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CHAPTER 1

1

GENERAL INTRODUCTION

1.1
BACKGROUND
It has been commonly acknowledged, at least since the time of Schumpeter
(1934), that innovation is an important force in economic growth and
development (Hekkert et al., 2007). When innovations are fundamentally
different to existing products and technologies, they require drastic changes—
for example the development of a new knowledge base, skills and production
processes (Amara et al., 2004)—before they can be implemented. Then they can
be called discontinuous (Bessant, 2005), disruptive (Bower & Christensen, 1995)
or radical (Freeman, 1994).
Radical innovations present major technical breakthroughs which allow
complex and intractable issues to be solved, despite significant uncertainty
(Freeman & Soete, 1997; O’Connor & Veryzer, 2001), change in existing business
models and user practices, long development times and a requirement for
complementary innovations (McDermott & O’Connor, 2002; Slocum & Rubin,
2008). Furthermore, radical innovations hold the potential to enhance the
competitive advantage and economic performance of the companies behind
them. They can also change the overall structure of the market and thereby
create major disruptive changes (Schumpeter, 1942).
For firms, the decision to choose a strategy to develop radical innovations has
important implications (Amara et al., 2004). First, the development of radical
innovations requires a large financial investment because of its significant
knowledge-creation demands. Therefore, the availability of a significant
amount of human and financial resources can be a major barrier to radical
innovation (Amara et al., 2004; Stringer, 2000). After the challenges of creating
a completely new knowledge base and dealing with technical changes and
uncertainties, the diffusion of radical innovations (Rosenberg, 1976)—that is,
making technological change happen (Hekkert et al., 2007)—faces a number
of nontechnical barriers. This is because a radically new technology has power
only in association with the social structures and organisations which allow it
to fulfil its functions (Geels, 2002). However, regulations, infrastructure, user
practices and preferences (i.e., elements of the sociotechnical system) are all
aligned with the needs of existing technologies (Geels, 2002). Therefore, for
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radical innovations to break through, they must address high market risks
and challenges (O’Connor & Veryzer, 2001). They cannot build on established
routines or standards, nor can they rely on interested customers or established
market structures—or ‘free utilities’ (Bergek et al., 2008). Creating framework
conditions which greatly differ from an established sociotechnical regime (Geels,
2002) requires a number of fundamental changes—for example, changes in
institutional settings.

1

Institutions play an important role in the development and diffusion of new
technologies (Wirth et al., 2013). However, institutional frameworks are often
not well aligned with the needs of radical innovations (Musiolik et al., 2012).
Organisational change is also important, as the adoption of innovations requires
major changes on the supply side (new business and collaboration models), as
well as on the user side, as market structures and value chains are not easily
formed (Geels et al., 2004; Musiolik, 2012). One of the main challenges for firms
behind radical innovations—apart from developing technologies—is carrying
out complex system-level organisational and institutional change in order to
contribute to the build-up of a system (Hekkert et al., 2007; Musiolik et al., 2012)
or to develop a wider entrepreneurial infrastructure (Van de Ven, 1993) around
an innovation.
This complex process of building an innovation system around radically new
technologies can be studied by operationalising the technological innovation
systems (TIS) framework (Carlsson et al., 2002). Based on the wider innovation
systems (IS) literature, this framework is defined as a set of different structural
elements—actors, networks and institutions—which all contribute to the
development and diffusion of a new technology (Bergek et al., 2015). Over
the years, TIS has become a widely used tool—particularly in the energy and
sustainability field (Markard et al., 2012)—in analysing innovation processes
around different new technologies and the institutional and organisational
changes that accompany them (Carlsson et al., 2002; Edquist, 2005; Hekkert
et al., 2007; Truffer et al., 2012). The TIS framework focuses on understanding
the environment underlying the development and diffusion of both—mature
and emerging innovative technologies (Bergek et al., 2015; Markard et al., 2012;
Truffer et al., 2012). The TIS framework was developed to complement the firmlevel management literature in order to explain different systemic aspects
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of innovation to guide policy making (Carlsson et al., 2002). Accordingly, the
main strength of the TIS perspective is that, instead of narrowly focusing on
market failures, it enables the identification of various drivers and obstacles
(e.g., blocking mechanisms, system weaknesses or systemic problems) in the
emergence and development of a technology-specific innovation system
(Bergek et al., 2015; Truffer et al., 2012). This is why the focus of the TIS framework
is traditionally at the meso-level (Musiolik et al., 2012).
As some TIS studies have already highlighted, such a meso-level focus,
however, overlooks the role of the different micro-level processes underlying
the formation of a TIS (Farla et al., 2012; Markard et al., 2015; Musiolik et al.,
2012). This means that the role of key actors who are not only concerned
with the development of a specific technology but also dedicated to the
complex process of creating supportive sociotechnical systems around radical
innovations has been inadequately analysed (Farla et al., 2012; Musiolik, 2012).
As already highlighted by a number of TIS scholars (Bergek et al., 2008; Carlsson
et al., 2002; Edquist, 2004)—TIS is not only regarded as a heuristic construct
created for analytical purposes (i.e., TIS concept or framework), but also is a
real life existing system (e.g., electric cars technological innovation system)
with concrete structural elements and actors, who are dedicated to system
development around a specific technology (Hughes, 1979; Hughes, 1987;
Musiolik, 2012). This conceptualisation has been also applied in this thesis.
Over the past few years—building on the seminal work of Hughes (1987), who
first coined the term system builders as key actors, or networks of actors—some
TIS scholars have started to analyse the activities of actors or actor groups
which are dedicated to system building in order to support the formation of
a technological innovation system around new technologies (Cetindamar &
Laage-Hellman, 2002; Hellsmark, 2010; Hellsmark & Jacobsson, 2009; Markard
& Truffer, 2008a; Musiolik & Markard, 2011). Furthermore, a number of studies
have already demonstrated the importance of the strategic decisions of
entrepreneurs and their role as prime movers in developing innovation systems
around new technologies (Carlsson & Jacobsson, 1997; Jacobsson & Johnson
2000; Negro et al., 2007). Finally, some studies on companies (Cetindamar &
Laage-Hellman, 2002), networks of firms (Musiolik et al., 2012) and single
individuals (Hellsmark & Jacobsson, 2009) who act as system builders within a
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TIS, have illustrated the importance of micro-level system building on overall
TIS development.
Although important, these studies have devoted little attention to the various
complexities of building TIS and the co-dependencies among different actors,
technologies and system-building activities. Accordingly, the TIS community
could benefit from a more agency-sensitive analysis to gain a better
understanding of the different system-building strategies in a TIS (Farla et al.,
2012; Truffer et al., 2012). This thesis facilitates understanding of how firms
behind innovative technologies deal with complexities in system-building
strategies, while contributing to the build-up of a new TIS. Table 1-1 presents
an overview of the system-building complexities studied in this thesis.

1

Table 1-1: Overview of system-building complexities studied
System-Building Complexity
Technological co-dependency
Co-dependency among actors

Co-dependency among different
system-building activities

Chapters Addressing Complexities
Chapters 2, 3 and 4 analyse how co-dependency between
two technologies influences the system-building activities of
companies.
Chapter 3 analyses how system-building strategies depend on
whether there is one actor in the market or several actors in the
same technology field. Chapter 5 explores how large companies
and small and medium-size enterprises (SMEs) depend on one
another within a TIS.
Chapters 2, 4 and 5 offer novel insights into how different
system-building activities in a TIS depend on one another.

The first dimension this thesis studies is the impact of technological codependency on system-building strategies. The TIS framework traditionally
focuses its analysis on one technology and does not consider technological
interrelatedness. However, borrowing from insights offered by innovation
ecosystems theory, it is clear that innovations rarely succeed alone and
depend heavily on complementary innovations and technologies (Adner,
2006). Furthermore, a successful innovation ecosystem enables a “goal-focused
creation of new goods and services tailored to rapidly evolving market needs (i.e.,
technologies) with multiple institutions and dispersed individuals for parallel
innovations”(Rubens et al., 2011, p. 1734). Consequently, it is important to deepen
our understanding of how the framework conditions—that is, technological
co-dependency—influence the system-building strategies of entrepreneurs in
building a new technological innovation system. A few examples of TIS studies
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focus on how different technologies affect one another (e.g., Sandén & Hillman,
2011; Wirth & Markard, 2011). These provide some evidence that different
interactions exist, other than competition (i.e., co-dependency). Furthermore,
these interdependencies can affect TIS development and the system-building
strategies of entrepreneurs. However, technological co-dependency has
not been studied in depth by TIS scholars until now and could benefit from
additional insights.
The second dimension this thesis highlights is co-dependence among actors. In
general, theories on individual system-building strategies by single actors (e.g.,
institutional entrepreneurship) as well as on the collective nature of system
building by a group of different actors (e.g., institutional work, open innovation)
are well developed. However, only limited research has been conducted
by innovation scholars into whether the type of system-building activities
which occurred around innovative technologies are undertaken individually
or collectively and, furthermore, what the trade-off is among these different
strategies for innovative entrepreneurs. Entrepreneurs are often at the heart of
the innovation process as principal actors (Hughes, 1987). However, successful
system building can be difficult for a single company to achieve as it seldom
has enough resources, power or legitimacy to change existing sociotechnical
regimes (Garud & Karnøe, 2003; Van de Ven, 2005). Therefore, depending on
the sector, system building can involve a diverse set of actors as users of new
technologies: regulators, providers, payers, suppliers and customers. Various
actors have different resources and skills relevant to system building, and
they share common interests in developing an innovation system around new
technologies, even if their interests are not always fully aligned (Jameson &
Longo, 2015). Therefore, companies often cooperate and complement one
another as they develop new technologies, change institutional structures
or develop new business models (Konrad et al., 2012). This is called ‘running
in packs’ (Van de Ven, 2005) or ‘collective institutional entrepreneurship’ in
literature that focuses on the institutional aspects of system building (Jolly &
Raven, 2015; Montgomery et al., 2012). Because both—collective and individual
system-building activities—have their advantages and disadvantages, the
trade-off between them can be difficult to make. Therefore, additional insights
are needed to clarify the reasons for a specific strategy choice.

14
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The third complexity dimension addressed in this thesis is co-dependence
among different system-building activities. The importance of interactions
among system functions in a TIS framework has been already acknowledged
by a number of TIS scholars (Bergek, 2002; Negro et al., 2007; Suurs et al., 2010).
However, no attempt has been made so far to identify similar dependencies
or interactions among micro-level system-building activities within a TIS. In
order to gain insight into this complexity dimension and how different systembuilding activities influence one another, the thesis focuses on institutional
change. Institutional structures are often not adapted to the needs of radical
innovations, as they are developed within old (institutional) frameworks
(Freeman & Perez, 1988). Because of a mismatch between innovative
technologies and institutional structures, system building for the purpose of
institutional change is necessary. We know, from the large body of literature
in organisation studies, that institutional change can derive from the actions
of a single powerful entrepreneur with plenty of resources (i.e., an institutional
entrepreneur) (DiMaggio, 1988; Leca et al., 2008; Maguire et al., 2004) or can
be the result of a number of activities by a wide variety of actors aimed at
institutional change (i.e., institutional work) (Lawrence et al., 2011; Maguire et
al., 2004). By borrowing from the literature on institutional change—which is
theoretically more developed than system-building theory—this thesis creates
additional insights into how the institutional change process takes place and
how it depends on other system-building activities within a TIS.

1

Against this background, this thesis studies the complexities in system building
that underlie radical innovations and explores the strategic activities of
companies in developing new technological innovation systems. In particular,
it seeks to deepen our understanding of not only the strategies involved in
technological innovation but also the build-up of the sociotechnological
system around it.
Empirically, we illustrate the application of an actor-oriented approach in the
case of radical medical innovations: personalised medicine and point-of-care
testing (POCT). Radical innovations in medical technologies play an important
role in helping to meet medical demands and in improving health-care provision
by offering improved and more effective patient-centred treatment options
(Bessant et al., 2015). These medical innovations consist of combinations of
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innovative medicines, diagnostic technologies and clinical services (Consoli &
Mina, 2009). However, until now, the structure and dynamics of innovation in
medicine and health care has often been defined in terms of new drugs and
devices whose development and diffusion are disconnected from the rest of the
sociotechnical system. As a result, their development has not been thoroughly
analysed (Consoli & Mina, 2009).
Personalised medicine is an example of a radical medical innovation in debates
about the transformation of health-care provision into a more effective patientcentred practice of medicine (Jameson & Longo, 2015), which should eventually
result in noteworthy cost savings for the health-care system (McClellan et al.,
2013). More than ten years have passed since the term ‘personalised medicine’
was first used in the context in which we understand it today (Meadows et al.,
2015). It is important to recall that personalised medicine does not refer to one
specific medical technology. It is rather a set of different innovative medical
practices, which comprise of various technologies—such as high-throughput
next-generation sequencing, combinatorial chemistry, ‘omics’ tools (e.g.,
genomics, proteomics, metabolomics), cell technologies and advanced targeted
therapeutics (Kukk et al., 2013). Therefore, it is an innovative medical practice
in which genetic, biomarker, phenotypic and psychosocial information is used
to distinguish one patient from another who has a similar clinical presentation
(Jameson & Longo, 2015). Personalised medicine is expected to expand doctors’
power to customise therapy for each individual, maximising the effectiveness
of drug treatments and minimising side effects (De Bono & Ashworth, 2010).
Over the past decade, personalised medicine has made possible to diagnose
and treat a number of diseases—including various types of cancer—in an
earlier stage and with greater precision than was possible before. Personalised
medicine in cancer therapy would mean a shift from nonspecific cytotoxic drugs
that damage both tumours and normal cells, to more specific and effective
therapies with fewer side effects (Borden & Raghavan, 2010; Conti et al., 2010).
This kind of innovation of targeted therapies has generated a parallel demand
for innovation in the pharmaceutical industry to create accurate and reliable
molecular diagnostic technologies so as to identify which patients will benefit
from personalised treatments in clinical practice (Kalia, 2015). This convergence
of heavily related technologies—new personalised cancer drugs and their
corresponding companion diagnostics—brings the pharmaceutical industry
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and the world of diagnostics closer to each other than ever before (Groves, et
al. 2011; Meadows et al., 2015).
Another example of an area of innovative medical technology that contributes
to more personalised and affordable health care is point-of-care testing (POCT)
(Dhawan et al., 2015). POCT is testing that is performed at the patient’s
bedside, rather than in hospital laboratories. This enables more personalised
interventions for individual patients (Fries & Streif, 2015). POCT instruments
require little or no pretreatment of blood samples and are easy to use (Chan et
al., 2013). They can normally be carried by hand to patients by ward staff, who
can then immediately conduct tests and provide results. The ability to obtain
test results rapidly on site in critical settings (e.g., cardiovascular and infectious
diseases) can influence treatment procedures and therapeutic choices and can
have a transformational effect on health care by reducing costs and improving
the efficiency of treatment (Fries & Streif, 2015; Jani & Peter, 2013).

1

These kinds of innovative medical technologies—personalised medicine and
POCT—are often praised as the ‘future of healthcare’ (Carrera, 2015; Jani & Peter,
2013). However, the transition to adoption of these novel technologies is a
complex and long-term process—especially when they significantly differ from
established technologies. Such medical technologies do not exist in isolation
and if the boundary conditions (e.g., markets, legitimacy, regulation) are not
adapted to meet their needs, their development, adoption and diffusion can
often hamper (Atun, 2012; Bessant et al., 2015). Transforming a health-care sector
to imply more innovative medical solutions requires an overarching systemlevel strategy (Porter & Lee, 2013). The goal of this dissertation is therefore: to
study how system building in medical innovation takes place and how systembuilding activities depend on the different complexities and co-dependencies
among technologies, actors and system-building activities.
1.2 THEORETICAL FRAMEWORK
Firmly rooted in evolutionary theory (Nelson & Winter, 1982), the innovation
system (IS) framework emerged in the mid-1990s. Since then, it has become a
well-established framework in the field of innovation studies for understanding
factors that enable the clarification of various innovation processes (Lundvall,
1992). The IS approach places innovation at the centre of analysis (Edquist,
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2005), but acknowledges that the determinants of innovation are also found
in a broader societal structure, not just within individual firms (Carlsson &
Stankiewicz, 1991). It adopts a holistic and interdisciplinary perspective by
encompassing all the important determinants of innovation—including
organisational, social, political as well as economic factors—and emphasises
interdependence and nonlinearity. This means that firms and organisations do
not innovate in isolation (Edquist, 1997), but rather are part of a larger technical
and sociocultural context that can be defined as an IS (Lundvall, 1992).
Four main approaches are used to delineate innovation system perspectives
(Edquist, 1997). National systems of innovation (NIS) (Freeman, 1987; Lundvall,
1992) and regional innovation systems (RIS) (Cooke et al., 1997) focus on
a geographic unit of analysis. In sectoral innovation systems (SIS) (Breschi &
Malerba, 1997) and technological innovation systems (TIS), the dimensions of
interests are, respectively, an industry sector and a specific technology (Carlsson
& Stankiewicz, 1991).
Technological Innovation Systems
This thesis departs from the technological innovation systems (TIS)
framework—an approach which has been used to study the characteristics
of the system associated with specific technology fields and the emergence
and diffusion of radical innovations (Bergek et al., 2015). This framework was
first introduced and defined by Carlsson and Stankiewicz (1991, p. 94) as “a
dynamic network of agents interacting in the economic/industrial area under a
particular institutional infrastructure and involved in the generation, diffusion
and utilization of technology”. TIS is part of the wider school of innovation
theory, which analyses how the innovation system around a particular
technology works (Bergek et al., 2015) and sets system boundaries accordingly
(Carlsson & Stankiewicz, 1991). This means that the delineation of a TIS can be
international, national, regional, or sectoral and considers both geographical
and sectoral dimensions (Hekkert et al., 2007).
Three main categories of structural elements can be distinguished in a TIS—
actors, networks and institutions (Jacobsson & Bergek, 2004)—and they
represent the relatively stable part of a system (Suurs et al., 2010). Actors
are the central structural elements of TIS and can be individuals or any kind

18

39585 Piret Kukk.indd 18

31-03-16 20:28

GENERAL INTRODUCTION

of organisations, such as research institutes, government bodies, or industry
associations that are linked through networks (Carlsson & Stankiewicz, 1991). The
principal actors in the TIS are the entrepreneurs (Hellsmark, 2010) who compete
but also cooperate with one another to shape the TIS. Networks link some or
all of these different actors (Musiolik, 2012). Finally, institutions—‘rules of the
game’ (North, 1990)—create laws and regulations but also policy decisions,
codes of conduct, values and cognitive norms. All of these institutions regulate
the activities and decisions of the actors (Edquist, 2005). Actors also have the
power to modify the institutional structures of the TIS in which they operate.

1

Structural analysis alone does not always provide a clear indication of TIS
performance, even though the problems of the system are often found in its
structure. To address this limitation, a process perspective has been developed,
which enables the identification of the system’s (structural) strengths and
weaknesses (Bergek et al., 2008). All processes within a TIS that, from the
perspective of the analyst, contribute to the development, diffusion and use of
the innovation are considered system functions (Bergek, 2002) or key processes
(Hekkert et al., 2007). The concept of ‘system functions’ was originally developed
by Jacobsson and Johnson (Johnson, 1998). A number of recent studies have
used the ‘functions of innovation systems’ approach, and this has resulted in
several different lists of functions in the literature (Bergek 2002; Edquist 1997;
Hekkert, et al., 2007; Jacobsson & Bergek, 2004). The seven functions that are
further explored in this thesis are based on empirical studies conducted at
Utrecht University by Negro, Suurs and Van Alphen (Negro et al., 2007; Suurs,
2009; Van Alphen, 2011). The key processes are: (1) entrepreneurial activities, (2)
knowledge development, (3) knowledge diffusion, (4) guidance of the search,
(5) market formation, (6) resource mobilisation and (7) creation of legitimacy.
All seven key processes have to be completed within a TIS for innovation to be
successful (Hekkert et al., 2007).
However, as already mentioned, a number of TIS scholars have highlighted that
the TIS approach traditionally uses the system or meso-level as its analytical focus
(e.g., Farla et al., 2012; Hellsmark, 2010; Markard & Truffer, 2008a). This is because
the framework was developed to complement the firm-level management
literature in order to clarify the systemic and collective aspects of innovation
(Bergek et al., 2008; Jacobsson & Bergek, 2004; Sharif, 2006). However, such a
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system-level focus on structures and functions could benefit from further insight
from micro-level entrepreneurial processes—so called system builders—and
how they contribute and influence the build-up and functionality of a TIS
(Hellsmark & Jacobsson, 2009; Markard & Truffer, 2008a; Musiolik et al., 2012;
Truffer et al., 2012). Furthermore, the TIS framework overlooks determinants that
influence actors’ strategies within a TIS (Musiolik, 2012), such as the institutional
context, availability of skills and resources or technological and organisational
complexities. The lack of deeper analysis of the role of actors in shaping the TIS is
considered one of the major shortcomings of the TIS concept (Farla et al., 2012;
Truffer et al., 2012). The TIS approach could therefore benefit from a deeper
understanding of the deliberate system-building strategies of innovative actors
underlying TIS formation around innovative technologies. This would enable a
better understanding of the development and adoption of radical technologies
in a TIS and allow a more systematic exploration of the conditions under which
actors decide to contribute to the development of TIS by following different
strategies.
System Building
System building emphasises the important role of agency and can be defined as
“the deliberate creation or modification of broader institutional or organizational
structures in a technological innovation system carried out by innovative actors.
It includes the creation or reconfiguration of value chains as well as the creation
of a supportive environment for an emerging technology in a more general way”
(Musiolik et al., 2012, p. 1035) in order to “ address system weaknesses, to reduce
further uncertainties and to strengthen the TIS” (Hellsmark, 2010, p. 48). The
concept of system building considers the various activities involved in building
a system. It therefore offers valuable insights into an actor-oriented perspective
on TIS development by studying the role of system builders (Kukk et al., 2015).
These kinds of strategic activities depend on the availability of resources
(Musiolik et al., 2012) present in existing sociotechnical systems (Farla et al.,
2012). System building can be a collective activity (Garud & Karnøe, 2003) or
carried out by a single powerful actor (Hughes, 1987).
Only a few TIS studies until now have been concerned with specific actor roles
in a TIS (Markard et al., 2015). Examples include the work by Cetindamar and
Laage-Hellman (2002) on firm impact on cluster performance. Later, Hellsmark
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and Jacobsson (2009) studied the extent to which a single individual can
influence the development of a TIS. Most recently, Musiolik et al. (2012) analysed
the role of building networks as an underlying actor-level process in a TIS buildup. These studies have been useful in achieving first insights into how different
actor strategies influence overall TIS performance. However, the TIS community
could profit from deeper actor-level insight into the mechanisms that define
how the change process unfolds around radical technologies (e.g., Markard et
al., 2015). More specifically, additional insights as to how system builders design
their strategies to deal with different complexities in a highly regulated healthcare setting would enable better understanding of how different systembuilding activities influence one another and how organisational complexities
influence system-building strategies. Also, because the TIS approach focuses
on studying an innovation system centred on a specific technology (Dewald
& Truffer, 2011), additional insights related to technological complexities are
necessary to understand how strategic system-building activities depend on
technological co-dependency in constructing a new TIS.

1

Recently, in their response to criticism of the TIS framework, Markard and
colleagues (2015) admit that the implications of different institutional
framework conditions for TIS development deserve further empirical research
and theoretical development. This is in line with earlier literature that argues
that the lack of supporting institutions constitutes the main barrier for system
builders in the development of a new TIS. This is because radical technology has
to be embedded in existing institutional structures (Bergek et al., 2015) that are
not aligned with the needs of the new technologies (Hellsmark, 2010). Van de
Ven and Garud (1989, p. 210) emphasise the important role of system-building
activities in this context and add that:”firms often cooperate to collectively
manipulate the institutional context to legitimize and gain access to resources
necessary for collective survival”. According to North (1994, p. 361), “institutions
are the rules of the game, organizations and their entrepreneurs are the players”.
Scott (2008) has proposed organising the process of institutionalisation around
three separate ‘pillars’: “Institutions are comprised of regulative, normative and
cultural-cognitive elements that, together with associated activities and resources,
provide stability and meaning to social life” (Scott, 2008, p. 48): (1) Culturalcognitive systems are “the shared conceptions that constitute the nature of social
reality and the frames through which meaning is made” (Scott, 2008 p. 57), (2)
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regulative systems are the laws and regulations made by legislative bodies,
and (3) social expectations, values and norms constitute normative systems
(Scott, 2008). Institutional context is especially important in healthcare, in
which product development and market access are highly regulated (Kooijman,
2013; Schulman et al., 2009). Accordingly, system-building activities aimed at
institutional change are especially important for innovative entrepreneurs in
highly regulated fields, such as healthcare.
The institutional entrepreneurship literature provides useful insights on the
conceptualisation of the role of system building towards institutional change
(Leca et al., 2008). It studies activities “of actors who have an interest in particular
institutional arrangements and who leverage resources to create new institutions
or to transform existing ones” (Maguire et al., 2004, p. 657). Institutional
entrepreneurship is about actors or actor groups with sufficient resources to
contribute to institutional change, which they expect to be “an opportunity to
realize interests that they value highly” (DiMaggio, 1988, p. 14).
However, successful system building is often beyond the capacity of a
single entrepreneur, who will seldom have the necessary resources, power
or legitimacy (Van de Ven, 2005). Collective activities by a group of different
actors, acting on the basis of common interests, are often needed (Musiolik
et al., 2012; Wijen & Ansari, 2007). For example, institutional work literature
concentrates more on the purposive actions of multiple actors who need to act
together and share responsibilities (Greenwood & Suddaby, 2006; Lawrence et
al., 2011; Maguire et al., 2004). Institutional work theory “describes the practices
of individual and collective actors aimed at creating, maintaining and disrupting
institutions” (Lawrence & Suddaby, 2006, p. 215). Compared to institutional
entrepreneurship literature, its main focus is ‘institutional work’ as such: all the
different actions possible (creating, maintaining and disrupting institutions) by
individuals or actor groups regarding institutional structure (Lawrence et al.,
2011).
While collaboration is praised in the literature (in theories on institutional work
and open innovation), it also has risks and disadvantages or so called coopetition
losses (Ritala & Hurmelinna-Laukkanen, 2009; Zakrzewska-Bielawska, 2015).
Problems arise when individual interests work against collective interests and
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inhibit collective action (Wijen & Ansari, 2007). These include an attempt to free
ride at the expense of others (Olson, 1965). A ‘start-up’ problem may also occur,
in which collective system building is delayed or postponed because actors
are waiting for others to take the initiative and to commit to the creation of
the system (Marwell & Oliver, 1993). Actors who assume that their contribution
to collective action would be insignificant might also show a lack of interest
(Fireman & Gamson, 1979). This can be especially true at less well-resourced
companies. As a consequence, some actors may be more important in collective
activities, especially those who control resources that are critical for the field
(Musiolik, 2012). In addition, significant power and resource differences among
actors around a technology can inhibit the formation of collaborative action
(Hardy & Phillips, 1998). For these complex reasons, collective interests do not
always produce collective action (Heckathorn, 1996). The trade-off between
these alternative system-building activities is complex, and, accordingly, it is
not easy for a firm to decide which strategy to pursue.

1

We know from earlier empirical and theoretical studies that technologies
complement and compete with one another and therefore interact (Bergek
et al., 2015). TIS, as a technology-focused framework, is attentive to certain
technology-specific factors in its analysis of the dynamics of the surrounding
context, including development and dependence on other technologies
(Bergek et al., 2015; Markard & Truffer, 2008b). Therefore, when studying TIS as
sociotechnical systems, we argue, building on Markard et al. (2015), that further
conceptual development is necessary in this domain, with consideration of
other relevant or ‘parallel’ technologies, which are co-dependent and cannot
be diffused without one another in innovation systems.
Some existing studies have already been analysing how two technologies
influence each other. Islas (1997, p. 64) studied gas and steam turbines and
concluded that “two technologies can be complementary and in competition at
the same time and in the same market sector”. Wirth and Markard (2011) compared
a first- and second-generation renewable energy TIS in Switzerland. Sandén
and Hillman (2011) studied different transport fuel technologies in Sweden.
However, the analytical focus has been on system-level TIS-TIS interactions,
not on two technologies within the same TIS (Kukk et al., 2015). This kind of
technological co-dependency within the same TIS is heavily conceptualised in
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ecosystems literature that is based on management sciences (Mercan & Göktas,
2011). It is concerned with “the collaborative arrangements through which firms
combine their individual offerings into a coherent, customer facing solution”
(Adner, 2006, p. 2). Therefore, the theory, in addition to acknowledging that
actors do not innovate in isolation and that they are interdependent (as in the
TIS framework), also recognises that different actors develop technologies on
which other technologies depend (Adner & Kapoor, 2010). This increases the
complexity of the overall TIS in comparison to focusing on a single technology
at a time. Later on, Mercan and Göktaş (2011, p. 102) added that an “innovation
ecosystem consists of economic agents and economic relations as well as the noneconomic parts such as technology, institutions, sociological interactions and
the culture”. Furthermore, a well-functioning ecosystem “helps participants to
operate beyond current boundaries” and to “enable transformation of knowledge
into innovation” (Mercan & Göktas 2011, p. 102). Therefore, co-dependency
among actors is closely related to the technological dimension in an innovation
ecosystem (Kukk et al., 2015) and should be taken into account when studying
system-building complexities.
1.3 CASE SELECTION
In order to analyse the complexities of system-building strategies in the TIS
framework, we study two different radical medical technologies: personalised
cancer medicine and point-of-care testing (POCT).
A majority of radical innovations require new technological innovation
structures. These technologies—personalised medicine and POCT—represent
a whole new paradigm in treatment and diagnostics that the various
stakeholders within the existing health-care system have not yet adopted.
These radically innovative technologies require major changes within the
entire medicines and diagnostics development system. Personalised medicine,
like many radical innovations, is based on a new set of scientific foundations
(Henderson & Clark, 1990; Slocum & Rubin, 2008) in genomics, proteomics
and metabolomics and engineering standards (Meadows et al., 2015). POCT
operates on a fundamentally different technological basis compared to
laboratory testing, as typical for radical innovations (Chandy & Tellis, 2000).
Therefore, these technologies were selected as examples of radical medical
innovations. Their development processes have been long and complex and
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required new business models for companies as well as social learning and
changes in user practices. As is typical in radical innovation, the development
and diffusion of personalised medicine and POCT cannot be viewed as a single
event but, rather, as a complex process that takes place over time (Slocum &
Rubin, 2008).

1

Personalised Medicine
Personalised medicine represents a radically innovative technology field
in biomedical innovation. Besides innovative technologies being part of
personalised medicine, it has the potential to fundamentally change the practice
of medicine because of molecular diagnostics that enable the detection of
diseases before symptoms appear and identify patients using genetic profiling
(Schulman et al., 2009). This requires transformational change across many
areas around personalised medicine, including changes in business models
for pharmaceutical companies to develop in parallel drugs and corresponding
diagnostics, flexible approval procedures for these life-saving drugs and
changes in treatment practices—i.e., how healthcare is delivered. Personalised
medicine is especially important in oncology, as cancer is a leading cause of
death worldwide (WHO, 2015), and the currently available cancer treatments
have had only modest results (Haber et al., 2011). Personalised medicine
represents a new paradigm in oncology. It enables more effective treatment
options with fewer adverse effects and has the potential to reduce the cost of
cancer care (Schilsky, 2010).
The focus here is on Herceptin® and Tarceva®—two of the first biomedical
personalised cancer drugs developed with the potential to significantly improve
cancer treatment outcomes. This is possible as they can be used only on certain
patient subgroups, identified using biomarker-based testing. They, therefore,
represent an emerging medical technological field in health care in which
two technologies—drugs and diagnostic testing—are highly co-dependent.
Herceptin® (trastuzumab) is one of the first personalised cancer medicines.
Used in the treatment of breast cancer and entered the market in 2000. Tarceva®
(erlotinib), which entered the market in 2005, is used in the treatment of lung
cancer. These two drugs are exemplary cases that allow the study of the role
of co-dependent technologies in the context of system-building strategies. As
successive cases, they enable an analysis of how system-building strategies
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around Herceptin® influenced subsequent system-building around Tarceva®
after organisational complexity had increased, because more actors came on
the market with similar personalised medicine technologies.
The implementation of personalised cancer drugs is challenging for
regulators with respect to the alignment of institutions regarding approval
and reimbursement policies. This is because medical innovation is a complex
area in which technological and institutional changes are closely related.
Changing these kinds of regulatory institutions is important in developing
innovative pricing and reimbursement policies and in accelerating approval
procedures (Boon et al., 2014). These are essential for this novel type of
therapeutic-diagnostic combination, which is expected to lead to affordable
medicines for small patient populations and to reduce the pressure on health
care budgets.
The implementation of these innovative drugs also calls for institutional
change to transform existing treatment routines for cancer patients. As an
example of an important biomedical innovation, personalised medicine can
cut across established organisational boundaries and transform established
medical practice routines in hospitals (Christensen, 2000; Swan et al., 2007).
This means that hospitals will need to adapt and change from being merely
service and healthcare providers to become important collaboration partners
in biomedical innovation, bringing together science, technology and patients
to facilitate biomedical innovation.
The geographic delineation of the personalised medicine TIS studied here are
England and the Netherlands. Both countries have supportive environments
for medical innovation: they have excellent research facilities, the presence
of pharmaceutical and diagnostic companies, and a sufficient supply of
technology, scientists and know-how (CWTS, 2010; Enzing et al., 2006; Swan et
al., 2007). However, both countries also have a nationally distinctive approval
system for personalised cancer drugs. At the beginning of 2000, this initially
proved highly problematic with respect to reimbursement for and the availability
of personalised medicines (Schellen, 2013; Wilking et al., 2009). However, at the
beginning of the 2010s, both countries went through significant changes and
improvements regarding market access and reimbursement for personalised
medicine. It is interesting, therefore, to study these changes and the role of
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different stakeholders in system building. The time period of this case is,
therefore, thirteen years, from the introduction of Herceptin® to the market in
1999 until the approval of Tarceva® in 2012.
Point-of-Care Testing
POCT is our second example of an emerging medical technology. Healthcare
has an increasing need for innovative solutions to increase the efficiency and
quality of diagnostics. POCT is an example of a radical healthcare innovation
that introduces new diagnostic practices and routines in medical protocols
in hospitals (Swan et al., 2007). Its importance lies in enabling diagnostics to
be performed more quickly in the vicinity of patients and therefore allowing
treatment decisions to be made more rapidly—in comparison to laboratorybased testing (Ehrmeyer & Laessig, 2007; Larsson et al., 2015). POCT is especially
important in infectious diseases and in life-threatening situations—such as
sepsis or blood clotting—in which the speed of medical action to treat the
patient is particularly crucial to influence therapeutic choice and improve
patient care (Bissonnette & Bergeron, 2010; Fries & Streif, 2015). For the potential
medical and economic benefits, hospitals are the fastest-growing market for
POCT technologies, more so than testing at a physician’s office or home selftesting (TriMark, 2013).

1

The focus is on POCT adoption in German hospitals for the following reasons.
Germany has the biggest POCT market in Europe, with a value of around €0.9
billion, or about 30% of the total German in-vitro diagnostic (i.e., carrying out
diagnostic testing outside of a living organism in a laboratory) market (Junker
et al., 2010). Germany spends 11.3% of its gross domestic product (GDP) on
healthcare (World Bank, 2014). Moreover, hospitals, in particular smaller
hospitals with only a few hundred beds, are under pressure to save money on
their procedures. Hospitals have economic incentives not to have in-house
laboratories but to outsource laboratory testing or implement POCT (John &
Price, 2014; Moore, 2013). Progress towards realising the potential of POCT in
the hospital setting has, however, been hindered by a number of problems,
among them regulation and the cost of POCT technologies (Bissonnette &
Bergeron, 2010). Moreover, changes in cognitive institutions—for example, in
the treatment and diagnostic practices of medical specialists and laboratory
staff—are needed in hospitals. POCT is used on patients by non-laboratory
personnel (i.e., nurses) and does not need to be sent to central laboratories.
27

39585 Piret Kukk.indd 27

06-04-16 13:53

CHAPTER 1

Because overcoming these barriers requires a lot of effort and resources, we
expect that system-building activities by POCT firms must have taken place to
create a market for POCT technologies.
1.4 RESEARCH QUESTION AND THESIS OUTLINE
Bringing radical medical technologies to the market requires many challenges
to be overcome (Janssen & Moors, 2013). Often, they are embedded in a highly
institutionalised setting which differs greatly from established sociotechnical
systems. Accordingly, implementation of these kinds of medical innovations in
a TIS demands the active involvement of innovative actors, for example, system
builders, who can affect the direction and speed of technological innovation
(Markard & Truffer, 2008a). Therefore, it is important to understand how these
complex system-building strategies influence one another as well as how they
relate to technological complexities: that is, co-dependency among different
technologies (e.g., drugs and diagnostics). We know that system building
can be an individual or collective activity. However, changing organisational
dimensions can influence actors’ system-building strategies. Because the
availability of skills and resources is likely to determine an actor’s system-building
abilities, additional insights in firms’ system-building activities are necessary
to understand which activities actors undertake individually and collectively
and how this varies among different system-building activities. Therefore, the
main goal of this dissertation is to improve understanding of the different
complexities in system-building strategies around radical innovations in the
health-care sector. To do that, we study how innovative actors are engaged in
different system-building activities to create an innovation system around their
personalised medicine and POCT technologies. This brings us to the central
research question of this thesis:
How do firms deal with co-dependencies among technologies, actors, and
activities in building innovation systems around radically innovative medical
technologies?
In Chapter 2, the focus is on co-dependencies among system-building activities
(Table 1-2). This chapter analyses how institutional change takes place in the
context of other system-building activities. It bridges the literature on system
building with the literature on institutional entrepreneurship and institutional
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work. By bringing in mechanisms on institutional change, it contributes
to a better understanding of how different actor strategies contribute to
institutional change. The focus is on Herceptin® in England, a case that shows
that technological and institutional changes are strongly interrelated.

1

Chapter 3 studies how system-building strategies in a TIS depend on codependencies among technologies and among actors (Table 1-2). The TIS
approach traditionally focuses on one specific technology in its analysis, but
often does not consider technological interrelatedness. Technological codependency is heavily conceptualised in innovation ecosystems theory (Adner,
2006; Mercan & Göktas, 2011; Moore, 1993). By borrowing insights from the
literature on innovation ecosystems, Chapter 3 complements the current systembuilding literature and sheds light on how technological interdependencies
among personalised cancer drugs and corresponding companion diagnostics,
and changing co-dependencies among actors, influenced actors’ systembuilding strategies in England.
In Chapter 4, the TIS approach is applied to the field of personalised medicine to
clarify the specific dynamics related to market formation, which is an important
part of system building (Table 1-2). Chapter 4 focuses on technological codependencies and explores which factors influence the implementation of
second-mover products compared to first-mover products in the personalised
medicine TIS. Two examples of personalised medicine are used: Herceptin® for
breast cancer and Tarceva® for lung cancer, which developed successively over
time in the Netherlands.
Chapter 5 studies how system-building strategies in a TIS depend on two
different kinds of complexity: co-dependency on different system-building
activities and co-dependency among actors (e.g., organisational complexity)
(Table 1-2). Until now, only limited research has been conducted into what kinds
of system-building activities innovative entrepreneurs undertake individually
or collectively and what the trade-off is among these different strategies.
Chapter 5 analyses the collective versus individual system-building strategies
at large firms and SMEs in the emergence of radical innovation by exploring
the development of point-of-care diagnostics technology and its diffusion at
German hospitals.
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Finally, Chapter 6 concludes the thesis. The chapter starts with a discussion and
an overview of the main findings of the previous chapters. Finally, the main
conclusions of the thesis are summarised.
Table 1-2: Overview of empirical chapters
Chapter/Case

Research Question

Data Collection
Methods
Which system-building activities did the key Archival data
Chapter 2:
actors undertake to facilitate market approval Literature study
Herceptin® in
England
and diffusion of their technologies? How did the Websites
key actors deal with institutions that influenced
their technology, and which strategies did they Semi-structured
implement together with other stakeholders to interviews
shape the institutional structures in the interest of (n=15)
their goal?
How can we understand the impact of Archival data
Chapter 3:
technological complementarities, timing strategies Literature study
Herceptin ® and
®
Tarceva in
and changing organisational complexity on Websites
England
system building within TIS that took place during
the diffusion of the first personalised cancer Semi-structured
therapeutics and corresponding companion interviews
diagnostics in England? What kind of strategies of (n=9) and
system building by different actors can we identify semi-structured
regarding the improvement of the implementation interviews from
and diffusion of these co-dependent technologies Chapter 2 (n=15)
in modern health care systems?
Archival data
Chapter 4:
Which factors influence the market formation of Literature study
Herceptin ® and
Tarceva ® in the
personalised medicine innovation systems over Websites
Netherlands
time, by following first-mover and second-mover
personalised medicines?
Semi-structured
interviews
(n=11)
Chapter 5:
What kind of collective versus individual system- Archival data
Point-of-care
building strategies can we identify in innovation Literature study
testing (POCT) in systems around radical technological innovations Websites
Germany
and consequently, how and why do they differ
between large firms and SMEs in different types of Semi-structured
system-building activities?
interviews
(n=13)

Analysis
Methods
Qualitative
event
history
analysis

Qualitative
event
history
analysis

Qualitative
event
history
analysis

Inductive
analysis of
qualitative
data from
interviews
and
documents
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2

INSTITUTIONAL POWER PLAY IN INNOVATION
SYSTEMS—the case of Herceptin®

Abstract
New technologies must be accompanied by institutional change. Innovative actors
therefore need to do institutional work or take a role as an institutional entrepreneur
in order to shape the institutions in the best interests of their technology. However,
the literatures on system building and on institutional entrepreneurship have
little overlap. The goal of this chapter is to bridge these two bodies of literature to
gain additional insights into how institutional change evolves in a technological
innovation system. We show how the pharmaceutical firm Roche acted as a powerful
institutional entrepreneur by influencing the health-care system in England to
create a market for the personalised cancer drug Herceptin®. We demonstrate that
institutional change can be preceded by a range of innovation system-building
activities that are not directly intended to bring about institutional change but are
required in order for institutional change to take place. Through this case study, we
show how the system-building and institutional change literature can complement
each other.

This chapter is based on: Kukk, P., Moors, E. H. M., Hekkert, M. P., 2016. Institutional
power play in innovation systems: The case of Herceptin®. Published in Research
Policy (http://dx.doi.org/10.1016/j.respol.2016.01.016).
The PhD candidate has been the primary researcher of the work reported in
this chapter and has been the main contributor in the study design, theory,
methodology, data collection, data analysis, writing and presenting this chapter.
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2.1 INTRODUCTION
The technological innovation system (TIS) framework has emerged over the
past few years as an analytical tool to study the dynamics of new and emerging
technology fields (Carlsson et al., 2002; Edquist, 2005; Hekkert et al., 2007; Markard
& Truffer, 2008a). Rooted in evolutionary economics, it highlights the importance
of dynamic interplay between institutional structures and the various groups of
actors (Carlsson & Stankiewicz, 1991; Carlsson et al., 2002) that, together with
technology and networks, are considered key structural elements of innovation
systems (Hellsmark, 2010). Because the TIS framework was initially intended to be
used in conjunction with firm strategy literature in order to explain the systemic
aspects of innovation and to derive recommendations for policy makers in their
respective technological areas (Bergek et al., 2008; Hekkert et al., 2007; Jacobsson
& Bergek, 2004), the majority of TIS studies take a meso-level perspective.

2

Some authors in innovation studies have recently expressed concern about the
lack of effort directed toward exploring how micro-level activities by different
innovating actors influence the innovation system (Hellsmark, 2010; Markard &
Truffer, 2008a; Musiolik et al., 2012). Because of this, the deliberate activities of
specific actors, or so-called system builders, are overlooked. They are associated
with a strong vision aimed at creating and shaping the system in their own
interests (Hellsmark & Jacobsson, 2009).
It is important to analyse these deliberate actor strategies for system building in
TIS studies in greater depth (Farla et al., 2012; Truffer et al., 2012). Several studies
have illustrated the importance of entrepreneurs as prime movers (Carlsson &
Stankiewicz, 1991; Hellsmark, 2010; Markard & Truffer, 2008a; Negro et al., 2007)
in shaping innovation systems, but we still lack insight in how actors shape
different innovation systems.
Some TIS scholars have taken a more actor-oriented approach and analysed
the importance of deliberate activities of actors or networks that commit
themselves to system building as they undertake different activities to support
an emerging technology (Cetindamar & Laage-Hellman, 2002; Hellsmark, 2010;
Hellsmark & Jacobsson, 2009; Markard & Truffer, 2008a; Musiolik & Markard,
2011). All these studies can be categorised as system-building literature and
build on the seminal work of Hughes (1987).
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Even though very important, these studies have not provided deeper insights
into the mechanisms behind system building aimed at institutional change.
Therefore in this chapter we highlight the process of system building aimed
at achieving institutional change. In general, institutional frameworks are not
aligned with the needs of radical innovation, and therefore institutional change
is necessary. We thus expect that activities related to institutional change in
cultural-cognitive, normative, or regulative institutions (Scott, 2001), or in any
combination of all three, are an important part of system-building activities.
Many papers in organisation studies theorise specifically on institutional change
strategies. Compared to system-building literature, organisation studies is
much more developed. For example, it distinguishes among different types of
actors behind institutional change, such as institutional entrepreneurship, in
which a powerful heroic entrepreneur with a lot of resources single-handedly
changes institutional arrangements (DiMaggio, 1988; Leca et al., 2008; Maguire
et al., 2004), and the institutional work, in which institutional change takes place
through many different types of activities by a wide variety of actors that aim
to achieve institutional change (Lawrence et al., 2011; Maguire et al., 2004).
Interestingly, the literature on institutional change does not focus explicitly on
innovation and technological change, nor does it explicitly take into account
relations between other forms of system-building activities and institutional
entrepreneurship or institutional work.
In this chapter, we aim to bridge the literature on system building with the
literature on institutional entrepreneurship and institutional work. By bringing
mechanisms on institutional change into the discussion, we contribute to
a better understanding of actor strategies in system building. Moreover, by
showing how institutional change strategies are related to broader systembuilding strategies in the context of innovation, we also contribute to knowledge
on institutional change.
The purpose of this chapter is to provide insights in different system-building
patterns by a powerful actor in a TIS that aim to achieve institutional change.
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Our main research questions are therefore:
(1) W
 hich system-building activities did the key actors undertake to facilitate
market approval and diffusion of their technologies?
(2) How did the key actors deal with institutions that influenced their
technology, and which strategies did they implement together with other
stakeholders to shape the institutional structures in the interest of their goal?
In order to study the importance of institutional change in the context of
broader system-building strategies, we focus on personalised cancer medicine,
a technological area of biomedical innovation in which technological and
institutional change is strongly interrelated.

2

Medicine is a highly regulated field, in which bringing a new product to
market involves a lengthy institutional process to guarantee its safety and
quality. Personalised medicine represents a new paradigm in health care and
cancer treatment that enables the provision of more effective treatments
with fewer adverse effects for particular patients, based on their specific
genetic characteristics. Implementation of this innovative medical treatment
requires various significant changes in the health-care sector. This is because,
unlike traditional cancer therapies (e.g., chemotherapy, radiation, or surgery),
personalised cancer drugs work only on specific patients who can be identified
using biomarker-based testing. No other type of drug has required this kind of
testing, therefore, changes in treatment and testing protocols and routines are
needed. How these kinds of cognitive institutional changes regarding diagnosis
are implemented is therefore crucial for the adoption of personalised medicine.
The concept of personalised medicine also challenges regulators concerning the
alignment of regulatory institutions involved in approval and reimbursement
policies to assess the costs and benefits of this new and expensive combination
of drugs and diagnosis within health care, considering that resources are not
unlimited. Such a transmission process in medical innovation from scientific
discovery to new products and services (i.e., the adoption of personalised
medicine) depends on cognitive changes in institutions and a learning curve in
hospital-based medical practices (Morlacchi & Nelson, 2011; Nelson et al., 2011)
and patient preferences and competence (Windrum & García-Goñi, 2008).
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The fundamental role of hospitals in innovation systems in the delivery of health
care has been highlighted in earlier literature (Metcalfe et al., 2005). The clinical
trials to test new cancer drugs take place in cancer centres that are usually part
of large university research hospitals. These trials in drug development are
run by principal investigators, medical oncology specialists employed by the
hospitals. The majority of cancer treatments, such as monoclonal antibodies
in personalised medicine, are delivered in hospitals intravenously, exclusively
under the supervision of oncologists. Hospitals are the hubs of clinical practice.
They not only are service providers but also contribute to biomedical innovation
and, together with patients, are the key adopters of new medical technologies.
Therefore as we analyse institutional entrepreneurship by a large and resourceful
pharmaceutical firm, we are also analysing the role of hospitals and patient
organisations as key stakeholders in institutional change related to the use in
England of the personalised breast cancer drug Herceptin®.
Compared to other Western European countries, England has a complex and
demanding institutional environment for gaining market access for drugs, such
as an independent drug regulatory agency. The National Institute for Health and
Clinical Excellence (NICE) has long, detailed, and evidence-based assessment
procedures in place to guarantee the effectiveness and cost benefit of new drugs.
This proved problematic in the adoption of personalised medicine in hospitals at
the beginning of 2000 (Wilking et al., 2009). However, the country has undergone
significant improvement over the years, which makes England an interesting
case study. We want to understand how the key actors (i.e., the manufacturers,
hospitals, and patient groups) operated in this difficult institutional environment
in order to overcome the systemic hurdles they faced at the beginning of the
market introduction of Herceptin® and which approaches they took to overcome
the underdeveloped key processes in the system.
The chapter is structured as follows. The following section starts with a brief
description of the technological innovation systems, system building, and
institutional entrepreneurship literature and explains our analytical framework.
Section 2.3 addresses the methodology. The Herceptin® case description and
diffusion problems are elaborated in Section 2.4. Section 2.5 covers the results
of the empirical analysis of our framework. Section 2.6 concludes.

