

[image: Research hotspots and frontiers in the tumor microenvironment of colorectal cancer: a bibliometric study from 2014 to 2024]
Research hotspots and frontiers in the tumor microenvironment of colorectal cancer: a bibliometric study from 2014 to 2024





SYSTEMATIC REVIEW

published: 05 February 2025

doi: 10.3389/fonc.2025.1525280

[image: image2]


Research hotspots and frontiers in the tumor microenvironment of colorectal cancer: a bibliometric study from 2014 to 2024


Xinran He 1, Tingyi Xie 1, Li Shi 1, Xuyi Kuang 1, Lei Li 1, Xingyu Shang 1 and Bo Fu 2*


1 The Fourth Clinical Medical College of Guangzhou University of Chinese Medicine, Shenzhen, Guangdong, China, 2 Department of Nephrology, Shenzhen Traditional Chinese Medicine Hospital, Shenzhen, China




Edited by: 

Yuchuan Jiang, Jinan University, China

Reviewed by: 

Kousalya Lavudi, The Ohio State University, United States

Peng Chen, Southern Medical University, China

*Correspondence: 

Bo Fu
 doctorfb@126.com


Received: 09 November 2024

Accepted: 20 January 2025

Published: 05 February 2025

Citation:
He X, Xie T, Shi L, Kuang X, Li L, Shang X and Fu B (2025) Research hotspots and frontiers in the tumor microenvironment of colorectal cancer: a bibliometric study from 2014 to 2024. Front. Oncol. 15:1525280. doi: 10.3389/fonc.2025.1525280






Background

Colorectal cancer (CRC) is the second leading cause of cancer deaths globally, which poses a heavy burden on our healthcare and economy. In recent years, increasing researches suggest that the tumor microenvironment (TME) influences cancer onset, progression, metastasis, and treatment. This has become a popular direction for researching and attacking cancer. However, to date, there is no bibliometric analysis of colorectal cancer and tumor microenvironment from 2014 to 2024. This study aims to provide a comprehensive picture of the current research status, hotspots, and future trends in this field from a bibliometric perspective.





Methods

In this study, the publications about colorectal cancer and tumor microenvironment from 2014 to 2024 were searched based on the Web of Science Core Collection database. Then we analyzed and visualized the data using CiteSpace, VOSviewer, bibliometrix package, and Microsoft Excel 2019.





Results

A total of 748 publications were included in our study, and the number of publications entered a period of rapid growth after 2019. China and the United States are the major research and collaboration centers in this field. Elkord, Eyad is the most prolific author, and Frontiers in Immunology is the journal that published the most papers on the TME of CRC. In addition, keyword and cluster analysis showed that immune checkpoint inhibitors, cancer-associated fibroblasts, macrophage polarization, intestinal microbiota, colorectal cancer liver metastasis, drug resistance, scRNA-seq, etc. may be the research hotspots and trends in this field.





Conclusions

Colorectal cancer and tumor microenvironment research is in the developmental stage, and strengthening international cooperation can help to drive this field forward. The main components and signaling in TME, CRC immunotherapy, colorectal cancer liver metastasis, and new research techniques are the hot research directions in this domain. Our findings will provide scholars with an up-to-date perspective on the current state of research, hotspots, and future trends in this field.
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1 Introduction

According to the 2022 global cancer statistics published by the International Agency for Research on Cancer (IARC), colorectal cancer (CRC) ranks as the third most prevalent malignant tumor worldwide, with an incidence rate of approximately 9.6%. However, it possesses the second-highest mortality rate among all cancers, accounting for 9.3% of global cancer fatalities. Additionally, research has demonstrated that CRC patients are becoming younger, representing the primary cause of mortality among young men and the second-leading cause of death among young women in America, so imposing a significant burden on healthcare systems and the economy (1, 2). Currently, surgery, chemotherapy, and radiotherapy are still the main clinical interventions for CRC; nevertheless, the prognosis for advanced and metastatic CRC is unfavorable, and both chemotherapy and radiotherapy entail considerable adverse effects. In recent years, targeted therapies and immunotherapies have yielded substantial outcomes in CRC, with numerous investigational therapeutic strategies focusing on targeted therapies for driver gene mutations, such as EGFR, VEGF, BRAF, KRAS, MEK, as well as immune checkpoint inhibitors and their combinatorial approaches (3, 4). However, consequent gene mutations in different signaling pathways and immune escape lead to recurrence, metastasis, and drug resistance in CRC. Therefore, understanding the specific mechanisms of drug resistance and developing novel targeted or immunosuppressive drugs that overcome drug resistance and produce better efficacy and lower side effects are the key research directions for CRC in the future (5).

As our understanding of cancer continues to revolutionize, more and more evidence suggests that the complexity of the tumor microenvironment (TME) and its diversity across organs and patients promote cancer onset, progression, and metastasis, as well as mediate tumor cell drug resistance. Consequently, the TME is also gradually becoming an important direction for researching and attacking cancer. The TME is an intricate network of heterogeneous cell populations and non-cellular components, which mainly consist of immune cells, cancer-associated fibroblasts (CAFs), endothelial cells, extracellular matrix (ECM), and blood vessels. Among them, immune cells mainly include innate immune cells (tumor-associated macrophages (TAMs), tumor-associated neutrophils (TANs), tumor-infiltrating lymphocytes (TILs), and myeloid-derived suppressor cells (MDSCs), etc.) and adaptive immune cells (T cells and B cells). They are essential for tumor proliferation, tumor angiogenesis, immune escape, immunosuppression, and metastasis by secreting a variety of chemokines, cytokines, and growth factors while also interacting with tumor cells (6–8). As a result, it is necessary to clarify the TME of CRC to identify new core therapeutic strategies to overcome drug resistance and enhance patient prognosis.

Bibliometrics became an independent discipline in 1969 and has been widely used for literature analysis (9), which is an emerging method for evaluating the state of development and research hotspots within a particular field. Bibliometric analysis has been applied in various fields of medicine, providing comprehensive data regarding countries, institutions, authors, journals, keywords, and references, which can be used by researchers to discover new information about diseases, drug treatments, and broader trends in healthcare dynamics (10). Further, quantitative analysis of existing literature with the aid of modern computer technology and visualization tools such as CiteSpace, VOSviewer, and bibliometrix package can help to uncover the intrinsic links between information, for example, the collaborative relationships and research priorities of different countries, institutions, and authors. This can provide a more objective and comprehensive understanding of the development and the hot research trends of a particular field. At present, there is no bibliometric analysis of the TME and CRC. So the current status, hotspots, and frontiers of research in this domain are not yet clear. Thus, this study will systematically compile and analyze the literature on the TME and CRC published from 2014 to 2024, whereas it will comprehensively demonstrate the research status, hotspots, and future trends in this field through knowledge mapping.




2 Materials and methods



2.1 Data acquisition

Data for this study were obtained from the Web of Science Core Collection (https://www.webofscience.com/wos/woscc/basic-search), which has been recognized by researchers all over the world as a high-quality digital literature resource database. Undoubtedly, it is regarded as the most appropriate database for bibliometric analysis. Meanwhile, to ensure the comprehensiveness and accuracy of the search results, the indexes were selected as Science Citation Index Expanded (SCIE) and Social Science Citation Index (SSCI) (11, 12). The search strategy for this study was (TI = (“tumor microenvironment”) OR AK = (“tumor microenvironment”) OR TI = (“TME”) OR AK = (“TME”)) AND (TS = (“Colorectal Neoplasm*”) OR TS = (“Colorectal Tumor*”) OR TS = (“Colorectal Cancer*”) OR TS = (“Colorectal Carcinoma*”)), with a search deadline of September 6, 2024. Further screening was conducted based on the following criteria: (1) the publication period was from January 1, 2014, to August 31, 2024; (2) the language was set to English only; (3) the type of publication was selected Article and Review while Meeting Abstract, Editorial Material, Book Chapters, Early Access, Correction, Proceeding Paper, Retracted Publication, and other literature types were excluded; (4) to ensure the quality and accuracy of the included publications, manual screening was performed by reading the abstracts and full texts to exclude publications that were not related to the TME in CRC. The entire screening procedure is illustrated in Figure 1. All data retrieval, screening, and extraction were carried out independently by two authors and cross-validated; any issues were resolved by a third author through negotiation. A total of 748 valid publications were included, which were exported as “plain text”, including “complete records and cited references”.




Figure 1 | Flowchart for publications screening of the tumor microenvironment in colorectal cancer.






