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Abstract

This paper analyses how and why six of the largest European pharmaceutical corporations organize their R&D activities across geographical dispersed units. It examines the mechanisms in place to ensure the diffusion and cross-fertilization of technical knowledge inside the organization, focusing mainly on a ‘social’ mechanism, i.e. the international assignments of researchers. From in-depth interviews with R&D managers and scientists it emerged that while the drug discovery process is organized in a multi-hubs integrated network of laboratories specialized in different therapeutic areas with a global scope, the drug development process is taking place in a much lose network of units with regional focus. Although some organizational mechanisms, in the form of cross-borders team projects, peer review innovation process, have been adopted, firms depend on the initiative of the single researcher to reap the synergies of internationally dispersed R&D units. International assignments of researchers appear to accomplish this goal through the creation of personal relationships and the increase in the level communication both among R&D facilities and among researchers.
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Introduction

Recent research on the role of foreign subsidiaries in the technological upgrading of the entire multinational organization (Pearce 1999, Holm and Pederson 2000, Frost et al. 2002) has brought to the fore the once peripheral view of the multinational enterprise as a geographically dispersed R&D network (Hedlund 1986, Bartlett 1986). In such organizational structure foreign subsidiaries are capturing and leveraging technological knowledge from pockets of excellence around the world actively contributing as much as the home part of the multinational to the creation of new technological assets. 

The evolution of the R&D organization from a ‘centralized hub’ (Bartlett 1986), where knowledge flowed from the centre to the periphery, to a multi-hubs ‘integrated network’ (Bartlett 1986) introduces a number of managerial challenges. First, firms have to find an equilibrium between dispersion and centralization. R&D centres have to be scattered around the world to acquire local competences, but at the same time, in each location, a critical mass of resources has to be present to guarantee informal interaction and communication among R&D personnel. Second, firms have to ensure that the knowledge generated in different units of the network is been transferred to the rest of the organization. This requires the adoption of new mechanisms for the dissemination and integration of both explicit and tacit knowledge. The ability to collect, disseminate and integrate knowledge across geographical and disciplinary boundaries within the firm is critical for the functioning of the new organizational setting. 

This paper explores these issues in six of the largest European pharmaceutical companies. These companies provide a particularly interesting context in which to investigate these questions because of mainly three reasons. Firstly European MNEs in this industry are carrying out a growing proportion of their R&D activities in the US in order to acquire specialized capabilities in biotechnologies (Shan and Song 1997, Sharp 1999, Senker 1998, Reiger 2000, and Allansdottir et al. 2002). The extreme case is Novartis which has recently moved the centre of its worldwide research operations to Cambridge, Massachusetts, and now defines itself as a Swiss-American company. Secondly, this industry has moved from a trial-and-error drug discovery process to a more science-deductive method of search (Arora and Gambardella 1994) which has lead to a division of labour and new R&D organization setting both across functions (Chiesa 1996a) and across borders. Finally, this sector has recently undergone a process of consolidation which has been characterized by complex mergers and acquisitions (M&A) among large incumbents firms. In this context of organizational distance between R&D units, that previously belonged to competing companies, and lack of trust and interpersonal relationships among R&D personnel, building a better understanding of how knowledge integration is achieved, is critically important. 

The aim of this paper is therefore to analyse how these firms have achieved a balance between dispersion and centralization in their R&D network structure and what mechanisms they have adopted to ensure the diffusion and cross-fertilization of technical knowledge inside this organization. In particular this study assesses what is the role of mobility of scientists between R&D units within the company in the knowledge diffusion and integration process. Knowledge resides in individuals and knowledge flows within the firm take place in social communities, i.e. in networks of relationships among organizational members. The literature on social capital (e.g. Tsai and Ghoshal 1998, and Hansen 1999) has highlighted the importance of the creation of social structures in the diffusion of knowledge within and across organizational units. Intra-firm and inter-firm
 researchers’ mobility has proven to facilitate the transfer of knowledge, especially in the tacit form, through the creation and maintenance of personal relationships. In this paper we draw from the results of studies by De Meyer (1993) and Westney (1996) which have discussed the importance of temporary international assignments in multinational companies as a factor fostering knowledge sharing among geographically dispersed R&D units. 

This paper aims to contribute to the existing literature on knowledge transfer within multinational organizations. Previous studies (e.g. Foss and Pedersen 2002, Szulanski 1996, and Gupta and Govindarajan 2000) in this area have in general not focused explicitly on the analysis of this process in the R&D context. This study wants to fill in this gap by providing a more focused analysis on this direction.

The paper begins with a discussion of the theoretical framework. The next section describes the different phases of the drug discovery process, which will shed some light on the types of activities undertaken in the R&D network and partly explain the industry trend towards a common multi-hubs integrated network structure. Section 3 outlines the methodology of the study, while in section 4 we describe the main geographical distribution of the innovation activities and the R&D organization across geographically dispersed units. In this section the aim is to identify the role of foreign R&D centres in the firm’s innovation process and the nature of the knowledge being exchanged in the network. Section 5 reports the empirical findings of the study on mechanisms employed to ensure that technical knowledge crosses both geographical and disciplinary boundaries, and on the role of researchers’ mobility. The concluding section offers some discussion of the general trends in the R&D organization in the pharmaceutical sector.

1. Theoretical Background

1.1. Organizational R&D models: the emergence of integrated-network structures.

Traditionally the most strategic and ‘core’ innovation activities were concentrated in the central R&D unit in the home country of the multinational. In this model dubbed
 as ‘ethnocentric’ (Perlmutter 1965) or ‘centralized hub’ (Bartlett 1986) there was only one centre and MNEs rely mainly on one location, i.e. the home country, as the prime and almost only source of their competitive advantage. In this organizational setting the flow of knowledge was mainly in one direction: from the headquarters, where it was created, to the subsidiaries, where it was further developed to adapt products and processes to the local market.

However during the mid 80’s a different organizational model was proposed to take account of the fact that multinational firms were facing simultaneously the increasing pressures towards ‘global integration and responsiveness to local conditions’ (Bartlett 1986). In this context MNEs could not rely only on exploiting internationally the technological assets built on home-country competences, but they had to source knowledge from each leading market and national technology system. As a result the so called ‘geocentric’ (Perlmutter 1965) or ‘integrated network’ (Bartlett 1986) or ‘heterarchy’ (Hedlund 1986) organizational model was proposed to represent the emergence of a structure containing many different kinds of centres where traditional headquarters functions are carried out. As stated by Hedlund (1986) in this model “at the extreme each subsidiary is at the same time a centre for and perhaps a global coordinator of activities within one field” (p. 21). The capacity of innovate is dispersed and technological innovation is not anymore a prerogative of the home-country unit. While in the ‘centralized hub’ structure the linkages between different units, and thus the knowledge flows, were mainly dyadic and unidirectional, i.e. from the centre to the periphery, in the multi-hubs structure ‘lateral’ or ‘distributed’ knowledge flows (from subsidiaries to subsidiaries) as well as ‘reversed’ knowledge flows (from the periphery to the centre) are much more intense, creating what Bartlett (1986) defines the ‘integrated network’. Each unit in the network has therefore the role to leverage knowledge from pockets of excellence around the world and create new technological assets that can in turn be exploited by the rest of the multinational.

