Acta Chimica Slovaca, Vol.4, No.1, 2011, 115 - 125
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Abstract

One of the greatest challenges for researchemnigecting scientific discoveries and
innovations into successful companies. To sucdbedspin-off phase of biotechnology
companies has to be crossed by bioentrepreneungeaiure capitalists, reluctant to invest in
early stage biotechnology companies. The paper suimes biotechnology
commercialization in the world, marks significamtechnology and life sciences clusters on
the world map and accents results in biotechnotmygmercialisation in European Union and

United States of America.
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Introduction

There are many issues to be addressed when conaliengj biotechnology research. The
obvious lack of pre-seed capital and inadequasnfiral support from government are not
always to blame (Pavlou 2003). In many cases,kadahcommercialization skills in the field

of biotechnology and innovative financial tools d@the missing factors to capture the
significant value from the biotechnology laboragsr{Nagle et al. 2003). Although growth
and development of biotechnology spin-offs heagtdpend on financial recourses, conducive

environment is a necessary condition (Booth 20@8ryB2002). The paper looks into world’s
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leading biotechnology clusters and companies tansarize major biotechnology

commercialization results in the world (Bains 2009)

Global biotechnology

Commercialized biotechnology concentrates in bimetogy clusters surrounded by
universities and life sciences research instit(Mmses and Cape 1999, Friedman 2006). The
idea of a cluster is geographic concentrationsit@rconnected actors, building on strengths
and removing barriers to development. It requik®as and co-ordination between
government departments, devolved administrati@gpnal economic development agencies,
universities, companies and others (Sainsbury 1Ef8ctive technology transfer is also
necessary with a formal legal infrastructure foivarsity participation and sufficient funds to
file patents. The formation of new companies rezgia business infrastructure in the
community, researchers, technology transfer pradeats, entrepreneurial company founders,
scientists, managers to staff the companies andlkedgeable investors. It takes a whole
community to build a biotechnology cluster. Oncétbthe cluster can achieve a sustaining
life that strengthens itself (Nelsen 2005). Theld/serbiggest clusters are San Francisco and
Boston area in USA, Cambridge and Oxford area gaGBritain and lastly Medicon Valley
and BioValley in the continental Europe. South Raésian and Australian clusters are

lately emerged and fast growing areas (Table 1).

Biotechnology in USA

Biotechnology commercialization began in the USAaite seventieth of J0century. The

San Francisco Bay area is in many ways the crddieeovorld’s biotechnology industry. The
1973 discovery of a practical technique for recorabt DNA production by Stanford’s
Stanley Cohen and the University of California Eaancisco’s Herbert Boyer was the
breakthrough that opened up the possibility of gigianetic engineering to diagnose and
combat disease. In 1980 Genentech, the companZtten and Boyer founded to
commercialize their discovery launched its inipablic offering, triggering huge public and
investor interest in the biotechnology industryeTrea’s largest biotechnology firms are
Chiron Corporation and Genentech. Since 1995, ris laas attracted more than 3 milliards
USD in venture capital investment in biopharmaaaltiirms. Investments have been made
in 261 new firms and 21 venture capital companiepaesent in the region (Robbins-Roth
2000). The area has had the most initial publieroffys by biotech companies since 1998 and
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has attracted more than 1 milliard USD in pharm#calibiotech research alliances since
1996. The San Francisco area has 90 publicly trad#dch companies with an aggregate
market capitalization of nearly $82 billion. Thelurstry includes 46 firms with more than 100
employees, and 114 firms are members of the ndtRRingechnology Industry Association
(PriceWaterhouseCoopers 2001). A study in 2002 sldawat San Francisco region is the
most entrepreneurial region among the nine stu@edtright and Mayer 2002). The
biotechnology industry is highly concentrated inenareas: Boston, Los Angeles, New York,
Philadelphia, Raleigh-Durham, San Diego, San FsaociSeattle, Washington-Baltimore.
These nine areas excel because they possess tvtgkeglients necessary for biotech
growth: strong research and the ability to contraat research into commercial activity The
typical biotechnology centre has about eight tismesnuch research activity as other
metropolitan areas, about ten times as many largeawly established biotech firms, and
about 30 times more venture capital funding. Onaye, a top biotechnology centre has
about nine times as much biotech research actwityabout twenty times as much biotech

commercialization activity as any of the 42 metidpa areas that are not biotech centres.

