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Innovation and Professional Re-
alignments

target particular industries for government sup-
port. In the past fifteen years, these three coun-
tries all identified the biopharmaceutical industry
as a strategic sector. This article explores,
through economic analysis, the rationale for this
decision and the strategies chosen for linking into
the global bio-economy with the objective of
Abstract
South Korea, Singapore and Taiwan are well
known as export-oriented developmental states
which for decades employed industrial policy to

catching up in biopharmaceuticals. The paper
identifies three comparative advantages enjoyed
by these countries in the biopharma sector: (1)
public investments in basic research; (2) private
investments in phase 1 clinical trials; and (3) a
potentially significant contract research industry
managing latter-stage clinical trials. Governments
employ a range of industrial policies, consistent
with these comparative advantages, to promote
the biopharmaceutical industry, including public
investment in biomedical hubs, research funding
and research and development (R&D) tax credits.
We argue that the most important feature of the
biopharmaceutical industry in these countries is
the dominant role of the public sector. That these
countries have made progress in innovative capa-
bilities is illustrated by input measures such as
R&D expenditure as share of gross domestic
product, number of patents granted and clinical
trials, and volume of foreign direct investment. In
contrast, output indicators such as approval of
new chemical entities suggest that the process of
catching up has only just commenced. Pharma-
ceutical innovation is at the stage of mainly
generating inputs to integrated processes control-
led by the globally incumbent firms.

Aust Health Rev 2009: 33(2): 245–257

SOUTH KOREA (henceforth Korea), Singapore and
Taiwan — the “East Asian Tigers” — have
achieved remarkable results in economic and
social development. Real gross domestic product

What is known about the topic?
Many recent studies have shown that Asian 
countries, particularly China and India, but also 
other Asian nations such as South Korea, Singapore 
and Taiwan, are rapidly becoming important centres 
for biopharmaceutical research and manufacturing.
What does this paper add?
This paper provides an analysis of developments in 
the biopharmaceutical sector in South Korea, 
Singapore and Taiwan, including comparative 
advantages, industrial policy, current performance 
and future challenges. These countries are in the 
process of building substantial capabilities in 
innovation and production, but will not in the 
foreseeable future emerge as fully integrated 
competitors with established global companies.
What are the implications for practitioners?
Policy debates in developed economies on growth 
in the biopharmaceutical sector need to consider 
the dynamics and structure of the global industry. 
From an Australian perspective, South Korea, 
Singapore and Taiwan loom large as examples of 
countries which, in some respects, seem to have 
overtaken Australia in biopharmaceuticals. This 
article qualifies that impression while identifying 
opportunities and limitations of different strategies of 
linking into the global bio-economy.
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(GDP) per capita in Korea increased from
US$1110 in 1960 to US$13 209 in 2005 (in 2000
US dollars). Life expectancy at birth in Korea
increased from 54.2 to 77.6 years in the same
period, and the economic and social trends in
Singapore and Taiwan are similar.1 Governments
in these countries, from the 1960s, employed
industrial policy to drive a continuous shift into
more technologically sophisticated and higher
value-added economic activities, and private
firms were impelled to look to export markets.
This story is described and theorised in the large
volume of literature on the “developmental state”.
Key elements of the developmental state model
include public investments in education and
infrastructure, targeted tax incentives and other
forms of direct support for sectors identified as
having high growth potential, state steering of
credit allocations, land reform and relative social
equality, and a business-friendly regulatory envi-
ronment, combined with political authoritarian-
ism enabling planning agencies to exercise a high
degree of autonomy.2-6

More recently, governments in these three
Asian countries (hereafter referred to as A3) iden-
tified the biopharmaceutical industry as a priority
sector. The major players in this globalised indus-
try are large companies supplying mainly chemis-
try-based drugs, but biotechnology, where
smaller R&D-intensive firms are important, is its
fastest growing segment.7 In recognition of funda-
mental changes in the science and technology
which sustains the industry, we therefore use the
term biopharmaceutical (or biopharma) in a
broad sense (not to narrowly designate biotech-
nology-based drugs). There are also a range of
other types of firms in the biopharma sector,
many of which are linked as suppliers to the
global companies. The dual role of this industry
presents governments with exceptional chal-
lenges and dilemmas. First, the biopharma sector
contributes directly to GDP and is often seen as
critical to economic competitiveness in the 21st
century, potentially sustaining another long wave
of economic growth.8 Second, new drugs, vac-
cines and diagnostics are essential inputs to the
production of good health. Economic policy tar-

geting the biopharma industry is therefore inter-
twined inextricably with health, social and ethical
considerations.

