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Purpose
Prognostic factors in patients with pulmonary metastases (PM) from colorectal cancer (CRC)
are still controversial. This study assessed oncologic outcomes and prognostic factors in
patients with metachronous PM from CRC.

Materials and Methods
Between June 2003 and December 2011, 122 patients with CRC underwent curative 
resection of PM detected at least 4 months after CRC resection. Clinico-pathological factors
selected from the prospectively maintained database were analyzed retrospectively.

Results
The median disease-free interval (DFI) between resection of the primary tumor and detection
of PM was 22.0 months (range, 4 to 85 months). Solitary PM were detected in 77 patients
(63.1%), with a median maximal tumor diameter of 12.0 mm (range, 2 to 70 mm). Of 52
patients who underwent mediastinal lymph node (LN) dissection, eight patients had LN 
involvement. Five-year overall survival and disease-free survival (DFS) rates after initial pul-
monary metastasectomy were 66.4% and 50.9%, respectively. DFI, mediastinal LN 
involvement, and the number and distribution of PM were significantly prognostic factors
for DFS. In multivariable analysis DFI  12 months, solitary lesion, and absence of medi-
astinal LN involvement were independently prognostic for DFS. Of the 122 patients, 48 
patients (39.3%) developed recurrent PM a median 13.0 months after initial pulmonary
metastasectomy. Recurrent DFI was independently prognostic of DFS in patients who 
underwent repeated pulmonary metastasectomy.

Conclusion
There is a potential survival benefit for patients with metachronous PM from CRC who 
undergo pulmonary metastasectomy, even those with recurrent PM. Pulmonary metasta-
sectomy should be considered in selected patients, particularly those with longer DFI, solitary
lesions, and absence of mediastinal LN involvement.
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Introduction

Colorectal cancer (CRC) is a common cause of cancer-
related death, with increased incidence over the past 25 years
[1,2]. Despite advances in treatment, it is expected that more
than 50% of patients undergoing resection for CRC will 
experience disease recurrence [3,4]. Pulmonary metastases

(PM) have been reported in approximately 10% to 25% of 
patients with CRC [5,6]. Patients who underwent curative 
resection of CRC and isolated PMs had 5-year overall sur-
vival (OS) rates of 27% to 68% [6-8], whereas patients with
untreated metastatic disease had a median survival of less
than 10 months and a 5-year survival rate of less than 5%
[9,10].

Surgical resection combined with adjuvant chemotherapy
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is the current treatment of choice for patients with resectable
PM, whereas chemotherapy is the treatment of choice for 
patients with unresectable PM [11]. Despite development of
several novel chemotherapeutic and targeted agents for treat-
ment of metastatic CRC, which might prolong disease-free
survival (DFS) and OS, the long-term results have been less
than satisfactory in patients with unresectable PM [12]. Sur-
gical resection has been accepted as the only radical treat-
ment available for PM and has shown benefits in cases where
metastases are confined to the lungs and complete resection
(R0) is possible [13,14]. However, the recurrence rate after
pulmonary metastasectomy is still as high as 68%, with the
remaining lung being the most common site of recurrence
[6]. Therefore, identification of factors prognostic of the out-
comes of pulmonary metastasectomy in patients with PM
from CRC is important.

Many factors have been reported to show association with
the prognosis of patients with PM from CRC who undergo
pulmonary metastasectomy, including number of pulmo-
nary lesions, patient age, stage of the primary tumor, history
of liver resection, maximum tumor size, histology of the pri-
mary tumor, disease-free interval (DFI) between primary
CRC surgery and detection of PM, and carcinoembryonic
antigen (CEA) concentration [2,6,13]. However, these studies
included small numbers of patients, patients who underwent
R1 and/or R2 resection, or patients with both synchronous
and metachronous lesions, and few studies have assessed
therapeutic strategies in patients who develop recurrent PM
after the first pulmonary metastasectomy.

This study was therefore designed to determine prognostic
factors of survival in patients who underwent complete 
resection for metachronously developed PM. In addition,
outcomes and factors prognostic of repeated pulmonary
metastasectomy for recurrent PM were analyzed.

Materials and Methods

In this study patients who underwent curative pulmonary
resection for metachronous PM from CRC at Seoul National
University Bundang Hospital between June 2003 and June
2011 were analyzed retrospectively. Curative pulmonary 
resection was defined as histologically-proven complete 
resection for isolated pulmonary metastatic lesions, confined
to the lungs without local or extrapulmonary recurrence on
computed tomography (CT) scans of the chest, abdomen,
and pelvis and positron emission tomography (PET) of the
entire body. Metachronous PM was defined as a new lesion
detected at least 4 months after curative CRC surgery, as 
reported in a previous study [15]. Patients with synchronous

PM and those who underwent pulmonary metastasectomy
with positive margins (R1 resection) or gross residual disease
(R2 resection), or those with evidence of distant metastasis
or concurrent malignancy at pretreatment work-up, except
for resectable hepatic metastases, were excluded.

