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" Translational Science - an effort to build on basic scientific research to create new therapies, medical procedures, or
diagnostics.

[AX] TOINQ NWYIY NINY '9 %V 019170 YTMN 1aNn 1imnaYe 2
3 (Aravindan, 2020)
4(“Pharmaceuticals & Biotechnology | EDB,” 2019 ; Overview of the Singapore PharmBio Sector, 2019)
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2018 mwa .(re-export) mipn T2y X477 ,0'Kam DX 7w Rix' |01 (domestic export) mign nxin 7w Kix' |0 7710 01 NI
.Medicinal & Pharmaceutical Products-n xix' 7'7on 80%-7 anp domestic exports-n nrn

$1 USD = $1.35 SGP 7w ww "oy USD $ 9.6 B-> ¢
7 Yearbook of Statistics Singapore 2012 (2001 miw a7 o'auma 7713); Yearbook of Statistics Singapore 2019
$1 USD = $1.79 SGP Yw "ww "oy USD $ 1.1 B-> 8


https://unstats.un.org/unsd/publication/SeriesM/SeriesM_34rev4E.pdf

7712 Dhoon 2018 nmawa .11921'0a DMAI7IKAI DT'VAXNTO DNIXIM XA 0rTa 3800 - 1'n 2004 nawa =
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11
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NXANI,DPIN-D'RON 7w NMiIpn NU0I72IX NIN'DY NN NI NNEN LN 7 NIMIN?-21 NNan Nkan?

.DINN2 AXINNEPNAN DX D777 'O2 N7 0'7'2m nayn

7w VIXANL 1DNN 7V D'RINKD D910 |2 DIX'M 7Y NdNNONI NIMOXNN 1I9A1'02 N'M7WNAN NATIYD
NIDINN 270 ATV ,RNAIT? ,NRT NIXYY? [N .000'0-IZKA DINKN D'MYIAN DY DIFM7unnn NIrdImn
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Translational ) miaan Ypnn ™01 NMIK?-21 NNan 7w 9"n% owron nrnwnn NN DN .0inna
NI Tarn (Biopolis) n'nn 'wTn 7w 71ma pAaRo .nARI9N7 1Y 190 nfan 7'7nd 121 (Research Center

JIMNoN NNANI D'N7wUNN 7NN DN ,0'71N "N ,NRISY? 190 N ,NMTEN 'ANIA N'OIAINA

[ITN7 DXNNA . TArN oinna NIt (Hub) v Tmi n'ox7 qwwd 11921'0 IR 07N NN N2INA ' AN
NONINN N'RPOYAI NMIVT71I27N N20N NRINIDAYI'0 7W NI NX 7¥17 NN 7V 1121 D'0AYNID VIX' 2PN ,NT
NI'9'¥O0 NI'KIDT NI'VAY YA gnn TTIV? N2 n7wnnn L2 17D .'algnn NN DX DojmY7 nn 7y
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NNI0N IYXIAY NIMP'YN NI7IYON DX IXNN 1 A1'K .M NN N7 Ni7'Y NIMYNY WaT N2 D

21922'0 N'72757 DINN NNMY YIIND 1I921'02 TAIAN N"YYN NIN'SI DIT'E7 NIM7wnnn Nt

NI¥PA 701V [INARD 2190 .NNISAN'0N NATIFA DX ,NINS0 170 0'01 7V ,N'YNN2 DINNN D'XAN D'7190
37NN NTIAY NNA0NA [N NP 7W IR NN NINT ATIAY AT [N NPR NNA0NA 1T71W Nzoni NIAIMA
J4nNa YNy 702 NIINNNN DY NDWIY

9 Yearbook of Statistics Singapore 2019; Yearbook of Statistics Singapore 2010 (2004 niw a7 nama 771)

10 Singapore National Survey of R&D 2016; Singapore National Survey of R&D 2002 (Post-Graduate Students 7713)
" Yearbook of Statistics Singapore 2019; Yearbook of Statistics Singapore 2012 (2000 niw 1117 n'aima 7713)

12 Singapore National Survey of R&D 2002; Singapore National Survey of R&D 2016

13 (Singapore Ministry of Manpower, 2020)
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2018 mwa .(re-export) mipn T2y X477 ,0'Kam DX 7w Xix' |01 (domestic export) mign nxin 7w Kix' |0 7710 0t NIy
.Medicinal & Pharmaceutical Products — n xix' 7'75n 80%-7 2nj? domestic exports — n 11'n

16 Yearbook of Statistics Singapore 2010, 2012,2014, 2019


https://unstats.un.org/unsd/publication/SeriesM/SeriesM_34rev4E.pdf

NI'N7vYNNnA NIMDINN DIYe

mY1y DY 752 D'NNINN N2JYINN NXY'N ATYI nnpn

NN NTYIN TRON .MYT71Y DY 752 D'NNIMNI NIDNINY DXV ATV 1I911'02 N7wNnn AN [IYXRIN 2A7wa
Yam n7wnn? nxy' 01 QTN CNMIRTD DMCTANE DA0I0VOXRN NIMDIND N1 N7wnnn NN NININY
[IWURIN 27w y'mIn ,nTVIN NTIAYN 27N .05Yni NP'MX] DNIYRN 0'RYIA71 D712 NINNSNNN NiNanY

7 p

JM717M0 DAI7rn1 nRtonIIvIR-1"a NP MINAN INNA 1NN 110N N

nN2aN? nimnn ,nNan 7w 9" ' ,0Ma znn on mpim' 1 (Biopolis) ornn ‘v P9 N
J1'9I2INA D172 071D ,0'WNT D'NN'Y NN7 NNANE DXVIKVO

1 ,0'0TINNAY DI AMTPXRY DNZINT 0K 2 (D790 T'ORIM) D'INN-1N DN TIT'Y
i i i i
NMYYNT NMTERN

.0%71Y2 J010N N2 N77AMD NN DX 2¥NY NN 7V ,|LIoN DINNA NN TIA'R NNEN

NN D'RYIDN DX DT

2x'7 92 mai (Translational Research) miaann Apnna Tgnnin? o'nnimn DTy ny'¥n Xan 27va

