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Introduction

Lobectomy with systematic lymph node dissection is 
considered the gold standard treatment for patients with 
early-stage non-small cell lung cancer (NSCLC). During 
the previous two decades, thoracoscopic surgery (TS), also 
known as video-assisted thoracoscopic surgery (VATS), has 
become commonly used as a less invasive procedure than 
conventional thoracotomy (TH) worldwide. In Japan, in 

2013, of the 37,008 operations for primary lung cancers, 
18,925 were TS lobectomies (1). They comprised 69% of 
all lobectomies, and this proportion is gradually increasing. 
The recent increase in the use of TS is due to the results 
of several reported data of retrospective and prospective 
studies that show comparable treatment outcomes and less-
invasiveness of TS as compared to those of TH. Although 
some differences exist in the manner or indication between 
individual institutes or thoracic surgeons, many surgeons 
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believe that TS is a superior approach than TH for standard 
surgery in lung cancer. 

The lower invasiveness of TS, as compared to that 
of TH, is very challenging to prove statistically because 
the evaluation items for measuring invasiveness, such as 
postoperative pain and quality of life, depend on patient 
subjectivity. However, in 2016, the results of a well-
designed randomized controlled trial (RCT) to compare 
the invasiveness of TS and anterolateral TH for early-stage 
NSCLC were reported in Denmark (2). In the report, the 
authors showed TS is associated with less postoperative 
pain and better quality of life than is anterolateral TH for 
the first year after surgery. 

However, there are few prospective RCTs to compare 
patient survival between TS and TH in patients with 
NSCLC (3). Moreover, these studies were all reported 
during the late 1990s and early 2000s, when TS was just 
beginning to be used, therefore, these data may not be 
applicable to the current clinical practice because of skill 
progressions in the TS procedures and changes in the 
characteristics of NSCLC patients. Most of the recently 
reported data are from retrospective studies (4-8). We 
should know that the quality of these studies varies, and 
they do not provide sufficient evidence as compared with 
that provided by RCTs. To interpret these data, even 
though they may be large-scale data from a national 
database or multicenter studies, we must consider the 
possibility of selection bias in the patients and differences 
in the TS procedures among the institutes. Although we 
should compare the survival benefit between TS and TH 
in a multicenter RCT, it would be challenging to perform 
this comparison in Japan. One of the reasons is that TS is 
already popular as a treatment procedure for early-stage 
NSCLC. Therefore, majority of Japanese thoracic surgeons 
would feel not be comfortable performing TH for patients 
with early diseases, even for clinical trials. Second, several 
kinds of TS procedures coexist owing to the lack of a clear 
definition of TS or VATS, and each procedure is embedded 
in each institute in Japan. It is difficult to deal with all the 
procedures under the TS or VATS group together, with a 
varying length and number of wounds. 

This study aimed to conduct a retrospective comparison 
of the long-term oncological outcomes in NSCLC patients 
who undergo TS and TH, in a single cancer specialized 
institute in Japan. 

Methods

Patients

Study patient flow diagram is shown in Figure 1A. Total 
1,917 consecutive NSCLC patients underwent surgery at 
our institution between January 2005 and December 2013. 
Of them, 1,815 underwent complete surgical resection 
without any preoperative anticancer treatment. Excluding 
the cases with any kind of limited surgery, 1,379 patients 
underwent lobectomy or more extensive resection with 
systematic ipsilateral hilar and mediastinal lymph node 
dissection. Further, 1,166 patients whose data were 
available were finally enrolled in this retrospective study. 
We reviewed the medical records of all the patients for the 
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Figure 1 Background of the study. (A) Consort diagram of the 
study participants. (B) Annual change in the percentages of TS and 
TH during the study period. NSCLC, non-small cell lung cancer. 
TS, thoracoscopic surgery; TH, thoracotomy.
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following clinicopathological factors: age, sex, smoking 
index (pack-year), comorbidity, respiratory function 
(%FVC and FEV1.0%), operative procedure, clinical and 
pathological T and N status, histological type, radiological 
findings of the primary lesion, operative time, blood loss in 
operation, postoperative complications, and drainage period. 
Histological classification of the resected specimens was 
determined according to the World Health Organization 
International Histological Classification of Tumors (9). 
Clinical and pathological stage were determined according 
to the 7th UICC TNM Classification for Lung and Pleural 
Tumors (10). Radiological findings were determined based 
on the findings of high-resolution computed tomography 
(HRCT) images of the primary lesions, and the patients 
were divided into two groups, ground glass opacity (GGO) 
dominant tumor or solid dominant tumor. Postoperative 
complications were assessed according to the Clavien-
Dindo classification (11). Data collection and analysis were 
approved by the Institutional Review Board (No. 2018-
1089). The need to obtain written informed consent from 
each patient was waived because of the retrospective nature 
of the study and anonymity of the subjects.

