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EXECUTIVE SUMMARY

Multinational companies play a large and growinig ria the world economy.

They contribute about 10 percent to world GDP amouatwo thirds to global

exports. Their share of global private R&D investitseamounts to about 70
percent.

An important motive underlying the globalization ofultinationals’ R&D
activities is that strategic location of R&D in fegs rich in knowledge and

technology is a means to augment a firms competétvantage.

A critical location factor for pharmaceutical R&D ithe host countries’
research environment and their capacity to supphoekforce with diversity
in knowledge specializations, comprising areas saghmedicine, pharmacy,

chemistry, biology, informatics and other natukaésces.

Multinational pharmaceutical companies in small rtoes depend to a
significant extent on knowledge flows and inputidsiies from other parts of
the world. Because of this, they are strongly imfilced by regulations
surrounding recruitment of workers’ from abroad amaployment of foreign

experts and researchers.

AstraZeneca contributes to the Swedish economyugfirdarge export sales. The
company accounts for about 80 percent of Swedeiss éxports of pharmaceuticals
and about 5 percent of the country’s total expafismanufactures. Moreover,
AstraZeneca’s net export of manufactures from Swedeestimated to about 40
billion SEK in 2007. This corresponds to over 30cpat of Swedish total net
exports. Sweden'’s net exports of manufactures aleoait 120 billion SEK in 2007.

Analysis of the Swedish units’ interaction with thest of the Swedish economy
shows that 'traditional’ couplings in the form oémsactions with Swedish suppliers
are limited. It is instead the company’s positiontlhe ‘knowledge economy’ that

makes its presence in Sweden important.
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AstraZeneca accounts for 0.4 percent of the totahfe employment in Sweden and

about 20 percent of the employment of PhDs in R&D.

In 2006, the R&D investments of Swedish AstraZenatiégs amounted to almost 15
percent of the total R&D investments initiated e tSwedish private sector during

the same year.

If one looks at AstraZeneca as a research unit,ciiapany’s units in Sweden
conduct R&D man-years in the same order of mageitasl the Karolinska Institute
and more than the Royal Institute of Technologypdfditures on collaboration
projects with Swedish universities amount to aldeuat thirds of the research budget

of a large regional university with about 10 00@dsints.

The company’s demand for hospitals to participatdifferent types of projects, such
as clinical tests and other knowledge feedbackyiges a basis for medical research

in Sweden.

For the triangle Stockholm-Gdteborg-Malmé the compaan be described as an
‘anchor-tenant’, i.e. a large firm which demand®dalized inputs, in particular

knowledge flows and highly educated and skilledkeos.

The challenges and strategic issues faced by plecatrtieal companies imply that the
industry will go through structural changes. Thatglgic choices for pharmaceutical
companies comprise a large set of factors. For 8meah important consequence is
that the companies need to make location choicdsbaild networks that secure
accessibility to knowledge, embodied by universitieiotechnology firms and other

pharmaceutical firms.

For the pharmaceutical companies the possibilit@srecruit highly qualified

personnel is a critical location factor. This ideafed by the education systems
(including graduate studies), by the conditionsdioctors and other employees within
the healthcare system to conduct research as wdllyahe possibilities to recruit

personnel from abroad.
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1. INTRODUCTION

Multinational companies play a large and growintg rim the world economy. They
contribute about 10 percent to world GDP and altotthirds to global exports. In
the vast majority of the countries in the world firesence of multinationals has also

been growing over time.

One defining characteristic of multinational comiganis that they have high
knowledge and technology intensity. For exampleythave high ratios of Research
and Development (R&D) expenditures relative to salad a large fraction of their
workforce is composed of scientific, technical aotther ‘white-collar’ workers.

Estimates show that their share of world-wide gevR&D amounts to about 70
percent. Research also demonstrates that multh@tmompanies generate positive
spillovers to the countries and regions they acatled in. They provide channels for
technology and knowledge transfers to domestic @oigs hosting them. From their
dominating role in scientific, vertical and horizahinnovation systems in different
parts of the world, they often function as nodesthe diffusion of knowledge and
technology. Their linkages to suppliers, other &rmiesearch teams in different
research institutions and customers, etc., impy kmowledge and technology ‘spills
over’ to different parts of the economies in whitley are located. In view of this,

multinational companies play a significant rolghie ‘knowledge economy’.

This report presents a case study of the rolelafge multinational company, active
in one of the most R&D and knowledge intensive stdas of the world, with
establishments in a small open economy. The casdy stexamines the role of
AstraZeneca in the Swedish economy, i.e. an econdonyinated by multinational
companies. They account for almost all of Swedeggregate investments in private
R&D, over 90 percent of the country’s exports amgports as well as a significant
share of the total number of employees in the pgigactor. The analyses in the report
make it possible to assess the importance of thal Ipresence of such a large

knowledge-intensive multinational for Sweden.



AstraZeneca has three large R&D laboratories ind&we located in the country’s
three metropolitan areas, i.e. Stockholm, Gotetzord Malmo. The head office of
AstraZeneca PIc is located in the UK but the heffideofor early discovery research
is located in the Stockholm region. Moreover, thenpany’ major production site for
drugs and medicines is also located in the Stookhelgion. This production site is

one of the largest in the world.

The purpose of the report is to analyze the intamcof AstraZeneca’s units in
Sweden with the rest of the Swedish economy, aadthedish innovation system in

particular. The following questions are in focus:

« What role does AstraZeneca play for the Swedisma@oy today and in longer

perspectives?

* What role does AstraZeneca play for Sweden as @vladge economy’ and what is

its importance for the Swedish innovation system?

These questions are assessed from two major pé&xg®ecThe first concerns the
company’s role as an employer in the private sed®rtransaction links with other
Swedish firms and its role for Sweden’s exportse Fecond perspective focuses on
the company’s role in the Swedish knowledge econany innovation system. The
report analyses the company as a node for knowlftdgs in the Swedish economy
and innovation system, and its role as an employdrighly educated and skilled
workers in Sweden. For example, the study examihescompany’s collaboration
networks with links to researchers at universitiagad research institutes,
collaborations with other firms as well as its impace for the Swedish labor market
for PhDs and other research personnel. As for ajl@ral R&D intensive firms in
Sweden, knowledge and ideas flow to the countrgufih the company’s extensive
international networks.



Another purpose of the report is to discuss antyaeavhat location factors that have
been of importance for AstraZeneca's developmeatlést 10-15 years and what
factors that will be critical for the company iretfuture. Which conditions will make
it possible for the company to retain and perhapsngthen its present role in
Sweden? The presence of large R&D and knowledgensinte multinational

companies in Sweden brings great demands upon ®waslea host country, in

particular in terms of its location conditions asfthracteristics of its research milieu.
The report discusses location factors of the falhmwtype: accessibility to highly

qualified workers, possibilities for clinical resel, collaboration opportunities with
universities and other research actors, regulationsnflow of foreign researchers,

etc.

The report is organized in the following fashiorec8on 2 illustrates the role of
multinationals in the global economy and reviewserd research on where
multinationals locate their R&D sites and for whaasons. Section 3 presents
characteristics of the pharmaceutical industry amtusses strategic issues and
challenges that pharmaceutical companies are faciBgction 4 describes
AstraZeneca’s activities in Sweden and analyselesfor the Swedish economy in
terms of export sales, employment, R&D investmemd a set of other economic
indicators. In Section 5 we analyze the compangteraction with the rest of the
Swedish economy. We present an analysis of itssaction linkages to Swedish
suppliers and the Swedish labor market for botpri¢gluction and its R&D activities.
We also describe AstraZeneca’s couplings to thed&hdabor market. In Section 6
we study the company’s importance for the Swedstwkedge economy and its role
in the Swedish innovation system. Section 7 disesidhe location conditions for
pharmaceutical R&D in Sweden, and in Section 8 wectude and present policy

conclusions.



2. MULTINATIONAL COMPANIES IN THE GLOBAL ECONOMY

2.1 Multinationals: characteristics and contribatto the global economy

During the second half of the ®@entury multinationals have grown at a rapid rate
and are today an important part of the global espasystem. According to figures
presented in McCann (2008a), which are based set @f UNCTAD reports, the
number of multinational companies in the world dnavcreased from about 7 000 in
the beginning of the 1970s to about 78 000 in 20@&reover, these multinationals
comprise about 780 000 foreign affiliates and & baen estimated that they together
employ about 73 million workers, i.e. around 3 patcof the global workforce
(McCann 2008a).

Figure 1 shows that the value-added generated Bynational companies in 2006
amounted to almost 5 trillion $ US. This means thattinational companies account
for about 10 percent of the total value-added enwiorld, i.e. world GDP. Compared

with the 1980s, the contribution of multinationtdswvorld GDP has almost doubled.
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Figure 1.Contribution of multinational companies to the gibkeconomy. Source:
McCann (2008a) based on figures presented in UNCTAID7) and World
Bank (2007).



Trade flows of multinationals constitute about tthods of global exports. The value
of export flows by multinationals in 2006 amountedabout 4.7 trillion $ US (Figure

1). In recent decades both output, employment itk tof multinationals have grown
faster than world trade and the largest componérnthe global stock of foreign

investments is overseas investments by multinatiimas (McCann and Mudambi

2004, 2005).

R&D investments are more often than not considexgedhe driving force in the
‘knowledge economy’. Multinational companies arepensible for a significant
share of the total R&D investments world-wide. Feg2 presents estimates of total
R&D expenditures by the 700 largest multinationalthe world in terms of R&D as

well as figures for global total R&D expenditures.
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Figure 2.Contribution of multinational companies to globakB expenditures.
Source: McCann (2008a) based on figures presemté&iNCTAD (2005).

The expenditures on R&D by the largest multinatisna calculated to be about 310
billion $ US in 2005. As a share of global R&D erpéures in 2002 it amounts to
over 45 percent and nearly 70 percent of globalapei R&D. Global private R&D
expenditures in 2002 was about 450 billion $ USCdlien (2008a) notes that more
than half of the 700 largest multinationals in terofl R&D are active in three sectors:
(i) pharmaceuticals and biotechnology, (i) IT hasde and (iii) automotive. Given

the magnitude of these figures, it is clear thaltimational companies can be of great
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importance for individual economies. McCann (20084ers for example to figures
showing that over half of China’s exports are in&édrtrade within foreign-owned
multinational firms and about two-thirds of Indial€T exports are controlled by

foreign-owned multinationals.

When it comes to the role of multinationals Sweeno exception. On the contrary,
multinational firms are markedly important for ti8vedish economy. Sweden is
often characterized as an economy with a stronyante of multinationals in
relation to its size. Figure 3 presents the shdr@)ocemployment, (ii) exports of
manufactures, (iii) imports of manufactures, (i@Jue-added and (v) employees with
a long university education (at least three yedps) multinational companies in
Swedish manufacturing sectdrs.
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Figure 3. The contribution by multinational companies to Sislednanufacturing
sectors (NACE 15-37) 1999-2004. Source: StatisBggeden, firm-level
statistics

! Figures for multinationals are calculated by sumgnithe values for all firms in
manufacturing sectors that belong to a multinatiauaporation, domestic or foreign. The
manufacturing sectors are defined as all sectdavedas NACE 15-37.
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It is evident from the figure that multinationalsnstitute the lion’s share of Swedish
manufacturing sectors for all the indicators in figure. Multinational companies
account for over 90 percent of Sweden’s total etspand imports of manufactures,
and about 80 percent of the total value-addedrofsfin manufacturing sectofsThe
corresponding figure for manufacturing employmenbant to about 70 percent. The
figure also illustrates that multinationals emplpgrsons with higher levels of
education than other firms. In 2004, about 85 perce# all workers with a long
university education employed by firms in the mawtfiring sectors in Sweden were
employed by multinational companies. This sharESigpercentage points higher than
the share of total employment, which implies thdtigher fraction of the employees
in multinational firms have long university educati The high knowledge intensity
of multinationals is also illustrated by the facat almost all private business R&D in
Sweden (about 95 percent) is performed by multmati firms. Multinational firms
are overrepresented in R&D and knowledge-intensidestries (Gustavsson 2004).
The research literature shows that multinationalgéneral have a set of defining
characteristics and many of these pertain to #remledge and technology intensity
(see e.g. Markusen 1995, 1998 and 2004):

* They have high ratios of R&D relative to sales

* A large fraction of their workforce is composed sifientific, technical and other

‘white-collar’ workers

* They have large ‘intangible’ assets. These asdefsjed as the market-value minus
the value of tangible assets such as plants arigregat, constitute a large fraction of

total market value

* They are often specialized on new and technicaligglex products

* Multinational companies make large product difféieion efforts, for instance

illustrated by large advertising to sales ratios.

% See also Johansson and L66f (2006), and Andeessain(2008).
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In addition to the fact that multinational firmsrstitute a significant fraction of trade,
value-added, R&D, employment and other economitalsbes of economies across
the world, there is a large literature on ‘spilloveffects’ from activities of
multinationals in a country or region. A review thfe literature can be found in
Blomstrom and Kokko (1998).One argument is that multinational firms play an
important role for technology and knowledge trarsf® the countries (or regions)
they are located in, and that their local presemee positive effects on the local
industry. From their dominating role in scientifigrtical and horizontal innovation
systems in different parts of the world, they oftenction as nodes for the diffusion
of knowledge and technology. Their linkages to $epg, other firms, research teams
in different research institutions and customets,, amply that knowledge and
technology ‘spills over’ to different parts of teeonomies they are located in. Using
Swedish data, Gustavsson (2004) finds for instdhat an increase in the share of
employment in multinational companies in an indud&ads to an increase in the
R&D activities of domestic firms. He maintains tloate explanation for these results
is precisely that knowledge and technology posskessemultinational firms spill

over to the local industry and stimulate their stmeents in R&D.

In view of the aggregate figures reflecting thesrof multinational companies in the
global economy as well as in individual economiesl éhe evidence on positive
spillover effects associated with their local presein a country or region, a natural
conclusion is that national and regional growth aradle depend to a significant
extent on the location decisions of multinationaht (cf. McCann 2008b). It is thus
important that individual countries and regions alpée to attract and retain activities

of multinationals. The documented role of multioatils in the Swedish economy can

% There are several other potential effects. Blodmstand Kokko (1998, p.2) writes that
“local firms may be able to improve their produitiivas a result of forward or backward
linkages with MNC affiliates, they may imitate MN€chnologies, or hire workers trained by
MNCs.” Other potential mechanisms that they disarss(i) increased competition that may
force local firms to introduce new technology arig épillovers of knowledge and
information about foreign markets to local firmshieh can make it easier for the latter firms
to enter foreign markets. See also Markusen anfinfeako (2007) who analyze the impact
of foreign experts’ training of domestic workerslorowledge transfers.
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be appreciated in this context. In the next Secti@nreview the literature on the

location of R&D activities by multinational compasi

2.2 Location of R&D by multinationals

Modern companies have to formulate business siesmeglesign organizational
structures, and take operational decisions in &ajlccontext. Pharmaceutical
companies are no exception. Actually, there are fedustries so dominated by
multinational companies as the pharmaceutical ingdSchweitzer 2007). However,
what is typical for this industry is that all itsajor companies have substantial
operations in several countries, and much prodac® well as R&D activities are

performed in countries other than the home couriteach corporation.

