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Background

Gastric cancer (GC) is the fifth most common malignant tumor worldwide. The peritoneum is a common site of metastasis in advanced GC, and patients with gastric cancer peritoneal metastasis (GCPM) have a very low 5-year survival rate. Systemic therapy has limited efficacy for peritoneal metastases, and early diagnosis is difficult. In this paper, we analyzed the GCPM-related literature by bibliometric methods, aiming to identify the research hotspots and trends and to provide a basis for clinical practice and research planning.





Methods

Based on the Web of Science Core Collection database (WoSCC), we screened the GCPM-related literature published from 2004 to 2024. Countries, institutions, authors, journals, and keywords were analyzed and visualized by tools such as CiteSpace, VOSviewer, Scimago Graphica, RStudio, and the Bibliometrix package.





Result

A total of 2416 publications were included in this study. The growth rate of GCPM publications is positive until 2021, with a slowdown in the near future. Japan dominated the research output (842 publications), followed by China (748 publications) and the United States (268 publications). Japanese-affiliated organizations and researchers are extremely productive in the field of GCPM. The most frequently cited document was Japanese gastric cancer treatment guidelines 2014 (ver. 4) (citations = 2076). Research focuses on four major clusters: (1) molecular mechanisms of GCPM; (2) prognosis of GCPM; (3) chemotherapy of GCPM; and (4) intraperitoneal treatment of GCPM. Emerging trends include key pathways of GCPM, artificial intelligence (AI) and multi-omics-driven early diagnosis, novel intraperitoneal therapeutic modalities, and immunologic/targeted drugs.





Conclusion

Japan is a leader in GCPM research. Recently, the focus of GCPM research has shifted from basic treatment to precision and personalized treatment through the integration of molecular mechanisms, novel intraperitoneal therapeutic modalities, and AI technologies. Current challenges include the lack of standardized validation systems for emerging technologies and regional differences in clinical practice. In the future, there is a need to promote global collaborative trials and optimization of multimodality therapy. The results of this study provide a key direction and systematic basis for future exploration of GCPM.
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1 Introduction

GC is the fifth most common malignant tumor and cancer-related cause of death worldwide (1). According to statistics, in 2022, there were about 968,000 new cases of GC and 660,000 deaths worldwide (2). Most patients are already in the progressive stage at the time of initial diagnosis. According to epidemiologic data from the United States, the Netherlands, and other countries, approximately 39% of GC patients are found to have distant metastasis at the time of initial diagnosis, and common sites of metastasis include the peritoneum, the liver, and distal lymph nodes, with approximately 40% of them being peritoneal metastases (3–6). Once metastasis occurs, the prognosis for metastatic GC is usually poor, with a median survival of only 3–6 months and a 5-year survival rate of less than 2% in patients who develop GCPM (5, 7–9). Currently, the main treatments for GC include surgery, chemotherapy, targeted therapy, and immunotherapy (10–12), but the treatment of GCPM is based only on systemic chemotherapy and supportive care and has a low early detection rate, leading to a poor prognosis for patients. A comprehensive understanding of the pathogenesis, therapeutic modalities, and prognostic factors of GCPM may be critical to improving the survival of patients with it.

Bibliometrics, a discipline introduced by Alan Pritchard in 1969, centers on the systematic analysis of scholarly publications to reveal patterns, trends, and impact in scientific research. After decades of development, bibliometric analysis has been widely used in the medical field (13). Researchers can use bibliometrics to analyze countries, institutions, authors, journals, and keywords in related fields and quantify and explain the spatial and temporal distribution of scholarly publications, collaborative networks, and keyword evolution with visualization tools, which can help researchers to systematically identify trends and research progress in related diseases and predict potential research hotspots, which is difficult to achieve with traditional reviews. There is a lack of comprehensive bibliometric articles to analyze the research trends and progress in the field of GCPM, in order to make up for the gap in this area, this study used bibliometric methods to study the GCPM-related literature from 2004-2024, to analyze and visualize the current status of research and treatment progress in the field of GCPM through quantitative indexes, and to predict the future hotspots of research in this field, in order to provide a reference and scientific research basis for the subsequent researchers to provide reference and scientific research basis.




