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Strength of Taiwan in Biotech Development

Representative Population in East Asia

Excellent Health Care System, National Health Insurance:
> 99%

Strong R&D Activities and Manufacturing Capabilities in
Computer Sci., Electric Engineering, Clinical Medicine, etc.

Government’s Investment and Support

Integrated Government-Industry-Academia-Hospital,
Transparent Regulatory Environment

Center of Excellence for Clinical Trials in East Asia
Pfizer, GSK, BI, MSD, Novatrtis, Eli Lilly, Roche, AZ, Bayer, etc.



2015 Overview of

Publicly Traded Companies
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 Employees 54427 (f)

e Publicly Traded Companies 153
e Total Revenue 2097 fa(wizsis)

* R&D Investment 177 gz
e Sales per Capita 385 @m(izsi)
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Market Capitalization of Publicly Traded Companies
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2016 Scientific American

WORLDVIEW "&
SCORECARD

B PRODUCTIVITY
I P PROTECTION
B INTENSITY
B ENTERPRISE SUPPORT
I EDUCATION/WORKFORCE
" FOUNDATIONS

POLICY & STABILITY

SCIENTIFIC
AMERICAN

WOr

-

Enhanced with a new guidebook and region-specific ratings, the 2016 Scorecard
%’ ventures deeper than ever to track down the latest in biotech innovation
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2016 Scientific American Worldview
-A Global Biotechnology Perspective

Asian Countries’ Performance

Country Global Productivity IP Intensity  Enterprise =~ Education/ Foundations Policy &
Ranking Protection Support Workforce Stability

Singapore --- 8.3 3.8 2) 7
Hong Kong 0.0 7.1 1.6 8.6
Japan 0.1 9.2 0.6 4.5

Taiwan 0.0/19 5.8/29 0.1/37 7.0/6
(Score/Rank)

South Korea 5.6 0.6 4.8
Malaysia 5.5 Ll 8.0
China . 4.7 0.6 4.5
Thailand 2.3 3.0 3.4
India . 4.3 0.8 35

Source: 2016 Scientific American Worldview
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#1 PRODUCTIVIY Publicly traded biotechnoology companies and output 0.0

1.1 Public company revenues(US$mm)
1.2 Public companies

GREATEST PUBLICLY
TRADED COMPANY
REVENUES:

United States

United Kingdom
Australia

MOST PUBLICLY

TRADED COMPANIES:

United States
Australia
Canada/France

LARGEST PUBLIC

0.0
0.1
Taiwan Score

MOST GROWTH IN

MARKETS FOR BIOTECHNOLOGY
BIOTECHNOLOGY: PUBLIC MARKETS:

United States, United States

United Kingdom United Kingdom

Australia

( unimeo stares <TXY ()

GD ausTRALIA 4CES]

GD UNITED KINGDOM <4 g

(:OFRANCE 45 g
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#2 PROTECTION Quantitative and qualitative intellectual property protection 5.8

2.1 Patent strength
2.2 Perceived IP protection

STRONGEST MEASURED
PATENT PROTECTION:
United States

GREATEST PERCEIVED
PATENT STRENGTH:
Finland,

Luxembourg
Singapore/Sweden

4.9
6.7

GREATEST PERCENTAGE ~ 121wan score

OF PATENTS IN
BIOTECHNOLOGY:
Denmark

New Zealand
Singapore

(FINLAND S 953 | ()
( UNITED STATES 4€E28 O
(JAPANm
(NETHERLANDS S 9.07 |

(msmnnm
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#3 INTENSITY Effort biotechnology innovation 0.1
3.1 Public companies/million population 0.4
3.2 Public company employees /capita 0.0
3.3 Public company revenues/$B GDP 0.0
3.4 Biotech patents/total patents filed with PCT 0.0
3.5 Value added of knoeledge-and technology-intendustries 0.2
3.6 Business expenditures on biotechnology R&D ame
GREATEST GREATEST REVENUE GREATEST REVENUE
PUBLICLY TRADED PER PUBLICLY TRADED PER PUBLICLY TRADED
COMPANY MARKET COMPANY: COMPANY EMPLOYEE:
CAPITALIZATION: Hong Kung [only has one company) U‘n!ted ngdom

