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Background: Compared with open surgery, video-assisted thoracic surgery (VATS) has innovated the 
concept of the minimally invasive approach for non-small cell lung cancer (NSCLC) patients in past decades. 
This present study aimed to compare the perioperative and lymph node dissection outcomes between VATS 
lobectomy and open lobectomy for pathological stage T1 (pT1) NSCLC patients from both surgical and 
oncologic perspectives.
Methods: This was a retrospective multicenter study. Patients who underwent surgical resection for pT1 
NSCLC between January 2014 and September 2017 were retrospectively reviewed from 10 thoracic surgery 
centers in China. Perioperative and lymph node dissection outcomes of pT1 NSCLC patients who accepted 
VATS or open lobectomies were compared by propensity score matching (PSM) analysis.
Results: Of the 11,360 patients who underwent surgery for pT1 NSCLC, 7,726 were enrolled based 
on the selection criteria, including 1,222 cases of open lobectomies and 6,504 cases of VATS lobectomies. 
PSM resulted in 1,184 cases of open lobectomies and 1,184 cases of VATS lobectomies being well matched 
by common prognostic variables, including age, sex, and surgical side. VATS lobectomy led to better 
perioperative outcomes, including less blood loss (133.5±200.1 vs. 233.3±318.4, P<0.001), lower blood 
transfusion rate (2.4% vs. 6.4%, P<0.001), shorter postoperative hospital stay (8.6±5.7 vs. 10.1±5.1, P<0.001), 
less chest drainage volume (1,109.5±854.0 vs. 1,324.1±948.8, P<0.001), and less postoperative complications 
(4.9% vs. 8.2%, P<0.001). However, open lobectomy had better lymph node dissection outcomes than VATS, 
with increased lymph node dissection numbers (16.1±9.4 vs. 13.7±7.7, P<0.001) and more positive lymph 
nodes being dissected (1.5±3.9 vs. 1.1±2.5, P=0.002). Compared with VATS, open lobectomy harvested more 
lymph node stations (5.5±1.9 vs. 5.2±1.8, P=0.001), including more pathological N2 (pN2) lymph node 
stations (3.4±1.4 vs. 3.1±1.3, P<0.001).
Conclusions: VATS lobectomy was associated with better perioperative outcomes, such as less blood 
loss, lower blood transfusion rate, shorter postoperative hospital stay, less chest drainage volume and less 
postoperative complications. Open lobectomy has improved lymph node dissection outcomes, as more lymph 
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Introduction

Lung cancer is the most frequent cause of cancer-related 
death worldwide (1,2). It is estimated that there were 
approximately 774,323 new cases and 690,567 cancer-
related deaths in China in 2018 (3). Approximately 85% of 
all lung cancers are non-small cell lung cancer (NSCLC) (4). 
Despite decades of efforts, the 5-year survival of patients 
with lung cancer is still limited to 4–17%, depending on 
the stage and reginal differences (5). Open thoracotomy 
incision was the predominant approach for lung cancer 
surgery for decades, and video-assisted thoracic surgery 
(VATS) emerged as a minimally invasive alternative 
approach for lung cancer surgery in the early 1990s (6). 
VATS has been defined as the individual transection of lobar 
bronchus and vessels via the guidance of video screening 
through ports in the chest wall without rib spreading (7). 
Because of the minimal invasion associated with VATS its 
use in treating early-stage NSCLC has increased over years 
(8-12), and studies have demonstrated the advantages of 
VATS compared with open thoracotomy, including a lower 
morbidity rate (8,13-15), shorter chest tube duration (13,14), 
less intraoperative blood loss (14), and shorter postoperative 
hospital stay (8,13-17). However, the surgical skills of VATS 
need practice and training and there is potential risk of 
uncontrollable bleeding by VATS (18-22).

Despite the advantages associated with short-term 
outcomes, the oncologic efficacy has been questioned, 
with some studies reporting that VATS is less or equally 
efficient in nodal upstaging when compared with open 
lobectomy (11,12,23-25). However, most studies focused 
on stage I or II patients (26,27), and the lymph node 
dissection extent, metastasis rate and pathological stage 
might be affected by the surgical approach. Therefore, it 
is important to investigate the role of surgical approach 
in lymph node staging in small-size lung cancer. Of note, 
however, is that, to the best of our knowledge, no study 
has comprehensively compared the lymph node dissection 

outcomes between VATS and open lobectomy in pT1 
patients.

The main purpose of this study was to compare the 
lymph node dissection outcomes as long as perioperative 
outcomes between VATS and open thoracotomy lobectomy 
for pathological stage T1 (pT1) NSCLC patients from 10 
thoracic surgery centers in China. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/tlcr-20-1132).

