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Background


Gastric cancer (GC) is a prevalent gastrointestinal malignancy. In recent years, the application of artificial intelligence (AI) in GC has become increasingly widespread. This study aims to employ bibliometric analysis to offer valuable insights for researchers.







Methods


Publications concerning the application of AI in GC between 2005 and 2024 were retrieved from the Web of Science Core Collection. Subsequently, VOSviewer, CiteSpace, and Scimago Graphica were employed to conduct the bibliometric analysis of the selected literature.







Results


A total of 903 publications were included in this study. In the past two decades, the application of AI in GC has become more widely used, and the number of papers published has shown a rapid growth trend. China, Japan, and South Korea are the most prolific countries in this field. Yonsei University, the Chinese Academy of Sciences, and Shanghai Jiao Tong University are the three institutions with the most publications. Surgical Endoscopy and Other Interventional Techniques is the most published journal and also the most cited journal. Woo Jin Hyung from Yonsei University is both the most prolific author and the author with the highest H-index. Gastric cancer, surgery, and artificial intelligence are the three keywords most used. The keywords “upper gastrointestinal endoscopy” and “artificial intelligence” have been prominent until now.







Conclusion


This study offers a comprehensive visual overview of the application of AI in GC over the past two decades. AI-assisted screening, diagnosis, and prognosis prediction in GC are anticipated to represent focal points of future research in this domain.
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1 Introduction


Gastric cancer (GC) is currently recognized as the fifth most frequently diagnosed form of malignancy worldwide and stands as the fourth primary contributor to deaths associated with cancer. In 2020, approximately 1.09 million new cases and 770,000 deaths were reported (1). By 2040, the incidence of GC is projected to reach 1.8 million new cases, with mortality rising to 1.3 million worldwide (2). Early detection of GC remains difficult because of the insidious and non-specific nature of early symptoms, which frequently leads to delayed diagnosis (3, 4). The 5-year survival rate for patients with advanced GC is reported to be only 22% (5). Therefore, enhanced screening and management strategies are essential to improve both the quality of life and survival outcomes of patients with GC.


Artificial intelligence (AI) is a technology that simulates human intelligence through computer programs, including deep learning (DL) and machine learning (ML). AI-assisted systems, such as auxiliary examination and diagnostic systems, demonstrate excellent performance in the diagnosis and screening of GC and have garnered significant attention in the diagnosis and treatment of GC (6). AI-assisted systems can promptly detect and identify subtle abnormalities in radiological, pathological, and endoscopic images, differentiate cancerous from non-cancerous lesions, and enhance the ability to detect and diagnose GC (7). Studies have demonstrated that AI diagnostic models exhibit high accuracy in detecting gastrointestinal cancers, with sensitivity comparable to that of expert endoscopists and superior to non-expert endoscopists (8). Furthermore, AI technology has proven effective in diagnosing the depth of invasion of early gastric cancer (EGC) with high accuracy, sensitivity, and specificity (9). This not only improves the detection rate of EGC but also enhances the accuracy of GC diagnosis, facilitates timely treatment and care, and further increases the survival rate of GC patients (10). Additionally, AI has demonstrated effectiveness in the diagnostic staging of gastric cancer (11), survival prediction (12), and risk prediction (13), providing crucial support for prognosis decision-making and care of GC. In conclusion, AI holds significant potential in assisting with GC screening, diagnosis, and prognosis prediction (14, 15). The collaboration between clinicians and AI systems will result in a highly complementary, more efficient, and accurate management of GC, benefiting the majority of GC patients.


Through quantitative evaluation of scholarly outputs within a defined field of study, bibliometric analysis enables the detection of collaborative trends across nations, research organizations, and individual scholars. It enables the extraction of key information from large datasets and offers an effective means for newcomers or interdisciplinary researchers to understand the developmental trajectory and current state of the field (16). In recent years, as research on the application of AI in the diagnosis and treatment of GC has increased, scholars have encountered difficulties in comprehending this field. To the best of our knowledge, a systematic bibliometric analysis of this field is still lacking. Unlike previous reviews that focus on specific technologies or clinical problems, this study employs a systematic bibliometric analysis method to comprehensively examine research on the application of AI in GC over the past 20 years, using a unique and visual network map to identify current research hotspots and emerging trends, thereby providing valuable insights for the future development of this field.






