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 Abstract:  

Background: Rapid advancement in computing technology and digital information lead to the possible 
use of machine learning on breast cancer.  

Objective: This study aims to evaluate the research output of the top 100 publications and further 
identify a research theme of breast cancer and machine learning studies.  

Methods: The two databases; Scopus and Web of Science, were used to extract the top 100 publications. 
The top 100 publications were filtered based on the total citation of each paper. Additionally, a 
bibliometric analysis was applied to the top 100 publications.  

Results: The top 100 publications were ranged between 1993 and 2019. The most productive author 
was Giger ML, and the top two institutions were the University of Chicago and the National University 
of Singapore. The most active countries were the USA, Germany, and China. There were ten clusters 
identified as both basic and specialised themes of breast cancer and machine learning. 

Conclusion: There was an equal interest from countries of various regions in breast cancer and machine 
learning research. In fact, a few Asian countries, such as China, India, and Singapore, were listed in the 
top ten countries based on the total citation. Additionally, the use of deep learning and breast imaging 
data was trending in the past ten years of breast cancer and machine learning research. 
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1. INTRODUCTION 

 Breast cancer has been the most common cancer among 
women affecting 25% of women worldwide [1]. The 
incidence of breast cancer is higher in developed countries 
compared to developing countries [2]. However, the 
difference is most likely to be overemphasised, as there is a 
lack of screening in developing countries [3]. Additionally, 
the incidence of breast cancer was reported to steadily 
increase over the years in South America, Africa, and Asia 
[2]. A study published in 2019 estimated the incidence of 
breast cancer to be increased by 23.1% in 2020 and 60.7% by 
2025 [4]. 

 

* Corresponding authors:  
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 Machine learning is a branch of artificial intelligence (AI). 
It is one of the most thriving subfield areas of AI due to an 

advance in computer electronic and digital information. The 
main aim of machine learning is to make predictions and 
classifications based on a pattern learned from a dataset. 
Subsequently, this prediction and classification are used to 
support the decision-making process. Since 2006, deep 
learning or representative learning had gained popularity and 
has been used in many areas, including medicine and 
healthcare [5]. Deep learning is a subfield area of machine 
learning which enables a machine to learn a representation 
from raw data and provides a better prediction and 
classification [6].  

 Advancement in technology enables efficient data storing 
and processing. This abundance of data makes it possible for 
the use of machine learning in medicine and healthcare. The 
uses of machine learning in medical research includes a 
prediction of Alzheimer’s disease [7], prediction of kidney 
transplant survival [8], prediction of late-onset preeclampsia 
[9], prediction of pulmonary hypertension [10], detection of a 
skin lesion in the diagnosis of melanoma [11], detection of 
subclinical depressive symptoms among healthy individuals 



2    Current Medicinal Chemistry, 2019, Vol. 0, No. 0 Principle Author et al. 

[12], and prediction of kidney injury after liver cancer 
resection [13]. Additionally, there were various types of breast 
cancer research conducted, and the possible use of machine 
learning in the area is endless. A common application of 
machine learning in breast cancer primarily involves cancer 
prediction and prognosis using various datasets such as 
medical history, clinical data, imaging data, histopathological 
data and genomic data. However, machine learning had yet to 
be fully implemented in medical practice, though, physicians 
and healthcare professionals are aware of the benefit of its 
implementation [14]. 

 Bibliometrics is a study of a collection of literature using 
a quantitative approach. Bibliometrics has been used since the 
1920s [15]. However, the surge of publications each year 
makes the bibliometric analysis more relevant than ever. The 
bibliometric analysis provides a good measure to assess the 
advance of research in any area of study. A citation is sourced 
from a reference in a publication, and it reflects the scientific 
significance of a paper [16]. Also, a citation may reflect a 
trend and theme of an area of research as most authors in that 
particular research area cite a similar collection of 
publications. However, a citation reflects neither the quality 
of a study nor its impact on policy and decision making.  

 This study aims to assess the research output in breast 
cancer and machine learning in terms of the distribution of 
publications across countries, institutions, journals, and 
authors related to breast cancer and machine learning area. 
Secondly, this study aims to determine the themes and trends 
in breast cancer and machine learning research. 