Methods

Data source

The present study was a multicenter retrospective cohort 
study of patients with surgically resected pT1 lung cancer 
who underwent surgery for NSCLC between January 
2014 and September 2017. The clinical and pathological 
information of patients was collected and sorted with 
the assistance of the Large-scale Data Analysis Center of 
Cancer Precision Medicine-LinkDoc database (28,29). The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Patient selection

A total of 11,360 patients with surgically resected lung 
cancer were identified from the database, and 7,726 patients 
were finally included. The inclusion criteria were as follows: 
patients who underwent VATS or open lobectomy, and 
patients with stage pT1 NSCLC. The exclusion criteria 
were as follows: surgical approach other than VATS and 
the open approach (robotic or other approaches), cancer 
other than NSCLC, and surgery other than lobectomy. 
The patient selection flowchart is shown in Figure 1. The 
present study was approved by the ethical review board of 
each participating center. Informed consent was waived for 
this retrospective study.

nodes and positive lymph nodes were dissected for pT1 NSCLC patients during surgery.
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Figure 1 Patients inclusion criteria. NSCLC, non-small cell lung cancer; pN stage, pathological N stage; pT stage, pathological T stage; 
VATS, video-assisted thoracic surgery.
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Data evaluation

Clinical and pathological information were retrospectively 
collected from 10 thoracic surgery centers. Baseline 
and clinical characteristics included age, sex, surgery 
year, registry area, surgical side, tumor size, smoking 
history, histological subtypes, pT stage, and pathological 
N (pN) stage. Outcome assessment variables included 
in t raopera t i ve  b lood  lo s s  and  t r ans fus ion  ra te , 
postoperative hospital stay, duration of chest drainage and 
drainage volume, operation duration, surgical margin, and 
postoperative complications. Lymph node evaluation was 
performed, which included the number of lymph nodes 
dissected, number of positive lymph nodes dissected, 
station number of lymph nodes dissected, and station 
number of positive lymph nodes dissected. All information 
was retrospectively reviewed and analyzed to compare 
the postoperative and lymph node dissection outcomes 
between VATS and open lobectomy.

Statistical analysis

Continuous variables were expressed as mean ± standard 

deviation (SD), and were analyzed by Student’s t-test 
and rank sum test. Categorical variables were expressed 
as frequencies and percentages and were analyzed by χ2-
test. Propensity score matching (PSM) was performed 
to eliminate selection bias and balance the baseline 
characteristics between two groups by using the nearest 
matching method with a 1:1 ratio. The caliper width for 
PSM was chosen as 0.2 times that of the SD of the logit 
of the propensity score (30). The variables involved in the 
PSM were age, sex, surgery year, registry area, surgical 
side, smoking history, histological subtypes, pT stage, and 
pN stage. Statistical analysis was performed using SPSS for 
Windows, version 26.0 (SPSS IBM, Armonk, NY, USA). 
All statistical tests were 2 sided, and P<0.05 was considered 
statistically significant.

Results

A total of 21,790 patients who underwent thoracic surgery 
between January 2014 and September 2017 from 10 
thoracic centers in China were identified; 7,726 patients, 
including 6,504 cases of VATS and 1,222 cases of open 
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lobectomy, were enrolled in the study according to the 
inclusion criteria. The percentage of pT1 NSCLC patients 
who underwent VATS was 84.2%, which was higher than 
that of previously reported studies (7,24,25). 

Complete cohort

The detailed baseline clinical characteristics are listed 
in Table 1. Patients who underwent VATS were younger 
than those who underwent open lobectomy (59.0±9.5 vs. 
61.1±8.6, P<0.001). There were more female patients and 
patients from Southern China, and fewer current or former 
smokers in the VATS group compared with the open 
lobectomy group. There were also more patients diagnosed 
with adenocarcinoma in the VATS group compared with 
the open lobectomy group (91.3% vs. 71.6%, P<0.001), 
and patients in the VATS group had smaller tumor sizes 
compared with the lobectomy open group (1.8±0.7 vs. 
2.1±0.7, P<0.001).

The assessment outcomes are listed in Table 2. Patients 
who underwent VATS had less blood loss (113.1±171.2 
vs. 235.0±318.2, P<0.001) and a lower blood transfusion 
rate (1.7% vs. 6.5%, P<0.001) compared with the open 
lobectomy group. Patients who underwent VATS had 
a shorter average duration of hospital stay (8.0±5.3 vs. 
10.16±5.2, P<0.001), chest tube (5.1±4.4 vs. 6.3±5.3, 
P<0.001), and operation (146.1±59.5 vs. 159.8±66.4, 
P<0.001) compared with the open lobectomy group. The 
negative surgical margin rate was higher (98.9% vs. 96.5%, 
P<0.001), and the postoperative complication rate was lower 
in the VATS group compared with the open lobectomy 
group (93.9% vs. 92.0%, P=0.014). 

