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Background: In recent years, the emergence of new diseases and resistance to known diseases have led to increasing demand for new
drugs. By means of bibliometric analysis, this paper studied the relevant articles on drug repositioning in recent years and analyzed the
current research foci and trends.

Methodology: The Web of Science database was searched to collect all relevant literature on drug repositioning from 2001 to 2022.
These data were imported into CiteSpace and bibliometric online analysis platforms for bibliometric analysis. The processed data and
visualized images predict the development trends in the research field.

Results: The quality and quantity of articles published after 2011 have improved significantly, with 45 of them cited more than 100
times. Articles posted by journals from different countries have high citation values. Authors from other institutions have also
collaborated to analyze drug rediscovery. Keywords found in the literature include molecular docking (N=223), virtual screening
(N=170), drug discovery (N=126), machine learning (N=125), and drug-target interaction (N=68); these words represent the core
content of drug repositioning.

Conclusion: The key focus of drug research and development is related to the discovery of new indications for drugs. Researchers are
starting to retarget drugs after analyzing online databases and clinical trials. More and more drugs are being targeted at other diseases
to treat more patients, based on saving money and time. It is worth noting that researchers need more financial and technical support to
complete drug development.
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Introduction
Drug repositioning is the identification of new indications for already developed and marketed drugs to treat new areas of
disease not mentioned in the current specifications.' The discovery and development of novel drugs are estimated to cost
hundreds of millions of dollars, take many years to develop and market and have a low success rate.” It is a high-risk,
high-investment process, and the pace of pharmaceutical R&D is failing to keep up with the needs of society.4 A drug
target may play a role in several different diseases,” or the drug may have multiple targets, each of which is associated
with a different disease.® Drug repositioning was first proposed in 2004 to increase the efficiency of drug development
for pharmaceutical companies, finding new uses for and improving existing drugs.” As research continues, the definition
of drug repositioning has been expanded to include active substances that do not enter the clinical stage due to toxicity or
poor efficacy and drugs that are withdrawn from the market for safety reasons.® It is an emerging area of drug
development that attracts an increasing number of scholars.

Drug repositioning has made significant progress in recent years of research. Many drugs have been repurposed from
their original indications to new indications. For example, in recent years, due to the rapid spread of COVID-19, many
anti-AIDS medicines have been repurposed to fight the virus. In addition, for rare diseases, tumors, tuberculosis, and
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other difficult-to-cure diseases, drugs on the market are screened from the gene bank for clinical trials to save
development time. New uses for various types of drugs have been listed in the literature and are summarized below.

The most famous example is that of Sildenafil, which was repositioned as a critical drug for erectile dysfunction; initially,
its side effect since its primary purpose had been the treatment of hypertension and angina.”'® Rifampicin, an anti-tuberculosis
drug, has been repositioned as an analgesic to relieve pain in joint cavities." Eculizumab, initially indicated for uremia, has also
been repositioned to treat myasthenia gravis.'' Minoxidil has been repositioned for hypertension and hair loss prevention.'* '*
Everolimus has been repositioned from transplant rejection prevention to treating tuberous sclerosis and inhibiting tumor
growth.'> Verapamil and cimetidine are both inhibitors of CYP enzymes that inhibit the direct effects of Pghl and increase
antimalarial activity.'®'” Even though they do not have antimalarial activity alone, they show synergistic effects when
combined with antimalarials.'® Drug associations increase the success of repositioning. The use of combinations of drugs can
provide synergistic effects, thereby reducing the risk of cytotoxicity being triggered when drugs are used alone; while also
reducing the concentration of drugs being used.'® For example, the combination of Prednisone and Perphenazine, 6-Thiourea,
can be used against histiocytosis.”” Some studies have shown that Propranolol, used as a beta-blocker in combination with
etodolac, reduces surgical and inflammatory stress responses and promotes tumor metastasis.”' The most notable example
currently includes repositioning drugs initially used to treat diseases such as HIV and malaria to treat novel coronaviruses.”* >*
Due to the global outbreak of the novel coronavirus, Hydroxychloroquine, combined with Azithromycin, has been proposed as
a potential therapy.>

Citespace is a literature visualization and analysis software that uses econometric analysis to create visual maps of
particular literature, allowing analysis of the current state of research and inference of trends.”® HistCite is a citation
analysis tool that quickly maps trends in a given field and organizes the number of times articles are cited to identify
critical research and scholars.’” By analyzing a lot of data, it was found that these literature analysis tools could
effectively show the correlation between articles, and obtained reliable data and clear pictures. They could summarize
and analysis the literature with a large amount of data, which was beneficial for researchers to explore related fields.

