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Abstract
BACKGROUND
The features of gastric cancer based on the anatomic site remain unknown in northern China patients.

AIM
To analyze gastric cancer features and associated trends based on the anatomical site in northern China patients.

METHODS
This cross-sectional study used incident gastric cancer case data from 10 Peking University-affiliated hospitals (2014 to 2018). The clinical and prevailing local features were analyzed.

RESULTS
A total of 10709 patients were enrolled, including antral (42.97%), cardia (34.30%), and stomach body (18.41%) gastric cancer cases. Cancer in the cardia had the highest male:female ratio, proportion of elderly patients, and patients with complications, including hypertension, diabetes, cerebrovascular, and coronary diseases (P < 0.001). gastric cancer involving the antrum showed the lowest proportion of patients from rural areas and accounted for the highest hospitalization rate and cost (each P < 0.001). The proportion of patients with cancer involving the cardia increased with an increase in the number of gastroesophageal reflux disease cases during the same period (P < 0.001). Multivariate analysis revealed that tumor location in the cardia increased the risk of in-hospital mortality (P = 0.046). Anatomical subsite was not linked to postoperative complications.

CONCLUSION
The features of gastric cancer based on the anatomical site differ between northern China and other regions, both globally and within the country. Social factors may account for these differences and should affect policy-making and clinical practice.
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Core Tip: Cancer in the cardia has the highest male:female ratio, proportion of elderly patients, and patients with complications including hypertension, diabetes, cerebrovascular, and coronary diseases. Gastric cancer in the antrum has the lowest proportion of patients from rural areas and accounts for the highest hospitalization rate and cost. The proportion of patients with cancer in the cardia increases with an increase in the number of gastroesophageal reflux disease cases during the same period. Tumor location in the cardia increases the risk of in-hospital mortality. Anatomical subsite is not linked to postoperative complications.

INTRODUCTION
Gastric cancer is among the most common digestive malignant tumors worldwide and is predicted to have 27600 incident cases and cause 11010 deaths in the United States of America[1]. It ranks fifth among cancer diagnoses (1089103 cases) and fourth in gross mortality (768793 cases) worldwide[2]. China is among the regions with the highest gastric cancer incidence, reporting over 450000 new cases and 300000 deaths[3]. China may account for approximately half of the annual incidence of gastric cancer in Eastern Asia[4]. High mortality rates are a major concern for gastric cancer. Gastric cancer-related disability-adjusted life-years are the third-highest worldwide[4], accounting for 24.2% of cases with a 5-year overall survival (OS) rate[5]. In this cohort, the 5-year OS of patients with stage IV disease is lower than 4%[6].
A few studies have demonstrated differences in clinical and epidemiological features of this tumor type based on its presence in the anatomical subsites of the stomach. These subsites are usually divided into cardia (including adjacent gastroesophageal junction) and non-cardia locations, including the gastric body and antrum[7]. The constituent ratio of patients with gastric cancer in the cardia tends to be relatively high in Western countries, including the United States of America and the United Kingdom[7-10]. However, this same constituent ratio decreases in some Asian countries, including Japan, with a significant increase in the number of patients with gastric cancer in the stomach corpus[11]. The divergent trends could result from different etiologies for cardia and non-cardia subsites of gastric cancer; e.g., non-cardia gastric cancer (specifically, antral gastric cancer) is directly associated with Helicoibacter pylori (H. pylori)-induced atrophic gastritis and accompanying hypochlorhydria[12,13]. In contrast, cancer involving the cardia (including cancers of the gastroesophageal junction) is closely related to gastroesophageal reflux disease (GERD)[14]. Gastric tumors at different anatomic locations may be distinct clinical entities[15].
Environmental and lifestyle factors affect the burden of gastric cancer. Smoking is an important risk factor in male patients[16], and a high-sodium diet is associated with gastric cancer in Eastern Asian patients, particularly in Chinese patients[4]. The incidence rates and distribution patterns of gastric cancer differ across various geographic regions[17], including within China. Despite the rise in the ratio of patients with cancer at the cardia of the stomach and the concomitant reduction among those with gastric cancer involving the antrum in the Chinese population, the rates of antral gastric cancer vary from 20% to 50%[18,19]. Both trends may result from a divergence in risk factors, including variations in environmental influences and eating habits that differ among regions; these factors may also determine differences among tumors at different locations[18]. However, few population-based studies have been conducted in China on this topic[18,19], and analyses of data from northern China are lacking. Herein, we aimed to examine the clinical features of gastric cancer at different anatomical sites in patients from northern China. We also aimed to examine the associated variability and trends.

