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Abstract

Radical drug innovations are of great importance to pharmaceutical firms and pub-
lic health. Understanding the determinants involved in successful radical drug inno-
vations is key to increasing this type of output in the future. The objective of this
review is to search the literature for key firm-level determinants of radical drug inno-
vation. Following a systematic literature review approach, we considered more than
4100 peer-reviewed journal articles and PhD theses, of which we included 38 in the
narrative synthesis. To guide the review, we use Crossan and Apaydin’s (J Manag
Stud 47:1154-1191, 2010) model of firm-level determinants of innovation for the
first time within the pharmaceutical industry, which is unique due to the risks, costs,
and time frames associated with radical drug innovation. We focus on three groups
of determinants: leadership, managerial levers, and business processes. We find the
following to be particularly important for radical drug innovation: external knowl-
edge sourcing (managerial lever); internal knowledge management (managerial
lever); ability of top leaders to innovate, as determined by educational background
and professional experience (leadership); and leaders’ focus on shaping innovation
and performance cultures (leadership). We offer a conceptual framework of critical
determinants of radical drug innovation and highlight managerial implications. We
also discuss gaps in radical drug innovation research and provide suggestions for
future study. Many of the findings discussed in this paper are contradictory because
they rely on different definitions and measures, which inhibits our full and accurate
understanding of radical drug innovation development. More research is needed to
address untested measures of radical drug innovation.
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1 Introduction

In 2011, a 40-year-old man in certain regions of the United Kingdom was expected
to reach a life span of 80.3 years. In 1841, this figure was only 66.6 years (Office for
National Statistics 2015). Increases in life expectancy have resulted, in large part,
from improved living conditions, access to better nutrition, and significant advances
in medical science, including radical drug innovation (Kremer 2002). A notable
example of radical drug innovation is Alexander Fleming’s discovery of the first
antibiotic—Penicillin—in 1928, which was first produced industrially in 1942 by
Merck and Pfizer (Achilladelis 1993). Prior to Penicillin, infectious diseases such as
pneumonia accounted for high morbidity and mortality worldwide; since then, mil-
lions of lives have been and are still saved by antibiotics (Achilladelis 1993; Ameri-
can Chemical Society International Historic Chemical Landmarks 1999).

This example highlights the importance of radical drug innovation for pub-
lic health. Radical drug innovation is very important to pharmaceutical firms, too,
because considerable profits can be made with new drugs, through the mechanism
of patent protection (Arnold and Troyer 2016). However, the rate of radical drug
innovation has been declining since the second half of the twentieth century, despite
increasing investments in pharmaceutical research and development (R&D; Gittel-
man 2016; Horrobin 2000). This is unsettling because approximately two-thirds of
the diseases known today still cannot be treated effectively and would likely benefit
from increased outputs of radical drug innovations (Claret 2016).

Engaging in the business of radical drug innovation is lengthy, costly, and risky.
Although some pharmaceutical firms choose to develop radical drug innovations,
others concentrate instead on less risky new drugs with already validated targets and
mechanisms of action. The latter firms focus on delivering drugs that offer rather
limited additional clinical benefits versus existing drugs. For example, Régnier
(2013) report that 58% of the 431 new pharmaceutical drugs approved by the U.S.
Food and Drug Administration (FDA) between 1990 and 2004 offered no significant
clinical improvements in comparison to drugs that had been already on the market
at the time of the approvals. These drugs are sometimes referred to as incremental
innovations or me-too drugs (Xu and Kesselheim 2014).

Healthcare payers in an increasing number of countries are generally less willing
to fund incremental innovations than they are to fund radical ones. This trend begs
the question as to how pharmaceutical firms can deliver more radically innovative
drugs that extend life, improve the quality of life for patients, are safe, and are effec-
tive. What are the factors that allow, enable, and/or incentivize pharmaceutical firms
to develop radical innovations? This paper’s systematic literature review is inspired
by this research question and aims to examine the determinants of radical drug inno-
vation. We believe that understanding these factors is of utmost importance for this
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industry and for public health—as evidenced by the COVID-19 pandemic—and will
help the industry increase their radical drug innovation outputs.

Specifically, the objectives of this paper are (a) to summarize the current state
of the art in research on what makes a pharmaceutical firm deliver radical inno-
vations and (b) to synthesize the identified determinants into a comprehensive
conceptual framework. This is the first systematic literature review on this two-
fold topic and, as such, will make important contributions to the existing litera-
ture, which is vast and fragmented. Indeed, as Fagerberg et al. already observed
in 2005:

Two decades ago, it was still possible for a hard-working student to get a
fairly good overview of the scholarly work on innovation [...]. Not anymore.
Today, the literature on innovation is so large and diverse that even keeping
up-to-date with one specific field of research is very challenging. (p. 4)

Below, more than fifteen years later, we take up this challenge in order to pro-
vide an overview that will offer a platform on which to build future work. That
is, the current study follows a systematic literature review approach to map and
interpret, in a transparent and reproducible manner, existing knowledge in the
fragmented literature on radical drug innovation.

The systematic literature review approach used for this study has been taken from
the medical field, which has been facing challenges that are similar to those associ-
ated with radical innovation research: large bodies of fragmented knowledge with
sometimes contradicting empirical results (Tranfield et al. 2003). Tranfield et al.
(2003) define the systematic literature review approach as a “replicable, scientific
and transparent process, in other words a detailed technology, that aims to minimize
bias through exhaustive literature searches of published and unpublished studies and
by providing an audit trail of the reviewers decisions, procedures and conclusions”
(p- 209). Both systematic and traditional narrative literature reviews are subject to
error and bias. However, the use of a rigorous scientific review methodology reduces
the potential for such errors and biases (Cook et al. 1997). This is the key advantage
of the systematic over the narrative literature review.

Before we move to our systematic literature review, we will first clarify what we
mean by radical drug innovation. Innovation as an outcome can be categorized in
various ways. For the purpose of this paper, and following Morgan et al. (2008), we
define radical drug innovation as a new pharmaceutical drug that, with acceptable
drug safety profiles, improves patient health and addresses unmet medical needs ver-
sus existing drugs in ways that were not previously achievable. Radical drug inno-
vations have the potential to extend life despite life-threatening clinical conditions,
cure life-threatening clinical conditions, and/or address previously unmet medical
needs by offering effective treatments for medical conditions (e.g., rare diseases
such as hemophilia) for the first time. This is different from an incremental drug
innovation, which is defined here as a pharmaceutical drug that improves an existing
drug beyond its primary indication and/or improves other drug properties such as
drug administration options. These drugs offer limited clinical benefits over exist-
ing ones. Finally, we consider pharmaceutical firms to be both biotechnology and
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pharmaceutical companies that develop and market pharmaceutical drugs, either
derived from living organisms or from chemically synthesized ones.

2 Background

The importance of innovation to the success of national economies, industries,
and organizations is well recognized in the literature (Baregheh et al. 2009).
Given the broad and significant importance of the topic, innovation has been
studied from many different disciplinary and theoretical perspectives, applying a
wide range of definitions. As a consequence, and as pointed out by Smith et al.
(2008), the innovation literature is highly fragmented. There is neither a domi-
nant discipline nor a theory that can explain all aspects of innovation, including
how innovations occur (Dunlap-Hinkler et al. 2010; Fagerberg et al. 2005).

2.1 Definitions and measurements

Innovation in a business environment, at its essence, is the commercial use of an
invention or new idea (Kanter 1983). Many researchers and organizations have
been engaged in the creation of a multi-disciplinary definition of innovation.
Baregheh et al. (2009) report in their literature review, which includes about 60
definitions of innovation from 1934 to 2008, that innovation definitions—irre-
spective of their theoretical and disciplinary origin—predominantly feature the
concept of newness (e.g., new products, new services, and/or new processes).
Similarly, the Organisation for Economic Co-operation and Development
(OECD), jointly with the European Statistical Office (Eurostat), has developed
the Oslo Manual, which has become the international reference guide for col-
lecting and using data on innovation. The 2018 Oslo Manual (OECD/Eurostat
2019) defines innovation as a “new or improved product or process (or combina-
tion thereof) that differs significantly from the unit’s previous products or pro-
cesses and that has been made available to potential users (product) or brought
into use by the unit (process)” (p. 20).

There are also some differences across definitions of innovation, many of
which are context specific (Kennedy 2009). We mention them here because
such differences might lead to different measurement approaches for the con-
cept. However, a comprehensive discussion of these differences goes beyond the
scope of this paper. Given our research objective, we limit the discussion here to
what Gatignon et al. (2002) refer to as an innovation characteristic: the degree
of newness of an innovation. In the current literature, the degree of newness of
an innovation is frequently conceptualized dichotomously as either radical or
incremental. While radical innovations have been associated with something
that is fundamentally new (e.g., a new product or service), thus providing firms
with competitive advantages in the marketplace, incremental innovations repre-
sent rather smaller and less impactful changes of existing products, services, or

@ Springer



Determinants of radical drug innovation: a systematic...

processes (Tushman and Anderson 1986). Innovations that are radical are also
often referred to in the literature as breakthrough, disruptive, discontinuous,
major, or revolutionary (Danneels and Kleinschmidt 2001; Kovacs et al. 2019).

2.1.1 Radical innovation

Most of the commonly used definitions of radical innovation have common ele-
ments, but there is currently no widely agreed upon single definition of radical inno-
vation in the literature (Green et al. 1995; Kotsemir and Meissner 2013; Kovacs et al.
2019; McDermott and O’Connor 2002). For example, while Forés and Camisén
(2016) define radical innovations one-dimensionally, emphasizing newness, as “fun-
damental changes in the firm’s products, processes, technologies and organizational
structure and methods” (p. 834), others such as Chandy and Tellis (1998) concep-
tualize radical innovations two-dimensionally, emphasizing newness and impact,
as products that are based on new/different technology and better address customer
needs when compared to existing options. In their recent systematic review of more
than 2000 papers from three decades of research on radical innovations, Kovacs
et al. (2019) confirm this lack of consistency in the definitions of radical innovation.
They find that while some scholars define radical innovations entirely through a high
degree of newness, others conceptualize radical innovations by both a high degree
of newness and impact. Such definitional differences lead to varying approaches for
measuring the concept of radical innovation.

In general, the measurement of innovation is difficult (Gatignon et al. 2002;
Green et al. 1995; Kotsemir and Meissner 2013; Kovacs et al. 2019). It is challeng-
ing to measure innovation because it is a theoretical construct or an “unobserva-
ble property of objective reality” (Midgley and Dowling 1978, p. 230). As such, to
measure it, a clear delineation of the construct is needed in the form of an unambig-
uous definition. However, the concept of radical innovation is plagued by ambiguous
definitions, which leads to different operationalizations and measures of the concept.
In addition, as pointed out by Kovacs et al. (2019), “novelty can be assessed as soon
as an innovation is conceived, whereas the assessment of impact implies a process
that could span a considerable time period” (p. 21). Thus, measuring impact pre-
sents even greater challenges to the already difficult endeavor of assessing radical
innovation.

