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Introduction 

Fragment-based drug discovery (FBDD) is a recently mainstream approach used in the 

early stages of the drug development process (Chessari and Woodhead, 2009; Erlanson 

et al., 2016; Hajduk and Greer, 2007). It is used to generate the starting chemical matter 

which can then be further developed into a chemical lead. In this research, we explore how 

this approach became a widespread approach used by academic institutes, new 

technology ventures and large pharmaceutical firms. We collect and analyze various data 

sources including publications, patents, researcher profiles, company data and interviews. 

By delving into the roles of various actors in the adoption and commercialization of FBDD, 

we examine how pioneers can seize opportunities in a new scientific field. 

The title of this dissertation is inspired by the techniques involved in the latter stages of 

FBDD: fragment linking, fragment merging and fragment growing. These techniques are 

used to turn the initial fragment hits into a promising clinical lead. These techniques parallel 

the activities that proponents of emerging fields engage in to overcome challenges in its 

development. To create and seize opportunities in their field, pioneers have the delicate 

task of linking, merging and growing fragments of knowledge and resources. 

This research contributes insights to both the pharmaceutical sciences and innovation 

studies (see Figure 1.1). On one hand, the main setting for this study is the field of FBDD. 

Implementing this approach is not straightforward as it requires integrating knowledge from 

multiple disciplines such as synthetic chemistry, biophysics, computational chemistry and 

structural biology. To manage this, FBDD requires collaboration across domain experts to 

carry out various processes in library design, computational modeling, hit screening and 

lead optimization, to ultimately find high-quality leads. As implied, due to its collaborative 

nature, the success of FBDD does not only depend on overcoming its technological 

challenges but also minimizing the various social issues hindering its successful adoption 

and implementation. Thus, we explore these non-technological factors to aid practitioners. 

We bring actionable insights to scientists and managers working in academia, new 

technology ventures, large established firms and policy. 
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Figure 1.1. The intersection of pharmaceutical sciences and innovation studies in 

this research 

This research also builds on and contributes to the innovation literature by relating insights 

from FBDD’s development. In the late 90s, large firms were hesitant to adopt the approach 

due to prior investments in other technologies in lead discovery, most notable of which is 

high-throughput screening (HTS) (Brown and Boström, 2018; Murray and Rees, 2009). 

Skeptics also questioned its reliability and application to real-world problems. Thus, we 

explore the factors and processes related to its successful adoption and commercialization 

across the industry. We build on the important contributions in innovation studies including 

the development of scientific fields (Crane, 1972; Kuhn, 2002; Namer et al., 1975), 

emergence of technological fields (Bush, 1945; Nelson and Winter, 1982), absorptive 

capacity (Cohen and Levinthal 1990), optimal distinctiveness (Deephouse, 1999; Zhao et 

al., 2017; Zuckerman, 2016), and resource mobilization (Clough et al., 2019).  

Working at the interface of innovation studies and pharmaceutical sciences, we conducted 

an in-depth analysis of the FBDD approach. We explored the development field and the 

role of various actors in championing the technology. We looked at how both startups and 

large pharmaceutical firms created opportunities by absorbing knowledge from the field 

and later exploiting it for their practice. We also analyzed the profiles of the top researchers 

in the field to recommended policy interventions on how new pharmaceutical researchers 

can be better trained for the future.  

In response to calls for increased engagement between the social and the natural sciences 

(Webster, 2016), this research is carried out in close contact with practitioners of FBDD. 

This research is embedded in a European consortium called FragNet which aims to further 

knowledge in the field of FBDD. FragNet is a Marie Curie Innovative Training Network (ITN) 

that aims to train 15 early-stage researchers (ESRs) in different areas of FBDD (see Figure 
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1.2). These ESRs are hosted by different universities and industry organizations. Academic 

beneficiaries include Vrije Universiteit Amsterdam (Netherlands), University of York (United 

Kingdom), University of Barcelona (Spain) and Hungarian Academy of Sciences (Hungary). 

Industry beneficiaries include the small and medium enterprises (SMEs) Zobio 

(Netherlands), Vernalis (United Kingdom) and Beactica (Sweden) and the large 

pharmaceutical firm Novartis (Switzerland). Partner organizations involved in scientific 

training and supervision include Boehringer Ingelheim (Germany), GlaxoSmithKline 

(United Kingdom), Roche (Switzerland), Heptares (United Kingdom), Servier (France) and 

IOTA Pharmaceuticals (United Kingdom). While the 14 other research projects in this 

consortium focus on the technical aspects of the approach spanning fields such as 

synthetic chemistry, biophysical methods, computational modeling and structural biology, 

this research complements their research by exploring the business and innovation aspects 

of the approach. Being embedded alongside both young and experienced researchers in 

the field enables access to valuable knowledge and experience necessary to 

comprehensively explore the field. 

 
Figure 1.2. Five research areas in the FragNet Innovative Training Network. The 

area by which each PhD student is doing their research is labeled by the numbers. 

In the following section, we explore the setting of this research, the pharmaceutical industry 

and zoom into the field of fragment-based drug discovery. Next, we then explore the 

innovation literature by reviewing the current understanding of how new fields develop and 

how various actors create opportunities from their development. Finally, to end this 
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introductory chapter, we define the research questions and summarize the individual 

studies in this dissertation. 

1.1. Pharmaceutical Industry 

The pharmaceutical industry is a large sector of the world economy, estimated to reach 

global sales of $1.5 trillion by 2021 (QuintilesIMS, 2016). This growth is driven by the 

increase in demand from the aging population and the rising middle class who can afford 

breakthrough drugs (QuintilesIMS, 2016). The industry employs more than 5 million people 

worldwide, most of which are highly skilled workers (International Federation of 

Pharmaceutical Manufacturers, 2017a). 

It is a rich setting to explore the processes, factors and characteristics of innovation. First, 

the pharmaceutical industry is known for its reliance on research and development (R&D). 

Attesting to this, the pharmaceutical industry is one of the top spenders on R&D, spending 

an estimated amount of $149.8 billion (International Federation of Pharmaceutical 

Manufacturers, 2017b). The top 10 firms in R&D spending are located mainly in the United 

States and Europe. In order of R&D budgets, these are Roche, Johnson & Johnson, 

Novartis, Pfizer, Merck, AstraZeneca, Sanofi, Eli Lilly, Bristol-Myers Squibb and 

GlaxoSmithKline (Fierce Biotech, 2017). 

This high R&D investment is important for firms to develop and maintain the scientific 

capabilities required in order to understand the mechanisms driving disease and discover 

drugs that could address them. (Narayanan et al., 2009).  With the exponential progress in 

new technologies in the life sciences such as stem cell therapy, gene therapy, immuno-

oncology, CRISPR and RNA therapeutics, firms need to have the capability to adapt to 

such breakthroughs (Coccia, 2014; Gautam and Pan, 2016). At the same time, investment 

in R&D is necessary to carry out the clinical trials to test the safety and efficacy of drugs 

(Kola and Landis, 2004; Pammolli et al., 2011). To bring a new drug to the market, a firm 

would have spent 2.6 billion, accounting also for all the drugs that failed in the process 

(DiMasi et al., 2016).  

Unlike other mature industries characterized by consolidation, the pharmaceutical sector 

has increasingly become fragmented (Goldsmith and Varela, 2016). Compared to the early 

2000s where there were a series of mergers and acquisitions in the pharmaceutical industry 

such as Pfizer with Wyeth, GlaxoWellcome with SmithKline Beecham, and Merck with 

Schering-Plough, the industry’s fast technological pace and embrace of partnerships or 

alliances has allowed thousands of smaller innovative firms to enter and introduce new 

drug modalities in the market (Coccia, 2014; Deloitte, 2019; Gautam and Pan, 2016). This 

has led to the top ten largest pharmaceutical companies declining in their involvement from 

50% of all clinical trials in the 2000s to 27% in 2017 (Goldsmith and Varela, 2016). With 
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new entrants constantly entering to commercialize their technologies, the pharmaceutical 

industry is a vibrant area for innovation scholars to explore. 

Aside from the need to keep up with all the technological advances, many other challenges 

face the industry. With the public increasingly wary of the increasing healthcare costs, there 

is pressure for firms to decrease the cost of drugs in the market (KPMG, 2017). Moreover, 

with the rise of new process technologies such as those in biotechnology, big firms need 

to adapt their manufacturing and supply chain to fit the requirements of such advances 

(Deloitte, 2019). At the same time, regulators have been increasing their scrutiny of the 

various activities within the industry to ensure sure that new treatments translate to better 

patient outcomes (McKinsey, 2014).  

Despite the high investment in R&D in the pharmaceutical industry, the returns to such 

investment have continued to decline (PwC, 2015). In a highly publicized article on 

Linkedin, Stott (2017) shows that by 2020 the return on investment by the industry as a 

whole could reach 0% if such a downward trend continues. Stott then shows that instead 

of continuous incremental improvement on current capabilities, there is a need to embrace 

new paradigms that can reinvigorate the way of discovering new drugs.  

With many publications exploring innovation in the industry, we conducted an extended 

survey of this literature in our bibliometric study in Chapter 2. In the following, we focus on 

the typical process by which drugs are developed. 

1.1.1. Drug Discovery 

To bring a new drug into the market, firms typically have to go through the two main stages 

of drug discovery and drug development (see Figure 1.3). The drug discovery process 

typically starts with the identification of a target that is associated with some disease. Once 

this target is validated for its therapeutic value, compounds are screened against this target 

to find hits which can be the starting point of the drug discovery process. Promising hits are 

then optimized for affinity and selectivity with the target. The products of this process are 

the lead candidates which are then tested against various cellular and animal models for 

safety and efficacy. Careful conduct of these early stages of discovery is crucial to provide 

a better understanding of the disease, the key to creating efficacious drugs (Kola and 

Landis, 2004; Paul et al., 2010).  The drug discovery area is mired high uncertainty as only 

1% of molecules screened make it into the drug development phase (Giovannetti and 

Morrison, 2000).  

 

Figure 1.3. Drug development process 
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After passing the preclinical tests, high-quality leads are carefully selected to progress to 

clinical development where they are tested against humans. Despite being produced in 

different ways or being applied to varying therapeutic areas, drugs generally have to go 

through the same drug discovery and development process to ensure the drug’s safety and 

efficacy (Sams-Dodd, 2005; Scannell et al., 2012). The phase 1 clinical trial’s goal is to test 

toxicity in a small number of healthy volunteers. In phase 2, patients with the disease are 

treated to obtain more robust evidence on the drug’s safety and preliminarily, its efficacy. 

Finally, phase 3 trials perform testing on a large sample of patients to establish its efficacy 

and discover possible side effects. Only about 11% of compounds that make it through 

clinical development gain market approval (Kola and Landis, 2004). Due to the high cost 

of late failures, firms must stop development as early as possible in the process. 

Due to the challenges of bringing new drugs in the market, the industry is constantly in 

search of new technologies that can improve their practice. At every phase of drug 

development, innovations are developed to increase the chances of finding new 

treatments. As mentioned, this study focuses on the early stages of drug discovery where 

scientists are generating chemical matter that can be the starting point of the entire 

process.  

In the 1980s, the prevalent approach to generate this starting chemical matter in the drug 

discovery process is high-throughput screening (HTS) (Broach and Thorner, 1996; 

MacArron et al., 2011). In this approach, millions of chemicals are tested against the target 

of interest. This required a large financial investment in compounds, robotics, 

computational support and robust assays and analysis. With drug targets becoming more 

complex and with the cost of HTS becoming prohibitive, a new approach in lead discovery 

started to appear in the late 90s, FBDD, which is the focus of this dissertation. 

1.1.2. Fragment-based Drug Discovery 

In the late 90s, fragment-based drug discovery (FBDD) started to emerge as an alternative 

approach to generate the starting chemical matter for lead discovery (Chessari and 

Woodhead, 2009; Erlanson et al., 2016).  Instead of relying on brute-force and trial-and-

error, FBDD offered a different paradigm (see Figure 1.4). Instead of randomly screening 

millions of compounds, FBDD involved systematic, iterative design of the final lead 

compound from small fragments. This change allowed firms to have smaller chemical 

libraries containing just thousands of small fragments instead of the million compounds 

previously required for HTS. The fragments hits from such screening were then further 

refined to become a lead through medicinal chemistry, through techniques such as 

fragment linking, fragment merging and fragment growing. FBDD is advantageous in that 

it requires a lower investment to implement. However, the smaller fragments needed 

required sophisticated instruments to screen false positives and false negatives. It also 

required expertise to analyze the hits and to turn them into leads. 
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Figure 1.4. Comparison of the processes involved in fragment-based drug 

discovery and high-throughput screening 

While there were questions on the scientific validity of the approach, FBDD also faced far 

larger organizational challenges. Due to the huge investment by big pharmaceutical firms 

on the previous approach, they faced inertia in adopt FBDD. Moreover, since FBDD is a 

highly interdisciplinary field, it was a challenge for firms to bring together the required 

expertise needed to run the approach. Due to such challenges, it is of interest to explore 

how it got established in the pharmaceutical sciences and how opportunities were created 

from its emergence.  
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To the extent of our knowledge, the business and innovation aspects of FBDD has not 

been explored before. Yet, FBDD provides an interesting setting due to the previously 

mentioned challenges it faced (Chessari and Woodhead, 2009). Thus, addressing the need 

for more engaged research between industry practitioners and social scientists (Webster, 

2016), this study aims to contribute especially to the pharmaceutical science literature by 

exploring how FBDD emerged and developed. We carry out a comprehensive analysis of 

the history of the FBDD approach in our bibliometric review in Chapter 3.  

In the next section, we explore the innovation literature, looking at how new scientific and 

technological fields emerge. 

1.2. Scientific and Technological Fields 

A field refers to a group of actors that collectively constitute a recognized area of 

institutional life (DiMaggio and Powell, 1983). One of the biggest challenges that members 

of new, unestablished fields then face is that they lack recognition in the first place (Aldrich 

and Fiol, 2007; Yu-Chieh Lo, 2015). Remaining as an informal community has downsides 

such as not being able to access important resources that can aid to help the members of 

the field achieve their goals. In contrast, established fields are characterized by the 

presence of a name that members can identify with, the recognition of members that it is 

indeed a field and the existence of infrastructures such as training programs and 

conferences (Hambrick and Chen, 2008).  

While there are many different types of fields explored in the literature (Zietsma et al., 

2017), this research is interested in scientific and technological fields. Scientific fields 

encompass the actors and activities carried out towards a particular cognitive problem 

(Cole, 1983; Fagerberg and Verspagen, 2009). Accordingly, scientific fields are typically 

associated with terms such as scientists, universities and academic journals. On the other 

hand, technological fields focus on translating ideas for economic ends. Common themes 

related to technological fields include industry, patents and the value chain to bring such 

offerings to the market. Practitioners in these two different fields then might differ on their 

motivations and the logics to which they operate in. While academics might be motivated 

by citations and diffusing their ideas to the wider scientific community, industry practitioners 

might focus on protecting their technology and bringing a product to the market (Dasgupta 

and David, 1994).  

While it may be possible to delineate between the two in certain cases, often, there is high 

overlap between basic scientific research and the technologies developed from its 

application (Caraça, Lundvall, & Mendonça, 2009; Murray, 2002). For instance, 

researchers exploring a particular application might come up with a surprising scientific 

insight while scientists conducting basic research might end up with innovation serving an 

immediate market (Goldstein and Narayanamurti, 2018). Moreover, science provides the 
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map of knowledge detailing various paths that can be explored and implemented towards 

invention (Fleming and Sorenson, 2004). Especially in the pharmaceutical industry which 

is highly reliant on basic research, the scientific field where various practitioners are 

embedded in plays a key role in the discovery of new treatments (Cockburn and 

Henderson, 1998; McMillan et al., 2000).  

Different dimensions of scientific and technological fields have been studied by innovation 

scholars over time. On one hand, the knowledge base of emerging fields have been 

explored, also known as its cognitive dimensions (Fagerberg et al., 2012). On the other 

hand, since the success of new fields more often rely on social and institutional factors, 

there have been various important contributions exploring these aspects (e.g. Becher & 

Trowler, 2001; Crane, 1972; Kuhn, 1963; Merton, 1973). For instance, for a field to develop, 

there is a need for avenues of the members of the community to share knowledge, socialize 

with others and train new members entering the field (Clausen et al., 2012; Frickel and 

Gross, 2005). The presence of such social infrastructure is important in building legitimacy 

from key external stakeholders (Barber and Whitley, 2006; Fagerberg and Verspagen, 

2009).  

Innovation scholars have been interested in these fields due to their potential to impact 

both economic and societal spheres (Phaal et al., 2011; van Merkerk and Robinson, 2006). 

Especially when a problem is too big or complex that individual actors cannot address it on 

their own, tackling such a problem as a field may be desirable (Grodal and O’mahony, 

2017). Established fields can attract more funding, which can then lead to the creation of 

various commercial applications (Boyack and Börner, 2003; McMillan et al., 2000). 

Accordingly, the literature is then rich in explorations of the emergence of such scientific 

and technological fields. These include nanotechnology (Yu-Chieh Lo, 2015), bioethanol 

(Gustafsson et al., 2015), wastewater treatment (Binz et al., 2016), genome editing 

(Kuzhabekova and Kuzma, 2014) and lab on a chip (van Merkerk and Robinson, 2006). As 

mentioned, to the best of our knowledge, this is the first exploration of the social and 

organizational factors related to the emergence of fragment-based drug discovery. In the 

following, we discuss the different stages in the development of a field, taking insights from 

the adjacent literature on industry and ecosystem emergence. 

A field typically follows these stages in its development: birth, growth, maturity then decline 

or self-renewal (Forbes and Kirsch, 2011; Jacobsson and Bergek, 2004; Moore, 1993). 

While such naming is informative, it is important to note that these stages can be highly 

overlapping, making it difficult to draw boundaries between each stage. Moreover, fields 

typically follow a non-linear route in their development due to highly specific, context-

dependent factors (Phaal et al., 2011).  

The birth of a field can be triggered by different events; one of which are breakthrough 

discoveries (Hargadon and Douglas, 2001; Klincewicz, 2016; Tushman and Anderson, 

2006). These are characterized by radical novelty, fast growth, coherence, prominent 
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impact, and uncertainty and ambiguity (Rotolo et al., 2015). However, a field can also form 

slowly when an informal community decides to come together gradually around a certain 

phenomenon, theory, problem or method (Hambrick and Chen, 2008). In the beginning, 

these actors might just interact informally, exchanging knowledge around a certain topic 

(Kuhn, 2002). However, at some point, the members of such communities begin to 

recognize that they are not able to achieve certain goals by remaining as an unrecognized 

group. Members of the community may then act pushing for the field’s development. 

According to the famous Gartner hype cycle model (in Figure 1.5), these early years of a 

field’s development are described by high expectations (Dedehayir and Steinert, 2016; 

Fenn, 2007). This is also marked by high uncertainty as the options for the future are 

unclear (Hargadon and Douglas, 2001; van Merkerk and van Lente, 2005). During this 

period of emergence, the interactions between the various actors might seem chaotic and 

impossible to manage as various actors look to define the field (van Merkerk and Robinson, 

2006). Lacking definition, there is constant change in the technologies, participants, and 

products (Forbes and Kirsch, 2011; Gustafsson et al., 2016). In such early stages, there 

are important roles in leadership, direct value creation, value creation support and 

entrepreneurship (Dedehayir et al., 2016).  

 
Figure 1.5. Gartner Hype Cycle. Adapted from Fenn (2007). 

Due to the high uncertainty in the field, there may be a large occurrence of imitation across 

various actors looking for guidance from their environment on where to invest their efforts 

(Bort and Kieser, 2011). Over time, through these interactions, the community would align 

around certain norms, discourses and practices (Tushman and Anderson, 2006). New 

fields have to caution however on getting locked into a certain development path as positive 

feedbacks among specific activities in the field accumulate (Arthur, 2016; Schubert et al., 
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2013). These emerging irreversibilities can restrict and enable certain activities by actors 

in the field (van Merkerk and Robinson, 2006; van Merkerk and van Lente, 2005). 

As interest in the field increases, others then start joining the field, also imitating the 

activities of members within (Tushman and Anderson, 2006). This growth stage can 

happen fast, as actors see opportunity in the field, akin to that of a gold rush (Munari and 

Toschi, 2014). From being relatively open in the early days, this window of opportunity to 

join the field also closes down as the field becomes more popular (Klincewicz, 2016). 

Compared to the initial period of exaggerated expectations, such a mature stage could be 

marked by disillusionment as the promises of the field realize (Fenn, 2007). Innovation in 

the field continues, further legitimating the technology (Ruef and Markard, 2010).  With this 

increased legitimacy of the field as a whole, the challenge then turns towards individual 

actors to differentiate themselves against others within the field (Lounsbury and Glynn, 

2001; Navis and Glynn, 2010). The field can then move towards various endpoints. A field 

might grow into an independent area of study or be incorporated into a larger field (Upham 

and Small, 2010). Besides, even when a field becomes institutionalized, there’s also a 

possibility that multiple practices from conflicting logics coexist in the same field (Dunn and 

Jones, 2010; Purdy and Gray, 2009).  

1.2.1. The Role of Proponents in Field Development 

Throughout the development of the field, proponents have an important role in addressing 

the various challenges that the field is facing. Hambrick and Chen (2008) introduce a model 

(Figure 1.6) showing the three activities needed to be simultaneously pursued by 

proponents of emerging fields: differentiation, legitimation and resource mobilization. On 

one hand, proponents of a new field need to differentiate themselves from existing 

approaches to demonstrate the novelty and unique utility of their own approach (Namer et 

al., 1975). At the same time, proponents need to conform to the general scientific 

community to gain access to various resources and build legitimacy (DiMaggio and Powell, 

1983; Meyer and Rowan, 1977). Moreover, proponents need to mobilize resources to 

accumulate and disseminate knowledge, fueling the field’s pursuit of its objectives (Jenkins, 

1983).  
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Figure 1.6. New fields as social acceptance movements. Figure recreated from the 

framework of Hambrick and Chen (2008). 

First, proponents of new fields must differentiate themselves from existing approaches. 

Since these breakthroughs typically originate from the recombination of knowledge from 

existing technological domains (Fleming and Sorenson, 2004; Guan and Yan, 2016; 

Schoenmakers and Duysters, 2010), the proponents then have an important role in 

demonstrating that their field is indeed separate from the knowledge bases of origin in order 

to attract more interest for further research. This demonstration of uniqueness is important 

especially due to the premium placed on novelty in the sciences (Lee et al., 2015; Rotolo 

et al., 2015).  

Thus, if the community is looking to form a field around a breakthrough, they must show 

that the problems that such new approach addresses are distinct and thus, fall outside the 

scope of traditional fields (Namer et al., 1975). Proponents can show this by demonstrating 

how the new field operates on a different set of foundations and theories. By having such 

strong identity, external audiences can better distinguish the field against other fields, which 

aids in making its evaluations from outsiders more attractive  (Lounsbury and Crumley, 

2007; Patvardhan et al., 2015; Rao et al., 2003).  

It is important to note however that the field should not only be different just for the sake of 

being different. For instance, strong boundaries around fields could make these fields 

isolated or unresponsive to their external environment, hurting their pursuit of wider 

acceptance (Zietsma and Lawrence, 2010). Proponents of the field should then engage 

with other fields and explain how such a new, separate approach will be of use to society. 

Especially in the early days of the field where there is a lot of uncertainty and hype on 

emerging technologies (Granqvist and Laurila, 2011; Hopkins et al., 2007; van der Valk et 

al., 2009), proponents should create expectations of the possible scenarios by which its 
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promises are met (Benford and Snow, 2000; Budde et al., 2012; Gustafsson et al., 2015; 

van Merkerk and Robinson, 2006).   

Second, despite the need for new fields to differentiate, proponents need to balance this 

with building legitimacy in order to cope with the liability of newness (Freeman et al., 

1983a). With proponents aiming to promote new, untested technologies, they may be 

confronted with skepticism from the wider community (Binz et al., 2016). Especially for 

path-breaking technologies, they may meet strong resistance from the prevailing socio-

technical regime, as they go against the rules in their particular domain (Geels, 2004; 

Nelson and Winter, 1982; Walrave et al., 2018). This means that these fields have high 

chances of failure due to their dependence on the cooperation of actors whom they might 

conflict with. To address this, it is important for proponents to build legitimacy. 

Legitimacy is the perception that an entity is aligned with a socially constructed set of 

norms, values, beliefs, practices and definitions (Suchman, 2011). Not only does it apply 

to a field as a whole, but also to its associated organizations, individuals and even 

technologies (Aldrich and Fiol, 2007). Being part of a complex system, the legitimation 

activities of different organizations and individuals can also aid in building legitimacy for 

their field as a whole (Bergek et al., 2008; Gray et al., 2015; Smets et al., 2012). Proponents 

have the delicate task of bringing together other members of their field and also building 

legitimacy from outsiders (Cole and Zuckerman, 1975). 

On one hand, actors in the new field must coalesce and build legitimacy within. Especially 

when a field is emerging, its promises and the directions it is going to take are still highly 

unclear and uncertain (Gustafsson et al., 2015). To cope with such ambiguity, institutional 

theory suggests that there is a benefit in conforming with others (DiMaggio and Powell, 

1983). A certain extent of agreement on the fundamental problems, theoretical foundations 

and methods are important among the actors (Cole, 1983; Pfeffer, 1993). Moreover, it is 

beneficial for members to identify with a category (Clegg et al., 2007; Navis and Glynn, 

2010) and share common guiding images (Gustafsson et al., 2015). 

On the other hand, there is also a need to gain legitimacy from the outside, especially from 

those in established fields, who might interpret the new field as a challenge to its authority 

(Clausen et al., 2012; Frickel and Gross, 2005). To build legitimacy, proponents do not only 

have to possess the technical expertise but also the social capital to be able to 

communicate and propagate their ideas, bridge diverse stakeholders and appeal to those 

using existing approaches (Aldrich and Fiol, 2007; Lounsbury and Glynn, 2001; Maguire et 

al., 2004). These proponents need to be able to use both persuasion and emulation 

(Hambrick and Chen, 2008). They have to can convince others of their field’s promises and 

vision and respond to the challenges and barriers posed by existing fields (Aldrich and Fiol, 

2007; Markard et al., 2016). For instance, one way this can be done is by showing how 

such field applies to the problems that other existing fields are facing. Moreover, they can 
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also conform to the norms of other existing fields, for instance, by matching their methods 

or theoretical conventions (Cole, 1983).   

Mobilization refers to the acquisition of valuable resources in order to realize opportunities 

(Thornton et al., 2019; Yu-Chieh Lo, 2015; Zald et al., 2017). Hambrick and Chen (2008) 

identify three main categories: political opportunity structure, shared interests and social 

infrastructure. Such resources might be difficult however to access as members of existing 

fields might see the new field as a competitor for limited resources (Clausen et al., 2012). 

Thus, the field needs entrepreneurs who will mobilize resources to allow the accumulation 

of resources to enable the field towards its goals (Grodal and O’mahony, 2017; Maguire et 

al., 2004). Especially in the sciences, proponents can make an impact by establishing 

communication avenues such as journals and conferences to facilitate the exchange of 

knowledge (Barber and Whitley, 2006). 

In this research, we explored the role of various actors in the field of FBDD. We both 

explored how they advocated for the field’s wider acceptance and seized opportunities for 

themselves. We looked at new technology ventures, large pharmaceutical firms and 

individual drug discovery researchers from academia and industry. In the following, we 

discuss the scope of this research. 

1.3. Scope of the Research 

As multidisciplinary research covering both the pharmaceutical sciences and innovation 

studies, there is a need to narrow space explored. In terms of the research setting, while 

we look at the pharmaceutical sector at large as the context for this research, we focus and 

limit our analysis to the field of fragment-based drug discovery (FBDD). This study covers 

the development of FBDD from its foundational paper in 1996 up to the current year of 

2019  

We delineate the FBDD process as beginning after the protein target associated with a 

disease has been identified. Fragment screening is then applied to screen the target to 

come up with hits, which are then later refined towards an interesting lead. It usually ends 

when a lead that has been discovered is further optimized to act on that target. Thus, we 

only focus on these processes starting from the screening up to the optimization of the 

lead. We thus leave out upstream activities in fundamental biological research and 

downstream activities in drug development. Moreover, while FBDD builds on top of many 

important research areas such as crystallography, computational methods, synthetic 

chemistry, and structural biology to name a few, we only focus on the areas of these fields 

that are directly relevant to the practice of FBDD. 

In discussing FBDD, there is also a need to discuss other comparable technologies at the 

same stage. This includes virtual screening, high-throughput screening, structure-based 

drug discovery, phenotypic screening and DNA-encoded libraries among many other 
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techniques and approaches. Even within these technologies, they usually coincide in many 

ways. Thus, while we also describe these technologies to contextualize the benefits and 

uncertainties that scientists had as FBDD was emerging, our focus is still FBDD. 

This research was carried out from August 2016 to August 2019. We collected primary data 

through interviews within this period. We also used secondary data in terms of publications, 

patents, firm websites, researcher profiles and company descriptions in portals such as 

Bloomberg or Yahoo Finance. These were collected in this period.  

We analyzed the role of various actors including academic research groups and industrial 

groups covering both small and large pharmaceutical firms. While there are many enabling 

organizations necessary for the carrying out of activities within FBDD such as suppliers 

and manufacturers, they are only mentioned when they are significant to the discussion. 

1.4. Research Objectives 

Having set the stage on the theory and setting explored in this research, we now summarize 

the research questions that we will answer in the following chapters (see Figure 1.7). Each 

chapter of this study builds on top of each other to systematically explore the dynamics of 

opportunity creation in the field of FBDD. 

 

 
Figure 1.7. Research framework with chapters labeled 

We start by exploring the state of the innovation literature on the pharmaceutical industry 

by conducting a comprehensive survey of this research area. In Chapter 2, we use 
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bibliometric methods to study the roughly 700 articles published in innovation journals in 

the pharmaceutical industry.  From such analysis, we look at the different perspectives 

explored by innovation scholars looking at the industry and at the same time, recommend 

possible directions of research. From clustering these studies, we show that the literature 

could be divided according to the level of innovation studied: macro, meso and micro. We 

find three trends. Studies on the structure of both the industry and the organizations 

composing it have grown less over time. In contrast, innovation scholars are interested 

more in the management of interfirm relationships. Moreover, a systems view of innovation 

strategy has emerged where interactions across its various dimensions are explored.  

Such a comprehensive analysis also sets the stage on the relevant themes to be explored 

for the rest of this research. First, we explore how fragment-based drug discovery emerged 

as a field. Specifically, we look at the factors that were necessary for the field to become 

established. This involves not only looking at the scientific, more technical aspects but also 

the organizational and social factors that surrounded the field. In addition, we also survey 

which actors played important roles serving as proponents for the field to get wider 

recognition. 

Research Question 1. How did fragment-based drug discovery emerge (Chapter 3)?  

In Chapter 3, we address the first research question (RQ1) on how the field developed. We 

explored fragment-based drug discovery and traced how it developed over time. We 

collected around 4,000 publications to analyze the field’s evolution over time. We show 

how organizations both from academia and industry were important in its development and 

commercialization. We show how the integration of scientific ideas by various drug 

discovery practitioners was also crucial to knowledge development.  

Research Question 2. How did various actors seize opportunities in FBDD (Chapter 

4,5,6)? 

Research Question 2.1 How did new technology ventures seize opportunities in FBDD 

(Chapter 4)? 

After understanding the factors that were important for FBDD to emerge as a scientific and 

technological field in the pharmaceutical sciences, we explore how various actors seized 

opportunities from the field’s emergence. We perform separate studies on technology 

ventures, large pharmaceutical firms and academia. Coming from different perspectives,   

we explore the different processes that each group pursued to take advantage of FBDD. 

In Chapter 4, we study how small firms commercialized the technology of FBDD. We 

surveyed 67 small firms practicing the field, showing their technological areas and data on 

their founding and current state. Furthermore, through a qualitative case study 

incorporating both publicly available data and interviews, we looked at how four new 

ventures built their technology platforms and later commercialized the approach. We find 
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that at various stages of the field life cycle, firms must mobilize resources for differentiation 

and legitimation. Firms had to manage between creating opportunities for themselves and 

enabling the field’s wider acceptance.  

Research Question 2.2 How did large incumbent firms seize opportunities in FBDD 

(Chapter 5)? 

In Chapter 5, we focused on how large pharmaceutical firms adopted the approach. We 

examined the publications in the field to explore the various paths taken by firms to adopt 

FBDD. Furthermore, through a qualitative case study, we peek inside the black box in the 

lead discovery of two big pharmaceutical companies. We explore each phase of the 

adoption process. Contributing to the absorptive capacity theory, we show that individuals 

play a crucial role in every step of the absorption process. Moreover, we show that 

maintaining constant contact with the field at large is crucial as it informs these proponents 

of strategies to further the knowledge absorption of this new approach. 

Research Question 2.3 How did individual scientists seize opportunities in FBDD (Chapter 

6)? 

In Chapter 6, we look at the role of researcher mobility in knowledge diffusion and career 

development. We trace the mobility of the top practitioners in the field by collecting and 

analyzing their CVs. This gives insights on how the mobility of top researchers could have 

helped diffuse knowledge and give legitimacy to FBDD as it was developing. Conversely, 

since it is not straightforward to learn skills and gain legitimacy in an emerging scientific 

field, we look at the initiative of the EU called Innovative Training Networks which FragNet 

is a part of. In this chapter, we discuss how ITNs can respond to the training required in 

growing fields by simulating researcher mobility. We argue that such initiatives that promote 

mobility help young scientists gain general skills required to practice drug discovery while 

at the same time distinguishing themselves through learning specialized techniques. 

In Chapter 7, we summarize and conclude this research on how new FBDD emerge and 

how various stakeholders were able to create opportunities from it. More importantly, we 

show generalizable implications of our findings to different stakeholders: young and 

experienced researchers, administrators and managers from academia and industry, 

universities, public institutes, new technology ventures, incumbent firms. 

  



Introduction 

35 

Table 1.1. Summary of chapters, reflecting the individual studies carried out in this 
dissertation 

 Topic Level Data Dissemination 

1 Introduction    

2 Research Landscape 
on Innovation in the 
Pharmaceutical  

(Review) Publications • Article in third round of review in 
an indexed scientific journal 

• Presented at R&D Management 
conference (Milan IT, 2018) 

• Presented to practitioners at 13 
Minutes Innovation Conference 
International (Paris FR, 2019) 

3 Development of 
Fragment-based Drug 
Discovery (FBDD) 

Field Publications • Published in Drug Discovery 
Today (2018) 

 

4 Commercialization of 
FBDD by Small Firms 

Firm Interviews, 
Publications, 
News, CVs 

• Presented at Babson 
Entrepreneurship Conference 
(Wellesley MA USA, 2019) 

• Parts presented at Fragments 
Meeting (Cambridge UK, 2019) 

• Submitted to an indexed journal 

5 Adoption of FBDD in 
Big Pharma 

Firm, Individuals Interviews, 
Publications, 
Drugs 

• Presented at Academy of 
Management Conference 
(Boston MA USA, 2019) 

• Parts presented at Fragments 
Meeting (Vienna AU, 2017) 

• Parts presented at High-Tech 
Small Firms (Amsterdam NL, 
2017) 

• Submitted to an indexed journal 

6 Researcher Mobility in 
FBDD 

Consortium, 
Individuals 

Interviews, 
Publications, 
Questionnaire 

• Submitted to an indexed journal 
 

7 Conclusion    

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2 
INNOVATION IN PHARMACEUTICAL  

RESEARCH AND DEVELOPMENT 
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Innovation in Pharmaceutical R&D:  

Mapping the Research Landscape 

Romasanta, Angelo KS; van der Sijde, Peter C; H; van Muijlwijk-Koezen, Jacqueline E 

 

Abstract 

In response to the increasing number and breadth of innovation studies on the 

pharmaceutical industry, we mapped the literature to show the trends in recent research 

and to indicate areas for further research. In the first phase, we analyzed articles on the 

pharmaceutical industry published in innovation journals. We then used these articles’ 

textual and citation data and applied hybrid cluster analysis. Based on the level of analysis 

innovation scholars had used to investigate the industry, cluster analysis produced three 

main clusters: macro, meso and micro. We describe research topics within these clusters 

and show that, overall, innovation scholars’ interest focuses increasingly on the meso-level, 

at which relationships across different firms are analyzed. This shift in interest towards the 

collaborative nature of drug discovery and development was also apparent in macro- and 

micro-level studies. To explore how this literature is used by scientists in the industry, our 

second phase involved analysis of the citing articles published in pharmaceutical journals. 

Using our findings, we propose research areas that can be further explored to create an 

engaged and better-integrated literature on pharmaceutical innovation.  

 

Keywords: Pharmaceutical industry, Drug development, Innovation, Research and 

development 
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2.1. Introduction 
Innovation is an important issue for the pharmaceutical industry, especially with regard to 

bringing new drugs to the market  (e.g. Achilladelis and Antonakis 2001; Bianchi et al. 

2011). Hundreds of studies on the industry are published each year, exploring the different 

trends and challenges in innovation in the industry (e.g. Bianchi et al. 2011; Bierly and 

Chakrabarti 1996; Malerba and Orsenigo 2015; Rafols et al. 2014; Tierney et al. 2013). 

Despite the increasing number of publications, there have been no efforts to map this 

literature. Without such overviews, it can be difficult to navigate the wide range of studies 

published on this industry and thus discern the direction the literature is taking. We 

therefore mapped the various innovation topics explored in the industry and identified areas 

for further research. Such a study is an important first step towards a coherent and better-

engaged literature on pharmaceutical innovation. 

In an earlier synthesis of the wider literature on innovation, Crossan and Apaydin (2010) 

found innovation to be both a process and an outcome related to the “production or 

adoption, assimilation, and exploitation of a value‐added novelty in economic and social 

spheres; renewal and enlargement of products, services, and markets; development of new 

methods of production; and establishment of new management systems.” While this is a 

useful starting point, such a broadly defined construct overlooks issues that are of greater 

relevance to specific settings such as the pharmaceutical industry. By exploring innovation 

within a narrower scope, we hope we can identify the specific issues that matter to 

practitioners—i.e., scientists and managers in the industry—to help innovation scholars 

focus on priority research topics. In addition, as innovation scholars may narrowly focus on 

specific innovation processes, antecedents and drivers, our study may help show how their 

individual research fits with the other research carried out on the pharmaceutical industry. 

Due to its various unique characteristics, the pharmaceutical industry remains a favored 

setting for innovation studies. The fast pace of technological advances in the life sciences 

allows exploration of how firms cope and adapt to change. Leading in research and 

development (R&D) investment (Demirel and Mazzucato, 2012), the pharmaceutical 

industry also provides opportunities to study the dynamics between innovation and 

performance. At the same time, the complexity of drug development means that firms do 

not have all the capabilities in-house necessary to bringing a drug to the market on their 

own (Hagedoorn, 1993; Powell et al., 2005). Such a dynamic environment enables 

innovation scholars to observe the flow of knowledge, capabilities, and technologies across 

different organizations.  