Of course, governments in many countries,
including Australia, have assigned a high priority
to the life sciences as driver of industrial renewal.9

But we find in A3 a more explicit and ambitious
focus on the biopharmaceutical sector than was
ever the case in North America and Europe,
where the potential of the life sciences became
apparent more gradually in the 1980s and 1990s.
Consistent with the developmental state experi-
ence, the emphasis in Korea, Singapore and Tai-
wan is determinedly on the economic dimension
of developments in biopharmaceuticals. Limited
attention has been paid to the safety hazards and
ethical dilemmas, which in the most industrially
developed countries have generated pervasive
popular apprehensions.10 In the aftermath of the
2006 suspension of a high-profile Korean stem
cell scientist, along with six other researchers, for
fabricating data in studies published in Science,
claimed as ground-breaking, a taskforce of scien-
tists and public officials called for “a heightened
awareness of ethical issues”. But it also committed
“to spend $454 million over the next 10 years in
the hope of having Korea emerge as one of the top
three global leaders in stem cell research”.11

Mytelka and others have shown that the devel-
opmental state model, which sustained rapid
growth in traditional and electronics-based man-
ufacturing, is not well attuned to “new wave
technologies”.12 Yet aspects of the developmental
state model seem to provide a good fit with the
requirements of biopharma innovation and pro-
duction. In particular, there is continuity in the
pervasiveness of technocratic and de-politicised
public policy; government agencies are deeply
implicated in the life sciences and associated
private sector entrepreneurialism. Indeed, this
sector is everywhere characterised by a tendential
fusion between science and technology, capital,
and the state, and such linkages appear particu-
larly strong in A3.9 Policies to foster biopharma
innovation and other science-based technologies
cannot however be effectively centralised to the
emblematic nodal agencies of the developmental
246 Australian Health Review May 2009 Vol 33 No 2
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states, such as Korea’s Economic Planning Board
or Singapore’s Economic Development Board.
Through such agencies, governments in the East
Asian countries from the 1960s to the 1990s
coordinated a process of incremental industrial
upgrading through means such as the acquisition
of technologies from abroad, which were then
allocated or licensed to domestic firms.13 But it is
well recognised that innovation and growth in
biopharmaceuticals cannot be centrally coordi-
nated through the tools of conventional industrial
policy. Science-based sectors are characterised by
a fragmentation of policy across a range of gov-
ernment agencies which interact with firms, uni-
versities and research establishments within
horizontal and internationalised policy and inno-
vation networks.12,14 (The focus here is on bio-
pharma strategies and performance; we are not
addressing the vexed question of whether the
developmental state can be said more broadly to
have been superseded in these countries.)

The priority assigned by government in A3 to
biopharmaceuticals was given a boost by the
exogenous chock of the SARS epidemic in 2003
and the avian influenza virus. Under the threat of
new viruses, the development of drugs and vac-
cines becomes a matter of economic stability and
national security.15 Countries without biopharma-
ceutical innovation and manufacturing capabili-
ties risk not being able to access vaccines in case
of a major pandemic. All in all, there is a strong
set of economic, social and security imperatives
for governments in the A3 countries, as else-
where, to assign a high priority to the biopharma-
ceutical sector.

The purpose of this paper is to delineate key
policy aspects of the development of innovative
and industrial capacities in biopharmaceuticals in
Korea, Singapore and Taiwan. We provide a basic
economic analysis of the R&D process, and then
proceed to identify the position and comparative
advantages of firms in these countries within
global production and innovation networks. The
final sections compare industrial policies in the
A3 countries and summarise performance and
future challenges. We argue that Korea, Singapore
and Taiwan pursue varieties of a strategy of

catching up in biopharmaceuticals through link-
ing in with incumbent global leaders. It is a
strategy based on state steering which draws on
aspects of the model of the developmental state.

