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Background: Ovarian cancer remains lethal and shows limited response to
immunotherapy partly due to immune evasion. We mapped global research
trends on ovarian cancer immune evasion during 2015—2024.

Methods: Web of Science Core Collection and Scopus were searched on 6 Oct
2025 for English articles and reviews published 1 Jan 2015—31 Dec 2024. Records
were merged and deduplicated in R (bibliometrix). Productivity, collaboration,
keywords, thematic clusters, and burst terms and citations were analyzed using
bibliometrix, VOSviewer, and CiteSpace.

Results: A total of 496 publications from 202 sources were included, showing
rapid growth (annual growth rate ~24.6%) with a marked rise after 2020. The
United States and China contributed the most output, whereas international
collaboration was limited (~9.7% of authors with multiple-country af liations).
Keyword co-occurrence revealed major themes in immunotherapy, tumor
microenvironment remodeling, immune checkpoint regulation, resistance
mechanisms, and genetic/epigenetic modulation. Emerging hotspots
highlighted tumor-associated macrophages and STAT3-centered signaling as
key drivers of immune suppression and therapeutic resistance.

Conclusion: Research on ovarian cancer immune evasion is expanding quickly
and is shifting toward actionable targets and combination strategies.
Strengthening cross-country collaboration and focusing on TME- and STAT3/
TAM-directed interventions may accelerate translation and improve
immunotherapy outcomes.
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1 Introduction

Ovarian cancer (OC) is a highly lethal malignancy with a ve-
year survival rate below 50% for advanced-stage disease, owing to
late diagnoses and frequent recurrences (1, 2). High-grade serous
ovarian cancer (HGSOC), the most common subtype, is particularly
aggressive and often develops resistance to standard chemotherapy
(3). In recent years, advances in immuno-oncology have shifted
attention toward the OC tumor microenvironment and the
mechanisms of immune escape that allow tumor cells to evade
destruction by the host immune system (4, 5). Immune evasion
enables OC cells to avoid immune surveillance, fostering an
immunosuppressive niche that promotes tumor progression and
therapy resistance (5). OC tumors employ diverse strategies to blunt
anti-tumor immunity — for example, recruiting immunosuppressive
cells such as tumor-associated macrophages (TAMs) and regulatory
T cells (Tregs), upregulating inhibitory checkpoint molecules like
PD-1/PD-L1, and undergoing metabolic and epigenetic adaptations
that diminish immune cell function (4, 6). Consequently, OC is
often characterized as an “immune cold” tumor with low T-cell
in Itration and poor responsiveness to immunotherapies (7).

Despite growing insights into these biological mechanisms, a
comprehensive mapping of research trends and knowledge gaps in
OC immune evasion has been lacking. Bibliometric analysis offers a
quantitative approach to evaluate the evolution of a research eld,
revealing publication dynamics, thematic developments, and
in uential works (8, 9). Prior bibliometric studies on related
topics — for instance, OC immunotherapy — have shown rapid

10.3389/fonc.2025.1732120

growth in publications and hotspots such as checkpoint inhibitors
and combination therapies, underscoring the value of examining
the immune evasion sub eld (10, 11). Here, we present a
bibliometric analysis of the OC immune evasion literature from
2015 to 2024 — a period marked by breakthroughs in
immunotherapies — to delineate trends in annual output, regional
research contributions, collaborative networks, keyword clusters,
and citation patterns. By integrating data from two major databases
(Web of Science and Scopus), our study highlights emerging
research foci and in uential studies, providing insights into future
directions for overcoming OC'’s immunosuppressive barriers and
improving patient outcomes (Figure 1).

