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Background: Currently, the extent of lymph node evaluation necessary for patients with early-stage non-small-cell lung cancer (NSCLC) remains controversial according to the latest ESMO and NCCN guidelines. In this study, we aimed to evaluate the survival effect of different numbers of lymph nodes examined (LNE) and regions of lymph nodes removed (LNR) in patients with stage IA NSCLC.

Method: All patients with stage IA NSCLC undergoing lobectomy or bilobectomy were selected from the surveillance, epidemiology, and end results (SEER) database. The number of LNE and LNR were stratified into 4 groups (0, 1–2, 3–8, and ≥9 lymph nodes) and 3 groups (0, 1–3, and ≥4 regions) respectively. Additionally, the survival curves of overall survival (OS) and cancer-specific survival (CSS) were plotted and compared with the Kaplan-Meier method and log-rank test. Independent prognostic clinicopathological factors were evaluated via Cox proportional hazard regression and subgroup analysis.

Results: Totally, 12,490 patients with stage IA NSCLC were enrolled in our study. Patients with ≥9 LNE and ≥4 LNR in both the T1b and T1c stages consistently demonstrated the significantly best OS and CSS outcomes. In the multivariate analysis, patients with ≥9 LNE consistently had a significantly better CSS [hazards ration (HR) (95% CI):0.539 (0.438–0.663)], and those with ≥4 LNR consistently had a significantly better OS [HR (95% CI):0.678 (0.476–0.966)]. Furthermore, ≥9 LNE and ≥4 LNR were associated with better survival in most subgroups.

Conclusion: This study demonstrated that ≥9 LNE and ≥4 LNR are highly recommended for stage IA2 and stage IA3 patients but optional for stage IA1 patients.
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INTRODUCTION

Lung cancer is currently one of the most common and deadliest cancers in the world (1). Non-small-cell lung cancer (NSCLC) is the most common subtype and accounts for almost 85% of all lung cancer cases (2). Currently, the AJCC eighth edition TNM stage has been the basis for the choice of NSCLC treatment. According to the ESMO and NCCN guidelines for NSCLC, lobectomy is still the standard treatment for stage IA NSCLC. However, for the management of lymph nodes during surgery, the choice between systematic lymphadenectomy (LA) and lymph node sampling (LS) remains unclear (3, 4). The International Association for the Study of Lung Cancer (IASLC) defined systematic nodal dissection, which had excision of ≥6 lymph nodes and ≥3 nodal stations, including the subcarinal station (5).

In a prospective study during the 1990s, the difference in survival benefit between LA and LS was not observed in NSCLC patients with pN0 (6). Additionally, the same conclusion was supported by the results of the American College of Surgery Oncology Group (ACOSOG) Z0030 Trial (7). However, another previous study during the 2000s oppositely confirmed that LA was associated with better survival than LS in stage I NSCLC patients (8). The ESTS guidelines in 2006 also recommended LA in NSCLC patients (9). Beyond that, the positive influence of more lymph nodes sampled on survival in stage I NSCLC patients was confirmed (10, 11). Therefore, the prognostic effects of the number of lymph nodes examined (LNE) and scope of regional lymph nodes removed (LNR) in patients with stage IA NSCLC are still unclear and need to be solved.

In this study, we performed a retrospective population-based analysis of the surveillance, epidemiology, and end results (SEER) cancer database and aimed to assess the prognostic effect of LNE and LNR in patients with stage IA NSCLC who underwent anatomic pulmonary resection. Moreover, we used the AJCC eighth edition TNM stage as the basis for staging NSCLC in our study, which has not been used in previous studies.



METHODS


Patient Selection

The SEER database is funded by the Nation Cancer Institute and covers approximately 28% of the United States population (12). Therefore, it is a comprehensive and representative source of demographic, clinicopathological, and survival information from many kinds of cancer patients. According to the guidelines of the SEER database, permission to use the data was obtained (reference number 14,683-Nov2019). For the further analysis of the T stage, we needed to divide the T stage into three groups (T1a, T1b, and T1c) according to the eighth edition (AJCC) American Joint Committee on Cancer TMN stage. For the SEER database, the latest T stage classification can only be inferred from the variable “CS TUMOR SIZE (2004–2015),” which is only available for patients diagnosed between 2004 and 2015. Therefore, all patients with stage IA NSCLC diagnosed between 2004 and 2015 were selected from the SEER database.

