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Abstract
Background: Repurposing is a drug development strategy receiving heightened attention after the FDA
granted emergency use authorization of several repurposed drugs to treat Covid-19. There remain
knowledge gaps on facilitators and barriers for repurposing and why promising drug candidates get
shelved in the outset.

Method: This systematic literature review used controlled vocabulary and free text terms to search
ABI/Informa, Academic Search Premier, Business Source Complete, Cochrane Library, EconLit, Google
Scholar, Ovid Embase, Ovid Medline, Pubmed, Scopus, and Web of Science Core Collection databases for
the characteristics, reasons and example of companies deprioritizing development of promising drugs
and barriers, facilitators and examples of successful re-purposing.

Results: We identified 11,814 articles, screened 5,976 for relevance, found 437 eligible for full text review,
115 of which were included in full analysis. Most articles (66%, 76/115) discussed why promising drugs
are abandoned, with lack of efficacy, or superiority to other therapies, for the studied indication (n=59),
strategic business reasons (n=35), safety problems (n=28), research design decisions (n=12), the
complex nature of a studied disease or drug (n=7) and regulatory bodies requiring more information
(n=2) among the top. Repurposing barriers include inadequate resources (n=42), expertise (n=11),
intellectual property challenges (n=26), poor data access (n=20), uncertainty about the value of
repurposing (n=13), and liability risks (n=5). Repurposing facilitators include multi-partner collaborations
(n=38), access to compound databases and corresponding screening tools (n=32), regulatory
modifications (n=5), and tax incentives (n=2).

Conclusion: Sponsors deprioritize development of promising drugs due to insufficient efficacy or
superiority to other therapies for studied indications or populations, perceived market prospects, and
industry consolidation. Inadequate resources and data access and challenges negotiating IP are key
barriers needing reform for repurposing to reach its full potential as a core approach in drug development.
Multi-partner collaborations and the creation, accessibility, and use of compound databases and tax
incentives are key facilitators for repurposing. More research is needed on the current value of
repurposing in drug development and how to better facilitate resources to support it, where valuable,
especially financial, staffing for out-licensing shelved products, and legal expertise to negotiate IP
agreements in multi-partner collaborations.

Registration: The protocol was registered on Open Science Framework (https://osf.io/f634k/) as it was
not eligible for registration on PROSPERO.

Background
Drug repurposing, defined as researching new indications for already approved drugs or advancing
previously studied but unapproved drugs, is as a core approach in drug development. Some reports state
that about 30–40% of new drugs and biologics approved by the US FDA between 2007 and 2009 can be
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considered repurposed or repositioned products [1]. Similarly, a study found that 35% of transformative
drugs approved by the FDA between 1984 and 2009, defined as drugs that were both innovative and had
groundbreaking effects on patient care, were repurposed products [2].

Many experts claim re-purposing drugs can be faster, cheaper, less risky and carry higher success rates
than traditional drug development approaches, primarily because researchers can bypass earlier stages
of development that establish drug safety, as they have already been completed [3]. However, exactly how
much time, risk and money are saved can be unclear, with some conflicting evidence.

Some reviews, for example, state about 30% of repurposing efforts are successful, that is result in a
product approved for marketing, in comparison to about 10% for new drug applications more generally
[4]. However, others conclude contradictorily that repurposed agents do not necessarily succeed more
often than new agents, with efficacy typically being the limiting factor rather than safety [5]. In terms of
time and cost savings, reports indicate de novo drug discovery and development can be a 10-to-17-year
process, in contrast to repurposed drugs which are generally approved sooner, within 3 five 12 years, and
at about half the cost [6, 7].

Repurposing is receiving renewed attention during the Covid-19 pandemic [7]. Within six months of the
start of the pandemic, the US Food and Drug Administration (FDA) granted emergency use authorization
for several repurposed drugs to treat Covid-19, such as remdesivir, originally developed as an antiviral but
not previously approved for any indications. Since the start of the pandemic, hundreds of clinical trials of
repurposed molecules have been initiated for COVID-19, with lackluster results.

Despite the enthusiasm around drug repurposing, there has been no systematic literature review on why
pharmaceutical companies de-prioritize or abandon promising drug candidates in the first place, coupled
with an identification of the facilitators and barriers for repurposing promising compounds. Accordingly,
this study aims to systematically review the literature to identify the root causes associated with
companies shelving development of seemingly promising drug candidates unapproved by the FDA for
any indication, as well as obstacles and facilitators for moving them off the shelf and back into
development, a process often referred to as drug repurposing.

Methods
The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement for
reporting was used for this study (Supplementary Table 1). The protocol was registered on Open Science
Framework (https://osf.io/f634k/) as it was not eligible for registration on PROSPERO.

Search strategy
A systematic search of the literature was conducted by a medical librarian (AAG) in ABI/Informa,
Academic Search Premier, Business Source Complete, Cochrane Library, EconLit, Google Scholar, Ovid
Embase, Ovid Medline, Pubmed, Scopus, and Web of Science Core Collection databases to find relevant
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articles published from inception of each database to April 16, 2020. Databases were searched using a
combination of controlled vocabulary and free text terms related to the de-prioritization, shelving,
abandonment, and repurposing of promising experimental drugs unapproved by the FDA for any
indication. The search was peer-reviewed by a second medical librarian using PRESS (Peer Review of
Electronic Search Strategies). Details of the full search strategy are listed in Supplementary Table 2.

Study Selection
Citations from all databases were imported in an Endnote x9 library (Clarivate Analytics, Philadelphia,
PA), where duplicates were removed. The de-duplicated results were imported into Covidence v2627
(Covidence, Melbourne, Victoria, Australia) for screening and data extraction. Two independent trained
screeners performed a title and abstract review; disagreements were resolved through discussion (SA, NK,
JM). The full text of the resulting papers was then reviewed for inclusion by two independent screeners
with disagreements also resolved through discussion. The main outcomes of interest were the
characteristics of and reasons for the phenomenon of companies deprioritizing or abandoning
development of promising drugs, facilitators and successful examples of advancing development of
promising abandoned or deprioritized drugs (often referred to as drug repositioning or re-purposing), and
barriers to advancing development of promising abandoned or de-prioritized drugs. Study inclusion was
not limited by publication date or type. Commentaries, editorials, expert opinions, and perspective pieces
were included. Book chapters, conference abstracts, animal studies, dissertations, and papers not
available in English were excluded.

Data Extraction and Analysis
Two reviewers (SA, NK) independently extracted data using Qualtrics software (Qualtrics, Provo, UT). JM
performed data extraction on 20% of the final sample, selected at random to verify data reliability.
Descriptive analysis was performed by NK, SA and JM. Data extracted included article type, article title,
journal title, first author, publication date, extraction and analysis of terminology used to describe
abandoned investigational drugs and moving them back into research and development, reason(s) and
methods for drug de-prioritization or abandonment, conditions treated, examples of deprioritized or
repurposed drugs, as well as barriers and facilitators to drug repurposing. Risk of bias was not performed
due to the varying study designs included in this study. Instead, Oxford Centre for Evidence-Based
Medicine: Levels of Evidence was used to grade the level of evidence included in this study.

Results

Sample characteristics
We identified 11,814 articles through our literature review, 5,838 of which were duplicates. After de-
duplicating the sample, we screened 5,976 articles for relevance, finding 437 eligible for full text review,
115 of which were included in our full analysis (See Fig. 1 and Supplement Table 3). Of these 115
publications, 18 were expert opinions/editorials, 25 were reviews, 32 were articles, 31 news articles, and 9
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were other formats such as commentaries, technical reports, viewpoints, and correspondence
(Supplement Table 4).

Sixty-six percent of these articles (76) presented reasons why promising drugs are abandoned (i.e.,
because a drug is projected not to be a blockbuster or to be less commercially viable than another
portfolio drug) and 43% (49) discussed barriers and 63% (72) facilitators for repurposing. The number of
articles published on drug repurposing and abandonment has grown over time, from 6 published before
2004, 12 in the period 2005 to 2009, 41 in 2010 to 2014, 51 in 2015–2019, and 5 in 2020, through April
16, 2020 (See Fig. 2).

Concept definition
Drug candidates pursued by developers not reaching a commercial market are commonly referred to as
failed (n = 26), abandoned (n = 23), discontinued (n = 7), shelved (n = 8) or deprioritized (n = 5), hereafter
referred to simply as abandoned. Re-starting investigation of an abandoned drug is commonly referred to
as drug repurposing (n = 47), repositioning (n = 41), reprofiling (n = 12), rescue (n = 12) and re-tasking (n = 
5) in the literature. Several articles (n = 7) describe how these terms are often used interchangeably in the
literature and policy efforts, without consistent definitions, a finding confirmed by our analysis. However,
some articles (n = 14) distinguish drug repurposing from repositioning, generally referring to repurposing
as researching new indications for approved drugs already on the market (i.e., investigating applications
for entirely new therapeutic areas), in contrast to repositioning which develops previously studied but
unapproved active pharmacological ingredients. Of the articles using repurposing as the primary term
and providing an operational definition, 13 stated repurposing applied to both approved and unapproved
compounds.

