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Introduction

Many diseases, including Alzheimer's disease and related demen-
tias,*" Parkinson’s disease, ”* and multiple sclerosis, *® still lack
efficient pharmacological treatments to slow, halt or reverse their
progression. This translates into a significant economic burden
for society and reduced quality of life for patients. Therefore,
developing and bringing safe and effective medicinal products
to the market is of the greatest importance. In order to obtain
the required technological breakthroughs, engagement in inno-
vation is critically required.

It is commonly accepted that innovation results from collab-
orative efforts rather than from work carried out by a single
party,P*- P56 3 principle that particularly holds true in drug
discovery and development (DDD). The DDD process is inher-
ently complex, requiring multidisciplinary expertise, contribu-
tions from diverse stakeholders and strict adherence to
regulatory standards.”” An emphasis on collaboration has
always been a defining characteristic of pharmaceutical compa-
nies, which have traditionally worked with third parties to
obtain benefit from their specialty know-how, skills, and
resources, P especially given the immense resources of time
and money required to develop a single approved medicinal pro-
duct: on average over 10 years and up to U.S. $2.6 billion.*?"®10
Inter-firm R&D partnering for DDD can be traced back to the
1970 s, when the pharmaceutical industry was still in its infancy
in terms of technological and commercial development.®'V
Although not all inter-organizational collaborations result in suc-
cessful outcomes,?'? it is generally acknowledged that collabora-
tions are significant and beneficial in drug research.®!®»®1.(®15)
One of the most widely known and recent cases is the develop-
ment of the COVID-19 vaccine, with unprecedented levels of
intense collaboration during the pandemic, such that nearly
one-third of all vaccine candidates were developed by partner-
ships.*1®(17) Despite the growing interest in collaborative
approaches and their high potential in DDD, the pharmaceutical
and biotechnology industry remains largely competitive and col-
laborations are limited. For instance, data from 2015 to 2021
show that only 5% of 138 FDA-approved drugs filed by the top
20 biopharma companies were developed collaboratively.®'®
Therefore, understanding collaborative innovation (CI) and its
implications for DDD is crucial.

Given the relevance of CI for the DDD process, this paper pro-
vides a systematic review of the literature and paves the way for
future research into the topic. In doing so, we adopted the defi-
nition of CI proposed by Gallaud,”'? also cited in the Journal

of Technology Transfer®:

“An organization cooperates with other firms (suppliers, cus-
tomers, competitors, and consultants) or other organizations
(such as universities or public research organisms) to develop or
commercialize a new innovation. The organizations agree to pool
their resources or to share information and knowledge to develop
one project, at the end of the project, they keep independent from
the legal point of view.”

CI is widely understood as an intertwined and overlapping
subset of the Open Innovation (OI) model, *®"®*'? first defined
by Chesbrough™?” and frequently discussed in the DDD litera-
ture. P21 (P22.(23) The Ol model entails a firm’s shift from a

‘closed’ to a more ‘open’ innovation process in order to acquire
new ideas, patents and products from outside their organiza-
tional boundaries. OI encompasses a broader range of external
resource acquisition strategies than just collaboration, for exam-
ple, sourcing, patent licensing, mergers and acquisitions
(M&A).P** CI is often discussed alongside other OI models in
DDD studies, but it has not received sufficient attention. Address-
ing this gap is the objective of the present review.

Our study has sought to provide several contributions to the lit-
erature. First, it focuses specifically on CI for DDD in the (bio)
pharmaceutical industry, an area lacking in much of the literature.
In fact, extensive CI studies have been conducted outside of the
pharmaceutical industry, for instance, in the fields of information
and communication technology, "> supply chain management,
industrial marketing and public administration, or have encom-
passed multiple industries.”*?**”) Second, as a subset of OI in
DDD, CI has received insufficient attention, as the OI literature
in this context has traditionally emphasized two specific OI forms,
namely licensing and sourcing.’??">®:®2®) Third, although col-
laboration in DDD is not new and has been widely documented
and examined, no comprehensive framework exists that summa-
rizes the current state of CI literature. Existing narrative reviews
often lack objectivity and completeness,”*” while systematic
reviews focus on specific aspects of CI, P10/ P30 31,32 gych a5
collaborations between academia and industry or across sectors,
without providing an integrative framework for CI in the DDD
process. This review aims to overcome important gaps in the liter-
ature by providing a structured synthesis of the knowledge on CI
in the DDD process, alongside an overview of potentially fruitful
future research directions. In addition, this review also aims to
provide valuable managerial insights for those involved in the
DDD process and potentially to guide them into more effective
collaborative practices in the field.

Methods, search strategy and search results

To understand the current state of knowledge of CI in the DDD
process, this systematic literature review was conducted using
the evidence-based approach proposed by Tranfield et al.?>”)

Methods and search strategy

A comprehensive and in-depth literature search was conducted
in April 2024, using Web of Science (All Databases). The search
covered publications from a total of 410 journals in 11 categories
that are relevant to CI and DDD, as classified by the 2022 Journal
Citation Reports (JCR). The 11 categories include: business; busi-
ness, finance; economics; engineering, biomedical; health care
sciences & services; health policy & services; management; phar-
macology & pharmacy; public, environmental and occupational
health (SCIE & SSCI); social science, biomedical; social sciences
and interdisciplinary.

We selected the intersection of three groups of search
terms—drug discovery and development, innovation, and
collaboration—to ensure a comprehensive literature search.
We chose to focus on the Q1 literature in order to achieve a
manageable number of articles while ensuring that our find-
ings captured a representative overview of the current state
of art.
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Specifically, we used the following search string to retrieve the
initial dataset of literature records:

(TS= ((Drug AND (discovery OR development OR product))
OR pharma OR *pharmaceutic* OR (*medical AND biotech*))
AND TS= (innovat*)

AND TS= (partner* OR cooperat* OR collaborat* OR alliance*))

In the search string, the ‘TS’ stands for ‘Topic Search’, and the
system searches sequenced terms in titles, abstracts, and key-
words; the asterisk ‘*' is a wildcard character that represents
any group of characters, for example, the search term ‘innovat*’
also includes ‘innovate’, ‘innovation’, ‘innovations’, ‘innova-
tive’, and so on.