2 Materials and methods





2.1 Literature search and screening


The Web of Science Core Collection (WoSCC) was chosen for this study because it covers more than 12,000 academic journals, enables extensive retrieval of relevant literature, and is widely used by researchers for bibliometric analysis (17–19). Literature about the application of AI in GC from 2005 to 2024 was retrieved from the WoSCC. The search strategy employed the following topic search (TS) terms: (“Stomach Neoplasm” OR “Gastric Neoplasm” OR “Cancer of Stomach” OR “Gastric Cancer” OR “Stomach Cancer”) AND (“Artificial Intelligence” OR “Computational Intelligence” OR “Machine Intelligence” OR “Computer Reasoning” OR “AI” OR “Computer Vision System” OR “Knowledge Acquisition” OR “Knowledge Representation” OR “neural network*” OR “machine learning” OR “deep learning” OR “natural language processing” OR “robot*”). For further analysis of the content, inclusion and exclusion criteria were established. Inclusion criteria were as follows: (1) research consisting of reviews and articles; (2) studies written in English. Exclusion criteria were as follows: (1) studies that did not meet the inclusion criteria; (2) research topics unrelated to AI and GC; (3) studies for which the full text could not be obtained; (4) duplicate publications. Two researchers independently performed the screening, and any disputes were resolved through discussion with a third researcher. Meanwhile, the remaining literature was exported in plain text format for the next analysis. 
Figure 1
 shows the data collection and screening process.


[image: Flowchart depicting the process of selecting studies for bibliometric analysis. It starts with 2,162 records identified from the Web of Science, reducing to 2,126 after filtering out publications beyond 2024. Further exclusions are made for non-articles, non-English publications, and irrelevant or duplicate records, leading to 903 studies. These are analyzed using VOSviewer and CiteSpace, culminating in bibliometric analysis. Stages of the process are labeled: Identification, Screening, Included, and Analysis.]
Figure 1 | 
Flow chart of literature screening.








2.2 Data analysis


The main software used in this study includes Microsoft Office Excel 2021, Origin 2024, CiteSpace 6.4 (20), VOSviewer 1.6.20 (21), and Scimago Graphica. Specifically, Microsoft Office Excel was utilized to organize the data, and Origin was employed to map annual publication trends. The software VOSviewer was utilized to generate visualized network maps illustrating the relationships among countries, authors, and academic journals. In these diagrams, node size is directly proportional to the frequency of occurrence; larger nodes indicate higher frequencies, while smaller nodes represent lower frequencies. The connecting lines between nodes reflect the strength of association between them. In addition, total link strength (TLS) serves as a key metric employed to assess the influence of a node within the overall network. The TLS of a node is defined as the sum of the link strengths between the node and all other nodes to which it is directly connected. Scimago Graphica was utilized to map the geographical distribution of countries or regions where articles were published, thereby visualizing cooperative relationships among them. Furthermore, CiteSpace was used to generate the co-occurrence network of institutions, references, and keywords, along with the keyword cluster map and keyword emergence map.







3 Results





3.1 Trends in annual publication volume


A total of 903 articles were included (
Figure 2
). Among these, 764 articles and 139 reviews were included. The number of publications has steadily increased from one publication in 2005 to 21 publications in 2018. After that, the number of publications on AI applications in GC grew rapidly over the next 6 years, reaching 197 in 2024. The number of publications in this field is expected to continue to grow in the future.


[image: Bar chart showing the increasing number of publications from 2006 to 2024. Starting with 1 publication in 2006, the numbers rise steadily, reaching 197 in 2024. Significant increases are noted after 2018.]
Figure 2 | 
Trends in the number of publications.








3.2 Analysis of countries or regions of publications


A total of 51 countries or regions were found to have engaged in research within this domain. 
Figure 3
 presents the geographic distribution of contributing countries or regions, while 
Figure 3
 depicts the network of international cooperation. As shown in 
Table 1
, China was ranked first with 497 publications, followed by Japan (146), Korea (120), and the United States (77). The remaining countries or regions each contributed fewer than 40 publications. Notably, China and the United States exhibited the highest TLS, suggesting stronger collaborative relationships with other countries.


[image: Map and network diagram of international collaborations. Panel A shows a world map with countries like the United States, China, and India highlighted. Colored lines represent collaborative links. Panel B is a network graph showing nodes for countries, such as China and USA, connected by lines. Colors indicate clusters, with a key showing eight clusters. The largest nodes are for countries with high collaboration.]
Figure 3 | 

(A) Geographic distribution of countries/regions. (B) Cooperation networks between countries.





Table 1 | 
Top 10 countries/regions of publications.