2 Materials and methods



2.1 Search strategy

The literature included in this study was retrieved from the WoSCC database. A comparison of WoSCC and other databases such as PubMed, Scopus, Embase, and Google Scholar reveals several limitations. These include the absence of citation data, heterogeneity in the data, the presence of numerous duplicate records, and dynamic changes in retrieval results. In contrast, WoSCC possesses comprehensive citation relationship data and exhibits significantly superior integrity in the citation network compared to other databases. Concurrently, WoSCC has standardized data processing functions and ensured the compatibility of analysis tools. These tools automatically combine different spelling variants of the same authors and institutions into the same category, thereby reducing the error of data analysis. Additionally, they can directly export the plain text indicator data that supports bibliometric tools. In this study, the literature was screened according to the PRISMA 2020 new systematic evaluation process, and the literature search strategy was as follows: The search string employed was as follows: “TS=(((“stomach”OR”gastric”)AND(“cancer”OR”tumor”OR”oncology”OR”neoplasm”OR”carcinoma”))AND(“peritoneal metastasis”OR”peritoneal carcinomatosis”OR”metastatic peritoneal cancer”OR”peritoneal dissemination”OR”peritoneal seeding”))”. The search period spanned from January 1, 2004, to October 31, 2024. The literature types that were selected for inclusion in this study were limited to articles and review articles. Excluded from the study were meeting abstracts, editorials, proceeding papers, letters, early access publications, corrections, retracted publications, notes, retractions, publications with expressions of concern, and other literature types. The language of the literature has been designated as English. In order to prevent data bias caused by database updates, the search date was set to November 5, 2024, and all literature retrieval, screening, and data extraction were completed within 1 day. The screened literature data were exported in “plain text” format. Given the substantial volume of literature in the database, the collected data were subjected to a de-duplication process utilizing the Citespace version 6.1.R3 function to eliminate duplicates. This was followed by a manual verification of author and institution names by two researchers to ensure the accuracy of the data. Following a thorough screening process, a total of 2,416 relevant publications were identified for inclusion in the analysis. Figure 1 is a detailed flowchart of the search strategy.




Figure 1 | Literature search strategy for GCPM fields based on PRISMA 2020 guidelines. “Identification” shows the screening field, “Screening” shows the screening criteria, and “Included” shows the final included literature.






2.2 Data analysis

The researcher extracted data from the documents retrieved from the WoSCC database, including country/region, institution, author information, journal, title, abstract, keywords, references, citations, and year of publication, and conducted preliminary screening. The data were analyzed using Citespace version 6.1.R3, developed by Chen Chaomei, and VOSviewer 1.6.20, developed by Nees Jan van Eck and Ludo Waltman. Additionally, the Studio version 4.4.2 and Bibliometrix packages were utilized (14, 15).

Citespace version 6.1.R3 is a Java-based tool that facilitates the visual analysis of scientific literature. The primary function of the system is to transform literary data into comprehensible visual representations through the application of citation analysis, co-occurrence analysis, and time series modeling. Citespace version 6.1.R3 was used to calculate co-citation and citation frequencies, centrality, and keyword bursts and to produce network diagrams of institutions, authors, keyword timeline diagrams, and keyword ranking diagrams. VOSviewer 1.6.20, a bibliometric analysis software, assists researchers in visualizing and comprehending the structure, prominent areas of focus, and prevailing trends within academic domains by establishing a network of associations among documents, authors, institutions, or keywords. The visual analysis was performed by VOSviewer 1.6.20 to map the network of inter-country cooperation, calculate the frequency and centrality of keywords, and plot keyword clusters. The Bibliometrix package, an instrumental tool for bibliometric research, boasts automated data processing capabilities and seamless compatibility with other R language packages. RStudio (version 4.4.2) and the Bibliometrix package were used to analyze and produce maps of national author-co-authored releases, journal releases, and keyword heat maps.





3 Results



3.1 Analysis of the number of publications and citations

The researchers’ comprehensive search and screening process yielded 2,416 articles that met the predetermined criteria, which were retrieved from the WoSCC database. As demonstrated in Figure 2, since 2004, the number of publications and citations of literature related to GCPM has continued to increase, and then from 2020 to 2024, the growth stabilized. The growth rate of GCPM publications fluctuates between 2004 and 2021, but is generally positive. Results indicate that the years 2012 and 2020 experienced accelerated growth in publications, with respective increases of 61.04% and 46.83%. However, subsequent years following 2021 are forecast to demonstrate a four-year sequence of negative growth.




Figure 2 | Trend chart of annual publications and literature citations in the GCPM field from 2004 to 2024. The bar graph represents the annual number of publications (left Y-axis), and the line graph shows the cumulative number of citations (right Y-axis).