United States United States Un!‘ted States

United Kingdom Denmark Switzerland

Australia X = )

MOST PUBLICLY TRADED (e smares 43 0

COMPANY EMPLOYEES: (ausrraua 43 ()

United States

Australia (LLTTE - 0
France (smGAPoREm ()
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#4 ENTERPRISE SUPPORT Business environment and capital availability 7.0
4.1 Business friendly environment(higher=better) 7.9
4.2 Biotech VC,2007($mm)
4.3 VC availability 6.9
4.4 Capital availability 6.2
Tai S
GREATEST ENTERPRISE  GREATEST VENTURE T
SUPPORT: CAPITAL AVAILABILITY:
Singapore Qatar
United States Malaysia
Hong Kong Singapore
( sincarore <FXE) ()
( uniren sTates 4 ()
( HONG KONG ( )
(MALAY ST 7,96 O

( NEW ZEALAND O
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A' Entergise Support

The only industry to benefit from specially legislated R&D investment incentives

e Biotech and New Pharmaceutical Development Act

Taiwan features a unique listing regime and capital market environment

* Go Incubation Board for Startup and Acceleration Firms (GISA)
* Emerging Stock Board System (ESB)

* TPOs of Technology-Based Enterprises

e TPOs of Evergreen VC Firm

Active VC funds from the government and private sector

e National Development Fund
e Diamond BioFund
e Taiwan-Silicon Valley Technology Fund




#5 EDUCATION/WORKFORCE People trained in biotechnology

5.1 Post-secondary science graduates/capita

5.2 Ph.D. graduates in life science per million population ---

5.3R&D personnel per thousand employment

5.4 Talent retention (reciprocal of brain drain)

2.6

5.5 Brain gain (share of global srudents studing outside their country) ==

MOST PH.D. GRADUATES WORST BRAIN DRAIN

IN LIFE SCIENCES PER
CAPITA:

New Zealand
Canada/United Kingdom

MOST R&D
PERSONNEL PER
TOTAL EMPLOYMENT:
Israel

Denmark

Finland

(most U.S.-trained doctorate
graduates intending to stay
in the United States):

India

China

Russia/Ukraine

BEST BRAIN GAIN (share
of global gradvate students):
United States

United Kingdom

France

Taiwan Score
BEST TALENT

RETENTION (most U.S.-
trained doctorate graduates
intending to return home):
Saudi Arabia

Thailand

Chile

(ummosmﬁsm ()
(HEW zealanD 40 O

(um ITEDK INGDOM | )
(Ausmm 4141 ()
(Luxsmanuns S 454 O
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#6 FOUNDATIONS Infrastruture and R&D drivers 6.9

6.1 Business expenditures on R&D (% of GDP) 6.4
6.2 Gross dornestic expenditure on R&D (% of GDP) -
6.3 Infrastructure quality (roads,ports,electricity, etc.) .
6.4 Entrepreneurship and opportunity 7.1

Taiwan Score

GREATEST BUSINESS BEST INFRASTRUCTURE
EXPENDITURES ON R&D  QUALITY:

(% of GDP): Switzerland

Israel Hong Kong/Singapore/  (sourt xoren 42
South Korea United Arab Emirates (‘Fnno 40
Japan

STRONGEST PERCEIVED (¥mewe {E3
GROSS EXPENDITURES ~ ENTREPRENEURSHIP  (sweon 420

ON R&D [% OfGDP_)Z CLIMATE: (JAPANm
Israel Sweden
South Korea Denmark

Finland Switzerland




#7 POLICY & STABILITY Government control

7.1 Political stability and absence of violence/terrorism

7.2 Government effectiveness

7.3 Regulatory quality
7.4 Rule of law

BEST POLITICAL
STABILITY:

New Zealand
Luxembourg
Austria

GREATEST GOVERNMENT
EFFECTIVENESS:
Singapore

Switzerland

Finland
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6.9

Taiwan Score

GREATEST REGULATORY

QUALITY:

Singapore

Hong Kong

New Zealand ( sineapore I3Y ()

BEST RULE OF LAW: o )

Fi ‘ (e 423 ()
inland

NO‘I’WEIy (SWITZERLAND 43 1)

