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Most people overestimate what they can do in one year,
but underestimate what they can do in 10 years.

- Bill Gates
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Ty EEEWRTE - FREEHH 32

%8 (Targeted research):
- Problem-driven
- What'’s the story?
- IP (novelty, non-obviousness)
- FTO (Freedom to operate)

FE 1 (Basic research)

- Science-driven

- New discovery

- Platform technology
- Broad impact
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New concept
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Taiwan ROC 18.4
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Synergistic Creation of New Bio- and Semi-technologies
toward Growing Blue-Ocean Industries
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EEREHIREK
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|IEEE Fellow (91) - IEEE Solid State Circuits Field Award (98)
2019.09.03

2019

Biolaiwan
Committee
TRARRBEARANN

»> New Applications Drive Semi Industry’s
Booming

Outline

> Biotech Industry Booming Due to Innovative
Technologies Realizable for Effective Therapies

»> Development Analogy among Semi, eSystem,
Bio & Medicine (SEBM) and Their Synergies

» Potential Blue-Ocean Industries by Using SEBM

33
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1. Artificial
Retina

(Clinical Trial 2020)
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3. Closed-Loop !
Epilepsy Control
System

(Clinical Trial 2019)

Y 2. Bone-Guided

Cochlear Implant
(Animal Test 2019)
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4. Closed-Loop Deep
Brain Stimulation (DBS)

for Parkinson’s Diseas
(SoC Design 2019)
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Researchers are Working on an

Electronic Pill ( @ usaTopay )
You Can Take to See If You're Sick or Not

Pill-sized
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£ Systems Biology Enabling New
Medicine/Therapy

VALUABLE APPLICATIONS

Improving the Human Condition
v" New drugs and drug combinations
v Predict patient response to treatments

NEW INSIGHTS

v Enabling synthetic biology and biological
NEW BIOLOGY engineering
el o Industrial Biotechnology
v" Enzymes and bio-based chemicals
e v Plant sciences
= NEW
: {:j; IR 50L0GICAL

NEW M B QUESTIONS

SOFTWARE New Tools for Data Generation —

Sequencing, Gene editing, Synthetic

i v 4 ) Biology
_ NEW ol g o wewrecnoosess COLLABORATIONS
s PATA "R Collaboration between Medical Doctors,
ystems Biology

Scientists, Technologists, Engineers, and
Physicians
Source: CEO Jeff Lu, Engine Biosciences (Jjg 5 #34 {7 &)
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[ =" Next-Generation Cell / Gene

Therapies across Many Diseases

Gene Circuits/Systems Being Deployed into a Range of Modalities

Next-Gene Cell and Gene
Therapy Products

Modalities
Viruses onCOIOgy

Gene Circuit Design ()

=g

Teell
) Immunology
NK cell

— VMSC . Regen. Medicine
."',_

d .@ Neurodegen. Disease

HSC

Cardio/Metabolic
N
() Genetic isorders
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=" Analogy Between BIO- & SEMI-
Development

Moore’s Law

smyiconductor
Progress

Lu’s Perspective

N I H National Human Genome
Research Institute

genome.gov/sequencingcosis

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Source: National Human Genome Research Institute; Nicky Lu, 2019
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= Efficient Sequencing Enabling
Personalized Healthcare

A
Cost of Sequencin
$1,000,000 —} q 9 Personalized &
? Preventive Healthcare
100,000 —T
10,000 —+
1,000 —+
100 —+
10 + | I : 4
20p1 2006 2011 2016 2019
~ Ability to Interpret the Sequence

(No. Genome Sequenced)

v

Source: Dr. Johnsee Lee (F#EEFREZER), Personal Genomics 39
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ﬁ“"*’ Exponential Improvement Expected
for Genome Sequencing

2nd GS 3rd GS 4th GS
(Sseeq:Oenndcsi,;lgaig)eed 300 3 0.3
fasnientd 150 3,000 >10,000
Operating Simplicity + + + + + +
Cost Effectiveness + + + + + +

Note: Estimated based on engineering prototype design

Source: Dr. Johnsee Lee (FZ#ERES ), Personal Genomics
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» Potential Blue-Ocean Industries by Using SEBM

40
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Industries

Segments Mg{l____] ‘Wafer Process ‘ Memory Llf:Packaglng
v y
1 g

Science,

ICs &

Technologies

.

Source: Contact Taiwan& InvesTaiwan; Nicky Lu, 2019
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Heterogeneous Technology Integration -
for More Functionality

Display

h Pressure Motion
Driver

Chemical

Blood
Pressure

Heart Rate Glucose

Memory
(eFlash, NVM, ...)

Source: Mark Liu, TSIA Annual Convention, September 29, 2016

Open Innovation Platform®

© 2016 TSMC, Ltd




Right Time & Technologies in

Fighting Cancers
iSRS TR KL AR B onpE ]

Therapeutic
Diagnosis Omics Target
Biomarkers Therapy
Gene Sequencing Immuno
NGS : Therapy
Precision Oncology
Gene Editing }%}i ﬁ: j_'g- % }’% Cell Therapy
CRISPR |
Liquid Biopsy Gene Therapy
Big Data Al
Informatics
Sources: Dr. Johnsee Lee (Z§#EELE EE), Personal Genomics 19

Treatment of Cancer in Taiwan:
Integration of Systems Biology, Big Data, Al,
Diagnostics, Therapeutics, and Health Services —
Potential All to Be Industrialized with High Return
For Example: One-Stop Counseling/Service Center for Highly
Effective Precision Cancer Diagnosis, Treatment and Monitoring

'S S ¥

« 2019
P Biolaiwan
Committee

EHERAERRRAAE

Cancer Patients from All over the World and
Taiwan

Single Window for Multiple Services/Counseling

Clinic / Medical Doctors / Gene Engineering /
Cancer Therapy / Medicine, etc.

