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Strength of Taiwan in Biotech Development
Representative Population in East Asia
Improved Cross-Strait Relationship

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

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

Excellent Health Care System, National Health Insurance:
> 98%

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

Government’s Investment and Support
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2014 SCIENTIFIC AMERICAN
WORLDVIEW OVERALL SCORES

PRODUCTIVITY GIVES THE US AN EXTRA PUSH

1. UNITED STATES
SINGAPORE
DENMARK
AUSTRALIA

5. SWEDEN
SWITZERLAND
FINLAND

NEW ZEALAND
UNITED KINGDOM
10. LUXEMBOURG
CANADA

HONG KONG
GERMANY
NETHERLANDS
FRANCE
IRELAND
17JAIWAN, ROC
JAPAN

NORWAY
AUSTRIA
BELGIUM

ISRAEL
23.50UTH KOREA
ICELAND

0ATAR

ESTONIA

UAE

SPAIN

29. MALAYSIA

42. CHINA
THAILAND
GREECE
BRAZIL

Taiwan is # 17

PRODUCTIVITY

IP

INTENSITY

ENTERPRISE SUPPORT
EDUCATION/WORKFORCE
FOUNDATIONS

POLICY & STABILITY
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{  AGLOBAL BIOTECHNOLOGY PERSPECTIVE

2015 Taiwan Total Ranking # 25

1. Productivity #23
2. IP # 29
3. Intensity #31
4. Enterprise Support # 8
5. Education/Workforce # 33
6. Foundation #12
7. Policy & Stability #24



SEVEN YEARS OF
BIOTECH TRACKING
BY RANK

Our growing database reveals
ongoing competition at many levels

Taiwan’s Ranking:
2012 # 21
2013 # 26
2014 # 17
2015 # 25

Average # 22.3

change since last year [neg. values = improvement) 'l' )

I N I Y

COUNTRY 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | AVG.

UNITED STATES 1 1 1 1 1 1 1 1.0 0
DENMARK 3 5 2 2 2 3 2 2.7 -1
NEW ZEALAND 7 18 18 9 10 8 3 10.4 | -5
AUSTRALIA 10 17 5 10 7 4 4 8.1 0
SINGAPORE 2 2 8 3 5 2 5 3.9 3
FINLAND 8 b 7 4 4 7 b 6.0 -1
SWITZERLAND b 10 b b 3 b 7 6.3 1
SWEDEN 4 4 3 b 5 8 5.0 3
UNITED KINGDOM 12 14 9 11 9 9 9 10.4 0
CANADA 11 3 4 7 8 11 10 7.7 -1
HONG KONG 17 13 20 12 11 146 | -1
GERMANY 16 16 14 16 14 13 12 | 14.7 -1
IRELAND 14 13 14 8 11 16 13 | 12.7 -3
NETHERLANDS 19 12 12 17 12 14 14 | 14.3 0
FRANCE 18 8 10 12 13 15 15 | 13.0 0
JAPAN 13 9 11 18 18 18 16 14.7 -2
NORWAY 17 21 21 19 22 19 17 194 | -2
ISRAEL 5 7 13 14 15 22 18 | 13.4 | -4
AUSTRIA 21 20 20 20 17 20 19 | 19.6 | -1
LUXEMBOURG 25 29 25 19 10 20 | 21.3 10
BELGIUM 20 15 1ib 15 16 21 21 17.6 0
QATAR 42 25 22 | 29.7 -3
SOUTH KOREA 15 19 19 22 24 23 23 | 20.7 0
ICELAND 9 11 22 23 23 24 24 | 19.4 0

26 25 [ 223 ] 8 |




BUSINESS-FRIENDLY ENVIRONMENT [higher = better)

BIOTECHVC, 2007 [US$MM)

ENTERPRISE SUPPORT
VC AVAILABILITY
CAPITAL AVAILABILITY
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SCORECARD
CATEGORY #6:

FOUNDATIONS

Taiwan #12
Finland finishes first alwa

a.81
8.50
8.17
8.14
7.86
7.62
7.48
7.39
7.39
7.22

5.95

FINLAND
SOUTH KOREA
SWITZERLAND
SWEDEN
JAPAN
DEMMARK
ISRAEL
GERMANY
AUSTRIA
UMITED STATES

103 ICELAND

TAIWAN,

5.88
b.66
b.66
5.54
5.40
6.18
5.92
.84
.64
5.50
5.47
.44
5.41
5.34
4.97
£.90
4.75
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4.50
4.22
419
3.93
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HOMG KONG
QATAR
SINGAPORE
NETHERLANDS
FRANCE
BELGILM
AUSTRALIA
LUXEMBOURG
UMITED KINGDOM
CANADA
ESTONIA