Denmark (HUNE ST 9.03 | D

.
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2016 Scientific American Worldview
-A Global Biotechnology Perspective

Asian Countries’ Performance

Country Global Productivity IP Intensity | Enterprise = Education/ | Foundations | Policy &
Ranking Protection Support Workforce Stability

) B
Singapore --- 8.3 3.8 2) 4.5 6.6 9.6
Hong Kong 0.0 7.1 1.6 8.6 1.6 6.7 9.0
Japan 0.1 9. 0.6 4.5 3.6 ves 8.0

Taiwan 0.0/19 5.8/29 0.1/37 7.0/6 2.6/35 6.9/11 12122
(Score/Rank)

South Korea 5.6 0.6 4.8 3.9 8.3 6.3
Malaysia 55 13 8.0 24 4.9 5.9
China : 4.7 0.6 4.5 153 4.0 2.9
Thailand 23 3.0 3.4 2.7, 3.0 1.8
India . 4.3 0.8 3.5 0.2 1.6 2.0

Source: 2016 Scientific American Worldview




SAWV SC SUMMARY

NATURE INDEX SHOWING
RELATIVE LIFE SCIENCE

PUBLICATIONS
(1 October 2014-30 September 2015)

SUBJECT:
PHYSICAL SCIENCES
CHEMISTRY

EARTH & ENVIRONMENTAL
SCIENCES



Talwan,

SAWV SC rank: 23
Population: 23,359,928
GDP: 489

R&D/GDP: 0

ith an overall average of 22.4
on the SC, Taiwan's ranking of
23rd in 2016 is just about on par,

and it performs even better on the Nature
Index 2015 Global, with an 18th place
overall ranking and its National Taiwan
University landing in the top 100. More-
over, Taiwan advertises its biotechnology
capabilities through international events,
including BioTaiwan 2016. This will be
the 14th annual event, and it will include
presentations from companies around the
world, as well as one-on-one partnering,
seminars and workshops. A large exhibi-
tion is also expected, including more than
1,200 booths from 600 companies. On

August 20, 2015, Taiwan Today reported,
“A wide-ranging development plan
targeting Taiwan's biotechnology-based
economy is set to kick off next year,
according to Premier Mao Chi-kuvo."

The report continued: “Focusing on
agriculture, biomedicine, food, health
care and medical instruments, the 10
year initiative will potentially expand
the scale of the local bioeconomy to

NTS4 trillion (US$123.2 billion) in
2026." With respectable scores on the
SC's Foundations and Enterprise Sup-
port categories, Taiwan's commitment
to innovation is clear. Like many other
countries, however, Taiwan's Education/

Workforce category shows room for
improvement.




Reporting by David Cyranoski, Natasha O NATURE.COM
N EWS FEAT Gilbert, Heidi Ledford, Anjali Nayar and Telluswhat you N atU e 20 1 1
Mohammed Yahia. think about the
O T S future of PhDs:
21 APRIL 2011 | VOL 472 | NATURE | 279 Hature.com/phdfuture

i | By some counts, China has S
= ovortaken the United States
' | to become the world's iy
: =l biggest producer of PhDs. B¢
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The world is producing more
PhDs than ever before.

Is it time to stop? 0
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| A policy to increase PhDs B
o in scienca has not baan
| matched by jobs, leading ¢
to a slowdown. o

& O

98 99 00 01 02 03 04 05 06 07
The rise of doctorates

Major expansion of higher education has boosted PhD cutput in many countries, shown hera
as average annual growth of doctoral degrees across all disciplines, 1998-2006.

. Expanszion of the higher
India hopes to education systemn after the

dramatically increase fall of Communism has - " S

FhDs by 2020. T T— vl Growth has bean fuslled by &
overseas doctoral students; B8
recant cost-cutting has

| slowed growth.

98 92 00 01 02 03 04 O 06 OF
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BT FREHEBASLIATELIE 4 4 (Physician inventors or Entrepreneurs)
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' ﬁ #d 2 2 WHO

® 2000 ¥ f "5 ¢ A M= K 8% F4# % B P % (The United Nations
Millennium Development Goals » MDGs) » ¥ 3p3+>v2015# F i =

1. to eradicate extreme poverty and hunger;

2. to achieve universal primary education;

3. to promote gender equality and empower women 1g3E& & 4T & 2 dF-k BRE;

4. to reduce child mortality *# &« 2§ = ZF;

5. to improve maternal health 3 Z & 47t 3 ;

6. to combat HIV/AIDS, malaria, and other diseases F# ;= HIV/AIDS ~ E £ &2

/l ‘ﬁ ‘}?5 .