3.2 Analysis of national and international cooperation work

Using Citespace and Scimago Graphica graphical software, geographic co-occurrence maps of synergistic relationships were created by combining keywords belonging to the same country according to the country of publication of the literature. Figure 3 illustrates the geographical distribution of global publications in the GCPM field by the primary 20 countries and regions. Table 1 shows that research on GCPM is most common in Japan, with 842 articles published, followed by China with 748 articles, the United States with 268 articles, and South Korea with 161 articles. In bibliometrics, centrality measures the importance of network nodes (e.g., countries, authors, keywords) in an academic network. Country centrality shows that Japan and the United States exhibit comparable academic dominance (0.11). While Italy and the United Kingdom demonstrate higher centrality, they exhibit lower publication volumes. Figure 4 illustrates the number of papers published by authors from the same country in the top 20 countries in the field of GCPM, in collaboration with authors from multiple countries. Japan, China, and the United States have all demonstrated a propensity for relatively close research collaborations with other countries. Figure 5 presents an analysis of the co-authors in these 20 countries, utilizing VOSviewer. As demonstrated in Figure 5B, China has recently engaged in a substantial number of research collaborations.




Figure 3 | Geographic map of the top 20 countries with publications in the GCPM field. Node size corresponds to publication volume; colors and connecting lines indicate national cooperation networks.




Table 1 | Top 10 countries with the highest productivity.






Figure 4 | Top 20 corresponding authors’ countries. SCP (Single Country Publication, a publication in which all authors are from the same country); MCP (Multiple Country Publications, which refers to publications co-authored by authors from two or more countries).






Figure 5 | (A) Visualization of the cooperation network between the top 20 countries with publications in the field of GCPM. (B) Overlay visualization maps based on time changes. The node size indicates the number of publications, the color indicates the cluster to which the country belongs, and the thickness of the line indicates the level of cooperation between countries.






3.3 Analysis of the contributions by institutions

Citespace software performed a co-occurrence analysis of publishing institutions. A total of 415 institutions have published research in this field. As illustrated in Table 2, the leading institutions in terms of productivity are predominantly in Japan and China. The institution that published the most papers was the National Cancer Center-Japan (106 articles), followed by Nagoya University (81 articles) and China Medical University (76 articles). Furthermore, the institution with the highest centrality is CHU Lyon (0.11), followed by UTMD Anderson Cancer Center (0.10), Kanazawa University (0.09), and Shanghai Jiao Tong University (0.08), as illustrated in Figure 6.


Table 2 | The top 10 institutions with high publications.






Figure 6 | The main collaboration network of institutions. The size of the nodes represents the number of publications, and the color gradient indicates the year of publication (from dark for 2004 to light for 2024). From: CiteSpace.






3.4 Analysis of the contributing authors

Through the co-occurrence analysis of paper authors using Citespace software, 813 researchers have published papers in this field, of which 42 have published 10 or more. Yasuhiro Kodera, Joji Kitayama, Hironori Yamaguchi, Hironori Ishigami, and Mitsuro Kanda are the most prolific researchers. In terms of author centrality, Hideo Baba, Mitsuro Kanda, and Yutaka Yonemura rank highest. Most prolific and influential researchers are from Japan and China. Table 3 summarizes the top 10 researchers in terms of publication volume and centrality. The co-author network diagram is shown in Figure 7. Figure 8 shows the interconnections between research countries, institutions, and authors.


Table 3 | The top 10 most productive authors.






Figure 7 | The collaboration network of core authors. The size of the nodes represents the number of publications, and the color gradient indicates the year of publication (from dark for 2004 to light for 2024). From: CiteSpace.






Figure 8 | Three-field plot (middle field: authors; left field: countries; right field: institutions). The thickness of the links is positively correlated with the number of scholarly outputs.






3.5 Analysis of the contributions of journals

A total of 200 journals have published research related to GCPM. As illustrated in Figure 9, the figure displays the total and annual publications of the ten most prolific journals in the field. Table 4 illustrates the top 10 cited journals. The researchers employed Citespace to generate a double-map overlay atlas, illustrating the distribution of citing and cited journals. As illustrated in Figure 10, the left area corresponds to the citing journal, while the right area represents the cited journal. The color of the lines serves as a symbol of the different disciplines. The journals above predominantly encompass the domains of molecular biology, genetics, and nursing, while others primarily address clinical medicine, surgery, molecular biology, and immunology.




