ey eFoE b"\o economy
Ministry of Science and ICT « 2025 «

HO|2 ZA, =28 & dEi7

2019 HPOIQUIEHE%*.

2019.12.16(®) - 17D | QIEHE[MIE: A4S FAUA HL/BY

AHEAIEH
. 1}8*‘”% BEME
nnnnnnnnnnnnnnnnnnnnn
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

NRF|> sRapng () WA IBUNERTS




12019 BIOFUTUREFORUM

Bioeconomy, Global Innovative Bioecosystem




CONTENTS

ke

OVERVIEW

S

PROGRESS

HY K| =

FLOOR PLAN
LERELT:
PROGRAM SCHEDULE
OIAf A7

SPEAKER INTRODUCTION
3

FORUM

SCfRAL

EVENTS

FA|

EXHIBITION

05

06

08

10

14

19

180

184



12019 BIOFUTUREFORUM

Bioeconomy, Global Innovative Bioecosystem




OVERVIEW

TITLE

DATE
VENUE

SUBJECT

HOST

2019 810|20| S
2019 BIO FUTURE FORUM

2019. 12. 16(MON)~17(TUE)

QIHZAEHIE =2 FAA HL/B1
InterContinental Seoul Coex HL/B1

HI0|2 ZX|, 223 St dEfA
Bioeconomy, GloballnnovativeBioecosystem

e ETMUE
Ministry of Science and ICT

ORGANIZER @aa% sz

eeeeeeeeeeeeeeeeeeeeeeeee

NRF ) SrRATY T J-I""'I$°"‘IEI Na



i 8835 Biv> FUTURE FORUM

UN|/E2 12018, 11. 28.(4)-29.(2)/ MEH 2HHB(A, B, CB)
SAIRF| FLUQ| BI0|QE0F 4301 FR7H U UIREI 5 0F 1,000

Z=H| | 80| AX|, 50| LAt
Eer N IINE=T

HIO|2 Of2HA|CHR} St= HIO|2 2
A SA HRLA D& R Hlo}

an

elsk HH0|2 R&D2| MZ & Hafet

OIHO

LA/ 12017.10.25.() ~ 10.26.(5) / M2
MR LR YHEFA =
ZH| | BIO|2BH AlTie| MBS S
=QE=O|AE}

=22 Hl0|2ZH Uis Set & FiieE WH =2 A Hi0|2 R&DY
SIAlHfOt Ol AtAS} ZX|HIO}

L-_O -

o
=
gy
e
[Ral
MO
N
on m
12
(@)
(@]
02

d

AUM/EA12016.11.7.(8) ~ 11.8.(3) / M2 ZH et=iel |=
A ZUJMZIHOIZ, EU, 5= 5) H AetA ¢k S 2F 700F
ZH| | HIO|2, Lab to Market, (Z27%) X, MO|LKHTSE Brief),

SEEN
F2=of

HIO|QMOISIE ofst LS| HA I MEpH A WO KR
MHTSISN T|=7E S7EA L o S

UA|/BA 115.11.30.(8) ~ 12.1.(8) / M2
MR} | Gl HMLXHOECD, EU, €2 S

700F

FA| | H0|Q OIS J2iCt (Z2I3) B2, sl U HAS,
EEE

FQLOAfR

jjﬁglfilﬂtﬂ FEO| 0| Y2 Set J MY Izt |, HLALC| O]y
ySI=



PROGRESS

2018 Bio Innovative Growth Convention

Date/Place | '18. 11. 28.(Wed) ~ "18. 11. 29.(Thu) / SEJONG UNIVERSITY Convention Center, Seoul
Attendants | About 1,000 experts from domestic and foreign experts and industry—academia researchers

Subject | Bio-Economy, Biotech—Job

Bio Future Forum | Discussion of biotechnology policy agenda and exchange of policy trends both
domestically and abroad for convergence of free opinion on bio-related policy

Exhibition | Presentation, exhibition and field experience of Biotechnology business results

Partnering | Partnering for researchers, investors and companies to create outcomes, support for
recruitment briefings, etc.

2017 Bio Future Forum

Date/Place | '17. 10. 25.(Wed) ~ 17. 10. 26.(Thu) / THE PLAZA Seoul
Attendants | About 700 experts from domestic and foreign experts and industry—academia researchers
Subject | Opening of the era of bio—economy

Key discussions | Trends in Global Bio—Economic Response and Policy Establishment Discussion, Bio
R&D innovation plan and promotion of industrialization etc.

International Session | Emergence of the era of bio—economy and cases of bio—economic response by
country

2016 Bio Future Forum

Date/Place | '16. 11. 7.(Mon) ~ '16. 11. 8.(Tue) / Korea Science and Technology Center, Seoul
Attendants | About 700 experts from domestic and foreign experts and industry—academia researchers
Subject | Bio, Lab to Market

Key discussions | Domestic and foreign policies for biotechnology industrialization and ecosystem
activation plan, Third basic biotechnology training basic plan interim inspection and
cooperation etc.

International Session | Industry policy by country and trend of industrial ecosystem

2015 Bio Future Forum

Date/Place | "15. 11. 30.(Mon) ~"15. 12. 1.(Tue) / Korea Science and Technology Center, Seoul
Attendants | About 700 overseas policy staff and experts from industry—academia research
Subject | Draw a Bio Future

Key discussions | Trends in biotechnology policy in public and domestic public parts and innovative private
enterprises, responders’ future response strategies

International Session | Global biotechnology policy
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Forum Day 1 (12.16)
Time Program Speaker
12:30~13:30 (60) Registration
Opening Remarks and Welcome Address
) Kiyoung Choi
(® Opening Remarks o )
13:30~13:50 (20) (Ministry of Science and ICT)
Jung-Hye Roe(NRF)
@ Welcome Address Jang Seong Kim(KRIBB)
Jeong hoe Bae(COMPA)
{International Session) Global Bio Paradigm, Innovation Bio Ecosystem
(® The Impact of Life Science Incubation: How JLABS is Helping Sanjay Mistry
Nurture the Next Great Healthcare Breakthroughs (JLABS, San Diego)
@ Diversity: What Makes the Bio R&D in the United States the Young Jik Kwon
Global Leader (Univ. of California, Irvine)
(@ Health systems and patient safety in the digital age I(_OUE%gl)awomwskl
13:50~16:00 (130°)
. . ) . . Namshik Han
®The Bp Ecosysf[em in the UK: _Open Innoyatlon Ecosystem in (Centre for Pathway Analyss,
Cambridge & Milner Therapeutics Consortium . :
Univ.of Cambridge)
. o . . Patrick Tan
® Eﬁg@ﬁgnhﬁidécmaet;gnilﬂ%ig?ere . Fostering Research and (Genome Institute of Singapore
Duke-NUS Medical School)
® Bio-Innovation : Reinvigorating University—Industry-Government Nam Joon Cho
Partnerships by Triple Helix Model (Nanyang Technological Univ.)
16:00~16:10 (10") (Break Time)
{Panel Discussion and Q&A)
UG~ 1720 Diagnose global Bioecosystem and suggest success factors that Yeon-Soo Kim
suit domestic circumstances (Chungnam National Univ.)
17:20~17:30 (10") (Break Time)
(Special Session)
17:30~17:55 (25")
Status and achievements in Biofiled of the Ministry of Science and ICT Seon-Won Kim(NRF)
17:55~18:00 (5) (Closingy

Events Program
Exhibition iy " . . . .
09:30~17:00 (Exhibition) Exhibit outstanding achievements of Government R&D and Biotech companies

12



D2 MEYUHN | Program Schedule

Forum Day 2 (12.17)

Time

09:00~09:20 (20°)

Program

Registration

Speaker

09:20~11:00 (100°)

(The seed of Bioecosystem) R&D Session : New target, New platform

(D Research Trends and Perspectives of 'Exosome’

Yong-Song Gho (POSTECH)

@ Trend and expectation on mitochondrial research in human
health and disease

In-Kyu Lee
(Kyungpook National Univ.
School of Medicine)

@ Organoid Technology: Present and Future

Mi-Young Son(KRIBB)

@ Recent trend and progress of Al drug discovery

Sang-Ok Song(Standigm)

11:00~11:15(15)

(Break Time)

11:15~12:25 (70)

{Panel Discussion and Q&A) R&D Promotion in New Fields and Innovation in Research Processes

- Diagnose ourself to promote R&D in the new field and to
innovate research process
- Discover and propose the needed elements to lead a global

Goo Taeg Oh
(Ewha Womans Univ.)

12:25~13:35 (70") {Lunch)
(The fruit of Bioecosystem) Industrialization Sesseion : Benchmarking of Success in Industrialization of Biology
(® Success Cases of licensing out and Implications to new drug Jungkue Lee
development (Bridge Biotherapedutics)
@ Drug Development Strategy with End-in-Mind : Focusing on Hanlim Moon
13:35~15:25 (110’) Anti-Cancer Drugs (CURENCARE Research)
(® Biomedical industry and start-up ecosystem based on innovative Yoon-Keun Kim
precision medicine platform (MD Healthcare)
@ Development plans and strategies of Korean Bio industry to Hae—Young Ahn
advance into the global market (AhnBio Consulting)
16:25~15:35 (10") (Break Time)
(Panel discussion and Q&A) Global entry of Bio-industrialization
) ) ) Diagnosis of domestic success cases in various aspects of
16:36~16:45 (70) industrialization (such as production, platform, and global expansion) Senugkyu Les
. s S . (Korea Biotechnology
and suggestions on the various situations we need to have in order Industry Organization)
to make inroads into the global market in the future v
16:45~16:55 (10°) (Closing)

Events Program

Ogggg'f'ﬁ'gf"oo (Exhibition) Exhibit outstanding achievements of Government R&D and Biotech companies
(Bio=Startup Growth Seminar) Introduce of Korean Government Programs to support Start-up Growth and

Networking Da invited Accelerator lectures

09:30~1 % OOy (Bio—Pharma Tech Congert) Promote for technological commercialization in pharmaceutical and biotech

(Biotech Company Investor Relations) Promote invest of start-up companies and venture companies ~ *9

companies and more than 50 ventrue capital investments

13
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%I1|A1|ﬁ | International Session

The Impact of Life Science Incubation: How JLABS s
Helping Nurture the Next Great Healthcare Breakthroughs
Sanjay Mistry (JLABS, San Diego)

Diversity: What Makes the Bio R&D in the United States
the Global Leader
YA Young Jik Kwon (Univ. of California, Irvine)

Health systems and patient safety in the digital age
Luke Slawomirski (OECD)

The Bio—Ecosystem in the UK: Open Innovation Ecosystem
in Cambridge & Milner Therapeutics Consortium
ot=fAl Namshik Han (University of Cambridge)

Precision Medicine in Singapore : Fostering Research
and Innovation on a National-Scale

Patrick Tan

(Genome Institute of Singapore Duke-NUS Medical School)

Bio—Innovation : Reinvigorating University—Industry—-
Government Partnerships by Triple Helix Model
Z2=Z= Nam Joon Cho

(Nanyang Technological University)



The Impact of Life Science
Incubation: How JLABS is

Helping Nurture the Next Great
Healthcare Breakthroughs

Sanjay Mistry JLABS, San Diego

CcV

As Head of JLABS @ San Diego Sanjay is responsible for setting the strategy and overseeing all operational
activities. He joined after leading R&D finance operations for the Janssen Pharmaceuticals R&D CFO. Prior
to this role he led early stage R&D divestments in partnership with JBD, JJI & JUDC, leading to a number
of successful asset out-licenses and the formation of four new companies: Fusion Pharmaceuticals,
Provention Bio (PRVB), Mebias Discovery and Aro Therapeutics. He has also led two internal discovery
platform venture startups within Janssen R&D whilst managing overall venture operations.

Prior to Janssen Sanjay was with healthcare venture capital firm Quaker Partners, a fund with $700MM
under management. Here he primarily invested in bio—pharmaceuticals and diagnostic/tools, including
key deals Durata Therapeutics, Rapid Micro Biosystems and RainDance Technologies. Prior to Quaker
Partners Sanjay was with Centocor Johnson & Johnson where he cofounded an internal venture to
develop potential cell therapies for retinal diseases. Before joining Centocor he was as an entrepreneur at
San Diego-based start—up Morphogen Pharmaceuticals, where he led pre—clinical operations to develop
cell therapies for cardiovascular and neurological indications.

Sanjay received his PhD in Pharmacology and MSc In Clinical Pharmacology from The University of
Aberdeen, UK and trained at Nottingham Trent University, UK in Applied Biology for his BSc. He completed
postdoctoral fellowships at the University of Pittsburgh Medical School and at the Scripps Research
Institute. He is the holder of 20 issued US patents and has 20 peer-reviewed publications. He is also a
Life Science Kauffman Fellow of Class 14.

Abstract

At Johnson & Johnson (JNJ) Innovation, our goal is to bring forth highly differentiated healthcare solutions
that extend and improve lives. To do this, we collaborate with innovators and entrepreneurs all over the
world to advance the best science, wherever it exists.

JLABS is part of JNJ's external R&D arm. The program provides a “capital-efficient, resource-rich
environment where emerging companies can transform the scientific discoveries of today into the
breakthrough healthcare products of tomorrow. JLABS is a network of no-strings—attached life science
incubators enabling innovators to accelerate the delivery of healthcare. Over the past six years, the different
JLABS incubator sites have allowed more than 580 startups to establish and scale. The facilities helped
those resident companies secure more than $11.6 billion through financing and strategic relationships.

Ultimately helping foster cutting—edge technologies and high potential collaborations for health is why
JLABS exists. As we grow into new markets with innovation vehicles to support radical new ideas and
technologies from every type of innovator, we're excited about our collective potential to provide better,
faster, more accessible and affordable options for care.



Diversity: What Makes the Bio
R&D in the United States the
Global Leader

HYA! Young Jik Kwon' University of California, Irvine

CcV

Dr. Young Jik Kwon is a professor in the departments of Pharmaceutical Sciences, Chemical &
Biomolecular Engineering, Biomedical Engineering, and Molecular Biology & Biochemistry, and a member
of the NCl-designated Chao Family Comprehensive Cancer Center, Institute for Immunology, the Center
for Virus Research, and Cancer Research Institute at UC Irvine. He currently oversees research at the
BioTherapeutics Engineering Laboratory (BioTEL) at UC Irvine and his current projects mainly focus
on multi-modal, universally applicable cancer therapy, cancer-targeted drug delivery, nanoantibiotics
for drug-resistant infections, and induced cellular vesicles for scalable, augmented, and versatile cell
and molecular therapies. He is also an active entrepreneur and has co-founded Responsive Polymers
Therapeutics, Inc. and Jupiter Therapeutics, Inc, based on his research discoveries.

Abstract

Developing fundamental technologies and their clinical and commercial translation require significant
investment of manpower, finance, systemic support, and most importantly time. Bio R&D particularly
demands for higher, longer—term financial investment with measurable uncertainty for success, than
other areas such as information technology.

The United States has been the global leader in Bio R&D and industry, resulting in emerging drugs of
next generation, including immune-, gene, and cell therapeutics. Among many, this presentation focuses
on an underlying principle that explains the success of Bio R&D in the US: Diversity, fostered not only in
basic academic research, but also adapted by industry and promoted by the government, within tightly
orchestrated Bio R&D ecosystem. Most multinational pharmaceutical companies have turned their
strategic directions to open innovation in order to identify and fast commercialize early—stage technologies
from academic research and smaller companies.

The extramural funding agencies support small, diverse entrepreneurial activities.

This rather unique and proven to be successful R&D strategy in the US may offer an opportunity for Korean
Bio R&D system to consider developing a new approach to becoming a new global leader in the future.



... Health systems and
=8  patientsafety in the digital age

* b

LLuke Slawomirski OECD

CV

Luke Slawomirski is a health economist currently working with the Organisation for Economic Co-
Operation and Development (OECD). He has previously worked in health policy development and analysis
for the Australian Government. Luke’s principal interests are health system transformation and the
political economy of health. His work has covered a range of topics including the economics of patient
safety, antimicrobial resistance, patient-reported outcome measures, geographic variation in health care,
pay-for-performance, adverse event disclosure, and digital transformation in health. He has produced a
number of reports, academic papers and book chapters, most recently ‘Measuring what matters’ in Health
at a Glance 2019 and the analytical report Health in the 21st Century: Putting Data to Work for Stronger
Health Systems. Luke has a clinical background in orthopaedics and is a Visiting Fellow at the University
of Technology Sydney.

Abstract

Patient harm caused by adverse events such as healthcare—associated infection, medication error and
venous thromboembolism (VTE) occurs in all healthcare settings and exerts a significant health and
economic burden. In developed countries, the burden of patient harm is on par with multiple sclerosis
and some cancers, and consumes approximately 15% of healthcare expenditure. Much of this harm
is preventable through strategies that include more effective communication and information transfer.
Digitalisation, such as the introduction of ICTs such as electronic health records, therefore presents
an opportunity to reduce patient harm. However, simply digitising existing practices is not enough.
Experience from other sectors shows that a deeper transformation is needed to improve safety, quality
and outcomes. Such a transformation will depend on reforming fundamental institutions, processes and
the prevailing healthcare culture. This presentation will present data on patient safety and harm, on the
health system digitalisation in OECD countries, and how a digital transformation can be instituted for the
benefit of patients, health systems and societies.
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The Bio—Ecosystem in the UK:
Open Innovation Ecosystem in
Cambridge & Milner Therapeutics
Consortium

ot=Al Namshik Han University of Cambridge

CcV

Namshik Han is the Head of the Centre for Pathway Analysis at the Milner Therapeutics Institute in
University of Cambridge. He is leading the Centre and has responsibilities to develop and deliver the
Milner’s early drug discovery strategy. The main aim of the Centre is to develop and apply cutting—edge
computational methods, such as artificial intelligence and machine learning, fulfilling the global mission of
identifying new or better therapies from the analysis of biological data.