Multiple Precision / Gene / Biological System
Diagnosis for Searching Root Causes

Multiple Hospitals with Most Suitable Cancer
Curing Facilities
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of FDA Approvals for

ersonalized Medicines Top 307
Second Year in a Row

A record number of innovative medicines were launched in
2018 bringing 59 new treatment options to patients

Exhibit 1: New Actives Substances (NAS) Launched for the First Time in the United Statesin 2018

FDA First-in-Class

Predictive Biomarker

Therapy Area Orphan De

Type of Molecule

2016

Source: Personalized Medicine at FDA: A Progress and Outlook Report

http://www.personalizedmedicinecoalition.org/Userfiles/PMC-

Corporate/file/PM_at FDA A Progress and Outlook Report.pdf

Number of Phase Il to Registered Drugs, 2018

N=59

| Biologics

B Non-Bologics

B Orphan

Non-Orphan

W Fredictive Biomorker
I No Predictve Biomarker

B FOA Firstin-Class

Existng Mechanism

Oncology
Neurology - Behovioral
Infectious Disesases*

Gl Preducta

I -
I -2
Bl ==
B

Source: IQVIA Institute for Human Data Science. Apr 2019

Immunoclogy - 165
. e
pDermatology [ 161

Pain

Source: IOVIA Instituea, Mar 2019 [ Py E—;y:;(.:.” ] O P - iia
Endocrinolegy - 110
Vaccines - 92
AlOvor: I o3
N=2 891
[ Projected 2030 Mortalty 82015 Mortality 2000 Mortality Source: IQVIA Pipeline Intélligenca, Dec 2018; IQVIA Institute, Mar 2019
3 Biolaiwan Committee
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Global Precision Diagnostics are
expected to Continue to Grow

US FDA-appioved companion US FDA-approved companion diagnostics (as of Aug2019)
diaanostics: technoloav base B
%]
C
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©
U
o
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o
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Global Precision Diagnostic Cancer Testing Q
‘ 2018 2019 2020 2021 2022 2023 CAGR
2 1 4 - -
Imaging 7890 8346 88799 9218 9619 9980 4.8
Molecular 2302 2536 2787 3056 3336 3630 9.5
Histology/Cytology 1993 2090 2189 2290 2392 2495 4.6
Tumor Marker 1375 1399 1424 1443 1464 1485 1.6
Immunoassays
POC Colon Cancer Tests 735 830 910 991 1073 1160 9.0
Total 14315 | 15201 | 16109 | 16998 17884 5.5
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Next Generation Sequencing &
Liquid Biopsy Will Lead the Growth

Global Liquid Biopsy Market
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Table 1-2: Global Markets for Molecular Diagnostics by Technology Segments (2019-2024) (S, Million)
Seament 2019 04 CAGR (% $1,000 cAaR 18 o8 $1.6B [t
| $900  North America 29.0% $900
| ¢=, L3 E)
MR 1 ST 730 62 $800 Europe 29.5% $800
INAAT 850 1.200 71 $700 Asia Pacific 25.1% $700
I N S600  Rest of World 18.2% $600
Microarays | 790 975 42 B o
$500 WORLD 27.9% $500
ISH 600 800 59 5400 $400
$300 $300
NGS %0 1900 % | A
$200 $200
Other | 200 350 118 $100 II I I I $100
i $ [ 0 [ [ at i .
Total \ 8,760 12955 8 2018 2019 2020 2021 2022 2023
® North America w Europe Asia Pacific  m Rest of World

~ ac s w|nlw

| Muliple Avaytes | 60 | 68 | 81

Diagnosis/Screening mm
| DiseasePrognoss | 73 | 83 | 96 | 116

5

| Anaytes, Applications | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | CAGR, 2018-23

312%

Source: Kalorama Information May2019
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Genomics

Rare Disease
Mutations
SNIPs

Microbiome Epigenome

Infectious diseases,
Microbiome

methylation

Immunomics

’ Transcriptome

BCR, TCR
Neoantigens
HLA typing

mMRNA

Reg RNAs

miRNA
INcRNA

Exponential Growth of Next Generation
Sequencing Further Powered by Al

~4000 CCGA Cancer Machine Learning Algorithm
CDNA Methylation — <
Sequence Data =]
(+ 1000 Tissue) _; :' : : N Non-Cancer
{88 §
=R
20+ Cancer Types ;
— n
Early and Late Stage v h#gﬁfgaoncg‘s
[ —] Targets
Colon Algorthm
~2000 CCGA Non-Cancer =
CDNA Methylation
Sequence Data 4 ! I " l —>
Matched: Age, Rk, Eniciy, | [ fE - ] — Lng
Site, etc. e
Nen-Cancer Cenditions: Public Sequence Data
Metabolic, Hematological, Cancer (TCGA)
Inflammatory, Auto-immune Oncovirses

https://grail.com/wp-content/uploads/ASCO_2019_CCGA2_Liu_Poster_Final.pdf

Exponential growth: NGS and liquid biopsy market leaders and emerging new players
+ lllumina (2018 revenue US $3,333M, market cap. $43B)
+ Foundation Medicine (2018 rev ~$200M, acquired in 2018 with $2.4 B at $5.3 B value)
+ Guardant Health (IPO Raises $238M in Oct 2018, now market cap $9.7B)

+ Grail ($1.5 B raised within 2 years)

- Adaptive Biotechnologies ($345M IPO)
+ Freenome ($160 M raised, series B)

- Etc.
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Integration of Genomics Big Data and Al
to Further Drive Precision Medicines

nare . PERSPECTIVE
biomedical engineering s D OBAE O 00063
Engineering patient-specific cancer
. . | Q
immunotherapies Lriean

Lindsay Scheetz©'*, Kyung Soo Park**', Qiao Li*, Pedro R. Lowenstein“?, Maria G. Castro*®,
Anna Schwendeman'? and James J. Moon 0123

Ar‘tlfIClal mtelllgence in dlgltal
pathology — new tools for diagnosis

and precision oncology

NICAL ONCOLOGY

Kaustav Beraw, Kurt A, Schalper. David L. Rimm, Vamsidhar Velcheti and
Anant Madabhushi

TECHNICAL REPORT

nature,,
medicine 12 August 2018

1808.010-0509-7

An augmented reality microscope with
real-time artificial intelligence integration
for cancer diagnosis

Po-Hsuan Cameron Chen @', Krishna Gadepalli't, Robert MacDonald'¢, Yun Liu®", Shiro Kadowaki',
Kunal Nagpal', Timo Kohlberger', Jeffrey Dean', Greg S. Corrado’, Jason D. Hipp'?,
Craig H. Mermel @' and Martin C. Stumpe ®***

7

SCIENCE ADVANCES | RESEARCH ARTICLE

IMMUNOLOGY

Sci. Adv. 2019; 5: eaau9223 23 January 2019
Multiplexed enrichment and genomic profiling

of peripheral blood cells reveal subset-specific
immune signatures

Miguel Reyes'?*, Dwayne Vickers'?* Klarma Billman', Thomas Elsenhaure Paul Hoover'"
|Edward P. Browne', Deepak A. Rao’. Nir 4%, Paul C, Blainey'?*

BMC Medical Genomics
Predicting drug response of tumors from

integrated genomic profiles by deep neural
networks
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Immunotherapy Creates
Unprecedented Opportunities

» Many more predictive biomarkers and companion diagnostics will be
needed as the cost of the cell-based and combinational therapies

Increase

Select therapy, predict response versus toxicity & monitoring outcomes, etc.

