2010 QS World University rankings

Life Sciences & Medicine MILKEN INSTITUTE
Rank
2010 2009 School Name Country  Score
1 1 Harvard University u.s. 100
2 2 University of Cambridge U.K. 92
3 3 University of Oxford U.K. 82
4 4 Stanford University u.S. 75
5 5 University of California, Berkeley u.S. 70
6 7 University of Tokyo, The Japan 66
7 6 Johns Hopkins University u.s. 66
8 8 Massachusetts Institute of Technology  U.S. 64
9 9 Yale University u.S. 63
10 18 University of California, Los Angeles u.S. 60
11 17 Imperial College London U.K. 58
12 12 University of California, San Diego u.S. 57
13 20 National University of Singapore Singapore 54
14 13= University of Melbourne Australia 53
15 22 University College London U.K. 53
16 11 University of Toronto Canada 52
17 34 University of Edinburgh U.K. 50
18 13= Kyoto University Japan 50
19 15 University of Sydney Australia 49
20 16 University of British Columbia Canada 49

Sources: Quacquarelli Symonds, Times Higher Education.



University tech transfer and commercialization index

. . . MILKEN INSTITUTE
Top ten Milken Institute rankings, 2005-2007

Patents  Licenses Licensing

issued executed income Startups Overall

Rank Institution score score score score score
1 Univ. of California System 93.61 86.52 84.74 94.68 100.00
2 Massachusetts Inst. of Technology (MIT) 89.00 82.08 82.59 96.62 98.41
3 Brigham Young Univ. 74.08 88.33 79.50 99.81 97.00
4 Univ. of Utah 74.46 82.86 81.45 100.00 96.98
5 California Inst. of Technology 100.00 78.74 77.41 93.88 96.60
6 Columbia Univ. 82.83 76.41 91.00 87.47 96.14
7 Univ. of Florida 86.15 82.31 85.27 87.44 95.44
8 New York Univ. 77.97 76.43 100.00 72.66 93.07
9 Stanford Univ. 90.60 84.43 85.32 69.99 89.75
10 Carnegie Mellon Univ. 75.41 73.19 75.57 89.75 89.24

Sources: AUTM, Milken Institute.



New chemical entities MILKEN INSTITUTE
By headquarter country of inventing firm

1971-1980 2001-2010
Country NCEs % total NCEs % total
U.S. 157 31 111 57
France 98 19 11
Germany 96 20 12
Japan 75 15 18
Switzerland 53 10 26 13
U.K. 29 6 16 8

Sources: Arthur Daemmrich, 2009, Milken Institute.



NEWY dl’ug approvals MILKEN INSTITUTE
U.S. and Europe, by headquarter country of inventing firm

1997 2009
Country U.S. Europe U.S. Europe

U.S. 52 8 24 19
U.K. 22 4 11 11
Germany 5 3 1 6
Switzerland 12 3 7 10
France 4 3 1

Japan 3 0 4 3

Sources: Arthur Daemmrich, 2009, Milken Institute.



Mean approval times for new therapeutics

and new biologics

MILKEN INSTITUTE

Life Sciences & Medicine

New Therapeutics

New Biologics

Total Mean approval time Total Mean approval time
number (months) number (months)
1999 35 12.6 5 17.1
2000 27 17.6 6 25.8
2001 24 16.4 8 19.6
2002 17 17.8 9 30.1
2003 21 16.9 14 34.7
2004 36 18.1 2 19.8
2005 20 13.7 8 9.1
2006 22 14.9 7 16.2
2007 18 12.3 8 8.2
2008 24 17.8 7 15.2
2009 25 13.3 9 12.8

Source: Pharmaceutical Research and Manufacturers of America (PhRMA), 2010, Annual Report.



