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Purpose: This research sought to identify the utility value of chest computed tomography (CT) when it comes to the diag-
nosis of lung metastasis in cases of colorectal cancer. 
Methods: From September 2004 to January 2008, 266 patients who were treated for colorectal cancer at Department of 
Surgery, Hanyang University College of Medicine, were divided into two groups: one that underwent preoperative and 
postoperative periodical chest CT (periodical inspection group, PIG; May 2006 to January 2008, 135 patients) and one 
that did not undergo periodical chest CT (non-periodical inspection group, NPIG; September 2004 to April 2006, 131 pa-
tients) for comparison. 
Results: The overall lung metastasis diagnosis rates did not manifest any significant difference. The times to diagnose lung 
metastasis patients were 6.3 months and 15.7 months for the PIG and the NPIG, respectively (P = 0.022). The size of the 
metastatic lung nodule was smaller in the PIG than in the NPIG (< 1 cm in 9/9 patients vs. < 1 cm in 6/9 patients in the 
PIG and the NPIG, respectively; P = 0.02). A solitary lung metastasis was more frequently found in the PIG (5/9 patients) 
than in the NPIG (1/11 patients) (P = 0.024). During the follow-up period, 100% (2/2 patients) and 60% (3/5 patients) of 
the patients in the PIG and the NPIG, respectively, with stage III cancer underwent a lung metastasectomy (P = 0.002). 
Conclusion: Chest CT enables early diagnosis with a smaller size and a lower number of lung metastases in patients with 
colorectal cancer. Moreover, pulmonary the rate of the pulmonary resection for selected patients may be improved. How-
ever, the contribution of chest CT to increasing the survival rate must be investigated in a prospective randomized study. 
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the recurrence rate is reported to be up to approximately 50%, 
and pulmonary metastasis is the most frequent extraperito-
neal organ metastasis, its frequency being approximately 10% 
[2-5]. In 1944, Blalock reported for the first time a lung me-
tastasectomy for treating colorectal cancer patients with pul-
monary metastasis; after which several studies reported that 
surgery for pulmonary metastasis improved the survival rate 
[6-10]. Therefore, the rapid and accurate diagnosis of pulmo-
nary metastasis by performing surgery for pulmonary metas-
tasis in colorectal cancer patients has been recognized as one 
of the most important steps for improving the survival rate. 

Recently, among diverse methods applied to diagnose pulmo-
nary metastasis of colorectal cancer, chest computed tomog-
raphy (CT) was found to be effective; nonetheless, for the diag-
nosis of pulmonary metastasis during follow-up observation, 
the role of chest CT is not clear [11]. In our study, in colorec-
tal cancer patients, the usefulness of chest CT for the diagno-
sis of pulmonary metastasis prior to resection and the useful-

INTRODUCTION

Recently, colorectal cancer has been rapidly increasing in Ko-
rea, and its incidence is the 4th highest among all cancers [1]. 
Even if colorectal cancer is treated with a radical resection 
and postsurgical chemotherapy, as well as radiation therapy, 
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ness of chest CT during the follow-up observation after radi-
cal resection of colorectal cancer were examined.

METHODS

Among patients treated for colorectal cancer at our hospital 
from September 2004 to January 2008, the study was conducted 
on 266 patients who did not develop primary tumors in other 
organs. At our hospital, chest CT has been performed prior to 
surgery and after surgery as a regular test from May 2006. This 
study was conducted by dividing the subjects into two patient 
groups and then comparing the two groups. In the first group, 
perisurgical chest CT was performed as a regular test from 
May 2006 (regular test group, periodical inspection group; 
May 2006 to January 2008, 32.0-month average follow-up ob-
servation period, 135 patients) while in the second group, the 
patients were treated without regular perisurgical CT (non-
regular test group, non-periodical inspection group; Septem-
ber 2004 to April 2006, 30.9-month average follow-up obser-
vation period, 131 patients). The regular test group, periodical 
inspection group, consisted of patients treated during 21 months 
from May 2006 to January 2008, and the non-regular test group, 
non-periodical inspection group, consisted of patients treated 
during 21 months from September 2004 to April 2006. In the 
periodical inspection group, the follow-up observation period 
of patients treated in January 2008 was 22 months. Similarly, 
in the non-periodical inspection group, the follow-up obser-
vation period of patients treated in April 2006 was 22 months. 
None of the patients in either group dropped out during the 
follow-up observation.

As presurgical tests, colonoscopy, biopsy, chest radiographs, 
carcinoembryonic antigen (CEA) testing, and abdominopelvis 
CT were performed. During the postsurgical follow-up period, 
CEA testing and chest radiography were performed at 3-month 
intervals, and abdominopelvis CT was performed at 6-month 
intervals. For the periodical inspection group, chest CT was 
additionally performed prior to surgery, after surgery, and at 
6-month intervals during the follow-up observation period. 
Among patients undergoing radical surgery, considering risk 
factors for recurrence, stage II, III and IV patients were treated 
with chemotherapy alone or in combination with radiation 
therapy after surgery.