Reasons drugs are abandoned
Most articles (76/115, 66%) discussed the reasons why a drug candidate’s development may be
abandoned, with lack of efficacy for the studied indication (n = 59), strategic business reasons by the
sponsor (n = 35), drug safety problems (n = 28), and research design decisions (n = 12) being the most
commonly discussed reasons. Other cited reasons included the complex nature of the studied disease or
drug (n = 7) and regulatory bodies requiring more information (n = 2) (See Fig. 3). Below we go into more
detail about some of these reasons.

Efficacy and superiority challenges
The most frequently cited reason for why drug candidates are abandoned was inadequate efficacy for the
studied indication or target population (n = 59) or a lack of superiority to alternative therapies (n = 11).
Thymitaq, an experimental cancer drug, for example, was discussed as shelved by Agouron
Pharmaceuticals after studies showed it was "clearly active," but "not sufficiently superior to alternative
therapies to justify the required investment [8]." Similarly, imagabalin was discussed as discontinued by
Pfizer because it appeared unlikely to “provide meaningful benefit to patients beyond the (then) current
standard of care [9].”Capravirine was also discontinued after two Phase IIb studies sponsored by Pfizer
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failed to show a statistically significant difference between standard triple-drug HIV therapies and the
same therapy combined with Capravirine [10].

Strategic business reasons
After efficacy challenges, strategic business reasons were the second most commonly discussed reason
for why a promising drug candidate might be abandoned (n = 35). Specifically, poor market prospects (n 
= 14), incompatibility with company disease priorities (n = 7), industry consolidation (n = 5), and type II
decision-making errors that can cause a manger(s) to underestimate a drug’s value (n = 6) were discussed
as leading reasons for a company abandoning development of a promising drug candidate.

Poor market prospects
Poor market prospects were discussed as a top factor in decisions around whether to shelve an asset (n 
= 14). For example, vaccines were discussed as often abandoned due to their smaller markets and lower
projected revenues, as generally the federal government is their largest purchaser, and due to their lower
frequency use and higher manufacturing costs than drugs [11]. Drugs may be used every day, while a
vaccine may only be used a few times throughout a person’s lifespan [12]. One article discussed how the
highest revenue generating vaccine, Prevnar, a pneumococcal vaccine for children, grossed $1 billion in
annual U.S. sales, in comparison to individual drugs which were grossing around $7 billion in annual US
sales, such as those for high cholesterol, hair loss, heart disease, obesity, and neurology [12]. To further
put this in perspective, the revenues for Lipitor, a cholesterol drug, were described as “greater than
revenues for the entire worldwide vaccine industry,” according to an article published in 2005 [12]. Articles
did not generally elaborate on the amount of profits or returns on investments (ROI) needed to sustain
investment in an asset and avoid shelving risks [11, 13, 14]. Instead, companies were described as
needing to make prioritization decisions about which compounds to advance at every stage of
development, given limited resources and in light of current and future projects [15]. If a late-stage
compound does not meet set endpoints it is often shelved for the next lead candidate. Re-evaluating a
drug’s activity for use in multiple indications is not generally considered economical [16].

Disease priorities
Companies often focus on developing products for specific categories of diseases and conditions and
can abandon drugs targeting conditions outside their research priorities. For example, AstraZeneca sold
the rights to its shelved schizophrenia drug candidate to Millendo therapeutics. While the drug was
ineffective in schizophrenia, hormonal side effects seen in testing suggested a potential use in polycystic
ovary syndrome (POS), which was not a priority therapeutic area for AstraZeneca at the time [17].
Pagoclone (PGC), is another drug that was discussed as abandoned after multiple unsuccessful
repurposing efforts by different companies. Studied in 1994 for anxiety by Rhone-Poulenc Rorer, now
Sanofi, the drug was later licensed and abandoned by Pfizer due to a lack of robust efficacy data. The
drug was then pursued by Endo Pharmaceuticals for stuttering and discontinued for reportedly not fitting
into the company’s defined R&D priorities and for having low projected commercial potential [9].
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Consolidation
Industry consolidation, through for example mergers and acquisitions, can also lead to culling of
promising development programs, merging of portfolios, and rivaling factions of scientists [13, 15, 18].
Pfizer, for instance, cut nearly 20% of its development pipeline after acquiring Wyeth in 2009, to help
ensure its key disease priority areas were dominant in the new portfolio and to consolidate resources
post-merger. This included abandoning imagabalin, under development by Pfizer, reportedly because
Pfizer and Wyeth both already had other successful and popular drugs with anxiolytic activity, including
Pfizer’s pregabalin and Wyeth’s venlafaxine [9].

After the merger, Pfizer also withdrew its supplemental marketing application for Lyrica, a drug already
approved to treat seizures, fibromyalgia, and nerve pain, among other projects, to treat anxiety because
these did not fit within their disease and condition priority groups of oncology, pain, inflammation,
Alzheimer's, psychoses, and diabetes. Most abandoned drugs were in phase 1 of development, though
three drugs in Phase 2 were also culled. Similarly, Merck cut multiple programs across its pipeline after
acquiring Schering-Plough [13].

Managerial judgement errors
The literature also noted that managers allocating resources inevitably make errors in their assessment
of which projects to continue and which to terminate, especially “type 2 errors”, defined as false negative
decisions that underestimate a drug’s value; had the organization found the right target and business
model, it may have had therapeutic value. These types of judgement errors, where managers
underestimate therapeutics’ potential, were discussed as resulting in fewer drugs for patients than would
arise in an ideal world [13]. Type 2 errors, that is false negatives, were described as harder to mitigate in
comparison to type 1 errors, false positives, which may be caught and or addressed through a rigorous
regulatory review. Examples of such errors include the “class effect” (that is negative results for one drug
affecting value judgements for others in the same class) and a “felt inferiority” for a compound or
“assumption that the compound could be too late to enter the market” [19]. Dalcetrapib, for instance, was
abandoned by Roche after an independent group stated the drug lacked clinically meaningful efficacy in
a late-stage trial. The drug targeted cardiovascular risks, and its failure was discussed as potentially
having repercussions for other companies studying similar drugs, like Eli Lilly [20].

Research design decisions
Selection of the wrong indication, endpoints, populations to enroll, or patient stratification methodologies
in a trial, as well as suboptimal dosing or insensitive biomarkers were discussed as potential drivers of
drug abandonment, which we have classified as “research design decisions” (n = 12) [21, 22]. One paper,
for instance, suggested Nelivaptan, a treatment for major depressive disorder and generalized anxiety
disorder, may have appeared ineffective because it was studied in the wrong population and for the
wrong indication. Study authors noted Nelivaptan, an AVPR1b antagonist, would be best utilized in acute
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stress conditions, as V1b receptors are particularly activated, with limited efficacy for the chronic stress
states in which it was tested [21].

In terms of dosing decisions, after initially declaring Aducanumab ineffective for treating Alzheimer’s
disease after phase III trials, Biogen found statistically significant improvements in cognitive decline in a
subset of the sample who had received the highest doses and thus revived the nearly abandoned therapy
with new dosage selections [23, 24, 25].There have been over 200 failed Alzheimer’s drugs and
candidates, reflecting poorly understood etiology and deficiencies in development and methodology,
including issues with dosing, biases, and protocol violations [26]. Papers by Becker described how
researchers found several trial related factors in Phenserine’s development, also an Alzheimer’s-related
drug, that suggested they did not provide fair and unbiased conditions for the drug to demonstrate
efficacy, including variance on assessment scores, improvement in the placebo groups, and unaddressed
errors [26, 27].

In general, placebo-based trials were discussed as possibly having higher risks for drug abandonment.
Comparing a new compound with a placebo was discussed as having a higher risk of a false negative
trial, particularly in diseases like irritable bowel syndrome and mild depression, where the placebo
responder rate can be as high as 40–50%. Inability to pick a correct dose can also lead to a false-negative
effect with placebos, as often the highest acceptable dose, not the most optimal dose, is chosen in order
to emphasize the difference versus a placebo [19].

Complex Diseases
An inadequate understanding of therapeutic pathways in complex diseases (n = 8)- such as Alzheimer’s
disease, cardiovascular disease, psychiatric conditions, and stroke- was discussed as a contributor to trial
design challenges [22]. In psychiatric disease, for example, inferences from animal research remain
limited in scope [28]. In addition, indication selection is relevant as repurposing aims to find new uses for
shelved drugs. Importantly, a lack of efficacy for the original indication does not mean a lack of efficacy
in other indications. An illustrative example is Nelivaptan, which was found to be ineffective as a
treatment for major depressive disorder (MDD) and generalized anxiety disorder (GAD). However,
nelivaptan is an AVPR1b antagonist and V1b receptors are particularly activated during acute stress, not
chronic stress in which it was tested. Thus, Nelivaptan is an attractive option for anxiety and disorders of
sociality; despite this promising evidence, a company contact suggested that Nelivaptan is not available
[21]. Lack of efficacy is multifactorial, and interrogating causes of drug abandonment is crucial to
demonstrate the potential of repurposing.

Companies were described in the literature as recently drifting away from CNS drug development, as it is
now perceived to carry a high risk of failure, despite a high potential reward with a market valued at over
$40 billion [29]. High attrition rates in this area reflect issues in translation due to a lack of knowledge of
disease etiology and pathology and thus a lack of predictivity of animal models. For example,
understanding of the neurophysiology associated with schizophrenia is limited and thus there have been
high-profile drug development failures such as the Roche GLYT1 glycine uptake inhibitors. Additionally,
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despite costly clinical trials of more than 15 neuroprotectant drugs for ischemic stroke, the results were
negative [29].

