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Aim

The pharmaceutical industry is the sector where biotechnology is expected to exert

its strongest influence among all industry sectors in the near future. Most

multinational pharmaceutical companies have turned their R&D focus towards

biotechnology during the last decade. Biotechnology is used for elucidating disease

pathways, detecting new drug targets, and producing new biopharmaceuticals such

as insuline, erythropoietin or various interferons (Reiss and Hinze 2000). The

publication of the draft human genome sequence in February 2001 (Consortium

2001; Venter et al. 2001) has further fuelled hopes into the promises of

biotechnology for the development of new drugs and medical treatments. In

particular it is expected that the number of potential drug targets will increase by

almost one order of magnitude to 3.000-10.000 (Reiss 2001). Further, the validation

process for new drug targets will presumably be transformed into a high-throughput

process by using genotype-phenotype correlation, microarray analyses, comparative

genomics, gene knock-out strategies or high performance protein structure analysis.

Finally it is also anticipated that databases of proteins and genes together with new

bioinformatic tools will help to enter the new area of computational drug discovery

(Endy and Brent 2001).

However despite this promise, presently it is still difficult to obtain an empirically

based systematic overview on the diffusion of biotechnology into the

pharmaceutical industry. The aim of our paper is to contribute to fill this gap by an

analysis of the impact of biotechnology on the pharmaceutical industry that is based

on science and technology indicators. We analyse in detail how biotechnology has

diffused into this sector in different countries, and identify which representatives of

the “Triple Helix” – in particular large pharmaceutical firms, small and mediumsized

biotechnology firms, universities, public sector research organisations –

contributed to this process in which way.
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Methods

Our analysis is using advanced science and technology indicators based on patent

and bibliometric data (Dodgson and Hinze 2000). In a first step we analysed the

international development of innovations at the interface between pharmaceuticals

and biotechnology based on patent applications over time. Both fields were defined

using the classification codes of the International Patent Classification (IPC). The

interface between the fields was defined as the overlap between those field

delimitations. In order to identify country-specific differences in the diffusion of

biotechnology into pharmaceuticals, we compared the situation between the United

States, Great Britain, France, Japan and Germany over three different periods

covering the beginning, the middle and the end of the 1990s.

For detecting the key actors which are contributing to innovations in

biopharmaceuticals we searched for patent applicants in selected countries and

classified them into the categories pharmaceutical firms, biotechnology firms,

universities, public research organisations, other organisations, and individual

inventors. In order to assign the various inventing actors to these categories internet

based company guides and internet information provided by companies and other

organisations were evaluated. Only patent applications at the European Patent

Office (EPO) were used for the analysis because previous research has shown that

these data are best suited for international comparisons mainly for the following

reasons (Grupp and Schmoch 1999): Due to the rather high cost for filing European

patents mainly 'important' patents are filed there so that a European application can

be considered as a quality measure for patents. Further since all countries face the

same access conditions to the EPO there is no national bias in European patent

applications facilitating international comparative analyses. Patent data were

retrieved online from the databases EPAT and PCTPAT.

Further analyses focused on the co-operation patterns of selected pharmaceutical

companies. For some of the most important representatives of this industry we

explored the co-authorship in scientific publications and thereby identified type and

location of co-operating partners. For the analysis of publication data the online

version of the SCI (Science Citation Index) provided by the host STN was used. A

combined search strategy based on key words and SCI classification codes was

applied.

Results

Our patent analyses indicate a strong increase of the interrelation between

biotechnology and the pharmaceutical sector during the 1990s. In 1990 about 32 %

of the world-wide patent applications in pharmaceuticals referred explicitly to
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biotechnology as a knowledge source (Figure 1). This share of biotechnologyrelevant

pharmaceutical patents remained at about the same level until 1993 and

from then on increased until 1998 to 41 % of the world-wide pharmaceutical patent

applications. During the same period the absolute number of all pharmaceutical

patents increased from about 5.800 to about 6.200.