R&D activities of multinational firms have often dxe characterized as ‘sticky in
space’ in the sense that their R&D tends take phaicearily in their respective home
countries (Patel and Pavitt 1995). Indeed, theidpahgmentation of multinationals’
value chains have increased primarily because ahgihg localization patterns of
production activities, in particular routine anddeknowledge intensive activities. The
globalization of the R&D activities of multinatiolsais a more recent phenomenon

and has developed much slower (cf. Carlsson 2006).

No process has however been immune to the tremgdlobflization. Since the drive
for more rapid and more effective product innovatims been a major factor behind
the globalization of companies, it may be perceiasdnatural that also the R&D
function has been strongly affected. Off-shore dpenon R&D has increased among
the large multinational companies and evidence esiggthat the R&D activities of
multinationals are increasingly distributed ovevesal concentrations. Multinational
companies tend to perform R&D at different locasiom the world. It is also
documented that over time, R&D activities of mutionals have grown rapidly
outside the R&D-intensive ‘triad’, i.e. Europe, th&S and Japan (UNCTAD 2004).
Research has also demonstrated that the establislohmternal as well as external
R&D networks by multinational companies has beconage frequent during the last
decades (see e.g. Cantwell 1989, Zander 1999).
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The globalization of R&D is interesting, since @&shhappened in spite of the fact that
companies theoretically have many reasons notdioatjze their R&D operations. In
particular, the spatial dispersion of R&D activijevhich implies that R&D labora-
tories are located in a number of different loaadiin different countries, generates a

number of demanding management problems (De Me3&3)1

* It is well established that R&D activities are ceterized by economies of
scale and scope (see e.g. Teece 1987). Succes&idl depends upon a
critical mass of scientific and other developmeoinpetencé. Generically,
R&D also builds upon the experience of the pastjciwvimplies that a
dispersion of R&D makes it more troublesome to @nes the historical

knowledge base, since much of the knowledge is dddxkin people.

* Itis a characteristic of R&D activities that theften tend to be abstract and
demand a lot of frequent both planned and un-pldraiesct face-to-face
interaction. The costs of direct face-to-face iattion could bring about
prohibitive frictions when the interaction has tikeé place between people

localized thousands of kilometers from each other.

* The R&D activities are normally an integrated pafrthe strategic plans of
companies, which they want to keep secret from aditgps. It is normally
easier to manage secrecy if the R&D activities gesgraphically con-
centrated. There is a general tendency among cdegotmlocate R&D in the

proximity to their head offices.

» The knowledge generated by the R&D activities israportant intellectual
asset of companies. Strategic control of suchletdrlal assets may be more
difficult with a decentralized R&D structure (Steell989).

* Early studies of multinational R&D emphasized [sely that economies of scale created a
drift towards concentrating R&D to the home countmhich only in some cases could be
outweighed by specific advantages of locating R&ai“foreign” country (Brostrém 2008).
In this simplified view, an MNE was perceived adedmining “the location of its R&D by
reconciling centripetal and centrifugal forces” (¢they and Caves 1981, cited in Pearce
1999).
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» The control of global R&D networks potentially inves several game-like
conflicts such as stimulation of creativity versfficiency and cooperation

versus competition between R&D units.

Given the above obstacles, why do companies giobdhieir R&D activities? And
how do they manage their global networks for goaroe of their R&D activities in

off-shore laboratories?

The literature dealing with R&D highlights three jora factors behind the

globalization of R&D activities and R&D laboratosivithin companies:

1. Demand side factor®erforming R&D activities in other countries cam én
instrument to penetrate foreign markets by e.gelbging variants of the cur-
rent generation of products that are tailored fog tustomers in strategic
markets. R&D located in a foreign market can alscabmeasure to improve
the image of the company in the actual market.

2. Supply side factorsThe location of R&D to other countries can be ahae
nism to take advantage of knowledge spillovers fR&D already performed
in that country at universities, research instduéend other companies. An-
other motivation for locating R&D to another coyntran be to get access to
competencies and skills, which are scarce in tmeehoountry or to get access

to low cost scientists and engineers.

3. Competition factorsThe location of R&D in another country can be ratst
gic reaction to similar location decisions madedoynpetitors or to options
neglected by competitors. It can also be an attémgteate a balance between
R&D, production, marketing and distribution in a ltmational company’s

value chain.

® These general factors apply in principle to aflustries. In addition, there are industry-spe-
cific characteristics, which govern the decisiomglobalize R&D in specific industries. One
such specific factor for the pharmaceutical indusdrthe critical role of the US market for
almost all medicines. Since the US market is bytHarlargest market for drugs in the world,
an early approval of a new drug by the Federal Dhdgninistration (FDA) is critical for
securing a rapid growth of sales and profits.
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There are several empirical analyses of foreigeatliinvestment (FDI) in R&D.
Kummerle (1999) analyzes the propensity of multoratl companies to invest in
home-base augmenting R&D subsidiaries. He finds ithd'rises with the relative
commitment to R&D of private and public entitiesthre target country, as well as
with the quality of the human resource pool andhwibe level of scientific
achievement in relevant sciences” (Kummerle 19998)p Also, the propensity to
invest in off-shore R&D units to exploit existingrh-specific advantages in foreign
markets, depend on the attractiveness of the taxeitry’s market. Gassmann and
von Zedwitz (1999) report results from almost 2@@iviews in 33 multinational
companies. The authors identify five trends pemainto the organization of
international R&D in multinationals. These includ#ronger orientation towards
international markets and knowledge centers andabbshment of “tightly
coordinated listening posts”, increased integratbérdecentralized R&D units and
strengthening and reinforcement of foreign R&D sitMeyer-Krahmer and Reger
(1999) present results from 120 interviews in 21ltmational companies. The
authors find that the internationalization of R&Ds istill characterized by
“Triadization”, i.e. located in the EU, the US addpan. As regards choice of
location, the paper finds an increasingly selecfioeus on few locations and a
concentration of innovation activities to worldwidentres of excellence. The motives
for establishing R&D units abroad are maintainedb& driven by learning from
technological excellence, lead markets as well m@teractions between R&D,
marketing and advanced manufacturing. Pearce apanBatassiou (1998view the
literature and indentify two increasingly importardles for overseas R&D in
multinational companies. The first motive is to d®p new products, or very
distinctive variants, for key segments of the globmrketplace. Labs with this
function are closely associated to other subsidianctions such as marketing and
engineering. Secondly, labs may carry out speedligieces of basic research that
reflect particular areas of expertise within thesthmountry science-base. Both these
roles are confirmed by an analysis of data on Uitatories. Kumar (2001) conducts
an analysis at the country level. This paper fithdd US and Japanese MNEs locate
R&D in countries with large domestic markets, atamzk of low cost R&D
manpower and large “national technological effartdegde and Hicks (2005) find

that the Science and Engineering (S&E) knowledge lid a nation (as measured by
-17-



S&E articles) “critically determines the level arsbphistication of US foreign
subsidiaries’ innovative activity” (p.1). They aléad significant differences across

industries.

In summary, recent literature put particular empghas supply side factors. While
rationales related to markets and production gdytanatter, knowledge augmenting
motives have grown in importance over time (Narl889, Narula and Zanfei 2004,
Criscuolo et al. 2005). An important motive undeny the globalization of
multinationals’ R&D activities is that the competéness of companies can be
improved by having R&D laboratories located in pnoity to foreign milieus in
which frontier knowledge and technology are produd¢®reign R&D subsidiaries are
viewed as important sources of new knowledge armthn@ogy (Florida 1997,
Braunerhjelm and Svensson 1998, Zanfei 2000) aternationalization of R&D
within multinational companies allow them to cafpa on host countries’ knowledge
and technology (Cantwell 1995, Le Bas and Sier@220Strategic location of R&D
in regions rich in knowledge and technology canceehe viewed as a means to
augment a firms competitive advantag&(®ummerle (1997) refers to this type of

foreign knowledge and technology accumulation asmid Base Augmenting’.

Firms in the pharmaceutical industry are of cotnig@lly dependent on R&D. Studies
of location of R&D in different industries find thgharmaceuticals is not only an
industry in which R&D is highly internationalizetut also a product area where
multinational pharmaceutical companies have aqdatily high tendency of locating

foreign R&D laboratories close to knowledge andhtextogy sources (e.g. von

Zedtwitz and Gassmann 2002, Gerybadze and Reg8).199

For a global R&D network of a company group to fime, the internal R&D
communication network is of critical importance fthe diffusion, validation,
integration and adoption of newly created and neabguired knowledge. An

essential feature of communication in an intermaticontext is the extra difficulties

® cCantwell and Piscitello (2005) maintain that thitrategy is distinct from the
internationalization strategies in the early poat-wperiod. According to the authors, the
internationalization strategy of firms was in tperiod based on the view that foreign markets
should be entered by adjusting product attributelodal consumer preferences, i.e. demand
side factors.
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caused by geographical distances and culturalrdiifees. The associated frictions
relate to a core communication phenomenon in R&Be-informal personal contact
(Allen 1977). Over time, the geographical distanpes seseem to gradually have
become a smaller problem due to the improvemenist@mnational air connections
and in particular, the emergence of the Internéickvhas made it possible to create
internal electronic information systems for comgani Concerning the cultural
distances it has been claimed that they are famhiall within the pharmaceutical
industry due to the scientific character of the Wiealge base and the
“standardization” of the innovation process, whichplies that distance in space
causes less friction in this industry than in maother industries (Ramirez and
Tylecote 2004). On other hand, the high R&D intgnsif the industry points in the

opposite direction.

When R&D is performed in a global R&D network, netking, i.e. exchange of
knowledge in R&D networks, becomes a core elemenbptimizing organizational
learning. When analyzing networks in communicatierms, there are four aspects
which must be kept in mind: i) the roles of the esdii) the density and the type of
communication on the links, iii) the ties to otheternal and external networks, and
iv) the dynamics of node roles and link densityr Boglobal R&D network to
function, each node must have a clearly and dyralimidefined vision, which is well
known and accepted within the network. Another ingat aspect is each node’s
local external network.The local external network is the main mechanismugh
which each node can extract externally generateaviauge, be it from universities,
R&D institutes or other companies. The density, ligiaand frequency of
communication with other local actors are a measifireach node’s effectiveness to
tap and absorb knowledge in the local network. H@rethe knowledge acquired
locally must be diffused within the corporationigtérnal R&D network. The local
external networks become important first when they integrated in a strong intra-

corporation R&D network.

" From a global perspective, local can imply regiasmwell as national for a small country
like Sweden.
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3. CHARACTERISTICS OF THE PHARMACEUTICAL INDUSTRY

3.1 Evolution and structure

The contemporary pharmaceutical industry is ofterc@ived as the very symbol of
the modern knowledge economy, with its base innegeand R&D investments. But
the industry’s history is young. During the hundrgelars preceding 1945, drug
development was a rare event. The trigger was Iscgée development of penicillin
during World War Il. After the war the industry svaeshaped and developed
formalized in-house R&D programmes, which resulitedapid rates of new drugs
that were introduced into the market. In this ph@®man companies played an

important role.

The take off period between 1945 and 1970 has bearacterized as a period when
the pharmaceutical firms followed a strategy ofd@mn screening, emphasizing that
efforts to find new drugs were intensive but natufeed. During this period the public

sector introduced support to health related rekearc

The strategic re-orientation after 1970 is a tr@nsitowards guided drug discovery
efforts, with research methods based on advancesnakecular biochemistry,
pharmacology and enzymology. In this epoch seasclsystematic and directed
towards design perspectives. Moreover, at thistpoitime public support for health
oriented research becomes established, providipgestito a dramatic expansion of
R&D and a sequence of profitable innovations. Lafiges in the US, UK and

Switzerland take a lead in guided drug discovery.

The third phase of pharmaceutical discovery reseascquite recent and refers
primarily to the period after 1990. The new elemmsngenetic engineering in the
discovery and production of new drugs. Moleculanagies and genetic engineering
opened up two strands. One employed genetic engigeas a process technology to

manufacture proteins, for which the therapeutiqppriies were already well known.
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The other strand used advances in molecular biotoggnhance the discovery of
synthetic chemical drugs, based on small molecltethe US this period gave rise to
the emergence of a biotechnology startup procdt&s) m the form of university spin-
offs.

In the 2000s we can observe a change in the om#mzof pharmaceutical R&D.
Networks for collaboration between different actdsecome a rule, with the
coordination of interactive R&D activities as a @@ activity. In this way
pharmaceutical firms can overcome their lack ohiecal expertise in the realm of
genetic engineering, while making use of their dstneam capabilities needed for
commercialization. The latter includes knowledgeuwhdiagnostic tests, procedures

for product approval and other aspects of marketdiuction.

The pharmaceutical industry is dominated by multomal companies. The largest
firms are based in a small number of countriesnidhe US, the UK, Japan, France,
Germany and Switzerland. All major companies hadsstantial operations in several
countries. R&D activities still tend to be conceiéd to a few countries, whereas
sales and marketing units are spread world-widee Hdustry is founded on its
research and development (R&D) and almost all newgdthat reach the market are
the result of private R&D (Schweitzer 2007). Thediudual pharmaceutical
companies base their competitiveness, in particalatheir capability to produce new
inventions that are patentable and can generatenrmesicines and drugs (Yeoh and
Roth, 1999). Long run success requires a steadgratiof new medicines and drugs,
of which some must generate substantial profitsnathey are marketed to cover the
high R&D costs. This implies that the pharmacedticedustry is an industry
characterized by a high degree of novelty compéraather industries (Ramirez and
Tylecote 2004). Another defining characteristidhat a high share of the profits is
ploughed back in the R&D process.

Only a small fraction of the new molecules that dexeloped will ever reach the
market and according to estimations done by Hareamhomist Frederic Scherer, 55
% of the profits in the pharmaceutical industry ecftom 10 % of the drugs (Scherer

1993). As an illustration, Figure 4 presents thespnt value per NCE (New Chemical
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Entity) in million US $ across deciles and is basedresearch by Gabrowski and
Vernon (1990). The figure shows that the distriitis highly skewed and only a
small fraction of all NCEs can be expected to b& db cover the R&D costs.
Pharmaceutical firms thus operate under high reskd need a broad portfolio of

potential drugs at different development stagdsatance these risks.

Present value per NC
(million US $)
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B Present value per NCE (milllion US$)

Figure 4. Distribution of quasi-rents generated by New Chenkntities (NCES) in
the US market, 1970s (as illustrated in Schere®@)$ased on Gabrowski
and Vernon (1990)).

For a molecule to qualify as a drug it must go tigtoa long test period, which is very
resource consuming. There are few or perhaps rey oitlustries which have so long
and costly development times as the pharmacedutidaktry. Time spans as long as

10-15 years are not unusual.

