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Background

The most prevalent cancer and the second-leading cause of cancer-related mortality in women is breast cancer. Growing interest has been shown in recent years in learning more about the processes behind the development of breast cancer. It has been shown that persistent inflammation may play a significant role in the advancement of breast cancer. However, a comprehensive and objective analysis on the state of inflammation in breast cancer research is still lacking. This study was aim to undertake a bibliometric analysis of breast cancer research associated with inflammation between 2013 and 2022 in order to identify the trends, dynamics, and scientific outputs in the field.





Methods

From 2013 to 2022, original and review publications on breast cancer and inflammation-associated research were retrieved from the Web of Science Core Collection (WOSCC) database. To examine the position of yearly publications, journals, nations, institutions, and authors, we employed two bibliometric tools (CiteSpace and VOSviewer). After that, by examining keyword visualization and keyword bursts, we determined the hot research fields related to inflammation in breast cancer.





Results

we discovered 6902 publications regarding inflammation in breast cancer by using our retrieval approach. In terms of the number of publications, The United States ranked first in the global study, followed by China and Italy. In terms of institutions, the University of Texas System, UT MD Anderson Cancer Center, and University of California System are in the top 3 for the quantity of publications published. The most popular journal for this field research is “CANCERS.” Ueno NT, Woodward WA, Cristofanilli M, and others have made significant contributions to the understanding of inflammation in breast cancer. In the end, we conducted a biclustering analysis on keywords and discovered three clusters that represent research hotspots.





Conclusion

According to the global trend, the research output of inflammation in breast cancer is increasing. The information provided in this article, including the cooperation network information of authors, nations, journals, and institutions, may help researchers to better understand hotspots and developing patterns in this discipline. At present, the focus of study gradually shifts from “phenotype study” to “therapeutic research”. It is recommended to pay attention to the latest hot spots, such as targeted therapy, antimicrobial activity and nanoparticle.
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Introduction

Prior to 2020, lung cancer had the highest incidence rate among women worldwide. However, according to the most recent worldwide cancer data in 2020, breast cancer has officially overtaken lung cancer and taken the position as the most prevalent malignancy afflicting women globally (1). The clinical prognosis for breast cancer patients has markedly improved over time because to advancements in diagnostic and treatment approaches, with a 5-year survival rate of more than 90% for early breast cancer (2). However, patients treatment failure and death are often caused by metastatic breast cancer and distant metastases. In order to combat this medical issue, it is vital to comprehend the mechanisms of tumor growth and distant metastasis. The role of inflammation in the development and spread of breast cancer has been confirmed (3–6). Inflammation is involved in the development of breast cancer in several ways, including promoting cell proliferation, differentiation, tumor metastasis, angiogenesis, and regulating the inflammatory microenvironment in associated tissues (7). Multiple studies described the use of the inflammatory infiltrate in breast cancer as a predictive marker in the 1990s. The term “inflammatory infiltration” was initially used by Aaltomaa et al. to describe it as a prognostic sign in breast cancer. They discovered that tumor diameter, the presence of axillary lymph nodes, and lymphocyte infiltration were all positively associated (8). In 1995, Stewart et colleagues examined over 25,000 immune suppressed women over the course of 1 to 11 years and discovered a much lower incidence of breast cancer diagnoses than they had anticipated. This hypothesis suggests that immunological stimulation is crucial for the development and spread of breast cancer (9). IL-6 signaling has been shown to play an important role in tumor proliferation, migration, and adhesion (10). Adipose-derived IL-6 has been reported to promote breast cancer metastasis by inducing PLOD2 expression through activation of the JAK/STAT3 and PI3K/AKT signaling pathways (11, 12). In a recent study on triple-negative breast cancers, inhibiting the expression of IL-6 significantly inhibited the proliferation of cancer cells in vitro and in vivo (13, 14). This evidence indicates that inflammatory factors play an important role in breast cancer. According to a research, angiogenesis and macrophage counts are significantly positively correlated in breast tumors, with more macrophages present in highly vascular tumors (15). Additionally, it has been suggested that inflammation-related programmed cell death such as apoptosis, pyroptosis and necroptosis plays a significant role in the development of breast cancer (16). Although the amount of published literature on the relationship between inflammation and breast cancer has grown quickly, accurate and useful data on topics like the quantity of pertinent publications, relevant countries, institutions, journals, authors, and frequently used keywords in research on inflammation and breast cancer are still lacking.