Until recently, the extent to which MNEs were moving towards the multi-hubs R&D network was still debated (Ghoshal and Westney 1993). However the literature on ‘centres of excellence’ (Holm and Pederson 2000, Frost et al. 2002) or ‘creative subsidiaries’ (Pearce 1999) has brought forward new evidence confirming the emergence in certain high-tech industries of some kind of R&D network structures which approach to the ideal ‘heterarchical’ model. Chiesa (1996b) proposes a taxonomy of international network R&D structures which reflects the evidence found in his analysis of 12 multinational companies operating in high-tech sectors (electronics, telecommunications, chemicals and petrochemicals). Chiesa’s taxonomy distinguishes between isolated specialization, specialised contributors, and integration-based structures. In the isolated specialization structure a particular research unit is the centre of excellence for a specific set of technological activities. This structure is chosen when the company wants to achieve economies of scale. In the specialised contributors structure each unit carries out very narrow and specific research which is part of an innovation process managed and controlled by the global R&D centre. This structure is adopted when the firm needs to access different external sources of knowledge or when there is a pre-existing technical background among R&D centres. In the integration-based model the R&D structure is formed by a network of laboratories undertaking innovative activities which are supervised by an R&D unit in order to avoid duplication and to ensure integration among them. This structure is preferred to the specialised contributors one when the research cannot be divided across different locations due, say, to the intrinsic nature of the innovation process and when the firm wants to speed up the innovation process. This structure should favour a greater inter-unit exchange of knowledge and accelerate the learning process. 

The study by Chiesa highlights that both firm-specific factors (strategy, managerial culture, and historic evolution) and industry characteristics (market differentiation, divisibility of labour in R&D, technological characteristics of the innovation process) have a strong influence in shaping the R&D organization structure. The importance of firm-specific elements explains the coexistence of different structures within the same industry, while the nature of the technology involved in different phases of the innovation process justifies why in the same firm different structures are adopted in the development and research activities or in different lines of business. In particular if the knowledge is complex, context specific, hard to observe, and tacit is difficult to implement a dispersed R&D network structure because knowledge is very hard to transfer (Winter 1987, Kogut and Zander 1993) and development and research processes cannot be carried autonomously or divided among different units. These technological characteristics determine therefore the equilibrium between counteracting forces pushing towards dispersion vs. concentration of R&D activities. As we will discuss later in the paper these technological dimension of the knowledge involved in the innovation process play a crucial role in the emergence of a division of labour in the drug discovery process and in the adoption of a new R&D organization. 

1.2. Technological knowledge transfer in R&D networks.
If the main advantage of implementing a geographically dispersed R&D network structure is to be able to selectively tap into centre of excellence, the main drawback is the high costs to coordinate and achieve knowledge diffusion and integration. As Hedlund and Ridderstråle (1995) point out: “[the efficient operation of the network structure involves] the managerial challenge [of] moving from controlling a set of bilateral relationships between a clear strategic centre and a set of implementing subsidiaries, or a fragmented system independent national units, to utilizing the creative abilities of an integrated global network” (p. 158). Communication among different R&D units is crucial but at the same time it is also more complex than in the ‘centralised hub’ structure because it involves considerable lateral contacts between R&D units which are geographically dispersed. 

More specifically it is possible to identify in the R&D network two types of international technological knowledge flows:

1) vertical flows, as defined by Mansfield (1975) and Teece (1976), which involve the transfer of technological information and know-how within various stages of the R&D process;

2) horizontal flows which occurs between R&D units working on similar phases of the research process either in the same discipline or in a different one (i.e. inter and intra-disciplinary technological knowledge flows).

In general, diffusion of technical knowledge even within the firm is not an automatic process. Although developments in ICT have facilitated the management and coordination of international research networks (Howells 1995), geographical distance still represents a barrier to the transfer of knowledge, particularly if it is context-specific and tacit in nature (Von Hippel 1994). Technologically supported communication cannot replace face-to-face contacts when it comes to transferring tacit knowledge. Distant R&D units find it difficult to communicate mainly because the exchange of knowledge takes place through personal contacts (De Meyer 1993). Allen (1977) in his study of communication patterns within a single laboratory, found that spatial proximity promotes communication among researchers through the creation of informal friendship-type relationships. 

The transfer of knowledge within different units of the same organization can also be hampered by the lack of a common or overlapping technological knowledge base. Inter-unit differences in prior-knowledge determine as well differences in absorptive capacity, i.e. “the firm’s ability to identify, assimilate, and exploit knowledge from the environment” (Cohen and Levinthal 1989). As shown by Szulanski (1996) and by Gupta and Govindarajan (2000), absorptive capacity in the receiving unit is a necessary condition for the successful transfer of knowledge. Technological specialization and international diversification can however reduce the amount of common prior-knowledge among R&D units and result in inter-unit divergence in technological capabilities (Zander 1999). In many fields technological specialization is also the result of the increase volume of potentially relevant information stemming from the rapid developments in the underlying scientific disciplines as well as in the applied fields themselves. This is particular significant in the pharmaceutical industry where the drug discovery process now a days builds on “a wide range of disciplines, many of which are advancing at an extraordinary rapid rate” (Henderson 1994, p. 615).

Organizational and cultural distance is another factor influencing the ease of intra-firm knowledge transfer (Bartlett and Ghoshal 1989). The adoption of a geographically distributed R&D organization implies the existence of a strong cultural heterogeneity which create barriers to knowledge sharing. The lack of a common culture and greater subsidiary autonomy within the organization can also create motivational barriers. R&D units might be reluctant to transfer knowledge to other units of the MNE because this would imply losing an “information monopoly” within the company and the status of “centre of competence” for a specific area (Cyert 1995, Moore and Birkinshaw 1998). The motivational element can be particular important in determining knowledge sharing between units that have been recently acquired, although with time this effect can fade way. 

Cross-border innovation in such a complex network of R&D units with different functions relies heavily not only on the diffusion of technical knowledge within the organization but also on the firm’s ability to integrate the technological capabilities and know-how produced by different R&D units. Enhancement of the quality of the innovation process might derive from the international cross-fertilization of knowledge within individual technologies and/or the recombination of knowledge across related technologies (Zander 1999). As argued by Bartlett and Ghoshal (1990):

“by creating flexible linkages that allow the efforts of multiple units to be combined, a company can create synergies that can significantly leverage its innovation process. Like locally leveraged innovations, the globally-linked process captures the MNC’s potential scope economies and harnesses the benefits of worldwide learning” (p.222).

