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How drug repurposing can
advance drug discovery:
challenges and opportunities

Luca Pinzi, Nicolo Bisi and Giulio Rastelli*

Department of Life Sciences, University of Modena and Reggio Emilia, Modena, Italy

Traditional de novo drug discovery, which typically presents an 11% approval
rate from phase | trials and even higher failure rates in fields like
neurodegeneration, often requires two to three billion dollars and
10-17 years per new drug. In contrast, drug repurposing can reduce risks
and bring drugs to the market in 3—-12 years, with an average of $300 million
investment. In this article, we will outline how drug repurposing can
accelerate the discovery of drugs derived from natural and synthetic
products. The vast amount of chemical, biological, structural, and clinical
data available in public repositories will greatly facilitate drug discovery,
without the need to start a discovery campaign from scratch. In the big
data era, data mining and artificial intelligence will play major roles in both
drug repurposing and drug discovery. This article will provide valuable insights
into how drug repurposing can support drug discovery and vice versa,
emphasizing its impact in addressing unmet medical needs, achieving
cost-effectiveness, and enabling faster market access. Despite legal and
requlatory challenges, the cost-effectiveness, and the potential to give new
life to compounds already in the pipeline make drug repurposing a crucial
complement to traditional drug discovery in the era of precision medicine.
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1 Introduction

Drug repurposing (DR), often referred to as drug repositioning, is a drug discovery
and development strategy that has recently gained growing interest in both academic
and industrial research (March-Vila et al., 2017). Coined in 2004 by T. T. Ashburn and
K. B. Thor (Ashburn and Thor, 2004), it is defined as “the process of finding new uses
outside the scope of the original medical indication for existing drugs”. DR represents a
viable alternative (or complement) to traditional de novo drug discovery, which is a
lengthy and costly process often hampered by high failure rates. This novel drug
development process involves identifying new therapeutic indications for approved
drugs or synthetic and natural products in advanced preclinical settings. Drug
repurposing reduces time, risks and costs associated with traditional discovery
pipelines, as de-risked compounds have already passed safety and toxicity studies
(March-Vila et al., 2017). Rational drug repurposing leverages integrated in silico
approaches, such as modeling, data mining, and machine learning to facilitate the
selection of candidates from existing drugs and discover new uses (Langedijk et al.,
2015). As pointed out by J. Langedijk et al. (Langedijk et al., 2015), the term “existing
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The integrated approach of drug repurposing and traditional de novo drug development increases the cost-effectiveness of the whole drug

discovery process, by assuring lower attrition rates and saving time.

drugs” can encompass approved drugs, withdrawn medications
or treatments no longer produced for commercial reasons, and
drug candidates undergoing clinical trials. A specific case of drug
repurposing, often referred to as drug rescue, concerns drugs
that did not pass clinical trials because their efficacy was inferior
to those already on the market (Langedijk et al., 2015).

The term “new uses” extends beyond the repurposing of a
drug for a pharmacological target and/or a pathology different
from those for which it was originally developed. Indeed, it can
also include: i) addressing new patient populations (e.g., the
pediatric one); ii) developing new dosage forms, and; iii)
exploring new routes of administration, or lines of treatment
(Langedijk et al., 2015). In addition, applications of on-target and
off-target repositioning are quite distinct. In the former, a known
mechanism of action is applied to a new therapeutic indication,
while the latter aims to elucidate the mechanism of action of
known compounds through the analysis of undesirable side
effects. In the following paragraphs, we will dissect the
advantages, disadvantages and opportunities embedded in
rational DR, with the aim of understanding how this approach
can complement and accelerate traditional drug discovery.
Examples from the fields of natural products and compounds
obtained through organic synthesis will be presented. Their
discussion will provide a more concrete understanding of how
drug repurposing may help drug discovery. Finally, this review
will offer insights on the computational methods applied to DR,
aiming to offer a clearer picture of the opportunities and
challenges provided by this innovative strategy (Figure 1).
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2 Famous drug repurposing examples

