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Abstract

Pharmaceutical firms are extremely selective in deciding which patented drug candidates
are taken up into clinical development, given the high costs and risks involved. We argue
that the scientific base of drug candidates, and who was responsible for that scientific
research, are key antecedents of take-up into clinical trials and whether the patent owner
(‘internal take-up’) or another firm (‘external take-up’) leads the clinical development
effort. We hypothesize that patented drug candidates that refer to scientific research are
more likely to be taken up in development, and that in-house conducted scientific research
is predominantly associated with internal take-up due to the ease of knowledge transfer
within the firm. Examining 18,360 drug candidates patented by 136 pharmaceutical firms
we find support for these hypotheses. In addition, drug candidates referring to in-house
scientific research exhibit a higher probability of eventual drug development success. Our
findings underline the importance of a ‘rational drug design’ approach that explicitly builds
on scientific research. The benefits of internal scientific research in clinical development
highlight the potential downside of pervasive organizational specialization in the life sci-
ences in either scientific research or clinical development.
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1 Introduction

There is a long-standing interest in the innovation literature to better understand the link
between scientific research and technological development in order to justify the large
public investments in scientific research (Cockburn and Henderson, 2001; Calderini
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et al., 2007; Baycan & Stough, 2013), to explain private sector investments in scientific
research (Arora et al., 2018, 2021; Rosenberg, 1990) and to understand the drivers of
technological advancement and economic growth (Pavitt, 1991; Zucker & Darby, 1996;
Jones, 1995; Griliches, 1986). At the firm level, past research has devoted a great deal
of attention to the relationship between science and firms’ technological performance
measured through patents, showing a positive relation for scientifically active firms
and companies collaborating with academia (e.g. Cockburn & Henderson, 1998; Della
Malva et al., 2015; Fabrizio, 2009; Fleming & Sorenson, 2004; Gambardella, 1992).

However, there is still a long way to go from a patented invention to a successful
innovation. The pharmaceutical industry is a case in point. To obtain market approval,
a patented drug candidate needs to successfully pass efficacy and safety tests during
clinical trials on healthy individuals (phase I) and patients (phase II and phase III). This
clinical development is not only enormously costly but also very risky, with only 20%
of trials being successful and obtaining regulatory approval (PPD, 2017). In the face
of this daunting development process, firms are highly selective with respect to the
patented drug candidates that are taken up in development. On average, firms single
out only five out of 250 discovered drug candidates for further development, of which
only one will eventually succeed (Campbell, 2005; PPD, 2017). Despite firms’ extreme
selectivity at this initial stage of the drug development process, this selection decision
has received scant attention in the literature. In this paper, we examine the nature and
consequences of this selection decision, and the particular role of the scientific anteced-
ents of patented drug candidates.

When firms decide whether to commence the drug development process, they need
to weigh the high costs of developing a drug candidate with the considerable but highly
uncertain benefits after market approval (Adams & Brantner, 2006; Arora et al., 2009;
DiMasi et al., 2003). Scientific insights are considered to be an important potential input
for this decision: to increase the efficiency of the drug development process and to more
accurately predict the chances of success before making large investments in clinical tri-
als, practitioners and industry experts have emphasized the importance of science (Schuh-
macher et al., 2016, p123). In particular, failed drug development projects often suffer from
mismatches between disease, molecular compound, target group and clinical techniques,
issues that can potentially be foreseen and even resolved when drug candidates are strongly
grounded in scientific research (Kola & Landis, 2004; Barrenho, Miraldo and Smith, 2013;
Cook et al., 2014; Hay et al., 2014; Waring et al., 2015; Chiou et al., 2016).

The key premise in this paper is that the origins of a drug candidate in scientific
research (“R”) may have important consequences for a pharmaceutical firm’s decision
whether to take it into clinical development (“D”). We hypothesize that drug candidates
that have their origins in science have a higher chance to be successful in clinical devel-
opment and are therefore more likely to be taken up into clinical development. A related
and crucial aspect of the scientific research underlying the drug candidate is whether
it matters who takes up the drug into development. The developer can be either the
firm holding the patent on the drug candidate or another pharmaceutical firm, through a
transaction in the market for technology.

Handing over a drug candidate may be grounded in a division-of-labor logic that
argues that research and development require distinct resources and capabilities, such
that a single firm is unlikely to be well equipped to perform both tasks (Arora & Gam-
bardella, 1994). Conversely, we argue that there are also reasons for vertically inte-
grating research and development activities within the same firm. Integration of “R”
and “D” allows for a more efficient transfer of scientific knowledge by facilitating
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interactions and exchange between researchers and developers. This is especially the
case when the firm’s scientists have been directly involved in the generation of a drug
candidate’s scientific background, resulting into a unique and deep understanding of rel-
evant scientific knowledge, which is likely to be a critical factor in the development suc-
cess of a drug candidate.

Empirically, we consider 18,360 patented drug candidates of 136 major biopharmaceu-
tical firms and analyze whether or not these were taken up into clinical trials. We also
examine which drug candidates entering clinical trials finally were successful and received
market approval. In order to explore the factors at play in drug development decisions and
the role of scientific research we also conducted eight interviews with senior managers
from six pharmaceutical companies, most of whom also had prior hands-on research expe-
rience, in September—November 2021. The interviews illustrate the practical relevance of
our arguments and helped inform the specification of the empirical model. The interviews
were structured into three main parts, addressing the relevant sample of patents, the factors
firms take into account when deciding whether to initiate a drug development project, and
the overall role of science in drug development.

Our analysis confirms a strongly significant positive relationship between the likelihood
of take-up into clinical development — by any firm — and the scientific background of the
drug candidate, both for scientific research conducted by the patent owner (‘internal sci-
ence’) and for scientific research conducted outside the patenting firm (‘external science’).
The patent-owning firm is more likely to take the drug candidate into clinical develop-
ment — relative to another firm doing so —when it has performed the scientific research
on which the drug candidate is based itself (‘internal science’). We also find that in such
circumstances — a drug candidate building on internal scientific research is taken up by the
patent-owning firm—clinical development exhibits a higher success rate.

While these findings give a clear indication that vertical integration strategies may work,
we also find evidence for a division-of-labor argument: the take-up of drug candidates by
external developers is more likely when the patent-owning firm has a weaker track record
and has less expertise in clinical development. Moreover, the volume of documented scien-
tific research underlying a patented drug candidate, as indicated by the number of citations
to scientific research, is associated with both a greater likelihood of external development
and external development success. This exemplifies the importance of documented scien-
tific research for the broader ecosystem of pharmaceutical firms.

