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Abstract 

Gastric cancer (GC) remains one of the most common and deadly cancers globally. Early 

detection is critical in improving survival rates, yet current diagnostic methods often miss 

asymptomatic or early-stage tumors. Over the last decade, significant advancements in 

endoscopic techniques have revolutionized the approach to detecting gastric cancer in its 

early stages. This paper examines the latest innovations in endoscopy, including high-

definition endoscopy, magnifying endoscopy, narrow-band imaging (NBI), and artificial 

intelligence (AI)-integrated systems, highlighting their efficacy in identifying precancerous 

lesions and early-stage gastric tumors. The review also discusses the challenges and 

limitations in implementing these technologies universally and their potential future 

applications. 

Keywords: Gastric cancer, early detection, endoscopy, high-definition endoscopy, narrow-

band imaging, artificial intelligence, diagnostic techniques. 

1. Introduction 

Gastric cancer (GC) remains one of the leading causes of cancer-related deaths worldwide, 

with an estimated 1 million new cases and over 700,000 deaths each year (World Health 

Organization [WHO], 2020). The poor prognosis of GC is largely attributed to the late-stage 

diagnosis, with most cases being detected only after metastasis occurs (Yamamoto et al., 

2019). Early detection and intervention are essential to improving the prognosis, and 

endoscopic techniques play a pivotal role in the diagnosis of gastric cancer. In recent years, 

various advancements in endoscopic technologies have emerged, significantly enhancing the 

sensitivity and accuracy of early-stage cancer detection. This paper aims to review these 

advancements, including high-definition endoscopy, magnifying endoscopy, narrow-band 

imaging (NBI), and the integration of artificial intelligence (AI) in endoscopic practices. 
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2. Advancements in Endoscopic Techniques 

Endoscopic techniques have undergone significant advancements over the past decade, 

especially in the context of early cancer detection. These innovations have improved 

diagnostic accuracy, enhanced the ability to detect precancerous lesions, and allowed for 

more effective management of gastric cancer. Several key advancements in endoscopic 

technology are particularly notable: 

2.1. High-Definition Endoscopy (HDE) 

High-definition endoscopy has revolutionized the resolution and clarity of images obtained 

during endoscopic procedures. Traditional endoscopic systems had limitations in visualizing 

small or subtle abnormalities in the gastric mucosa, which often resulted in missed early-

stage cancers or precancerous lesions. High-definition endoscopes, which offer significantly 

improved resolution, allow for clearer and more detailed images, enabling clinicians to detect 

minute changes in the mucosal lining, such as small tumors or lesions, which are essential for 

early diagnosis. This enhanced imaging has led to an increase in the detection rate of early 

gastric cancer (Zhang et al., 2020). 

2.2. Magnifying Endoscopy (ME) 

Magnifying endoscopy offers further improvements in visualizing the gastric mucosa at a 

microscopic level. This technology involves using an endoscope with special lenses that 

allow magnification of the mucosal surface, providing a detailed view of the microvascular 

patterns and tissue architecture. When used in conjunction with chromoendoscopy (where 

special dyes or stains are applied), magnifying endoscopy enables the detection of subtle 

mucosal and vascular changes, distinguishing benign from malignant lesions. The ability to 

assess the microstructure of gastric tissue is particularly useful in detecting early-stage gastric 

cancer, where the lesions may be small and difficult to identify using conventional endoscopy 

(Kudo et al., 2018). 

2.3. Narrow-Band Imaging (NBI) 

Narrow-band imaging (NBI) is a sophisticated imaging technology that enhances endoscopic 

visualization by using specific light wavelengths to improve contrast between the blood 
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vessels and surrounding tissue. By using blue and green light, NBI helps highlight the 

superficial mucosal layer and microvessels, providing high-contrast images of abnormalities. 