Macrophage
.. 2 Tumor
Op 1oreignnessl
o (mutationa
— o —Tumor et Tumor load)
* Tcell priming (TILs, , sensitivity to General
NK el
PDL1, * Mutation Burden and e gk Sesving
Microenvironment) Neoantigens expression, INF- count)
1 ‘ y sensitivity)
Match patient to therapy

+ Multivariate analysis * Multispectral Imaging Th

(Immunoscore) (microenvironment) of € cancer

InMoRory Immunogram Immure cof

+ Immune Competence * Tumor IHC, CTC DNA, ‘mabonsm (Intratumoral T

(mass cytometry - cfDNA (serology) utilization) " el

CyTOF)

Absence of Presence of
mms?ln:: :M, d‘mi‘“
Immunomonitoring CAP)
(Predictive BMs, Host response)
82 Source: Seyhan & Carini. J Transl Med. (2019) 17:114
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Radiomics/Genomics/Digital Imaging
& Al for Precision Immunotherapy

% | Image selection and quality check I

% l Semi-automatic delineation of volumes of interest |

—

Contrast-enhanced CT
Soft or standard reconstruction algorithms Peripheral ring Tumour
Slice thickness <5 mm
- <
== BE= |
Hi Volui
Riogan i Radiomic
A Tk
> Radiomic
L : signature
Tachnical -
ariables
) 5 —_— ==
' Feature selection and

4/ coefficient optimisation

B
%
— .
— 0.8 ¢
B
£
T 0-4-
T
Absolute discretisation §
Vaxel resampling: 1x1x 1 mm? v
02+ g
&
—e
<
1

Stable disease and
disease control

Stable disease.
partial response, and
complete response

% Validation

Response to anti-PD-1 or anti-PD-L1 at 6 months
[ Geneexpression

signature lm-k
> < \/\ LN

Pathology ? b 2
Immune phenotype .

Radiomics-based (D8 cell score
= High -+ Low

Overall survival (
|

echiresol fntmest V\ Clinical response | —
Gene expression signature of CDS cells anti-PD-1 and anti-PD-L1 = i
% I Training J g Hazard ratio ~ 058 (95% €1039-0.87)
h pvalues0.0081
T T T T T 1 T
Source: Sun, Roger et al. The Lancet Onc Vol 19, Sep 2018 b 4 8 1 6 20 2% B 2 3% 40
- - . Time (months)
Number at risk
(number
censored)
High 68(0) 62(1) 54(1) 48(2) 46(2) 37(2) 34(2) 30(4) 27(4) 25(5) 21(6)
Low 63(0) S55(0) 41(1) 31{2) 24(2) 2002} 2002) 17(2) 1503) 13(3) 11(6)
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Potential Big
Al-Based Diagnostic Applications

Data, Digital Health and

Embryo Genome Voice medical Mental Paramedic Assist reading Provant Classify Promcts Predict
selection interpretation coachviaasmart  K* health dx of heart of scans, blindness  S2Ncer: identify atient safety death

for IVF  sick newborns speaker (like Alexa) attack, stroke slides, lesions mutations P in-hospital
Source:EricJ. Topol. NATURE MEDICINE, VOL 25 Jan2019,44-56

Table 2 | FDA Al approvals are

accelerating

Company FDA Approval Indication
Apple September 2018 Atrial fibrillation detection
August 2018 CT brain bleed diagnosis
iCAD August 2018 Breast density via
mammography
’ July 2018 Coronary calcium scoring
Bay Labs June 2018 Echocardiogram EF
determination
Neural Analytics May 2018 Device for paramedic stroke
diagnosis
IDx April 2018 Diabetic retinopathy diagnosis
lcometrix April 2018 MRI brain interpretation
Imagen March 2018 X-ray wrist fracture diagnosis
Viz.ai February 2018 CT stroke diagnosis
Arterys February 2018 Liver and lung cancer (MRI, CT)
diagnosis
MaxQ-Al lanuary 2018 CT brain bleed diagnosis
Alivecor November 2017 Atrial fibrillation detection via
Apple Watch
Arterys January 2017 MRI heart interpretation
Healthy.io July 2018 Smartphone Home Urinalysis Test
Itamar Medical July 2016 WatchPAT (Home Sleep Apnea Test)

0%

°

Sensiuvity

04

InSight
= MEWS
——gSOFA
// SOFA
} ——SAPS I
SIRS

04 06 3

The Dip.io urinalysis test
system. Source: Healthy.io

1 - Specificity
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Key enabling technologies:
NGS, MS, sensor, digital, imaging, computing, IT, etc.

Genomimics
Metagenomics
Pharmacogenomics

< D

Immunomics

Inflammatomics

Translation
omic data

Insurance
claim data

Behavior
data

11

Advancing Precision Medicine with
Big Data & Technologies

*Better outcomes
*Improve patient
satisfaction
*Reduce health care cost

Y
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|Tu\'es<m ¢t al., Science 364, 952-955 (2019) 7 June 2019|

Normal tissue organoxis

Mutzgenesis in laboratory

tissues Seri
Tumor tissue organoids

Emerging Tumoroid/Organoid
Technologies for Precision Medicine

Fig. 2. Per

SPECIAL SECTION [JEUIISENINIER)

REVIEW Science 364, 952-655 (2019)

Cancer modeling meets human
organoid technology

David Tuveson™** and Hans Clevers™**

SPECIAL SECTION ORGANOIDS

REVIEW Science 364, 950-965 (2019)

Organoids-on-a-chip

Organoid profiling
with drug screens and
genotypang in laboratory

1

Recommend treatments
for patients on clinical trial

cancer

using h

7June 2019

7June 2019

can be used
nd molecular
armation
otential

organolds. Human cancer organ P
to rapidly determine drug
aberrations, and in clinical tria
can be evaluated for its predi

Sunghee Estelle Park', Andrei Georgeseu', Dongeun Huh'***

f human cancer
medification

Fig. 1. Methods to generate a human cancer organoid biobank. A biohan
ectly f

erated dir om neoplastic tissues (left) or by ger

ssues (right)

erganoids can be g

SPECIAL SECTION ORGANOIDS

REVIEW Science 364, 956-959 (2019)

Organoids by design

Takanori Takebe">*** and James M. Wells"*%*

SCIENTIFIC REPg}RTS

OFEN. A 3D bioprinter platform for
mechanistic analysis of tumoroids
and chimeric mammary organoids

John A, Reid’, Xavier-Lewis Palmer)?, Peter A. Mollica™, Nicole Northam?, PatrickC. Sachs?
& Robert 0. Bruned?