7. to ensure environmental sustainability 7= %3 3 X 5 ;

8. to develop a global partnership for development £ = >33 B 35 & B 7.
® L W>2012#£107 12013#£2" FyH@ - s P 33 € 3k > % T 182015%

+ 4& P #(post-2015 MDG) |
> 8L AR EFEPREOEZEFY S 2 Bl i3 kT - BE ST

>

TELLE-BREIGOEEAE F]F 0 2 Y deEALA R A hE B o

AR R ABRP AR F RRAHRBLHF A T BB 2R
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O2015F#rE "3 € AW > »piEd 16F
FE PRt 3 (MDGs) @ i B ARF frff &
F o TR A KIHE BG T B IR o

®2030F X FwEF *%(SDGS)ﬁ’JJ’EJﬁ':{rﬁ"Eou g2
75""”'*#\)% ’ ’E'iﬁii’é MDGs - ¢ i * > & K
o H P e BB Fgfé?fﬁ“ﬁ Ky fra X
’i“ E‘» é« g aoA g B p E(SDGs) @
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# 7 e 8 S WHO
- ' e W
TG HEEPIE(SDGs) ¢ 1THB P & > 2130 2030% i = ¢

Goal 1. End poverty in all its forms everywhere :ﬂ ‘$ P 5

Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable agriculture /ﬂ ‘ﬁ% Ay A5 23
FRSEX 2L e %

Goal 3. Ensure healthy lives and promote well-being for all at all ages F& % i & 27 (R 384G AL

Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all ’ﬁ ¥ 54
AR EVHE

Goal 5. Achieve gender equality and empower all women and girls § .7 [T & 2 455 pRig

Goal 6. Ensure availability and sustainable management of water and sanitation for all X HFkFE A /El‘ff’f?‘i B

Goal 7. Ensure access to affordable, reliable, sustainable and modern energy for all - 5 740 & it /R

Goal 8. Promote sustained, inclusive and sustainable economic growth, full and productive employment and decent
work for all3g 22 6155 A2 &

Goal 9. Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation- &
el E i X 4ok £]RT

Goal 10. Reduce inequality within and among countries & > B p & B # B 97 L %

Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable = = X 315 7 27 (i ¥
Goal 12. Ensure sustainable consumption and production patterns - 3 | zﬂ F’ N % S

Goal 13. Take urgent action to combat climate change and its impacts* # & % 1% (¥

Goal 14. Conserve and sustainably use the oceans, seas and marine resources for sustainable development

Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat
desertification, and halt and reverse land degradation and halt biodiversity loss

Goal 16. Promote peaceful and inclusive societies for sustainable development, provide access to justice for all and
build effective, accountable and inclusive institutions at all levels 3& # - 5 & B ¢4t £ 3 & TN )

Goal 17. Strengthen the means of implementation and revitalize the global partnership for sustainable development
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% FDepartment of Health and Human Services
2014-2018 % v& L3

® i FHHSH 4 & 21 § % 4

® 2014-2018 K & P &
» Strengthen Health Care
» Advance Scientific Knowledge and Innovation

» Advance the Health , Safety, and Well-Being of the
American People

» Ensure Efficiency, Transparency, Accountability, and
Effectiveness of HHS Programs



% W Healthy People 2020
(%2010 & #7% % )
® iTix

Identify nationwide health improvement priorities.

Increase public awareness and understanding of the determinants of health, disease,
and disability and the opportunities for progress.

Provide measurable objectives and goals that are applicable at the national, state, and
local levels.

Engage multiple sectors to take actions to strengthen policies and improve practices
that are driven by the best available evidence and knowledge.

» |dentify critical research, evaluation, and data collection needs.

® i

» Attain high-quality, longer lives free of preventable disease, disability, injury, and
premature death.

» Achieve health equity, eliminate disparities, and improve the health of all groups.
» Create social and physical environments that promote good health for all.