Eligibility criteria

Clear specification of detailed inclusion and exclusion criteria is
essential for determining which evidence should be incorporated
into the review. In line with other reviews within management
research, P** (3% literature was only included in our initial data-
set if it was peer-reviewed. Furthermore, as narrative reviews typ-
ically lack thoroughness and methodological rigor, ?*? 3% we
only included original research papers. In particular, we excluded
editorials, news items, and narrative reviews. We did not set a
specific time frame to our search, which was only limited by
the retrieval date.

To identify the pertinent literature, we established conceptual
boundaries delineating both the DDD process and CI as inclu-
sion criteria. The DDD process in this review refers to the entire
process before a drug is approved and can be marketed. In line
with the outlines provided by the U.S. Food and Drug Adminis-
tration (FDA),"*® the DDD process includes identifying and test-
ing a promising compound in the lab, conducting in vitro and
in vivo studies of drug safety during the pre-clinical research,
and investigating the safety and efficacy of a drug on humans
through clinical trials. The papers that were included always
related to at least one of the above phases or mentioned drug
R&D in pharmacy or biotechnology. To this end, papers that
focused only on technical aspects of DDD or were irrelevant—
such as those focusing on reporting actual procedures, on out-
comes and improvements of drug technologies, or on aspects
tangentially related to DDD but without a direct mention of
DDD (e.g., public health issues, healthcare systems, drug reim-
bursement, or healthcare services)—were excluded, as they did
not align with the focus of this study.

When delineating collaborative innovation, we included
papers discussing inter-organizational collaborations. At this
level, we investigated the collaborative relationship between dif-
ferent types of organizations, such as firms, academic institu-
tions, non-profit organizations and governmental bodies. This
scope led to the exclusion of studies focused on macro level col-
laborations (such as collaborations on an industry-wide level,
between countries, or within economic and geographic regions),
intra-organizational and interpersonal level collaborations (such
as collaborations between individuals within organizations), and
studies that were unrelated to inter-organizational collaborations
(such as those presenting technical research outcomes but not
involving CI). We also excluded papers that examined external

resource acquisition methods but lacked a collaborative aspect
(such as those focusing on outsourcing, licensing, mergers and
acquisitions).

Search results
We started with an initial dataset of 737 records and retained 152
papers for inclusion after the first abstract screening. The
included papers were further assessed for eligibility by reviewing
each paper’s introduction, methods, and conclusions, and, when
necessary, the full text. At this step, we excluded papers that only
mentioned CI but did not focus on it. Examples of such exclu-
sions include studies that state the benefit of collaboration, advo-
cate for industry—academia collaboration or discuss collaboration
as a recent trend in the industry. After applying all inclusion and
exclusion criteria, 74 articles (published between 1996 and April
2024) were selected, analyzed, and discussed in the present
article.

The detailed systematic paper selection process is presented as
a PRISMA flow diagram in Figure 1.%%7)

Analytical framework

The analysis of our refined dataset began with coding each paper
according to various elements of interest. To facilitate the sys-
tematic organization and categorization of information extracted
from the included studies, we generated codes for deductive and
inductive approaches, covering aspects such as the heterogeneity
of the collaborators, developmental phases of CI, type of
research, research method, type of collaborators, data source,
DDD phases, and so on. Among these dimensions, the hetero-
geneity of collaborators and the developmental phases of CI were
selected as core elements of the analytical framework because of
their broad applicability across the dataset, enabling a more
structured comparison.

We classified the collaborators into four categories: for-profit
firms, academic institutions, public governmental organizations,
and other social organizations, such as patient organizations and
charity foundations. We then labeled the homogeneous collabo-
rations (HoCs) as those between the same type of actors (for
example, firm—firm collaborations between a pharmaceutical
company and a biotechnology company), and heterogeneous
collaborations (HeCs) as those between different categories of
actors, for example, between a pharmaceutical company and a
hospital, or between a firm and a university.

Articles were further classified and analyzed according to the
development phases covered by the CI: initiation, implementa-
tion, or closure. The papers in our sample address either HoCs
(54%) or HeCs (46%), with one paper covering more than one
phase of CI development (Figure 2). All papers in the set are
empirical studies and are based on qualitative and/or quantita-
tive research methods. The core themes and corresponding refer-
ences for the reviewed papers are summarized in Table 1.

Article sources

The papers in our final sample were published in a wide variety
of journals (Figure 3), with the largest number in Strategic Man-
agement Journal (n = 12), followed by Journal of Product Innovation
Management, Research Policy, and Technological Forecasting and
Social Change (n = 6 each). The distribution represents a general
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PRISMA flow diagram of the paper selection process.
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Drug Discovery Today

Development phases of homogeneous and heterogeneous collaborations discussed in the selected papers. The majority of papers discussing
homogeneous collaborations focus on the initiation phase (61.9%), followed by the implementation phase (28.6%) and the closure phase (9.5%). By contrast,
papers on heterogeneous collaborations emphasize the implementation phase (69.7%), with fewer papers covering the initiation phase (30.3%) and none
covering the closure phase. (Please note that the total number of papers reported in the pie chart diagrams are 75 and not 74, since the reference 43 discuss
both initiation and closure of homogeneous collaboration).
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TABLE 1

Categorization of papers by core themes. Each study is mentioned at least once.

