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Background

Previous research on the prognostic effectiveness of examined lymph nodes (ELN), lymph node ratio (LNR), and positive lymph nodes (pN) in postoperative gastric cancer (GC) has yielded inconsistent results despite their widespread use.





Methods

This study used a competing risk model (CRM) to evaluate the prognostic efficacy of these markers in patients with GC. Data from 337 patients with lymph node (LN)-positive stage II GC undergoing resection and chemotherapy between 2010 and 2015 were collected from the Surveillance, Epidemiology, and End Results database. Optimal cutoff values for ELN and LNR were determined using restricted cubic splines, and pN was divided into three groups based on the AJCC staging system. The survival analyses were conducted using Kaplan–Meier curves, Cox proportional hazards analysis, cumulative incidence curves, and CRM. Subgroup analysis and interaction tests were performed to evaluate the correlation between LN status and survival within subgroups.





Results

The results indicated that the optimal cutoff values for ELN, LNR, and pN were 16, 0.1, and 2. Multivariate Cox analysis showed that ELN (hazard ratio [HR] = 0.67), LNR (HR = 2.23), and pN (HR = 2.80) were independent predictors of overall survival, whereas only LNR (HR = 2.08) was independently associated with disease-specific survival. The CRM revealed that LNR (sub-distribution hazard ratio [SHR] = 1.89) and pN (SHR = 2.80) were independently associated with disease-specific survival.





Conclusion

In conclusion, ELN, LNR, and pN are all significant predictors of overall survival for GC. However, LNR demonstrates stronger robustness in predicting DSS than ELN and pN. The LNR may supplement the TNM staging system in identifying prognostic discrepancies.
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1 Introduction

Gastric cancer (GC) is the fifth most diagnosed cancer and the fourth leading cause of cancer-related mortality worldwide. In 2020, 1,089,103 new cases of GC were reported, with 768,793 deaths (1). GC can be classified into four major types: adenocarcinoma, adenosquamous carcinoma, squamous carcinoma, and carcinoid. Adenocarcinoma is the most common histopathological type and represents an overwhelming majority (> 90%) of GC cases (2). The prognosis of patients with GC has improved owing to recent advances in comprehensive treatment. In a phase III randomized trial, patients with stage II GC who received adjuvant chemotherapy had a 5-year overall survival (OS) rate of 84.2% (3). LN status is a strong prognostic factor in patients with GC. The 5-year OS rate decreased to 30% once lymph node (LN) metastasis occurred (4).

Currently, the number of positive LNs (pN), the number of examined LNs (ELN), and the LN ratio (LNR) are widely used to evaluate LN status in patients with GC after gastrectomy. pN is the number of positive regional LNs and represents the N stage in the American Joint Committee on Cancer (AJCC) TNM staging system, which is the most widely used staging system for GC. N stage is categorized according to the number of metastatic regional LNs. In the seventh AJCC staging system, no metastatic LN, 1–2, 3–6, 7–15, and ≥ 16 metastatic regional LNs are classified as N0, N1, N2, N3a, and N3b, respectively. ELN is defined as the number of LNs examined, indicating locoregional disease clearance during gastrectomy, which may influence the accuracy of N staging and even lead to stage migration. ELN is negatively associated with the risk of distant metastasis and positively correlated with prognosis in patients with GC (5–7). The LNR refers to the ratio of the number of metastatic LN to the number of ELN. The LNR is a composite of both pN and ELN and is less affected by clinical stage migration. Thus, the LNR is considered a useful prognostic indicator in patients with GC.

Recent MD Anderson Cancer Center research demonstrated that patients with ELN ≥ 30 and LNR < 0.3 have longer relapse-free survival than those with ELN < 30 and LNR > 0.3, respectively. Using the National Clinical Database, Erstad et al. (8) investigated 22,018 patients with GC with LN metastasis and observed that patients with ELN ≥ 30 had a significant survival advantage. However, neither of the abovementioned studies considered potential competing events against disease-specific death in patients with GC. A competing event refers to an event that precludes or reduces the probability that an event of interest will occur. For instance, cardiac death, suicide, and accidental death will prevent the probability of cancer-specific death. When the study outcome is cancer-specific death, events other than the study outcome are termed competing events. Indeed, when study populations are susceptible to competing events, Cox proportional hazards regression model likely leads to a significant overestimation of the rates of overcoming events. In such cases, a competing risk model (CRM) is recommended (9) because it allows for a more accurate assessment of the association between predictor variables and outcomes than Cox regression model (10–12). A CRM is an analysis method for estimating the cumulative incidence probability of outcome events by using the cumulative incidence function and processing the survival data of outcomes and multiple competing risk events. Gao et al. conducted a study on long-term mortality using Cox proportional hazards analysis and competing risks regression analysis, emphasizing that CRM is more suitable for survival analysis in patients with classical Hodgkin lymphoma (10). Fu et al. found that the errors introduced by the Cox proportional hazards model could be corrected by CRM, thereby providing more accurate survival predictions, when exploring the impact of non-breast cancer-specific mortality on the overall survival of patients with resectable breast cancer (12). Few reports have used a CRM to conduct comparisons among ELN, LNR, and pN.