This technique is particularly effective in identifying early gastric cancer and precancerous 

lesions, such as atrophic gastritis or intestinal metaplasia, which often precede cancer. The 

ability to observe subtle vascular patterns and mucosal changes under NBI significantly 

increases the detection rate of early gastric cancers, as it allows clinicians to identify 

abnormal blood vessel patterns that indicate malignancy (Shiotani et al., 2017). 

2.4. Artificial Intelligence (AI)-Integrated Systems 

The integration of artificial intelligence (AI) into endoscopic practices has emerged as a 

groundbreaking advancement in the early detection of gastric cancer. AI systems, especially 

those using machine learning algorithms, have shown considerable promise in analyzing 

endoscopic images for patterns indicative of cancerous or precancerous lesions. Deep 

learning, a subset of AI, allows algorithms to "learn" from vast datasets of annotated images, 

ultimately enabling them to recognize subtle features in endoscopic images that may be 

overlooked by human eyes. Studies have demonstrated that AI-powered systems can match 

or even surpass the diagnostic accuracy of expert endoscopists in detecting early gastric 

cancers (Lee et al., 2020). These systems can help reduce human error, increase diagnostic 

efficiency, and improve the overall quality of endoscopic screenings, making them a valuable 

tool in the early detection of gastric cancer. 

2.5. Endoscopic Ultrasound (EUS) 

Endoscopic ultrasound (EUS) is an important advancement that combines traditional 

endoscopy with ultrasound imaging. This technique allows for detailed visualization of the 

gastric wall layers, as well as the surrounding structures, including lymph nodes and blood 

vessels. EUS is particularly valuable in assessing the depth of tumor invasion and identifying 

lymph node metastasis in gastric cancer. It is also useful in detecting small lesions that might 

not be visible on traditional endoscopy. EUS is commonly used in conjunction with other 

endoscopic techniques, such as high-definition and magnifying endoscopy, to provide a more 

comprehensive diagnostic assessment (Yamamoto et al., 2019). 
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2.6. Confocal Laser Endomicroscopy (CLE) 

Confocal laser endomicroscopy (CLE) is an emerging technique that allows for real-time, in 

vivo microscopy during endoscopic procedures. By using a laser to scan the tissue, CLE 

provides high-resolution images of the mucosal layer at a cellular level, offering detailed 

visualization of the tissue architecture. This technology has proven useful for identifying 

microscopic changes in the mucosa that are indicative of early-stage gastric cancer. CLE has 

shown promise in detecting abnormal cellular structures that may not be visible with other 

endoscopic techniques, thus improving early diagnosis (Chung et al., 2019). 

2.7. Capsule Endoscopy 

While not as widely used in gastric cancer detection as other endoscopic methods, capsule 

endoscopy is another innovation worth mentioning. In this technique, patients swallow a 

small, pill-sized camera that transmits images of the gastrointestinal tract as it moves through 

the digestive system. Capsule endoscopy is particularly useful in visualizing areas that are 

hard to reach with traditional endoscopy, such as the small intestine. Although its use for 

gastric cancer detection is still under investigation, capsule endoscopy offers a non-invasive 

alternative for imaging hard-to-reach regions of the stomach and small intestine that may 

harbor malignant growths (Wang et al., 2021). 

The advancements in endoscopic techniques have greatly improved the early detection of 

gastric cancer, making it possible to identify smaller, more subtle lesions that were once 

difficult to detect. High-definition endoscopy, magnifying endoscopy, narrow-band imaging, 

artificial intelligence, and other technologies are all playing crucial roles in enhancing 

diagnostic accuracy and early intervention. As these technologies continue to evolve, they 

promise to reduce the burden of gastric cancer by enabling earlier detection, which is critical 

for improving patient outcomes. However, challenges such as cost, accessibility, and the need 

for specialized training remain barriers that must be addressed to fully realize the potential of 

these innovations in global healthcare. 