Homogeneous Collaborations

Heterogeneous Collaborations

Research focus No. References Research focus No. References
articles articles
Phase 1: Prerequisites Prerequisites 1 (p68)
Initiation Internal capabilities 3 (p38),(p39),(p40) Goals 3 (p16),(p69),(p70)
External conditions 4 (p39),(p41),(p42), Partner selection
(p43)
Timing 2 (p44),(p45) Geographic considerations 2 (p71),(p72)
Goals Partner-specific considerations 4 (p10),(p73),(p74),(p75)
Exploratory and exploitative purposes 5 (p46),(p47),(p48),
(p49),(p50)
Partner selection
Geographic considerations 4 (p55),(p56),(p57),
(p58)
Partner-specific considerations 7 (p38),(p42),(p59),
(P60),(p61),(p62),
(p63)
Competitive relationships 4 (p64),(p65),(p66),
(p67)
Phase 2: Coordination of Collaborative Innovation Coordination of Collaborative Innovation
Implementation Governance structures 7 (p77),(p78),(p79), Managerial mechanisms 8 (p90),(p91),(p92),(p93),
(p80),(p81),(p82), (p94),(p95),(p96),(p97)
(p83)
Alliance portfolios & network configurations 3 (p86),(p87),(p85) Innovation network 6 (p98),(p99),(p100),(p101),
(p102),(p103)
Knowledge utilization 3 (p79),(p88),(p89) Operational challenges
Knowledge utilization 5 (p104),(p105),(p106),
(p108),(p109)
Communication challenges 5 (p105),(p107),(p110),
(p111),(p112)
Phase 3: Termination decision-making 2 (p43),(p113)
Closure The effects of termination 2 (p114),(p115)
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Distribution of selected papers by journal title. The chart shows the numbers of papers published in various journals, with the Strategic Management
Journal having the highest count.
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Drug Discovery Today

Distribution of papers by publication year (1996 - April 2024) and types of collaboration: homogenous collaborations (HoCs) and heterogenous
collaborations (HeCs).

6 www.drugdiscoverytoday.com



Drug Discovery Today ® Volume 30, Number 7 e July 2025

KEYNOTE (GREEN)

upward trend in attention to the topic over time, despite some
fluctuations (Figure 4).

Key findings

In the following sections, we present the findings of our review
for the two types of collaborations, HoCs and HeCs, organized
by development phase.

Phase 1: initiation of collaborative innovation

The first phase, the initiation of CI, occurs when an organization
makes the decision to engage with external partners on a specific
project. In this review, we consider that this phase ends when
formal or informal negotiations begin on the terms and condi-
tions of the collaborative project.

Initiation of homogeneous collaborations

The existing literature discussing the initiation phase of HoCs
focuses primarily on inter-firm collaborations, more specifically,
on partnerships between pharmaceutical companies and
biotechnology firms. The relationship between these entities is
often analyzed as one between upstream and downstream firms,
or as incumbents and new entrants. The main research foci here
could be summarized into four related overarching topics: pre-
requisites for collaboration, timing of collaborations, their goals
and partner selection.

Prerequisites. Drawing from empirical studies, the prerequisites for
collaboration refer to essential internal and external conditions that
motivate and enable firms to successfully initiate and benefit from
CI. Specifically, internal conditions include internal capabilities,
such as the firms' absorptive capacity, **®’ R&D intensity and conti-
nuity, "*?"P* prior collaboration experience with the potential
partner,”>? patent protection,”*” and employee skill levels.”*”
These internal capabilities are viewed as critical for firms to engage
effectively in exploration alliances, as they enhance a firm's ability
to absorb and utilize knowledge from partners.

External conditions also play a significant role. For instance,
historical underperformance—when a firm’s current perfor-
mance falls short of past goals—can increase pressure from share-
holders, P*#42:(P43) motivating firms to pursue CI as a strategic
solution. The presence of supportive industry infrastructure can
also expedite the formation of collaborations.”*?)

Timing. In practice, researchers have found that the timing of
collaboration in the DDD process is influenced by factors such
as uncertainty, resource constraints, and partner characteris-
tics.**) Early-stage collaborations help firms to mitigate uncer-
tainties related to technology, demand, and profitability,
whereas later-stage collaborations are often driven by funding
limitations. Early collaborations benefit society because they fil-
ter out unpromising drug candidates, allowing higher-quality
candidates to advance to clinical trials and thereby increasing
the likelihood of successful market entry and health benefits
for the public. There is evidence to show that collaboration tim-
ing has significant implications for the costs and benefits experi-
enced by upstream biotechnology firms and downstream
pharmaceutical firms. Collaboration timing needs to be coordi-
nated according to factors related to technological capability,
market competition, and equity arrangements.*>

Goals. With respect to collaboration goals, scholars primarily dif-
ferentiate between exploratory (developing new technologies)
and exploitative purposes (leveraging current technology).
Empirical studies show that, in general, firms tend to prefer
exploitative alliances over exploratory ones, P*® P47 (P48 agpe.
cially when their goal is to leverage complementary assets, such
as manufacturing or marketing capabilities, and to mitigate risks
associated with knowledge spillover.?*® ?*?) This tendency is
particularly strong among small firms, which often face higher
risks of technology appropriation when engaging in exploratory
alliances with larger firms.*®""*?) Moreover, using a longitudi-
nal dataset, Cui et al.?>” examined how the proportion of
exploratory alliances in a firm's collaborative portfolio affects
competitive dynamics between partners, noting that increasing
the share of exploratory alliances initially intensifies competi-
tion, and that this effect diminishes beyond a certain threshold,
indicating a need to balance the proportion of exploratory and
exploitative alliances.