The specific inclusion criteria were as follows: (1) patients diagnosed with only one primary lung cancer (ICD-O-3 primary site codes: C340-343 and C348-349); (2) patients diagnosed with NSCLC (ICD-O-3 histology code: large cell carcinoma 8012–8014; adenocarcinoma 8140–8147, 8250–8255, 8310, 8333, 8470, 8480, 8481, 8490, 8550, and 8551; squamous cell carcinoma 8052, 8070–8078, and 8083; and adenosquamous cell carcinoma 8560); (3) patients diagnosed with stage IA; (4) patients treated with lobectomy or bilobectomy; and (5) patients with positive histological or immunophenotyping diagnosis.

The exclusion criteria were as follows: (1) patients diagnosed with autopsy; (2) patients without complete demographic and clinicopathologic information; (3) patients without a record of chemotherapy and radiotherapy; (4) patients without complete survival states and time; (5) patients without the scope of lymph nodes removed and the number of lymph nodes examined; (6) patients with a follow-up time of <1 month.



Statistical Analysis

In our study, we used the National Cancer Institute's SEER*Stat software [version 8.3.6; SEER 18 Regs Custom Data (with additional treatment fields), November 2018 Sub (1975–2016 varying) database]. Age, gender, race, histology, grade, T stage (AJCC eighth edition), number of LNE, the scope of regional LNR, chemotherapy, and radiotherapy were included as possible confounding factors. Additionally, overall survival (OS) and cancer-specific survival (CSS) were used as prognostic indicators. Before the statistical analyses, stratified cut-off points of the number of lymph nodes examined were determined by using X-tile software (version 3.6.1) (13). Consequently, the number of lymph nodes examined was classified into four groups (0, 1–2, 3–8, and ≥9). Additionally, the LNR has been classified into 3 groups (0, 1–3, and ≥4 regions) which was set up by the SEER database. All related demographic and clinicopathological characteristics are presented as numbers and percentages. Associations between T stage groups and demographic and clinicopathological characteristics were analyzed by Pearson's chi-square test, which was similarly used to identify the correlation between LNE and LNR. Survival curves were generated by the Kaplan-Meier method and compared by log-rank tests. Furthermore, Cox proportional hazards ratio regression models were performed to assess the influence of all variables on OS and CSS by using forward stepwise methods for both univariate and multivariate analysis.

A two-tailed p-value < 0.05 was considered statistically significant. All statistical analysis was conducted using SPSS (version 26.0; IBM Corporation, Armonk, NY, USA) and R (version 3.6.3; R Development Core Team, http://www.r-project.org).




RESULTS


Demographic and Clinicopathological Characteristics of the Patients

A total of 12,490 patients with stage IA NSCLC were enrolled in our study, among which 1,074 (8.6%), 6,353 (50.9%), and 5,063 (40.5%) patients were diagnosed with T1a, T1b, and T1c disease, respectively. Detailed information about demographic and clinicopathological characteristics is shown in Table 1 (stratified by T stage). The chi-square test confirmed that patients with different T stages had significant differences in age (P < 0.001), gender (P < 0.001), race (P = 0.048), histology (P < 0.001), grade (P < 0.001), chemotherapy (P < 0.001), and radiotherapy (P = 0.001). However, there was no significant difference in either the number of LNE (P = 0.357) or the scope of regional LNR (P = 0.376). Furthermore, there was a significant correlation between the number of LNE and the scope of regional LNR, with P < 0.001 and Pearson's R = 0.698 (Table 2).


