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Abstract 

Background:  Significant links between the microbiota and human health have emerged in the last 20 years. A cor‑
relation has recently been demonstrated between changes in the gut microbiota and the development of cancer. 
This study aimed to use bibliometric analysis of the published gut microbiome and cancer literature to present the 
research status and summarize the hotspots for frontier studies.

Methods:  A literature search for research on the gut microbiome and cancer research from 2001 to 2020 was con‑
ducted using the Scopus database on 20 March 2021. VOSviewer software (version 1.6.16) was used to perform the 
visualization analysis.

Results:  From 2001 to 2020, a total of 2061 publications were retrieved. Annual publication output grew from 10 in 
2001 to 486 in 2020. The USA had the largest number of publications, making the largest contribution to the field (n  
= 566, 27.46%). Before 2016, most studies focused on the ‘effect of probiotics on cancer’. The latest trends showed that 
‘microbiota composition and gene expression’ and ‘host-microbiome interaction in cancer immunotherapy’ would be 
more concerned more widely in the future.

Conclusions:  Research on ‘microbiota composition and gene expression’ and ‘host-microbiome interaction in cancer 
immunotherapy’ will continue to be the hotspot. Therefore, this study provides the trend and characteristics of the 
literature on the gut microbiota and cancer literature, which provided a useful bibliometric analysis for researchers to 
conduct further research.
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Background
Cancer is a multifaceted disease that is the second lead-
ing cause of death in the world [1]. Numerous studies 
in recent years have highlighted the dual role of the gut 

microbiota in maintaining host health [2, 3]. Gut bacte-
ria can generate various metabolites and bioproducts 
that are essential for maintaining homeostasis in both the 
host and the gut [2]. The gut microbiota has been impli-
cated in cancer and has been demonstrated to alter the 
effectiveness of anticancer drugs [4–6]. Resistance to 
chemo drugs or immune checkpoint inhibitors is associ-
ated with altered gut microbiota, while supplementation 
with different bacterial organisms restores anticancer 
drug responses [6]. As a result, researchers are looking at 
manipulating the intestinal microbiota with antibiotics, 
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probiotics, prebiotics, or fecal transplantation to increase 
the effectiveness of anticancer drug effectiveness and 
reduce toxicity [7–9].

The status of research and scientific output on the gut 
microbiota and cancer is unknown. This is hypothesized 
and expected to be in progress, as shown in other micro-
biota science, such as trends in the research field of the 
gut microbiota [10], intestinal microbiota in obesity [11, 
12], microbiome-gut-brain axis [13], gut microbiota and 
depression [14], microbiota of diabetes research [15], and 
fecal microbiota transplantation [16]. In addition, biblio-
metric research has recently been published in various 
scientific disciplines [17–25]. Bibliometric analysis dif-
fers from systematic reviews in which systematic reviews 
attempt to answer a specific research question based 
on a small number of publications [26–28]. In contrast, 
bibliometric analysis aims to answer a specific research 
question based on a large number of publications [29]. It 
also varies from scoping reviews, which are designed to 
determine the type and scope of research evidence [30, 
31]. Despite these limitations, the bibliometric analysis 
gives a valuable overview of a field’s national and world-
wide contributions to literature. It also offers baseline 
data, which helps to identify research gaps that might be 
addressed in future studies [32].

To our knowledge, only one bibliometric research was 
specifically based on the microbiota and restricted to 
gastric cancer, with data collected from the Web of Sci-
ence (WoS) database [33]. As a result, to date, no com-
prehensive evaluation of the current literature on gut 
microbiota and cancer has been performed or published. 
Therefore, this study aimed to provide an overview of 
research activity on microbiota and cancer at the global 
level in terms of bibliometric indices. Furthermore, this 
study covers the latest developments, hotspots for fron-
tier studies, and future research advancement patterns 
in this area. In addition, future paths and patterns in this 
field are forecast based on the evaluation of research out-
put in microbiota and cancer papers.

Methods
Data sources
For source publication retrieval, the Scopus database was 
chosen as the target database. Scopus is widely recog-
nized as one of the best online databases for bibliometric 
research [34, 35].

Search strategies
We used the Scopus online database’s “Advanced search” 
feature and inserted the appropriate keywords to find rel-
evant literature on microbiota and cancer from the last 
2  decades (from January 2001 to December 31, 2020). 
To prevent bias caused by ongoing database updates, 

document extraction and export should be done within 
1 day (March 19, 2021). Synonyms for the gut microbiota 
and cancer were used as in the following search strategy.