] biot ogy NATURE BIOTECHNOLOGY | VOL 37 | MARCH 2019 | 303-313 {

Tubuloids derived from human adult kidney and
urine for personalized disease modeling

7 June 2019

Frans Schutgens'?, Maarten B Rookmaaker?, Thanasis Margaritis’, A Rios?, CarolaA rl

[SCIENCE ADVANCES | RESEARCH ARTICLE

Sci. Adv. 2019;5:eaaw1317 22 May 2019
Colorectal tumor-on-a-chip system: A 3D tool for
precision onco-nanomedicine

arvalho?2, D. Barata®, L. M. Teixeira®*, S. Giselbrecht®, R. L. Reis"*2, J. M. Oliveira'?>",

[CANCER
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technologies

Molecule
Sequencing
technologies

technologies

Risk
prediction

Early

Imaging

Key diseases
areas

- Cancer

+ Cardio vascular &
metabolism

+ Dementia

+ Vision-eye

diagnosis
Remote &
computing home-based
technologies testing
Precision
Sensor & diagnosis &
wearable treatment
echnologie
Outcome
monitoring
Key Opportunities
+ NGS- especially single
molecule

+ Sensor/chip technologies

+ cfDNA & exosome
technologies

+ Al technologies

+ Biobanks (blood, tissues,

| organoids, etc.)

13

Looking Ahead: Key
Opportunities & Challenges

[l Challenges to be overcome |
p

- Infrastructure, policy, and
regulations to help drive artificial
intelligence & data science/data
analytics

- Electronic Heath Record system:
quality global compatibility
- Data QC (all types of data)
- Data transport & storage
- Data processing and integration
- Data security
» Privacy, data ownership & IP
* Investment & commitment
- Breakthrough technologies
« Biobank (blood, tissues, organoids, etc.)
- Data bank (quality data)
* Talent pipeline
- Global partnerships: leverage

resources for global market

\ J
S 4
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ARTIFICIAL INTELLIGENCE IN HEALTHCARE MARKET, BY REGION
(USD BILLION)

36.1

Other Sources:

. Healthcare weekly: $27.6B by 2025

. LB =R B PR Y8R 2021 F E 18 4$6.6B

21
2015 2016 2017 2018-¢ 2019 2020 2021 2022 2023 2024 2025-p
B North America W Europe APAC Row
Source: MarketsAndMarkets.com
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- NLP, Deep Learning, Content-Aware Processing,
Querying Method

> 8 52 'E

 Drug Discovery & Repurposing, Clinical Research
Trial, Personalized Medicine

>FERE
- Nvidia, Google, IBM, Microsoft, Welltok, Intel,

General Vision, Enlitic, BioXcel, Berg Health
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1. ZnsEsESH - ZEmbigmAaxR
- 1937&59&%_’5@;(Diethylene Glycol) #3% 100" AFET
- 19624 Thalidomide (39 52 B4 H8)

2. BE
- HIV / AIDS — Expanded Access Program(EAP)

m‘

3. Rare Disease / Tropical medicine
4. Cancer - Accelerated Approval / Surrogate end point
5. Science

- Randomized controlled trials(1004E ")
- Immuno-oncology

- Cell Therapy, Gene editing

- Al in Health Care, Tissue Engineering

- Biobanks
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EAP - Patient Access to Investigation New drugs

»>1970" - Compassionate Use
»1987 - Expanded Access Program (EAP)

Treatment IND - single patient or single site (dozens)
Treatment Protocol - sponsor initiated (hundreds of patients)

»2018 - Right to Try—No FDA, No IRB

> BISNEYmERIEZR F RREE: CEYmERE A2l
ERLZEMERENN - B NEFAZRERHNRS -

> 1= H0ff-Label use, ¥ E thEERFE ZINNEAFER -
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TR FEFR K
lvaxgl#E A Watson Bll#t A
USD 7.4B->Teva, 2006 FEFE - KREBZREY

(Mkt cap. 34.13B)* (~EIRBBActavis Inc.
Mkt cap. 19.56B)*

Frhog bR 75 B
Impax El#EA AndrxEl#EA
20094 Nasdaq#thg FRBMASERE S
(Mkt cap. 1.40B)* USD 1.9B>Watson (2006)
Anchengll## A
USD 410M->PAR (2011)
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EmERGEFEEFRREERS

( Drug Price Competition and Patent Term Restoration Act)
I AS Hatch-Waxman Act (1535 - 2 E8/5%)

EH R % = (Patent Cliff)

155
10 Biolaiwan Committee




2019

Al Priority Review Vouchers

EHERRERRRANE

RELEFET U ER |

1. Pediatric rare Disease

- United Therapeutics
Neuroblastoma —Abbvie(350M) Rheumatoid Arthritis

- Sarepta Therapeutics
Duchenne Muscular Dystrophy (Voucher) —Gilead(125M).HIV

1. Tropical diseases (Developing Countries)
- PaxVax Bermuda (Cholera Vaccines)—Gilead(200M).HIV

But, Industry is not FDA's mandate.