Regulatory challenges
Regulatory hurdles (n = 2), such as regulators requesting additional studies and a sponsor unwilling to
comply, were also discussed as potential drivers for the abandonment of promising drugs [30].

Barriers to Repurposing
Barriers to repurposing commonly cited in the literature include a lack of finances and resources (n = 42),
including a lack of expertise (n = 11), intellectual property challenges (n = 26), poor data access (n = 20),
bias (n = 13) and liability risks (n = 5) (See Fig. 4). These barriers were discussed as resulting in an
unknown number of abandoned compounds stored in company vaults, with some suggesting they may
number in the thousands [21, 31].

Financial and resource barriers
Organizations require financial resources and personnel with relevant expertise on the compound and
studied indications to advance a shelved drug candidate. Because pharmaceutical research and
development is often organized around specific therapeutic areas within an organization, it can be hard
to internally realize the repurposing potential of compounds outside this focus [14, 16]. As such, multi-
partner collaborations in repurposing are often needed [32]. Academic researchers may have the expertise
to study compounds, but not have access to a pool of deprioritized pharmaceutical compounds [33].
Likewise, small biotechnology companies and academic institutions may need to find commercial
partners to address a lack of resources [37]. Additionally, companies often lack sufficient staff dedicated
to out-licensing discontinued compounds, and thus most are abandoned [34].

Despite the promise of repurposing being a cheaper and faster alternative to de novo development,
bringing a repurposed compound to market was described as still costing hundreds of millions to billions
of dollars, despite early cost savings from not having to conduct preclinical research [21, 32, 35].
Although many of the compounds have existing data and are well understood, repurposing only reduces,
not eliminates drug development risks. Ultimately, repurposing can still require substantive testing, and
repurposed compounds must still undergo the same approval process and meet quality, efficacy and
safety standards.

Repurposing has been cited as able to save 6–7 years of time spent on preclinical and early-stage
research, which may result in millions of dollars’ worth of savings [36]. However, in the later stages,
repurposed compounds may still have the same failure rate as any other compound, if not higher, after
failing in a primary indication [14, 37]. Repurposed drugs can still require phase 2 and 3 clinical trials,
which eliminate 68% and 40% of compounds, respectively, which make it that far, for their new
indications [38].
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Even when out-licensing a compound, there can be burdensome “in-kind” costs from remanufacturing the
active product and placebo, completing study reports and regulatory documentation, pharmacovigilance,
monitoring and reporting on patient safety, and coordination [39, 40]. It is challenging to persuade
management to allocate resources to compounds that were initially unsuccessful, especially if the new
indication is not a strategic focus [14].

Intellectual property (IP) barriers
The second most common barrier to drug repurposing discussed in the literature was intellectual property
(IP) related. Pharmaceutical companies were described as patenting many compounds, even if they are
later abandoned, and thus prevent others from developing these compounds without a license [13]. There
can also be limited patent time left for compounds that failed in later stages, limiting return on
investments (ROI) in drug repurposing. The threshold companies use to determine if an ROI is worth their
investment can vary by company size. What may not be a sufficient ROI for a large company may be
enough for a small company and result in a new medication for patients [34].

Further discussed is a lack of traditional IP protections for repurposed compounds, though products can
still be economically successful without this type of protection. Composition of matter (COM) claims are
among the most powerful IP protections for newly synthesized compounds. But COM claims can be
difficult to gain for repurposed compounds, as the patentee must somehow differentiate their patent
claims over what is in the public domain and present data that the drug is a credible candidate for the
new indication [41, 42].

Entanglement with core IP is another issue. The literature states it can be common for developers to
patent a number of compounds in development, which protects not only the final candidate, but the semi-
finalists as well [13]. Thus, shelved compounds from the same family cannot be developed by another
party without a license of access to the relevant patents that protect the compounds.

As IP protects pharmaceutical investment and disallows competitors from building upon original
research and repurposing compounds, it poses a difficult barrier to address [11, 43]. Material transfer
agreements (MTAs) pose a particularly challenging and time-consuming barrier. Negotiations on MTAs
are most heated around issues of limiting compound use to non-commercial research, limiting company
liability, delaying academic publications to protect confidential information, and IP provisions. IP terms
were described as difficult and time-consuming to negotiate as companies often want to protect their
freedom to operate using their own compounds, while universities want to maintain ownership of
inventions, receive consideration, and make compounds available to the public [44].

Data access barriers
Barriers to accessing shelved compounds and their trial data were the second most commonly discussed
challenge to drug repurposing. Compounds were described as “disappearing” once their development is
abandoned, with trial data and results left unpublished [19, 38]. Several factors were described as
influencing trial publication practices around shelved drugs, including the difficulty of publishing negative
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trial results, that many trials end up terminated abruptly after a company merger or acquisition [9], and
the lack of commercial benefit in dedicating time and resources to publishing results on a discontinued
project, and no legal requirement to do so [30]. Moreover, data are sometimes sequestered if considered a
“trade secret” or of potential commercial value.

Gaining knowledge about and access to shelved industry compounds was often described as difficult
and, in many cases, requiring an internal company champion for success [40]. Companies were cited as
expressing reluctance to share shelved compounds with other companies in case they turn out to be
blockbusters. Nonprofits and government-funded bodies, on the other hand, have a lower risk of
commercial embarrassment [13].

Furthermore, a lack of repositories to transparently register abandoned compounds and a reluctance from
companies to release compounds to a shared resource were cited as reasons shelved drugs can
“disappear” [44]. Within companies, paper records need to be digitized and often the company’s experts
on the compound move on and teams responsible for the regulatory and safety data are disbanded [31].
Additionally, mining large datasets poses a logistical hurdle and integration of different types of data in a
user-friendly manner is challenging [42, 45].

Value questions and biases about repurposing
Developers make assumptions on the value of reinvestigating shelved compounds.

Some critics have expressed concern that focusing on repurposing detracts from innovation and the
pursuit of novel drugs and therefore poses a disservice to the possibility of finding new cures [46]. Some
experts also disagree with the notion that shelved drugs represent a significant opportunity for
development and report believing there has been “an awful lot of hype” regarding repurposing programs
[44, 47]. Addressing value biases was discussed as requiring a great deal of information and is a process
that is described as time-consuming and expensive for all involved parties.

The “not sold here” and “not invented here” syndromes were discussed. The “not sold here” syndrome
refers to the unwillingness of companies to out-license compounds that may be promising for other
indications [13]. Business units argue that if they do not sell a product, no one else should, leading to a
waste of human talent in research and development as compound attrition rates are quite high. The “not
invented here” syndrome refers to the bias that external research and technology are inferior to a
company’s own R&D capabilities and standards and therefore not worth pursuing. External parties may
also assume a seller is keeping the best compounds for themselves and offering lesser value compounds
for out-licensing [13].

Pharmaceutical companies in general were described as employing few, if any, staff to aid in out-
licensing shelved compounds which limits outside companies’ evaluation of shelved drugs.

Liability risks
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Drug companies may also face liability risks (n = 5) when out-licensing abandoned compounds, which
include risks of adverse patient events, a need to continuously supply the compound to the licensee, and
litigation [13]. Testing compounds for new indications and populations may reveal new adverse events or
unforeseen toxicities [48]. For externally sponsored studies, the investigator must report back safety data
to the parent company.

The high cost of liability insurance was discussed as a reason pharmaceutical companies discontinue
development of lower-revenue products like vaccines. To meet the demand for increased liability
insurance, the cost of the pertussis vaccine rose from 17 cents to 11 dollars per dose, and the number of
companies making the vaccine reportedly decreased [12].

Facilitators of Repurposing
The most common facilitators of drug repurposing discussed were collaborative initiatives (n = 38),
compound libraries and databases (n = 24), computational-based strategies and tools (n = 32), regulatory
modifications (n = 5), and tax incentives (n = 2) (See Fig. 5).

Collaborative initiatives
Multi-partner collaborations between pharmaceutical companies and academic institutions, non-profit
organizations and biotechnology companies was the most commonly discussed facilitator for drug
repurposing cited in the literature (n = 38). Pharmaceutical companies have the resources as well as a
pool of shelved compounds and data while biotechnology companies and academia have knowledge
and expertise on emerging areas to study compounds and contribute to innovation [49]. A staff dedicated
to out-licensing discontinued compounds was described as a facilitator for collaborative partnerships
[13].

Several examples of collaborative initiatives focused on drug repurposing were discussed in the literature,
including the NIH National Center for Advancing Translational Sciences (NCATS) program: Discovering
New Therapeutic Uses for Existing Molecules (n = 23), the Medical Research Council (MRC) and
AstraZeneca (AZ) Mechanisms of Human Disease Initiative, (n = 16), the AZ Open Innovation program (n 
= 6), European College of Neuropsychopharmacology (ECNP) Medicines Chest Program (n = 5), The
Clinical and Translational Science Award (CTSA) Pharmaceutical Assets Portal (n = 2), Pfizer’s
SpringWorks Program (n = 2), the AstraZeneca/National Research Program for
Biopharmaceuticals(NRPB) partnership in Taiwan (n = 2), the Clinical Development Partnerships Initiative
(n = 1), the Roche/Broad Institute Collaboration (n = 1), and the Drugs for Neglected Diseases Initiative
(DNDI) (n = 1).

