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Abstract

Purpose The aim of this study is to investigate clinico-
pathologic characteristics and to identify prognostic factors
in patients undergoing pulmonary metastasectomy for
colorectal carcinoma.

Methods This study is a single-institution retrospective
study of 137 consecutive patients who underwent 158
pulmonary resections for metastatic colorectal carcinoma
between January 1989 and June 2008.

Results Median disease-free interval between colorectal
resection and pulmonary metastasectomy was 35.6 months
(range, 0.6 to 154.3 months). No perioperative deaths
occurred. Follow-up was 100% complete and mean follow-
up was 41.6+27.6 months. Median survival was 36.2 months
(range, 4.6 to 126 months). Overall 5- and 10-year survival
rates were 55.4% and 30.8%, respectively, after pulmonary
metastasectomy. At univariate analysis of patient survival,
number of lung metastases (p=0.002), disease-free interval of
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more than 24 month (p=0.013), and absence of residual
tumor (p=0.024) were significant prognostic factors. At
multivariate analysis, presence of solitary lung metastasis
and disease-free interval of more than 24 months remained
significant prognostic factors. There was no significant
difference in the 5-year survival for 121 patients undergoing
single thoracotomy compared with 16 patients undergoing
repeated resection(s) for recurrent colorectal lung metastasis
(55.1% vs 59.5%; p=0.79). Nor was the presence of hepatic
metastasis associated with lower outcome (p=0.77).
Conclusions Disease-free interval and number of metasta-
ses are the most significant prognostic factors for survival
after pulmonary metastasectomy for colorectal carcinoma.
Recurrent pulmonary disease can benefit from repeated
resection. Prior hepatectomy for liver involvement does not
influence survival.

Keywords Colorectal carcinoma - Lung metastases - Lung
metastasectomy - Prognosis

Introduction

Colorectal carcinoma (CRC) is a leading cause of cancer
morbidity and mortality. In 2006, according to comprehen-
sive estimates of cancer incidence and mortality in Europe
[1], CRC was the second most common form of cancer
(12.9% of all incident cases) and, despite recent improve-
ments in age-adjusted 5-year survival [2], it was the second
major cause of cancer mortality (12.2% of all cancer
deaths), almost equally distributed between sexes.

Nearly two thirds of patients with CRC present localized
disease and undergo surgery with potentially curative
intent. However, 30-50% of these patients will develop a
recurrence, mostly within 2 to 3 years of surgery and in the
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form of distant metastases [3, 4]. Patients with metastatic CRC
face a dismal prognosis. The first site of recurrence is the
liver, followed by the lung. Surgical resection of lung
metastases of CRC is generally considered an effective
treatment option for properly selected patients with resectable
isolated lung metastases. Inconsistency in prognostic factors
and lack of randomized outcome data remain, however, the
main points of criticism of lung metastasectomy in patients
with CRC [5, 6].

The aims of this study were to investigate clinicopath-
ologic characteristics and to shed further light on factors
influencing survival of patients undergoing pulmonary
metastasectomy for CRC in order to identify which subset
of patients can benefit optimally from surgery.

Patients and methods
Patient population

This is a single-institution retrospective study performed on
a prospectively computerized database including 137
consecutive patients who underwent 158 pulmonary resec-
tions for metastatic CRC between January 1989 and June
2008. During this time period, a further 658 patients were
clinically diagnosed as having pulmonary metastases from
CRC unsuitable for surgical resection. The extent of
metastatic disease precluded surgery in 569 (86.5%) of
these patients. The remaining 89 patients were not selected
for resection because of the following reasons: comorbidity
and/or impaired pulmonary reserve (n=48), refusal of
surgery (n=12), and not documented reason (n=29). The
institutional review board approved the study and informed
consent was obtained from all included patients.

Selection criteria for pulmonary metastasectomy were as
follows: controlled primary CRC, absence of extrathoracic
metastases with the exception of prior hepatic metastases
radically resected, presence of unilateral or bilateral lung
metastases suitable for curative resection, adequate lung
function, and no contraindication due to comorbidity.

