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Abstract

This paper analyses determinants of innovation performance in the health-

care biotechnology industry to develop propositions for the future develop-

ment of this growth-accelerating sector. We use empirical data to point to

specific differences in this domain between Europe and USA. We build from a

body of literature investigating the historical development of the industry, its

expansion to new entities and new scientific fields and the role of different

sources of funding of biomedical commercialization process. We use the theory

of innovative enterprise and the ''maximizing shareholder value'' concept to

elucidate determinants of biotechnology innovation performance. Our find-

ings point to the weaknesses of the highly monetized US business model given

the tendencies of the European biotechnology industry to emulate this model.

We provide implications directed to facilitating sustainable growth of the

sector.

INTRODUCTION

Recently, an increasing research interest has been directed to the
healthcare biotechnology industry because it has been seen as an

important driver of economic growth (1). In this industry, new value is
created through a lengthy, costly and risky process of research and de-
velopment (R&D), clinical trials, regulatory approvals and final commer-
cialization of findings. The success of this process depends on valuable
inputs provided by key stakeholders – universities, venture capitalists,
pharmaceutical firms, governments and emerging firms (2). Previous
studies of the determinants of innovation performance in biotechnology,
although substantial, have mostly been devoted to investigating collabo-
rative networks and spatial dimensions of innovation (1, 3). Table A1 in
appendix of the paper summarizes the key findings in this research area.
We outline key dependent variables analysed and pertinent findings.

In this paper, we extend the existing research on biotechnology inno-
vation by focusing on three groups of factors that have been suggested
in prior research as important: university-derived intellectual property
rights (IPRs), public investments into knowledge base at universities and
other research institutions and commercialization funding mechanisms.
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There are two main contributions of the study. First, in
order to develop an overall overview of driving forces of
innovation performance in healthcare biotechnology, we
compare the dynamics in the US and the European bio-
technology sectors. Our comparative analysis is concep-
tually grounded in neoclassical financial theory and the
theory of innovative enterprise (4). The predominant neo-
classical financial theory assumes shareholder value maxi-
mization as a guiding principle in doing business while
technologies and market conditions are given constraints
in the system. The newer theory of innovative enterprise
builds on the resource-based view foundations to propose
that enterprises actively use R&D investment strategy and
organizational structure to transform technological, mar-
ket, cognitive, and behavioural conditions to generate per-
formance outcomes, such as innovations. It offers an alter-
native, critical view on innovation creation, by investigating
how the capital markets have profiled strategic priorities of
biotech companies (5). The rationale for choosing these
two divergent theories in the comparative analysis is to
allow for the conjecture that each highlights a specific
aspect of the biotechnology business development, while
applied together, they contribute to a better understanding
of the whole process. We make contribution by using the
two theories as complementary views in assessing how
university-generated intellectual property rights, public in-
vestments into knowledge base and business funding mecha-
nisms affect biotechnology innovation performance.

Second, in this study we combine findings from the
neoclassical financial theory and the theory of innovative
enterprise with statistical data in comparing the US and
the European biotechnology industries. Although the
widely accepted US biotechnology business model was
questioned after the collapse of speculative markets in
the financial crises of 2001 and 2008-2009, recently there
have been clear tendencies to emulate the US model in
the European biotechnology industry. By identifying key
determinants that drive and motivate the biotechnology
innovation performance, we develop specific managerial
implications regarding success factors of companies that
compete in European environments.

The paper is structured as follows. We begin by a short
overview of the emergence of biotechnology industry. We
review the impact of intellectual property rights on com-
mercial exploitation of inventions, taking into account
both the growing interest in the academic institutions’ role
in this process and ongoing debates concerning its wider
repercussions for the progress of science. We continue by
focusing on the role of knowledge base investments in
biotechnology innovation. Finally, we provide an overview
of commercialization funding mechanisms and compare
the US and the European healthcare biotechnology indu-
stries through the conceptual lenses of the neoclassical
theory and the theory of innovative enterprise. The paper
concludes by discussion of our main findings and impli-
cations to practitioners.

THE EMERGENCE OF BIOTECHNOLOGY
INDUSTRY

Biotechnology industry emerged in the USA in the late
1970s, preceded by the discovery of the double helix in
1953. It quickly spread to the UK, continental Europe and
Asian-Pacific nations. Healthcare is a specific domain of
research within biotechnology. It is based on complex
macromolecules (recombinant proteins, genetically engi-
neered vaccines; therapeutic monoclonal antibodies; and
nucleic acid based therapeutics) derived from recombi-
nant DNA technology, cell fusion, or processes involving
genetic manipulation (6). What makes healthcare bio-
technology industry different from others is strong reliance
on resources of multiple parties in commercializing the
life science research results. The focus of this study is on
the specific healthcare segment of biotechnology industry.

The reasons for the commercial attractiveness of the
healthcare biotechnology industry are multiple: first, in-
novative technologies of genetic, protein, and cell and
tissue engineering hold great promise in many biome-
dical application areas. Venture capitalists originally con-
sidered the biotechnology industry to have both attrac-
tive market potential and lasting importance (7) due to
steadily aging population and expected increasing de-
mand for age-related pharmaceuticals and therapeutics.
Also, large pharmaceutical companies are less effective
innovators than biotechnology firms due to spending
more money on R&D, yet putting fewer drugs into the
pipeline and thus, biotechnology companies help fill the
need for innovation (8). The interests of investors in the
biotechnology industry have in the past decade shifted
from genomics, proteomics and bioinformatics compa-
nies towards companies that can produce therapeutics, as
opposed to those offering tools and databases (7). In this
respect, recent years have also been marked with the shift
of interest from small-molecule ''blockbuster“ therape-
utic products towards niche products, including orphan
drugs (drugs which target rare diseases) and vaccines for
developing countries, based on recombinant proteins,
monoclonal antibodies and stem cells technologies (9).

As shown in Table 1, in 2010 Europe had more biotech-
nology companies than the United States. However, the
United States had almost as twice as many publicly listed
companies; more than twice as many employees, spent
more than three times more on R&D and generated three
times as much revenue in total (10). According to the same
report (10), ''commercial leaders'' (companies that had
2009 revenues exceeding US$500 million) in the USA had
positive net income, whereas the other companies mostly
had negative income; however, the latter had higher growth
rates (13%) when compared to the former (9%). Inte-
restingly, the commercial leaders increased R&D spending
by 7% in the respective period, while the other companies
reduced R&D by 1%. Thus, emerging companies, which
have historically been a vital source of innovation, started
decreasing their R&D expenditures. In Europe, both
commercial leaders’ and other companies’ growth was
12%; however, both groups increased R&D expenditures
(commercial leaders for 7% and other companies for 4%).
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At the same time, net income increased for the commercial
leaders, while for the other companies it continued de-
creasing.

Most European biotechnology companies are micro
or small, research-intensive firms, smaller than their US
counterparts. We argue that such differences are partially
due to a significantly greater availability of risk capital
and debt provision in the USA as well as a longer tradi-
tion of the US biotechnology and venture capital indu-
stry. Also, the lower availability of venture capital in
Europe than in the USA has largely been due to the
under-development of European stock markets that would
list the young entrepreneurial firms, and consequently, a
lack of ''exit strategy'' possibilities for investors in firms
(7).

Based on the in-depth review of literature on driving
forces of innovation in the healthcare biotechnology in-
dustry we identified three gaps in the existing body of
knowledge. Little is known about how intellectual pro-
perty rights system facilitates innovation performance
(14). Intellectual property rights (in what follows IPRs)
have gained particular attention in the literature on bio-
technology innovation after they have been widely used
in new areas of scientific discoveries – life forms (such as
genetically modified organisms) and new actors (academic
and other non-profit research institutions). However,
studies that explore how patenting activities at academic

institutions produce innovations yield mixed findings.
Most of the studies implicate that ''locking up'' of an
increasing number of upstream life science inventions in
patents negatively affects scientific progress and innova-
tion (15, 16, 17, 18, 14, 19). These findings allude to
potential deficiencies in the present IPR system as an
innovation-driving force at universities.

Although it is believed that innovation in the biotech-
nology industry is facilitated through public investments
into knowledge base at universities and other research
institutions, there is only limited evidence in support of
this assumption (20). Toole (20) points to the scant empi-
rical verifications and finds that basic research funded by
the US National Institutes of Health (NIH) has a signi-
ficant and economic effect on the pharmaceutical inno-
vation in the form of entry of new therapeutics to the
market.

Finally, only few studies try to capture the relationship
between funding mechanisms and innovation performan-
ce in healthcare biotechnology industry (5, 21, 22). Most
of them build on the fact that biotechnology companies
have been characterized by the overall lack of innovations
entering the market and subsequent profitability, and at
the same time ''bubbling'' capital injections, predominantly
in the USA over the past decade (23).
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TABLE 1

Overview of the US and European healthcare biotechnology in figures, 2009-10.