Figure 1: Share of biotechnology related patents in all pharmaceutical patents.
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This tendency of an increasing impact of biotechnology on pharmaceutical patents

can be observed for all countries under consideration. However, there are certain

differences in the dynamics of this trend (Figure 2). In the USA the impact of

biotechnology seems to be strongest. Already during the early 1990s the share of

biotech pharmaceutical patents was about 40 %, until 1998 it increased to 46 %. In

Germany, Great Britain, France and Japan the average share of biotechnology

patents in pharmaceuticals was between 25 % and 27 % in the early 1990s. In the

European countries a strong increase of biotechnology patents in pharmaceuticals

could be observed during the 1990s, resulting in shares ranging from 35 % in the

case of Germany and France to 41 % in Great Britain. Japan seems to follow the

development in the United States and European countries with some delay. Only in

the late 1990s a slightly growing significance of biotechnology can be observed.
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Figure 2: Share of biotechnology related patents in pharmaceutical patents by

country
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These data support the notion that biotechnology is indeed becoming increasingly

important for the pharmaceutical industry. The diffusion of biotechnology into this

sector is gaining momentum, however with different rates in various regions.

Internationally the United States are leading this trend, since the mid 90s most

European countries started to catch up.

The increasing impact of biotechnology on pharmaceutical patenting raises the

question which actors in the pharmaceutical innovation arena were mainly

responsible for providing the required biotechnological knowledge, methods,

services, and pre-products. A more detailed analysis of patent applicants at the

interface between biotechnology and pharmaceuticals reveals interesting shifts in

the contribution of different actors. In addition, there are pronounced differences

between countries. In Germany, at the beginning of the 1990s large pharmaceutical

firms were the most important patent applicants in this field contributing about

65 % of all patents (Figure 3). In the late 1990s this share declined to 43 %. At the

same time biotechnology firms, universities, individual inventors, and public sector

research organisations became more important players. Due to some specific

features of the German patent legislation individual patent applicants are

predominantly university professors and lecturers. Therefore the increasing

significance of university staff as inventors in this area is even bigger than the plain

university figures imply.
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Figure 3: Contribution of various agents to patenting at the interface

biotechnology/pharmaceuticals in Germany
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In the United States already at the beginning of the 1990s biotechnology firms and

large pharmaceutical firms were contributing to interface patent applications almost

equally. A third pillar of patenting activities is formed by universities. Until the end

of the 1990s the importance of biotechnology firms further increased in the USA.

Figure 4: Contribution of various agents to patenting at the interface

biotechnology/pharmaceuticals in the USA
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Public research institutions seem to relatively loose their significance for patenting

in this area (Figure 4).

These data support the notion that the biotechnology industry in the United States

has achieved already an advanced stage in particular in the biomedical field. The

strong position of at least some American biotechnology firms is also indicated by

recent merger activities between biotechnology firms that will probably even

increase the impact of these firms. For example Amgen (Thousand Oaks, CA), the

world-wide leading biotechnology firm, announced in December 2001 to acquire

Immunex (Seattle, WA) for $ 16 billion, which marks the highest sum paid to date

for a biotechnology-biotechnology acquisition (Fletcher 2002). This deal will

provide Amgen with a new putative blockbuster drug thus further improving its

position as the leading biotechnology company.

An interesting trend could be observed in Great Britain. Until the mid-1990s the

situation seemed to be comparable to the United States. Biotechnology firms and

large pharmaceutical firms contributed almost equally to patent applications.

However, at the end of the 1990s the share of large pharmaceutical firms increased

considerably. More detailed analyses revealed that this increase can be attributed

almost exclusively to one single firm that obviously made a major move into

biotechnology. For France we found a strong impact of public sector research

organisations such as the ‘Institut National de la Santé’ (INSERM), the ‘Institut

Pasteur’ and the ‘Centre National de la Recherche Scientifique’ (CNRS) on

patenting in this area reflecting peculiarities of the French research system.

Biotechnology firms have strongly increased their contribution to patenting in

France from about 8 % at the beginning of the 1990s to roughly 17 % at the end of

the 1990s.

Taken together, our analyses of patent applicants clearly show that the roles of the

different actors in the different national innovation systems are changing.

Biotechnology firms and also universities and public sector research organisations

are becoming more important players. On the other hand large pharmaceutical firms

are loosing their dominating position.

