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INTRODUCTION

The increasing availability of public data on dis-
-

cial intelligence (AI) methodologies to revolu-
tionize drug discovery. In this respect, AI already has 
a big and important impact on medical practice and 

science as AI tools develop more and more digital 
health solutions [1, 2]. 

Given the growing amount of data generated in 
healthcare, the potential of AI applications has a huge 
impact on research and development, and on clini-
cal and regulatory decision-making [2, 3, 4]. AI is re-
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potential in clinical and regulatory decision-making, public health and administration, as 
well as in research and development. We conducted a scoping literature review to iden-
tify publications that discuss potential AI-based technologies for identifying repurposing-
eligible medicines and for improving access to innovative therapies. More than half of the 
articles (18/26, 69%) were published in 2020 and 2021, during the peak of the COVID-19 
pandemic, and focused on developing AI-based algorithms to accelerate screening for 
medicines that could be potentially repurposed. These algorithms proved to be a powerful 

-

and researchers with a strong rationale and/or support for the application of AI-based tools 
in the process of drug repurposing. However, more studies need to be performed, as cur-
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garded as a potent instrument that can transform the 
healthcare industry. The application of AI-based tools 

contribute to and improve clinical decision-making, 
such as diagnoses, screenings, and treatment from 
one side and also optimizing treatment adherence 
[5, 6]. Advances in biomedical data on molecular and 
chemical characteristics of diseases and compounds 
provide new opportunities for drug discovery through 
computational and AI-based predictions [7, 8]. The 
research and development process can be improved 
by analyzing already approved compounds to discov-
er new indications. This method helps to reduce sev-
eral steps in the traditional drug development frame-
work and provides opportunities for better resource 
allocation, optimization of costs and improved access 
to novel treatments [9, 10]. Machine learning, in silico 

improve the process of research and development 
from all perspectives, including drug discovery, drug 
design, chemical image interpretation, etc [11]. AI 
tools have already been successfully implemented 
in drug discovery and drug design. AI-powered com-
putational chemistry, for example, uses advanced 
algorithms and high-performance computing models 
to simulate molecular interactions, discover new drug 
candidates, and identify potential drug candidates 

AI is a dynamic branch of informatics focused on 
-

ligence traits such as reasoning, learning, and adap-
tation. By utilizing powerful automated algorithms, 
AI processes information in ways that parallel the 
human brain’s ability to learn and solve problems. 

language processing, which ensures machines can 
understand human language; data mining, which 
transforms unstructured data into structured formats; 

knowledge from diverse inputs; and deep learning, an 
advanced subset of machine learning that leverages 
neural networks and substantial computing power to 
analyze complex datasets. AI is revolutionizing the 

potential for the future [13, 14].

The increased availability of public disease and drug-
related data has enhanced the use of AI in drug dis-
covery and repurposing. The goal of drug repurpos-
ing is to identify new uses for existing medications, 
especially when few treatments are authorized or 
when current options have high morbidity and mortal-
ity risks and cannot address medical needs in excep-
tional circumstances like pandemics, for example. 
This process helps to create additional treatment op-

tions, contributing to improved regulatory access and 
a more sustainable healthcare system. According to 
the European Medicines Agency (EMA), repurposed 

-

or during health crises like pandemics [15, 16].

In this respect, AI tools have the potential to impact 
regulatory access positively. Drug repurposing pow-
ered by AI and computational methodologies results 

speeds up the granting of marketing authorization 
(MA) [17].

-
-

ligence (AI)-based algorithms that could facilitate the 
rapid screening of authorized medicines. The current 
study aims to identify published articles that explore 
the potential role of AI-based technologies in identify-
ing medicines eligible for further repurposing, thereby 
enhancing regulatory market access to innovative 
therapies that address unmet medical needs.