The industry is also studied for practical reasons. One reason is that, despite the variety of 

drug targets and types, the need to ensure safety and treatment efficacy requires the same 

development cycle to be followed across the industry (Scannell et al. 2012). Such 

homogeneity makes it easier to compare innovation processes between firms. Another 
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reason is that the process also generates a large footprint of data from various regulatory 

and intellectual-property protection filings (Cohen et al. 2000). By piecing these together, 

innovation scholars can gain insight into innovation.  

As well as contributing to the innovation literature overall, research on the pharmaceutical 

industry is important to help the industry address its unique challenges. For many years, 

the low productivity and return on investment in R&D have been a central issue for 

practitioners  (Pammolli et al., 2011). At the same time, the cost of bringing a new drug to 

market has risen continually, the most recent estimate being USD 2.6B (DiMasi et al., 

2016). The industry is also subject to increased scrutiny from regulators and the public on 

the value of different treatments  (Scannell et al., 2012). If the innovation literature ensured 

that it understood the concerns and needs of the industry, its impact for practitioners would 

be maximized. 

This bibliometric analysis focuses on Research and Development (R&D), due not only to 

its significance in drug development but also to its great uncertainty (Pammolli et al. 2011). 

To illustrate the long path a drug has to take to reach the market, we briefly describe the 

drug discovery and development process (Paul et al., 2010). The first step involves the 

identification of a target disease and its underlying mechanisms. Once a protein has been 

identified as a suitable target for a drug, teams of scientists then work together to design a 

lead compound that can act on the target. Once there is a promising lead, it can then be 

tested for efficacy and safety in cell and animal models. Once a lead has been identified 

as a potential drug, it then enters the drug development process, where it undergoes clinical 

testing in humans. This development phase consists of three phases and is strongly 

regulated by the authorities (Vinet and Zhedanov, 2011). Phase I consists of clinical trials 

in which toxicity is tested in a small number of healthy volunteers. Phase II consists of 

treating patients with the disease to test the drug’s safety, and, preliminarily, its efficacy. 

Finally, to establish the drug’s efficacy and discover possible side effects, it is tested in 

phase III trials in a large sample of patients. Once approved, the firm then must 

manufacture and market the drug to ensure that it reaches its patients.  

In the second phase of our analysis, as a starting point for ways in which the innovation 

literature might become engaged with issues facing the industry, we explore the diffusion 

of innovation topics in practitioner journals. Such an analysis illuminates how innovation 

research is currently having an impact on the industry. We also identify processes in drug 

development that could benefit from further investigation by innovation scholars. 

While this research is intended mainly for innovation scholars, we hope that our findings 

will also be of value to scientists and managers in the industry. Even if they are not 

interested in going into the nuances of innovation theories, they can use the general 

framework to reflect on and explore the wider forces affecting their practice.  
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To make this possible, we used bibliometric methods to analyze articles on innovation in 

the pharmaceutical industry. In Section 0, we detail our methodology, highlighting the 

hybrid cluster analysis we employed based on the combination of citation and textual data 

provided by the articles. In Section 2.3, we examine the overall structure and content of the 

literature in innovation journals on the industry. In Section 2.4, we look at topics of interest 

to practitioners by tracing the citing articles of the original dataset. In section 0, we introduce 

creative ways for innovation scholars to gain new insights into innovation theory and the 

pharmaceutical industry.  

2.2. Methodology  
To explore the innovation literature and practitioner literature, this study consisted of two 

phases. Data collection and analysis are summarized in Figure 2.1. Publication data were 

collected from the Web of Science in June 2019. Articles on innovation studies on the 

pharmaceutical industry were collected through a combination of keyword search and 

journal selection. The keywords “*pharmaceut*”, “drug discovery” and “drug development” 

were used to search for the relevant articles on the pharmaceutical industry. 
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Figure 2.1. Data collection and analysis of articles on innovation in the 

pharmaceutical industry 

The focus of this study is the literature on innovation in pharmaceutical research and 

development. As many studies of the industry focus on other business functions—such as 

manufacturing, marketing, finance and sales—we needed to filter out these domain-

specific journals. On the basis of the ranking proposed by Thongpapanl (2012), we 

therefore narrowed our search to articles in the top-ranked innovation journals: Research 
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Policy, Journal of Product Innovation Management, Research-Technology Management, 

Technovation, R&D Management, Industrial and Corporate Change, IEEE Transactions on 

Engineering Management, Journal of Technology Transfer, Technological Forecasting and 

Social Change, Journal of Engineering and Technology Management, International Journal 

of Technology Management, Science and Public Policy, Technology Analysis Strategic 

Management, Engineering Management Journal and Industry and Innovation.  

We also included general management journals that, according to the same paper, were 

highly cited by the innovation literature. We chose the following: Strategic Management 

Journal, Management Science, Academy of Management Journal, Academy of 

Management Review, Organization Science, Journal of Business Venturing, Administrative 

Science Quarterly, Journal of Management and Journal of Management Studies.  

It is important to note that other key functions, such as marketing, manufacturing, supply 

chain and finance, also must be innovative in the industry. Due especially to the pressures 

the industry faces from competition, the regulatory burden and increased public scrutiny, 

such functions are necessary to inform R&D strategy. Nonetheless, to narrow the scope of 

this study, we left them aside, as they are vast, thriving and complex research areas that 

deserve their own analyses.  

The initial dataset had 857 articles. The downloaded dataset was rechecked, and articles 

that lacked the keywords either in the abstract, title or author-selected keywords were 

removed. We also removed articles that did not have cited references, as these were 

crucial to our subsequent network analyses. The final dataset, which contained only articles 

and reviews, consisted of 677 documents. Figure 2.2 shows the distribution of these articles 

across journals. 
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Figure 2.2. Articles in the dataset by journal source and year 

These articles were authored primarily by scholars based in Europe and the United States 

(see Figure 2.3), following that most of the largest pharmaceutical companies are located 

in these regions. Nonetheless, emerging regions in the industry, such as China and India, 

are also represented in the dataset. 



Innovation in Pharmaceutical Research and Development 

45 

 
Figure 2.3. Articles in the dataset by authors’ country affiliations and by year 

To analyze the clusters and research topics of the articles, we formed a hybrid network 

integrating the articles’ citation and textual data, following the methodology described by 

Glänzel and Thijs (2017). First, we constructed the bibliographic coupling network by 

counting per paper the number of references it shared with each other paper within the 

dataset. Cosine similarity was then calculated to establish the strength of the bibliographic 

coupling link between each pair of articles. 
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Because relying solely on citation data can be limiting—it takes no consideration of textual 

data, which can also be valuable in establishing relationships between articles—we 

integrated this information. First, we extracted text from the title, abstract and keywords of 

each article. This combined text was then preprocessed using the NLTK library in Python 

(Bird et al., 2009). First, we removed the stopwords (e.g. “I”, “a” and “the”) in this text. 

Punctuation and digits were also removed. We used WordNetLemmatizer in NLTK to 

reduce different forms of each word to the same lemma. Next, to ensure that terms 

containing multiple words are analyzed properly (e.g. recognize “absorptive capacity” as 

one term instead of the words separated), we generated the n-grams in the text to combine 

words that very often occur in sequence. We combined such terms, setting the threshold 

that they occur at least 5 times in our dataset. Finally, we selected the terms that occurred 

most often across all documents and removed those we deemed to add noise to the 

analysis (e.g. “case,” “analyze” and “study”).  

Once text processing had been completed, we used the Term Frequency Inverse 

Document Frequency (TF-IDF) vectorizer in NLTK. When TF-IDF is used to weigh each 

term for each article, less weight is placed on terms that occur very frequently throughout 

all articles (Ramos, 2003). Finally, we calculated the cosine similarity for each pair of 

documents. 

Once the textual and citation relationship between each paper had thus been measured, 

we combined these measures to create a hybrid network. Following Glänzel and Thijs 

(2017), we took the cosine of the linear combination of the underlying angles between the 

vectors representing the documents in the original networks. To calculate the similarity 

score r, we gave the equal weight of 0.5 to both the textual network (ξ) and the citation 

network (η) using the formula:  

𝑟 =  cos(0.5arccos(η)+0.5arccos(ξ)) 

This value r was used as the link strength for each pair of articles, which was then imported 

to VosViewer for clustering and visualization (van Eck and Waltman, 2010). Except for the 

visualization and clustering step, all preprocessing and analysis were implemented in 

Python (code is available on publication). 

The clustering was done using the program VosViewer, where the generated clusters 

correspond directly to the generated layout of nodes (Waltman et al., 2010). We 

experimented with different numbers of clusters (3, 4 and 5) generated by tuning the 

clustering resolution parameter of VosViewer. For each generated clustering, we judged 

how coherent each cluster are by looking at the titles of articles in each cluster. In the end, 

we decided on having three clusters (from 0.85 clustering resolution) as we find that this 

clustering provided a clear delineation between the different levels of analysis used by 

innovation scholars in studying the pharmaceutical industry. These levels of analysis 

explored the environment (macro), interorganizational networks (meso) and organizations 
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(micro), belonging to the main perspectives taken by management scholars in their studies 

(Hitt et al., 2007). To identify the underlying topics within these main clusters, we applied 

the clustering once again, now with a higher cluster count of nine (1.2 resolution). These 

nine clusters corresponded to nine research topics distributed under the three main 

clusters. We labeled each topic by examining the articles and the top keywords according 

to the TF-IDF weights in each nine sub-cluster.  

In our investigation of each topic, we looked at the following: (1) The number of articles in 

the cluster, (2) the number of citations within the innovation journals dataset; (3) the number 

of citations in pharmaceutical journals (explained in the following paragraph); (4) the 

median year of publication; (5) the average annual increase in the number of articles in the 

last 10 years, measured on the basis of the slope of the linear regression line where x is 

the year of publication and y is the number of articles published from 2009 to 2018; (6) the 

top keywords in the cluster extracted from the TF-IDF matrix; (7) the most-cited article 

within the dataset; and (8) the most-cited article by articles in the cluster in general.  

In the second phase, to further explore the diffusion of these studies in practitioner-

published journals, we conducted a short bibliometric analysis on the citing articles of the 

innovation articles collected in our original dataset. Using the Web of Science, we 

downloaded the citing articles in practitioner journals in the following categories: 

“Pharmacology & Pharmacy,” “Biotechnology & Applied Microbiology,” “Medicinal 

Chemistry,” “Medicine, Research and Experimental,” and “Medicine, Internal and General.” 

As some of these journals occasionally cover other fields outside pharmaceutical R&D—

two examples being agriculture and pharmacy—we narrowed the citing articles further by 

restricting them to have to contain “drug*”, “medicin*” and “*pharmaceut*” in their text. After 

further filtering, we thus obtained 220 articles distributed across the five Web of Knowledge 

categories (Figure 2.4).  
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Figure 2.4. Distribution of Articles among Practitioner Journal Categories 

By far, the journal Drug Discovery Today had the most publications with 35 articles, 

followed by Expert Opinion on Drug Discovery with 10 articles (Figure 2.5). However, many 

of the most cited articles came from Nature Reviews Drug Discovery. 

 
Figure 2.5. Top 10 Practitioner Journals by the Number of Articles 

These articles were then pre-processed and analyzed using the same steps as before 

involving the hybrid cluster analysis using their textual and citation data. Clustering the 

articles then produced 5 main research topics exploring different processes in drug 

development. To understand the themes of interest to practitioners, each cluster was 

analyzed.  
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Finally, we created a Sankey diagram (Bogart, 2018) to show how practitioner articles cite 

innovation journal articles, by respective topics.  We then constructed a framework 

containing the topics from practitioner journals and innovation journals, showing areas that 

can be explored for further research. 

2.3. Innovation in Pharmaceutical R&D 

As in Figure 2.6, the steady increase in the number of publications over time reflects 

innovation scholars’ increasing interest in the pharmaceutical industry. More importantly, 

the increasing number of articles citing these innovation studies in pharmaceutical journals 

reflects greater interest among practitioners since approximately 2010. 

 
Figure 2.6. Number of publications studying the pharmaceutical industry in 

innovation journals and citing articles in practitioner journals per year 

Figure 2.7 shows the hybrid network from these innovation articles’ textual and citation 

data. It shows that the articles are distributed relatively equally across three clusters, each 

with at least 200 articles. The importance of all the perspectives on the study of 

pharmaceutical R&D is suggested by the fact that the most-cited articles are distributed 

across the various clusters. We identify these three main clusters as Macro, Meso and 

Micro. These correspond to the level of analysis used by innovation scholars in their study 

of the pharmaceutical industry.  
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Figure 2.7. Hybrid network of articles published in the top innovation journals on 
the pharmaceutical industry. Each node represents one article, labeled by the last 
name of the first author and the year of publication. The color of each node was 

generated from VosViewer clustering, corresponding to the level of analysis used. 
The size of each node shows the internal citation count of each article by other 

articles within the same network. 

We summarize the data for each cluster in Table 2.1. As shown, the first cluster (green) 

pertains to the Macro level, which consists of studies examining the large-scale forces 

influencing innovation in the industry. The most relevant keywords at this level capture 

themes related to policy (e.g. “policy,” “market”  and “patent”) and geography (e.g. “japan”, 

“country”). The second cluster is the Meso level (blue), which explores the relationships 

among the different organizations in the industry. This emphasis on collaboration is 

reflected in keywords such as “alliance,” “partner” and “network.” Finally, the Micro cluster 

(red) explores the innovation processes within firms, with keywords reflecting themes such 

as strategy (e.g. “management,” “strategy” and “risk”); and product development (e.g. 

“product,” “process” and “project”). The most relevant journals in terms of the number of 

publications were Research Policy for Macro, Strategic Management Journal for Meso and 

R&D Management for Micro, reflecting our intuition on the content of each 

cluster. 
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Table 2.1. Clusters of study on innovation in the pharmaceutical industry   
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Macro 
 

215 2009 0.11 1.9 0.5 

patent, science, country, 
knowledge, policy, 
japan, capability, public, 
system, market 

Gambardella 
(1992); Harhoff 
(2003); Kale 
(2007) 

RESEARCH 
POLICY 

Meso 209 2013 1.32 3.3 0.2 

alliance, knowledge, 
network, partner, 
collaborate, open, 
performance, relation, 
strategy, organization 

Lane (1998); 
Rothaermel 
(2001); Hoang 
(2005) 

STRATEGIC 
MANAGEMENT 
JOURNAL 

Micro 253 2005 -0.43 2.1 0.5 

strategy, process, 
product, management, 
project, model, change, 
organization, market, 
risk 

Henderson 
(1994); 
Grabowski 
(1990); Cool 
(1987) 

R & D 
MANAGEMENT 

1This refers to the slope of the linear regression line tracing the number of articles per year from 2009-2018 
2Citations received per article in the cluster from innovation journals and pharmaceutical journals  

 

It is interesting to note that, although the literature could be structured in the many ways, 

the principal dimensions into which the pharmaceutical innovation literature is divided by 

our clustering are those denoting the level of analysis. For instance, if the typologies 

followed other studies of innovation (e.g. Crossan and Apaydin 2010), this literature could 

have been divided into other dimensions, such as processes (e.g. adoption, production, 

assimilation or exploitation) or nature (e.g. drug vs. service vs. enabling technologies).  

To determine the amount of activity and the relative importance of each cluster to the 

literature as a whole, we tallied the number of articles and citations per cluster over time 

(Figure 2.8). The increase in publications and citations over time shows that the Macro 

cluster has received steady interest from both innovation scholars and practitioners. The 

number of publications and citations within innovation journals in our dataset shows that 

the Meso cluster has received the largest growth in activity from innovation scholars. In 

terms of interest from practitioners, it has been catching up only recently. In contrast, 

despite a decrease in the number of publications, the high number of citations among 

pharmaceutical journals shows that the Micro cluster is still the most important topic for 

practitioners. 
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Figure 2.8. Number of publications (left), cumulative citations within innovation 

journals (center) and cumulative citations in practitioner journals (right) per cluster 
over time 

Under each of these 3 clusters, we find 9 research topics distributed among them: 

Innovation System and Knowledge Transfer in the Macro cluster; Strategic Alliances, 

Collaborative Networks, Competitive Advantage and Open Innovation in the Meso cluster; 

and Organizational Learning, Strategic Groups and Product Management in the Micro 

cluster. These topics are organized in Figure 2.9:  
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Figure 2.9. A framework integrating innovation research on the pharmaceutical 

industry. The research topics are grouped by their level of analysis. The size of the 
box reflects the number of articles. The colors in the bar for Median Year indicate 

how the focus of articles shifted between 2000 and 2014. 

In the following section, we provide an overview of each research topic, summarizing its 

major themes and exploring how they are situated within the innovation landscape. While 

these clusters were categorized based on the level they focus on, we note that there is a 
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high degree of overlap across them. Nonetheless, despite the lack of hard boundaries, 

these clusters are still instructive, as they show the main themes according to which we 

can structure the literature. 

2.3.1. Macro 

Under the macro cluster, we find two research topics: Innovation System and Knowledge 

Transfer (Table 2.2).  

Table 2.2. Macro-level research topics on innovation in pharmaceutical R&D  
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General 
Innovation 
Literature Within Dataset3 

Innovation 
System 

111 2007 -.05 1.6 0.5 

system, japan, 
capability, institution, 
policy, country, 
europe, india, nation, 
strategy 

Lundvall (1992); 
Nelson (1993); 
Nelson (1982) 

Kale (2007); 
Kuemmerle 
(1999); Casper 
(2003) 

Knowledge 
Transfer 

90 2011 0.35 1.9 0.5 

patent, science, 
knowledge, invention, 
value, property, 
intellectual, right, 
country, university 

Hall (2005); 
Cohen (1990); 
Trajtenberg 
(1990) 

Harhoff (2003); 
Arundel (1998); 
Gambardella 
(1992) 

1This refers to the slope of the linear regression line tracing the number of articles per year from 2009-2018 
2Citations received per article in the cluster from innovation journals and pharmaceutical journals 
3Top cited articles published in innovation journals on the pharmaceutical industry 

  

Innovation Systems, the larger of the two topics in the number of publications, refers to 

networks of actors and institutions that create, diffuse and use innovations (Carlsson et al., 

2002).  As implied by the occurrence of keywords such as “japan,” “india” and “country,” 

this topic covers the geography-dependent factors that affect the innovation processes 

within the pharmaceutical industry such as research policy, cultural norms, scientific 

institutions and the regulatory environment. In many studies of national innovation systems 

(Georghiou, 1993; Nelson, 1993), countries with developed pharmaceutical industries, 

typically in the West, are compared in terms of their competencies, policies and regulatory 

environments. Recently, the increasing involvement of countries such as China, India and 

Brazil in drug development has made innovation scholars study their catch-up with regard 

to building capabilities in the pharmaceutical sciences (e.g. Athreye et al. 2009; Guennif 

and Ramani 2012). 
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The second Macro topic, Knowledge Transfer, contains two important sub-themes: the 

intellectual property regime (“patent,” “intellectual” and “right”) and basic research 

(“university” and “science”). The industry has one of the highest patenting rates, with an 

estimated 80% of its product innovations being patented (Arundel and Kabla, 1998). Due 

to its reliance on intellectual property protection to appropriate value from knowledge 

(Mansfield, 1986), a wide range of studies on them have emerged, for example on the 

creation of models for their proper valuation, on their roles in signaling firms’ R&D activities 

to shareholders, and on managing patent portfolios as part of strategy. There has also been 

increased interest in studying how industry practices are affected by policies on intellectual 

property and technology transfer such as Trade-Related Aspects of Intellectual Property 

Rights, the global agreement known by the abbreviation TRIPS (e.g. Lemus and Marshall 

2018; Vakili and McGahan 2016).   

The second sub-theme under Knowledge Transfer investigates the role of basic research 

in bringing new drugs to the market (e.g. Gambardella 1992; McMillan et al. 2000). Such 

exploratory research, which aims to uncover the biological mechanism of diseases, is 

mainly conducted by universities and public research institutes as the high uncertainty and 

lack of a clear path towards commercialization make it unappealing for industry (Rafols et 

al., 2014). Consequently, innovation research primarily focused on how scientific 

knowledge can be effectively transferred from academia to industry (e.g. Gambardella 

1992). Recently, however, academia has expanded their involvement in the drug-

development process through initiating research collaborations, creating spin-offs and even 

performing drug discovery itself (Tralau-Stewart et al., 2009). To keep up with such trends, 

it is thus crucial for innovation scholars to study this evolving nature of the relationship 

between academia and industry.  

2.3.2. Meso 

Under the Meso cluster, we identify the following research topics: Strategic Alliances, 

Collaborative Networks, Open Innovation and Resources and Capabilities. On a 

fundamental level, the actors, antecedents and stages of such collaboration can be 

investigated under Strategic Alliances. However, there are other perspectives through 

which such alliances can be studied. Under Collaborative Networks, these alliances are 

mapped to show the structure by which the various pharmaceutical firms are connected. In 

contrast to this large-scale analysis of alliances, under Open Innovation and Resources 

and Capabilities, alliances can be examined from the point of view of the firms that engage 

in them. Below we discuss each of these topics and dissect the difference in the focus of 

each.  
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Table 2.3. Meso-level research topics on innovation in pharmaceutical R&D  
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General 
Innovation 
Literature 

Within 
Dataset3 

Strategic 
Alliances 

90 2013 0.86 3.7 0.2 

alliance, partner, 
collaborate, 
governance, 
strategy, portfolio, 
knowledge, product, 
relation, experience 

Powell (1996); 
Rothaermel 
(2004); Cohen 
(1990) 

Rothaermel 
(2001); Hoang 
(2005); 
Rothaermel 
(2008) 

Collaborative 
Networks 

49 2014 0.41 1.7 0.2 

network, knowledge, 
alliance, structure, 
cluster, collaborate, 
centrality, relation, 
performance, social 

Powell (1996); 
Burt (1992); 
Ahuja (2000) 

Gilsing (2008); 
Paruchuri 
(2010); Moran 
(2005) 

Resources 
and 
Capabilities 

47 2006 -0.16 7.5 0.3 

capability, 
knowledge, acquire, 
resource, asset, 
competence, 
incumbent, science, 
complementary, 
product 

Barney (1991); 
Dierickx (1989); 
Nelson (1982) 

Henderson 
(1994); Zucker 
(1997); Lane 
(1998) 

Open 
Innovation 

27 2014 -0.01 2.3 0.5 

open, knowledge, 
absorptive, capacity, 
outsourcing, 
licensing, practice, 
framework, inbound, 
concept 

Cohen (1990); 
Chesbrough 
(2003); Laursen 
(2006) 

Bianchi 
(2011); 
Chesbrough 
(2006); 
Hughes (2010) 

1This refers to the slope of the linear regression line tracing the number of articles per year from 2009-2018 
2Citations received per article in the cluster from innovation journals and pharmaceutical journals 
3Top cited articles published in innovation journals on the pharmaceutical industry 

 

Of all research topics, Strategic Alliances has grown most in the last ten years, not only in 

terms of size, but also in its impact to the innovation literature as measured based on 

citations. Examination of the keywords under this topic such as “alliance,” “partner,” 

“experience” and “collaborate” reveals a focus on the activity itself. Due to the increasing 

complexity of the R&D process, firms are required to collaborate (Powell et al., 1996; 

Rothaermel and Boeker, 2008). Accordingly, many articles in this cluster analyze each 

phase of an alliance, from its initiation to its management and the evaluation of its 

performance and investigate the factors for their success (e.g. Hoang and Rothaermel 

2005; Lane and Lubatkin 1998). In the pharmaceutical industry, there are different actors 

with different specialized competencies: universities in basic research, small companies in 

early drug discovery and large pharmaceutical firms in late drug development and 
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marketing (Bianchi et al., 2011; Stuart et al., 2007). Aside from enabling drug development 

to progress forward, firms engaging in these alliances also have a secondary goal to extract 

crucial knowledge from their partners (Powell, 1998). With the different combinations of 

collaborations possible across the industry, the different actors have to consider carefully 

when to engage in such alliances and how such collaborations can help them in their route 

to bringing a new drug to the market. Correspondingly, innovation scholars have explored 

drivers of partnership initiation and partner selection. This has even prompted a debate in 

the management community whether smaller biotechnology startups or the larger 

pharmaceutical firms have the upper hand in initiating such collaborations (Diestre and 

Rajagopalan, 2012; Mason and Drakeman, 2014). With firms engaging in many such 

alliances at any given time, there has been an increasing scholarly interest in 

understanding how to effectively manage the firms’ portfolio of alliances (e.g. Van de 

Vrande 2013). 

In the Meso cluster, the topic of Collaborative Networks is also growing. Unlike the previous 

topic, Strategic Alliances, which focuses on the collaborations themselves, Collaborative 

Networks situates collaborations against the broad context of the other collaborations 

occurring across the industry (Gulati, 1998). Rather than looking at an alliance in isolation, 

networks use a wider perspective that is reflected in keywords such as “network,” 

“structure” and “centrality.” To study these collaborations in aggregate, scholars use 

various network-analysis tools, mapping individuals or organizations as nodes linked by 

sets of social relationships. These networks can be recreated from various data sources, 

most commonly patents, publications and mergers and acquisitions. One area that is much 

explored is how networks facilitate the diffusion of technology (e.g. Gilsing and Nooteboom 

2006; Orsenigo et al. 2001). Such studies typically raise the classic debate on the 

importance of structural holes (Burt, 1992) and redundant network structures (Coleman, 

1988) in innovation. In any case, there is a greater appreciation of the active role that 

individuals and firms could take in situating themselves to have a central location within 

such networks (e.g. Dong and Yang 2016). Moreover, scholars have also examined other 

networks apart from interorganizational networks, including the network formed from the 

collaborations between scientists within an individual firm (e.g. Grigoriou and Rothaermel 

2017).  

Over the last 20 years, Open Innovation, which refers broadly to the opening of a firm’s 

boundaries to external innovation (Chesbrough 2003), has gained great interest in the 

pharmaceutical industry. As a concept that has considerable overlaps with the topics 

discussed above, open innovation has also received some criticism. First, since firms in 

the industry have always relied on collaboration, it has been labeled as old wine in a new 

bottle (Trott and Hartmann, 2009). Believing mistakenly that it means open-source and thus 

a lack of intellectual property protections, many drug-development practitioners also remain 

hesitant to use the term (Hunter and Stephens, 2010). But despite these criticisms, open 
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innovation has been an important construct that reflects the increasing relevance of 

externally derived innovation for pharmaceutical firms (Bianchi et al., 2011). While this is a 

broad multi-level research topic, our analysis of its application in the pharmaceutical 

industry suggests that it is studied often with the firm as the focal point. It has a focus on 

the different modes of relationship (such as “outsourcing” and “licensing”) that these firms 

can use to engage with various knowledge sources such as academic institutions, biotech 

startups and large pharmaceutical companies. With this firm-centered view, a major 

construct relevant to the topic of open innovation has been absorptive capacity, which is 

defined as a firm’s “ability to recognize the value of external knowledge, assimilate it, and 

apply it to commercial ends” (Cohen and Levinthal 1990). In fact, due to its importance, 

Cohen and Levinthal's (1990) landmark paper is the most cited article on our dataset. With 

the evolving nature of how new knowledge is absorbed by firms in the industry, absorptive 

capacity has been revisited many times by innovation scholars—who, for instance, have 

traced its industry-specific process (Patterson and Ambrosini, 2015). As the industry 

continues to shift towards collaborations, we see a greater convergence and integration of 

the Meso level with other levels of study. 

While it is much cited in the dataset, the topic of Resources and Capabilities has not grown 

as much in recent years. Unlike the Meso topics above, which focus on the collaborative 

relationships between the firms in the industry, Resources and Capabilities focuses on the 

competition between firms. In order to gain competitive advantage, firms differentiate 

themselves from other firms (e.g. Henderson and Cockburn 1994; Thomke and Kuemmerle 

2002).  A central aspect of this topic is the resource-based view that traces firms’ 

competitive advantage to their control of valuable, rare and novel resources  (Barney, 

1991). Correspondingly, keywords in this topic include “asset,” “knowledge” and “product.” 

However, the increasing reliance on the outside world is also reflected in this topic—which 

explains the occurrence of the keywords “acquire” and “complementary.” The importance 

of assimilating capabilities from external sources explains why Resources and Capabilities 

was allocated to the Meso level in our analysis, even though it seemed to fit better with the 

Micro level. This paradox highlights the need for further research on how, as part of their 

strategy, firms can manage the tension between competing and collaborating across 

different technological fields and therapeutic areas within the industry.  

2.3.3. Micro 

The Micro cluster contains three research topics that explore different parts of firm 

innovation: Product Development, Organizational Learning and Strategic Groups.  
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Table 2.4. Micro-level research topics on innovation in pharmaceutical R&D 
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General 
Innovation 
Literature 

Within 
Dataset3 

Product 
Development 

164 2005.5 -0.47 1.4 0.8 

product, project, 
process, model, 
risk, management, 
option, market, 
strategy, 
organization 

Eisenhardt 
(1989); 
Dimasi 
(2003); 
Dimasi 
(1991) 

Grabowski 
(1990); Jacob 
(2003); Mizik 
(2004) 

Organizational 
Learning 

57 2011 0.11 1.8 0.2 

learning, team, 
knowledge, 
organization, 
routine, group, 
structure, process, 
performance, 
environment 

March 
(1991); 
Cohen 
(1990); 
Nelson 
(1982) 

Pisano 
(1994); 
Anand 
(2012); 
Bresman 
(2010) 

Strategic 
Groups 

42 2000 -0.04 3.4 0.3 

strategy, group, 
united states, 
performance, 
change, 
bibliometric, 
competition, 
productivity, 
profitability, 
diversification 

Porter (1980); 
Mcgee 
(1986); Cool 
(1987) 

Cool (1987); 
Cool (1993); 
Bierly (1996) 

1This refers to the slope of the linear regression line tracing the number of articles per year from 2009-2018 
2Citations received per article in the cluster from innovation journals and pharmaceutical journals 
3Top cited articles published in innovation journals on the pharmaceutical industry 

 

In terms of the number of publications, the largest research topic found is Product 

Development. Keywords in this topic—such as “product,” “project” and “process”—all 

relate to the management of the product development process, especially regarding 

bringing new drugs to the market. Exploring the intricacies of the drug-development 

process, this broad topic examines a variety of themes. One of these themes is the 

management of projects within firms, paying particular attention to risks with regard to the 

failure rates in the drug development process  (e.g. Grabowski and Vernon 1990). Due to 

the number of R&D projects in which a firm is engaged at any given time, investigating 

methods to manage effectively this portfolio is also important (e.g. Blau et al. 2004; Jacob 

and Kwak 2003). While Product Development previously had a high priority for innovation 

scholars examining the pharmaceutical industry, the low growth in the number of 

publications suggests that this focus has now been diminished. However, this does not 
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mean that Product Development is no longer of interest to innovation scholars. Instead, we 

can argue that the framing or focus when analyzing product development has shifted. 

Previously, articles explored the process itself, looking at the specific practices firms apply 

internally. Research thus focused on various ways of optimizing the different steps involved 

in product development. However, as we saw in the previous discussions, innovation 

scholars have, as the pharmaceutical industry embraces external innovation, become more 

interested in the Meso level. Rather than analyzing research directly within the firm, 

innovation scholars have been more interested in a meta-level exploration of the ways in 

which in-company product development interacts with the external world. Thus, while 

Product Development remains a crucial issue, innovation scholars’ focus has shifted to 

capturing how drug development is influenced by various external developments such as 

in technology (e.g. Hopkins et al. 2007), regulation (e.g. Rzakhanov 2008) and marketing 

(e.g. Liu et al. 2016). 

The next research topic, Organizational Learning, has grown steadily in recent years. It 

is related to the systems and routines firms have in place for generating, retaining, 

managing, utilizing and transferring knowledge (March, 1991; Pisano, 1994; Santos, 2003), 

demonstrated by keywords such as “knowledge,” “learning” and “process.” Scholars are 

thus interested in studying how various features of organizations enable them or impede 

them in coping with new knowledge. Scholars also explore how these organizational 

routines can change (Anand et al., 2012; Bresman, 2013). To differentiate this topic from 

the previous Meso topics which are concerned with knowledge outside the firm, 

Organizational Learning focuses on the stage where knowledge is already within the 

boundaries of the firm. Especially for large firms with multiple laboratories worldwide, it is 

important that valuable knowledge diffuses across its various departments and are thus, 

integrated and applied towards various projects.  

Strategic Groups, the final research topic in the Micro cluster, is the oldest of all research 

topics, and has not attracted much interest among innovation scholars in recent years. This 

topic focuses on classifying firms into various categories, and dissecting the similarities and 

differences in strategies and performance within and across groups (Bogner et al. 1996; 

Cool and Dierickx 1993). However, as innovation scholars now study the industry as a 

whole rather than intending to segment it further, this topic has gone out of fashion in the 

innovation literature.  

Overall, in the last 10 years, there has been a relative stagnation in studies at the Micro 

level, partly because of the emphasis on innovation at the interorganizational level. Deeper 

levels of analysis are possible, such as the study of units, teams and individuals. 

Unfortunately, we found that such deeper-level analyses are not so common in the 

pharmaceutical industry. Unlike the synthesis by Crossan and Apaydin (2010), which 

shows leadership to be an important determinant of innovation, the pharmaceutical R&D 

literature seems to have placed less focus on this. However, due to the importance of highly 
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skilled individuals (Cowlrick et al. 2011; D’Este and Perkmann 2011; Liu et al. 2015) and 

teams (Ben-Menahem et al., 2016; Bresman and Zellmer-Bruhn, 2013; Stryker et al., 2012; 

Tang, 2016) in innovation, this is an important area for further exploration.  

2.4. Innovation Topics in Practitioner Journals 
In the second phase of this study, we identified the research topics valued by practitioners 

by examining the citing articles of the innovation studies we have presented above. On the 

basis of this new set of articles, we formed a similar hybrid network, which is shown in 

Figure 2.10. This identified the following five innovation topics published in practitioner 

journals: Research Productivity, Technology Transfer, Process Management, Clinical 

Development and Healthcare Marketing.  
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Figure 2.10. The hybrid network of citing articles in practitioner journals. Articles 

are labeled by first author and year. Colors show different clusters of study in 
VosViewer clustering. The size of each node indicates the internal citation count of 

each article by other articles within the same network. 

These research topics are summarized in Table 2.5. Research Productivity and Process 

Management are concerned with the management of the entire drug discovery and 

development process. In contrast, certain topics are much more relevant in specific phases, 

such as Technology Transfer in early drug discovery, Clinical Development in the drug-

development stages, and Healthcare Marketing after a drug receives approval.  
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Table 2.5. Research topics of interest to practitioners   
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Research 
Productivity 

69 2014 0.38 1.4 0.4 

discovery, research, innovation, 
develop, open, industry, 
productivity, process, model, 
improve 

Paul (2010); Scannell 
(2012);  

Technology 
Transfer 

61 2014 0.55 0.3 0.0 

patent, regulate, technology, 
develop, science, medicine, 
industry, product, production, 
process 

Mittra (2011); Saotome 
(2016); Guo (2013) 

Process 
Management 

39 2013 0.11 0.2 0.0 

industry, company, outsourcing, 
portfolio, develop, management, 
strategy, product, coefficient, 
factor 

Festel (2011); Festel 
(2013); Patel (2013) 

Clinical 
Development 

20 2016.5 0.48 1.0 0.4 
orphan, japan, company, approv, 
develop, market, origin, public, 
designation, national 

Hay (2014); Kneller 
(2010); Heemstra (2008) 

Healthcare 
Marketing 

31 2008 0.00 0.8 0.6 
physician, prescrib, cost, return, 
price, company, generic, industry, 
research, develop 

Cohen (2005); 
Grabowski (2002); 
Dickson (2004) 

1This refers to the slope of the linear regression line tracing the number of articles per year from 2009-2018 
2Citations received per article in the cluster from innovation journals and pharmaceutical journals 
3Based on the internal citations received from other innovation studies in pharmaceutical journals 

  

As the industry depends on R&D to bring new drugs to the market, Research Productivity 

is the largest topic of interest to practitioners. It involves measuring and diagnosing factors 

that affect R&D productivity. In the years soon after 2010, there was a focus on the decline 

in productivity brought to the industry by the increasing cost of developing new drugs (Paul 

et al., 2010; Scannell et al., 2012). Various factors were associated with this productivity 

decline, including the discovery of treatments for so-called low hanging fruits, the increased 

standard needed for new drugs compared to current drugs in the market, the 

overinvestment in basic research despite the many biological uncertainties (Pammolli et 

al., 2011; Scannell et al., 2012).  To address such issues, studies have also explored new 

R&D models that can be embraced by companies to improve their R&D return such as 

embracing open innovation (Moors et al., 2014; Schuhmacher et al., 2016). In response to 

practitioners’ interest, innovation scholars could help to further ideate new models and 

evaluate these models’ potential in revitalizing the drug pipeline of firms. 



Innovation in Pharmaceutical Research and Development 

 

64 

While the topic of Process Management also concerns the entire drug discovery and 

development process in firms, it focuses more on the technical implementation of each 

step. Compared to the other research topics covered by practitioner journals, we find this 

topic to require deep domain knowledge, covering specific scientific problems such as 

chemical synthesis, drug formulation and quantitative analyses of portfolios. In other words, 

rather than assessing R&D from a meta-level, articles under Process Management aim 

directly to identify the best practices in conducting drug development. However, it is 

important to note that this also has evolved, placing much more emphasis on the role of 

external innovation. For instance, they explore options such as outsourcing for certain 

processes (e.g. Festel 2013). As this is a domain-specific topic, innovation scholars might 

not be as interested in exploring such niche matters. Despite this, we still recommend 

scholars to peek into the black box of such processes, as fresh sets of eyes may generate 

new insights for practitioners. 

The topic of Technology Transfer has grown the most across the practitioner topics. 

Parallel to the topic Knowledge Transfer in the innovation literature, it is also concerned 

with the scientific advances surrounding the industry (e.g. Mittra et al. 2011) and the role 

of intellectual property protection to exploit such advances (e.g. Saotome et al. 2016). This 

topic has received mutual interest from both practitioners and innovation scholars as seen 

by the number of publications. Due to the value of generating basic research and 

transferring the knowledge this generates to the industry, we expect this research topic to 

attract continued interest.  

The topic of Clinical Development is related to the latter parts of drug development, in 

which a lead candidate is tested for efficacy and safety. Eventually, only one drug in ten 

that enter this phase actually gets approval (Hay et al., 2014). Due to the high regulatory 

burden in this respect, the industry is concerned about how to navigate complex institutional 

requirements to bring a drug to the market. At the same time, this topic also explores how 

such institutional factors influence the types of R&D projects that firms engage in. For 

instance, countries’ favorable policies with respect to orphan drugs have made it possible 

for new firms to participate in such areas (Heemstra et al., 2008; Kneller, 2010). As this a 

relatively young research area in practitioner journals, there are many areas for further 

research. For example, innovation scholars might find the feedback loop between 

regulations and the therapeutic areas that firms invest in their R&D to be an interesting 

subject for further studies.  

