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Literature has widely acknowledged that creating a tight network of collaborati-
ons is an unavoidable strategy for innovative biotech firms. However, few contri-
butions have focused so far on how collaborations along the bio-pharmaceutical
innovation process are organised in practice. The paper attempts to cover this gap
by investigating, on a large empirical base which covers the years 2000-2005, the
adoption of different organisational modes of collaboration in the bio-pharmaceu-
tical industry. A framework of analysis, identifying the relationship between orga-
nisational modes and the phases of the drug discovery and development process,
has been developed and assessed in the industry. This has allowed to disclose the
determinants of adoption of different organisational modes of collaboration and
their relationship with the typology and size of partners involved. In this respect,
the paper also contributes to the ongoing debate about Open Innovation, exami-

Introduction

The advent of biotechnology in the ‘8os deeply
revolutionised the R&D and innovation process
in the pharmaceutical industry. In contrast with
the traditional “monolithic” approach centred on
chemical pharmacology, biotechnology requires
the capability to handle and integrate a number
of scientific disciplines and technologies, e.g. gene-
tics, immunology, biochemistry, general medici-
ne, computer science, physics and optical science
(Byerlee et al.,, 1999; Powell, 1998). This had two
major, although strictly interrelated, effects: on
the structure and the division of labour within
the pharmaceutical industry, as well as on the
management and organisation of the bio-phar-
maceutical innovation process.

On the one side, the advent of biotechnology paved
the way for the birth and proliferation of new
biotech companies, highly specialised on few
scientific disciplines and focused on the develop-
ment of a very narrow set of technologies (e.g.
bioinformatics, High-Throughput-Screening), or
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ning its organisational implications.

committed to specific tasks (e.g. screening, lead
optimisation) of the revolutionised innovation
process, which is still undertaken in large part
within the boundaries of established pharma-
ceutical firms (Chiaroni et al.,, 2008; Chiesa, 2003;
Malerba and Orsennigo, 2002; Muffatto and Giar-
dina, 2003).

On the other side, for both small biotech firms
and traditional pharmaceutical companies, it
became hardly impossible to effectively and effi-
ciently manage the whole innovation process
within their own boundaries, because of the high
number of scientific and technological compe-
tencies to be contemporarily mastered. As a result,
building a network of inter-organisational R&D
collaborations that acts as a coordination means
among different actors (e.g. new biotech compa-
nies, established pharmaceutical firms, but also
universities, research centres, science parks), each
contributing to the innovation process with its
own competencies and technological assets, tur-
ned out to be a strategic imperative (Chiesa and
Toletti, 2004; Niosi, 2003; Powell et al., 1996). In
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recent years, partially as a consequence of the
globalisation of markets and the increasing dif-
fusion of biotech applications, R&D collaborati-
ons along the bio-pharmaceutical innovation pro-
cess have gained further momentum and nowa-
days they represent one of the key drivers of indus-
try growth (Baum et al., 2000).

As aresult, literature has widely investigated the
topic from several different, although comple-
mentary perspectives (Deeds and Hill,1996; Duss-
auge and Garrette, 2000; Gulati, 1998). This paper
contributes to this stream of research, focusing
on biotech firms operating in the pharmaceuti-
calindustry by empirically analysing: (i) the extent
to which biotech firms adopt collaborations in
the drug discovery and development process; (ii)
the organisational modes selected for these col-
laborations; (iii) the type of external partners
involved; (iv) the evolution of the organisational
modes and of the type of external partners along
the different phases of the bio-pharmaceutical
innovation process.

This paper is believed to add also to the recent
debate on Open Innovation (Chesbrough, 2003;
Chesbrough et al., 2006; West et al., 2006). In par-
ticular, it is one of the few contributions, to the
best of our knowledge, that provides some insights
onthe degree to which biotech firms conform to
the Open Innovation philosophy, studying their
attitude to exploit collaborations with external
partners, and on the different organisational
modes through which the Open Innovation para-
digm is implemented.

The paper is structured as follows. The next secti-
on briefly reviews the literature on R&D collabo-
rations in the bio-pharmaceutical innovation pro-
cess and the Open Innovation model, whereas
the third part describes the research strategy
adopted in the paper. The fourth section reports
and discusses the results of the empirical analy-
sis; finally, some conclusions and future directi-
ons of research are outlined.

Collaborations in the bio-pharmaceu-
tical innovation process and Open
Innovation: a literature review

R&D collaboration can be defined as the practi-
ce through which a firm establishes a relations-
hip with an external organisation with the pur-
pose of improving the performance of its R&D
processes (Chiesa and Toletti, 2004). Literature
has widely acknowledged that the creation of a
tight network of R&D collaborations with a range
of external partners is an unavoidable strategy
for innovative companies in the bio-pharmaceu-
tical industry (Barbanti et al.,, 1999; Fontes, 2003;
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McKelvey et al.,, 2003; Niosi, 2003; Powell et al.,
1996; Salman and Salves, 2005). The development
of a novel drug according to the new biotech-
based R&D process requires, indeed, the conver-
gence of many sources of knowledge and skills.
Therefore, networks of collaborations turn out to
be an effective means of industrial organisation
along this complex R&D process.

As aresult, scholars have claimed that the forma-
tion of strategic R&D collaborations is a key factor
explaining the survival and growth of smaller
biotech firms (Audretsch and Stephan, 2001; Niosi,
2003) focusing either on the development of sup-
porting technologies or on specific tasks of the
whole R&D process. At the same time, however,
strategic R&D collaborations also explain the
growth of large "traditional” pharmaceutical com-
panies. Establishing a network of collaborations
with innovative biotech firms,large pharmaceu-
tical companies have succeeded in facing the chal-
lenges of the socalled "biotech revolution” and in
keeping their dominant position in the industry.
Moreover, as suggested by Powell et al. (1996),in
the bio-pharmaceutical industry this network of
collaborations increasingly involves partners dif-
ferent from biotech or pharmaceutical compa-
nies, such as universities, public research labora-
tories and private investors.

