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Introduction

Lung cancer remains the leading cause of cancer death 
throughout the world, and most lung cancers are diagnosed 
in advanced stages (1). While stage IIIA lung cancer 
accounts for a high proportion, its treatment remains 
controversial (2). The use of video-assisted thoracoscopic 

surgery (VATS) for the treatment of lung cancer was first 
reported in 1992 (3-5). Compared with conventional 
thoracotomy, VATS is associated with smaller wounds, 
less postoperative pain, less damage to the chest muscle 
and respiratory function, lower postoperative levels of 
inflammatory factors in circulation related to injury, and 
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higher immunity (6-11). However, only limited literatures 
have reported the application of VATS lobectomy for the 
treatment of stages II and III lung cancers (12-15). The 
impact of VATS lobectomy on the long-term survival of 
patients with stage IIIA lung cancer remains unclear (16).

The purpose of this study is to examine the feasibility 
of video-assisted thoracoscopic surgery (VATS) major 
pulmonary resection with systematic node dissection (SND) 
for clinical stage IIIA non-small cell lung cancer. Success 
is defined as VATS major pulmonary resection with SND 
without conversion. If success rate over 90%, VATS major 
pulmonary resection with SND is considered as feasible 
procedures for clinical stage IIIA non-small cell lung cancer. 
This study had been approved by the Ethics Committee of 
First Affiliated Hospital of Guangzhou Medical University, 
and all patients signed the informed consents. The clinical 
trial registration number of this study was NCT00862004.

Patients and Methods

Subject enrollment

The inclusion criteria were as follows: Histologically 
confirmed non-small cell  lung cancer (Squamous, 
adenosquamous, large cell, or poorly differentiated) Stage 
IIIA (T1-3, N2, M0): N2 disease confirmed by any of 
the following: Mediastinoscopy; Bronchoscopy with fine-
needle aspiration or esophagoscopy; or PET scan; ECOG 
performance status 0-1; From March 2009 to February 
2010, a total of 51 patients with pre-operatively diagnosed 
stage IIIA NSCLC underwent VATS. All the patients 
underwent the total resection of the primary tumors and 
the systematic lymphadenectomy completely under the 
thoracoscope. The post-operative TNM staging was based 
on the seventh edition of International Association for 
the Study of Lung Cancer (IASLC) staging criteria. The 
baseline characteristics, treatment details, clinopathological 
data, and postoperative outcomes were recorded and 
analyzed.

Pre-operative preparation

The pre-operative preparation included detailed history-
taking and physical examination, chest radiographic 
examinat ion,  thorac ic  and upper  abdominal  CT 
examinations, brain CT or MRI, pulmonary function tests, 
arterial blood gas analysis, ventilation/perfusion scan, 
and electrocardiography. Patients at risk for myocardial 

infarction also underwent echocardiography, thallium stress 
test, maximal oxygen uptake test, exercise test, and coronary 
angiography. Bronchoscopy was also performed before the 
surgery to clarify the stages of tumors inside the bronchi. 
If pre-operative CT showed lymph nodes sized >1.5 cm at 
the mediastinum or PET/CT dipicted mediastinal lymph 
nodes, mediastinoscopy or ultrasound bronchoscopy was 
performed for lymph node biopsy. Patients with PET/
CT-identified pathologically confirmed metastases were 
enrolled in this study. For patients with symptoms and 
abnormal blood flow underwent further bone scans. For 
patients whose pre-operative lung function tests showed 
that they could not tolerate total pneumonectomy but the 
tumors were adhered to the main blood vessels, pulmonary 
artery angiography and remodeling were performed. 
For patients at high risk, right heart catheterization was 
performed to rule out pulmonary hypertension and prevent 
total pneumonectomy.

Operation

The procedures of VATS lobectomy has been described (17), 
which was similar to that reported by Shigemura et al. (16). 
Briefly, it was a purely endoscopic technique, with the 
operation completed fully based on the images displayed 
on the monitor. The operation hole was not retracted and 
sized about 3-5 cm (mean: 3.5 cm). Systematic lymph node 
dissection was performed upon the completion of lobectomy.

Post-operative care and follow up

After surgery, patients were advised to receive four to six 
cycles of platinum-based adjuvant chemotherapy. For N2 
patients who had completed a thorough mediastinal lymph 
node dissection, not conventional adjuvant radiotherapy 
was conducted. In the case of enlarged lymph nodes during 
the follow-up period, adjuvant radiotherapy would be 
used for these patients. Postoperative follow-up data were 
obtained through post-operative revisits, imaging, and 
cancer patient registry. The incidences of complications 
and the mortality during the hospital and surgeries were 
recorded for each patient. After the surgery, chest CT was 
routinely performed every three months within the first 
post-operative year and every six months one year later.

Statistical analysis

Continuous variables used in descriptive statistics are 
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presented as mean ± standard deviation, and categorical 

variables are presented using percentages. Statistical 

parameters included: age, gender, histological type, visceral 

pleura invasion, tumor size, lymph node metastasis, staging 

as per the 7th edition of TNM, and VATS lung resection 

type. The outcome indicators included the total number of 
the collected lymph nodes and the number of lymph node 
stations. Survival rates were calculated using the Kaplan-
Meier curves. The survival time was calculated from surgery 
as a starting point, until death caused by cancer as an end 
point. The significance level is 0.05. All the statistical 
analyses were performed in the SPSS 15.0 software package.

