HUMAN VACCINES & IMMUNOTHERAPEUTICS ;
2025, VOL. 21, NO. 1, 2483031 Taylor & Francis

https://doi.org/10.1080/21645515.2025.2483031 Taylor &Francis Group

BRIEF REPORT 8 OPEN ACCESS | ™ oneck o upssts|

Research hotspots and trends in the field of immune checkpoint inhibitors (ICls) for
cervical cancer: A bibliometric study from 2014 to 2024

Chaoyan Shen®*, Juan Zhang®*, Guanyu Zhang<, Hao Luo¢, Shuangke Zhang<, Quan Yuan¢, Wei Xu<, Wei Wang®,
and Lele Miao©

aDepartment of Ultrasound, Jining NO.1 People’s Hospital, Jining, China; ®Department of Hematology, Jining NO.1 people’ Hospital, Jining, China;
“Department of Thyroid and Breast Surgery, Jining NO.1 people’ Hospital, Jining, China

ABSTRACT ARTICLE HISTORY
In recent years, immune checkpoint inhibitors (ICls) have emerged as a novel immunotherapeutic approach, Received 23 December 2024
offering renewed hope for enhancing cervical cancer patient prognosis. This study represents the inaugural Revised 11 February 2025

bibliometric analysis of ICls in the context of cervical cancer, covering the period from 2014 to 2024. A total of ~ Accepted 19 March 2025
422 articles were identified through the Web of Science Core Collection database, amassing 10,977 citations, KEYWORDS

with a consistent annual increase in the number of publications. The leading contributors in terms of Immune checkpoint

countries, institutions, journals, and authors included China, the University of Texas System, Frontiers in inhibitors; cervical cancer;
Oncology, and Bradley J. Monk, respectively. The journal with the highest frequency of citation and co- bibliometric; visualization;
citation was Journal of Clinical Oncology. The researchers with the highest number of citations and co- hotspots; emerging topics

citations were Sarina A Piha-Paul and Krishnansu S Tewari respectively. The keyword cluster analysis identified
four main research directions. Furthermore, literature co-citation analysis and burst citation analysis revealed
three research hotspots and four potential emerging topics within this domain, respectively. This study
provides valuable reference and enlightenment for researchers in this field. As research progresses, ICls are
anticipated to offer significant hope and breakthroughs in the treatment of cervical cancer.

Introduction

Cervical cancer is one of the most common malignant tumors ~ published. This study provides a comprehensive and objective
among women in the world. Recent research indicates that cervi- ~ bibliometric analysis of the field of study, specifically exploring
cal cancer ranks fourth in both incidence and mortality among all ~ trends, research hotspots, and emerging themes in the field. It
female malignancies.' Despite the potential for effective preven- aims to provide valuable reference and inspiration for
tion through regular screening and HPV vaccination, a significant ~ researchers in the field.

number of women worldwide do not have access to these inter-
ventions, leading to a persistently high incidence of cervical
cancer. Conventional therapeutic approaches, such as surgery,

radiotherapy, and chemotherapy, often exhibit limited efficacy  The data utilized in this investigation were sourced from the
in patients with advanced or recurrent cervical cancer. Web of Science Core Collection (WoSCC) database. Detailed
Consequently, there is an urgent need to develop novel treatment  search strategies and search formulas are delineated in

strategies to enhance patient prognosis. Supplementary Table SI.
In recent years, the rise of immunotherapy has brought

a new dawn to the treatment of cervical cancer, among which
immune checkpoint inhibitors (ICIs) have become a research

hotspot. ICIs can relieve the inhibition of tumors in the Qur study revealed that a total of 422 articles were published in
immune system by blocking the immune checkpoint pathway,  this research domain from 2014 to 2024, accumulating 10,977
thus enhancing the ability of immune cells to attack tumors.  cjtations. The number of related articles showed a yearly
Within the domain of cervical cancer, the investigation and  increasing trend (Figure 1a). Utilizing the data on annual
application of ICIs have garnered increasing attention, parti-  publication volumes, we developed a fitting equation (Y =
cularly those targeting programmed cell death protein 1 (PD-  9.427*X — 18995), which demonstrated a strong correlation
1),>* programmed cell death protein 1 (PD-L1),"* and cyto- (R =0.9369, p <.0001) (Figure 1b). The countries, institutions,
toxic T lymphocyte-associated protein 4 (CTLA-4).° journals, and authors contributing the most publications were
Currently, no bibliometrics studies in this field have been  China (n = 164), University of Texas System (n = 29), Frontiers

Materials and methods

Bibliometrics and visual analysis in the research field
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Figure 1. The bibliometrics analysis of ICls for cervical cancer. (a) Publication output and citation frequency trends in the research field. It shows the number of
publications and cited times every year. (b) The fitting equation of annual publication volume. The co-occurrence map of countries (c), institutions (d) and journals (e)
about the research field. The visualization map of authors (f) co-cited authors (g) about the research field (Note: Minimum number of documents of an author > 2;
Minimum number of citations of an author > 20). The co-occurrence density map (H) of keywords (Note: Minimum number of occurrences of keywords > 15). The

network visualization (1) of keywords.