In recent years, there has been an unpreceden-
ted growth in strategic R&D collaborations in
high technology, and especially science-based
industries. This trend is particularly evident in
biotechnology, as shown by practitioners and con-
sulting companies operating in this field
(Burrill&Company, 2005; Ernst&Young, 2004;
Ernst&Young, 2005; Ernst&Young, 2006).

As aresult, several scholars have been investiga-
ting the topic, covering a wide array of aspects.
The largest part of the contributions on collabo-
rations in the bio-pharmaceutical innovation pro-
cess focuses on: (i) the impact of collaborations
on the innovative performance of the focal firm
(Baum et al., 2000; Deeds and Hill, 1996; Gulati,
1998; Lerner et al., 2003); (ii) the impact of colla-
borations (and particularly of in-licensing) on the
productivity of large pharmaceutical companies
(Laroia and Krishnan, 2005); (iii) the role of part-
ners’ complementarity of assets (resources, capa-
bilities, or knowledge competences) on the forms
selected for collaborations (Helfat, 1997; Liebes-
kind et al., 1996); (iv) the reasons for success and
failure in R&D collaborations (Dussauge and Gar-
rette, 2000; Lane and Lubatkin, 1998).

Although this body of literature is extensive, rela-
tively scarce attention has been paid so far to the
problem of how R&D collaborations along the
bio-pharmaceutical innovation process are orga-
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nised in practice. In particular, literature shows
that a wide spectrum of organisational modes
can be adopted for R&D collaborations, ranging
from mergers & acquisitions, through joint ven-
tures, alliances and outsourcing, to licensing
agreements (Chiesa, 2001). Nevertheless, no sys-
tematic attempt has been made to empirically
evaluate the extent to which biotechnology firms
use these alternative organisational modes, and
whether some sort of specialisation along the sta-
ges of the bio-pharmaceutical innovation process
isin place. Furthermore, the typology of partners
with which biotechnology firms collaborate in
the different phases of the innovation process
has been the subject of sparse research, too, alt-
hough it seems a critical determinant of a colla-
boration’s success (Chiesa and Manzini, 1998).
These issues will be dealt with at length in this
paper.

Aspointed out in the previous section, this paper
is believed to contribute also to the ongoing deba-
te on Open Innovation, the new paradigm for the
management of innovation which conceives the
firm as an open system that purposefully and
systematically leverages the resources of exter-
nal organisations in order to support the genera-
tion and exploitation of its innovative capabili-
ties (Chesbrough, 2003). Academic and manage-
rial research on this topic has been extensive (for
an up-to-date bibliography on this issue see the
web site: http://www.openinnovation.net); never-
theless, an important gap can be identified that
is relevant in the light of the objectives of this
paper, i.e. the scarce attention dedicated to the
organisational and managerial implications of
this new model.

It should be noted in fact that the Open Innova-
tion paradigm, as discussed by Chesbrough and
colleagues, has a very general nature, since it basi-
cally captures the underlying logic at the roots of
most innovative firms’ choices in the area of tech-
nology management. However, companies that
are willing to implement the Open Innovation
“philosophy” need to select specific organisatio-
nal modes through which they can leverage their
knowledge-abundant external environment. The
choice of how to organise the firm’s R&D colla-
borations is one of these critical implementati-
on issues. Scholarly literature has not addressed
this topic systematically and in-depth so far, besi-
des a few attempts to discuss the most appro-
priate intellectual property strategies (Chesbrough,
2003) and performance metrics (Chesbrough,
2004) for supporting Open Innovation, or to study
the criteria affecting the choice of the governan-
ce mode for external technology sourcing (van
de Vrande et al., 2006). Moreover, anecdotic evi-
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dence is available about how most innovative
and successful enterprises have been managing
and organising their transition towards Open
Innovation. For instance, Huston and Sakkab
(2006) describe the different types of networks
and the strategic planning process which are at
the heart of Procter & Gamble’s Open Innovati-
on approach, which is called “Connect & Deve-
lop”; Kirschbaum (2005) explains how the mul-
tinational life cycle and performance materials
company DSM has built a teamwork and entre-
preneurial culture for opening up its innovation
process. Nevertheless, a structured theory of the
managerial and organisational enablers of the
Open Innovation paradigm has not yet been deve-
loped.

This paper will help make a step further in this
direction. Studying the adoption of different orga-
nisational modes for R&D collaboration in the
biotech industry, it will contribute to disentan-
gle the issue of how firms practically implement
the Open Innovation paradigm. Adopting the
taxonomy suggested by Chesbrough and
Crowther (2006), we will distinguish between
two different types of inter-organisational rela-
tionships, according to the purpose for which
they are established: (i) “inbound organisational
modes” (e.g. licensing-in, acquisitions, R&D con-
tracts and research funding, alliances), which
have the purpose to access technical and scien-
tific competences owned by external partners for
improving the focal firm’s innovation perfor-
mance; (ii) “outbound organisational modes” (e.g.
licensing-out, spinning-out of new ventures, pro-
vision of technical and scientific services), which
have the purpose to commercially exploit tech-
nological opportunities developed within the
focal firm.

Finally, although the paper is primarily focused
on the issue of R&D collaborations organisation,
it is one of the few literature contributions (Fet-
terhoff and Voelkel, 2006) that provides some
empirical evidence of the adoption of the Open
Innovation paradigm in the bio-pharmaceutical
industry. This gap in the existing literature about
Open Innovation is relevant since the biotechno-
logy, and especially the bio-pharmaceutical indus-
try, show several characteristics that make them
a fertile ground for the diffusion of Open Inno-
vation and hence for the study of the latter's mana-
gerial and organisational implications. In this
respect, it is worth remembering its extraordina-
ry technology intensity (DeCarolis and Deeds,
1999), the complexity of the innovation process
and the heterogeneity of the competences it requi-
res (Powell et al., 1996), the pivotal role in the deve-
lopment of the industry of technology transfer
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mechanisms (Madhock and Osegowitsch, 2000),
the intensity of relationships between biotech
firms, universities and research centres (Owen-
Smith et al, 2002) and the birth of a venture capi-
tal market, at least in Anglo-Saxon countries, spe-
cialised in supporting biotech ventures (Powell
et al, 2002).

