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Abstract: This study aimed to compare the short and long-term survival outcomes between video-assisted thora-
coscopic surgery (VATS) and open resection of lung metastases from colorectal cancer. Between January 2006 
and January 2013, 57 patients underwent VATS of lung metastases from colorectal cancer. These patients were 
compared with a consecutive matched group of 57 patients who underwent open resection within the same period. 
The two groups were similar in terms of age, gender, tumor size, number of tumors, tumor laterality and type of 
pulmonary resections. The operative time was longer in the VATS group, but the estimated blood loss was less in the 
VATS group than in the open group. Postoperative 30-day mortality, 30-day complications were similar between the 
groups. More complications were classified as major in patients underwent open resection, though the difference 
was not significant (P = 0.297). The 5-year overall survival rate was 50% for VATS and 46% for open resection (P = 
0.251). The 5-year overall disease-free survival time was similar in two groups (P = 0.457). The findings suggest that 
VATS is associated with less blood loss than open resection for lung metastases of colorectal cancer. According to 
our results, VATS for lung metastases from colorectal cancer is equivalent to open resection in terms of long-term 
survival outcomes.
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Introduction

Stage IV colorectal cancer is one of the leading 
causes of malignancy deaths in China [1]. 
Unfortunately, around 20% of patients who are 
diagnosed with colorectal cancer fall into this 
category [2]. The lung is one of the commonest 
sites for tumor dissemination [3-6]. Patients 
with regional lung metastases, however, may 
still undergo radical pulmonary resection for 
metastases. The results of resection for lung 
metastases from colorectal cancer are accep- 
table. The 10-year overall survival after radical 
pulmonary resection lung metastases from 
colorectal cancer ranged between 20% and 
40%. If the patients did not undergo radical pul-
monary resection, the prognosis is dismal, with 
less than 1% survival for 5 years [7-15]. 

Radical pulmonary resection via thoracotomy 
approach has been a standard treatment for 
primary and metastatic lung tumor for many 
decades [16-18]. Video-assisted thoracoscopic 

surgery (VATS) for benign diseases was devel-
oped in recent years and soon defined the sta- 
ndard of care for their respective conditions. 
VATS pulmonary resection, on the other hand, 
remains under close scrutiny [19-22]. The ab- 
solute benefits of more rapid recovery, better 
cosmetic results, reduction in pain, and shorter 
hospital stay were well demonstrated in VATS 
for primary non-small-cell lung cancer. Although 
there are reports on VATS pulmonary resection 
for lung metastases [19-22], the long-term sur-
vival results are still limited particularly when 
compared with the open approach. In this study, 
we compare the long-term survival outcome for 
patients undergoing VATS pulmonary resection 
for lung metastases from colorectal cancer with 
those of patients undergoing conventional open 
thoracotomy in the same period of time.

Patients and methods

Between January 2006 and January 2013, we 
prospectively collected data of 456 patients 
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who underwent pulmonary resection with radi-
cal intent for lung metastases from colorectal 
cancer. Open pulmonary resection was per-
formed in 399 patients, while 57 patients 
underwent VATS pulmonary resection. All pa- 
tients in the VATS group were matched with 57 
patients in the open group based on the follow-
ing parameters: age, sex, American Society of 
Anesthesiologists (ASA) score before pulmo-
nary resection, tumor number, tumor size, later-
ality and range of pulmonary resection. 

The techniques for pulmonary resection have 
been reported in detail previously [19]. Preo- 

database. Patients were seen in the outpatient 
department every 3 months for the first post- 
operative year, every 4-5 months for the next 2 
years, and then annually. The overall survival 
was calculated from the date of resection the 
last follow up or death of any cause. The dis-
ease-free survival was assessed from the date 
of radical resection until the date of cancer 
recurrence or death of any cause.