Open lobectomy was found to be more superior for 
lymph node dissection, as it outnumbered VATS in total 
lymph nodes dissected (16.2±9.4 vs. 12.5±7.3, P<0.001), 
pN1 lymph nodes dissected (6.4±4.5 vs. 5.4±4.0, P<0.001), 
and pN2 lymph nodes dissected (9.7±6.8 vs. 7.2±5.3, 
P<0.001). Open lobectomy was also superior compared with 
VATS in terms of positive lymph nodes dissected (1.6±4.0 
vs. 0.5±1.8, P<0.001) and station number of positive lymph 
nodes dissected (0.8±1.4 vs. 0.3±0.9, P<0.001). Regarding 
the station number of lymph nodes dissected, however, 
open lobectomy only exhibited advantages in total station 
number of lymph nodes dissected (5.5±1.8 vs. 5.2±1.7, 
P<0.001) and pN2 station number of lymph nodes dissected 
(3.5±1.3 vs. 3.2±1.1, P<0.001), but no significant difference 
was found in pN1 station number of lymph nodes dissected 
(2.2±0.8 vs. 2.2±0.9, P=0.444).

Matched cohort

Following PSM, 1,184 cases of VATS and 1,184 cases of 
open lobectomy were identified based on the common 
prognostic variables mentioned earlier. The detailed 
baseline clinical characteristics of the matched cohort are 
listed in Table 3. In the matched population, variables, 
including age, surgery year, sex, registry area, surgical 
side, smoking history, histology, tumor size, pT stage, 
and pN stage, were comparable between the two groups. 
Perioperative outcomes and lymph node involvement 
are summarized in Table 4. After matching, patients who 
underwent VATS still had less blood loss (133.5±200.1 
vs. 233.3±318.4, P<0.001) and a lower blood transfusion 
rate (2.4% vs. 6.4%, P<0.001) than patients in the open 
lobectomy group. Shorter postoperative hospital stay 
(8.6±5.7 vs. 10.1±5.1, P<0.001) and lower chest drainage 
volume (1,109.5±854.0 vs. 1,324.1±948.8, P<0.001) were 
also observed in the VATS group compared with the 
open lobectomy group. However, in the matched cohort, 
no significant difference was found in the duration of 
chest tube (5.8±5.4 vs. 6.1±5.1, P=0.190) and operation 
(154.2±60.9 vs. 158.9±66.4, P=0.080) between VATS and 
open lobectomy. Patients who underwent VATS exhibited a 
higher negative surgical margin 98.7% vs. 97.4%, P=0.017) 
and lower postoperative complications rate (4.9% vs. 8.2%, 
P=0.001) compared with the open lobectomy group.

Regarding lymph node involvement, open lobectomy 
was superior in terms of lymph node dissection, as it 
outnumbered VATS in total lymph nodes dissected (16.1±9.4 
vs. 13.7±7.7, P<0.001), pN1 lymph nodes dissected (6.4±4.4 
vs. 5.8±3.9, P<0.001), and pN2 lymph nodes dissected 
(9.6±6.8 vs. 7.9±5.9, P<0.001). Open lobectomy was also 
superior in terms of positive lymph nodes dissected (1.5±3.9 
vs. 1.1±2.5, P=0.002), but not in terms of the station number 
of positive lymph nodes dissected (0.7±1.4 vs. 0.7±1.2, 
P=0.225). Consistent with the results in the complete 
cohort, open lobectomy only exhibited advantages in 
total station number of lymph nodes dissected (5.5±1.9 vs. 
5.2±1.8, P=0.001) and pN2 station number of lymph nodes 
dissected (3.4±1.4 vs. 3.1±1.3, P<0.001), but no significant 
difference was found between VATS and open lobectomy in 
pN1 station number of lymph nodes dissected (2.1±0.9 vs. 
2.1±1.0, P=0.931).

