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Background

The proposal to undertake a study tour to Singapore was initiated by Professor Sir Peter Gluckman,
the Prime Minister’s Chief Science Advisor. Sir Peter considered that the emergence of Academic
Health Centres in Singapore has matured and was worthy of detailed assessment. Further, the
significant investment in research and development through A-STAR provides one example of how a
government can invest in a long term strategy.

The visit was hosted jointly by the Biomedical Research Council and the New Zealand High
Commission.

The overall approach was to undertake detailed visits to A*STAR on Days 1 and 2 then spend the
balance of the week engaging with the health and education sector institutions.
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Notes of Meetings

1. Meeting with New Zealand High Commission
HE Mrs Bernadette Cavanagh and colleagues from NZTE

- Paula Skilling, Policy Advisor
- Tony Robinson, Trade Commissioner
- Nicole Sze, Trade Advisor

Provided a briefing on the rationale for the delegation, summarised the collateral available and
some of the expected outcomes from the visit.

NZHC staff provided contextual information about relationships between Singapore and New
Zealand in the Health and Education sectors.

2. Courtesy Call to A*STAR

Joint meeting between NZ High Commissioner, Delegation members and Associate Prof Tan Sze
Wee, Deputy Director of the Biomedical Research Council.

The High Commissioner rehearsed recent engagements between A*STAR and New Zealand
Government agencies including the Memorandum Of Agreement that has been entered into in the
food science areas (joint funding from International Relations fund and A*STAR).

3. Meeting with A*STAR

Associate Professor Tan Sze Wee, Dr Marvin Lee and delegation

Prof TAN explained the history of A*STAR and the overarching philosophy of the Singaporean
Government.

Mr S. Iswaran, Second Minister for Trade and Industry for Singapore noted the following in 2013:
“Under the Research, Innovation and Enterprise 2015 (RIE2015) master plan, the government has
committed to invest $16.1 billion between 2011 and 2015 to support R&D in Singapore. This public
expenditure on R&D (PUBERD), representing 1 per cent of Singapore’s GDP, is aimed at raising the
overall gross expenditure on R&D (GERD) by catalysing private sector R&D.”

The approach at a high level was to make a substantial multibillion dollar investment in facilities and
top talent with the express aim of attracting major multinational corporations to a number of key
precincts Biopolis (Biosciences) and Fusionopolis (Engineering and Technology).

Research themes have been evolving — initially a large investment in pharmacological discovery has
not proved sustainable with the initial companies such as Elli Lilly pulling out after 5 years.

The Biomedical Research Council has adopted the Academic Health Science systems approach. The
key areas identified for future research include pharmaceutical manufacturing, biologics,
epigenetics, MedTech, and Health IT.




Two big projects have been initiated:

1. GUSTO —longitudinal cohort
2. ATTRaCT —a project to identify and validate novel pathways and targets in cardiovascular
disease progression

Across the wider Research Science and Technology sectors the Government coordinates with other
key agencies in a strategic manner including the Economic Development Board (International
partnerships) and SPRING Singapore (a Ministry of Trade and Industry agency ).

In the next (5% wave) of Government funding, A*STAR will move to a strong emphasis on
translational research with an emphasis on food, nutrition and consumer care; along with MedTech.

As projects mature and gain traction further funding is available for partnerships with industry
including a master agreement, governance committee and funding. A recent example has been the
move by Proctor and Gamble to set up a major presence in Singapore.

For a copy of the A*STAR slides see Appendix B

4. Meeting with Exploit Technologies Ltd (ETPL)
Dr Muhammad Tani Bin Tabiin — Senior Vice-President, Biomedical Sciences Ltd

The commercialisation ecosystem has 3 major elements which work to support commercialisation
and engagement with the private sector.

- SPRING Singapore
- ETPL
- Economic Development Board (EDB)

SPRING Singapore has recently developed a Master IP agreement to ensure a consistent and even
handed approach to all potential partners. Consortia are generally developed on the basis of non-
exclusive world-wide licensing agreements.

The strategy has been for the government to build facilities to attract multinational corporations
then in time hands the facilities over to them on a commercial basis.

ETPL delivers a range of services to support the ecosystem including pipeline management, horizon
scanning, research workshops and provides oversight of major initiatives through steering groups.

Human capacity is also enhanced through the A*STAR scholarship scheme which includes a rotation
through ETPL.

ETPL has 3 main divisions:

1. IP Management Division
2. Commercial Division
3. Investment and spin-outs Division

A significant amount of funding is available for “gap” funding which essentially means providing
funding through a project life cycle to ensure commercialisation is successful — grants may vary from
a few thousand to several million dollars.




All scientific papers and conference presentations are screened by ETPL for commercial potential
and to allow time for IP protection to be put in place. Generally takes about 2 months maximum.

Follow-up: ETPL would consider hosting an intern from New Zealand by agreement.

For a copy of the ETPL slides, see Appendix C

5. Meeting with Clinical Nutrition Research centre (CNRC)
Professor Jeya Henry, Director and Dr Melvin Leow

The CNRC was established 5 years ago as a major investment in nutrition research. The 3 main areas
of focus are

1. Optimal growth
2. Reduction in chronic diseases
3. Foods that improve human health

Specific research into the “Asian Phenotype” has been a fertile area for research looking for example
at the emergence of pre-diabetes as a major issue.

The staff numbers are expanding with several recent key appointments and a total complement of
40 expected. The laboratory has state-of-the —art equipment including whole body calorimetry,
DEXA scanning and support wet laboratories.

New Zealand researchers are involved in 5 major projects in collaboration with CNRC as part of an
MOA between A*STAR and MBIE. These projects are going well and an expanded relationship may
be possible. Sir Peter Gluckman has been instrumental in setting up these arrangements.

Follow up: There are opportunities to link the Singapore work with the wider food science and
technology work in NZ both a Food HQ (Massey), the Lincoln Hub and the Riddet Centre.

For a copy of the CNRC slides see Appendix D

6. Meeting with Clinical Imaging Research Centre (CIRC)
Dr John Totman, Head of Imaging Operations

The CIRC was founded in 2008 and after a slow start Professor David Townsend was appointed
Director in 2012. There is a key vacancy for the role of Research Director.

The 2000 sq m centre has state-of-the-art equipment in terms of Magnetic Resonance Imaging
(MRI); Positive Emission Tomography (PET); PET/MRI; and PET/CT. They have installed a cyclotron to
generate their own short life radioisotopes for PET scanning.

Currently the Centre is supporting 50+ projects including animal and human work. Some of the
studies in human subjects are progressing only slowly because of some barriers to recruitment
amongst the older generation.

Special interest areas include head and neck cancer (high prevalence amongst Asian communities)
and monitoring the treatment of tuberculosis.




Follow up:

1. John is very willing to assist with the design of the proposed Christchurch Imaging suite and
has already met with Dr Ross Keenan from the Pacific Radiology Group.

2. John may be able to assist with discussions being held with GE Healthcare although their
principal relationship is with Siemens.

For a copy of the CIRC slides, see Appendix E

7. Meeting with Eastern Health Alliance
Mr T K Udairam, Group CEO and colleagues
Mr Udairam visited New Zealand as part of a Singaporean delegation earlier in 2014.

The EHA, one of 6 Regional Health Systems serves a population of some 1.4M. The Changi General
Hospital is the key tertiary facility. Overall the alliance is asset light and operates through a variety of
partnerships each with their own facilities.

They run the Health Management Unit which aims to support early discharge from hospital and uses
telephone follow-up to maintain contact.

The focus for the next few years is to strengthen primary care, focus on chronic diseases, and
provide support for vulnerable and at-risk patient groups.

Specific initiative include:

1. Screening all residents for pre-diabetes, hypertension and hyperlipidaemia

2. GP first — promoting the GP as the first place to go for health requirements — being assisted
by a subsidy for the GP and provision of rapid access to specialist advice (158/300+ GPs are
enrolled)

3. Neighbours for Active Living using trained volunteers to assist with home cares and hospice
care

4. Targeting “frequent fliers” those with multiple hospital admissions.

The EHA has also been identified as a test bed for health technologies in partnership with A*STAR.
Have developed an Innovation centre where they are working with CIMIT in Boston to prototype
technologies including a stand-alone measuring station that can assess BP, height, weight, 5a02.
They are also experimenting with in-home sensors to detect falls. Health IT initiatives are also being
developed including work on a patient portal.

Follow-up: Ongoing contacts about smart technologies and Health IT.

8. Meeting with Yong Loo Lin School of Medicine, National University of
Singapore

Associate Professor Yeoh Khay Guan, Dean; Professor Lee Chuen Neng, Head of Surgery, Professor
Mark Richards, Director Cardiovascular Research Institute, and colleagues




This is the main Medical School for Singapore and has very strong research programmes in
cardiovascular, surgery, cancer, infectious diseases and neurosciences. A recent initiative being led
by Professor Lee is a MERCI , a centre to focus on medical technologies and bioengineering. In
partnership with A-STAR and the National Medical Research Council (NMRC) the emphasis will be on
translational research.

The school has partnerships with the Havard Beth-Israel system in Boston and Cambridge UK with
regular collaborative research symposia.

The School is poised to take advantage of the new Strategic Positioning Fund which will allow more
strategic iterative research programmes to be established in existing areas of strength.

Follow-up: The existing model whereby Professor Richards acts as the Director of the Cardiovascular
Research Institute of the National University Heart Centre Singapore whilst continuing as the
Director of the Christchurch Heart Institute at the University of Otago, Christchurch has worked well
and could be expanded or emulated.

9. Meeting with Lee Kong Chian School of Medicine, National Technical
University

Professor James Best, Dean, Associate Professor Josip Car

This is a very new initiative been Nanyang Technological University (NTU) and Imperial College
London. Professor Best has recently commenced as the founding Dean. Josip Car has been the key
link with Imperial. The curriculum will be focussed on modern science and technology with team
based learning, simulation and e-learning featuring strongly. Curriculum development is being led by
Imperial.

They will be deploying the adaptive e-learning platform Smart Sparrow
https://www.smartsparrow.com/ which allows collaboration amongst teachers and students.

Research will initially focus on specific themes which are reflected in the nearby institutes which
include national centres for Infectious Diseases, Skin, Neurosciences and Mental Health. A new
initiative led by Josip Car will be a Health Services Research Institute. Other plan include a centre for
Regenerative Medicine and a Phenome Centre focussing on metabolic issues.

The links with NTU will allow a strong emphasis on MedTech in association with A-STAR.

Follow-up: Most likely in the e-learning area. lan to discuss with Professor Tim Wilkinson at
University of Otago who is the lead for the Faculty of Medicine undergraduate curriculum. Health
Services Research is also an area where New Zealand colleagues could collaborate.

10.Meeting with SPRING Singapore

Executive Director, Edwin Chow and colleagues

SPRING Singapore is a key player in the innovation ecosystem providing a wide range of services and
funding for commercialisation. Their work covers the micro and SME territory and they are part of
the Ministry of Trade and Industry. The strategy is “Start, Scale, Soar” and there is major emphasis is




on what they term Gap funding to ensure the company’s progress to commercialisation is smooth
and un-interrupted. They have platforms to support this through:

(i) Innovation Strategy: Innovation which aims to enhance translation and develop effective
IP Management (such as development of a Master IP agreement for cluster members);
and

(ii) Enterprise Strategy: Enterprise aims to develop technology through funding and

proactively encourage entrepreneurship.

Centres of Innovation offer technical consultancy and facilities to develop technical projects and
solutions.

