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Historical milestones

« 1971 National Cancer Act
War on Cancer by President Richard Nixon

* 1970’s
> ER needed for response to tamoxifen
. 1990’s THERE IS NEW AMMUNITION
IN THE WAR AGAINST

CANGER.

> Retinoic acid — PML_RAR
> Rituximab — (CD20) B-NHL
> Trastuzumab — Her2neu Amplified Breast Cancer THESE ARE THE BULLETS

Revolutionary new pills like GLEEVEC
combat cancer by targeting only the

° 200 1 diseased cells. Is this the breakthrough

> Imatinib — BCR-abl CML (c-kit — GIST)




FDA Cancer Drug Approvals by Year

APPROVALS BY YEAR
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Hallmarks of Cancer

EGFR Cyclin-dependent
inhibitors kinase inhibitors

| v

, " Sustaining Evading m—
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling suppressors anti-CTLA4 mAb

Deregulating

Proapoptotic Resisltling
BH3 mimetics ce
death

Enabling Telomerase
replicative Inhibitors
immortality

Tumor-
promoting

Genome

instability & . .
mutation inflammation
AR Inducing Activating Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
metastasis

1 a

Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met

Cell 2011 144, 646-674



Cancer Mortality (rate per 100,000)

Decreased mortality, Improved survival

of cancer patients

1990 1995 2000 2005 2010
Year
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Roadmap to progress

Basic Research Translational Research Clinical
Biobanking Methods

New Technologies

Discovery Qualification Verification Val idation

Number of analytes —

— Number of samples




Toward Precision Medicine

Put more science into clinical trials

® o Investigational drug ' by
A A Respénders z

Non-responders

Pharmaco dynamic Molecular diagnostics: Molecular diagnostics:
measurements candidate approach unbiased approach

Modified from American Association for Cancer Research



Precision Medicine

[Tuman Genetic Variation

Germline Somatic Personalized
Variation Mutation Care



“It’s far more important to know what person the disease has
than what disease the person has”

Hippocrates (ca. 400 BC)
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Precision & Personalized Medicine - Definitions

Precision Medicine

» The tailoring of therapeutic interventions to the individual molecular
features of patients and/or their disease

Personalized Medicine

» The tailoring of medical treatment to the individual characteristics of each
patient

» Preventative or therapeutic interventions can then be concentrated on
those who will benefit, sparing expense and side-effects for those who will
not



Basic elements of Precision Medicine

Precise Predictive | Availability o

molecular
characterization

A ,:;'- { : 4 %

Biomarkers active drugs

Prognostic Markers .«

Markers predictive of drqum«i_
sensitivity/resistance E

Markers predictive of ¢
adverse events




Genomic Landscape of 5,000 Human Cancers
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Mutation load varies among different cancer types
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Common cancers are collections

of rare

cancers

A Spectrum of oncogenic “driver” mutations
in NSCLC* (n = 1,003)

ERBB2 \EK1 NRAS
BRAF 0.9% 0.8% 0.5% élg;])

1.9% PTEN
PIK3CA U2%
21%
EGFR
14.8%

No mutation
KRAS detected
22.9% 55.7%

B Relative frequency of EGFR mutations
in NSCLC (n =127)

L861Q G719A G719
13% 13% 130

Exon 20
insertion
7.8%

Exon 19
deletion
43.5%

(o] Spectrum of oncogenic “driver” mutations
in melanoma (n = 955)

KIT GNAT1 crangd
GNAQ 23% 13% 13y

2.8% \ ’

NRAS

No mutation
18.1% oo
35.2%
BRAF
39.1%

D Relative frequency of BRAF mutations
in melanoma (n = 382)
veoop V600OM

1%  0-8% vgooG
VB00R 0800

2.6% \

© 2014 American Association for Cancer Research

CCR Reviews

AR

Catherine B. Meador et al. Clin Cancer Res 2014;20:2264-2275




NSCLC - Targeted therapy for advanced or metastatic disease

Genetic Approved targeted Emerging targets Available active targeted
alteration therapies agents

EGFR Afatinib High level MET Crizotinib

Erlotinib amplification or MET
Gefitinib exon 14 skipping
Osimertinib mutation
ALK A'?Ctif‘i? RET rearrangements Cabozantinib
Brigatinib Vandetanib
Ceritinib . :
. HER2 mutations Ado-trastuzumab emtansine
Crizotinib
ROS1 Crizotinib

BRAF Dabrafenib/Trametinib



Approved targeted therapies for other solid tumors

Genetic alteration Approved targeted therapies

Breast Cancer
ERBB2/HER2 Trastuzumab
Ado-trastuzumab emtansine
Trastuzumab/pertuzumab

