sample size, patient population in order to develop
the right plvotal trial.



Adaptive Design and Biomarkers Used in I-SPY 2

I-SPY 2 Adaptive Process Stratification alifying Exploratory
Begin Trial with Equal Accrual Rate Biomarkers ~ Biomarkers Biomarkers
Randomization Probabilities Permitting, Add ) —
Used for Stratification, : fl N G :
\ Experlmental Arms Hosnomsetiel amny Used to Valldate‘Response to Reflects Next eljmeratlon
Calculate Success Prob (iiay FegiiireADE) Therapy, donein CLIA Lab | Technology (keeping pace)
for Each Signature ' =N
- 'ER, PR, HER2 (Community) » RPMA Pathway Markers » DNA Methylation
Continue Graduation or 'MammaPrint (Agilentarray) ' Drug sensitivityPredictor -, Exon Sequencing
Trial Futility Met? »TargetPrint (Agilent array) » RCB Predictor (Affy Array) » RNA Sequencing
1< - »MRI Volume (Sentinelle) £ » miRNA
k_ Revise Randomization No J\Yes » Circulating Tumor Cells
; e » Pharmacogenomics
Probabilities within Stop Accru '
I » MRI SER Segmentation
Each Disease Subtype _inthat Arm '

Source: I-SPY 2 and Other Platform Trials (Dr. Don Berry) and Dr. Sarah Davis’s presentation

A :
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Adaptive Design and Multiple Biomarker: BATTLE Trial

Umbrella protocol

Core needle biopsy

5-1‘ Ehs .
K B Fon X
B % »
.‘,"I}' " ’.,. : e

Biomarker profile

* EGFR mutation/
copy number

* KRAS/BRAF mutation

* VEGF/VEGFR-2
expression

* RXRs/Cyclin D1

Equal followed by expression and
adaptive CCNDI copy number
randomization
Erlotini . Erlotinib + Sorafeni _ .
rlotinib || Vandetanib ||~ . || Serafenib Kim ES et al Cancer Discovery, 2011
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An Example (KeyImPaCT/KN495 ). TMB/GEP Dual Biomarker

Precision Oncology Clinical Trial

Tumor Biomarker Defined Adaptive Randomization to
BMx Screening Subgroups Pembrolizumab Based Combination

Pembro + MK-1308

Biomarker Group | E> 111 Pembro + MK-4280
- (GEP::;_;”BW) - Pembro + Lenvatinib
Pembro + MK-1308 ORR
Advanced GEP Biomarker Group || |:> 1-1-1 Pembro + MK-4280 I;FSS
NSCLC (GEP"TMBN) Pembro + Lenvatinib
Participant E> E> n=66 E> Sarety
(treatment: no288) T™B Pembro + MK-1308 &
' Biomarker Group | |:> 1-1-1 Pembro + MK-4280 Follow up
(GEPM"TMB'"v) Pembro + Lenvatinib
n=66
Pembro + MK-1308
Biomarker Group IV | | 4:4:4  Pembro + MK-4280
i (GEP“'ggﬂB“') Pembro + Lenvatinib
n:

ClinicalTrials.gov Identifier: NCT03516981
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Thank YOU!
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