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OUTLINE

v Drug development and clinical research in oncology
v Traditional chemotherapy versus targeted cancer therapies

v’ Trial designs for testing efficacy of molecular profiling-
assigned targeted agents

v" US Precision Medicine Initiative

v' The “omics” world



Of more than 16.000 compounds currently in development,
over 80% are focused on degenerative diseases, cancer and
other non-communicable diseases
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NUMBER OF REGISTERED STUDIES OVER TIME
AND SIGNIFICANT EVENTS (as of October 30, 2015)
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CURRENT ON-GOING TRIALS IN ONCOLOGY
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SALES FORECAST BY THERAPEUTIC AREAS

Top 10 Therapy Areas in 2020, Market Share & Sales Growth
Source: EvaluatePharma® (1 JUN 2014)
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SALES FORECAST BY PHARMACEUTICAL COMPANIES

Oncology the largest and fastest growing segment

EvaluatePharma® finds that oncology will remain the largest segment in 2020 with forecasts showing an annual growth of 11.2% and over
$153bn sales in 2020. Growth from in-line products, and potential new entrants, Is forecast to more than compensate tfor a number of major
patent expiries over the period. Factor Xa inhibitors, Eliquis and Xarelto, are expected to drive a 10.4% annual growth in the anti-coagulant
segment and collectively account for almost $9bn of new sales in 2020. Patent expiries on key products continue to erode sales from anti-
hyperlipidaemics, with this segment falling seven places over the period to 2020.

Worldwide Sales, Market Share & Sales Growth (2013-20)
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TRADITIONAL CHEMOTHERAPY
AND TARGETED CANCER THERAPIES
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INTACT 1 - Chemotherapy: gemcitabine + cisplatin
Giaccone G et al. J Clin Oncol. 2004,22:777-84.
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Proportion Progression-Free

TRADITIONAL CHEMOTHERAPY
AND TARGETED CANCER THERAPIES

The Phase Il Trials INTACT 1 and INTACT 2
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TRADITIONAL CHEMOTHERAPY
AND TARGETED CANCER THERAPIES
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In 2004 the SUCCESS RATE for ONCO DRUGS from
FIRST-IN-MAN to REGISTRATION was 5%...

Can the pharmaceutical industry
reduce attrition rates?
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Figure 1 | Success rates from first-in-man to registration. The overall clinical success rate is 11%.
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Why does targeted therapy not cure all tumors?




The somatic activating mutations in the EGFR kinase domain
explained the unique subset of drug-responsive cases

e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 MAY 20, 2004 VOL.350 NO.21

Activating Mutations in the Epidermal Growth Factor
Receptor Underlying Responsiveness of Non—Small-Cell
Lung Cancer to Gefitinib

Thomas J. Lynch, M.D., Daphne W. Bell, Ph.D., Raffaella Sordella, Ph.D., Sarada Gurubhagavatula, M.D.,
Ross A. Okimoto, B.S., Brian W. Brannigan, B.A., Patricia L. Harris, M.S., Sara M. Haserlat, B.A.,
Jeffrey G. Supko, Ph.D., Frank G. Haluska, M.D., Ph.D., David N. Louis, M.D., David C. Christiani, M.D.,
Jeff Settleman, Ph.D., and Daniel A. Haber, M.D., Ph.D.

Figure 1. Example of the Response to Gefitinib in a Patient with Refractory Non-Small-Cell Lung Cancer.

A computed tomographic scan of the chest in Patient 6 shows a large mass in the right lung before treatment with gefi-
tinib was begun (Panel A) and marked improvement six weeks after gefitinib was initiated (Panel B).

Table 1. Characteristics of Nine Patients with Non—Small-Cell Lung Cancer and a Response to Gefitinib.
Age at
Beginning Duration
Patient of Gefitinib Pathological Smoking- of Overall EGFR
No. Sex Therapy Type* Statusi  Therapy Survivali Mutation(j Responseq]
yr mo

1 F 70 BAC Never 15.6 18.8 Yes  Major; improved lung
lesions

2 M 66 BAC Never >140  >14.0 Yes  Major; improved bilater-
al lung lesions

3 M 64 Adeno Never 9.6 12.9 Yes  Partial; improved lung
lesions and soft-
tissue mass

4 F 81 Adeno Former >13.3 >21.4 Yes  Minor;improved pleural
disease

5 F 45 Adeno Never >14.7  >147 Yes  Partial; improved liver
lesions

6 M 32 BAC Never >7.8 >7.8 Yes  Major; improved lung
lesions

7 F 62 Adeno Former >4.3 >4.3 Yes  Partial; improved liver
and lung lesions

8 F 58 Adeno Former 11.7 17.9 Yes  Partial; improved liver
lesions

9 F 42 BAC Never >33.5 >33.5 No Partial; improved lung
nodules
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Figure 3. Enhanced EGF-Dependent Activation of Mutant EGFR and Increased Sensitivity of Mutant EGFR to Gefitinib.