MATERIALS AND METHODS
Data source
Patient information was obtained from the Health Science Report (HSR) database of Peking University-affiliated hospitals[20,21]. As a patient-level database consisting of hospitalized populations from 10 comprehensive tertiary hospitals affiliated with Peking University, the HSR database is managed by the Department of Hospital Management, Peking University Health Science Center, including patients covering all of China (mainly from northern China), and handles 2097347 gastric cancer patients. HSRs are submitted annually by the hospitals, as determined by the guidelines of the National Health Commission of the People’s Republic of China. A system developed by the Medical Information Center of Peking University Health Science Center was applied for integration, storage, management, analysis, and display of the data, and controls for safety and quality were embedded in each layer. Demographic and clinical characteristics of selected patients were extracted, including the corresponding International Classification of Diseases 10 edition (ICD-10) codes, demographic characteristics (age, sex, and others), hospitalization information (route of admission, hospital stay, costs, among others), diagnosis, operation type, and pathological information. Ethical approval was obtained from the Ethics Committee of Peking University Third Hospital (IRB00006761-M2019387). The written informed consent requirement was waived because of the retrospective nature of the study.

Study population
According to the accessibility and quality of data, patients registered from January 1, 2014, to December 31, 2018, were chosen for analysis[20]. Individuals who (1) had pathology records with a diagnosis of gastric cancer, (2) were hospitalized in at least one of the included hospitals, and (3) had one or more sets of complete hospitalization records were included in the analysis. Patients who had (1) no pathological diagnosis or (2) tumors in the stomach that had metastasized from other organs were excluded from the analysis. Anonymization of personal information was conducted for data privacy protection.

Identification of gastric cancer
ICD-10 codes were implemented for facilitated identification, and gastric cancer was designated as C16.0-4 as per published research[19]. Descriptive medical phrases were also applied to query for gastric/cardia/esophagogastric junction/non-cardia/body/antrum/pylorus cancer in the possible linguistic expressions in the Chinese language. Due to differences in anatomical, biological, and clinical characteristics by different subsites in gastric cancer, the selected patients were further divided according to tumor anatomical locations into gastric cancer involving the cardia (ICD-10 code: C16.0), gastric cancer involving the body (ICD-10 codes: C16.1-2), gastric cancer involving the antrum (ICD-10 codes: C16.3-4), and gastric cancers of multiple foci (ICD-10 code: C16.8). For cases without exact diagnosis on anatomical site (ICD-10 code: C16.5-6 and C16.9), diagnosis description and pathological results were screened by two senior gastroenterologists. Patients with unidentifiable subsites were categorized as “other type”. A fuzzy string-matching algorithm was also applied with the listed medical phrases to search for more potential patients to avoid omission. Validation was applied to the classification strategy. Data from a total of 1000 gastric cancer patients were extracted stochastically each time after primary selection, with a respective manual review of the diagnosis by two senior gastroenterologists for detection with the help of R (version 3.5.1), and the final consistency rate was over 99%.

Statistical analysis
The screened gastric cancer patients were classified by searching for different keywords on clinical, diagnostic, and surgical data with R (version 3.5.1). Only incident cases, which were identified as patients who were pathologically diagnosed through surgery and/or endoscopy for pathology (the gold standard for gastric cancer diagnosis), were defined as the study population. Those with multiple hospitalization records were identified by health care card numbers, and only their first visits were included to avoid duplication. The composition ratio of each anatomical subsite was calculated separately, and clinical characteristics, including age, sex, hospitalization costs, hospitalization stay, admission mode, and disease-related complications, were calculated based on tumor location. Alternation trends for some factors within the study period were calculated. According to worldwide guidelines that recommend endoscopy screening for gastric cancer from the age of 50 years, patients were categorized into age groups of ≤ 49 years, 50-74 years, and ≥ 75 years, and the age group of 50-74 years was further analyzed by dividing into four groups with 5-year increments. Patients with records of surgery (including laparoscopic or open tumor resection and excluding endoscopy and endoscopic resection) were selected, and the short-term postoperative complications, including anastomotic leakage, anastomotic hemorrhage, abdominal hemorrhage, abdominal infection, gastroparesis, incision infection, incision hemorrhage, incision dehiscence, and pancreatic fistula, were indexed.
Continuous variables are expressed as means ± SD, and categorical variables are expressed as frequencies and proportions. Student’s t-test was used to compare continuous variables, and the chi-squared test was used to compare categorical variables. SPSS (SPSS Inc., Armonk, Chicago, IL, United States, version 26.0) was used for all statistical analyses, and a two-sided test was considered statistically significant at P value of < 0.05.
The association between gastric cancer and risk of in-hospital death or short-term postoperative complications was examined in the involved gastric cancer patients (postoperative complications were examined in patients who had undergone surgery) by performing a multivariate analysis adjusted for sex, age, anatomical subsite, complications (including hypertension, diabetes, cerebrovascular disease, coronary disease, reflux syndrome, anemia, and hypoproteinemia), and operation (for analysis of in-hospital mortality). Logistic regression was used in indicators with occurrence higher than 5%, and Poisson regression was used in indicators with occurrence lower than 5%. Knots were used according to the principle of minimized Akaike information criterion. Adjusted odds and transformed odds ratios (aORs) were used to estimate the absolute risks (probabilities) with 95% confidence intervals (CIs).

