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Introduction

Video-assisted thoracoscopic surgery (VATS) lobectomy 
is not a new technique but wide-spread for early-stage 
non-small cell lung cancer (NSCLC) operation (1). 
VATS has become more popular and increasing in many 

centers worldwide. It has been elucidated that VATS 
was safe and feasible but lacking evidence is adequately 
powered randomized control study to compare oncological 
outcomes with open procedures. Many single institutional 
studies were reported to evaluate that VATS lobectomy 
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was equivalent to open lobectomy (2-4), however, VATS 
lobectomy is not a same operation as an open lobectomy. 
As previously reported, nodal upstaging under VATS was 
lower than open procedure from Danish Data Base (5), 
STS Data Base (6) and National Cancer Data Base (7). 
VATS lobectomy may lead to undertreatment and worse 
survival outcomes with clinical stage I NSCLC from these 
evidences. On the other hand, D'Amico et al. showed that 
there was no difference between VATS and open lobectomy 
in terms of number dissected lymph node stations from 
NCCN Data Base (8). Propensity-score matched analysis 
shows no difference in survival between patients undergoing 
VATS and open lobectomy from ACOSOG z0030 trial (9).

VATS is less invasive and provides benefits due to rapid 
postoperative recovery and shorter length of stay (10). 
The most of previous reports are retrospective analyses 
which provide a definitive evidence to compare short-term 
outcome and median duration of survival (2-4).

The purpose of this study was to evaluate the long-
term outcome of VATS lobectomy for clinical N0 NSCLC 
compare with open lobectomy. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/jtd-20-2259).

Methods

Patients

A retrospective study was performed in 546 patients which 
were operated between January 2006 and December 2010 in 
our institute for primary NSCLC. Of those, 240 cases were 
clinical N0 patients and retrospectively reviewed in this 
study. Clinical and pathological staging was diagnosed on 
the 8th edition of the TNM classification of the UICC (11). 
Histological subtype of adenocarcinoma was classified on 
the WHO system (12). Postoperative parameters including 
operative time, blood loss, number of dissected lymph 
nodes, postoperative complications, duration of chest tube 
drainage, and length of postoperative hospital stay were 
compared between the two patient groups. Lymph node 
metastasis was evaluated histologically by hematoxylin-eosin 
staining. Patient follow-up was performed every 3 months 
for the first 2 years, then every 6 months until 5 years, and 
yearly after 5 years. We defined long-term survival observed 
from follow up period longer than 5 years. Computed 
tomography scan was performed every 6 months until  
5 years and annually after 5 years. Pathological confirmation 
of disease recurrence was not mandatory in case of evidence 

with clinical and radiographic findings of recurrence. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). Our institutional ethical 
committee approved the retrospective study and waived the 
need for patient consent (No. 12-2-10).

Operative procedure

Our surgical technique is similar to previous reports (13); 
essentially, four or five trocars were inserted. In the cases 
of preoperatively undiagnosed tumor, needle biopsy or 
wedge resection in order to confirm the intraoperative 
pathological diagnosis. All procedures were performed 
by visualization through a television monitor, so-called 
complete VATS or total thoracoscopy. Thoracotomy (open 
surgery) was performed by posterolateral thoracotomy with 
fourth or fifth intercostals incision. Both procedures were 
followed by systemic mediastinal lymph node dissection. 
The selection of VATS or open surgery was decided by the 
patients and surgeon’s preference. However, surgeon tend 
to prefer open surgery for patients with larger tumor than  
3 cm in diameter on the basis of no clinical evidence of 
nodal metastasis.

Statistical analysis

All statistical analysis was performed using SPSS 14.0 
(SPSS Japan Inc., Tokyo, Japan). The different variables 
were analyzed with the chi-square test or Fisher’s exact test. 
Continuous nonparametric data was analyzed by Mann-
Whitney U test. Disease-free and overall survival was 
analyzed using the Kaplan-Meier method and evaluated 
by the log-rank test. For propensity score analyses, 
we estimated the probability using logistic regression 
analysis. This model included variables such as age, 
gender, Brinkman index (BI), clinical tumor size, clinical 
T factor, and clinical N factor. Cox regression analyses 
were performed for comparing the disease-free and overall 
survivals of patients on each procedure while adjusting for 
propensity score. Statistically significant differences were 
accepted at P<0.05.