2.1.2 Radical drug innovation

There is also ambiguity regarding the definition of what exactly constitutes inno-
vation within the pharmaceutical industry (i.e., radical drug innovation; de Sola-
Morales et al. 2018; Morgan et al. 2008; Stiller et al. 2020). Radical drug innovation
is represented by a wide range of definitions, emphasizing drug novelty, therapeutic
benefits, and/or unmet medical needs addressed by a drug. de Sola-Morales et al.’s
(2018) literature review examines 36 academic articles and finds 25 different defini-
tions of drug innovation. As was noted above for the concept of radical innovation
generally, definitions of radical drug innovation specifically also typically fall into
two categories: one-dimensional (based only on drug novelty) or two-dimensional
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(based on drug novelty and therapeutic benefit—i.e., impact). We believe that, fol-
lowing Stiller et al. (2020) and Morgan et al. (2008), radical drug innovation is best
categorized two-dimensionally, capturing both the newness and the therapeutic
impact of a new drug because “in addition to being novel, drugs also need to be use-
ful, in that they provide some additional therapeutic value (net of treatment risks)
when compared with already existing drugs” (Stiller et al. 2020, p. 7). As such, we
define radical drug innovation for the purpose of this research as a new pharma-
ceutical drug that, with acceptable drug safety profiles, improves patient health and
addresses unmet medical needs versus existing drugs in ways that were not previ-
ously achievable.

Many scholars have provided ideas about how to differentiate radical from incre-
mental drug innovation. Prior studies have used either patent-based measures (e.g.,
Hohberger 2016; Phene et al. 2006), New Molecular Entity (NME) designations
granted by the US FDA (e.g., Dunlap et al. 2014; Fernald et al. 2017), or prior-
ity-reviewed! NMEs (e.g., Arnold and Troyer 2016; Dunlap et al. 2016; Kneller
2010; Sorescu et al. 2003; Sternitzke 2010) to delineate radical from incremental
drug innovations. However, one major drawback of both patent-based measures and
the NME designation is that they emphasize technical newness, but do not address
impact in terms of additional clinical benefit. While priority-reviewed NMEs cap-
ture both newness and impact, the assessment of the clinical benefit/impact through
priority reviews has important limitations (primarily that shorter review processes
lead to greater uncertainty about drug efficacy and safety; Stiller et al. 2020).

It is also important to note that none of these specific measures of radical drug
innovation (i.e., patents, NMEs, or priority reviews) have been validated (Stiller
et al. 2020). Instead, studies using these measures simply state that they have been
used in previous studies, implicitly assuming that the measures have been validated.
For a more comprehensive discussion on the topic of drug innovation measurement,
we refer to Sternitzke (2010) and Stiller et al. (2020).

2.2 Firm-level determinants of innovation

There are many different factors that enable firms to innovate. Various literature
reviews have attempted to categorize these determinants (e.g., Ahuja and Lampert
2001; Crossan and Apaydin 2010; Slater et al. 2014; van der Panne et al. 2003).
Because we could not identify previous literature reviews on the determinants of
innovation specifically in the pharmaceutical industry, we opted for the categoriza-
tion approach of Crossan and Apaydin (2010) as our steppingstone, because theirs
has been highly influential for subsequent research over the past decade and is not
linked to one specific industry. In their seminal systematic literature review about
the state of research on innovation, Crossan and Apaydin (2010) synthesize the
various research perspectives into a multi-dimensional framework of organizational
innovation. As shown in Fig. 1, Crossan and Apaydin (2010) identify three distinct

! Drugs with potentially important therapeutic benefits receive a priority review by the US FDA, while
all other drugs receive a standard review (Sternitzke 2010).
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Leadership Managerial Levers Business Processes
(individual and group level) (organizational level) (process level)
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and knowledge +  Project management
management +  Commercialization

+  Organizational culture

Fig. 1 Grouping of firm-level determinants of innovation (Crossan and Apaydin 2010)

groups of firm-level determinants of innovation: leadership, managerial levers, and
business processes, each of which we describe briefly below.

2.2.1 Leadership

Leadership is particularly important for encouraging learning and innovation
within organizations (Pieterse et al. 2010). Various studies have found a positive,
direct impact of leadership on innovation (e.g., Garcia-Morales et al. 2008; Makri
and Scandura 2010; Matzler et al. 2008). Many scholars have drawn on upper ech-
elons theory (UET) to analyze the relationship between leadership and innovation
performance (e.g., Andries and Czarnitzki 2014; Camelo et al. 2010; Wang et al.
2016). The premise of UET is that the experiences, personalities, and values of top
management team members impact their decision-making, which in turn influences
organizational performance (Hambrick and Mason 1984). In this context, exten-
sive research has examined the role of CEOs and their top management teams with
regard to the ability of a firm to innovate (e.g., Cucculelli 2018; Elenkov and Manev
2005; Lin et al. 2011; Makri and Scandura 2010). The research of Yadav et al.
(2007) extends beyond characteristics such as a leader’s personality, demographics,
and leadership style to show that CEOs can influence innovation outcomes by allo-
cating more of their time and attention to activities focused on shaping their firm’s
future performance.

2.2.2 Managerial levers

The resource-based view (RBV) of the firm argues that unique resource allocations
at a firm level lead to the creation of innovations (Fagerberg et al. 2005). The knowl-
edge-based view (KBV) of the firm, which is an extension of the RBV, adds that
knowledge—and hence organizational learning—is a firm’s most important resource
for the creation of innovations (Curado 2006). Accordingly, firms need to manage
their resource allocations and organizational learning to create innovations. In this
context, several managerial levers have been found to influence the innovation per-
formance of firms.
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Because most new knowledge is created outside of individual firms (Fosfuri and
Tribo 2008), individual firms need to develop processes to absorb external knowl-
edge. This concept of absorptive capacity—a firm’s capacity to acquire, assimilate,
transform, and exploit external knowledge—has been widely recognized as a key
determinant of innovation (Cohen and Levinthal 1990; Lazzeri and Pisano 2014).
There is a common understanding in the literature that higher levels of firm-level
absorptive capacity lead to better firm-level innovation outcomes. Such firms can
effectively access external knowledge in various ways, including through open inno-
vation (e.g., Schuhmacher et al. 2018).

Having a shared vision also inspires organizations and team members to learn and
to innovate; organizations and teams that lack a shared vision tend to show lower
levels of innovation performance (Garcia-Morales et al. 2006; Wang et al. 2004).
In addition, the relationship between organizational culture and innovation perfor-
mance has been subject to extensive research. Many studies find that organizational
culture significantly impacts the innovation performance of a firm (e.g., Biischgens
et al. 2013; Naranjo-Valencia et al. 2011; Sharifirad and Ataei 2012). In particu-
lar, strategies that build strong cultures through rewarding results, providing exten-
sive training opportunities, and supporting relational teamwork have been found to
enhance innovative performance (Rousseau and Wade-Benzoni 1994).

Finally, the ability of a firm to adjust to the external environment to restore fit
(e.g., new competitors or changing customer needs) is argued to be more impor-
tant for innovation success than the firm’s control over, and access to, internal firm
resources. This ability is referred to as the dynamic capability of firms (Teece et al.
1997). Oskarsson (2003) suggests that dynamic capability is one of the most impor-
tant success factors of firm-level innovation.

2.2.3 Business processes

Innovation is a process to transform an “idea or invention into a product, or into
something that has an economic impact” (Hakkarainen and Talonen 2014, p. 63).
The innovation process can be examined at different levels (e.g., at the individual
firm, industry, regional, or national level). Following our research objective, in this
paper, we will discuss the innovation process at the firm level. How this process is
organized in a firm is critically important for the development of (radically) innova-
tive outputs (Kahn 2018).

Various attempts to conceptualize the innovation process at the firm level have
evolved from simple linear to complex interactive models with multiple actors and
sources, reflecting changes in our understanding of what innovation is over time
(Eveleens 2010). First-generation innovation (technology push) models are based
on the understanding that the innovation process can be broken down into multiple,
sequential phases across a firm’s functional areas, each phase ending with a clear a
clear go/no-go decision (Cooper 1994). According to this type of model, innovation
is conceptualized as the result of basic science outcomes, creating new technologies
and, hence, pushing innovation (Stefanovska et al. 2016).

Second-generation innovation (need pull) models are similarly broken into linear
phases, but also integrate marketing perspectives (i.e., market/customer needs are
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seen as a key initiator of new ideas that lead to innovation at the firm level; Ste-
fanovska et al. 2016). Moreover, the go/no-go decisions at the end of each phase
within need pull models are made by cross-functional teams (as opposed to sen-
ior management only) using pre-established go/no-go criteria (Cooper 1994). This
type of stage-gate model aims for an “objective assessment of business/technology
opportunities and helps synchronize the complex cross-organizational activities that
characterize technology generation, development and commercialization” (Cohen
et al. 1998, p. 34).

Third-generation (coupling) models combine, or couple, elements of the technol-
ogy push and need pull models (Stefanovska et al. 2016), recognizing that both new
technologies and market/customer needs can be sources of new ideas that lead to
innovation. Coupling models are interactive, emphasizing the need for interaction
and feedback loops between the linear phases of the innovation process (Stefanovska
et al. 2016).

It is with the fourth-generation innovation (integrated innovation process) mod-
els that we see a break from the assumption of innovation as a sequential process.
The integrated innovation process models perceive that the innovation process runs
in parallel with feedback loops across various organizational functions (Rothwell
1992). In addition, these models integrate external knowledge (e.g., from customers,
external experts, suppliers, and universities) into the firm-level innovation process
(Du Preez and Louw 2008; Tidd 2006).

Fifth-generation innovation (networked) models emphasize that innovation is a
process that spans both internal and external networks (e.g., competitors, universi-
ties, customers, and suppliers). According to networked models, there are continu-
ous flows of information between internal and external networks, and external net-
works provide input into the internal innovation process (Du Preez and Louw 2008;
Tidd 2006).

Sixth-generation innovation (open innovation) models represent a paradigm shift
because according to these models, new ideas (that can be developed into new prod-
ucts or services) can originate in both the internal organization as well as by external
partners (Chesbrough 2006; Du Preez and Louw 2008). In addition, these models
argue that firms choose to develop such ideas into new product or service innova-
tions either internally or externally. As such, “external ideas and external paths to
market [are] on the same level of importance as that reserved for internal ideas and
paths to market in the earlier era” (Chesbrough 2006, p. 1).

