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Objective

To compare the effectiveness of the current N classification and a modified N2 categorization in TNM staging of esophageal cancer (EC) patients.



Methodology

A total of 2753 EC patients were enrolled in the study: 2283 EC patients from the Surveillance, Epidemiology, and End Results (SEER) database and 470 separate Chinese patients were used to verify the results of the SEER database. X-tile software was employed to determine the optimal cutoff points of the number of metastatic lymph nodes (LNs) in the N2 category. Univariate and multivariate Cox regression analyses were performed to identify the survival risk factors.



Result

Patients in the N2 category were divided into two groups based on the number of metastatic LNs. Patients with three and four metastatic LNs were categorized as N2a, while those with five and six metastatic LNs were categorized as N2b. The 3-year overall survival (OS) rate in the SEER database was 71.5%, 42.3%, 23.6%, 17.2%, and 10.7% for patients with N0, N1, N2a, N2b, and N3, respectively (P<0.001). Furthermore, a separate Chinese cohort was enrolled to validate the revised N2 category. Additionally, the 3-year OS rate was 71.5%, 42.3%, 23.6%, 17.2%, and 10.7% for patients with N0, N1, N2a, N2b, and N3, respectively (P<0.001).



Conclusion

The current N2 category should be further divided into two groups (N2a and N2b) to provide more accurate prognosis information that could further help in developing personalized therapeutic strategies.
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Introduction

Esophageal cancer (EC) is a common cause of cancer-related death across the world (1, 2). The prognosis of EC patients is still poor; it has a reported 5-year overall survival of less than 30% (3). Lymph node (LN) status is an important and powerful prognostic factor for EC patients (4). Accurate lymph node staging is therefore important for evaluating the prognosis of EC patients as well as developing effective treatment strategies (5, 6).

According to the American Joint Committee on Cancer (AJCC) and the International Union Against Cancer (UICC) classification system, N is categorized into N0 (0), N1 (1~2), N2 (3~6), and N3 (≥7). This is based on the number of positive LNs (7). The system is invaluable in providing useful prognosis information for EC patients in clinical practice. The system generally defines patients with 3~6 positive LNs in the same N category (N2), however, thus not factoring in the effects of varying quantities of metastatic LNs within the category.

Previous studies report that increased numbers of metastatic LNs are related to poor survival in EC patients (8–10). Despite these reports, the N2 category of the current classification system is not fully annotated, thereby making it ineffective for more accurate evaluation of the prognosis of EC patients.

Herein, EC patients, clinicopathological data were sourced from the Surveillance, Epidemiology, and End Results (SEER) database and used for accurate LN staging. A modified N2 category was also proposed. The results were externally verified using a separate Chinese cohort.



Materials and Methods


Patient Selection

In the first stage of patient selection, EC patients who underwent esophagectomy between January 2004 and December 2015 based on the SEER database search were included in the study. However, patients who received preoperative radiotherapy and those with a second tumor were excluded from the study. Those whose clinicopathologic information was not complete as well as those whose histology was not adenocarcinoma or squamous carcinoma were also excluded. This was also the case for patients who died within 30 days after surgery, were less than 18 years old, and those with distant metastasis. Finally, 2283 patients in SEER database were included for further analysis (Figure 1).




Figure 1 | Selection flow for eligible patients in the SEER database.



In the second stage of patient selection, EC patients who underwent radical resection at Sun Yat-sen University Cancer Center in Guangzhou (Guangdong, China) between January 2005 and December 2010 were included in the study. The exclusion criteria used were like the ones used in the first stage of patient selection with only a few additions. At this stage, patients with fewer than 15 LNs were examined; those without positive LNs as well as those who had received preoperative chemotherapy were excluded. Finally, 470 patients were included for further analysis. The pathologic diagnosis for all patients was based on the eighth edition of the AJCC tumor-node-metastasis (TNM) classification. Follow-up of patients were done up to July 1, 2015. This study was approved by the Ethics Committee of Sun Yat-sen University Cancer Center. All patients gave a written informed consent prior to the study.