Catching up in science-based 
industries
Korea, Singapore and Taiwan relied, from the
1960s, on the export of manufactured goods,
such as textiles and clothing, and later more
complex components and products, as an engine
of growth. In Korea and Taiwan, exports came to
be underpinned increasingly by capabilities in
electronics and information technology. The
Korean chaebol conglomerates Samsung, Hyundai
and LG are today global brands for products
ranging from ships and cars to mobile phones
and consumer electronics. Taiwan, a country with
few natural resources, where small and medium-
sized firms play a larger role than in Korea, is a
leading exporter of products such as LCD panels
and laptops. Industrial advancement in this coun-
try entailed a shift from exports of electronic
components, so-called original equipment manu-
facturing (OEM), to products embodying original
design and manufacturing (ODM) capabilities.16

The government of Singapore, an independent
city–state since 1965 with very limited labour
supply and no cheap land, has employed consist-
ently interventionist measures to promote indus-
trial upgrading and knowledge-intensive
activities. In this pursuit, Singapore has promoted
investments by foreign multinationals more
strongly than Korea and Taiwan, where local
markets and domestic firms play a greater role.3

These developments show that firms in some
developing countries, notwithstanding initially
low technological skills, were able to enter inter-
national markets in sophisticated manufactured
goods. Upgrading and catching-up was achieved
through the incremental accumulation of capabil-
ities by way of borrowing and technology trans-
fer, reverse engineering and learning-by-doing.12

There are few examples of this trajectory outside
East Asia, though in the 1980s and 1990s Indian
firms built competitive capabilities in pharmaceu-
Australian Health Review May 2009 Vol 33 No 2 247
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ticals manufacturing through reverse engineer-
ing.17

Governments in the A3 countries recognised
early that manufacturing of textiles and mechani-
cally-based goods, or even electronic products,
would not sustain long-term growth in the face of
wage competition from less developed economies
and a new wave of science-based technologies.
This provided the impetus for policies to drive a
shift “from the industrial learning paradigm to the
creativity paradigm”13 (p. 493) or, in a different
turn of phrase, a focus on the building of a
“system of innovation” rather than a “system of
production’.12 Catching up in science-based sec-
tors is not “cumulative and path-dependent”, but
requires a capacity to absorb and combine scien-
tific and industrial knowledge from many
domains. In response to these challenges, the A3
governments have decentralised industrial poli-
cies and now focus strongly on science and
innovation, a shift captured in concepts such the
“techno-scientific state” or “competition state”.9,18

The biopharma sector presents obstacles as
well as opportunities in this context.19,20 Skeptics
argue that the high costs and complex require-
ments of innovation in science-based industries
mitigate against a policy focus on biopharmaceu-
ticals.21 Indeed, few new drugs, and none of
major commercial or therapeutic significance,
have as yet emerged from developing or emerging
economies.22 On the other hand, the fragmenta-
tion of pharmaceutical R&D across many firms
and public sector organisations has opened up
opportunities for firms in some emerging econo-
mies to link into global innovation networks.23

The traditional model of the large vertically inte-
grated big pharma company is weakening, not
least as a consequence of falling R&D productiv-
ity — business investments in R&D have
increased year by year but launches of new drugs
have slowed to a trickle.24 The response by
incumbent firms has been to link in with small
biotechnology and other science-intensive firms
spun off from universities and public research
institutes. In recent years, a high proportion of
drug innovations have emerged from this sec-
tor.23,25 A few new biotechnology companies have

grown into fully integrated competitors (Amgen
is a major case in point) but most have either
been acquired by established firms (for example,
Genentech is now fully owned by Roche) or
operate as specialist suppliers. The global indus-
try has become a web of alliances, strategic
partnerships, joint ventures, and other forms of
collaborative arrangements, between different
types of firms, with big pharma companies as
nodal points.26 According to a Merck executive,
this company in 2007 entered into 55 “partner-
ships” and more than 65% of revenue in that year
was attributable to alliance products and pat-
ents.27

The shift from vertically integrated firms to a
more fragmented innovation and production
process opens up outsourcing and other opportu-
nities for firms outside the established industry
centres of North America and Europe. This pro-
cess is generally facilitated by the attributes of
medicinal products. When drugs are under pat-
ent, they tend to have high value relative to
weight, and transport costs are typically lower
than in industries manufacturing bulkier prod-
ucts (though they may require temperature stabil-
ity and other complex logistical arrangements).
With distance to market not a major considera-
tion in decisions on the location of R&D and
manufacturing, firms in some developing and
emerging economies may have growing opportu-
nities in this industry.21

Competitive advantages in 
biopharmaceuticals
The R&D process for pharmaceuticals is lengthy
and expensive. New entrants focus initially on
particular stages of this process where they are
competitively positioned to link in with incum-
bent global multinationals through collaborations
and outsourcing. Many recent studies have
shown that R&D and manufacturing activities are
shifting from Europe and the United States to
Asia, particularly China and India (now two of
the world’s three largest producers of active phar-
maceutical ingredients [APIs]) but also the A3
countries.28-30 The key issue for biopharma
248 Australian Health Review May 2009 Vol 33 No 2
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industry policy in Korea, Singapore and Taiwan is
the nature of the comparative advantages that
firms in these countries enjoy, and what the
prospects may be for moving beyond outsourcing
to more autonomous growth. In this section, we
explore these issues through an analysis of the
economics and institutional features of R&D in
this sector.