There are many articles on drug repositioning. Most of the content provides examples of repurposing drugs or
describes the methods and significance of drug repurposing. However, the use of bibliometric tools to analyze the content
of recent articles has not yet been widely implemented. Therefore, this paper reviews thousands of pieces of literature,
including keywords, authors, and research institutions. This step is essential. From the perspective of visual analysis, the
associations between literature can be displayed through tables and figures, providing a scientific basis and data for future
researchers studying this field.

Materials and Methods

Data Sources
Web of Science (WOS) is a primary source of citation information in bibliometric research. Associations between citations
can be analyzed using this database. The total number of papers published in WOS exceeds those in Scopus, PubMed, China
National Knowledge Infrastructure (CNKI), Chinese Social Science Citation Index (CSSCI), and other well-known
databases. WOS also provides bibliometric software for general statistics and citation analysis. Many software and online
sites only accept data exported from WOS, therefore our data were also filtered from the WOS database.

The core collection of the Web of Science database was searched with “drug repositioning” as the subject term and

9 EEINT3

“repositioning drug;” “drug repurposing;” “repurposing, drug;” “rescue, drug” and “drug rescue” as synonyms for the
search. The period was from January 1, 2001, to July 31, 2022. The investigation was conducted in August 2022, and

6215 articles were retrieved. The articles that met the requirements were obtained after removing those that did not.

Analytical Tools

Data from countries/regions, institutions, and journals were analyzed statistically and then visually, using HistCite
software and the Journal Impact Factor (IF) from Journal Citation Report (2021). Using CiteSpace, keywords, related
institutions, authors and journal citations can be parsed. By analyzing information about drug repositioning and
constructing co-occurrence networks, the research foci and trends in related research in recent years can be determined.
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When constructing the keyword and institution-related graphs for this study, CiteSpace 6.1.R2 was set to Slice=3,
g-index k=25, to ensure that each time slice gets the same amount of node information. Set Purning to “Pathfinder;”
“Purning sliced networks” and “Pruning the merged network”. When constructing the literature co-citation network, the
software parameters were set as Slice=1, Top N=30. No cropping was done to the network, The settings of other
parameters are the same as those of the keyword.

Results

Literature Statistics
As shown in Figure 1, a total of 3814 documents were included through screening, classified into six types, from 102
countries and regions, 4670 institutions, 20,207 authors, and 993 journals, containing 6853 keywords written in seven
languages. By calculating the global citation scores, 279 documents were found to have been cited more than 100 times.
As shown in Figure 2, no relevant research articles were published from 2001 to 2003, while the number of published
articles increased annually since 2004, with 50 articles published before 2011 and 993 articles published in 2021, which
is 19.86 times more than the total number before 2011. The first article was published in 2004 with a high Total Global
Citation Score (TGCS), indicating that its content will be helpful for future research. The number of articles in 2011 and
2013 was not significant; TGCS was high due to the high scores of the articles, indicating that these two years were
critical for research in this area. After 2019, although the number of articles was rising, the TGCS value was low, and this
decline could be due to a lack of content innovation or minimal research significance.

Geographical Distribution of the Literature

The United States, China, India and the United Kingdom are relatively active in this area. Figure 3 shows that the United
States has the highest number of publications, with 1097, accounting for 29.43% of the total publications retrieved. The
top ten countries involved in the study are listed in Table 1, and it is evident that research institutes in Asia have
contributed to many publications. Four Asian countries have 1522 publications, accounting for 39.90% of the total
publications referred. The top three countries in terms of Average Citation Index (ACI) value were the USA, China, and
India, which indicates that these three countries are at a more mature stage of development in this area with more
valuable research content than other countries in this field.

The number of documents searched
through the Web of Science database
(N=6215)

Delete conferences, sect publications
and news (N=1995)

The number of documents obtained
from the initial screening
(N=4220)

Delete low-quality and unqualified
documents (N=400)

The number ofarticles included after
reading the title and abstract

(N=3820)
Delete duplicate documents
, (N=6)
The number of documents for
Mapping analysis
(N=3814)
Figure | The process of literature screening.
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Figure 2 Yearly output and score.

