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Objective

The incidence of cervical cancer has increased in recent years. The tumor microenvironment (TME) is the local biological environment involved in tumor occurrence and development. This study aimed to conduct a comprehensive analysis of the global research on the TME in cervical cancer (CC), providing a knowledge framework in this field from a holistic and systematic perspective based on a bibliometric analysis.





Methods

Studies focusing on the TME in cervical cancer were searched using the Web of Science Core Collection database. The annual output, cooperation, hotspots, research status, and development trends in this field were analyzed using bibliometric softwares (VOSviewer and CiteSpace).





Results

A total of 1,057 articles published between 2000 and 2024 were selected. The number of publications and citations has recently increased. Cooperation network analysis indicated that China holds the foremost position in research on the TME in cervical cancer with the highest volume of publications, thus exerting the greatest influence. Fudan University had the highest output. Frontiers in Oncology showed the highest degree of productivity in this field. Rofstad, Einar K. made the most article contributions and was the most co-cited author. Four clusters were obtained after a cluster analysis of the keywords: TME, cervical cancer, immunotherapy, and prognosis. Immunotherapy, human papillomavirus, and biomarkers were relatively recent keywords that attracted increasing attention from researchers.





Discussion

This bibliometric analysis provides a data-based and objective introduction to the TME of cervical cancer, and offers readers a valuable reference for future research.





Conclusions

Comprehensive research in this field was mainly distributed in the TME of cervical cancer through the analysis of keywords and documents. Sufficient evidence supports mechanism research and application exploration. Further research should explore new topics related to the TME of cervical cancer.
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1 Introduction

Cervical cancer (CC) is a significant global public health issue. It is the fourth most common cancer among women and a leading cause of cancer-related morbidity and mortality worldwide. Over 660,000 women are diagnosed with CC, and over 348,000 die every year (1, 2). The high-risk age for CC is 35-45 years old (3, 4). Approximately 85% of CC-related fatalities occur in low-income or developing countries, where the survival rate is significantly lower than that in affluent nations (5). According GLOBOCAN 2020 database to estimate the age-specific and age-standardized incidence and mortality rates of CC per 100 000 women-years for 185 countries (1). Regions with the highest occurrence rates of CC include the Caribbean, Central American, South American, Sub-Saharan African, and South Asian countries. Even in developed countries like the United States (1). CC incidence varied by at least 10 times between regions, it was high in Malawi and Zambia in Africa. Mortality rates ranged from 1.0 (0.8–1.2) in Switzerland to 55.7 (47.7–63.7) in Eswatini (1). Cervical carcinomas encompass various histological subtypes, with squamous cell carcinoma being the main type (6). Most CC cases are triggered by human papillomavirus (HPV) infection (7). Although early screening for CC has been done well, which can detect and treat CC early, the recurrence and metastasis of CC are still difficult to treat.

Tumor microenvironment (TME) denotes the non-cancerous cells and components present in the tumor. In addition to malignant cells, adipocytes, fibroblasts, tumor vasculature, lymphocytes, dendritic cells, and cancer-associated fibroblasts are present in the TME (8, 9). Constant interactions between tumor cells and the TME play a decisive role in tumor development, progression, and response to therapies. The TME has attracted significant research and clinical interest as a therapeutic target for cancer (8, 10, 11). Targeting and manipulating cells and factors in the TME during cancer treatment can help control malignancies and achieve positive health outcomes (12).

In recent years, several studies have been conducted on the TME of CC (13, 14). An increasing number of researchers are focusing on this field. A systematic and holistic literature review will help better understand the current research situation and select research directions. The Web of Science Core Collection (WOSCC) is a widely recognized comprehensive academic literature database that includes references cited in papers and compiles unique citation indices based on cited authors, sources, and publication years (15). Many studies have used this database as a source for bibliometric analyses. Bibliometrics is the analysis of publications using statistics to describe or display the relationships among published works (16, 17). In this study, we used bibliometric analysis to sort and analyze the annual output, cooperation, hotspots, research structure, and development trends in this field from a holistic and systematic perspective.




2 Materials and method



2.1 Data collection

We conducted a literature search in the WOSCC (https://www.webofscience.com/wos/woscc/basic-search). The search was conducted on September 30, 2024. The publication period for this study was set from 2000 to 2024. The search terms were presented as follows: Topic = “microenvironment” AND Topic= “cervical cancer” OR “cervical carcinoma” OR “cervical neoplasm”. After the preliminary search, screened the publications based on the following inclusion criteria (1) the publication time span was set from January 1, 2000 to September 30, 2024 (2), only English-language publications were included (3), the publication type was limited to articles or reviews (4), the publication was related to a study of both CC and the tumor microenvironment. In order to ensure the representativeness of the selected publications, the search results underwent a title and abstract-based filtration process, which excluded irrelevant publications. All documents related to CC and TME were exported in “full records and references” TXT format. VOSviewer and CiteSpace were retrieved and imported for bibliometric analysis (18, 19). This research is an observational study. A comprehensive workflow design for literature screening and data analysis is presented in Figure 1.




Figure 1 | Study flow chart.