Subgroup analysis

To obtain a better understanding of lymph node dissection 
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Table 1 Baseline characteristics of pathological T1 NSCLC patients

Patient characteristics Open lobectomy (n=1,222) VATS (n=6,504) P value

Age (mean ± SD, years) 61.1±8.6 59.0±9.5 <0.001

≤55 295 (24.1) 2,193 (33.7) <0.001

55–65 523 (42.8) 2,482 (38.2)

≥65 404 (33.1) 1,829 (28.1)

Sex, n (%) <0.001

Male 751 (61.5) 2,995 (46.0)

Female 471 (38.5) 3,509 (54.0)

Surgery year, n (%) <0.001

2014 35 (2.9) 132 (2.0)

2015 412 (33.7) 1,723 (26.5)

2016 460 (37.6) 2,556 (39.3)

2017 315 (25.8) 2,093 (32.2)

Smoking history, n (%) <0.001

Current or former smokers 526 (43.0) 1,873 (28.8)

Non-smokers 696 (57.0) 4,631 (71.2)

Registry area, n (%) <0.001

South 611 (50.0) 3,794 (58.3)

North 611 (50.0) 2,710 (41.7)

Surgical side, n (%) <0.001

Left 573 (46.9) 2,531 (38.9)

Right 649 (53.1) 3,973 (61.1)

Tumor size (mean ± SD, cm) 2.1±0.7 1.8 ± 0.7 <0.001

Histologic subtypes, n (%) <0.001

Adenocarcinoma 875 (71.6) 5,936 (91.3)

Squamous carcinoma 347 (28.4) 568 (8.7)

Pathological T stage, n (%) <0.001

T1a 152 (12.4) 1,483 (22.8)

T1b 489 (40.0) 3,061 (47.1)

T1c 581 (47.5) 1,960 (30.1)

Pathological N stage, n (%)

N0 821 (67.2) 5,545 (85.2) <0.001

N1 135 (11.0) 347 (5.3)

N2 260 (21.3) 609 (9.4)

N3 6 (0.5) 3 (0.05)

NSCLC, non-small cell lung cancer; SD, standard deviation; VATS, video-assisted thoracic surgery.
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Table 2 Perioperative outcomes and lymph node involvement between VATS and open lobectomy

Patient characteristics Open lobectomy (n=1,222) VATS (n=6,504) P value

Blood loss (mean ± SD, mL) 235.0±318.2 113.1±171.2 <0.001

Blood transfusion, n (%) <0.001

Yes 79 (6.5) 111 (1.7)

No 1,143 (93.5) 6,393 (98.3)

Postoperative hospital stay (mean ± SD, day) 10.2±5.2 8.0±5.3 <0.001

Chest tube duration (mean ± SD, day) 6.3±5.3 5.1±4.4 <0.001

Chest drainage volume (mean ± SD, mL) 1,330.1±943.0 1,031.0±881.6 <0.001

Operation duration (mean ± SD, min) 159.8±66.4 146.1±59.5 <0.001

Surgical margin, n (%) <0.001

R1/R2 negative 1,179 (97.2) 6,432 (99.2)

R1/R2 positive 34 (2.8) 52 (0.8)

Postoperative complications, n (%) 0.014

Yes 98 (8.0) 399 (6.1)

No 1,124 (92.0) 6,105 (93.9)

Number of total LN dissected (mean ± SD) 16.2±9.4 12.5±7.3 <0.001

Number of N1 LN dissected (mean ± SD) 6.4±4.5 5.4±4.0 <0.001

Number of N2 LN dissected (mean ± SD) 9.7±6.8 7.2±5.3 <0.001

Number of positive LN dissected (mean ± SD) 1.6±4.0 0.5±1.8 <0.001

Station number of positive LN dissected (mean ± SD) 0.8±1.4 0.3±0.9 <0.001

Station number of N1 positive LN dissected (mean ± SD) 0.4±0.7 0.2±0.5 <0.001

Station number of N2 positive LN dissected (mean ± SD) 0.4±0.9 0.2±0.5 <0.001

Total station number of LN dissected (mean ± SD) 5.5±1.8 5.2±1.7 <0.001

Station number of N1 LN dissected (mean ± SD) 2.2±0.8 2.2±0.9 0.444

Station number of N2 LN dissected (mean ± SD) 3.5±1.3 3.2±1.1 <0.001

LN, lymph nodes; SD, standard deviation; VATS, video-assisted thoracic surgery.

outcomes between VATS and open lobectomy in early-
stage NSCLC patients, we further split the matched cohort 
into three subgroups based on pT1 categories. As shown 
in Table 5, there was a significant difference between VATS 
and open lobectomy in pN stage patients with tumor size 
<1 cm (P=0.002). More lymph nodes and pN2 lymph nodes 
could be harvested in open lobectomy compared with VATS 
in all three pT1 categories, but there was no significant 
difference in pN1 lymph nodes dissected in pT1a and pT1c 
NSCLC patients. In pT1b NSCLC patients, the positive 
lymph node dissection numbers between open lobectomy 
and VATS were comparable (1.3±4.0 vs. 1.0±2.4, P=0.105). 