The prognosis of patients with stage II GC typically lies between early and advanced stages of GC. For patients with LN-positive stage II GC, LN status (such as ELN, LNR, and pN) plays a crucial role in predicting the prognosis (13). However, there is limited in-depth research in the literature on this specific group. Moreover, studies have indicated that patients with GC may experience higher toxicity during postoperative chemotherapy and radiotherapy, especially hematological and gastrointestinal toxicities (14). The patients with LN-positive stage II present with more complex conditions and may face a higher risk of treatment-related non-GCSD events. This makes the influence of competing risk events particularly significant when assessing overall survival, thus requiring a specialized analysis. In addition, in-depth research on LN-related markers (such as ELN, LNR, and pN) and their impact on the prognosis of patients with stage II LN-positive GC can contribute to optimizing the extent of LN dissection and postoperative follow-up strategies while also providing theoretical evidence for personalized treatment. Therefore, using a CRM, the present study aimed to evaluate the prognostic effects of ELN, LNR, and pN in patients with LN-positive stage II GC undergoing resection and chemotherapy. Because a cohort of patients from a single medical center usually has the disadvantages of small sample size, low statistical efficiency, and evident selection bias, we analyzed a large cohort of patients from the Surveillance, Epidemiology, and End Results (SEER) database.




2 Materials and methods



2.1 Data source

Data were obtained from the SEER database, which is funded by the National Cancer Institute. The publicly available SEER database collects and publishes comprehensive information on cancer incidence, characteristics, and survival in the United States (US). Additionally, the SEER database covers approximately 48% of the US population, including various races (15). The requirement for ethical approval was waived.

Patients who met the following criteria were enrolled: (i) being diagnosed with GC; (ii) having adenocarcinoma histology; (iii) having AJCC stage II; (iv) having undergone surgical treatment at primary sites; and (v) having received chemotherapy. The exclusion criteria were as follows: (i) AJCC stage N0; (ii) absence of regional LN or having no available regional LN; (iii) absence of pLN or having no available pLN; and (iv) follow-up time of < 1 year. The selection procedure is illustrated in Figure 1. Finally, 337 patients with GC were included in the analysis.




Figure 1 | Flow diagram of patient selection. LN, lymph node.






2.2 Variables

We collected the following data for each patient: age at diagnosis (24–39, 40–59, or 60–88 years), sex (female or male), race (black, white, or other), marital status at the time of diagnosis (divorced/separated, married, single/unmarried, or widowed/other), year of diagnosis (2010, 2011, 2012, 2013, 2014, or 2015), AJCC stage (IIa or IIb according to the seventh AJCC staging system), T stage (T1, T2, or T3), N stage (N1 or N2–N3), radiotherapy (no/not available [NA] or yes), surgical procedure (proximal/distal gastrectomy [PG/DG], total gastrectomy [TG], or others), grade (I–II, III–IV, or unknown), multiple lesions (categorized as no or yes), prior malignancy history (categorized as no or yes), ELN (categorized as ≤ 16 or > 16), LNR (categorized as ≤ 0.1 or > 0.1), pN (categorized as pN1, pN2, or pN3, defined as the number of positive LNs [1–2, 3–6, or ≥ 7]), survival time, and survival outcome (alive, death from GC, death from non-GC causes, or censored). Alive was defined as survival until the end of follow-up. Death due to primary GC was defined as death from GC. Death due to non-GC causes and other secondary primary cancers was defined as death from non-GC causes. Other cases were censored.




2.3 Statistical analysis

Demographic and clinicopathological data were collected at baseline, classified as categorical data, described as frequencies and proportions, and then compared using χ2 test. ELN, LNR, and pN were described as median and interquartile ranges. Optimal cutoff values for ELN and LNR were determined using restricted cubic splines, and pN was divided into three groups based on the AJCC staging system for further analysis. OS and disease-specific survival (DSS) were assessed and plotted using Kaplan–Meier survival curves. Cox univariate and multivariate regression analyses were performed to identify the effects of ELN, LNR, and pN on OS and DSS, and hazard ratios (HRs) were reported with 95% confidence intervals (CIs). Competing risks of mortality were accommodated and plotted using cumulative incidence curves, while size effects were calculated using sub-distribution HRs (SHRs) with corresponding 95% CIs. A secondary analysis was conducted using the Fine and Gray regression method for competing risk analysis. In Cox regression model and CRM, we conducted a subgroup analysis to test the effects of ELN, LNR, and pN status on outcomes in each subgroup of covariates. Subsequently, interaction tests were conducted to evaluate the interactions between ELN, LNR, or pN and different subgroups. Statistical significance was defined as a two-sided P-value < 0.05. All statistical analyses were performed using R software version 4.1.1 (R Foundation for Statistical Computing, Vienna, Austria).