Many of the so-called blockbuster drugs have been brought to
success through repurposing procedures. Most of these examples
have originated from serendipity, retrospective clinical observation,
or pharmacological mechanism analysis (Pushpakom et al., 2019).
All these approaches are in agreement with the concept that if a drug
for a certain indication shows an unexpected off-target activity or
side effect, it opens the possibility of repurposing it for a second
indication, which may take over from the first, becoming the
indication par excellence. A well-known example in this regard is
the case of minoxidil. In the 1950s, Upjohn Company developed a
compound with supposed anti-ulcer action (Ashique et al., 2020).
Although the activity was not confirmed in trials on dogs, the
compound proved to be a powerful vasodilator. A series of
analogues has then been synthesized,
drug minoxidil

leading to the
(Ashique et al, 2020).
Interestingly, in the following decades, minoxidil manifested
(Gottlieb et al., 1972).
mechanisms have been proposed to explain this effect, including

antihypertensive

hypertrichosis side effects Several
local vasodilation of the scalp, with increased oxygen and nutrient
supply; upregulation of the vascular endothelial growth factor VEGF
expression in the dermal papilla, responsible for the cyclic rhythm of
follicular activity; and the opening of potassium channels, resulting
in the prolongation of the follicular anagen phase (Ishida et al,
2016). Currently, its topical formulations represent the treatment of
choice for alopecia, resulting in sales of $1.5 billion in 2022 (Global
Market Insights, 2024a, https://www.gminsights.com/industry-
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analysis/minoxidil-market, accessed on 20 June 2024). Another
famous example comes with sildenafil, developed by Pfizer in the
1980s as an antihypertensive and anti-anginal drug (Ghofrani et al.,
2006). Being a phosphodiesterase type 5 (PDE-5) inhibitor, the
compound was intended to relax the smooth muscles of the
coronary arteries, but this effect was not observed in healthy
volunteers (Ashburn and Thor, 2004). In the 1990s the drug was
repurposed as a treatment for erectile dysfunction following clinical
observations (Ashburn and Thor, 2004). Remarkably, sildenafil
accounted for a market worth over $2.9 billion in 2023 (Coherent
Market Insights, 2024; https://www.coherentmarketinsights.com/
industry-reports/sildenafil-drug-market, accessed on 20 June 2024),
and, in 2005, it was repositioned once more as a treatment for
pulmonary arterial hypertension (Gali¢ et al, 2005). Another
extraordinary rescue is represented by the case of thalidomide.
The compound was marketed in the 1950s as a sedative and
anti-nausea drug intended for pregnant women (Ashburn and
Thor, 2004). It was distributed in 46 countries before being
withdrawn due to its devastating teratogenic effects (i.e., phocomelia)
and severe multiple malformations. By chance, the drug was accidently
present in the medicine cabinet of the University Hospital of
Marseille, where, in 1964, a doctor administered it to a patient
suffering from erythema nodosum leprosum (ENL), who had not
slept for weeks due to severe pain. The remedy had an effect far
beyond the hoped-for relief, and it could cure his condition
(Ashburn 2004). Subsequent
4,552 patients with the same condition showed a complete

and Thor, studies involving
remission within 2 weeks in 99% of cases. Remarkably, the drug
is still the sole treatment for ENL (Upputuri et al., 2020). Later, it was
discovered that thalidomide acts as a tumor necrosis factor a (TNF-
) inhibitor with antiangiogenic effects, which justified its off-label
use in multiple myeloma (Ashburn and Thor, 2004). Subsequently,
the derivative lenalidomide was synthesized, which is now a first-line
drug for the treatment of this neoplastic disease. In 2023,
lenalidomide accounted for a $18 billion market (Global Market
2024b;
lenalidomide-market, accessed on 20 June 2024).