Metrics included the establishment of 7 Centres of Innovation, funding of over 1600 projects and
supporting over 3000 SMEs. Future focus will be in MedTech (A-*STAR) and GreenTech.

Follow up: Potential for an intern placement from New Zealand.

11.Meeting with SingHealth

Dr lvy Ng, Chief Executive; Prof KH Tan, Academic Medicine lead; Quay Keng Wah, Director
Strategy

SingHealth is the largest of the academic clusters and manages the relationship with Duke. The
focus is on integrated care.

The journey from a clinical centre to an academic centre was reviewed with a frank discussion of the
challenges and change management process. The relationship with Duke and development of the
graduate entry medical programme has been the cornerstone of research aligned with SGH aligning
the teaching and research alongside the Duke leading themes.

Two Academic Institutes have been established. AMEI for education and AMRI for research. These
provide underpinning support for their respective areas.

The new building “Academia” consists of 2 towers carefully planned to link researchers with clinical
scientists. The lower floors comprise a lecture suite, extensive simulation facilities including
endoscopy simulators along with ward based environment for training nurses.

HR interventions have included developing shared values and mission statement and progressively
implementing IEAs defining teaching/clinical/research load:

(i) Clinician teacher (90:10) — support teaching, no research
(i) Clinician Educator (50:50) — lead reaching and curriculum
(iii) Clinician scientist (up to 75:25) — principal investigators and research leaders

Performance reviews now conducted jointly with Duke NUS and all HODs selected by a joint panel to
ensure support for teaching and research.

SingHealth is very clearly 100% committed to their role an Academic Medical Centre
Follow-up: Likely to be mainly through the Duke:NUS connections

For slides see Appendix F




12.Meeting with Ministry of Health
Associate Professor Low Cheng Ooi, Chief Medical Informatics Officer

Discussed global trends in Health IT and recent initiatives being undertaken in Singapore. There is
good progress towards an electronic medical record for all citizens. GPs have been somewhat
resistant to this initiative as they tend to used paper based systems. They are keen to use mHealth
approaches to support public health initiatives.

The MOH has developed a 2020 Health IT Master Plan which will include establishing a health portal
for all citizens.

Follow up: Nil specific

13.Meeting with the National Medical Research Council
Professor, Tan Say Beng, Executive Director

The NMRC provides a wide range of funds for health research. The overall RS &T budget for the 2015
5 year cycle will be in the region of $16.1B with about $4.5B for biomedical research. The NMRC has
a primary focus on clinical research and funds both projects and programmes. Although the NMTC
requires reports the accountability for research outcomes is through the Institute/Medical School.

The 3 main funding streams are

1. Talent development and human capital ($353M in 2014)
2. Research grants and programmes ($810M)
3. Enablers and infrastructure ($40M)

Co-funding from the Ministry of Health and A*STAR is often coordinated.

Other initiatives include a National Health Innovation Centre and funding for early phase Clinical
Trials,

Follow up: Explore the option of International Partnership Funding

For a copy of slides see Appendix G

14.Meeting with Professor Philip Choo
Deputy Group CEO of Regional health, National Healthcare Group, Tan Tock Seng Hospital
Professor Choo was a participant in the Singapore visits to New Zealand earlier this year.

He summarised the mandate of NHG with an emphasis on the community engagement and
initiatives. The relationship with the Lee Kong Chian School of Medicine is evolving and research will
initially focus on the existing research centres (see above meeting with J Best).

He anticipates that they will have 15-30 clinician scientists and that all staff will be invoived in a
small amount of teaching.

Follow-up — Nil specific




15.Duke:NUS Medical School

Professor Pat Casey, Vice-Dean Research (And founding Acting Dean)

Prof Casey was the “the pioneer” for the partnership and moved to Singapore in 2005 to lead the
Duke initiative. There are now 55 FTE faculty of whom a small number came from Duke. There are
120 joint appointments and some 1120 fractional appointment.

The first intake of medical students was in 2007 with a class size of 65 students. 20% of students
have an undergraduate degree in engineering. The aim is to have 30% international students.
Premedical courses are now being delivered at NUS and NTU.

The Medical curriculum has been devised specifically for this initiative. All content is delivered on a
CD-ROM at the beginning of the academic year and classes focus on problem based learning with
small group teams.

A PhD and intercalated MBBS-PhD programme has also started with everyone doing a foundation
biomedical semester before selecting their research project. All students will spend one year on
research.

All students both medical and research will get the opportunity to spend some time on the Duke,
North Carolina campus in the US.

A new initiative is the Centre for Technology development headed by Dr David Epstein which is
scanning for technology to commercialise and will be working in collaboration with A-STAR. Success
factors have been excellent leadership and careful selection of Heads of Department, who are
appointed by a joint SingHealth:Duke Committee.

Follow-up:

1. Investigate possible elearning collaborations.

2. Discuss a placement of 1-2 New Zealand students into Duke:NUS programme (leveraging off
the good standing of NZ engineering graduates).

3. Contact Dr Epstein to discuss MedTech collaborations.

For a copy of the slides see Appendix H

16.Debrief with High Commissioner and Staff
This final session was a useful opportunity to review the week’s activities and summarise our
impressions, findings and recommendations. The latter with a focus on opportunities for
those involved in the Health precinct and New Zealand institutions more generally to
collaborate with colleagues across the Singapore health and research systems.

The visits and meetings provided a comprehensive overview of the health and biomedical
research environment in Singapore.

10




Conclusions and Recommendations

1.

The strengthening role of Academic Medical Centres
Over the last 5 years there has been a real focus on developing strategic relationships
between the Health and Research systems. This is best exemplified by the two lead clusters
SingHealth and the National Health group. Teaching is increasingly seen as something that
all doctors contribute to and the emerging role of clinician-scientist will further lift capacity.
The framework has the potential to yield increasing benefits to patients through
translational research.
The Role of A*STAR
A*STAR and its various institutes, research centres and clusters represents a well-
coordinated strategy to lift the performance and outcomes from of biomedical research
across the Singapore research sector. There is evidence of an increasingly integrated
strategy that includes IP management and commercialisation services, which are well
organised and funded, with few apparent gaps. It is hoped that this ecosystem will mature
and progressively lead to a commercial return on the investment.
New Zealand is Highly Regarded
New Zealand has a relatively high profile amongst clinicians and researchers in the various
hospital/university/A*STAR institutions. There is a recognition that New Zealand Medical
Schools and Hospitals are of a high standard but we would not be 1%t choice partners purely
on merit/global rankings.
Building Stronger Links Between Singapore and New Zealand
Further relationships will most likely have to be built through individual researcher-to
researcher-connections supported by New Zealand Government institutions and agencies.
Current initiatives such as the A*STAR:MBIE Memorandum Of Agreement around food
science and nutrition are an excellent model and have potential for broader application.
Specific Areas to Consider:
(a) Current linkages between the Christchurch Heart institute (CHI) and the
Cardiovascular Research Institute of the National University Heart Centre
Singapore could be expanded to include participation by cardiovascular
investigators in Auckland, Wellington and Dunedin who are already linked in
collaborative basic and clinical research projects led by the CHI. Professor
Richards has played a leading role in the establishment of the ATTRaCT project
which links clinical and basic science researchers across Singapore. This provides
a potential conduit for many collaborations including data pooling, development
of common protocols between New Zealand and Singapore, technology transfer
and other useful research interchanges.
(b) Large animal imaging. Colour CT and MRI/PET modalities for cardiac imaging.
There are opportunities to undertake new work on models of heart failure and
ischaemic heart disease in sheep/pigs.
(c) Medical devices and technologies (based on matching/linking health and
engineering research in the two countries).
(d) Medical Imaging including the emerging project with the University of
Canterbury Spectral CT scanning in conjunction with GE Healthcare.
(e) Infectious Diseases based on the New Zealand expertise in rapid diagnostic
techniques (in conjunction with Duke University).
(f) Health IT, ehealth/mhealth opportunities. The Singaporean health sector is
moving to provide a national health identity number which would create
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opportunities for New Zealand and Singaporean authorities to conduct outcome
based population health research.
(g) Health Services research is in it’s infancy in Singapore and could prove a useful
collaboration with New Zealand.
6. Other Opportunities
Placement of one or more New Zealand engineering graduates in the Duke:NUS graduate
medical programme. A scholarship could be developed for Auckland or Canterbury
engineering students to enter the graduate programme as an international student with a
view to them returning to New Zealand to take up leadership roles in the public sector.
7. Government Strategies

a. New Zealand Government initiatives and additional funding could make a dramatic
difference to the impression of New Zealand in Singapore and lead to enhanced co-
investment by A*STAR and other institution in collaborative research projects.

b. Briefings of Key New Zealand Ministers (Ministers Joyce/Brownlee/Coleman) is
critical to the success of the health precinct project and the related international
opportunities.

c. NMRC Singapore is open to international cooperation and co-funding.

d. The Health Precinet can be used as case study for New Zealand Inc initiatives

e. Links with CoREs and National Science Challenges should be articulated

8. Other Considerations

a. Further visits by senior Medical School/Health leaders in one or more specific areas
of potential collaboration.

b. Invitations to key leaders from Singapore to visit New Zealand in 2015.
Consideration of using the 50t Anniversary Celebrations of Singapore to announce a
significant initiative in the medical research area.

lan Town and Ingrid van Elst

December 2014
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Selected Photographs

Visiting Group (I Town, | van Elst P Skilling)
with Professor Tan, SingHealth

Academia Simulation Suite

Colonoscopy Training Station
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Academia Clinical Simulation Suite

Endoscopy Stations

Academia Clinical Simulation Suite

Ward environment with mannikin
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Clinical Imaging Research Centre

Cyclotron and PET-MRI Scanner
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Appendix A: Singapore Delegation Programme



New Zealand High Commission

1 George Street
Level 21-04
Eﬂ'{ﬁﬁhﬁn Singapore 049145
. Tel: +65 6235 9966
Professor lan Town
9-14 November 2014
Accompanied by:

Ms Ingrid VAN ELST, Principal Adviser, Science and Innovation Policy
Ministry of Business, Innovation & Employment, New Zealand

12-14 November also accompanied by:
Paula Skilling, Policy Adviser, NZHC Singapore
Ms Nicole Sze, Business Development Manager (ICT and Health), NZTE Singapore

Sunday 2 November

Arrive in Singapore on Singapore Airlines flight SQ 298 at 5:40PM
Own arrangements for taxi to hotel

Accommodation:

Hotel Jen Singapore, 1A Cuscaden road, Singapore 249716
Telephone: +65 65 67382222 (Reservations)

Facsimile: +65 65 68314314

Monday 10 November Own arrangements with A* STAR from noon

8:30-9:00am Own arrangements to transit by taxi to NZHC: pre-book from hotel (20-30 minutes)
9:00-9:45am NZ Inc Venue
Bernadette Cavanagh
NZ High Commissioner VIP Room
New Zealand High Commission
Paula Skilling One George Street #21-04
Policy Adviser, NZHC Singapore 049145
Tony Robinson Tel: NZHC +65 6235 9966
NZTE Trade Commissioner
Nicole Sze
NZTE Health & ICT
9:45-10:30am Work in NZHC offices NZHC
10:30-11:00am NZHC vehicle for transit
11:00-11:30am A/Prof Tan Sze Wee Venue
Deputy Executive Director