RESULTS
Basic information
Patients selected from the database originated from 10 affiliated hospitals of Peking University across nearly all provinces of China, while most came from northern China. In the aggregate, 2097347 hospitalizations between January 1, 2014, and December 31, 2018, were eligible (including 289561, 309776, 462175, 490020, and 545815 annual hospitalizations, respectively). After further selection, 10709 incident gastric cancer cases were chosen, including 2608, 2429, 2614, 2744, and 2811 cases from 2014 to 2018, respectively. A total of 72.71% of the patients were men. Patients originated nationwide but were mainly from northern China and Beijing, Inner Mongolia, and Hebei (Supplementary Figure 1). The average age of the patients with incident gastric cancer was 61.18 years ± 11.91 years (95%CI: 60.96-61.41). The mean hospitalization cost was 55.70 (95%CI: 54.79-56.60) thousand RMB (approximately 8.77 thousand USD).

Anatomical distribution of gastric cancer 
A total of 4602 (42.97%), 3673 (34.30%), 1972 (18.41%), 386 (3.61%), and 76 (0.71%) cases were antrum, cardia, gastric body, multiple site, and unclear site gastric cancer, respectively (Figure 1A). Among 10,247 cases extracted for proportion calculation, the ratios of the gastric antrum, cardia, and body cancers were 44.91%, 35.85%, and 19.24%, respectively (Figure 1B). Data from cases from different regions worldwide were collected from previous studies, and the proportions of cardia and non-cardia (including body and antrum) cases were recalculated (Table 1).

Clinical features of gastric cancer based on anatomical sites
Gastric cardia, body, and antrum cancer cases were extracted for clinical feature analysis, and the body and antrum cases were further classified as “non-cardia cancer” for additional analyses. Both cardia and non-cardia cancers showed a higher proportion of male patients, while the male:female ratio in cardia cancer cases was approximately 5:1; it was approximately 2:1 in non-cardia cancer cases (Table 1, Figure 2A and B, P < 0.001 both in the comparison of the three subsites and of cardia and non-cardia cancer cases). The average age of patients with gastric cardia, body, and antrum cancers were 63.98, 57.57, and 60.32 years, respectively (Table 2, P < 0.001). After dividing the cases into three age subgroups (≤ 49 years, 50-74 years, and ≥ 75 years), both cardia and non-cardia cancers at the three anatomical subsites showed most patients in the age group of 50-74 years. However, non-cardia cancer was more prevalent among patients younger than 50 years, and cardia cancer was more prevalent among patients older than 75 years (Figure 2C and D, P < 0.001 both in three subsites and in cardia and non-cardia cancer cases). Due to the location of the involved hospitals, most patients came from urban areas, while gastric antrum cancer accounted for the lowest proportion of patients from the rural area compared to those from the upper subsites. This finding was further verified through insurance information: patients with cardia cancer had a higher proportion of rural medical insurance settlement (Table 2, P < 0.001, respectively). In addition, gastric cardia cancer had the largest proportion, and gastric body cancer had the lowest proportion of patients with hypertension, diabetes, cerebrovascular disease, and coronary disease (Table 2, P < 0.001, P = 0.03, P = 0.01, and P < 0.001 for hypertension and diabetes, respectively). Moreover, 11.46% of gastric cardia cancer patients had a combined diagnosis of GERD, which was higher than the proportion of non-cardia cancer patients, which included gastric body and antrum cancers (Table 2, P < 0.001). Non-cardia cancer cases accounted for a greater proportion of anemia and hypoproteinemia than cardia cancer cases (for anemia: 8.16% for gastric body cancer patients and 7.13% for antrum cancer patients; for hypoproteinemia: 4.56% for gastric body cancer patients and 3.78% for antrum cancer patients) (Table 2, P = 0.009 and 0.005, respectively). A higher proportion of obstruction syndrome was found in antrum cancer patients than in the other groups (Table 2, P < 0.001). Detailed P values of the pairwise comparisons among the three subsites are shown in Supplementary Table 1.