2.2 Data analysis and visualization

VOSviewer and CiteSpace were used for bibliometric analysis. VOSviewer (version 1.6.20, Leiden University, The Netherlands) was used to perform a network visualization analysis of the countries, institutions, journals, and keywords that had published relevant literature. Each color in the graph corresponds to a cluster; the more items contained in the cluster, the closer the color is to red, and the fewer the items contained, the closer it is to blue. The size of a node represents its frequency of occurrence in the relevant literature in that research direction, and the thickness of the connecting lines between nodes represents the frequency of co-occurrence. CiteSpace software (version 6.3. R1, Drexel University, PA) was used to generate keyword burst intensity maps. Keyword emergence refers to the sudden and frequent use of keywords within a certain period that can be used to reflect hot topics and future trends in a research field (20, 21). In this study, variables are expressed as numbers and percentages. No comparisons was made; therefore, no P value was set.





3 Results



3.1 Analysis of publication quantity and trends

There were 1,170 related research documents, 1,057 pieces of literature related to the involvement of the TME in CC were included in the analysis after selecting the language as English. Among these, there were 834 original research articles and 223 reviews. Table 1 illustrates the annual distribution of these articles. During the initial phase (from 2000 to 2010), very few articles were published. From 2011 to 2020, there was a steady increase in publication volume. The subsequent phase, from 2021 to 2024, was characterized by a significant surge in research activity, reflecting a heightened focus on this area.


Table 1 | Annual distribution of the number of papers (2000-2024).






3.2 Distribution of countries and institutions



3.2.1 Contributions of countries

We used VOSviewer software to analyze the data and generate national visualization maps (Figure 2). Results showed top 5 countries for the number of papers published in this field were China (539, 50.99%), the United States (143, 13.53%), Germany (49, 4.64%), India (49, 4.64%) and Brazil (39, 3.69%); top 5 centrally ranked countries were China, the United States, England, Germany, and India (Table 2, Figure 2). These results suggested that China holds a leading position in this field of research.




Figure 2 | Network visualization map of co-citations of countries. The larger the circle node in the figure, the more papers are published. The node connection represents the association strength; the thicker the connection, the more times the two countries cooperated to publish papers. The node colors represent different clusters.




Table 2 | The top 10 countries with the most reviews and total citations.






3.2.2 Contributions of institutions

The field of TME in CC attracted the attention of 1,403 academic institutions. Figure 3A, generated using VOSviewer, shows an institutional visualization map. Fudan University was highlighted as the foremost contributor with 40 publications, and other prominent institutions include Huazhong University of Science Technology, Shanghai Jiaotong University, China Medical University, and Zhejiang University (Table 3). The institutional analysis showed that the institutions that have published many papers and those with more collaborations were mainly from China (Figure 3A). Figure 3B lists the top 10 cited institutions, ranked by the duration of their citation bursts, highlighting the significant impact of these institutions.




Figure 3 | Visualization of institutions. (A) Network visualization map of co-citations of institutions. (B) Top 10 institutions with the strongest citation bursts.




Table 3 | The top 15 institutions with the most reviews and total citations.







3.3 Analysis of authors

Examining the seminal work of impactful authors in a field provides a way to comprehend classical theories. In total, 6,279 authors contributed 1,057 publications, yielding a co-authorship index of 5.94. Table 4 lists the authors who published eight or more research articles with more than 100 citations. The results showed that Rofstad, Einar K. from Oslo University Hospital in Norway, Wang Wei from Sun Yat-sen University in China, and Jordanova Ekaterina S. from Leiden University Medical Center in the Netherlands had the most prolific output and citations. The author co-citation visualization map and top 8 cited authors (Figure 4) show that authors are more densely cross-cited and have a significant impact.


Table 4 | The top authors with the most reviews and total citations.






Figure 4 | Visualization of authors. (A) Network visualization map of co-citations of authors. (B) Top 8 authors with the strongest citation bursts.






3.4 Analysis of journals

The field of TME in CC attracted the attention of 404 journals. Table 5 lists the top 15 journals in terms of their publications in this field. Frontiers in Oncology was the most prolific journal, with 45 articles, followed by Frontiers in Immunology (30), Cancers (29), Scientific Reports (21), and International Journal of Molecular Sciences (20). Frontiers in Oncology had the highest citation rate (659 citations). These results indicate the high quality of articles published in these journals and their high scientific value and impact.


Table 5 | The top 15 journals with the most reviews and total citations.






3.5 Key topics of research hotspots

Keywords condense the core and essence of a paper. Keyword analysis is not only the most effective way to discover research hotspots in a certain scientific field but also to understand the investigation direction of the issues of concern in the topic.



3.5.1 Analysis of clusters and co-occurrence of keywords

VOSviewer was used to draw a keyword co-occurrence network visualization of the 1,057 articles. A total of 4,558 keywords were collected for this study. Based on the link strength of keyword co-occurrence, we selected 46 key keywords with a frequency of occurrence ≥ 30 times for visualization and divided the network into 4 clusters. The concept of different research directions on a topic was proposed through statistical analysis of keywords in different parts of the paper. Cluster analysis of these keywords provided insights into the knowledge structure in this field. Clusters 1 (red) and 2 (green) were the largest with 13 and 12 terms, respectively. The main themes in Cluster 1 (red) were CC, dendritic cells, HPV, immunotherapy, survival, and t-cells. Cluster 2 (green) was mainly associated with cancer, apoptosis, chemotherapy, hypoxia, radiotherapy. Cluster 3 (blue) focused on activation, expression, prognosis, tumor, and inflammation. Cluster 4 (yellow) was related to angiogenesis, growth, metastasis, migration (Figures 5A, B).