3 Results



3.1 Clinical characteristics

From 2010 to 2015, the data of 167,747 patients with GC were obtained from the SEER database. Among these patients, 167,410 were excluded due to the histological type, AJCC stage, surgery status, chemotherapy status, number of LNs, or survival times. Finally, 337 patients were included in subsequent analyses during a median follow-up period of 30 months. Among these patients, GC-specific death (GCSD group) occurred in 90 patients, non-GC-specific death (non-GCSD group) was observed in 44 patients, and 203 patients were alive at the end of follow-up (alive group). As shown in Table 1 for the CRM, the non-GCSD group included more patients diagnosed at 60–88 years of age (89%) than the GCSD (69%) and alive (65%) groups (P = 0.02). Statistically significant associations were observed for the year of diagnosis (P = 0.03). Moreover, patients in the non-GCSD group tended to have multiple lesions (59%) and prior malignancy history (57%) than those in the GCSD (6% and 0%) and alive (20% and 14%) groups (both P < 0.001). With respect to pathological LNs, the median ELN was higher in the alive group (18) than in the GCSD (14.5) and non-GCSD (12) groups (P < 0.001), whereas the median LNR was lower in the alive group (0.08) than in the GCSD (0.13) and non-GCSD (0.15) groups (P < 0.001). A comparison between the three groups revealed no significant differences in sex, race, marital status at diagnosis, AJCC stage, T stage, N stage, radiotherapy, surgical procedure, grade, and pN. Supplementary Table 1 presents the clinical characteristics of the normal model. In general, by comparing the death group to the alive group, significant differences were found in the year of diagnosis, ELN, and LNR (P < 0.05).


Table 1 | Baseline clinicopathological characteristics of the enrolled patients for CRM.






3.2 Association between patient characteristics and outcomes using the normal model

Based on the restricted cubic splines, optimal cutoff values for ELN and LNR were 16 and 0.1 for further study (Figure 2). While pN was categorized as pN1, pN2, or pN3, defined as the number of positive LNs (1–2, 3–6, or ≥ 7) based on the AJCC staging system for further study. Figure 3, Supplementary Figures 1, 2 show Kaplan–Meier curves for OS and DSS in the normal model analysis and models stratified according to covariates, including age, sex, race, marital status at diagnosis, year of diagnosis, AJCC stage, T stage, N stage, radiotherapy, surgical procedure, grade, multiple lesions, prior malignancy history, ELN, pN, and LNR. As shown in Figures 3A, D, the patients with LN-positive stage II GC with LNR ≤ 0.1 had significantly superior OS and DSS compared to those with LNR > 0.1. As shown in Figure 3B, patients with an ELN > 16 had a significantly greater OS benefit than those with an ELN ≤ 16. The impact of pN on the OS of patients with LN-positive stage II GC varied extensively with different pN stages (Figure 3C). However, ELN > 16 and pN had no significant effect on DSS (Figures 2E, F). Regarding OS and DSS, similar findings were observed for patients with different surgical procedures and different years of diagnosis (Supplementary Figures 1, 2). Additionally, the results showed that age, race, sex, and marital status at the time of diagnosis had no significant impact on OS and DSS in patients with LN-positive stage II GC (Supplementary Figures 1, 2).




Figure 2 | | Restricted cubic splines of LNR (A, D), ELN (B, E) and pN (C, F) for OS (A-C) and DSS (D-F). HR, hazard ratio; CI, confidence interval; LNR, lymph node ratio; ELN, examined lymph node; pN, positive lymph node.






Figure 3 | Kaplan–Meier survival curves for OS (A-C) and DSS (D-F) stratified by LNR (A, D), ELN (B, E) and pN (C, F). OS, overall survival; DSS, disease-specific survival; LNR, lymph node ratio; ELN, examined lymph node; pN, positive lymph node.



We subsequently performed Cox univariate and multivariate regression analyses to explore the prognostic factors for patients with LN-positive stage II GC. In univariate Cox regression analysis, compared to ELN ≥ 16, ELN <16 showed a significant correlation with OS (HR = 0.63, 95% CI: 0.45-0.90, P = 0.01); however, there was no significant association with DSS (HR = 0.70, 95% CI: 0.46-1.07, P = 0.10). Patients with LNR > 0.1 had worse OS (HR = 1.79, 95% CI: 1.27-2.53, P < 0.001) and DSS (HR = 1.59, 95% CI: 1.05-2.42, P = 0.03) than those with LNR ≤ 0.1. In contrast, compared to pN1, neither pN2 nor pN3 had a statistical relationship with OS or DSS (both P > 0.05) (Tables 2, 3).


Table 2 | Cox univariate and multivariate regression analyses of clinicopathological characteristics associated with OS.




Table 3 | Cox univariate and multivariate regression analyses of clinicopathological characteristics associated with DSS.



As indicated by the results of multivariate Cox regression analysis, LNR > 0.1 was an independent factor for shorter OS (HR = 2.23, 95% CI: 1.52-3.27, P < 0.001) and DSS (HR = 2.08, 95% CI: 1.30-3.34, P = 0.002), whereas ELN > 16 was independently associated with better OS (HR = 0.67, 95% CI: 0.47-0.97, P = 0.03); however, there was no significant difference in DSS (HR = 0.65, 95% CI: 0.41-1.01, P = 0.06). Compared to patients with pN1, those with pN3 had worse OS (HR = 2.80, 95% CI: 1.02-7.72, P = 0.046) but did not show a relationship with DSS (HR = 3.02, 95% CI: 0.99-9.25, P = 0.05). Detailed information on the univariate and multivariate regression analyses for OS and DSS is presented in Tables 2, 3.

We then conducted subgroup analyses and interaction tests to evaluate the relationship of the LN status with the OS and DSS in various subgroups in patients with LN-positive stage II GC. The subgroup analysis revealed that in the male subgroup (sex variable), ELN > 16 had a protective effect on OS (HR = 0.62, 95% CI: 0.41-0.94, P = 0.02), whereas LNR > 0.1 (HR = 1.98, 95% CI: 1.32-2.97, P < 0.001) and pN3 (HR = 2.89, 95% CI: 1.17-7.11, P = 0.02) showed the opposite effect. In contrast, neither ELN > 16, LNR > 0.1, nor pN3 were significantly associated with OS in the female subgroup (Supplementary Table 2).

