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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 (I, 111, and V) and did
not particularly evaluate the significance of VATS in the treatment of stage 111 disease. In this
study, we compared the perioperative and oncologic outcomes of VATS with open lobectomy
for stage 11l 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 Il NSCLC. Methods: We retrospectively reviewed 205
consecutive patients who underwent VATS or open lobectomy for clinical stage Il 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 Il 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 Il and 1V) 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 Ill disease. Consequently, the present study was designed to
compare the perioperative and oncologic outcomes of VATS and open lobectomy for patients with
advanced stage Ill 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 111 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-11 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 RO
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.



Table 1. Patient characteristics for all included patients and PSM pairs.

0 All Included Patients PSM Patients
Chamclatatc Open VATS  pVae  Open VTS pVale
Agyer+SD 56493  6lB85 01 09499 Q04803 029

Sex, 1 (') 0664 0695
Mal RE) e BE) %662

FEV1%, mean £ 5D 9050 £ 1664  88.94116.98 0.008 8716128  8835+172 0.579

DLCO%, mean £ 5D 65.92+1376 67.34 £15.4 0.599 6171256  68.09+1643 0.105

Comorbidities, 1 (%)

Hypertension 28(219) 19(247) 0.739 19(29.6) 17(26.5) 0.653
Diabetes 17(13.3) 7(9.) 0.041 7(1) 7(11) 1
Cardiac disease 21(164) 5(6.5) 0.039 5(78) 3(46) 0.358
COPD 25(19.5) 19(247) 0.385 10 (15.6) 12(18.7) 0.633
Smoking history, 1 (%) 103 (80.5) 65 (844) 0.106 51(797) 54 (84.4) 0.080
¢Tm size, mm £ 5D 541213577 3116+ 17.33 0.002 3784+208 3501+172 0714
¢TINM, 1 (%) 0.033 0435
[A 77(60.2) 58 (75.3) 43(67.2) 48(75)
[IB 51(39.8) 19 (247) 21(328) 16(25)
Induction therapy, 1 (%) 128 (100) 77 (100) 1 64 (100) 64 (100) 1
ﬂ'l;irgepf;:;nsz:;zisr&tai;) 95(72-135)  91(72-128) 0723 92(72-130)  89(72-126) 0.642
Tumor location, 1 (%) 0.880 0.983
Right upper 50(39.1) 32 (41.6) 7 (422) 25(39.1)
Right middle 4(31) 4(52) 3(47) 4(6.3)
Right lower 21(16.4) 15(195) 11(17.2) 10(15.6)
Left upper 34(26.6) 17 (22) 15(234) 17 (26.5)
Left lower 16 (125) 10(13) 8(125) 8(125)
Surgical procedure
Lobectomy 47 (36.7) 59 (76.6) 24(37.5) 48 (75)
Bilobectomy 28(219) 10(13) 13(203) 8 (12.5)
Pneumonectomy 32(25) 339 16 (25) 3(47)
Sleeve lobectomy 21(164) 5(6.5) 11(172) 5(7.8)

VATS: Video-assisted thoracoscopic surgery; SD: standard deviation; FEV1: forced expiratory volume in 1';
DLCO: diffusing capacity of carbon monoxide; COPD: chronic obstructive pulmonary diseases. p values in bold
are statistically significant.



Table 2. Treatment and tumor characteristics for all included patients and PSM pairs.

