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Abstract
BACKGROUND
The clinicopathological features and prognosis of gastric signet ring cell carcinoma (GSRC) remain controversial, particularly with regard to sensitivity to postoperative adjuvant therapy.

AIM
To compare the pathological features of GSRC with those of gastric adenocarcinoma of different degrees of differentiation and the differences in survival prognosis between the different disease processes.

METHODS
By screening gastric cancer patients from 2010 to 2015 in the database of Surveillance, Epidemiology and End Results, and collecting the clinicopathological and prognostic data of gastric cancer patients who underwent surgery from January 2014 to December 2016 in the Second Affiliated Hospital of Nanchang University, we analyzed the general pathological characteristics of GSRC by the chi-square test. Univariate and multivariate analyses were conducted to compare the factors affecting the survival and prognosis of early and advanced gastric adenocarcinoma. The Kaplan-Meier curves were plotted to reveal the survival difference between early and advanced GSRC and different differentiated types of gastric adenocarcinoma. The prognosis model of advanced GSRC was established with R software, and the area under curve (AUC) and C-index were used to assess the accuracy of the model.

RESULTS
Analysis of pathological features revealed that signet ring-cell carcinoma (SRC) was more frequently seen in younger (< 60 years), female, and White patients compared to non-SRC patients. SRC was less commonly associated with early gastric cancer (EGC) (23.60% vs 39.10%), lower N0 (38.61% vs 61.03%), and larger tumour sizes > 5 cm (31.15% vs 27.10%) compared to the differentiated type, while the opposite was true compared to the undifferentiated type. Survival prognostic analysis found no significant difference in the prognosis of SRC patients among EGC patients. In contrast, among advanced gastric cancer (AGC) patients, the prognosis of SRC patients was correlated with age, race, tumour size, AJCC stage, T-stage, and postoperative adjuvant therapy. The predictive model showed that the 3-year AUC was 0.787, 5-year AUC was 0.806, and C-index was 0.766. Compared to non-SRC patients, patients with SRC had a better prognosis in EGC [hazard ratio (HR): 0.626, 95% confidence interval (CI): 0.427-0.919, P < 0.05] and a worse prognosis in AGC (HR: 1.139, 95%CI: 1.030-1.258, P < 0.05). When non-SRC was divided into differentiated and undifferentiated types for comparison, it was found that in EGC, SRC had a better prognosis than differentiated and undifferentiated types, while there was no significant difference between differentiated and undifferentiated types. In AGC, there was no significant difference in prognosis between SRC and undifferentiated types, both of which were worse than differentiated types. A prognostic analysis of postoperative adjuvant therapy for SRC in patients with AGC revealed that adjuvant postoperative radiotherapy or chemotherapy significantly improved patient survival (34.6% and 36.2% vs 18.6%, P < 0.05).

CONCLUSION
The prognosis of SRC is better than that of undifferentiated type, especially in EGC, and its prognosis is even better than that of differentiated type. SRC patients can benefit from early detection, surgical resection, and aggressive adjuvant therapy. 
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Core Tip: This observational study analysed the clinicopathological features and prognosis of gastric signet ring cell carcinoma (GSRC). We compared GSRC with differentiated gastric adenocarcinoma and found that GSRC had unique clinicopathological features, was more common in younger female patients, and was more aggressive, showing higher lymph node metastasis and tumour size. However, the prognosis of early GSRC was relatively good, even better than that of differentiated adenocarcinoma. GSRC should be diagnosed early, and radical surgical resection with adjuvant radiotherapy and chemotherapy can significantly improve the survival rate of patients, though it still needs more clinical data to verify.

INTRODUCTION
Gastric cancer, a kind of extremely common malignancy, ranked fifth in morbidity and fourth in mortality worldwide[1,2]. In accordance with the classification of the World Health Organization, gastric adenocarcinoma could be roughly divided into four histological types, mucinous adenocarcinoma, tubular adenocarcinoma, papillary adenocarcinoma, and signet ring cell carcinoma (SRC)[3]. In addition, it is divided into undifferentiated, poorly-differentiated, moderately-differentiated, and well-differentiated types depending on the degree of differentiation[4]. Gastric SRC (GSRC) is considered a special type of gastric adenocarcinoma and characterized by the accumulation of mucin in the cytoplasm and the displacement of the nucleus to the periphery of the cells[5]. GSRC is divided into diffuse type in the light of Lauren classification[6], infiltrating type by Ming staging[7], and undifferentiated by Nakamura staging[8].
GSRC is considered to be the histological type with the worst prognosis because of the low survival rate and high recurrence rate. However, with further research on GSRC, we found that it has unique clinicopathological characteristics and prognosis. 
It has been demonstrated that GSRC was highly aggressive, and once found, most of it had been in progressive stage with lymph node metastasis[9]. Other studies also showed that the histological characteristics of GSRC were weak cohesion, and early tumor cells mainly spread in the mucosa or submucosa[10]. Moreover, the survival prognosis and treatment options for GSRC were controversial. Early Western studies have shown that GSRC or diffuse gastric cancer (DGC) had a poor prognosis[11]. However, scholars in Asian had expressed doubts and believed that research should be carried out according to the different processes of tumors. Studies have showed that the prognosis of early SRC is good, while the prognosis of advanced stage SRC is poor[9,12]. Most recently, abundant evidence in the United States suggested that GSRC was not necessarily a risk factor affecting prognosis[13]. Combination of postoperative adjuvant radiotherapy, chemotherapy, and targeted therapy had an excellent effect in improving the survival rate of gastric cancer patients. However, a number of studies and retrospective analyses have shown that GSRC was resistant to chemotherapy, and patients could not benefit from postoperative adjuvant treatment[14]. For this conclusion, more research is needed to confirm.
In order to more accurately study the pathological features and survival prognosis of GSRC, the pathological features and prognosis of a large number of postoperative gastric cancer patients need to be analysed and compared with non-GSRC according to different tumour progression and different tumour differentiation types. Therefore, we explored the differences in pathological features and survival prognosis between GSRC and different differentiation types of gastric adenocarcinoma by analysing information related to pathological features and survival prognosis of surgically resected specimens from a large United States National Registry database [Surveillance, Epidemiology and End Results (SEER) database] and the Second Affiliated Hospital of Nanchang University.