Patients were followed up after CRC surgery according
to our postoperative surveillance protocol. Patients under-
went physical examination and measures of serum CEA lev-
els every 3 months for 2 years, and then every 6 months for
5 to 8 years. Contrast-enhanced CT scans of the chest, 
abdomen, and pelvis were performed every 3 to 6 months
during the first 2 years, and then every 6 to 12 months there-
after, and total colonoscopy was performed every 1 to 2
years. PET-CT was selectively performed if needed, mainly
in patients with suspected recurrence. Diagnosis of PM was
based on imaging findings on chest X-ray or CT. Indetermi-
nate lesions detected in the lungs after CRC surgery were
discussed by a multi-disciplinary team (MDT), consisting of
a colorectal surgeon, thoracic surgeon, radiologist, patholo-
gist, and medical oncologist; assessment by chest CT was
performed 3 months later. Lesions that became larger and
more prominent were defined as PM. The onset of PM in
those patients was defined as the time after CRC surgery
when the new pulmonary nodules were first detected.

Treatment decisions were made by the MDT. The selection
criteria for pulmonary metastasectomy were defined as 
described previously [16]: (1) no evidence of uncontrolled
primary site, (2) no evidence of extrathoracic metastasis, (3)
chest CT showing that complete resection was possible 
regardless of the number of lesions, (4) tumors in the bilateral
thorax not considered a contraindication, and (5) patient’s
general condition should be able to tolerate surgery, with 
remaining respiratory function sufficient for normal daily
life. Further resection in patients who developed additional
PM was performed according to the above-mentioned crite-
ria. Pulmonary metastasectomy of metastatic nodules con-
sisted of non-anatomical resection (precision excision and
wedge resection) and anatomical resection (segmental resec-
tion and lobectomy). Precision excision was defined as non-
anatomical resection by application of electrocautery just
beneath the lesion, leaving essentially all normal lung tissue.
Wedge resection through thoracotomy or video-assisted tho-
racic surgery was the procedure of choice, although lobec-
tomy was performed on metastatic lesions located deep
within the pulmonary parenchyma. Mediastinal lymph node
(LN) dissection was performed selectively.

Surgical specimens were assessed histologically. All spec-
imens were fixed in formalin and sectioned in the oblique
coronal plane to include the largest plane of the tumor, and
all sections were stained with hematoxylin and eosin, fol-
lowed by examination by light microscopy.

Collection and analysis of data was performed in June
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Table 1. Patient characteristics 

Characteristic Total Synchronous Metachronous p-value(n=176) PM (n=54) PM (n=122)
Age (yr)
 60 85 (48.3) 30 (55.6) 55 (45.1) 0.25
> 60 91 (51.7) 24 (44.4) 67 (54.9)
Mean±SD 60.3±11.7 58.3±12.6 61.3±11.2 0.11

Sex
Male 114 (64.8) 31 (57.4) 83 (68.0) 0.23
Female 62 (35.2) 23 (42.6) 39 (32.0)

Body mass index (kg/m2)
 25 131 (74.4) 43 (79.6) 88 (72.1) 0.35
< 25 45 (25.6) 11 (20.4) 34 (27.9)
Mean±SD 23.2±3.2 22.8±3.4 23.4±3.0 0.27

Primary tumor location
Colon 78 (44.3) 23 (42.6) 55 (45.1) 0.87
Rectum 98 (55.7) 31 (57.4) 67 (54.9)

Tumor stagea)

1 7 (4.0) 2 (3.7) 5 (4.1) < 0.001
2 26 (14.8) 2 (3.7) 24 (19.7)
3 86 (48.9) 14 (25.9) 72 (59.0)
4 57 (32.4) 36 (66.7) 21 (17.2)

Histology of primary tumor
Well differentiated 17 (9.7) 5 (9.3) 12 (9.8) 0.43
Moderately differentiated 149 (84.7) 44 (81.5) 105 (86.1)
Mucinous or poorly differentiated 10 (5.7) 5 (9.3) 5 (4.1)

Previous hepatectomy
No 151 (85.8) 43 (79.6) 108 (88.5) 0.16
Yes 25 (14.2) 11 (20.4) 14 (11.5)

