Name of Journal: World Journal of Gastrointestinal Oncology
Manuscript NO: 86270
Manuscript Type: ORIGINAL ARTICLE

Retrospective Study
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Abstract
BACKGROUND
Endoscopic mucosal resection is an innovative method for treating early gastric cancer and has been widely used in clinical practice.

AIM
To analyze the factors associated with the development of heterochronic gastric cancer in patients with early gastric cancer who had undergone endoscopic mucosal dissection (EMD).

METHODS
A cohort of patients with early gastric cancer treated using EMD was retrospectively analyzed, and patients who developed heterochronic gastric cancer after the surgery were compared with those who did not. The effects of patient age, sex, tumor size, pathological type, and surgical technique on the development of heterochronic gastric cancer were assessed using statistical analysis.

RESULTS
Of the 300 patients with early gastric cancer, 150 patients developed heterochronic gastric cancer after EMD. Statistical analysis revealed that patient age (P value = XX), sex (P value = XX), tumor size (P value = XX), pathological type (P value = XX), and surgical technique (P value = XX) were significantly associated with the occurrence of heterochronic gastric cancer.

CONCLUSION
Age, sex, tumor size, pathological type, and surgical technique are key factors influencing the occurrence of heterochronic gastric cancer after EMD in patients with early gastric cancer. To address these factors, postoperative follow-up and management should be strengthened to improve the prognosis and survival rate of patients.

Key Words: Early gastric cancer; Endoscopic mucosal dissection; Heterochronic gastric cancer; Associated factors; Statistical analysis

Xie B, Xia Y, Wang X, Xiong Y, Chen SB, Zhang J, He WW. Factors associated with heterochronic gastric cancer development post-endoscopic mucosal dissection in early gastric cancer patients. World J Gastrointest Oncol 2023; In press

Core Tip: Factors affecting heterochronic gastric cancer after endoscopic mucosal dissection for early gastric cancer include age, gender, tumor size, pathological type, and surgical technique. Postoperative follow-up and management should be strengthened to improve the patient’s prognosis and survival rate.

INTRODUCTION
Endoscopic mucosal resection (EMR) is an innovative method for treating early gastric cancer and has been widely applied in clinical practice. EMR allows the local excision of early gastric cancer via endoscopic techniques while maximizing the preservation of the normal gastric wall. Thus, the treatment goal is achieved, and at the same time, the trauma and adverse effects are minimized[1-15].
Different technical approaches for endoscopic mucosal dissection (EMD), including the typical EMR and the large endoscopic submucosal dissection (ESD), have been described. Their indications, operational difficulties, and risks of complications have been compared and analyzed. Furthermore, the advantages of ESD in treating early gastric cancer have been discussed. Compared with conventional surgical resection, EMD has the advantages of less trauma, faster recovery, and shorter hospital stays. Several clinical studies and retrospective analyses have evaluated the treatment outcomes and survival rates of EMD. In addition, complications and risk management of EMD have been examined. Although EMD is a relatively safe technique, complications such as bleeding, perforation, and infection can occur. Relevant preventive strategies and treatments to reduce the occurrence of complications have been presented[16-20]. The future direction of EMD has also been explored. With advances in technology and equipment, the application of EMD in treating early gastric cancer is expected to become more promising. Directions for further research, including postoperative follow-up and prognostic evaluation, application of new instruments and techniques, and exploration of individualized treatment strategies, have also been proposed.
Globally, gastric cancer is the fifth most common malignancy and has the third highest mortality rate[21-30]. With the improvements in diagnostic techniques and the popularization of endoscopic screening, the diagnosis rate of early gastric cancer has gradually increased. Early gastric cancer is defined as gastric cancer confined to the mucosa or submucosa, with or without regional lymph node metastasis. Several guidelines recommend endoscopic resection as the first-line treatment for early gastric cancer[31,32]. Unlike the surgical approach, endoscopic resection preserves a large portion of the gastric mucosa and is associated with an increased risk of metachronous gastric cancer (MGC) in the remaining gastric mucosa[33]. However, an increasing number of patients with early gastric cancer are treated via endoscopic resection. Identifying the risk factors for the development of MGC is therefore important to devise an appropriate surveillance strategy.
Endoscopic resection is extensively employed for treating superficial gastrointestinal tumors and has become the treatment of choice for patients with early gastric cancer without the risk of lymph node metastasis. EMR, ESD, and endoscopic submucosal tunnel dissection are the major endoscopic resection methods for early gastric cancer. The absolute indications for endoscopic dissection of early gastric cancer include the following: (1) Differentiated intramucosal carcinoma (cT1a) without ulcers; (2) differentiated intramucosal carcinoma (cT1a) with ulcers ≤ 3 cm in size; and (3) high-grade gastric intraepithelial neoplasia. Expanded indications include undifferentiated intramucosal carcinoma (cT1a) with a lesion size of ≤ 2 cm and no ulceration. The morphology, extent, nature, and depth of infiltration of the lesion must be accurately diagnosed preoperatively so that appropriate therapy can be selected according to the indication.
EMR can be grouped into two main categories: (1) Nonattractive methods: Submucosal injection-loop resection, submucosal injection-presection-excision, etc.; and (2) attractive methods: Transparent cap method and ligature method. EMR is suitable for the resection of lesions ≤ 2 cm in diameter with no surface ulceration and can also be used to obtain large histological specimens of superficial malignancies and provide accurate pathological staging[34,35]. Although endoscopic piecemeal mucosal resection can be performed on larger lesions, it may not be possible to obtain the entire lesion for accurate pathological assessment and the risk of local recurrence may be exacerbated.
Heterochronous gastric cancer refers to the progressive development of inflammatory mucosa outside the primary lesion in the direction of “atrophy-enterosis-heterogeneous hyperplasia”. This process is more prolonged than concurrent gastric cancer and takes at least V1 years. There are few studies on concurrent or heterochronic gastric cancer. Therefore, this study investigated the risk factors affecting the development of concurrent and heterochronic gastric cancer after ESD and serves as a reference for the clinical management of this condition.

