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Objectives

The choice of resection method for geriatric patients with early-stage non-small cell lung cancer (NSCLC) remains contentious. This study aimed to evaluate survival and perioperative outcomes after thoracoscopic lobectomy resection (LR) or sublobar resection (SR) in patients aged ≥75 years with pathologic stage (pStage) I NSCLC.



Materials and Methods

We retrospectively examined 258 consecutive patients aged ≥75 years with pStage I NSCLC who underwent thoracoscopic tumor resection at our institute from 2011 to 2018. Propensity score matching (PSM) analysis identified 60 patients in each group for comparison of survival-related parameters, including disease-free survival (DFS), lung cancer-specific overall survival (OS), and non-lung cancer-specific OS, using the Kaplan-Meier analysis.



Results

LR and SR were performed in 84 (32.6%) and 174 (67.4%) patients aged ≥75 years, respectively. The LR group had younger patients, better performance status, larger tumor sizes, and deeper tumor location than the SR group. Multivariate studies showed that the resection method was not a prognostic factor for OS. The two PSM-matched groups were not significantly different with respect to lung cancer-specific OS (p = 0.116), non-lung cancer-specific OS (p = 0.408), and DFS (p = 0.597). SR helped achieve better perioperative outcomes than LR, including fewer postoperative complications (10.0% vs. 28.3%, p = 0.011), shorter operative times (p < 0.001), decreased blood loss (p = 0.026), and shorter chest tube duration (p = 0.010) and hospital stays (p = 0.035).



Conclusions

Thoracoscopic SR may provide similar oncological outcomes to LR, but may be a safer and more feasible surgical method for geriatric patients with pStage I NSCLC.
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Introduction

Lung cancer is the leading cause of cancer death (1). The median age at diagnosis of non-small cell lung cancer (NSCLC) is 71 years in the Western world, with 36.3% of cases occurring among individuals aged ≥75 years (1). The detection rate of early-stage cancers in the elderly population is expected to substantially increase with the widespread use of computed tomography (CT) screening (2, 3). The management of early NSCLC in older patients presents a major challenge.

Lobectomy resection (LR) is the standard curative treatment for early-stage NSCLC (4, 5). However, sublobar resection (SR) is recommended for patients with compromised cardiopulmonary function. Recently, several retrospective studies have shown that SR has comparable oncological outcomes, better lung function preservation, and lower perioperative morbidities when compared with LR (6, 7). Thus, SR represents a feasible surgical method for geriatric patients with early NSCLCs (8–14). Despite the high incidence of lung cancer in the elderly population, the preferred resection method (i.e., LR or SR) in patients with early-stage NSCLC is still controversial (4). Therefore, re-evaluation of surgical treatment strategies in these patients is required. No previous study has compared thoracoscopic LR with SR in geriatric patients with early NSCLCs.

This retrospective study aimed to compare perioperative outcomes and survival of patients who underwent thoracoscopic SR or LR, and to identify prognostic factors in geriatric patients aged ≥75 years with surgically resected pStage I NSCLC.



Material and Methods


Study Population

We retrospectively examined 3,125 consecutive patients with NSCLC who underwent surgical treatments by a single surgical team at the National Taiwan University Hospital from January 2011 to June 2018. The inclusion criteria were pStage I NSCLC, age ≥75 years, and patients undergoing thoracoscopic LR or SR. In total, 258 patients were included in the study (Figure 1). Our hospital research ethics committee approved this retrospective study (202005006RINC) and waived the requirement for informed consent.




Figure 1 | Algorithm for patient selection. NSCLC, Non-small cell lung cancer.



Preoperative clinical data was obtained from a prospectively collected database at our institute. Preoperative comorbidities were evaluated according to the Charlson Comorbidity Index (15). All preoperative studies were performed at our institute within two months before the operation, including pulmonary function test, echocardiography, test for preoperative serum carcinoembryonic antigen (CEA) levels, chest radiography, contrast-enhanced chest/abdomen CT, brain CT or magnetic resonance imaging (MRI), bone scanning, and positron emission tomography (PET). Tumor depth was defined as the shortest distance from the tumor to the pleura. The consolidation-to-tumor ratio (C/T ratio) was the ratio of the maximum diameter of consolidation to the maximum tumor diameter, measured by using CT according to the Japan Clinical Oncology Group 0201 definition (16). All imaging studies were independently reviewed by two thoracic surgeons in our surgical team using standard pictures with a commercially available viewer (IMPAX 5.2; Agfa HealthCare N.V., Mortsel, Belgium).