38

39585 Piret Kukk.indd 38

31-03-16 20:28



INSTITUTIONAL POWER PLAY IN INNOVATION SYSTEMS

2.2 THEORETICAL BACKGROUND
This chapter departs from the innovation system (IS) concept as it offers a suitable
framework for analysing the dynamics and growth of a system involving novel
technologies or products (Carlsson et al., 2002; Edquist, 2005; Hekkert et al.,
2007).
The central idea behind the IS approaches is that the determinants of any
technological change are found also in a broader social structure around
entrepreneurs (Carlsson & Stankiewicz, 1991; Freeman, 1987; Lundvall, 1992),
which means that firms do not innovate in isolation (Edquist, 1997) but, rather,
are part of a larger context that can be defined as an IS (Lundvall, 1992).

2

A technological innovation system (TIS) is part of the wider IS concept and
focuses on a specific technology. It is defined as “a set of networks of actors and
institutions that jointly interact in a specific technological field and contribute to the
generation, diffusion and utilisation of variants of a new technology and/or new
product” (Markard & Truffer, 2008b, p. 611).
In addition to structural components, a process perspective of TIS has been
developed to enhance the analytical framework (Bergek et al., 2008; Hellsmark,
2010). It highlights the interactions of actors and institutional structures in a
specific field of technology (Carlsson et al., 2002; Markard & Truffer, 2008a), and a
number of key processes that have been identified need to operate successfully
in a well-functioning system (Bergek et al., 2008; Hekkert et al., 2007; Jacobsson
& Bergek, 2004). The focus on processes is a relatively new addition to the TIS
approach (Suurs et al., 2009; van Alphen et al., 2010) used to analyse system
dynamics and to compare system performance (Hekkert et al., 2007; Truffer et
al., 2012).
However, as Markard and Truffer (2008a) highlighted, TIS studies base their
analysis on the system level. This is because the IS framework was intended to
be used in conjunction with business strategy literature to explain the systemic
aspects of innovation for policy making (Bergek et al., 2008; Jacobsson &
Bergek, 2004; Naubahar, 2006). The concern is that, if such a focus is used, the
community might overlook the role of actors and actor groups at a micro level
in the creation and functionality of a TIS (Farla et al., 2012; Hellsmark, 2010;
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Markard & Truffer, 2008a). Neither pays attention to the deliberate activities of
specific actors in the current TIS framework, who are associated with a strong
vision and interest in shaping the system or its institutional structure according
to their interests (Hellsmark, 2010; Hellsmark & Jacobsson, 2009). Therefore TIS
is not always just a heuristic construct created for analytical purposes (Bergek
et al., 2008; Carlsson et al., 2002; Edquist, 2004) but, rather, a real system with
structural elements and actors dedicated to system development (Hughes,
1979; Hughes, 1987; Musiolik, 2012).
This kind of system building by dedicated actors is about the strategic creation
or modification of institutional and organisational structures (Musiolik et al.,
2012), in order to “address system weaknesses, to reduce further uncertainties and
to strengthen the TIS” (Hellsmark, 2010, p. 48). These kinds of system-building
strategies depend heavily on the availability of resources and the existing sociotechnical systems (Farla et al., 2012) in pursuing more favourable conditions to
develop and spread the adoption of new technologies and products (Garud &
Karnøe, 2001; Hughes, 1979; Van de Ven, 1993).
Some studies have looked at the role of specific actors in TIS functionality:
Cetindamar and Laage-Hellman (2002) conducted a comparative analysis of a
company’s impact on the performance of clusters. Hellsmark and Jacobsson
(2009) analysed the extent to which an individual has the capacity to
influence the formation of a TIS. They addressed the individual as a system
builder with ‘transformative capacity’ on the TIS. Following this, Musiolik et
al. (2012) analysed the role of networks as system builders in fuel cell-based
TIS in Germany. The concept of system building is considering all possible
key processes involved in system building and therefore offers valuable
insights from an actor-oriented perspective on creating innovation systems
by analysing the role and transformative capacity of specific actors as system
builders. However, the TIS community would benefit from further insights into
the precise evolution of the process of change, the typical system-building
patterns, the order of specific key processes, and how they reinforce one
another to change the system.
As highlighted in previous work, actors may also deliberately change or
adapt existing institutions or create new ones (Markard & Truffer, 2008a), and
these kinds of institutional change activities have a positive correlation with
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the degree of institutionalisation of the field (Beckert, 1999). According to
North (1994, p. 361), “institutions are the rules of the game, organisations and
their entrepreneurs are the players.” This relates to the long-standing debate on
structure versus agency in the social sciences community (Leca et al., 2008).
Scientific discussion over how structures and agencies actually interact is
ongoing. Earlier work found that structures (institutions) should be privileged
over agency, and therefore institutional change was seen as a result of an
exogenous stimulus (Leca et al., 2008). The contrary view that institutions are
the result of different activities by the actors (Dolfsma & Verburg, 2005) is much
better equipped to deal with institutional change, because it emphasises
the role of actors. The literature on institutional entrepreneurship is one
institutional theory that benefits from detecting endogenous reasons for
institutional change (Leca et al., 2008).

2

The literature on institutional entrepreneurship is useful for conceptualising
the role of system builders in institutional change in an innovation system
(Leca et al., 2008). It analyses specific activities “of actors who have an interest
in particular institutional arrangements and who leverage resources to create new
institutions or to transform existing one” (Maguire et al., 2004, p. 657). According
to Weik (2011), institutional entrepreneurs can be categorised into three groups
based on the type of activities in which they are interested in undertaking: (1)
creators of new institutions; (2) destroyers of existing institutions; and (3) those
interested in changing established institutions. Institutional entrepreneurship
as initially introduced by DiMaggio (1988) is about heroic entrepreneurs who are
able to change institutions. He introduced the term institutional entrepreneur
to characterise actors or actor groups with adequate resources to contribute
to the creation of new institutions or change the existing ones in which they
expect to be “an opportunity to realise interest that they value highly” (DiMaggio,
1988, p. 14).
Other frameworks closely related to institutional entrepreneurship
encompass what entrepreneurs or actors do in general to create or change
institutional settings, such as institutional work (Lawrence et al., 2011), which
focuses on micro-level activities that are aimed at achieving institutional
change. According to Lawrence, institutional work “describes the practices of
individual and collective actors aimed at creating, maintaining and disrupting
institutions” (Lawrence & Suddaby, 2006, p. 215). Compared to institutional
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entrepreneurship, institutional work concentrates more on diverse forms of
agency and activities that contribute to institutional change (Lawrence et al.,
2011; Maguire et al., 2004). Its main interest is ‘work’ as such—all the different
activities (creating, maintaining, and disrupting institutions) that actors or
actor groups can engage in regarding institutional structure (Lawrence et
al., 2011). Institutional work studies how and why the activities in support of
institutional change occur, and with what effect, by focusing on distributed
agency: how coordinated and uncoordinated efforts by a large number of
different actors lead to institutional change (Lawrence & Suddaby, 2006).
The focus of institutional work is on practice and process and not only the
outcome, as in institutional entrepreneurship, which diverts attention from
one dominant institutional entrepreneur (Lawrence et al., 2011).
Because the literature on institutional change is theoretically more developed
than that of system building, it also has a more systemic overview of how
change evolves. As proposed by Tolbert and Zucker (1996), institutionalisation
can be seen as a three-step process of consecutive phases: (1) habitualisation,
(2) objectification, and (3) sedimentation. The first step, also called a preinstitutional stage, is characterised by unstable structures, a low level of
coordination, and a lack of legitimacy for the innovation, a low level of
knowledge, and the absence of routine use of the technology. The second
step involves increased social consensus, for example, legitimacy among
decision makers and accelerated adoption (of the technology). The last step
means full institutionalisation, characterised by wide acceptance by all the
actors involved (possible adopters) to assure the long-term continuation of
the relevant structures (Tolbert & Zucker, 1996).
Scott (2001) has proposed that the process of institutionalisation be organised
as three separate ‘pillars’ needed for a stable institutional structure: culturalcognitive, regulative, and normative systems. According to Scott (2001): (1)
cultural-cognitive systems are represented by shared identities, common
beliefs, and logics; (2) regulative systems are the laws and regulations by
executive and legislative bodies that are needed for formal legitimacy; and (3)
social expectations, values, and norms by professional associations (e.g., lobby
or patient groups) that constitute normative systems.
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2.3 METHODOLOGY
We chose to study the importance of system building in general and on
institutional change in particular regarding the diffusion of Herceptin® in TIS in
England for the following reasons.
First, Herceptin® is one of the first biomedical personalised breast cancer
drugs developed that has the potential to significantly improve treatment
outcomes. The implementation of Herceptin® is challenging the regulators with
respect to the alignment of regulatory institutions involved in approval and
reimbursement policies because, as a new combination of diagnosis and drugs,
it requires the development of innovative pricing and reimbursement policies.
The implementation of this first personalised medicine for cancer also calls for
cognitive institutional change to transform the overall medical-care protocol for
breast cancer patients. As an example of an important biomedical innovation,
it represents an emerging technological field that can cut across established
professional and organisational boundaries and disrupts established medical
routines and treatment protocols in hospitals (Christensen, 2000; Swan et
al., 2007) by changing various established institutions. Because a majority of
radical medical innovations require new institutional structures, we expected in
advance that institutional change would play an important role in the creation
of a market for the Herceptin® TIS, considering that personalised medicine is an
entirely new paradigm in cancer treatment that the existing health-care system
and the various actors involved have not yet adopted.

2

Second, until now TIS scholars have dedicated most of their efforts to the energy
sector (Truffer et al., 2012). Other sectors with different characteristics, such
as pharmaceuticals, which is one of the world’s most highly regulated, have
not gained as much attention. Therefore, an exploratory single case study was
worth conducting in this sector.
Third, the adoption of this drug in England presents an interesting case for
analysis because, compared to other Western European countries, England has
a supportive environment for biomedical innovation: it has excellent research
facilities, internationally recognised pharmaceutical companies, and a sufficient
supply of technology, scientists, and know-how (Swan et al., 2007). However, the
country also has a nationally distinctive, complex, and demanding institutional
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environment with respect to market access for personalised cancer drugs. This
is mainly due to complex health technology assessment procedures for new
drugs, whose outcome determines whether the cost of a drug will be covered
by the National Health Service (NHS) (Abelson & Collins, 2009). At the beginning
of 2000, the reimbursement and availability of these procedures initially proved
highly problematic (Wilking et al., 2009).
However, at the beginning of the past decade, significant institutional changes
and improvements occurred in England that made personalised medicine more
widely available to patients. Therefore institutional change was significant in
creating a market for such drugs, and it made England an interesting case
study of how these changes took place over time and what the role of various
stakeholders was. The duration of this case is seven years, from 1999, when
Herceptin® came on to the market, until 2006, when the drug was approved for
the treatment of early-stage breast cancer.
The study employs a multi-level approach. First, we identified and mapped all
the relevant actors, networks, and institutions of the Herceptin® TIS in England.
Empirical data were collected, making use of different sources, such as scientific
literature, ‘gray’ literature (professional journals, industry reports, policy papers,
and books), and various websites. Thereafter, using the same sources, a
qualitative event analysis was conducted to trace important developments in
the case. In this event analysis, system-level events related to the development
and implementation of Herceptin® in England over six years were identified and
divided into different system-building classes based on the system functions by
Hekkert et al. (2007) (see Table 2-1). The classification was verified by another
researcher to increase the validity of the primary results. All the differences in
the classification were analysed and reclassified, if necessary. The results of the
event analysis were used to develop a narrative describing the evolution of the
Herceptin® innovation system in England.
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Regulatory approval by EMA
Positive assessment by NICE
Collaboration between Roche and Dako
to develop companion diagnostic
Reimbursement decision by NHS
Beginning of the HERA clinical trial
New scientific evidence published
about phase III clinical trials
Launch of governmental Cancer Strategy
Meeting organised about Herceptin®
Supportive political statement

Creation of
legitimacy

Resource
mobilisation

Market formation

Guidance of search

Knowledge
diffusion

Knowledge
creation

EVENTS around Herceptin®

Entrepreneurial
activities

Table 2-1: Examples of events classification according to system-building activity (based on TIS
functions in Hekkert et al., 2007)

x
x
x

2

x
x
x
x
x
x

We complemented and developed our narrative further by conducting 15
semi structured interviews with experts from different stakeholder groups,
such as industry, academia, medical practices, nonprofit organisations,
drug regulators, and policy makers (see Table 2-2). The experts interviewed
were identified from Internet searches, scientific articles, policy papers, and
snowball sampling using the criteria of being involved in or having profound
knowledge of the adoption or implementation of Herceptin® in England. The
interviews took place from November 2012 to March 2013. We personalised
the interview guide for each expert based on his or her field of expertise. To
explore the different actor strategies and understand their actual behaviour
and underlying motivations, we asked the stakeholders a series of questions
about the history of the creation of the market for Herceptin® and the regulatory
environment of the market. We asked them to identify the main stakeholders
involved in the adoption of the technology, the problems they encountered,
and how they were dealing with them. All the interview results have been
completely anonymised to protect the identities of the interviewed experts.
The contradictions between the narrative and interview results were checked
with follow-up interviews to gain additional insights. So, the interviews
became more refined during the interview process. To increase the validity of
the outcome, we also compared all our interview findings against the results
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of the event database. If any contradictions arose, we conducted additional
searches to include all the possible information sources studied.
Table 2-2: Overview of interviewees
ID
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O

Role
Industry executive
Cancer charity representative
Public health professional
Industry executive
Industry executive
Oncologist
Health-care specialist
Industry executive
Industry executive
Oncologist
Oncology pharmacist
Health economist
Oncologist
Health economist
Pathologist

Date of interview (by phone)
15-01-2013
07-11-2012
22-11-2012
07-12-2012
09-11-2012
03-12-2012
07-11-2012
28-01-2013
20-11-2012
29-11-2012
07-01-2013
31-01-2013
12-02-2013
19-02-2013
07-03-2013

2.4 RESULTS
The case study concerns the implementation of breast cancer drug Herceptin®
in England from 1999 until 2006 (Figure 2-1). Herceptin® is a recombinant
human monoclonal antibody that speciﬁcally binds to the human epidermal
growth factor receptor 2 (HER2/neu), which is overexpressed in 25%–30% of
breast cancer patients’ tumour cells (Slamon et al., 2001), thus hindering the
growth of tumour cells. It is an example of a ‘personalised drug’ because, unlike
traditional therapies (e.g., radiation, chemotherapy), it does not affect all the
cells but, rather, works on a specific molecular target, which is present in only
a subgroup of patients. It is a very expensive drug: treatment with Herceptin®
costs from £20,000 to £30,000 per patient per year (Kroese et al., 2007), which
is equivalent to the average annual income in England.
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2
Figure 2-1: Key events regarding Herceptin® adoption in England

Pharmaceuticals have one of the most highly institutionalised markets, with
high barriers to entry, in which products cannot enter the market without
approval by the relevant regulatory authority (Netzer, 2006). Herceptin®, like
all the other personalised medicines in the European Union, first had to be
approved by the European Medicine Agency (EMA) (Netzer, 2006). Only after
the European Commission (EC) licensed it based on EMA approval did it become
available for use. However, it was not included in the NHS coverage plan in
England until after a positive opinion had been rendered by the NICE. During
the period from the EMA approval to the NICE assessment, the decision as to
whether the NHS would cover Herceptin® treatment for a given patient was
made by local Primary Care Trusts (PCT) (i.e., administrative bodies in England,
part of the National Health Service and responsible for commissioning primary
and secondary health services) (Mayor, 2005a).
The first part of the Herceptin® narrative covers the system-building activities
by the actors between the beginning of 2000, when the drug was launched on
the market for the treatment of late-stage breast cancer, and 2002. The second
part describes the actors’ activities from 2003 until 2006, when Herceptin® was
launched for the treatment of early-stage breast cancer and its aftermath.
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Simultaneous Launch of the NICE and Herceptin® in England
The NICE is an independent advisory body in England that conducts assessments
on the cost effectiveness of drugs as well as their safety and clinical effectiveness
(Paul & Trueman, 2001). It directly affects whether the cost of a drug is covered
by the NHS. The establishment of the NICE just when Roche was preparing to
submit Herceptin® for authorisation approval (Figure 2-1), put the company
in a complicated position regarding its system-building strategy for the drug
(Industry executive A; D). Clear approval and reimbursement policies drive the
creation of a market for new drugs, but this was not the case for Herceptin®
because at the time that the company was conducting clinical trials in hospitals,
the NICE did not yet exist. The newly established NICE wanted Roche to supply
all the evidence documented upfront, which was much more data than any
other national authority had ever requested (Industry executive A). Because
the NICE’s specific requirements on cost effectiveness were not known in
advance, the particular health economics type of data about this expensive
drug during the late-stage clinical trials had not been collected, because this
was not commonly done in the mid-1990s (Industry executive A). Under these
conditions, the NICE had to determine a reasonable price for improving and
prolonging lives—something that had not been done before either. Keeping
these circumstances in mind, it was evident that the NICE’s review of Herceptin®
was going to be a long and complicated institutional process.
In order to create market access for its drug, Roche took a number of strategic
steps (i.e., system-building activities) in support of this process (see Table 2-3).
Even though Roche was not able to directly influence the NICE’s assessment
(i.e., regulatory institutions), by taking these steps it was trying to ensure faster
adoption in hospitals once the drug received a positive assessment from the
NICE (Hedgecoe, 2004). In order to contribute to the diffusion of knowledge
about the drug and to create clinical experience with the drug (i.e., cognitive
institutions), Roche gave hospitals (i.e., other key actors within the TIS) the
opportunity to purchase the drug directly from the manufacturer (Hedgecoe,
2004) and dedicated further resources toward implementing an Expanded
Access Programme (EAP) to give 168 patients Herceptin® free of charge (Miles
& Wroath, 2001) (Table 2-3).

48

39585 Piret Kukk.indd 48

31-03-16 20:28



INSTITUTIONAL POWER PLAY IN INNOVATION SYSTEMS

Enabling the hospitals to buy the drug directly from the producer
Implementation of Expanded Access Programme
Meetings with medical specialists and patient organisations
Setting up the Herceptin® website
Partnering with professional public relations company
Sponsoring centres for HER2 testing (Nottingham City Hospital, Glasgow
Royal Infirmary and London Royal Marsden Hospital)

Creation of
legitimacy

Resource
allocation

Market
formation

System Building for Herceptin® and HER2 testing by the manufacturer

Knowledge
diffusion

Table 2-3: System-building activities regarding Herceptin® (1999 – 2002)

x
x
x
x
x

2

x

These two highly strategic and effective system-building activities definitely
contributed to the habitualisation of the technology. However, they did not
necessarily create sufficient awareness and legitimacy that hospitals would be
motivated to change their existing treatment routines for breast cancer patients
after the drug was covered by the NHS. Because of British reservedness and
because innovative drugs had not achieved legitimacy, hospitals in England
tended to adopt new practices more slowly in general (Cancer charity
representative B). Therefore, because, at the beginning of 2000, many doctors
had no idea what personalised medicine was about or what ‘expression of HER2’
means, nor did they understand the molecular pathways involved in cancer
(Cancer charity representative B), Roche started a public awareness campaign
and initiated meetings with oncology specialists from different hospitals across
the country (i.e., system building aimed at changing cognitive and normative
institutions) (Public health professional C). Engaging in knowledge diffusion to
ensure that oncologists and pathologists in hospitals received and understood
all the information was a massive project (Industry executive D). The company
also set up meetings with patient organisations (Kent, 2000) (Table 2-3) and
published the data about trial outcomes widely (Industry executive E), as part
of its efforts to spread knowledge about Herceptin® broadly and reach out to
the medical community.
The launching of Herceptin® coincided with the period when access to
information on the Internet improved substantially. Roche made use of this
emerging medium and set up a Herceptin® website (Table 2-3). Therefore
the source of information became more professional and trustworthy,
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which substantially improved the dissemination and quality of information
(Industry executive D). As one of the oncologists interviewed (Oncologist M)
put it: “people come absolutely equipped . . . they have done their background
reading, so we can have a serious conversation about risk and benefits about
the approach rather than spending a lot of time on some of the more simple of
aspects of it.”
Even though Roche itself acted as a powerful system builder (and institutional
entrepreneur), it collaborated also with other actors by hiring a public relations
company to market Herceptin® in the whole UK (Lepper, 2001) (Table 2-3).
Implementation of HER2 Testing
Because HER2 protein overexpression occurs in only 25-30% of breast cancer
patients (Slamon et al., 2001), detection of HER2 status (i.e., overexpression) in
a tumour and identification of the patients who might benefit from the drug
are prerequisites for prescription of the drug (NICE, 2002). Breast tumours were
already analysed for HER2 even before Herceptin® was developed, because
the overexpression of this protein correlates to resistance to certain types
of chemotherapy and to a higher probability of recurrence (Burstein, 2005).
Therefore HER2 was considered a legitimate prognostic factor in the global
oncology community (Ménard et al., 2001), but that was often not the case in
England (Hedgecoe, 2004).
Before Herceptin® was approved for use, Roche analysed the future market and
found that at hospitals in the UK only 6% of the patients with metastatic breast
cancer were tested for HER2, whereas in other large European countries, the
rate was six- to sevenfold higher (Enzing et al., 2006). One explanation for the
resistance to testing was financial concerns (Enzing et al., 2006). Some sources
have pointed to the lack of skilled staff in hospitals and to a general clinical
attitude (House of Commons, 2005), in which clinicians in hospitals are cautious
to prescribe drugs with lower scientific legitimacy that are associated with
possible unknown side effects. Therefore cognitive institutions faced problems
because of the lack of legitimacy and the generally conservative attitude
among the medical community, which inhibited the willingness of oncologists
to prescribe the drug (Cancer charity representative B; Oncologist F). In England
at the beginning of 2000, one might say that hospitals did not have enough
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knowledge diffusion between the oncology and pathology communities. Thus
the testing of the different biomarkers was not performed in a comprehensive
and cost-effective way and lacked coordination. The entrance of Herceptin®
in 2000 kicked off the debate over personalised medicine and testing of the
biomarkers (Public health professional C).
Because, in personalised medicine, use of the drug and the diagnostic testing
are highly co-dependent, it was clear to Roche that a change in testing habits
(i.e., in cognitive institutions) was needed and HER2 tests had to become part of
routine testing for cancer patients in hospitals. Hospitals became active partners
with the company in biomarker diagnosis. Two years before Herceptin® was
launched, Roche allocated resources to help three hospitals set up HER2 testing.
With support from Roche, Nottingham City Hospital, Glasgow Royal Infirmary,
and Royal Marsden Hospital in London provided free HER2 testing for all breast
cancer patients in the country (Ellis et al., 2000; Marsh, 2001) (Table 2-3), and the
test results at these hospital laboratories were freely available to all laboratories
in the country (Ellis et al., 2000). According to one of the interviewed experts
(Pathologist O): “if Roche would not have paid for the diagnostics, the uptake
would have been a lot slower”.

2

After almost two years after the EMA gave Herceptin® the green light, the
NICE eventually published its guidance on the drug, and Herceptin® was
included in NHS coverage (NICE, 2002) (Figure 2-1). This period during which
Herceptin® was introduced on the English market can be characterised by
Roche’s strategically planned system-building activities. Many of them were
resource-intensive activities with the goal of changing cognitive institutions
by familiarising hospitals and patients with the innovative drug, changing the
existing treatment and testing routines in hospitals, and, last but not least,
obtaining market approval for Herceptin® (Table 2-3). These aims were achieved
mostly by activities that could be categorised as three system functions:
allocating resources, investing heavily in knowledge diffusion, and trying to gain
legitimacy for its innovative drug. However, it is important to note that, even
though overcoming the regulatory barriers to gain market access for Herceptin®
was problematic, during this first period none of the system-building activities
directly targeted regulatory institutional change; rather, they were directed at
normative and cognitive institutions.
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Herceptin® for Early Stage Breast Cancer: Changing Institutions
The second period started with a different systemic setting from the first.
Knowledge diffusion about Herceptin® had already been accomplished, and
medical specialists in the hospitals and patient groups involved in this innovation
system were familiar with this new technology, therefore using the drug had
already become routine. The key actors seemed certain that the drug would
gain access to the market. Now the main goal was to change the institutional
structure through different system-building activities in order to accelerate
adoption of the drug (Table 2-4).
At the American Society of Clinical Oncologist (ASCO) meeting in 2005, research
evidence was presented showing that the use of Herceptin® in patients with
early-stage HER2 breast cancer not only reduces the risk of recurrence but also
increases progression-free survival (Piccart-Gebhart et al., 2005; Tuma, 2005).
This was the first—and powerful—evidence that Herceptin® could help patients
not only at a late stage but also at an early stage of the disease. Around that time,
the Department of Health published a policy goal to bring cancer treatment at
English hospitals up to a level that was comparable to that at the best hospitals in
other European countries by 2010 (The Department of Health, 2004) (Table 2-4).
The patient groups acted rapidly on this promising news, because at that time
women at English hospitals with a diagnosis of early-stage breast cancer were
not commonly tested for HER2 (Pharmaceutical Field, 2008). The group “Fighting
for Herceptin” submitted a petition to the Prime Minister Tony Blair to increase
the legitimacy of Herceptin® by demanding access to it for the treatment of
early-stage breast cancer (Mayor, 2005b) (Table 2-4). At the time, however, the
drug was not yet licensed in Europe for that use, and PCTs were left to decide
whether the drug should be prescribed and paid for by local PCTs in individual
cases.
Soon after Herceptin® was placed on the political agenda, the Department of
Health issued a directive that required all the women with early-stage breast
cancer to be tested for HER2 (Dowsett et al., 2007). This had a positive effect on
the creation of the market for the drug (Table 2-4).
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Petition by a group ‘Fighting for Herceptin’
Policy goal by The Department of Health to improve cancer
treatment in England
Directive by The Department of Health to have all early-stage
breast cancer patients tested for HER2
Collaboration between Roche and Cancer Networks to support
HER2 testing
Collaboration between Roche and cancer charities
Survey about low access to Herceptin® published by
CancerBackup
“Dossier of delay” published by CancerBackup
Fly-In events at Westminster organised by Breakthrough Breast
Cancer
Report by Karolinska Institute highlighted low access to
Herceptin®
Collaboration with opinion leaders to raise awareness about
Herceptin®
Demand to change the NICE assessment procedure by high
level politicians

Guidance of
Search

Institutional
change

Creation of
legitimacy

Resource
allocation

System Building for Herceptin® and HER2 testing

Market
formation

Table 2-4: System-building activities regarding Herceptin® (2002 – 2006)

x

2

x
x
x
x
x
x
x
x
x
x

It was clear that after Herceptin® entered the market as a treatment for earlystage breast cancer, the demand for HER2 testing in hospitals would increase
(Dowsett et al., 2007). As one of the interviewees (Health economist N) described
it: “If the company would not pay for the test, it would have to be covered by the
NHS”, the NHS however, did not have the resources to test yearly more than
40,000 patients for HER2 (Pharmaceutical Field, 2008). Roche took advantage
of the NHS’s Cancer Networks (Hedgecoe, 2004) to change testing habits and
implement wide-scale HER2 testing for early-stage breast cancer. The company
hired a health-care consultant that started a collaboration with all the hospitals
in each Cancer Network, supporting them by training staff, extending general
funding, donating HER2 diagnostic kits, or all three (Pharmaceutical Field, 2008).
As one of the interviewed experts (Pathologist O) put it: “Roche was assisting
the testing, to make sure it was correct, it did not help them at all if people were put
on Herceptin® incorrectly and it certainly did not help anyone if it was all wrong”.
The goal was to overcome the difficulties presented by the expected increase
in demand for HER2 testing (Kanter, 2005). Therefore, Roche invested around
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£1.5 million in the NHS to implement HER2 testing at hospitals (Kanter, 2005).
This kind of resource allocation contributed heavily to changing cognitive
institutions regarding HER2 testing in England.
Several cancer charities and patient advocacy groups became allies of Roche
in gaining public attention for Herceptin® (Table 2-4). CancerBackup, a forceful
supporter of Herceptin®, has declared publicly that in 2005 it received £29,000
in funding from Roche (Templeton, 2006). That same year, Breast Cancer Care
received £80,000 from Roche (Kelly, 2006). No information is available as to
whether it influenced the independence of these organisations.
Unlike drug companies, the charities can lobby publicly for a faster system
of approval, which implies regulatory institutional change (Boseley, 2006).
Therefore, the breast cancer patient advocacy groups were most vocal in
their support for Roche to reach out to a wider public and politicians to gain
faster access to Herceptin® (Boseley, 2006), which put additional pressure on
the government to grant the drug market access. According to one of the
interviewees (Oncologist M): “I have no doubt that they [the charities] have been
very significant. . . . the breast cancer lobby was very very loud. . . . they made a
tremendous effort in terms of public information.”
CancerBackup published a survey, conducted by Roche that highlighted the low
access to Herceptin® (Boseley, 2006). It also compiled a ‘dossier of delay’, a list of
12 drugs, including Herceptin®, that needed to be made available for patients via
fast-track approval instead of the standard procedure, which could be lengthy
(Editorial, 2005) (Table 2-4). Because breast cancer was an issue of the moment,
it also became an interesting topic for politicians so that they could express
their support and make it a priority on the public health political agenda in
England (Clarke, 2007). Breakthrough Breast Cancer organised a series of events
at Westminster that were co-sponsored by Roche (Breakthrough Breast Cancer,
2012) to gain further legitimacy and to address members of Parliament about
Herceptin® (Table 2-4).
In addition to working with patient advocacy groups, Roche also sponsored
academic socioeconomic studies. In 2005 Karolinska Institute in Sweden
published a report funded by a grant from Roche that pointed out the low
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access to personalised cancer drugs throughout the UK (Wilking & Jönsson,
2005) (Table 2-4). Roche also indirectly targeted individuals who enjoyed
high regard in society to gain their support and raise awareness of Herceptin®
(Boseley, 2006).
In September 2005, the NICE issued a press release that was likely a reaction to
the enormous political and public pressure created by Roche’s allies—that is,
patients and advocacy groups. The agency describes ongoing discussions over
a regulatory institutional change to allow faster appraisal of important new
drugs (NICE, 2005a). A month later, after substantial pressure from patients and
charities, the health secretary issued a press release saying: “I want the licence
for Herceptin® to be granted as quickly as possible, without compromising people’s
safety, and to be available within weeks of the (European) licence being given” (The
Department of Health, 2005). The pressure had reached the point that she also
demanded a change in the formal institutions: “and I have asked the NICE to start
on a fast-track appraisal of the use of Herceptin in parallel with the licensing process
so that they can issue their guidelines to the NHS on Herceptin within weeks of the
licence being given” (Hewitt, 2005).

2

Prime Minister Tony Blair stood behind his colleagues in these exceptional
circumstances by making a statement few weeks later about Herceptin®,
suggesting that all PCTs should “go ahead and allow people to use it” (BBC, 2005)
(Table 2-4).
Under enormous pressure from politicians and the media, on November 3,
2005, the change in regulatory institutions took place as the NICE announced
the launching of a fast-track assessment process called “Single Technology
Appraisal” (STA) for assessing Herceptin® and other potentially life-saving
drugs to enable single new drugs, and existing drugs with new indications to
be quickly assessed (NICE, 2005b). This rapid assessment procedure created an
opportunity for the NICE to issue its guidance up to six months earlier than
before (NICE, 2005b).
In February 2006, Roche submitted its Herceptin® application to the EMA (Roche,
2006a). On April 28, 2006, the EMA announced its approval of the drug (EMA,
2006), only 10 weeks after the application had been submitted (Dyer, 2006),
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and, at the end of May, the European Commission officially authorised the use of
Herceptin® in the treatment of early-stage breast cancer (Roche, 2006b) (Figure
2-1).
Next, Roche submitted relevant Herceptin® data to the NICE (Roche, 2006c).
The STA of Herceptin® did not start after the licensing decision but took place
in parallel with the EMA process. On June 9, the NICE published a positive draft
guidance for Herceptin® (NICE, 2006)—having done so in record time, just two
weeks after the EU wide license had been granted.
This was an exceptional result, as no other cancer drug had previously profited
from this new simplified and fast-track approval system, and Herceptin® became
the first cancer drug ever assessed using the STA procedure at the NICE. This
long-awaited decision gave oncologists the legitimacy to start prescribing the
drug, confident of coverage by the NHS.
2.5 FINDINGS AND THEORETICAL IMPLICATIONS
The purpose of this chapter is to provide insights in different system-building
patterns that support institutional change by a powerful actor in a TIS.
This work allows us to understand how actors overcame difficulties involved
in introducing a new technology in a highly institutionalised health-care
environment. Our empirical evidence indicates that the activities of a key
system builder can have a major impact on a TIS with respect to institutional
structures and overall system dynamics. In order to better understand this
impact on system building regarding Herceptin®, let us take a closer analytical
look at our findings. We start with answering our first research question:
Research Question 1: Which system-building activities did the key actors undertake
to facilitate market approval and diffusion of their technologies?
At the beginning, during the habitualisation step, knowledge diffusion was
underdeveloped and general knowledge about Herceptin® and its usefulness
was low among patient groups and the medical community at hospitals.
Because the drug lacked regulatory approval, it also had no legitimate users:
medical specialists could not prescribe it for breast cancer patients. As we
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have illustrated in Figure 2-2, Roche focused its system-building activities on
establishing cognitive and normative institutions in order to gain preliminary
acceptance for its technology and to increase the level of knowledge among
the key adopters (i.e., patients and hospitals), which would thereafter help to
facilitate the increase in demand for the drug. The company also invested in
knowledge diffusion at hospitals by setting up one-on-one meetings with
oncologists, organising events to raise awareness of Herceptin®, publishing
the results of the clinical trials in professional journals, and even hiring a
professional public relations agency to facilitate many of these processes. As a
consequence, knowledge diffusion among the medical community at hospitals
increased rapidly. This changed the role of hospitals from being merely service
providers to being collaboration partners with Roche: thanks to active dialogue
between breast cancer patients and oncologists about the improved treatment
options that Herceptin® could offer, hospitals carried out an enormous amount
of knowledge diffusion among patients and contributed to legitimisation of
the drug.

2

After the diffusion of knowledge improved and legitimacy was gained
within the medical community at hospitals, the willingness to employ this
new technology lagged because of the lack of access to it. The investment
in knowledge diffusion had been successful: demand by medical specialists
and patient communities was created (cognitive institution). However, further
system-building processes had to take place to satisfy this demand (see Figure
2-3). Before 2002, creation of the market lagged behind, because the drug had
neither approval nor funding. Roche overcame this situation by starting with
specific system-building activities that required vast resources. Two incentives
(the Extended Access Programme and the potential for hospitals to purchase
the drug directly from the manufacturer) made the drug available for a number
of patients. Here, again, hospitals were Roche’s key partners in creating a market
for its drug. The hospitals served as further hubs of knowledge and market
creation for Herceptin® by paying for the drug out of their own budgets and
offering their infrastructure and medical specialists, thus enabling access to the
drug for breast cancer patients. The role of hospitals is even more significant, as
the diffusion of the Herceptin® depends heavily on the availability of appropriate
diagnostic tests. Roche collaborated with three hospitals to set up HER2 testing
centres to provide free tests to all laboratories in the country.
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Figure 2-2: Overview of the key processes involved in institutional change in the Herceptin® TIS (adapted
from Scott, 2001; Tolbert & Zucker, 1996)
Different system-building processes based on the current case (in green) are illustrated in the figure.
The arrows indicate how these different system-building activities influence the institutional change
processes proposed by Scott (2001) and Tolbert& Zucker (1996).

Figure 2-3: The interdependence of key processes involved in the Herceptin® TIS based on the empirical
findings in this study
At the beginning knowledge diffusion was needed in order raise the knowledge in the community that
lead to increased demand. Thereafter additional resources are needed to meet the increased demand
that eventually leads to institutional change. Changed institutions are in favour of new technology that
encourages further knowledge creation.
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When the technology was first launched on the market, Roche engaged in a
number of different system-building activities targeted at knowledge creation
and diffusion among the main users of the technology (i.e., hospitals), which
thereafter became important allies of the company in further market creation
for the technology. These activities also involved the allocation of enormous
resources by the key entrepreneur, which highlights the importance of resources
not only in developing technologies but also in their later diffusion.
The answer to Research Question 2 helps us to understand how the institutional
changes were manifested in the Herceptin® TIS.

2

Research Question 2: How did the key actors deal with institutions that influenced
their technology, and which strategies did they implement together with other
stakeholders to shape the institutional structures in the interest of their goal?
Because pharmaceuticals have one of the world’s most highly institutionalised
markets, we expected that institutions would have a big role in market formation
in the Herceptin® TIS. We therefore included the concepts involving institutional
change in our analysis so that we could identify—in addition to general system
building—more institutional entrepreneur-type activities and how the actors
dealt with institutions that were influenced their technology.
When we analysed our empirical findings, it became apparent that the entire
system-building process involved in the Herceptin® TIS is strongly related to
institutional change, because the key actor invested massive resources in
different processes to change established institutions (Figure 2-2).
While preparing for Herceptin® to receive approval as a treatment for early-stage
breast cancer, Roche had no legitimacy that it could use to directly support
the adoption of the technology (e.g., gain rapid access to the market) despite
its strong interest in institutional change. Therefore additional collaborations
emerged (as shown in Figure 2-2). The coalition of different actors with various
interests and backgrounds did not emerge spontaneously to advocate for the
rapid adoption of Herceptin®. Roche supported various actors in addition to
hospitals, which shared a common interest with the company in bringing the
drug to market more rapidly by changing regulatory institutions (i.e., the NICE’s
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assessment procedure). Obviously, the ability to gain allies depends heavily
on the social position and financial resources of the entrepreneur. Therefore
cooperation is desired with different actors, depending on the precise type of
institutional change it intends to pursue (Perkmann & Spicer, 2007). Previous
literature indicates that the success of institutional entrepreneurs depends
heavily on their various resources and the management of those resources
in order to carry out institutional change (Fligstein, 1997). The powerful
institutional entrepreneur started supporting HER2 testing facilities for the
treatment of early-stage breast cancer, which would enable rapid adoption
of the drug after it received approval and access to the market. Roche also
sponsored academic studies that underlined problems with the existing cancer
therapies and supported patient advocacy groups and other organisations,
which in turn influenced the media. The company also helped patients inform
the public about the restricted access to Herceptin® and pressured politicians to
get involved in the process. All these strategic activities, initiated by Roche but
carried out by its allies, eventually led to institutional change: implementation
of the fast-track drug approval process by the NICE (see Figure 2-2).
Roche was a very powerful actor that tried to influence the national regulatory
environment almost singlehandedly. However, it also became apparent that
even a very powerful institutional entrepreneur must depend on other actors
in an innovation system that play a different role in society and are better
positioned to drive the change needed. We highlight the role of hospitals as key
adaptors, whose willingness to adopt this novel biomedical technology played
a key role in the initial creation of the market for Roche’s drug. The knowledge
diffusion among medical specialists at hospitals about the drug and the testing
was the main requirement; on top of this, a change in treatment and diagnostic
routines (cognitive institutions) served as a first step in further system building.
Therefore this case study shows the key importance of changing the routines
of key adopters in favour of the new technology. The study also illustrates that
institutional entrepreneurs cannot always change the institutions directly and
have to dedicate their resources strategically, rather than allocating them for
other system-building activities that do not directly target institutions. We
conclude that the company could not have done everything by itself and
still had to put other actors in place, collaborate, and build connections and
networks, in order to build up the pressure that culminated in institutional
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change. Even though it had many allies and they played their role, they were
initially put in this position by an institutional entrepreneur that needed efforts
by others and greatly influenced their activities.
From the perspective of institutional entrepreneurship, none of the resourceintensive system-building activities highlighted above can be categorised
as institutional change. However, even though they did not explicitly target
institutional change, they were crucial in the adoption of the technology
and served as preparatory steps for achieving critical mass and gaining
momentum that proved to be critical in realising institutional change.
Therefore, understanding institutional change in relation to innovation benefits
from insights in other forms of system building that do not explicitly target
institutional change.

2

2.6 CONCLUSIONS
This study contributes to our understanding of actor strategies involved in
system building in a technological innovation system (TIS) and, more specifically,
in institutional change that creates a more favourable environment for the
adoption of an emerging biomedical technology.
It analysed how system builders deal with institutions that are not beneficial to
their technology and activities they undertake in order to shape the institutional
structures that are important for the innovation system.
The empirical focus was on the pharmaceutical company Roche, which acted as
a system builder and institutional entrepreneur in building a new TIS in England:
the personalised medicine to treat breast cancer Herceptin®.
The chapter shows that a single powerful company, which acts as a system
builder and an institutional entrepreneur, can have a major impact on system
dynamics in general and can be of key importance in creating and changing
institutions. While facing the systemic hurdles that are not beneficial to its
technology, the entrepreneur can apply different system-building approaches
(e.g., resource allocation, knowledge diffusion, creation of legitimacy, market
creation) alone or in collaboration with other involved stakeholders that all
establish a groundwork, eventually leading to institutional change in order to
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strategically shape and improve the performance of the TIS in a highly regulated
institutional environment. Indeed, the activities of Roche and its allies led to
two major institutional changes: the implementation of regular HER2 testing
as a cognitive institution and a change in regulatory institutions and the STA
procedure, which significantly improved market access to personalised cancer
drugs, such as Herceptin®.
This chapter focused on a very resourceful entrepreneur and how it engaged
in system-building activities in which demand for the technology was well
articulated: breast cancer is a disease with one of the world’s most powerful
patient lobbies. Because Herceptin® was the first drug of its kind in clinical
practice, a great deal of hope was associated with it among the hospital
community and patient groups. In this respect, it is a unique case, as the timing
and the push for market creation by a powerful manufacturer, combined with
equally strong technology pull by main adopters, played out very well for
overall system building in the TIS. This eventually led to institutional change. In
this case, the preconditions for successful system building were exceptionally
good and should, thus, not be seen as representative of the conditions that
exist for other new medical technologies for different diseases backed by less
powerful manufacturers or for diseases with a lower ‘social profile’ than breast
cancer.
This work also contributes to the literature on TIS. We demonstrate that, even
though institutions are central in the structure of innovation systems, their
role in the key processes could be emphasised more to clarify the dynamics
of TIS. Therefore a functional analysis should pay more attention to processes
related to institutional change, especially in highly regulated markets. One
possible avenue for future research is for the TIS community to focus more on
institutional change, so that it becomes more central to future development of
the theory of TIS.
The stronger focus on institutional change in TIS functional analysis brings
us also closer to institutional entrepreneurship literature, which is explicitly
dedicated to studying the activities of actors who have an interest in specific
institutional arrangements.
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Second, by studying a highly regulated market, we illustrate that insights
from different system-building activities (e.g., knowledge diffusion, resource
allocation, the creation of legitimacy, the formation of networks) that help to
create a critical mass are key to institutional change in a TIS. Therefore, in order
to better understand institutional change, we also need to understand which
system-building activities act as a groundwork for it. The activities that do not
target institutional change could be researched further in future research. Also,
we demonstrate that even a very powerful institutional entrepreneur cannot
carry out institutional change by itself, and therefore other actors must be
included to complete the tasks that the institutional entrepreneur cannot carry
out on its own.

2

Our work also has social relevance for policy initiatives that support the
development of emerging technologies. We have learned that user practices
and routines in hospitals change gradually and are characterised by a great deal
of inertia. In addition to being service providers in health innovation systems
and participating in clinical trials in drug development, hospitals play a key
role in creating legitimacy for new biomedical technologies that contribute to
overall adoption in the health-care system. Massive resources are needed from
private companies not just to develop the technology but also to ensure that
medical specialists (both oncologists and pathologists) in hospitals are familiar
with the new technologies and have the competence to use it. Under these
conditions, in which new business models are required to develop drugs, which
may call for new kinds of diagnostic testing and which differ from established
technologies, policy makers may find it challenging to adapt institutions and to
develop optimal policies that are appropriate to the needs of the modern healthcare system. We therefore think that a flexible approach regarding regulation
would be beneficial. This would support innovation without compromising the
efficiency and safety of the drugs. Until now, the TIS framework has not been
fully able to explain institutional change and the role it plays in market formation
in a highly regulated environment. Emphasising institutional change in the TIS
functional analysis could facilitate the development of a TIS framework that
can meet the needs of policy makers in developing optimal policy strategies
for emerging technologies to a greater degree.
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As an explorative case study of a single firm, this work clearly has limitations
regarding the generalisability of results. This work is about a specific TIS in one
country, in which we use institutional change literature to draw more insights
regarding system-building dynamics and mechanisms. Future research should
explore cases in areas with less regulation to determine whether any of our
observations are applicable in settings other than biomedical innovation and
whether different strategies emerge for an institutional entrepreneur with fewer
resources. Moreover, the role of hospitals has been downplayed until now in TIS
studies. Future research should further investigate hospitals to gain a better
understanding of their role in the adoption of personalised medicine and the
associated diagnostic testing. Future studies could also shed light on how the
adoption of personalised medicine has been handled in other countries and
whether any system-building patterns emerge that could be used in further
theory building by the academic community.
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3

THE COMPLEXITIES IN SYSTEM-BUILDING
STRATEGIES—the case of personalised cancer
medicines in England

Abstract
Novel technologies often face difficulties in market uptake, especially when they
differ significantly from already established technologies. In some cases, like
personalised medicine, new technologies are composed of a number of parallel
emerging technologies – in our case therapeutics and corresponding diagnostics—
that are heavily co-dependent and cannot diffuse without one another. Therefore,
actors in an innovation system need to engage themselves in complex systembuilding strategies in order to create a more favourable environment for their
emerging technologies. The bodies of literature on system building and innovation
ecosystems have little overlap so far. In this chapter, we show how system building
in a technological innovation system depends on different framework conditions
in creating a market for personalised cancer therapeutics and corresponding
companion diagnostics in England—such as technological complementarities,
timing strategies and organisational complexity. Using this case we illustrate how
notions from the literature on innovation ecosystems can complement the current
system building literature.

This chapter is based on: Kukk, P., Moors, E. H. M., Hekkert, M. P., 2015. The
complexities in System Building Strategies—the case of personalized cancer
medicines in England. Published in Technological Forecasting and Social
Change 98, 47-59.
The PhD candidate has been the primary researcher of the work reported in
this chapter and has been the main contributor in the study design, theory,
methodology, data collection, data analysis, writing and presenting this chapter.
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3.1 INTRODUCTION
Entrepreneurs are commonly aspiring to be first to introduce new innovations
and technologies to the market (Adner & Kapoor, 2010). The emergence and
diffusion of new technologies is a complex and often a very challenging
process since they frequently do not stand alone but depend on accompanying
technologies (Adner, 2006). Also, they are frequently fundamentally different
from already existing technological structure (Musiolik et al., 2012). To bring
these novel technologies successfully onto the market, the innovation system
must be adapted to meet various conditions that often differ from the already
established sociotechnological regime (Geels, 2002). For this, the active
engagement of innovative actors is needed in order to overcome macro-level
obstacles in shaping the system according to the interest of new technologies
(Farla et al., 2012). In order for any novel technology to be a successful
technological innovation, it needs to be taken up and adopted in a beneficial
way by the market (Durst & Poutanen, 2013).

3

Our starting point is the technological innovation systems (TIS) perspective
that has become a popular concept in analysing innovation processes around
emerging technologies. It stems from the wider innovation systems (IS)
literature and deals with the analysis and improvement of the environment for
the development and diffusion of emerging technologies (Markard et al., 2012).
The TIS framework consists of different structural elements, such as actors or
networks of actors, institutions and the interactions between them (Markard &
Truffer, 2008a; Wieczorek & Hekkert, 2012). Besides structural components, the
focus on systemic processes within TIS is a more recent addition to the concept
(e.g., Hekkert et al., 2007; Suurs et al., 2009; van Alphen et al., 2010).
Since the TIS concept was originally developed to complement business
literature on micro- level processes by adding a meso-level perspective, the
focus in the analysis on structures and functions is mostly on the system-level
(Carlsson et al., 2002; Jacobsson & Bergek, 2004; Musiolik et al., 2012). However,
such focus might overlook the role of actor strategies and the importance of
more agency-sensitive analysis in an innovation system (Truffer et al., 2012).
Therefore, the role of agency in deliberate innovation system shaping has not
received a lot of attention from the TIS community (Markard & Truffer, 2008a;
Musiolik & Markard, 2011). Additionally the framework could benefit from
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better insights as to how actor strategies and resources impact overall system
development (Farla et al., 2012).
The role of actor strategies is strongly conceptualised in system-building
literature that studies the deliberate creation or modification of different
institutions and organisational structures (Musiolik et al., 2012). According to
Hellsmark (2010), the system builder can be an individual actor or a group of
actors that all dedicate resources to strengthen the structure and functions
in a TIS, by going beyond narrow technology R&D. The focus on actor-level
activities enables a better understanding how different strategies capabilities
and resources of different actors (i.e., system builders) influence the overall
system performance (Farla et al., 2012).
The TIS approach traditionally focuses on the interaction between different
actors, organisations and institutions around one specific technology, but
often does not explicitly consider technological interrelatedness. This relates
to how the development and diffusion of a particular technology depends on
other related complementary technologies (e.g., diagnostic technologies for
personalised cancer therapeutics). As Adner (2006) phrased it—innovations
rarely succeed in isolation but depend on other types of complementary
innovations and technologies. Therefore, when talking about technological
innovation systems as sociotechnical systems, we also need to include and
consider other relevant and often co-dependent, technologies in innovation
systems to better understand the context of a TIS.
There are already some TIS studies on how different technologies affect one
another (e.g., Sandén & Hillman, 2011; Wirth & Markard, 2011). These provide
some evidence that besides competition, other types of interactions exist
between technologies (i.e., co-dependency). These interactions can impact
TIS development and the type of system-building activities actors have
to undertake to create a more favourable environment for their emerging
technologies. However, these different technological complementarities have
not been elaborated any further by the TIS community.
Technological co-dependency is heavily conceptualised in innovation
ecosystems theory that originally emerges from management and
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organisational sciences (Adner, 2006; Mercan & Göktas, 2011; Moore, 1993). It is
mostly used on an organisational-level, to study “the collaborative arrangements
through which firms combine their individual offerings (i.e., technologies) into a
coherent, customer facing solution” (p. 98) Adner (2006). According to Rubens
et al. (2011, p. 1734) a successful innovation ecosystem enables a “goal-focused
creation of new goods and services tailored to rapidly evolving market needs (i.e.,
technologies) with multiple institutions and dispersed individuals for parallel
innovations”.
This chapter aims to use the literature on innovation ecosystems with system
building in TIS. By more explicitly bringing in mechanisms and insights on
the dynamics of parallel co-dependent technologies from the literature on
innovation ecosystems, we aim to contribute to system-building literature. We
will provide new insights on how system building evolves within TIS and if/how
it differs from single technology diffusion processes.

