Future Medicine
Targeting the Hallmarks of Cancer
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Not Aging Society But Super Aged Society

Korea already one of the top aged societies  Rapidly aging Korean society
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The rapidly aging population, coupled with the lowest birthrate, is posing
a lot of socioeconomic problems for Korea, including a labor shortage,
fiscal strains caused by rising welfare costs, chronic economic
sluggishness and excessively conservative trends dominating society.

National fertility rates
Average number of children a woman will give
birth to in her lifetime (2014 estimate)
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Not Aging Society But Super Aged Society

World will have 13 ‘super-aged’ nations by 2020

By Financial Timesin London

Country 2015 2030
Japan 26.4 30.7
Germany 21.4 28.2
Italy 21.7 26.8
South Korea 13 23.4
France 18.7 23.2
Switzerland 18.2 21.9
UK 18.1 21.7
UsS 14.7 20.1
Australia 15 19.2
China 9.5 16.2

Number of people in their 20s with jobs

as of August from 2003 to 2008, March for 2009
{Unit: 1,000 people)
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Health Issues in the Elderly

CThe Telegraph N

Rising life expectancy means we spend more time being ill

New research reveals that although our life expectancy is rising, we're
spending more time living with ill health

Physiological changes occur in the elderly as a natural
part of Aging, and can affect their health and lifestyle.
Most conditions result from Decreased Function or
Degeneration of the involved organ and some diseases
and conditions become more prominent in the elderly.

Psychosocial issues can also play a role in physical and
mental health of older adults.
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Aging & Anti-Aging vs Disease

FALL PREVIEW: A SNEAH PEEK AT MOVIES, TV, MUSIC & BOOKS BIRD FLU = HARRIET MIERS ON TRIAL ~ THE NEW 0DD COUPLE
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Augmentation Technology

Hybrid Assisted Limb Exoskeletons

Neuroprosthetics Myoelectric Prosthetics




Regeneration & Replacement Technology

Tissue Regeneration Artificial Lungs Artificial Liver Artificial Muscles
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Biogerontology Technology

Antl-aging Drugs Anti-aging Cosmetics Genetic Engineering
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AGING is a CURABLE DISEASE!



Tailoring Treatment for Diseases

Mortality and Top 10 Causes of Death, USA, 1900 vs. 2010

(Rates per 100,000)
SPECIAL

1900 2010 HEALTH
DOUBLE
ISSUE
All Causes:; 1,718.1

Mortality from all causes declined 54%
Other, 620.1 between 1900 and 2010.

Cancer, 64.0

Heart diseass, 137.4

BABY
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Cerebrovascular disease, 10 Diabetes, 22.3 142
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. airways diseases, YEARS
OLD

Senifity, 27.0
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Data Source: Centers for Disease Controf



Change of Disease Pattern to Chronic Disorders

Top 10 causes of death
Deaths per 100,000 pecple

L Cancer 142.8

2. Cerebrovascular
disease 50.7

= 3. Hoart

problems
49.8

4. Suieide 317
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6. Pneumonta 17.2

¥
e

%

§. Diabates 21.5

7. Chronic
respuratony
disan e
13.9

8. Liver discases 13.5
9. Rccidems 12.6

10. High blood
pressune.
related
diseases 10.1

Source: Statilics Ko

Cause of death by gender
For every group of 100,000, as of 2008.

Male Female
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DRUGS USED TO BE
DESIGNED WITH THE
AVERAGE PATIENT IN MIND

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

 #America f_;.i'ﬁ V SOURCE: HHS




Why Cancer Occur?
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Pathogenesis

Molecular Pathogenesis

Advance of molecular biology, chemistry,
pharmacology, computer science......

THERE IS NEW AMMUNITION
IN THE WAR AGAINST

GANGER.