Biomedical Research Council (BMRC)
A*STAR

Dr Marvin Lee
BMRC
A*STAR

Bernadette Cavanagh
NZ High Commissioner

Paula Skilling
Policy Adviser, NZHC

Nicole Sze
NZTE Health & ICT

Meeting Room 2, L21
Connexis North Tower
Fusionopolis Way, Singapore 138632

Contact:

Dr Marvin Lee
DID: 6826 6132
Mob: 9146 1547

11:00-11:30am

NZHC vehicle returns High Commissioner, NZHC and NZTE staff

NZ visitors remain at BMRC

11:30am-12:30pm

A/Prof Tan Sze Wee

Deputy Executive Director
Biomedical Research Council (BMRC)
A*STAR

Dr Marvin Lee
BMRC
A*STAR

Venue

Meeting Room 2, L21
Connexis North Tower
Fusionopolis Way, Singapore 138632

Contact:

Dr Marvin Lee
DID: 6826 6132
Mob: 9146 1547

12:30-1:30pm Own arrangements for lunch and transit
2:00-3:30pm Dr Muhammad Tani Bin Tabiin Venue
Senior Vice President
Biomedical Sciences Division Einstein Room, Level 9
Exploit Technologies Pte Ltd Matrix Building
Biopolis
Contact:
Dr Marvin Lee
DID: 6826 6132
Mob: 9146 1547
3:30-6:10pm Own arrangements to transit by taxi
6:10-6:30pm Own arrangements to walk or taxi 1km from Hotel Jen to Forum

6:30pm onwards

A*STAR: Dinner Meeting

A/Prof Tan Sze Wee

Venue

Jade Palace Seafood Restaurant




DED BMRC

Mr T K Udairam
Group CEO, Eastern Health Alliance

Prof Lee Chuen Neng

Chairman, University Surgical Cluster,
National University Health System,
Singapore Head, Department of Surgery,
School of Medicine, National University of
Singapore

583 Orchard Road, B1-13
Forum the Shopping Mall
Singapore 238884

Contact:

Dr Marvin Lee
DID: 6826 6132
Mob: 9146 1547

Own arrangements to walk or transit by taxi to hotel

Tuesday 11 November:

Own arrangements with A* STAR

8:45am

Own arrangements to transit by taxi: pre-book from hotel (30 minutes)

09.30am-11.00am

A*STAR: Meeting with Clinical Nutrition
Research Centre (CNRC)

Prof Jeyakumar Henry (D CNRC)

Dr Melvin Leow (Growth, Development and
Metabolism Programme Clinical Investigator)

Venue

CNRC

Centre for Translational Medicine
14 Medical Drive #07-02

MD 6 Building, Yong Loo Lin School
of Medicine

Singapore 117599

POC: Ms Aminah Abu Bakar
Tel: 6407 0778 or 90667451,

Aminah will meet guests in the lobby
of MDE.

11:00am-2:00pm

Own arrangements

2.00pm—4.00pm

A*STAR: Meeting with Clinical Imaging
Research Centre (CIRC)

Dr John Totman (Head of Imaging Operations,
CIRC)

Venue

CIRC

Centre for Translational Medicine
14 Medical Drive, #B1-01,
Singapore 117599

POC: DrJohn Totman
Tel: 6516 5057

4:00pm Own arrangements to transit by taxi to hotel
Wednesday 12 November
8:10am NZHC vehicle departs One George St (Paula) to collect delegation at Hotel Jen, then

proceeds to Tampines




9.00-10:00am

Mr T K Udairam
Group CEO
Eastern Health Alliance

Venue

Boardroom

Eastern Health Alliance Office
No: 5, Tampines Central 1

# 08 -01/5

Tampines Plaza

Singapore 529541

Contact:

Teoh Lee Hua

Exec. Secretary

DID: 6850 2889
Lee.Hua.Teoh@easternhealth.sg
http://www.easternhealth.sg

10:00-10:45am

NZHC vehicle for transit

11:00-12:00pm

Associate Professor YEOH Khay Guan

Venue

{(May finish Dean and Deputy CE
11:45am) Yong Loo Lin School of Medicine National University of Singapore
National University of Singapore Meeting Room T11-04, level 11
NUHS Tower Block
Prof LEE Chuen Neng 1E Kent Ridge Road
Chair, Medical Engineering Research and
Commercialisation Initiative (MERCI) Contact:
National University of Singapore Tracy Tham
PA to A/Prof Yeoh Khay Guan
DID: 6772 3732
tracytham@nus.edu.sg
hitp://www.med.nus.edu.sg/corporate
NUHS to advise on parking — front porch.
Meet Nicole Sze in foyer before
proceeding to meeting.
12:00-12:45 NZHC vehicle for transit (Paula, Nicole, lan, Ingrid for the remainder of the day)
1:00-2:00pm Professor James Best Venue

Dean, Lee Kong Chian School of Medicine
Nanyang Technological University

A/Prof Josip Car

Director of Health Services and Outcomes
Research Programme

Nanyang Technological University

Lee Kong Chian School of Medicine
Nanyang Technological University
Novena Campus

Dean’s meeting room, Level 3

11 Mandalay Road

Singapore 308232

Contact:

Ms LEOW Hui Ling

PA to Dean

Tel: 6592-3221 or 6592 2653




Email: Ihi@ntu.edu.sg
www.lkcmedicine.ntu.edu.sg

2:00-2:30pm NZHC vehicle for transit
3:00-4:00pm Edwin Chow Venue
Executive Director
Innovations & Start-Ups Group SPRING Singapore
Spring Singapore Boardroom, Level 20
#20-01 Connexis South
edwin_chow®spring.gov.sg 1 Fusionopolis Way
DID for ED: 6279 1831
Contact:
Ms Sock Leng TAN
PA to Edwin Chow
Email:
tan_sock leng@spring.gov.sg
DID: 6279 3601
(Exchange photo ID for a visitor pass
at Connexis South Tower Security.
See attached map.)
4:00pm NZHC vehicle for transit to hotel and NZHC
Thursday 13 November
8:15am NZTE (Andy) departs One George St (Paula) to collect delegation at Hotel Jen, 1A

Cuscaden Road, then proceeds to Singapore Health Services.

9:00-10:00am

Prof lvy Ng
Group CEO
SingHealth

Prof Tan Kok Hian
Group Director, Academic Medicine

Ms Quay Keng Wah
Director, Office of Strategy Management

Ms Kathryn Ng
Director, Marketing Communications

Venue

Singapore Health Services
31 Third Hospital Avenue
#03-03 Bowyer Block C
Singapore 168753

See attached map.

Take the lift located between the Eye
Centre (SNEC) and the Mistri Wing to
Level 3, and inform reception.

Contact:

Colleen Lo

Executive Secretary to GCEO
Singapore Health Services

DID: (65) 6557-4907
colleen.lo.s.y@singhealth.com.sg




10:00am-10:30am | NZTE (Andy) vehicle returns Paula to NZHC. NZ health delegation may accompany to
work from NZHC, or arrange private appointments and transport
12:30pm NZTE (Andy) vehicle departs One George St for Harbourfront
1:00-2:00pm Ministry of Health Venue
Prof. Low Cheng Ooi MOH Holdings
Chief Information Officer Meeting room M11-08, 11th floor
1 Maritime Square, #11-25
HarbourFront Centre {via lobby C)
Singapore 099253.
Contact:
Chua Yong Khian
Manager (International Co-
operation)
Public Health Group
Ministry of Health
(65) 6325 1633
CHUA_Yong_Khian@moh.gov.sg
2:00-2:30pm Individual arrangements: Quick lunch at Harbourfront
2:30-3:00pm NZTE vehicle for Paula and NZ delegation leave Harbourfront for NMRC
2:30-3:00pm NZHC vehicle for High Commissioner and Nicole departs One George St for Helios.
3:00-3:45pm Prof Tan Say Beng Venue
Executive Director
National Medical Research Council (NMRC) National Medical Research Council
Conference Room,
HE Bernadette Cavanagh 11 Biopolis Way #09-10/11
New Zealand High Commissioner Helios Building
Singapore 138667
Contact:
PA Ms Shanthi BALA
(65) 6325 8135
Shanthi BALA@moh.gov.sg
All meet at ground floor of Helios
before proceeding
3:45-4:15pm NZHC vehicle transits High Commissioner
3:45-4:15pm NZTE vehicle (Andy) returns from Helios with health delegation
Friday 14 November
9:20am NZHC vehicle (Paula) departs One George St to collect delegation at Hotel Jen, then
proceeds to appointment




10:00am-10:45am

Prof Philip CHOO
Deputy Group CEO, Regional Health
National Healthcare Group

Venue

Tan Tock Seng Hospital

Annex 1, Level 2, Executive Office
No. 11 Jalan Tan Tock Seng
Singapore 308433

Contact:

Joan Khoo

Secretary to Prof Choo
DID : 63578101
joan_khoo@ttsh.com.sg

Meet Nicole at entrance before
proceeding

10:45-11:00am

NZHC vehicle for transit

11:00am-12:00
noon

Prof Patrick J. CASEY
Senior Vice Dean for Research
Duke-NUS Graduate Medical School

Venue

Duke-NUS Graduate Medical School
10A meeting room, Level 10

8 College Road

Singapore 169857

Contact:

Dolliss Ang, PA

Tel: 65167251

Email:
dolliss.ang@duke-nus.edu.sg

call Dolliss on arrival at the building and
she will come down to collect.

12:00-12:30 NZHC vehicle for transit to visitors’ hotel (if desired) and to NZHC
12:30-3:00pm Own arrangements for transit to NZHC, if required
3:00-4:00pm NZ Inc debrief Venue
New Zealand High Commission
One George Street #21-04
Singapore 049145
Tel: NZHC +65 6235 9966
4:00pm Own arrangements to return to hotel/airport
7:45pm Depart Singapore for Christchurch

Singapore Airlines Flight SQ 257




Appendix B: Singapore: Creating the Biopolis of Asia (A*STAR Presentation)



Singapore :
Creating the Biopolis of
Asia
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Singapore’s Competitive Advantage

- A Regional Hub:
For half the world’s population
(3.4 billion people)

For markets worth US$21.2 trillion
{5526.8 trlllion)

A Well Connected Global City
English Speaking
Cosmopolitan Environment

Viost Liveable City in Asia

( ek
CRERTING AN HINOYATION ECONORY i , Technology
ond Resasrch

CAA 1 Qctober 2014 Sources: Warkd Bank, }, 2012 Oties of

An Overview of Singapore

AfiA | Physical Land Area: 716 sq km

Population: 5.4 million
3.8 million {71.2%)
Singapore Resldents

Literacy Rate: 96.5% {Aged 15 & above)
[ g b 74.9% of those aged 25-34 years
/ have tertiary qualifications

'Y 2013 GDP 55372.8bn (US$297.9bn)
T » Real Growth : 3.9%
L o Per Capita GDP:  $$69,050
Rl {US$55,183)

l&apendent since 9 August 1965

M‘gﬂ-\dm
wnd Rasanrch

CREATING AN NOYATION TCONOHY

CAA 1 Octobar 2014 1 2014,

Overview of Singapore’s

Economy and R&D
Framework

CREATING AN IHNOVATION ECOHONT mﬁ“"&’
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Singapore, A Vibrant Business Hub
»-7,000

Multinational Corporations
60% with global or regional
headquarters.

¥ 37,400

International Companies
Including 3,200 from China,
4,400 from India, and 7,900
from ASEAN.

B 170,000

Small & Medium
Enterprises

1,000 identified with the goal
of growing revenues to 55100
million.

