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Increased importance of
personalized preventive care
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Aging Population

+ Extended life expectancy
+ Averageincrease of 20 yearsduringthe past few decades (world)
+ Percentage of older population growing

(b) 2050

m > 20% of population over age 65
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The vicious cycle will continue,
Increasing proportion of elderly population (65+): 1950-2050
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Population Pyramid: Korea 2010-2060
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BUT...do we live HEALTHIER Life?

Men
144 1990
e 2010

2 .
3 u-  Healthy life expectancy (HALE)
f + Average number of years thata person
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Global
Burden of
Diseases
(GBD)

In 1990

Global
Burden of
Diseases
(GBD)

In 2013
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We suffer from chronic diseases!

Global

Both sexes, All ages, 1990, DALYs
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And that comes with it...

- Increased healthcare spending -

Total healthcare expenditures per capita (US$)
5 8 5§ £ 8
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Economic Loss From the Top 15 Global Causes of Death

* Impact of premature death and disability
= from cancer worldwide was $895 billion

in 2008

* Represents 1.5% of the world’s gross
domestic product (GDP)

* The economic toll from cancer is nearly
19% higher than heart disease

* The analysis did not include direct
medical costs

Cancer

Heart diseases

Cerebrovascular disease

Diabetes mellitus

Road traffic accidents

Chronic obstructive pulmonary disease
HIV/AIDS

Perinatal conditions

Suicides 140.8

Lower respiritory infections 125.8

9238
70.1
Tuberculosis 454 Better, mOf'e eXpenSive

Malaria 1| 248 Diagnostic tools
wests | o1 | | | | | Treatment modalities

0 200 400 600 800 1000

Cirrhosis of the liver

Diarrhoeal diseases

Economic Value of DALYs' Lost (USS billion) in 2008

TDisability—adjusted Life Year
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Unravel the problem
- At its causal origin -

* Importance of preventive care

+ “An ounce of prevention is worth a pound of cure”
- Benjamin Franklin

Environmental Behavioural Biological risk Chronic
risk factors risk factors factors non-communicable
disease

Figure 1: The causation pathway for chronic non-communicable disease

- e
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Left shift of natural course of disease

Pathologic Diagnosis

Exposure  Changes Symptoms TherapI

v v

Stage of Stage of Stage of ‘ Stage of Recovery,
Susceptibility Subclinical Disease Clinical Disease Disability or Death

Natural history of disease progression

New paradigm: Left shift of disease progression to improved health
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Personalized medicine and prevention
via precision and prediction

Ordinary medicine
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Governments in Action!
- United States -

Obama calls for major new personal-
ized medicine initiative

: REUTERS January 20, 2015 10:03 PM

e O = JEE

WASHINGTON (Reuters) - President Barack
Obama said in his State of the Union speech on
Tuesday that his administration wants to launch §
a new push to use personalized genetic infor-
mation to help treat diseases like cancer and di-
abetes.

Obama urged Congress in his address to boost
research funding to support new investments in | s president < Oba
i S o Union address to a joint sess
precision medicine." "l want the country that -
eliminated polio and mapped the human ge-
nome to lead a new era of medicine — one that

Barack Obama delivers his State of the
of the U.S. Congress

Related Stories

aking first steps on huge precision
cine project Associated Press

the right treatment at the right time

reverse cystic fibrosis in some patients. 2. Verily, Vanderbilt to test enrollment in U.S.

Precision Medicine pilot Reuters

- Launch of a new precision medicine initiative, a
$215 million project to collect data on genomes
January, 2015

Dr. Francis Collins, NIH Director:

“...empower any person, anywhere in the U.S.” in what’s
called the PMI Cohort Program

“NIH will provide funding to Vanderbilt U. [for a
collaborative pilot project] with Verily (former Google
Life Sciences)”

- Obama to ask Congress for $309 million [in 2017
for the initiative scale up]
- Amassive database will track at least 1 million

volunteers by 2019
February, 2016

NIH taking first steps on huge preci-
sion medicine project

By LAURAN NEERGAARD
February 25, 2016 1:40 PM

e i lel= I E

WASHINGTON (AP) — President Barack Obama held out the promise of medical break-



&t
Mgristmolaichs)

GE OF MEDICINE
UNIVESSITY COLLEGE OF ME
NATIONAL UNIV

SEOUL NaT

i H
Dr. Francis Collins at SNU

ajor areas g of foc
= Cohort |dent|ﬁcat|on

Partncnp engagement ta priya
returmng infor, Mation to Particj
~ Data Collection ncludn

bnle technolog| es
lnformatlcs and ele,

Ctronic health ecords




Precision medici
- Ministry of Health
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ne in Korea
and Welfare -

