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Objective: The primary approach to the treatment of glioma involves surgical
intervention, which is often complemented by radiotherapy, chemotherapy, and
electric field therapy. Nevertheless, the prognosis for many patients remains
poor. There exists an urgent necessity to identify novel replacement therapy
strategies. A great breakthrough has been made in the study of ferroptosis in
gliomas. The objective of this study is to conduct a systematic review of the
current research status of ferroptosis in gliomas utilizing bibliometric analysis.

Method: Publications related to glioma and ferroptosis from 2014 to 2025 were
retrieved from the Science Core Collection (WoSCC) database. A bibliometric
analysis was conducted using VOSviewer, CiteSpace, and the R package.

Results: A total of 440 publications from 38 countries, with China leading
the way, were included in the analysis. The number of publications related
to ferroptosis in gliomas has been steadily increasing each year. The
primary research institutions contributing to this field include Central South
University, Nanjing Medical University, Shandong University, and Southern
Medical University. Frontiers in Oncology is the leading journal for ferroptosis
research in gliomas, while Cell is the most frequently cited journal in this
field. These publications were authored by 2,921 individuals. Among them, Lu
Shan, Wang Xuanzhong, Chen Qianxue, Sun Qian, and Xu Yang contributed the
highest number of articles, while Dixon, SJ was the most frequently co-cited
author. Studying the mechanisms, targets, and immunotherapy of ferroptosis in
gliomas are major topics in this field. “Oxidative stress,” “gpx4,” and “autophagy”
are popular keywords in recent years. In addition, “chemotherapy” and "“miRNA”"
are emerging topics in this field that are closely related to this study and warrant
greater attention.

Conclusion: This is the first bibliometric analysis of the relationship between
ferroptosis and glioma conducted over the past 11 years. The analyzed studies
elucidate the regulatory mechanisms of ferroptosis and its implications in cancer
cells, identify emerging research hotspots and Frontiers in recent years, and
offer valuable references for scholars investigating ferroptosis in glioma, thereby
facilitating the exploration of novel alternative treatment options.
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1 Introduction

Glioma represents the most prevalent type of tumor found
within the central nervous system (Bray et al., 2024; Ge et al,
2021). Despite the current treatments available for glioma, the
prognosis for most patients remains poor, with an average
life expectancy of approximately five years following diagnosis
(Puliyappadamba et al, 2014). Glioma continues to present
significant challenges to oncology research due to its high
invasiveness and resistance to treatment. Recent studies have
demonstrated that gliomas exhibit significant heterogeneity,
characterized by a diverse array of molecular subtypes. These
subtypes frequently present with a range of clinical manifestations
and exhibit varying responses to different anti-tumor therapies
(Comba et al,, 2021). This brings a very severe test for the
effective treatment of glioma. At present, the treatment of glioma
primarily relies on conventional methods, including surgery,
radiotherapy, and chemotherapy. However, these conventional
methods exhibit limited inhibitory effects on glioma and fail
to meet clinical needs. It is important to note that, despite
the numerous challenges associated with glioma treatment from
various perspectives, inducing the death of glioma cells remains
an effective therapeutic approach (Fang X. et al., 2023; Fang Y.
et al., 2023). Therefore, new therapeutic modalities and targets
with high sensitivity and specificity still need to be identified
(Peng et al., 2023).

Ferroptosis is a form of programmed cell death that results
from the accumulation of lipid hydroperoxides (Jiang et al., 2021).
Ferroptosis is an iron-dependent form of regulated cell death
influenced by various factors. The induction of ferroptosis in
tumor cells has emerged as a novel approach in cancer therapy.
Research has demonstrated that glioma cells exhibit ferroptosis in
response to a range of stimuli (Upadhyayula et al., 2023) and to be
resistant to ferroptosis by some underlying mechanism (Luo et al.,
2022). The dysregulation of ferroptosis is a key link affecting the
proliferation and invasion of glioma, and this complex regulatory
mechanism also provides new potential targets for the treatment of
glioma.

Bibliometrics aims to analyze the structure and direction
of research in relevant scientific fields within a specific time
period (Chen and Song, 2019; Synnestvedt et al, 2005; van
Eck and Waltman, 2010). Bibliometrics is an emerging method
of digital information statistics that enables both quantitative
and qualitative analysis of literature in a systematic manner,
revealing the quantitative characteristics of scholarly works. This
specialized analytical approach allows for the digital evaluation
of the distribution, connections, and patterns within a particular
field of study (Li et al, 2021). On the other hand, it can also
illustrate the primary content and evolutionary process of the
research field through the construction of citation networks, co-
author collaborations, and keyword co-occurrences (Brika et al,
2021; Cruz-Cdardenas et al., 2021; Donthu et al., 2021; Sidhu
et al., 2020). Nowadays, bibliometrics plays a significant role
in the field of medical research, thanks to the flexibility of
development tools like RStudio and their powerful statistical
analysis capabilities. Biblioshiny (Bibliometrix, Naples, Italy) can
be utilized as a web-based tool to integrate literature into RStudio.
Through its user-friendly interface, we can utilize straightforward
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programming languages for bibliometric analysis of the literature.
This established the foundation for numerous literary analyses,
including citation analysis and thematic evolution (Racine, 2012;
Savita and Verma, 2020; Thomas et al., 2023). VOSviewer and
CiteSpace are two analytical tools commonly used in bibliometrics.
They are primarily used to construct and visualize the network
of relationships in bibliometrics. VOSviewer can map and cluster
keywords, journals, and authors within the literature, as well as
construct interaction networks. CiteSpace can cluster the topics
and keywords of the literature and visualize their evolutionary
processes over time. These intuitive visualizations can help
researchers understand and interpret complex bibliometric data
more effectively. In addition, these tools can facilitate an in-
depth exploration of the published literature, thereby revealing
development trends and identifying major contributors in the
research field (Agbo et al., 2021).

