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Original Article 
Video-assisted thoracoscopic surgery for non-small-cell 
lung cancer is beneficial to elderly patients
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Abstract: The aim of this study was to explore whether video-assisted thoracoscopic surgery (VATS) has short or 
long-term benefits in elderly patients with non-small-cell lung cancer compared with open surgery. Between June 
2007 and December 2014, 579 patients older than 70 years underwent radical pulmonary resection for non-small-
cell lung cancer, including 138 who received VATS and 441 who received open surgery. A retrospective pair-matched 
study was performed to compare 194 patients (97 pairs) who underwent either VATS or open resection. Patients 
were matched by age, sex, comorbidity, American Society of Anesthesiologists (ASA) score, tumor location, clinical 
TNM stage, and extent of pulmonary resection. Short and long-term outcomes were compared between the two 
groups. The overall incidence of postoperative 30-day complications was significantly lower in the VATS group than 
in the open surgery group. The major postoperative 30-day complication trended lower in the VATS group but was 
not significantly different. The length of postoperative hospital stay was significantly shorter. Kaplan–Meier analysis 
showed that 5-year disease-free survival and overall survival was similar between the two groups. In summary, in 
surgical management of elderly patients with non-small-cell lung cancer, VATS is associated with lower rates of mor-
bidity as well as comparable disease-free survival and overall survival outcomes. 

Keywords: Thoracic surgery, video-assisted, minimally invasive surgical procedures, carcinoma, non-small-cell 
lung, elderly patients, survival

Introduction

Radical pulmonary resection for operable non-
small-cell lung cancer is a surgical procedure 
associated with high operative risk [1-3]. This 
operative risk may be more critical in elderly 
patients (≥70 years) [4-6]. It is imperative to 
explore a safer approach to minimize operative 
risk of elderly patients undergoing pulmonary 
resection for operable non-small-cell lung can-
cer. The technique of video-assisted thoraco-
scopic surgery (VATS) for non-small-cell lung 
cancer has been shown to be associated with 
better cosmetic results, shorter hospital stay, 
decreased blood loss, and improved quality of 
life [7-10]. However, previous studies were 
mainly focused on the general population 
[7-11]. Therefore, whether VATS could deliver 
similar short or long-term benefits to elderly 
patients of non-small-cell lung cancer remains 
uncertain. The aim of this study was to analyze 
short and long-term outcomes in elderly pa- 

tients who underwent VATS or open surgery for 
non-small-cell lung cancer.

Methods

This study complied with the Declaration of 
Helsinki. This retrospective research was 
approved by our local ethics committees. The 
need for informed consent from patients was 
waived because of its retrospective nature. 

Between June 2007 and December 2014, there 
were 579 patients older than 70 years who 
underwent pulmonary resection with radical 
intent for non-small-cell lung cancer in our insti-
tution, including 138 who received VATS and 
441 who received open surgery. Patients who 
received neoadjuvant therapy or received bi- 
lobectomy or received extended resection were 
excluded. Using the remaining cohort, a retro-
spective pair-matched study was performed to 
compare 194 patients (97 pairs) who under-
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Table 1. Patient data of the two groups
VATS 

(n=97)
Open

(n=97) P value

Age (y) 74 (71-84) 73 (70-80) 0.150
Gender (Male:Female) 58:39 61:36 0.658
Comorbidity 0.947
    Heart failure 4 3
    Hypertension 14 11
    Diabetes Mellitus 8 8
    Liver cirrhosis 3 4
    Atrial fibrillation 2 1
    Earlier myocardial infarction 1 2
Tumor location 0.950
    Left upper lobe 23 21
    Left lower lobe 31 29
    Right upper lobe 28 30
    Right lower lobe 15 17
ASA score 0.623
    I 63 66
    II 21 20
    III 13 11
Clinical stage 0.663
    IA 58 55
    IB 39 42
Extent of pulmonary resection 0.536
    Lobectomy 38 41
    Segmentectomy 34 35
    Wedge resection 25 21

