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Research on microbial
communities in tumor
microenvironments: cutting-
edge dynamics and future trends
from a bibliometric perspective
Xuan Tang†, Changfeng Man†, Ziyan Liu†,
Dandan Gong and Yu Fan*

Cancer Institute, Af�liated People’s Hospital of Jiangsu University, Zhenjiang, Jiangsu, China
Background: In recent years, researchers have identi�ed numerous potential
biomarkers and therapeutic targets applicable to cancer immunotherapy, among
which the role of tumor-internal microorganisms in the tumor
microenvironment has been explored. However, this �eld is still in its early
stages of development, facing limitations such as the unclear mechanisms of
interaction between tumor-internal microorganisms and host immunity, as well
as signi�cant variations in microbial pro�les among different tumor types
and patients.
Objective: This study aims to explore the research hotspots and development
trends of tumor-internal microorganisms through bibliometric methods and to
construct a systematic knowledge map.
Methods: This study retrieved publications related to tumor-internal
microorganisms from the Web of Science Core Collection (WOSCC) prior to
December 22, 2025. Subsequently, the selected literature was analyzed using
VOSviewer (v.1.6.20), CiteSpace (v.6.4.1R), and SCImago Graphica. In addition, we
integrated PubMed data to assess status and trends in preclinical and clinical
studies of intratumoral microbiota interventions for anti-tumor therapy ef�cacy.
Results: From the Web of Science database, we retrieved 1,278 relevant articles.
Since 2012, the number of papers published on the intratumoral microbiota has
shown an overall upward trend. China and the United States are the two major
countries in this �eld. Keyword analysis shows that “tumor microbiome,” “gut
microbiome,” “cancer,” and “Fusobacterium nucleatum ” are frequent terms. 11
keyword groups have been identi�ed, among which “tumor immunotherapy” and
“immune microenvironment” form two important groups. A total of 69 preclinical
and clinical studies has intervened in intratumoral microbiota and affected anti-
tumor treatment outcomes. Among them, 25 studies involving Fusobacterium
nucleatum account for a large proportion. However, most of these studies are
still at the basic or preclinical stage, and clinical translation evidence is limited.
KEYWORDS

bibliometric analysis, cancer therapy, Fusobacterium nucleatum, immune
microenvironment, intratumoral microbiota
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1 Introduction

In recent years, research on the tumor microenvironment
(TME) has deepened, and in addition to the traditional focus on
tumor cells, immune cells, and stromal cells, the intratumoral
microbiome (ITM) has gradually emerged as a new direction in
oncology research (1�3). Since its systematic reporting in 2020 as
being present in cancer cells and immune cells (4), numerous
studies have discovered that intratumoral microbes not only
exhibit high heterogeneity (5) and low biomass characteristics (6,
7) within tumor tissues but may also play signi�cant roles in
tumorigenesis, progression, recurrence, and prognosis by
in�uencing processes (8�10)such as tumor in�ammatory
responses (11), immune evasion (12), genomic stability (13), and
treatment resistance (14). Furthermore, signi�cant differences in the
composition of intratumoral microbiota exist among patients of
different tumor origins, subtypes (15, 16), ethnicities (17), and
lifestyles (18), suggesting that intratumoral microbes hold
promise as potential biomarkers and therapeutic targets in cancer
diagnosis and treatment.

In terms of detection technology, the development of new
methods such as 2bRAD-M sequencing, 16S rRNA sequencing,
and spatial transcriptomics has signi�cantly enhanced the detection
and functional analysis capabilities of low-abundance microbes,
providing powerful tools for elucidating the biological signi�cance
of intratumoral microbiota (19�21). In clinical application
explorations, existing research indicates that intratumoral
microbes can modulate the ef�cacy of immunotherapy, targeted
therapy, chemotherapy, and radiotherapy (22�25). Some studies
have even combined antimicrobial therapy with nanocarrier
technology to improve microbe-related immune suppression (26,
27). However, this �eld still faces numerous challenges, including
high risks of sample contamination, lack of standardized detection
methods, insuf�cient mechanistic studies, and the complexity of
interactions among different microbial communities, which to some
extent limits the reproducibility of research results and their
clinical translatability.