Adjuvant therapy for CRC
No 14 (8.0) 9 (16.7) 5 (4.1) 0.01
Yes 162 (92.0) 45 (83.3) 117 (95.9)

No. of prior regimens
0 14 (8.0) 9 (16.7) 5 (4.1) < 0.001
1 125 (71.0) 41 (75.9) 84 (68.9)
2 29 (16.5) 1 (1.9) 28 (23.0)
3 7 (4.0) 3 (5.6) 4 (3.3)
No data 1 (0.6) 0 ( 1 (0.8)

Prior systemic chemotherapeutic agents
5-FU 131 (74.4) 43 (79.6) 88 (72.1) .-
Oxalipatin 95 (54.0) 26 (48.1) 69 (56.5)
Irinotecan 16 (9.1) 4 (7.4) 12 (9.8)
Capecitabine 56 (31.8) 14 (25.9) 42 (34.4)
Bevacizumab 11 (6.2) 4 (7.4) 7 (5.7)

Disease-free interval (mo)
< 12 75 (42.6) 54 (100) 21 (17.2) < 0.001
 12 101 (57.4) 0 ( 101 (82.8)
Median (range) 13.0 (0-85) 0.0 (0-3) 22.0 (4-85)

No. of pulmonary tumors
Solitary 101 (57.4) 24 (44.4) 77 (63.1) 0.03
Multiple 75 (42.6) 30 (55.6) 45 (36.9)
Median (range) 1.0 (1-21) 2.0 (1-21) 1.0 (1-14)
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2014. Factors recorded included patient age, sex, body mass
index, primary tumor location, presence of liver metastases,
tumor staging, histology of the primary tumor, neoadjuvant
and/or adjuvant chemoradiotherapy for primary CRC, DFI
between initial resection of the primary CRC and detection
of PM, number and maximal diameter of PMs, distribution
of PMs, types of resection performed, mediastinal LN dissec-
tion and involvement, chemotherapy after pulmonary metas-
tasectomy, and OS and DFS. In addition, OS and DFS in
patients with recurrent PM, defined as a new pulmonary
nodule or development of a tumor after initial pulmonary
metastasectomy, were measured from the time of the first
pulmonary metastasectomy to the time of death or recur-
rence. DFI and recurrent DFI were dichotomized according
to < 12 months and  12 months, as reported in a previous
study [17]. The sizes of all metastatic tumors were dicho-
tomized as  20 mm and > 20 mm.

The Kaplan-Meier method and log rank test were used for
evaluation of the prognostic effect of each variable on sur-
vival and l multivariable Cox proportional hazards regres-
sion analysis was performed for analysis of factors related to

survival. Patients were subgrouped according to factors sig-
nificantly prognostic of DFS, and rates of survival and recur-
rent PM in the subgroups were compared. Categorical
variables were analyzed using the chi-squre test or Fisher
exact test, and continuous variables were compared using
Student’s t test. p-values  0.05 were considered statistically
significant. Statistical analyses were performed using SPSS
ver. 18.0 (SPSS Inc., Chicago, IL). This study was approved
by the Ethics Review Board at Seoul National University
Bundang Hospital, Korea.

Results

Between June 2003 and June 2011, 2,529 patients under-
went curative CRC surgery at our hospital. Of these, 167 
patients (6.6%) developed PM, including 54 patients (2.1%)
with synchronous and 113 patients (4.5%) with metachro-
nous lesions. Of the latter 113 patients, 94 patients underwent

Table 1. Continued

Characteristic Total Synchronous Metachronous p-value(n=176) PM (n=54) PM (n=122)
Maximal tumor size (mm)
 20 152 (86.4) 46 (85.2) 106 (86.9) 0.81
> 20 24 (13.6) 8 (14.8) 16 (13.1)
Median (range) 12.0 (2-70) 11.0 (3-60) 12.0 (2-70)

Distribution of metastases
Unilateral 144 (81.8) 36 (66.7) 108 (88.5) 0.01
Bilateral 32 (18.2) 18 (33.3) 14 (11.5)

Resectionb)

Non-anatomical 132 (75.0) 42 (77.8) 90 (73.8) 0.71
Anatomical 44 (25.0) 12 (22.2) 32 (26.2)

Mediastinal LN dissection
No 106 (60.2) 36 (66.7) 70 (57.4) 0.32
Yes 70 (39.8) 18 (33.3) 52 (42.6)