Core area Project

Department

. New precision medicine cohort
Infrastructure establishment for P ° oho

precision medicine cohort

Enhance existing cohort and biobanks

Cohort

Standardization and linkage of genomic-

Prepare systemic coordination for medical data

Medical record and public health based
big data

precision medicine-based big data
Establishment of open data hub

Information sekurity and
standardization

Development of precision medicine
based artificial intelligence

Public health big dk\

Develop precision medicine based Precision medicine based clinical
health services experiment system

Omics \

Development of precision medicine
based healthcare service model

Mobile health care \

Improvement of laws, policies, and

Law/Policy \

precision medicine

The use of “Korean Chip” will help realize precision medicine
in Korea:

Genomic information on 100,000 Koreans
Linkage with core infrastructure such as cohort,

healthcare industry, electronic health records, and big data \ recurrence E’°*HIE-IJ/

Improve policies and laws related to regulations Lt
precision medicine and develop /
manpower Train professionals in the field of (

National Cancer Center (NCC): Large-scale cancer\
precision medicine cohort

* Genetic data of 1 million cancer patients

*  Provide basis for development of
chemotherapeutic agents

Big data driven prevention of cancer

NATIONAL CANCER CENTER
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- Seoul National University Bundang Hospital -

- Seoul National University
Bundang Hospital (SNUBH) to
- lead Big Data-based precision
S T B === medicine in Korea, a new leap
: 3 = since its embark as the nation’s
first fully digitalized, paperless
hospital

mrwnanc=z ¢

- Established task force for
collaborative research on
precision medicine

Healthcare Innovation Park (HIP) &
Seoul National University Bundang Hospital (SNUBH)

Chul-Hee Lee, SNUBH President & CEO:

“The realization of precision medicine for each and every patient may be advanced
through the integrated use of hospital database system and genomic information.”
October, 2015
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Evidence of
personalized preventive research on cancer
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Today, it’s all about prediction

CA: A Cancer Journal for Clinicians

er Institute

m National Canc
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[COMMENTARY] CA CANCER J CLIN 2016;00:00-00 R - 1

. . . “-Search
American Joint Committee on Cancer Acceptance —

Criteria for Inclusion of Risk Models for Individualized
Prognosis in the Practice of Precision Medicine

An interactive tool to help estimate a wol
developing breast cancer

Michael W. Kattan, PhD'; Kenneth R. Hess, PhD% Mahul B. Amin, MD?; Ying Lu, PhD*; Karl G.M. Moons, PhD®;

Jeffrey E. Gershenwald, MD“; Phyllis A. Gimotty, PhD7; Justin H. Guinney, PhDﬁ; Susan Halabi, PhD°;_

Alexander . Lazar, MD, PhD'’; Alyson L. Mahar, MSc'’; Tushar Patel, MD '*; Daniel J. Sargent, PhD'*;

Martin R. Weiser, MD'%; Carolyn Compton, MD, PhD'; members of the AJCC Precision Medicine Core e O a O
The American Joint Committee on Cancer (AJCC) has increasingly recognized the need for more personalized probabilistic pre- ne

Keywords: breast cancer; risk pred dictions than those delivered by ordinal staging systems, particularly through the use of accurate risk models or calculators.
However, judging the quality and acceptability of a risk model is complex. The AJCC Precision Medicine Core conducted a 2-day
meeting to discuss characteristics necessary for a quality risk model in cancer patients. More specifically, the committee estab-

lished i ion and ion criteria y for a risk model to potentially be endorsed by the AJCC. This committee

BOADI ‘ EA reviewed and discussed relevant literature before creating a checklist unique to this need of AJCC risk model endorsement. The
m i i ified 13 i ion and 3 ion criteria for AJCC risk model endorsement in cancer. The emphasis centered
Bres on performance metrics, implementation clarity, and clinical rels The facilitation of p ized probabilistic predicti
= ° for cancer patients holds tremendous promise, and these criteria will hopefully greatly accelerate this process. Moreover, these
Bres mo e ° u p criteria might be useful for a general audience when trying to judge the p pplicability of a published risk model in any
Gen clinical domain. CA Cancer J Clin 2016;000:000-000. © 2016 American Cancer Society.
Cunt
Can th I Keywords: decision making, evid based medicine, patient pr , personalized medici Fai
Lm patnolio a i § il = utcome predictions for
Cun
Con \ i .
== 1 : 1 CC) has established first-of-
Cunt A J Lee’, AP Cunningham , | ’
Can