Figure 3 Distribution of global publications in the field of drug repositioning.

As shown in Table 2, the top institution in terms of the number of published articles, the Chinese Acad Sci (N=79,
2.07%), belonged to China, followed by Harvard Med Sch (N=57, 1.49%). The Case Western Reserve Univ had higher
ACI values than the other institutions, indicating good article content and a high overall rating. Next were the NIH and
Harvard Med Sch, with ACI values of 43.76 and 39.65, respectively. It is worth noting that although the number of
publications from Chinese institutions is high, the average citation score is low, whereas the quality of literature
published by institutions in the US is superior.

Analysis of Journals

Table 3 lists the top ten journals with the highest total global citation score (TGCS) in drug repurposing research.
NUCLEIC ACIDS RESEARCH had the highest TGCS, but the number of its publications was small. This indicates that
the articles published by NUCLEIC ACIDS RESEARCH were the most cited and studied, and their quality was more

1160 "= Drug Design, Development and Therapy 2023:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Lang et al

Table |1 The Top 10 Productive Countries in the Studies

Rank Country Region Recs Percentage TGCS ACI h-Index
| USA North America 1097 29.43 30,680 27.97 94
2 China East Asia 686 18.40 12,846 18.73 76
3 India Southern Asia 422 11.32 4106 9.73 76
4 UK Western Europe 324 8.69 7933 24.48 72
5 Italy South Europe 240 6.44 4955 20.65 69
6 Germany Central Europe 225 6.04 5533 24.59 65
7 South Korea East Asia 224 6.01 2766 12.35 56
8 Japan East Asia 190 5.10 2868 15.09 55
9 Brazil South America 177 4.75 1944 10.98 67
10 Canada North America 143 3.84 5366 37.52 59

Abbreviation: Recs, records.

Table 2 The Top 10 Institutions (Based on Records and TGCS, Respectively)

Rank Institution Country Recs TGCS ACI
| Chinese Acad Sci China 79 1520 19.24
2 Harvard Med Sch USA 57 2260 39.65
3 Univ Sao Paulo Brazil 41 441 10.76
4 Cent South Univ China 39 250 6.41
5 Univ Cambridge UK 39 789 20.23
6 Case Western Reserve Univ USA 38 2081 54.76
7 Kings Coll London UK 38 640 16.84
8 NIH USA 38 1663 43.76
9 Shanghai Jiao Tong Univ China 38 506 13.32
10 Stanford Univ USA 37 1895 51.22

valuable. It may be that due to the recent spread of COVID-19, more researchers have paid attention to the virus and
increased their research efforts in nucleic acids. Among these journals, SCIENTIFIC REPORTS published the total
number of papers (N=122, 3.20%), followed by JOURNAL OF BIOMOLECULAR STRUCTURE & DYNAMICS (N=107,
2.81%). The highest ACI value was for the JOURNAL OF BIOMOLECULAR STRUCTURE & DYNAMICS (4.43),
followed by BBRIEFINGS IN BIOINFORMATICS (2.79) and the JOURNAL OF CHEMICAL INFORMATION AND
MODELING (2.75). NATURE published only four relevant articles, but its high number of citations indicates that the
content of the articles in this journal is good and valuable for research.

Figure 4 shows a double map overlay of journals. The left of the diagram represents citing journals, and the right side
of the graph represents the relationship between the referenced journals. The orange and green lines indicate that articles
published in Molecular/Biology/Immunology are mainly cited in Molecular/Biology/Genetics journals. The longer the
horizontal axis of the ellipse, the more articles are published in the corresponding journal. The longer the vertical axis of

the ellipse, the more authors there are. We found that articles in similar journals frequently cited each other, and the
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Table 3 The Top 10 Journals

Rank Journal Recs TGCS ACI Feq IF (2021)
| NUCLEIC ACIDS RESEARCH 18 3077 2.17 1419 19.16
2 PLOS ONE 93 2588 2.11 1227 3.752
3 NATURE 4 2573 227 1135 69.504
4 NATURE REVIEWS DRUG DISCOVERY 5 2226 2.50 892 112.288
5 BIOINFORMATICS 59 2052 2.62 783 6.931
6 BRIEFINGS IN BIOINFORMATICS 65 1660 2.79 595 13.994
7 SCIENTIFIC REPORTS 122 1581 1.24 1278 4.996
8 PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES 19 1530 1.99 770 12.779
OF THE UNITED STATES OF AMERICA