Step 1
To achieve the objectives of this bibliometric analysis, 
terms related to the microbiota entered into the Scopus 
engine were chosen from the literature related to the 
microbiota [10, 11, 13–16, 33]. The following ‘terms’ were 
used in the ‘Article Title’: ‘Bifidobacterium’ OR ‘dysbiosis’ 
OR ‘Escherichia coli’ OR ‘flora’ OR ‘Lactobacillus’ Micro-
biome’ OR ‘microbiota’ OR ‘microflora’ OR ‘probiotic’ 
OR ‘Saccharomyces’.

Step 2
After that, we limited the publications found in Step 1 
to those that included the terms “cancer and associated 
terms” in their title. Terms related to cancer that were 
entered into the Scopus engine were extracted from the 
Medical Subject Headings (MeSH) from PubMed. The 
following ‘terms’ were entered as ‘Article Title’: ‘Neopla-
sia’ OR ‘Neoplasia’ OR ‘Neoplasm’ OR ‘Tumor’ OR ‘Can-
cer’ OR “Malignancy” OR ‘carcinoma’ OR ‘Malignancies’ 
OR ‘Malignant’.

Bibliometric analysis
An Excel spreadsheet was used to collect the following 
data as bibliometric indicators: total number of publica-
tions, year of publication, publication types, to ten fund-
ing agencies, top ten countries, top ten institutions, top 
ten journals, most cancer types related to microbiota 
based in the top keyword, and top ten citations.

Visualise analysis
The VOSviewer software tool (version 1.6.16) was used 
to build, visualize and explore networks of countries, 
authors, and terms, with links between items based on 
their cooccurrences [36, 37], was applied to create net-
work visualization maps of the most cooccurrence terms 
to determine the hotspots for frontier studies, as well as 
the most coauthorships of countries.

Results
General description of the retrieved publications
In total, 2061 publications were included in this study. 
Articles made up 1346 of the total number of publi-
cations, accounting for 65.31% of the total number of 
records, making them the most popular form of litera-
ture. There were 511 reviews, representing 24.79 percent 
of the total. The other eight types of publications were 
204 documents, representing 9.90% of the total, including 
letters, book chapter, notes, book, editorials, minutes of 
meetings, erratum, and short surveys.
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Growth and productivity trends
During the past 2 decades, the number of microbiota and 
cancer publications increased yearly, from 10 in 2001 to 
486 in 2020, as shown in Fig. 1. The growth of the pub-
lication showed two stages: the first (2001–2016), which 
had a very slow rate of publication production, and the 
second (2017–2020), which had a much faster rate of 
publication progress.

Top active countries
At least 112 different countries participated in the publi-
cation of studies on the microbiota and cancer in the last 
2 decades. A total of 1568 articles written in the top ten 
countries represented 70.8% of all studies in the related 
area (Table 1). The United States (n = 566) was the largest 
contributor, followed by China (n = 478), Italy (n = 135), 
Japan (n = 122) and the United Kingdom (n = 94). In 
addition, the United States and China had the largest 
number of publications involving international scholars. 
Figure 2 shows a network mapping chart of international 
research collaborations on microbiota and cancer from 
2001 to 2020 among the leading participating countries. 
The total number of authors published on microbiota and 
cancer was 9102, of which 25 published more than 15 
documents.

Top active institutions
The Institut National de la Santé et de la Recherche 
Médicale (INSERM) in France had the highest number 
of publications among institutions worldwide, with 40 
publications, which accounted for 1.94% of all publica-
tions. The National Cancer Institute of the USA was the 
second prolific institute with 35 (1.70%) publications, fol-
lowed by the MD Anderson Cancer Center of the Univer-
sity of Texas in the USA with 30 (1.46%) publications, the 
Ministry of Education of China with 28 (1.36%) and the 

Fig. 1  Growth trends of publications on the microbiota and cancer from 2001 to 2020

Table 1  List of the top 10 countries publishing research on 
microbiota and cancer from 2001 to 2020

Ranking Country Number of 
documents

%

1st United States 566 27.46

2nd China 478 23.19

3rd Italy 135 6.55

4th Japan 122 5.92

5th United Kingdom 94 4.56

6th Iran 91 4.42

7th France 83 4.03

8th Germany 82 3.98

9th South Korea 74 3.59

10th Canada 63 3.06
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University of North Carolina at Chapel Hill in the USA 
with 28 (1.36%) publications (Table 2).