2.2 Research tools and visual analysis

This study used the bibliometrix package in R (version 4.3.3, https://www.bibliometrix.org), CiteSpace (6.1.R6 version), and VOSviewer (version 1.6.20) for bibliometric analysis, which have their strengths and complement each other. The Bibliometrix package in R provides a set of tools for quantitative bibliometrics and scientometrics research (13), utilized in this article for visualizing and analyzing national geographies, journal publication trends, and keywords. CiteSpace is a Java-based visualization and analysis tool developed by Prof. Chaomei Chen, which uses an incremental knowledge domain visualization approach to detect and visualize emerging trends and transient patterns in the scientific literature (14). We imported 748 publications into CiteSpace for de-duplication and the results showed no duplicate records. The period was set from January 2014 to August 2024, with a time slice of 1 year and a g-index of k=25. The institutional and author co-occurrence networks, journal dual map overlays, keyword co-occurrence networks, keyword timeline views, and citation bursts of references were visualized separately. The size of each node circle represents the number or frequency of occurrences, the color shade indicates the year of publication, and the connecting lines between nodes reflect collaborations. VOSviewer, on the other hand, is a software for presenting large bibliometric maps in an easy-to-interpret manner (15), providing visualization results of co-cited authors and co-cited references. Finally, Microsoft Excel 2019 was used for data statistics and building predictive models.





3 Results



3.1 Annual volume and trend of publications

Figure 2A illustrates the annual volume and trend of publications related to the research area of the TME in CRC. In general, the quantity of publications in this domain keeps rising, with an annual growth rate of 23.01%. The period can be roughly categorized into two phases. The initial phase spanned from 2014 to 2018, during which the annual publication count stayed below 30. The second phase, post-2019, demonstrated a consistent increase in publishing volume, peaking at 168 publications in 2022, which constituted 26.25% of the total, and was 11 times the number of publications in 2014. This implies that the TME of CRC has garnered more and more attention from scholars in recent years, becoming a significant research hotspot in the field of oncology. As of the analysis in 2024, a cumulative total of 108 papers had been published. A binomial fitting model was constructed utilizing Microsoft Excel 2019: y = 2.8598x² - 13.543x + 28.383 (R² = 0.9566), with an anticipated total of approximately 179 publications by the end of 2024.




Figure 2 | (A) Annual number of publications and trend chart. (B) Map of national/regional publications and collaborations. (C) Institutional co-occurrence and cooperation network map.






3.2 Analysis of national/regional cooperation

This study conducted a statistical analysis of publication counts from 59 countries/regions, with Supplementary Table S1 enumerating the top 10 countries/regions in terms of the number of publications. The results reveal that China ranks upper with 394 publications, accounting for 52.7% of the total publications in this field, signifying a highly productive country in this domain, followed by the United States (66), Germany (37), and Japan (36). The terms single country publications (SCP) and multiple countries publications (MCP) respectively refer to joint publications from a single country and several countries. China has the highest number of articles co-authored with other countries, with 25, followed by the United States with 23. This underscores the close collaboration between China, the United States, and other countries. Secondly, China (6021) is the top-ranked country in terms of the total amount of literature citations, but its average number of citations per paper is low (15.3), which indicates that there is still a need to enhance the quality and academic impact of research. Moreover, France has the highest average number of citations per publication (74.8), with 11 papers receiving 823 citations, while the United Kingdom ranks second (51.4). The bibliometrix package is used to display the number of publications and collaborations in each country/region (Figure 2B). The color shades denote how many publications there are in these regions and the connecting lines represent the collaborations between them. As can be seen from the figure, the main collaborations occur between China and the United States, the United States and Japan, and the United States and the United Kingdom.




3.3 Analysis of institutions

Over the past decade, 1,167 institutions have participated in publishing papers relevant to the TME of CRC. The top 10 institutions with the highest outputs are listed in Supplementary Table S2, all of which are medical schools in China. Among them, Sun Yat-sen University (30) published the most research papers in this field, succeeded by Fudan University (26), Zhejiang University (21), Shanghai Jiao Tong University (20), and China Medical University (20). Besides, in order to thoroughly explore the collaborative relationships between these institutions, we used CiteSpace to visualize the institutional co-occurrence collaboration network, generating a total of 313 nodes and 487 edges, the number of which represents the close collaboration among mature institutions. As shown in Figure 2C, Sun Yat-sen University, with the highest centrality, is situated in the center and establishes strong collaborative relationships with Chinese medical institutions, including Shanghai Jiaotong University, Fudan University, and Zhejiang University. In addition, Harvard Medical School collaborates with Dana-Farber Cancer Institute, Brigham & Women’s Hospital, Washington University, and various other foreign institutions.




3.4 Analysis of journals

The 748 publications included in this study had been published in 244 different journals. Supplementary Table S3 lists the top 10 journals by the number of publications in this research area. As it is widely acknowledged that Journal Citation Reports (JCR) and Impact Factor (IF) are significant indicators for evaluating the quality of research and academic impact of journals. We searched the latest JCR partition and IF of the above 10 journals from the Web of Science. Our results suggest that the top 5 journals in terms of publication volume are Frontiers in Immunology (56 articles), Cancers (52 articles), Frontiers in Oncology (43 articles), International Journal of Molecular Sciences (31 articles), and Frontiers in Genetics (16 articles). Of them, the Journal for Immunotherapy of Cancer gets the highest IF (10.3), followed by Oncoimmunology (6.5). Additionally, the H-index, a hybrid quantitative indicator that combines the quantity and quality of scholarly outputs, more accurately reflects the overall impact. Frontiers in Immunology is the journal with the highest H-index and the most citations. (H-index = 20, total citations = 1208). Finally, we utilized the bibliometrix package in R to visualize the annual cumulative publications of the premier 10 journals, as represented in Figure 3A. It is obvious that the majority of journals show a notable rise trend, especially Cancers, Frontiers in Immunology, and Frontiers in Oncology, which had explosive growth after 2020 and surpassed other journals during the same period.




Figure 3 | (A) Cumulative annual publication charts for journals. (B) Journal Dual Map Overlay. (C) Author co-occurrence and collaborative network diagram. (D) Network diagram of the co-cited authors.



The journal dual-map overlay reveals a connection between the citing and cited journals, illustrating the flow of knowledge in the research area in the TME of CRC. On the left and right are the subject areas represented by the citing and cited journals, respectively. Each data point represents a journal, and the colored curves stand for various citation paths (16). The two primary citation paths are depicted in Figure 3B; the green curve (z=1.7236, f=7149) and the orange curve (z=5.629635, f=22818) indicate that articles from journals in the field of molecular, biology, genetics are respectively cited by medicine, medical, clinical and molecular, biology, immunology field journals.




3.5 Analysis of authors and cited authors

The representative scholars and core research strength of the field can be recognized by analyzing the authors and cited authors. A total of 5509 authors were involved in publishing relevant studies. According to Price’s Law (17), the minimum number of publications by core authors in a certain field is calculated as m=0.749×  ≈2.59(  is the number of publications by the most prolific authors), so authors with three or more publications are defined as core authors in the field, totaling 143 core authors. Listed in Supplementary Table S4 are the top 10 core authors with the highest number of publications in the field. Among the high-productivity authors, Elkord, Eyad, is the author with the greatest number of publications having published 12 relevant papers in the last decade, followed by Shakibaei, Mehdi (9) and Toor, Salman M (7), which indicates that they are the most popular and innovative researchers in the field. The author collaborations in this domain are visualized via CiteSpace, as pesented in Figure 3C. There are 375 nodes and 594 edges, demonstrating that authors with a greater number of publications usually establish great collaborations. In terms of cited authors analysis, 30 authors out of 26,495 cited authors received more than 50 citations, and the close network structure among them is depicted by VOSviewer (Figure 3D). The top 10 cited authors and their information are summarized in Supplementary Table S4. Galon J is the most frequently cited author (n=168), while Mantovani A from Humanitas University has the highest H-index (H=190). The results above show that both authors have had a significant influence on the research field in the TME of CRC.




3.6 Analysis of co-cited and burst references

A co-citation connection exists when two or more papers are cited simultaneously by one or more subsequent papers. The analysis of co-cited references can identify core foundational publications, research hotspots within a research area, or connections between different fields (18). A total of 31 out of 36,462 references were co-cited more than 35 times, and the co-citation network mapping was done using VOSviewer, as illustrated in Figure 4A. The top 10 references with the most co-citations are listed in Supplementary Table S5. These references had all been co-cited at least 50 times and were primarily published in CA: A Cancer Journal for Clinicians and Nature subspecialties between 2006 and 2021. The most co-cited reference was “The consensus molecular subtypes of colorectal cancer” by Guinney, Justin, which was published in Nature Medicine in 2015.




Figure 4 | (A) Analysis of the co-cited references. (B) Top twenty-five references with the strongest citation bursts.



