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Objective

This study aimed to analyze the relationship between the number of examined lymph nodes (ELNs) at the N1 station and the postoperative clinicopathological features and prognosis of patients with pT1-3N0M0 non-small cell lung cancer (NSCLC).



Methods

The cut-off value of the number of ELNs at the N1 station was obtained using X-tile software analysis. Kaplan-Meier survival curve analysis and the Cox proportional hazard model were used to study the impact of the number of ELNs at the N1 station on the prognosis of postoperative patients with pT1-3N0M0 NSCLC.



Results

The median survival time and 1-, 3- and 5-year survival rates of 0 ELNs at the N1 station were 28.0 months and 74.8%, 45.4%, and 21.2%, respectively. The median survival time and 1-, 3-, and 5-year survival rates of 1–4 ELNs at the N1 station were 45.0 months and 85.5%, 55.4%, and 39.1%, respectively. In the group with ≥ 5 ELNs at the N1 station, the median survival time and the 1-, 3- and 5-year survival rates were 59.0 months and 94.0%, 62.7%, and 48.2%, respectively. Both univariate and multivariate Cox regression analyses showed that the number of ELNs at the N1 station, T stage and operation type were independent factors affecting the prognosis of patients with pT1-3N0M0 NSCLC.



Conclusion

Increasing the number of ELNs at the N1 station is positively correlated with the long-term survival rate of patients with T1-3N0M0 NSCLC. At least 5 LNs at the N1 station should be examined in pathological examination.
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Introduction

The morbidity and mortality of lung cancer are ranked first among all malignant tumors in the world (1, 2). The lung cancer histological types small cell lung cancer and non-small cell lung cancer (NSCLC) comprise 85% of all lung cancers, of which NSCLC accounts for 80% (1, 3). Radical resection remains the primary treatment for early resectable NSCLC. However, the postoperative 5-year survival rate is only 50% to 60% (4).

NSCLC patients with positive lymph nodes have a high risk of recurrence after surgery. Lymph node involvement is an important factor that determines the prognosis and treatment decision of postoperative NSCLC patients. Lymph node resection or sampling plays a crucial role in accurate lymph node staging. The results of lymph node pathological examination can determine the postoperative lymph node stage of the patient, determine the postoperative pathological stage of the patient, and guide the next step of treatment. Accurate postoperative staging is the key to determine whether patients should receive adjuvant therapy after surgery. Additionally, according to the International Association for Lung Cancer Research’s lymph node map, the NCCN guidelines recommend that thoracic surgeons sample only one or more lymph nodes from mediastinal lymph node stations (2R, 4R, 7, 8 and 9 on the right; 4L, 5, 6, 7, 8 and 9 on the left) (5, 6).

Because lymph nodes at the N1 station (stations 10, 11, 12, 13 and 14) are located in the lungs, they are often not examined by surgeons and pathologists after surgery. Thus, postoperative pathological N1 stage is evaluated as N0, resulting in the lack of adjuvant treatment after an operation and increasing the risk of postoperative recurrence. Presently, many studies have reported on the number of examined lymph nodes (ELNs) in patients with resectable NSCLC (7–9), but few have focused on the minimum number of ELNs at the N1 station. Therefore, this study aimed to explore whether the number of ELNs at the N1 station affects the long-term survival of patients with pT1-3N0M0 NSCLC.



Methods


Patient Selection

This study evaluated 1,510 NSCLC patients who had undergone radical resection of lung cancer at the affiliated Provincial Hospital of Anhui Medical University between January 2010 and April 2015. All the patients received lobectomy (or pneumonectomy) plus systematic hilar and mediastinal lymph node dissection. The inclusion criteria were as follows: 1) pathological diagnosis of NSCLC; 2) postoperative pathological stage of pT1-3N0M0; and 3) R0 resection. The exclusion criteria were as follows: 1) distant metastasis found during surgery or confirmed to be T4N1-2M1, 2) neoadjuvant therapy before surgery, and 3) incomplete medical records.

The clinical data were obtained from the LinkDoc database, supplemented by electronic medical record review. In this study, TNM staging, T staging, N staging and M staging were performed according to the 8th edition of the Lung Cancer Staging Project of the American Joint Commission on Cancer (AJCC). This study was approved by the Affiliated Provincial Hospital of Anhui Medical University.



Variables and Outcomes

This study collected and analyzed sex, age, smoking history, operation type, tumor location, tumor diameter, histology, tumor differentiation, T stage, preoperative complications and postoperative chemotherapy in patients with T1-3N0M0 NSCLC. The primary endpoint was overall survival (OS), which was defined as the interval between the date of operation and date of death from any cause or the last follow-up. We surveyed the patients at 3-month intervals for the first 2 years and at 6-month intervals thereafter. The follow-up evaluations generally included a physical examination, blood analysis (including pertinent tumor markers), chest radiography, and chest CT. Whenever there were symptoms or signs indicative of recurrence, further evaluations, including CT of the abdomen, brain magnetic resonance imaging, positron emission tomography-CT or bone scintigraphy, were performed.