Our findings confirm the important role of scientific research in drug development.
While previous studies have shown the close relationship between scientific research and
firms’ patent performance (e.g. Cockburn & Henderson, 1998; Della Malva et al., 2015;
Fabrizio, 2009; Fleming & Sorenson, 2004; Leten et al., 2022), our study highlights the
important role of scientific research in the crucial decision to take patented drug candi-
dates into clinical development. We also extend prior work on corporate investments in sci-
entific research by showing that internal science does not only strengthens firms’ absorp-
tive capacity (Cockburn & Henderson, 1998; Gambardella, 1992) but also increases the
likelihood of a successful in-house development trajectory from “R” to “D” and market
introduction.

Our study contributes to the debate on the private value of internal investments by com-
panies in scientific research. Arora and colleagues (2018 & 2021) document that firms have
reduced their internal investment in scientific research over time. They attribute this ‘shift
away from science’ to a decline in the private value of science due to the growth of tech-
nology markets for science-based inventions (Arora et al., 2018) and growing appropriation
problems due to increases in product market competition and knowledge spillovers (Arora
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et al., 2021). The findings of our study do however show that reducing investments in inter-
nal science may come at a cost for firms in terms of a less productive drug development
process. While corporate investments in science declined significantly during the period
1980-2010, this decline seem to have stalled during the last decade (Arora et al., 2021),
what can be considered as indicative that companies have come to appreciate the value of
internal science again. Our findings also contribute new insights to the literature on the
organization of corporate science and R&D and informs the recent debate on the increasing
specialization in the life sciences industry (Cockburn, 2007; Arora et al., 2018, Arora et al.,
2020). We suggest that a ‘hard’ separation between scientific research and drug develop-
ment, that is, performing these activities in separate organizations, may increase the risk of
foregone drug development opportunities and drug development success.

2 Background literature
2.1 Science-based drug discovery

Most pharmaceutical firms follow a science-based approach in drug discovery. In this
approach, firms rely on scientific insights to understand the mechanisms that cause a cer-
tain disease, after which they search for drug candidates that inhibit these mechanisms
(Pisano, 1997). In analyzing the case histories of the discovery of 21 important drugs,
Cockburn and Henderson (1998) found that 14 of those drugs were discovered through
‘fundamental scientific advances’ or by ‘mechanism-based screening’. A recent example
of the importance of scientific research in drug discovery concerns the development of the
messenger RNA (mRNA) COVID-19 vaccines by Pfizer-BioNTech and Moderna, which
was the direct result of breakthrough scientific research by Katalin Karko and Drew Weiss-
mann at the University of Pennsylvania on the functioning of mRNA-based vaccines (Fran-
zoni et al., 2021).

Science-based drug discovery is however not the only possible path to a working drug.
There are numerous examples of haphazard discoveries, such as lithium—originally used
for the treatment of bladder stones but after John Cades’ rather accidental discovery of
its sedating effects also applied to treat psychiatric disorders—or the famous example of
penicillin, where after a 2-week holiday Alexander Fleming found a mould was effective
in wearing off Staphylococcus bacteria (Pharmacy Cormier, 2019; Times, 2016). Another,
more deliberate, alternative to science-based drug discovery is the use of big data. An early
example is aspirin, originally a simple painkiller. By integrating the information from elec-
tronic health records, post-marketing surveillance data, and pharmacological analysis, it
was found to have potential as a treatment for colorectal cancer, resulting in a draft rec-
ommendation by the US Preventive Services Task Force in September 2015 (Qian et al.,
2019). Finally, there are drugs that have been used clinically for many decades but with-
out a clear scientific understanding of the mechanism of action. A well-known example is
acetaminophen, a pain reliever and fever reducer (also known as paracetamol) that sells
billions of doses every year. Despite attempts to unravel its mechanism by eminent scien-
tists such as John R. Vane (the Nobel Laureate who cracked the mystery of aspirin’s mech-
anism), it still is not entirely clear how it affects the central nervous system (Drahl, 2014).
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2.2 Internal versus external drug development

The pharmaceutical industry has been characterized by an increasing division of labor,
with universities and dedicated biotech firms focusing on research, while contract research
organizations (CROs) focusing on clinical-trial support, and large pharmaceutical firms
specializing increasingly in development. Coinciding with the evolution towards speciali-
zation, a flourishing market for technology has emerged, providing firms with the option
to hand over patented drug compounds for which they lack the expertise to carry them
through the clinical trial process or for which they do not see a strategic fit (Cockburn,
2004, 2007; Stuart et al., 2007; Arora et al., 2009, 2020b; Malik, 2011; Belderbos et al.,
2016).

Handing over a patented drug candidate to another firm through the market for technol-
ogy due to a lack of development expertise is grounded in the division-of-labor theory that
argues that research and development require distinct resources and capabilities, such that
a single firm is unlikely to be well equipped to perform both tasks (Arora & Gambardella,
1994; Arora et al., 2001). Empirical evidence indeed suggests that technology markets
allow firms to capitalize on their respective competitive advantages in either research or
development (Chesbrough & Chen, 2013; Gittelman & Kogut, 2003; Laursen et al., 2010;
Leone & Reichstein, 2012).

On the other hand, there also appear to be substantial advantages of vertical integra-
tion, and in practice, large pharmaceutical firms do not only focus on development but also
engage in scientific research (Arora et al., 2018, 2020). A benefit of integrating the devel-
opment of drug candidates and the supporting scientific research within a single firm is the
elimination of transaction costs incurred through transferring drug candidates via markets
for technology (Teece, 1988). In particular, vertical integration helps to solve problems of
opportunistic behavior when contracts are incomplete (Hart & Moore, 1990). In the phar-
maceutical industry, R&D is characterized by long-term, risky projects entailing complex
and sticky knowledge, and highly specialized work for which the quality may be difficult
to monitor. These conditions call for considerable investments to realize an efficient knowl-
edge transfer to the transaction partner (Agrawal, 2006; Thursby & Thursby, 2011; Ceccag-
noli & Jiang, 2013; Klueter, Monteiro and Dunlap, 2017; Reinholt et al., 2011). The imper-
fections in the market for technology therefore render development of drug candidates by
the patent owner a valid alternative (Cockburn, 2004; Arora & Gambardella, 1994; Cock-
burn, 2007).