The long development periods create a special @nmoblfor pharmaceutical

companies. It widens the gap between the costgatenkeby the R&D process and the

pay-off in terms of incomes from new successfulgdruThis implies that the

companies have to take decisions on expenditurés#farent therapeutic areas long

before the potential product, if successful, reache market. Thus, companies must

make advanced predictions with respect to theyigebwth rates of different disease
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areas, the future state-of-the-art in terms ofttneat for different types of diseases,
the policies of governments and insurance compasmethe spending on and subsi-
dies to different types of drugs, the behavior @petitors and the probability that
they will launch new products in the target ardhse, state of the general economy,
etc. All this adds up to a high level of commeraiakertainty. As a potential new
drug goes through the development process, the toatlved increase substantially.
It is now a common policy in the industry to kilhecertain projects as early as

possible (Ramirez and Tylecote 2004).

One reason why the R&D process is costly is thstitin under a cautious regulatory
regime, which demands substantive testing and wbasters everything from scien-
tific and ethical regulation to documentatfbihe documentation is necessary for the
development of applications with credible infornoatifor the approval of new medi-

cines by the regulatory agencies in different coesf

The high development costs for new medicines intipdy a capacity to carry through
rapid, low-cost and reliable clinical studies withhe regulatory framework for such
tests is a major organizational asset and an impbsource of competitiveness in the
pharmaceutical industry (Roberts 1999, Yeoh andhR689).

The profitability of the companies in the pharmdal industry is strongly related to
their ability to innovate (Roberts 1999), i.e. feetability to launch enough new
products in a timely fashion (Pisano 1997). Of dnegs that are approved and thus
reach the market only few generate a financialrnetihat covers all the related R&D
costs, even though the patent protection allowsitines to claim high premium prices
for new drugs (Schweitzer 2007). To protect the@oiration process in the
pharmaceutical industry, patent protection is useénsively and deliberately to cre-
ate barriers for competitors to enter. Patentsvarg effective and important instru-

ments of intellectual property protection in theaphaceutical industry (Ramirez and

8 Koretz and Lee (1998) provide an example of a mewg, which was tested on 11000
patients in 700 treatment centers in 27 countries.

® For almost all medicines and drugs, the US maplats a critical role. Early approval of a
new drug by the Federal Drug Administration (FD#)ritical for securing a rapid growth of
sales and profits.
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Tylecote 2004). Patent protection is critical foe tpharmaceutical industry due to its
special cost structure with very high R&D costst bfien rather modest production
costs. However, when the patent protection exptresdrugs can be copied and sold
as generics at a fraction of their earlier pric@jol implies that earnings will drop
sharply.

Even if each specific drug is protected for an edezl period by its patent, there is
still substantial competition from other drugs ax$ing the same condition. Many
pharmaceutical markets are quite competitive, witbng pressures on companies to
diversify and to have a substantial number of draigthe development stage. Thus,
competition is one major factor behind the largenbar of mergers and acquisitions
in the pharmaceutical industry in recent decadetarge number of products at the
development stage make it less problematic wheresinugs fail during the clinical

tests and diversity safeguards companies from dbssarket shares if some of its

important sources of revenue are lost in the coitiquet

However, at an overall level the degree of comipetits decreasing in the pharma-
ceutical industry due to on the one hand mergedsaaquisitions and on the other an
increased concentration of top-selling drugs amémger and fewer companies
(Schweitzer 2007). The degree of competition besomedified if the level of

analysis is changed to consider specific drugschviactually compete with each
other. Thus, the degree of competition is dependpah how the market is defined.
In more specific market segments, the number ofpsiimg products can be quite

low.

The pharmaceutical industry has gone through a eurabfundamental changes in

recent decades. The change process has been ddsasilone of progressive vertical
disintegration and growing complexity (Gambardel@05, Cockburn et al. 1999).

The original post-war organization of the pharmaicall sector can be described as
consisting of up-stream not-for-profit institutioemgaged in curiosity-driven basic
research and down-stream for-profit large-scalegirdted companies engaged in
market-driven applied research.
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In the last three decades, the structure of thenpdaeutical sector has become much
more complex. The changes of the structure withengharmaceutical industry have
been driven by different factors such as i) the rger@ce and introduction of new
technologies, e.g. information and communicatiorcht®logies (ICT) and
biotechnology, ii) changes in the patent laws swalover molecular biology and life
sciences, iii) the increasing costs for developimey drugs, and iv) changes in
demand conditions. These changes have forced tionesiter new therapeutic areas
and new markets and to adopt new selling methodsn{iez and Tylecote 2004,
Cockburn 2006).

One important change is the large number of memedsacquisitions in the industry.

The changed ownership structure has been motivagea need to reduce risks, to
renew product pipelines, to access new knowledgesand technologies, to achieve
R&D synergies, to meet the increasing pressur@mtain health care expenditures, to
broaden markets and to reduce distribution costalgkvand Lodorfos 2002, James
2002, Randles 2002, Ramirez 2003, Cockburn 2006).

Another important change is the emergence of &latgnber of small and medium-
sized biotechnology pharmaceutical companies, whashbecome an important force
within the pharmaceutical industry (Schweitzer 20@&ven if these new companies
are profit-driven, they have much stronger links ttee not-for-profit research
institutions than the traditional pharmaceuticampanies. They can be seen as an
interface between academic and commercial rese8mdntists from academia have
played a significant role in the founding of marfytltese companies (Zucker, Darby
and Brewer 1998’ Over time, the biotechnology sector has consdidlata growth,
mergers, acquisitions and exits, while much of R&D activities in the sector has
tended to concentrate globally in a limited humbielocations (Furman et al. 2005).

Actually, one can distinguish two main types of-teohnology companies:

2 To a high extent, the US has played a leadingirotbis process. Two factors have been
important in this process. Firstly, the passinghia US congress of a number of laws (the
Bay-Dole act, the Stevenson-Wydler act, etc.), mtde commercialization of publicly
funded research possible and which encourage saromercialization (Mowery et al. 2001).
Secondly, the existence of a well-functioning veataapital market in the US and a stock
market interested in investing in bio-technolog®&(Initial Public Offerings).
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e ‘“product” companies, acting as horizontal compeditoto traditional
pharmaceutical companies, and using their knowleddg®it new techniques
and molecular biology to develop and sell theirduas to the end users in the

market, and

* “tool” companies, which live on selling or licengintheir leading-edge
knowledge or research tools to other companieshm pharmaceutical

industry.

The emergence of the new biotechnology companiesgeaerated changes in the
relationship between the pharmaceutical indust @mversities and this has led to
new types of partnerships. A substantial sharéefstales of the large pharmaceutical
companies now comes from drugs derived from thetdiibnology sector (Cockburn
2006).

3.2 Challenges and strategic issues for pharmae¢fitims

The panorama of the pharmaceutical industry’s histeontemporary and future
characteristics described in the previous sub @edtiforms us that currently the
industry faces a series of challenges. First qf tabk demands on the industry are
growing, and the uncertainty is considerable. Tidustry signals that it perceives
pressures which originate from different sources. &ample, there are complaints
about the R&D productivity, while at the same tiRR&D costs are rising. Moreover,
the structural conditions for the industry’s modaperandi are changing. The
challenges associated with the future of the inglustin be illustrated by the

following set of observations (Gassmann et al. 2008

» During the past ten years, R&D costs have risenrpbhadriven by
comprehensive and more complex studies and expetsithnologies. These
conditions generate a productivity gap in the ptareutical industry, where
the growing costs combine with a reduced rate atlwhew medicines and
therapies are introduced on a market with staggagiowth (Gassmann et al.
2008).
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Development costs of a new drug are estimatedue geown from around 54
million $ US in the end of the 1970s to over 80WUiomn $ US in the beginning
of the 2000s, with additional increases in costssequently (DiMasi et.al
2003).

Prolonged time periods for clinical studies and enocomplicated

administrative procedures reduce the time spanmduwhich the patented
products remain for profitable sale. During thetgasr decades, the time to
complete clinical studies has increased from apprately 3 years to almost 7

years (Pharmaceutical Research and Manufacturesefica).

High expectations about the return to R&D investteentroduce a stress
situation in the R&D process, and these expectatame fuelled by historical
experiences among investors, who have got usedat&ats growing at rates

around 10 percent annually.

Each individual research project is characterizgd goeat uncertainties,
reflected by an extremely skewed distribution @& thturns from projects. The
established distribution is such that the 10 pdreeost successful projects
generate more than half of each company’s reverdel. one out of five

thousand to ten thousand substances tested makeytdo the consumer.
Only 3 out of 10 drugs that reach the market eaough money to cover the

average development costs of a new drug (Gabrastski 2002).

The market conditions of new drugs are changingtdube increasing efforts
put into health economic assessments, which ard asesupport to the
customers’ decisions about adopting the drug asdcsted therapies as a
recommended treatment. The same type of studiesalae becoming a

component of the producers’ marketing activities.
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The expectations of patients have gradually evolfrech a perspective in
which a drug was perceived as a method do tackiggyms to a view where
treatments are expected to maintain a good healthlity during the

individual’s entire life.

This long list of new phenomena in the environmanpharmaceutical firms can be

appreciated as an extract of the internationalaresecontribution in the last decade.

The collected observations inform us that the ibguis likely to have to carry out

great structural changes, where individual firmgehto contemplate adjustments of

their strategic behavior. For the industry’s lamed multinational companies, the

strategic choices concern a wide set of decisietofa. In this report, we consider

especially the following decision areas:

Pharmaceutical companies have to reconsider theatibn choices, while at
the same time developing new networks that canr@sgesach company’s
accessibility to knowledge residing in universitibsotechnology firms, and

other pharmaceutical firms.

Accessibility decisions have to consider the comtiam of local, proximity-
based interaction and collaboration that takesepleith actors located at large
distances. Such considerations comprise interpaylocal and global
networks and strategic alliances or partnerships,which agreements are
made with regard to each individual developmenjgato Thus, accessibility
for interaction cannot be established once analipbut has to be evaluated

from a dynamic point of view.

Competitive knowledge accessibility can be achietsgdcompanies which
have located R&D sites in several local milieustesd across the globe,
where collaboration and other forms of interactemolves in virtual groups
for interaction. Co-location decisions have to laahced against decisions
about long-distance cooperation links. An incregsshare of outsourcing is
likely to provide the firms with options to — indirect way — build clusters of

co-localized firms.
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Some researchers suggest that new fundamentalrgbseaareas such as
molecular biology, cellular biology and biochemyswill help to shorten the

time span for developing new medicines and thesafie the extent that this
is true, it is obvious that existing and new firtveve to participate in a race,
where all firms attempt to absorb and adopt the kieowledge and master the
new techniques foreseen. Evidently, the competitivantages may be
considerable. Such a race for a new paradigm adtietuncertainties facing

individual firms.

There is also another source from which individdiains can achieve
advantages. The advances in genetic research goected to offer
opportunities to design person-specific drugs aedtients, based on each
patient’s genetic profile. This potential developrnheould be considered as a
dramatic shift of the industry, opening up for phaceutical companies to be
truly multi-product suppliers, and thereby reduaetefirm’s dependence on a

few successful product variants.

It has also been argued, though with less subatantiderpinning, that
pharmaceutical firms may contemplate to identifghei markets and focus on

such markets as basis for their choice of R&D syiais.

New technologies and strategic options that becawslable in the near
future, may cause a shift from a focus on diseasved treatment of
symptoms to medication strategies that enhancepesidng the individual's

quality of life.
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4. ASTRAZENECA — activities in Sweden and its impaic the Swedish
economy

Section 2 described the role of multinational comesa in the global economy. It also
illustrated the overall importance of these firntg the Swedish economy. This
Section presents an overview of AstraZeneca, aelakmowledge-intensive

multinational company, in the Swedish economy.

AstraZeneca employs close to 12 000 individualSweden. The firm has both R&D
and production activities in Sweden, where all mastablishments are located in
Sweden’s three metropolitan areas, Stockholm, GidtefGothenburg) and Malmo.
The current location pattern in Sweden is due t@ise historical circumstances, of

which proximity to university R&D in the pertineateas has been decisive.

Table 1 presents the total number of employeesved8n by region and activity. The
majority of the employees is assigned to establ@itmin the Stockholm region. In
particular, AstraZeneca’'s production facilities wiver 3 800 employees are located
in the Stockholm region. The same region hosts aBdyercent of the firm’s total
R&D employment in Sweden. The largest fractionhd R&D workers is employed
at AstraZeneca’s R&D facility in the Goteborg ragiorhe implant business, Astra
Tech, is also located in Goteborg. The R&D faciiitythe Malmd region accounts for

about 19 percent of the R&D employment.
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Table 1. AstraZeneca employment in Swedish establishmeatsi@ly 2008)

Total employment R&D Production Other
Stockholm
7199 1651 3829 1719
Goteborg
2417 2 005 0 412
Malmd
1082 853 1 228
Other
1146 - - -
Sum
11 844 4 509 3830 2359

AstraZeneca is the largest actor in the Swedishnpaeeutical industry and its role
has grown over time. In the end of the 1990s thermlceutical industry in Sweden
employed about 14 500 persdnd.en years later the industry had grown to comprise
about 16 500 employees. During the same periodaZetreca’s share of Sweden’s
pharmaceutical employment (excl. Astra Tech) expdnilom about 50 to over 60
percent. The firm accounts for about % of the tdtahover of the Swedish
pharmaceutical industry. Today, between 17 andek8egmt of the total employment

of AstraZeneca Plc is located in Sweden.

The presence of AstraZeneca activities leaves derable marks in the aggregate
statistics. The total employment of the firm amasutat about 0.4 percent of the total
Swedish private employment. The firm’s share of @&wves exports is more than ten

times as large.

There are two basic measures of a sector’s roladgregate exports. The first is the
sector’'s share of total exports. The other is tars of the world export market.

Sweden’s exports of pharmaceuticals have increagbstantially during the last 40

" The pharmaceutical industry is here defined as B&8420Manufacturing of
Pharmaceuticals
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years. Figure 5 illustrates the development of Swé&dshare of world exports of

pharmaceuticals and it shows a steady increase thedeginning of the 1960s.

Share of global
pharmaceutical exports (%)

A

| I | | >
63-72 73-82 83-92 93-02 03-07 Time period

Figure 5. Sweden’s share of global exports of pharmaceutit@80-2002 (average share in

each period). Source: Statistics Sweden

In relation to the size of the Swedish economy, d&és share of global export flows
should fall in the interval 1-2 percent. Paperppaihd wood products are the largest
Swedish export product groups in terms of theiresha global exports during the
2000s. All these industries have however experi@rcdeclining export market share
for the last 40-50 year©Other product groups with relatively large export market
share comprise (i) telecom products and (ii) mddicaducts and pharmaceuticals,
and these product groups have continued to grow thkeelong term. During the last
century Sweden’s share of global exports in eacttheSe two product groups
amounts to around 5 percent. This is about twickr@e as the corresponding figure

for road vehicles.