Healthcare Marketing focuses mainly on the interaction between the pharmaceutical 

industry and the healthcare system in different countries. Overviews of drug sales across 

various therapeutic areas are common in this topic (Cohen 2005). They also explore the 

marketing tactics that firms use to reach patients that need these treatments. Due to greater 

scrutiny of industry practices, this topic also includes discussions on the innovativeness 

and cost efficiency of drugs. Although our analysis suggests that this topic is the oldest, 
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this impression is due largely to the statistical effect of many older analyses of drug 

introductions. In fact, there have been recent studies of this topic, demonstrating the 

interest of R&D practitioners in these matters. Thus, innovation scholars then can explore 

further how the two—marketing and R&D— can interact to improve the drug development 

process within firms. 

2.5. Towards Highly Engaged Innovation Research 
As implied by the previous sections, the emphasis on pharmaceutical R&D innovation 

differs between innovation journals and pharmaceutical journals. While innovation scholars 

are interested mainly in gaining potentially generalizable insights on innovation by exploring 

the industry, practitioners in the pharmaceutical industry are concerned primarily with 

improving their research practice. In turn, the topics that interest them are directly related 

to the specific processes in the drug-development process—from target identification to the 

approval of drugs. 

Despite such differences, the number of citations (see Figure 2.6) shows that practitioners 

are increasingly interested in innovation research. However, as we show in the mapping of 

citations in Figure 2.11, this interest is compartmentalized within certain topics. As one 

would expect, most practitioner topics cite the innovation topic Product Development, 

since this delves most into the complexities of the pharmaceutical development process. 

Other topics in the Macro cluster, including Innovation System and Knowledge Transfer, 

have also attracted interest in specific practitioner topics. On the other hand, whereas the 

Meso cluster has been receiving increased attention in the innovation literature, such 

interest has not been apparent in the practitioner literature. This low diffusion shows that 

there is potential for more engaged and relevant studies for innovation scholars on the 

pharmaceutical industry. 
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Figure 2.11. Mapping research articles according to their distribution among the 

major innovation clusters and research topics (on the left) and distribution of 
citations per research topic in practitioner journals (on the right). 

To increase the relevance of innovation research in pharmaceutical R&D, we propose the 

matrix in Figure 2.12. This shows how specific processes in the pharmaceutical industry 

could be further explored by innovation scholars to gain new insights on their respective 

topics of interest while maintaining relevance for practitioners. The matrix has two axes, 

the areas in the pharmaceutical industry studied (horizontal axis) and the levels of analysis 

in innovation research (vertical axis).  
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Figure 2.12. A framework integrating innovation topics (left) and pharmaceutical 

industry processes (top) for future research avenues. 

The first avenue for further research would be to have a detailed exploration of a particular 

process or technology in drug discovery and development through an innovation topic of 

interest (Figure 2.12, Label 1). Since most innovation studies treat the R&D process as a 

black box, such investigation of a specific process could provide new insights that would 

help practitioners and potentially enrich their understanding of innovation. While this has 

already happened in a few case studies on specific technologies such as RNA interference 

(Natsukawa et al., 2013), lab-on-a-chip (van Merkerk and Robinson, 2006) and gene 

therapy (Kapoor and Klueter, 2015), such in-depth analyses are not as common. Yet, from 

our analysis, we show that practitioners value such engaged research as these enable the 

practitioners to view their innovation activities in a new light.  Since we show that the meso-

level has seldom been cited by practitioners, innovation scholars can examine various 

facets of collaborations occurring in particular processes in the pharmaceutical industry to 

increase the relevance of such meso-level studies to practitioners.  
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Apart from studying a particular pharmaceutical area from one innovation perspective, 

innovation scholars can analyze it from a multilevel perspective (Figure 2.12, Label 2). By 

exploring the environment, interorganizational relationships and organizational practices 

affecting a particular research area in the pharmaceutical sciences, innovation scholars 

can better inform scientists and managers on the issues they have to consider to improve 

their practice. Moreover, such multilevel analysis may also enable innovation scholars to 

gain a better understanding of the big-picture dynamics and microfoundations of a 

particular innovation topic. Exploring how these different levels interact for a specific 

process could also provide new insights (Figure 13, Label 3A and 3B). As knowing which 

pharmaceutical area to explore requires insider knowledge, innovation scholars should 

investigate engaging in research collaborations with industry practitioners. Increasing the 

extent of such collaborations would help innovation scholars to gain richer insight on 

specific processes by gaining access to relevant data from companies. 

Finally, with the individual steps of the drug-development process being highly interlinked, 

valuable insights might thus be produced by studying how such processes interact with one 

another. Innovation scholars can explore how practitioners involved in the early stages of 

drug discovery adjust their practice as they anticipate the requirements by their peers 

involved in the later stages (Figure 2.12, Label 4A). They might also examine how 

downstream practitioners cope with the output of previous processes (Figure 2.12, Label 

4B). This can also be further extended by following the entire drug-development cycle 

through a single innovation theory (Figure 2.12, Label 5). Aside from gaining a complete 

picture of the drug development process, researchers can gain new insights on their 

innovation topic of interest by checking how robustly their theory applies through the 

different phases of drug development. 

2.6. Conclusions 

Innovation scholars continue to subject the pharmaceutical industry to extensive scrutiny. 

In view of the continuous growth in the number of articles published per year, we conducted 

a bibliometric analysis that would map the structure of the literature and identify trends in 

research. We identified three main levels— Macro, Meso and Micro—at which the 

literature has assessed innovation over recent years. Between them, these levels comprise 

9 research topics with different theoretical foundations and phenomena of interest. To trace 

the diffusion of ideas to practitioners, we analyzed the citing articles in journals published 

by practitioners in the industry.  

Overall, the focus of recent literature has tended to highlight the interactions between 

different firms as they absorb knowledge from the outside. For instance, network analysis 

has become a routine method for examining alliances in aggregate. At a more micro level, 

firms examine their different systems and strategies for learning from the outside world.  
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This high degree of emphasis on external innovation may also inform the innovation 

literature at large. Currently, most definitions of innovation focus implicitly on internally 

generated innovation. For instance, another top-cited study by Baregheh et al. (2009) 

defines it as “the multi‐stage process whereby organizations transform ideas into 

new/improved products, service or processes, in order to advance, compete and 

differentiate themselves in their marketplace.” Unlike such firm-centered views of 

innovation, most of the topics we studied in the pharmaceutical industry had an explicit 

emphasis on the role of the outside world in enriching organizational innovation. With such 

relationships playing a central role in the industry, our understanding of the nature of 

innovation may be advanced by incorporating this aspect.  

Overall, we found that practitioners are increasingly interested in understanding the 

organizational forces that influence their innovation. To further increase the diffusion of 

such knowledge, we recommended ways to increase the relevance of the innovation 

literature with practitioner needs. Primarily, as we see great value in peeking into the black 

box of the R&D process, we hope to stimulate collaboration between practitioners and 

innovation scholars. By considering these issues that interest scientists and managers in 

the pharmaceutical industry, innovation scholars can help find solutions to the unique 

challenges facing the industry in bringing new drugs to the market. 
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When Fragments Link: A Bibliometric 

Perspective on the Development of  

Fragment-Based Drug Discovery 

Romasanta, Angelo KS; van der Sijde, Peter C; Hellsten, Inna; Hubbard, Roderick E; 

Keseru, Gyorgy M; van Muijlwijk-Koezen, Jacqueline E; de Esch Iwan JP 

 

Abstract 

Fragment-based drug discovery (FBDD) is a highly interdisciplinary field, rich in integrating 

ideas from pharmaceutical sciences, chemistry, biology and physics, amongst others. 

Enriching our understanding of the field’s development, we employed bibliometric 

techniques to analyze 3,642 publications in FBDD, complementing accounts by key 

practitioners. Mapping its core papers, we find the transfer of knowledge from academia to 

industry. Co-authorship analysis shows that university-industry collaboration has grown 

over time. Moreover, we show how ideas from other scientific disciplines were integrated 

into FBDD paradigm. Keyword analysis show the field’s organization into four 

interconnected practices: library design, fragment screening, computational methods and 

optimization. This study highlights the importance of interactions among various individuals 

and institutions from diverse disciplines in newly emerging scientific fields. 

 

Keywords: Fragment-based drug discovery, FBDD, bibliometrics, drug discovery, 

academia-industry collaboration 

 

 

 

 

 

 

  



Development of Fragment-based Drug Discovery 

73 

3.1. Introduction 
Fragment-based drug discovery (FBDD) is now a widely adopted approach to lead 

discovery (Baker, 2013; Murray and Rees, 2009). The field’s origin can be traced back to 

its first demonstration 20 years ago at Abbott Laboratories by Shuker, Hajduk, Meadows 

and Fesik (Shuker et al., 1996).  The historical development of FBDD has been discussed 

as anecdotes, for example  during lectures at various conferences (Nowak and Hubbard, 

2013) and in scientific publications (Chessari and Woodhead, 2009; Hammonds and 

Simpson, 2015).  The technical aspects of the approach have also been described in key 

reviews (de Kloe et al., 2009; Erlanson et al., 2016; Hall et al., 2014; Keserű et al., 2016). 

Still, there are insights to be learned by systematically studying how the field has 

developed. In this paper, we look at the organizational and social aspects of FBDD’s 

development by analyzing scientific publications that describe new developments in the 

FBDD field and the references that are provided in those publications. To analyze these 

records, we employ bibliometrics, an approach in information sciences to analyze the 

relationship among written publications. 

In the past, technological breakthroughs have resulted from scientists working together at 

the interface of diverse disciplines, recombining knowledge from various fields (Keijl et al., 

2016). FBDD emerged due to various scientific fields coming together: computational 

methods, molecular biology, biophysics and medicinal chemistry. With pharmaceutical 

sciences being more multidisciplinary and the pharmaceutical industry seeking more 

collaborations especially in pre-clinical development (Ekins et al., 2013; Schuhmacher et 

al., 2013; Tralau-Stewart et al., 2009), it is appealing to investigate the drivers that made 

FBDD so successful. With the increasing interest of how organizational factors can enable 

drug discovery (Sams-Dodd, 2005b), we seek to understand the roles of various groups 

from industry and academia in the rise of FBDD. By tracing how each publication from 

academia and industry influenced the field, we can better understand the role of each 

institution in driving forward new innovations. 

Finally, looking at the trends in keyword usage in the publications over time and identifying 

which keywords usually go together in these publications can lead to a better grasp of how 

the field is organized. More importantly, by looking at how each keyword trend over time, 

we can get a sense of how the focus of FBDD changed over time and what its current 

direction is. 
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3.2. Bibliometric Methods 
The papers analyzed in this study were downloaded from Thomson-Reuter’s Web of 

Science (WOS). In order to collect an initial set of papers in the field of fragment based 

drug discovery, keywords (see Figure 3.1) were used. 

 
Figure 3.1. Data Collection for FBDD Publications 

The keyword search generated 3,208 papers. To ensure that the keyword “fragment” was 

used to refer to the field, we looked at the abstract, title and keywords fields of the 

publications and tallied the phrases that co-occurred the most with “fragment.” We removed 

the combinations that were unrelated to the field, resulting to a dataset of 2,781 papers. To 

verify whether these papers were representative of FBDD, we inspected the dataset and 

found that key publications in the field were not captured by the keywords used in the 

preliminary search. Examples include Hopkins’s paper on ligand efficiency (Hopkins et al., 

2004) and Hann’s paper on molecular complexity (Hann et al., 2001), as these have not 

mentioned any of the used keywords (see Figure 3.1). Thus, an additional data collection 

step was performed. Using the first set of papers, we checked for their most cited 

references. Analyzing the references, we identified 861 additional publications that were 

cited at least 10 times. It is important to note that this list contains some publications that 
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may not be directly related to FBDD development but nevertheless helped to shape the 

field. An example is the many references to Berman’s publication describing the Protein 

Data Bank (PDB) that marks the pivotal role of protein structural information in FBDD 

(Berman et al., 2000). Merging these publication lists resulted in a total number of 

publications of 3,642 that span the years from 1953 to 2016.  

In order to understand the development of FBDD, we set the hallmark publication of 

Shuker, et al(Shuker et al., 1996) in 1996 as the starting point of our analysis. We analyzed 

papers in the dataset that were published from 1996-2016 in intervals of 5-years. Various 

analyses were done to show the role of prior scientific knowledge in adjacent fields and of 

university-industry collaborations in the development of the field. First, the most cited 

articles in our dataset of FBDD articles were identified to find the core papers in FBDD. For 

further analysis, we used the software CitNetExplorer (van Eck and Waltman, 2014) to map 

the top 100 cited papers, showing the citation relationship among them, allowing us to trace 

the evolution of knowledge. To study how collaboration between academia and industry 

evolved in the last 20 years, we generated co-authorship network maps using the software 

VosViewer (van Eck and Waltman, 2010). To uncover the scientific roots of FBDD, we also 

analyzed the scientific field that the FBDD articles belonged to. Moreover, cluster analysis 

of keywords was performed. By plotting a network map of keywords that co-occur in 

publications, we are able to identify the disciplines that researchers study.  

3.3. Results and Discussion 

3.3.1. Emergence as “Fragment-based Drug Discovery” 

The fragment-based approach to drug development is widely recognized to have started in 

1996 with its first demonstration at Abbott Laboratories (Shuker et al., 1996). This seminal 

paper referred to the approach as Structure-Activity Relationship by Nuclear Magnetic 

Resonance (SAR by NMR), for the first time demonstrating the detection, ranking and 

progressing of small and weak affinity binders.  

In our analysis, the FBDD publications in the first five years would mostly operate under 

the general umbrella of drug discovery instead of distinguishing itself as a discipline. 

However, traces of the keywords related to fragment-based drug discovery has already 

been present as early as the  nineties, for example in the computational work of Joseph 

Moon and Jeffrey Howe (Moon and Howe, 1991) at Upjohn, Sergio Rotstein and Mark 

Murcko (Rotstein and Murcko, 1993) at Vertex, and Hans-Joachim Böhm (Böhm, 1992) at 

BASF. Synonyms such as needles and needle screening, used to describe early 

applications by Böhm and co-workers, now at F. Hoffmann-La Roche (Boehm et al., 2000), 

were not adopted by the scientific community as these keywords were used in less than 5 

publications in any year. As seen in Figure 3.2, It would take a few more years before 

research in the field would come together in a term such as ‘fragment-based drug 
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discovery’,  first appearing in the abstract of the 2002 paper of Murray and Verdonk (Murray 

and Verdonk, 2002). Even in those days, the field would alter between the keywords ‘lead’ 

and ‘drug’. The term lead discovery would dominate in the early years, stimulated by 

influential reviews coming from Astex (Carr et al., 2005; Hartshorn et al., 2005; Rees et al., 

2004) in the mid-2000s.  Differentiating between the two, the term lead emphasizes the 

early stage wherein fragments are used (for example, before pharmacokinetic properties 

are being considered). On the other hand, the term drug can be helpful in that it 

contextualizes the ultimate goal that fragments aim to achieve, and that is to develop drugs.  

By 2009, the term fragment-based drug discovery would finally overtake as the top keyword 

that researchers used to identify the field while lead discovery has lost favor back from its 

peak in 2005 as shown in Figure 3.2.  As it currently stands, the field is still divided between 

drug discovery and drug design. Discovery refers more to the finding of a new drug or drug 

candidate, while drug design puts more emphasis on the rational approaches to build the 

new drug (candidate).  As it is, the abbreviation FBDD is now being  drug discovery has 

been favored to drug design, being used as much as 3 times more in 2016 according to 

the Web of Science, although the different words seem to be used as synonyms.  

 
Figure 3.2. Occurrence of FBDD umbrella keywords in the literature. These 

keywords were chosen as these were the terms used to refer to the field in various 
important reviews. 

Aside from the more extensive keyword use, the growth of the field is shown by looking at 

the increase in number of publications (Table 3.1). From an initial number of 277 

publications in its first five years, this has now increased six-fold to 1709 publications from 

2011-2016. There has also been an increase in the number of unique institutions, authors 
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and countries associated with the field, clearly indicating that the approach is being adopted 

by an increasing number of scientists. 

Table 3.1. Summary of the FBDD dataset from 1996-2016 

 1996-
2000 

2001-2005 2006-2010 2011-2016 

Publications 277 496 939 1709 

Journals  95 143 220 363 

Researchers (min. 5 publications)a 102 190 343 389 

Organizations (min. 10 publications)a     

Academia 1 4 15 53 

SMEs 0 3 3 6 

Big Pharma  1 7 7 7 

a Threshold needed to be set as some firms and researchers may co-author publications 

but not necessarily practice FBDD 

3.3.2. From Ideas to Application: The Role of Industry 

Clearly, the industry has played a pivotal role in developing FBDD. Although the approach 

was first demonstrated at the big pharmaceutical firm Abbott Laboratories (Shuker et al., 

1996), other organizations in the private sector were instrumental in subsequent FBDD 

development, in particular by improving emerging technologies and approaches to allow 

application in drug discovery. In the first few years of the field, majority of articles were 

coming from the industry. This is noteworthy because an inherent bias towards universities 

is expected when focusing on scientific publications, due to the incentive of academia to 

publish. Considering that the  industry has the opposite incentive of withholding information 

for competitive advantage (Dasgupta and David, 1994; Lexchin, 2003), it emphasizes how 

influential the industry was in the development of FBDD.  

This is also supported by looking at the top institutes in terms of scientific impact, as 

measured by citations. As seen in Table 3.2, especially for the first years of FBDD, the 

industry clearly led the field. Abbott Laboratories dominated in the late nineties. Astex 

(founded in 1999 by University of Cambridge professors Tom Blundell and Chris Abell and 

former head of structural biology and bioinformatics of GlaxoWellcome dr. Harren Jhoti) led 

in the next decade. Only in the recent five years would there be a surge in publications from 

the academia in the top 10 list. Table 2 also shows that biotech companies such as Astex, 

Vertex and Sunesis have played an important role in establishing the field. However, it is 

also important to note that some prominent biotechs and pharmaceutical companies in 

FBDD do not show up in this analysis as they might have put less emphasis on authoring 

scientific publications. 
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Table 3.2. Top institutional publishers and their total citations in the field of FBDD 
over time a  

Rank 1996-2001 2001-2006 2006-2011 2011-2016 

1 Abbott Labs 154 Astex 368 Astex 595 Univ Oxford 368 

2 Vertex 77 Abbott Labs 221 Abbott 320 Univ Cambridge 348 

3 
Univ California 
San Francisco 

52 Sunesis 187 
Univ California 
 San Francisco 

261 Glaxosmithkline 304 

4 Roche 49 Novartis 163 Astrazeneca 249 Astex 232 

5 Novartis 43 Pfizer 139 
Univ 
Cambridge 

216 
Univ California San 
Francisco 

156 

6 Univ Sheffield 35 Scripps Inst 112 Novartis 188 Astrazeneca 139 

7 BASF 34 Astrazeneca 93 Scripps Inst 187 Heptares 120 

8 
Univ of California 
San Diego 

29 Glaxosmithkline 90 
Glaxosmithklin
e 

184 Pfizer 110 

9 Univ Marburg 28 Sanford Burnham 87 Pfizer 155 Cancer Research UK 105 

10 CCDC 26 
Univ California 
 San Francisco 

85 Vernalis 135 Univ Dundee 104 

a Academic groups in red 

The important role that the private sector has played in FBDD innovation is also apparent 

when looking at the top 10 cited papers from our collection of FBDD papers (Table 3.3). A 

staggering number of nine of the ten top publications were written by industry researchers. 

The only paper in the top 10 coming from academia is Berman’s publication on the Protein 

Data Bank (Berman et al., 2000), which does not strictly belong to FBDD but is a 

fundamental resource for drug discovery research in general and for FBDD in particular as 

many of the hit fragment optimization programs have been guided by protein structural 

data. Next to some influential reviews, including work from Hajduk (previously 
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Abbvie/Abbott), Congreve (previously working for Astex), Rees (Astex) and Erlanson (at 

that time working for Sunesis Pharmaceuticals), the conceptual Ligand Efficiency (LE) work 

of Hopkins and co-workers (at that time working for Pfizer) has made enormous impact 

(rank 2, Table 3.3).  LE assesses the contribution of every atom on the affinity of the ligand 

and is being used to select the most promising fragment hits and to guide the growing of 

the fragments into bigger drug-like molecules. Also, the theoretical work of Hann and co-

workers at Glaxosmithkline (rank 6, Table 3.3) on understanding how molecular complexity 

impacts hit finding has been influential for FBDD. Amongst others, this work raised the 

realization that fragments should be simple and small molecules that can interrogate the 

binding sites with higher resolution. Amongst others, this has resulted in the guidelines 

captured in the Rule of Three that define quality fragments. This popular mantra was 

attractively pitched by Congreve and co-workers (ranked 4) as a variation on Lipinski’s Rule 

of Five (ranked 7, Table 3.3) that defines the properties of soluble and permeable drug-like 

molecules, the ultimate goal of FBDD efforts.    
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Table 3.3. The ten most cited papers in the dataset of FBDD articlesa 

 Authors Title Journal Affiliation Year Cit 

1 Shuker, SB; Hajduk, PJ;  
Meadows, RP; Fesik, SW 

Discovering high-affinity ligands for 
proteins: SAR by NMR 

Science Abbott Labs 1996 454 

2 Hopkins, AL; Groom, CR;  
Alex, A 

Ligand efficiency: a useful metric for 
lead selection 

Drug Discovery 
Today 

Pfizer 2004 403 

3 Hajduk, PJ; Greer, J A decade of fragment-based drug 
design: strategic advances and 
lessons learned 

Nature 
Reviews Drug 
Discovery 

Abbott Labs 2007 353 

4 Congreve, M; Carr, R;  
Murray, C; Jhoti, H 

A rule of three for fragment-based 
lead discovery? 

Drug Discovery 
Today 

Astex 2003 342 

5 Congreve, M; Chessari, G;  
Tisi, D; Woodhead, AJ 

Recent developments in fragment-
based drug discovery 

Journ of 
Medicinal 
Chemistry 

Astex 2008 290 

6 Hann, MM; Leach, AR; 
 Harper, G 

Molecular complexity and its impact 
on the probability of finding leads for 
drug discovery 

Journ Chem 
Info and Comp 
Sci 

Glaxosmithk
line 

2001 287 

7 Lipinski, CA; Lombardo, F; 
Dominy, BW; Feeney, PJ 

Experimental and computational 
approaches to estimate solubility and 
permeability in drug discovery and 
development settings 

Advanced Drug 
Delivery 
Reviews 

Pfizer 1997 286 

8 Rees, DC; Congreve, M;  
Murray, CW; Carr, R 

Fragment-based lead discovery Nature 
Reviews Drug 
Discovery 

Astex 2004 275 

9 Berman, HM; Westbrook, 
J; Feng, Z; Gilliland, G; 
Bhat, TN; Weissig, H; 
Shindyalov, IN; Bourne, 
PE 

The Protein Data Bank Nucleic Acids 
Research 

Rutgers 
Univ  NIST 
Burnham 
Inst UCSD 

2000 257 

1
0 

Erlanson, DA; McDowell, 
RS; O'Brien, T 

Fragment-based drug discovery Journ of 
Medicinal 
Chemistry 

Sunesis 2004 219 

a Academic groups in red 
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However, if we look at the top cited journals in the recent years (Table 3.4), seven out of 

the 10 most cited publications were authored by academia from 2009. This adoption by 

academia is validated as well by the increase in the share of publishing universities and 

research institutions in FBDD in the last five years. One of the factors for the adoption by 

academia is the rise of academic medicinal chemistry and drug discovery groups (Frye et 

al., 2011; Tralau-Stewart et al., 2009). We can also speculate on the mobility of 

researchers, including experts from industry that move towards university, setting up 

academic drug discovery research groups. As there has been an increase of interest in 

how researcher mobility affects innovation (Azoulay et al., 2017), the impact of this mobility 

and transfer of knowledge in FBDD’s development will be the topic of future research. 
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Table 3.4. The ten most cited papers published from 2009 in the dataset of FBDD 
articles. 

 Authors Title Journal Affiliation Year Cit 

1 Murray, CW 
Rees, DC 

The rise of fragment-based drug 
discovery 

Nature Chemistry  Astex  2009 141 

2 Chessari, G 
Woodhead, AJ 

From fragment to clinical 
candidate-a historical 
perspective 

Drug Discovery Today  Astex  2009 82 

3 Murray, CW 
Verdonk, ML 
Rees, DC 

Experiences in fragment-based 
drug discovery 

Trends In 
Pharmacological 
Sciences 

 Astex  2012 76 

4 Scott, DE 
Coyne, AG 
Hudson, SA 
Abell, C 

Fragment-based approaches in 
drug discovery and chemical 
biology 

Biochemistry  Univ Cambridge 2012 75 

5 Murray, CW 
Blundell, TL 

Structural biology in fragment-
based drug design 

Current Opinion In 
Structural Biology 

Univ Cambridge 
Astex  

2010 70 

6 de Kloe, GE 
Bailey, D 
Leurs, R 
de Esch, IJP 

Transforming fragments into 
candidates: small becomes big 
in medicinal chemistry 

Drug Discovery Today IOTA  
Vrije Univ 
Amsterdam 

2009 69 

7 Filippakopoulos
,P 
Bradner, JE et 
al. 

Selective inhibition of BET 
bromodomains 

Nature Dana Farber 
Cancer Inst 
Harvard Univ 
Univ Notre Dame 
Univ Oxford  

2010 68 

8 Baker, M Fragment-based lead discovery 
grows up 

Nature Reviews Drug 
Discovery 

 
2013 67 

9 Emsley, P 
Lohkamp, B 
Scott, WG 
Cowtan, K 

Features and development of 
Coot 

Acta Crystallographica 
Section D-Biological 
Crystallography 

Karolinska Inst 
Univ York 
UC Santa Cruz 
Univ Oxford 

2010 67 

10 Chen, Y 
Shoichet, BK 

Molecular docking and ligand 
specificity in fragment-based 
inhibitor discovery 

Nature Chemical 
Biology 

 UC San 
Francisco 

2009 62 
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3.3.3. Knowledge Transfer: The Role of   

University-Industry Collaboration  

We then explored the list to the top 100 cited articles in FBDD, representing the core papers 

of FBDD. By creating a citation map of these articles over time, we can visualize the 

evolution in ideas within FBDD and the changing roles of industry and academia in shaping 

these ideas. Whereas Table 3.2 and Table 3.3 reveal the dominating role of the industry in 

establishing FBDD, the plot in Figure 2.3 reveals that ideas and tools developed in 

academia provided groundwork for the field.  

Most of the theoretical grounding of FBDD came with ideas from the academia as early as 

1970s. This early influence by the academia can be seen explicitly with the paper of Jencks 

from Brandeis University (Jencks, 1981). In his paper on the additivity of binding energies, 

he puts out the idea that large molecules can be considered as a combination of fragments.  

On the upper left side of the citation map, several papers authored in the academia can 

also be seen. These are foundational publications about influential drug discovery tools 

such as the Protein Data Bank in 1977 (Bernstein et al., 1977), molecular docking 

approaches by Ferrin and co-workers in 1982 (Kuntz et al., 1982), the molecular modelling 

software CHARMM by Karplus and co-workers in 1983 (Brooks et al., 1983) and 

Goodford’s computational-procedure for determining energetically favorable binding-sites 

in 1988 (Goodford, 1985) and functionality maps of binding sites by Karplus et al. in 1991 

(Miranker and Karplus, 1991). Also, other computational chemistry efforts (e.g., Karplus, 

Schneider, Hubbard) to develop de novo structure generation and molecular docking 

software have made a tremendous impact. Frequently, the developed algorithms use 

fragment-based approaches as computational “tricks” to dissect the complication of having 

to assess and weigh the various properties of bigger, drug-like compounds. In those early 

nineties, the technologies and protocols to determine fragment binding to proteins, using 

for example sensitive biophysical technologies, were not yet available. The computational 

approaches were also adopted by industry, for example by Schneider at Roche and both 

Klebe and Böhm at BASF. The latter scientist also contributed to the pioneering needle 

screening work at Roche (vide supra) that combines in silico approaches with biochemical 

and biophysical screening as an early example of fragment-based approaches in hit finding 

and lead development. The impact of Abbott Laboratories in developing the applications is 

not only apparent from the work of Fesik and co-workers with NMR technology, also the 

work of Greer and co-workers that focusses on discovering ligands using X-ray 

crystallographic screening. Later, their crystallographic screening method called 

CrystaLEAD) was further developed and exploited by influential scientists like Hubbard 

(University of York, Vernalis), Rees, Jhoti (Astex), Abell, Blundell (University of Cambridge, 

co-founders of Astex). These high throughput X-ray crystallographic screening efforts were 

supported by academic activities such as the development by Cowtan and co-workers of 
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the software COOT, a program that is used to display electron density maps and atomic 

models.  

 

 
Figure 3.3. Citation map of 100 core papers in FBDD. Each paper is labelled by its 
last author. The colors reflect the affiliation of the authors Square highlights mark 

review articles. 
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With academia laying out FBDD’s foundations and Big Pharma first demonstrating the 

technique in 1996, the road was now ready for the field’s valorization. The next decade of 

key FBDD publications would almost exclusively come from the industry. Especially in the 

early 2000s, smaller structure-based drug discovery companies like Astex, Vertex and 

Sunesis come to play an important role. These biotechs specialized in specific FBDD 

technologies and approaches (e.g., crystal soaking, biochemical assays, tethering) and 

perfected them for application in hit finding and lead generation. Fragments provided a way 

for these companies to obtain hits without the need to invest millions in compound libraries 

and robotics that are needed for typical high-throughput screening (HTS) approaches 

(Hammonds and Simpson, 2015). It is noted that not all known technologies and FBDD 

companies do appear in this bibliometric analysis, possibly because their restricted efforts 

to publish in scientific literature. Those companies that do publish make a significant impact 

when considering collaborations that publish FBDD work.  

In the early years of FBDD, many institutions involved were carrying out research 

independently. In this period, only a small group of mostly academic institutions were 

collaborating with a few players in the industry (Figure 2.4a). This is seen by mostly 

fragmented nodes on the right side of the plot. However, by the early 2000s, a network of 

university-industry collaborations started to form (Figure 2.4b). 

With the research in FBDD becoming more collaborative, institutions from big pharma, 

spinoffs and academia coauthored more and more articles together. Especially in the final 

period from 2011-2016, a greater degree of integration among practicing institutions can 

be observed. The tight integration shows that FBDD is a high-tech and multidisciplinary 

research field in which specialists in various research area collaborate in developing new 

pharmaceuticals. It is noted that the development of this field also coincides with the 

transition of the pharmaceutical landscape in which the big companies outsource more in 

their pre-clinical research (Kneller, 2010; Wang et al., 2015), an important change that 

seems to have shaped the FBDD field. 
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Figure 3.4.  Collaboration network map of top 500 publishing institutions in FBDD 
grouped in five-year periods from 1996-2016. Each node corresponds to an 

institution. The size reflects the number of publications. Red nodes are from 
academia while blue nodes are from industry. Dark blue nodes are from big pharma 

while light blue are other industrial firms including small biotechs and firms from 
adjacent industries. For years 2006-2016, the biggest cluster is shown. 
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3.3.4. Recombining Knowledge from Other  

Scientific Fields 

To further understand how FBDD integrates knowledge from various scientific disciplines, 

we manually classified the previous core papers according to their content and discipline 

of origin as seen in Figure 2.5. 

 
Figure 3.5.  Citation map of 100 core papers in FBDD. The colors show clustering of 

papers by similarity. 
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Before 1996, the scientific groundwork that would eventually be integrated in FBDD would 

come from two separate fronts. As seen on the upper right side of Figure 2.5, on one end, 

we have the work of Jencks which provided the theoretical rationalization for fragments. 

On the other end (green cluster of Figure 2.5), the previously discussed methodologies that 

are fundamental in FBDD research can be seen. These computational approaches form 

an independent branch that used fragment approaches in binding energy calculations and 

de novo structure generation software. As seen in Figure 2.5, there is a clear separation 

between these two branches with no paper citing the two, prior to Fesik’s hallmark 

publication.  

Thus, it shows how key the SAR by NMR Science paper by Fesik and co-workers was in 

jumpstarting the field. As shown in Figure 2.5, the paper serves as a hub where a dense 

amount of publications branch from. The publication of Fesik brought the two separate 

branches together, explicitly referring to the paper of Jencks while also referring to Bohm’s 

LUDI (Böhm, 1992), Hubbard’s HOOK (Eisen et al., 1994) and Murcko’s GroupBuild 

(Rotstein and Murcko, 1993) at the same time. By this, the theoretical considerations and 

the computer-aided drug design capabilities were combined, enabled by the emerging 

biophysical screening technologies (e.g., NMR) and combined with X-ray crystallography 

to respectively measure and visualize low affinity fragment binding.   

We looked at the categories of the journal sources of FBDD papers. Doing so allows us to 

see the disciplines that FBDD was building from. In Figure 3.6, before 1995, FBDD 

literature cited articles coming from the fields of biophysics, biochemistry and molecular 

biology and computer science. This signals that advancements in knowledge in these 

various fronts was necessary for FBDD to expand. It also gives a clear indication that FBDD 

is going mainstream with many publications now appearing in the more applied Medicinal 

Chemistry field, whereas in the early years most papers where in the field of biochemistry 

and molecular biology, biophysics and computational chemistry. 
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Figure 3.6. Categories of journals over time 

Although this cluster includes the pre-90’s computational techniques described before, the 

influence of this cluster extends into the early 2000s, including  de novo structure 

generation and docking algorithms such as Glide(Friesner et al., 2004) in 2004 and 

development of frequently used databases such as ZINC (Irwin and Shoichet, 2005) in 

2005. 

Referring to Figure 2.5, the blue cluster on the right side is composed of what is considered 

as integral FBDD publications. These include principles and demonstrations of how various 

biophysical techniques can be used in the paradigm of FBDD. Included as well are 

applications of FBDD to various therapeutic targets, i.e., the actual use in drug discovery 

(Hajduk et al., 1997; Oltersdorf et al., 2005). Moreover, it also includes 16 key reviews that 

summarize and integrate knowledge in the field.  

We also see a violet cluster at the early stages of FBDD from 1996-2002, which describes 

concepts on the molecular basis of the approach. One way of interpreting this is that there 

are researchers (like Fesik) who bridge the gap between a new field and established 

methods. In this case, they provided the molecular basis of FBDD. By formulating principles 

from their outsider perspective, they are able to integrate previously unexploited knowledge 

and technologies to the growing body of FBDD literature. The important role of key opinion 

leaders can be seen in the central part of the plot, where around 2005 scientists like Rees, 

Jhoti, Abell (Astex and University of Cambridge), Hubbard (University of York, Vernalis), 

Fesik, Hajduk (Abbott Laboratories) and Erlanson (Sunesis) explicitly integrate the various 

aspects of FBDD in their publications.     
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The citation map also shows an orange cluster that was integrated into FBDD relatively 

more recently. These are papers in the field of crystallography such as the CCP4 suite(“The 

CCP4 suite: programs for protein crystallography.,” 1994) in 1994, Minor’s processing of 

X-ray diffraction data(Otwinowski and Minor, 1997) and Dodson’s refinement of 

macromolecular structures(Murshudov et al., 1997) both in 1997.  

The impact that crystallography would bring to FBDD carries on today. By analyzing the 

keywords used in the abstract and title of the publications in the field, we can get a sense 

of the methods that catch the interest of practitioners. As seen in Figure 2.7, although 

nuclear magnetic resonance has been the dominant technique in the first years of FBDD, 

it has been replaced by x-ray crystallography in the last five years. It is important to note 

that this does not perfectly reflects the usage of such techniques in various laboratories but 

rather reflects the identifiers that are used by authors to attract their targeted readership.  

 
Figure 3.7. Occurrence of various techniques in FBDD papers over time 

Today, the field is organized into four interrelated practices. To come up with these four 

classifications, the top keywords in FBDD was plotted and clustered according to how often 

they occur together per paper (Figure 3.8). Four clusters were detected, corresponding to 

the four major fields working together in FBDD – molecular biology, (medicinal) chemistry, 

biophysics and computational chemistry. These in turn aid the major processes in FBDD, 

namely, designing the fragment library, screening them using for example biophysical 

techniques, modeling using computational methods and optimizing the lead. Although the 

position of the keywords generally indicates the category and interrelatedness of the 
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keywords with each other, the position must be taken with a grain of salt as keywords are 

often related to the three other dimensions of FBDD.  

 
Figure 3.8. Occurrence network of top 100 keywords in FBDD. Color correspond to 

average year of occurrence of keyword 

To see what the trends have been in FBDD in the years, these keywords were colored 

according to the average year of publication. As seen in Figure 3.8, the colors correspond 

to the average year of keyword occurrence. Interestingly, there is a trend towards the upper 

left cluster of molecular biology, with more keywords occurring more recently. This is 

expected as the field has been moving towards applying FBDD, instead of building basic 

knowledge that comes from the other clusters. 
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As FBDD matures, it has been applied to more targets. This can be seen by the curious 

case of publication of Bradner (Filippakopoulos et al., 2010). Going back to Figure 2.5, this 

publication does not cite the core FBDD literature yet is cited by a lot of the recent papers 

in FBDD. This publication on the inhibition of BET bromodomains has been an area of 

interest for FBDD researchers in the recent years.  

Together with other targets, the focus now for FBDD has been its application. The most 

cited references in the recent years (as seen in Table 3.4) have been reviews showing how 

more and more leads originating from FBDD are entering the clinical trials. Not only industry 

is using the technique, but also various academic groups. With the growth of FBDD, small 

has indeed become big in drug discovery (de Kloe et al., 2009).  

3.4. Conclusions 
In our paper, we have shown the history of FBDD through bibliometric methods. In the early 

days of the field, research in FBDD was highly fragmented, operating under the general 

umbrella of drug discovery. Today, scientific progress in FBLD and FBDD are organized 

with the leading keywords “fragment-based lead discovery”, “fragment-based drug 

discovery” and “fragment-based drug design.” Although all these terms refer to the same 

approaches, they put emphasis on different aspects of work and the aim of the endeavors.  

The history of FBDD provides a solid case on how recombining knowledge from various 

worlds can advance science. This was seen in two levels. First, on the organizational level, 

industry and academia played their respective roles reliably well. Academia laid down the 

theoretical foundations and generated research on methods that can be later implemented 

industrially. With the basic science laid out, industry was able to valorize the knowledge 

and integrate them in actual drug discovery efforts. Progress in FBDD was able to occur 

alongside a growing interconnected network of collaborations among various institutions. 

The studies clearly identify an increasing interconnectedness between academia and 

industry. Interestingly, FBDD research field has developed in the same years that the 

pharmaceutical research landscape was undergoing major changes, with the big 

pharmaceutical companies outsourcing more and more pre-clinical research work 

(Fishburn, 2013). As such, FBDD forms an interesting topic to further explore business 

development and innovation management in the pharmaceutical sciences. Using the 

bibliometric database as a premise, we would like to deepen the knowledge on how 

collaborations are formed. Also, with collaborations in FBDD being increasingly created, it 

is of value to understand how these collaborations are maintained so that all the 

complementary abilities of each partners are synergized instead of working separately. 