Insights, https://www.gminsights.com/industry-analysis/

3 Advantages over traditional
drug discovery

Traditional de novo drug discovery involves high costs, long
timelines, and high attrition rates. Nearly nine out of 10 drug
candidates fail during clinical trials (Van Norman, 2016). In
particular, out of 100 drugs that enter phase I, 60% advance to
phase II, 21% reach phase III, 13% are submitted to the regulatory
authorities, and only 11% obtain approval (Van Norman, 2016). The
failure rate can be even higher in fields like neurodegenerative
diseases, where the development of new drugs has a nearly 100%
failure rate (Cummings et al., 2014). Drug repositioning based on
compounds that have successfully completed phase I clinical trials
imply lower failure rates, at least in terms of safety, during
subsequent clinical efficacy studies targeting new indications. In
particular, this involves de-risked compounds (Pushpakom et al.,
2019), where the approval rate rises to 30% (Hernandez et al., 2017),
depending on the stage of lead optimization, drug development, and
resolution of pharmacokinetic and formulation issues. Indeed, the
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most significant cost savings occur during preclinical and clinical
phases I and II (Pushpakom et al., 2019). This strategy is also
beneficial from a regulatory point of view. A huge amount of data
needs to be provided when compiling registration dossiers, whose
collection is faster when information from the literature and
previous studies on the concerned compound is already available
from the outset. Whoever submits the marketing authorization
(MA) application to regulatory agencies can be authorized to
perform only those studies necessary by the indication switching
(Hernandez et al., 2017). Furthermore, if the new indication meets
the requirements of novelty, inventive originality, reproducibility,
and applicability, it becomes possible to protect the intellectual
property of the discovery. For instance, the European Medical
Agency (EMA) can grant up to 10 years of exclusivity to
pediatric indications and formulations of already authorized
products (Article 30 of Regulation EC 1901/2006), as well as for
repositioned drugs, if they are orphan (Toumi and Rémuzat, 2017).
All these factors make drug repurposing a viable route to extend the
commercial life of drugs. Moreover, drug repurposing is also a
strategic choice for highly fatal diseases, such as cancer, or rare and
orphan diseases, for which it may occasionally be the sole viable
approach to obtain therapeutic options quickly and at reduced costs
(Pushpakom et al., 2019). Indeed, a repositioning campaign, from
the identification of a novel potential drug application to its
introduction on the market, requires on average 6.5 years and an
investment of about $300 million (Nosengo, 2016). This stands in
contrast to the 13-15 years and $two to three billion investment
required for a research program aimed at the discovery of a new
chemical entity (Nosengo, 2016). Finally, it is important to note that
repositioning may involve not only drugs already on the market, but
also the identification of new therapeutic indications for molecules
of pharmaceutical interest. This encompasses both natural products
and molecules of synthetic origin, as discussed below.

4 Disadvantages of drug repurposing

While drug repurposing is an advantageous approach, the
process still faces some challenges. Firstly, using known drugs
implies the need to evaluate related intellectual properties, which
may potentially hamper the ability to patent repurposed drugs.
Other major challenges concern prices and sales (Aboy et al., 2022).
The lack of patentability reduces profit opportunities, discouraging
pharmaceutical companies from pursuing this strategy (Van Der Pol
et al, 2023). Initiatives aimed at facilitating drug repurposing
through streamlining the marketing authorization process and
allocating dedicated funds have been proposed (Van Der Pol
et al, 2023). However, re-patenting a known drug is possible
only if its therapeutic activity identified by repurposing is
Yet,
pharmaceutical repositioning may already be documented in the

unknown. many of the potential uses found by
literature and in clinical practice. Secondly, access to inherent

pharmacovigilance and clinical trial data in therapeutic
repositioning has long been limited by commercial and
confidentiality issues. To overcome this limitation, the EMA
made all clinical trial data public since October 2016 (Ishida
et al, 2016). Moreover, if a higher dosage of the repositioned

drug is required, or if a different route of administration is used
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TABLE 1 A list of the main natural and synthetic repurposed compounds is presented. In the table, it is also clarified whether the drug is currently approved
or is under clinical investigation.

Compound Original Use Repurposed Use References Used in Used in therapy

(repurposed)

therapy
(original)