Partner selection. Partner selection is a critical decision in forming a
collaboration, P*" as choosing the right partner is essential for suc-
cess."5? Only after selecting the right partner can discussion on
governance structures proceed during the implementation
phase. P55 The literature identifies three broad categories of fac-
tors that influence partner selection: geographic considerations,
partner-specific considerations and competitive relationships.
Geographic considerations, such as physical proximity or dis-
tance, government grants, and clustering of university science
departments and biotechnology firms can significantly influence
collaboration choices. 550 (P57,®58) These factors are espe-
cially important in foreign partnerships, with larger firms bene-
fiting more than from being located in
technology-rich environments.”>> Alliance partners that are
located within the same regional cluster, for instance in the
San Francisco Bay Area, may experience lower complexity in
forming alliance contracts.”*® In addition, scholars argue that
the involvement of different types of knowledge in R&D collab-
orations requires distinct geographical considerations.®*” For
instance, basic science collaborations often depend on close
proximity that enables frequent interactions, whereas clinical tri-
als can be conducted across greater distances. Geographic dis-
tance between partners has further been linked to the risk
preferences of managers and stakeholders under varying incen-
tive structures.”>® When managers are incentivized with stock
ownership, they are more likely to take risks in partner selection,
favoring distant partners over familiar, nearby ones.
Partner-specific considerations are equally critical in partner

firms
p5S

smaller

selection. One of the most important considerations supported
by evidence is the complementarity of resources: the selection
of a partner reflects a choice in knowledge utilization, ”>? and
firms should seek partners with complementary resources and
capabilities, and whose knowledge is well-aligned.*°” The pro-
cess of selecting partners also entails deciding how to leverage
the knowledge they provide: whether to pursue knowledge
breadth or to focus on knowledge depth.*>? The internal organi-
zational structure of potential partners also plays a pivotal role: a
centralized structure favors access to broader knowledge. **®- (P61
Partner’s prior collaboration experience is another factor that is
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often considered, although its relationship with collaborative
performance is relatively complex. It is generally believed, how-
ever, that it is often beneficial for a small biotechnology partner
to have prior collaboration experience, as their pressure to sur-
vive incentivizes learning from this experience.”®*""%* Also,
small biotechnology companies that are still in the early stages
of development tend to have less complex organizational struc-
tures when compared to more mature firms, and this simplicity
facilitates the learning process. By contrast, the prior experience
of larger pharmaceutical partners is considered less important, as
their experience tends to be more homogeneous and they are
often at the lower end of the learning curve.”®? In addition,
partner familiarity—partner-specific experience gained from
repeated collaboration with the same partner—is often viewed
as a double-edged sword.P°?P°® While familiarity brings bene-
fits, such as trust and improved coordination efficiency, too
much familiarity limits innovation because of path dependence,
that is, processes where past events or decisions constrain later
events or decisions. In our context, familiarity may limit the
exploration of new possibilities in collaboration. Furthermore,
the decision to collaborate with new or existing partners is con-
tingent on firm performance.”*? Specifically, when a firm expe-
riences below-aspiration performance, it tends to seek new
partners within familiar resource areas. Conversely, when a firm
experiences above-aspiration performance, it prefers to explore
new collaborations with existing partners outside its current
resource scope.

Another important perspective is the competitive relationship
between partners, and how the new partnership fits within the
broader alliance portfolio of the firm. Empirical studies show that
firms must assess overlaps in technology, geography, and pro-
duct markets with prospective partners to avoid potential con-
flicts.P®?»P%5) Furthermore, competition between the focal
company's current and future partners and the prospective part-
ner should also be considered,”°® along with any competitive
dynamics involving the partners of both the focal company
and the prospective partner.”®* Although avoiding competition
might seem ideal, maintaining a balanced portfolio of competi-
tors and collaborators can enhance a firm’s ability to absorb
external knowledge, thereby accelerating innovation.”®”)
Initiation of heterogenous collaborations
The literature on HeCs during the initiation phase primarily
emphasizes the importance of cross-organizational collabora-
tion, with particular focus on public—private partnerships, which
extend beyond collaboration between public academic institu-
tions and private companies; hospitals and government agencies
also play a crucial role in certain contexts. Very often, however,
studies have been conducted from the perspective of firms.

Prerequisites. The literature has looked into prerequisites for HeCs,
with empirical evidence suggesting that firms must possess a sub-
stantial level of research capability in relevant or complementary
technologies to benefit from international collaborations with
academia, P°® whereas firms that lack such capabilities are unli-
kely to gain similar benefits.

Goals. Researchers have used case studies to gain insights into
specific goals of HeCs. The primary goal of CI in HeCs is to pro-

mote external data sharing and to reduce redundant research
efforts.”®” The second goal is to develop new technology by
leveraging knowledge from other fields, such as the application
of artificial intelligence (AI) and machine learning in drug discov-
ery.””? Last, the literature emphasizes cross-organizational ben-
efits, such as the involvement of governmental organizations to
ensure policy support. In the context of global health, the devel-
opment of COVID-19 vaccines is mentioned as a key example of
attaining such benefits.*'®

Partner selection. Geographic and partner-specific considerations
have been empirically studied for HeCs, as for HoCs. Considera-
tions about geographic proximity may include access to critical
resources for research, clinical trials, and market entry, which often
motivates biotech companies to locate near hospitals.””" This pat-
tern has been observed and documented in China, where it serves
as a prime example of how the healthcare system can be integrated
into alliance location decisions. Although geographic proximity
offers logistical advantages, this is not always decisive and its
importance varies depending on the type of partners. For instance,
evidence from Sweden shows that geographic proximity is compar-
atively less significant in firm-firm and university—university col-
laborations compared to firm-university collaborations.””?
Moreover, biotech-pharma knowledge collaborations in Sweden
are primarily focused at the international level rather than at the
regional and national levels, demonstrating that co-location is
not a critical factor for success.”’” With regard to the partner-
specific considerations, partner diversity?'?" 7?7 and exploita-
tion experience were found to impact collaboration success posi-
tively.?”> For clinical trials, large pharmaceutical companies tend
to collaborate with partners from diverse specialized fields, espe-
cially smaller companies that are new to clinical research. This strat-
egy allows for collaboration diversity and complementary expertise,
as over-concentration of similar partners within a single network
may reduce the likelihood of successful trials due to the limiting
effects of redundant information.**”)

Phase 2: implementation of collaborative innovation

Once partners are selected, the implementation phase involves
in-depth discussions on various elements that directly or indi-
rectly contribute to the success and efficiency of the collabora-
tion. These discussions address factors that influence
innovation performance, challenges and obstacles that could
be encountered during the collaboration, and strategies to oper-
ationalize the collaboration effectively in order to achieve mutu-
ally beneficial outcomes.