The strong Swedish position as an exporter of pheeuticals reflects that only a few
countries develop new drugs and medicines at a@ilasgale. In this sense Sweden
belongs to a small group of countries hosting lacge pharmaceutical R&D, such

as the US, Switzerland and the large countrieker&tU.
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Comparable data for 2004 show that AstraZenecauatsdor about 80 percent of
Sweden’s total exports of manufactures by firmshie pharmaceutical industry and
about 5 percent of the total exports of manufastung firms in the manufacturing
sector? The total exports of manufactures by firms in thanufacturing sector in
Sweden amounted to about 850 billion SEK in 2004tra#eneca’s share of
Sweden’s total exports is significant and refldobsv the countries’ aggregate trade
flows are affected by the location of MNEs, in parar for small economies like the
Swedish one. In 2007, Sweden'’s total exports ofufantures (by all types of firms)
amounted to about 1 114 billion SEK and the cowadmg figure for total exports

(including services) was about 1 610 billion SEK.

The majority of the product groups that constitatiarge fraction of Sweden'’s total
exports are based on natural resources. It is phntaree knowledge-based export
product groups whose share is as large as or l#tgarpharmaceuticals, i.e. telecom
products, road vehicles and machinery equipment.

AstraZeneca'’s importance for Swedish exports capuiein further perspective by
calculating net exports, i.e. the export value mithe import value. In this way one

can calculate a net export share:

« Net exports = exports — imports

«  Net export share =_Netexports
Exportst+ Imports

The net exports of the whole pharmaceutical seaot@weden amounted in 1997 to
about 15 billion SEK. A decade later this figureshraore than doubled. The lion’s

share of this development can be attributed toaX&neca:

2 The manufacturing sector is defined as NACE 15R3armaceutical exports are defined as
the total export of manufactures by firms belongiogNACE 24420,Manufacturing of
Pharmaceuricals
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« In 1997 AstraZeneca’'s net exports from Sweden vpgsoximately 8 billion SEK
and seven years later this figure had increasedai@ than 30 billion SEK, that is,
more than three times as large. The same figuB®@7 is estimated to be about 10
billion larger. Large net exporters like AstraZeaegrovide Sweden with

opportunities to be a net importer of other product

* The net exports of AstraZeneca can be related ted8ws total net exports. The
firm’s net export of manufactures is estimatedliow 40 billion SEK in 2007. This
corresponds to over 30 percent of Swedish totaérpobrts. Sweden’s net exports of

manufactures were about 120 billion SEK in 2007.

The net export share for the Swedish pharmaceutidaktry was about 40 % in 2006
and 2007. The corresponding figure for AstraZenescaomewhat higher. In this
regard one can compare the pharmaceutical industnythe paper, pulp and wood
products that are based on natural resources. ddsngarison, Table 2 presents total
exports and imports in 2007 for three product gspyp forest-based products, (ii)

engineering industry and (iii) pharmaceuticals.

The large net export share for paper, pulp and wpamiucts can primarily be
attributed to domestic supply of forest-based isp&or pharmaceuticals there is in
essence only one fundamental factor of productioeknowledge, the creativity and

the experiences of the pharmaceutical labor farc@weden.
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Table 2. Sweden’sxports and imports of goods in three large produstips 2007 (Source: Statistics

Sweden)*
Exports Imports Net export share
(billion SEK) (billion SEK) (%)
Forest-based
128 32 60
Engineering industr
9 9 y 502 399 11
Pharmaceuticals
59 25 40
Sweden (total for manufactures)
1140 1020 6

*) Product groups are defined according to SIT@gst-based products (24,25,63,64), engineering

industry (71-79), pharmaceuticals (54).

AstraZeneca has an evident importance for Swedsggsegate exports. It is equally
evident that Sweden is of minor importance as &atdor AstraZeneca’'s products.
Sweden accounts for a small fraction of the firtol sales from Sweden. The firm’s
sales in Sweden and the other Nordic countriestitotesabout one percent of total
sales from Swedish units. The distribution of A&gaeca’s sales from Swedish units

is presented in Figure 6.

Exports from AstraZeneca in Sweden

/\

North America Europe Asia Rest of the world
42 % 43 % 5% 10 %

Figure 6. Distribution of exports from AstraZeneca units imedlen in 2007. Source: internal

figures from AstraZeneca

The Gross Domestic Product (GDP) measures the gajgreralue of all goods and
services that are produced in a country duringaa.y&DP is the most frequently used

variable in analyses of countries’ growth and depeient.
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Figure 7 shows the value of AstraZeneca’s valueedds a share of Sweden’s GDP
during the period 1997 through 2006. The value-ddifea firm measures the value of
its production. During 2007 Sweden’s GDP excee?l6d0 billion SEK.
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Figure7. AstraZeneca's value-added as a share of Swedenf.Sburce: National Institute

of Economic Research and internal figures from #&tneca

The figure shows that AstraZeneca’'s value-addeda ashare of Swedish GDP
increased from about 0.4 percent in 1997 to abqertent in 2006. This implies that
the firm’s value-added has grown much faster th@nSwedish economy as a whole.
This development reflects the successful internati®ales based on drugs such as
Losec/Nexium, Seloken and Symbicort and others.firheeés value-added amounted
in 2004 to over 26 billion SEK and is estimatedotoabout 10-15 percent higher in
2006. Its share of Swedish GDP is substantiallgdarthan a typical Swedish

manufacturing firm.
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AstraZeneca'’s importance for the Swedish economybeasummarized as follows:

About 60 % of total employment in the pharmaceluiicdustry

® 0.4 out of 100 employees in Swedish total privatpleyment

* About 1 percent of Sweden’s GDP

* The contribution to Swedish exports of manufactamsunts to about 5 percent

®* The contribution to Swedish net exports of manuifies is estimated to over 30

percent.

AstraZeneca in Sweden’s knowledge economy — amiewer

AstraZeneca’s establishments in Sweden form an R&d knowledge-intensive
multinational organization, which demands laborhwé diversity of competence
profiles. In this role it adds to the formationtbé Swedish knowledge economy and
contributes to a Swedish research competence afriamce for healthcare as well as
the life sciences.

R&D is the main activity in AstraZeneca. The firméstablishments in Sweden
invested over 12 billion SEK in R&D in each yea0Btand 2007. This figure can be
compared with the following figures for Sweden:

* The R&D investments in Swedish firms amounted i0&€ about 81 billion SEK.

The total R&D expenses in universities were ab@upilion.

The R&D investments of Swedish AstraZeneca unit2006 amount to almost 15
percent of the total R&D investments initiatedhe tSwedish private sector during the
same year. The volume of AstraZeneca’s R&D investmaitiated by Swedish units
can also be illustrated with figures on R&D man+ged8etween 7 and 8 out of 100
man-years in R&D in the Swedish private sector barattributed to AstraZeneca’s
units in Sweden. The magnitude of these numbeurstilite in itself that AstraZeneca
constitutes a major player in Sweden’s innovatigetems. AstraZeneca’s global

R&D activities take place in several different imation milieus and comprise a large
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set of collaborations all over the world. Knowledaed information flow within the

firm’s internal network for knowledge and informati exchange. Indirectly these
knowledge flows provide the Swedish healthcareesysas well as the medical and
the pharmaceutical research milieu in Sweden wilkiaatages that other small

countries lack.

An important way in which researchers in Sweden aadirectly access the
knowledge flows is by means of research collabonatiwith AstraZeneca. In 2007
AstraZeneca Plc had about 350 larger research boodtions with universities,
research institutes and other firms across theegl@Glver 20 percent of these are with
Swedish actors. One out of three research colléibasain Europe comprise Swedish

partners.

Another measure of the magnitude of the R&D agtisiis R&D outputs in the form
of patent applications and granted patents. Patgigia global phenomenon for most
pharmaceutical companies in the sense that they &pppatents in several countries.
Between 2000 and 2007 AstraZeneca applied for 806000 patents, protection of
designs, etc., in different parts of the world. Tine’s yearly number of applications
to the Swedish Patent and Registration Office (RHYropean Patent Office (EPO)
and Patent Cooperation Treaty (PCT) amounted dih@egame period to about 600.
This can be compared with that the total numbermglications to PRV is about
3 000.

AstraZeneca’s R&D activities in Sweden also gereerayalties and incomes from
licensing activities. Incomes of this kind from ahd amount to about 10 billion SEK,
which corresponds to roughly a fourth of the ta#aport incomes. This form of
“knowledge sales” to foreign countries is typioal most R&D-intensive industries in

Sweden, but for AstraZeneca they are especialjelar
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5. INTERACTION WITH THE SWEDISH ECONOMY

5.1 Input delivery networks in production and R&D

Firms play a role in the economy as both supplé¢itheir output and customers who
buy inputs from the market. More specifically, feninteract with the rest of the
economy by purchasing inputs from other firms apdiélivering goods and services
to other firms. These transactions bring abouttlaerainvariant pattern of deliveries,
such that the pattern changes at a slow pace betyesys. The pattern of firms’
interaction can be aggregated to a delivery pattetween sectors, forming an
intersectoral delivery network. Such a network esarded in most countries as a
Social Accounting Matrix (SAM), in which the delirres between sectors are a core
component, represented by the Input-Output tald@ (@ble), depicting transaction
links between all the sectors of an econdm$AM also includes labor and capital
inputs as well as export and import information.Ms8an be constructed for regions,
countries and entire groups of countries like the B this chapter we employ SAM
for the Swedish economy to provide a picture of thie that the company group

AstraZeneca plays in the Swedish economy.

With the help of an I/0O model it is possible to clé@se how the expansion of a firm’s
(and a sector’s) output generate additional denfanichputs (goods and services) that
the firm uses in its production. In a similar wde tmodel describes how reduced
production in a sector impacts the economy by deingna lower amount of inputs.
Such changes have thus repercussions on the iestivitother parts of the economy.
Expansion generates demand for increased inpwedigls, which may originate from
domestic or foreign firms. When most deliveries donestic the feedback from a
sector to the domestic economy may be considerabie feedback becomes weaker

as the share of deliveries from foreign suppliecsease.

13 Transaction links provide an overall image of Hifferent sectors of the economy buy and
sell goods and services to and from each other.
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As explained above, it matters how large the doimestare of inputs to a firm is.
When the share is large the firm stimulates thé oéthe domestic economy to a
greater extent than when the share of importedtsnauilarge. In the former case
domestic deliverers are stimulated to grow. Howgifethe domestic deliverers are
not capable of offering the right inputs at competi prices then the firm has to
acquire its inputs from other parts of the worldod¥llarge multinational firms are
skillful in making use of the diversified speciation that the global economy offers.
Obviously, this tendency will be larger for multifmals in a small economy — like

the Swedish — than in a larger economy.

The task of the present section is to establish litles or couplings between
AstraZeneca and the rest of the Swedish economly weigard to the firm’'s (i)
production activities and (ii) R&D activities. Thanalysis employs traditional
techniques of computing multiplier effects, makioge of SAM-information for
Sweden and information from AstraZeneca’'s own aotouFigure 8 presents the
structure of inputs to and outputs from AstraZefseqaoduction facilities, upon

which the calculations are made.

Laborinputs =>

Exports

Intermediate inputs of goods=>

from Swedish suppliers

:> Output<

Domestic sales

NOILDONAOodd

Intermediate inputs of goods

from foreign suppliers =>

Figure 8. Inputs to and output from AstraZeneca’s productamilities.

Transaction links between a firm and the set ofossdn the economy are reported in
I/O tables also called transaction matrices. AntdBle informs for a sector about the

sector’s input coefficients, where each coefficigidws the input per unit output, in
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value terms, from each of the economy’s differesttars. With the help of an 1/0O
table it is possible to calculate the multipliefeets that a sector (or a firm in a sector)
has on the total activity in the economy when thgot from the sector increases by

one percent.

In this section the input coefficients of Astra ea have been estimated for the
firm’s total production in Sweden and for the fisntotal R&D-activities. On this
basis the analysis provides answers to two diftegestions. First, how much is the
Swedish economy stimulated when the productionvities in Sweden increase?
Second, how much is the Swedish economy stimulateein the R&D activities
increase? These calculations also provide infoonadbout the impact from reduced

production and R&D activities.

In order to provide an overall understanding ofuingeliveries, the inputs of labor,
capital and intermediaries are presented as a siidine total costs of AstraZeneca’s
activities in Sweden. Such an overall picture iespnted in Figure 9, where total
costs are divided into production costs and satestsc including marketing and
contacts with buyers in different parts of the wofThe surplus from production is
calculated as sales value minus production and salk&ts. This surplus can be used to

finance R&D activities.
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90% imports

AstraZeneca’s production value in Swesh — Surplus
Production costs: Sales and marketir
Around 6 billion SEK costs
\4
Capital: Total labor costs: Intermediary inputs:
18% 62% 20%, of which more than

Figure 9. AstraZeneca'’s production in Sweden, 2007. Sounternal figures from
AstraZeneca

In AstraZeneca’'s annual accounts, the costs assdcwmith sales, distribution and

administration are reported together, as one congp@art. The major share of these

costs consists of sales and marketing costs. Haweghould be recognized that the

sales of AstraZeneca'’s products are managed lsreliff sales units located in a large

number of countries, and the sales operations cthweerentire product mix of the

company group. The Swedish share of the correspgndosts cannot easily be

traced, and the important feature of the costsasthey, in all essence, occur abroad.

Thus, sales costs do not stimulate productionheroparts of the Swedish economy.

From a technical point of view, AstraZeneca's pmichn value in Sweden is

calculated according to the principles for est&lolig the Swedish national accounts

(Statistics Sweden). We may then observe that vherproduction costs have been

determined, we can subtract production costs fioenproduction value to obtain the

sum of (i) surplus and (ii) sales costs. If thigiane, sales costs have the same order

of magnitude as production costs.

The figure shows that costs associated with praolucimount to about 6 billion

SEK. The natural division of these costs is intaolacosts (wage sum), capital costs,
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and intermediary deliveries. Labor costs compiigenhajor share of production costs,
around 60 percent. Intermediary deliveries corredp®o about 20 percent of
production costs, and this is a small share, ibmpmgarison is made with the average
for the manufacturing industry. The basic obseorais, however, that AstraZeneca’s
production in Sweden is labor intensive. As a cqusace, changes in AstraZeneca’'s
production affect other firms in the Swedish ecopdma limited degree, since input
deliveries from other firms are comparatively snaaltl primarily originate from firms
outside Sweden. Stimulation of the Swedish econdngenerated via the labor

market. These conclusions can be summarized asvill

« Increased production in AstraZeneca generates smll stimulus to deliverers of

inputs.

« Increased production in AstraZeneca stimulates gmilynthe rest of the economy via

increased demand for labor inputs and thereby &ser@ wage sums.