9 JOURNAL OF CHEMICAL INFORMATION AND MODELING 44 1423 2.75 518 6.162
10 JOURNAL OF BIOMOLECULAR STRUCTURE & DYNAMICS 107 1421 4.43 321 5.235

relationship between molecular biology and immunology, and genetics was closely connected, which provided the basis
for drug exploration and discovery.

Analysis of Cooperative Relationships

Figure 5 illustrates the collaborations between authors, institutions and countries. Figure 5A illustrates collaboration
between countries, with the US having the most collaboration with other countries, followed by the UK and China.
Figure 5B represents the collaborations between institutions. Each node on the plot represents an institution, with the size
of the node indicating the number of articles published by the institution. The connecting lines between the nodes
represent the collaborations between different institutions, with the thickness of the lines indicating the strength of those
collaborations. The nodes are colored differently based on the publication periods. A higher centrality of a node indicates
a greater level of cooperation with other institutions. Nodes with a centrality greater than or equal to 0.1 are enclosed by
purple circles, such a node is considered to have high centrality. Currently, the highest centrality is Massachusetts
General Hospital (N=16, Centrality=0.35), followed by NCI (N=25, Centrality=0.34) and Shanghai Jiaotong University
(N=38, Centrality=0.32). Although these institutions do not publish many articles, they collaborate extensively with other

Figure 4 The dual-map overlay.
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Figure 5 Map of cooperative networks among countries, researchers and institutions. (A) Academic cooperation networks between countries/regions; (B) Academic

cooperation networks between institutions; (C) Academic cooperation networks between authors.

institutions. The majority of the top-ranked institutions are university institutions or research institutes, with hospitals
being rare. This indicates a bias toward fundamental research in the drug repositioning area. Figure 5C represents the
relationship between authors using VOSviewer.”® Due to the large number of authors, only nodes with a high degree of
collaboration are selected. The authors were selected based on the number of publications and the level of collaboration.

Keywords

The top five keywords in terms of frequency were “drug repositioning”, “molecular docking”, “virtual screening”,
“molecular dynamics” and “drug discovery.” From the above statements, we can identify the main elements of the
research direction as well as other important research areas of the central nodes. The visualization of high-frequency co-
occurring words is presented in Figure 6A. Figure 6B shows the top ten most cited terms, which include “inflammatory
bowel disease”, “systems biology”, “gene expression” and “drug-target interaction prediction.” These words represent
areas of research that have received significant attention and are indicative of trends and developments in this field. They
are marked with red dots in Figure 6A. The information related to the top 20 high-frequency keywords are summarized in

Table 4, which reflects the main keywords explored in recent literature.

Literature Co-Citation Analysis
Our aim was to identify the latest research trends by analyzing articles from recent years. When we searched the database

to count the number of citations in the past three years, we found that the top ten articles were all published in 2020. Nine
out of ten articles were related to the SARS-CoV-2 virus. Only one article explores the possibility of reusing
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Figure 6 (A) networks of keyword in the studies; (B) The top 10 strongest strength citation burst.

antimicrobials as drugs by creating deep neural network models. The disease outbreak in late 2019 made the articles
consistent in their research focus, with all of them eager to investigate the most urgently needed treatment options. The
basic information of these articles is presented in Table 5

To understand the connections between the articles, we conducted a co-citation analysis on them. During this analysis,
we identified the top three most cited articles in the field of drug repositioning. We then performed a content analysis of
these three articles and found that all three were representative of the field. The first article was related to the initiation of
drug repositioning, while the second and third articles were focused on treatment methods and the type of medication
used for the SARS-CoV-2 virus. These articles continue to be highly influential.