2NN 'MY7YNn |In'Nal,0NTam 0r'RI9N 0MINNA 1'771 'RI9T 17NN DIAN 7w NIMDIN
19 Apnn yxah nnan pirn

n'"al DN o"pinn 1%0n 2 nMivnwn 27Tan NIvynxa N'NTERN IN "MIANN NN p2Iirn
.01V AXININ N'NYnNn

DINNA D'7OVNI NN NIN'DY7 NMIDAI'0N N7WNNN DTV DNIX 09000 D'ARYAN DX DAy 707 1 0710
.N1AI710021 YTNA NIMIXTN WNINN NIDIN NNA0N2A ,N1' TN TRIKN

17 (“13th BMS IAC meeting announces key achievements in Translational Clinical Research efforts in Singapore,”
2008; “Biomedical Sciences International Advisory Council Gives The Thumbs-Up To Singapore’s Biomedical
Science Efforts,” 2003; “Health and Biomedical Sciences International Advisory Council,” 2018; “International
Advisory Panel Endorses The Formation Of The Cancer Syndicate Aimed At Co-Ordinating Cancer Research In
Singapore,” 2002; “World’s Leading Biomedical Scientists To Speak In Singapore,” 2001)
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~$3.0 Biomedical Science Initiative | Science and Technology 2005 Plan (2001-2005)
Phase |

$3.3 Biomedical Science Initiative | Science and Technology 2010 Plan (2006-2010)
Phase Il

$3.7 Biomedical Science Initiative | RIE 2015 Plan (2011-2015)
Phase Il

$4.0 Biomedical Science Initiative | RIE 2020 Plan (2016-2020)
Phase IV

RIE - Research, Innovation and Enterprise

'YIIXRA [Inn NIN'S

TAI'AN DINN2 NYPWYN 7V N07NNN N2 INX7 TN 11921'01 7wnnn T 7Y 10711W DRIYKRIN OFTYND ['an
N7UNNN NN TV NAWAT7 D'WITIN DIYWDD DY PN 'WIRD (1IN NID'0 AL, TNY ANMY YInd
NUWYNN DY DX NINT? nTronw (Biomedical Science Manpower Advisory Committee) nTvi nn'zn
[91IN2 NAPYI N'WYNNNAL N7UNNNN D'NAMN DANIN ATV .ON™MY NN NINRNN NIWIN NINDIN Va7

S2V191 0DOX7 DNN'7NIE DTN NIMDIN ANK ¥

W' 2N N 91N WATIN 'WIRD [INNE DN DX XY 1IN C75Y N1an 7 nyian 11a1'o Nwnn
NINAD .0INN2 A7NWUN7 D2'MIYAN DYYWYN DX DT P2 wro'y 2'Inn o Y7ua 0'nnim XN iy
JNTPNN NN N'MYNY? Wil 0190 DY NN 7NN N71Y9 woIn [Nn 7w 217'w T U NNyl 0'nnimn

APNNN NIRLV'ONQIINAL N7YNANN NA'PN DNIR D'YTNN 17NNN 21DN2 NNO9A 'T'PON 1727 D'NNIMN

D'X91N2 1721 NDNON TN D'VITIVON 7NN ,NINTN 722 DMPINED'VITIVOY NIAM NYNNN NPV LD DD
mIPNN 'YK [INN DX X7 DNNLIMKRDLIZR NI NI0N Y7 pnn YW Nt onxy? wion? nrtmivnn
NYYNAL DM IPNNN 110N ,NMTRERA 'RAYY [DIXA TRON7 D1'w D

7N ,N1TNY YINn NI7'am NIRLV'0NAMINA TIN7 01m0¥N D'VITIVO TTIV? NN DLW ND0I N'AVIVON
wnn 19 7y USD $300 M 2w nipo n7wnnn ny'pwn )2 IX? .091pNn DINA 11921'07 11W? bnnvan
J9nmomn mmY nnv

8 The Duke NUS Story; DUKE-NUS Transforming Medicine Improving Lives, 2008; Research Innovation Enterprise
2020 Plan, 2016; “Singapore’s Biomedical Sciences R&D effort gets boost of S$3.7 billion,” 2010)

9(Brantley, 2002)
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DINNA D'TIN'Y7N NIX DXN7 INNVAY 22 12X 11921'0 7W N'IX7N NV'0NQINA TOI ,N'IDINN NYINN Ny
[IAOR NI7'YON 27N .WATIN 'WIIRD [INN NNWONA INNYI NU'0NQ1INA DTN NIDIN DX TNXRY? ,j701aN
NNPIN L7 2PN .N0TINI2IWNA 12D NID0I NIXY?OX0' TN D'XWI DA DY'NN VTN D'TIN'YZN NINdNA N7V T
NNN0NI NOTINNI NXRIDIN 'NINNNA DYRIN D'9NIY NN7MNaY (Bio-Engineering) noTin-11% np'7nn pa
NP7 Dwn N0o0NAMIIND MIPING WOKTZL LIPK DMINNA (M1'79'%0'T-'071n) MINN-QY NN yNaY
NNLIAX ,'OTIN PN ,N'X71AN 'MINNA 'Yyn YT 2V WaT N1 ,0j77nNn2 0'0ITIV0N NIWINN 77Nd .N'RI9N

20nnM mapl N NP NI

NN TIN77 WMV NIRV'0NAMINA D'VITIVON 1901 50%-2 772 ,N'N7WNNN N'DINN NYINN 1NK? D'NIYD
,3000 -2%7 y'an TnIan DINNA DMPIND ITAYW MIVPIT IXIN 722 190n 2018 mwa .2'o"nn 'wT DiNn
222002 mw T8N 4 '9-3 7w 'y