2 Materials and methods
2.1 Data sources and retrieval strategy

We performed a comprehensive literature search on October 6,
2025, targeting publications from January 2015 through December
2024 (searching in 2025 ensured inclusion of all relevant 2024
publications). The search was conducted in the Web of Science Core
Collection (WoSCC, Science Citation Index Expanded) and the
Scopus database. In WoSCC, we searched the Topic, Title, and
Abstract elds; in Scopus, we searched Title, Abstract, and
Keywords. The search query combined terms for ovarian cancer
and immune evasion, speci cally: (“Ovarian Neoplasms” OR
“Ovarian Neoplasm” OR “Ovary Cancer” OR “Ovarian Cancer”
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OR related variants) AND (“Immune Evasion” OR “Immune
Escape” OR related variants). This query yielded publications
discussing immune evasion in the context of ovarian cancer. Two
researchers independently screened the retrieved records for
relevance, and any discrepancies were resolved by discussion and
consensus. We limited the selection to peer-reviewed journal
articles (original research articles and reviews) published in
English, excluding conference proceedings, editorials, abstracts,
and other non-article documents. Records from Web of Science
and Scopus were then merged, and duplicate entries (identi ed by
matching titles, authors, and DOIs) were removed to form a uni ed
dataset. In total, 496 unique publications meeting the criteria were
included for bibliometric analysis. We focused on WoSCC and
Scopus as data sources due to their broad coverage of the literature
and availability of citation information, while recognizing that other
databases and non-English literature were outside the scope of this
study. A complete owchart illustrating the process of

10.3389/fonc.2025.1732120

identi cation, screening, and selection of studies is presented
in Figure 2.

2.2 Data visualization and analytical
techniques

We utilized several bibliometric tools to analyze and visualize
the data. The bibliometrix package (v4.5.1) in R was used to merge
the datasets and calculate general indicators (e.g. publication
counts, citations) (12-14). VOSviewer (v1.6.20) was employed to
construct and visualize keyword co-occurrence networks, revealing
major research themes (15, 16). In constructing the co-occurrence
network, we included keywords appearing at least 10 times to focus
on signi cant terms. Co-occurring keywords were grouped into
clusters using VOSviewer’s clustering algorithm, and a temporal
overlay was applied to assess how clusters emerged over time. We

FIGURE 2

Flowchart depicting the systematic literature search and selection process. The diagram outlines the identi cation, screening, and inclusion of 496
deduplicated publications from Web of Science and Scopus databases, focusing on original research and review articles in English related to ovarian
cancer and immune evasion, conducted on October 6, 2025. The owchart also illustrates the methods used to ensure comprehensive inclusion
and exclusion criteria, including the removal of duplicates and limitations in database selection.
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used CiteSpace (v6.4.R1) to detect “burst” keywords and references
that showed a sudden increase in research attention (17, 18).
CiteSpace analysis was run with a one-year time slice, applying its
built-in burst detection algorithm (based on Kleinberg’s algorithm)
to identify terms with sharp rises in usage or citation frequency. We
extracted the top 25 keywords with the strongest bursts and also
identi ed the most prominent citation bursts among references. All
analysis parameters (software versions, keyword occurrence
threshold, etc.) are reported to facilitate reproducibility. Citation
metrics (e.g. total citations per article) were taken from the merged
database records as of the search date (October 2025) and were
carefully handled to avoid double-counting for duplicated entries.
All gures and network visualizations were generated with high
resolution for clarity.

3 Results

3.1 Overview of publication output and
collaboration

Research on OC immune evasion expanded markedly from
2015 to 2024 (Figure 3). Across the decade, 496 documents were
published in 202 journals, yielding an annual growth rate of
~24.5%. Annual output rose from 14 papers in 2015 to 35 in
2018 and then increased sharply after 2020, reaching 101 papers in
2024. This expansion coincided with major immuno-oncology
advances, including clinical adoption of checkpoint inhibitors,
and with deeper insight into tumor—-immune interactions that
intensi ed focus on OC immune escape. The corpus involved
2428 authors, averaging 6.84 co-authors per paper; only 8 papers
(1.6%) were single-authored, highlighting a strongly collaborative,
interdisciplinary model spanning oncology, immunology, and
computational expertise. International co-authorship accounted

10.3389/fonc.2025.1732120

for 9.7% of documents, indicating modest cross-border
collaboration and that many studies remain nationally centered,
with clear scope to strengthen global partnerships.

