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Abstract

Introduction: In recent decades, the application of Artificial Intelligence (Al)
in various aspects of cancer diagnosis, treatment, and prognosis has shown great
promise. The present study aimed to assess the performance of Iranian scientific
publications concerning the use of Al in breast cancer through bibliometric
methods.

Methods: The research encompasses all scientific productions of Iranian
scholars focusing on the application of Al in breast cancer, indexed in the Web
of Science Science Citation Index-Expanded (WOS SCIE) database without
time limitation. Bibliometric analysis was performed using Excel (version
2019), BiblioShiny, and VOS Viewer software.

Results: A total of 213 documents were retrieved from 929 authors. The results
demonstrated a sustained growth trend in document production, with a growth
rate of 3.06%, beginning in 2001 (n=1). Original articles were the predominant
type of publication, with only a few single-author papers. “Ali Abbasian
Ardakani” and the “Islamic Azad University” emerged as the author and
institution with the highest scientific output, while “Computers in Biology and
Medicine” was identified as the leading journal in this field. The co-authorship
map indicated that Iranian researchers primarily collaborated with colleagues
from the United States and China. “Deep learning” and “transfer learning” were
highlighted as trending topics. In addition, “breast cancer,” “machine learning,”
and “deep learning” emerged as the most frequent keywords.

Conclusion: This study offers a comprehensive overview of Al-related research
in the field of breast cancer in Iran. It holds significant potential to aid
researchers, policymakers, and specialists in advancing Al research relevant to
this field and understanding its possible impacts.
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Introduction

Breast cancer is the leading cause of cancer-
related death in women worldwide (1). This
disease is the most common cancer diagnosed
among women in most countries (159 out of
185 countries) (2). According to the World
Health Organization (WHO), breast cancer
ranks second on the list of common diseases
worldwide (3). Artificial intelligence (Al) has
significantly transformed the field of medicine,
especially in the diagnosis, treatment, and
management of cancer diseases, and this has
had a profound impact on clinical decision-
making and has increased the quality of life for
various populations (4). Reviewing articles on
the application of Al in breast cancer helps
readers to have a better understanding of the
developments made in the past years and in the
field of Al and its application in breast cancer,
the scientific achievements of Al in this field,
and what is expected in the future. Therefore, to
gain deeper insight into the research in the field
of the application of Al in breast cancer, the
approach of this study is bibliometric analysis.
The present work aimed to provide a general
perspective and direction for future work to
promote Al in breast cancer by conducting a
comprehensive  bibliometric  analysis  of
publications related to this field.

Materials and Methods

This scientometric study was conducted using
bibliometric and scientific mapping methods to
analyze the performance of Iranian researchers
on the application of Al in breast cancer in
2024. In order to collect information,
bibliographic data from the Science Citation
Index Expanded (SCIE) was employed.
Therefore, all scientific productions in the field
of the application of Al in breast cancer were
extracted from the Web of Science SCIE (WOS
SCIE) database without time limits until the end
of 2023 and entered into the Excel (version
2019) software. No restrictions were considered
in terms of the publication format of the study.
In order to search for studies related to the
research topic, the words "breast cancer" and
"Al" and their synonyms in the MeSH and
EMTREE thesauri, as well as free and natural
keywords of the term among Al and breast
cancer experts, were used and combined with
appropriate Boolean operators. Excel and
BiblioShiny software were applied for
bibliometric analyses, and VOSviewer software
was utilized to draw scientific maps.
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Results

Iranian researchers published a total of 213
papers in the field of the application of Al in
breast cancer, with an average age of 4.9 years
and 20.2 citations per paper. The 213 papers
reviewed received a total of 4,302 citations in
Web of Science. Among them, nine papers were
published as single-author papers. Original
articles, with 184 papers, accounted for the most
significant number of papers in terms of the
type of study. In this regard, review articles with
17 papers and early access with nine papers
ranked second and third. In general, research in
this field was divided into three periods. The
first period was from 2001 to 2013, with less
than 10 papers per year, and the second period
included scientific productions from 2014 to
2020 and was accompanied by an upward trend
in scientific productions in this field so that the
number of papers in this field reached 19 by
2020. Moreover, the third period, from 2021 to
2023, included a significant increase in the
scientific production of Al applications in the
field of breast cancer, with more than 20 papers
per year.