He read in both Law and Computer Science for Undergraduate and moved into Computational Biology for
his Masters degree. After that, he spent 3 years to participate in a software system development project
in Samsung Electronics. He then did his PhD at School of Computer Science in University of Manchester
(2007-2010). He started his Postdoc works at Faculty of Life Sciences in University of Manchester (2010)
and then at Gurdon Institute in University of Cambridge (2013).

Abstract

Cambridge is the largest technology cluster outside regions in the USA with 420+ life science/healthcare
companies, 550+ high—tech companies, 4700+ knowledge intensive firms with 60,000 highly skilled
employees with [113.9bn total turnover. The strength of the Cambridge cluster is demonstrated by recent
success stories, for example, the partnership of Microbiotica with Roche Genetech in 2018 valued at $534m
and Crescendo Biologics with Takeda valued at $790m in 2016. More global companies are establishing
research hubs in Cambridge including Microsoft, Apple, Amazon, Google, Samsung, AstraZeneca and
many others. The vision of the University of Cambridge is to provide the ecosystem with a world—class,
well connected research and development environment that benefits Cambridge, the region and the UK.

The Milner Therapeutics Institute sits jointly within the School of Biological Sciences and School of Clinical
Medicine at Cambridge University. The Institute is located at the heart of the cluster and plays a key role.
The aim of the Institute is to embed intellectual innovation into the development of therapies. The Institute
is a collaborative enterprise between researchers/clinicians and pharmaceutical/biotech companies and
will focus on a number of areas. The Institute fosters an inter—disciplinary, cross—therapeutic environment
with dynamic translation and cross—validation of findings.



The Bio—Ecosystem in the UK: Open Innovation Ecosystem in Cambridge & Milner Therapeutics Consortium / Namshik Han

Namshik Han
University of Cambridge
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1687
Sir Isaac Newton

Father of classical
Mathematics

1935
Sir James
Chadwick

Discovered the
neutron

- Nobel Prize in Physics

Maurice Wilkins

Described the structure
of DNA using X-ray
diffraction

- Nobel Prize in

Physiology or Medicine

University

1859
[GELTRETT]

Father
theory

evolutionary

1936
Alan Turing
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Father of quantum
theory
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Cambridge Biomedical Campus

Cambridge Cluster
61,000+

people employed

. 1316

patent applications published

CB1
4 AN
\ Highest in the UK

660+

high-tech manufacturing life science services
healthcare
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295% growth in
all jobs from
1911 - 2013

CAMBRIDGE UNIVERSITY
Health Partners

Bioscience Clusters in Cambridge
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»

T seyston

Bioeconomy,
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Economic leadership

21,861 Cambridge
based companies

employing 196,625
with a turnover of

£33bn

Vision Park

*0ry Deayton, Sar il W Phamaceuticats

Anmrara @ Madingley

Cambridge Research Park .
¥

Cambridge is one
of the few cities
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UK treasury
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Bioscience Clusters around Cambridge

Cambridge Life Science Anchor Model

,%i’,','sggg e Cambridge Bio Cambridge Med
Clusterg y Pharma Cluster Tech Cluster

‘_.Cambridge
G _ ¥Biomedical Campus

Experimental Later Stage NHS Clinical
Science Translation Service

Supply chain

CAMBRIDGE UNIVERSITY
Health Partners
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The Emerging Cluster

B S

Space to grow

Land the size of 14 Wembleys ready Fertile ground to grow

to develop on CBC Good mixture of industrial organisations
AstraZeneca HQ + Start-ups
Heart & Lung Research Institute Storm Therapeutics, Congenica, ...
Children’s Research Hospital SMEs
Precision Cancer Hospital Mission Therapeutics, Abzena, ...
Institute for Brain and Mind Health *+ Scale-ups
Multi-Occupancy Building Abcam, Horizon Disvovery, ...

Global players

AZ, lllumina, Gilead, Philips, Biogen, ...
AMBRIDGE UNIVERSITY
Health Partners

& UNIVERSITY OF
' CAMBRIDGE

I} MILNER

THERAPEUTICS INSTITUTE

A New Paradigm for

Therapeutics Research
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w7 CAMBRIDGE

12} MILNER

THERAPEUTICS INSTITUTE

A Global Therapeutic Alliance

80

Organizations

Making a Difference to Therapy
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B UNIVERSITY OF M I . N E R
CAMBRIDGE -

THERAPEUTICS INSTITUTE

What is the ecosystem about?

Consortium Agreement signed
All intellectual property (IP) issues sorted & CAMBRIDGE
R— “‘Instantaneous” Material Transfer —
fohmson ohmon Companies have money set aside for projects l'gs'*ﬁ“nger

Aastex “Instantaneous” Funding of Research

)

o

¥ swonoo Consortium Confidentiality Agreement

“Instantaneous” Discussions

S8 UNIVERSITY OF M | | N E R
CAMBRIDGE B

THERAPEUTICS INSTITUTE

A New Paradigm

B UNIVERSITY OF
@ CAMBRIDGE

ACADEMIA F a St

Aslrafeneia

Facilitated Bl sanger

_ Therapeutic Research
Faosiex
o)
¥ stonol
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Milner Therapeutics
Symposium 2020
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Mo Famdy & Educiion

Better drugs, faster: The potential of Al- Al-powered drug discovery captures pharma
powered humans

Business

interest

Digital Innovation in
Big data initiatives (= Camb”dge NHS interoperability

» Cambridge Big Data Strategic \‘ Biomedical Campus * Global Digital Exemplars —
Research Initiative CUH, Epic and RPH, Lorenzo
+ Health Data Research UK — based « Regional work to link the
on Wellcome Genome Campus Local Health Care Record

» G.l.Know — Digital Innovation Hub
for Inflammatory Bowel Disease

eahsn,

k- *
#HDRUK -~
Health Data Research UK

Aligned industry links Supporting infrastructure
: Blluechlp presence, e.g. ARM, [BM, « University of Cambridge High

Microsoft Research, Apple Research, Performance Data Centre

Amazo.n Resegrch,.Sarr_lsung Re_search _ « Granta Backbone Network — University
« Cambridge University Biolnnovation Hub, ideaSpace, fibre network now linked to Wellcome

Milner Therapeutics Institute, Start Codon Genome Campus and industry partners
« Specialist incubator/innovation centre for genome and

computational biology companies on GE‘:'%:‘:“ME

Wellcome Genome Campus CAMPUS

E® CAMBRIDGE UNIVERSITY
@¥ Health Partners
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Advanced Al in Healthcare and Drug Discovery
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Gold Mines in the U.S.
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Precision Medicine in Singapore :
Fostering Research and
Innovation on a National-Scale

Patrick Tan Genome Institute of Singapore Duke-NUS Medical
School

cv

Prof. Patrick Tan is the Executive Director of the Genome Institute of Singapore and Professor at the
Duke—NUS Medical School. He directs PRISM, the SingHealth Duke—-NUS Institute of Precision Medicine,
and was formerly Deputy Executive Director at the Biomedical Research Council (A*STAR).

He received his B.A. (summa cum laude) from Harvard University and MD PhD degree from Stanford
University, where he received the Charles Yanofsky prize for Most Outstanding Graduate Thesis in Physics,
Biology or Chemistry. Other awards include the President’s Scholarship, Loke Cheng Kim scholarship,
Young Scientist Award (A-STAR), Singapore Youth Award (twice), SingHealth Investigator Excellence
Award, Chen New Investigator Award (Human Genome Organization), President’s Science Award, and
the Japanese Cancer Association International Award. In 2018, he received the American Association for
Cancer Research (AACR) Team Science Award as Team Leader, representing the first time a team from
Asia has received the award. He is an elected member of the American Society for Clinical Investigation
(ASCI), the Bioethics Advisory Committee (BAC), a Board Member of the International Gastric Cancer
Association, and co—chair of the Singapore National Precision Medicine Program Steering Committee.

Abstract

Singapore has a good reputation for high quality affordable health care. However, increasing pressures
on the Singapore healthcare system including an aging population, increased rate of chronic disease, and
rising costs of therapies raise the risk of healthcare expenditures rising to unsustainable levels. Precision
medicine, by the ability to integrate molecular, clinical and epidemiological data of individuals and groups,
carries the potential to mitigate rises in healthcare costs while optimizing patient outcomes, but only
if deployed in a careful and considered manner. In this talk, | will present the Singapore experience
in coordinating an all-of-nation program in precision medicine, that capitalizes on Singapore's unique
geographical location and multi-—ethnic population, which represents a significant proportion of Asia.
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Precision Medicine in Singapore :

Fostering Research and Innovation on a National Scale

g
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Patrick Tan, MD PhD and Tai E Shyong, MB ChB
Co-Chairs, Precision Medicine Steering Committee
Chief Health Scientist Office
Ministry of Health, Singapore

Increasing Pressures on Singapore Healthcare

Rising Diseases on the rise due to ageing population

OUR POPULATION 1S AGEING RAPIDLY

-
1 ™ Burden of Y
¢ . . ; T imry | Bhes e | mEma
] 1in@ Ageing Chronic DIABETES ~ WEART ~ CANCER  STROKE

Population Diseases

==,

ur ue e U
33% 59% 70% 0%

Teoh, Zsin Woon, and Kharina Zainal. “Successful Ageing: Progressive Governance and
Collabor:

Healthcare Rising Costs of "\ [Ee
) Landscape of Therapies & s || S
Longer Life A Prescriptions A §2 Million Therapy
Expectancy Singapore P | About to Hit Market | walw
w

B} e

Increasing
Healthcare
Expenditure

h in 1990 and 2017 for Singapore and comparison T
Sin, Yuen. “Finding a Cure for Rising Costs in Healthcare.” The Straits Times, 28 Jan. 2018, 3
tsti -

re-for-rising-costs-in-healthcare

exes
Singapore 1990-2017, MOH
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Singapore National Precision Medicine (NPM) Program

l MISSION

Design and implement a
national PM strategy for
Singapore that improves
patient outcomes, mitigates
rising healthcare costs, and
captures economic value

Health

Support  data-driven  healthcare by
optimising treatment and prevention,
mitigate potentially expensive demands
resulting from a widespread availability of
genomic technologies in hospitals and
direct-to-consumer, and understand the
settings in which the use of PM would be
cost effective.

Establish national-scale

enabling infrastructure to

elevate and extend the -
global impact of E
Singapore’s research efforts

in Asian PM. Research

Catalyse the next phase of
growth for the genomics industry
and facilitate data-enabled
innovation across a spectrum of
healthcare and wellness industry
sectors.

Economic

Singapore’s Competitive Advantages

Deep Phenotypic Data

Ability to capture longitudinal, well
curated data for participants;
leveraging on EMR and multimodal
research cohort data.

Reputation —
Data & Healthcare

Trusted location for data security,
integrity and standards; advanced
healthcare system with one of the
best healthcare outcomes globally.

Strong Foundation

Leading biomedical research, engineering
and analytics capabilities; ability to forge
strong international links with other
national population-scale programmes.

Asian Diversity

Multi-ethnic cohort represents ~ % of the
world’s population.

Governance & Systems-Level
Coordination

Singapore government as largest payer for
healthcare; ability to implement all-of-
government multi-agency programmes.

Unique National Identifier (NRIC)

Allowing integration of healthcare and
research datasets centered individual
participants, suitably anonymized for
research purposes.
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NPM 10-Year Roadmap (Phase I, II, 1ll)

Phase | (“proof-of-concept”) Phase Il (“proof-of-value”) Phase Il (“proof-of-scale”)

Phase | (2017-2020) Phase Il (2020-2024) Phase Il (2024-2027)

Establish “At-Scale” Infrastructure Capture Diversity and Phenotypes Improve Population Health

Genotype up to 1,000,000*

Include Social and Environmental Data
(SNDGO)

Scale cost-effective clinical workflows
for system-wide implementation
Foster growth in local PM companies
and Singapore’s genomics ecosystem

Genome Production (SG10K_Health)
Large-scale Data Analytics (NSCC?)
Link Genomes to electronic medical
records (via BRAIN®)

Sequence Population 100K and Disease
Cohorts 50K (e.g. PGD¢, FHY, Cancer,
CVMDs, etc.)

Clinical implementation pilots for
selected disease areas

Training of PM workforce (clinical
genetics, genetic counselling)

Include Lifestyle Data (HPBf, SNDGO#)
New Data Types (Metabolomics,
Epigenetics)

Develop Asian optimized export-ready
PM products and services through CFCsh

Identify clinical use cases and carry out
economic modelling

Study the PM landscape and engage
companies interested in PM-based
applications in Singapore

*figure is not finalised, and open to refinement and
alteration depending on Phase Il outcomes

PN o
\ 4 @ 4

Jul 2017 Oct/Nov 2020 Feb/Mar 2024 Jun 2027

v

Public Engagement (incl Healthcare Practitioners)

NPM as a Holistic Value Proposition, Represented by 6 Workgroups

Workforce

Development

Develop a workforce which
supports PM research and clinical
applications

Regulation & Ethics Industry Development

Identify and address Gain inqustrydt;actilct)r:] totproduce
regulatory, ethical, legal and economic and health outcomes

social implications / issues

(ELSI) surrounding PM Clinical Adoption

Public & . Define priority areas for PM and
Enabllng Platforms bring PM into clinical

Community Trust Develop technical applications in a cost-effective
Engage the public and scientific, infrastructure for data and sustainable manner
medical and healthcare communities generation, analytics,
to survey and address their concerns storage and linkage

and aspirations for PM

A
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\ Paediatri Familial
10,000 Genomes sequenced > 25 el % Svrtheissarsienidl
. . . . . . % /
from 6 existing Population Cohorts Part'FC_'Pj‘.”tS with N g
] indings
. . . ! . Sae Returned
E $ 47 ClinicatUse CasesIdentified
m : yd N
.| Cardiovascular
m > 20 in and Metabolic % “.C':::::' §
‘%-' Companies . Diseases
Multiple interested in Fundmg Life Insurance Association Singapore h
...... Agencies . [ engaged for an Insurance u
B and IHLs b NPM engaged o Moratorium
Qo / Majority are
YHLS) N— & willing to NevogeneAlT  ThermoFisher
. 7 = UU 4 e || lumina
ll- Members = providesamplesfor 4
W . of the Public genetictesting BCPlatforms
Yy SHrvevadan + grantaccessto $iHelix
d&& 4 SIS O U3 Y ' FrecisiunYMedi[:ine anpgymous medical
workforce identified . \ records m © GuaroanT
for development | > ’. lsuhr-n}t lltefl}tle data | IntERPreT

SG10K Cohort — Genetic Diversity in Ethnic Groups

Chinese

Total variants detected
(N=67,948,924)

oy
i
£ =
s @
Africa America  Europe South Asia East Asia SG10K
o ACB o CLM O CEU O BEB o CchDX * SG Chinese
o ASW o MXL @ FIN o GIH CHB o SG Malay
ESN A& PEL 4 GBR A TU & CHS @ 5G Indian
GWD 4+ PUR + IBS + PJL + JPT
g * LWK x Tl ® STU ® KHV
m novel m existing & MsL
YRI '

~CONFIDENTIAL- Jianjun Liu and Chaolong Wang
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Asian Data Improves Genome Imputation and Human Population Analysis

. SG10K vs 1KGP Combined vs 1KGP
5G Malay S0 Matay
_Sha She
5G Chinesa SG Chinsse
Cambogian Cambogien HGDP populatians
;I}mu ;L\u B Africa
iAo T
Mai Maxi = Eurcpe
Dai Dal O Middle East
dan (N cL'r:hLJ' Han (N ch'am} el .
lan A, Ina| i
Pawa‘p f PapLa;} E East P.is;a
i Oceani
el Tu el T = America
@nasian anesian H H e -
o oo Genomic Signatures of Positive Selection
Maongola Mongola
$G Ingian 5G inglan
l-oie'z!ien Hezhen
n f
s Vahut A ,,: | Chinesa #Malay #indian |
Uygur Uygur ] z L ]
Japaness Japanese = 4G -
rusho urusha b4 L8 Tm
Hazara Hazara g - ] 3 g 68 sal
Kalash Kalash L % om = = i [ rE i
Pathan Pathan BB 3 2 =2 B 5 < " a-y
Balochi Balochi & | 2 T ] g g g 2 g 1 & 93
Brahii Brakui E= 2 a ] o 8 & i = H o =945
Sindhi Sindhi a wl 3= T £ B £ 2 2 § E Bl <
Adygel Adygei 4 uz g 33 2= = . T “yl E
Diriize Druze L : * + | ! s 4 TR
Makrani Makrani ¥ | R i T i
sCan Tuscan ’ w5 1 - ' :

Palastinan Paleslinizn A L [ -
Iadian Italian .
edouin Bedoun

Sardinian Sardinian
Colombian Colambian 8
i i H 4 6 8 10 12
i
Surul Suni Chromosome
[ i
l
Franth Freneh
Oreadian Oreadian
SqUE Basgue
Mozabite Mozabite
-10 =05 00 05 10 1.5 -10  -05 00 05 10 15
I0g2FC of imputation eror rate Iog2FC: of imputation amor rate Wu et al Cell 201 9
"
-CONFIDENTIAL-

Key Learning Lessons from NPM Phase |

[ (1) Governance : Challenges in Coordination ]

Data Collection Data Management Data Use

=
(2) Deepen public trust & }[ (3) Need to generate research and clinically relevant r) IHharness the potential of data driven
: ealthcare
engagement/ involvement data I |
-
« Need for genetic anti- (5) Validate cost effectiveness of genomic
discrimination law technologies in Clinical Priority Areas

L. r,
AN ’
(6) Need for a Precision Medicine ready
| workforce

[ (7) Partnership models with Industry to co-create solutions for NPM

-CONFIDENTIAL-
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Need for a Disciplined Clinical Adoption Roadmap

Phase | (“proof-of-concept”) Phase Il (“proof-of-value”) Phase Il (“proof-of-scale”)

a) 8clinical priority areas Clinical implementation Best practises and optimal
identified by CAWG. 4 pilots in selected areas. workflows will be
shortlisted (PGD, FH, NPM will work with MOH identified for the validated
Cancer, CVMD). and healthcare clusters to areas.

