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Simple Summary:  

Although video-assisted thoracoscopy surgery is now considered the standard treatment for 

early-stage lung cancer, the relevance of VATS in locally advanced lung cancer remains 

unknown. Several studies have been conducted to assess the feasibility and safety of VATS 

lobectomy for locally advanced NSCLC. However, only a handful  have used propensity 

score matching to compare the operative and oncologic outcomes of VATS versus open 

lobectomy. Furthermore, these studies included a mixture of stages (II, III, and IV) and did 

not particularly evaluate the significance of VATS in the treatment of stage III disease. In this 

study, we compared the perioperative and oncologic outcomes of VATS with open lobectomy 

for stage III NSCLC and used propensity score matching to produce a well-balanced cohort of 

patients undergoing VATS and open lobectomy in order to minimize selection bias and 

achieve convincing statistical results. 

 

Abstract:  

Objectives:  
This study aims to evaluate the perioperative and oncologic outcomes of thoracoscopic 

lobectomy for advanced stage III NSCLC. Methods: We retrospectively reviewed 205 

consecutive patients who underwent VATS or open lobectomy for clinical stage III lung 

cancer between January 2013 and December 2020. The perioperative and oncologic outcomes 

of the two approaches were compared. Long-term survival was assessed using the Kaplan–

Meier estimator. Propensity score-matched (PSM) comparisons were used to obtain a well-

balanced cohort of patients undergoing VATS and open lobectomy. Results: VATS 

lobectomy was performed in 77 (37.6%) patients and open lobectomy in 128 (62.4%) 

patients. Twelve patients (15.6%) converted from VATS to the open approach. PSM resulted 

in 64 cases in each group, which were well matched according to twelve potential prognostic 

factors, including tumor size, histology, and pTNM stage. Between the VATS and the open 

group, there were no significant differences in unmatched and matched analyses, respectively, 

of the overall postoperative complications (p = 0.138 vs. p = 0.109), chest tube duration (p = 

0.311 vs. p = 0.106), or 30-day mortality (p = 1 vs. p = 1). However, VATS was associated 

with shorter hospital stays (p < 0.0001). The five-year overall survival (OS) and five-year 

Recurrence-free survival (RFS) were comparable between the VATS and the open groups. 

There was no significant difference in the recurrence pattern between the two groups in both 

the unmatched and matched analyses.  



Conclusion: For the advanced stage III NSCLC, VATS lobectomy achieved equivalent 

postoperative and oncologic outcomes when compared with open lobectomy without 

increasing the risk of procedure-related locoregional recurrence. 
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1. Introduction 
 

Non-small cell lung cancer (NSCLC) is the leading cause of cancer-related death worldwide. 

Unfortunately, the advanced-stage (stages III and IV) disease accounts for 79% of newly 

diagnosed patients, and the five-year survival rate ranges from 4 to 28% [1], depending on the 

disease stage, the patient’s medical conditions, and treatment modality. Chemoradiotherapy has 
traditionally been the mainstay of treatment for advanced NSCLC, while current guidelines 
recommend therapeutic intent pulmonary resection for patients with resectable stage IIIA disease and 
oligometastatic stage IV disease [2]. However, recent studies point to the benefits of surgical resection 
for more advanced-stage cases (which have typically been considered unresectable [3–6]) and have 
indicated that such intervention can offer significant improvements for both hospital mortality and long-
term survival.  
 
The benefits of video-assisted thoracoscopic (VATS) lobectomy in terms of reduced morbidity, faster 
resumption of daily activities [7], and even higher OS and RFS [8] are well established in patients with 
early-stage NSCLC. As a result, VATS is now considered to be the standard treatment for early-stage 
NSCLC [2]. Despite better compliance with adjuvant chemotherapy following a VATS procedure in 
patients with advanced disease [9] and the expansion of the use of thoracoscopic procedures for more 
technically challenging operations, the benefits of VATS for patients with advanced-stage NSCLC 
have yet to be clearly defined. Indeed, several studies have reported the use of VATS lobectomy for 
locally advanced NSCLC [10–14] and indicate that VATS is both feasible and safe and is associated 
with a reduced hospital stay and chest tube duration with equal oncologic efficacy as compared to 
open lobectomy. However, these studies involved a mixture of disease stages, which may have 
biased the results in favor of the VATS approach, nor did these studies specifically assess the role of 
VATS in the management of stage III disease. Consequently, the present study was designed to 
compare the perioperative and oncologic outcomes of VATS and open lobectomy for patients with 
advanced stage III NSCLC. We performed propensity score matching to create two homogenous 
groups for comparison, minimize selection bias, and achieve convincing statistical results. 
 