Regarding the station number of lymph nodes dissected, the 
two surgical approaches showed no significant difference, 
but more lymph node stations, as well as pN2 lymph node 
stations, could be harvested in open lobectomy in pT1a and 
pT1c NSCLC patients compared with VATS.

Discussion

The present study was performed based on the Large-
scale Data Analysis Center of Cancer Precision Medicine-
LinkDoc database, which collected the clinical and 
pathological information of lung cancer patients who 
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Table 3 Baseline characteristics of pathological T1 NSCLC patients after propensity score matching

Patient characteristics Open (n=1,184) VATS (n=1,184) P value

Age (mean ± SD, years) 61.0±8.7 61.2±9.0 0.682

≤55 288 (24.3) 303 (25.6) 0.096

55–65 505 (42.7) 454 (38.3)

≥65 391 (33.0) 427 (36.1)

Sex, n (%) 0.615

Male 716 (60.5) 704 (59.5)

Female 468 (39.5) 480 (40.5)

Surgery year, n (%) 0.586

2014 34 (2.9) 29 (2.5)

2015 388 (32.8) 418 (35.3)

2016 452 (38.2) 436 (36.8)

2017 310 (26.2) 301 (25.4)

Smoking history, n (%) 0.900

Current or former smokers 495 (41.8) 492 (41.6)

Non-smokers 689 (58.2) 692 (58.5)

Registry area, n (%) 0.565

South 599 (50.6) 613 (51.8)

North 585 (49.4) 571 (48.2)

Surgical side, n (%) 0.510

Left 544 (46.0) 560 (47.3)

Right 640 (54.0) 624 (52.7)

Tumor size (mean ± SD, cm) 2.1±0.7 2.1±0.7 0.476

Histologic subtypes, n (%) 0.201

Adenocarcinoma 872 (73.7) 899 (76.0)

Squamous carcinoma 312 (26.3) 285 (24.0)

Pathological T stage, n (%) 0.589

T1a 151 (12.8) 145 (12.3)

T1b 482 (40.7) 463 (39.1)

T1c 551 (46.5) 576 (48.6)

Pathological N stage, n (%) 0.891

N0 816 (68.9) 802 (67.7)

N1 123 (10.4) 128 (10.8)

N2 242 (20.4) 252 (21.3)

N3 3 (0.3) 2 (0.2)

NSCLC, non-small cell lung cancer; SD, standard deviation; VATS, video-assisted thoracic surgery.
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Table 4 Perioperative outcomes and LN involvement between VATS and open lobectomy after propensity score matching

Patient characteristics Open lobectomy (n=1,184) VATS (n=1,184) P value

Blood loss (mean ± SD, mL) 233.3±318.4 133.5±200.1 <0.001

Blood transfusion, n (%) <0.001

Yes 76 (6.4) 29 (2.4)

No 1,108 (93.6) 1,155 (97.6)

Postoperative hospital stay (mean ± SD, day) 10.1±5.1 8.6±5.7 <0.001

Chest tube duration (mean ± SD, day) 6.1±5.1 5.8±5.4 0.190

Chest drainage volume (mean ± SD, mL) 1,324.1±948.8 1,109.5±854.0 <0.001

Operation duration (mean ± SD, min) 159.4±66.9 158.7±63.7 0.783

Surgical margin, n (%) 0.017

R1/R2 negative 1,145 (97.4) 1,163 (98.7)

R1/R2 positive 31 (2.6) 15 (1.3)

Postoperative complications, n (%) 0.001

Yes 97 (8.2) 58 (4.9)

No 1,087 (91.8) 1,126 (95.1)

Number of total LN dissected (mean ± SD) 16.1±9.4 13.7±7.7 <0.001

Number of N1 LN dissected (mean ± SD) 6.4±4.4 5.8±3.9 <0.001

Number of N2 LN dissected (mean ± SD) 9.6±6.8 7.9±5.9 <0.001

Number of positive LN dissected (mean ± SD) 1.5±3.9 1.1±2.5 0.002

Station number of positive LN dissected (mean ± SD) 0.7±1.4 0.7±1.2 0.225

Station number of N1 positive LN dissected (mean ± SD) 0.3±0.7 0.3±0.6 0.639

Station number of N2 positive LN dissected (mean ± SD) 0.4±0.9 0.3±0.6 0.127

Total station number of LN dissected (mean ± SD) 5.5±1.9 5.2±1.8 0.001

Station number of N1 LN dissected (mean ± SD) 2.1±0.9 2.1±1.0 0.931

Station number of N2 LN dissected (mean ± SD) 3.4±1.4 3.1±1.3 <0.001

LN, lymph nodes; SD, standard deviation; VATS, video-assisted thoracic surgery.

underwent surgery from 10 thoracic centers in China. The 
perioperative and lymph node dissection outcomes of pT1 
NSCLC patients who underwent VATS or open lobectomy 
from January 2014 to September 2017 were compared. Of 
note, the proportion of VATS increased annually during the 
study period, which resulted in significantly more VATS 
patients enrolled in the present study compared to open 
lobectomy patients (6,504 vs. 1,222). Therefore, PSM was 
implemented to eliminate the selection bias and balance the 
intrinsic difference.