Mediastinal LN involvement
No 61 (34.7) 17 (31.5) 44 (36.1) 0.36
Yes 9 (5.1) 1 (1.9) 8 (6.6)
No data 106 (60.2) 36 (66.7) 70 (57.4)

Chemotherapy after metastasectomy
No 13 (7.4) 2 (3.7) 11 (9.0) 0.27
Cytotoxic agent only 139 (79.0) 42 (77.8) 97 (79.5)
Cytotoxic agent+targeted agent 24 (13.6) 10 (18.5) 14 (11.5)

Values are expressed as number (%) unless otherwise indicated. PM, pulmonary metastases; SD, standard deviation; CRC,
colorectal cancer; 5-FU, 5-fluorouracil; LN, lymph node. a)Using the seventh edition of the American Joint Committee on
Cancer staging system, b)Non-anatomical resection included precision excision and wedge resection; anatomical resection 
included segmental resection and lobectomy.
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Table 2. Univariable and multivariable analysis of factors prognostic of 5-year DFS after pulmonary metastasectomy

Characteristic No. 5-Yr p-value HR 95% CI p-value(n=122) DFS (%)
Age (yr)
 60 55 49.4 0.23 - -
> 60 67 50.0 - -

Sex
Male 83 48.3 0.67 - -
Female 39 57.7 - -

Body mass index (kg/m2)
 25 88 60.5 0.99 - -
< 25 34 55.7 - -

Primary tumor location
Colon 55 48.4 > 0.990) - -
Rectum 67 53.2 - -

Tumor stagea)

1 5 66.7 0.08 - -
2 24 74.3 -
3 72 49.4 -
4 21 29.9 - -

Histology of primary tumor
Well differentiated 12 37.3 0.89 - -
Moderately differentiated 105 52.8 -
Mucinous or poorly differentiated 5 53.3 - -

Previous hepatectomy
No 108 53.8 0.12 - -
Yes 14 23.4 - -

Adjuvant therapy for CRC
No 5 100.00 0.10 - -
Yes 117 49.0 - -

Disease-free interval (mo)
< 12 21 25.8 0.01 1.000 0.01
 12 101 55.8 0.298 0.149-0.598

No. of pulmonary tumors
Solitary 77 60.9 0.01 1.000 0.01
Multiple 45 34.4 2.451 1.285-4.674

Maximal tumor size (mm)
 20 106 52.8 0.12 - -
> 20 16 39.0 - -

Distribution of metastases
Unilateral 108 54.5 0.01 1.000 0.97
Bilateral 14 23.8 1.014 0.418-2.463

Resectionb)

Non-anatomical 90 50.1 0.79 - -
Anatomical 32 52.9 - -

Mediastinal LN dissection
No 70 50.2 0.62 - -
Yes 52 50.8 - -

Mediastinal LN involvement
No 44 58.6 0.01 1.000 0.01
Yes 8 0.0 6.048 2.099-17.427 0.01
No data 70 50.2 1.014 0.418-2.463 0.58
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pulmonary metastasectomy for metachronous PM, and 36 of
39 referred patients with metachronous PM who underwent
CRC surgery at other hospitals underwent curative pul-
monary metastasectomy at our hospital during the study 
period. Following exclusion of eight patients who underwent
R1 or R2 resection, 122 patients were eligible for analysis.

There were significant differences in baseline characteris-
tics between patients with synchronous PM and those with
metachronous PM according to tumor stage of CRC, adju-
vant therapy for CRC, number of prior regimens, and num-
ber and distribution of PM (Table 1). The median interval 
between primary CRC surgery and pulmonary metastasec-
tomy in patients with synchronous and metachronous PM
was 1.5 months (range, 0 to 25 months) and 24.0 months
(rang, 4 to 86 months), respectively. However, there was no
difference in survival rate between the two groups; the 5-year
OS rates were 65.6% and 66.9% (p=0.57), respectively; the 
5-year DFS rates were 40.8% and 50.9% (p=0.26), respectively.