The two observations above indicate that AstraZa'seSwedish production units
have their location because of the available Idbare, and that the accessibility to
labor inputs outweighs the disadvantage of distamppliers of intermediaries,
including chemical materials. The latter are toasgé extent imported, and this
accentuates the conclusion about small upstreamulgtiion of Swedish firms.
Rephrasing this into economic jargon, AstraZenepedsluction units in Sweden have
small multiplier effects on the Swedish economy.aAway to benchmark, the reader
may observe that for chemical production in geneaal increase in output of one
million SEK stimulates the overall economy to gr@w million SEK. This growth
stimuli is a consequence of augmented input deéiseaind employment increases. In
the case of AstraZeneca the corresponding stinoulas not larger than 1.5 million
SEK.

In this analysis of AstraZeneca'’s interaction witie rest of the economy, we have
separated the R&D activities from the productiotivitees. There are several reasons

for that choice. For R&D activities, the nature af pharmaceutical company’'s
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upstream and downstream linkages is quite diffefeaoin the linkages of its
production. In particular, since the middle of ti®60s large pharmaceutical
companies have gradually allocated an increasiagesbf their R&D in sites outside
the country of the head quarter (Kummerle 1990)réduver, R&D efforts generate
knowledge that is an output in its own right, ahd treated knowledge represents a
property which can be sold or licensed to othendir and which is often transferred

between different units of each individual multioatl company group.

Figure 10 presents the costs of R&D activities #ua initiated by AstraZeneca in
Sweden. The figure shows that more than 40 perokthie R&D investments are
carried out with the help of purchases of R&D se#®| and these services add to the
R&D efforts made by AstraZeneca’s ca 4 500 R&D vewskin Sweden. A major part
of the purchased R&D is imported from abroad, a@mesé¢ imported R&D services
concern primarily clinical studies which are madaepwopulations in several different

countries. Hence, these studies have to be cortigkibally.

Currently, the company group AstraZeneca organidiescal test programmes that
involve about 68 000 patients in different partstte world. Around 3 000 of these
patients are Swedish, i.e., about 4 percent. Suti@ take place in Sweden have a
budget around 120 million SEK, and this budget esponds to more than 2 percent
of the R&D services that are purchased by the compaSweden.

AstraZeneca’s R&D work is labor intensive. AbouB &f the Swedish in-house R&D
expenditures are labor costs, including a crewasfsaltants who participate in the
R&D work. Other components of the in-house R&D soate capital costs (11

percent) and intermediate inputs (22 percent).
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R&D expenditure that are initiated by AstraZeneca n Sweden:
Around 12 billion SEK

Purchased R&D services:
42 %

In-house R&D activities in
Sweden58 %

\ 4
Labor costs: Capital costs: Intermediary inputs:
66 % 11 % 22 %, of which more
than 60 % are imports

Figure 10. AstraZeneca’'s R&D expenditures in Sweden, 200dtc8: internal
figures from AstraZeneca

How important is AstraZeneca’'s R&D budget in Swetlés will be discussed later
the budget corresponds to around 15 percent ofaia R&D spending by private
industry in Sweden. However, here we want to disciw a change in
AstraZeneca’s R&D investments in Sweden will affde Swedish economy in the
short run via different multiplier effects. With ghhelp of social accounting
calculations it is possible to show that an inceeafsAstraZeneca’s Swedish R&D by
1 billion SEK will generate increased input delies; and increased employment
with growing wage sums that together will make 8weedish economy grow by 750
million SEK. Thus, the overall stimulation is sneailthan the increased budget, and
this is primarily caused by the large share of ingu R&D services. Moreover the
inputs used in the R&D work are also to a largeeetimported, and this
circumstance also lowers the stimulation of thé oéshe economy. In a longer time
perspective the increased R&D budget can be expdotgenerate income flows in

the form of royalties and license payments.
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In summary, the traditional network analysis présénin this subsection
demonstrates that AstraZeneca’s links to other @mim actors in the Swedish
economy are thin in a similar way that one ofter$ for multinational companies in
many industries. Like other multinational pharmdimah companies, AstraZeneca in
Sweden has instead well developed internationalor&s — with regard to both its
production and R&D activities. The AstraZeneca simt Sweden stimulate the rest of
the surrounding economy primarily via the labor ke&r Growing production and
increasing R&D generate expanding income, whichmgttes demand in the

economy.

5.2 Couplings to the Swedish labor market

In general, large multinational enterprises havengoortant role in the development
of the Swedish labor market, by diversifying thended for new types of skills and
knowledge, and by learning on the job effects apl@eare employed in the pertinent
firms. Of special importance is the internationaterface that many employees get
when working in a multinational firm. Thus, the majinfluence from Swedish
multinationals is their effects on knowledge grovethd expansion of international

trade.

International research recognizes the long-termattgpfrom large research-intensive
firms and their influence as “anchor-tenants” firey small and medium-sized firms.
According to this hypothesis, anchor-tenants supiber evolution of knowledge and
competencies which would not have developed withloeitpresence of the research-
intensive firms in each individual functional urbaggion. The message is that the
anchor-tenants generate qualities to the econorilieurin which they are located,
and that these qualities spill-over to other firmsthe milieu, including firms that
interact more persistently with the anchor firms. @ticle by Agrawal and Cockburn

(2003, p. 1230) expresses this as follows:
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”... large anchor-tenant firms thicken factor markeifferently than many small
firms that equal the size of the anchor tenanhéaggregate. Economies of scale
and scope allow large firms to employ workers vhiphly specialized skills such
as experience in large-scale manufacturing, takimgs publicly and entering
foreign markets. The presence of workers with theglts and in local labor

markets may make these skills available to sméiles.”

The different AstraZeneca sites in Sweden are tems anchor-tenants in each of
their locations. However, the AstraZeneca’'s esshbfients in the Stockholm region
(Sodertélje) have benefited considerable from ghimiring tenant, namely the Scania
establishment in Sédertélje. The multinational campScania has a long tradition in
developinglean-productiontechniques, and because of this the local labokehas
an excellent fishing area for other companies whitdgmand labor with lean-
production experiences. The AstraZeneca managewfetite production sites in
Sddertélje recognizes this fact as an importanibned) milieu characteristic that has

favored the company’s process innovations oveng fmeriod of time.

At the same time, AstraZeneca also functions anahor-tenant itself, and it does so
in a country-wide sense, with its locations inthiee metropolitan regions of Sweden.
In this context, the company has in a marked wagnba driving force in the

development of those knowledge and competencelgsdfiat characterize R&D and
production of the pharmaceutical industry. Thisluaehce is evident for Sweden’s
three large functional urban regions Stockholm,eB6tg and Malmo, in which the

presence of the company has stimulated universggarch and the start-up of new

firms in the biotechnology area.

It should not be a surprise that AstraZeneca’seldRgD activities are knowledge
dependent. Less well known is that the firm’s manotdring activities have high
knowledge intensity, with a considerable amounteofployees with at least three
years of university education. Table 3 presentscibraposition of the labor force,

divided into (i) PhDs, (ii) engineers, and (iii)hetr university educations extending
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three years or longer. AstraZeneca’s R&D and prbdomperations in Sweden can

be described as follows:

¢ Close to 100 percent of the employees occupiediD Rctivities have three years or

longer university education, when excluding som&dsupport activities

« In production, the share of employees with longversity education (three years or
longer) is about 20 percent. This figure is arofma times as large as the average

for a typical manufacturing firm.

Tabell 3. Composition of the employment in AstraZeneca’s Sslednits

R&D Production
PhDs 1070 31
Engineers 495 325
Other employees with long

3040 367
university education
Share of total employment 100% about 20%

AstraZeneca’s R&D operations in Sweden had in 28Gtaff of more than 1 000

researchers with a PhD education. This figure cbeldssessed as follows:

* The total number of R&D workers with a PhD in Swatdfirms was in 2005 about 5
000

* At the same in time, the medium-sized Jonkopingvensity employed around 150
full time PhDs
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* Turning to the Royal Institute of Technology i Stbolm, we find that the number of
PhDs amounted to 700, while the number of dockitalents was ca 1 500.

¢ In year 2005, the number of full time R&D workets<arolinska Institute was about
1 700.

The above comparisons illustrate that the sizestfa®eneca’s R&D efforts can be
compared with a technical university like the Royaititute of Technology (KTH),
when the input of PhDs is the benchmark variabletdp of this, AstraZeneca’s
R&D operations currently employ about 3 500 engiseed other employees with a

long university education, comprising at least ¢hyears.

At a finer level of specification, which profileamr be found among AstraZeneca’s
R&D staff? The researchers comprise people witbraantation towards analytical
chemistry, pharmacy, molecular and integrated gldut also physicians, and
engineers. In this way the company offers job opputies and career tracks for
individuals with an academic education in a var@tgisciplines such as chemistry,
biochemistry, microbiology, pharmacology and pharynan addition there is a wide

interface with almost all specialties of medicine.

Table 4 reports on the functional division of AZeaeca’s employees. The table
shows that a major part of the workforce is occdpwh tasks that can be
characterized as knowledge handling, signifyingtahat elaborates and
disseminates information or detects, develops #fusds knowledge in the internal

networks of the firm.
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Table 4. Functional composition of persons employed in A&treeca’s establishments in Sweden

(January 2008)
Functional division Number of employees

R&D 4509
Production 3830
Corporate management and governance 330
Human Resources and R&D management 228
Information systems and IT 211
Sales and distribution 366
Support functions 1423
Astra Tech (subsidiary of AstraZeneca PLC) 947
Total 11 844

A conclusion from the preceding discussion is thstraZeneca imposes demanding
requirements on the Swedish supply of knowledgenisitve labor through its R&D
activities as wells as its advanced production koygistics activities. The R&D
operations generate a demand for a diversity ofnedicine educations. From the
perspective of the Swedish society, AstraZenecahisn way offers career tracks
outside the university area for undergraduates guadiuates from a wide set of
university disciplines. Without these tracks theefligh universities would not have
the opportunity to maintain education programmeshatcurrent level. In a future
perspective, the current interplay between the mhaeutical industry and the
university education in Sweden reproduces the kedgé base in areas such as bio
chemistry, micro biology, pharmacology and researhlarge” molecules, and these

are areas with potential applications outside diegjgn and production.

AstraZeneca is a prime motor in the segments oSthiedish labor market discussed
above. In the middle of the 1990s more than hal@albfpersons working in the

Swedish pharmaceutical industry had their employtnienAstraZeneca. Ten years
later this figure had risen to 65 percent. At timse, 17-18 percent of the total labor

force of the company group AstraZeneca had thés jo Sweden.
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Being such a large actor in small and specializeginents in the Swedish labor
market, how does AstraZeneca manage to recrugeitsonnel? One aspect that we
will return to is that the recruitment options diffbetween the company’s different
sites. For R&D workers, the annual turnover cary \metween 2-5 percent across the
sites. This means that there is a considerable lettm® renewal process from the
perspective of the company, while it also implibattknowledge diffuses to other

parts of the economy and society.

Studying the recruitment processes in the Swedisarmpaceutical industry in
Sweden, it seems reasonable to conclude that theersity system manages to
produce a matching amount of young researcherssdigds that are relevant for the
industry. In addition, the recruitment activitiesanc employ well established
interaction networks which connect actors who regné demand and supply of
university educated labor. However, the recruitneinesearch leaders and managers
is more problematic, because in this case the indtises to attract persons with a
long period of experience. Since AstraZeneca hadh su dominant position in
Sweden, there are few other domestic firms fromcWigxperienced research leaders
can be recruited. As a consequence, research seadeften searched for with the
help of headhunting procedures, and the sourcesdar staff extend over Europe,

with UK, Germany, France and Denmark as importaeatch fields.
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6. R&D AS A GENERATOR OF WEALTH

6.1 Knowledge and knowledge handling in producdod R&D

Pharmaceutical companies are recognized as R&Msive, and because of this
many observers find it natural that they have ahmiacger share of employees with
long and specialized education. Many of the larggstnational pharmaceutical firms
still have a two-pronged structure, with knowledgeation as the prime line and drug
production as the second. In the period after 2003 possible to identify a

development along which knowledge production grigusecomes separated from
drug production. The change points in a directidmerg the drug manufacturing

activities are outsourced to separate firms.

AstraZeneca’s activities in Sweden 2007 had thesa@al structure in which R&D
and manufacturing are parallel activities. If theamafacturing activities and
associated support functions are studied in ismiative can still observe that also the
manufacturing processes are clearly knowledge $nten This is explained by a
whole chain of knowledge-dependent operations sashquality control, where
inventories and packages are inspected on a redpalsis, and where chemical
processes, pharmaceutical agents and final drudupt® are examined and tested
according to scheduled plans. Among others, proa ggineers, chemists, and
dispensers participate in these control routinebvi@usly, a large share of the

pertinent workforce has a background with 3-5 yednsniversity studies.

The R&D work in a pharmaceutical firm comprises tlesign of new pharmaceutical
products, but also development of already existinggs and preparations as well as
therapeutic procedures and prescription schemes. |dtter part of R&D efforts

include alternative formulations, strengths, paakggolutions as well as extended
use of a drug to new diagnostic indications. It dtlobe observed that a new
pharmaceutical product has first to pass a seyeal-period of pre-clinic research
processes, in which a major task is to formulater meolecules with desired and

warranted features. Such substances are testedrious ways, including tests on
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animals. In this context, there are two issues, ravhtbe first is the medicine’s

effectiveness and the second is its safety.

When the first pre-clinic phase of the drug degigncess is successful, then it can
enter its development phase, which comprises finady formulation and a series of
clinical studies of the drug’'s effects as well & side effects. This transition is
usually referred to as a shift fromdéscovery phaséo adevelopment phas&hose
drugs that enter the development phase also ndedtgaotection, and the patenting
activities are demanding in their own right. Moregva product must be approved in
each country where it will be marketed, and theraysd process also requires special
skills and a fair amount of interaction. Finallyhen the development work reaches
this stage, the company has already manufactuprddauct stock so that distribution
can start immediately after a drug is approved. Jdles revenue must come without
delay, in view of the fact that many drugs haveuawglated R&D costs during a
period of 10-15 years, and these costs have toovered by income flows. In

addition, the period of patent protection is lindite

The extremely long period of R&D investments in artigular product and the

associated accumulated costs thus provide stroreniives to start the production
without unnecessary delays. As a consequenceystivtess R&D to a large extent has
to take place in combination with the ongoing matdring activities. In this way,

the rationalization and efficiency augmenting R&Dfods in the Soédertélje

manufacturing establishments become an integral phrthe production itself.

Improvement groups and quality circles bring alsiapwise improvements along the
principle oflean productionas developed by the Toyota company. The AstrazZene
process R&D in Sodertélje is to a large extentinespby the practices of the Toyota
and Scania companies. During the entire life cyéla pharmaceutical product a lot
of attention is given to activities that industredonomists call process R&D, where
gradual improvements of routines are carried oudrder to reduce production costs.
Such efforts are necessary, because the overtdrpdibr a pharmaceutical product is
that its price in most markets falls over time,tlyaas a result of competition and

partly because of price regulations by authoritiesiany countries. This implies that
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for many products it is required that costs carrdmiced by as much as 5 percent

annually.