USA (US$b) Europe (US$b) Croatia (US$b)

2010 2009 %
change

2010 2009 %
change

2010 2009 %
change

Public company data

Product sales 52,6 48,1 9% n/a n/a n/a 0,015 0,029 -47%

Revenues 61,6 56,2 10% 17,26 15,40 12% 0,016 0,029 -43%

R&D expense 17,6 17,1 3% 4,51 4,29 5% n/d n/d n/d

Net income (loss) 4,9 3,7 33% (0,61) (0,62) -2% (0,002) (0,001) -63%

Market capitalization 292,0 271,6 8% 78,89 62,94 25% n/d n/d n/d

Number of employees 112.200 106.600 5% 49.060 48.660 1% 344 360 -4%

Financings

Capital raised by public companies 16,3 13,5 21% 2,47 2,78 -11% n/d n/d n/d

Number of IPOs 15 3 400% 10 3 233% 0 0 0%

Capital raised by private companies 4,4 4,6 -3,2% 1,36 1,05 29% n/a n/a n/a

Number of companies

Public companies 315 314 0,3% 172 167 2% 1 1 0%

Private companies 1.411 1.389 2% 1.662 1.675 -1% 1 1 0%

Public and private companies 1.726 1.703 1% 1.834 1.842 -0,5% 2 2 0%

*The data for Croatia are also shown, for illustrative purposes.
Source: Adapted from Ernst & Young (10), Croatian Competition Agency (11), EuropaBio (12) and Venture Evalutation (13)



THE ROLE OF UNIVERSITY-ASSIGNED
INTELLECTUAL PROPERTY RIGHTS IN
BIOTECHNOLOGY INNOVATION
PERFORMANCE

The adoption of the Patent and Trademark Amen-
dments of 1980 in the USA (Bayh-Dole Act) is histo-
rically viewed as an event that marked the beginning of
the global upsurge of knowledge and technology transfer
activities from academic and other non-profit research
institutions to the business sector. The Bayh-Dole Act
gave non-profit institutions and small businesses the
privilege to retain the property rights to inventions deriv-
ing from the state-funded research and hence relaxed
government control over the commercial use of the re-
sults of publicly-funded research (22).

This new legislation was later adopted in most countries
in Europe (24), although not with the same clarity: whereas
in the USA ownership of university-generated IPRs ob-
viously belongs to the university, some countries in Europe
(for example, Austria, Denmark, Finland, Germany and
Norway) traditionally had the so-called professor privilege,
which gives university employees the IPRs to their inven-
tions. Even though most of these countries in the 1990s and
2000s changed their legislation by assigning ownership to
the university (see Table 2), university ownership has usu-
ally been weakly enforced, thus in reality leaving the de-
cision on ownership to be negotiated (25).

The expansion of proprietary interests and commercial
considerations to new actors and new scientific fields (27)
has been evaluated as desirable and appropriate for both
the academic and the biotech industrial partners. The
benefits include the expansion of basic research funding
sources, less strict borders between basic and applied re-
search and facilitated transfer of knowledge that supports

the creation and growth of new technology firms (28). It
was argued that many state-funded inventions would be
left unexploited unless the conditions for the transfer of
intellectual property were made less restrictive (22).

The most important challenge associated with the cur-
rent IPR regime relates to patenting and exclusive licens-
ing of fundamental technologies or upstream discoveries
with broad application in life sciences. Dasgupta and Da-
vid (15), Murray and Stern (19) and others argue that such
practices can restrict, and not stimulate future innovation,
measured by the number of new useful products for human
health. With an increasing body of upstream knowledge
covered by patents, they claim, the costs of research increa-
se, access to technologies is hindered and free flow of
scientific knowledge needed for subsequent research be-
comes compromised. What is more, these changes can
lead to redirection of research efforts towards other prio-
rities. This concern has been captured in the phrase ''the
tragedy of the anti-commons'', which has been used ex-
tensively to point to the problem of existence of multiple
holders of rights to separately patentable inputs which
combined form one product or resource (16). Exclusive
licensing of broadly useful patented research tools seems
to be particularly problematic from the social welfare per-
spective. If a single patent holder exploits the invention
himself exclusively, it limits new entrants who would com-
pete to produce more efficient and cheaper medicines
(22), leaving the research and commercial potential of an
upstream discovery in subsequent research largely un-
exploited. Alternatively, society benefits more if such dis-
coveries are made broadly available (29).

Other challenges related to the expansion of IPRs and
commercial activities at academic institutions are dis-
cussed by Henderson and colleagues (17), Kenney and
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TABLE 2

Ownership of IPRs at European universities.

Country Institution Inventor Country Institution Inventor

Austria o (2002) Italy o (2001/2005)

Belgium o (1997/98) The Netherlands o (1995) à

Czech Republic o (1990) Norway o (2002)

CROATIA o (1996) Poland o (2000)

Denmark o (2000) Slovak Republic o (2000)

Finland o (2007/2010) à Slovenia o (2006)

France o (1982) Spain o (1986)

Germany o (2002) à Sweden o (1949)

Greece o (1995) à Switzerland o (1911)

Hungary o (2006) United Kingdom o (1977/1985)

o Ownership assignment of inventions.
à Inventor ownership is assigned on certain types of inventions.
In brackets: years in which last change in regulation took place.
Source: Adapted from Geuna and Rossi (26)



Patton (30) and others. These authors argue that legal
systems introduced to encourage academia-industry
knowledge transfer indeed increased the number of uni-
versity-assigned patents in the USA. However, one of the
consequences of the increased demands for patenting is a
growing number of low quality or commercially irre-
levant patents in hands of university technology transfer
offices.

Building from these findings we contend that the
change in the IPR regime towards patenting of life forms
and university-assigned patenting has facilitated techno-
logy transfer from universities to the private sector, mostly
through the creation of new biotechnology companies.
What is more, the strong dependence of the healthcare
biotechnology sector on science base, manifested prima-
rily through monetization of IPRs (5, 23), has increased its
attractiveness to venture capitalists and private equity in-
vestors. Since the development of new biopharmaceutical
products is a lengthy and unpredictable process, the bio-
technology sector has usually been marked as critically
dependent on the enforcement of patents as a means of
protecting the future economic returns of inventions.
However, we find that despite the positive impact on
industry expansion, the new IPR regime does not neces-
sarily increase biotech innovative performance (see Table
A2 in Appendix for the summary of key findings in the
literature). In this sector, IPRs are used by new companies
to attract established companies, which in return enter
into alliances with them or acquire them. IPRs thus enable
young companies to send positive signals to investors,
which are essential to obtain funding or quickly exit to
capital markets through initial public offerings (IPOs),
despite the fact that they typically lack products close to the
market. This widely accepted operating principle may not
go along with increased innovation performance. Indeed,
recent studies show that strong intellectual property pro-
tection is a weaker determinant of successful development
of innovative products than innovative capabilities of bio-
technology firms to translate new technologies into in-
novative products and processes (14). The critical impor-
tance of patents as a means of providing market advantage
declines with the longer product development timelines,
due to their limited term. This poses the need for de-
velopment of capabilities of companies to absorb new
technologies and to transform them into innovative pro-
ducts and processes. In addition, it was shown that the
change in the IPR regime towards patenting of life forms
and university patenting leads to ''locking up'' of an in-
creasing number of broadly used inventions in patents,
not necessarily commercially valuable. This increases the
costs of subsequent research and potentially restricts in-
novation.

The described findings suggest some deficiencies in
the present IPR system as a biotech innovation-driving
force in the USA and Europe. In the final section we
propose several solutions that, we argue, might overcome
the problems related to misaligned interests of academic
researchers-inventors, universities, technology transfer
offices and licensees-biotechnology companies.

THE ROLE OF PUBLIC INVESTMENTS
INTO KNOWLEDGE BASE IN
BIOTECHNOLOGY INNOVATION

Biotechnology requires both the support of large and
small enterprises that supply the critical inputs required
in commercializing the industry’s high-quality health
products at low unit costs and a unique knowledge base
that depends on intense interactions among scientists in
research institutes and business enterprises (22). Despite
the fact that many scholars acknowledge the importance
of public investments into science base at universities
and other research-performing organisations for biotech
innovation performance (31), very few have shown
empirical evidence in support of this claim (20). An
overview of the key studies investigating this relationship
is provided in Table A3 in Appendix. The results gene-
rally indicate a high reliance of the biotechnology indu-
stry on public science. A particularly challenging dis-
cussion is presented by Angell (32), who finds that more
than one-third of the medicines marketed by big ''pharma''
are either licensed from universities or small biotech
companies and that those few therapeutics that are truly
innovative are usually based on taxpayer-supported re-
search done in non-profit academic medical centres or at
the National Institutes of Health. Furthermore, Stevens
and colleagues (33) find that 9,3% of medicines approved
by the US Food and Drug Administration (FDA) in the
last 40 years were discovered by public sector research
institutions. According to this view, the bearers of inno-
vative activities in healthcare biotechnology are institu-
tions funded by governments, which implies that bio-
pharmaceutical companies overstate the development costs
of new medicines, and consequently, product prices.
However, one must not neglect the fact that a substantial
part of experiments required to develop the efficient
medicine, including the clinical trials, is done by the
private sector.