As presented in Supplementary Tables 2, 3, LNR > 0.1 showed decreased OS for stages T1 (HR = 2.34, 95% CI: 1.04-5.24, P = 0.04) and T3 (HR = 2.13, 95% CI: 1.26-3.62, P = 0.005) but not stage T2. LNR > 0.1 showed a decreased DSS (HR = 3.29, 95% CI: 1.03-10.47, P = 0.04) for the stage T1 subtype but not stages T2 and T3. Regarding the different ELN and pN groups, no significant difference in OS or DSS was observed for each T stage subgroup.

The tests for interactions were not significant in the subgroup analysis, except for the ELN in the single/unmarried subgroup for OS (HR = 0.31, 95% CI: 0.10-0.97, P = 0.045) and the LNR in the year of diagnosis in the 2013 subgroup for OS (HR = 0.25, 95% CI: 0.07-0.84, P = 0.03) (Supplementary Tables 2, 3).




3.3 Association between patient characteristics and outcomes using the competing risk model

A CRM was used to further investigate the association between patient characteristics and outcomes of patients with LN-positive stage II GC according to the risk of GCSD relative to overall mortality.

The cumulative incidence curves for all variables are shown in Figure 4 and Supplementary Figure 3. Patients with LNR > 0.1 had more non-GCSD than those with LNR ≤ 0.1 (P = 0.02), but the cumulative incidences of GCSD were not significantly different (P = 0.072). There was a higher cumulative incidence of non-GCSD in patients with ELN ≤ 16 than in those with ELN > 16 (P = 0.04); however, the cumulative incidences of GCSD were not significantly different (P = 0.18). No statistically significant differences were detected for pN in the cumulative incidence of either GCSD or non-GCSD.




Figure 4 | Cumulative incidence of GCSD and non-GCSD stratified by (A) LNR, (B) ELN and (C) pN. The P1 value represents the statistical result of comparing the cumulative incidence curves of GCSD between different groups using the Fine and Gray competing risks model. The P2 value represents the comparison of cumulative incidence curves for non-GCSD between different groups. GCSD, gastric cancer-specific death; LNR, lymph node ratio; ELN, examined lymph node; pN, positive lymph node.



We then performed a Fine and Gray regression analysis to explore the prognostic factors for patients with LN-positive stage II GC in a competing risk regression model.

Based on the results of the multivariate analysis, LNR > 0.1 was identified as an independent factor for shorter DSS (SHR = 1.89, 95% CI: 1.17-3.05, P = 0.001), whereas pN3 was independently associated with a lower DSS risk (SHR = 2.80, 95% CI: 1.31-5.97, P = 0.01). Compared with patients with ELN ≤ 16, those with ELN > 16 showed no relationship with DSS (SHR = 0.68, 95% CI: 0.42-1.10, P = 0.11).

Detailed information regarding the competing risk regression analysis for DSS is presented in Table 4.


Table 4 | Univariate and multivariate competing risk analyses of clinicopathological characteristics associated with DSS.



We subsequently conducted subgroup analyses and interaction tests to determine the correlation between LN status and DSS in patients with LN-positive stage II GC within various subgroups in the competing risk regression model. The subgroup analysis revealed that in the male subgroup (sex variable), LNR > 0.1 had an adverse effect on DSS (SHR = 1.71, 95% CI: 1.05-2.77, P = 0.03), and pN3 showed a similar effect (SHR = 3.18, 95% CI: 1.13-8.97, P = 0.03). Neither ELN > 16, LNR > 0.1, nor pN3 were significantly associated with DSS in the female subgroup (Supplementary Table 4).





4 Discussion

In this large retrospective study, we focused on the LN status (particularly ELN, LNR, and pN) in patients with LN-positive stage II GC undergoing resection and chemotherapy. This study had three main findings. First, the ELN, LNR, and pN were all independently associated with OS, and only LNR was independently associated with DSS. Second, when adjusted for the CRM, the LNR and pN maintained prognostic value beyond ELN. Third, the prognostic value of pN for DSS was likely to be influenced by death from other causes (competing events). LNR, in contrast, demonstrated stronger robustness in predicting DSS for patients with LN-positive stage II GC than ELN and pN. Thus, LNR may serve as a reliable and useful prognostic factor in patients with GC.

Using multivariate Cox analysis, we confirmed that pN3 was independently associated with poor OS, but not DSS. However, we found that pN3 was a prognostic factor for DSS when the competing risks were considered. Currently, the TNM classification is the most widely used staging system worldwide to predict prognosis and guide treatment strategies. pN stage is one of the most important prognostic indicators in patients with GC. A previous study showed that pN was an independent predictor of OS in patients with GC after curative-intent gastrectomy (16), and another study reported that pN stage was associated with OS after curative surgery in patients with LN-positive GC (17). Conversely, other cases have discussed that pN may be inappropriate and insufficient to stage and predict prognosis (18). Indeed, a previous study showed that the N3b stage had a better OS than N2 and N3a stages in patients with M0 GC (19). Moreover, Qian et al. (20) demonstrated that the pN stage was not independently associated with OS, which is consistent with the findings of Kulig et al. (21) Additionally, stage migration is another condition; this means that the number of pNs depends on the number of LN dissections. Therefore, an adequate marker for staging and meticulous prediction of prognosis is required.

