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Background

The role lobectomy plays in stage IIIA/N2 non-small cell lung cancer (NSCLC) is controversial for a long time. What’s more, no previous study concentrates on whether sublobectomy can improve survival outcome for these patients, so we performed this population-based study to investigate whether stage IIIA/N2 NSCLC can benefit from these two surgery types and compare survival outcomes after lobectomy and sublobectomy.



Methods

A total of 21,638 patients diagnosed with stage IIIA/N2 NSCLC between 2004 and 2015 from the Surveillance, Epidemiology, and End Results (SEER) database matched our selection criteria. The study cohort included patients who received no surgery (n = 15,951), sublobectomy (n = 628) and lobectomy (n = 5,059). Kaplan–Meier method, Cox regression analyses, and inverse probability of treatment weighting (IPTW)-adjusted Cox regression were used to illustrate the influence of sublobectomy and lobectomy on overall survival (OS) rates in the study cohort and compare these two surgery types.



Results

Multivariable Cox regression analysis showed sublobectomy [HR: 0.584 (95%CI: 0.531–0.644), P-value <0.001; IPTW-adjusted HR: 0.619 (95%CI: 0.605–0.633), P-value <0.001] and lobectomy [HR: 0.439 (95%CI: 0.420–0.459), P-value <0.001; IPTW-adjusted HR: 0.441 (95%CI: 0.431–0.451), P-value <0.001] were both related to better OS rates compared with no surgery, and lobectomy exhibited better survival than sublobectomy [HR: 0.751 (95%CI: 0.680–0.830), P-value <0.001; IPTW-adjusted HR: 0.713 (95%CI: 0.696–0.731), P-value <0.001]. Moreover, the results in subgroup analyses based on age, tumor size and radiotherapy and chemotherapy strategy in all study cohort were consistent.



Conclusion

Stage IIIA/N2 NSCLC patients could benefit from sublobectomy or lobectomy, and lobectomy provided better OS rates than sublobectomy.
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Introduction

Lung cancer is one of the most common malignancies with the highest morbidity and mortality around the world. Non-small cell lung cancer (NSCLC) is the most frequent subtype, which accounts for approximately 80–85% of lung cancer (1), and 10–20% of NSCLC patients are diagnosed with N2-positve clinical stage IIIA (IIIA/N2) disease (2). The treatment modalities for stages I, II, IIIB, and IV NSCLC have been sufficiently studied and applied worldwide. However, therapeutic strategies for IIIA/N2 NSCLC are still controversial and differ among centers, countries, and continents (3). Several studies have suggested concurrent chemoradiotherapy or surgery combing chemotherapy or chemoradiotherapy (4, 5). Chemotherapy is the optimal method for potentially distant metastasis, and radiotherapy or surgery can be combined or chosen singly to treat local tumor. Surgery is the most effective strategy for radically treating cancer if a complete dissection can be safely achieved. However, the role surgery plays in IIIA/N2 NSCLC has been debated for decades and no consensus has been reached.

Although the National Comprehensive Cancer Network (NCCN) guidelines for NSCLC provides no clear recommendation for surgery on IIIA/N2 NSCLC, 90.5% of the institutions belonging to the NCCN would consider surgery in patients with only one N2 lymph node station smaller than 3 cm involved, while 47.6% of the institutions consider surgery in multi-station involved patients with lymph nodes smaller than 3 cm, and 16.7% of the institutions still consider surgery for multi-station involved patients with lymph nodes larger than 3 cm (6, 7). Regarding surgery on IIIA/N2 NSCLC, two classic randomized clinical trials have to be mentioned. Van Meerbeeck’s team published the largest bimodality trial which compared the prognosis of radiotherapy with surgery in patients diagnosed at unresectable stage IIIA/N2 who presented a response to induction chemotherapy, demonstrating surgery could not improve progression-free survival or overall survival (OS) (8). Another trial published by Albain’s team studied chemotherapy combining radiotherapy with or without surgery in potentially technically resectable IIIA/N2 NSCLC, revealing the progression-free survival was better in the surgery group than the non-surgery group. However, the two groups showed no significant difference in OS. In subgroup analysis, patients who underwent lobectomy had better OS compared to chemotherapy combining radiotherapy, while OS was not improved by pneumonectomy (9). As this population is heterogeneous, the panel at the NCCN believes that these trials did not sufficiently evaluate the nuances present with the heterogeneity of N2 disease and the potential oncologic benefit of surgery in specific clinical situations. Because of the difficulties to start and implement a randomized controlled trial for IIIA/N2 disease, some researchers come to dig the clinical records of centers or population-based database. Taylor et al. studied 107 patients at The University of Texas M. D. Anderson Cancer Center, and demonstrated patients who underwent induction chemotherapy and surgery (n=55) or concurrent chemoradiotherapy (n = 52) had no significant differences in local control and median overall, 5-year overall, distant metastasis-free, and disease-free survival (10). Another retrospective single-center study included 53 patients with stage IIIA/N2 NSCLC. Nineteen of the patients in group 1 underwent induction chemotherapy and surgery, 14 in group 2 underwent sequential chemoradiotherapy, and 20 in group 3 underwent concurrent chemoradiotherapy. Groups 1 and 3 performed better than group 2, while groups 1 and 3 had similar prognosis (11). While several other retrospective researches recommended surgery after induction chemotherapy/chemoradiotherapy for this population as long as pneumonectomy not performed (12–17). All these studies focused on lobectomy or pneumonectomy and presented inconsistent results, so we performed this research in a population-based cohort to investigate whether stage IIIA/N2 NSCLC patients could benefit from sublobectomy or lobectomy and compare the outcomes of sublobectomy and lobectomy.