Burst reference analysis is used to identify the publications that are frequently cited by researchers during a specific period, and subsequently to analyze the heated frontiers and trends in the field. CiteSpace was utilized to select the top 25 references with the strongest citation bursts (Figure 4B). The red line in the graph represents the duration period of the reference outbursts, starting as early as 2015 and appearing as late as 2023, with durations ranging from 1 to 5 years. Overall, the outbreak strength of these 25 references ranges from 3.94 to 14.61. Among them, the one with the highest outbreak strengths is “Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries” (strength=14.61, from 2023 to 2024), published by Sung, Hyuna in CA: A Cancer Journal for Clinicians. The duration of outbreaks in these references with a predicted outbreak year ending in 2024 may be extended due to the incomplete statistics for 2024 data in this study.




3.7 Analysis of keywords

Keywords are a high-level summary of the core and essence of a paper. Through keyword co-occurrence analysis, we can visually demonstrate the correlation and mutual impact between keywords, as well as uncover the core keywords and potential research hotspots in specific fields (19). As demonstrated in Figure 5A, the keyword co-occurrence network consists of 437 nodes and 2479 edges. The size of the nodes signifies the frequency of keyword occurrence, and the higher the frequency, the larger the node. Besides, the color of the nodes represents the year of occurrence, with a darker color indicating an earlier year of keyword occurrence, and the centrality reflects the importance of the keywords. As long as two keywords have appeared in the same article, there is a connecting line between them. It is easy to find that the high-frequency keywords are “tumor microenvironment”, “colorectal cancer”, “expression “, “cell”, “colon cancer”, and so on. Supplementary Table S6 lists the top 20 keywords and their centrality. The centrality of most keywords is less than 0.1, and the highest centrality is “colon cancer”, which suggests that there are fewer key nodes in the network.




Figure 5 | (A) Keyword co-occurrence network diagram. (B) Timeline diagram of keywords. (C) The three-field plot of the tumor microenvironment in colorectal cancer (Left field: countries; Middle field: keywords plus; Right field: institutions).



The keyword timeline map combines temporal dimensions and thematic clustering, dynamically reflecting the trend of hotspots in the research field over time (20). The keywords “expression, colorectal cancer, tumor microenvironment, activation” that first emerged in 2014 served as the foundation for this study and continued to be at the forefront of research throughout the study, as displayed in Figure 5B. From 2015 to 2019, research themes such as “inflammation, metastasis, microsatellite instability, t cell, therapy” appeared. And the main keywords during the period of 2019 to 2024 were “immune cell, macrophage, liver metastasis, drug resistance, immunity, target”. Ultimately, 11 categories were generated by the log-likelihood ratio (LLR) algorithm: #0 tumor microenvironment; #1 scrna-seq; #2 immune checkpoint inhibitors; #3 cancer-associated fibroblasts; #4 colorectal cancer progression; #5 immune infiltration; #6 colorectal cancer; #7 intestinal microbiota; #8 macrophage polarization; #9 colorectal cancer liver metastasis; #10 drug resistance. Modularity Q primarily evaluates the extent of network structural tightness, with Q=0.3843 (>0.3) implying that the clustering structure is more significant; While Weighted Mean Silhouette S is an indicator applied to assess the homogeneity of the network, S=0.6938 (>0.5) indicates that the clustering is reasonable. What’s more, the three-field plot of countries, institutions, and keywords in the field of colorectal cancer tumor microenvironment was mapped by the bibliometrix package (Figure 5C). When it comes to countries, China, the USA, Germany, Japan, Italy, and the United Kingdom contributed a lot to these hotspots, whereas Iran and Korea were less interested in “progression”. France showed little attention to “metastasis, activation”, and Spain is less concerned with “survival, progression”. In the aspect of institutions, Sun Yat-sen University prioritized “expression, survival”, and Wuhan University focused on “cells, t-cells”.





4 Discussion



4.1 General information

In this study, we searched the publications on the tumor microenvironment of colorectal cancer in the past decade based on the Web of Science Core Collection database and eventually included 748 papers (564 Articles, 184 Reviews) through a series of screening criteria. Subsequently, the bibliometrix package in R, along with CiteSpace and VOSviewer, was applied for bibliometric analysis to reveal the research state, hotspots, and prospective trends of the TME in CRC. The statistical results showed that 748 publications were published in 244 diverse journals by 5509 authors from 1167 institutions in 59 countries, citing 36,462 citations from 3020 journals. Overall, the number of annual publications in the field has consistently increased over the last decade. There was a plateau from 2014 to 2018, a period of inapparent growth in the number of publications, suggesting that it may be in the initial stages of exploration. However, there was a period of rapid growth after 2019, particularly in the last three years, when the number of annual publications exceeded 150. According to the binomial fitting model, a total of 509 publications will be published from 2022 to the end of 2024, accounting for 62.14% of the total. This indicates that more and more scholars are beginning to concentrate on the crucial role of TME in the progression and therapy of CRC, rather than focusing solely on the tumor cells themselves.

In terms of countries and institutions, China and the United States are the major centers of research and collaboration in this area, with both comprising over 60% of the total number of publications. The reason for this is not only that CRC is the fourth and second most common cause of cancer fatalities in China and the United States, but it may also be attributed to the robust research and development infrastructures in both countries and the substantial investment in scientific research and innovation. According to statistics, CRC ranks second in the incidence of new malignant tumors in China, and the group of patients is getting younger and younger (21). This to some extent, has sparked a wave of publications by Chinese researchers and also implies that the field has a good prospect for development. Nevertheless, the average number of citations per publication in China is quite low (15.3), demonstrating a necessity to enhance the quality and academic influence of research. Overall, in terms of the number of national publications globally, CRC and TME-related research has been concentrated in East Asia, Europe and North America, where CRC prevalence and mortality are high. However, if inter-country cooperation is strengthened, certain regions with limited research in this area, such as South America, Southeast Asia, and Africa, could benefit from international collaboration. Therefore, it is important that inter-regional should make efforts to address institutional and cultural differences and to reach a consensus as early as possible in order to ensure successful cooperation. Given that China has the largest overall number of publications, it makes sense that the top 10 institutions are all from China. This highlights the critical role of these institutions in facilitating high academic output, and it is anticipated that these research institutions will make further breakthroughs in the TME of CRC in the coming years. Whereas, we can observe that the majority of the institutional collaborative co-occurrence network is dominated by Chinese institutions, while institutions from other countries are marginal and have low centrality, which manifests the low level of collaboration among international institutions. As a consequence, institutions should transcend regional constraints and augment international cooperation to better promote the development of this domain.

In terms of authors, Elkord, Eyad is the most prolific author in the field, paying attention to the important role of immune cells (such as T-regulatory cells and myeloid-derived suppressor cells) in tumor progression and treatment in the TME of CRC, as well as on immunotherapy and mechanisms of drug resistance in CRC (22–24). To a certain degree, academic journals reflect the research types of publications. Frontiers in Immunology is the journal that publishes the most papers among 244 journals, which means that the research focus may be concentrated on immunology. As shown in Supplementary Table S3, only two of the top ten journals belong to the Q2 JCR, while all others are in the Q1 JCR. Nonetheless, as a whole, the impact factors of the journals are all low, confirming that there is still a need to improve the quality of scholarship in the field. The most co-cited paper is “The consensus molecular subtypes of colorectal cancer” published by Guinney, Justin in Nature Medicine in 2015. This research was dedicated to the construction of a classification system of colorectal cancer subtypes based on the expression of consensus genes: CMS1 (microsatellite instability immune, 14%), CMS2 (classical, 37%), CMS3 (metabolic, 13%), and CMS4 mesenchymal, 23%), which informs CRC tumor-targeted therapies across the panorama of CRC tumor microenvironment research (25). Additionally, through the analysis of burst reference, it can be recognized that the research in the TME of CRC has transitioned from the consensus molecular subtypes of colorectal cancer to the study of specific components of the tumor microenvironment, such as the functions of cancer-associated fibroblasts, tumor-associated macrophages in CRC and the mechanisms of intercellular signal transduction.




4.2 Research hotspots

Keywords and cluster analysis can obtain the research hotspots and frontiers in the specific field, which will be discussed and summarized in the following parts of this paper.