Henderson and Cockburn (1994, 1996) have shown that in pharmaceutical firms the ability to encourage and sustain an extensive flow of information and knowledge among scientific disciplines, therapeutic specialities and organizational units is crucial for discovering new drugs. The increase in research productivity in drug discovery through the exploitation of synergies across-disciplines can in part be attributed to the rational drug discovery process. The search for new compounds is now shaped by knowledge of the fundamental physiological mechanisms and therefore knowledge acquired in one therapeutic area can lead to advances in other areas. For example the “research into the structure and function of alpha and beta receptors originally directed towards the development of superior cardiovascular drugs has since spawned an important stream of research into the workings of the central nervous system” (Henderson and Cockburn 1994, p. 67).

One of the mean to achieve a knowledge integration and integration is the creation of a common culture and convergence towards the same set of values, what Gupta and Govindarajan (2000) define socialization mechanisms, i.e. job rotations among subsidiaries and between subsidiaries and headquarters. Hedlund (1986) himself recognizes the importance of human resource management in the ‘heterarchical’ model: “In order for internalisation of norms to take place, a lot of rotation of personnel and international travel and postings are necessary…Advances in information technology may help the formation of the nervous system of the firm, but this will not be enough for building internal cultures” (p. 29, emphasis added). 

Particularly in the R&D context the adoption of socialization mechanisms are crucial in facilitating technology transfer because they help to establish inter-personal relationships through which less codified form of knowledge can be shared. Cross-borders research projects, temporary international assignments to other R&D units, site rotations of researchers, short-term visits, exchange programs are some of the practices used to promote the formation of social ties among R&D personnel working in distant laboratories (Bartlett and Ghoshal 1990, De Meyer 1993, Westney 1993, Chiesa and Manzini 1996, Teigland et al. 2000, Persaud et al. 2001, Zhou and Frost 2003). What is most important is that personal relationships tend to last also once the scientists stop working together or they return back to their original R&D facility (Agrawal et al. 2003). As argued by Zhou and Frost (2003) international project teams create a common understanding and help to identify ‘who knows what’ in other R&D units. Similar results can be reached through temporary assignments of R&D personnel to other R&D facilities. These socialization mechanisms can help achieving inter-unit knowledge transfer (both horizontal and vertical) and knowledge integration across geographic and disciplinary boundaries. As we will show international assignments can also contribute in reducing organizational proximity. 

Before presenting our findings we summarize in the next section the major phases of the drug discovery process and the characteristics of the knowledge involved in the research and development activities. 

2. Research and development in the pharmaceutical industry

The drug discovery and the development process can be divided in six stages:

I. Target identification

II. Lead identification

III. Lead Optimization

IV. Pre-clinical development (toxicology, pharmacology, drug metabolism in animals, formulation and chemical development)

V. Clinical development:

Phase 1: tolerability in healthy volunteers, 

Phase 2: controlled efficacy in patients and studies assessing the clinical proof of concept,

Phase 3: large scale clinical trials to establish the efficacy of the drug, 

Phase 4: monitoring of the clinical trials to identify side effects

VI. Registration with the health authorities 

Stage I, II, and III compose the drug discovery phase (R), which aims to identify new compounds, and the rest of the process represents the development phase (D), during which compounds are tested to assess their efficacy and tollerability. As we will point out later in the paper, the division between R and D is not clear cut and in certain company classifies under R part of the clinical development up to the proof-of-concept.

In the target identification stage studies are undertaken to understand the role of the particular mechanism in the disease under investigation, and this leads to the discovery of target receptors or enzymes that are involved in the disease mechanism. In the lead identification phase a large number of molecular entities are screened in order to identify those that either activate, or inhibit or bind to the target. Compounds with high affinity and selectivity for the target mechanism, good pharmaceutical and pharmacokinetic properties and pharmacological activity are then entered into the pre-clinical development stage. In this stage, toxicology studies are carried out in animals to assess the tolerance and the immediate hazards of the new compound. The pre-clinical phase includes also the scaling-up of synthesis of active compounds and formulation development. 

Clinical trials are composed of four phases. In the first phase the candidate drug is tested in healthy human volunteers to assess any side effects and the maximum tolerated dose. During this phase drug metabolism and bioavailability studies are carried out. If no problems are encountered, the compound then moves into Phase 2 to determine safety in patients suffering from the target disease. A second goal of Phase 2 is to determine whether the compound works and can be demonstrated to be operating by the desired mechanism. This represents what is called proof of concept, i.e. that the compound is able to target the disease mechanism and to attenuate the disease or its symptoms. In phase 3 large-scale clinical trials are undertaken that involve up to a thousand patients to verify precisely the clinical tolerance and toxicity and efficacy of the drug. In the last phase further data are collected to evaluate uncommon side effects. After the clinical trials the drug is registered with the health authorities. Follow up studies are carried out to look for new indications, new formulations and new dosage forms of the drug.

Developments in the technologies employed in the drug discovery phase have completely changed the nature of the research process in the pharmaceutical industry (Henderson and Cockburn 1994, Arora and Gambardella 1994, Nightingale 2000). Traditionally the discovery of a new compound was the result of a trial-and-error process during which thousands of compounds were screened in order to find the one with a specific biological profile, because in general the ‘mechanism of action’ of a compound was not clearly understood. This process used to require big laboratories to carrying out large-scale screening, and extensive financial, human and technological resources. In the last decade the introduction of what have been called enabling technologies, such as high through-put screening, combinatorial chemistry, gene-chip technologies, and scientific advances in biomedical sciences have completely transformed the experimentation design and the drug discovery process. The discovery of a drug is now the result of a science-deductive method in which researchers know the biochemical and molecular pathways that they want to block or stimulate and the basic features of the molecules that might serve to this purpose. Drug research follows a rational design shaped by the knowledge of the biochemical origins of the target disease. The use of new technologies has reduced both the time needed to test the potential active substances, and the number of researchers required. As a result there have been important changes in the organization and management of the R&D function (Chiesa 1996a). In essence the size of the experimental unit has been reduced and the degree of specialization of the knowledge has increased. Instead, the development of a drug still requires a large amount of human and financial resources and the efficiency of such activities relies on the achievement of a critical mass. It involves highly standardized large-scale activities and generates highly codified knowledge. 

The production of what Arora and Gambardella (1994) call general and abstract knowledge or not-firm specific knowledge stemming from the new science-deductive method has given rise to a division of innovative labour. This specialization in the innovation activity explains not only the emergence of small biotechnology firms which are specialized in the early phase of research activity, but also the organizational and geographical separation between the research and development functions in large pharmaceutical companies as well as the international division of labour across physically distant research units.