THESE ARE THE BULLETS.
Revakstionary mew plis bk G 11VTC

1960 2001
;t; b
Ph’' Imatimib
Chromosome 2002 2011
I F r > 8years
BRAF Vemurafenib
mutation
1987 2004 2009
F, .................... _ 5 years
EGFR EGFR Gefitinib
mutation
2007 2010
L 3 years
EMLEALK Crizotinib
fusion gene

The New England

Journal of Medicine

@ ™ NEW ENGLAND
%" JOURNAL of MEDICINE

Tmproved Survival with Vemurafenih in Melasoma with BRAF VA0OE
Mutation

e NEW ENGLAND

JOURNAL o MEDICINE

Gefitinib or Carboplatin-Paclitasel in Pulmonary
Adenocarcinoma

e NEW ENGLAND
JOURNAL of MEDICINE

Molecular Targeted Therapeutics has already changed Paradigm of Cancer Therapy.



Paradigm Shift to Genomic View of Cancer

From Anatomy...

7o Genetic Classification

KIT 448
(Imatinib) /

EGFR
(Erlotinib)

A

HER2 *; ﬁg’ 5
(Lapatinib) -/54111;

BRAF
(Vemurafenib)

PIK3CA
(BEZ235)

Year

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Imatinib I Tyrosine kinase inhibitor

I Serine/threonine kinase inhibitor
Gefitinib I Dual protein kinaseinhibitor
Erlofinib I Lipid kinase inhibitor

Sorafenib

Sunitinib Dasatinib

Lapatinib Nilotinib

Pazopanib

Vandetanib Vemurafenib Crizotinib  Ruxolitinib

Bosutinib! Regorafenib Tofacitinb Cabozantinib Ponatinib

Trametinib  Dabrafenib Afatinib Ibrutinib
Ceritinib Idelalisib Nintedanib

Palbociclib  Lenvatinib

Number of approved SMKI

US FDA approved
28 small molecule kinase inhibitors

Peng W et al. Drug Dis Toda 2015 July



Genomic Landscape of Cancer

ENCODE (ENCyclopedia Of DNA Element) Project:
Identification and analysis of functional elements in 1% of the human genome
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The Cancer Genome Atlas (TCGA)

A pilot project developed and tested the research framework needed to
systematically explore the entire spectrum of genomic changes invelved in
more than 20 types of human cancer.

Cancer Cell Line Encyclopedia (CCLE)

A compilation of gene expression, chromosomal copy number and
massively parallel sequencing data from 947 human cancer cell lines
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International Cancer Genome Consortium

To obtain & comprehensive description of genomic, transcriptomic and
epigenomic changes in 50 different tumer types and/or subtypes




Genomic Landscape of Cancer

Evolution of sequencing instruments over time

1" generation
sequencing

Throughput in Kpb

Whole-Genome Sequencing in a Patient
with Charcot-Marie-Tooth Neuropathy

2003 2007 2008 2010 Improvement of Genome Sequencing
—
Human genome project  Craig Venter genome P
13 years, $2,700,000,000 4 years, $100,000,000
James Watson genome -
4 months, $1,000,000 o
1 Asian and 1 African genome -
1 month, $ 250,000 i
1 Celebrity (Glenn Close) o
$ 48,000
1 Patient c Charcot-Marie-Tooth s
$ 50,000
1 Family (4) c Miller syndrome |« - e e e s
$ 25,000




Genomic Landscape of Cancer

Bladder I Kidney
# 0.4 P53 I Breast Leukemnia (AML)
The Cancer Genome Atlas : Colon I Lung adenocarcinoma
B Giioblastoma Lung squamous
Headand neck [l Ovarian 1
5 I Endometrial
International %) |
c 03
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Consortium g 1 |
N
. 202 -
Others from literature 5
s PIK3CA

HRAS CDKN2C

Tumor type Tumor Type description Projects Samples Mutational Tumor type Tumor Type description Projects Samples Mutational \ \
driver genes driver genes
ALL Acute lymphocytic leukemia 3 122 12 LUsC Lung squamous cell carcinoma 1 174 147
Acute myeloid leukemia 1 196 32 m Meduloblastoma 2 210 24 M t d . l l f tl t t d
BLCA Bladder carcinoma 1 98 156 VIM Multiple myeloma 1 69 18 OS rlver genes are Ow y requen y mu a e "
@ Breast carcinoma