Statistical Analysis

The X-tile software (Version 3.6.1, Copyright Yale University 2003) was employed to determine the optimal cutoff points of the number of metastatic LNs in the N2 category using the minimum p value. In the same line, the Kaplan–Meier method and log-rank tests were used in the survival analysis. Additionally, univariate and multivariate Cox regression analyses were performed to identify the survival risk factors. Statistical analyses were carried out using SPSS v25.0 (IBM, Armonk, NY, USA). P values less than 0.05 indicated that there were significant differences between groups.




Results

A total of 2753 EC patients were enrolled in the study: 2283 patients from the SEER database and 470 patients from a Chinese single-institution database. The distribution of clinicopathologic characteristics of all patients is summarized in Table 1.


Table 1 | Distribution of clinicopathologic characteristics of all patients in both cohorts.



There were significant differences in the survival rates between the different current N groups of the data from 2283 patients obtained from the SEER database. The overall survival (OS) rate after 3 years was 71.5% for N0 patients compared with 42.3%, 21.3%, and 10.7% for those with N1, N2, and N3, respectively (P<0.001, Figure 2). In the univariate and multivariate survival, analyses revealed that the current N category was a risk factor for survival (P<0.001, Table 2).




Figure 2 | Kaplan-Meier survival curves for esophageal cancer patients in the SEER database based on the current N categories.




Table 2 | Cox univariate and multivariate analyses of prognostic factors for 2283 esophageal cancer patients in the SEER database.




Results of the X-tile software divided patients in the current N2 category into two groups based on the number of metastatic LNs. Patients with three and four metastatic LNs were categorized as N2a, while those with five and six metastatic LNs were categorized as N2b (Figure 3). We firstly estimated the revised N2 category in the SEER database using Kaplan-Meier method. The 3-year OS rate was 71.5%, 42.3%, 23.6%, 17.2%, and 10.7% for patients with N0, N1, N2a, N2b, and N3, respectively (P<0.001, Figure 4). Cox univariate and multivariate regression analyses were performed to evaluate the revised N2 category. Univariate analysis results revealed that age, race, marital status, tumor size, tumor site, differentiation, histology, pT status, pN status, number of examined LNs, adjuvant radiation, and chemotherapy were significantly associated with OS. In the same line, multivariate analysis results revealed that age, race, tumor site, differentiation, histology, pT status, pN status, number of examined LNs, and chemotherapy were significantly associated with OS [all P values were less than 0.001 except for tumor site (P=0.049) and histology (P=0.001)] (Table 3).




Figure 3 | X-tile software analysis to determine the optimal cutoff points for N2 group based on the number of metastatic LNs. (A) The histogram of the number of the metastatic LNs. (B) Kaplan-Meier analysis for survival.






Figure 4 | Kaplan-Meier survival curves for esophageal cancer patients of in the SEER database based on the revised N categories.




Table 3 | Cox univariate and multivariate analyses of prognostic factors for 2283 esophageal cancer patients based on the revised N categories in the SEER database.



These results were validated using a separate Chinese cohort. In the group, patients in the N1 category had significantly better survival than those in the N2a, N2b, and N3 categories. The 3-year OS rate was 58.8%, 45.8%, 35.2%, and 24.8%, respectively. The 5-year OS rate was 41.7%, 33.9%, 25.1%, and 12.4%, respectively (P<0.001) (Figure 5). Multivariate analysis of the OS demonstrated that the pT status, pN status, and age were independent prognostic factors (P<0.001, <0.001, and 0.040, respectively). Tumor size was not associated with the OS (P=0.570). Both univariate and multivariate analyses revealed that there were significant differences in survival rate between N2a group and N2b group (Table 4). The revised N2 category was significantly associated with the survival of patients in the SEER database and the Chinese cohort.




Figure 5 | Kaplan-Meier survival curves for esophageal cancer patients in the Chinese cohort based on the revised N categories.