In conclusion, this brief literature review high-
lights the potential relevance of the managerial
and research implications of this paper, both in
respect to the traditional literature about colla-
borations in the biotechnology industry, as well
as to the recent debate on Open Innovation.

Research methodology

In order to achieve the objectives of this paper, a
two-step research strategy has been adopted. The
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first step aims at developing a reference frame-
work to identify the critical “inbound” and “out-
bound” organisational modes and their relations-
hip with the different stages of the bio-pharma-
ceutical innovation process. The framework, taking
into account the peculiarities of innovation acti-
vities undertaken by biotech companies, allows
supporting the subsequent empirical analysis.In
the second step, the framework was applied to a
longitudinal empirical data set, in order to test
its initial validity.

As far as the first step of the research is concer-
ned, a panel study was organised, involving 20
people (business development managers, R&D
directors, chief executive officers of biotech com-
panies, as well as academics and consultants with
a significant experience in the field) among the
most representative companies of the Italian bio-
tech industry. The full list of participants in the

Table 1 List of participants in the panel study (*)

Organisation

Position

Amgen

Corporate Affair Director

Assobiotec - Italian association of biotech companies

Director

ATA — Advanced Technology Assesment

Life Science Senior Consultant

Axxam

Chief Executive Officer

Bioindustry Park Canavese

Business Development Manager

Bioxell

Chief Executive Officer

Blossom Associates

Chief Executive Officer

Ernst&Young

Senior Industrial Specialist Health Sciences

Gentium

Chairman and Chief Executive Officer

GlaxoSmithKline

Manager

MolMed Business Development Manager
MolMed Chief Executive Officer

MolMed Director R&D

Newron Chief Executive Officer

NicOx Chief Executive Officer

Roche Head of External R&D Policy

Siena Biotech

Chairman and Chief Executive Officer

Toscana Life Sciences

Business Development Manager

Universita degli Studi di Milano

Director of the Department of Pharmacological Sciences

Universita degli Studi di Milano-Bicocca

Full Professor of the Department of Biotechnology

(*) The names of the participants in the panel study have been blinded for confidentiality reasons.
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panel study is reported in Table 1.

Two rounds of interviews were conducted direct-
ly by the authors. Each round allowed to accom-
plish a main task, respectively: (i) to share and
validate a model of the actual sequence of pha-
ses that constitute the whole drug discovery and
development process in the bio-pharmaceutical
industry; (ii) to identify, for each of the above pha-
ses, which of the organisational modes identified
by the literature are more suitable to be imple-
mented by biotech firms. The determinants of
each choice have been discussed and related to
the characteristics and peculiarities of the bio-
tech industry.

As a whole, the panel study allowed the authors
to develop a framework for investigating the
“inbound” and “outbound” organisational modes

Journal of
Business Chemistry

adopted by biotech firms for collaborating with
external partners.

In the second step of the research, we selected
the first 20 pharmaceutical biotech firms world-
wide (considering their market capitalisation at
the end of December 2006, Table 2) and, for each
company, we documented the organisational
modes they used in the various phases of the drug
discovery and development process as well as the
type of external partners they collaborated with.
Some further details on the empirical investiga-
tion are provided below concerning (i) the selecti-
on of the sample, (ii) the time period covered in
the analysis, (iii) the type of data collected, and
(iv) the data sources.

First, it is worth mentioning that the selection of
the top 20 biotech firms in terms of market capi-

Table 2 List of companies in the sample

Name Market Capitalisation
29th December 2006 ($billion)

Genentech 85.8
Amgen 85.7
Gilead Sciences 32.0
Celgene 19.8
Genzyme 17.7
Biogen IDEC 17.7
Serono 12.7
Medimmune 79
Elan 5.8
Amylin Pharmaceuticals 5.6
Vertex Pharmaceuticals 5.0
Cephalon 4.8
Millennium Pharmaceuticals 3.6
ImClone Systems 27
PDL BioPharma 2.6
Human Genome Sciences 1.7
MEdarex 1.7
Alkermes 1.6
BioMarin Pharmaceuticals 1.6
MGI Pharma 15
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talisation is consistent with the purpose of the
paper. This is true for a twofold reason: on the
one side, companies listed on public stock
exchange markets also have to disclose informa-
tion about their R&D activities, thus allowing to
access relevant information about their collabo-
rations; on the other side, firms in the sample
represent the top players in the industry and are
therefore more suitable to highlight relevant
trends and best practices in the management of
innovation processes. The time period chosen for
the analysis covers the years from 2000 to 2005,
attempting to balance the relevance for the
research objectives of the collected information
with the efficiency of procedures for data gathe-
ring. Furthermore, it should be noted that the
year 2000 represents in almost all the cases the
starting point of documentations and archival
records for the firms in the sample. Collected data
concern:

m the number and typology of different organi-
sational modes for collaborations (as identi-
fied in the research framework developed
through the panel study) adopted by the firms;

m the phase of the drug discovery and develop-
ment process to which each of the above
modes refers;

m thetypology of partners involved. In this case,
we classified external partners along two
dimensions: (i) type of organisation (i.e. phar-
maceutical firms, biotech firms — further dis-
tinguished into product and platform firms,
according to the well known taxonomy (Chie-
sa and Chiaroni, 2004), universities and
research centres); (ii) size (i.e. small-medium
and large firms)};

m the therapeutic area (where applicable and
following the classification proposed by the
Biotechnology Industry Organisation) within
which the object of the collaboration can be
classified (i.e.the target disease of a new drug).