While the six generations of innovation models have important differences, they
also share some similarities. All models start with an idea-generation phase (i.e.,
searching for innovation ideas resulting from new technologies or from new cus-
tomer needs), followed by a project-selection phase (i.e., narrowing down the pro-
ject options based on a firm’s business strategy and business case), during which
projects with the highest potential impact and/or feasibility make it to the next
phase. Product/service/process development and testing is the next phase, which is
very resource intensive and focused on creating a ready-to-use solution that can be
brought to market. The final phase of the innovation process is market introduction
(Eveleens 2010).
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The early innovation phases, during which opportunities are identified and ini-
tially assessed (i.e., the ideation and project selection phases), are frequently referred
to as the fuzzy front-end innovation (FEI) process (Aagaard 2012; Gassmann and
Schweitzer 2014; Hakkarainen and Talonen 2014). The FEI process is a particularly
important part of the whole innovation process that needs to be managed differently
from the later phases of the process for the following reasons. First, the FEI pro-
cess deals with very high levels of uncertainty because critical information is still
not available (e.g., customer acceptance). As such, decisions to advance or termi-
nate a project need to be made with incomplete information (Herstatt and Verworn
2001). Thus, FEI needs to be managed in a way that risk is accepted, yet minimized.
Second, the FEI process determines the speed of the overall innovation project and,
as such, its costs (Gassmann and Schweizter 2014). If a project does not fail until
later in the process (e.g., in the development phase), significant costs have already
incurred. Consequently, one objective for FEI is to fail fast so that the learnings can
be applied to future projects, thus increasing the chances that they will succeed.
Third, the FEI process is the least structured and understood part of the overall inno-
vation process (Herstatt and Verworn 2001). Following Gassmann and Schweiz-
ter (2014), “the front end is poorly understood, and managers experience a lack of
knowledge on how to best organize the front end” (p. vi).

It is argued that the FEI process is particularly critical for radical innovations
(as opposed to incremental ones; Aagaard 2012, 2015; Rice et al. 2001) because
the ideas needed for radical innovations are formulated during the fuzzy front-end
phase (Nicholas 2014). Consequently, many believe that the FEI process for radical
innovations needs to be managed differently than FEI used for incremental innova-
tions (Aagaard and Gertsen 2011; Koen 2004; Reid and De Brentani 2004). The
FEI process needs to be sufficiently flexible to accommodate the many uncertainties
related to radical innovations because, at this (inception) phase, it is not clear if the
idea will eventually turn into a radical innovation or not (Nicholas 2014). As dis-
cussed before, radical innovations are defined by their level of newness and impact.
While the newness of a product or service can be understood fairly easily, the under-
standing of the actual impact of a new product or service can happen only after it is
introduced into the market (i.e., there is an important time lag). Although theoretical
discussion of the relationship between the FEI process and radical innovations has
advanced in recent years, there is still very limited empirical evidence to support
theoretical arguments about what differentiates the FEI process for radical and incre-
mental innovations.

2.3 Innovation in the pharmaceutical industry

Firm-level innovation processes are industry specific (Pavitt 2005). As such, they
need to be examined through an industry-level lens, taking industry-level contexts
into account. Innovation in the pharmaceutical industry (i.e., drug innovation) is par-
ticularly unique for a number of reasons. First, drug innovation is primarily science-
driven and not, as is the case in most other industries, customer-driven (Aagaard and
Gertsen 2011). Second, drug innovation is very costly (Aagaard and Gertsen 2011;
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Exploratory
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Fig. 2 Front-end innovation process in pharmaceutical research (Aagaard 2015)

Dubey and Dubey 2010; Munos 2009; Petrova 2014). Pharmaceutical firms invest,
on average, about 15% of their sales revenues in R&D (Guevara et al. 2015). This
is one of the highest ratios of any industry globally. According to some estimates, it
costs up to 1.8 billion US dollars to discover, test, and develop a new drug (Mestre-
Ferrandiz et al. 2012); this estimate includes the costs of drug candidates abandoned
during pre-clinical and clinical testing. To recoup these risky R&D investments, pat-
enting is a particularly important tool within the pharmaceutical industry. According
to Sternitzke (2010), approximately 80% of all pharmaceutical products and 45% of
all pharmaceutical processes are patented. Third, drug innovation is a very lengthy
process. R&D investments are often necessarily high because R&D cycles are long
and associated with high attrition rates (which necessitate more funding). It takes,
on average, between 12 and 14 years to bring a new drug to market after it has been
identified, because it has to go through rigorous testing (Schuhmacher et al. 2016;
Sternitzke 2010; Van Norman 2016). The testing process is highly controlled by reg-
ulatory authorities such as the FDA in the US and the EMA in the EU. Finally, drug
innovation is risky because most R&D programs in pursuit of new drugs fail. The
overall success rates of pharmaceutical R&D are very low. On average, only 5% of
drug candidates entering clinical development make it to market (Adams and Brant-
ner 2006; Munos and Chin 2011).

To address these challenges, pharmaceutical firms often design their innovation
processes using a unique combination of elements from the generations of innova-
tion models outlined in Sect. 2.2.3 above. Pharmaceutical innovation processes can
be broken down into multiple, sequential phases (which is typical of a technology-
push model discussed further below) across a pharmaceutical firm’s functional
areas, each phase ending with a clear go/no-go decision. Most innovation-related
activities in pharmaceutical firms are organized in its R&D functional areas.

2.3.1 Research stages

Pharmaceutical research relies on the understanding of biological causes and path-
ways of a disease (i.e., biological disease understanding). Based on this fundamental
disease biology expertise, molecular targets are identified and selected to address the
disease. Then, drug discovery searches for potential hits (i.e., lead compounds with
sufficient evidence to act on the chosen target; Aagaard 2015), and the selected lead
compounds are tested non-clinically for safety, including in laboratory animals.

The research stages (ranging from disease understanding to drug discovery to
non-clinical testing) of pharmaceutical innovation typically focus on front-end
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innovation (FEI). Aagaard (2015) depicts the FEI process in pharmaceutical research
as shown in Fig. 2.

The overall objective of the pharmaceutical FEI process is to deliver as many
possible drug candidates with “sufficient evidence of biologic activity at a target
relevant to a disease as well as sufficient safety and drug-like properties so that
it can be entered into human testing” (Mohs and Greig 2017, p. 654). However,
because a firm’s R&D resources are limited, it is critical to choose and progress
through the R&D process with drug candidates that have the highest potential
(Aagaard and Gertsen 2011). The selection and subsequent development of drug
candidates with the greatest prospects is done using stage-gate models, with
the objective to ‘kill’ unlikely drug candidates as early as possible in the R&D
process, before too many resources are used on them (Morgan et al. 2018). For
example, after a post-mortem analysis of their successful and failed drug candi-
dates, the British-Swedish pharmaceutical firm AstraZeneca concluded that too
many drug candidates had progressed to subsequent stages without sufficiently
robust evidence, eventually failing late in the clinical development process (Cook
et al. 2014). In response to this discovery, AstraZeneca formulated what they call
a 5R framework (right target, right tissue, right safety, right patient, and right
commercial potential) to guide their selection of drug candidates at each stage
(Cook et al. 2014). Morgan et al. (2018) report that the application of the 5R
framework had a positive impact on AstraZeneca’s overall R&D success rates,
with more drug candidates advancing to Phase III completion compared to before
the framework was used.

The fundamental knowledge required for the FEI phases can be built up internally
and/or sourced from third parties. Because most new knowledge is generated out-
side individual firms, pharmaceutical firms frequently pursue R&D collaborations
(networked and open innovation models) with research universities and/or other
pharmaceutical firms in an effort to access and integrate critical knowledge needed
for radical drug innovation (Sternitzke 2010). In addition to getting access to criti-
cal external knowledge, these R&D collaborations also help to reduce the high-risk
exposure that is inherently associated with pharmaceutical innovation. For example,
through R&D collaborations, pharmaceutical firms can transfer some of the devel-
opment risks to an external partner, spending fewer in-house resources on drug can-
didates that do not yet show complete evidence of clinical benefit.

2.3.2 Development stages

When a drug candidate successfully progresses through the research-related stages,
an Investigational New Drug (IND) application to request approval for clinical test-
ing of the drug candidate in humans is then filed with the regulatory authorities.
The development stages aim to advance new drug candidates through clinical tri-
als in humans, before, if the trials are successful, a market authorization can be
filed with the regulatory authorities (Petrova 2014). Figure 3 shows the clinical test
phases. Phase I studies are normally the first tests of a drug candidate in healthy
volunteers before the drug can be tested in larger studies with patients for which the
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Fig. 3 Innovation process in pharmaceutical development (Petrova 2014)

drug is intended (Phase II focuses on dose finding, and Phase III aims to provide
evidence of the drug’s effectiveness and safety in large patient populations). Each
phase is dependent on the previous one, and each clinical trial determines whether
a drug will move forward or not; see Sternitzke (2010) and Petrova (2014) for more
detailed overviews.

2.3.3 Firm-level determinants of radical drug innovation

In their recent review of more than 600 academic papers on innovation in the phar-
maceutical industry, Romasanta et al. (2020) find that, in most studies, the R&D
process tends to be treated as a black box and that research has yet to clearly eluci-
date the detailed innovation processes at work inside the black box. To date, there
is only limited empirical evidence available to guide researchers and practitioners
regarding which R&D process factors are more likely to lead to successful radical
drug innovation outputs (versus incremental ones). In general, it is hard to identify
why certain firms are able to develop radical innovations, while others are not. All
drug candidates, regardless of their level of innovation (radical or incremental), go
through the same R&D process outlined above. Moreover, pharmaceutical R&D is
organized in very similar ways across most pharmaceutical firms, including the use
of stage-gate models with very similar stages and gates (Aagaard and Gertsen 2011).
As a result, the organization of a pharmaceutical firm’s R&D process—at a macro
level—does not seem to be a distinguishing criterion for radical innovation output. It
has been argued that FEI phases are critical for radical drug innovation, but there is
only limited empirical evidence to support this (Aagaard and Gertsen 2011). Which
begs the question: What firm-level determinants, particularly within the front-end
phase of the innovation process, are critical for radical drug innovation?

3 Methodology
To answer our research question, this systematic literature review follows the

three main phases described by Tranfield et al. (2003) and Bryman and Bell
(2015): (1) determine the review questions and plan the review, (2) conduct the

@ Springer



1. Stiller et al.

inclusion /
exclusion
criteria

yes yes

Quality
assess-
ment

Full text
review

Database
searches -

Selected articles

Passed? Passed? Passed?

v

Apply
inclusion /
exclusion
criteria

Forward /
citation
search

yes yes

Quality
assess-
ment

Full text

review Selected articles

Passed? Passed? Passed?

v

Backward /
reference search | —

Apply
inclusion /
exclusion
criteria

Quality
assess-
ment

Full text yes

review

Selected articles

Passed? Passed? Passed?

Fig.4 Search strategy used for the systematic literature review

Table 1 Final search strings

Database Final search strings

EBSCO & ProQuest  (TI(Innovat*) AND TI(break* OR radical OR revolution* OR major OR tech*)
AND TI(Pharma* OR Biotech* OR “Life Science”)) OR (AB(Innovat*)
AND AB(break* OR radical OR revolution* OR major OR tech*) AND
AB(Pharma* OR Biotech* OR “Life Science”))

review—including the research synthesis, and (3) report the findings. We describe
the first two phases in detail below.