MILKEN INSTITUTE

Pharmaceutical R&D process
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Share of total pharmaceutical R&D spending ] MixeN INsTITUTE
1990 to 2008
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Sources: National Trade Associations, U.K., Ministerial Industry Strategy Group/Association of the British Pharmaceutical Industry Report (2009).



Share of global revenue growth in the

pharmaceutical industry MILKEN INSTITUTE
2001 to 2007
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Mature countries: North America, Western Europe, and Japan

Tier 1 countries: Brazil, India, Turkey, Mexico, Russia, South Korea, and China.

Tier 2 countries: Venezuela, Argentina, Puerto Rico, Columbia, Chile, Peru, Ecuador, Thailand, Indonesia, Philippines, Vietnam,
Saudi Arabia, South Africa, Egypt, Algeria, Pakistan, Romania, Hungary, Czech Republic, Bulgaria, and Lithuania.

Sources: IMS Health, Market Prognosis..



Average P/E ratios of six leading U.S.

pharmaceutical companies MILKEN INSTITUTE
Abbott Labs, BMS, J&J, Eli Lilly, Merck, Pfizer, 2001 and 2011
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Source: Michael Milken, "Lipstick or Life?," The Wall Street Journal, January 12, 2011.



Clinical trial costs MILKEN INSTITUTE
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Percent share of global medical device exports ]| Mikex istrrure
Top countries, 2006 and 2009
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Top 10 medical device companies

MILKEN INSTITUTE

2007
Rank Company Country of origin | 2007 revenues 2006 revenues |% change
($ billions) ($ billions)

1 |Johnson & Johnson U.S. $21.7 $20.3 7
2 |GE Healthcare u.S. $17.0 $16.6 3
3 |Siemens Medical Solutions Germany $14.4 $11.6 24
4 |Medtronic u.s. $12.9 $12.1 7
5 |Baxter International u.sS. $11.3 $10.4 9
6 |Covidien u.sS. $10.0 $9.5 6
7 |Philips Medical Systems Netherlands $8.9 $8.9 NA
8 |Boston Scientific u.sS. $8.4 $7.8 7
9 |Roche Switzerland $8.0 $7.2 11

10 ([Becton Dickinson U.S. $6.5 $5.8 12

Sources: MX: Business Strategies for Medical Technology Executives, May/June 2008 edition, as cited by Michael Rosen,
"Global Medical Device Market Outperforms Drug Market Growth," WTN News.



Share of total life sciences venture capital

MILKEN INSTITUTE
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Corporate tax rates

MILKEN INSTITUTE

Top 10 OECD countries, 2009

Country Tax rate
Japan 39.54
U.S. 39.10
France 34.43
Belgium 33.99
Canada 31.32
Germany 30.18
Australia 30.00
New 30.00
Spain 30.00
Luxembourg 28.59

Source: OECD.



Statutory corporate income tax rates

) MILKEN INSTITUTE
OECD average vs. United States
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Tax subsidy rate for US$ 1 of R&D

i . MILKEN INSTITUTE
OECD countries, large firms and SMEs, 2008

Large
Rank OECD countries firms SMEs
1 France 0.43 0.43
2 Spain 0.35 0.35
3 Portugal 0.28 0.28
4 Czech Republic 0.27 0.27
5 Turkey 0.22 0.22
6 Norway 0.21 0.23
7 Canada 0.18 0.33
8 Korea 0.18 0.16
9 Hungary 0.16 0.16
10 Denmark 0.14 0.14
19 United States 0.07 0.07
OECD average 0.11 0.12

Source: Warda, J. (2009) "An Update of R&D Tax Treatment in OECD Countries and Selected Emerging Economies, 2008-2009".