MATERIALS AND METHODS
Study population
We applied the SEER database from the National Cancer Institute which recorded essential information of around 28% of United States cases. Since the database is available to the public, and we had achieved authorization from the database (account number: 12846-Nov2019), there is no need to acquire patients’ informed consent. Furthermore, the hospital ethics committee has approved the study to conduct. Some concerned information was obtained from the database, mainly including general characteristics, pathological characteristics, and clinical tumor characteristics, as well as treatment methods, survival, and prognosis. Meanwhile, we collected the clinical data of patients with gastric cancer who underwent surgery from January 2014 to December 2017 at the Second Affiliated Hospital of Nanchang University. The inclusion criteria were: (1) Postoperative diagnosis of gastric adenocarcinoma; (2) Complete survival information; and (3) Gastric cancer as the first primary tumor. The exclusion criteria were: (1) Suffering from multiple tumors in situ; (2) Incomplete tumor staging; (3) Distant metastasis; (4) Not undergoing surgical resection; and (5) Incomplete information. Tumor histology, site, and grade were classified based on the International Classification of Diseases for Oncology, version 3. Stage of tumor was identified on the basis of the AJCC tumor–node–metastasis staging system, 7th edition[15]. The details of screening is displayed in Figure 1.

Data classification
Ages were divided into < 40 years old, 40-60 years old, 60-80 years old, and > 80 years old. Race included Blacks, Whites, Asian Pacific Islanders (API), and American Indians (AI). Size of tumor was classified into < 2 cm, 2-5 cm, > 5 cm, and not available (NA). The type of differentiation comprised SRC, differentiated type (highly differentiated and moderately differentiated), and undifferentiated (poorly differentiated and undifferentiated). T stage included T1a, T1b, T2, T3, T4a, and T4b. N stage included N0, N1, N2, and N3. AJCC stage included I, II, and III. Primary tumors could be located at different parts, divided into the fundus, gastric body, pylorus, antrum, greater curvature, lesser curvature, and overlapping/not otherwise specified (NOS). Tumor progression could be sorted into advanced gastric cancer (AGC) and early gastric cancer (EGC).

Statistical methods
We applied the Fisher exact probability method or chi-square test to analyse categorical variables for descriptive statistics. Univariate and binary logistic regression was employed to conduct analysis of the risk factors for gastric cancer survival and prognosis, after which the result was suggested as 95% confidence intervals (CIs) and odds ratios (ORs). The R software (version 4.0.5) was adopted to establish the survival prognostic model for advanced GSRC. The area under curve (AUC) value and C-index were used to assess the accuracy of the model. The Kaplan-Meier method was used to conduct comparative analysis about the difference in survival [overall survival (OS)] and the efficacy of adjuvant therapy between early and advanced GSRC and gastric adenocarcinoma with different levels of differentiation, and the results were validated using the external data set. P < 0.05 was considered statistically significant.

RESULTS
General characteristics
According to the inclusion and exclusion criteria, finally 5200 patients were chosen in the SEER database, and 603 patients were collected from The Second Affiliated Hospital of Nanchang University finally. Table 1 summarizes the pathological and clinical variables of the two data sets.

Analysis of the clinical characteristics of GSRC
Compared with the differentiated type, GSRC was more common in young patients (< 60 years) (47.36% vs 16.39%, P < 0.05), and the same results were obtained when compared with the undifferentiated type (47.36% vs 30.42%, P < 0.05). In addition, GSRC was more frequent in female patients (52.87% vs 38.13% vs 41.95%, P < 0.05). In the case of race, compared with the differentiated type, GSRC was more common in Whites (61.74% vs 51.87%, P < 0.05), but less in While Blacks and API (Black: 14.19% vs 19.03%; API: 23.09% vs 28.07%, P < 0.05). Compared with the undifferentiated type, GSRC was also more common in Whites (61.74% vs 56.97%, P < 0.05), and less in API (23.09% vs 27.11%, P < 0.05).
At the initial diagnosis, 28.05% of GSRC patients had stage I disease, while 47.10% of differentiated patients and 20.57% of undifferentiated patients were diagnosed as stage I (P < 0.05). In terms of T stage and N stage, compared with the differentiated type, the proportion of EGC (23.60% vs 39.10%, P < 0.05) and N0 (38.61% vs 61.03%, P < 0.05) in GSRC patients was less; compared with the undifferentiated type, the proportion of EGC (23.60% vs 16.62%, P < 0.05) and N0 (38.61% vs 33.35%, P < 0.05) in GSRC patients was higher. Regarding tumor size, compared with the differentiated type, GSRC patients had more tumors > 5 cm (31.15% vs 27.10%, P < 0.05), and showed the opposite result when compared to the undifferentiated type (31.15% vs 37.31%, P < 0.05) (Table 2).