4.2.1 Major components in the tumor microenvironment of colorectal cancer

Cancer-associated fibroblasts (CAFs) are an important component in the TME of CRC with high heterogeneity and diversity, comprising myofibroblast CAF (myCAF), antigen-presenting CAF (apCAF), inflammatory CAF (iCAF), vascular-associated CAF (vCAF), and ISLRCAF isoforms (26), which play dual roles. Most CAFs are involved in CRC growth metastasis, immune evasion, drug resistance, and ECM remodeling by secreting a series of soluble factors. A study discovered that insulin-like growth factor 2 (IGF2) and insulin-like growth factor 1 (IGF1) secreted by CAFs bind to IGF1-type receptors (IGF1R) on cancer cells, respectively, and activate the downstream Hippo-YAP1 and Akt/mTOR signaling pathways to promote the progression and metastasis of CRC (27, 28). Hiroki et al. conducted experiments to verify that CAFs generated by the proliferation of intestinal crypt peripheral leptin receptor (Lepr) cells shape the tumor-promoting immune microenvironment by expressing melanoma cell adhesion molecule (MCAM) and interacting with interleukin 1 receptor 1, which induces nuclear factor κB-IL34/CCL8 signaling to enhance M2-type macrophage chemotaxis (29). Moreover, CAFs can facilitate CRC immune evasion by recruiting immunosuppressive M2-type macrophages, MDSC, and regulatory T cells (Tregs) or by suppressing the activity of immune cells such as CD8 T cells and NK cells (30–33). Regarding drug resistance, Ren et al. proved that CAFs act as competitive RNA sponges for miR-141 via lncRNAH19 to activate the β-catenin pathway, thereby leading to chemoresistance in CRC (34). Last but not least, YAP is overexpressed in CRC and affects the alignment of key cytoskeletal protein components (F-actin) during the transformation of CAFs, promoting ECM stiffening. In contrast, with increased matrix stiffness, TGF-β motivates increased secretion of activin A by CAFs, which stimulates epithelial cell migration and epithelial-mesenchymal transition (EMT). These findings indicate that inhibiting the TGF-β pathway, activin A, and YAP is a promising target for blocking CRC metastasis (35, 36). On the other hand, certain subtypes like ISLR CAFs exert inhibitory effects on CRC differentiation and metastasis by activating BMP signaling in CRC cells, where specific mediators secreted need to be further investigated (37).

The macrophage, as an integral part of the TME, is a focus of research in this field. It belongs to the category of intrinsic immune cells with a wide range of pathogen-recognizing receptors that can effectively phagocytose and induce inflammatory cytokine production. TAMs are the most abundant immune cell population infiltrated in tumor tissues or present in TME. Macrophage polarization is the process by which macrophages differentiate into two distinct functional phenotypes (M1-type and M2-type) in response to various cytokine stimuli. M1-type macrophages are induced by Th1 cytokines and are responsible for the presentation of tumor-specific antigens and the release of pro-inflammatory cytokines (e.g., IL-1, IL-6, and TNF-α) to augment the anti-tumor immune response. Conversely, M2-type macrophages secrete anti-inflammatory factors (IL-10, TGF-β, VEGF, etc.), which mainly mediate anti-inflammatory responses and Th2-type immune responses, thus participating in angiogenesis, EMT, immunosuppression, and tumor metastasis (38, 39). It is worth noting that there is no absolute antagonistic distinction between the M1 and M2 phenotypes, and macrophage polarization is a dynamic process in which their ratios change in response to the microenvironment. This provides an opportunity for the targeted reprogramming of TAMs for drug development. Jing et al. by conducting vitro and vivo experiments, discovered that Hydroxygenkwanin (HGK) activates a variety of signaling pathways to help the polarization of TAMs towards the M1-type macrophages and inhibit their polarization to M2-type macrophages to obstruct CRC peritoneal metastasis (40).

The human intestinal microbiota constitutes a complex ecosystem with thousands of microorganisms, including bacteria, fungi, viruses, archaea, and parasites (41). Notably, CRC is distinguished from many other cancers due to its close connection with the gut microbiota. In recent years, an increasing number of studies have proved that the gut microbiota and its metabolites affect the immune microenvironment of CRC leading to tumor progression, metastasis, and response to therapy, especially bacteria of the genus Clostridium. Hu’s research pointed out that Fusobacterium nucleatum (Fn) regulates the ratio of M1 to M2 macrophages through the activation of TLR4/NF-κb/s100A9 signaling, and promotes M2-type macrophage polarization, which contributes to TME re-editing and stimulates CRC metastasis (42). Sakamoto et al. found that Fn is associated with a lower density of CD8+ T cells and a higher density of MDSC in CRC liver metastasis (43). Furthermore, Jiang et al. observed that succinic acid produced by Fn reduces the number of CD8+ T cells in TME by blocking the cGAS-interferon-β pathway, which results in immunotherapy resistance (44). What’s more, the role of some non-bacterial gut microbiota such as viruses and fungi in the TME of CRC requires further investigation.




4.2.2 Association between colorectal cancer therapy and TME

As shown by the keywords and cluster analysis, the link between colorectal cancer therapy and TME is one of the hot topics, particularly in the research of immunotherapy and drug resistance targeting TME. Immune checkpoint inhibitors (ICIs), a crucial category of immunotherapy, have been proven to make substantial advancements in the treatment of colorectal cancer (CRC). It is designed to block immunosuppressive tumor signaling by targeting receptor or ligand checkpoint proteins, with typical targets including programmed death-1 (PD-1), programmed death-ligand 1 (PD-L1), and cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) (45). PD-1/PD-L1 inhibitors have been shown to exert antitumor effects by decreasing the depletion of CD8+ cytotoxic T cells and increasing related chemokines and cytokines in TME (46, 47). Therefore, due to the presence of tumor microenvironment feature dependency in clinical practice, ICIs are more effective in patients with deficient DNA mismatch repair/high microsatellite instability (dMMR/MSI-H) CRC, which has a high tumor mutation burden and strong tumor immunogenicity. In contrast, patients with proficient DNA mismatch repair/microsatellite stability (pMMR/MSS) CRC have poorer efficacy. As early as 2015, a phase II clinical trial (KEYNOTE-016) reported that the immune-related objective remission rate and immune-related progression-free survival rate of pembrolizumab (PD-1 inhibitor) in patients with dMMR-type refractory progressive mCRC were 40% and 78%, respectively, compared with 0% and 11% in pMMR-type CRC (48). Since then, ICIs have crossed into an era of rapid clinical translation, and the FDA approved pembrolizumab for the first-line therapy of dMMR/MSI-H mCRC patients in 2020 (49). Subsequently, clinical studies about nivolumab, dostarlimab, and ipilimumab have progressively been carried out. With further research on TME, new immune checkpoints have been continuously discovered, such as lymphocyte activation gene 3 (LAG-3), V structural domain Ig suppressor factor of T-cell activation (VISTA), T-cell immunoglobulin, and ITIM structural domain (TIGIT) (50).

Although ICIs have achieved successful clinical translation in dMMR/MSI-H CRC, 80% to 90% of the clinical patients are pMMR/MSS CRC patients, which means that the application of ICIs is severely restricted. One of the reasons may be the lack of cytotoxic T-lymphocytes (CTLs) infiltration in the tumor microenvironment of pMMR/MSS-type colorectal cancers, along with low expression or absence of MHCI and MHCII molecules, resulting in immune escape, which is commonly recognized as “cold tumors” (51, 52). More importantly, the TME of CRC can induce immune resistance through other multiple mechanisms, including the infiltration of immunosuppressive cells (Tregs, MDSC, TAMs), oncogenic signaling pathway-mediated immunosuppression (WNT/β-catenin, TGF-β, interferon-γ), tumor metabolism (lactic acid accumulation, hypoxia, glycolysis), overexpression of other suppressive immune checkpoints and molecules (LAG-3, TIM-3, IGIT), and gut microbiota (53–55). In particular, TME also leads to targeted drug resistance. Dennis et al. found that targeting vascular endothelial growth factor receptor (VEGFR) drugs markedly reduced the infiltration of TAMs and Tregs into the tumor microenvironment to inhibit immune escape (56). Currently, combination therapies are mainly used in the clinic to improve immune efficacy, for example, ICIs combined with chemotherapy, radiotherapy, or targeted therapy, ICI two-drug combination, and neoadjuvant immunotherapy.

In summary, ICIs enhance anti-tumor effects by blocking immune checkpoint molecules, reactivating the immune response effect of T-cells against tumors, and restoring the immune microenvironment of tumors. Compared with traditional therapies, ICIs directly target the immunosuppressive pathway and solve the problem of immune escape. At the same time, it enhances the efficacy of dMMR/MSI-H type CRC, and overcomes the immunosuppressive tumor microenvironment of pMMR/MSS type CRC patients by combining treatment with radiotherapy or targeted drugs to enhance the efficacy and delay the occurrence of drug resistance. Furthermore, by combining ICIs treatment with biomarker (e.g., PD-1 expression, TMB, TIL count) detection, precision medicine is realized to help screen patients suitable for ICIs treatment. In addition, ICIs are expected to significantly improve the survival of patients with advanced or metastatic CRC by stimulating the persistent activity of immune memory cells. In the future, researchers need to develop more effective biomarkers to screen the beneficiary population, explore novel ICIs and combination therapies to overcome drug resistance, and study the CRC tumor immune microenvironment in depth to guide individualized treatment.