According to the results obtained from WOS, a
total of 50 countries have collaborated with
Iran. The United States has collaborated with
Iranian researchers in publishing 20 papers,
which includes approximately 10.32% of the
total publications reviewed. On the other hand,
there was a strong collaboration network
between Iran and the United States, with 20
collaborations. According to the authors,
Ardakani A.A., Mohammadi A., and
Teshnehlab M. were the most active authors in
the field of Al application in breast cancer in
Iran, with six papers for each. The survey of
institutions indicated that Islamic Azad
University accounted for more than 24% of the
total scientific production and was ranked first.

A total of 628 keywords were used by the
authors of scientific publications on the
application of Al in breast cancer. The co-
occurrence network of 22 keywords with at
least five occurrences was examined. The
highest co-occurrence was between the words
"Breast cancer" and "Machine learning,"
followed by the words "Breast cancer" and
"Deep learning."” However, the trending topics
analysis showed that the only topics that
remained popular until 2023 were "Deep
learning,” with 26 occurrences, and "Transfer
learning," with six occurrences. In order to
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identify the core journals publishing articles on
Al in breast cancer, Bradford's law and source
impact analysis were applied. The analysis
demonstrated that among 135 journals, 16
journals were located in core zone 1, and the
rest were located in zones 2 and 3. Therefore,
the top 16 journals were the main and core
sources for publishing scientific publications on
the application of Al in breast cancer.

In a work entitled "Enhanced probabilistic
neural network with local decision circles: A
robust classifier,” conducted by Mehran
Ahmadlou and Hojjat Adeli in 2010, the
accuracy and robustness of the generalized
neural network were compared with the
probabilistic neural network using three
different criterion classification problems, as
well as iris data, diabetes data, breast cancer
data, and five different ratios of training data to
test data. This paper was identified as the most
cited paper in Integrated Computer-Aided
Engineering, receiving 321 citations.

Discussion

Since bibliometric methods are used to discover
trends in various research fields (5, 6), and
numerous studies have been published on Al
and its application in various medical fields (7-
9), the present study can be considered the first
analysis and mapping of scientific productions
of Iranian researchers in the field of Al in breast
cancer in the WOS database. In line with the
results of this study, CheshmehSohrabi et al.
confirmed the growth path of Iranian research
in the field of cancer in 2022. According to the
results of their study, from 1970 to 2000,
scientific production in the field of cancer
varied from 2 to 33 articles, after which it
increased significantly (10). These results are
similar to the findings of the present study in
terms of the growth of scientific productions in
the field of breast cancer. A study by Karger and
Karel Jusik on bibliometric analysis of studies
on Al for cancer diagnosis indicated that the
United States and China had the most scientific
productions on the application of Al in cancer
(8), which is different from the results of the
present study in terms of examining all
countries in the world in terms of publishing
scientific productions on Al in the general field
of cancer.

The growing trend of scientific production by

Iranian researchers in the studied field
demonstrates that the use of Al has received

more attention from researchers in various
scientific fields, especially medical sciences
and cancer research, in recent years. The reason
for this has been the researchers' turning to new
methods to facilitate the diagnosis and
treatment of diseases through the use of new
technology. In a similar study, co-occurrence
analysis of words in the field of cancer showed
that the words "breast cancer,” "machine
learning," and "cancer classification" had the
highest frequencies (9), which is similar to the
results of the present work. Moreover, another
study indicated that "deep learning,” "machine
learning," and "Al" had a higher centrality in the
word network (8), which is also similar to the
findings of the present study. The results related
to determining the core journals publishing Al
research in breast cancer demonstrated that 16
journals were among them; "Computers in
Biology and Medicine" ranked first among
them based on source impact and Bradford's
law. In the study by Jiu et al., the top 10 journals
that published the most articles in the field of Al
in healthcare were reported. According to the
findings of this study, PLOS One and Expert
Systems with Applications published the most
articles between 1995 and 2019. In addition,
“Computers in Biology and Medicine” ranked
10th (7), which is different from the results of
the current work.