Co-citation analysis of the included literature and co-citation network was obtained and clustered to obtain
Figure 7.2°2°7%* The different colors represent the different clustering blocks, including nine significant clusters: #0
predicting drug-disease association; #1 CoV-2 main protease; #2 chemical-protein interactome; and #3 CoV-2 infection.
Table 6 shows the representative articles in each clustering block,*®%>~"2 that are highly cited or have high TGCS scores.
It also shows the importance of these articles for the researchers. The representative articles employ different approaches,
such as bioinformatic analysis or deep learning for retargeting of drugs. Potential drugs are discovered through analysis

Table 4 The Top 20 Keywords in the Studies

Rank Keywords Count Centrality Rank Keywords Count Centrality
| Drug repositioning 1904 1.2 I Drug resistance 37 0.08
2 Molecular docking 223 0.11 12 Gene expression 30 0.04
3 Virtual screening 170 0.22 13 Connectivity map 27 0.03
4 Molecular dynamics 139 0.02 14 Artificial intelligence 24 0.02
5 Drug discovery 126 0.19 15 Combination therapy 21 0.03
6 Machine learning 125 0.08 16 Chagas disease 18 0.01
7 Drug-target interaction 68 0.07 17 Candida albican 18 0.02
8 Data mining 50 0.05 18 Antiviral drug 17 0.02
9 Alzheimer's disease 49 0.09 19 Precision medicine 16 0.01
10 Systems biology 46 0.09 20 Trypanosoma cruzi 16 0.01
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Table 5 The Top 10 Most Cited Articles

TGCS First Author Title Year Journal

1323 Gordon DE A SARS-CoV-2 protein interaction map reveals targets for drug 2020 NATURE
repurposing

1070 Wu CR Analysis of therapeutic targets for SARS-CoV-2 and discovery of 2020 ACTA PHARMACEUTICA
potential drugs by computational methods SINICA B
736 Zhou YD Network-based drug repurposing for novel coronavirus 2019- 2020 CELL DISCOVERY

nCoV/SARS-CoV-2

658 Liu C Research and Development on Therapeutic Agents and Vaccines 2020 ACS CENTRAL SCIENCE
for COVID-19 and Related Human Coronavirus Diseases

476 Elfiky AA Ribavirin, Remdesivir, Sofosbuvir, Galidesivir, and Tenofovir 2020 LIFE SCIENCES
against SARS-CoV-2 RNA dependent RNA polymerase (RdRp):

A molecular dockingstudy

409 Stokes M A Deep Learning Approach to Antibiotic Discovery 2020 CELL
305 Fantini | Structural and molecular modelling studies reveal a new 2020 INTERNATIONAL JOURNAL
mechanism of action of chloroquine and hydroxychloroquine OF ANTIMICROBIAL AGENTS

against SARS-CoV-2 infection

300 Jeon S Identification of Antiviral Drug Candidates against SARS-CoV-2 2020 ANTIMICROBIAL AGENTS
from FDA-Approved Drugs AND CHEMOTHERAPY
297 Beck BR Predicting commercially available antiviral drugs that may act on 2020 COMPUTATIONAL AND
the novel coronavirus (SARS-CoV-2) through a drug-target STRUCTURAL
interaction deep learning model BIOTECHNOLOGY JOURNAL
269 Wang JM Fast Identification of Possible Drug Treatment of Coronavirus 2020 JOURNAL OF CHEMICAL
Disease-19 (COVID-19) through Computational Drug INFORMATION AND
Repurposing Study MODELING

of drug and disease targets. Re-dosing for the treatment of the novel coronavirus and drug combinations to improve
therapeutic outcomes have also been foci of research in recent years.

Discussion

Based on the literature analysis, it is clear that among the 3814 articles, there has been a significant increase in the quality
and quantity of articles published after 2011. Furthermore, there is cooperation between countries, particularly between
China and the United States, and the papers are highly cited. Most of the research is carried out through collaborations
between schools and institutes. However, most co-authors reside in the same country, and there are not many collabora-
tions between domestic and foreign scholars. The main focus of the literature revolves around drug repositioning,
discoveries, and gene expression, which are all current research topics in this field. There are many citations between
journals, and the top cited articles are periodic, with excellent research significance, deserving the attention of
researchers.

We used data analysis software to identify the top three cited articles, which have had a significant impact on the field
of drug repositioning and contain high-quality content that will be useful for future research.