The somatic activating mutations in the EGFR kinase domain
explained the unique subset of drug-responsive cases

EGF binding EGF binding T™M Tyrosine kinase Autophosphorylation
l - - — 1 I
Exon 2 5 7 13 617 ! 18-21 22-24 28
Mutations associated
with drug resistance T790M (50%)*
D770_N771 (ins NPG)
D770 N771 {ins SVQ)
D770 N771(ins G), N771T
V769L
D761Y 5768l s
| 8 2R (<1%) s 3 (5%) 23 9
Exon 18 ‘ Exon 19 ‘ Exon 20 [ Exon 21 !
(nucleotide-binding loop) | | (activation loop) J
- G719¢C AE746-A750 VI6SA | L858R (40-45%)
G719S AE746-T751 T783A N826S
G719A AE746-A750 (ins RP) (<1%) AB39T
VE8IM AE746-T751 (ins A/1) K846R
N700D AE746-T751 (ins VA L85IQ
E709K/Q AE746-S752 (ins A/ V) G863D
s720p AL747-E749 (A750P) (40-45%)
AL747-T751
AL747-T751 (ins P/S)
AL747-5752
with drug sensitivity AL747-752 (P7539)
AL747-5752 (ins Q)
AL747-P753
AL747-P753 (ins S)
AS752-1759
(45%)

Nature Reviews | Cancer



TRADITIONAL CHEMOTHERAPY
OR TARGETED CANCER THERAPIES
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TRADITIONAL CHEMOTHERAPY
OR TARGETED CANCER THERAPIES

Gefitinib or Chemotherapy for Non—-Small- Cell Lung Cancer with Mutated EGFR
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Drug Development in Oncology:
the traditional model

From the bench to bedside ode & 4

1 One size fits all ...regardless
of the drug intelligence ey (R
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Drug Development in Oncology:
the traditional model vs. precision medicine

NOVEL DESIGN STRATEGES FOR TESTING TARGETED THERAPEUTICS

Improving Clinical Trial Efficiency: Thinking outside the Box

Sumithra J. Mandrekar, PhD, Suzanne E. Dahiberg, PhD, and Richard Simon, DSc

The fundamental challenge for development of new
cancer therapeutics is therefore to be able to identify
and assess activity in molecularly defined patient subsets
starting from early phase trials to predict
which patients will respond to a new agent/regimen.



Drug Development in Oncology:
the traditional model vs. precision medicine

NOVEL DESIGN STRATEGIES FOR TESTING TARGETED THERAPEUTICS

Improving Clinical Trial Efficiency: Thinking outside the Box

Sumithra J. Mandrekar, PhD, Suzanne E. Dahlberg, PhD, and Richard Simon, DSc ~ asco.org/edbook | 2015 ASCO EDUCATIONAL BOOK

The traditional drug development paradigm:
v’ phase | for establishing the safety profile,
v’ phase Il for efficacy signal,

v’ phase Il for establishing definitive clinical benefit

In the personalized medicine:

v a phase | study tests the methods of assessment of marker alteration in normal and
tumor tissue samples and guides in the determination of cut points, and
preliminary assessment of efficacy within molecularly defined subsets,

v a phase Il study includes careful retrospective assessment of the marker to
establish clinical value,

v’ phase lll trials are confirmatory in nature that validate the marker (and companion

diagnostic) through large prospective, randomized, controlled trials (RCT) in a
multi-center setting.
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Drug Development in Oncology:
the traditional model vs. precision medicine

Which patients respond best?

L —

Determine molecular profile Determine which drugs
of the patient’s tumour are most appropriate

molecular
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OPINION

Past Current and future
Cytotoxic chemotherapies Molecular targeted therapies

Nature Reviews | Cancer
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Drug Development in Oncology:
the traditional model vs. precision medicine




Each patient’s cancer is driven by a unique
combination of DNA changes, collectively

termed its tumor “profile.”

The goal of precision cancer medicine is to
individualize treatments by tailoring them
to the genetic characteristics of the
patient’s cancer — for example, selecting
drugs matched to the tumor profile.

Patient A MutationA &

Patient 8 Mutation B #

Malignant Cell Growth

Drug Development in Oncology:
PRECISION MEDICINE

CANCER THERAPY TYPE

Chemotherapy

Hormone
therapy

Epigenetic
modifiers

Immune stimulators &
Checkpoint inhibitors

Angiogenesis
inhibitors

Vaccines

Adoptive
immunotherapy

Therapeutic
antibodies

Cell signaling
inhibitors

Within each category, some therapeutics
are more precise than others
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REREVIEW

Opportunities and Challenges of

Biomarker-Driven Targeted Therapies

INNOVATION

Implementing personalized cancer
genomics in clinical trials

Richard Simon and Sameek Roychowdhury

Predictive: which drug (or drugs)?
/ Response to targeted treatment

Tumor biopsy

Unselected l Prognostic: who needs treatment?
patients _— imout Clinical outcomes
with cancer genomic

analysis

\\ Pharmacogenomic: what dose?

Drug metabolism

Figure 1| Development and application of biomarkers for oncology. Genomic sequencing and
other omics-based strategies have the potential to identify candidate biomarkers in clinical oncol-
ogy. Clinical trial design is dictated by the type of biomarker being testing or developed. Predictive
biomarkers inform the investigator of a potential clinical response to a given therapy. Prognostic
biomarkers provide information on the risk of disease progression or relapse. Pharmacogenomic
biomarkers relay data on how a patient may respond to a drug with respect to toxicity or efficacy.