All Included Patients PSM Patients
Open VATS p-Value Open VATS p-Value

Characteristics

Induction therapy, (%)
Platinum doublet therapy

by 90(703)  48(624) 0.282 39(609) 38(59.4) 1
Platinum doublet therapy
e 569 339 1 508) 347 0
Chemoradiotherapy 33(25.8) 26(33.7) 0.265 20(31.3) 23(359) 0.708
pTmsize, mm £ SD £3+30 314+189 0.002 3$82+231 3021163 0.69
yp tumor stage, 1 (%) <0.001 0488
10 14(109)  11(143) 8(125) 10(15.6)
T By B9 18281 25(39.)
§vi 34205  16(208) 16 (25) 14(219)
T3 37(29) 13(16.9) 15234  12(187)
T4 20(15.6) 4(52) 7(11) 3(47)
yp nodal stage, 1 (%) 0.013 0227
NO 76(59.3)  55(714) 0469  46(719)
N1 721 12(156) 16(25) 10(15.6)
N2 25(195  10(129 18(28)
Histology 0910 0983
Adenocarcinoma 76(59.4) 48 (624) 38 (59.4) 37 (57.8)
Squamous cell 47 (36.7) 26(33.8) 24(37.5) 25(39.1)
Other 5(39) 3(39) 2(3.) 2(3.)
Lymph nodes, mean £ 5D
Total stations 5419 55116 0.078 48416 5917 0.011
Total lymph nodes 107+67 122451 0400 11563 125153 0219
Completeness of resection, 1 (%)
RO 1058) 73048 002 58906 6037 0443

VATS: Video-assisted thoracoscopic surgery; SD: standard deviation. p values in bold are statistically significant.

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% ClI, 42.3-59.5) and 42.8% (95% CI, 31-53%) in the VATS group, and 51.8% (95% ClI,
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).
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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
RO (93.7 vs.90.6, p = 0.443, Table 2).

Table 3. Perioperative outcomes of all included patients and PSM pairs.

il e All Included Patients PSM Patients
P Open VATS  p-Value Open VATS  p-Value
Conversion to open, 1 (%) 12(15.6) 10(15.6)
Any complication, 1 (%) 50 (39.1) 23(29.9) 0.183 21(32.8) 13(20.3) 0.109
Air leak > 5 days 14(11) 10(12.9) 0.533 5(7.8) 5(7.8) 1
Atrial arthythmia 6(47) 3(39) 0879 3(47) 2(31) 1
Pneumonia 11(86) 5(6.5) 0.786 4(6.2) 347 1
ARDS, 1 (%) 6(4.7) 2(26) 0713 4(62) 2(31) 0.679
BPE, 1 (%) 6(47) 0(0) 0.148 3(47) 0(0) 0.244
Pleural effusion, 1 (%) 7(5.4) 3(3.9) 0.936 2(3.1) 1(1.6) 1
Reoperation, 11 (%) 12(94) 3(39) 0129 3(47) 1(16) 0.619
Surgery time, min, median (range) 180 (60-520) 175(60-430) 0199 180(60-348) 180(60-330)  0.827
; 140 130 195 140
Blood loss, mL, median (range) (50-2200) (50-1200) 0.956 (50-1500) (50-1100) 0.023
. du{;ﬁ;’;’)d“ys’ medan 3o 202 03 3p)  20-1) 0160
Length of stay, days, median (range) 8 (3-40) 4(2-45) <0.0001 7 (5-40) 4(2-35) <0.0001
30 days in hospital death 2(15) 1(13) 1 1(16) 0(0) 1
VATS: Video-assisted thoracoscopic surgery; ARDS: Acute respiratory distress syndrome; BPF: Bronchopleural
fistula. p values in bold are statistically significant.
Table 4, Patterns of recurrence o all included patints and PSM pais,
" All Included Patients PSM Patients
ecurrence
Open VATS Open VATS  p-Value
Oealn(®)  A@H  A@) 0% Ny BE) 0
Local (mediastinum)n (%)~ 9(7) 3 5(78) 3(7)
Regional (ong)n (%)~~~ 16(123) 3(69) 7(109) 3(47)
Dtnll %(8) B BY 1)

VATS: Video-assisted thoracoscopic surgery



A log-rank test, p = 0.622
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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.



Table 5. Multivariable Cox proportional hazards analyses for RFS.