Lapatinib
BRCA Olaparib
Melanoma
BRAF V600 Dabrafenib/Trametinib

Vemurafenib/Trametinib

Colorectal Cancer
KRAS/BRAF/NRAS WT Cetuximab
Panitumumab

Ovarian Cancer
BRCA Olaparib
Rucaparib



NSCLC patients with drivers receiving a matched therapy live longer

A | Patients with an oncogenic driver mutation who did and did not
receive targeted therapy, and patients without an ocogenic driver

No mutation
detected

E-‘-.
No targeted ™4
therapy

9 largeted therapy

MEK1

Survival Probability
o
[=))]

MET AMP
HER2
PIK3CA 0.4
BRAF 2%
Double mutations 3% EMLA-ALK 7% No driver
0.2+
Mutation found in 54% (280/516) of tumors; 97% mutually exclusive Log-rank P<.001
0 I 1 1 I 1
0 1 2 3 4 5

Years

Kris MG et al. JAMA. 2014;311(19):1998-2006



Mechanisms of acquired resistance in EGFR-mut

Bypass
tracks

EMT ~1-2%

HER2 amplification
~8-13%

BRAF ~1%
MET amplification ~5%

PIK3CA ~1-2%
SCLC alone ~6%
SCLC with PI3K ~4%

No identification
AR mechanism
~15-20%

~

T790M 1
alone
~40-55%

J

T790M EGFR
with EGFR target

: : alteration
ETS&ﬁcatlon ~60%

Other EGFR

point mutations

1-2% |
»Asp761Tyr
»>Thr854Ala

»Leu747Ser

Camidge Nat Rev Clin Oncol 14



Targeting T790M- Osimertinib

0 AURA Ph | 7] AURA pooled Ph II

= B

&
|

Bt percentaga change fram beseling in
target lason size (%)
Bt penentage chanos fram baseling in

ALIRA Ph RN mn) N=A1 ALIRA nonlad Ph Il 180 mn) N=307
71% (95% CI 57, 82) 6% (95% CI 61,71)
Disease confrol rate' 3% (95% CI 84, 98) 1% (95% CI 88, 94)
Gulmlete response 1 B
Partial response 42 206
Stable disease 26 weeks 14 a9
Progressive disease 7. 25

ALIRA Ph | data cut-off 4 Jaruary 2016; pogulation: evaluable for response set; assessment: invesiigator assessed;

AURA poclad Ph |l data cut-off 1 Mavember 2015; population; evalusble for respanse sef; assessment; BICR

“Represents imputed values: if it is known that the pefent has died, has new lesions or progression of non-target lesions, has withdrawn due o
diseass progression, and has no evaluable targat lesicn (bafore or al progression) assessmants, best change will be mputed as 20%,
Tlomplels response, partial response, stable disease 26 weeks

ORR, objeclive response rabe; Cl, confidence interval

el.CC . EUROPEAN LUNG CANCER COMFEREMNCE 2016
Presented by James C-H Yang at the 6th IASLC/ESMO European Lung Cancer Conference, 13-16 April 2016,

15 Geneva, Switzerland; Abstract LBA2 PR;J Thorac Oncol 2016; 11{Issue 4): $152-5153




Addressing resistance to therapy

EGFR+
MET HER2 + T790M 100
amplification S A%
3% > o 80
Unknown - T
Small cell+ MET e 2 60 o
1% \ 2 . RR 66%, DoR 12.5 mo
Small cell Y g8 )
1% gh N g T T T T T T T T T T T T T T T T T
Small cell + 32 0
T790M o3
2% 8 =207 ___ "W S I
£
MET+ T790M gz 40 - o Compiet
[l omplete response
3% o -60 Partial response
g g0 - m Stable disease
m Progressive disease
~100 = Not evaluable

Helena A. Yu et al. Clin Cancer Res 2013;19:2240-2247
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ALK | | o
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No ALK 1157, Crizotinib Ceritinib
Amp or mut 7 752 Alectinib

1st gen ALKi/ROS1i . .
Bypass tracks 2nd gen ALKi 3rd gen ALK

Unknown

Lorlatinib

Camidge Nat Rev
Shaw doebele JTO

30%



Targeted therapy beyond histology

TRK fusions found in diverse cancer histologies

’ Brain cancers (glioma, GBM, astrocytoma)
Salivary (MASC) [l Common cancer with low
N Thyroid cancer TRK fusion frequency