MATERIALS AND METHODS

Scoping review
Based on a scoping review of the literature, we 
searched the PubMed database using the following 

drug repurposing, pandemic, and articles published 

screening phase, and then those included in the 
scope were reviewed in full text. As inclusion crite-
ria, we considered: (1) the presence of an abstract; 
(2) the English language; (3) publication in the past 5 
years; and (4) focus on AI and repurposing, concern-
ing treatment for unmet medical needs. Exclusion 
criteria were: (1) absence of abstract; (2) language 
other than English; (3) published beyond the last 5 
years; and (4) not focusing on AI implementation for 
repurposing.

RESULTS

-

published in 2020 and 2021, during the peak of the 

based algorithms for screening repurposable drugs, 
which can save time and resources, meet medical 
needs and facilitate innovation. The majority of the 

-
cieties and researchers with strong evidence and 
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support for the utilization of AI-based tools for drug 

of the articles provide a general overview of the cur-

with a focus on the main challenges and technical 
and methodological aspects of AI-based systems. 
The other half highlights the application of AI that can 
provide a better understanding of the structure of a 
virus, its enzymes, and the immune response, which 

-

atazanavir, baricitinib, remdesivir, ritonavir, lopinavir, 
or a combination of these. They exert the highest in-
hibitory potential for all three above-mentioned pro-

We summarized the results from the scoping review 
in Table 1.

With the scoping review, we aimed to analyze and 
systematize the potential role of AI-based tools for 
repurposing medicines to address unmet medical 

-

view revealed that there is already a list of AI solu-
tions available, particularly in the era of “Big data,” 
and more are continuing to be developed. AI-based 
tools hold great promise for the development of 
healthcare solutions in the future. Additionally, they 
provide a more detailed overview of the current ap-
plications of AI-based tools in drug research and de-
velopment, the lessons learned, and the challenges 
towards continual progress. The most analyzed AI-
based methods include deep learning (DL), machine 
learning (ML), natural language processing (NLP), in 
silico methods, and neural network algorithms. Most 
of the reviewed articles concentrate on the promis-
ing applications of these AI algorithms in identifying 
existing or investigational medicines that may be 

-
isting medicines that were found through AI-based 
methods to be suitable for repurposing against the 

cited are summarized in Table 2.

Records identified by database search 
(n = 116) 

 

 

Records when duplicates are removed 
(n = 116) 

 

Viewed records 
(n = 116) 

Full-text articles assessed for eligibility 
(n = 28) 

Articles excluded in the 
full-text screening 

(n = 2) 

Studies included in qualitative synthesis 
(n = 26) 

Records removed for other reasons  
(n = 0) 

 

Excluded records after title and abstract 
review (n = 88) 

 

Fig. 1. 



158 M. Dimitrova, R. Trifonova, G. Stavrakov et al.

Table 1. Scoping review summary

Research paper Objective AI method described Result
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COVID-19 d  ep po in  th o h 
AI- a ed tool

ec   et al  2 2  22 To anal e the potential of deep 
lea nin  model  to identif  potent 
d  fo  SARS-CoV-2

T-DTI Deep lea nin  model Deep lea nin  model  can potentiall  
shorten the time needed to identify pos-
si le medicines for rep rposin  in the 
treatment of SARS-CoV-2

Acharya A  et al  2 2  2 To analy e the possi ilities of in 
silico dr  discovery that ses en-
hanced samplin  molec lar dynam-
ics D  and ensem le doc in  
po ered y a s percomp ter

S percomp ter-driven pipeline 
for in silico dr  discovery sin  
enhanced samplin  molec lar 
dynamics D  and ensem le 
doc in

The a thors sho  that the application 
of AI- ased tools co ld e sef l in dis-
c ssin  preliminary res lts and planned 
improvements for dr  rep rposin  and 
discovery

nni S  et al  2 2  2 To identify the potential role of 
in silico screenin  doc in  and 
molec lar dynamics sim lation for 
dr  rep rposin

In silico screenin  of V R-2 
inhi itors for potential rep rposin  
a ainst COVID-19