Implementation of homogeneous collaborations

In the literature, the success of CI in DDD is measured using both
direct and indirect metrics, such as the number of newly
approved drugs, the number of jointly filed patents and project
progression (for example, clinical trials advancing from Phase I
to III). Among these, the number of newly approved drugs is
the most direct indicator of CI success for DDD. In addition to
examining the output of CI, the degree of knowledge utilization
within collaborations—one of the core aspects—has also been
studied, for example, through patent citations. To analyze the
existing literature, we structured the discussion around two key
themes: coordination of CI and knowledge utilization.
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Coordination of CI. The literature focuses on governance structures
and the management of single collaborations with one or multi-
ple partners, and on alliance portfolios and network configura-
tions of multiple collaborations, addressing considerations
from a network perspective.

Governance structures may affect innovation outputs,
and are closely related to knowledge utilization and to whether
the goal is to engage in exploratory or exploitative collaboration.
Having equity-based governance (i.e., shared ownership) and a
broad technological scope is positively associated with successful
innovation outcomes.”””) To facilitate knowledge transfer and to
foster innovation in alliances, ex ante contractual commitments
for tacit knowledge exchange are crucial.”’® The use of interac-
tive administrative tools, such as steering committees or agile
teams, further support knowledge coordination and mitigate
risks of misappropriation.?”?"®8.(P81) In addition, contractual
terms should ideally align with the type of knowledge integra-
tion in the collaboration.”®? Specifically, in exploratory alli-
ances, contracts that focus on scale resource integration (where
partners pool resources for similar functions) without equity
sharing are most effective. Exploitative alliances benefit from
resource integration, where partners occupy distinct roles in
the value chain, and similarly rely on non-equity sharing
arrangements. Finally, the level of managerial control plays a
critical role in shaping financial outcomes: pharmaceutical com-
panies that have stronger control in collaborations often enable
biotech partners to secure greater financial resources, leveraging
their credibility to enhance the alliance’s overall capacity.%®

Another critical aspect to consider is the need for firms to man-
age effectively their alliance portfolios (defined as a firm's collection
of past and ongoing strategic alliances across various partner types
(P8D.(P89)y and their network configurations, P*©»"®”) which refer to
the roles that a firm assumes within its network of inter-firm ties.
The portfolio dimensions, such as the governance structures of alli-
ances, the specific activities undertaken within the value chain, the
knowledge heterogeneity of partners, and the level of partner famil-
iarity, create both value-enhancing and value-destroying
effects.”® This highlights the complexity of managing alliance
portfolios and emphasizes the importance of avoiding overly com-
plicated structures that could hinder innovation. At the same time,
it is crucial to maintain balanced positions in the network, "*® not
too close and not too far from other firms, because close positions
with partners often lead to technological similarity through
improved knowledge exchange. Similarly, moderate changes in a
firm’s network position can facilitate the acquisition of new knowl-
edge and drive innovation success,”®” whereas excessive shifts
within the network may have negative impacts.

(p76)

Knowledge utilization. The effective utilization of knowledge is a
key motivation for engaging in CI. The previous discussion has
addressed governance structures related to knowledge utilization,
but studies also focus specifically on how knowledge utilization
can both foster and hinder innovation.

First of all, achieving optimal outcomes requires a balanced
approach to external knowledge use: both over-reliance and
under-utilization can be detrimental to innovation.”®® Second,
knowledge diversity impacts CI in different ways: a moderate
use of technological base diversity enhances alliance perfor-

mance, whereas excessive R&D process diversity may create too
many opportunities for partner exploitation, thereby negatively
affecting performance.”’® Finally, a firm’s position within the
broader knowledge network and the strength of its connections
with multiple partners are crucial factors. Extensive knowledge
connections with other firms can facilitate innovation, but
over-dependence on numerous knowledge sources or overly
close ties with influential partners can paradoxically stifle new
product development. %)

Implementation of heterogenous collaborations

On the basis of our analysis, we have identified two main
research foci: coordination of CI and operational challenges.

Coordination of CI. Research has focused primarily on the manage-
rial mechanisms of CI (i.e., understanding how to engage in and
manage collaborations) by examining collaboration models and
analyzing factors that influence collaborative innovation out-
comes.P??P?D studies suggest several facilitators of innovation,
among them understanding the institutional contexts of part-
ners,””? and involving public bodies indirectly in collaborations
(for example, through government funding or subsidies).?? "9
The number of partners involved in a collaboration has also
attracted attention. Participating in too many alliances simultane-
ously can be detrimental.””*"*® The complexity and costs asso-
ciated with managing additional alliances may outweigh the
benefits of resource acquisition and learning, thereby limiting
the potential for further alliance expansion””” and slowing down
the pace of new product development.

Another area of focus pertains to the innovation network.
Smart et al.?*® and Van Der Valk et al."*? proposed theoretical
frameworks to guide network design and performance evaluation.
Scholars have also examined the role of network position in driv-
ing collaboration outcomes.?!'??P1ODPI02,P193 Eor jnstance,
research indicates that collaborative networks often evolve from
loosely connected groups into cohesive systems that are marked
by higher levels of trust and commitment.”'°” Dense clusters with
short path lengths, such as a ‘small world’ structure, can initially
promote innovation”'°"; as network connectivity increases, how-
ever, this effect may diminish. In addition, industry partners tend
to form cohesive relationships faster than their academic counter-
parts, potentially impacting network dynamics.

Operational challenges. Our analysis leads us to conclude that the
two primary challenges to ensuring that innovation occurs are
knowledge utilization and communication. Regarding knowl-
edge utilization, the first topic of concern among scholars is inad-
equate knowledge learning, 0% (105106107 which they
attribute to factors such as institutional diversity, orientation
asymmetry, project complexity and low interactivity, as well as
the issues of value creation and distribution. A second concern
regards how existing knowledge can be balanced with newly
acquired knowledge, that is, whether it is advisable to make full
use of the latter. Furthermore, researchers argue that the acquisi-
tion of external knowledge does not necessarily entail a signifi-
cant investment in its integration. By contrast, companies
frequently prioritize the optimization of their internal knowl-
edge base before investing in external knowledge, thereby
achieving a balance between internal and external knowledge
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TABLE 2

Communication challenges in heterogeneous collaborations and possible solutions.