\ . :
Lung cancer [l Rare cancer with high

Secretory breast cancer TRK fusion frequency

Pancreatic
Cholangiocarcinoma

GIST

Colon
Melanoma

Sarcoma (multiple) Z |
i

Gliomas

Thyroid cancer
Infantile fibrosarcoma

Congenital nephroma
Spitz nevi

&7 Sarcoma (multiple)

Estimated 1,500-5,000 patients harbor TRK fusion-positive cancers in the United States annually

eresevma: ASCO ANNUAL MEETING 17 | #ASCO17

Slides are the property of the author Permission required for reuse. H}"rnan_. LBA25G1



ORR =76%

Success across histologies: NTRK as an example

Efficacy of larotrectinib in TRK fusion ca
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Cancer Immunotherapy

- Head/Neck Cancer

P Melanoma
201 2014 2015-2016 = Lng Concer
® ® ®- — < Kidney Cancer
Ipilimumab Pembrolizumab, PD-1/L-1 drugs Bladde.r Cancer
introduced for nivolumab benefit even E;:;’g,':;"ma
melanoma approved for more of (Lymph Node
melanoma cancers Cancer)

2016 ASCO
Advance of the Year




Beyond targeted therapy - Immune checkpoint blockade

Responses to immunotherapy across multiple tumor types

> NSCLC
80—
> SCLC -
(/2] N 1 y OS, 42%
© 40— ‘
> Melanoma | 2y 03, 24%
— 3yO0s, 18% 5y 0S, 169
© 204 y y f o
Renal cell C = ]
> enal ce a S 0 .
= 0 1 2 3 4 5 6 7
- )
» Bladder Ca % o st
E A Pembrolizumab Pembrolizumab Ipilinumab
every 2weeks, n=279 every 3weeks, n=277 n=L78
b Events, n 122 119 142
> H N k ) 1000l Median (95% CI), months NR (22-1-MR) NR(23.5-NR) 160 (13.5-22.0)
e a e C a + HR (95% C1) 0-68 (0.53-0-87) 068({053-086)  —
I 90+ palue 0-0009 0-0008 -
80— .
o]0] = 70
> Hepatocellular Ca = I e
3 2 5o ‘ e L1 TP
T 40 T
S 304
20 —— Pembrolizumab every 2weeks
ol — Pemnbrolizumab every Iweeks
—— Ipilimumab
3 2 A ¢ 3 10 12 14 18 18 20 2 24 2% 28
Number at risk
Pembrolizumab every 2weeks 279 266 245 234 221 215 202 188 176 163 156 96 44 4 o
Pembrolzumabevery 3weeks 377 266 k1 238 215 01 184 179 74 164 156 93 43 1 o
lpilimumab 278 242 213 189 170 159 145 132 122 113 110 69 28 1 0




Biomarkers of response to immune checkpoint blockade

Established biomarkers

Research in the field is ongoing

PDL1
Tumor mutational burden
MMR deficiency (or MSI)

Frameshift indel count
Immune gene signatures
Gut microbiome

PD-L1 selection in NSCLC

Pembrolizumab is better than chemo in PD-L1 250%
KEYNOTE-024

Events,  Median, HR P
100 n mo [95% Clp
90
Pembro 73 103 050
2 isz% Chemo 116 o lpsrasgy <00
1505 .
;o =
) 50 |
a 1
gl :
30 :
PD-L1 =50% jﬂ :
EGFR/ALK WT 0 :
1] 3 [ 9 12 15 =
Primary endpoint PFS
Reck, NEIM 2016

TMB by Whole Exome Sequencing (WES) is
predictive of immunotherapy activity across diseases

Melanama (Anti-CTLA-4) NSCLC (Anti-PD-1) Colon (Anti-PD-1)
100 — High synonymaus burden b
g k — Low nonsynonymous burden g 1.0
&2 53 08
] £80s
g £50 By
g5 '—l 8504
ge 2w
& 9 _ <302
T T T 71 g o
0 20 40 60 80 100 0 4 8 12 16 20 4 S 0 3 6 9§ 12 1§
Time, mo Time, me Time, mo
Melanoma (Anti-PD-1) NSCLC (Anti-PD-1) SCLC (Anti-PD-L1/CTLA-4)

Nivatumab {n = 475 9.7 (5.1-NR) H
Chematherapy (n=60): 5.6 (4.2-8.5) & 21
&

7 °.100 o odlan PFS (55% 1), mo o0
@£ 1
E% o
=a HR (5% C1) = 0.62 (0.38-1.00)
35 &0 28
£c . w2 g
5 40 e g

@

- g2
I . o,
e & 20— Nvolumab SR, E
48 = Chemolherapy —
ﬁ_“ a 10 T 0+
0 3 6 _9 12 15 18 21 003 6 9 1215 W N MU HNBDB
Time, mo Time, mo

1. Snyder, N Engl J Med. 2014; 2. Rizvi, Science. 2015; 3. Le OT, N Eng!J Med. 2015; 4. Van Allen EM, Science. 2015 ; 5. Hugo, Cell. 2016 ; 6. Carbone, N Engl f Med. 2017 7. Rizvi, WCLC 2017



Immunotherapy: more to come............