Results

Patients and tumor characteristics are summarized in Table 1. 
All cases were 240 patients with clinical N0 adenocarcinoma 
operated in our institute during study period. There were 
significant differences between two groups in terms of age, 
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gender, Brinkman index (BI), clinical T factor, clinical N 
factor and clinical tumor size. These factors led to more 
advanced pathological T factor, pathological N factor, 
and pathological tumor size in thoracotomy group. All 
cases with adenocarcinoma were sub-classified according 
to WHO classification including 190 mixed (Acinar/
papillary), 26 papillary, 6 acinar, 4 lepidic subtype. Thirteen 
cases of minimally invasive adenocarcinoma (MIA) and/
or adenocarcinoma in situ (AIS) were also classified as 
independent subtype. Two hundred and twenty lobectomies 
(VATS 120; thoracotomy 98) including one bi-lobectomy 
and 20 segmentectomies (VATS 13; thoracotomy 7) were 
undergone. Only one case in VATS group was converted 
from VATS to open because of bleeding. Table 2 shows 
perioperative outcomes between two groups in terms of 
operation time, blood loss, duration of chest tube drainage, 
duration of hospital stay, dissected lymph node number, 
upstaging, morbidity and mortality. VATS group had a 
longer operation time (P=0.01), less blood loss (P=0.005), 
shorter hospital stay (P=0.001) and less number of harvested 
lymph nodes (P<0.001), however, the other factors were not 
different. The rates of postoperative morbidity were not 
statistically significant between VATS (17%) and open (24%) 
surgery. Only one case in thoracotomy group was dead 
by acute respiratory failure. Two cases in each group were 
upstaged postoperatively.

After review of baseline characteristics in Table 1, since 
there were significant differences which may lead to bias 
confounding factors, we reevaluated characteristics under 
propensity score matching (Table 3). The differences 
between two groups underlying all characteristics were 
eliminated after this analysis. Perioperative outcomes 
after matched pair analysis showed no difference between 

Table 1 Characteristics of the patients

Characteristics VATS (n=135)
Thoracotomy 

(n=105)
P

Age 65 [41–88] 69 [41–89] 0.003

Sex, n [%] 0.04

Male 55 [41] 51 [48]

Female 80 [59] 53 [52]

BI 285.1 [0–4,200] 438.3 [0–3,200] 0.052

c-T factor <0.0001

T1a 34 7

T1b 66 30

T1c 29 31

T2a 4 22

T2b 2 6

T3 0 9

T4 0 1

p-T factor <0.0001

Tis/T1mi 1/10 0/2

T1a 23 8

T1b 63 29

T1c 29 31

T2a 8 19

T2b 1 10

T3 0 4

T4 0 2

c-N factor

N0 135 105

p-N factor 0.79

N0 133 103

N2 2 2

c-tumor size 1.8 (0.6–4.5) 2.9 (0.5–8) <0.001

p-tumor size 1.7 (0.6–4.5) 2.8 (0.4–11) <0.001

Histological subtype 0.21

Mixed 102 88

Papillary 17 9

Acinar 3 3

Lepidic 2 2

Table 1 (continued)

Table 1 (continued)

Characteristics VATS (n=135)
Thoracotomy 

(n=105)
P

AIS/MIA 1/10 0/2

Others 0 1

Operation 0.41

Lobectomy 122 98

Segmentectomy 13 7

VATS, video-assisted thoracoscopic surgery; BI, Brinkman index; 
MIA, minimally invasive adenocarcinoma; AIS, adenocarcinoma 
in situ.
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two groups except longer operation time in VATS group  
(Table 4).

