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Foresight Taiwan: Development of New Innovative Industries
by Eugene Wong, UC-Berkeley (Emeritus Professor & Academician)
Disruptive change to create new industries — two sources:

» Driven by early-stage discovery, not improvement

» Technology-based high value services
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SEAREYENE

Tarwan Biobank

EYEHE

s IHFERBEEHMRRABEALBERERNERER
" REFIRARRARFARIEOKRER
« H BN B F ISR L IR IR FERR B OnE S Y

= 2009 £ Time Magazineff4&+ AW EHF M 2 —

* “The potential [of big data in medicine] to improve healthcare is still
immense, especially as patients’ conditions and medical technologies
become more and more complex over time” ("Axes of a revolution:
challenges and promises of big data in healthcare” by Shilo et al., Nature
Medicine, 26: 29-38, 2020)
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(2012-)

Taiwan Biobank
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| IR EA
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SEHE = e SS0ME ! DNA FiE(l (2,474)
42,902 A s, 42302 U AEEERE (2,010) :
20,000 HLA 57 (1,102) y
. . RRS{LE (2,334)

... NMR fCiIE (1,922)

Ll < o
b el e
EAREL 5
SRR () xmﬁ‘d‘ 80  “Tuiwan Biohank™ in PubMed
45,000 70 |N=272(2022.06.13)
BIEREY 80,000,000 40,000 FHEEBANEEBTE 0 |
>2E2TFEAR 4 000000 " 37 EEAL oo |
o ' s
BEEY 60,000,000 30,000 35 HERERE Ll i
>24RE 50,000,000 25,000 e » 30t
,000, " | pa i
40,000,000 20,000 PubMed + 20
30,000,000 15,000 Google Scholar 10 |
™ 0
0,000,000 mos =362 papers Zgorsmseeeeogoa
10,000,000 5,000 SRRIRRARARIRIIKKER
0

o
2014 2015 2016 2017 2018 2019 2020 2021 2022 (1)

SR AREYVENE REEBRERZR

@ Polygenic risk analysis

= Chiou, J.-S., et al. (2022) Your height affects your health: genetic determinants and health-related outcomes in
Taiwan. BMC Med., 20(1): 250.

= Lin, C.-Y., et al. (2022) Genetic contributions to female gout and hyperuricaemia using genome-wide
association study and polygenic risk score analyses. Rheumatology (Oxford), on line.

« Chou, H.-H, et al. (2022) Synergistic effects of weighted genetic risk scores and resistin and sST2 levels on the
prognostication of long-term outcomes in patients with coronary artery disease. Int J Mol Sci., 23(8):4292.

Discovery of diagnostic and prognostic biomarkers

* Hsu, L.-A. et al. (2021) Circulating chemerin levels are determined through circulating platelet counts in
nondiabetic Taiwanese people: a bidirectional mendelian randomization study. Atherosclerosis, 320: 61-69.

*  Wu, W.-J, et al. (2022) EGFR Q787Q polymorphism Is a germline variant and a prognostic factor for lung cancer
treated with TKis. Front Oncol., 12: 816801.

® |dentification of epigenetic factors in health and disease
= Lo, Y.-H, et al. (2022) Cardiovascular health and four epigenetic clocks. Clin Epigenetics., 14(1):73.

® Taiwanese characteristics

+  Wei, C.-Y., et al. (2021) Genetic profiles of 103,106 individuals in the Taiwan Biobank provide insights into the
health and history of Han Chinese. Genomic Med., 6:10.

+ Lo, Y.-H, et al. (2021) Detecting genetic ancestry and adaptation in the Taiwanese Han people. Mol. Biol. Evol.,
on line.

+  Su, M.-H, et al. (2022) Familial aggregation and shared genetic loading for major psychiatric disorders and type
2 diabetes. Diabetologia, 65(5): 800-810.
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Genetic profiles of 103,106 individuals in the Taiwan Biobank
provide insights into the health and history of Han Chinese

(Wei CY et al. NPJ Genom Med. 2021; 6:10)

21% with mutations in autosomal recessive disease genes
5% with mutations for autosomal dominant traits

3.1% with cancer risk variants

87.3% with variants that affect drug response

CADASIL: the most common single-gene disorder causing stroke
(mutations in the Notch3 gene)
NOTCH3 R544C mutation found in 0.9% in TWB and TPMI participants
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TPMI