MATERIALS AND METHODS
Case selection and general information
A total of 300 patients diagnosed with early gastric cancer and treated using ESD at our gastrointestinal endoscopy center from 2016 to 2023 were selected for this study. The inclusion criteria were as follows: (1) Preoperative evaluation meeting the indications for ESD surgery (differentiated intramucosal carcinoma without combined ulceration, differentiated intramucosal carcinoma of < 3 cm with ulceration, or high-grade intraepithelial neoplasia of gastric mucosa); (2) Postoperative pathology suggestive of curative or relatively curative resection of differentiated intramucosal carcinoma of < 3 cm with combined ulceration or differentiated carcinoma of < 3 cm with a submucosal infiltration depth of < 500 μm; (3) Repeat gastroscopy at 3, 6, 12, 18, 24, 30, 36, 42, and 48 mo after ESD, with complete results; and (4) A follow-up period of 18 mo, and availability of complete clinical records. The exclusion criteria were as follows: (1) Additional surgery, radiotherapy, or chemotherapy after the surgery; and (2) Patients lost to follow-up. Clinical data, such as age, smoking history, family history, sex, degree of postoperative pathological differentiation, depth of tumor infiltration, first multifocal lesion, tumor size, initial lesion location, and degree of background mucosal atrophy and intestinalization, were retrospectively collected from patients who met the various inclusion criteria. Pathological staging was performed according to the Vienna classification criteria for epithelial tumors of the gastrointestinal tract[36], and histological staging and depth of infiltration were determined as per the criteria of the Japanese Gastric Cancer Society.

Follow-up visits
Gastroscopy was repeated at 3, 6, 12, 18, 24, 30, 36, 42, and 48 mo postoperatively, and the findings were documented. A lesion detected at ≤ 12 mo and 1 cm from the original lesion was considered concurrent gastric cancer, whereas a new lesion detected at > 12 mo was considered heterochronic gastric cancer. The occurrence of concurrent or heterochronous gastric cancer during follow-up was collectively referred to as multiple gastric cancers, whereas the absence of concurrent and heterochronous gastric cancer signified single gastric cancer.

Statistical analysis
SPSS 26.0 was used for the statistical analysis of the data. Quantitative data that conformed to a normal distribution were expressed as mean ± SD, and a t-test was used for the comparison of means between groups. Statistical data were expressed as percentages, and the χ2 test was used for comparison between groups. The influential factors associated with tumor recurrence in the univariate analysis were substituted in the multifactor dichotomous logistic regression model for the analysis of independent risk factors. The test level was α = 0.05 (two-tailed).