Oncological long-term outcomes were analyzed by 
Kaplan-Meier curve and log-rank test in Figure 1 (crude) 
and Figure 2 (propensity matched). Median follow-up 
period was 73.5 months. Disease-free survival in VATS 
was significantly better than open (5- and 10-year survival; 
VATS, 91.4%, 79.0%; open, 85.1%, 73.6%; respectively, 
P=0.04). Overall survival in VATS was not different 
from thoracotomy (5- and 10-year survival; VATS, 
92.1%, 85.7%; open, 89.6%, 83%; respectively, P=0.58). 
However, the significantly better disease-free survival 
in VATS group were dissolved (5- and 10-year survival; 
VATS, 90.7%, 72.6%; open, 86.1%, 73.5%; respectively, 
P=0.17). Cox regression models for multivariate analysis 
showed that higher age, and T2 were significantly worse 
prognostic factors for overall survival (Table 5). However, 
after propensity matching, higher age in overall survival 
[P=0.04, 95% confidence interval (CI): (1.02–6.81)] and T2 
in disease-free survival [P=0.01, 95% CI: (1.41–17.3)] were 
significantly worse prognostic factors (Table 6).

Discussion

Thoracoscopic or VATS major pulmonary resection for 
early-stage NSCLC is feasible and safe (14), and short-
term oncological outcomes were comparable with open 
surgery (15). However, long-term outcomes more than  
5 years remains unclear. Most of literatures of short-term 
results were non-randomized retrospective study and single 
institutional results. Despite of lack of well-established 
evidence, VATS may be applied for clinical practice of lung 
cancer surgery. There is no definition of long-term survival, 
but we simply defined long-term as follow up period longer 
than 5 years in this study. The growing results support 
VATS as one of the operative options to cure early-stage 
NSCLC; however, the lack of long-term outcomes of 
this approach may lead to be deterred by open preferred 
surgeons. In this study, we analyzed the perioperative and 
long-term oncological outcomes of thoracoscopic surgery 
in patients with clinical N0 lung adenocarcinoma. Since 
most of previous literatures reported oncological outcomes 
about NSCLC including non-adenocarcinoma, we focused 

Table 2 Perioperative outcomes

Characteristics VATS (n=135) Thoracotomy (n=105) P

Operation time 207 [50–427] 187 [70–338] 0.01

Blood loss 97 [5–800] 171 [0–2,400] 0.005

Duration of drainage 4.4 [1–14] 5.3 [2–30] 0.058

Duration of stay 13.1 [5–42] 17.4 [6–151] 0.001

Morbidity 22 26 0.45

Pneumonia 1 2

Air leakage 14 8

Respiratory failure 0 2

Chylothorax 2 3

Pleural effusion 1 3

Empyema 1 1

Cardiovascular 3 3

Bleeding 0 2

Others 0 2

Mortality 0 1 0.26

Harvested lymph node number 9.5 [0–40] 14 [0–52] <0.001

Upstaging 2 2 0.82

VATS, video-assisted thoracoscopic surgery.
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Table 3 Characteristics of the patients (propensity matched)

Characteristics VATS (n=74) Thoracotomy (n=68) P

Age 67 [41–88] 67.5 [41–89] 0.96

Sex, n [%] 0.97

Male 35 [47] 32 [47]

Female 39 [53] 36 [53]

BI 412 [0–900] 456 [0–900] 0.54

c-T factor 0.65

T1a 7 6

T1b 31 30

T1c 29 25

T2a 5 7

T2b 2 0

p-T factor 0.61

T1mi 3 1

T1a 5 9

T1b 35 27

T1c 22 23

T2a 8 6

T2b 1 2

c-N factor

N0 74 68

p-N factor 0.95

N0 73 67

N2 1 1

c-tumor size 2.2 (0.8–4.5) 2.2 (0.5–4.4) 0.86

p-tumor size 2.1 (0.7–4.5) 2.1 (0.4–5.0) 0.64

Histological subtype 0.77

Mixed 56 55

Papillary 12 8

Acinar 2 2

Lepidic 1 1

MIA 3 1

Others 0 1

Operation 0.47

Lobectomy 68 60

Segmentectomy 6 8

VATS, video-assisted thoracoscopic surgery; BI, Brinkman index; MIA, minimally invasive adenocarcinoma.
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Table 4 Perioperative outcomes (propensity matched)