In what follows, the US and the European practices of
public investments into life science base are compared.
The US National Institutes of Health (NIH) have been
the major and, historically viewed, stable provider of fund-
ing for basic biomedical research at academic research
laboratories, government research institutes and small
businesses worldwide. Unlike venture capital and stock
market investments, which have fluctuated widely from
year to year, NIH funding increased in nominal terms in
every single year from 1970 to 2009, except for a small
decline in 2006 (22). In 2011, NIH provided funds for
more than 40.000 competitive research grants and more
than 325.000 research personnel at more than 3.000
research institutions and small businesses (34). In 2007,
the investments by NIH represented 27% of the total
biomedical research expenditures in the USA, making it
the second largest contributor to biomedical research, next
to industry (58%) (35). These investments are indispens-
wable for the development of biotech industry knowledge
base and consequently, responsible for venture capital and
public equity flows into the sector (22, 36).
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Unlike in the USA, in the European Union (EU) there
is no single major public provider of funding of bio-
medical research. The majority (85%) of public funding is
provided by various national funding organisations, while
the remaining 15% is funded at the supranational level.
The European Commission complements national
policies primarily through its Framework Programmes
(FP) and the European Research Council (ERC). In
addition to the fragmented research, another difference
from the USA refers to the concentration of funding in
only a few countries, like Germany, France, UK or Finland
(37). Moreover, the major part of R&D funding in Europe
is for ''top-down'' activities, whereas the USA favours
''bottom-up'' investigator-initiated research (38). In Table
3 we compare Europe and the USA with respect to public
investments in biomedical research. The figures show the
lead of the USA over Europe. Looking at the time trends,
the investments in Europe have mostly steadily grown
between 1995 and 2007; however, an overall increase of
170% over that period was not sufficient to match a much
stronger growth in the USA (37).

Taken altogether, the healthcare biotechnology sector
highly depends on public investments into knowledge
base. Since the private sector needs a rapid return on
invested capital, it cannot afford to support basic
research. NIH, the European Commission and other
governments’ agencies worldwide thus produce a broad
portfolio of fundamental discoveries, which provide
pharmaceutical and biotechnology companies with ex-
panded opportunities to transform these into diagnostic
and therapeutic products. We have also discussed how
very few studies have empirically assessed the actual
impact of public investments into science base on
biotechnology innovation performance. The most often
used indicator of innovation performance is the number
of approvals of new molecular entities (NMEs). Until
the end of 1990s, the European biopharmaceutical
industry was the major global developer of NMEs. As
shown on Figure 1, the USA has taken the lead in the
past decade, with 47,68% of all NME approvals in the
period from 2006-2010 as compared to Europe’s 32,45%
(37).

Another interesting trend that can be observed from
Figure 1 is the decreasing number of total NME ap-
provals over the past 15 years. Thus, the increase in
funding levels was not accompanied by an increase in
approvals of molecular entities, including medicines
(35). One explanation for this trend is the increasing cost
and complexity of research, accompanied by increased
regulatory requirements (10, 37). Others find that
research productivity should not be measured solely by
the number of NME approvals, since broader factors,
such as lower death rates, longer life expectancy and
improved quality of life, are also relevant consequences
of biomedical research investments (35).

THE ROLE OF COMMERCIALIZATION
FUNDING MECHANISMS IN FOSTERING
BIOTECHNOLOGY INNOVATION

This section investigates the impact of funding
mechanisms deployed by the US and the European
healthcare biotechnology companies on innovation per-
formance in the sector. The review addresses two pe-
riods: the period of dramatic increases in investments in
the biotechnology industry and the period of rapid loss of
trust of investors in this sector.

Triggers to the biotechnology ''boom''
and relations to innovation

Before and during 2000s, healthcare biotechnology
industry in both the USA and Europe was characterized
by a ''boom'' in investments, primarily from venture
capital (VC) firms and R&D alliances with established
pharmaceutical companies. In the period between 1999
and 2010, the largest jump in the level of investment
occurred in 2000 in relation to 1999, amounting to 273%
in the USA and 525% increase in Europe (10). These
substantial investments were present despite the fact that
the industry mostly lacked market-ready products and
profitability, with the exception of few commercially
successful companies, such as Amgen and Genentech in
the USA (23). Following the literature review we identify
two major explanations for this phenomenon: existence
of initial public offerings (IPOs) and use of stock-based
executive compensations.

First, IPOs have had two primary roles in the bio-
technology industry: first, to quickly and lucratively attract
funds for further therapeutic development (42), and se-
cond, to provide venture capitalists and pharmaceutical
companies with the opportunity to exit from their invest-
ments, often with a considerable return, without having to
wait for product regulatory approvals and market entry
(22). It is known that the development of new medicines
requires a process that can take up to 20 years, with highly
uncertain prospects for success (22). In contrast to the
direct private investment in innovation, which involves
facing technological, market and competitive uncertainty,
and where ''patient capital'' is needed from investors, pub-
lic shareholders’ investments have been characterized by
''short-termness'', or need for financial liquidity. The
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Source: Adapted from Berghmans (37)

Figure 1. Overview of NME approvals in the USA, Europe and other
countries (includes Japan and Canada), 1991-2010.



operating principle becomes speculation, which produces
gains for investors based on their assumption of existence
of ''greater fools'', who will remain ready to buy the over-
-priced shares on the market. The accumulation of in-
novative capabilities is here set aside since more effort is
often devoted to reaching an IPO than to commerciali-
zation (42).

Second, in the USA, stock markets for new techno-
logies have had longer tradition and higher relevance than
in Europe. Only minorities of European companies have
managed to access stock markets, primarily through IPOs
(12). Even though the share of IPOs in the total European
biotechnology financing rarely exceeded 15%, in 2000 it
was almost 40%, compared with the US 15% in the same
period (10). Figure 2 shows the extent and distribution of
biotechnology financings in the USA and Europe in se-
lected years over the period between 1999 and 2010. In
addition to the significant difference in the level of financ-
ing, the USA and Europe differed in the relative impor-
tance of funding mechanisms. While ''other'' sources, mostly
debt, dominated in the USA, in Europe venture capital
generally had the highest relative importance. Moreover,

secondary (''follow-on'') stock offerings on the public mar-
kets were common in the USA and rare in Europe.

Although underdeveloped, fragmented, illiquid and
without the necessary support structures (43), stock mar-
kets were a playground for speculations in Europe. Cooke’s
(44) analysis of top European biotechnology companies
pointed to unusual difference between valuation (market
capitalization) and their much lower turnover, which was
assigned to the speculative confidence of stock market
investors in the industry characterized by non-profitability
of the majority of its enterprises. Similarly, in her case
study of Swedish biotechnology companies, Nilsson (45)
reported much stock speculation and value fluctuation for
some of the companies due to limited patience of stock
market investors, which led to a stance that it might have
been wiser to postpone going public until agreements with
established pharmaceutical companies had been reached.
The result of such an approach are loss-making biotech-
nology companies on the stock market, with strong re-
search results, alliances with large pharmaceutical firms,
or products going through clinical trials, using stock mar-
ket valuations to ensure the expansion of firm activities
(46). Both in Europe and in the USA, speculative stock
markets have been highly sensitive to media news and
expectations at every stage of the product development
process, and particularly concerning the results of the
clinical trials of potential therapeutics (5).

The second explanation for the occurrence of sub-
stantial investment capital in the biotechnology industry
can be related to the exercise of executives’ stock-based
compensations. This practice stems from the USA and
was gradually expanded to non-executive employees, as
an instrument to attract highly skilled personnel to
high-tech start-up companies (42). The European legal
and tax systems discouraged stock options until the
beginning of the 21st century (44). However, empirical
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TABLE 3

Public investments in biomedical research in the USA and Europe.

USA EU CROATIA*

Major public provider of funding National Institutes of
Health (NIH)

No single major provider:
– national organisations (85%)
– EU (15%)

Ministry of Science,
Education and Sports

Health R&D expenditures in the
non-profit sectors, PPP US$b (2007)

32,0 20,3 0,045

Budget for health of the major public
provider of funding, US$b (2011)

30,7 (NIH) 0,86 (European Commission) 0,044

% of public funding going to
biomedical research (2011)

50% 30% 10%

% of GDP committed to public
funding of health research (2008)

0,222% 0,054% 0,069%

* The data shown for Croatia refer to 2009.
Source: Adapted and compiled from Wiecek (39), Berghmans, et al. (37), the European Public Health Association (40) and the
Croatian Bureau of Statistics (41)

Source: Adapted from Ernst&Young (10).

Figure 2. Overview of biotechnology industry financings in selected
years (USA and Europe).



evidence shows that stock-based compensations to execu-
tives and employees are at present regularly exercised also
in Europe (47). As discussed by Casper, and Kettler (46),
the legalization of stock options as performance incentives
in the UK has been as dangerous as stimulating, since they
are highly dependent on the stock price of public com-
panies and lowering of stock prices may motivate entre-
preneurial scientists to seek performance rewards in esta-
blished pharmaceutical companies, rather than in biotech
companies. Moreover, Lazonick and colleagues (22, 47)
argue that stock-based compensations can stimulate stock
manipulation through buybacks due to their short-term
orientation, and in that way challenge the extent of in-
vestments of biotechnology companies in generation of
innovative products. Specifically, by making resource al-
location decisions in a way that productive resources are
not developed or utilized, but deployed to make primarily
personal gains, top managers may jeopardize new value
creation and long-term stability and growth of their com-
panies.

In summary, IPOs and stock-based executive compen-
sations mechanisms largely facilitated the industry at-
tractiveness regardless of its overall lack of products close
to the market and subsequently, lack of profitability.

Triggers and consequences of the burst
of the ''biotechnology bubble''

This section identifies two major origins of the burst of
the ''biotechnology bubble'': substantial dependence of the
industry on speculative stock markets and inadequate
expertise of investors.