- All Included Patients PSM Patients
Gl R %0 pVae  HR 5%C pValue
Age 1.023 0.988-1.059 019 1.041 0.993-1.091 0.0%
Sex (ref = female) 0.686 0.356-1.321 0.260 0349 0.134-0911 0.031
FEVI 0998 0979-1.017 0815 0980 0.953-1.008 0.158
DLCO 0.99 0.966-1.014 0413 0979 0945-1.015 0253
Comorbidities
Hypertension 1.04 0485-2164 0.950 0.543 0.218-1351 0.189
Diabetes 1348 0451-2.024 0.593 0716 0.117-1.365 0717
Cardiac disease 1.240 0495-2.104 0.646 1.347 0.716-1.639 0125
COPD 0.654 0.325-1314 0.233 2502 0.949-3.598 0.064
Smoking history 09%9 0984-1.014 0903 1.002 0.982-1.023 0.860
cTm size 0985 0.968-1.001 0.074 0950 0.921-0.979 0.001
Histology
Adenocarcinoma (ref) 2919 0.297-3.671 0358 2441 0464-3.327 0.165
Squamous cell 1.381 0.494-2.608 0.167 212 0.385-3.554 0199
VATS (ref) 1589 0812219 0176 2559 09462883 0.066
pINM 1.049 1.02-1.077 <0.001 1.092 1.050-1.136 <0.001

p values in bold are statistically significant.

4. Discussion

In this comparative study, we evaluated the perioperative and oncologic outcomes of VATS
lobectomy for stage 11l 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 Il or I11A 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 I1IA 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 I11-1V 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
Chenetal. [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 | NSCLC cNO-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 Il 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

Author Contributions:

K.H. designed this study and contributed to data collection, interpretation, and manuscript
writing. Y.L. performed the statistical analyses and interpreted the results. C.B. contributed to
data collection and interpretation. L.S. and C.M.-A. contributed to interpretation and
revisions. L.C. contributed to the design and final revisions. P.A. supervised this study and
contributed to its design and final revisions. All authors have read and agreed to the published
version of the manuscript.

Funding:

This research received no external funding.

Institutional Review Board Statement:

This study was approved by the Institutional Review Board (approval number assigned by the
IRB: IRB-MTP_2021_01_202000697).

Informed Consent Statement:
Individual patient consent was waivered.
Data Availability Statement:

Data collected for this study will be made available by the corresponding author upon
reasonable request following publication.

Conflicts of Interest:

The authors declare no conflict of interest.



References

1. SEER Stat Fact Sheets: Lung and Bronchus Cancer. Surveillance, Epidemiology End
Results Program Cancer Stat 2021. Available online:
https://seer.cancer.gov/statfacts/ntml/lungb.html (accessed on 22 December 2021).

2. Ettinger, D.S.;Wood, D.E.; Aggarwal, C.; Aisner, D.L.; Akerley,W.; Bauman, J.R.; Bharat,
A.; Bruno, D.S.; Chang, J.Y.; Chirieac, L.R.; et al. NCCN Guidelines Insights: Non-Small
Cell Lung Cancer, Version 1.2020. J. Natl. Compr. Canc. Netw. 2019, 17, 1464-1472.
[CrossRef]

3. Albain, K.S.; Rusch, V.W.; Crowley, J.J.; Rice, T.W.; Turrisi, A.T.;Weick, J.K.; Lonchyna,
V.A.; Presant, C.A.; McKenna, R.J.; Gandara, D.R. Concurrent cisplatin/etoposide plus chest
radiotherapy followed by surgery for stages I1IA (N2) and I11B non-small-cell

lung cancer: Mature results of Southwest Oncology Group phase Il study 8805. J. Clin.
Oncol. 1995, 13, 1880-1892. [CrossRef] [PubMed]

4. Bott, M.J.; Patel, A.P.; Crabtree, T.D.; Morgensztern, D.; Robinson, C.G.; Colditz, G.A;
Wagar, S.; Kreisel, D.; Krupnicka, A.S.; Patterson, G.A.; et al. Role for Surgical Resection in
the Multidisciplinary Treatment of Stage 11IB Non-Small Cell Lung Cancer. Ann. Thorac.
Surg. 2015, 99, 1921-1928. [CrossRef]

5. David, E.A.; Canter, R.J.; Chen, Y.; Cooke, D.T.; Cress, R.D. Surgical Management of
Advanced Non-Small Cell Lung Cancer Is Decreasing But Is Associated With Improved
Survival. Ann. Thorac. Surg. 2016, 102, 1101-1109. [CrossRef] [PubMed]

6. Wang, Z.; Gao, S.-G.; Xue, Q.; Guo, X.-T.; Wang, L.-X.; Yu, X.; Yang, Y.-K.; Mu, J.-W.
Surgery of primary non-small cell lung cancer with oligometastasis: Analysis of 172 cases. J.
Thorac. Dis. 2018, 10, 6540-6546. [CrossRef]