3. Methodology

Data have been collected through 24 face-to-face semi-structured interviews with R&D managers and scientists in six of the largest European pharmaceutical companies
. 

At each company between two to six interviews of one and half hours were carried out between June 2002 and April 2003. In each company we interviewed both scientists with at least 6 months experience in one of the US R&D facility and R&D managers. Some descriptive statistics of the interviewed companies are reported in Table 1. The interviews were composed of two separate but overlapping sets of questions for the managers and the scientists. This allowed us to corroborate the validity of the data which could otherwise be biased according to the position of individuals within the organization. However since the interviews were only carried out in the headquarters of the company they might reflect the perception of the central organization. The interviews were transcribed and the data analysed for commonalties based on the research questions. Some excerpts of the interviews are reported in the empirical section of the paper.

****** INSERT TABLE 1 HERE ************ 

The qualitative approach adopted in this study was preferred to a quantitative one that has been recently employed to analyse inter-firm knowledge transfer and the role of inventors’ mobility across firms (Almeida and Kogut 1999, Stolpe 2002, and Rosenkopf and Almeida 2001). In these studies patents and patent citation analysis are used to track the mobility of inventors and technical knowledge flows. Before carrying out the case study we investigated a similar methodology to examine intra-firm inventors’ mobility using information on the inventor’s name and address contained in US patents. Surprisingly enough we were able to identify only 10 inventors from a sample of 24 chemical and pharmaceutical companies who had used both a European and a US address while working for the same company over the period 1980-1999.
 A chemist provided an explanation for this finding during one of the interviews. Although he had spent six months in secondment in a US R&D lab where he had worked on a project that had resulted in a patent application, the address on the patent was his permanent address in Europe. This was due to the fact that when the patent was filed he was back in Europe and thus the address on the patent was his current address and not the address where the work had been carried out. This example highlights the inadequacy of using patent data for tracking the temporary movement of researchers within the company.

4. The integrated R&D network: centres of excellence for drug discovery

One of the drivers behind the dispersion of R&D activities is the need to exploit location-specific advantages and to access foreign scientific and technical knowledge as fast as possible. In the pharmaceutical sector European companies are carrying out a substantial amount of their R&D activities in the US to tap into the American knowledge base, the source of many new products and technological competences, especially in biotechnology (Shan and Song 1997, Sharp 1999, Senker 1998, Allansdottir et al. 2002). This motivation of the R&D internationalisation strategy emerges also from the interviews with R&D managers as indicated by the following comments by the head of pharmaceutical research.

“The origin of this investment was that we wanted to have a laboratory where we were selling our products because the research laboratory was supporting the submission of drug to the authorities. Nowadays global companies are good placed if they have sites in Europe, the US and Japan, we want to access the available knowledge from the US universities”. 

Similarly the head of a therapeutic area said: 

“The head of central nervous systems has to be based in the US, because in the US is where the science is evolving. In the area of neurology a lot of the basic research is done in the US”.

From the interview with the head of a therapeutic area it appeared as well that the reason for being physically close to the sources of knowledge such as universities, research centres, it is not only to have a fast access to this pool of knowledge but also to be able to hire qualified personnel and in this way to become embedded in the local knowledge network. 

“We would like to harvest early projects in all continents. To do that more efficiently it is better to have people located in each continent and be able to get in contact as fast as possible with the researchers there. We have people especially devoted to make contacts with biotech firms. This gives us access to companies in all three continents very fast. In addition since we have people doing research in these continents there are natural contacts with local academic institutions through the employees that are mainly American, Japanese and European graduates. It is not only important the network between the ex-PhD. students and their university professors, but it is also a matter of co-location: collaboration works easily if you can easily see each other” (emphasis added).

The importance on being socially embedded in the US scientific and academic community explains as well the practice of employing researchers with a post-doc experience in the US
 as pointed by a senior R&D manager: “the main reason is not only the type of expertise acquired in the US but also the fact that they bring along relationships”.

However, although not always acknowledged, the actual organizational setting is in most cases the legacy of mergers and acquisitions and the outcome of the rationalization of resources that followed them. It is not by chance that Glaxo-Smith-Kline, AstraZeneca, and Aventis implemented this R&D organization structure after the merger, or that Schering adopted a global R&D organization after having acquired a Japanese company (Mitsui Pharmaceuticals) specialized in oncology. 

As one can see in Table 2, overseas R&D centres are actively engaged in drug discovery activities in one or more therapeutic areas. They are centres of excellence in these fields and as such they embody “a set of capabilities that has been explicitly recognized by the firm as an importance source of value creation, with the intention that these capabilities be leveraged by and/or disseminated to other parts of the firm” (Frost et al. 2002, p. 1000). It is interesting to notice that US R&D centres are specialized in some therapeutic areas such as oncology, the central nervous system, immunology, and cardiovascular. Some of these disease areas, mainly oncology and immunology, are building on advances in bio/gene technologies developed in regional clusters in the US (Reger 2000). However the apparently similar distribution across companies in their US therapeutic area alignments might hide differences in their approaches to a particular disease. As pointed out by an R&D manager in the area of oncology: 

“Each site focused on oncology is specialised in a particular treatment paradigm: the functional treatment paradigm (i.e. hormones), and the anti-angio-genesis paradigm (i.e. we try to block the nutrition of the cancer cells) are investigated in Europe, while in the US they are more exploring the use of gene therapy and immunology to fight cancer”. 

****** INSERT TABLE 2 AROUND HERE ************                

The therapeutic alignment of each location is determined also by the pre-existing capabilities of the research units, especially for those companies that have recently merged (e.g. GSK, Aventis and AstraZeneca). 

Although all the companies in the sample have an R&D presence on several continents, the actual distribution of research phases varies across companies. In particular they have chosen different points of the drug discovery process at which to centralize resources to achieve economies of scales and at which to decentralize to achieve specialization. Firm specificity on the separation between research and development functions emerged as well from Chiesa’s (1996a) survey on nine pharmaceutical companies. In this study Chiesa found that ‘precisely to define where discovery ends and development begins is a complex and contentious issue’ (p. 643). However the author does not investigate further the factors underpinning this decision which appear to be particularly relevant in the R&D organization. It was also behind the scope of this paper to analysis this issue, which should be the object of future research. 

The different R&D functions of the global R&D network can be examined along two dimensions: organization and scope (see figure 1). Organization addresses where the actual activities are carried out, and in particular whether they are concentrated in one location to attain critical mass or whether resources are distributed across different sites. Scope addresses the geographical reach of these functions: whether they satisfy the needs of a nearby unit or whether they serve the rest of the network.

****** INSERT FIGURE 1 AROUND HERE ************                

Before presenting the complete version of this table we briefly describe the R&D organization of the companies in order to justify each company position in one of the quadrant.