Y 2013 |3%9



BIOMARKERS can be broadly classified into:
v PROGNOSTIC
v" PREDICTIVE
v pharmacodynamic

v’ surrogate endpoints

prognostic
biomarker

Opportunities and Challenges of
Biomarker-Driven Targeted Therapies

Biomarker (+) -
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Treatment (+)
Treatment (-)

Treatment (+)
Treatment (-)

prognostic and
predictive
biomarker

Neither prognostic nor  prognostic
predictive but not predictive

Not prognostic
but predictive

prognostic
and predictive



Opportunities and Challenges of
Biomarker-Driven Targeted Therapies

A prognostic biomarker provides information about the
patients overall cancer outcome, regardless of therapy, whilst
a predictive biomarker gives information about the effect of a
therapeutic intervention. A predictive biomarker can be a

target for therapy

v’ surrogate endpoints
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Opportunities and Challenges of
Biomarker-Driven Targeted Therapies

Patient-centric trials for therapeutic
development in precision oncology

1,2,3,4

Andrew V. Biankin****, Steven Piantadosi® & Simon J. Hollingsworth®

v" Our appreciation of the molecular diversity of cancer and the ever-increasing
number of molecular subtypes creates considerable complexity for the
development of targeted drugs.

v' When tested in trials of unselected participants, most targeted therapies
reveal efficacy only if both the incidence of a responsive subpopulation and
the effect size within the group is sufficiently high.

v" Increasing the size of clinical trials to overcome this lack of enrichment yields
minimal overall benefits at a cost that makes them unattractive and
unaffordable to the community. Designing trials that feasibly evaluate both
patient selection and drug efficacy is crucial, and it is essential to define the
correct metrics to assess efficacy, particularly when the study needs to be
small.
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Hallmarks of Cancer: The Next Generation

Douglas Hanahan'-2* and Robert A. Weinberg3*
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Opportunities and Challenges of
Biomarker-Driven Targeted Therapies

NSCLC cell with EGFR mutation
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Table 1 | Genomic alterations as putative predictive biomarkers for cancer therapy

Genes

PIK3CA®"*?, PIK3R1 (REF. 53),
PIK3R2, AKT1, AKT2 and AKT3
(REFS 54,55)

PTEN®

MTOR®, TSC1°8 and TSC2
(REF. 59)

RAS family (HRAS, NRAS, KRAS),
BRAF*® and MEK1

Fibroblast growth factor
receptor 1 (FGFR1), FGFR2,
FGFR3, FGFR4 (REF. 36)

Epidermal growth factor
receptor (EGFR)

ERBB2 (REF. 61)

SMO®*% and PTCH1 (REF. 64)
MET®®

JAK1,JAK2,JAK3 (REF. 66), STAT1,
STAT3

Discoidin domain-containing
receptor 2 (DDR2)

Erythropoietin receptor (EPOR)
Interleukin-7 receptor (IL7R)

Cyclin-dependent kinases
(CDKs;”” CDK4, CDK6, CDKS8),
CDKN2A and cyclin D1 (CCND1)

ABL1
Retinoic acid receptor-a (RARA)
Aurora kinase A (AURKA)®®

Androgen receptor (AR)*

FLT3™
MET

Myeloproliferative leukaemia
(MPL)

MDM2 (REF. 71)
KT
PDGFRA and PDGFRB

Anaplastic lymphoma kinase
(ALK)§,37,73,74

RET

ROS1 (REF. 75)

NOTCH1 and NOTCH2

Pathways
Phosphoinositide
3-kinase (PI3K)

PI3K
mTOR

RAS-MEK

FGFR

EGFR
ERBB2

Hedgehog
MET

JAK-STAT
RTK

JAK-STAT
JAK-STAT
CDK

ABL
RARa

Aurora kinases
Androgen

FLT3
MET-HGF

THPO, JAK-STAT
MDM2

KIT

PDGFR

ALK

RET

ROS1

Notch

Aberration type

Mutation or
amplification

Deletion

Mutation

Mutation,
rearrangement or
amplification

Mutation, amplification
or rearrangement

Mutation, deletion or
amplification

Amplification or
mutation

Mutation

Amplification or
mutation

Mutation or
rearrangement

Mutation

Rearrangement
Mutation

Amplification,
mutation, deletion or
rearrangement

Rearrangement
Rearrangement

Amplification

Mutation, amplification
or splice variant

Mutation or deletion

Mutation or
amplification

Mutation

Amplification
Mutation

Deletion,
rearrangement or
amplification

Rearrangement or
mutation

Rearrangement or
mutation

Rearrangement

Rearrangement or
mutation

Disease examples

Breast, colorectal and
endometrial cancer

Numerous cancers

Tuberous sclerosis and
Bladder cancer

Numerous cancers, including
melanoma and prostate cancer

Myeloma, sarcoma and
bladder, breast, ovarian, lung,
endometrial and myeloid cancers

Lung and gastrointestinal
cancer

Breast, bladder, gastric and lung
cancer

Basal cell carcinoma

Bladder, gastric and renal
cancer

Leukaemia and lymphoma
Lung cancer

Leukaemia
Leukaemia

Sarcoma, colorectal cancer,
melanoma and lymphoma

Leukaemia
Leukaemia

Prostate cancer and breast
cancer

Prostate cancer

Leukaemia

Lung cancer and gastric cancer
Myeloproliferative neoplasms

Sarcoma and adrenal carcinoma
GIST, mastocytosis, leukaemia

Haematological cancer, GIST,
sarcoma and brain cancer

Lung cancer and neuroblastoma
Lung cancer and thyroid cancer
Lung cancer and

cholangiocarcinoma

Leukaemia and breast cancer

Putative or proven drugs

¢ PI3K inhibitors
¢ AKT inhibitors

¢ PI3K inhibitors
* mTOR inhibitors

* RAF inhibitors
¢ MEK inhibitors
¢ PI3K inhibitors

¢ FGFR inhibitors
¢ FGFR antibodies

¢ EGFRinhibitors
* EGFR antibodies

* ERBB2 inhibitors
* ERBB2 antibodies

* Hedgehog inhibitor

* MET inhibitors
* MET antibodies

* JAK-STAT inhibitors
* STAT decoys

* Some tyrosine kinase
inhibitors

* JAK-STAT inhibitors
¢ JAK-STAT inhibitors
¢ CDK inhibitors

¢ ABL inhibitors

e All-trans retinoic acid

e Aurora kinase inhibitors

¢ Androgen synthesis inhibitors
* Androgen receptor inhibitors
¢ FLT3 inhibitors

¢ MET inhibitors

* JAK-STAT inhibitors

* MDM2 antagonist
¢ KIT inhibitors
* PDGFR inhibitors
¢ ALK inhibitors
¢ RET inhibitors