[IN27 MIn 7y ,DI7N2 NI7VI9N NIT'aAMN ANIX9N NIN2AN DY NINID 11921'02 n7wnnn 2T 2014 nmivwa
DIXIN 7¥ MYYYN DI WATIN RIM DT NDY DIAAN W7 Nyn INNY IYITIN N'A0I00KRN NX [1ONY7I
Sectoral Manpower Development Plan (SMDP) noniwn noin Tn' N¥' 178 D'ANIA .0"N9INN
21 MIWINN NIMDIN 7W NIF0AITN DY 'WIAN [IN7 NI2AN WIR'AN 7V Myn :D'0aqn nwi7wl nTpnhnw
NUYYNI 'WIKRD [INN 7W D1IY D'02'NY7 nontnn NXT N1dN .2 ninnY (Talent) 'wix 10 7w "mwi n>'wn
249191 NIYIXPA NIAONT TNWIN ,N'WUNAT AMTERD 2 DTV TN 'YK [0 0I'A NN 2210 Nmipnin

(3 R)

20 (“History | NUS Engineering - National University of Singapore,”; Wong, 2007
21 (Brantley, 2002)
22 (Singapore National Surveys of R&D, 2002 ,2018)
23 (Brennan, 2014)
(

24 (“Programmes and initiatives which will be rolled out under Sectoral Manpower Development Plan (SMDP)")
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21921'02 NIDNNN X' N"WYNYT D'RNN 'WIIN [N NIN'S7 NAVIVONI NNV NNTAN (3 IR

NN
'WIN [IN 1ARN TNWII D'PY ,NNDY 010
NISNNN JINY NUYWYNI WAL [DI'D

F
o #2 #1
MIJ'N DTN NID OI'A S nirvavIN Y NINRAN NIYAT2 NT'NY
NNl N2TNN NINDIN [PI'N DTN NIDY noTY
IN'NN'Y D MWINNI
9 NUWYNN DINY g
1
q9'WHY NYWYNN AIN'D NIN'PN NIDTNN DY D'WIN YW JAND N2 0N
DTN NID 2w DI'AN NOIDY D'DI¥N 2V NNIYY ' D'J0 D'T'PDN2 DINID
MIN'WI NI DTNV DN D"21N"I

(“Sectoral Manpower Development Plan (SMDP),” 2016) 'uni7 jnxa Tom T2y ipn

,N'ON' 71ITAN NINWNN YYD APYI TARN DINNA NN N75Wn2 DTN NIFDIN (112 11921'02 NNy 01D
OIILPIT NKP? TINY7 D712 VAULEIT? D'VITIVO .2°AMYYNA qQIN'YWA N'WIXPA N20NY7 NINDIN DA INNID
qQIN'w? DN 12T 28001 NTIAwN 77N> 2awna arwynn naona Apnn 2 (Industrial PhD) mrwyn
NIFIYNN [ID'N NARY NIYIXPA DNWID NIDAYI D 10D .MIYY YT DYDY IWORNIE DNIVRON |2 N71V9N
1727 ,ON' 12 ,0'YAIN NN'NA 'O DN DFTIAYZN NNA0NA .22 D'IYNY ,DINNA NWIXPA NNi7oT
Singapore Institute of ) W9a10 7w ndLvN PNN .0 0ot (drug discovery) nioINN
NNNISY D'TIN'7N N'DIN NNA0NA ,N'VAXYNI9N NOTINN DINNA DTV 0TI N'12IN 7'von (Technology
DX 'WONI N'WYN] N'Wyn NIOINN DA LY N7 Ta%n ,2%wn ANImn .anonn iojpon oy TN
270N 0rro NN T Atwyna TIave NXYY 0N TWONNN P2 110702 NPTV DNTIAYY D'0ITIVON

.28 01T ' NIXN 7w NYpwina ARIoNY 190 N 1ISAY'0 7w NN NuronaiNa Jana 2005 mawa
.(Translational Research) miaan 2jpnn% ™1 Da N7 190 N'aa 1M 2012 mwa

D''UIXNID DX 1IX'] D'OYINN 190N NTANNA DAYA XY 772 ,NM7wnnn NI'yonn nxR¥INd
12vyon 10N N7y N7n 7apna (4 k) 2004 nawn e 2 9% Ty 2018 nmawa yiani 1191'0a ozl
NMTPRN N7 'MPIOYN POIX DX NN L1781 D'UIXNATONT D710 IX'D

25 (Singapore Ministry of Manpower, 2020)
72T 125 NINNX NIFTNA DA 0" AT 7TIn 26

27 (Goh, 2013; “Overview of the Singapore PharmBio Sector,” 2019; “Workforce Competency in the Biomedical
Sciences Industry - medtech.sg,”)

28 (Sidhu, Ho, & Yeoh, 2014)
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(2004-2018) 11922'02 D"A171121 D*'VAXNID DMIXIN NIX'A D'ZOYINN 190N 4 1I'R
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(6 WI'N) 11921'02 TAl'an DINNA D"RINN 90N T'NNn 2T N ,|2 1D

29 Yearbook of Statistics Singapore 2010, 2012, 2014, 2019
30 Yearbook of Statistics Singapore 2012, 2018, 2019
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(2002-2016) V9a1'02 TnIan ninna 3'(Researchers) npinn 1oon :6 1IN

9000

3000 7695 7795
7086
7000 6390 6575

6135
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<000 . 1584 4866
3987
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3055 3368
2736

" uh ||||‘ ||||| I||I| |||I| |||| |||II |I‘|| ||‘|| ||‘| ||‘| ||‘| |I|| |||| |||||
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=]

200
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=]

M Private Sector Researchers M Government Sector M Higher Education Sector M Public Research Institutes m Total

Singapore National Surveys of R&D3? imi7 xa 7xinw Tom Ty Nign

2002- 01N |'2 TAIaN nINN2 0MZIND 1%0n21 (3 ' 7yn 7w) Miynwn 71T 0D Nnkan 7NN 1mana
7 rxkawmnd 2018

31 "Researchers are professionals engaged in the conception or creation of new knowledge, products, processes,
methods and systems, or in the management of the projects concerned. Managers and administrators engaged in the
planning and management of the scientific and technical aspects of a researcher’s work are categorized as researchers.
Full-time postgraduate research students, at both the master degree and PhD level, are categorized as researchers"
(National Survey of R&D in Singapore 2018).