The first cause of sharp decreases in investments in the
biotechnology industry is the dependence of companies
on stock markets for funding commercialization-related
activities. The finance-driven innovation model (21)
mostly disregards the need of the biotechnology industry
for ''patient'' capital as the main motivation of investors
remains a quick exit from their investments through
speculations and securing of gains in the short term. This
leads to discrepancy between the companies’ value on the
stock markets and actual performance, which disrupts the
long-term sustainability of the industry. Although specific
for the USA, the reliance on speculative stock markets has
been present in Europe as well. One illustrative example is
British Biotechnology, formerly Europe’s largest bio-
technology company in terms of market capitalization and
R&D costs, which experienced a stock market decline of $2
million in 1997 because of delays in gaining approval for
its two leading products. This event highly affected the
level of confidence of the European investors in the sector
(44). Following the crash of NASDAQ at the beginning of
the 21st century, many European stock markets collapsed
(47). For example, the German Neuer Markt collapsed
after only five years of existence, after it had lost 96% of its
value in two years (8). The facilitated access to stock
markets is therefore estimated as positive with respect to
necessary fund raising, but it can also be problematic for
companies without capacity to meet expectations and
cause dissatisfaction on the stock market, which easily

spills over to other biotechnology firms notwithstanding
their performance, as it occurred in 2001 and 2008 (Table
4). Investors in the biotechnology industry were then no
longer motivated to invest because of weaker exit opportu-
nities and IPOs seriously decreased (7, 22).

The second cause of the lost trust in the biotechnology
industry was more dominant in Europe than in the USA.
It springs from the lack of industry expertise of investors.
The Critical I study of biotechnology in Europe (12)
discusses Europe’s ''localized and inward-looking'' inves-
tors and not sufficiently mature industry to attract debt
finance for growth-by-acquisition strategy of the US bio-
technology industry. Moreover, venture capitalists are eva-
luated as investors that inhibit innovation, because of their
weak specialization, or support of too many companies
with insufficient funding. This is closely related to the
fragmentation of the European venture capital industry
(43), not only in countries with no tradition in biotech-
nology entrepreneurship, such as Portugal, Spain and
Italy, but also in mature ones, like Germany (46).

Funding crises produced the following effects: increas-
ed concentration of funding, change in investment targets,
more prominent role of the public sector, increasing share
of debt financing, and cost-cutting. First, increased con-
centration of funding in a smaller number of companies is
observed both in the USA and in Europe. In 2010 in the
USA, top 20% companies in raising funds received 82,6%
of capital (compared to 78,5% in 2009 and 68,7% in 2005),
whereas the bottom 20% of companies raised only 0,4% of
funds (compared to 0,6% in 2009). Moreover, funding
often represented reinvestments in existing portfolio com-
panies rather than in new ones (10). The rising uneven-
ness in funding allocation distribution is expected to result
in the return to quality, at the expense of the number of
IPOs, but with larger amounts of funds on average raised
than had been the case in the period of a ''boom'' (42).
Thus, restrictions in the access to funding forces com-
panies to focus their resources to a more narrow set of
technologies. They are required to concentrate on achiev-
ing short-term milestones to satisfy their investors, which
have become more careful in assessing regulatory and
commercial risks earlier in a product’s development cycle.
Short-term milestones enable the VC investors exiting
earlier even in the period of higher caution and higher
selectivity of IPO investors, preferably through mergers
and acquisitions (M&As), which may not always be in the
interest of a company (10).

Second, another effect of the burst of the ''bubble'' is
refocused investors’ preference towards investments of
lower risk. An example is their preference for late-stage
clinical trials rather than for discovery of therapeutics.
According to Dorsey and colleagues (35), such practice is
accompanied by a more frequent purchasing of small
biotechnology firms by large pharmaceutical companies
as an alternative to in-house investing to early stage, disco-
very research. This trend is problematic because higher risk
investments are essential to fill the gap between govern-
ment-sponsored research and commercial research.
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Third, public sector takes a bigger role in industry
financing, particularly in Europe. By launching new na-
tional and supranational funding and fiscal initiatives (43),
the governments aim to bridge biotechnology financing
gaps. Moreover, recent initiatives in frame of the Euro-
pean Framework Programmes for Health recognize the
deficiencies of the generalist measures and recognize the
need for a narrower-scope specialized approach in defin-
ing funding priorities.

Fourth, identified consequence of the burst of the bio-
technology ''bubble'' is increasing importance of debt fi-
nancing, specifically in the USA. Even though the most
recent industry reports show that in 2010 biotechnology
companies managed to attract amounts of funding si-
milar to those raised during the ''boom'' preceding the
second crisis (10), this recovery mostly came from debt
funding of mature profitable companies, to refinance
existing debt and for stock buybacks and acquisitions. If
these funding sources are excluded, ''innovation capital''
raised by US companies was in fact in decline by 21% in
2010.

Finally, a very frequent effect of the crisis, both in the
USA and in Europe, is cost-cutting, primarily in R&D
expenditures. In 2009, 64% of US companies and 55% of
European companies decreased their R&D spending.
With this step, restructuring of the companies with a
subsequent negative impact on employment becomes
apparent and future innovation in the form of new pro-
ducts in the pipeline becomes compromised (43). Ac-
cording to a report published in Nature Biotechnology
(48), those companies that increase their R&D expen-
ditures explain their strategy of constant product in-
novation as indispensable to survive, in particular in a
time when a significant number of marketed products
are losing patent protection.

The evidence presented in this section indicates that
not all commercialization funding mechanisms increase
biotech innovation performance. This primarily refers to
stock-market-related practices that foster short-term gains
of executives and investors and thus disregard the need of
the biotechnology industry for ''patient'' capital.

We find that the European biotechnology industry has
been largely following the US practice, driven by stronger
performance of the latter in terms of R&D expenditures,
patented inventions, revenues and new molecular entity
approvals. Second, a thorough analysis of the industry
dynamics revealed the deficiencies of the present IPR
system tailored to boost the exploitation of academic re-
search results, a decrease in the ''innovation capital'' levels
and industry innovative performance (measured by the
number of new molecular entities) despite the increased
overall funding levels, and the fragility of the finance-
-driven business model in both regions observed. This
suggests that the present ''shareholder value-oriented'' sys-
tem may not be compatible with the long-term sustain-
ability of the biotechnology industry.

INNOVATION IN THE US AND THE
EUROPEAN BIOTECHNOLOGY
INDUSTRY: A COMPARATIVE ANALYSIS

We compare the US and the European industries using
the neoclassical financial theory and the theory of inno-
vative enterprise to propose an overview of driving forces
of innovation in healthcare biotechnology. In specifics, we
critically compare the US and the European practices with
respect to innovation determinants identified in this pa-
per: university-generated intellectual property rights, public
investments into knowledge base and commercialisation
funding mechanisms.

The main characteristic of the neoclassical financial
theory is that it takes market price signals and shareholder
value maximization as guiding principles in doing busi-
ness, while it treats technology and market conditions as
exogenous factors. In contrast, the theory of innovative
enterprise builds on the resource-based view roots and
treats technology, market and other conditions as dyna-
mic, transformable, endogenous factors. It further argues
that innovative capacity to create new products and pro-
cesses is what drives innovations and economic growth
(4). The innovative performance depends on ''organisatio-
nal integration'' of participants in a specialized division of
labour, who collaborate toward the achievement of com-
mon goals, ''strategic control'' in executive-made resource
allocation decisions, and ''financial commitment'' of re-
sources to sustain the innovation process until it can gene-
rate viable products that can produce financial returns (49).

By selecting these two theories as a framework for our
analysis, we recognize that although the neoclassical fi-
nancial theory is commonly accepted in modern theory
and practice, it mostly does not consider the role of dif-
ferent in-house and environmental conditions that have
been shaping innovation performance in the healthcare
biotechnology industry. The theory of innovative enter-
prise is relevant because it combines theory and history in
investigating how conditions such as financial markets or
government investments impact strategic priorities of bio-
technology companies (5). Applied together, these two
theories provide a crucial contribution in understanding
why biotechnology evolved into a ''shareholder value-
-oriented'' industry and how this dominant practice has
been affecting the industry innovative performance.
Methodologically, we perform this critical comparison by
combining empirical evidence from the US and the Euro-
pean settings with theoretical discussions on the role of
university IPRs, public investments into knowledge base
and commercialisation funding mechanisms in stimulat-
ing innovation performance. The results are summarized
in Table 5 below (refer to Table A4 in Appendix for a more
detailed overview).

As discussed in the table, the neoclassical theory pro-
motes broad university patenting as a means of securing
optimal innovation performance and maximisation of
investor rewards while the theory of innovative enter-
prise evaluates broad IPRs and exclusive licensing as
harmful in regards to efficient exploitation of inventions
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in subsequent research. According to the latter theory,
biotech enterprises should instead focus on development
of innovative capabilities and academic institutions in
both regions reconsider their ''patent-as-much-as-possi-
ble'' policies. Next, unlike the neoclassical theory, which
views public investments into science base as market
failure correction mechanisms, the theory of innovative
enterprise acknowledges the vital role of government
basic research funding and subsidies in stimulating the
development of the US and European biotech industry.
Both theories acknowledge that commercial success is
boosted by opportunities for accessing high-risk finance
and attracting and motivating entrepreneurial scientists
and managers (46). So far, the US companies have been
more successful in translating research into biopharma-
ceutical end products than EU companies (50). However,
both in the USA and in Europe there has been a dominant
stance on the side of investors that the most favourable
way to maximize the shareholder value in the short-run is
''selling to revenue-hungry pharmaceutical companies that
have to complement their internal R&D efforts by looking
externally for breakthrough innovations and products,
rather than by pursuing high risk R&D'' (10). According to
the theory of innovative enterprise, the consequence of
this strategy is an increasing gap between the high values
announced and the funds actually deployed for develop-
ment and utilization of productive resources to increase
innovative performance.