In the field of biomedicine, a substantial number of bibliometric
studies have been undertaken. However, a bibliometric analysis
specifically addressing ferroptosis in glioma has not yet been
performed. This study presents a bibliometric analysis of
publications related to ferroptosis in glioma over the past 11 years.
The primary objective of this analysis is to identify recent research
achievements and systematically outline the current body of
literature in this area. Additionally, it aims to forecast future
research trajectories and developmental opportunities concerning
ferroptosis in glioma.

2 Materials and methods

2.1 Search strategy

On 1 January 2025, we conducted a literature search using the
Web of Science Core Collection (WoSCC) database.! The search
formula was TS = (“glioma®” OR “glioblastoma*” OR “GBM” OR
“astrocytoma®” OR “oligodendroglioma*™” OR “ependymoma*”)
AND TS = (“ferroptosis” OR “iron death” OR “iron-dependent
cell death” OR “iron mediated cell death” OR “lipid peroxidation-
induced cell death). By using this search formula and limiting
the language to English, we obtained 505 relevant documents
from WoSCC. Then we limited the literature types to “Review”
and “Article] and obtained 465 literatures through the initial
screening. By further screening, we limited the publication dates
to from 1 January 2014 to 1 January 2025, and as a result,
444 documents were obtained. Finally, we excluded 4 literatures
unrelated to glioma and included a total of 440 literatures for
bibliometric analysis. The data screening process is shown in

Figure 1.

2.2 Data analysis

VOSviewer is a bibliometric analysis software that can analyze
multiple pieces of literature and construct visual network maps.
This study primarily conducted the following analyses: country

1 https://www.webofscience.com/wos/woscc/basic-search
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A total of 505 studies were
identified from the Web of
science core collection

10.3389/fncel.2025.1614710

The article type is set to "article" (399) and
"review article" (66)

A total of 465 studies were
identified

The date of publication is limited from
2014-01-01 to 2025-01-01

:

A total of 444 studies were
identified

After excluding 4 articles unrelated to glioma, a
total of 440 valid studies were included

Excel 2013,

"bibliometrix"

citespace,

Visualization and analysis were performed by Microsoft Office

vosviewer, and

the R package

FIGURE 1
Literature screening process

and institution analysis, journal and co-cited journal analysis,
author and co-cited author analysis, keyword co-occurrence
analysis, and co-cited literature analysis. In the VOSviewer map,
nodes represent various entities, including countries, regions,
institutions, and researchers. The size of each node corresponds
to the quantity of these entities, while the color of the node
signifies their classification. Additionally, the thickness of the lines
connecting the nodes illustrates the extent of collaboration or
co-reference among the entities. When utilizing VOSviewer for
analysis, we aim to present a comprehensive overview of the
countries, institutions, journals, references, and keywords that
have significantly contributed to this research. To ensure clarity
and completeness of the visualizations while avoiding overlap, we
establish appropriate visualization thresholds for each analysis.
This approach guarantees the accuracy and reliability of the
research findings.

CiteSpace can be utilized for bibliometric visualization. By
employing CiteSpace, we performed keyword clustering and
created a co-occurrence timeline view of the keywords.

R package “bibliometrix” to analysis various countries the
number of articles and the highly cited papers. In addition, we
mapped keyword clouds, conducted a topic evolution analysis, and
constructed a global network of publications related to glioma and
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ferroptosis. Microsoft Office Excel 2013 was used for quantitative
analysis of publications.

3.1 Quantitative analysis of publications

After screening by article type, language, publication
time and topic relevance, our study included a total of 440
meaningful documents. According to the number of publications
( ), research on glioblastoma-related ferroptosis was
virtually non-existent in 2014. The number of papers published
from 2015 to 2019 was minimal, and growth during this
period was slow, indicating that research was still in its early
stages. However, after 2020, interest in this area began to
increase significantly, particularly between 2022 and 2024,
when the number of published papers experienced explosive
growth. Over this period, the total number of published
papers accounted for more than 50% of the total publications
in the past 11 years, with an annual output exceeding 100
papers. As of now, there have been 14 published papers in
2025. Compared to previous years, research on ferroptosis in
gliomas is expected to remain at a high level over the past four
years.
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FIGURE 2

Annual output value of ferroptosis studied in gliomas.

3.2 Country and institutional analysis

These publications originate from 582 research institutions
across 38 countries. The top 10 countries ranked by publication
volume are illustrated in Figure 3A. Notably, China accounts for
the highest percentage of publications at 73.20%, followed by
the United States at 9.46%. Figure 3B illustrates the changes in
the number of publications by country over time, revealing a
consistent year-on-year increase in publication volume for each
country. Notably, after 2020, China’s annual publication output has
experienced explosive growth, placing it significantly ahead of other
nations. Based on the analysis results in Figure 3, we find that
Chinese scholars have invested a lot of energy in this field since
2020. A variety of practical research results have emerged, and they
are now ahead of most countries in the world.

Therefore, to further analyze the connections between
countries with significant research investments in this field,
we filtered countries based on a minimum threshold of three
publications and constructed an interaction network reflecting
the number of publications and collaborative relationships among
each country (see Figure 4). The results of Figure 4A indicate the
existence of positive mutual cooperation among countries. China
demonstrates close collaboration with the United States, Japan,
Norway, Germany, Australia, Canada, Iran, and several other
countries. Additionally, the United States actively cooperates with
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Australia, Russia, Belgium, France, Turkey, and others. Figure 4B
illustrates a world map depicting cooperation among various
countries. In this map, darker colors indicate a higher number
of publications, while the connections between countries are
represented by line segments. Thicker line segments signify greater
levels of cooperation. Notably, China exhibits the darkest color,
indicating the largest number of publications. The line segment
between China and the United States is the thickest. The exchange
programs carried out between the two are the most numerous.