Finally, it is of essence to evaluate the success of these initiatives towards open innovation.  

The technical aspect of FBDD’s development show us that integration of outsider 

technologies with solid theoretical grounding is a useful approach to innovation. Being able 
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to spot opportunities for integrating is becoming a more valuable skill for researchers 

wanting to stay on top of their fields. It is of interest then to understand how both academia 

and industry cope with this need. Further surveys should be done on this front.  

Future studies can address the limitations of our current approach. In this bibliometric 

analysis, we only focused on scientific publications in FBDD. This analysis has identified 

the key opinion leaders of the field and clearly, publications that are accessible for the 

world-wide research community make an obvious impact. However, certain key 

contributions to the FBDD field are excluded from the analysis. As pharmaceutical 

companies and biotechs are often not incentivized to publish, analyzing the patent 

landscape might be able to characterize better the current state of collaborations in the 

field. Collecting additional data sources such as companies’ disclosures, conference 

attendance and new chemical entities in the market could provide a comprehensive picture 

on the growth of FBDD. By connecting and analyzing these data together, it would be 

possible to better understand the factors that allow companies to successfully bring their 

laboratory results towards the market. We believe that building a better understanding of 

business development and innovation management in such a well-defined and recently 

developed research area as FBDD offers useful case studies to describe the changing 

landscape of pharmaceutical sciences.   
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Seizing Opportunities in an Emerging Field: 

How Science-Based Ventures Mobilized 

Resources for Differentiation and 

Legitimation 

Romasanta, Angelo KS; van der Sijde, Peter C; van den Berg, Steven; Boogaard, Aaron; 

van Muijlwijk-Koezen, Jacqueline E 

 

Abstract 

Science-based ventures in novel fields must differentiate their offerings while gaining 

legitimacy to commercialize their promising technologies. However, maintaining both 

differentiation and legitimacy over time is challenging as stakeholder expectations and 

competitive dynamics change. To explore how new ventures cope with the evolving criteria 

for optimal distinctiveness, we employed mixed methods to trace the commercialization of 

knowledge in an emerging field in the pharmaceutical sciences called fragment-based drug 

discovery. Analyzing 64 new ventures in this field, we found that firms faced shifting 

expectations in their product offerings and competencies as the field matured. We also 

conducted an in-depth case study on four selected European firms commercializing 

knowledge from different niches within the field. We describe the different processes of 

resource mobilization, differentiation, and legitimation performed towards different 

objectives. We find that these processes are directed either internally or externally, to either 

capture opportunities within the field or to extend the field’s reach. By exploring how these 

firms adapt over time, we provide insights on how science-based ventures can thrive in a 

rapidly changing technological field. 

Keywords: Resource Mobilization, Optimal distinctiveness, Legitimacy, Differentiation, 

Research and development, Pharmaceutical industry 
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4.1. Introduction 
Science-based ventures mobilize resources to gain differentiation from existing offerings 

and build legitimacy with key stakeholders (Deephouse, 1999; Zhao et al., 2017; 

Zuckerman, 2016). At different stages of technological development, however, what it 

means to earn differentiation and legitimacy may differ due to shifting stakeholder 

expectations and competitive dynamics (Fisher et al., 2016; Zhao et al., 2017). While the 

most pressing issues in an industry’s nascent stages may include competition from 

incumbents (Geels, 2004; Rothaermel, 2001; Sosa, 2011), difficulty in accessing resources 

(Katila et al., 2008; Villanueva et al., 2012), and the uncertainty of the technology’s 

promises (Hargadon and Douglas, 2001; Maine et al., 2015; Navis and Glynn, 2010), these 

may not be as relevant as the technological field becomes established. Recognizing these 

challenges, we explore the different processes new ventures employ to achieve optimal 

distinctiveness across time points to cope with their rapidly evolving field.  

Resource mobilization has long been central to the literature on entrepreneurship (Clough 

et al., 2019). It refers to the activities done to overcome challenges and act upon 

opportunities  (Clough et al., 2019). After all, new entrepreneurial firms need to gain control 

of unique resources to distinguish their offerings from the alternatives (Brush et al., 2001). 

However, as the emerging literature on optimal distinctiveness emphasizes, differentiation 

is not sufficient as new firms also require the approval of important stakeholders to gain 

interest from customers (Deephouse, 1999; Zhao et al., 2017; Zuckerman, 2016). In other 

words, aside from differentiation, they must also build legitimacy (Zimmerman and Zeitz, 

2002). Due to the importance of managing the tension between being different and similar 

at the same time, scholars have examined the effectiveness of various configurations of 

optimal distinctiveness towards commercialization (e.g. McKnight & Zietsma, 2018). 

However, questions remain on how firms can maintain optimal distinctiveness at various 

time points, especially when their field is constantly evolving.  

To explore this main question, we analyzed the commercialization of knowledge and 

technologies in a once-emerging field in the pharmaceutical sciences called fragment-

based drug discovery (FBDD). In its early, FBDD faced skepticism on its scientific merits 

and real-world application to problems in drug discovery. Moreover, large pharmaceutical 

firms were not inclined to adopt the approach, having previously made large investments 

in alternative technologies such as high-throughput screening (Chessari and Woodhead, 

2009; Romasanta et al., 2018). Nonetheless, with small entrepreneurial firms championing 

the new approach, FBDD later became a mainstream field that is now widely used across 

firms of all sizes in the pharmaceutical industry (Erlanson et al., 2016).  

In the first phase of our study, we collected information on 64 entrepreneurial firms to 

survey the technological and competitive landscape in the field. By looking at the 

competencies and offerings of firms being founded at different time points, we derive 
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insights on the shifting expectations faced by the field of FBDD. As customers gained 

experience with the technology, they shifted their preferences on the types of services to 

avail. When the field became established, these customers expected FBDD firms to have 

stronger industry experience and to deliver high-quality hits. 

In the second phase, we analyzed four new ventures adapted to the changing demands of 

their field. We trace the key events in their development by collecting publications, patents, 

news articles, founder CVs, firm websites, and other archival data on these new firms. In 

interviews with founders and key employees at these firms, we also triangulated this data 

to identify their motivations behind each activity.  

We then describe the processes of differentiation, legitimation and resource mobilization 

employed by firms. We find that these processes are directed either internally or externally 

with respect to the field. In the early years of the new approach, firms focused on 

advocating for their field’s establishment, especially since there may be few opportunities 

to pursue for actors in unrecognized fields. These activities include demonstrating the 

field’s practical application, co-developing with crucial stakeholders and recruiting early 

adopters. In contrast, as the field matured and became a routine feature of the industry, 

FBDD firms focused inward. Their activities include highlighting the unique features of their 

particular offering, expanding their coverage of the field and showcasing their internal 

successes. Overall, we find that firms struggle with finding the optimal level of differentiation 

and legitimacy at different stages of the field. Since firms are too different at the beginning, 

they tend to over-adjust, risking becoming too similar at later stages. 

By relating these internally oriented and externally oriented activities, we connect the 

literature on resource mobilization at the firm-level with the literature on mobilization at the 

field-level. Particularly, the literature on fields as social movements shows that advocates 

of new fields have to perform the same processes of differentiation, legitimation and 

resource mobilization in order to get wider acceptance (Hambrick and Chen, 2008). We 

describe how these processes at the firm and at the field level parallel each other.  

In summary, optimal distinctiveness has become an important concept to explain how 

technological ventures can commercialize their promising technologies. Despite its 

prevalence in the literature, questions remain on how it evolves over the life cycle of a 

technological field. To enrich this temporal aspect, we explore how science-based ventures 

in an evolving field in the pharmaceutical industry pursued the shifting pressures between 

being different yet similar. 

4.2. Theoretical Framework 
This study integrates the two streams of literature that describe resource mobilization: one 

at the field level and another at the firm level. We start by describing the processes related 

to how new social movements gain wider acceptance. We then explore the processes firms 
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use to act on opportunities. After discussing these two areas of literature, we integrate them 

to explore the issues faced by new firms in emerging fields. 

4.2.1. Resource Mobilization in New Fields 

Members of unestablished fields are limited with the actions they can carry out due to the 

lack of resources and recognition from important stakeholders. To address these limitations 

and widen the range of opportunities they have access to, members can advocate for their 

field’s establishment.  In their framework describing new fields as social acceptance 

movements, Hambrick and Chen (2008) show that new fields have to undertake three 

activities to gain wider acceptance: differentiation, legitimation and mobilization.  

Differentiation refers to the need for new fields to distinguish themselves from other existing 

fields. From the perspective of outsiders, it may not be clear what the field is about and 

what is novel about it. Thus, its proponents have to demonstrate how the field does not 

operate on the same set of foundations, theories, methods and problems as existing fields 

(Merton, 1973). In other words, they have an active role in drawing the field’s boundaries 

(Granqvist and Laurila, 2011; Santos and Eisenhardt, 2009). If they succeed in developing 

a strong identity for the field, it can receive more attractive evaluations from external 

audiences (Lounsbury and Crumley, 2007; Patvardhan et al., 2015; Rao et al., 2003). Since 

observers of the field may not understand what unique value it can provide compared to 

existing approaches, proponents also have to create expectations of the grand scenarios 

whereby the field reaches its potential (Benford and Snow, 2000; Budde et al., 2012; 

Gustafsson et al., 2015; van Merkerk and Robinson, 2006).  

Legitimation is related to how the field can gain wider acceptance by conforming to existing 

norms (Bergek et al., 2008; Markard et al., 2016). Gaining acceptance however, is not 

straightforward for the new field especially if it goes against entrenched beliefs and 

practices. Actors in a new field may encounter resistance from practitioners of established 

approaches and technologies, who may interpret the new field as a challenge to their 

authority (Clausen et al., 2012; Frickel and Gross, 2005). If the new field’s success depends 

on the incumbents’ cooperation, the new field faces high chances of failure. To mitigate 

this, the new field needs to conform to established norms to avoid potential conflict. The 

proponents of the new field can align their technology with the prevailing institutional 

contexts (Binz et al., 2016). To effectively carry this out, these proponents then not only 

need to have technical expertise, but also the social capital to communicate and propagate 

their ideas, to appeal to existing approaches, and to bridge the gaps between diverse 

stakeholders  (Aldrich and Fiol, 2007; Lounsbury and Glynn, 2001; Maguire et al., 2004).  

Apart from building legitimacy outside, practitioners of the field must also coalesce and 

build legitimacy within. To progress, its actors should have a certain degree of agreement 

on fundamental problems, theoretical foundations and methods (Cole, 1983; Pfeffer, 1993). 
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Fields can succeed more if the members can identify themselves with a certain category 

(Clegg et al., 2007; Navis and Glynn, 2010) and they have common guiding images 

(Gustafsson et al., 2015). 

Mobilization refers to the acquisition of valuable resources to realize opportunities 

(Thornton et al., 2019; Yu-Chieh Lo, 2015; Zald et al., 2017). For an aspiring community, 

these resources include the political opportunity structure, shared interests, and social 

infrastructure (Hambrick and Chen, 2008). Accessing these resources can create positive 

feedback loops to accumulate further other resources that can fuel the growth of the field. 

However, these resources may be difficult to access for unestablished fields, as other fields 

compete for the same limited resources (Clausen et al., 2012). Thus, proponents must act 

strategically to access these scarce resources and open new opportunities for the field.  

In summary, new fields must carry out the processes of differentiation, legitimation and 

mobilization. As these processes complement each other, proponents of the field have to 

carefully pursue them, threading the line between being too different or too similar. While 

these processes occur at the field level, the actors within them also need to carry out the 

same processes to seize opportunities for their own benefit. In the following, we look at the 

parallel processes occurring for actors at the firm-level. 

4.2.2. Resource Mobilization by New Firms  

Entrepreneurial resource mobilization refers to the processes firms employ to execute on 

an opportunity (Clough et al., 2019). These new firms have to acquire and modify their 

resources in unique ways (Barney, 1991; Newbert, 2008). By having resources that cannot 

easily be imitated, new firms can gain a competitive advantage over other firms in the 

industry (Porter, 1980). Conventionally, firms have various resources they can mobilize to 

differentiate themselves from the competition: human, financial, technological and social 

(Clarysse et al., 2011). Given the high premium placed on novelty and radicalness 

(Rothaermel, 2000; Rotolo et al., 2015), technology ventures therefore have to contrast the 

unique features of their new offerings with those that already exist in the market.  

While resources are important for differentiation, a new firm must not be too extreme that 

it deviates from the existing norms, or it risks being penalized by the wider community 

(Philippe and Durand, 2011; Sirmon and Hitt, 2009). The perception that an entity is aligned 

with a socially constructed set of norms, values, beliefs, practices and definitions refers to 

legitimacy (Suchman, 1995). This is achieved by conforming to the norms and beliefs of 

the community (Bruton et al., 2010; DiMaggio and Powell, 1983; Fisher et al., 2016; Meyer 

and Rowan, 1977). Firms seek legitimacy to gain access to other additional resources such 

as financing, employees and technological capabilities (Aldrich and Fiol, 2007; Fisher et 

al., 2017; Zimmerman and Zeitz, 2002). The challenge however is that the criteria for 
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legitimacy evolve as these firms evolved and they seek resources from new audiences 

(Fisher et al., 2016). 

Due to the seemingly contradictory nature of differentiation and legitimation, interest has 

increased in the topic of optimal distinctiveness (OD), the perception that a firm is 

differentiated while maintaining legitimacy (Deephouse, 1999; van Werven et al., 2015; 

Zhao et al., 2017; Zuckerman, 2016). While the word “optimal” in OD seems to refer to a 

specific point at which a firm attains differentiation and legitimacy, or to a specific state after 

their attainment, such a static view of OD raises important questions, including how this 

state is attained, how firms sustain such a state once it has been achieved, and how they 

respond to the demands of their environment. To address these questions, this study 

explores how, as they mobilize resources, firms actively manage differentiation and 

legitimation.  

While these challenges of differentiation, mobilization and legitimation remain throughout 

the field’s development, the nature of these processes varies over time due to changing 

stakeholder expectations and maturing competitive landscape. In the early years of a field, 

these technologies may be too unfamiliar to potential customers. The field must then work 

to overcome the liability of newness (Freeman et al., 1983; Stinchcombe, 1965). At such 

stage then, actors typically focus their energy on gaining recognition for the field by 

educating the wider community on the merits of their technology.  

As a field matures, however, its promises become clearer and better defined. With 

customers being familiar with what the technology offers, they may have formed specific 

expectations on what they can receive when they avail services from actors in the field. 

Maturity of the field also may mean increased competition, making it difficult to access 

resources no matter how abundant they may be. It has been suggested that, as a field 

becomes better known and more legitimate, firms focus on differentiating themselves from 

other firms in the same field (Lounsbury and Crumley, 2007; Navis and Glynn, 2010).  

In sum, much is known about the different processes of resource mobilization, 

differentiation and legitimation that fields and firms carry out. However, these two have not 

been discussed in relation to each other. Moreover, it is unclear how the two interact as the 

field matures together with the firms within it. Thus, this study connects the two research 

areas on resource mobilization for firms’ opportunity capture and fields’ wider recognition. 

To explore the temporality of optimal distinctiveness, we study the adaptation of science-

based ventures in the dynamic field of fragment-based drug discovery. 

4.2.3. Fragment-based Drug Discovery 

The setting of this study is the pharmaceutical industry, whose ability to develop new 

treatments is highly reliant on innovation. Against a background characterized by rapid 

technological advances, new firms hoping to improve their success rates with regard to 
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drug development are continuously introducing new processes. We focus specifically on 

fragment-based drug discovery (FBDD), a technology used in the early phases of drug 

design.  

To contextualize the role of FBDD in the drug-development process, this section explains 

the steps that are taken for a drug to be developed and to reach the market (Kola and 

Landis, 2004; Paul et al., 2010). The first step in discovering a drug involves identifying and 

validating a target in order to prove that it plays an important role in a specific disease. 

Once a protein has been identified as a suitable target for a drug, teams work together to 

discover a lead compound that can act on the target. Once there is a promising lead, it can 

be tested in cell and animal models to verify the treatment’s safety and efficacy. This drug-

discovery phase is beset by uncertainty and high failure rates, as firms typically have to 

pursue difficult targets, the easier ones having been exhausted in the past (Pammolli et al., 

2011). When a lead candidate is identified as a potential drug, it then enters the drug-

development process, where it undergoes three phases of clinical testing in humans. Due 

to the overall arduousness of the testing, it can cost about USD 1.4 billion to bring a single 

drug to the market (DiMasi et al., 2016).  

In this study we focused on FBDD which is in the lead discovery stage. It is an approach 

used to generate chemical matter that can then be further refined and developed to create 

a chemical lead. FBDD practice consists of four main parts: 1.) a chemical library, i.e., a 

collection of chemicals that are tested against the protein of interest; 2.) screening, i.e., 

different techniques that are used to check whether a chemical interacts with this protein; 

3.) computation, when various computational techniques are used to model and guide this 

process; and 4.) application, when all these components are applied—usually iteratively—

to discover a potential drug against a disease of interest.  

After FBDD had first been demonstrated in 1996 at the large pharmaceutical firm Abbott 

(Shuker et al., 1996), its adoption by the industry was not immediate. This was due to 

difficulties in using it, skepticism about its promises, and, most importantly, earlier 

investments in the then-traditional approach of high-throughput screening (HTS), which 

had required companies to invest in chemical libraries containing millions of compounds, 

which were then tested automatically through a robotics-supported screening platform 

against the protein of interest until the desired binding was found. Interpretation of the 

results required considerable investments in automation and process technologies. As big 

firms were locked into HTS, it was difficult for FBDD to gain acceptance within the 

pharmaceutical community. 

Relative to HTS, FBDD had a mix of benefits and extra costs (summarized in Figure 4.1). 

Unlike HTS, which requires a chemical library containing millions of compounds, one 

benefit was that an FBDD library is composed of thousands of small molecules called 

fragments. A firm would therefore not have to spend as much on the acquisition, logistics 

and maintenance of such compounds. Screening with FBDD relies however on specialized 
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equipment that is sensitive enough to detect the weak binding of the smaller fragments. 

Once the hits are identified, further optimization is still required to find the lead candidate.  

 
Figure 4.1. Steps involved in fragment-based drug discovery 

Due to the prevalence of HTS in large pharmaceutical firms, FBDD did not initially gain 

traction in the industry. It was the small companies that played a critical role in its growth. 

They embraced the approach, creating their specific workflows. Thanks to their 

experimentation and incremental demonstrations of success, the pharmaceutical industry 

started to see its value.  

In sum, this study explores the different processes of differentiation and legitimation 

employed by firms throughout FBDD’s emergence to execute on its opportunities.  

4.3. Methods 

This study was conducted in two phases. In the first, to track the development of the field 

over time, we surveyed of the entrepreneurial firms in the field of FBDD. In the second, to 



Commercialization by New Ventures 

 

104 

track the development of startups as the field was growing, we examined the processes 

followed by four selected firms in different niches within FBDD. 

4.3.1. Development of FBDD Field 

To explore the history of the field, we first drew on several sources. We read through 

accounts of the history of fragment-based drug discovery in pharmaceutical journals such 

as Drug Discovery Today and Nature Reviews Drug Discovery, as these trace the major 

milestones in its development (e.g. de Kloe et al., 2009; Erlanson et al., 2016). Moreover, 

we examine the archives of the famous blog within the field called Practical Fragments 

where major advances in the field have been documented. 

We then created a database of companies in the field, documenting their founding year, 

status, type, and country of origin. The names of relevant firms were collected through two 

avenues: companies attending FBDD conferences, and companies mentioned in blog 

posts on Practical Fragments. We collected and verified data on 64 entrepreneurial firms. 

With FBDD being a small tight-knit research community, we are highly confident that we 

were able to capture all the relevant firms from this field. 

Per company, we gathered data from public online resources, including the company 

website, LinkedIn, the Bloomberg Private Company Database, and Yahoo Finance. Small 

and medium enterprises were categorized according to whether they had originated in 

academia or industry. We did this mainly by checking the founders’ previous affiliations 

before the company’s foundation had been founded.  

We also distinguished between the offerings the various companies provided, which we 

deduced from the company description on Bloomberg or Yahoo Finance. These offerings 

were then categorized according to the four main areas of FBDD outlined above 

(subsection 2.4, paragraph 3): 

• Library firms that provided, assembled or designed chemical libraries containing 

the fragments.  

• Screening companies that created equipment, tools and methods for screening 

the fragments and providing information on the hit.  

• Computational firms that provided two sorts of software: software that was 

directly necessary for screening fragments, and software that provided the 

infrastructure for managing data and results in the drug-discovery process.  

• Application companies that used FBDD to discover hits and develop lead 

compounds for drugs. This category included smaller companies that developed 

leads to drugs, and licensed them to large pharmaceutical firms. All large 

pharmaceutical firms are included in this category 
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We also recorded the status of each company, categorizing it according to the following 

categories:  

• Public, if the company’s shares were listed on a stock exchange.  

• Acquired, if the company had been acquired by another company.  

• Out of business, if the company was reported as no longer being in business. 

Companies were also included under this heading if they had no active website 

or no LinkedIn page, and if there were no references to them in the news. 

• Private, if it was a privately owned company. All companies that were not public, 

acquired or out of business were classified as private. 

4.3.2. Case Study of Four Companies in FBDD 

In the second phase, we used a qualitative design to compare four biotechnology firms with 

respect to the routes they had taken to commercialize the FBDD approach, our specific 

aim being to trace how, when new, they had managed differentiation and legitimation in 

various phases of field development. We identified four firms that reflected different 

technological areas within FBDD, selecting them on the basis first of having started 

practicing FBDD at around the same time, and, second, of being located in Europe. They 

also were all spin-offs from their founders’ respective universities. However, we did not 

have a computational firm, as these are typically not dedicated towards FBDD. Table 4.1 

summarizes the information on the firms we selected.  

Table 4.1. FBDD firms included in this study 

  Year 

founded  Country 

Initial 

FBDD Area 

Employees 

ScreenEtc Inc 2004 Netherlands Screening 20-30 

FamousScreen Inc 2006 Sweden Screening 10-20 

ChemCo 2007 United Kingdom / Netherlands Library 1-10 

DiscoverCorp 1997a United Kingdom Application 50-100 
a started FBDD practice in early 2000s 

 

Per firm, we constructed a preliminary timeline by collecting all possible publicly available 

information from them. We downloaded relevant news articles, public interviews, speeches, 

founder profiles, firm websites, publications, patents, and other relevant material (see Table 

4.2). This allowed us to generate a database of the critical events in each firm’s 

development. By email, we then contacted the founders and senior employees, attaching 

this preliminary timeline and asking them to validate the information. We also asked them 

to identify any additional critical events via email that were not publicly available. Following 

this, we then scheduled an interview with founders and senior employees at each firm.  
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Table 4.2. Data sources for archival data collection of the four FBDD firms 
Source Archival data Number of sources 

Company’s website Press releases 

Company public records 

59 

3 

Governmental record agencies Financial statements 

Annual reports 

16 

18 

News Media  News articles  

Interviews 

39      

2 

Consortia website Informatics 6    

Others Conference presentations 

Published articles 

Other 

8            

13       

7          

Total                    171 

 

We conducted semi-structured interviews with these founders and employees (2 for 

ScreenEtc Inc, 3 for FamousScreen Inc, 2 for ChemCo and 3 for DiscoverCorp) who were 

knowledgeable about the entire history of FBDD within the firm. Each interview lasted for 

45 to 90 minutes. At the beginning of each interview, we asked the respondents about their 

backgrounds, how they had first been introduced to the technology and their perspective 

on their firm’s history. We then asked them to name the most critical events in that history, 

delving into each critical event. The subjects we explored included the motivations behind 

their decisions, the external parties who had been necessary for such events, and the 

results of their actions.  

To trace how each firm mobilized resources to achieve differentiation and legitimacy, we 

mapped the various events, mainly focusing on their technological resources. However, as 

other financial and human resources are also important in enabling a new venture, we also 

took them into account for each firm we studied (e.g. Miozzo and DiVito, 2016). We trace 

how these early resources developed and were deployed as the firms grew. 

To explore legitimation, we examined these firms’ interactions with other actors in the field 

and with the wider pharmaceutical industry. We analyze their collaborations with other 

small companies and with large pharmaceutical firms. We also traced their publications 

over time, as these reflected their attempts to demonstrate the science behind the approach 

and to share their knowledge with the wider scientific and business community. 

4.3.3. Data Analysis 

Each recorded interview was transcribed and anonymized. To keep the responses 

anonymous, the names of the individuals, colleagues, firm names, and therapeutic targets 

were removed from the transcripts. For checking and in case interviewees wanted 

additional information to be omitted, the transcripts were then sent back to them. If needed, 

further communication was established to clarify points in the interview.  
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These transcripts were then imported to Atlas TI for coding. First, we went through each 

interview, looking for critical events in the firms’ development. Per event, we identified the 

phase in the firm’s development in which it had occurred, classifying it under two main 

headings: early and late. Then, for each company we created a timeline, classifying the 

events regarding whether they were related to technological developments, other 

resources (human, financial and physical), collaborative activities or dissemination 

activities. It is important to note, however, that these resources are highly interdependent 

and that they often overlapped (Miozzo and DiVito, 2016). In addition to these 

predetermined codes, we also looked out for other relevant comments our interviewees 

had made. To derive insight from such comments, we grouped them according to similar 

themes. After review, these were consolidated in an iterative process. 

 

4.4. Results 

4.4.1. Entrepreneurial Firms in FBDD 

We explore the field of FBDD to gain general insights on the range of firms operating at 

various points during the development of FBDD. As stated above, the field of FBDD is 

deemed to have started in 1996 with the foundational paper by the research group at 

Abbott, a large pharmaceutical company. As Figure 4.2 shows, many firms were already 

founded before 1996. This means that they shifted to practicing FBDD once it was 

discovered. While it cannot be precisely determined when they adopted FBDD, it can be 

said that the adoption of FBDD, in general, was not straightforward. It went slowly over two 

decades until the peak in the late 2000s. With the field maturing at this point, the rate of 

firms being founded decreased after 2011. 
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Figure 4.2. Founding years of companies practicing FBDD 

In the early days of the field, most spinoffs were founded by academics finding industrial 

use for their scientific discoveries. Over time, this trend changed with industry spinoffs 

increasingly taking the share of companies founded. Especially from 2006-2010, we see a 

surge of such industry spinoffs. This period also marked the entrance of the first drug 

candidates from FBDD entering the clinical trials. As such, these later periods can be 

speculated to mark the point where stakeholders expected FBDD to be a highly refined, 

industrialized process compared to its highly experimental early days. In this period, 

industry experience was highly desirable as customers expected firms to deliver high-

quality hits in drug discovery. 

Ventures specializing on different technologies were founded in certain times to capitalize 

on their niche of practice. As seen in Figure 4.3, certain technological offerings were more 

viable for commercialization in FBDD at a certain period. Chemical screening companies, 

for instance, were in high regard during the nascent years of the field, while screening 

companies peaked at a much later time. This heterogeneity can be attributed to varying 

customer needs and technology expectations over time. 
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Figure 4.3. Founding years of FBDD small firms by area of expertise. Note that 

some firms practiced in more than one area. 

Application firms were the most prevalent type across all time slices. This is unsurprising 

given the overarching goal of FBDD: to create and design drugs for the market. Many of 

these firms were founded before 1996 but adopted FBDD later to stay on top of 

advancements in technology and to augment their drug-discovery process. The advances 

and greater cost-effectiveness of FBDD also allowed more firms to enter and to pursue 

drug discovery in a way that would not previously have been possible.  

Most of the chemical firms had also been founded before 1996: chemical suppliers are not 

unique to the FBDD field, as they are also important to other approaches and applications. 

Nonetheless, by joining FBDD and catering to the needs of the firms practicing it, these 

chemical firms could broaden their market as the demand for chemicals suited to FBDD 

increased. Interestingly, however, despite the head start of the chemical firms founded 

before 1996, new chemical-library providers were founded in later years. Most of these 

provided handcrafted libraries that were specifically designed for the FBDD domain. 

Despite their presence, however, there was an overall fall in the number of such companies 

that were founded – in contrast with screening firms, whose rate of founding increased.  

This is no doubt because the screening of the fragments is one of the most important 

aspects of FBDD. It is also a complex process: as there are many false positives and 

negatives, the results are sometimes difficult to interpret. Firms whose knowledge and 

experience enabled them to identify quality hits were thus highly valued by the industry. As 

time went by, it was increasingly realized by those throughout the field of FBDD that it was 

important to use a range of methods orthogonally to validate the hits found by another 
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method. Overall, screening firms benefited when, to find the best fragments, stacking these 

different techniques became the norm. 

Finally, we come to the computational firms, whose profile and founding have remained 

relatively low throughout the history of FBDD. In general, such firms are not founded 

specifically to cater to FBDD; instead, they have products that are useful to FBDD 

practitioners. Typically, they provide the digital infrastructure needed to manage the data 

and interpret the results generated elsewhere in large numbers of screening experiments. 

Moreover, there are also firms developing computational techniques to screen chemicals, 

which can also be modified to screen fragments. These forms of software can provide 

information on which experiments can be conducted in the laboratory.  

Analysis of the status of FBDD companies in Figure 4.4 shows that most firms in our dataset 

are still operating across all types of firm offerings. While many remain as small private 

firms, many have also been acquired, generally by big pharmaceutical firms wanting to 

acquire FBDD capabilities. This data, however, does not reflect surviving companies that 

have pivoted away or remained stagnant over the period covered by our study. 

 
Figure 4.4. Status of FBDD companies by offering 

In sum, entrepreneurial firms in FBDD were founded consistently across various phases of 

the field’s development. Despite the opportunities for entering the FBDD market across its 

lifespan, firms with a particular offering had only a limited window of opportunity to take 

advantage of the field, corresponding to varying expectations of what an FBDD firm should 

offer and be capable of delivering. 

Having surveyed the field, we then explored how firms had managed to differentiate and 

legitimize themselves at various phases of their development. To do so, we selected four 
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firms. Below, we examine them in turn, analyzing the evolution of their technology and 

offerings. 

4.4.2. Four companies in FBDD 

4.4.2.1. ScreenEtc Inc 

ScreenEtc Inc was founded in 2004 to commercialize a screening technology that had been 

developed in the research group of one of its founders. The company’s origins can be 

traced back early—to the doctoral training of the founder in question, who later headed a 

research group at a Dutch university. In his research, he discovered—built on top of a 

ubiquitous piece of equipment in the industry called NMR—a unique screening approach 

to identifying fragments. This technique was patented in 2001. To commercialize this 

technology, ScreenEtc Inc was then spun off with support from the university. As the 

company started with a patented screening platform, it offered fragment screening as a 

service. As a Contract Research Organization (CRO), it was paid every time they deliver 

the agreed-upon output for the projects they have. 

 
Figure 4.5. Timeline for ScreenEtc Inc 

Due to its flexibility, the technology could be applied to different targets, increasing its 

appeal to potential customers. And as it was patented, it provided high, sustained 

differentiation for ScreenEtc Inc over an extended period. However, before such growth 

was possible, potential clients needed to know that the technology could be trusted to give 

valuable results. As one of the founders stated:  

“It’s a technology, but it needs validation before you can sell it.”  
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Fortunately, the reputation and social network of the firm’s founders allowed them to get 

their initial clients. Validation was obtained in collaboration with a big pharmaceutical 

company to which ScreenEtc Inc had demonstrated the value of its technology platform. 

While the partners provided the target and the fragments, the focal company applied their 

screening capabilities. As the project ended, they obtained legitimacy for their FBDD 

approach. As the CEO stated:  

“…the real-world example started to give us the legitimacy we needed 

to go out to top clients to show them what we could do.”  

Shortly afterwards, the company realized that to validate the quality of its hits, it also 

needed additional screening techniques—due partly to the growing awareness in the FBDD 

field that it was also necessary to ensure that the hits were accurate. Thus, in around 2009, 

the company acquired another technology, SPR, which served as an orthogonal validation 

method. By doing so, the firm conformed to the expectations of the necessary offerings of 

firms in the field.  

The firm further legitimized itself through publications of their fragment-based screening 

activities. In addition to its existing NMR-based validation techniques, the company 

introduced another one. As it already had the expertise in-house and had access to the 

required equipment, the introduction was relatively easy. By implementing yet another 

variation of the foundational technology NMR, ScreenEtc Inc conformed to the industry as 

other players also applied this technique.  

Over the years, ScreenEtc Inc has extended its offerings beyond its original area of 

screening—venturing, for instance, into structure determination, another aspect of FBDD 

considered important in the field. This has enabled it to access new drug-target markets by 

adding such technologies to its portfolio. By expanding their coverage of the field, they have 

been able to maintain their differentiation. For instance, investment in new capabilities in 

the field made it possible to investigate certain targets that had previously been deemed to 

be “undruggable.”  However, in each case, the company needed to demonstrate the value 

to its customers. 

At present, ScreenEtc Inc is still a contract research organization. They have expanded 

their offerings increasing the coverage of the entire FBDD process. 

4.4.2.2. FamousScreen Inc 

FamousScreen Inc, a specialist in screening using SPR biosensor technology, was 

founded in 2006. It was spun out of a Swedish university by two founders, one of whom 

had been involved with the university since 2002, while the other had previously been 

involved in establishing another drug discovery firm before founding FamousScreen Inc. 
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Figure 4.6. Timeline for FamousScreen Inc 

The use of SPR could be traced back to 1996 when the academic founder had started 

collaborating with the producer of the SPR equipment. This producer who wanted to find 

other uses for its equipment in drug discovery. Initially, this SPR screening was unique in 

the field of FBDD. It also had a proprietary library that best suited to SPR. With a 

differentiated platform, the company provided FBDD screening as a fee-for-service.  

Early projects came especially through the existing social networks of its experienced 

founders. These early clients were also important to enabling the company to validate its 

platform and build the initial legitimacy needed to get more customers. The CEO stated the 

following: 

“So, we grew by getting revenues and that was very neat. But it 

required a lot of patience. Also, we didn't build a lot of value in terms of 

drug-discovery assets in therapeutic assets, but we built our platform 

and we validated our platform on the cost of these pharmaceutical 

companies, and that was very valuable.” 

After completing a variety of projects, the company enriched its SPR capability by acquiring 

a new generation of the SPR machine, which allowed it to screen compounds effectively 

for their specificity to particular targets. To speed up the screening process and improve 

the reliability of its results, the company also developed its proprietary software for data 

analysis. This was designed specifically for its platform, augmenting its existing SPR 

capabilities. All in all, staying on top of developments in SPR made the firm known across 

the FBDD field for its expertise with the equipment.  
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With time, however, the field started to recognize the importance of delivering different 

technologies to validate any screening hit. Thus, although, the implementation of novel 

software had improved the reliability of the company’s results, the market required 

additional validation techniques. As the former CSO explains: 

“People clearly needed another method before they could trust that we 

showed them.” 

The company therefore introduced other orthogonal screening techniques to validate its 

results. As the company was acquiring other techniques to its portfolio, the same process 

was also carried out by other companies in the industry. To illustrate, large pharmaceutical 

firms increasingly integrated SPR within their internal drug-discovery departments. As the 

CSO explained: 

“… around 2010 or 2011 it became very clear that there was intense 

competition, not from other small companies, but from the internal drug-

discovery departments of the big pharma customers...” 

With most companies gaining experience in SPR, FamousScreen Inc had difficulty 

sustaining its competitive advantage. Realizing the potential opportunity of discovering its 

own therapeutics rather than offering its platform as a service, it therefore pivoted. It is 

currently in drug development, specializing in oncology targets.  

4.4.2.3. ChemCo 

Founded in 2007 at a university in the United Kingdom, ChemCo specializes in library 

design, offering a diverse fragment library for various targets. As it was carefully designed 

to include unique compounds, the library is differentiated from other generic options in the 

market. While ChemCo is based mainly in England, most of the R&D behind the library 

was done at a partner Dutch university. ChemCo’s founders had wide experience working 

in the industry with three having managed drug-discovery teams in big pharmaceutical 

firms. 
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Figure 4.7. Timeline for ChemCo 

The founders’ network and reputation gave the company the legitimacy it needed to gain 

its first customers. To demonstrate the value of their library, they used it to conduct 

screening experiments that showed its effectiveness in generating quality hits. This created 

interest in their product, especially in the early days of the firm. While the library attracted 

considerable interest, the founders intended to sell it only to as a lure that would attract 

clients to return for additional services. And it did indeed allow the company to enter into 

collaborations it would not have obtained otherwise. The company therefore continued to 

provide its library in various collaborative projects—the problem being, however, that, by 

letting clients gain access to it, they exposed them to its inner workings.  

As the projects came to an end, the market for selling chemical fragments had become 

saturated. The company did not have enough funds to expand its services and set up its 

own labs. Without owning equipment, it could not obtain new clients or projects in FBDD. 

As one of the founders stated:  

“How do you build your own capabilities and your own expertise enough 

to be able to attract other companies? If companies are going to want 

to collaborate with you, they want to know what your expertise is. Now 

our expertise might be screening, but we haven't got a lab where we 

can do it, we haven't got the equipment, we haven't got the facilities, 

and at the moment we haven't got any specialized targets.”           
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Ultimately, having missed the window of opportunity to establish themselves in the field, 

the company had to pivot to another field outside FBDD. They shifted towards doing more 

upstream research.  

4.4.2.4. DiscoverCorp 

DiscoverCorp is a British company that commercializes its FBDD platform by collaborating 

with other pharmaceutical companies through joint risk-and-rewards partnerships. It was 

the product of a merger in 2002 of different biotechnology firms working on areas outside 

of FBDD. However, its FBDD division was founded in 1997 as a university spin-off. Initially, 

this predecessor had used technologies such as NMR and X-ray crystallography to focus 

on another approach called structure-based drug discovery. By taking advantage of its 

existing capabilities, the predecessor started experimenting using FBDD sometime around 

2001. It modified its existing NMR capability to apply the FBDD paradigm. It assembled its 

library incrementally from commercially available compounds. However, despite such 

investment, it was difficult to convince the industry to apply such FBDD approaches, as 

many stakeholders were still used to the conventional HTS approach. A research fellow 

states: 

“...in the early 2000s, there was an awful lot of inertia from chemists 

because they didn't believe you could come from mM to sub-nanomolar 

as opposed to HTS...”  

 

 
Figure 4.8. Timeline for DiscoverCorp 
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After experimenting with FBDD, the predecessor firm started work on a few hot targets in 

the industry. In their first project, however, it experienced problems such as experimental 

artifacts and difficulties in crystallization. If they wished to demonstrate the utility of FBDD 

and the value the firm could provide, both had to be overcome. Fortunately, further research 

made it possible to address such issues, resulting in the project’s success in 2003. This 

became one of the company’s first proofs-of-concept of the utility of FBDD—a 

demonstration of the value of FBDD, also to the wider industry. As a scientific adviser 

stated:  

 “... So, to promote our approach and our successes on various targets, 

we embarked upon a number of publications, but also conference 

presentations. Through them, we started to establish collaborations 

with various companies...”    