Statistical Analyses

The categorical and continuous variables between the groups were compared by χ2-test and independent samples t-test as appropriate. The optimal number of ELNs at the N1 station was calculated using the X-tile model based on the maximum chi-squared value when a series of log-rank tests were conducted. Survival curves were depicted by the Kaplan-Meier method and compared among groups using the log-rank test. Multivariate Cox regression analyses were applied to identify the independent predictors for survival. Statistical analyses were conducted using SPSS Statistics (version 24; IBM, NY, USA). Differences with p < 0.05 were considered statistically significant.




Results


Patient Characteristics

In total, 702 patients were included in this study. According to the relationship between the number of ELNs at the N1 station and OS in patients with pT1-3N0M0 NSCLC, the cohort was divided into three groups based on the X-tile model: 0 ELNs at the N1 station, 1–4 ELNs at the N1 station and ≥ 5 ELNs at the N1 station. 0 ELNs at the N1 station were defined as Group A, 1–4 ELNs at the N1 station were defined as Group B, and ≥ 5 ELNs at the N1 station were defined as Group C. The baseline characteristics are depicted in Table 1. The T stage had a significant influence on the number of ELNs at the N1 station. The results showed that the later was the T stage, the greater was the effect on the number of ELNs at the N1 station. Additionally, no significant difference was found in age, sex, smoking history, operation type, tumor location, tumor diameter, histology, tumor differentiation, preoperative complications or postoperative chemotherapy among the three groups.


Table 1 | Baseline characteristics of the study population.



In total, 9,608 lymph nodes were examined in the whole group, of which the number of ELNs at the N1 station was 2,849. The median number of ELNs was 13 (range: 0–35), and the median number of stations at which lymph nodes were examined was 3 (range: 0–8). The median number of ELNs at the N1 station was 3 (range: 0–20). The distribution of the number of ELNs at the N1 station in the NSCLC patients is shown in Figure 1.




Figure 1 | Distribution of the number of examined lymph nodes at the N1 stationin. ELN, examined lymph node.





Impact of the Number of Examined Lymph Nodes on Survival

The follow-up period was from January 2010 to April 2020, with a total follow-up period of 112 months. The median survival time and 1-, 3- and 5-year survival rates were 46.0 months and 86.6%, 56.1%, and 39.5%, respectively. The median survival time and 1-, 3- and 5-year survival rates of 0 ELNs at the N1 station were 28.0 months and 74.8%, 45.4%, and 21.2%, respectively. The median survival time and 1-, 3-, and 5-year survival rates of 1–4 ELNs at the N1 station were 45.0 months and 85.5%, 55.4%, and 39.1%, respectively. In the group with ≥ 5 ELNs at the N1 station, the median survival time and 1-, 3- and 5-year survival rates were 59.0 months and 94.0%, 62.7%, and 48.2%, respectively. The survival rate of the group with ≥ 5 ELNs at the N1 station was significantly better than that of the group with 0 ELNs at the N1 station and the group with 1–4 ELNs at the N1 station. These results were statistically significant (p<0.001). The details are shown in Figure 2.




Figure 2 | Kaplan-Meier survival curves for group A, B and C.



Univariate analysis of the clinicopathological data showed that the operation type, histology, T stage and ELNs at the N1 station were significantly correlated with patient survival (p<0.05). The details are shown in Table 2. The clinicopathological data of the patients were incorporated into the Cox model for multivariate analysis. The results showed that the operation type, T stage and ELNs at the N1 station were independent prognostic factors affecting patient survival (p<0.05). The details are shown in Table 3.


Table 2 | The prognostic factors associated with overall survival of patients in groups A, B, and C by univariate analysis.




Table 3 | The prognostic factors associated with overall survival of patients in groups A, B, and C by multivariate Cox regression.





Impact of the Number of Examined Lymph Nodes on T Stage

In comparing the pathological data, we found a significant difference in T stage among the three groups. Therefore, all the patients were classified according to T stage to test whether the number of ELNs at the N1 station in this study was suitable for patients with different T stages of NSCLC. In patients with stage T1, stage T2 and stage T3 NSCLC, the survival rate of the group with ≥ 5 ELNs at the N1 station was significantly better than that of the group with 0 ELNs at the N1 station and the group with 1–4 ELNs at the N1 station, with a statistically significant difference (Figures 3A–C).




Figure 3 | (A) Kaplan-Meier survival curves of groups A, B and C in T1 stage. (B) Kaplan-Meier survival curves of groups A, B and C in T2 stage. (C) Kaplan-Meier survival curves of groups A, B and C in T3 stage.