T cells are genetically reprogrammed
to find and attack cancer cells.

T cells are grown in
large numbers in the lab.

7 N\

On the Horizon:
CART-cell therapy

T cells are Reprogrammed
collected from the T cells are infused
patient’s blood.

into the patient. . .
‘ Customized vaccines




Immunotherapy beyond histology

I-H Cancer Has a High Mutational Burden

* Mismatch repair (MMR) deficiency refers to deficiency in proteins
responsible for DNA MMR: MSH2, MSH6, MLH1, PMS2.

* MMR deficiency leads to the MSI-H phenotype.

* MMR deficient/MSI-H cancers harbor thousands of mutations (i.e.,
high mutational burden; hypermutated phenotype).

— Aw —
— T —

Wild type

As

Tio

Heteroduplex

MMR
deficiency

—

Microsatellite
Instability

— A —

—_ T —

Full mutant

—

DNA mutations lead to
protein neo-antigens,
detected as ‘foreign’ &
recognized by T-cells
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ORIGINAL ARTICLE

PD-1 Blockade in Tumors with Mismatch-Repair Deficiency

Table 24: Efficacy Results for Patients with MSI-H/dMMR Cancer

Endpoint n=149
Objective response rate
ORR (95% CI) 39.6% (31.7,479)
Complete response rate 7.4
Fartial response rate 32.2
Response duration
Median in months (range) NR {1.6+ 22.7+)
% with duration 26 months 78%
NR = not reached

* PD-1 blockade with

gical Rationale for Tumor-Agnostic Apprg

Tumor
cell

5

CR A o

pembrolizumab can it e i‘)‘n}‘:ﬁf ‘ X\\ 1
restore effective anti- WYL LS &}vfa‘
tumor immunity in MSI-H - wY |
cancer, regardless of e

cancer type rocopor ]

Inactivation



The genomic landscape of tumours Is
heterogeneous

Subclone 1

Intertumour heterogeneity Intratumour heterogeneity

Intercellular genetic
and non-genetic heterogeneity

Clonal heterogeneity

= Achieving cures in metastatic disease
= Cancer biomarker validation

Burrell, McGranahan, Bartek & Swanton. Nature 2013



Cancer: an evolving threat. Nature 2016



The evolution of a cancer

Development of treatment resistance

PERIOD

Untreated cancer  Early treatment Treatment
response resistance

e ®

@ Treatment-sensitive cancer cells die

a Treatment-resistant cancer cells multiply

JAMA Oncology 2015



Various samples types may be used as a DNA source for
mutation testing at disease progression

e ~N
Tumor
biopsy

Gold standard sample
type for EGFR mutation
testing in metastatic
NSCLC1?

~ ™

Cytology samples

\/

Suitable alternative*® if a
tumor biopsy sample is
not available?>

*Provided a proper validation has been conducted.
DNA, deoxyribonucleic acid; EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer.

~ ™

Plasma

\/

Likely to be the
preferred sample option
since it is feasible,
reliable, and minimally
invasivel®

Urine
samples

Should be considered a
viable
approach’

Cerebrospinal fluid

May be used to identify
mutations in
leptomeningeal disease?®

1. Diaz LA, et al. J Clin Oncol. 2014;32(6):579-586. 2. Pirker R, et al. J Thorac Oncol. 2010;5(10):1706-1713. 3. Oshita F, et al. BrJ Cancer. 2006;95(8):1070-1075. 4. Van Eijk R, et al. PLoS One. 2011;6(3):e17791. 5. Kimura
H, et al. Br J Cancer. 2006;95(10):1390-1395. 6. Huang WL, et al. Biomed Res Int. 2015;2015:1-11. 7. Wakelee H, et al. J Clin Oncol. 2016;34(15_suppl):9001.
8. Yang JC-H, et al Presented at: American Society of Clinical Oncology Annual Meeting; 3-7 June 2016; Chicago, IL. J Clin Oncol. 2016;34(15 suppl). Abs 9002.



