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Background

The clinical pathology of gastric signet-ring cell carcinoma (SRC) is still unclear. This meta-analysis was performed to evaluate the difference in biological behavior and prognosis between SRC and non-signet ring cell carcinoma (NSRC).



Methods

A total of 58 eligible studies were analyzed using RevMan and other auxiliary software. Biological behaviors were compared based on odds ratio (OR) and mean difference (MD). Hazards ratio (HR) was calculated for prognosis based on Kaplan–Meier curves.



Results

Totally, 28,946 SRC patients were compared with 81,917 NSRC patients. Compared with NSRC patients, lower male: female ratio (OR = 0.53, P < 0.01), younger age (MD = −4.89, P < 0.01), more middle location (OR = 1.64, P < 0.01), more depressed type at early stage (OR = 1.31, P < 0.05), higher incidence of Borrmann type IV (OR = 1.96, P < 0.01), less lymph node metastasis at early stage (OR = 0.78, P < 0.05), better prognosis at early stage (HR = 0.59, P < 0.01), and worse prognosis at advanced stage (HR = 1.19, P < 0.01) were associated with SRC patients.



Conclusion

The prognosis of SRC at early stage is better than other types of gastric cancer, while that of SRC at advanced stage is relatively poorer.





Keywords: gastric neoplasm, signet-ring cell carcinoma, prognosis, meta-analysis, biological behavior



Introduction

Signet-ring cell carcinoma (SRC) is associated with unique histological features based on microscopic observation of the tumor cells rather than on biological behavior. Gastric SRC has been categorized as the “undifferentiated type” by Sugano et al. (1), the “diffused type” by Lauren et al. (2), the “infiltrative type” by Ming et al. (3), and “high grade type” by UICC. Several studies have shown that SRC is associated with a high rate of peripheral metastasis and poor prognosis (4–9); however, a few studies have indicated that SRC has a better outcome than other types of gastric cancer (GC) (10, 11). Meanwhile, several studies have demonstrated that the difference in survival rates between SRC and non-signet ring cell carcinoma (NSRC) is statistically insignificant (12, 13). Additionally, multiple studies have also indicated that early stage gastric SRC has a higher five-year survival rate than NSRC (14, 15). Here, we aimed to elucidate the difference in biological behavior between SRC and NSRC.

This meta-analysis compared the biological behavior and prognosis between SRC and NSRC patients, including gender, tumor location, lymph node metastasis (LNM), age, chemotherapy, tumor size, macroscopic type, and overall survival.



Methods


Population

All patients were diagnosed with GC.



Intervention and Comparator


Exposure Group

Patients who were diagnosed with SRC based on pathological analyses.



Control Group

Patients who were diagnosed with NSRC based on pathological analyses.




Outcomes

Biological behavior and prognosis.



Study Design

This meta-analysis complied with the PRISMA statement. All the included studies were primary research studies. There were no language restrictions.



Search Strategy

The Web of Science, PubMed, and Embase databases were searched from initiation until November 2020 as follows: “((“gastric” [Title/Abstract] OR “stomach” [Title/Abstract]) AND (((“cancer” [Title/Abstract] OR “tumor” [Title/Abstract]) OR “carcinoma” [Title/Abstract]) OR “neoplasm” [Title/Abstract])) AND ((“signet ring cell” [Title/Abstract] OR “signet-ring cell” [Title/Abstract]) OR “signet cell” [Title/Abstract])”, including both published and unpublished articles. There were no language restrictions. The articles were retrieved by more than three independent investigators and compiled.



Inclusion and Exclusion Criteria

The criteria for study enrollment were as follows: [1] Based on the WHO classification, SRC was classified when more than 50% cancer cells were predominantly SRC. [2] All studies related to the prognosis and biological behavior of gastric SRC were included. [3] All studies that showed differences in the biological behavior and prognosis between SRC and NSRC were included. [4] All the included studies were primary research articles. [5] If the same research team reported multiple studies during the same time period, only the latest article or that with complete data was included.

Studies without full text or efficacious data were excluded. Additionally, case reports and editorials were not included.