Ashburn TT and Thor KB published “Drug Repositioning: Identifying and Developing New Uses for Existing Drugs”
in 2004. This article was cited the most (N=1729) and was the first one to be published in this field. It analyzed the major
pharmaceutical companies at the time, which were trying to improve productivity and create new uses for existing drugs.
This resulted in shortened development times and reduced risk. The article also provided several examples of successful

drug repositioning, including duloxetine for stress-related urinary incontinence and depression, dapoxetine for premature
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Figure 7 The cluster map of document co-citation.

ejaculation, and thalidomide, which was found to be a tumor necrosis factor inhibitor once again.” The article analyzes
the obstacles that may be encountered and suggests ways to overcome them. It marks a significant beginning for the field
of drug repositioning, as a SARS-CoV-2 protein interaction map has revealed potential targets for drug repurposing. In
the citation index, the article by Gordon DE, Jang GM, Bouhaddou et al which targets the SARS-CoV-2 virus, came
in second place (N=1323). Mass spectrometry identified 332 high-confidence protein interactions with human proteins, as
well as sixty-six druggable human proteins or host factors from 69 compounds. Two sets of pharmacological agents that
show antiviral activity to combat the virus were also identified.*” In 2020, Wu CR, Liu Y, Yang Y'Y, Zhang P, Zhong et al
published an analysis of therapeutic targets for SARS-CoV-2 and discovered potential drugs using computational
methods. Their article was the third most cited (N=1070) on the treatment of the SARS-CoV-2 outbreak in Wuhan,
China, in late 2019. The authors systematically analyzed the genetic code of the virus, predicted the target structure, and
screened eligible drugs using currently available databases of antiviral drugs. One application of drug repositioning is to
use already-marketed drugs to treat sudden unknown viruses or novel diseases.”’

Table 5 summarizes the top 10 articles based on the number of citations. The reason for the high number of citations
and the seriousness with which these articles have been taken is the rapid spread of the SARS-CoV-2 virus at the end of
2019, as well as the extremely harmful nature of the virus. As people are pressed for time, a more effective and faster
treatment method involves retargeting and screening the existing antiviral drugs to identify the most appropriate ones. In
subsequent results, we found that this method was effective in curbing the spread of the virus. Researchers are still
fighting viruses through various research methods, such as mass spectrometry analysis, protein data screening, and
molecular docking simulation binding in drug libraries. By combining existing drugs with new scientific and technolo-
gical means, more updated discoveries in the field of new virus research are expected.

Our analysis of the top 10 cited articles revealed that the majority were related to the SARS-CoV-2 virus. However,
drug repositioning is applicable to multiple diseases, not only viral infections. Therefore, we selected ten articles from the
top 100 cited articles, based on disease type and citation count. All of these articles focus on the process and significance
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Table 6 Key Articles in Each Cluster

Cluster Coverage TGCS Title First Author Year

0 186 31 Saverunner: a network-based algorithm for drug repurposing and its FISCON, G 2021
application to covid-19.

| 160 8 Covid-19 therapy: what weapons do we bring into battle? De Almeida 2020
SMV
2 160 99 Old friends in new guise: repositioning of known drugs with HAUPT, V 2011

structural bioinformatics.

3 106 736 Network-based drug repurposing for novel coronavirus2019-nCoV Zhou, YD 2020
ISARS-CoV-2
4 109 40 Individualized network-based drug repositioning infrastructure for CHENG, F 2017

precision oncology in the panomics era

5 62 435 PREDICT: a method for inferring novel drug indications with Gottlieb A 2011

application to personalized medicine

6 63 20 Drug repositioning using in silico compound profiling. DUBUS, E 2009

7 46 28 Improving therapy of severe infections through drug repurposing of CHENG, Y 2019
synergistic combinations.

8 44 43 Niclosamide and its analogs are potent inhibitors of wnt/beta-catenin, AREND, R 2016

mtor and stat3 signaling in ovarian cancer.

of drug repurposing in various conditions. Figure 8 displays the articles and their basic information. These articles
provide valuable insights into the field of drug repurposing.