3

In order to study the role of co-dependent technologies in the context of
other system building strategies, we have chosen to focus on areas where two
technologies are heavily related to one another. We focus on system-building
activities by large pharmaceutical firms together with other involved stakeholders
in the development and diffusion of an emerging technological field—new
personalised cancer drugs and their corresponding companion diagnostics.
Personalised medicine (also called targeted, stratified or precision medicine)
in oncology represents an emerging technological concept in biomedical
innovation. It enables higher treatment efficacy and lower toxicity than
conventional cancer treatments. This is possible because personalised medicines
target only a specific cancer causing biomarker (i.e., mutation) in cancer
patients’ genes, proteins and pathways. This biomarker has been identified by
companion diagnostics beforehand. This means that, in personalised medicine,
co-development of diagnostic devices plays a central role. Treatment decisions
depend heavily on the results of the testing assays, which act as stratification
factors in identifying which patients can benefit from particular personalised
cancer medicine (Fridlyand et al., 2013; Olsen & Jørgensen, 2014).
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However, the progress towards realising the potential of personalised medicine
in oncology has been troublesome. This is particularly the case in England,
which has witnessed one of the slowest uptakes of the first personalised
breast cancer drugs and corresponding diagnostics in Western Europe. This
is due to a number of systemic barriers in the English health care system to
novel medical technologies (Miller et al., 2011; Wilking et al., 2009). Innovative
actors carried out a number of system-building activities over the years in
order to overcome these obstacles and improve further uptake and diffusion.
This chapter combines the innovation ecosystems concept with the systembuilding framework (i.e., actors’ activities towards creating more supportive
environments for emerging technologies). In doing so, it sheds light on how
technological interdependencies between drugs and diagnostics and changing
organisational dimensions influenced actors’ system-building strategies.
Therefore, the main research questions are:
(1) How can we understand the impact of technological complementarities,
timing strategies and changing organisational complexity on system
building within TIS that took place during the diffusion of the first
personalised cancer therapeutics and corresponding companion diagnostics
in England?
(2) What kind of strategies of system building by different actors can we identify
regarding the improvement of the implementation and diffusion of these codependent technologies in modern health care systems?
The chapter is structured as follows. In Section 3.2, we review the theory on
technological innovation systems, system building and innovation ecosystems
and explain our analytical framework. Section 3.3 addresses the methodology.
The features of personalised medicine and the case description are elaborated
in Section 3.4. Section 3.5 covers the results of the empirical analysis of our
framework. Section 3.6 concludes with answering the research questions.
3.2 THEORETICAL BACKGROUND
In the following section we introduce the system-building concept in the
technological innovation system framework and explain in more detail what
the innovation ecosystems literature can contribute.
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Rooted in evolutionary economics, the main principle of the innovation systems
line of thinking is that the main reasons for technological change are not only
endogenous. Indeed, they are also found in the wider societal structure around
innovative actors (Carlsson & Stankiewicz, 1991; Freeman, 1987; Lundvall, 1992).
This means that firms and organisations do not innovate in isolation (Edquist,
1997), but interact and are part of a broader framework—i.e., innovation system
(Lundvall, 1992).
The technological innovation system (TIS) concept emerged in the early nineties
from a wider innovation systems framework. It takes the processes of a system
around one specific emerging technology as its analytical unit. According to
Carlsson and Stankiewicz (1991, p.111) TIS can be defined as a “network of agents
interacting in a specific economic/industrial area under a particular institutional
infrastructure or set of infrastructures and involved in the generation, diffusion, and
utilization of technology”. A more recent version by Bergek et al. (2008, p. 408)
suggests “socio-technical systems focused on the development, diffusion and use
of a particular technology (in terms of knowledge, product or both)”.

3

The TIS framework includes different structural components, such as actors
(1) and/or networks of actors (2), institutions (rules of the game) (3) and the
interactions between them (Jacobsson & Bergek, 2004; Markard & Truffer,
2008a). These components commonly facilitate growth and development
through the entrance of additional organisations, network development and
institutional alignment (Weber & Rohracher, 2012).
Actors can be individuals or any kind of private company, research institute,
university, intermediary organisation, governmental organisation or association.
Institutions can be equally diverse—covering regulations e.g., laws, but also
policy decisions, general principles, codes of conducts, values, cognitive norms;
all of which impact actors’ activities (Edquist, 2005). Some authors have added
technology as a fourth structural element to TIS (Suurs, 2009). Others argue
that technology is an explicit outcome of different processes within innovation
systems (Edquist, 2005). Furthermore, recently, knowledge (or system resources)
has been proposed as additional structural element to be added to the TIS
framework (Musiolik & Markard, 2011; Sandén & Hillman, 2011).
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Further, the structural TIS analysis has been complemented with a dynamic
perspective on innovation system development. This has been based mostly on
work in the energy and sustainability field by Bergek et al. (2008) and Hekkert et al.
(2007). This more dynamic perspective includes analysis of seven key processes
resulted from different actor activities towards developing a TIS (Bergek et al.,
2008; Hekkert et al., 2007) (see Table 3-1). All these seven key processes—which
differ slightly depending on the respective author (e.g., Chaminade & Edquist,
2010) are important for a well-functioning TIS (Hekkert et al., 2007).
Table 3-1: Core processes within the TIS framework based on Hekkert et al. (2007)
Function
Entrepreneurial activities
Knowledge development
Knowledge diffusion
through networks
Guidance of the search
Market formation
Resource mobilisation
Creation of legitimacy

Comments
New entrants or diversified business strategy of already existing
companies
Creation of new knowledge base. Some indicators are R&D projects,
patents and investments in R&D
Diffusion of new knowledge via workshops, meetings, conferences
on a specific technology topic
Government or industry targets to positively affect the visibility of
specific technology among its users
Niche markets, tax regimes and new standards to create a
competitive advantage for novel technologies
Allocation of financial and human capital to make knowledge
production possible for a specific technology
The number of interests groups and their lobby activities

The meso-level analytical focus of TIS studies is derived from the initial need
to accompany the business literature in explaining the systemic and collective
aspects of innovation (Carlsson et al., 2002; Jacobsson & Bergek, 2004). There is
certainly a danger that such a system-level analysis of structures and functions
may overlook the influence of strategic micro-level activities by different actors
on the systems level (Truffer et al., 2012). Combining the TIS perspective with
insights from actor strategies enables us to: (1) deepen understanding as to why
certain actors decide to follow a specific strategy, (2) which consequences this
brings (e.g., free-riding, burnout of the prime movers) and (3) how it impacts
the diffusion of a specific technology in a TIS (Hellsmark & Jacobsson, 2009;
Lieberman & Montgomery, 1988; Olleros, 1986).
Up to now, there are few TIS studies which have been conducted on specific
actor roles within a TIS. The few examples there are include studies on firms
(Cetindamar & Laage-Hellman, 2002), networks (Musiolik et al., 2012) and
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individuals (Hellsmark & Jacobsson, 2009) as system builders. These all have
illustrated the influence of the different system-building activities of actors on
overall system performance. System building can be a collective effort by a
number of different actors (Garud et al., 2007) or carried out by a single powerful
actor (Hughes, 1987). Additionally, Carlsson and Jacobsson have emphasised
the specific role of early entrants’ i.e., prime movers in a TIS, who can “raise
awareness, undertake investment in the new technology, give it legitimacy and
diffuse it through various mechanisms to other actors” (Carlsson & Jacobsson,
1997, p. 305). Hellsmark and Jacobsson (2009) have proposed that the system
building capacity of prime movers and other actors within a TIS could be
analysed by their ability to influence (i.e., improve) the seven key TIS processes
(see Table 3-1) (Hellsmark & Jacobsson, 2009).
Musiolik and colleagues have defined this kind of system building by different
actors in a TIS as “the deliberate creation or modification of broader institutional
or organizational structures in a technological innovation system carried out by
innovative actors. It includes the creation or reconfiguration of value chains as well
as the creation of a supportive environment for an emerging technology in a more
general way” (Musiolik et al., 2012, p. 1035). However, the TIS studies on either
the micro- or meso-level focus their analysis traditionally around one specific
technology, and do not consider technological interrelatedness (Markard
& Truffer, 2008). Therefore, when talking about technological innovation
systems as sociotechnical systems, we also need to include and consider other
relevant technologies in the innovation systems. This will allow us to better
structure the context of the TIS and understand the dynamics of the TIS with
several other co-dependent technologies. These kinds of parallel systems or
technologies can affect the focal TIS in several ways. For example, they can be
either complementary (i.e., symbiosis), competitive or both at the same time
(Jacobsson, 2008; Sandén & Hillmann, 2011; Truffer et al., 2012; Wirth & Markard,
2011).

3

There are already some works which look at how different technologies
influence one another. However, the focus has been more on system-level TISTIS interactions, not on interactions between two technologies within the same
TIS. Islas (1997, p. 64) reported in his study on gas and steam turbines that “two
technologies can be complementary and in competition at the same time and in the
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same market sector”. Wirth and Markard (2011) analysed a renewable energy TIS
in Switzerland in relation to other technology fields that compete for the same
biomass resources. Sandén and Hillman studied interactions between different
transport fuel technologies in Sweden (Sandén & Hillman, 2011). Accordingly,
there is already some evidence in the literature that besides competition, other
kinds of interactions between technologies (i.e., complementarities) could be
of great significance (Sandén & Hillman, 2011). However, this has not been
developed any further within the TIS framework until now.
Unlike the TIS concept, the notion of ‘technological co-dependency’ is heavily
conceptualised in the innovation ecosystems framework, which is itself rooted
in management and organisational literature (Adner, 2006; Moore, 1993). It is
used mostly on an organisational level, to study “the collaborative arrangements
through which firms combine their individual offerings into a coherent, customer
facing solution” (Adner, 2006, p. 2).
Therefore, the innovation ecosystems framework not only acknowledges that
actors do not innovate in isolation and that they are interdependent (like
the TIS approach). It further recognises that they are developing products
(i.e., technologies) that other actors depend on (Adner & Kapoor, 2010). This
increases the complexity of the overall system. Since James Moore introduced
the term ‘business ecosystem’ (Moore, 1993), the term ‘innovation ecosystems’
has gained currency within management science and academic literature on
innovation and competition. An ecosystem is in essence a concept derived from
nature that refers to an environment consisting of all the living, as well as non
living organisms and different components of the environment within these
organisms communicate (Adner, 2006; Mercan & Göktas, 2011). Based on this,
Moore was the first to propose an analogy between the biological and business
worlds (Moore, 1996).
Mercan & Göktaş (2011, p. 102) add that an “innovation ecosystem consists of
economic agents and economic relations as well as the non-economic parts such as
technology, institutions, sociological interactions and the culture”. The last group,
also called innovation structure, can enable idea creation, the introduction and
the diffusion of innovation (Mercan & Göktas 2011). Ideally, a well-functioning
ecosystem “helps participants to operate beyond current boundaries” and to
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“enable transformation of knowledge into innovation” (Mercan & Göktas 2011, p.
102). Therefore an organisational dimension is closely related to the technological
dimension in an innovation ecosystem—the complementary technologies are
developed by organisations within the same system.
It is not completely clear which factors—besides the above introduced
technological co-dependencies and organisational dimension are of key
importance in innovation ecosystem development. Some relevant factors
that have been identified include the resource allocation needed to make
the transition from vision to reality (Zahra & Nambisan, 2012). Also, critical
bottlenecks may reside outside the system and allocating resources externally
can be almost as important as the allocation of resources internally (Adner,
2006).
Timing is another factor that innovation ecosystems literature focuses on.
Getting to the market ahead of rivals is beneficial only if the other organisations
and technologies/complementary products (those your product depends
on) are ready when you arrive (Adner, 2006). Hughes (1987) has introduced
the term ‘reverse salients’, which are components (e.g., a technology) in the
innovation systems that have fallen behind others. These systemic components
fail to deliver the necessary level of performance and can therefore hinder the
whole system development (Dedehayir & Mäkinen, 2008). Therefore, timing is
an important factor that organisations need to take into account in their own
strategy. It is not just a single track, but a complex work of interactions between
different organisations that has a major impact on the technology one wants
to diffuse. The notion of timing has not yet been taken up in the technological
innovation systems literature, nor in system-building literature. However, we
believe that the timing factor could be relevant for these concepts and should
be looked into in more detail.

3

In this chapter, these different notions—borrowed from innovation
ecosystems—will enable an analysis, of how complementary technologies,
organisational interdependencies and timing strategies influence the systembuilding activities that are directed towards development and diffusion of
modern cancer therapeutics within a specific TIS.
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3.3 METHODOLOGY
We have analysed the importance of system building which creates favourable
conditions for the diffusion process of two personalised medicine cancer drugs
and their companion diagnostics within the TIS framework. Because Herceptin®
and Tarceva® are amongst the first personalised cancer drugs, and therefore
represent an emerging technological field, we have chosen to employ an
explorative multiple case-study methodology to study their diffusion process
from an innovation systems perspective. Our geographical delineation is
England, because, this country has a very complex institutional environment
for gaining market access for personalised cancer drugs and diagnostics due to
very demanding assessment procedures of new therapeutics. Consequently,
England had one of the slowest uptakes of early personalised cancer drugs and
their companion diagnostics in Western Europe since the beginning of the last
decade (Wilking & Jönsson, 2005).
Innovative actors—who were involved in this personalised medicine TIS—
carried out a number of system-building activities that eventually led to major
changes in the TIS, which in turn significantly improved the further uptake
and diffusion of these drugs. Because we knew in advance that very intensive
system building had taken place regarding Herceptin® and its diagnostics, we
wanted to learn whether the same strategies were also apparent for subsequent
drugs i.e., Tarceva® and its corresponding diagnostics. Besides this, we analysed
how the involved actors dealt with different factors (e.g., technological codependency, timing and organisational complexity) and their influence on the
overall TIS performance.
The time delineation of this case is the period from 2000 to 2012. In 2000,
Herceptin® received European wide marketing approval and was introduced
onto the English market as a late stage breast cancer therapeutic. Five
years later, Tarceva® received marketing approval as a second line (i.e., after
chemotherapy treatment) lung cancer therapeutic. We focus our analysis
on the twelve-year period when the major system-building activities took
place—for both of the drugs and their companion diagnostics—which
eventually lead to successful market uptake in England for Herceptin® as an
early stage breast cancer drug in 2005 and eventually, in 2012 for Tarceva®
as a first line lung cancer therapeutic.
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We started our analysis by identifying and mapping all the relevant structural
elements of the personalised medicine TIS in England: actors, networks and the
institutions. Empirical data was collected retrospectively making use of various
sources, such as scientific literature, ‘grey’ literature (professional journals,
reports, policy papers and books) and various websites1. Search terminology
comprised of the following words either on their own, or in combination:
‘Herceptin’ or ‘Trastuzumab‘ or ‘Tarceva’ or ‘Erlotinib’ or ‘HER2’ or ‘EGFR’ or
‘personalized/personalised medicine’ or ‘breast cancer’ or ‘NSCLC’ or ‘companion
diagnostics’ or ‘England’ or ‘NICE’.
Thereafter, by using the same information sources, a qualitative event history
analysis was carried out to detect important developments in the innovation
process of personalised medicine and companion diagnostics. This method has
already been successfully adopted by a number of TIS scholars (e.g., Boon, 2008;
Negro et al., 2007). Initially developed by Poole et al. (2000) and Van de Ven
(1990), the event history analysis enables to analyse in a structured way complex
data by gathering information as a sequence of different events that unfold over
time (Suurs, 2009). In the current history event analysis, system-level events that
were influential to the development and diffusion of Herceptin® and Tarceva® in
England over the period of 12 years were identified and systematically allocated
to specific system building (i.e., system function) classes (Table 3-2). A narrative
was thereafter constructed based on the events around the evolution of the
personalised medicine TIS in England.

1.

3

Examples of scientific literature sources: PubMed, Scopus, Web of Science; “grey” literature: annual
reports and press releases of Roche and AstraZeneca, BusinessWeek, Genetic Engineering &
Biotechnology News; websites: www.astrazeneca.co.uk, www.roche.com, www.nice.org.uk.
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Regulatory approval by EMA
Positive assessment by NICE
Collaboration to develop companion diagnostic
Positive reimbursement decision
Beginning of a clinical trial
New scientific evidence published
Launch of governmental strategy
Meeting organised about Tarceva®
Supportive political statement

Creation of
legitimacy

Resource
allocation

Market
formation

Guidance of
search

Knowledge
diffusion

Knowledge
creation

EVENTS around Herceptin®

Entrepreneurial
activities

Table 3-2: Examples of events allocation to different system functions (based on TIS functions by
Hekkert et al., 2007)

x
x
x
x
x
x
x
x
x

The composed narrative was then verified, partly reconstructed and developed
further after including the insights from 9 semi-structured expert interviews
(Table 3-3) and 15 interviews from Chapter 2.
Table 3-3: Overview of interviewees
ID
A
B
C
D
E
F
G
H
I

Role
Industry executive
Industry executive
Regulatory agency representative
Pathologist
Oncologist
Oncologist
Cancer charity representative
Researcher
Oncology pharmacist

Date of interview (by phone)
04-03-2014
03-03-2014
07-03-2014
24-03-2014
21-03-2014
15-05-2014
13-05-2014
04-03-2014
26-02-2014

The whole interview process was carried out through snowball sampling. We
selected the first interviewees based on their background and area of expertise.
These experts pointed towards additional experts to interview. By the end of
the interview process we had included all the relevant stakeholder groups
in our interview sample—industry, academia, drug regulation and medical
practice were all involved in, or have thorough knowledge of, the diffusion
process of personalised medicine cancer drugs and diagnostics in England. For
each expert, we personalised the interview guide in advance based on their
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individual background and area of expertise. To explore the different actor
strategies and understand their actual behaviour and underlying motivation,
we asked the experts a number of questions about the personalised medicine
and companion diagnostics’ market development in England in general, and
about Tarceva® and Herceptin® in particular. We also asked the interviewees to
characterise the regulatory environment of the market and how developments
in this area have impacted the uptake of personalised medicine cancer drugs
and diagnostics. The interviews were also used to map the main actors, involved
in the diffusion process of Herceptin® and Tarceva®: their underlying motivation,
the problems they had encountered and what kind of system-building activities
they had undertaken to overcome these problems.
Inconsistencies between the narrative and interviews were controlled with
subsequent interviews to get a supplementary insight. Therefore the interview
questions became more precise through the process. To increase the overall
quality of the outcome, we also compared all our interview findings against the
results of the original event database. In case of contradictions, we conducted
additional data search, which combined all data sources mentioned in the
above paragraphs.

3

3.4 RESULTS
In order to improve understanding of the impact of organisational, technological
complexities and timing on system-building strategies, we analysed the
developments around the innovation system of two consecutive personalised
medicine cancer drugs (Herceptin® and Tarceva®) and their corresponding
companion diagnostics in England from 2000 until 2012. This takes us back to the
introduction of the first personalised breast cancer medicine, Herceptin®—and its
companion diagnostics—to the English market from 2000 until 2006, followed by
the personalised lung cancer medicine Tarceva® and its companion diagnostics
from 2006 until 2012. A number of different events took place around the diffusion
process of these drugs and diagnostics that enable a better understanding of
actor strategies in different circumstances in personalised medicine TIS.
Herceptin® and HER2 Testing (2000-2006)
Breast cancer is one of the most common type of cancers worldwide and the
most common cause of cancer death next to lung cancer (Peters et al., 2012).
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Herceptin® tackles breast cancer cells that over express HER2 protein. Based
on a positive assessment result by the European Medicine Agency (EMA), this
therapeutic was the first personalised cancer medicine that received a European
wide license from the European Commission in 2002 for the treatment of
metastatic (i.e., late-stage) HER2 positive breast cancer. However, to market
a drug in England, the EMA decision is not adequate. There is an additional
prerequisite. For a therapeutic to be reimbursed by the National Health Service
(NHS) in England a positive cost-effectiveness assessment decision must be
reached by the National Institute of Clinical Excellence (NICE)—an independent
organisation, which produces national guidelines on health technologies based
on their clinical efficiency and cost-effectiveness (OPSI, 1999). Since NICE was
established in 1999, Herceptin® was the first personalised cancer medicine to
undergo NICE’s review process. This lasted a very long time—almost three years
(NICE, 2002). During that time—between 2000 until 2002—the drug had an EU
wide license and could be prescribed to patients. However, it was not covered
under the NHS budget and reimbursement decisions were made on a case by
case basis on a local level (Mayor, 2005).
In personalised medicine, therapeutics and companion diagnostic are highly
co-dependent, meaning that neither of these technologies can diffuse without
the other and the fast uptake of either of these technologies is vital for the
diffusion of other. In the case of Herceptin®, the HER2 protein is considered
a prognostic factor as it is over-expressed in 25-30% breast cancer patients,
meaning that diagnosing the HER2 status in tumour cells is the only way to
identify patients who could benefit from Herceptin® treatment (NICE, 2002).
This makes these two technologies highly co-dependent on one another.
Roche—the manufacturer of Herceptin®—undertook a number of different
system-building activities around Herceptin® and HER2 testing (see Table 3-4).
With all these activities, the aim was to stimulate fast and high level uptake of
this new type of drug as soon as it had received a positive opinion from NICE
and was included in the NHS reimbursement scheme (Hedgecoe, 2004).
Breast cancer is a disease with a very high profile and has one of the most
powerful charity support and patient lobbies in the world. Roche benefited
greatly from this situation by skilfully engaging different stakeholder groups
in the breast cancer TIS in order to work on parallel technological trajectories
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simultaneously—supporting the diffusion process not only of the therapeutic,
but also of the diagnostic (see Table 3-4). These activities already started before
Herceptin® was licensed in Europe in 2000.

Collaboration with Dako
to develop companion diagnostic for Herceptin®
Market study by Roche to analyse HER2 testing routines
Roche sponsored three HER2 testing centres in Nottingham,
Glasgow and London
Expanded access program for Herceptin®
Knowledge diffusion in medical community
Knowledge diffusion in non-medical community
Collaboration between Roche and 34 Cancer Networks

System building
for companion
diagnostics

Time

EVENTS around Herceptin®

System building
for therapeutic

Table 3-4: Main system-building events around Herceptin® and companion diagnostics

1998

X

1999
1999-2003

X
X

2000
2000 - …
2000 - …
2005-2006

X
X
X

3

X
X
X

In 1998, Roche signed a contract with a small diagnostic company, Dako, in
order to develop an effective and high quality diagnostic technology to detect
HER2 status in breast cancer patients (Genentech, 1998) (Table 3-4). A year later,
the company carried out a market study on HER2 testing in the UK (Enzing et al.,
2006) (Table 3-4). The results indicated that only around 6% of the metastatic
breast cancer patients were tested for HER2 (Enzing et al., 2006). The clear
message for Roche was that, in order to support the uptake of Herceptin®, only
HER2 testing technology development was not sufficient and a lot of system
building work would still be necessary in order to significantly improve HER2
testing diffusion in the English market.
Thereafter, resources were mobilised and Roche started supporting three HER2
testing centres: Nottingham City Hospital, Glasgow Royal Infirmary and Royal
Marsden Hospital in London provided free HER2 testing for all the breast cancer
patients throughout the country (Ellis et al., 2000) (Table 3-4).This activity was
soon combined with an additional initiative—an expanded access program
(EAP) for Herceptin®, to give 168 patients in 32 different centres across UK free
of charge Herceptin® with or without chemotherapy and to assess the safety of
the drug on HER2 positive patients (Miles & Wroath, 2001; Papazisis et al., 2004)
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(Table 3-4). Additionally, starting a few months later, Roche temporarily offered
hospitals an opportunity to purchase the drug directly from the producer at
lower price (Hedgecoe, 2004) (Table 3-4).
Around 2005 new scientific evidence emerged that Herceptin® could also
be used for early stage HER2 positive breast cancer patients (Tuma, 2005).
Since women with early stage breast cancer were not commonly tested for
HER2 at that time, it was obvious that the demand for HER2 would increase
substantially once the drug became licensed for this additional indication
(Dowsett et al., 2007). In order to meet the increasing need for HER2 testing,
Roche started collaborating with the 34 public Cancer Networks that had
been initially set up in 2001 by the NHS to facilitate patients’ involvement in
oncology clinical trials (Hedgecoe, 2004) (Table 3-4). Roche provided these
networks with training, general funding or free HER2 testing—investing in
total around £1.5 million (Kanter, 2005) and increased HER2 testing from 31 to
91% by 2006 (Pharmaceutical Field, 2008), when the drug got included in the
NHS reimbursement scheme for early stage breast cancer.
This case demonstrates clearly that Roche had understood the importance of
technological co-dependence of this personalised breast cancer medicine and
corresponding diagnostic test. We have witnessed how the company undertook
different system-building activities in order to overcome hindrances in both
complementary technologies that could delay the overall adoption of these
technologies within a TIS. Since Roche was the first system builder in this TIS,
it worked on both technological trajectories simultaneously and took care of
all the necessary system-building work—regarding the drug and diagnostic—
itself.
Tarceva® and EGFR-TK Testing (2005-2012)
Lung cancer is the most common cause of cancer death next to breast cancer
(Peters et al., 2012). The majority of lung cancers (i.e., 80-85%) are specific types
of non-small-cell lung cancer (NSCLC) (Peters et al., 2012). Tarceva® (the brand
name for erlotinib) is a NSCLC small molecule drug that inhibits the epidermal
growth factor receptor tyrosine kinase (EGFR-TK), which is over-expressed in
around 16% of NSCLC cancer patients’ tumour cells (Rosell et al., 2012), thus
slowing the further growth of tumour cells. Like Herceptin®, Tarceva® also
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represents a new type of ‘personalised drugs’—because it only has an effect on
a specific molecular target that causes tumour growth (i.e., EGFR-TK) that can be
only identified by using a specific companion diagnostic technology.
Around the same time Herceptin® was licensed in Europe for early stage
HER2 positive breast cancer treatment in 2005—Tarceva® was also licensed
in Europe for the treatment of locally advanced or metastatic NSCLC as a
second line treatment (e.g., after the failure of at least one treatment scheme of
chemotherapy) for all patients, irrespective of a patient’s EGFR exact status, as
long as it was expressed on the cancer cell surface (Roche, 2005). As many tumour
cells have too many EGFRs (i.e., EGFR is ‘overexpressed’), then the idea behind
Tarceva® was that blocking the EGFRs would also slow down cancer growth and
statistically increase median survival (Herper, 2009). This meant that there was
no direct need for a specific companion diagnostic technology development.
In 2005, when Tarceva® received the European license as a second line
treatment for NSCLC patients, there were already a number of other expensive
personalised cancer medicine products (i.e., Avastin®, Tykerb®, Erbitux®) ready to
be introduced to the English market and Tarceva® underwent NICE assessment
together with them—all competing for the same NHS budget. In May 2006,
NICE started its first cost-effectiveness assessment procedure for Tarceva®
(Roche, 2006d). By the end of 2007 NICE had issued two negative assessments.
According to its threshold, Tarceva® did not prove to be cost-efficient enough
to be included in the NHS reimbursement scheme (McKee, 2007). Besides
knowledge diffusion in medical community, as an temporary market creation
measure, Roche lowered the price of Tarceva® by 27 %—until a positive opinion
from NICE (McKee, 2007)—in order to enable hospitals to purchase the drug
directly from the company at a lower price (Table 3-5). Eventually Roche agreed
to lower the official price of a 125-day Tarceva® treatment from £6,800 to £6,128,
to have the price at same level as the chemotherapy drug Taxotere®—used for
the same indication (Table 3-5). Thereafter it received a positive opinion from
NICE and was included in the NHS scheme for use by NSCLC patients as an
alternative to Taxotere® as a second line treatment (NICE, 2008).

3

85

39585 Piret Kukk.indd 85

31-03-16 20:28

CHAPTER 3

Roche lowered the price of Tarceva® by 27%
Roche enabled hospitals to purchase the drug directly at lower
price
AstraZeneca sponsored testing centres
Knowledge diffusion in medical community
Iressa® increased effectiveness on EGFR-TK mutation
AstraZeneca collaboration with DxS to develop TheraScreen®:
EGFR 29 mutation Kit
AstraZeneca supporting EGFR-TK testing
AstraZeneca supported quality control and validation of testing
AstraZeneca set up the website for EGFR –TK testing
AstraZeneca set up iPhone app to support EGFR-TK testing
Roche developed Cobas EGFR Mutation Testing Kit

2007
2007

X
X

2009 - 2010
2007 onwards
2009
2009

X
X
X

2010 - 2012
2010 - 2012
2010
2010
2011

System building
for companion
diagnostics

Time

EVENTS around Tarceva®

System
building for the
therapeutic

Table 3-5: Main system-building events around Tarceva® and companion diagnostics

X
X
X
X
X
X

Soon after the launch of Tarceva® on the English market in 2008, additional
promising scientific evidence emerged about its affect on progression free
survival when used as a first line treatment for those patients who tested
positive for a specific EGFR-TK mutation (Rosell et al., 2012) (Table 3-5). Ideally,
a personalised medicine and its companion diagnostic should be launched on
the market simultaneously, as was the case for Herceptin® in 2002. However,
when Tarceva® was first licensed in the EU as a second line treatment in 2005,
there was only vague scientific evidence available that the drug might work
better for certain NSCLC sub-populations, and that it was more effective on
some patients than chemotherapy. Therefore the efficiency and value of the
drug was lower (i.e., less cost-efficient), since there was no scientific knowledge
or complementary technology developed that would have helped to prove
its higher value. Solid scientific evidence about the higher effectiveness of
Tarceva® in patients whose tumours had the mutated form of EGFR—in around
10% Caucasian NSCLC patients (Galbraith, 2013)—only emerged in 2009 (Rosell
et al., 2009). Even though, according to one of the interviewed experts, the
sufficient scientific evidence may already have been available, it was presumed
to be easier to market a drug without diagnostics that would not require
setting up a whole additional (testing) system (Pathologist D). The latter was
the strategy that Roche followed in 2005 when bringing Tarceva® to market as
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a second line treatment without a companion diagnostic. Additionally, without
specific diagnostics, the potential patient group is larger, since it is not limited
only to patients who test positive for a specific biomarker (e.g., EGFR-TK, HER2)
(Pathologist D). Therefore there was no formal obligation for EGFR-TK mutation
testing when prescribing Tarceva® until 2011, when it was licensed in the EU as a
first line treatment for those NSCLC patients who tested positive for the EGFR-TK
mutation (Roche, 2011a; 2011b).
The Tarceva® case illustrates how much less resources and system-building
activities were needed from Roche in the absence of technological codependencies. From 2005 until 2008, the company could devote on market
creation for the personalised lung cancer medicine and did not have to dedicate
any resources to build up a companion diagnostic system in England for
Tarceva® as it had needed to for Herceptin® in 2002 to prevent the overall delay
of adoption of this TIS.

3

Timing Strategies in System Building
As we have witnessed in the case of Herceptin® and HER2 testing, the systembuilding work on diagnostics kits needed to be well aligned to the other
system-building activities towards the drug. Furthermore, we have seen that
some system-building activities on diagnostics development can even precede
system-building activities on the corresponding drug. As we will illustrate
below, the timing strategies in system-building can sometimes relate even
further from a drug and its’ companion diagnostic to the wider TIS.
In parallel to Tarceva®, an additional NSCLC personalised medicine drug—
Iressa® (the brand name for gefitinib) was developed by another pharmaceutical
company—AstraZeneca (Figure 3-1). Iressa® was very similar, almost identical,
to Tarceva® as it worked for the same indication. It is important to know that
in 2004, AstraZeneca had already applied for a license for Iressa® in Europe,
but eventually withdrew its application since it worked for only around 10% of
patients.
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Figure 3-1: Milestones of Tarceva®, Iressa® and EGFR mutation testing in England

Unlike Roche did for Tarceva®, AstraZeneca was unable to demonstrate that the
drug significantly prolonged the survival of the overall clinical trial population
(Comis, 2005).
Five years later, in 2009, a study in the New England Journal of Medicine was
published, suggesting that specific companion diagnostic tests for specific
mutations (i.e., EGFR mutations) could help to match the drug to a specific
subtype of NSCLC patient, who would most benefit from Iressa® (Rosell et al.,
2009). The companion diagnostic helps to identify the group of 10 to 15%
of NSCLC patients who can benefit of the most and also increases the costefficiency of this expensive drug. Based on this new scientific information,
AstraZeneca applied for a licence in Europe and in 2010, Iressa® received a
positive assessment from NICE as a cost-effective first-line NSCLC therapeutic.
The same NICE assessment for Iressa® stated that the EGFR-TK testing service
in England was very problematic and under-developed and “not routinely
carried out in UK clinical practice at present...” (NICE, 2010, p. 24). For personalised
medicines, it is not sufficient to have the right testing technology available if
there is no infrastructure in place in the healthcare system to deliver test results
to the patient and the treating oncologist at the necessary speed (Galbraith,
2013). The underdeveloped EGFR-TK testing system can be explained by the
fact that such testing had not been necessary before because there were no
EGFR-TK specific therapeutics available. There had certainly been some lessons
learned about the importance of companion diagnostics to Herceptin®, HER2
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testing and the amount of resources it takes to set up a specific testing system
alongside a therapeutic. Since HER2 and EGFR-TK tests are technologically
very different, and require different kinds of technology, the necessary system
building by AstraZeneca had to start from scratch and “the majority of the
learning had to be done all over again” (Oncology pharmacist I).
Since AstraZeneca’s drug Iressa® received a positive NICE assessment before
Tarceva® (2010 vs. 2012), the company had to become the prime mover in EGFRTK testing systems build up, and had to allocate the resources to develop the
testing kit in collaboration with a diagnostic company DxS (GenNews, 2009),
and to set up the whole EGFR-TK testing service in England (Table 3-5). In
collaboration with twelve laboratories in England, AstraZeneca implemented
the testing service to prevent the underdeveloped EGFR-TK testing system
becoming a barrier to the uptake of its drug (i.e., Iressa®) (The Department of
Heath, 2012) (Table 3-5). AstraZeneca’s key activities included not only paying
for EGFR-TK testing, but also setting up the whole testing system—taking care of
quality control and validation of testing (Oncology pharmacist I). This included
the setting up of the website (www.egfr-info.co.uk) to provide more information
for health care professionals and raise their awareness of EGFR testing (Adams,
2010) (Table 3-5). The company also launched an iPhone application to provide
educational resources and medical recommendations to facilitate patient
access to EGFR testing (POST, 2012) (Table 3-5). By summer 2011, EGFR mutation
testing had risen from 7000 to 8000 tests per year in the UK (Nicholson, 2013).
In the same year, AstraZeneca received a Healthcare Collaboration Award for
establishing a network for EGFR genetic testing centres in partnership with the
NHS (PMlive, 2011). In this respect, AstraZeneca followed a similar strategy to
Roche when they set up the testing system for HER2 in 2002.

3

This system-building work by AstraZeneca was two years before Tarceva® has
been given the EU wide licence as a first line NSCLC therapeutic (Hallam, 2012).
In 2012, NICE issued a positive opinion on Tarceva® as a first line treatment
for patients who also test positive for the EGFR-TK mutation, as long as the
manufacturer provides the drug at a lower price as agreed under the confidential
patient access scheme (PAS) (NICE, 2012). Some months in advance, Roche
announced that their in-house developed Cobas EGFR Mutation Test had been
CE marked and would be available in all countries which recognise the CE mark

89

39585 Piret Kukk.indd 89

31-03-16 20:28

CHAPTER 3

(Roche, 2011a; 2011b). AstraZeneca acted on these developments “by stopping
any kind of EGFR-TK testing support in England on very short notice’” (Pathologist
D) as soon as Roche applied to extend the label for Tarceva® to include firstline treatment of patients whose tumours tested positive for EGFR activating
mutations. Furthermore, the same NICE assessment document about Tarceva®
concluded that, unlike in 2010 when AstraZeneca brought Iressa® onto the
English market, by 2012, EGFR-TK mutation testing in England was at a good
level and no further special measures were needed to help further diffusion of
EGFR-TK testing (NICE, 2012). This illustrates the successful work on knowledge
diffusion and capacity building that AstraZeneca had done together with
regional laboratories and the Department of Health for setting up the EGFR-TK
testing system for Iressa®.
We have shown that since the same testing system was also used for Tarceva®,
Roche, did not have to do all the work and resource allocation that was necessary
for HER2 testing back in 2002. Roche benefited greatly from the system-building
work done by its competitor AstraZenaca by using the already present testing
facilities for testing for EGFR mutation and prescribing Tarceva® as a first line
treatment for NSCLC patients on the NHS (Researcher H).
Even though the conditions for Roche to carry out system building to support
the uptake and diffusion of Tarceva® were harder in relation to organisational
complexity, the company gained a lot in terms of companion diagnostics system
building. Due to favourable timing strategy, the drug’s competitor had already
done a majority of the essential system building for Roche and had set up the
necessary testing systems for Tarceva®.
3.5 FINDINGS AND THEORETICAL IMPLICATIONS
As highlighted in the theory part, system building is important within
innovation systems and firms need to engage themselves in all sort of different
activities (e.g., networking, resource allocation, knowledge development and
diffusion etc.). However, from a strategy point of view, we lack insight as to the
most efficient strategy for system building given specific circumstances.
We build our analysis on Hellsmark and Jacobsson (2009), who propose that
system building (e.g., transformative capacity) can be analysed by looking
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at the actors’ ability to strengthen the seven key processes in innovation
systems. Focusing not only on the development stage, but also including the
diffusion and use of technology in the analysis, brings us closer to the overall
sociotechnical systems thinking in general. This thinking also emphasises the
role of entrepreneurs as system builders (Geels, 2004; Hughes, 1987). We analyse,
therefore, in this chapter how technological co-dependencies, organisational
complexity and timing influence the activities of entrepreneurs directed towards
system building for personalised cancer medicines and their corresponding
companion diagnostics’ TIS in England. Our analysis provides first insights as
to how these factors influence system builders when introducing an emerging
technology into a modern health care landscape. In order to better understand
the impact on personalised cancer medicine and companion diagnostic systembuilding strategies, we take a closer look at our empirical findings.
In personalised cancer medicine, the two emerging technologies—therapeutics
and diagnostics—are highly co-dependent and closer to one another than
ever before. Therefore, we expected that technological co-dependence would
play a big role in actor strategies aimed at market creation for personalised
cancer medicines. We therefore chose to include the idea of technological
co-dependency—taken from innovation ecosystems literature—in our
analysis to deeper our understanding of system-building strategies in an
emerging technology innovation system. The first case—Herceptin® and HER2
testing—demonstrates clearly that the entrepreneur had fully understood the
importance of technological co-dependence. It also shows that they understand
that challenges in complementary technologies (i.e., diagnostics) could delay
the overall adoption within a TIS. Since no other personalised medicine product
had entered the English market before Herceptin®, Roche was the first player
(i.e., prime/first mover) in this TIS. The company enjoyed a lack of competition
in system-building activities. At the same time it had to overcome the typical
challenges attached to first movers: technological challenges but also big
resource investment over time to have the supporting infrastructure in place
and the willingness of the potential adaptors to use the novel technology. The
company worked on both technological trajectories in parallel (i.e., therapeutics
and diagnostics developments). It also took care of all the necessary systembuilding work—regarding the drug and diagnostic—itself. Even though the
HER2 testing kit was de facto developed by Dako, it was Roche who outsourced

3
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this service and later took care of the implementation of the diagnostic
technology without any significant external contribution. Therefore, Roche
did not depend on other firms developing complementary products for their
technology (i.e., HER2 testing) but took care of the two different technological
trajectories itself. By doing this Roche prevented certain system components
from falling behind of others, i.e., the development of ‘reverse salients’ (Hughes,
1987). As a first mover, the company not only focussed on technological progress
but also created features that enabled it to create value for its technologies. This
demonstrates that a technological transition not only involves substitutions
in technologies, but also changes in other elements, such as user practices,
because they have to integrate new technologies into their working habits
and routines. This becomes more complex and resource demanding as the codependency of different technologies increases. This kind of reliance between
technological co-dependence and system-building work has not been the
focus on TIS scholars until now.
However, as our work indicates, besides technological interdependence,
additional dimensions of the innovation ecosystem—such as organisational
complexity—matter for system-building strategies (Table 3-6). This means
that the activities actors undertake within a system strongly depend on the
organisational setting. If an actor is on its own, like Roche in Herceptin®’s case—
it is down to this one actor to do all relevant system-building work. If there
are several firms that share the same interests, they could decide to share the
technological and structural burden. As we will illustrate below, if there are firms
with both diverging and common interests they might develop a coordinated
strategy, or wait until others have done the hard work and then ‘join in’. In
the second case we witnessed the same kind of system-building strategy by
AstraZeneca for Iressa® (developing and building up the whole system for its
drug and diagnostic) as Roche had earlier done for Herceptin®. From Roche’s
perspective, the complexity of this innovation system had certainly increased.
Additional actors (i.e., AstraZeneca) had entered the system and developed
competing products (i.e., Iressa®), but also co-dependent products (i.e., EGFR
testing). Since both of these drugs needed the same testing technology,
AstraZeneca, as a first mover in the EGFR testing, also did the necessary systembuilding work for Roche by setting up the necessary EGFR testing system. It
allocated resources, changed the cognitive institutions (i.e., testing routines
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and habits of medical community) that was initially a component which had
strongly underperformed. In this case, AstraZeneca did all the necessary
system-building work for Iressa® and EGFR testing alone, while Roche was tied
up in the process of getting market access for its product. This also illustrates
the importance of existing rules and regulative institutions in a highly regulated
market such as the pharmaceutical sector. Even if the company wanted to, it
could not pursue any system-building strategy since it did not have regulatory
approval to bring its products to market. This situation was completely different
from the Herceptin® case for Roche, where it had to do all the system building on
its own. However, as soon as it was clear that Roche’s Tarceva® would be launched
on the English market with a compulsory companion diagnostic, AstraZeneca
stopped supporting the EGFR testing system. Suddenly AstraZeneca was no
longer the only company who needed EGFR testing. Also there was no incentive
to provide sole support for the whole EGFR testing system if competitors could
also take advantage of it for their own products. A less ambitious role can be
associated with Roche regarding EGFR testing, which however, also needs a
strategy regarding how strongly to commit to system building and the right
time to enter the system. In the current case, there were some common and
some divergent interests between the actors. One can also argue that if the
actors (i.e., Roche and AstraZeneca) had wanted to, they could have developed
a coordinated strategy in order to share the burden of setting up the diagnostic
system. However, in this particular case no collective action was pursued and
there was no coordination among actors in developing and implementing
strategies towards improving the overall functioning of the TIS.

3

Another important factor is timing. We can see that the importance of timing
grows as the organisational complexity increases within a system as the
number of variables to take into account increases (Table 3-6). Depending
on whether there is one actor moving alone, or several firms with common
and diverse interests, the timing issue becomes increasingly important. We
witnessed how companies need a well defined strategy not only for creating
favourable conditions for the diffusion of their technologies but even more
to transit the whole innovation system from one to another. Herceptin® could
only be given to those patients who tested positive for the HER2 mutation.
Accordingly, Roche knew they had to develop the drug and testing kits and
also make sure that both of these products would be ready for launch onto
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the market at the same time. In the later Tarceva® case, we see that majority of
system-building work on EGFR diagnostics had already been done by another
firm by the time Roche reached the market with its product. This enabled
Roche to reduce investment in the diagnostic diffusion process. We do not
know whether this was on purpose. However, it illustrates a possible systembuilding strategy where certain actors delay the launch of their technology
until the complementary parts are in place. This also illustrates that the
market is simply not ‘out there’ as some innovation studies assume (Geels,
2002; 2004). It is created by system builders, with timing being an important
factor that influences entrepreneurs’ strategic market creation activities. It is
often assumed that companies are dedicating a lot of resources in order to
be the first to introduce novel technologies to the market. We witnessed that
technological innovation is not always about speed, but also about the right
timing strategy that depends on the other technologies already in place and
that in turn can impact the overall TIS development. This novel insight has not
been visible in innovation system’s literature yet.
As we can see, system-building strategies are not a linear, but involve a complex
set of interactions that together have a major impact on the technology one
wants to bring to the market.
3.6
CONCLUSIONS
If we want to better understand how systems evolve, we need to have more
insight into the patterns and strategies of different actors’ activities. The
current chapter has taken the first steps in this direction. It extends our current
understanding of how different complexities influence actor strategies in
system building in technological innovation systems. More specifically, the
chapter illustrates how system builders within the TIS deal with the different
technological co-dependencies and organisational complexities in their
strategic activities.
We have used innovation ecosystems literature in order to create more insight
into system-building strategies in the current case study on personalised cancer
therapeutics and diagnostics. This work has contributed to the literature on
technological innovation systems and towards better understanding of different
actor strategies. We have further developed the system building framework
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by including notions that take into account technological complementarities,
organisational complexity and timing.
Table 3-6: Influence of different complexities on system building in personalised medicine TIS based on
seven system functions (Hekkert et al., 2007)
System-building activities directed
towards TIS improvement
Undertaking entrepreneurial
activities towards novel products and
business models
Creating new knowledge, combining
new and existing knowledge

Diffusion of knowledge through
networks

Influencing the guidance of search
Defining and creating market
Attracting and allocating resources

Creating legitimacy for new
technologies

Influence of technological co-dependency, organisational
complexity and timing
Technological co-dependency increases the need for novel
business models that include higher level of collaboration and
interdependence of different companies.
Technological co-dependency requires increased knowledge
creation, organisational complexity could facilitate the process
as it offers additional possibilities for collaboration, at the
same higher degree of coordination needed, if the parallel
technologies are developed by different actors.
Higher knowledge diffusion necessary, since more different
actor groups are likely to be involved, especially if the new codependent technological product differs greatly from already
established technologies.
No significant differences between single and co-dependent
technologies.
No significant differences between single and co-dependent
technologies.
High resource allocation needed, especially from the prime
mover, since the organisational complexity is lower in
the beginning, therefore collaboration and cost sharing
opportunities are also lower. Less resources required from
actors who join in later, when the relevant infrastructure is
already created.
No significant differences between single and co-dependent
technologies.

3

We have illustrated that technological complementarities play a major
role in system-building strategies as they demand massive resource
investment to developing and diffuse parallel technologies. This is necessary
in order to make sure that once a product reaches the market, the critical
complementary components are already in place. Also, technological and
organisational complexity seems to increase the development challenges for
the entrepreneur. The innovator needs to overcome additional challenges in
establishing additional sub-system within the TIS by integrating additional
components into the system. This also illustrates the importance of timing in
system-building strategies. In the case of co-dependency, a technology only
has maximum value for the market if the complementary product has been
launched at the right time.
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Also, the organisational setting plays a role in system-building strategies and
has an impact on how firms operate—whether they pursue their goals alone
or collaborate with others. In the current work, we have witnessed that, as soon
as a competitor enters the market, the incentive to create complementary
structures decreases for the first actor in the system. Therefore the strategy for
investing resources decreases immediately as additional actors benefit from the
already established system.
The current work, of course, is not without limitations. Since this research is
based on a single industry, its replication in other sectors would increase the
generalisability and validity of our results. Additional work would be also
necessary to gain insight into micro-level firm-internal strategies and also
into how different firms in different circumstances deal with system-building
strategies. Under which conditions would coordination between the actors in
their system-building activities for co-dependent technologies become more
central? Which type of strategies work best and in which type of circumstances?
How do the actions actors take relate to complementary technologies, dealing
with organisational complexity and timing? We hope that our analysis and
findings can offer novel research paths along which different complexities in
system building can be further addressed.
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UNDERSTANDING THE TRANSITION TOWARDS
PERSONALISED HEALTHCARE SYSTEMS—the case of
personalised cancer medicine in the Netherlands

Abstract
The technological innovation system (TIS) approach is a useful concept to study
health-related technological innovation systems. Until now, the focus in TIS studies
in healthcare has been more on the knowledge generation of technologies than
on the diffusion, development and implementation of new user practices, such as
regulation and markets for the use of innovative health technologies. Therefore,
the market formation part of these health innovation systems has not been studied
in depth until now. By focusing on personalised cancer medicines, this chapter is
studying institutionalisation process of markets over time. To understand how this
market formation process develops, two examples of personalised medicine are
studied: Herceptin® (trastuzumab) for breast cancer as a first-mover product and
Tarceva® (erlotinib) for lung cancer as a second-mover product, which developed
successively over time in the Netherlands from 2000 until 2012. We show that within
the technological innovation system of the first-mover personalised medicine
market access became institutionalised, i.e., the market was formed, paving the
way for the later personalised medicine products.