The first phase involves determining the review questions and planning the
review. The objective of the current systematic literature review is to search the
literature for the firm-level determinants of radical drug innovation. The review
was guided by the following question: What are key determinants of radical inno-
vation in pharmaceutical firms? A rigorous review protocol was adapted from
Gerth (2013) and used as a framework to conduct the current review. The review
was limited to peer-reviewed journal articles and PhD theses because they rep-
resent validated knowledge. The following databases and search engines were
used to find relevant papers: (1) Business Source Premier (EBSCO) database, (2)
ProQuest database, (3) Google Scholar search engine (used for forward searches
only), and (4) Web of Science database (used for backward searches only). We
only searched for papers written in English.

In the second phase, the following search strategy was used to enable a sensi-
tive and effective literature search (i.e., a search that leads to all relevant papers,
but limits unnecessary work; see Fig. 4 and detailed description below).
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Step 1 We first identified key words and synonyms that are linked to the
review question: radical innovation and pharmaceutical. These key words were
combined into an initial search string, and an initial search was performed in
EBSCO to identify other relevant search terms and synonyms. As a result, addi-
tional terms such as breakthrough, revolutionary, biotechnology, and life sciences
were added to the search string. The updated string was used for the subsequent
searches in the EBSCO and ProQuest databases (see Table 1).

Step 2 The identified papers were downloaded into Zotero®. All duplicates were
then removed. The titles and abstracts of the remaining papers were reviewed, and
each paper was screened in or out based on inclusion and exclusion criteria that
were developed based on the review question. These criteria are shown in Table 2.

All papers included in this study are, as indicated above, written in English (we
excluded all papers written in languages other than English).

Step 3 All remaining papers were entirely reviewed (i.e., full-text review) to eval-
uate their contributions based on the review question.

Step 4 For all remaining papers, a quality assessment was performed. Qual-
ity assessment refers to the “appraisal of a study’s internal validity and the degree
to which its design, conduct and analysis have minimized biases or errors” (Tran-
field et al. 2003, p. 215). Because some of the papers in scope are PhD theses, we
assessed the quality of each paper using criteria based on the guidelines for review-
ers of the 79th annual meeting of the Academy of Management (Academy of Man-
agement n.d.), shown in Table 3, instead of relying on the overall impact factor or
ranking of the journals in which the selected papers were published. These criteria
were used by two raters to score all papers in scope (3=Fully meets the criteria;
2 =Partially meets the criteria; and 1 =Does not meet the criteria). All score differ-
ences were discussed until 100% agreement was reached. All papers with an average
weighted score of 2.0 or higher were included in the final synthesis.

Step 5 To increase the number of relevant studies, a forward citation search (a
search for recent papers that cite the previously published paper of interest) was
done for all papers that remained after Step 4. Rigorous evidence identification is
fundamental for systematic reviews because this determines the outcome and valid-
ity of the study. The search was performed in Google Scholar. Steps 2 through 4
were then repeated for all identified papers.

Step 6 A backward reference search (a search for papers that had been published
before the paper of interest was published) was done for all papers that remained
after Step 4. The search was performed in Web of Science. Steps 2 through 4 were
then repeated for all identified papers.

Step 7 We used a standardized data extraction form for selecting and document-
ing relevant data from all 38 papers that were finally selected. The data extraction
form was developed before the data extraction started and was designed to collect
all information needed to address the review question. The same form was used for
every paper in scope, so the same type of information was extracted from all studies.
In the absence of such a standardized form, there is the risk that researchers subjec-
tively extract information that they perceive as relevant while reading each study. As
such, our approach reduced the risk of bias (Kitchenham 2004). The data extraction
form used for this systematic literature review included the following information:
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Table 3 Quality assessment guidelines

Section Criteria

Theory Clearly defined theoretical framework
Hypotheses, if any, are based on outlined theoretical framework
Existing literature references

Method Appropriate analytical method
Internal and external validity (in the case of quantitative papers)
Clearly defined and operationalized research variables
Results Theory/hypotheses tested adequately and clear presentation of results
Contribution Meaningful contribution to the theory, empirical knowledge, or
management practice

Table 4 A priori codes

1. Leadership (e.g., Bel 2010; Makri and Scandura 2010; van der Panne et al. 2003)

2. CEO and top management team characteristics (e.g., Buyl et al. 2011; Daellenbach et al. 1999;
Yadav et al. 2007)

3. Vision and strategy of the firm (e.g.,Ritter and Gemiinden 2004; van der Panne et al. 2003; Van-
haverbeke and Peeters 2005)

4. R&D resources (e.g.,Hall et al. 2016; Shefer and Frenkel 2005; van der Panne et al. 2003)
5. Organizational learning (e.g., Chiva et al. 2014; Jiménez-Jiménez and Sanz-Valle 2011)

6. Organizational culture (e.g., Biischgens et al. 2013; Naranjo-Valencia et al. 2011; Sharifirad and
Ataei 2012)

7. Absorptive capacity (e.g., Cohen and Levinthal 1990; Lazzeri and Pisano 2014)

8. Dynamic capability (e.g., Breznik and Hisrich 2014; O’Connor 2008)

9. External collaborations (e.g., De Man and Duysters 2005; Sampson 2007)

10. Project or portfolio management (e.g.,Kock and Gemiinden 2016; Mikkola 2001)

(1) Title, authors, journal, and publication details; (2) Theoretical foundation of the
paper; (3) Type of study (quantitative, qualitative, or mixed methods); (4) Sample
size; (5) Definition and operationalization of radical innovation used in the study;
and (6) Results (identified determinants of radical innovation in pharmaceutical
companies).

Step 8 A narrative synthesis was used to summarize the findings from all of the
38 selected research papers and to highlight important characteristics of the stud-
ies, including similarities and differences. The overall objective of the synthesis
is to classify the determinants of radical innovation found in the fragmented lit-
erature into categories (i.e., to establish a framework that can be used for theory
bulding). To do this, we first defined 10 a priori codes based on the frequently
discussed firm-level determinants of radical innovation (as discussed in Sect. 2).
These codes, shown in Table 4, steered the initial analysis of the reviewed papers.
As the review proceeded, new codes that emerged were added, existing ones were
modified based on the outcome of the analysis, and a priori codes that were not
linked to any relevant data were deleted. After the initial coding of the reviewed
papers, we grouped and hierarchically structured the identified themes based
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In total 4,134 (1,028+1,788+1,318) papers were considered. |

Searching Databases (1,028 papers found)

1.1. EBSCO (997 papers)
1.2. ProQuest (31)

Forward / citation search in Google
Scholar; 1,788 papers found

B

Backward / reference search in Web of
Science; 1,318 papers found

PY iminaton of 18 dupicates: 979 papers bl Eimination of 156 duplicates; 1,632 g Eimination of 214 duplicates; 1,104 paper
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Read through titles & abstracts; apply
E inclusion / exclusion criteria; 63 papers

remaining

Read through titles & abstracts; apply
inclusion / exclusion criteria; 57 papers

Read through titles & abstracts; apply
inclusion / exclusion criteria; 35 papers

remaining remaining
[} 4 g
Full text review; 22 papers remaining ‘ ’E Full text review; 10 papers remaining ‘ Full text review; 8 papers remaining ‘
4 7
E Apply quality standards; 21 papers remaining ‘ ‘ 10 ::m::my standards; 10 papers ’ 15 r,ﬁz,ﬂ:;my standards; 7 papers
21 pﬂapers 10 paﬂpers 7 pap[elrs
16 Synthesis of final 38 papers ‘/

Fig.5 Results of the systematic literature review screening process

Table 5 Selection of papers

Database/search engine # of papers identified  # of papers selected ~ Selec-
tion rate
(%)
EBSCO 997 21 2.1
ProQuest 31 0 0
Forward search (Google Scholar) 1788 10 0.6
Backward search (Web of Science) 1318 7 0.5
Total 4134 38 0.9

on the review question and the classification suggested by Crossan and Apay-
din (2010; see Background section). As a result, an initial template with broader
themes (general direction; e.g., managerial levers) and sub-themes (details; e.g.,
external knowledge sourcing, and/or internal knowledge management) emerged.
The initial template was further developed by applying it to, and modifying it
for, each additional research paper that was reviewed. As a result, the modified
template had to be re-applied to all other reviewed research papers. This iterative
process continued until the template covered all relevant themes in all reviewed

papers.
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4 Results

Using the systematic literature review methodology described above, we considered
4134 peer-reviewed journal articles and PhD theses. Initial results from searches
using EBSCO and ProQuest (Step 1 in Fig. 5) resulted in 1028 papers, given the
rather broadly defined search string. The forward citation search also yielded a high
number of citations: 1788 (Step 6 in Fig. 5), as did the backward reference search:
1318 (Step 11 in Fig. 5).

As shown in greater detail in Table 5, from the 4134 papers that were consid-
ered, 38 papers (0.9%) were selected for the narrative synthesis (35 peer-reviewed
articles and 3 PhD theses). Only 38 papers were included because most of the 4134
papers do not differentiate between radical and incremental innovations; instead,
they examined the determinants of innovation in general. In addition, many papers
do not specifically examine the determinants of radical innovation at the firm level.
Lastly, many of the papers do not investigate radical innovations in a pharmaceutical
or biotech industry setting.

This systematic literature review is based on fairly recent papers, with 17 of the
selected 38 journal articles and PhD theses published in 2015 or later. Moreover,
the national origins of the 38 selected papers tend to follow the global footprint of
the pharmaceutical industry. More specifically, the authors of almost half (47%) of
the selected papers are from the US, which is not surprising given that the US is the
country with the most pharmaceutical companies, including some of the largest ones
in the world.

All 38 papers in scope examine and discuss radical drug innovation. However, as
shown in Table 6, none of the papers defines what radical drug innovation actually
is. Instead, roughly half of the researchers (21/38) provide non-industry-specific def-
initions of radical innovations despite the fact that, as noted by Morgan et al. (2008),
“pharmaceuticals are not ordinary goods. Pharmaceutical products have no intrinsic
value to patients or to society; rather, their value lies in the health outcomes they
generate” (p. 4). Moreover, the other half of the researchers (17/38) do not provide
any definition at all.

In addition to the lack of a clear and unambiguous definition, there is an addi-
tional fundamental challenge associated with the operationalization of radical drug
innovation: How to objectively measure the radicalness of an innovation, given its
unobservable nature? This fundamental challenge has been addressed by research-
ers in different ways. In the 38 papers used for the narrative synthesis, as shown
in Table 6, the following methods were mainly used: (1) patent counts (14/38); (2)
counts of New Molecular Entity (NME) classifications (11/38) by the FDA; and (3)
joint counts of NME and FDA priority review classifications (9/38).