A popular method for evaluating academic papers is bibliometrics. Research data is presently widely available due to the creation of scientific databases like Web of Science (WOS), which helps the advancement of bibliometric research (17). Bibliometrics is a comprehensive approach that combines quantitative and qualitative analyses to reveal a variety of features of publications, including identifying the nations, journals, authors and institutions that contribute to a particular research area, displaying frequently cited studies and keywords, and establishing the collaboration between nations, institutions and authors in a particular scientific research field (18). Additionally, the bibliometric approach may easily provide scholars with an overview of the evolution and boundaries of a certain subject of study (19). Several bibliometric studies have looked at the trend in publications in the area of breast cancer or just inflammation (20–22). For instance, a bibliometric study described the relationship between exosomes and breast cancer (23). To date, however, there were no published bibliometric study of the literature relating breast cancer and inflammation. To address this deficiency, we analyzed the scient metric literature in the subject to provide light on the present state of research. Our study aims to provide academics with prospective future research areas by collecting data on yearly publications and citations in connected disciplines, the most productive nations and authors, prominent journals, hot themes, and keyword analysis in the previous decade.





Methods




Data acquisition and search strategy

Many bibliometricians use the Web of Science Core Collection (WoSCC) database, which includes the Emerging Sources Citation Index (ESCI), the Social Science Citation Index (SSCI), and the Science Citation Index Expanded (SCIE) (24). The following search terms were used: 1. TI = (breast cancer OR breast neoplasm OR breast tumor OR breast carcinoma OR mammary cancer OR mammary carcinoma OR mammary neoplasm)) OR AB = (breast cancer OR breast neoplasm OR breast tumor OR breast carcinoma OR mammary cancer OR mammary carcinoma OR mammary neoplasm) AND 2. TI = (inflammatory OR inflammation OR inflammations)) OR AB= (inflammatory OR inflammation OR inflammations) (25, 26). The records meet the requirements of 1 and 2 during January 1, 2013, to January 1, 2023. 839 irrelevant items, such as meeting abstracts, editorial materials, corrections, letters, retractions, and proceedings papers, were removed from the total of 7741 articles that were retrieved. A total of 6902 pieces of literature were exported, and the ones that were recovered will be exported as complete records and references, saved as plain text files, and kept in the download txt format (Figure 1).




Figure 1 | Literature-sifting process flowchart.







Analysis of data

The Web of Science Core Collection was used to gather all reliable data, which was then imported into CiteSpace, Microsoft Excel 2019, and VOSviewer for analysis. This program was created by Leiden University in the Netherlands to help in the creation, visualization, and exploration of literary data. It is praised for its user-friendly design and distinctive overlay view (27). It may group a collection of strongly connected nodes into different clusters, with the same hue indicating better node correlation (28). Additionally, VOSviewer enables the overlay visualization map, in which nodes’ distance and color depict how they are dispersed throughout two-dimensional spaces (29). In the context of scientometrics and data visualization, CiteSpace is a software program for citation visualization analysis that focuses on the examination of the information that may be found in scientific publications (30). It has an intuitive understanding of the knowledge system’s research hubs, how different areas have evolved, and how to forecast future trends in those subjects. Large-scale data analysis may be done effectively with this technique.






Results




The contributions of countries to global publications

Based on the publications each year, the trend of publishing growth is evaluated. Figure 2A shows the yearly trends in article publishing from 2013 to 2022. In general, there was an upward tendency in the number of articles. The most literatures among them were produced in 2021 (n = 988), while the fewest were in 2013 (n = 468). Compared to the prior five years, there have been a lot more publications in the last five years. Research on breast cancer and inflammation is being conducted in at least 120 different nations and areas. The United States has significantly contributed to the research of inflammation in breast cancer during the last ten years, followed by China (1222), Italy (426), India (394), etc (Figure 2B; Table 1). The study of international collaboration reveals that the United States routinely collaborates with other nations. Although China ranks second in the number of articles published, there is less cooperation with other countries (Figure 3).




Figure 2 | Data on annual publication counts (A) and growth rates among the top 10 nations (B).




Table 1 | The top 10 countries/regions contributing to publications about inflammation in breast cancer.






Figure 3 | International collaboration in breast cancer inflammation research from 2013 to 2022.