The a thors sho  that in silico screenin  
and AI co ld e sed in the identi cation 
of potential dr s that inhi it spi e pro-
tein of h man coronavir s SARS-CoV-2 
in the process of dr  rep rposin

en   et al  2 2  2 To introd ce a net or - ased 
deep-learnin  methodolo y for 
the identi cation of medicines that 
co ld e rep rposed for COVID-19

et or - ased deep learnin  
methods

Deep-learnin  methodolo ies co ld e 
sed to prioriti e e istin  dr s that 

co ld e potentially rep rposed for 
COVID-19

a shi  A  et al  2 2  2 To analy e AI-driven platforms 
for the identi cation of medicines 
that co ld e rep rposed to treat 
COVID-19

AI- ased data ases for dr  
rep rposin

AI mi ht prove impactf l in the identi -
cation of s ita le medicines for rep r-
posin  It is a cost-effective method  t 
still validation of ef cacy ith clinical 
trials is re ired

Asselah T  et al  2 21 2 To foc s on the discovery of SARS-
CoV-2  the most appropriate tools 
for dia nostics and the on oin  
dr  discovery

ot mentioned Arti cial intelli ence has identi ed a 
ro p of approved dr s that may 

inhi it clathrin-mediated endocytosis  
th s red cin  viral infection in cells and 
ma in  them s ita le for rep rposin

otata i  et al 2 21 2 To overvie  the recent applications 
of machine learnin  techni es 
contri tin  to the prevention  dia -
nosis  monitorin  and treatment of 
coronavir s disease SARS-CoV-2

achine learnin  approaches AI- ased tools have the potential to 
red ce the time to identify eli i le medi-
cines that co ld e rep rposed to treat 
COVID-19 and receive faster mar etin  
a thori ation
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Research paper Objective AI method described Result
rasad  et al 2 21 29 To foc s on the tili ation of 

arti cial intelli ence tools in dr  
rep rposin  and str ct ral iolo y 
for SARS-CoV-2

AI  deep learnin  and machine 
learnin  al orithms

The a thors sho  that c rrently  most 
of the AI applications are sed either to 
analy e the vir s str ct re or to nd po-
tential medicines for dr  rep rposin

Smith D  et al 2 21 To identify potential COVID-19 
dr s  y AI-empo ered iomedi-
cal no led e

at ral lan a e processin The a thors sho  that the com ina-
tion of arti cial intelli ence tools and 
h man e pertise is promisin  for the 
identi cation of potential treatments for 
COVID-19

D o ovic  et al 2 21 1 The aim is to analy e the potential 
role of an in silico dr  rep rpos-
in  approach for the identi cation 
of potential inhi itors of SARS-
CoV-19

In silico st dy inte ratin  str ct re-
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for COVID-19 dr  development
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tools for rep rposin  s ch as CO-
VID-19 therape tics

In silico approach ased on infor-
mation of dr s and e perimental-
ly derived crystal str ct re of R D 
of SARS-CoV-2 S protein

Chalcone  ra oprevir  en aplatovir  
dol te ravir  daclatasvir  tide l si  
presatovir  remdesivir  and simeprevir are 
predicted to e potentially effective antivi-
ral dr s a ainst R D and may have 
ood therape tic ef cacy for COVID-19

Ra p t A  et al  2 21 The aim is to sho  that AI and -
ased approaches co ld e sef l 

for the prediction of rep rposed 
dr s for Coronavir ses

AI and machine learnin The application of AI and - ased 
tools that identify medicines ith hi h 
protein indin  af nity is sef l for dr  
rep rposin  for SARS-CoV-2 and other 
Coronavir ses

Si ilio  et al 2 21 Applyin  in silico- ased tools for 
identifyin  medicines that co ld 
e potentially rep rposed for 

COVID-19

In silico methods In silico methods co ld e ene cial 
for the identi cation of approved or c r-
rently investi ated medicines that co ld 

e eli i le for rep rposin
anec o   et al 2 21 To identify  models that co ld 

perform a series of dr  discovery 
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for the treatment of SARS-CoV-2
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ties in silico doc in  to nd poten-
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In silico molec lar doc in In silico doc in  co ld e sef l for the 
identi cation of medicines eli i le for 
rep rposin  in COVID-19