 

2. Material and Methods 
 

2.1. Patient Selection 

 

We retrospectively analyzed 205 consecutive patients with advanced stage III NSCLC who 

underwent a lobectomy between January 2013 and December 2020 at the Department of 

Thoracic and Vascular Surgery, Arnaud de Villeneuve Teaching Hospital, Montpellier. The 

8th edition of the Union for International Cancer Control’s tumor node metastasis (TNM) 

staging system was used to determine clinical and pathological stages. The preoperative 

staging was assessed by a computed tomographic (CT) scan of the chest, abdomen, and 

pelvis, as well as a positron emission tomographic (PET-CT) scan, brain imaging with a CT 

scan, or magnetic resonance imaging (MRI), and bronchoscopy. Mediastinoscopy or 

endobronchial ultrasonography (EBUS) was used for mediastinal staging. Patients with stage 

I–II NSCLC and those with tumors other than NSCLC were excluded. Patients with central 

tumors requiring complex bronchovascular reconstruction were offered an open approach. 



Peripheral tumors less than 7 cm were managed by VATS. Since 2015, in the case of chest 

wall invasion, a hybrid approach was performed as previously described [15]. All patients 

received induction therapy. The preoperative choice of neoadjuvant-type therapy was based 

on the patient’s conditions, their physician’s recommendations, and the availability of 

induction therapy protocols. A chest CT and/or PET-CT scan were used to evaluate the 

response. In patients with cN2 (single or bulky) and cN-3 disease, invasive restaging using 

mediastinoscopy or EBUS was performed after induction therapy and prior to resection. 

Patients with downstaging and without progression underwent radical resection. Four 

surgeons with at least 4 years of VATS experience were involved in the study. VATS 

lobectomy was performed through three ports without rib spreading. Open lobectomy was 

performed via a posterolateral thoracotomy through the fifth interspace with latissimus dorsi 

muscle section and rib spreading. Patients were divided into two groups according to the 

surgical approach adopted: a VATS group and an open group. Systemic lymph node 

dissection of all hilar (N1) and at least three mediastinal (N2) nodal stations were routinely 

performed. In postoperative care, all patients were managed according to a standardized 

postoperative protocol. Chest drains were typically removed when there was no air leakage 

and their volume was less than 400 cc/day. This study was approved by the Institutional 

Review Board, with individual patient consent being waived. 

 

2.2. Data Extraction 

 

Data were collected on patient demographics, smoking history, comorbidities, pulmonary 

function test, clinical stage, tumor location and size as measured by CT, neoadjuvant therapy 

modality, histological type, pathological stage, number of lymph nodes and stations removed, 

surgical details, chest tube duration, length of hospitalization, reoperation, and postoperative 

complications included any of the following: pneumonia, atrial fibrillation, prolonged air leak 

(more than 5 days postoperatively), adult respiratory distress syndrome (ARDS), 

bronchopleural fistula, pleural effusion, and heart failure. Perioperative mortality was defined 

as death within 30 days of the operation. 

 

Follow-up data were collected from clinical notes and direct contact with patients and 

physicians. Overall survival (OS) was defined as the time period between surgery and death 

from any cause or the last follow-up evaluation. Recurrence-free survival (RFS) was defined 

as the period between surgery and recurrence or death from any cause. 

 

2.3. Statistical Analysis 

 

Statistical analysis was performed using SPSS IBM software version 25 (IBM, Armonk, NY, 

USA). The baseline characteristics and outcomes of the VATS and open groups were 

compared using Pearson’s _2-test or Fisher’s exact test when applicable for categorical 

variables and Student’s unpaired t-test or the Wilcoxon rank-sum test when applicable for 

continuous variables. Patients who underwent conversions from VATS to open lobectomy 

were assessed using an intent-to-treat analysis and, for the purposes of our analysis, continued 

to be attributed to the VATS group. OS and RFS were evaluated using the Kaplan– Meier 

method and the log-rank test. Propensity score matching (PSM) was performed to balance the 

confounding factors between the two groups to minimize potential selection bias. Propensity 

scores were developed and defined as the probability of treatment with the VATS approach 

versus the open approach conditional on measured covariates. Variables included in the 

propensity score model were: age, sex, hypertension, coronary artery disease, diabetes, 

COPD, smoking history, FEV1, clinical tumor size, pathological T and N status, tumor 



location, histology, and induction chemoradiotherapy. Patients were then matched on the 

propensity score using a 1:1 nearest neighbor matching algorithm with a caliper distance of 

0.01 and no replacement. Following propensity matching, the patient demographics and 

outcomes were assessed using Pearson’s _2-test or Fisher’s exact test when applicable for 

categorical variables and Student’s unpaired t-test or the Wilcoxon rank-sum test when 

applicable for continuous variables. OS and RFS were evaluated using the Kaplan–Meier 

method and the log-rank test. Furthermore, the Cox proportional hazards model was used to 

identify the independent prognostic factors of RFS for these patients. All tests were two-sided, 

using an alpha of < 0.05 to be considered statistically significant. 