This chapter is based on: Moors, E. H. M., Kukk, P., Boon, W. P. C., Schellen, F., Negro,
S. O. Understanding the transition towards personalised healthcare systems—
the case of personalised cancer medicine in the Netherlands. Currently under
review at Technological Forecasting and Social Change.
This chapter is produced in collaboration with Moors, E. H. M., Kukk, P., Boon, W.
P. C., Schellen, F., Negro, S. O. The PhD candidate has been the main contributor
in the study design, theory, methodology, data analysis, writing and presenting
this chapter.
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4.1 INTRODUCTION
Sociotechnical transitions are necessary to sustain economic welfare and societal
well-being, as well as to tackle grand societal challenges like demographic
changes and increasing pressures on public welfare services (EC, 2013; OECD,
2010). One of the areas of society facing challenges associated with high levels
of complexity, stakes and heterogeneity in involved stakeholders is healthcare.
In particular the pharmaceutical system is in the middle of a transition with
technical, organisational, economic, institutional, sociocultural and political
dimensions.
For decades, firms in the pharmaceutical sector have been successful in
developing new drugs, promoting patients’ health as well as shareholder value.
The current system of drug development, however, has reached its limits: it is
more costly and difficult to innovate and enter the market with a product that
is at least as good (in terms of safety and efficacy) as what is already there. This
leads to the introduction of less-needed products and higher drug prices (e.g.,
Drummond & Towse, 2014; Kaitin, 2010; Pammolli et al., 2011; Scannell et al.,
2012). At the same time, there is an accelerating demand for healthcare products
and services, due to ageing populations and increase in chronic diseases (heart
disease, obesity, diabetes) in the Western world. To ensure high quality health
in the future, there is a need for innovative solutions and for stakeholders in
healthcare, ranging from policymakers and regulators to health insurers and
the pharmaceutical industry, to rethink how healthcare is organised, regulated
and delivered. This makes studying the transition towards a more sustainable
healthcare system, in which healthcare is affordable and accessible for everyone
in need, highly relevant (Moors et al., 2014).

4

One technological driver of transitions in the pharmaceutical sector is
personalised (or precision) medicine. Increased knowledge about genetic
causes and disease mechanisms has led to the advent of personalised medicine,
i.e., tailoring diagnosis and therapy to the specific characteristics of patient
groups. By taking into account individual variability in genes, environment
and lifestyle, tailor-made treatments and far-reaching patient stratification
becomes increasingly feasible (Collins & Varmus, 2015). The efficacy and safety
of personalised medicine is expected to be higher than for conventional drugs.
The benefit of personalised medicine is that the quality of diagnosis, treatment
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efficacy, safety and monitoring of a patient’s response to treatment significantly
improves, as it is only tailored to those patients for whom the treatment is safe
and efficacious (Jameson & Longo, 2015).
However, despite high expectations regarding efficiency and a widening range
of applications, until now, the transition to personalised medicine has been
slower than expected and uneven between European countries as highlighted
in Chapters 2 and 3.
The explanation for this slow transition is unlikely to be found strictly to the
pharmaceutical sector. Also regulators, hospitals, patient organisations are likely
to play a role in this. This collective perspective on innovation and transition is
well covered by the innovation system framework. For this reason we study
this problematic uptake of personalised medicine by taking the innovation
systems perspective as a point of departure. An innovation system consists of
actors that contribute to the innovation process in various ways, e.g., through
knowledge development, supply of financial resources, standardisation, and
the application of innovation. These actors are constrained and enabled in
their actions by the structure of the innovation system that consists of network
characteristics, technological artefacts and institutions (Hekkert & Negro, 2009).
More specifically, we conceptualise the emerging personalised medicine field
as a technological innovation system (TIS) (Carlsson & Stankiewicz, 1991),
including actors, networks and institutions that contribute to the generation,
development, diffusion and use of new technologies (Edquist, 1997).
Until now, however, the focus in TIS studies has been more on the knowledge
generation of technologies than on the diffusion, development and
implementation of new user practices (Dewald & Truffer 2011; 2012; Geels, 2004;
Grabher et al., 2008), such as regulation and markets for the use of personalised
medicines. The market formation part of these personalised health innovation
systems has not been studied in depth until now. Healthcare transitions have
already taken centre stage in Chapters 2 and 3, in which the institutional
character of radical innovations in healthcare systems and the importance of
institutions in market formation was emphasised. Taking this into account, we
now want to further unravel this market formation part of TIS. In particular, we
are interested in the institutionalisation of markets over time and the way first-
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mover products in personalised medicine prepare the ground for subsequent
products. Empirically, the focus is on market formation in one particular national
healthcare innovation system, since market formation is very much a national
endeavour. For example, hospital policies with regard to expensive medicines
and reimbursement are often being locally determined (Boon et al., 2014).
Based on Dewald & Truffer (2011, 2012) and Fligstein (1996), we tentatively
discerned the infrastructural, institutional, and legitimisation dimensions
of market formation, which mainly play a role in personalised medicine
development. First, new technologies might require changes in health market
infrastructure: personalised medicine requires a stronger connection between
diagnostic and therapeutic products, which are also called ‘theranostics’.
Personalised medicine is a combination of a therapy targeting a specific
genetic mutation and an accompanying diagnostic test determining
whether the patient has the specific, associated biomarker (Regenold, 2011).
Additionally, personalised medicine might lead to changing communication
channels between care professionals and patients. For example, for physicians
and hospitals tailoring means new therapeutic principles and building new
ways to address patients’ needs (Sabatier et al., 2012). For the pharmaceutical
industry this new approach calls into question the traditional quest for
‘blockbuster’ drugs. It opens up possibilities of disruptive new business
models in drug development, since personalised medicine requires smallscale and direct linkages between laboratory and patient. Second, theranostics
imply institutional or regulatory changes, concerning the way in which these
products are approved and based on efficacy, safety and quality criteria. These
products need alternative ways to determine clinical efficacy, innovative forms
of approval and reimbursement of treatment options, flexible and smart
regulation, and other approaches to protect intellectual property rights. Third,
legitimisation of these new personalised medicine products is important, which
requires deliberation about, for example, new guidelines, data protection and
privacy, patient surveillance, treatment compliance and user acceptance of the
new personalised medicine (Bates, 2010; Christensen, 2000; Gonzalez-Angulo
et al., 2010; Mittra & Tait, 2012; Swan et al, 2007; Weldon et al., 2012).

4

In order to better understand the market formation of personalised medicine,
we follow two personalised cancer medicines entering the Dutch healthcare
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market between 2000 and 2012. Our goal is to understand if and how Herceptin®,
personalised medicinal product produced by Roche and used in breast cancer,
has made it easier for the follow-up product Tarceva®—also produced by Roche
and used in lung cancer—to enter the Dutch market. It seems that within the
technological innovation system of the first-mover personalised medicine
market access became institutionalised, i.e., the market was formed, paving the
way for the second-mover personalised medicine product.
Therefore, the research question becomes: Which factors influence the market
formation of personalised medicine innovation systems over time, by following
first-mover and second-mover personalised medicines?
We selected the transition towards personalised cancer medicine in the
Netherlands as an empirical field. The Netherlands is one of the smaller
countries in Europe, with a total healthcare expenditure of more than €80 billion
in 2011 (Frost & Sullivan, 2011). The Netherlands has an excellent research
and healthcare performance and infrastructure and very well developed
biomedical research (CWTS, 2010). The focus on oncology is supported by the
fact that cancer is the number one cause of death in the Netherlands (CBS,
2014) and results of cancer treatments have only been modest (Haber et al.,
2011). Furthermore, developments in genetics and genomics have led to more
efficient and personalised treatment approaches, which until now mostly were
used in the field of oncology (André et al., 2013). The focus lies in particular on
breast cancer and lung cancer, as these diseases are amongst the first for which
personalised medicine products were developed.
The outline of the chapter is as follows: Section 4.2 briefly presents the theoretical
background and presents the characteristics of the healthcare sector and
biomedical innovation systems, such as personalised medicine. Section 4.3
explains the research methodology. Section 4.4 first applies the TIS approach
to the personalised medicine field in order to understand the specific dynamics
of health and life sciences related technological innovation systems. It further
presents the results of the market formation processes of two personalised
cancer medicines in the Netherlands over time that is Herceptin® for breast
cancer treatment and Tarceva® for lung cancer treatment. Finally, Section 4.5
deals with discussing the results and concluding remarks.
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4.2 THEORETICAL BACKGROUND
This section first briefly discusses the TIS perspective, emphasises the market
formation processes, and zooms in on the specific characteristics and dynamics
of life-sciences and health-related technological innovation systems.
Earlier studies in the field of energy transitions (Negro et al., 2007; Suurs, 2009)
have shown that the success of a new technology is not (only) determined by
technological characteristics, but also by the surrounding social system that
develops, diffuses, implements or rejects new technologies (Jacobsson & Bergek,
2004). Hekkert et al. (2007) label this sociotechnical system as a Technological
Innovation System (TIS). In this vein, the basic assumption is that a wellfunctioning TIS is required for the dexterous development and diffusion of the
technology in question. The TIS approach recognises that new technologies are
a key to realise societal transitions and that such transitions do not easily occur
because new technologies are often poorly aligned with established practices
(Hekkert et al., 2007).
Accordingly, the TIS approach pursues studying the development of the
innovation system supporting the emerging technology (e.g., Negro et al.,
2008), taking into account a wide variety of actors, institutions and networks
that contribute to an emerging technology to become successful. Basic
assumption of a TIS approach is that technologies do not emerge in isolation, but
that the socio-technical context, including policy, supporting infrastructures,
and perceived legitimacy, influence the innovation process. The actors in
an innovation system contribute to the process of development, diffusion,
implementation and use of new technologies in a wide variety of ways, such as
by knowledge development, experimentation with the new technology, supply
of resources and commitment with the new technology. The structure of the
innovation system, consisting of institutional settings, technological artefacts
and network characteristics, enable and constrain the actors in the TIS in their
actions.

4

Next to the structural approach, a TIS can also be described and analysed by
its dynamic, its ‘functional pattern’. The functional analysis of the TIS focuses on
seven key processes that take place in the innovation system: entrepreneurial
activities (F1), knowledge development (F2), knowledge diffusion (F3),
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guidance of the search (F4), market formation (F5), resource mobilisation (F6)
and creation of legitimacy (F7) (Hekkert et al., 2007). These key processes are
necessary to provide favourable conditions for actors to innovate. When one
or more of these key processes do not sufficiently take place, innovation is
hampered (Jacobsson & Bergek, 2011). By analysing each function individually
as well as the interactions between the system functions, a functional pattern
can be mapped. Based on this mapping, the TIS approach is useful to analyse
the barriers on the systems-level. By identifying barriers on the level of functions
it is possible to accelerate the development of a TIS by designing (innovation)
policy that aims at reducing or removing these barriers. Table 4-1 describes the
seven system functions that are analysed.
Table 4-1: Description of the seven key system functions (adapted from Kukk et al., 2015; Wieczorek et
al., 2013)
Key function
(function number)
Entrepreneurial
activities (F1)

Description

Entrepreneurs are essential for a well-functioning innovation system. Their
role is to turn the potential of new knowledge, networks, and markets
into concrete actions to generate—and take advantage of—new business
opportunities.
Knowledge
Mechanisms of learning are at the heart of any innovation process, where
development (F2)
knowledge is a fundamental resource. Some indicators are R&D projects,
patents and investments in R&D.
Knowledge diffusion
Relevant knowledge needs to be exchanged between actors in the system
(F3)
via workshops, meetings, conferences on a specific technology topic.
Guidance of the
Processes that lead to a clear development goal for the new technology
search (F4)
based on technological expectations, articulated user demand and societal
discourse.
Market formation (F5) This process refers to the creation of markets for the new technology: niche
markets, tax regimes and new standards to create a competitive advantage
for novel technologies.
Resource mobilisation The financial and human resources are necessary to make knowledge
(F6)
production possible for a specific technology. Without these resources, all
processes are hampered.
Creation of legitimacy Interest groups and their lobby activities to gain a legitimacy for actors to
(F7)
commit to the new technology with investment, adoption decisions, etc.

The healthcare system has certain unique characteristics, which differentiate it
from other areas in which TIS analyses have been performed previously, such
as the sustainable energy system (e.g., Hekkert et al., 2007; Negro et al., 2008;
Suurs, 2009; Suurs et al., 2009a; 2009b). Transitions in healthcare are expected
to be different because the healthcare sector is highly institutionalised due
to regulations and reimbursement procedures, which directly affect market
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formation by limiting the choice of the consumer or patient (Grit & Dolfsma,
2002). In personalised medicine, two sectors are closely involved. First, the
pharmaceutical sector is science-based and characterised by profound and
persistent uncertainty and complexity, and integrates a wide variety of cognitive
disciplines (Pisano, 2006). This leads to extensive product development timelines
(average 13.2 years from discovery to regulatory approval) (Hill & Rang, 2013),
and a R&D process characterised by high attrition rates, i.e., the rate of drugs
tested in clinical trials not reaching marketing authorisation; amount of failed
products. In turn, this results into increasing development costs (DiMasi et al.,
2010; DiMasi et al., 2015). Second, the diagnostics industry plays an important
role, especially in oncology (Naylor & Cole, 2010). Traditionally, innovation
dynamics in these sectors are very different: drugs are subjected to strict
approval procedures and regulation, while diagnostics regulation requires
a CE Marking. This results in different timelines and required resources (Ito &
Demers, 2004). The implementation of personalised medicine also requires
changes in the healthcare arena. Pricing and reimbursement policies, market
access, an infrastructure of testing, and user practices need to be (re-)aligned.
All these unique aspects influence formation of markets. At the same time, they
are very much linked to and embedded within the other elements of the TIS,
such as the knowledge creation part. This makes healthcare transitions and
market formation in healthcare sector fascinating topics of study from the TIS
perspective.

4

Because of this attention to regulation, reimbursement and medical practice,
the focus of innovative dynamics leans more to the market- than to the basic
research-side. The pharmaceutical innovation process is traditionally regarded
as a linear pipeline. Some authors claim that this model is not a realistic
representation of reality (Hara, 2003; Smits & Boon, 2008). The process can be
enhanced, for example, by the forward and feedback loops between academic
research partners and companies or within companies themselves. Knowledge
production in the pharmaceutical field mainly takes place at the international
level and entrepreneurial activities of large pharmaceutical companies are also
internationally oriented. Only when clinical testing starts, medical knowledge
creation can be regarded as a co-evolutionary process distributed over a
large range of countries. Knowledge creation in clinical settings is carried out
by a network of interrelated actors both in laboratory and clinic, and in the
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wider world in which application of medical knowledge meets medical need
(Metcalfe et al., 2005) and scientific advances, business developments and
learning in medical practice co-evolve (Nelson et al., 2011). The emergence
of new functionalities to a radical medical innovation, such as personalised
medicine (e.g., changing indication areas for treatment, other administration
forms) (Jameson & Longo, 2015) is a particular aspect of a wider process of
co-evolution between medical technology and heterogeneous actor groups
(knowledge providers, institutional and market actors).
Although TIS is defined by technological and not by country boundaries, it is
common in TIS studies to confine the research to one region (e.g., Negro et
al., 2008). The market-side of pharmaceutical innovation is typically nationally
oriented, due to complex and lengthy regulations, approval and reimbursement
procedures. Thus the market formation in the pharmaceutical sector is rather
slow and varies per country. Users, such as patients, pharmacists, physicians,
insurers and governmental bodies, play an important role in pharmaceutical
innovations (Smits & Boon, 2008). While this study takes a TIS approach, it thus
especially focuses on the market-side part of the technological innovation
system of personalised medicine. The market-side perspective emphasises
specific conditions, such as the availability of locally specific institutional
structures (e.g., reimbursement) or legitimacy of patient groups and
healthcare users. In this case, the locally specificity is demarcated by national
borders because determining elements of the pharmaceutical market, such
as reimbursement, are organised on a national level. The emphasis on market
formation is building on the work of Fligstein (1996), who noted that the
perspective of producers shaping markets dominates, whereas other actors such
as consumers should not be neglected. He states that markets are constructed
through interplay between e.g., suppliers, consumers and regulators. Market
formation thus means contestation and construction involving building
powerful coalitions that are able to dictate rules and conception of control.
Building on this sociological and constructivist notion of market formation,
Dewald and Truffer (2012; 2011) differentiate market formation into three
sub-processes: (1) the formation of market segments (i.e., formation and
differentiation of market related actors, networks and institutions), (2) market
transactions (i.e., communicating and competing to establish an exchange
relationship between suppliers and customers), and (3) end-user profiles (i.e.,
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the constructive part on the side of the users, including determining consumer
images, use patterns and preference structures). By focussing on market
formation of other technologies than energy technology, we contribute to a
further analysis of market formation processes in the broader TIS context, as
market formation processes also contribute to other system functions (e.g.,
Dewald & Truffer, 2011). This could ultimately lead to a more mature TIS life
cycle theory, addressing sustainable transitions from an innovation systems
perspective (Dewald & Truffer, 2012).
4.3 METHODOLOGY
Exploratory case studies are considered suitable for studying new and not
fully understood phenomena with multiple elements (Dodgson et al., 2008;
Eisenhardt, 1989). Until now the focus of the TIS scholars have been mostly on
the energy and sustainability sector (e.g., Binz et al., 2014; Negro et al., 2008;
Suurs et al., 2009a; 2009b; Truffer et al., 2012; Van Alphen, 2011). A sector with
distinctive features and characteristics, such as the healthcare market represents
one of the most highly regulated industries in the world and has been understudied by TIS scholars until now. Therefore we employed an explorative casestudy methodology to gain deeper insights into TIS development in general and
market formation in particular around biomedical innovation in the healthcare
sector.

4

As we have argued in the introduction, we have chosen to focus on personalised
cancer medicines entering the Dutch healthcare market. The time delineation
of this study is a twelve-year’s period from 2000 until 2012. In 2000, Herceptin®
(trastuzumab), that is one of the first personalised cancer medicines, entered
the Dutch market as a late stage breast cancer therapeutic (Bates, 2010). In 2005,
Tarceva® (erlotinib) received marketing approval as a second line non-small-cell
lung carcinoma therapeutic (Roche, 2005). We focus our analysis on the period
when the major TIS development took place for both of these personalised
cancer medicines, which eventually led to successful market uptake in the
Netherlands for Herceptin® as an early stage breast cancer drug in 2005 and
later, in 2012 for Tarceva® as a first line personalised lung cancer medicine. These
two personalised medicines thus illustrate successive cases, which allow us to
study how the emerging innovation system that arose from Herceptin® paved
the way for Tarceva® later on.
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The diffusion of personalised cancer medicines on the Dutch healthcare
market is interesting since, compared to other Western European countries,
the Netherlands had a very problematic uptake of personalised cancer drugs
in the early 2000 (BVN, 2007; Schellen, 2013). However, by 2006, the Dutch
personalised medicines TIS performed in parallel with other well performing
European countries, such as Germany and France (BVN, 2007). Analysing the
Dutch personalised medicine TIS thus enables better understanding of the
development of a healthcare TIS. However, since it is recognised that drug
innovation processes are influenced by activities worldwide, some of these
activities, such as the development of knowledge by researchers outside
the Netherlands are also included in the analysis when they influence
the development of personalised medicines TIS in the Dutch healthcare
context (Schellen, 2013). By operationalising the TIS approach, it is possible
to systematically analyse different key processes essential for personalised
medicine innovations over time, and to identify mechanisms that hamper
or stimulate these innovation processes. We build our analysis on two earlier
studies from Utrecht University (i.e., Boon, 2008; Schellen, 2013) that have
already collected and analysed data on personalised medicine in Dutch context.
The first step of our analysis was a qualitative event history analysis to gain
insight in the dynamics of radical personalised medicine innovation processes
in Dutch healthcare context. An event can be defined as an example of change
with regard to the seven key processes of the TIS, which is the work of one or
more actors, and which carries some system level importance regarding the
TIS under investigation (Hekkert et al., 2007). We allocated chronologically the
events over twelve years from 2000 until 2012 in a database. Each event was
allocated to one of the seven system functions, according to key functions as
defined in Table 4-1 in the theory section and categorised them accordingly
to healthcare related indicators developed by Schellen (2013) (see Table 4-2).

110

39585 Piret Kukk.indd 110

06-04-16 19:54

UNDERSTANDING THE TRANSITION TOWARDS PERSONALISED HEALTHCARE SYSTEMS

Table 4-2: Operationalisation
Function
Entrepreneurial activities (F1)
Knowledge development (F2)
Knowledge diffusion (F3)
Guidance of the search (F4)
Market formation (F5)
Resources mobilisation (F6)
Creation of legitimacy (F7)

Indicators
Number of clinical trials and new entrants
Scientific publications
Workshops, conferences, meetings, networks formation
Favourable and unfavourable regulations
Market approval, reimbursement policies, guideline development
Financial investments, funding programmes
Media coverage, lobby activities

The data was collected retrospectively making use of different sources,
such as scientific literature (professional journals), ’grey’ literature (industry
reports, policy papers and books) and various websites—amongst other,
3
online databases2, government bodies (EMA, CVZ, VWS) , professional
3
journals, professional groups (Diagned, NVMO) and patient organisations
(NFK, BVN)3. Search terms comprised of the following words either on their
own, or in combination: ‘Herceptin’ or ‘Tarceva’ or ‘erlotinib’ or ‘trastuzumab‘
or ‘personalised medicine’ or ‘breast cancer’ or ‘non-small-cell lung carcinoma
(NSCLC)’ or ‘the Netherlands’ or ‘Dutch’.
Classification of the events to different system functions was verified by another
TIS researcher with experience in innovation system analysis in healthcare to
increase validity of the results. All the variations in the classification were analysed
and if needed, the specific events were reclassified. A narrative (storyline) was
constructed based on these events. The narrative was thereafter verified and
developed further after including the information from 8 semi-structured
interviews with experts from different stakeholder groups, such as industry,
academia and research, the non-profit sector and intermediary organisations,
drug regulation and policy (Table 4-3). A semi-structured approach was used,
because this allows covering a broad spectrum of relevant topics and at the
same time to highlight a specific topic based on the responses of the interviewee
(Lindlof & Taylor, 2002). The interviewed experts were purposefully selected: the
majority of our interviewees were identified from personal contacts, scientific
articles and policy papers through the criteria of being involved in, or having

4

Examples of literature sources: LexisNexis database, Web of Science; ‘grey’ literature: annual
2	
reports of Roche; websites: www.clinicaltrials.gov, www.trialregister.nl
EMA (European Medicine Agency), CVZ (Health Insurance Board), VWS (Ministry of Health
3	
Welfare and Sports), NVMO (Dutch Society for Medical Oncology), NFK (Dutch Federation
for Cancer Patient Associations), BVN (Dutch Breast Cancer Association)
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profound knowledge of the diffusion process of personalised medicine in
the Dutch context. Interviews lasted on average between 1 to 2 hours. We
customised the interview guide for experts based on their area of expertise.
We asked the experts a series of questions about the history of market creation
of personalised medicines and the regulatory environment of the market in the
Netherlands in general, and about Herceptin® and Tarceva® in particular. We
asked them to identify the main stakeholders involved in the diffusion process
of personalised medicines, the obstacles they had encountered and how they
were overcoming these issues. The interview list was complemented by 3 earlier
interviews (interviews I, J, K) performed by Jongeneelen (2012) on the same
topic at Utrecht University.
Table 4-3: List of interviewees
ID
A

B
C

D
E
F

Role
Clinical assessor for the Dutch Medicines
Evaluation Board (MEB/CBG) and medical
oncologist
Centre for Personalised Cancer Treatments (CPCT)
researcher
Financer from the ‘Rabobank Bioscience’ part.
Follows the market to advice the bank on risks
and trends
Dutch diagnostic company representative &
member of the ‘Personalised Medicine’ taskforce
NFK representative

ID
G

Role
Health insurance company senior
medical advisor & medical doctor

H

Royal Dutch Pharmacists Association
(KNMP) policy officer
Researcher

I

J
K

Dutch diagnostic company
representative
Dutch regulatory authority
representative

Diagnostics company business development
manager

The interviews have been anonymised and are referred to as ‘Type of actor’ A,
B, C, etc. to protect the identities of the experts and to gain insights in the ‘real
truth’ by preventing socially desirable answers given by the experts (Schellen,
2013). The collected interview data complemented our narrative and analysis of
the Herceptin® and Tarceva® TIS developments over time. To ensure the quality
of this study, we also compared the interview results against the constructed
event database. The contradictions between the narrative and interviews were
reviewed with subsequent interviews to get additional insights. In the event of
any inconsistencies, we carried out further data research that combined all the
information sources listed above.
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4.4 RESULTS
The advances in genomics over the last decade, embodied by the completion
of the Human Genome Project in 2003, propelled a new paradigm in cancer
treatments development. Advances in genomics have revealed that multiple
genetic mutations are present within tumours causing them to grow
uncontrollably (Bates, 2010). Every tumour has a different combination of
mutations, which make each of them unique. These mutations code for complex
molecular pathways in the cell that proliferate cell growth (Greshock et al., 2010).
These molecular pathways are used as targets for new personalised cancer
medicines. Blocking these targets inhibits signals that cause the tumours to
grow. Because patients vary in their genetic make-up and thus in their expression
of molecular pathways, these targeted therapies only work for a subset of the
population. Reliable and accurate diagnosis of molecular pathways or genetic
mutations are required to precisely predict whether the targeted therapy will
be effective or not (Duffy & Crown, 2008). As each personalised medicine has
its own explicit target, a specific diagnostic test for each therapy is required,
so called ‘companion diagnostics’ (Naylor & Cole, 2010). This section presents
in two episodes the development and diffusion of the personalised cancer
medicines Herceptin® and Tarceva® in the Netherlands between 2000 and 2012.

4

Herceptin® as a First Mover Technology 2000-2006
In the Netherlands breast cancer is the most frequent type of cancer in women,
about 1 in every 8 women are diagnosed with breast cancer (VWS, 2015). The
oncogene Human Epidermal Growth Factor 2 (HER2) is present in 10-30% of
breast tumours, in which this gene is amplified (Slamon et al., 2001). This leads
to increased numbers (10 to 100 times more than average) of receptor proteins
on the surfaces of the cell, so called HER2 over-expression. The HER2 overexpression causes cells to receive increased signalling, resulting in stimulated
cell growth that is, tumour development (Bazell, 1998).
Herceptin® (trastuzumab) is a first personalised cancer medicine that entered the
Dutch market soon after its approval by the European Medicines Agency (EMA)
in August 2000 (EMA, 2011). It is a humanised monoclonal antibody, designed to
target and block the function of HER2, the protein produced by a specific gene
with cancer-causing potential when it is over-expressed (Slamon et al., 2001).
The mode of action of Herceptin® activates the body’s immune system and
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suppresses HER2, signalling that the tumour should be targeted and destroyed.
It is administered on its own as monotherapy, as well as in combination with,
or following, standard chemotherapy. Eligibility for Herceptin® treatment is
determined by a diagnostic test, identifying those patients who would derive
the greatest benefits (Roche, 2013).
In the Netherlands, when Herceptin® entered the market as a late stage breast
cancer drug in the period 2000-2001, the knowledge about personalised
medicine was low and knowledge diffusion in general was not well developed.
Knowledge development and diffusion related to personalised medicine in
general and Herceptin® particular took off in Dutch context with publications
about the ‘new’ Her2Neu receptor around 2001. These first studies on Herceptin
focused on addressing appropriate testing methods for the HER2 receptor. In
2001, various Dutch cancer researchers were publishing about this topic (Bijker
et al., 2001; Pender et al., 2001; Vijver, 2001). Most of this early Dutch research
was done by large established academic medical centres (i.e., UMCU, LUMC,
AMC, ErasmusMC)4 and the Netherlands Cancer Institute (NKI/Av)5. According
to the search on www.clinicaltrials.gov, in the period 2000-2006 the knowledge
creation through clinical trials remained low, as only a few (i.e., four) clinical trials
on Herceptin® in the Netherlands were carried out (Schellen, 2013).
From 2000 onwards, a number of (policy) initiatives at the Dutch national
level supported further knowledge diffusion and creation of legitimacy
about personalised medicine in parallel with Herceptin® market introduction
in Europe in August 2000. New alliances and partnerships between different
cancer research organisations were formed to focus on the area of cancer
and genomics that contributed heavily to diffusion of knowledge about
personalised medicine and creation of legitimacy to this new type of cancer
treatment. These alliances mostly took the form of research allocation activities.
The Netherlands Genomic Initiative (NGI) was started in 2002 and received a
budget of €195 million to set up the genomics infrastructure in the Netherlands.
As part of this infrastructure, the Cancer Genomics Centre (CGC) was awarded a
five-year grant of €15 million. In addition, in 2003 NGI founded the Netherlands
4
5

UMCU
(Utrecht University Medical Center), LUMC (Leiden University Medical Center),

AMC (Academic Medical Center), ErasmusMC (Erasmus University Medical Center)
NKI/AvL (Nederlands Kanker Instituut/Antoni van Leeuwenhoek Ziekenhuis)
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Bioinformatics Centre and the Netherlands Proteomics Centre with €86 million
coming from the ‘Investment Grants for Knowledge Infrastructure’ (Besluit
Subsidies Investeringen Kennisinfrastructuur or BSIK) (Kloet et al., 2012). These
substantial resources were allocated on top of standard research council funds
dedicated to fundamental cancer research and charity fund money from the
Dutch Cancer Society (KWF) that spends 80% of their income on basic, applied
and clinical research (~€66 million in 2014) (KWF, 2014).
In parallel to the introduction of Herceptin®, the HercepTest® from the Danish
diagnostic manufacturer DAKO was launched on the Dutch (and European)
market. DAKO was granted a license from Genentech to develop this test
(Bioprocess Online, 1998; Genentech, 1998). The introduction of diagnostic
tests, such as the DAKO test, served as an incentive for the Dutch biotechnology
companies to focus in their activities on personalised medicine and diagnostics
development (i.e., positive impact on entrepreneurial activities). From 2000
onwards various start-ups specialising in personalised cancer treatments were
founded in the Netherlands. A prominent example is Agendia that developed the
Mammaprint® for identifying breast cancer metastasis risks and the Targetprint®
for determining HER2 over-expression (Agendia, 2013).

4

In the early 2000s, knowledge development and diffusion took off quite
well in the Netherlands regarding personalised medicine, but there were, as
expected, high barriers for market formation. A prominent barrier formed the
reimbursement of these types of personalised drugs. This has mostly to do with
the fact that the drugs serve smaller patient populations, leaving pharmaceutical
companies with the task to recoup their R&D spending with higher prices. The
Dutch government had gained experience in dealing with expensive cancer
medicines: since the introduction of the chemotherapy drug Taxol® in 1995,
constant signals of under-treatment emerged. Principal actors in putting
pressure on the Dutch Ministry of Health were first and foremost two patient
organisations about patients that did not receive Taxol® and demanded equal
access to healthcare. The ministry created a set of initiatives and policy measures
to address this issue, including specific subsidies, a ‘policy rule’ that dictated
reimbursement of drugs in hospital settings (as a specific market segment), and
a dedicated medical commission that had the task to assess reimbursement of
these drugs. As such, reimbursement of expensive cancer medicines started
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to become slowly institutionalised via special policy initiatives (Boon, 2008).
Herceptin®, introduced on the Dutch market in early 2000s, was covered by
such an initiative. Another group of actors prominent in this discussion were
the medical specialists and their representative organisations. They formed a
bridging function between the knowledge production around personalised
medicine and the formation of markets.
The bridging function became clear during discussions on reimbursement of
Herceptin® for early stage breast cancer, which initiated a next episode in the
institutionalisation of reimbursement of personalised cancer medicines (Boon,
2008). In 2005, prominent Dutch medical specialists visited the Annual Meeting
of the American Society of Clinical Oncology (ASCO), where Roche presented
the results from their HERA-study (Piccart-Gebhart et al., 2005; Tuma, 2005).
These results showed that besides late-stage breast cancer, Herceptin® was
also effective on early-stage HER2 positive breast cancer patients. Based on
these results, Dutch oncologists actively pursued to include early-stage use of
Herceptin® in their medical guideline, as such making its use common medical
practice. However, the medical guideline route sidestepped—or better:
jumped the queue—of regulatory authorisation, since by 2005 Herceptin® was
only registered for late stage breast cancer. As a result, Herceptin® could not be
included in a reimbursement scheme for early stage cancer, creating a dilemma
for medical specialists. On the one hand, they wanted to adhere to the stateof-the-art healthcare to patients; on the other hand, unlicensed drugs were
not automatically reimbursed. So, formation of market segments took place:
Herceptin® only be reimbursed for late stage breast cancer patients, and only
for patients having a specific breast cancer profile (and thus the reimbursed
Herceptin® use profile).
As a result, when Herceptin® began to be used for early stage breast cancer,
Dutch hospitals had to reimburse all new treatment from their total hospital
budget, which had not been adjusted to the rise of these expensive new cancer
drugs. Hospitals with sufficient financial reserves were able to offer the new
treatment to their patients, but hospitals with little or no financial reserves
were not able to give their patients the new treatment. This created differences
between regional areas in access to the drug, so called ‘postcode healthcare’
(Boon, 2008), even more leading to market segmentation.
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The Dutch Breast Cancer Association (BVN) quickly moved to articulate unequal
access to Herceptin® by publishing a report that presented the differences
between regions in the Netherlands (BVN, 2005). Accordingly, the report led to
fierce reactions in the media and in politics, even in the form of questions from
parliament. So, by 2005, the issue of unequal access to Herceptin® had led to
increased pressure on and questions to members of parliament, and a great deal
of media attention. This led to the Minister of Health promising to investigate
the problem (Boon, 2008). In 2006, the Dutch Minister of Health decided to
change the reimbursement policy, while the BVN continued its actions by
presenting the Ministry of Health with 14 concrete cases, of under-treated
patients. Although the Ministry of Health changed the reimbursement policy in
2006 (leading to directly financing expensive drugs that are used in hospitals),
reimbursement issues were not solved and continued to be problematic by
patient advocacy and medical professional groups, e.g., the Dutch Federation
of Academic Medical Centres (NFU) and the Dutch Association of Hospital
Apothecaries (NVZA) (SFK, 2010).
In summary, legitimacy was created mostly through a strong combination of
patients and medical specialists initiatives. Their representative organisations in
several instances acted together in coordinated efforts. This patient-specialist
collaboration formed a strong driver in translating knowledge of personalised
medicine to application and subsequently to market formation. This market
formation was based on predefined rules and regulations, e.g., regarding
reimbursement, medical practice and market access, which take care of
transactions and interactions on the healthcare market. At the same time, this
episode shows that idiosyncratic institutional solutions were introduced as well.

4

Tarceva® Entering the Market and Further Development of Dutch Personalised
Cancer Therapeutics from 2006 to 2012
Lung cancer is one of the most frequent types of cancers worldwide and next
to breast cancer it has the highest rate of mortality (Peters et al., 2012). In the
Netherlands almost 11.000 new patients are diagnosed with lung cancer each
year (KWF, 2011). Treatment of lung cancer, however, is difficult because it is a
heterogeneous disease characterised by many genetic mutations. One of the
mutations frequently observed in lung cancer is a mutation of the Epidermal
Growth Factor (EGFR) (Rosell et al., 2012). This protein is from the same receptor
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family as HER2 and is responsible for transducing growth signals that drive
cancer cells. In lung cancer, multiple alterations to the EGFR protein are observed
resulting in increased cell growth (Stella et al., 2011).
Tarceva® (erlotinib) is a small chemical entity which inhibits the activity of EGFR
by binding to the ATP (Adenosine Tri Phosphate) binding site (Rosell et al., 2012).
Therefore, it blocks ATP from binding to EGFR, which leads to inhibition of the
function of EGFR and the signalling pathway (Rosell et al., 2012).
From 2005 onwards, and the market approval of Tarceva® the number of Dutch
publications increased, indicating growth in knowledge creation and diffusion
on Tarceva®. Based on ‘Web of Science’ from 2008, the number of Tarceva®
publications stabilised and has remained constant in 2012. However, the number
of publications about the EFGR mutation showed exponential growth after 2008
(Schellen, 2013). According to interviewed experts, an explanation for the focus
on molecular mechanisms (e.g., EFGR functioning) could be that research in the
Netherlands does not focus on finding new drugs, but on finding new targets
for existing drugs or potential leads for new drug development (Oncologist
A). The Netherlands is enjoying a world-leading position in genetics since the
1970s (Researcher B), as the Netherlands has one of the largest collections of
clinical material (biobanks) and patient databases (Financer C; Researcher B).
In 2010, the Swiss company Roche obtained a license from Genzyme Corporation
in the USA and at the same time collaborated with OSI Pharmaceuticals to
develop a companion diagnostic test for Tarceva®. In 2011, Roche launched its
Cobas 4800 EFGR mutation test as a companion diagnostic for Tarceva® (Roche,
2011a; 2011b).
Accordingly, the entrepreneurial activities of large players regarding
personalised lung cancer therapeutics have mainly taken place at international
level. Similar as it was mentioned earlier with the case of personalised breast
cancer drugs, such as Herceptin®.
In 2010, the three largest Cancer Centres in the Netherlands combined forces in
the Centre for Personalized Cancer Treatment (CPCT). The NKI/AVL, Erasmus MC
Daniel den Hoed Oncologisch Medisch Centrum and UMCU participate in this
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centre. This centre focuses on determining the genetics of individual tumours to
guide treatment (CPCT, 2013; Diagnostic company representative D). Increased
network activities were also visible between diagnostics manufacturers and the
pharmaceutical industry. In the period 2006-2011, the number of collaborations
increased between the Dutch locations of Roche (pharmaceutical branch), and
Roche Diagnostics. By combining their activities, the different areas of expertise
required for the successful implementation of personalised medicine could be
put together (Diagnostic company representative F).
Compared to the first years after market introduction of Herceptin® in the
beginning of 2000s, when there were only a few conferences on the topic of
personalised medicine, from 2007 onwards, the knowledge diffusion about
personalised medicine cancer drugs improved significantly. From 2007 onwards,
for example, the conference ‘Personalised Therapeutics’ (‘Therapie op Maat’)
has been organised every two years in the Netherlands. The 2007 conference
focused on linkages between malignities in oncology. Developments in fields
of gastric cancer, breast cancer and lung cancer were particularly discussed
(Schellen, 2013). Also, when Tarceva® entered the market it could enjoy very
positive expectations about personalised medicine. This was not the case for
Herceptin® in 2001 as back then the general knowledge and legitimacy of
personalised cancer drugs was low. These positive expectations were describing
the promise of new cancer therapeutics. Most events focus on personalised
cancer treatment in general, as opposed to the specific drugs Herceptin® or
Tarceva®. This explicated the hype and the very high expectations around
these personalised cancer therapies in general. The main negative expectations
around Herceptin® and Tarceva® was about the high cost of therapies and the
related concerns that personalised drugs would make healthcare unaffordable
if too many entered the market (Schellen, 2013). Not everyone shared the
optimism that within a few decades, most forms of cancer would be regarded as
chronic instead of life threatening (AD, 2013). According to interviewed experts,
making cancer a chronic disease in a few decennia is a huge challenge but the
coming years we see a huge improvement in the survivability for some types
of cancer (Diagnostic company representative F, National level association
representative H). Personalised cancer treatments profit from this hype as it
attracts further resources and has a positive effect on creation of legitimacy.
However, if personalised medicine does not deliver value in near future it may
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fall into disillusionment, therefore, it is important that these expectations are
managed to reduce this hazard (Diagnostic company representative D).
Also, from 2005 onwards, the resource allocation continued to be beneficial
for personalised medicines in the Netherlands. In 2008, the Netherlands
Genomics Initiative (NGI) was granted additional funds of €280 million from
the Dutch government for its second phase (Kloet et al., 2012). The NGI awarded
the Cancer Genomics Centre (CGC) an additional grant of €24 million for the
period 2008-2012 (Kloet et al., 2012; Nanotechnology Marketing and News,
2015). In November 2010, the CGC won the NGI Valorisation Award, worth
€500,000. In 2006, the Dutch Centre for Translational Molecular Medicine
(CTMM) was initiated. It focused on innovations in molecular diagnostics and
molecular imaging technologies that enable determination of predisposition,
early diagnosis, and personalised treatment of patients. It has been a publicprivate partnership with Philips, Organon and DSM, as main partners, but
also including FEI, Erasmus MC, UMCG, Radboud Nijmegen University, VU, UU,
Maastricht University, TU/e and the NKI6. Furthermore, 30 small and mediumsize enterprises (SMEs) supported this initiative and in 2012, the CTMM had 119
partners and five supporting foundations (CTMM, 2013). In 2012, the CTMM’s
revenue was €70.9 million, €36 million was funding from the Dutch Ministry
of Economic Affairs (ELI) in the context of the Top Sector Policy and the rest
was evenly distributed funding across industrial and academic partners (CTMM,
2013). Especially with the projects arising from the so called ‘Top Sector Life
Sciences and Health’ which started in 2011, the Dutch government aimed to
increase the cost effectiveness of Dutch healthcare by supporting personalised
therapeutics. These included projects related to personalised cancer
treatments: molecular diagnostics for developing companion diagnostics,
pharmacotherapy for developing targeting drugs, and enabling technologies
and infrastructure for providing an infrastructure that improves the efficiency of
translational biomarker research (Regiegroep Life Sciences & Health, 2012). All
these initiatives showed a lot of policy initiatives to further support and enlarge
the personalised medicine basic knowledge infrastructure in the Netherlands
from 2005 onwards.
FEI (www.fei.com), UMCG (University Medical centre Groningen), VU(Vrije Universiteit),
6	
UU(Utrecht University), TU/e (Technical University Eindhoven), NKI(Netherlands Cancer
Institute)
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In the years after the introduction of the policy rule on expensive drugs,
expenditure on drugs was monitored, and various studies showed that the new
policy was helpful (e.g., SFK, 2010). The reimbursement of Tarceva® differs from
the reimbursement principles of Herceptin®. In 2006, the CVZ advised the Dutch
Ministry of Health to include Tarceva® in the reimbursement scheme after an
appraisal period of 5 months. Because Tarceva® is administered extramurally
(outside the hospitals) and is considered having a therapeutic surplus value,
the drug could be 100% reimbursed by the Exceptional Medical Expenses Act.
Since 2013, oncolytics, including Tarceva®, are transferred to the hospital
setting. This means that from 2013 the same conditions for the reimbursement
of Herceptin® and Tarceva® apply. From then, hospitals will have to negotiate
reimbursement of Tarceva® with insurers instead of being 100% reimbursed.
Diagnostics are not financed per individual action. Under current DBC/DOT
macro financing, diagnostics are reimbursed in several ways in the Netherlands.
For example the contractual agreement between genetic specialists and
insurers often does not cover the diagnostic test 100% (Researcher B). Using
other cash flows, such as cash flows for academic research, the remaining
deficits are eliminated. This implies that the reimbursement system for
companion diagnostics has not been working correctly and diagnostics could
not be reimbursed on their actual costs. Accordingly, companion diagnostics
are treated the same as all other kinds of diagnostics. Many authors argue
(e.g., Boon & van Merkerk, 2008; Mittra & Tait, 2012) that the business models
of pharmaceutical companies and diagnostic companies are misaligned,
probably due to different reimbursement principles. Surprisingly, we did
not observe events or activities that we could relate to the development
of the function ‘market formation’ regarding companion diagnostics. No
specific actions took place—to correct this issue, although large-scale use
of companion diagnostics could prevent unnecessary and expensive cancer
treatments. This assumes a misalignment between the pharmaceutical and
diagnostics business models regarding market formation of personalised
cancer medicine, such as Tarceva®.

4

The main difference in market formation between Herceptin® and Tarceva®
was that Herceptin® was reimbursed intramurally (hospitals only receiving 75%
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reimbursement) and Tarceva® extramurally. As Tarceva was 100% reimbursed by
the Exceptional Medical Expenses Act, it put no additional pressure on hospital
budgets. In 2005, five years after market introduction, around 50% of eligible
patients received treatment with Herceptin® (BVN, 2007). The same holds for
Tarceva® in 2011 (Uyl-de Groot, 2011). So, also for Tarceva®, formation of specific
extramural market segments took place.
For Tarceva®, much less lobby activity has been observed in the period 20062012. The reason for this could be that the reimbursement of Tarceva® differed
from Herceptin® and Tarceva® was already reimbursed for 100%, so no cost
issues were involved regarding availability for patients. Another reason for
the low lobbying activities of Tarceva® compared to Herceptin® is that the
Breast Cancer Association (BVN) is a much larger organisation compared to the
patient organisation Lung Cancer Netherlands (Dutch patient organisation NFK
representative E).
4.5 DISCUSSION AND CONCLUDING REMARKS
In order to better understand how the market formation of personalised
medicine innovation systems takes place over time, we followed two
personalised cancer medicines entering the Dutch healthcare market
between 2000 and 2012— Herceptin® as a first-mover personalised medicine
and Tarceva® as a second-mover cancer therapeutic.
It seems that within the technological innovation system of the first-mover
personalised breast cancer medicine Herceptin®, market access became
institutionalised, tentatively preparing for the second-mover personalised lung
cancer medicine Tarceva®. Tarceva® benefited from Herceptin® as the Dutch
knowledge infrastructure on genomics, biomarkers and personalised medicine
was much better developed over time. After Herceptin® introduction to the
market, the personalised cancer treatment system was in place, the community
knew about testing, reimbursement was on the agenda, and the high price
for personalised medicine was not a surprise anymore. At the same time,
lung cancer encountered problems with creation of legitimacy for access to
personalised lung cancer treatment since the disease is associated with stigma
(smoking causing lung cancer).
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Theoretically, the two episodes of personalised cancer medicine development,
as described in Section 4.4, support earlier work of Dewald and Truffer (2011;
2012) that studied and theorised on market formation processes. They
emphasise the importance of sub-processes of formation of market segments,
market transactions, and end-user profiles to better understand market
formation processes.
This chapter showed that Herceptin® and Tarceva® formed market segments
that consist of a basic network and infrastructure of medical practice. These
networks are populated by actors such as medical specialists and researchers
who have the resources to assess and utilise new biomedical drugs. In a
way, these resources were actively strengthened then by dedicated, largescale knowledge impulse programs. The institutional context started from
the business-as-usual rules about authorisation, medical practices and
reimbursement but gradually changed to create room for personalised drugs.
Following Dewald & Truffer and others working on the geography of transitions,
we see differences between locations in these market formation processes, as
indicated by diversity in resources and expertise over hospitals and leading
to stratified ‘postcode’ reimbursement of personalised drugs. Therefore, we
see geographical differences in institutional work, network building and actor
resources leading to spatial variation of market segment formation.

4

Regarding transactions in the newly created market segments, we observed
several parties heavily involved with co-designing ways to organise exchange
of products. In this case, much depends on regulation: improving medical
guidelines, as produced by medical specialists, and on reimbursement rules.
The institutionalisation of these rules made it possible to create a level playing
field and ensures a decrease in variation over geographical locations.
Lastly, the local preferences regarding personalised medicines and the way
in which they organised the implementation of these treatments in the local
setting (i.e., one hospital) very much depended on the characteristics of medical
specialists and patients. The medical specialists differed in their expertise and
their perspective on personalised medicine. This might have been created
through the relations they maintained with frontier science as well as the way in
which they prioritised drugs like Herceptin® in their local practice. With regard to
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the patients, personalised medicine is associated with a highly visible and clear
user profiling: personalised medicine products (and companion diagnostics)
dictate subsets of patients, as not every patient is eligible anymore for general
cancer treatments. In the end, end-user profiles quickly became codified by
inclusion in medical professional guidelines, thus also creating fewer differences
between distinct local practices.
Based on the analysis of the personalised medicine innovation systems, we
unpacked the market formation function, which led to four learning points.
First, we observed dynamics in forming market segments, transactions, and
user profiles. At the same time, these three sub-processes are also very much
interlinked: institutions that create market segments also return in the formation
of transaction practices. Market segmentation is also closely related to patient
profiles regarding early and late stage cancer.
Second, there seems to be a move from geographical divergence to geographical
convergence in practices. The initial differences could very well be explained
by variety in market formation sub-processes. The subsequent convergence
is spurred by exchange of practices and rules, e.g., through codification in
medical guidelines and reimbursement rules.
Third, market formation dynamics are supported and influenced by close
interactions with the knowledge production side of the technology related
innovation system, such as the large-scale genomics research programs. A
dedicated knowledge infrastructure might be a necessary precondition for
market formation to take place, especially with regard to highly specialised
personalised products.
Fourth, gaining legitimisation is an important activity. Locally, medical
specialists needed to convince their hospital boards to reserve finances
for personalised medicine. Nationally, medical specialists and patient
representative organisations worked hard to convince media, parliament and
others to change rules and guidelines. Following Fligstein (1996) markets can
be seen as institutions that are constructed and legitimised by a wide variety
of actors.
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This study showed that the TIS framework could be improved by a better
understanding of the market formation function. Dewald and Truffer
(2011; 2012) have paved the way and this chapter shows that their further
conceptualisation of market formation in sub-processes works well to unpack
the market formation function. This chapter further showed that the subprocesses of market segments, market transactions, and user-profiles are very
much interlinked, and that the knowledge development function might be a
necessary precondition for market formation. We did also find spatial variation
in market formation. Further research should focus on further operationalisation
and refinement of these sub-processes.
Since drug development is a highly regulated market with a central role
for general knowledge development and diffusion, drug approval and
reimbursement, the role of institutions and regulation is very high. Also
legitimisation of treatment plays an important role. Further research should
verify whether the observed patterns in the development of market formation
in personalised cancer treatments could be generalised to the field of life
sciences and health.

4
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INDIVIDUAL VERSUS COLLECTIVE STRATEGIES IN
RADICAL INNOVATION EMERGENCE—the case of
point-of-care diagnostics

Abstract
Innovative entrepreneurs often need to engage in different system-building
activities in order to overcome the barriers to transition from development to
successful market introduction of an innovative technology. There is a large body
of literature on individual system-building strategies by single actors, as well
as on the collective nature of system building by a group of different actors. Yet,
only limited research has been done into what type of system-building activities
innovative entrepreneurs undertake individually or collectively, how it depends on
their size and resources, and what the trade-off between these different strategies
is. By focusing on a technological innovation system around novel point-of-care
diagnostics technology, this chapter analyses the factors which influence the
strategic decisions of large companies and SMEs in choosing between individual
and collective system-building activities. It thus seeks to understand the overall
impact of this choice on the development and diffusion of a radical innovation.