Table 2. The surgical and pathological outcomes of the two groups
VATS 

(n=97)
Open

(n=97)
P 

value
Operative time 150 (120-200) 130 (100-170) 0.015
Blood loss 140 (100-350) 190 (150-450) 0.020
Postoperative hospital stay 10 (7-25) 13 (10-31) 0.021
Histological type 0.590
    Adenocarcinoma 48 53
    Squamous cell carcinoma 28 24
    Large cell carcinoma 11 14
    Adenosquamous cell carcinoma 10 6
Pathological stage 0.689
    IA 32 31
    IB 31 35
    IIA 11 14
    IIB 17 14
    IIIA 6 3
Residual tumor 0.651
    R0 94 95
    R1 3 2
    R2 0 0

went either open surgery or 
VATS. Patients were matched 
by age, sex, comorbidity, Ame- 
rican Society of Anesthesiolo- 
gists (ASA) score, tumor loca-
tion, clinical TNM stage, and 
extent of pulmonary resec-
tion. All patients were diag-
nosed with non-small-cell 
lung cancer by preoperative 
biopsy. Preoperative staging 
was determined mainly by 
enhanced thoracic and ab- 
dominal computerized tomo- 
graphy. Clinical stage I non-
small-cell lung cancer 
patients were selected as 
candidates for operation. 
Physical examination, stan-
dard laboratory tests, elec-
trocardiograms, and lung 
function tests were per-
formed in all patients. The 
tumor TNM stage was based 
on the 7th edition of the TNM 
[12] classification of lung 
cancer, which was proposed 
by International Association 
for the Study of Lung Cancer 
(IASLC), Union for Interna- 
tional Cancer Control (UICC) 
and American Joint Commi- 
ttee on Cancer (AJCC), and 
the mediastinal lymph node 
staging was based on the 
newest lymph node map pro-
posed by IASLC [13]. For 
those of the patients operat-
ed before 2010, their TNM 
stage was recalculated to 
match the 7th edition of TNM 
classification of lung cancer 
proposed by UICC, AJCC and 
IASLC.

The operative technique of 
VATS with radical intent for 
non-small-cell lung cancer 
has been described else-
where [14]. The procedure of 
open surgery was performed 
in a manner similar to VATS. Pa- 
tients were retained over-
night in the surgical intensive 
care unit (ICU) on continu- 
ous telemetry before being 
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returned to the dedicated thoracic surgical 
ward on the first postoperative day. Morbidity, 
postoperative complications occurring within 
30 postoperative days, was classified using 
Clavien-Dindo classification [15]. The definition 
of Clavien-Dindo system was as follows: Grade 
1: oral medication or bedside medical care 
required; Grade 2: intravenous medical therapy 
required; Grade 3: radiologic, endoscopic, or 
operative intervention required; Grade 4: chron-
ic deficit or disability associated with the event; 
and Grade 5: death related to surgical compli-
cation. Major complications were defined as 
grades 3, 4 and 5. Minor complications were 

cause. The follow-up was closed in January 
2015.

Data were presented as mean and standard 
deviations for variables following normal distri-
bution and were analyzed by t test. For data fol-
lowing non-normal distribution, results were 
expressed as median and range and were com-
pared by nonparametric test. Differences of 
semiquantitative results were analyzed by 
Mann-Whitney U-test. Differences of qualitative 
results were analyzed by chi-square tests or 
Fisher exact test as appropriate. Univariate 
analyses were performed to identify prognostic 
variables related to overall survival and dis-
ease-free survival. Univariate variables with 
probability values less than 0.10 were selected 
for inclusion in the multivariate Cox proportion-
al hazard regression model. Adjusted odds 
ratios (HR) along with the corresponding 95% 
confidence intervals (CI) were calculated. 
P<0.05 was considered statistically significant. 
SPSS 13.0 (SPSS Inc., Chicago, IL, USA) was 
applied.

Results

After matching for age, sex, comorbidity, ASA 
score, tumor location, clinical TNM stage, and 
extent of pulmonary resection, 194 patients 
were eligible for review (Table 1). 