Survival and prognostic analysis of GSRC
As shown in the survival curve of Figure 2, no significant difference existed between the 5-year OS of SRC and non-SRC patients (44.6% vs 46.7%, P > 0.05) (Figure 2A). Interestingly, when gastric cancer patients were divided into EGC and AGC, the 5-year OS of SRC patients was obviously higher than that of non-SRC patients in EGC (89.0% vs 71.4%, P < 0.05) (Figure 2C), while the result indicated the opposite conclusion in AGC patients (30.6% vs 38.2%, P < 0.05) (Figure 2E).
Afterwards, the comparison was conducted again when non-SRC was divided into differentiated type and undifferentiated type. We found that the 5-year OS of SRC was lower than that of differentiated patients (44.6% vs 55.3%, P < 0.05), but higher than that of undifferentiated patients (44.6% vs 40.8%) (Figure 2B). Interestingly, different results were obtained when gastric cancer patients were divided into EGC and AGC patients. In EGC patients, the 5-year OS of SRC was better than that of differentiated and undifferentiated types (89.0% vs 71.2% and 71.9%, P < 0.05), while there was no significant difference between differentiated and undifferentiated types (Figure 2D). And in the external data set, no obvious difference existed in survival rates between SRC and undifferentiated or differentiated types (Figure 3A). In AGC, the 5-year OS of SRC and undifferentiated type was worse than that of differentiated type (30.6% and 34.7% vs 45.3%, P < 0.05). However, in pairwise comparison, no obvious difference existed in survival rate between SRC and undifferentiated type (Figure 2F). It was the same as the verification result of the external data set (Figure 3B).
At the same time, our survival analysis of patients with advanced SRC after surgery and chemotherapy demonstrated that postoperative adjuvant chemotherapy or chemotherapy could significantly increase the 5-year OS of patients (34.6% and 36.2% vs 18.6%, P < 0.05) (Figure 4A). The external data set analysis showed that postoperative adjuvant chemotherapy had no effect in improving the survival rate of patients (P > 0.05) (Figure 4B).

Prognosis prediction model of GSRC
In EGC, SRC was a favorable factor affecting patients’ prognosis, and suggested a better prognosis when compared to the differentiated type (HR: 0.636, 95%CI: 0.426-0.950, P < 0.05) and non-SRC (HR: 0.626, 95%CI: 0.427-0.919, P < 0.05). In AGC, SRC was an unfavorable factor, and the results showed the prognosis was worse when compared to the differentiated type (HR: 1.276, 95%CI: 1.117-1.458, P < 0.05) and non-SRC (HR: 1.139, 95%CI: 1.030-1.258, P < 0.05) (Tables 3 and 4).
Among EGC, there was no obvious difference in SRC patients’ prognosis. In AGC, the prognosis of GSRC was related to tumor size, age, race, AJCC stage, T stage, and postoperative adjuvant therapy (Tables 3 and 4). Finally, we established a prognostic prediction model for advanced GSRC; the C-index of this model was 0.766, and the AUC values of the model for predicting 3-year and 5-year OS were 0.787 and 0.806, respectively (Figures 5 and 6). Table 5 shows the risk score of each factor.