Table 1. World's biotechnology and life sciencasstérs with high Growth Competitiveness
Index 2004 — 2005 (World Economic Forum, 2006)

North America

Seattle, USA

San Francisco, USA

Los Angeles, USA

San Diego, USA

Saskatoon, Canada
Minneapolis/St. Paul/Rochester USA
Austin, USA

Toronto, Canada

Montreal, Canada

Boston, USA

New York/New Jersey, USA
Philadelphia, USA
Baltimore/Washington, DC, USA
Research Triangle NC, USA

Central America / South America
West Havana, Cuba

Belo Horizonte/Rio de Janeiro, Brazil
Sao Paulo, Brazil

Africa
Capetown,
South Africa

United Kingdom / Ireland
Glasgow-Edinburgh, Scotland
Manchester-Liverpool, England
London, England
Cambridge-SE England
Dublin, Republic of Ireland

Continental Europe
Brussels, Belgium
Medicon Valley, Denmark/Sweden
Stockholm/Uppsala, Sweden
Helsinki, Finland
Paris, France
Biovalley, France/@any/Switzerland
BioAlps, France/Switzaila
Sophia-Antipolis, France
BioRhine, Germany
BioTech Munich, Germany
BioCon Vall&ermany

Mideast
Israel

Oceania
Brisb@nestralia
drey, Australia
Melbourne, Ausdral
Dunedin, Nealatal

Asia
Beijing, China
Shanghai, China
n3hen, China
Hong Kondn&h
Tokyo+i{a, Japan
Kansai, Japan
Hokkaido, Japan
Taipei, Taiwan
Hsinchu, Taiwan
Singapore
Dendidlaysia
New Delhi, India
Hyderabad, India
Bangalore, India
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The therapeutics sales of the ten leading biot@ogy companies (Amgen,
Genentech, Serono, Genzyme, Biogen, Chiron, MedinenGilead, IDEC and Celltech)
were forecast to grow from 17,4 milliards USD ir03Qo 32,7 milliards USD in 2008. It is
Datamonitor’s view that a number of key trends astied from analysis of the therapeutics
revenue performances of the leading biotechnolagsés could give an insight into the
evolution of the global biotechnology sector. Owgyl will be the main therapeutic area with
sales of over 9,1 milliards USD, accounting forg@8 cent by 2008.

Recombinant proteins will be the most succesdaifgrm with 2008 sales of 19,2
milliards USD followed by antibodies and small nwlées with forecast sales of 7,6 milliard
USD and 3,9 milliard USD in 2008, respectively (Fiy. Datamonitor expects the sector to
respond with another wave of mergers and acquisitativity, targeting newly approved or
ready-to-launch products in well-protected marlegnsents from the emerging biotechnology

or small-sized private pharmaceutical sectors RagD03).

Others
Vaccines 3%
3%

Small molecule
12%

Antibodie

23% rDNA/therapeutic

proteins
59%

Fig. 1. Therapeuticsales breakdown by technological platform, 20028200
(Datamonitor, 2009).

Europe

Biotechnology in Europe plays into the long-terrtufe of a densely populated and
interdependent continent that wants to act in saswble and local way within a global
economic environment (Hodgson 2006). There isangtneed to continue promoting the

development of life sciences and biotechnologh@EU, in particular by increasing research
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and promoting competitiveness (Commission 2007 pp&ova and Sturdik 2009). As
activities that relate to innovation become inciregly global and draw the private and public
sectors into complex networks of partnerships,gtagivities also tend to concentrate where
the system is the most supportive (Dearing 200/@. ajor event in this field is a European
public-private partnership initiative between phaogutical industry (European Federation of
Pharmaceutical Industry and Associations) and tirefiean Commission (DG Research -
health priority) resulting in the European Techggi®latform project "Innovative Medicines
Initiative”. Its architecture is based on the idigcdtion of the main bottlenecks to the
development of innovative treatments e.g. predécgikiarmacology and toxicology,
identification and validation of biomarkers, patg@mecruitment, risk evaluation, and

cooperation with the regulatory authorities (Demsetainard, Canet and Segard 2006).