Pulmonary metastasis was diagnosed by using chest radiog-
raphy, chest CT, positron emission tomography, and biopsy. In 
the initial test, small lesions or lesions with nonspecific shapes, 
which were difficult to diagnose as pulmonary metastasis, were 
diagnosed as suspicious lesions, and if the size of a lesion in-
creased or its morphology became specific during the follow-
up observation, it was diagnosed as pulmonary metastasis. In 
the non-periodical inspection group, CT was performed only 
for cases suspected of having pulmonary metastasis based on 
chest radiography for accurate diagnosis. For statistical analy-

sis, the χ2 method and the t-test were applied, and P-values less 
than 0.05 were determined to be significant.

RESULTS

Characteristics of the subjects
The follow-up observation periods of the two groups were 32.0 
months and 30.9 months for the periodical inspection group 
and the non-periodical inspection group, respectively, and 
were not statistically different. The ratio of males and females 
in both groups was 1.25 : 1.67, which was not a statistically 
significantly difference. Concerning the site of colorectal can-
cer, the numbers of cases of colon cancer (59%) and rectal can-
cer (41%) in the periodical inspection group were not differ-
ent from those of colon cancer (56%) and rectal cancer (44%) 
in the non-periodical inspection group. Similarly, in regard to 
the ratio of disease stages (American Joint Committee on Can-
cer classification. 6th ed.), stage I, stage II, stage III, and stage 
IV cancers represented 16%, 32%, 30%, and 22%, respectively, 
of the periodical inspection group and 17%, 27%, 38%, and 
18% of the non-periodical inspection group, the differences 
not being statistically significant (Table 1). 

Diagnosis and treatments of pulmonary metastasis
The rate and the time of the detection of the pulmonary metastasis
In the periodical inspection group, perisurgical pulmonary 
metastasis of colorectal cancer was detected in 9 patients (5 
patients prior to surgery [5/9, 56%] and 4 patients during the 
postsurgical follow-up observation period [4/9, 44%]) whereas 
in the non-periodical inspection group, it was detected in 11 
patients (1 patient prior to surgery [1/11, 9%] and 10 patients 
after surgery [10/11, 91%]); the frequencies of metastasis for 
the two groups were not different (Table 2). The mean period to 
the diagnosis of pulmonary metastasis for the periodical in-

Table 1. Clinicopathologic characteristics

PIG (n = 135) NPIG (n = 131) P-value

Age (mean) 62 62 -

Sex
   Male
   Female

75 (56)
60 (44)

82 (63)
49 (37)

0.245

Tumor location
   Colon
   Rectum

80 (59)
55 (41)

73 (56)
58 (44)

0.562

Primary cancer stage a      
   I : II : III : IV 22 : 43: 40: 30 22 : 35 : 50 : 24

0.504

Follow-up duration  
   (mean, mo)

32 30.9 -

Values are presented as number (%) unless otherwise indicated.
PIG, periodical inspection group; NPIG, non-periodical inspection group. 
aBy 6th edition of the American Joint Committee on Cancer classification.
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spection group was 6.3 months, which was significantly shorter 
than the 15.7 months for the non-periodical inspection group 
(P = 0.022) (Fig. 1).

In the non-periodical inspection group, a solitary pulmonary 
metastasis was diagnosed in only 9.1% of the cases (1/11 cases) 
while in the periodical inspection group, it was diagnosed in 
55.6% of the cases (5/9 cases); the frequency of the detection 
of a solitary pulmonary metastasis was higher in the latter 
group (P = 0.024). The lesion size was smaller than 1 cm in 
54.5% of the non-periodical inspection group (6/11 cases) and 
100% (9 cases) of the periodical inspection group. Although 
the sizes of the diagnosed pulmonary lesions were smaller in 
the periodical inspection group (P = 0.02), the distribution of 
lesions in the periodical inspection group was not statistically 
different from that in the non-periodical inspection group (P 
> 0.05) (Table 3).

The detection rate and the time of the pulmonary metastasis, as 
well as suspicious lesions 
Twelve cases of pulmonary metastasis and suspicious lesions 
were detected during the postsurgical follow-up observation 

period in the periodical inspection group. Among them, 4 
cases were diagnosed as pulmonary metastasis, and the remain-
ing 8 cases could be diagnosed only as suspicious lesions dur-
ing the study period. On the other hand, in the non-periodi-
cal inspection group, 10 cases were diagnosed as suspicious 
lesions by chest radiography, and all were diagnosed as pul-
monary metastasis by chest CT. During the follow-up obser-
vation period, the incidences of pulmonary metastasis and 
suspicious lesions in the periodical inspection group and the 
non-periodical inspection group were not statistically differ-
ent (Table 4). Nonetheless, the mean period to the detection 
of suspicious lesions in the periodical inspection group was 
11.4 months while in the non-periodical inspection group, it 
was 17.3 months. Thus, the time to detection of a suspicious 
lesion was significantly shorter in the periodical inspection group 
(P = 0.018) (Fig. 2).