Material and Methods


Data Source

Data were collected from the Surveillance, Epidemiology, and End Results (SEER) database which included tumor patient data from 18 cancer registries of the National Cancer Institute. We used the SEER*Stat software (version 8.3.9; https://seer.cancer.gov/resources/) to extract information of stage IIIA/N2 [T1-3N2M0 based on the American Joint Committee on Cancer (AJCC) 7th TNM staging system] NSCLC patients diagnosed at 2004–2015 (user name: 14993-Nov2019). Histologic type and site of tumor were coded by the 3rd edition of the International Classification of Diseases for Oncology (ICD-O-3). All SEER data were deidentified before release and contained no personally identifying information of patients, so the requirement for informed consent of the patients and approval of the institutional review committee was waived. This study was implemented in accordance with the Declaration of Helsinki (as revised in 2013) and the Harmonized Tripartite Guideline for Good Clinical Practice from the International Conference on Harmonization.



Cohort Selection

Samples meeting these following criteria included: (I) patients diagnosed with stage IIIA/N2 (T1-3N2M0 based on the AJCC 7th TNM staging system) primary lung tumor between 2004 and 2015 with site codes as C34.0–C34.9; (II) with histologic type as adenocarcinoma (8015, 8050, 8140, 8141, 8143–8145, 8147, 8190, 8201, 8211, 8250–8255, 8260, 8290, 8310, 8320, 8323, 8333, 8401, 8440, 8470, 8471, 8480, 8481, 8490, 8503, 8507, 8550, 8570–8572, 8574, and 8576), squamous cell carcinoma (8051, 8052, 8070-8076, 8078, 8083, 8084, 8090, 8094, and 8123), and other NSCLC (8003, 8004, 8012–8014, 8021, 8022, 8030–8035, 8046, 8082, 8120, 8200, 8240, 8241, 8243–8246, 8249, 8430, 8525, 8560, 8562, and 8575) based on ICD-O-3 His/Behave, malignant (18); (III) identified as only one primary tumor; (IV) aged ≥18 years; and (V) treated with no surgery, sublobectomy (wedge resection and segmentectomy) or lobectomy. The exclusion criteria were: (I) patients diagnosed with autopsy/death certificate only or with no positive pathologic confirmation; (II) had survival time of less than 1 month after diagnosis; and (III) had missing information about variables required by our study.



Study Variables and Outcome

The following information was extracted: patient ID, year of diagnosis, age at diagnosis, gender, race, marital status at diagnosis, laterality, primary site, histologic type, differentiation, T classification, tumor size, regional nodes examined, regional nodes positive, radiotherapy, chemotherapy, surgery, survival month, and vital status. The terms “CS Tumor Size/Ext Eval” and “CS Lymph Nodes Eval” were used to maximally identify the patients who underwent neoadjuvant therapy or not for sensitivity analysis. What’s more, age at diagnosis, regional nodes examined, and regional nodes positive was trichotomized using the cohort underwent surgery via the X-tile software (version 3.6.1; https://medicine.yale.edu/lab/rimm/research/software/) based on the maximal log-rank χ2 value, representing the greatest group difference in survival prognosis (19). Tumor size was divided into four groups according to the previous study (20).