Surgical procedures of TS and TH

The surgical procedure of TS was performed via a 2.5 cm  
utility incision at the posterior axillary line at the 5th 
intercostal space using endoscopic instruments and 
traditional instruments for sharp dissection. The latissimus 
dorsi muscle was left intact, the serratus anterior muscle 
was split and the intercostal muscle minimally divided about 
4 cm to remove the resected specimens. A 15-mm incision 
was created at the anterior axillary line at the 4th intercostal 
space for the second assistant. Two 7-mm ports were placed 
at the center of the 3rd intercostal space for the camera and 
posteriorly at the 3rd intercostal space for the operator’s left 
hand. Two silicone rubber instruments (Lap Protector™ 
Minimini; Hakko Co, Ltd., Tokyo, Japan) were applied to 
maintain the two wounds open. All the procedures were 
strictly monitor-based and the role of each port was fixed. 
The TH operations were performed in a conventional 
manner via a posterolateral incision, about 18 cm, with rib 
dividing. The latissimus dorsi muscle, serratus anterior 
muscle, and intercostal muscle were well divided. 

Statistical analyses

Either the Chi-square test or Fisher’s exact test was used to 

analyze the correlations between the operative approaches 
and the categorical variables of several clinicopathological 
factors. Student’s t-test was applied to analyze continuous 
variables, such as age, operative time and blood loss, 
and postoperative drainage period. Survival curves were 
plotted using the Kaplan-Meier method, and the statistical 
significance of differences among the subgroups was 
determined using the log-rank test. Overall survival (OS) 
was measured from the date of surgery to the date of death 
due to any cause. The last follow-up observation was 
censored when the patient was alive or lost to follow-up.  
Cancer-specific survival (CSS) was measured from the date 
of surgery to the date of death due to lung cancer. The 
last follow-up observation was censored when the patient 
was alive, lost to follow-up or death due to other causes. 
All P values were two-sided, and P<0.05 was considered to 
indicate a statistical significance. Propensity scores were 
estimated using a logistic regression model including the 
following variables: age, sex, smoking index, FEV1.0%, 
clinical T and N factors, radiological findings and histology 
of the primary lesions. Thereafter, the nearest neighbor 1:1 
matching method was used without replacement. We used 
the statistical analysis software (Dr. SPSS II for Windows, 
Standard Version 11.0, SPSS Inc., Chicago, IL, USA) for 
all analyses. 

Results

Comparisons of the TH and TS groups of the entire cohort

The clinicopathologic characteristics of the 1,166 enrolled 
patients are shown in Table 1. Non-smokers or light smokers 
(smoking index <40 pack-year), the patients without any 
comorbidity and those with normal respiratory function 
comprised a majority of the cohort. Clinical T1, N0, and 
adenocarcinoma histology were the major disease states. Of 
the 1,166 patients, 844 were underwent surgery via TH and 
322 via TS. The annual change in the percentages of TS 
during the study period is shown in Figure 1B. 