Resource utilization study iterate and develop optimal Partner MOH and the
(RUS) RfP to understand model of care. healthcare systems to

resource impact and/or Evaluate cost-effectiveness deploy these clinical
value of genomic of returning genetic data workflows to national
sequencing technologies. and subsequent clinical scale

Areas that demonstrate actions.

potential cost savings/cost Areas that are validated to

effectiveness will be be cost-effective will be

selected. selected.

>

R — T S ——
Jul 2017 OCt/NOV 2020 -CONFIDENTIAL- Feb/Mar 2024 Jun 2027

Validating the Cost Effectiveness of Genomics in Clinical Priority Areas

Importance of Clinical Implementation Pilots Establish Clinical Implementation Pilots

Effectiveness of PM-driven therapeutic strategies. Models for Specific Clinical Implementation Model

Clinical Priority Pilots

e Prepares healthcare system for introduction of PM ‘ B Brasa] I NP Phasa Tl | NPMPhaselil |
technologies.

¢ Identify and Validate Clinical Pathways & Cost Generate Economic> validate Models w-i> Scale >

Clinical Priority Use Cases identified Establish Workflow for Incidental Findings

For e.g. PRISM’s Workflow

+ Prevalence @_

= Public ility

potential to 7
save individual Genomic and

costs clinical dats | a@

Bylstraet al, 2019 WP Genormic Medicine
-CONFIDENTIAL-
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Balancing Data Generation for Research and Clinical Implementation

Population Cohort
* 100k healthy Singaporeans

Research & Innovation
* Singapore to be recognized * Disease risk factors

as a serious player on the and Asians Diversity *  Whole genome sequencing
international stage A * Technology-of-choice to generate
| eV ICE comprehensive databases of genetic variation
X—\f/< ns] e resistance is different in X X
§ {4 Chinese, Malay, and Indian * Design cost-affordable genotyping arrays that
International Hundredk+ jol gk, ~ populations will be applied for Phase Ill scale-up at a
Cohorts Consortium (IHCC) E l i) national level
* lLack of Asian genomic i i
reference database g 60,000 Chinese, 20,000 Malay, 20,000 Indians
B \/

PERSISTENT BIAS

s ANE W i W
Loy e BN gy

] ' 5
Chin Meng K;](:O et al. (2014) Diabetes %
,\ Disease subjects

* 50k in defined clinical priority areas (e.g. PGD,
FH, Cancer, CVMD, etc.)

* Clinical grade targeted sequencing

* Technology-of-choice for healthcare delivery,
balancing gene coverage, clinical quality, and
financial cost.

Clinical return of results
* Clinically-relevant actionable data
* Cost-effective

Phase Il SG100K Population Cohort

» Longitudinal population study of >100,000 people from Singapore ;:
» 50,000 pre-existing + 50,000 newly recruited @wk
» Singaporean, 30-84 yrs, all ethnic groups "

Statistically Powered to Capture Genetic Diversity and Complex Traits

Comprehensive phenotypic measurements :
Questionnaires (Lifestyle, Cognition, Nutrition)
Physiological measurements (Cardiovascular, Respiratory, Adiposity)
Imaging (bone density, body fat, carotid imaging, retina)
Biological samples (blood, urine, stool, skin tapes)

e | o EE- 7 r"'_"'-_‘ -l i &
S5 . 9

% e
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Leveraging Industry Expertise Through Strategic Partnerships

Adopt a Call for Collaboration (CFC) Model

Adopt a Call for Collaboration (CFC) model to partner
industry in the co-development of solutions.

Public sector Industry
researchers
podicy makers
GENOMIC DATA PHENOTYPIC / OTHER KM Ph
DATA i) Eny,
Sacial
NPM | TH
Floni of "_'-'
100K HEALTHY WGS s |G M NEHR o=~
— HPB |
[ s
I
[}
1
incidental L}
Clincal Returnof | ""demialFsings Hanlth clssbees 1o ook 1
o genatic counsaliing -
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Bio—Innovation : Reinvigorating
University—Industry-Government
Partnerships by Triple Helix Model

% o

=2 Nam Joon Cho Nanyang Technological University

CV

Professor Cho obtained his BSc from the University of California, Berkeley in 1996, and his MSc
and PhD from Stanford University in 2003 and 2007, respectively. He joined NTU as a Nanyang
Associate Professor (NRF) in 2011, and was granted tenure in September 2016. Professor
Cho’s recent pioneering work on the concept of lipid envelope antiviral disruption as an antiviral
strategy to treat and prevent viral infections, is of great impact and significance. Over the years,
Professor Cho has successfully garnered numerous external grants totaling over S$12 million,
and has 6 licensed patents to his name. His high international visibility is reflected by the many
keynotes and invited presentations he has delivered at top international conferences. Due to
his strong reputation in the field, he has served as an Editorial Board Member of Langmuir, ACS
and Applied Materials Today, Elsevier.
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e (2019) ISEV 2019 Annual Meeting, Kyoto 7|XZH

® (2012-2018) Journal of Extracellular Vesicles (2018 Impact factor = 11.000) T&IA
* (2011-2016) =K AAZ st5| (ISEV) ZEUH, U3, ns AT

(3]

® OfA|OFEfHY AAZ t5| (APSEV) 2%

B A Z 53] (KSEV) BIAt

F

|0l

Al

(1997) University of North Carolina at Chapel Hill, USA, Ph. D.

o (1989) MSCHSi 3ot O[StAAL

o (1987) MSCHS 351t O[StAL

AN

T o

e (2014) ISEV Presidential Award

e (2002) O|gista4t

e

AAE (exosome)2 X740l A1 Q= BE MES0| 2H|Sh= LI AR E HA XA, mRNA S22 M &|0f ISt A2
2™ 7|58 HEok= AT OHHIERZ Het5 = AT ALK (extracellular vesicle)2t il SiTt AAZS S5t TG AIHO| X|2
2 3EH V=2 S WSkt ofs) HOIUS B0 = Slshed- 2 ]Qfeted =4APHHIEE SQ% ¢l 20l2 SF4otd

IS} Of5Ho| T2

U T MA = 2t Y Cfst2i=o| 02 HAZ| FE0] 7|05k | Yol “AAS 7[H RpM(C SRS 2 - et J0j7|& 1Y 0]
AlofC}. OFX|2, DA 2 2| SO ZH|7HEIEA| o Z%|0{0f o1, 0| Ploff &3 MZE0F2| 7=t XA 2| oS {18t
KIEAQ! L2t it X[ 210 SHTHE|0{0F & A0|CF, AAZE 20f 2 =S A BH, 20123 AAE = H[3H3| (ISEV-International
Society for Extracellular Vesicle)2t 3t3|X| (JEV-Journal of Extracellular Vesicles, 2018 Impact factor = 11.000)7t &g 2!
UZHE UL, 0|7 EHEE 2013H2E, EUE Horizon 2020, 7|Ef Y21t =01 FEpS 7| ol LUTHS H7HIE FAteHL
A= S5t 20F0|Cf. THSHPI=2 2009H0] KSEV (Korean Society for Extracellular Vesicles)s Z&al &=str CH 2019
H0jl= CHetRI= =2 OfA|Of EfEHQF AIAE Sta| (APSEV-Asia Pacific Society for Extracellular Vesicles)S &&lo 20194 11
2 MIEZ0M 2 e 012 7HA| of¥e, ZA[E=|0Ae] 7| 2, AAE ZA[SSX|JEVS] HEE H (2012-2018), M
M7 5,000 042 2|20| 3TTHEH 04 Hoh= EVpedia 2, | AT 7|& S 5 UAS HE X A2 I =X|2t
=7 ROl FA HX[H 2M2 S Z-0IM 71 21 Qe AHOICE AAE AL 3 o MehM 82 RES 7|E
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December 17, 2019

Yong Song Gho, Professor,
POSTECH, Republic of Korea
Founding Editors-in-Chiefs, Journal of Extracellular Vesicles (2019 IF=11.000)

President, Asian Pacific Societies for Extracellular Vesicles
President, Korean Society for Extracellular Vesicles

: Founder & CEO, Rosetta Exosome
g ysgho@postech.ac.kr
R
R
E lab. of INTERCELLULAR
W a3 COMMUNICATION NETWORK
Complexity of Intercellular Communication Networks I Introduction
Parent Cell Recipient Cell
FPEERENEEERERREER)
Soluble Intercellular L]
;’ : Communicators :
5\( & L ]
3 mr = = ..llalllsl’llllll.
\ |r]'||,'lnl/ o} B °c e : - : °
)Y !.lll." o330 i ag Mg @
'{ff&:’; s E®n A N R »
& : - &a  Exwacelluiar Vesicies
o .
e ‘?‘2;:{3- j{';‘ﬁ. mu“ﬁl%lllg_l.ll*llﬁ
(] w L Exosomes ;f'ﬁ‘ o ":: -
e o B
s o @ > ™
<

* Communication between cells and environment is an essential process in living organisms.
» Dysregulation of intercellular communication leads to various diseases including
cancer and immunological diseases.
* Intercellular communication is mediated by soluble intercellular communicator.
* Actively growing cells continuously shed membrane vesicles into extracellular milieu.

: "

i, 1ab. of INTERCELLULAR .
§* o Gho Y5 et. al. Mol. BioSyst., 2017, 13, 1291

77
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Almost all living organisms on earth shed I. Introduction
EXTRACELLULAR VESICLES into extracellular milieu.

Gram-negative Bacteria: E. coli

Lee EY et.al Proteomics 7: 3143-3153, 2007

Mesenchymal Stem Cell

3 —

COMMUNICATION NETWORK EXTRACELLULAR VESICLE = EXOSOME

* lab. of INTERCELLULAR

What are EXOSOMEs? I. Introduction

Nano-sized Particles Limited by Lipid Bilayers !!!

* Spherical, bilayered proteolipids
-lipid bilayer & lumen
Q £, Lipid .
A e % * Average diameter of 30 — 500 nm
x Q@g : O -Phospholipids, enriched with sphingolipids
g -Proteins: plasma membrane and cytosolic

30-500nm

B ¢ by E&mwm () proteins
S N;?.fmius - - -mRNA, miRNA.....
0 @O * Harbor a specific subset of proteins, mRNAs,
EV:& hitp llevpedia.info miRNAs, and lipids rather than random cellular

components.

E
* lab. of INTERCELLULAR s 7
. COMMUNICATION NETWORK http://evpedia.info

4 —
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Discovery of EVs in Three Phylogenetic Domains of Life I Introduction

Human: Platelet Microparticle ‘ | Gram-positive Bacteria |

& #
Igvs :‘96} I

| Human: Matrix Vesicle |

Plantae

[ Gram-negative Bacteria J

ISEV MOOC: "Basics of Extracellular Vesicles”

: "

E ‘* lab. of INTERCELLULAR

COMMUNICATION NETWORK

LA TS K20 38|y, AAF0| 52 0| I AAE AA70) S0y

Ol AZ (EXOSOME) = M| X 9| O}H}E}

« AAaZ0|RE XML BE MESO| MEZ HENSE 8] ME 2 E Z2H|SI= 0|2 X|EL9|
Lhe A (20-1000 nm 372, Chet X|E, S, it o2 F4E0f 28,

» ULFS M=o OlHIELZ S HIESH CrFeh FE HE0| A Chyst WalX.E2|F 7|58 8.

¢ 22 e ool W FY APNSO0| ALE o ALE VWD o0, I Y2F B =89
ot HAF 7|4 DT U KA JHES /AT At FYH2 2 FIOID AUS.

30-500 nm
o
™ %,

s L0
H{ : - ®

Q Nucleic acids = ,o\
. e

EV.i& hitp Hevpedia.info

: "

COMMUNICATION NETWORK

E * lab. of INTERCELLULAR
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Bioeconomy,
Global Innovative Bioecosystem

LAY MR XIS T2ichelol At Wstol WY, AT

Il H2F A70 FY

2000

_— Al
e —— Prkaryoe
o Lok [ Eukaryole
®
=
a
2 1000
s
5
£
g 500 4
z
Oy T T ¥ T T
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Published year

EVid

O Y4F e XL s0dZ F50 ACHIL £ 2 S0 MAHSE ZLUX Z7F F A0 AS.
0 20134 sEHE O|FEBHAE extracellular RNA 7|HE TITH 81 X| 2 b f2hof cfjsf ozt
1,7002F E2{0| HAH|E EXtslT Qon EUE 2 H7H|E Extel A4 F AR E09|

FoEE T fI8 =stn X[ T HHo| i =
O ¥ MAXCE 42| AP OAEE M St E fast follower2 £ A+ IE0] 2l8)

FCEX e 0|74y A FopY.

:

http:/evpedia.info

ZOFY.

‘* lab. of INTERCELLULAR
v i COMMUNICATION NETWORK

2 AKX AL F =R YT

2000+ Total
—— Global 12 384
— Komans 268

15004

10004

5004

Number of publications

1870 1976 18B0 18985 1860 1685 2000 2006 2010 2016

Published year

July 2017

:

Number of publications

504

40

and

20+

I, AAF 2of o= AW

24 Pl: 2 3 publications

Slaisl__Kovsang:
6402 162
July 2017

Principal Investigators

SExsp
§eigig

Principal investigators

Kim kP £

NN0oooon
=

w
o
E
t 4

‘* lab. of INTERCELLULAR
v i COMMUNICATION NETWORK

*, corresponding author ONLY
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:

E ‘* lab. of INTERCELLULAR

International & Domestic Society for Extracellular Vesicles Il Y2F 20f o= A

| Year 2009: found Korean Society for Extracellular Vesicles-KSEV |

o® <
A
591 = %‘l o P,c@o
%°

O-'ho—

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

oq ,1'0\1' 0\&
S K o’

o
et P Q‘b
“\'l"‘j'466 1“‘?‘”57‘“&‘6 ‘!&(\a e 1 {@é \5' o “9@’) ea“‘e
\! \)
o 2 o o \5@ G\@x‘e ~° o il e i
o " g F X\
A5 oF =2
Spain
Interim Board Y @ | UK
President: Jan Létvall Executive Executive Chair | Singapore
Board: Xandra Breakefield, Committee of Education Japan
Lawrence Rajendran, Graga :ustralia
" nwa'
Raposo, Margareta Sjdstran, Journal of Extracellular Vesicles F;ncey
Douglas Taylor, ) Esbjorn Editors-in-Chiefs i
Telemo, Clotilde Théry, Marca Yong Song Gho, Korea e
Winhen & ¥ong Song Gho Peter Quesenberry, United States | 13iwan
Clotilde Théry, France

COMMUNICATION NETWORK

:

E * lab. of INTERCELLULAR

JEV-Journal of Extracellular Vesicles . AAET 20f ot 23

')
. * 2019 SCIE impact factor: 11.000

* Scopus CiteScore
O 2016:13.15
0 2017:20.23 (Cell-21.99, Nature: 14.59, Science: 15.85)
-Number 1 in Histology

Journal of
Extracellular Vesicles

+ Opan Actass for goba dissmmination
+ Rapid putlication process
to iz impst
+ Pernons: senice for Binor
+ Colour ages mrd suppismentery

| et v w7 s -Number 3 in Cell Biology

T

RV

COMMUNICATION NETWORK, http://www.journalofextracellularvesicles.net
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APSEV (Asian Pacific Societies for Extracellular Vesicles) 3 & . A2F 20F o= B8y

http://www.iccjeju.co.kr/

e 26 ), 2019 @ ICC Jeju, Republic

Korean Society for Extri

President
Yong Song Gho (POSTECH)

Vice President

‘* lab. of INTERCELLULAR
v 3 COMMUNICATION NETWORK

EVedh . A2F 20F o5 ZHHY

: an integrated database of high-throughput data (protein, mRNA, miRNA, and lipid) for systematic
analyses of prokaryotic and eukaryotic EVs

Cross-linked with the web-sites
* International Society for Extracellular Vesicles (ISEV)
* Journal of Extracellular Vesicles (JEV)

J. Extracell. Vesicles, 2:20384, 2013
* Bioinformatics, 31: 933-939, 2015
* Seminars in Cell & Developmental Biology, 40: 4-7, 2015

World-wide Access to EVpedia

EVpedia community member: ~ 5,000

Total number of accesses: 26,747,797 until January 2019
* Accessed countries: 86

* Accessed cities: 1,752

I
F 12—

* lab. of INTERCELLULAR e
. COMMUNICATION NETWORK http:/ /evpedia.info
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Protsin, miRNA, miFNA, lisd, and metabolts
S My ciataset
= Privite storage of datasets of intenest || (Gome Ontology enrichment analysis:
. My ansiysis Protsin, mRNA, and miRNA
o~ ~
[-rincipel Iveetigmirs ) + Private storage of analyais results of inlerest
e L_,| Network anaiysis:
o e Protein, mRNA, and miRNA
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ALT 7Y 4ol BHY MRS S
Statistics of EVpedia Database
Updated on July 2017
All Eukaryotes  Prokaryotes
Publications
Articles 12384 11,146 1.238
——riRAL EVSSigAtOC S302 2032 13
Proteomes
Studies 332 259 73
Datasets 685 556 129
Proteins 439.606 408459 31.147
tomes - -
mRNA
Studies 20 20 0
Datasets: 34 34 0
mRNAs 92050 92,050 0
miRNA
Studies 33 33 0
Datasets 131 131 0
miRNAs 57.592 57.592 0
Lipidomes
Studies 52 47 5
Datasets 94 85 9
Lipids 3,156 2971 185
Metabolomes
Studies 6 6 0
Datasets 13 13 0
z Metabolites 466 466 0
E 15—
M. lah. of INTERCELLULAR .
* COMMUNICATION NETWORK EV;.£& http://evpedia.info
AL E TN Mol BT B SHAER
Potential Problems of Current High Throughput EV Datasets
Even from cell culture, TOO many EV cargos have been identified.
* Contamination Issue??
* HETEROGENEITY Issue??
How many DIFFERENT types of EVs produced from single cell: HETEROGENEITY!!
BUT, should remember your cultured cells or cells of tissues are ALSO heterogeneous!!!
E AaE A Cls "ET O TR
16 =

‘* lab. of INTERCELLULAR
v i COMMUNICATION NETWORK
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EXOSOMEs as ENDOGENOUS & EXOGENEOUS Cargo Delivery Systems

Tissue Regeneration Epigenetic
Reprogramming

O

- and

Therapeutics Delivery Vaccine Delivery

+ Chemotherapeutics = Mammalian EVs

.