The NIH NCATS’ Discovering New Therapeutic Uses for Existing Molecules program was initiated in 2012
to help scientists explore new treatments for patients by matching NIH-funded researchers with a
selection of 58 compounds previously discontinued from development due to lack of efficacy, selectivity,
or strategy [36, 39, 50]. Co-launched with AstraZeneca (AZ), Eli Lilly, and Pfizer, the initiative required that
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compounds had prior evidence and manageable tolerability in humans and that companies publicly
posted online template confidentiality disclosure agreement (CDAs) and collaborative research
agreements (CRAs) to enable rapid implementation [39, 51]. In the program, the NIH acts as a trusted
intermediary, facilitates deals between researchers and companies that are often characterized by
prolonged negotiation, and moves promising compounds into the private sector [36, 42, 52, 53].
Organizations maintain IP on the original compound, but the repurposed use belongs to the researchers.
However, companies can license the IP from researchers, and researchers can request licenses for
additional studies [52]. In short, the NIH NCATS initiative facilitates the availability of compounds, data,
human, and financial resources, and addresses issues of intellectual property and data sharing in drug
repurposing [31].

Another partnership between the MRC and AZ, the Mechanisms of Human Disease Initiative, launched in
2011 and provided researchers with what was described as “unprecedented access” to clinical and pre-
clinical AstraZeneca compounds. It accepted proposals for novel research projects with a focus on
understanding human disease [38]. The MRC posted data on 22 compounds on its website, and over 100
proposals were submitted from across the UK. Full proposals were developed by UK researchers and AZ
scientists, and selected proposals were funded by the MRC [39]. AstraZeneca also launched another
program with the National Research Program for Biopharmaceuticals (NRPB) in Taiwan to facilitate
translational research locally, which included live compounds [42]. As a result of the success of pilot
programs, AstraZeneca launched an Open Innovation program that seeks to make a range of unwanted
molecules readily available to university researchers who can propose novel repositioning ideas [39]. In
doing so, AstraZeneca gains a competitive advantage when the same scientists are looking for
companies to share breakthroughs with [17].

The European College of Neuropsychopharmacology (ECNP) Medicines Chest Program was set up to
provide academic and small company researchers access to promising compounds for experimental
medicine studies. Similar to the NIH NCATS program, the compounds are placed on the ECNP website,
and researchers are invited to submit a 2–3-page proposal outlining a clinical study. After the ECNP vets
the study, a contract, of which a sample is publicly available, is drawn up between the company and
academic institutions and access to confidential information is provided for grant applications to fund
the study [40].

The Clinical and Translational Science Award (CTSA) Pharmaceutical Assets Portal facilitates industry-
academic collaborations for discovery of new indications for shelved compounds by providing a foci-of-
expertise tool that identifies investigators with complementary interests, access to resource-management
tools, facilities to house, maintain and distribute the discontinued compounds, management of IP and
material transfer agreements, and selection of projects for funding [44, 52].

Likewise, The Clinical Development Partnerships Initiative presents a cost-effective, rapid means by
which pharmaceutical companies can boost their product lines. Companies retain IP rights to their
original molecule and first option to view trial data if they loan their compounds to Cancer Research UK,
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which will conduct early phase I and II clinical trials. The company retains the option to develop and
market the drug, and the charity receives a share of any revenue [15].

The Roche/Broad Institute Collaboration made 300 compounds that failed to meet critical phase II
milestones or were shelved for strategic reasons available to researchers who could suggest experiments.
If collaborators uncovered any shared findings, Roche and the partner would agree on next steps,
including publishing results, further experimentation, or a development plan [52].

Lastly, the Drugs for Neglected Diseases Initiative (DNDI) is an open-source collaborative endeavor that
partners the expertise and assets of pharmaceutical companies with networks of public and private
scientists to support repurposing and investigation of novel treatments for neglected tropical diseases.
Merck entered a collaboration with DNDI in which it would provide small molecule assets and respective
intellectual property through socially responsible licensing agreements to develop, manufacture and
distribute cost-effective treatments for NTDs to resource-poor countries. The pharma company would
share joint IP rights on candidates in early development, with an opportunity to continue late clinical
development and registration of successful candidates. In doing so, collaboration is incentivized and
resident expertise and contributions in later stages of development help maximize the drug’s potential
[54].

Databases and registries
Compound access is another important facilitator for repurposing. Many initiatives serve to create
databases that provide target and drug profiles, including protein and active site structures and
associations with related diseases and biological functions, to interested researchers. Databases
discussed in the literature include PubChem (7), DrugBank (6), Promiscuous (5), ChEMBL(5), the NIH
clinical collection (2), the Open PHACTS Initiative (2), DisGeNet (1), the Drug Repurposing Hub (1),
DrugSig (1), and the US FDA’s Orange Book of discontinued drug products list (1).

Compound-specific databases include: PubChem, which is administered by the NIH and holds data from
several hundred biochemical and phenotypic screens, with more deposited each month [55], ChEMBL, an
open target platform that enables investigation of evidence-associated targets and disease in an
accessible manner by presenting molecules with drug-like properties [56] and the US FDA’s Orange Book
of discontinued drug products.

DrugBank is the most comprehensive publicly available database of approved, experimental and
withdrawn drugs which are annotated by indication and intended targets [57]. The Promiscuous database
provides an exhaustive set of drugs (25,000), including withdrawn or experimental drugs with drug-
protein and protein-protein relationships annotated, allowing researchers to identify prospective new uses
by examining predictive interaction points [52]. The NIH clinical collection presents a library of drugs that
passed safety tests but for various reasons did not reach the market [38]. The Open Phacts initiative
allows for multiple sources of publicly available pharmacological and physicochemical data to be
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intuitively queried, with 28 partners from public and private sectors [52]. DisGeNet offers associations
between genes and diseases, as well as disease-variant associations.

The Drug Repurposing Hub is a database of approved, clinical-trial tested, and pre-clinical compounds
that are annotated with literature-reported targets, and DrugSig is a public resource for signature-based
drug repositioning that builds off the Connectivity Map from the Broad Institute [57]. Open-source
databases allow for efficient sharing of resources and drug profiles to cost-effectively advance shelved
compounds, and provide a PR benefit for pharmaceutical contributors who are not locked into long-term
commitments.

Systematic methods for repurposing
Many novel methods have been developed and applied to help identify and validate repurposing targets,
greatly advancing repurposing endeavors (n = 32). Computational approaches coupled with open-access
databases were described as central in identifying potential repurposing opportunities by predicting drug-
disease responses and validating targets and pathways [21].

Of these newer methods, signature-based approaches (n = 5) were commonly employed for drug
repurposing. These include investigating published GWAS data from institutes like the US National
Human Genome institute to systematically and rapidly identify alternative indications for existing drugs
and exploring how many genes are amenable to pharmacological intervention using biopharmaceuticals
or small molecules [58]. However, key limiting factors are the expertise and time required to develop such
assays and integrating databases that identify known drugs among confirmed activities [55].

In-silico screening of compound libraries (n = 4) is useful in both significantly reducing wet-laboratory
work and lowering the cost of experimental determination of drug-target interactions [59]. Additionally,
public access to high throughput screens (HTS) of small molecules (n = 3), particularly mining of
phenotypic screens, was described as an effective and economical strategy for repurposing drugs [55].

Computer-aided approximations include bioinformatics-based approaches (n = 3) which employ domain
similarity prediction tools and sequence alignment to discover novel protein-protein similarities,
identifying closely related targets and new repurposing opportunities, and chemoinformatics-based
approaches (n = 2) which involve molecular representations of candidate compounds which are
submitted to computational algorithms which rank and prioritize compounds for experimental testing.

When 3D structures are available, molecular docking (n = 1) can be used to screen a large number of
compounds against a target protein. When they are not, ligand and network-based approaches can be
utilized [59].

Network modeling (n = 1) and systems-biology approaches (n = 1) were also discussed as helpful.
Network modeling reconstructs a biological network and simulates its interactions to reveal potential
drug targets [60, 61]. A systems-biology approach was described as the use of omics data, signaling
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pathways, metabolic pathways and protein interactions to come up with a new pathway for a proposed
disease [43].

While most network-based approaches are limited in their predictions of how drugs and targets interact,
machine learning approaches (n = 3) can go further in accurately predicting drug-target interactions and
inferring modes of action and novel drug-target relationships [59].

Finally, AI-driven technology (n = 1) can integrate diverse types of data and look for connections. For
example, Biovista has developed an AI solution called Project Prodigy which does not limit itself to
machine learning but rather is capable of building entirely new clinical scenarios and has led to internal
repurposing successes in multiple sclerosis and epilepsy. Their AI system has been used in collaboration
with major pharmaceutical companies, patient advocacy groups, and the FDA [62].