4.2.3 Tumor microenvironment mediated liver metastasis in colorectal cancer

The liver is the most common site of CRC metastasis. Statistics reveal that over 20% of CRC patients present with liver metastasis at the time of initial diagnosis, and more than 50% of primary CRC will develop liver metastasis (57, 58), which comes along with a dismal prognosis. Therefore, understanding the mechanism of colorectal cancer liver metastasis (CRLM) will be beneficial in finding precise therapeutic targets. Cancer stem cells, epithelial-mesenchymal transition, and tumor microenvironment are considered to be the three classical changes in CRC that promote liver metastasis, and this process usually interacts and overlaps (59). Normal colorectal cells undergo oncogenic mutations in various genes like BRAF, TP53, and KRAS to form aggressive tumor stem cells (CSC), which are then implanted into the liver tissue through EMT, ECM remodeling, and peripheral tissue vascular migration (60–62). Secondly, the tumor microenvironment of colorectal cancer is a necessary prerequisite for its development and metastasis, and a variety of immune cells, cytokines, chemokines, exosomes, metabolic reprogramming, and interactions with cancer cells collectively facilitate CRLM (63). Thirdly, pre-metastatic ecological niches in the liver immune microenvironment play a key role in promoting CRLM, especially liver sinusoidal endothelial cells (LSEC), Kupffer cells (KC), and hepatic stellate cells (HSC) (64). Consequently, immunotherapy targeting the tumor microenvironment like chimeric antigen receptor T-cell therapy (CAR-T) and tumor vaccines will be the future research hotspots for CRC precision therapy.




4.2.4 Research methods in the field of the TME in CRC

Single-cell RNA sequencing (scRNA-seq) is a high-throughput experimental technique to quantify the gene expression profile of a specific cell population by analyzing the RNA transcripts of each cell individually. Liang et al. proved, using scRNA-seq and in vitro experiments, that CRC cell-derived exosome miR-106a-5p induces the polarization of M2 macrophages through the down-regulation of SOCS6 and activation of the JAK2/STAT3 signaling pathway. Finally, these M2 macrophages reciprocally enhance CRC liver metastasis (65). Li et al. discovered by scRNA-seq combined with a prospective cohort study that d-MMR/MSI-H CRC patients who achieved pathological complete remission (pCR) post-PD-1 inhibitor treatment had a decrease in CCL2 fibroblasts, while CD20 B cells and HLA-DRA endothelial cells increased (66).






5 Limitations

It is undeniable that this study has several limitations. At first, our data were only obtained from the WoSCC database and only English publications in the form of Articles and Reviews were included, which may have caused incomplete data and analysis results, resulting in literature database bias. Moreover, there are still a number of important publications in other languages that were not included in this study, missing the potential for different perspectives and insights from other languages, which may have an impact on the overall understanding of global research changes, and consequently lead to language bias. Nonetheless, due to the very small percentage of non-English articles and the high coverage of WoSCC in the vast majority of studies. Therefore, the trend of our study remains an important reference. Secondly, our search finished on September 6, 2024, perhaps overlooking some recently updated papers during the completion of the study. Also, some high-quality studies published recently may have been disregarded because of low citation counts. Thirdly, the search results may not be the same owing to the different range of databases purchased by the organizations. Fourthly, there may also be minor discrepancies in some of the analysis results since different software versions and analysis methods.




6 Conclusions

In conclusion, we used bibliometric methods to analyze, visualize, and summarize the publications on tumor microenvironments of colorectal cancer from 2014 to 2024 in this research. At present, the field is in a rapid development stage, with significant contributions from China and the United States. Future research in this area needs to overcome the low average citation rate of Chinese research and promote international cooperation. First, Chinese scholars should improve their own research quality and innovation. Second, Chinese scholars should strengthen academic exchanges and international cooperation, improve the research evaluation system to incentivize scholars to publish high-quality papers, and strengthen research team building. Third, it is important to break down institutional and cultural differences and reach a consensus as soon as possible to ensure the success of cooperation. In addition, the main components and signaling in the tumor microenvironment of colorectal cancer, the association between tumor microenvironment and colorectal cancer treatment, and liver metastasis of colorectal cancer will become the research hotspots in this field.





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

XH: Data curation, Formal analysis, Project administration, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. TX: Formal analysis, Investigation, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. LS: Data curation, Investigation, Methodology, Software, Visualization, Writing – original draft, Writing – review & editing. XK: Investigation, Methodology, Software, Visualization, Writing – review & editing. LL: Investigation, Methodology, Software, Validation, Visualization, Writing – review & editing. XS: Investigation, Methodology, Software, Validation, Visualization, Writing – review & editing. BF: Funding acquisition, Project administration, Resources, Supervision, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was supported by the Sanming Project of Medicine in Shenzhen (grant number SZZYSM202311004).





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1525280/full#supplementary-material




References

1. Bray, F, Laversanne, M, Sung, H, Ferlay, J, Siegel, RL, Soerjomataram, I, et al. Global cancer statistics 2022: globocan estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2024) 74:229–63. doi: 10.3322/caac.21834

2. Dizon, DS, and Kamal, AH. Cancer statistics 2024: all hands on deck. CA Cancer J Clin. (2024) 74:8–9. doi: 10.3322/caac.21824

3. Nikolouzakis, TK, Chrysos, E, Docea, AO, Fragkiadaki, P, Souglakos, J, Tsiaoussis, J, et al. Current and future trends of colorectal cancer treatment: exploring advances in immunotherapy. Cancers (Basel). (2024) 16(11):1995. doi: 10.3390/cancers16111995

4. Salva de Torres, C, Baraibar, I, Saoudi González, N, Ros, J, Salva, F, Rodríguez-Castells, M, et al. Current and emerging treatment paradigms in colorectal cancer: integrating hallmarks of cancer. Int J Mol Sci. (2024) 25(13):6967. doi: 10.3390/ijms25136967

5. Fadlallah, H, El Masri, J, Fakhereddine, H, Youssef, J, Chemaly, C, Doughan, S, et al. Colorectal cancer: recent advances in management and treatment. World J Clin Oncol. (2024) 15:1136–56. doi: 10.5306/wjco.v15.i9.1136

6. Hinshaw, DC, and Shevde, LA. The tumor microenvironment innately modulates cancer progression. Cancer Res. (2019) 79:4557–66. doi: 10.1158/0008-5472.Can-18-3962

7. Chen, Y, Zheng, X, and Wu, C. The role of the tumor microenvironment and treatment strategies in colorectal cancer. Front Immunol. (2021) 12:792691. doi: 10.3389/fimmu.2021.792691

8. Li, J, Chen, D, and Shen, M. Tumor microenvironment shapes colorectal cancer progression, metastasis, and treatment responses. Front Med (Lausanne). (2022) 9:869010. doi: 10.3389/fmed.2022.869010

9. Pritchard, A. Statistical bibliography or bibliometrics. J Document. (1969) 25:348.

10. Thompson, DF, and Walker, CK. A descriptive and historical review of bibliometrics with applications to medical sciences. Pharmacotherapy. (2015) 35:551–9. doi: 10.1002/phar.1586

11. Ding, X, and Yang, Z. Knowledge mapping of platform research: A visual analysis using vosviewer and citespace. Electron Commerce Res. (2022) 22:787–809. doi: 10.1007/s10660-020-09410-7

12. Yang, C, Liu, H, Feng, X, Shi, H, Jiang, Y, Li, J, et al. Research hotspots and frontiers of neoadjuvant therapy in triple-negative breast cancer: A bibliometric analysis of publications between 2002 and 2023. Int J Surg. (2024) 110:4976–92. doi: 10.1097/js9.0000000000001586

13. Aria, M, and Cuccurullo, C. Bibliometrix: an R-tool for comprehensive science mapping analysis. J Inform. (2017) 11:959–75. doi: 10.1016/j.joi.2017.08.007

14. Chen, CM. Citespace ii: detecting and visualizing emerging trends and transient patterns in scientific literature. J Am Soc Inf Sci Technol. (2006) 57:359–77. doi: 10.1002/asi.20317

15. van Eck, NJ, and Waltman, L. Software survey: vosviewer, a computer program for bibliometric mapping. Scientometrics. (2010) 84:523–38. doi: 10.1007/s11192-009-0146-3

16. Chen, CM, and Leydesdorff, L. Patterns of connections and movements in dual-map overlays: A new method of publication portfolio analysis. J Assoc Inf Sci Technol. (2014) 65:334–51. doi: 10.1002/asi.22968

17. Zhang, W, and Shao, Z. Research trends and hotspots in the immune microenvironment related to osteosarcoma and tumor cell aging: A bibliometric and visualization study. Front Endocrinol (Lausanne). (2023) 14:1289319. doi: 10.3389/fendo.2023.1289319