Table 1. Clinicopathological characteristics of NSCLC patients in the SEER database.
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Table 2. The correlation between the number of lymph nodes examined and the scope of regional lymph nodes removed.
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Survival Analysis

The median OS for patients with stage IA NSCLC who underwent lobectomy or bilobectomy according to the number of LNE was 77 months for 0 LNE, 107 months for 1–2 LNE, 122 months for 3–8 LNE, and 139 months for ≥9 LNE. Moreover, the difference in OS was significant (P < 0.001). Although the median CSS in all groups of the number of LNE was not reached, the difference in CSS was still significant (P < 0.001). In the T1a stage, there was no significant difference in either OS (P = 0.48) or CSS (P = 0.21). However, in the T1b and T1c stages, the ≥9 LNE group had significantly better OS and CSS (Figure 1).


[image: Figure 1]
FIGURE 1. Kaplan-Meier survival curves of the number of lymph nodes examined in IA non-small cell lung cancer (NSCLC) patients who underwent lobectomy or bilobectomy. Overall survival comparison among 0, 1–2, 3–8, and ≥9 lymph nodes examined in stage IA (A) NSCLC patients including T1a (C), T1b (E), and T1c (G). Cancer-specific survival comparison among 0, 1–2, 3–8, and ≥9 lymph nodes examined in stage IA (B) NSCLC patients including T1a (D), T1b (F), and T1c (H).


In the survival analysis of the scope of regional LNR, the median OS for patients with stage IA NSCLC treated with lobectomy or bilobectomy was 77 months for 0 LNR, 111 months for 1–3 LNR, and 129 months for ≥4 LNR. Additionally, a significant difference in OS was observed (P < 0.001). The median CSS in all groups of the scope of regional LNR was not reached, but the ≥4 LNR group had significantly better CSS than both the 0 and 1–3 LNR groups (P < 0.001). The ≥4 LNR group consistently demonstrated the best OS and CSS outcomes among the different scope of regional LNR groups in patients with T1b or T1c stage disease. However, for patients with T1a stage disease, there was no significant difference among 0, 1–3, and ≥4 LNR in either OS (P = 0.31) or CSS (P = 0.14) (Figure 2).
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FIGURE 2. Kaplan-Meier survival curves of the scope of regional lymph nodes removed in IA non-small cell lung cancer (NSCLC) patients who underwent lobectomy or bilobectomy. Overall survival comparison among 0, 1–3, and ≥4 regions of lymph nodes removed in stage IA (A) NSCLC patients including T1a (C), T1b (E), and T1c (G). Cancer-specific survival comparison among 0, 1–3, and ≥4 regions of lymph nodes removed in stage IA (B) NSCLC patients including T1a (D), T1b (F), and T1c (H).




Cox Proportional Hazards Regression Model

To further explore whether the different number of LNE and scope of regional LNR had different effects on patients with stage IA NSCLC in terms of OS and CSS, we performed an analysis of the related variables via a Cox proportional hazards regression model. In the univariate analysis, with 0 LNE as a reference, patients with ≥9 LNE had significantly better OS [hazards ratio [HR] (95% CI):0.552 (0.472–0.644), P < 0.001] and CSS [HR (95% CI):0.496 (0.404–0.61), P < 0.001] than those with 1–2 LNE [OS: HR (95% CI):0.724 (0.61–0.858), P < 0.001; CSS: HR (95% CI):0.681.542–0.856), P = 0.001] and 3–8 LNE [OS: HR (95% CI):0.606 (0.52–0.706), P < 0.001; CSS: HR (95% CI):0.572 (0.467–0.701), P < 0.001]. Additionally, patients with ≥4 LNR had significantly better OS [HR (95% CI):0.565 (0.484–0.661), P < 0.001) and CSS (HR (95% CI):0.526 (0.427–0.647), P < 0.001] than those with 1–3 LNR [OS: HR (95% CI):0.681 (0.577–0.803), P < 0.001; CSS: HR (95% CI):0.648 (0.519–0.808), P < 0.001], with 0 LNR as a reference. Furthermore, in the multivariate Cox proportional hazards regression analysis, patients with ≥4 LNR had significantly better OS [HR (95% CI):0.678 (0.476–0.966), P = 0.311], and those with 1–2, 3–8, and ≥9 LNE consistently had significantly better CSS than those with 0 LNE [1–2 LNE: HR (95% CI):0.734 (0.583–0.923), P = 0.008; 3–8 LNE: HR (95% CI):0.627 (0.511–0.769), P < 0.001; ≥9 LNE: HR (95% CI):0.539 (0.438–0.663), P < 0.001] (Table 3). However, when the multivariate analysis was performed without LNE enrollment, patients with ≥4 LNR had a significantly lower HR in both OS and CSS (Table 4). Consistently, patients with ≥9 LNE had significantly better OS and CSS according to the multivariate analysis without LNR enrollment (Table 5).