» Promote quality of life, healthy development, and healthy behaviors across all life
stages.

vV WV VYV
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% K] Healthy People 2020

® AL AREIE (¢ L ATH )

— Access to Health Services — Global Health — Medical Product Safety
— Adolescent Health — Health Communication and — Mental Health and Mental
— Arthritis, Osteoporosis, & Health Information Disorders
Chronic Back Conditions Technology — Nutrition and Weight Status
— Blood disorders & Blood — Healthcare-Associated — Occupational Safety and
Safety infections Health
— Cancer — Health-Related Quality of Life — Older Adults
& Well-Being — Oral Health

— Chronic Kidney Disease
— Hearing and Other Sensory or

— Physical Activity
Communication Disorders

— Dememtias, Including

Alzheimers’ Disease — Preparedness
— Diabetes —Heart Disease and Stroke — Public Health Infrastructure
— Disability and Health —Hv o . — Sexually Transmitted Diseases
— Early and Middle Childhood Irgir:euar;lezjtlon and Infectious —Sleep Health
— Educational and Community- _ _ —Social Determinants of Health
Based Programs —Injury an.d Violence _ substance Abuse
_ Prevention
—Enwronmental Health — Lesbian, Gay, Bisexual, and — Tobacco Use
— Family Plans Transgender Health — Vision

—Food Safety — Maternal, Infant, and Child
—Genomics Health

40
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A Portal Leads to World-Class Medical Teams and Excellent Bio Companies
in Taiwan

T | S s B International Portal

About THP | Medical for All | Bio B2B | Hot Topic | Login '_anguage '7‘

_“

Looking for the best in Taiwan

Find Top Medical Institutes and Specialties, Excellent Bio-
Medical Companies and more!

e

World-Class Medical Teams Excellent Bio Companies

den fl'ght medical information

Copyright © LB.M.L All rights reserved. /Supported by M.O.HW Privacy policy | Terms of Use | FAQ | Sitemap | Advertise | Contact us n @ m


http://211.78.240.198/
http://211.78.240.198/

Taiwan Hea|thcareﬁg: available in Dec. 2016

* Niche Medical Treatments
* Clinical Trail Collaboration
» Hospital Management collaboration

Medical for Al

Taiwan Healthcarecﬁ:

Products

* Pipelines

Contract Services
Investment Targets

Beio B2F

Taiwan HealthcareV’

Campaign & Marketing
Breakthrough News
Taiwan Insight

Hot Topi

Taiwan Healthcare’ﬁ'
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World-Class
Medical Care

Medical for AU,
Taiwan Healthcare
EX.
» Joint Replacement
« Artificial Reproduction
 (Living) Liver Transplantation
 Craniofacial and Microtia Surgery



Liver Transplant Center, Kaohsiung Chang Gung Memorial Hospital - YouTube (1080p).mp4
Documents/Flanders2017/Seeing Taiwan's High-quality Medical Services and Biotech Opportunities - YouTube (1080p).mp4
Documents/Flanders2017/Seeing Taiwan's High-quality Medical Services and Biotech Opportunities - YouTube (1080p).mp4

Taiwan Clinical Trial Consortium (TCTC)

Disease-specific consortia involving multiple hospitals
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Taiwan Clinical Trial Consortium (TCTC): http://tc2.ntu.edu.tw/
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One-stop shop for your clinical trials
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Taiwan as an Asian partner for UK-/Swiss based giant pharma

The @hins Post

TAIWAN

Wednesday, May 8, 2013 hato 1 of 1011

GSK pharmaceutical partnership to help patients 'do
more, feel better, live longer'

Officials from the National Research Program of Biopharmaceuticals (NRPB) and
GlaxoSmithKiine (GSK) pose in Taipei yesterday. They are, from left, Andrew H.J
Wang, co-director of the NRPB. Dr. Pan-Chyr Yang, director of the NRPB; Dr.
Emilio Ledesma, vice president of GSK Vaccines Asia Pacific; and Thomas
Willemsen, general manager of GSK Taiwan.

!

NOVARTIS

NRPB is to collaborate with Novartis
on Translational Medicine.