In our research, OS was chosen as the endpoint. OS was defined as the survival months from diagnosis to all-cause death. The survival information of patients from the SEER database is updated annually and the latest follow-up data was released in December 31, 2016.



Statistical Analysis

To simplify the analysis, all the continuous variables were transformed into categorical variables and displayed as counts and percentages. Baseline data of patients stratified by surgery strategy were compared by using a Pearson’s χ2 test or a Fisher’s exact test. Survival curves were presented using the Kaplan–Meier method, and compared by a two-sided log-rank test. Multivariable Cox regression analysis was also used in subgroup analyses. All variables were put into univariable Cox regression analysis. Variables were included as potential confounders in the multivariable Cox regression analysis if they changed effect estimates of surgery on OS by more than 10% or were significantly associated with OS with P-value <0.1 (21). Regional nodes examined and regional nodes positive were not included as confounders to adjust the effect of surgery for these two variables were closely related to the surgery strategy (22). To explore the impact of regional nodes examined or regional nodes positive on OS, they’re put into multivariable Cox analysis separately, and the potential confounders were selected using the similar criteria for surgery strategy. Subgroups analyses were performed using multivariable Cox regression analysis. To better balance the baseline of patients, propensity scores were calculated using generalized boosted models, and inverse probability of treatment weighting (IPTW) was used to adjust the Cox regression analyses (23, 24). Absolute standardized difference was calculated for balance measurement of baseline characteristics before and after IPTW, and values below 0.1 indicated good balance.

All statistical analyses were performed with R software (version 4.0.4; http://www.r-project.org) and EmpowerStats (version 2.0; http://www.empowerstats.com). All tests were two-sided and statistically significant was defined as P-value <0.05.




Results


Patient Characteristics

Between January 2004 and December 2015, the SEER database collected 38,639 patients diagnosed with stage IIIA/N2 NSCLC. As shown in Table S1, after employing the selection flow, 21,638 patients were included in our study cohort. A total of 15,951 patients had no surgery, 628 underwent sublobectomy (517 with wedge resection and 111 with segmentectomy) and 5,059 received lobectomy. Also, 13,692 patients of the no surgery group, 458 of the sublobectomy group, and 3,235 of the lobectomy group died before the final follow-up. The median follow-up time was 81 months and the median OS was 17 months. As we can see in Table 1, patients who underwent surgery were more likely to be younger, had adenocarcinoma, had lower T classification, had smaller tumor size and had more regional nodes examined. Comparing with sublobectomy, patients who underwent lobectomy has the tendency to have higher T classification, larger tumor size and more regional nodes examined.


Table 1 | Baseline characteristics of IIIAN2 stage NSCLC patients.






Univariable and Multivariable Analyses

Both sublobectomy and lobectomy had a better OS compared with no surgery, and lobectomy had improved prognosis compared with sublobectomy (Figure 1, all pairwise P-value <0.001). The median survival of patients with no surgery, sublobectomy, and lobectomy was 14, 28, and 37 months respectively. The 5-year OS rates [95% confidence interval (95%CI)] in these three groups were 11.0% (10.4–11.6%), 25.7% (22.1–29.8%), and 36.4% (34.9–37.9%) respectively. The balance measurement of IPTW for analysis of surgical strategy, regional nodes examined and regional nodes positive showed most absolute standardized difference values were below 0.1 after IPTW (Figure S1). The univariable analysis in all study cohort revealed patients who underwent surgery, with later year of diagnosis, smaller age, female gender, non-white race, marital status other than separated/divorced/widowed, left side disease, primary site other than main bronchus, adenocarcinoma, lower grade of differentiation, lower T classification, smaller tumor size, more regional nodes examined, less regional nodes positive, chemotherapy or chemoradiotherapy were significantly related with higher OS rates (Table 2). As shown in Tables 2, 3, after adjustment by confounders, the hazard ratios (HR) of sublobectomy and lobectomy compared with no surgery was 0.584 (95%CI: 0.531–0.644, P-value <0.001) and 0.439 (95%CI: 0.420–0.459, P-value <0.001) before IPTW and 0.619 (95%CI: 0.605–0.633, P-value <0.001) and 0.441 (95%CI: 0.431–0.451, P-value <0.001) after IPTW respectively. The adjusted HR (95%CI) for lobectomy compared with sublobectomy was 0.754 (95%CI: 0.681–0.836, P-value <0.001) before IPTW and 0.713 (95%CI: 0.696–0.731, P-value <0.001) after IPTW (Tables 2, 3). The impact of regional nodes examined or regional nodes positive on survival of surgery cohort is shown in Tables S2–S5, and the multivariable Cox regression analyses indicated HRs for regional nodes examined 6–11 and ≥12 compared with ≤5 were 0.877 (95%CI: 0.805–0.955, P-value = 0.003) and 0.784 (95%CI: 0.720–0.855, P-value <0.001) before IPTW and 0.873 (95%CI: 0.834–0.914, P-value <0.001) and 0.780 (95%CI: 0.745–0.817, P-value <0.001) after IPTW. And the HRs for regional nodes positive 3–4 and ≥5 compared with ≤2 were 1.193 (95%CI: 1.093–1.304, P-value <0.001) and 1.509 (95%CI: 1.386–1.643, P-value <0.001) before IPTW and 1.185 (95%CI: 1.130–1.242, P-value <0.001) and 1.490 (95%CI: 1.422–1.561, P-value <0.001) after IPTW. Notably, for patients underwent surgery, single radiotherapy did not confer survival benefit with all HR close to 1 in Tables S2–S5.




