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Background

Organ-based classification represents a heterogeneous group of
molecular entities

— Vary in number of driver alterations
— “Druggability”

Many cancer treatments only work in a subset of cancers within these
traditional disease classifications

— Particularly true for targeted therapies

Biomarker-directed therapies are the new reality



Overview

* Biomarkers
— Classification: selection and intermediate endpoints
— Performance
— Precision

* Prospective trial designs involving biomarkers

e Master protocols
— Basket and umbrella trials



Why biomarker-directed therapies?

Predict Save patients
patients most from

likely to unnecessary

benefit toxicity

Improve the
success rate
of drug
development

(streamline)
medical costs
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Clinical phenotype enrichment strategy

Clinical phenotype

New therapy
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Probability of progression-free survival
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i-PASS

According to EGFR mutation status

EGFR mutation positive

Gefitinib (n=132)

HR (95% Cl) = 0.48 (0.36, 0.64)
p<0.0001

No. events gefitinib, 97 (73.5%)
No. events C/P, 111 (86.0

T T T T T 1
0 4 8 12 16 20 24
Months
At risk :
Gefitinib 132 108 71 31 1 3 0
C/P 129 103 37 7 2 1 0

Objective RR 71.2%

Probability of progression-free survival
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EGFR mutation negative

Gefitinib (n=91)

HR (95% CI) = 2.85 (2.05)
p<0.0001

No. events gefitinib, 88 (96.7%)
No. events C/ P, 70 (82.4%)

21 4 2 1 0 0
58 14 1 0 0 0

Objective RR 1.1%

Treatment by subgroup interaction test, p<0.0001

Mok et al. NEJM 2009



Prospective trial design considerations: Role of biomarker

 All-comers with biomarker stratification:

— Consider results combined and separately within biomarker-positive and -
negative subgroups

 Biomarker enrichment:
— Biomarker positivity required for eligibility

e Biomarker adaptive:

— Trial design features adapted during course of the trial depending on early
results within biomarker-positive and negative subgroups



What are biomarkers?

* Biomarker: A characteristic that is objectively measured and evaluated as an
indicator of normal biological or pathogenic processes, or pharmacologic
responses to a therapeutic intervention

Biomarkers Definitions Working Group
Clinical Pharmacology & Therapeutics (2001)
Examples Vol 69, No 3, pp 89 - 95
» CTimaging
» Serum tumour markers e.g. PSA in prostate cancer
» ER/ PR/ HER-2 status in breast cancer

» EGFR mutations & ALK translocations in lung cancer
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Tumour burden

Biomarker-driven clinical trials
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Influence of biomarker on trial outcomes
EGFR TKI as an example

Overall population
Adenocarcinoma population
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Randomized biomarker-stratified designs

New therapy

Biomarker +
Control therapy

New therapy
Biomarker - J< )
Control therapy

This design maximizes information and controls for the prognostic effect of the marker, but...

Screening for

Biomarker status




Phase | trial of PLX4032
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Dose escalation: 11 out of 16 responded (69%)
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Can a phase lll trial not have crossover?

RESEARCH TARGET CANCER

New Drugs Stir Debate on Rules of Clinical ‘Trials

By AMY HARMON  SEPT. 18, 2010

Two Cousins, Two Paths Thomas McLaughlin, left, was given a promising experimental drug to treat his lethal skin
cancer in a medical trial; Brandon Ryan had to go without it. Monica Almeida/The New York Times, left



Vemurafenib in BRAFY690E cytaneous melanoma

A Vemurafenib Group

Percent Change from Baseline

in Diameters of Target Lesions

-100

250+
225+
200+
175
150
1254
100+

754

50+

—25-
=50
-75-]

254 J
o JUlu

Disease Stage
Unresectable M Mla m Mlb Mlc
stage llic

RR 48%; 95% Cl, 42 to 55

“aTmnEmnmy

Patients Treated with Vemurafenib

B Dacarbazine Group

Percent Change from Baseline

in Diameters of Target Lesions

250+
225+
200
175
150+
125+
100+
754
50—
25+
0
~25
-50-
-75=

-100

Disease Stage

Unresectable m Mla m Mlb Mlc
stage |llc

RR 5%;95% Cl,3to 9

....--_.JH--J[--..|.I_I--.....J.....-J.L....,]I.”.“._-Jl-_..IJ--..LI.I.L.-...,_.._

—

Patients Treated with Dacarbazine
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Randomized biomarker-stratified designs