Characteristics VATS (n=74) Thoracotomy (n=68) P

Operation time 216 [128–409] 185 [70–335] 0.001

Blood loss 95 [5–390] 105 [5–410] 0.38

Duration of drainage 4.5 [1–14] 5.6 [2–30] 0.27

Duration of stay 13.2 [5–36] 16.5 [6–151] 0.13

Morbidity 11 17 0.12

Pneumonia 0 2

Air leakage 8 6

Respiratory failure 0 2

Chylothorax 1 0

Pleural effusion 0 2

Empyema 0 1

Cardiovascular 2 1

Bleeding 0 1

Others 0 2

Mortality 0 1 0.48

Harvested lymph node number 11.6 [0–40] 13.7 [0–52] 0.34

Upstaging 1 1 0.99

VATS, video-assisted thoracoscopic surgery.

Figure 1 Disease-free survival (A) and overall survival (B) according to the approach. Statistical analyses were performed by the log-rank 
test. Five- and ten-year disease-free survival showed significant differences: 91.4% and 79.0% with VATS and 85.1% and 73.6% with open 
surgery, respectively (P=0.04, A). Five- and ten-year overall survival did not show significant differences: 92.1% and 85.7% with VATS and 
89.6% and 83% with open surgery, respectively (P=0.58, B). VATS, video-assisted thoracoscopic surgery.
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Table 5 Disease-free and overall survivals according to Cox regression analysis (all cases)

Variables
Overall survival Disease-free survival

HR 95% CI P HR 95% CI P

Age (ref. <65) 4.24 1.71–10.5 0.002 1.43 0.65–3.14 0.37

Gender (ref. male) 0.56 0.18–1.72 0.32 0.61 0.24–1.55 0.29

BI (ref. <400) 1.89 0.65–5.47 0.24 1.28 0.52–3.17 0.59

T factor (ref. T1) 2.94 1.13–7.68 0.03 2.28 0.95–5.48 0.06

Subtype (ref. mixed) 2.2 0.87–5.62 0.09 1.25 0.49–3.22 0.64

Approach (ref. thoracotomy) 1.52 0.64–3.61 0.34 0.54 0.24–1.25 0.15

HR, hazard ratio; CI, confidence interval; BI, Brinkman index.

Table 6 Disease-free and overall survivals according to Cox regression analysis (propensity matched cases)

Variables
Overall survival Disease-free survival

HR 95% CI P HR 95% CI P

Age (ref. <65) 2.63 1.02–6.81 0.04 0.98 0.36–2.67 0.97

Gender (ref. male) 0.47 0.14–1.57 0.22 0.31 0.08–1.27 0.11

BI (ref. <400) 1.57 0.51–4.88 0.43 1.38 0.4–4.78 0.61

T factor (ref. T1) 2.38 0.87–6.53 0.09 4.94 1.41–17.3 0.01

Subtype (ref. mixed) 1.28 0.41–4.1 0.67 1.39 0.43–4.54 0.58

Approach (ref. thoracotomy) 1.59 0.62–4.1 0.33 0.4 0.14–1.13 0.08

HR, hazard ratio; CI, confidence interval; BI, Brinkman index.

Figure 2 Disease-free survival (A) and overall survival (B) according to the approach after propensity matching. Five- and ten-year disease-free 
survival did not show significant differences: 90.7% and 72.6% with VATS and 86.1% and 73.5% with open surgery, respectively (P=0.17, A).  
Five- and ten-year overall survival did not show significant differences: 87.2% and 76.8% with VATS and 92.8% and 83.1% with open 
surgery, respectively (P=0.38, B). VATS, video-assisted thoracoscopic surgery.
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on adenocarcinoma except non-adenocarcinoma because of 
pathological heterogeneity.

We evaluated the perioperative outcomes, including 
operating time, blood loss, duration of chest tube drainage, 
length of hospital stay, morbidity, mortality, dissected lymph 
node number and upstaging between two groups. Benefit 
of VATS was less blood loss and shorter stay but harm was 
longer operation time and less number of harvested lymph 
nodes compared with open surgery. These differences were 
similar as previous reports (15,16). No different nodal 
upstaging which was different from other papers (5-7) 
may be due to small number of sample size or meticulous 
preoperative estimation of staging by CT or PET-CT.