3 Hypotheses

3.1 Scientific origins of drug candidates and their take-up in clinical development

Industry experts have called for a “return and renaissance to scientific depth and scrutiny”
in drug development (Schuhmacher et al., 2016, p 123). They insist on the unique role of sci-
entific research by explicitly acknowledging that it’s only through understanding fundamen-
tal disease mechanisms that one can develop a novel targeted treatment, lest one “shoots in
the dark” (Eichler et al., 2009; Sams-Dodd, 2013; Workman, 2015). This deep understanding
originates from scientific research and occurs through theoretical examination and in-vitro or
in-vivo research in the lab. By providing a deeper understanding of the mechanisms underlying
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a particular disease, scientific research serves as a ‘map’ to the most fruitful directions in drug
discovery (Fleming & Sorenson, 2004; Rosenberg, 1990). While the public sector is the larg-
est producer of scientific research, pharmaceutical firms also invest significant amounts of
money in scientific research (Arora et al., 2018). By doing so, pharmaceutical firms build up
the necessary knowledge base to absorb externally conducted science and to guide their drug
discovery activities towards high potential drug candidates (Leten et al., 2022).

Industry experts have emphasized the guiding role of scientific research, not only for
finding a fit between disease, target and drug, but also for designing effective clinical trials
that have to establish the best drug candidates for a specific disease (Kola & Landis, 2004;
Waring et al., 2015; Barrenho, Miraldo, and Smith 2013; Cook et al., 2014; Chiou et al.,
2016; Hay et al., 2014). The scientific research ‘map’ may not only steer drug discovery
to global optima but may also lead to a smoother drug development trajectory for a given
discovery (Della Malva et al., 2015; Fleming & Sorenson, 2004; Lim, 2004). Scientific
insights can help to avoid problems with efficacy and safety, which explain half of all fail-
ures in drug development (Bhogal & Balls, 2008), by providing a better understanding how
drugs can be administered effectively and safely. An example is the progressive insight
on the important role of drug transport mechanisms, such as how they (fail to) penetrate
through biological membranes. While this was long considered to be a merely biophysical
problem that could be dealt with later in the development process, there is mounting evi-
dence that scientific knowledge about transport proteins in a drug candidate allows making
a much more accurate assessment of its odds of successful development (Dobson & Kell,
2008; Morgan et al., 2012).

Based on the above considerations we expect that scientific research can provide impor-
tant insights into whether a patented drug candidate can be successful in the clinical devel-
opment process. Hence, the scientific research origins of a patented drug candidate are
likely to increase the probability that it is taken up in clinical development. Our interviews
with R&D managers illustrated the importance of pre-clinical research and the associated
weight of scientific staff in early-stage drug development decisions: “Pre-clinical research
is quite a long period; a lot happens here. Many questions have been addressed at this
point, such as whether the compound is ‘druggable’, so soluble in fat or water, can the
molecule pass through the blood—brain barrier, etc.” “In terms of governance, decisions
up to phase I are taken by people with senior research positions in the relevant therapeutic
area.”

We hypothesize:

Hypothesis 1. The scientific research origins of a patented drug candidate are asso-
ciated with a higher probability that the drug candidate is taken up in development.

3.2 Scientific origins of drug candidates and internal versus external take-up
in development

Pharmaceutical firms conduct research internally, but also source science that was per-
formed by other companies as well as government labs and universities (Arora et al.,
2018; Leten et al., 2022). Our conversations with R&D managers confirmed that firms
have no other option than to combine internal with external scientific research due to
the extreme specialization that characterizes the industry: “Specialization these days is
enormous, so as a firm you have to set up collaborations. Also, the firm’s own discovery
activities — where we work with long time horizons — are by themselves typically insuffi-
cient to strengthen the patent portfolio.” Or, as another manager phrased it: “Many large

@ Springer



Many are called, few are chosen: the role of science in drug...

pharma firms realized that their internal research capacity was too limited to be produc-
tive, which has led to specialization”.

While external research has to cross the organizational boundary between a research
performing and a drug-developing organization (Rosenkopf & Nerkar, 2001), internal sci-
entific knowledge has to ‘travel’, from scientific research (“R”) to clinical development
(“D”). This knowledge transfer presents a number of challenges. Embedding scientific
research as well as clinical development in the same organization may help in addressing
these challenges. Knowledge has to be transferred from lab researchers (‘researchers’), who
are involved in scientific research, to clinical developers (‘developers’), who are involved
in clinical trials. The effective absorption of scientific knowledge for drug development
rests on the assimilation of theories on disease mechanisms into animal models and lab
practices, and is easily hampered by cognitive distances within the drug development
organization (Cook et al., 2014; Mak et al., 2014; McGonigle & Ruggeri, 2014). Codified
representations of scientific research often do not represent a comprehensive view of the
knowledge, making them susceptible to subjective interpretation (Meyer, 2000), such that
effective transfers require close interaction between researchers and developers (de Wit-de
Vries et al., 2019).

The proximity of the researchers in whom the scientific knowledge is embedded (Zucker
& Darby, 1996) and the possibility for them to interact directly with developers and deci-
sion makers (Nonaka, 1994; von Hippel, 1994) facilitates the exchange of knowledge
(Klueter et al., 2017; Thursby & Thursby, 2011). It also fosters researchers’ and develop-
ers’ understanding of each other’s challenges and the development of a common culture
with shared objectives and beliefs (Arrow, 1975). The internal research scientists may also
emphasize the significance of their discoveries for drug development to corporate deci-
sion makers and advocate that the firm carries through their scientific groundwork into
drug development (Peck et al., 2015). Hence, when a firm’s scientists have been directly
involved in the generation of a drug candidate’s scientific background, their comprehensive
understanding of the scientific knowledge and the relative ease of transfer of this knowl-
edge within the same organization will favor in-house take-up of the drug candidate in
development over take-up by another firm.

The above arguments suggest that patented drug candidates that have their origins
in internal scientific research are more likely taken up in internal development by the
research-performing firm than by another (external) firm. Our interviews provided illustra-
tions that firms may be best able to leverage internally conducted science in drug develop-
ment. Conducting science in-house embeds the firm in the ecosystem that is involved in
getting the drug successfully developed: “Take the example of [type of drug developed at
the company]: there is a lot of expertise on this in the company; the firm knows this area
very well. Not just in terms of scientific expertise, but also—thanks to doing the science—
how to develop such drugs: you need to know the relevant people to develop a drug in
certain area.”