32 Singapore National Surveys of R&D 2002-2016 ,Post Graduate Students 721>
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2002) o'mTpEXN DIRNY? NRI7NA 11921'02 NNIAAN N7DWNN TAN TAI'AN DINN2 DARIND 190N (7 I'R
33 (2018 nnivy

Higher Education Sector

0
No Degree
| 22
Post Graduate 540
Students 1238
178
Bachelor
675
158
Master
336
PhD 322
1671
0 200 400 600 800 1000 1200 1400 1600 1800
m Biomedical & Related Sciences - 2002 W Biomedical & Related Sciences - 2018

Singapore National Survey of R&D (2018, 2002) 1m17 jnxa 78y 10M T2 Nin

D" IN-D'X9N 2w oni7'yo1 DNWON nIT'Yy?

N71>2 DA D NWTN Ny aiwn a1 KN (Clinician-Scientists) onjzin — 0'koN YW "Wk |10 NIN'D
NOT DT XYW ,)2'9% .Tiran 1vpo nim'oa y+o7 dai (Translational Research) miaan apnn yxa%
112 TIN'7 NIMDIN 190N 1WXIN ,NT 'WIR [IN NNOYI 1'WINYT O] .11921'01 N7WNnnn 7Y NTNIM 17 nnivny
NN "¥7 N1 17x nroin 'an National Medical Research Council (NMRC) -n 1 2y 27nn% |in'n Da

.Clinical Scientist Award -ni Singapore Translational Research Investigator Award, -n

aoon N7Tan? mn ,2012 mwa n7nnw (707 2 na0a vi'e) Transition Award 120 NI 270
V'IPUNT N7Unnn 'xnXn qr 7y miynwn 9182 07V X7 D190NY TNKY7 ,N1 TR 0'7'YON DNPIN— D'ROINN
7271 212 AW 10 .NWIXZAN DT N7'NNA DMPIN-D'N9INA JINNY NN NXT N'DIN Non 24ninna
DNZIN-0'X9N7 DA D'ONIYNN D'YR DY NTTIANNA DRT nY0I7DINY 07,2018 nmawa nonioi Nt jvn

wwl nw IXINY 0'aTIvo on Post Graduate Students 33
34 (Yoon, Koh, Ong, & Thumboo, 2018)
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N1am NI 217002 1IN ,ENNY AR 1 Nizonn Nizn at a1 399wl n7va onnk ninigna
S%0rmay on 02 niIToimn A1a (WNNY 1 Tam At nR¥En 7710) Apnna nomnal

1707 2 n7202 y'oIn 11921'02 DMIPIN-D'ROIN NWINI NIN'D [NNVAY NRIYA NIIDINT7 NIRNAIT 190N

YN NIXY'012IIXA IPIN-KON A7IWNN 717002 D'IRN NI KW [AX] TOIN 01019 NnarT? X1 3

36 (Yoon et al.,2018)


https://www.neaman.org.il/Files/Graduates%20of%20Israeli%20Universities%20MD%20PhD%20Training%20Program.pdf
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3741922'02 D"PIN-D'X9N 7Y DNIZ'VOI DNWIN TIT'VY [N NIMDNY NIKNAIT (2 0720

(117} Singapore Clinician Healthcare Transition Award Clinician Clinician Scientist Research Training
nINN Translational Scientist Research Innovator Award Salary Support Fellowship
Research Award Scholarship Program
Investigator Award Master of
Clinical
Investigation
naun — D'X2'7{7 NI9'0I NNAN NN [mm NIYIT % nwn N7'NN2 DPIN-D'RON |INM D'NI™772 NO'AN | D1MIYNRN D' NomN D'N1'"77 NI
n'DNN MIYN N DMpIn nnpwni 10'01 [IN'l YT TIX 120N X7 In"ow Do T 2y Ny nn? DI7WUN 'T' 72V 2NN yxaY nrnnm T
VY¥17 071¥2 NIWUXRIN DPIN-D'NI7[77 | D'TDIN 0N W nI0N NN DNWIN | NN T2V 0MwTn DN INIX [ATN 112Y DY -D'NY'777 NN
DTPNN 'MIAN 7NN ¢ TP DnY D'2"1YNN DI'RI9 -D'R91N NM¥N7 X'N 7avnn Seed Mone APNNY D'WTEA | DMPIn NIg'ol DN
[In'n N1 .11911'02 751 ,NN"OX¥N TN 7NN 27vY DN'7 CWOXY7I D'YY DMPIN y I721'v 3 0'7'nNn
NYINNYT 'MIynwn | yiIxa 0n? 1WoNY? DNTIAYA DTPNN AWN7 1701' DA NTYY vant 121'U 2 DI D"INYT 11907
NIYTN 17NN NIDIN "MIAN NN PN | NDINR NNVN EnnY Qe jinm [11ON7 |nT wrTpznY .O"UR
.Tnian ninna nnna 1Y X '7'Tan? X' ND0N NIV 0I7"'D 101 VI
nNNNNY? N7 DINN-0'ROMNN 190N | .DNNXNN NN DTP'Y
27NN NiIToIn Dy 2I91'0a
.071ya 0*7"am
27NN '"MiNN7 NN N9 Ty
,N'YIR NNRNIN ARID [I1AD
N2ARIMTOX ,N'MPX'M N1
.NNOWNN NXIOI
|mm SGP $8 M “w nio TV 7w DIDO nw IXIN NIy Inm | 0w 3-7 SGP $ 375,000 Tv | SGP $100,000 v | SGP$300,000- $80,000 SGP $500,000 Ty
SGP $675,000 [0 NN avnl

01w 5 9v naipny

SGP $5,000 102

7w qwnn I
SGP $ 20,000

NN VIWUIR WNKY
1017 NN'RNN
(6] 2105}

n'mvyl NIty

(“Talent Development - National Medical Research Council,” 2015) :nijm 37
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mYvnn NN D'NTEZNN 2NN 11IDN NN

