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Background: The incidence rates of early-stage non-small cell lung cancer (NSCLC) are now increasing, and therapies such as thermal ablation have shown potential therapeutic promise. This study aimed to determine the influence of different surgical methods on overall survival (OS) and cancer-specific survival (CSS) in patients with stage I NSCLC.

Methods: Patients diagnosed with stage I NSCLC who had received thermal ablation or wedge resection between 2004 and 2014 were obtained from the Surveillance, Epidemiology, and End Results (SEER) database. Propensity score matching (PSM) was performed according to the surgical method. Kaplan–Meier curves and a Cox proportional hazard model were used to evaluate OS and CSS.

Results: In all, 4,372 patients with stage I NSCLC were included. Before PSM, the respective 3- and 5-year OS rates were 68.9 and 52.7% in the wedge resection group and 68.5 and 47.8% in the thermal ablation group (p < 0.0001); the corresponding CSS rates were 79.1 and 69.4% and 62.6 and 46.0% (p < 0.0001). After PSM, survival analysis showed that wedge resection had better OS (44.5% vs. 30.1%, p = 0.033) and CSS (63.5% vs. 46%, p = 0.038) than thermal ablation. After PSM, Cox regression showed that treatment was not associated with OS or CSS. For patients aged >75 years, thermal ablation showed similar OS and CSS as wedge resection (OS: 30.6% vs. 41.7%, p = 0.470; CSS: 46.4% vs. 64.1%, p = 0.100). After PSM, thermal ablation still had OS (30.6% vs. 41.0%, p = 0.470) and CSS (46.4% vs. 59.8%, p = 0.100) comparable to wedge resection.

Conclusion: For patients with stage I NSCLC who are unfit for lobectomy, thermal ablation could be a potential therapeutic option, especially for those >75 years old.

Keywords: thermal ablation, wedge resection, NSCLC, stage I, survival, SEER


INTRODUCTION

Surgical resection is the current standard treatment for patients with early-stage non-small cell lung cancer (NSCLC) (1–5). A randomized controlled trial in 1995 showed that lobectomy could be recommended as the standard surgical procedure for stage I (≤3 cm) NSCLC. Patients who cannot tolerate radical surgery are frequently older patients with comorbidities or impaired pulmonary function. Several studies have reported that segmentectomy and wedge resection show similar survival rates for patients who are unfit for lobectomy (6–9). Additionally, although wedge resection is a non-anatomical resection, it may be optimal for patients who cannot undergo lobectomy.

Image-guided percutaneous radiofrequency ablation using lasers and electrocautery have been developed as ablative therapeutic techniques for local tissue destruction (10). Thermal ablation is regarded as a promising treatment for small tumors in patients unfit for surgery (11, 12). However, it remains unclear whether patients unfit for lobectomy can benefit from wedge resection or thermal ablation.

In this study, we used the large Surveillance, Epidemiology, and End Results (SEER) database to compare the outcomes of patients with stage I NSCLC after wedge resection or thermal ablation, based on the 8th edition of the TNM classification.



MATERIALS AND METHODS


Data Source

We obtained access to the SEER database in November 2019. Our study population included 4,372 patients diagnosed with stages IA and IB NSCLC who underwent thermal ablation or wedge resection between 2004 and 2014. Patients meeting the following criteria were considered eligible for inclusion: (i) histology was identified by ICD-O-3 codes 8140, 8070, 8046, 8250, 8560, 8071, 8012, 8480, 8072, 8481, 8490, 8570, 8255, 8550, or 8260 (13); (ii) no metastasis to the lymph node or other organs; (iii) only one primary tumor; (iv) pathologically confirmed stage IA or IB based on the 8th edition of the TNM classification; and (v) those who underwent thermal ablation or wedge resection. Thermal ablation included laser ablation, cautery, and fulguration in the SEER database. Patients with survival months <1 were excluded from the study. Patients were divided into the thermal ablation and wedge resection groups. Demographic data included age at diagnosis; sex; ethnicity (white, black, Asian, Pacific Islander, or others); and marital status. The cancer characteristics included tumor side (left or right); site (upper lobe, middle lobe, lower lobe, unknown); tumor size (≤1 cm, >1 cm but ≤2 cm, and >2 cm but ≤4 cm); histology (squamous cell carcinoma, adenocarcinoma, or others); and grade (I/II, III/IV, or unknown). Treatment characteristics included lymph node resection and adjuvant therapy (radiotherapy or chemotherapy and none). Survival characteristics included survival months, vital status, and cancer-specific death. Overall survival (OS) and cancer-specific survival (CSS) were derived from the above variables.