 

2. MATERIALS AND METHOD  

2.1. Study search and selection 

 All scientific publications related to breast cancer and 
machine learning were retrieved from Scopus and Web of 
Science databases on 1st November 2020. The search terms 
are included in Supplement Table 1. Both results were limited 
to the research article, proceeding, and review. Metadata, 
titles, and abstracts were downloaded for each publication in 
a BibTex file format. Both datasets were combined and sorted 
based on the total citation. Duplicates with a lower citation 
were removed. The publications were manually screened, 
starting with the highest cited publication until a top hundred 
most cited publications were reached. During the screening 
process, studies related to only breast cancer and machine 
learning area were included. 

2.2. Data analysis 

 Data management and analyses were done in R software 
version 4.0.3 [17]. Bibliometric analyses were done using 
Bibliometrix package version 3.0.3 [18]. Bradford’s law of 
scattering describes the distribution of the publication in a 
collection of documents [19]. The publications were divided 
into three zones with a relatively similar number of 
publications in each zone. The core zone represents the core 
journals in this research area. 

 A thematic map is a version of a strategic theme proposed 
by Cobo et al. in 2011 [20] implemented in the Bibliometrix 
package. The map was constructed based on the words of 
publications’ titles which frequent at five times in the dataset. 
The thematic map is useful in identifying research clusters in 

the study. The Three-fields plot is a Sankey diagram used to 
visualise the relationship between the top items of the three 
selected fields. The Three-fields plot was constructed through 
the Bibliometrix package. 

 

3. RESULTS  

 There were 14347 publications retrieved from the Scopus 
database, and 10920 publications retrieved from the Web of 
Science database. Fig 1 presents the flow of study selection in 
this study. 

3.1. Main characteristics of the included studies 

 The top 100 publications related to breast cancer and 
machine learning consisted of 94 research articles, four 
conference papers and two review papers, among which 51 of 
the top 100 studies were funded. The number of citations 
varied between 106 and 556 with an average citation per 
document being 151.9. The papers ranged from 1993 until 
2019. The highest number of papers were published in 2003, 
followed by 2016 and 2018 with 13, 8, and 7 papers 
respectively. Fig 2 presents the distribution of the top 100 
publications according to the year of publication. The most 
cited publications were by Bejnordi et al. [21], Schmidt-
Kittler et al. [22], and Cruz and Wishart [23] with a total 
citation of 556, 466, and 431 respectively. Table 1 shows the 
top ten of the most cited publications on breast cancer and 
machine learning. 

3.2. Distribution of authors 

 There were three single-authored papers, while the 
remaining were multi-authored papers. The number of authors 
for the top 100 most cited papers in breast cancer and machine 
learning was 1329. The number of authors per paper was 
ranged between 1 and 748. About 80% of the papers had ten 
authors or less. Additionally, the most productive authors 
were Giger ML with six papers, followed by Feldman M and 
Madabhushi M, and both published four papers each. The 
remaining authors had only three papers or less. Fig 3 presents 
the top ten most productive authors in the area of breast cancer 
and machine learning. 

3.3. Distribution of countries 

 There were 34 countries involved in the publication of the 
top 100 most cited papers related to breast cancer and machine 
learning. Countries with the highest total citation were the 
USA with 4629 total citations, followed by Germany and 
China with 1546 and 1164 total citations, respectively. The 
top ten countries based on the total citations are presented in 
Table 2. Fig 4 describes the relationship between top authors, 
top journals, and top countries. Most publications’ affiliations 
of the top journals were affiliated with the USA. 

3.4. Distribution of institutions 

 There were 247 institutions affiliated with the publications 
in this study. The top institution based on the corresponding 
authors’ affiliation was the University of Chicago (n=4), 
followed by the National University of Singapore (n=3), and 
the remaining institutions had two papers and less. 
Additionally, the University of Chicago and the National 
University of Singapore had been the top two institutions 
based on the fraction of co-authors per paper in this study area. 
The top ten institutions based on the fraction of co-authors per 
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paper in this study are presented in Table 3. Most of the top 
ten institutions were from the USA. 

3.5. Distribution of journals 

 According to Bradford’s law of scattering, the core journal 
consisted of seven journals with 33 publications. The core 
journals were IEEE Transactions on Medical Imaging (8 
publications), Expert Systems with Applications (6 
publications), Artificial Intelligence in Medicine (4 
publications), Medical Physics (4 publications), Radiology (4 
publications), Scientific Reports (4 publications), and 
Computers in Biology and Medicine (3 publications).  