N'MYNN N2 NN Y'Pwn? no'Nn nwnnn 119a1'0a nati'n 7w DRIYXIN Nfa7va
X NON L P 1N NMIERN NTYYNN NN YUONI ,NMIK?I'A NN 'V 7NN TWORNY
NI71>' N7 NDYWINND NINNNA IX K77 Dimipnin 9"mn Nin' NX yRN7? ANtD gnnn nn

2831921002 0TI 0'PNY NIMAINY 20 NNAN TTIVY |21 '0190 ITANA AT 210N

National Medical -n 1 %1 A*Star3® ani71o001 yTAn NIYA NN NXR ,NINAN 770
onhunw (Consortia) nrTaxnl oAy Ann DN N1oa1'on Research Council (NMRC)
D1DN 7Y DANTYI D'WTN DDA 7¢ DNNPNYT NIKNAIT A'¥n 8 1I'K . TI'an 'ainna 9"inn DIy
N2INN 7W IWN A7wnn 77N (2 NS0 V'9In DY D1IdN 7 NIT'won minn 1INm) “Comnp
.D'NI9T DTN N'ATENRA 'NIANN 'RI9T 7NN ND'ANYT DA DN D'AXYA IXPIN ,NN7YnNnn
,NIXV'0N21IIN] DINNA NI'IXAN DIT' ,0NPIN-D'RON 7W DNI7'YO 2PN AN 1A 77 N1 mm
2000- pawn 2 9 ,1*¥7 X ATpnn nimavnl nen 'ma ' Apnn DTN 9w NI inn
-1 71922'0Q NM7IP7I NAI7IML NR'0A NN MINNA D'YTAN 010190 1901 7T 2013

(9 1x) 622%

TDNX NO'RYUN 27N ,NIYTN NIDINN 7¥ 'RNXY NIN'DY7 9"In 'YNXN DA Y'PYUn? n7Nn n1rmn
w' 1702 .#2(EDDC) nimrron nisnn nin's? ™0 opin 2019 Mmiwa .119a1'0 NYwnn v v
D"N7WNN 0'91A 17NN 21DN oY TIAY' 100 .4311921'02 110N [IWXIN KINT DMPIN AXAN NI
NIYTA NI'2AN N2'9N W ITNN DX wnn? *T> NN2Ni NIXV'0NAIR 071N 'Ma ,(A*Star)
JIWTN NIDINNY

TNIAN DINN2A 'WTNA 7NN YIXA7 D'ATRNN 17NN 20N 7w DANTYI DNNZN7 NIKAAIT :8 IR
(A*Star) 11921'02 N'M7WNNN NDINN 7W DRIYRIN N7wN 770D

Genome Institute of Bioinformatics Institute for Chemical Institute for Bioprocessing
Singapore Institute Engineering Sciences Bioengineering and Technology
Nanotechnology Institute
2000 || 2001 || 2002 || 2003 | 2003
Singapore Bioimaging Singapore Stem Cell Consortium Singapore Institute for Clinical
Consortium Immunology Network Sciences
2005 | 2005 | 2006 | 2007

(Chiong, 2010)-7 jnxa TOIN NIIX 7W TIA'W IpN

38 (Lim & Tai Wei, 2010)
39 Agency for Science Technology and Research (A*Star)
40 (Chiong, 2010)

2000-) [lwxIn 27w TIva MIaNN NN X 1pz'wa (2005-2010) nhoimn 7 awn A%wn Tpmnn 970 4!
10'01 7NN NI N1 NN (2005

42 Experimental Drug Development Centre - EDDC

43 (Ai-Lien, 2019)



https://www.a-star.edu.sg/
https://www.a-star.edu.sg/eddc
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11921'02 D'T?IP'?IYJH nazmni N;7'012N ,N'MDI'AN MINNA 0'YTNN 0'MIoNSnN 190N 91X
(1990-2020)

== Singapore Papers

=u=9% of the World
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— — ”
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> ,/
° 2.00%
O 00 /
© a¥
L b /
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’
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/ /-_-l"-—._—--..——-
23| A ———
o 0.74% | 0.50%
o »”
_—"'—::"_”
SR ————— 0.24%
-24% 0.00%
EFaad3Iagdrl8ge8caazsIssgsz8gecoganice2rg
O O OOy OO O O O OO OO0 OO0 000 00 000 O 0 O
— o T T o o r— — OO NN NN N NN NN NN NN NN NN N

(o910 D'} 2020 '1m1) Scopus yTMN NaNN '1IM17 AR 7RINY Tom NIX 7¥ T2 ipn

21922'07 NI'IX7-27 TI'A NNAN IXAN

-INQ [217'W1 11922'07 NIMINT-2Y NINAN NXANA 70Y N'M7UNNN N'INN NN ‘771201 770
,NT 210N 170Nn7 NI'N? D"IYYY D' NIYyNYNn NIRINNA NNDD N7WUNNN .11 T 'N'WYNN DVO'O
NNAN ATTIV D W1 KIX™? NN NIMIyAYA NI'727 Nypwn ,mipn 'Wwixpn yT Ny DNl
21921'01 [N7yONn NX 07 NN

[NN NND .NMIDA'0N NATIFN 7W DIYN NR7WA NIMIR?-0Y DNAN NRANYT 1IWn'y 09O T |1an

A4170% nivTion

Plug and Play ) na'pna nimiyn ninTnn DIMYNIZNN 2NN Ynnwn? NNl NNYOX =

.(Strategy

D'NNN ,NNIAA NN N2 N2IT 'WIR [N MWON- V192 WAT7 NwONn NIfdN I'2A DI *
.N"YVYN1 0'YARTIN D'T'PDJ’]'? nimi

.D'MIQ'Y 17NN 21D AMTERD ,NTYUNN [ D'PITN DWP TWONAN IWTN DUO'O-IPN =

.N'ONQ 7ITAN PIYT NOMD WY =

.TnIran niNNA ND'NNY7 NIV NDINX N'N7wnn niinn =

.D'XINN N7Vl nNSIn 'io'n wnim =

Jonim n'poy N2'ao ®

44 (“Asianovation: How Asia and Singapore have become global magnets for innovation centres,” 2018;