The FBDD arm of the firm continued building expertise and evangelizing its FBDD platform. 

This happened on top of various developments in the company, including a merger with 

another drug-discovery firm. Building on the success of their initial projects, they initiated 

collaborations with other large pharmaceutical firms. In fact, due to the extent of their 

collaborations with a certain big pharmaceutical client, they came to be considered almost 

as the client’s FBDD arm. They continued building on expertise in the field.  

In 2008, DiscoverCorp followed the rest of the industry by adding SPR as an orthogonal 

validation technique. While conforming to industry trends, DiscoverCorp still searched 

actively for ways to differentiate its practice. For instance, in around 2013, it also pioneered 

the creation of another fragment-screening method able to sample mixtures of fragments. 

By increasing the firm’s productivity, and differentiating themselves further from potential 

competitors, this enriched their FBDD capability.  

Over the last decade, DiscoverCorp has applied its proprietary library to many targets. 

Currently, the company has a portfolio containing different leads in the drug-development 

pipeline. They generate revenue through royalties and milestone-payments of their 

partnerships.  

Overall, the FBDD ventures faced varying challenges as the field evolved. These 

challenges depended both on their starting technologies and the trends in the field. To 

commercialize their technologies, they constantly had to differentiate and legitimize 

themselves against either firms within or outside the field. However, because firms adapted 

differently to the challenges they faced, they all took different paths. As a consequence, 

some firms are still in FBDD while some had to pivot out of the field entirely. We summarize 

the critical events in their technologies and describe their current position within FBDD.  
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Table 4.3. Critical events in technological offerings of the four FBDD firms 
 

Early Stage Maturity Stage 

Current 

Offering 

Field 

Expectations 

• Demonstrate that FBDD can 
generate novel hits compared 
to previous approaches 

• Previous working 
relationships are considered 

• Demonstrate the ability 
to carry out the entire 
FBDD cycle 

• Prove previous success 
in the FBDD approach  

 

ScreenEtc Inc • Patented a unique variant of 

NMR technology  

• Offered NMR screening as a 

service 

• Adopted other 

technologies, such as 

SPR 

• Expanded their offerings 

• Continued 

with contract 

research in 

FBDD 

FamousScree

n Inc 

• Collaborated with an SPR 

equipment manufacturer 

• Offered SPR screening as a 

service 

• Applied screening to 

different projects 

• Adopted other 

techniques, such as ITC 

and X-ray 

crystallography 

• Pivoted to 

creating 

their own 

drugs using 

FBDD 

ChemCo • Synthesized unique 

chemicals in the research 

group 

• Created a unique chemical 

library 

• Continued selling 

chemical library 

• Pivoted to 

another field 

outside 

FBDD 

DiscoverCorp • Applied existing NMR 

equipment with FBDD 

paradigm for a project 

• Later applied FBDD to other 

projects  

• Adopted other 

technologies such as 

SPR and X-ray 

crystallography 

• Used FBDD platform to 

discover drugs 

• Continued 

with drug 

discovery 

 

4.4.3. Firms’ Resource Mobilization  

Analyzing the various activities these firms undertook in their pursuit of commercialization, 

we categorized them into six .The first three were intended to promote the wider 

acceptance of their field: 1.) demonstrating the utility of their offering, 2.) co-developing with 

stakeholders, and 3.) attracting early adopters. The second three were intended to capture 

opportunities from their field: 4.) highlighting the unique features of their offering, 5.) 

expanding their coverage of the field, and 6.) showcasing previous successes. Overall, we 

found that the resources the firms mobilized in the early days of the field also furthered the 

field’s acceptance. As it matured, these processes turned increasingly inward to enable the 

firms to capture opportunities.  
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Table 4.4. Processes employed by firms towards resource mobilization, 
differentiation and legitimation 

 Differentiation Resource Mobilization Legitimation 

Field Demonstrating the 

practical application of the 

offering 

• Publishing on top 

scientific and practitioner 

journals to showcase their 

technology 

• Presenting research at 

general industry 

conferences 

• Patenting their technology 

• Demonstrating the 

scientific merit of the field 

through case studies with 

their approach 

• Developing novel 

technologies to address 

problems that traditional 

approaches could not 

solve. 

Co-developing with 

stakeholders 

• Collaborating with large 

firms to find the utility of 

the approach 

• Hiring consultants from 

the industry to give 

feedback on the offering 

• Recruiting board 

members with experience 

in the industry 

• Interacting with other 

practitioners in the field to 

clarify details of the 

approach  

• Holding dedicated 

conferences for 

practitioners to share 

knowledge 

• Joining government 

grants 

Attracting early 

adopters 

• Looking for strategic 

projects in which the 

field could demonstrate 

its potential 

• Reaching out to the 

founders’ social 

network to gain initial 

clients 

• Exploiting the previous 

reputation gained by 

founders 

• Finding firms which did 

not have a lot to lose in 

trying new approaches 

• Securing human, 

financial and physical 

resources 

Firm Highlighting the unique 

features of the offering 

• Contrasting their offerings 

with those of other 

companies in the field  

• Presenting the latest 

research in a specialized 

conference 

• Developing specialized 

add-ons to further 

differentiate their offering 

• Hiring additional scientists 

to build in their specific 

technology 

• Pivoting to other 

promising areas or to 

another field where they 

can be differentiated 

Expanding coverage of 

the field 

• Acquiring other methods 

to their platform 

• Partnering with other 

small companies to add 

to the offerings they 

provided in their platform  

• Expanding the platform to 

perform more processes 

within the field 

• Searching for new 

services to add to their 

platform 

• Keeping up to date on the 

current expectations from 

the field 

Showcasing previous 

successes 

• Showing previous 

success stories in 

various outlets 

• Finding more complex 

projects that built on 

the knowledge gained 

in previous projects 

• Retaining previous 

clients for further 

projects 

• Showing thought 

leadership in the field 

through interviews and 

popular articles 

• Applying for industry 

awards 
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In the following, we describe each process, showing their value in enabling firms to 

commercialize their technologies. 

 

4.4.3.1. Demonstrating the utility of offering 

Even though these firms practiced in different areas of FBDD, we identified general trends 

by which they commercialized their technologies. In the beginning, each started with a 

unique offering its founders thought would provide distinct value in the drug-discovery 

process. However, due to the skepticism with which practitioners of HTS (the prevalent 

approach) greeted FBDD in the early years, FBDD firms needed to demonstrate how their 

approach was useful to the drug-discovery process. This meant demonstrating the validity 

of the science behind FBDD and indicating specific use cases in which their particular 

offering could solve drug-discovery problems. This was achieved mainly by publishing in 

relevant scientific and industry journals, and, more importantly, by presenting their research 

at industry conferences. As a founder of Famous Screen Inc. stated:  

“There weren't too many people who knew how to do fragment-based 

drug discovery. And in the beginning there was also a lot of skepticism, 

even from people who wanted to get new hits. They didn't quite trust 

the fragment-based approach because they thought, well, you can't 

really do anything with the very weak affinity of the compounds you’d 

find. [To overcome this], one thing we could do, academically, was 

publish work we’d done that people could read for themselves, and say 

‘OK this looks reasonable.’” 

It became apparent in our interviews that new ventures had not been overly concerned with 

what other new ventures within the same area within FBDD were doing. Since FBDD was 

still a new approach and most potential clients were not aware of its potential, the firms 

focused mainly on reaching out to companies who might interested in trying it out. As it was 

a new field, differentiation had a low baseline from which it could demonstrate that the 

approach worked. As a key scientist in DiscoverCorp said: 

“We didn't have to sell it to anybody, basically because nobody would 

give us any money. But then once we'd established the platform and 

we had examples of it working, we could then go out and talk to people, 

and they would realize that there was a technology they could use to 

solve their problems.” 
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4.4.3.2. Highlighting unique features of the offering 

When the field had matured, the increased prevalence of FBDD brought the firms new 

challenges. Due to their previous collaborative ventures, their clients would also gain 

experience from such technologies. As the industry gained more experience with it, it 

started to realize that it would become an important complement to their existing HTS 

platforms. Thus, big companies that had previously been clients also started building their 

capabilities. Across the industry, the initial technologies that each FBDD firm had 

developed started to be applied much more routinely. The increasing availability of the 

different techniques therefore made it important for these larger firms to highlight the unique 

capabilities they had that firms establishing the technique could not easily build. As a 

founder at ScreenEtc Inc describes: 

“Some of these companies start off with €400 million in investment. And 

you can't compete at the sales level or if somebody says they need 50 

FTE's working on the project, which is twice the number of people we 

have in the company. So then you have to differentiate yourself. And 

we thought—especially in the last few months—long and hard about 

what truly differentiates us from everybody else. These are the 

technologies we have, we continue to develop novel technologies, and 

I think we have a much better understanding of what the challenges are 

now in modern drug discovery.” 

Moreover, as FBDD became established, the landscape of firms operating in the field 

became clearer to practitioners both in the field and outside it. As a result, it became clear 

which firms were competing within the same area of the field. To be able to compete, firms 

actively had to show why their offering was superior to others. In our interviews, the firms 

differentiated themselves based on their expertise with their specific offering. The CEO at 

FamousScreen Inc testified: 

 “Our scientific team has worked longer than anybody else in the world 

with SPR biosensors for small molecule drug discovery. So we have a 

very clear advantage in that space. We've also developed a number of 

proprietary tools, software algorithms, etc. in order to be able to make 

decisions that enable us to do more complex things than a standard 

user can do. So if you asked [another company] whether they can 

biosensor experiments, they’ll say ‘yes,’—which they can, but we've got 

a team of five people who do this a hundred percent of the time, and 

not have done so for the last 15 years. And they can't beat that.” 

  



Commercialization by New Ventures 

 

122 

4.4.3.3. Co-developing with stakeholders 

Having novel and unique technologies came at a cost: that many practitioners were not 

familiar with their actual use. Thus, to ensure the practical application of their offerings, the 

new ventures had to clarify how these offerings would translate once they were applied to 

the drug-discovery process. The FBDD firms coped by co-developing their technological 

offerings with other firms inside and outside the field. In many cases, this involved recruiting 

veterans from the industry to their board, hiring consultants, and collaborating with large 

companies on drug-discovery projects. Such collaborations allowed the firms to discover 

which configurations of their offerings better met their potential clients’ needs and workflow. 

As a founder of ChemCo said: 

“We did ask some consultants from Big Pharma to see what they liked 

or disliked about the library, and there were some issues there. Some 

people didn't like the over-representation of some scaffolds, and others 

mentioned toxicophores, which they don't like to see in a library.” 

Co-development within the field was also important, especially to address skepticism from 

outside it. Since there was considerable uncertainty on the science of the approach and its 

application to industry problems, FBDD practitioners had to learn from one another to 

address these difficult challenges. By working together and sharing insights on their FBDD 

practice, they could reinforce their knowledge of FBDD, and thus show skeptics the 

scientific merits of the approach. They achieved this through informal meetings and through 

specific conferences for FBDD practitioners. As a key scientist at DiscoverCorp recounted: 

 “… we sat in a bar, to begin with... what we did was talk to the people 

and ask, ‘off the record, what problems have you had with fragment-

screening? What things have gone wrong? How have you been misled 

by experimental data?’ And then, what we did essentially was round up 

all of the funniest horror stories in one publication. We set up an 

anonymous Gmail account, because the people sent us various horror 

stories and we included a few of our own. And so then we just published 

this review of all the things that can go wrong, and what you can try to 

do to avoid them—though the main thing to do is just be aware of what 

can go wrong.” 

4.4.3.4. Expanding coverage of the field 

As well as differentiating their own offerings, firms still had to balance their differentiation 

by conforming to the evolving practices in the field. As clients became more familiar with 

the approach, their expectations of what firms could deliver also changed. Rather than 
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having only one offering, firms were expected to be able to provide a wider range of 

services. As a co-founder of ScreenEtc Inc described: 

“You can’t sit back and just stick to the technology you have: you need 

to continuously invest in inventing improved methodologies. At the 

same time, we’re not yet developing compounds, drugs or even any 

sort of in-between step that leads to a drug—not yet. But the suite of 

offerings has been extended from just ligand identification to 

downstream the protein construct designed by proprietary techniques 

and compound or fragment evolution into more potent molecules. So, 

typically, both the area we cover and the project lifespan have 

increased.” 

To expand their offerings, firms had to continuously explore and assimilate the latest 

scientific trends in the field. In the late 2000s, for instance, it was acknowledged that firms 

should offer more than one screening method to address the various false positives and 

negatives that the approach might produce. In response, firms had to reach out to external 

sources to integrate these other technologies, either through research collaborations or by 

outsourcing these parts of the process. In the simplest cases, this just meant buying 

equipment that was easy to operate. As a key scientist at FamousScreen detailed: 

“The simplest and the most accepted one a lot of people use is thermal 

shift assays […]. If you buy the instrument, which you can get for twenty 

thousand euros or something, they’re not very expensive. They’re also 

easy to learn, and can serve as a good validation.” 

4.4.3.5. Attracting early adopters 

With skepticism on the promises of FBDD prevalent in the industry, firms had to look for 

partners to whom they could demonstrate that their technologies worked. Luckily, they were 

able to compensate for the uncertainty still inherent to the approach by having founders 

with previous in-company experience, a good reputation in research, and excellent 

connections with the pharmaceutical industry—all of which had meant they could exploit 

their existing social networks from their previous research lines when they decided to enter 

the field of FBDD. Taking advantage of such networks, the founders were able to land their 

first customers. As the CEO of ScreenEtc Inc said about working with a client with whom 

they had had a previous relationship: 

“The COO brought in the first client, [who had] just started this new 

company to work on antivirals. They had a lot of money—as he’d put 

his own money into it—and zero pressure because they now knew what 

they were doing, and were really curious to try things out and see what 
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fragments could do. So, they were willing to take a gamble on [our 

company].” 

As well as reaching out to their contacts, an important task was to frame their approach in 

a way that lowered the boundaries for potential clients to use it. As a founder at ChemCo 

said: 

 “… to commercialize that library as a kind of bait, in the expectation 

that companies would use it, and then come back to us if they found a 

hit and wanted to explore hits by developing programs around that. So, 

in the early days we sold our library quite often.” 

These partners needed strategic projects with a good chance of successfully 

demonstrating the potential their offering had for solving specific problems in drug 

discovery. These early adopters were important, as they could confirm that the approach 

worked. Through such projects, they could simultaneously demonstrate its worth and gain 

more experience of what the market demanded from FBDD firms. This experience gave 

them the legitimacy they needed to convince industry practitioners to try the new approach 

and see its value within their companies. 

4.4.3.6. Showcasing previous successes 

As the field matured, some firms had built already a track record within it. Based on their 

earlier successes, they could expand and reach out to more partners and clients for future 

projects. As well as showcasing these successful projects in publications and at 

conferences, they could retain their previous clients, who in some cases also evangelized 

for their work. As a key scientist at DiscoverCorp explained: 

“I think the commercial aspects kind of grew out of the success stories. 

So, we started and tried to give quite a lot of talks to explain what we 

were doing. We've always been as open as possible about generating 

fragment libraries—the way we screen, and the methodology behind it. 

Partially because it's nice to share, partially because you learn—at 

least, that’s what I find when you teach: that you learn more than the 

students do. So I love teaching because it teaches me an awful lot. But 

it was also because we gave a lot of talks that people got the feeling 

we knew what we were talking about, and came to us with problems.” 

On the other hand, without such previous success to build on, it could be difficult for firms 

to compete in a mature field. As a board member of Chem Co stated: 

“The direction changed, just because our offering was not unique 

enough and not broad enough. At some point I also think we lacked 
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credibility by not having our own screening facility or a unique capability 

that nobody else could offer. So yes, we had some compounds that 

nobody else could offer, but I think that people figured they’d just buy it 

once and do it all [themselves].” 

In summary, new ventures employed varying processes over time to pursue opportunities. 

As they belonged to a knowledge-intensive industry, they differentiated themselves mainly 

through their technological resources. They mainly deployed other resources—especially 

their social capital—for legitimation. Firms in this new field had to mobilize resources both 

to promote recognition of their field, and to capture opportunities within the field. In their 

pursuit of further resources, founders had to take account of both field-specific and firm-

specific factors. Figure 4.9 summarizes these processes. 

 

Figure 4.9. Processes for firms to seize opportunities in an emerging field 

In the early years, their activities included demonstrating the utility of their offering, co-

developing with stakeholders, and attracting early adopters. As well as helping the firms 

get established, these activities also had the benefit of promoting the establishment of the 

field as a whole. Over time, through the efforts of the small companies, FBDD became 

much better known across the industry. Due to the stronger competition within the field, 

this soon became a double-edged sword for them. To deal with this, they focused on 

highlighting the unique features of their offering, expanding their coverage of the field, and 

showcasing previous successes.  
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According to how it performed these activities, each firm had to follow an individual path. 

Thus, to complement its original offering as FBDD developed, ScreenEtc Inc adopted 

different technologies. It also expanded its offerings, incrementally moving towards 

providing the entire FBDD process as a service. Though each technology might not in itself 

be proprietary, bundling these technologies into a service provided a competitive 

advantage. This allowed ScreenEtc Inc to continue as a contract research organization in 

the field of FBDD. 

FamousScreen Inc also adopted other technologies to complement its SPR technique. The 

problem, however, was that SPR was becoming more and more ubiquitous across the 

industry. As big pharmaceutical firms developed their own SPR screening departments and 

their competition expanding the offerings, it became more difficult to maintain a position 

solely as a contract research organization. Thus, realizing that the value was shifting from 

their platform towards the end product, FamousScreen Inc pivoted towards discovering its 

own leads. 

Hoping that they would be able to lock in their clients for other services, ChemCo started 

with a chemical library. As it turned out, however, firms would merely learn from them and 

develop their own FBDD libraries within their own companies. Neither did ChemCo adapt 

to field progress, such as by adopting different screening methods or by expanding their 

offerings. Without such a competitive advantage, it missed the window of opportunity, and 

eventually had to pivot to something else outside FBDD. 

From the very beginning, DiscoverCorp used FBDD only as a platform for finding new 

drugs; it was not their main point of differentiation, but the means whereby they could 

achieve differentiation. As the field progressed, the company added to and refined its 

platform. As this expansion ran according to progress within the field, and as its value was 

derived directly from the approach itself, the firm was shielded from the downsides of FBDD 

becoming mainstream. Thus, even though FBDD knowledge has now become much more 

known, DiscoverCorp still maintains its original business model. 

4.5. Discussion and Conclusions 

This study explores how firms seized opportunities in the new field of fragment-based drug 

discovery. In the first part, we find that there were shifting expectations on the offerings of 

firms at different periods of field development. We suggest that each technological niche 

had its own window of opportunity in which firms could be founded successfully. Overall, 

we suggest that as customers gained experience with the technology, they shifted their 

preferences on the types of services to avail. Over time, customers expected FBDD firms 

to have successful FBDD projects and to deliver high-quality hits.  

In the second part of this study, we looked at the processes that firms employed to pursue 

opportunities. We found that firms mobilized resources according to firm-specific factors 
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and field-specific factors. In the early stages of the field, they co-developed their 

technologies with important external sources, such as academic institutes and incumbent 

firms. As the field evolved, their focus was expanding their coverage of the field by acquiring 

equipment and expertise in outside areas adjacent to their original niches. These resources 

were then mobilized to gain differentiation and legitimacy for the firm and the field. While 

differentiation and legitimation may seem to be opposite constructs in the same dimension, 

our case study shows this not to be the case. Instead, we show that the two constructs 

could be manipulated independently in different areas. This supports earlier findings by 

Zhao et al. (2017).  

The firms’ technological developments allowed the acquisition of other resources that 

would allow them to develop further. Much in the way outlined by Miozzo (2016), these 

developments signaled the firms’ quality, thereby attracting further funding and the 

recruitment of highly skilled researchers.  

To gain a competitive advantage, the firms had to demonstrate the unique value they 

provided. Being in a knowledge-intensive industry, they had to focus on their 

technologically-driven innovations (Beckman et al., 2012). At the earliest stages of a field, 

technology may be too novel, and thus difficult for its potential customers to grasp. At this 

stage, differentiation meant a low baseline of showing that the technology somehow 

worked. However, as the field matured, customers had a better idea of what to expect from 

a firm in FBDD. As a consequence, FBDD firms were pressured to highlight the unique 

features of their offering in contrast to other firms within the field.  

Firms mobilized resources not only to build differentiation but also to build legitimacy—a 

rich widely-studied process related to conformity with other firms. To build such legitimacy, 

firms in FBDD relied on the social capital of their founders, which helped them attract their 

first customers. In ways similar to (Lin et al., 2010), we found that this first customer was 

necessary to the firm’s credibility. However, once the field as a whole had gained 

recognition across the industry, the nature of FBDD firms’ legitimacy also changed, as 

noted by Fisher et al. (2016). Now customers had experience of working with the approach, 

firms needed to tell stories to showcase their earlier successes (Lounsbury and Glynn, 

2001).  

Our study contributes to the literature on optimal distinctiveness, which we explore not as 

a state or a peak, but as a dynamic process that high-tech firms must manage actively 

based on their phase of field development. As the field grew, and various firms became 

more acquainted with the field through their relationships with entrepreneurial ventures, the 

novelty of the firm’s offerings decreased. As a result of these interactions, the new field 

became much more familiar across the industry. To adapt to the decrease in novelty 

associated with their offerings, firms had to highlight the unique features of these offerings, 

expand their coverage of the field, and showcase the successes they had had.  
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Ultimately, resource mobilization is highly intertwined with both differentiation and 

legitimation. For instance, when a firm publishes its finding in a scientific journal, it not only 

demonstrates the novelty of its breakthrough but also conforms to the norm of publishing 

in the industry. When the field becomes established, drawing the boundary between the 

two becomes much more difficult. To illustrate: Many firms showed their superiority by 

highlighting the experience they had accumulated in their earlier projects. Their 

differentiation had therefore been derived from the legitimacy of the practice they had 

gained in their interactions with other clients. And, as we found, without such earlier 

successes, it had become difficult for some firms to survive. In such cases, to renew their 

capability and restart again at a high level of differentiation, they either had to pivot with a 

new technology or move to another field. 

Our findings suggest the following areas for future studies. First, resource mobilization has 

an implied priority on firms being able to acquire unique and novel resources. Accordingly, 

the term “optimal distinctiveness” implies that a starting point for high differentiation is not 

enough: it also needs to be justified by legitimacy. However, based on our finding that it is 

important to conform to what other actors are doing within the field, especially at the latter 

stages of field development, it would be interesting to explore how firms mobilize resources 

when conformity is their priority. 

In summary, in this study of resource mobilization by firms in a new field in the 

pharmaceutical sciences, we show that the processes they use vary according to the phase 

in which that field is. By exploring the processes that firms employ over time to 

commercialize their technologies, we provide insights on how science-based ventures can 

manage the tension between becoming similar yet different. 
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4.6. Appendix 

Appendix Table 1. Follow-up questions 
Question Critical event 

 1 2 3 4 5 

What is the nature of this development?                
                                                                                                                                                                                       

    
 

Where did the idea originate?           
                                    

    
 

Why is this development relevant to FBDD?      
 

    
 

In what area of FBDD is this most relevant?   
 

    
 

How unique or novel is this development compared to other 
FBDD or drug-discovery firms?                                                                                                                                              
 

    
 

Was this development done in order to differentiate, or to 
conform to other players in the industry?  In what way? 
 

    
 

What were the resources required for this development?       
 

    
 

Did you have to collaborate for this development?     
 

    
 

Was this development done in response to stakeholders such 
as investors, advisers, academic partners? 
 

    
 

 What were the market considerations for this development?                             
 

    
 

Was this development made in response to customer needs? 
Which customers?                            
                                                                                                                                                 

    
 

 How did you “sell” or “market” this development to your 
customers / stakeholders?                
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The Role of Individuals in Absorbing 

Knowledge from an Emerging Field:  

Exploring Absorptive Capacity in  

Big Pharma Drug Discovery 

Romasanta, Angelo KS; van der Sijder, Peter C and de Esch, Iwan JP  

 

Abstract 

By exploring the role of individuals in knowledge absorption in an emerging field in 

pharmaceutical R&D, this study extends the recent advances in the process model of 

absorptive capacity. It focuses particularly on how large firms adapted to the emergence of 

a new approach known as fragment-based drug discovery. We worked in two phases, first 

analyzing publications and drugs in clinical trials in order to trace the adoption of this new 

approach across large pharmaceutical firms over time. We then interviewed researchers in 

two large firms who were either in charge of building new capability within these firms, or 

who were applying the approach in various drug-development projects. Our study validates 

previous findings that absorptive capacity follows processes whereby value in the 

pharmaceutical industry is sought and recognized, and then iteratively assimilated, 

acquired, transformed and exploited. We found not that absorption activities became more 

internally oriented over time, but that that proponents interacted continuously with their field 

at every stage of absorption. Internally oriented activities such as assessing the motivation 

for adoption, validating value, mobilizing resources and lobbying for support were 

complemented by external activities, such as interacting with external sources, exploring 

technological feasibility, securing external resources and building on external successes. 

This study aims to guide firms and researchers within large firms on how to engage better 

with external knowledge. 

 

Keywords: Research and development, Absorptive Capacity 
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5.1. Introduction 
To explain why certain firms seem able to capture value effectively from external 

knowledge, innovation scholars have maintained their focus on absorptive capacity (AC) 

(Apriliyanti and Alon, 2017; Cohen and Levinthal, 1990; Escribano et al., 2009; Zahra and 

George, 2002). Due its widespread use, however, AC has become a catch-all term, thus 

leading to ambiguities about what it really stands for and about its underlying dimensions 

(Jiménez-Barrionuevo et al., 2011; Lewin et al., 2011). In response to this, there has been 

a recent renewal in research that revisits its foundations, hoping to understand how this 

capability emerges at firm level (e.g., Distel, 2019; Song et al., 2018). To build on such 

work, we extended the process model of absorptive capacity, probing more deeply the role 

played by individuals in absorbing knowledge from an emerging field. 

This study was motivated by recent developments in the understanding of absorptive 

capacity.  Contributing to previous process models of AC,(Lane et al., 2006; Todorova and 

Durisin, 2007; Zahra and George, 2002), a recent study of the biopharmaceutical industry 

by Patterson and Ambrosini (2015) found that AC in this particular setting  follows a series 

of stages, whereby knowledge is first sought and recognized, and then assimilated, 

acquired, transformed and exploited. Since AC is often revisited and updated, there is still 

a need to validate these previous process models and to test the extent to which they apply 

to several specific processes within the pharmaceutical industry. For this reason, we first 

reexamined such findings by exploring how firms in the pharmaceutical industry absorbed 

knowledge with regard to an enabling technology. 

Many studies of the processes underlying AC have overlooked the crucial role of individuals 

at every stage of the knowledge-absorption process. In response to this tendency, Sjödin 

et al. (2019) reestablished the central role individuals play in knowledge absorption, 

showing how, according to a person’s proficiency in performing the activities required for 

absorbing it, knowledge can be exploited, terminated or stuck in limbo. Our study has the 

same focus and explores how proponents of a new approach manage each step of 

knowledge absorption. As well as looking at champions of new approaches within firms, 

we consider how individuals who may be more skeptical or indifferent also engage with the 

same knowledge. 

The study of individuals in AC by Sjödin et al. (2019) showed that, as knowledge absorption 

progresses, the focus becomes increasingly internal, as individuals needed to demonstrate 

business value, ensure legitimacy, lobby for support, and secure resources. In our study, 

we also explored how individuals continue to engage with their environment even in the 

later stages of adopting an innovation, thereby building on the routine-model of AC 

advanced by Lewin et al. (2011) emphasizing that AC has both internal and external 

components. 
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We focus especially on how large pharmaceutical firms adapted to the emergence of a new 

field in research and development called fragment-based drug discovery (Erlanson et al., 

2016; Romasanta et al., 2018), a technology—now mainstream—used to generate hits 

early in the drug-discovery process. To the best of our knowledge, this is the first study to 

explore the social aspects of the adoption of the fragment-based approach. It is an 

interesting field for innovation scholars to explore, not only because incumbent firms first 

greeted it with skepticism, but also because considerable collaboration and integration 

across disciplines were required before it could become a mainstream approach across 

the industry (Romasanta et al., 2018).  

Unlike previous studies that take no account of the nature of the knowledge aimed to be 

absorbed, we compare firms that absorb knowledge from the same field. We argue that 

such an analysis brings pertinent insights into the nature of AC. This is not only because 

exploration of this emerging field enables us to determine how knowledge absorption within 

a firm co-evolves with a rapidly developing technological field (Allarakhia and Walsh, 2011; 

Santos, 2003). As this field was still emerging as companies started to adopt it, it also 

allowed us to see how firms can take an active part in the development of knowledge. 

Rather than merely being passive observers, firms must—due to the uncertainties in the 

science of the approach—also conduct a large amount of experimentation. To pool their 

knowledge and learn from each other, they also have to engage actively with the other 

members of the field. By exploring this constant interaction between firms and the evolving 

field of knowledge absorption, this study takes a unique perspective. 

Bringing all these together, our main research objective was to identify the role individuals 

play in absorbing knowledge in an emerging scientific field. While previous studies on the 

role of individuals seemed to show that interaction with the external world was at its most 

relevant only in the early stages of absorption, we found that this interaction is continuous. 

It is present at all the stages in which value is sought, recognized, assimilated, acquired, 

transformed and exploited. By maintaining close contact with the field, proponents learn 

how they can better implement the knowledge within their firms. 

We also find that, by influencing the path a firm will take towards applying a new approach, 

proponents play a huge role in laying the groundwork for knowledge absorption. In the 

assimilation stage, proponents who are researchers themselves perform mini-experiments 

on the approach, simulating ways in which it can later be acquired, transformed and 

applied. Through this early implementation, they can then set the stage on how the firm 

would perform such knowledge-absorption activities. Like previous studies, we also find 

that absorption is not linear, but highly iterative.  

In summary, through a mixed-method study of the pharmaceutical industry, we wished to 

extend the process model of absorptive capacity. We traced the development of a new field 

in drug discovery through publications and explored the different paths large 

pharmaceutical firms take towards adoption. Selecting two contrasting cases, we 
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interviewed researchers from two firms that had adopted this new approach in drug 

discovery. We show how, due to differences in engagement by key individuals, these two 

firms diverged in the paths they took towards knowledge absorption.  

5.2. Theoretical Framework 
In the seminal publication by Cohen and Levinthal (1990), absorptive capacity was 

formulated as the “ability of a firm to recognize the value of new, external information, 

assimilate it and apply it to commercial ends.” Since then, this construct has been used by 

various innovation scholars to explain firms’ success with outcomes such as product 

development and financial performance (Ferreras-Méndez et al., 2015; Kostopoulos et al., 

2011; Tyler and Caner, 2016). Our own aim, in contrast, was to further develop the 

construct itself by exploring the knowledge absorption-processes followed by individuals in 

an emerging field. To do so, we build on the following developments in absorptive capacity: 

its processes (Lane et al., 2006; Patterson and Ambrosini, 2015; Todorova and Durisin, 

2007; Zahra and George, 2002); the role of individuals in such processes (Martinkenaite 

and Joachim, 2016; Sjödin et al., 2019; Volberda et al., 2010); and the internal and external 

components of AC (Lewin et al., 2011; Martinkenaite and Joachim, 2016).  

As innovation scholars have developed the construct over time, the processes underlying 

absorptive capacity have undergone various reconfigurations. One of the earliest 

theoretical contributions to this was published by Zahra and George (2002), who 

distinguished between potential absorptive capacity (acquisition and assimilation) and 

realized absorptive capacity (transformation and exploitation). Through an empirical study, 

Todorova and Durisin (2007) refined the previous model of absorptive capacity, showing 

that the processes involved are recognizing the value, acquiring it, assimilating it, 

transforming it, and exploiting it. While the previous model was sequential, their new model 

was iterative, especially in its latter stages. In their important review of the AC literature, 

Lane et al. (2006) further simplified the process into three main phases: recognizing and 

understanding external knowledge, assimilating knowledge, and applying knowledge. In 

contrast with the developments referred to above, whereby the process model was 

explored from the perspective of the firm, Sjödin et al. (2019) presented individuals as the 

focal point in the process of knowledge absorption. Rather than merely being the starting 

point for the absorption process, these authors emphasized, individuals are involved 

throughout the process, and the roles they play determine whether knowledge absorption 

proceeds, is terminated or gets stuck in limbo. 

Using these generalized models as their starting point, Patterson and Ambrosini (2015) 

revisited absorptive capacity by examining its processes in the specific context of the 

biopharmaceutical industry. They explored how externally sourced intellectual property 

rights (IPR) can later lead to the introduction of a drug to the market. Based on interviews 

with managers in the industry, they proposed that the processes whereby value is sought 
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and recognized, assimilated, acquired, transformed and exploited are followed in a highly 

iterative manner. As our study also explores the same industry, we built on the process 

model they proposed. Below, we explore each of these components, particularly the role 

individuals play in engaging with knowledge absorption. 

The starting point for absorptive capacity is the search for and recognition of the value of 

new knowledge (Cohen and Levinthal, 1990). An important role in conducting such a 

search is played by firms’ existing knowledge base, which is embedded in its products, 

processes, and people (Escribano et al., 2009). Focusing on individuals in the firm, they 

contribute by serving as boundary-spanners or gatekeepers between the firm and the 

outside world (Tushman, 1977; Tzabbar and Kehoe, 2014). Especially in a high-tech 

industry such as the pharmaceutical industry, it is crucial for individuals to access newly 

generated knowledge through connections with other practitioners in the field, such as 

those in universities and public research institutes (Cockburn and Henderson, 1998; 

Criscuolo, 2005; Fabrizio, 2009). To be able to recognize such knowledge, these 

individuals should not only be motivated, but should also have the ability to carry out such 

activities (Distel, 2019; Enkel et al., 2017). When exploring new domains, individuals build 

on their current knowledge, which has institutional, intellectual, social and spatial facets 

(Cohen and Munshi, 2017). In sum, individuals assess the motivation for assimilating and 

evaluating the technological feasibility of such new knowledge (Sjödin et al., 2019).  

The next phase in the process of adopting innovations is assimilation, which, according to 

Patterson and Ambrosini (2015), occurs both before the acquire phase, and after it, when 

external knowledge is processed, interpreted and further assessed (Lane et al., 2006; 

Zahra and George, 2002). This is therefore when the first significant investment is made to 

evaluate the value of the new knowledge, and when due diligence is conducted. One 

important issue for firms to consider is the extent to which, due to the “stickiness” of 

knowledge, the new knowledge will be integrated within its own operations (Szulanski, 

1996). Firms have to be aware of the so-called “not-invented-here” (NIH) syndrome, which 

may cause resistance to their use of the knowledge (Lilleoere and Hansen, 2011). In a 

similar sense, if an innovation originated in academia, there is a perception among 

practitioners that its value to the industry is not high (Bikard, 2018). In such cases, the 

additional complexity must be faced of bridging the conflicting logic between science and 

innovation (Gittelman and Kogut, 2003). Thus, to alleviate such resistance, and also to 

clarify how knowledge will actually be used within the company, assimilation continues 

even after the acquisition stage (Patterson and Ambrosini, 2015). Proponents then play an 

important role in translating external knowledge to the language appreciated by their 

colleagues within the firm. They have to demonstrate its business value and ensure its 

legitimacy (Sjödin et al., 2019). In the pharmaceutical industry, managers are typically 

scientists themselves, who use the new technologies in their own activities. At this stage, 
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experimentation is important, as this is when scientists test the potential of new knowledge 

by implementing it themselves in various minor ways (Burcharth et al., 2015).  

The acquire phase was narrowly defined by Patterson and Ambrosini (2015) as the act of 

acquiring the rights to use the intellectual property of an external source. Under this legally 

exact definition, the acquisition process involves both the negotiations to have such rights, 

and the evaluation of these rights from scientific and financial perspectives. In such a 

phase, the capability to negotiate and formulate contracts is important both to the firms and 

to the individuals involved in the negotiations in question (Argyres and Mayer, 2007). It also 

matters how one decides the actual manner of proceeding. For instance, knowledge can 

be sourced through alliances or by recruiting scientists (Tzabbar et al., 2013). Alternatively, 

pharmaceutical firms can also step back and consider whether they can generate 

knowledge internally rather than sourcing it externally (Grigoriou and Rothaermel, 2017). 

In the transform process, the company continues to develop the newly acquired knowledge 

by adding to it, editing it and reinterpreting it (Zahra and George, 2002). It also involves 

combining new knowledge with the knowledge that already exists within the firm (Eisenman 

and Paruchuri, 2019). In this phase, individuals serve as knowledge brokers who transform 

knowledge that is to be applied to a new technical domain different from its original 

application (Hsu and Lim, 2014). Instead of this phase only being conducted within the 

boundaries of the firm, Patterson and Ambrosini (2015) show that external interactions may 

continue. Especially in the pharmaceutical industry, where alliances are common 

(Riccaboni and Moliterni, 2009), firms continue to collaborate with external companies 

requiring them to have strong alliance management systems. Individuals then play an 

important role by continually interacting and learning from external actors, such as partners, 

suppliers, customers, competitors and consultants (Lewin et al., 2011).  

Exploit refers to using the knowledge within the firm’s operations (Cohen and Levinthal, 

1990). Firms use such knowledge to develop new capabilities and valuable resources that 

can then lead to other new opportunities (Gilsing and Nooteboom, 2006). In this stage, 

individuals pay an important role in securing their organization’s commitment that the 

knowledge will be used (Enkel et al., 2017). Supporting this, Sjödin et al. (2019) show that 

individuals are crucial in lobbying for support and securing resources towards exploiting 

knowledge. This is because various deterrents can prevent knowledge from being used 

effectively across the organization. Such deterrents include not only “the high cost of 

sharing knowledge,” but also “information technology limitations, knowledge-hiding, lack of 

socialization, lack of trust culture, [a] non-educational mindset, organizational politics, poor 

leadership, and time pressure” (Mahmood et al., 2015). 

In summary, Patterson and Ambrosini (2015) trace AC in drug development in order to 

follow the processes of searching for value, recognizing it, and assimilating, acquiring, 

transforming and exploiting it. By showing that interactions with the external world persist 

even if the latter stages of knowledge absorption, they make a second contribution. Such 
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continuous external interactions follow the contribution of Lewin et al. (2011) showing that 

AC can be broken down into internal and external components. Under these two main 

components are metaroutines that serve as foundations through which AC emerges in the 

firm. 

This study builds as follows on previous explorations of AC processes. First, it explores the 

adoption of knowledge that is continually evolving as firms were adopting it. Rather than 

exploring AC as a one-off matching event that occurs for a certain technology, we show 

how AC processes are applied as knowledge from a field is co-evolving. Second, unlike 

the study by Patterson & Ambrosini (2015), we do not explore AC in the context of the IPR 

related to highly proprietary drug targets. Instead, we examine the absorption of an 

enabling technology into the pharmaceutical industry. This allows us to further generalize 

their model by establishing how it applies to a different activity within the same industry. 