Tax incentives and regulatory modifications
Tax incentives and certain regulatory modifications may further facilitate drug repurposing. Tax
incentives such as allowing for the deduction of residual product value upon donation of a compound or
for sharing trial data to a third party could help advance development of shelved compounds. Regulatory
modifications to the FDA’s 505(b)(2) pathway could allow for use of previously compiled safety data. Use
of the FDA’s safety findings could expand the number of drugs available without adversely impacting risk
benefit [21].

Examples of successfully repurposed or re-positioned
drugs
The most frequently discussed repurposing opportunities were for rare and neglected diseases (n = 12),
Alzheimer’s disease (n = 10), AIDS (n = 2), and central nervous system disorders (n = 2). Examples of
successfully repositioned drugs (n = 50) discussed in the literature included thalidomide (n = 8),
Viagra/slidenafil (n = 7), Saracatinib (6), AZT (n = 5), Aducanumab (n = 4), Sunitinib (n = 3), Ebselen (n = 
2), tamoxifen (n = 2), raloxifene (n = 2) and daptomycin (n = 1).

Drug promiscuity, the notion that one drug can affect more than a single pathway and lead to new
indications for drug candidates was frequently discussed, with thalidomide the most commonly cited
example [61]. Thalidomide (n = 8), originally manufactured by the German company Chemie Grunenthal
in the mid 1950’s, was discussed as an example of a drug that failed after its market launch in several
countries, though it was not approved by the US FDA at the time, and later successfully repurposed [13].
Originally indicated for sedation and morning sickness, it was withdrawn for its teratogenic effects.
However, further studies revealed that the drug inhibited tumor necrosis factor-alpha signaling, and it was
subsequently approved for the treatment of erythema nodosum leprosum, a life-threatening complication
of leprosy, and then multiple myeloma. In the US, the FDA approved the drug for acute ENL, in 1998,
however, “use was limited by very strict guidelines,” according to the literature [13].
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Viagra was also presented in the literature as a well-known example of a drug that showed lack of
efficacy in clinical trials for its originally studied indication, but interestingly, analysis of its unusual side
effects and its poor pharmacokinetic properties for angina led to its eventual use for erectile dysfunction
[13, 61].

Daptomycin, an antibiotic, was successfully repurposed by Cubist after Eli Lilly abandoned it when
downsizing its infectious disease division. Eli Lilly out-licensed the drug to Cubist after four years on the
shelf. Cubist’s Chief scientific officer advocated for use of daptomycin as an antibiotic. IP negotiations
proved challenging, but eventually Cubist purchased worldwide development and commercialization
rights to Daptomycin along with a license to the underlying IP related to the compound. Eli Lilly has
received over $333 million in royalties on the product sales to date [13]. Cubist redesigned the clinical
trials and filed a patent on the basis of a once-daily treatment regimen to minimize adverse effects from
the drug. Daptomycin is now an important public health tool, serving as a useful last resort medication in
diseases like MRSA that have become increasingly resistant to front-line antibiotics.

Saracatinib was originally developed for multiple oncology indications, but phase II studies showed
limited benefit and the drug was deprioritized. The concept for repositioning of this agent came from
discoveries of memory impairments in mouse models of AD and data that showed the phosphorylation
of the Fyn tyrosine kinase was related to Aβ- and tau-associated synaptic dysfunction. The drug is
currently being investigated for other indications like bone pain and lymphangioleiomyomatosis through
MRC, NIH, and NCATS programs [39, 63, 64].

Azidothymidine (AZT) likewise reflects how a detailed understanding of disease and drug mechanisms of
action can lead to repurposing discoveries in entirely new indications. AZT was originally investigated as
a chemotherapy drug in the 1960’s but was abandoned due to lack of efficacy. However, in the early days
of the HIV epidemic, AZT’s anti-retroviral effect was noted, and the NIH partnered with industry experts to
repurpose the drug, which became the first treatment for patients with HIV [32, 38, 65, 66].

Aducanumab was abandoned after a futility analysis from an independent monitoring committee
indicated the drug was not going to be effective for treating Alzheimer’s disease. However, a re-analysis of
data from two failed clinical trials showed promising results, as a subset of patients treated with the
highest dose appeared to show a statistically significant slowing of decline of cognitive ability and basic
activities of daily living. Biogen concluded the initial analysis had been incorrect and got support from the
FDA to move forward with a regulatory filing, reviving the nearly abandoned drug [23, 24, 25].

Sunitinib presents an example of on-target repurposing. It failed in clinical trials for colorectal, breast,
prostate, and non-small cell lung cancer, but was successfully repositioned for treatment of
gastrointestinal stromal tumor and renal cancers. After a repurposing effort, it was approved for
treatment of pancreatic neuroendocrine tumors in 2010 [61]. Analysis of the lack of efficacy of Sunitinib
in some cancers demonstrates the importance of a targeted approach [67].
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A drug repurposing approach screening of the National Health Institute Clinical Collection identified
Ebselen as a potential lithium mimetic [68]. Ebselen was originally indicated for stroke, but showed a lack
of efficacy. Never marketed, Ebselen could have repurposing potential for treatment of bipolar disorder,
and in a paper published in 2016 was described as currently under investigation [38].

Tamoxifen was a failed contraceptive and orphan drug, though in translational laboratory work it showed
efficacy in induction of ovulation in sub-fertile women and in the treatment of metastatic breast cancer in
postmenopausal women. A nonsteroidal antiestrogen, tamoxifen was repurposed and approved for
treatment of metastatic breast cancer and later for breast cancer risk reduction, and is currently the
standard of care for long-term adjuvant therapy for estrogen receptor positive breast cancer [69]. A cluster
of translational studies around the 1970’s and 80’s focused on the uterus, breast and bone created a
database for further studies and trials that also resulted in the reinvention of keoxifene, a failed breast
cancer drug, to raloxifene, the first clinically available selective estrogen receptor modulator for breast
cancer and osteoporosis prevention [69].

Discussion
In this systematic literature review, we examined why pharmaceutical companies de-prioritize, shelve or
abandon development of promising drug candidates as well as facilitators and barriers for successful
repurposing of promising compounds.

We found the most commonly discussed reasons for why a promising drug may be abandoned were
inadequate efficacy, or superiority over other therapies, for the studied indication or population, followed
by strategic business reasons by the sponsor often related to judgments about a drug’s market prospects
or industry consolidation, as well as flawed research design decisions. Inadequate understanding of
therapeutic pathways in complex diseases, such as for Alzheimer’s disease, cardiovascular disease,
psychiatric conditions, and stroke were presented as compounding trial design challenges. In psychiatric
disease, for example, inferences from animal research were discussed as remaining limited in scope.
Regulators requesting the completion of additional studies and a sponsor unwilling to comply, were also
discussed as potential drivers for drug abandonment. These findings support a previous study evaluating
why clinical stage compounds that have cleared regulatory review in Phase 1 safety trials are
subsequently abandoned before reaching the market, which found 38% were due to inadequate efficacy
for the studied disease, 34% due to poor perceived economics, 20% for safety reasons, and 9% for other
reasons.

The top barrier to drug repurposing was inadequate resources, especially financial, subject matter
expertise, and dedicated staff focused on out-licensing. IP challenges and inadequate data access were
among other leading barriers as well as value questions and assumptions on the role of repurposing as
an effective tool in drug development. While some papers describe drug repurposing as faster, cheaper,
and more likely to succeed than traditional drug development approaches, others note that in later stages,
repurposed compounds may still have the same failure rate as any other compound, if not higher, after
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failing in a primary indication. Liability risks were also presented as barriers to re-purposing. Altogether,
these barriers were presented as resulting in an unknown number of abandoned compounds stored in
company vaults, with some suggesting they may number in the thousands [21, 31].

The most common facilitators for repurposing, we found, were collaborative partnerships between bio-
pharmaceutical companies, academia, and non-profit organizations that help bring together needed
resources and expertise. Of note, the role of patients and patient organizations as collaborators in drug
repurposing was largely unaddressed in the reviewed literature, despite their growing role in more
traditional forms of drug research and development [123]. Access to compound libraries and databases,
the development and application of new computational methods to screen databases, regulatory
modifications, and tax incentives were also identified as facilitators. Many of these facilitators generally
correlate, as opposites, to the barriers we found to re-purposing.

However, a major barrier also includes successful negotiation of material transfer agreements between
potential collaborators, an issue without a clear solution in the literature, suggesting a need for further
study on ways to better support IP negotiations to more fully realize repurposing benefits. There are some
models in the literature, such as the NIH NCATS repurposing program, which may offer helpful
generalizable best practices for supporting IP negotiations. The program was described as allowing the
NIH to act as a trusted intermediary with procedures for facilitating deals, including on IP, between
researchers and companies.

Further, the literature emphasizes biases around the value of repurposing in drug development, as a
barrier to repurposing. We found these value questions reflected in our findings, as some papers
described repurposing as faster, cheaper, and more likely to succeed than traditional drug development
approaches, while others argued that in later stages, repurposed compounds may still have the same
failure rate as any other compound, if not higher, after failing in a primary indication. More systematic
study may be needed on the current value of repurposing as a tool in drug development.