Hospitalization features of gastric cancer based on anatomical sites
Gastric body cancer cases had the lowest emergency admission rate. No significant difference was found between the emergency proportion of the cardia and antrum cancers (Table 2, P = 0.007 in total, and P = 0.121 between the antrum and cardia cancers). Gastric antrum cancer led to the longest hospitalization duration among the three anatomical subsites; in contrast, gastric cardia cancer had the shortest hospitalization (Table 2, P < 0.001). Gastric antrum cancer had the highest total hospitalization (78.41 ± 54.69 thousand CNY, 95%CI: 76.83-79.98) and surgery costs [30.84 ± 20.43 thousand CNY, (95%CI: 30.24-31.43)], and cardia cancer had the lowest [total hospitalization: 50.33 ± 50.68 thousand CNY, (95%CI: 48.69-51.97); surgery: 17.86 ± 22.69 thousand CNY, (95%CI: 17.12-18.62)] (Supplementary Table 2, P < 0.001 for both total hospitalization and surgery costs). The detailed P values among the three subsites are shown in Supplementary Table 3.

Clinical features of gastric cancer during 2014-2018 based on anatomical sites
Gastric cardia and antrum cancers were chosen to examine the annual alternation in proportion between 2014 and 2018, combined with the proportion trend analysis of related complications, GERD, and H. pylori infection-related diseases (HIRD). A general trend of the increasing proportion of gastric cardia cancer was observed (ranging from 26.77% to 28.59%), along with an increase in the combined diagnosis of GERD (Figure 3A, P < 0.001). The complication ratio of GERD ranged from 6.99% to 15.11%, which is slightly higher than that in a previous report on Chinese patients[19]. A general decrease in trend was found for gastric cancers in the 5-year period, accompanied by an increase in the combined diagnostic proportion of HIRD (Figure 3B, P = 0.014), and the ratio of HIRD was lower than that in previous reports[22,23].
According to the World Health Organization, the age boundary between middle and old age is 60 years, and the cutoff between old and advanced age is 75 years in the Asia-Pacific region. Therefore, a detailed study based on anatomical subsites was conducted for the 50-74 years age group at increments of every 5 years to observe age-related trends. A significant decrease was found in the proportion of patients with gastric cardia cancer in the 55-59 years age group, with increasing trends between the 60-64 and 65-69 years age groups (Figure 3C, P = 0.02). For non-cardia cancer, although a slight increase was found in the 70-74 years age group, no significant difference was found in the five age groups (Figure 3D, P = 0.086).

Hospitalization clinical outcomes of gastric cancer based on anatomical sites
In-hospital mortality and short-term postoperative complication rates reflect the prognosis of patients and the quality and safety of medical treatment. In this study, a total of 92 (0.86%) gastric cancer-related deaths were detected, including 37 (1.01%) patients with gastric cardia cancer, 13 (0.66%) with gastric body cancer, and 33 (0.72%) with antrum cancer (P = 0.243 among the three subsites, Supplementary Table 4).
A total of 6,956 patients (6749 cancers at the three anatomical subsites) had a history of surgery during hospitalization. Among them, 605 (8.70%) had short-term postoperative complications, including 158 (8.55%) cardia cancer cases, 109 (9.08%) body cancer cases, and 324 (accounted for 8.76%) antrum cancer cases (P = 0.876 among the three subsites, Supplementary Table 3).