The rate of the resection of the pulmonary metastasis
Among 5 patients in the periodical inspection group diagnosed 
as having pulmonary metastasis prior to surgery, the chest ra-
diographs of 3 patients were normal. Among those 3 patients, 
2 patients had a resectable solitary metastasis nodule; thus, a 
radical resection of the colorectal cancer and a lung metasta-
sectomy were performed simultaneously. In the third patient, 
a bilateral multicentric pulmonary metastasis was detected; 
thus, a lung metastasectomy was not performed. One patient 
in the non-periodical inspection group who had been diag-
nosed as having a pulmonary metastasis prior to surgery had 

Table 2. Rate of diagnosis of metastatic lesions

PIG NPIG P-value

Time
  Preoperative
   Follow-up

5 (5/135, 3.7%)
4 (4/130, 3.1%)

1 (1/131, 0.8%)
10 (10/130, 7.6%)

0.106
0.442

Total 9 (9/135, 6.7%) 11 (11/131, 8.2%) 0.562

PIG, periodical inspection group; NPIG, non-periodical inspection group. 
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Fig. 1. Diagnosis of metastatic lesions. The lead time to diagnose 
lung metastasis patients was 6.3 months and 15.7 months for the pe-
riodical and the non-periodical inspection groups, respectively (P = 
0.022). 
NPIG, non-periodical inspection group; PIG, periodical inspection 
group. 

Table 3. Patterns of metastatic lesions

PIG NPIG P-value

No. of metastasis
   Solitary 
   Multiple

5
4

  1
10

0.024

Site of metastasis
   One lung
   Both lungs

5
4

  3
  8

0.199

Size of metastasis (cm)
   < 1
   ≥ 1

9
0

  6
  5

0.020

PIG, periodical inspection group; NPIG, non-periodical inspection group. 

Table 4. Rate of diagnosis of metastatic/suspicious lesions

PIG NPIG P-value

Time
   Preoperative
   Follow-up

5 (5/135, 3.7%)
12 (12/130, 9.2%)

1 (1/131, 0.8%)
10 (10/130, 7.6%)

0.106
0.657

Total   17 (17/135, 12.7%) 11 (11/131, 8.2%) 0.267

PIG, periodical inspection group; NPIG, non-periodical inspection group. 
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a bilateral multicentric pulmonary metastasis; thus, a lung 
metastasectomy was not performed.

For patients in the periodical inspection group who had a 
pulmonary metastasis detected during the follow-up observa-
tion period, 2 were in stage III and 2 were in stage IV; in the 
non-periodical inspection group, 2 were in stage II, 3 were in 
stage III, and 5 were in stage IV. Two patients in the periodi-
cal inspection group (2, 50%, average 10.8 months) underwent 
a lung metastasectomy, as did three in the non-periodical in-
spection group (3, 30%, average 22.0 months) (Table 5). Ex-
cluding patients on whom a lung metastasectomy could not be 
performed at the time of the diagnosis of pulmonary metasta-
sis due to causes other than pulmonary metastasis (multicen-
tric liver metastasis [2 patients in the non-periodical inspec-
tion group and 1 patient in the periodical inspection group] 
and peritoneal dissemination [3 patients in the non-periodi-
cal inspection group and 1 patient in the periodical inspec-
tion group]), the lung metastasectomy rate of the periodical 
inspection group was 100% (2/2 cases), and that of the non-
periodical inspection group was 60% (3/5 cases), the rate of 
the periodical inspection group being statistically higher (P = 
0.002) (Table 6). Of the 2 patients in the periodical inspection 
group whose pulmonary metastasis was detected by using chest 
CT and who thus underwent a lung metastasectomy, chest ra-
diographs at the time of the diagnosis of pulmonary metasta-
sis were normal.