We hypothesize:

Hypothesis 2. Patented drug candidates that have their origins in internal scientific
research are associated with a higher probability to be taken up into internal rather
than external development.
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4 Data and methods

This study focuses on 136 of the largest R&D spending (in absolute terms) pharmaceutical
and biotech companies with headquarters in the United States, the EU or Japan. The sam-
ple firms have been selected from the ‘2004 EU Industrial R&D Investment Scoreboard’ and
a list of largest patentees in biotechnology at the European Patent Office in the year 2005.
The EU Industrial R&D Investment Scoreboard lists the top 500 corporate investors in R&D
with home base in the EU, and the top 500 companies with their home base outside the EU.
We gathered complete patent and publication data for the consolidated firms, accounting
for annual changes in group structures. As company structures change regularly within the
pharmaceutical industry, we performed a rigorous consolidation of the 140 sample firms for
eight consecutive years (1995-2002) using information on subsidiaries listed in firms’ annual
reports. We linked the firms and their patents to clinical development data of the Pharmaceu-
tical Industry Database (PHID), a database with information on clinical trials and develop-
ment activities in the global pharmaceutical industry. This dataset tracks clinical development
activity until 2013 and contains information on the firms leading the clinical trials and the
specific patents underlying the compounds involved in clinical development. We explain the
main data sources in more detail below.

4.1 Patented drug candidates and take-up in development

Patent data is extracted from PATSTAT at the DOCDB patent family level. We collected
all priority patents by the firms applied for between 1995 and 2002. This early period
allows us to track the full history of clinical development after take-up and to examine
ultimate development success up to the year 2013." Among the 48,112 patents granted to
the sample firms, 18,381 patents (38%) protect a molecular compound and are the subject
of our analysis. Patents that are not protecting a molecular entity but e.g. focus on new
instruments for research cannot serve as basis for new drug development.> We identify pat-
ents protecting compounds by considering IPC class A61, in combination with IPC classes
CO07 or C12. IPC class A61 indicates pharmaceutical applications (A61K) and medical
therapies (A61P), while CO7 indicates organic chemistry and C12 designates biochemistry
(World Health Organization, 2010; Smoch, 2012). Classes A61 and CO7 are mentioned,
respectively, on 94% and 88% of the patents underlying the clinical development efforts
of the firms in the PHID database. Patents in class C12 are less common (21%), indicating
the still relatively modest position of biotechnology in pharmaceuticals in the observation
period.

We regard a patent as taken up into development when the patent is associated with a
clinical development activity in PHID database. The project database reports on the lead
company performing the clinical trials, allowing us to distinguish between internal and
external take-up, depending on whether the lead company is the patent owner or another
firm, respectively. Among the focal patents, 21 patents are included in clinical development
trajectories of both the patent owning firm and of other firms. Since we are interested in

! Discovering and developing new drugs is a lengthy process. Using data from a group of 13 large pharma-
ceutical companies covering the period 2000-2007, Paul et al. (2010) reported that the process of discover-
ing and developing new medicines takes on average 12.5 years.

2 In supplementary analysis we find consistent results if we include patents that are not protecting com-
pounds.
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distinguishing internal and external take-up, we excluded these ambiguous cases from the
analysis, resulting in a final sample of 18,360 patents.

4.2 Scientific origins of drug candidates

We identify a patented drug candidate’s underlying scientific research by examining scien-
tific references in the patent’s prior art, i.e. its citations to scientific publications. Studies
agree that these scientific references capture the relevant scientific background of the pat-
ent (Meyer and Persson 1998; Belderbos et al., 2017; Callaert et al., 2013). Scientific refer-
ences on patents represent scientific knowledge required for a proper understanding of the
invention and may therefore be instrumental in estimating the potential for its successful
development during clinical trials. We identify the scientific references mentioned on the
patents and link these to Clarivate’s Web of Science database to retrieve author informa-
tion. In-house scientific research (‘internal science’) is identified if the patent-owning firm
(or one of its subsidiaries) is listed among the institutional affiliations of the (co-)authors
of the publication.® The other cases are labelled as external scientific research (‘external
science’). To allow estimating the independent effects of internal and external science, we
construct two separate dummy variables. The variable internal science is a dummy that
takes on a value of one if a patented drug candidate cites at least one internal scientific
publication. The variable external science is a dummy that takes on a value of one if a
patented drug candidate cites at least one external scientific publication. If a patented drug
candidate cites internal and external science, both dummies take the value one.

The first rows of Table 1 shows the occurrence of scientific references in different
groups of drug candidates: all patents protecting drug candidates, and patents taken up in
clinical development, the latter distinguished by who leads the development effort. Of the
18,360 patents under investigation, 308 are taken up in development by the patent owner
and 211 by other firms. The overall take-up rate (2.8%) is similar to estimations from pre-
vious studies (Campbell, 2005; PPD, 2017). The majority (61%) of the patents include
external scientific references. Patents are generally more likely to cite external scientific
research than scientific research conducted in-house (23%).* What stands out is that those
patents that are taken up in clinical development exhibit higher incidences of scientific ref-
erences — 74% for external scientific research and 34% for internal scientific research. Con-
versely, the tendency to cite scientific research appears not very different for patents taken
up by the patent-owning firm versus those taken up by other firms.

4.3 Empirical model and control variables

We test our hypotheses by relating the probability that a patented drug candidate is taken
up in clinical development to the presence of internal and external scientific references.
We first examine take-up in general as dependent variable and estimate a logit model. We
then distinguish take-up by the patent owning firm and take-up by other firms and estimate
a multinomial logit model, given that the categorical outcome variable has three possible

3 In case of take-up by another firm, we additionally examined whether that firm had been responsible for
the scientific research, but such cases did not occur.

4 20% of patented drug candidates cite both internal and external science while 35.7% cites no science.
Only 3% of the patents cites internal but no external science (not shown in Table 1).
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Many are called, few are chosen: the role of science in drug...

values: no take-up, take-up by the patent owning firm, take-up by another firm. Since our
analysis can includes multiple patents per firm, we cluster standard errors at the firm level
to control for possible idiosyncratic firm effects in the take-up decision process and to
allow valid inference (Cameron & Trivedi, 2010, p. 306). We report exponentiated coef-
ficients that represent the marginal effects in the form of the increase in odds of take—up
versus no take-up due to a one-unit change in the explanatory variables. An exponentiated
coefficient that is larger (smaller) than one indicates an increase (decrease) in the probabil-
ity of take-up. For instance, a coefficient of 1.05 (0.95) for a dummy variable signifies that
the odds of take up increase (decrease) by 5 percent if the dummy variable takes the value
1 rather than the value 0.