* siRNA * Bacterial EVs

k-
E 17—

‘* lab. of INTERCELLULAR
v i COMMUNICATION NETWORK

ALF 7|8 NEH Ty RS AR

Potential Problems of EXOSMEs in Clinical Application

* Mammalian EVs for Therapeutic Applications

= Bacterial EVs for Therapeutic Applications —1

Narrow Therapeutic Window!!!
» 1~ 2 pg: Vaccination Effect
* 10 pg: SIRS and Sepsis

Yield is TOO LOW!!!
= Cells release low quantities of EVs.
* Purification of EVs is cumbersome.

‘We developed “EXOSOME Mimetics” as Delivery Systems for
drug, endogenous cargo, and vaccine....

z
E 18

* lab. of INTERCELLULAR
v i COMMUNICATION NETWORK
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AT 7|8 X=X HS

BIOINSPIRED EXOSOME-MIMETIC NANOVESICLEs

Overall Scheme

Resuspension in PBS

IV. 7|zt S S K|

BIOINSPIRED EXOSOME-MIMETIC NANOVESICLEs

... sShow that
The yield of NV is approximately 100-fold higher than exosomes.
an alternative of exosomes as drug delivery systems

The presence of the membrane proteins on the surface of

NV mimic the targeting capacity of the exosomes, suggesting that NV can be used as

important for targeted delivery of doxorubicin to malignant tumors by receptor-

5 ¢ 10° calisimL
Doxorubicin
US3T or Raw2e4. T S-Fluorouracil
Gemcitabine
Carboplatin Serial Extrusion
? 10 pm 2 5 pm = 1 pm filler
3 .
e ¥ s
N OptiPrep Density Gradient i '#'
m{- g Ultracentrifugation =t e
J < e o8 e
) 1000000 ! ,;!f}p' .'5.
Drug-loaded “tede *
Exnzama-mimatic
Nanovesicles (NV)
x
3 -
E * lab. of INTERCELLULAR
- COMMUNICATION NETWORK
A2 F 7)ot N EA s BEARER AN

the RaW2B47TNV s

mediated endocytosis.

:

of INTERCELLULAR
COMMUNICATION NETWORK
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BIOINSPIRED EXOSOME-MIMETIC NANOVESICLES

Bioinspired Exosome-Mimetic
Nanovesicles for Targeted Delivery of
Chemotherapeutics to Malignant Tumors
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BIOINSPIRED EXOSOME-MIMETIC NANOVESICLEs

In Vivo Differentiation of Therapeutic
Insulin-Producing Cells from Bone
Marrow Cells via Extracellular
Vesicle-Mimetic Nanovesicles
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BIOINSPIRED EXOSOME-MIMETIC NANOVESICLEs

e e g
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% Could bioengineered exosome-mimetic nanovesicles

LabonaChip .
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®  PDK4 Augments ER-Mitochondria Contact to Dampen Skeletal Muscle Insulin Signaling During Obesity. Diabetes. 2019 Mar;68(3):571-536

®  PDK4 Deficiency Suppresses Hepatic Glucagon Signaling by Decreasing cAMP Levels. Diabetes. 2018 Oct;67(10):2054-2068

® Pyruvate dehydrogenase kinase 4 deficiency attenuates cisplatin-induced acute kidney injury. Kidney Int. 2017 Apr;91(4):880-895

® | ow-Dose Persistent Organic Pollutants Impair Insulin Secretory Function of Pancreatic Beta—Cells: Human and in Vitro Evidence. Diabetes.
2017 Oct: 66(10):2669-2680
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®  Blockade of STAT3 causes severe in vitro and in vivo maturation defects in intestinal organoids derived from human embryonic stem cells. Journal Clinical Medicine
2019 Jul 4:8(7).

® Interleukin-2 induces the in vitro maturation of human pluripotent stem cell-derived intestinal organoids. Nature Communications 2018 Aug 2:9(1):3039.

® /nvitoand in vivoimaging and tracking of intestinal organoids from human induced pluripotent stem cells. The FASEB Journal 2018 Jan:32(1):111-122.

o Aliver-specific gene expression panel predicts the differentiation status of /7 vitro hepatocyte models. Hepatology 2017 Nov;66(5):1662-1674.
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Dec 17, 2019
1

Organoids — Method of the Year.

Jarascy 2038 | woluwe 15 | nersber 3

naturelmethods

www.rature.com/nateremethods Techniques for life scientists and chemists

B Imaging cancer metastasis
W FP maturation: a systematic study
W Unknown metabolite identification

Gorma s w7 v e S mea

W A more accurate mRNA reporter
8 METHOD OF THE YEAR 2017 ® 2r2e "'?‘-f._":l"
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Organoids and their applications

Druq discovey Drug discovey T coleqy

Spatully restrcted
fireage (omm«imr‘l

Diszase rochaisr Deviclep niznta Intectiaus diszas:
& stern cell halagy

Precision Medicine
———————> 1. - Testing Tumor Organod viobility
oguint @ ronge u[ compounds

Organoid \ Gene Editing

{ms@ﬂ l teC““o\ ogY

Regenerative Medicine

. o33 vrey
Modified from www.amsbio.com & www.crownbio.com ® :igl_:ﬁ:iﬁﬂ,

New Era for in vitro 3D culture

Organoid-based assays could bridge the gap
between primary screening and animal and human trials

MS 100M § 1000M §

1M compounds 100 compounds 1 compound

Patient-Derived
Disease Model iPSC

— A
20 Cell-based Assays
Cell Lines.
Adv. Drug Deliv. Rev. (2014) o
r. o3d1¢r03
MR At
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2D vs. 3D Cell Culture

Simplistic model = Monolayer structure

Easy to culture = Lack of physiological relevance

Short time to develop models ¥ No gradient present

v’ Co-culture unable to establish a

microenvironment

hiPSC-CM
@KRIBB
3D (oe]10] o] [(SEA IITR N RYI7RII{IZM = Complexity of design
T vy v’ Co-culture of multiple cells mimics a

& microenvironment * Time required to develop model

\ The complementary approach to

N | animal models
hiPSC-cardiac sphere s o
@KRIBB Improved screening efficiency

Q zrvviunza
i R P

hPSC-derived differentiated cells show immature, fetal-like phenotype

Developmental Biology 2016 -

B gt ) Conteats kst available at Sicnce Durecs
LR
Cell Reports Cell Reports 2017 Ei Developmental Biology
] S S S S SR Ga L

article
iderived lung and intestinal organoids as models of human fetal ®__m

Neonatal Transplantation Confers Maturation

of PSC-Derived Cardiomyocytes Conducive
to Modeling Cardiomyopathy PNAS 2014 PN AS
Differentiated human stem cells resemble fetal, not

adult, p cells

Journal of Hepatology 2015 O easL MOURNAL OF '

Cramtest

et stom Cot Cell Stem Cell 2013 [&F] ‘
Phenotypic and functional analyses show stem
cell-derived hepatocyte-like cells better mimic fetal rather ‘
this et Beyotcyies Functional Maturation of hPSC-Derived Forebrain
Interneurons Requires an Extended Timeline
and Mimics Human Neural Development

Engineering Adobescence: Maturation of Human Fluripotent Sem Celi-Dened Cardiomyoc tes
iPS Cells for Post-myocardial Infarction Repair: Remarkable Opportunitics and Challenges
Shinya Yamanaka, Guest Editor |

Circulation Research 2014

Engineering Adolescence
Maturation of Human Pluripotent Stem Cell-Derived Cardiomyocytes

Q zremaunzy
i i
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Recent advances in lineage differentiation from hPSCs

Personalized regenerative medicine

Disease modeling

Lineage-specific somatic
cells

A

Neuron

E- 2
s
)

Advanced
differentiation systems

. —
O Hydrogels

Chemically induced c\‘}‘w,r Bioprinting
Small molecules ¢

. &

ECM and Niche g A ; i ’%, (‘l‘ Perfusion

3D organoid

Various ways for generating PSC

Reprogramming factors
.
A

Human iPSC

!

Differentiation

differentiation systems

Ay

Immature
Immature Neuron  Cardiomyocytes

Fetal like Hepatocytes Immature Glia

@ e gy

| Conventional ]

Organoids: New, /n Vitro/Models of Development and Disease

Model Systems in the Life Sciences

Model systems
in life sciences

Organization of
the body

e |
Subcellular

i
1
1
Monolayer cell culture : @.O
1
I
1

Multiplexed models
“on-a-chip”
Body

® :.__’ E:J"J _?:_‘:r; 2 Cell Stem Cell (2016)

Organoid in stem cell field

A 3D structure grown from stem cells by using their
differentiation and self-organization potential which
|

recapitulates the developmental .‘s, \ .
. 1 AR (., %

process and consists of organ- ." _— 1
specific cell types — als

Trends in Molecular Medicne
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Normal
tissues

Normal tissue organoids

Mutagenesis in faboratory

Cancer — —
tissues .
Tumor tissue organcids
Organoid profiling
with drug screens and Recommend treatments
genotyping in laboratory for patients on clinical trial
Science (2019) @ SroiapeifLereine

Organoids: The mini-organs

Stomach Intestine Retina

Brain Stomach Intestine Retinal
organoid organoid organoid organoid organoid

mages from Hubrecht Institute, Utrecht University and JAMA, 2017
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Importance of human small intestine model

Small intestine

The major organ of absorption and digestion

An essential organ for the biomimetic model system

Most drugs are absorbed from the small intestine, then distributed to body tissues, metabolized
in the liver, and excreted in urine

The small intestine is, from a microbiological point of view, a transitional area between the
stomach (under 103 colony forming units/ ml) and colon (approximately 10'? microorganisms
per gram of colonic content), which comprises more than 1000 different species of
microorganisms.

sl s " -‘-ualu
leets/g)
Digestion of
ST prctming, monce- Lactobacitaceae,  30°-10° substances
scchorides, SCFAs,  Interobecteriacese
immusomosilaton
Absorphion of Racess,
78 peas, Calcium, [m“‘m’ acese 1010
Vitamin A, D, £, €
Neumn
Absorption of Lactobacitaceae,
T wueindil  gmprobscwriacess 0
tele 305
Colon Ractercicacese,
Prevotellaceae.
57 ofwater, ikoreliacose, 10
Scras Lachnasgiraceae,
Numinosoccacese
11

Molecular AZ:tabolism 2016

Representative strategies to acquire intestinal organoids

 hios recapitulate architectures)

Comparison between PSC-derived hlOs )

\ . . | . .
‘\ and adult tissue-derived hlOs \ of normal intestine
A B Vil
eg® T
""‘ Adult celis Intestinal issue
l(—*** iPS reprogramming factors l Sl
. . U U U Intestinal crypts
TN U
iarv-n A o sadacie wmu ] i Intestine
FGF 4-7 days || <€—— Noggin
>1 month |} <€—— aypy R-spondin-1
LY294002 Wni3a
CHIR99021
’ 77 /
—3 Mesenchyme /
Epithelium
Epithelium
HOs Enteroids
"= hesc-hio _ hAT-hiO
* Crypt domain
—J James Wells 2011 . Hans Clevers 2009 |
Front. Cell. Infect. Microbiol. 8:102. (2018) ® rranpeipsraay
o i s s ey




QIHe0IE 71&2| FAet HIF / Mi-Young Son

Human development ]

Migration Differentiation
to gut Proliferation

Blastocyst Endoderm formation » Gut tube formation ‘1'_, L Fetal organ formation

stage Gastrula stage Somite stage Midgestation
small
lung stomach . 5 I
* esophagus ntesting  large
._( \ \I v intestine
\olem
j Heart—&
Foregut Hindgut bancreas
biliary tract
3D hlO differentiation ]
hlO differentiation
3D culture

—— s
f=——=— ActivinA f—">—=23 FGF4
= =
Stem cells Definitive Hindgut Spheroid Intestinal
endoderm endoderm in Matrix organoids

Patterning Organ formation

Modified from Nature 2011, Stem Cell Research & Therapy 2013

‘ Differentiation of hPSC into hiO ] | Intestine-specific cell types ]

WSC Defintve endoderm Hindgut

Human etessnal organoids pO

SOX9/VIL/DAPT CDX2/CHGA/DAPI ECad/LYZIDAPI

CRL2097-epiPSC

IMR90--epiPSC

2 ﬂ"\ — +  Enterocytes (villin):
ﬁ‘ g Y e metabolic/digestive function
H : 8 f 'PL S— + Enteroendocrine cells (CHGA):
= 1 i ‘ t - :’:‘.....,.., digestive hormone secretion
L & g ", +  Paneth cells (LYZ): AMP secretion
\ // © e + Goblet cells (Mucin): mucus secretion
| Progenitor Calls
: W T Arcatpes (TA
J e Q zrvssmnza
: o e iy S e Smera
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Proliferation capacity of hlOs

DO Spheroid D28 Organoid

Y 3D growth

Q Passaging

hio (p1)|

2mm

® SRRy

In vivo maturation of hlOs

to promote the final steps in hlO developme

LETTER Stem Cell Reports

102310 nabrrtih Resource

Directed differentiation of human pluripotent stem Transcriptome-wide Analysis Reveals Hallmarks of Human Intestine
cells into intestinal tissue in vitro Development and Maturation In Vitro and In Vivo

2" Mathew ). Tavlor
R Nattiy

a1l e
Jeniter | Freeman

David R Hill,! Ciristopher H. Altheim

stacy K. Finkbeinet
Mahe,* Carey L Wa

Yir-tiwai Tsai,' Alaa M. Chin, * Maxime M

abet il . e Thommon, ' Ophir D, Klein**" Nosh F. Shroye M
2011 Natur Matthew Mommon.'! Ophit D Keln F Shioyect )

P T ure L iuaickl. el — 2015 Stem cell report

medicine medicine

Engineered human pluripotent-stem-cell-derived

An in vivo model of human small intestine using
intestinal tissues with a functional enteric nervous system

pluripotent stem cells

ettt Nambirajan Sundsam A abedioci bbbl
Carey L Watson ' =17, Maxise M M, Jarge Mon i, nat Michael | Workman ,
Holly M Poling', Jamie . o o E Valllaswe', € ||t‘~‘-:.n. - dre okl Nembisajen Sundasam, C ang Ch
Stacy R Finkbeiners, Jason, Ry ah } Shroyer S James M Mfle. 8 Maches e Andrew G Elcfanty Yuic o
- . o thea Al
2014 Nature Medicine .

Kidney capsule
transplantation

6 weeks i Harvest
————— 1. Histology analysis
2. Functional analysis

Absorption

Dipeptide 4

Hormone
secretion
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New technology for in vitro maturation of hlOs

M| £12= 212k 2700 RAIRE FIISAN 4501 J|E JHE
SIIME 3Kt 22D|£0 DIM% SH HZSH QMDA 2B IH-0|E T I

’ In vivo development

~ Blastocyst or
ln vitro dlfferentlatlon
@ — K8
Pluripotent stem celis Hindgut spheroid Mature
Intestinal organoid

In vitro maturation technology
Cellular, molecular and functional maturation 8 e e
» Intestine model

Disease modeling

Transplantation

Bio artificial organs

Human intestinal organoids Matrigel L ==
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Nature Communications 2018 Jung et al.
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In vitro maturation
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hlOs matured in vitro display enhanced functionality

Fluo-4AM meensity

[ Paracellular permeability assay ] [ P-glycoprotein (P-gpl/MDR1 activity assay I
FITC-Dextran (4 kDa) FITC-Dextran (40 kDa) Pgo (MORY, ABGB1) "“:“‘-‘”'
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E 20 GLUT? : GLUTS &0 SGLTT : - &P - GiF-scretion
"% 300 2 s
%,o » 0 400 B 40
Es 5 I :: %0 | | gg 300 ig 30
,,.,-I..,*ll gl il 28 o0 ok |
Coculiure - + - hBI - 4 - K8 - & - b8l =) .39
e - - & - - L ek 2 100 | I :: 10
WO o O = l ®
L] Conirol HIO 8 WO+ Co-culture & hiO +IL-2 5 Ifn 0 +— (4] -
Ry Fo— il Fo— o ‘g‘ 4 Co-culture - + - h8l Co-culture - + -
= 1 I | -Ea 3 Lz - - o+ L2 +
E‘ ¥ r\ * J\ ig 2 hio hio
‘. 2 z : 1
L]

8

L] LR
0 @0 400 60 0 0 400 60 0

Tima {5} Tima (5}

Nature Communications 2018 Jung et al.

*GIP (gastrin inhibitory polypeptide)

: stimulate insulin secretion

@ srapeiaeray

Grma b v o Sz

hlO model for gut microbiota-epithelial cell interactions

Summary of various approaches for co-culturing intestinal organoids with microorganisms.

