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Background: This study was to evaluate the value of lobectomy in the prognosis of Non-small cell lung cancer (NSCLC) patients with primary metastasis based on the Surveillance Epidemiology and End Results (SEER) database.

Methods: This was a population-based retrospective study and the clinical data were collected from the National Cancer Institute's SEER database between 2010 and 2015. The effects of pulmonary surgery and surgical procedures on lung cancer-specific survival (LCSS) and overall survival (OS) were assessed, and the COX regression models were employed to evaluate the survival of primary surgery in patients with primary metastatic NSCLC (pmNSCLC) and the survival of surgical procedure in pmNSCLC patients.

Results: A total of 55,717 patients diagnosed with pmNSCLC between 2010 and 2015 were enrolled, and pulmonary surgery was indicated in 1,575 (2.83%) patients. Surgery was an independent risk factor for LCSS (P < 0.001, HR 0.658, 95%CI: 0.637–0.680) and OS (P < 0.001, HR 0.665, 95%CI: 0.644–0.686) of pmNSCLC patients. The surgery was associated with better OS (P < 0.001, HR 0.678, 95%CI: 0.657–0.699). The site of metastasis was also related to the survival after primary tumor surgery (P = 0.001). As compared to the sublobectomy and pneumonectomy, lobectomy improved the LCSS for NSCLC patients with single-organ metastasis, rather than multiple metastases (P < 0.001). In patients receiving sublobectomy, lobectomy, and pneumonectomy, the median LCSS was 12, 28, and 13 months, respectively, and the 5-year LCSS rate was 14.39, 32.06, and 17.24%, respectively.

Conclusion: The effect of locoregional surgery on the survival of pmNSCLC patients with single-organ metastasis has been underestimated, and lobectomy may be a preferred treatment for patients with single-lung metastasis.
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INTRODUCTION

Lung cancer is the most common cancer and the leading cause of cancer-related deaths worldwide (1, 2). In clinical practice, most primary lung cancers (about 80%) are non-small cell lung cancer (NSCLC). Among initially diagnosed patients, ~50% of NSCLC patients are diagnosed with stage IV disease and have distant metastasis (3). The brain is the most common site of lung cancer metastasis (4), followed by the bone, lung, adrenal gland, and liver (5).

Radical resection is still the most effective treatment for early-stage lung cancer. Systemic therapies are recommended for patients with stage IV lung cancer including chemotherapy, radiotherapy, targeted therapy, and immunotherapy. The efficacy of surgical management for advanced lung cancer remains controversial. However, surgery is generally not a treatment of choice for primary metastatic non-small cell lung cancer (pmNSCLC). Studies have reported that surgical removal of primary lesions can improve the prognosis of ovarian and gastric carcinoma (6, 7), which has facilitated the investigation of the efficacy of surgery in improving the overall survival (OS) of pmNSCLC patients.

Several studies have revealed that the resection of primary lung tumor may be an option for NSCLC patients with single-organ metastasis (no more than five metastases in a single organ or oligometastatic) undergoing effective local therapy for distant metastasis (8–12). Wang et al. found there was no significant difference in the survival rate among patients treated with different surgical procedures (13). The expansion of these results is limited by the study design, small sample size, and heterogeneity of the study population.

Hence, the present study was to evaluate the efficacy of lobectomy for NSCLC with single-organ metastasis in the population-based Surveillance, Epidemiology, and End Results (SEER) database, which includes the information regarding the primary treatment, metastatic organ, chemotherapy, radiotherapy, T stage, N stage, and tumor size. The OS and LCSS were assessed based on the patients' characteristics.



PATIENTS AND METHODS


Study Population

Data of lung cancer patients with distant metastasis diagnosed between 2010 and 2015 were extracted using SEER*Stat software version 8.3.5. Patients were diagnosed according to the International Classification of Disease histology code for Oncology (ICD-O-3) with adenocarcinoma (8,140–8,147, 8,255, 8,260, 8,310, 8,323, 8,480, 8,481, 8,490, 8,550, 8,572), squamous cell carcinoma (8,050–8,052, 8,070–8,078), large-cell carcinoma (8,012–8,014), and other pathologies including undifferentiated tumors (8,020–8,022) and carcinomas not otherwise specified (8,010). The exclusion criteria were as follows: (1) patients had more than one primary tumors; (2) patients had no information on the survival; (3) patients had incomplete clinicopathological information; (4) the diagnosis was not pathologically confirmed; (5) patients had no information regarding the indication for primary tumor surgery.