Validation of risk factors on hospitalization clinical outcomes
Multivariable regression analysis was performed to further explore the association between anatomical subsite and patient in-hospital clinical outcomes, including in-hospital mortality in all patients and postoperative complications in patients who had undergone surgery. Other vital factors, such as sex, age, operation (in the analysis of in-hospital mortality), and complications, were also included in the analysis. In-hospital mortality was associated with the anatomical sites, among which cardia cancer had a higher risk (aOR 1.75, 95%CI: 1.01-3.04, P = 0.046). It was also associated with age increase (aOR 1.03, 95%CI: 1.01-1.06, P = 0.001) and increased risks of complications, including anemia (aOR 2.37, 95%CI: 1.39-4.06, P = 0.002), hypoproteinemia (aOR 5.44, 95%CI: 3.09-9.59, P < 0.001), obstruction syndrome (aOR 5.59, 95%CI: 3.26-9.59, P < 0.001), and reflux syndrome (aOR 1.92, 95%CI: 1.13-3.28, P = 0.017) (Figure 4A). The higher risk of postoperative complications was not associated with anatomical sites (aOR 0.979, 95%CI: 0.79-1.21, P = 0.846); however, it was associated with age increase (aOR 1.01, 95%CI: 1.02-1.03, P < 0.001) and increased risks of complications, including coronary disease (aOR 1.46, 95%CI: 1.09-1.94, P = 0.011), anemia (aOR 2.92, 95%CI: 2.25-3.78, P < 0.001), hypoproteinemia (aOR 2.16, 95%CI: 1.56-3.00, P < 0.001), and obstruction syndrome (aOR 1.18, 95%CI: 1.59-2.12, P = 0.002) (Figure 4B).

DISCUSSION
In this study, we first examined the epidemiologic features of gastric cancer in northern China based on anatomical subsites, showing a higher male ratio, older age distribution, older age-related trend, increasing proportion, close relationship with GERD, and increased risk of in-hospital mortality in gastric cardia cancer than in other types. This cancer site was also associated with younger age distribution, increased likelihood of residence in the city, and decreasing trends in the proportion of antral cancer. Overall, the constituent ratio of gastric cardia cancer in northern China was higher than the average level in China (18-27%)[24,25] and Europe (26-31%)[26-28] and lower than that in North America and West Asia (both > 40%)[7,29]. Compared to previous reports in China, the constituent ratio of gastric cardia cancer in this study was slightly higher than that in the Gansu Province (northwest China)[18] and lower than that in southwest China[19] but showed high inner similarity compared with other global regions (Supplementary Table 5). Similarly, the proportion of antral gastric cancer is in the mid-level worldwide[24]. Regionality is a typical phenomenon in both cardia and non-cardia (including gastric body and antrum) cancers and is generally considered to be linked to race, unique eating habits, and the environment[17,30].
Gastric cardia cancer may account for a large proportion of all gastric cancers in countries/regions with a low incidence of gastric cancer[31,32], contributing to better control of some risk factors of non-cardia cancer, including H. pylori infection. However, with a higher incidence of gastric cancer in China, the proportion of cardia cancer in this study was also higher, compared with that in European countries[26-28]. One major reason might be the high prevalence of smoking in China, which is considered a major risk factor for cardia cancer-related risk factors, including GERD and cardia cancer[33,34]. In this study, five times more men than women had gastric cardia cancer; this ratio was higher than the global (by approximately 3:1)[25] and China-based (by approximately 4:1) values[24], further suggesting the effect of smoking, showing sex-based differences. Furthermore, a higher proportion of upper gastric cancer, including cardia cancer, has been found in rural residents (including those with rural medical insurance) that are usually considered to have a higher smoking prevalence[35]. Therefore, more attention should be paid to the implementation of smoking cessation policies, especially those targeting men and rural areas, to help prevent cardia cancer. The sex-based difference between cardia and non-cardia cancers could also be traced to the epidemiology of Epstein-Barr virus-associated gastric cancer (EBVaGC)[36]. The relationships among EBVaGC, cardia cancer, and male sex were tested in a meta-analysis, with a male to female ratio of approximately 2-3:1[37].
In this study, cardia cancer cases increased annually and proportionally to the cases at other subsites and concurrent GERD ratio, which was also found in southwest China[19]. Smoking, which is a risk factor for GERD and subsequent gastric cardia cancer, may contribute to this trend. The implementation of tobacco-controlling policies in China, specifically in northern and southwestern regions, remains insufficient, with a reported ratio of 60.2%-61.8% of adults in northern China who are passive smokers[34]. Moreover, the lifestyle among Chinese people, including youth, has been westernized[38]. Increased ingestion of animal-source foods has made obesity one of the main public health issues in China, especially in developed cities, and was shown to be a risk factor for both GERD and cardia cancer by increasing abdominal pressure and prolonging nocturnal acid exposure[39-41]. Reducing smoking and obesity may help prevent further increases in gastric cardia cancer rates as the Chinese population ages.
Association between higher in-hospitalization mortality and cardia anatomical subsite was found in this study, rather than non-cardia sites, in multivariable regression analysis after adjusting for age, sex, and basic complications. The rates of postoperative complications were comparable among the anatomical sites. The older age distribution and more severe previous complication status among cardia cancer patients in this study may account for the correlation with the increased risk of in-hospital mortality, as they affect surgical safety[42]. Moreover, the non-significant short-term postoperative complication risk difference among the anatomical sites might reflect the establishing of techniques in gastric cancer surgery, ensuring the safety of cardia cancer surgeries by helping achieve adequate anastomotic tension and blood supply[43]. The preoperative management of basic diseases may help improve recovery rates and safety profile.
H. pylori is a major risk factor for non-cardia cancer[22], especially for that located in the antrum[25]. The incidence of H. pylori infection is relatively low in northern China, which may account for the reported proportions of non-cardia cancers[44]. Eating habits are key factors in H. pylori infection. The constituent ratio of antrum cancer was higher in southwest China compared to our results[19], which could be correlated with the habit of spicy food consumption in this region, which might increase the incidence of H. pylori infection[45,46]. A generally decreasing trend of antral cancer proportion in the present study might be attributed to the popularization of screening, including that for gastric cancer and HIRD[47]. However, the proportion of malignancies located in the antrum was higher than that in some Western countries, including northern America, which could be attributed to the high virulence of H. pylori bacterial strains in East Asian populations[48]. Moreover, the hospitalization duration and financial burden remain significant in gastric antrum cancer, as observed in the present study; this finding may be related to the complex surgical methods involved and high complication rates[49]. The approximately 10-times higher incidence of obstruction in antrum cancer than in other cancer sites may affect treatment efficiency[50]. This finding suggests that further screening and radical cure of both H. pylori and antrum cancer are required in the future[51].
This study had several limitations. First, due to the data source used, which covers medical centers but not an entire region or province, this study involved patients from northern China. Second, detailed anatomic data were not available in some cases in the HSRs, resulting in the creation of the category named “other types”, and the anatomical information based on the “upper, middle, and lower” classification could not be re-traced. Third, due to the absence of some information in HSRs, including laboratory test results, imaging findings, or long-term prognostic information, the detailed figures, including tumor stage and patient prognosis, could not be extracted; the detailed operative procedures, details on the economic status of the patients (e.g., salary), and lifestyles were also not available, making it difficult to construct specific characteristics and risk factor features of gastric cancer patients in northern China, and should be further testified in the future. Fourth, the combined diagnosis proportion of HSRs was much lower than that in previous studies[22,23]. This reflects the defects of some HSRs that missed such diagnoses and the diagnostic failure of some clinicians that missed H. pylori infections, resulting in omissions. Finally, the results of the multivariate analysis should be further validated in more cohorts to increase their credibility.