Biomedical Sciences

A Strategic Industry for Singapore MILKEN INSTITUTE
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Singapore’s Biomedical Sciences (BMS) Strategy

1. Flexible frameworks: Attracting private investments for a
robust BMS Manufacturing base

MILKEN INSTITUTE

2. Government’'s Strong 3. Coordination and Integration at
Commitment to R&D the National Level

Targeted Biomedical

R&D Strategy
4. 5trong Public Research Capabilities & 5. Manpower Training and Access
Infrastructure to Talent
6. Emphasis on Translational and 7. Strong IP Protection and Ethical

Clinical Research frameworks



Flexible frameworks: Attracting Private Investments

MILKEN INSTITUTE

Baxter Bioscience- 6™ Commercial Biologics Facility

Manufactures bulk API for Advate
(haemophiliac medicine)

Employment of 230

Commercial-scale facility

Expected commercial production
2011/2013

gl
'

31-year partnership between Baxter and Singapore
Manufacturing Medical technology to Biopharmaceuticals



Flexi Frameworks: Attracting Private investments

Achieving regulatory approval in record time

S~
Lonza Genentech

In 2006 Lonza invested im a 80,000L \.I
mammalian manufacturing facility

Roche exercised option to acquire facility
in 2009 for USS290M

Avastin® receives regulatory approval in
October 2010 {48 months from
groundbreaking to regulatory appmval:le

Roche-Genentech invested in a 1{]1}1][\\
E coli manufacturing facility in 2007.

Lucentis® receives regulatory approval
in May 2010 (36 months from
groundbreaking to GMP qualification

batches to achieving regulatory
approval) J/-’

MILKEN INSTITUTE




Flexi Frameworks: Attracting Private Investments TR TS

Solutions for biologics manufacturing

i Clinical

Lonza M:ﬂmmmﬁu—ﬂﬂmmmmﬂ

manufacturing

Co-share imvestment [ dewelopment risk
SO T Existing pood of »280 trained manpower
Incentives to maximize retained

Partmers

strong partnerships and commitment to train led to good business outoomes:

" 80,000L state-of-the-art plants ready Sacondmeant of Biclogics STRAT
in 3yrs instead of standard 4yrs Manower trained =250
{ from ETI to personnel in
Lonza e e stable & refizble talent oozl TTiTan DOMpanies biologics mfg




Diversity of Biomedical Manufacturing
Pharmaceuticals and Biotech

MILKEN INSTITUTE

Quality
Best-in-class Contract
Manufacturers
- Zero major observations

with regulators
S - Track record producing for
.' global markets
¢ - Industry-wide: early
manpower training

'

Strong foundation of
diverse Bio-Pharma
manufacturing

capabilities
25 manufacturing facilities
= 7 of the top 10 Big Pharma

= AP|, biologics, cell therapy

ok €9 MSD - On-time, within
Q l 4 @ Investing to build leadership in budget

Kanexa a Abbott. process R&D & new manufacturing . Creative solutions for
Lomzagroup technologies (e.g. green & sustainable company needs
< A>f \w \hli\ manufacturing, continuous processing)

SOOI e ins




Diversity of Biomedical Manufacturing

Medical Devices and Life Sciences Tools MILKEN INSTITUTE
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Catalysing the growth of the Biologics sector
MILKEN INSTITUTE
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Singapore’s Continued Investments in R&D DT TSI

as%— Target of 3.5% GERD/GDP by 2015 —
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Co-ordination and Integration at a National Level

{ Biomedical Sciences Executive Committee (BMS EXCO)

Co-Chairs: Chairman A*STAR & Permanent Secretary of Health }

Intellectual Capital Human Capital Infrastructure Capital
Wa WG WG

EDB MTI e $

Fngapdie “amm " MINISTRY OF HEALTH

o HMHI} e o
DUKEEEINUS =
'\ﬂ_ N UHS Singl iwalth f’ ﬁ.:.f?.?.';':'-"’l';)

The BMS EXCO:

Makes recommendations on the development of Singapore’s BMS cluster
+ Brings together various ministries and its statutory boards/agencies
+ Advises on policies addressing health, ethiczl and legal concerns

Enhances public private partnerships through fostering greater alignment between
Singapore’s BMS community and the industry

MILKEN INSTITUTE




Talent Development Schemes
MILKEN INSTITUTE

Conscious decision to build up local and international talent pool

Built up a pipeline of more than 1,000
Singaporean PhD talent through various
scholarships and fellowships over the last
10 years

A*STAR has also attracted about 400
international students from 40 countries,
through various award schemes ranging
from research attachments to PhD
studies in the past 3 years.