in Oncology (n = 22), and Bradley ] Monk (n = 11), respectively
(Table S2 and Figure lc-e). The journal with the highest
number of citations and co-citations was the Journal of
Clinical Oncology (Table S3). The authors with the highest
number of citations and co-citations were Sarina A Piha-Paul
(n=978) and Krishnansu S Tewari (n=161), respectively
(Table S4 and Figure 1f,g). The most frequent keyword was
“cervical cancer (n=143),” followed by “cancer” (n =142),
“immunotherapy” (n=137), and “pembrolizumab” (n=116)
(Table S5 and Figure 1h). Keyword cluster analysis (Figure 1i)
identified four distinct clusters, broadly representing four
major research directions, including (a) treatment and prog-
nosis of cervical cancer; (b) immune checkpoints pertinent to
cervical cancer; (c) application and safety evaluation of ICIs in
cervical cancer treatment; and (d) application of ICIs in the
treatment of other solid tumors. A timeline viewer (Figure 2)
of the keywords was constructed to show the distribution of
the keywords in terms of years, the evolutionary trajectory of
the field, and important topics.

Research hotspots and emerging topics in this
research field

A co-citation analysis of the literature can quickly summarize
the research hotspots in a certain field. We explored and
summarized the research hotspots in this field and identified
three major research hotspots, including (a) the correlation
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between immune checkpoint expression in cervical cancer and
patient prognosis; (b) the efficacy and safety assessment of ICIs
in cervical cancer; and (c) the use and exploration of ICIs in
combination with other drugs or therapies in the cervical
cancer (Table S6). Furthermore, the burst citation analysis of
the literature is important for exploring emerging research
themes within a field. The citation burst analysis (Figure 3)
shows that there are 12 documents in burst status (Table S7).
These documents can help us to explore the emerging themes.
Emerging themes within this research domain encompass the
following: (a) tumor mutational load may serve as a biomarker
of therapeutic response in cervical cancer treated with ICIs; (b)
high microsatellite instability/DNA mismatch repair (MSI-H/
dMMR) may serve as a biomarker of therapeutic response to
ICIs for cervical cancer; (c) to explore the efficacy of different
ICIs in cervical cancer; and (d) combination of different ICIs
for cervical cancer treatment.

The utilization of tumor mutation burden (TMB) as
a biomarker in immune checkpoint inhibitors (ICIs) therapy
has garnered significant attention in recent years. TMB is
defined as the number of somatic mutations per million base
pairs and is generally regarded as a proxy for neoantigen load.
Some studies have demonstrated that patients exhibiting ele-
vated TMB levels often experience improved clinical outcomes
and prolonged survival when undergoing ICIs treatment.”® In
the context of cervical cancer treatment, while PD-L1 expres-
sion is currently the predominant biomarker, its predictive
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Figure 2. The timeline viewer of keywords. It illustrates the evolution of keywords in the field of ICls for cervical cancer research from 2014 to 2024. Each node in the
diagram represents a specific keyword, and the size of the node indicates the frequency of the keyword in a specific year. Connectors represent the co-occurrence
relationship between keywords. The change of color represents the passage of time. Through it, readers can intuitively observe the evolution process of research
hotspots in this field. #1: tumor microenvironment #5: hemophagocytic lymphohistiocytosis #7: chemokine ligands
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Top 50 References with the Strongest Citation Bursts
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Figure 3. Top 50 references with the strongest citation bursts in this field. Blue bars indicate that the reference has been published, while red bars represent citation

bursts.

capacity is limited. Consequently, TMB, as an independent
biomarker, may provide a more powerful predictive basis for
immunotherapy of cervical cancer patients. Research indicates
that a high TMB is correlated with enhanced immunotherapy
response, potentially due to an increased mutation load lead-
ing to greater neoantigen production, thereby augmenting the
immune system’s capacity to identify and target tumor cells.”’
Furthermore, the assessment of TMB can be effectively con-
ducted using next-generation sequencing technology, enhan-
cing its practicality in clinical settings. Although the predictive
threshold of TMB has not been fully standardized across

different cancer types, several studies have proposed specific
TMB thresholds for predicting the efficacy of ICIs treatment in
certain cancers.”” TMB holds potential value as a biomarker
for immunotherapy response in cervical cancer. Nevertheless,
to effectively translate TMB into clinical practice, further pro-
spective studies are required to validate its predictive capacity
and applicability across various cancer types.”’