Numerous studies have attempted to assess the prognostic significance and optimal number of ELN in patients with GC. A recent study demonstrated that ELN was independently associated with OS in patients with GC (8). Studies have also demonstrated that patients with GC with an ELN ≥ 16 have better survival outcomes than those with an ELN < 16 (22, 23). In the present study, Multivariate Cox analysis confirmed that ELN > 16 persisted in being independently related to superior OS. Additionally, both the National Comprehensive Cancer Network (24) and AJCC (25) committees recommend the assessment of at least 16 LNs for precise staging and accurate prognostic evaluation. Nevertheless, Wong et al. (26) showed that ELN was not significantly correlated with survival. Thus, it is worth further evaluating the optimal number of ELN and the relationship between ELN and prognosis in GC to guide clinical practice.

The results of the CRM demonstrated that patients with an ELN > 16 experienced less non-GCSD but did not have lower cumulative GCSD rates. Moreover, an ELN > 16 was still not a prognostic factor for DSS when competing risks were considered; this indicated that patients with ELN > 16 benefited from better OS likely because of less non-GCSD. We speculated that patients with ELN ≤ 16 may present with comorbidities that compel surgeons to retrieve a limited number of LNs. Non-GCSD from comorbidities may lead to poor prognosis in patients with ELN ≤ 16. A previous study also suggested that comorbidity is a risk factor for survival after gastrectomy (27). This risk should be carefully considered in the subsequent treatment of patients with GC and comorbidities.

Multivariate Cox analysis confirmed that LNR > 0.1 was an independent unfavorable factor for DSS and OS. Many recent studies have emphasized the importance of LNR as a prognostic factor in patients with GC. Both a large cohort study (28) and an integrated analysis (29) revealed that LNR could reliably and accurately predict survival in patients with GC. A recent study also demonstrated that a high LNR was associated with worse OS in patients with GC (30). Similar results were found in patients with GC after curative resection (31), patients with GC with LN metastasis (32), and patients with pathological Stage II/III GC (13). Additionally, LNR was a significant and independent predictor of prognosis regardless of the pathological stage (33) and the number of resected nodes (34) in patients with GC. Nevertheless, previous studies did not conduct competing risk analyses to evaluate the relationship between the LNR and prognosis. Based on our results, LNR > 0.1 was still an independent unfavorable factor for DSS when competing risks were considered, indicating that an LNR > 0.1 is a valuable prognostic indicator for GC that is of great value in clinical practice.

Aoyama et al. demonstrated that the prognostic value of LNR was higher in patients with pN3 stage disease than in those with pN1 or pN2 stage disease (30). Similar results were observed in another study by Hung et al. (35), who found that a higher LNR was independently related to inferior OS in patients with stage N3b GC. The abovementioned results were inconsistent with our findings, showing that LNR > 0.1 was an unfavorable factor for both DSS and OS in the cN1 subgroup but had no significant impact in the cN2 or cN3 subgroups. Interestingly, Wu et al. (36) demonstrated contradictory results, showing that LNR was an independent prognostic factor only in patients with stage III GC but not in those with stage I, II, and IV. In the present study, we demonstrated the promising prognostic value of LNR in patients with stage II GC.

These differences may be explained as follows. First, in view of the patients’ background, all patients in the studies by Aoyama et al. (30), Hung et al. (35), and Wu et al. (36) were from Asia (Japan, Taiwan, and China, respectively); in contrast, we evaluated patients from the US. Additionally, we enrolled more older patients than the other three studies. Furthermore, we did not evaluate patients with T4 stage GC, whereas the other studies did. Second, the number of retrieved LNs and the number of metastatic LNs were different. The median number of retrieved LNs was 31, 43, 22, and 16, while the median number of metastatic LNs was 7.7, 22, 4, and 2 in the studies by Aoyama et al. (30), Hung et al. (35), Wu et al. (36), and our study, respectively. The LNR may be affected by the number of retrieved and metastatic LNs. Third, the cut-off values of the LNR were different. We set the cut-off value at 0.1 using the restricted cubic splines; Aoyama et al. (30) set the cut-off value of the LNR to 0.23, based on the 3- and 5-year OS rates; Hung et al. (35) set a cut-off value of 0.8; and Wu et al. (36) stratified the cut-off value of the LNR into 0, 0–0.2, 0.2–0.5, and > 0.5, based on previous studies (37). Hence, the LNR may be more suitable under certain conditions, and a standardized LNR classification for GC should be further investigated.