Data were presented as mean and standard 
deviations for variables following normal distri-
bution and were analyzed by t test. For data  
following non-normal distribution, results were 

Table 1. Demographic data of the two groups
VATS (n = 57) Open (n = 57) P value

Age (years) 62 (45-76) 61 (47-74) 0.210
Sex 0.432
    Male 39 35
    Female 18 22
ASA score 0.869
    I 44 45
    II 11 9
    III 2 3
Tumor size (cm) 4 (1-6) 4 (1-7) 0.368
Tumor number 0.653
    1 43 41
    2 11 12
    3 3 4
Tumor location 1.000
    Unilateral 55 55
    Bilateral 2 2
Surgical procedure 0.695
    Lobectomy 19 21
    Wedge resection 38 36
Preoperative CEA level 0.521
    < 5 ng/ml 44 41
    ≥ 5 ng/ml 13 16

Table 2. Clinicopathologic data of the two groups
VATS (n = 57) Open (n = 57) P value

Estimated blood loss (ml) 120 (90-300) 190 (110-350) 0.021
Blood transfusion 2 11 0.018
Operation time (minutes) 130 (100-210) 100 (80-220) 0.030
Surgical margin 0.317
    R0 56 57
    R1 1 0
Postoperative stay (day) 10 (8-14) 11 (9-21) 0.080

perative CT-guide hook localization 
was performed if the nodule was too 
small or deep. Mediastinal lymph 
node sampling was not routinely 
applied [22]. 

The short-term outcome was evalu-
ated in terms of duration of surgery, 
intraoperative blood loss, postoper-
ative complications within 30-days, 
postoperative mortality within 30- 
days, and length of hospital stay. 
Severity of postoperative compli- 
cations was classified according  
to Clavien-Dindo classification [23]. 
The definition of Clavien-Dindo sys-
tem was as follows: Grade 1: oral 
medication or bedside medical care 
required; Grade 2: intravenous me- 
dical therapy required; Grade 3: 
radiologic, endoscopic, or operative 
intervention required; Grade 4: ch- 
ronic deficit or disability associated 
with the event; and Grade 5: death 
related to surgical complication. 
Major complications were defined 
as grades 3, 4 and 5. Minor compli-
cations were classified as 1 and 2. 

The long-term outcome was evalu-
ated through assessment of overall 
and disease-free survival rates. 
Follow-up of patients was ended  
in December 2014 with median  
follow-up time after resection of 45 
months. After hospital discharge, 
follow-up data were obtained by way 
of reviewing patients’ hospital ch- 
arts that were prospectively reco- 
rded in our institution’s electronic 
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expressed as median and range and were com-
pared 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. Univariate 
analyses were performed to identify prognostic 
variables related to overall survival and disea- 
se-free survival. Univariate variables with prob-
ability values less than 0.10 were selected for 
inclusion in the multivariate Cox proportional 

two groups (Table 3). However, when the sever-
ity of 30-day complications was compared, 
more complications were classified as major in 
patients underwent open resection, though the 
difference was not significant (P = 0.297).

The median follow-up time was 45 months. The 
follow-up duration was similar between the two 
groups. There was no difference in overall sur-
vival between VATS group and open group 
(Figure 1, P = 0.251). Five-year overall survival 

Table 3. Postoperative 30-day complications of the two groups

Complications VATS  
(n = 57)

Open  
(n = 57) P value

Total n (%) 11 (19.3) 15 (26.3) 0.372
Major complications n (%) 3 (5.3) 6 (10.5)
    Pulmonary embolism 1 1
    Acute coronary syndrome 1 2
    Respiratory insufficiency 1 1
    Acute heart failure 0 2
Minor complications n (%) 8 (14.0) 9 (15.8)
    Pneumonia 2 3
    Wound infection 2 1
    Acute atrial fibrillation 2 2
    Chylothorax 3 2
    Prolonged air leak (more than 5 days) 1 1

Figure 1. Five-year overall survival curve was shown. The 5-year overall survival 
were similar between the two group (P = 0.251).

hazard regression model. 
Adjusted odds ratios (HR) 
along with the correspo- 
nding 95% confidence inte- 
rvals (CI) were calculated. P 
< 0.05 was considered st- 
atistically significant. SPSS 
14.0 (SPSS Inc., Chicago, 
IL, USA) for Windows® ver-
sion was applied.