¢ ROS1 inhibitors

* Notch signalling pathway
inhibitors

CDKN2A. cvclin-dependent kinase inhibitor 2A: ERBB2. also known as HER2: GIST. aastrointestinal stromal tumour: FLT3. FMS-like tvrosine kinase 3: HGF.



Table 1 | Genomic alterations as putative predictive biomarkers for cancer therapy

Genes

PIK3CA®">% PIK3R1 (REF. 53),
PIK3R2,AKT1,AKT2 and AKT3
(REFS 54,55)

PTENS®

MTOR®’, TSC1°® and TSC2
(REF. 59)

RAS family (HRAS, NRAS, KRAS),
BRAF®® and MEK1

Fibroblast growth factor
receptor 1 (FGFR1), FGFR2,
FGFR3, FGFR4 (REF. 36)

Epidermal growth factor
receptor (EGFR)

ERBB2 (REF. 61)

SMQO®%%% and PTCH1 (REF. 64)
MET®>

JAK1,JAK2, JAK3 (REF. 66), STAT1,
STAT3

Discoidin domain-containing
receptor 2 (DDR2)

Erythropoietin receptor (EPOR)
Interleukin-7 receptor (IL7R)

Cyclin-dependent kinases
(CDKs;*” CDK4,CDK6, CDK8),
CDKN?2A and evelin D1 (CCNND1)

Pathways

Phosphoinositide
3-kinase (PI13K)

PI3K
mTOR

RAS-MEK

FGFR

EGFR
ERBB2

Hedgehog
MET

JAK-STAT
RTK

JAK-STAT
JAK-STAT
CDK

Aberration type

Mutation or
amplification

Deletion

Mutation

Mutation,
rearrangement or
amplification

Mutation, amplification

or rearrangement

Mutation, deletion or
amplification

Amplification or
mutation

Mutation

Amplification or
mutation

Mutation or
rearrangement

Mutation

Rearrangement
Mutation

Amplification,
mutation, deletion or
rearranaement

Disease examples

Breast, colorectal and
endometrial cancer

Numerous cancers

Tuberous sclerosis and
Bladder cancer

Numerous cancers, including
melanoma and prostate cancer

Myeloma, sarcoma and
bladder, breast, ovarian, lung,
endometrial and myeloid cancers

Lung and gastrointestinal
cancer

Breast, bladder, gastric and lung
cancer

Basal cell carcinoma

Bladder, gastric and renal
cancer

Leukaemia and lymphoma
Lung cancer

Leukaemia
Leukaemia

Sarcoma, colorectal cancer,
melanoma and lymphoma

Putative or proven drugs

e PI3K inhibitors
e AKT inhibitors

¢ PI3K inhibitors
e mTOR inhibitors

e RAF inhibitors
e MEK inhibitors
e PI3K inhibitors

e FGFR inhibitors
e FGFR antibodies

e EGFR inhibitors
e EGFR antibodies

e ERBB2 inhibitors
* ERBB2 antibodies

* Hedgehog inhibitor

e MET inhibitors
e MET antibodies

¢ JAK-STAT inhibitors
* STAT decoys

* Some tyrosine kinase
inhibitors

e JAK-STAT inhibitors
¢ JAK-STAT inhibitors
e CDK inhibitors



Trial designs for testing efficacy of
molecular profiling-assigned targeted agents

: a Biomarker analysis within existing RCT ) ( b Non-targeted RCT (stratified by biomarker) )

a. Biomarker discovery in

trials addressing a Population Population
therapeutic question but F'(
no info on the marker ¢ ¢
status. Treatment Control
b. A non-targeted Biomarker |
. analysis
biomarker study Y

designed and powered
to address the biomarker
hypothesis

c. Biomarker-targeted
QOutcomes Qutcomes Outcomes Outcomes

randomized controlled

trial (RCT) in which the (
. . ¢ Targeted RCT d Classical RCT
selection marker guides

patient allocation. Population Populatlon

d. RCT that compares
biomarker-directed
therapy with
conventional therapy,

Treated

according
Treatment Control to standard Treatment ControI Treatment Control

l l of care

Outcomes Outcomes Outcomes

R = randomization



Trial designs for testing efficacy of
molecular profiling-assighed targeted agents
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Designing Transformative Clinical Trials in the Cancer

Genome Era
Stefan Sleijfer, Jan Bogaerts, and Lillian L. Siu

Table 2. Unselected Trial Designs Required for a Well-Powered Trial When a Very Strong Treatment Effect Is Restricted to Those Who Express
the Unknown Marker

Trial Targeting a True Hazard Ratio of 0.4 in the Selected Trial Targeting a True Hazard Ratio of 0.6 in the Selected
Population Population
Prevalence of Unselected No. Events No. Patients Unselected No. Events No. Patients