As primary source of data, the annual reports of
the selected firms in the time period 2000-2005
were analysed. Nevertheless, in order to verify
the gathered data, they have been triangulated
with information drawn from professional data-
bases and reports (Recombinant Capital, Biospa-
ce Directory, Canadian Biotech).

As far as the reliability of the data is concerned,

it should be highlighted that, for the purpose of

the paper, the identification of general trends is
far more relevant than the completeness of the

Davide Chiaroni, Vittorio Chiesa, Federico Frattini

information for each single firm. Indeed, even if
the completeness might be ensured by the fact
that firms in the sample are listed on public stock
exchanges, it is anyhow reasonable to expect that
ifthere are omissions they are rather equally dis-
tributed in the sample, thus not affecting the
results of the analysis. Nevertheless, it is clear to
the authors that achieved results have to be furt-
her validated on a larger empirical base in order
to prove their statistical relevance.

Patterns of collaboration in biotech

In this section of the paper the results of the empi-
rical investigation are presented. Specifically, the
next paragraph describes the framework of ana-
lysis developed through the panel study. In the
second part of the section, the outcome of the lon-
gitudinal inquiry is discussed at length.

Patterns of collaboration in biotech: fra-
mework of analysis

During the first round of interviews, participants

in the panel study were first asked to discuss the

structure of the drug discovery and development
process in the bio-pharmaceutical industry, as it

isreported in the literature (Chiaroni et al., 2008;

Chiesa, 2003; Chiesa and Chiaroni, 2004; Gass-

mann and Reepmeyer, 2005; Muffatto and Giar-

dina, 2003). The purpose was to reach a consen-
sus about the number and the content of the pha-
ses to be included in the framework for the sub-
sequent analysis of collaborations. The structure
of the process suggested by the panel of experts

is reported in Figure 1.

A brief description of the phases comprised by

the framework follows:

m target identification and validation. Target
identification has the purpose to identify a
gene or a protein or a sequence of both (tar-
get), which is thought to be the pathogenic of
a selected disease. Target validation, which
follows immediately, concerns the study of
the identified target with the purpose to: (i)
define the interactions between the target
and the whole human organism; (ii) check if
there are intellectual property rights already
claimed regarding the identified target, e.g.
through accessing public databases like NCBI
in the US;

1) We used and purposefully adapted the criteria suggested by the EU (European Commission Recommendation, 2002) for classifying firms on the basis of their size. Specifically
we classified a company as: (i) small-medium, if the number of workers is < 250 and the revenues € 5o my; (i) large, if the number of workers is > 250 and the revenues > € 5o m.

These criteria obviously do not apply to universities and research centres.

© 2008 Institute of Business Administration
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Figure 1 Structure of the drug discovery and development process in the biotech-pharmaceutical industry for

subsequent analysis

Target identificati-|Lead identification| Pre-clinical tests

on and validation | and optimisation

Clinical tests Post

approval

activities

m lead identification and optimisation. After
assessing the genetic base of the disease’s evo-
lution, scientists need to identify the com-
pound that has the desired effects in treating
the selected disease (lead identification). This
compound actually represents the active prin-
ciple of the future drug. The lead optimisati-
on activity, finally, adds to the lead the neces-
sary excipients (i.e. substances included in the
drug formulation) in order to protect, support
or enhance the stability of the active princi-
ple and to increase patients’ compliance;

m pre-clinical tests. This activity studies, especi-
ally through in vivo testing, the mechanisms
of absorption, distribution, metabolism, excre-
tion and toxicology of the new drug, with the
purpose to evaluate its effects on animals.
Before entering clinical trials, a first approval
by public authorities is required;

m clinical tests. These trials directly involve
human patients and are usually divided into
three steps: phase I, phase II and phase IIL. In
phase I, researchers test the new drug in a
small group of healthy people (20-80) to eva-
luate its safety and to determine a safe dosa-
ge range. In phase II, the new drug is tested
on alarger group of people (100-300) affected
by the target disease to evaluate its effective-
ness in patients and to determine the com-
mon short-term side effects and risks. Final-
ly, the phase Ill involves an even larger group
of patients (1,000-3,000) to confirm the effecti-
veness of the new drug and to evaluate its
overall benefit-risk relationship.If all the three
phases are successful, public authorities have
to approve the new drug to allow it to be mar-
keted;

m post-approval activities. These comprise the
purchasing, production, logistics, marketing
& sales and post-marketing tests for the new
drug.In particular, post-marketing tests invol-
ve the monitoring of the drug’s performance
along its whole life-cycle, with the purpose to
delineate additional information on its risks,
benefits and optimal use in the middle-term.

Journal of Business Chemistry 2008, 5 (1)

In the second round of expert interviews, the
“inbound” and “outbound” organisational modes
of collaborations were discussed, with the pur-
pose to spot which specific modes are used by
pharmaceutical biotech firms along the different
phases of the development process. The intervie-
wed managers recognised that “inbound” orga-
nisational modes take place mainly in the precli-
nical phase of the drug discovery and develop-
ment process, i.e. target identification and opti-
misation, lead identification and validation and
pre-clinical tests. In other words, it is chiefly on
these stages that biotech companies get into con-
tact with external organisations for leveraging
their innovation efforts and accessing their highly
specialised knowledge and competences. Inste-
ad, “outbound” organisational modes take place
mainly in the second part of the process, i.e. in
the clinical tests and post-approval activities. It
is in these stages, in other words, that biotech
firms generally collaborate with external orga-
nisations for commercially exploiting the results
of their own innovation activities. This suggests
the possibility to distinguish between two dis-
tinct macro-phases in the pharmaceutical bio-
tech drug discovery and development process,
called “generation” of innovation - where inbound
organisational modes of collaboration prevail -
and “exploitation” of innovation - where out-
bound organisational modes are mainly present
(Figure 2).