 

 

2. Results 

 
3.1. Unmatched Population 

 

3.1.1. Patient Characteristics 

 

The clinical and pathologic backgrounds are described in Tables 1 and 2, respectively. A total 

of 205 patients were enrolled in the study, of whom seventy-seven had undergone VATS 

lobectomy and one-hundred twenty-eight underwent open lobectomy. Compared with the 

open group, patients in the VATS group were older (61.33 ± 8.54 vs. 57.6 ± 9.52, p = 0.031) 

and less likely to have diabetes (9.1 vs. 13.3%, p = 0.041) and cardiac disease (6.5 vs. 16.4%, 

p = 0.039). Preoperative forced expiratory volume in one second (FAV1%) was significantly 

lower in the VATS group (88.94 ± 16.98 vs. 90.50 ± 16.64%, p = 0.008), but diffusion 

capacity of the lung for carbon monoxide (DLCO%) was similar for both groups. The mean 

clinical tumor size was smaller in the VATS group than in the open group (31.16 ± 17.33 vs. 

54.12 ± 35.77 mm, p = 0.002). There were no significant differences between the two groups 

in terms of histology, induction therapy, and anatomic distribution of resected lobes. 

However, patients in the open group had a larger pathological tumor size (42.3 ± 30 vs. 31.4 ± 

18.9 mm, p = 0.002) and a higher pathological T (p < 0.001) and N (p = 0.013) status. The 

number of lymph node stations harvested and the total number of removed lymph nodes were 

similar for the two procedures. However, the VATS approach achieved a greater resection R0 

than the open approach (94.8 vs. 82%, p = 0.012) (Table 2). 

 

3.1.2. Perioperative Outcomes 

 

Perioperative outcomes for the two groups are listed in Table 3. Twelve patients (15.6%) were 

converted from VATS to open surgery. The reasons for conversions were fibrotic tissue and 

tight adhesions (six patients), hilar anthracofibrotic nodes (two patients), and extensive 

pulmonary artery involvement requiring bypass reconstruction (four patients). None of the 

conversions required more extensive resection than expected, and none led to perioperative 

death. There were no significant differences in surgery time, intra-operative blood loss, 30-

day mortality, or overall morbidity, including bronchopleural fistula, prolonged air leak, atrial 

fibrillation, postoperative pneumonia, and respiratory failure. There was no difference in 

postoperative chest tube drainage duration between the two groups, but the length of hospital 

stay was significantly shorter (4 vs. 8 days, p < 0.0001) in the VATS group. 

 

 

 



 

 



 
 

 

3.2. Oncologic Outcomes 

 

The median follow-up period was 23.5 months for the VATS group (range 1–69 months) and 

26.3 months (range 1–82 months) for the open group. The five-year OS and RFS was 55.7% 

(95% CI, 42.3–59.5) and 42.8% (95% CI, 31–53%) in the VATS group, and 51.8% (95% CI, 

47.2–59.6) and 31% (95% CI, 29–46%) in the open group, respectively. There was no 

significant difference in the five-year OS (log-rank test, p = 0.563) or five-year RFS (log-rank 

test, p = 0.193) between the two groups (Figure 1). In addition, no significant differences in 

overall, local, regional or distant recurrence were found (p = 0.356, see Table 4). 

 

 

 

 



 

 
3.3. Matched Population 

 

Figure 1. Kaplan–Meier curve for the long-term survival of the entire cohort. 

(A) Overall survival; 

(B) Recurrence-free survival. VATS: Video-assisted thoracoscopic surgery. 

 

 

3.3.1. Patient Characteristics and Perioperative Outcomes 

 

The PSM created 64 cases of VATS lobectomy and 64 cases of open lobectomy. The baseline 

characteristics of the matched patients are listed in Table 1. Both groups were similar in age, 

sex, smoking history, FEV1, DLCO, comorbidities, clinical tumor size, pathologic stage, 



histology, anatomic distribution of resected lobe, and induction chemoradiotherapy. After 

propensity matching, the incidence of overall postoperative complications was similar (p = 

0.109). VATS lobectomy was also associated with less blood loss (140 mL vs. 195 mL, p = 

0.023) and shorter length of hospital stay (4 vs. 7 days, p < 0.0001). However, there remained 

no significant difference in surgery time, chest tube drainage duration, and 30-day mortality 

between the two groups. After matching, more lymph node stations were harvested in the 

VATS group than the open group (5.9 ± 1.7 vs. 4.8 ± 1.6, p = 0.011), but the total number of 

removed lymph nodes was almost similar between the two procedures (12.5 ± 5.3 vs. 11.5 ± 

6.3, p = 0.219). There was no difference between the two groups in terms of resection margins 

R0 (93.7 vs.90.6, p = 0.443, Table 2). 