In the present study, we confirmed that VATS was 
associated with better perioperative outcomes, which is 

consistent with many previously published studies (8,9,31). 
Briefly, compared with the open lobectomy group, patients 
who underwent VATS had less intraoperative blood loss, 
as well as a lower blood transfusion rate. The average time 
of postoperative hospital stay was also found to be shorter 
in VATS compared with open lobectomy. Patients who 
underwent VATS had lower postoperative complications 
rate than those who underwent open lobectomy. However, 
in our study, patients who underwent open lobectomy had 
better lymph node dissection outcomes. More lymph nodes, 
more positive lymph nodes, and more lymph node stations 
were harvested in open lobectomy.



410 Xu et al. Comparison of VATS and open lobectomy for pT1 NSCLC

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2021;10(1):402-414 | http://dx.doi.org/10.21037/tlcr-20-1132

T
ab

le
 5

 O
pe

n 
lo

be
ct

om
y 

vs
. V

AT
S:

 L
N

 in
vo

lv
em

en
t a

ft
er

 p
ro

pe
ns

ity
 s

co
re

 m
at

ch
in

g 
in

 p
at

ho
lo

gi
ca

l T
1 

su
bg

ro
up

s

P
at

ie
nt

 c
ha

ra
ct

er
is

tic
s

T1
a

T1
b

T1
c

O
pe

n 
lo

be
ct

om
y 

(n
=

15
1)

VA
TS

 
(n

=
14

5)
P

 v
al

ue
O

pe
n 

lo
be

ct
om

y 
(n

=
48

2)

VA
TS

 
(n

=
46

3)
P

 v
al

ue
O

pe
n 

lo
be

ct
om

y 
(n

=
55

1)

VA
TS

 
(n

=
57

6)
P

 v
al

ue

P
at

ho
lo

gi
ca

l N
 s

ta
ge

, n
 (%

)
0.

00
2

0.
63

9
0.

95
3

N
0

12
6 

(8
3.

4)
13

4 
(9

2.
4)

36
3 

(7
5.

3)
33

3 
(7

1.
9)

32
7 

(5
9.

3)
33

5 
(5

8.
2)

N
1

4 
(2

.6
)

7 
(4

.8
)

46
 (9

.5
)

46
 (9

.9
)

73
 (1

3.
2)

75
 (1

3.
0)

N
2

21
 (1

3.
9)

4 
(2

.8
)

72
 (1

4.
9)

83
 (1

7.
9)

14
9 

(2
7.

0)
16

5 
(2

8.
6)

N
3

0 
(0

.0
)

0 
(0

.0
)

1 
(0

.2
)

1 
(0

.2
)

2 
(0

.4
)

1 
(0

.2
)

N
um

be
r 

of
 to

ta
l L

N
 d

is
se

ct
ed

 (m
ea

n 
±

 S
D

)
14

.1
±

8.
6

11
.2

±
7.

3
0.

00
2

16
.1

±
9.

6
13

.6
±

7.
4

<
0.

00
1

16
.6

±
9.

4
14

.4
±

8.
0

<
0.

00
1

N
um

be
r 

of
 N

1 
LN

 d
is

se
ct

ed
 (m

ea
n 

±
 S

D
)

6.
0±

4.
5

5.
1±

3.
7

0.
05

8
6.

4±
4.

5
5.

7±
3.

8
0.

00
9

6.
5±

4.
4

6.
0±

4.
0

0.
07

1

N
um

be
r 

of
 N

2 
LN

 d
is

se
ct

ed
 (m

ea
n 

±
 S

D
)

8.
2±

6.
3

6.
1±

5.
6

0.
00

3
9.

5±
6.

9
7.

8±
5.

6
<

0.
00

1
10

.1
±

6.
9

8.
4±

6.
1

<
0.

00
1

N
um

be
r 

of
 p

os
iti

ve
 L

N
 d

is
se

ct
ed

 (m
ea

n 
±

 S
D

)
1.

0±
3.

3
0.

3±
1.

8
0.

02
2

1.
3±

4.
0

1.
0±

2.
4

0.
10

5
1.

8±
4.

0
1.

4±
2.

7
0.