	Rank

	Country/region

	Frequency

	Centrality

	TLS






	1
	China
	497
	0.51
	115



	2
	Japan
	146
	0.03
	61



	3
	South Korea
	120
	0.14
	32



	4
	USA
	77
	0.18
	109



	5
	Italy
	39
	0.17
	73



	6
	United Kingdom
	25
	0.18
	65



	7
	Germany
	21
	0.19
	88



	8
	Iran
	15
	0.07
	7



	9
	Netherlands
	14
	0.02
	51



	10
	India
	13
	0.01
	8














3.3 Analysis of institutions


To examine institutional contributions to the application of AI in GC, an analysis was conducted of publication counts by institution. In total, 1,278 research institutions across the globe were recognized as active contributors within this domain. The collaborative relationships among these institutions are visualized in 
Figure 4
, whereas 
Table 2
 provides the ranking of the ten institutions with the most substantial publication output. As illustrated, Yonsei University, the Chinese Academy of Sciences, and Shanghai Jiao Tong University accounted for the highest numbers of publications, with 44, 35, and 35, respectively. Furthermore, the National Cancer Center – Japan, Azienda Ospedaliero Universitaria Careggi, Huazhong University of Science and Technology, Tianjin Medical University, and Fudan University were distinguished by centrality values equal to or exceeding 0.1.


[image: Network visualization depicting connections among various universities and institutions. Nodes, labeled with names like “University of Chinese Academy of Sciences” and “Shanghai Jiao Tong University,” represent institutions. Lines indicate relationships between them. Larger and more prominent nodes suggest greater significance or centrality in the network.]
Figure 4 | 
Institutional co-occurrence network map.





Table 2 | 
Top 10 institutions in terms of publications.





	Rank

	Institutions

	Country/region

	Frequency

	Centrality






	1
	Yonsei University
	Korea
	44
	0.07



	2
	Chinese Academy of Sciences
	China
	35
	0.09



	3
	Shanghai Jiao Tong University
	China
	35
	0.05



	4
	Fujian Medical University
	China
	29
	0.05



	5
	Sun Yat-sen University
	China
	27
	0.04



	6
	Southern Medical University
	China
	27
	0



	7
	University of Tokyo
	Japan
	23
	0.04



	8
	Wuhan University
	China
	22
	0.08



	9
	Army Medical University
	China
	22
	0.06



	10
	Nanjing University
	China
	22
	0














3.4 Analysis of journals


This study includes 903 papers published in 282 journals. 
Figure 5
 depicts the network visualization of journals involved in the dissemination of research, while 
Table 3
 lists the ten leading journals ranked by publication count alongside their most recent impact factors. According to the data presented in 
Table 3
, the journal Surgical Endoscopy and Other Interventional Techniques, published in the United States, contributed the largest volume of articles in this field, amounting to 57 papers. This was followed by Frontiers in Oncology (45) and Scientific Reports (31). Impact factor and Journal Citation Reports (JCR) quartile rankings are important indicators for assessing the academic influence of scholarly journals. According to the JCR classification published by Clarivate, journals are categorized into four quartiles: Q1, Q2, Q3, and Q4. Among the journals analyzed, only three—Surgical Endoscopy and Other Interventional Techniques, Frontiers in Oncology, and the Journal of Gastrointestinal Surgery—were placed in Q2, while the remaining seven journals were classified as Q1. It is worth noting that all ten journals had impact factor scores below 7.


[image: Visual networks among academic journals. Image A shows the cooperative network of the publishing journals, with a cluster of nodes represented by color-coded logs illustrating the links of the relationships. Panel B shows the collaborative network of cited journals. Indicates the association between certain journals related to the topic, such as “Gastric cancer” and “ann surg”. Both figures utilize color to represent different clusters and relationship strengths.]
Figure 5 | 

(A) Visualization network diagram of journals. (B) Network diagram of cited journal visualization regarding the application of AI in GC.





Table 3 | 
Top 10 journals in terms of publications.





	Rank

	Journals

	Country

	Counts

	Division

	IF (2023)






	1
	Surgical Endoscopy and Other Interventional Techniques
	USA
	57
	Q2
	2.4



	2
	Frontiers in Oncology
	Switzerland
	45
	Q2
	3.5



	3
	Scientific Reports
	United Kingdom
	31
	Q1
	3.8



	4
	Gastric Cancer
	Japan
	25
	Q1
	6.0



	5
	Cancers
	Switzerland
	24
	Q1
	4.5



	6
	Diagnostics
	Switzerland
	20
	Q1
	3.0



	7
	Annals of Surgical Oncology
	USA
	19
	Q1
	3.4



	8
	World Journal of Gastroenterology
	USA
	19
	Q1
	4.3



	9
	Journal of Gastrointestinal Surgery
	USA
	15
	Q2
	2.2



	10
	Gastrointestinal Endoscopy
	Switzerland
	14
	Q1
	6.7












Figure 5
 illustrates the visualization network of cited journals with at least twenty citations. As shown in 
Table 4
, Surgical Endoscopy and Other Interventional Techniques (2170) was identified as the most frequently cited journal. It was followed by Gastric Cancer (1696) and Annals of Surgery (1300). The cited journals were classified in Q2, except for Surgical Endoscopy and Other Interventional Techniques, whereas the remaining nine journals were classified in Q1. Notably, CA: A Cancer Journal for Clinicians and Gut exhibited high levels of activity in this field, with impact factors of 503.1 and 23, respectively.