Sauree: Gizbal
Competltiveness Report
(201374}, World Economlc
Forum

Source: Accounting & Corparnte Regulotary
ity (20 2010}, i
Economic Strategies Commitiee

Source: Ease af Dolng Buslness 5 .
Index (2013), World Bank Evalisition

Mansy (2054], BOR

ATING AN IHNGY N ECONOH A

CAA § Oclober 2014

R&D Landscape in Singapore

{7 - . Mgy b
CREATING AN INNOVATION ECONOHY Sdemcn, Techrology
2nd Rommrch

Singapore’s Economy Today

2013 GDP: §$372.8 bil gy Value Added
{us$297.9 bl i ;

S " Ianance& "

Insurance

- 30%
— Electronles
At
&' 7 -ty

"W
Blomedlcal Sclences

|
E & 17
Transport Englneering

13%
Business Preclsion Engineering
Seyvices™ 12%
el General
B 1 L %
A 4 Chemlcals

2013 GDP growth: 3.9%

2014 Forecast GDP growth: 2.5% to 3.5%

Source: MTY's Economic Survey of Singapore 2013,
Singapore Deperiment of Statistlcs

CAA 1 August 2014

FUNDING AGENCIES &
MNHSTRIES

RESEARCH
PERFORMERS

. - . Aguny o
CREATIHG AN 1NN OVATION ECOHOMYT S Techroiogy
ond Rasearch

Singapore’s R&D Framework

Lee Hsien Loong
Chalrman, RIEC
Prime Minister Singapore

Research, Innovatlon

& Enterprise Councll

Ministry of MTI

Trade & Industry =

EDB

singap@e

)
Ministry of Ministry of
Education Health

1;{ ATIONAL .
ESEARCH . Dt
FOUNDATION e

SPRING

singapore

o B A°STAR
olytechnics Hospitals Research Corporate Labs
Universitics Institutes

. ia L) - Hb
GAEATING AN INNOVATLONECONORY ~ et
bl pod Rasemrch
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RIE 2015

Research P Innovation P Enterprise

Stjames
Tehnolgy
Plan) 'a“ﬁ .

5-year S&T Plans

ol
’ Invest In * Attract and
basic sclence for develop

-

@ Emphasls on

In public-private research with
\ partnership ) economic outcome

\ future innovation y scientific talent compatitive funding 3 )
—

> Fastsrw ; ( )
v synergies a Focus on k; Support for

technology

L commerclallsatlonJ

CAA 1 Qcober 2014
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Singapore’s R&D Expenditure

48,000 3.50%
5 Gross Expenditure on R&D S =
£ 47,000 —GERD/GDF 3,00% %’
8 $soop |  TTlERO/GDP 5
g —PUBERD/GDP 250% g
9 5,000 £
E I 2.00% E r
é $4,000 A - g
5 43,000 ’ ¢
[ £
'E $2,000 100% 3
a8 ~
& 41000 | 050% 4
2
$- T 0.00%
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A9 II8IRIRIKRRRR
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wond Fgwmirchy

GRgl O=cbe(R SourceI R&D Survey of Singapare
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Singapore’s Biomedical
Sciences Initiative




Why Biomedical Sciences (BMS)?

280
2013
260 1 GDP: US5295.7 bil
240 - 70
8MS identified as
220 1 the &% Pilfor of the ;
200 Manufacturing o
Economy
180 + 50
T Aslan Financla) Celsis; New area of
140 growth was needed to oot and a0 .
diversify the Singapore economy ¥
120 4
100 £
a1 Flrst Natlonal L 20 .‘?
64 1560 Technology Plan €1 &
% GDP: US80.7 b 1991
g w0t L 10
% Per Capita GDP: I
@ 20T ussazs |
] * y - Pt + 4 + i + T T T T T ]
1960 1865 1970 1575 1530 1985 1850 1595

[

Our Journey

2000

15+

2005 2010

Build basic research capabilities Deliver Health and Wealth

Develop translational & clinical
research

Moy, d(ﬂl\klllﬂlh
f250 0 2012}

sEEHEEE

‘8395335880845

] |} s ||| o] ~Tatal

,ﬁnﬂ%

Creating the Blopolls of Asia

Biopolis helps turn A*Star's research
biomedical sector |capabilities expand
into a powerhouse ' to new |ndustna

s
m&,—m.éﬁﬁ%

ng ‘:Pmﬁmﬁdted]
industnj eyes region

e g Building a msearch

powerhouse in 14 yrs

Biomedical Sciences Industry
Where are we now?

»30 Leading RHQ

-5§1.25B Annual TBE?
>5,000 employees

>50 manvfacturing Plants > 50 rep centers
>55500M BMS BERD!
(>SS4680M Including Consumer)
=1,400 Private Sector Researc|
{~2,100% including Consumer)

§$23B manufacturing output
16,700 employees

1 BERD: Buslness Expenditure on R&D {2012 A°STAR survey)
1 Eslmates based on activities from a select group of key Consumer companles
1 TBE: Total Business Expendilure



Manufacturing Landscape

Tuas Biomedical Park

1 - —

T @MRXK

Bulk APl and secandary

Lonzagroup Roche
Bulk blologlcs Microbfal and mammalian
facturing plant  bulk biologics facility

@ Clavfvasine

pilot facility and
pedlatric vaccines
plant

Buik APl and

nutritionals
plant

Manufacturing for the world

- 28 commercial scale manufacturing facilities

- 7 of the top 10 Blg Pharma

- SGD 29.7 blllion manufacturing output in 2012

ing plants

Bulk API plants with

Cell Therapy Facllity

U) NOVARTIS ) Abhott
Tablet faclllty Bulk nutritionals
plant

Blologics Manufacturing
Facllity

BIaLg es and

L
theraples plant

Kanekd @p.......

Bulk API
Intermed;:

plant

Vaccines plant

Agucy b
a [

nd Raamarch
ENGAFOR

BMS R&D Landscape

TODAY: Strong Public Research Capabilities / Infr:

g f‘E O e iy i
Gaed>. @ U, NOVARTIS
voreat: €IMSD s, CEED

T Technion ’
i [ o B2 pomns

Cocte) ol =) avons

astructure

@—-n--lll!

il 2 I

A*STAR

Mission:Fostering World-Class Sclentific Research and Talent
for aVibrant, Knowledge-Based Singapore

Introduction to A*STAR

Interdisciplinary I

10 Research Research 8 Research  Commercialisation  Scholarships
Units Unlts
>5,300 Staff

>4,300 Researchers, Engineers and Technical Support Staff
>40% of whom come from ~60 countries

; Agency by s o Aqguncy box
CREATING AN INNGYATION ECONOMY .sc:‘-—,m CAEATING AN INNOYATIONECONGHY
wosom CAA 1 Augusl 2014



A*STAR

2010and
present

.

EaA § Getsbar Wi i

BMRC Organizational Structure

BMRC restructured to industry clusters & put in place new leadership
10 research institutes, 5 industry clusters, 2100 people, 1 mission

|

lonathaa hua
D, BMS IPO/BMRC IDC
{Hormer Du, [O0}

Na Choan e
Pharma y Dir, Pharmine
{ormes CEQ A, Leoitharinal

Biolotics
an e Wee Won o
Jenoty £D, BIMR

e, Sk Tech Cis i

oL
torenee TTG, G Heaitn Svstemsg

- Kog o Raiph Grochgn
Fooa & -
2 G Dir, Foad & i

Nulntion

Biomedical Research Council (BMRC)

Creating economic value for Singapore through delivering exceilent
science; building world-class research infrastructure; growing our research talent
base and enhancing public-private partnerships

Bloprocessing

Blolmaglng
‘Genomics & Proteomics
Molecular & Cell Blology

ring & ol

Computational Blology

Immunology
Drugs/Blologles
evt




Science and Engineering Research Council A*STAR Graduate Academy

Supporting a wide spectrum of leading edge science and engineering R&D capabilities Nurturing a Pipeline of >1,100 Singaporean PhD Talent
and nurturing talent for innovation and industry development

Deveinpment Envitonment ai ATSTAR
DataStorage
] | - a Post-doc opportunities for talent at top insti & corp
Microelectronlcs o ol s ; laboratorles around the world
o Multiple path & early career deval for young Phils

Infocomm Sclences
Computatlonal Sclences

Material Sclence Sustainma Singancrean Phid Taient Flow 1o ATSIAR

Chemleal Sclences O A*STAR Undergraduate & PhD Scholarship Programmes

Manufacturing Technologles

Metrology

0 A*STAR Science Awards & Youth Science Programmes

RIE2015 Strategy

Resedrch nnovation Capital Enterprises

FEriormes
o Multi-National

Integrating for Impact

Companies

Creating differentiated value
for companies through PPP

Universittes,  Polytechnis,
Hospitals , Rasearch COEs,
CREATE, Corp Labs, ADSC
Duke-NUS GMS, etc.

e e - 1 @ -
e ool den dllaimi| i i i Ay
CAEATING AN INNQYATION ECONTEY Ll Sowa Tectraicgy CREATING AN INNOYATION ECONOHMY



Forging Integrated Partnerships

Bringing Science to Patient Care

ROV e I
BOE

Personalised Medicine: &

- Bringing —omics to patient care & safety Eealldngﬁengtiqtest"can ‘
« Supporting next gen of clinical trials p eplieplics 5ave money

T
= e S
— i o
- 3 =
#N__

@ =

« Strategic partnership between A*STAR,
SingHealth & NUHS,

« Embed OMIC Information into disease
diagnosis & treatment in Singapore.

- Transform current practice of medicine by

=2 -
2 Wusa
« Brings together the pharmacovigilance expertise of HSA,
science of A*STAR & clinical management at public

hospitals. paving the way for personalized clinical care.
« Establish octive ADR surveill twork
+ State-of-the-art pt ! Jes pr

" . for
& OHORY A gm
PENON

»

Singapore Centre for Nutrition Science, Metabolic
Diseases & Human Development (SiNMeD)

Singapore Centre for Nutrition Science,
Metabolic Disease & Human Development
{SINMeD)

o

eal e

{1

Other Partners

food research | [ roet
fe " « Singapore Diabetas Consortium a
; BNEARGR)

CREATEG AN IHMOYRTION ECONOHY

SIPRAD: SERI-IMCB Partnership in Retinal
Angiogenic Diseases

Differentiated platiorms Qfiw H==-

- Comprehensive industry standard platform
to identify, develop and validate novel
targets, pathways, biomarkers as well as
evaluate potential therapeutics in Retinal
Angiogenic Diseases (RAD).

+ Focus on diabetic retinopathy and age-
related macular degeneration.

- Leverages complementary expertise of SERI
and IMCB in clinical and basic science.

« Pharma MNC participation at the onset to
co-shape programme and milestones.

» Partnership interests from several large
biopharmaceutical companies CREATING AN INNOVATIGN EEOROMY
O

ATTRaCT: Asian Network for Translational
Research and Cardiovascular Trials

Opening Doorway to Asian Markets
Bee NS e, 575
« Aims to identify novel imaging, genetic,
epigenetic, and immunologic biomarkers
that may be targeted for early detection,

treatment, or prevention of CV disease
progression.

Integrates top expertise in CV research
across Sgp, partnering 4 BMRC Ris (SBIC,
GIS, SlgN, IMCB) with 2 national heart
institutions (NHCS, NUHCS) & academic
HFpEF: no proven  INStitutions (NUS, Duke-NUS).