EDB funded grant support for overseas
training  (Strategic  Training  and
Attachment “STRAT") — to build up
manpower capabilities for emerging
sectors and activities

Ancther EDB funded scheme is the Local
On-the-Job Training “LOT" programme —
provision of opportunities for attachment
at locally-based leading corporations in
selected fields




Building Biomedical R&D Capabilities

MILKEN INSTITUTE

Phase 1: 2000 - 2005 Phase 2: 2006 - 2010
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Strong Public Research Capabilities & Infrastructure MILKEN INSTITUTE

Pre-2000

» |solated Pockets of Biomedical research capabilities

* Only one institute dedicated to Biomedical Sciences —
Institute of Molecular and Cell Biology

» Only one university offering a degree program in the
biomedical sciences — National University of Singapore (MUS)

* Only one School of Medicine at HUS

NUS




Strong Public Research Capabilities & Infrastructure

MILKEN INSTITUTE

Today (2000 - now)

Fusionopolis
* Full value chain of world- * Public-Private co-location:
class capabilities ranging Corporate labs co-located
from bench to bedside with public sector research
entities

Biopolis



Translational and Clinical Research (TCR) Efforts

» Singapore Translational Research
Investigator Award [5TaR)
= Clinician Scientist Award (CSA)

» Translational & Clinical Research (TCR)
Flagship Programme
gShip Frogr NMRC

* Bedside & Bench Grant Call

[TCR) Flagship Programme

» To establish Singapore as a leader in 5
strategic disease-orientated areas
» Each awarded 5525mil over 5 years

. Langer: Gastric Cancer Consortium
S Metabolic Disease: Type 2
l‘! Diabetes] Obesity Programme
Meurgscience: Schizophrenia

@ Infectious Disease: STOP Dengue
| - Programme

hw:mlﬂs Programme

/" Bedside & Bench Grant Call
# Foster closer collaboration between
basic scientists and clinical investigators

+ Facilitate the translation of discoveries
to clinically useful and commercially
viable applications

+ Each funded for up to 3 years, with joint

and equal efforts of both the basic

\\sﬁenoe Co-Pl and the clinical co-Pl /'

MILKEN INSTITUTE




Translational and Clinical Research (TCR) Efforts
MILKEN INSTITUTE

' -3 I
Thought £2°%, Multi-Racial
leader - > Patient
dinicians & i
scientists “J“ Assets
\ o

Investigational Medicine & Early Phase Trials
— Infrastructure and Capability

*Established clinical network
with access to patients

* Academic medical
centres

*Dedicated resowrce for | *One-stop shop for late-

POC J FIH trials i,' phase research
7 * -6 week approval *Design of studies,
SinaHealth (Parallzl submission to biostatistics, epidemiology
-, = ethics board and and evidence synthesis

w= regulators)



Conducive R&D Environment
MILKEN INSTITUTE

* Strong IP recognition and protection

* Robust research ethics guidelines and regulatory framework
* Centralised Institutional Review Board (IRB) System
* Bioethics Advisory Committee (BAC)
+ Genetically Modified Organism (GMO) Guidelines
* National Advisory Committee on Laboratory Animal Research (NACLAR) Guidelines

* Respect for data and patient privacy
* Data Privacy Framework Office

* Attained OECD Mutual Acceptance of Data status

* Quality assurance of Good Laboratory Practice (GLP) compliant pre-clinical studies in
Singapore



BMS Phase 3: Integrated Research Capabilities
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