The separating point between the generation and
the exploitation macro-phases was identified at
the transition from pre-clinical to clinical tests.
Because of the intrinsic characteristics of the bio-
tech innovation process, in fact, it is only at the
end of pre-clinical tests that drug candidates
acquire the properties that allow them to be com-
mercially exploited. Before this point, the drug
discovery and development process is mainly a
“trial-and-error”, internal effort characterised by
extreme uncertainty and unpredictable outco-
mes. Once the first approval by the public autho-
rities is obtained, at the end of pre-clinical tests,
development risk is lower: the process becomes

© 2008 Institute of Business Administration
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Figure 2 Generation and Exploitation of innovation in the pharmaceutical biotech drug discovery and development

process
GENERATION EXPLOITATION
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Figure 3 Organisational modes of collaboration and their position along the phases of the drug discovery and development

process
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much more formalised and externally visible. At
this point, therefore, actual possibilities for exter-
nal commercial exploitation can be identified
and pursued. Nevertheless, interviewed mana-
gers recognised a certain degree of overlapping
between the generation and exploitation phases
(Figure 2). This is due to the fact that, according
to the characteristics of the drug under develop-
ment: (i) commercial exploitation sometimes can
start earlier than the end of pre-clinical tests (e.g.
out-licensing of a candidate that has not comple-
ted these trials yet); (ii) the leverage on the inno-
vative efforts of other organisations can conti-
nue beyond this limit (e.g. in-licensing of a can-
didate that has already completed phase I of cli-
nical tests).

Finally, the interviews allowed identifying the

specific organisational modes that pharmaceu-

tical biotech firms use to collaborate along the
phases of the drug discovery and development
process:

Organisational modes of collaborations for the

generation of innovation:

m alliance for the generation of innovation. In
this case the biotech firm establishes a part-
nership (without equity involvement) with
other biotech firms, pharmaceutical compa-
nies, universities or other research centres, in
order to pursue a common innovative objecti-
ve (e.g. the validation of a genetic target);

m purchase of scientific services. The biotech

© 2008 Institute of Business Administration

firm externalises a specific phase of its inno-
vation process to a specialised provider (e.g.
the lead optimisation activity), under a well-
defined contractual agreement (for further
details on the role of technical and scientific
services in the biotech industry see Chiaroni
et al,, 2008);

m in-licensing. The biotech firm acquires the
right to use a specific drug candidate from
another biotech firm, a pharmaceutical com-
pany or a university.

Organisational modes of collaboration for the

exploitation of innovation:

m alliance for the exploitation of innovation. In
this case the biotech firm partners with anot-
her company (a biotech firm or, more often, a
big pharma) for accessing some complemen-
tary assets (e.g. production capacity or distri-
bution channels) required to commercially
exploit the new drug;

m supply of scientific services. The biotech firm
provides third parties (typically, other biotech
firms) with technical and scientific services
that leverage the outcome of its discovery
efforts;

m out-licensing. The biotech firm licenses out,
usually to other biotech or pharmaceutical
companies, the right to use a new drug can-
didate that it has discovered and developed.

Figure 3, according to the results of the panel

study, schematically describes the specific pha-

Journal of Business Chemistry 2008, 5 (1)
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ses of the pharmaceutical-biotech drug discovery
and development process in which these organi-
sational modes of collaborations prevail.

The next section reports and discusses the results
of the longitudinal analysis, that was underta-
ken applying this framework.

Patterns of collaboration in biotech: evi-
dence from the empirical analysis

The analysis of the data of the top 20 pharma-
ceutical biotech firms leads to interesting results
concerning the patterns of collaboration in the
bio-pharmaceutical industry.

First of all, it is possible to highlight a general
trend (as reported in Table 3) analysing the evo-
lution of the number of times in which organi-
sational modes of collaboration have been adop-
ted by firms in the sample.

The number of items recorded in the sample, 794
in total with an average for each firm of nearly
40, is significant and demonstrates, supporting
the results of the extant literature on the field,
the relevance of collaborations as a mean for bio-
tech companies to sustain their business. Moreo-
ver, if the number of collaborations is assumed
as arough measure of the openness of the inno-
vation process (as it indeed represents the num-
ber of actors involved in the biotech firm’s inno-
vation network), the above mentioned empirical
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results support also the hypothesis that the bio-
technology industry (and in particular the bio-
pharmaceutical industry) is a fertile ground for
the adoption of the Open Innovation paradigm.
However, it should be noticed that the trend decli-
nes from 168 items in 2000 to 113 items in 2005,
As far as the determinants of this trend are con-
cerned, at least the following two can be high-
lighted: (i) the impact of the overall economic
context, with the blow up of the Internet (and
high tech) bubble in the year 2000 and the eco-
nomic downturn following terrorist attacks in
2001, reducing the availability of financial resour-
ces for biotech firms; (ii) the progressive evoluti-
on towards the maturity stage of some basic tech-
nologies (e.g. gene mapping and analysis, pro-
duction of monoclonal antibodies). The former
point implies an overall reduction of the innova-
tive effort (and therefore of the number of colla-
borations) by biotech firms that are constrained
by limited resources. The latter point implies, on
the one side, the increasing concentration of the
supply with a lower number of organisations offe-
ring those technologies and, on the other side, a
push for larger product biotech firms towards
internalising mature technologies into their own
boundaries. In both cases this results in a reducti-
on of the number of times in which firms look at
external organisations to complement their inter-
nal assets and competences.