Preoperative staging consisted of clinical examination,
blood chemistry, and computed tomography (CT) scan of
the chest and abdomen. In the majority of the patients (96/
125=76.8%) evaluated since 1997, contrast-enhanced heli-
cal chest CT (5-mm-slice thickness) was performed at our
institution. In the last 24 patients (17.5%) in the series,
integrated positron emission tomography and computed
tomography was used to screen for additional metastatic
foci. Further imaging studies were performed as clinically
indicated. Colonscopy (not older than 6 months) was used
to confirm local control of primary CRC. Fiberoptic
bronchoscopy was performed in patients with pulmonary
lesion(s) located in the central one third of lung field.
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Finally, pulmonary function tests, including spirometry,
lung diffusion capacity for carbon monoxide and arterial
blood gases, were carried out on all 137 patients.

Data collection

Data collection included background demographic infor-
mation such as age and sex, details about the primary tumor
(CRC) which included location and Duke's stage, disease-
free interval (DFI) from colorectal resection to pulmonary
metastasectomy, prethoracotomy carcinoembryonic antigen
(CEA) level, details about the lung metastases which
included distribution, number, maximum size, and intratho-
racic lymph node involvement, details about the surgery
which included the surgical approach, type of pulmonary
resection, presence of residual tumor, postoperative mor-
bidity and mortality, and re-do surgery for local recurrence.
As a matter of fact, complete palpation of the lung was
considered a prerequisite for potentially curative resection,
so that an open approach was used in most of the patients.
At operation, macroscopically suspicious pulmonary and
mediastinal lymph nodes were resected. Liver metastases
previously resected and other treatments given were also
recorded. Postoperative mortality was defined as any death
occurring within the first 30 days after operation or during
the same hospitalization.

Study endpoint and follow-up

The endpoint of analysis was survival time which was
estimated by the Kaplan—Meier method using the date of
first pulmonary metastasectomy as the starting point and
the date of death or last follow-up as the endpoint.

Follow-up was complete and continued until December
2008.

Data analysis

Data are reported as absolute number and percentage or as
mean and standard deviation (SD), unless otherwise
specified. Differences between patient groups were ana-
lyzed with the x” test. The effects of potential prognostic
indicators on survival time were evaluated with both
univariate and multivariate analysis. In the univariate
analysis, Kaplan—Meier curves were compared by means
of the log-rank test. Those variables with a univariate
significance of p less than 0.10 were included in the
multivariate analysis. Cox proportional hazards regression
analysis was performed to investigate which variables
remained independently associated with survival. The final
model included prognostic indicators that remained signif-
icant with a p value less than 0.05. Hazard ratios and 95%
confidence intervals (CI) were calculated.
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The analysis was performed by using the SPSS statistical
software (SPSS version 17.0 for Windows, SPSS Inc.,
Chicago, IL).

Results
Patient's demographic and clinical data

Of the 137 patients, 82 (59.8%) were men and 55 (40.2%)
were women with a mean age at the time of the first
pulmonary metastasectomy of 63.8 years (range, 35 to
82 years). Thirty-five (25.5%) were 70-years old or older.
Demographic and clinical characteristics of the study
population are summarized in Table 1.

All patients underwent a radical resection of the primary
tumor. The majority of tumors arose from the colon and
advanced tumor stages predominated. In 12 (8.7%) patients,
liver metastases were identified and radically resected at the
time of the original colorectal surgery, whereas in seven
(5.1%) patients, lung metastases were present at the time of
diagnosis of the primary tumor. Following primary colon or
rectum resection, 73 (53.3%) patients received adjuvant
chemotherapy (n=>51) or radiochemotherapy (n=22). Wide-
ly varied regimens were used according to the local
preferred practice of the unit where the resection was
performed.

The median DFI from colorectal resection to pulmonary
resection was 35.6 months (range, 0.6 to 154.3 months). The
percentages of patients with a DFI of less than 12, 12-24, 24—
36 months, and more than 36 months were 16.1%, 14.6%,
20.4%, and 48.9%, respectively.

The prethoracotomy CEA level was documented in 113
(82.5%) patients and was found to be elevated (>5 ng/ml)
in 27 (23.9%).