Agbioand
Envirommental Biodiagnostics
11% 18%

Human Services

Healthcare 34%
37%

Fig. 2. Breakdown of European companies by se&ordpaBio, 2006).

In Europe, a third of these companies undertookltHeare related activities and a
further third provided technical, manufacturingresearch services (Fig. 2). The remaining
small third of European companies were either wedlin activities leading to applications in
agriculture, food technology, and the environméghijo and Environment: 11% of
companies), or in the development and manufactuirgologically-based diagnostics,
largely for the diagnosis of human disease (Biadiesgcs: 18% of companies).

The appropriate benchmark for the European ingdustthe world leader in biotech
and Europe’s principal competitor, the United Stahe European and the US
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biotechnology industries both have around 2000 @migs (Hodgson 2006). The US sector
employs nearly twice as many people, spends artiued times as much on research and
development. It has twice the number of employeesived in research and development,
raises over twice as much venture capital. The id&th has access to ten times as much as

debt finance and it earns twice as much as rev€ralde 2).

Table 2. A snapshot of the EU biotech sector (EaBip, 2006).

In 2006 Europe )
Number of companies 2330 1991
Number of new companies formed 131 78
Number of employees 98 500 190 500
R & D expenditure (in mid €) 7,6 21
Revenue (in mid €) 21,5 41,5
Venture capital raised (in mid €) 1,02 3,2
Equity raised (in mld €) 3,65 11,3
Debt raised (in mld €) 0,81 7,4

Table 3. Top venture funding in Europe in 2006 @& Young, 2007).

Name Country Round Amount raised (EURm)
Movetis Belgium  First Round 49
Chroma TherapeuticBlK Third Round 44
Cerenis Therapeutics France Second Round 43
Nabriva Therapeuticé\ustria First Round 42
Ablynx Belgium  Fourth Round 40
Palau Pharma Spain First Round 40
Santaris Pharma Denmark Fourth Round 40
Nowlmmune Switzerlan&econd Round 37
Chiasma Israel Second Round 35
ESBA Tech Switzerland@hird Round 32
Neuropharma Spain Second Round 32
Genextra Italy Second Round 30

The past few years marked a recovery period ®Eiwropean biotechnology sector.
The industry recovered from a financing standpwir2005. Looking at 2006, it appears that
it is now on the right track of sustained progréssecord year of financing, with EUR 4,7

milliard rose with 45 percent increase demonstrédtesobustness and growing strength of
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the European biotechnology sector (Table 3). Thevation and commercialization
performance are extremely diverse in new membéstnd accession member states in
European Union (Ukropcova and Sturdik 2010). Gainder economical transition, the two
main features of the restructuring are increaséahamy for scientists and the beginnings of
competitive research funding. It is expected, thage concentrations of researchers and
technicians in one location will be achieved ndiyaeographically, but through virtual

networks as well.

Japan

The Japan Bio Industry Association has been contyan annual survey on the number of
biotechnology companies in Japan since 1998. Adcgro the latest survey, released in
January 2004, there are now 387 biotechnology samalilmedium enterprises in Japan
(Mitsumori 2004). Medical and health related busges account for the largest percentage.

The number of venture capital funds is quite limig#iller and Fujiwara 2002).

Australia

In Australia, because of market structure, thedanyg for biotechnology companies to list
early in their life cycles has caused problems (8Y€oady and Inge 2003). In the last few
years, Australia has witnessed a growing numbeenfure capital firms specializing in the
bioscience/health industry (from none to nine io tyears). These firms understand the nature
of investment into the biotechnology sector, inahgcthe long-term nature of investments.
Venture capital firms also indicate a willingnegsdo-invest’ in biotechnology companies —
this reflects the high level of risk associatedwiitvesting in the sector, but also provides
biotechnology companies a valuable opportunityeton about needs of different investors
and rigorous reporting requirements. The lessonbifdiechnology companies are not to be
lured into listing too early in their product deepiment, but instead to focus on other sources

of funding, such as private equity and governmeants.