Investigation of the most productive organizations

There are more than 6307 institutions studying the role of inflammation in breast cancer. The top 10 universities are shown in Table 2. the University of texas system has made the most significant contribution to the study of breast cancer and inflammation with 319 publications and 10025 citations, followed by UT MD Anderson Cancer Center with 245 publications and 8033 citations and University of California System with 223 publications and 7923 citations (Table 2). The collaboration between several organizations is shown in Figure 4A. We see both regional concentration and general dispersion when we examine the characteristics of the institution partnership network(circles show regional concentration and squares show dispersion in Figure 4A). CiteSpace discovered 20 institutions with the strongest citation bursts in Figure 4B. The most influential organization from 2013 to 2016 was Harvard University (strength = 14.47). In addition, four institutions including Washington University, University of Texas Southwestern Med Ctr Dallas, University of Calabria and Tokyo Medical University have become hot research centers in recent years.


Table 2 | The top 10 institutions contributing to publications about inflammation in breast cancer.






Figure 4 | (A) The cooperation between different organizations, with blue representing American organizations, red representing Chinese organizations. brown representing France institutions, purple representing the middle east, light yellow representing Britain institutions, yellow representing Italy institutions, grey representing Japan institutions, orange representing Korea institutions and light blue representing rest of Asia institutions. (B) CiteSpace visualization map of top 20 institutions with the strongest citation bursts involved in inflammation in breast cancer.







Citation bursts in reference

References that get a lot of citations in a short period of time are known as references with citation bursts. CiteSpace detected 20 references in our analysis that had significant bursts of citations (Figure 5). The red bar in Figure 5 denotes significant citation burstiness, and each bar represents a year. “Global cancer statistics 2018: GLOBOCAN estimates of incidence and death globally for 36 cancers in 185 countries” was the title of the reference with the highest citation burst (strength = 66.88). It was written by Freddie Bray. Citation spikes between 2020 and 2022. “Cancer-related inflammation” written by Alberto Mantovani et al. and published in Nature, had the second-strongest citation burst (strength = 39.57), with bursts occurring from 2013 to 2016. These 20 references had endurance strengths between 2 and 6 years and burst strengths that varied from 11.81 to 66.88 overall. Table 3 also lists the top 10 studies concerning inflammation in breast cancer that received the most citations from 2013 to 2022.




Figure 5 | The most often cited top 20 sources. Citations that were particularly high that year are shown in red.




Table 3 | The top 10 high-cited papers about inflammation in breast cancer during 2013 to 2022.







The authors’ contributions

Table 4 is a list of the top 10 writers according to the volume of published works. Ueno NT, a researcher at the MD Anderson Cancer Center at The University of Texas, came in first place among them. He is also at the top of the list in terms of total citations at the same period. Those show that Ueno NT has made outstanding achievements in inflammation and breast cancer researches. We examined the author data using CiteSpace and represented it as a network (Figure 6A). The writers were loosely sorted into various colors based on the clustering data. We see both a localized concentration and a general dispersion. CiteSpace found 20 authors in our analysis who had significant bursts of citations (Figure 6B). During 2015-2019, the research of Sethi, Gautam and Miaskowski, Christine and Avan, Amir had a great influence. After 2019, the influence of Takabe, Kazuaki and Yan, Li and Wang, Jing gradually increased. And tied for first place (strength=4.07)


Table 4 | The top 10 most productive authors contributed to publications about inflammation in breast cancer.






Figure 6 | The relationship of research authors of inflammation in breast cancer (A).The 20 most rapidly-cited writers from 2013 to 2022 (B).







Research published in journals

1579 journals have published articles in the last ten years on inflammation and breast cancer. Of the 6902 articles field of inflammation in breast cancer we collected, 1104 (15.99%) of the top 10 journals’ publications (Table 5). CANCERS (IF = 6.575), PLOS ONE (IF = 3.752), and INTERNATIONAL JOURNAL OF MOLECULAR SCIENCES (IF = 6.208) are the top 3 publications in terms of quantity. The top 3 journals in terms of average citation count are PLOS ONE (IF = 3.752), ONCOTARGET (IF = 4.345), and BREAST CANCER RESEARCH (IF = 8.408). The three journals are classified as belonging to Q1 and Q2 by JCR of 2022.


Table 5 | The top 10 most active journals that published articles about inflammation in breast cancer.







Analysis of keywords in publications on breast cancer and inflammation

We used VOSviewer to do cluster analysis after filtering out terms with more than 10 occurrences (Figure 7). The connections between the keywords are stronger when the lines connecting the nodes are thicker.