DISCUSSION
The incidence of GSRC is 3.4%-39% in primary gastric cancer[16,17]. In this study, GSRC patients in the SEER data set accounted for 25.5% of all patients undergoing gastrectomy. GSRC patients in the external validation set accounted for 13.9%. The clinical characteristics and prognosis of GSRC are still controversial. Eastern researchers believed that GSRC was not necessarily an unfavorable prognostic factor, while Western researchers considered that the prognosis of GSRC was poor and the incidence rate continued to increase worldwide[9,12,18,19]. However, most previous studies only included a small number of heterogeneous patients, and did not distinguish distinct differentiation types. Comparing SRC and non-SRC together will inevitably cause a certain impact on the final results. Therefore, during our research, a large database was utilized to analyze, compare, and verify the GSRC patients undergoing surgical resection in terms of different progression and differentiation degrees, so as to obtain the pathological characteristics of GSRC and the survival differences between gastric adenocarcinoma with different differentiation degrees to provide more accurate guidance for clinical treatment.
Our research showed that GSRC, as a special pathological type of gastric adenocarcinoma, had different clinical characteristics from differentiated and undifferentiated adenocarcinoma. GSRC tended to occur in young and female patients, which was consistent with previous studies[9]. Although gastric cancer was considered to be a disease more frequently seen in men, a large number of studies had shown that the incidence of GSRC in women was higher[13]. At the same time, the age of onset of GSRC was significantly earlier than that of gastric adenocarcinoma. In terms of race, our research showed that GSRC was more frequent in Whites, while there were fewer patients in API. Part of the etiology of young patients may be attributed to genetic factors. Such patients should be diagnosed as hereditary diffuse gastric cancer (HDGC)[20]. The 2015 multidisciplinary symposium defined HDGC as "early-onset diffuse gastric cancer", where multiple generations of people in the family have a history of DGC or lobular breast cancer[21]. The gender differences of manifestations of GSRC may be related to the level of estrogen. Studies have shown that more frequent appearance of progesterone and estrogen receptors in the tissues of female patients suggests that they might be associated with the manifestations and progression of tumors[22]. The high-level CLDN18-ARHGAP26/6 fusion in GSRC results in genetic differences from other diffuse gastric cancer subtypes. These genetic types develop at a young age and are associated with a high proportion of females, high tumor stages, poor survival outcomes, and chemoresistance[23].
The microscopic features of GSRC are scattered malignant cells containing intracytoplasmic mucin, accounting for more than 50% of tumors[16,24]. GSRC is inert in the early stage and does not show strong invasiveness. When the tumor breaks through the submucosa, it shows strong aggression, rapidly invading the muscle layer, serosal layer, and surrounding lymph nodes[25]. Large-scale data studies have found that GSRC showed a higher proportion of serosal layer invasion and distant metastasis in the advanced stage, and it was prone to lymph node metastasis[25]. Our results found that compared to gastric adenocarcinoma, GSRC had a higher proportion of advanced stage, and showed larger tumor size and more lymph node metastases. This is consistent with the results of most studies.
The prognosis of GSRC is unanimously controversial. Previous studies have suggested that GSRC had a poorer prognosis than non-GSRC. In this study, we divided non-GSRC into differentiated gastric adenocarcinoma and undifferentiated gastric adenocarcinoma, and compared EGC and AGC separately. The results showed that in EGC, the prognosis of differentiated and undifferentiated gastric adenocarcinoma was not significantly different, and was both worse than that of SRC. The external validation indicated that the difference in the prognosis between the early gastric adenocarcinoma and GSRC was not obvious. Interestingly, the prognosis of patients with early GSRC had nothing to do with age, gender, and tumor size. In AGC patients, the prognosis of SRC and undifferentiated gastric cancer patients did not have much difference, and was both worse than that of differentiated type. The external validation set also reached the same conclusion. Through data analysis, we found that the prognosis of patients with advanced GSRC was related to tumor size, age, race, AJCC stage, T stage, and postoperative adjuvant treatment. Undoubtedly, as the tumour progresses, the patient's prognosis deteriorates. Elderly patients had a poorer prognosis due to reduced immunity and poor tolerance. Interestingly, race was also an independent risk factor for the prognosis of GSRC patients, and AI patients had a poorer prognosis. Intrinsic molecular and biological differences between different ethnic groups and living environments may be responsible for the differences in survival among heterogeneous Western populations. Finally, we established a survival prognostic prediction model based on the prognostic risk factors of advanced GSRC. The AUC values of the model for predicting 3-year and 5-year OS were 0.787 and 0.806, respectively, which indicated that the model had accurate predictive ability. Unfortunately, the model cannot be externally validated due to the small amount of data in the external validation set.
Regarding the treatment of GSRC, surgical treatment methods are also controversial for different stages[26]. Endoscopic submucosal dissection is an optional treatment for EGC. On the basis of the guidelines of the Japanese Gastric Cancer Association, endoscopic therapy could be applied for the cases with well-differentiated and non-ulcerated carcinoma whose diameter is smaller than 2 cm, but the therapy might not be so feasible for ulcerated and undifferentiated submucosal carcinomas[27]. Research has demonstrated that tumor size and lymph node metastasis are important factors for not recommending endoscopic treatment in the early stage of GSRC[28]. According to the clinical characteristics of GSRC in our study, early GSRC showed a higher lymph node metastasis rate and larger tumor size, so endoscopic treatment of GSRC is also not recommended. For AGC, adjuvant radiotherapy and chemotherapy after surgical resection can significantly enhance the survival rate of patients. However, the specific treatment regimen for GSRC is still uncertain. Many studies have confirmed that GSRC was resistant to chemical agents. However, it is still controversial about the efficiency of chemotherapy for GSRC. Voron et al[29] showed that postoperative chemotherapy has no significant effect on the survival rate of GSRC patients. In multivariate analysis, GSRC is an independent poor prognostic factor[29]. Another study also proved that GSRC patients cannot benefit from postoperative chemotherapy[30]. Shi et al[31] indicated that postoperative chemotherapy could still be effective for the patients with stage Ⅳ GSRC[31]. A recent large-scale data study based on the SEER confirmed that surgical resection combined with adjuvant radiotherapy and chemotherapy provides a favorable prognosis for GSRC[32]. Our research showed that postoperative adjuvant radiotherapy and chemotherapy can improve the survival rate of advanced GSRC patients. However, the external validation set showed that postoperative adjuvant chemotherapy cannot benefit patients. This may be because our sample is small, which makes it impossible to conduct accurate verification. Therefore, the effectiveness of adjuvant therapy for GSRC still needs clinical verification.
Certainly, our analysis was convincing, because we adopted a staged analysis method for GSRC and a large population-based study. Furthermore, we conducted reasonable and effective verification through an external validation set. However, certain limitations still exist in our research. First of all, the SEER database lacks information related to postoperative adjuvant treatment, and information about adjuvant chemotherapy, duration, and neoadjuvant treatment is not available. Second, the analysis of SRC patients with metastasis was not included in the research. Therefore, another study of the particular population may need to be conducted. Finally, although we have established a prognostic prediction model for the advanced GSRC, it cannot be effectively externally verified because the external validation set was insufficient.