There are limitations to this study. Notably, included publications were often descriptive papers and
perspective pieces, not rigorous scientific studies, which limits the conclusions that can be drawn.
Importantly, 25 of our analyzed papers were classified as reviews, under type of publication, by their
publishing journals. These were generally not systematic reviews and did not always include methods or
details on how the review was undertaken. We could not easily devise a method for assessing duplication
of information in these review papers. For instance, we could not easily merge data around mention of
specific drugs, as some papers discussed multiple and many drugs or didn’t reference specific drugs at
all. A similar challenge arose for news articles. Notwithstanding, this paper is in alignment with methods
for a bibliometric analysis of information, which can be published with a systematic review and allows
for different types of study designs within one synthesis [124]. This review excluded one paper that was
not available in English and did not search any non-English database. Conference abstracts were
excluded due to insufficient extractable data. Additionally, information on the characteristics we were
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abstracting about drug abandonment and repurposing may not have been published in the medical or
pharmaceutical peer-review literature and may have been missed.

Conclusion
In this systematic literature review assessing why development of promising drug candidates are
abandoned, we found insufficient efficacy, or superiority to other therapies, for studied indications or
populations, judgements about a product’s market prospects and industry consolidation among leading
factors. Inadequate resources and challenges negotiating IP and data access are key barriers needing
reform for repurposing to reach its full potential as a core approach in drug development. Multi-partner
collaborations, along with the creation, accessibility, and use of compound databases, regulatory
modifications and tax incentives are key facilitators for repurposing promising shelved drugs. More
research is needed on the current value of repurposing as a core method in drug development and how to
better facilitate resources to support it, where valuable, especially financial, staffing focused on out-
licensing shelved products, and legal expertise to negotiate IP agreements in multi-partner collaborations.

Abbreviations
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)

Major depressive disorder (MDD)

Generalized anxiety disorder (GAD).

Return on investments (ROI)

Composition of matter (COM)

Material transfer agreements (MTAs)

Intellectual property (IP)

National Research Program for Biopharmaceuticals (NRPB)

Drugs for Neglected Diseases Initiative (DNDI

AstraZeneca (AZ)

Confidentiality disclosure agreement (CDAs)

Collaborative research agreements (CRAs)

National Research Program for Biopharmaceuticals (NRPB)

European College of Neuropsychopharmacology (ECNP)



Page 21/33

Clinical and Translational Science Award (CTSA)

Drugs for Neglected Diseases Initiative (DNDI)

High throughput screens (HTS)

Declarations
Ethics approval and consent to participate: Ethics review and informed consent were not needed for this
study, as no human subjects were involved.

Consent to publish: All authors consent to the publication of this study.

Availability of data and material: The datasets generated and/or analysed during the current study will be
made available in dryad.

Competing interests: Dr. Miller receives grant funding from the National Institutes of Health, Susan G.
Komen Foundation, Milken Institute, and Arnold Ventures, and serves on the Alexion bioethics advisory
committee, the board of the nonprofit Bioethics International, and Cambia Health pharmacy and
therapeutics committee. Sung Hee Choe is an employee of Faster Cures at the Milken Institute.

Funding: This research study was funded through a grant from the Milken Institute.

Authors' contributions: All authors contributed to the design, analysis, drafting, revising and approving of
this study for publication. Two screeners performed a title and abstract review (SA, NK); disagreements
were resolved through discussion (SA, NK, JM). Two reviewers (SA, NK) extracted data using Qualtrics
software. JM performed data extraction on 20% of the final sample, selected at random, and supervised
this study. JM and SHC obtained funding.

References
1. Graul AI, Sorbera L, Pina P, Tell M, Cruces E, et al. Year's New Drugs and Biologics – 2009. Drug News

Perspect. 2010;23:7–36.

2. Kesselheim AS, Tan YT, Avorn J. The roles of academia, rare diseases, and repurposing in the
development of the most transformative drugs. Health Aff (Millwood). 2015;34(2):286–93.

3. Ashburn TT, Thor KB. Drug repositioning: identifying and developing new uses for existing drugs. Nat
Rev Drug Discov. 2004;3(8):673–83.

4. Hauser AS, Attwood MM, Rask-Andersen M, Schiöth HB, Gloriam DE. Trends in GPCR drug discovery:
new agents, targets and indications. Nat Rev Drug Discov. 2017;16(12):829–42.

5. Hernandez JJ, Pryszlak M, Smith L, Yanchus C, Kurji N, Shahani VM, et al. Giving drugs a second
chance: Overcoming regulatory and financial hurdles in repurposing approved drugs as cancer
therapeutics. Front Oncol. 2017;7:273.



Page 22/33

6. Deotarse PP, Jain AS, Baile MB, Kolhe NS, Kulkarni AA. Drug Repositioning: A Review. International
Journal of Pharma Research & Review. 2015 Aug.

7. Novack GD. Repurposing medications. Ocul Surf. 2021;19:336–40.

8. Business Brief -- AGOURON PHARMACEUTICALS INC.: Pharmaceutical Firm Drops Experimental
Cancer Drug. Wall Street Journal 1997 Dec 03:1-B10.

9. Mandrioli R, Mercolini L. Discontinued anxiolytic drugs (2009–2014). Expert Opin Investig Drugs.
2015;24(4):557–73.

10. Newswires AGJ. Pfizer drops 2 potential drugs. Wall Street journal (Eastern ed) [Internet]. 2005 Jul 5
[cited 2021 Aug 20]; Available from: https://www.wsj.com/articles/SB112021359980775345.

11. Powell B. Silence is not the best medicine: requiring disclosure of clinical trial data for abandoned
drugs. J Leg Med (N Y). 2012;33(4):571–92.

12. Offit PA. Why are pharmaceutical companies gradually abandoning vaccines? Health Aff (Millwood).
2005;24(3):622–30.

13. Chesbrough H, Chen EL. Recovering abandoned compounds through expanded external IP licensing.
Calif Manage Rev. 2013;55(4):83–101.

14. Novac N. Challenges and opportunities of drug repositioning. Trends Pharmacol Sci.
2013;34(5):267–72.

15. Mayor S. Cancer charity to re-examine shelved drugs. Lancet Oncol. 2006;7(7):534.

16. Tartaglia LA. Complementary new approaches enable repositioning of failed drug candidates. Expert
Opin Investig Drugs. 2006;15(11):1295–8.

17. Roland D. AstraZeneca gives rejected drugs a second life. Wall Street journal (Eastern ed) [Internet].
2017 Mar 13 [cited 2021 Aug 20]; Available from: https://www.wsj.com/articles/astrazeneca-gives-
rejected-drugs-a-second-life-1489402801.

18. Crow D. J&J boss’s long quest ends with $30bn Actelion deal. Financial Times [Internet]. 2017 Jan
26 [cited 2021 Aug 20]; Available from: https://www.ft.com/content/ee3b4ae2-e3e6-11e 6-8405-
9e5580d6e5fb.

19. Herschel M. Portfolio decisions in early development: Don’t throw out the baby with the bathwater.
Pharmaceut Med. 2012;26(2):77–84.

20. Roche Scraps Cholesterol Drug for Lack of Benefit. MondayMorning. 2012 May 14;Vol. 20 Issue 20,
p1-1.1p.

21. Pulley JM, Jerome RN, Shirey-Rice JK, Zaleski NM, Naylor HM, Pruijssers AJ, et al. Advocating for
mutually beneficial access to shelved compounds. Future Med Chem. 2018;10(12):1395–8.

22. Grundy R, James I, Bountra C, Harrison T. Reconfiguring Drug Discovery Through Innovative
Partnerships. Drug Discovery World [Internet]. 2014 Oct 6; Available from: https://www.ddw-
online.com/reconfiguring-drug-discovery-through-innovative-partnerships-844-201410/.

23. Bloomberg. Bloomberg News [Internet]. [cited 2021 Aug 20]; Available from:
https://www.bloomberg.com/news/articles/2019-12-06/confusing-alzheimer-s-data-leaves-



Page 23/33

momentus-decision-in-fda-hands.

24. Bloomberg News. Biogen resumes Alzheimer’s studies to offer controversial drug - BNN Bloomberg
[Internet]. Bnnbloomberg.ca. 2019 [cited 2021 Aug 20]. Available from:
https://www.bnnbloomberg.ca/biogen-resumes-alzheimer-s-studies-to-offer-controversial-drug-
1.1358152.

25. Kuchler H. Biogen shares soar on plan to seek Alzheimer’s drug approval. Financial Times [Internet].
2019 Oct 22 [cited 2021 Aug 20]; Available from: https://www.ft.com/content/c48e12b2-f4bc-11e9-
a79c-bc9acae3b654.

26. Becker RE, Greig NH. Fire in the ashes: can failed Alzheimer’s disease drugs succeed with second
chances? Alzheimers Dement. 2013;9(1):50–7.

27. Becker RE, Greig NH. Was phenserine a failure or were investigators mislead by methods? Curr
Alzheimer Res. 2012;9(10):1174–81.

28. Becker RE, Greig NH. Lost in translation: Neuropsychiatric drug development. Sci Transl Med.
2010;2(61):61rv6–6.

29. Hayes A, Nutt D. The European college of neuropsychopharmacology (ECNP) medicines chest
initiative: Rationale and promise. Pharmaceut Med. 2015;29(5):269–73.

30. Rogawski MA, Federoff HJ. Disclosure of clinical trial results when product development is
abandoned. Sci Transl Med. 2011;3(102):102cm29.