::"_.”“""e"‘ « Exploits current capacity around the
J Singapore-ied ASIAN-HF network involving
6 sites within local hospitals and >40 sites

in 10 Asian countries.

AN , A Agerncy for
nd Rasaarh
j—




® Growing Medtech Market

Integrating for Impact , -
g g P Medtech Market to Achieve Global Sales of $514 Billion by 2020
Joint centres and programmes developed with clinical & university partners.
Industry Trends
By 2020: Medtech Sales 2014 to 2020 {Sbn)
Worldwide medtech sales Pl
forecast to be $514 billion -
401
Compound Annual Growth Rate e
will be 5% between 2013 and 2020 .
NOVENA | OUTRAM Medtech R&D spend forecast !
' to reach $30.5 billion 2014 2015 2018 2017 2018 2018 2020

Sowree; Evalontebtedtoch World Preview 2014

Y. . % SINGAPORE CENTRE FOR NUTRITION
SKIN RESEARCH INSTITUTE SQENCE, METABOLIC DISEASES & HUMAN STRATIFIED MEDIQINE

OF SINGAPORE DEVELOPMENT PROGRAMME
1 anad ? = ¢
N \ ancer SGH - {
= i e ve
D :
v Ageing Increasing Rislng Growing middle Proactive approach  Higher quality
population prevalence of healthcare costs class to personal health of care
o chronlc diseases and lifestyle
34

Growing Medtech Market RIE2020: Build a Vibrant I&C Ecosystem

A key growth sector in Singapore with the basic foundations to support Medtech as pilot, for scaling to other sectors in the future
innovation & commercialisation (1&C) ’
— Enhance I1&C Enablers |
[ New 5266m 2 ———————— HENTIR
; ~ $ron, X Co-Chalrs
1 HeaTiceats !n::rEn%ng ‘ﬁ HISAKA SPRI - + Tan Kal Hoe — Chlef Executive, SPRING
| i ot mﬁg 7 pmie. « Yeoh Keat Chuan —Managing Director, EDB
3 Zingapoes doctors on The  Capablidles H L SNGIPED e SN i -
::" m:fp ;;7:’"’"’”'“" &PTEC = 1. Pravide guldance and direction for the overall strategy
s L ol Is {;"-_,___"»« & 2. Identlfy and spearhead Intar-agency Initlatives
|| 8555 1ounchpod@0ne- — - 3, Establish mllestonas and other performance indicators
I North 4, Allgn ongalng MedTech 1&C inltlatives by respective
agencles to optimlse resources where possible.
@ Medtech
Pork
I Hopa Group i I‘. K""“ s Mgrosnt cs f 1 B ! . ng fnancing | '[- Local SME distributors a5
| *umumn?h Secure ";”",‘I”"‘"'f’"'" @ y deriop | s propostion s waa e for medrech stlasor
\ «'a'd't « @+ Boston Stientlfic -OC'C" 27 sita in the C | rezlonalisation
QT Vascular tisted on s6x @ . and businass plsns reglon | » Education/swerensss | = Capabifity bulidup for
— « Entrepranuarship 1 = Enhancs building for mid-stega distributors to take on
ey Fellowshlp | | product ownarship
s Produch (i) « Panel of Mentors « Davalop selactad = Eorlystagalosnto halp
Raual ©BD Ly @ | axpadited approval de-risk forfocal | |
et ot > - o ‘ track entarprises {
Conlres e * E' e « Enhance markat access !
26 MNC R&D centres, 700 RSEs 23 of the Top 30 medicaf device ond Top 10 fife selence tools firms
1] 36



RIE2020: Build a Vibrant 1&C Ecosystem

Meditech as pilot, for scaling to other sectors in the future

Enhance Innovations via Integrated Platforms

Integrated Platform for Medtech Innovations

4 parea}uatch
OBD w2 KB

easilar

- -~

Integrated =
platform

-

~

Understand healthcare
problems to be
addressed

o.g. clinical institutions

@i L.
LTI =

Industry
Expertise

Clinical

" Arrisoteen D Vascular
Insights S

Develop go-to-market
strategy
o.g. entraprencurs, MNCs,

I
} SMEs
]

RIE2020: Build a Vibrant I&C Ecosystem

Medtech as pilot, for scaling to other sectors in the future

Enhance Innovations via Technology Platforms

' [~ CIMLT
M . ’....:.'x—
hY r—————
. o F Caal'n
Yo e ) S ®
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s al STANFORD
Technology = UNIVERSITY
Dovalop tachnologically : ]
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B . Clawsl Cotlaboration Ceatar
o DUKEBENUS Lg, o Ctusore
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RIE2020: Build a Vibrant 1&C Ecosystem

Medtech as pilot, for scaling to other sectors in the future

Enhance Innovations via Technology Platforms

7
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Dedslon
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Provider Mgmt Remote
Support Dlagnosis
Y
A
~
- -
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Growing Industry Engagement

Nestle Reséac_dl_ﬂg'ree’r_nen‘-t =y

- 3-year framework
research agreement
signed with A*STAR in
Jan 2014

- §$250M facility in Biopolis

_ Master RCA with A*STAR (2010), renewed

$60M RCA, 80 additional jobs (2013}

- Research collaborations in beauty and
grooming, health and well-being & household

- 60-man research facility in Biopolis
(operational 2012)

-To develop novel antibody engineering
technologies

T Nestle

—Collaborations in packaged food and
beverages, food ingredients, nutrition, food
manufacturing processes, food science and
technology, & biotransformation

! .
- Partnering for better dlagnosis |
Novel detectlon kits for infectious d

diseases

- $9.1 miflion investment
5-year partnership
CREATING AN INNOVATION ECONDHY
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SINGAPORE'S EVOLVING ECONOMY

o 2013 GDP: 50
I US$297.9 bil
10 n
= - 60
ETPL CORPORATE PRESENTATION &l
50
160 B
PROF IAN TOWN VISIT g A
g m SINGAPORE H
100 1 i R
= &
Md Tani Tabiin, SVP, BMS Division @ x
4 + 1960 GDP: 10
20 4+ US$0.7 bil
- i —————+ 0
g 1860 1865 1970 1975 1980 1985 19%0 1995 2000 2005 2010
Tecamisaog it etcorans iy sgic !
vpbad el e, b M by & bt P 7o oty ETPL CREATING AN INNOVATION ECONOMY
pormssened NSTAR XA Sowrrr) Singugiey Depotiaent of Sarates
SINGAPORE’S R&D FRAMEWORK RIE 2015
RESEARCH » INNOVATION » ENTERPRISE
Coordinated approach to R&D
« Strong nationwide coordination - strategic directions laid out by RIEC E |
« Integration of research capabilities across various research performers E f
2 | (2oosa0t0)
Research Innovation Lee Hslen Loong 2 5513.9blllon .
& Enterprise Councll Chalrman, RIEC b
(RIEC) Prime Minister Singapore " ) ] N (7
Invest in m Attract and ;
- Ministry of Ministry of Ministry of MTI baslc science for develop Emphasis on
§ Education Health Trade & Industry \_ future innovation ) sclentiflc talent ) | competitive funding
g =
§ NATIONAL M Foster | ) rh =
g RESEARCH l o B ‘%ﬁ gsg!,g v synergies Focus on .f Support for
)] singap@re in public-private research with technology
\_ partnership ) ) economic outcome J | commerclalisation

A*STAR

Balyiechnics &
{2 vasndais  Research institutes

Jersitic

Corporate Labs

AESEARCH
PERFORMERS

CREATING AN INNOVATION ECONOMY



SINGAPORE’S RESEARCH ECOSYSTEM A*STAR

Mission:FosteringWorld-Class Scientlfic Research and Talent
for aVibrant, Knowledge-Based Sihgapore

Mgty and Medimpells
M- RIS

Nanyang Technologleat
Unhersy

CleartechPark

e _ &;f . 1 e
N
po . p |_.:__. ‘Medicelschool i Units
\ o Mg Masagemast Ushanity

Scholarships
- 4 L ST omad
e 1) F amsman >85,300 Staff
- m : ‘:::: N >4,300 Researchers, Engineers and Technical Support Staff
y - rduadulpn >40% of whom come from ~60 countries

Singupors

CREATING AN INNOVATION ECONOMY

R&D IN A*STAR Growing new capability areas

Fostering Science and Intellectual Capital
» Oversees R&D in SG through 18 Research Institutes (Ris) and Centres

« Seed novel scientific discoveries leveraging on A*STAR’s spectrum of capabilities Imaging

under Jaint Council
\ / Biomedical & Blolog(cal Sciences \

INFOCOMM

Physical Sciences & Engineering

Nanntedhiofong 5"'

TR -y

=

.anfh‘_n’

CREATING AN INNOVATION ECONOMY wvd Rasnarch



A*STAR'S STRATEGY MAP

Emphasis on supporting private sector growth through public-private partnerships

Sustaining Knowledge Creation Grawlng Innovation Capital

fnnowation Copical Enterpri
Multinational &
Globally Competitive
Companies

Integrating for Impact

Universities,

Polytechnles,
Hospltals , Research COEs,
CREATE, Corp Labs, ADSC
Duke-NUS GMS etc.

CREATING AN INNOYATION ECONOMY

11

GEARING FOR GROWTH

hnology Adoption Prog (TAP} EpiGen Consortium
S Countrles

& Membar [natltutes
30 Princlpal Investigators
200 Sclentists

h Technology Aerospace Consortium
R&D Focus

To drive Innovatlon  «Computational Madelling & Dynamics

and sustaln sAdvanced Materlals
competitiveness of sManufacturing Processes &

local serospace  Automation
Industrythrough sfnspection & NDT
R&D  s|nformation & Communication

CREATING AM INNOVATION ECONOMY

INTEGRATING FOR IMPACT

Complex Partnerships

« Step change in our partnerships with companies.

« More public-private partnerships at bigger scale and across more
domains eg. P&G MRCA, MERCK MRCA, Lloyd’s Register, Rolls-Royce
(ARTC), Nestlé.

« Corresponding increase in complexity of partnerships.

= When managed well, complexity of partnerships increases barrier to
competition.

Master Research Collaboration Joint Labs with Companies

Agreement TEE_eE
PG Q. RS paitiemm
stvoancore &9 MERCK LOREAL

® &>

STEERING FOR SUCCESS

16
14 mBlaMed

an wsaE = Increasing focus on start-ups as key to

Zw diversifying and spurring innovation in
the economy?,

lJ + Local entrepreneurial landscape is
]——l taking off.

000 3007 2006 00 0G40 3011 32 S

No. of Stat

oNa>m e

= Active start-ups in Singapore jumped
by almost 60% to 39,000 from 2005 to
20121,

= Rate of start-up formation at A*STAR
has more than doubled.