DISCUSSION AND IMPLICATIONS

The aim of this paper was to analyse the role of uni-
versity-generated intellectual property rights, public in-
vestments into knowledge base and commercialization
funding mechanisms in stimulating innovation perfor-
mance in healthcare biotechnology industry. We focused
our research on these three determinants of innovation

performance following the in-depth literature review,
which pointed to limited knowledge on key determinants
that drive the development of this sector. In our analysis
we directly compared the US and the European health-
care biotechnology industries, relying on conceptualiza-
tion extended by statistical data. Our conceptual frame-
works were two grounding theories, neoclassical financial
theory and the theory of innovative enterprise, which were
contrasted assuming the theoretical and practical domi-
nance of the former and historical perspective of the latter
in evaluating innovation-influencing factors in the bio-
technology industry. In this concluding section, we sum-
marize our findings and develop implications for prac-
titioners and future research avenues.

Legislation regarding intellectual property rights was
changed in order to allow universities and other entities
involved in life science research to protect their discoveries
by patents, initially in the USA and later in most countries
in Europe. Evaluated as beneficial for commercial ex-
ploitation of university-generated research results, biotech-
nology venture creation and (particularly by neoclassical
economists) necessary in order to protect the future eco-
nomic returns of inventions, patenting with wide scope
and exclusive licensing of upstream discoveries in this field
was also discussed as harmful for future innovative output.
This is primarily due to its blocking impact on efficient use
of protected results in subsequent research. Even though
the change in the IPR regime positively affected the extent
of university patenting, it has also led to a lot of commer-
cially irrelevant patents. Another deficiency in the present
IPR system as an innovation-driving force is related to the
substantial use of patents by new biotech companies to
attract acquisitions by established companies, which ena-
bles them to quickly exit to capital markets, despite the
lack of products close to the market. The theory of inno-
vative enterprise argues that patents are a weaker deter-
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TABLE 4

Capital raised in the biotechnology industry in USA and Europe, 2000-10 (US$m).

2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000

IPOs USA 1.097 697 6 1.238 944 626 1.618 448 456 208 4.997

Europe 219 137 100 978 905 1.066 484 42 191 280 3.294

Follow-ons USA 2.971 5.165 1.715 2.494 5.114 3.952 2.846 2.825 838 1.695 14.964

Europe 207 792 40 263 279 377 273 584 65 171 499

Other USA 12.242 7.617 6.832 12.195 10.953 6.788 8.964 8.306 5.242 3.635 9.987

Europe 2.044 1.845 1.245 4.714 3.452 1.493 2.183 1.708 236 908 1.983

Venture USA 4.409 4.556 4.445 5.464 3.302 3.328 3.551 2.826 2.164 2.392 2.773

Europe 1.355 1.049 1.368 1.606 2.006 1.895 2.017 1.226 1.768 2.250 2.670

TOTAL USA 20.719 18.035 12.998 21.391 20.313 14.694 16.979 14.405 8.700 7.930 32.721

TOTAL Europe 3.825 3.823 2.753 7.561 6.642 4.831 4.959 3.561 2.260 3.609 8.447

TOTAL USA + Europe 24.544 21.858 15.751 28.952 26.955 19.525 21.938 17.966 10.960 11.539 41.168

Source: Adapted from Ernst&Young (2011)



minant of successful development of innovative products
when compared to innovative capabilities to translate new
technologies into innovative products and processes.

The theory of innovative enterprise also acknowledges
that public investments into knowledge base at univer-
sities and other research institutions are indispensible for
the development of innovative activities in the biotechno-
logy industry and its competitiveness, as companies lack
resources and often specific knowledge to invest in basic
infrastructure and research projects aimed to reveal the
fundamental mechanisms in molecular biology, which are
in the background of discovery of any diagnostic tool or
therapeutic agent. For that reason, companies rely on
investments by governments, in the form of research
grants through universities or direct grants to the com-
pany, as well as on knowledge available at academic and
other non-profit research institutions. The US National
Institutes of Health are the major provider of funding for
basic biomedical research, not only in the USA, but also
globally, while in Europe the majority of basic funding is
provided at the level of member countries. Neoclassical
theory also stipulates the importance of government
investments into knowledge base; however, it argues that
the reason for government involvement is related to the
existence of market failures, which discourage biotech-
nology firms from funding their own research due to high
risks and long terms specific for the industry and their
inability to appropriate all the benefits.

Finally, the analysis of different mechanisms of funding
of biotechnology commercialization process revealed that
speculative stock markets attracted substantial funding
flows into this sector in the USA, and less so in Europe,
primarily through IPOs and exercise of stock-based
compensations. Substantial investments were present due
to quick exit opportunities for investors, and regardless of
the fact that most companies involved were principally
R&D companies, with the lack of profitability and virtually
no products on the market. This, in practice still dominant
business model, highly relies on the neoclassical financial
theory and its emphasis on short-term maximisation of
shareholder value in an industry characterized by long
terms and high risks. However, it was questioned after the
collapse of speculative markets in the financial crisis of
2008-2009, which largely affected the USA. The crisis
affected European biotechnology industry as well,
however, not only because of its attempts to emulate the
US speculative stock markets, but also because of the
generally weak expertise and fragmentation of investors,
primarily venture capitalists. We concluded our analysis
with the identification of effects of the funding crises in the
USA and Europe, which include increased concentration
of funding, change in investment targets, more prominent
role of the public sector, increasing share of debt financing,
and cost-cutting. Some of these effects, like increasing
share of debt financing, cost-cutting and refocusing of
investors’ preferences towards investments of lower risk,
were evaluated as unfavourable for the extent of future
innovation.

Implications and future research
avenues

Our study has indicated that the US biotech business
model relies heavily on monetization of IPRs generated at
academic institutions, government investments in high-
-risk research, public capital markets and financial institu-
tions. Its European counterpart has been striving to emu-
late that model because of its better performance in most
of the indicators. Yet, we also provided evidence that the
financial markets-driven US sector impedes innovation
performance due to its focusing on short-term financial
gains, tied to stock-price fluctuations and stock-based
compensations, in the industry which demands ''patient''
capital. This questions the long-term sustainability of the
biotechnology industry and calls for several recommenda-
tions for enterprises that compete in the European en-
vironment.

First, most European countries have adopted their
IPR legislations and technology transfer policies in line
with the US example, driven by the quick expansion of
the US biotech industry thanks to its excellent connec-
tions with the academic institutions, as generators of
basic discoveries. However, since the conducted empirical
studies revealed an increasing number of commercially
irrelevant university-generated patents, we propose that
European academic institutions should reconsider their
present technology transfer policies: instead of ''pushing''
their technology transfer offices to patent as much as
possible in a ''monolithic way'', universities should invest
in developing effective pipelines for critical evaluation of
potentially patentable inventions. In that way, they will
reduce irrelevant activities in technology transfer offices;
reduce the pressure on basic academic research and de-
crease the costs of legal services associated with IP pro-
tection (e.g., application filing, enforcement). On top of
that, there have recently been attempts to propose alter-
native IPR regimes. These include the return to inventor
ownership and compulsory non-exclusive licensing (30,
35, 54). Recently initiated in the USA and already existing
in Germany, compulsory licensing should enable inno-
vative companies to receive a return on their investment in
research. At the same time, users would have access to
technology at reasonable prices.

Second, an area where the European industry should
emulate the US biotechnology is bigger interrelatedness of
basic science and clinical development, as proposed al-
ready by Owen-Smith and colleagues (3). They showed
that the US public research organizations and small bio-
technology companies conduct decentralized R&D across
multiple areas and stages of the development process,
while Europe has regional specialization with a less di-
verse group of public research organizations working in a
smaller number of areas, with a considerably more cen-
tralized funding within nations. Europe thus needs to
make changes in the division of labour in order to support
innovation.

Third, in order to encourage the sustainable develop-
ment, the European biotech industry should invest more
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TABLE 5

Innovation-influencing factors: a comparison of the US and the European biotechnology industries.

Innovation-
influencing
factor

USA Europe Theoretical framework

University-
generated
IPRs

IPR laws boosted
academic research
exploitation (22).
Academic patenting
increased, but its
importance decreased
(18).

Most countries emulate
the US Bayh-Dole Act
(24). High costs and heavy
administration related to
patenting impede
innovation (50).

Neoclassical financial theory: Without IPRs on
publicly funded research, the innovative output will
be suboptimal and innovators will be under-rewarded
(14). Broadening the scope is desirable – it maximises
the reward to investors (51).

Theory of innovative enterprise: In the case of public
research, the incentive in the form of IPR laws is not
needed because invention has already been paid for
(14). With upstream discoveries, exclusive exploitation
of a patent limits new entrants who would compete to
produce more efficient and cheaper medicines (22).

Public
investments into
knowledge base

Substantial government
investment in knowledge
base has financed US
biotechnology and
motivated equity
investors throughout the
history (22, 32).

Biotechnology
development is boosted
through
government-initiated
technology transfer
initiatives, seed funding
schemes, and taxation
schemes (12).