The mean age of patients with metachronous PM was
61.3±11.2 years, and 83 patients (68.0%) were male. Serum
CEA level was available in 102/122 (83.6%) patients, and
missing in 20 cases because the patients had been referred.
Of these, 64 patients had a normal serum CEA level, whereas
38 patients had a high serum CEA level. The primary CRC
was located in the colon in 55 patients (45.1%), and 14 
patients (11.5%) underwent curative hepatic resection for
liver metastases during CRC surgery. The median DFI was
22.0 months (range, 4 to 85 months). Seventy-seven patients
(63.1%) had solitary PM, and the median maximum tumor
size was 12.0 cm (range, 2 to 70 cm). The types of pulmonary
resection included precision excision (28.7%), wedge resec-
tion (45.1%), segmental resection (9.8%), and lobectomy
(16.4%). Mediastinal LN dissection was performed in 52 
patients (42.6%), and eight of 52 patients (15.4%) had medi-
astinal LN involvement. A total of 111 patients (91.0%) 
received chemotherapy after pulmonary metastasectomy; 97
patients (79.5%) received a cytotoxic agent only, and 14 
patients (11.5%) received a cytotoxic agent with a targeted

agent (Table 1).
The median follow-up period after the first pulmonary

metastasectomy was 27.5 months (range, 1 to 104 months).
A total of 48 patients (39.3%) had developed recurrent PM
after initial pulmonary metastasectomy, including 39 
patients with recurrent pulmonary metastases confined to
the lungs and nine patients with multiple systemic metas-
tases. Of 39 patients with pulmonary recurrence, only 10 
patients had recurrences at previous resection sites. Pul-
monary recurrence in the ipsilateral lung was detected in 12
patients, contralateral in 13, and bilateral in four. The 5-year
DFS rate after initial pulmonary metastasectomy was 50.9%.
In univariable analysis, DFI, number of PMs, distribution of
PMs, and mediastinal LN involvement were significantly
prognostic of DFS. In multivariable analysis, DFI  12 mon-
ths, solitary lesions, and absence of mediastinal LN were 
independently prognostic of DFS (Table 2).

The 5-year OS rate in patients with recurrent PM was
56.3%, and the median DFI for recurrent PM after the first
pulmonary metastasectomy was 13.0 months (range, 1 to 38
months). Of the 48 patients with recurrent PM, 39 patients
(81.2%) underwent repeated pulmonary metastasectomy. In
univariable analysis DFI of recurrent PM, number of PMs,
and distribution of metastases were significantly prognostic
of OS, whereas mediastinal LN involvement and chemother-
apy after pulmonary metastasectomy were not significantly
prognostic of OS. In multivariable analysis, DFI of recurrent
PM was the only factor independently prognostic of OS in
patients who underwent repeat pulmonary metastasectomy
(Table 3).

Patients were divided into two subgroups according to
DFI and number of PMs. The high-risk group (n=70) was 
defined as patients with DFI < 12 months, or multiple lesions,
or mediastinal LN involvement, and the low-risk group
(n=52) as patients with DFI  12 months, solitary lesions, and
absence of mediastinal LN involvement. The median DFI in
the high- and low-risk groups was 15.0 months (range, 4 to
83 months) and 28.0 months (range, 13 to 85 months), respec-

Table 2. Continued

Characteristic No. 5-Yr p-value HR 95% CI p-value(n=122) DFS  (%)
Chemotherapy after PM

No 11 68.2 0.58 - -
Cytotoxic agent only 97 58.0 -
Cytotoxic agent+targeted agent 14 60.0 - -

DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; CRC, colorectal cancer; LN, lymph node; PM, pulmonary
metastasectomy. a)Using the seventh edition of the American Joint Committee on Cancer staging system, b)Non-anatomical
resection included precision excision and wedge resection; anatomical resection included segmental resection and lobectomy.
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Table 3. Univariable and multivariable analysis of factors prognostic of 3-year OS following repeated pulmonary metasta-
sectomy

Characteristic No. 3-Yr p-value HR 95% CI p-value(n=39) OS (%)
Age (yr)
 60 20 44.1 0.40 - -
> 60 19 64.4 - -

Sex
Male 30 59.0 0.15 - -
Female 9 41.7 - -

BMI (kg/m2)
 25 28 56.4 0.88 - -
< 25 11 53.9 - -

Primary tumor location
Colon 21 62.4 0.97 - -
Rectum 18 48.7 - -

Tumor stage of CRC
1 1 - 0.35 - -
2 5 80.0 -
3 21 60.1 -
4 12 32.4 - -

Histology of primary tumor
Well differentiated 4 50.0 0.34 - -
Moderately differentiated 33 58.5 -
Mucinous or poorly differentiated 2 50.0 - -

Previous hepatectomy
No 32 58.1 0.52 - -
Yes 7 35.7 - -

Recurrent DFI (mo)
< 12 14 32.7 0.01 1.000 0.01
 12 25 70.5 0.252 0.084-0.757

No. of recurrent PM
Solitary 22 74.0 0.04 1.000 0.29
Multiple 17 29.1 1.977 0.563-6.943