CONCLUSION
In summary, our research analysis showed that GSRC is more common in young female patients, and the clinical characteristics of GSRC are significantly different from those of gastric adenocarcinoma. The prognosis of early GSRC is not worse, even better than that of differentiated gastric adenocarcinoma. GSRC should be diagnosed early, and radical surgical resection with adjuvant radiotherapy and chemotherapy can significantly improve the survival rate of patients, though it still needs more clinical data to verify.

ARTICLE HIGHLIGHTS
Research background
The clinicopathological features and prognosis of gastric signet ring cell carcinoma (GSRC) remain controversial, particularly with regard to sensitivity to postoperative adjuvant therapy.

Research motivation
To our knowledge, this study is the first to analyse and compare the clinicopathological features and prognosis of GSRC with gastric adenocarcinoma of different degrees of differentiation and includes both Eastern and Western populations.

Research objectives
The aim of this study was to compare the pathological features of GSRC with those of gastric adenocarcinoma of different degrees of differentiation and the differences in survival prognosis between the different disease processes.

Research methods
This study was first conducted by analysing the differences in clinicopathological features between GSRC and gastric adenocarcinoma in Western populations and comparing the survival prognosis of the different processes. Finally, validation was performed using an Eastern population.

Research results
GSRC was more commonly seen in younger female patients and was more aggressive in the progressive stage, showing more common lymph node metastasis and larger tumour size. However, the prognosis of early GSRC was relatively good, even better than that of differentiated adenocarcinoma. The prognosis of advanced GSRC was not significantly different from that of undifferentiated gastric adenocarcinoma and was worse than that of differentiated gastric adenocarcinoma. Postoperative adjuvant radiotherapy can improve the survival rate of GPC.

Research conclusions
The prognosis of GSRC is better than that of undifferentiated type, especially in EGC, and its prognosis is even better than that of differentiated type. GSRC patients can benefit from early detection, surgical resection, and aggressive adjuvant therapy. 

Research perspectives
GSRC has unique clinicopathological features and prognosis, and early diagnosis and treatment can significantly improve survival rates. Patients may benefit from postoperative adjuvant radiotherapy, but further validation is needed.
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Figure Legends
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Figure 1 Flow chart of data screening in this study. A: Surveillance, Epidemiology and End Results data set; B: External verification group. AGC: Advanced gastric cancer; EGC: Early gastric cancer; SRC: Signet ring cell carcinoma.
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Figure 2 Kaplan-Meier overall survival curves of each group of patients in the Surveillance, Epidemiology and End Results database. A: Signet ring cell carcinoma vs non-signet cell carcinoma (NSRC) in the overall population; B: SRC vs differentiated and undifferentiated carcinoma in the overall population; C: SRC vs NSRC in early gastric cancer (EGC) patients; D: SRC vs differentiated and undifferentiated carcinoma in EGC patients; E: SRC vs NSRC in advanced gastric cancer (AGC) patients; F: SRC vs differentiated and undifferentiated carcinoma in AGC patients. OS: Overall survival; SRC: Signet ring cell carcinoma; NSRC: Non-signet cell carcinoma.
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Figure 3 Kaplan-Meier overall survival curves of external validation group. A: Early gastric cancer; B: Advanced gastric cancer. OS: Overall survival; SRC: Signet ring cell carcinoma.
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Figure 4 Kaplan-Meier overall survival curves for adjuvant therapy in signet ring cell carcinoma. A: Surveillance, Epidemiology and End Results data set; B: External validation group. OS: Overall survival.
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Figure 5 Nomogram for predicting the 3- and 5-year overall survival of patients with advanced gastric signet ring cell carcinoma. The total score is calculated by adding the scores of each factor. The total score corresponds to the patient's 3- and 5-year survival probabilities.
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Figure 6 Prediction of 3- and 5-year overall survival. A and B: Nomogram calibration plots to predict 3- and 5-year overall survival (OS); C and D: Nomogram ROC curves for predicting 3- and 5-year OS.