In all patients, histopathology of the excised metastasis
matched the histologic diagnosis from the colorectal
resection. On the basis of pathologic assessment, pulmo-
nary metastases were unilateral in 120 (87.6%) patients (73
right and 47 left) and bilateral in 17. Eighty-two (59.9%)
patients had a solitary lung metastasis whereas 55 (40.1%)
patients had two or more lung metastases. Median diameter
of the metastases was 20.0 mm (range, 2.5 to 70.0 mm).
Pulmonary and/or mediastinal lymph node involvement
was found in seven (11.7%) out of 60 patients with
suspicious nodes at surgery.

Location, size, and number of pulmonary lesions
dictated the surgical approach and the type of pulmonary
resection. In most patients, an open procedure was
performed. One hundred and seventeen (85.4%) patients
underwent lateral muscle sparing thoracotomy while 17
(12.4%) patients with bilateral lung metastases underwent
median sternotomy (n=16) or staged bilateral thoracotomy
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Table 1 Characteristics of the study population (n=137)
Variable No. %
Age (years, mean+SD) 63.849.1
Sex Male 82 59.8
Female 55 40.2
Primary tumor location Colon 96 70.1
Rectum 41 29.9
Primary tumor A 16 11.7
Duke's stage B 32 233
C 41 29.9
D 29 21.2
Not documented 19 13.9
Disease-free interval (months, mean+SD) 40+28.6
<24 months 42 30.7
>24 months 95 69.3
Prethoracotomy CEA <5 86 62.8
level (ng/ml) >5 27 19.7
Not documented 24 17.5
LM distribution Unilateral 120 87.6
Bilateral 17 12.4
LM number 1 82 59.9
2 31 22.6
>3 24 17.5
LM maximum size (mm, mean+SD) 23.9+13.2
<20 mm 53 38.7
>20 mm 84 61.3
Surgical approach Unilateral thoracotomy 117 85.4
Median sternotomy 16 11.7
Bilateral staged 1 0.7
thoracotomy
VATS 3 22
Lung resection Wedge resection 97 70.8
Segmentectomy 13 9.5
Lobectomy 26 19.0
Bilobectomy 1 0.7
Lymph node metastasis No 53 38.7
Yes 7 5.1
Not sampled 77 56.2
Residual tumor RO 134 97.8
R1 3 2.2
Adjuvant chemotherapy No 121 88.3
Yes 16 11.7
Repeat lung resection No 121 88.3
Yes 16 11.7
Liver metastasis No 94 68.6
Yes 43 314

LM lung metastasis

(n=1). Finally, three (2.2%) patients deemed to be marginal
surgical candidates because of poor lung function reserve
underwent video-assisted thoracoscopic wedge resection for
single, peripheral lesions measuring 2 cm or less in
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maximum diameter. Whenever possible, wedge resection
was the procedure of choice with a view to preserve the
maximum amount of functioning lung tissue. At operation,
suspicious mediastinal and pulmonary lymph nodes were
excised in 60 (43.8%) patients. Complete resection of all
known pulmonary disease was achieved in 134 (97.8%)
patients while residual tumor was microscopically docu-
mented in the surgical margins in three patients. No
postoperative deaths occurred within the first 30 days after
surgery or during the same hospitalization. Major morbidity
was observed in 18 (13.1%) patients including atrial
fibrillation (n=7), lung infection (n=5), bleeding requiring
transfusions (n=2), prolonged air leak (n=2), respiratory
distress (n=1), and wound infection (n=1).

Ten (7.3%) patients received induction chemotherapy
before resection of pulmonary metastases, while 25
(18.2%) patients received adjuvant treatment, mostly
consisting of 5-fluorouracil-based chemotherapy, after
lung metastasectomy.

A total of 158 pulmonary resections were performed on
137 patients during the study period. Some patients
underwent two (n=11) or three (n=5) surgical procedures
for recurrent lung metastases. The median time interval
between first and second lung metastasectomy, and second
and third lung metastasectomy was 52.4 months (range,
23.1 to 87.9 months) and 14.9 months (range, 0.8 to
22.9 months), respectively. At re-do surgery, 14 patients
underwent wedge resection, six patients underwent lobec-
tomy, and one patient underwent bilobectomy. Following
21 surgical procedures, seven (33.3%) major complications
occurred which included atrial fibrillation (n=3), prolonged
air leak (n=2), bleeding requiring transfusions (n=1), and
bleeding requiring re-operation (n=1). Although major
morbidity following repeat metastasectomy was significant-
ly higher than major morbidity following first metastasec-
tomy (x> test p=0.018), no postoperative deaths were
observed.