« A*STAR can and should make a
difference in the research-based hi-
tech start-ups.

mb
« ond Rassmrch
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SINGAPORE’S LEAD GOVERNMENT
AGENCY FOR ECONOMIC ORIENTED R&D

1 INDUSTRY PROJECTS A YEAR
> 6 INDUSTRY PROJECTS A DAY

>2,770 EGEEE."EHEM @

>m LICENSES A YEAR
3 LICENSES A WEEK

3
PATENTSFILED  § P Agency for
> AYEAR | 4G cmes Technalopy
RNoAroRL

A*STAR 2013 Performnnce

INTERNATIONALLY BENCHMARKED ) i *
Comparable to LeadIng Institutes o ETPL e
Top tier In Patenting, Licensing & Start-ups ETPL
A ONE STOP RESOURGE

ticensing iIncome

Research budget | Palents | Licenses |Start-Ups
($8n) 15580 [558n
ATSTAR (FY13) 1 288 234 14 34
Duite 1.1 102 111 5.46 218
Harvard 1.07 190 72 9.35 10.2
MIT 2.03 209 52 7.89 67.4
Stanford 111 256 123 No data 68.4
ycal 7.12 163 33 7.73 143 - )
Franhoufer 3.23 154 100 31 615 ] S
Max Planck 261 48 38 3.45 No data : E
CSIRO 0.87 112 91 No data 384.4
1s15 Oxford 1.09 91 a8 3.67 No data

P 16€E, 2013

— Wwrf Management Zan Funoing Licensing
[OX 6]

Spin-off

>
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CREATING AN INNOVATION ECONOMY
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Appendix D: Singapore Institute for Clinical Sciences — Clinical Nutrition
Research Centre Presentation



Our Vision
e e e

To apply cutting edge nutritional science in order to
deliver new and innovative solutions to enhance
health and wellbeing.

R

A A
SINGAPORE INSTITUTE FOR CLINICAL _"/,Muﬂ“‘”o“;

SCIENCES ’\l\s\ 1

CLINICAL NUTRITION RESEARCH CENTRE W AT e

C. Joya Henry -Dlrector of Clinlcal Nutrition Research Centre e

(CNRC)
Dr. Malvin Leow - Deputy Director

Jeya_henry@sics.a-star.edu.sg

//;

Our Mission Research Strategy at CNRC
[ it o == e g | - il P e R
To use innovative research > Basic & applied nutrition research with special

focused on dietary factors
that promote optimal growth
and reduce chronic disease
to develop foods that will
improve  human  health
across the life course.

reference to the Asian phenotype

» The application of basic and applied research
to develop food and food products with
enhanced health benefits

. s Clinical Nutrition
1 B =M Research Centre




Nutritional Science
= _Research Themes_

» Theme 1: Lifestyle, Nutrition and
Metabolism in Asian Populations

» Theme 2: Nutrition in Health
Management and Disease
Progression

» Theme 3: Food Choice and
Nutrition

Clinical Nutrition
™ Research Centre

Our Research Focus
wion across the Life Cunyr

Research
LYCETS

____calorimater

The Nutritional Science Program

+ Sengory science &
nutrition

= Dlet and behaviour

+ Food structure and
sensory function

Eating behaviour

5
+ Whole body
calorimeter
« Indirect Calorimeter
(Basal metabolic rate
measurement)
= Bomb calorimeter
+ Differential scanning

COSMED BodPod®
PeaPod® Scanning
Dual-energy X-ray
Absorptiometry (DEXA)
Scanning

« Laser Body Imaging
(Volume Determination)

5

Body

Composition

Imaging

Obesilty, energy

regulation, BAT 1L, e pregnancy 1o

pregnancy
Diabetes & dlet 3
» Infant, child nutrilion
Intervention
« Adult nutrition &
Sarcopenla
women nutriton
Nutrl Irem
utrlent requirements . Agelng & elderly
in adults

* Blood blochemlstry and
analytical lab

] * Food chemistry analysls lab

*  In-vitro digetion system

Product development kitchen

taboratories N Sensory analysis boathis

CALULLELEY . Computer-based cognltive

‘ booths
.

Specialized

Treadmill and Egometer

Other *  Metabolic Rooms

Monilaring

Capabilities R
Conlinuous Glucose Monitoring
System

Continuous Bload Pressure/heart
Measurements

Branchial artery flow-medialed
dllation measurement
Eleciromyography Measuremenis
Muscle Blopsy

Anthropomelric Measurements
Infra-red Camera Imaging

Micro-oygen



Understanding Energy Regulation

e 2

pmm 1 it el Rl

ENERGY BALANCE

i |

BMR PA

80-75% 15-50%

BMR: Basal Malabollc Rata  DIT: Dlet-Induced thermogeneals
PA: Physical Activily G:Growih

Theme l: Lifestyle, Nutrition and Metabolism in

» What are the nulrient
requirements of Asian
populations? (Energy, protein
and calclum requirements
known to be lower in Asians)

» What are the nutrient
requirements  for  optimal
growth and ageing Asian
populations?

» Role of body composition in
functional outcomes and life
course processes

» Role of nutrients in prolonging
lifespan and health

Asian Populations (Asian Nutrlent Requirem
I — =

P A E = :*

ents)

Seng MY et al, J App! Physlol (1985)

Whole-body Calorimeter

L s

——— e,

Theme ll: Nutrition in Health Management and Disease
Progression (Obesity And Energy Regulation)
N T e T A S e i

>

To understand how humans
regulate energy balance (use of
whole body calorimeter)

What metabolic adaptation
enables certain individuals to
over-consume and 7yet maintain

stable body weight

Determinants of food intake
and satiety

Children cohort study to

investigate the role of body
composition in the etlology of
obesity

Clinical Nutrition
Research Centre

T
frs
18]
B owe

=

Weight galn
aurls Dy
T 1 & § T 18 04 18 i

e T
Pl T

" Bl

[
Apin

O Boys A Gits

PR Paifom ol jean and Ial Gepositon in adims.

Neture, 1977 Mar 24266(5600):349-51



Theme Iil: Food Choice and Nutrition
(Sensory Science and Nutrition)

o ra RS e R St = E A

To understand the mechanisms involved in sensory
perception

Is it possible to explain why certain foods are
preferred by consumers over others?

How does sensory perception influence food intake
and satiety?

The Asian palate and food preference

Elderly cohort study on the role of taste perception
during aging

Glycaemic response curves for |
glucose and baked potato @

L

- Sm— |
5.0 7 ~#-Referance (glucose)
4.0 -o-Baked potato
3.0
2.0 1

1.0 1

0.0
-1.0

Change in blood glucose (mmol/)

-2.0 -

Time (mins)

» An understanding of how ™
macronutrients namely protein, 7
fat and carbohydrate can be
with health benefits. 4

» How the fundamental principles ‘=% &=
of food structure may influence A
bioavailability, glycaemic and
lipidimic response.

Honry Gl st of, 2008

LI

Theme lll: Food Choice and Nutrition
(Food Structure and Functions)

| Jrslmti sl b L] e e =0 SR e RAT TTTER

S — hectte
=g
/ \,

\

manipulated to produce foods ¥

Xag

pre i,

\
N =

Glycaemic response to mashed

potato containing HV-HPMC

L)

o
L] ® Stand:
© Polalo +1'2°i‘1.\/-HPMc

35

Change n BG (mg/dL)

Time (min)

Plasma Glucose Aeaponse Lo Ingsallon of 50 g CHO

e lamt b
i Wy

B &0

Golding M et al, 2011

Lightowler and Henry (2008) Nutrition Research, (8): 551-557

v )|



" Glycaemic response to flatbreads
_ containing barley p-glucan

| Ll T Raie X
- _
® Glucose < (g betm glucan
W 4 g beln glucan # Agbelm glucan
3.0000
£
E 20000
]
i
8 1.0000
&
: //'/x
»1.0000

] 1] » 4 5 0 120
Time (minutes)

Thondre and Henry (2009), Nutrition Research, (7); 480-486

Microencapsulation and Nutrition

e e e T e |

Varlous types, sizes, Human Consumption

chemislries, states etc. ™y
Proteln assemblleﬁ’%
{3

(] I\j Emulsion-based systel

e carbohydrata&
complexes &

Impact after ingestion?

Efficacy?

| Phystcochemical
fate?
Blological fate?

- ! ! I Safety

How to characterize? J

Mixed aabis
particulate 2
systems

Average change CM change from baseline (manL)I

ZATiour blood glucose profia uiing Continuous

- v reapm— ]
e R el ~—— =

own. Record ¥

In Food diary

atilgh G

~
0

Breakfast: Low Gl

parbolled rice/ High
Gl gluttnous rice

Oral Processing, Texture and Mouthfeel:
From Rheology to Tribology and Beyond

———) o=~ =]
() Arstbite (W) Comminution (i) Granulation  {Iv) Bolusformation {viswallow  (w) residuie
{chewing) and processing
S : Pl
7 e
'LT_J L ]
mechanics ﬂmmlhmbohﬂ
Temporoldominance sensations forbrittlesolids. [0y Toture/mouthfeel
— forlkyiids and soft solds
I crispy itﬂll‘ld’!j'l rough  sticky Ismuulhl.. -{seefiqure1)

— time —>



How lleal Brake
Illlllllnfluences Appetite Control

lorcmerlc afactant

How activation of the ileal brake triggers the release of satiety hormones and
neural afferents resulting in reduced food intake and control in appetite.

Our PIan for the Future

- GUSTO PEDIATRICS SAMS

0 Appllcatlon

Food Boay

Imaoing | Fotmulation L Camposinor

Inter-Relationships between
Food Structure, Sensory, Biomarkers and Physnology

L (et o T T R e e ]

([ HUMAN )
BIOMARKERS GO0 Slruclhute

== 3]

Creation of novel
— — microslruclures
Lhrough processing:
Slructure formalion in
semi-solld food
materials

13 L GmDoEtion

Almed Conlrol

Adaplsd from McClemenis and Decker, 2009°

i 9

New Food e T ® B8 Gons

Prod ]@ s Sy B —--- 3
{m«o::'-m o Diie ik 50




Appendix E: Clinical Imaging Research Centre Presentation
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Appendix F: SingHealth Presentation
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Appendix G: National Medical Research Council: Biomedical Research
Landscape and Funding in Singapore



Ministry of Healvh (MOF

Restrin teren Iewitheoee |2 1t

Regional Health Systems

Other hmlm'm/\. VA paliy rnsertulions

‘ulx/('l”i( l’L'r“t(l/ Centres
T !
& miedical xchool

integrating & strengthening
education, research, and clinical ca

N >

re

e N

@Kent Ridge

eNatlonal Unlversity Hospital
eYang Loo Lin School of
Mediclne

»Faculty of Dentistry

»Saw Swee Hock School of
Publle Health

And many more... 4



"
Development of BMS in Singapore

ash—————  Target of 8.5% GERD/GOR by 2018 -
o soud i * Singapore’s BMS initiative was launched in 2000
© 26% H
5 25% 1 2.4% {3
X 2% 24% 2.qy, 21% 224 22% N2 Mm;“;;:)““ E BrS Phase | BMS Phase 11 BMS Phase [l
S 2.0% :
v Public Sector ;
£ Expenditureon | Building S[renglhemng Working
§ BMS R&D | foundation of hasic aﬁd together for
9 o 53200m in 200010 || basic scicnce developing greater impact
£ 55800m In 2009 i research transiational & realising health
0.5% {4 times increase) | capabilitics clinical rescarch and wealth
oulcomes
0.0%
Source: 2000 2001 2002 2003 2004 2005 2008 2007 2008 2008 2010 2011 2012 2013 2014 2015
R&D Survey 20002010 [wcERD/GDP_mPUBERDIGDR] $3.7 billion for BMS R&D

5-year S&T Plan {12% increase from 2006-2010,

Research, Innovatlon g »

& Enterprise RIE 2015 2000 2005 2010 2015+
(2011-2015)

5§ 16.1 billion 9

Pre-2000s: Before Singapore’s BMS Initiative Today: Strong Public Research Capabilities/Infrastructure
< Biopolis established in 2003
= Pockets of BMS research capabilities ¢ Duke-NUS in 2005