1148 184 Neuroblastoma 1 210 27

6

- Chronic lymphocytic leukemia 2 290 38 NSCLC Non small cell lung carcinoma 1 31 n
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3
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o
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DLBC Diffuse large B cell ymphoma 1 23 10 Pancreas adenocarcinoma 214 21 4 "ot d
T o8| % TPsers 4
Esophageal carcinoma 1 146 98 Prostate adenocarcinoma 1 243 88 L it ]
m Glioblastoma muttiforme 2 are 75 RCCC Renal clear cell carcinoma 1 a17 105 ° B X
Hepatocarcinoma 2 20 30 SCLC Small cell lung carcinoma 2 69 61 & og 1
Loss of Function % :
HNSC Head and neck squamous cell carcinoma 2 375 167 Stomach adenocarcinoma 2 161 175 5 q
Lower grade glioma 1 169 50 THCA Thyroid carcinoma 1 322 32 5 04
* NOTCH1 Activating when mutations k= !
Lung adenocarcinoma 2 391 181 Uterine corpus endometrioid carcinoma 1 230 149 NOTCH2 FEST domala 1 ] ] -
o : :
Total 48 6792 459 s ; :
% 0.2] 3 '
mutational ariver fusion g : = ' : L]
drivers genes £ ' A :
L a = - ' S b
2 OOBICA  BRCA COMDREAD GBM  WNSC  KIRC  LAML  16G  WAD WSC OV THCA  UCEC

S 459 Drivers in 28 different cancer types
e Few drivers dominate the clonal landscapes

CNA drivers

475 devers Rubio-Perez C et al. Cancer Cell 2015;27:382
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Genomic Landscape of Cancer
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90% of tumors show at least one driver alteration

Rubio-Perez C et al. Cancer Cell 2015;27:382
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Drugs targeting cancer drivers are limited so far.
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Knowledge of Genomic Landscape Changes Clinical Practice!

Clinically actionable alterations in patient samples @0
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November 22, 2015

rost SCIENCE

Genomics Moves From the Lab to the Doctor's Office



Increasing Knowledge of Genomic Landscape Changes

Oncology Trial and Clinical Practice!

Small Cell Lung
Cancer [SCLC]

Adenocarcinoma

— ”’ art “ =

Beneficial and Safe - Beneficial and Safe
Squamous Cell Cancer ; ;
 mEGHRIN Beneficial and Safe

Beneficial and Safe

PI3KCA
W EGFR

m DDAR2
W FGFRT1 Amp
M Unknown

Evolution of lung cancer from Histologic subsets to Genomic subsets Simultaneous and Multiplex Testing Platform
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Obama calls on Congress
to fund "precision medicine'

Precision Medicine Initiative
Obama Announces $215 Million

Precision-Medicine Genetic Plan
OnJan 30,2015
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The National Cancer Institute would get $70 million to study
genetic causes of cancer; the FDA would get $10 million to
evaluate new diagnostic devices and drugs; and $5 million would
be devoted to building the computing and privacy components of
the genetic-data network.



\

Gefitinib

Vemurafenib

Zelboraf® 240 mg !
film-coated tablets |
vemurafenib o

[s there Hope for Cures?

" 1.0 Hazard ratio, 0.48 (95% Cl, 0.36-0.64)
8 P<0.001
s 0.8 Events: gefitinib, 97 (73.5%); carboplatin
= ' plus paclitaxel, 111 (86.0%4)
L.
=
az
6@ 0.4
z i N
= Carboplatin Gefitinib
L 024 plus
'g paclitaxel
a
00 T T T 1 |

)
0 4 8 12 16 20 24
Months since Randomization

Mok et al. N Engl ] Med 2009;361:947

| Vemurafenib (N=275)

Progression-free Survival (96)
=
1

Dacarbazing (N=274)

Chapman et al N Engl ] Med 2011;364:2507

Progression-free Survival (%)

Trametinib

Probability of Progression-free Survival

e (N=214)

0.34 Chemotherapy l

52 (N=108)

0.1+

0.0 T T T T T T T 1
0 1 2 3 4 5 6 7 8

Months since Randomization

Flaherty et al. N Engl ] Med 2012;367:107

100
80+
60
40 l
Crizotinib
20
Chemotherapy
0 T T T | 1

I 1
0 5 10 15 20 25 30 35
Months

Solomon BJ et al. N Engl ] Med 2014;371:2167
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Knowledge of Genomic Landscape is Enough?