Figure 5 | Visualization of keywords. (A) Network visualization map of co-citations of keywords. (B) Analysis results of hotspot and topic migration in the field of tumor microenvironment in cervical cancer. (C) Keyword clustering timeline graph. (D) Top 15 keywords with the strongest citation bursts.






3.5.2 Burst detection and overlay visualization of keywords

Keyword burst detection facilitates swift identification of emerging research hotspots within a specific field. Figures 5C, D show the most robust keyword bursts in the TME of CC research between 2000 and 2024. “Carcinoma” was the most robust burst keyword (strength 7.48) from 2012 to 2020, followed by “tumor infiltrating lymphocytes” (strength 5.61, from 2006 to 2015), “microenvironment” (strength 5.43, from 2016 to 2017), “hypoxia” (strength 5.02, from 2009 to 2017), and “angiogenesis” (strength 5, from 2004 to 2014), revealing that these keywords represented the popular research topics in recent years and even in the near future.






4 Discussion



4.1 Summary of findings

In this study, the WoSCC database was used to compile publications related to the TME and CC. We utilized VOSviewer and CiteSpace to visualize the spatial and temporal distributions of literature, keywords, publication citations, and co-citations, providing a comprehensive overview of the research landscape. Furthermore, these tools were used to elucidate the current status, hotspots, and trends in research on the TME and CC. This study aimed to provide a valuable reference for researchers in the field of CC.

In this study, 1,057 articles published between 2000 and 2024 were selected. The results indicated that the annual number of publications has been increasing. The year 2012 was the turning point of the annual growth of publications and total annual citations, while 2021 was the vital time for further growth. These were two important periods. Many researchers have devoted themselves to this field, and many journals have begun to pay attention to it. In this research field, the top ten countries accounted for 92.15% of the total publications. China and the United States had the deepest academic accumulation and greatest influence in this field. China demonstrated the highest level of international collaboration and had the highest publication count. Our results showed that China played a leading role, with 8,000 citations in 539 articles. China also had the top ten most productive research organizations, with Fudan University being the most productive institution worldwide. Three of the top eight authors in this field were Chinese: Wang Wei, Yang Yang, and Hua Keqin. These findings highlight the significant contributions and potential scientific innovations of Chinese efforts in the TME of CC research. Although China ranked first in terms of total publication count, the average number of citations per article was only 14.84. The average number of citations per article in the United States was 53.50. This indicates that China still has a long way to go in this field.

Approximately a half of the affiliations had ≤ five articles. This indicated that most affiliations in this field have not made in-depth investments and only a few affiliations have conducted continuous research. Research competitiveness can be improved through international teamwork, suggesting that it is important to seek extensive collaboration among institutions. There were many journals concerned with this field. The development of Frontier serial journals in this field showed vigorous momentum. In particular, Frontiers in Oncology was the most productive. Support was provided for the study of the TME in CC. Current research on the TME in CC is mainly published in the fields of oncology, biology, genetics, immunology, and medicine related journals. This shows that the research is relatively extensive and in the development stage from basic to clinical research.




4.2 Research hotspots and frontier exploration in the TME of cervical cancer field

Keywords are a summary of the themes in the literature. The frequency with which keywords appear in the literature can reveal research hotspots in the field. The analysis of keyword co-occurrence can indicate the study category and research hotspots in the field and display discovery trends. Researchers have explored multiple directions of the keyword co-occurrence network and changes in high-frequency keywords over the years. “Carcinoma” was the most robust burst keyword (strength 7.48) from 2012 to 2020, followed by “tumor infiltrating lymphocytes” (strength 5.61, from 2006 to 2015), “microenvironment” (strength 5.43, from 2016 to 2017), “hypoxia” (strength 5.02, from 2009 to 2017), and “angiogenesis” (strength 5, from 2004 to 2014), revealing that the research boom had begun since 2000 and continues to this day. The research structure in this field could be summarized using a keyword co-occurrence network. The first part aimed to determine the relationship between the TME and CC. Then there was the mechanism research, such as “human papillomavirus”, “regulatory t-cells”, and “dendritic cells”. In addition, there was also practical application research, such as prognosis and therapy.




4.3 Relationship between TME and cervical cancer

The major risk factors associated with CC include high-risk HPV (hrHPV) infection, age, smoking, childbirth, use of oral contraception, and diet (22–25). Cervical carcinoma arises from the normal cervical epithelium through progressive development, in which hrHPV infection plays a major causative role. The hrHPV infection of the cervical epithelium results in host genome alterations, and the imbalance and instability caused by various hrHPV-derived oncogenic factors in the host genome of cervical epithelial cells drive neoplastic progression (23, 26–28).

Surgical resection and concurrent chemoradiotherapy is the standard-of-care treatment for locally advanced CC (29). The survival of CC patients was lower. Higher stage and tumor size led to shorter survival. The histopathology and type of treatment in comparable stages did not have any significant impact on survival (30). Despite advances in standard therapies, patients with recurrent metastatic CC face a poor prognosis and limited treatment options. Novel treatment strategies are emerging to combat the limited effectiveness of chemotherapy, such as immunotherapy, biomarker-driven personalized therapies (31).