 

 

 

 



 

 

 

 

Figure 2. Kaplan–Meier curve for long-term survival after propensity score matching 

(PSM).  
(A) Overall survival; 

(B) Recurrence-free survival. VATS: Video-assisted thoracoscopic surgery. 

 



 
 

 

 

 

 

 

 

4. Discussion 
 

In this comparative study, we evaluated the perioperative and oncologic outcomes of VATS 

lobectomy for stage III NSCLC and found that the VATS approach was associated with 

shorter hospital stays compared with open lobectomy, whereas no significant difference was 

identified in perioperative outcomes, including perioperative complications and 30- day 

mortality. Additionally, there was no significant difference in five-year OS and RFS between 

the groups in both unmatched and matched populations. These results support the non-

inferiority of VATS over open lobectomy.  

 

Until recently, mini-invasive surgery was considered a contraindication for advanced stage 

NSCLC resection, owing to concerns regarding its safety, the technical challenges of hilar 

dissection after induction therapy [16], and uncertainties related to the completeness of 

oncologic resection. However, with developments in thoracoscopic equipment and growing 

clinical experience, some thoracic surgeons have expanded the indications of VATS to 

advanced stages of lung cancer, thus providing evidence of its safety and efficiency [14,17–



19]. Despite the obvious contribution of these studies to the mainstreaming of VATS, they 

mostly include only stage II or IIIA patients without applying a propensity analysis. To date, 

few studies have compared short- and long-term outcomes of VATS versus open lobectomy 

in a well-balanced population of patients with advanced-stage NSCLC. Cao et al. [20] 

conducted a large multi-institutional study to construct a propensity score analysis for VATS 

versus open lobectomy and matched a total of 2916 patients, of whom six-hundred sixty-five 

had stage IIIA NSCLC. While this analysis concluded that VATS has similar long-term 

survival outcomes compared to open lobectomy, it failed to compare perioperative and 

recurrence-free survival data for the two groups. Another retrospective study by Yang et al. 

[13] reviewed 272 patients who had undergone neoadjuvant therapy and matched a total of 

forty-five patients with stage III–IV NSCLC. The authors reported a 10% conversion rate and 

no significant differences between the two groups in 30-day mortality, overall morbidity, and 

3-year OS and RFS. More recently, Chen et al. [12] reported the results of 120 pairs of well-

matched VATS and open lobectomy in advanced-stage NSCLC patients, of whom 

approximately one-third only had stage IIIA disease. This study showed that VATS 

lobectomy was associated with a significantly shorter hospital stay and better compliance for 

adjuvant chemotherapy but no significant decrease in blood loss, chest tube drainage duration, 

or postoperative complications. The present study’s findings are largely aligned with those of 

Chen et al. [12].  

 

The 15.6% conversion rate was relatively high in our series, which may be attributed to the 

neoadjuvant therapy. In a large, multi-institutional, propensity-matched study of 2887 patients 

who underwent either VATS or open lobectomy after neoadjuvant therapy, Yang et al. [21] 

reported a 20% conversion rate following induction chemotherapy and a 25% rate following 

induction chemoradiation. In line with our findings, there was no significant difference in 

perioperative mortality between patients who underwent conversions or open lobectomy. 

These results may eliminate persistent apprehension about the safety of VATS for advanced-

stage NSCLC. Nevertheless, it must be acknowledged that the avoidance of intra-operative 

life-threatening injuries during the VATS procedure for advanced disease, especially 

following induction therapy, requires a careful selection of patients and proactive conversions 

to thoracotomy where doubt exists to probable injury. The criteria by which thoracotomy and 

VATS candidates might be distinguished has yet to be clarified because of the wide spectrum 

of patients generally involved and also because of the within-stage heterogeneity. We believe 

that the VATS approach should be reserved for tumors < / =7 cm and without massive hilar 

invasion. Chest wall involvement or N2 disease should not hamper the VATS procedure, even 

after induction therapy [15,22]. 