At our institute, SR was indicated if the tumor diameter was ≤2 cm and the C/T ratio was ≤50% in patients with NSCLC without lymph node or distant metastases. SR was considered if the resection margin was at >2 cm from than the tumor diameter. Otherwise, LR was performed to achieve the appropriate resection margin, which was defined based on gross measurements during surgery. Each surgeon made the decision for which surgical method (i.e., LR or SR) to use, which was then approved during a weekly multidisciplinary lung cancer meeting attended by surgeons, radiologists, pathologists, and oncologists before the surgery. After the SR was completed, mediastinal lymph nodes were sampled, depending on the location of the lung nodule, for lung cancer staging. The severity of postoperative complications was graded according to the Clavien-Dindo classification, which classifies postoperative complications as requiring pharmacological treatment (Grade II), surgical or radiological intervention (Grade III), or life-threatening complication (Grade IV) (17).

The histological diagnosis and pathological features were retrospectively collected from pathological analysis documents at the National Taiwan University Hospital. The pathological staging of lung tumors was determined according to the 8th Edition of the American Joint Committee on Cancer TNM staging system (18). The histopathology pattern was classified according to the 2015 World Health Organization criteria (19).  Tumor spread through air spaces (STAS) was defined as tumor cells within air spaces in the lung parenchyma at a distance of at least one alveolus away from the main tumor (20).



Patient Follow-Up and Outcome Measurement

Patients were monitored postoperatively in the outpatient clinic with physical examinations, serum CEA measurements, and chest CT examinations every 6 months for the first 2 years and every 6–12 months thereafter. Lung cancer recurrence was initially assessed using CT, PET, and MRI. It was further confirmed using CT-guided, endobronchial ultrasound-guided, and transthoracic echogram-guided biopsies or pleural effusion tapping.

For patients who underwent sublobar resection with an involved margin, the sequential treatments are completion lobectomy or radiotherapy within eight weeks. Adjuvant cisplatin-based chemotherapy is indicated for patients with nodal metastasis. Radiation therapy dose of 45-60 Gy as the highest cumulative radiation dose is indicated for lymph node metastases with extranodal extension.

The classification of the cause of death were lung cancer specific and non-lung cancer specific. Lung cancer-specific mortality was defined as death owing to recurrent disease associated with resected NSCLCs. Non-lung cancer-specific mortality was defined as death owing to specific causes other than NSCLCs. Death as a result of other malignancies was also regarded as non-lung cancer-specific death.



Propensity Score Matching (PSM)

A propensity score matching (PSM) analysis was adopted to select comparable cases in two groups for further analyses and to remove the potential impact of confounding factors. Briefly, the propensity score was calculated using a multivariate logistic regression model. Age, performance status, total tumor size, solid tumor size, and C/T ratio were included as covariates. Patients undergoing LR were matched to those undergoing SR in a 1:1 ratio, with a standardized mean difference (SMD) of <0.2 of the logit propensity score (21). The PSM algorithm was executed with PSM for the Statistical Package for the Social Sciences (SPSS) (add-on for SPSS, version 3.04) and the underlying R packages (version 3.3.0).



Statistical Analyses

Descriptive statistics are reported as mean ± standard deviation for continuous data and as percentages (%) for categorical data. Before PSM, chi-squared tests were performed for categorical variables, and Student’s t-test was performed for continuous variables. These values were also estimated after PSM using chi-squared tests for categorical variables and paired t-tests for continuous data. Overall survival (OS) and disease-free survival (DFS) rates were calculated using the Kaplan-Meier method and analyzed using log-rank tests. Multivariate analyses were performed using the Cox regression model after adjusting for significant confounding factors in the univariate model. Statistical analyses were performed using SPSS version 25 (IBM, Armonk, New York, USA). All tests were two sided, and p-values <0.05 were considered significant.




Results


Patient Demographics and Clinicopathological Features

The study cohort included 84 (32.6%) patients who underwent LR and 174 (67.4%) patients (including 128 wedge resections and 46 segmentectomies) who underwent SR. The mean follow-up period was 39.8 ± 24.6 months. The mean age of all 258 patients was 78.6 ± 3.3 years (range: 75-90). The majority of patients were female (57.0%) and non-smoker (79.5%). The comorbidity index of the study group was 1.5 ± 1.4. The details of patient demographics and clinical characteristics of the study cohort are listed in Supplementary Table 1.

Before PSM, patients in the LR group were younger (p = 0.013) and had a better Eastern Cooperative Oncology Group performance status (p = 0.007) than those in the SR group. The total tumor diameter, solid component diameter, and tumor depth were significantly larger in the LR group than in the SR group (Supplementary Table 1). The pathological features showed that the pathological tumor diameter and pStage were significantly different between the two groups. The LR group had a larger pathological tumor diameter (p < 0.001) and a higher presence of IB pStage (p < 0.001) than the SR group (Supplementary Table 2). There was no significant difference in positive STAS between lobectomy and sublobar resection group in this study cohort (42.1% vs. 31.5%, p=0.577).