Finally, 43 (31.4%) patients had liver metastases
radically resected before lung metastasectomy. The median
time interval between primary CRC and liver resection was
12 months (range, 0 to 49 months). As stated above, in 12
patients liver metastatic involvement was found at the time
of primary tumor diagnosis.

Survival data

At the conclusion of this study in December 2008, with a
median follow-up period of 36.2 months (range, 4.6 to
126 months), 58 patients (42.3%) had died (median
survival, 28.8 months; range, 6-99.3 months). Deaths
resulted from recurrent CRC in 49 patients, unrelated
causes in three, and unknown causes in six. Median
follow-up of 79 surviving patients (57.7%) was 41.3 months
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(range, 4.6 to 126 months). Twenty-four (30.4%) of the 79
surviving patients faced tumor recurrence. Overall 5-year
and 10-year survival rates after initial pulmonary metasta-
sectomy were 55.4% and 30.8%, respectively (Fig. 1).

Univariate analysis

Prognostic indicators that were determined as significant at
univariate analysis included number of pulmonary metas-
tases (p=0.002), disease-free interval (p=0.013), and
presence of microscopic residual tumor after pulmonary
resection (p=0.024; Table 2).

Factors that marginally predicted worse prognosis
were presence of bilateral lung metastases (p=0.074),
undergoing adjuvant chemotherapy after pulmonary meta-
stasectomy (p=0.086), age younger than 50 years (p=
0.087), elevated CEA level exceeding 10 ng/ml (p=
0.092), and surgical approach (median sternotomy vs
unilateral thoracotomy; p=0.094).

The remaining parameters failed to be significant
predictors of survival in the univariate analysis. Worthy
of note is the fact that no difference of survival was
found between patients undergoing sequential pulmonary
metastasectomy after hepatic metastasectomy and
patients undergoing simple pulmonary metastasectomy
(»p=0.77). Nor was any difference of survival found
between patients undergoing single pulmonary metasta-
sectomy and patients undergoing re-do surgery for local
recurrent disease (p=0.79).

Multivariate analysis

At the multivariate analysis, disease-free interval and number
of pulmonary metastases were the parameters that retained
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Fig. 1 Kaplan—Meier probability of survival of 137 patients under-
going lung metastasectomy for colorectal carcinoma
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Table 2 Univariate analysis of

prognostic factors Variable HR 95% CI p value
Age <50 years vs>50 years 0.441 0.173-1.126 0.087
Sex Female vs male 0.731 0.436-1,226 0.235
Primary tumor location Colon vs rectum 1.055 0.599-1.859 0.853
Primary tumor stage Duke's A vs B-D 1.367 0.580-3.225 0.475
Disease-free interval <24 mo. vs>24 mo. 0.514 0.304-0.868 0.013
Prethoracotomy CEA level <10 ng/ml vs >10 ng/ml 1.884 0.902-3.937 0.092
LM distribution Unilateral vs bilateral 1.825 0.943-3.531 0.074
LM number Single vs multiple 0.431 0.257-0.725 0.002
LM maximum size <20 mm vs>20 mm 1.140 0.662-1.961 0.637
Surgical approach Thoracotomy vs sternotomy 1.804 0.905-3.596 0.094
Lung resection Wedge vs anatomical resection 1.046 0.662—-1.653 0.847
Lymph node metastasis N () vs N (+) 1.889 0.653-5.463 0.241
Residual tumor RO vs R1 3.883 1.196-12.602 0.024
Adjuvant chemotherapy No vs yes 1.784 0.922-3.452 0.086

HR hazard ratio; 95% CI 95% Repeat lung resection No vs yes 0.904 0.427-1.916 0.793

confidence interval; LM lung Liver metastasis No vs yes 0.919 0.521-1.621 0.77

metastasis

significant independent prognostic impact (Table 3). All the
remaining variables did not enter the model.

Prognostic factors which were confirmed as significant
at the multivariate analysis were used to divide patients into
three groups: group 1—patients with single metastasis and
DFI >24 months (n=56); group 2—patients with multiple
metastases or DFI <24 months (n=65); group 3—patients
with multiple metastases and DFI <24 months (n=16).
Highly significant differences in survival were identified
(»p=0.00029). Five-year survival rate was 75.1% for group
1, 52.1% for group 2, and 11.6% for group 3.