In the empirical models we include controls at the level of the patent, the patent-own-
ing firm and the combined (firm, therapeutic area)-level. Control variables are measured
at the moment of patent application if not stated otherwise. Patent-level controls are the
technological scope of the patent, the size of the patent inventor team, and the number of
firms co-owning the patent. In line with prior work (Lerner, 1994), technological scope is
measured by the number of 6-digit IPC classes of a patent. A broad technology scope may
provide multiple development opportunities for medical treatment potentially increasing
the probability of take-up. Larger teams of patent inventors may generate more valuable
patents as they combine a more diverse set of capabilities (Belderbos et al., 2014), or may
signal more substantive investments and discoveries. Multiple patent owners may increase
the probability that at least one partner firm takes up the patent in clinical development.
In addition, we control for the overall number of scientific references to capture potential
residual effects of the scientific origins of the drug candidate, beyond the internal or exter-
nal source.

Firm-level controls are firm size, measured by (the natural logarithm of) the firm’s R&D
expenditures, and the firm’s science intensity, measured by its number of publications in
the past four years divided by R&D expenditures (in the patent application year). If mul-
tiple firms co-own the patent, these controls reflect the mean across co-applicants. Third,
the size of the firm’s drug development pipeline is taken into account. On the one hand,
if the firm has more current clinical trial experience, it is likely to have stronger capa-
bilities to perform clinical development. On the other hand, it has also been noted that it is
rather a sparsely-filled pipeline of development projects that may push firms to take up new
drug candidates in development, yet possibly of lower quality and higher risk (Arora et al.,
2009; Kola & Landis, 2004). The variable is measured as the number of projects in ongo-
ing clinical trials of which the firm is the lead developer divided by R&D expenditures in
the patent application year. Finally, we control for the success rate of the patent-owner’s
clinical development experiences in the past ten years by including the share of terminated
clinical development projects that have been finalized successfully, i.e. registered for mar-
ket approval. Prior success may increase the firm’s confidence in its clinical capabilities
and stimulate (internal) take-up.

The models also include control variables that vary by firm and therapeutic area. The
number of other drug candidates (patent applications) the firm has within the therapeutic
areas of the focal patent (IPC subclasses of A61P) captures the ‘internal competition’ for
take-up. Three other variables may specifically affect the patent-owning firm’s decision on
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whether to take up the drug candidate into development (internal take-up) as opposed to
handing it over to another firm (external take-up). First, we account for the firm’s rela-
tive strength in development, measured as the patent-owning firm’s share (in percentage)
of overall current development activity in the pharmaceutical industry (i.e. relative to all
development activities in the PHID database) that is relevant for the focal drug candidate.’
To establish relevant development activities for a drug candidate, we determined the prob-
ability that patents of a particular IPC class, if taken up in clinical development, are associ-
ated with each of the disease categories indicated by ATC classes used in clinical trials.®
We calculate the share of the focal firm’s development activities for a particular patent IPC
class weighted by these probabilities.

Second, we control for the number of other firms that are active in the main areas of
clinical development for the focal patent and are potential partner firms to license the pat-
ented drug candidate to for external development. We take as main areas of development
those ATC classes that are linked to the drug candidate’s IPC classes with a probability
above 0.5. Third, we control for the firm’s specialization and long term interest in a par-
ticular therapy or type of compound. We constructed a dummy (‘core domain’) taking the
value one if the patented drug candidate has an IPC6 therapeutic or compound class (a sub-
classes of A61P, C07, or C12] that is among the top ten IPC classes in the patent portfolio
of the firm in the past four years.

Finally, in the interviews R&D managers pointed out firms have become increasingly
strict in their screening process for candidate drugs.” We therefore also include a time trend
for the application year of the drug candidate and dummies for the therapeutic areas the
drug candidate is targeting, using the subclasses of IPC A61P. The latter helps to account
for heterogeneity in the attractiveness of therapeutic areas related to differences in develop-
ment success and the cost of clinical trials across therapeutic areas (Kola & Landis, 2004;
Mullard, 2016) as well as the quality of existing drugs on the market.

Descriptive statistics are presented in Table 1 and the correlation matrix is presented
in Table 2. Table 1 shows that drug candidates that are taken up in development have
more scientific references (t=6.57, p<0.0001), a greater technological scope (r=16.83,
p<0.0001), and more inventors (t=7.09, p<0.0001) than drug candidates that are not
taken up. Take-up by patent owners is associated with a greater pipeline of develop-
ment projects (t=2.03, p=0.04) and greater patent owner development success (t=5.11,
p<0.0001) compared to take-up by other firms. Drug candidate take-up by other firms is
more likely (r=1.81, p=0.07) than take up by patent owners when there are more firms
active in the main areas for clinical development of the patent. The correlation matrix
reported in Table 2 shows positive correlations between the scientific reference vari-
ables and the take-up of a focal drug candidate in clinical development. The correlations
between the explanatory variables are generally low, indicating no direct concerns of
multi-collinearity.

5 One manager pointed out the importance of the strategic fit of the drug candidate as follows: “Say you
have developed an oncology asset, or you believe it may be useful in that domain, but you’re not an oncol-
ogy firm, then it’s logical to opt for out-licensing”.

 ATC refers to the Anatomical Therapeutic Chemical system in which drugs are classified into different
groups based on their active substances, according to the organ or system on which they act and their thera-
peutic, pharmacological and chemical properties.

7 As one interviewed R&D manager put it: “The norms in the discovery phase for deciding whether to take
a drug candidate forward have become stricter in the last years, and the bar that drug candidates have to
Jjump over is now equal across therapeutic areas”.
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5 Empirical results

Table 3 presents the results of (multinomial) logit regressions relating the probability that
a patented drug candidate is taken up in development to the types of scientific background.
Model 1 contains only the control variables. Patents with more scientific references, a
broader scope and a larger inventor team have a higher probability of take-up. Take-up
is also more likely if the patent-owning firm has more drugs in the pipeline, pointing to
a positive current experience effect of clinical trial activity. When there is larger internal
competition for the drug candidate within its therapeutic area, take-up is less likely, and
when the patent owning firm is a larger player in the therapeutic area in the industry, take-
up probabilities increase. The take-up incidence increases strongly (the odds ratio increases
by 63 percent as indicated by the exponentiated coefficient of 1.63) if the drug candidate
is in a core therapeutic domain of the firm. Finally, the estimate for the year trend suggests
that take-up rates are declining over time (the odds of take-up versus no take-up decrease
every year by 15.7 percent).