Koenig & Sanganeria, 2016; Selko, 2015)
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(120 'M7WNN [IN'N2 NINDIN .1I9A'07 YINN NNANY NNWN KIXNY D'0ITIVO ATTIV N7wnnn
n'wyn Nwdn wid1? oMY o “°Biological Overseas Training Program (BOOST)
NMYYNYT 'O YT 752 'WIR 1IN IXY7 [MN0NID71Y2 N7 NN NTIAY NIYYNR

[27 NIMIX? 270 DNANN D700 2 9% YR DM A 7wnnn T 7Y 0EIY Q01 (112N
N7 W 071w9 qIn'w 9a1'oa Economic Development Board 2 xwian 7y pnmxin nmiian
INIT N2 N7WUNN2 NNWYIY 19 NTIAY7 JWNnna ,NRT .NNANN DY 210 W7 NIND 72V V'own

ASnmipnn nrwynn DX DTE7 D7D NIMTENAN DNANN

"miNN2 NI7'Y9 178 NNAN .11931'02 DIPNN 0712 NI2IMan nnaxon ninan 10 inn 8-7 oo
A7pY1ya vonn N2 owann nivnn 10 QM 4 nnxrnailL,YTN 9N NI, R rnn NN
.X N9012 NIY'DIN 1I9A1'0] NIMIX? 21 NNAN 7w X 9"m ni'ys? niknairT

DX¥INY 1IX" 2yon 7Y DNNpna NIMIN? 21 NN2N W [miypwnt niknat aknn 10 e
2V DT 7 7192 Ty 178 Nypwn 2w 7700 nnon .2009-2019 nnawn IR 11921'0a 0fAI7IM
.SGP $3 B -n n7ynY

45 (Selko, 2015)
46 (Brantley, 2002)
47 (“Pharmaceuticals & Biotechnology | EDB,” 2019)
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['2 11921'02 D171 DNIXINT X' Y7Y5N] NIFIXT 21 NNAN 7 [niypwn? niknarT 10 ek

482009-2019 n1awn

Roche .
Monoclonal Novartis
Antibodies Monoclonal
SGP$ 696m Antibodies .
BaXter sGps 608m AbeIe
Hemonphilia Monoclonal
Lonza Treatmrients Antibodies
Monoclonal sGPs 400m
sGPs 370m
Antibodies Lonza
sGps 380m Cell Therapy
sGp$ 40m
2009 2010 2011 2014 2016 2019
Amgen
Monoclonal
Antibodies
sGPs 250m
GSK Bio
Vaccine
sGps 600m

(“Background on Singapore Biologics Manufacturing Industry") mi? jmxa 1om nix 7w 1ia'y Aijm

DVO'O-INN FIT'NTI TAI'A NNANA NYPWA? N'N7wnn 7 Nnpa
mipna

7'von7 11921'0 N7wnn N7NN 1I911'02 TAIAN NYWYN NN N'XN71 To"7 n¥nNnnn 77nd
|'a Nn"A NN nva Dzn naon .Bio*One Capital owa niyvpwin N7 2000-n nnw n'wx1a
NMI9N N'NIZNA NTYYN NNPNA JINNYTI TN DINNA NIMIZA DYRPYN NP TN 70 w7 N0
NXRT N N7n1 2007 mawa .Nrix?ml Nifiza 1NN 7w 11921'01 [NI7'Y9 T 'MYOKRN 1YY

4$800M USD -> 2012 nmawai $600M USD v n'op'na 0'90d

NNN¥N 7Y DIINRN DNRD D'9RN OV NAZIYN AN PN 79 QMypwn Nl nnizwo
A7NNN 1PN DY A71Y0 'OIN'W DA LIVUN [N NNANN N, N2 .11921'01 AN DINN
S0pnmbwnnn

NNX ,11921'02 TNI'AN DINNA "non 9" n'on' vbyn n'n 2000-n Niw N7'nNavw nTaIvn Ywa
7y D'MTRIN DA7W2 NIKYNIN NIRVPZ NNANA DA V'Pwn? NN g Y9 NRIYRIN Dnonn
NN2N2 DA NIYPYAN ITPRnn NP DNNIRA DA7WA .DINNN NIX NMYN7 Nan 72y NXT,9"In
mipnn YT 7Y INIM'DY7 100N ,11921'02 0'TDN D'PN7 NNAN IXINAY 17X NIYVPWN N NI
DANYN 7N YYD DIYN YN .NID0I NINAN NYANYT TIT DINY 12T ,0'RNNN 'WIRRD (1IN

.%"Merlion Pharma n1ana nypwnn NNaim ,NIYTN NI9SNN W [NIN'OA DA

NNENN 7Y NTIDNN NYa 0N DIYpwnn mido 48
49 (Lane, 2012; “Singapore biotech industry highlights,” 2007; J. Wong, 2011)

50 (“Interview with Swee-Yeok CHU, CEO & President, EDBI/Bio One Capital | PharmaBoardroom,”
2012)

51 (Lane, 2012)
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NIty ninnaini nn'o

7¢ NIX'M XIN 11921'02 TNIFAN DINN NIN'DY AATIFA NIX DI') D2 N7A1 12Ya ANINY [ITNN
.MIMN PYUN? NNy yimi §oi *235 1211 N DA 1D ,N'0X7 "IN0N WWI YT TRIND N1YTAN
7NN - 1N NMYAY 751 MIRTIMA DTN NP NIAIZIND0 NITIDY 119101 1121 ,NT [ITh wnn'? ']
NUYYNI 0721 NIMYTN NISNN 7Y NINOIL 72 0N 0T ,NNa NNt 21 'WTn pnnn
wINMY D'RNNN 'WIRD [INN NIWINYT NITO NN ANNYAN 17X 0'¥nRnY? . 2nnTpnn noaye
7v N1'Na NN DD L,N7WUNNN NIMDIN 7Y 70197 DNXXIN DV ,DM97RN NIY N7'NNA L [ITNN
NI NI7'W DX INDINY NIV'YIE DR8N 097 TIN YRX? "TO2 NXTE ,071y2 DMIT D'¥NXN