03
5

S
ta

tio
n 

nu
m

be
r 

of
 p

os
iti

ve
 L

N
 d

is
se

ct
ed

 (m
ea

n 
±

 S
D

)
0.

5±
1.

2
0.

2±
0.

8
0.

01
5

0.
6±

1.
3

0.
6±

1.
3

0.
73

5
1.

0±
1.

5
0.

9±
1.

3
0.

22
5

S
ta

tio
n 

nu
m

be
r 

of
 N

1 
po

si
tiv

e 
LN

 d
is

se
ct

ed
 (m

ea
n 

±
 S

D
)

0.
2±

0.
5

0.
1±

0.
4

0.
15

0
0.

3±
0.

6
0.

3±
0.

6
0.

81
4

0.
4±

0.
7

0.
4±

0.
7

0.
62

8

S
ta

tio
n 

nu
m

be
r 

of
 N

2 
po

si
tiv

e 
LN

 d
is

se
ct

ed
 (m

ea
n 

±
 S

D
)

0.
3±

0.
8

0.
1±

0.
5

0.
00

5
0.

3±
0.

8
0.

3±
0.

8
0.

72
2

0.
5±

1.
0

0.
5±

0.
8

0.
14

3

To
ta

l s
ta

tio
n 

nu
m

be
r 

of
 L

N
 d

is
se

ct
ed

 (m
ea

n 
±

 S
D

)
5.

2±
2.

0
4.

7±
1.

9
0.

02
0

5.
4±

1.
7

5.
3±

1.
8

0.
49

4
5.

6±
1.

9
5.

3±
1.

8
0.

00
5

S
ta

tio
n 

nu
m

be
r 

of
 N

1 
LN

 d
is

se
ct

ed
 (m

ea
n 

±
 S

D
)

2.
0±

0.
9

2.
0±

1.
0

0.
95

1
2.

1±
0.

9
2.

1±
1.

0
0.

94
8

2.
1±

0.
9

2.
1±

1.
0

0.
80

5

S
ta

tio
n 

nu
m

be
r 

of
 N

2 
LN

 d
is

se
ct

ed
 (m

ea
n 

±
 S

D
)

3.
2±

1.
5

2.
7±

1.
4

0.
00

1
3.

2±
1.

3
3.

2±
1.

2
0.

44
5

3.
5±

1.
4

3.
2±

1.
3

<
0.

00
1

LN
, l

ym
ph

 n
od

es
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 V

AT
S

, v
id

eo
-a

ss
is

te
d 

th
or

ac
ic

 s
ur

ge
ry

.



411Translational Lung Cancer Research, Vol 10, No 1 January 2021

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2021;10(1):402-414 | http://dx.doi.org/10.21037/tlcr-20-1132

Better perioperative outcomes have long been found 
in patients who underwent VATS compared with open 
lobectomy.  In the present study,  VATS suggested 
less blood loss, lower blood transfusion rate, shorter 
postoperative hospital stay, less chest drainage volume and 
less postoperative complications. Due to the minimally 
invasive incision of VATS, intraoperative bleeding was 
reduced (7,14,32,33) and intraoperative blood transfusion 
rate decreased accordingly (13). The process of enhanced 
recovery after surgery has also been improved by minimal 
invasive approach (34). Shorter postoperative hospital 
stay for VATS approach was confirmed in most of the 
unmatched or matched comparisons (7,8,14,33,35,36). 
Besides, patients who underwent VATS were confirmed 
to have fewer postoperative complications in many 
previous studies (7,8,13,14,31,37-40), such as pneumonia 
(7,14,38,39), empyema (13), atelectasis (31,38,40) and 
arrhythmia (38). However, the incidence of postoperative 
complications after VATS varies between studies, from 
<10% to as high as 40.8% and 45.1% for open lobectomy. 
In our cohort, the postoperative complication rate was 
much lower than that in the aforementioned reports. The 
incidence variance between different studies might largely 
be due to the technical level in different hospital and in 
different countries. Also, a lack of universal criteria for the 
definition of postoperative complications could contribute 
to the incidence variance between studies. What’s more, it 
has been also reported that compared with open surgery, 
VATS had lower incidence of pain and improved quality of 
life (41). However, in terms of chest tube duration and chest 
drainage volume, there have been controversies (7,13,32). 
In the present multi-center propensity score matching 
study, we found that VATS had less chest drainage volume 
but not significant results of chest tube duration compared 
with open surgery. More well-designed prospective research 
should be carried out to investigate this issue. 