7. Bendixen, M.; Jgrgensen, O.D.; Kronborg, C.; Andersen, C.; Licht, P.B. Postoperative pain
and quality of life after lobectomy via video-assisted thoracoscopic surgery or anterolateral
thoracotomy for early stage lung cancer: A randomised controlled trial. Lancet. Oncol. 2016,
17, 836-844. [CrossRef]

8. Hernandez-Vaquero, D.; Vigil-Escalera, C.; Pérez-Méndez, I.; Gutiérrez, A.; Avanzas, P.;
Wei, Y.; Diaz, R.; Silva, J.; Moris, C.; Pascual, I. Survival After Thoracoscopic Surgery or
Open Lobectomy: Systematic Review and Meta-Analysis. Ann. Thorac. Surg. 2021, 111,
302-313. [CrossRef] [PubMed]

9. Petersen, R.P.; Pham, D.; Burfeind, W.R.; Hanish, S.I.; Toloza, E.M.; Harpole, D.H.;
D’Amico, T.A. Thoracoscopic lobectomy facilitates the delivery of chemotherapy after
resection for lung cancer. Ann. Thorac. Surg. 2007, 83, 1245-1250. [CrossRef]

10. Gonzalez-Rivas, D.; Delgado, M.; Fieira, E.; Fernandez, R. Double sleeve uniportal
video-assisted thoracoscopic lobectomy for non-small cell lung cancer. Ann. Cardiothorac.
Surg. 2014, 3, E2. [CrossRef]



11. Gao, H.-J.; Jiang, Z.-H.; Gong, L.; Ma, K.; Ren, P.; Yu, Z.-T.; Wei, Y.-C. Video-Assisted
Vs Thoracotomy Sleeve Lobectomy for Lung Cancer: A Propensity Matched Analysis. Ann.
Thorac. Surg. 2019, 108, 1072-1079. [CrossRef]

12. Chen, K.; Wang, X.; Yang, F.; Li, J.; Jiang, G.; Liu, J.; Wang, J. Propensity-matched
comparison of video-assisted thoracoscopic with thoracotomy lobectomy for locally advanced
non-small cell lung cancer. J. Thorac. Cardiovasc. Surg. 2017, 153, 967-976.e2. [CrossRef]

13. Yang, C.-F.J.; Meyerhoff, R.R.; Mayne, N.R.; Singhapricha, T.; Toomey, C.B.; Speicher,
P.J.; Hartwig, M.G.; Tong, B.C.; Onaitis, M.W.; Harpole, D.H.; et al. Long-term survival
following open versus thoracoscopic lobectomy after preoperative chemotherapy for non-
small cell lung cancer. Eur. J. Cardiothorac. Surg. 2016, 49, 1615-1623. [CrossRef]
[PubMed]

14. Hennon, M.; Sahai, R.K.; Yendamuri, S.; Tan, W.; Demmy, T.L.; Nwogu, C. Safety of
thoracoscopic lobectomy in locally advanced lung cancer. Ann. Surg. Oncol. 2011, 18, 3732
3736. [CrossRef] [PubMed]

15. Hireche, K.; Mogaddam, M.; Lonjon, N.; Marty-Ané, C.; Solovei, L.; Ozdemir, B.A.;
Canaud, L.; Alric, P. Combined video-assisted thoracoscopy surgery and posterior midline
incision for en bloc resection of non-small-cell lung cancer invading the spine. Interact.
Cardiovasc. Thorac. Surg. 2021, 34, 74-80. [CrossRef]

16. Hanna, J.M.; Berry, M.F.; D’Amico, T.A. Contraindications of video-assisted
thoracoscopic surgical lobectomy and determinants of conversion to open. J. Thorac. Dis.
2013, 5 (Suppl. S3), S182-5189. [CrossRef]

17. Gonzalez-Rivas, D.; Fieira, E.; Delgado, M.; Mendez, L.; Fernandez, R.; La Torre, M.d. Is
uniportal thoracoscopic surgery a feasible approach for advanced stages of non-small cell
lung cancer. J. Thorac. Dis. 2014, 6, 641-648. [CrossRef] [PubMed]