Ongoing discussion for collaboration
on open innovation with several big
Pharmas, incl. Roche, Medimmmune,
JPMA (Japan Pharmaceutical
Manufacturing Association) and others

Includes over 20 intra-hospital clinical research projects, ranging from
vaccine, rare diseases, NSCLC therapeutics, TB, quadrivalent influenza 63
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Major Bio-medicine Research Plans in Academia Sinica

Discovery
Invention ) Innovation
. Translational
Basic Research > — Products
Research
J
Curiosity or Usable Technology Value Creation
Problem Driven or Early Product Candidate from Innovation,
Manufacturing,
& Marketing
Academia Sinica National Biotechnology
Development of New Drugs and Vaccine Research Park

Three areas of focus

- Cancers
liver cancer, breast cancer, lung cancer,
pancreatic cancer, etc

- Infectious diseases
G(-) bacteria, Mycobacterium tuberculosis,
Influenza, viral hepatitis, dengue, etc

- Regenerative medicine
cancer stem cell, iPSC, etc
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Toward Precision Medicine:

Building a Knowledge Network for Biomedical
Research and a New Taxonomy of Disease 2011

Committee on A Framework for Developing a
New Taxonomy of Disease

Board on Life Sciences

Division on Earth and Life Studies

NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES




REPORT TO THE PRESIDENT
BIG DATA AND PRIVACY:

A TECHNOLOGICAL i g .
PERSPECTIVE John P. Holdren

Assistant to the President for

Science and Technology

Director, Office of Science and Technology
Policy

2.2.1 Healthcare: personalized medicine
Not all patients who have a particular disease are alike, nor do they respond identically to treatment.
Researchers will soon be able to draw on millions of health records (including analog data such as scans in
addition to digital data), vast amounts of genomic information, extensive data on successful and unsuccessful
clinical trials, hospital records, and so forth. In some cases they will be able to discern that among the diverse
manifestations of the disease, a subset of the patients have a collection of traits that together form a variant
that responds to a particular treatment regime.
2.2.2 Healthcare: detection of symptoms by mobile devices
Many baby boomers wonder how they might detect Alzheimer's disease in themselves. What would be better
to observe their behavior than the mobile device that connects them to a personal assistant in the cloud (e.g.,
Siri or OK Google), helps them navigate, reminds them what words mean, remembers to do things, recalls
conversations, measures gait, and otherwise is in a position to detect gradual declines on traditional and novel
medical indicators that might be imperceptible even to their spouses?



Information Commons

Google Maps: GIS layers
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Organized by Geographical Positioning

S e Y e Exposome
Transportation = = :
i as S "8 g Signs and Symptoms
<« IR0, ot Land Use =
; ~ i e - ~  Genome

- \“(!Census'l’facts =

”
- S oSNt O Epigenome
. -~ - —— -
B

B <« = DY Structures
_ S - = ¥ = s Microbiome

Postal Codes

4
0

A - S < = Other Types of Patient Data
Raster Imagery st

0

~ “ Individual Patients

(]
o
o
0

{

e

0
O

(]
R0

Figure 1-2: The proposed, individual-centric Information Commons (right panel) 1s somewhat analogous to a layered Geographical
Information System (left panel). In both cases, the bottom layer defines the organization of all the overlays. However, in a GIS, any
vertical line through the layers connects related snippets of information since all the layers are organized by geographical position. In
contrast, data in each of the higher layers of the Information Commons will overlay on the patient layer in complex ways (e.g., patients
with similar microbiomes and symptoms may have very different genome sequences). Source: FPA 2011 (left panel).



Clinical Medicine

Biomedical Research
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Figure 1-3:  An individual-centric Information Commons, in combination with all extant biological knowledge, will inform a
Knowledge Network of Disease. which will capture the exceedingly complex causal influences and pathogenic mechanisms that
determine an individual’s health. The Knowledge Network of Disease would allow researchers hypothesize new intralayer cluster and
interlayer connections. Validated findings that emerge from the Knowledge Network, such as those which define new diseases or

subtypes of diseases that are clinically relevant (e.g.. which have implications for patient prognosis or therapy) would be incorporated
into the New Taxonomy to improve diagnosis and treatment.