Aspirin Pain relief and anti- Cardiovascular disease Li et al. (2020) Yes Yes
inflammatory prevention
Sildenafil (Viagra) Erectile dysfunction Pulmonary arterial hypertension | Prins et al. (2019) Yes Yes
Thalidomide Morning sickness Leprosy complications Ashburn and Thor (2004) Yes Yes
(withdrawn)
Metformin Type 2 diabetes Cancer, aging-related diseases Lord and Harris (2023) Yes No
(pre-clinical and clinical trials)
Minoxidil Hypertension Hair growth (alopecia) Gottlieb et al. (1972) Yes Yes
Dapoxetine Antidepressant Premature ejaculation Dalwadi et al. (2023) Yes Yes
Methotrexate Cancer treatment Rheumatoid arthritis, psoriasis Lopez-Olivo et al. (2014) Yes Yes
Amantadine Antiviral (influenza) Parkinson’s disease, multiple Generali and Cada (2014) Yes Yes
sclerosis fatigue
Ivermectin Parasitic infections COVID-19 (controversial and Song et al. (2024) Yes No
under investigation)
Azathioprine Immunosuppressant Inflammatory bowel disease Qian et al. (2018) Yes No
(transplant)
Clofazimine Leprosy Tuberculosis Souza et al. (2023), Stadler et al. Yes Yes
(2023)
Ritonavir HIV/AIDS COVID-19 (as part of Yes Yes
combination therapies)
Colchicine Gout Cardiovascular disease, Bouabdallaoui and Tardif Yes Yes
pericarditis (clinical trials) (2022)
Propranolol Hypertension Anxiety (clinical trials) Serreau et al. (2024) Yes No
Tamoxifen Breast cancer Bipolar disorder (clinical Sadeghi et al. (2019), Bagdadi Yes No (bipolar disorder),
studies), infertility et al. (2021) Yes (male infertility)
Curcumin Anti-inflammatory, Cancer, Alzheimer’s disease, Aggarwal and Harikumar No No
antioxidant arthritis (2009), Nelson et al. (2017)
Resveratrol Antioxidant (found in Cardiovascular disease, cancer, Baur and Sinclair (2006) No No
grapes) diabetes
Berberine Antimicrobial, Ulcerative colitis, cancer Zhu et al. (2022) No No
digestive aid
Artemisinin Antimalarial Cancer Lai et al. (2013) Yes No
Epigallocatechin Antioxidant (found in Cancer, cardiovascular diseases, | Chen et al. (2020), Ohishi et al. No No
gallate (EGCG) green tea) neurodegenerative diseases, (2022), Wei et al. (2023)
COVID-19
Cannabidiol (CBD) Anti-inflammatory Epilepsy, anxiety, pain Blessing et al. (2015) Yes No
(found in cannabis) management
Thymogquinone Antioxidant (found in Cancer, diabetes, cardiovascular | Shabana et al. (2013), Almajali No No
black seed) diseases et al. (2021), Faisal Lutfi et al.
(2021)
Silymarin Liver protection (milk Cancer, diabetes, skin disorders | Voroneanu et al. (2016), No No
thistle) Vostalova et al. (2019), Koltai
and Fliegel (2022)
Boswellic acids Anti-inflammatory Arthritis, inflammatory bowel Abdel-Tawab et al. (2011), Roy No No

(Boswellia)

disease

et al. (2019)
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than the original, it may be necessary to undergo phase I clinical
trials, thereby increasing costs (Pritchard et al., 2017). Remarkably,
seven government-run programs in the United States, European
Union and United Kingdom have recently been established to help
organizations to reduce costs, or to mitigate one or more of these
drug repurposing challenges (Liddicoat et al., 2024).

5 Repurposing products of
natural origin

Natural products, including compounds from plants and marine
origin (Azab et al.,, 2016; Cornara et al., 2017; Rastelli et al., 2020;
Atanasov et al, 2021), have been widely used for millennia
(Bernardini et al, 2018). A well-known example is curcumin,
which is a polyphenol compound extracted from the rhizome of
Curcuma Longa, used widely in traditional medicine (Seca and
Pinto, 2018). Initially used as a food spice, curcumin has recently
gained attention for its anti-inflammatory, antioxidant, antitumor
and neuroprotective activities (Wilken et al., 2011; Nelson et al.,
2017). Traditional medicine, still representing a source of healthcare
for many people (Yuan et al,, 2016), has already contributed to the
search for new therapeutic entities (Bernardini et al, 2018;
and Zidane, 2024). Natural
characterized by unique properties, thanks to their significant

Chaachouay products  are
structural diversity (Mazumder et al, 2018; Atanasov et al,
2021). According to the Food and Drug Administration (FDA),
around 40% of recently approved drugs are derived from or inspired
by natural products, with a peak of 64% for antihypertensive and
74% for anticancer drugs (Yuan et al., 2016; Seca and Pinto, 2018;
Newman and Cragg, 2020). The main limitations associated with
natural products are the risk of extinction of plant species (Atanasov
et al., 2021), low yields, low bioavailability, and complexity of
extraction and purification processes (Atanasov et al, 2021).
While a semi-synthetic route may offer a potential solution, its
implementation may be problematic due to the structural
complexity of these compounds, such as the presence of chiral
atoms and labile functional groups (Atanasov et al., 2021). Despite
progress in this area, the full potential of natural compounds in drug
discovery and repurposing has yet to be exploited. In particular,
most of the compounds are still in the pre-clinical stages, and very
few entered in clinical trials. A list with the main repurposed natural
compounds is presented in Table 1. Among them, only cannabidiol
(CBD) is used in therapy (Blessing et al., 2015), while all the other
natural derivatives are still under preclinical or clinical evaluation.