Challenges

Potential solutions

Reference

Orientation asymmetry spurs cognitive and affective conflictin e Improve awareness of conflict

Develop a mindful IP policy to prevent conflicts
Frame the collaboration into three checkpoints: inception, ignition and (p106)
implementation

Separate the individual value that a partner brings to the project from

the team
Long discussions on how to collaborate lead to missed
opportunities and/or poorly executed collaboration

(p104)

the incremental value generated during the collaboration; assign value
to parties using ratios

Optimize multifaceted endeavors to improve value creation

Complex initial IT system configuration and user unfamiliarity =~ e Collaborating scientists should adopt a collaborative mindset and (p109)

causes mistakes and delays in the beginning of the
collaboration

Collaborative innovation is about people so communication
needs to be highly intentional to ensure adaptability and
responsiveness

Understand the culture of the partner when expressing ideas

Avoid jargon and distractions

Establish clear communication channels, preferably in face-to-face
meetings

Launch talent exchange projects

embrace diverse approaches of partner organizations

(p110)

for new product development.”'%® A third risk is that of knowl-
edge leakage. When a company forms a partnership with a uni-
versity or public research institution that adheres to the open
science paradigm, the risk of knowledge leakage is more promi-
nent than when the company forms a partnership with another
company that is not in direct competition.”!%”

Communication challenges also need to be overcome in order
for HeCs to be successful. Empirical and case studies show that
communication barriers can be caused by cognitive and affective
conflicts in the team, complex initial IT system configurations or
cultural differences between academia and industry. !9 ®110).¢
PID In addition, HeCs are highly dynamic, and as inter-
organizational relationships evolve, a persistent and evolving
tension between power and trust must be managed, reinforcing
the need for transparent and efficient communication. This chal-
lenge is especially pronounced in global-health-focused public—
private partnerships, such as a collaboration for developing a
new malarial treatment in Sub-Saharan Africa, which involved
a global health organization, a pharmaceutical company, and a
research university.”''? In Table 2, we provide an overview of
communication challenges and how the literature suggests that
these can be solved.

Phase 3: closure of collaboration innovation

The final phase, closure of CI, marks the end of the collaboration.
Our dataset contains only four empirical articles on collaboration
termination, which all deal with homogeneous collaborations.
We categorized these into two focus areas. The first focus area,
termination decision-making, identifies prolonged organiza-
tional underperformance as a key trigger for ending collabora-
tions. Top management plays a key role by monitoring
collaborative and competitive signals from partners, such as con-
tinuously demonstrating consistent research output or entering
the same therapeutic areas, which can stabilize the alliance or
instead lead to termination.®*!?

The second focus area, the effects of termination, examines
the financial and value creation impacts that follow the termina-
tion. Premature termination tends to provide drug developers
with significant negative abnormal returns, particularly when

initiated unilaterally by the partner rather than by the firm itself
or through mutual agreement, even though the collaboration
duration may mitigate this effect.”''* In addition, project sus-
pensions (temporary pauses) may create positive value, whereas
project failures generally lead to negative outcomes. ">

We did not identify any studies dealing with the termination
of HeCs.

Discussion and future research directions

Research at the intersection of CI and DDD has yielded valuable
insights into the collaborative processes involved in discovering
and developing new drugs. The existing literature on HoCs and
HeCs varies in both depth of exploration and areas of focus.
Thus, we have identified several unexplored topics that merit fur-
ther investigation, as well as directions for continued exploration
of existing research themes, providing food for thought for
future studies. A visual representation of current and future
research directions is presented in Figure 5, whereas Table 3 out-
lines relevant examples of research questions.

Research questions that are relevant to all phases and Cl types
Our review reveals that the existing research on CI in the DDD
process has generally taken one of two approaches: either exam-
ining the DDD process in its entirety or focusing exclusively on
the clinical phases. However, these two perspectives overlook
the distinct challenges that may arise at different stages of CI
as a result of the varying complexity of DDD across different
therapeutic areas. For instance, the field of neuroscience is con-
siderably more challenging than other therapeutic areas, given
the difficulty of overcoming the blood-brain barrier to deliver
drugs into the brain, and also given the considerable length of
clinical trials in this field. Currently, little is known about how
the complexity of DDD impacts CI. Therefore, future research
could account for the substantial differences in development dif-
ficulty across therapeutic areas, as greater development difficulty
often corresponds to a greater unmet medical need for such
drugs.

In addition, the DDD process inherently involves multiple sci-
entific disciplines, aligning with the widely prevailing consensus
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Drug Discovery Today

Current and future research directions. The underlined text indicates potential areas for future exploration, whereas the remaining content summarizes
insights from existing literature, which may require further investigation. Abbreviations: Cl, collaborative innovation; HeC, heterogeneous collaboration; HoC,

homogeneous collaboration.

on the importance of interdisciplinary research.”''® Existing
studies have not, however, sufficiently emphasized the interdis-
ciplinary characteristics of drug research. Innovation barriers
arising from disciplinary differences cannot be overlooked. For
instance, an advancement in medicinal chemistry may not trans-
late into meaningful progress or clinical application if it does not
align with the requirements of later-stage pharmacological and
pharmaceutical development. Although scientists in laboratories
may intuitively recognize these differences, scholars should
explore interdisciplinary collaborations in terms of evolving
competency requirements and emerging resource allocation
challenges.

Like all studies, the present work has certain limitations. The
studies included in our review primarily draw from data from
developed countries, with limited attention given to low- and
middle-income country contexts. We suggest that future
research broadens its geographic scope to better understand
how collaborations unfold globally.