Method Organoid Origin Microorganisms Type

Micro-Injection hiPsCs Closmidium difficile
hiPSCs Salmonella enterica serovar Typhinuirium
Mouse enteroids Salmonella enterica serovar Typhimrium
hiPSCs Escherichia coli 0157:H7

Monolayer-derived Organolds

* e/
R

Inoculation of Dissociated Cells

Human enteroids
Human enteroids

Human enteroids

Human enteroids
hiPsCs

Mouse enteroids

Mouse enteroids
Human/mouse enterolds
Mouse enteroids

Cryprosporidium parvum (C. parvam)
Lactobacillus rhamnosus GG (LGG)

Enterchaemorrhagic Escherichia coli
Enterohaemorrhagic Escherichia coli
Enteroaggregative Escherichia coll
Enteropathogenic Escherichia coli
Noroviruse

Salmenella enterica serovar Typhinmerium
Cholera enterotoxin,/Rotaviruse
Enterovirus

Shigella flecneri

Rotavirus

Rotavirus

Bacterial compounds: MAMPs
I Hla enteric serovar Typh

Retrovirus

Lacrobacillus reureri D&

2019 Bioniaierials
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Conclusion: Applications of in vitro-matured hlOs

3D scaffold Immune factors
- = .
L-v Human

Gut Organoid

3D organoid Human-mimicking
differentiation environment

Differentiation factors

Basic research Drug screening Intestinal Therapeutic Microbiome
. Disease modeling : : Toxicity testing : cancer % resource e study

Qf = i e -
> P SR 7' o
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o QISKISHANLRIHEHE HOlH| *I2

o MSLHEHD BIEHITITEI BIAL AIA} HIAF

£

E| CHRfRr MY =010 ML TIXE 7|52 s 7= QSAIs 7129 JHE Siile] ojn|E H2ldS BIRS 2 7|
ZEM S0=2C}. So| AR AHIHR! oz & Kot HHM SIS 7[=0] HEAH S U=K| MAXRI CI5Als
T2 7|HSQ AMHE SHC= AHE 0|0 ARMCIIS OF1H AH0| et HEE 1 U= TS EIE|0|EE QSIS shEoto]
7|E Y M22 X2t Mqf BIS Mol Moks Alols AISKIs LIoPHE 7I0ICY. S5l Mzt El= ARCIIQ|
G|O[E{H[O]A, ABHTIAIO0| MEZol 1 QU= Ciet a5V |9, 715 E ZES Sot ASIH| 052 offM S5 A7Hofl, S ARCHO]
Tlstist 1 Q= CHokst Aol Qb= Gt A2 9 M1t 5SS FAIO 2 ABHCIIO| H|X|LA REIS ZQSICE ot AEHTI0A Z/Z
JHEE QU= & FHEI|EER 05 QISAls 2, M=2H FAst SAls LRSS i8S Sofl 23 201 7|s S8t



> 2019BIO FUTURE FORUM 8557 scsomsn
2019 Hio|2Dj2j 2
elsx|sE &8st MR sghat 1M MY

Sang Ok Song

Chief Transformation Officer & Co-founder
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Standigm

Another solution for drug discovery

Intro
Pharma Al trend

Standigm
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DRUG DEVELOPMENT PROCESS Out of every 10,000-15,000 new compounds

identified during discovery,

five are considered safe for testing
in human volunteers.

Only one of these compounds

is typically approved

as a marketed drug.

v
5
3
' %%
:
3

Pre- T i DA ol
i s I

6-7 YEARS

20-100 100-500 1,000-5,000
Volunteers Volunteers Volunteers
¥ Pre-discovery = | IND Submitted NDA Submitted

*Source: ACRO

ppdicom

Efficiency of Pharma R&D is declining steadily

“Although pharmaceutical companies
spend over $172 billion on research
and development annually, over 90% of
molecules discovered using traditional
techniques fail in human clinical trials.
Moreover, 75% of newly approved drugs
are unable to cover the cost of
development and some analysts predict
that ROI in pharmaceutical R&D may hit
zero by 2020.”

Average cost to develop one new approved drug

$2.558b
2 6 To develop
u one drug
92 o/ Failure rate in Clinical
0 clinical trials studies
$1.044b
Research &
$413m animal testing
$179m [ ]
I
1970s 1980s 1990s- 2000s-

early 2000s early 2010s

NOTE: All figures are inflation adjusted to 2013 dollars
SOURCE: Tufts Center for the Study of Drug Development

Standigm
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Efficiency of Pharma R&D is declining steadily

100
- FDA tightens regutations
2 ’ a post thalidomide
: g &
§ : &
2 2 10
g . 2
£ 2 8§
= : = ‘orphans’plus
1] - 8 ‘
2 3 2 cancer drugs
E = 1
@ ) ——
ey _N"‘“§h§§°_‘~n S‘ First wave of biotech ~
9.g.9 9 § v,
§ LR § g g888¢g¢g 8883882 z 8.4% per year decrease  “~_
LR R PR R R ] z in new drugs per $billion R&D
Cost of a new drug in USS (billions) 0.4 Laciaas PP B iipasccs
P 1950 1960 1970 1980 1990 2000 2010 2020

Year

We need more efficient, faster and cheaper ways !!

Al can transform the Pharma industry with unprecedented efficiency

Standigm

The main applications of Al across the biopharma value chain

Research & Clinical Manufacturing Launch & sﬁ%éiﬂ?r:r: l&
discovery development . & supply chain ‘ commerdal patient support
* Aggregating and « Trial design * Supply chain planning  * Launch coordination  + Medication adherence
synthesising * Site selection * Prediive » Patientengagement  + Adverse event
information : « Recrultment maintenance * Physician decision recognition
* ;‘A‘”‘"&m“ “L’;’em'fy optimisation * Inventory support + Patient monitoring
rug largets ang
v .gets « Process optimisation management * Marketing operations + Compliance
molecule interactions . forecsti x
« Undersandig « Predicive tonicityang  * Demandforecasting —+ preictive pricing monitoring
dieace mechanisis fisk monitoring * Logistics optimisation * Patient support
. Lori . rammes/
+ Drug @ndidate ggm;g:fdrug Wordorce planning g:gurms
generation and * Procurement
selection * Medication tracking,
safety and security
* End-0-end visibility
Source: Deloitte analysis

Deloitte Insights | deloitte.com/insights

Standigm
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Expected growth of the Al market in biopharma by application

m 2018 m 2025

Drug discovery

.159.8 7

Precison medicine

16.3
CAGR
60.2%

Medical imaging & diagnostics

12.3

Research
9.9

Source: MarketsandMarkets, 2018

Deloitte Insights | deloitte.com/insights

Standigm

Al for drug discovery start-ups by area

Five main Al challenges for drug discovery

Benevolent.Al
Cyclica

Insilico Medicine

Atomwise

8 Finding new targets

W Screening of small molecule libraries to find new
candidates

W De novo drug design

® Drug optimisation and repurposing

) ) m Preclinical testing
Source: Deloitte analysis

Standigm
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Global Innovative Bioecosystem
A

> 2019BIOFUTUREFORUM &

Pharma Al landscape
Al for Drug Discovery, Companies - 150
Biomarker Development Investors - 350
and Advanced R&D Corporations - 50
Landscape / 2019 Q1 7;';2'.'-."!}':
oo o e
. ORACLE sk m
Other Regions
The industry continues growing !!
Al in Healthcare by 2024: >$50 Billion
Al for Drug Discovery by 2024: >$10 Billion
& 90+ Healthcare Al Startups To Watch
Imaging & Diagnostics Drug Discovery
wablacon  @edence  adoc  ELiohyio Qe BenevolentAl Q FINCH THERAPEUTICS Y
OAls GX_) i‘ L Q8 fiBlackihom @ Frentier insitro
im &\S fraenome jfumcron & 2ebra o, Aomee Exscientia en8ine suvantscancs
o‘”‘o““ IBEX @ scfjrume | 8‘; Notable ﬂo'v\:km @ 2 B3R
Seacs VUNO Q Slunit StandEn) xa?m woSAR SPRING
Predictive Analytics & Risk Scoring Genomics Fitness
@penchsci U] A\BLEE @um | Hoemm oyt womaicGos. | e V]
R
wncer 320 TEMPUS Virtual Assistant
ikiOO Welltok. nrerence

Woooyon @ cus [Jmine notable
boy v O O

Hospital Decision Support

binaryfountain Qventus
Agowr : ®
= Olive o™
@Sa N&l l LeanToeS
@ Mol

Clinical Trials Nutrition

o, mummsat teckro.

Compliance Mental Health
Remote Monitoring |@°""*"' PROTENUS I PR,
{biofourmis () gortiewse  FENTGrinG

Created by You, Powered by (BB CBINSIGHTS
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The company

A drug discovery company that generates and optimizes therapeutic lead
compounds by using advanced artificial intelligence toward license-out

Founded in May 2015 by three co-founders at Samsung Advanced
Institute of Technology. Al, chemical engineering and systems biology

27 members (13 PhDs). Al development 12, Comp. medichem 3,
Systems biology 3, Pharma/Experimental biology 5, Patent attorney 1,
Admin 2 (CPA 1), Pharma advisor 1

US $11.5M (series B) in March 2019 and US $8M (series B1) in November
2019 to scale the Al technology platforms and advance its drug discovery
pipelines. Total $23 Million

SK Holdings, DSC Investment, Mirae Asset Capital, Mirae Asset Venture Investment, Wonik Investment Partners
Atinum Investment, LB Investment, Kakao Ventures

Seoul, South Korea / Ann Arbor, Michigan

Standigm

The Al solution

Standigm Insight™ _ B Transformative

B Veryhigh
e m— ~ High
proj
(binding affinity prediction) Average
Omics, systems biology
Target Target
identification Validation
ASK project
(knowledge graph database) Preclinical Clinical

Optimization

A
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Achievements

2015
Foundation in May. Three co-founders. Previous, DNA damage/repair
algorithm and mechanism

2016

The AstraZeneca-Sanger Drug Combination Prediction DREAM
Challenge. 3rd rank (2nd by machine learning). Patent. Nature
Communications published. https://doi.org/10.1038/s41467-019-09799-2

2017
Standigm Expander®. Drug repositioning Al. BIO-Europe, Nov

2018
Standigm BEST®. Drug molecule generation & lead optimization Al.
BIO-Europe, Nov

Standigm

Achievements

2019

- Standigm Insight™: Target & MoA discovery Al (+ Standigm
Expander®). BIO-Asia

- Disease pipelines: Oncology, NASH, PD, Mitochondrial, TB and
Autism. Small molecules

- Three use patents on NASH submitted in June/July, PD/Oncology
in September (19 use patents, 3 product patents in 2019)

- The Milner Therapeutics Institute, University of Cambridge. Affiliate

2020

- The Monthly Standigm, June

- More product patents, IND prep., L/O

- Wet lab partnership for discovery acceleration
- Novel target discovery

Standigm
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Standigm BEST

generates novel compounds satisfying desired properties

Standigm
Standigm BEST '
Learning chemical space
Chemical Latent Chemical
Training DB space Encoder space Decoder space
~4M Domain:
- substructures
) u
— - topolo
— Z pology
= id £ _adi - shape
i - etc
L ]
Y
Property/Target information
Z : latent space X : original chemical space
encoder seed molecules
property 1 alzlx)
Analogue structure generation
L functionally similar
vy property 2 but novel molecules (rescaffolding)
decoder
predictor p(x|z) Lead optimization
avlz) =i 7 novel molecules
I o w/ better desired properties
decoder Smart library expansion
property 3 p(x|z) : generate novel scaffolds
ik expand in-house libraries
Standigm
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Standigm BEST workflow

Virtual screening in Z Generation from Z

l Chemdiv I' Enamine I
etc

Commercial

A Filters:
libraries

- novelty

- diversity

- med chem
- docking

- MPO etc

Purchase (~200)

*diversity considered

Assays Synthesis (~20)

Standigm

MolFactory ™ : Automated workflow for Standigm BEST

Industrial scale-up: hundreds of tasks/projects can be managed simultaneously and efficiently
Expanding novel drug discovery projects both internally and collaboratively

- tens of internal projects on-going

- Working on a project with a global institute

- Working or under contract with 3 local biopharma

Monthly Standigm: monthly production of lead candidates for L/O

Molecule Factory
e admin
20 v

Generating Molecules Jobs

More info ©

Registered Models

Standigm
BEST®

Standigm
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An internal real-life study ongoing

Semantically meaningful latent space

Standigm

Virtual screening in latent space: 13 hits in 149 predictions

>3M commercial libraries

149 potential hit

*considering diversity

Seleted compound’s inhibitory activity

s 120+

3

& 100

5

= 80 -

;§ Potent Activity

E 60

‘g 40+ Moderate Activity

e

S 20 ||||‘| Illllﬂl

X

: o_m,,,,wn,b,.l.,mwmmndhnmwnhnﬂﬂllﬂﬂl il
-20- 24 compounds > 30% inhibition

13 compounds > 50% inhibition

Standigm
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Generation in latent space: 7 Hits/Leads in 9 synthesized

2 lon + 1000 tanget i VI saent cormposnte 58 bt compaunds
Pty bimied oty
secreetates heTcrypes weh recive dackimg e converasn
Tt wpace ks and ineed ety =
. T i) T docking T 11 compounds for synthesis
¢ and 2 underway)
o 396 SMART compounn 290 compunds
oty and drvg Besess ey prebemnary dscieng weh vrieg
g enctares spare target

Dose Response Curves
IC50 (nM) Tc_max

1204 —-- Cmd2 N/A 0.4615
1004 - Cmd-5 N/A 0.4872
— Cmd8 6,810 0.4507
. > 80+ —— Cmd3 686 0.4857
2 god —— Cmd4 260 0.4079
[%}
) < — Cmd9 154 0.4328
= 40 C
. — Cmd7 63 0.4800
20- Cmd-6 39 0.4800
e — Cmd1 38 0.4359
2 0 T T T T T 1
” -9 -8 7 -6 5 -4 -3
> ¥
& s . ] Log [M]
x X - Lo
o
Standigm

Standigm Insight

improves the opportunity to diversify drug pipelines
by discovery of hidden indication and pathway with potential target prediction

Standigm
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Standigm Insight overview

- D

==
SeUL A Binding  S= == in-House
Prediction Valldated Database

}_{ Item 1. Néw Indication Prediction
Subject
Compound \ .

< —

—P

V\/ AITechnoIogy
L menm w7 —

[ ] [ |

Item 2. Pathway & Therapeutic Pattern
TPubhc Databases

[ [ |
Gene Expression - - -
Profiling Data —) ) —
S— — AL —
S—1— N—

drug, disease, pathway, molecular function, ... . P .
° P v Item 3. Potential Target Prioritization

References:

© Two German and two Japanese companies
- 2 projects have been done.
= Under negotiation for continuing projects.
- 2 projects are in progress.

Standigm

Drug-repurposing project for NASH therapeutics

* * FDA approved drugs and
# Input Drugs Approx. 1 5,000 Chemic':'l)libraries ¢

# Al generating
NASH candidates 247

# Survived Candidates 30
After Background Checking

# In Vivo Tested (as of June 2019) 17

# Positive Efficacy 12 70.6 % Accuracy

3 use patent applications
(Jun 2018)

Standigm
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Drug-repurposing project for NASH therapeutics

Standigmi

Al Driven Repurposed Drugs for NASH Treatment

e semssesmes - September 2019

Standigm
P . I -
Disease-Novel Target Novel Compound B o . .
Prediction Generation In vitro validation In vivo validation Drug candidate
Cancer
o (8 Targets)
c
=
2 ——
g — Collabo w/ ‘A’ Korean pharma
Q
o NASH
g
) Parkinson’s disease
Tuberculosis Collabo w/ ‘B’ global institute
Fibrotic disease E— Collabo w/ ‘C’ Korean pharma

Drug-Disease

Scoring Candidate selection In vitro validation In vivo validation
NASH
2 Cancer
H
orPcaNaYN
£ Parkinson's disease Collabo w/ °% =~
o
[}
n; Mitochondria disease Collabo w/ ‘D’ hospital in the US
=
o Autism Collabo w/ KIST
Rheumatoid Arthritis s Collabo w/ ‘E’ Korean pharma

Standigm
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Strength

e An end-to-end drug discovery company for real-life applications
- Running in-house drug discovery projects
- Collaborating with more experienced experts

e A team of full-stack skill sets for drug discovery
- Al technologies from target to drug candidate
- Expertise of Al, Comp. Med. Chem, Systems biology, Pharma/
Experimental biology, Patent attorney, Pharma advisors

e Automated Al workflow for novel scaffold design and lead
optimization
- Industrial scale-up for multiple drug discovery projects
- The Monthly Standigm, June 2020
- Supporting sustainable drug pipelines

Standigm

Acknowledgement
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Thank you
Q&A

Standigm

Another solution for drug discovery

sangok.song@standigm.com
business@standigm.com
apply@standigm.com

www.standigm.com

Standigm
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bridgebio
therapeutics
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* Finding Innovations LOCALLY
* Financing REGIONALLY

* Developing Compounds GLOBALLY
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Bridge Biotherapeutics from Day ONE
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¢ Mundipharma (Emerging Market Region), Head of Medical Affairs

e OxOnc Development Asia, President & CEO

GlaxoSmithKline — China and Asia, Global Oncology Business, Oncology Medical Director
e Sanofi-Aventis — Oncology Medical Franchise, Asia-Pacific, Senior Director
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Drug Development Strategy with End-in-Mind
: Focusing on Anti-Cancer Drugs

Dec 17, 2019
Hanlim Moon, MD, PhD
CURENCARE Reseaerch

NDA success rate from 2006 to 2015

Likelibood of Approval Plase § 10 Appraval hase 11 1o Apgiraval Phase 111 1o Apgraval NDA/BLA to Approval