Figure 1 | Kaplan–Meier estimates of OS for stage IIIA/N2 NSCLC patients stratified by surgery strategy. OS, overall survival; NSCLC, non-small cell lung cancer.




Table 2 | Cox regression analysis of all IIIAN2 stage NSCLC patients before IPTW.




Table 3 | Cox regression analysis of all IIIAN2 stage NSCLC patients after IPTW.





Subgroup and Sensitivity Analysis

In subgroup analyses, the surgery groups demonstrated better OS than no surgery group in all age, tumor size, and radiotherapy or chemotherapy subgroups (Figures 2–4, all pairwise P-value <0.005). After adjustment by confounders, the OS of sublobectomy and lobectomy groups was still superior to no surgery group in all subgroups before and after IPTW (Tables 4, 5, all pairwise P-value <0.01). While comparing two surgery types, for patients aged <65 years, the sublobectomy group had worse prognosis than lobectomy group (Figure 2A, P-value <0.001), but the difference between the two surgery strategies’ OS were not statistically significant in patients aged 65–72 years (Figure 2B, P-value = 0.11) and aged >72 years (Figure 2C, P-value = 0.31). The sublobectomy group also had worse prognosis in all tumor size subgroups (Figure 3, all pairwise P-value <0.05). In radiotherapy or chemotherapy subgroup analyses, lobectomy achieved better OS than sublobectomy in patients who had no radiotherapy or chemotherapy, and the similar results could be seen in patients who had single chemotherapy or radiotherapy plus chemotherapy (Figures 4A, C, D, all pairwise P-value <0.05). The outcomes of sublobectomy and lobectomy were comparable for patients underwent single radiotherapy, however, this result was underpowered for limited samples (Figure 4B, all pairwise P-value = 0.94). After adjustment by confounders, as shown in Tables 4, 5, lobectomy still showed superior survival outcome to sublobectomy in all subgroups with all HR <1 and most P-values <0.001. In the sensitivity analysis, comparing to patients who underwent no surgery, patients who underwent surgery with or without neoadjuvant therapy both had HR <1 with P-values <0.005 (Tables S6, S7). In patients who had surgery with or without neoadjuvant therapy, comparing to patients who underwent sublobectomy, these had lobectomy showed better survival outcome with HR <1, despite the P-value for HR comparing lobectomy with sublobectomy in patients with neoadjuvant therapy was 0.126 (Tables S6, S7).




Figure 2 | Kaplan–Meier estimates of OS for stage IIIA/N2 NSCLC patients aged <65 years old (A), 65–72 years old (B), and >72 years old (C) stratified by surgery strategy. OS, overall survival; NSCLC, non-small cell lung cancer.






Figure 3 | Kaplan–Meier estimates of OS for stage IIIA/N2 NSCLC patients with tumor size <1 cm (A), 1 cm < tumor size ≤2 cm (B), 2 cm < tumor size ≤3 cm (C), tumor size >3 cm (D) stratified by surgery strategy. OS, overall survival; NSCLC, non-small cell lung cancer.