In terms of cancer, repositioning of combination enhanced tumor treatment and prevention and reduced drug
resistance and toxicity.”> Target profiles of kinase inhibitors were analyzed by proteomics, suggesting potential ther-
apeutic uses. Cabozantinib could be used to treat acute leukemia.’* In terms of enteropatia, many targeted drugs have
been proven to have a particular effect on intestinal bacteria, reusing non-antibiotic treatment, broadening the research
field of antibiotic resistance, and effectively avoiding side effects.”” The authors used gene expression databases to
reintegrate drugs for inflammatory bowel disease. Topiramate was used as an example because of its high score after the
screening, and it was experimentally proved to have the potential to be used in inflammatory bowel disease.”® In terms of
tuberculosis (TB), through whole-cell screening methods, new anti-TB drug candidates could be identified, anti-TB drugs
could be redirected from existing antibacterial drugs, the efficiency of drug production and development could be
improved, and the reused drugs could be used in combination to increase efficacy.”’ In terms of osteoporosis, before
2000, osteoporosis drugs were discovered mainly based on animal experiments or clinical observation. In recent years,
driven by basic bone biology experiments, new drugs have been explored through treatment schemes such as rare bone
diseases.” In terms of parasitosis, due to the increasing drug resistance of parasitic diseases in recent years, existing
drugs were insufficient to control the global spread of the disease. High-throughput screening of compounds in the
database, such as antineoplastic drugs, antibiotics, and antifungal drugs. Repurposing drugs or developing new drug
combinations was the best approach.”” Regarding cerebrosis, MMP-9 inhibitors had essential significance in treating
ischemic strokes, such as neuroprotection and extension of the thrombolytic window. These included biotherapies using
viral vectors, an endogenous inhibitor of MMP-9, repurposing of old drugs such as Minocycline, new chemical entities
like DP b99, and other therapeutic approaches like therapeutic hypothermia.”® There were three methods for treating
Alzheimer’s Disease (AD): one was to develop molecular target drugs corresponding to the pathogenesis, the second was
to treat AD as a combination of multi-target medications, and the third was to reposition existing drugs in AD to promote
the success of clinical trials.*® In terms of psychological illness, genome-wide association studies have been conducted
on thousands of people to screen genes and drug targets related to bipolar disorder through the identified genomic loci.
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Figure 8 Different diseases with the strongest impact of TCGS in the top 100 literature.

These new data may allow investigators to select the drugs available to treat bipolar disorder and perform different drug
combinations.®'

We have learned that there are five broad pathways for drug repositioning. The first one is when a drug is found to be
effective in treating another disease by chance. For example, Aspirin was originally marketed as an analgesic, but it was
later discovered by researchers to also have anti-platelet coagulation properties in serendipitous discovery;** Dimethyl
Fumarate was initially used as a treatment for psoriasis, but it has now also been repurposed to treat autoimmune
diseases,® and Thalidomide has been redirected to treat multiple myeloma.® The second pathway is the discovery of
drugs with a new activity, such as Nelfinavir, an HIV protein inhibitor that is now a potent broad-spectrum antitumor
agent.*® The third approach is where pathways are re-identified. For example, Duloxetine was initially used as an
antidepressant. However, the discovery that Serotonin and Norepinephri. The second pathway involves discovering drugs
with new activities. For instance, Nelfinavir was originally developed as an HIV protein inhibitor, but it has now been
repurposed as a potent broad-spectrum antitumor agent.*>*® The fourth pathway involves discovering that the protein
targeted by a drug is also implicated in treating another disease. For example, Everolimus has been repurposed to treat
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Figure 9 Examples of drug repositioning at different sites are presented.

breast cancer based on the discovery that the protein it targets is also involved in the development of this disease;®’ and
a fifth pathway is the unexpected discovery of side effects in clinical trials, such as what occurred with Sildenafi.'**%5
Drug repositioning examples were summarized employing in Figure 9 by Figdraw. The selected drugs were searched
in databases, and the top-ranked drugs were presented according to the number of relevant studies and citations.
Lidocaine was initially used as an anesthetic agent for surgical procedures, but it was later discovered also to have the
ability to inhibit neuropathic pain. Metformin, developed originally as a classical antidiabetic agent, has been repurposed
as an analgesic in treating endometrial cancer. Naloxone and Naltrexone, initially created as opioid antagonists, have also
been repurposed as anti-inflammatories that act systemically. Propranolol, Sildenafil, and Minoxidil were all antihyper-
tensive and were later used for migraine prevention, erectile dysfunction, and hair loss prevention. Ritonavir had been
used for anti-HIV. Hydroxychloroquine was used to treat lupus erythematosus and rheumatism, and later, it was used to
fight the new disease due to the onset of SARS-CoV-2. Sirolimus and Aspirin were later used for cardiovascular diseases.
Thalidomide and Methotrexate, formerly antiemetic and folic acid replacement, had been reintroduced as drugs for
treating autoimmune diseases. Doxorubicin, an anthracycline drug, was originally used as a chemotherapy agent for
cancer treatment. Paclitaxel, on the other hand, was initially used to treat arterial stenosis but was later found to be
effective against tumors. Many targeted drugs have been repurposed from drugs that were already on the market,
demonstrating the potential of drug repositioning. This strategy is based on the idea that different diseases can be linked
together through the drugs used to treat them. Interestingly, many seemingly unrelated diseases can be linked through the
drugs used to treat them. Figure 10 provides a visualization of these relationships. The yellow part of the figure represents