3.6. Collaborations 

 There were 1329 authors for the top 100 most cited papers. 
The average co-author per document was 14 with a 
collaboration index of 13.7. Fig 5 represents the 
collaborations between countries in this study area. The USA 
was the most active country, followed by China, whereas 
Canada and Germany were in third place.  

3.7. Publication trends 

 Fig 6 depicts a thematic map of the top 100 most cited 
publications in this study. An upper right quadrant represents 
a motor theme, while a lower right quadrant represents a basic 
theme. An upper left quadrant reflects an isolated and highly 
developed theme, while a lower left quadrant reflects an 
emerging or declining theme. There were ten clusters 
identified in this study. Each cluster was represented by the 
top three keywords derived from the titles of publications of 
each corresponding cluster. There were five clusters related to 
the isolated and highly developed theme and another five 
clusters related to a basic theme (Fig 6). Fig 7 illustrates the 
keywords associated with each publication’s database for the 
past ten years. The most frequent keyword was breast tumour 
in 2012. The most frequent keyword associated with machine 
learning technique was cluster analysis in 2011. 

 

4. DISCUSSION 

Most of the publications in this study were multi-
authored from different disciplines, which reflected the 
multidisciplinary nature of breast cancer and machine 
learning research. The publications in this study spanned 
between 1993 and 2019, reflecting a strong interest in the 
application of machine learning on breast cancer in the last 
three decades. The two publications in 1993 [24, 25] involved 
the application of machine learning in the risk assessment of 
the psychosocial aspect of breast cancer patients and 
mammograms classification. The most recent publication in 
2019 was related to the development of a decision support 
system for breast cancer metastases [25].   

The USA was the most active country as most 
publications from the top journals in this study were affiliated 
with this country, as shown in Fig 5. Subsequently, the USA 
lead other countries in terms of the total number of citations. 
About half of the top ten countries with the highest citations 
were European countries. However, there were three Asian 
countries, namely; China, India, and Singapore, listed in the 
top ten countries with the highest total citations (Table 2). 
Additionally, Fig 5 shows the participation of researchers 
from the African region (Nigeria and Egypt) in this area of 

research. Thus, the participation of countries from different 
regions represents an equal interest in the use of machine 
learning on breast cancer.  

The basic theme of breast cancer and machine 
learning research were shown in the lower right quadrant of 
Fig 6. The five clusters identified in this quadrant were the 
most prevalent research themes and the main research 
domains in this area. The most common techniques of 
machine learning were neural network and deep learning, 
which represented two clusters in this quadrant. Both 
techniques were related as deep learning or deep neural 
network is considered as the more advanced and recent 
technique of neural network. Deep learning was 
predominantly used in research related to medical image 
analysis. The most frequently used medical image in breast 
cancer research was digital mammogram [27], though MRI 
was predominantly used in medical diagnosis research [26]. 
Additionally, genomic research was another cluster of main 
research domains related to breast cancer and machine 
learning. A high degree of centrality and mid-degree density 
of this cluster indicated that it was recently migrated from the 
quadrant of a motor theme. A research cluster represented in 
a motor theme (upper right quadrant of Fig 6) was a most 
developed and active research area, though none were 
identified in this study. There were another two clusters 
identified by the thematic map in this quadrant, which were 
breast cancer diagnosis and analysis of breast cancer features. 
However, both clusters were quite equivocal, and did not give 
much insight into machine learning and breast cancer 
research. Nonetheless, the research clusters in this quadrant 
were studied for a long time and transversal across 
publications in this study.  

The other five clusters in the upper left quadrant of 
Fig 6 were isolated and highly developed themes. Clusters in 
this quadrant represented a niche research area related to 
machine learning and breast cancer. Keywords such as 
imaging, genetics, and cells reflected a type of data used in 
this specialised area. Machine learning techniques such as 
support vector machines and fuzzy logic were commonly used 
in this specialised area of breast cancer and machine learning. 
Also, most studies in this area seem to be related to the 
assessment of tumour immunity and metastases. 

In recent years, machine learning methods such as 
deep learning, support vector machine, and cluster analysis 
were famously used across the publications, as indicated in 
Fig 7. There were three publications [21, 28, 29] from the top 
ten most-cited papers that used deep learning in their studies 
(Table 1). The use of imaging data, such as mammograms and 
echocardiograms were quite frequent over the last few years. 
Keywords such as genomics and gene expression regulation 
reflected the popularity of genomic studies in breast cancer 
and machine learning area. Additionally, machine learning 
had been used in the area of histopathology of breast cancer, 
which could be seen by the prevalence of keywords such as 
cell nucleus, pathology, signal transduction and basal cell. 