Table 4 | Cox univariate and multivariate analyses of prognostic factors for esophageal cancer patients based on the revised N categories in the Chinese cohort.





Discussion

The LNs status is an important prognostic factor of survival for EC patients (5, 11, 12). Current N categories are based mainly on the number of positive LNs. However, the current staging system categorizes patients with between three and six metastatic LNs as N2. As such, it does not factor in the effects of different number of metastatic LNs within the patients categorized in this subgroup.

Herein, patients in the current N2 category were divided into two groups (N2a and N2b) based on the results of X-tile analysis. The software employs a cut-point selection to divide a single cohort into a training and validation subset for P value evaluation, and further determines the optimal cut-off points using the minimum P value (13). The revised N category was found to be significantly associated with the OS of the patients. These results were further validated using a separate Chinese cohort under tougher criterions to improve the effectiveness of the validation.

The current TNM staging system for EC stratifies patients into different N groups, i.e., N0 to N3. Herein, there were significant differences in survival rates between patients (SEER database) in different N groups. Higher N categories had poorer prognoses compared to lower N categories. These results were consistent with previous studies (4, 14). Similar results were obtained in the revised N category, i.e., N2a patients had a better OS rate compared with N2b patients (3-year survival rate: 23.6% vs 17.2%). Similarly, there were significant differences in the survival rate of the Chinese cohort categorized in N1, N2a, N2b, and N3 groups. Cognizant to this, the revised N2 category was more effective, providing more prognosis information than the current N2 category. The results further revealed that N2b patients might require more subsequent intense treatment such as the increased chemotherapy doses than N2a patients. Though some new prognostic parameters, such as the LN ratio, have been reported, the optimal thresholds of LN ratio vary in different studies, thereby limiting its clinical application (15, 16). As such, the N category (pN) based on the number of metastatic LNs was more simple and easier to promote in hospitals of various levels.

pT status, pN status, and age were found to be independent EC prognostic factors in both the SEER and Chinese single-center database. These results were consistent with previous literature (17, 18). In the SEER database, differentiation and histology were significantly associated with OS of patients. However, these variables were not independent risk factors of survival in the Chinese database. This might be attributed to the small size (only six adenocarcinoma patients) of the Chinese database. The differences in the two populations also brought some bias. In addition, patients in the SEER database with 15 of more LNs examined had a better survival compared with those with less than 15 LNs examined. These results were consistent with previous studies. Such as Ajani et al. had recommended that at least 15 LNs should be examined for EC patients who underwent esophagectomy (4, 19). The SEER database collected data from different institutions and there is no consensus on the optimal number of examined LNs for EC patients in previous years. Different institutions or surgeons had different opinions and habits, which might result in a variety in the number of LN examined. Herein, we collected both patients with ≥15 and <15 LNs examined in the first stage. Additionally, more cases were enrolled for analysis, and the survival difference between patients with ≥15 and <15 LNs examined could be evaluated.

Herein, patients were enrolled from two databases, thereby making the revised N2 category more representative and reliable. Approximately 80% of the patients in the SEER database had been diagnosed with adenocarcinoma while 99% of patients in the Chinese cohort had been diagnosed with squamous cell carcinoma. The revised N2 category proved to be effective in both cohorts, strongly suggesting that it was appropriate for different EC histological types.

Nevertheless, this study was limited by several factors. It was a retrospective study, and the bias was inevitable. There was only a small number of esophageal adenocarcinoma patients in the Chinese cohort. Moreover, some vital information, such as the detail of chemotherapy and data of tumor recurrence, was not available in the SEER database. As such, a large, multi-institutional study should be conducted in the future to further address these limitations.

Evidently, the eighth edition AJCC N classification provides postoperative survival information for esophageal cancer patients. However, the provided information is insufficient for a more accurate prognosis. As such, the current N2 category should be further divided into two groups (N2a and N2b) to provide more accurate prognosis information that could further help in developing personalized therapeutic strategies.
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