The TME includes noncancerous cells and components present in the tumor, including molecules produced and released by them. Constant interactions between tumor cells and the TME play important roles in tumor initiation, progression, metastasis, and therapy (8, 11, 12, 32, 33). Immunotherapies including immune checkpoint inhibitors and antigen receptor cells have revolutionized cancer treatment (34, 35). Over the past few years, immunotherapy has been used as a therapeutic strategy for clinical oncology. Immunotherapy has emerged as the standard of care for many common cancer types (36). This remarkable increase is largely due to the development of novel checkpoint inhibitors, specifically antibodies targeting programmed cell death 1(PD1) and programmed cell death 1 ligand 1(PDL1). The two main pathways that are specifically targeted in clinical practice are cytotoxic T-lymphocyte antigen-4 and PD 1 that showed potent immune-modulatory effects through their function as negative regulators of T cell activation (37–40). A positive response to immunotherapy usually depends on the interaction between tumor cells and immune regulation within the TME, which plays an important role in suppressing or enhancing immune responses, adoptive cell therapy with tumor-infiltrating lymphocytes has achieved remarkable clinical efficacy in CC (41–43). Immune checkpoint inhibitors have revolutionized the treatment of CC, and promising data are emerging from early phase trials of novel immunotherapeutic approaches, such as HPV therapeutic vaccines (44–48). The early region (E) oncoproteins of HPV are associated with the pathogenesis and contribute to the progression of cancer, inhibition of the activity of E6 and E7 oncoproteins may be a better selective target to delay the progression of CC (28).




4.4 Future development

There have been numerous studies on the TME in CC to build a solid foundation for this field; however, it is still at the superficial level at present, and thus researchers should pay more attention to the in-depth mechanism.





5 Limitations

This study had some limitations. It only searched the WOSCC database for relevant literature, which may have overlooked relevant studies in other databases and important findings from earlier studies.




6 Conclusions

This was the first study to systematically analyze the literature on the TME of CC using a bibliometric approach. Compared to traditional reviews, it provides original and objective insights for research on TME CC-related topics and a valuable reference for further research. This is more credible when two bibliometric tools (VOSviewer and CiteSpace) are used simultaneously for the analysis.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.





Author contributions

Y-TZ: Conceptualization, Methodology, Writing – original draft. Y-NW: Conceptualization, Data curation, Writing – original draft, Methodology. C-CL: Conceptualization, Data curation, Methodology, Writing – original draft. M-QY: Conceptualization, Data curation, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Scientific research project of Weifang Municipal Health Commission (WFWSJK-2024-190).




Acknowledgments

We would like to thank Editage (www.editage.cn) for English language editing.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.




Abbreviations



CC, cervical cancer; TME, the tumor microenvironment; HPV, human papillomavirus; WOSCC, Web of Science Core Collection; ICBs, immune checkpoint inhibitors; PD1, Programmed cell death 1; PDL1, Programmed cell death 1 ligand 1.




References

1. Singh, D, Vignat, J, Lorenzoni, V, Eslahi, M, Ginsburg, O, Lauby-Secretan, B, et al. Global estimates of incidence and mortality of cervical cancer in 2020: a baseline analysis of the WHO Global Cervical Cancer Elimination Initiative. Lancet Glob Health. (2023) 11:e197–206. doi: 10.1016/s2214-109x(22)00501-0

2. Sahasrabuddhe, VV. Cervical cancer: precursors and prevention. Hematol Oncol Clin North Am. (2024) 38:771–81. doi: 10.1016/j.hoc.2024.03.005

3. Castanon, A, Green, LI, and Sasieni, P. Impact of screening between the ages of 60 and 64 on cumulative rates of cervical cancer to age 84y by screening history at ages 50 to 59: A population-based case-control study. Prev Med. (2021) 149:106625. doi: 10.1016/j.ypmed.2021.106625

4. Viveros-Carreño, D, Fernandes, A, and Pareja, R. Updates on cervical cancer prevention. Int J Gynecol Cancer. (2023) 33:394–402. doi: 10.1136/ijgc-2022-003703

5. Yadav, G, Srinivasan, G, and Jain, A. Cervical cancer: Novel treatment strategies offer renewed optimism. Pathology Res practice. (2024) 254:155136. doi: 10.1016/j.prp.2024.155136

6. Tempfer, CB, Tischoff, I, Dogan, A, Hilal, Z, Schultheis, B, Kern, P, et al. Neuroendocrine carcinoma of the cervix: a systematic review of the literature. BMC cancer. (2018) 18:530. doi: 10.1186/s12885-018-4447-x

7. Kang, M, Ha, SY, Cho, HY, Chung, DH, Kim, NR, An, J, et al. Comparison of papanicolaou smear and human papillomavirus (HPV) test as cervical screening tools: can we rely on HPV test alone as a screening method? An 11-year retrospective experience at a single institution. J Pathol Transl Med. (2020) 54:112–8. doi: 10.4132/jptm.2019.11.29

8. Xiao, Y, and Yu, D. Tumor microenvironment as a therapeutic target in cancer. Pharmacol Ther. (2021) 221:107753. doi: 10.1016/j.pharmthera.2020.107753