New therapy

Biomarker + R (
Contr erapy
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Prospective Trial Design Considerations: Role of Biomarker

 All-comers with biomarker stratification:

— Consider results combined and separately within biomarker-positive and -
negative subgroups

* Biomarker enrichment:
— Biomarker positivity required for eligibility

e Biomarker adaptive:

— Trial design features adapted during course of the trial depending on early
results within biomarker-positive and negative subgroups



Biomarker-enrichment trial designs

e Rationale

— Individual variation influences a treatment randomly, we can control for this
through replication

— But, when anticipated effect in a selected group is high, then we need to
identify patients

* Performance and precision of biomarker is a critical consideration

— Impact on sample size requirements (prevalence)
* Screening strategy
* Feasibility
— Demonstration of desired effect (efficacy boundaries)



An example of biomarker enrichment: T790M
High biomarker prevalence (50-60%)

EGFR Mut +ve NSCLC
Prior TKI

Biopsy and test for
T790M

|

3'd Generation TKI (50-
60%)

L .
e

Not eligible (40-50%)

Strong biologic rationale

Marker-negative patients are unlikely to benefit




Caveats in interpreting predictive biomarker

* Prognostic or predictive

* Biological heterogeneity

* Performance of biomarker
* Precision of biomarkers



Is biomarker prognostic or predictive?

Tumour shrinkage (RECIST responses) are re-assuring

Prolonged stable disease
— is this patient selection or true therapeutic effect?
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Prognostic impact of BRAF mutations (red curve)

Cutaneous Melanoma

Months Disease Free

Cases with Alteration(s) in Query Gene(s)
Cases without Alteration(s) in Query Gene(s)

cBioPortal

for Cancer Genomics

#total cases

19
11

#cases relapsed

a2
79

W Cases with Alteration(s) in Query Gene(
B Cases without Alteration(s) in Query Ge

Logrank Test P-Value: 0.352

median months
disease free

56.34
50.13

Surviving

Colorectal Cancer

W Cases with Alteration(s) in Query Gene(s)
W Cases without Alteration(s) in Query Gene(s)

Logrank Test P-Value: 0.358

Months Survival

#total cases
Cases with Alteration(s) in Query Gene(s) 22
Cases without Alteration(s) in Query Gene(s) 586

120 140
#cases deceased median months
survival
5 42.87
106 81.31



Performance of a biomarker
Key considerations

e Extent of validation depends on decision making role within trial
¢ Exploration-Demonstration-Characterization-Surrogacy

Fit-For-Purpose

* Pre-analytical considerations
Validation e Scientific: preclinical modeling e.g. predictive animal models
e Technical: reproducibility, dynamic analytic range

* Pre-analytical considerations
Qualification e Clinical qualification: correlation of exposure with outcome
e GLP/ CLIA certified labs

» Technical standardization across all sites (Scalability)
e Companion diagnostics

Tan et al. Cancer J 2009
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Biomarker enrichment
Low biomarker prevalence (10-15%)

EGFR Mut +ve NSCLC
Prior TKI

Biopsy and test for
c-MET

MET inhibitor
(10-15%)

L
e

Not eligible (80-90%)

Large number of patients to be screened
Likelihood of not being eligible is very high

No option for screen negative patients

Low enthusiasm among patients and providers




Clinical trials currently available targeting EGFR TKI resistance
Experimental Cancer Therapeutics Unit, NCCS

EGF816 [NCT02108964]
T790M+ EGF816 + Nivolumab [NCT02323126]
EGF816 + INC280 [NCT02335944]
AZD9291 (plasma T790M)

-

- Erlotinib + INC280 [NCT02468661]
MET Gefitinib + INC280 [NCT01610336]
amp“ficatio Gefitinib + MSC2156119J [NCT01982955]
EGF816 + INC280 [NCT02335944]

EGFR TKI
resistant
NSCLC

Patient stratification

L
/ Gefitinib + BKM120 [NCT01570296]
T790M - Afatinib + BI836845 [NCT02191891]
MET - EGF816 + INC280 [NCT02335944]