2o The Consortium of Investigatc . Y ) o will guide more precise
Ame Centre for Cancer Genetic Epiden New paradlgm Shlft' AJCC S prognOStIcl y were publIShed in CA’ A

Research Laboratory, Cambridge

e statistically based risk calculatorsin 2016

ﬁ Background: The Breast and Ova

P-e prediction model that is used to

hind, for solid malignancies, it
susceptibility genes BRCAT and Bf °
v.‘edeztcrib;yugdates 10(:eIBOADI< Cancers to be E’VG/UGtEd. jin (T), the degree of

accurate predictions. * breast, colon, prostate, lung, melanoma, head e or absence of distant

Methods: We describe: (1) update:
to the distributions of tumour pathc & neCk

breast cancer from the general pi

calculations now run substantially f: For eaCh Cancer type, riSk mOdEIS mUSt.'
to make it easier to use in a clinica

e e e Predict overall survival or death

ek pradiction: * Pass all 16 criteria (13 inclusion + 3 exclusion)

Conclusion: All updates have bee
general use: http://ccge.medschl.c:

. which are considered a
e accurately and precisely
o enhancing the system with
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Risk prediction using biomarkers

Biomarker Discovery Validation Using Application for Risk

Epidemiologic Designs Assessment

. T ~ N
GENOMICS
e — - Indicators for ‘ Prediction Model for
EPIGENOMICS High Risk Group Disease Occurrence
— -~ L _J N _J
TRANSCRIPTOMICS
- —— - ™ e ke
METABOLOMICS
— ) Indicators for ‘ Prediction Model for
NUTRIGENOMICS | 1 Early Detection Early Detection
— — - 224 - >
PHARMACOGENOMICS |
— — a = - e
TOXICOGENOMICS lndicator.s ox ‘ Prediction Model for
— = - Proghosis Disease Prognosis
PROTEOMICS Treatment
= = a: = N -

Assessment of
Selected
Biomarkers

Biomarker Optimization of

Prediction Model

Selection
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Seoul Breast Cancer Study (SeBCS)

ROC Curves for Comparisons

Discriminative values of breast cancer risk 180
models using genetic and non-genetic

factors from Seoul Breast Cancer Study 0757
(SeBCS)

0.50

Sensitivity

 Number of Subjects (2001-2007)
e (Cases: 4040 0257
e Controls:3946

0.00
° Original papers (2003~2012) 0.00 0.25 0.50 0.75 1.00
* SeBCS: 51 papers R;C zpedﬂ(itv )
e Collaboration: 24 papers ——— 155NPs (05913)

— - — 18 SNPs (0.6044)

Non—genetic factora (0.6082)

—— — Non-genetic factors + 15 SNP=a (0.6404)
— —-— Non—-genetic factors + 18 SNPs (0.6473)
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An example of breast cancer survival prediction
TPLOS |ox

RESEARCH ARTICLE

A. Tumor subtype: rs166870 B. Tumor subtype: rs10825036

Prediction of Breast Cancer Survival Using

nd Genetic Markers by Tumor

Discovery set Discovery set
Overall L 123099, 151) Overall - 152(119,195) tob Choi'**, Hyuna Sung*, Sujee Jeon®, Seokang Chung?, Sue
HR+ HER2- —— 1.00(0.72, 1.38) HR#+ HER2- —=——  231(164,335) hik Han"®, Jong Won Lee®, Mi Kyung Kim?, Ji-Young Lee®, Keun-
HR# HER2+ —_— 0.76(0.39, 151) HR+ HER2+ o 088(0.41,191)  Ghee Han®, Sei-Hyun Ahn®, Dong-Young Noh'®, Daehee Kang'%**
HR- HER2+ e 0.86(0.50, 1.46) HR- HER2+ —f———————— 170(0.81,359)
HR- HER2- —> 2.87(1.89,434) HR- HER2- —_— 1.09 (0.65, 1.83)
e Overall:
Replication set Replication set ’ _ 0,
Overall +— 1.17(0.92, 1.48) Overall T 1.40 (0.96, 2.05) * Harrell’s Cclinical model ~ 70.92%
HR# HER2- e 1.14(0.79, 1.64) HR+ HER2- ———> 2.13(1.07,4.23) . ’ . = o,
HR+ HER2+ e 0.89(0.50, 1.59) HR#+ HER2+ —_— 0.81(0.38,1.73) Harrell’s C°°mb'”ed model 71.37%
HR- HER2+ —_— 1.00(0.57, 1.76) HR- HER2+ 1.04 (0.40, 2.67) e p=0.03
HR- HER2- e 1.68(0.97,2.89) HR- HER2- —— 1.40(0.67, 2.93)
¢ HR+ HER2-:
’ —_ 0,