The top ten institutions ranked by publication volume
are illustrated in Figure 5A, with nearly all of them located
in China. The four institutions with the highest number of
publications are Central South University (14.48%), Nanjing
Medical University (13.10%), Shandong University (13.10%),
and Southern Medical University (10.34%). We subsequently
visualized institutions that had a minimum of six publications
and constructed interaction networks based on the number
of publications and collaborative relationships among each
institution. As depicted in Figure 5B, Central South University
demonstrates strong collaboration with Zhengzhou University,
Harbin Medical University, Southern Medical University, and
China Medical University. Additionally, Shandong University,
Shandong First Medical University, Wuhan University, Qingdao
University, and Huazhong University of Science and Technology,
as well as Nanjing Medical University, Nanjing University, Fujian

frontiersin.org
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FIGURE 3
(A) pie chart of publications from the top 10 countries, and (B) chart of national publications over time.

Medical University, Tongji University, and Xuzhou Medical
University, also exhibit close cooperation. Jilin University, the
First Hospital of Jilin University, and the Chinese Academy of

Sciences maintain strong collaborative ties. Notably, we observed
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that Sichuan University, Capital Medical University, Columbia
University, and Duzce University have published a significant
number of papers but have not engaged in collaborations with other

institutions.

05 frontiersin.org
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(A) national cooperation network, and (B) world map of national cooperation.

3.3 Journals and co-cited journals

Publications related to ferroptosis in gliomas appeared in 200
journals, with the highest number of publications in Frontiers in
Oncology (n = 27), followed by Cell Death & Disease (n = 18).
Other notable journals include Frontiers in Immunology (n = 13)
and Frontiers in Cell and Developmental Biology (n = 11). Using
the 2024 impact factor as a standard, among the top ten journals
by publication volume, Cell Death & Disease had the highest
impact factor (IF = 8.1), followed by Frontiers in Immunology
(IF = 5.7). We then selected 42 journals based on a minimum
publication threshold of three and plotted the network of these
journals (Figure 6A). The results presented in Figure 6A indicate
that Frontiers in Oncology has highly active citation relationships
with Cell Death & Disease, Scientific Reports, Cells, and others.

As shown in Table 1, the top 10 co-cited journals were
each cited more than 300 times, with three journals receiving
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over 500 citations. Cell had the highest number of citations
(co-citation = 784), followed by Nature (co-citation = 650) and
Cell Death & Disease (co-citation = 570). Notably, Nature
also had the highest impact factor (IF = 50.5), followed
by Cell (IF = 45.6). The co-cited journals were filtered to
include only those with a minimum of 50 co-citations, and
a co-citation network map was created (see Figure 6B).
Figure 6B illustrates the co-citation relationships between
Nature and other journals, including Cell, Cell Death &
Disease, and Cancer Research,

Neuro-Oncology, among

others.

3.4 Authors and co-cited authors

A total 0f 2,921 authors were involved in the study of ferroptosis
in gliomas. Among the top 10 authors (see Table 2), five authors

frontiersin.org
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FIGURE 5
Publications (A) and network (B) of institutions conducting ferroptosis research in gliomas.

published seven articles. We filtered and plotted the network  Chen Qianxue, Sun Qian, and Xu Yang published the most papers
based on a minimum publication threshold of four articles (see  and had the largest nodes in the network graph. Lu Shan was the

Figure 7A). As illustrated in Figure 7A, Lu Shan, Wang Xuanzhong,  first to initiate research among the top 10 authors, and their node
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FIGURE 6
Visualization of journals (A) and co-cited journals (B) on ferroptosis studies in gliomas.
color was the darkest. Additionally, several authors collaborated Among the 14,585 co-cited authors, 2 authors were cited more

closely, including Lu Shan and Ge Pengfei, Wang Xuanzhong and  than 100 times; the most frequently cited author was Dixon, SJ
Wang Lei, as well as Chen Qianxue, Sun Qian, Xu Yang, and Zhang (1 = 166), followed by Yang, WS (n = 106). The network of co-cited
Shengi. authors was plotted by filtering with a minimum co-citation count
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TABLE 1 The top 10 journals and co-cited journals in glioma research.

27 3.5

Co-citation source Citations ‘
784 456

10.3389/fncel.2025.1614710

Frontiers in Oncology Cell

Cell Death & Disease 18 8.1 Nature 650 50.5

Frontiers in Immunology 13 5.7 Cell Death Discovery 570 6.1

Frontiers in Cell and Developmental 11 4.6 Nature Communications 453 14.7

Biology

International Journal of Molecular 8 49 Neuro-oncology 438 16.4

Sciences

Journal of Cellular and Molecular 8 43 Frontiers in Oncology 426 3.5

Medicine

Oxidative Medicine and Cellular 8 0 International Journal of Molecular 371 4.9

Longevity Sciences

Scientific Reports 8 3.8 Proceedings of the National Academy of 368 9.4
the United States of America

Frontiers in Pharmacology 7 44 Cell Death and Differentiation 367 13.7

Biochemical and Biophysical Research 6 2.5 Cancer Research 345 12.5

Communications

TABLE 2 Top 10 authors and co-cited authors of ferroptosis
studies in gliomas.