First, the use of patents, which are based on inventions, as a proxy for (radical)
innovation is the most common measurement method. Studies that use this approach
typically assume that a patent (i.e., invention) will be successfully commercialized
at some point in the future. However, such an assumption is questionable because
not all highly cited patents lead to commercial products (Malva et al. 2015).
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Leadership

« Ability of top leaders to innovate, which is
determined by their educational background and
professional experience

+ Focus on shaping an innovation and performance

culture

Managerial levers

+ External knowledge sourcing

/

+ The what: type of external knowledge

+ The how: R&D collaborations Radical drug innovation

\

+ Internal knowledge management

* R&D investments /

+ Firm size

Business processes

Project and portfolio management

Underlying technology

Fig. 6 Model for the determinants of radical drug innovation

Second, the NME classification is assigned to drugs by the FDA’s Center for Drug
Evaluation and Research (CDER) after successful review of New Drug Applications
(NDA; see, e.g., Fernald et al. 2017; Sternitzke 2010). In order to designate a chemi-
cally synthesized drug with a type 1 classification (i.e., NME), the FDA requires
that the drug contain active substances that have not previously been marketed in
the US. All other drugs (e.g., drugs that are based on new formulations of previously
approved active substances) receive a different (i.e., non-NME) classification by the
FDA. Recent studies have categorized NME drugs as radically innovative and non-
NME drugs as incrementally innovative (e.g., Cohen and Caner 2016; Dunlap et al.
2014; Fernald et al. 2017).

Third, in addition to the NME designation, the FDA provides an assessment of
the therapeutic potential of new drug applications. New drugs with a high poten-
tial receive a priority review, while all other drugs are reviewed within a standard
time frame (Sorescu et al. 2003). Researchers who have used this method associate
NMEs with a priority review as radically innovative drugs and all others as incre-
mentally innovative (e.g., Arnold and Troyer 2016; Dunlap et al. 2016; Sorescu
et al. 2003; Sternitzke 2010).

5 Narrative synthesis

Pharmaceutical firms can make considerable profits with new, patent-protected
drugs (Arnold and Troyer 2016). As such, there are clear economic incentives to
develop and commercialize radical innovations in the pharmaceutical industry (Dun-
lap-Hinkler et al. 2010; Suzuki and Methe 2014). However, there is considerable
ambiguity around the firm-level determinants that enable a pharmaceutical company
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to develop such radical innovations (Dunlap-Hinkler et al. 2010). But understanding
these determinants is key to increasing the output of successful radical drug innova-
tions. Clearly the literature on the topic is incomplete. As noted by Sorescu et al.
(2003), if these determinants were already sufficiently identified and fully under-
stood in the literature and in practice, why are the majority of radical innovations
represented by only a small percentage of pharmaceutical companies?

This ambiguity was considerable when we analyzed the 38 selected papers. We
identified various determinants of radical innovation that were used in multiple
papers. Most of these determinants are closely related. Thus, we grouped the deter-
minants according to Crossan and Apaydin’s (2010) classification and the procedure
outlined in Step 8 above. Figure 6 displays the grouped determinants.

We also argue that the underlying pharmaceutical technology of the firm appears
to be a moderator of these relationships because “the way innovation is organized,
as well as its economic and social effects, depends critically on the specific nature
of the technology in question” (Fagerberg et al. 2005, p. 6). We know that pharma-
ceutical science and technology evolves by “quantum jumps, which are followed by
periods of less adventurous steps along the established pathways” (Achilladelis and
Antonakis 2001, p. 550). As such, the moderating effect of technology on radical
innovation should be rather small in the periods between these quantum jumps. Nev-
ertheless, we decided to keep underlying pharmaceutical technology in the model
(shown in Fig. 6) to explore the potential moderating effect of technology on radical
drug innovation over time.

5.1 Leadership

Some researchers note the important role that individual characteristics of leaders
play in determining organizational outcomes, including radical innovation within
the pharmaceutical industry. With regard to the role that leadership plays in firms’
radical drug innovations, two determinants surfaced during our literature review: the
ability of top leaders to innovate, which is determined by their educational back-
ground and professional experience as well as their focus on shaping an innovation
and performance culture within their firms.

5.1.1 Firm leaders’ability to innovate, determined by their educational background
and professional experience

Key leaders of pharmaceutical firms need to maintain an in-depth understanding of
the tremendous and rapid scientific progress taking place within the pharmaceuti-
cal industry. It is only with an appropriate understanding of science and technol-
ogy, acquired through education and professional experience, that CEOs and other
senior leaders can make well-informed decisions about how much to invest in R&D,
and more importantly, which specific drug candidates to invest in. And these deci-
sions play critical roles in the development of radical drug innovations. A number
of researchers note that leaders’ educational and professional experiences play a key
role in pharmaceutical innovation within their firms (Supriyadi 2013). In addition,

@ Springer



Determinants of radical drug innovation: a systematic...

Tzabbar and Margolis (2017) provide evidence that both the educational heteroge-
neity within the founding team (i.e., the range of advanced degrees held by founding
team members) and the number of founding team members with previous founding
experience have a positive relationship with radical drug innovation.

Both Supriyadi (2013) and Tzabbar and Margolis (2017) note, however, that
their findings depend on a firm’s developmental stage. Supriyadi (2013) argues
that leadership from CEOs and Chief Scientific Officers (CSOs) is pivotal in early-
stage research outcomes, but is less important during later drug development stages
(where the goal is to turn a new drug candidate into a marketable drug). According
to Supriyadi (2013), the research stage is “precisely the kind of activity for which
strategic leaders’ influence matters most” (p. 35), while the later, drug development-
focused stage (which is highly regulated) leaves less room for strategic leaders to
influence outcomes. It follows then that because early-stage, research/FEI-oriented
pharmaceutical firms (pharmaceutical start-up firms) focus more on research than
do large firms (which pay attention to drug development in addition to research),
the impact of CEO and CSO leadership is particularly important in early-stage,
research-oriented pharmaceutical firms. This is supported by research showing that
start-up firms in the early research phase are more likely to innovate when they have
CEOs who have played a role in founding their firms and who have a lot of pre-
vious founding experience (Tzabbar and Margolis 2017). Moreover, Tzabbar and
Margolis (2017) find that these characteristics have a negative impact on innovation
among start-up firms in later stages of their development. Based on their research,
both Supriyadi (2013) and Tzabbar and Margolis (2017) highlight the importance of
considering a firm’s development stage when examining the influence of leadership
on innovation within the firm.

5.1.2 Firm leaders’ focus on shaping their firms’innovation and performance
cultures

A number of the studies in this review also point out that leaders have important
impacts on their firms’ environments and cultures that are, in turn, associated with
radical innovation. For example, Supriyadi (2013) highlights the important relation-
ship between leadership and a culture of diversity, noting that “research has gen-
erated relatively consistent findings on how leaders can affect creativity and their
firms’ inventive success, and much of it seems relevant to managing and benefit-
ting from diversity” (p. 37). Dunlap et al.’s (2014) findings regarding the connec-
tion between a culture of intense knowledge-sharing between divisions, centers,
and employees and radical innovation suggest the importance of firm leadership in
developing and sustaining this type of company culture. In addition, Cardinal (2001)
shows that behavior controls (e.g., centralization, formalization, and frequency of
performance appraisals) and output controls (e.g., goal specificity; emphasis on out-
put, rewards, and recognition), which are often imposed by a firm’s leadership, sup-
port radical innovation by enabling scientists to focus on their work and to be pro-
ductive in ways that align with company goals.
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5.2 Managerial levers

The vast majority of the 38 studies in our sample (33/38) examine the relationship
between managerial levers and radical drug innovation. Results from this literature
review indicate that external knowledge sourcing, internal knowledge management,
R&D investments, and firm size are frequently examined managerial levers of radical
drug innovation.

5.2.1 External knowledge sourcing

External knowledge sourcing is the most frequently examined managerial lever in
the studies included in this literature review. Research indicates that a significant
amount of knowledge tends to be created outside of individual firms (Fosfuri and
Tribo 2008), and that there is a strong connection between external knowledge
and successful drug innovation (Jong and Slavova 2014). Scientific advances are
usually driven by research universities as well as pharmaceutical and biotechno-
logical start-up firms that are dedicated to the understanding of basic sciences
(Achilladelis 1993; Zucker et al. 2002). Gaining and maintaining access to this
type of new, transformational knowledge is critical for the survival of firms and is
key to developing successful radical drug innovations (Cammarano et al. 2017b;
Kamuriwo et al. 2017; Phene et al. 2006). Thus, firms that develop radical drug
innovations are more likely than those that do not to effectively identify, acquire,
and integrate external knowledge (i.e., absorptive capacity, as discussed in the
Background section of this paper). Firms with high levels of absorptive capacity
are better able to access external knowledge, which, in turn, can lead to radical
drug innovations.

5.2.1.1 The what: type of external knowledge External knowledge can either be
very different from (heterogenous) or quite similar to (homogeneous) the exist-
ing knowledge stock of a firm. On the one hand, through access to heterogenous
external knowledge, the absorbing firm can avoid internal knowledge traps (e.g.,
familiarity traps, or the tendency to favor new knowledge that is familiar versus
unfamiliar), thereby making the company more likely to eventually develop radical
innovations (Quintana-Garcia and Benavides-Velasco 2011; Wuyts et al. 2004). On
the other hand, Suzuki and Methe (2014) find that access to homogenous external
knowledge has a positive impact on subsequent radical drug innovations through
knowledge accumulation. Phene et al. (2006) show the same relationship between
homogenous external knowledge and radical innovations, but only if the external
knowledge is sourced globally.

5.2.1.2 The how: R&D collaborations and mergers & acquisitions The findings
from this literature review also suggest that how a pharmaceutical firm sources
external knowledge has an impact on the firm’s ability to develop radical drug
innovations. External knowledge can be accessed through R&D collaborations
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or merger & acquisitions, each of which having a differential impact on radical
innovation.

Knowledge creation in the pharmaceutical industry is expensive, risky, and
time consuming, making it very challenging for a single company to comprehen-
sively create knowledge on its own (Karamanos 2016). Because of this, pharma-
ceutical firms frequently collaborate with other pharmaceutical companies, uni-
versities, and/or public research institutes (Cohen and Caner 2016; Fagerberg
et al. 2005; Karamanos 2016; Quintana-Garcia and Benavides-Velasco 2011).
Through R&D collaborations, participating parties can effectively combine inter-
nal with external knowledge (Jong and Slavova 2014).

Alliances with other pharmaceutical companies, universities, and/or public
research institutes are likely to lead to an increase in radical drug innovations
through several mechanisms, most notably the exchange of knowledge. Dun-
lap-Hinkler et al. (2010) argue that alliances bring about synergistic learning
opportunities, knowledge development, and creative solutions; partners effec-
tively learn from each other and are inspired toward greater creativity (Cam-
marano et al. 2017b; Cohen and Caner 2016; Jong and Slavova 2014; Quintana-
Garcia and Benavides-Velasco 2011). Cohen and Caner (2016) show that when
firms partner with organizations that have unique technological expertise, they
increase their likelihood of developing radical drug innovations. They claim that
their results “support the premise in network research that alliances as means of
accessing heterogeneous knowledge enable focal firms to shift dominant mental
models, alter risk perceptions, and engender variation in established routines dur-
ing converting their inventions into innovations” (p. 13). Furthermore, firms that
collaborate with external partners can spend more time and resources on their
core competencies, while gaining knowledge and capabilities from their partners
(Cammarano et al. 2017b).