Con   et al 2 22 To e amine the role of AI- ased 
tools in identifyin  e istin  
medications for rep rposin  to treat 
COVID-19

achine learnin AI and  are transformin  dr  
rep rposin  for infectio s diseases y 

tili in  data analysis and prediction 
models  These technolo ies ena le 
faster identi cation of effective treat-
ments  addressin  r ent medical 
needs d rin  o t rea s and enhancin  
dr  discovery efforts

O demir  et al  2 22 oc s on ho  AI impacts CO-
VID-19 dr  rep rposin  strate ies 
and compare it to more traditional 
comp tational techni es sed in 
dr  rep rposin

Deep learnin  machine learnin  
and ne ral net or  models 

Accordin  to the a thors  AI in rep rpos-
in  is a promisin  strate y  especially 

hen three-dimensional str ct ral data 
is learned and e ploited  rthermore  
s ccessf l rep rposin  is not only a 

estion of science t also an economic 
iss e  hich also forms an inte ral part 
of the dr  development model

i   et al 2 22 9 Analy in  arti cial intelli ence AI  
for enhancin  dr  rep rposin  s-
in  COVID-19 as a case st dy from 
a data science perspective

achine learnin  deep learnin Acc m lated iolo ical data pro les 
enhance AI-driven dr  rep rposin  for 
COVID-19 therapies  Selectin  appro-
priate AI strate ies is cr cial for reveal-
in  concealed relationships et een 
dr s  tar ets  and diseases
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ranked medicines found repurposing-eligible through 
AI-based methods. However, only remdesivir re-
ceived marketing authorization for the treatment of 

Based on applied AI-based methods remdesivir has 
-

fective candidates for further research. It was proven 
to inhibit the replication of coronaviruses even before 

traditional simulated molecular docking experiments, 
research succeeded in predicting that remdesivir 

-

-

[]. It is already proven that this stalling mechanism is 

N
N

N

NH2

O

OHHO

CN

O
P

O
HN

O

O

O

Fig. 2.

Research paper Objective AI method described Result
  et al 2 22 To analy e the potential of a m lti-

tas  deep learnin  model for the 
p rpose of screenin  commercially 
availa le and effective inhi itors 
a ainst SARS-CoV-2

Deep learnin  model retrained deep learnin  models have 
the potential to identify already ap-
proved medicines that co ld e eli i le 
for dr  rep rposin  in COVID-19

ires C 2 2  1 To systematically assess p lished 
literat re on the se of AI in dr  
development of medicines for CO-
VID-19 ith foc s on ndin  eli i le 
for rep rposin  medicines

Deep e ral et or  al orithms  
machine learnin  AI-inte rated 
mechanistic modelin  platform  
arti cial ne ral net or s  etc

AI sho ed to e an ef cient tool to 
ic ly analy e lar e amo nts of data  

to identify dr s eli i le for rep rposin  
a ainst COVID-19

ac ahon  et al  2 2  
2

To introd ce a systematic net or -
ased dr  rep rposin  methodol-

o y ased on data for vir s-h man  
h man protein-protein and dr -
protein interactome data

In silico methods To facilitate dr  rep rposin  in clinical 
trials  e tili ed an arti cial ne ral net-

or  that incorporates information a o t 
the mechanism of action and therape tic 
val e to identify potential medicines

Sin h A 2 2  The aim is to e plore speci c AI 
strate ies li e virt al screenin  tar-

et identi cation  str ct re- ased 
dr  desi n and nat ral lan a e 
processin  to nd medicines 
eli i le for rep rposin

Virt al screenin  str ct re- ased 
desi n  machine learnin  deep 
learnin  AI- ased platforms  
nat ral lan a e processin

AI can enhance rep rposin  ef ciency 
y addressin  data limitations and en-

co ra in  colla oration ith traditional 
methods

Table 2. 