Comparisons of the patient characteristics and disease 
states between the TH and TS groups are shown in 
Tables 2 and 3. The TS group included significantly more 
women, non-smokers or light smokers, patients without 
any comorbidity and those with normal FEV1.0% than 
the TH group. The rate of lobectomy in all the procedures 
was high in the TS group. These results are summarized as 
follows: the patients in good conditions were favored for TS 
in clinical practice. There were no conversion cases from 
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via TS to TH during the study period. In the TS group, 
the disease states were significantly less aggressive with low 
clinical and pathological T and N status than in the TH 
group. Moreover, almost 50% of the tumors in the TS 
group presented GGO-dominant shadows by TSCT. 

The survival curves of the two groups are shown in 
Figure 2. The TS group had a much better 5-year OS rate 
of 92.6% than the TH group (76.7%), and the log-rank 
test showed a statistically significant difference (P<0.0001; 
Figure 2A). Similar results were obtained for CSS, a more 
suitable indicator of oncological outcomes than OS. The 
TS group had an excellent oncological outcome that was 
significantly better than that of the TH group (5-year CSS 
rate 97.4% in the TS group vs. 82.2% in the TH group, 

P<0.0001; Figure 2B). A comparison of the patients with 
clinical stage I disease, shown in Figure 2C,D, showed 
significantly better 5-year OS rate (92.8% vs. 81.0%, 
P<0.0001) and 5-year CSS rate (97.7% vs. 85.5%, P<0.0001) 
were better in the TS group. In patients with pathological 
stage I disease, although the differences were lower, the 
parameters were significantly better in the TS group (5-year  
OS rates; 93.9% vs. 90.0%, P=0.0192; Figure 2E and 
5-year CSS rates; 98.9% vs. 94.0%, P=0.0007; Figure 2F). 
These differences in patient outcomes are attributable to 
unavoidable selection bias. 

Comparisons of the TH and TS groups of the matched 
cohort

We performed propensity score matching to minimize 
the differences in background patient characteristics and 
tumor states between the TH and TS groups. We extracted 
190 patients each from the two groups. We confirmed 
the absence of significant differences in the patient 
characteristics between the two matched groups, as shown 
in Table 4. With respect of the disease states, the factors that 
can be assessed preoperatively, such as the clinical T and 
N status, radiological findings and tumor histology were 
comparable (Table 5). 

The survival curves of the two matched groups are shown 
in Figure 3. There were no statistical differences in the 
OS and CSS rates between the two groups (P=0.2223 and 
P=0.0736), indicating the achievement of adequate balance.

For a balanced cohort, we compared the operative 
and postoperative outcomes between the TH and TS 
groups (Tables 6 and 7). Although the operative time was 
similar, blood loss was significantly less and the duration of 
postoperative drainage was significantly shorter in the TS 
group than in the TH groups. There were no significant 
differences in the frequency of postoperative complications 
(Clavien-Dindo classification Grades II-V) between the two 
groups. The common Grade II and III complications of 
the TS group were supraventricular arrhythmia, requiring 
administration of anti-arrhythmic drugs and pulmonary 
fistula that required pleurodesis.

Discussion

This single-institute, retrospective study compared the 
long-term oncological outcomes in patients with NSCLC 
who underwent TS and TH. The present findings 
accurately demonstrate our clinical practice. In our 

Table 1 Clinicopathologic characteristics of the patients

Variables Category
All patients  

(N=1,166), n [%]

Age Median [range] 66 [23–86]

Sex Men 627 [54]

Women 539 [46]

Smoking index 
(pack-year)

<40 802 [69]

≥40 364 [31]

Comorbidity Yes 230 [20]

No 936 [80]

Respiratory function  

% FVC ≥80% 1,154 [99]

<80% 12 [1]

FEV1.0% ≥70% 894 [77]

<70% 272 [23]

Clinical T factor T1 672 [58]

T2–4 494 [42]

Clinical N factor N0 859 [74]

N1–2 307 [26]

Histology Adenocarcinoma 914 [78]

Squamous cell ca. 153 [13]

Others 99 [8]

Operative approach Thoracotomy (TH) 844 [72]

Thoracoscopic (TS) 322 [28]