18. Jeon, Y.J.; Choi, Y.S.; Lee, K.J.; Lee, S.H.; Pyo, H.; Choi, J.Y. Outcomes of Pulmonary
Resection and Mediastinal Node Dissection by Video-Assisted Thoracoscopic Surgery
Following Neoadjuvant Chemoradiation Therapy for Stage I1IA N2 Non-Small Cell Lung
Cancer. Korean. J. Thorac. Cardiovasc. Surg. 2018, 51, 29-34. [CrossRef]

19. Huang, J.; Xu, X.; Chen, H.; Yin, W.; Shao, W.; Xiong, X.; He, J. Feasibility of complete
video-assisted thoracoscopic surgery following neoadjuvant therapy for locally advanced non-
small cell lung cancer. J. Thorac. Dis. 2013, 5 (Suppl. S3), S267-S273. [CrossRef]

20. Cao, C.; Manganas, C.; Ang, S.C.; Yan, T.D. A meta-analysis of unmatched and matched
patients comparing video-assisted thoracoscopic lobectomy and conventional open
lobectomy. Ann. Cardiothorac. Surg. 2012, 1, 16-23. [CrossRef]

21. Yang, C.-F.J.; Nwosu, A.; Mayne, N.R.; Wang, Y.-Y.; Raman, V.; Meyerhoff, R.R.;
D’Amico, T.A.; Berry, M.F. A Minimally Invasive Approach to Lobectomy After Induction
Therapy Does Not Compromise Survival. Ann. Thorac. Surg. 2020, 109, 1503-1511.
[CrossRef]



22. Jeon, Y.J.; Choi, Y.S.; Cho, J.H.; Kim, H.K.; Kim, J.; Zo, J.1.; Shim, Y.M. Thoracoscopic
Vs Open Surgery Following Neoadjuvant Chemoradiation for Clinical N2 Lung Cancer.
Semin. Thorac. Cardiovasc. Surg. 2021, 34, 300-308. [CrossRef] [PubMed]

23. Agostini, P.; Lugg, S.T.; Adams, K.; Vartsaba, N.; Kalkat, M.S.; Rajesh, P.B.; Steyn,
R.S.; Naidu, B.; Rushton, A.; Bishay, E. Postoperative pulmonary complications and
rehabilitation requirements following lobectomy: A propensity score matched study of
patients undergoing video-assisted thoracoscopic surgery versus thoracotomy. Interact.
Cardiovasc. Thorac. Surg. 2017, 24, 931-937. [CrossRef] [PubMed]

24. Li, Y.; Wang, J. Comparison of clinical outcomes for patients with clinical NO and
pathologic N2 non-small cell lung cancer after thoracoscopic lobectomy and open lobectomy:
A retrospective analysis of 76 patients. J. Surg. Oncol. 2012, 106, 431-435. [CrossRef]
[PubMed]

25. Zhong, C.; Yao, F.; Zhao, H. Clinical outcomes of thoracoscopic lobectomy for patients
with clinical NO and pathologic N2 non-small cell lung cancer. Ann. Thorac. Surg. 2013, 95,
987-992. [CrossRef] [PubMed]

26. Kim, H.K.; Choi, Y.S.; Kim, J.; Shim, Y.M.; Kim, K. Outcomes of unexpected pathologic
N1 and N2 disease after video-assisted thoracic surgery lobectomy for clinical stage | non-
small cell lung cancer. J. Thorac. Cardiovasc. Surg. 2010, 140, 1288-1293. [CrossRef]

27. Watanabe, A.; Mishina, T.; Ohori, S.; Koyanagi, T.; Nakashima, S.; Mawatari, T.;
Kurimoto, Y.; Higami, T. Is video-assisted thoracoscopic surgery a feasible approach for
clinical NO and postoperatively pathological N2 non-small cell lung cancer? Eur. J. Cardio-
Thorac. Surg. 2008, 33, 812-818. [CrossRef]