JINNX

NINIYAYN NI'011'S NIYPWNA 'V ' T NXA N1*TAQ TAIAN DINN NIN'D] N'M7WUNNN NIIYVAN
7w nmNxinn o'xnxn N2 Top-Down 7w nwna nxn'k nwnnin .Ni7'won 7w 0nivn 0'oana
9"In NI7I>' N2 NXT 77021 NYDINN 7w DRIYA N'0Q'N NIX WNn? 021NN NRIYN Drvan
NN NI7I0'N D NIAN NYAANN NINN N7'NNA .0MTERNLE DMIAND DNI0R0Y DTNN
NIMIX7-27 NIN2AN JIWNY? 0T 79021 N1 YT K27 MIyNwn Yaxn nwyl 3 v "1y Ni7wa 'R
12 DVO'O-IPKR NIX'™7 W'W NIAIMN 0'01 7V .MINN YT'N 0'01 NI 1Y''0'Y 01"0XYN Dy TAI
n'x¥n1 12 93(Bio-Polis) n'nn 'wTn% 2Ima 7IX9 N111 ,NA%IUN NIIXA DAIYA DATANN DA
M1l 071N "N ,N"WYN NNAN ,AMTPER 7Y 0019107 ,0"N7WNN 17NN 1DN N'9IAINA NID'MOo
qIX' D'7OYINN 190N ,XRIX' 71T 70, NIMIynYnn NIYpYnnl NN NIApPYA .ARIOT7 190

.TNI'AN DINNA DY MIENAN X' ‘29011 ,7nnal

TN TING? N1Y NIIwn NNam 1%0n Nimte 78w 11o21'0 12 0N 0'7Tan gy v
11707 NIXPA NIXAM 19X .11921'00

DXNNA NXTI D™D DYPNA DARNRND NHL DR NM7wnn DNl Itn 2y aatrn oo =
[9INQ D'ZIIYUNN DX IXT7 DYan?l n7wan? N'on' 10 AT NWAITN ,NIRT NYWYN 'OIXY
.(MDNNN DiINN2 TIN') Non

nrmimi N'Ynn N1l AT7nnn N'DINN [IYRIN 27wa TWUND ,0N1%Wa NTDINN VIX .
AIN0ONAI MIAN AZNNA D TNKI'YIRKRA [INN

NI7Zamnn NIriz115021 DIYTAY NIMYNA AYPYN NIYNNa Niam 9"im nizp nma =
2YIND [ YT TRin o 7710 ,071v2

DX NIYXAXY DIWN DNIVRPON |2 YT NO7NNI N71V9 qQIN'W? NN NNWOX Ny =
.D11Y DNIVZOoN D'o11 7w 'oMAIRAN (clustering)

JOMUN'AN VTR N'OITIINT NIMTODIX NIZNNYT VAN TRINN I7NN7 DANPN NRY7N =

2u5n NN NXRT 77011 ,NIND N'YYNN NIMDY NIMIN-2Y NiNan Y [miznt qinn o=
.01 NI NIDINN XYY NYYN

nownl NIMIXZ-QY NNAN 2 DIXMA ,MIPAN 'YWIARD [IN7 Droai nrrnarn ngn .
hhisthihys1Uhh!

JM7uUnNnn AR NYIIN 79 70191 NNyt 2y NRIMKD NRIYA DYAN A DIRN =
NMTPRANIZNNN TN AYWTN 9N NYpwinT? 727n Ny n'wyn? vaT |nn- =
NINI NMIPNAN NMTN 79 MAIYAY DX TWOKRT7 DNNVAY D'¥NXA DN 78IW'Y7 DoAY TN

N'78WN NIMTN Qi "N DVO'o-IPRN DI'I"|7'7 VT NN NIfIN?1'A nNan v NN

52 (Rai, 2006)

(“Biopolis - Wikipedia,” 2020) -2 xixn7 |01 imnjzn 27w1 Bio-Polis nimix qon y1n %3
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1901 78w Y270 1192 DI TAIN NANK NN, TAMRN DINNA XN'Z-NN2 DY NUYYn Nrmay
JIIINNRD DIWN DMWY 1I921'0 7Y Mo an Tin''? [N AT MaNK DY DITTINNNT? NI

VT Ny 4yxawn PUn? TNy nNmy vin NNy 20" miran oinn ,NnwTn? niwan NaTy
.NT XY 0"'NIYN N7un?7 701y [AN1 TOIN2 NNYWTNI N*AI71100

7XW PO-"DN YW WTNN Nn'yn yind Bio-Convergence 7y niawTn? niwan 54
(“Bio-Convergence | Israel Innovation Authority")