By focusing on Q1 journals only, we can be certain of the
quality of the reviewed articles but may have missed high-
quality articles published in non-Q1 journals. Furthermore, col-
laborative  relationships  typically = last  approximately
35 years, P#®®117) which may be the reason why little research
on CI termination has been published. Future research could
continue to monitor ongoing CI in order to acquire useful
insights into the termination of collaborations.

Research questions that are phase and/or Cl type-specific
Initiation phase

Regarding HoCs, our review found no studies that incorporated
contextual factors when examining partner selection, despite
their crucial importance. Specifically, we call for future research
to explore how market conditions and technological complexity
influence partner selection decisions. Furthermore, we suggest
that future research could fruitfully investigate heterogeneity
within HoCs, particularly with respect to their entrepreneurial
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TABLE 3

Possible research questions.

Developmental phases of Research directions
collaborative innovation
(cn

Research questions

All Phases The complexity of drug discovery
and development (DDD)

Interdisciplinarity

Geographic considerations

Phase 1: Initiation Homogeneous collaborations
Contextual Factors
Homogeneous collaborations
Embracing heterogeneity

Heterogeneous collaborations
Academic and non-firm
perspectives

Heterogeneous collaborations
Comparative analysis

Phase 2: Implementation Mechanisms for sharing
collaborative outputs

Optimization of alliance portfolios

Performance management

Heterogeneous collaborations:
Academic and non-firm
perspectives

How does the complexity of DDD influence the duration and timeline of collab-
orative drug research, and how can strategies for expectation management be
effectively designed and implemented in response?

When does high research difficulty lead to project delays in innovation partner-
ships, and what factors should be considered in deciding whether or not to
continue a project?

How do the interdisciplinary characteristics of drug development reshape tal-
ent requirements, and what strategies can be employed for talent selection
and training?

As cross-disciplinary technologies (such as artificial intelligence and machine
learning in drug screening) are increasingly integrated into collaborative
DDD, how do these innovations impact workload and resource allocation,
and what strategies can mitigate potential inefficiencies?

What coordination mechanisms are adopted by alliance partners across North—
North, North-South and South-South collaborations?

What factors enable or hinder sustained micro-level collaboration across South-
South collaborations?

e How do contextual factors, such as market conditions or technological com-
plexity, moderate the importance of partner attributes during the selection?
How do firms differ in their criteria and priorities for partner selection?

What is the role of entrepreneurial orientation?

What challenges do spin-offs face in attracting and selecting suitable partners?
What are the prerequisites for academic institutions to effectively benefit from
(@

Which attributes of academic institutions are critical for them to be selected as
partners in Cl initiatives?

What criteria do non-profit organizations use to select industry or academic
partners for collaboration?

How do these prerequisites differ from those required by firms?

How do these attributes align with or differ from the selection criteria used for
firms?

e To what extent, and through what mechanisms, are decisions regarding the dis-
tribution of potential proceeds from collaboration made?

Are collaborative output-sharing mechanisms revenue-based, and if so, are rev-
enues shared equally, proportionally, or based on other criteria?

How do governance mechanisms (e.g., equity-based Cl, managerial control
power) influence the negotiation and implementation of benefit-sharing
agreements?

How can firms strategically balance multiple alliance dimensions—such as gov-
ernance structures, value chain activities, knowledge heterogeneity, and part-
ner familiarity—when managing simultaneous collaborations?

Do organizations engage in both heterogeneous and homogenous collabora-
tions simultaneously, and if so, how do they manage these differently to opti-
mize innovative outcomes?

How can the efficiency of collaborations be effectively evaluated?

How can the organizational learning that emerges from Cl be effectively
assessed?

What are the managerial and operational costs associated with CI? What orga-
nizational or environmental factors affect these costs?

How can appropriate performance metrics for evaluating collaboration perfor-
mance be identified and selected?

What collaboration models do universities prefer in the context of drug discov-
ery and development, and what are the underlying factors driving these
preferences?
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TABLE 3 (CONTINUED)

Developmental phases of Research directions
collaborative innovation

(cn

Phase 3: Closure

Research questions

Termination decisions e Who or what serves as the primary driving factor behind the termination of
collaborations?

e Are universities more or less likely than firms to initiate termination?

e Are the effects of termination equally distributed among all parties? For
instance, do some parties experience greater negative impacts, such as firms
facing financial losses while university research continues to receive funding
even after an unsuccessful collaboration?

e What are the underlying causes of nominal collaborations, and how do these
partnerships persist without meaningful interactions?

e Is there any value in nominal collaborations? Are there any consequences of
ending nominal collaborations?

e What actions can be taken to avoid nominal collaborations?

e What are the underlying reasons for collaborative drug research failures in DDD
partnerships?

e How can failure experiences in collaborative DDD serve as learning opportuni-
ties for firms and other types of organizations?

e To what extent do firms and other entities involved in DDD partnerships learn
from failed collaborations, and how do they incorporate these lessons into
future practices?

Consequences of termination

Nominal collaborations

Z
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Failure experience

Crossing phases Interdependence between phases e How do choices made during initiation affect implementation and termination?
e How does the termination of one Cl affect the initiation and implementation of

future CI?

orientation, ?''® that is, their propensity to engage in innova-
tion, risk-taking, and proactive opportunity-seeking, as these fac-
tors may affect their engagement and performance in CI. For
example, scaling firms may prioritize rapid expansion, whereas
university spin-offs may focus on technology development.
These differences may shape their collaborative behaviors. To
understand fully how to initiate CI in the DDD process, however,
it is essential to consider perspectives beyond firms, particularly
those of academic institutions and other non-firm entities. This
motivates our first two research directions for HeCs, namely, (i)
examining current knowledge in the initiation phase (prerequi-
sites, timing, goals, and partner selection) from the perspective
of academic and non-firm partners and (ii) conducting compara-
tive analyses to understand how the knowledge associated with
different types of partners varies. These two perspectives will
contribute to a deeper understanding of CI in the initiation
phases when partners are heterogenous.