Figure 9 | Visualization of journal analysis. (A) The top 10 journals by publication volume. (B) The growth trend of journal publications.




Table 4 | The top 10 most cited journals.






Figure 10 | The dual-map overlay of journals related to GCPM. The left area represents citing journals, and the right area represents cited journals; the color of the lines indicates different disciplines.






3.6 Analysis of a highly cited study

Table 5 presents a list of the five articles that have been cited most frequently. The article entitled “Japanese Gastric Cancer Treatment Guidelines 2014 (ver. 4)” has been identified as the most frequently cited and published in the journal Gastric Cancer. A comprehensive analysis of the pertinent references was conducted, resulting in the selection of articles that had garnered more than 50 citations, as illustrated in Figure 11.


Table 5 | The top 5 co-citation references related to GCPM.






Figure 11 | Visualization map of co-cited references. Node size indicates the frequency of occurrence of the cited literature, and lines between nodes indicate the presence of co-occurrence.






3.7 Analysis of keywords

VOSviewer facilitated the construction of the keyword network graph. From a total of 6,422 keywords, we selected 127 high-frequency keywords exhibiting a frequency of occurrence greater than 30 times. As illustrated in Figure 12, the keyword clustering network categorizes the screened keywords into four distinct clusters. Cluster #1 (red area, RGB code: #D62728): related mechanisms of GCPM, mainly including gene, protein, biomarker expression, vascular invasion, and tumor angiogenesis; Cluster #2 (green area, RGB code: #2CA02C): prognosis of GCPM, including recurrence, prognostic factors, surgical resection, and diagnostic methods; Cluster #3 (yellow area, RGB code: #BCBD22): chemotherapy of GCPM, including platinum, paclitaxel, S-1, and neoadjuvant chemotherapy; Cluster #4 (blue area, RGB code: #1F77B4): intraperitoneal treatment of GCPM, including intraperitoneal perfusion chemotherapy, intraperitoneal hyperthermic perfusion chemotherapy, and cytoreductive surgery. The researcher used R language to analyze the 30 keywords with the highest frequency of occurrence and create a keyword heat map, as illustrated in Figure 13. Figure 14 illustrates the top 20 most frequently cited keywords in this field. The analysis of the outbreak intensity of keywords reveals significant fluctuations between 2004 and 2013, with higher intensity observed for “mitomycin c” and “polymerase chain reaction” in the early stage and “chemo hyperthermia” in the middle stage. Thereafter, there is a decline in overall intensity. In the early period, “mitomycin C” and “polymerase chain reaction” exhibited higher intensity, while “chemo hyperthermia” dominated in the middle period, and the overall intensity value decreased after 2013. Figure 15 presents a visual representation of the timeline of keywords in GCPM from 2004 to 2024, thereby illustrating the dynamic evolution of these terms. In the early stage, research focused on the exploration of treatment modalities such as “chemotherapy” and “HIPEC” (hyperthermic intraperitoneal chemotherapy). In the middle stage, research shifted to the study of molecular mechanisms such as “EMT” (epithelial-to-mesenchymal transition). In the mid-term, the research focuses on molecular mechanisms such as EMT, while in the recent period, the hotspots focus on “artificial intelligence” and “targeted therapy.”




Figure 12 | Keyword co-occurrence networks in the GCPM field. Node size indicates the frequency of keyword occurrence; lines between nodes indicate the presence of co-occurrence relationships; and the keyword co-occurrence network is divided into four color-coded clusters based on the evolution of research hotspots.






Figure 13 | Keywords heat map. The graph shows how the frequency of keyword occurrences varies according to time. The color gradient goes from blue (low frequency) to red (high frequency).






Figure 14 | Top 20 keywords with the strongest citation bursts. The bar chart highlights keywords that have experienced significant surges in citations over specific time .s. The length and color of the bars indicate the duration and intensity of the citation bursts, respectively.






Figure 15 | A timeline and keyword clustering display for the GCPM. This timeline graphically illustrates the evolution of research hotspots in the field of GCPM, with cluster sizes indicating the frequency of keyword occurrences and connecting lines indicating changes in research trends over time. From: CiteSpace.