The second model in Table 3 examines the role of the scientific research origins of pat-
ented drug candidates in the take-up probability. Both the internal science and external
science dummies have a statistically significant positive coefficient (p <0.01). This confirm
the first hypothesis that drug candidates that are grounded in scientific research are more
likely to be taken up into clinical development. The exponentiated coefficients shown in
Table 3 indicate the marginal effects, which appear relatively large. The odds of take-up
rather than no take-up increase by 43 percent if the drug candidate has scientific origins in
internal scientific research and by 57 percent if it has origins in external scientific research.
This implies that internal and external scientific research antecedents increases the odds
of take-up—which is on average 2.9%—to 4.2% and 4.5% respectively, which amounts to
approximately an additional 238 and 275 candidate drugs that enter development.

To assess the overall explanatory power of the model, we assessed its predictions rel-
ative to the drug development candidates’ true fate, using the sample mean take-up rate
as the classification threshold. We find that model 1 with only controls strikes a reason-
able trade-off between sensitivity (64,0%), predicting take-up if the drug candidate indeed
entered clinical trials, and specificity (70,6%) predicting no take-up when the drug candi-
date was discarded. After adding internal and external science dummies in model 2, sensi-
tivity increases to 66.9% while specificity takes a similar value of 70.5%.

Model 3 present the results of multinomial logit models distinguishing internal and
external take-up, with no take-up as reference category. External science is positively and
significantly associated with both internal and external take-up, with a roughly similar
magnitude (increasing the odds of take-up versus no take-up by 52-59 percent). In con-
trast, internal science is only positively and significantly associated with internal take-up,
and this with a substantial magnitude (an odds increase of 71 percent). This finding con-
firms our second hypothesis that drug candidates that have their origins in internal sci-
entific research are more likely to be taken up in internal development by the research-
performing firm rather than by another (external) firm, both compared to the no take-up
reference group. Wald tests show that the internal science coefficients for internal versus
external take-up are different at the 10% significance level (y*=2.91, p=0.08), while the
role of external science does not differ significantly for internal versus external take-up.

The estimated coefficients for the control variables suggest that internal take-up is sig-
nificantly less likely if there are competing drug candidates developed by the firm in the
therapeutic area, and more likely if there are multiple inventors. Internal take up increases if

@ Springer



Many are called, few are chosen: the role of science in drug...

100> 4 s “S0°0>d 45 ‘010> d 5

pajenuauodxa aIe SJUAIILFI0)) sasayuared UT SIOLID pIepuels ISNqoI-19sn[)

9¢l o€l 9¢l SULIY JO ToquInN
09¢'81 09¢°81 09¢'81 SUOTIEAIISQO JO ToqUInN
€01°0 960°0 680°0 Y opnasd
SOEEH'T — €0°SET'T — LT'IST'T — pooyreyISo]
_uoﬁ_\:oﬁ: _uoﬁ_\:oﬁ: _uo—un:o:ﬁ —uv_!:oﬁ: wQMEES—u —20@ oﬁﬁu&mﬂoﬂrﬁ —UEN ::NuchU
(920°0) 4xL6L°0 (820°0)  %x%898°0 (020°0) #4880 (610°0) #4:EV8°0 puan Iedx
(6T€0) s OPL T (06T°0)  #x+08L'1 (€zT0) s SPLT (90T°0) €91 (urewop a109)Awwn
(100°0) 100°1 (100°0) 6660 (100°0) 0001 (100°0) 6660 JUSWAO[QARP UT QAR SWLIY JYIO
TIro x69L°0 (T80°0)  sxx1TE'T (290°0) #x9CT'T (€90°0) #9111 yuowdo[oAdp ur yiSueng
(+00°0) 8660 (€00°0)  %xx066'0 (€00°0) #x£66°0 (€00°0) #x£66°0 BAIE UT SOJepIpUEd SnIp 10yi0
(950°0) #xS€0°0 (0zo'D) €Il (9L€£°0) 6LY0 (06£°0) 8750 JSWAO[OARP UT DJBI $S9ING
(120°0) SE0'T (810°0)  #xx9%0'T (L10°0) #%8€0°T (L10°0) 3% LEO'T aurfedig jo oz1g
(SS0°0) 110°1 (€90°0) 0’1 0€0'0) L10'T (820°0) 8¢0'1 Aysusyut 90UdOS
(6£0°0) 6960 (8€0°0) 610°T (¥20°0) L86°0 (¥20°0) £86°0 sarmipuadxe g3y
(96£°0) 860'T (€€7°0) ¥29°0 (927°0) T6L°0 (9€7°0) 18°0 SIoUMO Judted Jo JoquInN
(610°0) x9€0'T (€10°0)  +xx850°T (T10°0) #2x080' T (T10°0) #2970 T SIOJUDAUT JO JOqUINN]
(110°0) #5850 (600°0)  xxxL90°T (L00°0) #2790 T (L00°0) #:L90° T adoos earsojouyoay,
(+00°0) s C 10T (¥00°0) L66°0 (€00°0) S00'T (€00°0) #2010 SOOUDIRJAT DYNUDIIS JO 'ON
(292°0) #xSTS°T (90T°0)  #xx06S°T (8L1°0) #5569 90UQIDS [RUINXE
(€2T0) SPI'T (I1€0)  #x10IL'T (T1z0) xx8EY'T 9UDIDS [BUINU]
dn-aye) [euINIXg dn-oye) reuIouUL dn-oye], dn-aye],
€ [9POIN T IPPON I [9POIN

juowdo[aAap [ed1ur]d ur Ajeprpued Snip pajuasted e jo dn-oxe) jo Apiqeqoid oy jo sjepow 5o ([erwounnw) jo SHNSRY € d|qel

pringer

As



L. Colen et al.

firms have more development experience as measured by their drug development pipeline,
a greater development strength in the area, and if the drug candidate is in a core domain of
the firm. Take-up by other firms is more likely when the scientific background of the drug
candidate is more extensively documented, as measured by the number of scientific refer-
ences. External development is more likely when the patent-owning firm has been less suc-
cessful in its past development and when it has a weaker development strength (a smaller
share in the pharmaceutical industry’s development activity in the domain). These findings
are consistent with the notion of division-of-labor whereby firms specialize in those activi-
ties where they have a competitive advantage. External take up is also positively associated
with the therapeutic field or compound being in the core domain of the patent owning firm.
Perhaps this indicates that firms that are specialized in a domain are judged to be more
knowledgeable and to have more promising drug candidates, allowing them to be more
successful on the market for technologies. The coefficients for the time trend suggest that
the decline in the take-up rate of drug candidates has been stronger for out-licensed drug
candidates associated with external take-up than for internal development.