Third, while we also explore the role played by individuals when engaging with external 

knowledge, we look explicitly—unlike the study by Sjödin et al., (2019)—at how interaction 

with the outside world persists as knowledge absorption continues.  

5.2.1. Fragment-based Drug Discovery 

We focus on the pharmaceutical industry, whose great reliance on external knowledge 

when developing new treatments makes it a favored setting for studying absorptive 

capacity (Pisano, 2006). Moreover, due especially to the extensive literature on star 

scientists in this industry (Hess and Rothaermel, 2012; Zucker and Darby, 1997), there is 

some understanding of the outsized role that individuals play in the innovation process.  

Typically, for a drug to be developed and to come to market, the following steps are 

conducted (Kola and Landis, 2004; Paul et al., 2010). The first step in discovering a drug 

is the identification of a target disease and its underlying mechanisms. Once a protein has 

been identified as a suitable target for a drug, teams work together to discover and optimize 

a lead compound that can act on it. Once there is a promising lead, it can then be tested in 

cell and animal models to verify the safety and efficacy of the treatment. As firms typically 

have to pursue difficult targets, the easiest of which have already been exhausted in the 

past, this drug-discovery phase is beset by high uncertainty and failure rates (Pammolli et 

al., 2011). When a lead is identified as a potential drug, it then enters the drug-development 

process, where it undergoes three phases of clinical testing in humans. Due to the arduous 

testing a drug has to undergo, some USD 2.6 billion can be required to bring a single drug 

to market (DiMasi et al., 2016).  

Fragment-based drug discovery (FBDD) takes place in the lead discovery stage, where 

scientists aim to generate a chemical matter that interacts with a protein that is associated 

with some disease. (Erlanson et al., 2016; Romasanta et al., 2018). It is a complement to 

the incumbent technology, high-throughput screening (HTS). To compare FBDD with HTS, 
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it is informative to break them down into their three main components (see Table 5.1): 

chemical libraries, hit screening technologies and hit optimization. To implement HTS, 

pharmaceutical companies need to invest on library of up to millions of screening 

compounds. Through a process of trial-and-error, they then test each compound against a 

protein that has been identified as playing a key role in a particular disease. To analyze the 

results, such large-scale screening requires automation and logistical capabilities. After 

each compound has been screened, it is hoped that a few hits will bind with the protein of 

interest. From these hits, medicinal chemists will choose promising ones that can later be 

optimized towards a lead candidate.  

The new FBDD approach is cheaper and more systematic than HTS. Rather than requiring 

an expensive HTS library, an FBDD library is composed of merely 1000-1500 of small (low 

molecular weight) molecules that are called fragments. However, due to their smaller size, 

detecting their binding to a protein of interest requires specialized technology—such as 

Nuclear Magnetic Resonance (NMR), X-ray Crystallography and Surface Plasmon 

Resonance (SPR)—that is sensitive enough to detect the weaker binding affinities., 

Greater expertise is also required of the drug-discovery team to interpret the results. Finally, 

when fragment hits are generated, extensive optimizations are needed to develop them 

into a drug. Despite the higher learning curve, the lower cost associated with FBDD has 

made it attractive, especially to smaller companies. And compared with the trial-and-error 

approach taken in HTS, FBDD is a more rational approach that benefits from accumulating 

target knowledge. 
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Table 5.1. Comparison of high-throughput screening and fragment-based drug 
discovery 

 High-throughput screening  Fragment-based drug discovery 

Description The prevalent approach in the early 1980s, in 
which a trial-and-error approach was taken to 
testing millions of compounds against a 
protein of interest  

An approach developed early this century, in 
which thousands of fragments are 
systematically tested against a protein of 
interest   

Library  

 
Requires a huge library containing millions of 
drug-like chemicals 

 
Requires a small library containing 
thousands of fragments 
 

Screening 

 
Requires infrastructure for automation and 
logistics. The results are generally simpler to 
analyze 

 
Requires sensitive equipment and expertise 
in analyzing hits 

Product 

 
Generates a chemical with high binding 
affinity that can then be modified. The 
molecular complexity makes it more difficult 
to adjust the properties of the HTS hits.  

 
Generates a starting point for a small 
fragment that requires further iterations 
towards growth. Compared to HTS, if 
carefully monitored, FBDD can more 
efficiently incorporate the right properties. 

 

In summary, due largely to the challenges towards adoption it faced (especially in its early 

years), fragment-based drug discovery is an interesting scientific and technological field in 

the pharmaceutical sciences. To explore how these challenges were overcome, we drew 

on publications to trace the development of the field, and to explore the different paths 

towards adoption taken by large pharmaceutical firms. More importantly, we examined how 

researchers at two firms pushed for their firms to absorb this new approach. 
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5.3. Methods 

5.3.1. The Emergence of FBDD across Big Pharma 

To analyze the emergence of FBDD across large pharmaceutical companies, we explored 

two data sources: publications, and drugs derived from the FBDD approach. Through the 

keyword search “fragment-based” and “fragment screen*”, we downloaded publications in 

fragment-based drug discovery from the Web of Knowledge. Because we were focusing 

on publications from large pharmaceutical firms, we further filtered this down to articles 

published by firms such as AbbVie, Abbott Laboratories, AstraZeneca, Boehringer 

Ingelheim, Eli Lilly, GlaxoSmithKline, Merck, Novartis, Roche, Pfizer and Johnson & 

Johnson, all of which a previous analysis (Romasanta et al., 2018) had shown to be active 

in FBDD. These articles amounted to 327 publications. They were plotted over time, and 

compared with publications on high-throughput screening, which had been downloaded 

after searching for the keywords “high throughput screen*”.  

To further explore the adoption of FBDD within large pharmaceutical firms, we also added 

the cited articles of the articles within the original dataset. We set a threshold of at least 2 

citations. The addition of these articles brought the number of publications authored by 

large pharmaceutical firms in our FBDD dataset to a total of 770 publications. Each article 

was categorized on the basis of the following: having been authored solely by the company, 

having been authored in collaboration with academia or the industry; or having been 

authored by a firm that was subsequently acquired by a large pharmaceutical firm. To 

explore differences by which these firms adopted the approach, we plotted the number of 

publications over time. 

To complement the publications, we also looked at the drugs from FBDD entering the 

clinical trials. In a review by researchers in FBDD, they surveyed the leads associated with 

FBDD (Erlanson et al., 2016). We plotted these drugs over time and classified them 

according to the large pharmaceutical firms associated with their development.  

5.3.2. Comparison of FBDD Absorption in Two  

Big Pharma Firms 

We used a qualitative design to compare the adoption of FBDD between two big 

pharmaceutical firms belonging to the top 20 firms in worldwide sales. Each had its 

research sites in two different Europe countries. The first company, Big Pharma A, was 

selected from the network of the research group. Once we had established the 

characteristics of its adoption of FBDD, we searched for a contrasting case. As Big Pharma 

A was an early adopter, we looked for a firm that had taken a different path to FBDD 

adoption. To do so, we did a bibliometric analysis of the FBDD literature and used 
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publications as a proxy for FBDD activity. After narrowing our choice down to a few 

companies, we reached out to Big Pharma B. 

The primary data source were interviews from the practitioners in research and 

development in the two firms conducted in 2018. At each firm, we first contacted the key 

scientists who had been involved in adopting FBDD. The preliminary discussion involved 

the processes of absorptive capacity that would be relevant to future interviews. After this 

briefing, we asked these scientists to identify other researchers in their firms who were 

involved in the approach. These people had either directly adopted the approach or merely 

used it as a tool in the projects in which they were involved. In total, we found 3 early 

adopters from Big Pharma A and 2 early adopters from Big Pharma B. With regard to the 

application of FBDD, we found 11 application-oriented scientists  at Big Pharma A, who 

were involved in in a total of 6 projects, and 9 application-oriented scientists from Big 

Pharma B, who were involved in a total of 5 projects. In the two companies, these 

practitioners included not only the executive directors, but also directors, laboratory heads, 

group leaders, senior investigators, and junior investigators.  

Semi-structured interviews were conducted with the practitioners from the two firms. Each 

interview lasted between 45 and 90 minutes. The interviewees were each asked about their 

backgrounds, how they had first been introduced to the technology, and whether they had 

been skeptical about it or receptive to it. We then divided the questions according to the 

different phases in which innovations are absorbed: searching for and recognizing value 

and then assimilating, acquiring, transforming and exploiting it. Per phase, the interviewees 

were asked about their role in the process and their perception of the technology. 

To supplement these findings, we also gathered secondary data from the firms. These 

included patents, publications and news sources related to their practice of the approach. 

Such data enabled us to triangulate the information on innovation adoption within the two 

firms. 

5.3.3. Data Analysis 

Each interview was first recorded and then transcribed. If necessary, points in the interview 

were clarified in further communication. To keep the responses anonymous, the names of 

the individuals, colleagues, firms and therapeutic targets were stripped out. The transcripts 

were then imported into Atlas TI for coding. Initially, the interviews were coded according 

to the phase of absorptive capacity deemed most relevant. Over this, themes that surfaced 

as the coding proceeded were then added, reviewed, and consolidated in an iterative 

process. 
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5.4. Findings on the Adoption of FBDD 

5.4.1. The Emergence of Fragment-based Drug 

Discovery in Big Pharma 

As shown by the number of publications over time in Figure 5.1, HTS had been the 

dominant approach before FBDD emerged. Since HTS was the pervasive paradigm in the 

industry in the 1990s, an active scientific community was involved with exploring various 

aspects of it, and large pharmaceutical firms were relatively active in publishing on it 

(Romasanta et al., 2018). Fragment-based drug discovery is considered to have originated 

in 1996, when a seminal paper was published by a research group at Abbott Laboratories, 

a large pharmaceutical firm headed by Stephen Fesik (Shuker et al., 1996).  

 
Figure 5.1. Number of publications over time in two drug-discovery technologies 

Despite the technology being pioneered by a large competitor, FBDD did not in those early 

days attract a great deal of interest from other similarly sized firms; this is apparent from 

the low publication activity by such firms. Instead, the growth of FBDD at that time was 

fueled by smaller firms such as Astex, SGX, and Plexxikon (Chessari and Woodhead, 

2009). The lower costs associated with the technique allowed startups to use it in their own 

drug-discovery activities. The companies in question were typically university spinoffs, 

most of them based in the US and the United Kingdom. Gradually, their uptake of the 

technology demonstrated the promise of the approach to the rest of the industry. As Figure 
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1 shows, the number of publications discussing the FBDD approach increased in early in 

the first decade of the century. 

Figure 5.2 shows the publication record of a sample of large pharmaceutical firms. In the 

late 1990s, Abbott Laboratories—including its later spinoff, Abbvie—had, as the pioneer of 

the approach, published the largest number of articles on it. However, by the middle of the 

next decade, other firms had also started to explore it. Their later start can be attributed 

partly to the high investments they had already made in the older approach, HTS. The 

dedication of their expertise and infrastructure to HTS undoubtedly served as a barrier to 

switching to FBDD or even dedicating resources to it. In those early days, there were also 

relatively few publications on FBDD, reflecting the industry’s lack of experience in dealing 

with it. As a result, there were still many uncertainties, especially in the larger companies, 

about its scientific foundations and practical implementation. With more experimentation 

by smaller companies, however, the promise of FBDD regarding augmenting drug 

discovery became clearer over time. By mid-decade, an increasing number of large 

pharmaceutical firms had started to adopt it. 

 

Figure 5.2. Number of publications over time by large pharmaceutical firms in 
fragment-based drug discovery and high-throughput screening  

As shown by the number of publications by big pharma on HTS and FBDD (see Figure 

5.2), large firms continued to invest in HTS despite their adoption of the new approach. 

This can be explained by the fact that FBDD and HTS result in orthogonal hit sets, and 

thereby proof to be complementary. The various large pharmaceutical companies took 

several paths in their adoption of the approach. To show the variety of sourcing knowledge 

in the field of FBDD, we show the various papers of a selection of these companies, labeling 

them according to whether they were authored by the pharmaceutical company alone; 

authored in collaboration with academia, industry, or both; or whether the authoring firm 

was later acquired by the company in question (see Figure 5.3).  
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Figure 5.3. Publications on FBDD by selected large pharmaceutical firms plotted 
over time. Each point corresponds to a paper the firm authored. The size of the 

point indicates the number of citations the paper received from other FBDD papers. 
The color indicates whether the paper was authored alone, in collaboration with an 
academic or industrial partner, or whether it was authored by a firm that was later 

acquired.  

As Figure 5.3 shows, many of the firms started—especially in the beginning—with sole 

authorship of publications on FBDD. This implies that they were generating knowledge on 

their own, and that they were experimenting with the benefits of using the fragment-based 

approach. Other companies such as GlaxoSmithKline and Eli Lilly initiated collaborations 

with academic groups. In contrast, the bibliometric analysis suggests that in the early 

period, Merck and Pfizer were not really engaged with FBDD. Later, these firms acquired 

companies that were early adopters (e.g. Merck acquired Schering Plough and Pfizer 

acquired Wyeth and Pharmacia, apparent by the green dots in Figure 3). 
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Another interesting observation is that, as the field matured, firms collaborated more often; 

this is shown by the number of orange dots on the righthand side of the plot. Rather than 

merely pursuing collaborations with academia, most of them would organize collaborations 

that also involved smaller companies. This implies the importance of maintaining 

relationships with the external world, even when the approach is already practiced within 

the organization. 

However, there is one caveat concerning the use of publications as a dataset: that some 

of these companies do not publish much, or otherwise take a strategic approach towards 

what they disclose. Publishing is risky, as it discloses which technologies firms are using 

in their R&D.  

To complement this data, Figure 3 shows the number of leads that entered clinical trials. 

This confirms the general trend whereby most leads entering their first clinical trials in the 

early days of FBDD did so from smaller companies. The delay from the initial growth in 

publications is expected due to the number of years needed for the further development of 

a lead into a drug suitable for testing in humans. This shows that they adopted the approach 

much earlier. In contrast, the only lead entered by a large pharmaceutical firm by 2002 

came from Abbott, the pioneer of the approach itself.  

 
Figure 5.4. Leads developed from fragment-based drug discovery entering their 

first clinical trial 

As Figure 5.5 shows, most large pharmaceutical firms’ first leads entered the clinical trials 

shortly after 2005. However, some of these leads had been licensed from other companies, 

suggesting that these firms’ investments in the technology may have started only recently. 

These leads were just the ones identified in the survey by Erlanson et al (2016); other leads 
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involving FBDD may have been developed that could not be identified. Nonetheless, this 

data shows that, by the end of the decade, the industry now recognized the value of the 

approach.  

  
Figure 5.5. Leads developed from fragment-based drug discovery that entered their 

first clinical trial and were associated with large pharmaceutical firms  

 

By the twenty tens, FBDD had become a mainstream approach across the industry. The 

ultimate testament to its success came in 2011, when market approval was granted to the 

first drug that owed its creation to FBDD. Currently, FBDD is the main approach used by 

biotech startups to create drugs in the market. Alongside other new approaches such as 

DNA-encoded libraries, virtual screening, and phenotypic screening, it is now part of the 

toolbox of larger firms. 
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5.4.2. Knowledge Absorption in Two Large 

Pharmaceutical Firms 

Regarding the ways in which they absorbed knowledge on FBDD, there were differences 

between the two large pharmaceutical companies in our study. Table 5.2 summarizes the 

divergent paths they took towards its development. 

Table 5.2. Characteristics of Big Pharma A and B with respect to Fragment-based 
Drug Discovery 

Firm Big Pharma A Big Pharma B 

Time of Adoption 2000 2005 

Sites adopting the 
technology 

2 4 

Rationale for adoption Demonstrate the value of existing 
infrastructure and manpower 

To keep up with the times 

Strategy for adoption Incremental acceptance from projects Support from management 

Early usage  Experimenting with new techniques Complementary to HTS 

 

5.4.2.1. Establishing FBDD in Big Pharma A  

The scientists from Big Pharma A first heard about the technology in 1996 when a landmark 

paper in the field was published. Commonly known in the field as the “SAR by NMR” paper, 

this was published in Science by Stephen Fesik’s group at the big pharmaceutical firm 

Abbott. It showed that NMR technology—which many firms already practiced—could also 

be used to screen compounds and generate leads. The impact of the paper caused the 

rapid diffusion of its ideas throughout the industry. The most receptive scientists were those 

who specialized in the NMR technique, and those at Big Pharma A immediately saw great 

value in applying FBDD. As the director of structural biology commented:  

“I did hear Fesik speak about “SAR by NMR” in ’96, and that 
immediately caught my attention because it made a lot of sense to me. 
I kind of felt that this was really something where NMR could really be 
very useful and transformative almost for drug discovery.” 

After learning about the approach, scientists at Big Pharma A started assimilating it within 

the company. This happened on two fronts. The first was the company’s structural biology 

group, which specialized in protein NMR. Before FBDD existed, this group had used NMR 

only for structural determination, an endeavor that was not highly valued in the firm. Over 

time, the unit’s utility to the firm had started to be questioned. This prompted the 

researchers in the group to find another application for FBDD. 
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The second front was an independent group that Big Pharma A also had set up to 

experiment with and assess probable new capabilities in drug discovery. Even before the 

landmark paper, this group had already been toying with the idea of using NMR for 

screening.  

In both cases, adopting FBDD would be easy, as the groups would be able to use their 

equipment and capabilities in another application without much reconfiguration. Another 

factor was that HTS was already starting to show its limitations in other parts of the firm: 

some screening campaigns did not generate even one hit that might provide a starting point 

in the drug-discovery process. In consequence, adopters in the group took the opportunity 

as a way of showing how their unit could benefit the firm. As the information generated by 

FBDD was very distinct from that of HTS, FBDD allowed these NMR practitioners to 

establish the unique value it could provide.  

One complication, however, was that the variant of FBDD published by Abbott had been 

made proprietary through patents filed by Fesik’s group. While scientists in Big Pharma A 

sought ways to differentiate their practice, they also licensed the technology to avoid any 

legal repercussions. Big Pharma A started the adoption process in the late 1990s. As it 

was then a new approach, they started small, acquiring the technique in tranches.  

A small group of FBDD proponents pushed for its adoption within the firm. The importance 

of this core team to developing the approach was described by a director in lead discovery: 

“I was in a group that was not dedicated to a particular disease area 
but it was more exploratory medicinal chemistry, so, trying novel 
approaches. I think that it was important that we [had] the freedom to 
explore novel technologies and then to apply those technologies to 
meaningful medicinal chemistry problems… I say that was also very 
useful that you [had] a core team that would think about creating a 
library, how to grow the fragments… That can grow the experience and 
then apply that experience to the next project.”  

They then started mobilizing resources within the firm, whose existing chemical library had 

been designed primarily for high-throughput screening and was not suited for FBDD. To 

assemble their first fragment library, they therefore had to purchase chemicals from third-

party vendors. Due to the small library size necessary to practice FBDD, this first iteration 

was put together in a short amount of time. 

The strong NMR capability in house meant that the transition to applying it to FBDD was 

not difficult. But as it was still a new approach, not much was known on how to apply it: 

there were no guidelines or standards for using the technologies or understanding its 

limitations. Learning by doing was therefore the adopters’ main strategy for acquiring the 

capabilities needed to run the approach. With the support of their organization, they were 

given leeway to experiment with the technology and to get a grasp of its promises. The 
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initial promise of FBDD was met by NMR. Over time, other technologies were also 

explored.  

To demonstrate its utility, the proponents of FBDD within Big Pharma A first applied it in a 

small project that did not require help from other units. The initial trials proved to be 

successful, generating valuable hits. The technology was then applied to a bigger project 

that also was successful. Now the promise of FBDD had been apparent in its first few 

projects, its proponents pushed it towards the rest of the firm. But while its initial adoption 

was fast, knowledge transfer to the rest of the firm was slower, as it was difficult to connect 

with other units within the firm, which practiced the traditional approach, high-throughput 

screening. A director explained: 

“All these people [i.e., those who believed in FBDD] came from a 
biophysics background – NMR, X-ray. And we had to convince the 
chemists and biologists and high-throughput screening people… We 
didn't see it as a competition, but oftentimes it was somewhat seen as 
you do either high-throughput screening or something else.” 

Gradually, through incremental successes in projects, they gained more support. To 

strengthen their capability in FBDD, they were able to acquire more equipment and more 

advanced libraries. As the technology gained wider acceptance within the firm, it was used 

in a wider variety of projects as a complement to other screening technologies. It is now 

part of the standard toolbox used by project teams in drug discovery. 

5.4.2.2. Establishing FBDD in Big Pharma B 

As at Big Pharma A, scientists at Big Pharma B first learned about FBDD technology from 

the Abbott paper. When they saw it, researchers at Big Pharma B also instantly saw its 

potential within the firm. Despite this, assimilation in this early period was not 

straightforward, as they had only a small NMR capability that consisted of just one 

practitioner with no laboratory support. Although they briefly experimented with the 

approach in the late 1990s, it bore the firm no interesting or valuable results. As a director 

in lead discovery summarized:  

“This never took off in any way because the infrastructure was just not 
really there. And the support and the mindset was not there somehow… 
We didn't have a good plan to set up our libraries, and we just had a 
handful of compounds. So this effort didn't really materialize. So, after 
one project, the idea [was] not followed [up]. It was dead until we took 
it up again in 2005.” 

The lack of the capabilities needed to lay the foundations for applying the FBDD approach 

played a significant role in delaying Big Pharma B’s adoption of the technology in the 1990s. 

As it was still early days for the technique, its promises were also uncertain. Between them, 
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these two factors ensured that there was no urgency that compelled Big Pharma B to adopt 

the technique at that point.  

The company reconsidered the approach again a few years later when, early in the new 

century, another new company pioneered a new version of FBDD that, rather than using 

NMR, used another technology, X-ray crystallography. This technique was widely available 

throughout the industry, as it is the standard technique for elucidating the structures of 

proteins with compounds that bind with them. As Big Pharma B also had a strong X-ray 

capability in-house, this iteration of FBDD was more compatible with their in-house 

capabilities. They thus decided to partner with a small company in the UK to assess its 

value to the firm. The collaboration did not prove worthwhile, however, and once again the 

adoption of the technique was delayed. However, Big Pharma B started to see the value 

of the technology in augmenting its drug-discovery process. With the industry starting to 

embrace the fragment-based approach, and its current technologies not delivering the hits 

that would start drug discovery, it became more compelling for Big Pharma B to adopt 

FBDD.  

Thus, with the support of top management, a program was initiated in 2005 to improve 

capabilities in drug discovery. With the value of FBDD apparent to practitioners, it was 

prescribed to be built within the firm. With management support, Big Pharma B began its 

acquisition of FBDD. A director in lead discovery described the importance of support from 

management:  

“The Global Head of Research, who came from [another big 
pharmaceutical company] spent a couple of years with us. He was 
instrumental, because, without his vision to do the initiative within the 
company, we wouldn't have had the bandwidth, or just the manpower 
to establish ourselves [in FBDD].”  

Big Pharma B used this support to hire 15 additional employees to help develop the 

method. These researchers assisted in the design and procurement of the fragment 

chemical library. As screening technology such as X-ray was already practiced in house, it 

became the cornerstone of the FBDD approach within the firm. However, as the industry 

emphasized the orthogonality of technologies, other technologies also had to be acquired. 

As the company’s protein NMR capability had been weak, the additional resources from 

management were helpful in this respect. When summarizing this series of acquisitions, a 

director noted:  

“It was clear that NMR was a key methodology for doing fragment 
screening. But then, over the course of time, we added additional 
biophysical technology with the increased capacity, to be more flexible 
in targeting new targets with fragment screening activities. We [had] 
started out with NMR, the mass spec method and SPR as the three 
primary biologicals screen.” 
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Adopting the approach in a later period thus avoided many of the uncertainties associated 

with the approach. With best practices within the industry having been diffusing widely 

through conferences, and in publications, the barriers against Big Pharma B practicing 

FBDD were now lower. A director summarized this advantage as follows:  

It was possible to establish the technology very quickly, [an efficiency gain] compared to 

doing it early on and making all the mistakes that all the others made. In retrospect, I think 

this paid off for [us].”  

Nonetheless, as a grand initiative, developing capabilities in FBDD required collaboration 

from many employees within the firm. When describing this process, an investigator noted:  

“Of course, people would constantly give their reports […] on how they 
set up our internal capacities [and] where they applied [them]. A 
colleague was giving us reports on how his projects went, what he did 
there, what kind of structural compounds he was optimizing. We have 
internal conferences… in a collaboration of [ involving?] several sites.”  

From the beginning, Big Pharma B positioned FBDD as a technology that was 

complementary to the other approaches. It was promoted for application in relevant 

projects that would get its scientists acquainted and realize its potential. In the early days, 

however, the technique did not find much success, failing to produce viable leads for the 

market. This was due to its use so late in a project that it could no longer catch up with the 

leads produced by other technologies, especially HTS.  

5.5. Processes of Absorption of FBDD 

Below we examine the different processes under absorptive capacity.  

5.5.1. Seeking and Recognizing Value 

The first step in absorbing FBDD consists of researchers finding and recognizing its value. 

To be able to sense such opportunities, these researchers first must interact with the 

relevant research communities involved in the new approach outside their firms. At the 

same time, these activities must also be supported by their organizations. 

5.5.1.1. Assessing the motivation for adoption 

The two firms had varying motivations for adopting FBDD. At Big Pharma A, the proponents 

were part of a group that practiced NMR technology–which, however, it did not greatly 

value. As they were looking for applications that would justify their existence within the firm, 

they were seeking more valuable applications of NMR. At that point, HTS was also starting 

to show its limitations in the drug-discovery process: in some campaigns involving it, runs 
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would not generate reliable hits that could initiate a drug-discovery process. This provided 

an additional motivation for seeking an alternative approach (such as FBDD). 

When the Abbott paper appeared, Big Pharma B was not practicing NMR. As no group 

could recognize the value of FBDD, absorption was postponed until 2005. By then, FBDD 

has become known across the industry, and the company also had a director who had had 

experience with it, having previously worked in another large pharmaceutical company. His 

recognition of the value of applying FBDD within Big Pharma B served as motivation for 

the firm to adopt it. As a current director notes: 

“This Global Head of Research, who came from [another big pharma 
company] spent a couple of years with us. He was instrumental: without 
his vision […] we wouldn't have had the bandwidth or even the 
manpower to establish us.” 

5.5.1.2. Interacting with external knowledge sources 

Publication of the paper by pioneer Stephen Fesik in Science had enabled most 

researchers to sense the value of FBDD. Fesik then actively promoted the approach by 

presenting his findings at various scientific conferences. As these were attended by the 

same research community, which met frequently to discuss trends in research, such a 

significant advance was easily diffused by its various members. Thus, as an executive 

director at Big Pharma A referred to it: 

“It was kind of in the air.” 

More importantly, added legitimacy was provided by the fact that Fesik worked in a large 

pharmaceutical firm and had had his findings published in one of the top journals. This 

allowed practitioners at Big Pharma A and B to immediately recognize the potential of 

applying FBDD at their own firms. 

5.5.2. Assimilation 

In the assimilation phase, a technology’s merits are assessed against the needs and 

practicalities of usage within the firm. In the case of FBDD, this happened throughout the 

entire knowledge-absorption process. The first time was when the proponents introduced 

their immediate colleagues to the theory underlying the use of fragments. After this initial 

stage, a continuous process of assimilation was undertaken to clarify the details and check 

which components of the FBDD approach were best suited for further absorption by their 

firms. Once again, this required continuous interaction with colleagues, both inside the firm 

and in the field.  
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5.5.2.1. Validating value within the firm 

After first hearing about FBDD from their research community, the proponents had first 

needed to introduce it to their immediate colleagues for a first round of feedback. This 

allowed them to check whether their perception of the value of the new approach matched 

that of their other colleagues within the firm. This process was encapsulated by a director 

at Big Pharma A: 

“You come back from a conference where you heard something new. 
You think this is something we should be doing. And then you start to 
talk with people and make presentations at departmental board 
meetings, and try to convince all the stakeholders.” 

At the same time, the proponents conducted minor experiments to convince themselves 

that the theory behind the approach was indeed valid. These minor implementations of the 

approach allowed them to see its potential within their firms. They also served as 

groundwork on which they could build their case for why management should invest more 

resources on extensive due diligence on FBDD. As a proponent in Big Pharma A stated: 

“If it's a small thing, I can do basically in my own lab. If it takes less than 
10 percent of my time or my people's time. If it's bigger than that and 
then I also don't have to hide it, I'm going to say, put it on my 
development goals. I want to test that idea. That’s no problem. I think 
the discussion starts when I can't do it myself and I need to involve 
other disciplines, other people. And then you need to network. That's 
probably done best by talking to people and not going through 
management or making a big thing out of it.”  

When little commitment of resources was required, Big Pharma B undertook similar 

experimentation. In the late 1990s they hired a postdoctoral student to validate the NMR 

implementation of the approach. However, attempts to use it in their projects did not prove 

successful.  

Account should also be taken of the fact that Big Pharma B did not have the relevant 

foundational technologies to practice FBDD. Without a great incentive to continue 

developing FBDD in house–even though the proponents recognized its value– the next 

steps in acquiring the approach had to be postponed. Especially in those early days, any 

approach would have been beset by uncertainties, as its promises were still unclear. As 

the same director noted: 

If you follow hypes all the time at the same speed, the hype builds up. I think this is a waste 

of energy… You need to find the right time to adopt.  

IFBDD adoption was then stuck in limbo until the company revisited it in 2005. Only when 

it had attained a variant that satisfied Big Pharma B’s internal conditions did it push the firm 
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to start adoption. By that time, more variations of the technology than the initial NMR had 

become available; these appealed to the company much more.  

5.5.2.2. Exploring technological feasibility 

Assimilation also has an external component to it, as external ties were important in 

informing the companies’ choices on how to proceed with acquiring FBDD. For instance, 

scientific conferences brought practitioners from big pharmaceutical firms together, 

allowing them to benchmark what everyone else was doing in the field. These interactions 

with other research groups provided a valuable source of ideas and information on using 

the approach. 

This constant assimilation through external sources proved especially important to 

proponents in Big Pharma B. Although their initial contact with FBDD showed them the 

value behind the theory of the approach, applying it in practice appealed to them less, as 

the original NMR-implementation was not as compatible with the capabilities they already 

had in house. However, as FBDD continued to develop, more variations on which various 

companies were experimenting became available. One important contribution was a small 

company’s X-ray implementation of FBDD, which showed Big Pharma B that FBDD could 

also be achieved through other screening technologies. As this variant was much more 

compatible with Big Pharma B, and as FBDD success stories were becoming more 

widespread across the industry, FBDD then began to look more feasible. 

After colleagues’ initial buy-in had been achieved on the general value of using the 

fragment-based approach to drug discovery, assimilation continued to iron out the specifics 

of adopting the approach. This involved clarifying the details of the library, equipment, skills, 

and processes needed for FBDD. While FBDD expertise could be generated internally, it 

was possible to ease this step by leveraging knowledge from outside sources that had 

already experimented with the approach. As a result, both companies had scouts 

assessing which technologies to absorb to further extend their capabilities. As they had 

close connections with academic groups and small industrial groups, each specialized in 

their own niches, each firm was able to initiate collaborations that enabled them to assess 

the merits of these technologies. These ties within the FBDD community were crucial to 

the further differentiation of their FBDD capability, as the scouts could then recommend 

which variant of chemical libraries, screening equipment, and other related could be bet 

on. As one practitioner at Big Pharma A stated: 

“If somebody comes and says “I'm going to do a new library, a crazy 
library,” it can be a fragment or it can be bananas, whatever. They 
[management] give you the possibility to: give you the budget and they 
give you the exploratory power that you can establish such things. Then 
it also gives you the possibility to collaborate, to go to conferences and 
to learn all these new things that happen outside.”  
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Being part of a community also makes it possible to manage problem-solving. For instance, 

in fragment screening, false positives are common. In the practice of FBDD, discussing 

how to deal with such artifacts in the analysis is valuable. Conferences also provide an 

avenue for learning which technologies are gaining traction in the industry, and therefore 

which of them would be interesting to further develop in house. As this implies, the internal 

and external aspects of assimilation are continuously interacting. This is illustrated by the 

director at Big Pharma B:  

“This, more or less, is always how we look at new techniques – doing 
something with the CRO or the provider of the instrument, then doing 
some project work and comparing it with our in-house techniques, and 
then deciding whether or not we want to invest in such a technology.” 

5.5.3. Acquiring and Transforming 

When a firm decides to develop a capability, it needs to start acquiring the resources 

necessary to developing it. These may come from outside the organization, but also from 

within. If they already have resources that can be used in the new approach, they have to 

transform them to accommodate usage in FBDD. As it already had a capability relevant to 

FBDD, Big Pharma A’s initial priority was to repurpose these resources to be applied with 

FBDD. On the other hand, as Big Pharma B lacked the resource base for FBDD, they had 

to gather these from outside the firm. 

5.5.3.1. Mobilizing resources within the firm 

As stated above, Big Pharma A initiated the adoption of FBDD to demonstrate the unique 

value that its NMR group provided. As this capability already existed within the firm, it was 

only a matter of reconfiguring the equipment and experimenting with its use in FBDD. 

Similarly, as this large pharmaceutical firm had already invested in a large compound 

library, its practitioners could leverage their access to these libraries in the FBDD approach. 

As a director noted: 

“In those days, companies like ours had just built up big archives for 
our repositories for compounds. And these were precious samples. We 
didn’t look at them as tools for running screens on their own or as a 
method that had not been proven to be valuable. So my inspiration 
came from what kind of library might be available to me in big amounts 
so I wouldn’t be limited by the material… So I used the availability of 
the building blocks as a tool for enabling fragment screening”. 

Unlike Big Pharma A, Big Pharma B had no existing infrastructure, and therefore had to 

build everything from scratch. The priority for its proponents was then to gain management 
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support for financial investment. This investment later allowed it to acquire resources from 

external parties that would allow them to practice FBDD. 

As well as these technological resources, proponents had to mobilize other resources from 

other departments. This required much coordination. To accommodate and apply FBDD, 

the other drug-discovery units also had to be transformed. For instance, using the principles 

of FBDD, Big Pharma B modified its existing HTS capability, transferring HTS capabilities 

to FBDD through a process known as high-concentration screening, which uses fragments 

in high concentrations to screen compounds. 

Accommodating FBDD not only had a direct effect on other practices, it also required the 

transformation of organizational practices. Previously, due to the lack of alternatives to 

HTS, coordination between projects had been simpler. But as FBDD required 

interdisciplinary work, systems had to be established to reconcile the results of the two 

approaches. Especially in the early days, it was difficult for colleagues from other units, and 

thus from different backgrounds, to connect.  

While an existing knowledge base could help knowledge absorption, it is interesting to note 

that it could also hinder the adoption of future practices. For instance, Big Pharma A used 

NMR as the cornerstone of its approach. This may have served as a barrier to a wider 

exploration of other technologies. As a specialist in another technology stated: 

“Back then, NMR was the only method… There was an extremely 
strong bias towards NMR being the gold technique for many things. 
SPR (another technology) was just not wanted. At least, that’s how I 
felt to use a different technique.” 

5.5.3.2. Securing external resources 

As well as leveraging the resources that were already present, individuals at both 

companies needed resources from the outside to apply FBDD. In all cases, it was crucial 

to license the IPR to use the “SAR by NMR” method. As this had been patented by the 

pioneers of the approach at Abbott, neither firm would legally be able to apply the approach 

without such a license. Upon realizing that there was no workaround, they therefore 

proceeded to acquire permission to use the IP.  

While Big Pharma A was focused on leveraging its existing resources in the practice of 

FBDD, Big Pharma B had to build the capability from the ground up. With the investment 

from management, it was able to recruit 15 full-time staff, buy the necessary equipment, 

including NMR and SPR, and assemble a library from outside the firm.  

To be in touch with the newest developments in the field, however, both companies needed 

to collaborate with other companies, including those pioneering new technologies that 

would expand the use of FBDD. As a director in Big Pharma A said: 
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“I actually lead one collaboration… they implemented all sorts of 
fragment-based screens. We work closely with them and they transfer 
knowledge from there to us and the other way around.” 

After the initial acquire phase, firms iteratively transformed their FBDD capabilities. Once 

again, this involved constant interaction between the internal and external components. As 

FBDD is a platform that comprises various technologies, its transformation was complex, 

involving—among many other things—selecting which equipment to use, improving the 

procedures applied, and defining which metrics should be used to analyze results.  

5.5.4. Exploitation 

In the exploitation phase, the fragment-based approach is applied to the different projects 

within the company. In both firms, the main barrier to this was the chemist who would need 

to work with the results of the approach. To address this, individuals lobbied for support 

within the firm, and also shared external success to the firm. 

5.5.4.1. Lobbying for support 

Although the initial adoption of FBDD was easy, at least in principle, its institutionalization 

within the two firms was challenged by others. Although the need for it was apparent to the 

firms’ early adopters, its reception varied across other units. Due to the prevalence of the 

traditional HTS approach in the industry, practitioners in the two firms tended to believe in 

testing as many compounds as possible, ranging into the millions. At the same time, big 

pharmaceutical companies had also invested greatly in the HTS approach that was 

emblematic of this philosophy. As most chemists were therefore used to such traditional 

schemes, they were also more skeptical about the validity and applicability of the FBDD 

approach.  

With FBDD generating hits, its use ultimately depended on the medicinal chemists who 

would work with the results it produced. Before FBDD, these hits would come typically from 

HTS, which generates compounds that have high affinities. In contrast, its coming from 

FBDD are magnitudes less in affinity and requires more extensive optimization to become 

a viable lead. Consequently, medicinal chemists preferred working with the older approach. 

The job of the proponents of FBDD was therefore to get these medicinal chemists to buy 

into it.  

They garnered support in various ways. One way was by talking to chemists who were 

already predisposed to the approach, and then recruiting them to support their efforts. With 

the help of such chemists, they were then able to strategically select projects with a high 

chance of success. Such projects showed the unique value of the approach. As a director 

in lead discovery said:  
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|The interdisciplinary team was committed to moving it forward, to 
developing the method, and to showing that this is applied to useful 
examples—to showing the chemist that it can really impact the drug-
discovery process. At that time, I didn't see it as a risk, but more as an 
opportunity. But certainly other people perceived it as a risk, and didn't 
want to move away from what had been tried and tested, and what they 
considered to be the most successful path towards a clinical candidate. 
But since I was working in an exploratory group, we had more freedom 
to implement, to try new things.” 

More than demonstrating the value of the approach, it was important that the results of 

such projects were disseminated to the chemists. This was done through the formal internal 

presentations and conferences that take place annually in these firms. More importantly, 

these success stories were shared and disseminated through the firms’ informal networks. 

Building a portfolio of successes, proponents of FBDD slowly built legitimacy and greater 

acceptance within the firm. They were able to demonstrate in a wide variety of projects how 

the approach could be used to complement other screening technologies.  