Demographic and clinical variables included age at diagnosis, sex, histology, AJCC T stage, tumor grade, AJCC N stage, and surgical procedure. Age at diagnosis was stratified by ≤ 65 and >65 years. The TNM stage was reclassified for each patient based on the primary tumor size and extent of invasion according to the TNM classification for lung cancer (8th edition) using R version 3.4.3 software. The surgical procedures for the primary lesion included pneumonectomy, lobectomy, and sublobectomy.



Statistical Analysis

The demographic, pathologic, and surgical characteristics were compared between patients with and without surgery using the Pearson χ2 test. The OS and LCSS were analyzed with the Kaplan-Meier method and the survival with the log-rank test. Cox proportional hazards model was employed for univariate and multivariate analyses. Variables that were significantly associated with the survival in univariate analysis were included in the multivariate Cox analysis. A value of two-sided P < 0.05 was considered statistically significant. Statistical analysis was performed with SPSS version 25.0 (SPSS, Chicago, IL). GraphPad Prism 8.0 (GraphPad Software, San Diego, CA) was used to plot the survival curve.




RESULTS


Clinical Characteristics of Patients

A total of 55,717 patients diagnosed with pmNSCLC in the United States between 2010 and 2015 were enrolled in the present study. Among them, 1,575 (2.83%) received surgical treatment, while 54,142 (97.17%) received conservative treatment. The clinical characteristics of these patients are summarized in Table 1. The tumor in patients receiving surgery was more likely to be Grade III or IV tumor, and less likely to be treated by radiotherapy as compared to the non-surgery group (40.03 vs. 49.11%, 2.92 vs. 1.36%). More than half of patients received systemic chemotherapy in both groups, however, the patients in the surgery group were more likely to receive chemotherapy than in the non-surgery group (57.65 vs. 53.01%, P < 0.001). Based on the AJCC staging, the earlier the staging, the higher the proportion of patients receiving surgery was in respect of T stage and N stage. Among patients with organ metastasis at the first diagnosis of NSCLC, patients with brain or lung metastasis were more likely to receive locoregional surgery than those with bone or liver metastasis or multiple metastases (multiple organ metastases or more than five metastases in a single organ).


Table 1. Demographics of all patients with primary metastatic lung cancer.
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Univariate and Multivariate Analysis of All Patients

Univariate analysis was employed to identify the potential factors affecting LCSS and OS of patients with organ metastasis. As shown in Tables 2, 3, although the cancer cell differentiation had no significant influence on the prognosis (LCSS: P = 0.277, OS: P = 0.251), the poor differentiation predicted a worse prognosis than the well-differentiation. The risk of cancer-related death increased with age (P < 0.001), while the male patients were at a higher risk as compared to female patients (P < 0.001). Similarly, the younger and female patients with metastasis achieved better OS (P < 0.001). In respect of pathology, adenocarcinoma seemed to be associated with better LCSS and OS. Both local radiotherapy and systemic chemotherapy prolonged the LCSS and OS of the pmNSCLC patients. Tumors with higher T stage and N stage had poorer LCSS and OS. The NSCLC patients with liver or multiple metastasis had worse LCSS and OS as compared to those with bone, brain, or lung involvement. The LCSS curves of patients in the surgery and non-surgery groups are shown in Figure 1A. Primary surgery significantly improved the LCSS of patients with primary metastasis (P < 0.001, HR 0.449, 95%CI: 0.421–0.479). The median LCSS was 6 months in the non-surgery group and 16 months in the surgery group (P < 0.01). In the non-surgery group and surgery group, the 3-year LCSS was 7.44 and 29.92%, respectively, and the 5-year LCSS was 3.41 and 21.59%, respectively. The median OS was 6 months in the non-surgery group and 16 months in the surgery group(P < 0.01). In the non-surgery group and surgery group, the 3-year OS was 6.58 and 27.57%, respectively, and the 5-year OS was 2.89 and 18.87%, respectively. The OS curves of patients in both groups are shown in Figure 1B. The surgery was associated with better OS (P < 0.001, HR 0.678, 95%CI: 0.657–0.699).


Table 2. Univariate and multivariate analysis between clinicopathological characteristics for LCSS of all patients.
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Table 3. Univariate and multivariate analysis of clinicopathological characteristics for OS of all patients.
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FIGURE 1. Survival of NSCLC patients with metastasis. Survival curves showed the LCSS (A) and OS (B) of all patients in the surgery and non-surgery groups. Survival curves showed the LCSS (C) and OS (D) of surgical patients receiving different surgical procedures.