Documents | Co-cited Citations
authors

Chen Qianxue 7 Dixon, SJ 166
Lu Shan 7 Yang, WS 106
Sun Qian 7 Stockwell, BR 86
Wang 7 Chen, X 75
Xuanzhong

Xu Yang 7 Ostrom, QT 63
Hacioglu 6 Stupp, R 62
Ceyhan

Wang Jian 6 Zhang, YL 55
Ye Liguo 6 Doll, S 55
Ge Pengfei 5 Lei, G 49
He Chuan 5 Louis, DN 46

of 30 (Figure 7B). As shown in Figure 7B, there are also cooperative
relationships among different co-cited authors, such as Dixon, SJ
and Yang, WS, Zhang, YL, Gao, MH, etc.

3.5 References citation and co-cited
references

During the period from 2014 to 2025, there were 19,586
co-cited references on ferroptosis in gliomas. The minimum co-
citation threshold for screening was set at 35, and the co-citation
network graph was constructed using VOSviewer. The significant
literature was categorized into three clusters, each represented
by a distinct color (Figure 8A). As illustrated in Figure 8A,
“DIXON §]J, 2012, Cell” and “YANG WS, 2014, Cell” and “HOU
W,2016,autophagy,v12,p” and “XIE Y, 2016,” There is a very active
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co-citation relationship between “Cell Death & Differentiation” and
others. The R package bibliometrix was utilized to identify the top
10 cited references (Figure 8B), all of which had been cited more
than 40 times, with the most cited reference exceeding 200 citations.
As shown in Figure 8B, cited the most were “DIXON SI, 2012,
the CELL, V149 P1060, DOI 10.1016/1. CELL. 2012.03.042.” The
title of the paper is “Ferroptosis: an iron-dependent form of non-
apoptotic cell death.” Cited the second is “YANG WS, 2014, the
CELL, V156 P317, DOI 10.1016/1. CELL. 2013.12.010.” The title of
the paper is “Regulation of ferroptotic cancer cell death by GPX4.”

3.6 Research hotspots and Frontiers

Through the analysis of keywords, we can swiftly identify
the current research hotspots and focal points in this area.
Table 3 presents the top 20 keywords related to ferroptosis

» o«

in gliomas. Among these keywords, “prognosis,
“cell death,” “apoptosis,” “gpx4,” “immunotherapy” appeared more
than 20 times, and “oxidative stress,; “incRNA, “biomarker,
“lipid peroxidation,” “NFR2;” “temozolomide treatment,” “tumor

microenvironment” appeared more than 10 times. These keywords

autophagy,’

» o«
>

represent the primary directions and research trends of ferroptosis
in glioma. We filtered keywords that appeared a minimum
of four times and used VOSviewer to plot the interaction
network of these keywords (Figure 9A). The larger the nodes,
the more frequently the keywords appear; the thicker the lines
connecting the nodes, the stronger the interaction between the
keywords. This visualization not only highlights the frequency
of keywords in the literature but also reveals the relationships
among disciplines related to the research topic. The word cloud
(Figure 9B) illustrates the most common keywords and terms,
with their frequency represented by font size. We found that
“cancer” was the most common term, followed by “expression,”

» «

“cell death,” “ferroptosis,

» <«

glioblastoma,
“cell” and “metabolism.” As illustrated in Figure 9C, between

» . »

temozolomide,” “iron,

2021 and 2023, researchers have been actively investigating
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the impact of ferroptosis on glioma survival, identifying target
genes, and exploring its potential applications in immunotherapy.

» o«

“Immunotherapy,” “prognosis;

» o«

glioma,

» o«

glioblastoma,” “gene

» o«

signature,” “ferroptosis,” “apoptosis,” and “autophagy” were the
main keywords in this period. After 2023, researchers will continue
the previous studies and continue to study the role of ferroptosis
in the regulation of “oxidative stress,” “NFR2,” and “copper death”
in gliomas. Keyword clustering reveals the foundational aspects of
a specific study, which aids in our classification efforts. CiteSpace

was utilized to cluster keywords (Figure 9D) and to create a timeline
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view (Figure 9E). The clusters obtained by the analysis were mainly
“#0 enteric nervous system, #1 gut microbiota, #2 cardiolipin, #3
microbiota-gut-brain axis, and #4 tumor-associated. monocytes,
#5 cd4(+) t cells, #6 central nervous system, #7 community.” The
timeline view reflects the relationship between hot spots and time
(Figure 9E). Nodes positioned toward the right represent more
recent time points, whereas those on the left indicate older time
periods. The latest axis on the timeline corresponds with our

clustered labels, suggesting that the current research focus is on
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Local Citations

the relationship between ferroptosis in glioma and gut microbiota,
enteric nerves, immune cells, and lipid metabolism.

3.7 Thematic evolution and thematic
maps

In bibliometrics, it is essential to conduct co-occurrence and
cluster analyses of keywords in the literature to understand
the development and evolution of topics within the research
field. The evolution of themes over time is visualized using
the R package “bibliometrix.” In Figure 10A, we can see that
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the research topics of ferroptosis in gliomas from 2015 to

» «

2023 are focused on “glioblastoma,

»

autophagy,
and “oxidative stress.” The research topics in 2024-2025 will

bioinformatics”

» » «

focus on “glioblastoma,” “incRNA,” “immunotherapy,
“radiotherapy.”

gpx4,” and

illustrate the internal

connections and strengths of various topics, highlighting their

Thematic maps are utilized to

positions and developments within the field. In Figure 10B,
centrality (represented on the horizontal axis) indicates the
relevance of a topic in relation to other topics, with those exhibiting
higher centrality demonstrating greater significance within that
research domain. Density (represented on the vertical axis) reflects
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TABLE 3 Top 20 keywords for ferroptosis in gliomas.