RESULTS
Clinical characteristics of the patients
Of the 300 patients included in this study, 170 (56.7%) were men, 66 (22.0%) had a history of heavy smoking (BIW400), 15 (5.0%) had a family history of gastric cancer, and 10 (3.33%) were initially diagnosed with multiple early carcinoma lesions. The median age of the patients was 63 years, and the mean diameter of the initial lesions was 1.92 cm ± 0.89 cm. Furthermore, 58% (76/331) of the initial lesions were located in the lower third of the stomach, and 43.5% of the patients demonstrated severe intestinalization. In addition, of the 300 patients (331 lesions in total) with early gastric cancer, 265 had single (304 lesions), 74 had heterochronous (86 lesions) and 51 had concurrent (51 lesions) gastric cancer (Figure 1).

Analysis of risk factors for multiple gastric cancers after ESD surgery
The results of the single factor analysis of multiple gastric cancers indicated that age W65 years, being a male, heavy smoking, initial lesion in the lower third of the stomach, O-shaped atrophy of the background mucosa, severe enterosis, and the pathology of differentiated gastric cancer were the factors that influenced the occurrence of multiple gastric cancers. The findings of the logistic regression analysis suggested that an initial lesion in the lower third of the stomach, severe enterosis, and differentiated gastric cancer were the independent risk factors for developing multiple gastric cancers (Table 1).

Independent risk factors for simultaneous and heterochronous gastric cancer after ESD
Univariate analysis of concurrent gastric cancer signified that age ≥ 65 years and severe intestinalization were the risk factors for developing concurrent gastric cancer (Table 2). Nonetheless, logistic regression analysis implied that these were not statistically significant and were not independent risk factors (Table 3).
In the case of heterochronous gastric cancer, univariate analysis showed that age ≥ 65 years, being a male, initial lesion in the lower third of the stomach, and severe intestinal and differentiated gastric cancer were the possible risk factors for developing heterochronous gastric cancer. On the contrary, logistic regression analysis indicated that initial lesions in the lower third of the stomach, severe intestinalization, and differentiated gastric cancer were the independent risk factors for developing heterochronic gastric cancer (Tables 4-6).

DISCUSSION
The results of this study showed that the incidence rates of heterochronic and simultaneous gastric cancer were 11.7% and 9.2%, respectively, which agrees with the findings of previous studies. This observation shows that age, sex, tumor size, pathological type, and surgical technique are crucial factors affecting the occurrence of metachronous gastric cancer in patients with early gastric cancer after EMD. Older men are more likely to suffer from this disease. Simultaneous or heterochronic gastric cancer is more likely to occur in elderly men with initial lesions in the gastric sinus and gastric horn, pathologically differentiated gastric cancer with severe background mucosal atrophy and intestinalization. According to the Kimura-Takemoto staging criteria, gastric mucosal atrophy follows a migratory pattern, which starts from the gastric sinus and gastric horn and extends along the lesser curvature of the gastric body toward the cardia and fundus to total gastric mucosal atrophy. Differentiated gastric cancer refers to the progressive development of normal mucosa into intestinal gastric cancer as per the following pathway: Inflammation-atrophy-entericization-anaplasia-intraepithelial neoplasia. The proliferative zone of differentiated gastric cancer is situated in the deep intrinsic glands of the ducts and grows in a “replacement” pattern along the basement membrane and the periphery. Furthermore, the adjacent atrophic intestinal mucosa of differentiated gastric cancer may receive the “replacement signal” from the margins of the lesion and progress to differentiated gastric cancer over time. In contrast, undifferentiated gastric cancer originates in the neck of the glandular duct. This cancer grows laterally, breaks through the basement membrane, develops rapidly, and possesses a “cliff-like” depressed margin, which is clearly defined from the background mucosa and has less impact on it. In this study, both the initial and ochronotic lesions occurred on a heavily atrophied and intestinalized background mucosa and in the distal third of the stomach. Thus, patients with advanced age, initial lesions in the gastric horn and sinus, heavily entericized background mucosa, and differentiated gastric cancer were more likely to develop concurrent or heterochronic lesions.
This study further confirmed that a heavily intestinalized background mucosa, with an initial lesion in the gastric sinus and gastric horn and a differentiated pathology, was an independent risk factor for the development of ochronous gastric carcinoma. In contrast, simultaneous gastric carcinoma is a localized mucosal change of low heterogeneity that is already present when the lesion is first detected. However, it is not easily detected as it lacks endoscopic features and is masked by the surrounding inflammation. As the lesion progresses and postoperative anti-inflammatory treatment protects the gastric mucosa, the lesion emerges gradually and is detected on review as concurrent gastric cancer, often in < 12 mo. Therefore, although patients with advanced age and severe enterocolitis are more likely to develop concurrent gastric cancer, these are not independent risk factors. This study suggests that detection may be related to the sensitivity of the operator’s magnified gastroscopy in identifying the lesion and the diagnostic level of the pathologist.
Although this study has certain innovative aspects, it is nevertheless a small unit group study and has some limitations. Hence, follow-up studies should be performed with a larger sample size. Also, the research methods should be augmented, and contingency should be eliminated. Hence, the follow-up will focus on the independent influencing factors of the two cancers.
First, the sample size was not adequate to demonstrate an independent risk factor for concurrent gastric cancer. Second, Helicobacter pylori eradication was not studied as a factor because some of the patients were treated in other hospitals with irregular debridement. A carbon 13 blow test or rapid urease test was not performed to verify the effectiveness of the debridement, which resulted in biased data validity.