Intrinsic ¢ !
mutation processes

Environmental
and lifestyle exposures

Mutator

O Passenger mutation phenotype

Chemaotherapy s
¢ Driver mutation Py

Chemotherapy
resistance mutation 1-10 or more

driver mutations

105-100,000 or more
passenger mutations

10s-100s of mitoses
depending on the cancer

10s-1,000s of mitoses
depending on the organ

; i : F . Chemotherapy-
Fertilized egg  Gestation Infancy Childhood Adulthood Eea;llayaﬁls?;ﬁl Eﬁ;ggunr Eaﬂg alrl-::;jf i Latg;ﬂ:giwe resistant
recurrence

Passenger mutations do not have any effect on the cancer cell, but driver
mutations will cause a clonal expansion. Relapse after chemotherapy can be
associated with resistance mutations that often predate the initiation of

treatment. Stratton MR et al. Nature2009;458:719

Typical solid tumors contain 30 to 70 mutations that alter the amino
acid sequences of the proteins encoded by the affected genes.

Vogelstein B et al. Science2013;339:1546

Non-synonymous mutations per tumor

(median +/- one quartile)
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Tumor Heterogeneity

Patient 1 Patient2

 Interpatient heterogeneity among the tumors of different patients

* Intratumoral heterogeneity among the cells of the primary tumor

Pancreas

§}Primary tumor

Metastasis 1
) 2 * Intermetastatic heterogeneity among different metastatic lesions in the same patient

\ tas;as‘ié 2
¥~

« Intrametastatic heterogeneity among the cells of each metastasis

Vogelstein B et al. Science2013;339:1546



Tumor Heterogeneity
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Regional Distribution of Mutations
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Phylogenetic Relationships of Tumor Regions
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Gerlinger M et al. N Engl ] Med 2012;366:10

Intra- and Inter-tumor heterogeneity can lead underestimation of the tumor
genomics landscape portrayed from single tumor-biopsy samples and may present
major challenges to personalized medicine and biomarker development.




Proportion
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Why Cancer Cells Survive in Someone, not Everyone ?

Transformed 0% Tumor i | onosconce. par . Normal * Intrinsic Tumor Suppression:
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Why Cancer Cells Survive in Someone, not Everyone ?
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Why Cancer Cells Survive in Someone, not Everyone ?
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Immuno-oncology Therapeutics is Coming of Age
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Paradigm Shift in View of Cancer

From Anatomy... 10 Genetic Classification

KIT
(Imatinib)

EGFR
(Erlotinib)

;
s
\

BRAF
(Vemurafenib)

PIK3CA
(BEZ235)




Paradigm Shift in View of Cancer?

From Anatomy... To Immunologic Classification?
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Neoantigen & Immunotherapy

Neoantigen
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Schmacher TN et al. Science 2015;348:69



Forbes ' Pharma & Heal

Jimmy Carter, Melanoma And The Promise Of
Immunotherapy In The Elderly

Jimmy Carter's cancer treatment includes a
'breakthrough’ drug fast-tracked for FDA approval.

FDA News Release

FDA approves Keytruda for advanced melanoma

First PD-1 blocking drug to receive agency approval

For Immediate September 4, 2014
Release

FDA News Release

FDA approves Opdivo for advanced melanoma

For Immediate December 22, 2014
Release

FDA News Release

FDA expands approved use of Opdivo to treat
lung cancer

For Immediate March 4, 2015
Release

FDA News Release

FDA approves Keytruda for advanced non-small
cell lung cancer

First drug approved in lung cancer for patients whose tumors express PD-L1

For Immediate QOctober 2, 2015
Release

FDA News Release

FDA expands approved use of Opdivo in
advanced lung cancer

Opdivo demonsirates survival benefit in squamous and non-squamous non-small cell lung cancer

