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Abstract: The incidence of non-small-cell lung cancer among elderly patients has increased; therefore, older pa-
tients are increasingly being considered for radical pulmonary resection. However, data regarding the outcome of 
video-assisted thoracoscopic surgery (VATS) in elderly patients are limited. The aim of this study was to evaluate 
the safety and feasibility of VATS in elderly patients with non-small-cell lung cancer. From January 2008 to January 
2014, a total of 78 patients aged ≥ 70 years (elderly group) undergoing VATS for NSCLC were matched with 78 
patients < 70 years (young group) by demographics, tumor characteristics, and details of surgical procedures. The 
elderly group was characterized by a higher incidence of hypertension (P = 0.001) and diabetes mellitus (P = 0.014), 
and ≥ 2 comorbidities (P = 0.009). Intraoperative variables, such as surgical duration blood loss, and transfusion 
rate, were not notably different between the groups. Postoperative 30-day mortality, 30-day complications, and 30-
day major complications were comparable between the groups. The 5-year overall survival rates were 69% in the 
young group and 64% in the elderly group, respectively (P = 0.258). The 5-year disease-free survival rates were 65% 
in the young group and 60% in the elderly group, respectively (P = 0.327). Our results clearly demonstrated that 
VATS for non-small-cell lung cancer could be safely and efficacy performed in elderly patients; thus, advanced age 
itself should not be regarded as a contraindication for VATS.
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Introduction

Among Eastern Asia countries, the population 
older than 80 years has continuously increased 
during the last century. Meanwhile, the rising 
incidence of non-small-cell lung cancer has 
also resulted in a dramatic increase in the  
number of elderly patients considered for pul-
monary resection [1-4]. However, elderly 
patients represent only 10-20% of those con-
sidered for radical resection, reflecting a high 
proportion of patients contraindicated for  
curative treatment [5]. Indeed, elderly patients 
present more frequently with comorbidities, 
particularly cardiovascular and pulmonary dis-
eases; thus, the benefit-to-risk ratio continues 
to leave many clinicians reluctant to propose 
radical pulmonary resection for treatment of 
elderly patients with non-small-cell lung cancer 
[6]. However, advances in surgical skill and 

intensive care have reduced age related  
contraindications for radical pulmonary resec-
tion and enabled increasing numbers of 
patients to undergo radical pulmonary resec-
tion. In addition, recent studies have suggested 
that age did not appear to be a risk factor  
influencing short- or long-term outcomes after 
resection of non-small-cell lung cancer [7-9]. In 
light of these findings, elderly patients with non-
small-cell lung cancer are increasingly being 
considered for treatment strategies similar to 
those of their younger counterparts. Video-
assisted thoracoscopic surgery (VATS) pulmo-
nary resection has greatly evolved during the 
past several years. Several reports indicated 
that VATS pulmonary resection is associated 
with less blood loss, lower use of narcotics, and 
shorter hospital stay, with no difference in  
complication rates or oncological outcomes 
compared with open resection [10-16]. How- 
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ever, to date, there exists very limited evidence 
on the short and long-term outcomes after 
VATS pulmonary resection in elderly patients (≥ 
70 years). Therefore, the objective of this  
retrospective study was to assess the influence 
of age on postoperative and oncological out-
comes after VATS pulmonary resection.

Patients and methods

Study population

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. 

Data of all consecutive patients who under-
went VATS pulmonary resection for non-small-
cell lung cancer at our institution from January 
2008 to January 2014 were retrieved from a 
prospective database for this retrospective 
study. Patients with an incomplete clinical data 
or insufficient follow-up (< 6 months) were 
excluded from analysis, and those that met the 
inclusion criteria were divided into two age 
groups: ≥ 70 years (elderly group, n = 78) and < 
70 years (young group n = 78). For compari-
sons, the 78 elderly patients undergoing VATS 
pulmonary resection were individually matched 
to one control patient according to demogra- 
phics data, tumor characteristics, and details 
of surgical procedures based on the following  
criteria: gender, American Society of Anesth- 
esiologists (ASA) score, tumor location, clinical 
tumor TNM stage, and extent of pulmonary 
resection.