4 Discussion



4.1 Global research status and trends

A statistical analysis of the number of national publications shows that Japan, China, and the United States have the largest number of publications, accounting for 78.3% of publications in the field of GCPM. Japan has emerged as a dominant contributor, with 842 articles and a high level of centrality. The National Cancer Center-Japan and other institutions have established a close cooperation network, fostering collaborative research and knowledge exchange. Despite abundant literature on China, its centrality remains comparatively low, indicating a potential deficit in the depth of international cooperation. European countries such as Italy and the United Kingdom have a limited number of articles but high centrality and outstanding academic influence. The top five authors, all from Japan, have demonstrated a high degree of collaboration, as evidenced by the substantial number of their publications and the author network diagram, which suggests the formation of a close and influential group of authors in Japan. From the perspective of journal publication volume and citation volume, Annals of Surgical Oncology has the largest number of publications and citations, making it an important journal in the field of GCPM research, and its papers have important reference value. An analysis of articles related to GCPM research indicated that the Japanese gastric cancer treatment guidelines 2014 (ver. 4), published by the Japanese Gastric Cancer Association, was the most cited article in this field. This literature is a clinical practice guideline that provides standardized treatment options for metastatic GC by standardizing the peritoneal metastasis staging system and integrating surgery, chemotherapy, and targeted therapies, making it an important reference for international GC treatment with a profound impact on clinical practice, especially in Asian populations. However, this guideline version did not include immunotherapy, and subsequent studies need to be supplemented by following the latest version or reviewing the literature on immunotherapy in GCPM.

Different epidemiologic profiles and strategic focuses of cancer research are largely to blame for the East-West research gap. GC manifests at a notably high rate within East Asian populations, thus prompting extensive research on GC in Japan and China. Japan’s research hotspots concentrate on the molecular mechanisms, prognostic factors, and development of new treatments for GCPM. The multicenter clinical trials conducted by the institution are of a high caliber, and the research results have a significant international impact, particularly in the domain of technical innovation in the treatment of GC. China’s research initiatives encompass a range of areas, including epidemiology, early diagnosis, the development of prognostic models, and comprehensive treatment strategies for GCPM. China has a substantial number of GC patients, which facilitates large-scale cohort studies and bioinformatics analysis, underscoring its immense potential in clinical research and translational medicine. The United States has a relatively small number of GC patients, and although it is a leader in targeted and immunotherapy innovations, the efficiency of clinical translation is limited by the number of cases. Concurrently, disparities in standardized treatment protocols between Eastern and Western regions have led to constrained clinical trial generalizability. Changes in publication growth rates also reflect the stage-by-stage characteristics of GCPM research. Early rapid growth stemmed from mechanism breakthroughs and therapeutic innovations. The recent slowdown suggests the need to promote a new round of breakthroughs through interdisciplinary integration and international cooperation. The advent of innovative diagnostic and therapeutic methodologies, such as AI and multi-omics technology, necessitates a standardized validation system. In the future, it is necessary to build a global collaborative network, integrate the strengths of various countries, and promote trans-regional multi-center trials to break through the current therapeutic bottlenecks.




4.2 Research keyword analysis

Keyword clustering analysis indicates that the nodes of emerging therapeutic modalities such as “PIPAC” and “immunotherapy” are isolated and sparse, suggesting that the research has not yet formed a system that can be a focus of clinical translation in the future. Fewer nodes in diagnostic technology clusters indicate a paucity of innovative diagnostic modalities, which merits further investigation. A thorough examination of the keyword outbreak intensity graph and timeline graph reveals a gradual shift in the research focus and hotspot of GCPM from early basic treatment to emerging diagnostic and therapeutic modalities. However, traditional therapeutic means remain the core. The keyword outbreak intensity of the basic research-related keywords declined after 2013, and the high-frequency keywords continued to prioritize the diagnosis of peritoneal metastasis and comprehensive treatment, which suggests the necessity for future efforts to enhance the clinical translation and integration of emerging technologies.



4.2.1 Cluster#1: molecular mechanisms of GCPM

GCPM follows the “seed-soil theory”: the “seed” is detached GC cells, and the “soil” is the peritoneal microenvironment. Plantation metastasis is the main pathway of GCPM. Cancer cells infiltrate and penetrate the plasma membrane layer of the gastric wall to the peritoneal cavity or directly invade the adjacent peritoneal tissues. Recent studies have found that mutations in ELF3, CDH1, PIGR, and other genes are closely related to peritoneal metastasis from primary lesions. Mutations in E-cadherin encoded by CDH1, an important molecule that maintains the adhesion of epithelial cells, will decrease the adhesion ability of the cells and induce EMT of the cancer cells, enhancing their invasive ability (16, 17). Studies have shown that the primary GC of the EMT subtype classified according to the Asian Cancer Research Group is associated with diffuse GC, and the risk of peritoneal metastasis and prognosis is significantly worse than those of the non-EMT subtype (18, 19). Multi-omics analysis confirmed the existence of a pre-metastatic niche in the peritoneum of patients with early GC, suggesting that the EMT-related pathway can be used as a predictive marker (17).