This chapter is based on: Kukk, P., Hekkert, M. P., Hüsing, B., Moors, E. H. M.
Individual versus Collective Strategies in Radical Innovation Emergence—the
case of point-of-care diagnostics. Currently under review at Research Policy.
The PhD candidate has been the primary researcher of the work reported in
this chapter and has been the main contributor in the study design, theory,
methodology, data collection, data analysis, writing and presenting this chapter.
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5.1 INTRODUCTION
The distinction in the literature between radical and incremental innovations—
or discontinuous versus continuous innovations is often related to the
knowledge base that is required for the development of the innovation. When
a fundamentally new type of knowledge is necessary for the development
of an innovation, it is labelled as radical (Freeman, 1994) or discontinuous
(Bessant, 2005). However, it is not just the large shift in knowledge base that
makes it so difficult to develop and diffuse radical innovations. The producers
of radical innovation do not enjoy the same benefits of existing infrastructures
of innovation (Van de Ven, 1993) or innovation systems (Hekkert et al., 2007) as
producers of incremental innovations. The latter benefit from institutions that
are well aligned to the needs of new technologies. They enjoy the availability of a
well aligned labour market and the fact that consumers are already familiarised
with a technology’s characteristics. Radical innovators need to do without these
positive externalities—or ‘free goodies’ (Bergek et al., 2008). The main challenge
for producers of radical innovations is therefore not only to make the technology
work well, but also to contribute to the build up of an innovation system that is
supportive to radical innovation.
This kind of commitment by innovative entrepreneurs as they dedicate
themselves to building up the innovation system around a new technology
is called (strategic collective) system building (Musiolik et al., 2012; Planko
et al., 2014), building an infrastructure for innovation (Van de Ven, 1993),
creating industry infrastructures for new technologies (Garud, 1994) or
contributing to an innovation ecosystem in order to combine individual
innovations and technologies into coherent, customer-facing solutions
(Adner, 2006; Adner & Kapoor, 2010). It implies contributing to different
dimensions of a supportive infrastructure for innovation. Various authors have
discerned different dimensions of system building that require change. At the
highest aggregation level, the main dimensions are resource endowments,
institutional arrangements, market consumption and proprietary activities
(Van de Ven, 1993). Entrepreneurs may engage in system building individually
or collectively. Successful system building can be often difficult to achieve
for individual companies as they seldom have the necessary resources,
power or legitimacy (Garud, 1994; Van de Ven, 2005). Therefore, the literature
suggests that companies should collaborate to achieve change in the system
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that would be supportive for their technologies (Musiolik et al., 2012). This is
labelled as ‘running in packs’ by Van de Ven (1993) or ‘collective institutional
entrepreneurship’ in literature that highlights the institutional dimension of
system building (Jolly & Raven, 2015; Montgomery et al., 2012). Aldrich and
Fiol (1994, p. 656) postulate that “Industries in which founders mobilise to take
collective action will gain sociopolitical approval more quickly than others”.
However, while collaboration is praised in the literature, it also has its risks
and disadvantages. A fast growing body of literature on coopetition (i.e.,
simultaneous pursuit of cooperation and competition) (Gnyawali & Park,
2011) emphasises the presence of so called ‘coopetition losses’ that make
cooperation undesirable in certain cases (Ritala & Hurmelinna-Laukkanen,
2009; Zakrzewska-Bielawska, 2015). These include, for example, a high
degree of interdependence with other firms and the loss of the opportunity
to cooperate with other companies due to exclusivity clauses and potential
conflicts of interest (Zakrzewska-Bielawska, 2015). Also, in relation to R&D,
the risk of knowledge leakage can lead to a loss of control over novel
technology (Zakrzewska-Bielawska, 2015). Alternatively, firms can have
individual business incentives that can lead to opportunistic behaviour
(Ritala & Hurmelinna-Laukkanen, 2009). Therefore, firms often struggle with
a dilemma: collaborate and create collective value that is also beneficial for
the firm itself, or be opportunistic in order to introduce innovative products
to market before other companies and to gain market dominance (Garud,
1994; Gnyawali & Park, 2011). Since both—collective and individual systembuilding activities—have their advantages and disadvantages, the tradeoff between these alternatives is complex. Accordingly, it is not easy for a
company to decide which strategy to follow. In this study we will focus on the
trade-off between these collective and individual system-building activities.
We will provide insights into how this trade-off depends on the availability of
resources and the type of system-building activity in question.
We will focus on two dimensions: first—firm size and its availability of resources,
and second—type of system-building activity that influences the trade-off
between collaboration and competition. The first dimension that may lead
to differences in firm strategy is the difference between large companies and
small and medium-size enterprises (SMEs). This is due to the differences in
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availability of capabilities, resources and skills. However, the literature is not
univocal about the effects of these differences. We know from earlier literature
that individual system building can be a major challenge for SMEs as opposed to
for large companies (Gnyawali & Park, 2009). Their size and lack of key resources,
limited opportunities to employ specialists and small innovation portfolios
often restrict SMEs from individual system building (Bengtsson & Johansson,
2014). Therefore, collaboration seems to be especially important for SMEs. It
enables them to rely on cooperation to make up for missing internal innovation
and system-building resources (Van de Vrande et al., 2009). However, at the
same time, collaboration for SMEs with larger firms is often an asymmetric
relationship that is difficult to balance and gives the larger partner a power
advantage (Gulati & Sytch, 2007; Holmlund & Kock, 1996). Also, as firms choose
their collaboration partners, they seem to prefer companies of a comparable
or larger size as they are associated with a smaller risk of loss (ZakrzewskaBielawska, 2015). These factors make successful collective system building for
SMEs more complicated to achieve (Bengtsson & Johansson, 2014; Gnyawali &
Park, 2009). The coopetition literature suggests that large companies are most
capable of individual system building due to their size, availability of financial
resources and capabilities and good market presence (Gnyawali & Park, 2011).
This also makes them more attractive collaboration partners when compared
to SMEs.
Therefore, since SMEs are less able to pursue individual system-building activities
because of their scarce resources, they have a greater need to do it collectively.
The large firms, at the same time, are more able to pursue individual systembuilding activities because of their skills and resources. However, they have the
best capabilities (but also fewest needs) to do system building collectively.

5

Next to size, the second dimension that influences whether companies decide to
pursue collective or individual strategies depends on the type of system building.
Based on the categorisation by Van de Ven (1993) we focus on: (1) proprietary
activities of firms who carry out R&D activities in areas related to technological
innovation, (2) institutional arrangements that include legitimation (i.e.,
creation of trust) and governance (i.e., norms, rules and regulations) and (3)
market formation and consumer demand.
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Therefore, this work leads to new insights in the understanding of collective
versus individual system building from the viewpoint of large firms and SMEs
and will answer the following research question:
What kind of collective versus individual system-building strategies can we identify
in innovation systems around radical technological innovations and consequently,
how and why do they differ between large firms and SMEs in different types of
system-building activities?
In order to study collective versus individual system-building strategies, we
chose to focus on an area where there is increased pressure for the fast uptake
of radical technologies—healthcare. The healthcare system faces lengthy and
expensive product development times and a call for reducing health care costs
while improving patient care. These developments have increased the demand
for faster transition towards innovative technologies that would enable medical
specialists in hospitals to increase the efficiency and quality of diagnostics. Pointof-care testing (POCT) is an emerging technology developed by both SMEs and
large firms that enables faster testing to be performed in the immediate vicinity
of the patient (Larsson et al., 2015). This significantly reduces the time taken
for diagnostics compared to laboratory based testing (Bissonnette & Bergeron,
2010). POCT is defined as a “rapid diagnostic assay that can be performed close to
a patient, with the results used to facilitate management of that patient” (Moore,
2013, pp. 1). However, there are a number of hurdles to the introduction of
POCT into the market (e.g., very long and resource intensive development
times; lack of legitimacy among medical staff; integration difficulties of POCT
in the existing infrastructure; providing large complex POCT solutions to
hospitals) (Bissonnette & Bergeron, 2010; Larsson et al., 2015; Luppa et al., 2011;
Palamountain et al., 2012). Therefore, it is an interesting case to study systembuilding activities by POCT developers and producers. We want to understand
how SMEs and large firms collectively or individually operate in such innovation
system in order to overcome the systemic hurdles they face when developing
and introducing novel POCT technologies to hospitals. We specifically focus on
POCT in German hospitals, as Germany has the biggest POCT market in Europe
about €0.9 billion (Junker et al., 2010). This means that POCT companies in
Germany have succeeded in their system-building work and have overcome
many of the above mentioned barriers.
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The chapter is structured as follows. In Section 5.2, we review different
theories of collective and individual system building. Section 5.3 addresses
the methodology. The features of POCT and the case description of POCT in
German hospitals are elaborated in Section 5.4. Section 5.5 covers the results
of the empirical analysis. Section 5.6 concludes.
5.2 THEORETICAL BACKGROUND
This section elaborates the different theoretical fields relevant to individual
and collective strategies of large firms and SMEs in relation to different system
building types: (1) knowledge creation and product development, (2) shaping
institutions according to the interests of their technologies and (3) market
formation for novel products.
Innovation and R&D activities in different industries are traditionally viewed in
the literature as taking place in-house within a single firm as a strategic asset,
under one’s own control (Brunswicker & Ehrnenmann, 2013; Lee et al., 2010).
This is in line with thinking that successful innovation requires control over
new ideas and that companies should be as self-sufficient and individual in
R&D activities as possible (i.e., closed innovation) (Van de Vrande et al., 2009).
However, during the last decade, the collective nature of R&D and knowledge
creation has been emphasised by open innovation scholars (West et al., 2014).
Open innovation is defined as “the use of purposive inflows and outflows of
knowledge to accelerate internal innovation, and expand the markets for external
use of innovation, respectively” (Chesbrough, 2006, pp. 1). They argue that the
innovation landscape has moved towards increased technological and product
complexity (Brunswicker & Ehrenmann, 2013) and firms cannot rely only on
their internal resources anymore. Therefore, despite potential risks, such as
knowledge leakage and loss of control of a technology (Zakrzewska-Bielawska,
2015), firms should collaborate to limit the risks and costs of developing new
technologies (Chesbrough, 2003; Durst & Ståhle, 2013). Positive correlation
has been reported between open innovation uptake and industries that are
characterised by globalisation, innovativeness, technology intensity and
knowledge leveraging (Gassmann, 2006). This also applies to the biotechnology
and health care industry (encompassing POCT) given the high importance
of R&D and innovativeness (Michelino et al., 2015). Open innovation theory
emphasises the importance of cooperation for SMEs as a relevant source of
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innovation. Furthermore, McCutchen and Swamidass report that high level of
collaboration between SMEs in biotechnology decreases the time and resources
needed for R&D (McCutchen & Swamidass, 2004). Compared to large firms, SMEs
are more flexible, less formalised and faster decision makers. However, their
capacities and financial resources are limited and they are not able to fulfil all
necessary R&D activities internally (Lee et al., 2010). Through collaborations in
R&D activities, SMEs can be less self reliant and less dependent on internal R&D
departments (Brunswicker & Ehrnenmann, 2013; Van de Vrande, et al., 2009) and
rely more on external collaboration, to extend their technological competences
and remain competitive (Baum et., 2000; Brunswicker & Ehrnenmann, 2013).
However, this approach also has risks for SMEs, as collaboration with larger
firms can often be an asymmetric relationship which gives the larger firm a
power advantage over the smaller partner (Gulati & Sytch, 2007; Holmlund &
Kock, 1996). Combining resources and know-how enables firms, regardless of
their size, to extend their technical competences and to bring new products to
market at a faster pace. Therefore, despite potential risks, collaboration in the
R&D phase seems to be a vital collective system-building activity—especially
for SMEs with their inability to fulfil all necessary R&D activities internally.
The lack of supporting institutions is another major hurdle for an innovation
system’s development, because established institutional structures are not
always aligned with the needs of novel technologies. Building on Scott (2001),
we consider different ‘pillars’ of institutionalisation process under the notion
of institutions, namely: (1) regulative systems, the laws and regulations made
by executive and legislative bodies, (2) social expectations, values and norms
that constitute normative institutions and (3) cultural-cognitive systems that
are represented by legitimacy, user practices, habits and routines.
For companies behind novel technologies, the lack of legitimacy (i.e., underdeveloped cognitive institutions) is especially crucial, given the lack of
information and earlier behaviour concerning a new technology (Aldrich
& Fiol, 1994). Therefore, legitimating strategies undertaken by innovative
entrepreneurs take on great importance as established institutional structures
cannot be relied upon to provide external legitimacy for technologies (Aldrich
& Fiol, 1994). Companies therefore have to mobilise their strengths for
institutional change and to gain legitimacy. The institutional entrepreneurship
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theory offers a useful tool to provide endogenous explanations as to how these
different institutional changes are carried out in an innovation system (Leca et
al., 2008). Institutional entrepreneurs can be defined as single powerful actors
“who have an interest in particular institutional arrangements and who leverage
resources to create new institutions or to transform existing ones” (Maguire
et al., 2004, p. 657). The theory emphasises the role of agency and systembuilding strategies regarding changing institutions in relation to powerful
entrepreneurs (DiMaggio, 1988; Garud & Karnøe, 2003; Maguire et al., 2004;
Washington & Ventresca, 2004), and the importance of the access to critical
(i.e., financial) resources (Lawrence, 1999). This suggests that larger firms are
more likely to act as institutional entrepreneurs than SMEs (Greenwood et al.,
2002).The theory, however, also lays attention to the collective activities of
institutional entrepreneurs and considers the process of institutional change
as the outcome of activities by a number of different actors via collective action
(Jolly & Raven, 2015; Leca et al., 2008). Therefore, it is not only one agency with
interests (e.g., a large resourceful company), which is associated with changing
different institutions, rather it can be the collective action of many different
entrepreneurs with different availability of resources (i.e., SMEs). Hargrave
and Van de Ven (2006) more specifically introduce a ‘collective action’ model
of institutional change. In this model, different actors engaged in different
collaborative activities change institutional structures.
Literature suggests that a positive image of a new technology (i.e., legitimacy)
can be created when collective action is also coordinated—i.e., companies
work through associations and networks (Aldrich & Fiol, 1994). In recent
empirical work, Konrad et al. (2012) demonstrated how firms successfully
collaborate in networks and industry clusters to increase expectations (i.e.,
cognitive institutions) regarding emerging clean technologies. These kind
of initial collaborations in an emerging industry often start informally and
later on develop into formal networks or industry associations (Powell,
1990). Often these kinds of industry organisations are placed in the offices of
member companies who cover the costs of associations. Typically, this is done
by the large, resource rich firms who are also well represented on association
leadership (Aldrich & Fiol, 1994). Therefore, literature suggests that individual
action towards institutional change is more likely to occur among large
companies due to their availability of skills and resources, while SMEs are more
likely to be involved in collective action.

5
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For a novel technology, markets may often not exist or be underdeveloped.
In turn, potential customers may not have articulated their demands, and
uncertainties may prevail in many different dimensions (Bergek et al., 2008).
Therefore, markets for innovative technologies have to be stimulated and formed
by innovative entrepreneurs (Jacobsson & Bergek, 2004). Market formation
refers to strategies aimed at strengthening the factors driving the diffusion of
new technologies (Hellsmark, 2010). The coopetition literature suggests that the
choice between individual and collective strategies in a value chain depends
on the degree of closeness to customers. Competitors collaborate in activities
when they are far from the customer—in the so-called input or pre-competitive
activities such as R&D and production. (Walley, 2007; Zakrzewska-Bielawska,
2015).This limits the risks and costs of developing a new technology. At the
same time, firms are pursuing more individual strategies closer to customer
interaction—for example so-called output activities such as market creation,
sales, distribution, and marketing. This distinguishes their products from one
another (Walley, 2007; Zakrzewska-Bielawska, 2015). Therefore, regardless
of the size of the companies, the market formation process is likely to be the
most individual activity of the different system-building types. However, SMEs
might have an incentive to pursue more collective types of activities in market
formation compared to large firms, as they have limited market presence
themselves and could therefore benefit from the well developed distribution
networks of large companies (BarNir & Smith, 2002; Kossyva et al., 2014).
5.3 METHODOLOGY
Since system building by innovative entrepreneurs is a complex process, and
the literature is not univocal in terms of expected patterns, an exploratory
case study methodology was used in this chapter. This provides a useful tool
to deliver an improved understanding of the strategies and circumstances in
which large firms and SMEs engage in system-building strategies, either in
collaboration or individually.
We chose to focus on POCT companies as an exemplary case regarding the
uptake of POCT in German hospitals in the time period from 2005—when many
new POCT technologies entered the market—until 2014, for the following
reasons. First, POCT is an example of an important health care innovation that
presents new practices and testing routines for medical specialists in hospitals
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(Swan et al., 2007). Second, POCT’s innovative features and importance lie in
enabling faster diagnostics and therefore faster treatment decisions (Larsson et
al., 2015). It is especially important in infectious diseases and in life- threatening
situations—such as sepsis or blood coagulation—where the speed of medical
action in treating the patient is especially important (Bissonnette & Bergeron,
2010).
Hospitals are the fastest-growing market of the POCT technologies—in
comparison to home self-testing or physician’s office testing (TriMark, 2013).
POCT is mostly used in hospitals’ critical care units, emergency rooms, intensive
care and operating rooms and cardiac units. German hospitals have been chosen
for this analysis, because many factors have supported the general uptake and
diffusion of POCT in hospitals in Germany. The overall market size of POCT in
Europe was €3.4 billion (in 2012) (TriMark, 2013). Germany has the biggest POCT
market in Europe and has a market value of around €0.9 billion, corresponding
to about 30% of the total German in-vitro diagnostic market (Junker et al., 2010).
Additionally, a large share of Germany’s total GDP—around 11.3%, is spent on
health (World Bank, 2014), the country has a strong interest in technologies and
establishment on the German market also eases access to Germany’s German
speaking neighbours—Austria and Switzerland, for example. Additionally,
particularly smaller hospitals with only a few hundred beds are under pressure
to economise their processes—these hospitals have economic incentives not
to run in-house laboratories, but to either outsource laboratory testing, and/or
implement POCT (John & Price, 2014; Moore, 2013).

5

Progress towards realising the potential of POCT in the hospital setting has,
however, been hampered by a number of issues which can serve as disincentives
for POCT firms to develop and market innovative POCT technologies
(Palamountain et al., 2012). Among these barriers are cost and regulation of
POCT (Bissonnette & Bergeron, 2010). Moreover, in order to implement this novel
technology, changes in cognitive institutions—for example, user practices,
habits and routines—are needed in hospitals as POCT tests are used next to
patients by nurses and do not need to be sent to central laboratories. Since
overcoming these barriers requires a lot of resources and skills, we assumed that
some kind of cooperation between different POCT companies is taking place
to create a market for POCT products. However, POCT companies are at the
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same time competitors, as they target the same market segments with similar
products—for example, all large diagnostic companies like Roche Diagnostics,
Abbott and Siemens Healthcare Diagnostics have POCT products on the market
for glucose, blood gas, coagulation and cardiac biomarkers testing (TriMark,
2013).
The first step of our analysis was to identify all the relevant structural elements:
actors, networks and the institutions of the POCT sector in Germany. To do this we
relied primarily on secondary data. Data were collected by ex post facto literature
review, making use of scientific as well as ‘grey’ literature from 2005 to 2014—for
example professional journals in Medline/PubMed/ISI Web of Science, policy
papers and books—as well as the internet sites of POCT companies, networks
and associations in Germany. The search terms were: ‘Germany’, ‘hospital’, ‘pointof-care/bedside/near patient testing’, in combination with different medical
indication areas—for example cardiac markers, coagulation, fecal occult,
fertility, haematology, infectious diseases.
In order to investigate the role of actor strategies in innovation systems build-up,
we conducted semi-structured interviews with 13 experts from German POCT
companies, diagnostic industry associations and networks (Table 5-1). In total,
we identified around 50 POCT companies on the German market, out of which
around 90 per cent were SMEs. Our interview sample was purposefully selected.
The majority of our interview partners (9) were identified from internet searches
of German POCT companies—both large multinationals (4) and SMEs (5).
Table 5-1: List of interviewees
ID
A
B
C
D
E
F
G
H
I
J
K
L
M

Role
Company representative
Industry network representative
Company representative
Company representative
Company representative
Company representative
Company representative
Company representative
Industry association executive
Researcher
Company representative
Company representative
Company representative

Date of interview (by phone, unless indicated otherwise)
06-10-2014
07-10-2014
10-10-2014
13-10-2014
21-10-2014
24-10-2014
27-10-2014 (in person)
27-10-2014 (in person)
04-11-2014
06-11-2014 (in person)
07-11-2014
11-11-2014
18-11-2014
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These companies all had a strong presence in the POCT hospital market in
Germany and had different POCT products on the market. The remaining four
experts were identified through snowball sampling through the criteria of being
involved in, or having profound knowledge of, the actor strategies towards
diffusion and/or deployment processes of POCT in German hospital settings.
The interviewees were either people from the management, marketing or
R&D departments of firms developing POCT technologies, coordinators of the
industry networks or researchers in an academic organisation. The interviews
were conducted in person (n=3) or over the phone (n=10). Interviews lasted on
average one hour. To explore the different actor strategies and to understand
their actual behaviour and underlying motivation towards individual or
collective system building, the interview guide comprised the following
sections: collaboration strategies in R&D and marketing activities as they relate
to the overall development of the POCT market; identification of the main
firms, collaborations and other types of stakeholders involved in the POCT
diffusion process; the problems they had encountered while introducing POCT
onto the German hospital market and how they overcome these hindrances.
We personalised the interview guide for each expert based on their company
POCT profile and/or area of expertise. Information gathered from the interviews
was anonymised to protect the identities of the interviewees. The interviewed
experts were offered the possibility to check the interview transcript for possible
amendments and corrections.
5.4 RESULTS
The case study concerns system-building strategies employed by large POCT
firms and SMEs towards a better uptake of POCT in German hospitals. First we give
an overview of the POCT hospital sector in Germany. Consequently, we describe
the different collective and individual strategies of POCT entrepreneurs which
fall under different system-building types: (1) R&D, (2) creation of legitimacy
and (3) market formation.

5

Laboratory analyses are widely established normative institutions in health care.
These analyses are highly used in German hospitals (Luppa et al., 2011), and take
place in central laboratories (Goldenberg et al., 2014, John & Price, 2014). Due to
the medical need for faster analytical results, there has been a tendency in the
German medical community towards utilising more decentralised diagnostic
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analysis—POCT (Luppa et al., 2011). Currently in Western countries, almost 70%
of hospitals have POCT devices in use for coagulation testing, 38% for blood
gases and 24% for haematology (TriMark, 2013). In the future, almost half of
all diagnostics could be done through POCT, especially diagnosis of cardiac,
coagulation and infectious diseases markers (TriMark, 2013).
The European POCT market is dominated by a few large diagnostic companies
(i.e., Alere, Beckman Coulter, Johnson & Johnson, Radiometer, Roche Diagnostics,
Siemens Healthcare Diagnostics), who together had a share of more than half
of the European POCT market revenue in 2012 (Frost & Sullivan, 2013). The rest
of the POCT market is fragmented among smaller manufacturers with equally
small market shares (TriMark, 2013). A similar pattern can be observed in
Germany: approximately 50 companies are active in the POCT market with the
majority being high technology SMEs (Industry association executive I): there are
approximately 30 companies which have either in-vitro diagnostic (i.e., carrying
out diagnostic testing outside of a living organism in a laboratory) technologies
or which are dedicated to POCT, and there are 20 POCT device technology or
service providers. In addition, the leading large European diagnostic companies
are also active in the German POCT market.
R&D Activities
As POCT devices and assays are knowledge-intensive high-technology products
and services, which target the highly regulated health care market, the R&D
process is resource and time intensive. It comprises, among other things,
discovery of new biomarkers, technology development of POCT devices,
assay development, integration into hospital data management systems and
validation. Since POCT SMEs are often focussed around specific scientifictechnical expertise, they face considerable challenges to individually achieve
the following prerequisites for successful commercialisation: (1) conformity
with the European in vitro diagnostic testing Directive and obtaining a CE
marking, (2) compatibility with implemented diagnostic platforms and hospital
information management systems, (3) satisfying customers’ demands—for
example with respect to performance, usability, and cost-benefit-ratio (John &
Price, 2014; Junker et al., 2010). Therefore, for POCT SMEs need to collaborate in
order to acquire additional skills and resources to develop and introduce novel
technologies successfully to the market. According to data from the German

140

39585 Piret Kukk.indd 140

31-03-16 20:28

INDIVIDUAL VERSUS COLLECTIVE STRATEGIES IN RADICAL INNOVATION EMERGENCE

Public Funding Catalogue (in German: Förderkatalog), which lists public funding
for R&D projects in the POCT field, we found that from 2005 until 2014, 26 POCT
related R&D collaboration projects have been funded with more than €50
million (Table 5-2). As part of this funding, in 2012, the German Federal Ministry
of Education and Research initiated the funding programme ‘Mobile Diagnostic
Systems’ with a budget of €17.3 million (BMBF, 2013). POCT SMEs benefit a
great deal from public funding: the majority of German POCT SMEs (n = 42)
have actively participated in publicly funded projects—receiving around 60%
of total funding (Table 5-2)—and have intensively collaborated with German
research organisations (17 out of 26 projects) (Table 5-3). On the other hand,
collaboration between SMEs seems to be a much rarer event. Only 4 out of 26
publicly funded projects were collaborations between SMEs (Table 5-3). Our
search yielded only very few examples of privately funded R&D collaboration
in knowledge creation between different smaller POCT companies. One typical
example is the collaboration between Abaxis and LambdaGen: these two
companies joined forces and shared innovation related risks in developing
immunoassays to be detected on Abaxis’s POCT device Piccolo Xpress® (PR
Newswire, 2013). The public funding programmes offer a good opportunity for
SMEs to acquire additional resources and skills for their R&D activities. However,
for SMEs, R&D collaboration with large diagnostic firms would be even more
beneficial to benefit from the latter’s broad skills, resources and know-how
(Company representative A; C). However, our searches for publicly or privately
funded collaborations between large POCT firms and SMEs showed that such
collaborations are rare (e.g., multinational diagnostic firms participated only
in 4 publicly funded R&D collaboration projects (Table 5-3)). The search of
press releases and market reports gave similar results. We observed that large
POCT companies pursue R&D and product validation activities predominantly
in-house. According to one of the interviewed company representatives, a
large POCT company would never collaborate on assay development, as this is
commonly considered in-house knowledge (Company representative H). The
same person added that: “we would not give it to outside company. We have inhouse competence for it, if not we would rather hire someone (than collaborate)”.
It can be concluded that maintaining complete control over know-how and
technologies seems to be a major driver for this behaviour. On the other hand,
POCT SMEs often offer highly specialised know-how and technologies that
are required by large companies but are not available in-house. In these cases,
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large POCT companies seem to prefer the acquisition of small POCT firms with
valuable know-how over R&D collaboration projects. In the highly competitive
POCT hospital market, organic growth is often not quick enough for large POCT
companies. As hospitals prefer to buy a complete solution from one provider
over several providers with limited solutions (Company representative E),
large companies follow the strategy of acquiring capabilities and products
that are already close to market. This allows them to be able to offer a large
product portfolio to their clients and thus increase their competitiveness.
As a representative of one of the large POCT companies explained it: “first
we think whether we can do it internally or do we need to acquire these kinds of
capabilities. And then we decide what is quicker, where is time to market shorter?
Is it acquisition or organic development, depending on what we already have”
(Industry association executive I). Alere is a very good example of a large
company which follows such an expansion strategy: in addition to internal R&D,
an explicit merger and acquisition strategy has led to their leading position in
the Western European market (22.3% of overall European POCT sales) (Frost &
Sullivan, 2013). The company has acquired nearly 100 smaller companies over
the last few years (TriMark, 2013) and offers a broad POCT product portfolio.
All in all, it can be concluded that, in comparison with POCT SMEs, large firms
are less interested in engaging in R&D collaborations, even if there is a financial
incentive (e.g., through public funding). Fear of know-how drain and improving
their competitive market position by acquisition of SMEs outweighs the benefits
of R&D collaboration.
Table 5-2: Overview of organisations participating in publicly funded research projects in Germany in
the period 2005-2014 (data retrieved from the German Public Funding Catalogue, 2015)
Number
Funded projects
Funded organisations
Large POCT firms
POCT SMEs
Research and academic organisations

26
79
4
42
33

Public funding € (% of the total
project funding)
52 Million (100%)
1.1 Million (2%)
30.6 Million (59%)
20.3 Million (39%)
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Table 5-3: Overview of collaboration activities of POCT companies participating in publicly funded
research projects in Germany 2005-2014 (data retrieved from the German Public Funding Catalogue,
2015)
Participating organisations
Funded POCT related research projects
Funded project consortiums:
Large firms & large firms
Large firms & SMEs
Large firms & others (research and academic
organisations)
Large firms & SMEs & others (research and academic
organisations)
SMEs & SMEs
SMEs & others (research and academic organisations)
-

Number of projects
26
0
1
1
3
4
17

Creation of Legitimacy of POCT
In Germany, there is a lack of evidence supporting the benefits of POCT
over central laboratory testing (Luppa et al., 2011). In fact, POCT has several
disadvantages in comparison to central laboratory testing. First, there is lack
of reliability in the quality of some POCT assays “we know that there are some
assays that are not running very satisfactory. But some others are very good,
because the method is almost the same as it is done in the central laboratory
testing” (Company representative E). Although POCT companies are responsible
for providing the performance data for POCT—according to the German
Law on Medical Devices (in German: Medizinproduktegesetz) and European
standards—it is the responsibility of the user to calibrate the POCT device and
check whether the POCT device is technologically up to date (Junker et al.,
2010). Hospital laboratory directors are often sceptical about having a POCT
system, because the daily calibration of the POCT systems, quality control and
documentation means extra work and responsibility (Company representative
H). Second, POCT causes higher direct costs. However, there are no published
cost-effectiveness analyses of POCT available which could show that improved
patient outcomes and lower total costs may ensue (Junker et al., 2010; Luppa
et al., 2011). In particular, no cost-effectiveness information is available, which
specifically take the regulations on reimbursement of medical services in
Germany into account (Junker et al., 2010). Third, implementation of POCT in a
hospital implies that nurses—instead of laboratory staff—will have to operate
the POCT analysers. This requires specific training and qualification for ward
staff, alterations in work routines in wards and overcoming possibly negative
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attitudes towards extra work and effort (Company representative K). Evidencebased, reliable information about POCT benefits and the indirect costs of POCT
implementation would therefore be needed in order to overcome prejudices
and change existing routines ”often, nobody in the hospitals fully realises the
whole truth about POCT systems and their potential advantages over laboratory
based testing” (Company representative K).
Therefore POCT firms are actively engaged in providing information aimed at
changing cognitive institutions (i.e., testing routines and habits) and gaining
legitimacy for POCT in hospitals. According to one of the interviewees: “we
explain that the test is much faster and that they can start intervention much
faster, you need to talk to the CEO of the hospital that he or she understands that
as well. This kind of educational work is always needed when you want to launch a
POCT at the hospital level” (Industry association executive I). Usually, to change
existing testing routines (i.e., cognitive institutions), service specialists do faceto-face trainings for ward staff in how to operate a company’s devices and
how to take measurements. Training videos for hospital staff are also provided
(Company representative G; H). These specific device trainings are done by
the corresponding manufacturers individually, as, according to German law
on medical devices (in German: Medizinproduktegesetz and MedizinprodukteBetreiberverordnung), a company is not allowed to train staff for another
producer’s device (Company representative C). On the other hand, a number
of POCT companies are jointly involved in the provision of training courses
specifically targeted at POCT coordinators/managers. These trainings focus on
the management and regulatory issues of POCT implementation in a hospital
(Company representative H).
Also, every year there are numerous conferences and events on POCT taking
place in Germany. These have the purpose of informing the medical community
about new scientific developments and technologies in the POCT field and of
giving an overview of the diagnostic solutions that POCT can offer (see Annex
1). One of these annual conferences, called LaborForum, is jointly organised by
a group of diagnostic companies in Germany (MCS, Roche Diagnostics, Sysmex,
Cepheid and Sarsted) in order to increase the legitimacy of their technologies
through scientific information (Company representative E). These events and
conferences seem to have positively influenced medical doctors’ attitudes

144

39585 Piret Kukk.indd 144

31-03-16 20:28

INDIVIDUAL VERSUS COLLECTIVE STRATEGIES IN RADICAL INNOVATION EMERGENCE

towards POCT in hospitals. According to interviewees, medical doctors, unlike
ward staff, are more pro-POCT, since, by attending different meetings and
conferences, they have more in-depth knowledge about POCT and its clinical
benefits, such as faster diagnostic results (Company representative K; Industry
association executive I). Against this background, a significant contribution to
the creation of legitimacy and changing cultural-cognitive institutions is the
Directive of the German Medical Association on the Quality Assurance of Tests
in Laboratory Medicine (in German: Richtlinie der Bundesärztekammer (RiliBÄK))
(Bunderärztekammer, 2008). The German Medical Association represents the
interests of more than 470,000 physicians “in matters relating to professional
policy, and plays an active role in the opinion-forming processes with regard to health
and social policy and in legislative procedures” (Bunderärztekammer, 2015). The
Directive sets standards in laboratory testing and clearly differentiates between
POCT and laboratory instrument calibration requirements (Bunderärztekammer,
2008). Another factor which has had a positive impact on POCT legitimacy for a
specific medical indication is the recommendation by the Society of Cardiology
in Germany, that a medical unit should work with a very low turn-around time
(TAT) for patients with chest pain (Frost & Sullivan, 2010). Both the RiliBÄK
directive as well as this recommendation strongly favour the uptake of POCT
assays in hospitals.
We know from earlier studies that formal networks and associations can play
an important role in shaping innovation systems around new technologies
(Musiolik et al., 2012). Therefore, we analysed the activities of POCT related
networks and associations in Germany (Annex 1) with respect to the creation
of legitimacy for POCT. According to the majority of the interviewed experts, the
German Diagnostic Industry Association (in German: Verband der DiagnosticaIndustrie (VDGH))—an umbrella organisation for more than 90 in-vitro diagnostic
companies in Germany—has the most important role of all relevant networks
and associations. The VDGH organises meetings, sends information out to
member companies and harmonises industry comments on different policy
issues (Company representative A). Examples for POCT-related VDGH activities
were active involvement in political discussions on effective ways to control
infections by Methicillin resistant Staphylococcus aureus bacteria (MRSA). In
this case, very rapid POCT diagnostics could have significant impacts. Using
these cases as an opportunity to lobby for POCT was initially started by a large
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member company, and was later expanded on the association level (Industry
association executive I).
However, the industry members of VDGH have different interests, and
governance structures within the association seem to give an advantage to
large companies: On the one hand, small companies face difficulties in actively
participating in association activities due to lack of human and financial resources
and geographical distance. As one of the company representatives explained it
(Company representative C):“I’m invited to one of the groups in Berlin, but whenever
they meet, it is for me a two days travel. And this time I’m more into visiting clients
and customers ... we are not participating enough in these networking activities,
because we do not have the manpower”. As a consequence, small companies
often only participate in networks and associations on regional (in German:
Bundesland) or local-level (Industry network representative B) with less impact.
Even if SMEs want to engage in association work (Company representative L):
“it is not that easy to find a success story for a smaller company regarding (a name
of a large association), because it is above all a network of diagnostic industry and
it is dominated by few very big players...therefore it is complicated for a smaller
company to convince the association in their novel technologies”.
All in all, we observe that creation of legitimacy aims at overcoming the
perceived and real disadvantages of POCT compared to laboratory testing. While
device- and assay-specific education and training is done individually in order
to improve skills and change testing routines, companies join forces in order
to inform different target groups (hospital decision makers and management
staff, companies, medical doctors, policy and administration) about POCT
performance und useful applications. However, small POCT companies are not
as well represented in different associations and networks as large firms.
Market Formation
Companies with a strong position on the POCT hospital market are characterised
by a broad product/assay portfolio, and by well established diagnostic platforms
on which the different assays are run and which can be integrated into hospital
management information systems. Further, they have broad distribution
networks with a well-trained sales force able to explain knowledge-intensive
POCT products to customers. The strategic focus on a broad assay portfolio and
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versatile diagnostic platforms is due to the fact that hospitals prefer to obtain
full service from only a few providers. “There is a trend towards a single system that
almost can do ‘everything’. So it can do clinical chemistry as well as immunology.
The customer does not want 5 different systems, he rather wants 2 systems that
cover 90% of his need and has the same interface and then you would not have to
train someone for all 5 different devices separately” (Company representative E).
On average, a menu of 70 routine tests is required to cover more than 60% of
the needs of hospitals (TriMark, 2013). Therefore, POCT companies try to cover
as many different diagnostic fields as possible. For example, Roche Diagnostics
offers POCT for cardiac markers, blood gas, coagulation, urine, and glucose
testing) (see Table 5-4). In order to also cover haematology testing, Roche has a
distribution, sales and service agreement with Sysmex (Roche, 2012). This shows
that large diagnostic companies, in addition to the merger and acquisition
strategy followed in R&D, are interested in collaboration with other companies
if they can broaden their product portfolio. Another option is the acquisition of
distribution rights. For example, Axis-Shield bought the distribution rights for
POCT from Progen Biotechnik. This deal was part of a comprehensive strategy
to set up a distribution network in large POCT markets, such as in Germany
(Pharmaceutical Business Review, 2009). Collaboration in market formation
can also be a win-win for small companies with an interesting product, but
without a strong sales force—if they can distribute their product via the wellreputed marketing network of a large company (Company representative E).
For example, since 2010, Abbott has an exclusive distribution agreement with
Celera to market Celera’s KIF6 diagnostic test, in addition to its Viroseq™ HIV
system (Celera, 2010; TriMark, 2013). Additionally, Sysmex has distribution
collaborations with Abaxis, where they either undertake joint visits to clients
or distribute each other’s POCT products (Piccolo Xpress and pocH-1000i)
(Company representative C; Sysmex, 2013), and with Eurolyser Diagnostica in
distributing the latter’s blood gas POCT devices (Eurolyser, 2007).
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X
X

X
X

X

X

X
X

Urine analysis

X
X

Haematology

X
X
X

Coagulation

Infectious
diseases

X
X

Blood gas

Blood
glucose

Abbott Laboratories
Alere
Axis Shield
Beckman Coulter
Haemonetics
Johnson & Johnson
Orasure
Quidel
Radiometer
Roche Diagnostics
Siemens Healthcare
Diagnostics
Sysmex Corporation

Cardiac
markers

Table 5-4: Important POCT companies and their main market segments (Frost & Sullivan, 2013; TriMark,
2013, company websites)
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Central IT systems that gather information from all decentralised POCT devices
in a hospital are considered a key factor in successful POCT implementation
and market formation in hospitals (Luppa et al., 2005). Therefore, software for
POCT devices must be compatible with hospital management IT systems. This
requires collective system-building activities in reaching a common standard. In
response to market demand, there has been a strategic shift among IT system
providers—from closed systems to opening them up for devices from other
companies (Company representative G). Examples are Roche’s Cobas IT 1000
System and Radiometer’s Acquire POC Data Management System (Company
representative E).
It can be concluded that, in market formation, there is a high degree of
collaboration between POCT companies regardless of their size. This is due to
the specific demands of hospitals as a customer group—hospitals are interested
in one complete testing system from one provider to simplify the management
of diagnostic processes.
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5.5 FINDINGS AND THEORETICAL IMPLICATIONS
The aim of this work is to gain further insights into the individual and collective
strategies of innovative entrepreneurs. In order to better understand how
and why firms decide to undertake individual or collective actions in different
system-building activities, we now have a closer look at our empirical findings.
This will help us to answer the research question: What kind of collective versus
individual system-building strategies can we identify in innovation systems around
radical technological innovations and consequently, how and why do they differ
between large firms and SMEs in different types of system-building activities?
We observed that strong collective system-building activities of POCT
companies are present in the market creation phase for the products (Table
5-5)—even though some authors in the field of coopetition suggests that
collaborative efforts are fewer in the marketing phase in comparison to the R&D
phase (Walley, 2007; Zakrzewska-Bielawska, 2015). This holds for both large and
small companies. A very strong collaborative trend in the marketing phase can
be explained by the specific characteristics of hospitals as customers for POCT
products. Unlike individual customers, hospitals require full solutions from their
providers. Currently, no company, regardless of size, is able to provide such a
service alone. This forces them to collaborate in a system-building activity that
is usually characterised by its individual nature. This is strongly in line with the
innovation ecosystems literature, which argues that most radical innovations
cannot succeed in isolation and they need complementary innovations
to attract customers (Adner, 2006). We observed very strong collaboration
patterns between companies with different product portfolios aimed at offering
complete solutions to clients (i.e., hospitals) by combining their products. This
applies also to large POCT firms (e.g., Roche Diagnostics), who are willing to
cooperate with others to complete their product portfolio. This enables them
to offer more complete solutions to hospitals and gain larger market share.
Additionally, collaboration is also present between smaller POCT firms with
fewer products (e.g., Abaxis and Sysmex). This is in line with earlier findings,
recommending that SMEs are collaborating more in market formation activities
due to their limited market presence (BarNir & Smith, 2002; Kossyva et al., 2014).
Additionally, there is also a lot of cooperation between companies regarding
software implementation. This is considered a key factor in successful POCT
uptake in hospitals. To conclude, collective market formation emerges between
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different actors, as, through collaboration, they can reap additional benefits
(increased sales). Our empirical material shows that it is the type of market and
customers’ needs that influence firms’ collaboration strategies to create value
that no firm could have created alone.
Table 5-5: Overview of individual and collective strategies of POCT companies in Germany
Systembuilding
activity
Market
formation

Individual strategies

Collective strategies

System-building category where
individual activities are unlikely to
occur due to the market conditions
and customer needs (i.e., hospitals
requiring complete solutions).

System-building category with strongest
collective nature. SMEs are trying to combine
their products to offer complete systems for
customers, larger companies are cooperating
to complete their portfolio. Also, very strong
collaboration regarding software solutions
between software developers and device
manufacturers.
R&D
Individual system building is
Collective knowledge creation would be highly
dominant among large resourceful desirable for SMEs, especially in collaboration
companies who prefer to acquire
with large companies, who are however reluctant
SMEs with a specific product in the
to do so, since they either have the resources
pipeline or buy in the competence
to do the R&D individually. Therefore collective
to R&D collaboration.
strategies are not commonly employed.
Legitimacy Legitimacy on single POCT products Legitimacy on POCT technologies general is a
has a very strong individual
collective effort via networks and associations,
character.
dominated by large companies.

Regarding cooperation in the R&D phase, we know from earlier studies that, in
high technology sectors, companies of all sizes tend to collaborate intensively
to share the risks and high cost of products development (Lichtenhalter, 2010;
Zakrzewska-Bielawska, 2015). Surprisingly, in the POCT sector few collaboration
patterns in the knowledge creation (R&D) and product development phase
exist. This is especially true regarding large POCT companies who are active in
the hospital market.
This could be explained on the one hand by the strong presence of a few large
multinational diagnostic companies with plenty of in-house resources for
R&D that do not need to collaborate with competitors to carry out successful
innovations. This is in line with a traditional view in the literature that R&D
is taking place in-house within a single firm as a strategic asset, under one’s
own control (Brunswicker & Ehrnenmann, 2013; Chesbrough, 2003). In case
their competitors—especially SMEs—have any valuable input into their R&D
processes, the tendency seems to be more towards acquiring these smaller
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firms—which have already developed the necessary know-how. To have a
large product portfolio—which is of key importance in the hospital market—
acquisition is faster and administratively easier than R&D collaboration.
Additionally, through an acquisition strategy large firms can remain in control
of a new technology or product. In the open innovation literature, some
authors consider this kind of strategy as inbound open innovation by a large
company (Bianchi et al., 2011). However, in the current study these types of
activities are not considered as collaboration activities. The reasons behind the
lack of collaboration of large POCT companies might also be true regarding
other intellectual property (IP)-rich technology areas outside the POCT
industry. These kinds of high technology areas are traditionally accustomed to
‘closed innovation’—where protecting IP and control of knowledge dominate
collaborative innovation activities. This does not provide large POCT companies
with a motivating incentive to collaborate with others, and the risks clearly
outweigh the potential benefits of R&D collaboration.
At the same time, since POCT SMEs often have specific technical competences
and limited resources, they do not have all the necessary resources and skills
to single-handedly develop and produce their products. Therefore, different
R&D collaborations are highly important for POCT SMEs. Our empirical material
showed an active engagement of SME’s in publicly funded R&D programs.
This is in line with earlier work that reported high levels of collaboration by
SMEs engaged in knowledge-intensive industries to decrease the time and
resources needed for R&D (Kossyva et al., 2014; McCutchen & Swamidass,
2004). Smaller POCT firms are also looking for opportunities to acquire external
competences related to transforming fundamental knowledge into concrete
products and bringing them to the market. However, as stated before, the
larger companies are not interested in this kind of collaboration and prefer
to acquire the necessary know-how through acquisition of SMEs (e.g., Alere).
This creates a picture where a division of labour is visible between large
and small firms. Small firms are important for developing new knowledge
and technologies and they do so in collaboration with (public) knowledge
institutes. When it comes to the market introduction of this type of knowledge
large players dominate the game.
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Lack of legitimacy (i.e., cognitive institutions) is a common problem that POCT
companies—regardless of their size—face, since they cannot rely on earlier
established institutional structures, such as positive image and acceptance of
the technology (Aldrich & Fiol, 1994). We witnessed strong individual systembuilding activities towards cognitive institutional change by both SMEs and
large companies, in creating further legitimacy among medical specialists for
specific POCT technologies and devices. At the same time, these individual
strategies towards higher legitimacy of specific products indirectly also
contribute also to overall legitimacy of POCT technologies.
On top of the individual strategies also collective action is visible for improving
the legitimacy of POCT. Creation of legitimacy via different industry associations
frequently takes place and this works mainly to the advantage of larger firms
(e.g., Beckman Coulter, Roche Diagnostics, Siemens Healthcare Diagnostics).
They have the resources and manpower to participate in different kinds of
networks and associations, which in turn serve as a platform through which
to reach out to their clients and policy makers regarding their technology
or objectives (e.g., VDGH in Germany), and to create further legitimacy for
the POCT sector in general. In the current case, involvement in a collective
strategy seems to be complicated to achieve for SMEs (Table 5-5 and 5-6). The
initial problem for SMEs lies in the lack of resources and skills/capabilities to
participate in collective activities. Furthermore, for those SMEs that mobilise
their resources to participate in the associations, it seems to be difficult to bring
up their ideas in organisations that are dominated by larger and more powerful
players. As an alternative, we have witnessed the emergence of a number of
regional level networks and clusters (see Annex 1 for examples). These serve as
a platform for smaller companies to cooperate in order to increase legitimacy
of their products.
Therefore, in creating higher legitimacy for POCT technologies in general, large
POCT companies seem to be pursuing both collective and individual strategies.
This collaborative strategy is highly dependent on resources, which explains the
somewhat lower involvement in collective activities by SMEs.

152

39585 Piret Kukk.indd 152

31-03-16 20:28

INDIVIDUAL VERSUS COLLECTIVE STRATEGIES IN RADICAL INNOVATION EMERGENCE

Table 5-6: Overview of individual and collective strategies by large POCT companies and SMEs
System-building Dominant strategy
activity
R&D
Individual
Creation of
legitimacy
Market
formation

Individual for specific products,
collective for POCT in general
(dominated by large firms)
Collective, equal between large and
small companies

SMEs

Large firms

High interest in
collective strategy
High interest in
collective strategy

Low interest in
collective strategy
High interest in
collective strategy

High interest in
collective strategy

High interest in
collective strategy

5.6
CONCLUSIONS
First, we have illustrated that the choice between individual and collective
strategies depends on the availability of resources and the type of systembuilding activity. SMEs and large firms pursue different system-building
strategies. Large firms with a lot of resources hold a dominant position over
SMEs and undertake collective system-building activities (1) in creation of
legitimacy for the whole technology via industry associations and (2) market
formation in order to offer complete technological solutions to the customers.
In the R&D phase the large firms prefer individual and in-house activities. SMEs
are interested in collective strategies in all system-building activities—unless
prohibited by regulation (i.e., knowledge diffusion and creation of legitimacy
for their specific products). However, due to their lack of resources and skills
SMEs are often not capable to engage in a collective strategy (i.e., participation
in industry associations). Thus, the availability of resources determines the
potential to pursue individual strategies but also collective ones.
Second, we have witnessed that it is not only the availability of resources but
also product characteristics (i.e., many complementary products, technologies
and services that are needed for the end solution) and customer needs that
are important in determining whether firms collaborate or act individually.
Collaboration in market formation only takes place, because of specific customer
needs (i.e., hospitals) that require as complete technological solutions from
companies as possible. Market conditions and customer needs also impact
R&D strategies. In this sense, our findings come close to innovation ecosystems
thinking that emphasizes how firms have to combine their individual offerings
in one integrated solution to create added value for customers.
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CONCLUSION AND DISCUSSION

This thesis studies the complexities in system building that underlie radical
medical innovations and explores the strategic activities of companies in
developing new technological innovation systems (TIS). This final chapter begins
with an overview of the main findings of this thesis (6.1). It answers the main
research question in this work: How do firms deal with co-dependencies among
technologies, actors and activities in building innovation systems around radically
innovative medical technologies? Furthermore, it provides theoretical reflections
on the results in technological innovation system literature and broader, to the
medical innovation, systems-building, institutional change, entrepreneurship,
and coopetition literature (6.2), and highlights the importance of the findings to
system-building practitioners and policy makers (6.3). At the end of the chapter,
the limitations and methodological issues are discussed, and recommendations
are made for further research avenues (6.4).
6.1
OVERVIEW OF MAIN FINDINGS
This thesis highlights the importance of different system-building complexities
as a new dimension in TIS literature that analyses various strategies for actors
involved in the development of technological innovation systems’ for radical
medical technologies. The importance of system-building and micro-level
activities has already been pointed out in some TIS studies (e.g., Farla et al.,
2012; Hellsmark, 2010; Musiolik et al., 2012). This thesis takes an important
step further and makes a contribution to TIS literature by introducing three
complexities in system building: (1) co-dependencies among technologies,
(2) co-dependencies among actors, and (3) co-dependencies among different
system-building activities.
In addition to determining the importance of various complexities, this study
also shows how different firms involved in medical innovation deal with these
three complexities in their system-building strategies and what their strategic
choices depend on when developing and bringing radically innovative medical
technologies to the market. This leads to an answer to the main research
question in this thesis.
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Co-dependencies among Technologies
Technological co-dependency in this study has proven to be a critical complexity
in system building and strongly influences actors’ strategic activities around
radical innovations. The system-building strategies of the pharmaceutical
companies Roche (Chapters 2, 3 and 4) and AstraZeneca (Chapter 3) around
personalised cancer medicine and its companion diagnostics illustrate that
the system builder that is also acting as a prime mover (i.e., Roche in HER2
testing and AstraZenca in EGFR testing) had fully recognised the importance
of technological co-dependence between the personalised medicine drug
and corresponding diagnostics. Both companies were aware that when a codependent technology (i.e., companion diagnostics) falls behind, the overall
development of the innovation system can be hindered. For example, Roche
collaborated with the diagnostic firm Dako to develop companion diagnostic
for Herceptin® and afterwards allocated resources to help three hospitals set
up HER2 testing in the UK. These hospitals became active partners with Roche
in biomarker diagnosis and provided free HER2 testing for all breast cancer
patients in the country (Ellis et al., 2000; Marsh, 2001). HER2 testing results at
these hospital laboratories were freely available to all laboratories in the country
(Ellis et al., 2000). Similarly, AstraZeneca allocated resources to develop a testing
kit for Iressa® in collaboration with the diagnostic company DxS (GenNews, 2009)
and to set up the entire EGFR-TK testing service in England. In collaboration with
twelve laboratories in England, AstraZeneca implemented the testing service to
prevent the underdeveloped EGFR-TK testing system from becoming a barrier
to the uptake of Iressa® (The Department of Health, 2012).
Therefore, the companies worked laterally on both technological trajectories—
personalised cancer medicine and companion diagnostics—to prevent the
emergence of companion diagnostics as a ‘reverse salient’ (Hughes, 1987) that,
due to its insufficient development, would inhibit the personalised medicine
technological innovation system from achieving its targeted development as
a whole.