Results

Patients’ characteristics

From March 2009 to February 2010, a total of 51 NSCLC 
patients who had undergone VATS pulmonary resection 
and met our inclusion criteria were enrolled in this study. 
The median follow-up period was 50.5 months. Of these 51 
patients, 41 (80.4%) had N2 lymph node metastases. Among 
them 44 (86.3%) received pulmonary lobectomy and 
mediastinal lymph node dissection completely under the 
thoracoscope, 6 had their incisions extended to about 7 cm 
due to larger tumor sizes, and 1 had his surgery performed 
using a 12 cm small incision for handling the adhesions 
between lymph nodes and blood vessels (Table 1). The number 
of intra-operative lymph node dissection was 22.5±12.9, 
and the number of stations was 5.0±1.6. No patient was 
converted to conventional open thoracotomy.

Complications and mortality

No intra-operative death was noted. One patient received 
a second surgery on the second post-operative day due to 
large drainage (>1,000 mL), and the postoperative recovery 
was satisfactory. In another patient whose daily drainage 
was larger than 500 mL, conservative treatment yielded 
satisfactory outcomes. Up to 45 patients (88.2%) did not 
suffer from any perioperative complication, and 6 (11.8%) 
experienced one or more complications (Table 2).

Overall survival

Among these patients, the average survival time was 44.0± 
2.6 months (median survival time could not be computed), 
and the 5-year survival rate was 51.1% (Figure 1).

Discussion

As a widely recognized technique, VATS lobectomy has 
been recommended by NCCN guidelines as the surgery 

Table 1 Baseline characteristics, pathologic data, and treatment-
related factors among 51 patients

Features (N=51)

Sex (Male) 35 (68.6%)

Age 56.7±10.9

Tumor size

≤2 cm 10 (20.0)

>2 cm, ≤3 cm 8 (16.0)

>3 cm, ≤5 cm 13 (26.0)

>5 cm, ≤7 cm 8 (16.0)

>7 cm 11 (22.0)

Pleural invasion (yes) 29 (56.9%)

T stage

1a 6 (11.8)

1b 3 (5.9)

2a 1 (2.0)

2b 17 (33.3)

3 6 (11.8)

4 16 (31.4)

N stage

0 1 (2.0)

1 9 (17.6)

2 41 (80.4)

FEV1% (<70%) 1 (2.0)

Tumor location (central) 6 (11.8)

Minimally invasive surgical procedures

VATS 44 (86.3)

VATS with a 7 cm incision 6 (11.8)

VATS with a 12 cm incision 1 (2.0)

Histology

SC 12 (23.5)

AD 29 (56.9)

ADSC 5 (9.8)

others 5 (9.8)

FEV 1, forced expiratory volume in 1 second; VATS, video-

assisted thoracoscopic surgery; SC, squamous cell carcinoma; 

AD, adenocarcinoma; ADSC, adenosquamous cell carcinoma.
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of choice for early NSCLC. Our center has applied the 
VATS techniques for the radical resection of lung cancer 
since 1994, among which the thoracoscope-assisted small-
incision operation was applied for the angioplasties in 
trachea, bronchus, and lung; the patients’ long-term 
survivals showed no significant difference when compared 
with the conventional open thoracotomy (18,19) However, 
the feasibility of surgical treatment for stage IIIA lung 
cancer with mediastinal lymph node metastasis (N2) 
remain controversial. Also, it is unclear whether the VATS 
technique can be applied for stage IIIA lung cancer with 
lymph node metastasis. McKenna et al. have successfully 
conducted VATS radical treatment for 1,100 patients 
with lung cancer (including post-operative pathologically 
confirmed stage IIIA lung cancer), without increase in 
complications (12). Watanabe et al. did a retrospective study 
aimed at determining the outcome of patients with cN0-
pN2 NSCLC who underwent VATS major pulmonary 
resection with SND versus the outcome after major 
pulmonary resection with SND by open thoracotomy (15). 
It demonstrated that VATS major pulmonary resection with 
SND was a feasible approach to management of cN0-pN2 
NSCLC without loss of curability. It was unnecessary to 
convert the VATS approach to thoracotomy in order to do 
SND even if pN2 disease is revealed during VATS major 
pulmonary resection. As part of multimodality therapeutic 
approachs, surgery offers a survival benefit for patients with 
resectable N2 NSCLC (17,20-24). Hennon et al. found 
that, when VATS was applied for the treatment of advanced 

lung cancer, it could smoothly and safely complete the 
expected tissue removal and lymphadenectomy (25). Our 
current study enrolled 51 patients with pre-operatively 
confirmed stage IIIA NSCLC, among whom the lobectomy 
and mediastinal lymph node dissection were successfully 
conducted. The intra-operative complications did not 
increase, and no patient was converted to conventional 
open thoracotomy. In a study with large sample size, after 
the surgery and multidisciplinary treatment for patients 
with stage IIIA NSCLC, the 5-year overall survival rates 
were 34.9% (26). In our cohort, the average survival time 
was (44.0±2.6) months, with the 5-year survival rate being 
51.1%.

In conclusion, VATS radical treatment is a safe and 
feasible treatment for stage IIIA lung cancer.
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