31. Kaiser J. Biomedicine. NIH’s secondhand shop for tried-and-tested drugs. Science.
2011;332(6037):1492.

32. Cha Y, Erez T, Reynolds IJ, Kumar D, Ross J, Koytiger G, et al. Drug repurposing from the perspective
of pharmaceutical companies: Drug repurposing in pharmaceutical companies. Br J Pharmacol.
2018;175(2):168–80.

33. The Pharma Letter. A collection of 68 deprioritized pharmaceutical compounds is being made
available to academic researchers… Internet]. Thepharmaletter.com. [cited 2021 Aug 20]. Available
from: https://www.thepharmaletter.com/article/world-s-largest-collection-of-deprioritized-pharma-
compounds-opens-to-researchers.

34. Feemster R. Gene, Logic. Rescue squad [Internet]. PharmExec. 2006 [cited 2021 Aug 20]. Available
from: https://www.pharmexec.com/view/gene-logic-rescue-squad.

35. Mullard A. Drug repurposing programmes get lift off. Nat Rev Drug Discov. 2012;11(7):505–6.

36. Mullard A. Bank tests drug development waters. Nat Rev Drug Discov. 2014;13(9):643–4.

37. Polamreddy P, Gattu N. The drug repurposing landscape from 2012 to 2017: evolution, challenges,
and possible solutions. Drug Discov Today. 2019;24(3):789–95.

38. Nosengo N. Can you teach old drugs new tricks? Nature. 2016;534(7607):314–6.

39. Frail DE, Brady M, Escott KJ, Holt A, Sanganee HJ, Pangalos MN, et al. Pioneering government-
sponsored drug repositioning collaborations: progress and learning. Nat Rev Drug Discov.
2015;14(12):833–41.



Page 24/33

40. Hayes AG, Nutt DJ. Compound asset sharing initiatives between pharmaceutical companies, funding
bodies, and academia: Learnings and successes. Pharmacol Res Perspect. 2019;7(4):e00510.

41. Fetro C, Scherman D. Drug repurposing in rare diseases: Myths and reality. Therapie.
2020;75(2):157–60.

42. Pushpakom S, Iorio F, Eyers PA, Escott KJ, Hopper S, Wells A, et al. Drug repurposing: progress,
challenges and recommendations. Nat Rev Drug Discov. 2019;18(1):41–58.

43. Katare PB, Banerjee SK. Repositioning of drugs in cardiometabolic disorders: Importance and current
scenario. Curr Top Med Chem. 2016;16(19):2189–200.

44. Marusina K, Welsch DJ, Rose L, Brock D, Bahr N. The CTSA Pharmaceutical Assets Portal - a public-
private partnership model for drug repositioning. Drug Discov Today Ther Strateg. 2011 Winter;8(3–
4):77–83.

45. Loging W, Rodriguez-Esteban R, Hill J, Freeman T, Miglietta J. Cheminformatic/bioinformatic
analysis of large corporate databases: Application to drug repurposing. Drug Discov Today Ther
Strateg. 2011;8(3–4):109–16.

46. New indications and. a sense of (re)purpose. EBioMedicine. 2015;2(10):1257–8.

47. Wadman M. New cures sought from old drugs. Nature. 2012;490(7418):15.

48. Würth R, Thellung S, Bajetto A, Mazzanti M, Florio T, Barbieri F. Drug-repositioning opportunities for
cancer therapy: novel molecular targets for known compounds. Drug Discov Today. 2016;21(1):190–
9.

49. Talevi A, Bellera CL. Challenges and opportunities with drug repurposing: finding strategies to find
alternative uses of therapeutics. Expert Opin Drug Discov. 2020;15(4):397–401.

50. Bisson WH. Drug repurposing in chemical genomics: can we learn from the past to improve the
future? Curr Top Med Chem. 2012;12(17):1883–8.

51. Neuberger A, Oraiopoulos N, Drakeman DL. Renovation as innovation: is repurposing the future of
drug discovery research? Drug Discov Today. 2019;24(1):1–3.

52. Allarakhia M. Open-source approaches for the repurposing of existing or failed candidate drugs:
learning from and applying the lessons across diseases. Drug Des Devel Ther. 2013;7:753–66.

53. Wechsler J. Who will fund pharmaceutical R&D? [Internet]. Applied Clinical Trials Online. 2011 [cited
2021 Aug 20]. Available from: https://www.appliedclinicaltrialsonline.com/view/who-will-fund-
pharmaceutical-rd.

54. Bombelles T, Coaker H. Neglected tropical disease research: rethinking the drug discovery model.
Future Med Chem. 2015;7(6):693–700.

55. Swamidass SJ. Mining small-molecule screens to repurpose drugs. Brief Bioinform. 2011;12(4):327–
35.

56. Khaladkar M, Koscielny G, Hasan S, Agarwal P, Dunham I, Rajpal D, et al. Uncovering novel
repositioning opportunities using the Open Targets platform. Drug Discov Today. 2017;22(12):1800–
7.



Page 25/33

57. Bellera CL, Alberca LN, Sbaraglini ML, Talevi A. In silico drug repositioning for Chagas disease. Curr
Med Chem. 2020;27(5):662–75.

58. Sanseau P, Agarwal P, Barnes MR, Pastinen T, Richards JB, Cardon LR, et al. Use of genome-wide
association studies for drug repositioning. Nat Biotechnol. 2012;30(4):317–20.

59. Wang Y, Zeng J. Predicting drug-target interactions using restricted Boltzmann machines.
Bioinformatics. 2013;29(13):i126-34.

60. Lotfi Shahreza M, Ghadiri N, Mousavi SR, Varshosaz J, Green JR. A review of network-based
approaches to drug repositioning. Brief Bioinform. 2018;19(5):878–92.

61. Naylor S, Schonfeld M. Therapeutic Drug Repurposing, Repositioning and Rescue Part I: Overview.
Drug Discovery World [Internet]. 2014 Dec 4; Available from: https://www.ddw-
online.com/therapeutic-drug-repurposing-repositioning-and-rescue-part-i-overview-1463-201412/.

62. Challener CA. Can Artificial Intelligence Take the Next Step for Drug Repositioning? Pharm Technol.
2018;09(9):22–5. 42(.

63. Kim T-W. Drug repositioning approaches for the discovery of new therapeutics for Alzheimer’s
disease. Neurotherapeutics. 2015;12(1):132–42.

64. Williams R. Discontinued drugs in 2012: oncology drugs. Expert Opin Investig Drugs.
2013;22(12):1627–44.

65. Smith RB. Repositioned drugs: integrating intellectual property and regulatory strategies. Drug Discov
Today Ther Strateg. 2011;8(3–4):131–7.

66. Collins FS. Mining for therapeutic gold. Nat Rev Drug Discov. 2011;10(6):397.

67. Mehndiratta MM, Wadhai S, Tyagi B, Gulati N, Sinha M. Drug repositioning. Int J Epilepsy.
2016;03(02):091–4.

68. Pisanu C, Melis C, Squassina A. Lithium pharmacogenetics: Where do we stand? Drug Dev Res.
2016;77(7):368–73.

69. Maximov PY, Lee TM, Jordan VC. The discovery and development of selective estrogen receptor
modulators (SERMs) for clinical practice. Curr Clin Pharmacol. 2013;8(2):135–55.

70. Jack A. AstraZeneca likely to abandon drug PHARMACEUTICALS: [LONDON 1ST EDITION]. Financial
Times 2007 Mar 20:18.

71. Lilly. rivals not backing away from pricey Alzheimer's studies. Indianapolis Business Journal 2017
Apr;38(6):19.

72. Auer K, Trachter R, Van den Bogaerde J, Bassaganya-Riera J, Sorrentino D. Translational research
and efficacy of biologics in Crohn’s disease: a cautionary tale. Expert Rev Clin Immunol.
2014;10(2):219–29.

73. Bishop T. Repurposing companies experiment with unintended uses for pharmaceuticals. Knight
Ridder Tribune Business News 2005 Nov 20:1.

74. Buonansegna E, Salomo S, Maier AM, Li-Ying J. Pharmaceutical new product development: why do
clinical trials fail?: Why do clinical trials fail? R D Manag. 2014;44(2):189–202.



Page 26/33

75. Daniel GW, Cazé A, Romine MH, Audibert C, Leff JS, McClellan MB. Improving pharmaceutical
innovation by building a more comprehensive database on drug development and use. Health Aff
(Millwood). 2015;34(2):319–27.

76. de Villiers TJ. The quest for new drugs to prevent osteoporosis-related fractures. Climacteric.
2017;20(2):103–6.

77. von Eichborn J, Murgueitio MS, Dunkel M, Koerner S, Bourne PE, Preissner R. PROMISCUOUS: a
database for network-based drug-repositioning. Nucleic Acids Res. 2011;39(Database issue):D1060-
6.

78. Empfield JR, Leeson PD. Lessons learned from candidate drug attrition. IDrugs. 2010;13(12):869–73.

79. Feijoo F, Palopoli M, Bernstein J, Siddiqui S, Albright TE. Key indicators of phase transition for clinical
trials through machine learning. Drug Discov Today. 2020;25(2):414–21.