A further step of the analysis concerns the evo-

Table 3 Total number of organisational modes of collaboration by year

Organisational modes of
collaboration 2000 2001 2002 2003 2004 2005
Number per year (%)
: . . 97 85 7 79 85 76
Generation of innovation
(57.7%) (62.0%) (59.2%) (63.7%) (64.4%) (67.3%)
Exploitation of innovati- i 52 49 45 47 37
on (42.3%) (38.0%) (40.8%) (36.3%) (35.6%) (32.7%)
Total 168 137 120 124 132 113

Journal of Business Chemistry 2008, 5 (1)
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lution of the organisational modes of collabora-
tion in the two identified macro-phases of gene-
ration and exploitation of innovation. Table 3
shows the clear prevalence of organisational
modes of collaboration in the generation phase.
They account, indeed, on the whole sample for
nearly 62%, with a growth over the time period
considered, from nearly 58% in 2000 to more than
67% in 2005. This implies a clear tendency of bio-
tech firms in cooperating with external organi-
sations in their innovation process and particu-
larly in the generation phase, where the quest is
more relevant for innovative products (and enab-
ling technologies) able to support the business
development of top players. As a consequence,
the relative weight of organisational modes of
collaboration in the exploitation phase declines

Davide Chiaroni, Vittorio Chiesa, Federico Frattini

in the time period considered, from more than
42% in 2000 to nearly 33% in 200s5.

Table 4 presents in more detail the different modes
of collaboration in the generation and exploita-
tion phases of innovation. First of all, it is possi-
ble to highlight the relative weight (among the
modes for the generation of innovation) of in-
licensing, which increased from 18.6% in 2000 to
more than 30% in 2005. It is interesting to noti-
ce that this growth is mostly due to a substituti-
on of alliances with in-licensing agreements. Top
players in the industry, indeed, operating as pro-
duct firms (i.e. developing new drugs), have to
continuously fill their product pipelines in order
to remain competitive in the market and to sus-
tain their growth against traditional pharmaceu-
tical firms. As far as biotech firms grow and are

Table 4 Organisational modes of collaboration by typology and by phase

Organisational modes of
collaboration 2000 2001 2002 2003 2004 2005
Number per year (%)
Generation of innovation
Alliances 54 41 30 28 34 28
(55.7%) (48.2%) (42.3%) (35.4%) (40.0%) (36.8%)
Purchase of scientific ser- 25 25 23 25 31 25
vices (25.8%) (29.4%) (32.4%) (31.7%) (36.5%) (32.9%)
In-licensing 18 19 18 26 20 23
(18.6%) (22.4%) (25.4%) (33.0%) (23.5%) (30.3%)
Exploitation of innovation
All 34 25 17 12 23 21
lances (47.9%) (481%) (32.1%) (29.3%) (48.9%) (56.8%)
Supply of scientific n 13 4 2 3 3
services (15.5%) (25.0%) (7.6%) (4.9%) (6.4%) (8.11%)
outli . 26 14 32 27 21 13
Hiicensing (36.6%) (269%) (60.4%) (65.8%) (44.7%) (351%)

© 2008 Institute of Business Administration
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able to use revenues from directly marketed drugs
to finance their own R&D activities, they tend to
adopt more in-licensing modes. Indeed, in-licen-
sing is relatively more “expensive” than alliances
but at the same time allows both to reduce the
risk of competencies spill-over and to better pro-
tect intellectual property. It also ensures a better
control and independence of the biotech firm in
the management of the drug discovery and deve-
lopment process. The above remarks are further
supported by the fact that the majority of in-licen-
sing (respectively 24%, 15% and 12%) refers to pro-
ducts in major therapeutic areas of oncology, car-
diovascular diseases, and central nervous system
diseases, where competition with traditional phar-
maceutical and other biotech firms is fiercest and
where top players actually focus.

As far as organisational modes of collaboration
in the exploitation phase of innovation are con-
cerned, it is interesting to notice the relative
growth of alliances (mostly co-manufacturing
and co-marketing agreements). A suitable expla-
nation for this trend is the increasing need for
biotech firms (and particularly for product bio-
tech firms) to expand their geographical covera-
ge toreach customers on a worldwide basis. Alli-
ances, indeed, are mostly (56% on average) sig-
ned with pharmaceutical companies, operating
with a world-scale productive and distributive
capacity.

An interesting up-and-down trend in the avera-
ge weight can be also recognised in out-licensing
(decreasing from nearly 37% in 2000 to more than
35% in 2005, but with peaks of more than 60% in
2002 and 2003). The analysis of out-licensing
requires further details on therapeutic areas. In
43% of the cases, out-licensing refers to products
in major therapeutic areas (oncology, cardiovas-
cular diseases, and central nervous system disea-
ses), whereas the remaining 57% is distributed in
a plethora of minor therapeutic areas (e.g.
allergy/immunology, metabolic diseases, infectio-
us diseases, respiratory diseases, genito-urinary
diseases). The determinants of the adoption of
out-licensing, indeed, are rather different in the
two cases. In the former cases, biotech firms adopt
out-licensing as a second-best after alliances when
they are not able to reach autonomously the mar-
ket or are unable to find a suitable partner.In the
latter cases, on the contrary, biotech firms adopt
out-licensing to profit (actually in a typical Open
Innovation approach) from products whose deve-
lopment is not coherent with their core business,
i.e.with their focus in terms of therapeutic areas.
A final remark on the organisational modes of
collaboration for the exploitation phase concerns
the declining weight of the supply of scientific

Journal of Business Chemistry 2008, 5 (1)
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services (from 15.5% in 2000 to 8.1% in 2005). This
trend is again related to the natural evolution of
biotech firms. In their initial stages, they are for-
ced to supply services (particularly technological
services) to create a revenue stream able to sup-
port R&D activities. Once products reach the mar-
ket, revenue streams from ancillary activities
becomes less relevant and biotech firms tend to
concentrate their efforts in the development pro-
cess of new drugs.
The empirical evidence on the organisational
modes adopted by biotech firms along the pha-
ses of the drug discovery and development pro-
cess supports the model developed through the
panel study (and shown in Figure 2). Concerning
the macro-phase of generation of innovation it
is possible to highlight that:

m on average, more than 60% of the alliances
for the generation of innovation are concen-
trated in the phase of target identification and
validation. As identified in the model, indeed,
in this activity the contribution of external
sources of innovation is particularly relevant
as they allow biotech firms to complement
internal competences in basic research;

m purchase of scientific services is concentrated
in the lead identification and optimisation
(48%), where it is specifically concerned with
the access to technological platforms forlead
optimisation. The remaining part refers to cli-
nical tests (mainly to CROs) and, only margi-
nally (7%) to post approval activities;

m in-licensing, that represents the main tool for
filling the product pipeline and increasing the
rate of introduction of new drugs into the mar-
ket, progressively shifted in the time period
considered from pre-clinical tests (that in 2000
represented nearly 80% of cases) to clinical
tests. In-licensing in phase I (and eventually
in phase II) of clinical tests represented in 2005
nearly 40% of the cases. In-licensing of pro-
ducts that are in later phases of the process
significantly reduces the risks of development.
At the same time, however, in-licensing in
later phases of the process is more “expensi-
ve”, as the acquirer usually pays the more the
less risky the product is, and therefore only
more mature firms are able to use this mode.