5.1 Drug development success

We additionally examined whether clinical development projects culminated in market
approval of the drug candidates and whether the drug candidates’ scientific origins are
associated with development success and not only with the take-up decision. By the year
2013, the last year for which we have information on clinical trials, all projects were ter-
minated, either successfully or unsuccessfully. We exclude projects that list more than one
patent for the protection of its drug candidate (16 patents and 32 projects) to allow a proper
identification, but include all development projects that are based on the same patent. Firm-
level control variables are calculated for the firm leading the clinical trials. Due to missing
information on firm characteristics for a number of firms engaging in external take-up, we
can analyze a sample of 140 development projects by other firms in addition to 307 pro-
jects in internal development.®

We estimate separate logit models relating the probability of market approval, condi-
tional on take-up in clinical development, for the same set of explanatory variables as in
the take-up model.” We allow all coefficients to differ between internal and external devel-
opment trajectories. An important caveat in this analysis is that we examine development
success conditional on take-up. Since firms are expected to take up all promising drug can-
didates in development and base their take-up decisions on the scientific antecedents of
these drug candidates, there is a strong selection effect resulting in limited residual varia-
tion in the quality of and information on the development projects and their corresponding
patented drug candidates. Success or failure will be more related to unexpected events such
as unpredicted safety concerns and the market success of competing drugs.

Table 4 shows the results of logit regressions of the success rate of the development pro-
jects. If take-up is by the patent owning firm, the success rate is significantly and positively
related to internal scientific research. The estimated exponentiated coefficient implies that

8 Descriptive statistics and correlations for these samples are relegated to the appendix.

° The only difference is that we did not include the variables other drug candidates in area and other firms
active in development in the models analyzing drug development success. While these variables may affect
take-up decisions, there are no clear reasons why they would affect development success.
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Table 4 Results of logit models of the probability of success in development after take-up

Success Success
Internal take-up External take-up
Internal science 1.796%* 0.456
(0.309) (0.264)
External science 1.632 2.239
(0.372) (1.523)
No. of scientific references 1.008 1.015%%*
(0.008) (0.006)
Technological scope 1.018 0.994
(0.027) (0.045)
Number of inventors 0.951 0.926
(0.043) (0.081)
Number of patent owners 0.446 1.906
(0.523) (1.485)
R&D expenditures 1.354%%% 0.871
(0.089) (0.123)
Science intensity 0.995%* 1.002*
(0.002) (0.001)
Size of Pipeline 1.001%%*%* 0.996**
(0.000) (0.001)
Success rate in development 1.498 62.394
(3.045) (286.937)
Strength in development 1.086 0.696
(0.173) (0.162)
Year trend 1.019 0.874
(0.069) (0.131)
Constant and Therapeutic field dummies included included
Loglikelihood — 140.386 —63.644
Pseudo R2 0.166 0.263
Number of observations 307 140
Number of firms 55 38

Cluster-robust standard errors in parentheses. Coefficients are exponentiated. * p <0.10,
" p<0.05, ¥ p<0.01

the odds of success versus failure increase by 80 percent if the drug candidate has sci-
entific origins in scientific research conducted by the lead firm. No significant relation-
ship is found between (internal) scientific research underlying patented drug candidates
and the success of external development. These results are consistent with our argument
for Hypothesis 2 that firms are better equipped to take a drug candidate into development
when they have contributed to the underlying scientific research themselves.

Internal development appears more successful for firms with a larger R&D budget
combined with a lower scientific intensity, both indicating allocation of resources to clini-
cal development. A larger drug pipeline and hence more clinical development experience
is also associated with a higher success rate of internal development. The development
success analysis of projects taken up by other firms shows a positive association with the
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number of scientific references, a finding that is consistent with its positive association
with the external take-up probability in Table 3. External take-up success is also signifi-
cantly and negatively associated with the size of the pipeline of the external developer.
Perhaps in-licensing decisions by firms with a small pipeline are taken more carefully and
include, on average, more promising drug candidates. Take-up success increases in the sci-
ence intensity of the developing firm.

5.2 Supplementary analyses

Extended analysis and robustness tests, which are available upon request, show robustness
of the take-up results when examining the take-up decision earlier in the trajectory, i.e.
already at the start of pre-clinical research instead of at the start of clinical trials. Results
were also consistent when we extended the set of observations to include patents that do
not protect drug compounds. A Hausman test did not suggest that the assumption of inde-
pendence of irrelevant alternatives of the multinomial logit model of Table 3 model 3 had
to be rejected, and separate logit models returned near-identical results.

6 Conclusion and discussion

This paper examined whether the scientific background of drug candidates influences the
probability of take-up in clinical development projects, either by the patent owner or by
other firms through the market for technology. We hypothesized that scientific research
underlying a drug candidate is important for take-up, and that internally conducted scien-
tific research would predominantly be associated with internal take-up due to the stronger
barriers to knowledge transfer across firm boundaries. Investigating 18,360 drug candi-
dates patented by 136 pharmaceutical and biotech companies, we find support for these
hypotheses. While previous studies have shown the importance of scientific research for
firm patenting (Della Malva et al., 2015; Fleming & Sorenson, 2004; Gambardella, 1992),
our study indicates that scientific research is also highly relevant for firms deciding on their
drug development investments. In confirmation of the views of industry experts and life
science scientists (Barrenho et al., 2013; Chiou et al., 2016; Cook et al., 2014; Hay et al.,
2014; Kola & Landis, 2004; Waring et al., 2015), our findings suggest that pharmaceuti-
cal firms consider scientific research when taking development decisions in the restrictive
selection process of drug candidates to be taken-up into clinical trials — the first major hur-
dle in the road from discovery to market introduction.