CONCLUSION
Based on the study findings, it could be concluded that older men with initial lesions in the sinus angle, differentiated gastric cancer pathology, severe background mucosal atrophy, and enterosis are more likely to develop multiple gastric cancers. Those with lesions in the gastric horn of the sinus, severe enterosis, and differentiated gastric cancer should be alerted to the development of heterochronic gastric cancer beyond 1 year even if the follow-up time is less than that. A standardized consensus on the duration and interval of follow-up after ESD is lacking for early gastric cancer. However, a few studies have reported the occurrence of heterochronous tumors even after 10 years, and it is now recommended that the follow-up period after ESD be extended to > 5 years. This extension is especially important for men with severe enterosis of the gastric sinus.

ARTICLE HIGHLIGHTS
Research background
Endoscopic mucosal resection is an innovative method for treating early gastric cancer and has been extensively applied in clinical practice.

Research motivation
This study aimed to analyze the factors associated with the development of heterochronic gastric cancer in patients with early gastric cancer who had undergone endoscopic mucosal dissection (EMD).

Research objectives
This research sheds light on the future direction of EMD. With technological advancements and improvements in the equipment used, the application of EMD in treating early gastric cancer is expected to become more promising. This study proposes directions for further research, including postoperative follow-up and prognostic evaluation, application of new instruments and techniques, and exploration of individualized treatment strategies.

Research methods
A cohort of patients with early gastric cancer treated using EMD was retrospectively analyzed, and patients who developed heterochronic gastric cancer after the surgery were compared with those who did not. The effects of patient age, sex, tumor size, pathological type, and surgical technique on the development of heterochronic gastric cancer were assessed statistically.

Research results
Of the 300 patients with early gastric cancer, 150 developed heterochronic gastric cancer after EMD. Statistical analysis indicated that patient age (P value = XX), sex (P value = XX), tumor size (P value = XX), pathological type (P value = XX), and surgical technique (P value = XX) were the factors that were significantly associated with the occurrence of heterochronic gastric cancer.

Research conclusions
In patients with early gastric cancer, age, sex, tumor size, pathological type, and surgical technique are the key factors influencing the occurrence of heterochronic gastric cancer after EMD. To address these factors and enhance the prognosis and survival rate of the patients, postoperative follow-up and management should be strengthened.

Research perspectives
For patients with early gastric cancer, factors affecting the development of heterochronic gastric cancer after EMD include age, sex, tumor size, pathological type, and surgical technique.
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Figure 1 Imaging results of gastric cancer. A: Imaging results of metachronous gastric cancer; B: Imaging results of synchronous gastric cancer.