iai Keywo Occurrences ‘ Keyword Occurrences ‘
246 11 13

10.3389/fncel.2025.1614710

1 Ferroptosis Oxidative stress

2 Glioblastoma 108 12 LncRNA 11
3 Glioma 87 13 Biomarker 10
4 Prognosis 37 14 GBM 10
5 Autophagy 26 15 Lipid peroxidation 10
6 Immunotherapy 22 16 Nrf2 10
7 Cell death 21 17 Temozolomide 10
8 Cancer 17 18 Tumor 10

microenvironment

9 gpx4 16 19 Drug resistance 9
10 Apoptosis 14 20 Erastin 9

the strength of the relationships among the keywords associated
with a given topic. A higher density signifies a clearer research
concept and a more advanced state of research. “Ferroptosis
therapy,” “injectable hydrogel,” “pl3k,” “akt,” “dihydroartemisinin,”
“photothermal therapy,” and “photodynamic therapy” and other
related topics are of great significance in the research of ferroptosis
in gliomas and have been well developed. In addition, studies
on ferroptosis-related “circular RNA” and “non-coding RNA” in
gliomas have been mature. The new or declining themes were

»

“mechanism,” “chemotherapy,” and “miRNA.”

4 Discussion

4.1 Information

In the past 11 years, the number of papers related to ferroptosis
in gliomas has continuously increased, and research in related
fields is consistently expanding. This trend indicates that the
research strategy surrounding ferroptosis in gliomas is gradually
maturing, attracting increasing attention from scholars. Over this
period, researchers have developed a relatively comprehensive
understanding of the mechanisms underlying ferroptosis. More
researchers are increasingly exploring the potential relationship
between glioma progression and ferroptosis. They are currently
focused on inhibiting glioma progression and enhancing the
effectiveness of chemotherapy by activating specific targets to
induce ferroptosis in tumor cells. With the efforts of researchers,
it has been discovered that ferroptosis, a mode of programmed
cell death, plays multiple roles in glioma (Luo et al., 2022). Iron
in the brain is involved in various vital activities of brain cells
and plays a crucial role in maintaining the normal functioning
of the central nervous system. In addition, it is noteworthy
that iron transporter cells are mainly expressed in glial cells
(Yu and Chang, 2019). Iron serves as a cofactor for numerous
enzymes. Research has indicated that the concentration of free
iron in gliomas is significantly higher than that found in normal
tissues, particularly in glioblastomas (Park et al, 2019). TFR2
is a crucial gene involved in iron transport, and its expression
in gliomas is significantly higher than in other tissues. Research
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has shown that the proliferation of gliomas is dependent on
TFR2 (Hinninen et al., 2009). GPX4, ACSL4, P53, and FTHI1 are
currently recognized as biomarkers of ferroptosis in gliomas (Li
et al., 2020; Yang et al., 2014); however, they are not considered
the gold standard, and further auxiliary studies are necessary
to validate their efficacy. In summary, existing studies primarily
assess whether patients can benefit from ferroptosis based on three
criteria: iron levels, gene expression, and mutations. Identifying
significant biomarkers of ferroptosis remains a global challenge.
Therefore, it is essential for researchers worldwide to collaborate
in order to obtain the necessary indicators more quickly and
effectively.

Through our analysis, we found that among the top ten
countries in global publications, China and the United States are the
primary leaders in ferroptosis research related to glioma. There has
been extensive collaboration between these two countries; however,
cooperation with other nations remains limited, and the intensity
of such collaboration is insufficient. We urge as many countries as
possible to engage in research on ferroptosis in glioma and to foster
more in-depth communication. China and the United States are
recognized authorities in this field. This trend may be attributed
to China’s large population, which provides a greater number of
case samples for analysis, as well as the advanced medical science,
technology, and research equipment available in the United States,
which facilitate more comprehensive investigations.

In our analysis of research institutions, we found that nearly
all of the top 10 institutions in terms of publications were from
China. The primary research institutions in this discipline include
Nanjing Medical University, Central South University, Shandong
University, and Southern Medical University. However, there is
minimal collaboration between Chinese institutions and those
in other countries, which may hinder the long-term progress
of research in this field. Therefore, given the limited resources
and conditions, we recommend that more extensive collaboration
and interaction among institutions be pursued to enhance their
competitiveness and scientific research output.

The analysis of academic journals enables us to identify the
most influential publications within the discipline and the most
appropriate journals for submission. Peer review is a crucial step
in the publication of scholarly literature. Frontiers in Oncology
has published the most research on this subject, with 27 articles
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FIGURE 9

Keyword network diagram constructed by VOSviewer (A), keyword cloud diagram constructed by R package bibliometrix (B) and trend keyword
diagram (C), keyword cluster analysis visualized by CiteSpace (D), keyword timeline view (E).

released over the past 11 years and an impact factor (IF) of 3.5. From the author’s analysis, Lu Shan, Wang Xuanzhong, Chen

Consequently, enhancing the global impact of journals is vital for ~ Qianxue, Sun Qian, and Xu Yang have published the most articles.