Table 1 General characteristics of Surveillance, Epidemiology and End Results and validation data sets
	Variable
	SEER data set (%), n = 5200
	Validation data set (%), n = 603

	Age (yr)
	
	

	< 40
	200 (3.85)
	41 (6.80)

	40-60
	1389 (26.71)
	313 (51.91)

	60-80
	2690 (51.73)
	236 (39.14)

	> 80
	921 (17.71)
	13 (2.15)

	Sex
	
	

	Male
	2933 (56.40)
	423 (70.15)

	Female
	2267 (43.60)
	180 (29.85)

	Race 
	
	

	White
	2947 (56.67)
	

	Black
	830 (15.96)
	

	Black-AI
	52 (1.00)
	

	Black-API
	1371 (26.37)
	

	T stage
	
	

	T1a
	597 (11.48)
	247 (40.96)

	T1b
	708 (13.62)
	

	T2
	693 (13.33)
	70 (11.61)

	T3
	1697 (32.63)
	8 (1.33)

	T4a
	1155 (22.21)
	278 (46.10)

	T4b
	350 (6.73)
	

	N stage
	
	

	N0
	2233 (42.94)
	266 (44.11)

	N1
	951 (18.29)
	184 (30.52)

	N2
	855 (16.44)
	89 (14.76)

	N3
	1161 (22.33)
	64 (10.61)

	AJCC stage
	
	

	I
	1580 (30.38)
	262 (43.45)

	II
	1449 (27.87)
	71 (11.77)

	III
	2171 (41.75)
	270 (44.78)

	Radiotherapy
	
	

	Yes
	1416 (27.23)
	16 (2.66)

	No
	3784 (72.77)
	587 (97.34)

	Chemotherapy 
	
	

	Yes
	2599 (49.98)
	445 (73.80)

	No
	2601 (50.02)
	158 (26.20)

	Tumor size (cm)
	
	

	< 2
	820 (15.77)
	

	2-5
	2198 (42.27)
	94 (15.59)

	> 5
	1700 (32.69)
	393 (65.17)

	NA
	482 (9.27)
	116 (19.24)

	Histology
	
	

	SRC
	1326 (25.50)
	84 (13.93)

	Differentiated
	1550 (29.81)
	241 (39.97)

	Undifferentiated
	2324 (44.69)
	278 (46.10)


SEER: Surveillance, Epidemiology and End Results; SRC: Signet ring cell carcinoma; API: Asian Pacific Islanders; AI: American Indians.

Table 2 Comparison of general characteristics of patients with different differentiated types of gastric cancer
	Variable
	Differentiated (%), n = 1550
	P value
	SRC (%), n = 1326
	P value
	Undifferentiated (%), n = 2324

	Age (yr)
	
	
	
	
	

	< 40
	13 (0.84)
	< 0.001
	110 (8.30)
	< 0.001
	77 (3.31)

	40-60
	241 (15.55)
	< 0.001
	518 (39.06)
	< 0.001
	630 (27.11)

	60-80
	920 (59.35)
	< 0.001
	583 (43.97)
	< 0.001
	1187 (51.08)

	> 80
	376 (24.26)
	< 0.001
	115 (8.67)
	< 0.001
	430 (18.50)

	Sex
	
	< 0.001
	
	< 0.001
	

	Male
	959 (61.87)
	
	625 (47.13)
	
	1349 (58.05)

	Female
	591 (38.13)
	
	701 (52.87)
	
	975 (41.95)

	Race
	
	
	
	
	

	White
	804 (51.87)
	< 0.001
	819 (61.74)
	0.005
	1324 (56.97)

	Black
	295 (19.03)
	0.001
	188 (14.19)
	0.536
	347 (14.93)

	Black-AI
	16 (1.03)
	0.890
	13 (0.98)
	0.978
	23 (0.99)

	Black-API
	435 (28.07)
	0.002
	306 (23.09)
	0.007
	630 (27.11)

	T stage
	
	
	
	
	

	T1a
	281 (18.13)
	0.004
	187 (14.10)
	< 0.001
	129 (5.56)

	T1b
	325 (20.97)
	< 0.001
	126 (9.51)
	0.140
	257 (11.06)

	T2
	242 (15.61)
	0.002
	155 (11.69)
	0.355
	296 (12.74)

	T3
	450 (29.03)
	0.930
	383 (28.89)
	< 0.001
	864 (37.17)

	T4a
	171 (11.03)
	< 0.001
	385 (29.03)
	0.033
	599 (25.77)

	T4b
	81 (5.23)
	0.078
	90 (6.78)
	0.309
	179 (7.70)

	N stage
	
	
	
	
	

	N0
	946 (61.03)
	< 0.001
	512 (38.61)
	0.001
	775 (33.35)

	N1
	278 (17.94)
	0.097
	207 (15.61)
	0.001
	466 (20.05)

	N2
	181 (11.68)
	0.010
	198 (14.93)
	< 0.001
	476 (20.48)

	N3
	145 (9.35)
	< 0.001
	409 (30.85)
	0.002
	607 (26.12)

	AJCC stage
	
	
	
	
	

	I
	730 (47.10)
	< 0.001
	372 (28.05)
	< 0.001
	478 (20.57)

	II
	452 (29.16)
	< 0.001
	305 (23.00)
	< 0.001
	692 (29.78)