External knowledge can be accessed either directly through R&D alliances or
joint ventures with other pharmaceutical companies and/or research universities
(direct ties) or indirectly through other pharmaceutical companies that have direct
relationships with research universities (indirect ties). In the current review, we find
that pharmaceutical drugs developed through direct ties are more likely to be radi-
cally innovative (especially when the collaborations take place during the discovery
phase of new drug; Eslaminosratabadi 2018; Jong and Slavova 2014; Zucker et al.
2002) than are drugs developed solely by one firm (Cammarano et al. 2017b; Dun-
lap-Hinkler et al. 2010; Fernald et al. 2017; Quintana-Garcia and Benavides-Velasco
2011). Both Belderbos et al. (2016) and Karamanos (2012) show that pharmaceuti-
cal companies with direct ties to universities deliver more radical innovations than
do firms with indirect ties. They surmise that indirect ties are less effective because
critical information that emanates from these ties may get misinterpreted or lost as it
passes through the various partners in the networks (Belderbos et al. 2016; Karama-
nos 2012). Moreover, absorptive capacity is key to getting the most out of direct ties
with universities and to turning these opportunities into radical innovations. Belder-
bos et al. (2016) claim that firms with “high scientific absorptive capacity can rely
on in-house scientists to perform a critical brokerage role” (p. 16), thereby effec-
tively accumulating and leveraging external knowledge from direct ties.
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Collaborations with university scientists and research institutes, in particu-
lar, are associated with increases in radical drug innovations (Cammarano et al.
2017b; Jong and Slavova 2014). Partnerships between firms and university sci-
entists allow firms to increase their organizational learning, scientific knowl-
edge, and absorptive capabilities; gain access to cutting-edge information and
knowledge networks; improve their ability to recruit high-quality scientists into
the firm; and identify and position themselves as an organization with strong sci-
entific competencies (Cammarano et al. 2017b; Jong and Slavova 2014). Zucker
et al. (2002) believe that actual (remunerated) collaboration with university sci-
entists (rather than just mere proximity to them) is the primary factor that drives
radical drug innovations. They argue that collaboration is key because new
knowledge is tacit/uncodified, and thus difficult to transfer. Hence, Zucker et al.
(2002) claim that knowledge spillovers within the pharmaceutical industry do not
occur simply due to proximity. This insight is in conflict with other empirically
supported claims of general knowledge spillover effects (e.g., Dunlap et al. 2014).
In addition, firms that engage with universities and/or public research institutes
are often able to leverage the extensive networks of their partners (Jong and Sla-
vova 2014).

The experience that a pharmaceutical firm has with managing R&D collabora-
tions seems to positively impact the firm’s ability to develop radical innovations
(Karamanos 2016), particularly when R&D alliances are repeated with the same
partner (Wuyts et al. 2004). Managing alliances can be difficult due to the fre-
quent information asymmetry between the partners. The more that alliance part-
ners are skilled at managing this information asymmetry, the more effective their
alliances will be. This, in turn, will enable better knowledge flows between the
alliance partners, which will increase the likelihood of achieving radical innova-
tions. However, Zheng and Yang (2015) report an inverted U-shaped relationship
between the number of repeated alliances and radical innovations. That is, they
reveal a positive relationship between the number of repeated alliances and radi-
cal innovations, but only up to a point. If a firm does partner with another firm in
too many new R&D projects over longer periods of time, then the two partners
might become too familiar with each other and may favor new knowledge that is
already well understood by both firms. This leads to a lower number of radical
innovations over time. This finding suggests that familiarity traps might also exist
in R&D alliances.

In addition, Quintana-Garcia and Benavides-Velasco (2011) and Eslaminosratab-
adi (2018) highlight the importance of choosing the right partner when entering into
a strategic alliance. They argue that innovation benefits that result from R&D col-
laborations depend on how mutually rewarding and complementary the partners are
able to be to one another. More specifically, Quintana-Garcia and Benavides-Velasco
(2011) show that partners engaged in complementary technologies are more likely
than those focused on similar or dissimilar technologies to develop radical inno-
vations. The idea is that “similarities in knowledge facilitate incremental renewal,
while complementarities would make discontinuous strategic transformations more
likely” (Quintana-Garcia and Benavides-Velasco 2011, p. 1058).

@ Springer



Determinants of radical drug innovation: a systematic...

In addition to R&D collaborations, mergers and acquisitions (M&A) occur fre-
quently in the pharmaceutical industry (Hornke and Mandewirth 2010). Typically,
larger pharmaceutical companies acquire other pharmaceutical companies and start-
ups to fill their internal R&D pipelines (Cockburn 2004). Findings from the cur-
rent literature review suggest that the acquisition of pharmaceutical firms in order
to access their knowledge, particularly their innovative R&D development projects,
generally has a negative impact on subsequent radical innovation performance
(Cammarano et al. 2017b; Dunlap et al. 2016), possibly because of organizational
post-merger integration problems such as inadequate data and information-technol-
ogy integration, as well as employee disengagement. As noted by Cammarano et al.
(2017a), “the advantages of performing M&As may be balanced or outweighed by
many issues, such as information asymmetries deriving from the challenging inte-
gration of the acquired firm’s embedded knowledge, difficulties in synergy realiza-
tion, cultural distances between companies and technical incompatibility” (p. 8). As
such, M&As hinder radical drug innovations.

5.2.2 Internal knowledge management

There are different ways in which pharmaceutical firms can create new knowledge
that may eventually lead to radical drug innovations. One approach involves invest-
ing in pharmaceutical R&D, particularly in basic pharmaceutical sciences, which
Malva et al. (2015) define as “the systematic study directed towards greater knowl-
edge or understanding of the fundamental aspects of phenomena and observable
facts without specific immediate commercial applications in mind” (p. 673). In the
current review, we found a number of studies indicating that firms pursuing basic
science research are more likely to generate radical drug innovations than those
who do not (Jong and Slavova 2014; Malva et al. 2015; Sternitzke 2010). A poten-
tial mechanism for this finding may be that the buildup of internal basic scientific
knowledge generates more absorptive capacity, which enables company scientists to
identify, absorb, and integrate critical external knowledge, thereby increasing their
likelihood of developing radical drug innovations (Belderbos et al. 2016). Belder-
bos et al. (2016) provide another possible explanation for why investments in basic
science lead to more radical innovation: The more in-depth, in-house scientific
expertise, the easier it is for firms to become engaged in top-tier collaborations with
research universities. Thus, there is a link to the previously discussed managerial
level of external knowledge sourcing.

However, Malva et al. (2015) observe that the positive relationship between basic
science and radical innovation exists only if the basic science efforts are directed
toward the understanding of new technology domains. Phene et al. (2006) further
specify that new technologies that are very different from the absorbing company’s
current knowledge stock have an important impact on radical innovation only if the
technology is sourced from the same geography, highlighting the difficulty of inte-
grating new complex knowledge above a certain threshold.

While some research indicates that investments in basic pharmaceutical science
are associated with the creation of radical drug innovation, the empirical findings of
Watts and Hamilton (2013) point to the opposite: Firms investing more in applied
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science (i.e., drug development) outperform (in terms of their number of radical
innovations) pharmaceutical companies focused more on basic science. Watts and
Hamilton (2013) argue that firms oriented toward basic science may be at high risk
of failure in terms of their commercial success, and suggest that these firms allocate
more time and resources to product development and commercialization efforts.

Another approach for the creation of new knowledge that may eventually lead
to radical innovations is described by Dunlap et al. (2014), who find that firms that
source and build their new knowledge internally from in-firm international affiliates
are more likely to deliver radical innovations than firms that source new knowledge
only locally or from outside firms. International pharmaceutical companies set up
and gain information from their international affiliates that tap into local knowledge
through knowledge spillovers (Dunlap et al. 2014; Gilsing and Nooteboom 2006).
For this to happen, according to Dunlap et al. (2014), firms must be able to effec-
tively share high-quality information across both local and global levels if they aim
to successfully create radical innovations. However, as discussed above, Zucker
et al. (2002) question the existence of knowledge spillovers, arguing that knowledge
acquisition only occurs when scientists from different organizations actually work
together (i.e., remunerated collaboration).

Other research (e.g., Dunlap-Hinkler et al. 2010; Karamanos 2012) reveals a pos-
itive relationship between the existing knowledge stock of a firm (measured through
the number of previous radical innovations or patents associated with that firm) and
the likelihood of new, additional radical innovations, emphasizing the benefits of
knowledge accumulation and organizational learning over time (Arnold and Troyer
2016). Dunlap-Hinkler et al. (2010) note that the types of previous innovations play
a role in determining future innovations. More specifically, they find that radical
innovations are more beneficial than incremental innovations with regard to future
radical innovations. They argue that radical innovation is associated with a higher
level of organizational ambidexterity and absorptive capacity than incremental inno-
vation, which “reduces the knowledge complexity and diversity within the firm,
which dampens the need for effective communication and coordination, which is
necessary for new learning and technological change” (Dunlap-Hinkler et al. 2010,
p. 121). However, the empirical findings of Karamanos (2016), conversely, do not
support a positive relationship between existing radical innovations and new ones.

5.2.3 R&D investments

Each year, pharmaceutical companies around the globe invest in excess of 100 bil-
lion US dollars in R&D (Munos and Chin 2011). Findings from the current litera-
ture review suggest that pharmaceutical companies that invest more in R&D activi-
ties produce a higher number of radical drug innovations. For example, Dunlap
et al. (2014) find that 1% increases in R&D spending lead to 0.22% increases in
radical drug innovations. Researchers argue that R&D spending results in radical
innovations because firms with higher R&D investment budgets can dedicate more
resources to basic science research (discussed above), including in areas with very
high R&D program failure rates (i.e., areas with high unmet medical needs) such

@ Springer



Determinants of radical drug innovation: a systematic...

as Alzheimer’s disease (e.g., Arnold and Troyer 2016; Dunlap et al. 2014; Dunlap-
Hinkler et al. 2010). Arnold and Troyer (2016) show that the relationship between
R&D investments and radical drug innovation is likely moderated by top manage-
ment leadership. They argue that managers who are incentivized for long-term value
creation take more risks, spend more on R&D, and see greater increases in radical
innovations than managers who are negatively impacted by lack of short-term profits
and, thus, are less willing to allocate resources for radical innovations.

However, as in the case of the previously discussed determinants, we found
ambiguous and sometimes contradicting empirical results in our review. For exam-
ple, on the one hand, Quintana-Garcia and Benavides-Velasco (2011) as well as
Wuyts et al. (2004) provide evidence that higher R&D investments lead to more
radical and incremental innovations, not just radical innovations. On the other hand,
Yeoh and Roth (1999) report that internal R&D investments have a direct nega-
tive effect on radical innovation because high internal R&D investments lead to
the buildup of internal organizational routines that might impede a firm’s ability to
effectively tap into external knowledge.