The R&D process can be broken up into two
stages: upstream discovery research and down-
stream development. The discovery phase
encompasses basic science research, and the
application of research tools for the identification
of new compounds with potential for develop-
ment into new drugs. The development phase
entails directly market-driven activities, including
preclinical testing and clinical tests in three
stages, to demonstrate the safety and efficacy of
new compounds.31 Private firms lack incentives
to invest in basic research because of its public-
good nature; like other public goods, such as
national defense, public funding is required for its
provision. Compared with other industries, pub-
lic investments thus account for a large propor-
tion of R&D in the pharmaceutical industry.32,33

Notwithstanding its public nature, basic
research is not free, from the firm’s perspective;
dissemination of knowledge to the private sector
can be costly and time consuming. Firms must
invest in capabilities to access and absorb basic
research findings through some in-house basic
research and collaborative linkages with publicly
funded researchers aimed at joint publishing of
scientific papers. Cockburn and Henderson
report that co-authorships of scientific papers are
positively related to the firm’s research productiv-
ity, as measured by number of important patents
(those granted in at least two of the three major
markets: the United States, Japan and the Euro-
pean Community).34

Cockburn and Henderson argue that public
and private investments are complementary, not
substitutes, since private research is predomi-
nantly market oriented. Based on detailed case
histories for 21 important drugs introduced
between 1965 and 1992, they find that 14 were
developed with input from the public sector. This

suggests that public research investments play a
critical role in drug discovery and development,
something which has long been recognised by
policy makers in every country where pharma-
ceutical companies are headquartered. In the
United States, public funding channeled through
the National Institutes of Health, with an annual
budget of around US$30 billion, sustains a signif-
icant proportion of global basic biopharmaceuti-
cal research.33

It follows from this reasoning that public basic
research investments decrease the cost for private
firms of acquiring knowledge for biopharma
innovation. Such investments serve to expand the
stock of knowledge used by applied researchers,
and provide an incentive for private firms to
increase spending on downstream product devel-
opment. The A3 countries have a history of
public investments in industrial infrastructure,
and an established pattern of the public sector
acting as leader in the creation of new industries,
an experience which suggests a comparative
advantage of Korea, Singapore and Taiwan in
drug discovery research.

At the development stage, the comparative
advantages possessed by firms in these countries
depend partly on the relative productivity of
small and large firms. Based on data obtained
from over 900 firms in the United States for the
period 1988–2000, Danzon et al find only a weak
relationship between experience, measured by
the number of compounds with which the firm
was involved as an originator or licensee, and the
prospects of success in phase 1 trials. Experience
however did have a significantly positive effect on
success in phase 2 and phase 3 trials.25 In addi-
tion, they find that the number of alliances
between small startup firms and large pharma-
ceutical companies has a significantly positive
impact on R&D productivity. Products developed
through an alliance have a higher probability of
success in latter-stage trials. This suggests, per-
haps unsurprisingly, that new firms, such as those
in A3, have a comparative advantage in perform-
ing small and relatively simple phase 1 trials, but
not in carrying out larger and more complex
latter-stage clinical trials.
Australian Health Review May 2009 Vol 33 No 2 249
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Although local firms are not well positioned to
perform phase 2 and 3 trials, the A3 countries,
which form part of a region with “very fast growth
in global drug development activities”, are
increasingly chosen for such trials by specialised
international contract research organisations
(CROs).35 (p. 37) In a sample of more than
17 000 trials conducted by or for global pharma-
ceutical firms, the proportion outsourced to
CROs increased from 7.7% in 1995 to 22.9% in
1999.36 In general, large companies outsource
more data- and labour-intensive functions, while
keeping knowledge-intensive projects in-house.23

Other things being equal, A3 could be expected
to have a comparative advantage in CRO-oper-
ated clinical trials. In the following analysis, we
explore the consistency of empirical biopharma
developments in these countries with this con-
ceptual schema.