Biology Has Become a Data-Intensive Science

$100,000,000 o

A
)l L

v ~/J‘\/r,. ‘\_;x\/}(.v\ A
N S P

Yu® o o'W

O >‘,_-'~,_‘ N J
XA Moore's Law

$10,000,000 -
$1,000,000 -

$100,000

I ““;e““ I' National Human
SIT{LLLIfIS

I" | Genome Research
nstitute

genome.gov/seqguencingcosts

Figure 2-1: The cost of complete genome sequencing is falling faster than Moore’s Law. The
cost 1s still dropping rapidly. with a “$1000 genome™ becoming a realistic target within a few
years. Source: Wetterstrand 2011.




Cancer Research: Lung Cancer
at NTU Center of Genomic Medicine

e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 JANUARY 4, 2007 VOL. 356 NO.1

A Five-Gene Signature and Clinical Outcome
in Non-Small-Cell Lung Cancer

Hsuan-Yu Chen, M.Sc., Sung-Liang Yu, Ph.D., Chun-Houh Chen, Ph.D., Gee-Chen Chang, M.D., Ph.D.,
Chih-Yi Chen, M.D., Ang Yuan, M.D., Ph.D., Chiou-Ling Cheng, M.5c., Chien-Hsun Wang, M.5c,
Harn-Jing Terng, Ph.D., Shu-Fang Kao, M .Sc., Wing-Kai Chan, M.D., Han-Ni Li, M.Sc., Chun-Chi Liu, M.5¢c,,
Sher Singh, Ph.D., Wei ). Chen, M.D., Sc.D., Jeremy ).W. Chen, Ph.D., and Pan-Chyr Yang, M.D., Ph.D.

EDITORIAL

Molecular Signatures of Lung Cancer —
Toward Personalized Therapy

Roy S. Herbst, M.D., Ph.D., and Scott M. Lippman, M.D.

Phase 1: Genomic signatures
Stored specimens plus clinical data

Phase 2: Validation
Prospective trials

Phase 3: Expansion of genomic signatures
Preclinical and clinical studies

Algorithm
Clinical characteristics
Molecular imaging
Proteomics
Genomics

Prediction of drug sensitivity or resistance

. I > 4

-

Phase 4: Personalized therapy




The Opportunity to Integrate Data-Intensive Biology with

Traditional view 1987

Adenocarcinoma

Squamous
Large-cell

2009

PIIKCA

MET MAP2K1

+ Mutations associated with drug sensitivity
EGFR G719, exon 19 deletion, LeuB58Arg, Leu861GIn

» Mutations associated with primary drug resistance
EGFR exon 20 insertions

+ Mutations associated with acquired drug resistance
EGFR Thri7 90Met, Asp761Tyr, Leu747Ser, Thr854Ala

Figure 2-2: Knowledge of
non-small-cell lung cancer
has evolved substantially in

recent decades.

The traditional characterization of lung
cancers based on histology has been
replaced over the past 20 years by
classifications based on driver mutations.
In 1987, this classification was
rudimentary as only one driver mutation
had been identified, KRAS. However, the
sophistication of this system for molecular
classification has improved with the
advent of more genetic information and
the identification of many more driver
mutations. Similar approaches could
improve the diagnosis, classification, and
treatment of many other diseases.

Source: Pao and Girard 2011



Figure 3-1: Building a Biomedical Knowledge Network for Basic Discovery and Medicine.
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Cell 7148, 1293-1307, March 16, 2012

[ HRV Infection | | RSV Infection |
Personal Omics Profiling D 4 21 289200292 204 297 301 307 3N
Reveals Dynamic Molecular
and Medical Phenotypes
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NATURE BIOTECHNOLOGY | NEWS AND VIEWS

Omics gets personal

Laura DeFrancesco

Nature Biotechnology 30,332 (2012)

Published online 10 April 2012 ’ T e S
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McKinsey,
Jan. 2013

Center for US Health System Reform

Business Tec}.mologywOfﬁce |
\\<
The ‘big data

revolution In healthcare

Accelerating value and innovation




Exhibit 2: Primary data pools are at the heart of the big-data revolution in
healthcare.