Cancer cells from primary foci or metastatic lymph nodes are shed into the peritoneal cavity or widely disseminated with the flow of ascites. Cancer-associated fibroblasts (CAFs) have been shown to promote the formation of metastatic foci in the peritoneum by degrading the extracellular matrix (ECM) through the secretion of matrix metalloproteinases (MMPs). This process occurs when cancer cells disseminate to the peritoneum. CAFs also promote the fibrosis of the ECM through factors such as transforming growth factor-beta (TGF-β), which provides physical support for the cancer cells after EMT (17, 20). Wang X et al. found that the high expression of fibrillin-1 (FBN1) in advanced GC and its succinylation modification prevented its degradation by MMPs and activated the TGF-β1 and intracellular PI3K/Akt pathways to promote peritoneal fibrosis and tumor cell adhesion (21–23). Monoclonal antibodies targeting the FBN1 succinylation site inhibit this process and may serve as potential therapeutic targets.

Peritoneal microenvironment alterations promote peritoneal implantation and immune escape of tumor cells. Factors such as TGF-β and interleukin 10 (IL-10) inhibit immune responses in the peritoneal microenvironment, and GC cells escape immune surveillance through high expression of PD-L1 (17, 24). Vascular endothelial growth factor (VEGF) and others in malignant ascites induce mesothelial cell contraction and peritoneal basement membrane exposure, facilitating tumor cell-peritoneal implantation. Proinflammatory cytokines in malignant ascites can promote the formation of GCPM through the JAK/STAT3 signaling pathway (25). Tumor cells can also secrete signaling molecules in the tumor microenvironment through paracrine and autocrine pathways to promote tumor metastasis (26, 27).




4.2.2 Cluster#2: prognosis of GCPM

The median survival of GCPM patients is only 3–6 months, mainly due to late diagnosis and missed optimal treatment. Early identification and prediction of GCPM is crucial to improving patient prognosis. The low sensitivity (less than 60%) of GC intraoperative peritoneal lavage cytology detection for GCPM limits its clinical application. Consequently, investigators developed an intelligent detection method based on stimulated Raman molecular cytology (SRMC). This method utilizes an AI algorithm to identify signature cell clusters rapidly. Compared to traditional lavage cytology, it exhibits noticeably higher sensitivity and specificity. Its rapid and accurate features are expected to be a key tool for intraoperative staging of GC (28). In the domain of imaging, the integration of CT-based column line drawing and AI models has been demonstrated to enhance the efficacy of early GCPM detection to a substantial degree. The imaging histology column line drawing developed by Dong D and the PMetNet model (AUC values of 0.856 and 0.843, respectively) by Jiang Y’s team has been shown to identify occult peritoneal metastases effectively (29–31). A research team developed a multimodal risk stratification assessment (RSA) model integrating radiomics and clinical data. This model accurately identifies high-risk patients and predicts the risk of peritoneal metastasis and recurrence through the AI fusion of multidimensional data (32).

In terms of prognostic assessment, YuQin Sun et al. constructed gastric cancer peritoneal metastases signatures (GCPMs) through the GSE62254 database and found that the key gene SYNPO2 could be used as a prognostic marker for GCPM. Patients exhibiting high expression of this gene demonstrated unfavorable prognoses and minimal benefit from chemotherapy, while those with low expression exhibited heightened sensitivity to chemotherapy (33). The Peritoneal Cancer Index (PCI) and the Japanese Classification of Gastric Carcinoma (JCGC) are frequently utilized indicators (34). A study indicated that the rate of PCI change based on CT predicted overall survival after chemotherapy in patients with GCPM (35). The PMN model established by Chen QY has been shown to have more clinical advantages than the traditional JCGC staging (36). Furthermore, the integration of hematological indicators with clinicopathological parameters has emerged as a novel approach to survival prediction (37).