Data Extraction and Quality Assessment

The following data were extracted from the included studies: publication year, name of the first author, country of author, sample size, and clinicopathological features (e.g., sex ratio, mean age, tumor location, tumor size, chemotherapy, macroscopic type, LNM, and overall survival). However, owing to insufficient data, other variables of clinicopathological features (e.g., venous invasion, peritoneal dissemination, and ulceration) were not extracted or analyzed. Engauge Digitizer 4.1 was employed to distinguish the survival curve and extract hazard ratio (HR) of overall survival (data not shown).



Statistical Analysis

All data were analyzed using Review manager 5.3 and Stata 12.0. Heterogeneity was detected by chi-square test. P-value >0.10 was considered as homogeneous, otherwise as heterogeneous. Moreover, the I2 index was used to assess heterogeneity, and I2 >50% was considered as statistically significant. For homogeneous affirmation, the fixed effects model was selected; otherwise, a random effects model was adopted. The odds ratio (OR), mean difference (MD), and hazard ratio (HR) were calculated, and publication bias was assessed by Egger’s test.




Result


Search Result

A total of 4,093 studies were retrieved from PubMed, Web of Science, and Embase. After reading the abstracts, we further assessed the full text of 80 studies; we could not obtain the full text for nine studies; 13 contained no usable and reliable data. Finally, 58 eligible studies (5–62) were included in this meta-analysis (Figure 1), among which 31 reported the entire period of patients with SRC or NSRC, 25 focused on early GC, and two reported advanced GC regarding both SRC and NSRC (Table 1). The study population of SRC (28,946) was much smaller than that of NSRC (81,917).




Figure 1 | Schematic of the search and selection of the studies.




Table 1 | Information of the included studies.



Quality assessment was conducted with Newcastle–Ottawa scale based on three indexes (a maximum of nine points): selection, comparability, and exposure. Among the 58 included studies, 17 scored six points, 34 scored seven points, and seven scored eight points. Based on the threshold of six points, all the studies were eligible.



Clinicopathological Characteristics

The percentage of male patients of SRC was substantially less than that of NSRC (OR = 0.53, 95%CI = 0.49–0.58, P < 0.01; Figure 2). The mean age of SRC patients was substantially younger than that of NSRC patients, at both early and advanced stages (MD = −4.89, 95%CI = −5.85–3.94, P < 0.01; Figure 3). No statistical difference in tumor size of SRC between SRC and NSRC was observed, irrespective of early GC (EGC) or advanced GC (AGC) (total: MD = −1.68, 95%CI = −8.48–5.11, P = 0.63; EGC: MD = 0.55, 95%CI = −0.58–1.67, P = 0.34; AGC: MD = 3.71, 95%CI = −0.24–7.67, P = 0.07; Figure 4). SRC was found to potentially occur at the middle location of the stomach, irrespective of EGC or AGC (OR = 1.64, 95%CI = 1.45–1.85, P < 0.01; Figure 5). Microscopic analysis found that early stage SRC was associated with more depressed type than NSRC (OR = 1.31, 95%CI = 1.03–1.66, P < 0.05; Figure 6A). Moreover, an increased number of incidences with Borrmann type IV at the advanced stage was noted in SRC patients than that in NSRC patients (OR = 1.96, 95%CI = 1.45–2.66, P < 0.01; Figure 6B). However, no marked difference in LNM among advanced-stage SRC and NSRC was found (OR = 1.15, 95%CI = 0.74–1.80, P = 0.53, Figure 7C); while in all the GC cases or EGC cases, SRC was associated with less LNM, in comparison with NSRC (total: OR = 0.78, 95%CI = 0.63–0.96, P < 0.01; EGC: OR = 0.64, 95%CI = 0.52–0.79, P < 0.01; Figures 7A, B). Moreover, 10 studies employed chemotherapy, while no marked difference in the chemotherapy rate was found between SRC and NSRC (OR = 0.95, 95%CI = 0.70–1.27, P = 0.85; Figure 8).




Figure 2 | Forest plot displaying the results of the meta-analysis. (A) Odds ratio for the male ratio of patients with SRC and NSRC. (B) Odds ratio for male ratio at early stage. (C) Odds ratio for male ratio at advanced stage.