18. Zhang, L, Zheng, H, Jiang, ST, Liu, YG, Zhang, T, Zhang, JW, et al. Worldwide research trends on tumor burden and immunotherapy: A bibliometric analysis. Int J Surg. (2024) 110:1699–710. doi: 10.1097/js9.0000000000001022

19. Chen, Z, Zuo, Z, Song, X, Zuo, Y, Zhang, L, Ye, Y, et al. Mapping theme trends and research frontiers in dexmedetomidine over past decade: A bibliometric analysis. Drug Des Devel Ther. (2024) 18:3043–61. doi: 10.2147/dddt.S459431

20. Huang, Z, Xie, T, Xie, W, Chen, Z, Wen, Z, and Yang, L. Research trends in lung cancer and the tumor microenvironment: A bibliometric analysis of studies published from 2014 to 2023. Front Oncol. (2024) 14:1428018. doi: 10.3389/fonc.2024.1428018

21. Yang, Y, Gao, Z, Huang, A, Shi, J, Sun, Z, Hong, H, et al. Epidemiology and early screening strategies for colorectal cancer in China. Chin J Cancer Res. (2023) 35:606–17. doi: 10.21147/j.issn.1000-9604.2023.06.05

22. Sasidharan Nair, V, Saleh, R, Toor, SM, Taha, RZ, Ahmed, AA, Kurer, MA, et al. Transcriptomic profiling disclosed the role of DNA methylation and histone modifications in tumor-infiltrating myeloid-derived suppressor cell subsets in colorectal cancer. Clin Epigen. (2020) 12:13. doi: 10.1186/s13148-020-0808-9

23. Toor, SM, Taha, RZ, Sasidharan Nair, V, Saleh, R, Murshed, K, Abu Nada, M, et al. Differential gene expression of tumor-infiltrating cd33(+) myeloid cells in advanced- versus early-stage colorectal cancer. Cancer Immunol Immunother. (2021) 70:803–15. doi: 10.1007/s00262-020-02727-0

24. Elkord, E. T regulatory cell subsets in colorectal cancer: friends or foes. Cancer Res. (2023) 83:2. doi: 10.1158/1538-7445.Am2023-6633

25. Guinney, J, Dienstmann, R, Wang, X, de Reyniès, A, Schlicker, A, Soneson, C, et al. The consensus molecular subtypes of colorectal cancer. Nat Med. (2015) 21:1350–6. doi: 10.1038/nm.3967

26. Chen, Y, Liang, Z, and Lai, M. Targeting the devil: strategies against cancer-associated fibroblasts in colorectal cancer. Transl Res. (2024) 270:81–93. doi: 10.1016/j.trsl.2024.04.003

27. Zhang, J, Chen, B, Li, H, Wang, Y, Liu, X, Wong, KY, et al. Cancer-associated fibroblasts potentiate colorectal cancer progression by crosstalk of the igf2-igf1r and hippo-yap1 signaling pathways. J Pathol. (2023) 259:205–19. doi: 10.1002/path.6033

28. Tommelein, J, De Vlieghere, E, Verset, L, Melsens, E, Leenders, J, Descamps, B, et al. Radiotherapy-activated cancer-associated fibroblasts promote tumor progression through paracrine igf1r activation. Cancer Res. (2018) 78:659–70. doi: 10.1158/0008-5472.Can-17-0524

29. Kobayashi, H, Gieniec, KA, Lannagan, TRM, Wang, T, Asai, N, Mizutani, Y, et al. The origin and contribution of cancer-associated fibroblasts in colorectal carcinogenesis. Gastroenterology. (2022) 162:890–906. doi: 10.1053/j.gastro.2021.11.037

30. Chun, E, Lavoie, S, Michaud, M, Gallini, CA, Kim, J, Soucy, G, et al. Ccl2 promotes colorectal carcinogenesis by enhancing polymorphonuclear myeloid-derived suppressor cell population and function. Cell Rep. (2015) 12:244–57. doi: 10.1016/j.celrep.2015.06.024

31. Zhang, R, Qi, F, Zhao, F, Li, G, Shao, S, Zhang, X, et al. Cancer-associated fibroblasts enhance tumor-associated macrophages enrichment and suppress nk cells function in colorectal cancer. Cell Death Dis. (2019) 10:273. doi: 10.1038/s41419-019-1435-2

32. Egan, H, Treacy, O, Lynch, K, Leonard, NA, O’Malley, G, Reidy, E, et al. Targeting stromal cell sialylation reverses T cell-mediated immunosuppression in the tumor microenvironment. Cell Rep. (2023) 42:112475. doi: 10.1016/j.celrep.2023.112475

33. Jacobs, J, Deschoolmeester, V, Zwaenepoel, K, Flieswasser, T, Deben, C, Van den Bossche, J, et al. Unveiling a cd70-positive subset of cancer-associated fibroblasts marked by pro-migratory activity and thriving regulatory T cell accumulation. Oncoimmunology. (2018) 7:e1440167. doi: 10.1080/2162402x.2018.1440167

34. Ren, J, Ding, L, Zhang, D, Shi, G, Xu, Q, Shen, S, et al. Carcinoma-associated fibroblasts promote the stemness and chemoresistance of colorectal cancer by transferring exosomal lncrna H19. Theranostics. (2018) 8:3932–48. doi: 10.7150/thno.25541

35. Naktubtim, C, Payuhakrit, W, Uttarawichien, T, Hassametto, A, and Suwannalert, P. Yap, a novel target regulates F-actin rearrangement-associated cafs transformation and promotes colorectal cancer cell progression. BioMed Pharmacother. (2022) 155:113757. doi: 10.1016/j.biopha.2022.113757

36. Bauer, J, Emon, MAB, Staudacher, JJ, Thomas, AL, Zessner-Spitzenberg, J, Mancinelli, G, et al. Increased stiffness of the tumor microenvironment in colon cancer stimulates cancer associated fibroblast-mediated prometastatic activin a signaling. Sci Rep. (2020) 10:50. doi: 10.1038/s41598-019-55687-6

37. Kobayashi, H, Gieniec, KA, Wright, JA, Wang, T, Asai, N, Mizutani, Y, et al. The balance of stromal bmp signaling mediated by grem1 and islr drives colorectal carcinogenesis. Gastroenterology. (2021) 160:1224–39.e30. doi: 10.1053/j.gastro.2020.11.011

38. Hou, S, Zhao, Y, Chen, J, Lin, Y, and Qi, X. Tumor-associated macrophages in colorectal cancer metastasis: molecular insights and translational perspectives. J Transl Med. (2024) 22:62. doi: 10.1186/s12967-024-04856-x

39. Ye, Z, Cheng, P, Huang, Q, Hu, J, Huang, L, and Hu, G. Immunocytes interact directly with cancer cells in the tumor microenvironment: one coin with two sides and future perspectives. Front Immunol. (2024) 15:1388176. doi: 10.3389/fimmu.2024.1388176

40. Xun, J, Hu, Z, Wang, M, Jiang, X, Liu, B, Han, Y, et al. Hydroxygenkwanin suppresses peritoneal metastasis in colorectal cancer by modulating tumor-associated macrophages polarization. Chem Biol Interact. (2024) 396:111038. doi: 10.1016/j.cbi.2024.111038

41. Wong, CC, and Yu, J. Gut microbiota in colorectal cancer development and therapy. Nat Rev Clin Oncol. (2023) 20:429–52. doi: 10.1038/s41571-023-00766-x

42. Hu, L, Liu, Y, Kong, X, Wu, R, Peng, Q, Zhang, Y, et al. Fusobacterium nucleatum facilitates M2 macrophage polarization and colorectal carcinoma progression by activating tlr4/nf-Kb/S100a9 cascade. Front Immunol. (2021) 12:658681. doi: 10.3389/fimmu.2021.658681

43. Sakamoto, Y, Mima, K, Ishimoto, T, Ogata, Y, Imai, K, Miyamoto, Y, et al. Relationship between fusobacterium nucleatum and antitumor immunity in colorectal cancer liver metastasis. Cancer Sci. (2021) 112:4470–7. doi: 10.1111/cas.15126

44. Jiang, SS, Xie, YL, Xiao, XY, Kang, ZR, Lin, XL, Zhang, L, et al. Fusobacterium nucleatum-derived succinic acid induces tumor resistance to immunotherapy in colorectal cancer. Cell Host Microbe. (2023) 31:781–97.e9. doi: 10.1016/j.chom.2023.04.010

45. Zhao, W, Jin, L, Chen, P, Li, D, Gao, W, and Dong, G. Colorectal cancer immunotherapy-recent progress and future directions. Cancer Lett. (2022) 545:215816. doi: 10.1016/j.canlet.2022.215816

46. Li, X, Yang, Y, Huang, Q, Deng, Y, Guo, F, Wang, G, et al. Crosstalk between the tumor microenvironment and cancer cells: A promising predictive biomarker for immune checkpoint inhibitors. Front Cell Dev Biol. (2021) 9:738373. doi: 10.3389/fcell.2021.738373