Liquid biopsies capture the molecular heterogeneity of
metastatic cancers

CTCs

ctRMA Exosomes ctDNA

Gene Amino acid  Nucleotide  Frequency
change change (%)

> KRAS  G13D 38G>A 0.8
BRAF  VGOOE 1700T=A 53

Amino acid  Nucleotide  Frequency
change change (%)
 KRAS G12D 35G=A 1

MAP2K1  K57N 171T>G 3.2

LMMA NTRK1

T - - L
| Y 0= =V R
R
200 Uil
lood vesel o
O e P R R T T
TR T TERLLLE »o

Siravegna, Marsoni, Siena and Alberto Bardelli, Nat Rev Clin Oncol 2017



Circulating Tumor Cells (CTCs) One in a billion blood cells is a CTC:

Analysis of CTCs

Primary tumor

CTCs Applications

Extravasation Immunostain
N

« ‘kasation Metastasis
FISH

| 1 i [ ] 1 /
Size | | Collagen adhesion Density Marker proteins
matrix (CAM) — g .
Y CD45' #Glyco A ! : XM Sequence A\ h,,
A N I, 2 b,
Cancer cel @»’_<. EpCAMszy pCAM+ . )" A |
‘ >-@ ‘ C N AL VUL
WAl e ¥ LA
? vl Positive gnet Positive  Micropost . \\qRT-PCR
calls ' \
?ﬂmleﬂ? / \ L} \\
A}

Y Ficoll X
@,mm.‘;o‘@ CDds+2y " Expression
. .
Cancer cell @ “Leukocyes . analysis

Y
Negative Magnet <4
EpCAM+

‘ Cell culture

Positive MagSweeper

Yu et al. (2011) J Cell Biol

TRENDS in Malecilar Medicine



cell free DNA (cfDNA)

Schwarzenbach H, Hoon DS, Pantel K Nat Rev Cancer. 2011, Jun;11(6):



Testing ctDNA EGFR mutations: activating & T/790M

Commercial Kits /Companion Diagnostics

Advantages Disadvantages
Cobas EGFR test . :
* Rapid * Cost (may be more expensive
« Quality control to develop and obtain FDA
approval vs lab developed

* Well tested (in clinical trials)

2
e Stable results tests)

* FDA approved

Digital ‘ . Laboratory Developed Tests (LTDs) based on emerging
PCR L. technologies
Advantages Disadvantages
e Can be less expensive using * Quality can be more difficult to
equipment that is commonly control and maintain
available * Validation required
NGS e May offer high sensitivity . Sensitivity requires

confirmation

Humina ion torrent

A *A0XD+ %
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New Clinical Trial Designs

Umbrella

Test the impact of different drugs on
different mutations in a single type
of cancer

all
Clinical
Cancer Research

AACR Tamsmir

Basket

Test the effect of one or more drugs
on one or more single mutations
in a variety of cancer types

© 2015 American Association for Cancer Research

CCR Perspectives in Drug Approval

AACR

Herbst et al. Clin Cancer Res 2015;21:1514-1524




Systems Biology of Cancer

Serum glycans,
P 4 miRMNA, ctDNA and
Blood samples interleukins, etc.
& a B
Tumour cells
in blood and

bone marrow

Sentinel node

Biopsies from
primary tumours
and metastases

Various tissues:
= Mormal

= Preinvasive

= Malignant

In vive MRI

In vive MR35

Xenografts,
— GEMMs= and
cell lines
Mousze models
Exposure:

radiation, diet,
hormones, etc.

Single-level classifications

Genomics

Ve

Transcriptomics

Froteomics
M o

e

ol

‘c&vgh &
T

Metabolomics

Image based
classification,
mammaograms, X-ray
and MRI

Clinical and
pathology-based
classification

Copy number,

methylation and
sequence
classifications

mRMNA classification,
miRMNA and neRNA
classification

Protein classification
using RPPA, IHC,
LC—MS/MS, etc.

HR-MAS MR
classification

____________________________________

Integrated classifications

Genotypic and
. | phenotypic
stratification of
breast cancer

Clinical
outcome

R
= | Sonaur
\

Personalized
treatment

e

|

Kristensen, Nature Rev. Cancer, 14:299, 2014.



“ Personalized Cancer Medicine

whole exome sequencing for actionable mutations
patient-derived tumor organoids for in vitro testing
organoid-derived PDX models for validation and safety testing

Cancer Discovery May 2017



Emerging Treatment Options vs Challenges...