Table 4 | 
Top 10 cited journals.





	Rank

	Cited Journals

	Country

	Counts

	Division

	IF (2023)






	1
	Surgical Endoscopy and Other Interventional Techniques
	USA
	2170
	Q2
	2.4



	2
	Gastric Cancer
	Japan
	1696
	Q1
	6.0



	3
	Annals of Surgery
	USA
	1300
	Q1
	7.5



	4
	Gastrointestinal Endoscopy
	USA
	929
	Q1
	11.5



	5
	Annals of Surgical Oncology
	USA
	744
	Q1
	3.4



	6
	Endoscopy
	Germany
	618
	Q1
	11.5



	7
	World Journal of Gastroenterology
	USA
	617
	Q1
	4.3



	8
	Scientific Reports
	United Kingdom
	450
	Q1
	3.8



	9
	Ca-a Cancer Journal For Clinicians
	USA
	429
	Q1
	503.1



	10
	Gut
	United Kingdom
	408
	Q1
	23.0














3.5 Analysis of authors of publications


A total of 5,095 authors were involved in research related to this field. According to Price’s Law (22), the threshold for identifying core authors is established through the following formula, which specifies the minimum number of required publications:



m
=
0.749
×



n

max









In this context, nmax denotes the publication count of the most prolific contributor. Accordingly, individuals with 5 or more published works were designated as core authors, leading to the identification of 135 such contributors. As shown in 
Table 5
, Woo Jin Hyung is the most prolific author with 35 publications and an H-index of 71. Following him are Hyoung-Il Kim (21 publications, H-index = 54) and ChangMing Huang (18 publications, H-index = 39). 
Figure 6
 presents the co-authorship network of researchers with at least 5 publications, illustrating the patterns of collaboration among leading contributors in the field. The magnitude of each node reflects the volume of publications it represents, whereas the coloration of nodes and their connecting links denotes the clustering to which they belong. Notably, the 135 core authors with 5 or more publications form 7 larger clusters.



Table 5 | 
Top 11 authors of publications.





	Rank

	Author

	Documents

	Citations

	H-index






	1
	Woo Jin Hyung
	35
	1445
	71



	2
	Hyoung-Il Kim
	21
	525
	54



	3
	Chang-Ming Huang
	18
	275
	39



	4
	Ping Li
	17
	279
	43



	5
	Chao-Hui Zheng
	17
	271
	39



	6
	Qi-Yue Chen
	16
	271
	37



	7
	Minah Cho
	15
	292
	20



	8
	Toshiyasu Ojima
	15
	229
	26



	9
	Taeil Son
	15
	480
	31



	10
	Tomohiro Tada
	15
	936
	31



	11
	Masanori Terashima
	15
	457
	58










[image: Network visualization showing clusters of nodes connected by lines, representing authors and their collaborations. Each cluster is differentiated by color, indicating groups with stronger connections. Key authors include Hyung Woo Jin, Huang Chang Ming, and Yamauchi Hiroki. Created using VOSviewer.]
Figure 6 | 
Map of the core authors’ collaborative network.








3.6 Analysis of cited references


The analysis of co-cited references provides an essential basis for advancing disciplinary research, as it enables a more precise delineation of the central themes within the field. Using VOSviewer, a co-citation network of cited references was generated (
Figure 7
), while 
Table 6
 displays the ten most frequently co-cited works, each referenced on more than sixty occasions. Notably, two articles provided comprehensive assessments of global cancer incidence and mortality in 2018 and 2020, respectively. The findings indicated that cancer continues to pose a major global public health challenge, and effective measures for prevention, detection, and treatment are considered essential for effective cancer control (1, 23). In addition, two other articles demonstrated the accuracy and specificity of AI in diagnosing GC and assessing the depth of tumor invasion (24, 25). In summary, these studies primarily addressed the epidemiology, diagnosis, and prognosis of GC.


[image: Visualization of a co-authorship network generated by CiteSpace. Nodes represent authors, sized by citation impact, with lines indicating collaborations. Prominent clusters include authors like Kim HU (2019) and Sung H (2021). The network spans publications from 2005 to 2024, displaying interconnectedness and research collaborations in the field.]
Figure 7 | 
Graph of co-occurrence network of cited references.