Discussion

The first aim of this study was to investigate clinicopathologic
characteristics of patients undergoing pulmonary metastasec-
tomy for CRC. The majority were males in their sixties who
had been treated with colonic resection for primary carcinoma
in advanced pathologic stage. Unilateral, single metastatic foci
predominated. Lateral muscle sparing thoracotomy and
wedge resection were the surgical approach and procedure
of choice, respectively. There was no postoperative mortality

Table 3 Multivariate analysis of prognostic factors

Variable HR 95% CI p Value

Disease-free interval <24 months  0.478  0.282-0.811 0.006
>24 months 1

Number of metastases  Single 0.408  0.242-0.689 0.001
Multiple 1

HR hazard ratio; 95%CI 95% confidence interval

and major morbidity occurred in 18 (13.1%) patients. After
first resection of pulmonary metastasis, overall median
survival and 5-year survival rate was 36.2 months (95% CI
31.5-39.2) and 55.4%, respectively.

Pfannschmidt and coworkers [7], in a systematic review
of published series reporting the results of surgical resection
of pulmonary metastases from CRC, found that the most
consistently identified independent prognostic indicators
were prethoracotomy CEA level, number of pulmonary
metastases, and intrathoracic lymph node involvement.

In general, patient demographics (i.e., age and sex) have
not been shown to be independent prognostic factors for
survival. In our experience, patients younger than 50 years
tended to have shortened survival compared to older
patients but the difference was not significant. However,
according to lizasa and coworkers [8], age greater than
60 years was an ominous prognostic factor for survival,
while, according to Onaitis and coworkers [9], age younger
than 65 years and female sex were significant predictors of
recurrence.

Conlflicting information exists regarding a number of
potential prognostic indicators which are preoperatively
evaluated in candidates for surgical resection of pulmonary
metastases from CRC: location, histology and stage of
primary CRC, CEA level, disease-free interval, previous
extrathoracic disease, and previous pulmonary metastasec-
tomy. In the present study as well as in copious literature
[8], neither location nor pathologic stage of primary CRC
had a significant impact on survival. However, Melloni and
coworkers [10] as well as Inoue and coworkers [11] showed
that primary tumor stage (T1/T2 vs T3/T4 and Duke's stage
A vs B-D, respectively) was significantly associated with
survival (hazard ratio, 2.947 and 0.326, respectively).
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An elevated prethoracotomy CEA level has often been
reported as an independent prognostic factor in patients
undergoing surgery for lung metastasis from CRC [8, 9, 12,
13]. However, in our study, only when analyzing with a
twofold cut-off value limit, patients with an elevated CEA
level had a marginally worse survival than those with a low
CEA level. Interestingly, by using CEA level as a
continuous variable, a significant relationship between
increasing CEA level and shorter survival was found at
univariate analysis (p=0.0035).

Our data show that a disease-free interval between
primary CRC resection and pulmonary metastasectomy of
less than 2 years was significantly and independently
associated with poor survival. Additional series, published
since Pfannschmidt and coworkers' systematic review [7],
have confirmed the statistical significance of disease-free
interval. Yedibela and coworkers [14], in a series of 141
patients with curative resection of pulmonary metastases
from CRC, found a significant survival advantage (hazard
ratio, 0.423) in patients who developed pulmonary metas-
tases more than 3 years after treatment of their primary
tumor. Onaitis and coworkers [9], in a series of 378 patients
who underwent pulmonary resection for CRC metastases
with curative intent, demonstrated that a disease-free
interval of less than 1 year was an independent predictor
of recurrence (hazard ratio, 1.6).

Finally, in agreement with previous reports [8, 11, 12,
15-17], no significant difference in survival was demon-
strated between patients with and without history of
previously resected hepatic (5-year survival rate, 53.2%
and 56.5%, respectively) or pulmonary (5-year survival
rate, 59.5% and 55.1%, respectively) metastases. According
to several authors [18, 19], also selected patients with
simultaneous presentation of technically resectable liver
and lung metastases may benefit from an aggressive
multidisciplinary surgical approach. Nevertheless, it is
worthy of consideration that these favorable results might
be due to selection mechanisms [5].