the advancement of this discipline. Their research focuses on analyzing the regulatory mechanisms of
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Keyword evolution based on two time periods (A) and thematic map based on keywords (B)

key target genes involved in the induction of ferroptosis in glioma.
A study published by Lu Shan and Wang Xuanzhong suggested that
ATF3 could upregulate NOX4 and downregulate xCT and catalase,
thereby promoting the accumulation of H202 in cells. Hydrogen
peroxide (H202) can activate transferrin receptor (TFR) and lead
to iron overload, which induces cell death in glioma (Lu et al,
2021). Xu Yang, Sun Qian, and Chen Qianxue’s collaborative study
found that the activation of TFR2 can enhance the therapeutic
efficacy of temozolomide in treating glioma (Tong et al., 2023).
This discovery offers an effective adjuvant treatment strategy for
improving the clinical prognosis of glioma patients (Tong et al.,
2023). This discovery offers an effective adjuvant treatment strategy
for improving the clinical prognosis of glioma patients. Their work
represents a significant focus within this discipline. From these
studies, we understand that researchers should concentrate on
analyzing the regulatory mechanisms of key target genes involved
in the induction of ferroptosis in glioma to enhance the efficacy of
chemotherapy. In summary, their study offers a variety of induction
targets for ferroptosis in glioma, enriches the understanding of
the mechanisms of action, and provides practical and effective
research programs and ideas for future researchers. However,
despite existing collaborations, the partnerships among researchers
remain insufficiently extensive and deep, which may hinder the
advancement of this discipline. Therefore, we recommend that
researchers organize more comprehensive academic conferences
to facilitate communication within this field. In the analysis of
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co-cited authors, Dixon, S] are the most frequently cited, and he
is recognized as an authority in this field. Dixon, SJ elucidated
the intricate cellular biological processes of ferroptosis, including
the accumulation of lipid peroxidation and alterations in cell
metabolism. This work serves as a foundational reference for many
subsequent researchers conducting analyses and designing studies
in this discipline.

Through an analysis of fundamental bibliometric data, we
found that since 2020, research on ferroptosis in glioma has
been steadily increasing both domestically and internationally,
particularly among Chinese scholars. The scope of published
articles includes numerous reputable international journals with
wide distribution; however, most of them concentrate on
cytological research. Therefore, future research directions should
aim to expand the research scope, move beyond the limitations of
cytology, and engage in further investigation and analysis using
organs or individuals as subjects of study. From the perspective
of the issuing institutions, the distribution of articles is uneven,
with the majority originating from Chinese universities and a
notable lack of collaboration with professional research institutes
and foreign organizations. Furthermore, most major research
institutions are concentrated in southern China, resulting in an
uneven geographical distribution. The northern region of China
must also generate significant enthusiasm for participation in
relevant research. Additionally, during the research process, it is

essential to conduct comprehensive data collection on glioma in
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collaboration with professional research institutes and to engage
in international exchanges and cooperation. An analysis of the
literature reveals that authors with a substantial number of
published papers have concentrated their research on the action
sites and mechanisms of ferroptosis in glioma. Therefore, in the
future, alongside focusing on the mechanisms of ferroptosis in
glioma, we should place greater emphasis on the translation of
research findings. It is essential to conduct more in-depth analyses
of the impact of this research on populations and individuals.
Additionally, we must validate existing findings through animal
experiments and clinical trials, with the goal of applying these
insights to clinical practice as soon as possible to enhance the
prognosis for glioma patients.

4.2 Research basis and research hotspots

Co-cited literature refers to works that are cited together
by researchers. The research foundation of ferroptosis in glioma
can be established through co-citation analysis. In this study,
VOSviewer was utilized to categorize the literature into three
distinct families, and a network map of co-cited open literature
was created. Notably, the blue cluster is particularly prominent.
The literature within the blue cluster primarily focuses on
cell and animal experiments, elucidating the form and specific
mechanisms of ferroptosis. Ferroptosis is a regulated form of cell
death characterized by the iron-dependent accumulation of lipid
hydroperoxides. Cancer cells are often vulnerable to disruptions
in thiol metabolism, and excessive iron accumulation can exert
its carcinogenic effects through oxidative stress (

). In addition, a significant increase in reactive oxygen species
(ROS) levels can be detected in cells undergoing ferroptosis due
to the disruption of cysteine or glutathione metabolism (

). GPX4 is a crucial regulator in cancer cell research
and ferroptosis. The increase in lipid peroxidation following
GPX4 inhibition serves as the biological basis for ferroptosis in
tumor cells ( ). At present, the commonly used
ferroptosis inducers include the following four categories (

): (I) systemic XC-inhibitors (erastin and its
analogs); (II) GPX4 inhibitors, such as RSL3; (III) depletes FIN56
of GPX4 protein and coQ10, a lipophilic antioxidant; (IV) FINO2,
which indirectly inhibits GPX4 activity and activates the lipid
peroxidation pathway. The green cluster focuses on analyzing
key target genes and regulatory pathways of ferroptosis in cancer
cells. Studies have demonstrated that FSP1 acts synergistically
with GPX4 and glutathione to inhibit ferroptosis in cancer cells,
thereby promoting cancer progression ( ). In
contrast, the activation of the ACSL4 and Nrf2-Keapl pathways
can induce ferroptosis in cancer cells, contributing to cancer
suppression ( ; ). The red cluster is
primarily focused on review analysis, emphasizing the application
and research prospects of ferroptosis in cancer treatment. Studies
have demonstrated that ferroptosis holds significant therapeutic
potential for tumor suppression and immune surveillance, with
many tumor suppressors exhibiting sensitivity to ferroptosis. P53
gene can promote the ferroptosis of tumor cells by inhibiting the
transcription of the system XC- subunit SLC7A11 (

). BAP1 induces ferroptosis in tumor cells by downregulating
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SLC7A11 expression ( ). Studies have also found
that the combination of immunotherapy and ferroptosis inducers
can enhance one another and produce synergistic effects (

), providing new insights into the treatment of glioma.
In addition, natural molecules such as glutamic acid, p53, iron,
radiation, and polyunsaturated fatty acid phospholipids (PUFA-
PLs), which may induce iron ptosis, are expected to demonstrate
significant research value in the future ( ).