— combined set * Harrell’s Cgjinical model =65.08%
Overall — 120(1.02,141) Overall —_ 148(1.20,1.83) * Harrell’s Ceompined model = 66.69%
HR+ HER2- - 1.06(0.83,1.35) HR+ HER2- — 2.30(1.67,3.15)
HR# HER2+ —— 0.83(0.5¢, 1.30) HR+ HER2+ B 084 (0.49, 1.45) * p<0.01
HR- HER2+ —— 0.92(0.62,1.36) HR- HER2+ —_— 1.41(0.79, 2.53) ° H R_ H ER2_.
HR- HER2- —_— 2.26(1.3¢,381) HR- HER2- —_—— 1.18(0.77,1.81) :

* Harrell’s Cjinical model =63.26%

* Harrell’s Coombpined model = 65.88%

T T T T + p<0.01
0.23 1 434 0.24 1 423

Comparison of the predictive powers of disease-free survival (DFS) for breast cancer:
Model with combined clinical (age, TNM stage, tumor subtype) and genetic variables tended to
have better predictive powers overall

= Geneticfactorsiplayed-role-in-distinguishing high and low risk groups when using combined
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Preparation for future needs
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The speed of knowledge accumulation
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Wired world (the Internet)

Global transportation network

Infinite accumulation of data with database technology

More knowledge and insight

riety
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Collaborative work is important in the future

* The art of communication and teamwork
* With professionals from varioussectors
+ Within a global setting

pr— COLLABORATION
ublic healts
Ve . |
N o NETWORK
1 O, MULTIDISCIPLINARY WORK
g SN COWORK
Health
! Professional
()
4’/\ /Q
'ndustry ‘
PARTNERSHIP
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A next generation large genomic cohort in Korea

[Examples of Previous Cohorts

] [ Next Generation Cohort

s ~N The s * Need more power
Nurses’ Health Study )
In Need of a « Outcome heterogeneity
Next Generation e A * Gene-environment interaction
Cohort P I CO * Wider distribution of exposure
& J Prostate, Lung, Colorectal, & Ovarian variables
CANCER SCREENING TRIAL
4 )
Taking Adva ntage * Biennial Health Examination by Law (National Health Insurance Corporation)
of Korea’s Unique * National Personal Identification System (13-digit residence registration number)
Environment [ =» Automatic Repeated Follow-up & Possible Integration to Secondary Data
\_ J
Birthday (6) Registration (7)
YYMMDD Sex-Birth place-Order-Hidden
FUTSET
£ o n B emmie
830422-1185600 A 1T P @
wEA W0l 518 / B
412-3¢7|
e12) o4l T i A
2003.4.22 m_@f | 49
X JJIE b - ST £ SENNE B e L

Identification Card

Driver’s license

Passport
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HEXA (Health Examinees Study) since 2004

Centralized

38 Participating Health Examination Centers

Database
—\ Storage
) *™ \ ) & Biobanking
g do( * Representing the Liver Function Test: AST, ALT, y-GTP, bilirubin, ALP, Albumin
community Lipid Profile: Total cholesterol, TG, HDL, LDL
Blood Panel: WBC, RBC, Hb, Hct, MCV, MCH, MCHC, Platelet
¢ Built-in infrastructure Others: BUN, Cr, Calcium, Uric Acid, Glucose, hsCRP
for repeated survey « DNA purity test -
j retdeed o have + DA compistonans tct{10%)
) f/u rate of 50% or > Electrophoresis, 16srRNAPCR @, . baKCZ(;;N:?t
(I e > se curity
more ood T Database
* Experience of . (El’;?nl) DNA extraction \
multicenter network 1 100ug/ 3vials
research = sSTtube (28ml) ;
EDTA tube (2 8ml)
EDTA tube (3ml) Aliquots Plasma (3ml) —— KCDC ﬂ
m| cryovials BiOhank
v' Adult men and women pamixa0ervovial
v 40-69 years of age -
v'  Health examination center visitors Urine [ S } 0-3ml X 10 cryovile
: onical tube
Subject Recruitment (212mi)
HEXA subjects recruit 2004-2012 - . Estimated Number of Incident
P Composition of HEXA Questionnaire & Lab data Cases of Selected Diseases
(n=162,142)
1l [ o Disease Group 2018 2023
* Men: Women = 2:1 ¢ Total number of questionnaires n=1,303
= SES, Past medical history, lifestyle habits, socio- All-site cancer 11,745 17,800
® Mean age at recruitment (years) psychological factors, reproductive factors, dietary Ischemic heart disease 2663 4034
= Men: women =53.7 (+8.2): 52.6(+7.6) habits (including 106 SQ-FFQ.)
= Clinical & physical examination CVA 6308 9,556
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HEXA research activities