24

]
N NO90]
11921'01 NI'MINZ-21Y NNAN 7w NI7'We? nixnalT :3 n7a0
Year MNC Facility Investment Description Source
(SGP S)
Manufacturing Facilities
2004 Pfizer Manufacturing $600M Proposed in 2000 as part of Singapore’s (“Pfizer’s Bulk
Plant phase | of biomedical science initiative. Pharmaceuticals Facility,
Manufactures drug substances for the Tuas, Slngap‘ore -
worldwide market. Pharmaceutical
Technology,” 2018)
2003 MSD Forumulation $100M More than 15,000 sq. m. for manufacturing (“Merck Sharpe & Dohme
Manufacturing cholestrol related medication Formulation Plant -
Facility Pharmaceutical
Technology,”)
2000- | Schering- | Manufacturing $450M Production facilities for medications (“Schering-Plough
2007 Plough Plants Production and R&D
Facilities - Pharmaceutical
Technology,”)
2009 GSK Manufacturing S600M Vaccine manufacturing facility (“GlaxoSmithKline Opens
Plant $600 million Vaccine Plant
in Singapore,” 2009)
2016 | AbbVvie Small molecule | $400M More than 120,000 sq. m. site expected to (“AbbVie Opens First Phase
active employ about 250 skilled localemployees of its Global Manufacturing
pharmaceutical from various disciplines Facility in Singapore to )
ingredient (API) Sf;pp.ort the Gro‘wth of its
Biologi Pipeline | AbbVie News
lologlcs Center,” 2016)
manufacturing
Facility
R&D Facilities
2002 PharmalL | R&D Center $142M Research on drugs related to cancer and (P.-K. Wong, 2007)
ogicals other diseases related to Asians
Research
2007 Bayer Innovation Over $27M | Collaborative research with academia and (“Asianovation: How Asia
Center in biotech companies. Partnership in and Singapore have
Singapore partnership | translational research with Asian centers of ‘becom? global magnets for
until 2018 excellence to tackle major diseases |”nnovat|?n centres,” 2018;
lent in Asi Innovation Center
prevalentin Asia. Singapore | Bayer Open
Innovation,” )
2008 | GSK R&D facility ~$170M Manufacturing new drugs through (Mansell, 2008)
innovative process developmentand
optimisation for large-scale production.
2016 Ferring R&D $10M Focus on prioritised therapeutic areas (“Ferring Pharmaceuticals
Partnerships including infertility, obstetrics, opens Asia Pacific
with hospitals gastroenterology and urology. Get closer to headquarters in Singapore -
research markets to meet the needs of patients in the | Ferring Corporate,” 2016)
. geographical areas.
institutions and
universities
2017- | Chugai R&D Center for | $296M Development of therapeutic antibodies for (Lee, PC (2017). "Japan’s
2021 Pharma Biopharmaceuti commercial use Chugai Pharma to inject
cals nearly $300 mil into
Singapore bio drug lab by
2021 | The Edge
Singapore,”)
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'2 N90)]

nNTIN 7Y DIWRIN 127w Nnaona A*Star nomna nirmun nnpn? niknAiT (4 0710
(*0'02 'vTn 2NNY? TONN NNpPN X A7W) — 1I19A1'02 TNI'AN ITAN NIN'OY

‘E’ear : 2000 2001 2002 2003 2003
stablished
Initiative Genome Institute | Bioinformatics Institute for Institute of Bioprocessing
of Singapore Institute Chemical Bioengineering Technology
Engineering and Institute
Sciences Nanotechnology
Aims Use genomic Research of Train R&D Cross-disciplinary | Become a
sciences to biomolecular manpower, research strategic
achieve mechanisms that | create a firm converging collaborator in
improvements in | underlie for science base and | biology and bioprocess
human health biological technology chemistry with engineering,
and public well- processes. infrastructure to | engineering. placing Singapore
being. Training of support growth. Fostering as a leading hub.
students and innovative
instructors in research for the
bioinformatics. benefit of
society.
Institute’s https://www.a- http://www.bii.a- | https://www.a- https://www.a- https://www.a-
Website star.edu.sg/gis/ star.edu.sg/ star.edu.sg/ices star.edu.sg/ibn star.edu.sg/bti/A

bout-Us/Vision-

and-Mission
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Year 2005 2005 2006 2006 2007 2007

Initiative Singapore Singapore Stem | Singapore Experimental Singapore Institute of
Bioimaging Cell Consortium | Immunology Therapeutics Institute for Medical Biology
Consortium (within Inst. of Network Center Clinical Sciences | (former Center

Medical Biology) (currently part of Molecular
of the Medicine)
Experimental
Drug Discovery
Center)

Aims Develop Create Conduct Conducting Implement Understand
bioimaging translational advanced proof-of- translational human disease
applications, as research translational concept studies research mechanisms,
well as promote | capabilities in immunological programs, for and discover
the stem cells and research for . 'bench to innovative

. : . - Translation of - .
collaboration of | integrate basic promoting early-stage bedside solutions for
national science with societal well- arly-stage research. promoting well-

L . L . discoveries into -
bioimaging clinical being . being.
. drug candidates
efforts together | experience .
i Talent with partners
with partners - L
from different development from different Train clinician )
rom ditteren sectors using scientists and Focus on link of
sectors various methods | develop basic science
such as high collaborative and clinical
throughput programs with medicine for the
screening and various sectors benefit of the
medicinal (such as biomedical
chemistry academia and industry
medical
centers)%®
5 , https://www.a- See description in: https://www.a- Integrated in 2019 https://www.a- https://www.a-

:;\'ISt")t'-_‘te S | star.edu.sg/sbic https://stemcellforu star.edu.sg/sign/ into the star.edu.sg/sics/ star.edu.sg/imb

ebsite

m.org/about the is
cf/members/singapo

re_biomedical resea
rch_council.cfm

Experimental Drug
Discovery Center:
https://www.a-
star.edu.sg/eddc

5% The Institute will cease its operations in March 2021

5 (“Singapore Institute for Clinical Sciences | EpiGen,” 2020)



https://www.a-star.edu.sg/eddc
https://www.a-star.edu.sg/eddc
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Year 2001 2008 2009 2014
Initiative National Large Singapore Clinical Cell Therapy Facility National Health
Animal Research Research Institute Innovation Center
Facility
Aim Support of A national research Good Manufacturing | Provides funding and
biomedical research organization Practice (GMP) guidance to public
and training in line established for national facility sector clinical
with international improving the service for medical research.
standards and animal | standards of human and scientific
care ethics®’ clinical research researchers, creating
. . Supports the
conduction of leading cell therapy products PP
.. development of
clinical research . .
. innovative
through partnerships .
. . technologies and
with academia and .
. translational
commercial sectors
research.
Institute’s https://www.nmrc.gov. | https://www.scri.edu.s https://www.nmrc.gov. | http://nhic.sg/web/ind
Website sg/grants/enablers- g/about-us/about-scri/ | sg/grants/enablers- ex.php/about-us/what-

infrastructure/nlarf

infrastructure/nctf-hsa

we-do

57 (“National Large Animal Research Facility by SingHealth Duke-NUS Office of Research - issuu,”

2015)
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