Statistical Analysis

Patients were divided into two groups. Categorical variables were presented as frequencies with percentage n (%). Chi-square test or Fisher’s exact test was used to compare these variables between the two groups. Propensity score matching (PSM) was performed using 1:1 nearest neighbor matching with a caliper of 0.001 to obtain a matched pair between the thermal ablation and wedge resection groups. Age at diagnosis (<75 years or ≥75 years), sex, marital status, ethnicity, tumor side and site, tumor size, and histology were used in PSM. Kaplan–Meier (KM) curves for OS and CSS were generated for patients and across strata. Differences between strata were determined by log-rank tests. Cox proportional hazard models were used to assess the relationship of interested variables with OS or CSS. Variables with p < 0.1 in the univariate models were included in the multivariate model. P < 0.05 was considered to indicate statistical significance. Chi-square test, Fisher’s exact test, and Cox analyses were performed with SPSS Statistics 25.0. KM curves were plotted in R (v3.6.2).



RESULTS


Patients Characteristics

In all, 4,372 patients who received thermal ablation or wedge resection for stage I NSCLC were identified from the SEER database. Patients were divided into two groups based on whether they underwent thermal ablation (n = 108) or wedge resection (n = 4264). In the thermal ablation group, 90 patients underwent laser ablation and 18 underwent cautery or fulguration (data not shown). The clinical characteristics of patients are listed in Table 1. Patients in the thermal ablation group were diagnosed when older (>75 age) (47.2%); were less likely to be married (58.3%); had a histology of squamous cell carcinoma (38.0%); had a lower percentage of grade I/II (30.9%) tumors and lymph node resection (6.5%); and had a higher incidence of adjuvant therapy (23.1%) than those in the wedge resection group. After 1:1 matching of patients based on their respective propensity to undergo thermal ablation, a cohort of 206 patients was selected. There were no significant intergroup differences with respect to any clinical variable.


TABLE 1. Characteristics of stage I NSCLC patients from SEER Database from 2004–2014.
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Survival Analysis in OS and CSS

The OS of patients with wedge resection was better than those with thermal ablation (log rank test, p < 0.0001) (Figure 1A). The estimated 3- and 5-year OS rates were 68.9 and 52.7% in the wedge resection group, respectively, with a median OS of 65 months (95%CI: 62–67). The corresponding rates were 68.5 and 47.8% in the thermal ablation group with a median OS of 37 months (95%CI: 28–46). Meanwhile, the CSS of patients with wedge resection was also better than those with thermal ablation (log rank test, p < 0.0001) (Figure 1B). The estimated 3- and 5-year CSS rates were 79.1 and 69.4%, respectively, in the wedge resection group with no reach for median CSS, while the corresponding rates were 62.6 and 46.0% in the thermal ablation group with a median CSS of 50 months (95%CI: 23–76). The results of the Cox analysis of OS and CSS are shown in Table 2. In the multivariate Cox analysis, treatment was an independent prognostic factor associated with OS and CSS. The thermal ablation group had worse OS (HR: 1.266, 95%CI: 1.003–1.597) and CSS (HR: 1.403, 95%CI: 1.039–1.859) than the wedge resection group. We found that patients who received radiation had worse OS (HR: 1.309, 95%CI: 1.119–1.531) and CSS (HR: 1.309, 95%CI: 1.119–1.531) than those who did not receive adjuvant therapy. Meanwhile, patients who received both radiation and chemotherapy also had worse OS (HR: 1.323, 95%CI: 1.023, 1.711) and CSS (HR 1.730, 95%CI: 1.271, 2.354) than those who did not receive any adjuvant therapies. Other co-variables such as age at diagnosis, sex, tumor size, histology, grade, and lymph node resection were associated with OS and CSS.
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FIGURE 1. The OS and CSS curves in stage I NSCLC patients who received thermal ablation or wedge resection. (A) The OS curve of stage I NSCLC patients who received thermal ablation or wedge resection (χ2 = 26.247, p < 0.0001). (B) The CSS curve of stage I NSCLC patients who received thermal ablation or wedge resection (χ2 = 22.453, p < 0.0001).



TABLE 2. Univariate and multivariate Cox regression of OS and CSS in stage I NSCLC patients having thermal ablation and wedge resection.
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Survival Analysis in OS and CSS After PSM