Conclusion

The results revealed that Iranian researchers
have published their articles in leading journals
in the world and have collaborated with
researchers in developed countries, which
shows the interest of Iranian researchers in the
application of Al in breast cancer research.
Additionally, co-occurrence analysis of the
terms in this field demonstrated the growth of
emerging terms in Al in breast cancer. With the
growing trend of this technology in the world, it
is expected that the country's government and
research  policymakers, while  creating
transparent financial and research policies, take
effective measures to provide the necessary
funding and technological infrastructure for
research in this field. These measures will pave
the way for international cooperation between
Iranian researchers in the field of Al in breast
cancer with global leaders.
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span= without time limitation to 2023

Sl O sloojless oS giluasles pas 4 axgils
FYVF ele clades Y- YF LL L WOS SCIE (o
sools (ol jo s )b adlas ol bl
C‘ jC ‘)55&.4, eLi:L: )‘ o) WJS 5o 'AL> ‘5..>L~.ml.¢5
Dg S e VIV ol a5 0l

Ol by 53 (L ghuan ogh 015 0592 I yle (5 Oledbl ) Jguar

Table 1: General information on the evidence in the field of applications of artificial intelligence in breast

cancer
Description | Result Description | Result

Key information about the data Key information about the data

Duration | 2001-2023 Author collaboration

Sources (journals, books, etc.) 135 Single-author papers 9
Documents 213 Co-authors per paper 5.77

Annual growth rate (%) 3.06 International participation (%) 41.78
Average age of document 4.9 Types of articles
Average citations per document 20.2 Original article 184
Sources 10,408 Review article 17

Document contents Early access article 9

Plus Keywords (1D) 556 Data article 1

Author Keywords (DE) 628 Correction 1
Authors Editorial article 1

Authors 929 - -

Authors of single-author papers 9 - -

2 University of Naples and University of Campania’s
Luigi Vanvitelli (Italy)

' Massimo Aria and Corrado Cuccurullo
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Fig 1: Trend of publishing scientific products of Iranian researchers in the field of applications of artificial
intelligence in breast cancer in breast cancer from 2001 to 2023
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Table 2: Average citations per document and year for scientific output of Iranian researchers in the field

of applications of artificial intelligence in breast cancer

Year MeanTCperArt | MeanTCperYear | CitableYears
2001 49 2.04 24
2002 14 0.61 23
2004 0 0 21
2008 0 0 17
2010 172.5 115 15
2011 69 4.93 14
2012 255 1.96 13
2013 52.29 4.36 12
2014 27.25 2.48 11
2015 35.73 3.57 10
2016 34 3.78 9
2017 305 381 8
2018 20.5 2.93 7
2019 37.91 6.32 6
2020 13.94 2.79 5
2021 19.14 4.78 4
2022 7.35 2.45 3
2023 3.24 1.62 2
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Table 3: Countries or regions actively cooperating with Iran in publishing scientific products in the field of

applications of artificial intelligence in breast cancer

Countries/Regions Record % of 213 | Countries/Regions Record % of 213
Count Count
USA 22 10.32 INDIA 5 2.34
PEOPLES R CHINA 17 7.98 IRELAND 5 2.34
MALAYSIA 16 7.51 SPAIN 5 2.34
AUSTRALIA 12 5.63 IRAQ 4 1.87
CANADA 12 5.63 ITALY 4 1.87
GERMANY 10 4.69 JAPAN 4 1.87
TURKEY 8 3.75 JORDAN 4 1.87
ENGLAND 7 3.28 ROMANIA 4 1.87
NETHERLANDS 6 2.81 SINGAPORE 4 1.87
SWITZERLAND 6 2.81 SOUTH AFRICA 4 1.87
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Table 4: Top 10 journals based on source impact