28. Wang, W.; Yin, W.; Shao, W.; Jiang, G.; Wang, Q.; Liu, L.; Liu, D.; Wang, Z.; Zhu, Z;
Chen, H.; et al. Comparative study of systematic thoracoscopic lymphadenectomy and
conventional thoracotomy in resectable non-small cell lung cancer. J. Thorac. Dis. 2014, 6,
45-51. [CrossRef] [PubMed]

29. Medbery, R.L.; Gillespie, T.W.; Liu, Y.; Nickleach, D.C.; Lipscomb, J.; Sancheti, M.S.;
Pickens, A.; Force, S.D.; Fernandez, F.G. Nodal Upstaging Is More Common with
Thoracotomy than with VATS During Lobectomy for Early-Stage Lung Cancer: An Analysis
from the National Cancer Data Base. J. Thorac. Oncol. 2016, 11, 222-233. [CrossRef]

30. Marty-Ané, C.-H.; Canaud, L.; Solovei, L.; Alric, P.; Berthet, J.-P. Video-assisted
thoracoscopic lobectomy: An unavoidable trend? A retrospective single-institution series of
410 cases. Interact. Cardiovasc. Thorac. Surg. 2013, 17, 36-43. [CrossRef] [PubMed]

31. D’Amico, T.A.; Niland, J.; Mamet, R.; Zornosa, C.; Dexter, E.U.; Onaitis, M.W. Efficacy
of mediastinal lymph node dissection during lobectomy for lung cancer by thoracoscopy and
thoracotomy. Ann. Thorac. Surg. 2011, 92, 226-231. [CrossRef]

32. Lee, P.C.; Kamel, M.; Nasar, A.; Ghaly, G.; Port, J.L.; Paul, S.; Stiles, B.M.; Andrews,
W.G.; Altorki, N.K. Lobectomy for Non- Small Cell Lung Cancer by Video-Assisted
Thoracic Surgery: Effects of Cumulative Institutional Experience on Adequacy of
Lymphadenectomy. Ann. Thorac. Surg. 2016, 101, 1116-1122. [CrossRef] [PubMed]



33. Friedel, G.; Budach, W.; Dippon, J.; Spengler, W.; Eschmann, S.M.; Pfannenberg, C.; Al-
Kamash, F.; Walles, T.; Aebert, H.; Kyriss, T.; et al. Phase Il Trial of a Trimodality Regimen
for Stage I11 Non-Small-Cell Lung Cancer Using Chemotherapy as Induction Treatment With
Concurrent Hyperfractionated Chemoradiation With Carboplatin and Paclitaxel Followed by
Subsequent Resection: A Single-Center Study. J. Clin. Oncol. 2010, 28, 942-948. [PubMed]

34. Belani, C.P.; Choy, H.; Bonomi, P.; Scott, C.; Travis, P.; Haluschak, J.; Curran, W.J.
Combined chemoradiotherapy regimens of paclitaxel and carboplatin for locally advanced
non-small-cell lung cancer: A randomized phase Il locally advanced multimodality protocol.
J. Clin. Oncol. 2005, 23, 5883-5891. [CrossRef] [PubMed]

35. Shiraishi, T.; Shirakusa, T.; Hiratsuka, M.; Yamamoto, S.; lwasaki, A. Video-assisted
thoracoscopic surgery lobectomy for c-TINOMO primary lung cancer: Its impact on
locoregional control. Ann. Thorac. Surg. 2006, 82, 1021-1026. [CrossRef]

36. Flores, R.M.; lhekweazu, U.N.; Rizk, N.; Dycoco, J.; Bains, M.S.; Downey, R.J.;
Adusumilli, P.; Finley, D.J.; Huang, J.; Rusch, V.W.; et al. Patterns of recurrence and
incidence of second primary tumors after lobectomy by means of video-assisted thoracoscopic
surgery (VATS) versus thoracotomy for lung cancer. J. Thorac. Cardiovasc. Surg. 2011, 141,
59-64. [CrossRef] [PubMed]

37. Kim, S.H.; Kim, H.K.; Choi, Y.S.; Kim, K.; Kim, J.; Shim, Y.M. Pleural recurrence and
long-term survival after thoracotomy and thoracoscopic lobectomy. Ann. Thorac. Surg. 2013,
96, 1769-1775. [CrossRef]