Table 3. Univariate and multivariate analysis of overall survival and cancer-specific survival.
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Table 4. Multivariate analysis of overall survival and cancer-specific survival without the number of lymph nodes examined.
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Table 5. Multivariate analysis of overall survival and cancer-specific survival without the scope of lymph nodes removed.
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In most subgroups of age, gender, race, histology, grade, T stage, chemotherapy, and radiotherapy, patients with ≥9 LNE had the lowest HR among all LNE subgroups for both OS and CSS, with 0 LNE as a reference. Therefore, the subgroup analysis consistently demonstrated that more LNE was associated with better OS and CSS. However, significant differences in OS between black and other races, T1a stage, and radiotherapy were not observed. Significant differences in CSS between black and other races, large cell carcinoma histology, well-differentiated and undifferentiated grades, chemotherapy, and radiotherapy were also not observed (Figure 3). In the subgroup analysis of the scope of LNR, ≥4 LNR had a significantly lower HR OS than 1–3 LNR, with 0 LNR as a reference, regardless of age <70, gender, white race, adenocarcinoma, moderately and poorly differentiated grade, T1b and T1c stage, or chemotherapy and radiotherapy status. Additionally, consistent outcomes for CSS existed in the above subgroups, except for T1c (Figure 4).
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FIGURE 3. Over survival (A) and cancer-specific survival (B) comparison among 0, 1–2, 3–8, and ≥9 lymph nodes examined in different clinicopathological subgroups analysis. Blue, yellow and purple boxes represent the hazard ratios (HRs) of 1–2, 3–8 and ≥9 lymph nodes examined respectively. The lines represent the 95% CI of HR.
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FIGURE 4. Over survival (A) and cancer-specific survival (B) comparison among 0, 1–3 and ≥4 regions lymph nodes removed in different clinicopathological subgroups analysis. Blue and yellow boxes represent the HRs of 1–3 and ≥4 regions lymph nodes removed, respectively. The lines represent the 95% CI of the hazard ratio.





DISCUSSION

Our research demonstrated that more LNE and regions of the LNR were associated with better survival outcomes for patients with stage IA NSCLC treated with lobectomy or bilobectomy. Especially for patients with T1b or T1c stage, more LNE and regions of LNR resulted in significantly better OS and CSS. In a previous study, it was proven that systematic lymph node dissection could improve the identification of occult N2 and was associated with more accurate staging for stage I NSCLC patients, which could guide optimal treatment (14). However, most lymph nodes are presumed to be negative in patients with stage IA NSCLC, which would decrease the therapeutic effect of the more extensive LNE and LNR.

In early-stage NSCLC patients, there is still controversy regarding the management of lymph nodes. In the randomized ACOSOG Z0030 trial, there was no significant survival difference between systematic lymph node dissection and sampling in early-stage NSCLC patients (7). However, Wu et al. demonstrated in another randomized trial that the 5-year survival rate of mediastinal lymph node dissection was significantly better than that of mediastinal lymph node sampling (82.16 vs. 57.49%) in stage I NSCLC patients (15). In a retrospective study including 24,273 stage I NSCLC patients, Varlotto et al. consistently demonstrated that lymphadenectomy compared with no lymphadenectomy and more LNE were associated with significantly better OS and CSS (16). In addition, David et al. performed a retrospective study including 15,195 NSCLC patients and demonstrated a higher number of lymph nodes sampled with better OS and CSS in stage I patients (17). However, previous studies did not further study the difference among the extent of lymph node dissection in patients with stage IA NSCLC.