MSI-H and dMMR are recognized as effective biomarkers for
immune checkpoint inhibitors (ICIs) therapy across various
tumors. Recent research indicates that these biomarkers hold
potential for application in cervical cancer treatment. Tumors



characterized by MSI-H/dMMR typically exhibit a high mutation
burden and increased neoantigen load, facilitating their recogni-
tion and attack by the immune system, thereby enhancing the
response rate to ICIs therapy.'® In the context of endometrial
cancer, MSI-H/dMMR has been validated as a reliable predictor
for ICIs treatment efficacy. Pacholczak-Madej et al. found that
a significant improvement in the overall response rate (ORR) for
patients with MSI-H/dMMR endometrial cancer following ICIs
therapy, along with enhanced progression-free survival (PFS)
and overall survival (OS)."" These findings provide a theoretical
basis for considering MSI-H/dMMR as a biomarker in cervical
cancer ICIs treatment. Furthermore, research on gastrointestinal
cancer has shown that MSI-H/dMMR can predict the therapeutic
efficacy of ICIs. Patients with MSI-H/dMMR gastrointestinal
cancer have exhibited improved treatment responses and survival
rates following ICIs therapy.'" These results further support the
potential of MSI-H/dMMR as a biomarker for the treatment of
cervical cancer ICIs. Future research should further verify its
effectiveness in cervical cancer and explore its application in
clinical practice.

While ICIs as a monotherapy have demonstrated some
therapeutic efficacy in patients with cervical cancer, offering
new hope to many, significant challenges remain. Firstly,
the response rate to monotherapy is limited'?; Secondly,
prolonged use of ICIs may lead to tumor cell resistance,
gradually diminishing their therapeutic effectiveness. In
response to these challenges, researchers are actively inves-
tigating novel treatment strategies. Combination therapies
hold promise in overcoming these obstacles and may exert
a synergistic effect. For instance, the concurrent use of
chemotherapy and ICIs has shown potential in treating
cervical cancer. Chemotherapy can enhance the immune
system’s capacity to recognize and attack cancer cells by
killing tumor cells and releasing tumor antigens. Studies
indicate that this combination can improve patient survival
rates and disease control rates.!® Additionally, the combina-
tion of radiotherapy and ICIs is a widely researched strat-
egy. Radiotherapy not only directly eradicates tumor cells
but also enhances the immune response by altering the
tumor microenvironment. Radiotherapy may increase the
sensitivity of tumor cells to ICIs, thus improving the ther-
apeutic effect.'* Furthermore, the integration of ICIs with
concurrent radiotherapy and chemotherapy has demon-
strated a notable impact on cervical cancer treatment. Liu
et al."”> reported that the combination of a PD-1 inhibitor
with concurrent radiotherapy and chemotherapy yielded
potential benefits for patients with locally advanced cervical
cancer, particularly those with pelvic and/or paraaortic
lymph node metastasis, as evidenced by improved tumor
response rates and progression-free survival. Similarly, the
research conducted by Chen et al.'® indicated that the
combination of torepalimab with platinum-based radiother-
apy and chemotherapy exhibited significant anti-tumor effi-
cacy and acceptable safety profiles in previously untreated
patients with locally advanced cervical cancer. The combi-
nation of targeted therapy with ICIs also presents
a promising avenue for cervical cancer treatment. Targeted
therapies inhibit specific signaling pathways to prevent
tumor growth, while ICIs alleviate immunosuppression,
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thereby enhancing the immune system’s anti-tumor activity.
This combination can improve the clinical response of
patients in certain cases.'” Finally, the combination of adop-
tive cell therapy and ICIs is also considered as a potential
treatment strategy. Adoptive cell therapy augments the
immune system’s anti-tumor capabilities by transfusing
immune cells, which have been genetically engineered or
expanded in vitro, into patients. When combined with IClIs,
this approach has the potential to enhance therapeutic
efficacy.’” The combination of ICIs with other therapeutic
modalities in the treatment of cervical cancer has emerged
as a prominent area of research, offering new hope for
improving patient prognosis.

Conclusion

Cervical cancer, as a common malignant tumor in women
worldwide, has a high morbidity and mortality rate." Patients
with advanced or recurrent cervical cancer have limited effec-
tiveness with traditional treatments. Immunotherapy, espe-
cially ICIs, has emerged as a promising avenue of treatment
for these patients.'® This study presents the bibliometric ana-
lysis of this research area. The countries, institutions, journals,
and authors with the largest number of publications in this
field were identified through scientific statistics on relevant
measurement indicators. The keyword analysis explores
research directions and topic evolution in the field. The co-
citation analysis identified four research hotspots. The citation
burst analysis revealed four potential emerging topics. These
findings could serve as valuable references and sources of
inspiration for researchers within this domain.

This study is the first bibliometric analysis of ICIs in the
field of cervical cancer treatment. We filled this gap by com-
prehensively analyzing the relevant literature from 2014 to
2024. Traditional reviews are mostly based on the author’s
subjective selection of literature and qualitative description,
which has certain limitations. Employing rigorous statistical
and analytical methodologies, this study aims to objectively
and accurately elucidate the current research landscape and
trends, providing readers with a thorough understanding of
the field and facilitating a rapid comprehension of its overall
scope and future directions. Over the past decade, substantial
advancements have been achieved, and the intensity of
research interest continues to escalate. As investigations per-
sist, ICIs are anticipated to offer increased hope and break-
throughs in the treatment of cervical cancer patients.
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