Preoperative evaluation

All patients underwent bronchoscopy, endo-
bronchial ultrasound, computed tomographic 
scans of brain, chest, and upper abdomen to 
determine the clinical stage. Mediastinoscopy 
was not routinely performed except positive 
mediastinal or hilar lymph node on chest  
computed tomographic scan. Positron emis-
sion tomography-computerized tomography 
(PET-CT) and bone scanning was performed 
when necessary. The tumor TNM stage was 
based on the 7th edition of the TNM [17] clas-
sification of lung cancer, which was proposed 

by International Association for the Study of 
Lung Cancer (IASLC), Union for International 
Cancer Control (UICC) and American Joint 
Committee on Cancer (AJCC), and the mediasti-
nal lymph node staging was based on the  
newest lymph node map proposed by IASLC 
[18]. For those of the patients operated before 
2010, their TNM stage was recalculated to 
match the 7th edition of TNM classification of 
lung cancer proposed by UICC, AJCC and  
IASLC [19].

Surgical technique 

All resections were performed with curative 
intent. The surgical procedure has been 
described elsewhere [11]. The indications of 
VATS pulmonary resection were as follows: (1) 
tumors located in the peripheral area; (2) no 
neoadjuvant therapy; (3) patients with clinical 
stage I non-small-cell lung cancer before  
operation; and (4) no extended resection. All 
surgical data, including type of resection, blood 
loss, blood transfusion, duration of resection 
and intraoperative complications were reviewed 
in the medical chart.

Short-term outcomes 

Postoperative complications were classified 
according to the Clavien-Dindo classification 
[20], which defines major complications by a 
score of ≥ 3 [20]. If the patient had two or more 
complications, the most severe was selected 
for analysis. Both postoperative complications 
and mortality were considered as those  
occurring within 30 days of VATS pulmonary 
resection. Pathological resection margin was 
classified as R0 or R1 according to protocol by 
UICC [17].

Long-term data

After discharge, patients underwent blood test 
every 3 months and chest CT scan every 6 
months. If chest symptoms or susceptible can-
cer recurrence occurred, an additional exami-
nation was carried out. The overall survival was 
assessed from the date of VATS pulmonary 
resection until the last follow up or death of any 
cause. The disease-free survival was calculat-
ed from the date of VATS pulmonary resection 
until the date of cancer recurrence or death 
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there was no notable difference in the inci-
dence of R0 resection between the groups 
(Table 2).

Mortality and morbidity

No patient died within 30 days after the pulmo-
nary resection. Postoperative 30-day complica-
tions occurred in 21.8% of patients aged ≥ 70 
years and in 18.0% of the young patients (P = 
0.547). We did not observe difference between 
the elderly and young groups in terms of post-
operative hospital stay (Table 3). The severity 
of 30-day complications, according to Clavien-
Dindo criteria, was comparable between the 
two groups (Table 3). 

Table 1. Clinicopathologic characteristics of the two groups
Young 

(n = 78)
Elderly 

(n = 78) P value

Age (y) 58 (41-68) 73 (70-82) 0.000
Gender (Male: Female) 74:49 51:38 0.676
Comorbidity
    COPD 1 2 1.000
    Hypertension 3 16 0.001
    Diabetes Mellitus 2 10 0.014
    Stable angina 1 2 1.000
    Chronic atrial fibrillation 3 1 0.612
    Chronic renal inadequacy 2 1 1.000
FEV1 (observed to predicted) % 87 (77-97) 85 (75-95) 0.321
Two or more comorbidities 2 11 0.009
Clinical stage 0.632
    IA 41 38
    IB 37 40
ASA score 0.181
    I 65 58
    II 8 13
    III 5 7
Tumor location 0.972
    Left upper lobe 25 23
    Left lower lobe 23 25
    Right upper lobe 16 17
    Right lower lobe 14 13
Extent of pulmonary resection 0.822
    Lobectomy 35 32
    Segmentectomy 27 27
    Wedge resection 16 19
Blood loss (ml) 160 (120-450) 170 (130-420) 0.258
Surgical duration (min) 210 (170-260) 200 (160-270) 0.354
Transfusion rate (%) 5 (6.4) 8 (10.3) 0.385

from any cause. Tumor recurrence was diag-
nosed by history, physical examination, endo-
scopic evaluation, radiologic investigations or 
pathology when available. The last follow up 
was January 2015.