Geographically, output was dominated by North America and
Asia. The United States contributed 371 publications (including
multinational collaborations), followed by China (287). Other
notable contributors were Iran (54), Canada (36), Italy (34),
Germany (31), Australia (31), Japan (29), the United Kingdom
(27), and India (24), with European countries contributing
substantially yet trailing the United States and China. As
visualized in Figure 4, publication density was highest in North
America, East Asia, and parts of Europe, whereas most of Africa and
South America showed minimal output. Few studies bridged high-
output and low-output regions, underscoring underrepresentation;
expanding inclusive networks and capacity-building partnerships
could broaden participation and accelerate translation. This
imbalance further supports coordinated funding mechanisms,
shared datasets, and multicenter trials that incorporate low-
output regions.

3.2 Temporal trends in research themes

3.2.1 Publication trends

Annual output increased exponentially (Figure 4A). After a
modest beginning in 2015-2016, publications roughly doubled by
2018 and continued to rise. A clear in ection occurred around 2020,
followed by rapid acceleration: 58 papers in 2021, 74 in both 2022
and 2023, and 101 in 2024. This trajectory parallels major
immunotherapy advances in oncology, including the success of
immune checkpoint blockade in solid tumors and heightened
attention to the tumor immune microenvironment. These
developments appear to have intensi ed interest in OC, a
malignancy prone to recurrence and therapeutic resistance. By

Timespan

2015:2024

Authors Authors of single-authored docs

2428 8

Author's Keywords (DE)

5531

References

19091

FIGURE 3

also indicating regions with limited representation.

Bibliometric overview of ovarian cancer immune evasion research (2015-2024). This gure displays key bibliometric metrics such as publication
output, growth rate, author collaborations, and citation patterns over the 2015—2024 period. Notably, it highlights a sharp increase in publication
volume after 2020, re ecting the expanding interest in immune evasion mechanisms and the broader context of immunotherapy in ovarian cancer.
The geographic distribution of research emphasizes the leading contributions from North America and Asia, particularly the U.S. and China, while

Annual Growth Rate

24.55 %

Documents

496

International Co-Authorship

9.677 %

Co-Authors per Doc

6.84

Document Average Age

4.02

Average citations per doc

61.06

Frontiers in Oncology

04

frontiersin.org


https://doi.org/10.3389/fonc.2025.1732120
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

10.3389/fonc.2025.1732120

Wang et al.
A
wn
5}
—
5}
=
-
<
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year
B C
Country Scientific Production
usa | 371
coina. I 257
RAN I 54 ’\
CANADA I 36 w
g Ay I 34 |
'3 GERMANY [ 31 ]
-
AUSTRAUA I 31
JapAN I 29
uk I 27
L |
NDIA 2 @
0 50 100 150 200 250 300 350 400
Articles
FIGURE 4
Trends in publication outputs and regional contributions in ovarian cancer immune evasion research (2015-2024). (A) Annual publication output
overlaid with a trend line illustrating the rapid increase in research activity after 2020, coinciding with advancements in immunotherapy. (B) Bar chart
showing the top 10 contributing countries, with the U.S. and China as dominant forces in the eld. (C) Global map visualizing the geographic
distribution of publications, with dark blue indicating high output regions and light blue signifying lower output areas. This gure underscores the
need for greater international collaboration, particularly in underrepresented regions such as Africa and South America.

2024, OC immune evasion had become an established research
focus, driven by efforts to de ne and overcome barriers that limit
immunotherapy ef cacy in this disease.