Over the last few years, the LNR, an alternative LN staging system, has emerged as superior to pN and ELN in predicting the prognosis of GC. Previous studies have shown that the LNR predicts OS more powerful than N stage (38, 39) and pN (40). Additionally, the LNR maintained its effectiveness superior to the pN stage regardless of ELN (41, 42). LNR was an independent prognostic factor in patients with GC, whereas pN and ELN were not (43, 44). Additionally, the LNR remains an independent prognostic factor for OS when ELN < 16 rather than pN (45). Our results also demonstrated that the LNR has a better prognostic value than the ELN and pN. Furthermore, Huang et al. combined the LNR with the AJCC staging system to construct a new LNR-based AJCC (rAJCC) staging system for GC. The authors found that the rAJCC stratified patients better than the AJCC staging system (46). In contrast, the pN stage cannot distinguish the prognostic discrepancy between different LNR groups (47). Therefore, the above results suggest that the LNR provides greater prognostic validity than the pN or ELN. The mechanism contributing to the different effects of the LNR and pN on GC prognosis may be explained as follows. First, the LNR is only a ratio and is not affected by the ELN, which compensates for the stage migration (19). However, as there is a significant correlation between the pN and ELN (45), the LNR may be more useful even if the ELN is small. Second, the LNR is not affected by how the surgery or field of LN dissection is performed (29). Third, LNR exhibits a relationship with the immune response defense mechanism against cancer metastasis (33, 48).

The univariate and multivariate analyses showed no significant association between several factors (such as age, sex, AJCC stage, and T stage) and DSS. However, these factors are often considered important prognostic indicators in GC. Several reasons can be speculated for these results. In this specific population (patients with LN-positive stage II GC undergoing resection and chemotherapy), all patients were AJCC stage II (including IIa and IIb), and both T and N stages had relatively narrow ranges. As a result, these factors (such as age, sex, AJCC stage, and T stage) were unable to further distinguish the prognosis of patients in the present study. Additionally, the limited sample size may have reduced the statistical significance of these variables and the DSS. It is important to note that this does not imply that these factors lack prognostic significance in the overall GC population; rather, in the specific study cohort selected, their predictive value for prognosis was limited.

The present study had some strengths. Notably, traditional Kaplan–Meier and Cox analyses deal with competing events only as censored observations, leading to an overestimation of the cumulative incidence rate and, sometimes, resulting in false positives and false negatives. In contrast, the use of a CRM could mitigate the estimation bias because the competing events and interesting outcomes are separately taken into consideration, and the effect of competing events on interesting outcomes is precluded in the CRM (49). Thus, the CRM approach could serve the role of non-GCSD for the endpoint of interest and to accurately estimate the cumulative incidence of interesting events. This was particularly important in a clinical study of GC since > 10% of the patients died because of causes other than GC in the present study. To the best of our knowledge, this is the first study with a large population to report the impact of LN status on the survival of patients with GC using the CRM approach. In addition, we focused on patients with LN-positive stage II GC undergoing resection and chemotherapy, such as a special population with a large yield of LN. An accurate staging system is needed to determine adequate treatment schedules and predict prognosis. Moreover, although TNM staging system is widely used, it has some inevitable deficiencies, especially when ELN is insufficient. We found that the LNR was superior to the ELN and pN in predicting the prognosis (including both OS and DSS) of patients with GC.

Our study also had some limitations. First, this was an analysis of the SEER database, which had the potential to include heterogeneous data with respect to diagnosis and treatment strategies over a long period. Second, since this was a retrospective study, the study design was limited, and potential bias could not be avoided. Third, data for some treatment and clinicopathological factors, such as LN dissection method, preoperative therapy, margin status, comorbidities, and chemotherapy regimen, were unavailable. These factors may also affect the prognosis of patients with GC. Finally, the sample size in our study was relatively small.

In conclusion, our results suggest that ELN, LNR, and pN are all significant predictors of OS for GC. However, the prognostic value of pN for DSS is likely to be influenced by death from other causes (competing events). LNR, in contrast, demonstrates stronger robustness in predicting DSS for GC than ELN and pN. Further prospective studies with larger sample sizes and more rigorous designs are required for a more accurate analysis of the role of the LNR in the prognosis of patients with GC and to identify the optimum LNR classification for application in clinical practice.
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Radiotherapy

No/NA Reference Reference Reference Reference

Yes 0792 0516-1214 | 028 0731 04531179 020 0773 04851233 028 0.804 0503-1284 036

Surgical procedure

6 Reference Reference Reference Reference

Others 0.778 0356-1702 | 053 0883 03632152 078 0.89 0383-2.098 080 0794 03281925 061

PG/DG 0.625 03930993 | 0.047 0678 0401-1.149 | 0.5 0.699 0416-1.175 0.8 0705 0417-1193 019
Grade

1-11 Reference Reference Reference Reference

-1V 1045 0.686-1593 | 0.84 0939 05801520 080 0.951 0590-1.533 084 0915 0568-1474 071

Unknown 1019 0309-3360 | 0.98 0767 02032899 070 0.88 02493116 084 099 03163100 | 099

Multiple lesions

No Reference Reference Reference Reference
Yes 0173 00710422 | <0001 0135 00510359 | <0.001 0144 00560371 <0.001 0.145 00570374 <0001
LNR
INR£0.1 Reference Reference Not applicable Not applicable
LNR > 0.1 1457 09642201 | 007 1.888 1167-3.054 | 001
ELN
EIN<16 Reference Not applicable Reference Not applicable
EIN>16 0758 04991153 | 020 0679 0421109 011
pN
pNL Reference Not applicable Not applicable Reference
pN2 0841 04651520 | 057 1047 02843855 094
N3 2085 08615049 | 0.10 2798 13115970 001