Against this backdrop, it is essential to systematically review and
quantitatively analyze the knowledge structure, hot topics, cutting-
edge trends, and academic collaboration networks in the �eld of
intratumoral microbiota research. Bibliometrics, as a method that
combines quantitative statistics and visual analysis, can reveal the
development history, core scholars, major research institutions, key
literature, and future directions of speci�c research �elds, and has
been widely applied in the analysis of research hotspots in oncology
and microbiology (28). Therefore, this study aims to conduct a
systematic analysis of literature related to intratumoral microbiota
based on the internationally recognized database Web of Science,
utilizing bibliometric and visualization techniques, with the goal of
mapping the overall research landscape of this �eld, identifying its
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core research hotspots and potential cutting-edge developments, and
providing references for subsequent basic research, clinical
translation, and interdisciplinary collaboration.
2 Materials and methods

2.1 Sources of literature and search
strategy

In this study, the literature search mainly came from two
databases: Web of Science and PubMed, covering relevant
research from the establishment of the database until December
22, 2025. We conducted a systematic search for the subject term
�intratumoral microbiota,� with speci�c search strategies outlined
in the �Supplementary File 1.� Through the search in Web of
Science, we initially identi�ed 2,835 records. After screening, a total
of 1,278 documents were included, forming the bibliometric dataset
used for visual analysis of annual publication volume, co-
authorship, co-citation, and keyword mapping, with the speci�c
search process detailed in Figure 1A and �Supplementary File 1.� In
addition, 1,867 records were retrieved from the PubMed database.
After removing duplicates in comparison with the 1,278 documents
included from Web of Science, the total number of documents from
both Web of Science and PubMed was 2,951. Subsequently, we
excluded 2,886 documents that did not meet the research criteria,
resulting in a �nal number of 69 documents that met the inclusion
criteria. Detailed information on the search process can be found in
Figure 1B and the �Supplementary File 1.� These 69 documents will
be used for subsequent analysis of trends in preclinical research and
clinical trial studies. The retrieval and screening process is shown
in Figure 1:
2.2 Inclusion and exclusion criteria

Eligible studies include original research and review articles that
directly investigate the relationship between intratumoral
microbiota and tumors. Exclusion criteria encompass non-
research materials (such as editorials, book chapters, and
conference abstracts), duplicate entries, retracted publications,
and studies with insuf�cient or incomplete data. Additionally,
studies unrelated to intratumoral microbiota were also manually
excluded. Two researchers independently conducted the screening,
data extraction, and veri�cation, resolving any discrepancies
through team discussions. The �nal dataset includes complete
records of Full Record.

The literature on preclinical and clinical studies of intratumoral
microbiota interventions for anti-tumor therapy ef�cacy applied
stringent inclusion and exclusion criteria. Inclusion criteria: 1.
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Research type: Clinical Study, Clinical Trial, Clinical Trial, Phase I,
Clinical Trial, Phase II, Clinical Trial, Phase III, Clinical Trial, Phase
IV, Controlled Clinical Trial, Pragmatic Clinical Trial, Randomized
Controlled Trial. 2. PICO principles: P (Participant): Tumor
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patients, tumor cells, or experimental animals; no species
restrictions. I (Intervention): Interventions targeting naturally
occurring intratumoral microbiota to in�uence anti-tumor
treatment ef�cacy. C (Comparison): Blank control group or
FIGURE 1

Flow chart of literature retrieval. (A) Flowchart of the Web of Science search process, with search results incorporated into software for visualizing
bibliometric analysis. (B) Flowchart of the Web of Science and PubMed search processes, with search results analyzed for the status and trends of
preclinical and clinical trial research. The �owchart was created using the PRISMA 2020 �ow diagram for updated systematic reviews, available at:
https://www.prisma-statement.org/prisma-2020-�ow-diagram.
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placebo group. O (Outcome): Tumor treatment ef�cacy. Exclusion
criteria: 1. A control group was not established. 2. The interventions
employed in the study, or the outcomes observed, did not clearly
involve the intratumoral microbiota. 3. Not related to Anti-
tumor therapy.
2.3 Data analysis and visualization

This study employed four software tools for bibliometric and
visualization analysis, including Microsoft Excel 2022, VOSviewer
(v.1.6.20), CiteSpace (v6.4.R1), and SCImago Graphica.