The surgical and pathological outcomes were 
summarized in Table 2. There was no conver-
sion to open lobectomy in cases performed 

Table 3. The post-operative complications of the two groups
VATS 

(n=97)
Open

(n=97)
P 

value
Post-operative 30-day complications 18 31 0.032
    Pneumonia 4 10
    Pulmonary embolism 1 2
    Respiratory insufficiency 2 4
    Chylothorax 1 2
    Prolonged air leak (more than 5 days) 2 3
    Bronchopleural fistula 1 1
    Acute heart failure 2 2
    Acute coronary syndrome 1 2
    Atrial fibrillation 3 3
    Acute renal failure 1 2
Severity of complications 0.068
    Major (3, 4 and 5 ) 3 9
    Minor (1 and 2) 15 22

classified as 1 and 2. Mortality was 
defined as death of any cause occur-
ring within 30 postoperative days. 

Follow-up data were collected from 
outpatient follow-up database. Adju- 
vant therapy was delivered to those 
who had pathological lymph node 
metastasis or pathological R1 resec-
tion with generally good performance. 
Patients were seen in the outpatient 
department every 3 months for the 
first postoperative year, every 4-5 
months for the next 2 years, and then 
annually. The overall survival was cal-
culated from the date of radical 
resection the last follow up or death 
of any cause. The disease-free sur-
vival was assessed from the date of 
radical resection until the date of 
cancer recurrence or death of any 

Figure 1. Overall survival time of the pair-matched 
population.
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VATS. There were no intraoperative or 30-day 
mortality occurred in our series. There was lon-
ger operative time in VATS group than in open 
group (P=0.015). There were no significant dif-
ferences in pathological stage and residual 
tumor. Patients in the VATS group enjoyed sig-
nificantly faster recovery, including less blood 
loss (P=0.020), and earlier hospital discharge 
(P=0.021).

The post-operative complications were revi- 
ewed in Table 3. Thirty-day morbidity was sig-
nificantly lower in the VATS group than in the 
open surgery group (P= 0.032). When the 
severity of 30-day complications was com-
pared, more complications were classified as 

major in patients underwent open resection, 
though the difference was not significant 
(P=0.068).

The median follow-up duration was 36 months. 
The follow-up duration was similar between the 
two groups. There was no difference in overall 
survival between VATS group and open group 
(Figure 1, P=0.075). Five-year overall survival 
was 70% in the VATS group compared with 60% 
in the open group. Multivariate Cox regression 
analysis of overall survival of all patients in the 
whole cohort was performed. Significant pre-
dictors of worse overall survival were advanced 
pathologic T3 stage, pathologic N2 disease, 
and tumors with poor differentiation (Table 4). 

Five-year disease-free survival was similar 
between the two groups (Figure 2, P=0.139). 
Significant predictors of worse disease-free 
survival were pathologic N1 or N2 disease and 
angiolymphatic invasion (Table 5) in multivari-
ate Cox regression analysis. 

Discussion

Less blood loss, shorter length of hospital stay, 
fewer 30-day complications, better cosmetic 
results and comparable long-term survival out-
comes were recorded among elderly patients 
treated with VATS in this pair-matched study.

Previous studies in large series of operable 
non-small-cell lung cancer patients showed 
that advanced age is a significant risk factor for 
surgical mortality [16-20]. However, Dell’Amore 
A and his colleagues [3] described a series of 
319 patients older than 75 years and suggest-
ed that radical pulmonary resection could be 
performed in selected elderly patients with 
acceptable morbidity (48.6%) and mortality 
(6.6%). In China, Pei and his colleagues [4] 
reported that radical pulmonary resection 
could be carried out safely in patients over 70 
years, with an in-hospital mortality of approxi-
mately 7.6% in their series of 240 patients 
older than 70 years vs. 3.3% for patients young-
er than 70 years.