The growing significance of biotechnology firms in providing knowledge,

technologies, and products to the pharmaceutical industry is further propelled by a

continuous growth of the biotechnology sector during the 90s leading to more than

1500 firms in Europe and more than 1200 in the USA (Schitag Ernst & Young

2001). The challenge for pharmaceutical companies is to take advantage from

biotechnology knowledge created by these firms, universities and public sector

research organisations in order to improve their innovative capacities by filling the

rather empty product pipelines thus compensating for expiring patent protection of

well selling drugs (Drews 1996). R&D partnerships emerged as an important

strategy for pharmaceutical companies to get access to biotechnology kow-how. A
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long-run analysis of R&D partnerships in several industries since 1960 (Hagedoorn

2002) indicates a strong growth of such partnerships in the pharmaceutical industry

since the mid 70s which is attributed mainly to biotechnology-pharma cooperations.

A more detailed study of strategic alliances in the pharmaceutical

industry provided evidence of substantial benefits for pharmaceutical companies

from their alliance with biotechnology firms (Rothaermel 2001). It was found that

incumbent’s alliances with providers of new biotechnology are positively associated

with incumbent’s new product development and firm performance. Preliminary

results indicate that these benefits also extend to the industry level.

Figure 5: Scientific co-operation partners of German pharmaceutical companies by

location
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In the following we present a more detailed analysis of the co-operation behaviour

of German pharmaceutical companies not only focussing on inter-firm relationships

but also on relations with different types of research institutions. The analysis is

based on co-authorship in scientific publications assuming that common

publications reflect the result of common research activities, accepting that this

indicator cannot cover the full extent of R&D collaborations between the players.

In a first step we explored the international dimension of the co-operation behaviour

of the most important German pharmaceutical firms. We find an increasing

internationalisation of scientific co-operations during the 90s as measured by coauthored

scientific publications (Figure 5). The share of publications co-authored

only by German scientists decreased from 44% at the beginning of the 90s to 34%

at the end of last decade. Co-authors from other European countries and in
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particular from the USA displaced German partners supporting the observation of

an growing internationalisation of the pharmaceutical industry (see e.g. Jungmittag

et al. 2000).

Considering the type and institutional context of co-operation partners, we found

that universities have been by far the most important partners throughout the 90s for

the German pharmaceutical industry being co-authors in 65% of all co-authored

papers. Public research organisations follow on the second place with a share of

about 13 % at the end of the 1990s. Other pharmaceutical companies contribute

about 6 % to all co-authored papers throughout the 1990s. Biotechnology firms

could increase their share from about 1 % at the beginning to roughly 4 % at the end

of the 1990s.

An important question related to these dynamics in the innovation system from the

point of innovation policy is the international dimension of knowledge flows

associated with certain actors. In particular in the case of biotechnology where

public policy has emphasised the support of building up commercial biotechnology

in most European countries (Enzing et al. 1999) it is important to know, where these

technological competencies will finally be transferred into product development,

commercialisation, and wealth creation. Against this background we analysed the

national origin of the various co-operation partners.

Figure 6: Scientific co-operation partners of German pharmaceutical companies:

location of biotechnology firms
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In the case of universities and public sector research organisations, groups from the

USA and other European countries are becoming more important. However, in the

case of biotechnology firms German and other European companies were able to

break the monopoly of American biotechnology enterprises. At the beginning of the

1990s all co-publishing authors from biotechnology firms came from the USA

(Figure 6). At the end of the 1990s their share dropped to roughly 50 %.

Conclusions

Our empirical analysis not only confirms that biotechnology is increasingly

diffusing into the pharmaceutical innovation system. It also shows that this process

is taking place at a different speed in different countries. As a consequence of the

growing significance of biotechnology, those actors that are providing

biotechnology knowledge are gaining importance as contributors of patented

knowledge in this field and also as co-operation partners for the pharmaceutical

industry. In particular we could show that universities, public sector research

organisations and biotechnology firms are becoming key players. Obviously,

boundaries between university, public sector research organisations and industry

have already given place to bridges during the last decade. Our analysis also implies

that the biopharmaceutical innovation system entered a stage of dynamic

reorganisation. For the pharmaceutical industry it will be crucial to monitor the

observed changes and to reposition itself in this new configuration by building up

adoptive capabilities for new technology and new knowledge. It will be interesting

to see whether the new way of knowledge generation in the pharmaceutical industry

will finally pay off by providing the industry with urgently needed new product

pipelines thus resetting its innovative capacities. Another question relates to the

sustainability of the emerging new co-operation structures. Some recent news from

the pharmaceutical industry seem to indicate that due to difficult economic

conditions external co-operations might be cut back which would in turn pose

severe problems for biotechnology companies looking for strategic alliances with

the pharmaceutical industry.
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