Following pulmonary metastasectomy for CRC, numer-
ous operative and postoperative measurements are available
which may have important prognostic implications for
survival. Both the majority of previous series and our
experience show that surgical approach, type of pulmonary
resection as well as distribution (unilateral vs bilateral) of
lung metastases do not influence prognosis. However, Saito
and coworkers [16] found that the survival of patients who
underwent simultancous bilateral metastasectomy was
significantly lower than that of patients undergoing unilat-
eral or bilateral sequential metastasectomy while Inoue and
coworkers [11] reported that unilateral location of pulmo-
nary metastasis was an independent predictor of longer
survival by multivariate analysis. Furthermore, although
wedge resection is generally considered as the procedure of
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choice, Yedibela and coworkers [14] observed a signifi-
cantly longer survival for patients undergoing an anatom-
ical resection. Finally, three recent series questioned the
traditional open approach to pulmonary metastasectomy in
CRC. Nakaijma and coworkers [20] questioned the role of
manual palpation in the detection of small pulmonary
nodules; in their study of 102 patients, they found
ipsilateral recurrent pulmonary metastases in 27 (34.2%)
of 79 thoracoscopies and 27 (62.8%) of 43 open thoracot-
omies (p=0.0023) within 2 years of surgery. Nakas and
coworkers [21] in their study of 52 patients undergoing
pulmonary metastasectomy for CRC (27 open and 25
video-assisted approach) reported no difference in the
incidence of missed lesions, pulmonary disease progres-
sion, recurrence in the same lobe, and estimated actuarial
survival. Similarly, Onaitis and coworkers [9] found no
recurrence-free survival difference between the open and
the thoracoscopic approach, after controlling for all other
factors.

One of the main findings of the present study was that
the number of pulmonary metastatic foci of CRC signifi-
cantly and independently influenced long-term survival
after surgery. Median survival and 5-year survival rate were
38.6 (95% CI 34.2-44.6) months and 69.7%, respectively,
in patients with single metastasis, and 31.3 (95% CI 22.4—
36.8) months and 35.5%, respectively, in patients with
multiple metastases. Similar results were reported by
several authors who used a variety of cut-off points to
evaluate the prognostic significance of the number of
pulmonary metastases [8, 9, 12—15, 22, 23].

On the other hand, in our experience, tumor size,
intrathoracic lymph node involvement, and completeness
of resection were not found to be independent prognostic
factors. Interestingly, according to lizasa and coworkers [8],
maximum tumor size (<3 cm vs >3 cm) was not determined
as significant by univariate analysis. However, multivariate
analysis demonstrated the prognostic significance of max-
imum tumor size represented as a continuous variable. As
for intrathoracic lymph node involvement and completeness
of resection, pulmonary and mediastinal lymph nodes were
examined in 60 (43.8%) out of 137 patients, while residual
tumor was microscopically documented in the surgical
margins in three (2.2%) patients only. Most likely, the small
sample size of these patient groups prevented lymph node
involvement and completeness of resection from emerging
as being significant prognostic factors.

This study has several limitations. First, the single-center
retrospective design and the highly selected patient popu-
lation could have introduced biased information. Second,
further bias could have been introduced by the selection of
“data-derived” cut-off points when evaluating the prognos-
tic importance of continuous variables, such as disease-free
interval and number of pulmonary metastases. Finally, the
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role of multimodality therapy, including induction and/or
adjuvant chemotherapy, is not discernible in our series.

In conclusion, although surgery for pulmonary metastases
from CRC is a controversial area in which there is insufficient
evidence to inform definitive management decisions, it is
possible to make a few non-controversial statements.

Patients with metastatic lung involvement from CRC face a
poor prognosis, despite modern chemotherapy regimens. A
minority of these patients may be offered surgery with a
potential survival advantage. Ideal candidates to surgery are
the patients with a solitary metastasis and metachronous
disease with a long disease-free interval. Patients undergoing
surgery are exposed to iatrogenic complications. However,
chances of long-term survival are better for resection of a
solitary lung metastasis from CRC than for resection of a
primary bronchogenic carcinoma [24].

Further work, hopefully in the form of a randomized
controlled trial comparing pulmonary metastasectomy in
CRC to other treatment regimens [25], is needed to
definitely establish the effectiveness of surgery in this
disease.
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