Singapore

Singapore's commitment to the success of biomedaahces is perhaps best reflected in the
Biopolis—a 2-million-square-foot R&D complex thatlMhouse key research institutes and

private research organizations. Biopolis incorpesdacilities specifically tailored for
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biomedical companies, including laboratory andogffspace, incubators to nurture start-up

companies, animal handling facilities and laboratarpport services (Tang et al. 2003).

China

The Chinese biotech industry is going through aopeof fast growth, and with its huge
population, China is predicted to be the biggesglsicountry market in the world. However,
the Chinese biotech industry has to tackle theéatitssue of higher education and innovation,
which should be the driving force into an advanaewl responsible development of
genetically engineered drugs (Yu and Dai 2006). givernment has developed centres such
as the Beida Biotechnology Park, Hangzhou Bioteldyy Park, Zhongguancun Science
Park and Hong Kong Science Park to foster the draftstart-ups with technology spun out
of universities as well as scientists returningrfroverseas to set up their companies using
offshore capital. Looking to the future, the 'ActiBlan for the Biotechnology Industry” aims
for more than 500 active biotech companies by Z0&hg et al. 2003, Zhenzhen et al. 2004).

India

The Indian Government has been playing an importaatin the development of the biotech
sector from the very beginning and there are lamg®mbers of R&D institutions (scientific,
medical, industrial and agricultural) that haverbeet up by the Government during the past
2-3 decades (Konde 2008). The past performancehefirtdustry indicates that it has
surpassed the growth rate of many other industtdea consequence of favourable national
policies (Kumar et al. 2004). According to the Riclh Consortium India Limited survey,
there are in total 176 biotechnology firms presentndia out of which 49 per cent are
agriculture based companies while 25 per cent corepehave interest in the health related
medical activities and 26 per cent companies havied interests including in environmental
biotechnology (Chaturvedi 2002).

Conclusion

It is becoming a reality in the world that bioteology and life sciences are the frontier of a
knowledge-based society. The global biopharmacautidustry with over 70 milliard USD
in revenues and 700 publicly listed firms postiogiole-digit growth in North America,

Europe, and Asia-Pacific in 2006, represents aadive and promising industry of the future
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(Ahn and Meeks 2008). Broad scientific advances@mimercial successes have captured
the attention and aspirations of policy makersjiass people, and investors in high-growth
sector.

Biotechnology is an industry sector where a hajlufe rate for companies is
considered the norm. High priority for earlier agmpanies is to secure funding with more
dependence on external factors such as governnsmtpbrt. The later stage companies,
having access to product-derived funds, are mdeetalbuild internal resources and expand
into global markets (Vanderbyl and Kobelak 2008).

The growth and success of biotechnology sectoemtgpon a combination of good
education, good science and good business (Mo$E).Aiotechnology education and
bioentrepreneurship is a long-term issue requiithgng-term view; it should not be
constrained by short-term funding (Swamidass 2008g. ability to take risks, prior work
experience in private firms, and personal expeganacooperating with industry lead to a
positive attitude towards switching to private se@mployment or entrepreneurship (Fritsch
2010). However, despite numerous initiatives toytaze and sell science, it seems the
attitudes and understanding of society towardsisei@nd scientists remain lower than
expected. Scientists’ communication in society cofioeward as high priority and great
importance (Baron 2010).

Emerging industries such as the life sciencespalealth, agricultural
biotechnology and environmental products offer giotential for economic growth and
improvements in quality of life, the environmentdandustrial productivity. Even
governments in developing countries and invest@seaeking to create and enhance biotech
entrepreneurship face. Several enabling trendadecincreasing numbers of science
graduates worldwide, accelerating pace of scierdifivancement, dominating role of
globalization enabling greater collaboration arelriflentless competitive pressure to
innovate (Thorsteinsdatti et al. 2004, Thorsteirsidét al. 2004). In times of current
economic downturn, the number of life science comgxis likely to decrease significantly.
Nevertheless, policy agendas should focus on isagrgdactor conditions to enhance start-up
formation, biotech clusters evolution, alliances] akilled employment (Rezaie et al. 2009,
Motar et al. 2004).
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