6

In addition to technology development, the system builders allocated resources
to build the entire system around the technologies—that is, create the necessary
infrastructure for the TIS that would support the adoption of the drug as well
as its co-dependent technologies (i.e., companion diagnostics). This included
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system-building activities that supported knowledge creation and knowledge
diffusion among medical specialists via conferences and face-to-face meetings
to change user practices and treatment protocols at hospitals. These key
activities included setting up the testing system, ensuring quality control
and the validation of testing, and providing more information for health-care
professionals to raise their overall awareness of personalised medicine.
Co-dependencies among Actors
This thesis also shows that system-building strategies involving co-dependent
technologies are highly influenced by organisational complexity—that is codependency among actors. In the case of Herceptin® and HER2 testing, Roche
acted as a prime mover and carried out the necessary system-building work
for two parallel technologies (i.e., personalised medicine and companion
diagnostics) in collaboration with medical specialists at hospitals who were
interested in prescribing Herceptin® to their patients (Chapters 2, 3 and 4).
Other companies with similar technologies (i.e., AstraZeneca with Iressa®)
entered the market later—that is, the organisational complexity increased
over time. As the case of Tarceva® and EGFR testing show in Chapter 3, with
a good system-building strategy, it is possible for a company to decrease the
number of necessary system-building activities. Because AstraZeneca’s drug
Iressa® received a positive assessment from the National Institute for Health
and Clinical Excellence (NICE) before the introduction of Tarceva® (2010 vs.
2012), AstraZeneca had to become the prime mover in building the EGFR-TK
testing systems. Because the same testing system was also used for Tarceva®,
Roche did not have to do all the work and resource allocation that was
necessary earlier for HER2 testing. Roche benefited greatly from the systembuilding work by its competitor, AstraZenaca, which included allocation of
resources and change in the cognitive institutions (i.e., testing routines and
habits of the medical community) that were initially components which had
strongly underperformed. Therefore, even though Roche faced more difficult
conditions, in terms of organisational complexity, in building the system
to support the uptake and diffusion of Tarceva®, it could use a ‘join-in’ and
‘free-rider’ strategy later on. AstraZeneca, as a first mover of EGFR testing,
had to do all the necessary system-building work of informing the medical
community and setting up the necessary infrastructure for EGFR testing which
was necessary for both Iressa® and Tarceva®. This highlights the importance
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of timing in system-building strategies. Innovation ecosystems scholars have
also highlighted the importance of an adequate timing strategy (Adner, 2006),
but until now it has not gained much attention in TIS studies.
As soon as Roche entered the market with Tarceva® and required EGFR testing,
AstraZeneca immediately stopped supporting the EGFR testing system, even
though it was still necessary for the co-dependent technology (Chapter 3).
Because AstraZeneca was no longer the only firm that needed the EGFR testing,
it no longer had an incentive to build up and support the entire EGFR testing
system alone, because its competitors, such as Roche, could take advantage of
the system without contributing to that support. Therefore, system-building
strategies around technological co-dependency are dependent on changes
in organisational setup, such as the number of competitors on the market
with similar products (i.e., Roche and AstraZeneca in Chapter 3). As soon as
the organisational complexity increased and other actors entered the system,
system-building strategies also changed, as additional companies with similar
products entered the market and needed the same testing system. Furthermore,
organisational complexity influences timing strategies, and, therefore, actors
could delay the launching of their own technology (e.g., Roche regarding
Tarceva®) until the complementary technologies (e.g., EGFR testing) were
in place which enabled them to decrease their need for resources that were
needed for system-building activities.
Thus, this thesis argues that, depending on the technological and organisational
complexities (co-dependencies among actors), companies developing
technological innovations should not always aim to be the first on the market.
The best-timed strategies, especially those involved in radical innovations with
high resource demands, are dependent on other actors’ activities and whether
the competitors have already done all the necessary system building to put the
required infrastructure and complementary technologies in place.

6

Aside from individual system building and ‘free-riding’, actors’ co-dependency
in a technological innovation system can also result in more collective
system-building strategies—as the market formation activities of pointof-care testing (POCT) firms indicate in Chapter 5. Unlike the strategies in
personalised medicine, POCT firms’ strategies are characterised by strong
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collective system-building activities in the market-creation phase for their
innovative technologies. This kind of collective strategy in system building
is caused by the specific characteristics of hospitals as customers for POCT
technologies. Hospitals demand complete solutions from their technology
providers, which include a large number of different POCT technologies to
diagnose a variety of medical conditions. Delivering complete solutions is
technologically more challenging to achieve than a single drug and diagnostic
combination. Therefore, no companies, even large resourceful multinational
diagnostic firms (e.g., Abbott, Roche and Siemens) can provide this complex
technological solution on their own and collective strategies are needed.
Furthermore, this demands collaboration in the POCT market-formation phase
even among firms that, at the same time, are competing in other diagnostic
market segments (e.g., central laboratory testing technologies). Previous TIS
studies on system building have emphasised the importance and availability
of resources (e.g., Musiolik et al., 2012). Based on the results in Chapter 5, this
thesis argues that it is not only the availability of resources and skills (e.g.,
R&D competencies, quality of human resources, well-established business
networks) that determine whether a system builder follows an individual or
collective strategy. It is also the customer needs (i.e., hospitals that need large
POCT solutions to diagnose a number of different conditions) that influence
the system-building strategies of different actors.
Co-dependencies among System-building Activities
The highly collaborative system-building activities in market formation by POCT
firms in turn strongly influence the R&D activities of the same companies. This
highlights the importance of co-dependency among different system-building
activities in a TIS and how these activities can influence one another. This thesis
shows that, contrary to the various streams of literature that emphasise the
importance of having R&D activities with a collaborative nature (e.g., open
innovation), in this case in the R&D phase, the system-building activities around
POCT were characterised by being individual in nature, especially with regard
to large POCT firms in Germany pursuing R&D and product validation activities
predominantly in-house in order to maintain complete control over knowhow and technologies. The pressure to provide hospitals with a large product
portfolio was so intense that, if the POCT small and medium-size enterprises
(SMEs) had any valuable input for their R&D, they tended to acquire the SMEs
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rather than engage in R&D collaboration, because the act of purchasing versus
the act of collaboration is faster and administratively easier to manage for POCT
firms. This indicates strong interdependence between the R&D activities and
the market formation strategies of POCT firms. However, in a different POCT
market segment (i.e., home testing or primary care) that does not demand such
complete technological solutions from their providers, different complexities in
system-building strategies are likely to exist. In contrast to the hospital market,
these market segments could have more individual system-building activities
during market formation, and more collaborative activities in the R&D phase.
The co-dependency of different system-building activities was also very strongly
present in system-building strategies in personalised medicine in Chapters 2 and
4. The findings of this thesis indicate that innovative actors are well aware of
the importance of the institutions in a highly regulated field, such as medical
innovation, because the pharmaceutical market is one of the most regulated and
institutionalised industries in the world. Furthermore, they are willing to leverage
a lot of resources to change existing institutional structures or create new ones
to support their innovative technologies. At the beginning of market formation,
the powerful entrepreneur (i.e., Roche) focused its resource-intensive systembuilding activities on knowledge creation and diffusion to establish cognitive
and normative institutions and to gain legitimacy for its technology among
key users (medical specialists in hospitals). This successful system-building
activity resulted in the rapid increase of knowledge diffusion in the medical
community, which in turn contributed to further legitimacy among patients and
patient organisations. Both user groups (patients and medical staff in hospitals)
share common interests with the company to bring this technology rapidly to
market, and therefore demand was created through the initial system building,
which included resource investment, knowledge creation and knowledge
diffusion. However, further market creation was inhibited by unfavourable
institutional settings, such as unfavourable reimbursement schemes. Because
of the lack of legitimacy, even a very powerful actor who had the capacity to
act as an institutional entrepreneur had to actively team up with other actors
in a system with different competencies and a different social profile to carry
out institutional change. In Chapter 2, for example, Roche, which acted as an
institutional entrepreneur and system builder, dedicated a massive amount of
resources in various system-building processes, because it had no legitimacy to
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directly support the diffusion of the technology (i.e., work towards influencing
regulatory institutions that would enable faster market access for Herceptin®).
Therefore, Roche formed coalitions with different actor groups with various
interests and backgrounds (e.g., hospitals, patient organisations, politicians,
academics) to advocate for the rapid adoption of Herceptin®, which eventually
led to an institutional change: the implementation of a fast-track drug-approval
procedure at the NICE in England. Therefore, insights into other types of systembuilding activities (Chapter 2) showed that these key activities (e.g., knowledge
diffusion, resource allocation, creation of legitimacy, formation of networks)
facilitated the build-up of a critical mass that finally led to regulatory institutional
change within an innovation system (i.e., implementation of a fast-track drug
approval procedure in Chapter 2). This shows that many necessary systembuilding activities were in place that supported the groundwork to carry out
important institutional change (i.e., the change in NICE regulations in Chapter 2).
Furthermore, Chapters 2 and 4 show the importance of institutions in medical
innovations in the health-care sector. In this way, these chapters provide further
insights into the functional patterns of TIS development and argue that, in
highly regulated fields, such as medical innovation, institutional boundaries and
institutional change play a bigger role in the effective functioning of TIS than
they do in, for example, energy or transport technologies. Chapter 4 focuses
on the unpacking of the market formation part of a TIS. By zooming in on the
infrastructural, regulatory, and legitimisation dimensions of market formation,
it shows the increased institutionalisation of personalised health-care markets
over time and the way in which first-mover personalised medicine prepared
the ground for subsequent personalised products. This is another example of
co-dependency among system-building activities over time.
Therefore, the answer to the main research question in this thesis is that firms
deal with co-dependencies among technologies, actors and activities in
building innovation systems around radically innovative medical technologies
by applying very different system-building strategies in knowledge diffusion,
resource allocation, creation of legitimacy and the formation of networks. The
choice of a concrete system-building strategy is very complex and does not
depend only on technology—this thesis showed that the size of a company,
specific system-building activities, the presence of other firms in the same
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market segment, customer needs and institutional structure also play a major
role in a concrete strategy choice.
6.2
THEORETICAL IMPLICATIONS
This dissertation has theoretical relevance in many ways.
By illuminating the co-dependencies among technologies, actors and activities
in building innovation systems (around radical medical technologies), the thesis
makes several contributions to the TIS literature and to the literature outside
TIS, such as organisational studies, medical innovation, entrepreneurship and
co-opetition. In addition, this thesis makes a contribution to innovation and
transition literature in general.
Key Contributions to Technological Innovation Systems (TIS) Literature
Theoretically, this thesis departs from the TIS framework, and its main aim is
to study the complexities in system building that underlie radical innovations
and explore the strategic activities of firms in developing new technological
innovation systems.
The main novelty of this work for the TIS literature is that it introduces systembuilding complexities to the TIS analysis. It shows that the complexities of
system-building, such as co-dependencies among technologies, actors and
system-building activities, heavily influence actors’ activities and therefore
also the overall functioning of TIS. Therefore, these three complexities should
become more central to a TIS analysis to clarify how a technological innovation
system develops, thus improving the TIS analytical framework.
Second, this thesis applies system-building analysis of a technological
innovation system to the medical sector by using the TIS approach to clarify
the dynamics of innovation processes. Therefore, it makes a contribution to
the literature on technological innovation systems by applying the current TIS
framework to a new field, as until now the majority of TIS analysis has been
conducted in the sustainability and transport field.

6

Third, this study adds to the literature on TIS a more thorough understanding
of institutional change processes. This thesis bridges the TIS framework
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with different notions from organisational theories, such as institutional
entrepreneurship, institutional sociology and institutional change (Eriksson
& Ujvari, 2015; Garud et al., 2007; Leca et al., 2008; Maguire et al., 2004;
Sotarauta & Mustikkamäki, 2015) to create more detailed insights on how
the institutional change process develops within TIS. This work shows
the importance of a number of system-building activities that serve as
groundwork for a change in formal institutions in an innovation system.
Furthermore, this thesis demonstrates that, even though institutions are
central to the structure of innovation systems, their role in the TIS functional
analysis could be emphasised more to clarify the dynamics of TIS. Therefore
a functional analysis of TIS should pay more attention to processes related to
‘institutional change’, especially in highly regulated markets, such as health
care. Therefore, this thesis argues that institutional change should be added
to the TIS functional analysis as a newly developed system function, so that it
becomes more central to future development of the theory of TIS.
The fourth main contribution to the TIS literature is that this thesis brings in
literature from the field of management studies to address gaps of overlooking
the surrounding context in the current TIS literature. Recently TIS scholars have
argued that the current functional framework of technological innovation
systems does not consider enough of the dynamics surrounding in the context
of the technologies, especially in relation to the interaction of multiple or
complementary technologies (e.g., personalised medicine and companion
diagnostics):“the TIS approach might miss out on the emergence of complementary
or competing technologies in its context” (Markard et al., 2015, p. 77). Therefore,
further conceptual development to understand how TIS relates to different
contextual structures is needed to develop the TIS framework further (Bergek et
al., 2015; Markard et al., 2015). The findings in this thesis support this criticism of
the TIS approach with respect to a lack of attention to contextual factors (e.g., the
co-dependency of technologies) (Markard et al., 2015). By mobilising different
notions from the innovation ecosystems literature—which highlights the
significance of technological co-dependency and product complementarity on
system development (Adner, 2006; Holmström Olsson & Bosch, 2014; Mantovani
& Ruiz-Aliseda, 2016; Mercan & Göktaş, 2011)—this thesis shows that the context
of new technologies, especially in medical technologies, has a strong impact
on system-building strategies of innovative actors. We observed that system-
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building activities in innovation systems that depend on complementary
technologies are strongly focussed on the combination of the focal technology
in relation to the complementary technology. Therefore innovation system
analysts should be careful in setting the boundaries of an innovation system
and be open to widen the system boundaries. Furthermore, by building on
innovation ecosystems literature, this thesis also shows that it is not only the
availability of resources but also customer needs that force firms to combine
their individual products or technologies into one integrated solution—that
is, value creation becomes a collaborative effort—to meet customer demands
(Adner, 2006; Holmström Olsson & Bosch, 2014). These new insights bring the
TIS framework closer to the management literature on innovation ecosystems,
which has not been done in TIS studies before.
Additional Theoretical Contributions
This thesis also makes several theoretical contributions outside TIS literature.
First, it adds to the body of literature on organisational studies—that is, on
institutional change theory (e.g., Eriksson & Ujvari, 2015; Lawrence et al., 2011;
Leca et al., 2008; Maguire et al., 2004; Sotarauta & Mustikkamäki, 2015). Until
now, the importance of system-building activities, which are not directly
targeted at changing institutions, has often been overlooked by institutional
change scholars. This thesis, by studying a highly regulated health-care market,
illustrates that insights from different system-building activities (e.g., knowledge
diffusion, resource allocation, the creation of legitimacy, the formation of
networks) are necessary for creating a critical mass that is key to regulative
institutional change. Therefore, this thesis argues that a better understanding
institutional change requires an understanding of which system-building
activities act as groundwork for institutional change. Therefore, the activities
that do not target institutional change could be researched further in future
research in organisational studies. Also, this thesis shows that even a powerful
institutional entrepreneur cannot carry out institutional change by itself in a
highly regulated environment with high institutional barriers, and therefore
other actors must be included to complete the tasks that the institutional
entrepreneur cannot carry out on its own.

6

165

39585 Piret Kukk.indd 165

31-03-16 20:28

CHAPTER 6

Second, the findings of this thesis are also relevant to the emerging literature
on the implementation of medical innovation (Boon et al., 2014; Lander, 2016;
Metcalfe et al., 2005; Miller & French, 2016; Mittra, 2016). This thesis shows
that in the distinct field of medical innovation, an analysis of the key systembuilding activities in the TIS provides important insights into the medical
innovation process. By serving as an example of the current TIS framework,
which lacks empirical studies outside the sustainability field, it provides an
analysis of actor strategies around radical medical technologies and helps to
further understanding of the diffusion and implementation of complex medical
innovations in health innovation systems. By looking at two different innovative
medical technologies, this thesis highlights the importance of co-dependency
among different actors in medical innovation, in which interaction and
collaboration are necessary for the successful implementation of new products
and technologies. Furthermore, in addition to studying companies, this thesis
also highlights the importance of hospitals (Lander, 2016; Miller & French, 2016)
and medical specialists (i.e., medical doctors, nurses, hospital managers) in
medical innovation, whose role in TIS studies has been downplayed until now.
This thesis shows that hospitals, in addition to being service providers in health
innovation systems and participating in clinical trials in drug development, play
a key role in creating legitimacy for new medical technologies that contribute
to overall adoption in the health-care system. Furthermore, this thesis argues
that hospitals also make up a powerful actor group as customers, whose needs
directly affect how private companies carry out their R&D and marketing
strategies in the health-care sector.
Third, this thesis adds to the literature on sociotechnical transformation (e.g.,
Fouquet, 2010; Geels, 2002; Turnheim & Geels, 2012), by examining the transition
to more sustainable health systems. This is important because until now, most
innovation system and transition studies have been performed in the transport,
energy, and food sectors. Focusing on health innovation systems adds a new
empirical angle to transition studies. In general, we have shown how transition
processes unfold in highly regulated markets in which incumbent actors drive
the process. By adding empirical studies from different domains to the transition
literature, it may become possible to develop a more differentiated theory on
the unfolding of transition processes in different contexts.
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Fourth, this work makes a general contribution as well to an emerging field of
research on entrepreneurship—for example, entrepreneurial ecosystems (Ács
et al., 2014), which explores the role of entrepreneurship and agency in driving
innovation in different countries. As the primary focus of academic literature on
entrepreneurship has been on the individual and the contextual factors have
been neglected (Autio et al., 2014), the results of this study create useful insights
for entrepreneurial ecosystems literature and help to clarify how different
complexities around innovative entrepreneurs influence their strategies and
activities.
Fifth, the analysis of organisational complexity and co-dependencies among
different system-building activities creates useful insights for the emerging
field of coopetition literature in management studies. The analysis in this work
helps to illuminate how companies engaging in medical innovation, depending
on their size, are deciding to pursue collective or individual system-building
strategies and how these strategies differ depending on the system-building
activity and framework conditions, such as regulation, customer needs, and
geographic location.
6.3
SOCIETAL RELEVANCE
The findings in this thesis also have implications for policy makers and
practitioners.
Modern health care is an area facing challenges associated with high levels
of complexity. The demand for health-care products and technologies is
accelerating, because of ageing populations and an increase in chronic diseases,
increased individualisation, and more responsible and active consumers (users/
patient groups) and citizens. At the same time, the financial climate in Europe
is calling for more effective use of limited health-care budgets as the financial
crisis in member countries of the European Union has already led a number of
European countries to cut their spending on health care—making a transition
to sustainable health care a priority in Europe.

6

In particular, the pharmaceutical industry is in the midst of a transition. For
decades, pharmaceutical companies have been successful at developing new
drugs and promoting patients’ health. The current system of drug development,
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however, has reached its limits: it is more costly and difficult to develop products
that are safer and more effective than those already on the market (Scannell
et al., 2012). To ensure high-quality health care, innovative solutions and even
new business models are needed (i.e., combining the development of drugs
and diagnostics) (Munos, 2009). Stimulating the development, diffusion and
implementation of personalised medicine and corresponding diagnostics is
also a priority on the EU policy and research agenda as articulated in recent
Horizon 2020 programs.
Therefore, stakeholders in health care need to rethink how it is organised,
regulated and delivered. Based on the findings in this thesis, various
recommendations for policy makers and practitioners (i.e., from industry,
academia, hospitals) could be made to facilitate dealing with complex codependencies in the medical innovation system.
First, the co-development of drugs and diagnostics remains one of the main
challenges for the pharmaceutical industry. In the EU, both technologies
currently operate using very different business models and reimbursement
principles. This makes it challenging for the manufacturers to synchronise
timing strategies of these two different but co-dependent technologies. Also,
personalised drugs and companion diagnostics have to be approved by different
regulatory bodies in the EU—drugs at the EU level by the European Medicines
Agency. The companion diagnostics are considered low-risk medical devices
and are validated in a much shorter period through a company’s self-assessment
or assessment by a particular body to receive a Conformité Européenne (CE)
marking (Olsen & Jorgensen, 2014). There is a clear message that policy makers
need to change the approval and reimbursement policy so that personalised
drugs and their companion diagnostics is considered as one complete package.
This is challenging to achieve, however, the EU legal framework for medical
device regulation is currently in a final stage of revision and one can hope that it
will be adjusted to fit technological and scientific progress in medical innovation
better.
Second, the direct cost of innovative medical technologies (i.e., costs to hospitals
directly associated with treatment) is very high in comparison to existing
treatments and technologies. Therefore, it is important for the assessment
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procedures of innovative medical products to look beyond direct costs and
consider long-term savings, such as nonmedical costs or costs to society, which
could often counterbalance these high direct costs.
Third, because medical innovation is very R&D intensive, innovative SMEs need
more supporting mechanisms, such as better access to venture capital or public
funding, to remain competitive and attractive collaboration partners for larger
companies. Also, regulatory support is more necessary than in other technology
areas that are not as highly regulated or as R&D intensive. In addition to financial
incentives and regulatory support, policy makers or industry associations could
facilitate different networking opportunities, specially designed for SMEs and
their needs, to help them find collaboration partners, as smaller companies
often lack the staff for necessary networking activities.
Fourth, this work has highlighted a number of major challenges in adopting
innovative medical technologies at hospitals. Because these new products
and technologies are transformative and change how health-care delivery is
coordinated in addition to infrastructural changes, they face some resistance
among medical staff in adopting these new technologies. One option is greater
involvement of different stakeholders (i.e., medical specialists and hospital
representatives) in the medicine product development phase, to better consider
their demands and capabilities, which might facilitate a smoother adoption of
innovative medical technologies at hospitals.
Fifth, this thesis has shown how demographic factors (‘post-code health care’)
and differences in local resources and application policies at different hospitals
cause inconsistencies in access and delivery of innovative drugs and diagnostic
testing. National-level policies need to be adapted to address these regional
or local-level inequalities. This also highlights the emerging need for nationallevel initiatives to ensure sufficient knowledge diffusion about new medical
technologies among medical specialists. Until now this has mostly been the
responsibility of companies and industry associations. With a more structured
and coordinated approach, knowledge diffusion of new medical technologies
is likely to reach medical specialists at smaller hospitals in more remote areas.
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Last, this work provides an example of a classical pharmaceutical policy
dilemma, how regulatory bodies (e.g., NICE in England) have to struggle in
meeting contradictory obligations: on one hand, demanding evidence in order
to ensure high-quality innovative drugs and, on the other, heavily criticised by
users (i.e., patients and patient organisations) for inhibiting access to these very
costly innovative drugs on the market. It illustrates how pharmaceutical policy
not only is a political decision but is being shaped and strongly influenced by
user perspectives. Patient organisations in the innovation system involving
Herceptin® and breast cancer were extremely vocal and demanded a regulatory
change in NICE to enable access to Herceptin®. At the same time, the role of
patient organisations was much smaller regarding the lung cancer drug
Tarceva®. Therefore, it highlights how important it is for policy makers to remain
objective in their policy design to give equal weight to diseases with a lower
social profile, for which patients are often not very well organised or highly
involved in influencing pharmaceutical policy making.
6.4
LIMITATIONS AND SUGGESTIONS FOR FURTHER RESEARCH
Our understanding of how systems surrounding radical innovations evolve
would be deepened by gaining additional insights into the patterns and
strategies of different actors’ system-building strategies. This thesis takes the
first steps in this exploration. The cases studied present advanced cases of
radical innovations, because of the high level of regulation, institutional barriers
and unfavourable market conditions in medical innovation. Throughout this
thesis, the complexities of actor strategies on system building are analysed
with regard to overcoming the difficulties of introducing innovative medical
technologies—personalised cancer medicines and point-of-care diagnostic
tests—in a highly institutionalised health-care market. By building on ideas from
a number of theoretical fields in organisation theory and business literature, the
key contribution of this thesis is an improved understanding of the different
complexities that influence system-building strategies of innovative actors in
technological innovation systems to create a more favourable environment for
the diffusion of radical innovations.
However, this thesis is not without limitations. This section elaborates on these
limitations and reflects on the methodologies used and then recommends
avenues for future research.
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First, a key limitation is that this work on innovative actor strategies does
not include any deeper insights on the internal business strategies of the
companies under study. These kinds of complementary observations from
internal company business strategies would have created additional valuable
insights. It would have enabled a better understanding of not only the systembuilding strategies innovative actors carried out but also of why and how
these system-building strategies were developed. Such data on internal
business strategies of pharmaceutical and diagnostic companies are difficult
to access because of their economically sensitive nature. Regardless of the
limited access to this type of information, some interesting insights became
apparent during a number of expert interviews (e.g., how companies choose
their collaboration partners (Chapter 5) or reach out to medical specialists
(Chapter 2, 3 and 4) that were carried out with company representatives for
this thesis. However, additional practical insights and field notes from the
physical environment (e.g., attending internal strategy meetings) would have
enabled a better understanding of the choice of different system-building
strategies by the companies studied.
Second, methodologically this thesis has applied a process approach—that is,
a qualitative event-history analysis. Different events have been retrieved from
various sources and organised into a database, allocated to different systembuilding categories in order to analyse which actor-level system-building
activities influence the development of different system functions. This
approach has already been used in a number of TIS studies and enables the
gathering of data, indicating how a TIS develops over time (Negro, 2007). Also,
a constructed narrative based on these insights enables us to explain the flow
of events and provides complete oversights that help to put single events into
context, assigning them their importance (Negro, 2007; Poole et al., 2000). The
shortcoming of this approach is potential subjectiveness, as the construction
of the narrative depends heavily on researchers’ own data interpretation (e.g.,
Negro, 2007). Therefore, interviews were carried out to complete and triangulate
the narrative data. The advantage of combining literature search and interview
data is reduced bias of interviewed experts and authors’ data interpretation
(Negro, 2007).
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Third, an important part of the methodology in this thesis and data collection
involved interviewing experts. In this thesis, two different techniques were
employed: face-to-face and telephone interviews. Telephone interviews have
largely been neglected in the qualitative literature and are regarded as a lessattractive alternative compared to face-to-face interviews, even though solid
evidence is lacking that they produce lower-quality data (Novick, 2008). Also,
telephone interviews are often preferred by experts because they provide more
flexibility in the interview time and allow respondents to be more relaxed when
disclosing sensitive information (Novick, 2008). Therefore, phone interviews
were often used for this thesis because of the necessity of anonymity, as the
topics often covered sensitive issues. When experts are interviewed at their
office during working hours, it is not possible to guarantee full anonymity,
as colleagues are usually aware that the interview is taking place. Also, what
became apparent is that large multinational corporations often require that
transcripts from in-person interviews be saved in a company archive. Therefore,
face-to-face interviews often yielded far less important and novel insights than
phone interviews.
Fourth, some additional methodological issues arise in the application of the
TIS analytical framework (Carlsson et al., 2002). Setting the boundaries of the
TIS is difficult when the level of analysis is a specific technology field (Carlsson
et al., 2002) and requires a good understanding of that field. As personalised
medicine does not refer to one specific technology but, rather, consists of
a combination of practices and innovative technologies, it is even more
challenging for a researcher to delineate the system in order to decide what
falls inside and what remains outside a particular technological innovation
system and requires even deeper understanding of the knowledge field.
Fifth, another methodological issue in a TIS framework is the geographical
delineation of the study. This is especially challenging for applying a TIS
framework to medical innovation that has a partly international character. The
entrepreneurial activities of companies in the medical/pharmaceutical field
have mainly taken place at the international level. At the same time, market
formation has a strong national character in medical innovation, because
of national regulations and high institutionalism (e.g., local reimbursement
schemes). This makes it challenging for a researcher to decide how to
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delineate the TIS under study geographically when analysing medical
innovations.
Sixth, this thesis focuses mostly on system-building activities of companies in
a hospital setting (i.e., secondary care). On the one hand, the role of hospitals
should be further investigated, because they are the key and very often the
first adopters of medical innovations. At hospitals, the medical experts can
easily implement and use radically innovative technologies—therefore future
studies should gain a better understanding of the role of hospitals and medical
specialists in the adoption of medical innovations. On the other hand, as this
thesis argues that system-building strategies depend heavily on the customer
characteristics and their demands, additional research could also reveal how
the same firms deal with system-building strategies in other settings with
a different customer group and different product demands. This applies
especially to POCT companies’ system-building strategies in primary care (i.e.,
family physicians’ offices) or informal home settings. In these settings, complete
diagnostics solutions are not necessary, and devices and testing platforms that
require only a single solution or a few parameters are sufficient. Therefore, it
would be necessary to learn whether and how the system-building strategies
of POCT companies in primary care and home settings differ from those in the
hospital setting and whether additional complexities in their system-building
strategies emerge.
Future studies could also analyse how the radical innovation adoption process
in health care has been tackled in countries other than the ones included in
this thesis (i.e., England, Germany, and the Netherlands) to see whether any
typical patterns emerge in nation-oriented system-building. The generalisation
of results would be advanced by further research focusing on other empirical
settings in the health field with strong co-dependencies, such as health-food
co-dependency, health-information and communications technology, health
and ageing, and so on. Along the same lines, an interesting path for further
research is studying other forms of co-dependencies (other than technologies,
actors, system-building activities) and on non-radical (incremental) medical
technologies to learn whether they employ the same types of system-building
strategies.
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In order to generalise the main findings, future research could also deepen our
understanding of whether different strategies emerge with respect to system
builders with different skills and resources in a less regulated institutional setting.
More precisely, how does system building around innovative technologies
emerge in a setting with no powerful and resourceful companies that can
integrate other actors into various system-building activities?
Last, this thesis focuses on the co-dependencies among technologies, actors
and system-building activities by applying mainly qualitative methods to
unravel these mechanisms and processes. Further quantitative research
is necessary to further unravel the effectiveness of these co-dependencies
across sectors or different countries.
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SUMMARY
The main goal of this thesis is to facilitate a further understanding of how firms
behind innovative technologies deal with different complexities in systembuilding strategies and the co-dependencies among different technologies,
actors and system-building activities, while contributing to the build-up of a
technological innovation system (TIS).
Innovation is an important force in economic growth and development (Hekkert
et al., 2007). When innovations are fundamentally different to existing products
and technologies and require drastic changes before they can be implemented
(Amara et al., 2004), they can be labelled as radical (Freeman, 1994). Radical
innovations often present major scientific and technical breakthroughs and
they can also create major disruptive changes (Schumpeter, 1942).
For firms, the decision to choose a strategy to develop radical innovations
has significant implications (Amara et al., 2004). First, the development of
radical innovations requires a large financial investment because of the high
knowledge-creation demands. Also, the diffusion of radical innovations
(Rosenberg, 1976) faces a number of non-technical barriers. This is because
a radically new technology is only powerful in association with the social
structures which allow it to fulfil its functions (Geels, 2002). Since different
elements of the sociotechnical system are aligned with the needs of existing
technologies (Geels, 2002), radical innovations cannot build on established
routines or standards, nor can they rely on interested customers or established
market structures (Bergek et al., 2008). One of the main challenges for firms
behind radical innovations is thus not only developing technology, but also
carrying out complex system-level organisational and institutional change in
order to contribute to the build-up of a system around innovative technologies
(Hekkert et al., 2007; Musiolik et al., 2012).
This thesis departs from the technological innovation systems (TIS) framework
to study complex processes of building an innovation system around radically
new technologies. TIS is a widely used concept, particularly in the sustainability
field (Markard et al., 2012). The framework focuses on analysing the context
around both mature and emerging technologies on system level (Bergek et al.,
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2015; Markard et al., 2012; Truffer et al., 2012). It was developed to complement
the firm-level management literature in order to explain different systemic
aspects of innovation to guide policy making (Carlsson et al., 2002). Accordingly,
the TIS concept enables the identification of various drivers and obstacles in
the emergence and development of a technology-specific innovation system
(Bergek et al., 2015; Truffer et al., 2012). This is why the focus of the TIS framework
is traditionally at the system- or meso-level (Musiolik et al., 2012).
Such a meso-level focus, however, overlooks the role of the different microlevel processes underlying the formation of a TIS (Farla et al., 2012; Markard
et al., 2015; Musiolik et al., 2012). This means that the role of key actors, has
been inadequately analysed until now (Farla et al., 2012; Musiolik, 2012). As
they are not only concerned with the development of a specific technology, but
also dedicated to the complex process of creating supportive sociotechnical
systems around radical innovations. As already highlighted by a number of
TIS scholars (Bergek et al., 2008; Carlsson et al., 2002; Edquist, 2004)—TIS is
not only regarded as a heuristic construct created for analytical purposes (i.e.,
TIS concept or framework), but also is a real life existing system (e.g., electric
cars technological innovation system) with concrete structural elements and
actors, who are dedicated to system development around a specific technology
(Hughes, 1979; Hughes, 1987; Musiolik, 2012). This conceptualisation has also
been applied in this thesis.
Over the past few years, some TIS scholars have started to analyse the activities
of actors which are dedicated to system building in order to support the
formation of a TIS (Cetindamar & Laage-Hellman, 2002; Hellsmark, 2010;
Hellsmark & Jacobsson, 2009; Markard & Truffer, 2008a; Musiolik & Markard,
2011). Although important, these TIS studies have devoted little attention to
the various complexities of building a TIS. Accordingly, the TIS community could
benefit from more agency-sensitive analysis to gain a better understanding of
the different system-building strategies in a TIS (Farla et al., 2012; Truffer et al.,
2012).
The first complexity dimension this thesis studies is the impact of technological
co-dependency on system-building strategies. The TIS approach traditionally
focuses its analysis on one technology and does not consider technological
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interrelatedness. However, borrowing from innovation ecosystems theory,
innovations rarely succeed alone and depend heavily on other types of
complementary innovations (Adner, 2006). Consequently, it is important
to deepen our understanding of how the framework conditions—that is,
technological co-dependency—influence the system-building strategies of
entrepreneurs in building a new TIS, since it has not been studied any further
by TIS scholars until now and could benefit from additional insights.
The second dimension this thesis analyses is co-dependency among actors. In
general, theories on individual system-building strategies by single actors (e.g.,
institutional entrepreneurship) as well as on the collective nature of system
building (e.g., institutional work, open innovation) are well developed. However,
only limited research has been conducted by innovation scholars into what
the trade-off is among these different strategies for innovative entrepreneurs.
Because both—collective and individual system-building activities—have
their advantages and disadvantages, the trade-off between them is difficult
to make. Therefore, additional insights have been gained in this thesis to clarify
the reasons for a specific strategic choice.
The third complexity dimension this thesis adresses is the co-dependency
among different system-building activities. The importance of interactions
among system functions in a TIS has been already acknowledged by a number
of TIS scholars (Bergek, 2002; Negro et al., 2007; Suurs et al., 2010). However, no
attempt has been made so far to identify similar dependencies or interactions
among micro-level system-building activities within a TIS. In order to achieve
insights into this complexity dimension and how different system-building
activities influence one another, the focus of this thesis is on institutional
change, since institutional structures are often not adapted to the needs of
radical innovations (Freeman & Perez, 1988). Building upon the literature
on institutional change, this thesis creates additional insights into how the
institutional change process takes place and how it depends on other systembuilding activities within a TIS.
To sum up, this thesis studies the complexities in system building that underlie
radical innovations and explores the strategic activities of firms in developing
new technological innovation systems. In particular, it seeks to deepen our
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understanding of not only the strategies involved in technological innovation,
but also the build-up of the sociotechnological system around it.
Empirically, this thesis focuses on an area where there is increased pressure
and need of society for the fast uptake of radically innovative technologies—
healthcare.
The healthcare system is a highly regulated environment and faces long and
expensive product development times. At the same time, there is an accelerating
demand for healthcare products and technologies, due to ageing populations
and increase in chronic diseases in the Western world. These developments have
increased the demand for faster transition towards innovative technologies
that would enable medical specialists in hospitals to increase the efficiency and
quality of diagnostics and to more effective treatments. To ensure high quality
healthcare in the future, there is a need for innovative solutions and new business
models in healthcare industry (Munos, 2009). Stakeholders in healthcare need
to rethink how healthcare is organised, regulated and delivered. This makes
studying the transition towards a more sustainable healthcare system, in which
healthcare is affordable and accessible for everyone in need, highly relevant
(Moors et al., 2014). In particular this thesis focuses on two different cases in
the healtcare sector—personalised cancer medicine and point-of-care testing
(POCT)—because both of these technologies serve as interesting examples
of radical innovation and they require major technical, economic and social
changes around them for a successful implementation.
Personalised medicine is chosen as an example of a radical medical innovation
that holds huge potential in transforming health-care provision into a more
effective patient-centred practice of medicine (Jameson & Longo, 2015). It is
important to recall that personalised medicine does not refer to one specific
medical technology. It is rather a set of different innovative medical practices,
which comprise of various technologies—such as high-throughput nextgeneration sequencing, combinatorial chemistry, ‘omics’ tools (e.g., genomics,
proteomics, metabolomics), cell technologies and advanced targeted
therapeutics (Kukk et al., 2013). Therefore, it is an innovative medical practice
in which genetic, biomarker, phenotypic and psychosocial information is used
to distinguish one patient from another who has a similar clinical presentation
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(Jameson & Longo, 2015). Personalised medicine enables to diagnose and treat
a number of diseases—including cancer—in an earlier stage and with greater
precision than was possible before. Personalised medicine in oncology would
mean a shift from nonspecific cytotoxic drugs that damage both tumours and
normal cells to more specific and effective therapies with fewer side effects
(Borden & Raghavan, 2010; Conti et al., 2010). This kind of innovation of target
therapies generates a parallel demand for innovation in the pharmaceutical
industry to create accurate and reliable molecular diagnostic technologies so
as to identify which patients will benefit from personalised treatments (Kalia,
2015). This convergence of two heavily related technologies—personalised
medicine and their corresponding companion diagnostics—challenges
conventional health care value chains, as it transforms both pharmaceutical and
diagnostic business models and markets (Groves, et al. 2011; Meadows et al.,
2015). Besides technological challenges, successful adoption of personalised
medicine requires an adoption of new and innovative business models, novel
types of value along the R&D pathway and a smarter approach to regulation
to facilitate successful innovation in this technology area (Mittra & Tait, 2012).
Another example of a radical medical technology in this thesis that contributes
to more personalised and effective health care is point-of-care testing
(POCT). POCT is testing that is performed at the patient’s bedside, instead of
hospital laboratories. POCT instruments require little or no pretreatment of
blood samples and are therefore very easy to use (Chan et al., 2013). Unlike
laboratory diagnostic equipment, POCT can normally be carried by hand to
patients by ward staff, who can then immediately conduct tests and provide
results.The ability to obtain test results rapidly on site in critical settings (e.g.,
cardiovascular diseases, sepsis and other infectious diseases) has a strong
influence on treatment procedures in hospitals and therapeutic choices and
can have a transformational effect on health care by improving the efficiency of
treatment (Fries & Streif, 2015; Jani & Peter, 2013). Additionally, POCT offers the
potential of substantial savings through enabling rapid delivery of results, and
reduction of facility costs (John & Price, 2013). However, for companies there are
a number of barriers to the introduction of POCT into the market (e.g., very long
and resource intensive development times, lack of legitimacy among medical
staff, integration difficulties of POCT in the existing hospital infrastructure, and
providing large complex POCT solutions to hospitals) (Bissonnette & Bergeron,
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2010; Larsson et al., 2015; Luppa et al., 2011; Palamountain et al., 2012).
Therefore, it serves as an interesting case to study system building activities by
POCT developers and producers in dealing with different complexities when
developing and introducing novel POCT technologies to the market.
The transition to the adoption of these novel technologies is a complex and longterm process. As radical innovations, they significantly differ from established
technologies and different elements of the sociotechnical system around
them, such as institutions that are not aligned with their needs. Therefore, if
the boundary conditions (e.g., markets, legitimacy, regulation) are not adapted
to meet their needs, their development, adoption and diffusion can often be
hampered (Atun, 2012; Bessant et al., 2015). Transforming a health-care sector
to imply more innovative medical solutions requires an overarching systemlevel strategy (Porter & Lee, 2013).
The research question central to this thesis therefore becomes: How do firms
deal with co-dependencies among technologies, actors, and activities in
building innovation systems around radically innovative medical technologies?
Chapter 2 of this thesis concentrates on co-dependencies among systembuilding activities. It addresses the following questions: Which system-building
activities did the key actors undertake to facilitate market approval and diffusion
of their technologies? How did the key actors deal with institutions that influenced
their technology, and which strategies did they implement together with other
stakeholders to shape the institutional structures in the interest of their goal?
The empirical focus is on the pharmaceutical company Roche, which acts as a
system builder and institutional entrepreneur to build a new TIS for personalised
breast cancer medicine Herceptin® in England from 1999 until 2006. The
chapter analyses how institutional change around Herceptin® TIS took place in
the context of other system-building activities. It showes that a single powerful
company, which acts as a system builder and an institutional entrepreneur, can
have a major impact on system dynamics in general and is very important in
creating and changing institutions. While facing the systematic hurdles that are
not beneficial for its technology, the entrepreneur can apply different systembuilding approaches (for example resource allocation, knowledge diffusion,
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creation of legitimacy, market creation) alone or in collaboration with other
involved stakeholders that all are necessary to carry out institutional change in
order to strategically shape and improve the performance of the TIS in a highly
regulated institutional environment.
Chapter 2 bridges the literature on system building with the literature
on institutional entrepreneurship and institutional work. By bringing in
mechanisms on institutional change, it contributes to a better understanding
of how different actor strategies contribute to institutional change. This chapter
showes that technological and institutional changes are strongly interrelated.
Furthermore, Chapter 2 demonstrates that even though the institutions are
central in the structure of innovation systems; their role in the key processes
could be emphasised more to understand better the dynamics of a technological
innovation system. Therefore the TIS analysis could pay more attention to
‘institutional change’ related processes, especially in highly regulated markets,
such as pharmaceuticals.
Chapter 3 studies how system-building strategies in a TIS depend on codependencies among technologies and among actors and addresses the
following research questions: How can we understand the impact of technological
complementarities, timing strategies and changing organisational complexity
on system building within TIS that took place during the diffusion of the first
personalised cancer therapeutics and corresponding companion diagnostics in
England? What kind of strategies of system building by different actors can we
identify regarding the improvement of the implementation and diffusion of these
co-dependent technologies in modern health care systems?
Chapter 3 considers the development and diffusion of two consecutive
personalised medicine cancer drugs (Herceptin® and Tarceva®) and their
corresponding companion diagnostics in England from 2000 until 2012. In
personalised cancer medicine, the two emerging technologies—therapeutics
and diagnostics—are highly co-dependent and closer to one another than
ever before. Therefore, Chapter 3 highlights technological co-dependency,
to deepen the understanding of system-building strategies in an emerging
technological innovation system around more than one innovative
technology. The first case—Herceptin® and HER2 testing—demonstrates that
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the pharmaceutical company Roche had fully understood the importance
of technological co-dependence and that challenges in complementary
technologies (i.e., diagnostics) could delay the overall adoption within a TIS.
Being a first-mover, the company enjoyed a lack of competition in systembuilding activities. At the same time, it had to overcome the typical challenges
attached to first-movers: technological challenges but also big resource
investment over time to have the supporting infrastructure in place and the
willingness of the potential adaptors to use the novel technology. This chapter
also shows how the system-building activities and timing strategies strongly
depend on the organisational setting. If an actor is on its own, like Roche in
Herceptin®’s case—it is down to this one actor to do all relevant systembuilding work. If there are firms with both diverging and common interests
they might wait until others have done the hard work and then ‘join in’. In
Chapter 3 we witness the same kind of timing and system-building strategy by
AstraZeneca for Iressa® (developing and building up the whole system for its
drug and diagnostic) as Roche had earlier done for Herceptin®. Since both of
these drugs (Tarceva® and Iressa®) needed the same EGFR testing technology,
AstraZeneca, as a first mover in this testing, also did the necessary systembuilding work for Roche by setting up the necessary EGFR testing system.
It allocated resources, and changed the cognitive institutions (i.e., testing
routines and habits of medical community) that were initially components
which had strongly underperformed.
Theoretically, Chapter 3 highlights the importance of technological
codependency in system-building. The TIS approach traditionally focuses on
one specific technology in its analysis, but often does not consider technological
interrelatedness. Technological co-dependency is heavily conceptualised in
innovation ecosystems theory (Adner, 2006; Mercan & Göktas, 2011; Moore,
1993). By borrowing insights from the literature on innovation ecosystems
(i.e., technology codependency, codependency among actors), Chapter 3
complements the current system-building literature and sheds light on how
technological interdependencies among personalised cancer drugs and
corresponding companion diagnostics, and changing co-dependencies among
actors, influence actors’ system-building strategies.
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Chapter 4 studies technological co-dependencies and created additional
insights to clarify the institutionalisation process of personalised health
technologies markets within a TIS.The research question in Chapter 4 is: Which
factors influence the market formation of personalised medicine innovation
systems over time, by following first-mover and second-mover personalised
medicines?
Chapter 4 analyses which factors influence the implementation of secondmover products compared to first-mover products in the personalised medicine
TIS. To understand how this market formation process develops, two examples
of personalised medicines are studied: Herceptin® for breast cancer as a firstmover product and Tarceva® for lung cancer as a second-mover product, which
were introduced successively in the Netherlands from 2000 until 2012.
Chapter 4 shows how within the TIS of the first-mover—Herceptin®, market
access became institutionalised, tentatively preparing market access for the
second-mover—Tarceva®. Tarceva® benefited from Herceptin® as the Dutch
knowledge infrastructure on genomics, biomarkers and personalised medicine
got much improved over time. After Herceptin® introduction to the Dutch
market, the personalised treatment system was in place, the medical community
knew about testing and reimbursement was on the policy agenda. At the
same time, Tarceva® encountered some additional problems with creation of
legitimacy since lung cancer is associated with stigma (smoking causing lung
cancer).
The TIS approach is used as a point of departure to further unpack the market
formation part of TIS and to understand better the diffusion, development
and implementation of new user practices, e.g., in the form of regulation and
markets for the use of innovative health technologies. Chapter 4 contributes
to the present literature on TIS by showing how the first-mover personalised
medicine market access becomes institutionalised in a TIS, i.e., the market
is formed, paving the way for the later personalised medicine products.
Building on former work of market formation by Dewald & Truffer (2011;
2012) who perceive the high level of diversity in market dynamics as underconceptualised, especially regarding spatial characteristics—Chapter 4 adds
to their conceptualisation and empirical studies by applying the concept of
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market formation to the field of personalised medicine development that
is subject to specific market access conditions, such as regulated approval,
reimbursement procedures and stratified user practices. Chapter 4 also
expands on spatial characteristics of market formation through differentiating
between global developments and national level market formation activities
(e.g., national level reimbursement practices).
Chapter 5 studies how system-building strategies in a TIS depend on two
different kinds of complexities: co-dependency on different system-building
activities and co-dependency among actors (e.g., organisational complexity)
and addresses the following research question: What kind of collective versus
individual system-building strategies can we identify in innovation systems
around radical technological innovations and consequently, how and why do
they differ between large firms and SMEs in different types of system-building
activities?
Empirically, the development of POCT technology and its diffusion at
German hospitals is chosen to understand how large firms and SMEs in the
emergence of POCT operate in an innovation system in order to overcome the
systemic hurdles they faced—resource intensive development times, lack of
legitimacy among medical staff, integration difficulties of POCT in the existing
infrastructure and providing large complex POCT solutions to hospitals, when
developing and introducing novel POCT technologies to hospitals. Building
on the theory of coopetition, Chapter 5 shows that the choice between
individual and collective strategies depends not only on the availability of
resources but also on the type of system building activity. SMEs and large
firms therefore pursue different system building strategies in different system
building activities. Large firms with a lot of resources hold a dominant position
over SMEs and undertake collective system building activities (1) in creation of
legitimacy for the whole technology via industry associations, and (2) market
formation in order to offer complete technological solutions to the customers.
In the R&D phase the large firms prefer individual and in-house activities.
SMEs are interested in collective strategies in all system building activities.
However, due to their lack of resources and skills SMEs are often not capable to
engage in a collective strategy. Thus, the availability of resources determines
the potential to pursue individual strategies but also collective ones.
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Theoretically, Chapter 5 brings the TIS framework closer to innovation
ecosystems thinking by showing how firms have to combine their
individual offerings in one integrated solution to create added value for
customers. Chapter 5 also illustrates how product characteristics (i.e. many
complementary products, technologies and services that are needed for the
end solution—i.e., a diagnostic platform, combined of a number of analytical
methods) and customer needs determine whether firms collaborate or act
individually.
This dissertation concludes that technological co-dependency, co-dependency
among actors and different system-building activities are very important
complexities in system building that strongly influence actors’strategic activities
around radical innovations. Firms deal with these co-dependencies in building
innovation systems around radically innovative medical technologies by
applying different system-building strategies in knowledge diffusion, resource
allocation, creation of legitimacy and in formation of networks.
The choice of a concrete system-building strategy is a complex decision that
does not depend only on a technology—this thesis shows that also the size
of a company, specific system-building activities, presence of other firms in
the same market segment, customer needs and institutional structure have a
major role in influencing a concrete timing and strategy choice.
This thesis makes some key theoretical contributions to TIS literature. It
recommends that the three studied system-building complexities should
become more central in a TIS analysis to better understand how a technological
innovation system develops. Also, it makes a contribution to the literature
on technological innovation systems by applying the current TIS framework
to the healthcare field, as until now majority of TIS analysis have been
done on the sustainability and transport field. Additionally, this thesis creates
more detailed insights on how the institutional change processes develop
within TIS and demonstrates that their role in the TIS analysis could be
emphasised more to clarify the dynamics of TIS. Last, this thesis argues that
the complexity of the technological field in general and around radical medical
innovations in particular, should be considered more carefully in setting the
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boundaries of a technological innovation system so that relevant contextual
factors in TIS analysis are not overlooked.
This thesis also highlights a number of areas, where more fine-tuned policy
measures would be necessary to better meet technological and scientific progress
in medical innovation. These include the regulation of personalised drugs and
diagnostics as one single product, clearly defined approval and reimbursement
rules of innovative medical technologies, national level policy instruments to
provide equal access to innovative medical products for everybody, regardless
of their location. Also higher involvement of different stakeholder groups along
the whole value chain of innovative medical products is recommended in order
to better consider their demands, needs and capabilities, which would hopefully
facilitate eventually a smoother uptake of innovative medical technologies.
Further research should focus on different forms of co-dependencies (other
than technologies, actors and system-building activities) and on non-radical
(incremental) medical technologies to learn if the same type of system-building
strategies are applied. In order to generalise the findings of this thesis, future
research could also focus on whether different strategies emerge regarding
system builders with different ranges of skills and resources in a less regulated
institutional setting. More precisely, how does system building around
innovative technologies emerge in a setting with no powerful and resourceful
companies that can integrate other actors into various system-building activities.
Lastly, quantitative research would also be necessary to further unravel the
effectiveness of the three co-dependencies from this study across sectors or
different countries.