11 Biolaiwan Committee
X 2019 e, e
Biolaiwan % Z =
Committee IJ \ —!vy-‘ % " ﬁ H§

EHERAERRRAAE

SO FHRTRE MR AR B RIE EE R 7

FIE R TE HEE 2

1. REMEAIEM (Proof of Concept Human trial)
o ffZ% : Phase I /I (&%)
HEM : FIMRZ)
2. Do we have infrastructures, which is unique in the world(region) ?
- BRRER B/ BIES R/ RERE
- Biobanks -Smart Hospital /Al in Health Care(Digital Health)
3. Could our NHI be fair to industry ?
- MEERARRAN ZES
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FTTLTTTENT E ZIZIA Ig 1 «Ex E’J J:; r' ¥ﬁ znz

s EZO0Onivyde - E—{EFDAE

Approval of Onivyde in 38 Countries

- US US FDA approval
(Oct. 22, 2015) (Orphandrug, fast track, priority review)
- EU MAA approval from EMA (2016), 31 countries (Orphan drug)
« Asia  Approval in Taiwan (Oct. 22, 2015), Korea (2017),
Singapore (2017)
« Other Approval in Australia (2016), Canada (2017), Switzerland (2017)

Listed as standard of care

« ESMO guidelines (2015)
« US NCCN guidelines (2016)

13 Biolaiwan Committee

. 2019
¥ Biolaiwan
KT Committee
T AR A% AR

EERINED(—)

. Discovery Preclinical
Basic research
Prototype development

Phase 1 Phase 2 Phase 3

Proof of mechanism (PoM) \ J
Proof of principle (PoP)

Proof of concept (PoC)
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HERMES — o pramazosios -~ T AT

BIOSCIENCES

In-licensed Asia in 2003 e Out-licensed Asia & Europe
In-licensed Europe in 2005 6-8 (except Taiwan) in 2011
years
Financial terms - Financialterms

US$3M (paid) +
milestone + tiered
royalty

Net (US$266.5M + tiered

Higher milestone + :
royalty + Taiwan sales)

higher tiered royalty
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2018-09-10

https://udn.com/news/story/7240/3358354
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2EABES%EMHHE Apple Watch (0VEAZE) -
Al enabled Diagnostics(DM Retinopathy) -
Computer Aided Diagnostics(Stroke) ?

B RIAERIARE R ? EXEEE ?

RUEZEE"BRLE"  BEE2"RE_

AOJBEEHIRE— - AR

/_/__[UE
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The First Computer-Aided Triage and Notification Platform to Identify

Large Vessel Occlusion (LVO) strokes in CTAimaging

Feb 15, 20 18 FDA News Release
. FDA permits marketing of clinical decision
~ iZ ai support software for alerting providers of a
- .

potential stroke in patients

» The De Novo apfg\/r\/oval of Vizai LVO Stroke Platform is the first case
of anlled Al software that seeks to augment the diagnostic and
treatment pathway of critically unwell stroke patients.

» The Vizai system connects to a hospital CT scanner and alerts the
stroke specialist when identified a suspected LVO stroke, sending
the radiological images directly to their smart phone.

https/Amwwvizai/ https.//www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm596575.htm

19 Biolaiwan Committee

The First Al Device for
Diabetic Retinopathy Detection : IDx-DR

. 2019

¥ Biolaiwan

EED Committee
T AR A% AR

- IDx-DR utilizes an Al algorithm to screen for diabetic retinopathy.

» This device is unique in that its results do not require additional review by a specialized
clinician, which allows the test to be performed in a primary care setting.

c@ IDx

IDx-DR Analysis Report

rrrrrrrrr DEMO-
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ﬁ%o%é?n?nr}ttee
The First Irregular Rhythm Notification Feature App [l
Intended to be used with the Apple Watch ¥ if

- FDA reviewed Apple's De Novo request for classification (DEN180042) and
concluded that this software-only device should be classified into Class Il
under the generic name photoplethysmograph analysis software for over-

S

m\

o
*
&
N

the-counteruse.

» Onthe same day, FDA also authorized Apple’ ssecond
De Novo request for classification of its ECG App.
(DEN180044)

- FDA identified this generic type of device as
Electrocardiograph software for over-the-counter use. The
device creates,analyzes, and displays electrocardiograph

data, and can provide information for identifying cardiac
arrhythmias. This device is not intended to provide adiagnosis.

https://www.alivecor.com/press/press_release/fda-clears-first-medical-device-for-apple-watch/
21 Biolaiwan Committee
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2019 Bio aiwar The Importance of Follow-On
" ommittee g

ERERRRBEEERER ) Offerings

Exact Sciences (EXAS)
Launched: 2009
Raised pre-approval: $251M (5 rounds)

04/27/2017 Cologuard $48.4M

Raised post-approval: $434M (3 rounds) revenue; 150% growtn 30,000
Raised post-breakeven: $494M (2 rounds) e e Y 25,000
I
SR 07/13/2016 NCQA Proposes 20,000
.3 $60.00 Inclusion of Cologuard in HEDIS ”
& 03/27/2014 FDA recommends
e approval of Cologuard 15,000
£ 540.00
ks 10,000
$20.00 5 5,000
$0.00 ' 0
5/3/2010 5/3/2011 5/2/2012 5/2/2013 5/2/2014 5/2/2015 5/1/2016 5/1/2017 5/1/2018 12/31/2018

: e exact 'G exact

Volume (000's)

/C exact & G exact c exact
(S in miliions, except per share data) Fokowan Yw¥y Folkow Ofwvg Fokowan Oty Folow 61 Orsxy Folowan 0y
Pricing Date 11/04/10 12/05/11 08/08/12 06/18/13 04/03/14
Deal Value 569 $29 $62 578 $12.75
Offer Price / File to Offer $6.00 / (1.8%) $8.00 / (4.6%) $9.75 / (5.2%) $12.35/ (19%) $12.75/ (10.5%)
Cash Runway (Pre- /Post- Offering) 5Q/12a 70/9%Q 6Q/10Q 70/9Q 5Q/9Q
! -‘ ]C)‘- exact \:7'-:;@; exact \‘)‘G exact \7‘@, exact “:‘::""G);_v exact
Approvalfie= = i, B =, E-. ]
Fotow ar g Bt vl St Dsss Bttt Org Comeahs Noge CPuimy
Pricing Date 12/16/14 07/21/15 07/27/16 06/06/17 06/08/18
Deal Value $103 5179 $152 $261 $233
Offer Price / File to Offer $25.46/ (4.4%) $25.50/ (5.7%) $15.50/ (7.8%) 438,38 L44.2%) $75.4318) / NA
Cash Runway (Pre- /Post- Offering) 6Q/9Q 5Q/10Q 5Q/12Q Cash Beyond Breakeven Cash Beyond Breakeven
3