Figure 3 | Forest plot displaying the results of meta-analysis. (A) Mean difference for mean age of patients with SRC and NSRC. (B) Mean difference for mean age at early stage. (C) Mean difference for mean age at advanced stage.






Figure 4 | Forest plot displaying the results of meta-analysis. (A) Mean difference for tumor size of patients with SRC and NSRC. (B) Mean difference for tumor size at early stage. (C) Mean difference for tumor size at advanced stage.






Figure 5 | Forest plot displaying the results of meta-analysis. (A) Odds ratio for middle location of patients with SRC and NSRC. (B) Odds ratio for middle location at early stage. (C) Odds ratio for middle location at advanced stage.






Figure 6 | Forest plot displaying the results of meta-analysis. (A) Odds ratio for depressed type of patients with SRC and NSRC at early stage. (B) Odds ratio for Borrmann IV at advanced stage. (DT, depressed type; B-4, Borrmann IV).






Figure 7 | Forest plot displaying the results of meta-analysis. (A) Odds ratio for lymph node metastasis of patients. (B) Odds ratio for lymph node metastasis at early stage. (C) Odds ratio for lymph node metastasis at advanced stage. (LNM, lymph node metastasis).






Figure 8 | Forest plot displaying the results of meta-analysis. Odds ratio for chemotherapy rate of patients with SRC and NSRC.





Prognosis

No statistically significant difference was noted in the overall survival between SRC and NSRC patients (HR = 1.07, 95%CI = 0.94–1.22, P = 0.285; Figure 9A). Early stage SRC exhibited better prognosis than NSRC (HR = 0.59, 95%CI = 0.45–0.79, P < 0.01; Figure 9B), while advanced-stage SRC exhibited poorer prognosis than NSRC (HR = 1.19, 95%CI = 1.13–1.27, P < 0.01; Figure 9C).




Figure 9 | Forest plot displaying the results of meta-analysis. (A) Hazard ratio for overall survival of patients. (B) Hazard ratio for overall survival at early stage. (C) Hazard ratio for overall survival at advanced stage.





Publication Bias

No noticeable publication bias was observed based on the results of Egger’s test (P = 0.416; Figure 10).




Figure 10 | Test for publication bias. Egger’s test.






Discussion

SRC is a highly malignant carcinoma mucocellulare. Abundant mucin in the cytoplasm of SRC drives the nuclei to one side of the cells, inducing a ring-like cell conformation (9). Approximately 1% of SRC occurs in organs including colon, urinary tract, gallbladder, pancreas, breast, and stomach. Previous studies have shown that SRC accounts for 8 to 30% of all gastric neoplasms (63). The global incidence of GC has recently declined, while that of gastric SRC is continually increasing (64). Although the included studies in this meta-analysis have reported the clinicopathological features of gastric SRC, the results are unclear.

Here, we found that gastric SRC was relatively frequently diagnosed in females; however, the underlying explanation for such an association has not yet been determined. Several studies have demonstrated the potential role of over-expressed estrogen in SRC, which has been associated with frequent metastasis in the uterus or ovary in SRC patients (65). Furthermore, Kim et al. found a substantially poorer overall survival in female SRC patients than in the male patients, especially those with advanced GC and aged ≤45 years (66). Here, the mean age of SRC patients was substantially younger than that of NSRC patients. The typical intracytoplasmic mucin, compressed nuclei in the corner, the tendency to be larger and sprawl superficially to mucosal and submucosal layers have ensured the early diagnosis of SRC at the early stage or younger age. Postlewait and Yokota claimed that the tumor size of NSRC was smaller than that of SRC. However, our study found no marked difference in the tumor size between the two groups (7, 9). Compared with NSRC, SRC was more commonly found in the middle location of the stomach; meanwhile, no marked difference between upper and lower locations was observed (data not shown). Thus, considering the macroscopic features of EGC, we suggested that SRC had more depressed type than NSRC. For AGC, Borrmann type IV was more commonly found in SRC than NSRC, which probably contributed to the poor outcome.