2.3.1 VOSviewer (v.1.6.20)
It was used to generate network diagrams of country/regional

cooperation (Figure 3A), institutional cooperation network
(Figure 4B), and author cooperation network (Figure 5). The
analysis adopted the �total count� method built into the software.
To focus on core participants, the minimum publication volume
threshold was set as follows: authors � 6, countries/regions � 8,
institutions � 11. In the network diagrams, the size of the nodes is
proportional to the number of publications, the color represents
different clusters, and the thickness of the lines re�ects the intensity
of cooperation.

2.3.2 CiteSpace (v6.4.R1)
CiteSpace (v6.4.R1) was used for institution cooperation

network analysis (Figure 4A), keyword co-occurrence (Figure 6),
clustering (Figure 7), emergent (Figure 8), and timeline evolution
(Figure 9) analysis. The parameters were set as follows: time slice set
to 1 year, analysis range up to 2025. The node types included
institutions, authors, and keywords. The network was optimized by
using the Path�nder, Pruning sliced network, and Pruning the
merged network algorithms. The main network parameters were: g-
index (k=25), node number (N)=272, edge number (E)=418,
network density (Density)=0.0113. The settings for emergent
word detection were g (1.0), minimum duration = 1. The speci�c
details of keyword merging can be found in the appendix
�Supplementary materials.�.
2.3.3 SCImago Graphica
SCImago Graphica was used to convert the publication volume

and cooperation data of countries/regions into geographic space
visualization graphics (Figure 3B). Firstly, the country cooperation
matrix data (in CSV format) was exported from VOSviewer, and
then the results were imported into SCImago Graphica for
visualization analysis. The size of the circles in the �gure is
proportional to the publication volume, the numbers correspond
to the publication volume of the countries, and the lines represent
the cooperative relationships between countries/regions. The
thickness of the lines represents the number of collaborations.
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2.3.4 Microsoft Excel 2022
Microsoft Excel 2022 was used for basic data organization and

the drawing of descriptive statistical charts, namely the annual
publication volume trend chart (Figure 2).
3 Result

3.1 Literature search results

This study incorporated 1,278 eligible documents from the Web of
Science for visual analysis. The Web of Science records show that the
earliest study addressing the relationship between intratumoral
microbiomes and tumors was published in 2012. From 2012 through
2025, annual publication counts in this �eld have generally increased,
with a dip in 2018 and subsequent year-on-year growth from 2019
onward, accompanied by a rapid rise after 2020 (Figure 2), indicating
that this �eld has attracted sustained and rapidly growing research
interest in recent years. Notably, in 2020, Nejman et al. proposed that
different cancer types exhibit distinct intratumoral microbiome
compositions and that most intratumoral bacteria reside within
cancer and immune cells (4), a �nding that coincided with a surge in
publications thereafter. This development has prompted many
researchers to shift their focus from merely detecting microbiomes in
tumor tissues to conducting in vivo and in vitro experiments on
microbiomes within tumors and immune cells. In 2022, a Nature
study combined 10x Visium spatial transcriptomics with GeoMx
digital spatial analysis, integrating in situ spatial analysis with single-
cell RNA sequencing (29), and this work revealed interactions between
the host and microbiome at spatial and cellular levels. These
technological advances have propelled multi-omics studies of
intratumoral microbiomes, further shifting the research emphasis
from simply characterizing microbiome composition to exploring
function and potential mechanisms. It is important to note that the
publication count for 2025 is based on data available through December
22, 2025, and may not fully re�ect the �nal total for that year (Figure 2).
3.2 Distribution and collaboration among
countries/regions.

Figure 3 presents a map of publication volume and co-occurrence,
depicting the countries and regions engaged in intratumoral
microbiome research. The bibliometric analysis employed the Full
Counting method available in VOSviewer software. Since the
inception of the Web of Science database, a total of 69 countries
and regions have contributed to this research �eld. Table 1 lists the top
ten countries and regions ranked by the number of published papers,
with China leading at 637 publications, followed by the United States
(330 papers), Italy (68 papers), Germany (54 papers), Japan (51
papers), and the United Kingdom (42 papers). In terms of citation
frequency, the United States ranks �rst with a total of 26,772 citations,
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surpassing China�s 13,592 citations. France, Spain, and Italy also
exhibit notable citation performance despite their relatively limited
publication volumes. The analysis of national collaboration networks
indicates that a close collaborative structure has formed
globally, centered around a few high-output countries. Among
them, China and the United States constitute dual hubs of
the network, with the strongest collaborative link between the two.
Additionally, the United States maintains a stable cooperative
relationship with major European countries such as Germany
and the United Kingdom, while there is also active regional
collaboration among European countries, resulting in a tight-
knit sub-network. Overal l , the �eld of intratumoral
microbiome research demonstrates a broadly international
collaborative landscape.
3.3 Analysis of collaborative relationships
among publishing institutions