CONCLUSION
In summary, this is the first study to report the composition ratio characteristics and changes in gastric cancer trends based on anatomical sites in patients in northern China. This study examined plausible explanations for these findings. Large-scale screening programs for gastric cancer and infection, increasing awareness and prevention of risk factors, reducing smoking and obesity, as well as patient stratification for treatment based on anatomical sites are required to reduce the burden of gastric cancer.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer is among the most common digestive malignant tumors worldwide. China is among the regions with the highest gastric cancer incidence. Differences in clinical and epidemiological features of this tumor type based on its presence in the anatomical subsites of the stomach have been reported.

Research motivation
Few population-based studies have been conducted in China to determine differences among tumors at different locations, and analyses of data from northern China are lacking.

Research objectives
To examine the clinical features of gastric cancer at different anatomical sites in patients from northern China. We also aimed to examine the associated variability and trends.

Research methods
We conducted a cross-sectional study used incident gastric cancer case data from 10 Peking University-affiliated hospitals, and the clinical and prevailing local features were analyzed.

Research results
Ten thousand seven hundred and nine patients were enrolled, including antral, cardia, and stomach body gastric cancer cases. Cancer in the cardia had the highest male:female ratio, proportion of elderly patients, and patients with complications, including hypertension, diabetes, cerebrovascular, and coronary diseases (P < 0.001). gastric cancer involving the antrum showed the lowest proportion of patients from rural areas and accounted for the highest hospitalization rate and cost (each P < 0.001). The proportion of patients with cancer involving the cardia increased with an increase in the number of gastroesophageal reflux disease (GERD) cases during the same period (P < 0.001). Multivariate analysis revealed that tumor location in the cardia increased the risk of in-hospital mortality (P = 0.046). Anatomical subsite was not linked to postoperative complications. 