Table 6 | 
Top 10 cited references.





	Rank

	Cited reference

	First author

	Counts

	Year






	1
	Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries
	Sung H
	199
	2021



	2
	Application of artificial intelligence using a convolutional neural network for detecting gastric cancer in endoscopic images
	Hirasawa T
	99
	2018



	3
	Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries
	Bray Freddie
	91
	2018



	4
	Application of convolutional neural network in the diagnosis of the invasion depth of gastric cancer based on conventional endoscopy
	Zhu Y
	80
	2019



	5
	Japanese gastric cancer treatment guidelines 2018 (5th edition)
	Japanese Gastric Cancer Association
	78
	2021



	6
	Assessment of Robotic Versus Laparoscopic Distal Gastrectomy for Gastric Cancer: A Randomized Controlled Trial
	Lu J
	68
	2021



	7
	Gastric cancer
	Smyth EC
	68
	2020



	8
	Clinical advantages of robotic gastrectomy for clinical stage I/II gastric cancer: a multi-institutional prospective single-arm study
	Uyama I
	67
	2019



	9
	Multicenter Prospective Comparative Study of Robotic Versus Laparoscopic Gastrectomy for Gastric Adenocarcinoma
	Kim HI
	64
	2016



	10
	Effect of Laparoscopic vs Open Distal Gastrectomy on 3-Year Disease-Free Survival in Patients With Locally Advanced Gastric Cancer: The CLASS-01 Randomized Clinical Trial
	Yu J
	64
	2019














3.7 Analysis of keywords


CiteSpace was utilized to construct the keyword co-occurrence network (
Figure 8
). In the resulting graph, each node is indicative of a keyword. The size of a node corresponds to the frequency with which the associated keyword appears. Larger nodes signify higher frequencies of occurrence, whereas smaller nodes indicate lower frequencies. As shown in 
Table 7
, the most common keywords include gastric cancer (567), artificial intelligence (165), surgery (163), deep learning (134), machine learning (132), lymph-node dissection (111), convolutional neural networks (100), classification (99), survival (97), laparoscopic gastrectomy (94), and outcomes (86). And the keywords with high centrality include cancer (0.22) and classification (0.15).


[image: Network visualization in part A shows key terms related to gastric cancer research, including “gastric cancer,” “machine learning,” and “surgery,” linked by lines. Part B presents a clustered keyword map with labels like “robotic gastrectomy” and “deep learning.” Part C lists the top 25 keywords with the strongest citation bursts, such as “artificial neural networks” and “surgery,” with bars indicating citation strength over time.]
Figure 8 | 

(A) Keyword co-occurrence visualization. (B) Clustering representation of keywords. (C) Top 25 keywords demonstrating the strongest citation bursts between 2005 and 2024.





Table 7 | 
Top 15 keywords in frequency, centrality and emergence intensity.





	Rank

	Keywords

	Frequency

	Keywords

	Centrality

	Keywords

	Strength






	1
	gastric cancer
	567
	cancer
	0.22
	lymph node dissection
	19.39



	2
	artificial intelligence
	165
	classification
	0.15
	assisted distal gastrectomy
	12.7



	3
	surgery
	163
	distal gastrectomy
	0.09
	multicenter
	11.85



	4
	deep learning
	134
	multicenter
	0.09
	subtotal gastrectomy
	11.13



	5
	machine learning
	132
	resections
	0.09
	convolutional neural networks
	10.75



	6
	lymph node dissection
	111
	lymphadenectomy
	0.09
	meta-analysis
	7.81



	7
	convolutional neural networks
	100
	breast cancer
	0.09
	learning curve
	7.44



	8
	classification
	99
	early gastric cancer
	0.08
	complications
	7.35



	9
	survival
	97
	experience
	0.08
	robotic surgery
	7.29



	10
	laparoscopic gastrectomy
	94
	expression
	0.08
	laparoscopic gastrectomy
	6.97



	11
	outcome
	86
	ct
	0.08
	radical gastrectomy
	6.74



	12
	robotic gastrectomy
	82
	gastric cancer
	0.07
	minimally invasive surgery
	6.71



	13
	cancer
	80
	meta-analysis
	0.07
	resections
	6.38



	14
	diagnosis
	80
	chemotherapy
	0.07
	surgery
	6.15



	15
	assisted distal gastrectomy
	71
	neural networks
	0.07
	helicobacter pylori infection
	4.93










Additionally, CiteSpace was applied to perform keyword clustering based on the Log-Likelihood Ratio algorithm (
Figure 8
). The modularity (Q = 0.5337 > 0.3) and silhouette score (S = 0.8204 > 0.7) indicate that the cluster structure is well-defined and the clustering results are reliable (26). A total of 11 clusters are identified in this study, and they are robotic gastrectomy, artificial intelligence, radiomics, deep learning, indocyanine green, breast cancer, decision tree, early gastric cancer, machine learning, and gastric adenocarcinoma.