10

Taiwan Precision Medicine Initiative (TPMI)

a joint effort of Academia Sinica and 16 partner hospitals across the country

Taiwan reference

genomes

Tailored treatment and
health management for
all

. Goal: Genetic
Comprehensive profiling of

clinicalrecord " 1,tal budget: NT$1.8 billion 1 million patients
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Disease Risk Calculator

Clinical data/ Disease risk
genetic profiles calculator

- HlAe
r 'iI:':':.:':l:‘:I!'1‘E‘E‘E‘l‘!‘f‘!‘?‘t""'i :;: :& I
ic i Jen ~<§V&>

Polygenic risk scores

Polygenic risk scores predict a person’s risk for all major common diseases
Disease risk can be altered by life-style changes or early intervention
Early screening of high-risk group increases cure rate of cancer and reduces

morbidity of serious diseases

Provided by Dr. PY Kwok

= Useful for 1.5 billion Han Chinese in the world

EBAREYVEHERS %Fﬁﬁﬁﬁl’i_ ___________

ERUE PAGR RN 85 AL
Nat Commun. 11, 5482 (2020).

& et T N o T
S > eeemeemmdll "Pj Genom. Med. 6, 10 (2021).
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ZiBEBERKE

FEEE HEt 2 (Cancer Moonshot)

HEME I SEEE 2B ER RIS E
/ NCI, USA Research and CIincaI Teams, Taiwan \

}-
g::?'h: " 6n 'IH‘ n

- gunmwam

TAIPE) MEDICAL UNIVERSITY HOSPITAL

Tr-Sanvc (lonanl Hospan!

Academia Medical

%ca Centers
%lcai Samples

Next-generation
cancer

Proteomics therapeutlcs
g Omics big data ‘
Genomics [ Tissue banks 1 ’
| Integration by [ ) ) pj
Al _ ; o
Microbiota - -
Qo0
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Graphical Abstract
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\" Ly

Proteogenomics of Non-smoking Lung Cancer in East Asia
Delineates Molecular Signatures of Pathogenesis and Progression

Authors
Yi-Ju Chen, Theodoros |. Roumeliotis,

Ya-Hsuan Chang, ..., Hsuan-Yu Chen,
Pan-Chyr Yang, Yu-Ju Chen

Correspondence

was@tmu.edu.tw (C.-L.H.),
tsung@iis.sinica.edu.tw (T.-Y.S.),
chenjs@ntu.edu.tw (J.-S.C.),
slyu@ntu.edu.tw (S.-L.Y.),
jyoti.choudhary@icr.ac.uk (J.S.C.),
hychen@stat.sinica.edu.tw (H.-Y.C.),
pcyang@ntu.edu.tw (P.-C.Y.),
yujuchen@gate.sinica.edu.tw (Y.-J.C.)

In Brief

Deep proteogenomic landscape of early
stage lung adenocarcinoma in a cohort of
mostly non-smokers reveals unique
drivers and biomarkers, as well as
gender-associated mutagenesis.

Cell 182:226-244, 2020
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Establishment of Taiwan Cohort Consortium

Taiwan Cohort Consortium (in planning)
(Taiwan Society for Biopreservation and Biobanking)

Pl-initiated cohorts

+ NERWFA
= A variety of cohorts

established by Pls.

@ * A network for

Data& N
Tissues - .

© ARREYEREEE G

* 35 Biobanks in Taiwan

* A one-stop-service for data
and tissue application .

81

interaction and
collaboration
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S EOCOEE BROER

The Megatrends of .
Bioconvergence and Blodata —

Taiwan’s Advantages/and )}
Opportunities - . 7/

Boonhuey Ee
General Manager, Merck Healthcare Taiwan

Managing Director, Merck Hong Kong & Macau
September 5, 2022

sloconvergence

Multidisciplinary approach harnessing
the synergies across digital and
material science as well as

= ¥ biotechnology aiming to improve the
2, o 2 speed and impact of scientific discovery.

a2Nn292
Elo larwan Commitiea 1
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Global Economic Impact
in 2030-2040*

$2 - 4 Trillion

BioConvergence Application Outcomes

Precision & personalized medicines | Proof of Mechanism studies |
Signature of drug response & resistance |
Definition of target patient population: subpopulations |
65% i Integrated evidence-based safety prediction |
o Data-driven design of drug combinations, dose/regimen | Forecasting probability of success

45%

30%

Integr d multi-
OMICs analyses

Translational
Medicine

& repurposing
Bioconvergence '
Areas for Innovation : 31l S¢ Biotechnology

* The Bio Revolution, Mckinsey Global Institute, May 2020

Rb bhe SHEEb SPOb ; i A global specialty innovator
. = » in Healthcare
of convergung - SR delivering personalized
. v ; \ treatments for serious diseases
bechnologles and enable people to achieve
- their dream of becoming

parents.