 

 

In our study, while propensity score matching showed significantly decreased bleeding 

volume in the VATS group, no differences were identified between the two groups in chest 

tube duration, overall complications, or early mortality (i.e., within 30 days). This study’s 

most interesting finding was the reduced length of hospital stay for the VATS group, both in 

matched and unmatched analyses, despite the two groups showing a similar overall rate of 

postoperative complications and chest tube duration. One possible explanation is the reduced 

trauma leading to less postoperative pain and lighter psychological burden in the VATS group 

allowing faster recovery than open lobectomy. While previous studies have highlighted the 

advantages of this [7,23], we believe that a VATS approach should be particularly 

emphasized for frail patients with an advanced stage of the disease who require multi-

modality therapy. 

 



 

The reliability and accuracy of the VATS procedure in achieving adequate lymph node 

dissection have long been a matter of controversy. All surgeons are aware of the complexity 

and the prognostic impact of achieving a thorough lymph clearance, especially in patients 

with advanced-stage disease or lymph node metastasis. Several studies have evaluated the role 

of VATS lobectomy for stage I NSCLC cN0-pN2 and have reported a similar rate of lymph 

node upstaging and five-year recurrence-free survival for both approaches [24–27], which 

points to the oncologic efficacy of VATS lymphadenectomy. The present study found that the 

number of lymph node stations harvested by VATS was superior to thoracotomy in the 

matched population (p = 0.011) without impacting the total number of lymph nodes removed 

(p = 0.219). Consistent with other studies [28,29], these results may be attributed to the 

magnification of the surgical field by camera resulting in a clearer visualization of the 

anatomical structures and lymph node stations. The growing skills and experience 

accumulated in our institution, thanks to years of VATS practice, could also be a factor [30]. 

The earlier works of D’Amico et al. [31] and Lee et al. [32] show that cumulative experience 

may positively affect the accuracy of the nodal resection. 

 

Complete resection is a major prognostic factor and may increase the survival of advanced-

stage lung cancer [33,34]. In our study, the negative margin rate of the VATS procedure was 

significantly higher than that of open lobectomy in the entire cohort, but not after matching. 

This latter fact is probably related to the smaller tumor size in the VATS group rather than to 

the procedure itself. Furthermore, in both unmatched and propensity score-matched cohorts, 

we found no significant differences in five-year OS and RFS between the VATS and open 

groups. More interesting still, the two groups’ recurrence pattern was similar even after 

propensity matching. A limited number of studies have addressed the seldom-debated 

question of recurrence patterns following VATS lobectomy [35–37]. These studies involved 

patients with early-stage disease, and all reported a similar recurrence rate between VATS and 

open lobectomy and concluded that the VATS procedure does not increase the risk of 

procedure-related locoregional recurrence. Our results are strikingly consistent with the above 

studies, despite our cohorts with more advanced-stage disease. As such, our results may help 

to dispel lingering doubts regarding the ability of VATS to achieve oncologic outcomes 

equivalent to those of standard thoracotomy. 

 

5. Limitations 
 

This study had several limitations. First, this was a single-center retrospective cohort study 

rather than a randomized controlled trial; this could be a source of unobserved confounding 

selection bias between the two groups. While we used the PSM to balance the observable 

variables between the two groups, a number of potential unknown factors could not be 

adjusted, thus reducing the verification effectiveness of our study. Second, it was not easy to 

eliminate selection bias since only patients who showed a favorable response and good 

tolerance to initial treatments were, by definition, sufficiently and medically fit to then 

undergo surgery. Third, there is an obvious surgeon choice bias privileging an open approach 

to larger, complicated central tumors. We tried to address this by matching tumor size and 

location, and given the evident inability to carry out a large-scale randomized study, we 

believe this propensity analysis minimized bias as much as possible. Fourth, the criteria used 

for assessing the efficacy of neoadjuvant therapy were not fully consistent; for example, 

invasive mediastinal restaging was only performed for patients with cN2-N3 prior to 

induction therapy, which might undermine the oncologic outcomes. Next, given this study’s 

small sample size, we were unable to perform further stratified analysis, which would 



consider neoadjuvant regimens. Lastly, the follow-up period was relatively short, which limits 

long-term conclusions from being drawn. 

 

6. Conclusions 
 

The current study has demonstrated that, in experienced VATS centers, VATS lobectomy for 

the treatment of advanced stage III NSCLC is safe, reliable, and associated with a shorter 

hospital stay and equivalent oncological outcomes compared with standard thoracotomy. We 

believe that in selected patients without huge and/or central tumors, VATS may be a sound 

alternative to thoracotomy, especially for patients weakened by muti-modality treatment. The 

patient selection process is also fundamental to avoid untimely conversions 
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