189

39585 Piret Kukk.indd 189

31-03-16 20:28

SAMENVATTING
Primaire doel van deze thesis is om beter te begrijpen hoe innoverende bedrijven
omgaan met de complexiteit van systeemontwikkeling strategieën en de
mate waarin verschillende technologieën, actoren en systeemontwikkeling
activiteiten met elkaar samenhangen, terwijl ze bijdragen aan de constructie
van een Technologisch Innovatie Systeem.
Innovatie is belangrijke kracht bij zowel economische groei als ontwikkeling
(Hekkert et al., 2007). Wanneer innovaties fundamenteel verschillen van
bestaande producten of technologieën en er ingrijpende veranderingen nodig
zijn voor ze geïmplementeerd kunnen worden (Amara et al., 2004), kunnen
deze beschouwd worden als radicaal (Freeman, 1994). Kenmerkend voor
radicale innovaties zijn grote wetenschappelijke en technische doorbraken,
die tevens grootschalige, ingrijpende veranderingen teweeg kunnen brengen
(Schumpeter, 1942).
De keuze voor een bepaalde strategie bij het ontwikkelen van een radicale
innovatie heeft belangrijke implicaties voor bedrijven (Amara et al., 2004).
Ten eerste vergt de ontwikkeling van radicale innovaties grote financiële
investeringen vanwege de hoge mate van kennisontwikkeling die vereist
is. Daarnaast kent de diffusie van radicale innovaties (Rosenberg, 1976) ook
barrières die niet van technische aard zijn. De reden hiervoor is dat radicale
innovaties alleen krachtig zijn in wisselwerking met sociale structuren die
de innovatie haar functie laten vervullen (Geels, 2002). Omdat verschillende
elementen van het socio-technische systeem in verband worden gebracht
met de behoeften van bestaande technologieën (Geels, 2002), kunnen
radicale innovaties niet gebaseerd worden op gevestigde routines of
standaarden, noch kunnen ze uitgaan van bestaande klanten of gevestigde
marktstructuren (Bergek et al., 2008). Eén van de grootste uitdagingen
voor radicaal innoverende bedrijven is dus niet alleen om de techniek te
ontwikkelen, maar ook om complexe organisatorische en institutionele
veranderingen op systeemniveau te faciliteren, om zo bij te dragen aan de
ontwikkeling van een systeem rond innovatieve technologieën (Hekkert et
al., 2007; Musiolik et al., 2012).
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Deze thesis neemt de Technologische Innovatie Systeemtheorie (TIS) als
uitgangspunt om het complexe proces te bestuderen van het ontwikkelen van
een innovatiesysteem rondom radicaal nieuwe technologieën. TIS is inmiddels
een wijdverbreid concept, met name in het duurzaamheidsonderzoek (Markard
et al., 2012). Deze theorie focust zich op de analyse van zowel gevestigde als
opkomende technologieën (Bergek et al., 2015; Markard et al., 2012; Truffer
et al., 2012) en complementeert de managementliteratuur op bedrijfsniveau.
Verschillende systemische aspecten van innovatie worden toegelicht en
kunnen daarmee als leidraad dienen voor beleidsontwikkeling (Carlsson et al.,
2002). Ergo, het concept TIS stelt ons in staat de motoren en hindernissen bij
de opkomst en ontwikkeling van een technologie-specifiek innovatiesysteem
te identificeren (Bergek et al., 2015; Truffer et al., 2012). Om deze reden focust
TIS zich doorgaans op het meso-niveau (Musiolik et al., 2012).
Echter, een focus op het meso-niveau kan ervoor zorgen dat processen op het
micro-niveau, die verdere informatie verschaffen over de formatie van een TIS,
over het hoofd worden gezien (Farla et al., 2012; Markard et al., 2015; Musiolik
et al., 2012). Als gevolg hiervan is tot nu toe te weinig aandacht geschonken aan
sleutelactoren die zich niet alleen bezig houden met de ontwikkeling van een
specifieke technologie, maar ook met het complexe proces van het creëren van
ondersteunende socio-technische systemen rondom radicale innovaties (Farla
et al., 2012; Musiolik, 2012). Zoals al aangestipt door enkele TIS onderzoekers
(Bergek et al., 2008; Carlsson et al., 2002; Edquist, 2004)—wordt TIS niet slechts
beschouwd als een heuristisch construct voor analytische doeleinden (d.w.z.
het TIS concept of raamwerk), maar ook als een systeem dat echt bestaat
(bijv. het elektrische auto technologisch systeem) met concrete structurele
elementen en actoren, die toegelegd zijn op systeemontwikkeling rond een
specifieke technologie (Hughes, 1979; Hughes, 1987; Musiolik, 2012). Deze
conceptualisatie wordt ook toegepast in deze thesis.
De laatste paar jaren is er een toename geweest van onderzoekers die de
activiteiten van actoren rondom systeemontwikkeling analyseren om de
formatie van een TIS te bewerkstelligen (Cetindamar & Laage-Hellman, 2002;
Hellsmark, 2010; Hellsmark & Jacobsson, 2009; Markard & Truffer, 2008a;
Musiolik & Markard, 2011).
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In deze onderzoeken is weinig aandacht besteed aan de verscheidene
complexiteiten omtrent het ontwikkelen van een TIS, hetgeen wel van belang
is. Derhalve zou de TIS gemeenschap baat kunnen hebben bij een analyse met
meer aandacht voor agentschap, om zo verschillende systeemontwikkeling
strategieën beter te begrijpen (Farla et al., 2012; Truffer et al., 2012).
De eerste dimensie van complexiteit die onderdeel is van deze studie is de impact
van technologische afhankelijkheid op systeemontwikkeling strategieën. De TIS
benadering is van oorsprong gericht op de analyse van één technologie, zonder
technologische afhankelijkheid in acht te nemen. Echter, innovatie-ecosysteem
theorie wijst ons er op dat technologieën zelden op zichzelf succesvol zijn en
sterk afhankelijk zijn van andere typen, complementaire innovaties (Adner,
2006). Derhalve is het van belang te begrijpen hoe de elementen in het
systeem—te weten technologische afhankelijkheden—systeemontwikkeling
strategieën van entrepreneurs beïnvloeden tijdens het ontwikkelen van
een Technologisch Innovatie Systeem. Dit vraagstuk is tot nu toe niet verder
uitgewerkt door andere onderzoekers.
De tweede dimensie van dit onderzoek is de afhankelijkheid van actoren.
Theorieën over zowel individuele systeemontwikkeling strategieën door
individuele actoren (bv. institutioneel entrepreneurship) als over collectieve
systeemontwikkeling (bv. institutioneel werk, open innovatie) zijn ver
ontwikkeld. Echter, naar wat precies de ‘trade-off’ is tussen deze strategieën
voor innovatieve entrepeneurs, is weinig onderzoek gedaan. Omdat zowel
collectieve als individuele strategieën voor- en nadelen hebben, is de ‘tradeoff’ tussen deze twee soms lastig te bepalen. In deze thesis zullen additionele
inzichten gebruikt worden om de keuze voor een strategie nader te verklaren.
De derde dimensie is de afhankelijkheid van verschillende systeemontwikkeling
activiteiten. Het belang van afhankelijkheden tussen systeemfuncties binnen
een TIS is reeds benadrukt door verschillende TIS onderzoekers (Bergek, 2002;
Negro et al., 2007; Suurs et al., 2010). Echter, tot nu toe is er geen poging gedaan de
afhankelijkheden tussen activiteiten op micro-niveau te identificeren. Om inzicht
te krijgen in deze dimensie van complexiteit en te begrijpen hoe verschillende
systeemontwikkeling activiteiten invloed op elkaar hebben, focust deze thesis
op institutionele verandering, omdat institutionele structuren vaak niet aan
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de behoeften van radicale innovaties voldoen (Freeman & Perez, 1988). Door
inzichten uit de literatuur over institutionele verandering te incorporeren, heeft
deze thesis geleid tot meer inzicht in hoe institutionele veranderingsprocessen
plaatsvinden en hoe dit afhangt van de andere systeemontwikkeling activiteiten
binnen een TIS.
Kort samengevat: deze thesis gaat over de complexiteiten van systeemontwikkeling die ten grondslag ligt aan radicale innovaties en onderzoekt de
strategische activiteiten die bedrijven hanteren tijdens het ontwikkelen van
een nieuw technologisch innovatiesysteem. In het bijzonder is het doel om niet
alleen de strategieën die gepaard gaan met technologische innovatie beter te
begrijpen, maar ook de opbouw van het socio-technologische systeem rondom
deze activiteiten.
Vanuit een empirische oogpunt focust deze thesis zich op een veld waar de druk
en maatschappelijke behoefte om radicale innovaties te adopteren toeneemt,
namelijk de gezondheidszorg.
De gezondheidszorg is een sterk gereguleerde omgeving met langdurige en
kostbare ontwikkelperioden. Tegelijkertijd zien we een toenemende vraag
naar gezondsheidstechnologieën en -producten vanwege een vergrijzende
bevolking en een toename van chronische ziektes in de Westerse wereld.
Deze trends hebben de vraag doen toenemen naar een snellere transitie
naar innovatieve technologieën die medische specialisten in staat stellen de
doeltreffendheid en de kwaliteit van zowel diagnostiek als behandelingen
te verhogen. Innovatieve oplossingen—en misschien zelfs nieuwe business
modellen—zijn nodig om in de toekomst zeker te blijven van gezondheidszorg
van hoge kwaliteit (Munos, 2009). Belanghebbenden in de gezondheidszorg
moeten heroverwegen hoe de gezondheidszorg is georganiseerd en
gereguleerd. Dit maakt het bestuderen van de transitie naar een meer duurzame
gezondheidszorg—waarin gezondheidszorg betaalbaar en toegankelijk is voor
iedereen—relevant (Moors et al., 2014). Deze thesis focust in het bijzonder op
twee casussen, te weten gepersonaliseerde kankerbehandelingen en pointof-care testing (POCT). Beide technologieën zijn interessante voorbeelden
van radicale innovaties die ingrijpende technische, economische en sociale
veranderingen vereisen voor succesvolle implementatie.
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De gepersonaliseerde behandeling is een voorbeeld van een radicale
medische innovatie die veel potentie heeft om de gezondheidszorg meer
patiënt-gecentreerd te maken (Jameson & Longo, 2015). Het is belangrijk
te onderstrepen dat gepersonaliseerde medicijnen niet refereren aan één
specifieke medische technologie. Het concept verwijst naar een verzameling
medische praktijken waar verschillende technologieën binnen vallen,
zoals ‘next generation sequencing’, combinatorische chemische ‘omics’
instrumenten (bijv. genomics, proteomics, metabolomics), gentechnologieën
en geavanceerde doelgerichte therapie (Kukk et al., 2013). Het is daarmee een
innovatieve medische praktijk waarin genetische, biomarker, fenotypische
en psychosociale informatie gebruikt wordt om de ene patiënt met bepaalde
symptomen van een andere te onderscheiden (Jameson & Lungo, 2015). Door
gepersonaliseerde behandelingen kunnen diagnoses van verscheidene ziektes,
waaronder kanker, eerder gesteld worden en met meer precisie dan voorheen.
Gepersonaliseerde behandelingen zouden in de oncologie een verschuiving
betekenen van cytotoxische medicatie—die zowel tumoren als normale
cellen beschadigen—naar meer specifieke en effectieve therapieën met
minder bijwerkingen (Borden & Raghavan, 2010; Conti et al., 2010). Door deze
doelgerichte therapieën is ook in de farmaceutische industrie de vraag naar
innovaties ontstaan die de precisie en betrouwbaarheid verhogen, en waarmee
men kan bepalen welke patiënten baat zouden hebben bij gepersonaliseerde
behandelingen (Kalia, 2015). Deze samenkomst van twee nauw met elkaar
verbonden technologieën—gepersonaliseerde medicatie en de bijbehorende
diagnostiek—vormt een uitdaging voor de conventionele waardeketens in de
gezondheidszorg, aangezien hierdoor zowel farmaceutische als diagnostische
business modellen en markten worden veranderd (Groves, et al. 2011; Meadows
et al., 2015). Succesvolle adoptie van gepersonaliseerde behandelingen hangt
niet alleen af van technologische uitdagingen maar ook van de adoptie van
nieuwe en innovatieve business modellen, nieuwe vormen van waarde creatie
binnen het R&D traject en slimmere regulering om succesvolle innovatie in dit
technologisch veld te faciliteren (Mittra & Tait, 2012).
Het tweede voorbeeld van een radicale medische technologie die bijdraagt
aan persoonlijke en effectieve gezondheidszorg is point-of-care testing (POCT).
POCT is een vorm van testen die aan het bed van de patiënt wordt uitgevoerd,
in plaats van in ziekenhuislaboratoria. Voor POCT instrumenten zijn vrijwel geen
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voorbehandelde bloedmonsters nodig, wat ze erg gemakkelijk maakt in gebruik
(Chan et al., 2013). In tegenstelling tot diagnostische laboratoriumapparatuur
kan POCT gewoon door medewerkers gedragen en vervoerd worden,
waarna meteen testen uitgevoerd en resultaten geleverd kunnen worden. De
mogelijkheid om op kritieke momenten ter plekke testen uit te voeren (bijv.
bij hart- en vaatziekten of sepsis en infectieziekten) heeft een sterke impact
op de behandelingsprocedures in ziekenhuizen en therapeutische keuzes en
kan een transformerend effect hebben op de gezondheidszorg omdat het
de effectiviteit van behandelingen verbetert (Fries & Streif, 2015; Jani & Peter,
2013). Daarnaast biedt POCT de mogelijkheid tot forse besparingen door de
snelle levering van resultaten en besparingen op facilitaire voorzieningen (John
& Price, 2013). Aan de andere kant bestaan er voor bedrijven verscheidene
barrières die de introductie van POCT hinderen (bijv. langdurige ontwikkeling
en veel benodigde hulpmiddelen, gebrek aan legitimiteit bij het medisch
personeel, problemen met de integratie van POCT in bestaande ziekenhuis
infrastructuur en het voorzien in grootschalige POCT oplossingen voor
ziekenhuizen) (Bissonnette & Bergeron, 2010; Larsson et al., 2015; Luppa et al.,
2011; Palamountain et al., 2012). POCT biedt een interessante mogelijkheid de
systeemontwikkeling activiteiten van POCT-ontwikkelaars en -producenten te
bestuderen wanneer zij om moeten gaan met verschillende complexiteiten
tijdens het introduceren van POCT technologieën op de markt.
De transitie naar adoptie van deze nieuwe technologieën is een complex en
langdurig proces, omdat dergelijke radicale innovaties niet overeenkomen
met gevestigde technologieën en ze niet in lijn zijn met de huidige elementen
van het socio-technische systeem, zoals instituties. Randvoorwaarden die
niet in lijn zijn met een nieuwe technologie (zoals markten, legitimiteit en
regelgeving) kunnen de adoptie en diffusie van deze technologie hinderen
(Atun, 2012; Bessant et al., 2015). Transformatie van de gezondheidszorgsector
waarbij innovatievere medische oplossingen betrokken worden, vergt een
overkoepelende strategie op systeemniveau (Porter & Lee, 2013).
De onderzoeksvraag die centraal staat in deze thesis luidt daarom: Hoe
gaan bedrijven om met afhankelijkheden tussen technologieën, actoren en
systeemontwikkeling activiteiten rondom radicaal innovatieve medische
technologieën?
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Hoofdstuk 2 van deze thesis gaat over afhankelijkheden tussen
systeemontwikkeling activiteiten. De volgende vragen worden geadresseerd:
Welke systeemontwikkeling activiteiten ondernamen sleutelactoren om
goedkeuring en diffusie van hun technologie te faciliteren? Hoe gingen
sleutelactoren om met instituties die invloed hadden op hun technologie en welke
strategieën pasten zij samen met andere belanghebbenden toe, om zo een voor hen
wenselijke institutionele structuur te bewerkstelligen?
De empirische focus lag op het farmaceutische bedrijf Roche, die de rol
aannam van een systeemontwikkelaar en institutionele entrepreneur om zo
een nieuw TIS te ontwikkelen voor gepersonaliseerde borstkankermedicatie
Herceptin® in Engeland tussen 1999 en 2006. Dit hoofdstuk analyseerde hoe
institutionele verandering rond Herceptin® plaatsvond in de context van
andere systeemontwikkeling activiteiten. Uit de analyse blijkt dat één machtig
bedrijf in de rol van systeemontwikkelaar en institutioneel entrepreneur, een
grote impact kan hebben op de systeemdynamiek in het algemeen en ook kan
worden aangewezen als een belangrijke factor in het creëren en veranderen
van instituties. Wanneer de entrepreneur geconfronteerd wordt met barrières
die niet gunstig zijn voor zijn technologie, heeft deze de keuze uit verschillende
systeemontwikkeling benaderingen (bijv. allocatie van hulpmiddelen, kennis
diffusie, creëren van een markt of van legitimiteit) welke individueel uitgevoerd
kunnen worden, maar ook samen met andere belanghebbenden. Deze
benadering dient als basis voor institutionele verandering, welke uiteindelijk de
prestatie van een TIS strategisch moet vormgeven en verbeteren in een uiterst
gereguleerde institutionele omgeving.
Hoofdstuk 2 slaat een brug tussen literatuur over systeemontwikkeling en
literatuur over institutioneel entrepreneurship en institutioneel werk. Door
incorporatie van mechanismen van institutionele verandering draagt het bij
aan een beter begrip van hoe verschillende actor strategieën bijdragen aan
institutionele verandering. Uit dit hoofdstuk kunnen we concluderen dat
technologische en institutionele veranderingen sterk met elkaar samenhangen.
Daarnaast toont Hoofdstuk 2 aan dat ondanks het feit dat instituties een
centrale plaats innemen in de structuur van een innovatiesysteem, hun rol meer
benadrukt zou kunnen worden om de dynamiek van een TIS beter te begrijpen.
De TIS analyse zou meer aandacht moeten hebben voor processen gerelateerd
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aan ‘institutionele verandering’, in het bijzonder in sterk gereguleerde markten
zoals de farmaceutische industrie.
In Hoofdstuk 3 wordt bestudeerd hoe systeemontwikkeling activiteiten in
een TIS afhangen van afhankelijkheden tussen technologieën en actoren. De
volgende onderzoeksvragen worden behandeld: Hoe kunnen we de impact
van technologische complementariteiten, timing strategieën en veranderende
organisatorische complexiteit op systeemontwikkeling binnen een TIS beter
begrijpen, tijdens de diffusie van de eerste gepersonaliseerde kankerbehandeling en
corresponderende diagnostiek in Engeland? Wat voor soort systeemontwikkeling
strategieën kunnen we identificeren bij verschillende actoren als het gaat om het
verbeteren van implementatie en diffusie van deze afhankelijke technologieën in
de moderne gezondheidszorg?
De empirische focus ligt op de ontwikkeling en diffusie van twee op elkaar
volgende gepersonaliseerde kankermedicijnen (Herceptin® en Tarceva®)
en de corresponderende diagnostiek in Engeland tussen 2000 en 2012.
In gepersonaliseerde kankerbehandeling hangen de twee opkomende
technologieën—therapie en diagnostiek—sterk samen, meer dan ooit
tevoren. Hoofdstuk 3 benadrukt de technologische afhankelijkheid, om
zo verschillende systeemontwikkeling strategieën in een opkomend
technologisch veld rond meer dan één innovatieve technologie, beter
te begrijpen. De eerste casus—Herceptin® en HER2 tests—toont aan dat
farmaceutisch bedrijf Roche het belang van technologische afhankelijkheden
volledig inzag en dat uitdagingen vanuit complementaire technologieën
(d.w.z., diagnostiek) adoptie binnen een TIS kunnen vertragen. Als ‘first-mover’
had het bedrijf weinig hinder van competitie tijdens systeemontwikkeling
activiteiten. Tegelijkertijd moest het bedrijf het hoofd bieden aan uitdagingen
typisch voor first-movers: technologische uitdagingen, grote investeringen
van hulpmiddelen om de infrastructuur te ondersteunen en de welwillendheid
van potentiele adoptoren de nieuwe technologie te gebruiken. Met het
voorbeeld van Tarceva® wordt duidelijk dat systeemontwikkeling activiteiten
en timing strategie sterk afhangen van de organisatorische context. Als een
actor alleen handelt, zoals Roche in de Herceptin® casus, moet deze ene actor
al het institutionele werk te verrichten. Wanneer er bedrijven zijn met zowel
uiteenlopende als gemeenschappelijke belangen, kan het gebeuren dat deze
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wachten tot anderen het moeilijke werk hebben verricht en dan instappen. In
Hoofdstuk 3 zien we dat AstraZeneca dezelfde timing en systeemontwikkeling
strategie had met Iressa® als Roche had met Herceptin® (het ontwikkelen en
construeren van het complete raamwerk voor het medicijn en de diagnostiek).
Omdat beide medicijnen (Tarceva® en Iressa®) van dezelfde testtechnologie
gebruik maakten (EGFR), had AstraZeneca als ‘first-mover’ al de nodige
systeemontwikkeling voor Roche ondernomen door ontwikkeling van het
EGFR systeem. Het bedrijf had hulpmiddelen gealloceerd en de cognitieve
instituties veranderd (d.w.z. testroutines en gewoonten van de medische
gemeenschap), welke aanvankelijk erg onderpresteerden.
Vanuit een theoretisch oogpunt onderstreept Hoofdstuk 3 het belang van
technologische afhankelijkheden in systeemontwikkeling. Een TIS analyse is
van oorsprong gericht op één specifieke technologie en neemt daarmee vaak
technologische afhankelijkheid niet in acht. Technologische afhankelijkheid
wordt sterk benadrukt in Innovatie-Ecosysteem Theorie (Adner, 2006; Mercan
& Göktas, 2011; Moore, 1993). Door inzichten te gebruiken uit de innovatieecosysteem literatuur (bijv. technologische afhankelijkheid, afhankelijkheid
tussen actoren), complementeert Hoofdstuk 3 de huidige systeemontwikkeling
literatuur en werpt het een nieuw licht op hoe technologische afhankelijkheden
tussen kankermedicatie en corresponderende diagnostiek, en veranderende
afhankelijkheden tussen actoren, de systeemontwikkeling strategieën van
actoren beïnvloeden.
Hoofdstuk 4 focust op technologische afhankelijkheden en creëert additionele
inzichten om het institutionaliseringsproces van de gepersonaliseerde
gezondheidstechnologiemarkt in een TIS beter te begrijpen. De
onderzoeksvraag luidt: Welke factoren beïnvloeden de marktformatie van
gepersonaliseerde medicatie innovatiesystemen over tijd, als gevolg van het
volgen van ‘first-mover’ en ‘second-mover’ gepersonaliseerde medicijnen?
Hoofdstuk 4 analyseert welke factoren de implementatie van second-mover
producten beïnvloeden in vergelijking met first-mover producten, in een TIS
van een gepersonaliseerde medicijn. Om te begrijpen hoe dit proces van
marktformatie verloopt, werden twee voorbeelden van gepersonaliseerde
medicijnen bestudeerd: Herceptin® voor borstkanker (first-mover product)
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en Tarceva® voor longkanker (second-mover product)—beiden succesvol
geïntroduceerd in de Nederlandse markt tussen 2000 en 2012.
Hoofdstuk 4 laat zien hoe binnen het TIS van first-mover Herceptin®
markttoegang werd geïnstitutionaliseerd,en de markttoegang van secondmover Tarceva® in gang werd gezet Tarceva® had baat bij de ontwikkeling
van Herceptin® omdat de Nederlandse kennisinfrastructuur over genomica,
biomarkers en gepersonaliseerde medicatie sterk verbeterde. Na de
introductie van Herceptin® in de Nederlandse markt was het gepersonaliseerde
behandelingssysteem ontwikkeld, wist de medische gemeenschap hoe er
getest moest worden en kwam het onderwerp vergoeding op de beleidsagenda.
Tegelijkertijd liep Tarceva® tegen enkele problemen aan met betrekking tot
het creëren van legitimiteit, omdat longkanker een stigma draagt (roken
veroorzaakt longkanker).
De TIS methode wordt als vertrekpunt gebruikt om de het proces van
marktformatie in een TIS beter te begrijpen, alsmede de diffusie, ontwikkeling
en implementatie van nieuwe gebruikerspraktijken, bijvoorbeeld in de vorm van
regulering en markten voor innovatieve gezondheidstechnologieën. Hoofdstuk
4 draagt bij aan de bestaande TIS literatuur door te laten zie hoe markttoegang
geïnstitutionaliseerd werd als onderdeel van de first-mover gepersonaliseerde
behandelingsmarkt, oftewel, hoe de markt werd gevormd, waarmee de weg
voor andere gepersonaliseerde medische producten vrij gemaakt werd.
Voortbouwend op eerder werk over marktformatie van Dewald & Truffer (2011;
2012) —die stellen dat de hoge mate van diversiteit in marktdynamiek niet
voldoende geconceptualiseerd is, in het bijzonder als het gaat om ruimtelijke
karakteristieken—draagt Hoofdstuk 4 bij aan deze conceptualisatie en aan
empirische onderzoek door het concept van marktformatie toe te passen op
het veld van gepersonaliseerde medicatie, dat onderhevig is aan specifieke
voorwaarden van markttoegang, zoals gereguleerde goedkeuring, procedures
m.b.t. vergoedingen en gestratificeerde gebruikerspraktijken. Hoofdstuk 4
weidt ook uit over de ruimtelijke karakteristieken van marktformatie door te
differentiëren tussen globale ontwikkelingen en marktformatie activiteiten op
nationaal niveau (bijv. vergoedingen op nationaal niveau).
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In Hoofdstuk 5 wordt behandeld hoe systeemontwikkeling strategieën
in een TIS afhangen van twee soorten complexiteiten: afhankelijkheid van
verschillende systeemontwikkeling activiteiten en afhankelijkheid tussen
actoren (bijv. organisatorische complexiteit). De volgende onderzoeksvraag
staat centraal: Welke typen collectieve versus individuele systeemontwikkeling
activiteit kunnen we identificeren in innovatiesystemen rondom radicale
technologische innovaties en daar uit volgend, hoe en waarom verschillen deze
tussen grote bedrijven en MKB’s in verschillende typen systeemontwikkeling
activiteiten?
Als empirisch terrein is de POCT technologie en haar diffusie in Duitse
ziekenhuizen gekozen, om zo te begrijpen hoe grote bedrijven en MKB’s tijdens
de opkomst van POCT barrières binnen het systeem trachtten te overwinnen
(zoals ontwikkelperioden met veel benodigde hulpmiddelen, gebrek aan
legitimiteit bij het medisch personeel, problemen met de integratie van POCT
in bestaande infrastructuur en het voorzien in grootschalige POCT oplossingen
voor ziekenhuizen).
Voortbouwend op de co-opetitie literatuur, toonde Hoofdstuk 5 aan
dat de keuze tussen individuele en collectieve strategieën niet alleen
afhangt van de beschikbaarheid van hulpmiddelen, maar ook van het type
systeemontwikkeling activiteit. MKB’s en grote bedrijven streven daarom
diverse strategieën na in verschillende systeemontwikkeling activiteiten.
Grote bedrijven met veel hulpmiddelen hebben een bevoordeelde positie
ten opzichte van MKB’s en ondernemen collectieve systeemontwikkeling
activiteiten (1) bij het creëren van legitimiteit voor de technologie via
connecties uit de industrie en (2) bij het ontwikkelen van de markt, om zo een
complete technologische oplossing te bieden aan klanten. Tijdens de R&D
fase geven grote bedrijven de voorkeur aan individuele, systeemontwikkeling
activiteiten binnenshuis. MKB’s zijn in het kader van alle systeemontwikkeling
activiteiten geïnteresseerd in collectieve strategieën. Echter, door een gebrek
aan hulpmiddelen en vaardigheden, zijn MKB’s vaak niet in staat deel te nemen
aan een collectieve strategie. Op deze manier bepaalt de beschikbaarheid van
hulpmiddelen of een bedrijf de mogelijkheid heeft een individuele strategie
na te streven, of een collectieve.
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Theoretisch gezien brengt Hoofdstuk 5 het TIS raamwerk dichter bij
de innovatie-ecosysteem theorie, door aan te tonen dat bedrijven hun
individuele bijdragen moeten combineren in één geïntegreerde oplossing
om zo toegevoegde waarde voor klanten te creëren. Hoofdstuk 5 liet zien
hoe ook productkarakteristieken (bijv. de vele complementaire producten,
technologieën en services die nodig zijn voor de eindoplossing, zoals een
diagnostisch platform dat verschillende analytische methoden combineert) en
belangen van klanten medebepalen of bedrijven samenwerken of individueel
handelen.
De conclusie van deze dissertatie is dat technologische afhankelijkheid,
afhankelijkheid tussen actoren en verschillende systeemontwikkeling
activiteiten, belangrijke complexiteiten zijn in systeemontwikkeling die actor
strategieën rondom radicale innovaties sterk beïnvloeden. Bedrijven die
innovatiesystemen ontwikkelen rondom radicale medische innovaties passen
verschillende systeemontwikkeling strategieën toe om zo om te gaan met deze
afhankelijkheden, zoals allocatie van hulpmiddelen, het creëren van legitimiteit
en het opzetten van netwerken.
De keuze voor een concrete systeemontwikkeling strategie is een complexe
beslissing die niet alleen afhangt van de technologie—deze thesis toont
aan dat ook de grootte van een bedrijf, de specifieke systeemontwikkeling
activiteiten, aanwezigheid van andere bedrijven in hetzelfde marktsegment,
klantbehoeften en institutionele structuur een grote rol spelen in de keuze voor
een strategie en de timing hiervan.
Deze thesis presenteert enkele belangrijke theoretische bijdragen aan
de TIS literatuur. Op basis van deze thesis wordt aanbevolen de drie
systeemontwikkeling complexiteiten die onderdeel zijn van deze studie een
meer centrale plek te geven in TIS analyse, om zo beter te begrijpen hoe een
technologische innovatiesysteem zich ontwikkelt. Daarnaast draagt het bij
aan de literatuur van technologische innovatiesystemen door het huidige
TIS raamwerk toe te passen op de gezondheidszorg, omdat de meerderheid
van eerdere TIS analyses tot nu toe gericht was op het duurzaamheids- en
transportveld. Verder zorgt deze thesis voor meer inzicht in de manier waarop
institutionele veranderingsprocessen zich binnen een TIS ontwikkelen en toont
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het aan dat de rol van deze veranderingsprocessen benadrukt moet worden
om zo meer duidelijkheid te scheppen over de dynamiek binnen een TIS. Tot
slot bepleit deze thesis dat de complexiteit van een technologisch veld in het
algemeen—en rond radicale medische innovaties in het bijzonder—meer in
ogenschouw genomen zou moeten worden bij het bepalen van de grenzen
van een TIS, zodat relevante contextuele factoren niet over het hoofd worden
gezien.
Deze thesis onderstreept het belang van aangescherpte beleidsinstrumenten
in een aantal gebieden, waarmee technologische en wetenschappelijke
vooruitgang in medische innovatie beter worden gefaciliteerd. Een voorbeeld
van zo’n instrument is de regulering van gepersonaliseerde medicijnen en
diagnostiek als één product, duidelijk gedefinieerde regelgeving omtrent
goedkeuring en vergoedingen, beleidsinstrumenten op nationaal niveau om
iedereen gelijke toegang te verlenen tot innovatieve medische producten,
ongeacht hun locatie. Daarnaast wordt nauwere betrokkenheid van
verschillende groepen belanghebbenden aangeraden in de hele waardeketen
van innovatieve medische producten, om zo beter tegemoet te komen aan hun
eisen, behoeften en capaciteiten, wat er uiteindelijk voor zorgt dat innovatieve
medische technologieën makkelijker opgepakt worden.
Toekomstig onderzoek zou de nadruk moeten leggen op verschillende vormen
van afhankelijkheid (andere dan technologieën, actoren en systeemontwikkeling
activiteiten) en op niet-radicale (incrementele) medische technologieën
om te onderzoeken of hier dezelfde typen systeemontwikkeling activiteiten
worden toegepast. Om de bevindingen van deze thesis te generaliseren zou
toekomstig onderzoek ook kunnen focussen op de vraag of andere typen
strategieën worden ingezet door systeemontwikkelaars met verschillende
vaardigheden en hulpmiddelen in een minder sterk gereguleerde omgeving.
Specifiek, hoe ontstaat systeemontwikkeling rond innovatieve technologieën
in een omgeving zonder machtige en inventieve bedrijven die andere actoren
in systeemontwikkeling activiteiten kunnen integreren. Tot slot is kwantitatief
onderzoek nodig om de effectiviteit van de drie afhankelijkheden tussen
sectoren en in verschillende landen beter te begrijpen.

202

39585 Piret Kukk.indd 202

31-03-16 20:28

39585 Piret Kukk.indd 203

31-03-16 20:28

REFERENCES
Abelson, J., Collins, P. A., 2009. Media Hyping and the “Herceptin Access Story”: An Analysis of Canadian
and UK Newspaper Coverage. Healthcare Policy 4(3), 113-28.
Ács, Z., Autio, E., Szerb, L., 2014. National Systems of Entrepreneurship: Measurement issues and policy
implications. Research Policy, 43(3), 476-94.
AD, 2013. Kanker over 20 jaar zelden dodelijk. (Data retrieved on 17th June 2013: http://www.ad.nl/ad/
nl/4560/Gezond/article/detail/3460075/2013/06/17/Kanker-over-20-jaar-zelden-dodelijk.dhtml).
Adams, B., 2010. “Digital pharma: AZ launches its first UK iPhone app”. Pharmafile 8th December 2010.
Adner, R., 2006. Match your innovation strategy to your innovation ecosystem. Harvard Business Review
84(4), 98–107.
Adner, R., Kapoor, R., 2010. Value creation in innovation ecosystems: how the structure of technological
interdependence affects firm performance in new technology generations. Strategic Management
Journal 31(3), 306-33.
Agendia, 2013. Understanding your results. (Data retrieved on 13th May 2013: http://www.agendia.com/
healthcare-professionals/breast-cancer/test-results/).
Aldrich, H. E., Fiol, M. E., 1994. Fools Rush in? The Institutional Context of Industry Creation. The Academy
of Management Review 19(4), 645-70.
Amara, N., Landry, R., Becheikh, N., et al., 2004. Radical innovations in traditional manufacturing
industries. DRUID Conference Paper 2004.
André, F., Ciccolini, J., Spano, J-P., et al., 2013. Personalized medicine in oncology: where have we come
from and where are we going? Pharmacogenomics 14(8), 931-9.
Atun, R., 2012. Health systems, systems thinking and innovation. Health Policy and Planning 27(4), iv4-8.
Autio, E., Kenney, M., Mustar, P., et al., 2014. Entrepreneural innovation: The importance of context.
Research Policy, 43(7), 1097-108.
BarNir, A., Smith, K., A., 2002. Inter-firm Alliances in the Small Business: The Role of Social Networks.
Journal of Small Business Management 40(3), 219-32.
Bates, S., 2010. Progress towards personalized medicine. Drugs Discovery Today 15(3/4), 115-20.
Baum, J. A., Calabrese, T., Silverman, B. S., 2000. Don’t go it alone: Alliance network composition and
startups’ performance in Canadian biotechnology. Strategic Management Journal 21(3), 267–94.
Bazell, R. 1998. HER-2: The Making of Herceptin, a Revolutionary Treatment for Breast Cancer. Random
House Publishing, New York.
BBC News, 2005. “Blair gives cancer drug approval”. BBC News 3rd November 2005.
Beckert, J., 1999. Agency, entrepreneurs, and institutional change: The role of strategic choice and
institutionalized practices in organizations. Organization Studies 20(5), 777-99.
Bengtsson, M., Johansson, M., 2014. Managing coopetition to create opportunities for small firms.
International Small Business Journal 32(4), 401-27.
Bergek, A., 2002. Shaping and Exploiting Technological Opportunities: The Case of Renewable Energy
Technology in Sweden. PhD Thesis. Department of Industrial Dynamics, Chalmers University of
Technology, Göteborg.
Bergek, A., Hekkert, M., Jacobsson, S., et al., 2015. Technological innovation systems in contexts:
Conceptualizing contextual structures and interaction dynamics. Environmental Innovation and
Societal Transitions 16, 51-64.
Bergek, A., Jacobsson, S., Carlsson, B., et al., 2008. Analyzing the functional dynamics of technological
innovation systems: a scheme of analysis. Research Policy 37(3), 407–29.
Bergek, A., Jacobsson, S., Sandén, B., 2008. ‘Legitimation’ and ‘development of positive externalities’: Two
key processes in the formation phase of technological innovation systems. Technology Analysis &
Strategic Management 20(5), 575-92.
Bessant, J., 2005. Enabling Continuous and discontinuous Innovation: Learning from the Private Sector.
Public Money & Management 25(1), 35-42.
Bessant, J., Künne, C., Möslein, K., 2015. Opening up healthcare innovation. Innovation solutions for a
21st century healthcare system. Advanced Institute of Management Research.

204

39585 Piret Kukk.indd 204

31-03-16 20:28

REFERENCES

Bianchi, M., Cavaliere, A., Chiaroni, D., 2011. Organisational models for Open Innovation in the bio-pharmaceutical industry: An exploratory analysis. Technovation 31(1), 22-33.
Bijker, N., Peters, J., Duchateu, L., et al., 2001. Histological type and marker expression of the primary
tumour compared with its local recurrence after breast-conserving therapy for ductal carcinoma
in situ. British Journal of Cancer 84(4), 539-44.
Binz, C., Truffer, B., Coenen,L., 2014. Why space matters in technological innovation systems – Mapping
global knowledge dynamics of membrane bioreactor technology. Research Policy 43(1), 138-55.
Bioprocess Online, 1998. “FDA Approves DAKO Hercep Test for HER2 Overexpression”. Bioprocess Online
News 29th September 2005.
Bissonette, L., Bergeron, M. G., 2010. Diagnosing Infections – current and anticipated technologies for
point-of-care diagnostics and home based testing. Clinical Microbiology and Infection 16(8),104453.
BMBF (Bundesministerium für Bildung und Forschung) 2013. Mobile Diagnostiksysteme: Steckbriefe
der 11 Verbundprojekte der BMBF-Fördermaßnahme. (Data retrieved on 1st April 2014: www.
mtidw.de/ueberblick-bekanntmachungen/mobile-diagnostiksysteme-1)
Boon, W. P. C., 2008. Demanding Dynamics. Demand articulation of intermediary organisations in
emerging pharmaceutical innovations. PhD Thesis. Department of Innovation Studies, Utrecht
University, Utrecht.
Boon, W. P. C., Moors, E.H.M., Meijer, A.J., 2014. Exploring dynamics and strategies of niche protection.
Research Policy 43(4), 729-803.
Boon, W. P. C., van Merkerk, R. O., 2008. Prospective positioning of industrial players: the case of
theranostics. Technology Analysis & Strategic Management, 21(4), 471-89.
Borden, E.C., Raghavan, D., 2010. Personalizing medicine for cancer: the next decade. Nature Reviews
9, 343-4.
Boseley, S., 2006. “The selling of a wonder drug”. The Guardian 29th March 2006.
Bower, J. L., Christensen, C. M., 1995. Disruptive Technologies: Catching the Wave. Harvard Business
Review 73(1), 43–53.
Breakthrough Breast Cancer, 2012. Financial Support to Breakthrough Breast Cancer from the
Pharmaceutical Industry 2004-2012. Breakthrough Breast Cancer, London.
Breschi, S., Malerba, F. (1997). Sectoral innovation systems: technological regimes, Schumpeterian
dynamics, and spatial boundaries. In: Edquist, C. (Ed.), Systems of Innovation: Technologies,
Institutions and Organizations. Pinter, London/ Washington, pp. 130–56.
Brunswicker, S., Ehrenmann, F. 2013. Managing Open Innovation in SMEs: A Good Practice Example of
a German Software Firm. International Journal of Industrial Engineering and Management 4(1),
33-41.
Bundesärztekammer, 2008. Richtlinie der Bundesärztekammer zur Qualitätssicherung
laboratoriumsmedizinischer Untersuchungen. Deutsche Arzteblatt 105(7), A 341–55.
Bundesärztekammer, 2015. About the German Medical Association (Data retrieved on 1st September
2015: http://www.bundesaerztekammer.de/weitere-sprachen/english/german-medical-association/)
Burstein, H. J., 2005. The distinctive nature of HER2—positive breast cancers. The New England Journal
of Medicine 353(16), 1652–54.
BVN, 2005. Rapport onderbehandeling van borstkankerpatiënten met uitgezaaide HER2-positieve
tumoren. Report Borstkanker Vereniging Nederland.
BVN, 2007. Beschikbaarheid van trastuzumab voor borstkankerpatienten met HER2-positieve tumoren.
Report Borstkanker Vereniging Nederland.
Carlsson , B., Jacobsson, S. (1997). In search of useful public policies: key lessons and issues for policy
makers. In: Carlsson, B. (Ed.), Technological Systems and Industrial Dynamics. Kluwer Academic
Publishers, Boston, London and Dordrecht, pp. 299-315.
Carlsson, B., Jacobsson, S., Holmén, M., et al., 2002. Innovation systems: Analytical and methodological
issues. Research Policy 31(2), 233-45.
Carlsson, B., Stankiewicz, R., 1991. On the nature, function and composition of technological systems.
Evolutionary Economics 1(2), 93–118.

205

39585 Piret Kukk.indd 205

31-03-16 20:28

Carrera, P.M., 2015. Personalized Medicine: Worth Its Cost? Health Affairs, 34(1), 188.
CBS, 2014. “Statistics Netherlands: most people die of cancer and cardiovascular disease”. CBS Web
magazine 15th December 2014.
Celera, 2010. Celera Signs Agreement with Abbott for Distribution of CE-marked KIF6 Test to Identify
Patients at Risk of Coronary Heart Disease. (Data retrieved on 1st April 2015: https://www.celera.
com/celera/pr_1284760729)
Cetindamar, D., Laage-Hellmann, J. (2002). Micro-Level Analysis of Firms in the Biomedical/Biotechnology
System in Ohio and Sweden. In: Carlsson, B. (Ed.), Technological Systems in the Bio Industries.
Kluwer Academic Publishers, Boston, London and Dordrecht., pp. 81-122.
Chaminade, C., Edquist, C. (2010). Rationales for public policy intervention in the innovation process: A
systems of innovation approach. In: Kuhlman, S., Shapira, P., Smits, R. (Eds.),The Theory and practice
of innovation policy. An international research handbook. Edward Elgar Publishers, London.
Chan, C. P. Y., Mak, W, C., Cheung, K. Y., et al., 2013. Evidence-Based Point-of-Care Diagnostics: Current
Status and Emerging Technologies. Annual Review of Analytical Chemistry 6, 191-211.
Chandy, R., Tellis, G., 2000. The incumbent’s curse? Incumbency, size and radical product innovation.
Journal of Marketing 64, 1-17.
Chesbrough, H. W., 2003. Open innovation: The New Imperative for Creating and Profiting from
Technology. Harvard Business School Press, Boston, Massachusetts.
Chesbrough, H. W., 2006. Open business models - How to thrive in the new innovation landscape.
Harvard Business School Press, Boston, Massachusetts.
Christensen, C. M., 2000. The Innovator’s Dilemma. Harper Business, New York.
Clarke, B., 2007. The Fight of my Life. Hodder & Stoughton, London.
Collins, F. S., Varmus, H., 2015. A new initiative on precision medicine. New England Journal of Medicine
372(9), 793-5.
Comis, R., 2005. The Current Situation: Erlotinib (Tarceva®) and Gefitinib (Iressa®) in Non-Small Cell Lung
Cancer. The Oncologist 10(7), 467-70.
Consoli, D., Mina, A., 2009. An evolutionary perspective on health innovation systems. Journal of
Evolutionary Economics 19(2), 297-319.
Conti, R., Veenstra, D. L., Amstrong, K., et al., 2010. Personalized Medicine and Genomics: Challenges
and Opportunities in Assessing Effectiveness, Cost-Effectiveness, and Future Research Priorities.
Medical Decision Making 3, 328-40.
Cooke, P., Gomez Uranga, M., Etxebarria, G., 1997. Regional innovation systems: Institutional and
organisational dimensions. Research Policy 26(4/5), 475-91.
CPCT, 2013. Onze Organisatie. (Data retrieved on 3rd July 2013: http://www.cpct.nl/nl/over-cpct/onzeorganisatie.aspx).
CTMM, 2013. About CTMM. (Data retrieved on 2nd July 2013: http://www.ctmm.nl/en/over-ctmm).
CWTS., 2010. Bibliometric Study on Dutch Academic Medical Centers 1998-2009. Leiden: Center for
Science & Technology Studies.
De Bono, J. S., Ashworth, A., 2010. Translating cancer research into targeted therapeutics. Nature
467(7315), 543-49.
Dedehayir, O, Mäkinen, J. S., 2008. Dynamics of Reverse salience as Technological Performance Gap: An
Empirical Study of the Personal Computer Technology System. Journal of Technology Management
& Innovation 3(3), 55-66.
Dewald, U., Truffer, B., 2011. Market Formation in Technological Innovation Systems—Diffusion of
Photovoltaic Applications in Germany. Industry and Innovation 18(3), 285-300.
Dewald, U., Truffer, B., 2012. The Local Sources of Market Formation: Explaining Regional Growth
Differentials in German Photovoltaic Markets. European Planning Studies 20(3), 397-419.
Dhawan, A. P., Heetderks, W.J., Pavel, M., 2015. Current and Future Challenges in Point-of-Care
Technologies: A Paradigm-Shift in Affordable Global Healthcare with Personalized and Preventive
Medicine. IEEE Journal of Translational Engineering in Health and Medicine 3, 1-10.
DiMaggio, P. (1988). Interest and Agency in Institutional Theory. In: Zucker, L. (Ed.), Institutional Patterns
and Organizations. Ballinger Publishing Company, Cambridge, Massachusetts, pp. 3–21.