% FVC, % forced vital capacity; FEV1.0%, forced expiratory 
volume 1.0%.
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Table 2 Comparison of patient characteristics between the TH and TS groups

Variables Category TH (N=844), n [%] TS (N=322), n [%] P value

Age Median [range] 65 [26–84] 66 [23–86] 0.7646

Sex Men 483 [57] 144 [45]

Women 361 [43] 178 [55] 0.0001

Smoking index (pack-year) <40 552 [65] 250 [78]

≥40 292 [35] 72 [22] <0.0001

Comorbidity Yes 188 [22] 42 [13]

No 656 [78] 280 [87] 0.0003

Respiratory function

% FVC ≥80% 833 [99] 321 [99]

<80% 11 [1] 1 [1] 0.1968

FEV1.0% ≥70% 630 [75] 264 [82]

<70% 214 [25] 58 [18] 0.0084

Operative procedure Lobectomy 760 [90] 320 [99]

Bi-lobectomy 49 [6] 2 [1]

Pneumonectomy 35 [4] 0 0] <00001

Conversion to thoracotomy Yes – 0 0] –

No – 322 [100]

TH, thoracotomy; TS, thoracoscopic surgery; % FVC, % forced vital capacity; FEV1.0%, forced expiratory volume 1.0%.

Table 3 Comparison of the disease states between the TH and TS groups

Variables Category TH (N=844), n [%] TS (N=322), n [%] P value

Clinical T factor T1 401 [48] 271 [84]

T2–4 443 [52] 51 [16] <0.0001

Radiological findings GGO-dominant 98 [12] 151 [47]

Solid dominant 746 [88] 171 [53] <0.0001

Clinical N factor N0 708 [84] 322 [100]

N1–2 136 [16] 0 0] <0.0001

Histology Adenocarcinoma 619 [73] 295 [92]

Squamous cell ca. 134 [16] 19 [6]

Others 91 [11] 8 [2] 0.0194

Pathological T factor T1 332 [39] 250 [78]

T2–4 512 [61] 72 [22] <0.0001

Pathological N factor N0 563 [67] 296 [92]

N1–2 281 [33] 26 [8] <0.0001

TH, thoracotomy; TS, thoracoscopic surgery; GGO, ground-glass opacity.
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Figure 2 Overall survival curves (A) and cancer-specific survival curves (B) of the TH and TS groups of the entire cohort. Overall survival 
curves (C) and cancer-specific survival curves (D) of the TH and TS groups in clinical stage I. Overall survival curves (E) and cancer specific-
survival curves (F) of the TH and TS groups in the pathological stage I. TS, thoracoscopic surgery; TH, thoracotomy.
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Table 4 Comparison of patient characteristics between the TH and TS groups of the matched cohort

Variables Category TH (N=190), n [%] TS (N=190), n [%] P value

Age Median [range] 65 [34–81] 65 [36–81] 0.9277

Sex Men 83 [44] 78 [41]

Women 107 [56] 112 [59] 0.6780

Smoking index <40 147 [77] 153 [81]

(pack-year) ≥40 43 [23] 37 [19] 0.5294

Comorbidity Yes 18 [9] 23 [12]

No 172 [91] 167 [88] 0.5088

Respiratory function

% FVC ≥80% 190 [100] 190 [100]

<80% 0 0] 0 0] 1

FEV1.0% ≥70% 155 [82] 163 [86]

<70% 35 [18] 27 [14] 0.3312

Operative procedure Lobectomy 190 [100] 190 [100]

Others 0 [0] 0 [0] 1

TH, thoracotomy; TS, thoracoscopic surgery; % FVC, % forced vital capacity; FEV1.0%, forced expiratory volume 1.0%.