PSM was used to identify 60 well-balanced patients in each group for a survival comparison. After PSM, only the tumor depth was greater in the LR group than in the SR group (p = 0.001). No other differences in demographic, clinical, histopathologic features, and pStage were observed between the two groups (Tables 1, 2). The distribution of the propensity scores and SMDs for both groups before and after PSM is shown in Supplementary Figure 1.


Table 1 | Demographic and clinical features after propensity score matching.




Table 2 | Pathological features after propensity score matching.





Operative and Perioperative Results

There was no 30-day mortality in the study cohort, and only one patient in the LR group underwent conversion to thoracotomy. After matching, SR was associated with better perioperative outcomes, including lower blood loss and shorter operative times, hospital stays, and chest tube duration (Table 3 and Supplementary Table 3). Postoperative complications were less common in the SR group than in the LR group (10.0% vs. 28.3%, p = 0.011). Severe postoperative complications with a Clavien-Dindo classification (17) greater than 3a were also less common in the SR group than in the LR group (10.0% vs. 25.0%, p = 0.031). The details of postoperative complications are listed in Supplementary Table 4.


Table 3 | Perioperative outcomes after propensity score matching.





Comparison of Clinical Outcomes Before and After PSM Analysis

Our results showed favorable clinical outcomes for both thoracoscopic LR and SR in geriatric patients with pStage I NSCLC. The Kaplan-Meier OS analysis showed no difference between the LR and SR groups with respect to lung cancer-specific OS (5-year lung cancer-specific OS: 100% vs. 98.2%, p = 0.081), non-lung cancer-specific OS (5-year non-lung cancer-specific OS: 83.9% vs. 90.7%, p = 0.853), and DFS (5-year DFS: 78.8% vs. 82.4%; p = 0.643). Within the follow-up period, 33 patients (12.8%) developed recurrence, among whom, 14 underwent LR and 19 underwent SR (Supplementary Table 5).

In this study cohort, 11 patients received SR with microscopic resection margin involvement, and only one patient (9.1%, 1/11) received reresection. The rest of the patients received radiotherapy for positive resection margin. In total, 11 patients developed local recurrence, 27.3% (3/11) patients received reresection, and the remaining received adjuvant therapy (tyrosine kinase inhibitor for mutant epidermal growth factor receptor [EGFR], or chemotherapy for wild-type EGFR mutation) plus radiotherapy.

After matching, the Kaplan-Meier OS analysis showed no difference between the two groups with respect to both lung cancer-specific OS (LR vs. SR; 5-year lung cancer-specific OS: 100% vs. 94.6%, p = 0.116) and non-lung cancer-specific OS (LR vs. SR; 5-year non-lung cancer-specific OS: 83.9% vs. 90.7%, p = 0.408) (Figure 2). The Kaplan-Meier DFS analysis also showed no significant difference between the LR and SR groups (5-year DFS: 80.3% vs. 81.3%; p = 0.597) (Figure 2). The causes of mortality stratified according to the lung cancer specific and non-lung cancer specific variables are shown in Supplementary Table 6. There was no significant difference in the cause of mortality between the LR and SR groups (p = 0.356).




Figure 2 | Kaplan-Meier overall survival by (A) lung cancer-specific overall survival survival, (B) non-lung cancer-specific overall survival, (C) disease-free survival analyses before matching, and (D) lung cancer-specific overall survival, (E) non-lung cancer-specific overall survival, (F) disease-free survival analyses after matching. LR, lobectomy; SR, sublobar resection.





Correlation Between Clinicopathological Features, Surgical Methods, and Clinical Outcomes

The results of the univariate analysis, which examined the correlation between clinicopathological features and OS, are listed in Supplementary Tables 7–9. We evaluated both lung cancer-specific and non-lung cancer-specific survival. Because of the limited number of events, no multivariate analysis was performed for lung cancer-specific OS. The multivariate analysis results are listed in Supplementary Table 9. Female sex (p = 0.049) was the only independent factor of non-cancer-specific death and was associated with increased survival. The resection method was not a prognostic factor for lung cancer-specific and non-lung cancer-specific OS.




Discussion

SR, including wedge resection and segmentectomy, is often offered to patients with comorbid conditions, such as poor cardiopulmonary function or physiological impairments, who would not be able to tolerate standard LR. The recommendation was established by The Lung Cancer Study Group trial published in 1995, which is the only randomized controlled trial that compared LR and SR for stage I NSCLC (5) and suggested that local recurrence is significantly more frequent with SR than with LR. To this day, LR remains the “gold standard” for the curative treatment of lung cancer in patients with adequate cardiorespiratory reserve (4). An increasing number of studies suggest that SR may achieve equivalent oncological outcomes as LR for early-stage NSCLC (6, 7). However, few studies have compared SR to LR for the surgical treatment of geriatric patients with NSCLC (8–14, 22, 23). Besides, no previous study has compared thoracoscopic LR with SR in geriatric patients with early-stage NSCLCs. In this study we focused on geriatric patients aged ≥75 years with pStage I NSCLC. The PSM analysis showed that thoracoscopic SR achieved comparable oncological outcomes to thoracoscopic LR with respect to DFS, lung cancer-specific OS, and non-lung cancer-specific OS in patients with pStage I NSCLC. Thoracoscopic SR resulted in better perioperative outcomes than thoracoscopic LR, and multivariate analyses showed that the resection method was not a significant prognostic factor for OS.