Industrial policies
Private firms make R&D investments for the
purpose of profits. Optimally, firms invest in
R&D to the point at which marginal returns from
the investment equal the marginal cost of capital.
In general, marginal returns from R&D invest-
ments depend, in part, on market size, that is,
population numbers with particular diseases and
income levels. Countries with a large market
could be expected to have advantages in inducing
sufficient private downstream R&D in the bio-
pharma sector without resorting to some form of
government intervention.

In contrast, other things being equal, economic
logic suggests that in countries with small mar-
kets, domestic demand will be an inadequate
driver of private outlays on R&D, and such
countries can be expected to be less attractive to
foreign investors. Small countries are also more
vulnerable to shortages in the event of emergen-
cies such as pandemics, and for these reasons
government intervention will be required to over-
come the disadvantages of small market size.
Following this reasoning, and consistent with
empirical evidence, the major characteristic of
biopharma innovation in A3 is the dominant role

of the public sector. Economists classify govern-
ment initiatives to stimulate R&D into two cat-
egories: pull and push policies. Pull policies have
an effect on demand for the final products, which
in turn affects marginal return on investment.
Push policies affect the marginal cost of funds to
the firm of investments in R&D. Governments in
these countries mainly rely on three types of push
policies.

First, as we discuss below, there are substantial
government investments in biomedical hubs and
industry parks. The central components of Singa-
pore’s National Biomedical Science Strategy, oper-
ated by the Agency for Science Technology and
Research (A*STAR), are the Biopolis and the Tuas
Biomedical Park. The Biopolis is a biomedical
cluster encompassing seven large buildings, two
dedicated to private firms and five to biomedical
research institutes. Around 2000 scientists and
other staff are located on this site and further
expansion is planned over the next 15 years.
Foreigners make up around 75% of PhD-level
researchers at the Biopolis, a proportion expected
to decrease as top local students, funded by the
government to gain doctorates overseas, return to
Singapore. In a different location, the Tuas Bio-
medical Park has attracted API and final formula-
tion manufacturing by foreign multinationals
such as Merck, GlaxoSmithKline, and Pfizer.10

Public investments in cluster developments of
this type offer incentives for private firms such as
reduced cost of land and knowledge acquisition
through scale economies. In Singapore, invest-
ments in physical infrastructure are comple-
mented by a determined effort to support R&D
directly and provision of a supportive regulatory
environment.37 For example, in Singapore stem
cells can be cultured from embryos for up to 14
days (though human cloning is not permitted).
As the momentum for embryonic stem cell
research in the United States partially stalled
during the Bush administration, Singapore’s lib-
eral regulation made the city–state an attractive
location for research teams specialising in stem
cells. Intellectual property legislation is consistent
with United States and European standards and is
enforced strongly.38,39
250 Australian Health Review May 2009 Vol 33 No 2
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Following the same strategy, Taiwan and Korea
have invested in several science and industry
parks for the biopharmaceutical industry. Taiwan
established a dedicated biotechnology “plaza”
within the Nankang Software Park, which is close
to institutes such as Academia Sinica and seven
major medical centres in northern Taiwan. By the
end of 2008, this site had attracted more than 50
mainly R&D-focused firms. At the same location,
there are two incubation centres set up by the
Genomics Research Center of Academia Sinica
and the Ministry of Economic Affairs, which have
contributed to the establishment of more than 20
small start-up firms specialising in biopharma-
ceuticals and medical devices.40

Second, the governments in these countries
subsidise the cost of capital through tax credits
for R&D. In Taiwan, the government in 2007
enacted a law which provides a tax credit for up
to 50% of the costs of R&D and personnel
training. In Singapore, tax credits are provided
not only for R&D investment but also for foreign
direct investment (FDI). The city–state provides
full corporate tax exemptions on qualifying prof-
its for 5 to 10 years, depending on volume of
investment and degree of technological sophisti-

cation. Foreign investments are central to its
growth model; there is a strong focus on the
provision of specialised infrastructure to attract
foreign companies and the government gener-
ously funds public research institutes to recruit
foreign star researchers.41 In Korea, a tax credit
policy applies to FDI in several high-tech indus-
tries, including biopharmaceuticals.