6 Repurposing products of
synthetic origin

In recent years, repurposing approaches have been extended to
include the identification of novel therapeutic applications, not only
for approved drugs but also for preclinical candidates and, more
generally, products of synthetic origin (Blakemore et al., 2018).
While these applications extend beyond the original definition of
drug repurposing (Ashburn and Thor, 2004), they allow for a more
through exploitation of compounds that are already available and
have a known biological profile. In fact, significant efforts are usually
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needed to develop new synthetic pathways to obtain compounds
with novel scaffolds or to introduce substituents on known scaffolds
for structure-activity relationship (SAR) studies. However, these
approaches often do not guarantee success (Sun et al., 2022). This is
in line with the observation that, despite an increase in the number
of synthesized molecules over the years, there has been little
corresponding  rise (Brown and
Bostrom, 2016).

Repositioning already synthesized and tested compounds that

in FDA-approved drugs

were discarded for not fulfilling their original purpose can be a
strategic approach, especially considering the challenges associated
with their synthetic accessibility (Blakemore et al., 2018). Practical
examples of this strategy can be found in the ReFRAME (Janes et al.,
2018) and the LigAdvisor (Pinzi et al., 2021) webservers, which are
specifically dedicated to drug repurposing. The CURE Drug
Repurposing Collaboratory (CDRC) has developed a digital
platform called CURE ID, which assists healthcare providers and
researchers in finding new uses for existing approved drugs (Critical
Path Institute, CURE Drug Repurposing Collaboratory, 2023;
https://c-path.org/programs/cdrc/). By  leveraging  existing
chemical and structural information, the repurposing of already
synthesized compounds can significantly accelerate the de novo
design of novel therapeutics. Moreover, structural analogues and
reaction intermediates identified through these approaches can serve
as valuable starting points for predicting new drug-target
associations (Wolos et al., 2022). However, it is also important to
note that any structural modification of known drugs results in new
chemical entities, which must undergo comprehensive preclinical
and clinical assessments for safety and efficacy before approval.
Remarkably, the more information available on these candidates, the
easier and faster their optimization will be toward the new
therapeutic area.

A list with the main synthetic repurposed compounds is
presented in Table 1.

7 Drug repurposing via computational
approaches

Drug repurposing often occurred through serendipity or the
observation of unexpected side effects (Ashburn and Thor, 2004).
For this reason, predicting repositioning hypotheses in a rational
and cost-effective manner would be highly valuable (Park, 2019). In
this context, advances in medicinal chemistry, alongside those in
“omics” sciences (i.e, metabolomics, proteomics, genomics,
transcriptomics), present new opportunities in drug discovery. In
particular, the amount of data generated through these new
technologies is growing exponentially, resulting in the so-called
“big data” era (March-Vila et al, 2017). Such data available to
users has gained increasing attention as a source to extract
information of interest for drug discovery, e.g., through data
mining (Lavecchia, 2015). Examples of valuable data sources
include the DrugBank, which contains information on about
12,000 approved and investigational drug-like compounds (Knox
et al, 2024); the Protein Data Bank, with three-dimensional
structures of over 220,000 biomolecules both alone and in
complex with their ligands (Berman, 2000); and ChEMBL, one of