0%

0%
! TO%
3 0%
5 50%
r 0%
! 0%
3
& zom

10%

o

Fhase [in  Fhase I1io Fhase I35 ts NOA/BLA 0 Phase 1o
Phase Il Phass III  NDA/BLA  Approval  Approwal
Al Disuass, Al Modalities
Flprs L 1ter
Flgure 2b. Phase transition success and LOA by disease. Table of phase and LOM by values.
rafars to tha of ad leul; Intha tauct.
The LOA n value s the  all phases used to caloulate LOA. ‘Phs
w whersas ‘Phase LOA’ is the probability of FOG approval for drug this p

Clinical Development Success Rates 2006-2015. Bioindustry analysis
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2018 Oncology Approvals
Oncology drug approval N - ... I— ]p
. Entities (MMEs) / Mew Indications Mew Patient Population
by FDA in 2018

hPP“B Efficacy Supplement Biosimilars 505(b(218
Accelerated Approval

Confirmatary Study

1 10 1

PMA - New Compamion  PMA - Modification PMA Approval
Diagnostic Companion Diagnostic  (Combination Product)

* Appreval fumbens reflec aperovals om CBER. COER and CORH

2018 Submissions Reviewed under Expedited Programs*

Expedited Programs Granted Denied Withdrawn
Fast Track [FT] 35 22 N/A
Breakthrough Designation (BTD] 25 16 10
Regenerative Medicine
Advanced Therapy [RMAT] 2 4 0
Breakthrough Device Designation 18 5 4 OCE annual report 2018

Benchmark of review document in FDA site

U.S. FOOD & DRUG e Same class
e Similar MoA
Home | Food | Dvugs | Medical Devices | Radiation-Emitting Products | Vaccines, Blood & Biclogies | Animal & Veterinary | € ° Similar‘ Ther‘apeuTiC ar‘ea

ADMINISTRATION

Drug Approval Package
o FDA

DAHome @ Drisgs @ Drug Approvals and Dalatases @ Drugs@FDA

{ ad
cnm;amr: Genentech, Inc.
Application No.: 125427

Approval Date: 02/22/2013

Fersons with dsabilities having protlems accessing the POF fies below may call [301) 766-3634 for assisiance,

* Agproval Leteris) (POF)

* Printed Labetng (POF)

* Summary Review (POF}

* OdficerEmplayes List (PDF)

* Dftce Dineciar Mema (POF)

= Cross Distipline Team Leader Roview (POF)

« Medical Revews) (FOF)

= Chemisty Reviewis | (PDF)

* Phamacciogy Review(s) (PDF)

* Sialistica Reviews) PDF)

= Microbiciogy Review|(s) [POF)

* Cimcal Pharmacology Biopharmacetics Review(s) (PDF}
# Risk Assessment and Risk MEgation Review(s) (PDF)
* Proprictary Mame Review|s) (POF)

= Oaher Review(s) (PDF)

= Administrative Document{s) & Corespondence (POF)
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Data submission for review as below,
but not limited to

FULL PRESCRIBING INFORMATION: CONTENTS* 8  Use in Specific Populations
1 INDICATIONS AND USAGE 8.1 Pregnancy
1.1 Metastatic Breast Cancer (MBC) 82 Lactation
12 Early Breast Cancer (EBC) 83 Females and Males of Reproductive Potential
2  DOSAGE AND ADMINISTRATION 84 Pediatnc Use
2.1 Panent Selection 85 Genamc Use
22 R ded Doses and Schedules 86 Renal Impamment
23 Dose Modifications 87 Hepatc Impairment
24 Prep for Adm 10 Overdosage
3 Desage Forms and Strengths 11 Description
4 Contraindications 12.1 Mechamsm of Action
5 Warnings and Precautions 122 Pharmacodynamics
5.1 Hepatotoxicity 123 Pharmacokimnetics
52 Left Ventncular Dysfunction 13 Nonclinical Toxicology
53 Embryo-Fetal Toxicaty 13.1 Carcmog Mutag Imp of Fertility
54 Pulmonary Toxicity 132 Anmmal Toxicology and or Pharmacology
5.5 Infusion-Related Reactions. Hypersensitivity Reactions 14 Clinical Studies
5.6 Hemorhage 14.1 Metastatic Breast Cancer
5.7 Thrombocytopema 142 Early Breast Cancer
58 Neurotoxicity 15 REFERENCES
59 Extravasation 16 How Supplied/'Storage and Handling
6 Adverse Reactions 16.1 How Supphed Storage
6.1 Chmcal Tnals Expenence 162 Special Handling
6.2 Immunogemcity 17 Patient Counseling Information
7  Drug Interactions
* Sections or subsecti itted from the Full Prescribing Information

are not listed.

End-in-mind

* Ultimate goal for drug development: NDA or BLA

* Timeline and cost: critical not only for business, but also for
reinvestment

* NDA/BLA €& Phase ITI ‘eps‘mm‘w; with

* Phase ITI € Phase IT the 9“‘ s weinl
* Phase IT < phase I

* Phase I < Non-clinical data enough ? ._

-
T
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Checklist for non-clinical data
in cell therapy development - Anti-HER2 therapy

MoA Binding to HER2 epitope - specificity of HER2 binding
Non-clinical efficacy In vitro and in vivo expansion?

HER?2 positive cell lines

HER?2 amplification/overexpression/mutation

HER2 resistance

Animals selected and rationale?

In vivo/in vitro - Heterogeneity vs homogeneity - PDX model?

Cancer type:

* Major: breast cancer, gastric cancer

+ Minor: urothelial cancer, cholangiocarcinoma, colorectal
cancer, lung cancer, salivary cancer

Checklist for non-clinical data
in cell therapy development

Safety HER?2 positive normal cell recognition and effect
- Cardiac toxicity

General tox and GLP Well tested?
tox
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Clinical data

* Most important
* List

List of investigators; List of INDs and NDAs

1.
2. Background / Overview of clinical investigations
3. Clinical pharmacology

4. Conftrolled clinical studies
5.
6
7
8
9.

Uncontrolled clinical studies

. Other studies and information
. Integrated summary of efficacy
. Integrated summary of safety

Drug abuse and over dosage information

10.Integrated summary of benefits and risk of drug

Drug development strategy with end-in-mind

* Entry indication/subsequent

indication .

* Early entry in highest unmet needs .

e Alimta in mesothelioma > 2L .
NSCLC > 1L NSCLC

* Indication with large patient .

population .

» Taxol in 2L MBC o

» Xeloda in 2L colorectal cancer 3

 Points to consider

Mechanism of action
Non-clinical efficacy data

Competition with current standard
of care

Competition with future indications
Monotherapy or combination
Disease and setting

Biomarker defined vs all comers

139



J 2019 BIOFUTURE FORUM 2555715 o oscosysen

Consideration of current standard of care

* Approved drugs

Practice guideline: e.g. NCCN, Society guideline

* Patient journey

Competitors for now and in the future - compounds under development

FDA approved anti-HERZ agents (drugsefda)
Sl e —

Herceptin 1998
(trastuzumab)

Tykerb 2007
(lapatinib)

Nerlynx 2017
(neratinib)

Kadcyla 2013
(T-DM1)

Perjeta 2012
(pertuzumab)

140

Genetech/
Roche

Novartis
(GSK)

Puma

Genetech/
Roche

Genetech/
Roche

Herceptin is a HER2/neu receptor antagonist indicated for:
* The treatment of HER2-overexpressing breast cancer.
© The treatment of HER2-overexpressing metastatic gastric cancer

TYKERB is a kinase inhibitor indicated in combination with:

¢ capecitabine for the treatment of patients with advanced or metastatic breast cancer whose tumors overexpress
human epidermal growth factor receptor 2 (HER2) and who have received prior therapy including an anthracycline,
a taxane, and trastuzumab.

¢ Letrozole for the treatment of postmenopausal women with hormone receptor metastatic breast cancer that

overexpresses the HER2 receptor for whom hormonal therapy is indicated.

NERLYNX is a kinase inhibitor indicated for the extended adjuvant treatment of adult patients with early stage HER2-
overexpressed/amplified breast cancer, to follow adjuvant trastuzumab-based therapy.

KADCYLA is a HER2-targeted antibody and microtubule inhibitor conjugate indicated, as a single agent, for:

* the treatment of patients with HER2-positive, metastatic breast cancer who previously received trastuzumab and a
taxane, separately or in combination.

* the adjuvant treatment of patients with HER2-positive early breast cancer who have residual invasive disease after
neoadjuvant taxane and trastuzumab-based treatment

PERJETA is a HER2/neu receptor antagonist indicated for:

® Use in combination with trastuzumab and docetaxel for treatment of patients with HER2-positive metastatic breast

cancer (MBC) who have not received prior anti-HER2 therapy or chemotherapy for metastatic disease.

® Use in combination with trastuzumab and chemotherapy as
o neoadjuvant treatment of patients with HER2-positive, locally advanced, inflammatory, or early stage breast
cancer (either greater than 2 cm in diameter or node positive) as part of a complete treatment regimen for early
breast cancer. 12
o adjuvant treatment of patients with HER2-positive early breast cancer at high risk of recurrence



ZM2 ol QLA M2ts 5t ZaH AloF 20! / Hanlim Moon

Treatment guideline in HER2 + breast cancer
(category 1)

* MBC 15t line: pertuzumab+trastuzumab+docetaxel
« MBC 2 line: T-DM1, lapatinib

* Neoadjuvant:trastuzumab-containing (at least 9 weeks)+/-
pertuzumab(>lcm) followed by trastuzumab containing adjuvant 1 year;
if residual tumor, T-DM1 14 cycles

* Adjuvant
* HR+ HER2+: chemo+trastuzumab+endocrine
e HR-HER2+: chemo+trastuzumab
* Neratinib extended 1 year

What to be improved in HER2 disease ?
Breast cancer

* HER2 + BC

* Befter ORR, PFS and OS with 15t line treatment (pertuzumab, trastuzumab,
docetaxel)

« Better ORR, PFS and OS with 2" line treatment (T-DM1)
* No approved drug after 2" line failure (after T-DM1 failure)
* Better pCR with neoadjuvant therapy

* Better DFS, OS with adjuvant therapy

» HER?2 low disease
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Ultimate goal for drug development:
BLA/NDA

' Tagrisso (osimertinib) label: |

TAGRISSO® (osimertinib) tablets, for oral use
Initial U.S. Approval: 2015

RECENT MAJOR CHANGES

Indications and Usage (1.1) 4/2018
Dosage and Administration (2.4) 4/2018
Warnings and Precautions (5.3. 5.5) 4/2018

INDICATIONS AND USAGE

TAGRISSO is a kinase inhibitor indicated for
o the first-line treatment of patients with metastatic NSCLC whose tumors Follow-on indication
have epidermal growth factor receptor (EGFR) exon 19 deletions or exon

21 L858R mutations, as detected by an FDA-approved test. (1.1. 2.1)

* the treatment of patients with metastatic EGFR T790M mutation-positive Entry indication
NSCLC. as detected by an FDA-approved test. whose disease has
progressed on or after EGFR TKI therapy. (1.2, 2.1)

Enablers for success: Tagrisso® Multiple accelerated pathways

Breakthrough
Designation
« Phl data shows Accelerated Approval
disease control in = Treatment of EGFR-T790M
94% of patients positive patients who have
progressed on or after TKI
therapy (2L)
Fast Track Orphan |
Designation Designation Priority review

Roche Cobas V2 test was

IND Filed / Phase Il NDA .
il > approved as a companion
.P‘h..asetlj initiated Filed diagnostic to enable monitoring
. the status of EGFR T790M

L ]
Time to Market (~2.5yrs]

Source: Health Advances analysis, FDA, company press releases

142




st 22 Ao 201 / Hanlim Moon

Essence of breakthrough designation

 Level of unmet needs

e Data driven

+ Highest unmet needs: (example - possibility of
"BREAKTHROUGH" by US FDA)

+ Serious disease (mortality high or median
survival =<5 years)

* No available(alternative) treatment

* Alternative treatment, but no development
of new standard of care in past 10 years or
longer

* Needs in the society fo improve outcome -
survival

« Example: breakthrough designation; patient
group urge treatment development

* Very late stage of COPD

Expedited program

Accelerated Approval

Breakthrough Designation

Priority Review Designation

Fast-track Designation

1992

1982 1997 2012

Background - Mindful of the fact that it may - For improving the drug review - Facilitate the development - Expedite the development
take an extended period of time time. created “Standard review & Expedite the review Expedited the review
o measure a drug's clinical “Pricrity review”
benefit
Eligibility 1. Treat serious o life- 1, Offer major advances in 1. Intent to treat broad range of 1. Treat serigus or life-threatening
threatening disease treatment over existing serious disease disease
2. Provide meanil therapies 2. Paotential to fill an unmet 2. Early clinical evidence of
therapeutic benefit over 2. QIDP designated drugs medical need substantial improvement over
axisting therapies 3. QIDP desigrated drugs existing therapies
3. Surrogate endpoint
reasonably likely to predict
clinical benefit
Designation - Mo formal process - Requested by sponsor at time of - Requested by sponsor at any time - Requested by sponsor at any time
NDA/BLA submission (IND — BLA/NDA ) after IND or FDA may suggest
- FDA feedback: within &0 days FDA feedback: within 60 days - FDA feedback: within 60 days
Benefit HN/A MN/A - Frequent meeting with FDA to - All Fast Track designation features
(Development) discuss develepment plan and - Intensive guidance on an efficient
data requirement drug development program
- Frequent written - | commitment
fram FDA invalving senior managers
Benefit - NDA/BLA submission at once - NDA/BLA submission at once - Elgibility for accelerated approval - Eligibility for accelerated approval
{Review - Conditional approval granted - & months of review period and prierty review and priority review
process} using surrogate endpoint from Relling NDA/BLA review Rolling NDA/BLA review
Phase Il trials or interim Phase Il
data;
d
e
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25-year experience of FDA : AA of Malignant Hematology and Oncology drugs

Approval Cases per Year (1992-2017)

The FDA granted AA to 64 malignant hematology and oncology products for 93 indications
(vs 174 oncology drug indications were approved under regular approval)

Figure 1. Malignant Hematology and Oncology Approvals by Year

25

| Y

[ A2 supptement

[ Reqular aoproval NME

[] Regular approval
supphement

w
L

e

No. of Indications Approved
3

]

o
1992 1993 1994 1995 1996 1997 1958 1999 2000 2001 2002 2003 2004 2005 006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2015

Vear

Malignant hematology and oncology accederated approvals (AAs) and regular approvals by year from first approval in 1995 to May 31. 2017. NME indicates new
molecular entity.

*Up to May 31, 2017.

{Julia A. Beaver; JAMA Oncology., published online March 1, 2018)

Ultimate goal for drug development: NDA/BLA
Decision on entry indication

* Mechanism of action: EGFR TKI

« Non-clinical data:
+ Compelling enzyme inhibition in T790M mutated EGFR
 In-vitro and in-vivo data

* Unmet medical needs:
* No freatment after 15t generation EGFR TKI failure - T790M mutation

* NDA:
* Referring fast-track

+ Two single-arm, open-label clinical activity-estimating studies, conducted in 198
patients, and 198 patients, respectively, with EGFR T790M mutation-positive lung
cancer who have r'og?r'essed on prior systemic therapy, including an EGFR TKT agent
and who received at Teast one dose of osimertinib
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Assessment

* Criterion 1: the drug treats a
serious condition

* Criterion 2: the drug would be a
significant improvement in the
safety or effectiveness of the
treatment, prevention, or
diagnosis compared to available
therapies

Assessment by FDA

ol

r

/ Hanlim Moon

Significant improvement ?

» Evidence of increased effectiveness in
treatment, prevention, or diagnosis of a
condition

» Elimination or substantial reduction of a
treatment-limiting adverse reaction

+ Documented enhancement of patient
compliance that is expected to lead to an
improvement in serious outcomes

« Evidence of safety and effectiveness in a
new subpopulation

« Standard of care before osimertinib: 5-22% with docetaxel,
pemetrexed or ramucirumab + docetaxel.

* Efficacy result of osimertinib in the 2 line:
* ORR 57.2% and 61.0% in AURA and AURA2 trials

« Safety from 411 patients - acceptable
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Clinical development strategy
to achieve entry indication

Registration trial: Phase IIT vs phase IT

* Randomized trial in comparison « Single arm study - Data driven
with standard of care: * Quick and simple
chemotherapy * Much cheaper
+ Confirmatory trial + Absolute data without comparison -
* Magnitude of benefit clear most probably, to be confirmed
- Safety comparison * Evidence level relatively low - may
+ Long and expensive sbfag?slssue when commercialization

* Risk of failure + If the absolute benefit is

substantial, enabling NDA
application

End-in-mind

« Ultimate goal for drug development: NDA or BLA

* Timeline and cost: critical not only for business, but also for
reinvestment

* NDA/BLA < Phase IIT &?““‘“‘9 wéth
* Phase IIT < Phase IT the 9"‘!"‘ wsind
* Phase IT € phase I

* Phase I < Non-clinical data enough? .‘ il
~




Clinical development plan in detail
Phase II/IIT strategy

* Design - single arm vs RCT ITI or ITI

* Population - defined medical unmet needs in detail

* Endpoint - ORR, PFS, OS

» Comparator: to find a setting to avoid active comparator

* Magnitude of benefit: at least 30% risk reduction, if breakthrough
designation pursued € 50% or more risk reduction

* Biomarker: companion diagnostics vs prognostic or complementary
diagnostics

Clinical development plan in deftail
Phase I strategy

* Population: all-comer vs defined population by biomarker or clinical
characteristics

« 1st dose and dose escalation scheme
+ Safe enough, and minimum anticipated biological effective level
« Conventional Fibonacci vs accelerated escalation

+ Decision on RP2D: MTD vs Biologically optimal dose
* Monitoring special interest of AEs
* Endpoint

* Primary: Safety, RP2D

+ Secondary: ORR, DoR, PFS, OS

* Biomarker and PD marker
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Osimertinib
First-time in human trial - population

+ Histological or cytological confirmation diagnosis of NSCLC

* Radiological documentation of disease progression while on a previous continuous
treatment with an EGFR TKI e.g. gefitinib or erlotinib (with the exception of 1st line
expansion cohort).