47. Chow, A, Perica, K, Klebanoff, CA, and Wolchok, JD. Clinical implications of T cell exhaustion for cancer immunotherapy. Nat Rev Clin Oncol. (2022) 19:775–90. doi: 10.1038/s41571-022-00689-z

48. Le, DT, Uram, JN, Wang, H, Bartlett, BR, Kemberling, H, Eyring, AD, et al. Pd-1 blockade in tumors with mismatch-repair deficiency. N Engl J Med. (2015) 372:2509–20. doi: 10.1056/NEJMoa1500596

49. Casak, SJ, Marcus, L, Fashoyin-Aje, L, Mushti, SL, Cheng, J, Shen, YL, et al. Fda approval summary: pembrolizumab for the first-line treatment of patients with msi-H/dmmr advanced unresectable or metastatic colorectal carcinoma. Clin Cancer Res. (2021) 27:4680–4. doi: 10.1158/1078-0432.Ccr-21-0557

50. Borgeaud, M, Sandoval, J, Obeid, M, Banna, G, Michielin, O, Addeo, A, et al. Novel targets for immune-checkpoint inhibition in cancer. Cancer Treat Rev. (2023) 120:102614. doi: 10.1016/j.ctrv.2023.102614

51. Ding, K, Mou, P, Wang, Z, Liu, S, Liu, J, Lu, H, et al. The next bastion to be conquered in immunotherapy: microsatellite stable colorectal cancer. Front Immunol. (2023) 14:1298524. doi: 10.3389/fimmu.2023.1298524

52. Ye, X, Liu, Y, Wei, L, Sun, Y, Zhang, X, Wang, H, et al. Monocyte/macrophage-mediated transport of dual-drug zif nanoplatforms synergized with programmed cell death protein-1 inhibitor against microsatellite-stable colorectal cancer. Adv Sci (Weinh). (2024) 11:e2405886. doi: 10.1002/advs.202405886

53. Sahin, IH, Akce, M, Alese, O, Shaib, W, Lesinski, GB, El-Rayes, B, et al. Immune checkpoint inhibitors for the treatment of msi-H/mmr-D colorectal cancer and a perspective on resistance mechanisms. Br J Cancer. (2019) 121:809–18. doi: 10.1038/s41416-019-0599-y

54. Wang, Q, Shen, X, Chen, G, and Du, J. How to overcome resistance to immune checkpoint inhibitors in colorectal cancer: from mechanisms to translation. Int J Cancer. (2023) 153:709–22. doi: 10.1002/ijc.34464

55. Sun, Q, Hong, Z, Zhang, C, Wang, L, Han, Z, and Ma, D. Immune checkpoint therapy for solid tumours: clinical dilemmas and future trends. Signal Transduct Target Ther. (2023) 8:320. doi: 10.1038/s41392-023-01522-4

56. Doleschel, D, Hoff, S, Koletnik, S, Rix, A, Zopf, D, Kiessling, F, et al. Regorafenib enhances anti-pd1 immunotherapy efficacy in murine colorectal cancers and their combination prevents tumor regrowth. J Exp Clin Cancer Res. (2021) 40:288. doi: 10.1186/s13046-021-02043-0

57. Ciardiello, F, Ciardiello, D, Martini, G, Napolitano, S, Tabernero, J, and Cervantes, A. Clinical management of metastatic colorectal cancer in the era of precision medicine. CA Cancer J Clin. (2022) 72:372–401. doi: 10.3322/caac.21728

58. Kong, WS, Li, JJ, Deng, YQ, Ju, HQ, and Xu, RH. Immunomodulatory molecules in colorectal cancer liver metastasis. Cancer Lett. (2024) 598:217113. doi: 10.1016/j.canlet.2024.217113

59. Zhao, W, Dai, S, Yue, L, Xu, F, Gu, J, Dai, X, et al. Emerging mechanisms progress of colorectal cancer liver metastasis. Front Endocrinol (Lausanne). (2022) 13:1081585. doi: 10.3389/fendo.2022.1081585

60. Zhou, H, Liu, Z, Wang, Y, Wen, X, Amador, EH, Yuan, L, et al. Colorectal liver metastasis: molecular mechanism and interventional therapy. Signal Transduct Target Ther. (2022) 7:70. doi: 10.1038/s41392-022-00922-2

61. Liu, Z, Chen, J, Ren, Y, Liu, S, Ba, Y, Zuo, A, et al. Multi-stage mechanisms of tumor metastasis and therapeutic strategies. Signal Transduct Target Ther. (2024) 9:270. doi: 10.1038/s41392-024-01955-5

62. Shin, AE, Giancotti, FG, and Rustgi, AK. Metastatic colorectal cancer: mechanisms and emerging therapeutics. Trends Pharmacol Sci. (2023) 44:222–36. doi: 10.1016/j.tips.2023.01.003

63. Chandra, R, Karalis, JD, Liu, C, Murimwa, GZ, Voth Park, J, Heid, CA, et al. The colorectal cancer tumor microenvironment and its impact on liver and lung metastasis. Cancers (Basel). (2021) 13(24):6206. doi: 10.3390/cancers13246206

64. Wang, Y, Zhong, X, He, X, Hu, Z, Huang, H, Chen, J, et al. Liver metastasis from colorectal cancer: pathogenetic development, immune landscape of the tumour microenvironment and therapeutic approaches. J Exp Clin Cancer Res. (2023) 42:177. doi: 10.1186/s13046-023-02729-7

65. Liang, Y, Li, J, Yuan, Y, Ju, H, Liao, H, Li, M, et al. Exosomal mir-106a-5p from highly metastatic colorectal cancer cells drives liver metastasis by inducing macrophage M2 polarization in the tumor microenvironment. J Exp Clin Cancer Res. (2024) 43:281. doi: 10.1186/s13046-024-03204-7

66. Li, J, Wu, C, Hu, H, Qin, G, Wu, X, Bai, F, et al. Remodeling of the immune and stromal cell compartment by pd-1 blockade in mismatch repair-deficient colorectal cancer. Cancer Cell. (2023) 41:1152–69.e7. doi: 10.1016/j.ccell.2023.04.011




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 He, Xie, Shi, Kuang, Li, Shang and Fu. 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.2025.1525280_cover.jpg
& frontiers | Frontiers in Oncology

Research hotspots and frontiers in the
tumor microenvironment of colorectal
cancer: a bibliometric study from 2014 to
2024





OEBPS/Images/fonc-15-1525280-g001.jpg
A Bibliometric Analysis of Colorectal Cancer
and Tumor Microenvironment(2014-2024)

Search strategy:(TI = ("tumor microenvironment") OR TI = ("TME")
lOR AK = ("tumor microenvironment") OR AK = ("TME")) AND (TS =

("Colorectal Neoplasm*") OR TS = ("Colorectal Tumor*") OR TS =
"Colorectal Cancer*") OR TS = ("Colorectal Carcinoma*"))
Time span:January 1, 2014 to August 31, 2024

1805 publications identified

3 publications that written in non-English were excluded
1802 publications identified

170 publications were excluded:Meeting Abstract (93),Editorial Material

(27).Book Chapters (19),Early Access (17),Correction (6),Proceeding
[Paper (4),Letter (2),Retracted Publication (2)

1632 publications identified
884 publications that were not relevant to the research topic were excluded
748 publications identified






OEBPS/Images/im2.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Research hotspots and frontiers in the tumor microenvironment of colorectal cancer: a bibliometric study from 2014 to 2024

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Data acquisition

          



          		

            2.2 Research tools and visual analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Annual volume and trend of publications

          



          		

            3.2 Analysis of national/regional cooperation

          



          		

            3.3 Analysis of institutions

          



          		

            3.4 Analysis of journals

          



          		

            3.5 Analysis of authors and cited authors

          



          		

            3.6 Analysis of co-cited and burst references

          



          		

            3.7 Analysis of keywords

          



        



        



        		

          4 Discussion

        

          		

            4.1 General information

          



          		

            4.2 Research hotspots

          

            		

              4.2.1 Major components in the tumor microenvironment of colorectal cancer

            



            		

              4.2.2 Association between colorectal cancer therapy and TME

            



            		

              4.2.3 Tumor microenvironment mediated liver metastasis in colorectal cancer

            



            		

              4.2.4 Research methods in the field of the TME in CRC

            



          



          



        



        



        		

          5 Limitations

        



        		

          6 Conclusions

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-15-1525280-g004.jpg
B

overman mj, Rﬂ - fancet oncol

overman mj, vnn oncol \ \
N\ !

WA =
\ I

f'

galonj, 200‘{& v313 1

!. Tr’

/ ¥
(PN

1,".