 Only one research institute dedicated to BMS — Institute of i IE(’\Z/IEF;(;I)CCE izng(';i;utes Lorlesi ;
Molecular and Cell Biology (\MCB) ' . e Pefy
B : , ; < CREATE in 2007 L
s 8n!y onie un;v;;slty gtfe(r:lgjse; degree program in the BMS — National «  LKC SOM opening 2013 1’ vorea: GEED
niversity ISIDERRRIS « SSH Schof PH in 2011 MO Il novartis |

« Only one School of Medicine at NUS

1!7' Blopolls

-




Translational and Clindcal Rescarch (TCR) f

Key focus in BMS Phase il (S&T2010) —included as g
MOH’s mandate in June 2006

an i 2 inical
research as part of its mgndate,

l'hpﬁxmhﬂﬁl m We will conﬂnue to
3 MWNI‘MMm ukopui

in ds to register emphasls, !
pa'i:;,!:" :i'ﬂdmmuh must help lnbanu!:nw,mmo;m

Minister Khaw Boon Wan, 2006

NG == : $ NMRC Board Members

Ewgned
NMRC’s Vision o b
Translating Research For Better Health
NMRC’ Mission
* Promote qwﬂqng In
translationn) and

clinicol research

SerimViaPrasidamiond  Bound (Ramarh)
HumdofAsh Paclls,  lsiads o M sl et
Oulrtbos Kasicha




Foghlighes of BALS Dunding

FCR Flagship Progegmm

Research Grants
trat nvestigitor- al :
:iﬁi:ﬂ%:.wllf ! o  Flagship "all the way” programmes in strategic dlsease areas, with strong Industry
S350l OFF), . : interface

« Each award is worth S$25mil over 5 years

« It achleves this by building on existing, local, highly competitive programmes and by
providing highly productive platforms for collaboration with top overseas research

Institutions and industry

e Theinltial 5 TCR programmes awarded were:

NEUROBCIENCE DISEABSE DISEASE
Singap T Vulnerabllly, Developmenlal . Naw Treatment
Gastriie Research Diseasa Prograssion Palhways lo Strategies agalnst
Cancer Innovallons In and Treaiment In Melaboflo Dengue
Consorllum Ocular Surgery Schizophrenla and Diseases (STOP Dengue)

relaled psychoses




BMS Initiative outcomes

1) Critical mass of talent and robust pipeline
« A*STAR BMS Scholars Deployed: 69, In the pipeline: 362
« A*STAR BTI: Training industry-ready scientists for biologics industry: 27 PhD
scientists, 32 research offlcers, 40 industry Interns since 2003
» NMRC Human Capital Development: 47 CSAs, 14 STaRs

2) Highly Competitive Science

Singapore Clinical 3).G-rowil3g application & impact :
Research Institute e Clinical trials Healthcare Savings -
(SCRY) o 150 ettt )
= Nationgl, one-stop centre for private/public wo |0l S — | $1.Bmsaved from evidence-
Investigators who wish to conduct —1 | based dengue hospital
m:'w 50 '-E'-j;_._._-""'z‘ —n | admission criteria
»Provides services such os design, ) A 2
0 \————+—+—r— —iV| -Stratify patients by severity
w":omw‘m gg5g2z2z of infection. 40% reduction
o] NENEN N [N in hospitalisation rate R
«Develops speciolized troining courses - - Based on A®STAR & extrarmurc]
: Total of 265 clinical trials in 2011 profects menoged by A*STAR ETF
v In-house research (national figures would be higher,

Key takeaways for RIE2015 (BMS Phase IlI)
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Welcome to SPRING Singapore

Presentation to Delegation from New Zealand

12 November 2014
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SPRING: An MTI Agency

Promotes economlc growth and creata jobs,
s0 as to achleve higher standards of living for all

Industry development Ensure supply of Promote and  Promote International trade
and foreign industrial facilities develop and globalisation of
investment attraction Sentosa Island Singapore-based

and industrial space

enterprises

Promotes a both Regulate anti-
competitive and competitive
reliable enargy Develop Singapore’s Promote and develop activities

industry research capabllities tourism Industry

Promote enterprise development
and quality & standards

-
SPRING’s Vision and Mission

VISION

MISSION

STRATEGIC
OBIJECTIVES

Global Sinpapore Eimerprises
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Enterprise Landscape in Singapore

7,100 enterprises

Hedum (5%)

23,200 enterprises
(16%)

small

Sim

114,600 enterprises
(79%)

Micrd

Hhon §100m, or poispment not moer fhan 700 wivkes



v
SMEs in the Singapore Economy

No. of Enterprises No. of Workers Value-added
SMEs SMEs SMEs
99% 68% so%
170,300 2.1 milban $154 bilsn

%
99%
Non-SMEs "“":;:‘ Mﬁ
1%
of all enterprises in workers are of total enterprises’ VA is

Singapore are SMEs employed by SMEs contributed by SMEs

Saurce; DOS 2012 topline estimates, Includes mfg. services, canstruction, agricufture & utilities seclors
4 o nilth ACRA

Note:  Data consists of economically active companies and businesses fi.. sole propriet
{e 2 aal-drivers, hawkers and free-lance workers) and foreign domestie workess

_Overview of SPRING

Enterprise Development Strategies

Strengthen Seed & Develop Groom
Environment Nurture Competitive Growth-
for Enterprise Innovative Clusters Oriented
Development Start-ups Enterprises

(1SUs)

In collaboration with other partners

Importance of Innovative Start-Ups

» Contribute to quality growth & economic diversification
Source of good jobs; economic resilience and renewal In the face of change

= Anchor drive towards innovation-based economy
Capture value from Government’s R&D investment

= Offer Singaporeans different pathways to success

J9E TRA IMER MATD TATE ENMS CRNA UBAM LNED VOO 300 3984 3000

-
Holistic support for ISUs

Drive growth of 1ISUs

Leverage partners & networks to support
ISUs

Create environment conducive for
1SUs to form
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ISUs Development Strategies

START

=,

(1) Launch privatised ACE
@::..-...

{2) Improve research
commerclalisatlon from
universitles & labs

(3) Facllitate the creatlon of
an entrepreneurlal hub @

"\ Launchpad ; /i \

o,

L

Ny
(4) Drive co-innovation \If (8) Help start-upsventure

between large companles & i abroad
start-ups il
(5) Facllitate start-ups’ i
access to talent ¥§ &
i
£ tions for start-ups

(6) Strengthen Financin
i
(7) ‘Account managa' more start-ups

i
ol ey

T ——— |

Overview of RIE Strategies

Move towards an innovation driven economy

Research, Innevation &
Enterprise Plan 2015

Science & Technology 2011 =201
Plan 2010 : §$16.1 hsl he
Science & Technology (2050561; gﬂ;l " ;
Plan 2006 )
(2001 - 2008)

National Sclence &
Technology Plan
{1996 — 2000)

§54b
Natlonal
Technology Plan
{1991 — 1995)
s$2b (£
’ - Deepen long-
p 6 term S&T

. capabilltles

Spur RED - Encourage
» growth to private sector

enhance R&D
economic Investment
competitiveness

Economic outcomes key focus since NTP 1991-199

S§6 b ‘ -

- Make targeted

|
-InvestIn B&D e ants Foster public-private
publlc-sector . area;:f partnarships
BMS research ::::::‘; |;/e - Increase support for
- Bulld critical = commercialisation
mass of private- - Intensify efforts
sector BMS to engage private
R&D actlvitles sector In R&D 1¢ steps to align
public RIE Investments
with Industry needs
and economic value
capture

Mr. Lee Hsien Loong

5*

SPE

v
Research, Innovation & Enterprise 2015

“Singapore’s long term aim Is to be among the most research
intensive, innovative and entrepreneurial economies in the
world in order to create high value jobs and prosperity for
Singaporeans.

Research and innovation underpin the competitiveness of our
Industries, catalyse new growth areas, and transform our
economy.

Increasingly, Intellectual capital will be critical for our next phase
of economic development. Hence, the government will allocate
5516.1 billion [~1% of GDP] to support research, innovation and
enterprise activitles in the next 5 years.”

T |
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Fostering Innovation & Enterprise: An Integrated Strategy RIE 2015 Innovation & Enterprise Strategies

RIE2015 signaled an increase in focus on I&E as a key pillar of Singapore’s R&D
strategy

Research Innovation Enterprise

. Innovation and enterprise strategies almed to cover the entire value chain from
MTI zmee " technology development to pre-IPO, targeted primarily at technology
‘ enterprises in manufacturing & other export-oriented sectors.

) [ oo

Hesearcmrms
Enterprise Strategies

Enhance Develop Tech Encourage
Translational

Capacity

Gevelop 1P

Enterprise Entrepreneur-
Sector ship

Ecosysten

o
p I ———

A i 0 - e

Early >

Stagi

Lrowtn

A Strong Ecosystem of Stakeholders

v B &
Centres of Innovation (COls) Private Sector Translators
Offar technolegy consultancy and facilities to develop technology projects and solutions Help SMEs develop technology differentiation

Environmenial & Water
Technology COJ

Levernge nn g wadies

Augment public

poof ot 185 5

transiational
CXDC e

infrastruciure

Uike SPRING COls; ok
€Ol forSupply s Medical Technology
Chaln ATSTARRIS, HLY and one PST In
Management Clean Tachnology

Tospeed up P

€Ol for Blectronics translation

Centres of
Inpovation

Foad Innovation &

Materiais COl
. ResourceCentre

Hrovide srcess o

RENE services imnd

facilities

> 1,600 projects, 3000 SMEs

supported {cumulative) Pracislon Enginesring COI For commercialization For 5MEs who do not have

the resources
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Innovation Cluster Programme
« Develop ecosystem through an innovation cluster strategy
— Bundle IPs in areas of high IP-density and strength for greater impact and
harness economies of scale.
— Proactively address gaps in ecosystem to facilitate technology transfer.
— Catalyse a network of interacting enterprises and research performers around
a rally point.

Py o e IO i e “
’ - %, - 7 Davelnplnglnduslrv’s \

| Ageregation ofresearch 1 | Plugging spectfic [ capablfity to abserb ]

1 strengths far more I | ecosystemgaps unlqueta | : translated technology : 5

: Impactful putcomes :: each clustar : ! ! OVE’T’VIeW Of Healthcal’e S@CtOI’
| A 1.4 1

1 (N | (L) 1

! 14 il 1

1 1y Pl 1

I (W} L []

i 11 1 I

A} (Y ] [

Qo= e MTI SRS

SPRING

singapore

Qverview on Singapore’s MedTech Landscape Overview on Singapore’s Healthcare Landscape

-v
Singapore MedTech Landscape S ingapore Healthcare Overview

Incubators! Accelarators: S
NUS NTU Yewturts A Clearbridge BSA

Comprehensive Healthcare Network

=0
NUS Entarprise blifagtq.[v Sinpapeie MpdTrb Arvesmsae ; aath nest healtncare nltast unine [Worid Cornpetitivensss Yearbook 2010, |
Tarversas Loy raf 1Q 112300reany

ey Cenle

a0 Iw Birtns

e Tois : 4 0OF
Associations: -
§ st expenditure Der capitd - USLE IRE

‘( AMDI

== BIOSINGAPORE ===

o B s, e [, B, e B
- 3“1 26 s IS i ol e qgﬂfs &=

Lo €2.48 hillion

*Sauriw Werld Bank

SPRING




Overview on Singapore’s Healthcare Landscape

- ,
Public Healthcare Sector

Overview on Singapore’s Healthcare Landscape

-

Healthcare Services Value Chain

op | 1| seute [ community || Home Nursing
B

G ooet d Hosphial by
Wi

Wn_»_—’m FRENTIER’ %,y '!!_LBM?I_S.* E s .
R ACUMED S oo | ﬂn —

dureay Commmnity

T TS pNUH

e conn: W Siin 1 ciife %

- DUKERRNUS 1 th of Healthcare S
- Strength of Healthcare Service
Ouars CommmmRy Hospital by 2020) As of Year 2011 Breakdown of Establishments a
NUS EONUS + 1,699 Prlvate GP clini Providers:
gﬂ" gﬁ-—— Senghang Genaral Hospitl by 2018) (4,404 establishment= . e #Internationally-recognised brand names
e—" 5 35,862 workers «11 private hospltals v hdvaniced traalmants wily tatss)
Senghang Community Hesphtal (by 2018) $5.4 blllion In operating {4 ICl-accredited) lechnologies
s receipts * 867 speciallst clinics Efficient In clinical and adminislrative
SPRING Value-added of §52.9 bllilon {§ *679 Dental Clinics processes
SPRING Singapore’s Healthcare Strategies SPRING Singapora’s Initiatives

Clinician Driven Innovation

Developing SMEs’ capabilities to Proactively Drive Innovation...