After 1:1 matching, the KM curves for patients with different treatment were obtained (Figure 2). The OS of patients with wedge resection were still better than those with thermal ablation after PSM (log rank test, p = 0.033) (Figure 2A). The estimated 3- and 5-year OS rates were 64.3 and 44.5%, respectively, in the wedge resection group, with a median OS of 53 months (95%CI: 39–50); the corresponding rates were 51.6 and 30.1% in the thermal ablation group, with a median OS of 37 months (95%CI: 28–46). The CSS of patients in the wedge resection group was also better than those in the thermal ablation group (log rank test, p = 0.038) (Figure 2B). The estimated 3- and 5-year CSS rates were 75.2 and 63.5%, respectively, in the wedge resection group, with a median CSS of 132 months (95%CI: 59–204), the corresponding rates were 62.6 and 46.0% in the thermal ablation group, with a median OS of 50 months (95%CI: 23–76). The results of the Cox analysis of OS and CSS after PSM are shown in Table 3. Thermal ablation was no longer a risk factor for OS or CSS when compared with wedge resection. Patients who received radiation had worse OS (HR: 1.849, 95%CI: 1.132–3.019) and CSS (HR: 1.879, 95%CI: 1.030–3.425). Co-variables such as race and tumor size were associated with OS. Variable tumor size was associated with CSS.
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FIGURE 2. The OS and CSS curves in stage I NSCLC patients who received thermal ablation or wedge resection after PSM. (A) The OS curve of stage I NSCLC patients who received thermal ablation or wedge resection after PSM (χ2 = 4.567, p = 0.033). (B) The CSS curve of stage I NSCLC patients who received thermal ablation or wedge resection after PSM (χ2 = 4.297, p = 0.038).



TABLE 3. Univariate and multivariate Cox regression of OS and CSS in stage I NSCLC patients having thermal ablation and wedge resection after PSM.
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Subgroup Analysis

We studied the influence of the surgical method on OS and CSS in patients according to their age at diagnosis before and after PSM. Figure 3 shows the Kaplan–Meier survival curves for patients with different age at diagnosis before PSM. There was no significant difference in OS (log rank test, p = 0.470) and CSS (log rank test, p = 0.100) between the thermal ablation and wedge resection groups when age at diagnosis was >75 years (Figures 3A,B). The 5-year OS and CSS rates were 30.6 and 46.4%, respectively, for those with thermal ablation; the corresponding values were 41.7 and 64.1% for those with wedge resection. However, patients with wedge resection had better OS (log rank test, p < 0.0001) and CSS (log rank test, p < 0.0001) when age at diagnosis was <75 years (Figures 3C,D). The 5-year OS and CSS rates were 30.2 and 46.1%, respectively, for those with thermal ablation; the corresponding rates were 58.3 and 71.9% for those with wedge resection.
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FIGURE 3. The subgroup analysis of OS and CSS in stage I NSCLC patients who received thermal ablation or wedge resection. (A) The OS curve of stage I NSCLC patients aged >75 years who received thermal ablation or wedge resection (χ2 = 0.515, p = 0.47). (B) The CSS curve of stage I NSCLC patients who received thermal ablation or wedge resection aged over 75 years (χ2 = 2.708, p = 0.1). (C) The OS curve of stage I NSCLC patients <75 years who received thermal ablation or wedge resection (χ2 = 32.190, p < 0.0001). (D) The CSS curve of stage I NSCLC patients <75 years who received thermal ablation or wedge resection (χ2 = 20.966, p < 0.0001).




Subgroup Analysis After PSM

Figure 4 shows the KM survival curves for patients with different age at diagnosis after PSM. There was still no significant difference in OS (log rank test, p = 0.470) and CSS (log rank test, p = 0.100) between the thermal ablation and wedge resection groups after PSM when age at diagnosis was >75 years (Figures 4A,B). The 5-year OS and CSS rates were 30.6 and 46.4%, respectively, for those with thermal ablation; the corresponding values were 41.0 and 59.8% for those with wedge resection. Patients in the wedge resection group had better OS than those in the thermal ablation group (log rank test, p < 0.0001), but no significant difference was noted between the two groups with respect to CSS (log rank test, p = 0.057), when age at diagnosis was <75 years (Figures 4C,D). The 5-year OS and CSS rates were 30.2 and 46.1%, respectively, for those with thermal ablation; the corresponding rates were 48.9 and 68.2% for those with wedge resection.


[image: image]

FIGURE 4. The subgroup analysis of OS and CSS in stage I NSCLC patients who received thermal ablation or wedge resection. (A) The OS curve of stage I NSCLC patients >75 years who received thermal ablation or wedge resection after PSM (χ2 = 0.233, p = 0.63). (B) The CSS curve of stage I NSCLC patients >75 years who received thermal ablation or wedge resection after PSM (χ2 = 1.04, p = 0.31). (C) The OS curve of stage I NSCLC patients <75 years who received thermal ablation or wedge resection after PSM (χ2 = 6.384, p = 0.012). (D) The CSS curve of stage I NSCLC patients <75 years who received thermal ablation or wedge resection after PSM (χ2 = 3.633, p = 0.057).