DSS: disease-specific survival; SHR: sub-distribution hazard ratios Cl: confidence interval; LNR: lymph node ratio: ELN: examined lymph node; pN: positive lymph node; AJCC: American Joint Committee on Cancers NA: not available; TG: total gastrectomy; PG/DG:
proximal/distal gastrectomy.
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Univariate analysis Multivariate analysis

LNR ELN pN
Characteristics 95% ClI P value 95% ClI P value 95% Cl P value 95% ClI P value
Age
2439 Reference Reference Reference Reference

40~59 1755 04167.396 | 0443 1485 03186926 0615 1482 03226829 0614 1405 03046493 0663

60-88 1732 04237082 0445 179 0403-7.997 | 0442 1830 04148088 0425 1.800 04087935 0437
Sex

Female Reference Reference Reference Reference

Male 1181 07351897 | 0492 1218 07112193 0440 1253 07212178 | 0424 1350 07712364 0293
Race

White Reference Reference Reference Reference

Black 0841 0482-1466 0541 0701 03541387 0307 0708 0359-1398 0320 0722 0370-1412 0341

Others 1027 0597-1768 | 0923 0.898 0491-164 0728 0974 0537-1767 0931 0.974 0534-1777 0932
Marital status

Married Reference Reference Reference Reference

Divorced/Separated 1148 05832261 | 0.689 1020 04912122 0957 1180 05692446 0656 1106 05322300 0788

Single/Unmarried 1056 05851906 0856 L116 05692190 0749 1167 05992274 0649 1036 05342010 0917

Widowed/Others 1096 0607-1978 0761 1142 05882220 0695 1067 05562048 0846 1038 05372005 0912

Year of diagnosis

2010 Reference Reference Reference Reference

2011 1163 06142205 0642 1114 05682184 0754 1148 05852252 0.689 1238 06262447 0539

2012 0639 03141302 0217 0641 03031356 0245 0.656 03101389 0271 0714 0334155 0384

2013 0873 0408-1865 0725 0747 03341670 0478 0767 03441708 0515 0849 03781911 0693

2014 1148 05472409 0715 1395 0629-3.095 | 0413 1258 0566:2797 | 0573 1359 0602-3068 0461

2015 1358 05553320 0502 1526 0613-3804 0364 1519 0608-3797 0371 1720 06784360 0253
AJCC stage

I Reference Reference Reference Reference

b 1405 07942487 | 0243 1003 0517-1946 0993 1088 0561-2111 | 0803 0.967 0496-1883 0920
T stage

k! Reference Reference Reference Reference

k> 1433 07842619 0242 1240 06572341 0507 1357 07252540 0340 1435 07462760 0280

T3 169 09343080 0083 1.69% 0802359 0167 1802 0867-3748 0115 1970 0936-4142 | 0074
N stage

NI Reference Reference Reference Reference

N2-N3 0.827 0468-1463 | 0515 0.686 0336-1400 0300 1108 05602191 0768 1.003 0221454 0997
Radiotherapy

No/NA Reference Reference Reference Reference

Yes 0761 04961166 0209 0752 04731195 0228 0788 0498-1299 0311 0.806 0509-1277 0359

Surgical procedure

6 Reference Reference Reference Reference

Others 0729 0328-1.620 0438 0.800 0331-1.936 0621 0827 03481963 0667 0722 0300-1.737 | 0467

PG/IDG 0.590 0369-0.945 | 0028 0.636 0385-1.049 0077 0663 0403-1091 0106 0670 0406-1.105 | 0117
Grade

11 Reference Reference Reference Reference

-1V 1041 0676-1.604 | 0854 0.948 0591-1520 | 0823 0950 05921522 0830 0924 0577-1480 | 0742

Unknown 1085 03333536 | 0892 0915 0269-3319 | 0930 1071 0310-3703 0914 1229 0357-4232 | 0744

Multiple lesions

No Reference Reference Reference Reference
Yes 0214 00870527 <0.001 0.169 00670426 <0.001 0.180 00720451 <0001 0178 00710448 <0001
LNR
INR < 0.1 Reference Reference Not applicable Not applicable
LNR > 0.1 1591 10482417 0029 2084 12993343 0002
ELN
EIN<16 Reference Not applicable Reference Not applicable
ELN> 16 0702 0461-1.069 0,099 0615 0411-L013 0057
pN
pNL Reference Not applicable Not applicable Reference
N2 005 04161450 0472 0919 02084058 0912
N3 2135 08615295 0.102 3020 09869219 0,053

DSS, disease-specific survival; HR, hazard ratio; Cl, confidence interv
distal gastrectomy.

NR, lymph node ratio; ELN, examined lymph node; pN, postive lymph node; AJCC, American Joint Committee on Cancer; NA, not availables TG, total gastrectomy; PG/DG, proximal/
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Variables