)
P
(N

3 ¢
becht e, 201 G@hcer res
kalluri r,imr

4 [ b L . 3 ', - - V
' ' 4 J;ll df t.med, y19,
calon &, 20154t gene(, va7, " / q
qunellodvf 8:-nature, v

calon a, 2012 ncer cell, v2

v

.\_"gr.
nexman ,g,m.* nat mgthods.
. 1 4—- A \WZOOS p natl ac

9% 8 ,: A & . - \ ~
le dt, 2015, Nwmed v et R | iala zo?g;
S : . - e 2L NN S
bmdea T S SRSZAN RS

cancer | cli

N

marisa |, 201

R N
los med, v10,

A VOSviewer
Top 25 References with the Strongest Citation Bursts

References Year Strength Begin End
Sung H, 2021, CA-CANCER J CLIN, V71, P209, DOI 10.3322/caac.21660, DOI 2021 14.7 2023 2024
Le DT, 2015, NEW ENGL J MED, V372, P2509, DOI 10.1056/NEJMoal 500596, DOI 2015 13.06 2016 2020
Guinney J, 2015, NAT MED, V21, P1350, DOI 10.1038/am 3967, DOI 2015 12.57 2016 2020
Calon A, 2015, NAT GENET, V47, P320, DOI 10.1038/ng 3225, DOI 2015 819 2017 2020
Kalluri R, 2016, NAT REV CANCER, V16, P582, DOI 10.1038/nrc. 2016.73, DOI 2016 7.86 2018 2021
Pagés F, 2018, LANCET, V391, P2128, DOI 10.1016/S0140-6736(18)30789-X, DOI 2018 7.5 2020 2021
Ferlay J, 2015, INT J CANCER, V136, PE359, DOI 10.1002/4jc.29210, DOI 2015 6.44 2017 2019
Liosa NJ, 2015, CANCER DISCOV, V5, P43, DOI 10.1158/2159-8290.CD-14-0863, DOI 2015 625 2016 2020
Le DT, 2017, SCIENCE, V357, P409, DOI 10.1126/science.aan6733, DOI 2017 5.71 2018 2021
Charoentong P, 2017, CELL REP, V18, P248, DOI 10.1016/j.celrep.2016.12.019, DOL 2017 5.71 2021 2022
Schmitt M, 2021, NAT REV IMMUNOL, V21, P653, DOI 10.1038/s41577-021-00534-x, DO~ 2021 552 2023 2024
Overman MJ, 2017, LANCET ONCOL, V18, P1182, DOI 10.1016/S1470-2045(17)30422-9, DOI 2017 5.32 2019 2021
Bronte V, 2016, NAT COMMUN, V7, P0, DOI 10.1038/ncomms12150, DOI 2016 51 2017 2020
Becht E, 2016, CLIN CANCER RES, V22, P4057, DOI 10.1158/1078-0432.CCR-15-2879, DOL 2016  5.07 2017 2020
Miecnik B, 2016, IMMUNITY, V44, P698, DOI 10.1016/j immuni 2016.02.025, DOI 2016 491 2017 2021
[Anonymous], 2018, ANTI-CANCER DRUG, V0, PO 2018 4.67 2018 2015
Mantovani A, 2017, NAT REV CLIN ONCOL, V14, P399, DOI 10.1038/nrclinonc.2016.217, DOI 2017 4.59 2020 2021
Hanahan D, 2011, CELL, V144, P646, DOI 10.1016/j.cell 2011.02.013, DOI 2011 4.54 2015 2016
Siegel RL, 2023, CA-CANCER J CLIN, V73, P233, DOI 10.3322/caac.21772, DOI 2023 4.46 2023 2024
Koelzer VH, 2016, ONCOIMMUNOLOGY, V5, PO, DOI 10.10802162402X.2015.1106677, DOI 2016 4.15 2020 2021
Jackstadt R, 2019, CANCER CELL, V36, P319, DOI 10.1016/j.ccell 2019.08.003, DOI 2019 413 2023 2024
Jin SQ, 2021, NAT COMMUN, V12, P0, DOI 10.1038/541467-021-21246-9, DOI 2021 413 2023 2024
Xi Y, 2021, TRANSL ONCOL, V14, P0, DOI 10.1016j.tranon.2021.101174, DOI 2021 413 2023 2024
Overman MJ, 2018, J CLIN ONCOL, V36, P773, DOI 10.1200/JC0.2017.76.9901, DOI 2018 411 2020 2021
Wu T, 2017, CANCER LETT, V387, P61, DOI 10.1016/j.canlet 2016.01.043, DOI 2017 4.03 2022 2022

13, bmc bioinf

7, pics, v16, p284,

2014 - 2024

“H”.IH””IH'MH'I





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1525280-g002.jpg
200 30.00%
180
162 25.00%
160
w 140 vy 2 17§42 + IR IR
§ _\ .8598.\1 l.’.. 4.’.\ _8..’8.’ 20.00%
e 2= 0.9566
3 -
S 100 15.00%
=}
5
= 80
5
Z 10.00%
60
40
5.00%
20
0 0.00%
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
s N umber of publications 15 15 19 20 29 48 61 103 168 162
o5 Total publication 2.34% @ 234% 297% @ 3.13% 4.53% @ 7.50% | 9.53% @ 16.09% 2625% 2531%
s N\ umber of publications e 04 Total publication = = = = Fitted curve of annual publications

Country Collaboration Map

Longitude

Latitude
Alcala Univ .1 Hosp Jilin Univ
b4 Karolinska Inst ") Qingdao Univ
Beth lsrael Deaconess Med Cir . . ‘w Oxtord
‘himo Univ Hong Kong K
s callia ‘ona Farber Canc Inst chow Univ
rvard Med Sch .o @*rital Med Univ @ ® kS C"" Sul & Yochns! Chivn
Q" * (Ehinese Peoples Liberat Army Gen Hosp ® .anghal Univ Tradit Chlnese Med
. Brigham & Womens Hosp

» ina Med Univ dan Umv. .uthem Med Univ
2 e © o & .-'

hui Mod Univ
g bt | .\andong Univ ’val Med Univ .' ‘-nv Chinese Acad Sci

B ‘eklnq Univ
.njing Univ Chinese Med
',..,.,.... ® S o .hlnm Acad Sci

.ﬂmo Acad Med Sci & Peking Union Med Coll

‘uangzhou Med Univ
 South China Univ Technol

.nji"g —e e .-anghai Jiao Tong Univ Yat Sen Univ
hinese Acad Med Sci .
e . jian Med Univ  Guangxi Med Univ
.ejiang Univ  sichuan Univ ';han Univ
1 Xi An Jiao Tong Univ ‘.lazhong Univ Sci & Technol

.-gu Univ
® o
.Iengzhou Univ  Cent South Univ

‘-n:hm UnivDuke Univ

== R —

% Total publication





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





OEBPS/Images/im1.jpg





OEBPS/Images/fonc-15-1525280-g003.jpg
A Sources' Production over Time

o
o

Cumulate occurrences
~N
o

< [Te] [{e] r~ «© ()] o e o~ o st
- - — — - - N o N o N
o o o o o o o o o o o
~N o~N ~N o~ ~N ~N o o~ o~ o~N ~N
Year

Source e CANCERS

FRONTIERS IN CELL AND DEVELOPMENTAL BIOLOGY == FRONTIERS IN GENETICS == FRONTIERS IN IMMUNOLOGY == FRONTIERS IN ONCOLOGY === FRONTIERS IN PHARMACOLOGY

= |INTERNATIONAL JOURNAL OF MOLECULAR SCIENCES - JOURNAL FOR IMMUNOTHERAPY OF CANCER -~ JOURNAL OF TRANSLATIONAL MEDICINE -~ ONCOIMMUNOLOGY

2 mﬂmm, o
&y ¥

(Fuzan (M ‘kond Eyad ——

Yu ‘bu nada, Mohamed

e e e
Benasns Licte ot @t ‘uhrmann, Constanze . -
’ Xuefeng ﬂ. Parviz

B .mkibaet Mehdi o
.n.cwm Aggarwat Bhact®  Kumumasars Ajsiumar 8 e
.'-o. Xiao 1 shuchun .'ockmuolm. Aranka (Ou. Suwen

e5pacy , Haltao
o SE .M Ying .‘ AVOSwewer





OEBPS/Images/fonc-15-1525280-g005.jpg
m, . yp— .
colorectal Cancer st iyt e

tumor microenviron

colorectal-cancer

#0 tumor microenvironment

#1 scrma-seq

#2 immune checkpoint inhibitors

#3 cancer-associated fibroblasts

#4 colorectal cancer progression

#5 immune infiltration

#8 macrophage polarization

#9 colorectal cancer liver metastasis

#10 drug resistance