Concerning the macro-phase of exploitation of

innovation, it is to notice that:

m nearly 50% of the alliances in this phase are
related to post-approval activities, where there
is a quest for expanding geographical covera-
ge by biotech firms;

m supply of scientific services, even if quite mar-
ginal, is concentrated almost only in the pre-
clinical and clinical (phase I) tests, where bio-
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tech firms may exploit particularly their tech-
nological base to offer support services main-
ly to other biotech firms;

m in the case of out-licensing, the distinction
between products in major therapeutic areas
versus those in minor therapeutic areas is cle-
arly related to the phase of the process where
out-licensing takes place. In particular, out-
licensing for products in minor therapeutic
areas concentrates mainly in pre-clinical tests
(from 40% in 2000 to nearly 70% in 2005). This
reduces the financial effort (and risk) for bio-
tech firms in developing products that are out
of their main business scope and, at the same
time, allows firms to find an effective way to
profit from these products. Out-licensing for
products in major therapeutic areas, on the
contrary, is even more pursued in the later
phases of the process (and particularly in phase
ITand III of clinical tests, 45% and 23% in 2005
up to 38% and 15% in 2000, respectively), thus
highlighting the attempt of biotech firms to
increasingly reach autonomously mainstream
markets.

Finally, it is possible to analyse the typology of
external partners involved in collaborations and
their evolution along the different phases of the
bio-pharmaceutical innovation process. The con-
cept of “typology” of partners has already been
discussed in the third section. However it is worth
remembering here that this concept comprises
both a qualitative characterisation (distinguis-
hing between pharmaceutical firms, product bio-
tech firms, platform biotech firms, universities
and research centres) and a quantitative charac-
terisation (distinguishing between small-medi-
um and large companies). Analysing the organi-
sations with which biotech firms in our sample
have established collaborations, the following
typologies of partners emerged:

m large pharmaceutical firms. This typology com-
prises traditional pharmaceutical firms, i.e.
those operating in the industry since before
the advent of biotechnology with a long tra-
dition in “chemical-based” pharmacology. All
pharmaceutical firms found in our database
are large firms. This is not surprising, howe-
ver, and for a twofold reason: on the one side,
pharmaceutical firms are on average older and
more mature than biotech firms and, on the
other side, they represent, in the large majo-
rity of cases, the “natural” partner for large
biotech firms searching to expand their geo-
graphical and/or market coverage. It seems
obvious that large pharmaceutical companies
fit better with the latter purpose;

© 2008 Institute of Business Administration
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m product biotech firms. Product biotech firms
are those firms that have as a main business
goal the development and marketing of new
drugs. These firms are very similar in nature
to the top players in the industry and accor-
ding to their different stage of development,
we found product biotech firms that are eit-
her of large or small-medium size in our data-
bases. More in particular, 80% of product bio-
tech firms are small-medium companies, whe-
reas the remaining 20% are large companies;

m small-medium platform biotech firms. This
typology comprises biotech firms involved in
the development of enabling technologies for
the drug discovery and development process.
It is noteworthy that only small and medium
size companies of this typology are found in
our database. However, this appears reasona-
ble considering the nature of their business.
The large majority of platform biotech firms,
indeed, operates on a small scale, offering a
set of technologies to product biotech firms
in alimited geographical area (usually within
an industrial cluster);

m universities and research centres. This typo-
logy comprises the other external organisati-
ons involved in the process of drug discovery
and development.

Table 5 summarises the results of the analysis. In
particular, for each organisational mode of colla-
boration the number of times (measured by the
relative percentage) a given typology of partner
is involved is reported.
Within the macro-phase of generation of inno-
vation, small-medium companies (and more par-
ticular small-medium product biotech compa-
nies) clearly prevail, with an average percentage
of occurrence of nearly 66%. The reason behind
this evidence is the willingness of top players in
the industry to sustain their drug development
process through accessing most innovative scien-
tific competencies (alliances), technological assets
(purchase of scientific services) and products (in-
licensing). Small and medium-size companies,
indeed, even if usually started around a very inno-
vative and high potential idea, in most cases do
not have the financial resources nor the comple-
mentary assets needed to sustain on their own
the whole process of development. Therefore, they
become an attractive partner for larger biotech
companies, which can also exploit their bargai-
ning power in setting the terms of the organisa-
tional mode of collaboration.