There are some important results from this study that is worthy of attention. First, most patients had more than 4 LNR (> 75%) and more than 3 LNE (> 85%) assessed, regardless of T stage (Table 1). This reflects the close attention given to the management of lymph nodes in early-stage NSCLC by thoracic surgeons. Second, more than 40% of patients had either 3–8 or ≥9 LNE, which indicated that the number of LNE remains controversial in early-stage NSCLC. At present, the ESMO and NCCN guidelines do not recommend a minimum number of LNE and LNR for patients with stage IA NSCLC (3, 4). According to previous studies, the positive prognostic effects of more extensive dissection have been demonstrated in early-stage colon cancer (18), breast cancer (19), and gastric cancer (20). Additionally, Rucker et al. consistently demonstrated that the assessment of more lymph nodes was associated with better survival in pT1–2N0M0 small cell lung cancer (21). In our study, the lowest HR of OS and CSS existed in both ≥9 LNE and ≥4 LNR via univariate Cox proportional hazards regression analysis. However, ≥9 LNE only had a significant independent effect on CSS, and ≥4 LNR only had a significant independent effect on OS via multiple analyses (Table 2). The correlation between LNE and LNR can explain the outcome of multiple analyses, which demonstrated that the effect of LNE on OS may be caused by the LNR and that the effect of LNR on CSS may be caused by LNE (Tables 3–5). However, a significant effect of different LNE and LNR assessments on survival was not observed among stage IA1 NSCLC patients (Figures 1, 2). Thus, extensive lymph node dissection should be recommended for stage IA2 and IA3 NSCLC patients and is optimal for stage IA1 NSCLC patients. Third, chemotherapy and radiotherapy proved to be associated with significantly worse survival in patients with stage IA NSCLC by the Cox proportional hazards regression model, which was also demonstrated by a previous study (22). However, because of the small number of patients with stage IA NSCLC receiving chemotherapy and radiotherapy, the negative effect of chemotherapy and radiotherapy still needs to be confirmed by randomized controlled trials.

There are some advantages to our study. First, we restaged the patients diagnosed between 2004 and 2015 according to the eighth edition TNM staging, which is recommended in the present guidelines (23). Second, all selected patients with stage IA NSCLC were treated with anatomic pulmonary resection, which is the standard therapy for this group of patients. Thus, the bias associated with different surgical procedures was eliminated. Third, we analyzed the effects of the number of LNE and the scope of LNR on patients with stage IA NSCLC with different T stages, which has not been simultaneously studied in previous studies. Fourth, we included many prognostic factors in the Cox proportional hazards regression model, including age, gender, race, histology, grade, T stage, chemotherapy, and radiotherapy. Ost et al. previously demonstrated that demographic and pathological characteristics were associated with prognostic effects (24). Thus, radiotherapy and chemotherapy were included to further explore the effect of adjuvant therapy on patients with stage IA NSCLC. Fifth, the data of 12,490 patients with stage IA NSCLC were collected from the SEER database rather than from a single institute in order to yield more credible results to guide clinical practice.

However, there are also several limitations to our study. First, as this was a retrospective study, the methods of lymph node dissection were not available, and the chemotherapy and radiotherapy regimens were also unknown. Thus, the results from our study still need to be confirmed in randomized controlled trials. Second, Koike et al. demonstrated that age and tumor size were significant predictors of mediastinal lymph node metastasis in clinical patients with stage IA NSCLC (25). However, the number of LNE in different nodal stations was not identified in our study, which indicated that there probably existed inadequate mediastinal lymph node dissection in patients with stage IA NSCLC. Additionally, the number of LNE in intrapulmonary and mediastinal lymph node stations could respectively have a prognostic effect on patients with stage IA NSCLC, which needs to be further explored.



CONCLUSION

This study contributes knowledge with the goal of resolving the existing controversy about extensive lymph nodes dissected in patients with stage IA NSCLC treated with standard curative anatomic pulmonary resection. Especially in the T1b and T1c subgroups, postoperative patients with more extensive lymph nodes dissected had significantly better OS and CSS.
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