Discussion

The problem of postoperative recurrence in patients with NSCLC has always been a major issue faced by clinicians. The NCCN guidelines suggest that inadequate examination of lymph nodes reduces survival and recommend a minimum number of ELNs. For many cancers, such as gastric and breast cancer, the relationship between more lymph node detection and improved long-term survival has been well studied (10, 11). Additionally, studies have shown that insufficient detection of lymph nodes will increase the risk of recurrence in patients with NSCLC. However, few studies have investigated whether the number of ELNs at the N1 station affects the prognosis of patients with NSCLC (12–14). An accurate examination of lymph nodes has important reference significance for the postoperative pathological staging and prognosis evaluation of patients with NSCLC. In this study, the number of ELNs at the N1 station was significantly correlated with the long-term survival rate of pT1-3N0M0 NSCLC patients. The survival rate of patients with ≥ 5 ELNs at the N1 station was higher than that of the other two groups. Additionally, the survival rate of patients with 1–4 ELNs at the N1 station was higher than that of patients with 0 ELNs at the N1 station.

In this study, pT1-3N0M0 NSCLC patients who had undergone radical resection of lung cancer were divided into groups according to the number of ELNs at the N1 station. Through survival and multivariate analyses, we found that the long-term survival rate of pT1-3N0M0 NSCLC patients with ≥ 5 ELNs at the N1 station was higher than that of patients with 1–4 ELNs at the N1 station and patients with 0 ELNs at the N1 station, and the number of ELNs at the N1 station was an independent prognostic factor. Through analyses of the Chinese registry and Surveillance, Epidemiology, and End Results (SEER) database, Liang et al. found that a greater number of ELNs was related to more accurate lymph node staging and the long-term prognosis of NSCLC patients after surgery (15). Additionally, Liang et al. suggested that 16 lymph nodes should be examined as the best cut-off point for postoperative lymph node examination or prognosis stratification in N0 patients (15). Saynak M et al., by evaluating stage Ia NSCLC patients who had undergone lung cancer surgery, found that the local recurrence rate of patients with N1 station lymph nodes examined was 14%, while the recurrence rate of patients without N1 station lymph nodes examined was 31%, suggesting that insufficient examination of N1 station lymph nodes cannot accurately determine the patient’s pathological stage, resulting in insufficient postoperative adjuvant therapy (16).

We believe that the most important findings from this study are as follows. First, when the number of ELNs at the N1 station is low, the probability of positive hilar and intrapulmonary lymph nodes will be reduced, resulting in some postoperative NSCLC patients being mistakenly classified as N0 and in lower chances of postoperative adjuvant therapy and a worse prognosis. When more lymph node examinations are performed at the N1 station, the postoperative lymph node staging of NSCLC patients is more accurate, the chance of receiving adjuvant therapy is increased, and the prognosis is better. Such differences could explain the different survival times among the three groups. This phenomenon is considered the main reason for the results of this study. Second, the first site of lymph node metastasis in patients with NSCLC is the lymph nodes at the N1 station, and the examination of additional pathological sections of lymph nodes at the N1 station will increase the chance of lymph node micrometastasis at the N1 station being detected by pathologists. Thus, patients with stage N0 NSCLC can be accurately classified as stage N1, thus receiving adjuvant therapy postoperation to prolong survival.

In this study, NSCLC patients were refined according to T stage. Survival analysis showed that, in stages T1, T2 and T3, the long-term survival rate of patients with more than 5 ELNs at the N1 station was higher than that of patients with 1–4 ELNs at the N1 station and of patients with 0 ELNs at the N1 station. According to the results of this study, for patients with stage T1 to T3 NSCLC, thoracic surgeons should examine 5 or more N1 lymph nodes during the operation so that patients can obtain good and accurate postoperative pathological staging and sufficient postoperative adjuvant therapy to improve their prognosis. Additionally, through univariate and multivariate Cox regression, we found that the operation type is an independent prognostic factor for the prognosis of patients with pT1-3N0M0 NSCLC. We believe there are several reasons for this finding. First, 637 patients had undergone lobectomy, accounting for 90.7% of the whole population, whereas the percentage of patients who had undergone pneumonectomy accounted for 9.3%. Therefore, there was a certain statistical deviation. Second, most of the patients who had undergone pneumonectomy had central lung cancer, although they were pT1-3N0M0 patients, but the pathological stage was “later” than that of peripheral lung cancer, their survival time was generally short, and their prognosis was poor. Finally, patients who undergo pneumonectomy are more likely to develop respiratory failure, heart failure and other multiple organ failure than those who undergo lobectomy, thus affecting the prognosis.

Our study has several limitations. The main limitations are the retrospective nature of the analysis and nonrandomization, which may have resulted in potential selection bias. Another limitation is that it is difficult to separate each lymph node in the dissected tissue, leading to varying numbers of ELNs due to the fragmentation of lymph node tissue in the process of lymph node resection and possibly affecting the best cut-off point of the number of ELNs.



Conclusions

In patients with pT1-3N0M0 NSCLC, the long-term survival rate of those with ≥ 5 ELNs at the N1 station was higher than that of patients with 1–4 ELNs at the N1 station and with 0 ELNs at the N1 station, and the number of ELNs at the N1 station was an independent prognostic factor. T stage and surgical method were identified as independent prognostic factors in patients with pT1-3N0M0 NSCLC. Considering some of the limitations of this study, a large cohort, multicenter and prospective study is needed to confirm our findings.
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