The described conditions for drug manufacturing dativeries have the effect that
process R&D becomes a considerable part of the R&Penditures of a drug
producing company. This helps to explain the olmtésa that manufacturing of
pharmaceutical products is a knowledge-intensiwiic In addition, sanction to sell
a certain pharmaceutical product in a country meguihat the production process and
the associated quality control procedures are &edepy the relevant authorities of
the country. This means that a company like Astn@fa has to interact (in matters of
manufacturing and delivery quality) with authorstiacross the globe to get sanctions
or permits to sell in each individual country. Agathis makes the drug production
different from many other types of manufacturingdat forces the organization to
employ the required competencies. The following ag illuminate the nature of

pharmaceutical manufacturing activities:

¢ Pharmaceutical manufacturing with integrated precB&D is characterized by

persistent development activities rather than stnsgktems routines.

« Since the end of the last century the manufactupngcess has changed in a
direction, where pharmaceutical firms increase #maployment of precision
instruments and techniques, information systenigtros and nano-engineering. This

technology development moves production towardsiecdd knowledge intensity.

« All relevant changes in production routines mustibeumented in a systematic way

in order to establish certificates in each markieése products are sold.
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6.2 From molecules to global products

AstraZeneca’s product mix comprises dry substarfeegy. tablets and capsules),
inhalation medicines and liquid products (e.g. dtin liquids). In all these product
areas the company is conducting pre-clinic bassearch (Discovery), as well as
development R&D (Development). In the beginning28i08 about 2 000 persons
were occupied with basic R&D in Mdélndal (Goteboegion), Sddertalje (Stockholm
region), and Lund (Malmo6-Copenhagen region). In #ane sites around 2 500
person were involved in development activities sashdrug formulation and global

programmes for clinical tests.

The entire process of drug development is compa$ddo main activities, which
partly overlap each other. The first activity, whiis described in Figure 11, aims at
discovery or detection of a combination, consistafg(i) a target protein, which
affects the evolution of a certain disease or l&iagout dysfunctional phenomena,
and (ii) chemical agents which can be used to emftie the target protein. When the

pre-clinic research is successful the clinical Esidan be initiated.

For a long period, many firms in the pharmaceutindlustry have reported that the
complete process, including both discovery and ldgveent, extend 10-15 years in
time. In recent time AstraZeneca has the ambitmmeduce this time span down
towards 8 years, making use of various advancenieriftechnology. Shortening

the R&D process time may be understood as a reatticdramatically increasing

R&D costs of making a drug ready for the markete Tdtal costs of a new drug have
been estimated to be close to 10 billion SEK inr @806 (Gassmann et al. 2008).

The different steps of the pre-clinic R&D procese dlustrated in Figure 11. The

basic comments are that for each final pharmacdupooduct candidate, the pre-
clinic phase runs over several years. A major dspieithe process is sorting ideas and
eliminate the vast majority of all attempts. In feriod 1950-1975 these elimination

activities were based on random screening, wheheaapproach in later decades has
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been guided screening, based on advances in mateoiglogy (e.g. Malerba and
Orsenigo 2006).

1. IDENTIFYING TARGET PROTEINS which play an essentiale in a
functional disorder on the cellular and molecuéasels. These proteins
(receptors) are the focus of the rese

4

2. IDENTIFYING ACTIVE CHEMICAL SUBSTANCES which can ftuence &
target protein. In this process one out of a thodsaitial alternatives is

selected for further analyses

3. CHOICE OF ACTIVE SUBSTANCES is made on the basisxgeriment:
with the chemical structure of the selected sulegtsnThe aim is to improve
the properties of the lead substances.

|

4. DESIGN OF SUBSTANCES is made for 15-20 choséstnces with the
aim to obtain a substance that can influence tigetarotein in an optimal
way. In this phase, tests are made on cells amdadsyi including search for

|

5. CHOICE OF CANDIDATE DRUGS for which the technlieaspects of
producing each candidate is examined. Applicationslinical tests.

|

START OF THE DEVELOPMENT PHASE which includes clinical tests.

Figure 11. lllustration of the R&D phases of AstraZeneca’s-pliaic research

At the time when a candidate substance has beaichthe development stage starts.
In this stage the ambition is to design the drugp dom the perspective of its
production. The second set of development acts/ti@mprises clinical studies, which
AstraZeneca describes as four phases of activities:
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Development phase 1The drug is tried on voluntary, healthy test suty,

50-150 persons.

Development phase 2:The drug is tried on patients with the disease, f
which it has been developed. In this phase the eurob patients who are
treated with the drug is usually 100-200.

Development phase 3in the third phase, the effects of the new drug a
compared with the efficacy of the current standeedtment of the functional

disorder or disease. These studies often compi@&¥® persons or more.

Development phase 4.The new drug or therapy has to be approved and
registered in each country, in which it is intendedoe used. In this phase
new clinical studies are started with the aim tcord and analyze the long-
term effects of the medicine. Moreover, the medisinhealth economic
consequences are investigated. These consequeecesnran important

argument in negotiations about the price of the meadicine.

For those drugs that have been approved for sgdeglopment and control activities

continue with a focus on recording and documematigh further proofs of efficacy

and additional search for signs of secondary effe&t the same time the company

may start to examine the possibilities of trying tirug for other disease indications.

An important aspect of these follow-up activitissa systematic investigation of the

drug’s effects on different age groups and potémtifierences between male and

female patients. A drug’s function may also be &#d by improvements of the

therapy design.

6.3 R&D networks for collaboration with externaltas

What determines a company’s possibilities to orasuccessful R&D work? On the

one hand, R&D activities require internal resourceshe form of knowledge labor

and the experiences and knowledge embodied inirinésfR&D workers, as well as
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the routines for knowledge creation that the firas ldeveloped over time. On the
other hand, the firm can make use of knowledge $ldvom external knowledge
providers. Part of these flows are acquired thrgugtthase, while other parts are the
result of cooperation with external researcherstitutes and universities as well as
other firms in the same and associated indusffies.collaboration with universities
has a particular importance. Persons responsiblileR&D efforts in AstraZeneca
estimate that up to 80 percent of all researchieelo various forms of cancer are
carried out as university research, whilst the lieing 20 percent take place within

the pharmaceutical industry.

Leading persons in the industry argue that curyetiiere are so many eminent
research milieus across the world that it beconmesrgossible objective also for a
large pharmaceutical company group to locate ithalte environments of knowledge
creation. In view of this, a favorable strategy muglude the formation R&D

networks with links to prominent knowledge prodwcier relevant fields. AstraZeneca
has developed processes and technologies for dratweg collaboration networks
that facilitate knowledge interaction over distandéhese links function as an
infrastructure for research coordination, knowle@ggehange, as well as trade with

new research results.

AstraZeneca’s global R&D is carried out in a sefR&D units in different parts of
the world. Those R&D establishments are interlinkedx network which provides
AstraZeneca’s production and R&D units in Swedethwualified knowledge flows

from knowledge nodes over the world.

* The AstraZeneca group has organized a scheme dtersgtic information exchange
between the nodes in the group, and this exchasgertains that specialized

information is made available for assessment ad¢h@ssentire internal network of the

group.

The Swedish units of AstraZeneca employ collaborasitrategies in a far reaching
way. First and foremost cooperation takes placevden R&D units inside the
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company group, AstraZeneca PLC, but the interactidih other pharmaceutical
firms has increased over the years. Other extawidborators include universities

and hospitals that are in charge of clinical stsdie

AstraZeneca’'s R&D units in Sweden have a large riatiional network for

collaboration, but there is also a dense netwotktefaction links to actors inside the
country. This is illustrated in Figure 12. With thelp of interviews and other forms
of information, it has been possible to estimatd the total number of collaboration
and cooperation links amount to about 550, divigethe figure into agreements of
collaboration and more well-specified joint reséaprojects. A large share of the
collaboration partners are found in Karolinska itoge, Chalmers Institute of

Technology, and the universities in Géteborg, Ufgpaad Lund.

« Considering the 550 links for collaboration andhexage of knowledge referred to in
Figure 12, the estimated branching of direct amliréct contact links represents an
area of interface with the Swedish research comtyumithe order of 1 500 persons

or more.

« The company’s direct and indirect contact links fesearch interaction can be

estimated to comprise 20-25 university researctadeg@nts in Sweden.

AstraZeneca’s collaboration links include variougpets of cooperation and
collaboration such as agreements to carry out jasearch, funding of research,
sponsoring of students with research grants aner edsearch support, especially in
the form of so-called fee for service. Still anatiierm of support is sponsoring of

scientific events and meetings.

Figure 12 shows that around 25 percent of the @tabunt of collaboration links
comprise large research projects. In 2006 the ressuset off for these 130 major
projects is estimated to be 55-60 million SEK. Timajor part of these R&D
expenditures has been classified as pure reseamperation. These figures imply

that AstraZeneca supports research and educati®@wedish universities and other
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research organization to an extent that exceedartheal costs of a normal university
department. To provide a benchmark figure, it imnmegful to observe that a typical

research budget at a regional college universityeicent years has amounted to
around 150 million SEK.

AstraZeneca’s agreements and contracts with universities and research
organizations in Swede

About 550 collaboration links to Swedish
universities, etc.

About 410 collaboration Abou 130 larger projects
agreements for research collaboration

Figure 12. AstraZeneca’s collaboration with external actorsSweden, 2006.
Fromthe information presented one may conclude:

» AstraZeneca’s financial support to research andcathn at Swedish
universities amounts to about 2/3 of the reseamibme at a representative
regional university. The university in Jonkdpingtlwaround 10 000 students

has had a research volume of ca 150 million SEK.

In addition AstraZeneca works together with Swedistversities by supporting PhD
projects, often combined with resources for tutprand thesis advice allocated to
adjunct professors. Moreover, PhDs can get soegllest-doc grants, and many
persons who get this type of support are lateruresd to take part in AstraZeneca's
in-house research. The described forms of resodoregoung researchers provide

support to around 30 persons annually.
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6.4 Labor mobility and embodied knowledge flows

The evolution of R&D intensive firms in the pharreatical industry is to a large
extent determined by two parallel ambitions of emclividual firm. On the one hand
a firm strives to control knowledge flows in suchway that knowledge does not
diffuse — unintended — to competitors. On the otiend the firm will benefit from

exchanging information with other actors wheneWwgs will enhance the firm’s own

R&D processes. These aspects were discussed ipréh@us sub-section; here we
shift the focus to illuminate knowledge flows thdepend on labor market

mechanisms.

Contributions to the international research literaton knowledge flows emphasize
the importance of labor market mobility as an intaot vehicle in diffusing
knowledge both between firms in the same industiy between firms in different
industries (e.g. Almeida and Kogut 1999, Oetll &gtawal 2008). This latter aspect
is of course especially important when we studyasgd multinational firm as

AstraZeneca and its influence on the relativelyls®aedish economy.

Spread of knowledge occurs when a firm recruitssgarcher from university as well
as when it hires experienced persons who haveaquslyi worked in another firms. In
a similar manner knowledge is transferred to thst ref the economy, when
employees leave a firm for employment elsewherghi# economy (e.g. Zucker,
Darby and Brewer 1998, Johansson and Karlsson Z2@#rsson and Thulin 2008).
This phenomenon is recognized as an important Bigrto economic growth both in
microeconomic and macroeconomic studies. These ledow flow effects of labor
mobility should be important for all types of emyeent, although the conscious
deliberations of a firm are more systematic whenoihcerns recruitment of R&D

workers and R&D managers.

During a normal year in recent time, the employmembover of AstraZeneca in

Sweden has been around 5-6 percent. This meanappabximately 600 persons
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annually leave the Swedish units to be replacedtmnut the same amount of new
employees. In the company’s R&D activities the awer of personnel is clearly
lower, with a figure varying between 2 and 4, whietplies that the research team is
renewed by at least 70-100 persons on a yearls.b@ke corresponding inflow of
new R&D workers is vital for the company’'s knowledgenewal, bringing in

additional competencies and experiences as wspesialist skills.

The prime sources for attracting Swedish reseaschee universities around the
country, with the three metropolitan regions asrtfeest important suppliers. But the
company also recruits a smaller part of the R&Dkeos from other firms in Sweden.
This latter recruitment pool refers to companieat tare not competitors on the

markets for drugs, although they compete for tmeeskbor force.

Interviews with managers of AstraZeneca in Swedmreal that recruitment from
Swedish universities has to be an act of balanoeth® one hand the company wants
to associate prominent researchers with its R&Dviéiets. On the other hand there is
also a clear cut need to ascertain that the vesyresearchers in the Swedish research
community can remain in their positions of perfanmifirst class research and to
continue to generate a sequence over the yearsunigycompetent researchers. The
capacity of securing this reproduction processqgsa#ly important already for the

medium-term demand for new researchers.

AstraZeneca’s annual recruitment of researchers fetroad combines to much
thinner flows of new competence into the compartyisTan be viewed in Table 5.
The annual inflow of persons from the Nordic coigsrand the rest of Europe has in
recent years been around 6-8 in number. A smaluatn@omes from North America.
However, it should be observed that there is a &mount of researchers in
AstraZeneca in Sweden where the inflow has itsiiiig places outside Europe and
North America. The estimation of this report isttim2007 the Swedish R&D units

employed about 425 persons with foreign background.
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Tabell 5. AstraZeneca’s annual recruitment of researchem f&broad, 2005-2007.

Inflow of foreign researchers Annual recruitment
From other Nordic countries 34
From the rest of Europe 3-4
From North America 0.2

Researchers who leave the R&D sites in Swedentfiatt way to new jobs outside
Sweden, in other Swedish companies, and to soneateaiiso to Swedish universities.
Only a very small amount disappears to academiearel in Sweden, and this is
primarily caused by wage compensations that arielthtompared to the wage level
in the pharmaceutical industry. The largest shafep@&rsons who leave from

AstraZeneca R&D units get employment in other comgesin Sweden, and this is
evidently an important aspect of the company’s Keoe diffusion to the rest of the
Swedish economy. Today, a considerable number ofmdo employees of

AstraZeneca have leading positions in small andiunedgized pharmaceutical and

biotechnology firms.

Experiences from the pharmaceutical industry telthat the pertinent R&D activities
are very dependent on a small number of key peramsresearchers with edge
competencies. Managers of AstraZeneca report thgtlass in this category of
persons has profound effects, because those whe &so attract skillful colleagues

to follow them on their new endeavor.

Recruitment of new personnel to the company istbet decisive type of investment
decisions that it has to do. The main source obrination for these continuing
investment choices is what can be retrieved fromm ¢company’s broad and far-
reaching informal networks. These networks playoke both when the company
strives for staff renewal and when it searchec@diaboration partners. More than 40
percent of the recruitment events are based ornopacsperson information and
second-order information from the established ckEnnof the company’s
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communication network. As a consequence, the maaniee of this network is vital

and crucial. The network is one of the company’sinbasic resources.