VATS pulmonary resection is an emerging ther-
apeutic option for non-small-cell lung cancer 
patients. Multicenter clinical trials have demon-
strated VATS pulmonary resection is associat-
ed with better less blood loss, shorter length of 
hospital stay, more rapid postoperative recov-
ery and better cosmetic results, and equally 

Table 4. Multivariate Cox regression analyses of 
overall survival

Regression variables Adjusted 
hazard ratio 95% CI P 

value
Pathological T stage
    T1 1.00
    T2 1.69 0.58-1.22 0.098
    T3 2.89 1.35-3.57 0.013
Pathological N stage
    N0 1.00
    N1 1.48 0.55-2.68 0.257
    N2 2.78 1.80-4.16 0.032
Differentiation grade
    Good 1.00
    Moderate 1.54 0.47-1.52 0.436
    Poor 2.05 1.54-3.00 0.002

Figure 2. Disease-free survival time of the pair-
matched population
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long-term oncologic outcomes compared with 
open pulmonary resection [7-11, 21-23]. How- 
ever, these studies were performed in general 
population, not elderly population. In our series, 
we found that VATS pulmonary resection could 
be safely performed in elderly patients with low 
rate perioperative morbidity. Moreover, VATS 
approach lead to better short-term outcomes 
when compared with open surgery, such as 
better cosmetic results, less blood loss, a 
shorter postoperative hospital stay, fewer over-
all postoperative complications. 

The analysis of disease-free and overall surviv-
al in matched patients found a trend longer in 
the VATS group but was not significantly differ-
ent due to small sample size. We considered 
that there might be multiple reasons account-
ing for the potential survival advantage among 
elderly patients by VATS. Chiefly, elderly patients 
in the VATS group suffered significantly fewer 
postoperative complications, and even promis-
ing better quality of life, which may led to less 
immunologic suppression, thus increasing the 
patient’s ability to scavenge residual cancer 
cells shed into the blood or lymphatics at pul-
monary resection [24]. What’s more, fewer 
traumas by VATS resection may lead to earlier 
administration of adjuvant therapy and better 
compliance of adjuvant therapy [25]. Further- 
more, VATS is more costly than open resection. 
This may lead to patient selection such that the 
proportion of higher economic classes is great-
er in patients treated with VATS than that in 
those treated with open resection. Low econo- 
mic class might potentially compromise post-
operative care, general follow-up, and even 
adjuvant therapy. However, the detail mecha-
nism needed to be researched in the future.

There are several limitations in our study. First, 
the decision whether the patient underwent 

open pulmonary resection or VATS was deter-
mined by multiple factors, such as available 
time and willingness of different surgeons for 
different patients, and economic and educa-
tional background of patients. Since this was 
a retrospective study, certain defects of this 
study were uncontrollable. Previously, the 
common approach for operable non-small-
cell lung cancer in our institution was open 
approach. Since January 2006, we started 
applying VATS for early stage non-small-cell 
lung cancer. After slowly accumulating nearly 
50 patients of early stage non-small-cell lung 
cancer, surgeons in our institution have grad-

Table 5. Multivariate Cox regression analyses of 
disease-free survival

Regression variables Adjusted 
hazard ratio 95% CI P 

value
Angiolymphatic invasion
    No 1.00
    Yes 2.66 1.54-3.18 0.028
Pathological N stage
    N0 1.00
    N1 1.55 0.15-2.68 0.038
    N2 2.88 1.54-3.01 0.008

ually passed their learning curve. Hence, by 
pair-matching patients, we have attempted to 
eliminate selection bias as rigorously as possi-
ble outside of the setting of a randomized, pro-
spective study. Second, due to the relatively 
short follow-up period and the acceptable prog-
nosis of early stage non-small-cell lung cancer, 
later recurrence did not detected in our series. 

In summary, compared with traditional open 
resection, successful utilization of VATS for 
non-small-cell lung cancer is associated with a 
reduced incidence of 30-day complications and 
a comparable survival outcome in elderly 
patients. In conclusion, a minimally invasive 
approach to pulmonary resection for non-small-
cell lung cancer may be preferred in elderly 
patients, although further investigations are 
needed to confirm this conclusion.
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