The main strength of this study was the use of a data-
driven approach to assessing the research output, theme and 
trend of breast cancer and machine learning publications. 
Secondly, this study used the two central databases (Scopus 
and Web of Science) to extract the top 100 most-cited 
publications related to breast cancer and machine learning. 
However, these two databases had a different structure of 
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metadata which limited further analysis such as citation and 
co-citation analysis. Also, this study only included publication 
in English as it was impossible to do the analysis, including a 
thematic map and trending keywords with different languages 
included. 

 

CONCLUSION 

 This study provided a bibliometric analysis of top 
publications on breast cancer and machine learning. The most 
active country was the USA, with the rise of Asian countries such 
as China, India, and Singapore. The most popular method was 
deep learning, and the most used data were imaging data.  
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Table 1. Top ten most cited publications related to breast cancer and machine learning. 

Title  Journal Year Cited 

Diagnostic assessment of deep learning 
algorithms for detection of lymph node 
metastases in  

women with breast cancer 

JAMA 2017 556 

From latent disseminated cells to overt 
metastasis: genetic analysis of systemic breast 
cancer progression 

Proceedings of the National Academy of 
Sciences of the United States of 
America 

2003 466 

Applications of machine learning in cancer 
prediction and prognosis  

Cancer Informatics 2006 431 

Deep learning as a tool for increased accuracy 
and efficiency of histopathological diagnosis 

Scientific Reports 2016 331 

Comprehensive analysis of risk factors 
associating with hepatitis b virus (HBV) 
reactivation in cancer patients undergoing 
cytotoxic chemotherapy 

British Journal of Cancer 2004 249 

Breast cancer diagnosis based on feature 
extraction using a hybrid of K-means and 
support vector machine algorithms 

Expert Systems with Applications 2014 249 

A constructive algorithm for training 
cooperative neural network ensembles 

IEEE Transactions on Neural Networks 2003 241 

Effectiveness of a noninvasive digital infrared 
thermal imaging system in the detection of 
breast cancer 

The American Journal of Surgery 2008 204 

Breast cancer classification using deep belief 
networks 

Expert Systems with Applications 2016 204 

Volatile markers of breast cancer in the breath Breast Journal 2003 202 
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Table 2. Top ten countries with the highest total citation. 

Country/Region Total citation Average article citation 

USA 4629 145 

Germany 1546 172 

China 1164 129 

Netherlands 829 276 

Canada  666 222 

Spain 420 140 

India 339 170 

Hungary 304 152 

Singapore 287 144 

United Kingdom 286 143 
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Table 3. Top institution based on a fraction of co-authors per paper. 

Institutions  Country  Fraction of co-
authors per 
paper 

Number of co-
authors 

Number of first 
authors 

University of Chicago USA 3.09 6 4 

National University of 
Singapore 

Singapore 3.00 3 3 

University of Wisconsin USA 275 8 2 

University of 
Pennsylvania 

USA 1.64 4 1 

University of Heidelberg Germany 1.50 2 1 

University of Veszprem Hungary  1.50 2 2 

University of Minnesota USA 1.45 4 2 

China Medical College 
and Hospital 

Taiwan 1.33 3 2 

Massachusetts Institute of 
Technology 

USA 1.20 4 2 

Chinese University of 
Hong Kong 

Hong Kong 1.03 3 1 
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Fig. (1). The flow of study selection and bibliometric analysis. 
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Fig. (2). The distribution of the top 100 most cited publications related to breast cancer and machine learning according to the 
year of publication. 
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Fig. (3). Top ten productive authors of the top 100 most cited publications related to breast cancer and machine learning. 
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Fig. (4). The three-fields plot for the relationship between top authors (left field), top journals (middle field), and top countries 
(right field). 
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Fig. (5). Countries collaboration in the top 100 most cited publication related to breast cancer and machine learning (Isolated 
nodes were removed). 
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Fig. (6). Thematic map of top 100 most cited publications related to breast cancer and machine learning. 
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Fig. (7). Trending keywords in the top 100 most cited publication related to breast cancer and machine learning between 2010 
and 2019. 

 