2019 Bio aiwan

fTEE (_ommittee g Market O RQgUlatOry

ERERRRBEEZERER )

> First-to-launch market
- USFDA/EMEA/PMDA / CFDA + TFDA

» Speed to FIH/Clinical milestones
+ IND + IRB + P1/2/3

» Flexibility in clinical development
« Amendment + Unmet needs + target size / label

» Understanding of NDA / commercialization
* Pricing / PMS / Reports

234
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T8k (_ommittee g
R ERRRENEASS

Drug Label Determines Trial
Design and Size

505(B)(2) m

Nonclinical
Clinical

€ Regulatory/
©
S B Label
=~ ®
[N
S £
38
T >
S % Market
235
(@)]
T
Price

NME Change(s) to previously approved drugs:
(AP change) dosage / formulation / route of administration /
9 indication / combination

v v v v
n<100 n=350 n=750 n=1500
Same label as New New route New indication

First Comer formulation

TLC599: new formulation,
same route / indication,
targeted at Best-in-Class

SIS O Expanded market if provides Expandgd
market . . : market with
extra clinical benefit .
demand new indication
$ $$ $$3 $$5%
Price comparable to
First Comer

5

2019 Bio aiwan

fT8E (_ommittee g
EHERRRENEAGS

Key Prioritization Factors for
Fundraising

» Unmet Medical Need and First/Best-in-Class

» Market Opportunity

> Regulatory Rationale o ©

» Financial Feasibility

VALUE

EFFORT

235




2019 Bio aiwan

#BB Committee Unmet Medical Need

EREREREAZREN

» An Unmet Medical Need addresses a condition whose
treatment or diagnosis is not adequately addressed by
current treatments

«  New or improved effect on treatment outcome
« Decreased toxicity
« Fewer interactions with other drugs

» First-in-Class
« New, unprecedented, cutting edge science
+ Novel does not ensure success

» Best-in-Class
« Follow-on with clear pathway
+ Improvement over leader

2019 Bio aiwan

Rk (_ommittee Market Opportunity

EREREREAZRGE

Market research study with 16-week pain control

(& TLC599 could achieve usage in 26% of all US thQP

knee OA patients

Anticipated Future Treatment Usage for Moderate Knee Osteoarthritis Patients

The recently approved ER TA product and TLC599 are expected to expand injectable steroid market and partially

displace existing steroid injections

200% 1 ® Lifestyle changes /  ® Oral prescription

OTC pain products medications

166% 166% 168%
Intra-articular ® intra-articular
hyaluronic acid steroid injections

injections

=ER

Fastpain Better
reliefas 4MO  womac

quicklyas sustasined  pain
1wk painrelief Raduction

Safer 21G-
ferrepeat 30G
dosing needlesize

Stated usage (% of moderate OA knee patients)

Current Scenario Future Scenario Future Scenario Payers estimate 4-month efficacy

(ERTA) (ER TA+TLC599 Optimal) of TLC599 profile might achieve
n=100 price of $627-$684

Values sum to > 100% as a particular patient may receive multiple types of treatments concurrently. Responses have been weighted by the number of Knee OA
patients that the physician manages
*Statistically significant difference at 95% Cl against approved ER TA in Future Scenartio [Approved ER TA+ TLCS99 Optimal)
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TBE (_ommittee RGgUlatOI’y Rationale

ERERRRENERAA

» Formal meetings with regulatory agencies are
very useful and impact drug development time

Ty p e A Guidance for Industry
Formal Meetings Between the
TYPEB

FDA and Sponsors or
Applicants

TYPE B (EOP) ——

2019 Bio aiwan

AR Committee Financial Feasibility

ERERARAAZREA

Milestone 4
A

Value

Preclinical Phasel Phasell Phaselll NDA/BLA Market

237
10




2019 Bio aiwan

8% Committee The PerfECt Synergy

EREFEREAZREN

» [ssuing
Company = Bookrunner
= Company = Co-Managers
Advisor = Underwriter’s
= Company Counsel
Counsel = Auditor
= Accounting
11
2019 Bio aiwan
ﬁi&‘i ommittee The IPO PI‘OCeSS
ERERERBAZRESN
Taiwan (total 10-13 months)
Prep Work Public Filing E'gf;gi("g Ma-irrI:onxard [2-L3iﬁ1tg|?t%s]
[>6 months] [2-4 months]

US (total 4-6 months)
Public Roadsh P Closi
o oadsnow effective Pricin osing
Prep Work Filing of 15 days af - -INg 7 days af
P ingof | NSgmegter | | @i0dve | | foloungden | | sor o
roadshow]

238
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BB Committee 4 Monumental Moments

ERERRREAERSN

Times Square

TLC

+1l.72%

CE $6.48 / CHANGE +0.68

13

2019 Bio aiwan The Importance of Follow-On
L ommittee

EEEFRRAREAZRYN Offerings

Exact Sciences (EXAS)
Launched: 2009
Raised pre-approval: $251M (5 rounds)

04/27/2017 Cologuard $48.4M

Raised post-approval: $434M (3 rounds) revenue; 150% growth 30,000
Raised post-breakeven: $494M (2 rounds) 0814112014 FOA aparoves 25,000
Cologuard
07/13/2016 NCQA Proposes 20000 &
3 $60.00 Inclusion of Cologuard in HEDIS ’ '§
& 03/27/2014 FDA recommends. (=X
] approval of Cologuard 15000 3
£ 54000 E
v 10,000 §
$20.00 5,000
$0.00 L b 1 \ i
5/3/2010 5/3/2011 5/2/2012 5/2/2013 5/2/2014 5/2/2015 5/1/2016 5/1/2017 5/1/2018 12/31/2018
/(:-‘.“
) exact ’ @g exact
369 020100 $IR 7000 78113750 196,625,000
Catmenon Siock Catrnon Seek Cammen Stost Cemmen Slock
(S in miliions, except per share data) Fokowan Ywvy Folown 0wy Folow-an ORedy Folow0 DAy
Pricing Date 11/04/10 12/05/11 08/08/12 06/18/13 04/03/14
Deal Value 569 $29 362 578 $12.75
Offer Price / File to Offer $6.00/ (1.8%) $8.00 / (4.6%) $9.75 / (5.2%) $12.35/ (19%) $12.75/ (105%)
Cash Runway (Pre- /Post- Offering) 5Q/12a 70/ 9%Q 6Q/10Q 7Q/9a 5Q/9Q
31?5" B g
N );.- exact
‘ 103,000,000 $178,500, 060 $151512,50 $232702,500
Approva| Carrenon Bock Carmmen Sock Cammen Stcek Conatible Natm
Fotow an ey Aot Ot Beutt Dss Bt el Comeits Noge OWiny
Pricing Date 12/16/14 07/21/15 07/27/16 06/06/17 06/08/18
Deal Value $103 $179 $152 $261 $233
Offer Price / File to Offer $25.46/ (4.4%) $25.50/ (5.7%) $15.50/ (7.8%) $38.38 £(4.3%) $75.43 14 / NA
Cash Runway (Pre- /Post- Offering) 6Q/9Q 50Q/10Q 5Q/120 Cash Beyond Breakeven Cash Beyond Breakevei 3 9