Maximal tumor size of recurrent PM (mm)
 20 30 59.4 0.38 - -
> 20 9 44.4 - -

Distribution of recurrent PM
Unilateral 35 64.1 0.01 1.000 0.48
Bilateral 4 25.0 1.663 0.407-6.787

Repeated resection
Non-anatomical 30 61.0 0.29 - -
Anatomical 9 25.9 - -

Mediastinal LN involvement
No 14 58.9 0.95 - -
Yes 5 60.0 -
No data 20 51.0 - -

Chemotherapy after PM
No 3 66.7 0.49 - -
Cytotoxic agent only 31 58.9 -
Cytotoxic agent+targeted agent 5 30.0 - -

OS, overall survival; HR, hazard ratio; CI, confidence interval; BMI, body mass index; CRC, colorectal cancer; DFI, disease
free interval; PM, pulmonary metastases; LN, lymph node.
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Table 4. Comparison of clinical characteristics in the high- and low-risk subgroups

Characteristic High-risk groupa) Low-risk groupb) 
p-value(n=70) (n=52)

Age (yr)
 60 34 (48.6) 21 (40.4) 0.46
> 60 36 (51.4) 31 (59.6)
Mean±SD 60.5±11.2 62.3±11.1 0.38

Sex
Male 48 (68.6) 35 (67.3) > 0.99 
Female 22 (31.4) 17 (32.7)

BMI (kg/m2)
 25 50 (71.4) 38 (73.1) > 0.99
< 25 20 (28.6) 14 (26.9)
Mean±SD 23.3±3.2 23.6±2.9 0.61

Primary tumor location
Colon 34 (48.6) 21 (40.4) 0.46
Rectum 36 (51.4) 31 (59.6)

Tumor stage of CRC
1-3 50 (71.4) 48 (92.3) 0.01
4 20 (28.6) 4 (7.7)

Histology of primary tumor
Well 6 (8.6) 6 (11.5) 0.14
Moderately 59 (84.3) 46 (88.5)
Mucinous or poorly 5 (7.1) 0 (

Previous hepatectomy
No 58 (82.9) 50 (96.2) 0.02
Yes 12 (17.1) 2 (3.8)

Adjuvant therapy for CRC
No 2 (2.9) 3 (5.8) 0.65
Yes 68 (97.1) 49 (94.2)

DFI (mo)
< 12 21 (30.0) 0 ( < 0.001
 12 49 (70.0) 52 (100)
Median (range) 15.0 (4-83) 28.0 (13-85)

No. of pulmonary tumors
Solitary 25 (35.7) 52 (100) < 0.001
Multiple 45 (64.3) 0 (
Median (range) 2.0 (1–14) 1.0 (

Maximal tumor size (mm)
 20 58 (82.9) 48 (92.3) 0.18
> 20 12 (17.1) 4 (7.7)
Median (range) 13.5 (2-70) 10.0 (3-38)

Distribution of metastases
Unilateral 56 (80.0) 52 (100) < 0.001
Bilateral 14 (20.0) 0 (

Resection
Non-anatomical 51 (72.9) 39 (75.0) 0.84
Anatomical 19 (27.1) 13 (25.0)

Mediastinal LN involvementc)

No 27 (77.1) 17 (100) 0.04
Yes 8 (22.9) 0 (
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tively. The median number of PMs was 2.0 (range, 2 to 14) in
the high-risk group. Of 70 patients (54.3%) in the high-risk
group, 38 patients developed recurrent PM after initial pul-
monary metastasectomy compared with 10 of 52 (19.2%) in
the low-risk group (p < 0.001). Development of recurrent PM
occurred within 12 months in 16 of 38 patients (42.1%) in the
high-risk group, compared with three of 10 (30.0%) in the
low-risk group. The high- and low-risk groups differed sig-
nificantly in stage of CRC, distribution of PM and recurrent
PM, whereas there was no significant difference in the per-
centage who received adjuvant chemotherapy (Table 4). OS
and DFS rate also showed significant difference in the two
groups (Fig. 1).

Discussion

This study demonstrates the potential benefit of curative
pulmonary metastasectomy for survival in patients with
metachronous PM from CRC. Our results showed that DFI,
number of pulmonary lesions, and mediastinal LN involve-
ment were independent prognostic factors in patients with
CRC who underwent curative pulmonary metastasectomy.
In addition, better survival rates were observed for patients
with recurrent PM  12 months compared to those who 
developed recurrent PM < 12 months after pulmonary
metastasectomy.
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Fig. 1. Five-year overall survival (A) and disease-free survival (B) in the high- and low-risk groups. a)High-risk group was
defined as patients with disease-free interval (DFI) < 12 months, or multiple pulmonary metastases, or mediastinal lymph
node (LN) involvement, b)Low-risk group was defined as patients with DFI  12 months, solitary lesions, and absence of 
mediastinal LN involvement.