3. Challenges and Limitations 

While the advancements in endoscopic techniques offer substantial improvements in early 

gastric cancer detection, several challenges remain. First, the cost and accessibility of high-
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end technologies, such as high-definition endoscopy and AI-based systems, limit their 

widespread use, particularly in low-resource settings (Chung et al., 2019). Second, the need 

for specialized training for healthcare providers to effectively use these advanced tools 

presents another barrier to their implementation. Furthermore, despite the remarkable 

capabilities of these technologies, false positives and false negatives still pose significant 

issues, requiring further refinement in both the technology and the training of medical 

professionals (Wang et al., 2021). While significant progress has been made in endoscopic 

technologies, there are several challenges and limitations that must be addressed to fully 

capitalize on their potential in early gastric cancer detection. These challenges stem from both 

technical and practical barriers, including accessibility, cost, human factors, and the 

limitations of the technologies themselves. Below are the key challenges and limitations: 

3.1. Cost and Accessibility 

One of the primary barriers to the widespread adoption of advanced endoscopic technologies 

is their high cost. High-definition endoscopes, narrow-band imaging systems, and other 

cutting-edge tools require significant financial investment, which can be prohibitive for many 

healthcare institutions, particularly in low-resource settings. The initial cost of purchasing the 

equipment, along with the ongoing costs of maintenance and potential upgrades, can make it 

difficult for hospitals, especially those in developing countries, to implement these 

technologies. 

Moreover, the infrastructure required to support such technologies (e.g., specialized imaging 

systems, high-quality video monitors, and AI algorithms) often requires a substantial 

financial commitment that may not be feasible in many healthcare environments. As a result, 

these advanced technologies are often limited to high-income countries or specialized 

hospitals with the resources to support them, leaving large populations underserved, 

particularly in rural or economically disadvantaged regions (Chung et al., 2019). 

3.2. Training and Expertise 

Endoscopic technologies, particularly those that involve advanced techniques like magnifying 

endoscopy, narrow-band imaging, and artificial intelligence, require specialized training and 

expertise. Endoscopists need to be well-versed not only in the technical aspects of operating 
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the equipment but also in interpreting the complex images produced by these systems. This 

can be a steep learning curve, and the lack of adequate training programs may limit the 

effectiveness of these technologies. 

Furthermore, while AI has shown promise in diagnosing early gastric cancer, AI systems 

require skilled operators to interpret the results effectively. Misinterpretation of AI-generated 

suggestions or overreliance on these systems could lead to diagnostic errors, such as false 

positives or false negatives (Lee et al., 2020). Thus, the integration of AI into endoscopy 

requires that healthcare professionals be trained to work alongside these systems to ensure 

their optimal performance. 

3.3. False Positives and False Negatives 

Despite the improvements in diagnostic accuracy, false positives and false negatives remain a 

significant issue in advanced endoscopic techniques. A false positive occurs when a benign 

lesion is incorrectly diagnosed as malignant, leading to unnecessary biopsies or treatments. 

Conversely, a false negative occurs when a malignant lesion is missed, which can delay 

diagnosis and worsen patient outcomes. 

For instance, high-definition endoscopy and narrow-band imaging may improve sensitivity, 

but they still have limitations in detecting small lesions or those located in hard-to-reach areas 

of the stomach. Additionally, the visual differences between malignant and benign lesions 

can sometimes be subtle, and errors can occur when interpreting these images, even with 

advanced technologies (Wang et al., 2021). 

Artificial intelligence, although promising, is not immune to these issues. AI systems are 

trained on large datasets, but if these datasets are not sufficiently diverse or if the algorithms 

are not refined, the system may misidentify lesions or fail to detect subtle cancerous changes. 

The potential for AI to "learn" incorrect patterns from flawed data or to miss rare types of 

gastric cancer poses a challenge to its widespread use (Park et al., 2020). 