Neoclassical financial theory: Government policy
should be limited to market failure situations. One
example is government funding of basic research,
which overcomes the reluctance of firms to fund their
own research because of their inability to appropriate
all the benefits (52).

Theory of innovative enterprise: Governments have a
critical role in developing the knowledge base
indispensable for international competitiveness of
biotechnology, through infrastructural investments
that are of far too broad scope for companies (42).

Funding
mechanisms

Speculative stock
markets

– IPOs

Industry funding
mechanisms have been
characterized by stock
market investors
investing in IPOs of R&D
companies (22)

To a lesser extent than in
the US, but equity
investors are also
motivated by speculative
gains, extract value, even
though the products are
not yet market-close (47).

Neoclassical financial theory: The healthcare
biotechnology business model is financialized,
shareholder distribution-oriented; products in
pipeline and firms trade for shareholder value in
speculative processes (5).

Theory of innovative enterprise: The extent of
financial commitment required to sustain an
investment strategy depends on the size of the
investments in productive resources and duration of
time required to generate financial returns (49).

– Stock buybacks

Debt and venture
capital

Established pharma
companies

Stock-based
compensations are
regular (47). Companies
are supported by stock
markets and financial
institutions lending
money secured only by
stock. Debt funding
dominates the sector. In
order to maximize
shareholder value, firms
are typically acquired by
big pharma, instead of
pursuing high-risk R&D
(10).

The industry is not mature
enough to attract debt
finance for
growth-by-acquisition
strategy of the US industry
(12). Venture capital
industry is fragmented,
with weak specialization
(43). Companies mostly
license out their inventions
to big pharma, get
acquired by US companies
or move to the USA to
access their markets and
thus export value-creating
R&D (12).

Neoclassical financial theory: Short-term earnings
per share and share price are the most important
measures of corporate performance. Only
shareholders are ''residual claimants'' as they do not
have ''guaranteed contractual stakes'' (42). By giving
managers stock-based compensation, shareholders
mitigate the principal-agent problem – ensure that
managers allocate resources efficiently (53).

Theory of innovative enterprise: Shareholders are
not the only ''residual claimants'' – state is also
without guaranteed return on investment, to
taxpayers (42). Productivity problems of the US
biotechnology industry were not due to a shortage of
funding, but due to the highly monetized business
model which undermines innovation (22).
Acquisitions of small companies by established
pharma companies as a dominant business strategy
prevent Europe from developing self-sustainable,
larger biotech companies and endangers the extent of
future innovation (50). In both regions, this trend
negatively affects the investments in early stage
research by big pharma (35).



effort in the direction of strategic selection of fewer fund-
ing priorities and long-term focus on therapeutic and
diagnostic products that have the potential for viable com-
mercial success (55). An opportunity exists in the develop-
ment of biosimilars (which assume an R&D-intensive
activity, unlike the production of generic pharmaceuti-
cals), due to the fact that the patent protection of many
biotechnology medicines will expire in the forthcoming
years. Developing treatments for conditions with very
small patient populations, or rare diseases, represents an
opportunity that has already been recognized on both
sides of the Atlantic (10) as a response to the challenge of
unsustainable ''blockbuster'' medicines. Such strategies
should be accompanied by adequate policies, which
would promote greater specialisation and the need for
''patient'' capital to venture capitalists and other types of
investors. As discussed by Casper and Kettler (46) in their
comparison of the US, UK and German settings, due to
limited skills in technology transfer and bottlenecks in the
supply of personnel in relation to the science base, UK was
shown to be unsuccessful in emulating the US ''high-
-return but high-risk radical innovation'' model, despite
the developed capital markets. In the same period, the
German biotechnology sector benefited from the ''long-
-term and incremental innovation'' business models, by
combining entrepreneurial endeavours with stable insti-
tutional frameworks featured by government incentives,
regulatory labour laws and ''stakeholder'' supervision.

Finally, we point to some avenues for prospective re-
search. Since there are still too few studies empirically
assessing the impact of public investments into science
base on innovation performance, we propose that future
efforts should take this direction. Namely, it would be very
interesting to investigate further why the most recent in-
dustry reports point to decreases in new molecular entity
approvals despite the increasing R&D and commerciali-
sation funding levels in both regions included in this
study. Also, one limitation of this research is that it does
not take into account the diversity of national biotechnolo-
gy industries across Europe in assessing the determinants
of innovative performance. Instead, the study deploys a
''big picture'' approach in comparing the two regions
which represent the key global players in the biotech
industry. Future research endeavours should consider the
heterogeneity of European national IPR as well as R&D
and commercialisation funding systems.

Acknowledgements: The first author would like to acknow-
ledge the support of the Ministry of Higher Education, Science
and Technology of the Republic of Slovenia and the European
Social Fund (Innovative Scheme 2010 of the University of
Ljubljana – contract number: 395-353). The authors would
like to thank Prof. William Lazonick and Prof. Stipan Jonji}
for their useful comments on earlier versions of this paper.

REFERENCES

1. POWELL W W, KOPUT K W, SMITH-DOERR L 1996 Inter-
organizational Collaboration and the Locus of Innovation: Networks
of Learning in Biotechnology. Admin Sci Quart 41(1): 116-145

2. EBERS M, POWELL W W 2007 Biotechnology: Its Origins, Or-
ganization, and Outputs. Res Policy 36 (4): 433-437

3. OWEN-SMITH J, RICCABONI M, PAMMOLLI F, POWELL W
W 2002 A Comparison of U. S. And European University-Industry
Relations in the Life Sciences. Manage Sci 48(1): 24-43

4. LAZONICK W, O’SULLIVAN M 2000 Maximizing Shareholder
Value: A New Ideology of Corporate Governance. Econ Soc 29(1):
13-35

5. ANDERSSON T, GLEADLE P, HASLAM C, TSITSIANIS N
2010 Bio-Pharma: A Financialized Business Model. Critical Perspec-
tives on Accounting 21(7): 631-641

6. PHARMAHORIZONS 2001 The Biopharmaceutical Industry: Over-
view, Prospects and Competitiveness Challenges. Retrieved 18.12.2011.
from http://www.pharmahorizons.com/industry_reporte.pdf

7. DIBNER M D, TRULL M, HOWELL M 2003 US Venture Capital
for Biotechnology. Nat Biotechnol 21(6): 613-617

8. HOWELL M, TRULL M, DIBNER M D 2003 The Rise of Euro-
pean Venture Capital for Biotechnology. Nat Biotechnol 21(11): 1287

9. MITTRA J, TAIT J, WIELD D 2011 From Maturity to Value-Added
Innovation: Lessons from the Pharmaceutical and Agro-Biotech-
nology Industries. Trends Biotechnol 29(3): 105-109

10. ERNST & YOUNG 2011 Beyond Borders: Global Biotechnology
Report 2011. EYGMLimited

11. CROATIAN COMPETITION AGENCY 2011 Ministry of Health
and Social Welfare – Request for Issuance of Financial State Guar-
antee for the Institute of Immunology, Inc., Zagreb Retrieved
17.02.2012., from http://www.aztn.hr/uploads/documents/odluke/
DP/UPI-430-012011-115001.pdf

12. CRITICAL I COMPARATIVE-STUDY FOR EUROPABIO 2006
Biotechnology in Europe: 2006 Comparative Study

13. EUROPABIO VENTUREVALUATION 2009 Biotechnology Re-
port: Croatia. Retrieved 22.11.2011, from http://www.biotechgate.
com/app/documents/14allbio/croatia.pdf

14. ORSENIGO L, DOSI G, MAZZUCATO M (ed) 2006 The Dy-
namics of Knowledge Accumulation, Regulation, and Appropriability
in the Pharma-Biotech Sector: Policy Issues. Knowledge Accumula-
tion and Industry Evolution. Cambridge University Press, Cambridge.

15. DASGUPTA P, DAVID P A 1994 Toward a New Economics of
Science. Res Policy 23(5): 487-521

16. HELLER M A, EISENBERG R S 1998 Can Patents Deter Innova-
tion? The Anticommons in Biomedical Research. Science 280(5364):
698 – 701

17. HENDERSON R, JAFFE A B, TRAJTENBERG M 1998 Uni-
versities as a Source of Commercial Technology: A Detailed Analysis
of University Patenting, 1965-1988. Rev Econ Stat 80(1): 119-127

18. NIGHTINGALE P, MARTIN P 2004 The Myth of the Biotech
Revolution. Trends Biotechnol 22(11): 564-569

19. MURRAY F, STERN S 2007 Do Formal Intellectual Property Rights
Hinder the Free Flow of Scientific Knowledge? An Empirical Test of
the Anti-Commons Hypothesis. Journal of Economic Behavior &
Organization 63(4): 648–687

20. TOOLE A A 2012 The Impact of Public Basic Research on In-
dustrial Innovation: Evidence from the Pharmaceutical Industry. Res
Policy 41(1): 1-12

21. CORIAT B, ORSI F 2002 Establishing a New Intellectual Property
Rights Regime in the United States – Origins, Content and Pro-
blems. Res Policy 31(8-9): 1491-1507

22. LAZONICK W, TULUM Ö 2011 US Biopharmaceutical Finance
and the Sustainability of the Biotech Business Model. Res Policy
40(9): 1170-1187

23. PISANO G 2006 Science Business: The Promise, the Reality and the
Future of Biotech. Harvard Business School Press, Boston.