DISCUSSION

In recent years, the detection rate of pulmonary nodules has increased owing to high-resolution computed tomography (CT) enabling the detection of early-stage lung cancer (14). Although surgery is the standard of treatment for early stage patients, there were other therapies to choose from. Lobectomy is a standard surgical procedure for stage I NSCLC (1). For those who cannot tolerate lobectomy, segmentectomy and wedge resection can be considered. Although wedge resection is a non-anatomical resection, several studies have shown wedge resection to be beneficial in stage I NSCLC when the tumor size is small (15, 16). However, patients who are older or have multiple morbidities may have reduced cardiopulmonary function after surgical resection. Local-treatment options such as stereotactic body radiation therapy (SBRT) and thermal ablation have been regarded as viable alternatives for patients that are unfit for surgery (17–19). Multiple trials have shown that SBRT in treating early-stage NSCLC in elderly people is safe and effective. For elderly people with a greater number of comorbidities, SBRT has proven to be a curative modality, with comparable local tumor control and 3-year OS rates to lobectomy (20–23). On the other hand, Chaitan et al. (24) suggested that thermal ablation could be used to effectively treat or control stage IA NSCLC in inoperable patients (3-year OS, 50%). However, few studies have investigated whether thermal ablation is adequate for stage I NSCLC compared with wedge resection when lobectomy or segmentectomy is unfit for patients or for those unwilling to undergo invasive surgery. In this study, we compared the outcome of patients undergoing wedge resection or thermal ablation. We also explored whether thermal ablation is an option for those who cannot undergo lobectomy but can tolerate wedge resection.

In this study, before PSM, we found that the thermal ablation group had worse OS and CSS than the wedge resection group. Apart from the surgery method, seven factors including age, sex, tumor size, histology, grade, lymph node resection, and adjuvant therapy were found to be associated with OS and CSS outcomes in the multivariate Cox regression analysis. We performed subgroup survival analysis, and found that thermal ablation had comparable OS and CSS to wedge resection, when patients were >75 years old. After PSM, the thermal ablation group was no longer a risk factor of OS or CSS. Patients who received radiation had worse OS and CSS than those who did not. The other two factors including ethnicity and tumor size were found to be associated with OS and CSS outcomes in the multivariate Cox regression. However, upon subgroup analysis after PSM, thermal ablation was still equivalent to wedge resection with respect to OS and CSS in patients >75 years old. The number of comorbidities increases with age (25), and elderly NSCLC patients would likely benefit from thermal ablation rather than surgery. Several studies have also revealed that thermal ablation showed safety and efficacy in both primary and secondary lung malignancies, and after propensity score matching, the 2-year OS survival rates could be comparable with surgery and SBRT (26, 27). Moreover, our large database study suggested that compared with wedge resection, thermal ablation may be the optimal procedure for patients >75 years with stage I NSCLC, based on the 8th edition of TNM classification. However, for patients <75 years who are unfit for lobectomy, we still recommend wedge resection, provided they can tolerate it.

To our best knowledge, this is the first database study assessing the equivalency of thermal ablation vs. wedge resection in stage I NSCLC based on the 8th edition of TNM classification. This study used a multicenter population-based database and included 4,372 patients with precise long-term survival data. We used several statistical methods including PSM, Cox regression analysis, and KM curves to confirm the results. This study also revealed the current treatment for stage I NSCLC patients who are unfit for radical surgery in the real word.

Our study has some limitations. Firstly, thermal ablation is offered to patients with stage I NSCLC who are unfit for surgical resection because of cardiorespiratory comorbidity or insufficient vital lung function (28). However, information on multiple comorbidities and cardio-pulmonary function is not available in the SEER database. The reason for these patients choosing thermal ablation is not known, which may cause a degree of bias. Secondly, information regarding tumor grade was unknown in some of the patients, which may further bias our results. Thirdly, this study is a retrospective study with inevitable intrinsic shortcomings. Despite these limitations, we believe that our findings may assist future research designs and proposals.



CONCLUSION

In conclusion, this study demonstrated that for stage I NSCLC, thermal ablation could be a potential option for patients unfit for lobectomy, especially those aged >75 years. We still recommended wedge resection for patients who are <75 years. More studies are needed to investigate the equivalency of thermal ablation vs. wedge resection in stage I NSCLC.
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Tumor size
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>1cmand <2cm 0.661 (0.607—0.719)  0.000  0.708 (0.649—0.773)  0.000 0.631 (0.563—0.708) 0.000  0.699 (0.620—0.787)  0.000
Histology
Others Reference Reference
Squamous cell carcinoma  1.237 (1.902—1.402)  0.001 1.146 (1.010—-1.299)  0.034 1.108 (0.861—1.203) 0.837  0.959(0.810—1.135)  0.624
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OS, overall survival; CSS, cancer specific survival; HR, hazard ratio; Cl, confidence interval.
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PSM, propensity score matching, OS, overall survival; CSS, cancer specific survival; HR, hazard ratio; Cl, confidence interval.
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