Multivariate analysis was employed to identify the potential factors affecting LCSS and OS in patients with primary metastasis. As shown in Tables 2, 3, advanced age (>65 years), male gender, higher T stage, higher N stage, no radiotherapy, no chemotherapy, liver or multiple metastasis, and no surgery were independent risk factors for both LCSS and OS (P < 0.005).



Univariate and Multivariate Analysis of Surgically Treated Patients

A total of 1,575 patients with primary metastasis received surgical treatment. Among them, 906 patients underwent sublobectomy, 605 patients underwent lobectomy, and 64 patients underwent pneumonectomy. The univariate analysis was used to analyze the clinical characteristics affecting the LCSS and OS in surgically treated patients with distant organ metastasis. As shown in Tables 4, 5, histology and radiotherapy had no significant effects on the LCSS and OS (P > 0.05). In this cohort, older and male patients had worse survival (LCSS and OS). The grade had no relationship with the survival of all the patients, but a significant association was noted in the surgically treated patients (P = 0.015). Chemotherapy, as a systemic treatment, achieved better survival in surgically treated patients. In the surgery group, tumors of higher T stage and N stage also had poorer LCSS and OS. The site of metastasis was also related to the survival after primary tumor surgery (P = 0.001). The LCSS curves of metastasis sites are shown in Figure 2. Patients with lung metastasis had the best survival, while patients with multiple metastasis had the worst survival. The median LCSS was 25 months in patients with lung metastasis, 18 months in patients with brain metastasis, 15 months in patients with bone metastasis, 13 months in patients with liver metastasis, and 8 months in patients with multiple metastasis. The surgical procedure of primary lesion also significantly affected the LCSS (P < 0.001, HR 0.592,95%CI: 0.524–0.668) and OS (P < 0.001, HR 0.602, 95%CI: 0.535–0.676). The median LCSS was 12 months in patients receiving sublobectomy, 28 months in those receiving lobectomy, and 13 months in those receiving pneumonectomy. As compared to the sublobectomy and pneumonectomy, lobectomy significantly improved the LCSS and OS of patients. The survival curves are shown in Figures 1C,D. There were no significant differences between the sublobectomy group and the pneumonectomy group in the LCSS (P = 0.350) and OS (P = 0.369). In the sublobectomy, lobectomy, and pneumonectomy groups, the 3-year LCSS was 20.85, 42.99, and 25.14%, respectively, and the 5-year LCSS was 14.39, 32.06, and 17.24%, respectively. The median OS was 11 months in the sublobectomy group, 26 months in the lobectomy group, and 13 months in the pneumonectomy group. The 3-year OS was 18.84% in the sublobectomy group, was 40.38% in the lobectomy group, and 23.31% in the pneumonectomy group. In the sublobectomy, lobectomy, and pneumonectomy groups, the 5-year OS was 12.74, 28.01, and 15.99%, respectively. The LCSS curves of patients receiving different surgical procedures are shown in Figure 3. As compared to the sublobectomy and pneumonectomy groups, lobectomy improved the LCSS for NSCLC patients with single-organ metastasis, rather than multiple metastases. The median LCSS in the surgically treated patients with metastasis to the bone, brain, liver, lung, and multiple organs was 15, 18, 13, 25, and 8 months, respectively.


Table 4. Univariate and multivariate analysis of clinicopathological characteristics for LCSS of the surgical patients.
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Table 5. Univariate and multivariate analysis of clinicopathological characteristics for OS of the surgical patients.
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FIGURE 2. LCSS curves of NSCLC patients with different site metastasis after primary surgery.



[image: Figure 3]
FIGURE 3. Postoperative LCSS curves of patients receiving different surgical procedures after classification by organs involved. LCSS curves of bone metastasis (A); brain metastasis (B); liver metastasis (C); lung metastasis (D); multiple metastases (E).





DISCUSSION

In recent years, with the development of genetic technology and targeted treatment, molecular targeted therapy plays an important role in the management of stage IV NSCLC (14). In our study, the information about gene mutations in lung cancer, such as gene mutation of the epidermal growth factor receptor tyrosine kinase domain which is routinely examined in the malignancies from the SEER database was unclear. Thus, the response of these patients to targeted therapy was unclear. In addition, radiofrequency ablation and stereotactic radiotherapy are increasingly introduced to treat advanced lung cancer (15, 16). These individualized treatments are less invasive and may improve the quality of life and reduce adverse events (17). In the present analysis, radiotherapy improved the survival of all patients with pmNSCLC but did not influence the survival of surgically treated patients. That is, the pmNSCLC patients will not benefit from the radiotherapy. Thus, it remains controversial whether primary surgery is necessary for stage IV NSCLC.