24. GEUNA A, NESTA L L 2006 University Patenting and Its Effects
on Academic Research: The Emerging European Evidence Res Policy
35(6): 790-807

25. CRESPI G A, GEUNA A, NOMALERE Ö, VERSPAGEN B 2010
University IPRs and Knowledge Transfer. Is University Ownership
More Efficient? Economics of Innovation and New Technology 19(7):
627-648

26. GEUNA A, ROSSI F 2011 Changes to University IPR Regulations
in Europe and the Impact on Academic Patenting. Res Policy 40(8):
1068-1076

Period biol, Vol 115, No 1, 2013. 91

Innovation in the healthcare biotechnology industry: Europe vs. USA Ani Gerbin and Mateja Drnovsek



27. JONJIC T 2010 Juggling between Open Science and the Market:
Public Science Responses to the Patentability of Biomedical Re-
search Tools. Period biol 112(4): 381-390

28. MOWERY D C, ZIEDONIS A A 2002 Academic Patent Quality
and Quantity before and after the Bayh–Dole Act in the United
States. Res Policy 31(3): 399-418

29. WALSH J P, ARORA A, COHEN W M 2003 Research Tool Pa-
tenting and Licensing and Biomedical Innovation. In: Cohen W,
Merrill S (ed.), Patents in the Knowledge-Based Economy. National
Academies Press, Washington, DC, p 285-340

30. KENNEY M, PATTON D 2009 Reconsidering the Bayh-Dole Act
and the Current University Invention Ownership Model. Res Policy
38(9): 1407-1422

31. CHANDLER A 2005 Commercializing High-Technology Indu-
stries. Bus Hist Rev 79(3): 595-604

32. ANGELL M 2004 The Truth About the Drug Companies: How They
Deceive Us and What to Do About It., Random House, New York.

33. STEVENS A, JENSEN J J, WYLLER K, KILGORE P C, CHAT-
TERJEE S, ROHRBAUGH M L 2011 The Role of Public-Sector
Research in the Discovery of Drugs and Vaccines. The New England
Journal of Medicine 364(6): 535-541

34. COLLINS F S 2011 Fiscal Year 2012 Budget Request, Department
of Health and Human Services, National Institutes of Health.

35. DORSEY E R, DEROULET J, THOMPSON J P, REMINICK J I,
THAI A, WHITE-STELLATO Z, BECK C A, GEORGE B P, III
H M 2010 Funding of US Biomedical Research, 2003-2008. JAMA-J
Am Med Assoc 303(2): 137-143

36. MCMILLAN G S, NARIN F, DEEDS D L 2000 An Analysis of the
Critical Role of Public Science in Innovation: The Case of Bio-
technology. Res Policy 29(1): 1-8

37. BERGHMANS S, BISAGNI A, BOUILLON R, BOVELET D,
ANDRÉS-MEDINA R D, DAMERVAL T, CASARIEGO J, HØJ-
GAARD L, MUNZ G, PACINI G, PALMER M, RÖLLINGHOFF
M, SCHÖLMERICH J, SLØRDAHL S, STOLPE M, VARELA-
-NIETO I, SYKA J 2011 A Stronger Biomedical Research for a
Better European Future – White Paper II, European Medical Re-
search Councils.

38. PHILIPSON L 2005 Medical Research Activities, Funding, and
Creativity in Europe: Comparison with Research in the United States.
The Journal of the American Medical Association 294(11): 1394-1398

39. WIECEK A S 2011 NIH Tightens Its Belt. Retrieved 28.04.2011, from
http://www.biotechniques.com/news/NIH-tightens-its-belt/biotechni-
ques-314843.html?utm_source=BioTechniques+Newsletters+%
26+e-Alerts&utm_campaign=e4c56bee9e-Daily_04262011&utm_
medium=email

40. EUROPEAN PUBLIC HEALTH ASSOCIATION 2011 Health
Research – Europe’s Future Retrieved 26.06.2011, from http://ec.
europa.eu/research/csfri/pdf/contributions/post/european_organisa
tions/european_public_health_association_%28eupha%29.pdf

41. CROATIAN BUREAU OF STATISTICS 2011 Government
Budget Appropriations or Outlays for R&D, 2009 – 2010

42. LAZONICK W 2007 The US Stock Market and the Governance of
Innovative Enterprise. Ind Corp Change 16(6): 983-1035

43. EUROPEAN COMMUNITIES 2009 The Financing of Biophar-
maceutical Product Development in Europe, European Communities.

44. COOKE P 2001 Biotechnology Clusters in the U.K.: Lessons from
Localisation in the Commercialisation of Science. Small Bus Econ
17(1-2): 43-59

45. NILSSON A 2001 Biotechnology Firms in Sweden. Small Bus Econ
17(1-2): 93-103

46. CASPER S, KETTLER H 2001 National Institutional Frameworks
and the Hybridization of Entrepreneurial Business Models: The
German and UK Biotechnology Sectors. Ind Innov 8(1): 5-30

47. LAZONICK W, SAKINÇ M 2010 Do Financial Markets Support
Innovation or Inequity in the Biotech Drug Development Process?
DIME workshop, Innovation and Inequality: Pharma and Beyond. Pisa,
Italy.

48. DOREY E 2011 European R&D Buoyant. Nat Biotechnol 29(1): 10
49. LAZONICK W 2003 The Theory of the Market Economy and the

Social Foundations of Innovative Enterprise. Econ Ind Democracy
24(1): 9-44

50. JONSSON T 2007 Competitiveness of the European Biotechnology
Industry; European Commission. Enterprise and Industry DG.

51. DEMPSEY G 1999 Revisiting Intellectual Property Policy: Infor-
mation Economics for the Information Age. Prometheus: Critical
Studies in Innovation 17(1): 33-40

52. SALTER A J, MARTIN B R 2001 The Economic Benefits of Pub-
licly Funded Basic Research: A Critical Review. Res Policy 30(3):
509-532

53. JENSEN M C, MECKLING W H 1976 Theory of the Firm:
Managerial Behavior, Agency Costs and Ownership Structure. J
Financ Econ 3(4): 305-360

54. HOFFENBERG H L 2010 Will the Patentability of Genes Survive?
Nat Biotechnol 28(9): 925-926

55. COMMISSION EUROPEAN COMMISSION 2007 Improving
Knowledge Transfer between Research Institutions and Industry
across Europe. Luxembourg, European Commission, Office for
Official Publications of the European Communities.

92 Period biol, Vol 115, No 1, 2013.

Ani Gerbin and Mateja Drnovsek Innovation in the healthcare biotechnology industry: Europe vs. USA



Period biol, Vol 115, No 1, 2013. 93

Innovation in the healthcare biotechnology industry: Europe vs. USA Ani Gerbin and Mateja Drnovsek

APPENDIX

* Full references available from authors on request

TABLE A1

Overview of key studies on networks and spatial dimensions of innovation in the biotechnology industry.

Important authors Setting Key findings Dependent variable(s)

Shan, Walker and
Kogut (1994)

USA While cooperative agreements with large firms affect
innovation output of small firms, the opposite is not the case.

– innovative output of start-ups

– number of agreements with commercial firms

Powell, Koput and
Smith-Doerr
(1996)

USA Innovation and growth in industries with a complex and
expanding knowledge base are achieved through networks of
learning.

– subsequent number and diversity of R&D ties

– network position in terms of central connectivity

– rates of firm growth

Deeds and Hill
(1996)

USA There is an inverted U-shaped relationship between the
number of strategic alliances and the rate of new product
development.

– rate of new product development

Owen-Smith et al.
(2002)

USA and
Europe

In contrast to the USA, public research organizations and small biopharmaceutical companies in Europe are regionally
specialized, less diverse, working in a smaller number of areas, with a more centralized funding within nations and weaker
integration of basic and clinical studies.

George, Zahra and
Wood (2002)

USA Companies having alliances with universities have lower R&D
expenses and higher levels of innovative output, but not
necessarily higher financial performance than similar firms
without such alliances.

– number of patents

– number of products in the market

– number of products under development

Owen-Smith and
Powell (2004)

USA Membership in a geographically collocated network of
collaborations, centrality in a geographically dispersed
network and dominance of public research organizations in a
network positively affect innovation.

– number of patents assigned to corporations

Faems, Van Looy
and Debackere
(2005)

Europe,
Belgium

Interorganizational collaboration positively affects innovative
performance, but varies depending on the type of the
collaborators.

– proportion of turnover attributed to new and improved
products

Phene,
Fladmoe-Lindquis
t and Marsh (2006)

USA Technologically distant knowledge of national origin has a
curvilinear effect and technologically proximate knowledge of
international origin has a positive effect on breakthrough
innovation.

– breakthrough innovations (patents with the highest number
of citations)

TABLE A2

Overview of key studies on university-generated IPRs and innovation in biotechnology.

Setting Authors Study type Key findings Dependent variable(s)

USA Dasgupta and
David (1994)

Conceptual Growing ''privatization of the scientific commons'' may endanger scientific and technological progress,
particularly by restricting access to upstream discoveries that are essential for subsequent research.

USA Heller and
Eisenberg
(1998)

Conceptual Commercialization of biomedical research can stimulate private investments in science, but it can also
produce a ''tragedy of the anti-commons'', through a rise of fragmented and overlapping intellectual
property rights. This is due to the high transaction costs of bargaining, heterogeneous interests among
owners, and cognitive biases of life science researchers.