the main disease types for which the drug is re-utilized. The pink section is the original disease type. Blue represents
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Figure 10 Relationships between different diseases.

disease drugs that can be used for a variety of new diseases. The arrow direction is from the old disease type to the new
disease type.

Drug repositioning has the potential to treat diseases in various parts of the body, and many drugs that have been
repositioned by researchers have played a significant role in treating new disease areas. These drugs deserve focused
attention, as they only represent a small fraction of the drugs that have been rediscovered for new uses. As more efforts
are focused on repurposing drugs, an increasing number of drugs are in the experimental development stage for new
applications. It is expected that more drugs will be redefined for clinical use in the future.

The advantages of drug repositioning are two-fold. Firstly, by using already available druyg ADMET data, the
preclinical study phase can be omitted, saving both time and money in drug development while reducing risk and
increasing revenue. This is because the drug has already undergone preclinical studies during its initial development for
another indication. Secondly, experimental validation may not be necessary by analyzing drug targets and screening
relevant drug candidates based on available databases, which have been calculated from large amounts of data. This
saves time and resources that would have been required for experimental validation.’™*' While drug repositioning has
numerous advantages, there are also some shortcomings. One such challenge is the difficulty in patenting drugs that have
been repositioned, particularly when the drug is already trademarked based on its initial indication. This can make it
challenging for pharmaceutical companies to recoup their investment in drug development and limit the incentive for
further research in this area.”” Another challenge with drug repositioning is that developing drugs for new indications
requires significant funding and expertise, which can be difficult for small drug development companies to address. Small
companies may not have access to the necessary resources or expertise required to conduct the extensive research and
clinical trials needed to gain regulatory approval for a repositioned drug. As a result, this may limit the number of drugs
that are repositioned, as larger pharmaceutical companies may be better equipped to handle the financial and regulatory
demands of drug development.”**** Many countries do not provide sufficient funding despite their enthusiasm for drug
development breakthroughs. This has led to a year-on-year decline in the rate of drug development.

Conclusion

Upon review of the literature, it was observed that many studies employed network analysis to predict new targets,
pathways, and localizations for repositioned drugs.”>®” Lotfi Shahreza M et al predicted drug repositioning from
different aspects by analyzing other databases and utilizing software involved in generating metabolic networks,
molecular interaction networks, gene regulatory networks, and protein interaction networks.”® '°! Matching the predic-
tion results with clinical or experimental studies shortens the study duration and helps treat unknown diseases, but there
are shortcomings. Network analysis is biased towards using old drugs with multiple uses and significant side effects.
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However, the data related to side effects are unbalanced and still need to rely on extracting clinical performance from
cases, which is the right direction for future research.'®>'%
In this study, we conducted a bibliometric analysis of literature related to drug repositioning retrieved through the

106-108 and performed a quantitative and qualitative

Web of Science database using Citespace, HistCite, and VOSviewer,
analysis of the research contributions of different countries, institutions, journals, and authors in the field in recent years.
The strength of this paper lies in unearthing the development of the discipline through analysis of the literature in recent
years and identification of the distinct periods of publication and critical authors and their articles. It also provides a clear

picture of the current research trends and research foci in the field,''"”

thereby providing a background for future
researchers to study drug repositioning. The drawback is that only the Web of Science database was searched, and no
other databases were used. Some unpublished or ongoing publications have not been explored, which may lead to
incomplete data statistics. Lastly, there are limitations as only the popular trends in the literature were analyzed, which

need to be refined with clinical information. The development of drug repositioning will be continuously followed up.
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