Marker Hazard Ratio™ Needed Needed Hazard Ratio™ Needed Needed
0.05 0.957 22,000 29,620 0.975 65,000 87,200
0.1 0.916 5,600 7,540 0.95 16,200 21,750
0.2 0.838 1,300 1,750 0.902 4,100 5,500
0.3 0.769 622 840 0.86 1,850 2,480
0.4 0.701 353 475 0.819 1,050 1,410
0.5 0.64 221 280 0.777 660 885
0.6 0.587 153 206 0.736 450 605
0.7 0.533 110 148 0.7 330 445
0.8 0.486 84 114 0.666 255 342
11 0.4 52 70 0.6 164 220

“The assumptions used lead to mixtures of exponential distributions, with an overall nonproportional hazards behavior. The tabulated ratios are averages depending
on the settings of the trial. In the table, these are trials in which approximately 75% of patients are required to have an event before analysis.
1This row represents the ideal situation where all patients belong in the sensitive class.




Trial designs for testing efficacy of
molecular profiling-assigned targeted agents

In case of multiple cancer aberrant mutations

EGFR Cyclin-dependent
( inhibitors ) Glnase mhlbllcrs) HGS-OvCa GBM oS
a l b Pioss 1o 10® 1040
- 1p36.33 )128)
T ] == 1p36.11 188
Sustammg Evadmg it I 1343 (3) ————— p36.11189)
Aerobic glycolysis prolferative growth Immune activating 1p34.2 (MYCLT) [41) 1
inhibitors signaling  suppressors anti-CTLA4 mAb tq21.2 MCLz8l ca—
Dereguiating Avoiding xeR1(0] 7 fo=—
cotar mmune PPPICB[2] —
energetics, estruction |
PAXBIE) —A— (rRP1B[1]
_—
Resist ’ Enabli =l —— 2q37.3(67)
ossing nabing
uea\h immortality MECOM [0] ]| e I 3q13.31[0)
w9159 = ——————1
Tace) < RS-
Gen 4 pl“m’w 4q13.3(ANKRD17) (28] | == 4a23[105]
‘";‘a"";'g"“ inflarnmation 5p15.33 (TERT) [16] e e || 4a343(0]
5p13.2 (SKP2) (80) — | ——st12(6]
PARP Inducmg Activating Selective anti- e ] 5q13.1 [51]
inhibitors angiogenesis invasion & mﬂammatoly drugs -~
metastasis 6p22.3 (ID4) [70) ——{===
il o 6021 4] .
Inhibitors of Ihb f l — — —
(VET;:: ;Zr:a(\)mg) ( :lGIFI/': ’I\SA; ) Deletion Neutral Amplification 7p22.2(84)
€ 025 10% 100 10% 1% 8p11.21 (KBKB) [15] [ | 8p233[11)
SOX17 (1] —— T 8p21.2[12)
1q DEPTOR [2) ~_|
MYC[2) 7] — coKnza(s)
8q24.3(75)
ALGB(4)
3 SCSDLI1]\  f— e —PTENE)
. KRAS (4] e — 11p155 [109]
) S0 iy 90 o) i) 679 e 12q13.11 (5]
G VYD ot
¢ G - 12q13.2 (ERBB3) 18] _
o 6 12915 (FRS2) [13)
14q11.2 (METTL17)[12]
7q 14q32.33 (AKT1) [27] _—
8q 17q11.2[7) et
ERBB2(3) 15q15.1 (23]
HOXB[3) CREBBP (3]
TAF4B[2) wwox 1)
12p 16p13.13[29) /ANKRD11 m
19p13.11[20) =2 wap2ns {]
CONET [1)
19q13.12(7) NF1(1)
ava s 19q13.2 [24] 18023 28]
A\ e BCLaL12) 19p13.3(7)
Nk W 20p ZMYNDB [2] 19p13.3 [101]
3 N e = o 20q13.33(39)
3\ N e MTMR3 (5] 22q1333 (4
RSty 109 10% 109 10® 025 104 10%  107°10%° 0.25 g
\ o FDR Q value FDR Q value
1 AT
el S Many targets
o] 285 ) N\ et sepradation

\ [
i3 e Epression ot

e LU N\ e B = several (known) biomarkers
= many drugs

e Cegger Y,
e s o
[ I ; o




Trial designs for testing efficacy of
molecular profiling-assigned targeted agents

UMBRELLA STUDIES " m

Tumour molecular analysss

patients with the same type of cancer

|
are screened for a series of * **
hypothesized predictive biomarkers

Drug 1 DOrug 2 3 Drug 4

¢ Tumour organ of origin
Same tumor type 4

- ! — > Drug A
¥

( Umbrella trials v )\ — > Drug B

Multiple drugs targeting
multiple mutations o
Variety of tumors carrying a j\
variety of genetic aberrations X,
Y, &Z Molecular

y rofile
+ Randomized or P
nonrandomized

Luminal A

Drug C

’ o)
Fo)
l."ll %

ER positive

Variety of tumor types

« Rules-based treatment 8
assignment or per patient Drug B
based on review of individual ]\

profile data
' .