USA Henderson,
Jaffe and
Trajtenberg
(1998)

Empirical Explosion in US university patenting in the period from 1965 to 1992 has
been accompanied by a decrease in their importance, measured by patent
citations.

– patent importance

– patent generality

17 OECD
countries

Furman, Porter
and Stern
(2002)

Empirical Variation in innovativeness across countries is due to differences in the
level of R&D personnel and spending, extent of IP protection and openness
to international trade; share of research performed by academia and
funded by the private sector.

– number of
''international patents''

USA Nightingale
and Martin
(2004)

Empirical The ''biotechnology revolution'' model of technological change along the innovation path from basic
research to clinical development is not supported by the empirical evidence: R&D expenditures increased
tenfold, while patenting output increased only sevenfold, and only a handful of new chemical entities
were approved by the FDA over the period 1983–2003. The slowdown in innovation is explained by
difficulties in keeping pace with the increasingly complicated new scientific and technological base.

USA, Europe,
Japan, India

Orsenigo, Dosi
and Mazzucato
(2006)

Conceptual A tighter IPR regime does not automatically lead to an increase in innovative activities in the countries
which introduced substantial institutional changes in the IPR systems.

Nat Biotech
articles and
USPTO patents

Murray and
Stern (2007)

Empirical Patenting has a modest negative effect on free flow of scientific knowledge;
citation rate for a scientific publication falls after formal IP rights
associated with that publication are granted.

– number of forward
citations
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TABLE A3

Overview of key studies on public investments into knowledge base and biotech innovation.

Setting Authors Study type Key findings Dependent variable(s)

USA; top 10
biotech
countries

Zucker and
Darby (1996)

Empirical The larger the extent of collaboration of a company with star
scientists, the bigger its success, particularly in the USA.

– products in development

– products on the market

– employment growth

USA McMillan,
Narin and
Deeds (2000)

Empirical Biotechnology industry relies on public science much more heavily
than other industries, including pharmaceutical, for very basic
scientific research.

– non-patent references (NPRs) on patents

France Autant-Berna
rd (2001)

Empirical Public research produces positive effects in increasing innovation level;
however, the positive externalities are limited to geographic space.

– patents

USA Gittelman
and Kogut
(2003)

Empirical Publication, collaboration, and science intensity are correlated with
patented innovations; there is a negative relationship between
important scientific papers and high-impact innovations.

– cumulative forward citation frequencies
to an individual patent assigned to firms

USA Angell (2004) Conceptual A large part of the upfront search and innovation costs are borne by the public sector. Truly innovative
therapeutics almost always originate from publicly funded laboratories.

USA Toole (2012) Empirical NIH-funded basic research and market size have an economically
and statistically significant effect on pharmaceutical innovation in
the form of entry of new medicines.

– number of new medicines (new
molecular entities) applications

TABLE A4

Innovation-influencing factors: a comparison of the US and the European biotechnology industries.

Innovation-
influencing
factor

USA Europe Theoretical framework

University-
generated

IPRs

Regulatory changes
associated with IPRs, in
particular the Bayh-Dole
Act, encouraged
commercialization of
federally funded research at
universities and
establishment of new
biotech start-ups (Lazonick
and Tulum 2011).

Although university
patenting increased, its
importance, measured by
patent citations, decreased
(Henderson, et al., 1998;
Nightingale and Martin,
2004).

Most countries emulate the
US Bayh-Dole Act (Geuna
and Nesta 2006, Hall 2007).
However, high cost and heavy
administration of filing and
defending patents are
identified as factors that
impede innovation (Jonsson
2007).

Most countries introduced
patent protection in
pharmaceuticals later than the
USA, which has been
characterized by strong IP
protection in this sector
(Orsenigo, et al., 2006).

Neoclassical financial theory: Patents on publicly funded research serve the
purpose of creating markets for knowledge (Orsenigo, et al. 2006). IPRs are
incentive to invest based on excluding access to information. Without IPRs, the
innovative output will be suboptimal and innovators will be under-rewarded,
because markets are highly competitive and information is perfectly appropriable
– easily transmitted to those not paying for its use. Broadening the scope of
patents is desirable, as it is imposing higher penalties for infringement and if
successfully marketed, maximises the reward to investors in the form of income
from licensing and royalties (Dempsey 1999).

Theory of innovative enterprise: In the case of public research, the incentive in
the form of IPR laws is not needed because invention has already been paid for,
by the public (Orsenigo, et al. 2006). Information is a resource; innovation is not
a bounded process, but involves many participants that interact in a learning
process and that have limited knowledge and abilities (Dempsey 1999).

IPRs are used by new biotech companies to attract acquisitions by established
companies, which enables them to quickly exit to capital markets, despite the
lack of products close to the market (Lazonick and Tulum 2011). Innovative
capabilities of biotechnology firms to translate new technologies into innovative
products and processes are a stronger determinant of successful new value
creation than IPRs (Orsenigo, et al. 2006). In the case of upstream discoveries,
exclusive exploitation of a patent limits new entrants who would compete to
produce more efficient and cheaper medicines from subsequent discoveries
(Lazonick and Tulum 2011).

Public
investments
into
knowledge
base

Continuous and substantial
government investment in
knowledge base and
subsidies have financed US
biotechnology and
motivated equity investors
throughout the industry’s
history (Angell, 2004;
Lazonick and Tulum,
2011).

Biotechnology development is
boosted through
government-initiated
technology transfer initiatives,
seed funding schemes, and
taxation schemes (EuropaBio
2006).

Neoclassical financial theory: A purely market relation produces the optimal
situation and government policy should be limited to situations where market
failures have developed. One such market failure demands government funding of
basic research, which overcomes the reluctance of firms to fund their own research
because of their inability to appropriate all the benefits (Salter and Martin 2001).

Theory of innovative enterprise: Governments have a critical role in developing
the knowledge base indispensable for international competitiveness of the
biotechnology industries, through infrastructural investments that are of far too
broad scope to be done by companies, and different incentives to companies for
investment in innovation (Lazonick 2007).

Funding
mechanisms
The role of
speculative
stock markets
IPOs

Industry funding
mechanisms have been
characterized by stock
market investors investing
in IPOs of
not-yet-commercially-prese
nt companies (Lazonick
and Tulum 2011).

Similar to the USA, although
to a lesser extent, equity
investors are motivated by
speculative gains, extract value
from companies, especially
after the IPO, even though the
products are mostly not yet
close to the market (Lazonick
and Sakinç 2010).

Neoclassical financial theory: The healthcare biotechnology business model is
financialized, shareholder distribution-oriented; companies are investment
portfolios of innovations where products in pipeline and firms trade for
shareholder value in speculative processes (Andersson, et al. 2010).

Theory of innovative enterprise: The extent of financial commitment required
to sustain an investment strategy depends on the size of the investments in
productive resources and duration of time required for those investments to
generate financial returns (Lazonick 2011).
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Innovation-
influencing
factor

USA Europe Theoretical framework

– Stock
buybacks

Stock-based compensations to executives and employees are
regularly exercised (Lazonick and Sakinç 2010).

Neoclassical financial theory: Short-term earnings per share and share price are
the most important measures of corporate performance. Only shareholders are
''residual claimants'' as they receive returns only after all other stakeholders have
received their ''guaranteed contractual stakes'' (Lazonick 2007). By giving
managers stock-based compensation, shareholders mitigate the principal-agent
problem – they ensure that managers have aligned interests with them and
allocate resources efficiently (Jensen and Meckling 1976).

Theory of innovative enterprise: Shareholders are not the only ''residual
claimants''. State is one example of a ''residual claimant'' without guaranteed
return on investment to taxpayers (Lazonick 2007). Strategic decision-makers
allocate resources to financial interests using speculation and stock-based
compensation, to increase stock price regardless of the effect on organizational
learning that can result in a commercial product (Lazonick and Tulum 2011).

Other sources
of funding:
debt and
venture
capital

Companies are supported
by public capital markets
and financial institutions
lending money secured only
by stock (Ernst&Young
2011). Debt funding
dominates the sector.

The industry is not mature
enough to attract debt finance
for growth-by-acquisition
strategy of the US industry
(EuropaBio 2006). Venture
capital industry is fragmented,
with weak specialization (EC
2009).

Theory of innovative enterprise: Productivity problems of the US biotechnology
industry were not due to a shortage of funding, but due to the highly
financialized business model which undermines innovation (Lazonick and
Tulum 2011), as managers extract value; they don’t create value by allocating
resources to developing and utilizing productive resources (Lazonick 2011).

Other sources
of funding:
established
pharmacomp
anies

In order to maximize
shareholder value,
companies typically become
acquired by pharmaceutical
companies, instead of
pursuing high-risk R&D
(Ernst&Young 2011).

Mature companies mostly
license out their inventions to
large pharmaceutical
companies, get acquired by
better funded US companies
or move to the USA to access
their product and financial
markets and thus export
value-creating R&D
(EuropaBio 2006).

Theory of innovative enterprise: Pursuing acquisitions of small biotech
companies by established pharmaceutical companies as a dominant business
strategy prevents Europe from developing self-sustainable, larger biotech
companies and endangers the extent of future innovation (Jonsson 2007). In
both Europe and the USA, this trend negatively affects the investments in early
stage research by pharma companies (Dorsey, et al. 2010).