The networks that we are discussing are importahbnly for recruitment from the
academy and other research units, with which thepamy has established research
collaboration. The informal networks are equallyaortant for recruiting persons who
are employed by other companies. One additionalnaegt put forward in interviews
has to do with the smallness of the country, imuythat is possible to have an

overview of recruitment options inside the country.
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7. CONDITIONS FOR PHARAMCEUTICAL R&D IN SWEDEN

A sizeable share of AstraZeneca's total R&D budgdtandled by units located in
Sweden. The pharmaceutical research in the cobasysince the middle of the 1900s
benefitted from an environment characterized bst fitass research in medicine and
healthcare, including good conditions for clinidakts as well as other forms of
collaboration between the pharmaceutical industngl dhe health care sector.
AstraZeneca’s R&D units in Sweden have for a langetdeveloped close relations to
university and hospital research and continues g¢ofdvored by high research
competence in Sweden. The pertinent R&D actividiesnot dependent on only a few
top researchers, but can rely on a broad set R&ierance in the pharmaceutical

research areas.

In the most recent ten-year period, however, sévegorts signal that Sweden is
losing grounds in fields which are essential forraating and retaining private
investments in pharmaceutical research. Examplesuoh reports include studies
initiated by the Swedish Research Council (Vetepskidet) and the project
Medicine for Sweden (Medicin for Sverigervidsson et al. 20Q7at the Centre for

Business and Policy Studies (SNS). Also, a recemtlylished SOU examines the

conditions for clinical research in Sweden (SOU&0D

This chapter presents an overall picture of thecpraditions for pharmaceutical R&D
in Sweden. The major input for the presentatioa series of interviews with persons
working in AstraZeneca in Sweden, primarily manager different area¥’ They

have been asked to comment on the R&D environmer@weden and to express
opinions on how the Swedish R&D units can keeprtloeirrent status and even

strengthen their future role in the Swedish econamy research milieu.

14 A list of interviewees is presented in Appendix.
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7.1 Supply of labor to pharmaceutical researchwedn

A research milieu with diverse and deep discipknewledge

The development of the pharmaceutical industry ddpeon the universities’ basic
and applied research in the biomedical disciplimasswell as the industry’s need and
demand oriented research, and the research onpiberand drug treatments

conducted in the health care sector.

The pharmaceutical sector, including the biomediodustry, operates in a special
environment, where the public sector provides fai@nresources to basic research,
creating knowledge which is fundamental for pharewgical and other biomedical
firms, and where the county councils (landstingyena formal as well as practical
influence on activities in the university hospitatscluding applied, clinical research.
If the university research becomes too narrow am ih focal areas, the R&D
environment weakens, and that perturbs the comditior R&D intensive firms.
Reduced variety and depth lowers the probabilitpafel products — especially when
these are based on combinations of several différeowledge fields. In view of this,
the decisions made by the state and the countycdeumave a long run impact on

research strategies.

A similar type of reasoning can be applied to tbaaation of persons specialized in
chemistry, biology and medicine as well as combifieldls such as biotechnology,
informatics and biochemistry. Also in these casesihdustry demands both many-
sidedness and depth, where the pharmaceutical finage use of opportunities to
stimulate different specialties to join forces i&R projects. The presence of multi-
disciplinary competence is a prerequisite for tbie of each pharmaceutical firm as

an orchestrator.
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Supply of researchers to pharmaceutical R&D

The opportunities to recruit competent researcloanrs be classified as the most
essential location factor for a knowledge and R&bBtemsive company as
AstraZeneca. Without a sufficient supply of reshars in a given location, this place
becomes an impossible host region. Interviews ofDR&anagers in AstraZeneca
reveal that the company currently perceives thesipdgies to recruit young
researchers as comparatively satisfactory, althcoghe worries exist with regard to
certain disciplines, for example pharmacology aharmacy.

The interviewees in AstraZeneca express a concboutathe development of
resources for medical research allocated to theesities (faculty resources) during
the past 10-15 years. These resources have comtiawghrink. Some studies indicate
that in the period 1990-2000 the basic researcHifignof the medicine disciplines
were reduced by 20 percent, in constant prices ¢ésge SOU 2008:7). Another
observation is that there are too few post-doctipos available, and this reduces the
attractiveness of selecting an academic researokercaln the long term these
circumstances may hamper the influx of PhDs toSthwedish research environment.
In particular, the share of physicians that engagesearch has been falling in recent
time, while a large share of physicians with a R&@ntering retirement in the next
decade (Arvidsson et al. 2007).

Supply of research leaders to pharmaceutical R&D.

AstraZeneca has a recurrent need to recruit pensidhsboth knowledge depth and
research experiences. Several representativeshéoindustry claim that this is a
particular feature of pharmaceutical research.theioindustries the individual firms
can more easily transform young engineers to éitrtédsearch qualifications specific to
the own firm, primarily through “on the job traigh However, an R&D active

pharmaceutical company as AstraZeneca has to relyhe possibility to employ
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persons embodying specialized knowledge and expmrién pre-clinical research.
When young researchers are employed in clinicaareh they have to go through a
costly education process inside the company toisetjuie necessary competence and

skills that characterize industrial drug developtmen

Due to its size and internal resources AstraZerexsthe capacity to train their
clinical researchers in a manner that is too demngnidr smaller pharmaceutical and
biotechnology firms. At the end of the day, thigplies that AstraZeneca partly has
the role of an “industrial university” for the pmmaaceutical sector as a whole in
Sweden. The company is in fact the recruitmentsodor both new and growing
firms and academic research. A large number ofopergreviously employed by
AstraZeneca can currently be found in research ingadgositions in small

pharmaceutical and biotechnology firms as wellraadademia and authorities of the

health care sector.

A general conclusion from the interviews with leaglpersons in AstraZeneca is that
the company’s recruitment of research leaders ablpmatic. In transparent terms:
the company requires persons with experience adjufrom work in other

pharmaceutical firms. Such recruitment can onlgagonally be made in Sweden,
since there are no other large pharmaceutical comgan the country. Ever since
Pharmacia disappeared from the scene, the recmitoe research leaders has
become a matter of import from abroad. Obviousdgruitment of foreign candidates
for research leader positions is hampered by Hwhlaw Swedish wage levels and

high income taxes as considerable friction factors.

The pharmaceutical industry also voices its conadyaut university wage levels,
claiming that the attractiveness of university egsh is diminished by low wage
premiums. Other observations focus on the smaberaadvantages for physicians

with research ambitions and on the falling priogtyen to hospital research.
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The described conditions imply that AstraZeneca agars have chosen to combine
two measures. The first is to spend consideraldeurees on internal education of
research leaders. The second, complementary me@astoemport research leaders

from other companies in primarily European coustrie

The option to recruit research leaders from abisatharacterized by a whole set of
friction factors, such as the Swedish wage levieg level of income tax, and cultural
differences. The interviews with the AstraZenecfstuggest policy changes as a
means to facilitate the recruitment of foreign egsh leaders. These measures include
a prolonged period for which the so-called expaxtis eligible (reduced income tax
for foreign “experts”), and a less complicated rejstem for the pertinent foreign-
expert recruitment process. In this context theragi®nea interviewees refer to a
recent proposal from the Invest in Sweden Agentye ihdustry expresses a demand
for a prolonged period for expert taxation as om@asure. A second ambition is to get
rules which are more succinct in the classificatibrthe category “expert”. In short,

there is a demand for transparency and clear géisers which are easy to grasp.

Managers of AstraZeneca point out that the obstaaiehe recruitment process for
foreign researchers severely reduce the attraessenf sites in Sweden. They also
put forward observations showing how other couatr@nage to attract investments
in new R&D sites by offering various extra benefiigsigned to outcompete
alternative locations. One such example concermiaZsneca’s new research unit in
Quebec in Canada. The overall message is rathedifferent regions of the world

may enter into constant competition for new R&@sit
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7.2 Conditions for R&D collaboration and the Swédissearch
environment

Collaboration with hospitals and university hosjsta

Firms developing drugs and other medical produgpsess a wish for smooth forms
of research collaborations with both health cavigiers and universities. Firms in
the industry find that research interaction hasobex more complicated and less
harmonious, while making reference to a betteasibm in the past. A major change,
as expressed in interviews, is that health carboaties have adopted objectives
which give strong priorities to care and treatmaspects, whereas the goal to
improve treatment by means of research and deveopis put in the background to
a greater extent than previously. As a consequethee knowledge creation task
related to clinical research tends to be constdaine

AstraZeneca’s managers in Sweden emphasize thadewestorically has been a
forerunner in stimulating physicians with reseantterest to carry out their clinical

research on patients in collaboration with pharratical firms. The descriptions of
the current situation contain remarks saying tmatpctivity in treatment procedures
are stressed on the behalf of research-basedygimpitovements. It may be that this
issue of a tradeoff between short-term productivipnd long-term quality

development can be discussed from alternative angiaat remains is an impression
that the pharmaceutical industry’s opportunitiesctory out clinical research in
Sweden have evolved into less smooth conditions fhr@viously. Such a view

implies that Swedish R&D sites are classified ass lattractive than competing

locations outside Sweden.

In the bookMedicine for SwedeArvidsson et al. 2007), the authors remark that th
EU rules for procurement processes, with narrowstraints, may have become an
obstacle for informal collaboration, and thus weawsdde the informal interaction.

According to this view, the healthcare sector hasome a less important partner in

development projects of firms in the pharmaceutical medical technology sector.
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Another recurrent concern put forward in interviemwigh the staff of AstraZeneca is
that in preceding decades Sweden has been a laaltluiea in which new therapies
and techniques were introduced early in the lifdewpf new pharmaceutical products
and related technologies. The assessment is thagdhe last 5-10 years Sweden has
switched to become a late adopter. What is lacksnga manifest demand for
improvements of existing products and developménmtesv ones. A related issue is
that healthcare studies tend to be narrow, neglpdt assess the entire value chain.
Research by Frank Lichtenberg at Columbia Universitthe US has shown in a
series of studies that using new drugs normallyltesn a situation where the total
treatment cost falls, even if new drugs have adrgirice (Lichtenberg 1996 and
2000)%°

The importance of early adopters of new technolbgg been advocated in the
following way. If a new drug proves to be succeksf for example, the home
country, this provides information to administrataf health care in other countries,
where the producer applies for approval. In viewtho$, AstraZeneca deplores that
Sweden has moved into the group of countries wittelayed introduction of new
medical technologies. In this respect, the perie8012000 is described as an ideal
situation with mutual trust between the pharmacaltindustry and the healthcare
sector. At the same time, one admits that the reeeafied Ethical Agreement partly

pushes things back to a better and more smootraatien.

Clinical research and clinical tests in Sweden

The healthcare system remains an essential coditdyofor the pharmaceutical

industry, by performing clinical tests of new sw#tes and treatment methods. Thus,
it is vital for these clinical activities to havectear support from the head of each
hospital region. Another vital factor is the indgas of the doctors, nurses and others

!5 Gassman et.al (2008, p. 12-13) write "becausehefaritical situation of the healthcare
sector in most developed countries, we have semmn@lrators use a blanket approach to
curb healthcare costs, ignoring the potentially pensating effects of new drug use.”
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to participate in the research activity. If phyaits lose interest in qualifying
themselves in the research community, the Swedispitals will be less meaningful

to have as collaborators.

Clinical research has been described as the litwdasn the laboratory and good
medical treatment. The feedback from clinical testd drug development plays an
important role in the process of getting approviabaew medicine as well as its
introduction into regular use. The literature ors tissue suggests that the described
feedback mechanism functions better when the pragutal firm and the hospital

or clinic are located in the same region, allowimigfrequent face-to-face contacts.

AstraZeneca’s view as given above gets a certamuabof support in a recent report

on measures to improve the clinical research. I 2008:7 it is stated (p. 1259:

“During recent years a set of actors have pointeireumstances which indicate
that clinical research in Sweden operate underiderable difficulties, to such an
extent that it is losing in quality. Among predicamis, there is lack of time,
insufficient recognition of research qualificatiaismal career tracks, and slow
administration procedures. The industry complab@uatoo few research-active
doctors, with declining interest in clinical testie head administrations mention
difficulties in implementing research results. Usnisities signal the need for
increased resources and fragmented sources forcfiaresearch.”

R&D managers in AstraZencsuggest that the competence of performing clinical
research is gradually undermined, and concludetthatdevelopment is serious for
the pharmaceutical industry in Sweden. Comments fpersons outside the company
also report that a Swedish tradition in the fiddading away. At the same time, the
Swedish healthcare environment does not play amnaie for clinical tests. Recent

statistics from Lakemedelsverket (Medical Produsgency) verifies that drug tests

'8 Freely translated from Swedish into English. 9se Beiaco och Melin (2006).
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have declined from more than 600 per year in thadhaiof the 1990s to around 400

in the beginning of the 2000s. In particular, téstshase 3 have reduced.

The interplay between the healthcare sector andpti@maceutical industry has
become more troublesome in several dimensions danteyears’ The previously
informal and smooth interaction has become morendbrand businesslike, partly
because the healthcare administration has stadecharge for their services in
association with clinical tests of drugs, and tewithe tests as a particular service
production offered by hospitals. As a consequeinéermal interfaces deteriorate. An
additional complication arises, because it is oféenbiguous to identify who the
“business partner” is. Is it the researcher, thadhef the hospital administration
and/or the university? In such situations the omion and the distribution of

responsibilities get unclear. The outcome is airpality game.

In view of the described difficulties, the currestate is affected by uncertainties,
which disturb the associated investment decisi@s. conversations with various
decision makers bring us to the conclusion thaptiermaceutical and biotechnology
industries would like to see a long-term natiortedtegy for the future conditions of

the biomedical industries and the associated relsemailieu.

Collaboration with university research

Previous chapters describe AstraZeneca’'s rich lotiion network with links to

several university departments and other reseactirsa The assessment from the
company is that new friction factors have enteree picture. Previously smooth
interaction lead to useful knowledge flows. A netnepomenon is that universities
have developed ambitions to become leading partnetse innovation process, with
a stronger focus on patenting and commercializadoresearch results. These new
ambitions bring friction into the interaction bewve private industry and the

universities.

" Regeringskansliet, DS2003:56, p. 69-70.
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At the same time university researchers complamutibeduced time and resources
for quality research. Increased administrative bosdand stronger demands with
regard to applications for research grants havéaimegative impacts on research.
Actual research time declines. All in all, theses@ivations indicate that the rules of
the game generate disturbances in the interplayewset the industry and the
universities, affecting the whole process from i@ibn to commercialization.

Research on innovation and creativity suggestskinaviedge exchange and creation

is favored by reliable rules.

7.3 Do spatial clusters matter?

Multinational pharmaceutical companies in smallrdoies must to a large extent rely
on knowledge flows and input deliveries from thstref the world. The development
of pharmaceutical and biotechnology firms in a ¢ouis strongly influenced by the
R&D milieu that the country is capable of affordinghe most critical local
environment factors are the supply of educatedrlatith diversified knowledge
specialization. In this context, there is also attemaof critical masses for each

knowledge resource.