"T‘:. 5 .—> Drug A

Luminal B

Drug C

ER negative




The BATTLE trial:
personalizing therapy for lung cancer

U M B RE LLA PROTOCO L Umbrella protocol

Core needle biopsy

- rb%‘“*h

Biomarker profile

* EGFR mutation/
copy number
* KRAS/BRAF mutation

* VEGF/VEGFR-2

expression
* RXRs/Cyclin D1
Equal followed by expression and
adaptive CCND1 copy number
randomization
Erlotinib Vandetanib Erlotinib + Sorafenib
bexarotene

AR American Association for Cancer Research JUNE 2011 CANCER DISCOVERY | 45



The BATTLE trial:
personalizing therapy for lung cancer

Figure 3. Major efficacy results of BATTLE study. A, landmark

analysis of overall survival for patients with or without 8-week
disease control. The landmark time point is set at 8 weeks; i.e.,
time 0 is at 8 weeks after randomization. B, 8-week disease
control rates (in %) by treatment in patients with tumors
harboring wild-type or mutated EGFR (left) and KRAS

(right) genes.

B
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Erlotinib Vandetanib Erlotinib  Sorafenib
+bexarotene

Overall survival

1.0

0.8

0.6

0.4+

0.2

0.0

—— Disease control (deaths =77/112)
—— Non-disease control (deaths = 74/104)

8-Week disease control rate (%)
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Months after 8 weeks from randomization

By KRAS mutation status

100
m Mutation
80 - m Wild-type

Erlotinib Vandetanib Erlotinib  Sorafenib
+bexarotene

AR American Association for Cancer Research
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The NCI MPACT trial

An overview of the NCI precision medicine trials—NCI MATCH and

Khanh Do', Geraldine O’Sullivan Coyne’, Alice P. Chen’ www.thecco.net Chin Clin Oncol 2015:4(3):31
MPACT
4 treatment regimens, 3 pathways, and 20 targeted genes
ore . RAS pathway: Gain of function Loss of function
Molecular Profiling-based Assignment | ask 1120212 BRAF, KRAS NF1
MEK inhibitor NRAS, HRAS

of Cancer Therapy (MPACT)
is a smaller, provocative trial designed | coorne o PR -
to address whether targeting an mTOR innibttor mTOR FBXW7
oncogenic “driver” would be more

DNA repair pathways: ATM, ATR, ERCC1,

efficacious than one not veliparib MLH1, MSH2, NBN,
(PARP inhibitor) + TMZ RAD51
MK1775 PARP1, PARP2,
(WeeT inhibitor) TP53

+ carboplatin

National Cancer Institute
391 aMOIS (with COSMIC ID) selected

aMOI = actionable mutation of interest
COSMIC = Catalogue of Somatic Mutations in Cancer



The NCI-MPACT trial

An overview of the NCI precision medicine trials—NCI MATCH and
MPACT

Khanh Do', Geraldine O’Sullivan Coyne’, Alice P. Chen’ www.thecco.net Chin Clin Oncol 2015:4(3):31

Study design

Assign treatment
Arm A —> identified to

target mutation

f

Randomization

Disease
(clinical team is blinded) progression

Tumor

biopsy ?

from all
patients for Assign treatment
sequencing Arm B —» NO T identified to

target mutation

Off study

“Tumor biopsy (mandatory) will be performed on all patients enrolled on study; fresh tissue will be sequenced for the
presence of specific mutations of interest.

°Only patients with specified mutations of interest will continue on study and be randomized into either Arm A (receive
treatment regimen prospectively identified to target that mutation/pathway) or Arm B (receive treatment regimen

assigned from the complementary set not prospectively identified to target one of their mutations). Drugs will be
administered at recommended phase 2 doses and schedules.

National Cancer Institute




Trial designs for testing efficacy of
molecular profiling-assigned targeted agents

Pros & Cons
UMBRELLA STUDIES
patients with the same type of cancer v' Can be very efficient
are screened for a series of v" If randomized definitive
hypothesized predictive biomarkers conclusion about drug efficacy
in selected patients
Samatumcrdyps v Large amount of work
x Qg DA v Rules (of enrollment) has to be
Y= V . ——Dgs reviewed periodically by
A s fyedy % multidisciplinary team.
Varjetyoflumor_scarryinga @ L — b

profile

+ Randomized or Variety of tumor types

nonrandomized

+ Rules-based treatment
assignment or per patient
based on review of individual
profile data




BASKET STUDIES
recruit patients on the basis of their
molecular characteristics irrespective
of the organ in which their tumour
originated

Tumor

Drug A

Basket or bucket trials

Single drug targe tlng
single mutatio Molecular
rofile
V tyftmrscarygg netic pr

. —— > Drug A

'—» Drug A

Many different type of tumours

I

with a single biomarker = singledrug =~ " .ﬂ- I i

Trial designs for testing efficacy of
molecular profiling-assigned targeted agents

Tumour type C

(Colon cancer)

Tumour molocuar analysis

- e

Molecular characteristics (biotype)

Oestrogen
dependem

Abl-like kinase RSN
dependant |8 oML

HERZ amplified

ALK-inhibitor
responsive

DOR defective

BRAF mutant M



NATIONAL CANCER INSTITUTE
NCI-MATCH CLINICAL TRIAL

THIS PRECISION MEDICINE TRIAL NCI-MATCH* IS FOR ADULTS WITH:
EXPLORES TREATING PATIENTS « solid tumors (including rare tumars) and
BASED ON THE MOLECULAR lymphomas

PROFILES OF THEIR TUMORS « tumors that no longer respond to

standard treatment

ABOUT 3,000
CANCER PATIENTS
WILL BE
SCREENED WITH A
TUMOR BIOPSY

THEBIOPSIED /4
TUMOR TISSUE ;
WILLUNDERGD D

GENE
GENE SEQUENCING WILL LOOK FOR CHANGES IN 143 GENES QTR NS
IF A PATIENT'S TUMOR HAS A GENETIC ABNORMALITY THAT MATCHES ONE TARGETED BY A DRUG
USED IN THE TRIAL, THE PATIENT WILL BE ELIGIBLE TO JOIN THE TREATMENT PORTION OF NCI-MATCH