Implementation phase

Studies on HoCs in the implementation phase have primarily
focused on the coordination and knowledge utilization of CI to
achieve successful collaboration outcomes. Nevertheless, several
critical aspects of this phase remain underexplored, including
mechanisms for sharing collaborative outputs, the optimization
of alliance portfolios, and, most wurgently, performance
management.

Our review indicates that existing research on the coordina-
tion of HoCs has largely concentrated on managerial governance
mechanisms (equity-based CI, managerial control power, and
administrative tools), while comparatively little attention has
been given to mechanisms for sharing collaborative outputs.
We argue that broadening the scope of research to include how

collaborative outputs are shared could yield valuable insights,
particularly regarding decision-making and benefit-sharing
agreements, both for HoCs and HeCs. For example, it is essential
to understand the extent to which, and the ways in which, deci-
sions regarding the distribution of potential proceeds from col-
laboration are made—not only for comprehensively assessing
the outcomes of CI but also for providing practical guidance on
negotiating benefit-sharing agreements.

Second, regarding alliance portfolios and network configura-
tions, research has recognized the interdependence of various
dimensions within alliance portfolios, "®* including governance
structures, the specific activities undertaken within the value
chain, knowledge heterogeneity among partners, and the level
of partner familiarity. However, strategies for optimizing alliance
configurations remain insufficiently explored. Future studies
should investigate how different alliance structures influence
CI effectiveness and how firms can strategically configure their
networks to maximize innovative outcomes. Specifically,
inspired by our review, we seek to understand whether (and
how) parties engaging in both HoCs and HeCs behave differently
in collaboration, thereby gaining insights into their distinct
management strategies.

Performance management in CI requires further attention.
Investigating methods for evaluating collaboration efficiency,
identifying appropriate performance metrics, and assessing man-
agerial costs could enhance our understanding of how to mea-
sure and improve CI performance.*®

These future research directions are relevant for both HoCs
and HeCs. In addition, future studies on HeCs could explore
how different types of partners—such as academic institutions,
firms, and public sector organizations—differ in their preferences
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regarding collaboration models, governance structures, and
knowledge utilization. A deeper understanding of these differ-
ences could offer valuable insights for tailoring CI strategies to
accommodate diverse collaborative environments.

Closure phase

The final phase of collaboration remains underexplored:
although some research has been conducted on HoCs, HeCs
have received even less attention. Our review suggests that sev-
eral areas require further investigation to advance the under-
standing of collaboration dynamics in DDD.

It is crucial to examine the drivers and decision-making pro-
cesses behind the decisions to terminate HeCs, particularly from
the perspectives of different partners. Existing research has not
sufficiently explored who or what serves as the primary driving
factor behind termination decisions. Future studies could also
investigate whether universities are more or less likely than firms
to initiate termination and how their motivations differ, consid-
ering factors such as funding cycles, regulatory constraints, and
strategic priorities.

The consequences of termination of both HoCs and HeCs
warrant further study. Although collaboration termination
may be a strategic choice, its impact may not be evenly dis-
tributed across all parties. For example, termination may
impose greater financial losses on firms, whereas university
research may continue to receive funding even after an unsuc-
cessful collaboration. Future research should explore the
extent to which different stakeholders bear the costs and risks
associated with termination and how these effects influence
future collaborative behaviors.

It would be of interest to investigate whether there is any form
of nominal collaboration, that is, collaborations that exist in
name only but in fact have been terminated, and if so, to explore
the underlying causes and to identify possible actions to address
such a situation, which should contribute to better resource allo-
cation for the CI.

Finally, failures in DDD collaborations have not received suffi-
cient attention. Future research could explore the underlying rea-
sons for collaborative drug research failures, considering factors
such as technological uncertainty, misalignment of partner expec-
tations, and regulatory hurdles. Furthermore, although failure is
often regarded as a learning opportunity, ' little is known about
how firms and other organizations in DDD incorporate lessons
from failed collaborations into future practices. Investigating the
extent to which different stakeholders engage in post-failure learn-
ing and adaptation could offer critical insights for improving col-
laboration resilience and innovation strategies.

By addressing these research gaps, future studies could con-
tribute to a more comprehensive understanding of CI in DDD,
ultimately enhancing the effectiveness of both HoCs and HeCs
in fostering innovation.

Crossing phases

Through our review, we have identified that the different phases
of CI and their key considerations are closely interconnected
rather than independent. Therefore, we propose further explo-
ration of the interdependence between CI phases. Future
research could, for instance, examine how decisions and actions
taken in one phase shape subsequent phases.

In a similar vein, investigation regarding interdependence
between collaboration phases could include an analysis of how
choices made during the initiation phase influence the imple-
mentation and eventual termination of a collaboration. Like-
wise, termination may not be an endpoint but rather a factor
that shapes future collaborations, raising important questions
about how prior termination experiences influence the initiation
and execution of subsequent partnerships.

By examining these cross-phase interdependencies, future
studies could provide deeper insights into CI in DDD, helping
both firms and non-firm partners to develop more resilient and
adaptive collaboration strategies.

Concluding remarks

We have presented a systematic literature review on CI in the
DDD process, presenting the current state of this topic. A total
of 74 papers selected for this review were categorized based on
the developmental phases of CI (initiation, implementation
and closure), as well as the homogeneity of the collaborators
involved (homogenous and heterogenous collaborations). From
this analysis, we summarized current research and proposed
future research directions.

CI in the DDD process has become a well-established con-
cept. However, greater focus is needed in this field to achieve
breakthrough innovations that can bring new therapies to
patients and can benefit society.”'*? This review contributes
to a deeper understanding of collaborative innovation and its
implications in DDD. Moving forward, we encourage research-
ers, managers, and all stakeholders—across and between
industry, academia, non-for-profit organizations and govern-
mental bodies—to continue advancing both the academic
understanding and practical applications of CI in the DDD
process. We are hopeful that our review will help future
research to target fruitful research areas.
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