4.2.3 Cluster#3: chemotherapy of GCPM

Systemic chemotherapy remains the basis of GCPM treatment. Commonly used chemotherapy drugs include fluorouracil, platinum, and paclitaxel. The first-line treatment for metastatic GC usually adopts XELOX, FOLFOX, and SOX regimens (11). There are differences between the neoadjuvant treatment mode of locally advanced GC between the East and the West. Perioperative chemotherapy is more commonly used in Europe and the United States, while R0D2 radical surgery + postoperative adjuvant therapy is the main mode in Asia. AIO-FLOT3 shows that surgery after neoadjuvant chemotherapy can significantly improve the survival of patients with limited GC metastasis (38). The follow-up clinical trial FLOT4 further showed that compared with the ECF regimen of the MAGIC trial, the FLOT regimen significantly improved patients’ disease-free survival time and overall survival time (39). Targeted therapies guided by genetic testing offer new treatment options for patients with advanced GC. Trastuzumab in combination with chemotherapy is the current first-line treatment option for HER2-positive advanced GC, and ramucirumab alone or in combination with paclitaxel as well as apatinib mesylate are also recommended as second- or third-line treatment options for advanced GC (40–43). In addition, Zolbetuximab, a novel targeted drug against the new GC target Claudin 18.2, more significantly prolonged the survival of patients with Claudin 18.2-positive advanced GC, suggesting that patients with peritoneal metastases may benefit from the treatment (44). In terms of immunotherapy, patients with high PD-L1 expression (combined positive score, CPS ≥ 5) or microsatellite instability-high/deficient mismatch repair (MSI-H/dMMR) showed significant benefit. The CheckMate 649 study indicated that nivolumab in combination with chemotherapy significantly improved overall survival/progression-free survival (OS/PFS) compared to chemotherapy alone in patients with PD-L1 CPS ≥ 5 (45). The KEYNOTE-059 study found that pembrolizumab demonstrated a durable effect on OS/PFS in multilined-treated advanced GC patients, showed durable antitumor activity, and had a manageable safety profile, especially in patients with high PD-L1 expression and MSI-H (46). Current research focuses on combination therapy. Domestic and foreign researchers have conducted a series of clinical trials on immunologic and targeted drugs with combination drugs and have made some progress, but clinical efficacy needs to be further explored (47–49).




4.2.4 Cluster#4: intraperitoneal treatment of GCPM

The plasma-peritoneal barrier limits the efficacy of systemic chemotherapy for GCPM. Meanwhile, GCPM often triggers complications such as malignant ascites, intestinal obstruction, and malignant disease, which makes it difficult for patients to tolerate systemic therapy. Intraperitoneal perfusion chemotherapy can circumvent systemic toxicity by localizing the high concentration of drugs to act directly on the peritoneal lesions. However, the penetration of intraperitoneal chemotherapy is weak, and to enhance the efficacy, measures such as increasing the temperature, pressure, or frequency can be used to optimize drug penetration.

The CYTO-CHIP study demonstrated that cytoreductive surgery (CRS) combined with HIPEC significantly improved OS and recurrence-free survival (RFS) with a comparable safety profile compared to CRS alone (50). A multicenter, phase III clinical trial, GASTRIPEC-I, was designed to evaluate the impact of HIPEC on OS after CRS in patients with GCPM. Although the trial was terminated early due to slow enrollment, follow-up analyses showed more significant improvements in PFS and metastasis-free survival (MFS) in the CRS+HIPEC group without increased risk of adverse events (51).Although HIPEC showed potential in improving PFS, the GASTRIPEC-I trial showed no significant benefit in OS, possibly stemming from patient selection bias. A meta-analysis confirmed that HIPEC improves 3- and 5-year OS and reduces recurrence rates, but its potential risk of renal impairment needs to be cautioned (52). Normothermic intraperitoneal chemotherapy (NIPEC) enables minimally invasive and continuous treatment with implantable chemotherapy pumps and has a milder safety profile than HIPEC (53). Pressurized intraperitoneal aerosol chemotherapy (PIPAC) utilizes aerosol technology to enhance drug penetration, and several studies have confirmed its safety and efficacy in controlling peritoneal tumors (54, 55). Although PIPAC can enhance drug penetration, it faces limitations, such as the uneven distribution of the drug on the peritoneal surface, and only some patients achieve the expected efficacy. Currently, several prospective studies are further evaluating the efficacy of PIPAC, and these studies are expected to provide a solid scientific basis for the efficacy of PIPAC in the treatment of GCPM (56, 57).