Above all, it was crucial that proponents spoke the language that users would appreciate—

that they translated their understanding of the new approach into words that would convince 

users to apply it in their own practice. For instance, the concept of “ligand efficiency” was 

a controversial aspect of FBDD that might not have been appreciated by other practitioners 

in the company. Finding common ground on which proponents and other colleagues could 

communicate was important to establishing FBDD’s further adoption. 

Ensuring that an approach is exploited can also be achieved by having early support from 

management—in the case of FBDD, ensuring its immediate acquisition as a technology 

that would be complementary to the other approaches. As a director explained, if it were to 

maximize its potential, it had to be marketed by its proponents within the firm:  

“At that time, we had to position fragments screening against normal 
high-throughput screening, virtual-screening type activities. So we set 
up the efforts such that we would be able to make comparisons… [it 
was] a critical approach to this novel technology, because, at the time, 
it was by no means clear that this would change the way we would do 
drug discovery.” 
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5.5.4.2. Building on external success stories 

As they were in contact with other early pioneers experimenting with the approach, 

proponents were able to appreciate how they could apply FBDD within their firms. This 

contact allowed them to identify the types of project in which it would be strategic to apply 

FBDD and thereby increase their chances of success.  

To convince the chemists of the value of the approach, proponents also used external 

success stories that recounted how FBDD had resulted in a lead in clinical trials. In other 

cases, chemists themselves came across convincing success stories. Reflecting on this 

growth in FBDD, a practitioner at Big Pharma B commented: 

“I think the whole fragment world looked different in 2000. Now there's 
much more experience [on] where you can use fragment approaches. 
And the fragment approach gives the greatest chances of getting 
something. Back in 2000 it was still like exploring the Wild West”. 

External success stories were also helpful in another way. In some cases, chemists may 

have become too attached to their original practice, i.e., using leads from HTS. But as 

FBDD become better known, there was a new generation of scientists at other firms, or 

doing their PhDs and postdocs. They, too, were exposed to the value of FBDD. Their hiring 

and inclusion in the lead-discovery process also facilitated firms’ use of FBDD. 

5.6. Discussions and Conclusions 

In this study, we traced the development of fragment-based drug discovery at large 

pharmaceutical firms. We also contrasted how individuals in two large pharmaceutical firms 

engaged in absorbing this approach. Figure 6 summarizes our findings on the roles played 

by individuals in knowledge absorption.  
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Figure 5.6. The external and internal processes of knowledge absorption performed 
by individuals 

We validate the framework of Ambrosini and Patterson (2016) on the processes involved 

in knowledge absorption in the pharmaceutical industry, which we found to consist of a 

highly iterative process involving the following: seeking and recognizing value, then 

assimilating, acquiring, transforming and exploiting it.  

In a complex, multi-faceted technology such as fragment-based drug discovery, the 

process of knowledge absorption could not be other than iterative. Rather than a sequential 

process that passed from the recognition of value to exploitation of the approach, 

practitioners had to go continuously back and forth between processes as they absorbed 

knowledge of FBDD. For instance, after applying it in their projects, they used the insights 

they had gained to decide which aspects of their platform they needed to modify. Inversely, 

they also anticipated which equipment or tools they would need for a specific project. By 

moving back and forth between the various processes of knowledge absorption, they were 

able incrementally to improve their FBDD practice. 

Similar to Ambrosini and Patterson (2016), we found that assimilation plays a lasting role 

in knowledge absorption. At the assimilation stage, proponents performed more 

comprehensive due diligence on whether the approach was worth adopting—in many 

cases, they conducted preliminary experiments to validate the technology’s worth to the 

company. Whether they showed the potential of the approach or showed that it did not 

function as expected, the results of these experiments increased the proponents’ 
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enthusiasm about pushing for further knowledge absorption. This in turn dictated the path 

the firms would take towards adopting the new approach years later. 

By validating the important role that individuals play in the knowledge-absorption process, 

our study also builds on Sjödin et al. (2019), who showed that, ultimately, it is the action of 

individuals that determines whether or not knowledge absorption goes ahead. We found 

across all phases of the knowledge-absorption process that proponents played the same 

outsized role.  

One contribution of our study is the finding that if knowledge absorption is to progress, 

individuals must perform their tasks both inside and outside their firms. Rather than 

increasingly directing their focus inward, the proponents had to constantly maintain contact 

with the outside world. This increased the likelihood that knowledge absorption would 

succeed—a finding that is consistent with the model of (Lewin et al., (2011), and 

emphasizes that AC has both internal and external components. 

We found that, to enable knowledge absorption to proceed, these internal and external 

components can work individually or together, and also that they can be driven internally 

or externally. To illustrate the former, the motivation for assimilation in our two firms came 

from different drivers. At Big Pharma A, the motivation to absorb the new approach came 

from the desire to justify the value they provided to the innovation process within the firm. 

At Big Pharma B, individuals succeeded in leveraging the general excitement of the 

scientific community about the progress of the new approach, using it to convince their 

company to invest in its adoption. Even though they came from different motivations—one 

driven internally, the other driven externally—both firms, and the units within them, then 

took advantage of developing the same capability. 

Generally, however, individuals play an important role in serving as bridges between these 

internal and external processes of absorptive capacity. By leveraging both, they can push 

forward the knowledge-absorption process. To illustrate, the chemists’ acceptance of the 

FBDD approach was due both to proponents having educated their peers within the 

companies, and also to having heard the general success stories in the field outside.  

Given these contributions, there are many areas for future research. First, we focused only 

on the pharmaceutical industry, specifically regarding fragment-based drug discovery. 

Future research could examine other processes in the industry. It could also explore how 

it generalizes to other knowledge-intensive industries, and even to less R&D-dependent 

ones. 

Our finding that knowledge absorption occurs in a highly iterative manner could be 

extended to an examination of how individuals navigate the various processes of 

knowledge absorption. For example, researchers might investigate how proponents 

package these new technologies in a way that ensures the later stages of knowledge 

absorption will go smoothly. It would also be interesting to establish how, to ensure a 
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smooth transition from the initial recognition of knowledge to the later stages, they hand off 

from one stage to another. It would also be interesting to research the reverse process of 

how the later stages of knowledge absorption inform the earlier stages. 

We also highlighted the importance of proponents performing both internal and external 

processes. As an extension, it would be interesting to explore how, to enable knowledge 

absorption to proceed, such individuals manage or leverage these two components. 

5.6.1. Managerial Implications 

Our study has various implications for managers, not only for those in the pharmaceutical 

industry, but also for those in other knowledge-intensive industries who must adapt to the 

emergence of new fields. Individuals should realize that they play an important role in the 

knowledge-absorption process. As proponents play an outsized role in pushing knowledge 

absorption forward, it is important that they have the tools they need to exercise this role 

effectively. They should also be careful of the way they first assess the value of a new 

technology, as this can dictate the path a firm will take with respect to knowledge 

absorption. In such interactions with new technologies, they should therefore ensure that 

they diligently take all possible factors into account. After all, it depends on these individuals 

whether knowledge absorption is terminated, gets stuck in limbo, or proceeds.  

We have also shown that, if they are to influence knowledge absorption effectively, 

individuals must interact continuously with their field. Rather than becoming more internally 

oriented, proponents can influence the later stages of absorption by leveraging advances 

from the outside. By engaging in knowledge absorption externally as well as internally, they 

can push more effectively for new technologies within their organizations.  

Finally, individuals can be constrained by the firms they work for. To ensure that any firm 

can adapt to new challenges, its managers must ensure that they empower individuals to 

perform the various functions of searching and recognizing value, and assimilating, 

acquiring, transforming and exploiting new knowledge. They should also give these 

proponents the freedom they need to toy or tinker with these new technologies, as this will 

help them to accurately assess their value to the firm.  
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5.7. Appendix 

Supplementary Table 1. Illustrative quotes for each process of knowledge 
absorption in two big pharmaceutical companies 
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Internal 
 
Assess 
motivation 
for adoption 

“To find a new application for NMR was 
indeed an important factor because the 
whole reception of structure biology being 
relatively slow and expensive technology. 
There were times when you have trouble 
convincing your organization that 
structural biology is important.” 
“I mean NMR was challenged multiple 
times… What are you doing? How, what 
is the impact on drug discovery?” 
“There was a very difficult target. We did 
not identify anything. Several approaches 
failed to find antagonists for this protein, 
for this receptor, a big receptor.  And so 
the motivation came from finding 
something with one classical high 
sensitivity methodologies.” 

“(By 2005), it was clear that that this 
would be a valuable addition to all the 
other finding approaches. So it was a 
strategic decision maybe to adopt this 
innovative way to do finding.” 
“HTS is very cost-intensive. So you need 
from that, from the beginning starting with 
assay development and also the 
reagents… and everything you need to 
consumables depending on the assay 
might be very expensive. And the 
outcome is always not that you have 
good starting points… and also just to 
have also to have a second method to 
find chemical matter. Just have an 
alternative… You not can always not 
always rely on HTS  or natural product or 
something like that” 

External 
Interact with 
external 
knowledge 
sources 

“When the first publications appear that is 
clear that this is important. But it was also 
right from the start actually that I did try to 
foster my network with external people 
and that's still something which I find very 
important. And I think by having this 
network, it allowed me to judge real the 
value of a certain technology much better 
than if you only read papers. And, you 
have to talk to conferences because 
those other people also do experiments 
in the field but they don't quite talk about 
it and if you have a good network, then 
you hear informally about what's working 
for them and their experiences.” 

“I heard about this way before so, I think 
it was about the time when the Fesik 
paper came (the seminal paper in 
FBDD)… '96-'97 when people talked 
about fragments screen. “ 
“This Global Head of Research who 
came from [another Big Pharma ] was 
instrumental because without his vision to 
do to do the Skills Centre based 
innovation development within the 
company we wouldn't have had the 
bandwidth or just the manpower to 
establish us.” 
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Internal 
Validate 
value within 
firm 

 “We had a number of initiatives which 
were then started by management to say 
OK, fragment-based screening looks like 
something is important. Why don't you 
come up with a really conservative plan, 
how to develop it further. Tell me what 
the opportunities are? What are the 
bottlenecks? How to overcome the 
bottlenecks?... And, let's say what are 
potential reasons and what resources are 
required. So they started in the late 90s 
maybe the first two or so libraries were 
developed.” 

“We did an in-house screen, compared 
the results with what they (technology 
company) provided us. It looked like it 
was not helping us at some point. So we 
decided we don't need that. There was 
more or less, always the approach to look 
at new techniques. We usually do 
something with the CRO or the provider 
of the instrument. And then do some 
project work and compare it with our in-
house techniques and then decide if it's 
for us to invest in such a technology or 
not. 
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External 
Scout 
technological 
feasibility 

“There is a conference… an annual 
meeting where industry people went to 
and they were exchanging experiences, 
how are you doing? (Names other big 
pharma firms) appeared that we were all 
more or less in the same boat. So we're 
all fighting (to have FBDD adopted). 
“For this specific technology, I'm still in 
contact with the person who developed 
the approach…I mean I'm not showing 
data, not showing target name, just 
scientific questions, collaborating 
scientifically because I think this was 
really probable to have the opportunity to 
continue collaborating with that person 
which is recognized as the best expert. 
And to do that, as I told you, he spent six 
months here.” 
 “We were watching the field. We were of 
course also looking at papers others 
published. I think we were co-pioneering 
this field in a way.”  

“We looked at experience from the 
literature and it was clear in the early 
days that that NMR would be the 
workhorse. That SPR was probably 
promising. And then it was also based on 
pragmatism because for instance the 
colleagues had established mass 
spectrometry as a biophysical method. 
These were the early technologies and 
then along the way we always scouted for 
new promising technologies to do 
fragments screening and tested them and 
then adopted them or implemented them. 
Once we were convinced that this would 
help us.” 
 “We are always looking for external 
partners  which can help us in case we 
do not have enough internal capacities.” 
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Internal 
Mobilize 
resources 
within the 
firm 
 

“These technologies were all available in-
house. They had just to be reapplied with 
fragments.” 
 “You need protein - high quality, large 
amounts. This was another problem in a 
way, that especially for NMR, we need 
large quantities, ideally, isotope-labeled. 
That was not really obvious how to get 
this. Then, the NMR capacity we had, 
that was the easiest. But then, to ask 
modelers to become interested in such a 
result and again they were already in a 
different organizational unit. And, then 
thirdly, the chemists to convince them 
that this is something interesting.  And 
finally biologists all in different 
departments, all with different history, all 
with a different mindset regarding what is 
important for lead finding project.” 

 “(A big initiative) gave us significant 
capacity. so globally I think it was about 
12 or even 15 FTEs (full-time employees) 
to establish fragments within the 
company…this additional capacity gave 
us the momentum to build the group here 
significantly, so we built the first 
biophysics capabilities here. We could 
grow our NMR effort and also the 
crystallography effort” 
“it is quite important to support protein 
production, biophysical assays and 
eventually supplying the program with 
generating an x-ray structure… based on 
this specific target the major question 
was how much capacity do we need from 
structural research to support this 
program” 
 

External 
Secure 
external 
resources 
 

“SAR by NMR was something that Abbott 
was patenting…. you had discussions 
about if this patent is valid. There were 
quite a lot of discussions with lawyers 
also and so I think it was granted. (we 
decided to) buy the licenses to the SAR 
by NMR.” 
“in 2000, I think we only have a library. 
We bought the so-called second-
generation library with 400 compounds or 
so. It was an external library” 

“We collaborated with (small company).  
So we have two phases. In the initial 
phase with the pilot project and then in 
the second phase with a couple of more 
targets.” 
“We didn't have any biophysics or just 
very rudimentary NMR but no other 
technology like SPR or mass spec, ITC or 
DSF, so this was not there. We needed to 
build this all up and this was after 2005. 
So an implementation phase was I would 
say between 2005 and 2010 where we 
established technology.” 
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Internal 
Lobby for 
Support 

“(Names of proponents) were the people 
who were at my side when I started and 
who I consider were the pioneers of it... 
who were the people who actually also 
fight to get the right libraries, the right 
technologies, the right workflow and also 
to try to integrate the whole thing in the 
organization. Like, you need a chemist. 
You have to contact a chemist who is 
interested in following fragments and you 
have to communicate the teams that 
you're doing something different to HTS 
and cellular screens or whatever. And I 
think this is the core group of people who 
really push it a lot at the beginning. And 
of course, I shouldn't continue without 
mentioning our head, department head. 
He supported.” 
“Show me the impact. Show me what's 
better with this technology than 
elsewhere. Show me that you could 
actually do it. Convince other people, not 
the FBDD inner circle, but the customer 
so to speak... the chemist when he has a 
choice between taking a hit from a high 
throughput screen and to improving it and 
taking up hit from fragments screen and 
improving it. Because, this person would 
be again under expectation to produce 
the result at the end of the year or so to 
show, here's what I've done.” 

“In the beginning, it was like a last resort. 
So if the project was in deep water, 
everybody said okay, let's try fragment 
screening. That was the one thing. Now, I 
would say it's almost equally between 
HTS and fragment screen... People have 
their favorites but you all have to discuss 
it in the project team. And the project 
team has to come up with a so-called 
finding plan, point what techniques to 
follow up. And most of time fragment 
screen is on top of the priorities” 
“When I saw the hits that were coming 
out, I was skeptical of what the quality of 
this library is….   If you let someone 
persuade yourself with data, that's the 
best way of getting over yourself. Of 
course, in the beginning, when these 
things don't deliver a starting point as 
routine established things like high 
throughput screening, it's clear that 
people can be skeptical…” 
 “People would give of course their 
reports from work constantly on how they 
set up our internal capacities, where they 
applied it. [Colleague] was giving us 
reports on how his projects went, what he 
did there, what kind of structural 
compounds he was optimizing. We have 
internal conferences, of course… to know 
about the latest developments there.” 

External 
Build on 
external 
success 
stories 

 “We were open-minded to collaborate 
with external companies. This I think this 
definitely helped to provide to the 
chemist, what is fragment-based 
screening?, how do I apply it?” 
 “You know that the most convincing thing 
is a success. I mean and now these days 
we have at least half a dozen approved 
drugs which are proven to be all coming 
from fragment-based approach 
dominantly… There are meetings that 
focus only on this technique. Nowadays 
nobody challenges that anymore. I think 
nowadays it's more about the learnings, 
where to apply it, to what extent, how 
does it complement other techniques.” 

“This is clear from literature but also from 
our in-house experience that it's not in 
question that this technology adds value. 
So what we looked at very recently is 
when best to apply almost efficiently to 
apply fragment-based drug discovery and 
when not to apply it. So, for instance, we 
decided that in cases where there is good 
literature and for which good starting 
points from literature or from a different 
source, then we think very hard and very 
critical about doing a fragment screen... 
So in this case, It's not a question of 
technology but we ask the question 
where to best apply in the future” 
“Certainly there is a success for 
fragments. There are several clinical 
compounds now. Some have reached the 
market where fragment based drug 
discovery has played a really critical role.” 
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Developing Collaborative Researchers in Drug 

Discovery: The Benefits of Innovative Training 

Networks 

Romasanta, Angelo KS; van der Sijder, Peter C; Smit, Martine J; Jahnke, Wolfgang; de 

Esch, Iwan JP; van Muijlwijk-Koezen, Jacqueline 

Abstract 
The pharmaceutical industry is highly reliant on researchers who are not only technically 

adept but also have the network knowhow to absorb and exploit knowledge from various 

external sources. This study traces the career trajectory of top researchers and explores 

how this can be simulated for the training of early-stage researchers. After collecting and 

analyzing the profiles of top practitioners in the field of fragment-based drug discovery and 

GPCRs, we find that there is a high degree of collaboration and mobility across institutes. 

To prepare doctoral students to thrive in this increasingly connected landscape, the Marie 

Curie Innovative Training Networks (ITNs) initiative by the European Union brings together 

academia and industry in training future researchers. To explore the benefits of this 

program, we delve into two training networks in the pharmaceutical sciences: ONCORNET 

and FRAGNET. We explore which component of their training programs were perceived 

by the participating students to be most effective. The results of our survey show that 

doctoral students find the short-term stay in partner institutes to add the most value in their 

training.  Aside from imparting technical skills, ITNs were found to be effective in teaching 

students to communicate better and work in teams. We suggest that ITNs are beneficial to 

participating students by exposing them with the relevant experiences to navigate through 

the network of companies and researchers in the industry. We conclude by recommending 

ways that future ITNs can further improve the training of doctoral students. 

 

 

Keywords: Education, Innovative Training Networks, PhD Training  
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6.1. Introduction 
The pharmaceutical industry is highly reliant on its intellectual capital to carry out its various 

knowledge-intensive activities (Hess and Rothaermel, 2011; Huang and Jim Wu, 2010). 

With the high pace of technological change in the industry, it can become difficult for one 

company to manage and integrate all knowledge and capabilities in-house (Bianchi et al., 

2011; Hughes and Wareham, 2010; Powell, 1998). Thus, it is crucial for companies to 

interact with external sources of innovation including academia, non-profit research 

institutes, small biotechnology companies in various avenues ranging from informal 

meetings, to collaborations, alliances, contract research, and licensing deals (Bianchi et 

al., 2011; Hunter and Stephens, 2010; Khanna, 2012; Schuhmacher et al., 2013).  

This evolving landscape demands that researchers not only have the technical expertise 

but also the so-called soft skills to bridge different partners from various disciplines and 

synthesize knowledge towards their innovation process (Janero, 2013; Subramanian et al., 

2013). These researchers who can span boundaries and connect different functions in the 

industry with the upstream sources of knowledge within universities are highly valuable in 

the innovation process (Arora and Gambardella, 2006). Thus, with this further embrace of 

open innovation, future researchers must be able to form alliances and manage their social 

networks to be able to make sense and exploit advances in science. 

Aside from such collaborations, another mechanism by which knowledge and capabilities 

diffuse through the different organizations is researcher mobility (Criscuolo, 2005; Miguélez 

and Moreno, 2013; Zucker et al., 1994). The mobility of researchers from public institutes 

to companies allow these new companies access to and exploitation of such knowledge 

(Almeida et al., 2003; Herrera et al., 2010). Moreover, through these varied exposures in 

different research conditions, individuals are also able to add to their toolbox of techniques 

and experiences, helping them become more productive (Hoisl, 2007). At the same time, 

being in a highly dynamic field, there is a high rate of turnover, with new companies 

emerging and exiting. This means that researchers would have to be flexible to move where 

there is demand for their skills, and then adapt to the conditions of their new working 

environments. 

However, training researchers with the skill set that can cope with the realities of the 

industry is not straightforward. There is a perceived gap between the training researchers 

receive in their PhD and the skills demanded in the industry (Frantz, 2004; Rafferty, 2016). 

This is a big issue considering how important the early careers of researchers are in 

generating future cumulative advantages (Cruz-Castro and Sanz-Menéndez, 2010). With 

the traditional doctoral thesis being the cornerstone of graduate education, the training 

received by PhD students focuses on the technical aspects of laboratory techniques and 

scientific knowledge. Consequently, graduate students may lack the important transferable 

skills needed to be effective in the interdisciplinary and highly collaborative industrial drug 
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discovery setting. In an article focusing on doctoral training (Janero, 2013), the following 

skills were identified: operational intelligence, project/people management, and 

communication skills.  

To address such challenge, there have been calls for tighter integration between academia 

and industry in training (Bain et al., 2016; Deasy et al., 2015; Rafferty, 2016).  An example 

is the co-development of modules by a university and a partner pharmaceutical company 

where students design, synthesize and test compounds on a medicinal chemistry project 

(McInally and Macdonald, 2017). Although such academia-industry training partnerships 

are deemed to be beneficial, explorations of such initiatives have been scarce. 

Nonetheless, there is already evidence of the benefits of such partnerships in career 

development (Thune, 2009). Graduate students carrying out projects with involvement from 

industry benefit from greater socialization with industry contacts and more experience 

solving problems relevant to companies in the industry (Lee and Miozzo, 2015).  

In this study, we look at an initiative of the European Union called Innovative Training 

Networks (ITNs), exploring how it can prepare future researchers to thrive in this dynamic 

industry. By blending academic training with industry exposure, ITNs address the balance 

between technical skills and people skills that researchers need to excel in the industry.  

We explore the benefits of the European Union’s initiative of ITNs in training future 

researchers by looking at the case of two drug discovery-related consortia: ONCORNET 

and FRAGNET. Although other ITNs have been discussed in the past (Doonan et al., 2018; 

Petrelli et al., 2016), they have only been discussed in features or commentaries. To give 

an insight into their benefits, this study conducts a survey of participating students in these 

two consortia. From our analysis, we argue that ITNs can simulate what future researchers 

will experience in the field especially by promoting researcher mobility and collaborations 

among different partners. This learning-by-doing approach helps them be equipped with 

various non-technical transferable skills to thrive in the industry later. We conclude by 

enumerating principles not only for future ITNs but also doctoral training in general. 

6.2. Methods 

We begin by exploring the career trajectories of top researchers in one field in the 

pharmaceutical sciences, fragment-based drug discovery. First, we downloaded the 

dataset of FBDD publications through a keyword search, followed by downloading the top 

cited articles by this original dataset (originally discussed in Romasanta et al, 2018). From 

the publications’ metadata, we collected all the author names, amounting to 13,593 unique 

names. To narrow down this list, we set a threshold of authors with at least 5 publications. 

To find the most prominent researchers in the field, we calculated the fractional internal 

citations (citation of an article within the dataset divided by the number of authoring 

researchers) for each paper and took the sum for each researcher. We took the top 150 

researchers from this metric for further analysis.  
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For each of the top 150 researchers, we collected relevant curriculum vitae, organizational 

profiles, personal websites, biographies and author information in their publications. From 

our search, we found the profiles of 131 researchers. The major source was LinkedIn with 

66 profiles. Through these sources, we tracked each researchers’ organizations over their 

career, looking at the number of times they transitioned from one company to another. We 

also tracked whether they moved across academia to industry and vice versa. We created 

a network visualization of their mobility using Pajek (Batagelj and Mrvar, 2004). Drawing 

from such analysis, we then explored how ITNs can recreate these dynamics in the training 

of future researchers. 

We focused on two ITNs in drug discovery: ONCORNET and FRAGNET. Further details 

about these two ITNs are discussed in the following section. With access to the supervisors 

from these two consortia, we were able to get a complete overview of the nature of research 

and training carried out by these two networks. Moreover, we also relied on archival data 

taken from the biannual reports from the two consortia to validate such information. 

To explore the benefits of ITNs, we surveyed the participating students in the two consortia 

using a mixed method of interviews and questionnaire. To design the questionnaire, we 

consulted the academic literature on the topic and asked feedback from the experienced 

researchers from the consortia. We then created the online questionnaire using Qualtrics. 

The questionnaire contained three parts. First, we asked basic information about the 

doctoral student’s field of study and the nature of secondments that they have performed. 

Particularly, we wanted to know whether their secondment was performed in an academic 

or industrial partner. Moreover, we also focused on the kind of projects they performed in 

their secondments, whether it broadened their knowledge or enabled them to gain deeper 

expertise in their primary field of choice. The second part of the questionnaire involved 

rating the activities in ITNs by their effectiveness in developing skills and in guiding the 

students in their career choices (Supplementary Table 1). We listed the different 

components of the ITN training programs and we asked the participants to rate these 

components based on their perceived utility. We report the mean and standard variation 

from their responses. The third part of the questionnaire asked for the perceived skills 

gained by students from their ITN training (Supplementary Table 2).  These competencies 

were based on the paper of (Janero, 2013) aside from feedback from other partners in the 

consortium. The same scale and reporting were used. 

We sent the questionnaire by email in November 2018. We made it clear that all their 

responses were to remain anonymous.  We received a total of 28 out of 29 possible 

responses from the two consortia. We tabulated them and present the results. To 

complement this, interviews were also conducted with select doctoral students from the 

beginning of the PhD program and throughout its course to follow their skills development 

over time. This mix of questionnaire and interviews allow richer data collection for the two 
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case ITNs in this research.  In the following sections, we discuss the results from the survey 

and the takeaways for future ITNs. 

6.3. Researchers in Drug Discovery 

Researchers collaborate frequently in the field of FBDD as visualized in the co-authorship 

network in Figure 6.1. On average, each researcher in this network is connected to 10.7 

other researchers. Researchers who collaborate frequently together, form clusters of co-

authorships. These clusters are usually formed from collaborations within the same institute 

or same area of interest. There are also researchers who span the boundaries and 

collaborate with researchers outside their cluster. These people are especially key in the 

diffusion of information, letting the researchers that they collaborate with inside their own 

institutes to stay updated with the latest advances in the field at large. 

 

Figure 6.1. Co-authorship network in the field of FBDD for 1267 authors with at 
least 3 publications. Each node is an author. The top 150 cited in the field are 
labeled. Node color indicates clustering. Node size indicates the number of 

publications by author in the dataset. 

Across the co-authorship network, the top 150 cited researchers are scattered in different 

clusters with them collaborating with different sets of researchers. We preview and 

summarize the data on these top researchers in Table 6.1. On average, these prolific 

researchers have 88 citations, authoring 12 papers. Their research experience in FBDD is 

13 years on average, with many of their first publications dating back to around the year 
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1998 back when the field was just starting. In terms of collaborations, they usually have 6 

other coauthors per paper. These are not only within their institutes as we find that they 

usually involve another institute name per publication.   

Table 6.1. Profile of top researchers in FBDD 
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1 37 645.7 7.4 0.2 1996 15 Big Pharma > Big Pharma 

2 44 492.9 8.9 1.2 1995 21 SME > SME 

3 10 404.5 1.2 0.0 1992 11 Big Pharma > Big Pharma 
> University 

4 19 311.9 8.9 0.7 1993 23 Big Pharma > Big Pharma 
> Big Pharma > SME 

5 29 309.0 4.0 1.6 1992 23 University > University 

Mean for 
top 150  

11.7 88.1 5.5 1.3 1998.3 13.2 3.6 

 

We track the career trajectories of these top researchers by collecting their individual 

profiles. From the 131 profiles we analysed, we find that these researchers are 

characterized by high mobility. We visualized this network of affiliations over their careers 

in Figure 6.2. Tracking the mobility across all these top researchers, we find a dense 

network of institutes connected by these researchers moving across organizations. Such 

mobility can help in diffusing knowledge across various companies and at the same time, 

train researchers across different facets of the field.  
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Figure 6.2. Mobility of the top researchers across institutes starting from their PhD 
onwards. Node size corresponds to the number of researchers affiliated. Academia 
is coloured red while the industry is blue. The nodes are connected if there are top 

researchers affiliated across the two. The intensity of the edges also reflects the 
number of researchers affiliated with both. 

Most researchers have 3 institutes affiliated to them across their career in FBDD (Figure 

6.3). Some researchers move only within their academic or industrial domains. However, 

large number of prolific researchers who gain industry experience early in their career then 

later return to academia to carry their gained experience and capabilities in this setting. At 

the same time, there are researchers who maintain a close connection between both 

industry and academia usually through spinoffs. 

 
Figure 6.3. Number of affiliations of the top researchers in fragment-based drug 

discovery 
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In summary, top researchers in the field of FBDD collaborate frequently. They are also 

highly mobile. While these are not the definitive means for a researcher to be successful, 

they are often crucial in their path to becoming one. It is not far-fetched to claim that 

successful researchers need to be able to span multiple boundaries such as their own 

research group with the external world, academia with industry and their own research 

discipline with other disciplines. Since innovation is regarded to come from combining 

disparate sources of knowledge together in a novel way, being part of diverse social groups 

and distant knowledge bases enable researchers to sense and access know-how needed 

to create advances. 

To cope with this connected environment, there is a need to prepare future researchers to 

such interactions as early as their doctoral program. which can be addressed by the ITN 

training plan. As the link between companies in the pharmaceutical industry become 

tighter, researchers are not only expected to manage one collaboration at a time but to 

navigate through a complex web of relationships. Being in an ITN, with the number of 

partners it has, researchers are exposed to managing not only one-to-one partnerships but 

more complex networks of interactions. Managing different stakeholders from different 

research institutes with varying interests could be a crucial skill that researchers would 

need to thrive. Being able to collaborate and adapt to new working environments is a skill 

that ITNs expose doctoral students to. In the following, we discuss two ITNs and explore 

how they can prepare researchers for such a dynamic job landscape. 

6.4. Overview of Innovative Training Networks  

Innovative training networks (ITNs) are funded by the European Union to train PhD 

students, also referred to as Early Stage Researchers (doctoral students). Unlike other 

grants that focus on scientific output, the main objective of ITNs is in training researchers. 

Thus, even when ITNs are set up focusing on specific scientific themes (e.g. drug 

discovery), the primary aim is in developing the skills of the participating researchers. 

Advancement of science comes because of experiments and studies that the students 

have to perform as they develop their skills in their fields of interest.  Such programs expose 

such students with relevant experience enabling them to convert knowledge and ideas into 

products and services for the economic and social benefits. 

The network aspect of ITNs comes from the fact that they are established from a 

collaboration among universities, research institutions, public organizations, multinational 

corporations and small to medium enterprises. The collaborating institutes can have 

different levels of involvement. Beneficiary institutes commit to training several PhD 

students full time while partner organizations can host students for a shorter period. 

Through this mechanism, ITNs provide a platform that facilitates the sharing of resources 

across partner organizations, the networking among its researchers and the building of 

knowledge and capabilities in respective research groups. 
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The two ITNs covered in this study are ONCORNET (www.oncornet.eu; Project no. 641883 

H2020-MSCA-ITN-2014) and FRAGNET (www.fragnet.eu; Project no. 675899 in call 

H2020-MSCA-ITN-2015). Both ITNs centre on training researchers with skills in drug 

discovery.  This is done through access to experienced researchers and institutes 

specializing in different areas of drug discovery – molecular pharmacology, computational 

chemistry, medicinal chemistry, structural biology, biophysics, imaging, in vitro and in vivo 

pharmacology and (early/molecular) toxicology. Despite both focusing on drug discovery, 

they focus on different aspects of the process. The ITN ONCORNET is organized around 

the target of interest while FRAGNET is framed around the approach.  

6.4.1. ONCORNET  

The ITN ONCORNET stands for Oncogenic GPCR Network of Excellence and Training. It 

focuses on training doctoral students on, as its name implies, understanding processes 

related to cancer development. The ITN focuses on two G protein-coupled receptors, 

CXCR4 and ACKR3 (CXCR7), highly expressed in multiple tumors, but their role in cancer 

progression remains poorly understood. Within ONCORNET new strategies are developed 

to unravel how these receptors signal and can be modulated for potential oncogenic 

treatments. The students are trained in three areas: development of modulators, 

elucidating the oncogenic signalling networks and aspects of translational research form in 

vitro to in vivo studies. 

The ITN consists of 15 PhD students coming from different countries: Belgium, France, 

Germany, Greece, Italy, Latvia, Netherlands, Portugal, Russia, Spain and Turkey. 

Promoting diversity, the cohort of PhD students is composed of 9 females and 6 males 

aside from many female PIs supervising the group. They carry out their main research in 

the following full-time network partners: 8 public institutes (VU University Amsterdam, 

University of Nottingham, University of Glasgow, University of Wuerzburg, CNRS, 

INSERM) and 2 industry groups (ArgenX and Griffin Discoveries). Aside from these main 

partners, the following partner industry groups take part in this network: Actelion, Almac, 

Cisbio, Euroscreen, Vivia and 24 Media Labs.  

A new edition of this ITN called ONCORNET 2.0 was recently funded by the European 

Commission to continue and sustain the research carried out by the original consortium.  

6.4.2. FRAGNET  

The second ITN FRAGNET stands for Fragment-based Drug Discovery Network. It aims 

to advance knowledge in the lead discovery approach called fragment-based drug 

discovery (Romasanta et al., 2018). Unlike ONCORNET which focuses on two targets in a 

disease, FRAGNET focuses on progressing knowledge on the technologies applied within 

http://www.oncornet.eu/
http://www.fragnet.eu/
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the approach. The approach could be divided into four sub-disciplines of library design, 

computational methods, biophysical methods, and applications.  

Working in these four different areas are the 15 PhD students. They come from Austria, 

France, Greece, Italy, Ireland, Lithuania, Luxembourg, Netherlands, Poland, Philippines 

and South African. Five of these students are females while the remaining 10 are males. 

These students are based in the following partners: 4 academic groups (Vrije Universiteit 

Amsterdam, University of Barcelona, University of York and Hungarian Academy of 

Sciences) and 4 industry organizations (Vernalis, Zobio, Beactica, and Novartis).  

The training provided by ITNs differs from the typical PhD training in various ways. The 

main feature differentiating such ITNs is the so-called secondment. This is when the 

students spend research time in another group, either in academia or industry, to learn 

more about their topic of interest. These typically span from weeks to a few months, with a 

maximum of 6 months. These are also generally carried out in another country outside of 

their own main affiliation. For the two consortia, we visualized the mobility of students from 

their main institutes to the institution hosting their secondments in Figure 6.4. 

  

 FRAGNET ONCORNET 

Figure 6.4. Visualization of FRAGNET and ONCORNET ITN affiliations. The outer 
circle shows the 15 PhD students in each consortium categorized by the area of 
research they specialize in the framework of the ITN. They are connected to the 

inner circle showing the various partner institutes within the consortium. In many 
cases, they also partner with other affiliated institutes. Institutes are coloured by 

affiliation: blue for industry and red for academia. 

Another feature unique to ITN training are the network meetings held typically every 6 

months. As research takes place in different institutes across different countries, there is a 

need to level with all the participating groups and get an idea where each doctoral student 

stands. In such meetings, doctoral students give a presentation of their accomplishments 
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in the previous months, followed by questions and suggestions from supervisors from other 

institutes. Such update meetings are crucial to help doctoral students with problems that 

they are struggling with. This also facilitates the diffusion of knowledge across the network. 

Moreover, the meetings also serve as an avenue to form or strengthen social ties. For 

instance, many collaborations have been formed from such interactions, which allow 

previously unknown synergies between institutes to surface.  

Note that the agenda of such meetings can vary from one ITN to another. In the two ITNs 

covered in this paper, the progress meetings are usually done in durations of one week, 

allowing 3 to 4 days to be allotted to educational workshops. There are academic seminars 

where experts are invited to show the latest trends and issues in the field. There are also 

seminars conducted by industry practitioners to show the best practices in their area of 

interest or deep dive into specific areas of study.  

Moreover, workshops do not only cover the technical aspects of training but also develop 

transferable skills including topics such as intellectual property, career development and 

academic writing. One notable activity in both ITNs was a drug discovery simulation where 

students were asked to participate in a drug discovery team. They had to solve various 

issues from target identification, to screening, to lead optimization, to candidate selection. 

They even had to convince an acting management board of the rationale behind their 

decisions. Such immersive experiences not only build students’ technical skills but also 

their collaborative capabilities and business acumen. We show a sample program in 

Table 6.2. 
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Table 6.2. Sample research training program from FRAGNET  
Workshop Location Focus Key Events 

1 York, 
England 

Overview of the 
entire FBDD 
process but with 
special focus on 
screening 

• Scientific seminar with researchers from industry and 
academia 

• Technical lectures on protein production, fragment 
libraries, fragment screening, lead optimization 

• Focused technical lectures on SPR, NMR, X-ray and 
biochemical assays  

• Transferable skills lectures on grant writing, planning 
and project management 

2 Amsterdam, 
Netherlands 

Chemistry • Progress meeting from all researchers 

• Technical lectures on synthetic chemistry and lead to 
medicine 

• Transferable skills lectures on academic writing and 
science communication 

• Drug discovery simulation where students worked in 
groups to experience the entire drug discovery 
process 

3 Barcelona 
Spain 

Computational 
Chemistry 

• Progress meeting from all researchers 

• Technical lectures on fragment evolution and 
molecular recognition 

• Transferable skills lectures on intellectual property, 
academic writing and public engagement 

4 Budapest, 
Hungary 

Lead Optimisation • Progress meeting from all researchers 

• Technical lectures on fragment hit characterization, 
optimization 

• Transferable skills lectures on career development, 
knowledge valorisation 

5 Cambridge, 
England 

Communication • Attendance and Poster Presentations at RSC Meeting 
Fragments Conference 2019 

6 Basel, 
Switzerland 

Communication • Presentation of all research outcomes 

• Transferable skills lecture on career development and 
fundraising 

 

On top of such activities, doctoral students still receive the training opportunities available 

in their home institute. These may include attending courses, presenting at conferences, 

writing a thesis, supervising undergraduates and giving lectures. 

As alluded by the previous discussions, ITNs attract a wide spectrum of students coming 

from different backgrounds, research interests and career objectives. With ITNs geared 

towards the industry, it is expected that most researchers prefer to work for the industry 

after doing their PhD. This is confirmed by the survey of the students summarized in Figure 

6.5. In fact, after joining the ITN, those who originally preferred to be in academia now 

shifted, preferring to work for the industry. This could be attributed to the exposure they get 

from carrying out research in industry and meeting researchers embedded in different 

companies. From our interviews, one of the cited reasons is the instability and high 

competitiveness in pursuing careers in academia. Aside from this, for some, the pursuit of 

discoveries in basic research may be unappealing especially for those who want to work in 

applied research. In such research carried out closer towards application, there is 
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perceived ease in finding out the impact of their work. Due to all of these, the industry was 

more preferred by students in the consortia.  