PDL1 status: MEDI4763 [NCT01693562]




Biomarker precision

T790M (3 generation EGFR TKI) MET amplification >/= 6 copies (Gef-INC280)
1 n/N(%) = 40/53 (75.5%) ]:_ WN(%) = 3546 (76.09%)
« T790M positive vs negative * “MET activated”
— Sequencing/ NGS — |HC expression

— C-MET FISH (cutoff)
— Exon 14 skipping mutations

Tan DS ASCO 2015 Wu YL, Tan DS ASCO 2014



Biomarker and drug development is an iterative process

Nive - S5aa (74 071

PDP Xenograft: =
. X R

Patient-derived progenitor and PDX models

Identify &
Refine

Preclinical Model response/

— resistance
LTSRS mechanisms




How do we accelerate drug and biomarker development?

Resources for pre-clinical work and assay development

Broadly accessible trials to accrue sufficient numbers in small biomarker
subgroups

o Multi-arm master protocol trials (“basket”, “umbrella” trials) give options for
more patients/ fewer biomarker-negative

Rationale:

o Screening a large number of patients for multiple targets by a broad based
platform reduces the screen failure rate

o Provides a sufficient “hit rate” to engage patients and clinicians
o Brings safe and effective drugs to patients faster



Requirements

Establish a trial network with infrastructure in place to streamline trial
logistics, improve data quality, and facilitate data sharing and new data
collection

Develop a common protocol for the network that incorporates innovative
statistical approaches to study design and data analysis

Pharmaceutical industry partners

Regulatory considerations



Address the expanding molecular taxonomy of cancers

Tumor of origin
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Master Protocol: Umbrella vs. Basket Trial

Umbrella Basket
Test impact of different drugs on Test the effect of a drug(s) on a single
different mutations in a single type of mutation(s) in a variety of cancer types
cancer e BRAF V600X BASKET trial
° BATTLE e NCI MATCH
 |-SPY2

* Lung-MAP Squamous Lung Master




BASKET Trial: Vemurafenib in multiple non-melanoma cancers with BRAF
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Prospective Trial Design Considerations: Role of Biomarker

 All-comers with biomarker stratification:

— Consider results combined and separately within biomarker-positive and -
negative subgroups

 Biomarker enrichment:
— Biomarker positivity required for eligibility

e Biomarker adaptive:

— Trial design features adapted during course of the trial depending on early
results within biomarker-positive and negative subgroups



Umbrella adaptive designs

Tumour type A

(lung cancer)

Tumour molecular analysis

|
High precision biomarker — * * *

Pharmacologic active

. . Drug 1 Drug 2 Drug 3 Drug 4
Compound/ combination |
—————————— Analysis |
Redefine study
population
I
are Sto| Extend stud
FUtlllty stLdF;r tcont?rt'luey °
pat_ient / \
recruitment
Refine Sub-study  Sub-study
Biomarker Drug4  Drugd
Refine therapeutic
. . options
Biankin et al. Nature 2015 d



Biomarker-integrated Approaches of Targeted Therapy

Phase Il “umbrella protocol” — patients with advanced NSCLC

Endpoint:

8 week disease control rate

DCR > 30%

Adaptive randomization

* More patients received

more efficacious treatments

8 week DCR

| Umbrella protocol |

Equal followed by
adaptive
randomization

for Lung Cancer Elimination (BATTLE)

Core needle biopsy

i G, .
| [

Biomarker profile

* EGFR mutation/

copy number

* KRAS/BRAF mutation
* VEGF/VEGFR-2

expression

* RXRs/Cyclin D1

expression and
CCND1 copy number

* 11 biomarkers

e 2048 possible
combinations!

Bayesian adaptive design

Erlotinib Vandetanib Erlotinib+ Sorafenib
bexarotene
34% 33% 50% 58%

* Early stopping rule for ineffective
treatments

Kim et al. Cancer Discovery 2011



Randomization outcome of BATTLE-1

58% Sorafenib
34% )
8 week DCR 50%

33%

Table 1 Marker group definitions in BATTLE-1

Marker Biomarkers
VEGF/ AXAfcyclin

group EGFR  KRAS/BRAF VEGFR D1
1 + X X X
2 - + X X
3 - - & x
4 - - - +
5 - - - -

“+" iz positive; "=" is negative; "x" iz either positive,
neqgative, or unknown; EGFR, epidermal growth factor
receptor; BATTLE, Biomarker-integrated Approaches of
Targeted Therapy for Lung Cancer Elimination.