Statistical analysis 

Data were analyzed by t test. For data following 
non-normal distribution, results were expressed 
as median and range and were compared by 
nonparametric test. Differences of semi- 
quantitative results were analyzed by Mann-
Whitney U-test. Differences of qualitative 
results were analyzed by chi-square tests or 
Fisher exact test as appropriate. P < 0.05 was 

considered statistically sig-
nificant. SPSS 14.0 (SPSS 
Inc., Chicago, IL, USA) was 
applied.

Results

Clinicopathologic character-
istics

Clinical characteristics are 
detailed in Table 1. There 
were 78 and 78 patients in 
the elderly and young groups, 
respectively. The groups were 
well matched for gender, ASA 
grade, tumor location, clinical 
tumor TNM stage, and exte- 
nt of pulmonary resection. 
However, the elderly group 
included patients character-
ized by more hypertension (P 
= 0.001) and diabetes melli-
tus (P = 0.014). Moreover, the 
proportion of patients with 
two or more comorbidities 
was significantly higher in the 
elderly group than in the 
young group (P = 0.009). 
There was no significant dif-
ference in tumor location, 
clinical tumor TNM stage, and 
extent of pulmonary resec-
tion. There were no signifi-
cant differences in blood 
loss, surgical duration, and 
transfusion rate. In addition, 
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surgery has introduced in the field of pulmo-
nary resection because of advances in surgical 
techniques. Patients treated with minimally 
invasive surgery have faster recovery because 
of smaller incisions, decreased pain, and less 
blood loss [24-26]. 

The progress of VATS has been very slow in 
Eastern Asia because of its technical difficul-

Table 2. Pathological data of the two groups
Young 

(n = 78)
Elderly 

(n = 78) P value

Histological type

0.862
    Adenocarcinoma 47 45
    Squamous cell carcinoma 21 24
    Large cell carcinoma 10 9
Pathological stage

0.392

    IA 23 26
    IB 36 32
    IIA 9 10
    IIB 5 6
    IIIA 5 4
Residual tumor 

0.156
    R0 78 76
    R1 0 2
    R2 0 0

Tumor recurrence and survival

After a median follow-up period of 39 months 
for the entire study population, 28.2% of the 
patients developed tumor recurrence in the 
elderly group compared with 21.8% in the 
young group (P = 0.355) (Table 4). The location 
of the recurrence and the time to recurrence 
were not significantly different between the two 

groups (Table 4). The 5-year 
overall survival rate was  
64% in the elderly group and 
69% in the young group (P  
= 0.258) (Figure 1). A 5-year 
disease-free survival rate of 
60% was achieved in patients 
aged ≥ 70 years, which was 
not significantly different from 
that in the young patients 
(65%; P = 0.327) (Figure 2). 
Multivariate Cox regression 
analysis of overall survival 
showed that significant pre-
dictors of worse overall sur-
vival were pathologic N2 dis-
ease, lymphatic invasion and 
poor tumor differentiation 
(Table 5). Significant predic-
tors of worse disease-free 
survival were pathologic N1/
N2 disease, and tumors with 
poor differentiation (Table 6).

Discussion

Until now, elderly patients 
have been shown to have 
worse long-term outcomes 
compared to younger patients 
due to limited life expectancy 
and some comorbidities. In 
particular, elderly patients 
with comorbid conditions 
often have difficulty with 
anesthesia and postoperative 
recovery. For this reason, 
patients and their physicians 
are often reluctant to treat 
operable non-small-cell lung 
cancer surgically and tend to 
choose conservative or pallia-
tive management [21-23]. 
However, minimally invasive 

Table 3. Post-operative course of the two groups
Young 

(n = 78)
Elderly 

(n = 78) P value

Post-operative complications 14 17 0.547
Severity of complications 0.710
    Major (3, 4 and 5 ) 3 5
Minor (1 and 2) 11 12
Major -
    Pulmonary embolism 0 1
    Acute coronary syndrome 1 2
    Respiratory insufficiency 1 1
    Acute heart failure 1 0
Minor -
    Pneumonia 3 5
    Acute renal failure 1 2
    Urinary tract infection 1 1
    Atrial fibrillation 1 1
    Chylothorax 1 1
    Recurrent nerve palsy 1 1
    Prolonged air leak (more than 5 days) 3 1
Postoperative hospital stay (d) 10 (8-21) 12 (11-25) 0.368
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logical outcomes. Our results showed a similar 
mortality and morbidity rate and long-term out-
comes compared with those of previous series 
[27-29]. 