Top funding agencies
Of the documents that were retrieved, USA funding 
agencies were the most active in this field, the National 

Natural Science Foundation of China (n = 211; 10.24%) 
being the most active, followed by the National Cancer 
Institute (n = 186; 9.02%), National Institutes of Health 
(n = 163; 7.91%) and the National Institute of Diabe-
tes and Digestive and Kidney Diseases (n = 80; 3.88%) 
(Table 3).

Fig. 2  Network visualization map of international research collaboration among the leading active countries in microbiota and cancer from 2001 to 
2020. This visualized map of collaborations was developed when at least 10 publications were placed for each country. There are 35 countries that 
reach this threshold out of 112 countries active in this field. The size of the node indicates how many publications for that country

Table 2  List of the top 10 institutions publishing research on microbiota and cancer from 2001 to 2020

Ranking Institute Country n %

1st INSERM France 40 1.94

2nd National Cancer Institute NCI USA 35 1.70

3rd University of Texas MD Anderson Cancer Center USA 30 1.46

4th Ministry of Education China China 28 1.36

4th The University of North Carolina at Chapel Hill USA 28 1.36

6th National Institutes of Health NIH USA 27 1.31

6th Tehran University of Medical Sciences Iran 27 1.31

8th Harvard Medical School USA 26 1.26

9th Tabriz University of Medical Sciences Iran 25 1.21

10th Zhejiang University China 24 1.16

10th Universite Paris-Saclay France 24 1.16
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Top active journals
The top 10 journals with the most publications related 
to microbiota and cancer are listed in Table 4. Scientific 
Reports had the highest number of publications among 
journals worldwide, with 40 publications representing 
1.94% of all publications. The International Journal of 
Molecular Sciences and PloS ONE were the second with 
33 (1.6%) publications for each journal, followed by Fron-
tiers in Microbiology with 27(1.31%) publications.

Top‑cited publications
Table 5 summarizes the top ten most cited papers in the 
microbiota and cancer during the last 2 decades based on 
total citations. The top 10 highest citations ranged from 
1378 to 441 [38–47]. Routy et al. [44], published in Sci-
ence in 2018, had the highest overall citation frequency 

Table 3  The top ten funding agencies having the most publications on microbiota and cancer from 2001 to 2020

Ranking Funding agencies Country Number of 
publication

%

1st National Natural Science Foundation of China China 211 10.24

2nd National Cancer Institute USA 186 9.02

3rd National Institutes of Health USA 163 7.91

4th National Institute of Diabetes and Digestive and Kidney Diseases USA 80 3.88

5th Japan Society for the Promotion of Science Japan 48 2.33

6th National Institute of Allergy and Infectious Diseases USA 33 1.60

7th European Commission European Union 30 1.46

8th National Institute of General Medical Sciences China 25 1.21

9th Ministry of Education, Culture, Sports, Science and Technology Japan 24 1.16

10th National Research Foundation of Korea Korea 24 1.16

Table 4  List of the top 10 journals publishing research on 
microbiota and cancer from 2001 to 2020

SCR standard competition ranking; IF impact factor
a Impact factors based on the 2019 Journal Citation Reports 2019 from Clarivate 
Analytics

Ranking Journal Frequency % IFa

1st Scientific Reports 40 1.94 3.998

2nd International Journal of 
Molecular Sciences

33 1.60 4.556

3rd PloS ONE 33 1.60 2.740

4th Frontiers in Microbiology 27 1.31 4.235

5th Cancers 23 1.12 6.126

6th Frontiers in Oncology 20 0.97 4.848

7th Journal of Functional Foods 19 0.92 3.701

8th Gut 18 0.87 19.819

9th Gut Microbes 18 0.87 7.740

10th Nutrition and Cancer 17 0.82 2.363

Table 5  Top cited list of the top 10 high cited papers related to microbiota and cancer from 2001 to 2020

Ranking Authors Year Source title Cited by

1st Routy et al. [44] 2018 Science 1378

2nd Arthur et al. [38] 2012 Science 1023

3rd Louis et al. [42] 2014 Nature Reviews Microbiology 966

4th Schwabe and Jobin [45] 2013 Nature Reviews Cancer 702

5th Dapito et al. [40] 2012 Cancer Cell 592

6th Wang et al. [47] 2012 ISME Journal 555

7th Sobhani [46] 2011 PLoS ONE 493

8th Martin et al. [43] 2004 Gastroenterology 481

9th Chen et al. [39] 2012 PLoS ONE 449

10th Garret [41] 2015 Science 441
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(number of citations = 1378) among the top ten publica-
tions with total citation frequency.