Since the merger of Glaxo Wellcome and Smith Kline Beecham in 2000, the early phase of the discovery process has become a global function and has been located in the UK, US, Italy and Spain, although 90% of the activity is concentrated in research sites in the US and the UK. Once the molecules have been identified and optimised they are passed over to the Centre of Excellence of Drug Discovery (CEDDs) which are aligned by therapeutic areas; and chemists and biologists, expert in that particular disease, can work closely to bring the compound to the proof of concept phase (Phase 2 of the clinical development). According to an R&D manager the CEDDs are “almost set up like independent operations like a small biotechnology company”. They are competing for the resources that will be distributed according to how close their molecules are to the market and on how well they have performed. Once the compound has reached the proof of concept stage, it is transferred to other global functions which might be located elsewhere to be further developed. 

In Aventis there are three drug discovery sites (Paris, Frankfurt, and Bridgewater, US) which are set up as entrepreneurial units and compete on a global basis for resources. Each site has responsibilities from the early phase of a project up to the proof of concept phase, but the project team gets support from the so-called Global Functions which are 1) Lead Generation, which provides support for genomic technologies, high through-put screening technologies, chemical libraries; and 2) Lead Optimisation, which provides support for drug metabolism, pharmacokinetics, drug safety, clinical discovery, human pharmacology, and laboratory animal and welfare. There is a Global Drug Development centre in Bridgewater, from where all clinical development activities subsequent to the proof of concept stage are coordinated. Clinical trials are carried out all over the world, monitored by regional development centres in Paris for Europe, in Tokyo for Japan, in Bridgewater for the US. This R&D organization has been in place since the creation of Aventis, which is the result of the merger between Hoechst and Rhone-Poulenc occurred in 2000.

In Schering since 2001 there are five Research Business Areas (RBAs) (In vivo diagnostic, Neurology/Immunology/Cardiovascular, Dermatology, Gender Health Care, and Oncology) that are attached to three research sites. The target identification phase is carried out in all three locations, but the studies of lead identification and lead optimisation are only undertaken in Berlin and Richmond. The activity of each research site is supported by three regional research centres in Europe, Japan and the US which mainly work on pharmacology, medicinal chemistry, compound logistics, pharmakokinetics, physicochemistry, computational chemistry and enabling technologies (i.e. high through-put screening, assay development, genomics, bio-informatics, protein chemistry, and structural biology). The pre-clinical development phase is concentrated in Berlin while the four phases of clinical development take place both in Berlin and in the US. 

In the last three years Roche has organized its R&D activity into four research sites where all the drug discovery functions are carried out until the pre-clinical development phase. Pre-clinical and clinical studies are concentrated in Basle and Nutley. 

Similarly in Novartis, established by a merger between Sandoz and Ciba-Geigy in 1997, all the phases of the drug discovery process until the pre-clinical stage are performed in each of the research sites. Then the compound is further developed in Basel, the US and the UK.

In AstraZeneca, the resulted company from the merger between Astra and Zeneca in 1999, each site is a fully-fledged R&D facility engaged in activities which range from early discovery to life-cycle management in a particular therapeutic area. However the research activity is organized by therapeutic area and not by geographic location. This implies that more than one R&D unit is normally involved in different phases of the drug discovery process with the support of centres of excellence in enabling technologies.

 ****** INSERT FIGURE 2  HERE ***********

We can now allocate the different R&D functions of each company to one of the quadrants of figure 1 (see figure 2). In the bottom right quadrant of the matrix we allocate the development activities (from pre-clinical development to registration) of almost all companies. These phases of the drug discovery process are concentrated in few locations usually the home country and in the US, in order to be near the largest markets and to increase the proximity to the regulatory authorities. These centres tend to take forward the compounds discovered by research centres nearby, that is to say that their activities have a regional scope. Resources are concentrated in few sites in order to achieve critical mass and the economies of scale needed to carry out studies in the drug development process.
Research stages of the drug discovery process are instead found in the upper right quadrant of the matrix, they are geographically dispersed and the knowledge produced by these units is exploited by the rest of the organization. In each location a critical mass of scientists and technicians specialised in a set of targets in a disease area are brought together, facilitating personal interaction and the exchange of tacit knowledge. 

In the bottom right quadrant we allocate some research support functions provided by technologies such as genomics, high through-put screening, combinatorial chemistry, and bio-informatics. These are centres of excellence in the provision of services delivered by these technologies and their efforts have a global reach, i.e. they can serve the needs of various research units specialised in different therapeutic areas.  The implementation of these centres is made possible because of the generic nature of these technologies. As argued by Ramirez (2003) the output of these research support functions is highly standardized and codified and therefore it can be easily transferred from one location to another. Concentration of these activities in few locations is aimed to achieving critical mass, the rational use of resources and the full exploitation of specialised assets as well as cost reduction.

In the same quadrant we allocate as well certain stages of the drug discovery process undertaken by Aventis and by the CEDDs in GSK. In these centres there is a critical mass of experts in a therapeutic area who can more easily interact and communicate than if they were dispersed in more than one location, but their efforts still have a global reach. 

We can better appreciate the organizational differences of the research and development functions by using the taxonomy proposed by Chiesa (1996) and presented in the theoretical section of this paper. Drug discovery can be seen organized as an integration-based structure with elements of the isolated contributor structure (mainly the research support functions) (see Figure 3). Each research unit has a critical mass of experts in a disease area and its activity is supervised by a central research unit, which could either be in the home country or in the US (for example in Aventis and in Novartis), to avoid duplication and favour knowledge integration.
 

****** INSERT FIGURE 3 HERE ************                

This international division of labour allows the firm to access multiple external knowledge sources from centre of excellence around the world and/or internal knowledge sources from R&D units with a strong technological background within the organization. At the same time the firm’s innovative efforts are enhanced by the strong interaction among researchers, which is necessary for succeeding in tasks which rely heavily on tacit abilities and trials-and-error activities. The following comments illustrate this point: 

“It is important and easy to have pharmacology and chemistry in the same location, because the work of these two departments is very much interconnected”. 

“We prefer to have a project in one site within the domain of the project from synthesis, to analytics and screening. All these functions are more easily and efficiently done in one site”.

The activity of these research units is supported by isolated contributors which are centres of excellence for a particular enabling technology
. 

As argued also by Ramirez (2003), the implementation of such a geographically dispersed research network and the concomitant division of innovative labour inside pharmaceutical companies has been made possible thanks to developments in the nature of the research process in pharmaceuticals. In particular the changes in the heuristic of the drug discovery process have allowed companies to organize their research efforts across geographically dispersed sites with expertises in particular therapeutic areas. 