Medicine Initial indication The AI-based methodolo y used for the identi cation for of repurposin  eli ibility
Ata anavir HIV e ral net or s sin  deep learnin  and machine learnin  al orithms

aricitini Rhe matoid arthritis Deep and machine learnin  al orithms
eda iline T erc losis D  deep ne ral net or

Dol te ravir HIV e ral net or s sin  deep learnin  and machine learnin  al orithms
faviren HIV e ral net or s sin  deep learnin  and machine learnin  al orithms
ra oprevir HCV achine learnin
apatini Breast cancer achine learnin

Lopinavir HIV In silico
Remdesivir ola e ral net or s sin  deep learnin  and machine learnin  al orithms
Ritonavir HIV e ral net or s sin  deep learnin  and machine learnin  al orithms
Telmisartan Hypertension In silico
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DISCUSSION

-

pipelines. In times of crisis, the traditional way of drug 
discovery relying on in vitro high-throughput screen-
ing (HTS) appears to be time-consuming and costly. 

attracted the attention of the pharmaceutical indus-
tries and research communities worldwide because 
of its ability to predict 3D structures of targets, detect 
binding pockets/interaction hotspots of new drug tar-
gets, and screen the known drug candidates against 
new target structures [13]. Therefore, the utilization 

and modern AI-powered algorithms for the prompt 
screening of repurposing-approved drugs, as well 
as natural products with established chemical and 

helped save valuable resources and time [46].

-

drug discovery algorithm, with baricitinib being the 
-

for drug repurposing proved as a successful solution. 

has led to increased interest in remdesivir for treating 

and resources while addressing the high demand for 

making [48].

In 2023, the World Health Organization (WHO) de-

gave a boost to the implementation of AI-based tech-
nologies in the pharmaceutical industry for a variety 
of therapeutic indications [51].

also be applied to reverse molecular mechanisms 
of lung injury and severe respiratory failure in post-

based on inhibition of angiotensin-converting enzyme 
2 (ACE2). He B et al proposed an AI-based drug re-

injury of the lungs [52].

In the most recent research Singh A explores the 
possibilities of AI-based drug repurposing in the treat-
ment of infectious diseases, especially in emerging 

-
cin, azithromycin, sofosbuvir, darunavir, raltegravir, 

tools for repurposing, such as optimization of time 
and better allocation of resources and prediction of 

The main advantage of AI-based drug repurposing 

-
ical steps, which usually take around 5 years, can 
be shortened to several months. It is anticipated that 
clinical studies will follow a similar trend. This has al-
ready resulted in changes in the business strategies 
of the innovative pharmaceutical industry [54].

This scoping review of literature aimed to summarize 
-

telligence-based approaches in speeding up market 
access in times of crisis and unmet medical needs.

-

and accelerate their clinical and economic impact 
through the mechanisms of adaptive pathways and 
horizon scanning.

There are certain restrictions on our survey. Using 

to examine the most popular AI-based methods for 
locating medications that would be viable candidates 
for drug repurposing in the event of a pandemic. Only 

has made it to the market thus far and has been 
granted marketing authorization under the EMA mar-
keting authorization processes for early access. The 
emphasis in the remdesivir instance is on AI-based 

duration and expedite marketing authorization. The 
-

ing AI in drug discovery and repurposing, however, 
are the subject of numerous studies. Already, a lot 
of studies analyze the possible role of AI-based drug 
repurposing in other therapeutic areas like oncology, 
rare diseases and neurological diseases. Numerous 
studies have already examined the potential applica-

-
peutic domains, such as neurological disorders, un-
common diseases, and oncology [56, 57].

Another drawback of the current study is that it ig-
-

tational approaches for drug discovery that are now 
routinely employed in repurposing. Even though AI-

time, and speed up discovery, they still need subse-
-
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and safety [58].

Further analysis is needed to analyze how AI-based 

-
demic revealed its crucial role in medical research 
and the development of medicines in a more cost-

CONCLUSION

The scoping literature research assisted us in identi-
fying a large number of AI solutions that are currently 

-
desivir is the prime example of how AI-driven medica-
tion repurposing may expedite regulatory approvals 
and drastically reduce clinical trial durations.
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