SR showed similar oncological outcomes to LR in geriatric patients with early-stage NSCLC (8–14). However, this was contradicted by the inferior survival in the SR group of other studies (22, 23). In 2005, Mery et al. (9) reported that SR with adequate margins might be an alternative for the curative treatment of older patients (aged >71 years) since it did not significantly affect their long-term survival. In 2010, Wisnivesky et al. (10) reported a similar survival rate in patients (aged >65 years) undergoing limited resection or lobectomy for stage IA tumors ≤2 cm, and they suggested that SR may be an effective therapeutic alternative for these patients. However, Shirvani et al. (22) have reported that SR was significantly associated with worse OS than LR in older patients with early-stage NSCLC. Meanwhile, Veluswamy et al. (23) reported that LR achieves results equivalent to that of segmentectomy but not wedge resection for early-stage lung adenocarcinoma. In the past 5 years, four studies showed no significant difference in the clinical outcome between SR and LR, and SR may be an acceptable oncological procedure for geriatric patients with clinical Stage I NSCLC (11–14). The details of these four studies are summarized in Table 4. Our study is the first to compare thoracoscopic LR vs. SR in geriatric patients with early-stage NSCLCs and confirm the results of these previous studies.


Table 4 | Summary of studies discussing the survival correlation of lobectomy vs. sublobar resection in patients with geriatric early-stage lung cancer in recent 5 years.



In this study, SR had a better perioperative outcome than LR, including fewer postoperative complications, decreased blood loss, and shorter operative times and hospital stays. These results are comparable with those of previous studies; the limited resection in SR when compared with that in LR was associated with comparable oncological efficacy, reduced surgical risks, and shorter hospital stays (24). Moreover, SR in geriatric patients with stage I NSCLC has been associated with less severe postoperative complications and OS than LR (11–13). The overall postoperative complication rate of 14.3% in this study was considerably lower than that previously reported (53.9%) in geriatric patients (13), which may be because of the minimally invasive thoracoscopy approach used in this study. The comparable oncological outcome suggests that the less invasive thoracoscopic SR could benefit older patients as it preserves lung parenchyma, leading to a faster recovery. However, more studies have to be conducted in the future to better understand these differences.

Among clinical characteristics, multivariate analyses revealed that gender is the only significant prognostic factor. Females were associated with better survival outcomes, consistent with the results of previously reported case series (25–27). Age and surgical methods were not significantly correlated with the clinical outcome in this study, consistent with the finding of a previous study by Sigel et al. (26), who showed that age alone was not correlated with a higher incidence of mortality or morbidity. This study did not have a 30-day hospital mortality, whereas previously reported mortality rates ranged from 1.2% to 10% (27). Possible reasons for the improved non-lung cancer-related and lung cancer-specific OS in this study may be the minimally invasive thoracoscopic surgery and early CT screening that detected small lung tumors. These results suggest that thoracoscopic surgery for geriatric patients with early-stage NSCLC is safe with promising outcomes. The findings support the concept proposed by Sigel et al. (26) that geriatric patients with stage I lung cancer may undergo aggressive surgery.

This study has limitations and biases. The inherent bias associated with retrospective studies could not be avoided, especially regarding the selection of the surgical method by the surgical team. We used PSM and multivariate analyses to reduce the selection bias. The sublobar resection included segmentectomy and wedge resection. The choice between wedge resection and segmentectomy as a sublobar resection method for geriatric patients may need further evaluation by multi-institutional studies. The study cohort was exclusively Asian, with a high percentage of patients having adenocarcinoma (88%); thus, our findings should carefully be extrapolated to other NSCLC populations. Despite these limitations, we provided detailed, comprehensive, and accurate data obtained from a prospectively collected database at our institute. For clinicians who manage geriatric patients with stage I NSCLC, the study provides clinically relevant information.

In conclusion, our results showed that thoracoscopic SR might provide similar oncological outcomes to LR and help obtain better perioperative outcomes than lobectomies. Thoracoscopic SR may be a safe and feasible surgical method for geriatric patients with pStage I NSCLC and can be the treatment of choice for these patients. The results of our study should be further validated in ongoing prospective, multi-institutional studies in the near future (28–30).
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