206

39585 Piret Kukk.indd 206

31-03-16 20:28

REFERENCES

DiMasi, J. A., Feldman, L., Seckler, A., et al., 2010. Trends in risks associated with new drug development:
success rates for investigational drugs. Clinical Pharmacology & Therapeutics 87(3), 272-7.
DiMasi, J. A., Grabowski, H. G., Hansen, R. W., 2015. The Cost of Drug Development. New England Journal
of Medicine 372(20), 1972.
Dodgson, M., Mathews, J., Kastelle, T., et al., 2008. The evolving nature of Taiwan’s national innovation
system: the case of biotechnology innovation networks. Research Policy 37(3), 430-45.
Dolfsma, W., Verburg, R., 2005. Bridging Structure and Agency: Processes of Institutional Change.
Erasmus Research Institute of Management, Rotterdam.
Dowsett, M., Hanby, A. M., Laing, R., et al., 2007. HER2 testing in the UK: consensus from a national
consultation. Journal of Clinical Pathology 60(6), 685–89.
Drummond, M., Towse, A., 2014. Orphan drugs policies: a suitable case for treatment. The European
Journal of Health Economics 15(4), 335-40.
Duffy, J., Crown, J., 2008. A personalized approach to cancer treatment: How biomarkers can help.
Clinical Chemistry 54(11), 1770-9.
Durst, S., Poutanen, P., 2013. Success factors of innovation ecosystems – initial insights from a literature
review. Co-Create Conference 2013, Helsinki.
Durst, S., Ståhle, P., 2013. Success Factors of Open Innovation – A Literature Review. International Journal
of Business Research and Management 4(4), 75-137.
Dyer C., 2006. Trastuzumab wins backing of European drug regulator. British Medical Journal
332(7549),1050.
EC, 2013. Horizon 2020 – The Framework Programme for Research and Innovation. Publications Office
of the European Union, Luxembourg.
Editorial, 2005. Herceptin and early breast cancer: a moment of caution. The Lancet 366(9498), 1673.
Edquist, C. (1997). Systems of Innovation Approaches – Their Emergence and Characteristics. In: Edquist,
C. (Ed.), Systems of Innovation - Technologies, Institutions and Organizations. Pinter Publishers/
Cassell Academic, London., pp. 35.
Edquist, C., 2004. Reflections on the systems of innovation approach. Science and Public Policy 31(6),
485-89.
Edquist, C. (2005). Systems of Innovation: perspectives and challenges. In: Fagerberg, J., Mowery, D. C.,
Nelson, R. R. (Eds.), The Oxford Handbook of Innovation. Oxford University Press, New York., pp.181208.
Ehrmeyer, S. S., Laessig, R. H., 2007. Point-of-care testing, medical error, and patient safety: a 2007
assessment. Clinical Chemistry and Laboratory Medicine 45(6), 766-73.
Eisenhardt, K. M., 1989. Building theories from case study research. Academy of Management Review
14(4), 532–50.
Ellis, I. O., Dowsett, M., Bartlett, J., et al., 2000. Recommendations for HER2 testing in the UK. Journal
Clinical Pathology 53(12), 890-92.
EMA, 2006. European Medicines Agency: Committee for Medicinal Products for Human Use 24-27 April
2006. Press Release 28th April 2006.
EMA, 2011. Herceptin. EPAR summary for the public. European Medicines Agency, EMA/981900/2011.
Enzing, C., van den Akker-van Marle, E., Detmar, S., et al., 2006. Case studies and cost-benefit analysis
of HER2 and TPMT in four EU member states. Part 2 of an ESTO study on pharmacogenetics and
pharmacogenomics: State of the Art and social and economic impacts. Technical Report EUR
22214. European Commission, Luxembourg.
Eriksson, N., Ujvari, S., 2015. Fiery Spirits in the context of institutional entrepreneurship in Swedish
healthcare. Journal of Health Organization and Management, 29(4), 515–31.
Eurolyser, 2007. Eurolyser Diagnostica and Sysmex Europe sign cooperation contract. Press release 14th
September 2007.
Farla, J., Markard, J., Raven, R., et al., 2012. Sustainability transitions in the making: a closer look at actors,
strategies and resources. Technological Forecasting and Social Change 79(6), 991-98.
Fireman, B., Gamson, W. (1979) Utilitarian Logic in the Resource Mobilization Perspective.In: Zald, M. N.,
McCarthy, J. D. (Eds.), The Dynamics of Social Movements. Winthrop Press, Cambridge, pp. 8-44.

207

39585 Piret Kukk.indd 207

31-03-16 20:28

Fligstein, N., 1996. Markets as Politics: A Political-Cultural Approach to Market Institutions. American
Sociological Review 61(4), 656-73.
Fligstein, N., 1997. Social skill and institutional theory. American Behavioral Scientist 40(4), 397-405.
Fouquet, R., 2010. The slow search for solutions: Lessons from historical energy transitions by sector and
service. Energy Policy 38(11), 6586-96.
Freeman, C., 1987. Technology policy and economic performance: Lessons from Japan. Pinter Publishers,
London.
Freeman, C., 1994. Critical Survey: the Economics of Technical Change. Cambridge Journal of Economics
18(5), 463-514.
Freeman, C., Perez, C. (1988). Structural crisis of adjustment, business cycles and investment behaviour.
In: Dosi, G., Freeman, C., Nelson, R., et al. (Eds.), Technical Change and Economic Theory. Frances
Pinter, London, pp. 38-66.
Freeman, C., Soete, L., 1997. The Economics of Industrial Innovation (3rd ed.). Printer Press, London.
Fridlyand, J., Simon, R. M., Walrath, J. C., et al., 2013. Considerations for the successful co-development of
targeted cancer therapies and companion diagnostics. Nature Reviews Drug Discovery 12, 743-55.
Fries, D., Streif, W., 2015. Point-of-care testing in critically ill patients. Seminars in Thrombosis and
Hemostasis 41(1), 75-83.
Frost & Sullivan, 2010. European Point of Care Testing Market. M59F-55.
Frost & Sullivan, 2011. European Cancer Market Outlook. M62A-01.
Frost & Sullivan, 2013. Global Point-of-Care Testing (POCT) Market. M8FD-52.
Galbraith, S., 2013. AstraZeneca: advancing the science and medicine of treating cancer. Cancer Control,
34-35.
Garud, R., 1994. Cooperative and competitive behaviours during the process of creative destruction.
Research Policy 23(4), 385-94.
Garud, R, Hardy, C., Maguire, S. 2007. Institutional Entrepreneurship as Embedded Agency: An
Introduction to the Special Issue. Organization Studies 28(7), 957-69.
Garud, R., Karnøe, P. (2001). Path creation as a process of mindful deviation. In: Garud, R., Karnøe, P. (Eds.),
Path dependence and creation. Mahwah: Lawrence Erlbaum Associates., pp.1-41.
Garud, R., Karnøe, P., 2003. Bricolage versus breakthrough: distributed and embedded agency in
technology entrepreneurship. Research Policy 32(2), 277-300.
Gassmann, O., 2006. Opening up the innovation process: towards an agenda. R&D Management 36(3),
223–8.
Geels, F. W., 2002. Technological transitions as evolutionary reconfiguration processes: a multi-level
perspective and case-study. Research Policy 31(8/9),1257-74.
Geels, F. W., 2004. From sectoral systems of innovation to socio-technical systems. Insights about
dynamics and change from sociology and institutional theory. Research Policy 33(6/7), 897-920.
Geels, F., Elzen, B., Green, K. (2004). General introduction: system innovation and transitions to
sustainability. In: Elzen, B., Geels, F., Green, K. (Eds.), System innovation and the transition to
sustainability: theory, evidence and policy. Edward Elgar, Cheltenham, pp. 1-18.
Genentech, 1998. Genentech and Dako announce collaboration on HER2 diagnostic kit in breast cancer.
Press Release 2nd March 1998.
GenNews, 2009. “DxS to provide a companion diagnostic for AstraZeneca’s NSCLC drug”. Genetic
Engineering & Biotechnology News 31st July 2009.
Gnyawali, D. R., Park, R., 2009. Co-opetition and Technological Innovation in Small and Medium-Sized
Enterprises: A Multilevel Conceptual Model. Journal of Small Business Management 47(3), 308-30.
Gnyawali, D. R., Park, R., 2011. Co-opetition between giants: Collaboration with competitors for
technological innovation. Research Policy 40(5), 650-63.
Goldenberg, S. D., Bisnauthsing, K. N., Patel, A. et al., 2014. Point-of Care Testing for Clostridium Difficile
Infection: A Real-World Feasibility Study of a Rapid Molecular Test in Two Hospital Setting.
Infectious Diseases Therapy 3(2), 295-306.

208

39585 Piret Kukk.indd 208

31-03-16 20:28

REFERENCES

Gonzalez-Angulo, A., Hennessy, B., Mills, G., 2010. Future of personalized medicine in oncology: A systems biology approach. Journal of Clinical Oncology 28, 2777-83.
Grabher, G., Ibert, O., Flohr, S., 2008. The neglected king: The customer in the new knowledge ecology of
innovation. Economic Geography 84(3), 253-80.
Greenwood, R., Suddaby, R., 2006. Institutional entrepreneurship in mature fields: The big five accounting
firms. Academy of Management Journal 49(1), 27–48.
Greenwood, R., Suddaby, R., Hinings, C. R., 2002. Theorizing change: The role of professional associations
in the transformation of institutionalized fields. Academy of Management Journal 45(1), 58-80.
Greshock, J., Bachman, K. E., Degenhardt, Y. Y., et al., 2010. Molecular target class is predictive of in vitro
response profile. Cancer Research 70(9), 3677-86.
Grit, K., Dolfsma, W., 2002. The dynamics of the Dutch Health Care System – A discourse analysis. Review
of Social Economy 60(3), 377-401.
Groves, E., Hill, J., Ung, C., 2011. From Biomarkers to Diagnostics - The Road to Diagnostics - The Road to
Success: Quintiles.
Gulati, R., Sytch, M., 2007. Dependence asymmetry and joint dependence in interorganizational
relationships. Administrative Science Quarterly 52(1), 32–69.
Haber, D., Gray, N. S., Baselaga, J., 2011. The evolving war on cancer. Cell 145, 19-24.
Hallam, K., 2012. “Roche wins U.K. NICE backing for Tarceva in advanced lung cancer”. BusinessWeek 9th
May 2012.
Hara, T., 2003. Innovation in the pharmaceutical industry. The process of drug discovery and
development. Edward Elgar, Cheltenham.
Hardy, C., Phillips, N., 1998. Strategies of engagement: Lessons from the critical examination of
collaboration and conflict in an interorganizational domain. Organizational Science 9, 217-30.
Hargrave, T. J., Van De Ven, A. H., 2006. A Collective Action Model of institutional Innovation. The
Academy of Management Review 31(4), 864-88.
Heckathorn, D. D., 1996. The Dynamics and Dilemmas of Collective Action. American Sociological
Review 61, 250-77.
Hedgecoe, A. M., 2004. The Politics of Personalised Medicine – Pharmacogenetics in the Clinic.
Cambridge University Press, Cambridge.
Hekkert, M. P., Negro, S. O., 2009. Functions of innovation systems as a framework to understand
sustainable technological change: Empirical evidence for earlier claims. Technological Forecasting
and Social Change 76(4), 584–94.
Hekkert, M. P., Suurs, R. A. A., Negro, S. O, et al., 2007. Functions of innovation systems: a new approach
for analysing technological change. Technological Forecasting and Social Change 74(4), 413–32.
Hellsmark, H., 2010. Unfolding of the formative phase of gasified biomass in the European Union: The
role of system builders in releasing the potential of second-generation transportation fuels from
biomass. PhD Thesis. Department of Energy and Environment, Chalmers University of Technology,
Göteborg.
Hellsmark, H., Jacobsson, S., 2009. Opportunities for and limits to Academics System builders‐
The case of realizing the potential of gasified biomass in Austria. Energy Policy 37(12), 5597‐611.
Henderson, R., Clark, K., 1990. Architectural innovation: The reconfiguration of existing product
technologies and the failure of established firms. Administrative Science Quarterly 35, 9-30.
Herper, M., 2009. “AstraZeneca’s ‘miracle pill’ returns”. Forbes 19th May 2009.
Hewitt, P., 2005. “Speech given at the Breakthrough Breast Cancer Fly-in”. 25th October 2005.
Hill, R. G., Rang, H. P., 2013. Drug Discovery & Development–Technology in transition. Churchill
Livingstone, Elsevier, Edinburgh.
Holmlund, M., Kock, S., 1996. Customer dominated relationships in a supply chain: A case study of four
small-sized suppliers. International Small Business Journal 33(1), 26–41.
Holmström Olsson, H., Bosch, J., 2014. Strategic Ecosystem Management: A multi-case study on
challenges and strategies for different ecosystem types. 41st Euromicro Conference on Software
Engineering and Advanced Applications.

209

39585 Piret Kukk.indd 209

31-03-16 20:28

House of Commons, 2005. Tackling cancer in England: saving more lives. Second Report of Session
2004-2005. The Stationery Office Limited HC 166, London.
Hughes, T. P., 1979. The Electrification of America: The System Builders. Technology and Culture 20(1),
124-61.
Hughes, T. P., (1987). The Evolution of Large Technological Systems. In: Bijker, W., Hughes, T. P., Pinch, T.
(Eds.), The Social Construction of Technological Systems. MIT Press, Cambridge, Mass., pp. 51-82.
Islas, J., 1997. Getting round the lock-in in electricity generating systems: the example of the gas turbine.
Research Policy 26(1), 49-66.
Ito, R., Demers, L., 2004. Pharmacogenomics and pharmacogenetics: future role of molecular diagnostics
in the clinical diagnostic laboratory. Clinical chemistry 50(9), 1526-7.
Jacobsson, S., 2008. The emergence and troubled growth of a ‘biopower’ innovation system in Sweden.
Energy Policy 36 (4), 1491-1508.
Jacobsson, S., Bergek, A., 2004. Transforming the energy sector: the evolution of technological systems
in renewable energy technology. Industrial and Corporate Change 13(5), 815–49.
Jacobsson, S., Bergek, A., 2011. Innovation system analyses and sustainability transitions: contributions
and suggestions for research. Environmental Innovation and Societal Transitions 1(1), 41–57.
Jacobsson, S., Johnson, A., 2000. The diffusion of renewable energy technology: an analytical framework
and key issues for research. Energy Policy 28(9), 625-40.
Jameson, J. L., Longo, D. L., 2015. Precision Medicine – Personalized, Problematic and Promising. The
New England Journal of Medicine 372(23), 2229-34.
Jani, I. V., Peter, F. T., 2013. How Point-of Care Testing Could Drive Innovation in Global Health. The New
England Journal of Medicine 368(24), 2319-24.
Janssen, M., Moors, E. H. M., 2013. Caring for healthcare entrepreneurs – Towards successful
entrepreneurial strategies for sustainable innovations in Dutch healthcare. Technological
Forecasting and Social Change 80(7), 1360–74.
John, St. A., Price, P. C., 2014. Existing and Emerging Technologies for Point-of Care Testing. Clinical
Biochemistry Review 35(3), 155-67.
Johnson, A., 1998. Functions in Innovation system approaches. Electronic paper at the Nelson & Winter
Conference, Aalborg, DK.
Jolly, S., Raven, R. P. J. M., 2015. Collective institutional entrepreneurship and contestations in wind
energy in India. Renewable and Sustainable Energy Reviews 42, 999-1011.
Jongeneelen, M., 2012. Implementing personalized medicine for cancer: Identifying the challenges
in the innovation system in the Netherlands. Honours Thesis. Innovation Studies Group, Utrecht
University, Utrecht.
Junker, R., Schlebusch, H., Luppa, B. P., 2010. Point-of-Care Testing in Hospitals and Primary Care.
Deutsches Ärzteblatt International 107(33), 561-7.
Kaitin, K. I., 2010. Deconstructing the drug development process : the new face of innovation. Clinical
Pharmacology and Therapeutics 87(3), 356-61.
Kalia, M., 2015. Biomarkers for personalized oncology: recent advances and future challenges.
Metabolism Clinical and Experimental 64(3), 16-21.
Kanter, J., 2005. “Roche step is positive signal on Herceptin”. New York Times 9th December 2005.
Kelly, A., 2006. “Feature: Big Bucks from Big Pharma”. Third Sector 20th September 2006.
Kent, A., 2000. Not another magic bullet. British Medical Journal 321(7261), 644.
Kloet, R. R., Hessels, L. K., Zweekhorst, M. B. M., 2012. Understanding Constraints in the Dynamics of a
Research Programme Intended as a Niche Innovation. Science and Public Policy 40, 206-18.
Konrad, K., Markard, J., Ruef, A., et al., 2012. Strategic Responses to Fuel Cell Hype & Disappointment.
Technological Forecasting and Social Change 79(6),1084–98.
Kooijman, M., 2013. Why Animal Studies are still being used in drug development. An innovation system
perspective. PhD Thesis. Innovation Studies Group, Utrecht University, Utrecht.
Kossyva, D., Sarri, K., Georgopoulos, N., 2014. Co-opetition: A Business Strategy for SMEs in Times of
Economic Crisis. South-Eastern Europe Journal of Economics 1, 89-106.

210

39585 Piret Kukk.indd 210

31-03-16 20:28

REFERENCES

Kroese, M., Zimmern, R. L., Pinder, S. E., 2007. HER2 status in breast cancer – an example of pharmacogenetic testing. Journal of the Royal Society of Medicine 100(7), 326–29.
Kukk, P., Moors, E. H. M., Hekkert, M. P., 2013. Speeding up the Development and Implementation
of Personalized Cancer Therapeutics – the case of Herceptin® in England. 2013 EU-SPRI Forum
Conference Management of Innovation Policies. Oral presentation.
Kukk, P., Moors, E. H. M., Hekkert, M. P., 2015. The Complexities in System Building Strategies - the Case
of Personalized Medicine Cancer Drugs in England. Technological Forecasting and Social Change
98, 47-59.
Kukk, P., Moors, E. H. M., Hekkert, M. P., 2016. Institutional power play – the case of Herceptin®. Research
Policy (http://dx.doi.org/10.1016/j.respol.2016.01.016).
KWF, 2011. Kanker in Nederland tot 2020: Trends en prognoses. KWF kankerbestijding. (Data retrieved
on 5th October 2012: http://overons.kwfkankerbestrijding.nl/signaleringscommissie-kanker
%28sck%29/Pages/kanker-in-nederland-tot-2020-sck.aspx).
KWF, 2014. Jaarverslag 2014. (Data retrieved on 10th January 2016: http://www.kwf.nl).
Lander, B., 2016. Boundary-spanning in academic healthcare organisations. Research Policy, Article in
Press http://dx.doi.org/10.1016/j.respol.2016.01.006.
Larsson, A., Greig-Pylypczuk, R., Huisman, A., 2015. The state of point-of-care testing: a European
perspective. Upsala Journal of Medical Science 120, 1-10.
Lawrence, T. B., 1999. Institutional strategy. Journal of Management 25(2), 161-87.
Lawrence,T., Suddaby, R. (2006). Institutions and institutional work. In: Clegg, S. R., Hardy, C., Lawrence,
T. B., et al. (Eds.), The Sage Handbook of Organization Studies (2nd ed.). Sage Publications, London,
pp. 215-254.
Lawrence, T. B, Suddaby, R., Leca, B., 2011. Institutional Work: Refocusing Institutional Studies of
Organization. Journal of Management Inquiry 20(1), 52-8.
Leca, B., Battilana, J., Boxenbaum, E., 2008. Agency and Institutions: A Review of Institutional
Entrepreneurship. Harvard Business School Press, Boston, Massachusetts.
Lee, S., Park, G., Yoon, B., et al., 2010. Open innovation in SMEs-An intermediated network model.
Research Policy 39(2), 290-300.
Lepper, J., 2001. “Pharmaceutical giant Roche has appointed Ketchum PR to handle the global brief for
its HIV products”. PR Week 23rd February 2001.
Lichtenthaler, U., 2010. Open Innovation: Past Research, Current Debates, and Future Directions, The
Academy of Management Perspectives 25(1), 75-93.
Lieberman, M. B., Montgomery, D. B., 1988. First-mover advantages. Strategic Management Journal 9,
41-58.
Lindlof, T. R., Taylor, B. C., 2002. Qualitative communication research methods (2nd ed.). Sage Publications,
Thousand Oaks, CA.
Lundvall, B-Å. (Ed), 1992. National Systems of Innovation: Towards a Theory of Innovation and Interactive
Learning. Pinter Publishers, London.
Luppa, P. B., Gässler, N., Haeckel. R., et al., 2005. Stellungnahme der Arbeitsgemeinschaft „Point-of-care
Testing“ der DGKL zum Thema Vernetzung von POCT-Geräten im Krankenhaus mit Zentrallabor.
Journal Laboratory Medicine 29(4), 241–5.
Luppa, P. B., Müller, C., Schlichtiger, et al., 2011. Point-of-care testing (POCT): Current techniques and
future perspectives. Trends in Analytical Chemistry 30(6), 887-98.
Maguire, S., Hardy, C., Lawrence, T. B., 2004. Institutional entrepreneurship in emerging fields: HIV/AIDS
treatment advocacy in Canada. Academy of Management Journal 47(5), 657-79.
Mantovani, A., Ruiz-Aliseda, F., 2016. Equilibrium Innovation Ecosystems: The Dark Side of Collaborating
with Complementors. Management Science 62(2), 534-49.
Markard, J., Hekkert, M. P., Jacobsson, S., 2015. The technological innovation systems framework:
Response to six criticisms. Environmental Innovation and Societal Transitions 16, 76-86.
Markard, J., Raven, R., Truffer, B., 2012. Sustainability transitions: an emerging field of research and its
prospects. Research Policy 41(6), 955-67.

211

39585 Piret Kukk.indd 211

31-03-16 20:28

Markard, J., Truffer, B., 2008a. Actor-oriented analysis of innovation systems: exploring micro-meso level
linkages in the case of stationary fuel cells. Technology Analysis & Strategic Management 20(4),
443–64.
Markard, J., Truffer, B., 2008b. Technological innovation systems and the multi-level perspective: Towards
an integrated framework. Research Policy 37(4), 596–615.
Marsh, B., 2001. “Women lose out in breast cancer “lottery””. Daily Mail 24th July 2001.
Marwell, G., Oliver, P., 1993. The Critical Mass in Collective Action: A Micro-Social Theory. Cambridege:
Vambridge University Press.
Mayor, S., 2005. Primary care trust reverses decision not to fund trastuzumab. British Medical Journal
331(7526),1162.
Mayor, S., 2005a. Primary care trust reverses decision not to fund trastuzumab. British Medical Journal
331(7526), 1162.
Mayor, S., 2005b. NICE to issue faster guidance on use of drugs by NHS. British Medical Journal 331(7525),
1101.
McClellan, K. A., Avard, D., Simard, J., et al., 2013. Personalized medicine and access to health care:
Potential for inequitable access? European Journal of Human Genetics 21(2), 143-7.
McCutchen, W. W., Swamidass, P. M., 2004. Motivations for strategic alliances in the pharmaceutical/
biotech industry: Some new findings. Journal of High Technology Management Research 15(2),
197–214.
McDermott, C. M., O’Connor, G. C., 2002. Managing radical innovations: an overview of emergent
strategy issues. The Journal of Product Innovation Management 19(6), 424-38.
McKee, S., 2007. “Roche welcomes NICE reassessment of Tarceva”. PharmaTimes 2nd October 2007.
Meadows, N. A., Morrison, A., Brindley, D. A., et al., 2015. An evaluation of regulatory and commercial
barriers to stratified medicine development and adoption. The Pharmacogenomics Journal 15(1),
6-12.
Ménard, S., Fortis, S., Castiglioni, F., et al., 2001. HER2 as a prognostic factor in breast cancer. Oncology
61(2), 67-72.
Mercan, B., Göktaş, D., 2011. Components of innovation ecosystems: a cross-country study. International
Research Journal of Finance and Economics 76, 102–12.
Metcalfe, J. S., James, A., Mina, A., 2005. Emergent innovation systems and the delivery of clinical
services: The case of intra-ocular lenses. Research Policy 34(9), 1283-1304.
Michelino, F., Lamberti, E., Cammarano, A., 2015. Measuring Open Innovation in the Bio-Pharmaceutical
Industry. Creativity and Innovation Management 25(1), 4-28.
Miles, D., Wroath, A., 2001. UK Expanded Access Programme (EAP): Herceptin (trastuzumab) treatment
for women with HER2 positive Metastatic Breast Cancer (MBC). 7th Nottingham International Breast
Cancer Conference. Abstracts. European Journal of Cancer 37(5), 3.
Miller, I., Ashton-Chess, J., Spolders, H., et al., 2011. Market access challenges in the EU for high medical
value diagnostic tests. Personalized Medicine 8(2), 137-48.
Miller, F. A., French, M., 2016. Organizing the entrepreneurial hospital: Hybridizing the logics of healthcare
and innovation. Research Policy, Article in Press http://dx.doi.org/10.1016/j.respol.2016.01.009
Mittra, J., 2016. The New Health Bioeconomy. R&D Policy and Innovation for the Twenty-First Century.
Basingstoke: Palgrave Macmillan US.
Mittra, J., Tait, J., 2012. Analysing stratified medicine business models and value systems: Innovationregulation interactions. New Biotechnology 29(6), 709-19.
Montgomery, A. W., Dacin, P. A., Dacin, M. T., 2012. Collective Social Entrepreneurship: Collaboratively
Shaping Social Good. Journal of Business Ethics 111(3), 375-88.
Moore, C., 2013. Point-of-care tests for infection control: should rapid testing be in the laboratory or at
the front line? Journal of Hospital Infection 85(1), 1-7.
Moore, J. F., 1993. Predators and prey: a new ecology of competition. Harvard Business Review 71(3),
75-86.
Moore, J. F., 1996. The death of competition: leadership and strategy in the age of business ecosystems.
Harper Business, New York.

212

39585 Piret Kukk.indd 212

31-03-16 20:28

REFERENCES

Moors, E. H. M., Cohen, A., Schellekens, H., 2014. Towards a system of sustainable drug development.
Drug Discovery Today 19(11), 1711-20.
Morlacchi, P., Nelson, R. P., 2011. How medical practice evolves: Learning to treat failing hearts with an
implantable device. Research Policy 40(4), 511-25.
Munos, B., 2009. Lessons from 60 years of pharmaceutical innovation. Nature Reviews 8, 959-68.
Musiolik, J., 2012. Innovation system-building: on the role of actors, networks and resources. The case of
stationary fuel cells in Germany. PhD Thesis. Innovation Studies Group, Utrecht University, Utrecht.
Musiolik, J., Markard, J., 2011. Creating and shaping innovation systems: Formal networks in the
innovation system for stationary fuel cells in Germany. Energy Policy 39(4), 1909-22.
Musiolik, J., Markard, J., Hekkert, M. P., 2012. Networks and network resources in technological innovation
systems: Towards a conceptual framework for system building. Technological Forecasting and
Social Change 79(6), 1032–48.
Nanotechnology Marketing and News, 2015. Cancer Genomics Centre. ((Data retrieved on 5th December
2015: http://www.nanotechnology.org.il/index.php?ln=en&action=catalogue&cid=25&pr=1401).
Naubahar, S., 2006. Emergence and development of the National Innovation Systems concept. Research
Policy 35(5), 745-66.
Naylor, S., Cole, T., 2010. Overview of companion diagnostics in the pharmaceutical industry. Drug
Discovery World, 200, 67-79.
Negro, S. O., 2007. Dynamics of Technological Innovation Systems. The Case of Biomass Energy. PhD
Thesis. Innovation Studies Group, Utrecht University, Utrecht, The Netherlands.
Negro, S.O., Hekkert, M. P., Smits, R. E. H. M., 2007. Explaining the failure of the Dutch innovation system
for biomass digestion - A functional analysis. Energy Policy 35(2), 925-38.
Negro, S. O., Suurs, R. A. A., Hekkert, M. P., 2008. The bumpy road of biomass gasification in the
Netherlands: Explaining the rise and fall of an emerging innovation system. Technological
Forecasting and Social Change 75(1), 57–77.
Nelson, R. R., Buterbaugh, K., Perl, M., et al., 2011. How medical know-how progresses. Research Policy
40(10), 1339-44.
Nelson, R., Winter, S., 1982. An Evolutionary Theory of Economic Change. Cambridge: Belknap Press.
Netzer,T., 2006. European Union centralised procedure for marketing authorisation of oncology drugs:
An in-depth review of its efficiency. European Journal of Cancer 42(4), 446-55.
NICE, 2002. Guidance on the use of trastuzumab for the treatment of advanced breast cancer. NICE
technology appraisal guidance 34. NICE, London.
NICE, 2005a. NICE plans faster drugs guidance for the NHS. Press Release 23rd September 2005.
NICE, 2005b. NICE to issue faster drugs guidance for the NHS. Press Release 3rd November 2005.
NICE, 2006. NICE issues draft guidance on trastuzumab (Herceptin) for early breast cancer. Press Release
9th June 2006.
NICE, 2008. Erlotinib for the treatment of non-small-cell lung cancer. NICE technology appraisal
guidance 162. NICE, London.
NICE , 2010. Gefinitib for the first-line treatment of locally advanced or metastatic non-small-cell lung
cancer. NICE technology appraisal guidance 192. NICE, London.
NICE, 2012. Erlotinib for the first-line treatment of locally advanced or metastatic EGFR-TK mutationpositive non-smallcell lung cancer. NICE technology appraisal guidance 258. NICE, London.
Nicholson, A., 2013. “Era of molecular targeted therapy for lung cancer: the role of pathology”.
Presentation. Expert Practice in Lung Cancermeeting Barcelona 6th April 2013.
North, D.C., 1990. Institutions, institutional Change and Economic Performance. New York: Cambridge
University Press.
North, D. C., 1994. Economic performance through time. American Economic Review 84(3), 359-68.
Novick, G., 2008. Is there a Bias Against Telephone Interviews In Qualitative Research? Research in
Nursing & Health 31(4), 391-98.
O’Connor, G. C., Veryzer, R. W., 2001. The Nature of Market Visioning for Technology-Based Radical
Innovation. The Journal of Product Innovation Management 18, 231-46.

213

39585 Piret Kukk.indd 213

31-03-16 20:28

OECD, 2010. The OECD innovation strategy: Getting a head start on tomorrow. Organisation for Economic Co-operation and Development, Paris.
Olleros, F-J., 1986. Emerging industries and the burnout of pioneers. Journal of Product Innovation
Management 3(1), 5-18.
Olsen, D., Jorgensen, J. T., 2014. Companion diagnostics for targeted cancer drugs - clinical and
regulatory aspects. Frontiers in Oncology 4, 1-8.
Olson, M., Jr., 1965. The Logic of Collective Action, Cambridge, MA: Harvard University Press.
Opdenakker, R., 2006. Advantages and Disadvantages of Four Interview Techniques in Qualitative
Research. Forum: Qualitative Social Research 7(4), Art.11.
OPSI, 1999. The National Institute for Clinical Excellence (Establishment and Constitution) Order 1999.
Press Release 2nd February 1999.
Palamountain, K. M., Baker, J., Cowan, E.P, et. al., 2012. Perspectives on Introduction and Implementation
of New Point-of-Care Diagnostic Tests. The Journal of Infectious Diseases 205(2), 181-90.
Pammolli, F., Magazzini, L., Riccaboni, M., 2011. The productivity crisis in pharmaceutical R&D. Nature
Reviews Drug Discovery 10, 428-38.
Papazisis, K. T., Habeshaw, T., Miles, D. W., et al., 2004. Safety and efficacy of the combination of
trastuzumab with docetaxel for HER2-positive women with advanced breast cancer. A review of
the existing clinical trials and results of the expanded access programme in the UK. International
Journal of Clinical Practice 58(6), 581-86.
Paul, J. E., Trueman, P., 2001, ‘Fourth hurdle reviews’, NICE, and database applications.
Pharmacoepidemiology and Drug Safety 10(5), 429-38.
Pender, A., Alers, J., Vissers, K., et al., 2001. Evaluation of oncogene amplification in intact and truncated
cell nuclei of gastro-esophageal cancer cell lines by DNA in situ hybridization. Acta Histochemica
103, 127-38.
Perkmann, M., Spicer, A., 2007. ‘Healing the Scars of History’: Projects, Skills and Field Strategies in
Institutional Entrepreneurship. Organization Studies 27(7), 1101–22.
Peters, S., Adjei, A. A., Gridelli, C., et al., 2012. Metastatic non-small-cell lung cancer (NSCLC): ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-up. Annals of Oncology 23(7), vii56–vii64.
Pharmaceutical Business Review, 2009. Axis-Shield buys point-of-care distribution business in Germany.
(Data retrieved on 3rd April 2014: http://www.pharmaceutical-business-review.com/news/
a24a7axisshield_buys_pointofcare_distribution_business_in_ge)
Pharmaceutical Field, 2008. “Putting patients first”. Pharmaceutical Field UK June 2008.
Piccart-Gebhart, M. J., Procter, M., Leyland-Jones, B., et al., 2005. Trastuzumab after adjuvant
chemotherapy in HER2-positive breast cancer. The New England Journal of Medicine 353(16),
1659–72.
Pisano, G., 2006. Science business: the promise, the reality and future of biotech. Harvard Business
School Press, Cambridge, Mass.
Planko, J., Cramer, J. M., Chappin, M. M. H., et al., 2014. Strategic collective system building by firms who
launch sustainability innovations. Innovation Studies Utrecht Working Paper Series # 14.04
PMlive, 2011. “Healthcare collaboration award”. PMLive 2011.
Poole, M. S., van de Ven, A. H., Dooley, K., et al., 2000. Organizational Change and Innovation Processes:
Theory and methods for research. Oxford University Press, New York.
Porter, M. E., Lee, T. H., 2013. The Strategy That Will Fiy Health Care. Harvard Business Review 91, 50-70.
POST, 2012. “Personalised Cancer Treatments”. The Parliamentary Office of Science and Technology,
London. March 2012, nr 406.
Powell, W. W. (1990). Neither market nor hierarchy: Network forms of organization, In: Cummings, L. L.,
Staw, B. M. (Eds.), Research in organizational behaviour Greenwich, CT: JAI Press, pp. 295-336.
PR Newswire, 2013. “Abaxis and LamdaGen Corporation Enter Into R&D diagnostic Collaboration”. PR
Newswire 25 October 2013.
Rau, L. 2014. Treiber und Hemmnisse im Innovationssystem „Mobile Diagnostik“ in Deutschland. MSc
Thesis. Fakultät für Wirtschaftswissenschaften, Karlsruhe Institute of Technology, Karlsruhe.

214

39585 Piret Kukk.indd 214

31-03-16 20:28

REFERENCES

Regenold, G., 2011. Companion diagnostics – current regulatory status in Europe. European Biotechnology News 01 October 2011.
Regiegroep Life Sciences & Health, 2012. Innovation contract 2012 from the topsector Life Sciences
& Health. (Data retrieved on 20th June 2013: http://www.health-holland.com/public/downloads/
useful-documents/innovation_contract_lsh_march_2012_final_02.pdf )
Ritala, P., Hurmelinna-Laukkanen, P., 2009. What’s in it for me? Creating and appropriating value in
innovation-related coopetition. Technovation 29(12), 819–28.
Roche, 2005. Tarceva approved in Europe for lung cancer. Press Release 21st September 2005.
Roche, 2006a. Roche files Herceptin for early-stage HER2-positive breast cancer with European
Authorities. Press Release 17th February 2006.
Roche, 2006b. Herceptin approved in Europe for early use in HER2-positive breast cancer. Press Release
24th May 2006.
Roche, 2006c. Herceptin® (trastuzumab) NICE Submission: Achieving clinical excellence in the adjuvant
treatment of HER-2 positive breast cancer. Roche submission to the NICE 7th February 2006.
Roche, 2006d. Tarceva® (erlotinib) NICE STA Submission. Achieving clinical excellence in the treatment
of relapsed non-small cell lung cancer. Roche submission to the NICE 23rd May 2006.
Roche, 2011a. Roche’s Tarceva receives European approval for first-line use in a genetically distinct type
of lung cancer. Press Release 1st September 2011.
Roche, 2011b. Roche’s cobas EGFR Mutation Test For Personalized Treatment Of Non-Small Cell Lung
Cancer Receives CE Mark. Press Release 1st December 2011.
Roche, 2012. Sysmex and Roche renew successful alliance in the hematology business. Press Release
13th April 2012.
Roche, 2013. Roche’s new timesaving formulation of Herceptin approved in Europe for the treatment of
HER2-positive breast cancer. Press Release 2nd September 2013.
Rosell, R., Carcereny, E., Gervais, R., et al., 2012. Erlotinib versus standard chemotherapy as first-line
treatment for European patients with advanced EGFR mutation-positive non-small-cell lung cancer
(EURTAC): a multicentre, open-label, randomised phase 3 trial. Lancet Oncology 13(3), 239–46.
Rosell, R., Moran, T., Queralt, C., et al., 2009. Screening for Epidermal Growth Factor Receptor Mutations
in Lung Cancer. The New England Journal of Medicine 361, 958–67.
Rosenberg, N., 1976. Factors affecting the diffusion of technology. In: N. Rosenberg (Ed.), Perspectives
on Technology, Cambridge University Press, Cambridge.
Rubens, N., Still, K., Huhtamaki, J., et al., 2011. A network analysis of investment firms as resource routers
in Chinese innovation ecosystem. Journal of Software 6(9),1737–45.
Sabatier, V., Craig-Kennard, A., Mangematin, V., 2012. When technological discontinuities and
disruptive business models challenge dominant industry logics: Insights from the drugs industry.
Technological Forecasting and Social Change 79(5), 949-62.
Sandén, B. A., Hillman, K. M., 2011. A framework for analysis of multi-mode interaction among
technologies with examples from the history of alternative transport fuels in Sweden. Research
Policy 40(3), 403–14.
Scannell, J. W., Blanckley, A., Boldon, H., et al., 2012. Diagnosing the decline in pharmaceutical R&D
efficiency. Nature Reviews Drug Discovery 11(3), 191-200.
Schellen, F., 2013. Dynamics of the Innovation System of Personalized Cancer Treatments. A case study
of Herceptin and Tarceva. Master Thesis. Innovation Studies Group, Utrecht University, Utrecht.
Schilsky, R. L., 2010. Personalized Medicine in oncology: the future is now. Nature Reviews Drug
Discovery 9, 363-6.
Schulman, K. A., Vidal, A. V., Ackerly, D. C., 2009. Personalized medicine and disruptive innovation:
Implications for technology assessment. Genetics in Medicine 11(8), 577-81.
Schumpeter, J. A., 1934. The Theory of Economic Development. Cambridge, Massachusetts: Harvard
University Press.
Schumpeter, J. A., 1942. Capitalism, Socialism and Democracy. New York: Harper & Row.
Scott, W. R., 2001. Institutions and Organizations. Sage Publications, Thousand Oaks.

215

39585 Piret Kukk.indd 215

31-03-16 20:28

Scott, W. R., 2008. Institutions and organizations: Ideas and interests (3rd ed.). Thousand Oaks, CA: Sage
Publications.
SFK, 2010. Monitor Dure Geneesmiddelen 2008. Report. Stiftung Farmaceutische Kengetallen. (Data
retrieved on 3rd April 2013: www.rijksoverheid.nl/ministeries/vws/documenten-en-publicaties/
rapporten/2010/07/21/monitor-dure-geneesmiddelen-2008.html)
Sharif, N., 2006. Emergence and development of the National Innovation Systems concept. Research
Policy 35(5), 745-66.
Slamon, D. J., Leyland-Jones, B.,Shak S., et al., 2001. Use of chemotherapy plus a monoclonal antibody
against HER2 for metastatic breast cancer that overexpresses HER2. The New England Journal of
Medicine 344(11), 783-92.
Slocum, A., Rubin, E. S., 2008. Understanding Radical Technology Innovation and its Application to CO2
Capture R&D: Interim Report, Volume One—Literature Review. Carnegie Institute of Technology.
Smits, R. E., Boon, W. P., 2008. The role of users in innovation in the pharmaceutical industry. Drug
discovery today,13(7), 353-9.
Sotarauta, M., Mustikkamäki, N., 2015. Institutional entrepreneurship, power, and knowledge in
innovation systems: institutionalization of regenerative medicine in Tampere, Finland. Environment
and Planning C: Government and Policy, 33, 342-57.
Stella, M., Luisetti, M., Inghilleri, S., et al., 2012. Targeting EGFR in non-small-cell lung cancer: Lessons,
experiences, strategies. Respirarory Medicine 106, 173-83.
Stringer, R., 2000. How to manage radical innovation. California Management Review 42(4), 70-88.
Suurs, R. A. A., 2009. Motors of sustainable innovation. Towards a theory on the dynamics of technological
innovation systems. PhD Thesis. Innovation Studies Group, Utrecht University, Utrecht.
Suurs, R. A. A., Hekkert, M. P, Smits, R. E. H. M., 2009. Understanding the build-up of a technological
innovation system around hydrogen and fuel cell technologies. International Journal of Hydrogen
Energy 34(24), 9639-54.
Suurs, R. A. A., Hekkert, M. P., (2009a) Cumulative causation in the formation of a technological innovation
system: The case of biofuels in the Netherlands. Technological Forecasting and Social Change 76,
1003–20.
Suurs, R. A. A., Hekkert, M. P., (2009b) Competition between first and second generation technologies:
Lessons from the formation of a biofuels innovation system in the Netherlands. Energy 34, 669–79.
Suurs, R.A.A., Hekkert M.P., Kieboom S., et al., 2010. Understanding the formative stage of technological
innovation system development: The case of natural gas as an automotive fuel. Energy Policy 38(1),
419-31.
Swan, J., Goussevskaia, A., Newell, S., et al., 2007. Modes of organizing biomedical innovation in the UK
and US and the role of integrative and relational capabilities. Research Policy 36(4), 529-47.
Sysmex, 2013. Abaxis Piccolo Xpress (Data retrieved on 1st February 2015: http://de.sysmex-europe.
com/index.asp?id=19280)
Templeton, S. K., 2006. “Health charities get “covert” aid from drug firms”. The Sunday Times, 3rd December
2006.
The Department of Health, 2004. Tackling cancer in England: saving more lives. The Stationery Office
Limited HC 166, London.
The Department of Health, 2005. Hewitt fast-tracks cancer drug to save 1000 lives. Press Release 2nd
October 2005.
The Department of Heath, 2012. Ensuring equitable access to complex molecular diagnostic testing for
cancer patients. Press Release 26th April 2012.
Tolbert, P. S., Zucker, L. G. (1996). The Institutionalization of Institutional Theory. In: Clegg, S., Hardy, C.,
Nord, W. R. (Eds.), Handbook of Organization Studies. Sage Publications, London, pp. 175-191.
TriMark, 2013. Point of Care Diagnostic testing world markets. TriMark Publications, LLC.
Truffer, B., Markard, J., Binz, C., et al., 2012. Energy Innovation Systems: Structure of an emerging scholarly
field and its future research directions. Strategic Research Alliance for Energy Innovation Systems
and their Dynamics. Denmark in global competition. Lyngby, DK.

216

39585 Piret Kukk.indd 216

31-03-16 20:28

REFERENCES

Tuma, R. S., 2005. Trastuzumab Trials Steal Show at ASCO Meeting. Journal of the National Cancer Institute 97(12), 870-71.
Turnheim, B., Geels, F. W., 2012. Regime destabilisation as the flipside of energy transitions: Lessons from
the history of the British coal industry (1913-1997). Ebergy Policy 50, 35-49.
Uyl-de Groot, C. A., 2011. ‘Dure’ diagnostiek en kankergeneesmiddelen: de andere kant van de
ongelijkheid II. Inagural Lecture. Erasmus University Rotterdam, 20th May 2011.
Van Alphen, K., 2011. Accelerating the development and deployment of carbon capture and storage
technologies: an innovation system perspective. PhD Thesis. Innovation Studies Group, Utrecht
University, Utrecht, The Netherlands.
Van Alphen, K., Hekkert, M. P., Turkenburg, W. C., 2009. Comparing the development and deployment of
carbon capture and storage technologies in Norway, the Netherlands, Australia, Canada and the
United States– An innovation system perspective. Energy Procedia 1, 4591-9.
Van Alphen, K., Hekkert, M. P., Turkenburg, W. C., 2010. Accelerating the deployment of carbon capture
and storage technologies by strengthening the innovation system. International Journal of
Greenhouse Gas Control 4(2), 396-409.
Van de Ven, A. H., 1990. Methods for studying innovation development in the Minnesota Innovation
Research Program. Organization Science 1(3), 313-35.
Van de Ven, A. H., 1993. The Development of an infrastructure for entrepreneurship. Journal of Business
Venturing 8(3), 211-30.
Van de Ven, A. H., 2005. Running in Packs to Develop Knowledge-Intensive Technologies. MIS Quartely
29(2), 365-77.
Van de Ven, A. H., Garud, R., 1989. A Framework for Understanding the Emergence of New Industries.
Research on Technological Innovation Management and Policy, 4, 195-225.
Van de Vrande, V., do Jong, J. P. J., Vanhaverbeke, W., et al., 2009. Open innovation in SMEs: Trends,
motives and management challenges. Technovation 29 (6/7), 423-37.
Vijver, M, van de., 2001. Histological type and marker expression of the primary tumour compared with
its local recurrence after breast-conserving therapy for ductal carcinoma in situ. British Journal of
Cancer 84(4), 539-44.
VWS, 2015. Breast cancer in the Netherlands. (Data retrieved on 3rd December 2015: http://www.rivm.nl/
en/Topics/B/Breast_cancer_screening_programme/Breast_cancer_in_the_Netherlands)
Walley, K., 2007. Coopetition: An Introduction to the Subject and an Agenda for Research. International
Studies and Management & Organization, 37(2), 11-31.
Washington, M., Ventresca, M. J., 2004. How organizations change: The role of institutional support
mechanisms in the incorporation of higher education visibility strategies 1874-1995. Organization
Science 15(1), 82-96.
Weber, M. K., Rohracher, H., 2012. Legitimizing research, technology and innovation policies for
transformative change. Combining insights from innovation systems and multi-level perspective
in a comprehensive ‘failures’ framework. Research Policy 41(6), 1037–47.
Weik, E., 2011. Institutional Entrepreneurship and Agency. Journal for the Theory of Social Behaviour
41(4), 466-81.
Weldon, C., Trosman, J., Gradishar, W., et al., 2012. Barriers to the use of personalized medicine in breast
cancer. Journal of Oncology Practice 8, 24-31.
West, J., Salter, A., Vanhaverbeke, W., et al., 2014. Open innovation: The next decade. Research Policy
43(5), 805-11.
WHO, 2015. Cancer Fact Sheet Nr. 297.
Wieczorek, A. J., Hekkert, M. P., 2012. Systemic instruments for systemic innovation problems: A
framework for policy makers and innovation scholars. Science and Public Policy 39(1), 74-87.
Wieczorek, A. J., Negro, S. O., Harmsen, R., et al., 2013. A review of the European offshore wind innovation
system. Renewable and Sustainable Energy Review 26, 294-306.
Wijen, F., Ansari, S., 2007. Overcoming Inaction through Collective Institutional Entrepreneurship:
Insights from Regime Theory. Organization Studies 28(07), 1079–100.

217

39585 Piret Kukk.indd 217

31-03-16 20:28

Wilking, N., Jönsson, B., 2005. A pan-European comparison regarding patient access to cancer drugs.
Karolinska Institutet, Stockholm.
Wilking N., Jönsson B., Högberg, D., 2009. Comparator Report on Patient Access to Cancer Drugs in
Europe. Karolinska Institutet, Stockholm School of Economics, Stockholm.
Windrum, P., García-Goñi, M., 2008. A neo-Schumpeterian model of health services innovation. Research
Policy 37(4), 649-72.
Wirth, S., Markard, J., 2011.Context matters: How existing sectors and competing technologies affect the
prospects of the Swiss Bio-SNG innovation system. Technological Forecasting and Social Change
78(4), 635–49.
Wirth, S., Markard, J., Truffer, B., et al., 2013. Informal institutions matter: Professional culture and the
development of biogas technology. Environmental Innovation and Societal Transitions 8, 20-41.
World Bank, 2014. Health Expenditure (Data retrieved on 1st December 2014: http://data.worldbank.
org/indicator/SH.XPD.TOTL.ZS)
Zahra, S. A., Nambisan, S., 2012. Entrepreneurship and strategic thinking in business ecosystems.
Business Horizons 55(3), 219-29.
Zakrzewska-Bielawska, A., 2015. Coopetition? Yes, but Who With? The Selection of Coopetition Partners
by High-Tech Firms. The Journal of American Academy of Business 20(2), 159-66.

218

39585 Piret Kukk.indd 218

31-03-16 20:28

39585 Piret Kukk.indd 219

31-03-16 20:28

ANNEXES
Annex 1: Examples of important POCT-related events and networks in Germany (adapted from Rau,
2014)
Events
Name of the event
Biotechnica

Type of the event
Trade Fair

DGBMT: Mobile Diagnostik
am Point-of-Care

Conference

Lab-on-Chip European
Congress
LaborForum

Conference

MEDICA
Medtech

Trade Fair and
Conference
Trade Fair

POCT Symposium

Conference

Roche Days
Networks
Name of the network
Verband der Diagnostik
Industrie (VDGH)
Deutsche Gesellschaft für
Biomedizinische Technik
(DGBMT)
LifeScienceNet Düsseldorf

Conference

Netzwerk Diagnostik BerlinBrandenburg e.V.
BioLago

BioPro Baden-Württemberg
Mannheim Medical
Technology Cluster
Munich Biotech Cluster M4
Medical Valley Nurnberg

Conference

Description
International biennial medical technology fair
in Hannover.
Single event in 2013 in Düsseldorf. Organized
by the Association for Electrical, Electronic &
Information Technologies (VDE) together with
Cluster Medizin Technik Nordrhein Westfahlen.
International annual conference, since 2009.
Annual diagnostic industry event in different
locations in Germany. Organized by a group of
diagnostic companies.
International annual medical fair in Düsseldorf.
International annual medical technology fair in
Stuttgart.
Biennial conference in Munich. Organised by
Prof. Luppa from Technical University of Munich
in collaboration with The German Society for
Clinical Chemistry and Laboratory Medicine.
Annual event, organised by Roche Diagnostics.

Type of network
National level diagnostic industry association
National level knowledge transfer, networking

Regional network of public and private actors (North RhineWestphalia state)
Regional network of public and private actors (Berlin & Brandenburg
states)
Regional network of public and private actors (regions from
Germany, Switzerland, Lichtenstein and Austria around lake
Constance)
Regional network of public and private actors (Baden-Württemberg
state)
Regional network of public and private actors (area around the city
of Mannheim)
Regional network of public and private actors (Bavaria state, around
Munich)
Regional network of public and private actors (Bavaria state, around
Nurnberg)
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