According to an investigation made by the Swedisbvgbnmental Agency for
Innovation Systems (VINNOVA), there are about 40 Qfersons in Sweden who
work in around 800 firms within pharmaceuticals,orbedicine and medical
technology, where more than half of the personshagearch related jobs. UK,
Germany and France have all a larger number ofnphegutical firms, and that
implies that these firms have a richer fund of sglests to turn to in their recruitment
efforts. In Sweden each particular market tendsetquite thin, especially with regard

to attraction of persons selected for researchiriggubsitions.

-74 -



During the past 10 years one can observe how aresspe cluster has developed in
the Washington DC region, and this illustrates @cess in which public orders and
purchases and proximity-based cooperation betwesmyemall and medium-sized
biotechnology firms has generated a renewal andresipn of a partly new industry,

with strong association to the pharmaceutical Htea.

AstraZeneca has collaborative projects with a nurbsmall enterprises in Sweden,
where approximately 10 percent of these joint éffare successful. In this context,
the company mentions the role of VINNOVA in arrarmgiinteractive efforts, where
different disciplinary competencies are combineds kconsidered important to stress
that VINNOVA has been helpful in accepting a longeriod for basic funding in
several projects. As this area comprises about fB@®s, there should be evident
conditions for additional collaboration projects ieth aim at combining
complementary pieces of knowledge. Such projecis gige rise to spillovers and
diffusion of ideas, strengthening the pharmaceutéad biotechnology industries.

From interviews and other documentation it is @essible to conclude

* Bringing new firms into the Go6teborg region woukpecially favor the historically
advantageous R&D activity in this region (MdIndaihich for the moment lacks the

desirable diversity.

* “Medicon Valley” in the Malm6-Copenhagen region hias potential of developing

into a future R&D milieu, where many new biotechomyf firms may emerge.

The international literature on innovation processe the pharmaceutical industry
conclude that the national context has a specil@ to play, with its common
regulations, norms and networks. A great variétiirms of varying size in a country
fosters both the innovation processes and the itewnt options. Saying this,
corresponds to emphasizing the importance of thiema rather the regional milieu.
It seems likely that co-location of firms in thensa region still should be of

importance. Anyway, the local milieu is essentiabni other perspectives.

'8 An intriguing story about this development is fd®d in Feldman and Francis (2003).
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Researchers who move to any of AstraZeneca’s R&i® sites must find their ways
into social networks and appreciate the place wtiere live as attractive — usually as
an environment for a many-person family. As a cquoeace, amenities, cultural
characteristics and school conditions become vital.this context, we have
observations which indicate that neither the Malmod the Gotebrog regions appear
to be sufficiently attractive for researchers tlaime from outside the Nordic
countries. In the case of Malmd, recruitment okegshers from Denmark seems to

be free from acclimatization problems.

AstraZeneca would indeed benefit from a more irgemschange between researchers
in Sweden and the US. The type of environmentsdbeg¢lops in regions like Boston,
Washington DC, San Francisco and southern Caldorgenerates clusters of
researchers who benefit from their mutual interfaddeo when they represent fairly
disparate disciplines. Research institutes haveldped to strong attractors of talents
from all different parts of the world. The aspiréévelopment in the Malmo-
Copenhagen region can be viewed as attempt tondlmilar paths as those in the
USA. In the Stockholm region there are likewiseod# to form the Stockholm-

Uppsala Bioregion.

7.4 Strategy for Sweden as a pharmaceutical rdseaheu

There is a clear demand or wish for a long-ternonat strategy, designed to promote
the development of the pharmaceutical researchr@amnwient in Sweden. Interviewed
person in the AstraZeneca company argue that galig and other decision makers
have to contemplate the national importance of ihgstarge R&D intensive
companies. A major, economy-wide spillover effdwttsprings from hosting such
companies in Sweden include impacts on the laborkebhaproviding career

opportunities for knowledge-intensive labor, andhatating university research.

Representatives of AstraZeneca argue that the agympauld benefit from long-term

visions of the future R&D system in the country.eTétompany would like to see a
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national policy which pays special attention toesash issues. Such a vision could
function as a platform for discussion and exchasfgdeas with focus on the future of
the pharmaceutical industry. An ideal from the camps viewpoint would be
recurrent round-table discussions. To illustrates there is a reference to earlier
discussion of this kind, which resulted in the peogmePharmaceutical products,

biotechnology, medical technology — a componehtrwvative Swedel?

191 akemedel, bioteknik och medicinteknik — en deldwativa Sverige
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8. CONCLUSIONS AND POLICY SUGGESTIONS

The external environment is important for both thiearmaceutical industry and
biotechnology. In Sweden the industry is strondheaed by policy decisions. This

can be illustrated as follow&:

e Because of public financing of the universitiess 8tate is responsible for a large

fraction of the industry’s science and knowledgseba

¢ The system for undergraduate studies is shapeldebstate

* Firms that develop new drugs and medical equiprdepend on the conditions for

collaboration with the public healthcare sector

* The development and the introduction of new drugsraedicines are surrounded by

public regulations

* A large share of the costs for drugs and mediciseinanced by the state and

healthcare authorities.

The location and capacity decisions of large regeantensive multinational
companies like AstraZeneca are based on the locatnditions in different regions
world-wide. Each region’s location characteristigslude the possibilities to recruit
researchers, cooperate with leading researchutetis, conduct clinical tests and
collaborate with hospitals in a variety of otherywaThe global perspective implies
that locations in Boston, Montreal as well as ragiom China and India are compared
with Sweden, the Malmd, Goteborg and Stockholm amgiin particular. As
illustrated by recent research, proximity to maskas well as knowledge sources play

a role in such comparisons, although the latteivadtas grown in importance.

20 See Arvidsson et 2007 p. 13-14).
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The data and analyses presented in this repostrdiie that AstraZeneca plays an
important role in Sweden, in particular for the &wé knowledge economy. The
company appears as a significant part of the Swedisonomy from different
perspectives. This may motivate more than just ggneconomic policy. The
company accounts for example for a significant sludrSweden’s exports, both in the
form of exports of manufactures and services. Tdrged export flows contribute

substantially to the country’s net exports.

Our analysis of the Swedish units’ interaction wiitle rest of the Swedish economy
shows that 'traditional’ couplings in the form eamsactions with Swedish suppliers
are limited. It is instead the company’s positionthe ‘knowledge economy’ that

makes its presence in Sweden important.

e The calculations in the report show that about é&ent of the total business R&D

expenditures in Sweden can be attributed to AstreZas units in Sweden.

e If one looks at AstraZeneca as a research unit,ctrapany’s units in Sweden
conduct R&D man-years in the same order of magsitagl the Karolinska Institute
and more than the Royal Institute of Technologypdfditures on collaboration
projects with Swedish universities amount to aldieuat thirds of the research budget

of a regional university with about 10 000 students

« The company’s demand for hospitals to participatdifferent types of projects, such
as clinical tests and other knowledge feedbackyiges a basis for medical research
in Sweden. The collected material in this repoggasts that this potential is not fully

developed. Medical research has historically bestientific ‘flagship’ of Sweden.

* For the triangle Stockholm-Goteborg-Malmé the comypaan be described as an
‘anchor-tenant’, i.e. a large firm which demand®dalized inputs, in particular
knowledge flows and highly educated and skilled kees. To the extent that
proximity is important for these flows, it givegpatential for (i) advanced university
education and (ii) the establishment of smaller ganes with couplings to the

anchor tenant. There are thus possibilities for rBetechnology firms to take
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advantage of and contribute to AstraZeneca’s R&fjeuts. To develop a strategy
for such renewal of Sweden’s pharmaceutical ingustrould be a mission for
AstraZeneca. A spillover effect from the compangidivities in Sweden is that it
‘educates’ entrepreneurs as well as potential werke new biotechnology firms.
Such strategic outsourcing could be the most piamigpportunity for AstraZeneca

to establish and design its own R&D environment.

The challenges and strategic issues faced by pleautieal companies described in
the report imply that the industry will go througtructural changes. The strategic
choices for pharmaceutical companies comprisege Iset of factors. For Sweden, an
important consequence is that the companies neetike location choices and build
networks that secure accessibility to knowledge,batied by universities,

biotechnology firms and other pharmaceutical firms.

* Locations in Sweden must be attractive for firmsvesll as individuals. The
possibilities to attract foreign researchers ar@artant but problematic for the
Swedish pharmaceutical industry. A critical questior research is to clarify which
characteristics in a local milieu that make itattive and stimulate foreign workers

to remain in the milieu, while developing durabbeial networks.

¢ In a longer perspective, the density of pertinamg in the Swedish environment is
an important location characteristic. Biotechnoldiggns are for example becoming
more important as knowledge sources and collalmoragartners for the large
multinational pharmaceutical companies (Rothaen@12 Gassman et al 2008).
There is a large international literature analyzing role of clusters of biomedicine
and biotechnology firms as well as the role of ks for R&D and knowledge
transfers for pharmaceutical firms. This literatisenowever not systematized and
structured in such a way that it can be used fer ftrmulation and design of
economic policy in Sweden. In this perspectiverdhe a relevant Swedish research
area. Existing knowledge suggests that there & fayl economic policy to create an
infrastructure and incentives for expansion andstelu formation among small
biotechnology firms. Feldman and Francis (2003,765) draws the following
conclusion about the development of the biotechmpolduster in Washington DC in

the US: “The Capitol region biotechnology clustergessence, is the result of three
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reinforcing sets of factors: pre-existing resouyr@edrepreneurship and the incentives

and infrastructure provided by government”.

For the pharmaceutical companies the possibilitesrecruit highly qualified
personnel is a critical location factor. This ideafed by the education systems
(including graduate studies), by the conditionsdoctors and other employees within
the healthcare system to conduct research as wdbyahe possibilities to recruit
personnel from abroad. The analyses and data snréfpiort suggests that there are

strong reasons to:

* Increase faculty allowances to earlier levels irtipent research areas as a first step
towards the goals in the Lisbon agenda of publidDR& the level of 1 percent of
GDP.

» Undertake measures to strengthen and facilitatelitieal research in Sweden

« Consider a prolongation of the expert tax subdiolyexample from the current three
to five years. Also, the legislation could be depeld such that it becomes more
transparent and understandable. There are als@mnsa®r a more generous
application time such that firms can apply for taguctions for foreign experts that

have already worked in Sweden for a certain pavidane.

e Develop simpler procedures for recruitment of pemsb outside the EU. New
possibilities may open up when more highly educatedple from Asia and other

parts of the world enter the global labor market.

«  Work for a society that is inclusive for immigrants

The Swedish pharmaceutical industry’s ability tonpete for leading researchers is
paramount for the industry’s long-term future ie ttountry. Such ability requires an

administrative, economic and social environmentcivimakes it possible to attract
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researchers with work and research experience faagn of the world’s leading

research milieus.

The milieus that have developed in Boston, WasbimgDC, San Francisco and
southern California generate a cluster of reseasch®at benefit from each other
despite disparate disciplines. These researchusilitract talents form all over the
world. The ventures in Malm¢é and Lund in collabmatwith Copenhagen and
Odense are an attempt to imitate the developmeiieitdS regions. A corresponding

venture currently takes place in Méalardalen, he.$tockholm-Uppsala Bioregion.

The triangle Stockholm/Uppsala-Goteborg-Malmé/Cdzeren corresponds to many
of the US regions and some of the EU regions wheomes to R&D networks and

interaction. There are thus two layers of the negioncept:

1. The first type of region should be a base for fesgunteraction between researchers
at universities, healthcare institutions within themedicine and biotechnology
areas firms. Such an R&D region can comprise thailevSwedish “pharmaceutical

triangle”.

2. The second type of region is much more local inumatand relates to its

attractiveness as a place of settlement for Swetidforeign researchers.

The following statement by Malecki (2004) illuseatthat importance of attributes

and amenities that make regions attractive forlitigducated and skilled individuals:

"The latest priority is being placed on attractingbile workers and mobile
investments. Creative workers are the core of tievledge economy [....] Lists
or league tables of ‘the best place’ to live, tiireeand to visit are key features of
economies or societies whose factors of successhaigdy mobile [....]
Competition among places involves more than margetir attempting to sell
them. It involves the enhancement or improvemeanthe attributes that make it
possible to attract and keep investments and nigrathat is, to become ‘sticky
places’.” (Malecki, 2004 s.1101 and 1103).
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It is of course a long way before anything thatresponds to the large US research
milieus is developed. It is also unclear to whateak milieus of this type can be
planned. However, initiatives to develop compeditresearch milieus can be critical

for the long-term future of the Swedish pharmaaaltindustry.

The conclusions so far have pointed to an increaste faculty allowances for
pertinent research areas, the conditions for @lmesearch, adjustments in the expert
tax subsidy, the planning of functional regionsattgactive places of settlements, etc.

Other conclusions are:

« Swedish industrial and R&D policies should contespldeveloping conditions that
can facilitate the formation of R&D networks foretldiscovery and development
phases of the pharmaceutical industry. An importastie is the collaboration
opportunities between pharmaceutical companies Hmel healthcare system,
including university and other hospitals. A relaisdue is communication at early

stages about which treatments, for which the heaféhsystem is willing to pay.

* Health economic cost-benefit assessments shouldebeloped to cover the whole
value chain. This may require a standardized amdtisamed method of analysis —
where priority should be given to completenesstesntsparency.

* The legal conditions for stem cell research in Sawedre considered to be favorable
from a research perspective. In combination withe@gh rules for bio banks the
favorable conditions is a typical example wheredlis an option for developing and

industrial policy.

« There are established experiences in Sweden oflkmicround table discussion
between government and industry. Since the phanmaekindustry as well as the
healthcare system in Sweden are highly dependerpubtic decisions, there are
arguments in favor of this type of interaction am@ans to provide visions for the

future.
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APPENDIX — list of interviewees

The AstraZeneca individuals interviewed for thipadg were executive leaders of the

company’s operation in Sweden:

* Head of Sweden Operations

* Head of Sourcing and Supply Management

» Executive Vice President, Head of Global Discoyegsearch
* Head of Turbuhaler and API

* Vice President Human Recourses

» Assistant General Counsel, Legal Department

* Vice President, Global Safety Assessment

» Director Clinical Project Coordination

* Vice President and Global Product Director, CVGEfdpy Area
* Global Vice President Research Area CV/GI

* Vice President PA R&D

* Vice President Global Discovery Research Area CHi®/P

* Marketing Company President Sweden

* Head of Sweden Purchasing

» Business Analyst R&D Operations Finance

* Vice President Clinical Sweden

» Chief Financial Officer

* Vice President Discovery Information

* Regional Director Medical Science
Additional interviews were done with former exewgat of AstraZeneca, individuals

now in new positions outside the company, and witkernal experts in relevant
fields.
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