3.4. Limited Ability to Detect Submucosal Cancer 

Despite the advances in endoscopic imaging technologies, certain gastric cancers, particularly 

those that invade the submucosal layer, remain challenging to detect. Early-stage gastric 
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cancers that are confined to the submucosa may not exhibit obvious changes in the mucosal 

surface that can be detected by standard endoscopy or high-definition systems. As a result, 

endoscopic techniques that focus on visualizing the surface of the stomach may miss these 

lesions altogether. 

Endoscopic ultrasound (EUS) can provide additional depth information and help detect 

submucosal lesions, but it requires specialized equipment and expertise, limiting its 

widespread use. Furthermore, the ability to differentiate between benign submucosal lesions 

and malignant ones remains a challenge even with advanced imaging techniques (Yamamoto 

et al., 2019). 

3.5. Technical Limitations of AI 

While AI has immense potential to enhance early cancer detection, its application in 

endoscopy has some technical limitations. AI systems rely on large annotated datasets for 

training, and the accuracy of these systems depends on the quality and diversity of the data 

used. Inconsistent or biased data may result in suboptimal performance, especially in 

detecting rare forms of gastric cancer or lesions in diverse populations (Lee et al., 2020). 

Additionally, AI models can sometimes struggle with unusual or complex cases, leading to 

diagnostic errors. 

Moreover, integrating AI into clinical practice requires addressing concerns related to 

transparency and accountability. AI systems often operate as "black boxes," meaning that the 

decision-making process behind their diagnoses is not always clear to healthcare providers. 

This lack of interpretability can hinder trust in AI-based systems, particularly in critical 

medical situations where human oversight is essential (Park et al., 2020). 

3.6. Patient Factors and Acceptance 

Patient acceptance of advanced endoscopic techniques may also present a challenge. Some 

patients may be reluctant to undergo certain procedures due to concerns about the 

invasiveness, discomfort, or perceived risks associated with new technologies. For example, 

while capsule endoscopy is non-invasive, it may not be suitable for all patients, particularly 

those with swallowing difficulties or gastrointestinal motility disorders. 
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Additionally, advanced imaging techniques such as high-definition or magnifying endoscopy 

may require longer procedure times, which can increase patient discomfort and the risk of 

procedural complications. In certain settings, patients may be hesitant to undergo lengthy or 

unfamiliar procedures, further limiting the adoption of advanced endoscopic technologies. 

3.7. Regulatory and Ethical Considerations 

The integration of AI into endoscopic procedures raises important ethical and regulatory 

issues. The use of AI for diagnostic purposes requires regulatory approval, which can be a 

lengthy and complex process. Furthermore, as AI becomes more involved in decision-

making, questions arise about accountability in the case of diagnostic errors or adverse 

outcomes. Who is responsible if an AI system misses a cancer diagnosis or makes an 

incorrect recommendation? These are critical questions that need to be addressed before AI 

can be fully integrated into clinical practice (Chung et al., 2019). 

Despite the remarkable advancements in endoscopic techniques for early gastric cancer 

detection, challenges such as cost, accessibility, training, false positives/negatives, and 

limitations in detecting certain cancers remain significant hurdles. Addressing these 

challenges will require continued innovation, improved training programs, greater global 

access to cutting-edge technologies, and the refinement of AI systems to ensure accurate 

diagnoses. Overcoming these barriers will be key to realizing the full potential of advanced 

endoscopic techniques in the fight against gastric cancer. 

4. Future Directions 

The future of gastric cancer detection will likely involve the continued refinement of current 

endoscopic technologies and the incorporation of AI and machine learning models into 

diagnostic workflows. Researchers are investigating the use of AI in combination with NBI 

and magnifying endoscopy to create a more comprehensive diagnostic system that can 

improve accuracy and reduce human error (Park et al., 2020). Additionally, efforts are being 

made to make these advanced technologies more accessible globally, ensuring that even low-

resource regions can benefit from early gastric cancer detection. The field of endoscopic 

techniques for early gastric cancer detection has evolved significantly, but there is still much 

room for innovation and improvement. As technology continues to advance, future directions 
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will likely focus on improving the accuracy, accessibility, and efficiency of these techniques, 

ultimately leading to better patient outcomes. The following key areas represent the potential 

future directions for endoscopic techniques in the early detection of gastric cancer: 

4.1. Integration of Artificial Intelligence (AI) and Machine Learning 

AI and machine learning hold significant promise in revolutionizing gastric cancer detection. 