Figure 8
 presents the emergence map depicting the 25 keywords exhibiting the most prominent bursts, among which the 15 with the greatest intensity are listed in 
Table 7
. The keyword “lymph node dissection” exhibited a burst intensity of 19.39. The keyword “subtotal gastrectomy” (2007–2018) received the most sustained attention. In recent years, particularly between 2021 and 2024, the term upper gastrointestinal endoscopy has gained notable attention, while the phrase AI has become increasingly prevalent from 2022 to 2024. This trend indicates that subsequent investigations will probably place stronger emphasis on these emerging themes.







4 Discussion





4.1 Basic information


This investigation utilized bibliometric methods to examine research concerning the application of AI in GC between 2005 and 2024. The expansion of the literature in this area can be distinguished into two distinct stages. Before 2019, publication output grew gradually; aside from 2017 and 2018, which recorded 20 and 21 articles respectively, the annual number of papers remained below 20. From 2019 onward, however, publication activity increased dramatically, with more than 110 papers released each year from 2021 through 2024, peaking at 197 in 2024. These trends suggest that the role of AI in GC has attracted growing scholarly attention and has evolved into a major research priority. This surge may be attributed, in part, to the strategic emphasis placed on AI as a domain of international competition, supported by substantial investments and favorable policy initiatives worldwide. At the same time, the expanding integration of AI technologies into medical practice has highlighted their broad potential for advancing GC research (27). As a result, academic interest in applying AI to GC has intensified, thereby accelerating the development of this field.


With respect to publication output, China, Japan, South Korea, and the United States have produced the greatest volume of research, thereby establishing a leading position in this domain. The top three publications are all from Asian countries, which, on the one hand, is related to the high incidence of GC in these countries or regions, particularly in East Asia (28). On the other hand, it is closely related to the policies and financial support provided by these countries. For example, China has introduced a series of national AI plans to promote the development of this field (29). Notably, China and the United States were observed to have the highest TLS, while they ranked first and fourth, respectively, in publication output, thereby suggesting two distinct patterns of international cooperation and knowledge production. The American collaborative network, characterized by high TLS and relatively lower publication output, demonstrates a stronger orientation toward “quality” or “strength,” indicating that U.S. research teams tend to engage in deeper collaborations with leading international groups. The Chinese collaborative network, characterized by relatively higher TLS and publication output, reflects a strong “scale” orientation, suggesting that Chinese research teams exhibit high output efficiency and strong integrative capacity. These two modes of network cooperation play a significant role in advancing the development of this field.


Among the top 10 institutions in terms of publication volume, eight are from China, one is from Korea, and one is from Japan, which is relatively consistent with the distribution of publications across countries. Among these, Shanghai Jiao Tong University, Sun Yat-sen University, and the Chinese Academy of Sciences had the highest TLS, indicating that close cooperation was maintained. However, this cooperation is limited to domestic collaborations, and international cooperation and exchange remain restricted. Therefore, it is imperative to promote stronger international collaboration among institutions and to enhance their overall research competitiveness.


Academic journals are crucial for scholarly publications, and evaluating the number of publications in journals can assist researchers in selecting appropriate venues for manuscript submission. Surgical Endoscopy and Other Interventional Techniques published the highest number of papers, totaling 57. It is noteworthy that the top 10 academic journals, based on the number of publications, are primarily classified as Q1 and Q2, with 70% of journals in Q1 and 30% in Q2. The journal with the highest impact factor was Gastrointestinal Endoscopy (6.7), followed by Gastric Cancer (6.0). However, despite the significant contributions of Asian countries to research on AI applied to GC, only one Asian journal appears in the top 10, indicating underrepresentation. Therefore, the establishment of influential global journals within the Asian region is crucial to advancing the field.






4.2 Research hotspots and trends


Keywords serve as indicators of an article’s subject matter and central focus, and they frequently highlight prevailing research hotspots as well as emerging directions within a discipline (30). In the present analysis, the terms “gastric cancer” and “artificial intelligence” appeared with the highest frequency. It also included terms such as DL, ML, robotic gastrectomy, survival, outcomes, and diagnosis. This suggests that both the diagnosis and prognosis of AI-assisted GC are current research hotspots, which is highly consistent with the analysis of highly cited references. Furthermore, in this study, the keywords “upper gastrointestinal endoscopy” and “artificial intelligence” are identified as key terms expected to gain prominence by 2024, suggesting that AI-assisted upper gastrointestinal endoscopy diagnosis of GC is gradually gaining attention. Consequently, the primary areas of scholarly attention and the prevailing trends within this field can be summarized as follows.