5.2.4 Firmsize

Sorescu et al. (2003) note that research on the relationship between firm size
and innovation is the “second largest body of literature in industrial organiza-
tion economics” (p. 82). While some argue that small pharmaceutical companies
deliver more radical innovations than large ones (e.g., Dunlap-Hinkler et al. 2010;
Kamuriwo et al. 2017; Malva et al. 2015), other studies come to the opposite con-
clusion that large firms are more likely to produce radical drug innovations (e.g.,
Fernald et al. 2017; Jong and Slavova 2014; Karamanos 2016; Quintana-Garcia
and Benavides-Velasco 2011; Sorescu et al. 2003). On the one hand, the arguments
to support the claim that small firms deliver more radical innovations are centered
around their nimbleness and lack of bureaucracy (Dunlap-Hinkler et al. 2010).
Moreover, small firms might be more determined to succeed because the failure of
a clinical program may end the existence of such companies. On the other hand,
the arguments to support the claim that large firms deliver more radical innova-
tions are positioned around economies of scale and scope, the ability to fund R&D
extensively (Karamanos 2016), and the availability of slack resources to invest in
the company’s core activities such as basic science research (Ahuja and Lampert
2001; Sorescu et al. 2003). Yeoh and Roth (1999) find that large, more established
firms benefit from their years of experience, their therapeutic differentiation, and
their access to external knowledge. They also argue that these factors, rather than the
firm’s size itself, are responsible for greater radical innovations.

In line with the theoretical uncertainty regarding whether large or small firms
are more likely to drive radical innovations, we also found conflicting empirical
results. While some studies show a positive effect of firm size on radical, but not
on incremental innovation (Dunlap-Hinkler et al. 2010; Fernald et al. 2017; Jong
and Slavova 2014), other research presents evidence for a relationship between firm
size and both radical and incremental innovations (Karamanos 2016; Quintana-
Garcia and Benavides-Velasco 2011). Yet others (Dunlap et al. 2014) find a positive
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relationship between firm size and incremental innovations. As such, it is not just
unclear if small or large firms create more radical innovations, but also if firm size is
a unique determinant of radical innovation at all.

5.3 Business processes

The relationship between business processes and radical drug innovation was exam-
ined in 10 out of the 38 studies in this literature review. As mentioned in the Back-
ground section, an end-to-end innovation portfolio management process including
stage-gates has been found to be critical for firms to be able to innovate. Malva et al.
(2015) find that very focused project portfolios (i.e., where firms develop drugs that
are based on a few select technology classes), which are characteristic of small bio-
technology-focused firms, help them to deliver more radical drug innovations. This
might be explained by the focus that such firms are able to maintain. Indeed, both
Cammarano et al. (2017b) and Xu et al. (2013) argue that broad, diverse portfolios
lead to a lack of R&D focus. However, large pharmaceutical firms tend to have siz-
able R&D portfolios with many drug candidates from very different disease areas
(e.g., from Alzheimer’s to oncology to ophthalmology). It is very easy for firms to
lose focus when operating such complex portfolios.

Watts and Hamilton (2013) discuss a potential negative effect of portfolio man-
agement processes on radical drug innovation. Through portfolio management,
firms allocate their resources to individual R&D projects based on assessed risks
and returns. This process might lead to the elimination of riskier R&D projects to
favor less risky (“safer”) drug candidates. This risk avoidance can lead to lower
numbers of radically innovative drugs and increased numbers of incrementally inno-
vative ones.

None of the studies in this literature review discuss the actual process of portfolio
management within firms (i.e., how the process actually works). However, we found
several studies that examine the relationship between the portfolio management
approach for a firm’s external R&D collaborations and radical drug innovation. This
means that the portfolio management approach is analyzed in the unique context of
pharmaceutical innovation, where external knowledge sourcing through R&D col-
laborations is of utmost importance for a firm’s ability to develop radically innova-
tive drugs. As firms enter into R&D collaborations over time, they need to actively
manage their alliance portfolios. Research examined in this literature review shows
a direct relationship between alliance portfolio structure (direct ties with many other
organizations in a dense network) and radical drug innovation (e.g., Karamanos
2012, 2014; Wuyts et al. 2004).
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6 Discussion and implications

Prior studies have advanced our general understanding of the firm-level determi-
nants of radical innovation. It is well established that firm-level determinants of
radical innovation are industry specific (Pavitt 2005) and, as such, they need to be
examined within a specific industry context (i.e., not generically). However, the
results of this systematic literature review demonstrate that our understanding of
firm-level determinants of radical innovation in the pharmaceutical industry is still
emerging, which is evidenced by the low number of papers on this topic that we
were able to identify. Taken together with the unique nature of the pharmaceutical
industry in terms of costs, risks, and time frames, our current ability to explain and
understand the determinants of radical drug innovation is incomplete. Given these
limitations, we believe that a major contribution of this paper is to outline an agenda
for future research, which we do next. We then discuss the managerial implications
of the findings from this systematic literature review.

Previous literature on radical drug innovation has tended to focus de facto pri-
marily on two firm-level determinants: external knowledge sourcing and internal
knowledge management. External knowledge sourcing is particularly important for
the first step of the pharmaceutical front-end innovation (FEI) process (i.e., idea
generation through disease biology understanding) because most new knowledge
is generated outside individual firms and, as such, it is critical for pharmaceutical
firms to ensure effective access to relevant external knowledge. The other exten-
sively examined determinant—internal knowledge management—is most frequently
discussed in the context of building up absorptive capacity within a firm, which, in
turn, enables external knowledge sourcing.

Findings from the current study emphasize that the ideation phase within the FEI
process is important, but that much less is known about the significance of the other
phases within the pharmaceutical FEI process (i.e., exploratory project discovery,
drug discovery, and preclinical tests) with regard to radical drug innovation. It is
argued in the current literature of radical innovation that the entire FEI process—
not just the ideating phase—differs for radical (as opposed to incremental) inno-
vation (Aagaard and Gertsen 2011; Koen 2004). Therefore, research on the other
FEI phases (in addition to ideation) and their impacts on radical drug innovation is
needed.

The other two frequently discussed determinants of radical drug innovation—
R&D investments and firm size—are often discussed in a way that suggests an over-
simplified understanding of radical drug innovation. Findings based on the current
literature review suggest that more granular/micro-level determinants associated
with these factors likely play an important role in a firm’s ability to deliver radical
drug innovations. For example, research indicates that higher levels of R&D invest-
ments in pharmaceutical firms lead to higher outputs of radical drug innovations.
Such research tends to treat the pharmaceutical innovation process basically as a
black box. However, given the importance of the FEI process within the entire R&D
process, we need a more nuanced understanding of the impacts on radical drug inno-
vation of spending during the front-end process of pharmaceutical innovation (i.e.,
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the research-related stages of the pharmaceutical R&D process) versus spending on
clinical development (i.e., later stages of the R&D process). There is currently no
empirical evidence to guide practitioners who wish to increase radical drug inno-
vation on how much to spend on FEIl/research versus development. Instead, there
is only generic evidence to indicate that more should be invested in pharmaceuti-
cal R&D overall, which is not very informative or helpful in a practical sense. In
addition, it is currently not clear whether firm size has a direct impact on radical
drug innovation at all. Findings from this paper suggest that any impacts of firm
size on radical drug innovation may be indirect, given that larger firms tend to have
more resources to invest in R&D (our limited understanding of which we have just
discussed). Thus, we question the value of additional macro-level research on these
two determinants, and instead argue for more research on these determinants from a
granular perspective.

In this paper, we have identified a relatively small number of studies that examine
the leadership and/or the culture of a firm as a critical determinant of radical drug
innovation. The low number of studies on this topic may be because these determi-
nants are best assessed via research performed inside pharmaceutical firms, which
can be challenging given the industry’s need to protect their intellectual property and
knowledge. We found empirical evidence that leadership is more important for the
pharmaceutical FEI process than it is for the drug development-focused stage. How-
ever, this differentiation is not evidenced in the papers that examine the relationship
between a firm’s culture and radical drug innovation. Instead, the impacts of firm
culture on radical drug innovation tend to be examined more generically. It would
be helpful to understand what kind of culture supports radical drug innovations dur-
ing the FEI/research phases and what type of culture is most beneficial during the
development phases. For example, at the (early) FEI phases, risk taking is incredibly
important (because decisions are made regarding whether to advance drug candi-
dates in the context of very limited information). However, risk taking is less of
an issue during the later clinical development/testing phases, when the objective is
to design and run clinical trials to assess safety and efficacy. These clinical trials
are highly regulated and, as such, do not involve much risk taking. Future research
should examine whether the same culture is needed in both the FEl/research and
development stages in order to achieve radical drug innovation.

Pharmaceutical innovation is a process that involves turning new knowledge
(resulting from a deep understanding of the disease biology) and technological
inventions (e.g., monoclonal antibodies and CRISPR gene editing) into new drugs.
It is well established that pharmaceutical technology evolves by quantum jumps
(Achilladelis and Antonakis 2001) and that new technological breakthroughs can
enable new classes of drugs. For example, Bakhrebah et al. (2018) describe how
the CRISPR technology provides a new paradigm to target infectious disease patho-
gens. However, none of the 38 papers included in this review examine the extent to
which new pharmaceutical technology enables radical drug innovation. We suggest
that future research examine the relationship between major technological changes
and radical drug innovation, particularly to understand the relative importance of
new technologies when compared to other firm-level determinants of radical drug
innovation.
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A sharp contrast between the current state of research on firm-level determinants
of radical innovation in general and research on firm-level determinants of radical
drug innovation specifically is noticeable with regard to our understanding of the
process character of innovation. We have three observations related to this point
that should be addressed by future research. First, in the Background section of this
paper, we discuss the evolution of our understanding of innovation from a simple
linear process to complex interactive models with multiple actors and sources. How-
ever, the pharmaceutical innovation process is primarily described as a linear pro-
cess in most of the papers that we analyzed for this review. In addition, most papers
do not examine interdependences between the various process steps (and their influ-
encing determinants). As a consequence, research typically studies firm-level deter-
minants of radical drug innovation in isolation, neglecting the process character.
We see an opportunity for future research to examine how the innovation process is
effectively organized in pharmaceutical firms to facilitate radical drug innovation. In
particular, it would be helpful to understand any differences in the process character
between the FEI/research phases (where more process flexibility is needed) and the
later clinical development phases (where less process flexibility is needed). Moreo-
ver, future research should provide additional insights into the interactions between
the individual R&D process phases (as emphasized by the fourth-generation inno-
vation models, which perceive the innovation process as running in parallel with
feedback loops across various organizational functions). For example, it would be
valuable to explore how evidence from clinical trials flows through feedback loops
back to basic research, exploratory project discovery, and drug discovery organiza-
tions (see Fig. 2), thereby effectively informing ongoing and future work on radical
drug candidates.

Second, none of the 38 papers that we analyzed examine the established argument
(in the literature on radical innovation in general) that stage-gate models, which are
widely used in the pharmaceutical industry, potentially hinder radical drug innova-
tion because of too much formality, hence reducing the flexibility needed to develop
radical drug innovation. In this context, future research should contribute to a better
understanding of how flexible stage-gate governance models (e.g., real-time deci-
sion-making instead of fixed governance cycles) support radical drug innovation. In
addition, it would be valuable to examine strategies for driving a firm’s research sci-
entists/corporate managers toward a mindset of deprioritizing drug candidates for
which there are better drug candidates available (e.g., through external R&D part-
nerships), even if those drug candidates meet all stage-gate criteria.