Table 4. Continued

Characteristic High-risk groupa) Low-risk groupb) 
p-value(n=70) (n=52)

Recurrent PM
No 32 (45.7) 42 (80.8) < 0.001
Yes 38 (54.3) 10 (19.2)

Values are presented as number (%) unless otherwise indicated. SD, standard deviation; BMI, body mass index; CRC, colorectal
cancer; DFI, disease-free interval; LN, lymph node; PM, pulmonary metastases. a)High-risk group was defined as patients
with DFI < 12 months, or multiple PM, or mediastinal LN involvement, b)Low-risk group was defined as patients with DFI 
 12 months, solitary lesions, and absence of mediastinal LN involvement, c)Including 52 patients who underwent mediastinal
LN dissection.
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We observed 5-year OS and DFS rates of 66.4% and 50.9%,
respectively; this OS rate is at the high end of the range of
previously reported 5-year OS rates (30% to 68%) [18]. How-
ever, the current study only included patients with
metachronous lesions who underwent R0 resection. These
findings suggest that patients should be carefully selected by
strict multimodal assessment of the probability of R0 pul-
monary metastasectomy.

Various factors, including number of pulmonary lesions,
patient age, stage of the primary tumor, history of liver 
resection, maximum tumor size, histology of the primary
tumor, DFI, and CEA level, have been associated with the
prognosis of patients who undergo pulmonary metastasec-
tomy [2,7,14]; however, the results remain controversial 
because of the heterogeneity of selection criteria and varia-
tions in multimodal treatment [19]. Therefore, only patients
with metachronous PM who underwent R0 resection were
assessed, since it is important to determine whether pul-
monary resection offers a chance of cure.

There is no definite consensus regarding synchronous and
metachronous PM. In previous studies lesions detected prior
to or within 3 months after CRC surgery were defined as syn-
chronous PM [15], whereas in some studies lesions detected
at least 6 months after  the primary resection were defined
as synchronous PM [14]. The first opportunity for follow-up
imaging study usually occurred at 3 months after the pri-
mary CRC surgery; therefore, metachronous PM was defined
as a new lesion detected at least 4 months after primary CRC
surgery.

DFI has been reported to be prognostic of pulmonary
metastasectomy for PM from CRC [14]; however, various
cut-off values have been used to define short DFI, and the
correlation between DFI and survival rate was not deter-
mined in several studies [7,20]. The mechanism underlying
this finding may be related to the time of detection of disease
progression, or earlier metastasis may represent a more dis-
seminated disease and tendency to spread than later metas-
tasis [21]. Our results showed that DFI was independently
prognostic of pulmonary metastasectomy for PM. Therefore,
careful follow-up is required after pulmonary metastasec-
tomy for patients who develop PM less than 1 year after pri-
mary tumor resection.

Similar to previous studies, we observed significantly bet-
ter prognosis for patients with a solitary pulmonary lesion
than for those with multiple lesions [8], although several
studies found no significant association between prognosis
and number of PMs [4,13]. Multiple lesions may increase the
likelihood of widespread undetected tiny nodules through-
out the lungs or even in other distant organs. Therefore,
meticulous preoperative staging for PM is critical in detec-
tion of occult metastatic lesions.

Several studies suggested an association of mediastinal LN

involvement with an increased risk of death [6,13] and a
meta-analysis showed poor 5-year survival in the group with
LN involvement (range, 0% to 33.5%) compared to those
with no thoracic LN metastases (range, 38.7% to 71%) [19].
However, mediastinal LN was not routinely performed in
most studies. Our results showed that mediastinal LN 
involvement was a significantly prognostic factor for DFS in
univariable and multivariable analysis, although there were
no differences in DFS between patients who underwent 
mediastinal LN dissection and those who did not. Therefore,
we suggest that mediastinal LN dissection could be per-
formed in patients with expected LN involvement who show
an enlarged LN on preoperative chest CT or hypermetabolic
lesion on PET-CT.

This study also identified a subgroup of patients, based on
DFI and number of PMs, who are expected to benefit most
from pulmonary metastasectomy. A significantly higher 
recurrent PM rate was observed in the high risk group com-
pared with the low-risk group (54.3% vs. 19.2%, p < 0.001),
suggesting that pulmonary metastasectomy might have the
greatest benefit in the low-risk group. Careful attentive sur-
veillance based on a regular follow-up schedule may result
in early identification of these patients.