[ Downloaded from ijbd.ir on 2026-05-27 ]

Element h_index | g_index | m_index | TC | NP | PY_start
Computers in Biology and Medicine 6 9 0.429 300 | 9 2011
Expert Systems with Applications 6 7 0.429 532 | 7 2011
Applied Soft Computing 5 6 0.417 228 | 6 2013
Biomedical Signal Processing and Control 4 4 1.333 24 7 2022
Computational Intelligence and Neuroscience 4 4 1 38 4 2021
Soft Computing 4 5 0.364 266 | 5 2014
Computational and Mathematical Methods in 3 3 0.333 87 3 2016
Medicine

Journal of Medical Systems 3 3 0.231 91 3 2012
Scientific Reports 3 5 0.6 44 5 2020
Al Edam-Atrtificial Intelligence for Engineering 2 2 0.222 7 2 2016
Design Analysis and Manufacturing
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Table 5: Ranking of core journals based on Bradford's law

Core Journals Rank | Freq | cumFreq| Zone
Computers in Biology and Medicine 1 9 9 Zone 1
Biomedical Signal Processing and Control 2 7 16 Zone 1
Expert Systems with Applications 3 7 23 Zone 1
Journal of Cancer Research and Clinical Oncology 4 7 30 Zone 1
Applied Soft Computing 5 6 36 Zone 1
Scientific Reports 6 5 41 Zone 1
Soft Computing 7 5 46 Zone 1
Computational Intelligence and Neuroscience 8 4 50 Zone 1
Asian Pacific Journal of Cancer Prevention 9 3 53 Zone 1
Computational and Mathematical Methods in Medicine 10 3 56 Zone 1
Computer Journal 11 3 59 Zone 1
Diagnostics 12 3 62 Zone 1
Journal of Medical Systems 13 3 65 Zone 1
Medical & Biological Engineering & Computing 14 3 68 Zone 1
Al Edam-Artificial Intelligence for Engineering Design Analysis and 15 2 70 Zone 1
Manufacturing

Annals of Operations Research 16 2 72 Zone 1
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Table 6: Ten highly cited articles by lranian researchers in the field of the applications of artificial

intelligence in breast cancer

Paper DOI Total | TC per |[Normalized
Citations| Year TC
Ahmadlou M, 2010, INTEGR COMPUT-|10.3233/ICA-2010-0345 321 21.4 1.86
AIDE
Rouhi R, 2015, EXPERT SYST APPL 10.1016/j.eswa.2014.09.020 251 25.1 7.03
Jalalian A, 2013, CLIN IMAG 10.1016/j.clinimag.2012.09.024 219 18.25 4.19
Tahmashi A, 2011, COMPUT BIOL MED |10.1016/j.compbiomed.2011.06.009| 169 12.07 2.45
Heidari AA, 2019, SOFT COMPUT 10.1007/s00500-018-3424-2 160 26.67 4.22
Esfandiari N, 2014, EXPERT SYST APPL |10.1016/j.eswa.2014.01.011 151 13.73 5.54
Sheikhpour R, 2016, APPL SOFT|10.1016/j.as0c.2015.10.005 118 13.11 3.47
COMPUT
Montazeri M, 2016, TECHNOL HEALTH|10.3233/THC-151071 116 12.89 341
CARE
Rasti R, 2017, PATTERN RECOGN 10.1016/j.patcog.2017.08.004 103 12.88 3.38
Abdar M, 2020, PATTERN RECOGN|10.1016/j.patrec.2018.11.004 95 19 6.81
LETT
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