Hotspots for frontier studies
Terms with a minimum number of occurrences greater 
than 50 in all included publications were analyzed using 
VOSviewer. There are 109 terms that reach this thresh-
old out of 34,784 in this field, which were divided into 
three clusters and colored differently. The three clus-
ters are “microbiota composition and gene expression” 
(cluster 1, green), “effect of probiotics on cancer” (clus-
ter 2, red), and “host-microbiome interaction in cancer 
immunotherapy” (cluster 3, blue); (Fig. 3). In cluster 1, 
the most striking keywords are sequence, abundance, 
composition, healthy control, and patient. In cluster 2, 
the most common keywords are effect, probiotic, abil-
ity, apoptosis, proliferation, reduction, cancer cell, and 
inhibition. In cluster 3, the keywords with the most rep-
etition are microbiome, evidence, pathogenesis, can-
cer, immunotherapy, interaction, cancer therapy, and 
immunity. These results demonstrated that the most 

prominent fields of microbiota and cancer included 
3 directions during the past 20  years. Keywords were 
color coded by VOSviewer based on the average time 
they appeared in the 2061 related publications (Fig. 4). 
The terms in blue appeared earlier, and those in yellow 
and green appeared later. Before 2016, most studies 
focused on the ‘effect of probiotics on cancer’. The latest 
trends showed that ‘microbiota composition and gene 
expression’ and ‘host-microbiome interaction in can-
cer immunotherapy’ would be more concerned more 
widely in the future.

The most frequent cancer types encountered 
in the retrieved literature
Table  6 lists the most frequent keywords related to 
cancer types occurrences in microbiota literature from 
2001 to 2020. The top keywords indicate that colorec-
tal cancer is strongly related to microbiota in the lit-
erature, followed by breast cancer, stomach cancer, and 
lung cancer (Table 6).

Fig. 3  Network visualization map of terms in title/abstract fields of publications related to microbiota and cancer from 2001 to 2020. This visualized 
map of terms was developed when the minimum-term occurrences were placed at least 50 times. There are 109 terms that reach this threshold out 
of 34,784 in this field, which were divided into three clusters and colored differently. The size of the node indicates how many publications use that 
term
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Discussion
This is the first bibliometric study to evaluate and 
visualize research of the gut microbiota in the field of 
oncology. A total of 2061 publications originating from 
the Scopus database were analyzed. We offer a detailed 
analysis of global trends and hotspots in gut microbiota 
and cancer research over the past 2 decades. According 
to our study, publications have increased rapidly since 
2017.

Previous research on microbiota and gastric cancer 
[33] found findings that differed from those presented 
in our study (196 documents worldwide from 2000 to 
2019). The inconsistency was attributable to (1) the vari-
ous databases used to access the publications and (2) the 
different research domains analyzed. Zhang et  al. [33] 
study was carried out using WoS and was limited to gas-
tric cancer. In our study, the Scopus database used more 
comprehensive terms related to gut microbiota and can-
cer without limiting the results to any particular cancer. 
We conducted our bibliometric research using the Sco-
pus database, which Elsevier owns. According to several 
studies, Scopus is the world’s largest database of abstracts 
and citations from peer-reviewed scientific literature 
[48–50]. Various scholars for bibliometric evaluation of 
various fields of science [48–52]. Scopus is a multidis-
ciplinary database that has more indexed journals than 
PubMed and WoS [53–55].