Figure 4 | Kaplan–Meier estimates of OS for stage IIIA/N2 NSCLC patients with no radiotherapy or chemotherapy (A), radiotherapy (B), chemotherapy (C), radiotherapy and chemotherapy (D) stratified by surgery strategy. OS, overall survival; NSCLC, non-small cell lung cancer.




Table 4 | Multivariable Cox regression analysis of subgroups of all IIIAN2 stage NSCLC patients before IPTW.




Table 5 | Multivariable Cox regression analysis of subgroups of all IIIAN2 stage NSCLC patients after IPTW.






Discussion

The classic debate regarding whether stage IIIA/N2 NSCLC patients can benefit from lobectomy has gone on for a while with no strong evidence for recommendation, what’s more, no study paid attention to sublobectomy for this population. Some previous randomized controlled trials and retrospective studies showed surgery provided equivalent survival compared with no surgery in stage IIIA/N2 NSCLC patients who underwent chemotherapy or chemoradiotherapy (8–11, 25), while other retrospective studies reported surgery was related with better survival (12–17). Notably, most of these studies included patients underwent pneumonectomy and had small sample size which limited the level of evidence. To explore the influence of sublobectomy and lobectomy on stage IIIA/N2 patients, we performed this multicenter study with a large study cohort using patient information from the SEER database, which captures approximately 28% of the US population (26). In the whole study cohort, we found although there’re much less patients underwent surgery than no surgery patients, both sublobectomy and lobectomy were associated with improved OS rates, and the subgroup analyses based on age, tumor size and radiotherapy or chemotherapy showed similar results. Behera and colleagues’ multicenter retrospective study based on the National Cancer Database revealed that chemoradiotherapy plus lobectomy or pneumonectomy were associated with better survival than only chemoradiotherapy [HR: 0.59 (95%CI: 0.55–0.62), P-value <0.001], which was similar to the result of our subgroup analysis in patients underwent chemoradiotherapy [Tables 4, 5, HR for lobectomy vs. no surgery: 0.525 (95%CI: 0.493–0.559), P-value <0.001; IPTW-adjusted HR for lobectomy vs. no surgery: 0.499 (95%95CI: 0.483–0.515), P-value <0.001] (27). However, like all other studies, this one also didn’t included patients underwent sublobectomy. It’s the first time that our study demonstrated sublobectomy conferred survival benefit compared with no surgery group, and results of subgroup analyses were consistent (Tables 4, 5). Although lobectomy provided better survival prognosis than sublobectomy in all surgery cohort, sublobectomy can still be considered in stage IIIA/N2 NSCLC patients with older age or compromised pulmonary function. However, future randomized controlled trials are needed to further confirm the benefit of lobectomy and sublobectomy for these patients.

For patients confirmed with N2 disease, upfront surgery is not recommended (27). The Radiation Therapy Oncology Group (RTOG) 8808 study compared single radiotherapy with chemotherapy plus radiotherapy in IIIA NSCLC patients and demonstrated a significant better median survival in chemotherapy plus radiotherapy, thus establishing the central role of chemotherapy in the multimodality therapy (28). Concurrent chemoradiotherapy is the standard of care for patients with bulky and/or multi-stational N2 involvement, while for patients with microscopic or minimal lymph node involvement, neoadjuvant chemotherapy plus surgery can confer good survival outcome (11, 27, 29), and Zheng et al. even revealed survival benefit in upfront surgery for some patients with pathological single-station N2 disease (30). The defect of chemoradiotherapy lies in the high rate of local recurrence ranging from 20 to 50% (31). Caglar and colleagues’ study found the rates of local recurrence for IIIA-B patients who received chemoradiotherapy or chemoradiotherapy plus surgery were 50 and 7% (12). Darling et al. also revealed better median survival (50.4 months vs. 20.4 months) and lower regional recurrence (33.7% vs. 51.4%) for induction chemoradiotherapy plus surgery comparing with definitive chemoradiotherapy (17). Although surgery is recommended by many researchers, the rate of surgery for IIIA/N2 patients is low. As shown in Table 1, 35.7% of our study cohort received surgery, indicating only a minority of stage IIIA/N2 NSCLC patients have the chance to have the local disease resected. A multidisciplinary panel including a medical oncologist, thoracic surgeon and radiation oncologist should estimate whether the tumor is resectable or unresectable at first (2). The decision of sublobectomy or lobectomy should be made for selected patients cautiously. The high heterogeneity of stage IIIA/N2 NSCLC is owing to differences in primary tumor size and the extent and location of nodal involvement. Complete dissection requires the radical removal of the primary tumor and systemic lymph node sampling and resection. The number of regional nodes examined is a pivotal point for thorough lymph node examination (32, 33). Previous studies focused on resectable early-stage NSCLC recommended number of regional nodes examined should be no less than 11 (34, 35). Our study also showed regional nodes examined ≥12 [Table S2, HR: 0.784 (95%CI: 0.720–0.855), P-value <0.001; Table S3, IPTW-adjusted HR: 0.780 (95%CI: 0.745–0.817), P-value <0.001] was a protective factor for surgery cohort. As a matter of fact, the percentage of patients with number of regional nodes examined ≥12 is closely related to surgery type as shown in our study (Table 1, 8.8% for sublobectomy and 37.0% for lobectomy). Under normal circumstances, thorough intralobar and hilar node examination are technically difficult for sublobectomy. Nevertheless, if the technique of radiological or surgical lymph node evaluation is enhanced, it is promising to combine sublobectomy with thorough lymph node examination or dissection. The stage IIIA/N2 NSCLC patients with reduced lung function can incontrovertibly benefit from these techniques. What’s more, the development in target therapy and immunotherapy will make more stage IIIA/N2 NSCLC resectable.