4.2.1 Machine learning and deep learning


According to cluster #3, deep learning, cluster #8, machine learning, and high-frequency keywords, both ML and DL are current research hotspots. As an important subset of AI, ML, which automatically develops mathematical algorithms from training data to make decisions without explicit programming, is widely utilized in the diagnosis and prognosis of gastric cancer (31, 32). A study based on ML algorithms, specifically random forest and LASSO regression, combined with bioinformatics analysis, identified four highly promising biomarkers that can be used to diagnose GC and predict overall survival (OS) in patients (33). Another study constructed a GC prognostic model based on four ML algorithms, including SVM-RFE, LASSO regression, ORSF, and XGBoost, which identified potential biomarkers to distinguish the molecular differences between cancer and normal tissues at the gene level, providing valuable insights into the pathogenesis and treatment of cancer (34). In addition, ML algorithms have been applied in the prediction of lymph node metastasis in GC. For example, studies on the development of prediction models based on ten ML algorithms have found that tumor invasion depth, smoking history, and lymphovascular invasion are independent risk factors for lymph node metastasis in gastric cancer, with the Gatboost model demonstrating strong predictive performance (35). All of these provide valuable references for clinical diagnosis and decision-making.


As an important branch of AI, DL has triggered revolutionary changes in medical image analysis. It overcomes the limitation of traditional ML, which requires manual definition of lesions, and can perform automatic feature learning while efficiently processing large amounts of data, offering advantages in stability and efficiency (36). The convolutional neural network is currently the most mature DL framework in the field of medical image analysis, particularly suited for image recognition and video analysis (37). It can automatically identify potential cancer based on the training with a large number of imaging images, significantly improving the early diagnosis of cancer, and demonstrating high accuracy in assessing the depth of gastric cancer invasion (38). Recent studies have shown that convolutional neural network-assisted systems exhibit high accuracy in the diagnosis of EGC and can enable novice endoscopists to perform at a diagnostic level comparable to that of expert endoscopists (39). In addition, DL models also exhibit strong accuracy in predicting treatment responses, such as responses to surgery, chemotherapy, and immunotherapy, and can identify populations that may benefit from these therapies, thus aiding in the development of personalized treatment regimens for GC patients (40, 41). It is evident that DL and ML are playing an increasingly important role in GC, having been applied in early diagnosis, treatment response, prognosis prediction, and other aspects, thereby providing valuable assistance to clinicians in better managing GC.






4.2.2 Screening and diagnosis


Endoscopy is regarded as an important tool for the detection and screening of GC. Targeted biopsy, guided by endoscopic features, provides the basis for pathological diagnosis. However, the interpretation of gastroscopic images depends heavily on the clinical experience of endoscopists, and such interpretation may vary among individuals. Moreover, the workload associated with medical image analysis is substantial, making errors inevitable in routine practice. However, AI excels at processing and analyzing large datasets, and can assist clinical endoscopists in making diagnostic decisions and guiding biopsies, thereby enhancing both the accuracy and efficiency of diagnosis (3).


The results of one study indicated that the accuracy of an AI model in diagnosing GC reached 99.87%, substantially surpassing that of expert endoscopists (88.17%) (3). Gastro-MIL, an AI diagnostic model developed by Huang et al., was also reported to achieve high accuracy in GC diagnosis (42). An AI-based diagnostic system developed by Hirasawa et al. was capable of detecting cancers larger than 6 mm with an accuracy of 98.6% and a sensitivity of 92.2%, thereby demonstrating high diagnostic performance for GC lesions. This technique was recommended for clinical application to reduce the workload of endoscopists. However, this system exhibited a false-positive rate of 30.6% and failed to detect all cancer cases, particularly missing superficial depression and differentiated intramucosal cancers (25). In addition, Zhu et al. developed a convolutional neural network-based computer-aided diagnosis system and reported that it achieved high accuracy and specificity in diagnosing GC infiltration depth, significantly outperforming manual endoscopists (24). Several studies have further confirmed that AI diagnostic models demonstrate high accuracy, sensitivity, and specificity in GC diagnosis and hold broad application prospects in GC screening and diagnosis (43–45). With the efficient computational and learning capabilities of AI, diagnostic accuracy can be improved through the reduction of human error, while simultaneously decreasing physicians’ workload (46). AI-assisted diagnostic systems play a crucial role in treatment decision-making for GC (47). However, as clinical trials have not yet been conducted, their clinical feasibility and effectiveness remain to be established (48).