9. Elhanani, O, Ben-Uri, R, and Keren, L. Spatial profiling technologies illuminate the tumor microenvironment. Cancer Cell. (2023) 41:404–20. doi: 10.1016/j.ccell.2023.01.010

10. Arneth, B. Tumor microenvironment. Medicina (Kaunas). (2019) 56(1):15. doi: 10.3390/medicina56010015

11. Vitale, I, Manic, G, Coussens, LM, Kroemer, G, and Galluzzi, L. Macrophages and metabolism in the tumor microenvironment. Cell Metab. (2019) 30:36–50. doi: 10.1016/j.cmet.2019.06.001

12. Pitt, JM, Marabelle, A, Eggermont, A, Soria, JC, Kroemer, G, and Zitvogel, L. Targeting the tumor microenvironment: removing obstruction to anticancer immune responses and immunotherapy. Ann oncology: Off J Eur Soc Med Oncol. (2016) 27:1482–92. doi: 10.1093/annonc/mdw168

13. Cao, G, Yue, J, Ruan, Y, Han, Y, Zhi, Y, Lu, J, et al. Single-cell dissection of cervical cancer reveals key subsets of the tumor immune microenvironment. EMBO J. (2023) 42:e110757. doi: 10.15252/embj.2022110757

14. Trujillo-Cirilo, L, Weiss-Steider, B, Vargas-Angeles, CA, Corona-Ortega, MT, and Rangel-Corona, R. Immune microenvironment of cervical cancer and the role of IL-2 in tumor promotion. Cytokine. (2023) 170:156334. doi: 10.1016/j.cyto.2023.156334

15. Zhang, H, Nuno Vieira, D, and Shen, M. Journals on legal and forensic medicine in Web of Science Core Collection: focus on Forensic Sciences Research. Forensic Sci Res. (2021) 6:92–4. doi: 10.1080/20961790.2021.1879718

16. Ninkov, A, Frank, JR, and Maggio, LA. Bibliometrics: Methods for studying academic publishing. Perspect Med Educ. (2022) 11:173–6. doi: 10.1007/s40037-021-00695-4

17. Franchignoni, F, Özçakar, L, and Negrini, S. Basic bibliometrics for dummies and others: an overview of some journal-level indicators in physical and rehabilitation medicine. Eur J Phys Rehabil Med. (2018) 54:792–6. doi: 10.23736/s1973-9087.18.05462-x

18. Wu, F, Gao, J, Kang, J, Wang, X, Niu, Q, Liu, J, et al. Knowledge mapping of exosomes in autoimmune diseases: A bibliometric analysis (2002-2021). Front Immunol. (2022) 13:939433. doi: 10.3389/fimmu.2022.939433

19. Wei, N, Xu, Y, Li, Y, Shi, J, Zhang, X, You, Y, et al. A bibliometric analysis of T cell and atherosclerosis. Front Immunol. (2022) 13:948314. doi: 10.3389/fimmu.2022.948314

20. Zhong, D, Li, Y, Huang, Y, Hong, X, Li, J, and Jin, R. Molecular mechanisms of exercise on cancer: A bibliometrics study and visualization analysis via citeSpace. Front Mol Biosci. (2021) 8:797902. doi: 10.3389/fmolb.2021.797902

21. Liu, X, Zhao, S, Tan, L, Tan, Y, Wang, Y, Ye, Z, et al. Frontier and hot topics in electrochemiluminescence sensing technology based on CiteSpace bibliometric analysis. Biosens Bioelectron. (2022) 201:113932. doi: 10.1016/j.bios.2021.113932

22. Schiffman, M, and Solomon, D. Clinical practice. Cervical-cancer screening with human papillomavirus and cytologic cotesting. N Engl J Med. (2013) 369:2324–31. doi: 10.1056/NEJMcp1210379

23. Olusola, P, Banerjee, HN, Philley, JV, and Dasgupta, S. Human papilloma virus-associated cervical cancer and health disparities. Cells. (2019) 8(6):622. doi: 10.3390/cells8060622

24. Gaffney, DK, Hashibe, M, Kepka, D, Maurer, KA, and Werner, TL. Too many women are dying from cervix cancer: Problems and solutions. Gynecologic Oncol. (2018) 151:547–54. doi: 10.1016/j.ygyno.2018.10.004

25. Dasgupta, S, Chakraborty, SB, Roy, A, Roychowdhury, S, and Panda, CK. Differential deletions of chromosome 3p are associated with the development of uterine cervical carcinoma in Indian patients. Mol Pathol. (2003) 56:263–9. doi: 10.1136/mp.56.5.263

26. Martínez-Rodríguez, F, Limones-González, JE, Mendoza-Almanza, B, Esparza-Ibarra, EL, Gallegos-Flores, PI, Ayala-Luján, JL, et al. Understanding cervical cancer through proteomics. Cells. (2021) 10:1854. doi: 10.3390/cells10081854

27. Volkova, LV, Pashov, AI, and Omelchuk, NN. Cervical carcinoma: oncobiology and biomarkers. Int J Mol Sci. (2021) 22:12571. doi: 10.3390/ijms222212571