The rates of postoperative morbidity was not statistically 
significant between VATS and open surgery. These results 
are comparable to previous reports, in which the mean 
morbidity rates were 5.1% to 58% in VATS lobectomy and 
6% to 34% in open lobectomy (17-19). The most frequent 
complication was prolonged air leakage longer than 7 days 
in both groups; however, VATS did not increase the rates of 
air leakage. Furthermore, as our results showed no operative 
mortality, in VATS, but only one case in open surgery due 
to acute respiratory failure. As analyzed after propensity 
matching, only operation time in VATS was longer than in 
open surgery. Advantage of VATS in terms of less blood loss 
and shorter hospital stay was eliminated. Furthermore, the 
disadvantage about less number of harvested lymph nodes 
in VATS was improved, which may lead to oncological 
outcomes. Morbidity and mortality was not different 
between two groups after propensity matching. Taken 
together, the safety of all VATS techniques in our series was 
confirmed.

In the oncological outcomes, we compared the results 
of recurrence rates or survival between VATS and open 
surgery. Significant differences between two groups were 
not found in disease-free and overall survivals. On the 
basis of lack of evidence for long-term survival, our 5-year 
survivals in both groups were better than ones previously 
reported (16,20). Many Tis or T1 tumor may lead better 
prognosis in our study. After propensity matching, no 
differences of long-term disease-free and overall survivals 
were confirmed and these results may suggest that VATS 
has oncologically similar potential with open surgery 
because of well-balanced age, gender, T factor, tumor size, 
and histological subtype. Cox regression model showed that 
age, T factor and histological subtype was worse prognostic 
factor in overall survival, however, only age in overall 
survival and T factor in disease-free survival has a predictive 

value for worse prognosis after propensity matching. 
Although most of histological subtype was mixed subtype 
which was consisted with acinar and papillary component, 
we could not find any prognostic value compared with non-
mixed subtype. Since AIS/MIA is known as preinvasive 
and minimally invasive lesion with better prognostic 
potential, small number of these subtype or lepidic subtype 
may not make a difference between mixed and non-mixed  
subtype (12).

Many factors influencing the outcome of survival and 
local recurrence with VATS have been proposed, such as 
lymph node dissection or sampling (21). Furthermore, 
longer follow up period are reflected by many confounding 
factor such as patients’ physiological condition, but we 
focused simply survival and recurrence. Our standard 
operation for lung cancer was performed with systemic 
lymphadenectomy after lung resection using both 
procedures. The reason why the mean numbers of dissected 
lymph nodes in VATS group were significantly lower than 
in open group may be due to tumor size. Because lager 
tumor size in open group may lead to more number of 
lymph node dissection under curative intent. Otherwise, 
it may be a possibility that more number of ground glass 
nodule with partially solid component, former Noguchi’s 
type B (data not shown) in VATS group may lead to less 
nodal dissection. After propensity matched analysis, this 
difference was rectified with well-balanced tumor size. On 
the other hand, nodal upstaging was similar between two 
groups in crude cases regardless of less number of dissected 
nodes. Although less upstaging by VATS remains still 
controversial, Yang et al. reported no different upstaging 
between VATS and open surgery under condition of similar 
tumor size (20). These studies may support our result.

The limitations of this study are retrospective analysis 
and is a single institutional study. Small number of patients 
in this retrospective study may lead to less significance to 
discover a disparity of oncological outcomes. Therefore, a 
definitive evidence by randomized controlled studies should 
be proposed among treatment groups, however, it may be 
difficult in real world because of many VATS surgery in 
clinical practice. On the basis of this limitation, propensity 
score analyses which may control a number of possible 
confounders were applied to this study and we observed 
no differences between two groups in survival outcome. 
However, propensity score methods can not adjust the 
unmeasured confounders such as physiological reserve.

In conclusion, our study demonstrated that long-
term outcome in thoracoscopic surgery for early-
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stage adenocarcinoma was not inferior to open surgery 
in oncological issue. VATS resection in early-stage 
adenocarcinoma may be a treatment of choice for promising 
not only short-term outcomes but also long-term prognosis.
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