The first comprehensive explanation of ferroptosis was
presented in a study by . The cell models
utilized in this research included RAS mutant cell lines (HT-
1080, BJeLR, Calu-1). Reactive oxygen species (ROS) production
was assessed using H2DCFDA, C11-BODIPY, and MitoSOX, while
ATP levels were measured to differentiate between cell necrosis
and ferroptosis. The involvement of iron and ROS was further
confirmed through treatments with an iron chelator (DFO) and an
antioxidant (trolox). At the genetic level, essential genes associated
with ferroptosis, such as IREB2, ACSF2, and CS, were identified
through shRNA library screening. Cellular functions were validated
by siRNA knockdown or overexpression of key genes, including
SLC7AL11. After a comprehensive analysis, the researchers defined
ferroptosis as a novel form of iron-dependent, lipid reactive oxygen
species (ROS)-driven non-apoptotic cell death. This mechanism of
cell death is fundamentally distinct from apoptosis, necrosis, and
autophagy ( ). This study serves as the foundation
for all research on ferroptosis and offers a robust theoretical
framework for analyzing ferroptosis in glioma.

The second highest co-citation was the study published by

. In their research, they induced ferroptosis
in tumor cells using erastin and RSL3, and analyzed the
changes in polar and lipid metabolites in erastin-treated HT-1080
fibrosarcoma cells through LC-MS/MS technology. Their findings
revealed glutathione (GSH) depletion and lysophosphatidylcholine
(lysoPC) accumulation. The direct target protein of RSL3, GPX4,
was identified using an affinity-labeled probe (RSL3-fluorescein)
coupled with mass spectrometry. Finally, the regulatory role of
GPX4 in ferroptosis was confirmed through overexpression and
siRNA knockdown experiments. Lipid reactive oxygen species
(ROS) were detected using BODIPY-C11, and the characteristics
of ferroptosis were validated with an iron chelator (DFOM), a
MEK inhibitor (U0126), and an antioxidant (vitamin E). After a
comprehensive analysis, GPX4 was identified as a core regulatory
protein of ferroptosis. Its inactivation led to the accumulation of
lipid reactive oxygen species (ROS) and subsequent cell death (

). In addition, this study identified PTGS2, a downstream
marker of ferroptosis that is upregulated during the occurrence
of ferroptosis ( ). This finding may be useful for
evaluating the adjuvant therapeutic effects of ferroptosis in glioma
in the future.

4.3 Hotspots and Frontiers

Keyword co-occurrence analysis can help us quickly identify
the hotspots and Frontiers of this research. Through the frequency

»
gpx4,
“immunotherapy;,” “oxidative stress,” “IncRNA,” “biomarker,
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of keywords, we found that “prognosis,
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microenvironment” and other keywords appeared most frequently.
These key words are closely related to the study of ferroptosis
in gliomas. These keywords indicate that prior studies on
ferroptosis in gliomas have concentrated on immune regulation
and mechanisms of action. The results of trend subject headings
analysis showed that “oxidative stress, “NFR2) and “copper
mortality” were the focus of research after 2023. Through the
thematic evolution, we found that “incRNA;” “immunotherapy,”
“gpx4” and “radiotherapy” were the research priorities after 2024.
Through comprehensive analysis, it was found that “gpx4” and
“oxidative stress” may be the potential mechanism of action linking
these studies. Then, through keyword clustering and a timeline
view, we found that the latest research can be divided into eight
modules: the enteric nervous system, gut microbiota, cardiolipin,
microbiota-gut-brain axis, tumor-associated monocytes and
CD4(+) T cells, central nervous system, and community.

study highlights that ferroptosis has emerged as a
crucial regulatory mechanism in diseases affecting the gut-liver-
brain axis, primarily through oxidative stress (reactive oxygen
species, or ROS, and lipid peroxidation) and the Nrf2/HO-1
signaling pathway. This discovery opens new avenues for the
treatment of cross-organ diseases, such as targeting GPX4 or
modulating intestinal flora ( ). While this represents
a promising direction for future research on the relationship
between glioma and ferroptosis, challenges related to organ-
specific markers and bidirectional regulatory mechanisms must
be addressed moving forward. In addition, immune factors and
immunotherapy will continue to be the focus of research in the
coming years. In addition, immune factors and immunotherapy
will continue to be the focus of research in the coming years.
Studies have identified that ferroptosis inhibitors, such as CD44,
HSPB1, and SLC40Al, are significantly associated with the
prognosis of glioblastoma, potentially influencing outcomes
through immunosuppression ( ). However,
the specific mechanisms of action remain unclear, and further
research is necessary to confirm these findings. Through the
thematic map, we discovered that research on the mechanisms
of ferroptosis in glioma is relatively advanced, with some
findings already being applied in clinical treatments. Future
research should focus on translating more theoretical insights
into clinical applications. “miRNA, chemotherapy” as emerging
topics in this discipline also needs to be given more attention.
Improving the chemotherapeutic efficacy against glioma by
combining ferroptosis-inducing agents is a key focus of our future
research.

In conclusion, ferroptosis as a novel cell death modality
can significantly improve the prognosis of glioma. Investigating
the regulatory mechanisms of ferroptosis in glioma is essential
for enhancing our understanding of the onset, progression, and
alterations in the immune microenvironment associated with
this type of cancer, thereby providing new insights into its
pathology. Furthermore, in contrast to conventional treatment
modalities, targeting ferroptosis in tumor cells minimizes damage
to healthy cells and holds significant practical application value
( ). Current research on ferroptosis in glioma
remains in its nascent stages, revealing a dual role of ferroptosis
in this context, wherein it can both inhibit and promote cancer
progression ( ), and the specific regulatory
mechanism is not yet perfect, and only cell and animal experiments,
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without clinical trials. Therefore, active exploration of ferroptosis
in gliomas will lead to more groundbreaking research results in the
future.