14
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ERERRREAZREN

US Biotech IPOs & Follow-Ons

(Last 3 years)

Active Follow-On Investors in the US

700 - Volume
600 -

500 -

400 -

300 -

200

Follow-On

$70.0 - Value
$60.0 -
$500 -

$40.0 -

$30.0 -
$20.0 -

$10.0 -

$0.0 -
IPO Follow-On

15

2019 Bio aiwan

Bz Committeel FO"OW'On Offering PrOceSS

ARERRRENERTN
Taiwan (total 5-7 months)

Submit to TPEx Submit to SFB

[review: 5 days] [review: 1-2 months]

Receive funding

Receive approval [1-2.5 months later]

Preferred Stock (2.5 months)

Common Stock (1.5-2.5 months)
Most common in biotech

CB/ECB (1~1.5 months)
Must have collateral if not profitable

US (total 1-3 months)

Submit to Offering

Confidential -
SEC SEC Marketing Execution /

First Trade /
Settle
[3 days]

Receive

Funds

[review: 14 Approval [2-3 days] Pricing [2 days]

days] [1-2 days]

Block Trade / Bought Deal / ATM / Equity Line / MTN / PIPE
240




2019 Bio aiwan

SER Committee Private Placement

EREFEREAZREN

> Tailwan

- To apply, financial report must shows no
cumulative losses and positive net value

- A three-year lockup period

> US

- A private investment in public equity (PIPE)
can be done within 2-3 weeks

- Lockup agreements: 45-90 days

17

219 Boaiwan — ENnsuring the Competitiveness of
fTEE  (_ommittee

s=mmnznen ) J@lWaN’s INnvestment Landscape

» Adjust the process timeline to align with
iInternational standards
« Shorten review time
Reduce time needed to receive funds

»Increase investment in the secondary
market

241
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Chemistry, Physics, Biotechnology

IR B

Laura H. Carnell Professor of Science and Vice President for International Affairs,
Temple University

Temple University — Vice President for International Affairs
Provost and Executive Vice President
Dean of College of Science and Technology
Laura H. Carnell Professor of Science
Consultant, DuPont Marshall Laboratory
Pennsylvania State Board on Drug, Cosmetic and Device
University of Pennsylvania — Hirschmann-Makineni Professor of Chemistry
Chairman of the Department of Chemistry
Assistant Professor; Associate Professor; Professor

£ E

Postdoctoral, MIT
PhD in Chemistry, UC Berkeley
BS in Chemistry, National Taiwan University
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The US
Total Biomedical R&D annual $180 Billion
In Philadelphia, universities spend >$1 Billion in biomedical research

A new drug costs ~$3 Billion and 10 years to develop
Less than 1/10 of new drugs can recover the developmental cost

Merck
Revenue $42 Billion; 69,000 employees

Regeneron
Revenue $6.7 Billion; 7,400 employees

Taiwan

Total Biomedical revenue: ~$10 Billion
Number of companies: ~2,000
Number of employees: ~80,000

307




29Boawan  COSt Of developing new drugs
T8k (_ommittee

sansmininns | tOrces big pharma
to change strategy

»Reduction of in-house research
(less employment of new PhDs)

»Acquisition of small companies with hopeful
new drugs inspires more start-ups

(more PhD graduates go to start-ups)
»Establishing R&D abroad

(until recently — China)

»Outsourcing R&D services

(the rise of Wuxi AppTech; est. 2,000; annual
revenue $1.7 Billion, 9,000 employees)

3

The inspiration of TEVA
(and WuXi)

2019

Biolaiwan
Committee
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Teva Pharmaceutical Industries Ltd. (Hebrew: (n"va nrroax¥nio nirwyn yaois
an Israeli multinational pharmaceutical company.

It specializes primarily in generic drugs, but other business interests include
active pharmaceutical ingredients and,

to a lesser extent, proprietary pharmaceuticals.

It is the largest generic drug manufacturer in the world and

one of the 15 largest pharmaceutical companies worldwide.

TEVA
Revenue $19 Billion
Employees 42,000
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S The strength and weakness of

( Committee

R e Ra A Taiwan
(vs the rest of the world)

»Generally well educated workforce
> Efficient and low cost

»Small companies — agile in response to
markets

»Experienced in OEM
»Experienced in agriculture related biotech

»Short of Biomedical manpower
>Short of $$$ for big projects

5 Biolaiwan Committee

EIERe R ESEREAESE

2019
¥ Biolaiwan
Committee
TRERABLRZANN

Generic Drugs

Pharmaceutical Ingredients
Contract services

Early development of new drugs
(connection to big pharma)

Vaccine
Agricultural biotech
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(S8 Opportunities in the US

Biodefense/Biosecurity

Blue Ribbon Commission on Biodefense
https://www.biodefensestudy.org/

Human: germ warfare; infectious diseases (mosquito carrying)
Response: government procurement of vaccines; rapid diagnostics

Biomedicine is not just for Human: Meat/Poultry processed annual
revenue >$220 Billion

Agricultural products: recent outbreak of New Castle Avian flu and concerns
over African Swine Fever

Vaccine and diagnostics

In agricultural states:
http://www.pennag.com/

7 BioTaiwan Committee

In the US:

BioTaisz/);z .
g State-based assistance to attract
Investment

» Pennsylvania Governor’s Action Team (www.dced.pa.gov/governors-action-team) Role: tax
incentives, grants, loans to incentivize investment in key economic sectors