A diversified industry
leader in Life Science
providing scientists and
researchers with lab materials,
technologies and services to
make research and biotech
production simpler, faster and
safer

A leading player in
Electronics

uniguely positioned to
serve and enable the
electronics industry to
cater the ongoing data
explosion
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sroconvergence: megartrends that change the camnme
Merck Group priority: Innovation powered by Data & Digital

Connection between chip development and novel therapeutics

Future of Production and development of
Computing new treatments and applications

Cell-line Potential
culture medic applications
include R&D and
bio-manufacturing
applications as
well as potential
therapeutic
treatments

Hardware & appli-

cations for quantum E.g. Digital Twins
architecture

R&D enabling technologies

Touchpoint between Artificial Intelligence technology
application area and hardware suppliers

Talwan: infrastructure 2.0
Capital is heavily focused on Electronics and Health Tech

Building blocks

£5) Capital

! Corporate Lacal National Development Overseas Venture
Venture Capital Venture Capital Fund Capital

g&\z g;?{?slbrrent environament 590/D 439 ’ 16% ~ 15% .

1 in world competitiveness S e

4
(IMD 2020) - No.4/ Asia No.11/ World Deals # Deals amount, mn $
Health Tech Health Tech

188 deals 177 deals

$350 mn invested in Asian Silicon Valley 4 Pas |

i 3.369%0 GDP invested in R&D &
i (3rdin the world by ratio of GDP invested) ]
i Lo =}
| $1tn (tw) Investment plan to attract e
! (aim to attract inv, from overseas, overachieved) .
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Talwan: infrastruckture 2.0
Solid infrastructure is built by multiple highly engaged stakeholders

Building blocks

nfrastructure
2.0

Main industpries
1,3bn EuR invested into . ELECTRONICS/SEMICONDUCTOR ﬁl

Digital Infrastructure program . " ; Free Trade zones
Mo.1 in semi market for 10 consecutive 1] Trade zones with tax incentives
years at $11.3 Billion

3 in overall business e & Ha and add. support

envi - COMMUNICATION ,ﬂ; <

% in world Dlgl“l """ Global leading supplier of ICT M‘ science lpwhs |
M e. g. National Biotechno
titiveness BIOMEDICINE Yo ﬁf PR G5 Netiona) o
No.4/ Asia No.11/ World w‘&m No.2 in Newcomer Biotech Global o
Competitiveness, no. 11 in International
Health Care Index; NHI database 25yrs g&w public
’nw '

s in EconoMAle 3 data; continue increase PI/PII trials

Freadonm MACHINERY ITRZ MOH, MOEA, Acadmic Slnlca
No.3/ Asla No.6/ 184 Countries 4th largest exporter of machinery tools and "

(2021 index, China 158th) components Willingness to collaborate
internationally

_____________________________________________________________________________________________________________________________________________________________________

Talwan Has the capabilities to secore the
world Leader in sioconvergence Technology

= Global leading ICT industry
= World-class medical service and technology

« Excellence in medical research and development
« Capital heavily focused on electronics and health
TECh P n;ln"l\{ Hi:lll;auk .
« Strong Government Engagement: medical tech
and precision health positioned as one of six core }) »
strategic industries for the government. a- 7'4 ,,gmtf%ﬂm_;,
: : ; T !
+ Biodata Federation: comprehensive and
centralized bio database, including National =
Health Insurance database, Cancer Registry ; TPMI
database, EMR/EHR, clinical trial information, !..s,.-__, SEEERERsE

Biobanks, NBCT, TPMI. W

91
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problemnt: current Healthcare model is sroken

Taiwan invests so much on health tech, but we are not maximizing
returns BECAUSE of the current model for RWE-based data

Biomedical data is siloed across the healthcare Siloed data makes insights harder & slower to find

ecosystem and collaboration difficult
Hospital
Information 4 . ’ gt :
Systems. it ~80% of bmmedm_al researchers .t1me is
e _ S Datasets * spent sourcing and preparing data’
= i S
=

Academic A of large pharma companies consider
P g - -
Medical | ™ | >40% data quality the largest barrier to
Center: " — .
it conducting remote clinical trials?