UAE

NORWAY
IRELAND
MALAYSIA
PORTUGAL
SPAIN

CZECH REPUBLIC
NEW ZEALAND
LATVIA
LITHUANIA
CHINA

Il BUSINESS EXPENDITURES ON R&D

(% of GDP)

B GOVERNMENT SUPPORT OF R&D

(% of GDPI
0 INFRASTRUCTURE QUALITY
(roads, ports, electricity, etc.)

ENTREPENEURSHIP & OPPORTUNITY

#12

.79
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3.04

2.79
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1.45

1.27
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SCORECARD CATEGORY #4: EDUCATION/WORKFORCE EDUCATION/WORKFORCE
POST-SECONDARY SCIENCE GRADUATES / CAPITA

PHD GRADUATES IN LIFE SCIENCES PER MILLION POPULATION
R&D PERSONNEL PER THOUSAND EMPLOYMENT

TALENT RETENTION [reciprocal of brain drainl

BRAIN GAIN [share of global students studying outside their countryl

High-tech innovation demands a highly educated workforce

Taiwan #33

UNITED STATES 4.60
UNITED KINGDOM 5.71

SAUDIARABIA 4.33

NEW ZEALAND £.23
LUXEMBOURG 5.29
AUSTRALIA 4.97
CANADA £.24
ISRAEL &.28
FRANCE 4.25
IRELAND 4.22
GERMANY 4.20
ICELAND 4. 14

JAPAN 3.45
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PORTUGAL 3.20

SINGAPORE 4.13
SOUTH KOREA 3.71
SWITZERLAND 3.40
CZECHREPUBLIC 2.27
SLOVAK REPUBLIC 3.14

SWEDEN 32.10
POLAND 2.85

AUSTRIA 3.36

THAILAMD 3.90
DENMARK 3.79
2.65 ITALY .

2.82 ESTONIA
2.78 SPAIN

2.10 LITHUAN 1A

206 ARGEMTINA

2.61 RUSSIA
202 MALAYSIA
1.85 CHILE

2.71BELGIUM
2.65 NORWAY
2.27 PUERTORICO
1.94 GREECE

2.48 NETHERLANDS

2.32 TAIWAN,

1.70 HUN GARY

*

0.04 QATAR

1.53 LATVIA
=

1.04 CHINA

1.81 INDOMESIA
0.72 UAE
-

1.85 TURKEY

1.82 UKRAINE

1.61 BRAZIL

1.52 HONG KONG
1.39 MEXICO

1.22 PHILIPPINES
0.88 SOUTH AFRICA
0.23 INDIA

0.11 KUWAIT

EDUCATION/WORKFORCE



Government Policy and Strategies:
Diamond Action Plan for Biotech Takeoff (2009)

To Develop Taiwan into A New drug and Medical Device R&D House
and An Asian R&D Partner for the Global Community

Supra Incubation Center Translational Research
* To establish biomedical hubs in * Bridging upstream innovations of
Taiwan through incubation of discovery research with
biopharmaceutical and medical downstream commercialization of

biomed companies
( nrpb.sinica.edu.tw/)

device startup companies
(www.siic.com.tw)

BVC TFDA
* Joint investment of USS 2B (60% * Inauguratedon Jan. 1, 2010
private, 40% government) * Set up regulatory environment of
* Taiwan Medtech Fund (TMF) was international standard
approved (Center of Drug Evaluation)

www.cde.org.tw/eng/
Boosting Biotech to a Trillion NT-Dollar Industry

Taiwan’s economic engine: from ICT to Biotech



Taiwan Biotech Take-off Action Plan (2013)

Pharmaceuticals/ Pharmaceuticals/

29 E— —Establishment of Biotech
Industrialization R&D Center Pharmaceuticals Pre-clinical Core

Builds on Upstream Platform

R&D (MOEA) —Establishment of Medical Devices
Rapid-Prototyping Center

Establishment of BVC to
Attract Private Funding

Promotion of the SI2C to

Provide an Integrated

matching with National Service Platform (NSC)