However, the costs of managing and coordinating the network of integrated global laboratories are “massive, it is not a direct cost connected to the project, it has nothing to do with the drug, but it is just to move people around”- as an R&D manager commented. This might explain why in GSK and in Aventis they have adopted a structure with isolated contributor centres (the CEDDs in GSK) for certain phases of the drug discovery process as well. This structure seems to respond to the necessity of having small, autonomous, and flexible units inside the more complex integrator structure so that the decisions concerning the allocation of resources and establishment of collaborations with external partners can be taken more rapidly and freely.

The drug development process is instead organised as a specialised contributors structure with a more regional focus and a less intense inter-unit degree of communication. These centres mainly develop the results of the research units located in the same region, although they are not always aligned by therapeutic areas, and they are coordinated by a global development centre (for example Bridgewater in Aventis). The degree of interaction among the development centres is not as intense as in the research network although they frequently carry out studies for other development centres whenever these have problem of insufficient capacity. 

The existing R&D organizational setting has evolved from a structure characterized by a lower degree of integration and interaction among different R&D units. Although each location was previously specialized in certain therapeutic areas, each centre used to be organized as a completely self-sufficient R&D unit, where most of the phases of the drug discovery process were carried out. Each R&D centre was much more independent and there was some element of competition among the different units. In general communication among the different sites was not very intense and cross-borders team projects were not often implemented. Using the taxonomy proposed by Chiesa (1996b), the R&D organization was an isolated specialization structure where each centre had the responsibility to pursue research in certain therapeutic areas under the coordination of the headquarters.
 

5. Socialization mechanisms employed to achieve knowledge transfer and integration

The current R&D organization is therefore quite complex and involves a high degree of lateral communication among geographically dispersed research centres which operate in an integrated way during the drug discovery process. One of the potential problems inherent in this structure is the lack of integration of knowledge produced in geographically distant R&D units, which have a specific role in the drug discovery process. This could result in a decrease in the firm’s innovation performance and lack of cross-fertilization of knowledge across different therapeutic areas. 

The complexity of the knowledge diffusion process inside the network derives from the fact that both international vertical and horizontal flows need to be achieved. Results reached in the drug discovery process must be transferred to the units carrying out development activities (vertical flows). Knowledge acquired in a particular therapeutic area should also be transmitted to other units working in the same therapeutic area (horizontal intra-disciplinary flows) and also in other therapeutic areas where it could be employed (horizontal inter-disciplinary flows).

Both vertical and horizontal transfer of information can be facilitated by the use of ICT. All the firms make extensively use of ICT applications such as intranet, portals, project websites, internal databases of compounds and intermediates, and they acknowledge the importance of having a globally standardized ICT system. 

But they cannot help to overcome completely technological, organizational and geographical barriers inherent in the implemented R&D network organization. The Glaxo-Smith-Kline R&D organizational structure seems to be the most prone to these problems due to the geographical, technological and organizational distance among the CEDDs, as recognized by an interviewee. 

“The CEDDs are almost like separate companies, they have their own budget, their own ways of working. One of the dangers of the CEDDs is that they might end up not sharing best practices. Among them there is a minimum level of communication, mostly based on personal relationships. Most of the people in Upper Marion do not know the people in North Carolina because they used to belong to different companies and they are also geographically separated. The CEDDs have various level of communication, but it is pretty poor, because they have been set up almost like small companies. They are almost in competition, they are evaluated based on the value that the particular CEDD delivers to the business. In addition people do not move between CEDDs because they have expertises in a specific therapeutic area” (emphasis added).

The problem of technological distance among R&D centres emerged as well from the interviews with scientists. The increased specialization of knowledge used in investigating specific therapeutic targets and, within these, particular methodological approaches is the main cause behind this process, as shown by the comments by a chemist and a toxicologist:

“I communicate very rarely with scientists in other locations because the therapeutic area I am working on is only located here. I do not have formal contacts with other colleagues. Before the therapeutic area I am working on was also studied in New York and at that time I had very frequent contacts. But once the research facility was closed down all these contacts were interrupted”… “other colleagues working in other therapeutic areas have completely different structures, different chemistry, we hardly can ever helped each other”. 

“I would use very little the R&D results from other subsidiaries, because our projects are very separated, they have different target indications as compared to what we are doing, so I would not have very much exchange of data, because we do not overlap” (emphasis added)

To avoid compartmentalization along disciplines firms are trying to increase the level of communication among scientists working on different therapeutic areas and in distant locations using some of the social mechanisms discussed in the theoretical section of this paper. 

Cross-border and cross-disciplinary projects are frequently employed. Due to the organizational setting of the R&D function it is often the case that researchers from different locations are involved at different stages of a drug discovery project. However cross-border team projects are acknowledged more as a non-avoidable consequence of the adopted R&D organization, than as a strategic mean to increase knowledge diffusion inside the geographically dispersed R&D network. This clearly emerges from the following comments made by an R&D manager:

“The one-location team is the preferable model because it is the more efficient, but the reality of our organization is that most of our teams have members based in at least two countries and some of them three. My personal view is that if you can have one location team you are going to be better off, if you can have all sitting in one corridor is going to work better. But this is the exception to the rule”.

Temporary assignments appear to be the preferable socialization mechanism when firms aim to achieving vertical transfers of know-how from the discovery to the development phase. Researchers from the development function will work closely with the discovery team for up to one year before the compound is been identified. International horizontal transfer of know-how is instead more difficult to achieve especially when it is inter-disciplinary. 
Companies are trying to stimulate inter-disciplinary knowledge flows through promoting and officially supporting communities of scientists and technology councils. These communities are formed by people with expertise in a target family, such as kinesis or protease, or in a discipline (molecular biology, chemistry, pharmacology). The principle behind this group of experts is to integrate and diffuse the knowledge across different locations and therapeutic areas.
 The members of these communities interact quite regularly through intranet, meetings and formal workshops. Technology councils are set up to discuss problems faced in using particular technologies, such as the ones used in combinatorial chemistry or high through-put screening. These councils provide a forum where individuals can share best practises and some of the challenges they face in using a particular technology.
 

An organizational measure adopted by one company is cross-disciplinary project proposal review boards. These boards are formed by peer reviewers coming from different areas and from different R&D units and they can facilitate the cross-fertilization of knowledge across therapeutic areas and locations. 

In general it seems that companies heavily rely on the ability and private initiative of the single scientist to span the boundaries of his/her own area of specialization, to interact with other scientists, to generate, share and disseminate knowledge. A manager affirmed that one mechanism to ensure the recombination of knowledge across disciplines and research sites is to choose the “right people: people who have fun to work with another culture and other people will make this happen”. 

Despite this, only in one division of a company there is an organized exchange programme where a scientist from the European division spends one year in the US facilities while at the same time a scientist from the US replaces her/him in the European site. This program has been implemented only for the past two years and attempts to be a substitute for the not so popular ‘sabbatical option’, in which the scientist would have gone to the foreign R&D laboratory without being replaced by another scientist.