28. Bhattacharjee, R, Das, SS, Biswal, SS, Nath, A, Das, D, Basu, A, et al. Mechanistic role of HPV-associated early proteins in cervical cancer: Molecular pathways and targeted therapeutic strategies. Crit Rev oncology/hematology. (2022) 174:103675. doi: 10.1016/j.critrevonc.2022.103675

29. Mayadev, JS, Ke, G, Mahantshetty, U, Pereira, MD, Tarnawski, R, and Toita, T. Global challenges of radiotherapy for the treatment of locally advanced cervical cancer. Int J Gynecol Cancer. (2022) 32:436–45. doi: 10.1136/ijgc-2021-003001

30. Tabatabaei, FS, Saeedian, A, Azimi, A, Kolahdouzan, K, Esmati, E, and Maddah Safaei, A. Evaluation of survival rate and associated factors in patients with cervical cancer: A retrospective cohort study. J Res Health Sci. (2022) 22:e00552. doi: 10.34172/jrhs.2022.87

31. Caruso, G, Wagar, MK, Hsu, HC, Hoegl, J, Rey Valzacchi, GM, Fernandes, A, et al. Cervical cancer: a new era. Int J Gynecol Cancer. (2024) 34:1946–70. doi: 10.1136/ijgc-2024-005579

32. Wu, T, and Dai, Y. Tumor microenvironment and therapeutic response. Cancer letters. (2017) 387:61–8. doi: 10.1016/j.canlet.2016.01.043

33. Jarosz-Biej, M, Smolarczyk, R, Cichoń, T, and Kułach, N. Tumor microenvironment as A "Game changer" in cancer radiotherapy. Int J Mol Sci. (2019) 20:3212. doi: 10.3390/ijms20133212

34. Xi, Y, Liu, R, Zhang, X, Guo, Q, Zhang, X, Yang, Z, et al. A bibliometric analysis of metabolic reprogramming in the tumor microenvironment from 2003 to 2022. Cancer Rep (Hoboken). (2024) 7:e2146. doi: 10.1002/cnr2.2146

35. Du, T, Gao, J, Li, P, Wang, Y, Qi, Q, Liu, X, et al. Pyroptosis, metabolism, and tumor immune microenvironment. Clin Trans Med. (2021) 11:e492. doi: 10.1002/ctm2.492

36. Bader, JE, Voss, K, and Rathmell, JC. Targeting metabolism to improve the tumor microenvironment for cancer immunotherapy. Mol Cell. (2020) 78:1019–33. doi: 10.1016/j.molcel.2020.05.034

37. Shah, NJ, Kelly, WJ, Liu, SV, Choquette, K, and Spira, A. Product review on the Anti-PD-L1 antibody atezolizumab. Hum Vaccines immunotherapeutics. (2018) 14:269–76. doi: 10.1080/21645515.2017.1403694

38. Zhang, YC, Zhang, YT, Wang, Y, Zhao, Y, and He, LJ. What role does PDL1 play in EMT changes in tumors and fibrosis? Front Immunol. (2023) 14:1226038. doi: 10.3389/fimmu.2023.1226038

39. Lei, Q, Wang, D, Sun, K, Wang, L, and Zhang, Y. Resistance mechanisms of anti-PD1/PDL1 therapy in solid tumors. Front Cell Dev Biol. (2020) 8:672. doi: 10.3389/fcell.2020.00672

40. Zam, W, and Ali, L. Immune checkpoint inhibitors in the treatment of cancer. Curr Rev Clin Exp Pharmacol. (2022) 17:103–13. doi: 10.2174/1574884716666210325095022

41. Liu, Y, Xun, Z, Ma, K, Liang, S, Li, X, Zhou, S, et al. Identification of a tumour immune barrier in the HCC microenvironment that determines the efficacy of immunotherapy. J Hepatol. (2023) 78:770–82. doi: 10.1016/j.jhep.2023.01.011

42. Zhang, Y, and Zhang, Z. The history and advances in cancer immunotherapy: understanding the characteristics of tumor-infiltrating immune cells and their therapeutic implications. Cell Mol Immunol. (2020) 17:807–21. doi: 10.1038/s41423-020-0488-6

43. Huang, H, Nie, CP, Liu, XF, Song, B, Yue, JH, Xu, JX, et al. Phase I study of adjuvant immunotherapy with autologous tumor-infiltrating lymphocytes in locally advanced cervical cancer. J Clin Invest. (2022) 132:e157726. doi: 10.1172/jci157726

44. Grau, JF, Farinas-Madrid, L, Garcia-Duran, C, Garcia-Illescas, D, and Oaknin, A. Advances in immunotherapy in cervical cancer. Int J Gynecol Cancer. (2023) 33:403–13. doi: 10.1136/ijgc-2022-003758

45. Monk, BJ, Enomoto, T, Kast, WM, McCormack, M, Tan, DSP, Wu, X, et al. Integration of immunotherapy into treatment of cervical cancer: Recent data and ongoing trials. Cancer Treat Rev. (2022) 106:102385. doi: 10.1016/j.ctrv.2022.102385

46. Ferrall, L, Lin, KY, Roden, RBS, Hung, CF, and Wu, TC. Cervical cancer immunotherapy: facts and hopes. Clin Cancer research: an Off J Am Assoc Cancer Res. (2021) 27:4953–73. doi: 10.1158/1078-0432.Ccr-20-2833