Third, governments offer research grants to
reduce private R&D costs and training grants to
help biopharma firms access skilled labour. In
Taiwan, the government offers several types of
subsidies and grants for the development of new
drugs as well as direct public investments in new
start-up firms. Between 1995 and 2007, public
funds contributed to the set-up of 36 private
biopharmaceutical firms with the share of public
funds ranging from 1% to 40%.40

Current performance
In this section, we use five indicators to assess
trends in biopharma innovation in the A3 coun-
tries. Four of these capture inputs to the innova-
tion process: (1) R&D expenditure; (2) patents;
(3) clinical trials, and (4) foreign direct invest-

1 Global innovation in the biopharmaceutical industry: time trends

Share of global 
pharmaceutical R&D

Share of US 
pharmaceutical patents

Share of Industry-
sponsored global trials

Share of new chemical 
entities

1990 2004 1990 2002 2000 2006 1982–1992 1993–2003

USA 37.3% 36.5% 55.1% 57.2% 51.4% 45.2% 24.9% 34.9%

EU-15 39.8% 39.0% 24.6% 22.8% 32.2% 26.8% 47.7% 42.0%

Japan 16.2% 14.8% 15.3% 9.5% 0.0 2.7% 25.9% 20.2%

Other 
developed 
countries*

6.7% 8.0% 2.8% 6.5% 7.5% 7.2% 1.5% 2.9%

New Europe† – 1.2% – – – – – –

Other 
emerging 
economies‡

– 0.6% – – – – – –

India and 
China

– – 0.1% 1.5% 0.0 2.0% – –

Sources: Data in columns 2–7 are from Tables1, 3 and 5 of Cockburn.43 Data in columns 8–9 are from Exhibition 4 of Grabowski 
and Wang.22 * Australia, Canada, Iceland, Korea, Norway, Singapore and Switzerland. † Czech Republic, Hungary, Poland, 
Slovenia. ‡ Taiwan, Mexico and Turkey.
Australian Health Review May 2009 Vol 33 No 2 251
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ment. Patents are here considered inputs since
most patents are not linked to new drug applica-
tions and rarely to products which receive mar-
keting approval. For example, in the United
States, only 8% of drugs for which an Investiga-
tional New Drug application is filed ultimately
receive approval from the Food and Drug Admin-
istration (FDA).42 The fifth indicator captures
outputs from the innovation process measured by
new chemical entities (NCEs) approved by the
regulatory agency.

The indicators of innovation shown in Box 1
demonstrate continuing concentration to the
United States, the European Union and Japan. In
the years around 2000, these regions accounted
for more than 93% of global R&D expenditure,
95% of US pharmaceutical patents, and 97% of
NCEs launched globally. However, this concen-
tration declined slightly over time. Their low
share in overall global innovation should also not
distract from a trend for clinical trials to be
increasingly located in the A3 countries. Between
2000 and 2008, 1295 drug trials were registered
in Taiwan; Korea registered 1068 and Singapore
502 (Box 2). In 2007, Korea ranked third after
Australia and Japan (excluding the US) in newly
listed industry-funded drug trials conducted in
the Asia–Pacific region.35

Box 2 shows that the A3 countries spend
around 2.5% of GDP on R&D, above the OECD
(Organisation for Economic Co-operation and
Development) average, and close to the level of
many high income countries, such as the United
States and Germany. This also compares favorably
with Australia where R&D expenditure in 2006–
2007 was 2.01% of GDP.47 Although this aggre-
gate figure does not provide information on R&D
in particular sectors, it is an indicator of the
commitment of A3 governments to capability

building in innovation, including the biopharma
sector.

Patents are an important indicator of R&D
success in the biomedical field. According to
United States Patent and Trademark Office data,
Taiwan obtained 810 US biomedical patents
between 1980 and 2001, and Korea 757 in the
same period. In contrast, Singapore obtained only
63 patents while spending roughly the same share
of GDP on R&D as Taiwan and Korea. This does
not necessarily suggest low R&D productivity, but
that strategies for developing the biopharma sec-
tor in the A3 countries have different emphases. A
plausible explanation is that Singapore’s reliance
on FDI may not be as effective in strengthening
domestic capabilities as, for example, Taiwan’s
focus on investments in basic research and local
infrastructure for research training. Singapore
appears to pursue the traditional developmental
state model in a way which may not be fully
conducive to a culture of biopharma innovation.
Finegold et al note that “the government appears
to exercise strong, centralized control over most
aspects of Singapore’s biomedical industry devel-
opment”, which may cause a “stifling [of] alterna-
tive approaches and marginalizing [of] non-
conforming groups”.48 (p. 921) The entrepre-
neurial, risk-taking culture is said to be weak
among researchers and managers in Singapore,
home-grown biotechnology firms are rare, and
very limited private sector venture capital is
available for biomedical start-ups. A small
number of big pharma companies, with predomi-
nantly manufacturing activities in Singapore,
dominate the sector. In late 2006, the govern-
ment’s biomedical strategy triggered a rare public
conflict within the ruling elite. Lee Wei Ling, the
head of the National Neuroscience Institute and
the daughter of Singapore’s founding leader, Lee