NOT ALL PATIENTS WILL :
HAVE TUMORS WITH AN

ABNORMALITY THAT

MATCHES A DRUG BEING .
TESTED *

PATIENTS WITH TUMORS \4 \4
THAT SHARE THE SAME
GENETIC ABNORMALITY,
REGARDLESS OF TUMOR
TYPE, WILL RECEIVE THE
DRUG THAT TARGETS
THAT ABNORMALITY

*NCI-Molecular Analysis for Therapy Choice

www.cancer.gov/nci-match
To learn more, call 1-800-4-CANCER

N C National Clinical
Trials Network

The NCI-MATCH trial

Genetic
sequencing

Actionable
—»  mutation
detected

A

—>

Study
agent

Stable
disease, Continue on study
Cor;s:’it:l or augrili':t ——| pp |—> Repeat
biopsy and
response progression se qz e)r,] cing
(CR + PR)'
Progressive Check for additional
di actionable
(PD)' mutations®
Yes No
No additional
actionable

'CR, PR, SD, and PD as defined by RECIST
®Rebiopsy; if patient had CR or PR or SD for greater than 6 months or had 2 rounds of treatment

after a biopsy on MATCH

\

mutations, or
withdraw consent

Off
study

An overview of the NCI precision medicine trials—NCI MATCH and

MPACT

Khanh Do', Geraldine O’Sullivan Coyne’, Alice P. Chen”



NATIONAL CANCER INSTITUTE
NCI-MATCH CLINICAL TRIAL

THIS PRECISION MEDICINE TRIAL ~ :  NCI-MATCH* IS FOR ADULTS WITH:
EXPLORES TREATING PATIENTS : o solid tumors (including rare tumors) and
BASED ON THE MOLECULAR : ymphomas

PROFILES OF THEIR TUMORS * e tumors that no longer respond to

standard treatment

ABOUT 3,000
CANCER PATIENTS
WILL BE
SCREENED WITH A
TUMOR BIOPSY

@\y
]

THE BIOPSIED
TUMOR TISSUE
WILL UNDERGO

GENE
GENE SEQUENCING WILL LOOK FOR CHANGES IN 143 GENES (TS

IF APATIENT'S TUMOR HAS A GENETIC ABNORMALITY THAT MATCHES ONE TARGETED BY A DRUG
USED IN THE TRIAL, THE PATIENT WILL BE ELIGIBLE TO JOIN THE TREATMENT PORTION OF NCI-MATCH

E 7 ? 5 7 é i 7 E 5 Y E \/
NOT ALL PATIENTS WILL : : :
HAVE TUMORS WITH AN
ABNORMALITY THAT
MATCHES A DRUG BEING . N7/
TESTED * A4

PATIENTS WITH TUMORS \4 \ \4
THAT SHARE THE SAME
GENETIC ABNORMALITY,
REGARDLESS OF TUMOR
TYPE, WILL RECEIVE THE
DRUG THAT TARGETS
THAT ABNORMALITY
*NCI-Molecular Analysis for Therapy Choice

www.cancer.gov/nci-match
To learn more, call 1-800-4-CANCER

N C I National Clinical
Trials Network

The NCI MATCH trial

PROs & CONs

v Address the problems of rare
subtypes (molecularly defined)
of more frequent tumours

v’ Easy to implement in a early
phase within a cooperative

group
v' Genome centered: outcomes

may depends on clinical
particularities of tumours (HCC)



Fifty years of cancer drug development:
which lesson?

v" The one-size-fits-all model is not effective
with targeted therapy

v' Companion diagnostic/biomarker and drug
co-development is needed

v’ ...just the very beginning of the tale



DRUGS USED TO BE
DESIGNED WITH THE
AVERAGE PATIENT IN MIND

NOW, THEY CAN BE TAILORED TOSPECIFIC
PATIENTS' GENETICS, MICROBES, AND
CHEMICAL COMPOSITION

“I want the country that eliminated polio
and mapped the human genome to lead a
new era of medicine — one that delivers the
right treatment at the right time. In some
patients with cystic fibrosis, this approach
has reversed a disease once thought
unstoppable. Tonight, I'm launching a new
Precision Medicine Initiative to bring us
closer to curing diseases like cancer and
diabetes — and to give all of us access to
the personalized information we need to
keep ourselves and our families healthier.”

President Barack Obama, State of the Union Address,
January 20, 2015
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Tumor heterogeneity: Causes and consequences

Andriy Marusyk, Kornelia Polyak *

Is tumor heterogeneity in cancer a problem?

Traditional, linear model of
clonal succession

Multi-clonal model of tumor
progression

Biochimica et Biophysica Acta 1805 (2010) 105-117



Is tumor heterogeneity in cancer a problem?

B .
-il
<a7 <I
£ =

Time

Different mutations for each sample!