As well as perioperative outcomes, we found that open 
lobectomy had better lymph node dissection outcomes 
compared with VATS. Concerns about its efficiency in 
lymph node dissection have long been proposed since 
the introduction of VATS in the 1990s. The outcomes of 
lymph node dissection between VATS and open lobectomy 
are still controversial, and the lack of consensus on how to 
systematically evaluate lymph node dissection outcomes, 
such as the number of dissected lymph nodes or upstaging 
rate, further complicates this situation (17,23,25,35,42). 
Boffa et al. evaluated lymph node involvement outcomes 
between VATS and open surgery in 11,500 stage I lung 

cancer patients who underwent anatomical resection; 
a higher upstaging rate for N0 and N1 patients in the 
open group was found (9.3% vs. 6.7%, P<0.001) (43). A 
similar PSM study by Medbery et al. in 2016 also found 
that, compared with VATS, open lobectomy had a higher 
upstaging rate (12.8% vs. 10.3%, P<0.001) (23). However, 
results from different studies have indicated that there is no 
such difference between these two approaches. In a national 
analysis of long-term survival between VATS and open 
lobectomy, Yang et al. reported that there was no significant 
difference in the upstaging rate between the two approaches 
(11.2% vs. 12.5%, P=0.46) (17). As well as the upstaging 
rate, the number of lymph nodes dissected was also a 
major concern of lymph node assessment. In a PSM study, 
Zhang et al. reported that more group 7 mediastinal lymph 
nodes were harvested with open lobectomy compared with 
VATS [8.78 (8.04–9.41) vs. 7.52 (6.76–7.94), P<0.01] (35).  
Regarding total lymph node dissection number, Merritt  
et al. found that more lymph nodes were harvested with 
open lobectomy compared with VATS (14.7±1.3 vs. 9.9±0.8, 
P=0.003) (44). In contrast, Mei et al. found that, compared 
with open lobectomy, more lymph node stations were 
removed with VATS (4.9±1.5 vs. 4.2±1.8, P<0.001) (7). 
However, to the best of our knowledge, there has been 
no study that has systematically compared lymph node 
dissection outcomes between VATS and open lobectomy 
in pT1 NSCLC patients. In this present multicenter 
retrospective study, we found that, compared with VATS, 
open lobectomy was superior in total lymph nodes dissected 
(16.1±9.4 vs. 13.7±7.7, P<0.001). Open lobectomy was 
also superior to VATS in terms of positive lymph nodes 
dissected (1.5±3.9 vs. 1.1±2.5, P=0.002) and station number 
of lymph nodes dissected (5.5±1.9 vs. 5.2±1.8, P=0.001). 
In the present study, we compared the perioperative and 
lymph node dissection outcomes between VATS lobectomy 
and open thoracotomy for pT1 NSCLC patients from 
both surgical and oncologic perspectives. In past decades, 
more early-stage NSCLC has been detected and VATS 
has been widely used in thoracic surgery because of its 
advantage in enhanced recovery after surgery (45). More 
attention should be paid to the differences in lymph node 
dissection caused by changes in surgical methods for early 
lung cancer. As we found in the present study, more lymph 
nodes could be harvested with open lobectomy compared 
with VATS, which might lead to more positive lymph 
nodes and more lymph node stations being dissected. In 
the subgroup analysis, compared with other groups, T1a 
patients who underwent open lobectomy had significantly 
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higher pN stage than those underwent VATS, with a pN2 
rate of 13.9%. Patients with relatively small tumor size were 
usually considered to have little possibility of developing 
metastatic lymph nodes. However, the results of our study 
suggest that the lower efficiency of VATS for the dissection 
of positive lymph node stations, especially pN2 positive 
lymph node stations (0.1±0.5 vs. 0.3±0.8, P=0.005) for T1a 
patients, might contribute to this misconception. Therefore, 
systematic lymph node dissection, critical lymph node 
staging, and optimal surgery warrant further attention, even 
for early pT1 NSCLC. 

The present study has some limitations. First, due to the 
short follow-up time, the 5-year overall survival information 
was lacking, and we hope to further report the survival data 
in future. Second, the intrinsic limitation of retrospective 
might cause unobserved confounding and selection bias 
between the two approaches, even though PSM had been 
adopted to eliminate such bias.

In conclusion, for patients who have pT1 NSCLC, 
VATS lobectomy has better perioperative outcomes, such 
as less blood loss, lower blood transfusion rate, shorter 
postoperative hospital stay, less chest drainage volume 
and less postoperative complications, compared with open 
lobectomy. However, open lobectomy is superior to VATS 
in terms of lymph node dissection, including total number 
of lymph node, dissected, station number of lymph node 
dissected, and number of positive lymph nodes dissected. 
Thoracic surgeons should pay more attention to VATS 
lymph node dissection for pT1 patients.
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