» PA Department of Community & Economic Development (www.pa-dced.gov) Role:
structuring incentive package for investors; multiple independent grant, loan, tax incentive
programs via DCED, PA Commonwealth Financing Authority and PA Economic Development
Authority

» Pennsylvania Redevelopment Assistance Capital Program (www.budget.pa.gov/racp) Role:
Provide construction financing via grant program requiring 50% private matching funds --
minimum project amount $1.0 million with bi-annual funding rounds

> Pennsylvania Department of Agriculture, Division of Animal Health & Diagnostic Services
(www.agriculture.pa.gov) Role:
administer grant, loan and investment incentive programs germane to development of
Pennsylvania’s agriculture sector

> Philadelphia Industrial Development Corporation (www.pidcphila.com)
Role: Administer Pennsylvania RACP and KIZ (Keystone Innovation Zone) program. Provide a
range of investment incentives for investors in Philadelphia projects (New Markets Tax Credits;
Tax Exempt Bond Program; Tax Increment Financing; Bridge Loan Program and Welcome Fund
(EB-5) Loan Program)

> University of Pennsylvania: Pennovation Center (Www.pennovation.upenn.edu)
Role: Business incubator and laboratory facilities. Existing facilities or land to develop. Located
within designate Keystone Innovation Zone (KIZ) qualifying company residents for range of
incentives including 10 year tax abatement.
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E%sw SEETREAT
EHERRBLRZATE St u dyl n g a b roa d

»Studying abroad as graduate students

» Reduced interests from students
» May reduce the number of PhD students in Taiwan

»Joint PhD programs between a Taiwan and
a foreign advisor
> Difficult to find matching advisors

»Studying abroad as Postdoc
» But how to be accepted into the best labs?
> Self-funded

»Encouraging more students to pursue PhD

9 Biolaiwan Committee

ommittee

4 BioTa%S;Z igg.l.;ﬁ;__:% 1) §§A7.|-
‘! Inspirations from German Chemical Industry
»The largest chemical company in the world — BASF

»Among the top 50: 6 from Germany (Total revenue
~150B annual)

»91% of German university graduates go to PhD
programs

»German chemical companies hire mainly PhDs, not
college grads

Hiring by industry affects student behavior;
which benefits academic research;
which in turn benefits industry

311
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EHERRERRRANE

»How to encourage more students pursing
PhDs

(Industry hiring)

»How to compete for best labs abroad for
postdoc studies

(Self-funded)

»How to ensure students who studied
abroad to return

(Improve the conditions within)

11 Biolaiwan Committee

AT AN AR i = R

iﬁ!ﬁﬂﬂﬁdQlll

>EEFERERERBENAL
Generic Drugs
Pharmaceutical Ingredients
Contract services
Early development of new drugs
Vaccine
Agricultural biotech

>Z B SR

Investment and Tax incentives
encourage investment in higher cost markets

EBBTHRIFEAT

Industry hiring
Self-funded postdocs
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How a Taiwanese Company Transforms
into a Global Company through M&A

Lotus Pharmaceutical Co., Ltd.
Petar Vazharov, General Manager
September 4, 2019

2019 Bio'aiwan

THER ommittee g Agenda

ERERRREAERSN

»Lotus transformation
»Winning strategy

»Alvogen’ s commitments
»What could have been changed

317




232" FROM LOCAL TO GLOBAL REACH

EHERRERRRANE

» Transformation from a single
market player to a full scale
global supplier of oncology
drugs

» Building a strong infrastructure
for global partnerships and
product launches

» Focus on oncology and
complex generics

» Investing in pipeline,
production facility and people

3 Biolaiwan Committee

: 2019
¥ Biolaiwan
EED Committee

EHERAERRRAAE

WINNING STRATEGY

» Clear vision and market
positioning

> Strong Strategy execution BEST PORTFOLIO BEST QUALITY

through a world-class
management team

»Unique “winning culture”

BEST PEOPLE

» Experienced B2B team BEST SERVICE

building global partnerships

» Aim is to be the Preferred
Partner in all key markets LOW COST

318
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IN ONLY FIVE YEARS...

»Lotus has transformed from a single market
developer to a full scale global generics firm
with clear focus on oral oncology and
complex generics

»Lotus is already in partnership with leading
global pharma companies

Product pipeline Employees Marketed products

5 BioTaiwan Committee

' 2019
¥ Biolaiwan
KT Committee

EHERAERRRAAE

MAKING A DIFFERENCE
FOR PEOPLE WITH CANCER

»First to market with Lenalidomide in Europe

»Launched Gefitinib in 20 European markets
on patent expiry date

»First approval of Vinorelbine soft gel
capsules
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LM CHANGE IS IN THE AIR

»Innovative oncology treatments are highly priced -
leaving up to 70% of patients in emerging markets
untreated

»R&D investments in oncology is booming —
creating substantial opportunity for Lotus to
expand patient access and lower cost of healthcare

»Lotus’ R&D and manufacturing capabilities allows
it to target a wide range of small molecule
treatments

»Through expanded global reach and worldwide
partnerships, Lotus is well positioned for growth

7 BioTaiwan Committee

‘m%%zﬁf INVESTING IN THE FUTURE

EHERAERRRAAE

»Lotus has been making significant
investments in the company transformation
via training, top talent recruitment, upgraded
facility and clear focus

Experienced scientists To be invested in Current product submissions
will support pipeline facility in 2019
growth

320
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A LEVEL PLAYING FIELD FOR
FOREIGN INVESTORS

»Provide certain flexibility to foreign
investors to get them committed into
Taiwan long term

9 BioTaiwan Committee
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h-4. Driving Innovation in the Competitive Biopharma Industry
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Nicolas Chemali s

Health Economics, Health Care Policies and Market Access Strategies

IR B
mRASTISER e

Corporate Affairs, Pricing and Market Access Covering Global markets, Europe,
China and Japan, As Well As Regional Assignments within Europe and Emerging

Markets

£ F

Global Executive MBA - Duke University — Fuqua School of Business

Internal Medicine - Specialist in Internal Medicine and Infectious Diseases
Intern from Paris’ hospitals, Saint-Antoine Medical College —
University of Paris

Master of Science - Administration and Management of Health Establishments
Diploma of Superior Professional Studies - Ecole Centrale
Paris ECP

MD - General Practice, Saint Joseph University, Beirut — Lebanon
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