Systemic therapy combined with intraperitoneal chemotherapy and neoadjuvant intraperitoneal and systemic chemotherapy (NIPS) has shown favorable therapeutic effects and safety in many retrospective studies and clinical trials (58–60). The use of targeted and immunotherapies has further expanded combination therapy strategies. A prospective study reported that for patients with gastric cancer-positive exfoliated cells (P0CY1), the success rate of conversion therapy was as high as 77.78% after treatment with NIPS combined with apatinib (61). Another study utilized local intraperitoneal infusion of chimeric antigen receptor T-cell (CAR-T) to effectively clear metastatic foci with high PD-L1 expression. This method’s property of blocking the immunosuppressive microenvironment and enhancing T-cell persistence provides a new strategy for immunotherapy of GCPM (62).The above study also emphasized the importance of conversion surgery after systemic therapy and intraperitoneal chemotherapy in improving prognosis. However, large-scale clinical trials are still needed to validate their standardized treatment protocols.






5 Limitations

There are several limitations of this study. First, only the WoSCC database was used for the literature search, which may overlook important literature in databases such as Scopus and PubMed, and by screening only English-language literature, high-quality non-English-language studies from East Asian countries such as Japan and China may have been missed. Future research needs to incorporate multilingual databases (e.g., J-STAGE, CNKI) to enhance global representation. Second, citation lag effects may underestimate the high quality of recently published articles. Furthermore, regional dominance may distort keyword trends and underestimate the contribution of other countries in GCPM research. Finally, for the literature screening, the timeframe was only up to October 31, 2024. This resulted in fewer publications in 2024 than before, affecting the accuracy of the analysis of the publication growth rate. Future research should consider expanding the range of languages and databases for literature screening and focusing on emerging research findings.




6 Conclusion

This study used bibliometric methods to conduct a comprehensive analysis of GCPM-related literature published between 2004 and 2024 to systematically summarize the global research landscape in this area. Japan, China, and the United States are the leading research forces, with Japanese institutions and researchers standing out in productivity and academic influence. Research focuses on four major directions: molecular mechanisms, prognostic evaluation systems, optimization of systemic chemotherapy regimens, and innovation of intraperitoneal therapies. Key pathways of GCPM, early diagnosis driven by AI and multi-omics, novel intraperitoneal therapeutic modalities, and immune/targeted drugs will become the hot spots of GCPM research. The focus of research is gradually shifting from early basic treatment to more precise and personalized diagnosis and treatment. Although systemic chemotherapy is still the cornerstone, introducing new therapeutic strategies drives the paradigm shift toward precision medicine. In the future, it is necessary to deepen the clinical translation guided by basic research, integrating advanced diagnostic techniques and multimodal treatment options to improve the prognosis of the GCPM population.
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4 Journal of Surgical Oncology 1047 2 SURGERY
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7 Glehen, Olivier 27 0.06 2010 ‘
8 Yashiro, Masakazu 20 0.05 2006
9 Yonemura, Yutaka 19 0.08 2009 .
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1 JAPAN 842 0.11 Asia

2 CHINA 748 0.06 Asia

3 USA 268 0.11 North America
4 SOUTH KOREA 161 0 Asia

5 GERMANY 136 0.03 Europe

6 ITALY 124 0.15 Europe

7 FRANCE 94 0 Europe

8 UK 46 0.21 Europe

9 NETHERLANDS 38 0.06 Europe

10 SPAIN 33 0.02 Europe
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1 Japanese gastric cancer treatment Japanese Gastric Cancer Association Gastric Cancer 2076
guidelines 2014 (ver. 4)

2 Current treatment and recent progress Smita S Joshi CA: A Cancer Journal for Clinicians 988
in gastric cancer

3 Gastrectomy plus chemotherapy Kazumasa Fujitani The Lancet Oncology 526
versus chemotherapy alone for
advanced gastric cancer with a single
non-curable factor (REGATTA): a
phase 3, randomized controlled trial

4 Gastric cancer: ESMO Clinical F Lordick Annals of Oncology 524
Practice Guideline for diagnosis,
treatment and follow-up

5 Cytoreductive surgery and Xiao-Jun Yang Annals of Surgical Oncology 505
hyperthermic intraperitoneal
chemotherapy improves survival of
patients with peritoneal
carcinomatosis from gastric cancer:
final results of a phase III randomized
clinical trial
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