Results

Tables 1 and 2 summarize 
the demographic and clin- 
icopathologic data of he 
study patients. The groups 
were similar in terms of 
age, gender, ASA score, 
tumor number, tumor size, 
laterality and type of re- 
sections performed. The 
preoperative CEA (carcino-
embryonic antigen) levels 
were similar, but the esti-
mated blood loss was less 
in the VATS group than in 
the open group. The surgi-
cal time was longer in the 
VATS group than in the open 
group. Two patients in the 
VATS group and twelve 
patients in the open group 
required blood transfusion. 
The surgical margin was 
similar between the two 
groups, though one patient 
in the VATS group had R1 
resection. 

No patient died within po- 
stoperative 30-days after  
pulmonary resection. The 
30-day complication rate 
was similar between the 
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was 50% in the VATS group compared with 46% 
in the open group. Multivariate Cox regression 
analysis of overall survival of all patients was 
applied. Significant predictors of worse overall 
survival were disease-free interval less than 36 
months, tumor recurrence before pulmonary 
metastasectomy, and ≥ 3 pulmonary metasta-
sis (Table 4). 

Five-year disease-free survival was similar 
between the two groups (Figure 2, P = 0.457). 
Significant predictors of worse disease-free 
survival were disease-free interval less than 36 
months, ≥ 2 pulmonary lesions and CEA level ≥ 

are not clear [19-22]. Although reported for the 
first time in 1990s, introduction of VATS pulmo-
nary resection for lung metastases has pro-
gressed slowly worldwide due to the technically 
demanding aspect of the procedure and sur-
geons’ concern about its oncologic aspects.

The present study focusing on survival in 
matched patients with lung metastases from 
colorectal cancer suggests that VATS pulmo-
nary resection may be a valuable alternative 
treatment for selected patients. Indeed, long-
term outcomes were similar in the matched 
patient groups undergoing VATS versus open 

Table 4. Multivariate Cox regression analyses of overall survival
Regression variables Adjusted hazard ratio 95% CI P value
Disease-free interval
    ≥ 36 months 1.00
    < 36 months 1.58 1.23-2.85 0.013
Tumor recurrence before pulmonary metastasectomy
    No 1.00
    Yes 2.56 1.88-4.52 0.034
CEA level
    < 5 ng/ml 1.00
    ≥ 5 ng/ml 2.41 1.22-3.40 0.021

Figure 2. Five-year disease-free survival curve was shown. The 5-year disease-
free survival were similar between the two group (P = 0.457).

5 ng /ml in multivariate Cox 
regression analysis (Table 
5). 

Discussion

The long-term survival out-
come of patients with lung 
metastases from colorectal 
cancer continues to ame- 
liorate because more ef- 
fective adjuvant and/or  
neoadjuvant therapies are 
combined with enhanced 
surgical techniques. Cur- 
rently, the standard treat-
ment of lung metastases 
from colorectal cancer is 
pulmonary resection via 
thoracotomy [16-18]. How- 
ever, surgeons from speci- 
alized centers have treated 
selected patients via mini-
mally invasive techniques. 
The safety, feasibility, and 
efficacy of VATS pulmonary 
resection for lung metasta-
ses from colorectal cancer 
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resection. Intraoperative blood loss was short-
er in the VATS group. Major complications 
occurred mainly in patients who underwent 
open resection, but the current study popula-
tion is rather small to draw final conclusions 
with respect to this observation. One would 
have expected shorter hospital stay after VATS 
as compared with open surgery, though in the 
present study the hospital stay is mainly deter-
mined by the absence of any standardized 
enhanced recovery protocol after surgery, the 
extent of the surgical procedure, and the 
patients’ lack of willingness to be discharged 
from hospital early after a high-risk surgical 
procedure [24].