Liu and Lee CCO 2015



Precision-medicine clinical trials

Study Tumour Phase/design Location Arms Patients Clinical trial ID References
Bisgrove All Phase I, non-randomized United States N/A 84 NCTO0530192 19
IMPACT All Phase | United States MN/A 1,144 NCT00851032 20
MOSCATO 01 All Phase | France MN/A 420 NCTO1566019 21
Lung-MAP Squamous lung  Phase II/1Il, randomized United States 5 10000  NCT02154490 49
BATTLE NSCLC Umbrella, route to four phase |l United States 4 300 NCTO0409968 (umbrella) 31, 66,67
randomized NCTO0411671

NCT00411632

NCT00410059

NCT00410189
BATTLE-2 NSCLC Phase Il randomized United States 4 450 NCTO1248247 MN/A
BATTI E-F1 NSCIC Phase Il mndomized Lnited States 4 225 NCTO1 263782 MSA
I-SPY 2 Breast cancer Phase Il randomized United States a8 800 NCT01042379 68, 69
MNCI-MPACT All Phase |l stratified, non-randomized  United States B 700 NCT01827384 70
MNCI-MATCH Solid Phase Il stratified, non-randomized  United States 20 3,000 Umbrella, route to 48

phase I
V-BASKET All Phase |l stratified, non-randomized  Global 2 160 NCT01524978 71
CREATE Selected Phase Il stratified, non-randomized  European Union 582 NCT01524926 N/A
WINTHER All Stratified, non-randomized European Union 200 NCTO1856296 72
SHIVA All Phase |l stratified, controlled France 10 1,000 NCTO1771458 38
MOST All Phase |l stratified, randomized France 5 560 NCT02025001 MN/A
SAFIR 02 Lung NSCLC Phase |l stratified, randomized France 8 650 NCT02117167 73
SAFIR 02 Breast  Breast cancer Phase Il stratified, randomized France 18 460 NCT02299999 N/A
Lung MATRIX NSCLC Phase Il stratified, non-randomized  United Kingdom 21§ 2,000 EudraCT 2014-000814-73 &5
FOCUS 4 Colorectal cancer Phase /11l randomized United Kingdom 4 643 EudraCT 2012-005111-12 74
IMPaCT Pancreatic Phase Il stratified, randomized Australia 4 g0 ACTRN a7

cancer 126120007 77897

Biankin et al. Nature 2015



I-SPY 2 TRIAL

ADAPT

AC

Paclitaxel + trastuzumab +
(4 cycles)

new drug A, B, or C

Gl - - -

AC
(4 cycles)

59
N

Paclitaxel + new drug C, D, or E
(12 weekly cycles)

il CLCCLLCOLES | AL

f Pt

Biopsy MRI MFII MFII MRI  Tissue
blood biopsy biopsy blood

Barker et al. Clin Pharm Therapeutics 2009



A LUNG-MAP

Common Broad Platform
. - Non-match
CLIA Biomarker Profiling Anti-PD-L1:
MEDI4736
PI3K CDK4/6 FGFR HGF
M:PIK3CA mut M: CCND1, CCND2, CCND3, M: FGFR ampl, M:c-Met Expr
/‘\ cdk4 ampl mut, fusion /\
GDC-0032 cT* PD-0332991 AZDA4547 CT* AMG102+E
L J * * *
Endpoint Endpoint Endpoint Endpoint
PFS/0S PFS/0S PFS/0S PFS/0S

TT=Targeted therapy, CT=chemotherapy (docetaxel or gemcitabine), E=erlotinib
Archival FFPE tumor, fresh CNB if needed



Conclusions

Innovative trial designs, e.g., umbrella or basket protocols, will be
increasingly common in the future

Biomarkers must be critically evaluated

» Performance and precision

Trial networks with established infrastructure and use of a common
protocol can address many of the challenges

» Optimize trial design and conduct to realize efficiencies

» Improve data quality through centralization of processes, systems, and training