Third, research studies have paid very little attention to the impact on radical
drug innovation of the current evolution of the pharmaceutical innovation process
from a closed networked innovation model (fifth-generation model) to an open inno-
vation model (sixth generation). Schuhmacher et al. (2013) report that many phar-
maceutical firms are “leaving the more traditional R&D model and [...] reforming
pharmaceutical R&D in the direction of open innovation” (p. 1136) to increase their
R&D productivity by sourcing more external drug candidates and reducing inhouse
research efforts (which is very costly). While this type of move reduces the over-
all R&D cost basis of a firm, it also importantly reduces a firm’s absorptive capac-
ity (Schuhmacher et al. 2013), which in turn might decrease the firm’s ability to
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identify, source, and integrate external knowledge needed for radical drug innova-
tion. Thus, future research should analyze the net benefits of open innovation on
radical drug innovation. In particular, we need a better understanding of the extent
to which the higher leverage of external partnerships outweighs the reduced absorp-
tive capacity of the focal firm over time.

This literature review also reveals that many of the empirical findings on this
topic are contradictory, probably because the studies rely on different definitions and
measures of radical drug innovation. Studies on radical drug innovation are plagued
by ambiguous definitions (or no industry-specific definitions at all) and untested
measures of the concept. Different measurement methods such as patent counts,
NME counts, or joint counts of NME and FDA priority review classifications were
used to measure radical drug innovation in this review’s 38 papers, despite limited
efforts to validate these measures, and to evaluate the differences and similarities
between them. Innovation scholars seem to assume that radical drug innovation
measures are validated because none of the 38 papers in this review discuss the
validity of their radical drug innovation measures. Instead, many of the papers only
cite previous papers that used the same measurement methods. Clearly, it is chal-
lenging to define and measure an innovation’s radicalness because it is a theoretical
concept. However, we argue that the use of patents to operationalize an innovation’s
radicalness, which is the most common measurement method, is not appropri-
ate because patents are based on inventions, not innovations. Studies using patents
typically assume a later successful commercialization of a patent (i.e., invention),
but such an assumption is questionable because not all patents lead to commercial
products.

Before we can expand our understanding of radical drug innovations and the
determinants that are important for their development, a generally acceptable def-
inition of, and validated measurement method for, this central concept is needed.
Future research should address this need. In particular, studies should examine
whether current measures of radical drug innovation actually assess what they pur-
port to and should determine which of the dominant current measures (i.e., NME
counts, joint counts of NME, and priority review designations) is the most valid. If
research shows that none of the current measures are valid, then a new measurement
method should be developed and validated.

In addition to providing an agenda for future research on firm-level determinants
of radical drug innovation, there are several managerial implications that can be
derived from this systematic literature review. Firms that take on the risk of invest-
ing in, and focusing on, the development of radically innovative drugs do so know-
ing that the failure rates for such an endeavor are high. Leaders and managers of
these firms must do everything they can to set up their firms for success. As such,
they would do well to inform themselves as much as possible about the determinants
that are key for successful radical drug innovation. The results from the current
study offer guidance for leaders and managers within the pharmaceutical industry
who are engaged in the development of radical drug innovations.

Successful radical drug innovations should be understood as a process outcome,
often resulting from a combination of internal R&D knowledge and external knowl-
edge sourcing. As such, pharmaceutical firms need to simultaneously build and
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sustain internal scientific knowledge, as well as identify and absorb new external
knowledge. Because a significant amount of knowledge is created outside of indi-
vidual firms—scientific advances are usually driven by research universities and
pharmaceutical start-up firms—external knowledge sourcing through R&D collabo-
rations is particularly important in this industry.

From the perspective of the absorbing firm, external knowledge can be best
accessed through direct ties in the form of R&D alliances. In particular, firms that
are able to access heterogenous external knowledge can avoid internal knowledge
traps, thereby making it more likely that they will eventually develop radical drug
innovations. The experience that a pharmaceutical firm has with managing R&D
collaborations seems to positively impact the firm’s ability to develop radical inno-
vations, particularly when R&D alliances are repeated with the same partner (Wuyts
et al. 2004). Firms engaged in R&D alliances should focus on managing the infor-
mation asymmetry that often occurs across these relationships, thereby enabling
better knowledge flow and increasing the chance of developing radical innovations.
Interestingly, we also found that M&As (despite their frequent occurrence in the
pharmaceutical industry) are not positively associated with radical drug innovation,
so organizations should seriously consider their objectives when embarking upon
this type of activity.

Before a firm can successfully engage in R&D collaborations with universities
and other firms, it needs to possess the capacity to identify and absorb new, rel-
evant external knowledge (i.e., absorptive capacity). To develop absorptive capacity,
firms should focus on building up their internal scientific knowledge, which requires
significant R&D investments over time. One way of doing this is by operating mul-
tiple R&D centers in different regional pharmaceutical clusters and tapping into
diverse local knowledge bases, which increases internal scientific knowledge and,
eventually, absorptive capacity. In addition, firms should pay attention to the type
of knowledge they accumulate, as it will have an impact on their ability to develop
radical drug innovations. A business model based on both incremental and radical
drug innovations might be less promising in comparison to one that is entirely based
on radical drug innovations, assuming that the primary objective of the firm is to
develop and commercialize radically innovative drugs.

Top leaders should be aware of the important role they play in developing effec-
tive radical drug innovations and should consider the specific types of characteristics
that are particularly important for their type of firm. We found that the impact of
top leaders varies by the type of pharmaceutical firm. For example, the educational
background and professional experience of leaders as well as their previous experi-
ence in founding and developing pharmaceutical start-ups are particularly important
for small, research-oriented pharmaceutical firms. Because these types of firms tend
to have science-committed cultures with deep scientific knowledge, the educational
background of their top leaders is critical because they need to be able to understand
scientific context and to believe in the science pursued by their firms.

The role of leaders in large firms appears to be different than it is for leaders of
small firms. Leaders of large firms do best in terms of radical innovation by focus-
ing on the buildup of absorptive capacity, engagement in R&D collaborations, and
maintenance of the infrastructure and global development needed to test the safety
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and effectiveness of promising drug candidates. Moreover, given the typical size of
these more established firms, a culture of effective knowledge sharing between a
company’s divisions (particularly between a firm’s research organization and devel-
opment organization) is critical, which needs to be promoted and enabled by top
leaders. Finally, when leaders in large firms emphasize behavior controls (e.g., cen-
tralization, formalization, or frequency of performance appraisals) and output con-
trols (e.g., goal specificity; emphasis on output, rewards, and recognition), they sup-
port radical drug innovation by enabling scientists to focus on their work and to be
productive in ways that align with company goals.

7 Conclusions and limitations

Pharmaceutical R&D is a risky, lengthy, and costly business. Most drug candidates
never make it to market because of safety concerns and/or lack of effectiveness in
treating their targeted clinical conditions. However, the few drugs that do make it to
market receive patent protection for a limited period of time, helping the innovating
company recoup its investment and make profits. Pharmaceutical firms can mini-
mize their financial risks by developing less risky new drugs with already validated
targets and mechanisms of action. However, this approach typically leads to incre-
mental drug innovations with little to no additional therapeutic value over already
existing drugs. Because an increasing number of healthcare payers will only pay a
premium for radically innovative (i.e., clinically differentiated) drugs, pharmaceuti-
cal firms are financially incentivized to develop radical drug innovations over incre-
mental ones. Firms that pursue the development of radically innovative drugs should
have a comprehensive understanding of the firm-level success factors of radical drug
innovation.

The objective of this systematic literature review was to map, in a transparent and
reproducible manner, existing knowledge in the literature on firm-level determinants
of radical drug innovation. More than 4100 peer-reviewed journal articles and PhD
theses were considered, and 38 were included in the narrative synthesis. Following
the classification suggested by Crossan and Apaydin (2010), we grouped the vari-
ous determinants of radical drug innovation into three distinct categories: leader-
ship, managerial levers, and business processes. Within these categories, we found
the following firm-level determinants to be particularly important for radical drug
innovation:

External knowledge sourcing (managerial lever);
Internal knowledge management (managerial lever);
Ability of top leaders to innovate, which is determined by their educational back-
ground and professional experience (leadership); and
e Firm leaders’ focus on shaping innovation and performance cultures (leadership).

However, findings from this literature review also reveal that our ability to

explain and understand the firm-level determinants of radical drug innovation is cur-
rently limited, as evidenced by the low number of identified papers in this systematic
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literature review. Although most pharmaceutical firms have similar organizational
setups (e.g., R&D organizations are functionally organized in very similar ways)
and processes (e.g., stage-gates with almost identical stages; Aagaard and Gertsen
2011), their outcomes in terms of radical drug innovation vary importantly. In this
paper, we have identified some important differentiating determinants. However,
these determinants are not comprehensive enough to provide a full understanding of
how radical innovations are achieved within pharmaceutical firms. Previous research
has typically examined firm-level determinants of radical drug innovation in isola-
tion and has failed to consider process character, which we believe is critical for
understanding radical drug innovation.

We would like to address some of the limitations associated with the method-
ology used for this systematic literature review. First, systematic literature reviews
emphasize the technical aspects of papers more than the conclusions and interpre-
tations (Bryman and Bell 2015). As such, our screening process was focused on
ensuring that the selected papers had clear research designs, well-described and rig-
orous methodologies, and reasonable assumptions. Therefore, we may have screened
out studies that were properly executed and had interesting empirical findings, but
the technical aspects of the research were not well documented. Another potential
limitation associated with systematic literature reviews is that the synthesis process
is quite inductive and interpretive (i.e., prone to bias of the researcher; Thorpe et al.
2005). To limit this subjectivity, a second researcher conducted the synthesis in par-
allel with the first to compare the findings. However, researcher biases may still play
a role here. This type of work might also be limited as a result of publication bias
(i.e., the idea that positive results are more likely to be published than negative ones;
Kitchenham 2004; van Witteloostuijn 2016). Finally, the initial screening of iden-
tified papers was performed based only on the titles and abstracts of each paper.
While this method was practical given the high number of identified papers, it may
have led to the exclusion of potentially relevant papers.

One of the major contributions of this paper has been to provide an agenda for
future research. However, before research can address the topics that we outlined
above and expand our understanding of radical drug innovation and the determi-
nants that are important for its development, a generally acceptable definition of,
and validated measurement method for, this central concept is needed. As Bam-
berger (2017) reminds us, “after all, no matter how interesting a phenomenon may
be, until it can be accurately and reliably measured, our ability as scholars to under-
stand such phenomena, explain their origins and demonstrate their implications for
management is extremely limited” (p. 237). This should indeed be a primary focus
of future research on radical innovation within the pharmaceutical industry.
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