3.2.2 Collaboration patterns

Collaboration patterns evolved modestly. International co-
authorship remained low (9.7%), indicating that most groups
operated within national boundaries. The United States and
China, the dominant contributors, largely relied on extensive
domestic networks, with some cross-national partnerships
(including U.S.—China co-authored papers), but multinational
studies were uncommon. Figure 4B summarizes leading
publishing countries and Figure 4C illustrates geographic
distribution. The prominence of the U.S. and China likely re ects
substantial research investment (e.g., NIH-supported programs in
the U.S.) and national cancer research initiatives in China.
European contributors such as Italy, Germany, and the U.K. also
published actively, often collaborating within Europe or with North

Frontiers in Oncology

American partners. In contrast, Africa and South America
contributed little overall, implying constrained specialty funding
and research capacity. Expanding collaborative frameworks to
include underrepresented regions may reduce disparities and
improve the global relevance of mechanistic insights and
therapeutic strategies.

3.3 Keyword analysis: thematic clusters
and emerging hotspots

3.3.1 Keyword frequencies and co-occurrence
clusters

Analysis of author keywords (5531 in total) delineates the major
themes and their interconnections in OC immune evasion research
(Figure 5). The most frequent keyword was “ovarian cancer” (393
occurrences), con rming the disease-speci ¢ focus. Other highly
frequent terms included “human” (283), indicating a strong clinical/
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FIGURE 5

translational orientation, and “immune evasion” (211), re ecting
the eld’s central construct. Immunotherapy and tumor-
microenvironment concepts were also prominent: “cancer
immunotherapy” (203 occurrences), “tumor microenvironment”
(197), and “metastasis” (118) ranked within the top keywords,
alongside broader descriptors such as “review” (170) and “cancer”
(160), and comparative/preclinical tags including “nonhuman”
(149) and “breast cancer” (128). This distribution suggests a
literature that spans foundational immunology and model-based
work to applied therapeutic research, while also leveraging shared
immune-escape mechanisms described in other cancers (e.g., breast
or colorectal) to inform OC-focused hypotheses and
intervention strategies.

Using VOSviewer, we constructed a keyword co-occurrence
network that resolved ve clusters of closely related topics
(Figure 5C). Cluster 1 (Immune Modulation and Therapy; red)
grouped terms related to immunotherapy and immune-response
modulation. Representative keywords included “adaptive
immunity,” “antagonists and inhibitors,” and “drug targeting,”
with occasional inclusion of other malignancy terms (e.g., “acute

Frontiers in Oncology

Keyword analysis in ovarian cancer immune evasion research (2015-2024). (A) Bar chart of the most frequent keywords by occurrence, illustrating
the primary areas of focus within the eld. (B) Timeline of the top 25 keywords with the strongest citation bursts, showing the dynamic shifts in
research interest. Red bars indicate periods of heightened focus. (C) Keyword co-occurrence network revealing ve thematic clusters of related
research topics, with nodes sized by frequency and colored according to cluster membership. (D) Temporal overlay of the co-occurrence network,
indicating how research themes have evolved over time. This analysis highlights the increasing focus on immune modulation, tumor
microenvironment interactions, and resistance mechanisms as key areas of growth in ovarian cancer immunotherapy.

myeloid leukemia™), consistent with cross-cancer analogies in
immune-therapeutic development. This cluster emphasizes
pharmacologic and biologic approaches aimed at reversing
immune suppression, including checkpoint blockade concepts
and broader immune-modulating strategies across solid and
hematologic settings.

Cluster 2 (Cellular and Molecular Mechanisms; green) centered
on chemotherapy response, resistance, and delivery innovation.
Terms such as “drug mechanism,” “doxorubicin,” and
“nanoparticles” point to studies dissecting how drugs interact
with tumor cells and the TME, how resistance emerges, and how
engineered delivery platforms—particularly nanoparticle-based
systems—may improve intratumoral exposure or modulate local
immunity to counter immune evasion and therapy resistance. The
appearance of non-OC terms (e.g., “esophagus cancer”) again
suggests comparative mapping of drug-resistance or delivery
principles across tumor types.

Cluster 3 (Clinical and Translational Research; blue) comprised
terms linking laboratory observations to clinical application.
Keywords such as “cellular immunity” and “phase 1 clinical trial”
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