 
Figure 6.5. Career preferences of PhD students within the consortia 

Despite the high preference for the industry, a third of the students were still undecided 

where to go after their PhD. From our interviews, this mainly stems from the students 

opening their options to whatever opportunity opens after their training. Nonetheless, it 

should be mentioned that career guidance is central to the training programs of both 

consortia. Both ITNs have career counselling workshops integrated to guide students in 

their career plans. Although these students’ preferences were not solidified, ITNs are useful 

in helping PhD students explore and experience firsthand for themselves which path will 

suit their careers more in the future.  

6.5. Perceived Benefits of ITNs 
We now discuss the results of the survey, exploring the perceived benefits of such ITNs. 

We start by looking at which skills ITNs are perceived to be most beneficial in training. As 

mentioned in the methodology, this was mainly adopted from an article by Janero (2013) 

aside from consultations with researchers in the networks. To assess whether the ITNs 

were able to address such needs, we asked the students to rate how effective they thought 

the ITNs were in training them in such aspects. We summarize their responses in Figure 

6.6. 



Individual Researchers 

183 

 

Figure 6.6. Perceived usefulness of ITNs in training students with various 
employability skills. Mean is shown on the right, calculated by weighing the scores 

from 1 to 5. 

For most of the skills listed, students thought that the ITN was able to prepare them as 

seen by their ratings above 3. Oral communication was rated by the students as the skill 

where they benefited the most as a participant of an ITN. This response is not surprising, 

considering that the researchers frequently must present their results to other members of 

the consortium. Aside from such formal engagements, they also have to communicate with 

other institutions to set up secondments and collaborations. All such activities hone the 

ability of students to share their thoughts effectively. Other related soft skills such as 

working in a team and collaborating in an interdisciplinary environment were also rated 

highly. 

Due to the interdisciplinary and international nature of the ITNs, the participating doctoral 

students have the benefit of building their networks while in their PhD training. Other 

researchers not explicitly included in such ITNs must proactively form their network for 

future scientific and industrial collaborations as they cannot only rely on their supervisors’ 

networks. Especially at the end of their training, they must build their networks through 

presentations done at relevant conferences.  

High ratings were also gotten for technical skills. This included expertise in their own 

subfield and knowledge of the entire drug discovery process. Although such skills are 
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expected of any PhD student, the immersion that ITN members get in both academia and 

industry allows them to gain both deep and wide knowledge of the process. 

Unlike the other skills mentioned before, two were rated much lower. The first one, related 

to leadership skills, is influencing other people. This, however, is not a problem specific to 

ITNs but to all PhD programs where students lack sufficient opportunities to influence 

decision making in their organizations as they focus on advancing their own projects. With 

the scope and objective of the different ITN projects predetermined even before the PhD 

student is employed, students may feel that they do not have much influence in the direction 

their projects are taking. In consequence, students do not have much experience 

influencing decision making. To respond to this, organizations and supervisors should be 

more proactive in pushing their students to take charge of their projects. Although the 

project’s main objectives could not be drastically changed, supervisors can investigate 

providing enough leeway to empower their doctoral trainees with the ability to control the 

details and specifics of their research. 

The lowest rated skill was in considering the business aspects of their projects. Once again, 

these are concerns that are difficult to address in PhD training in general due to their focus 

in technical training. Nonetheless, organizations that train PhD students should aim to 

integrate such aspects in their training programs. Inculcating their students with the mindset 

of considering economic issues in their research activities would be useful especially if they 

want to succeed in the industry setting.  

Analysing these findings from the perspective of industry, obviously, the primary skill set 

relates to technical skills and knowledge in their field of expertise. This is typically what the 

researcher is primarily hired for, and where high expertise and state-of-the-art knowledge 

are expected. A broader view of drug discovery is highly beneficial, though: All drug 

discovery research is carried out in teams, and team members need to understand and 

assess other contributing fields in order to make the best decisions to bring projects 

forward. Skill sets related to soft skills are equally important to technical skills. 

Communication skills are of outstanding importance to explain and maximize the impact 

generated via technical skills. Influencing skills are needed to keep the project on the right 

track or readjust its direction. In today’s matrixed interdisciplinary teams, influencing and 

communication skills are highly interconnected. Other important soft skills relate to 

collaboration and working in interdisciplinary teams.  

Since not even the best early researchers can simultaneously be experts in their fields, 

have a great overview of the general drug discovery process, and are outstanding 

communicators, influencers and collaborators, a third important skill set relates to learning 

agility. Successful early researchers will be keen to learn from their colleagues and 

mentors, ask questions and observe their environment, and adapt their behaviour 

accordingly. Only researchers that constantly learn while being on the job will be able to 
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keep up with the pace of changes related to scientific progress and technical innovation, 

but also to culture, collaborations and interactions. 

To identify which aspect of ITNs are the most useful, we asked the students to rate the 

various activities according to their value. The results are summarized in Figure 6.7. 

 

 
Figure 6.7. Perceived value of ITN activities in career development of PhD students. 

Mean is shown on the right, calculated by weighing the scores from 1 to 5. 

From our survey, there is a distinction in perceived benefits between training received from 

workshops and learning-by-doing. As expected, doctoral students perceive to learn better 

through actual practice, facilitated by secondments or working with other collaborators. 

Through such immersive experiences, students can absorb more knowledge as they are 

actively involved in solving various problems that they encounter. The tight feedback loops 

from such active engagements allow researchers to improve immediately and address 

shortcomings in knowledge and skill. Although workshops are also helpful to help doctoral 

students be updated with the latest trends, the short-term nature of such encounters and 

the wide coverage of topics affect the perceived training received from them. 
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The secondments were rated by PhD students as most helpful in their career development. 

Typically, before a student goes to another institute for their secondment, months of 

planning has to be done to ensure a productive research period. Such planning helps 

students learn how to manage their time effectively and help them communicate with skilled 

researchers outside their own institute. Once in a secondment, students gain various new 

skills and experiences. The experience of working with another supervisor and a new set 

of colleagues helps build soft skills and pushes researchers to be flexible in working in 

different environments. From our interviews, many students say that they have had their 

most productive moments during their secondments. Due to the relatively short time 

allotted to such activity, students have to manage their time accordingly and focus their 

activities to yield the best impact.  

The nature of the secondments differed from student to student. As seen in Figure 6.8, 

secondments could be divided by how their fields and project are similar to that of the 

student’s main research topic. By fields, we refer to the set of technologies and scientific 

concepts that students have in their toolbox while topics are the scientific problems that 

they are solving with such tools. Many students take their secondments in a partner working 

in the same field and the same project to dive deeper and work towards becoming an expert 

in their niche.  Seeing how different groups carry out research allows one to gain a new 

perspective on how to analyse problems and carry out experiments. An example of which 

is a doctoral student from FRAGNET in Amsterdam who spent a month in Barcelona, 

tinkering on computational methods she has been applying before in her main institute. 

Such exposure to the best practices of other groups is important for one to build expertise 

in their specific sub-field especially since such knowledge gained is tacit or in other words, 

not easily accessible except from such direct training. Aside from such form of 

secondments, another way to gain expertise in a field is by working on different projects in 

the same field. Examples are complementary projects carried by doctoral students around 

a common target (such as AChBP) or common approach (such as synthesizing building 

blocks in a chemical library). 
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Figure 6.8. Nature of secondments undertaken by ITN students 

 In contrast to the previous two, some students might prefer to become generalists and 

gain skills in other aspects of drug discovery. In such cases, these students take their 

secondments working in the same project but tackling it from a different field. They may 

learn to apply another technique, use another equipment or deal with other types of 

compounds (small molecules vs. peptides vs. nanobodies vs. conventional antibodies). 

Through exposure to other perspectives on the same project, this kind of secondment 

allows students to see their projects from a new perspective. Such engagements can help 

students gain broad knowledge, which can be helpful in future roles requiring coordinating 

and managing a multidisciplinary drug discovery project. Such a holistic view allows 

researchers to bridge different fields and organizations, a skill deemed to be key to the 

innovativeness of the industry (Khanna, 2012).  

Aside from secondments which facilitate learning-by-doing, students also appreciated that 

they belonged to a diverse, international community. Referring back to Figure 6.4, the 

doctoral students form a tightly knit network as they move from their main institution to the 

institution where they perform their secondments. These networks are even much more 

tightly connected since there are informal connections gained through the various 

engagements that bring all the partners of the consortium together. Especially with the 

challenges tied with the PhD journey, such communities are helpful not only for career-

related factors but also as a source of moral support. As these PhD students move away 

from their home countries and move to foreign cultures and unfamiliar tongue, being with 

other students who share the same struggles is helpful. Considering the high depression 

rate among doctoral students (Evans et al., 2018), such a community could be helpful to 

students. The social activities, formally and informally organized around ITNs, allow 

students to find peers who will help them deal better with the obstacles in their doctoral 

training. 
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In sum, ITNs are beneficial to early-stage researchers by exposing collaborations, by 

familiarizing them with mobility across different research groups and generally, by enabling 

them to mobilize networks towards their research objectives. In other words, ITNs simulate 

the activities of the highly connected drug discovery industry in the training of doctoral 

students. Through such activities, ITNs give students a 3-year crash course on what is 

expected of them to thrive in high-level research. In our previous analysis of the profiles of 

the top cited researchers, we find two salient characteristics: high mobility and high 

collaborativeness. Although these are not the definitive means by which a researcher can 

become successful, they are often necessary to function well in research. Although it 

cannot be fully claimed that ITNs teach researchers to become mobile or collaborative, 

they at the very least expose students to the realities of tightly networked research 

landscape.  

6.6. Discussion and Conclusions 

The Innovative Training Network initiative by the European Union has become a way to 

address the human capital needs of the industry. We find that ITNs attract researchers who 

prefer to have industrial careers afterwards. As such industry-inclined students may have 

less “taste for science” and stronger interest in downstream work (Roach and Sauermann, 

2010), ITNs serve an important niche in equipping such group with the skills needed to 

thrive in the industry. Wherein such motivated students may not be interested in doing a 

PhD due to the perceived image of such programs as pipelines to an academic career, 

ITNs are able to bridge such gap and provide these students with relevant training for their 

future aspirations. 

From our survey, ITNs provide a perceived added value in the training of PhD students. 

Participating graduate students especially appreciated the soft skills that they were able to 

gain from the various informal and formal interactions they had with the various partners 

from the projects. Such training could be valuable especially in preparing the students for 

the demands of an increasingly connected and interactive industry. 

While we currently cannot test whether these high perceived value of ITNs translate to 

actual career benefits to its participant students, we can at least claim that it familiarizes 

students with what is expected of them in their paths to becoming successful practitioners. 

By tracking the profile of the most prolific scientists in the field of FBDD, we find how ITNs 

can serve as a simulation of the future career trajectories that these young researchers will 

take. These ITNs expose future researchers to collaborations and mobility which are 

common features of the profiles of successful researchers. 

Another dimension that makes ITNs unique is its highly international environment. By 

promoting interactions across borders, doctoral students get wider exposure on skills and 

values that might go beyond technical training. In fact, other studies have found the 
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importance of such international mobility in promoting a collaborative and innovative 

mindset to researchers (Edler et al., 2011; Jonkers and Tijssen, 2008). 

Despite their benefits, there are still other avenues by which ITNs can be further improved. 

For instance, giving opportunities to students to make decisions and lead teams could be 

helpful to develop their leadership skills. Fortunately, ITNs are already taking a step 

towards this, allowing doctoral students to serve as representatives for the consortium 

serving in terms spanning six months. Such positions allow doctoral students to practice 

how to communicate and relay information between PIs and the other students. Aside from 

dedicated workshops, enabling doctoral students to take lead in various network meetings 

can also be implemented. 

In this article, we focused on doctoral students but from our engagements with the 

supervisors in the various institutes involved in the ITNs, we found that it also provided 

great benefit to them. It is a way for them to be updated with the current trends with the 

field. Moreover, such networks provide avenues for researchers from the two worlds – 

industry and academia – to interact with one another and promote possible collaborations 

for the future. Moving forward, to promote the creation of such networks in the future, the 

concerns of the PIs involved in establishing such networks should be resolved. For 

instance, academics might prioritize the freedom to publish which industry might not be 

incentivized to push for (Amiri and Michel, 2015). Moreover, there is difference in incentive 

structures across the two where universities and research institutes mainly focus on 

advancing basic science through publications while industrial laboratories are focused on 

discovering new medicines for the market (Timmerman and de Souza, 2009) Nonetheless, 

current ITNs can be of help by building trust across various researchers of different 

affiliations. Moreover, they facilitate the recruitment processes allowing the spotting of 

young talent trained in other institutes. For instance, in the ONCORNET consortium, two 

doctoral students were offered positions in one of the participating industrial partners. 

The impact of ITNs also extends outside the network. As all the researchers involved also 

have their own networks outside this group, this facilitates further diffusion of knowledge 

and technologies throughout the industry. By involving institutes outside the main group, 

new knowledge is incorporated with knowledge already within the network. ITNs provide a 

safe ground for the incubation and testing of technologies and ideas. Such ITNs then 

should be promoted more for knowledge-intensive industries since doctoral students can 

span the boundary among the academic and industry partners, allowing the flow and 

exchange of knowledge (Kunttu et al., 2018). 

More empirical studies should be done to explore the benefits and costs of such ITNs. 

Understanding the mechanisms of such benefits of ITNs would also be important as there 

are many factors that come into play. For instance, it might be worthwhile to differentiate 

whether its perceived benefit comes directly from the ITN itself or to other related factors 

that come with the ITN. Related to the former are ITN activities such as secondments that 
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doctoral students carry out or the network that doctoral students are informally part of. 

However, an alternative view is that the benefits of ITNs merely come from the self-

selection of students who apply to such programs or the fact that only good institutions 

pass such calls from the EU. Thus, more studies should be carried out to find out the most 

cost-effective way of training doctoral students with skills for the future. 

In this overview, we looked at the perceived benefits of such training while the researchers 

are still in the program. Empirical studies looking at better measures such as the number 

of publications can be explored to compare better students from ITNs and those from 

regular programs. Moreover, studies should also follow up on researchers who complete 

such training to see the long-term effects in their careers using measures such as salary 

range, involvement in industry or engagement in industry-academia collaborations. 

As a closing note, ITNs have great potential to train future scientists in drug discovery. 

Through the unique training students receive compared to traditional PhD programs, they 

are better equipped to enter the labour market. They do not only have the skills and training 

required on the job but also have a better perspective on the career they would like to 

pursue. As students and the communities they are part of benefit from ITNs, the European 

Union could look into enabling successful highly rated ITNs to reapply for further funding. 

This ensures the continuity of the knowledge and the technological advances brought about 

by the network. Alumni of the networks, for instance, could be further involved to help 

diffuse knowledge and commercialize further the findings of the consortium. An example of 

this is the successful funding of ONCORNET 2.0, which allows its partners to take 

advantage of the knowledge base it has developed over the years to further strengthen and 

expand the impact of such network. By building on top of the existing infrastructure set by 

the ITN, future networks would be more capable of training the next generation of 

multidisciplinary scientists. 
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6.7. Appendix 

Supplementary Table 1. Activities evaluated on questionnaire 
How important is each activity in the ITN in training you with the skills mentioned before? 

 How useful was my ITN in addressing this skill? 

 Not 
useful 

Slightly 
useful 

Useful 
Very 
useful 

Extremely 
Useful 

My research project       

Mentorship from my direct supervisors       

Access to partner organizations from academia       

Access to partners organizations from industry       

Research collaborations within my institute       

Research collaborations outside my institute       

Project status presentations to consortium       

Training workshops (technical)       

Training workshops (transferable skills)       

Being part of a community of doctoral students       

Exposure to doctoral students from diverse cultures       

Secondment (Academia)       

Secondment (Industry)       

Overall       

 

Supplementary Table 2. Skills asked on Questionnaire 
The following are the skills/experience desired by industry in drug discovery. Please rate 
the following according to how useful the ITN was in addressing them 

 How useful was my ITN in addressing this skill? 

 Not 
useful 

Slightly 
useful 

Useful 
Very 
useful 

Extremely 
Useful 

Expertise in my specific field       

Broad knowledge of the drug discovery process       

Knowledge of the pharmaceutical industry       

Thinking of the business considerations in decision 
making  

     

Planning a project       

Managing the daily aspects of a project       

Collaborating with people from different fields       

Working in a team       

Influencing other people       

Oral communication       

Written communication       
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Conclusions 

7.1. Summary 

Fragment-based drug discovery (FBDD) is a highly collaborative and interdisciplinary field 

in the pharmaceutical sciences, used to generate the starting chemical matter in the early 

stages of drug discovery. In this research, we explored how the field emerged over time, 

looking at the various challenges including the prevalence of high throughput screening, 

lack of social and technological infrastructure and skepticism on its technical promises. 

More importantly, we explored how different proponents from academic groups, new 

ventures, and big pharmaceutical firms seized opportunities from the field’s progress.  

We began this research through a bibliometric analysis of the publications in the innovation 

literature about the pharmaceutical industry. We found that innovation scholars are placing 

much more interest in the management of relationships among firms. We also 

recommended that new insights could be gotten through better-engaged research between 

innovation scholars and industry practitioners. From these recommendations, we then 

carried out various studies looking at the emergence of FBDD in the pharmaceutical 

industry. 

Through a bibliometric analysis, we found that FBDD’s development was enabled by the 

interaction across both academia and industry. While academia was crucial in laying down 

the foundations of the field, it was the industry that played a crucial role in applying the 

technique to their various projects that the field further developed and became widely used 

within the industry. Interdisciplinary research across synthetic chemistry, biophysics, 

medicinal chemistry, structural biology, computational modeling among other fields were 

crucial to be linked together to develop FBDD. 

From this wider perspective, we then zoomed into the role of various actors in taking 

opportunities from the field’s development and in turn, contributing to the field to gain wider 

recognition. From analyzing the entrepreneurial firms in FBDD, we found the importance of 

managing the processes of differentiation and legitimation. These processes had to be 

managed according to the phase of development of the field. In the early years, firms 

mobilized resources that also enabled the field’s further development such as 

demonstrating the utility of their offering, co-developing with stakeholders and attracting 

early adopters. As the field matured and became routinely applied in the industry, it was 

important for firms to sustain their optimal distinctiveness within the field by highlighting the 

unique features of their offering, expanding their coverage of the field and showcasing 

previous successes.  
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We complement this study of small firms by looking at the knowledge absorption of FBDD 

in large pharmaceutical companies. We surveyed the publications in the field to explore the 

various paths taken by firms to adopt FBDD. We find support for the previous findings that 

absorptive capacity follows the processes of search and recognize the value, assimilate, 

acquire, transform and exploit in an iterative manner. Moreover, we show that proponents 

had to continuously interact with their field in every stage of absorption. Internally oriented 

activities include assessing motivation for adoption, validating value within the firm, 

mobilizing resources within the firm and lobbying for support. These are complemented by 

external activities including interacting with external sources, exploring technological 

feasibility, securing external resources and building on external successes.  

Finally, we explored the role of individual researchers in the development of the field and 

explored some policy recommendations for future researchers. Looking at the publications 

in FBDD, we found that scientists are highly collaborative and highly mobile. These 

researchers moved across institutions to gain knowledge and also help the field diffuse. 

We then showed the potential of the ITN initiative of the European Union to train future 

researchers to be more collaborative and network-minded. 

We summarize all these findings from each chapter in Table 7.1. 
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Table 7.1. Summary of the findings from different studies of FBDD. 

Ch. Topic Data Findings 

2 Research Landscape 

on Innovation in the 

Pharmaceutical 

Industry  

Publications • The innovation literature on the pharmaceutical industry 
can be clustered by the level of analysis used: macro, 
meso, and micro.  

• Innovation scholars are increasingly interested in 
studying the collaborations and other modes of open 
innovation across firms in the pharmaceutical industry.  

• Scientists and managers from the industry could benefit 
from higher engagement with innovation scholars. 

3 Development of 

Fragment-based 

Drug Discovery 

(FBDD) 

Publications • For FBDD to emerge, it required collaborations between 
industry and academia.  

• Integration between different disciplines in biophysics, 
synthetic chemistry, computational modeling and 
structural biology and medicinal chemistry were 
necessary. 

4 Adoption of FBDD in 

Big Pharma 

Interviews, 

Publications, 

News, CVs 

• Large pharmaceutical firms took different paths in 
adopting FBDD according to the role of proponents in 
knowledge absorption. 

• Proponents play a huge role in directing the path of 
knowledge absorption. 

• Proponents have a crucial role at being at the interface 
of the firm and the field to enable knowledge absorption 
to progress. 

5 Commercialization of 

FBDD by Small Firms 

Interviews, 

Publications,  

• New ventures in FBDD had to manage different 
processes of differentiation and legitimation according 
to the phase of development as a field.  

• In the early years, firms’ activities also enabled the 
field’s further development. As the field matured, it was 
important for firms to differentiate against other FBDD 
firms. 

6 Training in FBDD Interviews, 

Publications, 

Questionnaire 

• Top researchers in FBDD were highly collaborative and 
mobile across different organizations  

• The ITN initiative of the EU can help train researchers 
with these skills. 

 

We trust that the insights of this research could be used by practitioners in the 

pharmaceutical industry to make better sense of the organizational and social factors that 

affect their practice. Especially for practitioners in new, uncertain fields, we hope that our 

research would guide them in seizing opportunities from the advances in their fields. We 

also contribute to innovation literature, specifically by exploring the constructs of absorptive 

capacity and optimal distinctiveness in an emerging field such as FBDD. We trust that such 

research at the interface of the natural sciences and the social sciences can serve as an 

example for engaged innovation research that can be of use to practitioners. 
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7.2. Recommendations 

From this exploration of the development of FBDD, we put forward various 

recommendations to various stakeholders in the pharmaceutical sciences including 

universities, research institutes, startups, large pharmaceutical firms, and policymakers. 

From these insights on how FBDD was adopted and commercialized, we hope to guide 

proponents of any emerging technologies. 

7.2.1. Academia 

In the development of FBDD, we find that academia played a crucial role in setting the 

foundation of the field. Jencks published the theory behind the field which industry later 

adapted for various applications. FBDD then provides a good case to show the role that 

academia and public research play for the development of new fields and industries. To 

ensure the diffusion of such important knowledge, academics need to maintain continuous 

contact with practitioners from the industry, ensuring the smooth transition of knowledge 

for various applications that can benefit the society at large. As we demonstrated in our 

research, successful researchers are typically highly collaborative, very mobile and adept 

in managing the various relationships in their networks. Academic researchers should then 

make sure that they do not only focus on the technical aspects of their work but also in 

disseminating their knowledge to the wider society. 

With academia being increasingly involved in drug discovery, academics need to be aware 

of how their ideas transition from theoretical exercises to having an impact in the industry. 

Academics should consider the various innovation factors that affect their practice. For 

instance, academia operates on a different set of logic compared to working in the industry. 

Ensuring that academic researchers are trained for this transition is important to ensure 

that their knowledge is effectively utilized for the better good. With industry highly 

dependent on this knowledge generated by academia, academics can also benefit from 

knowing the various avenues aside from publications where they can transfer their 

knowledge including licensing, consulting, research collaborations spinoff creation, to 

name a few.  

7.2.2. Practitioners in the Pharmaceutical Industry 

For scientists and managers in the pharmaceutical industry, this dissertation guides them 

on how to better engage with new technological advances. Practitioners can emulate the 

various activities and efforts pushed by proponents in the field of FBDD for their fields to 

get adopted and applied.  
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As shown by the development of FBDD, there is a need for practitioners to have a broad 

knowledge of the drug discovery process and the various technologies surrounding it. In 

FBDD, this was the computational technologies, synthetic chemistry, biophysics and 

structural biology amongst others. Practitioners should aim to further extend their 

knowledge of other adjacent fields and explore how such knowledge can augment their 

own practice. For instance, they can do this by continuously interacting with their 

colleagues from other fields. They can engage by attending more generalized scientific 

meetings where they are exposed to the practice of other scientists. A larger step is to 

engage in collaborations that allow them to learn from others. There are many opportunities 

like this especially with the emergence of programs such as the ITNs by the European 

Union.  

There are also specific recommendations for practitioners depending on the size of 

companies they are affiliated with. For founders and employees in smaller companies, they 

must effectively mobilize resources to seize opportunities. They must be aware of the 

trends happening in the field at large to remain competitive. Our study shows that it is not 

only important to differentiate the technologies they have but also continuously build 

legitimacy. Moreover, they must continuously survey what customers are looking for from 

their field. For instance, in the case of FBDD, firms needed to perform a wide range of 

services that covered the entire spectrum of the FBDD cycle. Firms that failed to offer such 

were forced to pivot or move to another field altogether. Ensuring that these firms have 

such technological offerings can be ensured by continuously interacting with external 

sources through collaborations, acquisitions, consulting and hiring.  

For practitioners in large pharmaceutical firms, they must be in touch with the evolving 

knowledge in various fields. As we show in our research, many firms were not able to adopt 

the approach as they did not have internal capabilities to practice it. With large 

pharmaceutical firms being less interested in basic research, they will not be able to cope 

with the emergence of new technologies if they do not have such internal capabilities. To 

ensure this, they need to engage in collaborations with such entrepreneurial firms to learn 

from them. Moreover, we show the importance of proponents within these firms in the 

adoption of new approaches. Firms should ensure that they have an environment 

conducive to experimentation and risk-taking. Proponents should also consider that in 

advocating for their technologies, it is not only important that they demonstrate the utility of 

their technologies but also build legitimacy needed to get the buy-in from their colleagues. 

7.2.3. Policy 

While policy is not the focus of this research, there are recommendations to the government 

and various stakeholders on how they can enable proponents of new technologies to create 

a bigger impact. For one, as we show in this study, basic research served as the foundation 

for FBDD to develop. Ensuring that such exploratory research that might not have an 
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obvious impact is adequately supported by funding authorities is important to be taken into 

consideration. 

Moreover, policymakers should also explore how to improve the relationship between 

academia and industry. Projects such as the innovative Training Networks by the European 

Union help by ensuing the interaction between academia and industry in different projects. 

By promoting collaboration, the transfer of knowledge between academia and industry 

could be facilitated. Such transfer is helpful also in sparking serendipitous interactions that 

could be the starting point of new fields.  

Explicitly, we identified in the previous chapter that public research also plays a crucial role 

in training future experts in the field of FBDD. By making sure that policymakers invest in 

programs that not only help these researchers gain technical expertise but also the so-

called soft skills to be effective practitioners in the industry, the government can promote 

the sustainability of strategic knowledge-intensive industries such as the pharmaceutical 

industry. 

7.3. Future Research 

In this study, we focused on the development of FBDD. As a mature field, its scientific 

foundations have been validated and most of its progress has been in its application to 

various targets. A natural extension of our research is to probe technologies that are still 

emerging. For instance, one technology that has been mentioned prominently by 

researchers in our interviews has been DNA-encoded libraries. The methods used to probe 

FBDD would be transferable to other scientific fields or technological approaches in high 

technology industries. Extending the methods that we applied in FBDD to study these new 

platforms can contribute to the practice of drug discovery. 

Aside from looking at adjacent fields within the pharmaceutical sciences, it would be 

interesting to compare FBDD’s emerging to other scientific fields. There are many hot fields 

now including artificial intelligence, CRISPR, quantum computing and big data. 

Researchers looking at other fields can compare how their fields developed over time using 

the same bibliometric methods. Moreover, they can compare how various actors in 

academia, entrepreneurial firms and incumbent firms were able to seize opportunities from 

the fields. Such studies could also shed insights on the existence of generalizable paths by 

which new fields of technologies emerge. 

In terms of innovation research, we mainly focused on absorptive capacity and optimal 

distinctiveness. These constructs can be further enriched by exploring their application in 

other areas in the pharmaceutical industry. Many other fields have not received much 

interest from innovation researchers. By initiating more collaborations between innovation 
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scholars and practitioners in industry, research could be directed to areas of significance 

to practitioners.  
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Executive Summary 

Fragment-based drug discovery (FBDD) is a recently mainstream approach in the 

pharmaceutical sciences used to generate the starting chemical matter in the early stages 

of drug discovery. While it received high expectations on its potential to transform the lead 

discovery process, it also received skepticism on its utility and reliability. In this research, 

we explore how various actors contributed to the emergence and development of the field. 

At the same time, we also look at how these actors seized opportunities from the field’s 

progress. This research uses publications, patents, interviews and archival analysis in 

order to trace the co-evolution of the field with its participants.  

We find that the various proponents of FBDD from academic groups, new ventures and big 

pharmaceutical firms played important roles in the development of the field. FBDD’s 

theoretical foundations were laid by academia, but the application of this basic knowledge 

by industry practitioners was crucial for its further growth. The major development in the 

field was first published by researchers in the large pharmaceutical firm Abbott but it was 

the small firms that were important in evangelizing and demonstrating the practical value 

of FBDD in drug discovery. These new ventures deployed processes of differentiation and 

legitimation to claim their niches within the field and also, advocate for the field’s wider 

acceptance. With the success stories of these firms, proponents within large 

pharmaceutical firms were able to find further motivation in establishing the approach within 

their research groups. Currently, as a routine approach in the pharmaceutical sciences, 

FBDD is now applied by both small and big firms in the industry and academic groups to 

kickstart their drug discovery process. 

In Chapter 2, we begin this research by situating FBDD in the wider context of the 

pharmaceutical industry. We did this through a bibliometric analysis of the publications in 

the innovation literature about the pharmaceutical industry. We find that there is a need for 

better-engaged research between innovation scholars and industry practitioners. By 

peeking into the black box of the innovation process in the pharmaceutical industry, new 

insights can be gotten on innovative ways of bringing drugs into the market. 

In Chapter 3, we traced how FBDD developed over time through a bibliometric analysis of 

its publications. We find that while academia was crucial in laying down the foundations of 

the field, it was the industry that played a crucial role in applying the technique to their 

various projects that the field further developed and became widely used within the 

industry. We also find that interdisciplinary research was important for the crucial pieces of 

the puzzle to come together to what will become FBDD. 

In Chapter 4, we then looked at the role of various actors in taking opportunities from the 

field’s development and in turn, contributing to the field to gain wider recognition. We looked 

at how smaller companies commercialized their technologies. We surveyed 67 small firms 
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practicing the field, showing their technological areas and data on their founding and 

current state. From this set of companies, we conducted a case study of four selected 

companies working on different areas of FBDD. We tracked the various processes that the 

firms used in their paths towards commercialization. We show that they mobilized 

resources in order to create opportunities for themselves while also enabling the field’s 

wider acceptance. 

In Chapter 5, we also looked at the adoption of FBDD in large pharmaceutical companies. 

We surveyed the publications in the field to explore the various paths taken by firms to 

adopt FBDD. From these large companies, we interviewed practitioners in two large 

pharmaceutical firms that either played a crucial role by serving as proponents of the 

approach within the company or by applying the approach to their projects. Contributing to 

the absorptive capacity theory, we show that individuals play a crucial role in every step of 

the absorption process. Moreover, we show that maintaining constant contact with the field 

at large is crucial as it informs these proponents of strategies to further the knowledge 

absorption of this new approach. 

Finally, in Chapter 6, we explored the role of individual researchers in the development of 

the field and explored some policy recommendations for future researchers. Looking at the 

publications in FBDD, we find that scientists are highly collaborative and highly mobile. 

They moved across institutions in order to gain knowledge and also help the field diffuse. 

We then explored how researchers can be trained to be more collaborative and mobile. We 

show the potential of the ITN initiative of the European Union to train such researchers.  

From this exploration of the development of FBDD, we then put forward various 

recommendations to various stakeholders in the pharmaceutical sciences including 

universities, research institutes, startups, large pharmaceutical firms and policymakers. 

From these insights on how FBDD was adopted and commercialized, we hope to guide 

how actors involved with any emerging technology could effectively engage with such 

innovations. 

Keywords: Fragment-based Drug Discovery, Pharmaceutical Sciences, Drug Discovery, 

Drug Development, Innovation Studies, Field Development, Absorptive Capacity, Optimal 

Distinctiveness 

 

 

 

 

 



Executive Summary (Dutch) 

 

234 

Executive Summary (Dutch) 

Fragment-based drug discovery (FBDD) is een recente gangbare aanpak in de 

farmaceutische wetenschappen die wordt gebruikt om de startende chemische materie te 

genereren in de vroege stadia van medicijnontdekking. Hoewel het hoge verwachtingen 

ontving van zijn potentieel om het leaddetectieproces te transformeren, kreeg het ook 

scepsis over het nut en de betrouwbaarheid. In dit onderzoek bestuderen we hoe 

verschillende actoren hebben bijgedragen aan het ontstaan en de ontwikkeling van het 

veld. Tegelijkertijd kijken we ook hoe deze actoren kansen gebruikten van de voortgang 

van het veld. Dit onderzoek maakt gebruik van publicaties, patenten, interviews en 

archiefanalyse om de co-evolutie van het veld met zijn deelnemers te achterhalen. 

We zien dat de verschillende voorstanders van FBDD van academische groepen, nieuwe 

ondernemingen en grote farmaceutische bedrijven een belangrijke rol speelden in de 

ontwikkeling van het veld. De theoretische basis van FBDD werd gelegd door de 

academische wereld, maar de toepassing van deze basiskennis door beroepsbeoefenaren 

in de industrie was cruciaal voor de verdere groei ervan. De belangrijkste ontwikkeling in 

het veld werd voor het eerst gepubliceerd door onderzoekers van het grote farmaceutische 

bedrijf Abbott, maar het waren de kleine bedrijven die belangrijk waren voor het 

evangeliseren en aantonen van de praktische waarde van FBDD bij het ontdekken van 

geneesmiddelen. Deze startups zetten processen van differentiatie en legitimatie in om 

hun niches in het veld op te eisen en pleiten ook voor een bredere acceptatie van het veld. 

Met de succesverhalen van deze startups, waren voorstanders binnen grote 

farmaceutische bedrijven in staat om verdere motivatie te vinden bij het vaststellen van de 

aanpak binnen hun onderzoeksgroepen. Op dit moment, als routine aanpak in de 

farmaceutische wetenschappen, wordt FBDD nu door zowel kleine en grote bedrijven in 

de industrie en de academische groepen toegepast op de kickstart van hun drug discovery 

proces. 

In hoofdstuk 2 plaatsen we  FBDD  in de bredere context van de farmaceutische industrie. 

We deden dit door een bibliometrische analyse van de publicaties in de innovatieliteratuur 

over de farmaceutische industrie. We vinden dat er behoefte is aan betere - bezig 

onderzoek tussen innovatie wetenschappers en praktijk van het bedrijfsleven. Door een 

kijkje te nemen in de zwarte doos van het innovatieproces in de farmaceutische industrie, 

kunnen nieuwe inzichten worden verkregen over innovatieve manieren om 

geneesmiddelen op de markt te brengen. 

In hoofdstuk 3 hebben we getraceerd hoe FBDD zich in de loop van de tijd heeft ontwikkeld 

door middel van een bibliometrische analyse van zijn publicaties. We zien dat, hoewel de 

academische wereld cruciaal was bij het leggen van de grondslagen van het veld, het de 

industrie was die een cruciale rol speelde bij het toepassen van de techniek op hun 
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verschillende projecten, dat het veld zich verder ontwikkelde en op grote schaal werd 

gebruikt binnen de industrie. We zien ook dat interdisciplinair onderzoek belangrijk was 

voor de cruciale stukjes van de puzzel om samen te komen tot wat FBDD zal worden. 

In hoofdstuk 4 hebben we vervolgens gekeken naar de rol van verschillende actoren bij het 

benutten van kansen uit de ontwikkeling van het veld en op hun beurt bijdragen aan het 

veld om bredere erkenning te geven. We hebben gekeken hoe kleinere bedrijven hun 

technologieën commercialiseerden. We ondervroegen 67 kleine bedrijven die het veld 

beoefenden, met hun technologische gebieden en gegevens over hun huidige en huidige 

status. Van deze reeks bedrijven hebben we een case study uitgevoerd van vier 

geselecteerde bedrijven die op verschillende gebieden van FBDD werken. We volgden de 

verschillende processen die de bedrijven gebruikten in hun paden naar commercialisering. 

We laten zien dat ze middelen hebben gemobiliseerd om kansen voor zichzelf te creëren 

en tegelijkertijd de bredere acceptatie van het veld mogelijk te maken. 

In hoofdstuk 5 hebben we ook gekeken naar de acceptatie van FBDD in grote 

farmaceutische bedrijven. We hebben de publicaties in het veld onderzocht om de 

verschillende paden te verkennen die bedrijven volgen om FBDD te adopteren. Van deze 

grote bedrijven hebben we artsen in twee grote farmaceutische bedrijven geïnterviewd die 

ofwel een cruciale rol speelden als voorstanders van de aanpak binnen het bedrijf of door 

de aanpak toe te passen op hun projecten. Bijdragen aan de absorptievermogenstheorie, 

laten we zien dat individuen een cruciale rol spelen in elke stap van het absorptieproces. 

Bovendien laten we zien dat het onderhouden van constant contact met het veld van 

cruciaal belang is omdat het deze voorstanders op de hoogte brengt van strategieën om 

de kennisabsorptie van deze nieuwe aanpak te bevorderen. 

Tot slot hebben we in hoofdstuk 6 de rol van individuele onderzoekers in de ontwikkeling 

van het veld onderzocht en enkele beleidsaanbevelingen voor toekomstige onderzoekers 

onderzocht. Als we naar de publicaties in FBDD kijken, zien we dat wetenschappers zeer 

collaboratief en zeer mobiel zijn. Ze zijn instellingen overgestoken om kennis te vergaren 

en het veld ook te helpen verspreiden. We hebben vervolgens onderzocht hoe 

onderzoekers kunnen worden opgeleid om meer samenwerkend en mobiel te zijn. We 

tonen het potentieel van het ITN-initiatief van de Europese Unie om dergelijke 

onderzoekers op te leiden. 

Uit deze verkenning van de ontwikkeling van FBDD hebben we vervolgens verschillende 

aanbevelingen gedaan aan verschillende belanghebbenden in de farmaceutische 

wetenschappen, waaronder universiteiten, onderzoeksinstituten, startups , grote 

farmaceutische bedrijven en beleidsmakers. Op basis van deze inzichten over hoe FBDD 

werd overgenomen en gecommercialiseerd, hopen we te kunnen begeleiden hoe actoren 

die betrokken zijn bij opkomende technologie effectief kunnen omgaan met dergelijke 

innovaties. 
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Sleutelwoorden: op fragmenten gebaseerde geneesmiddelenontdekking, 

farmaceutische wetenschappen, geneesmiddelenontdekking, 

geneesmiddelenontwikkeling, innovatiestudies, veldontwikkeling, absorptievermogen , 

optimale onderscheidbaarheid 
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