* Patients (with the exception of 1st line expansion cohort) must fulfil one of the
following:

« Confirmation that the fumour harbours an EGFR mutation known to be associated with EGFR
TKI sensitivity (including 6719X, exon 19 deletion, L858R, L861Q) OR

+ Must have experienced clinical benefit from EGFR TKI, according to the Jackman criteria
(Jackman et al 2010) followed by systemic objective progression (RECIST or WHO) while on
continuous treatment with EGFR TKI.

* Previous treatment with a single-agent EGFR TKI (e.g. gefitinib or erlotinib).

Decision to go, ho-go

LHE Qo oixf 7hX[ 2 QAL ez it 22 22 S 2 ME
Qo] 2H S AL 2 =92 2E3= B9

o
4
fo
re

o x| HF & =PN| SHYS
. SBM A - 38 SENE S0t E S EEL XY
T o =
ObM T AT = QEZ =2 HO
RCT IT 0| M primary endpoint & SFA|7|= B2 6o YMID AUV O SEL BSOS o,
RCT IT 0 Al primary endpoint & SSAI7|X| 2312 2Hx|2 0| 2S5 FME 42 no-goOfl CHSH
A 7hK O W LE2 1 secondary endpoint Off Al Of 7HX| = o o e HE O
Y751%| 28 22 No-go 282 49| a2t o f 2 7Y 2 H Q|
RCT II O M primary endpoint & SFA|7|X|= R35t1 | X A| 7E:‘J—|_|-7|- O|Q|- EH%% Z‘JQE 0:”§E|E 7|'7_:‘|
O|6t2 Lt2tO Lt secondary endpoint & O £ &0 AM2tE = ° o
A7 20] &0| 7L} subpopulation O L2t Al 10| UL T Ct2 4, B8 A AFLKEL K| 0| Rt go
cixtelol ReT I8 mefd + ct = 5 ~ Ol WOl & A oiCt B it
= 2 T MT Hool = T M I'.&IH 7HE
- QHMY At Zo| ot S 1t I 0|23t s Me
. o5 2% AYH 9380| B0 ElE 22 - Nogo 2'— o = = leex
F28 2380 A| 10| URISIE H2 - Nogo £ £4 = HF, MO g2t
o|2{3 7ts g2 Ui &g A2 E o FEC
QA AlE U EFZ M2 Z BIAHEO|A SHX| MDR-6522] QAFA|E Ofl A
BNE Yro| 2agol e S HETt Xt He| oM 2gl=
B2 -6o
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Compound SWOT - consideration

» From data in non-clinical and early clinical + General market size - growing
(efficacy and safety, quality of life ) + Reimbursement environment

» Formulation

+ Dose and administration -convenience

* Manufacturing

Weakness Threat

* Limited data + The number of competitors
+ Single arm study vs RCT * New class

+ 2" to0 the market + Economic crisis

+ Government policy on pricing

Valuation

* Patient journey and positioning
* Sales forecast: price, patient/market share
+ eNPV

« Earning
* License out - royalty, upfront, milestone
* Sales - price, patent expiry, territory
+ Spending
* Manufacturing
+ R&D
+ A&P
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Definition of eNPV

* Net Present Value (NPV) is the
difference between the present
value of cash inflows and the
present value of cash outflows
over a period of time. NPV is
used in capital budgeting to

* Formula for calculating NPV:

analyze the profitability of a Where
projected investment or project. « Ct= rée'r cash inflow during the
. period t

NPV
* A positive NPV = a profitable
* A negative NPV = a net loss

* Co = total initial investment costs
» r = discount rate, and
* T = number of fime periods

eNPV stands for Expected Net Present Value.

Elements of Risk Adjusted NPV Model

How to calculate? |
R | Ciats Other Cash — Net Cash
evenues 05 Outflows HOW
. Total Market CoGs Capital
« Either from Prescriptions + Expenditures
~ Table Written Research and &
X Development Change in
+ NPV CGICUIGTOI'.' ) Penetration of Expense Working Capital
(https://www.investopedia. Product A ;
com/calculator/netpresent = Selling Costs Cash Taxes
value.aspx) ks S0l +
% G&A / Other
. . Price Costs
Total patient humber and journey = :
Sales period - Revenue Arquisiton Costs
*  Market authorization
+ Patent expiry
+ Indication protection S F—— — : :
Indicaitons/labeling wording Istment at Each Stage L3 TNPV
Price
Reimbursement or market aceess 1| # TORREYA PARTNERS

Market share (competitor,
promotion, other environmental)

150




ZH Q= A Mars E5t 22 Aok 91 / Hanlim Moon

Research Costs / Clinical Development Costs

» |dentify remaining steps to IND (Toxicology, PK, etc.) ots

* Estimate cost of remaining steps * prObab"”Y Of success
« Evaluate anticipated time and numbers of patients per phase

* Examine patient enroliment issues, treatment length and cost, ease of

establishing endpoints, long-term safety, regulatory complexlty—
COGS

T, * Look at COGS estimates on comparable products

* Use expected dosing and treatment length to generate unit sal :
at that sales volume T TR TR Sl

« Important to be aware of fixed / variable elements of COGS : z inventories
* Review status and current data on scale-up issues H I, i = Delivery to

Sales and Marketing Costs
* Examine concentration of customer base: hospital or office based physicians, .
T g 3 Senior P2 5380,000 5760,000
* Use IMS sales force sizing / penetration studies. Managemenit :
» Evaluate potential market issues: requirements for physician training and Reg"ona'[ SR 5250 000 51 300,000
education, patient education, direction to consumer marketing, etc. Markgers ' it
Msis 8 $25000  $4,000,000 -
Sales Reps 120 %180,000 521,600,000 -
Support Staff 12 $20,000 $960,000
# | # TORREYA PARTNERS | : S T Sk

Competitor landscape - anti-HERZ2 therapy

HER2 antibodies and biosimilar
HER2 ADC

HER?2 bispecific

HER2 TKI

HER2 CAR-T

HER2 CAR-NK
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Territorial strategy

* Commercial * Preparedness in IND
+ US/EV * Global or International vs Korea
* Asia: China, Japan, Taiwan, SEA * Manufacturing and IP supply
* Korea * Other dossier
+ KOLs

e Site selection

Summary and conclusion

* Clinical development is the final path to reach NDA/BLA

« Clinical development plan is to be based on
e MoA and non-clinical data
e Current standard of care

* Entry indication is the key fo arrive in the market

* Every single clinical trial should contribute the final NDA package
without waste.

* Precise plan for phase IIT - II > I with end-in-mind will bring better
success.
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Aging (Ageing)

The Greatest Known Risk Factors for Most Human Diseases, especially Cancer & Dementia

Mormal Asthma s Y
COPD e el
i .

“DEMENTIA

© 2019 MD Healthcare Co. LTD All Rights Reserved

21 st Century MediCine: M Personalized Precision Medicine:

Predictive & preventive medicine
through individual genomic data

£
all : Advanced -

Genomic L

Changing Disease Patterns -
vng Information =

Aging society and rise of chronic
inflammatory illness shift the

healthcare paradigm from té\

sickcare to healthcare. w 4™ Industrial Revolution
Rapid development of genomics

technology has led to massive

volumes of information to answer

medically unmet needs.

© 2019 MD Healthcare Co. LTD All Rights Reserved
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Bioeconomy,
Global Innovative Bioecosystem
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Precision Medicine Solution:
o &
, e G - -
s Human Genome vs. Microbiome
MO
o e :' ..
-.'..} b Human Genome
o8 +* c'a '.-: A ~22 300 genes
.. P . |
40 M .:.:? o L]
® - . . : - A
”® < ':'_".'-: K ot Microbiome vs. 1% Human Genome: Microbiome*
g ..\_ .";.' ., Only 1% of the genes in our bodies are > 1,000,000 genes
. :" ,.'.." hd ". human genome, the other 99% are o B
3% O Sy JI: contributed by the microbes in our body 3
[ —
. Human Genome Project Human Microbiome Project
(1990 - 2003) (2008 — 2012)
. » Discovered that only 3% of our + Discovered that over 10,000
: > human genome codes for microbial species occupy the
—f proteins human ecosystem
] + Microbial protein-coding genes
| | Bhosncodugine e e nor dundan
:
[ o T the amount of a small worm than human genes
e
—
© 2019 MD Healthcare Co. LTD All Rights Reserved

Human Microbiome Market

The emerging human microbiome market due to rising aging population, increasing incidence of lifestyle diseases, gradual demand for efficient

and safe medication, & treatment of diseases having a limited success rate

President Obama Announces National Microbiome Initiative (2016) USD 942 Million in 2024 - USD 1,731 Million by 2027 (CAGR: 22.5%)

E WCROBIONE

Venture Investment in the Microbiome Space

Attractive Opportunities in Global Human Microbiome Market

22,5,

$750 ® The SOoal fuman microterme manet I8 Srojected to reacn US0 1,731
milien by 2027, at a CAGR of 22.5% duning the forecast period

usp . © Markat growth is B7Eely criven by the rHIng fcus 00 T use of Puman

g 500 842 3 microbicme a3 a validated target for drug developmert and earty disease
2 Mithon ! detection & Gagnosis
E
g * Ontne other Nand, & Iack of sxpertise and cetaled resssrch s restraining
¢ e Frowen of this m ket
$250
g
- l w4 2
S0 N —
2010 20 2012 201 2014 2015 2006 2017
Source: Market and Markets 2019
© 2019 MD Healthcare Co. LTD All Rights Reserved
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M) MD Healthcare Proprietary Platform Technology

- Mo’ Extracellular Vesicles (EVs)

‘ _ Nature’s Highly Evolved Messaging System

.‘/ g What are EVs?

s & Nanometer-sized lipid bi-layered vehicles (nanovesicles)

’ Lk containing genetic material, proteins, & metabolites
——— What is the function of EVs?
g oA Key Messenger of Cell-to-Cell Communication: EVs
i LY deliver cellular components to cells throughout the body
Qo..ov.s
e When do cells release EVs?
h Cells universally release EVs throughout their
e proliferation, such as exosomes & ectosomes,
e and death (apoptotic bodies)

Extracellular Vesicle (EV)

© 2019 MD Healthcare Co. LTD All Rights Reserved

Microbial EV Timeline

Our group (in POSTECH) discovers that Gram-positive bacteria release EVs

1966 1989 2014

&8 e iy

Establishment of
MD Healthcare Inc.

Founded microbiome-based

Bacterial EVs contain Gram-positive bacteria

Gram-negative bacteria
DNA & RNA release EVs

release EVs

Electron microscopy
enabled discovery that
E. coli secretes outer

membrane vesicles (OMVs)

Nucleic acid including DNA
and RNA reported in
“microbial blebs” released
by N. gonorrhoeae

Our research team discovers
that S. aureus releases EVs,
first gram-positive bacteria
determined to release EVs

Work E, etal. Ann N 'Y Acad Sci 1966

Dorward DW, et al. J Bacteriol 1989

Lee EY, et al. Proteomics 2009

© 2019 MD Healthcare Co. LTD All Rights Reserved

healthcare 4.0 company
specializing in microbial
EVs-based biotechnology

M)

_MD Healthcare

() MD B2 %0
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Importance of Microbial EVs in Precision Medicine

Pathogenic microbe-derived EVs are important etiological agents of chronic inflammatory & metabolic disorders

Extracellular vesicles derived from Staphylococcus aureus
induce atopic dermatitis-like skin inflammation

S.W. Hong', MR Kim', E-Y. Leo’, J. H. Kim', ¥.-8. Kim®, . G. Jaon', J-M. Yang®, B.-J. Les®,
B.¥. Pyun®, ¥. 5. Gho' & Y.-K. Kim

Extracellular vesicles, especially derived from Gram-negative bacteria, in 0 o e K
indoor dust induce neutrophilic pulmonary inflammation associated with e K [ A Il l_ll
both Th1 and Th17 cell responses — - e

¥o-5. Kim®, E~J. Chai™, We-H. Lee', S.-L Chef', T-¥. Rok', . Park®, V.- Jee®, Z Znu®, Y., Koh®, Y. 5. Oho' and YK, kim'

Gut microbe-derived extracellular
vesicles induce insulin resistance,
thereby impairing glucose
metabolism in skeletal muscle

Yeungwos Choit, Yenghaon Kwan', Das-Kyum Kin, finseang Jean?, Su Chul Jang?,
Taejun Wang®, Minjee Ban', Min-Hye Kim?, Seong Gyu Jeori’, Min-Sun ki, Cheol Soa
Chois, Yaung-Keo Jee’, Yong Seng Gho', Sung Ho Ryu' & Yaon-Keun Kim?

© 2019 MD Healthcare Co. LTD All Rights Reserved

The Emerging EV Global Market

Increasing prevalence of chronic diseases, increasing preference for noninvasive procedures, & rising emphasis on personalized medicine
- Change of EV market from research reagents to medicine products (diagnostics & therapeutics)

Rising Market Value: EVs can be used Notable EV Investments: Google & Roche
research reagents to medicine products invested in EV Technology Companies in 2018

Exosome market, by region, 2016 (%)

entures leads $45.4m

P investment in UK exosome biotech
L= S Evox
% sty Samoareragrytin & KB3 IMors oning rouet or Ut B
= e s ﬁ“‘-“";‘_"""" pecialises in drugs delivered by biochemical parcels known
LIS 1= Septerabar?, IEE
v Global EV (exosome*) diagnostic and therapeutic PureTech Signs ?Otential $1bn
exosome deal with
market is expected to reach $368 million by 2022 RS- s
based Y et i i
v Growing at a CAGAR of 37.8% (2016-2022) e pe i Z ped o the
July 70, 2018

*Exosome: EV with an endosomal origin

© 2019 MD Healthcare Co. LTD All Rights Reserved
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MD NanoBiome™

Microbiome Data-based Precision Medicine Platform

Microbiome (BT), EV (NT) & Bioinformatics (IT) Convergence Precision Medicine Platform

‘ E
N MD NanoDrone™
Innovative

‘ - NGS Sequencing Metagenome
Analysis therapeutics

& °
o '~..
o '..
Clinical Sample Microbe & EV DNA Extraction
Urine, stool,

Isclation

blood, saliva, DNA MD NanoNavi™
amniotic fluid, etc. 4PCR Quantification Non-invasive
H diagnostics

é
> 40,000 clinical
samples in database

© 2019 MD Healthcare Co. LTD All Rights Reserved

Paradigm Shift of /n Vitro Diagnostic Method

» Diagnostic method: invasive tissue biopsy = non-invasive liquid biopsy

» Biomarker of liquid biopsy: Circulating Cells > Circulating Extracellular Vesicles (EVs)

Diagnostic method: Recent focus on Biomarker: target EVs rather than
liquid biopsy for in vitro diagnostics circulating cells for analysis
TISSUE BIOPSY 0 LIQUID BIOPSY
[(, s B I/ *
7 :i‘ i |
g i i \, 14 Eukaryotic EV
or
* Invasive « Non-invasive Microbial EV?
« Risky * Reproducible
+  Painful *  See big picture [ Risk assessment
¢ Limited serial of disease ; N
: q . _| Early diagnosis
assessment *  Real-time EV DNAMP Diagnosis Companion diagnosis
monitoring  Monitoring

© 2019 MD Healthcare Co. LTD All Rights Reserved
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IVD Development Platform MD NanoNavi™

Innovation of MD NanoNavi™:

Non-invasive, Accurate, Simultaneous /n Vitro Diagnosis of Multiple Diseases

. . . The Diagnostic Platform (MD NanoNavi™
EV Diagnostic Potential E ( )
"""" po= == el
Clinical Samples EV Isolation Conduct NGS Al-based Diagnosis
(Stool, urine, blood, etc) DNA Extraction Algorithm

Human Genome
1%

Products (MD Navi™)

1. Urine & Blood NGS-based IVD

Non-invasive

Microbial EVs

S 1) Cancer
Strong biomarkers 2) Non-cancerous chronic disease 4 N
for cancer risk 3) CNSdisease X
assessment and
beyond 2. Stool qPCR-based IVD Accurate

1) Colorectal cancer (CRC)
2) Inflammatory bowel disease (IBD)

© 2019 MD Healthcare Co. LTD All Rights Reserved

Cancer Immunotherapy Market

Increase in adoption of cancer immunotherapy over other treatment options is driving the growth of this market
- USD 61.97 Billion in 2016 to USD 119.39 Billion by 2021 (CAGR: 14.0%)

Global Cancer Immunotherapy Market, by Region, 2016-2021 (USD million) Iistiriairee Chiachg @ink Iihik ibore: Markat Foraca
e taks ey ot |
CANCER IMMUNGCTHER BY REGION{USD 1 [P —
i
™
CAGR 14%

asm L

I :

I l B

L aLs It 01 2018 2018 2028 w0 e

eNohAmeres  mlumpe  w Ava Pac Res Lol the Wor
e TrTT T e e e _

Source : Markets & Markets 2016 Source : Decision Resources Group 2018
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Drug Development Platform MD NanoDrone™

Innovation of MD NanoDrone™:

1) Human Metagenomics Based, 2) Simple Drug Discovery, 3) Safe as Commensal Microbial EV, 4) Multimodal MOA

Target Lead Lead In vitro In vivo Clinical
Selection Discovery Optimization Studies Studies Trials
\
MDHC - Metagenomics « Culture & EV « UF « Cellular Disease + Animal Models of + Phase 1-3
Platform ° Biocinformatics Isolation -« uc Models Disease States * Marker-driven
« Invitro screening  + Density gradient * Mechanism of « AD(M)E imaging clinical trial
Action (MOA) « Toxicity
Conventional - Cellular & Genetic » Synthesis & + Library « Drug Affinity & + Animal Models of * Phase 1
Platform Targets Isolation Development Selectivity Disease States « Phase 2
» Genomics « Combinatorial « Structure Activity « Cellular Disease < ADME « Phase 3
+ Proteomics Chemistry Relations (SAR) Models « Toxicity
 Bioinformatics * Assay « Structure Property * Lead Candidate
Development Relation (SPR) Refinement

In vitro screening In Silico Screening * Mechanism of
Chemical Synthesis Action (MOA)
Off-target safety

Panel

© 2019 MD Healthcare Co. LTD All Rights Reserved

MD Healthcare
The First Penguin

Innovative, proprietary precision
medicine convergence platform

Established pipelines for chronic
disease therapeutics

Expertise to lead emerging
EV-microbiome market

M)

Collaboration Inquiry Contact:
Yeun-Keun Kim, CEO
ykkim@mdhc.kr | 010-6822-2215
www.mdhc.kr/eng

161



=24 LI5S Plot ot= H0|22
Hix{HIO} Ol X{2k
L-O L= ="

Orol|E Hae—Young Ahn Ahn Bio Consulting INC.