Moving forward, one of the most promising future directions will involve further refining AI 

algorithms and integrating them more effectively into endoscopic practices. While AI has 

already shown promise in image recognition and pattern detection, future research will focus 

on improving the precision of AI systems, making them better at identifying subtle early-

stage gastric cancers and distinguishing between benign and malignant lesions with greater 

accuracy (Lee et al., 2020). 

Additionally, AI could be used to assist in real-time decision-making during procedures, 

alerting endoscopists to potential abnormalities as they navigate the gastric mucosa. With 

advancements in deep learning and neural networks, AI could learn from a larger and more 

diverse range of data, enhancing its ability to detect rare or atypical forms of gastric cancer 

that may be overlooked by human observers. 

One possible future development could be the creation of "AI-powered" endoscopic 

platforms that automatically analyze images and recommend diagnoses to clinicians, 

allowing for faster decision-making and reducing human error. AI integration could also help 

triage patients for biopsy or follow-up procedures more efficiently, improving workflow and 

clinical outcomes. 

4.2. Fusion of Multi-Modal Imaging Technologies 

Another exciting future direction involves the fusion of multiple imaging modalities to create 

more comprehensive and detailed assessments of the gastric mucosa. For example, 

combining high-definition endoscopy with narrow-band imaging (NBI), magnifying 

endoscopy, and endoscopic ultrasound (EUS) could offer an enhanced diagnostic approach. 

By integrating the strengths of these technologies, such as the high-resolution images from 

high-definition endoscopy and the deeper tissue analysis from EUS, clinicians could obtain a 
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more complete understanding of both the surface and deeper layers of the stomach, 

improving the detection of both early gastric cancer and submucosal lesions. 

Similarly, combining techniques like confocal laser endomicroscopy (CLE), which provides 

cellular-level imaging, with other imaging methods could lead to unprecedented levels of 

diagnostic precision. These multi-modal approaches may allow clinicians to differentiate 

between malignant and benign lesions more accurately, leading to better clinical decision-

making. 

4.3. Real-Time Histopathological Analysis 

One of the most innovative future directions is the development of real-time histopathological 

analysis during endoscopy. This would enable clinicians to perform a detailed cellular 

examination of the mucosal tissues during the procedure itself, without the need for biopsy or 

waiting for laboratory results. Techniques like confocal laser endomicroscopy (CLE) and 

optical coherence tomography (OCT) are already in development to provide in vivo 

histological information at a microscopic level. 

In the future, it is possible that endoscopes could incorporate AI-assisted histopathology 

capabilities, enabling them to provide immediate feedback on tissue abnormalities. This real-

time capability would greatly reduce the need for follow-up biopsies, improve patient 

convenience, and allow for faster, more accurate diagnoses, leading to quicker treatment 

decisions. 

4.4. Minimally Invasive and Non-Invasive Screening Methods 

As part of the effort to improve early detection and make screenings more accessible, future 

advancements may focus on developing more minimally invasive and even non-invasive 

methods for detecting gastric cancer. Capsule endoscopy, although still limited in its 

application for gastric cancer, may become a more viable screening tool in the future with 

improvements in imaging quality and capsule design. Advances could make capsule 

endoscopy a convenient, non-invasive option for identifying early-stage gastric cancer in 

populations at risk, especially for those who are unwilling or unable to undergo traditional 

endoscopic procedures. 
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Additionally, researchers are exploring the use of liquid biopsy techniques, which involve 

detecting biomarkers from blood or other bodily fluids to identify cancer at an early stage. 