Table 5 Comparison of the disease states between the TH and TS groups of the matched cohort

Variables Category TH (N=190), n [%] TS (N=190), n [%] P value

Clinical T factor T1 167 [88] 154 [81]

T2–4 23 [12] 36 [19] 0.0886

Radiological findings GGO-dominant 60 [32] 71 [37]

Solid dominant 130 [68] 119 [63] 0.2804

Clinical N factor N0 190 [100] 190 [100]

N1–2 0 [0] 0 [0] 1

Histology Adenocarcinoma 173 [91] 178 [94]

Squamous cell ca. 11 [6] 8 [4]

Others 6 [3] 4 [2] 0.6263

TH, thoracotomy; TS, thoracoscopic surgery; GGO, ground-glass opacity.

institute, TS lobectomy was introduced in 2008, shown 
in Figure 1B. At that time, the operative indication for TS 
lobectomy in NSCLC was limited in patients with GGO-
dominant lesions, up to 3 cm in diameter, and only 17% of 
lobectomies were performed via TS. However, thereafter, 
the operative indication of TS lobectomy was gradually 
extended, and the rate gradually increased with advances 
in the procedure technology. We expanded the indication 
of TS lobectomy to the GGO-dominant lesions up to 5 

cm in diameter and solid dominant lesions up to 3 cm in 
size. Then, in 2013, 49% of lobectomies for NSCLC were 
performed via TS. The survival difference between the 
TS and TH groups shown in Figure 2 was a result of the 
selection bias in our clinical practice. Patients with less 
aggressive lesions tended to be subjected to TS during the 
study period, although the rate of TS gradually increased. 
The survival rates were equal in the two matched cohorts, as 
shown in Figure 3. These results show an adequate balance 
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after matching. According to the 8th TNM classification, 
GGO component, reflecting pathological non-invasive 
part, means less-aggressiveness of the tumor (12). The data 
in Table 3 shows that TS tend to be performed for patients 
with GGO-dominant lesions. Thus, to avoid selection bias, 
it is crucial to include not only T and N factors but also the 
radiological findings of the tumor into a logistic regression 
model for propensity score estimating. 

With respect to the curability of lung cancer after TS 
lobectomy, majority of the recently reported data were from 
retrospective studies. Yang et al. reported on the long-term 
after TS or TH lobectomy based on the National Cancer 
Data Base of U.S. (6). About three thousand patients with 
stage I NSCLC were matched with propensity score from 
>7,000 patients; the 5-year OS rates of the two groups 
were similar. Although these results were comparable 
to our findings, the reported 5-year OS rates, 65–66%, 
were relatively low for stage I disease. CSS rates may give 

more accurate results; however, it would be challenging to 
access in detail from the nationwide database. Flores et al. 
reported the results of a retrospective study that compared 
the curability between TS and TH for stage I NSCLC (4). 
Total 398 patients who underwent TS lobectomy and 343 
patients who underwent TH demonstrated similar 5-year 
OS rates, 79% and 75%, respectively. These data were from 
a single-institute, smaller-scale trial; however, the study was 
conducted in a very specialized institute, and the data were 
well analyzed. 

There are few RCT reports, including the one by Sugi  
et al. that compares patient survival between TS and TH (3). 
Certainly, these studies have reported important data with 
higher levels of evidence than those in retrospective studies; 
however, the sample size of these studies does not permit 
statistically valid conclusions.

Our results showed much better oncological outcomes 
than previous reports, with a 5-year OS rate of 92.6% 

Table 6 Comparison of operative and postoperative outcomes 
between the TH and TS groups of the matched cohort

Variables
TH (N=190),  
mean ± SD

TS (N=190),  
mean ± SD

P value

Operative time (min) 203±38 204±47 0.8346

Intraope. blood loss (mL) 100±78 44±40 <0.0001

Postope. drainage period 
(days)

3.5±2.9 2.1±1.7 <0.0001

TH, thoracotomy; TS, thoracoscopic surgery; SD, standard 
deviation.
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Table 7 Comparison of the frequency of postoperative complications 
between the TH and TS groups of the matched cohort

Postope. complication TH (N=190) TS (N=190) P value

Grade II 18 (9.5) 6 (3.2)

Grade III 7 (3.7) 11 (5.8)

Grade IV 0 (0) 0 (0)

Grade V 0 (0) 0 (0)