Research conclusions
In this study, we first examined the epidemiologic features of gastric cancer in northern China based on anatomical subsites, showing a higher male ratio, older age distribution, older age-related trend, increasing proportion, close relationship with GERD, and increased risk of in-hospital mortality in gastric cardia cancer than in other types. This cancer site was also associated with younger age distribution, increased likelihood of residence in the city, and decreasing trends in the proportion of antral cancer. Overall, the constituent ratio of gastric cardia cancer in northern China was higher than the average level in China and Europe, and lower than that in North America and West Asia. Compared to previous reports in China, the constituent ratio of gastric cardia cancer in this study was slightly higher than that in the northwest China and lower than that in southwest China but showed high inner similarity compared with other global regions. Similarly, the proportion of antral gastric cancer is in the mid-level worldwide. Regionality is a typical phenomenon in both cardia and non-cardia (including gastric body and antrum) cancers and is generally considered to be linked to race, unique eating habits, and the environment.

Research perspectives
This is the first study to report the composition ratio characteristics and changes in gastric cancer trends based on anatomical sites in patients in northern China. This study examined plausible explanations for these findings. Large-scale screening programs for gastric cancer and infection, increasing awareness and prevention of risk factors, reducing smoking and obesity, as well as patient stratification for treatment based on anatomical sites are required to reduce the burden of gastric cancer.
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Figure Legends
[image: ]
Figure 1 Anatomical distribution of gastric cancer among the study population. A: All involved patients; B: Gastric cardia, body, and antrum.
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Figure 2 Sex and age distribution among the different anatomical subsites of gastric cancer. A: Sex distribution for the three anatomical subsites; B: Sex distribution for the cardia and non-cardia cases; C: Age distribution for the three anatomical subsites; D: Age distribution for the cardia and non-cardia cancer cases.
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Figure 3 Alternation trends in combined diagnosis, age, and constituent ratio according to the anatomical subsite of gastric cancer during the study period. A: Percentage change in cardia cancer along with the complication of gastroesophageal reflux disease; B: Percentage change in gastric antrum cancer along with the complication of Helicoibacter pylori (H. pylori) infection-related diseases; C: Age changes among patients with cardia cancer aged 50-74 years, after stratification of patients into five age subgroups; D: Age changes among patients with non-cardia cancer aged 50-74 years, after stratification into five age subgroups. GERD: Gastroesophageal reflux disease; HIRD: H. pylori infection-related diseases.
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Figure 4 Multivariable regression analysis on the relationship between hospitalization clinical outcomes and risk factors, including anatomical subsite. A: Validation of risk factors on in-hospital death through Poisson regression; B: Validation of risk factors on short-term postoperative complications through logistic regression.

Table 1 Summary of reported proportion of cardia and non-cardia (including body and antrum) cancer worldwide
	Region
	Ref.
	Period
	Anatomical site ratio (%)1

	
	
	
	Cardia
	Non-Cardia

	
	
	
	
	Body
	Antrum

	East Asia
	Northern China
	This article
	2014-2018
	35.85%
	19.24%
	44.91%

	
	Southwest China
	Liu et al[19], 2016
	2008-2012
	37.15%
	10.30%
	52.55%

	
	Northwest China
	Zhou et al[18], 2008
	1993-2004
	35.78%
	28.00%
	36.22%

	
	Japan
	Koizumi et al[11], 2018
	2013-2015
	9.82%
	53.58%
	36.60%

	West Asia
	Northwest Iran
	Derakhshan et al[29], 2004
	2000-2003
	44.78%
	26.19%
	29.03%

	North America
	The USA
	Camargo et al[7], 2011
	1999-2007
	41.41%
	11.13%
	47.46%

	Europe
	Central Switzerland
	Schmassmann et al[26], 2009
	1982-2007
	26.02%
	73.98%

	
	Spain
	Aragonés et al[27], 2010
	1980-2004
	26.67%
	73.33%

	
	Netherland
	Holster et al[28], 2014
	1973-2011
	31.82%
	30.30%
	37.88%


1Proportions of cardia and non-cardia (including body and antrum) were recalculated.
USA: United States.