While still in the experimental phase for gastric cancer, the integration of liquid biopsy with 

endoscopic techniques could provide a non-invasive complementary tool for screening, 

especially for high-risk populations or those who may have difficulty with traditional 

procedures (Wang et al., 2021). 

4.5. Personalized Medicine and Risk Stratification 

Future endoscopic techniques may increasingly be used in conjunction with personalized 

medicine approaches to improve risk stratification and early detection of gastric cancer. 

Advances in genomics, proteomics, and molecular diagnostics could lead to better 

identification of individuals at higher risk for developing gastric cancer. Endoscopic 

techniques could then be tailored to the individual’s risk profile, with more frequent and 

focused screenings for high-risk patients, such as those with a family history of gastric 

cancer, certain genetic mutations (e.g., Hereditary Diffuse Gastric Cancer), or chronic 

conditions like Helicobacter pylori infection and atrophic gastritis. 

By combining molecular data with endoscopic imaging, clinicians may be able to detect 

early-stage cancer more accurately and provide personalized treatment options that are 

tailored to the specific biological characteristics of the cancer, leading to better outcomes and 

fewer unnecessary procedures for low-risk patients. 

4.6. Global Expansion and Accessibility 

A key area of focus for the future will be improving the accessibility and affordability of 

advanced endoscopic technologies in low- and middle-income countries (LMICs), where 

gastric cancer mortality rates remain high due to late-stage diagnosis. To address this 

challenge, efforts will likely be focused on making advanced endoscopic tools more 

affordable and easier to deploy in these settings. This may involve developing cost-effective 

alternatives to high-definition endoscopy and NBI, as well as creating portable and user-

friendly devices that can be operated by clinicians with less specialized training. 

Furthermore, AI-based systems could assist in remotely analyzing images from underserved 

regions, allowing specialists to provide support and guidance to healthcare providers in areas 
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lacking access to trained experts. The use of telemedicine in combination with AI-based 

diagnostic systems could provide equitable access to early gastric cancer detection, helping to 

reduce global disparities in cancer outcomes. 

4.7. Integration with Other Screening Methods 

In the future, endoscopy may be integrated with other cancer screening methods, including 

imaging modalities like CT scans or MRI, to provide a more comprehensive approach to 

detecting gastric cancer. While endoscopy remains the gold standard for early gastric cancer 

detection, combining it with other imaging techniques could allow for more thorough 

screening, particularly for detecting more advanced lesions or those that are difficult to 

visualize with endoscopic methods alone. 

Additionally, biomarkers discovered through molecular research could complement 

endoscopic technologies. For instance, combining advanced endoscopy with genetic 

screening to detect specific mutations associated with gastric cancer could lead to a more 

precise and personalized diagnostic approach. 

The future of endoscopic techniques for early gastric cancer detection is filled with promising 

possibilities. Advancements in artificial intelligence, multi-modal imaging, real-time 

histopathology, and personalized medicine have the potential to significantly improve 

diagnostic accuracy and reduce the barriers to early detection. As these technologies evolve, 

the focus will likely shift toward making advanced diagnostic tools more accessible, 

affordable, and user-friendly, ensuring that patients in all regions of the world can benefit 

from timely and accurate diagnoses. The integration of these innovations could ultimately 

lead to earlier detection, more effective treatments, and improved survival rates for gastric 

cancer patients globally. 

5. Conclusion 

Advancements in endoscopic techniques have significantly enhanced the ability to detect 

gastric cancer at its earliest stages, offering the potential for earlier intervention and better 

outcomes. High-definition endoscopy, magnifying endoscopy, narrow-band imaging, and 

artificial intelligence are leading the way in improving diagnostic accuracy. Despite 

challenges related to cost, accessibility, and training, the future of endoscopy in gastric cancer 
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detection is promising. As technology continues to evolve, early detection rates will likely 

improve, leading to better survival outcomes for gastric cancer patients. 
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