The VOSviewer parameters were set as Method (Linlog/
modularity) and a minimum number of documents from an
institution: 11. The obtained results were retrieved from 1,935
institutions, and 47 met the thresholds. As shown in Figure 4B,
six clusters were formed, each comprising institutions that
collaborate closely. The �rst cluster includes the following
institutions: Capital Medical University; Central South University;
Chinese Academy of Medical Sciences; Chinese Academy of
Medical Sciences & Peking Union Medical College; Huazhong
University of Science and Technology; Nanjing Medical
University; Peking University; Shanghai Jiao Tong University;
Soochow University; Southern Medical University; Tongji
University; Wuhan University; Zhejiang Chinese Medical
University; Zhejiang University; and Zhengzhou University. The
second cluster consists of the following institutions: Chinese
Frontiers in Immunology 05
Academy of Sciences; Mayo Clinic; Ohio State University;
Qingdao University; Shandong University; Sichuan University;
Sun Yat-sen University; Xi�an Jiaotong University; and Yangzhou
University. The third cluster includes the following institutions:
Baylor College of Medicine; Cleveland Clinic; Johns Hopkins
University; Nanchang University; National Cancer Institute;
University of California San Diego; University of Maryland;
University of Texas MD Anderson Cancer Center; and
Weizmann Institute of Science. The fourth cluster comprises the
following institutions: Brigham and Women�s Hospital; Broad
Institute of MIT and Harvard; Dana-Farber Cancer Institute;
Harvard Medical School; Harvard T.H. Chan School of Public
Health; Kumamoto University; and Massachusetts General
Hospital. The �fth cluster includes the following institutions:
Fujian Medical University; Geneis Beijing Co., Ltd.; Harbin
Medical University; and Qingdao Geneis Institute of Big Data and
Precision Medicine. The sixth cluster consists of China Medical
University; Fudan University; and the University of Hong Kong.
Figure 4A displays a visualization map of the CiteSpace network of
institutions. We can observe that the connections between
institutions are relatively close, with the outer purple and larger
nodes representing signi�cant participating institutions in
intratumoral microbiome research. Table 2 lists the publication
volume and betweenness centrality of institutions, with Sun Yat-sen
University ranking �rst in both metrics (46 papers and 0.41,
respectively), indicating that it serves as a key bridge in the inter-
institutional collaboration network.
3.4 Author analysis

Figure 5 illustrates the authors� contributions and connections
to the study of the intratumoral microbiome. Table 3 presents the
FIGURE 2

Overview of intratumoral microorganism–related publications by volume. Annual publication numbers from 2012 to 2025.
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top ten most proli�c and in�uential authors in this research �eld.
The results indicate that research in this area is not concentrated
within a single institution or author. In terms of publication
volume, Ji Lei ranks �rst with 16 papers, demonstrating his
sustained productivity in intratumoral microbiome research. His
studies primarily focus on the associations between intratumoral
microbiomes in gastrointestinal tumors and clinical outcomes,
Frontiers in Immunology 06
treatment responses , and immune-related indicators .
Furthermore, Mima, Kosuke, Baba, Hideo, and Baba, Yoshifumi
are also among the top authors in terms of publication volume and
citation frequency, all maintaining close collaborative ties with
Kumamoto University in Japan, forming a persistent and stable
research cluster in this �eld. Notably, Baba, Hideo�s research focuses
on the tissue detection of intratumoral Fusobacterium nucleatum
FIGURE 3

Participation of countries/regions in intratumoral microbiome research. (A) A network diagram assessing global collaboration. (B) A world map of
intratumoral microbiomes. The numerical values correspond to the publication volume of each country, the text denotes the names of the
countries, the size of the circles re�ects the proportion of publication volume, and the lines indicate collaborations between different countries.
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