Globally, in countries or regions with limited medical resources and uneven distribution, AI diagnostic models can facilitate the feasibility of early screening and diagnosis of GC in low-resource settings, thereby bridging the diagnostic gap between countries and hospitals (8). In addition, although the early development and validation of AI models are costly, their large-scale application can reduce diagnostic costs and yield significant long-term benefits. In the future, with advances in 5G communication and AI technologies, the widespread adoption of EGC screening is anticipated, which may fundamentally reduce the incidence and mortality of GC.






4.2.3 Prognosis prediction


Keyword analysis indicates that prognostic prediction has attracted considerable attention. Accurate prognostic prediction in clinical practice is of great importance for both physicians and patients. Predictive information enables physicians to make personalized clinical decisions that can improve patient survival rates and quality of life. However, prognostic outcomes are influenced by various factors, including pathological features, demographic characteristics, and physiological states of GC, and traditional statistical methods have difficulty analyzing the complex relationships among these variables (3). AI has demonstrated excellent performance in prognostic prediction of GC due to its strong learning and computational capabilities.


A retrospective study involving 2,320 patients applied a multi-task DL model based on preoperative CT images to predict peritoneal recurrence and disease-free survival, demonstrating that the model accurately predicted these outcomes in GC patients (32). An AI model employing a support vector machine (SVM) demonstrated superior predictive power for 5-year OS and disease-free survival after gastrectomy, achieving area under the curve (AUC) values of 0.773 and 0.751, respectively, compared with existing TNM staging systems (49). Another DL-based model, MIL-GC, also demonstrated strong performance in predicting OS among GC patients (42). In addition, InceptionV3, a DL-based AI model, performed effectively in predicting lymph node metastasis in EGC, achieving an accuracy of 79.44% and an AUC of 0.7181 (47). With continued advancements in AI technology, the accuracy of prediction models is expected to improve further, thereby enhancing their ability to assist clinicians in making personalized clinical decisions in the best interests of patients based on prognostic information.


However, several challenges remain in the application of AI in GC. First, interpretability and clinical trust are major concerns. AI models possess a “black box” feature (50), which limits their applicability in GC. The development and establishment of interpretable AI models enable researchers, clinicians, and patients to understand their operational processes, which strengthens trust in the diagnostic and predictive results of AI models for GC. Second, data quality and accountability are critical factors. The training and establishment of AI models depend on large datasets, where both data quality and noise can affect AI performance (51). Additionally, determining responsibility when AI fails or misdiagnoses is a key issue. The issue of accountability is particularly important (52). Secondly, promoting multi-center, large-scale clinical trials to verify the accuracy, stability, and feasibility of AI in GC diagnosis in real-world clinical settings, as well as its performance in prognosis prediction and its implementation in clinical practice, represents a core challenge and opportunity for future progress. Finally, AI also presents a double-edged sword. It is crucial to clearly define the role and positioning of AI in GC, which primarily serves to empower rather than replace physicians, with full consideration of the role of physicians in clinical applications (53). However, excessive reliance on AI may hinder physicians’ ability to think independently and make clinical judgments. Therefore, clinical physicians must strategically utilize AI, adhering to the principle of “physicians first, AI as auxiliary,” and should not overly rely on AI, to enhance physicians’ clinical capabilities and ultimately benefit GC patients.







4.3 Limitations


This study also has some shortcomings. First, only articles written in English from the Web of Science database were included in this study, which may have overlooked relevant literature from other databases. However, it is worth noting that the WoSCC database covers a wide range of subject areas and is one of the most widely used databases in bibliometrics, and visualization-based bibliometric analysis can provide researchers with a quick understanding of the field. Second, the latest published articles may not have been given enough attention and fully analyzed due to time factors, such as citation delays. Therefore, follow-up studies are needed to analyze them further.







5 Conclusion


In recent years, with the development of AI, the application of AI in GC has been increasing. This investigation provides a systematic and comprehensive examination of research outputs concerning the application of AI in GC over the past twenty years. The analysis revealed a consistent upward trajectory in annual publication volume, reflecting the increasing significance of this subject within the scholarly community. Among them, the most prolific institutions and countries are Yonsei University and China, respectively. Surgical Endoscopy and Other Interventional Techniques is the most active journal in the field, and Woo Jin Hyung is the most influential author. The analysis further emphasizes emerging focal areas and prevailing directions of research, such as the application of ML and DL techniques, along with the use of AI to support early detection, diagnostic evaluation, and prognostic assessment of GC. It can be expected that the application of AI in GC will become more widespread in the future. This trend is conducive to improving the diagnosis of EGC, assisting in the treatment and prognostic management of GC, and improving the survival rate and quality of life of patients.
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