Figure 7 | Analyzing the role of inflammation in breast cancer research using a co-word network and clustering of relevant keywords. Co-word frequency is represented by node size, co-word intensity by connection thickness, co-word network clustering results by color, and a tighter association between two words is shown by a node’s proximity to another node of the same color.



As shown in Figure 7, VOSviewer assessed and grouped the whole keywords that were taken from the title and abstract of 6902 relevant articles. 2467 keywords were categorized into three mechanism-associated subclusters by viewing keywords with high co-occurrences, which were defined as items that appeared more than 10 times: “patient” (red), “cell” (green), and “anti-inflammatory” (blue). Relevant terms within the red cluster included enhanced group, surgery, biomarker, and prognosis. In the cluster of green, the main keywords were activation, tumor growth, cell proliferation, migration, tumor microenvironment and macrophage. Relevant terms within the blue cluster included inhibition, apoptosis, activity, and anti-inflammatory medicine. The trend topic analysis of the keywords revealed that from 2013 to 2017 (Figure 8), microvesicles and microparticles were the primary study topics, while tumor progression, activated protein kinase, phenotypic, and rheumatoid arthritis were the top keywords. Mesenchymal stem cells, pharmacokinetics, and other significant terms have emerged as researchers actively investigate the pathophysiology and therapeutic potential of stem cells and drugs in breast cancer since 2017. Additionally, the following five keywords—heterogeneity, nanoparticle, targeted therapy, medicinal plant, and antimicrobial activity—appeared frequently in the previous three years (2020–2022), so they are very likely to represent the hottest areas of research on inflammation in breast cancer at the moment (Figure 8).




Figure 8 | In this visualization of CiteSpace’s analysis of the top 30 keyword explosions, “strong” denotes the magnitude of the explosion, “begin” shows the year in which the explosion began, and “end” indicates the year in which the explosion ended; a red dotted line depicts the explosion’s length. The full time frame, from 2013 to 2022, is shown by the blue line.








Discussion

So far as we are aware, this is the first bibliometric investigation of the possible connection between inflammation and breast cancer. 6902 papers were included in the analysis. There was an increasing tendency in publications. There were 36191 writers from 6307 institutions and 120 countries involved in the development of this field. Among the top writers, NT Ueno had 103 papers, received 2641 citations, and had an h-index of 30; WA Woodward had 78 papers, received 2178 citations, and had an h-index of 30; and MC Cristofanilli had 45 papers, received 1342 citations, and had an h-index of 24. With 319, 245, and 223 publications respectively, The University of Texas System, MD Anderson Cancer Center, and the University of California, respectively, were the top three universities. The United States produced 2291 papers, China produced 1222 documents, and Italy produced 426 records, respectively. There were a grand total of 1579 periodicals that advanced this study. CANCERS topped the list with 175 articles, followed by PLOS ONE with 149 articles, and the INTERNATIONAL JOURNAL OF MOLECULAR SCIENCES with 137 articles. The clusters are divided into three distinct lines of inquiry. There are three research directions in the clusters. The green cluster includes the important keywords of cell, tumor microenvironment, cell proliferation, signalling, etc. The blue cluster includes the important keywords of apoptosis, inhibition, activity and anti-inflammatory. The red cluster includes the important keywords of patients, biomaker, prognosis and surgery.




Areas of advancement and hotspots

Based on clustering research and keywords, the progress field of research hotspots between inflammation and breast cancer are found as follows: Specifically, the red cluster draws attention to the importance of clinical research and breast cancer patients. Staging of the tumor and lymph nodes is used to determine the prognosis and treatment choices for breast cancer. Factors include lymph node involvement, histologic grade, hormone receptor status, HER2 overexpression, comorbidities, menopausal status, and patient age are also significant (31). Breast cancer treatment options often consist of radical mastectomy, radiation therapy, chemotherapy, and endocrine therapy. Historically, the gold standard for treating invasive breast cancer in its early stages has been a procedure called a “modified radical mastectomy.” But breast-conserving surgery has gained popularity in recent years. With this treatment, the patient’s breast is left looking more natural than it would after a radical mastectomy since just the cancerous tissue is removed. Local recurrence is reduced and cancer-specific survival rates are increased to levels comparable to those with mastectomy when radiation treatment is administered after breast-conserving surgery (32). Whether or not radiation treatment and adjuvant systemic therapy are required is dependent on the status of axillary lymph nodes (ALNs). The disease-free and overall survival of patients with early-stage breast cancer who have a negative sentinel lymph node are significantly higher compared to those who have a negative axillary lymph nodes dissection, according to a prospective investigation. Following breast-conserving surgery, subclinical illness is often treated with whole-breast radiotherapy. A meta-analysis of 10 RCTs comparing breast-conserving surgery with and without radiation revealed that the use of radiation substantially decreased the five-year local recurrence rate. The use of chemotherapy, hormone treatment, and tissue targeted medicines in conjunction with definitive local therapy (surgery, radiation therapy, or both) significantly reduces cancer recurrence and disease-specific mortality. In addition, molecular diagnostics, molecular resection, and targeted therapeutics provide the possibility to personalize breast cancer therapy for each individual patient.