2 Basic indicator of R&D investment and productivity in A3 countries

Singapore South Korea Taiwan

GDP Share of R&D Expenditure in 2004 (%)44 2.25 2.85 2.52

Accumulated Number of US Patent in Bio-Medical Field, 1980–200145 63 757 810

Number of Clinical Trial Registrations, 2000–200846 502 1068 1295
252 Australian Health Review May 2009 Vol 33 No 2
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Kuan Yew, openly criticised A*STAR and its head,
Philip Yeo, for a lack of coherent focus and
excessive dependence on imported star research-
ers. In early 2007 the government confirmed
however that the National Biomedical Science
Strategy will proceed as planned and approved
funding for phase two of the Biopolis.10,39

As noted, the A3 countries adopted similar
strategies of building biomedical hubs to attract
foreign investments, but comparable data are
lacking. However, Singapore appears as the most
attractive FDI location among the A3 countries.
More than 10 global drug manufacturers have set
up clinical trials coordination centres in Singa-
pore, in addition to substantial manufacturing
facilities, and several CROs have established facil-
ities to conduct clinical trials management and
central laboratory testing of patient tissue sam-
ples.49

Only Korea of these three countries has reached
the stage of achieving a new drug approval from
the US FDA. In 2003, a Korean company, LG Life
Sciences, received approval for FACTIVE (gemi-
floxacin), a novel quinolone antibacterial agent
providing improved activity against gram-positive
organisms, while retaining the gram-negative
activity of ciprofloxacin.50 This suggests that
some firms in Korea are no longer engaged
narrowly in the early stages of the drug discovery
and development process, and this case has
encouraged the Korean government to set as an
objective the registration of one NCE per year.
This would be a very good result for an emerging
economy, but is well below outcomes in countries
with established innovative capabilities.
Grabowski and Wang show that France, Ger-
many, Italy, Japan, Switzerland, the UK, and the
United States introduced 848 NCEs between
1982 and 2003, on average 5.6 per country per
year.22

Future challenges
The A3 countries have made progress in the
biopharmaceutical industries, but their contribu-
tion accounts for only a small share of global
innovation. As new entrants, A3 firms still have a

long way to catch up with the global leaders. One
of the challenges is managing tensions between
health and industrial policy.

As emphasised, the biopharma industry
depends on public support such as “push” poli-
cies to reduce the cost of capital for R&D. In
contrast, governments in Korea, Singapore and
Taiwan pay less attention to “pull” incentives
affecting demand for final products.33 A common
argument against pull incentives is that pharma-
ceutical R&D is global and hence relatively unaf-
fected by demand conditions in particular
markets; policies aimed at increasing domestic
demand are hence not likely to be effective as
incentives for innovation. This argument may be
valid to Singapore, but may have less applicability
to Korea and Taiwan, where domestic demand
accounts for a larger share of the potential market
for new products.

Conceptually, pull incentives affect R&D
investment in two ways. First, pull policies, such
as high prices for patented drug products, can be
expected to increase returns on R&D, which in
turn increases the firm’s optimal level of invest-
ment in R&D. Pharmaceutical firms based in the
United States on average spend 13–14% of sales
revenue on R&D.28 This suggests that a 10%
increase in revenue should lead to an increase in
R&D investment by about 1.3%. Second, an
increase in expected return on R&D in turn
increases profit margins, thereby positively
affecting availability of internal funds for invest-
ment, as reflected in the marginal cost of capital
to the firm. The cost of capital from internal
funds may be lower than that of external funds,
such as debt and equity. Of course, many real-
life factors, such as R&D productivity issues, are
not taken account of in this type of abstract
economic reasoning. But the proposition is plau-
sible (and much emphasised by the industry)
that, other things being equal, there is a positive
association between revenue and profitability
conditions and the volume of private R&D
undertaken. (Whether the resulting type of pri-
vate R&D is also optimal from a health policy
and broader social perspective is beyond the
scope of this paper.)
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Both Korea and Taiwan have introduced
national health insurance (NHI) systems which
include prescription drugs, and spending on
pharmaceutical benefits (public insurance)
account for more than one quarter of NHI
expenditure.51,52 Singapore has a system of uni-
versal health care which differs from Korea and
Taiwan in that public funding is relatively minor.
(A system of medical saving accounts was estab-
lished in 1984 with a public funding component,
but more than two thirds of health costs are paid
from private sources.) Pharmaceutical benefits
expand the size of the market and hence provide
positive pull incentives for pharmaceutical inno-
vation, but public insurance also entails regula-
tion of drug prices, which can generate negative
incentives for innovation, as argued by the drug
industry.33 Whether the negative incentives
resulting from price regulation dominate positive
pull incentives from pharmaceutical benefits is
an empirical question (often discussed in Aus-
tralia over the years but never resolved satisfacto-
rily). However, price regulation may discourage
investments by global companies, even if the
effect (in a small market) on profitability is
marginal. This is because of direct and indirect
linkages between drug prices in different coun-
tries; lower prices can have flow-on effects else-
where. Thus governments in Korea and Taiwan
face a policy dilemma in simultaneously pursu-
ing health policy to achieve value-for-money
outcomes and industrial policy to promote
industrial development.