Activity (claims) and cost data Clinical data
= Owners: payors, providers = Owners: providers
= Example data sets: utilization = Example data sets: electronic
of care, cost estimates medical records, medical images

Integration of

data pools required for
major opportunities

Pharmaceutical R&D data Patient behavior and sentiment data

= Owner: pharmaceutical = QOwners: consumers and stakeholders
companies, academia outside healthcare (eg, retail, apparel)

* Example data sets: clinical trials, = Example data sets: patient behaviors
high-throughput-screening and preferences, retail purchase
libraries history, exercise data captured

in running shoes

Source: McKinsey Global Institute analysis




Exhibit 3 Big data |s ch;riging then baradigm: theée areTﬁe nre:& vélue pathways.

Right
living

o

Right
care

~ Right
provider

Right
value

» “P24 Right
~ / innovation

Source McKinsey analysis

Description

Informed lifestyle choices that promote well-
being and the active engagement of
consumers in their own care

Evidence-based care that is proven to
deliver needed outcomes for each patient
while ensuring safety

Ecosystem
feedback
loop

Care provider (eg, nurse, physician)
and setting that is most appropriate to
deliver prescribed clinical impact

Sustainable approaches that continuously
enhance healthcare value by reducing cost
at the same or better quality

Innovation to advance the frontiers of
medicine and boost R&D productivity in
discovery, development, and safety



The value of big data in health care = $300-450 billion

Exh|b|t 4: Applylng early successes at scale could reduce US healthcare costs
by $300 billion to $450 billion.

Value at stake

Value Key drivers of value
Right | 0-100 = Targeted disease prevention
living 1o e = Data-enabled adherence programs
& Right  90-110 = Alignment around proven pathways
care Gl = Coordinated care across providers
" Right  50-70 = Shifting volume to right care setting
(/ - provider = Reducing ER"/readmit rates
3 Right 50-100 A = Payment innovation and alignment
> value ‘ s * Provider-performance transparency
,% Right » Accelerating discovery in R&D
\// innovation 40-70 = Improving trial operations
300450

1 Emergency room

Source. American Diabetes Association; Amencan Hospital Association; HealthPartners Research Foundation; McKinsey Global Institute; National
Bureau of Economic Research, US Census Bureau




H EALTH CARE'S DATA We can empower healthcare organizations,

co N U N D R U M providers and payers to unify the capture,

analysis, and use of data to drive smarter care
FROM DISPARATE DATA TO MEANINGFUL INFORMATION and business.
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Advancameants Involca recognition and clinical language
understanding are enabling the healthcare enterprise to capture
Information at the point of care, comnvart patlent data Into actlonable
Information, and levarage that iInfarmation for clinical, business, and
patient good.

WWw. nuance.coms for-healthcara



6 Keys to the Future of
Big Data in Healthcare Marketing

Big data is forecast to make a big difference in the future of healthcare,
according to a recent report by the Ewing Marion Kauffman
Foundation. (April 19, 2012)

. Figure Out How to Organize and Use Big Data

. Develop Technology That Taps Into Big Data

. Use Big Data for Better Decision Support

. Turn To Big Data to Ease the Flow of Information

. Use Big Data to Increase the Quality of Care and Decrease Costs

A U1 A W N =

. Develop More Mobile Apps and Social Media That Capitalize on
Big Data


http://www.mdgadvertising.com/blog/?p=26742
http://www.mdgadvertising.com/blog/?p=26742




Brief History of IBM Watson

IBM Jeopardy! Watson Watson Watson
Research Grand {o]g for Financial Industry

Project Challenge Healthcare Services Solutions
(2006 ~ ) (Feb 2011) (Aug 2011 ) (Mar 2012 - ) (2012 -)

S

Expansion

Cross-industry
Applications

Commercialization

Demonstration

Naw IBM Division

IEMWATSON




Data is rapidly becoming the foundation for a Smarter Planet

Cloud

Social
A08EM O
LJosk "Rl F < |
RREOE@®
BMQ.@QG

IEMWATSON




Watson Healthcare Products — 1H 2013

Watson
Clinical Insights
Advisor

o

Therapy
Designer

Watson
Diagnosis & Treatment
Advisor

Oncologists

Assists with efficient
trials and reduces time
to market with new
cancer therapies

Assists in identifying
individualized treatment
options for patients
diagnosed with cancer

Watson
Care Review and
Authorization Advisor

Nurses

Streamlines manual
review processes
between a physician
and health plans

IEMWATSON
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