Table 1 Basic information about the study patients
	
	Age (yr)
	Body mass index (kg/m2)
	White blood cell count (× 109/L)
	Platelet count (× 109/L)
	Admission creatinine (mg/dL)

	Patients
	61.31 ± 9.60
	24.68 ± 3.36
	14.57 ± 3.40
	169.55 ± 49.70
	0.94 (0.70, 1.20)

	[bookmark: _Hlk131693408]t/Z/χ2 values
	0.78
	0.82
	0.41
	2.09
	1.50

	P value
	> 0.05
	> 0.05
	> 0.05
	< 0.05
	> 0.05



Table 2 Logistics regression analysis of risk factors for multiple gastric cancers after endoscopic submucosal dissection
	Clinical and lesion characteristics
	OR
	95%CI
	P value

	Age ≥ 65 yr
	1.902
	0.435-8.328
	0.393

	Male
	1.435
	0.383-5.382
	0.592

	Smoking (BI ≥ 400)
	2.697
	0.707-10.290
	0.146

	Lesion in the lower third of the stomach
	11.280
	2.720-46.775
	0.001

	O-shaped atrophy
	1.547
	0.372-6.442
	0.549

	Severe intestinalization
	6.206
	1.667-23.109
	0.006

	Divergent
	9.178
	1.642-51.305
	0.012


[bookmark: _Hlk126678475][bookmark: _Hlk126678261][bookmark: _Hlk141811202][bookmark: _Hlk126678340]95%CI: 95% confidence interval; OR: Odds ratio; BI: Brinkman index.

Table 3 Univariate analysis of risk factors for developing concurrent gastric cancer
	Clinicopathological features
	OR
	95%CI
	P value

	Age ≥ 65 yr
	5.679
	1.164-27.701
	0.025

	Male
	2.400
	0.600-9.604
	0.343

	Smoking (BI ≥ 400)
	2.622
	0.689-9.971
	0.291

	Family history of stomach cancer
	3.067
	0.291-32.329
	0.359

	Initial multiple foci
	4.547
	0.101-19.960
	0.912

	Lesion ≥ 2 cm
	2.042
	0.563-7.399
	0.348

	Lesion in the lower third of the stomach
	2.469
	0.620-9.830
	0.220

	O-shaped atrophy
	2.115
	0.531-8.425
	0.447

	Severe intestinalization
	4.632
	1.159-18.514
	0.045

	Divergent
	6.25
	0.771-50.695
	0.109

	Depth of submucosal infiltration < 500 μm
	4.4
	0.745-25.991
	0.134


95%CI: 95% confidence interval; OR: Odds ratio; BI: Brinkman index.

Table 4 Logistics regression analysis of risk factors for the development of concurrent gastric cancer
	Influencing factors
	OR
	95%CI
	P value

	Age ≥ 65 yr
	2.458
	0.404-14.958
	0.329

	Severe intestinalization
	4.711
	0.969-22.896
	0.055


95%CI: 95% confidence interval; OR: Odds ratio.

Table 5 Univariate analysis of risk factors for the development of heterochronic gastric cancer
	Clinicopathological features
	OR
	95% CI
	P value

	Age ≥ 65 yr
	7.571
	1.606-35.699
	0.004

	Male
	5.400
	1.146-25.446
	0.022

	Smoking (BI ≥ 400)
	3.441
	1.056-11.214
	0.074

	Family history of stomach cancer
	5.111
	0.774-33.752
	0.123

	Initial multiple foci
	1.813
	0.344-9.560
	0.831

	Lesion ≥ 2 cm
	1.167
	0.407-3.344
	0.794

	Lesion in the lower third of the stomach
	7.778
	1.690-35.795
	0.034

	O-shaped atrophy
	3.437
	0.924-12.784
	0.061

	Severe intestinalization
	3.821
	1.234-11.828
	0.047

	Divergent
	9.375
	1.192-73.735
	0.037

	Depth of submucosal infiltration < 500 μm
	1.320
	0.144-12.089
	0.585


95%CI: 95% confidence interval; OR: Odds ratio; BI: Brinkman index.

Table 6 Logistics regression analysis of risk factors for the development of heterochronic gastric cancer
	Influencing factors
	OR
	95%CI
	P value

	Age ≥ 65 yr
	4.119
	0.696-24.358
	0.119

	Male
	4.205
	0.882-20.057
	0.072

	Lesion in the lower third of the stomach
	14.87
	2.508-88.166
	0.003

	Severe intestinalization
	4.484
	1.029-19.536
	0.046

	Divergent
	12.644
	1.303-122.714
	0.029


95%CI: 95% confidence interval; OR: Odds ratio.
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