DISCUSSION

In a study that prospectively compared chest CT and chest ra-
diography for the diagnosis of pulmonary metastasis in solid 
tumors (24 cases), chest CT was shown to be useful [12]. In 
colorectal cancer patients, when chest CT and chest radiogra-
phy performed prior to surgery for the diagnosis of pulmonary 
metastasis were compared, the positive prediction rate of chest 
radiography was 67%, and it was found to be useful for the di-
agnosis of pulmonary metastasis prior to surgery [13]. Never-
theless, in a study that evaluated the usefulness of chest CT for 
the assessment of the presence of pulmonary metastasis prior 
to a lung metastasectomy in colorectal cancer patients with liver 
metastasis, the positive prediction rate was not significantly 
different from that for chest radiography; thus, its usefulness 
was low [14]. In our study, in colorectal cancer patients, when 
chest CT was applied during a follow-up observation period 
identical to chest radiography, the diagnosis rate of pulmonary 
metastasis was not increased. Nevertheless, the time to the di-
agnosis of pulmonary metastasis was significantly shorter, and 
the sizes of pulmonary metastasis lesions were small; thus, the 
pulmonary metastasis could be diagnosed earlier.

When colorectal cancer metastasis was not treated, the aver-
age survival period of patients was less than 10 months, but 
5% of the patients survived for longer than 5 years [15]. Treat-
ments for pulmonary metastasis of colorectal cancer are sys-
temic chemotherapy, radio-frequency ablation and other con-
servative treatments, and surgical resection. A lung metasta-
sectomy was confirmed to improve the survival rate; thus, the 
indications for a lung metastasectomy have recently been ex-
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Fig. 2. Diagnosis of metastatic/suspicious lesions (follow-up period) 
(P = 0.018). The lead time to confirm the presence of or the suspi-
cion of having lung metastasis was 11.4 months and 17.3 months for 
the periodical and the non-periodical inspection groups (P = 0.018). 
NPIG, non-periodical inspection group; PIG, periodical inspection 
group. 

Table 5. Stage and metastasectomy of metastatic lesions during the 
follow-up period

Stage

Metastasectomy I II III IV

PIG (+)
(-)

0
0

0
0

2
0

0
2

NPIG (+)
(-)

0
0

2
0

1
2

0
5

PIG, periodical inspection group; NPIG, non-periodical inspection group. 

Table 6. Resectability of metastatic lesions during the follow-up pe-
riod

Stage
Resectability

I + II + III + IV I + II + III

PIG 50% (2/4) 100% (2/2)

NPIG   30% (3/10)   60% (3/5)

P-value - 0.002

PIG, periodical inspection group; NPIG, non-periodical inspection group. 
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panded [5, 16, 17]. If pulmonary metastasis that developed 
during the postsurgical follow-up observation period is de-
tected early and resected aggressively, the survival rate is im-
proved [7]. In our study, the rates of lung metastasectomies 
for patients whose pulmonary metastasis was definitely diag-
nosed during the follow-up observation period was 50% and 
30%, respectively, for the periodical inspection group and the 
non-periodical inspection group. The average time to the lung 
metastasectomy for the periodical inspection group was 10.8 
months, which was shorter than the 22.0 months for the non-
periodical inspection group. In particular, considering only 
patients with cancer lower than stage III, the rate of lung me-
tastasectomies for the periodical inspection group was 100%, 
and that for the non-periodical inspection group was 60%, but 
this difference was not statistically significant. Therefore, chest 
CT is thought to facilitate the early detection of pulmonary 
metastasis, which should be of help in finding patients with 
operable pulmonary metastasis.

In the periodical inspection group, at the time of definite di-
agnosis of pulmonary metastasis, chest radiography was nor-
mal in 66.7% of the cases (6/9 cases). On the other hand, in 
the non-periodical inspection group, in the 11 cases in which 
pulmonary metastasis suspicious lesions had been detected by 
chest radiography, and thus chest CT had been performed, 
pulmonary metastasis could be confirmed in all cases. In ad-
dition, in the periodical inspection group, among 12 cases in 
which pulmonary metastasis or suspicious lesions had been 
detected by chest CT during the follow-up observation, only 
4 cases were definitely diagnosed as pulmonary metastasis. 
The remaining 8 cases could not be diagnosed definitely as 
pulmonary metastasis; thus, additional tests were required. 

In summary, this study suggests that chest CT could be of 
help in detecting pulmonary metastasis in colorectal cancer 
patients early and, thus, in finding patients with operable pul-
monary metastasis. Nonetheless, our study has limitations; the 
observation periods of the two groups were different, and the 
study was a retrospective one. In the future, to see whether 
the early diagnosis of pulmonary metastasis and a subsequent 
lung metastasectomy improves the survival rate, prospective 
studies are required.

In colorectal cancer patients, preoperative chest CT does not 
increase the rate of diagnosis of pulmonary metastasis. Never-
theless, in comparison with chest radiography, chest CT diag-
noses pulmonary metastasis or suspicious lesions early, and 
when the size of the pulmonary lesion is small or the lesion is 
a solitary lesion, the lung metastasectomy rate tends to be in-
creased. However, to see whether detecting pulmonary metas-
tasis early by chest tomography and performing a lung metas-
tasectomy improves the survival rate of patients, additional 
studies are required.
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