Even though nearly 10% of the elderly patients 
were classified as ASA score III, the present 
series confirms that postoperative 30-day over-
all complication and major complication rates 
were similar between young and elderly 
patients. We did not observe any difference in 
postoperative respiratory failure between the 
two groups.

Pulmonary resection via thoracotomy approach 
may increase the risk of cardiopulmonary com-
plications through several mechanisms. This 
surgical approach may result in a 40% reduc-
tion of the vital capacity and a 50% reduction in 
functional residual capacity. On the opposite, 
the VATS approach resulted in dramatically decre- 
ased surgical trauma since only 4 or 6 port inci-
sions are performed, and the resected speci-
men is extracted through limited incisions. In 
this context, decreased postoperative pain and 
early postoperative recovery may therefore pro-
vide improved cardiopulmonary function 
recovery. 

Regarding long-term outcomes, our study 
showed no difference in overall survival and 
disease-free survival between the two groups. 
In previous studies, the 5-year overall survival 
rates and disease-free survival rates in patients 
≥ 70 years with clinical stage I non-small-cell 
lung cancer undergoing radical pulmonary 
resection were 54%-89% and 43-80%, respec-
tively [30-32]. In some literatures, long-term 
outcomes of elderly patients was slightly less 
than that of young patients, but still acceptable 

Table 4. Tumor recurrence pattern and site of the two groups
Young (n = 78) Elderly (n = 78) P value

Overall recurrence n (%) 17 (21.8) 22 (28.2) 0.355
Locoregional n (%) 11 (14.1) 14 (17.9) -
    Mediastinal lymph node 5 6
    Pleura 2 5
    Ipsilateral lung 4 3
Distant n (%) 6 (7.7) 8 (10.3) -
    Brain 3 3
    Liver 2 3
    Adrenal 1 2
Time to recurrence (median) 21 months 17 months 0.082

cion of oncological inadequa-
cy; however, VATS has been 
increasingly reported by sev-
eral high-volume medical 
centers [24-26]. Our study 
was to design to evaluate 
short and long-term out-
comes of elderly patients 
undergoing VATS for non-
small-cell lung cancer. Our 
study clearly suggests that 
VATS pulmonary resection for 
non-small-cell lung cancer in 
elderly patients is safe and 
does not compromise onco-

Figure 1. Overall survival for all patients in the elderly 
and young groups.

Figure 2. Disease-free survival of all patients in the 
elderly and young groups.

ties due to less training in resident team, fear 
of inadequate lymphadenectomy, and suspi-
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[33-35]. The authors hypothesized that this dif-
ference might be due to more limited survival 
expectancy of the elderly patients and higher 
prevalence of comorbidity, which may due to no 
cancer-related death. In our series, the overall 
and disease-free survival was similar between 
the two groups. The reason was that clinical 
stage I non-small-cell lung cancer had accept-
able prognosis and the follow up period was not 
very long, so some death related to cancer 
recurrence did not detected. 

This study has several limitations. Firstly, this 
study is based on a single-center, not multiple-
center and based on retrospective non-ran-
domized analysis, not prospective randomized 
analysis. Secondly, the size of sample is small 
and the follow up period was very long, which 
should be taken into account when interpreting 
the results.

In conclusion, VATS pulmonary resection for 
non-small-cell lung cancer in elderly patients is 
feasible and results in acceptable periopera-

tive complications and long-
term outcomes that are similar 
to those in young patients, su- 
ggesting that advanced age 
itself should not be regarded 
as a contraindication for VATS 
pulmonary resection.
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Table 5. Multivariate Cox regression analyses of overall survival
Regression variables Adjusted hazard ratio 95% CI P value
Lymphatic invasion
    No 1.00
    Yes 1.69 1.25-3.58 0.010
Pathological N stage
    N0 1.00
    N1 1.31 0.78-2.20 0.099
    N2 2.58 1.87-3.58 0.018
Differentiation grade
    Good 1.00
    Moderate 1.58 0.37-1.98 0.436
    Poor 2.35 1.77-4.02 0.031

Table 6. Multivariate Cox regression analyses of disease-free 
survival
Regression variables Adjusted hazard ratio 95% CI P value
Pathological N stage
    N0 1.00
    N1 1.65 1.19-1.88 0.038
    N2 2.58 2.14-3.87 0.003
Differentiation grade
    Good 1.00
    Moderate 1.25 0.55-2.00 0.258
    Poor 2.55 1.44-3.35 0.005
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