From the reference analysis, we found that some scholars
employed a mixed academic language to describe the concept,
nature, characteristics, mechanisms, targets, and other related
aspects of ferroptosis. This has contributed to the complexity
of the research content surrounding ferroptosis, rendering the
investigation of its characteristics more diverse yet ambiguous.
Therefore, it is essential to enhance academic rigor to ensure
the scientific validity and authority of research findings. Keyword
analysis indicates that current research levels are varied and
perspectives are diverse. However, this also highlights the lack
of a unified understanding of the characteristics of ferroptosis in
gliomas. As research methods continue to evolve and improve, it is
crucial to accurately identify the key characteristics and landmark
molecules of ferroptosis, thereby providing a more precise
theoretical foundation for the study of ferroptosis in gliomas.

4.4 The value and limitation of this study

Bibliometrics offers a novel avenue for exploring the research
related to ferroptosis in gliomas. This approach enhances our
understanding of its potential value in glioma treatment and
provides new directions for clinical interventions. On the basis
of bibliometrics, an in-depth exploration and application of
various methods to induce ferroptosis in gliomas is anticipated
to enhance the prognosis for glioma patients. Simultaneously, the
preliminary bibliometric analysis offers a theoretical foundation for
clinical practice and, to some extent, fosters the development of
clinical drugs and the emergence of novel treatment methods. In
addition, we used three different bibliometrics tools, among which
VOSviewer and CiteSpace are widely used in bibliometrics analysis
( ). The process of our analysis is relatively objective
and reliable. However, this article has some limitations. This paper
primarily employs bibliometric analysis to examine the English
literature within the Web of Science Core Collection (WoSCC)
database. Some significant studies published in other languages,
such as Chinese, may have been overlooked. Additionally, due
to technical limitations, our research did not encompass studies
from other databases, such as PubMed, which may have resulted
in the omission of important international articles. Even so,
the studies included in the Web of Science Core Collection
(WoSCC) database are extensive enough to allow us to trace the
development and research focus of ferroptosis in gliomas over the
past 20 years, based on the literature available in this database.
This database was selected because it is our most frequently used
bibliometric citation database, providing us with accurate and
timely updates on the literature. Although there are some technical
limitations in this study due to reliance on the Web of Science
Core Collection (WoSCC) database, we can provide a preliminary
summary of the research in this field and outline a blueprint for its
future development. Following future technical updates, multiple
literature databases can be integrated for a more comprehensive
analysis.
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5 Conclusion and prospect

Through bibliometric analysis, we found that the study of
ferroptosis in glioma holds significant clinical application value
and vast developmental prospects. The substantial increase in the
number of publications since 2022 indicates that research in this
field is entering a “golden age.” Furthermore, global interest in
this area is growing year by year. To this end, it is essential
to enhance cooperation and exchanges among countries and
agencies. Currently, research on ferroptosis in glioma has yielded
valuable results by focusing on therapeutic targets, molecular
mechanisms, and immunotherapy. “GPX4” and “reactive oxygen
species” are critical sites of action and manifestations of ferroptosis
in glioma. The production of reactive oxygen species (ROS) in
cells can be regulated by influencing the GPX4 axis pathway,
thereby promoting the occurrence of ferroptosis (Banu et al,
2024). In addition, studies have demonstrated that GPX4 can
regulate peroxidation-induced ferroptosis in certain developing
brain cell types through sulfhydryl-independent selenate catalysis
(Ingold et al., 2018). However, the role of GPX4’s independent
ferroptosis regulatory mechanism in various states of glioma cells
requires further investigation, which will be a primary focus of
our future research. In recent years, immunotherapy has garnered
significant attention in glioma research. The presence of a tumor-
immunosuppressive environment is a primary factor contributing
to the poor prognosis associated with glioma immunotherapy.
Notably, as research has advanced, an increasing number of
scholars have discovered that ferroptosis is closely linked to
the progression of glioma. Targeted induction of ferroptosis in
tumor cells may reshape the tumor immune microenvironment,
potentially influencing the outcomes of immunotherapy (Chen
etal., 2021). In summary, while ferroptosis demonstrates significant
therapeutic potential in the treatment of glioma, several challenges
remain. These challenges can be categorized as follows: I. The
precise mechanisms underlying ferroptosis have yet to be fully
elucidated, and there is currently no established “gold standard”
for its assessment. The process is typically influenced by the
interplay of multiple factors, such as GPX4 and p53 (Li et al., 2020;
Yang et al, 2014). The convergence of these targets complicates
research efforts for scholars. II. Ferroptosis exhibits a dual role
in cancer, both inhibiting and promoting tumor growth (Wang
et al., 2022). Further investigation is required to develop treatment
strategies that effectively balance these opposing effects to enhance
the prognosis for glioma patients. III. Following ferroptosis, a
variety of signaling molecules are released (Xie et al., 2016), yet
the functions and implications of these molecules remain largely
unknown. IV. The relationship between ferroptosis and other
modes of cell death is not well understood (Jiang et al., 2021).
V. There is an interaction between ferroptosis and surrounding
immune cells (Jiang et al., 2021), and the specific mechanisms
of this interaction warrant further analysis in future studies. VL
The detailed mechanisms by which ferroptosis contributes to
cellular immune tolerance are still unclear, and further research is
needed to clarify how it promotes immune tolerance in glioma.
Although many mechanisms of ferroptosis in glioma remain
unclear, further research and technological advancements—such
as single-cell technology and transcriptomics—are expected to
gradually address these issues. Ferroptosis is anticipated to play a
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significant role in the treatment of glioma. Furthermore, the limited
research findings available at this stage have been successfully
integrated into clinical adjuvant therapy, yielding relatively positive
outcomes. Therefore, in addition to conducting fundamental
experiments, greater emphasis should be placed on translating
experimental results into clinical applications as promptly as
possible.
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