2

e (2018.01~present) Ahn Bio Consulting, INC, CEO

* (2006.07~2018.01) US Food and Drug Administration, Deputy Division Director
* (2006.07~2018.01) US Food and Drug Administration, Deputy Division Director
* (1992.03~1995.07) US Food and Drug Administration, Reviewer
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® Ahn Bio Consulting, INC, CEO
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New drug development is a high-risk, expensive and long-term endeavor: it could take 10 to 15 years and average cost to develop
a new drug may exceed more than $2.5 billion. However, if drug development succeeds, it will give high return.

The Korean Pharmaceutical and Biotech industry is at the tipping point for new drug development. Since Factive®, the first new
drug manufactured by LG Life Sciences, was approved by US FDA in 2003, several new drugs which were developed either solely
by Korean Pharma companies or with partnerships with global pharma companies, have been approved by the FDA. In addition,
the Korean companies have been very successful in developing biosimilars: the FDA has approved 24 biosimilars and 7 biosimilars
are developed and manufactured by Korean companies.

Successful drug development requires thorough early strategic planning and efficient interactions with regulatory agencies. Goals
of drug development are to provide safe and effective drugs to patients in need, and provide an appropriate information needed
for pharmacotherapy for drug, patients and dose. It is critical for successful drug development that drug development needs to
begin with the goal in mind throughout drug development process, and drug development as well as regulatory strategies should
be planned and executed accordingly. In addition, before drug companies invest significant amounts of time and resources in
developing a new drug product, it is important that they seek input from regulatory agencies to get guidance on CMC (Chemistry,
manufacturing and Controls), pre—clinical and clinical strategies.

In this presentation, the current status in novel drug developments and biosimilars, and the trends of new drug developments and
approvals will be discussed. The emphasis of the presentation will be on the keys for successful drug development and approval
especially in early strategy planning.
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Outline

1. Drugs/Biologics Development and FDA

2. Current Trends in Drug Development and Approval
* Orphandrug
* FDA’s expedited Program
e Biosimilars
* Cell and Gene Therapy Products

3. Keys for Successful Biologic Development
* Thorough Early Strategy Planning
e Efficient Interactions with Regulatory Agencies
* Strong Foundations

4. Summary
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Drug/Biologic Development
and FDA

AhnBio

Drug Discovery and Development

* Takes an average of 10 to 15 years

* Average cost to develop a new drug exceeds $2.5 Billion
* Another $312 million on post approval development

* A life-cycle cost of $2.9 billion

* Itis a high-risk, expensive and long-term endeavor

http://csdd.tufts.edu/news/complete_story/tufts_csdd_rd_cost_study_now_published
https://www.scientificamerican.com/article/cost-to-develop-new-pharmaceutical-drug-now-exceeds-2-5b/
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Typical Drug Development Process

Drug
Discovery

IND = Investigational New Drug
NDA = New Drug Application
BLA = Biologics License Application

Some of these Phases may be merged for certain products, such as
Phase 1/ 2 and Phase 2/3.

_

AhnBio

Lengthy Process to Reach Market

POST-APPROIAL
RESEARCH | WONTDRIG

1FDA-
APPROVED
MEDICINE

http://phrma.org/sites/default/files/pdf/biopharmaceutical-industry-profile.pdf
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Food and Drug Administration

Office of the Commissioner

CTP CVM CBER CDRH CFSAN
(tobacco) (veterinary) (biologics) (device) (food)

Center for Tobacco Products (CTP); Center for Veterinary Medicine (CVM);

Center for Biologics Evaluation and Research (CBER); Center for Devices and Radiological Health (CDRH);
Center for Food safety and Applied Nutrition (CFSAN); Center for Drug Evaluation and Research (CDER);
Office of Regulatory Affairs (ORA); Office of Chief Counsel (OCC), etc

AhnBio

Oncology ORA
CPER Center of OcCC
(erces) Excellence etc.

Centers/FDA responsible for Drugs/Biologics

CDER CBER

* Small molecule drugs * Biologics
o New Drugs
o Generic Drugs

o Allergen patch tests
o Allergenics

* Biologics & Biosimilars o Antitoxins, antivenoms & venoms
o Monoclonal antibodies (mAbs) o Vaccines
o Cytokines (IL, IFN, G-CSF) o Blood and blood products

o Fusion proteins

o Growth factors

o Soluble receptors

o Enzymes

o Hormones

o Plasminogen activators
o Plasma factors

o Gene, cell and tissue therapy
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FDA promotes Partnership with Stakeholders to Accelerate Drug
Development:

Communicate, Collaborate, Innovate

S FDA Filing/
" Prototype \ Clinical Development
> Basic > Design or Preclinical Approval &

Research Development Launch
Discovery 5 Phase 1 / Phase 2 /Phase 3 / preparation

-~ A

ES -~

Industry - FDA Pre-IND Meeting

Interactions

Sater paard)

Market

During —
Development Initial
IND End of Phase Application
Submissions, 2 Meeting Submission

Ongoing Pre-BLA or NDA
Submission Meeting

IND Review Phase Application
Review
Phase
AhnBio

New Drug Approvals in CDER

~ 30% of total approvals

1
70 A

[ |

60

40
30
B .
20 I I
o I

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

i
5]

B NMEs HBLAs

http://www.fda.gov/Drugs/DevelopmentApprovalProcess/Druginnovation/ucm483775.htm
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Cell and Gene Therapy Products
approved by FDA

* Asof 11/4/19, 17 cell and gene therapy products have been approved
by FDA

* Most of them are blood transfusion products

* 4 cell and gene therapy products:
e 2 cell-based gene therapies for cancers of the blood
* Kymriah
* Yescarta
e 2 directly-administered gene therapy
e Luxturna for an inherited disorder of the retina of the eye

* Zolgensma for pediatric patients with spinal muscular atrophy

https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products

https://www.fda.gov/news-events/fda-voices-perspectives-fda-leadership-and-experts/fdas-efforts-advance-development-gene-therapy

AhnBio

Current Trends in Drug
Development and Approval

ORPHAN DRUG

EXPEDITED PROGRAM

BIOSIMILARS

CELL AND GENE THERAPY PRODUCTS

A W
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Orphan Drug

A drug (drug or biological) used for the prevention, diagnosis or
treatment of a rare disease in the United States

Rare Disease

"...rare disease or condition means any disease or condition which
(a) affects less than 200,000 persons in the U.S...“?

10rphan Drug Act, Public Law 97-414, as amended 1984 13

AhnBio

Orphan Drugs

600

o 500 478
a0 400 354 333 337
291

30 300
20 - 200

o S g 82 94
10 ~ 100 49 48 39
Vo = H= A= B0 BN

2014 2015 2016 2017 2018 2014 2015 2016 2017 2018
mTotal ®Orphan ® Orphan Designations  ® Orphan Approvals
Number of New Drug Approvals Number of Orphan Designations and Drug Approvals
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Orphan Legislation - Key incentives

Market exclusivity 7 years

Clinical development costs Tax credits (up to 50% of clinical development costs
Orphan designation Free of charge

Support from Agency during the Free of charge OOPD (Office of Orphan Products
development process Development) assistance

User fees (PDUFA VI) Exempted

o $2,588,478 FY 19
o $2,942,965 FY 20

Rare Pediatric Disease Priority Upon approval, may qualify for a voucher

Review Voucher Program redeemable for a priority review for a subsequent
application

Public funds Grants and contract for development of orphan
drugs

AhnBio

FDA’s Expedited Programs

* Drug intended to treat a serious condition

* Nonclinical or clinical data needed to
demonstrate the potential to meet an unmet
medical need.

Rolling Submission

» Drug intended to treat a serious condition

* Must be preliminary clinical evidence to indicate the
drug may substantially improve a clinically significant
endpoint compared to available therapies

Intensive guidance on efficient drug development

Entering Drug
Development cycle

Priority Review

¢ Drug must treat a serious condition and generally * Drug must treat a serious condition and, if
provide a meaningful advantage over available approved, offer a significant improvement in
therapies safety or effectiveness

* Must demonstrate an effect on a surrogate endpoint » Designation assigned only at the time of the
that is likely to predict a clinical benefit or on a original NDA or efficacy filing
clinical endpoint * Shorter clock for review of marketing application

* Approval based on an effect on a surrogate endpoint

https://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm358301.pdf
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Use of Expedited Programs

80%

70%
60%
50%
40%
30% BT Designation
20% Accelerated Approval
10% Priority Review
Fast Tract
2014 (N=41) 2015 (N=45) 2016 (N=22) 2017 (N=46) 2018 (N=59)
M Fast Tract 41% 31% 36% 39% 41%
W Priority Review 61% 53% 68% 61% 73%
Accelerated Approval 20% 13% 27% 13% 7%
M BT Designation 22% 22% 32% 37% 24%

M Fast Tract M Priority Review Accelerated Approval B BT Designation

In 2018, CDER approved 59 novel drugs, either as new molecular entities
(NMEs) under New Drug Applications (NDAs), or as new therapeutic
biologics under Biologics License Applications (BLAs).

Appendix B:
Novel Drusg Designation Summary

in siphabetcal onfer

Only 11 of the 59 (19%

were not developed o= ]

under an “expedited” o |
[T

program =

1
i

12 had 1 element
11 had 2 elements
16 had 3 elements
8 had 4 element

https://www.fda.gov/media/120357/download
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* THE BIOLOGICS PRICE COMPETITION AND INNOVATION (BPCI) ACT
CREATED AN ABBREVIATED LICENSURE PATHWAY FOR BIOLOGICAL
PRODUCTS THAT ARE DEMONSTRATED TO BE BIOSIMILAR TO OR
INTERCHANGEABLE WITH AN FDA-APPROVED BIOLOGICAL PRODUCT

* IT IS BELIEVED THAT BIOSIMILARS NOT ONLY PRESENT OPPORTUNITIES
FOR SIGNIFICANT COST SAVINGS, THEY CAN DRAMATICALLY EXPAN
PATIENT ACCESS TO THERAPIES.

Mulcahy, A., Predome, Z., and Mattke, S. 2014. “The Cost Saving Potential of Biosimilar Drugs in the United States.”

RAND Corporation. https://www.rand.org/content/dam/rand/pubs/perspectives/PE100/PE127/RAND_PE127.pdf.

AhnBio

Biosimilars: Current Status

e Biosimilars are rapidly growing as one of the most important sectors in the
healthcare industry.

e With increasing healthcare costs, biosimilars are being looked upon as an affordable treatment
options.

* Biosimilars offer a cheaper alternative for other biological and synthetic drugs.

* Government support and initiatives play a crucial role
e FDA’s Biosimilar Action Plan (BAP) in 2018

¢ Balancing Innovation and Competition

* Emerging pharmaceutical markets and lenient government regulations provide
some of the major openings to markets

e High manufacturing cost and complexity, and the availability of low priced
generic drugs in the market are some of the major restrains of biosimilars
market are facing.
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Challenges in Developing Biosimilars
Complete Response Letter (CRL)

m i Flling o eRtissueddate

Pegfilgrastim Sandoz Neulasta 11/18/2015 June 2016
Pegfilgrastim Coherus Neulasta 8/9/2016 6/12/2017
Biosciences 5/3/2018

Rituximab Celltrion/Teva Rituxan 6/30/2017 4/5/2018
5/29/2018

Trastuzumab Pfizer Herceptin Q32017 4/23/2018

Trastuzumab Celltrion/Teva Herceptin 7/31/2018 4/23/2018
6/18/2018

Trastuzumab Amgen/Allergen Herceptin 7/31/2017 6/01/2018

Rituximab Sandoz Rituxan 9/12/2017 5/2/2018

Filgrastim Apotex Neupogen 2/13/2015 ?

Pegfilgrastim Apotex Neulasta 12/17/2014 ?

https://biosimilarsrr.com/us-biosimilar-filings/

AhnBio

Challenges in Developing Biosimilars

CGMPs (current Good Manufacturing Practices)

* ¢cGMPs do not apply just how a drug is manufactured: cGMPs
apply to the entire product design, development, testing,
manufacturing and commercialization process.

* cGMPs are intended to prevent manufacturing defects, failure
of performance or efficacy, contamination, mix-ups, deviations
and errors

* ¢cGMPs’ components:
o Organization and Personnel — a quality assurance unit
o Facilities and Equipment
o Production System — batch records

o Laboratory Control System — to ensure components, drug product
containers, closures, in-process material, drug products conform to
appropriate identity, strength, quality, and purity standards

o Records/Documentations — data integrity and compliance
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Biosimilars Approved by FDA

e Zarxio (filgrastim-sndz) was the first similar product
approved by the US FDA in 2015

* As of November 15, 2019, FDA has approved 25 biosimilars
o 7 biosimilars developed by Korean companies
» Celltrion: Inflectra, Truxima, Herzuma
» Samsung Bioepis: Renflexis, Ontruzant, Eticovo, Hadlima

* As of 11/15/2019, 74 biosimilar programs for 38 different
reference products has been enrolled

https://www.fda.gov/news-events/press-announcements/statement-sarah-yim-md-acting-director-office-therapeutic-biologics-

and-biosimilars-fdas-center-drug

AhnBio

Cell and Gene Therapies

Cell Therapy

* The transfer of cells into a patient to help lessen or cure a disease
* Some cell therapies are routine (e.g., blood transfusions)
* Gene-modified cell therapy
* Removed the cells from the body
* Then, a new gene can be introduced or a faulty gene can be corrected
* The modified cells are then put back into the body (e.g., CAR-T cell therapy)

Gene Therapy

* The introduction, removal or change in the content of a person’s
genetic code with the goal of treating or curing a disease

* The transferred genetic material changes how a single protein or group of
proteins is produced by the cell.

https://www.asgct.org/education/different-approaches 24
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Cell and Gene Therapy Regulatory Activities

IND Submissions with Cell Therapy Products IND Submissions with Gene Therapy Products
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* More than 800 active IND applications on file with FDA

Adapted from Lei Xu’s presentation at 5t KAC

AhnBio

Cellular and Gene Therapies
IND Applications

W Rare m Common

Adapted from Lei Xu’s presentation at 5t KAC
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KEYS FOR SUCCESSFUL DRUG
DEVELOPMENT AND APPROVAL

* Thorough early strategic planning
* Efficient interactions with
regulatory agencies

AhnBio

Innovation Is Critical for successful
Drug Development

Innovation

A

The Challenge: Reduce Time
and Cost Without

ctiicac, AR, .
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Thorough Early Regulatory Strategies

- Beginning with the Goals in Mind

* Goals of Drug Development
* Provide good quality, safe and effective drugs to patients in need
* Information needed for pharmacotherapy: Drug, Patients and Dose

— Drug development program and trials should be designed to
answer questions about right drug, right patients, right dose

* Regulatory approval

* Throughout drug development process
*  From pre-IND or IND phases
* through post-marketing programs

AhnBio

Efficient Interactions with FDA

Before sponsors invest significant amounts of time and money
developing a drug product, it is important that they seek input from
regulatory agencies.
* guide preclinical and clinical strategies
* Cultivate a target product profile early in the development process
* M probability of a successful development program
* J likelihood of encountering costly delays

* A critical aspect of expedited programs
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Build Strong Foundations

* Goals of drug development are to demonstrate Quality, safety and
effectiveness.

o Quality : Adequacy of manufacturing methods to assure the drug’s
identity, strength, quality, and purity

* Pharmaceutical quality is the foundation that allows patients to have
confidence in the safety and effectiveness of their medications.

* FDA ensures the quality of drug products by carefully monitoring drug
manufacturers’ compliance with its Current Good Manufacturing
Practice (cGMP) regulations.

* Code of Federal Regulations (CFR)
o  Title 21 interprets the Federal Food, Drug and Cosmetic Act

AhnBio

Summary

Orphan drugs have been approved in recent years than ever before (over 40% of total
approvals)

o Key incentives include 7 years of market exclusivity, tax exemption, user fee waiver and
government funding.

Most of new drugs/biologics are being developed and approved under one or more
expedited programs.

o FDA’s expedited programs include fast tract designation, breakthrough therapy designation,
accelerated approval and priority review

To date, FDA has approved 25 biosimilars of which 7 biosimilars are developed by Korean
companies

Researches on cell and gene therapy products are very active. There are more than 800
active INDs on file with FDA.

Early strategic regulatory planning and efficient interaction with regulatory agencies are
critical for successful drug development.

Drug quality is the foundation that allows patients to have confidence in the safety and
effectiveness of their medications.
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Any questions!?
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