A feasible way of resolving the tension between
health and industrial policy is to apply economic
evaluation in the process of assessing products for
inclusion in NHI systems. Since Australia pio-
neered mandatory cost-effectiveness analyses in
1993, economic evaluation has been adopted in
more than ten countries as a tool for resource
allocation in health care.53 One of the benefits of
economic evaluation is a shift from cost contain-
ment to assessments of the health outcomes of
funding drugs, potentially achieving a balance
between cost containment and innovation. Korea
has announced a reform plan to formally adopt
an economic evaluation to establish prices for

new drugs, while Taiwan remains at the stage of
planning for economic evaluation.51

Conclusion
Korea and Taiwan, and Singapore to a lesser
extent, have reformed traditional mechanisms of
government steering of economic development to
achieve a less centralised and more flexible
response to the requirements of biopharmaceuti-
cal innovation. Yet the most important feature of
this industry in the A3 countries is the dominant
role of the public sector. This is a pattern which
appears to conform to aspects of the developmen-
tal state model. The government acts as a leader
in investments in infrastructure and upstream
basic research while private firms operate as
followers in downstream drug development.

Based on a conceptual analysis and empirical
evidence, we suggest that these countries enjoy
several comparative advantages in biopharmaceu-
ticals: (1) public investments in basic research;
(2) private investment in phase 1 clinical trials;
and (3) favourable conditions for the CRO indus-
try which manages latter-stage clinical trials. The
government employs a range of industrial policies
to promote industry growth, including invest-
ment in biomedical hubs, research grants and
R&D tax credits, resulting in significant progress
in innovative capabilities as indicated by input
measures such as GDP share of R&D expenditure,
patents, clinical trials, and the volume of FDI. By
contrast, output indicators, notably NCE approv-
als, suggest uneven and limited progress. Clearly
the A3 countries still have a long way to go before
catching up with North America and Europe.
Among the challenges is the tension between
health policy that imposes price regulation and
industrial policy promoting the biopharma indus-
try as an engine of growth.

These findings have important policy implica-
tions. Biopharma innovation in developing and
emerging economies has a different orientation
than in the advanced countries where incumbent
global firms are headquartered. As far as the latter
are concerned, the launch of new drug (and
vaccine and diagnostic) products is the key out-
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come of the innovation process. In contrast, in
the developing and emerging economies bio-
pharma R&D and innovation serve as input to
globally integrated processes, controlled by
incumbent firms. This suggests that learning-by-
doing, through alliances and outsourcing rela-
tions, in conjunction with public investments in
R&D, to build innovative capabilities, must be
the key strategy, at least in the circumstances
prevailing in A3. It remains to be determined
whether this strategy has the potential of enabling
some firms in the A3 countries to actually catch
up, or whether the structural features of the
global industry mean that they are likely to
essentially remain sub-contractors. The experi-
ences of technologically and commercially
advanced Indian drug companies are in this
respect not encouraging,54 though the overall
higher level of industrial and social development
in the A3 countries provides more favourable
conditions.

Korea, Singapore and Taiwan all rely on the
public sector as the driver of biopharma innova-
tion but there are significant differences in strat-
egies and R&D performance. Singapore
emphasises a favourable business environment to
attract FDI in R&D and manufacturing. Taiwan
focuses on public investments in basic science for
drug discovery and infrastructure for research
training. Rather than focusing on selected stages
of the drug discovery and development, public
policy in Korea has sought a balance between the
various stages of the innovation process. It will
take more rigorous analysis to determine which
strategies are more effective in terms of innova-
tion, growth, economic competitiveness, and
indeed, public health outcomes.
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