Cluster 2 in green color mainly highlights keywords on the mechanism of tumor growth such as cell proliferation, tumor progression, tumor growth and tumor microenvironment. Cluster 3 in blue mainly highlights regulation cell activity, cell death and inflammation for the treatment of breast cancer. Clusters 2 and 3 describe the area of basic research in breast cancer. As an important keyword, inflammation has many associations with other keywords in clusters 2 and 3.

Inflammation is involved in epithelial-mesenchymal transition, epigenetic control, cellular plasticity and intra-tumoral heterogeneity, which is contributed to the progression of breast cancer (33–35). The tumor microenvironment (TME) also plays an important role in the progression of breast cancer. Inflammation can increase the risk of cancer promoting cells by infiltrating the the tumor microenvironment, by releasing cytokines, growth factors, chemokines, and proangiogenic factors (36–38). Breast tumor microenvironment is dominated by macrophages and fibroblasts. During inflammatory reactions, fibroblasts and mesenchymal stem cells are often brought in to help (39). It is noteworthy that cancer-associated fibroblasts (CAFs), the main stromal cells that contribute to the TME in breast cancer, were examined at the single cell level and subsequently classified into many subclasses with various functional programs and prognostic significance (40–42). TAMs (tumor-associated macrophages) release cytokines, chemokines, and enzymes that promote angiogenesis, tumor growth, and cell proliferation (43). Additionally, by collaborating with immune and epithelial cells to control the cellular environment via the release of cytokines and chemokines, macrophages contribute to both innate and adaptive immunity (44). Many different kinds of cells in the TME secrete cytokines, which then act either locally (through autocrine and paracrine) or systemically via direct interactions with their respective membrane receptors (45). Multiple aspects of tumor immunity include members of the interleukin-1 (IL-1) family (46). There are seven pro-inflammatory ligands and four anti-inflammatory cytokines, all playing important roles in host defense and the inflammatory processes that may lead to cancer (47, 48). Collectively, deep insight into mechanisms of tumorigenesis and development from the perspective of inflammation is indeed essential to explore the novel therapeutic mechanism underlying breast cancer.





Strengths and limitations

There are several advantages to this research. To begin, for the first time, we conducted a systematic bibliometric analysis of inflammation in breast cancer, which may give complete recommendations for researchers that focus on related research. Second, we employed two bibliometric tools (VOSviewer and CiteSpace) which are extensively used in the area of bibliometrics. Therefore, it is probable that our method of analyzing the data will be objective. Finally, compared with traditional reviews, bibliometric analysis can provide a more comprehensive insight into hot spots and frontiers. However, it is important to acknowledge numerous limitations. To begin, we only choose to publication in English, which may lead to selection bias. Second, we only choose the articles in the WOSCC database, it will inevitably result in bibliography omissions. Third, citation metrics are time-dependent, meaning that recent articles are likely to be cited less often than previous articles, mainly due to the date of publication. As a result, bibliometrics may be biased in selecting the most popular articles. It is possible that some recently released high-quality articles will briefly be ranked lower than classic publications.






Conclusion

This is the first bibliometric study to evaluate the quantity and quality of information available in the literature on breast cancer and inflammation research. The increasing volume of yearly publications suggests that this research field has gained more attention. In addition, the United States having the largest number of publications. This study has mapped the worldwide landscape of researchers and institutions studying the relationship between breast cancer and inflammation. The highest output was found in CANCERS, while the highest IF was found in BREAST CANCER RESEARCH among the top 10 journals. In addition, the focus of breast cancer study gradually shifts from phenotype study to therapeutic research. It is recommended to pay attention to the latest hot spots, such as targeted therapy,antimicrobial activity and nanoparticle. Meanwhile, many researchers believe that inflammatory cytokines, cell death, and anti-inflammation are the most current and important topics in the field. Those just entering the field of study or those tasked with formulating policy can benefit greatly from these results.
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