Repeated pulmonary metastasectomy has been found to
offer a chance for long-term survival to patients with pro-
longed DFI after initial pulmonary metastasectomy [22], a
solitary recurrent pulmonary lesion [23], and normal CEA
level [17]. In addition, a recent meta-analysis reported a 5-
year survival rate of 57.9% for patients who underwent 
repeated pulmonary metastasectomy [21], perhaps because
these patients were highly selected, based on initial resection
of PM. In our study a better prognosis was observed for 
patients with longer recurrent DFI than for patients with
shorter recurrent DFI, whereas OS rate was not affected by
treatment of recurrent PM with chemotherapy and surgical
intervention. Therefore, repeated pulmonary metastasec-
tomy in selected patients in whom the capacity of the rem-
nant lung parenchyma could be preserved after resection
may be a valuable alternative to palliative chemotherapy.

There was no definite consensus regarding recurrent DFI
of recurrent PM, as DFI after the first pulmonary metastasec-
tomy. Park et al. [17] reported that recurrent DFI was 
dichotomized before and after 12 months, whereas two other
studies could not set the cut-off value of recurrent DFI, in
which median recurrent DFI was 14 months (range, 4.0 to
29.0 months) and 16.8 months (range, 2.0 to 38.2 months), 
respectively [22,23]. Our results showed a median recurrent
DFI of 13.0 months (range, 4.0 to 31.0 months). Therefore, we
used the cut-off value of 12 months for recurrent DFI, as 
reported in a previous study [17].

Similar to the number of PMs, bilateral PM [6,22] and
larger PM size [8] may indicate a greater likelihood of the
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presence of other undetectable metastatic lesions. However,
in a previous study bilateral PM had no effect on OS [24], and
most studies found no significant association between sur-
vival and PM size [19]. The current study found no associa-
tion between these factors and survival rate. These findings
suggest that bilateral PM and larger PM size that can be com-
pletely resected are not contraindications for pulmonary
metastasectomy.

Several studies have reported better survival outcomes for
patients with metachronous PM compared to those with syn-
chronous PM, the latter being considered more aggressive
[6]; however, it remains controversial [15]. In the current
study, it did not appear that patients treated with metachro-
nous PM had longer survival compared to those with syn-
chronous PM, although patients with synchronous PM had
more aggressive primary tumor stage, multiple PMs, and 
bilateral PMs. This might be due to the fact that only patients
who underwent pulmonary metastasectomy for synchro-
nous PM were included, because of the study limitation by
retrospective design. Nevertheless, survival outcomes did
not differ between patients who underwent pulmonary
metastasectomy for synchronous PM and those who under-
went pulmonary metastasectomy for metachronous PM.
Therefore, pulmonary metastasectomy might be feasible in
selected patients with either synchronous or metachronous
PM.

Previous studies have reported on the usefulness of chest
CT scan for detection of lung nodules, with > 70% sensitivity
for detection of suspicious pulmonary metastatic nodules
from CRC [25]. However, it does not appear to show corre-
lation with an equal specificity, which may cause difficulty
in interpreting the nature of a pulmonary lesion, because
pathologic confirmation is too difficult or occasionally risky
in most cases, particularly for small lesions. Therefore, we
have used the regular follow-up program for patients with
PM from CRC in accordance with National Comprehensive
Cancer Network guidelines, and treatment decisions were
made by the MDT.

This study had some limitations. First, there was a poten-
tial for selection bias, compounded by the retrospective 
design. Inclusion of patients was highly selective, with pre-
sumed good performance status, and fewer comorbidities,

which might have contributed to the demonstrated long-
term survival. Second, in this study chemotherapy after pul-
monary metastasectomy did not appear to be significantly
prognostic of OS, which may affect survival rate. Neverthe-
less, surgical resection of PM and recurrent PM after primary
pulmonary metastasectomy was feasible for patients with or
without systemic chemotherapy. In addition, we identified
prognostic factors of survival in patients who underwent
complete resection for metachronously developed PM, and
divided them according to high- and low-risk groups using
these factors. Further large-scale prospective studies will be
helpful in verifying our results.

Conclusion

In conclusion, there is a potential survival benefit for 
patients with metachronous PM from CRC who undergo
pulmonary metastasectomy, even those with recurrent pul-
monary metastases. These findings suggest that pulmonary
metastasectomy might benefit carefully selected patients,
particularly those with longer DFI, solitary lesions, and 
absence of mediastinal LN involvement.
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