In the current study, patient survival seemed to 
be comparable in the two groups. On pathologi-
cal examination, the surgical resection margin 
was not tumor free in one patient from VATS 
group. This patient had undergone pulmonary 
resection for three lung metastases. Therefore, 
to obtain R0 resection margin in VATS pul- 
monary resection, larger macroscopic margins 
might be necessary whenever possible [24].

Open pulmonary resection has been consid-
ered the standard treatment with a chance of 
cure for patients with lung metastases from 
colorectal cancer [16-18]. To provide an alter-
native to such a successful method, the onco-
logic outcomes of VATS pulmonary resection 
need to be analyzed. In the current study, both 
overall survival and disease-free survival were 
similar between VATS and open group. In a 
recent multi-institutional report of 1030 
patients who underwent pulmonary resection 
for lung metastases from colorectal cancer, the 
5-year overall survival rate was 53.5% [25]. In a 

However, a consensus statement drew atten-
tion to a potential increase in positive margins 
and failure to detect occult lesions with the 
VATS approach. Our study investigating VATS 
versus open procedure did not show increased 
recurrences with the VATS approach.

VATS pulmonary resection may be efficacious 
in selected patients with lung metastases from 
colorectal cancer. To make this possible, two 
points have to be taken into account. First,  
sufficient experience with minimally invasive  
pulmonary resection is necessary because of 
the technically demanding. Second, adequate 
patient selection is crucial. Therefore, the crite-
ria for VATS pulmonary resection have to be 
determined beforehand, and prior to any th- 
erapy every patient has to be discussed in a 
multidisciplinary way.

Shortcomings of all reported studies so far, 
including the current one, are the small num-
bers of patients and their non randomized 
design. To date, prospective randomized con-
trolled trials comparing short- and long-term 
outcomes between VATS and open pulmonary 
resection do not exist. The main reason for this 
may be the difficulty in enrolling large sample 
patients into such a trial, because most 
patients will presumably refuse a potential 
open procedure as minimally invasive surgery 
gains increasingly broad acceptance and 
patients are aware of the immediate postoper-
ative benefits of VATS. 

In summary, VATS pulmonary resection is safe 
and feasible in patients with lung metastases 
from colorectal cancer. Long-term outcomes 
are comparable to those of open pulmonary 

Table 5. Multivariate Cox regression analyses of overall survival

Regression variables Adjusted 
hazard ratio 95% CI P value

Disease-free interval 
    ≥ 36 months 1.00
    < 36 months 2.12 1.36-3.20 0.018
Number of pulmonary lesions
    1 1.00
    2 1.62 1.25-2.02 0.035
    3 2.68 1.69-4.59 0.021
CEA level
    < 5 ng/ml 1.00
    ≥ 5 ng/ml 2.89 1.28-3.74 0.014

China report of 35 patients under-
going VATS pulmonary resection 
for lung metastases from color- 
ectal cancer, the 5-year overall 
survival rate was 51% [19]. In 
another international review, the 
5-year overall survival rate was 
32%-74% after pulmonary resec-
tion for lung metastases from 
colorectal cancer [26]. Our results 
are in accordance with those 
reported in the literature. These 
studies suggested that VATS pul-
monary resection is acceptable 
for the treatment of lung meta- 
stases from colorectal cancer. 



VATS for lung metastases

13576 Int J Clin Exp Med 2015;8(8):13571-13577

resection, while patients benefit from the mini-
mally invasive nature of VATS pulmonary resec-
tion. Multidisciplinary adequate patient selec-
tion and sufficient experience with minimally 
invasive pulmonary resection are important. 
However, to confirm these results, a well-
designed randomized controlled trial with larg-
er sample has to be performed.
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