DOI:hutp:lldx doi.orgl10.7314/APJCP.2015.16 4.1591
Rationale and Design of the Health Examinees Study in Korea

an

He

Orig ‘@ PLOS |one

S
o
Ja
YL

J Epidemiol 2015
doi:10.2188/jea.JE20140136

Men.
aSso(
Heal!

j{;Oii'-PLOS | one

Contents lists available at ScienceDirect

Journal of Affective Disorders

Jung et al. BMC Pregnancy and Childbirth (2015) 15:228
DOl 10.1186/512884-015-0665-2 BMC

Pregnancy & Childbirth "=

Journal of .

Nrininal Artirlo 2 L SIS X et A‘-J:_.'.,,e
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Why Asia?

+ 2/3 of world’s population

« 4/5 of new cancer occurrence
by 2020

+ Wider distribution of exposure
variables in relatively
homogenous ethnic
backgrounds

+ smoking, diet, environment

+ Rapid changes in certain
personal habits

+ reproductive factors, urbanization,
etc.
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Review Article

Asia Cohort Consortium: Challenges for Collaborative Research
Minkyo Song', Betsy Radlland?? John D. Potter®, and Daehee Kang'#

' Department of Biomadical Sceaces, Seod Natosal University College of Medicine, Seonl, Kora
ICancer Prevestion Progmm, Divsoa of Public Halth Scences, Frad Huxhinson Cancer Research Center, Santle, Washin °
"Department of Haman Cetend Design £ Enginecring, Callege of Exgineering, Uniwemity of Wasbington, Seastle, Washis C h a I I e n ges .
“Department of Prevestive Madicine, Seoul Natosal Usivesaty College of Madic ine, Seoal, Korea

Recervad Febezary 20 2012; accepisd Maxch 12, 2012; mlmsed caline May 10, 2012

ABSTRACT * data harmonization
In this era of chronic disesses, large studies are essential in investigating genes, environment, and . . .
interactions as disease causes particularly when associations are impornant but not stong. M @ I f h I d I g I
2xpau:i:m and gma;imim ;f the ‘;v:mls. studies shoud (bc conducted in mnlali:m:outside reso Utlon O e t Ica an e a Issues
Here, we briefly describe the Asia Cohont Consonium (ACC), a collaborative cancer cohorn res

v it propeed in 2004 and sow ol mre i | il heaty maiiiia <o @ @Stablishment of protocols for biologic

approximately S0 active members from Bangladesh, China India Japan, Korea, Malaysia S

Thailand, the United States, and elsewhere. To dake, the work of the ACC includes 3 anticles publis
et of By s o, o o, ool conwmpion i orisn, a0 i . SAMPles and transfer agreements
intestine. Many challenges remain, including data harmonization, resolution of ethical and legal iss

of protocoks for biologic samples and transfer agreements, and funding procurement. o funding procurement
Key wards: Asia; cohort, consortium .
* precise exposure assessment

INTRODUCTION .Siuce. me' ofmvl;jlion of IQ.IAZ. Hm

epidemiologic studies encompassing genetics have prospered,
Prospective cohort studies provide the best level of and the importance of prospective cohorts has been more
observational evidence on disesse caussation., Furthermore, widely recognized.’ Moreover, a sufficiently large cohornt or
aspective cohont studies have specific strengths over clinical a population laboratory is essential for understanding the

mials, which are ofien regarded s more powerful than
observational studies in the hierarchy of evidence. For
instance, in simations where it 5 unethical © design an
experimental study (eg, in situations involving exposure to
bacco, alecohol, or obesity), observational studies are the
mly way © undertale research. Funther, unlike clinical
rials, cohort studies can assess multiple outcomes for any |
exposure or nmultiple exposures for a specific oulkcome.
Chronic diseases are on the rise worklwide, and Asian
comntries face a growing disease burden and the many

roles of genetic variation, environmental exposures and the
interaction between genes and exposures in the development
of a diseasse® Analyses of gene—environment interactions
in complex diseases with small interaction odds ratios or of
genome—environment-wide interactions require even larger
sample sizes © confirm sssocistions”® Potler has suggesied
that a cohont of at least 100000 ethnically diverse
individimk (“the Last Cohon™) is esential to discover
disease susceptibility, early-detection biomarkers, and more-
precise phenatypes.”
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