Tumor heterogeneity: Causes and consequences

Andriy Marusyk, Kornelia Polyak * Biochimica et Biophysica Acta 1805 (2010) 105-117



The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MARCH 8, 2012 VOL. 366 NO. 10

Intratumor Heterogeneity and Branched Evolution Revealed
by Multiregion Sequencing

Marco Gerlinger, M.D., Andrew J. Rowan, B.Sc., Stuart Horswell, M.Math., James Larkin, M.D., Ph.D.,
David Endesfelder, Dip.Math., Eva Gronroos, Ph.D., Pierre Martinez, Ph.D., Nicholas Matthews, B.Sc.,

Aengus Stewart, M.Sc., Patrick Tarpey, Ph.D., Ignacio Varela, Ph.D., Benjamin Phillimore, B.Sc., Sharmin Begum, M.Sc.,

Neil Q. McDonald, Ph.D., Adam Butler, B.Sc., David Jones, M.Sc., Keiran Raine, M.Sc., Calli Latimer, B.Sc.,
Claudio R. Santos, Ph.D., Mahrokh Nohadani, H.N.C., Aron C. Eklund, Ph.D., Bradley Spencer-Dene, Ph.D.,

Graham Clark, B.Sc., Lisa Pickering, M.D., Ph.D., Gordon Stamp, M.D., Martin Gore, M.D., Ph.D., Zoltan Szallasi, M.D.,

Julian Downward, Ph.D., P. Andrew Futreal, Ph.D., and Charles Swanton, M.D., Ph.D.

B Regional Distribution of Mutations
Ubiquitous

Shared primary

Shared metastasis

A Biopsy Sites

Intratumor heterogeneity fosters tumor evolution and
adaptation and hinder personalized-medicine strategies that
depend on results from single tumor-biopsy samples
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Problems in developing genetic-based therapies

v’ Intratumor heterogeneity
v’ Identify Driver versus Passenger mutations
v’ Resistance development to a targeted agent

v No info in the complete compendium of genetic alterations in
cancer

v Most recognized genetic abberrations have not led to a candidate
drug

v’ Essential is the identification of the core pathway rather than the
single mutation

v One drug is never enough

v Need of strong and reliable preclinical infrastructures



Is tumor heterogeneity in cancer a problem?

OPENaACCESS Freely available online @.PLOS ‘ BIOLOGY
Community Page
Tracking Genomic Cancer Evolution for Precision <
Medicine: The Lung TRACERx Study
o
Z
2 S Completion of all
= L0 Follow-up (+/- Recurrence Follow-up Progression Follow-up ompletion ofa
= adjuvant treatment
=)
= chemotherapy)
= | Primary tumour .
2 +/- lymph node(s) Mtetastatlc
= (n=842) umour
GL DNA
g cfDNA cfDNA SN cfDNA
@) cfDNA . CTCs CTCs (During cfDNA
@) (At regular time CTCs j
= CTCs intervals) (During cfDNA treatment) CTCs
/M Immunology
Immunology treatment)

cfDNA, circulating-free tumour DNA;

CTC, circulating tumour cell;

GL DNA, germ line DNA;

TRACERx, TRAckingnon-small cell lung Cancer Evolution through therapy (Rx)

PLOS Biology | www.plosbiology.org 1 July 2014 | Volume 12 | Issue 7 | e1001906
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Existing and Emerging Technologies for Tumor

Genomic Profiling
Laura E. MacConaill

Molecular alterations in cancer

DNA

® Point mutations
(substitutions/indels)

e Copy number gains or losses

Tumor

* Rearrangements, fusion genes

* Pathogenic sequences

® Epigenetic modifications

c#e Altered transcript expression levels

¢ Altered allele-specific expression

¢ Differential alternative splicing

Existing technologies

Capillary (Sanger) sequencing
Pyrosequencing R in
Genotyping

FISH

IHC

Array CGH
SNP array

Karyotyping
FISH

PCR
Microbial arrays

Bisulphite sequencing
methyl-specific PCR

RNA microarray

RNA microarray

RNA microarray

Emerging technologies

Targ-Seq/WES
RNASeq

Targ-Seq/WES
WGS i
R A

VOLUME 31 NUMBER 15 -

MAY 20 2013

Genomic alterations and technologies for detection

CGH, comparative genomic
hybridization

ChIP-Seq, chromatin
immunoprecipitation followed by
massively parallel sequencing

FISH, fluorescent in situ
hybridization

IHC, immunohistochemistry
PCR, polymerase chain reaction

RNA-Seq, RNA sequencing, also
known as transcriptome sequencing
SNP, single nucleotide
polymorphism

Targ-Seq, targeted sequencing

WES, whole-exome sequencing
WGS, whole-genome sequencing

JOURNAL OF CLINICAL ONCOLOGY REVIEW ARTICLE




Cost of genome sequencing

Existing and Emerging Technologies for Tumor

Genomic Profiling
Laura E. MacConaill
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sequencing technologies
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Opportunities and Challenges of
Biomarker-Driven Targeted Therapies

W ® Aligning incentives to fulfil the promise of personalised

CrossMark

medicine www.thelancet.com Vol 385 May 23, 2015

Victor | Dzau, Geoffrey S Ginsburg, Karen Van Nuys, David Agus, Dana Goldman

Cumulative value of additional quality-adjusted life-years generated
(2012-60, valued at US$100000 each)
700 [ 10% incidence reduction
1 50% incidence reduction
607
600 —
534
§ 500- 478
E
A
3 400
= 312
g 300 272
=
[
o]
S 200
© 161
g 114
1004 70 96 78 o3
l_ 33
0 T T T T T |
Cancer Diabetes Heart disease Hypertension Lung disease Stroke

Figure: Value of health from hypothetical personalised and precision medicine prevention innovation at
two levels of incidence reduction in six diseases in the USA ($ billions)
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Cancer is a genetic disease
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Tumour microenvironment:
Gut bacterial balance affects cancer treatment
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Why should we need the gut microbiota
to respond to cancer therapies?
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