In clinical practice, cancers with distant metastasis are considered incurable, and thus usually systemic chemotherapy is administered for palliative treatment. Some studies have reported that locoregional surgery may improve the survival of patients with relatively limited metastasis (8, 10, 11). The NSCLC staging system (eighth edition) emphasizes the advantages of local therapies (including surgical resection and radiotherapy) in the treatment of metastatic lung cancer (18). Endo et al. reported that, in NSCLC patients with limited distant metastasis, the 5-year OS rate was 40% after primary lung lesion resection (11). Luketich et al. investigated the prognosis of NSCLC patients with adrenal metastasis who received chemotherapy alone or surgical resection after chemotherapy. Their results showed the median survival time (MST) was 8.5 months in the chemotherapy group, and 31 months in the combination treatment group, showing a significant difference (19). In univariate and multivariate analyses, our results showed surgical resection significantly improved the prognosis of NSCLC patients with distant single-organ metastasis. The MST was 6 months in the non-surgery group and 16 months in the surgery group. The 5-year OS rate was 2.89% in the non-surgery group and 18.87% in the surgery group. The site of metastasis also affected the survival after primary tumor surgery. Patients with lung metastasis alone had the best survival, while those with multiple metastasis had the worst survival. The median LCSS was 25 months in patients with lung metastasis, 18 months in those with brain metastasis, 15 months in those with bone metastasis, 13 months in those with liver metastasis, and 8 months in those with multiple organ metastasis. Our results showed that surgery didn't benefit the patients with multiple metastasis. Thus, surgery is recommended for patients with distant single-organ metastasis, especially for lung metastasis, but not recommended for patients with distant multiple metastasis.

Surgical treatment has been a treatment of choice for early-stage NSCLC, and anatomical lobectomy has become the standard surgery for early NSCLC (20, 21). To date, no study has been conducted to investigate the role of lobectomy in the treatment of advanced lung cancer. Generally, stage IV lung cancer is treated with less invasive sublobectomy, and thus the patients can recover faster and receive subsequent systematic treatment, improving the prognosis. In our study, lobectomy significantly improved LCSS as compared to sublobectomy and pneumonectomy. The MST was 11 months in the sublobectomy group, 26 months in the lobectomy group, and 13 months in the pneumonectomy group. The 5-year survival rate in the sublobectomy, lobectomy, and pneumonectomy groups was 12.74, 28.01, and 15.99%, respectively. Wang et al. reported that the 5-year survival rate of NSCLC patients with limited metastasis was 21.1% after the surgery group, while it was 7.6% after radiotherapy and/or chemotherapy (13). In addition, their results showed that tumor pathology and surgical procedure had no significant influence on survival (13). Also, their results showed the surgery procedure did not affect survival, which might be ascribed to the small sample size. Our results showed the 5-year survival rate in the surgery group was slightly lower than that reported by Wang et al. (18.87 vs. 21.1%), but the 5-year survival rate in the lobectomy group was significantly higher (28.01 vs. 21.1%). In respect of site of metastasis, the prognosis of lobectomy patients was significantly better than that of sublobectomy or pneumonectomy patients among those with distant single-organ metastasis (lung, brain, bone, and liver), but the surgical procedure had no influence on the survival rate in patients with multiple metastasis. Our result suggests that lobectomy may be better than sublobectomy or pneumonectomy for patients with distant single-organ metastasis, but palliative treatment was recommended for patients with multiple metastasis, such as chemotherapy, radiotherapy, and targeted therapy.



LIMITATIONS

This study also had several limitations. The protocols of chemotherapy, the dose of radiation, and information about targeted therapy were not recorded in the SEER program, which might also influence the prognosis. Although the data were collected from patients with a large sample size, the proportion of surgically treated patients was small (2.83%). Thus, the potential selection bias could not be totally excluded. More prospective controlled studies are thus needed in which the local and systemic therapies are integrated with the management of NSCLC with limited metastasis.



CONCLUSIONS

In this study, SEER analysis revealed that NSCLC patients with single-organ metastasis rather than multiple metastases may benefit from local surgery. And, lobectomy is a better option than sublobectomy or pneumonectomy. In sum, lobectomy can significantly prolong the survival of NSCLC patients with single-organ metastasis, especially improve the LCSS and OS of NSCLC patients with lung oligometastatic.
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