80. Firn D. Roche drops trials of new HIV drug PHARMACEUTICALS: [LONDON 1ST EDITION]. Financial
Times 2004 Jan 07:27.

81. Friedhoff LT, Dailey J. Lost interest for existing compounds: New boosts. Eur
Neuropsychopharmacol. 2015;25(7):1035–8.

82. Giannuzzi V, Landi A, Bosone E, Giannuzzi F, Nicotri S, Torrent-Farnell J, et al. Failures to further
developing orphan medicinal products after designation granted in Europe: an analysis of marketing
authorisation failures and abandoned drugs. BMJ Open. 2017;7(9):e017358.

83. Cortez F, Griffin R. Biogen Surges as Momentum for Alzheimer’s Treatment Revives Hope. Bloomberg.
2019 Oct 22.

84. Gunther M. Big pharma opens up abandoned drugs [Internet]. Chemistryworld.com. Chemistry World;
2014 [cited 2021 Aug 21]. Available from: https://www.chemistryworld.com/news/big-pharma-
opens-up-abandoned-drugs/8064.article.

85. Guo S-W, Groothuis PG. Is it time for a paradigm shift in drug research and development in
endometriosis/adenomyosis? Hum Reprod Update. 2018;24(5):577–98.

86. Heltzer NE. Government cancels testing of HIV vaccine, Roche to suspend HIV research, new TB drug
resistance test, topical estrogen protects men. The AIDS reader [Internet]. 2008 Aug;18:396. Available
from: https://go.gale.com/ps/i.do?
p=AONE&u=29002&id=GALE%7CA183044958&v=2.1&it=r&sid=AONE&asid=4b5c9fe9.

87. Hwang TJ, Carpenter D, Lauffenburger JC, Wang B, Franklin JM, Kesselheim AS. Failure of
investigational drugs in late-stage clinical development and publication of trial results. JAMA Intern
Med. 2016;176(12):1826–33.

88. Ismail HM, Dorchies OM, Scapozza L. The potential and benefits of repurposing existing drugs to
treat rare muscular dystrophies. Expert Opin Orphan Drugs. 2018;6(4):259–71.

89. Jin G, Wong STC. Toward better drug repositioning: prioritizing and integrating existing methods into
efficient pipelines. Drug Discov Today. 2014;19(5):637–44.



Page 27/33

90. Johannes L. Medicines Co. Gets Federal Approval Of Blood-Clot Drug. Wall Street Journal (1923 -
Current file). 2000 Dec 19.

91. Kadioglu O, Efferth T. Contributions from emerging transcriptomics technologies and computational
strategies for drug discovery. Invest New Drugs. 2014;32(6):1316–9.

92. Kerrigan SW. Repurposing old ways of treating sepsis. Irish Medical Times. 2018 May 11;32,33.

93. Khanna R, Guler I, Nerkar A. Entangled decisions: Knowledge interdependencies and terminations of
patented inventions in the pharmaceutical industry. Strategic Manage J. 2018;39(9):2439–65.

94. Kresge N, Bloomfield D. Why Big Pharma Is Willing to Lose Fortune Seeking Alzheimer Cure.
Bloomberg. 2017 Mar 2.

95. Lotharius J, Gamo-Benito F, Angulo-Barturen I, Clark J, Connelly M, Ferrer-Bazaga S, et al.
Repositioning: the fast track to new anti-malarial medicines? Malar J. 2014;13(1):143.

96. Marrs ECL, Varadi L, Bedernjak AF, Day KM, Gray M, Jones AL, et al. Phosphonopeptides revisited, in
an era of increasing antimicrobial resistance. Molecules. 2020;25(6):1445.

97. Mehta D, Jackson R, Paul G, Shi J, Sabbagh M. Why do trials for Alzheimer’s disease drugs keep
failing? A discontinued drug perspective for 2010–2015. Expert Opin Investig Drugs.
2017;26(6):735–9.

98. Millan MJ, Goodwin GM, Meyer-Lindenberg A, Ove Ögren S. Learning from the past and looking to
the future: Emerging perspectives for improving the treatment of psychiatric disorders. Eur
Neuropsychopharmacol. 2015;25(5):599–656.

99. Opar A. Mixed results for disease-modification strategies for Alzheimer’s disease. Nat Rev Drug
Discov. 2008;7(9):717–8.

100. Ortuso F, Bagetta D, Maruca A, Talarico C, Bolognesi ML, Haider N, et al. The mu.Ta.Lig. Chemotheca:
A community-populated molecular database for multi-target ligands identification and compound-
repurposing. Front Chem [Internet]. 2018;6. Available from:
http://dx.doi.org/10.3389/fchem.2018.00130.

101. Parasrampuria DA, Benet LZ, Sharma A. Why drugs fail in late stages of development: Case study
analyses from the last decade and recommendations. AAPS J. 2018;20(3):46.

102. Pizzorno A. Fighting the Damocles Sword of Infectious Diseases Through Drug Repurposing.
European Biopharmaceutical Review. 2019.

103. Plumridge H. Drug makers tiptoe back into antibiotic R&D. Wall Street journal (Eastern ed) [Internet].
2014 Jan 23 [cited 2021 Aug 21]; Available from: https://www.wsj.com/articles/drug-makers-tiptoe-
back-into-antibiotic-rampd-1390512585.

104. Pulley JM, Rhoads JP, Jerome RN, Challa AP, Erreger KB, Joly MM, et al. Using what we already have:
Uncovering new drug repurposing strategies in existing omics data. Annu Rev Pharmacol Toxicol.
2020;60(1):333–52.

105. Pulley JM, Shirey-Rice JK, Lavieri RR, Jerome RN, Zaleski NM, Aronoff DM, et al. Accelerating
precision drug development and drug repurposing by leveraging human genetics. Assay Drug Dev



Page 28/33

Technol. 2017;15(3):113–9.

106. Rowland C. Firms Abandoning Antibiotics Research. Knight Ridder Tribune Business News 2004 Mar
13:1.

107. Saito H, Sumikura K. Drug development abandonment stage for Japanese pharmaceutical
companies. In: 2016 Portland International Conference on Management of Engineering and
Technology (PICMET). IEEE; 2016.

108. Schwartz H. AIDS research: Who drives the train? Pharmaceutical Executive 1995 07;15(7):22.

109. Sekhon BS. Repositioning drugs and biologics: Retargeting old/existing drugs for potential new
therapeutic applications. Journal of Pharmaceutical Education and Research. 2013 Jun;4(1).

110. Silber J, Emeryville. Calif.-Based Biotechnology Firm Dampens Forecast for Profit. Knight Ridder
Tribune Business News 2002 Oct 25:1.

111. Simons J. BIG, PHARMA’S NEW. R&D CENTER: THE TRASH BIN. Fortune Magazine. 2006 Dec
11;154(12).

112. Southall NT. Freedom of information act access to an investigational new drug application. ACS
Pharmacol Transl Sci. 2019;2(6):497–500.

113. Swiatek J. Eli Lilly to revisit its drug scrap bin. McClatchy - Tribune Business News. 2006 Oct 13.

114. Townsend MJ, Arron JR. Reducing the risk of failure: biomarker-guided trial design. Nat Rev Drug
Discov. 2016;15(8):517–8.

115. van Wijk RG. Positive and negative AIT trials: What makes the difference? Allergo J. 2018;27(6):36–
41.

116. Verhaar AP, Wildenberg ME, Peppelenbosch MP, Hommes DW, van den Brink GR. Repurposing
miltefosine for the treatment of immune-mediated disease? J Pharmacol Exp Ther.
2014;350(2):189–95.

117. NIH Initiative To Encourage Researchers To Find New Uses for Experimental Drugs. American Health
Line. First Look 2012 May 04.

118. Scientists aim to. repurpose former experimental cancer therapy to treat muscular dystrophy.
PharmaBiz 2017 Jun 15.

119. GSK Will Reveal More Drug Information From Clinical Trials. American Health Line. First Look 2012
Oct 11.

120. AstraZeneca. Investor's Business Daily 2012 Mar 21.

121. New Dangers Seen In Pfizers Abandoned Experimental Heart Drug. FinancialWire. 2007 Mar 26.

122. Biogen stock plunges. after company halts Alzheimer’s trials. MondayMorning. 2019 Mar 25;27(11).

123. Rach C, Lukas J, Müller R, Sendler M, Simon P, Salloch S. Involving Patient Groups in Drug Research:
A Systematic Review of Reasons. Patient Prefer Adherence. 2020;14:587–97.
doi:10.2147/PPA.S232499. Published 2020 Mar 12.

124. Donthu N, Kumar S, Mukherjee D, Pandey N, Lim WM. How to conduct a bibliometric analysis: An
overview and guidelines. J Bus Res. 2021;133:285–96. in the manuscript and/or the response.



Page 29/33

Figures

Figure 1

Prisma 2009 Flow Diagram
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Figure 2

No. papers published per year on the abandonment and repurposing of promising drugs through 2020*

* Five papers were also published from Jan 1, 2020 to April 16, 2020. 
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Figure 3

Reasons why a drug’s research and development may be abandoned or shelved
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Figure 4

Barriers to repurposing, discussed in the literature
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Figure 5

Facilitators of drug repurposing, discussed in the literature
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