the largest reference databases for biological activity annotations,
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covering more than 15 million activity data points for nearly two
million individual compounds (Gaulton et al, 2017). The
possibility of using computational approaches for mining and
analyzing large amounts of data with extremely limited resources
is becoming increasingly important (Li et al., 2016). Practical
applications of computational workflows for drug repositioning
have been reviewed (March-Vila et al., 2017; Pinzi et al., 2019).
Importantly, the integration of different approaches has proven
to be an excellent approach to overcoming the inherent
weaknesses of individual methods (March-Vila et al., 2017).
For example, ligand-based approaches are based on the
underlying paradigm that similarity between compounds may
be indicative of a similarity in biological activities (Bajorath,
2017). As such, the possibility of quantitatively evaluate the
compounds’ similarity with respect to molecules with known
biological activities is highly attractive. This approach enables the
high-throughput screening of large public databases. However, it
is important to consider that small structural differences can
sometimes result in markedly different and unexpected activity
profiles, commonly referred to as “activity cliffs” (Stumpfe and
Bajorath, 2012). Additionally, these approaches do not allow for
significant departures from the starting chemical space when
used as stand-alone methods. Structure-based approaches use
structural data for macromolecular targets, typically obtained
experimentally or through computational approaches (Jumper
et al., 2021). These approaches help evaluating whether ligands
possess the required complementarity with the intended
biological target (Ferreira et al., 2015). Molecular docking is
widely used to simulate the interactions of a ligand with a
macromolecular target, predicting its most likely orientation
and bound conformation (Ferreira et al., 2015). Furthermore,
the poses obtained through docking can undergo post-docking
procedures that leverage free energy calculations to evaluate
more accurately ligand binding scores (Rastelli et al., 2009).
Machine learning (ML) approaches are a sub-field of artificial
intelligence (AI) that rely on the identification of patterns and
inferences to build statistical models capable of performing a
wide range of tasks (Lavecchia, 2015). In the field of drug
repurposing, ML approaches are particularly valuable as they
efficiently leverage vast amounts of data while simultaneously
providing far-from-obvious predictions (Vamathevan et al,
2019; Urbina et al., 2021). In general, machine learning
methods include supervised methods, wherein ML models are
built from a “labeled” dataset (i.e., the required outcome is
already known), and unsupervised methods, where the data
for model training lacks pre-determined labels (Vamathevan
et al, 2019). In the context of drug repurposing, supervised
approaches have been used, for example, in classification tasks
for predicting drug-target and/or drug-disease associations
(Nickel et al.,, 2014; Tinivella et al., 2021; Liu et al., 2022).
Additionally, applications of unsupervised approaches have
been recently employed for systematic drug repurposing, as
reported by S.S. Madugula et al. (Madugula et al., 2021). In
particular, in their study, the authors performed extensive
Principal Component Analyses (PCA) followed by k-means
clustering on molecular properties of about 1,600 approved
than 1,400 drug
against more than 300 diseases.

drugs,
candidates

identifying more repurposing

While the
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application of Al in the context of DR is still at its infancy,
these examples clearly demonstrate the potential of this
innovative approach to uncovering a significantly larger
number of DR opportunities, especially when integrated with
other in silico methods.

8 Conclusion

Drug repurposing plays a key role in reducing the financial
burden and accelerating the market entry time of new drugs
(Ashburn and Thor, 2004; Pushpakom et al., 2019). Another key
feature regards the safety profile of repurposed drugs, because the
toxicity profiles of approved or investigational drugs are well
established. This helps to understand how the drugs behave in in
vivo settings decreasing the risk of failure and enhancing the
chances of success by up to 30%. These features represent a
marked improvement over the traditional de novo drug discovery
approach, where the success of a drug entering the market from
scratch is often lower than 10% (Hay et al., 2014). Another way
DR can effectively support drug discovery is by providing
treatments for unmet targets or medical needs. Neglected,
orphan or rare diseases are often overlooked by industries due
to the limited commercial potential. Repurposing can bring new
therapies to fill this medical gap, as shown by the employment of
clofazimine as possible anti-trypanosome agent, pyronaridine
against Chagas disease (Yamey, 2002; Hernandez et al., 2019) or
ataluren in Shwachman-Diamond syndrome (Bezzerri et al,
2018). However, intellectual property issues may hamper the
patentability of repurposed drugs. Furthermore, there are still
cases where new phase I trials are required, particularly if higher
dosages or different administration routes are necessary
(Pritchard et al., 2017). Despite these limitations, DR can play
a pivotal role in accelerating drug discovery and development.
Chemical, biological, structural, and clinical data in public
repositories can significantly facilitate drug discovery, without
the need to start a discovery campaign from scratch. Big data
mining and AT offer unprecedented opportunities in this respect.
In many cases, repurposing can extend the commercial viability
of drugs and offer new incomes, by opening new markets when a
new indication is found (Mishra et al., 2024). At the same time,
insights from de novo drug discovery help repurposing efforts by
identifying novel applications for previously discarded
compounds, creating a synergistic relationship that enhances
the overall efficiency of the discovery and development
process. This effect is strengthened by the advent of data
mining and ML, enabling the analysis of extensive public
databases, predicting new drug-target interactions, and
uncovering valuable insights from structural data (Berman,
2000; Lavecchia, 2015; Li et al., 2016; Gaulton et al., 2017;
Knox et al, 2024). In this way, natural and synthetic
compounds investigated in preclinical and clinical settings
may offer new and unexpected applications, providing
solutions to unmet therapeutical needs (Bernardini et al,
2018; Janes et al., 2018). Although hampered by intellectual
property additional
requirements, drug repurposing can efficiently aid drug

limitations and  potential trial

discovery by providing a faster and less risky route for
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developing new treatments. The synergistic interplay between
repurposing and traditional drug discovery underscores the
critical role drug repositioning can play in the modern
pharmaceutical landscape.
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