Age, n (%) 0.022
24~39 12 (4) 2(2 1(2) 94
40~59 92 (27) 26 (29) 4(9) 62 (31)
60~88 233 (69) 62 (69) 39 (89) 132 (65)
Sex, n (%) 0.418
Female 96 (28) 23 (26) 10 (23) 63 (31)
Male 241 (72) 67 (74) 34 (77) 140 (69)
Race, n (%) 0.595
White 210 (62) 57 (63) 30 (68) 123 (61)
Black 70 (21) 16 (18) 10 (23) 44 (22)
Others 57 (17) 17 (19) 4(9) 36 (18)
Marital, n (%) 0413
Married 204 (61) 52 (58) 29 (66) 123 (61)
Divorced/Separated 33 (10) 10 (11) 409) 19 (9)
Single/Unmarried 50 (15) 14 (16) 2(5) 34 (17)
‘Widowed/Others 50 (15) 14 (16) 9 (20) 27 (13)
Year of diagnosis, n (%) 0033
2010 42 (12) 18 (20) 5(11) 19 (9)
2011 61 (18) 23 (26) 9 (20) 29 (14)
2012 71 (21) 15 (17) 10 (23) 46 (23)
2013 53 (16) 12 (13) 10 (23) 31 (15)
2014 57 (17) 14 (16) 5(11) 38 (19)
2015 53 (16) 8 (9) 5(11) 40 (20)
AJCC stage, n (%) 0339
Ila 66 (20) 14 (16) 7 (16) 45 (22)
b 271 (80) 76 (84) 37 (84) 158 (78)
T stage, n (%) 0.296
T 79 (23) 15 (17) 12 (27) 52 (26)
T2 129 (38) 36 (40) 13 (30) 80 (39)
‘T3 129 (38) 39 (43) 19 (43) 71 (35)
N stage, n (%) 0.225
N1 275 (82) 76 (84) 39 (89) 160 (79)
N2~N3 62 (18) 14 (16) 5(11) 43 (21)
Radiotherapy, n (%) 0.465
No/NA 118 (35) 34 (38) 18 (41) 66 (33)
Yes 219 (65) 56 (62) 26 (59) 137 (67)
:u(rii)cal procedure, 017
TG 70 (21) 25 (28) 11 (25) 34 (17)
Others 27 (8) 8(9) 3(7) 16 (8)
PG/DG 240 (71) 57 (63) 30 (68) 153 (75)
Grade, n (%) 0.786
I~ 125 (37) 34 (38) 19 (43) 72 (35)
M~V 201 (60) 53 (59) 23 (52) 125 (62)
Unknown 11 (3) 33) 2(5) 6(3)
Multiple lesions, n (%) < 0.001
No 266 (79) 85 (94) 18 (41) 163 (80)
Yes 71 (21) 5(6) 26 (59) 40 (20)
Prior malignancy history, n (%) < 0.001
No 284 (84) 90 (100) 19 (43) 175 (86)
Yes 53 (16) 0(0) 25 (57) 28 (14)
LNR, Mediin (Q1, Q3) (0_0:')13_20) (o.o(;'.lz.zs) (o.o(:;l:.zs) (0.02;03.17) SO
ELN, Median (Q1, Q3) 16 (10, 23) 14.5 (8, 21.75) 12 (7, 18.25) 18 (12, 24) < 0.001
PN, Median (Q1, Q3) 2(1,2) 2(1,2) 2(L,2) 1.(15:2) 0.966

CRM, competing risk model; GCSD, gastric cancer-specific death; n, number; AJCC, American Joint Committee on Cancer; NA, not available; PG/DG, proximal/distal gastrectomy; TG, total
gastrectomy; ELN, examined lymph node; pN, positive lymph node; LNR, lymph node ratio; Q1, the 25th percentile of the sample data; Q3, the 75th percentile of the sample data.





OEBPS/Images/fendo-16-1434999-g002.jpg
<

(Ansua(q) uonendod jo uonoej
S 14 € [4 ! 0

~
~
X~ o
=N s
o
S S =
S E S
vE EQ
3= B S
SL 488 =4
22 =
(I ! 3L
AR ! =]
N
=]
—
(==}

or ¢¢€ 0¢€ ¢C 0C S1 01
1°0 STINT J0J ON[BAJAI U} AI1UYM YH

S0

(Ansua(q) uonendod jo uonoer,|
S 14 € (4 I 0

/

linear = 0.177 »
’
’
’

Estimation

95% CI

non
LNR

P—overall <0.001

P7

ge 0¢ ¢T 0T €¢I

01
1°0 STYN'T J0J ON[BAJAI 9} AIUYM YH

¢o

(Ansua) uonerndod jo uonoerj
$0°0 €00 00 10°0 0070

=0.026
linear = 0.026

Estimation
95% CI

=
,On
Ry

P

oy ¢¢ 0¢€ ¢T 0C S1 01 €0

m 91 SI N'TH J0J an[eAJaI Ay} 2IayM YH

(A1sua(q) uonerndod jo uonoer]
700 €00 00 100 000

0.022

linear =

Estimation

non
95% CI

P—overall <0.001

!
o

¢¢ 0¢ ¢ 0T ST 01 €0

o 91 SI N'TH 0] on[BAJAI ) 2IoYM YH

40

30

20

0

1

ELN

ELN

/

—non—linear

=
Q
N
=
Il
=
<
ol
(5]
>
T
e

P

8’1

=9

O

.

/

==0.220,
/

Estimation

95%

(Ansua(q) uone[ndod jo uonoel,f
80 90 ¥'0 [

CI 4

fvalye =

7
e

\

91 ¥l 'l 01
7 st Nd 10§ onjeajor oy) a1oym YH

(Ansua(q) uonreindod jo uonoery
80 90 ¥'0 o0

=0314,

linear

P—overall =0.314
non—

!
s

8’1

/
/

Estimation
95% CI

\

91 ¥l Tl 01
7 st Nd 107 anjeAjor o) o1ouyMm YH

00

80

00

80