47. Gutiérrez-Hoya, A, and Soto-Cruz, I. NK cell regulation in cervical cancer and strategies for immunotherapy. Cells. (2021) 10:3104. doi: 10.3390/cells10113104

48. Turinetto, M, Valsecchi, AA, Tuninetti, V, Scotto, G, Borella, F, and Valabrega, G. Immunotherapy for cervical cancer: are we ready for prime time? Int J Mol Sci. (2022) 23:3559. doi: 10.3390/ijms23073559




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Zhang, Wei, Liu and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-15-1508173-g002.jpg
russia

italy
saudi arabia
australia ]
thailand
pakistan
- sweden
/
huw southéafrica

\ £/ .\SBl;[tl‘(orea
*/4 -
austria-

poland

& VOSviewer





OEBPS/Images/fonc.2025.1508173_cover.jpg
& frontiers | Frontiers in Oncology

Bibliometric analysis: a study of the
microenvironment in cervical cancer (2000-
2024)





OEBPS/Images/fonc-15-1508173-g004.jpg
chefy xin '
Py li.na
@  chen, tianfeng i, @bo liu, wei
zhu, {ligqiong @ xieifeng
peng,jing hu* in
.wang,ﬂlmen? iy
¢ . wilinyu zhang, xing
meipjie qu,Xiny! .tlan.uay 'Y %u,.eipei
_ ding, bo '
gagphui zh*, " ﬁpgfofeng ¢ 9O zhang,wenjing
liglin ng, zh
" "'" ,‘0”8 ya%mg zhang,yany wa’ le b .}\gﬁmgyu
‘ ‘ v’cheng a".’mg &DI e
yanggyangg [ war’lipg, ligan " S@YNED
suo, jinguo wi ng m‘{gi 2 liggan . . wan.hao
: S i &, glicgiang g
" Qa’ ma, Xiangyi |- feng, yangchun
® wa’Ne'i @ warigjing
., R li' i guo, fan _ ma, @iling
U, bin ' v iy
@< e ; kong,weina  \apg, lei
- wugsha li, @ng
@ we bn fei liugmin
L J

&VOSviewer

Top 8 Authors with the Strongest Citation Bursts

Authors Year Strength Begin End

Yang, Yang 2020
Ellingsen, Christine 2012
Hompland, Tord 2012
Rofstad, Einar K 2007
Wang, Xuelian 2020
Che, Yuxin 2020
Andersen, Lise Mari K 2017
Cho, Junghwan 2022

4.69 2020
3.24 2012
3.24 2012
2,96 2012
2.9 2020
2.9 2020
2.49 2017
2.21 2022

2021
2013
2013
2013
2021
2021
2018
2024

2000 - 2024

.lrr“ll





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Bibliometric analysis: a study of the microenvironment in cervical cancer (2000-2024)

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Discussion

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Materials and method

        

          		

            2.1 Data collection

          



          		

            2.2 Data analysis and visualization

          



        



        



        		

          3 Results

        

          		

            3.1 Analysis of publication quantity and trends

          



          		

            3.2 Distribution of countries and institutions

          

            		

              3.2.1 Contributions of countries

            



            		

              3.2.2 Contributions of institutions

            



          



          



          		

            3.3 Analysis of authors

          



          		

            3.4 Analysis of journals

          



          		

            3.5 Key topics of research hotspots

          

            		

              3.5.1 Analysis of clusters and co-occurrence of keywords

            



            		

              3.5.2 Burst detection and overlay visualization of keywords

            



          



          



        



        



        		

          4 Discussion

        

          		

            4.1 Summary of findings

          



          		

            4.2 Research hotspots and frontier exploration in the TME of cervical cancer field

          



          		

            4.3 Relationship between TME and cervical cancer

          



          		

            4.4 Future development

          



        



        



        		

          5 Limitations

        



        		

          6 Conclusions

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-15-1508173-g005.jpg
migration

~angiogenesis
N 1

progression

invasion
tumor-infiltrati q 4 e 2 - cervicalcancer

breast-cancer

i

epithelial-mesenchymal transit

activation
6% VOSviewer & VOSviewer
‘ CiteSpace, v. 6.3.R1 (64-bit) Basic
January 18, 2025, 8:45:32 AM CST
WoS: EASCI® TR it S\ B B 124830 F #0147 i \citespace\data

Timespan: 2000-2024 (Slice Length=1
Selection Criteria: g-index (k=10), LRF=2.5, LIN=10, LBY=5, e=1.0
Network: N=287, E=1689 (Density=0.0412)

Largest 1 CCs: 282

Nodes Labeled: 1.0%

RS 3 Top 15 Keywords with the Strongest Citation Bursts

Weighted Mean Silhouette S=0.6633
Harmonic Mean(Q, $)=0.4493
Excluded:

Keywords Year Strength Begin End 2000 - 2024
carcinoma 2000 7.48 2012 2020 - - S—
tumor infiltrating lymphocytes 2006 5.61 2006 2015 R
# metastasis microenvironment 2009 5.43 2016 2017 : I e
hypoxia 2009 5.02 2009 2017
# radiation angiogenesis 2004 5 2004 2014
: dendritic cells 2009 4.97 2009 2016 P E R —
#2 cervical cancer
cervical carcinoma 2004 4.77 2004 2014 R AR I AT
#3 tumor microenvironment cervical intraepithelial neoplasia 2012 4.68 2012 2020 ———————
. . . intraepithelial neoplasia 2009 4.4 2018 2019 e —
. # vaginal microbiology o
migration 2021 4.3 2021 2022 e
#5t cells metastasis 2016 4.29 2016 2019 r——— — =
in vitro 2021 4.26 2021 2024 —_—
# Qvarian cancer interstitial fluid pressure 2012 422 2012 2017 P ——
#7 apoptosis t cells 2013 4.02 2015 2019 e ————————
suppressor cells 2020 3.99 2020 2021 e ——

.Illlu!uul-
9,
%

CciteSpace






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Number Countries Document Citations

1 China 539 8,000
2 The United States 143 7,650
3 Germany 49 1,346
4 India 49 826
5 Brazil 39 1,111
6 Netherlands 38 1,705
7 Mexico 31 932
8 Japan 30 824
9 England 28 1,671
10 Ttaly 28 952






OEBPS/Images/table4.jpg
Number Authors Document Citations

1 Rofstad, einar k. 16 427
2 ‘Wang,wei 14 625
3 Jordanova, Ekaterina s. 12 597
4 Yang,yang 10 202
5 Hua, keqin 9 167
6 Weiss-steider, benny 9 129
7 Gaustad, jon-vidar 8 171
8 Ma,ding ‘ 8 142






OEBPS/Images/table3.jpg
Number Institutions Document Citations

1 Fudan university 40 695
2 Huazhong university of 399
science technology 36
3 ‘ Shanghai Jiaotong university 25 449
4 China medical university 25 258
5 Zhejiang university 23 343
6 Xinjiang medical university 22 220
7 Southern medical university 21 593
8 Shandong university 20 383
9 V Nanjing medical university 20 117
10 Leiden university 19 1,049
11 Tongji university 19 511
12 Sun yat sen university 18 667
13 Zhengzhou university 18 98
14 Oslo university hospital 17 411
15 Sichuan university 17 371






OEBPS/Images/fonc-15-1508173-g001.jpg
A bibliometric analysis and visualization of
microenvironment in cervical cancer

Topic:

Topic searching

microenvironment in
cervical cancer

Database:
WOSCC

Results (n=1,170)

1.057 publications
remained
v

Screening

Bibliometric analysis and visualization
Science Mapping

Performance Analysis






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-15-1508173-g003.jpg
oslo uhiv hosp @

'g VOSviewer

johns hopkins univ

southeast univ

xi an jiagtong univ
|

soochi@W univ ' shanxi med univ

,fww e

) té-n 'ni;\/" )
jinan univ ,,.-‘ ’ 2K

southern i dun'iv—* N /. WX )
huazhong uigsci
[P O {
sun yaQn\univ‘: VA Q)
Z xinjian
qingddo univ - S ; q
guangzhoumed univ

zhengzhou univ

cent squth univ
china med univ

harbinimed univ

capital ed univ

. anhui med univ
& t8shnol
. nanchahg univ
sichu@h univ

ol
ed uni\’

\. chonggirigimed univ

chinese ag@d med sci

Top 10 Institutions with the Strongest Citation Bursts

Institutions
Leiden University
Zhengzhou University
Leiden University - Excl LUMC

Year Strength Begin End

2013
2022
2013

Leiden University Medical Center (LUMC) 2013

Vrije Universiteit Amsterdam
Shanghai Jiao Tong University
University of Oslo

Sun Yat Sen University
Universidade de Sao Paulo
China Medical University

2015
2017
2007
2020
2014
2020

5.94 2013
5.68 2022
5.61 2013
5.61 2013
5.55 2015
5.15 2020
4.98 2007
4.83 2020
3.86 2014
3.7 2020

2020
2024
2019
2019
2019
2021
2017
2022
2019
2021

2000 - 2024





OEBPS/Images/table1.jpg
Year Papers % of 1,057

2024 161 15.23%
2023 166 15.70%
2022 176 16.65%
2021 115 10.88%
2020 84 7.95%
2019 60 5.68%
2018 37 3.50%
2017 44 4.16%
2016 34 3.22%
2015 30 2.84%
2014 28 2.65%
2013 25 2.37%
2012 24 2.27%
2011 16 1.51%
2010 12 | 1.14%
2009 12 1.14%
2008 8 0.76%
2007 7 0.66%
2006 5 0.47%
2005 3 0.28%
2004 1 0.09%
2003 2 0.19%
2002 4 0.38%
2001 1 0.09%
2000 2 ' 0.19%






OEBPS/Images/table5.jpg
er Journals Document = Citations

1 Frontiers in oncology 45 659
2 Frontiers in immunology 30 471
3 Cancers 29 341
4 Scientific reports 21 767
5 International journal of

molecular sciences 20 4L
6 Frontiers in genetics 16 115
7 PLOS ONE 15 562
8 BMC Cancer 14 465
9 V Oncoimmunology 12 896
10 Gynecologic oncology 12 542
11 Oncology letters 12 170
12 Heliyon 12 23
13 Journal for immunotherapy 273

of cancer 11
14 Cells 11 119
15 Cancer cell international 10 155