For Immediate October 9, 2015
Release



Targeting the Hallmarks of Cancer
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Hanahan and Weinberg. Cell 2011;144:646



Genome-based Precision Caneer Medicine

Excised during
thoracotomy

Bronchoscopic
biopsy (for
central lesions)

Guided needle
biopsy (for

Somatic Mutation Profiling in Korean
Lung cancer Patients (n=247)

mwtation n/d

Somatic Mutation Profiling in Korean
Ovary cancer Patients (n=46)

i
% as
%

oA
Y

Somatic Mutation Profiling in Korean
Cholangio Carcinoma Patients (n=81)

Somatic Mutation Profiling in Korean
Small Intestine cancer Patients (n=73)
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Molecular Tumor Board

« Sanger sequencing k.
* 10% cellularity i

* EGFR - Negative in exon20 e e

« Sample information +  Available Drugs
« Tumor only
« Library QC: all pass ‘
« Tumor cellularity: 10%
EGFR e
« Sequencing results (730 tarpctec) No - AzDO291
* % selected bases: 37.7% « Afatinib
+ Mean target depth: 105x * Gefitinib,
* % targets bases covered 30x: 93.5% o Y
* % duplication: 26.8% (gene targeted) . ;::::;::g"’

* Cetuximab
* Tiers 5

« Tierl: EGFR (T790M, exon19 del), TSC1, BCR
« Tier2: ATM, AKT1

2015/01/11

AZD9291 : Oral, selective third-generation EGFR TKI, targeting T790M mutant
-
AZD9291, 1.5 month

214

2015/02/12

2

2015/01/14 - 2015/01/22 - 2015/04/09
AZD9291, 3 month




Personalized Medicine: Genomics Plus .....

Parcentage (%)
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Risk Assessment and Stratification by Genomics: Not Sufficient
The portion of people with a disease who would have tested positive for a genetic risk varied by illness.



From Genome Medicine to Personalized Medicine

Genome-wide Association Stlldy 18 traits SNP-trait associations
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Big Data for Predictive Medicine

The Iran Opportunity %557/ E-Cigarettes /$20K Homes

Want tO Kn()w v‘::,:l;::;m V il = y @ CAN
My Future? _ G e

SOLVE

DEATH?

The search giant is launching a venture
to extend the human life span.

That would be crazy— if it weren't Google




Personalized Predictive Medicine

New Details
THE UH"J'THIIEE
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Active Participatory Medicine

Women's Health Panel Risk Assestment
st ic Report CIN:D1432101

Heart Attack

A heart antack occurs when the blood supply 10 the heart is interrupied, causing some heart tissue 1o die.
A heart sntack is an emergency because it may cause sudden death or, following a heart antack, the beart
may not function comectly, The most common cause is @ build-up of plague in one of the blood vessels

feeding the heart, s condition refemed w0 as commary artery discase, which is relaied 1o high cholesterol
levels,

Orver one mallion people suffee o bearr amack cach vear i the United States s abioor 40% of these poopde wall dic
froim the heart artack. Heart heease, websbg hear attacks, 1 the keading canse of death n ehe workd b
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Your Predictive Medicine Assessment Onset & Symptoms
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Health Care Platform for P4 Health Care

Molecular biology

Structured, stratified
d rele ache
CLINICAL 0" Pa heatth care:

Medical technologies PROCEDURES PrEdit:tive

Sequencing technologies

e INFORMATION Preventive
TECHNOLOGY Personalized

Processing capacity Partici p ato ry

Connectivity technologies

= Molecular Biology & Sequencing Technologies:
Cracking the Code of Human Life

» Medical Technologies & Companion Decision Tools:
Guiding and Evaluating Health Care

* [Information & Communication Technologies:
Capturing and Interpreting Health Information



P4 Medicine Transforms Healthcare

= Personalize Medicine reduces variability and delivers evidence medicine.

= Predictive, Preventive and Personalized Medicine is based stratification of

patients to create smaller and precise groups by analyzing data, vice versa creating

knowledge

= Patient’s active Participation is the most important

4P’s Medicine to 1P’s Medicine,
“Perfect Medicine”