Further on, it is interesting to notice the relative-

ly marginal role played by universities and

research centres, which on average account for
about 8% of all partners. This may appear to be

Journal of Business Chemistry 2008, 5 (1)



Patterns of collaboration along the bio-pharmaceutical innovation process

Journal of _
Business Chemistry

Table 5 Organisational modes of collaboration by typology of partners

Large companies Small-medium companies
Organisational modes of | Pharmaceutical | Product biotech | Product biotech |Platform biotech Other
collaboration firms firms firms firms (universities and
Percentage research centres)

Generation of innovation
Alliances 12% 1% 55% 13% 9%
Purchase of scientific 1% 6% 27% 52% 4%
services
In-licensing 22% 16% 37% 13% 12%
Exploitation of innovation
Alliances 33% 25% 20% 9% 4%
Supply of 35% 15% 45% 4% 1%
scientific services
Out-licensing 43% 20% 20% 6% 2%

in contrast to alarge part of the literature (among
others Chiesa, 2004; Malerba and Orsenigo, 2002)
claiming the pivotal role of universities and
research centres in generating biotechnology
innovation and in sustaining the creation of new
biotech firms (academic spin-offs). In this case,
however, the reason has to be found in the pecu-
liar characteristics of the sample, including only
the largest biotech firms. These companies, indeed,
prefer to collaborate with other companies, which
have already started the process of development
of the new product (maybe with an academic ori-
gin), rather than with universities and research
centres that usually conduct only very basic
research. On the one side, this approach reduces
the risk of the innovative process (as initial sta-
ges of development had already succeeded) and,
on the other side, even if more expensive, it is
viable for large companies that can exploit finan-
cial resources generated from marketed products.
In the macro-phase of exploitation of innovati-
on, large companies (particularly pharmaceuti-
cal firms) play a pivotal role, representing on ave-
rage nearly 57% of total partners involved in col-
laborations. Looking in closer detail at the single
rows of the Table 5, it is possible to highlight the
following:

m in the alliances for the exploitation of inno-
vation, as already discussed, top biotech indus-
try players mostly need reliable partners to
expand their geographical and/or market cove-
rage, through complementing their existing

Journal of Business Chemistry 2008, 5 (1)

market assets. Large pharmaceutical firms,
which usually already operate on a worldwi-
de basis, represent the best solution for this
purpose. Otherwise, co-marketing agreements
can be signed with other product biotech firms
to join forces in distribution and selling acti-
vities (large product biotech firms) or to exploit
a particular geographical or therapeutic focus
(small-medium product biotech firms);

in the supply of scientific services again the
role of large pharmaceutical firms (and more
general of large companies) appears to be of
relevance. The support by these firms is usu-
ally related to clinical tests. It should be noti-
ced, however, that small and medium product
biotech firms account for the largest relative
share (45%). This is mainly due to the fact that
they usually offer pre-clinical tests services to
third parties, thus attempting to sustain their
research effort with an ancillary stream of
revenues. This activity is usually abandoned
once business maturity is reached (as the low
percentage of large product biotech firms invol-
ved demonstrates). Finally, the marginal role
of platform biotech firms, usually more focu-
sed on technology supply for initial research
activities, has to be mentioned;

in the out-licensing agreements, large phar-
maceutical companies gain the “lion’s share”
still exploiting their competitive advantage
(thatis however fast eroding) in complemen-
tary assets in respect of top biotech industry
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players, particularly in major therapeutic areas.
Small and medium product biotech compa-
nies, on the contrary, are the best partners for
out-licensing agreements that involve new
drugs for those minor therapeutic areas that
fall out of business scope of top industry play-
ers.
A clear pattern of evolution can be therefore recog-
nised in the typologies of partners involved in
organisational modes of collaboration. In the
macro-phase of generation of innovation the inno-
vative contribution of small and medium com-
panies (both product and platform firms) is of
paramount importance, whereas in the macro-
phase of exploitation of innovation large compa-
nies prevail exploiting their strength in existing
complementary assets. This is consistent with
the already discussed evolution of the organisa-
tional modes of collaboration in the two macro-
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phases.

Figure 4 is a comprehensive picture of the results
of the analysis and schematically represents the
evolutionary pattern. It is worth mentioning that
the variety of partners involved, of organisatio-
nal modes adopted and their evolution along the
pharmaceutical biotech drug discovery and deve-
lopment process are a clear example of the adop-
tion in the industry (or at least by its top players)
of the paradigm of Open Innovation.

Conclusions

The paper contributes to the on-going debate on
the role of collaborations in the bio-pharmaceu-
tical industry.In particular, it systematically and
longitudinally assesses the extent and variety of
organisational modes of collaboration adopted
by biotech firms, the relations among different

Figure 4 Size of partners by organisational modes of collaboration and by phase of the pharmaceutical biotech drug

discovery and development process
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organisational modes, the phases of the drug dis-
covery and development process, and the typo-
logies of partners involved. Moreover, it repre-
sents one of the first attempts to study the adop-
tion of the Open Innovation paradigm in a defi-
nite industry.

A framework of analysis has been developed
through a panel study, identifying different orga-
nisational modes of collaborations and their rela-
tions with the phases of the bio-pharmaceutical
innovation process. The framework has then been
applied to a longitudinal empirical base inclu-
ding data about the collaboration of top 20 world-
wide industry players, in the time period 2000-
2006.

The results of the analysis allow to initially assess
the framework and to discuss the determinants
of the adoption of different organisational modes
of collaboration and the role of different typolo-
gies of partners. In particular, the paper high-
lights that the peculiarities of the biotech indus-
try (e.g. the articulation of the innovation process
and its typical risk pattern, the business focus of
biotech firms towards major therapeutic areas,
the problems related to the management of IPRs)
are crucial to analyse the pattern of evolution of
organisational modes of collaboration and also
represent the key to understand the typology
(and particularly the size) of partners involved in
collaborations. The overall picture resulting from
the empirical analysis supports the idea that the
biotech industry is a clear example of industrial
sectors where the Open Innovation paradigm is
in place.

Nevertheless some limitations of the research
should be addressed in future research. In parti-
cular, it is necessary to further investigate whet-
her and how the composition of the sample, which
includes only large product biotech firms (i.e. firms
developing new drugs), affects the results. It might
be possible to argue, e.g. that platform biotech
firms are less compelled with the need to fill their
product “pipeline” and therefore have a different
approach to collaborations, or that smaller firms
adopt in- and out-licensing strategies that are
different (or even exactly the opposite) from those
of large firms.

However, the authors believe this paper repre-
sents a valuable basis for future research and
managerial discussions in the field.

Journal of Business Chemistry 2008, 5 (1)
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