Another interesting finding in our study was that for patients received surgery, single radiotherapy couldn’t benefit them (Tables S2-S5, all multivariable Cox regression analysis showed HRs for radiotherapy vs. no radiotherapy or chemotherapy were close to 1). Pless and colleagues conducted a randomized trial comparing induction chemoradiotherapy with induction chemotherapy plus surgery and found radiotherapy did not confer benefit, suggesting one definitive local treatment modality combing neoadjuvant chemotherapy is appropriate to for resectable stage IIIA/N2 NSCLC (36). A subgroup analysis in a multicenter retrospective study performed by Gao et al. also suggested no significant difference in survival outcome between surgery plus chemoradiotherapy and surgery plus chemotherapy, while another subgroup analysis in this research indicated surgery plus radiotherapy exhibited better survival than surgery alone, however, these analyses were univariable based on survival curves (1). Whether radiotherapy can provide benefit for resectable stage IIIA/N2 NSCLC patients especially for these who can’t accept chemotherapy is still unclear. These results should be interpreted with caution and subgroup analyses based on different timing and dose of radiotherapy are needed in the future.

Our research is a population-based multicenter study which reflects the real life, and as far as we know, it is the first study to reveal the benefit sublobectomy confers to stage IIIA/N2 NSCLC patients and compare the survival prognosis of sublobectomy with lobectomy. This research can provide reference in clinical decision and help in future randomized clinical trial design. There are several limitations in our research. First, our research was retrospective and biases were inevitable. Second, the sequence between chemotherapy and surgery or radiotherapy was not recorded in SEER database, as is the case with the detailed information of chemotherapy or radiotherapy. Third, the SEER database didn’t include some confounders like smoking status, respiratory function data, laboratory test results, imaging material, surgery approach (video-assisted thoracic surgery or open surgery), targeted therapy or immunotherapy data which may influence survival outcome and variables of disease-free interval or local recurrence of tumor were also not recorded. Prospective randomized controlled trials are required to further investigate the role of sublobectomy and lobectomy play in stage IIIA/N2 NSCLC.

In conclusion, our study demonstrated that stage IIIA/N2 NSCLC patients could benefit from sublobectomy or lobectomy. Lobectomy provided better OS rate than sublobectomy. However, surgery should be performed in highly selected patients based on the evaluation of a multidisciplinary team.
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and radiotherapy or chemotherapy except for the subgroup variable itself. NSCLC, non-small cell lung cancer; IPTW, inverse probability of treatment weighting; HR, hazard ratio; Cl,
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HRs of multivariable analysis of subgroups were adjusted by year of diagnosis, age, gender, race, marital status, laterality, primary site, histologic type, differentiation, T, tumor size
and radiotherapy or chemotherapy except for the subgroup variable itself. NSCLC, non-small cell lung cancer; IPTW, inverse probability of treatment weighting; HR, hazard ratio; Cl,
confidence interval.