Development Fund

—Capital will be introduced into the biotech industry, —Provides legal, IPR, technical, and operations

with the capital make-up of the BVC being commercialization services _ _ .
on a 40-60 basis — Hardware resources for factory incubation: Hsinchu Biotech

Park (medical devices), South Taiwan Science Industry Park
(medical devices), National Biotechnology Research Park in
Nangang (pharmaceuticals), experimental animal center

(government 40%, private sector 60%)

W

— Establishment o tegrated and transparent

Foster I':Iter_natlonal evaluation g of medical products
Harmonization ciency in the evaluation process of
(DOH) dical products

— Promotion of regional regulatory harmonization
— Assistance in the industry's development
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Supra Integration and Incubation Center (SI12C)

s

| Connection of the value

| Identification of

| Securing talents for I Build-up Taiwan
chain potential projects biomedical technology biomedical ecosystem
Example of Customers:
biomedical Stationed Teams
RPC Technol
ecosystem Service Ie"l:atr;zr(l)r?sy
Hlew Start-up
. The translational role of Si2C Company Verificati 2
Ac.ademla o natian & Validation F°c'$":‘,:?n"9&
Discovery r
GMP Business Talent
Service Training
Clinical Trial One-Stop
Decision support Center

Sourcing/Service
Regulatory

The death of valley

Management



Hsinchu Biomedical Science Park

Total Area: 38.1 hectares
Establish biomedical devices industry cluster

Emphasize on an interdisciplinary approach -
ICT-Biotechnology-Healthcare Convergence
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Reporting by David Cyranoski, Natasha O NATURE.COM
NEWS il Gilbert, Heidi Ledford, Anjali Nayarand  Telluswhatyou Nature 2011
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¢

L R L L T T el S 1 e gl e b ) 1 S

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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(= ) £ Anchor university:i &
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CSTPI ( :
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BECE M 2,1008 6,3008 70258

ax 10 26 (6) 22 (11) 41
XK 6 14 (2) 13 (7) 24
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1688 - 10 9 (6) 13
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=N - - 7 7
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273(108)
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http://www.stb.org.tw/
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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?
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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).
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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
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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
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Molecular imaging
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Phase 4: Personalized therapy




The Opportunity to Integrate Data-Intensive Biology with Medicine

Traditional view 1987

Adenocarcinoma

Squamous
Large-cell
2004

2009

MET MAP2K1

= Mutations associated with drug sensitivity
EGFR Gly719%, exon 19 deletion, Leu858Arg, Leu861GIn

= Mutations associated with primary drug resistance
EGFR exon 20 insertions

= Mutations associated with acquired drug resistance
EGFR Thr790Met, Asp761Tyr, Leu7475er, ThrB54Ala

13K CA
l BRAF \AKTL

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
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Omics gets personal
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McKinsey,
Jan. 2013

Center for US Health System Reform
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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




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

Exhibit 4: Applying early succegées at scale could reduce US health;are costs
by $300 billion to $450 billion.

Value at stake

Value Key drivers of value

\\' ﬂ Right | 0100 = Targeted disease prevention

“ S ‘ - N
‘m living L |7 = Data-enabled adherence programs
Q‘ Right L 50-110 = Alignment around proven pathways

-« Care e = Coordinated care across providers

. Right  50-70 = Shifting volume to right care setting

(, - provider = Reducing ER"/readmit rates
ﬁ Right 50-100 A = Payment innovation and alignment

¥ value | .. = Provider-performance transparency
<@ Right 20-70 ] = Accelerating discovery in R&D
/\// innovation . = Improving trial operations

‘300%45032 A

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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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

o v oH w N R

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

Data is rapidly becoming the foundation for a Smarter Planet
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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




Acknowledgement

’ ﬁ" ig\ gt Ministry of Science and Technology )
SiC

= ///f——-\\\\—-
»dq
= |

BOST INo_ FAHEBARERAALTEE

7 ¥T y;»;,fsl ¥ € 3F National Development Fund, Executive Yuan

DOIT &% 8B &% 17 &

Ministry of Economic Affairs



http://web1.nsc.gov.tw/mp.aspx
http://web1.nsc.gov.tw/mp.aspx
http://www.most.gov.tw/mp.aspx
http://www.most.gov.tw/mp.aspx