W
How SPRING supports Singapore Healthcare SMEs

I 3 BROAD STRATEGIES

Develop Singapore healthcare products & services that are effective, tested and
able to serve as immediate solutions to real patients or users’ needs globally

LClinicians
Healthcare
professlonals, live :
wards, and patients aﬂ&:ﬁ(’@
provide user- Innovations
requirements and
structured feedback

Enhance
product
wffectivanass

Role of Govt



SPRING Singapore’s Inltlatives

Public - Private Collaboration

Model: Public Hospital-SPRING Co-innovation Program Office (cpO)

- Catalyzing Clinician-Driven Innovation

A platform staffed by reprasentatives from Public Hospital {e.g TTSH) and SPRING te facllitate collaboratlon In
Innovation projects between the hospltal and SMEs that have the relevant technical and commerciallzatlon
expertise,

Public Hospital (e.g. TTSH)

Cliniclan
Needs

¥ Understand cliniclan and patlent
needs

v Sean for potentlal tech partner

v Assess capabllities of potentlal
tech partner

v Select and confirm tech partner

v Dirsct project team ta right
funding sources

SME1 SME2 SME3 SME4 S5MES

pesourc  NGtube Rapld  Total  Wireless  Teeh
optimiation  mfg,  proto- solutlons monitoring  partners
sclutiom RRD  typing provider

SPRING m

SPRING Singapore’s Initlatives

v
MOU between SPRING Singapore &
Maastricht UMC Holding
S JNG maastricht C
singapore L’ N
Ensbling Enterprise  QPULDY tiopartner’ ﬁfgﬂ
; [=BioMedboostor”
Wwgmet  xswoc) @ ZINMeded
{;:l.lssc::rne::s:, Healthcare, Medical Technology
Duratlon:
MOU will be in effect for 3 years from 13" June 2013
Ohiectlves

Promote and facilitate partnarships /collaborations between Maastricht and Singapore entitles:
« Enterprise level: Singapore SME —~ MUMCH commerclal entltles and afflliates
« Industry level: Singapore Hospltal - Singapore SME ~ MUMCH commercial entlties and afflllates

« QOthers: Singapore entities - MUMCH Organlzations/afflllates

SPRING Singapore's Initiatives

-~ -

Partnerships for Capability Transformation

(PACT)

Foster collaboration between SMEs and Large Enterprises (LEs)

Collaborative partnership to drive knowledge transfer, capability upgrading and
development and test-bedding of innovative solutions.

Partner SMEs with
Large Enterprises

PRIN
singagore
Tnshing Frmprir

Co-fund Partnerships

Thank you
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Transforming Medicine,
Improving Lives

DUKEBGNUS

‘GRADUATE MEDITAL SCHOOL 5141 APORE

School Designed to Produce A New Breed of Doctors / Clinician Scientists

Well-trained specialists Clinician scientists who
to care for patients contribute to advancement
= of medical knowledge

spirit, willing &
interested in
S Look at old blazing new trails In
=z problems in new science &
¢ creatlve ways professional career
3

Creative & critical thinkers =
DUKEBENUS

ARLBLATE M BaaL

DUKEBGNUS

UATE MEDICAL SQHOOL 3 75 /oy

transturming

medicne,
improving lives

Our Foundation

Setting up of Duke-NUS

d MTI HIAIITEY 64 TaAR)
b N AN IEY
— A o

DUKEBENUS

GRARGATE BIBLAL 1ENCD



Planting The Seeds - The Academic Healthcare Cluster

SGH |(KKH| 42

Campus Campus | specialties

Our Mission in Academic Medicine

DUKEBENUS

o ;B. «% GRADUATE MEDICAL SCHOOL St53 4008 Largest cancentration i e
Development of ajoint 5 (90 (% Affillate medical schoal of tertiary care Women’s and SingHealth
. > c\ in SGH Campus expertise: SGH & Children's Group
year strategic research (e} National Specialty
o rS) Healthcare
plan for Duke-NUS and w Improve i Sl
i ; Patient Lives SingHealth Polyclinics Bright Vision Hospital
SlngHeaIth Padnershlp [ Primary Care New Sengkang Hospital

. -
s leactun: ‘ =
snstvses

uantibree w'."

e s
renerstior
By By
Clinical Care Research

INGREDIENTS FOR SUCCESS

INGREDIENTS FOR SUCCESS

Research Labs

Researchers and Fellows

DUKEIMNUS retert DUKEBEINUS |

GRADUATE MEDICAL STHOOL fil:GAIONE




DUKELEINUS

GAADUATE MEGICAL KOHOOL 5 5/ ST.

The Early Years

Cultivating Programs, People and Places

NUS "

GRADUATE MIDICAL JEWDOL 51125 POk

Milestones

Duke & NUS signed 15t MD Class
graduated

partnership agreement

School officially opened
by PM Lee Hslen Loong

1 PhD intake (Integrated
and biology medicine)

15 MD Class
started

EEINUS “

GRADUATE MIDICAL SCHOOL 15 A1A7

Our Curriculum

NUS Yong Loo Lin Typical US MD Duke-NUS

3'd year
Research

EaNU

EALADUATE IBRAL B0 1400

12



"~ Moving Away From _Developing Innovative Learning
3% ; Team LEAD (Learn, Engage, Apply, Develop)

rraditional Form of Learning

£
The routine cognitive skills and rote (:E >
learning have become irrelevant. Jr
OECD
PLSA

We need to encourage ways of
thinking and learning as well as tools
for working and communications

DUKEBRNUS

ORADUATE MIDICAL KEHOOL 114

DUKEBENUS 18

DUKESENUS

A/Prof. David Silver

Director of Graduate Studies Goals of Duke-NUS Research Endeavors

Research that Creates Knowledge
« First class entered in August 2010 Research that Improves the Lives of Patients

« Degree approved by NUS; process underway for approval of joint Research that has Economic Impact
degree with Duke University
« Designed as a 4-year program that incorporates the innovative
Team-Based Leamning strategies
» Includes a foundation course and discipline-specific courses
+ Has separate Tracks that follow each of the Signature Research
Programse




Getting the Right Research Structure

ﬁNPurOSEI.(!n.CFJ and Cardiovascularand
Behaviorai Disorders Miétabolic Disorders

DUKEMRNUS

Expanding Our External Focus In Key Research Areas

Center for
Technology &
Development

David M. Epstein, Ph.D, Director

Mission: To identify and develop a portfolio of
Duke-NUS research programs that have
translational and commercial potential

Vision: To facilitate commercial development of
our portfolio through sustained, long-term
relationships with external partners

Partners In Academic Medldne

DUKEREINUS -

Sroteatth PUKETHNLS

E Prof Michael Chee, MBBS -

Centers That Integrate Activities in Key Focus Areas

)

AlProf Steve Rozen, PhD

Bees

AProf Erlc Finkelstein, PhD AiProf Arul Eamest, PhD

Investigational Medicine Unit DUKERENUS

-~ : - ———— —

Phase 1/2a —30bed unit = Joint Sponsorship
Located at Singapore - SingHeaith
General Hospital - Duke-NUS Graduate Medical

School

- SICS (Singapore Institute for
Clinical Sciences)

Contains a 2-bed
chronobiology suit
- Firslin SEA

Dot in pcotak Mivacine

gx.




Getting The Right Mentors

Getting the Right Students

Undergraduate Degrees 2014 2015 2016 2017
Blology/Life '
_ Sciences/Sclences/Biotechnology/Pathology 30 29 27 32
Engineering 16 15 10 7
Pharmacy/Pharmacology 2 1 4 7
Chemistry/Biochemistry 1 2 3] 1
Psychology 0 1 1 3
Neuroscience 4 2 2 1
Nursing/Nutrltion 2 0 1 0
Social Sciences/Humanities 2 3 0 1
Traditional Chinese Medicine (1] 0 2 0
Business/Economics 2 6 6 3
v [y | P Masters Degree 8§ 9 9 1
DUKEBENUS ' R SR—

GRADUATE MEDICAL SCHOOL 5!8AANOTE

Getting the Best Clinical Faculty DUKEEEINUS

WRADUATY MIDICAL SCHOOA 5(:10xx =21

transforming

medidne,
improving lives

The Present
Growing the Field

DUKEBENUS =

GRASANTE M mAL



Duke-NUS in Numbers Residency Training

,[_ 379 Students

>170 Delegatioﬁé‘
| 27 countries

>100Student
, Publications

DUKESENUS DUKEERINUS

GRADUATE MIDICAL B =

The Duke-NUS/SingHealth Academic

Academic Medicine
Journey

Translational Medicine Cycle

DUKEBENUS °

GRADUATE MEDICAL SEHDOL UiBARDAL




. Developing Facuit
AMC Matrix Concep DUKEGENUS ping y

» Academic Medicine Education Institute (AME)
B[ S el [l - Academic Medicine Research Institute (AMRI)
urg |Cancer| Cardio (=4 NEUro “ath
Hhoo Scholars Program

Cancer & Stem Cell
Blology

Neurosclence &
Behavioral
Disorders

Cardiovascular &
Metabollc Disorders.

Health Systems &
Services Research

AM
Research Institute

Educallon Institute

oo DUKESENUS

LIRS [
=

AMRI Stall and Cores = Fulfil Our Mission

= o vy

DUKERENUS




Collaborations & Economic Growth

ImaginAb

& sk b
N . inviragen
y ing for . Oncology Research
Set-up R&D Facllity
Abbott
e for Lo
Translational Medical Hub ARt Collaborative Medical Research
Tanslational Oncology Research
Research & Development

AstraZeneca ‘\{é\‘l ﬂ A it
Research on Ceramlde Synthases

& Metabollc Disease Develop Advanced Molecular

Pathology Laboratory
DUKESKINUS

Extending Collaborations, Impacting Globally
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Lo

T
k
r
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BEMLS

GRADUATE MERICAL $CHODL - im0 54

The Future

GRADUAIE MIDICAL 3CHOOL < * v

BINUS

trarkanmitg

madiring,

Nepeaeliie s




DUKESRINUS

Partnership in Translating the Academic Medicine Vision

DUKEMENUS SingHealth

THANK YOU