Table 2 Clinical and hospitalizing features on gastric cancer patients based on anatomic site subgroups
	Variables
	
	
	Cardia (n = 3673)
	Body (n = 1972)
	Antrum (n = 4602)
	P value

	Clinical features
	Basic information
	Gender
	
	
	
	< 0.001

	
	
	Male
	3046 (82.93%)
	1264 (64.10%)
	3140 (68.23%)
	

	
	
	Female
	627 (17.07%)
	708 (35.90%)
	1462 (31.77%)
	

	
	
	Age (yr)
	
	
	
	< 0.001

	
	
	≤ 49
	266 (7.24%)
	479 (24.29%)
	809 (17.58%)
	

	
	
	50-74
	536 (78.16%)
	158 (67.70%)
	585 (69.71%)
	

	
	
	≥ 75
	2871 (14.60%)
	1335 (8.01%)
	3208 (12.71%)
	

	
	
	Mean (mean ± SD)
	63.98 ± 10.21 (63.65, 64.31)
	57.57 ± 12.68 (57.04, 58.10)
	60.32 ± 12.06 (59.97, 60.67)
	< 0.001

	
	
	Patient source
	
	
	
	< 0.001

	
	
	Urban
	3000 (81.68%)
	1633 (82.81%)
	3969 (86.25%)
	

	
	
	Rural
	673 (18.32%)
	339 (17.19%)
	633 (13.75%)
	

	
	
	Insurance Source
	
	
	
	< 0.001

	
	
	MIUE
	1499 (40.81%)
	906 (45.94%)
	2004 (43.55%)
	

	
	
	MIUR
	179 (4.88%)
	98 (4.97%)
	205 (4.45%)
	

	
	
	NRCMI
	673 (18.32%)
	302 (15.31%)
	627 (13.62%)
	

	
	
	Own expense
	885 (24.09%)
	476 (24.14%)
	1121 (24.36%)
	

	
	
	Others
	437 (11.90%)
	190 (9.64%)
	645 (14.02%)
	

	
	Complications
	Hypertension
	
	
	
	< 0.001

	
	
	No
	2630 (71.60%)
	1550 (78.60%)
	3470 (75.40%)
	

	
	
	Yes
	1043 (28.40%)
	422 (21.40%)
	1132 (24.60%)
	

	
	
	Diabetes
	
	
	
	0.03

	
	
	No
	3213 (87.48%)
	1767 (89.60%)
	4093 (88.94%)
	

	
	
	Yes
	460 (12.52%)
	205 (10.40%)
	509 (11.06%)
	

	
	
	GERD
	
	
	
	< 0.001

	
	
	No
	3252 (88.54%)
	1886 (95.64%)
	4387 (95.33%)
	

	
	
	Yes
	421 (11.46%)
	86 (4.36%)
	215 (4.67%)
	

	
	
	Cerebrovascular disease
	
	
	
	0.01

	
	
	No
	3488 (94.96%)
	1895 (96.10%)
	4430 (96.26%)
	

	
	
	Yes
	185 (5.04%)
	77 (3.90%)
	172 (3.74%)
	

	
	
	Coronary disease
	
	
	
	< 0.001

	
	
	No
	3353 (91.29%)
	1843 (93.46%)
	4309 (93.63%)
	

	
	
	Yes
	320 (8.71%)
	129 (6.54%)
	293 (6.37%)
	

	
	
	Obstruction
	
	
	
	< 0.001

	
	
	No
	3616 (98.45%)
	1952 (98.99%)
	4136 (89.87%)
	

	
	
	Yes
	57 (1.55%)
	20 (1.01%)
	466 (10.13%)
	

	
	
	Anemia
	
	
	
	0.009

	
	
	No
	3451 (93.96%)
	1811 (91.84%)
	4274 (92.87%)
	

	
	
	Yes
	222 (6.04%)
	161 (8.16%)
	328 (7.13%)
	

	
	
	Hypoproteinemia
	
	
	
	0.005

	
	
	No
	3566 (97.09%)
	1882 (95.44%)
	4428 (96.22%)
	

	
	
	Yes
	107 (2.91%)
	90 (4.56%)
	174 (3.78%)
	

	Hospitalization features
	Admission route
	
	
	
	0.007

	
	Emergency
	100 (2.72%)
	28 (1.42%)
	101 (2.20%)
	

	
	Non-emergency
	3573 (97.28%)
	1944 (98.58%)
	4501 (97.80%)
	

	
	Stay (d) (mean ± SD)
	13.41 ± 12.17 (13.02, 13.80)
	14.08 ± 12.24 (13.57, 14.59)
	16.89 ± 12.24 (16.53, 17.24)
	< 0.001


MIUE: Medical insurance for urban employees; MIUR: Medical insurance for urban residents; NRCMI: New rural cooperative medical insurance; GERD: Gastroesophageal reflux disease.
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