A salient finding of this study is that involvement in internal scientific research underly-
ing the patented drug candidate leads the patent owner (rather than another firm) to lead
clinical development. Additional analysis of the probability of clinical development suc-
cess furthermore revealed that internal scientific research underlying the drug candidate
has a positive effect on the success of clinical development — provided that the develop-
ment is led by the firm that conducted the scientific research. We argued that scientific
knowledge is difficult to transfer and absorb without it being properly embedded in the
firm leading the development. Hence, there is evidence of a relationship between in-house
scientific research, which if successful leads to an increased likelihood of take-up, and sub-
sequently to an increased probability of drug development success.
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On the other hand, the volume of documented scientific research underlying a patented
drug candidate, as indicated by the number of citations to scientific research, is associated
with both a greater likelihood of external development and external development success.
While markets for technology have been regarded a viable alternative to in-house develop-
ment and exploitation of technologies (Arora et al., 2018), our study shows that the effec-
tiveness of markets for technology and inter-organizational technology transfer depends on
the origins of the scientific knowledge underlying technologies.

In addition to providing new insights on the relationship between scientific research and
(clinical) development decisions, we contribute to two important discussions in the litera-
ture. First, we provide further evidence for the innovative benefits of in-house scientific
research. Our findings suggest that internal science may not only increase firms’ absorptive
capacity (Cockburn & Henderson, 1998; Cohen & Levinthal, 1989; Gambardella, 1992),
but may also stimulate innovation by spurring investments in internal development. In this
regard, our study contributes to the debate on the private value of corporate investments in
scientific research. A reduced corporate investment in scientific research can be observed
over time (Arora et al., 2018 & 2021) accompanied by a specialization in development
(Leten et al., 2022), attributed to the growth of technology markets for science-based
inventions (Arora et al., 2018) and reduced returns on investment due to increased product
market competition (Arora et al., 2021). The findings of our study do however show that
reducing investments in internal science may come at a cost for firms in terms of a less pro-
ductive drug development process. Emerging evidence of a recently stalled decline in basic
research investments (Arora et al., 2021) could be considered as indicative that companies
have come to appreciate the value of internal science again. This concurs with industry
experts’ claims that science is only increasing in importance for unravelling disease mecha-
nisms (LaMattina, 2011).

Second, our findings reflect on the potential consequences of the structure of the phar-
maceutical industry, which has been characterized by an increasing specialization whereby
universities and small biotechnology firms focus on scientific research and large phar-
maceutical firms conduct most clinical development (Cockburn, 2007; Arora et al, 2018,
2020b). While we do not claim that our results are conclusive, our findings support the
idea that conducting both research and development inhouse can have important benefits
for a firm. We find that in-house clinical development is more common for drug candi-
dates drawing on internal scientific research, and that the latter is also associated with a
higher likelihood of clinical development success. Hence, firms benefit from their scientific
research, in particular if they combine scientific research and development in-house.

Our study has a number of limitations. First, we approximated the scientific background
of a drug candidate by the scientific references of its protecting patent, and this measure is
subject to the usual limitations of patent citations (Callaert et al., 2013). Some references
may not be known to the patent owner or corporate decision makers. Surveys of patent
inventors (Fleming & Sorenson, 2004; Tijssen, 2001) have however shown that inventors
are aware of a significant part of the scientific papers cited in their patents, qualifying sci-
entific references as a proper indicator of a patented drug candidate’s underlying scientific
research. Moreover, advances in science after the patent application may also contribute to
the take-up and development success of a drug candidate. Second, we could only examine
patent, firm and firm-therapeutic area characteristics at the time of the patent application,
and could not control for actions taken after patent application that may benefit the take-up
decision and development success, such as engagement in collaboration (Crispeels et al.,
2018; Belderbos et al., 2016; Colen et al., 2022).
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Third, we assumed that all patents in our sample have the potential to serve as drug can-
didates. This may be overly optimistic as patent applications may also be driven by strategic
motivations (Thumm, 2004; Blind et al., 2006; Czarnitzki et al., 2020). While we aimed to
mitigate this concern by focusing on patents covering molecular compounds and by includ-
ing technology class controls, it cannot be completely eliminated. Fourth, the molecular
compounds investigated refer to patent applications only up to the early years of this century
(2002). This time lag has the important advantage that it allowed us to investigate the even-
tual success of drug development efforts of the firm as well. Studying the take-up relation-
ships in more recent years would be an important contribution that follow-up research could
make. Another interesting route for further research would be to examine the role of firms’
geographic distance to external scientific research that is cited in patented drug candidates. As
geographic distance complicates knowledge transfer (e.g. Belenzon and Shankerman, 2013), it
is conceivable that firms will be less likely to take patented drug candidates into development
if there is a large geographic distance to the cited scientific research. This might be less the
case when firms employ ‘boundary spanners’ (e.g. de Wit-de Vries et al., 2019; Hilkenmeier
et al., 2021) who work in development but interact closely with external scientific researchers
and know how to translate scientific insights into a corporate development context.

Finally, although we see our findings as indicating that firms have a knowledge advantage
in the development phase if they have contributed to the scientific research background of
the patented drug candidate, there may be possible alternative explanations for this finding.
Firms may favor internal development of drug candidates because the prior research activ-
ity of the firm indicates a strong fit with the firm’s core strategic activities. Take-up may
therefore also reflect that such research is conducted as part of the firm’s high-level strategic
agenda encompassing both research and development, e.g. through the use of R&D portfolio
management (Ding et al., 2014). Such high-level strategic decisions imply an early commit-
ment of budget and personnel, which may make take-up decisions prone to the sunk-cost fal-
lacy, optimism bias and over-commitment (Peck et al., 2015; Eliéns et al., 2018).10

The alternative of not taking up the drug candidate for further internal development but to
transfer it to another firm may be seen as a failure of the team that produced the scientific research.
Managers may want to avoid such negative signals and give the researchers the chance to work
with the clinical trial team in order to show their capabilities, or may otherwise be subject to the
not-sold-here syndrome (Natalicchio et al., 2014; Peck et al., 2015; Antons and Piller, 2015).
While these are all potential reasons for internal clinical development, our findings on clinical trial
success show that drug candidates with an internally realized scientific research base have higher
success rates. This suggests that the knowledge transfer advantage of the patent-owning firm dom-
inates behavioral explanations of the take-up decision. We encourage future research to investigate
internal decision making of firms related to these important and consequential take-up decisions
in conjunction with their options on the market for technology in more detail.

7 Appendix

See Table 5

10 The interviewed R&D managers acknowledged that this could be an issue but dismissed the notion it is
a systematic feature of take up decisions: “Incentive mechanisms, such as being rewarded for milestones,
may create an ‘artificial pull’ [for internal drug candidates] but I don’t think this happens systematically.
We control for this alternative explanation by including a variable (‘core domain’) in the analyses, which
indicates whether a drug candidate belongs to a key therapeutic area of the firm.
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