Total (≥ Grade II) 25 (13.2) 17 (8.9) 0.2519

TH, thoracotomy; TS, thoracoscopic surgery.
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and CSS rate of 97.4% after TS lobectomy. The patient 
characteristics of the patients in our institute, shown in 
Table 3, are one of the reasons for these results. In the urban 
areas of Japan, GGO-dominant lesions are increasingly 
detected in health screening with the increasing popularity 
of CT and PET-CT in recent years. The patients with 
GGO-dominant lesions have an extremely favorable 
prognosis after complete resection. For some early diseases, 
we also perform TS segmentectomy. Peripherally located 
GGO-dominant lesions <2 cm in size are our intentional 
indication for segmentectomy. We also reported equivalent 
outcomes, with a 5-year OS rate of 93.4% in the 191 
patients who underwent TS segmentectomy in 2018 (13). 

The study period also influences patient outcomes. 
Diverse and effective treatments after cancer recurrence, 
including the use of molecular-targeted agents and immune 
checkpoint inhibitors are available.

With respect to the less-invasiveness of TS, to our 
knowledge, only four prospective studies have been 
reported in the English literature (2,14-16). Kirby et al. 
reported the results of an RCT on 61 patients with stage I 
NSCLC in 1995 (14). There were no significant differences 
in the operating time, intraoperative blood loss, duration 
of chest tube drainage, or length of hospital stay between 
the TS and TH groups. However, TH showed significantly 
longer air leakage. Craig et al. conducted a RCT in 2001 
and showed that TS was associated with reduced peri-
operative changes in the acute phase response (15). They 
showed that TS was associated with lower CRP and IL-6 
levels after 24–120 hours after surgery than TH. Long 
et al. reported short-term outcomes of RCT to compare 
TS and TH lobectomy in 2018 (16). They randomly 
assigned 481 early-stage NSCLC patients (1:1 ratio) at five 
tertiary hospitals in China. The median operation time 
and intraoperative blood loss was significantly less with TS 
than with TH lobectomy. The length of hospitalization and 
morbidities were similar in the two groups. An uniquely 
designed RCT conducted in Denmark in 2016 enrolled 206 
patients with stage I NSCLC and randomly assigned them 
to the TS or anterolateral TH groups (1:1 ratio) (2). After 
the operation, an identical surgical dressing was applied to 
all the patients to mask the type of the surgical procedure 
from the surgeon and the patient until discharge. The 
authors showed that the TS group had a lower incidence 
of significant pain in the first 24 hours after surgery and of 
relevant pain episodes during the 52-week follow-up period, 
with a better postoperative quality of life. With respect to 
the latter two recent trials, long-term patient outcomes 

results are expected. 
Our results showed that the operative blood loss and the 

length of drainage period were evidently less and shorter in 
the TS group. These results proved the lower invasiveness 
of TS. Because of the retrospective nature of this study, 
it was difficult to prove less postoperative pain and better 
QOL after TS than TH. However, length of skin incision is 
evidently shorter and range of divided muscles is narrower 
after TS, which contribute to a high satisfaction level of 
patients. About operative safety of TS, we did not have an 
experience of conversion to TH in this study period, shown 
in Table 2. Although this is an extremely good result, we 
experience one conversion case of segmentectomy in the 
same period. 

Recently, several new efforts are being made for the 
development of less-invasive approaches, such as uniportal-
VATS (17-19) and robotic surgery (20,21). It may be 
challenging to launch RCTs by the moment to compare 
each new approach with the conventional method. The 
most important essence of surgery for lung cancer must be 
the oncological curability. It should be assessed as fairly as 
possible for every less-invasive approach, regardless of the 
study design (prospective or retrospective). 

Conclusions

We reported the long-term oncological outcomes in 
patients with early-stage NSCLC after TS lobectomy. 
Although this is a single institutional, retrospective study, 
we successfully avoided selection bias in the patients 
and showed comparable treatment outcomes with lower 
invasiveness of TS as compared to that of TH.
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