The United States was the leading contributor in this 
field with 566 publications, followed by China, Italy, 
Japan, and the United Kingdom. Research success in 
these countries can be linked to a diverse group of 
researchers with expertise in this area and a significant 
amount of financial funding for researchers. This research 
productivity is not unexpected, considering that it is in 
countries with stronger infrastructures, more abundant 

Fig. 4  Network visualization map of terms in the title/abstract and their distribution according to the mean frequency of appearance. The blue 
terms emerged first, followed by the yellow and green terms that appeared later

Table 6  List of most frequent keywords related to cancer types 
occurrences in microbiota literature from 2001 to 2020

Cancer types Frequency %

Colorectal cancer 559 27.12

Colorectal neoplasms 347 16.84

Colorectal tumor 280 13.59

Colon cancer 191 9.27

Colonic neoplasms 150 7.28

Breast cancer 124 6.02

Colon tumor 111 5.39

Stomach cancer 103 5.00

Breast neoplasms 79 3.83

Gastrointestinal cancers 78 3.78

Lung cancer 78 3.78
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scientific services, and a long history in the general study 
of the microbiome. Many experts in the fields of microbi-
ology, oncology, and gastroenterology (eg., Marchesi JR, 
Jobin C, Trinchieri G, Perdigón G, Qin H, Gao R, Wargo 
JA, White JR, Zitvogel L, Ahn J, Fujimori M, Goedert JJ, 
Mahdavi M, Morrow CD, Oue N, Sentani K, Sobhani I, 
Yasui W, Yu J, Zitvogel L, and others) are gaining interest 
in the pathological function and host-microbiome rela-
tionship in cancer as an evolving forum to evaluate the 
diagnosis and effective therapeutic intervention of these 
ailments, which is possibly contributing to the increase in 
research productivity [56–68].

Furthermore, the increase in the number of publica-
tions on microbiota and cancer may be linked to many 
hot topics published during this time frame, exposing 
innovative theories that lead to new fields of research. 
These findings suggest new therapeutic and diagnostic 
concepts for various disorders in the field of oncology 
[38–47, 69–73] such as “effect of probiotics on cancer”, 
“microbiota composition and gene expression” and “host-
microbiome interaction in cancer immunotherapy”.

The results of our study indicate that the most highly 
cited microbiota and cancer publications emphasized on 
a variety of subtopics close to the study hotspots in co-
occurring terms, which is a strong trend emerging from 
the results. The article most cited was Routy et  al. [44] 
entitled ‘Gut microbiome influences the efficacy of PD-
1-based immunotherapy against epithelial tumors’, pub-
lished in Science in 2018, with 1,378 total citations. This 
study reported that the maintenance of healthy gut flora 
could affect patient responses to cancer immunotherapy 
and help patients combat cancer. The second paper was 
by Arthur et  al. [38] from Science. The complex effects 
of inflammation on the microbial composition/activ-
ity and the host’s ability to defend itself from a dysbiotic 
microbiota were illustrated in this report [38]. The third 
most cited paper is a study by Louis et al. [42] in Nature 
Reviews Microbiology as a review, which discusses the 
relationship between microbial metabolism, diet, and 
colorectal cancer, and argues that the cumulative effects 
of microbial metabolites should be considered to help 
predict and prevent cancer progression.

Strengths and limitations
The current study is the first bibliometric study of its 
kind to look at this emerging topic and provide com-
prehensive information on research trends and hot-
spots in this field. Three elements of current research 
are unique: (1) the use of Scopus, the largest database 
available; (2) the use of terms related to the gut micro-
biota and cancer comprehensively; and (3) it is global in 
scope. Finally, the findings of our research have some 
limitations. First, this study’s analysis is based on papers 

found in the Scopus database. Although this database 
contains most of the majority of research papers on gut 
microbiota and cancer, other databases such as Pub-
Med and WoS may have some publications related to 
our topic, which is a weakness of this article. Second, 
the fact that we only included publications on cancer or 
gut microbiota in the article title has an inherent flaw; 
our experience has shown that including search items 
in the abstract has a much lower sensitivity and would 
have only found a small number of additional papers, if 
any. If we include terms from the abstract in our search 
query without any restrictions, we will get a lot of irrel-
evant publications that are not related to our subject. 
Despite these limitations, we believe that the findings 
provide a reliable representation of the performance of 
the gut microbiota and cancer research at a global level.

Conclusions
This study shows the current status of microbiota and 
cancer on a global level and the hottest directions. 
According to the pattern in recent years, there will be 
a rise in the number of publications in this field. Until 
now, the United States and China have made the most 
significant contributions in the field of microbiota and 
cancer. Research on ‘microbiota composition and gene 
expression’ and ‘host-microbiome interaction in cancer 
immunotherapy’ will continue to be the hotspot. This 
serves as a starting point for further debate, while also 
emphasizing the need for further analysis.
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