	III
	368 (23.74)
	< 0.001
	649 (48.95)
	0.679
	1154 (49.65)

	Primary site
	
	
	
	
	

	Fundus
	67 (4.32)
	0.084
	41 (3.09)
	0.665
	78 (3.36)

	Body
	198 (12.77)
	0.527
	180 (13.58)
	0.898
	319 (13.73)

	Antrum
	640 (41.29)
	< 0.001
	434 (32.73)
	0.061
	832 (35.80)

	Pylorus
	85 (5.48)
	0.879
	71 (5.36)
	0.687
	132 (5.68)

	Lesser curve
	228 (14.71)
	0.694
	202 (15.23)
	0.452
	376 (16.18)

	Lesser curve-Greater curve
	85 (5.48)
	0.294
	85 (6.41)
	0.218
	126 (5.42)

	Lesser curve-Overlapping/NOS
	247 (15.95)
	< 0.001
	313 (23.60)
	0.007
	461 (19.83)

	Radiotherapy
	
	< 0.001
	
	0.410
	

	Yes
	304 (19.61)
	
	415 (31.30)
	
	697 (29.99)

	No
	1246 (80.39)
	
	911 (68.70)
	
	1627 (70.01)

	Chemotherapy
	
	< 0.001
	
	0.015
	

	Yes
	535 (34.52)
	
	785 (59.20)
	
	1279 (55.03)

	No
	1015 (65.48)
	
	541 (40.80)
	
	1045 (44.97)

	Tumor size (cm)
	
	
	
	
	

	< 2
	354 (22.84)
	< 0.001
	212 (15.99)
	< 0.001
	254 (10.93)

	2-5
	674 (43.48)
	0.008
	512 (38.61)
	0.004
	1012 (43.55)

	> 5
	420 (27.10)
	0.017
	413 (31.15)
	< 0.001
	867 (37.31)

	NA
	102 (6.58)
	< 0.001
	189 (14.25)
	< 0.001
	191 (8.21)


SRC: Signet ring cell carcinoma; API: Asian Pacific Islanders; AI: American Indians.

Table 3 Analysis of survival and prognosis of patients with early gastric cancer
	Variable
	OS (EGC = 1305) or (95%CI)
	P value
	OS (SRC = 313) or (95%CI)
	P value

	Age (yr)
	
	< 0.001
	
	0.128

	[bookmark: OLE_LINK1]< 40
	1 (Reference)
	
	1 (Reference)
	

	40-60
	1.189 (0.282-5.015)
	0.813
	1.071 (0.128-8.947)
	0.950

	60-80
	2.246 (0.550-9.174)
	0.260
	2.072 (0.268-16.012)
	0.485

	> 80
	5.516 (1.337-22.753)
	0.018
	4.204 (0.463-38.177)
	0.202

	Race
	
	< 0.001
	
	0.093

	White
	1 (Reference)
	
	1 (Reference)
	

	Black
	1.459 (1.053-2.022)
	0.023
	2.052 (0.878-4.793)
	0.097

	Black-AI
	1.947 (0.476-7.960)
	0.354
	0.000
	0.990

	Black-API
	0.497 (0.358-0.691)
	< 0.001
	0.471 (0.137-1.271)
	0.124

	Sex
	
	
	
	

	Male
	1 (Reference)
	
	1 (Reference)
	

	Female
	0.610 (0.467-0.797)
	< 0.001
	0.791 (0.383-1.632)
	0.526

	Tumor size (cm)
	
	0.057
	
	0.700

	< 2
	1 (Reference)
	
	1 (Reference)
	

	2-5
	1.317 (0.982-1.764)
	0.066
	1.579 (0.707-3.525)
	0.265

	> 5
	1.859 (1.161-2.978)
	0.010
	0.000
	0.974

	AJCC stage
	
	
	
	

	I
	1 (Reference)
	
	1 (Reference)
	

	II
	1.836 (1.100-3.064)
	0.020
	0.965 (0.231-4.027)
	0.961

	Depth
	
	
	
	

	T1a
	1 (Reference)
	
	1 (Reference)
	

	T1b
	1.280 (0.962-1.703)
	0.090
	1.786 (0.810-3.938)
	0.151

	LNM1
	
	
	
	

	N0
	1 (Reference)
	
	1 (Reference)
	

	N1-3
	1.271 (0.859-1.880)
	0.230
	2.134 (0.883-5.154)
	0.151

	Histology
	
	0.045
	
	

	Differentiated 
	1(Reference)
	
	
	

	SRC
	0.636 (0.426-0.950)
	0.027
	
	

	Undifferentiated
	1.039 (0.780-1.384)
	0.794
	
	

	SRC vs non-SRC
	0.626 (0.427-0.919)
	0.017
	
	


1LNM: Lymph node metastasis.
OS: Overall survival; SRC: Signet ring cell carcinoma; EGC: Early gastric cancer; API: Asian Pacific Islanders; AI: American Indians.