] che ] rate but
Aloants proliferation of available data, data silos
between and within institutions, and lack of

b

Bring in existing (international & local) technology to accelerate
data integration to unleash the value of Taiwan’s data treasure

example of existing SOLUTION: syntropy

~ N
PR

SyntFo;y

Data Creators e.g. Academic Medical Centers Data Collaborators e.g. Biopharma

Syntropy’s imperative is to unlock the power of data - not own it. Syntropy creates a new way
for research organizations to understand & utilize their data, which ensures industry
collaborators get the quality of data they need within an environment that enables each to
become a better partner to the other.
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open Innovation:
Collaborate to build a more open, transparent ecosystems

1. Collaborate to create open, transparent ecosystems that facilitate
interoperability and trust to unlock the potential of the biodata.

2. Develop a guiding set of ethical principles which can deliver safety,
accountability, and transparency in capturing, owning, securing and utilizing
biodata.

3. Greater regulatory innovation to improve current biodata accessibility issue.

4. Strengthen cross-institutes biodata sharing and integration. Facilitate the
conversion of data into structured and clean datasets.

5. Bring in existing (international & local) technology to accelerate data
integration to unleash the value of Taiwan’s data treasure.

6. One Stop Office to lead & own the integration across ministries &
stakeholders

RACE NOW! No GRERTER RISK than to Mmiss this
OPPORTUNITY Of BlocOvVergence

1. Be ambitious to become global Bioconvergence leader with global leading
ICT industry and world-class medical expertise.

2. Build a high level Bioconvergence Consortium, through Public-Private
Partnership with local and international companies, as an enabler for
interdisciplinary innovation powered by data, digital and science.

3. Bold and holistic investment in health to benchmark international standard.
Value creation mindset and reward for innovation for medical treatment &
technology accessibility to attract investment and boost innovation.
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collaboration

No one can do this alone
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DCT : Decentralized Clinical Trials
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Top 10 BioTech Industry Trends & Innovations in 2022

—

. Artificial Intelligence Top 10 BioTech Trends & Innovations
Big Data in2022

BIOTECH

Gene Editing

Aatificial
Intulligense

Precision Medicine

Gene Sequencing

Biomanufacturing

Synthetic Biology

Bioprinting

© @ N O VA W N

Microfluidics

10.Tissue Engineering ot provided by o StartUs

20224 09 5 Polaris Group Confidential Information

Top 10 Best-Selling Pharmaceuticals in 2021

ok 42

Comirnaty COVID-19 Vaccine Pfizer/BioNTech % 59.1 billion kIR E (mRNA T2

Humira (adalimumab) AbbVie $20.7 billion EREERE IE tRINER) —
Spikevax COVID-19 Vaccine Moderna $17.7 billion Tk s (mRNA 12RE)

Keytruda (pembrolizumab) Merck $ 17.2 billion tng tﬁﬁ:?ﬁ?ﬁj

Eliquis {apixaban) Bristol Myers Squibb and Pfizer $ 16.7 billion 1 0 2 {EER %R (v FEE)

Revlimid (lenalidomide) Bristol Myers Squibb (Celgene)  $ 12.8 billion SR E R {EERZm (/) vFEE)

Pharmacyclics (AbbVie) and
Janssen (Johnson & Johnson)

$ 9.8 billion HEE EREm (haF5E)

Imbruvica (ibrutinib)

Eylea (aflibercept) ::3:: sianPhamuscauticals. ™ ¢ g o nflion A EhE s (ERREHA)
Stelara (ustekinumab) Janssen (Johnson & Johnson)  $ 9.1 billion i (EtEHLER)
Blcarvy (bictegravir, emtridabine, and  Gijgaq sciances $8.6billion B LBER (D TH)

tenofovir alafenamide)

B

Polaris Group Confidential Information
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Polaris Group Confidential Information

Top 10 Pharmaceutial Companies on Revenue in Billion USD

Johnson&Johnson $82.6 $93.78
2 Pfizer $41.9 $81.3
3 Roche $58.3 $68.07
4 Abbvie $45.8 $56.19
5 Novartis $49.9 $51.63
6 Bayer $48.9
7 Merck S48 $48.7
8 Bristol Myers Squibb (BMS) $42.5 $46.4
g GSK $34 $46.1
10 Sanofi $42.3 $42.9

Polaris Group Confidential Infermation
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