In other companies and in other divisions of the aforementioned company international assignments of scientists are organized only when there are needed and they last from as little as 6 months up to 2 years. Secondments can either be imposed by the management to acquire or transfer competences across sites, or they are proposed by the scientist because he/she considers this experience as a part of his/her personal development. Mobility of researchers accomplishes mainly two purposes through the creation of personal ties: it enhances the international transfer of knowledge and it increases the level of interaction and communication which should both reduce inter-unit attrition and create potential technology transfer channels. The creation of personal relationships between researchers working in distant R&D facilities should also reduce the motivational barriers that sometimes hinder inter-unit knowledge transfer. 

In our study we found evidence of both types of international assignment experiences. We interviewed a scientist who spent 6 months in the US as a visiting scientist in a dedicated bio-informatics group formed as a result of a joint-venture with an American company. This assignment was aimed at acquiring new technological expertise in the field of genomics which were missing in the European R&D facility and at the same they were needed to undertake gene-chip experiments also in the European site. In another company sabbatical visits were used for transferring expertise (i.e. combinatorial chemistry, automation technologies) from one site to another as well as for stimulating networking of groups from particular sites using similar or different approaches. 

In two cases the exchange of scientists was aimed at reducing the level of attrition between R&D locations. 

“Historically, communication and cooperation between European and US sites have been difficult due to the different research philosophies. During the mid 90s there was more competition than cooperation with them. During that time it was even difficult to exchange knowledge. To overcome cultural differences and to increase a common understanding among colleagues from different continents staff exchange programs have been established. Now, after the first exchange of staff, things are improving. …. People taking part in the exchange programme should be the bridge between the two sites. It is important to know people, it is much easier to deal with them if you have worked with them”.

Similarly in another company a scientist said: 

“The R&D facility where I went was part of a company we just acquired the year before and people there were not very happy about this unfriendly take over. One of the purpose of this exchange was to overcome the initial reservation and try to build a collaboration that would make us colleagues rather than competitors.” 

In all instances the international assignment enabled researchers to have better interaction and communication with the people they met in the other facility. Interaction with colleagues inside the company appeared to be the most important source of learning, which confirms the main purpose of these assignments which aim at network building among researchers working in geographical distant R&D centres. These relationships are in most cases maintained once the scientist is returned to its home laboratory. 

Whenever the exchange was not aimed at acquiring a specific knowledge we found that researchers learnt nevertheless technical expertises but it was not always easy to implement and apply them once they returned to the their permanent job. 

“When I was in the US I developed a completely new class of drugs. I wanted to work more on that class of compounds, but I did not, because it would had meant to implement here a different program”. 

However it is possible to perceive a long-term potential for cross-fertilization arising from these exchanges of personnel.

“Coming from traditional medicinal chemistry it was my first chance to get in touch with automated chemistry. After staying 3 months in the automated chemistry group in our US subsidiary I was aware of the scope and limitations of the approach which helped a lot in contributing to a global technology strategy.” 

“While I was in the US I had started a collaboration with a company expert in gene-chip technology. This experience improved my innovation activity because we are trying to work more and more in my field with this micro-areas and this time in the US was a trigger for me to think very hard on how I could use these tools”. 

Seconded researchers seem to have gained a better understanding of the R&D organization and management adopted in the US centre which is in line with the objective of increasing awareness of ‘who knows what’ in other centres. This appears to be one of the primary goals attributed to this type of socialization mechanism by the top management of the companies. According to the head of a therapeutic area:

“For me, in terms of delivering project globally, it is important that people [when sent in another R&D centre] understand what it takes to deliver things in a different country and how to do it most effectively. When these people go back to their original site they actually strengthen the site they came from because they know how this organization works globally rather than knowing only how it works based on what they have seen in one site”…. “when you send someone in another R&D site you have to make sure that it is seen as a family thing not an individual thing” (emphasis added).

While scientists perceive the experience abroad as a chance for broadening their knowledge and acquiring new skills, the top management see it as an opportunity to increase the productivity of the company by getting the researchers acquainted with how the R&D function is managed in other facilities.

5. Conclusion 

This article has analysed the R&D organization in six of the largest European pharmaceutical companies and the mechanisms in place to ensure the integration and cross-fertilization of technical knowledge produced in geographically dispersed R&D units. 

In the ‘centralised hub’ R&D structure there was no need for stimulating network building among researchers and exchanging managerial solutions because each centre was working in isolation with very little interaction with other R&D units, but in the integrated multi-hubs R&D structure this is essential.

The companies we interviewed have a similar type of organizational structure where the innovative efforts in the drug discovery phase are carried out in an integrated multi-hubs network of research facilities with a global focus, supported by centres of excellence in enabling technologies. The organizational structure of the development activities is instead characterized by a lower level of inter-unit interaction and has a regional focus. We have argued that advances in rational methods of drug design have allowed the adoption of this international division of labour which is characterized by elements of concentration, in the development phases, and by elements of dispersions, in the drug discovery phases. This network structure enables companies to leverage knowledge from pockets of excellence around the world and to exploit existing specialized assets within the organization, but at the same it allows them to maintain a critical mass of resources in the development phases of the drug discovery process. A major drawback of the integrated network structure is its high cost involved in coordinating the innovative efforts of these units and in ensuring cross-pollination of the knowledge produced in physically distant units. Geographical, technological and organizational distance can significantly affect technology transfer and knowledge integration in this R&D network. 

In this paper we attempted to provide a description of some of the mechanisms used to overcome these barriers and fully exploit the benefits of having adopted this organizational form focusing on socialization mechanisms and in particular on international assignments of researchers. These mechanisms help to establish inter-personal relationships between researchers through which less codified forms of knowledge can be exchanges. Once established these social ties tend to last also when the researchers are not co-located and therefore they can represent potential channels for cross-borders technology transfers. 

From in-depth interviews with R&D managers and scientists with a secondment experience in the US, we found that cross-border team projects, technology councils, project-proposal peer reviews boards are some of the socialization mechanisms used. However it appears that companies rely heavily on the initiative of individual researchers to interact with other colleagues and to enhance R&D synergies across projects and locations. International assignments allow researchers to build this network of personal relationships which not only works as a channel for international knowledge transfer but also as a mean to reduce the level of inter-unit organizational distance. 