Table 4 Analysis of survival and prognosis of patients with advanced gastric cancer
	Variable
	OS (AGC = 3895), or (95%CI)
	P value
	OS (SRC = 1013), or (95%CI)
	P value

	Age (yr)
	
	< 0.001
	
	< 0.001

	< 40
	1 (Reference)
	
	1 (Reference)
	

	40-60
	1.130 (0.882-1.447)
	0.333
	1.267 (0.898-1.788)
	0.178

	60-80
	1.543 (1.212-1.985)
	< 0.001
	1.578 (1.123-2.218)
	0.009

	> 80
	2.936 (2.281-3.780)
	< 0.001
	2.290 (1.528-3.431)
	< 0.001

	Race
	
	< 0.001
	
	< 0.001

	White
	1 (Reference)
	
	1 (Reference)
	

	Black
	1.096 (0.973-1.234)
	0.133
	1.326 (1.057-1.663)
	0.015

	Black-AI
	1.382 (0.949-2.015)
	0.092
	2.624 (1.423-4.838)
	0.002

	Black-API
	0.726 (0.651-0.810)
	< 0.001
	0.800 (0.867-1.205)
	0.041

	Sex
	
	
	
	

	Male
	1 (Reference)
	
	1(Reference)
	

	Female
	0.964 (0.883-1.052)
	0.409
	1.022 (0.867-1.205)
	0.791

	Tumor size (cm)
	
	< 0.001
	
	0.001

	< 2
	1 (Reference)
	
	1 (Reference)
	

	2-5
	1.026 (0.823-1.280)
	0.817
	1.031 (0.680-1.565)
	0.885

	> 5
	1.211 (0.971-1.511)
	0.089
	1.415 (0.930-2.152)
	0.105

	AJCC stage
	
	0.019
	
	0.028

	I
	1 (Reference)
	
	1 (Reference)
	

	II
	1.227 (0.903-1.667)
	0.191
	1.946 (0.923-4.102)
	0.080

	III
	1.584 (1.076-2.330)
	0.020
	3.050 (1.247-7.458)
	0.015

	T stage
	
	< 0.001
	
	< 0.001

	T2
	1 (Reference)
	
	1 (Reference)
	

	T3
	1.384 (1.135-1.689)
	0.001
	1.857 (1.189-2.899)
	0.006

	T4
	2.025 (1.633-2.512)
	< 0.001
	2.615 (1.644-4.161)
	< 0.001

	N stage
	
	< 0.001
	
	0.086

	N0
	1 (Reference)
	
	1 (Reference)
	

	N1
	1.241 (1.056-1.459)
	0.009
	1.061 (0.744-1.512)
	0.745

	N2
	1.295 (1.050-1.597)
	0.016
	1.034 (0.665-1.608)
	0.881

	N3
	1.904 (1.549-2.341)
	< 0.001
	1.341 (0.882-2.037)
	0.170

	Histology
	
	0.002
	
	

	Differentiated
	1 (Reference)
	
	
	

	SRC
	1.276 (1.117-1.458)
	< 0.001
	
	

	Undifferentiated
	1.164 (1.037-1.306)
	0.010
	
	

	SRC vs non-SRC
	1.139 (1.030-1.258)
	0.011
	
	

	Adjuvant therapy
	
	
	
	< 0.001

	Radiotherapy
	
	
	0.635 (0.367-1.099)
	0.105

	Chemotherapy
	
	
	0.481 (0.388-0.595)
	< 0.001

	[bookmark: OLE_LINK6]Radiotherapy + Chemotherapy
	
	
	0.414 (0.334-0.512)
	< 0.001

	None
	
	
	1 (Reference)
	


OS: Overall survival; SRC: Signet ring cell carcinoma; AGC: Advanced gastric cancer; API: Asian Pacific Islanders; AI: American Indians.


Table 5 Scores of risk factors in the survival prognosis model of advanced gastric signet ring cell carcinoma
	Variable
	Points
	Total points 
	3/5-yr survival
	Total points

	Age (yr)
	
	0-56
	0.9-1
	0-33

	< 40
	0
	56-111
	0.8-0.9
	33-88

	40-60
	18
	111-146
	0.7-0.8
	33-123

	60-80
	36
	146-172
	0.6-0.7
	123-149

	> 80
	60
	172-195
	0.5-0.6
	149-172

	Race
	
	195-215
	0.4-0.5
	172-192

	White
	15
	215-235
	0.3-0.4
	192-212

	Black
	37
	235-257
	0.2-0.3
	212-234

	Black-AI
	92
	257-283
	0.1-0.2
	234-260

	Black-API
	0
	> 283
	< 0.1
	> 260

	Tumor size (cm)
	
	
	
	

	< 2
	0
	
	
	

	2-5
	5
	
	
	

	> 5
	31
	
	
	

	NA
	42
	
	
	

	AJCC stage
	
	
	
	

	I
	0
	
	
	

	II
	54
	
	
	

	III
	100
	
	
	

	T stage
	
	
	
	

	T2
	0
	
	
	

	T3
	41
	
	
	

	T4
	67
	
	
	

	Adjuvant therapy
	
	
	
	

	Radiotherapy 
	33
	
	
	

	Chemotherapy
	10
	
	
	

	Radiotherapy + Chemotherapy
	0
	
	
	

	None
	67
	
	
	


API: Asian Pacific Islanders; AI: American Indians.
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