LNM is known to play a marked role in GC research. Our study implied that SRC was associated with less LNM than NSRC, especially for EGC, while no noticeable relationship was observed for AGC. Unlike other histological types, the correlation between the increased rate of LNM in SRC and the tumor size is not recognized (29). Due to the CDH1 mutation, early SRC was associated with a less aggressive state (67). SRC is thought to arise in the undifferentiated stem cell in lamina propria of gland neck. At the early stage, SRC was found to widely spread in the mucous layer and slowly to submucosal layer than NSRC. When SRC spread into the submucosa, it rapidly metastasized (68).Wang et al. reported that SRC was associated with less ulceration than NSRC, which was considered a major predictor for LNM (15).

The difference in prognosis between SRC and NSRC remains debatable. However, several studies have shown that SRC was associated with worse prognosis than NSRC (5, 23). However, Lee and Maehara reported the opposite results (10, 11). Our study indicated that the overall survival of SRC patients was insignificantly different from that of NSRC patients. The improved survival reported by several studies was probably related to the younger age of the SRC patients at presentation. Early stage SRC was associated with less LNM, and thus, it had better prognosis than NSRC. As a matter of fact, most of the included studies displayed that early stage SRC patients had a higher five-year survival rate. We extracted HR from the Kaplan–Meier curves, and the outcome was significant. Several studies have indicated that advanced-stage SRC was associated with poorer prognosis than NSRC (9, 50), while other studies could not find such an association (13, 34). The current study indicated that the poor prognosis of SRC was accompanied by the lower overall survival rate, as compared to NSRC. Consequently, early diagnosis and detection were crucial to improve the overall survival of gastric SRC. Furthermore, less invasive strategies, such as endoscopic submucosal dissection (ESD) and endoscopic mucosal resection (EMR), have been suggested for early stage GC to improve the quality of life of the patients. However, the Japanese GC treatment guidelines state that ESD was not feasible for the undifferentiated histology type of GC (69), which leads to controversial opinions on ESD for SRC treatment. Recent studies have reported dissimilar outcomes of ESD therapy for SRC (70). One study reported that ESD resulted in a higher rate of en bloc resection and complete resection on SRC than the poorly differentiated types of GC (35), which suggested that ESD might be preferred for EGC patients diagnosed with SRC. On the other hand, curative resection has been suggested for extended lymph node dissection for AGC. Furthermore, the effect of chemotherapy, either neoadjuvant of adjuvant, on SRC is still controversial (71, 72). Turgeon demonstrated that surgery resulted in a higher five-year overall survival rate than perioperative, neoadjuvant, and adjuvant therapy for stage I SRC patients (73). The chemosensitivity of SRC is related to the CLDN18-ARHGAP26/6 fusion (74). Compared with NSRC, SRC is speculated to be more chemo-resistant to conventional drugs, such as 5-FU and platinum (13, 23, 75). However, Pernot suggested that SRC possesses high sensitivity to taxane-based chemotherapeutic drugs or antiangiogenics (64). To improve the treatment strategy and prognosis is the important point of SRC.

This study has several limitations. First, most of the included studies were conducted in China, Korea, or Japan. The discrepancy in diet, heredity, and environment between Asia and other continents could have influenced the outcome. Second, no RCTs were included in this meta-analysis, and all the studies were retrospective analyses, which may result in a risk of bias. Third, since the HR was calculated from the data or extrapolated from the Kaplan–Meier curves, it was associated with reduced reliability. Finally, heterogeneity was high in the statistics process, which could lead to unavoidable biases. Therefore, additional data are essential to increase the quality and reliability of this meta-analysis.



Conclusion

Gastric SRC is associated with more female patients, younger patients, more occurrence at middle location of the stomach, more depressed type (EGC), higher incidence of Borrmann type IV (AGC), and less LNM (EGC) than NSRC. The prognosis of early stage SRC is better than that of other GC types, while the prognosis of SRC at the advanced stage was poor. Thus, SRC exhibits specific biological features and differential prognosis compared with NSRC, which may facilitate the development of tailored therapeutic strategy and individualized treatment.
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