The recent nature of this re-organization of the R&D functions, mostly as a result of merger and acquisition strategies, and the long delay between R&D and the commercialisation of a new drug make it difficult to evaluate the impact of these organizational changes and of the adoption of these social mechanisms on the firm’s economic performance. Future research should address this issue.  However this study has highlighted few potential problems that can emergence as a result of the adoption of a geographically dispersed R&D network structure. Mainly the increase of inter-unit technological distance as a result of the increase specialization of each research unit in a particular disease area and/o a methodological approach and the difficulty to exploit of synergies across disciplines.
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Table 1. Description of the interviewed companies1 

	Company Name
	Corporate

Headquarters
	2002 Pharmaceuticals revenues

in $
	Rank
	No. of Employees in R&D2
	2002 R&D expenditures2

in $
	Rank
	No. of Interviews conducted

	AstraZeneca
	London
	17,841
	4
	11,000
	3,069
	4
	5

	Aventis
	Strasburg
	16,639
	6
	5,600
	3,235
	5
	4

	GlaxoSmithKline
	London
	27,060
	2
	15,000
	4,108
	2
	5

	Novartis
	Basel
	13,547
	8
	3,000
	2,799
	6
	2

	Roche
	Basel
	9,355
	13
	5,030
	2,746
	7
	3

	Schering
	Berlin
	3,074
	19
	1,200
	869
	19
	5


1 Revenues, R&D expenditures and ranking data are from the Contract Pharma Ranking of top 20 pharmaceutical companies (www.contractpharma.com)
2 Not all R&D employees and expenditures are in the pharmaceutical business of these companies.

Table 2. Geographical distribution of R&D centres and their specialization
	Company
	Previously part of 
	Company
	Therapeutic Areas

	Astra Zeneca
	Zeneca
	Alderley, UK
	Infection, Oncology, Inflammation

	
	Zeneca
	Charnwood, UK
	Respiratory, Inflammation 

	
	Astra
	Mölndal, Sweden
	Neurology, Respiratory Diseases, Inflammation

	
	Astra
	Gothenburg, Sweden
	Cardiovascular, Gastrointestinal 

	
	Astra
	Södertälje, Sweden
	Pain control, Central Nervous System

	
	Astra
	Lund, Sweden
	Respiratory

	
	Zeneca
	Wilmington, Delaware, US 
	Central Nervous System

	
	New
	Boston, US 
	Oncology, Infection 

	Aventis
	Hoechst
	Bridge Water, New Jersey, US
	Respiratory Diseases, Rheumatoid Arthritis, Central nervous System, Immunology

	
	Rhône Poulenc 
	Paris, France
	Alzheimer’s and Parkinson’s Diseases, Infectious Diseases, Oncology

	
	Hoechst
	Frankfurt, Germany
	Cardiovascular Diseases, Metabolic Diseases, Osteo-arthritis

	GSK
	Smith Kline Beecham
	Upper Merion, Philadelphia, US
	Cardiovascular, Urogenital, Microbial, Oncology

	
	Glaxo Welcome
	Research Triangle Park, North Carolina, US
	Metabolic and Antiviral

	
	Glaxo Welcome
	Stevenage, UK
	Neurology, Respiratory Diseases, Inflammation

	
	Glaxo Welcome
	Verona, Italy
	Psychiatry, Neurology 

	Novartis
	Sandoz
	Tsukuba, Japan
	Oncology, Arthritis

	
	New
	Cambridge Massachusetts, US
	Cardiovascular diseases, Metabolism, Infectious diseases.

	
	Sandoz (since 1964)
	East Hanover, New Jersey, US
	Oncology, Arthritis, Functional Genomic

	
	Sandoz
	Vienna, Austria
	Dermatology, Immunology

	
	Sandoz & Ciba-Geigy
	Basel, Switzerland
	Nervous System, Transplantation, Oncology, Arthritis/bone, Functional Genomic, Ophthalmic

	
	Ciba-Geigy
	Horsham, UK
	Respiratory, Chronic Pain

	Roche1
	Acquired in 1994
	Palo Alto, California, US 
	Central Nervous System, Inflammatory Diseases/Bone, Genitourinary Diseases, Viral Diseases

	
	
	Nutley, New Jersey, US
	Metabolic Disorders, Oncology, Vascular Diseases

	
	
	Basel, Switzerland 
	Metabolic Disorders, Central Nervous System, Vascular Diseases 

	
	
	Penzberg, Germany
	Oncology

	Schering 


	
	Richmond, California, US
	Neurology, Immunology, Cardiovascular, Oncology

	
	
	Berlin, Germany
	In Vivo Diagnostic, Radio Pharmaceuticals, Neurology, Immunology, Cardiovascular, Dermatology, Gender Health Care, Oncology

	
	Acquired in 2000
	Mobara, Japan
	Oncology, Neurology


1 Although Roche has a financial control over Genentech, this company cannot be considered as a Roche’s subsidiary. So far, Roche has an “opt in right” for co-developing compounds discovered by Genentech from phase 2 or 3 of clinical development.

Figure 1. Geographical characteristics of the global R&D networks
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Figure 2. Geographical characteristics of the global R&D networks

	Organization
	Dispersed
	
	GSK: Drug Discovery & from Phase 3 of the clinical development 

NOVARTIS, ROCHE, SCHERING: Drug Discovery 

ASTRAZENECA: Drug discovery, Pre-clinical, and Clinical Development

	
	Concentrated
	AVENTIS, NOVARTIS ROCHE, SCHERING: pre-clinical and clinical development. 
	GSK: Pre-clinical development, and Clinical development up to the proof of concept phase

AVENTIS: Drug discovery, Pre-clinical development, and Clinical development up to the proof of concept phase

Research support functions (centres of excellence for enabling technologies)
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Figure 3. The drug discovery integration-based structure with isolated contributors
Adapted from Chiesa (1996b)
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� The studies by Almeida and Kogut (1999), Stolpe (2002), Rosenkopf and Almeida (2001) show the importance of inventor’s mobility in transferring knowledge between firms. 


� The different organizational models discussed in this section were initially proposed to describe mainly the emergence of different structure in manufacturing. We borrow here the same terminology but we apply it to describe the organizational evolution in the R&D context.


� According to the 2002 ranking produced by Contract Pharma (� HYPERLINK "http://www.contractpharma.com" ��www.contractpharma.com�) the companies we interviewed are in the top 20 pharmaceutical companies both in terms of revenues from sales in pharmaceuticals and in R&D expenditures. Among the European companies the only firm in the top 20 that we were not able to  interview is Bayer AG, which lies in 18th position in the revenues and the R&D expenditure ranking, one position above Schering. 


� In a recent study based on patent citations Agrawal et al (2003) found that only 6% of a sample of US patents was applied by inventors that moved within US states. Considering that we tried to look for inventors that moved from the US to Europe but still working for the same company, our findings are not surprising. 


� Although not officially stated such an experience is “practically mandatory, if you want to have a reasonable chance to get employed”.


� As argued by Cantwell (2001), the role of the headquarters has shifted from “technology creator” to “technology organizer”.


� For example, in GSK the bulk of high through-put screening is performed in Spain.


� This structure would characterised by a position in the bottom left quadrant of figure 1.


� They are also supposed to span outside the firm’s boundaries and follow the developments of their scientific fields outside the firm. 


� In certain cases these technology councils involve people from other companies. In this case the object of these communities is to share their experiences with a particular piece of equipment. 
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